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further during sit« characterization. Coal-bearing uni*s are not present.
Limited uranium redources have been identified near the sites., but theae
resourcas are rest ;icted to near the surface (less thar u(: feet deep), and
little uranium has been produced within the area since " 973, Sand, gravel,
and dimension-stone resources are presant, but the dis. nce to any markat
makes their value minimal. Iron and manganese are pr°$.nt but are not aco-
nomic resources., These data suggest that the potenti, ]l Xor human interferenca
ia low, -

Bedded Salt in the Palo Duro Bagin

Two potentially acceptable sites have heen identified in the Palo Duro
Bagin, which ig a part of the Permian Basin (see Figure 7-4): one in Deaf
Smith County and one in Swisher County. The stratigraphic and nydrostrati-
graphic units are shown in Figure 5-6. The salt formation of interest is the
Lower San Andres Unit 4. Becausge the salt is interbedaed; a desirable bed hag
been defined as one in which the interbeds (of nongalt and poor-guality salt}
are less than 10 feet thick and the cumulative thickness of interbeds iz less
than 15 percent of the total bed thickness. 1In the area of the Deaf Smith
County site, the potential repository bed ig about 25%0 feet deep and 150 feet
thick, with a halite content of approximately 90 volume percent, The Lower
San Andres containg numerous discrete argillaceous and carbonaceous interbeds
as well ag many leasser halite beds containing a high percentage of impuri-
ties. The interbeds are 0.3 to 2.0 inches in thickness. The spacing of the
interbeds ranges from 1 inch to 11 feet. In addition, the lateral lithologic
continuity of halite beds is sometimes interrupted by zones of chaotic mixing
of galt and nonsalt interbeds. The structure of the Upper San Andres horizon
in the vicinity ¢f the site is nearly horizontal; dips appear to be on the
order of 0.5 degree to the southwest,

The Ogallala Formation and the Dockum Group (Figure 5-6) are highly pro-
ductive aguifers that are important water resources in the region. These
aguifers have significant lateral variationg and must be penetrated by all
shafts and boreholes. The Wolfcamp, an aquifer that lies about 2500 feet
below the host salt bed, is of lesser importance because it is saeparated from
the host salt by a considerable thickness of interbedded salt units.

The gecologic conditions of the Swisher County site are gimilar to those
of Deaf Smith County. The potential repository horizon is in the Lower San
Andres Unit 4, which is about 2700 feet deep and about 130 feet thick. The
bed is nearly horizontal--it dips about 0.5 degree to the gouth-southwest. In
three boreholes drilled near the site, one potential repository salt bed has a
halite content ranging from 77 to 87 percent. The Lower San Andreas 4 con-
taing numercus discrete argillaceous and carbonaceous interbeds as well as
many lesser halite beds ¢ontaining a high percentage of impurities. The
interbeds range in thickness from 0.3 to 3.4 inches, The spacing of the
interbeds ranges from 1 inch to 7 feet. In addition, the lateral lithologic
continuity of halite beds is sometimes interrupted by zones of chaotic mixing
of salt and nonsalt materials. The Ogallala-Dockum and the Wolfcamp are also
the important aquifers in and near the Swisher County sita.
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The Lower San *“ndras evaporites were deposited at ti:g beginning of late
Permian time (about 250 million years ago). Except for -egional uplift, the
beds have experiencad practically no deformation at the “alo Dure sites since
deposition. There is no conclusive evidence that Quate sary tectonism af-
fected the sites., Infraguent earthquakes with magnitud : of less than V have
occurred in the region., but estimates of maximum earthqu :kes imply upper
bounds for free-field ground-surface accelerations of hoit 0.2g at the
sites. A seismograpa nstwork has been installed te moni or any microseisms,
and very low levels of activity are being detected. Nc¢ vnlift or subsidence
hag been detected.

Potential salt disgeclution is an important consideration because active
dissolution occurs about 33,5 miles from the Swisher Couaty site and 19 miles
from the Deaf Smith County site. Also, dissolution has been proposed for cer-
tain areas that are similar to the sites. The geclogic studies to date do not
disclose any active dissolution near the sites, nor 1s site encroachment like-
ly from the known active dissolution areas.

Hydrocarbon production in the Palo Duro Basin is minor and generally
cccurs along the margins of the Basin. Local occurrences of favorable geo-
logic conditions for hydrocarbon generation and accumulation may exist in the
interior of the Pale Duro Basin. However, the potential for extensive undis-
covered hydrocarbon deposits ig low, Furthermore, the poteatial for the de-
valeopment of loralized hydrocarbon occurrences is low in light of the poten-
tial economic returns versus development costs. The only well to date that
has produced cil {(Marathon/Mayfield No. 1 in Briscoe Ceunty) in the interior
of the basin yielded legs than 20,000 barrels and has been plugged and
abandoned.

Caliche, crughed stone, sand, and gravel are produced in the Palo Duro
Bagin, Potential mineral resources in the region include uranium, copper,
petash, gypsum, and salt. Small quantities of uranium have been produced from
the Dockum Group in areas outside the basin. Salt resources are known to be
substantial in the region, but the only producing well in the basin was aban-
doned in 198l. Thus, the Palo Duro Basin does not appear to contain unique
mine;gl regources or concentrations greater than those of the surrounding
areas.

5.2.3 TUFF

Tuff is the dominant component of the voluminous and widespread voleanic
strata in the Basin and Range province of the western United States. The rock
being considered for a repository at Yucca Mountain, Nevada {see Figure 7-8)
iz welded tuff; the mode of its formatinn is described in Appendix C.

The geology of the region that includes Yucca Mcuntain has been studied
in datail during the last 30 years. As a result, the regional stratigraphy,
structure, and volcanoclogy are quite well known.

Volcanic activity about 15 to 7 million years ago resulted in the deposi-

tion of more than 1 mile of rhyolitic tuff, lava, and associated sedimentary
rockg; it also produced numerous volcanotectonic collapse features called
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calderas. Calderas--some buried by voleanic rocks--lie rwrth and west of
Yucca Mountain {Christiangen et al., 1877)

Volcanism was ¢.companied by large-scale block faul .ng, which produced
the characteristic Lasin and Range terrain {Carr, 1984}, ‘these faults re-
sulted from extensional straesses that persist to the pr.s.at. Yucca Mountain
ig a fault block (tilted 3 to & degrees rastward) that vas produced by this
faulting. : :

The volcani~ segction {Figure 5-7} is thick. The volcanics are at least 2
miles thick throughout much of Yucca Mountain and thin tc about 0.6 ov G.7
miles southward along the scutheastern edge of the mountain,

The exposed part of Yucca Mountain consists of variously welded ash-flow
tuff and winor airfall and water-laid tuff materials that have been divided
into more than a dozen units on the bagis of auch factors ag the degree of
compaction and welding, devitrifigation, and the pressnce of lithophysaﬁ. The
latter are cavities, as much as 7 ‘inches long, produced by gases trapped dur-
ing the cooling of the ash flow. <Careful mapping of the tuff units has made
1t possible to delineate the strugture of the mountain block in great detail
{Scott and Bonk, 1984}.

The candidate repogitory horizon is a zone of densely welded rhyolitic
tuff of the Topopah Spring Member of the Paintbrush Tuff. This zone lies
about 1000 to 1200 feet below the surface, in the unsaturated zone--more than
500 feet above the water table.

The detailed structural knowledge acquired to date indicates that tha
potential repogitory block is bounded by a major stesp fault on the west, by a
series of faults on the east, by a zone of closely spaced faults on the south,
and by a fault zone on the north. The area within those boundaries ig about
2000 acres, more than sufficient for the repository {(Mansure and Ortiz, 1984,
Nimick and Williams, 1984). If subsurface studies determine that the area to
the north of the fault zone has a sufficient area of suitable rock, the size
and capacity of the site could be somewhat larger. Mining through the fault
zone itself is not believed to be a serious obstacle in the unsaturated zone
{Dravo, 1984)}.

Three measurements of the depth of stream incision in dated alluvial de~-
posits in the vicinity of Yucca Mountain have been made: from these, a mean
rate of incision of 5 x 107° m/yr was calculated {USGS, 1984). The time
gpans repregsented by the measurements suggest that the average incision rate
has been less than 10~ % m/yr during the past 300,000 years and certainly so
during the past 10 million years. .

Continued erosion at Yucca Mountain could affect radionuclide releases teo
the accessible environment by uncovering the repository itself or by changing
the hydrologic conditions in the wvicinity of the site. At an erosion rate of
107% m/yr, the expected time for uncovering the repository at its minimum
depth would be 2.3 million years. To view this from another perspective, un-
covering of the repository (or the water table downgradient from the reposgi-
tory}) in 1G.000 years would require an erosion rate greater than any known to
have occurred anywhere on earth for periods of 10,000 years.
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There are no known mineral resources at Yucca Mountain, and ifs mineral-
regource potential aproars to be low {Bell and Larson, 19&:). Within a radius
of several tens of miies, there are several swall mining <istricts. only one
of which is active. |‘elative to other localities in the a . ga, the geologic
setting does not offur an attractive target for the minin: of precious or base
metals or for industrial minerale. Ground water of good quality that might be
suject to development and use in the future is present n aquifers near the
site; however, good water i3 also accessible at shallowe: <epths or in less
rugged taerrain away frem the site, thus reduging the possi, ility of human
intrusion.

The potential for repository disruption by basaltic volcanism within 15
miles has been carefully studied {Crowe et al,, 1982). Tha results of these
studies include a calculated annual probability of 10°% to 107'° for a
volcanic extrusion, which would be of small velume and would have limited sur-
face dispersal of lava. The effects of rhyolitic volcanism would be more
serious because it tends to be more voluminous, widespread, and violent, but
there has been no such volcanic activity in the vicinity of the site {within
approximately 62 milas) for the past 5 million years. The probability of
repogitory disruption by this mechanism is judged to be negligible (Crowe
et al., 1982).

Many faults in the region are active; others could have renewed activity
in the futura. Under the assumption that Yucca Mountain faults are not ac-
tive, the most likely peak detorministic acceleration at Yucca Mountain is
0.4g, resulting from a full-length fault rupture on the Bare Mountain Fault
(10 miles. magnitude 6.8), which is B miles west of the site (USGS, 1984).
Studies of the effects of nuclear weapons testing nearby indicate that they
are of less consequence than the probable natural earthquakes (Vortman, 19823,

The proposed repository site and adjacent areas have besn free of earth-
guakes of mcderate or larger size during the & years of monitoring; however,
during 3 years of high-rgsolution monitoring, seven very small {magnitude less
than 2} earthquakes have been detected within 6 miles of Yucca Mountain.

Investigations to date covering 425 square miles arocund the site have
found no unequivocal evidence of surface faulting in the last 40,000 years.
Thirty-two faults have been identified that offset or fracture Quaternary
deposits. The Quaternary faults are divided into three broad age groups: 9
faults moved between about 270,000 and 40,000 vears ago; 4 faults moved about
1 million years ago:; and 23 faults moved probably between 2 million years and
more than 1.2 million years ago (Swadley and Hoover, 1983}.

In~situ measurements of the state of stress in the rocks, though too
sparse to he representative of the entire area, are in agreement with analyses
of structural data, the deformation of boreholes, and seismicity. They all
suggest that existing northerly trending faults--which are common in the
area-~could experience slippage under certain conditions. Hydrofracture test
results indicate that the least principal stress is horizontal, oriented about
N 65° W; it is about one~third of the vertical stress. The greatest horizon-
tal stress is on the order of one-half to two-thirds of the vertical stress,
which indicates a northwesterly extensional stress field (Healy et al., 1984
Stock, et al.. 1984)., The limited data available so far do not suggest the
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imminence of fault movement, but they do indicate that *he ratio of vertical
stregs to the miniram horizontal stress may be high encuoh to reguire consid-
eration in designiig the underground openings of the veugszitory,

The known fractured condition of the tuffs in the 1msakurated zone makes
it unlikely thet sophisticated techniques would he recuiced €or gealing the
shafts since there is no peint in making the seal tighuesy than the rock pene-
trated by the shafts. The fracturing is a disadventage .n terms of repository
construction; however, limited mining exparience in gimilar materials in near-
by mesas indicates that this problem can be handled with conventional
techniques.

5.3 SIGNIFICANT RESULTS OF HYDROLOGIC I'ESFARCH

Hydrologic research is directed at understanding the present flow dynam-
igs of the geohydrologic system, including the thres~dimensional distribution
of hydraulic headg, ground-water hydrochemistry, and the hydraulic properties
in the principal flow units. Studies are slso being planned to evaluate po-
tential short- and long-term changes in the gechydrologic system resulting
from variations in climate or the tectonic setting. These data are used in
modeiing to derive the average velocity of ground-water flow, likely flow
paths, and the geochemical conditions existing between the repogitory and the
accessible enviromment .

Knowledge of present hydrelegic conditions and estimates of future hydro-
logic conditions and processes are needed to qualify the site relative to its
ability to isclate waste, to plan the construction and operation of the repos-
itory, to design shafts and seals and to evaluate whether they will function
properly, to identify the conditions of ground-water flow to which the waste
package will be subjected, to design othar components of the engineered-
bharrier system, and to test materials. This knowledge will improve materially
as a congsequence of the site characterizations. It will be gained by analyz-
ing present condicions; past changes in such attributes as climate, tecteonism,
and igneous activity; and the likelihood of comparable changes in the future.

5.3.1 BASALT

Reconnaissance hydrelogic studies have been conducted in the Cold Creek
syncline of the Hanford Site and adjoining areas. These studies have identi-
fied specific basalt intervals of high-to-low hydraulic conductivity, prelim—
inary hydraulic-head distributions and hydrochemical trendq, plus ‘the hy- '
draulic influence of local gedlogic structures,

Geonydrologic Setting

Ground water beneath the Hanford Site occurs in both a shallow unconfined
aquifer that consists of stream and lake sediments that lie atop'the basalts
and in confined aquifers within bagsalt flow tops and interbeds. ' The uncon-
fined aquifer is 0 to 250 feet thick across the Hanford Site. It lieg in the
Hanford and Ringold Formations (Figure 5-1) and is thickest along the eastern
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edge of the refarence repository location, where 40 years »f local water dis-
posal to surface ponds has raised the water table by appr:.imately 80 feet
(ERDA, 1975}). The hase of the aguifar ig defined sither "y silt and clay
sediment of the lowe  Ringold Formation or the upper surf .ce of the underlying
Columbia River basalii. The water table marks the upper ¢ andary of the uncon-
fined aquifer. The hydraulic conductivity of the unconfird aquifer generally
ie 107% to 10°* m/sec for coarse sand and gravels and ag lpw as 107’

m/gec for fine-grained, indurated sediments (Gephart et «l1., 1979), Stora-
tivity values typically range from 107% to 107'.

The wide range of hydraulic conductivities for formations within the un—
confined aguifer reflect the heterogeneity of the geologic formations. Zonas
of higher conductivity are attributable to palecstream deposits within the
Hanford Formation, while lower values commonly cccur within the finer, more
indurated sediments of the Ringold Formation, Two features are noteworthy,
The first is an area of lower hydraulic conductivity benesth and in the vicin-
ity of the reference repository location. This region congists of saturated
Ringold sediments of relatively low hydraulic conductivity, The second fea-
ture is an area of high hydraulic conductivity (more than approximately 107’
m/sec) occurring cast and southeast of the reference repository location,
This area congists of coarser-grained saediments deposited during Pleistocena
glacial flooding,

The unconfined ground-water system is recharged by precipitation and run-
off in nearby hills and waste-water disposal in surface ponds. The general
direction of ground-water flow is from recharge areas toward and into the
Columbia River. The hydraulic-head gradient along this flow path is about
10", The general pattern of flow is locally interrupted by two ground-water
mounds (rise in the water table) at the Hanford Site. These mounds result
from the disposal of process water from exigsting facilities at the Hanford
site. Piezometers located near watser-disposal ponds at the Hanford Site show
higher hydraulic heads at the top of the unconfined aquifer than at the bot-
tom. This head distribution is characteristic of ground-water recharge
areas, Piezometers near the Columbia River show increasing heads with depth
during low river stages. This upward gradient identifiea an area of ground-
water discharge.

Existing hydroiogic data do not support a single interpretation of the
ground-water-flow gystem in the Columbia River Basalts. However, the impor-
tant features of the overall basalt flow system as they appear to exist in and
arocund the Hanford Site are summarized below,

Within basalt flows, ground water occurs and moves mainly in flow tops
and interbeds, Basalt flow interiors appear to act as semiconfining beds
through which some {ag yet., unguantified) vertical leakage occurs along
cooling fractures and structural features. The concept of lateral ground-
water movement along flow tops and interbeds and low leakage across basalt
interiors hag been suggested by many investigators le.g.. La Sala et al..
1973; Luzier and Burt, 1974; Newcomb, 196S}.

Local ground-water recharge to shallow basalts beneath the Hanford Site
regults from precipitation and runoff on basait cutcrops surrounding the Pasco
Basin {La Sala and Doty, 1971; Gephart et al., 1979) and in places withia the
Basin by percolation from the overlying sedimentary aquifer. The regional
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recharge of deep basalts is thought to result from a comkination of factors,
including (1) interi.sin ground-water movement {(Tanaka e' al,, 1979), {(2)
leakage along structural and stratigraphic digcontinuitiag. and (3) leakage
across nondeformed %asalt flow interiors,

Grounc~water discharge from the shallow basalts protrbly is to the over-
lying unconfined aquifer and the Columbia River, The d siharge area or areas
for deep ground waters remain unknown. However, it is gesculatad that the
discharge is south of the Hanford Site {La Sala and Doty, 1971: La Sala et
al., 1873; DOE, 1982). Along these flow paths, water is under artesian pras-
sures. Natural flowing artesian walla exiat in the shallow bagalts beneath
the Cold Creerk Valley, weat of the reference repository location, and along
the Columbia River whare the land elevations are low,

On the basis of limited available data, hydraulic-head changes monitored
in the deep basalts of the Cold Creek syncline appear to >e¢ slow and small.
Head variations are comparable or slightly larger in shallower basalts, de-
pending on location {(Swanson and Lavanthal, 1984).

When available piezometric data are combinad with hydraulic-head inforwa-
tion ¢ollected in progregsive drilling and tasting, a preliminary understand-
ing emerges of the broad patterns of hydraulic heads that might exist across
the Hanford Site., The western Hanford Site-~the region closest to the Rattle-
snake Hills, Yakima. and Umtanum Ridges--appears to be a recharge area for the
shallow basalts, Theraea, hydraulic heade decrease with depth. Eastward across
the Hanford Site, heads become more uniform with depth in the central Cold
Creek syncline. This suggests lateral ground-water movement. Close to the
Columbia River, shallow hydraulic heads either increase with depth or have a
variable pattern that suggests potential dischargs.

In deep basalts, available data suggest either generally uniform heads or
a slight ingcrease with depth. The dominant head changes., characteristic of
the shallower basalts, do not appear to exist in the deeper basalts. Overall,
the ground water appears to flow southeast, toward the Columbia River, along a
hydraulic gradient of about 10°* m/m. The above head pattarng have been
reported or suggested by several investigators {e.g.. La Sala and Doty, 13971;
La Sala et al., 1973: DOE, 1982) and appear to be supported by hydrochemical
data,

The abeve summary of hydraulic-head patterns is a conceptualization bssed
on available information collected from piezometers and on a progressiva
drill-and-test basis. Because of the apparently low hydraulic gradients
(vertically and horizontally) in the deep basalts beneath the Hanford Site and
the uncertainty associated with the representativeness of heads collected
during reconnaissance drilling and testing in the late 1970s and early 1980s.
additional shallow and deep piezometers were installed in and around thae pro-
posed site. Preliminary data from these new pinzometers appear to support
eartier concepts of generally low hydraulic gradients existing in the deep
basalts in and near the reference repository location.

The principal basalt aquifers exist within select sedimentary interbeds
and basalt flow tops of the upper two basalt formations. Within the Saddla
Mountains Basalt. the Rattlesnake Ridge, Cold Creek, and Mabton interbeds are
frequently considered aquifers in addition to flow tops of ‘the Elephant
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Mountain and Umatilla :lembers, Some flow tops within the ¥riest Rapida, Roza,
and Frenchman Springs “4embars of the Wanapum Basalt are als:: known to be aqui-
fers. Comparatively few aquifers appear to exist within tii+ Grande Ronde
Basalt heneath the Ha-ford Site, As described by Gephart .: 21, (1983) and
depicted in a report Ly Long and Woodward-Clyde Consultant (1983), flow-top
hydraulic conductivity values are commonly heterogeneous, 14 therefore a zone
identified as an aquifer in one location may not qualify az such at a second
location, However, the aforementioned aquifers in the 8aidls Mountains and
Wanapum Basalts appear %o be rather common features.

Areal and gtratigraphic changes in ground-water chemistry, as detected
from about 1%0 water samples, characterize basalt ground wiaters beneath the
Hanford Site (Graham, 1983)., These changes are believed to delineate flow-
system boundaries {e.g., local versus regional flow aystems) and identify
chemical evolution taking place along ground-water flow paths. Some locations
of potential mixing of deep and shallow ground waters have also been identi-
fied from these data. Overall, shallow and deep basalts are of Lhe sodium
bicarbonate and the sodium chloride chemical types, respectively. The strati-
graphic boundaries separating these chemical types vary with the location.
Studies are under way to understand the basalt and ground-water interactions
controlling these chemical types and to interpret the role of hydrochemistry
in developing a ground-water conceptual model.

Physical Properties and Potential Ground-Water Pathways

Ground-water movement in basalt may occur in (1) flow tops and interbeds,
{2) cooling fractures within flew interiocrs, and (3) bedrock structural dig-
continuities (Gephart et al., 1983},

Flow Tops and Interbeds. & bagalt flow top forms a more or less contin-
ucus layer atop the flow interior. The flow top of an areally extensive ba-
gsalt flow may cover a few thousand square miles while its thickness, internal
characteristics, and hydrologic properties gpatially vary. Assoclated with
gome flow tops are sedimentary intarbeds. Most interbeds are located in the
Saddle Mountains Basalt, approximately 1300 feet above the shallowest bhasalt
flow presently considered for repository congstruction, Flow tops and inter-
beds represent the zones of higher hydraulic¢ conductivity,

To date, about 200 gingle-hole hydrologic tests have been conductad in
flow tops and interbeds in some 35 geparate boreholes across the Hanford
Site. These data indicate that within both the Saddle Mountains and the
Wanapum Basalts, the hydraulic conductivities of most individual flow tops and
interbeds range between 10°° and 10"’ m/sec, with a geometric mean’ of
approximately 10°° m/sec. Most hydraulic conductivity values within Grande
Ronde Basalt flow tops range between L0™° and 10°° m/sec, with a geomstric
mean of approximately 10™7 ‘m/gec (Long and Woodward-Clyde Consultants, 1983),

Two tracer tests have been conducted in the flow top of the McCoy Canyon
flow (Bakr et al,, 1980; Gelhar, 1982; Leonhart et al., 1982). stper51v1t¥
values reported were 1.5 to 2. 8 feet hlth an effectlve thickness of 5 x 10
to 10 x 10°° foot. -

Flow Interiors. Ten hydrologic tests (using pulse and constant-head
injection test methods as described by Strait et al., 1982) have been con-
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ducted across the dgrse entablature and colonnade portiong of individual flow
interiors at depths »f about 11530 to 3900 fest. Horizontnl hydraulic
conductivities measuced were less than or equal to 107'' n/sec. Low hy-
drauli¢ conductivitiigs for flow interiors have been reporiad or suggested by
other investigators (e.g., La Sala and Doty, 1971; Newcon'., 1982). The first
field test {(a ratio test) attempting to quantify the ver .cal hydraulic con-
ductivity and to evaluate test methods within flow interiors has bean com—
pleted (Spans et al., 1983}, The results suggest a ver.1i;al hydraulic con-
ductivity of approximitely 107'° m/sec for a test zone .p the Rocky Coulee
flow interior. However, the results indicate that in bas it the ratio method
for determining vertical hydraulic conductivity may be of limited application
in available boreholes. Other test methods are undsr evaluation.

In lieu of direct measurements, estimates of the amisotropic rakio for
vertical-to-horizontal permeability in flow interiors have been derived by
considering a hexagoinal ccoling-joint configuration and applying a flow
balance (DOE, 1%82). The ratio obtained was approximately 2:1, Statistical
modeling of fracture sets indicates a maximum anisotropic ratio of approxi-
mately 3.5:1 {Sagar and Runchal, 1982). Thus. once gseveral field meagurements
become available, it is beljisved that the vertical hydraulic conductivity of
undeformed basalt flow interiors will probably be shown to be similar £o the
horizontal-conductivity values currently reported.

Some vesicular zones within basalt flow interiors have besn hydro-
logically tested. Hydraulic-conductivity values ranged between 10°° and
107'? m/sec {Long and Woodward-Clyde Consultants, 1983). Whather such
conductivities are typi¢al of vesicular zones is not known at present.

Bedrock Structural Discontinuities. Bedrochk structural discontinuities
represent zones of potentially significant fracture anisotropy that may verti-
cally connect flow systems or represent low-hydraulic-conductivity barriers to
ground-water movement.

Synclinal troughs, whers exposed in the Columbia Plateau outside tha
Pasco Basin, appear to exhibit lesg strain than do other portions of the
Yakima fold structure (Price, 1981). However, the difficulty with directly
extrapolating this regional characteristic to the Cold Creek syncline is that
the latter is filled with sediment, which precludes direct observation. Geo-
physical surveys and horehole core samples are enabling geologists to map the
geologic gtructure within the Cold Creek syncline. Because the trough of the
Cold Creek syncline in which the proposed repository site lies is a broad,
open structure, it is interpreted to contain fawer bedrock structures relative
to anticlinal areas. Inferred or known bedrock structures in the Cold Creek
syncline have been reported (Myers, 1981) and are under investigation,

The gently dipping limbs of anticlines and synclines within the proposed
site contain small zones of tectonic breccia. These zones are typically about
3 feet thick in drill cores and are of unknown lateral extent {(Moak, 1981).

One tectonic breccia in the Frenchman Springs Member of the Wanapum Ba-
salt was tested and found to have a hydraulic conductivity of 10 '' m/sec.
Puture testing will determine whether this low value is characteristic of
other tectonic breccias.

-290-



e

50008 2 2

The Cold Creek hydrologic "barrier" is an example of what is interpreted
as a bedrock structural discontinuity that represents a lrteral impediment to
ground-water flow. This feature runs north-gsouth and is sgproximately 1 mile
west of the referencu rapository location. From west to :ast across this fea-
ture, hydraulic heacds abruptly drop a4s much ag 500 feet. 1In addition, hydro-
chemical data suogest that mineralized deep waters may he mixing vertically
with more dilute. shallower ground waters along or near 'lis feature. The
lateral extent and rate of possible ground-water mixing 1+ ag yet undefined.

Alternative Concrpts of Ground-Water Flow

Because existing geohydrologic data are too preliminary to conélusively
suppert a single quantified ground-water-flow model, four alternative working
hypotheses were developed (Figure 5-8).

Concept A illustrates ground water moving mainly witl.in heterogeneous,
permeable flow tops that geparate flow interiors of relatively low vertical
and herizontal hydraulic conductivity., Ground-water movement acroszs bagalts
can occur (1) along basalt flow tops, or {2) as leakage acrossg flow interiors
of low hydraulic conductivity. Basically, this concept depicts an aniso-
tropic, haeterogeneous flaw system undisturbed by major folds and faults,

Concept B is similar to concept A except basalt flows are crossed by bed-
rock structural discontinuities with potentially larger vertical hydraulic
conductivities than the confining aquitards. On a local scale, such discon-
tinuities might represent individual tectonic fractures or shear zones, Re-
gionally, these features could depict major faults or folds. Such structures
are heterogeneities with the potential for vertically connecting shallow aad
deep flow systems. Depending on the extent of fracture mineral infilling or
fine-particulate materials present, these discontinuities could act as con-
cduits of high hydraulic conductivity or ground-water barriers. Overall, con-
cept B depicts rock volumes of relatively low vertical leakage bounded by
structures of potentially higher leakage,

Concept C represents a flow system characterized by lateral ground-water
movement in flow tops bounded by hasalt interiors of relatively high leakage.
The anisotropy of flow-top and interior hydraulic conductivity ig considdrably
less than in concept A, In concept C., ground-water movement between desp and
shallow systems occure as a result of the stratigraphic position and inter-
section of flow tops and vertical leakage through unfilled or partially filled
cooling fractures or other possible primary features,

Concept D superimposes bedrock structural discontinuities on concept C.
As described under concept B, such discontinuities might act as vertical con-
duits or barriers of low hydraulic conductivity. Overall, concept D depicts
basalt flow interiors of relatively high vertical leakage bounded by
structures, - :

The concept currently interpreted as most supported by available data is
concept B. Bedrock structural discontinuities in this concept are considered
less frequent and more widely spaced in the gently dipping limbs of the
reference repository location in the Cold Creek syncline than in the hinge
areas and steeply dipping limbs of the accompanying anticlines.
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Quantification of ti.» hydrologic system so as to develop @ technical consensus
of ground-water movement in and around the reference repisitory location must
await the completicr of gite characterization.

5.3,2 SALT

To date. hydrologic analyses of the five potentially acceptable =salt
sites have been inade mainly from regional data. A limited amount of site-
specific data has been gathered from exploration wells di.lled at or very near
the potential sites.

Studies of the aquifers that contain usable water have been limited to
available data on water levels, aquifer charcacteristics, aguifer yields., and
water quality. The properties of the deep brine aquifers have been obtained
from preexisting data and from wells drilled by the DOE. FProm these prelim-
inary data, potentiometric maps have been prepared, hydraulic pressure gra-
dients determined, and conceptual models of the geohydrologic system con-
structed. These data serve as input to numerigal modeling., Preliminary as-
sessments of ground-water travel timss, as requiced by the DOE siting guide-
lines (10 CFR Part 960), are provided in the draft environmental assessments
for the salt sites (DOE, 1984c, d. e, £, g).

5.3.2.1 Bedded-Balt Sites in the Palo Durc Basin

Geghydrologic Setting

The geohydrologic setting at both sites can be divided into three hydro-
stratigraphic units (Figure 5-9), The upper unit consists of the shallow
fresh-water flow system, With a total thickness of about 1150 feet, this unit
consists of the Ogallala Formation and the Dockum Group (SWEC, 1983a, b). It
is recharged by precipitation falling on the High Plains of Texas and eastern
New Mexico. On a regional scale, flow in the upper unit is west to east, but
local variations are commwon because of the pumping wells located throughout
the Texas High Plains. Discharge from the upper unit occurs through extensgive
pumping for irrigation, municipal, and industrial water uses. Discharge also
occurs along the escarpmentg and river valleys that bound the High Plains
aquifer (Figure 5-9}).

The middle unit is a section of carbonate rocks, shale, and evaporites,
It is considered a regional aquitard and containsg the Lower San Andres salt
formation. This unit is 3200 to 3800 feet thick (SWEC, 1983a, c¢). Because of
the low vertical hydraulic conductivity of the evaporites (107 '‘® m/sec or
less), it 1is assumed that there 1g wvirtually no vertical flow in this unit;
however, some interbedded carbonate units have higher hydraulic conductiv-
ities, and ground-water flow is primar:ily horizontal within them,

The lower unit of deep-basin flow consists of carbonate roc¢ks, shales,
and an arkosic sandstone, locally known as the "granite wash.” Recharge
occurs from precipitation at the outcrop areas in New Mexico and possibly
through leakage along local discontinuities in the middle unit. Flow in the
deep-basin aquifers of the lower unit is generally to the northeast throughout
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the study area. 01l and gas production along the margins of the basin has
distorted the regional flow pattaerns, The discharge areas of the deep-basin
aquifers are not knetn yet but are thought to be to the erst., in Cklahoma,
where stratigraphically equivalent units crop out,

Pathways

Comparisen of potentiometric maps of the upper unit . .he Ogallala aqui-
fer) and the lower unit (the Wolfcamp series) indicates a wownward vertical
gradient across the potential host rock. Thus, initial hydrologic modeling
asgumed that any release from the repository would tend to move downward
through the middle~unit aquitard to the deep-hagin lower unit., However,
interbedded shale and carbonate strata in the aquitard also represent possible
pathways for release,

Intera (1984) modeled the hydrology of the Palo Durc Basin. Simulations
of the deep aquifer's potentiometric surface indicate that the average verti-
cal hydraulic conductivity of salt is very low (10™'° m/gec or less). Other
researchers also indicated similar low values (Aufricht and Howard, 1961:
Gloyna and Reynolds, 1961). However, no in-situ testing of salt has been done
to date in the basin, Nonsalt interbeds in the middle unit have been tested
(SWEC, 1983a., b, ¢). The Lower San Andres Cycle 4 dolomite, which lies balow
the host rock, is considered the most permeable interbed. Drill-stem tests
yielded a maximum hydraulic conductivity of 2.4 x 10°° m/sec.

The upper part of the Wolfcamp is permeable and is the topmost deep-basin
brine aquifer. Hydraulic conductivity generally ranges from 10°° to 107°
m/sec (Gustavson et al., 1982), though higher values were found in places
aleng the marging of the basin and in producing o0il and gas fields.

The "granite wash" is an arkeosic sandstone that i1s likely to have a high
permeability, especially along Precambrian uplifts, which were the source of
the sediments. The granite wash lies approximately 7800 feet below the sur-
face at the sites {1500 feet bhelow the proposed repository depth}, but its
distance from the repository makes it a less-likely flow path,

Oxygen-isotope data show two groupings of deep-basin brines. One group
of brines show the isotopic signatures expected for isotopic equilibrium with
carbonates at the measured subsurface temperatures; these ground waters are
present in the sastern part of the Pale Durc Basin. The second group of
brines show the isotopic signatures expected for variable mixtures of rain-
water {(which are now brine) with carbonate-equilibrated brines; the mixed
waters are present to the west of the carbonate-equilibrated brines. The
simplest present working hypothesis is that the mixing of rainwater and brines
occurs somewhere west of Deaf Smith County. Presumably, the rainwater ac-
quired its salinity by dissolving salt along the western edge of the Permian
evaporite sequence in the Palo Dure Basin.

Oxygen—isctope data have also been used to identify the origin of saline
springs along and eastward of the caprock escarpment, It was found that rain-
water was percolating downward, dissolving sait, and issuing as saline springs
(Kreitler and Bassett, 1983). The alternative hypothesis, that the saline
springs were discharging deep-basin brines, is refuted by the isotope data.
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Seismic-reflaction surveys of the study areas do .ot indicate any major
structural discon:inuitiesg in the vicinity of the sit¢s. Several faultsg are
inferred to exisl as high in the zection as the Lower ‘iclfcamp. but do not
offset any of the overlying units in the middle~unit .. witard.

Ag noted, the data base is regicnal, and local mill-scale variations un-

doubtedly exist. Ilowever, the conceptualization pres=2 ted here is felt to be
an accurate repregentation of the gechydrologic settin¢ of the Palo Duro Basin.

5.3.2,2 Bedded-Salt Sites in the Paradox Basgin

Geohydrologic Setting

Three hydrostratigraphic units have been tentatively defined in the study
area (Figure 5-10). The upper unit consists mainly of Permian sedimentary
rocks and is approximately 2000 feet thick at the candidate sites. Its rocks
are generally fine~grained sandstones and interbedded siltstone. The middle
unit consists of shales, carbonate rocks, and evaporites. The host rock (Salt
Cycle 6} lies within the middle unit. The middle unit is considered an aqui-
tard on a regional scale and is more than 50 percent halite. The lower unit
congists mainly of limestone interbedded with mudstone, siltstone., and sand-
stone in the upper parts. The Leadville Limestone is considered to be the
major deep-basin aquifer.

The sandstone formations of the upper unit can be considéred local aqui-
fers, though yields seldom exceed several gallons per minute. Water quality
deteriorates with depth, and only the upper parts of this unit may contain
potable water, In the area of the sites the upper unit is recharged by pre-
cipitation and influent streams. Because the data necessary to quantify the
various components of recharge are not sufficient at present., these topics are
addressed only qualitatively hare.

Precipitation over most of the study area ranges from 8 to 12 inches per
year (Butler and Marsell, 1972). The Abajo Mountain area, which is the point
of origin for the perennial stream that flows through the area, has more than
32 inches of precipitation in an average year. Only a small portion of this
precipitation is thought to recharge the ground-water system.

Perennial and ephemeral streams recharge the upper unit. Indian Creek,
the perennial stream that flows from the Abajo Mountains across the area to
the Colorado River, recharges the upper unit along at least part of its
reach, Ephemeral streams like those in Lavender, Davis, and Rustler Canyons
and Harts Draw may also act as sources of recharge. No data are available
regarding the recharge contributed by these surface drainages, but Indian
Creek may he the most significant contributer.

The major components of ground-water discharge from the upper unit in the
site areas are springs, subriver seeps to the Colorado River and associated
drainages. and evapotranspiration. The Colorado River has incised through
most of the upper unit in the western part of the area and forms the major
line sink or discharge zone (Figure 5-10). Extremely fminor amounts of ground
water are pumped from the shallow parts of the upper unit for domestic and
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agricultural uses. Some discharge to the underlying units may occur in areas
like the Lockhart Basin or, perhaps, Shay Graben, where structural features or
salt dissolution may have created permeable pathways. Mineralization of frac-
tures and alteratiot within Shay Graben are indigative of past ground-water
movement. Similar pathways may be actively convaying fl ds at depths.

BEvapotranspiration is another significant componen f discharge in the
study ares. Certain ‘ypes of plants consume large quanci'iea of water and
account for a significant part of the discharge. The occirrences of these
plants have not .»een comprehensively mapped, but field surveys indicate that
most of them grow along surface drainages and the Colorado River.

Ground-water withdrawals from the upper unit in the area are limited to
gcattered small-capacity stock wellgs and domestic wells, including four wells
that supply the Canronlands National Park {(Sumsion and Bolhke, 1972), Such
shallow wells can yield approximately 4 to 60 gallons per minute, The esti-
mated total per capita ground-water use by visitors to the park is 15 gallons
per day.

Springs associated with the outcrop of the Indian Limestone suggest that
this thin but resistant limestone may impede downward flow whers it 1s present
in the wastern part of the gite area. The gprings may represent the discharge
of regional ground water or, in some c¢ases, perched-aquifer zonas or rises of
alluvial water beneath the stream channels. In either case, the discharge is
not large {Sumsion and Bolke, 1972).

Significant recharge to, or discharge from, the middle unit does not
appear to occur in the site area, except possibly where the normal strati-
graphic sequence has been disrupted {(e.g., Lockhart Bagin and Shay Graben).
Data on potentiometric levels, permeability, and regional water chemistry
support this statement.

Lateral recharge and discharge at the boundaries of the area are hindered
by low permeability. Potentiometric and permeability data for the middle unit
in the area are from borehole GD-1 and several wells along the southeast part
of the Gibson Dome study area. Horizontal flow and areas of recharge and dis-
charge are not known. The low permeabilities measured in both interbeds and
salt beds imply that significant horizontal flow is not likely in the middle
unit.

Available data suggest that significant vertical flow {i.e.. cross-
formational flow) doces not ogcur through the middie unit where the normal
stratigraphic¢ sequence has not been disrupted. The potentiometric gurface in
the lower unit at GD-1 is generally lower than that measured in the upper
unit, which indicates that the middle unit is acting as an aquitard. This
finding is supported by the difference in water guality above and below the
middle unit,

Lateral inflow is the principal component of recharge for the lower unit
in the site area. The regional potentiomatric contours in the lower unit and
the low permeability of the middie unit indicate that flow is principally
horizontal. The ground-water recharge to the lower unit apparently occurs
beyond the eastern boundary of the area and pessibly in the vicinity of the
Abajo Mountains, Lateral flow without surface discharge occurs through the
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southwestern and west.’rn boundaries of the area., Crose-f..mational flow to or
from the middle unit probably does not occur within the aria bscause of the
low permeability of "ie middle unit. A drill core from Gi+-i doss not indicate
any salt dissolution and thus provides evidence that litl .y, if any, ground-
water flow has cccourred through the salt beds there. Hov.ser, cross-forma-
tional flow may occur in Logkhart Basin and Shay Graben, wiere permeable con-
duits may exist through the middle unit. The potantiome.ric and geochemical
data are too sparse to establish whether croes-formations}! flow is occurring
at those locations,

Pathways

A Comparison of maps of the potentiometric surfaces ¢f ths upper umit and
the lower unit indicates a downward vertical gradient across the host rock,
This is supported by the results of long-term testing (Woudward Clyde Consult-
ants, 1983} at borehole GD-1, Preliminary modeling assumed that this downward
gradient would cause any releags from a repository to move dowvmward. In-gitu
and laboratory tests of the salt section in the GD-1 borehole indicate a hy-
draulic conductivity of less then 1 x 10™'® m/sec, Preliminary moldeling
alse assumed that the likely pathway for released radionuclides is downward
through the evaporite section and horizontally through the Leadville Lime-
stone. The computed travel time through the low-permeability evaporite ssc-
tion (2000 feet thick below Salt Cycle 6) is 120,000 years. Long-term tests
yielded a hydraulic conductivity of about 3 x 107 '° m/sec or less for the
interbed below Salt Cycle 6,

The hydraulic conductivity of the deep~basin Leadville Limestone was cal-
culated to be approximately 2 x 10°7 m/sec in the GD-1 borehole. However,
interbeds within the middle unit, consgisting of interrelated shale and carbon-
ate strata, also represent possible pathways. The data base used to date is
regional; it consists of data from water wells, springs. oil and gas wells,
and DOE-funded exploration wells. The available data are too sparse to estab-
lish the effects of nearby structural featurses on the geohydrologic regime.
Figure 5-10 shows geohydrologic ¢ross sections based on currently available
data,

5.3.2.3 $alt Domes

Geohydrologic Setting

Fresh ground water in the area of the Cypress Creek and Richton Domes
occurs in discontinuous, lenticular sand deposits that are interbedded with
¢clay, marl, and limestone primarily of Miocene age. Saline water occurg in
deeper aquifers and in the caprock of the domes. Estimates of the transmis-
sivity of the saline and fresh-water aquifers range from 38 to 2600 m*/day,
and estimates of the horizontal ground-water velocity range from §.1 to 100
m/yr. The presence of saline water at relatively high elevations in wells
near the domes suggests either salt dissolution at or near the tops of the
domes or upward movement of saline water around the flanks of the domes
{Bentley, 1983).
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The major source of fresh ground water {(i.e., water vith less.than 1000
mg/l of dissolverd malida) in the study area is the Mioce'.: aquifer system,
which conaigts of the Catahoula Sandstone and the Pascagiula and Hattiesbhurg
Formationz (see Figure 5-3). The Citronelle Formation & 30 i3 an important
aquifer locally. The base of fresh water generally rang. s from 400 to 1400
Teet below sea level in the southeastern part of the b.s:n, The depth to the
base of fresh water, and the guality of water, may be &'tered locally by with-
drawals, oil-fiald irjection wells, salt dome dissolutiu: or the upward move-
ment of water f-om saline aquifers, The general movement of water in the
Miocene aquifers is southward, toward the Gulf.

The Miocena aquifers are highly permeable. Hydraulie conductivities of
about 30 m/day have been estimated from about 200 tests .n southern Missis-
sippi. Hydraulic ¢onductivities may be as much as 37.000 m/day if bhased on
the maximum cumulative thickness of sand in the aquifer system (Splers and
Gandl, 1980; LETCo. 1982a).

Sedimentary strata in the region of the Vacherie Dome generally dip to
the south and east as a result of postdepositional subsidence, which continues
at present. Ground-water flow in the identifled unite typically is in the
downdip direction, except in areas where flow patterns are affected by ground-
water withdrawal or lécal variatione due to recharge and discharge to streams,
Flow in the deeper aquifers tends to be toward the southeast, from recharge
and outcrop areas northwest of the dome toward: the Gulf Coastr though 1ocal
variations do occur.

The natural downdip movement of ground water in the shallow. unite, mainly
the Sparta aquifer (Figure 5-4), ig affected by ¢round-water withdrawals at
three pumping centers to the north and east of the dome (Ryals, 1982},
Ground-water withdrawals from the Sparta have been extensive, and water levels
are reported to have deelined a total of 40 to 60 feet at Minden between 1965
and 1980 (Ryals, 1%80a}. Ground-water withdrawals from the Sparta aquifer
average about 10 million gallons per day in the vxc1n1ty of. the Vacherie Dome
(Urban Systems Assbeiates, Inc., 1982},

The salt~dome emplacement resulted in a topographic high above the salt
body that constitutes a recharge area. Local recharge effects in the Carrizo
Sand-Wilcox aguifer result in local ground-water flow to the northwest and to
the south. Recharge over the dome produces significant effects on the local
ground-water flow but only minor effects on the regional flow system {Ryals,
1980b). . St

Pathways

In the area of the Richton and the Cypress Creek:Domes, extensive arseal
recharge cccurs in the upper unconfined aquifer from the infiltration of pre-
cipitation in excess of direct runoff and evapotranspiration., A large propor-
tion of this recharge aeither returns to ‘the surface-as distharge from the
uvpper aguifer to the five major rivers in the region or is withdrawn for mu-
nicipal or domestic use. Significant recharge from infiltration also dccurs
to the deeper aguifers of ‘the upper Claiborne and the Wilcox,-dn the northern.
part cf the regional system where they crop out. This recharge flows to the -
gouth and is discharged principally to the upper aquifer via leakage.
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The flow syste~ of the upper aquifer in the vicinit» of the Richton Dome
diverges slightly around the relatively impermeable dome and continues down-
gradient in a southsrly direction until it intercepts th: Leaf and the
Pascagoula Rivers. Thers, the flow changss direction & * moves upward, dis-
charging into thase rivers. The ground~water flow in tl Wilcox unit remains
generally to the south-scutheast, but, in the upper Cl-il orne and alluvial
aquifers, it flows toward the rivers downstream of the ilcnme., Flow through the
lower Claiborne unit, a confining layer, is upward downs ~eam of the dome.
Flow in the upper confining layer, the Vicksburg and Jack:on units, is upward
toward the shaliow aguifer in most of the regional system,

Figure 5~11 is a simplification of the possible paths of release from the
Richton Dome to the various aquifer units. Travel paths are primarily hori-
zontal in aquifer layers and vertical in confining layers, Figure 5- 1] ghows
how far a partigle would travel from its release point outside the doma hefore
entering the supface-water system. The paths would be similar for the ‘Cypress
Creek Dome. -

?fi

Because of ‘the location of the repository level, it is likely’that ﬁhy
release would ogeur into the Wilcox unit (travel path 1) at the gfchton Dome,
The proposed repository level at Cypress Creek is adjacent to the upper
Claiborne unit, ‘and any release would most likely follow a path similar to
travel path 3. °"Releages into the upper units at Cypress Creek become progres-
sively less likely as the depth-of the unit decreaszes. A possible_releasp
directly into the upper aquifer unit (travel path 5) is considerad’extreniely:
unlikely, but was included for completeness. ‘

The pathways at the Vacherie Dome are similar to those for the other twp
domes. The major difference is that at Vacherie the transmitting qeohydco— !
logic units are lower in the stratigraphic¢ c¢olumn. In northern Louxsxana, the
Sparta Formation and the Wilcox Group are the major upper aqu;fersfand_the
Austin Group is the major lower aquifer. It is currently thought that the -
most likely pathway is laterally to the sidé of the dome and from there to the
southeast at great depth in the Austin Croup. K

This discusgion of pathways assumes that releases occur at depth and that
transport to the surface-water system is contreolled by the reg;onal ground— -
water—flow system. Knowledge of local ground-water flow in the vicinity of
the domes is curkently quite limited. Additional near-dome pathways such ag
along the dome:sheath or along faults may exist, but data needed ‘to defane
these potent1a1 paths are not ava11able

5

1
(9]

5.3.3 TUEP
The qeohydrolog;c syatem at Yucea Mountaln is composed of’ a thick unsatu-
rated zone and-a deep Saturated-flow zone, Hydrologic investigations of the
saturated zone have estimated the standard parameters of hydraulic conductiv-
ity, hydraulic. gradlent, effective poresity, and water Elux For the unsatu-
rated zone, the same parameters are needed, but must be’ ‘aiigmented wWith infor-
mation on moisture content., its effects on moisture tendion, hydradlic
conductivity, and infiltration rates. These parameters have been used to
identify the directions of ground-water flow and to estimate ground-water
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velocitias and trave. Limes, In addition, studies of paliohydrology have bean
conducted to evaluaty the potential hydrologic effects o futurs climatic
changes.

Unsaturated Zone

Hydrelegic testing in drill holes revealed that th water table is gener-
ally 1600 to 2500 feet below the mountainous land surfa.e of the Yucca Moun-
tain site and 100G feot or more helow the surface in arsa. surrounding the
site. Thug, the water table is sufficiently deep to psrmit siking a reposi-
tory in the unsaturated zone. Current hydrologic knowledge is based princi-
pally on results obtained from geologic mapping, from laburatory analyses of
cores and cuttings, and from the drilling and instrumentacion of tast holes in
the unsaturated zonhe.

The hydrologic properties of the rocks in the unsatirated zone and the
amount of water infiltration control the moisture content and the manner and
rates of flow. Only a few results of studies of the unsaturated zone ars
available., but these have allowed the definmition of gechydroloyic units and
the development of preliminary conceptual flow models. The definition of dif-
ferent units is based principally on the degree of welding in the tuff, which
strongly affects the hydrologic propertiaes. In order of increasing depth, the
units are the Tiva Canyon welded unit, the Painthrush nonwelded unit, thae
Topopah Spring welded unit {(which includes the repository horizon), and the
lower part of Calico Hills nonwelded unit. The water tabls is generally
beneath or within the Calico Hills nonwelded unit.

The welded tuffs generally have low matrix permeabilities (saturated hy-
draulic conductivities of 10°° m/sec or less), low water contents (about 6
percent by weight), high tensions (as much as 40 barg), and high fracture den-
sities {10 to 40 fractures per cubic meter). In contrast, the nonwelded units
have higher hydraulic conductivities, high effective porosities (20 to 30 per-
cent), and lower fracture densities {a few fractures per cubic meterl},

Concepts of the unsaturated-zone flow system have been developed on the
basis of preliminary data. These concepts will be tested in future studies,
but indications are that the ground-~water f£lux is wvery low. The Paintbrush
nonwelded unit may serve as a natural capillary barrier to divert pulses of
recharge flux bsyond the boundaries of the repesitory. The weldad unit of the
Topopah Spring Memker probably has a very low flux, both in fractures and the
roch matrix,

The low volumetric downward rate of water movement coupled with possible
preferential flow through fractures will minimize contact between the waste
and water, thus providing the first hydrologic barrier to waste migration.
This expected condition of the rock also mitigates concerns about such factors
as induced fracturing, dehydration of clays or zeolites, and heat-induced high
water preasures.

Saturated Zone

Extensive hydrolegic testing of the saturated zone has been performed in
test wells in the immediate vicinity of Yucca Mountain. These tests hzva
includeqd pumping tests of all or part of the saturated zons penetrated by the
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well and pachker-injection testg of isolated intervals with:in the horeholes,

In addition to identifying zones of water inflow during p.mping, the data cel~
lected include the Jistribution of hydraulic heads and hy-ivaulic conductivity.
Chemical analyses hive been made of water samples from 1. water wells and test
wells. 1In addition, 1% other test wells have been drill:} to provide data on

the elevations of the water table,

Most test wells .ere drilled to depths ranging frow ‘000 to 6000 feet.
These wells penetrated volcanic rocks (mostly tuff) of Te.tiary age. The
hydraulic conductivities of the tuffs range from approximately 10° " to
107'% m/sec. Productive intervals in test wells are con:rolled mostly by
the distribution of permeable fractures intercepted, rather than by strati-
graphic pesition., As a result, no hydrostratigraphic unitg have been defined
for the saturated zone,

Ground-water flow in the saturated zone is mainly through fractures in
the moderately to densely waelded tuffs. As a result, the effective porosity
is probably low: it ig assumed to be about 0.005, but it may be as low asg
0.002. HMultiple- and single-well tracer tests are planned to evaluate this
parameter.

Preliminary water-table maps have been constructed on the basis of water-
level measurements in test wells; however, the influence of geologic struc-
tures on the configuration of this surface has not been fully evaluated.
Between Yucca Mountain and the accessible environment to the east and south-
east, the hydraulic gradient is very low (3.4 x 10°%).

One test well was drilled through the tuffs into prevolcanic carbonate
rocks. These rocks are permeable, but the hydraulic head in this section is
about 70 feet higher than the water table in the tuffs. Thus, the radio-
nuclides in the repository would not be transported downward to an underlying
permeable carbonate aguifer but, rather, laterally in the tuffs.

Pathuays

Paths of likely radionuclide transport in the unsaturated zone at Yucca
Mountain are downward to the water table, passing through the lower part of
the welded unit of the Topopah Spring Member and the nonwelded unit of the
Calico Hills tuff. FPreliminary data indicate that the Calico Hillg unit has a
high effective porosity and that the matrix has a high enough conductivity to
pass the probable prevailing flux of 1 mm/yr or less. The measured or esti-
mated properties of the nonwelded unit of the Calico Hills tuff indicate that
the probable travel time of ground water through this unit to the water table
exceeds 20,000 years, and the ground water travels through highly sorptive
minerals that will retard most radionucliides.

Between Yucca Mountain and the accessible enviromment, ground water in
the saturated zone moves through the welded Crater Flat Tuff, the nonwelded
tuffaceous heds of Calico Hills, and the welded Topopah Spring Member.
Although the gradient is low, the relatively low effective porosity and the
high hydraulic conductivity {about 1.8 x 107° to 1.6 x 10™° m/sec) along
the possible flow paths result in relatively short preemplacement ground-water
travel times in the saturated zone. Thusg, the qualification of the site on
the basis of preemplacement ground-water travel times is dependent largely on
travel times in the unsaturated, rather than the saturated, zone.
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Puture Hydrologic Conditions

Estimates of hydr»logic changes that might result from future climatic
changes have been bas-.d principally on an assessment of ¢l.satic extremas and
the resulting hydrolegic conditions during the Quaternary .eviod., Thae cli-
mates of the last 45,000 years have been reconstructed lai¢aly on the evidence
of plant materials preserved in the middens of packrats. Interpratations of
the positions of late Pleistocene water levels and discha 'ce points have been
made for the nearby Ask Meadows ground-water basin from thw distribution of
calcite veins in _lluvium and lakebeds and of fossil-spring deposits of tufa.

The results of these studies indicate that even during pluvial periods
the climate in the region was not substantially different f£rom the medern cli-
mate. For example, the studies of packrat middens indicate that at the time
of the global glacial maximum during Late Wisconsinan time {(about 18,000 years
before the present), the average annual temperature in the region was 6 to 7°C
cooler and average annual precipitation was 30 to 40 perceunt above present
values (Spaulding et al., 1984},

The climatic changes that resulted in pluvial conditions during the
Quaternary Period probably had the following effects on the hydrologic system:
increased recharge., increased elevations and gradients of the water table, up-
gradient shifts in discharge loci, and changes in surface-water drainage sys-
tems. Although there is little evidence in the immediate vicinity of Yucca
Mountain to indicate the magnitude of these effects in that area, ragional
evidence indicates that, within the framework of the geologic setting and the
arid-semiarid climate. the effects were minor {(Winograd and Doty, 1980},
Furthermore, the climatic changes expected during the next 10,000 years are
not likely to adversely affect the performance of the repositery.

53.3.4 GENERIC RESEARCH

The DOE is also conducting generic resgearch that is related to hydro-
geology and could be applicable in predicting repository performance. For
example, at the Argonne National Laboratory, the Lawrence Berkeley National
Laboratory. the Los Alamps National Laboratory., and the Lamont-Doherty Geo-
physical Laboratory, the DOE is supporting generic research in the following
areas: solute migration in the earth's crust, with emphasis on the migration
of heavy elements; fluid flow in fractured rock masses; fluid, heat and solute
transport in underground formations; element fixation in crustal rocks: and
the effects that organic compounds in ground water have on the mob:l;ty of
trace metals and radionuclides.

5.4 SIGNIFICANT RESULTS OF RESEARCH IN GEOCHEMISTRY

The geochemical conditions in the ground water, the host rock, and in the
vicinity of the waste package (i.e., the near field) will affect the contain-
ment of the waste by promoting or inhibiting the corrosion of waste con-
tainers. After the containment of the waste package is breached, they will
also affect the long-term isolation of the waste through various processes
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that promote or irhibit the solubility, sorption, and mobility of
radionuclides,

Ressarch in «eochemistry is therefore directed at nderstanding the chem-
ical characteristics of the potential repository site, shair effecta on the
containment of the waste, and their effects on waste ig.iation when the con-
tainment is breached. Specifically, the goal is to ¢ tegrmine the following:

1. Ranges of expected geochemical conditions., ove the repository life-
time and the geographical area, that directly affect radionuclide
behavior.

2. Maximum steady-state concentrations of radionuclides in solution
under representative geochemical conditions.

3. Characterization of important radionuclide-trsnsport parameters to
support hydrologic fiow and trangport models.

5.4.1 BASALT

Geochemistry of the Ground Water

At the Hanford Site, hydrochemical studies have been in progress since
1979. During that time over 30 boreholes have heen drilled and sampled. Re-
cent work has focused on the reference repository location.

An evaluation of the hydrochemical data has led to several preliminary
conclusions about the ground water:

1. The ground waters can be divided intc {(a} relatively dilute waters in
the upper basalt flows and (b} waters in the lower hasalt flows that
have higher chloride and fluoride concentrations. The source of
chloride and fluoride in the deeper ground waters is uncertain.

2. Estimates of the oxidation-reduction potential (Bh) of the ground
waters suggest that it is reducing. The low Eh¥ may be attributable
to iron-containing minerals or to glasses that line fractures or are
part of the basalt.

3. The ground waters are slightly alkaline, low in ionic strength, and
very low in total organic carbon.

4. Analyses based principally on gtable-igotope ratios suggest that
there ig vertical mixing between the lower and the upper aquifers,
but the rate of mixing is still undefined.

*In discussing Eh, the Basalt Waste Isolation Project (BWIP) uses the
sign convention adopted by the International Union of Pure and Applied Chem-
istry and presented by Stumm and Morgan {1981, pp. 436-438). Thus, low Eh
values reprasent reducing conditions and high Eh values correspond to oxidiz-
ing conditions.
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The net effect of the low oxidation-reduction potential and the alkaline
pH 1s to contribute vesitively to radionuclide retardati-»i. The oxidation-
reduction potential is the dominant factor. since most o’ the multivalent
radionuclides shoul" be reduced to their less-mobile val-nce states. This
appears to result in a net decrease in the steady-state oncentrations of
multivalent cations like uranium and plutonium in a recuc:ng aqueousz environ-
nent.  Under the expected reducing conditicns, techneti . uranium, and nep-
tunium are well sorbed, while iodine and carbon are poorl: sorbed (Ames and
McGarrah, 1980a, b; Aues et al. 1981; Barney., 1982, 1984; Barney et al. 1983;
Salter et al., 7381).

Other simple cations such as cesium and strontium are also gtrongly
sorbed. Although the current studies indicate that most of the radionuclides
will be strongly sorbed, it must be emphasized that these experiments were
conducted with crushed basalt in a batch system., Dynamic experiments with
basalt core samples or field tests and evaluations of the effects produced by
the speciation of the principal radionuclides will be reguired to confirm
these results.

Geochemistry of the Host Rock

The bhasalt flow being considered for a repository is characterized by
dense flow interiors consisting of calcic plagioclaze feldspar and clino-
pyroxene in a matrix of volcanic glass, fractured flow tops of the same gen-
eral composition, and vesicular zones that contain zeolites, cristobolite,
iron smectite, and sometimes pyrite as secondary minerals ingide the vesicles
(Long et al., 1923}, The entire flow iz fractured from cooling. Current data
suggest that the fractures are typically tight and filled with secondary
minerals.

Because the basalt repository horizon ig located in the saturated zone,
the host rock surrounding the waste package will resaturate after repogitory
closure. Because the bhasalt-bentonite packing material has a finite permea-
bility, it is not possible to preclude vontact between the ground water and
the overpack, and between the ground water and the emplaced waste after over-
pack failure.

An active program has been carried out to detetrmine what reactions could
be expected near the emplaced waste. The systems studied to date have been
various combinations of ground water, basalt, sodium bentenite, and simulatad
waste (Apted and Myers, 1982; Wood et al.,, 1984; Myers et al., 1983: Lane et
al., 1983). The major observations from these studies are ag follows:

1. Ground-water solution chemistry approaches steady-state conditions in
a geologically short time under hydrothermal conditions.

2. Major ground-water constituents are relatively unchanged by hydro-
thermal reactions. The Eh is reduced and the pH remains alkaline.

3. The main reaction products of the basalt-water system under hydro-
thermal conditions are smectites, zeolites, and a silica-rich phase
(e.g., cristobolite) similar to those secondary minerals found natu-
rally in basalts.
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These data indicate that the basalt-bentonite packing material around an
enplaced contalner (s2e Section 2.5) will produce an alkalrne reducing envi-
ronment, This will provide a highly reactive madium for adionuclide-
precipitation reactivns, which should reduce solution concuntrations. The
reducing environment will most likely maintain the multiv tant racionuclides
an thelr lower valancy less mobile states and therefore ccatrol the maximum
radionuclide-release rate from the waste package. Such . reducing envivonment
alsoc serves to inhibit the corrosion of the metal barrie:¢. In addition, an
iron silicate protective layer appears to form in containg. systems containing
packing, which may further reduce container corrosion and increase waste-pack-
age lifetimes. Data are not yet available on the effects of gamma radiation
on near~field gecchemistry. Plans for collecting these daca will be described
in the site-charactarization plan.

5.4,2 SALT
5.4.2.1 Salt Domes

Gecochemistry of Ground Water

The uppermost aquifers in the Gulf Interior region contain potable
water. The waters vary from the calcium bicarbonate type to the sodium bicar-
bonate type, which is typical of the entire Gulf Coast. The waters in the
deeper aquifers and along the flanks of the domes are saline brines (10,000 to
100,000 mg/l of total dissolved solids (7TDS)) and sodium chloride brines (over
140,000 mg/1 TDS).

The uppermost potable aquifers are oxidizing and contain appreciable
amgunts of dissolved oxygen. The deeper saline and brine ground waters appear
to be slightly reducing, as evidenced by the presence of methane, This reduc-
ing environment could be important in maintaining several radionuclides in
less mobile valence states.

The important constituents in the ground waters that could mobilize
radionuclides are bicarbonate and humic and fulvic acids. These anionic
species tend to form strong complexes with many of the actinides, and these
complexes tend to be very mobile,

Geochemistry of the Host Rock

The salt domes typically contain more than 90 percent halite, with no
mineral impurity except anhydrite exceeding 1 percent by volume. Typical
impurities include anhydrite and smectite {(Drumheller et al.. 1981; and
Martinez et al., 1978). Because dome salt is typically low in brine inclu~
sions (0.15 volume pegrcent (Roedder and Chou, 1982}). little brine migration
is expected, which in turn will minimize the corrosion of canister materials.
These brines are typically low in magnesium,

Geochemistry of the Near Field

To simulate the conditions that would be expected around the emplaced
waste, a serlss of studies have besen conducted to determine the leach rates of
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spent. fuel and boronilicate glass, the effects of radiolvsis, and corrosion
rates of the overpark material {low-carbon steel), Thes~» studies have heen
mainly conducted wi'h sodium chloride brine {dissolved P:cmian salt), The
results of these experiments are applicable te both the "ulf Coast domes and
Permian Basin. The following conclusions can be drawn f:rom these studies:

1. Boresilicate glass appears to react more slowly in sodium chloride
brine than in deionized water, and the presence f iron increases the
leach rate of the glass {McVay and Buckwalter., 1983; Gray et al.,
1984),

2, Gamma irradiation increases the leach rate of the glass, However,
because of the strong tempevature dependence of leaching, at temper-
atures abcve 90°C the contribution of elevated temperature Lo in-
creased leaching is much greater than the contribution of gamma ir-
radiation (Pederson and McVay, 1984}.

3. Gamma irradiation of solutions does not tend to affect their oxida-
tion-reduction potential. However, alpha radioclysis can cause highly
oxidizing conditions (Pederson and McVay, 1984).

4. Iron-canister corrosion ig accelerated by factors of 3 to 20 at 150°C
in the presence of gamma-irradiation fields of 10° rads/hr. &t
lower dose rates, such as 10’ rads/hr, the enhancement over the
unirradiated case is not statistically significant {Westerman et al.,
1984). These dose rates are well above those expected at the waste-
package surface.

5. The predominant corrosion products from iron canister corrosion are
iron oxides, which act as an effective sorbent for some radio-
nuclides, indicating that radionuclide release from the waste form
may be retarded significantly by the presence of iron corrosion pro-
ducts (Gray et al., 1984; Mendel, 1984).

6. Brine migration in dome galt could result in 0.2 m’ of brine mi-
grating teo the waste package. which is significantly less than that
expected for the bedded-zalt sites.

7. Because of the limited amount of brine that could migrate:to the
package, the lifetime of the waste package is predicted to be on the
order of several thousand years, assuming uniform corrosion.

The draft envirommental assessments (DOE, 1984c, d, e, £, g) provide
details about the analyses leading to conclusions 6 and 7.

5.4.2.2 Bedded-Salt Sites in the Palo Duro Basin

Geochemistry of the Ground Water

The Palo Dure Basin has a major potable aquifer, the Ogallala, which is
extensively ugsed for irrigation. The water in the Ogallala is typically of
the calcium bicarbonate type and is nearly saturated with calcite. The aqui-
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fere that are bel-w the proposed repository horizons .ntain sodium chloride
brines with a total-dissolved-solids content of more tha< 100,000 mg/l (Bas-
sett and Bently. 1983).

The upper aquifers are all oxidizing, but the lowrr aquifers, the Wolf-
camp and the Penmaylvanian {(Sewell., 1984}, appear to b: reducing, as evidenced
by the presence of methane., This reducing envirommen: could be important in
retarding radicnuc:ides by maintaining them in lower v: ience states, The
lowar agquifers are saturated with barium sulfate, which will strongly affect
the solubilities of strontium and radium. Carbonate and organic acids will
dominate the speciation of radionuclides in the Ogallala and could mobiligze
some radionuclides. The brines in the lower aquifers have recently been dated
radiometrically and appear to be at least 130 million years old in the eastern
part of the Palo Dur¢ Basin,

Geochemistry of the Host Rock

The salt in the Palo Duro Basin ia typically halite {90 percent), with
mineral impurities that include anhydrite, dolomite, clays. and quartz (Fukui,
1984: Hubbard et al., 1984). The occurrence of brine inclusions in the salt
is estimated at about 1 percent, with the clays being able to raise this to
about 1.8 percent. The brines contain fairly high concentrationg ¢f magnesium
(50,000 mg/l {(Hubbard et al., 1984)), which tend to increase the corrosion of
canister materials.

Gaochemistry of the Near Field

The geochemistry of the near field at the Palo Durc Basin will be similar
to that discussed for the Gulf Coast except that the potential amount of brine
that could migrate to the waste package would be in the range of 1.0 m’®
rather than the 0.2 m’ predicted for dome salt.

5.4.2,3 Bedded-Salt Sites in the Paradox Basin

Gecochemistry of the Ground Water

At the Paradox Basin salt gites, the uppermost aquifer, the Cutler, car-
ries potable water of the calcium bicarbonate type. Below the Cutler is the
Honaker Trail Formation in which the ground water varies from a calcium bicar-
bonate type in the upper part to sodium chloride bring in the lower part. The
water in the Honaker Trail Formation is generally nonpotable. The Leadville
brine aguifer is located well below the salt beds and contains a sodium chlo-
ride brine with approximately 80,000 mg/l of total dissolved solids.

The uppermost aquifers are oxidizing, while the lower aquifers contain
sulfides, which strongly indicates a reducing enviromment.

Bicarbonate and organic acids in the upper aquifers are expected to demi-
nate the speciation of radionuclides, which could mobilize radionuclides.
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Geochemisgtry of the Host Rock

The galt in the Paradox Basin is similar to other sitag in that it con-
taing halite as the principal mineral {about 90 percent, ite. 1983). It has.
however, two significant impurities not seen at the other aites--carnallite
and kieserite (Hite, 1983). These minerals are signific .n! because they are
sources of magnesium and water, Carnallite dewaters at -posroximately 100°C
{(Jockwer, 1980) and could act as a significank source of w ter.

The Paradox Basin salt typically containg legg than 0.5 percent brine,
with carnallite and kieserite being able to raise thig to less than 5.0 per-
cent in the upper half of the Cycle 6 salt (Hite, 1983). These brines are
expected to be high in magnesium because of the mineral agsemblages present
and thus could increase the corrosion ratesg of canigter materials,

Geochemistry of the Near Field

The geochemistry of the near field at the Paradox Basin differs in two
regpects from that described for dome salt., The first is that brine migration
could cause about 1.0 m’ to migrate to the waste package. The second is
that the corrosion rate of iron canisters will be approximately 10 times
faster because of the presence of magnesium in the brines,

5.4.3 TUFF

Geochemistry of the Cround Water

The repository horizon at Yucca Mountain is located in the unsaturated
zone with no overlying agquifers. Water (more precisely, moisture) from the
unsaturated zone has not been sampled yet; thus, little is known about its
geochemistry, In contrast. a great deal of data are available on the agquifer
underlying the proposed repository horizon., A well designated J-13, which
produces water from the Topopah Spring Member, has been used as source for the
the reference ground water, The composition of its water can be described as
a sodium bicarbonate type nearly saturated with silica.

From the ground-water composition, several preliminary conclusions can be
drawn: I

1. The ground water at the water table is oxidizing: however, some of
the deeper ground waters appear to be reducing.

2. The ground water is quite dilute {TDS of 90 ppm or less), with so-
dium, silicon, calecium, and magnesium being the only cations with
concentrations exceeding 0.2 ppm (Heiken, 1982).

3. Bicarbonate and hydroxyl anions are the major actinide-complexing
ligands present (Heiken, 1982).

4. Many of the important radionuclides exhibit minimal solubilities at

the nominal pH of the ground water (pH 7) {Wolfsherg et al.. 1982:
Allard, 1982; Duffy and Ogard, 1982).
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5. No detectuble organic complexing agents are p; s8ant (Means et al..
1983,

Geochemistry of the Host Rock

Within the Topopah Spring Member and beneath the proposed repository
horizon, there are significant variations in the minera composition of the
host rocks {Bish et al., 1%82), including localized occu-rences of ¢ristobo-
lite, tridymite, smectite, and volcanic glasg. The important sorptive min-
erals clinoptilolite and mordenitse also occur in discrete horizons, their dis-
tribution changing horizontally and vertically {(Bish et al., 1984).

Figure 5-12 is a cross section through Yucca Mountain showing geclogic
units at and beneath the proposed repogitory heorizon, The major intervalg of
sorptive zeolites beneath the horigon are identified wilh Roman numerals., At
all points, the zeolitized tuff is at least 80 feet thick beneath the reposi-
tery horizon. In addition, large amounts of zeolitized tuff will be encoun-~
tered by any water traveling through the saturated zone {(Vaniman et al., 1984},

Sorption studies. both static and dynamic, have been conducted for most
of the radionuclides of interest for the types of tuff to be expected at Yucca
Mountain (Ogard et al.. 1983a, b; Wolfsherg et al., 1983; Bryant and Vaniman,
1984}. Simple cations {e.g.., strontium and cesium) are stroangly sorbed, and
the reactions are rapid. There is good agreement between static and dynamic
measurements. In batch experiments, actinides like plutonium and americium
show strong sorption. These measurements, however, mugt be confirmed by
dynamic measurements coupled with thermodynamic speciation calculations, An
extensive data base for sorption ratios from batch experiments is available
for the tuffs at Yucca Mountain (Daniels st al., 1983; Heiken, 1982)}.

In addition to retardation by sorpticon, radionuclide retardation is ex-
pected to occur by the diffusion of radionuclidas from the more mobile water
in fractures into the relatively immobile water in the interstices of the tuff
matrix. Experiments are under way to try to quantify the contribution ¢f this
matrix~diffusion mechanism to the retardation properties of the site,

Geochemistry of the Near Field

The characteristics of the proposed repository horizon, logated in the
unsaturated zone, will be the overriding factor in limiting container corro-
sion and waste-form disseolution. Preliminary results of corrosion tests con-
ducted on 304L stainless steel indicate that a 0.3 inch thickness of this
material will be adequate to contain the waste for several thousand years,
even under saturated conditions. In addition, results to date indicate that
stress-corrosion cracking of spent-fuel containers fabricated £rom 304L stain-
less steel will not be a problem, even in a radiation field. Investigations
of the stress-corrosion cracking of high-level waste containers are under
way. It must be pointed out that these studies have not been conducted in a
radiation field.
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5.5 SIGNIFICANT RESULTS OF RESEARCH IN CvOMECHANICS

Research in v :omechanics includes studies to detersune the impact of the
thermal and mechanical properties of the host rock and n-—-gitu stressg on the
location, size. shape, orientation, and stability of t.: underground
openings. Also included are studies of the stress and _emperature fields in
the vicinity of a site, the axcavation characteristic. »f the rock mass, ther-
mal and thermemecharical modeling “echniques, and the » fects of radiation on
the mechanical properties.

Predictions of rock temperature are required for ~stablishing the spatial
extent of the repository horizon acceptabls for waste emplacement, for estab-
lishing the acceptable thermal loading within the horizon, and for evaluating
the ability of repository and waste-package designs to meet constraints on the
maximum allowable rock temperature. In addition, tempurature predictions are
an important prerequisite to the evaluation of pillar. waste empiacement hole,
and intersection stability: to a determination of tha waste-package environ-
ment, to the establishment of ventilation requiremenys;, and to design tradeoff
studies {(e.g., horizontal versus vertical amplacement, waste- package gizing,
canister spacing. and drift spacing). :

Stress, strain, and displacement predictions age required for developing
detailed design plans for room gizes, shapes, spaciﬁgs, and gupport reguire-
ments: for evaluating emplacement-hole stability (including-liner require-
ments, if any, for stability)}: for determining the spatidl extent of accept-
able host rock in the repository horizon: for evaluating shaft designs with
respect to structural stability and liner leading; and for evaluating the mag-
nitudes and consequences of far-field expansion and subsidence.

Excavation characteristics of the rock mass and cobsérvations made in
other similar rocks. with comparable stress conditions and hydrologic charac-
terigtics are requlred to determine the dipensions of mined openings, support
requirements for these openirigs, efficient m1n1ng techniques, rock damage due
to excavation. and dewatering requirements.

G

5.5.1 BASALT | a

Testing in basalt has now progressed from the laboratory testing of rock
cores to field tests at the Near-Surface Test Facility (NSTF). In addition, a
series of hydraulic fracturing tests have bsen conducted in five surface-based
boreholes to estimate the in-situ stress at the four candidate repository
horizons. The data obtained from the laboratory studies have been used for
developing a preliminary constitutive relationship for incorporation into
numerical models. - Preliminary measurements of in-situ $tress have been used
to derive opening configurations and waste-emplacement techniques for concep-
tual designs of the repository and waste package.

Laboratory Testing

A series of laboratory tests has been conducted on the cores from three
boreholes at the site for the purpose of characterizing the physical, mechan-
ical, and thermal properties of four candidate horizons in the basalt. An
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abbreviated summary of the results of this laboratory teisting of intact rock
is presented in Tab:ia 5-1 for the Cohassett flow, which :s currently the pre-
ferred horizon,

Each flow coniists of similar intraflow gtructures {flow-top breccia,
vesicular zones, entablatures, and colonnades), Currentiy, the dense interior
sortion ¢f the Cohagsett flow (entablature and colonnz le’} has been chosen as
the most suitable portion for a rapository., From Table 3-1 it is apparent
that the dense inter.or provides relatively high intact-. ock strengths and
Young's moduli 7ith a corresponding low porosity., Joints and fractures within
the basalt will produce rock-mass strangths and deformation moduli that will
be less than the corresponding values for intact rock,

Table 5-1. The Physical., Mechanical, and Theimal Properties
of Intact Basalt from the Cohassett Flow

Property Entablature® Colonnade®

Bulk dansity (g/cm’) 2.84 + 0.02 2.81 ¢ 0.05
Poromity (%) 2.85 + 0.79 4,37 + 1.47
Uniaxial compresgsive strength

(MPa) 291.6 + 18.90 288.3 + 38.31
Young's modulus (GPa) 75.60 + 5.83 72.76 + 7.23
Poisgon's ratia 0.25 + 0.02 0.25 + 0.02
Tensile strength (MPa) i4.54 + 3.32 | 15.8 + 2.36
Thermal conductivity {W/m-K) 1.51 + 0,15"°

Coefficient of thermal
expansion {10°% K™') 6.02 + 0.42°

“Dense interior intraflow structures.
*BEntablature and colonnade test results were averaged to determine the
thermal-property values given in the table.

The thermal and mechanical properties of basalt are important engineering
parameters that are used in repository modeling and design. The effects of
heat trangfer through the rock mass from heat-generating waste contairers are
sufficiently well understood to predict temperature distributions. The be-
havior of the rock mass under thermally induced stresses is not yet fully
understocd. Until it is, the waste emplacement areal densities, emplacement-
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room spacing, conta’ner-hole spacing, and the estimated ndditional support
requirements due to thermal loading are preliminary. Trs thermal properties
of the rock mess exueriencing stresses sufficient to clese joints and fracg-
tures are not expected to be significantly different fro those of intact rock.

The mechan.ical properties and behavior of the rock amasg are not as well
understood, Preliminary assessments of the effects of c¢ointinement stress.
tempersture, and loading time have bean performed on i.tact rock and joints.
Work is continuing in this field,

Field Tests at the Near-Surface Test Facility

Many types of field tests have been conducted at the Near-Surface Test
Facility since its construction in 1979 at Gable Mountarn. The location of
the facility was chosen primarily because of the easy access to the Pomona
fiow, which poasesses claracteristicsg similar to the candidate horizons., The
tests conducted at the 'fdcility can be grouped into four categories:

Geologic characterization studies.

Full-scale heater testg.

Jointed block tests.

Test methoed and instrument development tests.

e L B e
e e s

These tests have yielded valuable information which has led to {1} an
understanding of the generic behavior of Columbia River basalt: {2} the ad-
vancement of measurement methods and instrument technelogy: (3) the improve-
ment of data-analysis methods: and {4} the development of predic¢tive numerical
models. The NSTF geclogic studies, jointed block tests, ‘and full-gcale heater
tests have been completed, and a variety of instrument development tests are
continuing. The results of these tests are summarized below,

Mechanical Properties. Results from the triaxial block test indicate an
anisotropic deformability bshavior ¢f the rock mass. The deformation-modulus
values perpendicular to the basalt columns are only ahout 60 percent of those
parallel to the columns at low confining stress levels (Cramer et al,, 1983).
This degree of anisctropy was also reflected in the values of dynamic defor-
mation moduli calculated from compressional and shedr wave velecities obtained.
in crosshole seismic tests. The rock-mass density and sonic velocities in-
crease with increasing confining stress levels. These results indicate ths -
need for a complex mechanical model. '

Thermal Properties. Results from large—scale heater tests (Gregory and
Kim, 1981} were used to determine a begt-fit rock mass thermal conductivity
value of 1.7 W/m-K. This value is close to the 1.51 :W/m-K laboratory value
presented in Table 5-1 and within the range of values measured in the
laboratory {1.32-1.74 W/m-K}, which tends ko support the conclusion by other
researchers that in-situ thermal performance can be adequately modeled with

laboratory values.

Performance Chardcteristics., Examination of the walls of the l6-~inch-
diameter boreholes used for emplacement of the heaters in the large-scale
heater tests at the Neat-Surface Test Fadility showed some new crack formation
and joint opening,-‘but no spalling or decrepitation as a result of heating to
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approximately 600°C. While this temperature level is abo.t twice that
expected in a repositury. it should be noted that the in-::itu stress condition
at the facility is much lower than that expected at the r:prgitory depth.

Measurements of In-Situ Stregs

The basalt flowg uvnderlying the Hanford Site have bes.. known to be under
high horizontal cnmpressive stress acting in a general north-south direction,
Core-disking and borshole-gpalling phenomena observed in exploratory boreholes
are indicative of such in-situ stress, Hydraulic-fracturing tests have been
conducted to determine the magnitudes and the orientations of the priacipal
stressesg, Three boreholes at the referance repository location and two bore-
holes at other locations at the Hanford Site have been used for the tests,
The results obtained from thasse tests confirmed that the smaximum pringipal
gtress 1s acting in a general north-scuth direction and the maximum
horizontal-to-vertical stregs ratio ranges from 2.1 to 2.7 {Kim and Haimson.
1382; Rundle and Kim, 1983}, Although this technique hasg some uncertainty
associated with the theoretical basis for the data interpretation, it is the
only currently accepted method for measuring in-situ stress in deep bore-
holeg., The measured high horizontal stresses suggest the need for increased
rock-suppert requirements and thus greater mining costs. In addition., these
results suggest a currently undefined potential for rock bursts that could
pose hazards to miners or make waste retrieval difficult,

Requirements for Artificial Support

Several rock-mass classification systems have heen developed for the
primary purpose of providing empirical methods for estimating rock-support
raquirements. In addition, the use of these classification methods has been
extended to estimate the strangth and the deformability of the rock mass,

The two most commonly used clagsgification systems are the "Q" system
(Barton et al., 1974} and the "RMR" gystem {(Bieniewshi, 1974, 1976). Both of
these systems have been uged to classify the rock-mass quality of the Cohas-
sett dense interior and estimate the rock-support requirements, The "Q"
system led to a classification of very poor to fair, whereas the "RMR" system
classified the same basalt rock as falr to good. This discrepancy is due to
different definitions of what constitutes poor or fair quality in a rock
mass. Both methods, however, result in very comparable estimates of support
requirements, Depending on rock conditions, these reguirements appear to
range from a minimum of one layer (0.7 to 1.7 inches) of fiber-reinforced
shotcrete to a maximum of systematic tensioned rock bolts with wlrewmeshn
reinforced shotcrete (1.7 to 4.2 inchesd).

Laubscher and Taylor's (1976} method of estimating rock-support reguire-
ments by modifying the “"RMR" system was also uzed to evaluate support reguire-
ments. This method resulted in a slightly greater rock-support regcommendation
than did the "RMR" system, but was still within the maximun bounds of the pre-
viously recommended range of rock support.

It should be noted that these are empirical methods based on case histo~
ries quite different from the rock type, temperature, and stress environment
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that would be cncountered in a repository located in th+ Cohagsett flow. To
confirm the empirical gstimates, other methods of evalui:ing rock support will
be used, such ag ir-situ tests, numerical modeling, and chiservational meth-
ods., During the propogsed exploratory shaft testing pere 'cam, observational
methods will be used to better evaluate and confirm sup, nrt requirements.

It should alsc be noted that preliminary estimate y ¢f excavation and
thermally induced stresses were considered in these emp: ~ical studies. Site-
specific experimental data on the effects of thermally isduced stresses will
be axtensively evaluated by in-situ testing during site characterization,

5.5.2 SALT

An initial data base of geomechanics properties is being established for
the seven salt sites under conaideration, This data base is composed of the
results of thermophysical and thermomechnical laboratory tests of various rock
salt and nonsalt rock units and is enhanced by fleld tests at Avery Island,
Louisiana, and the Asge salt mine in the Federal Republic of Germany. Limited
site-specific data are also available from the geophygical monitoring of
gelected borsholes and seismic surveys. In addition, Field data from the
Waste Isolation Pilot Plant studies and previous experience gained in Project
Salt Vault gerve as a supplement to the data base. At present the laboratory
data obtained encompass unconfined compressive strength, indirect tensile
strength, triaxial compression and extension, creep, thermal conductivity,
thermal expangion. and specific heat capacity, together with various density
measurements and rock-fabric studies. The average thermomechanical and ther-
mophysicael properties of bedded and dome malt are given in Table 5-2.

Testing of the thermomechanical properties of various salt units indi-
cates that the strength of these units varies with the site and varies sub-
stantially with confining pressure and temperature. To describe the increase
in salt strength with increasing confining stresses, a nonlinear failure
envelope was used (Pfeifle et al., 1983). This envelope describes the brittle
tengile and compressive strength of the units at room temperature under rapid
loading conditionsg. 1In salt, the ability to withstand sustained differential
stress decreases with temperature, but "failure" at elevated temperatures is
no longer brittle and is purely plastic. Studies ars under way to quantify
this behavior in rocks of different impurity content and volume,

Thermomechanical testing has established that a number of factors in the
ductile response of salt are advantageous to 2 repository. The time-dependent
creep of salt (which will tend to close and seal openings in the repository)
has been repregented by an exponential cregp aquation (Pfeifle et al.. 1983).
Laboratory studies are investigating the response of crushed salt, especially
the reduction of its permeability as backfill and its increase in strength due
to creep closure of the rooms. Testing has also indicated that fractures in
galt heal rapidly under applied stregses (Costin and Wawersik, 1980) and that
galt exhibits a rapidly decreasing permeability with flow (Gevantman, 1981).

From field and laboratory testing it is evident that the thermophysical
properties of salt are influenced by impurity content and grain size, and
hence, vary somewhat from gite to site. In addition, the thermal conductivity
of salt is typically temperature dependent, On the basis of laboratory test-

~318-



50008 22409

Table 5~ The Average Thermomechanical and I ermophysical
Broperties of the Salt Sites

Palo Duro Paradox Gulf Interior
Parametsr Basin Basin Domes "'
Bulk density (g/cm’) 2.15 2.20 2.20
Young's modulus {GPa) 26.6 26,9 31.5
Poiggon's ratio 0.31 0.33 0.36
Thermal conductivity
coefficients® (W/m-K)
h 4.30 4,19 3.38
B .,988 0.899 0.547
Specific heat
capacity {J/kg-K) 4§04 832 g19
Thermal expansion
coefficient (10°° K™ ') 38 42 38

*Data based primarily on results from the Richton Dome.
"The equation for thermal conductivity is

L = A (300)%

T

where L isg the thermal conductivity, T is the temperature in kelvins, and A
and B are matesrial constants.

ing, a nonlinear representation of thermal conductivity has bsen established
for the basins (Lagedrost and Capps, 1983). The thermal expansion and
specific-heat-capacity coefficients for all basins are similar., but the
thermal conductivity values differ substantially between dome and bedded
galt. The conductivity of dome salt is less than that of the bedded units.
Also, the dependence of the thermal conductivity decreases as the anhydrite
content increases. Howsver, in comparison with other rock typesg, the conduc-
tivity of dome salt is still high, The presence of interbeds in a salt unit
will tend to reduce its thermal conductivity.

Research on in-situ stress and stress changes in the rock mass is under
way. Preliminary data indicate that, because salt is plastic, the measurement
of stress by standard techniques based on the theory of elasticity is not
appropriate. Development of stress-change and displacement transducers is
focusing on the longevity and reliability of such devices under the tempera-
ture and pressure conditions of a repository.
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Because of the relative ease of excavation in rock galt, studies of the
excavation characteristics of the galt have concentrate?! on definition of the
zone of rock salt cisturbed by mining. Initilal estimat-:e of this zone suggest
a disturbed zone ringing in depth from 3 to 7 feet, bar:d on various field
permeability studies, to an order of tens of magters for a highly anisotropic
evaporite unit., Further details of these estimates are Jiven in the draft
environmental assessments.

Radiation Effects orn Salt

Limited studies of the effscts of ionizing radiation on the physical
properties of salt indicate that the effects vary with temperature, duration,
the intensity of radiation. as well as the type and dimensions of the sailt
sample.

Uniaxial compression and creep tests were carried vut. on bedded salt from
a mine in Kansas and dome salt from Texas. The tests were performed on speci-
mens 2 inches in diameter. Stress-strain curves were obtained for three sam-
ples each of dome and bedded salt. The radiation effects on salt strength are
summarized as follows: ' .

1, The compressive strength of rock salt exposed to 5 x 10° roentgens
at room temperature is, without exception, somewhat less than the -
compressive strength of unirradiated rock salt. :

2. Without exception, the modulus of elasticity is greater for exposures
of 5 x 10° roentgens than for unirradiated specimens,

The magnitude of these changes in strength and modulus does not appear to be
significant to rock stability and the design of artificial support systems
because significant irradiation of salt only takes place within a few centi-
meters of the waste package.

5.5.3 TUFF

The development of the geomechanics data base for a potential repository
at Yucca Mountain is well under way. AL praesent the -data bage consistg pri-
marily of the results of laboratory tests on core samples, hut is enhanced by
initial results from fisld obssrvations and tesss being made on-a different
welded tuff in G-tunnel at the Nevada Tegt Site. The selegtion of the Topopah
Spring tuff as the targst horizon for the repository was bagsed in part on the
average thermal and mechanical properties defined for each of the four hori-
zons considered from tests of thermal conductivity, thermal expansion, and
unconfined and pressure-dependent mechanical properties; mechanical tests on
Jointed rock samples:; and mineralogical and petrological analyses. Definition
of the properties to be expected in the candidate repository horizons has
relied on combining the msasured thermal and mechanical data with the corres-
ponding bulk properties {porosity and degree of fracturing). Downhole gso-
physical logs were combined with mineralogical analyses of cores to produce
stratigraphic deseriptions of the thermal, mechanical, and chemical properties
of candidate horizons. The more important data are summarized in.TFable 5-3.
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Table 5~3., iverage Thermomechanical Properties of Tuff in the
Topopah Spring, Calico Hillsg, Tram, and Bullfr:j Members

Topopah Calico
Parameter Spring* Hills Bulj ‘rog Tram
Porosity (%) 0,17 + 0.09 0.32 +# 0.02 0.23 . 0.03 0.19 + 0.03
Grain density (g/cm®) 2,55 + 0.03 2.40 + 0.02 2.59 + 0.02 ~ 2.64 + 0,04
Thermal conductivity
{W/m~K), isotropic
Saturated 1.8 + 0.4 1.4 2.0 201 2.2 0.1
Dry 1.6 + 0.4 1.0 40,05 1.4+ 0,2 1.6 + 0.2
Linear thermal expandion
coefficient (107% K1y
Predahydration - 10,7 + 1.7 6,7 + 3.7 - B,3 + 1.4 8.3 + 1.4
Transdshydration 31.8 -56.0 -12,0° ~12.0
{to 300°C) (to 180°C}H {to 12%°C) {to 125°C)"
Pogtdehydration -"°15,% #73.8  -4.5 + 4.0 10.9 +# 0.8 . 10.9 + 0.8
- © - (to 400°C) - (ro 300°C)  ©>128%C)  (>1259C)
Young's modulus (GPa) 26.7 + 7.7 8,1 +2.3 15,5 + 4.5  21.8 + 0.3

Poiggon's ratio 0.14 + 0.05 0.16°+ 0:06 ©.19 + 0.08" 0.19'i 0.07

Unconfined compressgive

strength (MPa) - 95.9 +35.0 10.6 20.8  79.2 +28.9

{4
[
[
)

56.9

I+

*Preferred repository horizon.

Mechanical Propertisgs

Studies of the mechanical properties of intact samples from Yucca Moun-
tain indicate that the observed variationg in material from the four horizons
depend mainly on porosity. Rock fabric¢ also plays a significant role in con-
trolling the compressive strength. Preliminary asgsessments of the effects of
water, temperature, confining and fluid pressure, loading time, voids, and
anisotropy have been performed. Additional testing is concentrating on the
Topopah Spring tuff to assess both the lateral and vertical variability of the
properties. Studies of théa mechanical properties of discontinuities and con-
tacts (e.g., joints, bedding planes, and faults) have focused in earlier years
on simulated joints precut in samples of tuffs from the Grouse Canyon and Prow
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Pass Members., Thusse results are important because of ihe physical and mechan-
ical similarities of these units to the Topepah Spriny tuff, More recent
testing has focuscd on cores from a Topopah Spring oulorup Lo determine shear
and normal compliusnce of the joints and conditions fo. the onset of joint
slip. These data are used as input to numerical mode-  that assegs the sta-
bility of the mined openings and the effects of wast ..nplacement, Variations
in ths mechanical propaerties of gimulated joints due 2 the effects of dig-
placement rate, water saturation, and time-~dependent o hMavior have been quan-
tified for use in predi¢ting the mechanical regponse of the rock wass. Pur-
thermore, preliminary results from the heated-block experiment indicate that
the modulus of deformation for fractured welded tuff is about 50 to 80 percent
of the modulus measured on intact laboratory-scale samples.

Thermal Properties

Saturated and dehydrated thermal conductivities ars variable and show
dependenca on variationg in porosity and grain density {(mineralogy). Studies
indicate that the effects of layering {fabric anisotropy) on the thermal con-
ductivity of welded and nonwelded tuffs are negligible. It appears that the
effects on the conductivity of air-filled voids {lithophysas} that occur
within the Topopah Spring tuff can be modeled as additional air-filled por-
osity; however, the digtribution of these voids remains poorly defined, and
the above assertion requires further confirmation. The presence of fractures
is expected to have a negligible effect on the in~situ rock mass conductivity
below the water table. Within the target horizon and at other locaticns above
the static water level, fractures may locally decrease thermal conductivity by
as much as 10 percent., However, the results of the small-diamater heater
tests in G-tunnel indicate that heat transfer calculations based on properties
measured in the laboratery effectively reproduce the measured tempsrature
fields.

Laboratory measyrements on Topopah Spring tuff indicate that the thermal
expansion is approximately linear at temperatures between 25 and 200°C. Above
200°C, transformation of the cristobolite within the tuffs. increases the ther-
mal expansion coefficient. Studies indicate that the effects of bedding and
textural anisotropy on the matrix thermal expansion bshavior of densely welded
tuffs are negligible. The presence of thermally induced or preexisting frac-
tures 1s expected to reduce rock-mass stresgses to below those, predicted by
laboratory tests, primarily because of the lower effective deformation modulus
in the field.

For a repository in the Topopah Spring tuff, analysis has shown that the
partial saturation and prevalent fractures preclude gignificant thermally in-
duced decrepitation of the tuff. Measurements of thermally induced water mi-
gration are continuing in order to quantify its effect on ventilation require-
ments and on the effective thermal conductivity of the tuff.

In-Sity Stress |

The stress field at Yucca Mountain appsars to reflect the superposition
of regaonal tensional tectonic stress onto gravitational loading. It is
agsumed that measurements in nearby mesas can be extrapolated to provide first
estimates of the state of stress at depths in the unsaturated zone in Yuoca
Mountain, where measurements have not yet been feasible. Under mesas, gravity
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loads and contrasts i: material properties for densely welzed and nonwelded
tuffs appear to resul: in layering effects and differentic’ stresses bhetwean
stiffer and softer las sers. This complicating effact is expetted to be sub-
stantially smaller in a repository in Yucca Mountain beca ae of the thickness
and depth of the Topopah Spring tuff.

Excavation Characteristics and Artificial Support Requir miate

Exparience giinad in welded tuff in G-tunnel and evaliation of cores from
Yucca Mountain indicate that controlled bhlasting can be used to excavate the
welded tuff. In addition, repository-size openings can ba stabilized with
rock bolts and wire mesh, The excavation characteristics of Yucca Mountain
tuffs have been evaluated using several empirical approaches and information
obtained from boreholes and cores as well as through the use of more sophis-
ticated numerical analyees. These empirical correlations and numerical stud-
ies suggest that no unusual support systems will be requised for the expleora-
tory shafts or tunnels excavated in the Topopah Spring tuff. Confidence in
the predictiong by empirical methods and the numerical studies was incrsased
by applying them to the tuffs of Rainier Mesa, whers there is subgtantial
mining experience.

5.6 RESULTS OF RESEARCH IN OTHER ROCK TYPES

Field and laboratory testing in granitic rocks provides a source of geo-
mechanical, hydrologic, and instrumentation data generically applicabls to
hard, brittle rocks like bagalt and welded tuff, which are under consideration
for the firat repository. The extent to which data are directly transferabls
is, of course, limited by mechanical and hydrologic differences among the
rocks and is hence site specific. Clearly, the results will be more directly
transferable to the second repository program, which currently is exploring
for sites in granite or other so-~called crystalline rocks.

Current information on the gechydrolegic setting of crystalline rocks in
the regions being investiguted by the Crystalline Rock Froject (CRP) is based
on published literature and on data available from various agencies and organ-
izationg. Field investigations by the CRP will commence after the selection
of candidate areas,

Thus, very little specific ground-water flow information is available at
expected repository depths {approximately 3300 feet) in crystalline rocks,
However, a considerable amount of gerieral understanding of flow systems has
been gained over the past two decades through computer medeling {Toth, 1962,
1863: Freeze and Witherspoon, 1966, 1967, 1968; Stokes, 1977; and Gale,
1982). These analyses arae based on the fact that the ground-water table in
crystalline terrain is a subdued replica of topography. Under these water-
table conditions, the ground-water flow system is governed by elevation-head
differences between topeographic highs (ridges) and topographic lows {val-
leys). The amount of recharge is also governed by topography, with greater
amounts of precipitation occurring at higher elevations providing mere oppor-
tunity for recharge. Under steady-state conditions {e.g., at equilibrium} it
is possible to envision a system with uniform topography and homogensous
rocks, where recharge occurs on the ridges and discharge occurs in adjacent
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valleys. Howevar, because the slevation of ridge tops ‘. not uniform and
crystalline rocks ave not hydraulically homogeneous, tho ground-water fiow
system is more comp.ex than describhed by that system,

The complex nature of these systems was first mode d by Toth (1962,
1963}, who defiued local, intermediate. and regional ¢-—¢ .nd-water flow
systems. Local flow systems are characterized by shal ¢w ground-water circu-
lation, generally extend over an arsa of several square -iles, and discharge
arsas are immediately adjacent to recharge arsas. Regionral flow syatems are
characterized by deep cirgulation, extended over many miles, and contain sev-
eral local systems. Intermediate flow systems have charaqterigtics between
those of the local and regional flow systems and contain more than one Jocal
flow gystem.

In general., tke movement of ground water in fractured and low-permeabil-
ity rooks is not yat well understeod. As a conseguence, mathematical models
that can reliably predict ground-water movement in these rocks do not present-
ly exist. Although the parameters potentislly influencing ground-water move-
ment in these rocks are known, their relative importance is not yet known,
and, consequently, the required degree of detail for fisld measurements cannot
be defined at this time, Most current field-measurement technigues are de-
signed for high-permeability rocks and sediments that are of interest for
water-resource development, Reliable technigues that may be necessary for
fractured and low-permeability rocke must pbe developed.

A signifigant amount of research and development is being conducted world
wide to improve the understanding of hydraulic and other physical and chemical
processes in fractured and low-permeability rocks and to develop the field
measuraement techniques and mathematical models required for characterizing and
evaluating these processaes. The relevant gtate of the art as of 1978 ig docu-
mented in the Proceedings of the 1978 Symposium on Gecotechnical Agsessment and
Instrumentation Needs {(GAIN--Lawrence Berkeley Laboratory, 1979). An update
is being prepared on the the bagis of the GAIN 1984 Symposium.

Regsarch on the mathematical modeling of ground-water flow in crystalline
rocks directly sponsored by the Crystalline Rock Project has been conducted-at
the Lawrence Berkeley Laboratory {LBL}. Mathematical representations of dis-
crete fracture patterns and mathematical models of ground-water flow in net-
works of discrete fractures have been developed (Long, 1983; Long st al.,
1983; Endo, 1984), The current LBL models consider the rock matrix between
the modeled fractures to be impervious and agsume the fractures to be circular
parallel plates, Work is in prograss to test the models on actual data and to
develop critearia for determining whether a particular fractured rock can be
modeled as an equivalent porous medium. Consgiderahle research remaing to be
accomplished, however. to relate the models to field data that can reasonably
be expected to be measured and eventually to validate the models with actual
field measurements, :

5.6.1 CLIMAX STOCK, NEVADA TEST SITE

A test of the engineéring feasibility of tha packaging, transport, deep
geclogic emplacement, and retrieval of spent reactor fuel was conducted in
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underground workings in the Climax granitic stock. These workings ars about
1400 feet below the surface and about 500 feet above the veter table {(Murray,
1981). Althcugh the test facility is thought to he in tr: unsaturated zone,
ground water is present in fractures and faults at this t gt level. Moditor-
ing indicates that about 20 tong of water are removed in tha ventilation air
stream each year.

The specific objectives of the test include the follg ring:

¢ Simulation of the thermal environment of a panel of a full-scale
repository.

. Bvaluation of the effects of heat in combination with intense
ionizing radiation on the canister senviromment.

. Meagurement of the thermal and thermomechanical responge of the
facility and comparisons with model calculations.

In addition, this test provided important engineering data on handling
systems, operational controls, and radiation safety (Patrick et al.. 1982:
Raschke et al., 1983).

A large data base has bean developed during the 3-year testing phase and
f-month post-retrieval coocling phase of the test to address these objectives,
Soma of the significant results and their implications are summarized here.

A series of calculations of thermal and thermomechanical regponse were
conducted to help design the test and associated instrumentation and later to
predict the transport of heat, the generation of stresses, and the displace~
ments throughout the teat facility, During the 3-year heated phase of the
test, measured temperaturss agreed with calculated temperatures generally
within 2°C (Patrick et al., 1882). This relatively good agreement between
modeling and experimental resultg was seen throughout the 10,000-m> instru-
mented volume of the test. Thia finding ig significamt in two ways: it
builds confidence in the ability to calculate heat flow in the unsaturated
zone, and it implies that geologic structure plays a minor role in affecting
heat flow.

Comparisons of calculated and measured displacements indicate that dif-
ferences of approximately 20 percent occurred during the heated phase of test-
ing (Yow and Butkovich, 1982). 38ince the calculated and measured displacement
curves are nsarly parallel in time, it appears that the baSlC thermomechanlcal
phenomena are being properly modeled.

Monitoring of digplacements and stresses also took place during the
excavation of the facility, before heat sources were installed. In this case,
calculations did not agree with measurements. Analysis of these data indi-
cates that the geologic structure had a significant effect on the response of
the rock mass {(Heuze et al.; 1981l). Models based on the theory of elasticity
were therefore inadeguate.

Implicit in the comparisong of calculations and meagurements ig the
availability of high-quality data. The data acquisition system recorded and
archived nearly 9-million data records. The overall reliability was 96 per-
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cent. This degree o’ reliability was achieved through tlu use of redundant
components and the application of stringent calibrations of key measurement-
gystem components, such as digital wveltmeters. Although he use of redundant
components is not urique to this test, the need for redu lancy was found to be
much greater than expacted because of the remoteness of .1e site and the need
to locate part of the system underground,

Two notable clas:tes of instrumentation failures ocuy red, which highlight
the need for furrher development of instrumentation for leng~-term monitoring.
First, borehole rod axtensometers wers found to fail in two modes: malfunc-
tioning of transducers because of corrosive vapors, and hreakage of connecting
rods by stress c¢orrosion {(Patrick et al., 1981). Both problems are prevent-
able, Second, stress gauges were found to fail becausa ¢f internal ¢orro-
sion. Cooperative work with the g¢gauge manufacturer has alceady produced a
solution to this problem,

The results of in-situ gtregss meagsurements at Climax, though not directly
applicable to basalt and tuff, provide important insights into the behavior of
fractured hard rocks, In addition to confirming the highly anisotropic¢ nature
of the in-situ stress reported by previous resgarchers, preliminary results
indicate the apparent existence of stress "domains" {Creveling et al,, 1984),
A possible implication is that such domains may need to be identified. charac-
terized, and appropriately treated in performance assessments.

Stability of smplacement holes under the influence of a combined thermal
and radiation field was investigated in the Climax testsg in a fundamental way
by hammer-drilling 17 holes 2 feet in diameter and 16 feet deep. No macro-
scopic degradation of any emplacement hole was cohserved. Microscopic studies
are under way to examine posgible thermal, radiation, and geochemical effects
on the rock, These studies will augment earlier investigations that revealed
an unexpacted 10 percent decrease in Young's modulus and a 20 percent decreage
in unconfined compressive strangth of this rock after it was subjected to an
intense radiation dose from a cobalt-60 source (Durham, 1982). Studies at
Climax have also provided limited, though important,, data on the corrosion of
stainless and carbon steels in a geologic environment. Obsgervations of mate-
rials recovered from the test indicate the potential importance of augmenta-
tion of normal corrosicn processes by the radiolytic formation of nitric acid.

5.6.2 SIRIPA MINE, SWEDEN

As part of an international coopaerative program, numerous tests have been
conducted in underground workings in granite at Stripa, in central Sweden.
The main test workings are about 1150 feet below the surface and below the
water table. This site provides a contrast to that of the Climax test, which
is above the water table,

The types of tests and analyses performed include the folleowing:

s Comparison of predictions made with computer codes against tempera-
ture profiles measured in a wet, jointed hard rock.
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Measurament: of the rock-mass permeability as a fun:-lon of tempera-
ture and presfure.

Determinatior. of the magnitudes and principal dire tions of -in-situ
stresses in the rock mass,

Determination cf thermally induced strasses and a:formations in the
rock mass around electrical heater emplacements anc of any related
phencmena due to heating of the rock.

Tegting of a macroscopic method to define the combined bulk and frac-
ture permeability of the rock. .

gignificant results to date of this set of experiments can be sumna-
follows:

Two different sxperiments with heaters have demonstrated that exist-
ing computer models can accurately calculate the temperature profiles
in the rock. The experiments demonstrate that the predictions are
accurate over a period of 20 years (this prediction results from the
ability of one of the tedis to compress 20 years of heat flow into 2
years).

Work at Stripa has demenstrated that a large-gcale method of measur-
ing the in-gitu permeability of a low-permeability {107 ° darcy)

rock mass is feasible. The method can be adapted to rock masses
whose permeabilities are far legs than this. The measurements of the
permeability of the rock masa indicated that the permeability de-
creased with increasing rock temperature. Other measurements showed
that the permeability was independent of pressure,

The measurement of in-situ atreas in the hard rock showed that there
wag substantial gcatter in the magnitude and direction of the stress.

The calculated deformation resulting from heating of the rock mass
wag greater by a factor of 3 than that measured in the experiments.
Three potential causes for the discrepancies currently being investi-
gated are: the validity of the input data, the factors considered in
the thermomechanical model{ and the adequacy of the measurement
instrumentation,

The calculation of the change in stress resulting from heating of the
rock mass agreed £losély with the measurements.

Laboratory tests by transient methods (pressure pulses) congistently
gave lower permeability values than did steady-state tegts on the
same samples of fractured granite. The disparity increased with
decreasing permeability. The transient teats are very sensitive to
minor leaks in the test asgembly and to temperature variations as
small as 0.05°C in the cavity fluid {Forster and Gale. 1980).

Collectively, the in-situ tests identified the importance of the

coupled effactg that control the migration of agueous solutions of
radionuclidés away from a site. -The mechanical, thermal, hydraulic,
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and chemicgul hehavior of a repeogitory in any r¢vk mass involves
coupling oi these procesges, as influenced by {"e in-situ state of
stress, tira properties of the rock, and, more :ap3rtant. by discon-
tinuities in the rogk mass.

5.6.3 COLORADO SCHCOL QOF MINES EXFERIMENTAL MINE

The Colorade School of Mineg (CSM) has driven a tunnel in its Experi-
mental Ming for use in the DOE program. The CSM Experiwantal Mine is located
near Idaho Springs, Colorado., and is situataed in granite gneiss, The room for
the test facility lies above the water table and approximately 300 feet below
the surface. The objactives of the test are to

¢ Assess the effects of blasting on the rock mass,
e Determine constitutive relationghips for ¢rystalline rocks,

¢ Evaluate the heated flat-jack tegst as a method_fqr obtaining the
mechanical properties of jointed rock masses for input to thermo-
mechanical models.

Extensometars and leveling pins were ingtalled during construction to
meniter the rock-mass behavior, Permeability measurements were made in hore-
holes parallel to the tunnel as the excavation procgeded. Additional work
will include measurements of in-situ stress and a statistical evaluation of
fracture parameters and permeability measurements.

This ongoing program has demonstrated that the nature aml extent of blasgt
damage done to surrounding rock during excavation procedures is predictable
and can be used in the design of repositories in hard rock. In~gitu measure-
mentg of the thermal expansion of a heated jointed block of rock (about 1
m’) were not reproducible and lower than predicted because of the inability
to predict the behavior of the jointg.

5.6.4 UNDERGROUND RESEARCH LABORATORY, CANADA

Atomic Energy of Canada Ltd. (AECL) is constructing an underground
research laboratory (URL) for the exclusive purpose of developing and proving
radicactive waste disposal technologias. The URL is located in Precambrian
granitic rocks of the Lac du Bonnet batholith approximately 60 miles east of
Winnepeg, Manitoba. The geologic setting is similar to that of Precambrian
crystalline rock bodies in the north-cantral United States.

As of January 1985 the URL shaft had been sunk to.a depth of 720 feet.
The planned depth for the underground test chambers is 775 feet.

The URL site was chosen on the basis of having repository-quality rock
conditions. This c¢riterion contrasts with other test facilities, which were
located in existing mines that had been sited for other purposes such as min-
ing (Stripa, CSM) or nuclear testing (Climax). Prior to shaft sinking, an
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extensive program of surface mapping and borehele drillirer was carried out.
The data base from thig work will be used to determine how well underground
conditiong can be pradicted prior to excavation, Ingstrunonts installed in
boreholes drilled fiom the surface and in advance of the haft are being used
ko monitor the hydrolegic and mechanical effects of conscouction.

Among the tests planned for the URL are the follow:nr: (1} tests of
large scale mechanica. response to excavation (mine-by te =), (2) a pressure
chamber test to check coupled hydro-thermal-mechanical eftects. (3) radio-
nuclide migration experiments, (4) hydrologic testing and monitoring, (9)
noisture balance to determine total water inflow, {6) container-buffer inter-
action tests, (7) borehole and shaft sealing testsg, (8) instrumentation devel-
opment (9) heated rock block experiments, and (10) shaft ronstruction monitor-
ing experiments. The DOE has participated in the URL program by providing
funds for 1.8, researchers to participate in the design, axacution, and
analysis of the experiments, Specifically, U.S. groups are working in (1)
design of the mine-by experiment, (2} instrumentation development, {3} deter-
mination of porous media equivalence for ground-water flow in the URL fracture
system, (4) geophysical borehole logging methods to determine the opening of
fractures, and {5} microseismic monitoring to improve measurement of rock
stresses,

5.7 IMPLICATIONS OF CURRENT RESBEARCH ON THE POTENTIAL
HOST ROCKS FOR"THE FIRST REPOSTTORY

On the bagis of research described above each potential host rock has
been found to have certain ‘intrinsic advantages and disadvantages. The pur-
poses of thig section are to provide a summary and some perspectives on poten-
tial host rocks under congideration for siting of the first repogsitory. The
limited discussion that follows should not obscure the fact that (1) varia-
tions exist in the properties of any geologic formation and between separate
formations of the same rock; (2} repository sites will be chosen on the basis
of isolation capabilities, potential environmental impacts, land-use consider-
ations, and other social and economic congiderations (gee Appendix B): and (3)
detailed site-specific investigations will be reguired to establish the ulti-
mate suitability of any potential site for the location of a repository. Fur-
thermore, being generic, the discdussion is not conclusive. The results of
preliminary evaluations of each potentially acceptable site against the guide-
lines are reported in the draft environmental assessments (DOE, 1984c-k),
More-detailed information will be presented in the site-characterization plans.

Two different approaches were used in gite exploration. In the host-rock
approach, a potentially suitable rock--salt--was selected on the hasis of its
favorable intrinsic properties. Then regiong that contain that rock {e.g.,
the Gulf Interior) were delineated as starting points for sitfe screening.

This approach was recommended by the National Research Council (1957}, The
starting point for the site investigations being condugted in basalt at the
Hanford Site and in tuff at the Nevada Test Site was current land use.
Investigations of thegse government lands dedicated to defense activities were
initiated in the mid-1970's to determine whether geologic and hydrologic con-
ditions would allow the use of these lands for repositorieg. Subsequently. in
1979, the General Accounting Office and the Congress recommended that existing
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Federal "nuclear reasrvations® be considered for siting .upositories hefore
other areas were sslected. This land-use approach to finling gites should not
obscure the fact th.t the imsolation cvapabilities of the :p3t rock are con-
sidered primary and that the svaluation of all candidate host rocks will be
performed on the same basis--that is, compliance with th. siting guidelines.

The discussion that follows is based on informatic i contained in a recent
report by the National Regearch Council (1983), This ru: wrenca (NRC, 1983) is
intended to des..ribe the source f£rom which the informatic:: was obtained and
not. Lo imply endorgement by the National Research Council. Table 5-4 aumma-
rizes the more important advantages and disadvantages of the potential reposgi-~
tory rocks. Por simplicity, bedded and dome salts have heen combined. The
draft environmental assessments for the various sites discuss the favorable
and potentially adverse conditions of the different media relative to their
suitability as a host rock for a geclogic repository. C(hapter 7 of the draft
environmental assesgsments compares the merita of the varicus media and sites
relative to design, operation, and waste isolation of a repository. The
interested readar is refsrraed to this more detailed discussion of the
characteristics of the diffaerent host rock types.

5.7.1 BASALT (HANFORD SITE)

Baszalts of the Columbia Plateau comprise a very thick saquence of lava
flows {(see Appendix C}. Initially, the deposited fiows had permeable tops and
bottoms. Many flows are separated by interflow sgedimentz of high permeabil-
ity. With time and exposure to ground water, basalt flows and their interbeds
generally become legs permeable because of the deposition of secondary min-
erals, especially silica, clays, and zeolites, This system of alternating
aquifers and relatively impermeable zones is complex, will be difficult teo
characterize and model, and will require specially designed aguifer tests,

Basalt is among the strongesat of common rock types; however, this makes
excavation of the rock expensive, and pervasive fracturing necessitates the
use of supports, such as rock bolts, Bacause it has a moderate thermal con-
ductivity and a high melting temperature, basalt can withstand a high thermal
load. Thick accumulations of basalt are unlikely scurces for mineral and
energy resources, but resources may exist in underlying rocks.

A chemical characteristic of these basalts is that secondary clay min-
erals and zeolites commonly line joints and fractures. These minarals have
high serption capabilities and hence a potential for inhibiting the migration
of many radionuclides, Another chemical characteristic of most basalts is the
strong reducing capacity {i.e., low oxidation-reduction potential) of deep
ground water, buffared by ferrous minerals, which are more abundant than in
other candidatse host rocks. Most radionuclides are least soluble in reducing
envirgnments, as indicated in Section 5.4.
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5.7.2 SALT

Bedded and doma. deposits of rock salt have long bee: gongidered as
potential host rock for geologic repositories., Favorable propertiss of salt
include high thermal} conductivity (which minimizes temper:.ture gradients for a
g.ven waste loading): very low permeability (in the abse.acs of discontinu-
ities}): no moving ground water for the transport of radiuruclides; abundant
availability in thick and widespread messes that have unii .rm properties;
plasticity that _ermits tight closure and self-sealing at repository depths:
and low cost of mining, Furthermore, because of their high salinities, the
waters aasociated with salt depogita are not normally attractive for domeatic
and industrial uses. However, salt deposits may be overlain, underlain, or
bounded by aquifers that contain potable water.

The sorptive rapacity of salt ias the lowest of all tve candidate host
rocks, but interbeds higher in silicate minerals have highar capacities.
Being highly soluble in water, salt is always asgociated with saline waters
(saturated or nearly saturated chloride brinea), which are highly corrosive to
metals, especially at high temperatures. Many metals that have low solubil-
ities in dilute waters {less than 0.1 percent dissolved matter) are highly
soluble in hot brines as metal-chloride complexas.

Some salt and associated brines are attractive zources of common salt,
potassium, bromine, and other minerals. Most sedimentary basing that contain
salt deposits are alse attractive targets for oil and gas expleration.

The plasticity of salt, which is greater at higher temperatures and
higher lithostatic pressures, can be an advantage in tending to heal fractures
and seal axcavated openings. However, it may create some problemg in main-
taining underground openings over time intervals required to emplace waste and
to backfill emplacement rooms. It might also create some problems in keeping
emplacement rooms open for decades if dirsct access for waste retrieval for
that long is required. The thermal expansion of salt is nearly three times
that of other potential host rocks. Thus, with thecmal loading., the possibil-
ity of vertical uplift and induced stregses in more-brittle surrounding rocks
may become important.

Little site-specific research has been conducted on sait, Therefore, RE&D
for salt has treated salt largely in a generic sense.

5.7.2.1 Bedded Salt

Bedded-salt deposits are never pure sodium chloride. They ¢ontain vari-
able proportions of other evaporite and gilicate minerals, which tend to main-
tain roughly uniform proportions parallel to original layers of depesition but
differ greatly in earlier and later deposited layers. Water content is very
low in massive salt {(ca. one percent or less) but is genaerally higher in
interbeds containing other minerals and in cross-cutting breccia pipes and
other discontinuities,

Isgues of concern for bedded salt include the effects of solution fea-
tures. such as sinkholes, on anisotropic permeability in overlying aquifers;
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identification, genesis, and significance of breccia p:yes; potential for dis-
solution; brine migyration; potential occurrence, originr and significance of
pressurized brins reserveirs; and the potential for hu . .n intrusion.

5.7.2.2 Salt Domes

Dome-salt deposits are similar in many respects to badded salts, but thay
are discrete pluglike bodies whose internal structures :re highly complex and. .
essentially vertical, The marging of salt domes also tund to ba structurally
complex. This makes the pradiction of radionuclide transpoct legs certaln.
Another potential disadvantage of domes 1s that theivr tops and berdavs may be
regions where extensive dissolution has occurred. Also, adjacent strata pane-
trated by domes tend to be faulted and folded in a compiex manner, and hance,
their physical gontinuity and effectg on water flow are difficuwlt to charac-
terize and model. Fluid inclusions in dome salt tend to be smaller and of
lesser total veolume than those i1n hedded salt that has not been subjected to
as much pressura, Upwarped and faulted sedimentary strata on the margins and
tops of galt domes are especlally attractive for oil and gas exploration,
Domes are alsgo attractive as sources of nearly pure rock salt, as siteg of
deposits of elemental sulfur (in the caprock rather than in the salt itself),
and as siteg for storing oil, gas, and other fluids,

Domes are limited in number and easy to locate, making them targets for
future human intrusion. Because they penetrate various water-yielding sedi-
mentary rocks to great depths, they are subject to dissolution near thelr mar-
gins and may be surrounded by both potable water at shallow depths and saline
ground water at greatsr depths. The buffer zone of relatively pure halite (90
percent )} surrounding the rapository and its assoclated low permeability and
porosikty (NBS, 1981l) will result in a very low ground-water £lux and anly a
small potential for long-term radionuclide release. Additional studies must
be carried out, however. to define flow paths and rates outside of the doms.
Various lines of evidence attest to the structural stability of sgalt domes.
Long-term futurs changes in sea level may alter ground-water~flow systems in
coastal plain aquifers by increasing or decreasing path lengths and watac
velocities, but the consequences of such possible changes can be adequately
bounded. . o . :

5.7.3 TUFF (YUCCA MOUNTAIN SITE)

Tuffs, which are explosively erupted volcanic rocks rich in silica. have
some favorable .characteristics for repositories, Some ash-flow tuffs were s0
thick and hot when erupted (600 to 1000°C) that their siliceous glass frag-
ments daformed plastically and formed dense "welded" tuff {see Appendix B}.
Other aszh flows and air-fall tuffs retained their initial high peorosity. but
their glass commonly has altered:to zeolites and clays which have high sorp-
tion capacities. Such minarals usually are absent in welded tuffs of nsarly
identical chemical composition, which devitrified from natural glass at high.
temperatures to more-stable silica and silicate minerals.

~332-



50708 2 2 h 3

The potential fur siting a repository in the unsatur:sted zone in an arid
region ig considered an advantage, The very low flux anc moisture content to
be expected in the vpository horizon would allow the corstiuction and opera-
tion of a repository under nearly dry conditions, would . !low the design of
endgineered-barrier gygatems that could keep canisters vir.:ially dry, and would
m.nimize concerns about the design and functioning of sw.ts and seals, How-
ever, concepts of hydrologic flow and radionuclide tran poct in unsaturated,
fractured rocks are nut well developed. The testing of t 2se concepts will
require speciall' designed field tests. Thus, the flow sustem will be diffi-
cult to characterize in detail.

Silicic tuffs generally are low in iron, most of which has bean oxidized
to ferri¢c iron. Ground water is likely to be dilute in dissolved matter,
oxidizing, and unfavorable for the long-term retention of uranium and other
radionuclides of low solubility in reducing environments. However, silicic
tuffs have offsetting advantages in the high sorption capacities of associated
manganese and iron oxides, clays, and zeolites and diffusion into pores,

Tuffs are relatively homogefisous in their original horizontal dimensicns
but are generally very heterogeneous vertically. each layer differing in
porosity, permeability. strength, and extent of devitrification and sorption
capacities. Also, permeable sedimentary rocks commonly form interbeds above .
or below uniform tuffs, and individual units have been faulted and fractured
in regponse to tectonic activity, Thermal conductivities of tuffs are moder-
ate but variable, depending chiefiy on porosity. Most silicic tuffs are suf-
ficiently strong after welding, devitrification, and cementation to maintain
stable mined openings. 0il and gas seldom occur in the tuffs but may bs pre-
sent in underlying sedimentary rocks.

5.7.4 PERSPECTIVES

As illustrated in Table 5-4 and discussed in the preceding text, there
are intrinsic advantages and disadvantages associated with each of the poten-~
tial host rocks for the first repository. Table 5~4 lists advantages and dis-
advantages that are generic to domal and bedded salts, but specific to the
Hanford site basalts and Yucca Mountain tuffs., It is evident that no rock
type is clearly superior. The suitability of any of these rocks for hosting a
repository cannot be judged by such a simple taldle. Suitability can only be
judged by analyzing all of the intrinsic advantages and disadvantages--as
influenced by the conditions prevalent at a speeific site--and by analyzing.
the performance of the total isclation system, Ultxmatelg, site-specific per-
formance assessments will be ugsed for detailed comparlsdns of" 51tes The data
te be used in'thase: performance assessments will not be available until after
site charactérization.’ :

-333-



&£ 0903

Toble 5-4, Geners Comparison of the Potential Host Rocks for the First Repository®

Adv.rtages

01 -advantages

BASALT (HAMFORD SITE)

very strong rock

Low permeabiTity at depth dus Lo sscondary
minerals in Fractures

Minerals that £11 fra tures and minerals
that will fForm by chemical raactions during
thermal puise are commonly highly sorptive

Characterised by geochemical conditions
that generally inhibit radionuclide
transport

No resource potential of the rock

Complex hydroloo- very difFficult to
charactertze ans rtodel

vartations in 4teral and vertical extent
and properties wve it difficult to
characterize and adel

Reduced machanical stability due te
fracturing

Relatively expersive {0 excavate

Some layers have high permesbility at
shallow depth where thay constitute zquifers

Unknown resource potential in deep
underiying rocks

BEODED SALT AND SALT DOMES

Very low water content
Very lTow permaability
High thermal conductivity

Defaorms by plaastic flow rather than
fracture; fractures tend to self-heal

Low tost of excavation

Bedded salt is relatively sasy to
characterize and model

Extensive mining experience

Natural resources (other than salt) are
commonly associated with salt deposita;
these include potash in bedded salt and
sulfur, o0il, and gas near salt domes

Highly soluble in water; extent and rate of
disaclution difficult to characterize

Creep closure of mined opantngs compl!icates
modeling .

Likelihood of pockets of gas or brine
Low sorptive capacity

Salt domes are relatively difficu1t to
characterize and model

Highly corrosive to metal

TUFFS (YUCCA HOUNTAIN SITE)

Virtually no mineral or energy resgurce
potential

Highly sorptive minerals eonstitute large
proportion of many bads

Very Tow flux of water in arid regions

Present in significant thicknesses above
the vater table

Because composition and physical properties
are highly variable, strata sre rolatively
difficuit to charactarize and model

Reduged mechanical stability because of
fracturing

Aquifers in arid regions may be attractive
to Future generations

Unsaturated zone hydrology not well
understood and difficult to characterize
and model

Seismic activity tends to be high in
regions where tuffs occour

AThe information contained in this table is a summary based on Section 5. See
alse Section 5.7.4 for a brief discussion of the perspectives from which these advantages

and disadvantages are to be viewed,
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Chapter 6

GUIDELUNES FOR RECOMMENDING SITES FOR REPOS.TORIES

The guidelines issued under Section I1'Z a)

—-~Nuclear Waste Policy Act, Section 301 '(6)

In response to the above stated requirement of Sectign 30l(a){6) of the
Nuclear Waste Policy Act of 1982 (the Act), the DOE is including in the Mia-
sion Plan (see Appendix B) its final rule 10 CFR Part 960, "General Guidelines
for the Recommendation of Sites for the Nuclear Waste Repogitories.'" Prepared
in response to the requiremeni of Saction 1l2(a) of the Act, these guidelines
were developed through a lengthy process that involved extensive public com-
ment; consultaticon with the States, affected Indian tribes; and Federal agen-
cies; and the concurrence of the Nuclear Regulatory Commisgion, After re-
ceiving the Commission’s concurrence by unanimous vote, the guidelines were
approved for issuance in final form on November 30, 1984, and published in the
Federal Register on December 6, 1984, They became effective 30 days aftar
issuance.

Preceding the guidelines in Appendix B igs the supplementary information,
algse referred to as the "preamble” or the "statement of basgis and purpose.”
It provides background information on the process by which the guidelines were
developed, including details about the consultation process, and the organi-
zation and format of the guidelines. The supplementary information also dis-
cugses the comments received on the draft guidelines and explains the dispo-
gition of the comments. In addition to genaral comments on such topice as
spacificity, relationship to NRC and EPA regulations. and implementation, it
summarizes and discusses specific comments on every guideline.
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Chapter 7

SITE CHARACTERIZATION

A description of known sites at which site cha-¢gterization
activities should be undertaken, a description ¢ such site
characterization activities, including the extent of planned
excavations, plans for onsite testing with radicactive or
nonradioactive material, plans for any investigaiion activi-
ties which may affect the capability of any such site to
isclate high-level radioactive waste or spent nuclear fuel,
plans to control any adverse, safety-related impacts from
such site characterization activities, and plan: for the
decontamination and decommissioning of such site If it is
determined unsuitable for licensing as a reposilory

--Nuclear Waste Policy Act, Section 301(aM{T)

7.1 DESCRIPTICNS OF SITES

The sites at which site characterization will be undertaken have not yet
been sslected {the Secretary of Energy is to rscommend tihiree sites to the
President in November 198%). Therefore, in response to the first reguirement
in Ssction 301(a)(7) of the Act, this chapter presents brief descriptions of
the nine sites identified as potentially acceptable for the first repository.
More information ahout the geclogic, hydrologic, geochemical, and geome-
chanical characterigtics of the host rocks at these sites can be found in
Chapter S of Part II. Detailed discussions about the characteristics of the
nine sites are presented in the draft envirommental assessments {see the
bibliography at the end of this volume}, which alse contain preliminarcy
evaluations of the sites against the siting guidelines, The interested rsader
is referred to these more detailed descriptions of sites. The locations of
the nine sites are shown in Figure 7-1.

7.1.1 THE BASALT SITE

The basalt site is located on the DOE‘'s Hanford Site in the State of
Washington. The site lies within the central portion of the Cold Creek
syncline {see Figure 7-2}. The syncline is part of the Pasco Basin, one of
several structural and topographic bagins located within the Yakima Pold Belt
of the Columbia Plateau.

The Hanford Site is a S70-gquare-mile tract of land selected in 1942 by -
the U.S. Army Corps of Engineers ag a gite for the production and purification
of nuclear materials for defense purposes, It lies in Benton, Franklin, and
Grant Counties.
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The Pasco Bagin is underlain by basalt lava flows thst erupted 17 to 6
million years ago, with most of the basalt having been extruded early in these
eruptions. The volcsnic vents from which the basalt flow:u arg mostly in the
eastern and southeas.ern portions of the Columbia Platealt but, because of
their low viscosity and large volume, the hasalt lavas s ead gver congider~
able distances. The origin and nature of the eruptions a. descrlbed in
Appendix C,

The region of the potential cepository site is underisin by at least 50
basalt flows with a cumulative thickness of more than 9800 feet. The flows
identified as candidate horizons for the reposxtory are between 2850 and 3460
feet below the surface, .

The climate in the region of the site is arid, with an averagé annual
precipitation of 6.3 inches. The land of the Pasco Basin is used for agricul-
tural purposes and for Federal Covernmént installationg. The agricultural
land is mostly north and east of theiyColumbia River and south of the Yakima
River:; most of it is used for growing irrigated cropg. The Government instal-
lations congist of the DOE's Hanford Site and the U.S. A:my Yakima Firing
Center. -

The cleosest Indian reservat;on ig owned by the Yakima Indian’ Nation, It
i15. approximataly 16 m1les west “of the Hanford Slte and 31 mlles from the pro-
posed site, _ IR - : ) i

7.1.2 THE BEDDED-SALT SITES

Four of the potentially acceptable gites for thP £1réu reposxtory are
bedded-gsalt sites in two different geohydrOlOglc sett1q93v~the Paradox Basin
of : Utah and the Palo .Duro Basin of Texas. '

!
EﬂEéQQx.EéﬁiE . i

The Paradox Baaxn sites are located in Dav1s and Lavender Canyons in San
Juan County (see :Figure 7-3),. Tne nearest towns are Moab (approximately 3%
miles north in Grand County), Blapding (approximately 35 miles south in San
Juan County)., and Monticello (approxlmately 25 miles southeast in San Juan
County}, : e

The Paradox Bas;n was formed some 300 million years ago caincident with
the main deformation:along the ancestral Rocky Mountains., The Paradox Forma-
tion was formed in- a nerthwest-trending asymmetrical trough; it is a lens-
shaped mass with a .¢cyglical repetition of thick salt bheds and thin marker beds
of carbonates and’¢lastics.

Located in the Colorado Plateau, the basin is characterized by rugged
terrain and c¢lassic desert landforms., Because the Ceolorade Plateau has been
slowly and steadily uplifted, erogional features . are intensely devaloped.
Drainages are deeply incised into the surfaces of the plateau,. and benchlike
canyon sides are common.
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Land in the arwa of the Lavender and the Davis Canvon sites is used
principally for rec.eation, There is also some agricul:ure, primarily cattle
grazing in winter aad limited alfalfa production. The -tportant recreational
resourceg within ani adjacent to the area consist of th leedles District of
the Canyonlands National Park; the Manti-La Sal Nationa ¥orest; the Newspaper
Rock State Historical Monument; and three areas managed ™y the U.S. Bureau of
Land Management: the Canyon Rims Recreation Area, the Bsef Baain, and the
Dark Canyon Primitive Area.

Palo Duro Basin

The Palo Duro Basgin, which ig part of the much larger Permian bedded-salt
bagin, is in the Southsrn High Plains of the Texas Panhandle; it is part of
the Great Plains physicgraphic province.

Two potentially acceptable sites have been identifisd in this basin—-one
in Swisher County, and the other in Deaf Smith County. Both sites are shown
in Figure 7-4.

The rock strata of the bhasin include a thick sequence of limestone,
shale, dolomite, and thick evaporate deposits, the thickest salt portion of
which was selected as the proposed repository horizon.

The Deaf Smith site isg in the north-central portion of Deaf Smith
County. Its setting is rural, with an average populaticn dengity of about
30 persons per square mile. The nearest cites and towns are Hereford in Deaf
Smith County: Vega, Adrian, and Wildorado in Qlidham County; and Canyon and
Amarillo in Randall County.

The Swisher site is in the north-central portion of Swisher County, a
rural setting with an average population density of five persons per square
mile. The nearest cities and towns are Tulia and Happy in Swishar County and
Canyen and Amarillo in Randall County.

Most of the land in Deaf Smith County and in Swisher County is used for
growing c¢rops. Most of the farmland is generally classified as "prime." with
fertile soils, flat to gentle slopesg, and sufficient precipitation or irriga-
tion water. The climate is semiarid, with warm gummers, cold wlnters, and
relatively high average winds.

7.1.3 SALT-DOME SITES

The three potentially acceptable szites in salt domes are in the Gulf
Interior salt basins of Missisazippi (the Richton and the Cyp:aaa Craek Domes)
and Louisiana {(the Vacherie Dome}. The locations of these“sited“are shown in
Figure 7-5.

Both the Migsissgippi and the Louigiana salt basing have a similar geo-

logic history; both contain a seguence of poorly to moderately congolidated
sands, silts, clays. and evaporites,

-354-~



_WEW

Ju—
DEAF ShRTH CWJ\\A\_‘

CLEDTY TOUNYY

NDHAM

CLOHAM Y COUNTY
DEAF SRATH | FOUNTY ’

O

[ =

Deaf Smi;h-;iiu

"W

=

LR

It 1
fuge

ik
2
;
Pl o _easmecomn {7

— B —

LARE
L WILOLIFE

el gy, |

“}‘Naumh [ Ny

.|
T
|
i
N
T

Lake !

nglowood
- "

srEcoF EouATy — =

BA

[ .~ l“_
FLOYOCODRYY

Figure 7-4. The t-u_d\,ékl‘_g_cations in Swisher and Deaf Smith Counties, Texas.

LA T

-355-



20 0 0 £ £ ) »

¥
\, \ i ARKANSAS
L OHLAHOMA .t"t(:;;.-;_‘-;:::_ :‘\-l’-",‘_-__: i ALARAMA
Vo gi-ls‘,\.:!g_°‘f_’4.,< P "{'{-":}'.'h i,
. ARK ARG
,,.‘50\31“ RKANSAs' 3 A
~e Sy 3 .
-y [VACuEnigg T~ Monnroe | [riciiTon]
' N UPLIFT ; 1
TEXAS NO. LAY e R
sasin | { U M oowme '?7‘0;‘,/;?3'
- MISSIGSIPET : X,
‘, 1 ‘\ &
LLAND
uPLIEY

. N CYPRESS
A 1L & ~ CREEK
. TS Hv’
nc,.' R Q'L ’(‘0

Y
-~ : ‘ '
77N J
! y /
{ \ )
R0 GRANDE \\ - i
BASIN \ - 4
\\ . ; - - ’T}-:
/ - g’r
: _ ot ‘:I h’l .r'. i
EXPLANATION - . - F
LTI - Edge of Gulf Coast Salt Dome Basin
FZ  Fault Zope Scele
I P R FOR TR AT W r '::O_J'.'-i'-:u"f.QD C B KM
0 100 Z00Mi
s T e S

Figure 7-5. Map of the Gulf Coast Region, showing the major structural features and the
locations of the domes identified as potentially acceptable sites.

0114-000%

-356%



5 0 Y Q3 22195

The Cypress Crec's Dome gite (gee Figure 7-6) is loca*~d on the headwaters
of Cypress Creek, in Perry County, Mississippi. It is abuit 4 miles southwest
of Beaumont and 3 milag southsast of New Augusta. ALl of thz site is within
the boundaries of th: DeSote National Forest and the Camp Shelby Military
Reservation. The loral terrain is characterized as gentl], K rolling to hilly,
with moderate topographic relief. There are no resideni izl, commercial, or
institutional structures in the anea Much of the land . and adjacent to,
the dome has been cleared by logging and military oparat:c=a.

The Richteon Dome, alsc shown in Figure 7-6, isg also in Perry County,
Mississippi, about 20 miles east of Hattiesburg and 10 miles north-northeast
of New Augusta. The nearest town is Richton, which lies adjacent to the
boundary of the controlled area and has about 1200 residents., The terrain
here is characterized ag rolling. Away from the site, ths terrain is classi-
fied as gently rolling. 'Mpst of the land in the area of the site is used for
forastry and agriculture,

The Vacherie Dome site is in Webster and Bienville Parishes (see Pigure
7-7¥. The nearegt town ig Heflin, about 2 miles west, and Shreveport is about
35 miles away to the northwest. The terrain is gently rolling to flat. Most
of the land on the doma i2: in a commercial -forest, but the gite also contains
numerous residences, many with small adjacent agricultural uses. Immediately
north of the site are several 0il- and gas-producing wellg and gravel pits,

7.1.4 THE TUFF SITE

The potentially acceptable site in tuff is at Yucca Mountain in southern
Nevada (see Figure 7-8), _Yucca Mountain is a prominent group of north— _
trending fault-block ridges located in the scuthern part of the Basin and
Range physiographic province, a broad region of generally linsar mountain
ranges and intervening valleys. At an elevation of 4950 feet above-the mean
sea level, northern Yucca Mountain rises more than 1200 feet above Jackass
Flat teo the east and over 990 feet above Crater Flat to the west,

Yucca Mountain is composed of a thick sequence of mostly silicic volecanic
rocks (tuff) déposited between 16 and 8 million years ago., The origin and
nature of these volcanics is described in Appendix C. ' Subsequént’ riormal
faulting and tilting of the rocks produced the present rugged terrain,

The cllmate in the region of the site is arld Nlth an average annual
rainfall of less than 6 inches, most of which is returned to the atmosphere
by evaporation and plant transpiration. Consequently. the ground-water flux
through the candidate repository horizon (in the unsaturated zone} is quite
low, and the water table is deep, more than 650 feet below the repository
horizon. §

The site is located exclusively within lands coptrolled by the Pederal
Government. The land parcel under consideration., which includes both the
proposed geologic repository, repository surface operations area and all of
the proposed controlled area, is divided as follows: . {l) the U.3, Department
of Energy controls the eastern portion through the withdrawn land of the
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Nevada Test Site; (2) ‘he U.8. Air Force controls the nortlestern portion
through the land-use parcmit for the Nellis Air Force Bombi.n: Range; and (3)
the Bureau of Land Maragement (BLM) holds the southwestern ortion in publie
trugt. Thare ars n¢ wompeting land-use activitiss in the +<ga. The U.8. Air
Force land involved 1s used exclusively for overflight and zontains no facili-
ties. The BLM-administered portion of the land has no grizing permits or min-
eral claims and ig not used for recreational purposes.

7.2 SITE-CHARACTERIZATION ACTIVITIES AND FOLLOW-ON TESTS

To demonstrate that a candidate site iz suitable for & repository and
meets the general siting guidelinas (see Appendix B), the DOE will conduct a
program of site characterization, This program will consist of surface-based
investigations (e.g., geologic mapping and the collection of weather data),
investigations conducted by means of deep and shallow boreholesg, laboratory
tests of the mechanical and thermal properties of the host rock, and, most
important, tests conducted in the host rock at the proposed depth of the
repository horizon. Tha latter can he performed only by constructing
exploratory shafts and mining the tunnels and rooms in which the taests will be
conducted.

The site-characterization program will vary somewhat with the host rock
and the site. Before proceeding to sink shafts at any candidate cite, the
Secraetary of Energy will submit a site-characterization plan {(SCP) for the
candidate site to the NRC and to either the Governor and legislature of the
State in which such candidate site is located or the governing body of the
affected Indian tribe on whose reservation such candidate site is located as
the case may be, for their review and comment. The sinking of the exploratory
shafts will commence after public hearings have been held in the vicinity of
candidate sites in order to receive comments on the SCPg. The comments that
are unrelated to the sinking of sghafts will be addressed in semiannual SCP
reports.

The NRC's agresment on the SCP in its entirety is not required before the
sinking of the exploratory shafts is hegun. The DOE has exchanged information
with the NRC concerning shaft-construction techniques and intends to reach
agreement on this particular issue bafore starting shaft construction. Other
issues, however, will be addressed when the NRC issues the site—characteriza-
tion analysis (SCA) required hy 10 CFR Part 60. The SCA is not required
before the start of shaft construction. '

The SCP will be issued after the site has been recommended by the Secre-
tary of Energy for characterization. The sectiong that follow discuss the
safety and programmatic censiderations that influence the exploratory-shaft
program and the activities required for shaft construction and use. A more
detailed discussion of the activities to be conducted can be found in Section
2.3 of Part II and in Chapter 4 of the draft environmental assessments.
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7.2.1 SAFETY AND PROGRAMMATIC CONSINTRATIONS
FOR THE EXPLORATORY-SHAFT PROGH AM

The initial) nission for the exploratory-shaft pir vram was formulated in
1980, Since then, the scope and the duration of the . -situ tesi program have
expanded significantly, In congidering the implicat’ec 3 of these changes on
the exploratory-shaft facility (ESF), the DOE has tal! a»n into account
industrial and mining safety issuesg, The safety codes adopted by the DOE are
encompassed by DOE Order 5480.1A, which requires compliince with the Federal
Mine Safety and Health Act of 1977, together with California Mine and Tunnel
Codes. W®Where regulations overlap., the most stringent rule ig to govern.

These rules have baen interpreted to require that. where a hazard to
underground workers may result from having only one access to, or agress from,
the subsurface facjilities, two shafts are required. In assegsing the need for
two shafts, the DOE considered accepted practices in tae mining industry as
well as the geologic conditions that are likely to exist at each of the candi-
date sites.

At the basalt site, the candidate horizon is overlain by highly produc-
tive aquifers, and hence the potential for flooding of excavated openings must
be considered. In-situ stress conditions indicate a potential for rock
bursts, and the possibility of roof falls in previously unexplered ground must
be considered (see Sectiom 5.5.1}, Possible dangers associated with the pre-
sence of methane will be evaluated, although a repository in the Cohasgsett
Flow 18 unlikely to be classified under Mine Safety and Health Administration
regulations as a gagsy mine. Because of the small diameter of the exploratory
shaft and the depth of the candidate horizon, there is concern that, should an
emergency arise, underground workers would be isclated without a second means
of escape or could not be brought to the surface quickly. A second explora-
tory shaft will therefors be gunk if the basalt site is gelected for charac-
terization.

At all the salt sites except those in the Paradox Basin, the reference
horizons are also overlain by aquifers., such that the potential for flooding
is present. At all the sites the possibility of encountering pockets of brine
or gas must be taken into account. In fact, it is possible that the under-
ground cperations may be designated a '"gassy mine" because of precedents set
by other underground construction projects in the game vicinity as the salt
sites and because of evidence that methane is present in the overlying forma-
tions. Again the DOE has determined that two exploratory shafts will be
necesgary to ensure the safety of all underground workers,

At the tuff site in Nevada, it appears that some of the potential prob-
lems identified for the other two host rotks are not significant. The refer-
ence horizon iz abgve the water table, which diminishes the danger of flood-
ing. Begause of the shallower depth of the horizon and the expected geolegic
conditions, there is little potential for rock bursts, roof falls, and the
like, nor is danger from explosive gases considered to be likely. In spite of
such favorable conditions, the DOE has come to the conclusion that it is
advisable to provide two exploratory shafts to enhance the safety of
persomnel. In the design of the shafts, due consideration for seismic loads
from both earthquakes and nuclear explosions at the Nevada Test Site will be
included.
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The DOE has esti™lished and implemented a pelicy for “he exploratory-
shaft configurations that raquires them to~-

1. Ensure comp.iance with the intent of Sections 11 '{a) and {c){l) of
the Act.

2. Provide adequate margin for compliance with all c¢stablished safety
criteria,

3. Provide adequate flexibility both in the construction and in the
operation of the ESF in terms of gite-~characterization and potential
follow-up in-situ work.

4. Be institutionally acceptable.

S. Be cost effective with emphasis on near-term expenditures of program
funds.

§&. Meot site-characterization schedule rsquirements {e.g., start of
in-gitu testing},

The policy noted above has led the DOE to select the following shaft
configurations at the propogsed candidate sites:

Host Rock Firgt Shaft Second Shaft

Basalt 6-foot finished 6-foot finighed
diameter, drilled . diameter, drilled

Salt 12-foot finished 12-foot finished
diameter, convention- diameter convantion-
ally mined ally mined

Tuff 12-foot finished 6~-foot finished
diametar, convention- diameter, drilled
ally mined

The DOE belisvaes that this policy is consistent with the NRC regulations
restricting the commencement of construction until the construction authoriza-
tion has been igsued and that the construction of these exploratory shafts
during site characterization will comply with the requirement that
construction be reasonably and functionally related to the objectives of site
characterization.

The DOE notes that if significant modifications are reguirad to the
in-gitu test programs currently envisioned, further medifications in the
exploratory-shaft configurations may be necessary, including enlargement of
one or both shafts,

Furthermore, the DOE currently intends to use the exploratory shaftz, as

required, to ensure that the construction of the repository can be completed
in time to meet the Act-mandated repository operation date of January 31,
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19498, It will als. continue to evaluate the most cogt-:8fective use of the
expleratory shafts in the oparating repository.

The exploratcery-ghaft program is intended to demor "trate the suitability
of the site to perform as a geologic repogitory, and a: information gained
will be integrated into the ongoing design of future .ejositories. The DOE
€aels that this is fully consistent with the intent o1 the Act and the objec-
tives of the NRC, as stated in 10 CFR Part 68.

7.2.2 ACTIVITIES

The exploratory-shaft project at each candidate site will requiré site
preparation, shaft construction, outfitting {i.e,., the installation of inter-
nal shaft equipment), and the mining of a few tunnels and rooms near the base
of the shaft for testing purposes. The preparation will consist of construct-
ing an access road, clearing and grading the gite, and constructing founda-
tions and impoundments. The construction of each shaft will consist of sink-
ing and lining the shaft to the proposed depth of the repository. The con-
struction method will vary from site to gite because of different geolegic
conditions. The shafts will be large enough to allow workers and test equip-
ment to be trangported and to provide adequate ventilation.

The shafts will be outfitted their full length to support the ventilation
system; the underground utility, safety, and communication needs; and the
conveyances, rock, men, and materials., Test tunnels will then be excavated in
preparation for the testing program. The geometric configuration and the
extent of the test tunnelg will vary from site to site because of different
site-suitability issugs.

Tests to he performed in the sxploratory shafts are listed in Section
2.3. In general, the in-situ tests will concentrate on characterizing the
rock mass; they will assess in-situ stress, permeability, thermomechanical
parameters, gecchemical properties, thermal properties, heat dissipation, and,
in the case of salt, the tendency for brine migration,

7.3 PLANS FCR ONSITE TESTING WITH RADIOACTIVE
OR NONRADIOACTIVE MATERIAL

The current plansg for gite charackterization do not include tests with
radicactive materials to simulate wastes. Sources of radiation will be used
in some geophysical investigations and hydrologic studies le.g., radicactive
tracers). Such techniques are routinely used in o©il and gas exploration and
in the evaluation of ground-water resources.

Radicactive materials may be used in a test and evaluation facility (see
Chapter 4 in Part II}). However, the decision on proceeding with such a '
facility will not be made until 1987, and therefore the test plans are
unavailable at this time.
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7.4 PLANS FOR TNVESTIGATIONS THAT MAY AFFECT ISOLATION CAPABILITIES

Two site-characterization activities have tha potenti:) for affecting the
waste~isolation capabi.lities of a site:

1. The drilling of deep boreholes (more than 990 feei deep).

2. The drilling ¢r mining of the exploratory shafts rnd excavation of
related wnderyround workings.

Drilling is necessary to confirm information obtained by other mathods
(e.g., geophvsical surveys) and to directly observe rocks from selected sampl-
ing points below the surface of the ground. Holes are drilled in locations
deemed to have the greatest potential for resolving uncertainties.

To the extent possible, work requiring boreholes over the proposed
repository will use existing holes to mininize the total number required.
Similarly. new boreholes will be used for as many purposes as possible and
will be located to coincide with the locations of shafts or pillars to the
extent practicable. Where possible, boreholes will be located outside the
immediate repository area.

As already mentioned, the exploratory shafts will be sunk to the depth of
the repository. The plans for these shafts are described in more detail in
Section 2.3 of Part II,

7.5 PLANS TO CONTROL ADVERSE SAFETY~RELATED IMPACTS

Detailed plans for controlling any adverse safety-rolated impacts from
site-characterization activities will ke contained in the SCPs. These plans
will be site specifie.

The boreholesg will ke sealed permanently and the decision on sealing of
exploratory shafts will be made after repository construction is completed and
prior to waste emplacement. Fortunately, much relevant experience is avail-
able from the sealing of boreholes used in petroleum exploration and mining
operations. Site-specific sealing materials and technigues will be used to
limit the potential for compromising the integrity of gites (see algo Section
7.6 in this Chapter). The ability of the seals to remain intact over the long
pericds required for waste isolation will have to be demonstrated to the NRC
before a construction authorization is received. Moreover, permanent sealing
18 considered in the selection of shaft designs and excavation techniques.
Included in this evaluation of excavation technigues is the extent of
fracturing in the surrounding rock or residual stresses in the rock. If
extensive fractures are created, it may be necessary to £ill the fractures
with grout or similar material. Techniques that cause extengive fracturing
will be modified if necessary.
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7.6 PLMIS FOR DECOMMISSIONING SITES UNSUITAN.E FOR LICENSING

Plans for der.ommissioning a site determined unsuiiable for licensing can
be discussed only in general terms: detailed, site-gpc .ific discussiong will
be given in each 5CP,

The general principle guiding the decommigsionii 7 strategy is that a site
will be returned, 28 nearly as practicable, to its ori 'nal condition. This
principle has served as one of the bases for selecting the locations of drill-
ing and other activities. The screening provess that led to the identifica-
tion of potentially acceptable gites included enviromnental considerations at
gvery stage, Using this approach in the gelection of study locations serves
to reduce the requirements for restoration measgures and enhances the success
of meagsures that might have to be implemented., 1In this way. restoration
planning begins bzfore an area is disturbed, Another general principle is
that Federal, State., and local regulations for decommissioning and reclamation
will be applied.

7.6.1 ONSITE FACILITIES

The reclamation plan for onsite surface facilities includes the following
elements:

1. Buildingg will be emptied of their contents, digsassembled, and trans-
ported off the gite and salvaged,

2. Most eguipment (e.g., items required for mine ventilation., pumps.
electrical generators, storage tanks}) will probably be removed from
the site and salvaged. Equipment not removed will be placed in a
condition that will ensure it will not compromise repository perfor-
mance,

3. The shaft collars and other foundations will bhe cut or broken into
manageable pieces and moved to acceptable disposal sites.

4. Septic tanks and similar facilities will be abandoned in place.

5. Fluid impoundments {e.qg., mud pits) will be backfilled after the
removal of contaminated materials.

6. Chemical wastes will be digposed of in accordance with acceptable
standards,

7. The site will be bachfilled and graded to a final contour congistent
with existing land-use patterns or plang and revegetated,

8. Qualified soil scientists will monitor compliance with site-specific
reclamation plans.

The disposition of the exploratory shafts will depend on the shaft-

abandonment practices routinely followed in a State and, in the case of
Federal sites, on cooperative Federal-~State agreements.
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Most likely, the shafts will be backfilled with matevial aexcavated during
its construction and gealed with a grout. Details of tecimiques will be
determined by the genlogic conditiong at the zite, but m.ght involve the
ingtallation of conrrete or chemical plugs and the replacament of excavated
muck with compacking additives under high pressure. Aft-» the ghafts have
been gealed and the surface of the site has been restorec., a marker explaining
the history of the shafts might be emplaced.

Details for the .lecommissioning of deep exploratory .oreholes also vary
from site to gita. All boreholes will be sealed at or beiore decommisgion-—
ing. In general, the boreholes will be gsealed with a grout formulation that
is compatiblie with the geologic conditions at the site (u¢.g., with a grout
whose density roughly matches that of the surrounding rock). The surfaces of
borehole drill sites will also be graded and stabilized to a condition consis-
tent with the surrounding terrain.

7.6.2 OFFSITE FACILITIES

The reclamation of the offsite surface facilities will be similar to
that of onsgite facilities, though less extensive, Such facilities include the
sites of boreholes, the sites of environmental and geophysical surveys, access
roads, and utility corridors., Some of these (e.g., roadways) might not
require any restoration and will probably be left in their improved condi-
tion, Reclamation of specific equipment having monitoring functions (such as
meteorological towers) will be carried out after congsultation with the State.

Boreholes and trenches are the two most important examples of offsite
subsurtace work that will require some reclamation. Boreholeg will be sealed
accerding to accepted practice with materials appropriate to the particular
site, and the surface of the drill gite will be revagetated. Trenched areas
will be regraded to a final contour and revegetated in a manner consistent
with land-use patterns hefore the start of site characterization,
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Chapter 8

WASTE SOLIDIFICATION AND PACKAGING

An identification of the process for solidifyi-g high~level
radioactive waste or packaging spent nuclear fuei, including
4 summary am’ analysis of the data to support th. selection
of the solidification process and packaging techniques, an
analysis of the regquirements for the number of selidifica-
tion {or) packaging fFacilities needed, a description of the
state of the art for the materials proposed to he used in
packaging such waste or spent fuel and the availability of
such materials including impacts on strategic supplles and
any requirements for new or reactivated facilitizs to
produce any such materials needed, and & description of a
plan, and the schedule For implementing such plan, for an
aggressive research and development program to provide when
needed a high-integrity disposal package at a reasopable
price

--Nuclear Waste Policy Act, Section 301(a)(8)

Ag explained in Part I, most of the commercial waste to be accepted for
disposal in the ficrst repogitory is expected to be gpent reactor fuel. The
first repository will, however, accept a small quantity of solidified com-
marcial high-level waste from the West Valley Demonstration Project. It 'will
algo accept solidified defense high-level waste. This chapter therefore be-
gins with a brief discussion of current packaging concepts for spent fuel. It
then degcribes the solidification of high-level waste.

The regt of the chapter is concerned mainly with the materials to be uged
for various componeants of the waste package, especially the metal containers
that will contain the waste. The waste package iz defined as the waste form
{i.e., spent fuel or solidified high-level waste) and any container, shield-
ing, packing, and other absgorbant materials immediately surrounding an indi-
vidual waste container, DBecause detailed plans for research and development
are presented in Section 2.5 of Part II, their discussion here is limited to a
brief summary.

8.1 PACRAGING OF SPENT FUEL

The reference plan for the first reposxtory calls for the packaging of
spent fuel at the repository. During the first years of repository operatxon
{i.e., phase 1--see Section 3.1 of Part I), the apant fuel will be raceived in
shipping casks and transferred into metal containers for underground
emplacement. When phase 2 of the raepository begina operating., the spent fuel
will be disassgembled and consolidated, as well as encapsulated in containers.
The spent-fuel assemblies will be taken apart and the fuel rods rearranged to
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accommodate the rods from two or more assemblies in th: space of one
agsgambly. The non-fuel-~bearing skeletons of the assem: iy will be disposed of
in accordance witq applicable requlatery requirements. The DOE is currently
evaluating the nea:d for, and the implication of, disp(:ing of these wastes in
a repository.

The disasgembly of spent-fual assemblies has be: 1 demonstrated during the
past several years. It has been performed in conjunc. rnn with fuel inspec-
tions, research and development programs., and the recovary of damaged fuel
rods,

The consolidation and sncapsulation operation may not be performed at the
repository. It could be performed at the nuclear power plant or at a facility
for monitorad retrievable storage (MRS). The final decigion on the location
of this operation has not yet been made, but evaluatioa is underway to allew
for this decision to be made in the near future. If rud consolidation occurs
at the repository. then encapsulation of the spent fuel ¢ccurs as described
above, If the consolidation is performed elsewhere. then thege stainless-
steel canisters will be used for transport and handling, and the metal con-
tainer overpack will be added at the rapository,.

If a decision is made at a later date to emplace a universal cask {i.e.,
a cask that is gtorable, transportable. and disposable), no repachkaging would
be required at the repository.

8.2 WASTE SOLIDIFICATION

When spent fuel from either nommercial or defense reactors is repro-
cessed, it ig separated into thres major fractions, two of which arg wastes
that would be disposed of in a gsologic rapository. The first fraction is a
liguid called "high-level waste" becausge it contains more than 99 percent of
the radicactivity. The second fraction consists of the metailic fuel-assembly
components and other =olid materials used in the process: it is a special kind
of transuranic (TRYU) waste. The third fraction consiste of the uranium and
plutonium extracted from the spent fuel, which can be racycled through a fuel-
fabrication step to fuel other nuclear reactors. During fuel fabrication,
additional TRU wagte is generated. Before disposal in a geologic repository,
high-level waste must be solidified. TRU waste may also require some treat-
ment, such as compaction.* '

Both reprocessing and plutonium-fuel fabrication, though not now used in
the U.S. commercial fuel c¢ycle., have been conducted at commercial U.§. facil-
ities, and some wastes from these operations remain to be disposed of, partiec-
ularly the high-lsvel waste produced at West Valley, New York. The latter can
be solidified (converted to glasa) by techniques that are currently available
and are being demonstrated in the West Valley Demonsgtration Project. The
spent fuel that is removed from defense reactors and naval reactors. is rou-
tinely reprocessed.

#Present plans do not provide for repository disposal of TRU wastes from
reprocessing.
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Although much of the work on the converzion of high-luvel waste to solid
waste forms was base¢ on defense waste, the results and tachmnology will be
transferable, in laria part, to commercial waste. Data developed in work with
defense waste indicate that borogilicate glass is the lea 'ing candidate waste
form for existing commercial high-leve] wasta.

During solidification, high-level waste ig mixed wi h glass frit and fed
into a melter, whare hoat causes the high-level waste to ! - incorporated chem-
ically into a bornsilicate glass. The glass waste form is then cast into
canisters, where the molten glass solidifies into a chemically insrt, highly
ingoluble., nondispsrsible, nonvolatile solid with a very l'ow potential for
leaching in water of the type likely to be found in geologic repositories.

The structural resistance of the glasg form to heat and s¢lf-irradiation
effects should be sufficient to maintain the structural integrity of the waste
form for the containment period, although a container will still be required
to ensure compliance with the waste pacikage containment performance objective
of 10 CFR 60.113. Moreover, the borogilicate glass has sufficient mechanical
strength and impact resistance to withstand the stresses of repository em-
placemant and retrieval during a specified retrieval period. It is expected
to be compatible with a full range of the geclogic conditions expected in a
rgpogitory and is undergoing performance test and analysis as described in
Section 2.5,

Several procesges are available for the treatment of TRU metallic waste,
and each process offers several options. These include induction melting,
electric-air melting, hot pressing, and compaction, Also under consideration
or development are processes for removing TRU surface contamination to the
extent required for the dieposal of the base material as low-level waste.

The DOE will continue tha development and demonstration of high-level-
waste and TRU-waste treatment processes to ensure that acceptable waste forms
will be available when necessary. The DOE has gselected borosilicate glass as
the waste form for Savannah River Plant defenge high-lsvel waste and for com-
mercial high-level waste from the West Valley Demonstration Project (WVDP).
Justification for the sslection of horosilicate glass is contained in the
Environmental Asgesgment——Waste Form Selection for Savannah River Plan HLW
{DOE~EA-0179%, July 1983} and in the Action Description Memorandum for the
Selection for the Waste Form for WYDP (March 1983). Future development will
focug on borosilicate glass and on gscond-generation lalternative) waste forms
that have a high potential for reducing treatment requiremants or overall dis-
posal—system costs or on forms that will more easily accommodate higher in~
ternal temperatures at high waste loadings,

The numbsar of waste-treatment facilities required cannot be determined at
this time. Howevar, in addition to the waste-treatment facilities required
for defense waste and the West Valley Demonstration Project, at least one
wagte—treatment facility would be required for each spent-fuel-reprocessing
plant. The number of reprocessing plants will be determined by the commercial
nuclear industry and will depend o the need for reprocessing and its econom-
icg. No difficult technical problems are expected for the comstruction and
operation of waste-treatment facilitiesg.
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8.3 CHOICE OF MATERIALS

Bach host rocl” under consideration for the first ropository has different
requirements for tne waste package. The paragraphs the- follow discugs the
refarence containar for gpent-fuel digposal in sach of tne three hogst rocks
and the packaging that will be uged for solidifisd hig i-level waste. The
choice of matsrials Adepends on detailed svaluationsg of the geochemical envi-
ronment into which tle package would be placed. Materis s other than the
reference ones :ould be chosen for any of the gites.

For basalt, the reference container for the waste package ig made of low-
carbon steel with an iron-chrome-molybdenum steel and cupronickel as alterna-
tives, The thickness of the refarence material is approximately 5 to & centi-
meters, This material is readily available, has been used widely in engineer-
ing structures, and should present no great difficulties in fabrication. The
waste package for basalt also includes a packing material which is 15 centi-
meters thick, between the container and the host rock. It congists of a mix-
ture of crushed basalt (75 percent) and fine-grained sodium bentonite clay (25
percent). Pneumatic emplacement and the use of precomprsssed annular rings
are two methods being considered for the emplacement of this material. Both
the basalt and the clay are readily available. The pneumatic-emplacement
technology hag been developed and demonstrated on the scale of full-size wasts
packages.

For salt, the reference container is made of low-carbon steel. The
thickness of the material ranges up to 10 centimeters. Techniques for remots
welding and inspection of welds will be developed, heginning in FY¥85, as well
ag procedures for weld acceptance and tests to identify corrogicn effects.
The designsg for salt use crushed salt as a packing material. No difficulties
are foregeen with the fabrication of the contalner. An alternative design
concept employsg a thin layer of the alloy Ticode~12 gver a carbon~steel con-
tainer,

For tuff, the reference container is made from austenitic stainless steel
that ig about 1 centimeter thick. This material is readily available and has
a long higtery of usse in engineering structurea. No particular difficulties
are foreseen with respect to fabrication. No packing material is used in the
reference designsa, although a tuff packing backfill is being considered in an
alternative design for spent-fuel packages,.

All reprocessed high-~level waste currently included in the repogitory
planning base will use a stainless-steel production canister, in which the
waste is solidified. The production canister will be enclosed in an appro-
priate container of the material selected for repository disposal.

Evaluations of copper and selected copper alloys as potential container
materials for basalt and tuff are also under way. These evaluations are con-
sidering corrosion resistance, structural stability, cost, availability, and
fabrication requirements. In addition, the second-repository program {cur~
rently concentrating on crystalline host rocks) will initiate research during
F¥856-37 on the potential use of copper and copper alloys in the waste
package. The evaluations will use data from completed and ongoing interna-
tional copper studies, such as the Swedish and Canadian work, to the extent
appropriate,
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8.4 AVAILABILITY OF MATERIALS

As work in the vaste-package area is directed toward dntailed design,
planning for materia.s acguisition and fabrication facil! ies agsumes impor-
tance. As discussed in Section 2,5.2.2, the reference mai.erials for waste
containers are low-carbon steel and stainle¢se steel. Tv> alternative designs
also receiving attention consiat of a carbon-stesl conta.rar overpacked by a
thin outer shell of ti-anium alloy (Ticode 12) and a contw .ner made from stesel
alloyed with 9 percent chromium and 1 percent molybdenum. The use of copper
and copper alloys is alsc being considered for host rocks other than salt.

None of the aforementioned materials ig presently considered strate-
gically critical or in short supply, though chromium, an essential element in
both the stainless and the alloy steel, is of limited availability in the
United States,

The reference salt and bagalt container as presently conceived will be
made from a carbon-steel casting, Assuming carbon steel is shown to exhibit
acceptable corrosion resistance, a carbon-steel casting ig ideally suited for
the waste package because of itg reasunable cost, eaze of manufacture, and
excellent characterigtics for welding. The number of foundries capable of
producing the carbon-stegl castings intended for ceontainers is more than ade-
quate to satisfy the requirements of the geologic repository program.

The refersnce tuff stainless-ateel containers as presontly conceived will
he fabricated by welding rolled plate or poesibly from extruded seamless pipe
or centrifugal castings. No problems with suppliers or fabricators are ex-~
pected with regard to producing rolled and walded containers. Only two sup-
pliers, however, are at present capable of producing extruded pipe for con-
tainers.

Neither the titanium alloy {(the altsrnative galt container material) nor
the iron-chromium-molybdenum alloy (the alternative basalt container material)
should be difficult to deliver or fabricate, although fabrication experience
with tha ircn-molybdenum alloy steel is limited. Chromium, an essential ale-
ment in both the stainless steel and the chromium-molybdenum alloy, is im-
ported mainly from Scuth Africa. although there are U.S$. chromite mines that
could be reactivated at substantially higher chromium costs than those via
importation. The consumption of chromium in producing overpacks made of
either stainlass steel (for tuff) or iron-~chromium-molybdenum (for basalt)
would be ingignificant compared to U.S. production of these alloys.

Data from the American Iron and Steel Institute and the U.S. Department
of Commerce indicate that the annual U.S5. production rates projscted to the
year 2025 for carbon steel, stainless steel, and titanium mill produgts
(plate, pipe, and castings) far exceed the estimated material reguirements for
the packages nseded through the year 2025. The supply of copper is also ax-
pected to excesd significantly the quantities neaeded for waste containers if
copper or an alloy is selected. Tha table on the next page illustrates the
domestic industrial output versus the firat repository's needs for referance
container material over its operating lifetime.
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Indugtry output® Quantity veeded for first
{thousands of tons) repository® |‘housands of tonsg)
From 1985
Material Yearly to 202% Salt Tuff Basalt
Carbon steel 4738 189,520 183 181
Stainless steel 240 4,600 75

*1982 and 1981 American Iron and Steel Institute and 1981 U.S. Department
of Commerce gtatistics,

"Weight of the total number of reference containers for the first
repogitory {emplacement to the year 2025).

This tabulation shows that, for the current reference waste~package
designs, the metal required for the first repository's containers will be less
than 1 percent of the projected total U.S, industrial output of the particular
metal. The use of these compearatively small amounts will not affect strategic
supplies nor require production from naw or reactivated facilities.

8.5 RESEARCH AND DEVELOPMENT PLANS FOR WASTE PACKAGES

Reosearch and development plans for the reference waste pachages in each
of the repository host rocks under consideration are dascribed im Chapter 2,
The plana are divided into four principal taskg: (1) the definition of the
waste package environment: (2} waste~form and materials testing, (3) design,
fabrication and prototype testing: and (4) assessment of waste—package per-
formance,

The definition of the wasté-package environment raquires the geclogic,
hydrolegic, and geochemical data that define the ambient conditions of the
undarground repository and an evaluation of the effects resulting from the
construction of the repository and the emplacement of the waste.

The waste-form tests are directed at estimating the rates of radionuclide
release from the waste pachage over the long term. They are based on the
interactions among the waste form, othar engineerad barriers, ground water,
and the host rock. Covering the temperature range expected in the rapository,
the tests vary from simple tests of interactions batween the waste form and
ground water to multicomponent tests. The materials testing is concerned with
obtaining sufficient data on the behavior of reference and altermative mate-
rials in the sxpected environment of a repository in a particular host roch to
ensure that the performance of the waste package will be adeguate.

The tash of design, fabrication, and prototype testing is divided into
several steps: conceptual design, advanced conceptual design, license-appli-
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cation design, and final procurement and construction desipn. These designs
will be based on incrcasingly sophisticatad enginesring aru)yses, test data,
and design configurat.on evaluations. These designs will e developed in con-
junction with the corresponding design phases of the repos  tory.

The performance analysis will be made with pradicti- 9 asite-specific
modals bagsed on data ottained from tests with waste-packsy- materials, gite
characterization, and waste-package and repository designs  They will pradict
{1} the time at w..ich containment is lost and {2) the long-term rslease of
radicnuclides from the waste package,
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Chapter 9

WASTE-GENERATION RATES, REQUIREMENTS 'OR
JLSPOSAL CAPACITY, AND REPOSITORY SCH ‘OLLES

An estimate of (A} the total repository capacity r2 uired to
safely accommodate the disposal of all high-level reiiocactive
waste and spent nuclear fuel expected to be genarated through
December 31, 2020, in the event that no commercial reproces-
sing of spent nuclear fuel occurs, as well as the repository
capaclity that will be required if such reprocessing does
oceur; (B) the number and type of repositories required to be
constructed tc¢ provide such disposal capacity: () a schedule
for the construction of such repositories; and (D) an esti~
mate of the period during which each repository ifsted in
such §chedule will be accepting high-level radivactive waste
or spent nuclear fuel for dispesal

~-Nuclear Waste Policy Act, Section 301{a)(9)

This chapter presents foracasts of nuclear electricity-generating capa-
city and the amounts® of spent fuel requiring disposal as well as the factors
that might affect the number and the capacities of repositories. The latter
include (1) differences between the once-through fuel cycle (no reprocessing
of spent fuel) and a fuel cycle that is based on reprocessing,

{2) the disposal of defense waste, and (3) site limitations. Also presented
are the waste-acceptance schedulss for the authorized plan and the improved-
performance plan digcusged in Chapter 2 of Part I.

9.1 FORECASTS OF NUCLEAR ELECIRICITY-GENERATING CAPACITY
AND 3PENT-FUEL ACCUMULATION THROUGH THE YEAR 2020

The Energy Information Administration {EIA) of the DOE is respongible for
making forecasts of the installad capacity of nuclear power plants in the
future., Itg forecasts are made for four different assumptions about the
growth of the nuclear electricity-generating capacity: no new orders. low,
middle, and high, For wagste-~disposal planning, the DOE is using the Movember
1984 EIA middle-case forecast." According to this forecast., the installed
capacity will reach 123 gigawatts electrical by the year 2000 and 212 giga-
watts by 2020, growing at a rate slightly below 3 percent per year between
these yoears. . : : :

"U.S. Department of Enerqgy, Commercial Power 1984: Prospects for the
United States and the World, DOE/EIA-0438(84), Energy Information Administra-
tion, November 1984,
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The total quant..ty of spent fuel discharged from nu..ear power reactors
is estimated to be shout 130,000 metric tons of uranium :4TU) by 2020, The
actual spent-fuel dracharges will probably decline somewiiac because it is
expected that in thu: future the fuel will be kept in the cmactors for longer
periocds. The EIA annual middle-case forecast for nuclezi capacity and spent-
fuel discharges from 1983 through 2020 are pregented it Table 9-1,

To accommodate tie total spent-fuel inventory of 1:i( 000 MIU that will
have accumulated by the year 2020, it will be necessary t.. construct two
repositoriea, Two repositories will be needed bacaugse Section 114(d) of the
Act stipulates that the DOE may emplace no more than 70,7330 MTU in the first
repository until such time as a second repository is in speration.

Spent fuel will, of course, continue to be discharged beyond 2020 if
reactors continue tv operate. Howevar, it is not nacessary to plan for a
third repository at present. Under current plansg, second-repository emplace-
ment will not reach 70,000 MTU until about 2030. If current estimates hold,
planning for a third repository can be done at the turn of the century.

Since long-range energy forecasts tend to change with time, it is neces-
sary to examine tha assumptions on which they are based. Recent trends indi-
cate that a nuclear electricity—-generating capacity exceeding 212 gigawatts
electrical by 2020 is unlikely. Indeed, the capacity could be less than 212
gigawatts. To establish the lower bound, the EIA no-new-ordera case was
examined with respect to the need for two repositories. Under the assumptions
of this case, installed capacity grows to 109 gigawatts by 1993, but decreases
to 49 gigawatts by 2020. For the no-new-orders forecast, the total spent-fuel
inventory would reach approximately 98,000 MTU by 2020, which would requice
two repositories to meet the requirements of the Act (i.e., the first reposi-
tory is limited to 70,000 MIU until the second repository beging operations).
Thus., even with a substantial reduction in the middle-cagse forecast for
nuclear generating capacity by 2020, two repositories remain necessary.

9.2 FACTORS AFFECTING THE NUMBER OR CAPACITY OF REPOSITORIES

9.2.1 REPOSITORY REQUIREMENTS FOR THE ONCE-THROUGH FUEL CYCLE AND THE
REPROCESSING FUEL CYCLE

In the once-through fusl cycle, which is currently used by the commercial
nuclear industry in the United States, spent fusl is discharged from a reac-
tor, cooled for some period of time in storage, and ultimately disposed of as
waste. The waste requiring disposal in a repository is in the form of pack-
ages of intact fuel assemblies or packages of fuel rods consolidated from
geveral assemblies. In the reprocessing fuel cycle, on the other hand, the
spent fuel would be discharged, cooled, and reprocessed to recover uranium
and/or plutoniuvm. The high-level waste resulting from the reprocessing would
be solidified and diasposed of in a repogitory. The transuranic waste produced
in reprocessing may alao be disposed of in a repoaitory; however, this deci-
sion has not been made at this time.
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Talxle 9-1, 1984 EIA Middle-Cage Forecast
of duclear Electricity-Cenerating Capaci:v’

Installed

Year Capacity (Ge) Annual Cumulative
1983 64 1400 9,900
1984 74 1200 11,100
1985 8s 1300 12,400
1986 94 1400 13,800
1987 104 1700 15,500
1988 105 2000 17,500
1989 107 2100 19,600
1950 111 2300 21,900
1991 113 2300 24,200
1992 117 2500 26,700
1993 119 2600 258,300
1994 119 2600 31,900
1995 119 2700 34,600
1996 122 2700 37,300
1997 123 2800 40,100
1999 123 2900 43,000
1999 123 3000 46,000
2000 123 3000 49,000
2001 127 3000 52,000
2002 132 3000 55,000
2003 138 3100 58,100
2004 143 3300 61,400
2005 148 3400 64,800
2006 152 3800 68,600
2007 i55 4100 72.7100
2008 159 4700 77.400
2009 162 4500 81,900
2010 166 4500 86,400
2011 171 4000 : 890,400
2012 175 ' 4100 : 94,500
2013 180 4200 98,700
2014 184 4200 102,400
2015 189 4300 107,200
2016 194 4300 111.500
2017 198 4500 : 116,000
2018 203 4700 120,700
2014 207 4700 125,400
2020 212 4900 130,300

*Source: U.S. Department of Energy, Commercial Power 1984: Prospects
for the United States and the World, DOE/EIA-0438(84), Energy Information
Administration, November 1984.
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Section 114{(d) of the Act gpec¢ifies that the DOE miv emplace no more than
70,000 MTU of spent fuel (once-through fusl c¢ycle) or the high-level waste
resulting from the reprocessing of 70,000 MIU in the fi 3t repository until
such time as a second repository is in operation., Ther fore, even though the
waste-emplacement configuration for gpent fuel and high- tevel waste may dif-
fer, the typa of fuel cycls will not affect repository capacity as defined in
the Act. To be sure., transportation requirements, was. e-handling equipment,
and repository layou. would be somewhat differeny for a epository handling
high-level wast=2 rather than spent fuel,.

The extent of the repository underground area requ:ved to accommodate
spent fuel does not differ much from that required for high-lewel waste., {The
size of underground disposal areas may depend more on the host rock and site-
specific conditiong,) Transuranic waste, because of its low heat output, can
be densely packed into a repository and would not great'y affect the require-
ments for the underground disposal area, if this waste is disposed of in a
repository. The waste-receiving and waste-handling facilitiseg and operations
of a repogitory would be different for spent fuel and high-level waste, but
these differences would not affact the waste-acceptancs rate or the waste-
enmplacement rate.

9.2.2 DEFENSE WASTE

Sectionsg 8{b){1l} and (2) of the Agt required ths President to evaluate
the use of one or more civilian repositories for the digposal of defense high-
level waste. As explained in Chaptsr 2 of Part I, this evaluation concluded
that thera is no compelling reason for a defense-waste-ounly repository, and
therefore the DOE is planning to emplace the defense waste in the civilian
rapositorias.

The defense waste that would be disposed of in a geclogic repository is
solidified high-level waste from reprocessing. This waste hag different ther-
mal charagteristics than commercial spant fuel or commercial high-level
waste: it is a lesg concentrated scurce of radiation and heat.. According to
current estimates., about 8000 MTU, on a curie-equivalent basig, of defense
high~level waste could be emplaced in a repository by the year 2020, When
such a quantity of defense waste is added to the guantity of gpent fuel
estimated to require disposal, it appears that two 70,000-MTU .repositories
will be able to accommo- date the combined total--evan for tha ‘EIA middle-case
forecast (130,000 MTU of spent fuel).

Defenaa wasta will be acceptsd on a schedule that will noh adversely
affect the rate of receipt for civilian wastes, v

9.2.3 SITE LIMITATIONS

As already mentioned, the Act requires the first repository o accept ne
more than 70,000 MTU until the gecond repogitory is operational. : However, the
70,000-MIU limit is not a minimum or maximum capacity regquirement. A suitable
gite for the first or the sacond repository may be akle to accommodate less or
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more than 70,000 MTU of spent fuel or the high-level wast. regulting from
reprocessing such an amount of spent fusl, From the info-mation available for
the sites currently .nder review, it does not appear thai adre than two
repositories would L@ required to accommodate the projec =1 volume of waste if
one of the repositories would be able to accept less tha 70,000 MTU.

9,3 CONSTRUCTION SCHEDULE

The construction gcheduls for the firat repa91tqry i1 digcusgsed in detazl
in Seation 3.1.7 of Part I.

9.4 WASTE-ACCEPTANCE SCHEDULE AND THE NEED FQR NTERIM STORAGE

As described in Chapter 2 of Part I, two alternative waste-acceptance
scheduleg are prasented. The first (shown in Table $-2) is based on the DOE's
reference waste-management plan (i.e., the emplacement capability of two geo-
logic repositories). 1In this cage, waste acceptance at the first repository
is schedulsd to start in 1998. '

The second scheduls (shown in Table 9-3) is based on the improved-
parformance plan (i.e., ths operating characteristics of the integrated waste-
marnagement system); it reflects not only the repbsitory emplacament capability
but also the acceptance capability of the monitored retrievable gtorage (MRS)
facility. The primary functiong of the MRS facility are to accept waste from
reactora, prepare it for disposal, and provide temporary storage, if necesg-~
sary. If Congrass approves the DOE’s proposal for the integrated waste-
management system. then the second waste-acceptance schedule will be applida-
ble. 1In thig case, waste acceptance at the MRS facility will begin in 18%6.

The at-reactor storage capacity required by these waste-acceptance sched-
ules will have to be provided by the electric utilities that own the spent
fuel. However, if the DOE fails to meet the schadule shown in Table 9-2 or
9-3, then the additional storage capdtity needed to accommodate the delay in
schedule will be provided by the DOE, possibly at resactor sgites.
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Table 9-2. MWaste-Acceptance Schedule for the Authorized System
{Metric tons of uranium (MTU) per year)

Eirst Bepository __Secoad Repository = Cumulative

Spent-Fus]l Generation™ tigh-Lgval Spent-Fue) Spent-Fuel
Year Arnual Cumulstive Spant. fFuel waste® € Total Cumilative Spent fuel Cumulative  Acceptance Backlog
Pre 1958 49,100 449,100
1998 %00 43,000 400 400 09 a0g 43,600
1999 LT 46,000 420 499 800 860 45,200
2090 3004 32,000 408 400 1.200 1,200 47, E00
2001 088 57,009 850 908 2.100 2,100 49,900
2002 500 55,000 1864 1800 3,990 3,900 51,100
2083 k3l 58,100 08 409 3400 7,100 5,900 51,200
2304 3300 61,300 30908 400 1490 10,700 9,800 51,500
1Teg % &£5,508 e 450 3400 18,100 12,960 51,900

3T, 73 e 68,500 3000 408 400 17,500 900 300 16,800 51,800
2867 el 72,700 noe 445 3400 20,560 1380 2,700 21,600 5%,100
2008 4708 77,408 Jo0e 400 3400 24,300 1800 4,560 26,450 51,000
2065 4505 81,900 1900 460 3490 27.780 1808 €.300 31,200 50,700
2018 4500 85,400 3066 400 34900 3,130 1868 8,100 36,000 50,400
20m 4080 G, 400 3008 206 3400 34,500 2400 10,500 41,400 49,000
2M2 4100 94,500 LT 400 3400 17,900 1000 13,500 47,800 47,100
2013 4208 98,790 WY 400 3400 41,300 3000 16,580 53,400 45,300
2014 4299 102,900 000 400 3439 44,700 3900 19,500 59,400 43,500
2815 4300 187,200 3006 438 1400 &8,160 1000 22,500 65,400 41,800
2616 4300 111,500 i0ge 400 3400 51,500 3000 25,500 71,400 40,100
2017 4500 176,800 099 1] 34400 54,900 30060 28,500 77,400 35,600
2018 4700 120,700 a0 400 3499 58, 30% 3na 371,500 83,400 37,300
2013 4700 125,400 3000 400 3400 £1,700 3080 34,500 89,405 16,000
2026 4960 128,300 3000 108 1400 £5,100 3000 37,500 95, &40 34,900
z021° 3008 234 3400 68,500 3000 40,502 191,400 28,900
2022 1100 400 1500 70,080 3000 43,508 105,580 24,300
2023 1606 45,500 108,500 21,800
2024 3000 49,500 111,500 18,800
2025 2008 52,560 114,500 15,800
2026 sosot 3000 55,500 117,508 12,800
2927 3500 58,500 120,500 9,800
2028 3000 61,500 123,500 6,800
2029 3080 &4, 500 126,500 3,800
2030 3000 £7.500 179,500 809

AL : 200 58,306 130,300
Apata from LommErcial X g, DOE/ETA 0438(84), Movember 1984. Incluges discharge

from decommissioned reactors.

Eapproximate waste-zcceptance rates for high-Tevel waste from atomic energy defense activities and commercial high-level waste from the West
valley Demonstration Project. OQuantities have been "normatized* Lo metric tons of uranfum (MTUs) on a curie-equivalent basis. Direct comparison with
spent Fuel is not equivalent, because defense high-level waste (D6LM) and commercial high-level waste (CHLW} resulted from the reprocessing of spent
fuel. In the example, 400 MTU of defense waste eqmals 800 canisters. Actual acceptance rates are to be negotiated between Defense Programs and the
Qffice of Civiltan Radioactive Waste Wanagement in the DGE.

CThe first repasitory currently is desioned to begin operation in two phases. This example shows the acceptance of DHLW and CHLW in the first
phasz when the second phase rzaches its maocimm receipt rate.

“The £nergy Information Administraticen projects spent-fuel generiation only through the year 2020. For waste created after 2020, either the
capacity of the First two repositories could be intreased or additional reposttories caould be built.

EThe example shows 2 total of 8000 MIU of DML and CHLW emplaced by the yetar 2022. Additional OHLW can be accommocated by extending the
operation of the first repository, emplacing DHLW in the second repesitory, or constructing additional repositories, as indicated in footnote D.



Table 9-3. HWaste-Acceptance Schedule for the Improved-Performance System
(Metric tons of uranium (MTU) per year)

First Repgsitory —— e _Second Repgsitory = Cumulative

Soent-Fuel Generation™ MRS MRS SF from  High-Level Cumulative Spent-Fuel Spent-Fuel
Year Anrwa Cumslative Acceptance®  Invantory HRS wWaste® Total Total Waste Spent Fuel Cumuilative Acceptance  Backlog

fra 1998 49,108 2200 2,240 2,200 37,960

1994 2500 43,090 3003 4,800 400 400 400 5,200 17,800

1999 3000 45.000 3000 7,400 400 400 BOO 8.200 37,800

2000 3000 45,007 3000 10.000 480 400 1,200 11,200 37,800

260 60 52,800 3000 12,100 900 900 2.16¢ 14,200 37,800

20602 3080 55.pC0 3000 13,306 1800 1808 3.9C0 17,200 37.800

2003 k3313 54100 3080 13,300 3000 400 3400 7.300 20,200 37.900

Thad et 31,480 2 13,300 3000 400 3400 16,700 23,200 18, 20¢

200E aepn &3, 830 Eic ] 1,300 3o00 400 3400 14,100 26,200 38,606

2606 1800 68, 600 3000 13,360 3000 400 3400 17,500 990 [00 30,100 38,500

— 2607 4108 72,700 3006 13,300 000 260 3400 20,900 1800 2,700 34,900 37.80¢

2008 4760 77,400 3000 3,300 3000 400 3300 24,300 1800 4,500 39,700 37,764

2009 4500 B1, 900 3000 13,300 agao 400 3400 27,700 1804 6,300 44,500 37, 4040

] 2010 4500 B85, 200 3000 13,300 3060 400 3400 31,100 1800 8,100 49,300 17,7100

2011 400¢ 90,400 on0 13,300 1000 40u 3400 14,500 2400 10,504 54,700 15,700

ol 2012 4100 94,500 3000 13,300 3000 400 3400 37.500 3000 13,500 60.700 33,860

I 2013 4200 98 700 3006 13,300 1000 403 3400 41,300 3000 16,500 66,700 12,000

w 2014 4200 102,900 3000 13.360 3005 400 3400 44,700 30040 19,500 72,700 30,200

w 2015 4300 167,200 3000 13.368 19409 469 3490 48,100 3000 22,500 78,700 28,500

: 2816 4390 111,500 3009 13,300 3900 400 3400 £1,500 3060 25,500 84,700 26,80

2017 4500 116,000 2800 13,108 3006 405 14400 54500 1000 28,500 90,500 25,504

2018 4700 126,700 10,100 000 400 3400 58.390 3000 31,500 93,500 27,204

2019 4700 125,490 7.100 3000 409 3400 &1,700 3900 34,500 26,500 28,900

o 2626 £9500 130,300 4,100 2080 400 1400 65,100 1000 317,500 99, 500 30, 80¢

2021 1,100 3009 400 3400 68,500 1000 40,500 102,500 27.B804

- 2022 1108 400 1500 70,000 3000 43,508 105,500 24,800

2023 . 3000 45,500 198,500 21,804

2024 30600 49,500 111,500 18, 800

L 2028 1000 52,508 114,500 18,800

2025 8600 3000 55,500 117,500 12,804

o 2027 10080 58.500 120,500 9, B0

2028 3000 61,500 123,500 6,800

o 2029 3000 64,500 126,500 3,800

£y sB3u 3000 67,500 129,500 Bor
2011 8OO 68,300 130,300

*“Data from d, DOE/EIA 0438(B4), November 1984. Includes discharge from

decommtssiongsd rasctors.
fIne MRS facility 343 astuned to reach & constant acceptance rate and discharge to the first repository as fast as the first repository can accept

spent fuel. The MRS Facility will stop accepting spent fuel when its inventory will fill the first repository.
CSee footnotes B and C in Table 2-2.



Chapter 10

COSTS OF MANAGING COMMERCIAL RADIOQACTIVI) WASTRE

An estimate, on an annual basis, of the c¢ts required
(A) to construct and operate the repositor.es antici-
pated to be needed under paragraph (9} bases on each of
the assumptlions referred to in such paragrapn; (B) to
construct and operate a test and evaluation faclility,
or any other facilities, other than reposituries des—
cribed in subparagraph (A), determined to bz necegsary;
and (C) to carry out any other activities under this
Act

--Nuclear Waste Policy Act, Section 301(a)(10)

This chapter presents cost estimates for a number of raference and
sensitivity cases, After briefly describing the framework for the analysis of
costs, it discugses key assumptions., explains the method of cost astimation
and presents the results for the major cost categories. (development and
evaluation, transportation, repository, and storage), and summarizes the
principal findings. : :

210.1 INTRODUCT ICN

As part of its continuing evaluation of the adequacy of the revenues
raiged by the Nuclear Waste Fund against the expenses of the waste-management
program, the DOE maintains a cost-estimating capability. The most recent cost
esgtimates for the entire program are contained in a January 198% report,
Analysis of the Total System Life Cycle Cost for the Civilian Radicactive
Waste Management Program (Roy E, Weston, Inc., 1985), The costs pregsented in
this report were estimated for a set of reference cases kthat are consistent
with the DOE's FY86 budget submittal to Congress in terms of program strateqy
and schedule. The reference cases differ hy repository locatigon only; all
other assumptions are identical for all reference cases. In addition, this
report provides cost estimates for a limited number of sensitivity cases that
were analyzed to determine the effects of variaticons in a few major program
assumptions. This chapter summarizes tha estimating methods and results €rom
the January 1985 study. It does not attempt to analyze the cost implications
of changes in the program occurring after January 1985,

Total-system costs for the reference cases were calculated by summing the
annual costs (expressed in constant 1984 dolilars) estimated for each major
cost category: development and evaluation (D&E), transportation, and reposi-
tory construction, operation, and closure and decommissioning., For two of the
sensitivity cases, the costs of monitored retrievable storage (MRS) were also
included. In order to estimate the costs, an estimation method must be estab-.
lished. The first step in this procedure was, to define a reference case by
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determining the comp¢ients of the waste-management system and the path of
waste material flews. The next step was to develop assumncions that
characterize the facilities and processes in the system i1 sufficient detail
for the derivation ol engineering cost estimates. These - vsumptions also
establish the scope of the system by specifying the quanti:zy and the schedule
of waste acceptance. The assumptions for the waste-gene ~ation rate, the mini-
mum "age" at which spent fuel will be accepted by the DO.’, and the waste-
acceptance ralte can be used to estimate the annual flows ¢  waste that will
occur once the system is operational, The waste flows detwemine both trans-—
portation and repository costs because they determine how wmuch and when waste
has to be transported and how long the repository will opurate before it is
filled to capacity, By using a series of estimating techriques, the total-
system cogt for the reference cases is then calculated.

By changing the assumptions about any of the refersnce-case character-
istics, an endless number of additional cases could be analyzed. 1In light of
the many different asgumptions that could be made, a substantial number of
cases would, in fact, be required to account for the entire spectrum of poten-—
tial contingencies. However, this analysis is not intended to reprasant such
a broad effort. 1Instead, a few major characteristics were chosen to derive a
sst of alternative cases for which total-gystem costs were estimatad.

For the reference cases, ssven combinations of host rocks were assumed
for the first and the second repositories:

First Repository Second Repositotry
Tuff Cryatalline rock
Bagalt Crystalline rock
Salt Crystalline rock
Tuff Salt
Basalt Salt
Salt Salt
Basalt Tuff

Three sets of gensitivity cases were developed., These cases differ from
the reference cases in (1) the waste-generation rate, which is assumed to be
lower; (2) transportation—cask technology, which is assumed to be improved:
and {(3) the repository-startup dates, which are assumed to be delayed. Ten
guch sgensitivity cases were analyzed.

10.2 ASSUMPTIONS

10.2.1 REFERENCE CASES

The reference waste-management system for this analysis assumes that,
after gpent fuel has cooled sufficiently for DOE acceptance at reactor sites
throughout the country, the fuel will be transported directly to the reposi-
tory for preparation (i.e., rod congsolidation and loading intc disposal con-
tainers} and disposal. Therefore, the only facilities in the referencs syatem
are the repository and the required transportation network. The key assump-
tions for the reference cases are given in Table 10-1.
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Table l.~1. FKey Assumptions for the Referer.a Cases
Parameter Aasumpfions
Waste type Spent fuel, comme~¢.al high-lsvel waste

Waste guantiiy

Minimuwn waste age
for acceptancs

Number of repositories

Dagsign capacity for
each repository

Repository design
recaipt rate®

Repository-startup
dates

Host~rock type

Tranaportation-cask
technelogy ' :

Cost basis

from West Valley, Naw York, and
low-level waste g¢r rated at the
repository during sient-fuel consolida-
tion and handling {defearise waste is not
included)

130,300 MTIU, hased on the November 1984
middle~case forecast (DOE, 1984a) by
the Enesrgy Informa:ion Administration
{EIA} of the cumulative spaent-fual
generation through the year 2020

5 years

Two

70,000 MTU for the first repository and
60,300 MTU for the second repository
{the difference between the cumulative
gpent fuel generation through tha year
2020 and the firat-~-rgpogitory capacity)

First repository: 400 MIU per year for
the first 3 vears, 300 MTU for the -
fourth year, 1800 MIU for-'the fifth
year, and 3000 MIU per yeaf Lhereafter
to closure

- Second repository: 1800 MI'U par year

for the first 5 years and 3000 MTU per
year thereafter to closure

1938 for the first repository and 2006
for the sgecond repository

Basalt, crystalline rock, salt, and. tuff
Currently licensed transportation casks

All costs are exﬁreased in terms of
constant 1984 dollars

*This repository-design receipt rate was used to develop the January

1985 program—-cost estimates, which in turn were usad for the February 198%
report on fee addgquacy (DOE, 1985). It is not equivalent to the daszign
receipt rates used glsewhers in the Mission Plan.
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The host rock and the gite of the repository are tv. related parameters
that must be defined befors the estimates can be made. 'h# nine potentially
acceptable sites for the first repogitory consist of one s.te in a tuff forma-
tion in Nevada, on¢ gite in basalt at the Hanford Site .~ the State of Wash-
ington, and seven sites in galt formations in Louisiana Mississippi. Texas,
and Ytah, Since only one gite is being considered in "¢ a1 tuff and basalt,
the site is designated by the rock type. For the sever :&lt sites, a single
site was assumad in crder to estimate the trangportaticn —osts for thig host
rock. A site in the Permian Basin of Texas was selected —ecause it represents
tha middle rang. for the average distance traveled from most of the reactors
in the eastern half of the country. Also, the recently issued draft environ-
mental assessments {(DOE, 1984b) concluded that the site in Deaf Smith County,
Texas. 1% one of the three preferred sites (together with the sites in bagalt
and tuff) for recommendation to the President as candidates for characteriza-
tion, However, the choice of gsitaes in this analysis does not represent the
DOE's final decision on the sites to ba recommended for characterization or
development of a repository.

For the second repository. the DOE is evaluating crystalline-rogk
{(granite) formations in 17 States. These States are located in the mid-
wegtern, northeastern, and southeastern regiong of the country. The estimated
geographic centroid for these regions was assumed for the lcocation of the
crystalline-rock repository. This centroid was used only as the basis for
estimating the averags reactor-to-repository distance in calculating transpor-
tation costs; the assumption does not represent the DOE's poligy for the
selaction of crystalline~rock gites,

From the four alternative roghk .typee and sites for repositories. combina-
tions of gites for the first and the second repository were developed for the
raference cases. The DOE'a current budget-planning assumption is that two of
the three candidate sites for the second repository will be in crystalline
rock, Since crystalline rock 18 not under consideration for the first-
repogitory site, a second repogitory in crystalline rock was alternatively
combined with each of the other three rock types as first-repository sitas.
Algo, since multiple salt sites currently exist. a second repository in salt
wag combined with first-repository sites in tuff, basalt, and also salt.
Finally, a basgalt site for the first repository and a tuff site for the second
ware combined because these two sites represent the longest distances from
most of the reactors and hence are expected to incur the maxirmum transporta-
tion costs. The shortest transportation distance is associated with the
combination of salt and crystalline rock.

Ag already mentioned, the geven raference cases differ only by the loca-
tion of the repository sites. Each of the cases is based on identical assump-
tiong about the amount of fuel, the design of the repositories (two phases for
the first repogitory and one phasa for the second repository), repesitory-
gtartup dates, and transportation casks.

10.2.2 SENSITIVITY CASES

Three categories of aenéitivity cases were. derivad: -(ll.lduuwaata .
generation, (2) improved transportation-cask technolagy., and . (3):repeaitery
delay. Within each category, a few different cases were included, .The com-
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plete case structure--7 reference cases and 10 sengitivity cases-—is described
in Table 1l0-2 by its distinguishing features.

To represent a "ow-waste—generation cage, the EIA "ni-new-orders" fore-
cast ¢f November 1984 was assumed (DQOE, 1984a). The cumt ative amount of
spent fuel generated in thig case is 97,700 MTU, or 25 percent less than the
amount projected in the reference cases. The repository waste-acceptance rvate
and startup schedule rvemain the same as in the reference cases., Four combina-
tions of first- and sevond-repository locations were assuw -d for this case:
(1) basalt and t.ff, the reference-case combination with tne highest total-
system cost; (2) salt and crystalline rock, the reference-case combination
with the lowest total-system cost; (3) basalt and salt; and {4) tuff and crys-
talline rock. These combinations provide a broad-band assessment of the cost
impacts associated with less waste in the system.

The currently licensed spent-fuel tranasportation cas%s assumed for the
reference case are relatively inefficient in comparison with the cagk designs
that are expected to Le developed. The new casks will be able to carry more
spent—fuel assemblies, thereby raducing the number of shipments necesgary and,
in turn, the cost of transportation. Current casks are designed to transport
spent fuel that has a minimum age of only 120 days {(i.e., the time of dis-
charge from the reactor). The fuel to be accepted by the reference waste-
management system is to be aged at least 5 years, and the greater capacity of
the new casks can be realized because less shielding will be required for this
fuel . An alternative, more efficient, set of transportation casks was there-
fore included in this analysis as a sensitivity case to determine ths effact
on the total-system cost. The cost edtimates were calculated for two
repository-site combinations that represent the greatest digtance traveled
(basalt/tuff) and the asmallest distance traveled (galt/crystalline rock ) from
among the geven reference-case combinations.

Although the DCE ig committed to start accepting spent fuel from util-
ities by January 31, 1998, two sensitivity cases were developed to determine
the effect on total-system costs of delays in the startup of the reposi-~
teries. Two alternative cases were examined: a delay of 5 and 10 years in
the opening of both the first and the second repository.

Costs for each of the repository-delay cases were estimated for the
reference-case repository-site combinations that yield the highest (basalt/
tuff} and the lowest (galt/crystalline rock) total-system cost,

10.3 DEVELOPMENT AND EVALUATION COSTS

The developmant and evaluation (D&E) cost category covers all the giting,
design development, testing, regulatory, aand institutional activities agso~
ciated with the repositories and the required transpertation network: it also
covers the D&E activitiss associated with monitored retrievable storage. Most
of the D&E activities will take place before the construction of waste-
receiving facilities and the fabrication of waste packages and tranaportation
casks, but some efforts, such as regulatory activities, will continue during
the facility-construction pericd., 1Included in the D&E category is the mitiga-
tion of sociceconomic impacts, which is assumed to occur throughout repository
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1'0ie 10-2, Caseé Structure for the Total-Syster Lost Analysish

Cumuiative Spent- Rrpository Startup Additignal

Reposilory Host Rock Fuel Generation - Dale Sterage
Case firsi Se¢ond {MTY} ¥ rst Second Fagilities
Reference casas
salt Crystalline 130 .308 1598 2006 Hone
Tuff Crystaliine 130,308 1698 2006 Nong
Rasalt Crystaliline 130,300 1598 2006 None
Sait Salt 138,300 1998 2006 None
Tuff Salt 130,300 1998 2006 Hone
gasait 5alt 133,300 1998 2008 Nane
Bfasalt Tuff 139,309 15948 2006 HNone
Sensttivity cases
Low waste gener-
ation Basalt Salt 97,700 1998 z006 MHone
Basalt Tuff 97,700 1898 2006 Hone
Salt Crystalline 97,700 1998 2008 Nene
Tuff Crystaliine 97,700 1998 2006 Hene
Improved cask :
tachno'togy pasalt Tuff 130,300 1998 2006 None
salt Crystalling 130,380 1998 2006 None
Repository delay
§-year Basalt Tuff 130,300 20013 2313 MRS
s5alt Crystalline 139,360 2003 2001 MRS
1¢-year? fasalt Tuff 130,300 2008 z016 MRS
Salt Lrystalline 130,390 1008 2016 MRS

AThe waste-receipt rate for the Lwo-phase first repository is 400 MTU/yr for the first 3 years of
operation, 906 MTU in the Fourth year, 1800 MTU in the fifth year, and 3000 MTU/yr thereafter. The rate
for the single-phase second reposttory is 1800 MTU/yr for the first 5 years of operation and 1000 HTU/yr
thereafter.

8The first repository 15 assumed te¢ be a single-phase facility.
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construction., Alsco included in this category is the cost rf Federsal Govern-—
ment administration o the entire waste-disposal program. 0 so definad, D&E
gncompasses all progiam expenditures both at the present * me and for the next
several years.

The starting point for estimating D&E costs is a acl siule of overall pro-
gram milesteones. Havirg established a milestone schedule. the activities cur-
rently under way to accomplish these milestones must he deil srmined along with
the current costs for these activitieg. Next, activities in the future that
must be either continued or initiated to accomplish tha epntire schedule of
milestones are determined, and the time periods over which these future activ-
ities must take place are¢ estimated. Finally, the coste of performing each of
these activities are estimated, drawing on the cogt-activity relationships of
the current and near-term activities and independent cost eatimates of future
activities, where awvailable,

The schedule of milestones for the reference-case DEE cost estimates is
based on the program schedule as of January 1985, which is consistent with the
FY86 budget submittal to Congress. Compared with the schedule in the April
1984 draft Mission Plan, this schedule repregents later dateg for nearx~tarm
first-repository milestonas, but still retaina *he January 1998 date for the
start of repository operations. For the secohd repogitory, tha start of
operations has been delayed 17 monthe from the draft Misasion Flan schedula,
Table 10-3 presents the specific milestones that were uged in developing the
D&E costs.

The D&E cost estimates assume only the activities that are coverad by the
Nuclear Waste Fund and are categorized into five major areas: first reposi-
tory; second repository; monitored retrievable storage; transportation and
systems integration; and socioeconomic impact mitigation. Govermment adminis-
tration is added as the sixth ¢ost category. '

The primary data source for the cost of current program activities is the
budget developed for the Nuclear Waate Fund. For a2ll of the D&E cost cate-
gories, the FY86 budget submitted to Congress in January 19385 served as the
numerical bagis through the year 1990, The D&E estimates are axpressed in
terms of constant 1984 dollars for consistency with the other cost categories.

Thig reference-case D&E cost estimate pertaing to all the cases in which
the repositories are assumed to start operating according to the program
gchedule and is essentially the same acrogs all host rocks and apent-£fusl
generation scenarios, In addition to the reference-case estimates. there are
two sensitivity cases that require alternative D&E cost estimates: the S5- and
10-year repository delays. The DS&E costs for the reference and the sensitiv-
ity cases are summarized in Table 10-4.
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Table 10-3, Schedule of Program Milestonzs

Program Milestaone First Repository” Secorid Repository

Identify potentially .cceptable sttes Completed 6/8%
Complete draft enviv nmental assessments 12/84 12790
Complete Final environmental assessmants 6/85 6/91
Nominate sttes G/B5 6/91
Reconmmend candidate sites 7/65 7791
Presidential approval of candidate sites 9/83% a/91
Start preparation of exploratory-shafe site 12/85-10/86° 9/91
Start expleratory-shaft construction 3/86-2/07¢ 2/972
Start praliminary waste-package design ’ 6/87 6/93
Comptete explori wory-shaft gonstruction 3/88-9/68° 8/94
Start Title I repository destgn 2/68 1/94
Complete exnloratory-shaft testing

for DEIS and recommendation 12/89 12/95
Issue draft environmentnl impack statgment (DEIS) 6/90 6/%6
Issue final envirgnmental impact statement 12799 _ 12/96
Recommend to Prestdent /a9 1/97
Complete exploratory: shaft testing for ’ o

license appticatton to the NRC 11/99 11/96
Complete Title I repository design 5/90 1/96
Site designation effective, submit

1icense application ' 5/9 ’ 5/97

NRC gprants ligense, start operations /88 : 2/2006

- r v

AThe dates given here:are the program-milestons dates used for the most racent
analysis of totpi-system costs {Roy F. Weston, In¢., 1985)., They are not the same as the
revised dates presented elspwhere in this plan,

YEarlier date 4s for basalt and:tuff, and the latar date is For salt. -

CEarlter date is for basalt, and the later date s for salt. The date for tuff is
between these two dates.

®earlier dote is for tuff, and the Jater date is For salt. The date far hasalt is
hetween these two dates. .. o S

Table 10-4. Surmery of Totnl D&E Casts.'
{Mi1l1ons of 1984 Dollars!

Refarence §-Year 10-Yedr

Cost Category o Case - Delay Case- " Delay Case
First repository ” 3200 3400 1560 '
Second reposttory . C C2ton - 2200 : : 2300 -
Monitored retriavable o

storage. - 100 100° CE TR 100
Transportatian and o N T o

systems integration ™™ ~ 200" 300 N 1
Socioeaconomic impact ' .o .';;m

mitigatton 500 700 1000
Government

administration® 1600 1200 1809
Total 7800 8400 9100

Apssumes crystalline rock or tufF For the second repository. If
the host rock is salt, then the costs of Governmant administration and
tharefore the total B&E ¢osts will be $5¢ million tess.
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10.4 TRANSPORTATION COSTS

The Act directe. the DOE to develop the transportati.n capability neces-
sary to support the waste-management system, The Act ri--uires the DOE to take
title to the spant fuel at the reactors and to arrange cor transportation to
storage or disposal facilities., The Act also requires %.at private industry
be involved in develcping and providing the necegsary i -r.ngportation services
to the fullest extent possible.

The method for estimating trangportation costs derives a unit charge for
trangportation-cask usge, shipping, and security for each potential transpor-
tation pathway: this unit charge ig applied tc the annuel waste material flows
to arrive at the total transportation cost. The pathways considered include
transportation from the reactors to each repository loca-~ tien, from reactors
to an MRS facility (which is assumed to be used only in the repository-delay
cases}, and from the MRS facility to each repository. The total unit
transportation cost is the sum of these three unit costs, Each of thesa
astimations is performed for two modes of trangportation: rail and truck
trangportation. A sgplit between the two modea is assumed in order to
calculate the total cost,

Before any of these unit costs can be derived, the transportation dis-
tance for each pathway must be estimated. The distances ware estimated in two
steps. First, average distances were estimated from reactors to each of the
four repository gites and to the MRS site and from the MRS site to each of the
repository sites, These distances are pertinent only when one reposgitory is
in operation. Second, a reduction in these distances was calculated to
account for the potential savings of optimizsd routing for the years when two
repogitories are in operation. Unit costs were estimated for each set of dig-
tances and are appropriately applied to the apnual waste material flowa,
depending on whether in a gpecific year one or two repogitories are in
operation,

Table 10-5 presents a summary of the transportation coats:éséiﬁated for
each reference and sensitivity case, detailed by individual pathway.

13.5 REPCBITQRY COSTS

The construction, operation, and closure and decommisgsioning costs for the
two repositories represent the largest component of total-system costs. By
virtue of their relative importance, the repository costs have undergone
substantial review and reestimation since the previous set of costs was cal-~
culated for the draft Mission Plan., The cornsrgtone of this process was a new
enginearing feasibility study developed in response to a change in the program
gtrategy. The design concept for the first repogitory was changed from a one-
phase facility to a two-phase facility that allowed waste acceptance by
January 1998. This feasibility study included a cost analysis of the new
repository design. However, the estimates should be recognized to have sub-
stantial uncertainty because of possible future changes in the design of the
repositories. As designs become more advanced and the facility character-
istics become fixed, the cost estimates will become more mesningful.
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The method used in estimating the reposgitory cogts wi.3 a three-step
procedurs. PFirst, crgts ware developed for standard-size tacilities (70,000
MTU} for sach of tha alternative host rocks. Second. a : aling technique was
applied to the costs of a standard-size faciiity to deriv. costs for the
facility capacities that are reguired by the waste mater i:i flows for each
case in the analysis. Third, the total construction, ofsiation, and ¢losure
and decommissioning costs were annualized for inclusion i “h the othar cost
components,

In developing the standard-size-facility costs for tu€f, basalt, salt,
and crystalline-rock repositories, a parametric approach was used, It agsumes
that many features of the surface facilities and underground layout are
generic for all rock types. In general, the surface and underground design of
the tuff repository was used for the other host rockz. However, certain
agpects of the tuff design have been adijusted for salt., basalt, and crystal-
line rock to allow for differences between thesge host rocks. The costs of a
two-phase repogitory for the three first-repository host rogks were first
developed according to the paramatric analysis approach. Then thesa costs
were used to develop the costs of a one-phase repesitory for all four rock
types since sach could potentially be used for the second repository, which is
a one-phase facility. Tha costs for the standard-size repositories ara pre-
gsented in Table 10-6. '

Table 10-6. Summary of Cost Estimates for the Standard-Size Rapository
by Host Rock
(Billions of 1%84 bollara)

First Repogitory {Twc Phasgesg)

Cost Catagory Tuff Basalt Salt -
Construction 1.1 2.3 1.6
Oparation 5.8 8.3 4.9
Clogure and . DY

decommissioning 0.1 0,1 0.3

Total - 1.0 10.7

B -
e *
&

~Second Repository (One Phane)

Cost Category Tuff Bagalt Salt ' . Crystalline
Congtruction 1.0 2.2 1.4 0.9
Operation 5.7 8.2 4.7 5.7
Closure and :

decommissioning 0.1 0.1 0.2 0.1

|
|
|
|

Total

o
[--

10.5

L=2]
w
on
-

-3
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In all cames but the low-waste~generation case, tha first-repository
capacity is idencicsl with that of the standard-size facility, or 70,000 MIU.
Therefore, no adjus:ment in the costs of the standard-siis costs ie required.

The gecond-reposituxy capacity, though, ig 63,300 MIU, : - that the costs of
the standard~gize facility must be zcaled down to estima-,e the second-reposi-
tory costas. In the low-waste-generation case, both thr iirst and the second

repositories are gizvd below design capacity, and the taoling technique is
applied to each. A summary of the repository-cost estim -es for all cases is
shown in Table i0-7.

10.6 STORAGE COSTS

This section prasents tha cost estimates for the storage activities
required in the %- and 10-year repository-delay cases. It was assumed that
such delays would require an MRS facility. These assumptions were made for
the sole purpose of performing the cost estimation and may not represent the
final assumptions for the integratsed waste-management system.

The costs for each of the delay cases were estimated by first determining
the amount of fuel that needs to be stored in each case. Thiz was accom-
plished by assuming that even with a delay in the start of repository opera-
tion, the DOE would accept fuel at the reference—case rate. Theraefore, the
storage requirements wera determined by calculating the difference betwsen the
raference-cage acceptance schedule and the repository acceptance schedule in
each delay case. Having made thiz determination and after deciding on the
preferred engineered concept for providing the required storage at an MRS
facility, the cost estimates were then developed by using the best informaticn
available on the cosats of constructing and operating the required storage
facilitiesn.

The Act identifias monitored retrievable storage as an coption for the
long-term storage of waste. The Act directs the DOE to submit to Congress by
June 1., 1905, a proposal to construct cne or more MRS facilities. The Act
further specifies that this proposal should include at least thrae alternative
gites and a minimum of five alternative combinationsg of gsites and facility
degigns, To develop these designg, at least two concepts must ba selected for
further design. To do thig, eight previously gstudied concepts were aval-
nated. From these alternative concepts, the concrete-cask design was selected
as the primary concept because of its demonstration experience, simple and
flexible design, and low estimated cost in comparison with the other con-
cepts. On the basis of this svaluation study. the concrete-cask concept was
assumed for estimating the MRS cost. Table 10-8 presents the MRS cost esti-
mates for both the 5- and the lD-year repository-delay cases. In the 5-year
cagse, a storage capacity of 30,000 MTU ia required, while in the 10-year case
a capacity of nearly 55,000 MIU is needed. The total costs for each case are
$2.0 and $2.4 billion, respectively. It should be noted, how- ever, that
theae cost and storage capacities are based on the previous MRS misgion of
providing backup storage for a repository. The costs and capa- cities for an
intagral MRS facility would be different.
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Table 10-7.

Summary of Repository-Cost mmupawﬂ»m
(Billions om 1982 Gollars) :

-

Case

Construction

first Repository

Operation Deconmigsioning

second Repository

Construction

Reference cases

Tuff /crvsizline
Ba.~toftoontT o
Salt/ecrysteirine
Tuff/salt
Basalt/s21t
Salt/sait
Basxlt/tuff

Sensitivity cases

Low waste generation
gasalt/salt
Tuff/erystalline
Basalt/tuff
Satt/erystailine

Improved cask nnn::odonw

Basalt/tuff
Saly/erystalline

S-ygar gelay
Bas2it/tuff
salt/orystalliine

10-year gelay
sysatt/tuff
salu/for¥snLrtine
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5.8 8.1
8.3 0.1
4.9 b.3
5.8 0.1
8.3 ]
4.9 8.3
8.3 0.1
8.1 0.1
5.6 ¢.1
a.1 9.1
4.8 6.3
8.3 - 0.1
5.9 0.3
8.3 o.1
4.9 ¢.%
8.2 8.y
5.7 9.2
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Table 10-8, MRS Requirements, Operating Life .ime, and Costs’

5-Yed. 10-Year
Ca*egory Delay Delay
Storage requirements (MTU) 30,0¢Q 54,900
Cperating lifetime {(years) _ 36 41
Costs®
Construction 300 300
Operations 1,600 2,000
Closure and decommissioning 60 60
Total cost : - 1,960 2,360

*It should be noted that these costs and storage capacitiesg are

based on the previcus MRS mission of providing backup storage for the
repogitory. Tha numbere for the integral MRS facility ineluded in the
improved-performance plan (see Chapter 2 of Part I} would be different.

10.7 SUMMARY OF TOTAL SYSTEM COSTS

The cost of the repository is the largest component of the total-system

costs for all cases. Por the reference cases, the costs for both repositories
repregent 51 to 59 percent of the total. The development and evaluation costs
are the next largest component, accounting for 26 to 33 percent of the total,
and transportation represents 14 to 18 percent. The relative importance of

each

of these components ia decreased in the repository-delay sensitivity

cases because of the inclusion of storage costs in the total-system costa.
Storage costs may be as high as 8 percent of the total in the 10-year-delay

case,

The total-system costs are summarized in Table 10-9 for the 7 reference

cases and 10 sensitivity cases,

The principal findings of this analyszis are as follows:

1. The total-system costs for the reference program, expresgsed in con-
stant 1984 dollare, range from $23.8 to $29.7 billion, depending on
the host rocks and sites of the two repositories. For the sensitiv-
ity cases analyzed in this report, the total-system costs may be as
high as $35.3 billion {10-~year repositary delay) or as low as $20.9
billion (low waste generation), representing a range in potential
costs of 69 percent,
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2. The host rocks and sites of the two repositoric: have a significant
effect on total system costs: the total costs J.r the host-rock com-
binaticn w th the highast reference~case cost i(hasalt/tuff) is 25
percent higher than the cogt for the combinati n with the lowest
reference-case cost {salt/crystalline rock).

3, The waste-gensration rate algo has a signific n- effect on total-
system costr. The cost for the low-waste-gencs tion case is $2.9 to
$3.6 billion less than that for the reference w:ie, depending on the
reposi.oxy gite. However, op an average unit-cost basis, the low-
waste-generation case is 17 percent more expensive than the reference
gzsa because of economiss of gcals.

4. The use of improved transportation-cask technology reduces transpor-
tation costs by 50 percent and decreases the totai-system costs for
the reference cage by $1.7 to $2.5% billion, or 7 to 8 percent,
depending on the site of the repogitory.

5, Delays of 5 or 10 years in the opening of the repogitories increase
the total-system costs by $3.3 to $3.5 billion and $5.1 to $5.6
billion, respectively, depending on the host-rock combination. Thess
additional costs are due to sxtended development and evaluation
activities, to storage facilities that would otherwise not be
required, and increased transportation requirements for shipments to
and from an MRS facility. {(In the }0-year delay, repository-
construction costg are also increased bacause, by definition. the
delay is partially due to problems experienced in construction.)

Roth repositories receive 100 percent of the design receipt cate
throughout their operating peried in the reference cases: thus
delaying the start of repository operation does not affect
repository-operation costs because in this delay case the system also
operates at maximum efficiency.

6. Because of the gizable cost impacts of repository gites, waste-
generation rate, transportation-cask technology. and repesitory-
startup dates, the effacts of one parameter may be partially or
wholly offset by the effects of another parameter. For example, the
total-gsystem costs for the S5-year delay with repositories in salt and
crystalline rock are lower than those for repositories in basalt and
tuff.

Figure 10-1 shows the annual total-system costs for all years in the life
cycle. detailed by major cost category, for the highest-—cost reference case
{basalt/tuff}. As the figure shows, total-system costs from 1983 through 1990
consist exclusively of development and evaluation costs. Construction costs
{advanced design work} for the first repository start in 1991. The total-
system costs peak in 1995, when both the costs of first-repository construc-
tion and the costs of development and evaluation for the second repository are
at their highest levels. A high plateau for total-system costs--only 14
percent lower than the 1995 peak value--gtarts in 2011, whan both repositories
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Tzhle 10-9, Summary of Total-$ystem Life-Cycie Jost Estimates
{81111ons of 1984 Dollars}

Transper - o aittory Grand
Case pag tation First  jecond  Total Storage Totat®
Refarence cases
Tuff/crystalline rock 7.8 3.8 7.0 6.1 131 - 24.7
Basaitrorystalline rock 7.8 3.8 10.7 5.1 16.9 - 28.5
S5ait/erystalline 7.8 3.3 6.8 6.1 12.8 - 231.8
Tuff/sait 7.8 4.5 7.0 6.8 12.8 - 25.¢
Basalit/salt : 7.8 4.4 19.7 f.a. ) 16,6 . - 8.8
Salt/salt 7.8 3.9 6.8 £.8 12.5 - 4.2
Basalt/tuff 7.8 5.1 10.7 6. Y 16.9 - - 29.7
Sensitivity cases
Low waste generation
Basalt/salt 7.8 3.5 10,4 4,2 10.6 - 25.9
TyFf/erystalline rock 7.8 3,2 6.7 LR 10,7 - 21.6
Basatt/tuff ’ ' 7.8 3.8 10.4 ;40 4.4 - 26.1
Satt/erystaltine rock - ' 7.8 "Rig ET% ) 4,0 . 1045 - 20.9
Improved cask techﬁpioﬁy "f‘ . o
Basalt/tuff . 7.8 2.6 . 10,7 6.0 . 16,9 - 27.2
Salt/crystalline rock 7.8 1.6 6.8 , 801 12,8 - 2z.2
Reposttory delay : E ) e
S-year :
Basatt/tuff o 8.4 5.9 107 6.0 6.9 2.8 33.2
Sait/crystalline rock 8.4 §.0 6.8 B T 12.8 2.0 27.1
10-year
Basalt/tuff 9.1 6.5 11.0 6.2 37. 4 2.4 35.3
Satt/crystalline rock 9,1 4.7 6.7 6.3 ... 13.0 2.4 28.9

“The costs tn any particular category may not add. to the tatai because: of independent rounding.

' . . I Lrrioe . !
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are operating at cneir maximum receipt rates and continues through 2024, the
last year of first-repository operation at a rate of 3130 MTU per year.
Total-syster coste drop very rapidly after this year ai both repositories
enter the caretaker period by the year 20283,

The adequacy of the waste-disposal fees for the ¢ sts for the disposal of
commercial spent nuclear fuel and high-level waste h¢s een examined annually
since 1983, These fees, established by the Act, cong st of a one-time fee
assessaed on waste existing on April 7, 1983, and an ou¢oing fee assessed on
electricity gensraled in nuclear power plants after Apr.1l 7, 1983,

The revenue projections used in the February 1985 analysis (DOE, 1985)
ware derived from EIA forecasts of gross electricity generation prepared in
September 1984. Two forecasts of the growth of nuclear power were uged. The
middle-case forecast agsumes that there will be no net future cancellations of
present nuclear-plant construction projects (i.e., any cancellations will be
offget by the resumption of previously deferred plants, and that the number of
nuclear power plants will grow at a moderate rate between 1990 and 2020, with
an approximate doubling of installed nuclear capacity from 107 gigawatts
electrical (GWe) in 1990 to 212 GWe in 2020. The no-new-orders forecast
assumes that all reactors that are currently under construction but are less
than 30 percent complete, are indefinitely deferred, or have a current work
stoppage that will be cancelled and that no orders for new reactors will Dbe
placed. The net effect is that, after the reactors that are now more than 30
percent completae begin operation by about 1930, the installed nuclear capacity
will be stable at 109 GWe for about 10 years, decline to 49 GWe in 2020, and
fall to zeroc soon after as plants are retired. The middle-case and the
no-new—orders forecasts are not intended to represent absolute bounding cases,
but to illustrate the potential effects of a reasonable range of forecasts for
nuclear electricity generation.
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Chapter 11

SOCIQECCONCMIC IMPACTS

An identification of the possible adverse eco:onic and other
Impacts to [he State or Imiian tribe involved t 3t may arise
from the development of a repository or test anu avaluation

Facility at a site,

—--Nuclear Waste Policy Act, Section 301(a){1ll}

This chaptar identifiss a range of generic socioeconomic impacts that may
be associated with the siting, development, and operation of a geologic
repository. The DOE does not expect that the full range of impacts discussed
here would occur at every potsntial site, In accordance with the Act,: the
gite-gpecific impacts of both site characterization and a repository are
assessed in the socicaconomic-impact sections of the draft environmental
asgessmentg and will be asfgesssd in the environmental impact gtatément. Both
the States and the DOE will be conducting impact-asgessment studies during the
gite characterization phase of the program.

Experience with large energy-development projectg in rural areas indi-
cates that impact asgessments will be more accurate if the residents of
affected communities take part in the process. The DOE will work closely with
Statesg, affected Indian tribeg, and local communities to identify and avoid or
mitigate significant adverse impacts caused by a repository., Furthermore, the
Act provideg States and affected Indian tribes with grant funds to conduct
their own independent asgessments of sociceconomic impacts and to request
impact-mitigation funds from the DOE if a zite within their boundaries or on
their reservation is selected for a repository,.

An accurate assessment of all potential impacts may prove difficult be-
cause the schedule for constructing, operating, closure, decommissioning. and
covers 90 yeard. Sociceconomists find it more difficult to make forecasts as
the planning period increages and must revise and update their predlctions to
reflect changing conditiohs in a given study area.

The socioceconomic impacts of a repository can be grouped into two major
categories:

1. Impacts that result from development-related growth,

2. Impacts that result from the unique features and publlc perceptions -
of a repository.

Several types of impacts are discussed in this chapter: demegraphic,
economic, community service, social, and fiscal. The discussion covers: both
the impacts stemming from development-related growth and the impacts related
to the characteristics and perceptions of a repository. These and other
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impacts have been Lu¢ing studied for the environmental agsessments and will be
. further studied, as needed, for the preparation of the «nvironmental impact
statement,

11.1 DEMOGRAPHIC CHANGES

Demographic chaiges include population inmigration esulting from in-
creased employment opportunities and outmigration resuiting from the termina-
tion of temporary jobs. Some residents might also leave the area if they are
raluctant to live near a repository,

The development of a repository will create demand: for workers to con-
struct and operate the facility. Workers and their families will move into
the affected area .f snough workers who have the needed job skills do not
already live in the area, The axpanded population will damand more goods and
services, thereby creating new business opportunities that could sncourage
others to move into the area. This sacondary population increase may be
larger than the increase that can be attributed directly to the rapoaitory
{see Section 11.2},

Four major factors influsnce the axtent to which these demographic
changes could affect surrounding communities: (1} the total number of inmi-
grants and outmigrants, (2) the rate of population growth, (3) where the
inmigrants choose to live, and (4) the demographic characteristics of the
inmigrants and the host population,

The total number of inmigrants will depend on the number of workers
needed te construct and operate the repositery, the availability of local
labor., and the number of family members who accompany incoming workers,
Therefore, when estimating the number of inmigrants into an area, assumptions
must be made regarding the percentage of available jobs that can be filled by
local residents and the family siza of incoming workers.

Some residents may move out of the affected area if they believe their
health or safety is threatened by a repository, but it is difficult to predict
how many people might leave for this reason. Other residents living along
rcads designated as waste-transportation corridors may also move bacausa thay
are concerned about the hazards of waste transportation. If outmigration
occurs for these two reasons, it would probably occur during the sarly phaaes
of repository development and cperation and would cease if the repository
operates without incident.

The rate of population growth is important, as is the total number of
inmigrants., The schadule of repository construction and ths availability of
workers in the affected area determine the rate at which workers move into an
area. Immigration could begin before the final site selection decision is
announced. For example, unemployed construction workers may move into the
area in anticipation of future job opportunities.

Where the inmigrants choose to live makes a difference in the kinds of
impacts associated with population increases. Workers are more likely to
choose communities where housing and services are already available, although
some may choose to live in smaller communities with fewer services if they are
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cloger to the reposi ory. The changes associated with tl inmigration--
changes in age distributiona, the ratio of males to fema.:s, income and
educational levels, and the ethnic composition of a commiicy--will affect the
types of services ard housing that are needed and the wa -~ of life in the com-
munity. These impacts are discussed in Sectiong 11.3 ar. 11.4,

11.2  ECONOMIC IMPACTS

Econemic impacts may be positive for some groups ani negative for
others. Increased demand for goods and services can promcte new business and
employment opportunities. On the other hand, higher wages may drive up the
cost of living, causing hardships to some buginesses, people whose wages do
not increase, and poople on fixed incomes. Moreover, soine economic activi-
tieg, such as agriculture or tourism, could be affectad.

The development and operation of a repository will infuse money into the
economies of surrounding communitiees and provide new joba, some of which will
be filled by local residents., Repository workarg may receive higher wages
than those paid in these communities. This difference in wages may encourage
residents to leave their jobs and seek employment at the repository, Estab-
lished local businesses may find it necesszary to raise wages in order to re-
tain their employees. One result of this competition for workers could be a
rigse in the average per capita income, which could lead to increased demands
for a wider variety of goods and services.

The combination of a larger population, increased consumer demands, and
higher wages may drive up the general cost of living in affected communities.
Residents whose incomes do not grow at the same rate as the general cost of
living may find that their purchasing power ig reduced, In particular, people
on fixed incomes, guch as the elderiy, may havae difficulty paying for housing
and other needed services,

Local purchases of materials used in constructing and operating the re-
pository and increased consumer spending will stimulate secondary economic
development in the area. New businesses will open and some existing ones will
expand, which will provide more choices to congumers. The extent of this
secondary economic development will largely depend on how much of the wages of
repository workers is spent within the community and what portion of the
materials needed for the repository is purchased locally. It is likely that
the secondary ecconomic growth will exceed the primary economic grosth,

Economic growth may affect the market sharss of existing businesses,
depending on their abilities to expand and to compete with new enterprises.
For example, some businesses may have difficulty paying higher wages and
obtaining the financing to expand their operations.

The number of workers employed at the repository will fluctuate through-
out the various phases of the repository. The number of construction workers
will reach a maximum between the third and the f£ifth year of construction and
then gradually decline. The number of jobs during the period of repository
operations will increase from the first year until reaching a peak between the
l4th and the 18th years, after which the number of jobg will decline for the
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remainder of the ope.ations phase., There will be a slighw increase in employ~
ment opportunities during decommissioning and closure, a‘'ver which very few
persons, if any, will be employed at the repository.

It is possible that affected communities may experié¢ace an economic down-
turn with repository closure, and they may want to deve ¢ strategies for
economic diversification in anticipation of the clesing of the repository.

Several economic impacts may stem from public apprehension of a reposi-
tory. First, sowe economic activities, such as tourism aad agriculture, could
be affected. Second, private-property values near the siie of the repository
and along major transportation corridors could fluctuate. Third, it may be
difficult to attract major new industries into an area where a reposgitory is
located,

Activities like touriem and agriculture could be affectsd by the
development of a repository if potential visitors to recrcaticnal, natural, or
historical places in the affected area, believing that these places are less
attractive because of their proximity to a repository, choose to stay away.
This would hurt businesses in affected areas that depend on tourism.
Similarly, if consumers believe that agricultural products grown near a
repository are contaminated or otherwige undesirable, it may be difficult to
sell those products, and farmers near the repository could conceivably
experience losges. At this time, however, there is no direct evidence that
either of these impacte would occur. The potential for these kinds of impacts
will be investigated during the investigations to be conducted concurrently
with site characterization.

Private-property valueg may fluctuate throughout the repogitory planning,
construction, and operation phagea. These fluctuations could occur near the
site and along major transportation corridors in the vicinity of the reposi-
tory. The initial phases of repository development may be accompanied by a
decline in property values. However, it is likely that property values will
increase again at some time during the operations phase when the safety of
repository operations is accepted by the public.

It is possible that developers from outside the community will attempt to
purchase large tracts of land: in anticipation of future housing needs. This
could result in a larger percentage of absentee landowners in affected commun-~
ities and some loss of lotal property control.

Communities hosting a repogitory may initially have trouble attracting
new commercial or industrial enterprises to their area in an attempt to diver-
sify the local economy. However., any initial reluctance of businesses to
locate in the wvicinity of a reposgitory should also subside after the reposi-
tory has been operating for several years without incident.

11.3° COMMUNITY-SERVICES IMPACTS

As mentioned above, population increases will stem from the hiring of
repository workers from outside the area (primary growth) and the expansion of
buginess activity {secondary growth). This growth in population will place
additional demands on existing housing, public facilities, and public serv-
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ices. One long-range effact of this increased demand coul.t be more housing
choices for residents and improved community facilities ar. servicas., How-
ever, if sufficient f.nds are not available to pay for tht .azedsd improve-
ments, existing servises would be strained, which would 1 wev the overall
quality of services in the community.

11.3,1 IMPACTS ON HOULING

If a large proportion of repository-gonstruction jobs are filled by
inmigrants, new workers will be competing for available housing in affected
communities, Demand for housing will accelerate guickly hecause peak employ-
ment will occur between the third and the fifth vears of repository construc-
tion, The extent to which this housing demand can be met will depend mainly
on the number of wvacant housing units in affected communities and the extent
of planned real-estate development.

A sizable population influx will also reduce vacancy rates in affected
communitiew, It is possible that the repository-related population growth
will regult in increases in the price of housing. Since repository workers
may receive higher wages., othar members of the community could be at a
competitive disadvantage in the housing market. In partigular, residents on
fixed incomes and those who rent housing may have difficulty adjusting to
increases in housing prices,

Demands for new housing should stabilize during repository operation
because additional housing will have been built during the construction
phase, It is likely that repository-operations workers will also occupy
housing vacated by the construction workers who will leave when construction
is completed.

Experience with other large development projects in rural areas suggests
that housing prices may remain at inflated levels sven when the additional
demand due to population growth subsides, especially if the wages of
project-construction workers inflate the general cost of living,

11.3.2 IMPACTS ON COMMUNITY FACILITIES AND SERVICES

The population increases associated with the repository may c¢reate a nesd
for additional facilities and services in surrounding communities. including
roads, water and sewer lines, schools, health-carg serviges, fire and police
protection. traffic-control and mass-transit systems, and cultural and recrea-
tional facilities. The expanded population may also create demands for serv-
ices not currently provided in the community, such as counseling centere and
an emergency-response capability.

The extent to which public facilities must be expanded will depend, in
part, on the number of additional housing units that are built. If a large
number of housing unitg must be constructed, costly expansionsg of municipal
facilities may be required. For example, the construction of new housing
developments will require that access roads be improved and that utility runs
to existing electrical power, water, and sewer lines be lengthened,

-449-



a0 008 a 9 3 A

i

The effects of population growth on public services +ill vary, In gsome
cases, a larger popuiation will allow the community to provide more services,
For example, a largev population will be able to support tars specialized
medical personnel, -esulting in improved health care-ser n.¢es. On the other
hand, 1if affected communities cannot fund specialized me. ical personnel. some
new community mewbers with health problems different froan those of leng-time
residents may not get the health care they need.

A community's ed.cational system will be immediately affected by a rapid
population growt’y because workers will enrcll their children in school as soon
as they move inte an area. Although communities may hava to invest more money
in their schools to accommodate these increases, a long-range effect of this
investment could be an improved educational gystem. For example, more teach-
ers could be hired, and a wider range of courzes could be offered. However,
if affected communities are not willing or able to pay f¢r the needed improve-
ments, schools could become overcrowded, and the quality of education would
suffer.

The need for some gervices may increage beyond what would be expected
solely on the basis of population growth, For example, when the selection of
the repository site is announced, unemployed construction or mining workers
may be attracted to comwunities near the site. If many of these workers do
not find jobs but choosge to remain in the area., local social service agencies
may be excessively hurdened. The need for services not presently provided in
affected communities may also be created. For exampls, new residents may
desire day-care centers or family-planning clinics in their community.

11.4 SOCIAL IMPACTS

Social impacts are related mainly tc a community's social organization
and with perceptions of group and personal well-being. These impacts can be
important to community resadents, yet they are most difficult to identify and
measure. For example, there are no standard indicators of community char-
acteristics like the guality of life or community satisfaction. This section
lists some of the social changes that a repository may cause.

A large increase in the size of compunity may alter the age distribution
of its residents, its ethnic composition, and the ratio of males to females,
Furthermeore, the values, lifestyles. cultural traditions, and political views
of the inmigrants may differ from those of long-time residents. These changes
will affect the way residents interact with one another and may influence the
guality of life in that area. In the case of a repesitory, whether these
changes are positive or negative will depend on individual preferences and the
extent of planning conducted jointly by the community, the State or Indian
tribe, and the DOE. Some residents might view inmigrantg as good for the
community because they bring new ideas and more varied activities with them,
Qthers may view inmigrants as being responsible for a loss of traditional
values and ways of life. 1In these instances, newcomars may not be welcomed
into the community and tensions could develop between the two groups. Some
residents may view the increased levels of personal affluence and expanded
business opportunities that accompany repository development as a positivs
effect. Others may believe that these changes threaten their traditional
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lifestyles. Some of the factors that may affect community attitudes toward
newcomers are the size of the existing community, previous oxperiences with
transient workers, an¢ the ability of the community to proride services when
they are needed.

A rapid growth in population may be associated with irwreases in social
problemg~-crime, alcoholism, drug abuse, family conflicts . znd divorce--and
mental illness, The akility of a community to absorb the r.iditional popula-
tion without greatly ircreasing the occurrences of these sc:ial disorders
depends largely o.. the rate of growth.

Leadership requirements in these growing communities way also change.
Small, informal governments may have to add staff and become more formal as
demands for services increase, Communities that previously had few land-use
controls may enact new zoning ordinances for regidential and commercial
development. If inmigrants become active in community affiira, new leaders
may emerge ag candidates for elected office or advocates for varioua issues,

To develop a repository, the DOE may need to acquire privately owned
land. Any residences or buginesses located at the site of the repository will
have to be moved to other locations, and those who have to be relocated may
experience greater social impacts than the other residents of the areas.

Under the Uniform Relocation Assistance and Real Property Acquisition Policies
Act of 1970 (Public Law 91-646), relocated residents must he moved to comparc-
able dwelling units. If no such units are available in the immediate area,
ragidents may have to be moved ocut of their neighborhoods. Relocated busi-
negsses may lose some of their customers, particularly if they are moved a con-
siderable distance from their original location,

The degree of public concern over the safety of a repository will depend
partly on the extent to which local residents trust government institutions to
adequately protect the community. Studies have shown that the public's trust
of Federal Government officialg diminished during the 1970a. The DOE recog-
nizes that the degree of trust community members have in public officials will
depend on the amount and the gquality of information provided to the public,
and the opportunities for public involvement during the siting and development
process,

Public opinion about a repository will vary. Some community members will
oppose it because of concern for their safety, potential changes to their com-
munity and lifestyles, or their political heliefs. Others may support the
repository because it will produce jobs and stimulate economic development or
alter their community in ways they view as positive. These differing opinions
could lead to the polarization of groups in affected communities. New com-
munity leaders reprasenting the varying pogitions may emerge as a result of
this controversy. This polarization may be most severe during the period when
the selection of a site is still an open issue.

11.5 FISCAL IMPACTS

The fiscal impacts of repository construction and operation may include
increased revenues from an expanded property or cother tax bagse and increased
expenditures resulting from requirements for additional services., At the
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local level. reven.a sources could include ad valorem t:xas, user fees,
gpecial assessments, and intergovarnmental transfers. [ocal expenditurses may
be required to imp:vove gchools and hire teachers, build witter and sewer
systems, and provide law enforcement,. fire protection. snd social services.
Fiscal burdens may also result from the need to develo. emergency~response and
radiation monitoring capabilitiag,

The fiscal impncts on repository hogt States and ) -ral communities will
depend, in part, on the political jurisdictions affecte:« by increased demands
for services, their respective authorities for raising revenues. and the
financial assistance available to them under the Act.

The primary sources of income for local governments are usually property
taxes. Property~tax revenuss will fluctuate throughout the life of the pro-
ject, reflecting population changes that occur with construction, oparation,
decommiggioning, and closuras. Revenues will also fluclLuate slightly in res-
ponse to changes in property values,

Preparty-tax revenues will inerease in communities where inmigrants
choose to iive and businesses expand. It is possible that the residential
choices of inmigrants will lead to a distribution of revenues that ig differ-
ent from the distribution of required expenditures among affected jurisdic-
tiong., For example, a repository may be located im one jurisdiction while
most of its workers live in adjoining jurisdictions. This is more likely to
occur if there is an urban area near the repository, because inmigrants may
tend to settle in an urban area that offers more housing choices and ameni-
tieg. If this settlemeant pattern does occur, communities in adjoining juris-—
dictions may be disproportionately burdened with increased debts to pay for
improvements in services while receiving relatively minor revenue increases.

Even if inmigrants living in one jurisdiction do not demand services in
another, the tax structure of State and local governments may result in un-
equal geographic distribution of revenues and expenditures. For example, tax
structures may distribute most project-related revenues to State or county
governpents, although most costs will be incurred at the municipal or school-
district level.

Large cvonstruction projects in rural areas frequently result in reguire-
ments for increased expenditures (because of the need to expand public ser-
vices) several years before revenues begin to ingrease. This gap between
expenditures and revenues may also occur early in the construction of a -
repogitory. Local governments may find it difficult te provide financing for
these improvements.

Section 11.2 noted that certain economic activities, such ag agriculture
and tourism, may.declipe as a result of public apprehension about a reposi-
tory. If this occurs, any associated sales taxes or user fees received by
State and local governments will also decrease.
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GLOSSARY

accessible environmant - the atmogphere, the land surfac: surface water,
oceans, and the portion of the lithosphere that iz . Wgide the controlled
area.

Act ~ the Nuclear Waste Poligy Act of 1982 {Public Law 97 425).

actinides - radivactive elements with atomic nuwrbers beginning at 83 and
continuing through 103,

affected area ~ eithar the area of sociceconomic impagt or the area of
environmental impact.

affected Indian tribe - any Indian tribe (1) within whose reservation
boundariss a monitored retrievable storage facility. a teat and
evaluation facility, or a repository for high-level radicagtive waste or
spent fuel is proposed to be located or {2) whoge faederally defined
possessory or usage rightz to other lands outside the reservation's
boundaries arising out of congressionally ratified treaties may be
substantially and adversely affected by the locating of auch a facility:
provided that the Secretary of the Interior finds, upon the petition of
the appropriate governmental officials of the tribe, that such effects
are both substantial and adverse to the triba.

alluviwn - c¢lay, silt, sand, gravel, or similar material deposited in fairly
recent geologic time by streams or rivers,

alpha particle - 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.

alternative sites - the sites referred to in Section 141{b}4 of the Act for a
monitored retrievable storage facility which are to be used in
development of designs and an environmental agsessment for the proposal
required in that Section, and from among which the Secretary is directed
to recommend a preferred site/design combination.

anhydrite - a mineral, CaS0a., consisting of anhydrous calcium sulfate,
that is usually massive and white or slightly colored.

anion - a negatively charged ion.

anisotropic - exhibiting properties with different values when meésured a19ng
different axes.

anticlines - ridges formed by the foiding of strata; characteristic structures
of basalt flows.

aquifer ~ a formation, a group of formations, or a part of a formation that
contains sufficient saturated permeable matserial to yield significant
gquantities of water to wells and springs.

-417-



aguitard - a confiiing bed that retards but does not prevent the flow of water
to or from an 2djacent aquifer; a leaky confining ..ed. It does not
readily yield water to wells or springs, but may sicve as a storage unit
for ground wai er,

argillaceous -~ applied te all rocks or substances compus.2d of clay minerals or
having a notable proportion of clay in their com, ».1tion such as shale,
glate, etc.

artesian wells - wells tapping ground water confined und:«r hydrostatic
pregssure. The water level in an artesian well is above the top of the
artesian water body it taps. If the water level i:n an artesian well
stands above the land surface, the well is a flowitg artesian well.

atomic energy defense activity (or program) - any activity of the Secretary
of Enerqgy performed in whole or in part in carrying out any of the
following functiong: naval reactors development:; weapons activities
including defensge inertial confinement fusion; verification and control
technelogy; defense nuclear materials production; defense nuclear waste
and materials by-products managemant; defense nuclear materials security
and safeguards and sejurity investigations; and defenge research and
development,

backfilling - placement of originally removed or new materials into excavated
areas of a repository, including holes drilled for waste canisters,
tunnels, access ways, and shaftg,

barvier = any material or structure that prevents or subgtantially delays
movement of ground water and, hence, dissolved radionuclides.

basal colonnade - a subdivision of the dense interior of a basalt flow
consisting of relatively well-formed columns typically with fewer primary
fractures than in ths entablature.

basalt - a fine-grained sclidified lava, rich in iron and magnesium minerals.
A dark- to medium-dark-colored, commonly extrusive, mafic igneous rock
composed chiefly of calecic plagioclase and clinopyroxene in a glassy or
fine-grained groundmass.

bentonite ~ a soft, plastic, light-colered ¢lay formed by chemical alteration
of volcanic ash.

beta particle - a charged particle that is emitted by certain radivcactive
materials and is physically identical with the electron.

biosphere — the part of the Earth in which life can exist, including the
lithosphere, the hydrosphere, and the atmosphere.

boiling-water reactor {(BWR} - a nuclear reactor that uses boiling water to
generate electricity.

borehole ~ a hole drilled into the earth, often for exploratory purposes. A

borehole is generally of such a small diameter that workers cannot work
inside it. It is most often drilled into the ground vertically., or
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possibly on a smsil glant or horizontally, A borehole could be shallow
or it could penetrate the repository formation or ever deeper strata.

borosilicate glags ~ 4 silicate glass that contains at lear! § percent boric
acid and is used Lo solidify commercial or defense hic «-level waste,

breccia - rock that is not waterworn., congigting of sharp {ragments cemented
together or embedded in a fine-grained matrix,

brine - water at o. near saturation with salt.
brine migratioit - the movement of brine through interstices in rock.

burnup - a measure of reactor fuel consumption, expressed either as the
percentage of fuel atoms that have undergone fission, or the amount of
energy produced psr unit weight of fuel in the reactor.

calcine - material heated to a temperature below the melting point to bring
about & more chemically stable form through oxidation, reduction, or the
loss of moisture.

caldera -~ a large, basin-shaped volcanic depregsion, more or less circular in
form,

caliche -~ gravel, sand, or desert debris cemented by calcium carbonate;
also the calcium carbonate itself.

caniaster - the first material envelops surrounding a waste form for handling
purposes. ‘

caprock - a comparatively impervious layer of rock immediately overlying a
fluid-bearing reservoir.

cask - a container for shipping spent nuglear fuel or high-level
radicactive waste which meets all applicable regulatory requirements.

cask-in-trench {or berm) - an adaptation of the basic above-ground silo dasign
where earth is used in addition to concrete to provide radiation
shielding and physical protection.

CASTOR cask - a prototype dry-storage cask designed to store 15 BWR fuel
assemblies.

cation - a positively charged ion.

Cenozoic - the latest of the eras into which geologic time, as recorded by the
stratified rocks of the earth's crust, is divided: it extends from the
end of the Mesozoig¢ Era up to and including the prasent,

central entablature — a subdivision of the dense interior of a basalt flow,

composed of irregularly or regularly jointed rock with relatively small
columnar structures.
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characterization - the collecting of information necegs:ry to evaluate
gsuitability of a region, location, or site.

chemical resynthesis - the procegs whereby thermodynam’. equilibrium betwean
nuclear waste and its host rock is attempted in ¢ ler to enhance waste
form stab:ility.

cladding - the oute jacket of spent fuel elements whic, contains and
supports the fusl material, protects the fuel from interaction with the
coolant, and prevents the release of fission products into the coolant.

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

commercial high-lovel radicactive waste - high-level radicactive waste
produced in atomic-energy activities other than fur defense purposes.

commercial nuclear reactor - a civilian nuclear power plant operated to
produce heat for generating electricity. It is required to be licensed
under Section 103 and 104b of the Atomic Energy Act of 139%4 (42 U.§.C,
2133, 2134b),

Commission - the U.S. Nuclear Regqulatory Commission,

consclidation - the operation performad on spent fuel asgsemblies during which
the upper and lower fuel-asgembhly tie plates are removed, the agsembly
gspacer grids and any other assembly structural members are removed, and
the fusl tubes are . collected and formed into a closely packed huyndle for
insertion into a canister. The nonfuel structural members of the fuel
assemblies will be reduced in velume and placed in containers for
shipwent and disposal.

consultation-and-cooperation (C&C) agreement - the agreement required by the
Nuclear Waste Policy Act. The Secretary of Energy is regquired to attempt
to enter into a C&C agreement with a State that hosts a site approved for
characterization or with an affected Indian tribe. Also, a State that
has a potentially acceptable site for a repository may enter into a C&C
agreement with the Department of Energy.

containment - the confinement of radiocactive waste within a designated
boundary or vessel. -

contract - the "Standard Contract for Digposal of Spent Nuciear [Fuel and/or
High-Level Radioactive Waste" under which the Department of Energy will
make available radioactive waste disposal services to the owners and
generators of spent nuclear fuel and high-level radioactive waste.

cristebelite - a mineral (Si0:) which is a high~tempera£ure form of quartz
and tridymite and occurs as white octahedrons in acidic wvolcanic rocks.

crystalline rock - a general term for igneous and metamorphic vocks as opposed
to sedimentary rocks. Granite is one type of crystalline rock,
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curie (Ci) - a unit of measurement of radioactivity. One urie equals that
quantity of any nuclide which undergoes 3,7 x 10'° d.sintegrations per
second.

deray - the process whereby radicactive particles under¢w a change from one
isotope or state to another at a geometric rate, re easing radicactive
particles and/or =nerqy in the process,

decommission - the permanent removal from service of surface facilities and
components necessary for preclosure operations only, after repository
clogsure, in accordance with regulatory requirements and environmental
policies. Pertaining to an MRS facility, the permanent removal from
service of facilities and components in accordance with regqulatory
requirements and environmental policies,

defense high-~level waste - wagte derived from atomic enerqgy defense
activities.

devitrification - the process by which glassy substances lose their vitreous
(amorphous) nature and bacome crystalline,

disposal - the emplacement in a repository of high-level radivactive waste,
gpant nuclear fuel, or other highly radicactive waste with no foreseeable
intent of recovery, whether or not such emplacement permits the recovery
of such wasta.

disposal package - the primary container that holds, and is in contact with,
sclidified high-level radicactive waste, spent nuclear fuel, or other
radicactive materialg, and any overpacks that are emplaced at ' a
repository.

dissclution ~ a process of chemical weathering by which minerals and rochks are
digsolved in water,

disturbed zone - that portion of the controlled area, excluding shafts, whose
physical or chemical properties are predicted to change as a result of
underground facility construction or heat generated by the emplaced
radivactive waste such that the regultant change of properties could have
a gignificant effect on the paerformance of the geologit repository.

DOE - the U.S8. Department of Energy.

drift - a horizontal opening excavated underground,

dry storage - cask, drywell, silo, and wvault gystems that are passive,
modular, and low in maintenance and that provide an alternative for
additional spent fuel storage at nuclear power plants that cannot

accommodate reracking or rod compaction

drywell - a cylindrical hole into which sealed metal canisters contalnlnr
spent fuel or high-level waste are placed.

dual-purpose cask - a cask that cuuld serve as a storage module as well as
a transport cask.
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acology - the study of the relationships between livisy things
and their ervironments,

ecogystem - an enologic gsystem composed of organisms -nd their environment.

effective porosity - the amount of interconnected pcru space and fracture
openings available for the transmigsion of flusxls, expressed as a ratio
of the volume of interconnected pores and openin, 3 to the volume of rock.

engineered barrier gystem - the manmade components of a disposal system
degigned to prevent the release of radionuclides from the undecground
facility into the geochydrologic setting. It inciudes the
radicactive-waste form, radiocactive-waste canisters, materials placed
over and around such canisters, any other components of the waste
package, and barriers used to seal penetrations in and to the underground
facility.

environmental assessment (EA) - a concise public document for which a Federal
agency 18 responsible that 1) serves to briefly provide sufficient
evidence and analysis for defermining whether t¢ prepare an eanvironmental
impact statement or a finding of no significant impact; 2) serves fo aid
an agency's compliance with the National Environmental Policy Act of 1959
(NEPA) when an environmental impact statement is necessary: 3) serves to
facilitate preparation of an environmental impact statement when
necessary. The EA will include brief discussions of the need for the
propesal, of alternatives as required by the NEPA, of the environmental
impacts of the proposed action and alternatives and a listing of agencies
and persons consulted; 4) a comparative analysis of the potential
environmental and socioesconomic impacts of the six altecnative
combinations of reference sites and designs that will be developed for
the MRS proposal.

environmental impact statement (EIS) - the document required by Section
102(2)(c) of the National Environmental Policy Act of 1969 (NEPA).

epicaenter - the point on the earth's surface directly above the exact
subgurface location of an earthquake.

erogion - the wearing-away of soil and rock by weathering, mass wasting, and
the action of streams, glaciers, waves, wind, and ground water.

evaporation - convergion of a liquid to a vapor state by the addition of
latent heat. '

evaporiteg - sedimentary rocks which are depositad from aqueous
solution as a result of extensive or total evaporation of the solvent.
Rock salt and gypsun are examples of evaporites.

evapotranspiration - a term embracing that portion of the precipitation
returned to the air through direct evaporation or by transpiration of
vegetation.

exploratory shaft - a subsurface excavation composed of tunnels and rooms in
the host rock in the immediate viecinity of the shafts and at the depth
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that a repositor, would be built, The shafts will bt large enough to
allow people and test eguipment to be transported frow the surface to the
subsurface exca:ations and will allow detailed study »f the host rock
including later:l exploratory drilling.

extengometer — an instrument used in measuring strain.

facility - any structu'e, system, or element of a system, "acluding
enginesred barriers, created by the DOE to meet perfo.mance or functional
objectives.

fault - a fracture or a zone of fractures along which thece has been
displacement of the sides relative to one another, parallel to the
fracture or zone of fractures,.

fault block - a crustal unit formed by block faulting; it is bounded by
faults, either completely or in part.

Federal interim storage {(FIS) - gee interim storage facility.

field drywell - an in-ground sealed metal enclosure for gtoring canisters of
waste. The drywells can be bored to different sizes as required to
accept different sizes of canisters.

fission - the splitting of a heavy nuclsus into two or more radicactive
nuclei, accompanied by emigsion of gamma rays, neutrons, and a
significant amount of energy. Figsion is usually initiated by neutron
bombardment, but it can alsoc occur spontaneously.

flow top ~ a vesicular or brecciated crust that grades into the dense flow
interior of a bhasalt flow,

fluvial - of or pertaining to rivers; growing or living in a stream or river;
produced by the action of a stream or river.

fold - a bend or flexure in bedding, foliation, cleavage, or other planar
features in rock., A fold ig usually a product of deformation,

fuel assembly - a grouping of fuel rods which is not taken apart during the
charging and discharging of a reactor core,

fuel cycle - the processing steps that convert uranium ore to nuclear fuel and
provide for its disposal, including mining, milling, conversion,
enrichment, fuel element fabrication, irradiation in reactors,
reprocessing {if desired), storage, and disposal.

full cosgt recovery — the recoupment by the DOE through purchaser fees, and any
interest earned, of all direct cogts, indirect costs, and all allocable
overhead, consistent with generally accepted accounting principles
congistently applied, of providing disposal services and conducting
activities authorized by the Nuclear Waste Policy Act of 1982 {Public¢ Law
97-425).
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gamma ray - short-wavelength electromagnetic radiation «vitted during the
radioactive deay of certain nuclides. Gamma rays a.n highly penetrating.

geochemistry -~ the study of the distribution and amount of the chemical
elements in minerals, ores, rocks, soils, water, an® the atmosgphere.

geodetic survey - survey in which account is taken of t#: shape and gize of
the earth and ccrrections are made for earth curvature,

gechydroleogic - pertaining to ground water and its movements through the
geologic environment.

gechydrologic setting -~ the system of geohydrologic units that is located
within a giver geologic setting.

gechydrologic system - the units within a geclogic setting, including any
recharge areas, discharge areas, interconnections hetween unitg, and any
natural or man-induced processes or events that could affect ground-water
flow within or among those units,

gechydrologic unit - an aquifer, a confining unit, or a combination of
aquifers and confining units composing a reasonably digtinct
geohydrologic system,

geclegic - in the Civilian Radioactive Waste Management Program, factors such
as the depth, thickriess, and lateral extent of the host rock; ground
motion, faults, igneous activity, uplift and subsidence, and dissolution:
rock structure and characteristics, ground-water flow and travel timés;
chemical interactions; resource potential; surface water bodies; and
terrain, ' ' '

geologic disposal - placement of radicactive waste in deep stable geologic
formations.

geologic repository ~ a system which requires licensing by the NRC. that is
intended to be used, or may be used, for the disposal of radiocactive
wastes in excavated geclogic media. A geologic repdsitory includes 13
the geclogic repository-operations area and 2) the portion of the
geologic setting that provides isolation of the Ladioactlve waste and is
located within the controlled area.

geomechanics — that branch of geclogy dealing with the response of earth
materials to the application of deformatzonal forces and embracing the
fundamentals of structural geclogy.

geomorphic - of or relating to the form of the earth or its surface features.

geophysical —~ pertaining to the properties of the earth related to its
structurs, composition, and development,

grants-equal-to~taxes (GETT} - as specified in the Act, an amount, each fiscal

year, equal to the amount a State and a unit of local government. would
receive were they authorized to tax site characterization activities at a
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potential repository site, and the development and -sveration of such a
repogitory. just as a State and a unit of general lucal government tax
other real preoverty and industrial activities.

ground water - water that is below the ground surface in saturated so¢il and
rock that supplies wells and springs.

half-life - the time required for half the nuclei in a 3. 1ple of a specific
igoteope sprcles to undergo radiocactive decay,

high-level radiocactive waste (HLW) - (1) the highly radizachtive material
resulting from the reprocessing of gpent nuclear fual, including ligquid
witgte produced directly in reprocesasing and any sol.d material derived
from such liguid waste that contains figssion products in gufficient
concentrations; and (2) other highly radiocactive material that the
Nuclear Regulatory Commission determines by rule, ov the DOE determines
by order, consistent with axisting law, to require permanent isolation.

host rock - the geologic medium in which the waste iz emplaced, specifically
the geologic materials that directly encompass and are in c¢lose proximity
to the underground facility,

hot cell - a compartment enclosed with thick concrete walls and with highly
efficient filter systems that collect and capture any airborne
radicactive particles that may be released during operations involving
radioactive materlals: a heavily shielded enclosgure in which radicactive
materials can be handled by persons using remote manlpulators and viewed
through shielded windows or periscopes.

hydraulic conductivity - the volume of water that will move through a madium
in a unit time under a unit hydraulic¢ gradient through a- unlt area
measured perpendicular to the direction of flow,

hydrauli¢ gradient - 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.

hydraulics - an engineering discipline dealing with the statics and dynamics
of f£luids.

hydrofracture -~ a process of producing underground openings by injection of
fluids (usually water) at pregsures greater than the weight of the
overlying rock and soil.

hydrologic propertles ~ those properties of a rock that govern the capau1ty
to held, transmit, and deliver water, such as porosity, effective
porosity, specific retention, permaability, and the directions of maximum
and minimum permeabilities.

hydrology - the study of ground water and its properties, circulation; and

distribution, from the time it falls as rainwater until it is returned to
the atmosphere through evapotranspiration or flows into the ocean,

-425-



8400908 2350

ignecus activity - vhe emplacement (intrusion) of moltor rock material (magma)
into material in the earth's crust or the expulsion (sxtrusion) of such
material onto the earth's gurface or into itg atmos:nsre or surface water.

ignecug rock - a rochk that solidified from molten or pert'y melten material,
i.e., from a magma,

immobilization - trea‘'ment or emplacement of nuclear wast.s so as to
prevent the release of radicactive isotoped.

impact assessment report - a report submitted by the State of affected Indian
tribe; provides a basis for determining the amount of financial
asgistance that the DOE will provide for mitigating public health and
safety, environmental, and socioceconomic impacts related to siting and
construction of a geologic repository,

improved-performance plan ~ a waste management system that includes the MRS
facility as an integral part. Most or all spent fuel could be shipped
directly from reactor zites to an MRS facility. 3Spent fuel from reactors
located close to a repository, but an appreciable distance from the MRS
facility, may be shipped directly to the repository. Solidified
high-level waste could be shipped directly to the repository or to the
MRS facility.

Indian tribe - any Indian tribe, band nation, or other organized group or
community of Indiang recognized as eligible for the services provided to
Indians by the Secretary of the Interior because of their gtatus as
Indians, including any Alaska native village., as defined in Section 3{¢)
of the Alaska Native Claims Settlement Act (43 U.S5.C. 1602(¢)).

induration - the hardening of rock material by heat, pressure, or the
introduction of some cementing material.

in situ ~ in the natural or original position. The phrase is uged in thig
document to distinguish in-place experimentsg, rock properties, and so on
from those in the laboratory.

in-situ stress - the magnitude and state of ground stress in a rock mass., The
inherent stress in a rock mass at depth.

in-situ tests - tests that are conducted with subject material in its original
place (i.e., at the repository site and depth).

integrated waste management system - a waste management system in which all
compeonents and ealementg are optimized to work with the other components
and elementg. This system ig usually meant to include an integral
monitored retrievable storage facility.

interested Indian tribes - Indian trives, who bacause of their proximity to

nuclear waste shipping routes maintain an interest in the waste
management program.
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interim atorage facility - a Federally owned and operated svstem that would
provide storage £or no more than 1,900 metric tons of upent nuclear fuel
from ¢ivilian resctors whoge owners cannot reasonably provide adequate
storage capacity on site,

Interim Storage Fund - the fund provided for in the Act thel ensures that
these using the interim storage facilities will pay “ie full costs.

interstitial - a term raferring to the space between parti. .es or grains.

intrinsic properties - strength, permeability, and sorptior characteristics of
rocks.

irradiation - exposure to radiation (as from a nuclear reactor or particle
accelerator},

iong - an atom or group of atoms that is not electrically neutral, but instead
carries a positive or a negative electrical charge.

isclation - inhibiting the transport of radiocactive material so that the
amounts and concentrations of this material entering the accesgsible
environment will be kept within prescribed limits.

isotope ~ one of two or more species of the same chemical elements, i.s..
having the same number of protonz in the nucleus, but differing from one
another by having a different number of neutrons,

lava ~ molten material {(magma) that pours out on the earth's surface from
volcances or fissures in the earth.

licensing - the process whereby a permit is obtained from the Nuclear
Regulatory Commission to build and operate a nuclear facility.

lignad - a group, ion, or molecule coordinated to a central atom in a complex.

litholegy - the study of rocks. Also the description of a rock on the basis
of such characteristics as strugture. color, mineral composition, grain
size, and arrangement of its component parts.

lithophysae - hollow, bubblelike structures composed of concentric shells of
finely crystalline alkali feldspar, quartz, and other materials.

lithogtatic pressure - the confining pressure at depth in the crust of the
earth caused by the weight of the overlying rocks.

low-level radicactive waste {LLW) - radiocactive material that (&) is
high~level radiocactive waste, spent nuclear fuel, transuranic waste, or
byproduct material ag defined in Section lle(2) of the Atomic Energy Act
of 1954 (42 U.S5.C.2014(e)(2}}: and (B} the Commission, consistent with
existing law, classifies as low-level radicactive waste.

magma - molten material that originates from the lower crust and upper mantle

from which igneous rocks are thought to have been derived through
solidification and related processes,
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memorandum of unde -standing (MOU) with the NRC - the MC. that establishes
procedures meuting the requirements of the Act for Nuclear Regulatory
Commission crview of the test and evaluation facil: ty.

Mercalli scale - a scala for measuring earthquake intewn ity in terms of the
effects perceived by people near the earthquaks,

mesostasis - the last-formed interctitial material of 4 ignecus rock.

Mesozoic ~ an era of geclogic time from the end of the Palezoic to the
beginning of the Cenoszoic.

metal storage cask - a cask constructed primarily of lead and steel or ductile
iron with water or other materials providing additional radiation
shielding. Cooling is provided by conduction of heat through the metal
walls and natural convectien to the atmosphere.

metric tons uwranium - that measure of weight equivalent to 2,204,6 pounds of
uranium and other fissile and fertile material that are loaded into a
reactor core as fresh fuel,

mineralegy - the study of minerals. including their formation, occurrence,
properties, compesition, and clasgification.

Miocene — an epoch of geologic time within the upper Tertiary Period, after
the Oligocene and before the Pliocene.

mitigation - (1) avoiding an impact altogether by not taking a certain action
or parts of an action; {2} reducing impacts by limiting the degres or
magnitude of the action and its implementation; {3} rectifying the impact
by repairing, rehabilitating, or restoring the affected environment; (4)
reducing or eliminating the impact over time by preservation and
maintenance operations during the life of the action: or {5} compensating
for the impact by replacing or providing substitute resources or
environments.

modular storage system - a spent fuel element gtorage arrangement that offers
the economic advantage, to nuclear power plants in need of additional
storage, of adding storage in small increments, thereby avoiding large
initial capital outlays.

monitored retrievable storage {MRS} -~ a concept for storing waste or spent
fuel for long periods. The waste and spent fuel would be continucusly
monitered and would be stored in such a way that it could be retrieved,
at a later date, and sent %o a rapository.

natural barrier - the physical, mechanical, chemical, and hydrological

characteristics of the geological environment that individually and
collectively act to minimize or preclude radionuclide trsnsport.
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natural system - the ~eologi¢ getting that conpists of (1} a host rock
suitable for repasitory construction and waste emplacinent and {2) the
surrounding rochk formations. It will include natural Lzrriers that
provide contairment and isolation by limiting radiom lide transport
through the geohydrelogic environment to the biosphe:. , and providing
conditions that will minimize the potential for humon interference in the
future.

nuclear reactor - a device in which a fission chain reactic.y can be initiated,
maintained, «nd controlled.

Nuclear Waste Fund (NWF) - the fund established by the Nuclear Waste Policy
Act to assure that the costs of high-level radiocactive waste management
and disposal are borne by the owners and generators of the waste,

nuclear waste management - the planning, execution, and surveillance of
essential functions related to the control of radicactive and
nonradioactive waste, including treatment, solidification, temporary or
long-term storage, surveillance, and isolation.

onca~through fuel cycle - a fuel cycle that involves no reprocessing of
gpent fuel; spent fuel is discharged from a reactor., cooled for some
period of time in storage, and ultimately disposed of as waste.

open~cycle surface vault - canisters of spent fuel or reprocessed waste stored
in large, shielded warehouse~type structureg through which cooling air
circulates by national convection.

ovarpack ~ any receptacle, wrapper, box, or other structure that becomes an
integral part of a radicactive waste package and is used toé enclose a
waste container for purposes of providing additional protection or
meeting the requirements of an acceptance or igolation criterion for a
specific site. '

oxidation - the process of chemically combining with oxygen.

package - pertaining to transportation, the actual package and its
radicactive contents as presented for trangport.

packaging — pertaining to transportation, the assembly of components necessary
to assure compliance with DOT regulations. It may consist of one or more
receptacles, abscorbent materials, spacing structures. thermal insulation.
radiation shielding, and devices for cooling or absorbing mechanical
shocks. The vehicle, tie-down system, and auxiliary equipment may
sometimes be designated ags part of the packaging.

paleoclimate - a climate of the geologic past.
palechydrology - the study of ancient hydrologic features preserved in rock,
permeability —~ in hydrology, the capacity of a medium (rock, sediment, or

80il) to transmit ground water. Permeability depends on the size and
shape of the pores in the medium and how they are interconnected.
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petrology - that branch of geology dealing with the oriqin, occurrenca,
structure, and history of rocks.

pH value - the negitive logis of the hydreogen-ion activity im a solution: a
measure of the acidity or basicity of a solution,

piezometer - an instrument for measuring the change of pressure of a material
subjected to hydrostatic pressure,

plutonium -~ a vadiocactive element with an atomic number of 94, Its most
important isotope is fissionable plutonium-239, produced by neutron
irradiation, or urapium-238.

pluvial - pertaining to rain or precipitation. Also said of a climate
characterizec by relatively high amounts of precipitation.

porosity - the ratio of the total volume of interstices in a rock or seoil to
its total volume, usually expressed as a percentage.

potentiometric - said of, or relating to the hydrostatic pressure level of
greund water,

potentiometric surface - the level to which the water from a given aquifer
will rige by hydrostatic pressure. The potentiometric surface is usually
represented as a contour map in which each peoint tells how high the water
would rise in a well tapping that aquifer at that point.

pressurized water reactor (PWR) - a reactor system that uses a pressurized-
water primary cooling system; steam formed in a secondary cooling system
drives turbines to generate electricity.

Price-Anderson Act - the legal act referred to when dealing with liability
concerns; provides a comprehensive system of financial protection.

prime farmland - land that has the best combination of physical and chemical
characteristics for producing agricultural crops with minimum inputs of
fuel, fertilizer, pesticides, and labor and without intolerable sgoil
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 possesses the above characteristics and is
being used currently to produce livestock and timber, but it excludes
land already in, or committed tc, urban development or water storage.

"Q" gystem - the classification system for the rock-mass quality of tha
Cohassett dense interior and estimate the rock-support requirements;
rocks are classified as very poor to fair,

Quality assurance (QA) — all the planned and systematic actions necessary to
provide adequate confidence that a structure. system, or componant is
constructed according to plans and specifications and wil) perform
satisfactorily.
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Quaternary Period - the second period of the Cenozoic E.s. following the
Tertiary, beginmning 2 to 3 million years ageo and ertending to the
present; the -ost recent geclogic period, within &+ past 1.5 million
years.

radicactive - unstable in a manner shown by spontaneovs nuclear disintegration
with accompanying emission of radiation and part: :ies consisting of
alpha, beta, ani gamma radiation,

radioactive waste - high-level radicactive waste (HLW) and raaicactive
materialg other than HLW that are received for empliacement in a geologic
repository. Spent nuclear fuel is inciuded in the term radioactive waste.

radioisotope - a radicactive isotope of an eiement,

radiolysis - the decomposition {splitting} of a molegule (often the water
melecule) due to effects of radiation,

radionuclide - an unstable radicactive iscotope that decays toward a stable
state at a chardcteristic rate by the emission of ionizing radiationi{s}.

receiving and handling {R&H} building - one of the main components of the MRS
facility where the materials are prepared and packaged 8o that they can
be safely shipped to the repository or stored and retrieved for future
shipment.

reposifory - any system licensed by the Nuclear Regulatory Commission that is
intended to be used for, ¢r may be used for, the permanant dsep geolegic
disposal of high-level radicactive waste and spent nuclear fuel, whether
or not such system is designed to permit the recovery, for a limited
period during initial operation, of any materials placed in such system,
This term includes both surface and subsurface areas at which high-level
radicactive waste and spent nuclear fuel handling activities are
conducted,

reprocessing -~ the mechanical and chemical process by which irradiated nuclear
fuel is separated into waste material to be disposged of and useful
materials, such as thorium, uranium, and plutonium, to be reused as
nuclear fual.

reracking ~ a rearrangément of the water pool used for storage of gpent fuel
which results in additional spent-fuel storage capagtiy.

restricted area - any area to which access i3 controlled by the DOE for
purposes of protection of individuals from exposure to radiation and
radicactive materials, but not including any areas used as residential
quarters, although a separate room or rooms in a resxdentxal bhuilding may
be set apart as a restricted arsa.

ratrisval - the act of intentionally removing radiocactive waste from the

underground location at which the waste had been previocusly emplaced for
disposal.
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rhyolitic - charact.ristic of a group of extrusive igner.s rocks, gensrally
porphyritic and exhibiting flow texture with phenoc.yatg of quartz and
alkali feldsps: in a glasgy to cryptodrystalline giraundmass (rhyolitel.

"RMR" gystem -~ the system used to classify the rock-mass quality of the
Conaggett denze interior and estimate the rock-su poart elements: rocks
ara ¢lasgified asg fair to good.

rock salt - the best-known evaporite; forms by the precipitation of sodium
chloride from saturated evaporating bodies of water in shallow hasgins.

rod consclidation - (see consclidation)

rubble zones - rock regions located at the base and top of basalt lava flows
and most of the sedimentary interbeds; zones of relatively high
permeability that commonly act as aquifers.

salt dome - individual pillars of salt surrounded by sedimentary rock, formed
when deeply buried, bedded salt was forced upward by a releaze of
overlying pressure.

saturated zone - the part of the earth's crust beneath the deepest water
table in which all voids, large and small, are ideally filled with water
under pressure greater than atmospheric.

scouring - erogion, especially by moving water.

screening methedology document ~ the program document that describes how the
region-to-area screening will be conducted and reflectz the rongultation
process with the States over its development.

sealed storage cask ~ a large steel-lined reinforced-concrete gylinder that
holds welded stainless~steel canisters of gpent fuel and ig clozed with a
thick concrete shield plug and a welded steel 1lid,

Secretary - the Secretary of the U.S. Department of Energy.

sedimentary rock ~ rock formed of mediment, especially (1) clastic rocks
fe.g., conglomerateg, sandstone, and shales) formed of fragments of other
rock transported from their sources and deposited in water and (2) rocks
formed by precipitation from solution {(e.g., rock salt and gypsum) or
from the secretions of organisms (e.g., most limestones).

seismic - pertaining to, characteristic of, or produced by earthquakes or
earth vibrations.

shaft - an excavation of small cross-gectional area, compared with its
depth, made for locating or mining ore or coal; raising water, rock, or
coal; hoisting and lowering men and material; or ventilating underground
workings. Often specifically applied to approximately vertical shafts as
distinguished freom an incline or inclined shaft., A shaft in a repository
will he large enough to permit access and allow workers to place sgeals.
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shear zone - a tabulac zone of rock that hasg hean crushac and brecciated by
many parallel f{r-actures caused by shear strain.

site - a potentially acceptable sike or a candidate site a8 appropriatae,
until such *“ime as the controlled area hag been estanlished, at which
time the site and the controlled area are the same

site characterization - for a raepository, activitiesg., whe aer in the
laboratory r in the field, undertaken to establish tne geologic
condition and the ranges of the parametars of a candidate site relevant
to the location of a repository, including borings, surface excavations,
excavations of exploratory shafts. limited subsurface lateral excavations
and borings. and in situ testing needed to evaluate the suitability of a
candidate site for the location of a repository; bubt not including
preliminary borings and geophysical testing needed to assess whether gite
characterization should be undertaken, With regard to a monitored
retrievable storage facility, the activities, whether in the laboratory
or in the field, undertaken to establish the geclogic conditions and the
ranges of the parameters of a site relevant to the location of an MRS
facility, including borings, surface excavations, and in situ testing
negded to evaluate the suitability of a gite.

site characterization plan - the program document that will reflect expected
s1te conditions for each of the three sitss recommended for site
characterization. This document will provide the basis to identify the
gquantity and types of tests and analyses to be performed during site
characterization: will reflect the integration of the site
characterization {exploratory shaft) facilities with the repository in
terms of design, construction, and performance so that their impacts with
respect to suitability of the site can be assessed,

site-screening process - the search for sites with geolagic, hydrologie,
and lithologic characteristics suitable for construction of a large
underground facility for long-term wasta isolation,

siting - the collection of exploration. testing, evaluation, and
decisionmaking activities associated with the process of site screening,
site nomination, site recommendation. and site approval for
characterization or repository development,

social impacts - those impacts that deal primarily with a compunity's secial
organization and with perceptions of group and personal well-being.

solidification -~ the conversion of liguid high-level waste to glass.

sorption - retardation of chemicals in golution by abscrption: the term for
retention of one substance by another, by close-range chemical or
physical forces. Absorption occurs within the pores of a material;
adsorption occurs chiefly at the surface of a material,

specific yield - 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.
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spent fuel -~ (gee spent nuclear fusl)

spent-fuel assemblies - the arrangement of fuel rods, -wpport grids, tile
plates, and other gtructural mambers of tha nucle. : fuyel ramoved from a
reactor after irradiatiomn.

spent fuel rods - the irradiated metal tubes containing the uranium-bearing
fuel pelliets removed from a reactor, Part of the .oent fuel assembly.

spent nuclear fuel - fuel that has bgen withdrawn from a nuclear reactor
folluwing irradiation. the coustituent aelements of which have not been
separated by raprocessing. Spent fuel is thermaliy hot and highly
radicactive.

standard dispogal contract - ges contract.

storage - retention of high-level radiocactive waste, spent nuclear fuel, or
transuranic waste with the intent to recover such waste or fuel for
subsequent use, processing, or disposal.

storage basin - a water-filled, stainless stael-lined pool for the interim
storage of spent fuel,

storage pool - a concrete chamber filled with water to provide shielding for
irradiated fuel elemants,

storativity - the volume of watar releasad from storage in a vertical column
of 1 square foot when the water table or other piezometric surface
declines 1 foot. In an undefined aquifer, it is approximately equal to
the specific yield.

strata - beds or layers of rock regardless of thickness,

stratigraphy - the branch of geclogy that deals with the definition and
interpretation of the rock strata; the conditions of their formation,
character, arrangement. sequence, age, and distribution; and especially
thelr correlation by the use of fossils and other means of identification.

stress - in a solid, the force per unit area acting on any surface within it
and variously expressed as pounds or tons per square inch, or dynes, or
kilograms per sguare centimeter; also, by extension, the external
pressure which creates the internal force.

subseabed disposal - the concept of emplacing high~level waste in suitabla
containers in relatively thick beds of sediments located in deep,
quiescent, remote, and biologically inactive regions of the oceans where
slow sedimentation has taken place over tens of millions of years and
where continued sedimentation and stability are expected over millions of
years in the future.

subsidence - a local movement downward, as in settling or sinking of an area
of the earth's surface, with little or no horizontal motion.
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synclines - broad troughs caused by deformation, that gerarate anticlines;
characteristic of basalt flows.

systems - the sites engineered components. and associatd procesges and
events, considered as an integrated entity, that af sct expected waste
facilities performance,

system requirsments aad description {(SRD) document ~ the¢ urogram document that
will define the wverall requirements of the waste ma :agement system and
describe tla current design of the integrated waste system that meets
those requirements.

gystems engineering - the enginsering activities that provide a disciplined,
systematic approach to planning and analysis,

systems engineering management plan - the program document that will identify
and document the procedures and responsibilities necessary for the
engineering of a major, complex waste management system.

systems integration — a comprehengive attempt to consider all of the elements
of any waste management program as part of a single system, optimized as
a unit to best meet the program reguirements.

tectonics ~ the branch of geology dealing with the broad architecture of the
outer part of the earth; that is, the regional assembling of structural
or deformational features, and the study of their mutuail relaticn, their
origin, and their historical eveolution,

test and evaluation facility - an at-depth, prototypic, undergrcound cavity
with subsurface lateral excavations extending from a central shaft that
is used for regsearch and development purposes, including the development
of data and experience for the safety handling and disposal of solidified
high-level radioactive waste, transuranic waste, or spent nuclear fuel.

thermal conductivity - a measure of the ability of a material to conduct heat.

thermal expansion - the increase in linear dimensions that occurs when
materials are heated.

thermomechanical ~ the transformation of heat energy into mechanical work.
topography - the general configuration of a land surface ¢r any part of the
Barth's surface, including its relief and the position of its natural and

manmade features.

transmutation - conversion of one element or isotope into another by
bombarding it with nuclear particles.

transpiration — the process by which water absorbed by plants, usually through
the roots. is evaporated into the atmosphere from the plant surface.

transportable metal gasks'~ large matal casks currently being conaidered by a
number of utilities for the dry storage of gpent fuel at reactor gites.

-435-



501904 2 3 6 0

transportation businu3g plan - the program document that ~il] provide
information on «ontracting procedures, squipment requjrements, funding
availability. &-1d other areag of intsrest to conducting the business of
developing the Lrangportation capability.

transportation institutional plan -~ the program document ihat will identify
those institutions affectad by development of a tra:irportation system;
provide guidance in establishing an interactive commv ications network:
and suggest plang, including schadules, for the final resolution of
transportation~related issues,

transporter cask - a cask to provide shielding for the canistsr as it is taken
from the building loadout area to the underground emplacement hole.

transshipment - shipping spent fuel from ong reactor of a utility company to
the gite of another reactor of the same type owned by the same company
for the purpose of storage at the second reactor sits.

transuranic {TRU) waste - material produced primarily from the reprocessing of
defense spent-reactor fuels, the fabrication of plutonium to produce
nuclsar weapons, and, if it should occur, plutonium fuel fabrication for
use in nuclear power reactorg that contains more than a specific
concentration of alpha-emitting radionuclides (including urnaium-233 and
its daughter products) of long half-life and high specific radiotoxicity.

tuff - a medium-grained rock formed of compacted volcanic ash and dugt:; it is
usually porous, stratified, and soft.

tnnnel drywells ~ mined tunnels into which sealed metal canisters containing
spent fuel or high-level waste are placed.

tunnel rack - an underground open-cycle vault. Large, open racks of spent
fuel or reprocessed waste canisters are stored in tunnels using remotely
controlled ewplacement equipment. Cooling is by natural convection., and
radiation shielding is provided by the surrounding media.

unpdue risk -~ risk that is unnecessary and could be prevented, or risk that is
excessive,

universal cask - a cask that could be used for spent-fuel storage and
trangportation and emplacement in the repogitory without further
repackaging or overpacks.

ungaturated zone -~ the zone between the land surface and the water tabla.
Generally. water in this zone is under less than atmospheric pressure,
and some of the voids may contain air or other gases at atmospheric
pressure. Beneath flooded areas or in perched water bodies, the water
pressure locally may be greater than atmospheric.

uplift - (1) the process that results in evaluation of a portion of the
earth’s crust relative to an adjacent portion. {(2) a structurally high
area in the crust produced by movements that have raised or upthrust the
rocks, ag in a dome or arch, '
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uranium - a naturallv radicactive element with the atomic number 92 and an
atomic weight o approximately 238, The two princiuv:l naturally
oceurring isctodes are the figgionable 1J-235 (0.7% ¢ natural uranium}
and the fertil. U-238 (99.3% of natural uranium).

vaults - large structures or caverns where spent-fuel raci-ages are stored.
waste cannister - metillic or nonmetallic container encic.ing the waste form,

waste form — the radicactive waste materials and any encapsulating or
gtabilizing matrix.

waste management system - the collection of facilities, equipment, personnel,
and sites to be developed and deployed under the contreol of the U.S.
Department of fnergy's Office of Civilian Radicactive Waste Management to
accomplish the permanent disposal of spent fuel and high-level
radicactive waste.

waste package - the system of engineered components immediately surrounding an
individual waste container that may include waste form, stabilizer,
cannister, overpack, sleeve, and emplacement hole backfill designed to
contain nuclear waste for an extended period of time. It must preserve
the ahility to retrieve the wastes through the regquired retrieval pericds
and must act as a barrier to waste migration and releage into the
geologic system,

water flux - a gtream of flowing water; flood or outflow of water.

water table - the water surface in a body of ground water at which the water
praessure is atmospheric.

welded tuff - indurated volcanic ash in which the constituent glassy shards
and other fragments have become welded together, apparently while still
hot and plastic after deposition.

zeolites - any of the various silicates analogous in composition to the
feldspars which occur as secondary minerals on cavities, along fractures,
and on joint planes in basaltic lavas. Occur also as authigenic minerals
in sedimentary rocks,
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LIST QF ACRONYMS AND ABBREVIATIONSE

ACD Advancad conceptual design

ACP Area-characterization plan

ALE Architect and engineer

ARCL Atomic Energy of Canada Ltd.

AMFM Alternative Means of Financing and Mansging

(radicactive-waste facilities)

ARR Arsa~recommendation report

BLY Bureau of TLand Managemenkt

BWIP Basalt Waste Isolation Project

BWR Boiling-water reactor

CA Construction authorization

C&C Consultation and egoperation

CFR Code of Pederal Regulations

CHEMTREC Chemical Transportation Emergency Center
CHLW Commercial high-level waste

CP&L Carclina Power & Light Company

CRP Crystalline Rock Project

CRWM Civilian Radicactive Waste Management
C8M Coleorado School of Mines

DEE Development and evaluation

DEIS Draft environmental impact statement
DRLW Defenge high-level waste

DOE Department of Energy

DOE-HG Department of Energy Headquarters

DOT Department of Transportation
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DWPE

EDBH
EIA
EIS
EPA
ERDA
ES
ESF
FEIS
FEMA
FIS
FPC

FR

GETT
GWe
HLW
HQ
INEL

IRG

Moy
MRS
MSL

MTU

U - R

efenge Waste Processing Pacility
unvironmental assessment

Engineerad design borehole

Energy Information Administration
Environmental impact gtatement
Environmental Protaction Agency
Enargy Research and Development Administration
Exploratory shaft

Exploratory—-ghaft facility

Final environmental impact statement
Federal Emergency Management Agency
Federal interim storage

Final procurement and construction
Federal Register

Fisgcal year

Grants equal 'to taxes

Gigawatts electrical

High~level wasdte

Headquarters

Idaho National Engineering Laboratory
Interagency Review Group

Licanse application

Mamorandum of understanding
Monitored retrievable storage

Mean sea level

Metric tons of uranium

Nuclear Energy Agency '
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NEPA

NFS

NSTF
NT3
NUSCO
NWEA
OCRWM
OGR
OMB
OPIO
O3T8
ORM
PA
PAP
bCCB
DS
P.L.

PMIS

PRDA

PSAR

oA
QMPR
RCR

50000 2345 4

National Bnvironmental Poliocy Act

M.clear Fusl Services

Nuclear Regulatory Commission

Near-Surface Test Facility

Nevada Test Site

Northeast Utiiities Service Company

Nuclear Waste Policy Act

Office of Civilian Radicactive Waste Management
Office of Geologic Repositories

Office of Management and Budgst

Office of Policy, Integration amd Outreach
Office of Storage and Transportation Systems
Office of Resource Mariagemant

Performance assegsment
Performance~asgessment plan

Program Cost and Control Board

Project Dacision Schadule

Public Law

Program Management Information System
Program Management System

Program Research and Development Announcemant
Preliminary safety analysis report
Pressurized-water reactor

Quality agaurance

Quality Management Policies and Requirements
Regional characterization repert

Research and development
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RFP

R&H

ROD

RW

RRL

SAR

SCP

SF

SNF

SRD

SSR

TEF

DS

TRU

TVA

URL

USGS

VEPCO

WBS

WIPP

WP

WPAS

WVDP

i

—
—
—
—
s
=
L
i
£l
"-"‘!
-t -;

Fsiquest for proposal

raceiving and handling

Record of decision

Rarlicactive waste

Reference repository location
Safety analysis report
Site-characterization plan

Spent fuel

Spant nuclear fusl

System requiremantg and description
Site-salection report

Test and av;lugt;on facility
Total dissolved solids
Transuranic

Tennesgee Valley Authority
Underground Raesearch Laboratory
U.8. Geological Suxvey

Virginia Electric & Power Company
Work-braakdown structure

Waste Isolation Pilet Plant

Waste package

Work Package Authorization System

West Valley Demonstration Project
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ANSI/ASME standards 19, 146
Ability to meet scheaules 18
Acceptance of waste- see Waste acceptance
Access States, infor.ml cooperative
agraemnents «ith 1035
Accountabi 1ty For constderattion of
comnents 336
Acgquistition strategy 155-156
Act-mandated date for waste acceptance 15,
18, 58, 68, 67, 120, 207, 223, 263
Adequacy of Funds 264-265
Administrative : Jpport serviges 16)
Adrian, Texas 2154
Advance notices to interested parties of
signtficant decisions 136
Advanced conceptual designs
repositery 5, 220, 222
waste package 118
Advanced-concept transportation cask 118
Advisory Counsil on Historio Preservation
143
Affected Indian tribes 3 ,7, 13, 19, 41,
t30, 31, ¥32,. 134, 135, 136, 137,
138, 139, 140, 141, 146, 148,
254-2653; see alsc Indian tribes;
Interested and affected Indian
tribes
Act’s provisions for 6
concerns about transportabioa 98, 99,
263
consuitation and caoperation with 48,
G5, 105, 1B, 134-135, 2584-255
consultation on kay documents 7
consuttation on referance schadule 68
gonsultation On siting guldelines 347
Federal accountabilibty to 7?2
financial asststance to 7, 48,
243, 265
invelvement in repository program 38,
129, 130
litigation by 259
notice of disapproval
261-262 . '
personnel Lratning 255, 256
review of sitevchnracterization plans
15, 36t
role in shaping peltcy 7
socioaconomic impact tdentification
and mitigation 56, 262
Agregments on repository aperating
principles I41.-
Agreements, negotiation gf with States and
affected Indlan tribes 7
Adr Force lands at the Yucca Houutain 3ite
241, 242
Albuquerque Operations CfFfice 749
Altocation of costs for defense land
civilian waste 10 -
Allocation of grants to Tozal governments
260
Alpha-emitting radionuctides 12
Alternative host rocks Ffor reposftories
4y, 55
Alternative schedules for repositcr!es 13,
GH-69

134,

9, 36, 63,

Amarillo, Texas 354, 355

American Indian Religious Freddom Act of
1978 257

American National Standards Institute 49,
15G

American Society of Machanical E€ngineers
49, 156
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Analysts ¢f socioeconomic impacts 137-140
finarcial and technical assistance
ter 137
‘7 States, Indian tribes, and
3T communities 137
Anhydrite 43
Annual ¢ .pleity report 29
Aguifer  ~ctaction in. shaft sinking 211
Area fieid investigations, second
re o5itory 54
Ares 3¥te stveys 39, 40
Argillaceous rocks 43
Argonne National Laboratory 0%
Ardzona Bo
Asse ming, Federal Republic of Sarmany
162, 220, 243, M8
Assistant Secretary for Management and
Adirinistration 140
At-reactor storage &, 7, 73,
1:0
Atomic Energy Act of 1964 335 :
Atomic Energy of Canada Ltd. 328 -
Atomic-enargy dafense programs 10, 12, 23
Audits by tha Janeral Accounting -Office 154
Authorized pltan 18, 1617, 25, 28, 14
Authortzed system 120-122, 123, 127
Avery Island Facility, touisiana: 242, 314
BLM--se¢ Bureau of Land Managemernt
Backft1l of reposttory tunnels and vooms 33
Harge transportatton 114, 126, 121, 122
Basalt stte 40, &5, 47, 54, 6F, 62, &4,
148, 196, ‘195-196, 219, 211, 212,
213, 218, 219; 222, 269 270-274,
286-293, 306+308, 314318, 329,
330, 334, See aiso Hanford site
advnntages and dlsadvantaqss of 330,
334
general description of 349 +352 :
geochemical characteristics 306-308
geolagic characteristics '270-27)

role

74, ‘09, 91,

geomechaniical characteristics 314-318
hydrotogic characteristics 286293
Beaumont , Mississippi 356, 357
Bedded-salt sites 40,269, 278-+282,
293-299, 309311, 318, 319, 320,
330, 3314332, 234, See also-

-Bedded-satt sites in Pale:Durg
Basin; Bedded-szalt sites in
Paradox basini Davis Canydn; Oeaf
Smith County: Lavender Canyon;
Swisher County
advantages and disadvantages of
331-332, 333, 334
Bedded-salt sites in PAlo Dura Basin,
Texas 2804282, 293-296, 3092310,
ns ’ S
gectogic characteristics 28e-282
geochemical characteristics 369-310
geomechanical characteristics 319
hydrolegtc characteristics 293-296
Bedded-salt sites in Paradox Basin., Utah
L 278280, 296-299, 310~31}, 319
geochemical characteristics 310-311
gaclogic characteristics 278-28¢
geomechanical characteristics 319
hydrotogic characteristics 296-299
Belgium 44, 162 :
Benton County, Washington 149
Bentonite c¢lays, use in waste package 47
Bienville Parish, Louisiana 357, 359
Blanding, Utah 3852 -



Borehple seals 224-326
Borgsilicate glass 10,
Brazil 162
Briefings for States, Indian tribes, and
the public 32
Prine migration n salt. studigs of
200-20%, 219-220, 242
Browns Farry nuclear plant 94, 9§
gBureau of Indian Affairs 40, 5See also
Department of the Interior
Bureau of Land HManagement 140, 141, 241,
242, 266, 364, 381
Burnup of nuclear fugl 23, 16, 120
CRP--3ae Crystallins Rock Projest
C5M--see Colorado School of Mines
Calcing 12
Calice HY11s unit 214
California Mine and Tunriel Codes 362
California 55
Camp Shélby Military Reservation 356, 23567
Canada 44, 162, 243, 245, 328-329
Candidate sites for MRS facilities 82, a1
envirgnmental characteristics 64
identification @3-86 :
selection of 8J-85-
transportaticn characteristics 84
Candidate sites for firvst repoaitorr 19
Canisters 76 -
Canyon Rims Recreationa1 Area A543
Canyon, Texas 354 :
Canyonlands National Pnrk 353| 154
Carishad, New Mexico 243 '
Carelina Power & Light Company 94
Carrier negotiations 111
Cask interface characteristics .- 108
Cask-~Fleet procurement 11%
Castor cask 94 N
Centralized management contro1 143, 150
Certification of cask design: . 110 .
Cartification testing for bransportation

T 3N

casks 110 .
Chemica) Transportation Emergancy Center
102

Chemical resynthesis 4

Chicago Operations Office 149

Civilian Radicactive Waste Management
Program 15-+29, 143, 1448, 150, 154

Civilian repositories--see: Repositories

Climatic changes, studies of .potential for

195, 197, 199 :
Climax Spent Fuel Test Facility 242,
324-326

Clinch River Breeder Reactor site a3

Closure of repositoriges 121

Cobassatt Flow 211, 362

Cold Creek Synctine 202, 149

Colocated test and evaluatton Fac111ty
267-268

Colorado Plateau 352

Coloradac River 196

Colorado School of Mines experimenta1 ming
242, 128

Columbia Plateau 270, 330. 349. 342

Columbia River 352

Combined repository 10, ..

Commercial high-level waste 21,
High-~Tevel waste :

Commission of the European .Communities A4,
162

Commitment to build and operate daspasa1
facilities 6

Comunication resources on transportation
108

Sga -also
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Community info--arion of fices 131

Compliance wit “ndera]l statutes and
regul 1 ions 140

Comptiance wit.. State or local laws and
regyu- tigns 52, 153, 258

Comptrolter %er-ral of the United States 19

Computer cod '3 for performance assessment
239 10

Conceptual dus 'n for 5CP 45-46, 118, 220,
221

Conceptunl desian phase 22)

Conceptua’l wastae-package designs 47

Confirmatory .e¢sting For lioense
application 51, 64

Conflict betwusr executive and legislative
branches of State governments
260-261

Conflict over State representation of local
intevests 259-260

Conflict resoliution 12, 135, 136

Conflict resolution 255

Conflict resoiution 258

Conflicting State or local laws 258-259
Congress 5, 7, 17, 18, 19, 21, 29, 48, 565,
65, 68, 6%, 71, 104, 129, 134,
131, 132, 147, Y4B, 1584, 242, 267
override of notice of disapproval 3G,
66, 261 '

annual report by the Secretary of the
Treasury to 1564
authorization and aperopriation of
expenditures . 154
‘notiFication about test and evaluation
facility 262
proposal Por MRS Facilities B2, 85,
g6, 87, 88, 127, 147
Congressional action for land withdrawal
256
Congressionat authorization

MRS facility 71, 87, 83, 127
requests for 15, 16
second repository 38, 069

Connecticut 42

Consolidation--see Spent-fuel consolidation

Construction, authorization 38, 52, 66, 363

Construckion deltays &7

Construction-phase testing 214, 215-216,
223

Construction schedu1e 221

Consultation and cocperakion §5, 56, 65,

- B85, 101, =129- 134-1135, 257, 261,

263

Consultation-and- cooberat\on agreements o,
7. GG, 105, 135~136, 1317, 254-2§5,
257, 258, 259,260, 262

Consultation and cooperation with governars
and lagislatures 260

Consultation with other Feder:z] agencies
140~-141

Container matertals 232-233, 372,

Container testing 232-233

Cantingency plans 15, 19-2}

Contract management 145

Contracts with waste owners and
generakors--see Oisposal contracts

Contractual commitments to utilities 72

Control of access to land 256-257

Contral of adverse safety-related impacts
of site characterization 365

Control of costs 144, 154, 155, 265

Cooperation with the private sector 16,
91-95

373-374
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Coordinating councils ¥or State
interactions with DOE 261
Coordination of stora-e methods and
equipment 4
Coordinaticn of waste-package design
Copper and copper alinys 47
Corridor States, informal cocperative
agreements with 105
Corrosion, studies of 200-201,
Cost control 144, 154, 155, 268
Cost effectiveness 6, ‘6, 17, 23,
Costs
estimates GG, 144, 246-247,
of monitored retrievable storage
87
of repository research and
development 246
of waste disposal &, 17
provisions of the Act Por &
sharing 21
uncertainty 143
Council of Energy Resource Tribes 256
Council on Environmental Quatity 65
Crater Flat, Nevada 1357, 340
Crystatline Rock Project 137, 149,
323-329, See also Second
repository
Crystalline vocks 42, 47,
geohydrologic setting
tests 324-329
CY¥imax stock, Nevada 324-326
Colorado Schonl of Mines
experimental mine 328
Stripa mine, Sweden 162, 326-328
Underground Research Laboratory,
Canada 2328-329
Cypress Creek Dome 354,
Cypress Creek Dome site 40, 196, 205,
274-276, 29%-300, 301
DHLW- -see Defense high-level waste

14
232, 233
29, 73

383-303
86,

323-329
323-324

356, 3537

DOE Contractors 118, 161, 189

DOE Headquarters 145, 1al. 159

DOE Operations Offices 52, 145, 147,
148-149, 151, 153, 15§

DOE Drders 115, 150, 185, 22%, 362

DOE factlities 120

DOE's siting guidelines --see Siting
gutdelines
DOT regulations 98, 100
Damaged waste containers, repair of
Dark Canyon Primitive Area 354
Davis Canyon, Utah 352-353, 354
Davis Canyon site 40, 41, 196,
279, 296-299, 310-31%,
DeSotp National Forast 356, 357
Deaf Smith County, Texas 3564, 355 _
Deaf Smith County site 40, 41, 4z, 196,
205, 280, 282, 293, 295, 296
Decision analysts, techniques of 116
Decommissioning of repesitories 31, 121
Decommissioning of sites unsuitable for
Tigegnsing  36G-367
Decontamination of repositories 121
bDefective spent-fuel assemb11es. handiing
of 76

126

205,
s

278,

Cefense high-level waste 10. See also
defense waste

Defense waste 10, 21, 23, 52, 104, 106,
120, 123, 3N

acceptance at First repository 52
timely emplacement of 29

=445~

accept-ce schedule for 10, 27, 23,
8, 2%
assump tons about 23
canisties for 11
cost - nving 1o, 21
dispo 1 options for 1w, 2
quantii ies of 23,
tran-oi rtation of 97 98, 100
Defense-w. 3ta-only rapository 10, 21
Delays In & aasfer o¢f State land 287
Departmant ¢ Justice 147
Department o Transportation 958, 99, 101,
108, 189, 264

Department of the Interior 6§, 257

Dascriptions of potential1y acceptab1e

" slves for the Ftrst repository
342-361

and specification reviews 222

basis For MRS Fagilities 60

of rfbésitories-~see Repository
dezigi _

Design of undergrould openings 46

Design requirements’ doguments 206

Design, fabrication, and protbtype testing

off waste packqﬁes 234-235

Design
Design
Design

Developmert and evdTuutiun costs 246,
388-389

DiFFicutty in acquirihg access ta, or
contro1 of, land 256

Difficulty in“dbtaining State and local
permit$ 287-258

Direct technica uss1stance to States and

affected Thdian tribes 26

Disassembly of spent-fuel assemblies 114

Discussions with affetted parties 131
Dispasal alternatives 4
Disposal ¢ar¥sters 126
Disposal capatity, vequirements for 378, 180
Disposal containers 76, 126
Disposal contfacts 7, 25, 29, 106, 143,
© 7 146, 154 '
Oisposal in outer space 4

Disseminatlon df risvenue ‘projections to
’ ’ Thterested parties 265
015301ut10n potential pf salt, 'studies of
197

fritling studies 1H3* "

Gry storage 16, 3¢, 73]~ 93
costs of 73 )
casks 120 o
demonstrations 94, 129

lTicensing 93
techn¢1ogies. devetlopment of 91, N
Dual-purpese casks' Y16 -
EDBH--see Engineering design boreholes
E£IA--see Energy Information Administration
EIS impY¥ementation plan 164, See also
Environmehtal 1mpact statement
EPA standards 12, 34, 38, 37, 47, 51,
149.  Ses’ a1so Env%ronmcntal
Protection Agenty
ESF test program ~~seé Eproratory -shaft
testing’ progrdm

Earthquake monitoring 195, 196, 198
Edison Electric IAstitute ‘117
Edutational programs for the publtic 133
Egypt 162

Electric Powdr Redearch Institute 117

Emergency egress, use oF second exploratory
" shaft for ‘2087
Emergency respense
capability in transportation
G ptepareéddess 263

101
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funding 102

workshops 102
Eminent domain, exercisy of 257
Emissions from MRS facilities @0
Emplacement-hole packing 47
Energy Information sdministration

29, B, 147, 148

Energy Reorganization Act of 1974 35
tnergy Research and Develooment
Administration 39 .
Engineered-barrier ..ystem 33, 34, 17, 47
Engineering design borehgoles 197, 212
Engingering Femasibility studies 45
Engineering tradeoff studtes. reposttory

§, 26G,

design 223 )
Environment, protection of 5, 8, 15, a7,
15, 52
Environmental Protection Agency ....34, 346,

39, 46, 47, 65, 9, 87, 140, 264
Environmentql ﬁcceptability. 3, 6, 7, 16, 40
Environmgntal, assesgments

repository sites o

draft 315, 431, 42, 58, 61, 99,
138, 205, 227, 239, 240, 269, 149
Final &8, 61 .
public henrings on scope of 35, 42

MRS facilities. 82, BS .
Cnvironmental impact statements

repository sttes ..35, 38, 51,

99, 138, 208, 215, 241

MRS Fac111ties 85
Environmental studies. &1, IGQ.QJ93. 205-206
Equipment and technology development &1,

223-229,. 242
equipment for waste transport,
emplacement, and retrieval 223-224
Eresion potential, studies of 195, 197. 198
Executive and legislative branches of State
governments, conflicts between
260-261 L
Existing land use, continuation of 256
Existing storage facilities, effective use
of 17
Explaratory-shaft ‘aci?ity
Exploratory-shaft program
safety and programmatic

64, 6§,

207, 210

considerations 3062-364
schegules 207
tests 224

Exploratory shafts 35, 46, 62, 63,
207, 256, 361, 363, 365
at first- repository sites .
_basalt 210, 211, 212, 213. 215,
. 219, 362 ,
salt. 210, 21%, 213 Z'o, k¥4
tuff 230, 211, 21z, 213, 214,
216. 219, 362
cost-effective use of 207
costs of 247

197,

delays in construction, of .63
desian and construction of . shaFts and
liners . 207

213-2)4
See aiso Burnup

undergrgund excavations'
Extended fuel burnup 23.
of fuel
FEMA--see Federa) Emergency Management
Agency
Fabrication of waste packages 234-236
Facilitation of permit process 258
Facility-specific
outreach-and-participation plans
131, 138

-446-

Failure to resi’r or implement a
consi Ttation-and-cooperation
agree g 254-255

Federal Emerg: u» Management Agency 102,
105 )

Federal Govermrant agencies--see Federal
age ¢ 7s

Federal Radi 1ugical Emergency Response
Plarr 102

Federa? Radiot( sical Preparedness
Coordinating Cramittee 102
Federal Republic of Germany
hilatera® agreements with 162
bring-migration data from 220, 243
informatton on at-reactor storage 92
subseabsd dispgsal 44
Federal agencies
personpe’ training 25
communict tion and 1ntPractipns with
13, 491, 48, 68, 105, lap“ 140-141,
255, 257 . .
consu1tation with . .
on Project fHecision Schedule
190~ 147 ;
on refererice sqhedu1e 8
on siting guidelines 347
goordination with 256
review of environmental impact
statement 65
Federal interim StOIage 12, 114, 14
a1191b111ty_For! LY
funding fgr. 97, 159
need for 7, 16, 17,
96, 97, 114
schedule of fpes for 97
transportation costs for 97
Federal %ands 39
Federal ragulations For the transportation
of hazardous materials 99
Fee-adequacy reviews . 145
fFee collections 145, 154
Fee for waste disposal 264, 205
Field Wark Package Proposai and
Authorization System 151
Field drywells 82 .
artist's cuncoption of 78
description of 7a, 78-79
Field studies in repository siting 40
Filter systems at MRS facilities 74, 80
final procurement and copstructiop design
52, 220, 222, 227
Finangia} assistance 7, 48,
160, 243, 262
Financial maqagement 144, 145,
Financial uncertainty 264-268
fFinancing basis 143 .
Financing of program reviews 262. .
First exploratory shaft 2!1 212. See also
Exp1oratory -shaft program,.
Exploratory shafts
First repositary 22, 28, 40, . 120. See
also Repository
capacity of 22
costs of . 246, 247, 383-402
infarmaticn needs 163-187
phasg t operations 120
phases of 2B
nlans for obtaining needed data
189-252 . ,
potentially acceptable sites for 40
start of operations 120
waste-acceptance rate of 120

7Y, B9, 91, 93,

134, 136, 137,

1ha, 155
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Fission preoducts 10, 12
Flow of waste, diagremmatic §13ustration
of 122
Flow of waste, regulativa of 17
Forced shutdowns of nucivar powdr plants 90
Forecasts of nuctear power growth 5, 26,
29, 81, 147, 148
France 44, 1682, Z45
Framk1in County, Washingtoa 349
fuel-assembly scrap, eor skiletons 76
Full cost recovery ~, 1%, Y¥, 143, 150, 154
Full-scale operations in first repository
68, #9
Fund Management Plan 155
Fund management ¥, 154-135
Funding plan for MRS faciltties 86
G-Tumnel Factlity, Nevdda 242
General Accounting Qffise 154, 320
Genera) siting guidelinas-—sae Siting
guidetings
Generators of spent fuel--sé& also Owners:
Utilittes 120, 121, 12%
Generic environmental impact statement
{GEISY 4, N1, 217
Generic licensing of dry- sharage
technalogies N
Genertc requirements for geo1og!c
reposttories 45, 33, 236
Geochemical studies 193, 199-201
Geohydroiogic settings
first-repository program’ 40, 196
variety of 37 )
Geologic repositories. See repositories
Geologic disposat--see Repositortes
Geoleglic mapping 197
Getlogit studies 19¢, 195-19%, 270-282
basalt 195-196, 270-274
salt  196-198, 274-282
tuff 198.199, 2B2-285
Geophysical surveys Al
Georgla 42
Glass waste form &
Governors and Tegistatures, consultation
and cooperatian with 260
Grand County, Utah 352
Granite--see Crystalline rocks
Grant County, Washington 349
Grants 262 '
Grants equal to taxes 7, 139, 263
Grants to States and affected Indiun tribes

7. 48, 134, 137
Grants, allocation of to 1oca1 governments
260

Great Plains physiographic province 154
Ground freezing, in expToraFdry shaft
construction 211 7
Ground water: See alsc Geocliemicéal -
studies; Hydrologit studies
travel times, regulatery
requirements For 37
chemistry, studies of 798, 201
flow paths, retardution
charactertstics’ ‘of 20!

Gulf Coastal Platn 197

Gulf interior region 40, 954

H. B. Robinson ptant @4 %

Hanford Site 10, 40, 195, 205, 349, 152

Hanford site 40, 43, 42, 270-274, 286-293,
306-308, 314-378, 324,330, 233,
134, sSee also Basa!t site

Hartstsville nuclear plant stte 83

Hattiesburg, Mississippt 357, 358

-447-
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Hazardous Mate.'als Transportation Ack 99
HePlin, Loutdi-na 357, 159
Hereford. Texa: 48, 354, 353
Hierarchy of v Tolmation needs For
: repei. ury development G4-187, 189
High-level 1iqL+d wasté-~see Liquid
Pig <tevsl waste

High-level w..ste 407120, 121, 123, 126,
127, 32, 369, 370-371
soltdifice ton of V0, 12, 120, 122,
127, 3:3237%
canisters, Sverpacking of 121, 126

Host State, disoutes with 19
Host-rock options 'for repositories 25
Human intrusion into a repository 33.
also Leologic studies; Pasalt
stte; Natural resources; Salt
sites Tuff ‘site
Hydrologid: stu*}es 193, 202-205, 286-305
basalt® 2665293
salt - 293301
ruf?’ 301-30%
Ice-shedt 'dispdssl 4
Idahd 18, 55, 270
Idahé Falls, ‘Idahe 121
Idaho Mational Engineering Lahoratory 10
Idaho Springs, Colorado 328
Immobilization plants 18, 12. See also
: High-Tevel-waste soitdification;
- Waste sgl¥dification
Immobilized wiste 10
Impact mitygation 3, $37-140, 507-409.
See also Sccioeconomic impacts
Impact-assésiment report 262
Impact-m¥tigation assistance 260
Impediments Yo transportation 263

See

Improved-performance plan 15, 17-18, 28,
27, 28, 33, 72
Improved- perfohmance system 122-127

In-situ testing during site
characterization 51, 63,
214-217 i
Inadequacies in program revenues--options
for remedy 265
Indemnity agreements 103
Independent financial audits 155
Index of information needs and plans
247-25%2 -
Indian Self-Determination and Edugation
Assistance Act of 1975 257
Indtan tribes 134, See also AFFected
Indian tribes :
concerns about-transportation 98, 99
consultation ot route se?ection 100;’
m
coordination with 115
enaciment’ of confiict1ng 1egis!ation
- B8y’ )
Indonesia Y62 '
Informal cohsultatioh and cooperation
© métivities with States and
affectéd Indian tribes 262
Informal consultation to resglve
disagresments 262
Informal cooperativeé’
agreements 105
Informal meetings with States 134
Information :
briefings on MRS faci?ities as
dissemination 15, 48, 65, 85, 130,
Y3F, 132, 131,434, 135, 136, t471,
256

207,
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dissemination throug! State Tibraries
48
exchange with foreiy» countries
161
exchange with States and oether
interested parties 48, 134, 141
needs for repository siting .
and developmwent 163-187, 189
needs of States, Indian trihes. and
the public 11
offices For disseminalign oF 48
Institutional chalienges 3, 6
Instituiional plans and antivitias
129-141, 240-241 )
communications netwpark 104
rglations 48-49
rgquirements 143
strategy 55-56
Institutional managemgnt plan 153
Instrumantation develppmnt 46, 51, 223
Integral MRS facility--see MRS fagility
Integrated waste-management System

71, 72,80, 83,112, 114,,115. See
also Waste-managemant system
functions and Facitities tn 102, 114

integration of essential operationa1
functions 73
Interagency Review Group 42 ) )
Interim Storage Fund 6, 97, 1448, 154
Interim storage, responsibiligy for. 71,
89, See also Federal interim
International Atomic Energy Agency . 162
Internationa) Seabed Working Graup - 44, &5,
162 - :
Internaticnal agtivities 147,.161-1§2
Internaticnal cogperation on. gtordas
technologies and data 92
International repository 44.. .
Issues hierarchy 164-187, Sae aTSO
Information needs for repository siting and
development
Italy 44
Jackass Flat,
Japan 44, 52
Key issues in repository siting and
development 165, 166, 176,
182 .
Korea, Republic of . 162 i, .
Lamont-Doherty Geophysica1 Laborntorr 305
Land acquisition . :
costs 247 .
Federal land . 256
for a repository 241- 242
For site charagterizatign 5!, i, 260
Land yse, continuation of 256,
Land withdrawal 256
Land-use and permit . jssuas 257
Lavender Canyon, Ytah 352-3R3, 354 .
Lavender Canyon site 40, 196, 198, 205,
2718, 279, 296-299, 31p-311,
Lawrence Berkeley NationaI.quorptory\ans
Legislation in conflict with.Federal Yaws
or DOE respansibilities 258
Legislative requirements for ..
repositorigs 3536
Liability for transportatign,

Nevada 357, 360

180,

accidents 103, .363 o
License-application.design 51,.52, 118,
220, 221-222, 223, 226, 221, 247

License applicakion
repository 16, 52, 63, 64 66 .
67, 215, 219, 221

-448-

2 9 7 |

MRS facilities 86
dry-storag: cask 94
License .
phase 1 oparations 67
phase 2 g~:ceptionsg 67
to recaiv. and possess radicactive
matev:- 1 08, &3, &7, 227
ticensing .
issues 6
HRS faci.ittes. 79
repository 18
Life cycle of nragram 143
Life- cyc1a\cost astimates
385-394
Limestone 43 )
Liquid high-lera) wasts 8, 12, 121
Litigation by siates, aFfected .Inglan
tribes, or othu( partqu 259
Local cmﬂpunitigs 259
conggrns ubout transportation, 99.
financial and technical suppart For
138,,139 .
role in snc{qgconomic impact
. mitigatien 56, 137, 138, 139, 140
Ltocal governments. 38, 85, 258, 269
allocation af grants to 260
need to ohtain permits from 257
Location surveys 39, 40
Lockhart Basin 196
Long-range alternatives
Long~term isolation 34
tong-term isalatian capability of the site
18
Las Atamos Natianal Luhorutary 305
Louisiana .. 40, 42, 48, 196 242, 274, N
154, 366, 357 3»9
Low-carbon steel, use 1n wasta packnge 47,
372-373.
Lyons, Kansas 243
Low-level waste 8 :
MRS (monitored retrieyable &torage] ;
facilivy 6, 2, 17-18, 20, 33.
71-88, 106, 112, 114, 118,
.12z, 123, 126. 127 .
advantages of 72-74 v
artist's conception of.' 75 )
backup-stonage concepy 72
candidate hest State 82
candidate sites 82 _ _
Congressional authorization of 29,
. 7 : .
cost e?fectiaenegs of 73
degarmissigning of 122
costs of 86, 87
-gescription of . 74, 126
design basis qu 80-81
destgn of .88 :
dispgsal. qf high level waste An
Fundizg .plan  Be.
interface with secqnd repository .126
1ifetime 0f 122, 126
major milestones . 87
monitoring at, .80
need for a sqqond HRS facility 126
operations 124- 125, 126
program assumptians about 22, 24

168, 221, 764,

43, 58

proposal to Congress .17, 18, 71, a1,
82, 85,.806,. 88, 118. 147 .

role of  7%..

sacioegonomic {mpacts and their
mitigatipgn. 139-14¢ .

start of operation 18, 24, 87, 88
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storage capacity 24, B1, 126
storage methods 76-77, 126
temporary storage at T4, 122, 123
waste preparation at 18, 7%, 7, 81
waste-recaipt rate .4, 28, J0-8%
Maine 42
Management coantrol 1143
Manti-La Sal National Forest 363, 154
Maryland &2
Massachusetts 42
Mathematical models
for rock mechant~s 219
faor performance assessmgnt 239-240
Meetings and workstiops 256
for interested and affacted parties
132, 137
with other federal agencies 141
Mexico 162
Michigan 42
Minden, Louisiana 48 ’
Mine Safety and Health Act 362
Mine Safety and Health Adm:nistration 533,
IG2
Mined-rock
stabilization 53
storage 33
Mineralogic studies 199, 201
Mining and drilling equipment, deve1upment
of 223-224
Minnesota 42 :
Mission Plan At
future revisions of 13 °
‘prganiyation of 12-13
draft, comments on 13 - :
Mississippi 4n, 42, 48, 196 354 356
357, 3L8 '
Mitigation of swd¢ioeconomic 1mpacts 1,
137-140
Hoab, Utah 48 o
Medels for performance assessment " '219-240
Monitering at MRS faciTities 80
Menitoring of dry-storage casks 7G<7?7, 78
Monticelle, Utah 48, 352
MiItiple barriers, use of 33, 34 )
HMultipurpose cask 109, 136, 370, Ses aTso*
universal cdask
NRC CertiFication of need for 1nter1m
storage.89, 96
NRC--see Muclear Regulatgry Conmisstion
National Academy of Sciences 160
National Conference' of State Legﬁs1atures
132, 133, 256
National Congress of American Ind‘ans 132,
134, 256 E !
National Enviropmental Policy Act ' BS, 164
National Governors' Association™ 132, 134,
256 - o A o
National Research Council 329 '
National Waste Termina? Storage Progrum 3"
National surveys'forisites 39
Natural barrier system eof the rep031tory
stte ., 33, 206
reliance on 34 )
Natural rescurces, eva1unt1on5 oF
157-198, 199 :
Need-and-feasibility study for HRS
facil¥ties 82, 86
Needles District, Utah ‘254
Needles Fault Zone 196
Nellis Air Force anbing ﬂange S 361
Nethertands 44, 162 ) - ‘

RS T A

Nevada 40, 41, +3, 55, 94, 199, 362
Nevada Operatic. - OFFfice 149 :
Nevada Test Sit- 198, 206, 329, 361, 62
New Augusta, Mi:'tssippt 356, 357
New Hampshire N ’
New Theria, Lou itana 242
New Jersey 42
New Maxi¢o )V 5B, 243
New York 42 o
New transpdrturtvn casks 108-109
Newspaper Rock & ate Historical Monument
354
Nomislatian af sites For characterization
s, 27
North Atlanthe (Geean 44
Haorth Carolina 42
North Paeifie Qeaan 44
Notice of disapproval 19.f36. 66, a8, 86,
: 260 '
Nuclear Energy J?ency ‘44, 162 " o
NugcTear Fuel Serfices Plant @
Nuclear Regulatory Comiission 7, 8, 13,
21, 36, 34, 39, 48, 50, 51, &5,
66 67; 5%, 79, 84, ‘a7, Ba, 92,
103, 105, 106, 121, 126, 139, 140,
141, 16Y, 162, 220, 264, 361"
agreement on SCR 36T :
concurrence ‘an ‘stting gutdélines: 347
construction authorizat1on 38, 52,
66, 3637 - W
consultation with -
on 11cénse—app1icat1on
desiﬁn 51
on casting requirements 63
generic ru1emakinq on diy stortge 93
Yntéraction with'on SCP: 361°
interactions with 44, 52. 141
Ticense -~ '
amendments for c1osure and
decomissioning 318, 53
for MRS facilities 79
termination of 53 o
to reteive and possess radicactive
material 3a 53, 6?
Ticensing e
of -storagé teahno]ogies 91
procesd for Hapbs1tnr1es 52
requireménts 38, 215"
onstte represéntatives 52
packaging standards 98"
Price-Anderdon ‘system .
104 Jraaine .
‘procedurai agreéMent'dn packaging
certifidation’ 105
procedural agreement ' 227
procedurds For 1tcensing
repositories 37’ -'-
qual ity redud Fements 156 T .
regutations 12, 36, 37, 47, 49, 121,
IFFLABY T o e A
10 CFR Part 192, 96 "'
10 CFR Pa¥e 80 93, 96, *wss,-azv
10 -CER U PAYE '8F 9y 96
10-CFR Part 607 256
10 CAR Part 60 361 ~ ™
10'CFR ‘Part 60 ~¥2, 34, 45, 47,
50, 51, '53”~szf-wao; 214, 220,
221. 222‘“239 e
10 CFR Part o™ 106" o
10 CFR Part 7284, 93, 95
review of Ticedse aﬁp11cation ‘for
rdépositories 36, 65.'66 223




review of site-~chusactarization
plans 38
role in interim uiorage
rulemaking action: 52
shipment-protaction requiremants 103
site-characterization annlysis 38
site-specific technical position 66
technical criteria 36, 37, 51. G5See
8130 10 CFR Part 60
key provisions (F 37
objectives of 37
technical meetings with Gé
written understanding about need for
tesc and evaluption Fagility 268
Huclear Waste 54, 65, 66, 68, 71, @82, A5,
&6, 88, 849, 90, 91, 93, 96, 82, 04
Nuclear Waste 88, 93, 97, 98, 102, 105,

R ¥

19, 183, e, 127, 129, 130, 222
Nuclear Waste Act 133, 134, 135, 137, 139,
140, 181, 143, 144, 145, 154, 161,
Nuclear Waste Act 162, 240, 243, 2531, 267,
268, 269

Nuclear Waste Fung 6, 73, 74, 86,
YAG, 154, 155
Nuclear Waste Fund 264, 265
Nuclear Waste Fund, adequacy of 265
Nuclear Waste Poticy Act of 19482
1, 5,6, 7, 8,10, 1%, 14, ¥7?, 18,
19, 20, 21, 22, 31, 35-36, 37, 40,
42, 43, 44, 45, 47, 49, 53, S5,
56, 256, 257, 258, 259, 260, 261,
262, 263, 264, 265, 267, 363
provisions For MRS facilities 09
requirsmgints For
test and evalvation facility 267,
268
Site characterization 363, 164
64 .
Mission Plan 269, 347,
3177
repositories 35-36
Huclear fuel assemblies B. 9.
Spent Ffuel 8, 9
Huclear fuel cycle 8
Huclear industry, coordination with 115
Nuclear insurance pools 104
Nuclear power growth, forscasts of 5, 29
Nuclear power plants, orderly operation of
15, 2B, 29,.74
OCRWM--see OFFice of Civilian Radioactive
Waste Managemant
OCRWM Director 112, 145, 147, 151, 154, 156
OCRWM organization 145-147
OCRWM 3,12, 99, 102, 103, 104, 105, 106,
143, 145, 147, 150, 154, 155, 159
Qak Ridge Reservation 83} ..
Objectives of the waste-management program
6-7
Occupational Safety and Hea1th
Administration . 53
Office of Assistant Secretary for
Management and Administration 1438
Office of Civilian Radioagctive Waste
Hanagement 3, 12, 99, 102,
105, 10, 61,60, 161, 247
Office of Environmental Compliance 148, 160
Office of General Counsel 147
Office of Geologic Repositories
14G6~-147, 164
Office of Management and Budget 148
Office of Policy, Integration and Qutreach
145, 147

105,

349, 369,

See also

104,

145,
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Office of Prciect and Facilities

Han! gemeant 148
OfFice of Re . wice Management 145-146
Office of St 'age and Transportation

Sys s 145, 147
Office of tle Assistant Secretary For

C.ng essional, Intergov 147, 148
Of Fice of ' ve .issistant Secretary for

Dy'e "5¢ Programs 10
OfFice of thwe issistant Secratary for

Envivnment, Safety and Health

147, 148
Office of the Controller 148
Office of tho Director of Adminiastration

148
O01dham County, Texas 354, 355
nsite storage 28. Ses also at-reactoer

storage; spent-fuel pools
ODperational zafety 51
Optimization of wastevmanagement system 115
Qragon 55, 27¢
Organization for Economic Cooperation and

Development 44, 162
Quireach-and-participation programs 7,

129, 134, 145 .
Overpacking of waste canisters 80, 121, 126
Overweight transportation equipment 104
Dwrers and generators of waste 5, 17, 29,

86, 120, 121, 123, 143, 145, 164
Ownership of land 256-257
PHS Manual 151-3154, 1556
PRDA--5ee Program Research and Devanpment

Announcement
PUREX process 10
Packing-material testing
Palo Duro Basin 40, 196,

352, 354
Paradox Basin 40, 196, 197, 198, 352, 362
Participation cacabilities of States or

affected Indian tribes . 265-256
Pasco Basin A0, 195, 269, 271, 349, 351,

152
Peer review 160-1461
Pennsylvania 42
Performance Assessment Review Growp 45, 160

Development of analytical technigues

45

Performance assessment
Codes 206
Pear-review panel 4%

Plans 45, 160, 206, 236, 240
Repository 226-227

Site 206

System 238-240, 241

Waste package 235-236 .

Performance confirmation program 53

Performance targets 206 .

Permanent closure 53, 121, 206

Permanent disposal, atterpatives. for 4

Permanent disposal -3, 16, 121

See also Repository,

Permanent isolation 4, 8

Sea also Permanent disposal;

Repository
Permanent markers 53
Permanent sealing. oF repositor1es 121
Permit process, facilitation of 258
Parmits

for site characterization 61, 62, 63
State and Yocal requirements Ffor 257

233-234
197, 198,

44, 45, 51
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Perry County, Mississipp! 366, 357
Physical interface requiremants For
transportation system 108
Plans
for insite testing with radioactive
and nonradiocaciive material

164-365
for obtaining information negded For
repository 189-252

Plutonium 4, 8, 12
Policy for radicactive-wante management 4
Policy goals G-7, 15
Pelicy informatien, release of
Postelosure
monitoriry and survetllance 53
performance assessment 227
surveillance 53
system guideline 164
technicatl guidelinas 164
Fotenlial finpncial, pelitical, Jegal, and

13é

tnstttutional problems 253-265
Potentially acceptable For first
repository 35, 40, 41, 42,
269-347, 349-361
Preclpsure
performance assessment 226
system guidelines 164
technical guidelines 164
Preconstruction assistance 262

Predictive models~-see also Mathematical

medels 219
Preferred siorage method at MRS facilities
76-77

Preliminary determination of site
suitability 64

Preliminary performance assessment 45, 239

Preliminary safety analysis report 241

Preliminary versions of siting documents,

sharing of with States 262
PrenotiFication of shipments 10%Y, 105,
263,
President 4, 5, 10, 19, 29, 35, 36, 58,

63, 64, 65, 69, 145, 163, 349
President Reagan's NucTear Poligy
Statement 4
Price-Anderson Act 103, 104
Private industry, participation in
development of transportation
system 73, 97, 122
Private landewners 257
Private sector participation 107, 118
Privately owned land, acguisition of 256,
287
Procedures
for 1ocal-govermment representation
for resolving concerns and
objections of interested pariies
259
Procurement and Assistance Management
Dirgctorate 148
Procurement plans 155
Program Research and Development
Announcement 116
Pragram
admninistration costs 2G5
assumptions for waste-system
components 22
constituencies 19

cost uncertainties 264-265
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manageman- 242
cost: 247
goali and objéctives
144143
infi 'mation system 152
obji tivés 6-7, 15, 17
staul s reports 132
sy ken 150-154
Program man. esmant system manual--see PM5
mat.ii :
Programmattc ¢ astderations for exploratory
shaft., 362-364
Programmatte eulions 17
Project Decision Schedule 6B, 140, 141, 264
Project OFfFices 151, 155, 158, 159, 164
Proprigtary dzta, release of 136
PubTic ¢omment 133-134
Public hsalth and safety 1, 37, 53
Pubtic health and safety, protection of 6,

15, {7, 33, 52, 79
Pubtic health and safety, undue risk to 37
Public hearings
on enviranmentat assessments 35, 42,
64 ’
on site-characterization plan 361

on siting guidelines 347
Publi¢ information meetings 263 .
Public involvement, Act's provisions for
6. 35 T
PubYic participation 7, 15, 17, 36, 85, 134
Publtc review ]
and comment an SCP 361
of siting documents = 35
Quality assurance 111, 143,
221, 242
contrel 111
management policies and
requirements doctuments
plans 154, 159, 160
plans for performance
assessment 206
program 49-50
requirements For MRS
facilities 83
Quaternary climate, studies of
199
Radiation
exposure, 1imits on 36
shielding at MRS facilities
Tevels tn spent Fuel 8
Radiation-protection standard
Radioactive elements 8
Radiocactive materials, use of in site
ctharacterization 364 ‘
Radicactive waste 3
definition of 8
generation rate
sources of B
types of &, 21, 22-21
Radionuclide release 34
Radignuclide release From waste package
Radionuclide transport 33, 201, 206
Rail or barge casks 109
Rail transportation 114,
Randall County, Texas 354,
Reactor fuel--see Nuclear fuel
Reactor-site storage--seeé
reactor storage poals$i Spent-fuel pools
Receiving-and-handYing buitding at MRS
facilities 74, 76, 78, 81, B2, Bl

146, 147, 206,

158, 160

195, 197,

a0

ki

3, 22

200

120, 12%

355
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Reconmendation of sites r.r

shafts ang soreholes 31
characterizabionr

start of oserations 3o
Reet Basin 354 status of trogram  38-49
Reference plan for defen:eg-waste surface faritities 31, 32, 33, 120,
wranagemant 10, 12 121, %
Reference scheduls surface s. vage capacity 33
commi tment for consultation 08 technoleqy development #44-48

35, 37, 58

first reposttory 57, 58, 59, 68 two-phas-. .aproach 485, 68
second repesitory G69-H0 undergro. nii disposal rooms 31
Regional characterization veports, second undergronn facilities 31, 127

repository 42, 43 undergroun: apenings 46
Regional stte survers; 19, 42 waste-accercance rate 131
Regulatery activities 240-241 waste contzinment and fsolalion
Regulatery and institutional activities, 31, 37, 46
costy of 247 waste package 33, 37
Regulatory requirements foir repgsitortes 36 Repository for defense waste only 10
ReTiabtTity in system cperation 17 Schedule 57-71 o ‘
Reorganization Act No. 3 of 1970 36 First repository §7-69
flepesitories 5, 6, 16, !9, 22, 23, second repository 65-70
31-7%, 112, 134, 120, 121, 126 performant e assesgment 22§-227
access to surface facilities 33 Reprocessing 4, 8, 10, 120
advanced conceptual designs 51 Republic of Korea 162
artist's coenception of 32 Reracking of reactor storage pocls 89
backfills and seals 45 Research and development 20, 31, 269-346
backfil1l of tunngis and disposal Resclution of disagreements through
roogms 33 informal consyltation 262
background informaticon on 3IB-42 Resolution of potential confligts with,

closure and decommissioning 63

permanent markers 51
pestclosure monitoring 5
surface-arca restoration

3

53

States or aFFccted Indian tribcs
259

Results and implications of research and

deyelgpment programs 249-346

Mined-rock stabitization 53
construction 52, 67 '
costs 247
data-base development 45
decommissioning of 31
decontamination of site-generated

waste and effluents 13
description of 31-34
design 38, 15-46, 217-227

conceptual design for SCP 45

final procurement and construction

dgesign 52, 220, 222

design capactty 25
engineered barriers in 33, 34, 37
host rock 33
host-rock gptions for 25
l1tcense-application design 51, 52, 228
Ticensing 18
major phases of 57-58
mingd-rock storage 33
missten and sbjectives of
monitoring facitities 33
miltiple barriers, use of 33, 34
natural barrier system 33, 34
aperation 53 Safequards and squrity 160
operations in 12} Safety analysts report For MRS facilities
operation, start of 36 % o L

phase 1 52, 53 Safety features of MRS faciYities 79-80

phase 2 52, 53 Safety of shipments, contern about 98
permanent sealing of 31 . Salt Sites 40, 45, 47, 54, 61, 62, 64,
pians for development of 49-56 _ 169.190,'1964198,_213 211. 2113,
potential far human 1nterFerence in 215, 219, 222, 269, 274-282,

the future 33 . ) 293-301, 308-317, FiB-3290,
preconceptual designs 45 331-332, 333, 334, 354, 396 357

title II design G52 See also Bedded-salt sites. Davis
program assumptions about 25 Canyon; Deaf Smith County; lLavender
radionuclide release from 37 Canyon; Swisher County
radiopuglide transport 33 Salt domes sttes 40, 274-278, 299-38%1,
rapository program 331, 35, I7-71 308-309, 378, 319, 320, 331, 332,
shaft seals 13 333, 334

Retrigval of waste From & repository 25, 47

Rhode Island 42 o

Richland Opérations OFfice 149

Richland, Washington 121

Richten Dome 354, A58, 357, 358

Richten Dome site 40, 42, 196 274-276,
299301, 319

Richton, Mississipp! 48, 356,

Risks to the publtc 17

Rock metting ({disposal alternative) 4

Rock-mass properties 219, 220

Rock -mechantcs studies 219-2290

Rocky Mountains 352

Rod consolidatien 116, 117, 1740,
170; see also spent-fuel
consolidation

Rod consotidation at MRS facility 370

Room-closure rates in sait, study of 219

Route selection 243 _

Routing of waste shipments 100

SCP conceptual design 45-46, 2231

SCP conceptual design report 36

SCP reports 66, 222, 239, 240

5CP--see Site characterization report

357, 358

121, 126

37-38
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advantages and disa’vantages of
329, 130, 332, 134
geochemical characi~ristics 2308-309
geotogic character! tigs :274-278
geomechantcal charantarist1cs
38, 319
hydrologic ohuractsristios
fan Juah County, Utah 352
Sandstona 43
Savannah River Plant 10, 3N
Savannah River, South Carclina. 12}
Schedule, abtlity ¥~ mast 18-
Schedule--see MRS schadule; repolitory
schedule; transportatton schedule
Screening-mettodology dooument, second
repository - 42, 4% - -

299-381

Seals
costs of 247
ptans for developmunt 54
designs and materigls - S 224-226
performance requiroments- 22#—226
Sealed storage casks - 82
cutaway view of: 77
description of 76~77 -
Second exploratory shaft :212-213
Second repository 16,22, 126, 190,
243-246, 269 o
consultation-and-caoperation
proceduras 285 C
Congresstonal outhorization far 16,
19, 38, B4, 6% ' -
State bartioipation in aiting 244
area- choractorlzatdon plan 54,
243, 244 [
area field- 1nvost1gotions 54, 244
area-recommendation . report 54, 244
consuitation maetings with
affected States: 49
eligibility of first-repository

sites for L4, 71, 243

jdentification of -potentially

acceptable sites for 54

regional characterization reports

42, 43, 49, 54

screenting- methodo!ooy document
42, 49, 244"
site nomination and

racommendation’ “54:

States under consideration 42,

43, 244 :
start of operations lznuJIEI
technology development 46
use of information from

first-repository program 244 245
Secretary of Energy: - 4, 58, Gl 64 .85, 101,
259, .389, 361 RENEN
Secretary of the Treasury 154 -
Security measures. 160 ... =
Sensitivity analyses, pltans for 206,

Shafts 239; see also Exploratory shafts;
site characterization:
seals 33, 224-226 - ok

construction. methods 2!1«213
construction schedule 211212
Shale 43
Shay Graben 196
Shipment allocations for 1nd1vidua1
© reactors 29
Shreveport, Louisiana 357, 359-
Site characterization 19,35,372,36, 39, 42,
45, 49, 54-51, 61-64, &B, 1631, 164,
196, 298, 207, 240, 256, 2G4
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exploratery shafts 35, 46, 62, 63, 197
exploratery-shaft facility 46
informat!un needs 46
test p1ah% 46
quatity “usurance 49
ih-situ  :BLting 62
interacii.ng with host Statos 63
Tand a¢ qu.sition for &1
schady® ' Sur 61-64 .
site prepiration 61, 210-21)
testing s wedule &2 -
Act's raqu frements
for 363
activities 361-364
activitiyy thet may affect isolation
capaiilities 345
Site investigations. 199-206 ...
logic dingram 188-189
Site-characterization plans 34, 42, 45,
46, 47, 50, BY,.62, 67, 159, 160
163, 206, 221, 238, 239,.240, 367,
K5, 366+ ..,
SCP concoptua1 design 45 46..221
SCP conceptunl design. rgport,. A6
SCP raports 66, 222, 229, 240, -
Site-performance. assessment 193, 206.
Siting gu1de?1nes 13, 34, 35, 37, 41, a3,
‘49, 51,: 54, 64, 137,.14n. 163,
164, 214, 238, 361 - .
1egis1at1ve requirements For wn .
HRC concurrence on Al
oonsu1tationhon|uél. 347
Siting of repositories, . 19, .35, 3B-43
field studies in 40
geophysicaAl Surveys 1n 40
key issues-in 48 -
lahoratory studies in: 4&
Jegislative requiremgnts for. 36-36
nomination: for ¢characterizatipn 35
on Federal lands 39:......
public hearings on,scope of..3f, 42
recommendation for charagherization 35
scheduie and process.for, 13,36
screening process - 3941, .qa.
selection for characterization. 190
site designation. .36;.38, 64, 67
site selection.and. approyal, .64
site-selection report.. 35,51, &4
site-suitability determination 5t
site-suitakility,evaluations . 34
stte suitability,: pra1ﬂm1narx\
determination.of 64 . .
Socipeconomic and environmental.
jnvestigations 164
Socioeconomic.conddtions, study. of.. 193, 206
socioeconomic Conditions and Potent1a1
Impacts . NI
front-end financing 5&_ [
impact-mitigation: plans; ; 56,
LJurisdictional; allecations, .56
Methods- fur: conflict. resolption: 56
“identification.and mitigation 49, 56,
130, 137-14D
impacts o
assessmant 56. 13?—140
assessment gronns 139, :
financial. and. teohnica1 support
139-140 Lo
mitigatton, funds for 264
MRS facilities 84
transportattion 138
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SoVidiftcation of high-tevel waste A,
370-3N
Solubility and special: on studies 199-201
Sorption and prectpitalfon studies 199, 201
South Carolina 10, 42
Spent fuel 4, 8, 120, 12V, 122, 123,
124-125. 126, 132, 242
assemblies 8
backlog 28
characteristics 120
consolidation 1%, 82, 72, 74,
76, 92, 93, 95-96, 112, 114, N6,
t2o, 121, 122, 126, 127
consolicdation at MRS facitity
17, 72, 4, 716, 126, 127
discharges. Forccasts of 29,
a9,
inventory 4, 27, 8, 88
packaging 369-370
pools 19, 20, 69, 120
priority For acceptance 29
reracking of 89
reprocessing 121

tests 242
Stainmless steel, use in waste packages 4,
47
Standard dispeosal contracts-—seé kisposal
contracts

standardization 16
of waste canisters.and
hand1thg &quipment
of waste-package design
114, 115 : :
States 3, 7, 13, 19, 48, 63, 130, 131,
132, 133, 134, 135, 137, 138, 1319,
140, 141, 145, 156, 148, 254-25%
agencies 255, 256 o
allocation of grants to local
comunities 260
comnent on site—character1zation
plans 38 e gl
communtcation with. & © = b
cooperation in siting 260
coordinating councils for '
interactions with ODDE 261
coordinating organizations 256
concerns about transportation 98,
- 99, 105"
conflicting reguTations 258
consultation 254-255
consultation and cooperation 28,
65, 105, 115. 1344135, 256 258,
259 ' '
consuTtation on veference schedule
68
consultation on siting guide?ines
41, 347
direct technica1 assistance to 262
emergenty-iresponse capabiTity 102
Federal accountability to 6
financial assistance to 7, 48, 133,
243
governors 130
govermments 259, 260, 261
impact-mittgation grants to 262
in first-repesitory program 40, 41,
42, 134
Sn second- ~-repository program 42, 134
information needs of 130, 131
interactions with 48, 130
interactions with DBE, coordinating
councils for 26)
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involverreat in repository program
i, *¥3
Tand, a-vutgition of 256, 257
land, 4 'ays in: transfer 257
Yaws anu regulations, compiiance
wt*h  62,.258
Tegist ¢res 130
Tibrar.3y« 48
1tigaki. - 25D
meetings. ~Aeh 256
netice of disapproval 19. 36, 65
171 E 157 SR .
participl ion. in pragram 265
- permit reguirements. . 357:
personneY training 255, 256

prenotification of waste shipments

263 -
rapresentation.of local !ntarlsts
259060, Ceota o

review of: ... E
siting documents 6]; 65; ISO
permit applications 62 ...
site-characterization - - -

plans: .3851:,
review ofuoverweightvequlpment use
104 [

role. . .
in shaping.poI\cy ? oy
“in: soctoeconomic: fmpact .
mitigation: 560, :
vouiing: assistance  to 1100, . 101.;
socioeconomic. impact: reaports 260
waste transportatton through 3
States affected by waste transportation
Storager~sec .2l30 ' At-reactor storage;

Federal: interim storagn interim

storage . :

alternatives 76 79

capacity, at reactor. sltes ‘89

concents: seleacted: for HRS .
fagilities.  82:

cooparative. damonstrations with
utititias 90, 91, 92

-demnnstratiansratquderal sitas
o0, 93, 94, 95 o

facilities. existing.lérficient use

of 91 :
options 71-97. . '
problems 116, 118
reguirements 90
Storage technologies,
generic research and -
development: For: 91, 92, 93
research: and. development 118
at Federal facilities 92
Stress measurements imrocks 195, 198

Seripa mine, Sweden 162, 243, 326-328
Subseabad disposal 4, 20, &4, 55, 149, 162

institutional . issues in 44

participants. in - 44, 162
Subsystem modeltng 206 -
Supporting-technclogy development .-.51

261}

Surface faciltties of reposditeries 31, 32,

13
Surry nuclesr power plant 94
Sweden - 162, 243, 2456, 326-328
Swisher County site, Texas 40, 196, 20
280, 281, 293 :
Swisher County, Texas 154, 348
Switzerland 44, 167, 245

5,
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System performance assessme-t 227, 238-240
System requirements and dec¢cription
document 116, 117, 118
Systems activities 44-45, 247
Systems engineering 44, du, 118,
152, 236, Z38
logic disgram 237
management plan 152, 237, 238
Systems integration 17, 112-127
near-term schedute for 118,
program logic 117
TEF--s8e Test and eva'ation facility
TRU waste--set Transuranic waste
Taiwan 162
Technica) assistunce to States, direct 262
Technical ¢hallenges 3, &
Technical experts, services For States
Technical information sharing 7, &b
Technical issues in reposttory siting and

116, 144,

119

48

devetapment 165, 167-187
Techntical planning for the transpertatton
system  107-108

Tachnical review programs for States 48
demonstration at test and evaluation
facitity 267-268
develepment 315,

Tectonic studtes,
basait 195
tuff 198

Temporary lag storage
at repository 114
at MRS facilities 74

44

94, 95, 96

Tenneéssee vValley Authority 813,
Toennesses 83, 85, 86
Test and evaluation facility 36, 47, 5%,

164, 364
wWritten understanding with NRC 268
Test facilities 242-243, 247
Test tunnels in site characterization 364

Testing
in site-characterization program
62, 214-217. See also in-situ
testing
transportatton casks 118
to support ligense applicatien 62,
G
Texas 40, 41, 42, 48, 55, 3562
Texas Panhandie 354
Thermal-mechanical properties of host
rocks 219
Time needed For States or Indian tribes to
develeop participation capabilities
¢55-256
Timing of grants for the mitigation of
repository tmpacts 262-263-
Title I and IY design 52, 220, 22! 222
Topegraphic mapping 197
Trains, dedicated. For shipment: From MRS
facility 122, 126, 127
Transfer of State land, delays in 257
Transmutation ¢

Transport processes, studies of 199, 201
Transportabie storage casks 77, 79, 10}
Transportation 3, 7, 17, 97-111, 112, 114,
121-122, 126, 132
accidents, liability for 103
assumptions about 23
casks 33, 1046, 107, 108,
1069, 118, 120, 122, 124
advanced-concept cask 110

cask interface characteristics 108
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237 7

cask~float propurament 11)

Certifi: ition testing 110

enginae i1y developmant and
cartifigation 110

reques' . for proposals 109

characteri- ics of candidate
MRS sit.-: B84

compliane with DOT and NRC
reguliiians 99

corridors "7

cost control 113
cost unceartsinties
distances 23, 83
emergency ruasponse 99, 101,
tnstitutional issues. 100
jurisdictiona) responsibilities
management System T
modes 23, 10F, 106, 114
number of wssta shipments

106, 127
onsite services At reactors
operatiens 11!}
phystcal interface raguirements
private-sector participation

in 107, (08
responsibility for
safeguards 161, 103
schadules for system

devetopment 107
Scope of hardware development
strategy options dogument 106
technical planning 197-108

Transportation business plan .98,

264
192

17,

106

12%

108,.

24, 99

188

106

1¢7

Transportation instituticnat plan 98, 104,

195

Transportation system
121

definition

16, 74, 97-98,

108, 109

jnstitutionxl development of . 98-
166~111

technical develapment of

Transportation-specific environmanta1
analyses 929

Transshipmant of waste 89
Transuranic waste 8, 10, 12, 36
Tribal Government Tax Status Act 257
Tribal tand, acquisition of 256, 257
Truck casks 109
Truck transportation
Tuff site

114, 120, 121
149,
212, 213,: 214, 216, 224,
269,

120,

106

40, 45, &7, 54, G}, 62, 64,
190 198-199, 2)0. 211,
232,
282-286, 301-305. 311-313,

320-323, 332~333, 334, See - .
also Yueca Moumtain Site

advantages and disadvantages of
329, 330, 232-333,.334
geochemical charagteristics
geglogic characteristics
geomechanical characteristics
120-323
hydrolugic characteristics
301-305
Tulia, Texas 48, 3154, 355
Two-phase repositery construckion

31

68

=313
282-286

.5 Courts of Appeals 259

.5, Air Force, 36}

U.S. Air Force, agreements on land yse 242

1.5, Army Corps of Engineers 140, 141, 257,
339

.5, Geological Survey 40, 5, 140, 141

U.S. Yreasury &, 154 .
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URL --see Underground Resvarch Laboratory
Uncertainties in transportation dosts 264
Uncertainty anatyses, pling for 206, 239
Underground Research Lataratory, Canada

243, s28-329
Underground dispusnl rogms in rapdsitories
n

Underground excavations, in site
characterization 213-214
Underground facilities of repositories 33
Underground ocpening:, désign of 46
Uniform Relocation ‘Assistance and Real
frope:ty ncquis1tian P011c1es Act
2587
Unit trains--see Trains, dedicated
Untted Kingdom 44
Universal cask 47, 105, 1%0, 116, 370
Unresolved technica1 t3sues  164-187
Uplift and subsidence, studies dgff 195, 196
Uranium 4, 8
Urantum fuel assembites 9
Uranium ore 8
Uranium-mi¥1 tailings &
Utah 40, 41, 48, 885, 1562
Utilities 116, 120, 123
assistance to 7 o
contracts with 29, 106, 154
cost recovery from - 154 °
Yiaison with 108, 115 =
planning basis for "72,:8)
responsibilities For'stérage
20, 113, 23 ¢
role in authori:ed-system 120
spent-flel-storage capabiiities
of 89-91
Vacherie Dome 354, 356, ‘987, 358, 359
Vacherie Dame site 40, 196, 205, 274,
276-277, 300, 301, 354, 156,
357, 3568, 309 ’
¥alue-enginenering analysis 116
Vault storage at MRS - Faci%ities :ao
Vega, Texas 48 0
ventilavion, use of second’ exp1oratory
shaft For 207
Vermont 42 : o
Virginia 42 Co
Virginia Blectric Power Ccmpany 94
Vitrification 8. See also Solidification:
Borostlicate glass.
WIPP--see Waste Isdlation Pilot Plant
Washington, State of 10, 40, 43, 42, 47,
48, 135, 270 :
Waste acceptance 15, 120
for “individual Feactors 29
separaticn from waste- empTacement
capabflity 72 °
statutory reguiréments for 58
for disposal ‘15, 17
rate 122° B AT
at MRS facilities 80-81
at first repository 12V, 122, 123
schedules  25-29, 104, 122
Haste age 28 )
assumptions about 23 :
Waste disselution by ground -water 34
Waste emplacement 114, 124 : :
equipment 224
rates 52, 122
HWaste flow, regulation of 17
Waste form 233, 47,121, 230-232, 37
Waste-generation rates 377-378, 3179

237 9

Waste generatis i 120, See atso Owners,
Waste-handVing building in repositories 133
Waste-hand¥ing fquipnent
developm % of 223-224
cogordina on of design 114
Waste-handling systems in repositories 33
Waste-immoby  .ation plants 10, 12
Waste Isoiat oo Pilot Plant 12, 243
Waste-managen# ¥ pragram 3, 129, 130, 132,
133, 4, 135, 137, 143, 1344, 147,
255, 100 '
prindipat plaming basis For 29
institutional challenges 3
waste-mapagemant system 71, 82,
8% 194, 112, 114, 116, 118, 120
122, 126, 134, Sae also Integrated
wustu-manaqement system.
vbiectives of 647 - :
optimiza=ign of 115 - -
Waste packaye 33; 37‘ 46-47, K1, 63, 200,
-20y. - : .
conceptual designs 47
radionuciide containment 47
components, degradation of 200
emplagement -hote packing. 47
radtonuciide release From 290 .
Timiting of radionuciide re1aases 47
togic diagram 229
materials for 47, 372, 3?3—3?4
waste retrievability 4? 53
carrosion, studies oF 200-201 -
costs 247 ' -
desdgn: i 47,51, ¢ 118.. 228
development &0
environment, studies of -44,
28, 230
interactions with host rock 200
performance, assessment of 63,
235-236 . .
study with predict1ve mode1s 219
tests 217, 234-235 .
stundardizatﬁon.of desiagn 114
research-and-development. plans 1374-1375
Waste packaging 37, 112, 114,,126
at MRS facility 17, 76 .
Waste preparation at MRS facilities 74
Waste receipt rate 62--see also
Waste-acceptance rate
HWaste retrigvability 53, 121, 122, 126
equipment 223-224 .
Waste retrieval: 25, 47, 53, G3, 122 -
Waste soldidification .and packaging 369-3175
Waste transportation--see Transportation.
Universal: cask.
Webster Parish,. Loulsiana 357, 35%
West Valley Demonstration. Project 22, 23,
28, 52, 369, 370, 37t
West Valley, New York B, 74, 120, 370
Western Interstate Energy Board 132, 256
Wildorado, Texas : 3%4 :
Winnepeg, Manitoba, Canada 328
isconsin A2, 49
Withdrawal of publiec land - 256 .o
Work-breakdewn structure 151, 152, 190, 247
HWorking sessions on specific 1ssues 132
Workshops on tachnical and: procedural
issugs 7
Yakima Foid Belt 349
Yakima Indian Nation 48, 135, 254, 352
Yakima River 352
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Yucga Mountain site Nevaca 40, 41, 42,

201, 206, 214, 782-i86, 301-305,
311-314, 320-323, .9, 133, 1334,
357, 360
advantages and gisadvantages of

i3z9, 330,

332-333, 334
geochemanical charactertstics 320-323
geochemical charagteristics 311-314
geologic characteristics 282-286
hydrcelogic chaacteristics 301-305

-457.-
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Appendix A

ALTERNATIVE SCHEDULES FOR THE FIRST REPOSITORY



CRITICAL PATH P s - e -
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GENERAL RIIDELINES FOR THE RECOMMENDATION QF SITES
FOR NUCLEAR WASTE REPOSITORIES
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DEPARTMENT OF ENERGY
10 CFR Part 860

Nuclear Waste Pollcy Act of 188,
Genaral Guldelinas tor the
Recommendaticn of Sltea tar the
Nucla.r Waste Repositories

AQENCY: Depariment of Energy.
action: Final siling guidelines.

SUMMARY: in accordnnce with the
requirements of the Nuclesr Waste
Policy Acl of 1082 {Pvl. L. 87425} {the
Act}, the Department of Energy (DOR} is
lssuing gencral guldelines for the
recommendalion of sites for
reposaitiories for the disposat of hih-
level radicactive wuste and spent
nuchear fuel fn geologic formations,
These guidelines will be used in the
varioue steps of the site-seluection
proecess, as required by the Acl. They
are compatible with the regulations
issued by the Nuclear Regulatory
Commission {NRC) in 10 CFR Part 80
and those proposed by the
Environmedital Protection Agency (EPA}
in 40 CFR Part 191, The guidelines
eatublish pérformunce objeatives for s
geologic repository aystem, define the
baaic technical requirements that
cundidats gites must mect, and specify
how the DOE will implemen! its site-
saleclion process.

These guidelines ware developed by
the DOF through the consultation
process reguired by the Act (i.e.,
consultation with affecled end
interested Stales, the Council en
Environmenta! Quality, the
Adininistrator of the EPA, and the
Direrctor of the U.S. Geological Survey)
a8 well ag extensive review and
comment by interested members of the
public, affected Indian tribes, and
intarested Federal sgencies. They have
received the concurrance of the NRG, in
accordance with the requirements of the
Act. The NRC's concurrence decision
was rendered on June 22, 1984, and
published on July 10, 1684 {49 FR 28130},
EFFECTIVE DATE: January 7, 1985.

FOR FURTHER INFORMATION CONTACT:

Carol L. Hanlon, Office of Geologic
Repositories, Oifice of Civilian
Radicuctive Waste Management, U.S,
Depariment of Energy, 1000
Independence Avenue, 5.W.,
Washington, DLC. 20685, Telephone:
(202} 252-1224.

Robert Mussier, Eaq., Depuly Assistant
General Counse! for Environment,
Office of General Counsel, U.5.
Deparimenl of Energy, 1000
Independence Avenue, S.W.,
Washington, D.C. 26585, Telephohe:
{202) 452-8947.

For additional coples of this rule
contach SBusan Grodin, cfo Roy F,
Weston, inc,, 2301 Reseurch Boulovard,
Rockvilla, MD 20850, Telephone: {301}
§63-8070.

SUPPLEMENTARY INFORMATION: This
supplementuary information, also
referred to as the “preamble” and the
“stutement of busis and purposa,”
explains tho DGE siting procesa, the
devalopment of the guidelings, the
generul iasues ralsod about the
guidetines, ond the structure of the
guidelinea, 1t aiso presents a detalled
analysls of each guidelina. A table of
contenta is listed below.

Contants

L. Buckgrounid Information
A, Requirements Eslablished by the Act
D. The DOE Siting Process
1. Fhe Sereening Phuse
2. The Site-Nominating Phuse
3. The Slte-RacommendationPhase
4, The SHe-Churecterization Phase
&. The Site-Belnction Phase
H. Development of the Guldelines Through
Consuligiion, Public Cumment, and NRC
Concurrence
A, Buele for the Proposed Cuidetines
B. Conusultation end Publtc Comment
C. NRC Concurrence
D. Majsr Changes in Guideline Struoture
and Format Resulting from tho Comment,
Conatltotion, Comment, and
Concurrance Process

H1. Genara] lasues Raised in the Consyllation.

Commant, and Concurrance Proceks
A. Ganeral Comments on the Culdelines
1. Usa of Propoaad EPA and NRC
Regulaiions
2. Vagignesd and Lack of Specifiolty In
the Guidelines
3. Lack or Inadaquucy of Qualifying und
Disqualifying Conditions
4. Lack of Weighling Factors
8, Lack of Definition of the Siting Process
B, Comments on the Consullution Process
1. Adequacy of the Consultation Procass
2. Endorsement of the Alternative
Guldelings
IV, Overview of the Guidellnas
A, Structure of the Guidellnea
. Section-by-Saction Analysis
1. Ganeral Provisions
2. Implementation Guldelifgs
3. Postclogure Guidelines
4. Préclosure Guidelinsa
V. Roferencen
V1. Compliance with the National
Environmental Policy Act
VIL. Regulatory Flexibllity Anulysis
VII. Peperwork Reduction Annlysis
IX, Execuliva Order No. 12201

L. Background Information

The Department of Energy (DOE},
pursuant {o tho Atomic Energy Act of
1654 as amended, the Energy
Recrganization Act of 1974, the
Department of Energy Organization Act
-of 1877, and the Nuclear Waste Policy
Act of 1882 {the Act). has the

resy onsibility to provide for the disposal
of r'uh-level radicactive waste and
gp-mt nuclear fuel.? The DOE sefected
i~ a4 geologic reposltories as the

m ‘wrred means for the dispossl of

o merciully generated high-level

waf inactive waste and spent fuel {48 FR
3677, May 14, 1081} after evoluating

« 4rigus ajternative means for the

d.e, isal of these materials and issuing
an +avironmental Impact statement (1)
To ¢atry ou! thia decision, the DOE has
besn conducling research and

de s dlopment und performing siting
studies.

The Act, signed iato law on January 7.
1943, astablishea a process and scheduls
for siting two mined geologic
re;gsitories® It glso, in Seclicn 112{a}.
requires that the Secretary of Energy
“issua genera! guidelines for the
revommendation of sties for
reposltoriea.” The guidelinea fsaued
under this notice are the general
guidelines called for ln the Act.

A. Requirements Established by the Aci

Az doscribed below, the Act requires
spacific sleps in the process of selecting
repository sltes. The Implemsentation of
gutdelines In terms of those steps la
discussed in the next gectlon.

The tnitial stepe requlred by the Act
have been completed: the Secretary of
Energy has ldentified the Stetes with
one of more potentially acceptable sies
for the Hrst repository and has so
notifled the Governors and the State
legtelatures, and the tribal counctl of ym
affected Indlan tribe of the potentially
acceplabls slige within these States.

After issuing the siting guidelines, the
Secretary ls to nominate at least five
slies as auitable for site
charecterization, The nomination of
each slie is to be accompanied by an
environmental assessement that includes
an svaluation of the site in terms of the
guldeiines.

The Act contains requirements for the
DOE to continue its consultation and
cooperation with the States and to
specifiqally consult with the Governors
of tha SBtates that contain potentially
acgeptabls sites.

. The Act requires the Secretary of
Energy to recommend three of the
nominated sites to the President for
characierization as candidate aites. Site

t For brevity, the terms "radiogctva wasle” snd
“waste” are frequently used In this notice and in the
siting guldeiines 1o mean “high-leve! radicuctive
waorte and spent nucleer fuel.”

E The Act requires the Prasident to avaluste. by
January 7, 1985, the use of one or more of thare
rapositortas for the disposal of high-leve!
radiomctive wasie resulling from atomic energy
dofense actlvities.
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characterization is definad as activiins
“undertaken lo estublish the gevloyio
conditions snd the ranges of the
paramelers . . , relovant to the locttion
of a reposilory, including borlngs,
surfuce excevalions excavations ¢
exploralory shnfis, iimited subsurfsce
lateral excavalions and borings, and In-
gitu tesling. . . "

The President may approve or
disapprove the recommendation
submitted by the DOE or may permit \1e
characterizalion to proceed b fuiling lo
acl within 60 daya, e may also delay
‘ha decision for 6 montha if, in his
opinion, insufflcient [nTormation ia
available for a decision.

The Infermation to be collected during
site characterizatlon will be specified in
a site-characterization plan that is 10 be
submitted for review and commant to
the Nuclear Regulatory Commission
(NRC), the State in which the site 18
iecuted, and the governing body of any
affected Indian trlbe. The plan will also
be made avallable for publlc revlew and
comment,

Before proceeding to sink the
exploratory shafis needed for tests and
studies at the proposed depth of the
repository, the DOR is to hold a pubiic
hearing in the vicinily of the site to
inform the residonta of the site-
characterization plan end to recelve
their comments. When the site
characterization itself has been
completed, public hearings are to ba
held in the vicinity of zach site being
considered for davelopmeni as a
reposilory to infarm the residents of tha
area that the site is under consideration
und to obtain their comments on the
posaible recommendation of the site.

After completing site
characterizations and conducling
hearings, the-Secretary is to rocommend
te the President the first siie to be
developed an a repository. This
recommendation is lo be accompanled
Ly a final environmentat Impact
statement in eccordance with the
requirements of the Nalional
Environmenial Policy Act as modified
by Section 114(f} of ite Act

After a site ls recommended to
Congress for development as a
repository, the State in which the site is
loceted or the effected Indian tribe on
whose reservation the site is located
may submil, within 60 days, a notice of
disapproval 10 Congress. This
disapproval prevents the use of the site
{or a repository unless Congrees passes
& joint resolution approving the
President's recemmendation within the
nexi 80 duys of continuous sesaion,

il Lhe sile designation-begomay
offective, the DOE la to ssek, from the
NRC, authorization to conatruct the

repository. The Act requires that the
application for thia authorzation be
submitted not tater thun 80 daya after
the effective date of the site designation.
When a conatruction. authorization has
been received from tha NRC, the
construction of the repository will begin,
The Act requlres the promulgetion of
regulations. by two other Federal
agencies—tha NRC and the

Environmental Protoclion Agency (EPA).

The NRC s requirad to lssue technical
requirements and criteria to ba used in
approving or disapproving DOE
applications for the construction and
operetion of reposilories; thoae
regulations havae been issued as 10 CFR
Purt 80. The EPA la required 1o
promulgate generaily applicable
standards [or protecting the public from
the radivactive material in repositorias;
thesa regulationa (40 CFR Parl 191) have
been released In draft form for publle
comment (47 FR 68198), Both seta of
regulations were uaed In devaloping the
DOE siting guldelines [see also Sectlons
ILA and lILA),

Ta provide the Information base
needed for infarmad deciaiona In
carrying out the repository program, the
Act requires the Secretary of Energy to
nrepare a comprehenslve misafon plan.
The topics covered In the mission plan
are to include the information needed
for the siting and construction of
repositories; the slgnificant regults of
research and development programs,
and thelr implicatfons for ench of the
host rocks being considered; the
financial, political, legal, orinstitutional
problems that may impede the
implementation of the Act: the adverse
economic and ether impacts that may
result from the development of &
repositery; and the alting guidelines. A
draft of the miasion plan (2), dated April
1884, waa iasued for review and
comment by the States, affected Indian
tribes, the NRC, other Government
agenciea, and the public. The DOE ia
now in the process of reviewing the
comments that have been received.
Once finatized, the mission plan will be
rubmitted te Congress in accordance
with the requirements of the Act.

8. The DOE Siting Process

Before ike Act was paased, the
Federa] Government had been currying
out a program for the development of
geologic repositories. Direcled primarily
by the DOR and its predecessor
agencies, the program had begun about
three decades earliar. The Act
eslablished & process for the siting of
repositories by ihlegrating the then-
exiating DOE siting program inta its
requirements snd procedures, To help
the reader understand how the

guidelinos will be usad, 1his section
expling an lmportant part of the
pro-ram——the slting process—as it and
the pians for it now etand, afler

inos fication by the Act and the

ve, vallation process.

' saaking sttes for radicactive-waste
ropr sitories, the DOE divides the siting
g aeeas Into the folloawing phaaes: [1}
8 "g-ming, (2] site nomineation, (3} site
rece “mendation for characterization,
(4} 8..0 characterization, and (5) site
suletion {recommendation for
development sa a repostlory).

1. The 8creening Phase

[nuring the screening phase, the DOE
identifies potential sites for
characterization, This phase provides
ihe information neaded for judging
which of these sites appear to justify the
Investment in charactesizing them.

a, General description. The screening
phuse may eonsiat of up to four stages,
euch of which narrows to a land unit of
smaller aiza:

(1} A survey of the Natlon or geologic
provinces, narrowing to regions.

{2) A survey of the regions, narrowing
10 areaa,

{3} A gurvey of \he areaq, narrowing to
tocations.

{4] A survey of the loaations,
narrowing to sitas.

Screening can begin with one or more
of the 17 phyaiographic provinces
identified In the conkiguous 48 Btates.
The landforms in a province posaess
similarities resulting from corresponding
similarities i the geologic and
hydrologic processes and conditions
throughout the provinge, Regions ara
normelly amaller than pravinces, but
may also axtend across several States,
The sizes of arzas, locations, and sites
are not exact. Areas encompass
hundreds to thousands of square miles,
und locations are typically tens to
hundreds of square miles. Whila a
tocation may be large enough to contain
several sites, only one potenttal site ts
usually tdentified in a single location.

During the early ucreening etages, it
may be necessary to divide a
particularly targe geographic unit and
identify an intermediate set of smaller
units befora proceeding to the next
atage. A geographic stage may be
deleted if the early survey reveals that
smaller land uniis ara obvlously suitabla
for further study. For example, in a
search for suitable salt domes, which
are discrete geologic formatione, tha
complation of regional surveys led next
to the study of specific individual salt
demes and their environs, rather than to
some undifferentiatad general ares of
hundreds to thouzands of square miles.
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Within each screcning stuge, 1z DOE
identifive a8 many poientinlly suitable
land unils as judged to be necess..:y for
an adequate gample 1o be studied in the
nexl slage. Only the regions, ares., and
localions believed maost likely 1o contain
suilible aites receive further stuy: all
ctherg are deforred. Although the
deferred land unils may coniain suitahle
gites, studying every possible candidate
would nol be practicable, Evon though
some suilable pites may be droppe this
allows more Ihorougl investigation of
the remaining candidates.

Data for compuring regions, areas,
and tocalions beconee increasingly
detniled as progressively smaller land
unite are considered and as exploratlon
und testing concenirate on thom.
National, province, and regional surveys
are based on information avallable in
the open literoture—Jfor exampla,
national mapa of faults, earthquake
epicenters, land use, recent voleanic
activily, and locations of potentisl host
rocks. Areas, localions, and siles require
more-thorough investigetion, including
field exploration, field testing, and
increasingly refined Inboratory analysces
of rock end waler characteristics.
Finally, after he firat three phuses
[screening, site nominalion, and siie
recommendulion for characterization)
have been completed, site
characterization will be performad to
collect tha dala needed for & rigorous
eviluation ond comparison of cundidate
silig,

Il is prudent thal screening be
conducted in a way that will lead to
nominations and recoinmendations of
siles in diveraa gechydrolegic seftings
aned typas of rock. Such scraening
increases the probability thet aitaa
suituble for characterizatlon will be
availuble even if studics should reveal a
generic deficiency in a type of rack or a
geohydrologic setting. The principle of
seeking diversity in typee of rock is a
centrat theme of the siting provisions in
the Act (Sections 112{a) and 113(a)); It
has been part of the geclogic repository
program ginue ite inceplion,

Before the Act was passed, the sile
screening conducied by the DOE
evaluated and compared progressively
smaller land units according to gaologic
criteria or other faclors described in
Referenges 3 through 8. This process led
to the identification of the potentially
acceptable siles considered for the first
repository. During the development of
the Act, the status of the DOE's siting
program, including the screening studies
conducled to date, was well
documented before Congress. Congress,
18 evidenced by its structuring of the
Acl, did not intend the DOE to revisit

scredning decisions thal praceded the
Act. Section 118(4) of the ac! requires
that Stutes containing "potentially
acceptable sites™ be [dentifiod within 90
days of the paasage of the Act, but
allows 180 daya for 1ssuing the siting
guidelinas. Fulure acreening for the
agcond repository will be based on the
siting guidelines issued by this notice,

b. Current status of screening. At the
time the Act was passed, the DOE was
studing nine eltes for the first repoaitory
and had bégun regional surveys for the
second repository. The nine sites for the
first repository are in three different
host rocks (basall, salt, and tuff} and in
six States; they nre distributed as
follows: two sites In the bedded salt of
the Pale Duro Bagin in Texae; two sites
in the bedded salt of the Paradox Basin
in Utsh; two salt domes In Mississippl
and one In Louisfana; a site In basalt in
the Pasco Bugin In Washington; and &
sita jn tuff In the Scuthern Greal Basin
in Novada: (For tha bedded aall in
Taxas; the DOE identified two
potentially acceptable sites of about 160
and 300 square miles each. In March
1884, the DOE lasued, for public review
and commaent, a draft report on a
screening study that narrowed the size
of the two sitea for further conaideration
to about # aquare mlles for each
location. The final report. Identification
of Sites Within the Palo Duro Buosin,
was [ssued by the DOE In November
1984.) After the passage of the Act, in
accordancs with Section 118(a), the
DOE, on February 2, 1983, formally
ident{fied these nine gites as being
potentially acceptable. From these nine
sites, in accordance with the Act, the
DOE will nomltate at Jeast five sites
and recommend no fewer than three for
charycterization,

The bedded-salt sites under
consideration in Texas and Utah wers
found by the gonaral siling process
described above, baginning with
national surveys and progressively
narrowing to locations and sites. The
salt domes were selected by a screening
that began with mare than 200 domes
and ended with the three sifes under
consideration.

The selection of sites in basalt and
tuff began on tha basia of land use: the
DOE began to search for suitable
repository sitea on some Faderel lands
where radloactive materiala were
already present; this approach was
recommended by the Comptroller
General of the United Stales {9} and a
House resolution (10). Although land use
was the beginning basis for this
screening of Federal iands, the
subsequent progreesion to smaller land
units was baseil primarily on

evuluntlons of gealegic and hydrologic
g1 itubltity. The studies began at roughly
110 rrea stags, and the screening has
ruw progressed to two siles: the site in
L: sa:t {8 on the Hanford Site, and the

‘¢ in tulf is adjacent to the Nevada

&l Slte.

The site-screening procesa for the
g4 rond repository began with a national
s1 rvey of crystalline rocka. This survey
i -atified for further study near-surface
an-i expoged crystalline rocks in 17
Siutes divided into three regions:
northeastern (Maine, Vermonl, New
bliztnpahire, New York, Pennsylvania,
Connecticut, Massachugetts. New
jersey, and Rhode lsland), north central
{(Michlgan, Minnesota. and Wisconsin).
#nd soulheastern (Maryland, Virginia,
horth Carelina, South Carolina. and
Gaorgia),

The site-screening process lor the
second repoaitary is now in the regional
phase. Being developed in consuliation
with the 17 States listed abova, 1he
screening approach is based on the
aiting guidelines published in this notice:
first the disqualifying conditions in lhe
guidelines are applisd to gliminate 1end
unite and then the favorable and
potentially adverse canditions of the
guidelinea are applied to identify
preferred land unite. Tha objoctive is 1o
use the existing avidence to evaluate the
favorability of each land unit, gelecting
the maat favorable land units for further
study.

2. The Site-Nomination Phage

The nomination process bagins with
the DOE eXxamining the data for each
potenttally acceptable gite to be sure
thai no site containe an obvioua flow
that would disqualify it without further
coneideration. After this preliminary
examination, the DOE begins ita more-
detailed evaluation by grouping the
potertially acceptable sites according 1o
the geohydrologic settings tn which they
are located. Cholces among sites require
compariaons that can be made more
easily and accurately when the sites are
int similar setlings than when they are in
disgimilar settinga: the significance of
differences among settings ls mors
difficult to determine than the
significance of differencea among sites
in the same petting. The grouping
therefore piaces the subsequent siting
choices on a besis that ia technically
more defensible.

After & comparative evaluation of all
the sites within each setting, the DOE
will selaot a preferred aite within each
setting, If fewer than five settinge are
available, the DOE will select additional
sites from settings containing more than
one site, ad needed to dhinin the
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required number of sites for nomination,
The sites selected by this process will
be the sites constdered for nomin.ton;
each will he subjected to twe sen-rate
avaluations. The first evaluation wil] be
based on the siting guidelines that de
not requirs site charscterize lion for theip
appli~ation; It will focus on the
suitubility of the site for deveiopment as
a repository, considering activities svom
the start of site characterization thivugh
decommisstoning. The sece.
evaluation will be based on the
guidelines that do reguire site
characterlzation for their application; its
objective wlli be o establish that the
site i sutlable for characterization—
that ia, suitable for further study.

The Secretary will nominate nu fewer
than five of thess sites. Bach site
nomination is to be acconmpanied by an
environmental assessment, which must
include a number of evaluations and
desctiptions listed in the Act and differs
in procedute, forirtat, and content from
an snvironmental asgessment prepared
under the Nations)] Environmentel Policy
Act of 3968, Far the nine sites identified
4s potentiaily acceptable for the first
repository, tha DOE has held the
roquired public hearings In the viginity
of the sitea 1¢ inform residents of the
proposed nomination #nd to golicit and
receive any recommendations on {sgues
to be addresed in the snvirohmental
assessment as well ag tha sile-
characterization plan.

The environmental assessments will
report the analyses made in the
nominatlon steps described above, They
will desceibie the bases on which the
decisions were made, including the
resulta of praliminary performance
assessments, wilk emphaasls br the
natural barrieve, for each site, Int
addilion, each will include a summary of
how the potentially acceptable sites
were selected. A chapler commeon o all
the assessments will contain a
comparative evaluation of the silea
vonsidered fot nomination,

The environmental assassment for
cach site being considered for
nomination will be made available In
draflt form for public comment, After the
final environmenial assessments have
been prepared, lhe Secretary will select
ai least five gites ag suitable for
characterization and, before nominating
g site. will notify the Governors and the
legislators of the States in which the
sites are lecated or the guverning body
of any affected Indian tribe, as
appropriate, of ihe nominations and the
basis for the nomination. The Sscretary
will publish in the Federal Ragister a
notice specifying the slies nominated:
and announcing tha availability of the

final environments] sssassmants fur
thoaa sites.

3. The Site-Recommendation Phase

The shig-recommendation phase will
occur subsequen! to site nomination,
when the Secrotary recommends 10 the
President that three of the nominated
eitos be charecterized as candidute
sites. The decision to recommend « site
wil} be basad on (1} the available
geophysical, geologic, geochemical, and
hydrologic data (unless the Secretury
gertifies, pursuan! to Section 112(b) (3)
of the Act, that such avaliable data will
not be edeguats to satisfy appilcable
requirements of the Act in the abssnce
of further preliminary borings or
excavutiona): {2] other tnformation; and
{3) the asaoclated evaluations and
findings reported In the anvironmenial
assesaments. The declsion wili also
consldor the diversity of geohydrologic
seltings, the diversity of rock types, and,
after the first reposttory, ragionality, as
specified by §§960.3-1-1, #80.3-1-2, and
$80.3~1-3, respectively, of the
implermentation guidelines {see Section
1V.B}.

4. The BHle-Charscierization Phase

Site characterization will oecur only
a! the sites revommended to, and
approved by, the Prasldent, 1t will
Involve studies tha! are much more
detailsd than those conducted duting
the acreening phase. As alresdy
disgussed in Section LB., the DOE wiil
develop a site-characierization plan for
each of the three sites selacted for
characterizetion.

During site characterization, the DOE
will collect detailed information on the
geologic, hydrologic, and other
characteristics that determine
compliance with the siting guidelives
requiring site characlerization for their
application. Standard geophysical tests
and exploratory drilling from the surfacs
will conttinue throughout site
characterization. For subsurfsce
investigations, exploratory shafls wili be
consiructed to the depih at which g
repository would be built. Limited
subsurface excavations {tunnels and
roomas) {er tesling purposes will be made
in the host reck in the immediate
vicinily of the shafts. The shafls will be
large encugh to ailow people and test
equipment to be transported from the
surfacs to the rooms. The shalls,
tunnels, and rooms will allow delailed
study of the host rock, including luteral
exploratory drilling. A variety of tests
will be performed in these underground
facilities, including, for example,
measurements of in-sity stress and
permeability and heat-teansfer
experiments. Evory 8 months, the DOE

wl'| report to the NRC and to the
a'incted States and Indian tribes on the
n vure and the exten? of the site-

¢ 1aracterigation activities and the

i “semation ohtained from these

« dvitios.

11 parullel with site characterization,
th= DOR will collect additional
‘n./armation about other aspects of the
4+ This activity, informally catled sie
ins stigation, will be carried out in
order 1o establish compliance with the
guidehnus that do not require site
girarncterization {e.g., demographic,
sncioeconomic, end acological
churacteriatics] and te comply with the
Nutiena} Environmental Policy Act of
1949,

5. The 8ito-Selection Phase

When aite characterizalion is
uompleted, the gile-selection phase will
begin. During this phase, the sites that
have been characterized will again be
evaluated to determine whether they are
suilable for the development of a
repository. As required by Seclion
114{a) of the Act, a comparison of these
sites will be reported in an
environmenta] mpact statement,

An impociant purt of 1his analysis will
be & detailed performance ussessment;
that is, for each aite, the DOE will
predict the sffects of a repository as an
entire systom, during the Ume it is open
{or the amplacement of waste and after
it bas been cloged. This nssessment will
evuluate the responges ef the repository
to the conditions that might affact its
performence: natural events and
processes, human actions, and the
interactions between the wasle and the
repository. In the entire process of
narrowing the number of potsntially
acceptable sites to one, this phase will
ba the firat {ime it ia possible to conduct
such a complete performance
nsagasment. This ansessment requires
the detailed information that can be
obtained only during site
characterization.

Before preparing & draft
environmantal impact statement the
DOE will hold & scoping meeting in the
vicinHy of each site to receive commaents
on the issue. *hat should be sddressed.
The draft environmental impact
statement will be released for public
review and comment. Afier preparing a
finel environmental impact slatement,
the Secretary will racommend that the
President approve one of the sites for
development as a repository. This
environmental impact statement will be
submitted to the President and to the
public as part of 3 comprehensive
statement of the basis for thia
recommandation. This statement will
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alse contain specific 1echnical mu-orial
and commenls by putside purtins
[Federal agenciea, Slates. and aficited
Indian tribes). as required by the Acl.

If the Préaident upprovea lie
recomniendation, he will recomiy wnd the
sito 1o Congress, and the DOE w'i have
compleled its part ol the site-seloction
phase. The remainder of the process of
obtaining final approval of the sile and
final authocily for consirucling s .
repository was describwd ubove in
Section LA. The DOE's schedule and
cost eslimules fur the repository
program are presented in the dralt
mission plan [2), which wua released Tor
review and commenl in April 1804,

il. Devolopman! of the Guidelines
Through Coensulalion, Pulilic Comment,
and NRC Concurrence

After explaining the original Lasis for
the guidelines, this section discusaes the
process of consullation and comment as
well as NRC concurrence, It alsc
aummarizes the major changes that
regulted from these processes.

A. Basis for the Proposed Guidelines

After the Act wra passed, the DOE
asaembled a task force of program
experta te prepare proposed guidelines,
The task force began by considering the
eriteria used eurlier in the Nalional
Waste Terminal Storage [NWTS)
Program, including its own program
objectlves, gystem performance criterla,
and sile performance criteria (3,4% other
sete of criterin defined for geologic
repositories by the National Academy of
Sciences [5), the Internationn) Atomic
Energy Agency (6], and earlier programs
in 1he United States {7.8); advance
infermatlon made available by the NRGC
{11); and the requirements of the Act.

Requirements for the content of the
guidelinea are given in Section 112(a) of
the Acl. The guidelines are to specify
“detailed geologic considerations that
shall be primary criteria™ for slte
selection; the Act also requires the
guidelines 1o apecify “factors that
qualify or disqualify any site from
developinent as a repositery” and lists
the faclors to ba inclnded.

Irt developing the proposed guidelines,
great care was laken to make them
compatible with exiating applicable

* Ay deseriled in Beclivn [1LB. severa! draft
versions of the siting guidrelines hava beean released;
the proposed guidelinea of February 1943 and the
alternative guidelines of May 1903, both of which
were [asued [or public review and comtaenl; the
reviaad guidelings of August 1683, which asrved as o
hawie for additlonal consulidtion wilh States, Indian
tribes, and Fodera} agoncies: and the revised
guidelines of November 1883, which were senl to
Ibe NRC for concurrence. The final guidelines
iasued herewilh reflect 1he NRE's fAnal concurrence
decision,

rogulutions (12,13 and with the
regulationa that had been recenily
proposed by the NRC and the EPA
concerning the disposal of high-level
radioactive waste and spont nuclear fuel
in geologic repogitories. The NRC had
by then noarly completed the pertinent
lochnicat criteria (14), and the EPA hed
issued, for public comment, propoasd
environmental standards (15), The
proposed guidelines referred frequently
lo these criteria and standards through
direct quetations and paruphresing.

8. Copsultution and Public Cominent

Section 112(a) of the Act requires that,
befora issuling siting guidelines, the DOE
{1) congult with the Council on
Environmentai Quality, the
Adminiatrator of the Environmental
Protection Agency, the Director of the
Geological SBurvey, and interested
Governors and (2} obtain the
corcurrence of the NRC. To comply
more effectively with these
requirementa, the DOE develaped the
guidelines through & notlce-and-
comment procedure that enhanced tha
opportunity for general public
parlicipation. On February 7, 1983, the
proposed guidelines were published In
the Federal Reglster (48 FR 5670) for
public review and comment, The notice
that accompanied the publication
epecified a 45-day public-comment
period snding on March 24, 1963, The
formal comment period was
aubsequently extended (48 FR 8289] to
April 7, 1983, in response to numerous
requests for addltienal time.*

In addition to publishing the propesed
guidelines in the Fedaral Reglster of
February 7, 1983, the DOE specifically
solicited review and confment by
mailing copies of the guidelinea to the
Covernora of the 8 Statea previously
identified aa having potentialty
acceptable aites for the first repository
(Louisiana, Mlssissippi, Texas, Utah,
Nevada, and Washington} and the 17
States containing crystalline-rock
formations heing studied for the second
repository; to interegted Federal
agencies; to more than 4000 individuala
who had previously commented on, or
inquired about, various aspects of the
NWTS Program; and to approximately
200 public-interest and conswmaer groups.

During the public-comament perlod. the
DOE held a serles of regional public
hearings to recelve commerts on the
guidelines. These hearings were held in
Chicago, Hlinols, on March 4, 1983; in
New Orleans, Loviaiana, on March 7; in
Washington, D.C., on March 10; in Salt

*The DOF. was aclusily able to consider all late
commente, same of which wore not recetved until as
lale aw May 20,

Lahe City, Utah, cn March 14; and in
Snttle, Washinglon, on March 21

R :cord tranacripls were prapared for all
v’ ths hearings, nnd the panels that had
corwiucted the henrings prepared

s wrnary reporia for DOE review,

in explain and diacuse the guidolines,
th » DOE stafl met individually with
af tcials from the aix States with
acientially acceptable sites. These
¢t sultalions included meetings in
Loy igianu on February 25, 1983, in
Mississippi on Merch 3 and March 25, in
Uteh on March 3, in Taxas on March 18,
It Mevada on March 23, and in
Viaahington Btate on March 25, Algo, on
February 10, 1983, & group maeting with
represéntatives of Intereated crystalline-
rock slstes was held in Chicago to
discuas the provisions of the Act as well
as the proponed guidelines.

During this period of comment and
consultation, the DOE recalved 119
written replies containing nbout 2000
separate comments; a4 the 5 public
hearings, 57 persons provided oral
comments. Among the commenters ware
private citizens and representatives of
Federal, State, and local governments;
Native American groups: and
organizations that could be classifted as
special-intereat or public-interast
SrOULpS,

Near the end of the comment period
for the proposed guidelines of February
1803, the DOE reconvened the task force
that had developed the proposed
guidelines. After categorizing and
analyzing the comments, the task force
drafied n set of alternative guidelines
and a comment-response document (168}
that summarized the comments,
discuzsed the lssues raised In the -
commants, and showad how the
comments had been addressed in the
alternative guldelines,

The interested States (i.e., the States
contalning potentially acceptable aites
and the States containing the
crystalling-rock formations under
congideration for the second repuository)
had commented that thay needed more
thin the notice-and-comment procedure
if the conaultation afforded by the Act
ware to meet their needs. Therefore, on
May 11, 1883, the DOE sponsored a
plenary consultation mesting with the
interested Slates to set up a framework
for continued consultation. At thig
meeting. held in Dallas, Texas, the
States expresaed a strong desire for
additional oppertunities to comment o1,
the guidelines. To accommodate this
request, an expanded consultation
program was developed: it was
structured around consultation me8tings
with the tndividual States and a plenary
aession when the guidelines neared thair
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final form. The Stales requesied that
sufficient time be allowed for the ra. iaw
nnid that addillonsl opportunity for
publit involvement be provided. On
May 27, 1983, coples of the draft
comment-regponse document and the
alternative guidelines wers forwarded to
the States and Federa) agencies,

The DOE also made these documents
availabla to the public for review and
comment. A notice of availability,
published in the Faders! Reglrter on
June 7, 1903 {48 FR 28441}, announced a
J0-day commant period, the second such
period in the devalopment of the
gutdelines. The notive made it clear that
these allernative guidelines were
intended not to supersede the proposal
of February 7, 1983, but rather to serve
a4 an allernative to the guidelines
originally prepared that would be
considered in writing the final
guidelines. Copies of the alternative
guidelines were mailed o the persons
and groups wha bad been on the mailing
list for the proposed guidalines, to
unyone who had asked to be added 1o
the list, to those who had submitted
comments an the proposed guidelines, to
participants in the public hearings on
the guidelines, and to the participants In
hearings held to stops the
environinente] assessments. Moreover,
copies of hoth the draft comment-
response document and the aliernative
geidelines were placed in 10 DOE
reading rooms acroas the country as
well ag In 156 libraries in 23 Stules.

Individual ¢onsultation mestings were
than schaduled with the gix States
vonlaining potentiatly acceptable sites,
and both individuat and group meetings
were scheduled with the Statns
containing erystaiiine-rock formations,
The purpose of these meetings was to
discuss the differences between the
oroposed guidelines and the altornative
guidelines and to identify and discuss
outstanding issues. The meetings were
held on the following dates: Taxas en
fune 27 and 28, 1983, Nevada on fune 29,
Mississippl on june 28 and a0,
Washington on June 30, Louisiana on
july 8, and Utah on July 8, Vermaont on
lune 14, Maine on June 15. New York on
june 18, Wigconsin on juna 20, Michigan
on June 21, and Minnesota on June 27. In
addition, a group mesting altended by
cleven of the crystalline-rock States was
held in Columbus, Chio, on June 29.

The DOE conducted similar
consultation meetings with several
Federal agancies: the Council on
Enviranmentol Quality (June 21), the
U.8. Geological Survey {June 24), the
NRC (June 26}, the Department of the
Intericr (June 28). and the Department of
Transporiativn and the EPA {june 28},

After these consultution meetinga and
the end of the second public-comment
period en July 7, 1883, the DOE task
force resonvened o analyze nod
consider the additional commenta
received. Some 75 writlen responses
arrived during the second comment
period; they contained about 800
sepurate comments. Revised guidelines
that reflected the comments on both the
proposed and the alternative guidelines
were then drafied. In addition, the
commeni-response document which
explains the disposition of comments on
the proposed guldelines of February
1683, was prepared for publication In
final form {18]; it had been released in
draft form on May 27, 1983,

Cn August 1, 1983, the revised
nidelines were forwarded 1o the Stutes
or their information, and on Angust g a

second plenary consultaticn meeting
was held In Dallas, Texas, to receive
comments on the remuining {ssuos that
were of genersl concern 1o the States,
Modifiag as neceasary |n response to
comments from tho Siatos, these rovised
guidelines of Auguat 1583 were later
sent to the States for their information
#nd subimnitted to DOFE management for
review and approval. The DOE-
approved guidelines were thus
developed after two formal public-
comment perlods and two rounds of
consultation with the interesied Siates,
Including both {ndividual and plenary
sessions. Numerous chenges were made
to the guidelines In rasponss to
carunenls from the public, Stuts
consultations, and the NRC concurrence
interactions, bul, with respect to acope
&nd issues, the guidelines being
finalized here do not diffar substantiglly
from those that were initially proposed.

C. NAC Concurrence

On November 22, 1983, the DOE
submitted the guidelines to tha NRC for
concurrence. At the agme iime, the DOE
mailed coples to Statas and to more than
1200 persons and organizations on the
guidelines mailing list; coples were also
placed in DOE reading rooms and State
libruries.

The NRC had earlier found (48 FR
39538} that its conourrance praceeding is
niol & rulemaking and hence did not
require notice and oppertunity for public
comment, Nevertheless, in order lo
accommodate requeats to structure the
concurrence proceas on & nolice-and-
comment rulemaking and to crystullize
the issues, the’NRC decided 1o accept
writien comments and te conduct a
public meeting on the siting guidelines.
On December 15, 1963, the NRC
described its decision-making process
and set forth the procedural format for a
public meeting on the siting guidelines

{48 '} 55788). In thiy notice, the NRC
schi «'uled the public meeting for
lan: 'y 11, 1884, and requesied that any
wri' 141 comments on the guidelines be
sub.nitted to the NRC by Januaery 9. 1984
At . 2 public meeting on January 11, the
per. 4 for receiving written comments
¢n B guidelines wos extended to
Forwary 1, 1984,

k2 NRC applied the [ollowing
citte. & In making its preliminary
conc .rrence dacision:

1. The siting guidelines must not ba in
corflict with 10 CFR Pert 60,

2. {'he siting guidelines must not
coriain provisions that might lead the
DOV to select sitas that would not be
reazonable allernatives for an
environmental impact statement,

3 The siting guitlelines should not
tontaln provisions that ars in conflict
with the Act.

On March 14, 1984, the NRC
arnounced (49 FR 9650} that, on the
baais of these criteria, the NRC would
concur in the siting guidelines provided
that the DOE mat the following
conditions:

1. Amended the siting guidelines lo
recognize NRC's jurlsdiction for the
resolution of differences between the
guidslinee and 10 CFR Part 60,

2. Commitied to obtain the NRC's
congurrence on revisions to the siting
guidelines that relate to NRC
turfadiction.

3. Revised the siting guidelines as
follows:

&. Modifiod {ts use of high effective
poroaity to Himit its use to those
siluations that could be consitlered az a
favorable siting condition,

b, Committed to revise Hs siting
guidetines on the unsuturated zone so
that they are consisient with the final
NRC amendmaents on the unsaturated
ZOne.

¢. Moved the favorable conditlon on
ground-water with a high total-
dissclved-solids concentration from
§ 980.4-2-1{b] to Section 960.4-2-8-1,
where effecls on natural regources are
considered.

4. Uid not frame 1t guldelines such
that & 1000-year ground-watar travel
time {13 CFR 60.113) would be adjusted,
particulurly In the early stages of site
selection.

e. Delated the word "permanently”
from ia definition of “disturbed zone.’

f. Clarified the meaning of “short-
lerm” extreme erosion and revised the
guidelines as appropriate.

8- Deleted the word “significant” from
§ 880.4-2-8-1{c}{2)) of the siting
guidelines, whare reference la made to
"evidence of significant subsurface
mining.”
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h. Mudified the guidelines go tt ! they
are constalent with the Commisa'~n's
definilion of "anticlputed” and
“unanticlpated” processes and events.

L Modi}lad the guidelines so th
potentially ndverse conditions w.uid be
congidered if they alfect isolation within
ihe conlrolled aren even thrngh the
condition may occur outside the
conlrelled area.

4. Modified the siting guidelines 1
muke clear Ihat engineered harriers
cunnod cengtilute 4 comper. seting
mensure for deficiencios in the geologic
media during site screening.

5. Specified in greater detail how the
guidelines will be applied at each siling
slage, including gfle nomination and
charncterization {for exainple, specifiad
in the implementation guidalines which
guidelines would be applied #1 oach
stuge of slte screening).

6. Supplemenied the guidelines to
indicate 1he kinds of information.
necessary for DOE 1o make decisions on
the nomination of at lzast five reposltory
sites’and subsequently recommending
Ihree sitea to the President for
characterizalion.

7. Added additional disgualilying
conditiona 1o the gutdellnes with
sufficient specificity o ensure thal
unacceplable gites ara eliminated us
early as praclicable. Disqualifying
conditions should be provided for those
fuciors specified in Saction 112{a) of the
Act. including seismic activity, atomic
encrgy defense aclivilies, proximity to
waler supplies, the effect upon the rights
of users ol waler, the location of
vitluable natural resources, hydrolegy,
geophysica. proximity te populations,
end preximily \o componenls of the
National Park System, the Nationa)
Witdlife Refuge System, the Nationa)
Wild and Scenic Rivers System, the
Nalional Wilderness Preservation
System, and Natione! Forest Landa,

In announcing ila preliminary
concurrence decision, the NRC invited
public comment on the preceding
conditiens. Copies of all commanta
submitted to the NRC were provided to
the DOE and considered in developing
this final rule. The NRC also instructed
ita staff 10 meet wilh DOE
represeniatives o discuss the NRC's
conditions and the DOE's propoaals for
their resolution. Six meetings were
subsequenlly held, beginning on March
14, 1904, and ending on May 3, 1984;
these meetings were open to the public,
which was invited to commaent at the
end of each meeling, To accommodate.
these interested in the transactions of
these meztings, the DOE mude coples of
the trangcripts or minutes of the
meetings availabte to the public in the
DOE pultic regding rooms,

The preliminary concurrence
condilions and enguing meetinga
between the NRC and DOE siafls
resulled in & number of changes to the
guidelines {see Sections [11A and IV.8),
Tha guidelines, reflecting the DOR's
respense to the NRC's concurrence
condillons, were forwarded to the NRC
for its final concurrence on May 14,
1004, with copies mailed to the
intereated States, affected Indian tribes,
and appropriate Federnl agencies.

On [une 11, 1984, the NRC's Executive
Director for Oporationg submittad to the
Commiasloners a policy paper (SECY~
84-233) proposing a final decision
(concuryence) on the guidetines of May
1864. The Commission then scheduled a
mecting on this sulject en June 22, 1984,
Al this meeling, the Commissioners
heard comments on the guidelines by
geveral nterested Stalés and Indian
tribes as well a8 a presentation by the
DOE, The Commissioners then reviewed
and discussed the 1ssues raised about
the guideline revislons made in response
to the NRC's preliminary concurrence
conditions. As a result of these
discuaaions, the NRC and the DOQE
agreed to make three changes in the
guidelinea (see Section [V.D for more
detallad discusslona):

1. Revise § 880.1 of the guidelines to
agree 1o submit o the NRC for its
concurrence ell future revigions of the
guidelines rather than only the
“revisions reluting to NRC jurtsdiction."

2. Delete from § 980.3-2-3, which
specifies the procedure to be followed In
recommending sites for characterization,
the following sentence: “Such
recommendalion shall include a
preliminary determination by the
Secretary, referred to in Section 114(f} of
the Act, that such sites are sultable for
the development of repositories under
the guidelines of Subparts*C and D.”

3. Revige § 500.3-1-5, “Basls for Site
Evaluations,” to clavify that, In
consldering engineered barriers for the
purpose of obtaining realistic aource
terma, It i necessary to establish the
sensitivity of the natiial barriers to the
engineered barriers.

The Coinmissioners then votad
unanimously to grant concurrence on
the guidelines submitted by the DOE on
May 14, 1984, as rovised at the June 22
meeting, In the formal atatement of their
final decision, dated July 3, 1984, and
published on July 10 {49 FR 28130), the
Commissioners concluded “on the basia
of a review of the public commaents, that
the preliminary decision need sot be
medified nor 18 there a need to add new
conditions™ and that the DOE had
"satisfactorily resolved the conditions
set forth in the Commission’s
preliminary decinion.”

£} Major Chunges in Guideline

Ot ucture and Formao! Resulting From
(U Camment, Congultation, and
{viccurrence Process

‘The consuitation, commeny, and

neurrence process produced changes
it tha format and structure of the
guidelines, Theas changes are discussed
below, [See also Section 1] for
¢ “Domses to general commenta on the
gu-lelings.)

‘The commenters generally supported
the structure of the alternative
guidelines, After considering the
tomiments received, the DOE task force
decided to retain the structure of the
alternative guldelings ssued on May 27.
1383. The tagk force had altered the
Lsic structure of the guldelinea in
reaponse to many comments requeating
un explanation of the relative
importance of tha verlous guldelines and
the order in which thay will be used.
The revised arganization separates the
puidelines into two distinct aeta
governing the postclosurs and the
preclosure periods, This seperation
makes clear the differences In the roles
played by the Individual guldelines that
pertain to the siting, construction,
vperation, closurs, and decommisaloning
of a repository {preclosure guidelinea in
Subpart D} and by those thal pertain to
the long time periods after a repository
is closed (postciosure guldelines in
Subpari C}. The reorganization allows
the DOE—in evaluating safety,
environmental impacts, sociceconomic
effects, and costs—to ciearly distinguish
the unique concerns about a repoaftory
from the more commaon and more
famillar concerns about constructing
and operating large-scale mining
projects and nucleer fucllities. The
reorganizaticn thus emphasizes the
unique misslon of a geologic repository.
As explained in Section 1V.A, it also
makes explicifthe priorities that the
DOE intends to assign to the guideline
groupings in making siting decisions.

Another general change was made in
responae o comments on the allernative
guidelines. As discussed in more detail
in Section IiI, this change was a revision
in format, parttcularty the addition of
explicit qualifying conditions.

Other changas, made In response to a
number of comments and the NRC's
preliminary concurrenca conditions,
were |o define motre preciacly the way in
which the guidelines are to bs applied.
The directions for their application sre
given in the Implementation guldelinea
{§ 960.3). which have heen revised to
satisfy the NRC's concerns and
amplified with two new appendices,
Section IV.B of this nollce explains hoth
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the implementation procesa and i ~w the
DOE intends to apply the guidelines,

The changes descrilsed above rzvised
the format of the guidelines, refined
their siructure, end clarifled how ‘any
will be applied. Thoy did not cha.ige tha
conlenl ar the meaning of the individual
guidelines. Changes in content stemmed
from *he comments about individual
guidelines or the NRC's preliminary
concurrence conditions; they are
addressed in the commenl-responss
document (18) and in Sectic 1 [V.B,
However, throughoul the guideline.
developmeni procass, lhe scopae uf the
guidelines and the issues associuted
will the guidelines remained
substantially the same.

1. Gennral lssues Raised in the
Consultalion, Commant, and
Concurrence Process

Many of the comments on hoth the
proposed and the alternative guidelines
wers highly specitic, dealing with
particular guidelines; these are.
discusaed In the comment-reeponse
document (18) and in Saction IV, Other
comments were general, covering many
or &ll of the guidelines, or they were
directed at the consultalion process
iself; thess commanls are disgusesd
below. Many of the commants, however,
were concerned wilh issues that are not
related to the goidelines; among them
wery 1asues Lhat pertained to the
grulogic reposilory program, such as tha
need for addilional research on waste
dispossl; queslions about the properties
of 1 specific rock type; and statements
against the use of nuclear power plants.
Since these issues lie oulstde the scope
of the guldelines, they are not addressed
in this notice.

A. General Commeants on the Guidelines

The general comments on the
guidelinea wore divided into five
cuategories: the use of proposed EPA and
NRC regulalions, the vagueness and
lack of specificily in the guidelines, the
lack or inadequacy of qualifying and
disquulifying conditions, the lack of
weighting [actors, and the lack of
definition of \he site-screening process,
The sections that follow contain brief
summaries of, and reaponses to, the
commenis received on both the
preposed and the alternative guidelines
as well as the NRC's preliminary
concurrence conditions.

1. The Use of Proposed EPA and NRC
Regulations

Many eomments objected to the
DOE's basing its guidelines on proposed
NRC and EPA regulations. Seme
comments eéxpressed cencern that
guidelines based on those regulations

might be defective hecause the
regulutions hud nol yel been issued in
linat form. Others felt that the DOE
should not use slandards {ssued by
other agenciea but should develop the
guidelines independently, The EPA and
NRC staffs found the use of their
proposed regulations in the DOE
guidelines appropriate. Soma
commenlurs requeested that the
guidelinea be made more explicitly
consislent! wilh the proposed EPA
alandards and with the NRC criteria and
that they be medified in the future when
the finu) EPA stundards are issued,

Geologic repositories must he
conslructed, operated, and closed in
aceordunce with the EPA and NRC
regulations. The central fixture of both
ol these reguletions is the chosen site;
the NRC, through a licenaing actior that
will permlt repository constraction, will
make the ultimale decision on the
lechnical ndequacy of the site proposed
by the DOE. A pite ig therefore the
oljective of the DOE slling program, and
the guidetines could not guide the siting
process without reference to every
purticular of that objective. The NRC
criteria (10 CFR Part 80) have now been
pubtished In final form [17), and their
compatibilily with the guldelines has
been verifled by the NRC, which used
sbsence of confllct with 10 CFR Part 60
as one of the erlteria for concurrence. In
the event of a conflict between the
guidelines and either 10 CFR Part 60 or
40 CFR Part 191, these NRC end EPA
regulations will supersede the guidelines
and constitute the operative requirement
in any appiication of the guldelines,

2. Vagueness and Lack of Specificity in
the Guidelines

A large number of commenters felt
that the guidelines were too vague ta be
useful. A nearly equal number reguestad
more-spacific wording and additional
quantitative values; among them were
numercua gereral auggestions for
changes In the guidelines. Several
commmenters felt that the guldelines did
not cover enough topics. Some, however,
expressed satisfaction with the level of
detail in the guldelines, feeling that site-
specific numerical criteria are
inappropriate in gengral gutdelines that
are to be used in varjous stages of the
site-selection process and applied to the
evalualions of different host rocks. A
few suggested that rock-specific
guidelines should ba developed for each
rock type under conaideration,
especially for the early stages of
screening.

Several comments indlcated that the
alternative guldelines represented a
significant improvement aver the

proposed guidelines in terms of
anccifleity.

'3 developing the guidelines, there
w.eee two possible npproaches: (1) to
d 1 retop. for pach guidellne, numerical
1 ita that must be met for a sile to be
+.. eptable or (2} to develop generic
q ~lilative guidelines to be used as a
2613 for comparing sites.

The first approach would require
4¢ :ng numerical limita on the
chrracteristics of a site—for exumple,
o1l its geometrical configuration and the
geologic, geochemical, and hydrologic
clraracterigtica of the host rock. Thia
approach would disqualily sites with
characteristics that fail to meat the
limits; only sites that met the numerical
limits would remain under
censiderstion. Though appearing to
sharply discriminate againal
unacceptable sites, auch an approach
would ignore the most impoertant aspect
of a repository—that is, the abilily of its
parts to work logether.

For example, the lime 1l would tuke
radionuclides to travel from a repository
to the accessible environment, once they
were released from a waate package,
depends on (1] the length of the path
traveled; (2) the retardalion of
radionuclides, which depends, in a
complex way, on the physical and
chemical properties of the geeloglc
environment; und (3) the velocity of
ground-water flow. which in turn
depends on the hydraulic conductivity,
the hydraulic gradient, and the porosily
of the geohydrologic ayatem. In a host
rock with a low retardation patential, a
long path or & low velocity can providae
long travel times and, hence, confidence
that a site ia safe, In a host rock with a
more rapid flow, & long path or a high
retardation potential can provide this
confidence. No aingle numerical value
for any one of these three [eatures is
either necessary or sufficlent for safaty:
to delermine whether a reapository site
is safe, the three features must be
considered in combination,

Aa this simple example illustrates, the
geologlc, hydrotogic, and geochemical
condilions of a site will Interact in
affecting the performance of a
repository. An agsessment of the
performance of a complete repository
must take into account these and other
conditions, A detalled essesament of
this performance will not be possible
until efter site characterization, because
the performance depends on many
complex, interdependent conditions,
such as the lengths of time the waste
canisiers can be expecied to remain
intact, the rates at which the waste
might be leached from the waste form,
and the rates of radionuclide tranaport
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discussed sarlier. [ndependently
establishing numerical requirements for
puris of the sile withou! recognizing; that
they ars Interdependent would sev-raly
limit the flexthility of the BOE in
designing the moat effective waste.
isolation system gnd of the NRC in
ficenuing il

Tha DOF, tharefore, selectud the
second approach—developing generi:
qualitative guidelines as a basis for
comparing aites, The DOY be'ieves that
generle qualitutive guidslines are most
wppropriate for comparing and
evaluating sites thut ¢re in differemt
geohydrologic settings and host rocks,
sspecially where the features of each
sile must work together, as a complets
system, to preven! the release of
radivective material, Comparalive
evaluations must therefore consider the
interactive elements in doming to &
delinitive finding with regard to each
feature or each guideline. To make the
guidelines useful and directly applicable
early in the siting procesa, the DOE
identified conditions thal quulify and
disqualify sties, as well aa conditions
that are considered to be favorable and
vonlitions that are eonsidered 1o be
potentially edvaerse. These four
conclitions nre explainad in Section
IV.A,

Some commenters appeared not to
realize tha! the genera! guidelines will
be the basls for more quantitative
anulyses in the later phases of sliing,
The site-characterization plans to be
prepared before sinking exploratory
shafts at candldate s!tes will identify
site-specific ssues, derived {rom the
guidelines, that affect the suitability of
each slie for aevelopment s n
repository, Furthermiore, an importent
basis for the flnal selection of g slte for
development will be detailed
performance assessments {Sectiont 1,B.4},
which will be Fully guantitative
evaluations of the ability of the
Gharacterized sites 1o meet tha aystem
guidelines’

3. Lack or Inadequacy of Qualifying and
Disqualifylng Conditions

Many commentera objecied 1o Lhe
lack of explicitly labeled qualifying
conditions in the proposed guidelines;
many felt tha! the guidelines ahouid
contaln more disqualifying conditions
and that they should be strengthenad.
Others suggested that qualifying and
disqualifying conditions should be
slated in qualitative terms. The
commenis contained nuinerous
suggestions for rewording these
conditions and for adding new
statements to them. Some comments
indicated that each guidsiine shonld
contain & specific disqualilying

gondition, and some suggested that the
DOE siate the inverse of the quallfying
condition as a disqualiflying condition.
The comments revealed an appurent
misundarstanding about the purposes of
ihe quelifying and the disqualifying
conditions.

In response to thess comnaonts,
quallfying conditlons were eddsd for all
guidelines, additional disqualifying
conditione were daveloped, and the
format was revised 1o Indicate explicily
which conditions are required for the
qualiflcation of & aite and which
cenditions would be disqualifying. To
answar the quostions ruisad in the
comments and to help clear up the
uppsrent mlsunderstanding, a
discussion of the structure of the
guidelines and the meaning of the
condltions {s presenled in Section IV.A
of this notice. .

A request for additional disqualifying
condttiona with sufficiont specificity to
snsure that unacceptable siles arc
eliminated as eatly 48 pravticable was
one of thas seven NRC preliminary
concurrence condlilons {see Section
1L.C). Specifically, the NRC askad that
disqualifying conditions be provided for
ull the factors spacified in Section 112(a}
of the Act. All of the factors spacifiec In
the Act had been accounted for in the
qualifying conditlons, but, as explained
in Section IV.A, these conditiona cannot
be uaed sarly in the siting process.

in developing the guidelines, the
philosophy of the DOE had been to
develop for sysiem and technical
guidelines qualifying conditions stating
thuse conditions that u sile must meet in
order to be considered edeguate in
ternis of that guideline. Failure to meet
the quallfying condition of any guideline
would disqualify a site, In addition, the
DOE identified expliclt disqualifying
conditions thal were considerad to be 50
advorse as 1o disqualify a site without
further investigation i they were
present. The number of these very
serious disqualilying conditions was
limited, Howevar, in view of the NRC's
congurrence condition 7 and the
coatinuing requests by the States and
the public 1o include disqualifying
conditions for at leaat each of the
factors specified in the Act, the DOE
reevalusted the factors in an attempt to
develop additional applicable
disgualifying sonditions. As a reyuli of
this reevaluation and discussions with
the NRC staff, the DOE added new
disqualifying conditions for two
poslciosure guidelined {§ 880.4-2-7,
Tectonics, and § 960.2-4-8-1, Natural
Rescurces) and [our preclosure
guidelines {§ 960.5-2~4, Olfalte -
Inglatiations and Operations: § 960.5-2-

8, 8 wiosconomic Impacts; § 960.5-2-10,
Hid-ology: and § 060.5-2-11, Tectonics).
In +ddition, the DOE rovised the
it 1, urlifying conditions for fwo
pe wlosure guidelines {§ 880.4-2-1.
G. hydrology, and § 860.4-2-6.
fis<olution) and one preciosire

W irline {§ 980.6-2-8, Environmental
i, wlity). The specific changes are
cis. 'ssed in the section-by-section
anu ,'efs of Section IV.B. Furthermore, 10
of the 17 disqualifying conditions
inciuded In the final guidelines can be
appiled at the first stage of the slte-
se‘ection process; they are identified in
Apprendix 1 to the guldelines.

4. Lack of Weighting Factors

«.mong the comments that appeared
moe! fraquently were suggestions for a
weighting system for using (he
gutdelines. Many commenters feit that a
weighting sysiem would make {f easter
ts review and contro! decistons made in
the siting process. Many pointed oul that
scme gutdelnes will be more important
then others in ewvaluating sites and that
tc rank them according to priority would
muke the weighting explicit. Others
auggested that the guidelines be grouped
qualitatively-—for example, into
collections of primary and sscondary
importance. Still others warned against
the renking of general guidelinas
intended to sover interacting features of
complex yystems in diverse media,

The BOE agrees that a qualitative
grouping may be useful in guiding the
upplication of the guidelines at certain
steps In the siting proress. The
implementation guidelines now specily
steps 4t which particular guldelines are
le be groupea sccording o primary and
secondary significance as well as the
order of importance to be assigned to
the thres groups of preciosure
guidelines.

5. Lack of Definition of the Siting
Process

Muany commentera feli thai the DOE
had not exXplainad its siting process well
enough to make the proposed or
alternative guidalines understandable.
The comments contained a number of
guestions about the history of the siting
urocess bafore the Act was passed; they
ulsc quealioned ite relatlonship to the
process cutlined in the Act.

Agreelng that further explanation of
the siting process would be helpful, the
DOE has provided it in two ssctions of
this notice: Sectivn LB, which explains
the process, and Section IV.B, which
discusses the application of the
guidelines during the siting process.
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8. Comments on the Consuftation
Pronass

1, Adequacy of the Consultalion Process

Many of the commetrsts on the
propesnl of February 7, 1903, criticized
the consultation procews for the
guldelinea. Some said that consultatlon
with tho 8iutes and Federal agencies
had not been adequate and had not
begun garly enough, and some staled
that early consultution woul.. have
improved the proposed guidelines. One
commentor suggested zn ndditionsl
scries of hourings in Gtates wilh
poientially aceeplable sites aftor final
guidelines have been prepurod. A
aumber of commenters also requested
specific details of the process the DOE
inlends o {ollow for consultntion with
the States during the implementation of
tha guidelines,

Many of the commentors complained
that the time allowed for review and
comment an the guidelines was too
short, that the public had not been
adequalely notified of public hearings,
that the locution and the scheduling of
the hearings were inconvenient, and
thal. hefore publishiug final guidelines,
the DOE should releuse for another
round of public coinment guidetine
revisions resulling from public
comments on 1he proposed guidelines.
Also raised waore questiona about the
process of oblaining NRC concurrence
and future reviaions of the guidelines as
allowed Ly the Aet, especially revisions
madle o reflect possible changes in the
EPA and the NRC regulations [see
Section lILAA)

The Act prescribed a lime period
wilhin which the DOE was to issua final
guidelines and a process for conaulting
on guideline development. As explained
in Section I1, the DOE greatlly expanded
this process to atlow wide opportunily
for review and comment on the draft
guidelines and 1o provide lor continued
congullation with States and Indian
tribes (see alao the commeni-responae
document {18) for more-delailed
responses to the comments on
coneultation). The process lo be
followed for consultation wilh the States
during the implementation of lhe final
guidelines will be specified in the
consultatiovn-and-cooperalion
agreemenis that will be negotiated with
the affected Stales and affected indlan
iribes In accordance with the provisiona
of the Acl.

The Act allows the guidelines 1o be
revised as necessary. Such revisiona
will be made through a process of nolice
and comment in accordance with the
Adminiatrative Procedure Act. In
response lo the NRC's preliminary
concurrence condition 2 (Section 11.C)

und concerns expresaed during the
NRC's moeling on [une 22, 1084, the DOR
hus made & commitment in § 960.1,
“Applicability.” to submit all guideling
revisiond to the NRC for 1ts review and
concurronce bofors issuanca,

2. Endorsement of the Alternative
Guidelines

Several comeients asked why the
allurnallve guldelines of May 27, 1063,
were aliributed to the DOE-gppointed
task force and had not baen endorsed by
the DORE, Many of the comments stated
that the alternative guidelines
representad a very slgnificant
improvement over the proposed
guidelings, Some requested thut the
DOE formally reissue the alternative
guidelines as a DOE proposal and allow
another full round of public comment,
Many parties atated that the DOE's
consullation process on the guidetinea
had greaily improved and expressed the
hape that similar consultations would
continue through all phases af the DOFE's
siting investigations for repoaitories,

The DOE wished to allow the task
force the greatest flexibltity in
developing alternative %uide!ines that
met the raguirements of the Act and
responded to the comments on the
original propoesal of February 7, 1983,
Mareover, the DOE wished to involve
the States and Act-designated Federal
agencies in the development of the
guidelnes at the earliest possible time.
Therefore, the alternative guldslines
were provided to 8tates and agencies
for review and comment and were made
available to the public as well. Because
of the generally favorable commenta
from Slates, Federal agencies, and the
public, the DOE uged the alternative
guidelines aa the basis for preparing the
guidelines that were submitted to the
MRC for concurrenice {see Section 1l for
a more detailed discussion).

1V. Qverview of the Guldelines

The process of consultation, comment,
and NRC concurrence [Sectlon 11} led to
revisions in tha guidelinea. This section
explains the final guidelires in detall,
giving the reasons for the choices that
the DOE made in devetoping their form
and content. In addition to the changes
describad in this sestion, many editorial
changes were mada tn response to
suggestions for making the guidelines
clearer and easier to understand.

A. Structure of the Guidelinas

The guidelines are presanted in three
major categories: implementation
guidelines, poatclosures guidelines, and
preclosure guidelines.

The implementation guidelines govern
the application of all otheér guldelines in

the avaluation of sites and eetablish

gr riul sules to be followad durlng sito
6. 20ning, nomlnation, recommendation
fo shuracterization, and

rv mimendation for rapository

d. slopment.

"¢ postclogure guidellnes govern the

itina conslderations that deal with the
. ns-term behavior of a repository—that
i, '+ behavlor after waste amplacemant
ano repository closure. These are the
considerations most importan! for
ensuring the long-term protection of the
hea'th and safety of the public.

The preclosure guidélines govern the
aiting considarations that deal with the
operation of the repository before its is
tlnaed, while waste 19 belng recelved
and emplaced. These are the
corpiderations Important in protecting
the public and the reposiiory workers
from exposures to radiation during
repository operations. They are also the
most important considerstions In
protecting the guality of the
environment and in mitigating
socioaconomic impaats, because most of
the environmantal and the
socioeconumic effects of a repository
will ocour durlng its conatruction and
oparation.

The purpose of separating the
preclosure and the postclosure
guldelinen fs to make claar the
differences in the rolea played by these
guidelines. This separalion is consistent
with the atructure of the proposed EPA
standards (40 CFR Part 181], which
eatablish different radiological-safety
objectives for the praclosuro and the
posatclosure parieds, and the NRC
criteria (10 CFR Part 60), which are
similarly separated.

Bath the postclosure and the
preclosure guidelines are divided into
system and technical guldalines. The
postclosure systam guideline states
broad requirements thet are based
gererally on the objective of protecting
public hoalth and safety and
the environment and are bassd
aspecifically on applicable regulatory
standards. The postclosure system
guideline atates such requirernents for
the repository system, and each of the
corresponding postclosure technical
guidelines apecifies requirements for
cne or more elements of the repositary
aystem—the physical properties and
physical phenomena at the site. The
three preclosure aystem guldelines state
broad requirements for three different
aystems. These aystemas include, In
additlen to some characteristics of the
site and more engineered components,
the people and the environment near the
site. Each of the corresponding
praciosure technical guidelines specifies
requirements on one or more elements
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of those systema; these elsmentr are
defined In Section [ii.1.4, Boih the
postclosure and the preclosurs inchnicsl
guidelines specify conditions 11: t would
qualify or disqualify siles, and vy
apecliy conditions thet would be
considered favorable {o peientiully
wdverss,

Each technicel guldeline eontains &
qualifying condition. Taken logathar,
these qualifying conditions are the
minimum conditions for ai.e
qualification. A aite will ha qualified
onty if it meets all of the qualification
conditions; no singie qualification
conditlon is sufficient 1o qualify a site. A
sitg will be dlsqualified if stle
characterization shows that it fails to
mee! any one of the quallfying
conditiona. Failure to meet & qualifying
condition can veually be determined
only after site characterization and the
concurrent Inventigations of
envirgnmental and socioeconomic
cenditions: quallfying conditions must
generally be stated in terms of
specificationa thet require anslyses of
the repository system, and data for such
analyses will be available only after site
churacterization and Inveatigaticn.
Befors site characterization, howaver,
evaluations that compare sites will be
able to reveal the relative potential of
those sitas 1o meet the qualifying
conditions of the technizal guidelines.
The findings that can be made during
varicus stages of the site-selection
process are defined end listad In
Appendix [l to the guidelines,

Twelve technical guidelines also
contain disqualifying conditions, Bach
describes a condition that is considered
su adverse as to constitute sufficient
evidence to conclude, without further
consideration, that & site is disqualified.
Almost all of the 17 disqualifying
cunditions pertain to conditions whose
prosence or absence may be verifiable
at a site without extensive dats
gutherlug or complex snalysis; ten of
them can be applied in the first phase of
the site-selection process {see Appendix
Il to the guidelinas). Application of the
disgqualifying condition on ground-water
traval time (§ 900.4-2-1) may, howevaer,
require data collected during site
characterization. 1t is because of the
intent that tha qualifying conditions
should be veeful early in the siting
procesa that tha converse of each
qualifying condition was not listed as a
disgualiifying condition.

The inclusion of the faversble and
potentially adverse conditions is based
on the NRC's 10 CFR Part 80. These
conditions can be uaed to pradict the
suitebility of 4 sile before detailed
studies of the sile have been performed.

Thay provide preliminary indicstions of
aystem performance,

Although faverable conditions nead
not axist at a given site for that site to
maet the qualifying condition, the
existence of such conditions leads to an
expoctation that subsequent evaluations
will yield enhanced confidence ina
gite’a suitability. Similarly, the purpose
of detarminlr.g whether any potentially
adverse conditions exist at a site is to
pravide sn early indication of condltlona
that must be examined carefully before
judging the atceptability of that site.
Buch examinations must evaluate the
effects of other, possibly compenaatory,
ceonditions present at a site. Thus, a gite
that hus most of the favorable
conditions may he presumed Hkely ta
meet the system guidelines, while & aite
with many potentlal adverse conditlons
may not meet! them.

By providing preliminary indicklions
of system performance, favorable and
potentially adverse conditions ure
intended o ba used primarily in the
screening phase of site selaction, during
the search for potentially acceplable
sites. They will alsc help determine the
most effective use of avallable resources
for site investigation when those
resourses are limited. Soe level of
system svaluation may later be required
to determine whether a potentiaily
adverse condition so identified 18
actuslly advarse and. if 80, to what
extent it affects site suitability.

Al some point, availabis evidence
may be sufficlent to conclude that ¢
potentially adverse condition is, in facl.
so sarjously adverse as to support a
conclusion thut the related qualifying
condition i not, and will not, be
satisfied. In such a case, the slte will be
disqualified, For example. potentially
adverse conditions related to the
possibility of requirements for
engineering measures beyond
ressonably avatlable technology may.
upon sufficient study, be found 1o
impose with certainty such
extreordinary enginesring measures and
43 a resull cause disgualification.

In the guidelines of November 1083,
the tachnical guidelines in both the
postclosure and the praclosure sections
were subdivided into smailer groups.
The postclosure guidelines were
organized intc two groups: (1) guidelines
for the conditions and processes that
wotld be expected to eifact the
performance of a repository and (2)
guidalines for potentially disruptive
processes and evenis that, though not
expected, might disrupt the repository.
The first group was to be assigned
grester importance in site evaluations.

This grouping and the hierarchy of
i*aportence were objectionable 1o the
NRI(C because the grouping was not
p*rictly consistent with the NRC's

stegories of "anticipated” and

uaanticipated” processes and events,
“*jrthermore the NRC was concemned
ra4t not all of the guidelines assigned to
ive second group [potentially dlsruptive
. ocesses and events) could be
¢ nsidered 1o be of secondary
ireportance, and thus In the site-
selgction process the DOE may overlook
‘some site characteristics that are
importunt to reposttory performanece.” In
il8 preliminary concurrence condition
3th), the NRC asked the DOE to make
the postclosure guidelines conslstent
with the NRC's cutegorios of
"anticipated" and “unanticipated”
procesaes and events. In response, the
DOFE, after evaluating the hisrarchy of
the postclosure guidelines, decided to
delete the subcategories.

As a coasequents, the postclosure
guidelines are no longer ranked, but
they contlnue o retain precedence over
the preclosure guidelinea. The
¢limination of ranking for the
postclosure guldelines was acceptable
to the NRC, which had stated in is
preliminary concurrencs dscision that it
“spes no explicit requirement for thia or
auy other ranking” in the Act and that
“the iszue of ranking or ordering the
guidallnes will not materially affect NRC
in carrying out ite statutory
responaibilities” (40 FR 0659).
Furthermors, the NRC considers (40 FR
28135] that arguments for guideline
ranking are motivated by tha need for
some assurance that the DOE's site-
selection process will proceed in a
“togical and verifiabie fashion.” The
BOE's rogponse to preliminary
concurrance condition § provides such
assurence, by specifying during which
phase of the siting process specific
guideiines are to ba applied and the
findings to be made In these
applications. {See Section IV.B fora
more detailed discussion.)

The precloaure yuidelines are grouped
into three categories, which separately
address concerns about radiological
safety; environmental impacts,
socioegonomice, and transportation: and
the ease and cost of repository siting
construction, operalion, and closurs.
These categories of guidelines are
eveluated by different techniques, and
the separation is intended to facilitate
their application.

The organization of the guidelines.
therefore, is intended to make clear how
they can be used during the siting
process. Early in the process. when data
sre few, the disqualifying conditlons are
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1o be applicd to eliminate unsultabin
bnd units, and then the favorable o +d
potentinily adversa conditiona must Le
applied to the remalnlng lend units o
provide the beat approximations o°
suitability. As more data become
available. the qualifying conditions of
the technical guidelines can be used as
standards for approximating svitability.
The process will culininate ufter ajte
cheracterization and Investigation,
when enough data are avaitable to
reliably establish whather the syatem
guidelines are met,

B, Sectiva-by-Section Analvals

Aa explnined in Section i, the DOR
submilied the guidelines to two rounds
of public review and comment. The fipst
followed the publicotlon of the praposed
guidelines on February 7, 1963; tha
second followed the publicatlon of the
alturnntive guidelines on May 27, 1083,
The comments received on the proposad
giidelines were conaidered in
daveloping the alternntive gulidulines;
the digposition of these comment!s ia
discussed in detafl In the comment-
responge document {10). Comments on
the alternative guidelines were
connidered in developing the final
guidelines, whose structure and formst
were adopted from the eiernutive
guidelines. The resolution of 1iese
comments is discusased in the seclions
that follow, which also prasent the
purpuse nnd intent of esch final
guideline and describe the changes that
resulied from the NRC concurrence
process. Comments on the proposed
guidelines of Peliruary 1983 are
discussed here only when necessury to
elucidate the development of the final
guidelines.

t. Genera] Provisione {Subpurt A}

This section of the guidelines congists
uof the statement of applicability of the
guidelines and the definitiona.

Section 60,1 Applicability, As
specified in Section 112(a) of the Act,
the Secretary of Energy shall use these
guidelines in evaluating the suitabilily of
sites for development aa repositories.
The guidelines will be used for ali
suitability determinations made
purauant to Section 112(h] and
prelimindry suitabilily determinations
required by Section 114{0).

In the November 1983 guideiines, thia
section stated that, in applying the
guidelines, the DOE will resoive any
inconsistencies with the Act, 10 CFR
Part 80 and 406 CFR Part 11 “ina
manner delermined by the DOE to most
closely agree with the inten! of the Act,”
In its preliminary decision. the NRC
pointed cut that its inlerpretation of 1¢
CFR Part 80 is hinding on the DOE and

requested, in prelininary coucurrence
condiion 1, the DOE to recognizo the
NRC's juriadiction over the resclution of
differences betwoen the guldellnes and
10 CFR Part 60, Thoe DOE responded by
revising Section 860.1 to acknowledye
the jurisdiction of the NRC in this
matter. Further, becauso of the necessity
for uny site selagted by the DOE to
ultimaiely comply with 10 CFR Part g0
and 40 CFR Part 191, In the event of a
conilict between the guidelines and
cither 10 CFR Part 60 or 40 CFR Part 1471,
thess NRC and EPA regulations will
supersede the guldelings sad constitute
the operative requirement I any
applicetion of the guidelinas.

In the guidelinea of May 19064, the
DOY also made the commitmant, in
responsa to the NRC's preliminary
soncurtance condition 2, to oblaln the
NRC's concurrence oh revisluns to the
siting yuidelines that relats to NRC
jurisdiction. The DOE hud alwaya
intended to submit guideline ravisions to
the NRC for concurrence but had not
explicily stated this Intention, assuminyg
that, since i{ was required by the Acl.
submittal of revisions for NRC
concurrence was understood.

Tha NRC had expluined (49 FR 0650)
that it would hava jurlsdiction to review

the guidelines insofar as they might bear

on the exercise of NRC reaponsibility
under the Atomic Energy Act, the
Energy Reorganization Act, the Natlonal
Envirenmental Policy Act, snd the
Nuclear Waste Policy Act. In view of the
broadness of this jurisdiction ond
comments made by the Siates a} the
June 22, 1983, NRC meeting, the
Commission requested, and the DOR
agreed, that all revisions of the
guidelines would be submitted for NRC
foncurrence,

Section 960.2 Definitions. To clarify

‘the intent of the guidelines, the DOE has

inciuded an extensive list of definitions,
The scurces of the definitions are the
Nuclear Wasta Policy Act of 1982; the
NRC'e 16 CFR Purt 80 {17], the EPA's
proposed 40 CFR Part 161 {15], Waler-
Supply Paper 1988 of the U.S. Geological
Survey (18), and the Clossary of
Geology of the American Geological
Institute {19}. Some of the definitions
obtained from these sources were
slightly modified to enhance clarlty or
oase of application. Where the NRC and
the Act providad differing definitions, an
attempt was made to incorporate the
intent of beth definitions, If a given term
was deflned differently by the NRC and
& source othar than the Act, the NRG
definition was used for consistency and
lo facilitate future NRC reviews of siting
and licenising documents. For terms that
had not been previously defined, now

delinitions appropriate (o the guidelines
wa.: formulated.

atany commenters complained that
the -extaa “reasonable expectation” nnd
“: o the state of the art” were
di  snldt to uaderstand or to
denwonstrate. "Reagoneble expectation”
1w been eliminated because the DOE
i. -8 cnanged the approach lo reaching a
dee o on sultebllity: nstead of
den..nstrating reasonable expectation,
the DOE will make & comprehensive
eveluation of the compliance of the site
wi.t all guidelines.

“Tiryond the state of the urt” has been
vepluced with “rensonubly available
technology,” which s defined 10 mean
“echnology which exlsts and has been
demonsirated” ur for which the results
of any requisite development,
demonatrailon. or confirmalory testing
effurta before application will be
available within the required tima
periods,

The term “'disturbed zone” eliclled a
lurge number of comments, most of
which queationed how this threo-
dimenstonal “zone” could be considered
a part of a two-dimensional “darea.”
Reference to the definition of &
“vontrolled area,” which specifically
includes the underlying subsurface,
should help clarify the issue, "Disturbed
zona' hed buen defined to mean that
portion of the conlrolled area whoas
physical or chemical properties are
projected to change permanently as a
result of the coustruction of the
underground facility und the
emplacement of heat-producing waste
such thal the resullant change of
propetties could have a significant effect
on the performance of the repository,
Thus the deflnttion includes both
mechanlcal disturbences, which will
ocour during construction and operation,
and heat-Induced disturbances, which
will occur alter closure. The definition of
this term is important becauss the
boundary of the disturbed zone {l.e., the
boundary hetween the altered and the
unaltered hos! rogk) is the starting point
in calculating the time of ground-water
and radionuclide travel to the accessible
environment, Excluded from the
disturbed zone 88 defined in the
gutdelines are the shafis from the
surfuce to the underground facility.
Although they will be considered as
potential flow patha for radionuclide
travel, they nre explicitly excluded from
the definition of “disturbed zope"
becnuse they are not realistically the
starting polnt for radionuglide trevel.
[The shafts will be sesled after closure,
and the seals will be part of the
engincered-barrier syatem.)



SN

703 2 5 Y

47726  Federal Regster / Vol 49, No. 248 / Thursday, December 6, 1984 / Rules and Regulations

lu its preliminary concurrence
candition 9{a), the NRC requested that
the word "permanently” be deleted from
the definition of “dislurbed zone’
because the "disturbed zone," a»
defined in 10 CFR Part 60, is noi umited
to areas thut have changed
“permanently.” The NRC was therofore
eoncarned that the DOE might neglect
frunsiend changes that could have a
significunt effect on repository
performance or that the DOF might
make biting decisions on the busis of a
disturbed zone that Is different from that
epecified in 10 CFR Purt 60, Since the
purpoge of the DOE'y definition is
occumplished by the NRC's definition in
10 CFR Purt 60 and by the phrase "such
that the resuliant chenge of propuriies
could huve a significant effect on the
perfurmance of the geologic repoaitory,”
the DOE agreed to rlelele the word
Ypermanently,”

The definilions of “sccessible
environment” and “controlled area”
elicited epproximately 20 comments,
Becnuse of the relalionship between
these two lerms, they nre discussed here
in terms of concorns about the
conirolled area. The comments
indicated conaiderable
misunderstanding of the concepts and
expressed concern about (1) the releases
of radionuctides in the controlled grea,
buth wniterground and on the surface; (2)
the lavel cr levels of contro) over sccess
und fulure use; and {3} the exteni of the
controlled area [i.e., the distance from
the underground facility 1o the
atcessible environment).

The concept of a vontrolled ares was
developed by the NRC in 10 CFR Part 80
10 exclude thcompalible acivities before
and after permanent closure: the outer
boundary of the controtled area is the
aceessible environment. Rudionuclide
releases underground in the controlled
urea will be controlled by the wasts
puckage during its effective lifetime;
after the packuge containment is loat,
they are to be limited to the allowable
rate of release from the engineered
syalem {1 parl in 100,000 per year).
Containment by the waste package is
required to be essentially complete
during lhe first severel hundred years,
when most of the radiation and heat in
the engineered-barrier syslem comes
fron the radioactive decay of fission
products. The containment period and
the low Jelaase rate after containment,
combined wilh the retardation of
radionuclide migration through the host
rock and the surrounding geologic
formations, will drastically limit the
concentration of radionuclides that can
reach ground-water and thus be

trunaported 1o the sceessible
environment,

During operalion, surfate releuses
within restricted aress of the coutrollud
urea will be governed by 10 CFR Part 24,
the NRC's slunduarde for profection
ngainst radiation, Surfuce releases
outside the restricted areas will be
governed by 10 CFR Part 60, the NRC's
criteria fur geologic reposilories, and 40
CFR Pgrt 191, Subpart A, the EPA's
environmental standards for waste
management and stornga,

Access Lo the surface fucilities will be
restricled [the “restricled area”). The
contrelled area will be sulyject to lesse:
controls. Outside the restrizted ares,
uctivitiea that could affect the
performunce of tho repository, such aa
deep drilling, will be prohibited, bl
surfuce activitics coufd be permitted by
the DOF., Additional informalion on site
ownership and control is found in
§§ 960.4-2-8-2 and 960.5-2-2, The size
of the controlled area, at a given site,
will depend malaly on the rate of
radionuclide movement through ground-
wiler and will be established on a site-
by-sile baais lo ensure that releases to
the accesaible environment will not
exceed those permitted by 40 CFR Pun
191, It can extend to as much as 106
kilometera in any direction from the
underground facility, bat it naed not be
this lurge If the EPA atandards can be
met in o shorter distance,

Nearly 20 commeniers requestpd
particular definitions of "high-level
waste.” The definition of “high-level
waste"” wan teken frem the Act and is
slightly different from the definilian
used by the NRC in 10 CFR Part 60 in
that high-level radioactive waste is nol
considered 1o include spent nuclear fuel.
The Act alwaya refers lo high-level

radioactive waste and spent nuclear fuel,

separately. However, since the spent
Fuel transferred to the DOE for diaposal
will have been declared to be waste by
its owners, such spenl fuel is included in
the broader cutegory of “radicactive
waste” that will be disposed of at the
repository. For hrevity, therefore, the
lerms “radioactive waste” and "waste™
are frequently used in the guidelines to
denote "high-level radicactive waste
end spent nuclear fuel.”

More than 20 new terms were defined
to clarify the intent of the guidelines;
many of these definitions were
requested by commenters. Among them
are geologic terms [e.g., “active fault”
and “lithoaphere™); gechydrologic terms
{c.g. “confining unit," "ground-water
flux,” “ground-water travel time,"
“hydraulic gradient,” snd “hydraulic
conductivity”); terms related to the
performance of the repository {e.g.,

“camulativa relenses of radionuclides.”
1 xpected repository performunce.”
“wrohydrologic system™); and terms
r:atad to the development ond

« 1-teulion of a repository (e.g..
Cengtricted area,” Vsite

uracterization,” "surfuce lucilities,”
id “closure™)

Por cunsistency with revisions in the
prstelosure gaidelines {Subpart ©), the
b -ms “characteristics nnd provuases
#e-wrting expected repository
perfermance” and “polentially
disruptive process and evenls” were
Jeleled, To clarify revisions of the
implementatton guidelines [Subpar B)
made In responso to the NRC's
coneurrence conditions 4 and &, four
terma wera udded: “application,”
“evaluation," “finding,” und “source
term.” Alno deleted {rom the definitions
was the term “capillary fringa” because
it ig not used in the NRC's proposed.
modification o 10 CFR Part 80 for
disposal in the unsaturated zone; the
definition of "unsaturated zone” was
modified uecordingly.

2, linplementation Guidelines {Subipant
B. Section 980.3)

Although the proposed guidelines
discussed In geaneral terms their
applicalion during siting, many
commenters requosted 4 more detailed
description of the procedures to be used
und a fuller discussion of & aumber of
issues. Because of the numerous
requesta for a clearer, more specific
disuussion, the \ask force developed, for
the alternative proposal of May 27, 1883,
implementatlon guidelines that specified
the procedures for applying the rest of
the guidelines.

‘The comments on the implementation
guidelines in the slternative proposal of
May 27, 1983, included several that
disagreed with particular provisions, but
hgain many commenters reqguested
additiona! clarlfication. The DOE
therefore revised the implementation
guidelines and prepared a description of
the process by which they will be
applied. That description is presented in
thig section, after & discussion of the
NRC's pretiminary concurrence
condilions for the implementation
guidelines.

Twoe of the comments on the
impleruentation guidelines did not
address any particular provision. One of
these was concerned with the favorable
and potentielty adverse conditions: one
commenter interpreted the
implementation guidelinea to require
that the favorable and potentially
atverse conditions be simply counted
up to determine site suitability, This Is
not at al! the intent, The m=re presence
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of u potentislly udverse condition
requires an evaluation of ite influr..ca
on ability to comply with the qual:lying
conditions of the partinent sysiem
guideline and a determination thet it is
mitigated by related favorable
conditions or gome other sits-apecific
fucto-s, Such evaluatlons are not
restricted to the form of simple counting
since the signilicance of each of the.w
conditions may be amplified or
diminished Ly other aite-sp cific
conditions.

The second general comment was a
request, from many States, that the
guidelines {or laler smendmonts) inciude
4 numerical {or equivalent) method for
"compuling” compliance with the
guidelinea und for the resulling site-
recommendation dacisions, thareby
ensuring that future findings and
decisions nre "objoctive.” The DOE has
not found support in the technicsl
community, in particulur in consultation
with the U.5. Gealogical Survey, for
such a method nor has the DOE been
uble 10 determing the frameweork for 4
predetermined method that would be
sufficiently complete.to eliminale the
excrciaa of judgment on the past of 1the
Yedersl officinls who will make these
decisions after consultlation with the
States. The DOE does not believe that
the performance of 4 syslem as complex
ua g reposilory site, taking the natural
slructures and systems alone, can be
represenied by arithmetic formulas
without seriously dislorting critical
synergies among the coinponent
clements. The DOE has, in the
guidelinea, made an effort to provide
guidance by prescribing the relative
importance of aubsets of the guidelines,
wilh the postclosure guidelines being
asgigned primary importance.

In its meeting on June 22, 1984, the
NRC requested the DOE to delete from
§ 960.3-2-3, "Recommendation of Sites
for Characlerization,” the statement that
the basis for the recommendation
decision will include *'a preliminnry
detorminalion, referred to in Seclion
114{f] of the Act, that such siles are
suitable for development of
reposilories.” This statement had been
added to the May 1984 guidelines in an
effort 1o clarify the siting process, but
several Slates objected thal the
provision could not be implemented
Lefore sile characlerization. The DOE
agreed that the discussion of the
preliminary determination was outside
the scope of Lhe guidelines and
accordingly revised § 960.3-2-3 by
deleting the above-mentioned slatement.

Three of the NRC's preliminary
concurrence conditions were related to
the implementation guidelines: condition

4, which asked the DOE to clariiy the
rola of enginearad busriers in sile
evaluations; condition 6, which askod
the DOE to spacify In greater detail how
the guidelines will be applied; and
condition 8, which askecrthe DOE to
indicale the kinda of information needed
for decistons about site nomination and
recommendalion for site
churacterization, In response to those
condltions, the DOE revised and
axpandad the implementation
guidelinas, The principal changes ars
discussad balow, This diacuselon ia
followed by a detuiled explanation of
the revised Implementation guldelines,

Summary of Revislons Made In
Response to the NRC's Concurrence
Conditions

Engineered barriers. In 1ts prelimlnary
cancurrence condition 4, the NRC asked
the DOE to modify the siting guidelinos
to maka clear that “engineered barrlers
cannot conatitute & compansating
measure for deficiencies in the geologic
media during site soreening.”
Furthormore, during the public meeting
held by tha NRC on Junuary 11, 1964, the
EPA lestified that, in making
comparative performance aasessments
[or potential sites, the DOFE ahould
assumoe that the performunce of
enginecrad barriers {L.e., waste packages
and waste forms) is ut least 10 times
legs effective than that raquired by 10
CFR Part 60 in order to campare the
isolation capsbilities of the sites.

The DOE had never intended that
cngineerad barriers be uaed to
compensate for site deficiencies. These
barriers were mentioned in the
guidelines because the EPA's proposed
stundards in 40 CFR Part 191 specify
requirements for the tolal reposilory
system, which includes engineered
barriers. Furthermore, the role of
engingered burriers as part of the total
sysiem is recognized by the NRC, which
hus established epecific performance
requiremanta for the waste package in
10 CFR 60.113. In response to comments
on the alternative guidelines of May
1983 and to comments rocelved during
subscquent meetings with the States
{see Section 11}, the DOE had revised
§ 960.2 in the November 1983 guidelines
to clurify the rele assigned \o englneered
barriers. However, the revision was
apparently not explicit enough lo satisfy
the concerns of those who objected to
tha uye of engineered barriers as
compenseiing measures.

Therelore, to satisly tha NRC's
condition 4, the DOE revised
implementution guideline § 980.3-1-5
{lormerly § 960.3-1-4] to atate that in
camparative site evuluations engineerad
burriers “shall be considered only to the

on’zat necassary (o oblain realistic

ci nrer terms for site evaluatlons” and
"+i-ali not be used to (1] compensate for
a 1 iccdequate site; (2) mask the Innate
¢ :\iciencies of a site; (3] disgulse the

¢ -sugth and weaknesses of A slle and
in. overall syetem; and {4) mask

di arences helween silea when they are
iempared.” Furthermors, to

at sommodate the EPA's proposal, the
D1 % edded to this implementation
guiueline requirements about the
assumptions to be ueed about
enaineered barrlers in comparative
svaluations, specifying that "a range of
l+vels in the performance of engineered
birriers” la 1o be used [the performance
varying by at least a factor of 10 above
and below the raquirements of 10 CFR
6.113),

At the June 22, 1084, meeling of the
NRC, the DOE agreed to further clarify
the role usslgned to engineeresd barriers
in site evaluations {ace Sectlon IL.C).

Application of guidelines ot each
giting atuge. In 118 preliminary
concurrence condition 6, the NRC asked
the DOE “lo apecify in greator detail
how the guidelines will be applied at
each siting stuge, including site
nomination and cheracterization." The
creation of a standard for determining
the DOE'a level of confidence in data
supporling site nomination had also
been tuised by several commenters,
Throughout the guideline-development
process, the DOE had intended that
each site would be svaluated against all
guidelines in the slting stages applicable
to the first or the second repository—
that is, to apply all guidelines
throughout tha siling procesa. However,
during the concusrence mealings, the
NRC staff suggesated that the term
“apply" be used to mean “evaluate and
make a finding againat.” After
considering this suggestion, the DOF
agread that this definition would be
helpful in clarifylng the guideline-
application proceas. This suggestion was
implementaed by preparing o new
appendix (Appendix I} for the siting
guldelinea and revising the
implemeéntation guidelines, aspeclally
§ 880.3-1-5, “Basia {or Sile Evaluations.”

Appendix Iil apecifies how the
guidelines are to be applied at the
principai decigion pointa of the siting
proceas: site |dentification as potentially
acceptable, nomination as suitable for
characterization or recommendation for
characterization, and recommendation
for development as r repository. In
parlicular, this appendix specifies the
types of findings that are to result from
the applications of ihe disqualifying
conditions and the qualifying conditions.
Twa levels of finding, one showing an
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incressud lovel of confidence . ver the
other, are speciliad {or bath th
disqualifying and the qualifyirg
conditions, For the disqualifyirg
conditions, a level 1 finding (i.a.. the
evidence does not (or convers :ty, does}
support a finding that the elte ia
disqualified} must be made &t the
nomination atage, while n level 2 finding
{{.a., the evldence supports a finding that
the site I8 aof disqualifind and 1s nol
likely to ba disquslifllod, or that *he site
i3 disqualified or ls likely to be
disqualified} must be m.de and
supportad at the time of
ragommendation {or repouitory
development (sha selection}. For the
quallfying conditions, n lovel 3 finding
(i.e. the evidence dooa not {or,
nonvarseiy, does) aupporl 8 finding tha!
the sile la not likely to meet the
quatifying condition) must by made at
the nomination alage, while a level 4
finding {l.e.. the slic ncets the qualifylng
condition and s likely to continue to
mee! it or that the sile cannot meat the
qualifying condition or is unlikely to be
able to meet it} must be mede snd
supported at the recommendation for
repoailory development.

Ssction $60.3-1-5 wis revisod (1) to
delete the grouping of the poaiclosure
guidelines into two cutegories (see
Section HI); (2} o clarify the role of
engineered barriers in site evaluation, ns
already sxplained above: and (3] 1o
make various editoria} chunges for
greater clarity of meaning and intent. In
its finai concurrence decision, the NRC
agroed that the DOE's ndditions and
rnodifications satisfy the requireniants
of condition § and the vevised guldelines
deseribe an implementution process that
"providoes confidence that siternative
siies will be selected in & manney thal
mests the requirementa of the Nalionai
Environmenlal Policy Agt.”

Kinds of information. The NRC'y
preliminary concurrence condition 6
staies thut the "DOE should supplement
the guidelines 1o indicate the kinds of
informatlon neceasary for DOE io moke
Jdeclsions on the nomination of at leaat
five repository sites and subsequently
recommending thege sltes to the
Prestdent for charucterizntion. . . "
Similar guestions on the data (o suppur!
nomination had been presented to the
DOE by several commeniers. The DOE
agreed that such hiformation wouid be
hotpful and in rasponss added 4 new
appendix {Appendix [V) and g new
gection [§ B80.3-1-4) to the
implementation guidelnes. The new
seclion, “Evidenca for Siting Decigions,”
i3 discussed in the subsaguent
explanation of the implementation
guidelines.

Appendix IV specifies the types of
information the DOE expents to be
included in the evidence used for the
guideline applications aet forth in
Appendix 111 at the time of slte
nominations ss suitable for
characterization. The appendix presents
these information elements for each
technical guidsline: the typea of
Information listed are tonsidered to be
the most slgnificent for the evaluation
a sita agninst that perticular guideline.
For exumple, for guideline § 860.3-2-5,
Frosion. Appendix IV requires “a
description of the siructurs, siratigraphy,
and geomorphology of the site, in
rontext with the geologic setting” and
alates thal the types of information that
would support !{ﬁs description would
include “lhe deplh, thickness, and
lateral extent of tho host rock and the
overlying tock maas; the lithology of the
steatigraphle unite above the host rock;
end nature and rates of geomorphic
processes during the Quaternary
Perind."

Where necessery, Appendix IV allows
the use of tachnicully conservative
sasumptions or extrapolations of
regional data to supplement the
information collected for the site, since
this stage of the site-selection process
precedes site characterization.
FPurthermora, it is recognized that the
specific Information for the guideline
applications set forth in Appendix Il is
expected to differ from site to site, both
with regard to favorable and potentially
adverse conditions and with regard to
the sources and the reliability of the
information,

Fxplanation of the Implemenlation
CGuidalines

‘the paragraphs that follow discuss
the final implementation guidelines,
which Incorporute the DOE’s responses
ly the NRC's concurrence eonditions.

Siting provigions {§ 880.3-1). The
implementation guidelines begin with
live provisions for the siting process.
The firet three of these provisions
{4§ 960.3-1-1 through 660.3-1-3} govern
the sfforts to find dites with a diversity
of gevhydrologic settings. a diversity of
types of host rock, and. when siling the
sacond repesitory, a reglonal
distribution. These provisions are
derived from the Act, which specifiea
that the guidelines are to require the
Secrsetary to consider reglonalily and
vurtous geologic media.

The fourth siting provision {§ $60.3-1-
43 resulted from the DOE's efforts to
comply with the NRC's preliminary
concurrence condition 6 and wes
developed after discunsionr with the
NRC staff, It discusses the evidence {l.e..
information. evaluation. asaumptions.

etc.} that is to be used to suppori the
decisions that must be made in four of
the five phases of the siting process—
site tdeniification as potentially
acceptable, site nomination for
}aracterization, sile recommendation
{nr charactertzation, and site
recommendation for repository
developiment, It is supported by a new
appendix {Appendix 1V}, which, as
explained above, gives examples of the
types of information that will be used in
the nomination phree,

Included in the provisten for evidence
ts a digcussion about the use of
assumptions. Before site
charactetization {s completed,
prellminary assessments of the potential
of a site to meet the qualifylng
conditions must necessarily empley
ludicious assumptions where definitive
data are missing. Muuy commnrnters
weare concerned that consigtent
optimism tn such ansumptions weuld-
create benefits out of deficiencies in the
scope of field teating and research
undertaken by the DOR. Accordingly,
$ 560,3-1-4 only allows the use of
assumptions that would tend io
underestimate the ability of a site io
meet the quelifying conditions. Such
agsumptions are commonly termed
“conservaltve” becasuse they are chosen
in order i¢ minimize the posaibility thut
later findings will prove the assumptions
tn be wrong, This is & commonly used
upproach in engineering and in scientific
predictions, Where some data exist, «
stutistical range of uncertainty may
counstrein the latitude of such
ussumplions, Even where no direct date
exist, it ia often possible to establish &
sufficiently conservative runge of values
by exemining compareble sitnations in
auture or by inference from related
phenomena. Thus, there are technigues
for establishing realistically
conservalive assumptions thut allow
reasonable decisions to be made in the
fuce of uncertainties. It should be
emphusized, hewever, that one of the
primary fucuses of thig guideline is 1o
ensure. to the extent practicable, that
unalyses performed in the sbhsenca of
complete dala {as will necessarily often
be the cuse} do no! produce erroneous
projections about tha suitapiity ot a
site.

Al several steps in the siling process
the guidelines will be used in assessing
individual aites and in comparing sitesr
with gne another. The fifth pruvision.

& 000.3-1-5, desertbes the basis on
which these evaluptions will be made.
This criterion begins by assigning
primary significance to the postelosure
guidelines and secondary significance to
ihe preclosure guidelines: this
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ussignment is to be used in all the
evaluations except those made duvi g
ihe scroening phase of the siting
pracess. This asaignmen of signific nee
received genoral approval, but son
commentoers argued thut equal
significance should be assigned to
postclnsure and preclosure guidalines.
The fundamental purpose of a geclegic
repoaitory is to provide long-term
isolation for radicuctive wastg in a
munner that protects the hoshth and
safety of the public. That fundemental
purpose will be achicved primarily by
the aite features relatud to the
postclosire guidalines, The posiclosurs
guidelines are aceordingly given prlmary
significance. The DOE recognizes that
the proclonure guidelines govern Lighly
important sepects of a repository, but
during the sitlng process the postclosura
guidelines are collectively to be given
primary significance over the preclosure
guidelines, taken iogether, because the
fong-term concerns about public health
and safety must nke precedence over
concerna about precioaure effects, which
will be temporary. Nonetheless, in order
1o gualily for repository development, a
site must meel the qualilying conditions
of all the guidalines.

'The evaluation-basis provision of
§ 860.3-1-5 nex! establishes an order of
importunce for the technical guidalines
in the preclosure cutegeries, Unless it
cen be demonstrated to the satisfaction
of the NRC that the repository will be
safe during its preclosure phase, the
reposflory cannot be Guilt. For the
preclosure period, the evaluation-basia
provision therefore assigns highes!
importance to radiological safeiy. A
secondary imporience is assigned to the
guidelines governing environmentsd
qualily, sociceconomic impacis, and
transportation. The lowest order of
importance is assigned to the guidelines
governing sase and cost of siling,
consiruction, operation, and closure,

Seclion 980.3-1-5 next specifies rules
for evalualing individual sites, It
requires that the evaluatiion of technical
and system guidelines not be entirely
separate, Because the repository must
work as 4 system, an evaluation of the
feutures governad by a technical
guideline must retain some
consideration of the contributions that
those festures make to the performance
of the entire system. Similarly, an
evualuation against & system guideline
musi include consideration of the
technical guidelines aceompanying the
system guideline, end the evidence
related to the system guideline. In
recommendlng sites for the development
of repositories, this evidence ia to
fnclude analysis of expected repository

performance and the ikelthoed of
compliance with 40 CFR Part 191 and 10
CFR Part 80, in accordance with the
postclosure systsm guidelins.

The provision next gives rules for
muking comparisons among sites, These
compsrisona are to be bused on
evaluations ngainet system guidelines to
the extent allowed by the data; they are
intended to allow comparailve
evaluations of sites in terms of the
capabilities of the natural barriers for
wasta {solation. When adequaie data
are not avallable for an gvaluation of
the syatem guideline. the comparison te
1o usa the technical guldelines, asaigning
primary significance to the postclosure
guidelines and following the orders of
importance lated sbove for the
preclosure guidelines.

Seclion 980.3-1-5 gpecifiea tha!
comparutive site evaluations are to
plase primary importance on the naturgl
barriers of the slie, This specification
reaponds to many comments that
unrestrained assumptions about
enginegred barriers could make all slles
appear udequate end mask inherent
differerices betweeon the sites. Tharefors,
in evaluations agains! the posiclosure
guidelines, englreered barrfers are to be
considered only 1o the extent necessary
to obtuin realiatic estimates of the
amounts and kinds of radionuclides that
would constituts a relesse of
radiosctivity (i.e., the source term}.
Inciuded in the provision are
specifications for the treatment of
engineered-barrler performance in
comparalive avaluations,

The evaluation-basis provision ends
wilh rulea for slte comparisons
performed to support the last phase of
the siting proecess—the recommendstion
of sitea for the development of
repositories. It specifies that these
gomparisons will consist of twe
eveluations {hat predict radlonucitde
releases for100,000 years after
repository closure and sxpiains how
they are to be conducted.

Siting process (§ 980.3-2}. The
guidelines will ho used to evaluate sites
8t several points in tha siting process,
which {8 explained in detafl {n Section
LB. This part of the guideiines prescribes
the procedurea to be followed at each
slep and is summarized below.

Screening for potentially acceptable
sitag {§ 960.3~-2~1}. The implementation
guidelins governing this step places
requirements on the screening to be
conducied during the selection of a site
for the second repository; the guideline
states that this section is not applicable
to the first respository site, for the
reasons expiained in Section LB.1.

Nemination of sfies os suitable for
chai wiarization {§ 860.3-2-2). The
guloviines will noxt be appiied in
aevecal steps during the nomination of
slti + & swltable for site
ch racterlzation; the nomination process
itr [ s explained in Bacilon 1LB.2.

[y the first of these steps, the DOR will
+ wn.ning each of the potentially
1 ciptable sites to determine whether
s ~hould be disqualified without
furt, er consideratien. The guldeline
governing this step {§ 960.3-2-2-1}
requires that the DOR evaluate gach
pt’entially acceptable sit against each
dlzqualifying condition in the technical
postclosure and preclosure guidelines.
Sites at which any disqualifying
¢ondition I present wﬁl be sliminated
from further conatderation, This
reculrement ls provided sc that the
potentially acceptabla sites for the firat
reposttory, which predate the guldelines,
will be given a “fatal flaw” test before
further effort {s expended In evaluating
them.

The next application during the
nomination phase will cecur after the
DOE haa grouped {Section 1.8.2) the
potentially scoeptable sites according to
their geohydrologic seitings. The
guidellne covering this step [§ 960.3-2~
2-2) requires that the DOE select a
preferred site in each setting that
coniaing more than one site; the DOE 18
to use the evaluation-basle provisien
{$ 960.3-1-5) in making the selections.

To accomplish this selection, the alies
within a single setting will be compared
with one another by uelng the
postelosure and the preciosure technical
guidelines, Because the sites in a single
selting will necassarili,v have man
similar features, not all those guldelines
will dincriminate smong the sites. For
example, sites in a sinﬁie seiting will
probably satisly equally well the
favorabie condition calling for
hydrologic features that can be mudeled.
In selecting e preferred site, the DOE, in
accordance with this goveming
guideline, will primarily evaluate the
conditions specified in the guldelines
that will discriminate among the sites.
The discriminating guidelines in one
selting will usually be different from the
discriminating guidelines in another
setting; a necessary part of the selection
proceas will ba the identification of
discriminating guidelines in each selting
whore a selection will be made,

The group of preferred sites, along
willt-the sites that are the only sites in
their soitings, will be the sites
considered for nomination. The
guideline requires that at least five sites
be proposed; if fewer than five
geohydrolugic settings are available, the
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DOE will select additional sites irom
peltings that contain more than w.se sile,
a8 required Lo obtain the miniov.m of
five giles,

The next two epplication sia s In the
nominalion process requlrs tha! the
guidelines be separated into two groups:
these that, in the language of the Act,
“require site characterlzation as a
prerequisite” for their application and
those that do not require aito
characterization for that “urpose.

Afler selecting tha sites being
considered for nomination, the DOE wiil
evaluato Lhe svitability of each of them
for development as a repository, This
evaluation will, aa required by the Act,
uoe the guidelinea that do not require
sile characterizution as a prer. quisite
for their application.

In the next step In the nomination
process, the DOE will evaluate the
suitability for characterization of each
pite being considered for namlnation.
This evaluatlon will use the tochnleal
and sysiem guidelines idenltified as
requiring characterlzation and will
conseider the favorable and potentially
adverse condilions {Section [V.A) at
each site. The evaluation will examine
whether, on balance, the presence of
such conditions affects significantly the
abllily of a aite to meet the qualifying
conditions and to avold disqualification.

At (his point in the nomination
process the DOE will have identified a
set of five or inore sltes for nomination;
it will have evalualed the sultabilily of
each of these sites for development an a
repogitery and for choracterization. The
DOE will bring all of these resulis
together in a summary comparative
evaluation of the sites. The guldeline
governing this collection of reaulta
(¥ 860.3-2-2-9) requires the DOE o
summarize the information aupporting
the determinations made up to this point
in the nomination process.

The actual nomlnation of a site as
sultable for characterization must be
accompanied by an environmental
aspeasment {EA). The DOR will prepare
an EA to accompany the nomination of
each of the five or more sites;
Iinplementation guldetine § 960.3-2-2—4
requires that this EA describe the
decision process that led to the
nomination of that stte. The EA muat
also include other evaluations and
discussions desctihed in the Act and in
the guidelines. The guldeline also
ppecifies that the draft EAs will be made
avallable for public comment and that
tha governments of States and affected
Indian tribes will ba notified of auch
availability.

Implemeniaiion guideline § 060.3-2-2-
5 prescribes procedures for the formal
nominatlon of sites an suitable for

churacterization, This guldaline calls for
a determination of auitability for
charsacterization. This determination ls
1o be based on tha Information and
analyses in the environmentu
assgesmants,

Racammendalion of sileg for
characterization {§ 880.3-2-3). Tha next
epplication of the guidelinos will occur
durinf; the process of recommending
gitas for chai actarization, Under the Act,
the Secretary of Energy will recommend
no fewer than three sites for
characierization for the firet and the
second repository. The recommondation
deciaton is Yo be hased on the available
geophyasical, geologic, geochemical, and
hydrologic data (unlesa lhe Secretary
cerlifies, pursuant \o Section 112(b}(3) of
the Act, tﬁal such available data will not
be adequate to satiafy applicable
requirementa of the Act in the absenca
of further preliminary borings or
excavatlons); (2) other Information; and
{3) he assoclatod evaluations and
findings reported in the environmental
assessiments, The guidellne governing
this step spacifies a procedure for
maklng the sslection. It requlres that the
pitea nominated for characterization first
be consldered in order of preférence for
characterization. The guldeline requires
next an application of the provislons for
diversity of gechydrologic settings and
rock types, and, for alting the second
repository, the provislon for reglonal
distribution, as specified by §§ 960.3-1—
1, 960.9-1--2, and 96{.3-1-3, respectively,
of the implementation guidelines. This
application will deiermine a final order
of preference for characterization,

Some States felt that tho guidelines
should nat be used beyond the
recommendeation of sltes for
characterization of that, alter site
characterizaiion, the licensing critaria
should take effect. The DOE believes
that this is not the intent of the Act and
would create an illogical discontinulty in
the siting process. As discussed aarlier,
under the "Use of Proposed EPA and
NRC Standards,” the standarda of sile
suilability 1o be uged by the licensing
authorlty (NRC) are to be reflected in
the guidelines a0 that stting and other
program decisions will be consistent
with these requirements. Ssction 114 of
the Act provides that the “Secratary
shall submit to the President a
recommendation that the President
approve such site for the development of
a repoaitory,” where the site referred to
ia one of at least thrae candidate sites
for which eite characterizotion has been
completed under Section 113(b) of the
Act. Section 113(b} requlres the site-
characterization plan for erch candidate
site to Include “criteria to be used to
deterntine the suitability of such sito for

thw location of & reposliory, developed
ruarsunnt to Sectlon 112{a).” Section

" 12{a] ia the section that requlres the
¥¥E to develop piting guidellnes, and
herefore the guidelines are intended to
"¢ used in declding which among the
‘hiaractorized sltes 18 to be

- seommended to the Presiden!, the
Congress, and finally to the NRC for
~ppropriate approvals.

Recommendation of sites for the
wavelopment of repesitories {§ 660.3-2-
4}, Tha final application of the
quidelines to decislons made during the
giting process will oceur during the site-
selection phase. Slte charactertzation
will then have been completed, and the
DOE wilt select one site for
development as a repository. The
implementation guideline governing this
gelection requires that the DOE compare
the charactorized sites on the basls of
the postciosure and the preclosure
guidetinea, It also raquires the DOE 10
submit to the President and make
nvallable to the public e comprehensive
statement of the bagfa for the selection,
including an environmental impact
statement,

Consuliation (§ 960.3-3}. Throughout
the aiting process the DOE wlll consult
with designated offictals of affected
States and governing bodles of affected
Indian tribes, as defined by the Act, This
guideling prescribes that thia
conuultation be carried out, defines
procedures for responding to requests
for information, and apecifies that the
DOE enter into binding written
agreements in accordance with the Act.

The Depariment of the Interior
commented on the prudence of
consulting with Federal lund managers
as soon as the siting proceas considers
lands in thelr juriadiction. This comment
was laken to have 8 wider validity and
led to the inclusion of conaultation wlth
Federal agencies In the guideline on
consultation.

Environmenicl impacts {§ P60.3-4}.
This guideline requires the DOE to
consider environmental impacts
throughout the site-characterizatlon,
site-selection, and respository-
development process and to mitigate
them to the extent practicable.

3. Posiclosure Guidelines (Subpart C,
Saction 960.4)

The postelosure guidelines are
designed to eatablish the performance
cbiectives (aystem guldeline) and
technical conditions important to
meeling those objectivea (technical
guidelines) for the repository system
over the long term after permanent
closure. The length of this postclosure
time period hae net been rigorousty
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defined, alihough the proposed A
standard {40 CFR Part 101) suggetts that
the major smphasis for enguring "vaste
isolation should be placed on the first
10,000 yoars after closure, The
posiclosure guidelines are struciured to
accommodate any time period
ultimately adopted by the FPA and the
NRC. Naturally, confidence in such
predictiona will diminish as predictions
reach further into the future; howe er,
the radiological toxicily of the wasies {o
be iseclated also dimintshie. with time.

Section 950.4-1  Postelosure System
Guideline. The postrioaurs system
guldeline requires compliance with
those EPA and NRC regulationa that are
intended to engure tha! the health and
safety of the public and the quality of
the environment will be protected until
the radioactivity In the wuste has
diminished 1o safe levels,

Severs] comments on the altemative
guldalines objected te the inclusion of
engineered barriers in determining
compliance with the system guideline,
the objectiona being based on the
concerns tha! engineered barriers would
be used to compensate for Inadaguacies
in patural systems and that the term
“gtate of arl” implies unteated
technology, The intent of Including
engineered barriers was not to
compennate for an inadequate stie,
Rather, enginvered barriers are Intended
to enhance the natural system's
containment and isolation capacitics to
lhe extent that is practicable, This
approach is consistent with the
“multiple-barrier” approach endorsed
by both the EPA and the NRC us »
method of compensating for
unecsriginties in performance
predictions. The multiple barricrs
consle! of both natural-system
components (e.g., the host rock, ]
hydrologic conditions, and geochemiral
conditions} angd engineered components
{e.g. long-lived waste packages,
relatively insoluble waste forma,
repository seals and backfill materials
tha{ resist water movemant). The
mclusion of engineered berriers in
sysiem assesament!s is stipulated In both
10 CFR Part 80 and 40 CFR Part 191, The
JOE agrees, however, that engineered
barrless ere secondery to the natural
system with respeci o long-term
tsolation. Consequantly, the postclosure
guidelines are premised explicitly on a
recognition of the primacy of natural
barriers and, as discussed above in
regard to the implementation guidelinas,
site evaluations will consider
engineered-barrier aystems only to the
extent necessary o obtain realistic
gource terms. The term “state of the an”
is replaced by “reasonably available

technololgy” (see discussion in Seclion
VR,

Some commenters asserted that the
guidelings should spacify the munner In
which performance nssessments,
prabability eatimates, unceriainly
analyses, and risk assesaments would
ba performed In complylng with the
guidslines. The DOX maintalas that the
devolepment, validation, and
implemantation of those asscasment
technlquas are sutskle the scopa of
thess guidelines, whose purpose is to
gutde and direct the DOB's siting
process pather than to prescribe
analytical methoda and procedures,

Soveral nommenters expressad
concern that ropository-aystem failures
could damaoge major ecosystems like the
Great Lakes. Since the repository will
have to comply with the relecae limite
specifled in the NRC criteria und the
EPA standards, and the aite will have to
mee! the aiting guideline on
environmenio! quallly, such
consequences cannot bo reusonably
postulatad,

A corallary concarn ls that, since the
proposed EPA limits apply at the
acoeasible environment, signlficant
contamination of subsurfuce rocke and
ground water could occut within the
controlled urea. Some commenis urged
thg inclusion of all ground water as part
of the accessible environment, hath
inside and outsida lhe controiled aren,
and suggosted that o “zero release™
stantiard he applied. u regard to the
first concern, the NRC ¢ritivion (M) CFR
60.113} for releases from the
inderground facility will efford
significant protection 1o subsurfuce
areea oulside the undarground facility
but inside the controlled area. In regard
ic the second concern, & ground-water
system may provide very jong times for
transport 16 the sccessible saviranmant,
and such a system is an importaal
component of & multipie-barrier system.
The impertance of that barrier system
and its components is recognized by
both the NRC and the proposed EPA
regulotions, and hence the concept of
the controlied area and the accessible
environment was adopted by the NRC
and propesed by the EPA, The “zero
relense” concept is an ideal objectiva
that cennot be adopted as a standard
because of the uncertuinties in the
predictions of postciosure performance
and the long time perioda that are of
coneern,

Several comments suggested that the
guidelines actually state the
requiremunts of the NRC and EPA
regulations instead of merely
referencing them, The final guldelines
include two eppendices (Appendix I and

Appendix 11} thet sgummarize the central
a.vmenls of thoss regulations thal bear
v a1 directly on the system guideltnes.
fome commenters cautioned the POR
0 the need for consistency betwean the
sirlelinas, the proposed EPA etandard.
wt 10 CFPR Part 80. Several of the
¢ ~mmeniers noted thal the proposed
guidelines did not appear to be
¢anelgtent with the proposed EPA
i surance requiraments. Gther
gemmenters requested clariflication
regarding the respeciive roles of the
DOE, the NRC, and the EPA, The DOE
iends lo ensure consiatency between
tha guidelines and the NRC and EPA
sogulations for the disposa) of high-levet
radionctive waste and spant fuel (see
Hao Section HLA.1 and tha discussion of
“Applicability” in Section IV.B.1).
Furthermare, should the final EPA
alandarde include assurance
requirements that appear to be
inconalatent with the guidelines, tha
DOE will reevaluate the guldelines.

In regard to tha zoies of the three
nguncles, the EPA js charged with
establishing genera} pavirenmental
stendards for the protection of public
safoty #nd the environmen! oulslde the
facility or slte boundaries. The NRC ia
charged with establishing and
implementing requiremarnts for Hoensing
the repesitory, which includes enforcing
any applicubls stundards, including the
EPA rogulelions, and with discharging
the NRC's reaponsibilitics under the
National Environmental Policy Act of
1869, The DOE is charged with
{dentifying, characterizing, and
demonsirating the suitability of siles
and developing end operaling a
repository consisteni with these
guidelines, the EPA stendards, and NRC
licensing requirements.

Severa]l commenters requested the
adopifon of the ALARA (as low as
reasonsbly achievable) concept in the
yystem guidelines, They saem to have
boen looking for assurance that {1} the
waste isclation provided by the geologic
selting at the site will be waighted
heavily in comparing altarnative sltes
during the selection process and (2) the
DOE will take reasonable measures to
ensyre that radiation exposures will be
as low as is reasonably schievable, Both
of these concerns will indeed be
accommodated through the guideline-
tmplementation prouess, in which public
health and safety will be the primary
cansideration. However, for postclosure
raleages, the ALARA concept as suéh
cunnot be implemented, because the
potentially affectad populations are not
knowtt: the relenses may not occur for
tens of thousands of years, Estimates of
the intagrated population doses that
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would be required to implement the
ALARA crierion snd npplying an
appropriaie cost-benefit (8.8, dotiurs per
man-rem) factor for reloases pre ¥ oted
far {nto the future would be highl :
speculative. Therefore, tha ALARA
concept, per se, will not be rigorously
appliad for the postclosure phase.

A number of commuanis stressed the
importunce of using system-analysi»
techniques in assessing compliance with
the guidelines rather than t 2aling each
purameter (e.g., geohydrology)
independently. Conversely, several
commenters believed that too much
importance was placed on the aystem
guldeline—that each technical factor
should be considered separately. The
final implementation gutdelines specify
that comparisone of sites ere to be
based on the system guidelines. Thus,
both the sufficlency of Individusl
technical factors and the system-
analysis concept are taken Inte account.

Some commuenters suggested that the
system guidelines should require
postclosure monitoring. The tssue of
posiciosure monhloring will be
addressed by the DOE and the NRC al
several polnta from the time of
repostlory licensing through the time of
permanent closure. i the state of
lechnology at those future times !s auch
that useful Information cuuld be gained,
montioring may bs included for
confirmatory or research purposes.
Howaver, postclosure monitoring is not
congidered to be a key factor in she
selection,

Finally, in response to the NRC's
preliminuary concurrence condition 4
regarding the role of engineered barrlers
{see Section [I.C and the dlscussion of
implementation guidelines in Section
iV.B.2}, the postclosure system guideline
was revised to clearly separate the roles
assigned to the goologlc setting ut the
gite and $o the engineered barriers,

Section 960.4-2 Postclosurs
Technicial Guidelines. The poatclosure
technical guidelines apecify qualifying,
favorable, potentially adverse, and, In
five guidetines, diaqualifying condttions
on the characlerislics, processes, and
events that may affect the performance
of a reposilory after closure. Those
charatteristics, processes, and events
have been idantified through numerous
evaluations by technical experts from
several couniries and adopted in various
forms by agencies and ingii{utions
charged with waste-isolation
responsibilities, including the Nuclear
Regulatory Commission, the National
Academy of Sciences, and tho
International Atomic Energy Agency.

in response to the NRC's sondition
3(i), the introductory paragraph {or the
postclosure technical gutdelines was

revised by adding the atatement that
potentiuily adveres condltions thet
affect waste lsolation within the
controfled areg will ho considered oven
If they occur cutside the contratled aren.

Section 960.4-2-1 Geohydrology.
The gechydrologlc lechnical guideline fa
focused on the present and expected
characteristics of the gechydrologic
setting of a slte, which must be
compatible with waate containment and
tsolatlon, The moat likely mechanlsm for
the release of radionuclides from a
repostiory to the accessible environmont
i3 transpert by ground water. For this
reason the geohydrologic conditions &t &
site must be adequatcly understood;
furthermore, futura conditions must be
reftably predicted and upon evaluation
must be shown 1o be compatible with
waste lsolation,

1t 1a ohvious from the numerous and
thoughtful comments on the
geohydrology guldelines tha! most
reviewars beltave geohydrology is a
critical fector in the siting process. Mos!
of the comments addressed the
disqualifying condition and the
potan!lalfy advarse condltions.

Twenty-four commenters ware criticul
of the disqualifying condition pertalning
to the 1000-year travel ime from the
disturbed zone to the accessible
enyirecnment. This proposed condition
stated that & slte would be disqualifled
if the “expected pre-waste-emplacement
ground-water travel time along any path
of likely radlonuclide travel from the
disturbed zone to the accessible
environiment is lesa than 1000 yeurs,
unless the charecteriatics and conditions
of the geologlic setting, such aa the
capacity for radionucllde retardation
and the ground-water flux, would limit
potsntia? radionuclide releases to the
accessible environment {o the extent
that the requirements specified [n
§ 980.4~1 could be met.” The criticisms
of this disquallfying condition can be
groupsd Into four groups: (a) the
“fastest” travel time should be specifled
instead of the “average” travel time. (b}
the statement needa an explanation of
how travsl lima wi]] be calcutated, [€)
the 1000-year period should ba
increased to 10,000 years, and {d) the
“unipss” clause providing for the
conslderation of radionuolide
retardatlon and ground-water flux
should be deleted and renders the
statement of the disqualifying condition
ambiguous.

The question of “fastest” vs,
“average” travel time is a complex issus
that involves not only traval time but
alsc the amount of water that moves to
the sccesalble environment.
Congelvably there could be gituations
where very minute amounts of water

wi.uld truvel al the fastest rate, whereos
thw renl concern is the travel time of
lesys amounts of water. The DOE has

o sen 1o clarily this questlon by using
U nonspecific words “travel time” in

t :diequalifylog condition and by

&> vlaining how travel tinze will be

T -culaleg tn the definition of ground-
watar iravel fime (§ 660.2). The

4 sigition provides for the consideration
of .ne rate at which mos! of the water
muves.

The 1000-year travel {imae In the
urqualifying slatement is conslatend
with the NRE criterion on lravel lime to
the accessible anvirpnment. In addition,
1600 yeara ia a sufficiant period for most
of the fissipn products 1o decay to
ganerally Innocuous levels of
radioloxicity.

The "unless" clause pertiaining to
retardation and ground-water flux in the,
disqualifying statement on travel time to
the acconslble environment altracted
comments srguing that the clause made
the rest of the slatement ambiguous and
violated the intant of having the 1000-
yoar {ravel Lims as an sbeolute
conditicn. [t should be noted thut the
NRC critoria provide an opportunlly for
exceptions to this 1000-yoar travel time.
The DOE believed it |8 appropriate to
provide for exceptions, particularly in
cases where the ground-water flux is
amall or where processes promoting
rediopuciide retardation are imporiant
in providing for excellent isolation
cupabilities. Howavar, the NRG, Inits
prellminary concurrence condition 3{d}
stuted thai the “DQE should not frame
iis guidelings such that & 1000-year
ground-water travel dime (10 CFR 80.113)
would ba adjusted, particularly in the
early stages of site seloction,” The NRC
agreed that 10 CFR 80.113 ellows
adjustinenta to a8 1000-year ground-water
travet limo, but these adjuatments must
be approved or specified by the NRC.
Condition 3{b) thus stemmed from the
NRC's concernt that the DOE might
essume an adjusiment thai the NRC
would not approve.

In response to tha NRC's concerns, the
DOE haa deleted from the disqualifying
eondition for geohydrology {§ 960.4~2~
1(d}} the pravision that would allow the
selection of sites with a ground-water
travol time of luse than 100Q years.
Moreover, disgualifying condition
§ 880.4-2-1{d} was revised to read as
follows: “A site shall be disqualified if
the pre-waate-emplacement ground-
water travel time from the disturbed
zoha 1o the accessible environment is
expacted to be lesa than 1000 years
along any pathway of likely and
significant radionuclide travel.” This
statement differs from the performance
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abjective of 10 CFR 60.113 by the wods
“and significant.” The DOE maintair.
that theas words mus! be included
becnuae the DOE will not know, unii!
after sile churacterization, the
pathways, rates, and amounts of ground-
water travel in aufficient delall io know
precisely whether the sile complies with
the 1000-year travel 1ime. Thus, the
worda "and signtficant” were added to
avold disqualifying an udequate sita
when early predictlons [before aito
characierization and befure the axtent
of ihe disturbed zone and the
boundaories of the acceszible
environmenl are accurately known)
indicated that small amounts of water
incapable of carrylng significant
amountas of radionuclides might reach
the accesaible environment in less than
1500 years, In ita final decision, the NRC
stated thal, "in the absence of a
substantive concern,” the NRC wauld
not object 1o the difference in phraging
belween the DON's guideling and e
counterpar! in 10 CFR Part 80. The NRC
refterated tho wiatement made in Hs
preliminary concurrence declsion that
the guidelines need not by Identinal with
10 CFR Parl 80 because they sorve
different purposes and concluded that
the DOE's final revialon is not In conflict
with 10 CFR Part 80.

Twenty commenis recommended that
some or all of the potentially adverse
congitions be upgraded to disqualifying
conditions. The two potentlally adverse
condiilona receiving by far the most
endorsements for upgrading wera the
ona pertaining to the presence of groaund
waler along the travel path to the
uccessible environment and the one
coneerning tha difficulty of modeling the
gechydrologic syslem.

The rationale given for changing to a
disqualifying condition the prosence of
ground water along the flow path to the
accessible environment is that the
presence of ground waler Increases the
probabilily that radicnuclides will reach
the acceasible environment, The DOR
agrees witly this rulionale, but it does
not agree that lhe increased probabiliy
in all cusea is suflicien] 1o warrant
digqualificalion. Bimilarly, the
poteniiaily adverse condilion pertaining
to the dilficulty of modeling was not
changed to a disqualilying condition,
because complexily by itaelf doea not
necessarily reduce the isolation
capabilities of the gechydrologic system
of a site. In fact, in some cases
complexity may enhance thess jaolation
capabililies. The DOE also reevalualed
the other polentially adverse conditions
in the gaohydrology guiduline, but does
nal believe it is appropriate (v change
any of these tu disqualifying conditione.

Five comments remarked on the
fuvorable gondition concerning high
effective poronity, Two suggssted "low
affective porosity” is more favorabla
than "“high effective porosity,” one
guggestod “low hydruulic flux" was a
preferred phrasa, enother asked for an
exptanation of why a high effective
porosity is a favorabie vondilion and
anather suggested that most rocks with
high effective porosity ujso have high
hydreulic conductivity, and vice verss,
and so the favorable condition has no
basis in reality. Effective porosity is ane
of three parameters thal directly affect
ground-waler velocity, the others baing
hydraulic conductivity and hydraulic
gradiant. The velocity of the ground
wator ig expressad mathematically as
the produst of the hydraylle conductivity
und the hydrautic gradient divided by
the effective porosity. If the product
remalng constant, as poroslty increases,
the flow velocily will decraase, with an
attandant inereawe in radionuclide travel
time. Therefare, & high effective porosity
alang such flow paths would be &
favorahle condition and was retalned in
the gwidelines of November 18, 1983,
which wara sent to the NRC for
concurrenas. in addition, a high sffective
porosity provides an increased surface
area for radionuclide relardation. In the
guidelines, hydraulic conductivity and
hydraulic gradient are addressed
separately in Lhe favorable coenditions.

Howaevar, the favurable condition on
high effective porosity was revised in
the final guidelines to accommodate the
NRC's preliminary concwrrence
condition 3(a), which asked the DOE “to
modify ite usu of high effective porosity
to limit ita use o those situations that
could be cogsiderad as a favorable
siting condition," The NRC polnted out
that, before a high effective porosity
could be considered favorable, the
product of the hydraulic gradient and
conductivity must remain constant. in
some instances, this product is not
conslant bacause porosity and hydraulic
conductivity can be positively
correlated, which would be an adverss,
rather than favorable, condition. The
DOE agrees with the NRC's position and
has therefore revised the statement of
thia favorable condition to reflact the
inverse relationship betwaen porosity
and conductivity; it says that the DOE
will consider a high effoctive poroalty
together wiih & low hydraulic
conductivity. Furthermore, the statement
was moved from the favorable
conditions applicable to beth the
saturated and the unsaturated gones to
the favorable conditions postulaied for
the salurated zone because it is tnore
pertinent to the saturatad rone.

In responge to the NRC's proltminary
cont ;renne conditian 3(b), the DOE
mac: « commiimont (o rovise Its
guidii1as, if necessary, to ensure
cons | tmicy with the final NRC
am: ..JJmenta to 10 CFR Part 80 [or the
une. acated zone,

“M: _eover, (n reaponse to condition
3{ ., “svorable condition § 080.4-2-
1(% (" . which dealt with the presence of
grows | water with 10,000 parls per
millio.. or more of Yotal dissclved scllds
along uny path of likely radionuclide
travel, was moved to § 960.4-2-0-1: this
gectivn |y more appropelate beceuae it fa
concerned with elfects on natural
repources. Regnrding the geohydrology
guideline, the NRC had indicated
gonverns that the presence of ground
wetir with a high concentration of total
dissoived sollds might be a potentially
adverse geohydrologic condition, ruther
than a favorable one, because it could
complicate the design of the wasle
canister and perhaps hamper the DOE's
efforts to satisfy the containment and
release-rate requirements of 10 CFR Part
80. However, the NRC agroed that the

regenca of such ground water is a
avorable condition in the consideration
of natural resources because such
ground water Is unlikely to be desirable
a8 a netural resource whose recovery
could lead to human intrusion Into the
repository.

Flva commenters remarked on the fact,
that ths guideline on gaohydrology does
not address the interval in the ground-
water travel time 1o the accensible
environment between 1000 and 10,000
years and suggested that the interval
between 1000 and 10,000 years should
be explicily stetad as a poteniially
adverse condition (1000 yours ls a
disqualifying condition and 10,000 years
is a favorable condition}. Tha fact that a
vondition is identified as favorable does
not imply that the absence of such a
condition is adverse. In Lthis instance, a
ground-water travel lime of more than
10,000 years adds to confldence in the
irolation capabilities of a site, but travel
time is not unacceptabie until it falle
below 1000 years, which is the stated
disqualifier, Therefore the interval
between 1000 and 10,000 years can be
regarded as a “neutral” zone, and the
DOE did not provide a polentially
adverse condition to address the
condilion of a ground-water travel time
of less than 10,000 years and more than
1000 years.

Four commenters recommended that
the presence of an aquifer above or
within the host rock should be a
disqualifying condition, The presence of
sourcea of ground water, suligble for
irrigation or human consumption
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wilhoul treatment, slong flow pat' -3 fo
the accessible onvirenment is
recognized s 6 potentially ndverge
condilion. Aquifers near or above a
reposilory will be thoroughlyv ev.'unted
during aite characierization tu ensure
thet radionnclides will not reach the
accessible environmaent in <mounis
exceucling permissible luaits, bul the
presence uf pquilers dovs nol mean that
permiasilila limila will be excecded

One commenlter acgued thai the
10,000-yeur travel luno a6 . Tavorabla
condition ia loo long, se I8 the 100,000
year time specified is 1he fuvorably
condilion parlaining to hydrologic
processes affecting waste isolation,
Theae times may indeed be more
conservolive than necessnry, but the
DAL believes that acceptuble sies cun
bg ldentified with the spocified
Eonditions, and ihe DOE prefera lo be
averly conservative provided aceeplable
slies are not eliminated in so doing,

Section 960.4-2~2 Ceochemistry. The
objective of the geochomistry lecbnical
guidelina is 10 ansure that prosent and
expected goochemical characteristics of
a site ure coinpatible wilth waste
cortainment and lsolution. The guideline
therelore addresses two aspecte of the
geochemical environment: the
conditions that alfect the relewse of
radicnuclides from the enginenred-
Larrier ayslens and lhe condilivne that
aflest the releane of radiennclides inlo
the aceceasible envivonment le.g., the
condltlons relaled to radionnclide
precipitation or sorption and the
farmalion of complexes or physical
gtates that inorease the mobility of
radionuclidea),

Three commenters recommendled that
the DOE chanyge to disqualifying
condilions sgme or all of the three
potentially adverse conditions: ground-
water conditions that could advergely
affect the enghieered-burrler system,
geochemical processes or conditions
thel coutd adversely affect repository
performance, and ground-waler
conditions that are oxidizing. However,
contalnment and isolation capabilities
depend on the 1e0tul geologic,
gechydrologic, and geochemical
environment of a site rether than on any
aingle geochemical condition, The DOR
believes that none of the potentially
adversa conditions is of such
importance to long-lerm perfnrmance
that Ha prescnce would warrant the
disqualification of & site. The DOE has
therelore not upgraded to disquatifying
any of the putentially adverse
conditions in the geochemistry
guideline,

One commenter recommended that
the DOE upgrade 10 a qualifying
condilion tha favorable condition

pertuining to geochomical conditions
that promote radionuclide reterdation,
The effect of this recommendation
would be to eliminate all sites not
having geochamlcal isolation
capabilities. The DOE does not accept
this rocommendation because 1o do so
might eliminate some acceptable sites
thit would nuite adequately meet the
requirements of the postelosure system
guideline by having very long ground-
wataer travel imes or other conditions
contributing to the isolation of
radionuclides,

¥our commenters recommended that
the converse of the quallfylng vondition
should be explicitly stated as a
disqualifying conditlen, The guidelines
provide that, in order lo be acceptable, a
pita must meet all gualllying conditions,
Thus, If a site fails to meet any one
quulifying condition sfter site
characterizatlon 1s complated, it is
climinated from further consideration.
As explainad In Section IV.A, the DOE
chose not to expliclily restate the
converses of the qualifying conditions as
disqualifylng conditions,

Thrae commenters supported that the
quulifying condition pertalning to
permissible radionuclide reloasen to
ground water and the accessible
environment be reworded to require that
no radionuchides be released to ground
water. Such a "zero-release™
requirement would be mors resirictve
than the EPA proposed regulation and
NRC regulations and would not
constitute a realistic objective, as
discussed under the "'Postclosure
System Guideling,” Therafore the DOE
did not accept the recommendatlon.

Soction 060.4-2-3 Rock
Characteriatics. Postclosure rock
characteristics are important to the long-
term {solation capability of the host
rock. The mining operations durlng
repository construction and the heat
generated by the emplaced wastes must
not couse fractures or tha thermal
alteration of minerale that would
significantly diminish the ability of the
site ta contain the waste, If extensive
changes in the host rock ocour, new
pathways for radlonuclide migration
from \he repository could result, and the
isolation eapabilities of the rack could
be impaired.

The objective of the posiclosura
guideline on rock characteristics is
therefore to enaure that ths present and
expectad charactarlgtice of the host rock
and surrounding units can accommodate
the thermal, chemical, mechanical, and
radiation streases expected to be
induced by repository construction,
operation, and closure and by expected
interactions among the waste, the host

rork, ground water, and the engineered-
berrier aystem.

A number of commenters objecied to
'1; use of the term "engineering
r1:asuras beyond the state of the art” in

+a {irst potentially adverae condition
. vom for the rock-characteristivs
g ''deline. They woze concerned that the
00 Intended to amploy “unproved”
aivgingering techniques to compensale
[ adverae rock conditions. There was
al~0 concern that the DOE intended to
rely on technotoglca! breakthroughs,
which cannot ba presumed to oceur. To
clarify the DOE pasition, the potentially
adverse condition in the final guideline
row reads "engineering measures
beyond reasonably available
achnology.” The DOE's position is thai
1 potentlally adverse condition would
exiat if the rack condltions encountered
at & wite could require more than
available gngineering moasures. If there
is & definitive finding that rock
conditions would requlre engineering
measures beyond reasonably available
technology in order for the repoaitory to
fulfill its function, then the site would
not satisfy the qualifying condition untll
and unless suitable technology is
developad, The DOE, therefore. retalned
this potentially adverse condition in the
guideline.

Six commenters auggested specific
additions to the postolosure guideline on
rock characteristics. They questioned
whether the Ogallala aquifer overlying
palt bads in Texas could cause
dissolution, whether the drill-and-blast
mining techniques could jeopardize a
granite pite, whether salt domes shoutd
be considersd as a unit with possible
anomalous zonea or shear zones,
whether large-diameter shafta in sult
can be constructed, whather
komogeneity in chystalline rock is
required, and whether & salt dome is
distinct from the geohydrologle aetting.
Somo of these concerns are also related
to the preclosure phaso, but all of these
site- or madla-specific concerns nre
addressed in the qualifying conditior for
the postclosura rock-characteristics
guideline in the following statement:
“Present and expecled characterlstics of
host rock and surrounding units shall be
capable of accommedating the thermal,
chermical, mechanlcal, and radlation
stroases expected to be induced by
repoditory consteuction, operation, and
closure. . . ." The DOE has consiatently
gtated that these are general guidelines
and site-specific considerations are noi-
appropriate at this time. The DOE has
therefore declded not to incorparate
theae gite- and rock-specific comir ents
into the general guidelines.
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Three commetilers requeslad that -he
DOE quunlify the tern “thick enough
and laterally exlensive npuugh™ as uoed
in the fuveralle condilion for the draft
allernulive guideling (§ #60.4-2-3(h% 1))
Commuents secking specilicity or
quanlification for the guidelines arg
addressed in Seclion HLA.2 of this
nelice,

Twa commaents recommended adding
a disgualifying condilion (o \he
posiclosure rock-characterisiics
guideline. One suggosled that he
converse of favorible condition § 960.4-
2-3(b)(1) of the alternntive guideline he
used aa 0 disqualiiying condition, and
the other requestad that the DOK
recansider whether a disqualilying
condition is needed. The corrversa of the
favorable condition is not u
disqualilying condition becuase
signilicunt Nexibility is meraly reduced,
not eliminaled, by restrictions on
thickness or luteral axtent unless thy
thickness and Lelera! satent wro g0
severcly reducud as to preclude mosting
the qualilying condition, which in itaolf
would resull in disqualilication.
Reduced flexibilily could posaibly
conalrain the dosign of the repositery
but weuld nol disqualify the site, The
DOE concludey Lhal a disqualifying
condition is nol necassary for the final
posliclosure rock-characlorisiics
guideline,

One commenlter requested that porous
shesr zones be udded us a polentially
adverse condilion, and the DOR agrucs
that thia concern is valid, The primary
advurse effoct of a porous shear zone
would be i1s polenlial to act as u conduit
for the influx of wuter during the
preclosure construclion and cperation
phase. Hence, the DQE added the
presence of shear zones 1o polenljally
adverse condilion § 960.5-2-0{c)(5} for
the final guideline on proclosure rack
chaeracteristics,

Three commants dealt individually
with thermal eflects on in-situ strass, the
effects of mining on post emplucament
performance, nnd the concept of a buffer
zone arcund the host rock, The [TOE
agrees that thermal elfects on in-silu
siress are important in repository
operation and therelore should be
considered in Lthe site-selection procesa,
Although several parts of the allernutive
guideline louch on this ispue, the DGR
Tell thal the addilion of & potentially
adverse condition dealing specifically
with the various ellects of heal would
be beneficiil. Therefore, polentially
adverse condition § 960.4-2-3(c)(H) of
the final guideline was added to addreas
conditions under which the heat
generated by the wasle could
significantly decrease the isolation

provided by the host rock. The concern
dealing with mining effects on :
postelosure perforinanca s pivotal in th
conaept of geologic disposal. To
highlighl this concern, the qualifying
condilion for the guldeline on rock
charncteristics was modified by adding
the following sentence: "The
charncteristica of and the processee
aperating within the geologic setling
shull parmil compliance with (1} the
requirements spacified In Soclion 86(0.4-
1 fur radionuclidde releases to the
accessibla environment and (2) the
requirements set forth in 10 CFR 60,113
for radionuelide releasos from the
engineered-barrier systom using
rensonably available technology.” The
suggestion that a buffer zone around the
host rock eould add an extra margin of
safety wos addreused by expanding the
qualifying condition for this guideline to
read “praseni and expectad
charactoristice of the host rock and
surrounding units. . ..

Section 800.4-2+4  Climatic Changes.
Climatic changes could, over time, alter
the geohydrolegic systam at & site. The
guideline {ar postclosura climatic
chunges focuses on changes that may
favorably or unfavorably affect the
ubility of & repnaltory to tsolate wasle
after closure.

Four comments stated that favorable
condition § 9680.4-2—4(h)(2}, which
specifies cimatic conditions that heve
had little effect on hydrologic systems
throughout the Quaternary Period,
would eliminate the northern United
Statea from consideralion, since multiple
gluciations have occurred there In the
past 100,000 yeara. In an extension of
this thought, one commenter
recommended that any areas previously
glacinted should be disqualified. '

The DOFE believes that the relatively
slable hydrologic conditions resulting
from a constant ¢limale are important to
lhe prediclion of repoaitory
performanca, It {e likely that future
glaciations will affect local water
systems, but the predominant effact will
be on swfuce-waler bodies: lakss and
slreama will increase in number,
volume, and flow rate. To determine
whether glacistion would prevent a site
[rom meeling the favorable condition the
effect on ground-water systema must be
predicted cuse by case, For example, if
the host rock 18 impermeable and
insolulile, 1i is unlikely that water will
gain access to the repository; a host rock
averlain by a substantial thickness of
porous media can also be examined
becnuse it can be adequately medaled to
allow prediction of changes in -
hydralogic behavior and demonstrate
the slte suitability, Moreovet, not

mueting the favorable condition would
not disqualify any site; the existence of
any :ne favorable condition ls not

nec:: sary to qualify a site. Each site
mu: ¢ Le evaluated in the context of its
av~ ili characteristics because Il is very
po: - tie that the exiatence of a number
of  .er favorable conditions may

¢ ni sbule to 8 waste-isalation

¢ pebility that Is quite acceptlable even
if b hydraulic aystem changes. Poet
and cedicted futuve climatic changes
and 1.eir effects must be thoroughly
evulaated at all sites being considered.
Howaever, the DOE does not agree that
the condition of previous glucialion
sheuld be dingualifying becauss it might
eliminate sites with superior Isolation
capabilities,

Several comments suggested that the
DG should specify a 100,000-year
perlod for the favorable conditions and
a 10,000-year period for both of the
potenttally adversa ¢onditions for
climatic changes, The DOE agrees that it
ls appropriate to specify periode of
concern for these conditions, Tha perlod
during which the adverae conditions
would be of concern {s the 10,000-year
pericd specified by the EPA in proposed
40 CFR Part 191, which specifiea limits
for releasss during such e perfod; the
DOE feels that this time petlod is
appropriate. To reflect a very
conasrvative approach to spacifying
fzvorable conditions, the lime over
which the favorable conditions should
be expected to exist wan increaaed
tenfeld aver the EPA time perlod, to
100,000 years for a surface-water
aystem. Similarly, the IDOE will consider
changes in hydrologic syetema Induced
by climatic changes throughout the
Quaternary Period.

A commenter suggested changing the
favorable condition related to climatic
behavior [n the Quaternary Perlod, to
reflect the expactation of future effects
rather than rellance on hiatorlecal
behavior. Another cymmenter stated
thai it may be impossible to predict
climatic, and related hydrologic,
systems on the basis of Quaternary
Pariod records and that the relationship
between future climate and hydrologic
changes will ba complex. The DOE
agreen that predicting such future events
ia difficult; however, the DOE believes
that the mast sppropriate inaight Into
the rangs of future poasibilities can be
guined by s review of climatic cyclos
over the Queternary Period.
Furthermore, it 1s logical to expect that a
relatively conatant climate will have
littls impact on tha present hydrologlc
conditions at the site, Thie approach
minimizes the likelihood that complex
changas in hydrolagle systems will



170308

2 4N

er 8, 1884 / Rules and Regulations

47736  tederal Register / Vol. 48, Neo, 238 / Thursday, Decemb

oceur. Accordingly. the DOF has
retuined the potentinlly favorabls
condition of & grologic salting i w hick
chimatic changes huve had Hitle ¢ Tect
on the hydrologic system througb.at the
Cuaterniry Period. The DOE
incorporaied seversl changus 1n wording
suggested by commenters to infprove
euge in reading this guideline.

In developing the final guiduline on
cltmalic changes, tha DOE conaolidated
several smaller considerations ol
clirnalic chenges thel had popoared in
various sections of the proposed
guidelinas.

Section 960.4-2-5 Lrosion. The
objoctive of the technical guideling on
erosion 8 te ensure thal erosional
processes will ot degrade the wuaste-
isolation capubilittes of & site. In
evaluvating the potential effects of
erosion on waste iyolation, the depth of
the host rock is most importunt. The sile
should allow the underground facility to
be placed et a depth sufficient to ensure
that the repesilory will not be ungoversd
or otherwise gdversely affected, The
disqualifying condilion in the guideling
on erosion glutes that the minimum
depth ia 200 melers; & depth of ot foast
300 meters is s favorable condition.

Fifteen scommentera polnted out the
typographical emission of the word
“not™ in favornble eondition
§ 960.4.0.5(b10H concerning exhumation
during the first one million yenrs, This
omisaion cansed the statement lo mean
the opposite of what was intended, The
omigglon has now been corrected,

Four commenters suggested or implied
thut the minimum suceptable depth for s
repostiory should be more than 200
meters and suggested acceplable deplhs
ranging from 360 to #00 meters, or as
deep ag possible. One commenter stated
the minimum acceplable deplh could
wall be much less than 200 melers. The
mintmum scceptable depth for a
reposiory should be based on credible
erosion rites. Fer example, erosion at an
exirernely high rate of T miliimater per
year, which is five or move tiinea greater
than the rate ot which lhe Colorade
River cut the Grand Canvon, would
require 200,000 yeara to erode to u depth
of 200 melers. For sites with more
normal erosion rates, # depth of 200
ineters is sulficient {o isolate wastes for
millions of ycars. The DOE hasg therelore
retained 200 neters us the minimum
depth in the disqualifying condition for
grosion. ’

Four commeniers recommended
increasing the 10.000-year time poriod
pertaining to the probability of
radionuclide release in oue of the
favorable conditions and pertaining to
ths adverse effucls of erosion in one of
the potenlia ly adverse conditians.

However, the guidelines is canaistent
with the proposed EPA criterta on
permiasible iimits for the release of
radionuctidss to the accessible
environmant, which are specified for &
10,000-year perlad. The favorable
conditlon ta staled ln terms of a
probability (1 chance {n 10,000} that the
DOE believes conservatively
appropelate for a 1,000-year perlod.

Two commenters on the favorable
conditions suggested or impliod that the
dopth {300 moters or more) specified
there is {oo shallow and suggeated
depthe ag grea! es 600 meters or as deep
as possible. One commenter, however,
atuled that the 300-meter depth Hmif
should be decreased. Tha favorable
depth of 300 meters gr more is based on
n stmilar NRCG crltarfon in 10 CFR Part
0. As meationed in the preceding
paragraph, a burial! depth of 200 meters
or more ia consldored t¢ be adequate for
even the most extrems ereslen rates.
Under those conditions where more
normal erosion rates are expected to
pravatl, a minimum depth of at least 300
meters la considered 1o be more than
adequata, Therefore, the DOE retained
the 300-mealer depth as a favurable
conditicn,

Four commenters suggestad that the
two potentially adverse conditions ~
should be upgraded 1o disqualifying
condtions. These polentlally adverse
condition pertgin to erosion rates during
the Quaternary Peried and predicted
adverse effects in the future. The Intent
of the two potentinlly advarse
conditions fa to require that erosion
during the Quaternary Period be
documented and studied to determine
whether oxtreme erosion has ocourred
and to require the predictions be made
of erosion rates and processes cccurring
in the next 10,000 years to evaluate
whether they could adversely alffect tha
isolation capabilities of & site.
Obviously, past and predicted future
erosion rates and their effects mus! be
thoroughly evaluated. However, the two
condilions in question may or may not
result in & conclusion that a site is
compromised; only & therough
evaluation of the consequences of the
conditions and the lack of offsetting
mitigaling condilions can detormine
whether 2 site is disqualified. Therefora,
the DOE has kept the two gonditions as
potentially adverse,

In the final guidelines. the first
potentiaily adverse condition (§ 960.4-2-
(c){3}) has been revised by deleting the
word “sustained.” This revision was
made in responge to the NRC's
preliniinary concurrence condition 3cl,
which asked the DOE “to clarify the
meaning of ‘sRort-term’ axtreme sroslon
and revise the guidelines as

pppropriate.” Tha term “shorl-term

). trame erosjon” had been used by the
T'#3E In 8 support docurment to explain
11ay the guidelines used the term
'suniained” extreme eroslon. The DOE

-wsoned thet short-term erosion would
_ # affect wasto jsolation, and the term
wogtained"” would indicate the type of
a1 nafon that could be polentlally
attverss, Howaver, when the NRC
g -stienad the duration of “shor! term’
an.} explained ia concern about
catsstrophic erosion spisodes that might
affect the reposttory. the DOE delnted
tie word “sustained” from § 960.4-2-
Efzi(1)

Section 960.4-2.-6 Dissolution. The
objective of tha technlea) guideline on
dissolutlon i to enaure that dissolution
peocasses wili not adversely affect the
waste-isolation capabilities of the site.
The principal concern is that the
dissolution of the host rock might create
new pathways for radionuclide
migration to the surrounding
geohydrologic system. The sites with
gall a8 the hoat rock are the most
vulnerable to dissclution, and the effects
of salt dissclution on wasle {solation
will be an important consideration in
eviluating a site in salt.

Two comments on the disqualtfying
condition suggested that the 10,000-year
minimum length of time for dissolution
to connect the underground fucility to
the gechydrologic system s too short,
eapeclally constdering the jong-itved
radionucildes present in the wasle. The
identification of the first 10,000-year
period-in the life of & repository as the
period of concern is based on the 10,000
year perfod the EPA used in preposed 10
CFR Part 181, Subpart B, Therefore, the
DOE has retalned the 10,000-year limit
in the disgualifying condition,

Three commenters suggested
rewording the disqualifying condition to
make it absclute in the sense that any
interconnection of the underground
facility to the geohydrotogic system
would disqualify a sile regardiess of
whether or not radicnuclides reach the
accessible environment in amounts that
exceed permisstble limite. A sile ia not
necessarily unsafe simply because a
connection between & repository and
the gechydrologic system may be
establisked tn the future. The important
possibllity to evaluate ie whether 16th a
connection can introduce radionuclides
into the accessible environmental in
smounts that exceed permissible limits;
this possibility can be evaluatedin e
performence assessment, Therefore, in
the November 1983 guidelines, the DOE
did not modify the disqualifying
condition, which read as follows: “The
site shall be disqualified if, during the
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first 10,000 yaars after clogure, &cliva
dissolution fronta will cause & hydraulic
interconneciion of the underground
facility to the geohydrologic systen; of
the site such that the roquiremeniy
apecified in § 660.4~1 cannot be mwa "
Thia condilion wea, however, revisad In
tha final guidelines 1o deiato {18
connection o lhe posteiosure gystem
guideline {i.c., by deleting the phrase
“such that the requirements spacifled in
§ 060.4-1 cannol be mel").

Que commanter recommen.ied
upgrading to & disqualifying condition
the potantially adverse condition
perigining to the presence at a site of
digsolution: fealures, such as breccia
pipes and dissoiution cavities.
Diggolution fealures are of concarn, but
of themselves are not! necessarily
sufficient for disqualification, For
example, if past dissolulion hus ceapnd,
it could concaivably be shown that the
dissolution will nol resume or that, if I}
does, it will not adversely affect the
isclation capabilities of the site.
Therefors, ihe DOE retaited the
statement pertaining to the presence of
dissciution features ag & potentially
adverse gondilion.

in the final guidelines, thy above-
mentioned potentially adverse condition
was revised In response o the NRC'e
preliminary concurrence condition 3(i),
which asked the DOE to modify its
guidelinos so that potentially advarse
conditions [e.g., dissolution] would be
consldered if they affected isolation
within the controlled area even though
the condition may cocur outside the
controlled area. The Commission had
objecled that § §80.4-2~6{c) wus not
consistent with 10 CFR 80,122(1410)
because the former referred to
“significant diar olution within the site,”
whereas 30 CFR 060.122{c}{10} would
consider dissolution without reference
to its signilicance or location. In
reviewing this NRC concurrence
condition, 1he DOE agreed with the
NRC's concerns abou! consislency and
therefore deleted the word “significant,”
replaced the word "site” with “geologic
sotiing,” and revised the phrase “a
hydraulic interconnection between the
heat rock wnd an immedialely
surronnding gechydrologic unit could
occur’ to raad "8 hydraulic
interconnection leuding lo a less of
wasle igplation could occue.”

One commenier suggesied thal
caprock be added lo the examples of
dissoluiign features that are potentially
adverse. Caprock is formed a8 & rosult
of dissolution and indeed is &
dissolution feature. However, 1o lisi all
possible disselution features in the
potentially adverse condition wouid

)
produce a long and cumbersome
siutemeant, The few examplea given are
not intended to constitule an exhaustive
list. Tha DOE did net change the
polentlally adverse condition in
quastion,

Section 060.4-2-7 Tectonivs, Meetling
the reguirements of the postclosure
gutdeline on tectonics will ensure that
tectonie processes do not adversely
sffect tha waate lsolation capabiiities of
the site, Tectonic processes and avents
during the poatciosure period gould
adversely affect waste containment and
isolation by creating new ground-waler
pathwiys to the accessible environment.
While it is difficult to predic! geologic
processes, this guideline requires that
the tactonic history of a slte be carefully
examined and the results of this
examination be used {o predict the
likelihood of potentiaily disruptlve
lectonic procasses or avents, Igneous
activity, uplift, suhsidengs, folding, and
fuulting are all important tectunic
procaages and ars Included in this
guideline.

Twaenty-eight commants
riasommended adding disqualifying
conditions. Some of the commenters
auggested a disqualifying rondition that
is the opposite of the qualtiying
conditionn, Thiz approach adds nothing
ta the guideline since ail reposliory sites
must meat &ll the qualifying conditions
(see Section IV.A for a more dstailad
disqussaion of this generic concern).
Other commenters suggested that the
potentially advorse conditions be
converted to disqualifying condillons.
The DOF balieves that thia converafon
would be inappropriatoly restrictive and
could rule out sites that are potentially
adequate for waste isolation. None of
the eix potentially adverse condltions
would necessarlly compronmise waste
isolation. If any of them exiat at & site,
further investigations to increase the
understending of the condilion are
appropriate, but not site disquaiification.
However, in reaponse to the NRC's
preliminary concurrence condition 7,
diaqualifying condition § 860.4-2-7(d}
was added to the final guidelines
because the DOE agread that a slte
should be disqualified if the nature and
rates of ground motion are expected to
be such that a loas of waste |solation ia
likely.

Two reviewers raised particular
concerns that man-induced selamicity
should be addressed in the tectonics
guideline, One wont on to state that the
potentizl impact of a seismic event is
the sama regnrdizss of the cause of the
event. The DOE agrees, but believas that
the combination of the current
guidelines on human interference

(§ 980.4-2-8} and tuctonics (§ 960.4-2-7)
ad- uately addresses the concern, The
qu'?? Tying conditlon of the human-
int +farence guideline states that the
DO wil] evaluals human activities that
co 4 altor or cause tectonic procenses.

. gtion 960.4-2-8 Human
e ference. The technical guldelinas on
b oran interforence focus on () reducing
te2 ngentive for posiciosure human
[nie. “grence by evoiding sitvs containing
netu, Al resnurces that would invite
potentlally digruplive human acliviiles
and (2) obtaluing iand ownership. in
aceordance with 10 CFR 60,121, in order
to sutabiish appropriate passive controls
and thus decrease the likelihood of
incompetible human activities. Sepsrate
technlcal guideltnns are provided for
each of these two olectives.

A number of commenters
misinterpretad the purpose of the
human-interference guidelines, which is
to decrease the likelihood of postclosure
human activities that would be
delrimental lo waale containment or
isolation. Some thought the guldelinss
ahould specify the passive physical
conirols 1o be used, while some thought
they should address praclosure security.

The generel neture of the passive
sotitrols {permanent markers and
racords] is specified in 10 CFR Part 80,
The gpecifications for such controls will
be sstabllshed through ihe licensing
process o provide the maximum
confidente in their adsquacy.

The adequacy of preclosura securfly
measures will also be addressed in
lHieensing. Preciosure securlty-is

- routinely addreused for DOR facilities as

well as for industrial facilities and doos
not appear to pose any difficulties for
repositories. Siting decisions have little
bearing on preclosure security, which is
therefore not an appropriate topic for
the guidelines.

Cne set of comments indicaled that
tog much reliance was placed on
paasive controls like markers and
monumetits; that comtnenter believed
active {institutional} controls should
glse be included 10 prevent postclosure
intarference. As pointad out by the EPA
in the preamble to propnsed 40 CFR Part
191, the usafulness of institutionsl
controls for more than a few hundred
years {s sapeculative becauss of the
uncertainties about human behavier and
institutional stability in the distant
future. Morgaver, tha uselulnoss of
active controis does not appear to be
site dependent. Tha DOE. therafore, has
not Included specific provisions for
active postclosure institutional controls
in the final rule. Such provisions will,
howevaer, be evaluated during the
licensing proocess. '
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The overall human-interferen.e
qualifying condition, In alterna; -e
guideline § 960.4-2-0, wus cliaped to
refer to activitiea “at or near thy site” in
order to ensure constderation o, indirect
us woll as direct interfarence o :tivittes,
Also, that condition now siates that the
DOE will show that future human
aclivities will not be likaly 10 affect
waste conteinment and isolstion; the
proposed guideline required only he
“site to he located to reduce the
likelihood™ of “unaccoptaide impacts,” &
more subjrctive requirement than sel
forth in the final rvle. The final
guidelines also have been strengthened
o explicitly require the DOE o conslder
the estimated effectiveness of the
pasaive controis in the human-
interference evaluations.

Section 860.4-2-8-F Natural
Resources. The purpose of developing
guidelinas on naturni rescurces was to
reduce or remove the incentives for
economicaily motivated pestclosure
human-interforence activities that could
adversely affoct the iaolation
capabilities of & site. A nunther of
commenta on both the proposed and the
altsrnative guidelines misinterpreted
this purpose as being to prolect ratural
resources from reposilory-related
activitias. Although the protection of
natural rasources is of high convern to
the DOE, that issue is addressed through
the preclgsire guidelines on
environmental quality and on
sucioeconomic impacts. The human-
interference guidelines for natural
resources ad¢ress the corollary
culwcern—that the present of projected
value of the natural resources not invito
unacceptable posiclesure intrusion.

Many comments suggested that the
potentially adverse conditions in the
natura) resources guideline be
redesigneted as disqualifying
conditions, seversl ciling the EPA
assurance requirements in proposed 44
CI'R 181,14 or quoting the Act to
substantigte their contentions. The DOE
has requested that the EPA eliminate or
modify the proposed essurance
requirements for several reasons. The
reason of importance to thia guideline Is
the need {o evalugte the significance of
puast, present, ot potential human
activities on a site-sp  ific basis to
determing whether such activities could
adversely affect a repository rather than
o assume adverse effects a priori, as the
proposed EPA standard doea. Although
the EPA approsch is conservative, is
ungualified application gould eliminale
ctherwise gualified sites for reasons that
could be insignificant under site-apecific
conditions. In respones to comments on
the glternative guidelines, the DOE

added a disqualifying conditinn

(§ 960.4-2-8-1(d)). That condition would
eliminate oites where exploration,
mining, ur extraction actlvitles have
croated signlilcant puthways belwesn
tha underground facitity and the
aeccessiblie environment.

In the final guidelines the potentially
adverss conditions for natural resources
ramain potentiglly adverse rather than
disgualifying. This designation allows
the DO lo determina, from site-speciflc
evaluations whether the potential for
resoutce-refated intarference activities
is s0 grea! that the elimination of d site
would be prudent. The key
considsrations in such evalustions are
{1} whether Interference is likely and {2)

i a0, whether these potential

interference Activitios could lead to
relpnses of radionuclidos exceeding the
siandards in 40 CFR Part 161,

Several comments racommended
spacific wording changos in the natural-
resources guidelines to add epecificity
ot to highlight {tema of particular
coneern to the commenter. The DOE has
vonsidered those comments and has
made editorial changes that clarily the
DOE's intent, give appropriate
examples, or otherwise promote
understanding of the guidelines,

& number of changes ware made in
the factors to be considered in the
qualifying condition for example,
“reasonable projections of value,
scarcity, and technology.” In response to
several comments, ground watsre
suitable for human consumption or erop
irrigation e explicitly included as a
resourcs in tha final guidelines.

A number of changas directed at
reducing ambigufty were made In the
fuvorable and potentinlly adverse
couditions; the most significant was the
elimination of a proposed favorable
conditian that dealt with the value of
resources &t & site relatlve 1o the
average for the geologle setting. Tha!
proposed favorabls condition was the
direct converse of & proposed
potentially adverse condltton, and its
ebimination makes the concept sat forth
consigtent with 10 CFR Part 60. A new
favorable condition has been added; it
requires consideration of the regources
on the basig of their present or projected
abaotute value: the petentiaily adverss
condition concerned with relative valus
{i.e.. in relation to other areas in the
same goologic setting} was retained. The
new faverable condition responds to
critfcisma by seversl commenters
regarding the shortcomings of
comparisons solely within the same
geologic setting or reglion.

Several comments focused on items of
specific concern to a particular State or

awroup bt not necessarlly of generic
importance; an example is the
cuggostion that a salt deme should be
sorsldered unaltractive for aiting
hecuause the dome itself is a resource.
Tve DOE nddressed those concerns,
w~here apprepriate, through & more
tensrle wording rather than focusing on
4 speciflc conditlon of limlted
wographical appiicability. Considering
..1e pravious example of a salt dome. the
guidelines include several potentially
sdverse conditions that would require
¢lose evaiyation for any dome. For
instonee, 960.4-2-8-1(el{1}){}f) conniders
the pressnce of minerals o be a
putentially adverse condiflon when they
are in gonflgurations auch as & dome
(i.e.. more concentrated then the
reglonal average for similur Jand areas].
Other potaniially adverse conditions
gonerically address resources
associated with certain dome
conflgurations and previous mining or
driling.

Some comments addressed potential
human activities thal sould change
ground-water flow or selumic
conditions, such as starting or ceasing
fluid-injoction or petroleum-withdrawal
activities. In response to these concerns,
the DOE has modified the potentially
adverse conditlons desling with
significant subaurface mining or
resnurce extraction [§ 980.4-2-8-1(c){2]).
drilling within the site for purposes
other than siie characterization {§ 660.4-
2-8-1{c){3}} and the potential for
foreseeuble human activities, {e.g..
ground-water withdrawal, extensive
jtrigetion, subsurface injection of fluids),
thet could change portions of the
ground-water flow system {§ $60.4-2-8-
1{c)({5}}. Moreover, the final postclosure
guideline on tectonies include @
potentially adverse condition that
incorporales the potential for tactonic
deformations to affect the ground-waler
Row system. That potenttul would
include tectonic deformation induced by
starting or cessing the human activities
mentionad previously and is helieved to
be significan! in the evaluations of sites.

The final guideline contains & second
disyualifying condition {§ 960.4-2-8-
1(d}{2)), which waa added in response to
the NRC'8 request, in is preliminary
concurrence condition 7, Yo provide a
disqualifying condition that corresponds
1o the "location of valuable natural
resources” In the Act. Guideline § 960.4-
2-8-1 already specified that a site will
be disquelified If previous exploration,
mining, or exiraction activities have
ereated significant palthways batween
the underground facility and the
enviraninent. Furthier consideration of
the human-interference issue during the
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concurrence discussions with the NhOC
stafl lad the DOE to develop a
disqunlifying condition diracied at
current or fulure aclivilies outside tin
conirelled area should Inadvertent ¢
could lead io a Joss of wasie Isolatian,
A indicatad by the word
“inadvarienily,” the activities In
question are considered lo be
unintenilonal intrusions; they are
postulated to ocour outside the
controlled area because the "sontrols”
1o be exercised in the controlled area
should preclude intrusion within the
aren,

Two other changes were mada to
guldaline § 960.4--2-8-1 ln response 1o
the NRC's concurtence conditions 3(g]
and 3{c). The first change is the deistion
of the word “aignilicant” from the
phrase “slgnificant subeurface mining or
extraction for resources” in the second
potentially adverse condition because
the BOE agreed with the NRC that all
evidenca of subsurface mining should be
considered adverse until the evidence
has been thoroughly evaluated. The
other is the addilion of the second
favorable condllion {presence of ground
water wilh 10,000 parts per million or
mare of lotal dissolved solida), which
wae originally In § 980.4-2~1, The NRC
gave the DOE two oplions for resolving
condition 3c): transfer the provision to
§ 080.4-2~8-1, where effecis on natural
rescurces are congidered, or delele the
provision altogether. The deletion option
refleclad the NRC's concern that ground
waler coniaining a high conceairation of
dissolved solide might adversely affect
the performance of the engineered-
barrier syslem, complicate the design of
the wasle canister, and pesoibly hamper
the LJOE's efforis to satisfy the
containment and releana-rals
requiremants of 10 CFR Part &), such a
condition ahould therefore not be
conaidered a favorable condition for
geohydrology, The DOEL chose the first
oplion because it clarified the intent to
avoid siles with sources of ground waler
that can ba used {or domestic or
agricultural purpcaga.

Several comments insiated that the
existance of potable ground water at &
site should be diaqualifying. The DOE
does not agree that the presence of
patable ground water is a reasonable
basis for a disqualifying condition that
would be generslly applicable to all
siles. However, to ensure tha protection
of ground water. several modifications
were made 1o the guidelines. In addition,
4 potentially adverss condition was
added to recognize the fact thal the
presence of ground waler could create
the possibility for drilling activities to
recovel this waler. The NRC and EPA

regulationa should aleo ensure that any
risk to potable ground-water sources is
viry low,

Sgction U0.4-2-8-2 Site Ownorship
and Conirel, The NRC roquires the DOE
to ablain ownership and surface und
subsurface righte to Jand and minerals
wilhin the controlled area of the
reposilory {10 CFR 80.121), Buch righta
are required largely to help ensure
continuad functioning of the reposilory
fur Inlo the future without adverse
human interference, This NRC
toquirement is the basls for the guideline
ol siie ownarship and control,

Several comments guastioned the
adequacy of the protection afforded by
the type of control specified by this
guideline. While thera can be no
guarantees that interference will naver
nceur, the DOE belleves thal the risk
from such activitigs can be decrsased to
acceptahiy low leveis through the
following mousures, iaken togather: (1)
The avoidance in slte aelestion of
natural regources that could invite
deleterious interference activities, (2)
ownership of land and mineral rights, (3)
long-term markers and widely dispersed
recorda, and (4} natural and englneered
systema choaen to make Interferance
activilies more difficult or to mitigate
thetr effects. Thie balief {s also
expreaged by the NRC in the preamble
to 10 CFR Part 60.

Anothor group of comments
contended that ownrerahip priorities
ahould be set forth in the final
guidelines. A large number of comments
on the proposed rule questioned the
preferred status given io land already
owned by the DOE and suggested that
more attention should be glven ta
potential ownership conflicts with other
Federal or $tate lands used or
withdrawn for incompalible purposes
and the gpecial problems involved in
aiting on Indian tribal lands, The
proposed potentially adverse condition
was reviged to be more specific about
the conditions that should be adverse.
An example of such a potentially
adverse conditlon, as indicuted by one
comment, would be siling on tribal land,
not subject to Federal condemnation
procedures, if a volunlary purchase-acll
agreement could not be negotiated. The
singla favorable condition now citea
ownerghip and contrel by the DOE
whereas the proposed guidelines
considered ownership and control by
other Federal sgencies to be favorabla
as well,

Some comments questioned why both
posiclosure and preclogure guldelines on
site ownership and control were
included in the alternative guidelines.
Land ownership and ¢ontrol are

important to safaty in both posiclosure
and ‘he preclosure phases. The final rule
cor.1i1ues to state the land ownarshlp
anc. yantrol guidslines for both phases.
It a19ntd be noted that, though the

pte -monts of the guidelines are similar,
th. wceesary land areas and controls in
the roastclosure and the praclosure

¢ :avvs may differ ulightly, The land-

¢. 9¢ requirements for both the

pue losure and the proclosure phases
will -:eed to be integrated in establlahing
the actual aite boundaries,

4. %rociosure Guidelinas (Subpart D,
Section B00.5)

The preciosure guidellnes address (1)
praclogure radiological safaty: (2) the
environmenial, Rocineconomic, and
tre maportation-related impacts
asapciated wilh repository development
and oporation: and {3) the ease and coet
of reposltary sliing, construction,
operation, and clasure. The preclosure
guidelines provide system and technical
guidslines for each of those three
categorles. The separation of the
guidelines into thoae three categories
allows the DOE to be more definitiva in
sstablishing the relative aignlilcance of
catagories of guidelines in accordance
with ’ 960.3-1~5,

Section 660.8~1 Preclosure System
Guidelines. Tha purpose of the
preclosure system guidelines 18 to
eatablish the overall objectives to be
mel by a repository during the
preclosure phase (i.0., siting.
construction, and operation through
closura). The proposed and alternative
guidelines both included one preciosure
system guideline that was primarily
facused on radiological safety. The final
guidelines inciuda three precloaure
ayatemn guicelines, one each of the major
categeries indicaled above, in order to
achieve a parallel relationship between
the preclosurs ayatem guidelines and the
technical guidelines throughout the rule.
That paralle! relationship should be of
valuy in comparing sites,

For preclosure radiological safety
(§ 860.5~1(a)(1)], the pertinant system
elements arg (1) the wsite characteriatica
that affect radionuclide transport
through the surroundinges; (2j the
engineered components whose function
is to control relanses of radioactive
materials; and (3) the people who,
because of their logatlon and
disteibution in unrestricied areas, may
be affacted by radionuclide releases.
This guideline is assigned the grealest
importance among the preclosure
system guidelines because 1t is dlrected
at protecting both the public and the
workers of the reposftory from
radiological exposures,
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. Ranked nexi in Importanca is the
preciogure sysiem guideline o, ‘he
environment, sacioeconomics, and
{rangportation [§ 880.5-1{2)(2)). In the
linn} guidelines, the statement [ this
guideiine wae edltorially revisud for
gimplicily und clarily. The pertineni
syslem slemania will in general consisi
ol 1) the penpls who may be affacted,
including their lifertyles, sources of
income, social and aesthelle vali. 8, and
community aoervices; (2) the alr, land,
water, plunls, snimuls, end cultural
resources in the arean potentiaily
affocied by such activities; (3) the
tranaporlation infrastructure: and [4) the
potential mitigating measuras that can
be uped 1o achieve complionce with this
guideline.

The third preclosure system guideline
16 anae and cost of siting, construction,
operation, and closure. It is ranked
lowest bocause it does nol refaty
directly to the health, salety, and
welfare of the public or the qualtty of
Ihe envirenment. Here the pertinent
elements sre {1) the aite characteristics
that affee! siting, construction,
operation, and closure; (2) the
engineering, materiale, and sefvices
necessary to conduct these activities; (3)
wrillen agreements between the DOE
and affected States and affecied Indian
trilres and the Federal regulations tha
extublish the raquirementa for these
attivities: and (4} the repository
pursonnel sl the site during siting,
construciion, gperation. or closure,

Some commenters helioved that ioo
much reliance was placed on engineared
syalems to meel the regulations for
radiological safety. Unlike the
postclosure phase, which relies heavily
on natural systems for containment and
tsolation, the preclosure phase relies on
enginedred systems, gquipment, and
rontrols, examples being high-integrity
engineered slruciures, water- and sir.
treatment systeme, and monirors that
can activate automatic contrel systems.
The use of systems, equipment, and
cenirele similar to {in some cases
idenlical with} those that would be
employed for repository operations is
well established in industriai practice.
Therefore the DOE disagrees with the
above commeni—the ippue raised is not
analogous to the pesicleaure isaue on
engineered barriers.

One commenier objected to the use of
the lerms "preserve’ and "to the extent
praclicable” in the second preciosure
system guideline {environment,
sociceconomice, and ranaportation),
prefeering to substitute “minimize
impacts 10” Jor the former and to delete
the latler. Ap previously slated, this
syslem guideline has now heen

editorlally simplified and clarified, sand
these terms are no longer usad. The
DOE disagreed with the second
commont, because practicubllity must
govorn the epplication of this guideline.
The minimization of impacts s &
desirable objective, but in making
repository siting decisions it must be
bulanced against other objactives.

One commenter suggested that the
DOE add to the system guldelines a
statement to the effect that the DOE will
comply witit the intent of State
environments! laws and reguilations,
Although the DOE will comply with the
requirementn of all applicable
anvironmental lawa and regutations, 1t s
nol neceasary or appropriale to include
u guideline to thig effect.

A commenter agked that the DOE
return to the language used in the
original preambla regarding the DOE's
commitmenlt to environmental
protection, The DOHE's commitment to
envircnmeéntial protection is clearly
expressed in the guldelinaa, which are
based on the premise that the key
ohjectives in site solection are the
protection of the health and safety of the
public and the quality of the
environment. These guidelines
encompass all factors potentially
imporlant to waste contalnmeni and
isolation {e.g.. geohydrology,
geochemistry, 1ectonics, human
intrusjon) as wetl as the factors that
dalermine \he environmental and
sosioaconomic acceptability of a slte. In
addition, as discussed under the
implementation guidelines in Seation
IV.B.2, a separate implementation
guideline for the consideration of
environmontel impacts (860.3-4) hus
been developed.

(ne commenter suggested the
irrciusion of the ALARA standard in the
preciosure syatem guidelines. The
ALARA standard {i.e.,reducing releases
to “as low as reasonibly achievable™
levels) is a part of the reference
regulationa (i.e., proposed 40 CFR Part
191, Subpart A) for the first preclosure
system guideline and is thersfore
incorporated by reference inlo the
DOE’a preclosure gutdelines.

One commenter asked whether all of
the reguiations clted in ihe first
preclosure system guideline would need
lo be met and, conversaly, whether the
inability to comply with any singte
regulation bui not ll of the regulations
would lead to disqualtiication. The
answer to both gueationa ia affirmative,

One commanter requanted that a
criterion of "zero relaase” to ground
water be eatablished for the preciosure
phass. Although this is similar to the
"zero relense’” comment for the

nostelosure phase, the lssves are
Jifferent. GGround water 18 nol v part of
ihe preclosure multtpls-barrier system.
Fuithermore, the comment is primarily
direcled at shallow potable-waler
u;uifers as opposed to the deeper
#quiflers of concern during the
sislelogure phase, which have less
sulential as potable-waler sources. As
“ready discussed, tha NRC rogulations
¢ iverning preclosure operations
embrace the ALARA standerd (l.e.
releapes must be ap low as 18 reagonably
iechievable). Por preclosure operaliona,
the application of that standard is
nxpected to lead e no planned
discharges of tiguid radioactive wasteg
from the repository. In any case, such
discharges would no! be made to ground
water. Beyond that, the aystem will be
deslgned to prevent, io the extent
practicable, contaminated liquid
releasas during postubsied abnormat
conditions. Glven the relatively small
volume of polantlally contaminaied
liquids i preclodura oparations,
uchizving esseniially zero lovels of
liquid releasen is a reasonable objective,
Therefore, although not apecifically
incorporated intg the guidelings
(because the zero-release criterlon is not
a factor in siting}, the desired assurance
that no contaminated liquids wili be
retoased to aguifers is consiatent with
the DOE's objectives for preclosure
safaty.

One commenter requestad that
accident rolease limita for preclosure
operaticna be promuigated by the NRC.
This matter has been brought to tha
attention of the NRC. Such limita, if
promulgated by the NRC, will be
adopted by the DOE.

One commenter noted that the system
guidelines were more spareely wordad
than the technical guidelines, implying
tha! the lack of detail appeared
inconsisten! with the high importanee
attributed to the system guidelines. The
reason for the apparent lesser detsil in
the system guidekines i that they ,
incorporate, by reference, detailed
regulations promulgated by other
agencies, These regulations are not
repealed verbatim in order lo readily
incorporete (also by reference] any
changes that may eccur with time.

Deleted from the fing! preclosure
system guidelines were the explanatory
slatements about perlinent syslem
elements becaune these statements were
considerad to be more apprapriate in
this seclion-by-section analysis.

In summary, the finat guidelines
in¢clude three preclosurs system
guideiines, whereas the proposed rule
had one preclosure sysiem guldeline,
specifically addresaed 1o radiological -
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safaty. The aystem guideline for
preclosure radivlogical safety wns
modified to include 10 CFR Part 80 14
accordance with the NRC comments on
the proposed rule. Aleo, the term "= ute
of the an” was replaced by “reasn.:ably
available technology” becauge srvaral
commentera folt that the formar tarm
would sllow the use of untested
technology.

Section 860.5-2 Praclosure
Technical Guldelines. Like the
preclosura system guideliner. the
preciosura technical guidelines are
dlvided into thren categories. ‘The firal
category, preciosure tadiolagical safety,
corains guidelines on population
density and distrlbution, site ownership
and control, meteorology, and offsite
inatallations and vperations, The : econd
category covers the environment,
socioaconomics, and transportation. The
third category, which pertains to the
ease and cos! of slting, construction,
operation, and closure, containg
guidelines on surface characteriatics,
rock characteristics, hydrology. and
tectonles.

Praclosure Radiological Safsty

Section 060.5-2-1 Population
Density and Distribution. The objective
of the guidelines on population density
and distribution is to ensure the
selaction of a rapository seite that will
minimize risk to the public and permit
compliance with the EPA and NRC
regulations. The proposed EPA standard
(40 CFR Part 191) limits exposures to
members of the public; it also requires
that these exposures be further reduced
below the limiis to the sxtent
reagonably achievable. The proposed
EPA standard limits the radiation doss
that any indlvidual outside the
boundary of the resiricied ares would
receive 1o a maximum yearly dose of 28
millirem to the whole body, 75 millirem
to the thyrold, or 25 millirem to any
other organ. {(Doses from natural
background radiation vary between 7(
end 200 millirem per year at different
locations in the United States.) The
resulie of sludice performed to date
indicate that the doses that would reauli
from repository releases are very much
lower than the EPA maximum
permissible doses.

The final guideline an population
density and disiribution includes a
qualifying condition, two favorable
condilions, two potentiaily adverse
conditions, and three disqualifying
conditiona. The two parts of the-
qualifying condition stipulate that (1} the
expecied dose 1o individuals In any
highly populated area will not be likely
1o exceed a small fraction of the EPA
limlta, by reference to syatem guideline

§ #00.5-1(1), and {2} the expected dose
received by any Individual In the
unrestricted area will not be likely to
excead the EPA limits. Any site muat
mael this two-part test in order to
qualify,

‘The twa favorable conditions will
require the DOE to analyze the degres to
which u site Is remoto from highly

opulated areas and 10 seek sites with
ow population denaities, Tha first
poteatially adverse canditlon will
require axamination and analysis of the
papulation denaity within projected site
boundaries, The population to be
analyzed will include the people
residing there, those who are there on a
soasonal or transient basls, and thess
who may be there only during the
daytime, The daytime population
vonsiats of peraons whosa work brings
them together inta dense concentratlons
and of visitors to popular recreational
areas. The sacond potentially adverse
condition will require the analysis of the
proximity of the site to highly populated
areas or 1o areas conlainlng 1000 or
more persons in a 1-mile-square area,

The three diaqualifylng conditions
speuify that the site shall be disqualifiad
if any of the following conditiona exist:

1. The surface facility would be
locatad in a highly populated area
{coincldence); or .

2. The surface Iacility would be
lovated adjacent to a 1 mile by 1 mile
araa having & population of not less than
1000 individuuls (adjacency); or

3. The DOE could not develep an
emorgency preparedness program that
meets tha raquirements of DOE Order
5500.3 and related guides or 10 CFR Part
80, Subpart [, "Emerganoy Planning
Criteria."

The DOE arrived at theee
disqualifying conditions by an lterative
process that began in the proposed rule
of February 7, 1883, with disqualifiers
that were based on both radiation doses
und on the adjacency and coincldence
of the aurfuce facility with a highly
populated area. Camments requesting
that the DOE be more specific ed to the
alternative guideline of May 27, 1883
‘This version specified that a site will be
disqualifed if a surface facility would be
adjacent to {abulting} an area 1 mile by
1 mile having a population of not fawer
than 1000 indlviduals or would be
located in a highly populated area.
Objections to the use of the word

- “abutting" to define “adjacent surface

facilities' led to attempts, discusaed
with the States, to restructure the
disqualifier with both necessary and
sufficient conditions. Thal la, if a surface
faiility met either of two necessary
canditiona {(adjacency or coincidence}, a

slie would be disqualified If the
resiricted ares of & repusitory were (1)
In o .ilghly populated area or (2) abutting
a 1-.-tile-square area with 1000 or maore
Ind: #duals, A number of Statea dialiked
thi- gleucture, saying that it wae both

av - ward and perhaps gave an

Af.j +uvance of avadin? Congressional
1kt at, aven though it followed closely

* g longuage of Sectlon 112{a) of the
s

L. .arly, no one would suggest that
reprwitory facilities should bo located in
a highly populated area; the DOE has,
th~refore, concluded thal both the
coincldence and adjucency conditions of
Ssclion 112(a) of the At should be
suiilclent to disqualify sites. Tha
purpose of both conditions, and the
antire guideline, is the protection of
peuple from harmlul exporure to
radiation due to raleases from repository
surface {acilitien, Tha dispersal of any
alrborme relsases would dopend cn local
weather conditlons, which may vary
greatly from site to site, Furthermore,
the magnitude of releases is conlrollable
in large degree by englneering measures
irt commOn use at radiologioal faollities.
1t follows that the DOE muat make a
alte-specliic evaluation of adjacency to
populations concentrations in order to
decide whether a site maets this
guideline. This svaluation will
determine the diatance at which the
outer boundary of the restricted arua
should be set, maeasured {rom potential
releass polnia, so aa to ensure that
populations beyond that fenced
boundary will not axperlence radiation
doses in exgess of the limite set by the
NRC and the EPA regulations discussed
above.

A commenter stoted that 1000 perzons
par square mile represents a high
population density and that the
population-density guideline should be
more restrictive. The DOE agrees that a
low population density in the vioinity of
a site 18 a favorable conditlon; howevar,
{n accordance with the requirements of
the Act, the disqualifylng condition
should be and is stated in terms of high

" populaticn density.

Eight commenters expressed concern
over radiation exposure and dosage, and
how thess sre to be addressed in the
guidalines. Six of them called attention
to the potentislly adverse condition In
the alternative guideline § 960.5-2-1(b)),
stating that any site where ragulatory
limits would be exceeded should be
disqualified. In response to these
concerns, the DOE added a qualifying
condition that iimits the allowable doses
in both highly populated areas and in
unrestricted areas, generally, Other
commenlers werg concemed with the
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presence of frapsient or reside:tial
populations. Accordingly, the *OE
added potentlally sdverse conrdition
§ 960,5-2-1{c)(1).

One concern expressed by ‘aree
commenters wag that, in perlirming
dose calculations. the DCE should
consider future as well as present
pupulations. The DOE agrees and will
make population projections thrnugh the
period of decommissioning for ¢. ch
putential slte during site
characterization. Because long-range
demographic forecaste are inherently
speculative, the DOE believes that
projections beyond the period of
decommissioning would not serve »
veeful purpose.

One commenter expressed he view
that individuai, us well as population,
dose should be measured, and two
reviewers said that dose calculationa
should include doses from other sources,
In calculating dosags, the DOE will
follow 1he procedures oullined in the
EPA's final standards {40 CFR Part 161).
These calculatlons estimste individual
exposures frem other sources as wall as
from repository operalicsis, The
qualifying condition ie stated {n terms of
both individual and population doses.

One commenter exprossed the view
thai Increments of distance should be
catablished in the guideline to socount
for riaks associated with increased
surface aclivilies and gave an example
of converging transportation routes. In
order to protect the public, the DOE will
identify a restricted arsa thal encloses
ali repository surface facilities, except
the immedialely connecting road or rail
spurs. The safety of trunaportalion
aclivities is treated it the analysis of the
\ransporiation guidsline. .

Two reviewers commented that the
ren] extent or distance describing the
“remotenesa” of a sile from highly
populated areas should be dafinad,
Remolteness varies with land use,
tarrain, diatance, relative accessibility to
the pubiic, and the configuration of thy
potential controlled area. Thase
conditions will be evatuated to
determine the degree to which a site
may be conaidered remote from highly
populated areas; therefore, the DOE
does not beliave that it is appropriate to
specify a6 definition for remoteness in
the general siting guidelines.

- One commenter suggested that
"highly populated area” should be left
undefined In the guideiines. The DOE
thinka that such a definition is
necessary, however, in order to identify
and avoid highly populated areas early
in the-site-screening process and to be
able to rely upon the potential utility of
sites in which much effort will have
been expended, should they prove.

quallfied in all other respects. Other
commenters felt that a more restrictive
definftion is necessary. Hence, "hightly
populated area” is defined in the flnal
guidelines as any Incorporated or
census-designaied pluce, excluding
countles, of 2560 uf more persons as long
na the population density of the place
would equal or exceed the mean
population density of the United Siates
(rbout 84 persons per square mile). This
is & more restrictive deflnition than the
vne used in the nlternattve guideline,
which gtipulated that highly populaled
ureas would include urbanized places
wilhin metropolllan statistical areas
{(MSAs} aa dafined by the Bureau of tie
Census, In practice, that criterion would
exclude only the moet highly populated
parts of any given MSA. The naw
definition does not refer to MSA and is
tharefore more restriciive. The threshold
of 2500 persons was selected for two
reasnny, First, the Bureau of the Census
defines places with 2600 or move
inhubitants as urban. Second. the
Bureau develops maps to delineale ¢uch
places, and population-density data are
tabulated for these places. The eriterion
of the mean U.8, population density
used in the definition of "highly
populated area” will permit the DOE to
consider potential sites within
extremely large but sparsely aottlad
incorporetad communities.

Another commenter fel{ surface or
climatic conditions that might increase
the occupational exposure of repository
wuorkers to radiation should be
considared potentially adverse, The
DOE agrees that the exposure of
workers at a repoaitory must be limited
and will meet the safaty requirements
for occupational exposure in 10 CFR
Part 20. Because any repoaitory will be
designed to protect workers from
variable climatic conditions, the DOE
feels that any site-to-site variations
projected in occupational doses would
be a0 small as to make thia factor
inconaeguential In siting.

Another commenter wondered why
the DOE would be concerned with
population deneity but not with
sgricultural productivity in the area of &
site and suggested that gerlain
agriculturat areas be eliminated from -
further consideration. In siting any
repository, the DOE will comply with
the Farmland Protection Palicy Act of
1981 (Pub, L. 87-98] and the Department
ol Agriculture’s final rule to implement
that Act (49 FR 27718; to be codified as ?
CFR Part 858).

One commenter said that the DOE
sltould ensure that the populations
adjacent to & potenitally acceptable site
will be protected from the effects of a
repository at least as well as parks are

protécled in the environmental quality
auldeline. The DOF developed the
qualifying, disqualifying, favorable. and
putentially adverse conditions in both
guidelines so that both parks and
populations would be protected in &
manner commensurate with the type of
riak. Industrial facilities are generally
precluded from parks, but many
industries are commonly located within
irbsan areas. When the industrial
operations involve known hazards. then
they are usually siled at some distance
from the general public, the distance
being detarmined by the degree of
hazard. Wilh the park, it la the
snvironmesnt that is at risk; with the
population, it is the potential riak to the
health and safsty of the residents of an
areg that muat be conatdered. The
disqualifiers therefore ara based on
redintion hazards for the population and
eilher irrecancilable land-use conflicis
or unacceptablg environmantal impacts
for the environment,

Section 60.8-2-2  Site Ownership
and Contral. Although the preclosure
and the postclosure guldelines on site
ownership and cpntrol are siated in
similar terms (see § 960.4~2-8-2), thay
are related to different system
guidelines (i.a., the preclosure und the
posiclosura system guidelines).
Mareover, aa stated in tha preamble for
§ 860.4-2-8-2, the gengraphisal axtent of
the land and the controls required also
differ for the preciosure and the
postotosure perlods. However, the
commenis on theee guidelines addressed
common tesues, which are discussed In
§ 960.4-2-8-2 of the praamble and are
not repeated here.

Section 960.5-2-3 Meteorology. The
principai objective of the preclosure
guideline on melearology is to ensure
that the westher conditions at the site
are favorable for the atmospheric
diapersion of any radioactive emissions
and to ensure compliance with the
system guldeline for preclosure
radiclogical safety. Also of concern is
the potentia! for extreme-weather
pkenomena that could affect the
operstion and safety of the repository.

A eecurrent theme in the comments
was the statement that any expected
routine radioactive emissions from a
repository should disqualify the site
because these emissions would pose
potential health hazards to logal
populations and repository workera,
Two commenters requested that this
disqualification be extended to include
emissions to agricultural lands. On the
other hand, two commenters pointed oul
that routine emissions are of
significence only if the limits of 40 CFR
Parts 190 and 191 are approached for the
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general population or the Hmits of 11
CFR Purt 20 for the work forca,

A elta should not be disnualified
simply becauss reutine emissiong of
radlogctive material are projected .or
repository operations. The reposit:ry
operations will be such that these
emisstons will be very low, well within
the limita prescribed by applicahble
regulations and standerds. Morsover
the DOE does not! Intend to I‘UIX solel,
on natural meteorologicul conditiona to
protect the public from preclosure
emisslons; 1! intends {o rely on the
engineared design of the repository. The
safety of this design will be
danmonatrated in the license upplication
to the NRC. However, to protect the
publlc from the reteases that mighl ooour
under unitkely accident conditlons ur
during normal operetions, the first
potentially adverse condition In the
guideliie novers site-specific
meteorological conditione pertlnent to
the ntmosplheric transport of
redionuclides {).¢.. the prevalence of
meteorcloglcal conditlons under which
the emisalons would be llkely to bo
transporied toward locelities with
higher population densitias than the
average for the reglon}. To clarify the
concern for prolecting the population,
the metoorelogy guideline has baen
reworded.

Some commentera asked the DOE o
clarify what it meant by “high potentlal
for extreme-westher phenomena,” and
several suggested that severe winter
storms be included in this category. In
ovaluating sites, the potential for, and
the severity of, exireme-weesther
phenomena will be astimated on the
basis of historical meteorologicnt
racorda. The second potentlally adverge
condition, which pertuins to extreme-
weather phertomena, wos rewrilten to
reflect the historical basts for the
evaluation; in addition, #f was expanded
to include severe and frequent winter
storms.

Seclion 960.5-2-4  Offsite
Instaliations and Operations. Tho
preclosure technical guideline on offslte
installations and operations {formerly
offsite facilities} has two objectives: [1)
to ensure that the impacis of any nearby
industrial, trenaportation, and military
inatallations and operations, including
atomic-gnergy defense activities, on
repository siling, construction,
aperation, ¢losure, and decommisstoning
are adequately consldered and {2) to
ensure thut any radionuclide emissions
from guch instatiations, when combined
with preclosure emisaions from the
repository, would ot lead te total
radiological exposures In any

-unrestricled area greater than those

allowod by the requirements spocified In
the pertinent system guldeline.

Nine comments wore directed
specifically toward the proximity of a
reprository 1o other nuclenr facilities
with radioactive effluents at or near the
limlis spacified in 40 CFR Parts 190 and
181; eil recommended that such a
condition be consldered disqualifying,
ralher than potentlally adverse. The
commenta generally appear to be basad
on the requirements of 40 CFR 181.02{a)
that, for any facillties covered by 40 €FR
Parts 180 and 187, the combined annual
doge equlvalent delivered to any
member of the public shall not excesd
the limita spacified by these standarda.
The guideiine rocognizes that the
presence nearby of tndustrial,
tranaportation, and mititary instailations
and operations, Including atomic-energy
defense activities, could be detrimenta!
and requtres that the combined releases
from these sources and the repository
meot the requirementa specified in
Sectlon 980.5-1(1} for unraatrictsd areas.
The pertinent potentially adverse
condition recognizes the presence of
nuclear installations and operations
with actual or projected releases neur
the maximum value permissible under
40 CFR Parts 190 and 191, Because such
releases might be accominodated by
engincering measures, the potentially
adverse condition waa not chenged to a
diggqualifying one in the guidelines of
November 1083,

Added to the fingl guideline for offsite
installations and operations wos a
disqualifying condition related to stomlc
energy defense activities that are
expocied to conflict irreconcilably with
repository sitlng, conatruction,
gperation, tlosure, and
decommissioning, Thias nddition was
mude in reaponse to the NRC's
prefiminary concurrence condition 7,
which usked the DOE to devalop new
disquulifying conditions that (1) would
carrespond to the fuctors cited in
Section 112{&) of the Act and {2) could
be applied early in the siting process.
‘The DOE had concluded thaot a specific
reference to atomlc-energy defense
actlvitles {n the qualifying conditton was
sufftclent 1o aatisfy tha requirements of
Section 112[a}, but, after further
congideration, decided that an explicit
disqualifying condition could be
developed to accommodate the NRC.

Three comments requested that the
other polentiatly adverse condition,
which 1s related to the presence of
nearby potentially hazardous
installations or operations, be changed
te a disqualifying condition. There were
also two suggestions that the word
"unaceeptable” in § 980.5-2-4(b)[1} of

the alternative guildelines be changed to
“g, varsely” In arder to broaden the
eou ideration.

.+ 3 mentioned above, the
tt- utiflcation of a potentially adverse
¢t iltlon requires a detailed evaluation
of tue condition. The results of such an
« va.uation mus! indicate that the
y Mertial for radionuclide releases does
ot »xceed the limita spacifted In
§ 9L."5-1{1}. The DOE therefore doea not
acezpt tho suggestion to change the
potentially adverse conditions to
di. yualifying conditions; however, the
werd “unaccoptable” was changed to
“advarsely.”

Several comments pointed out
inconsistencles in terms, recommending
ths t & more-Inclusive term be -
substituted for “offsita facililies” to
express the bronder concerns of the
public. The question as to why offsite
factlities are not of concern for the
postclosure period was also raised. The
DOE sgrees that the use of terms waa
inconsistent. Accordingly, the term
“installations and operations” is used
consistently throughout the finai
gutdeline, Offsite facllities are not a
postolosure issue, bacause no emisalons
will be released from the repository
after closura. In addition. the words
“slting” and “decomnissioning” were
added 1o the qualifying condition of the
final guideline to make it inore
encompuassing.

Environment, Socioeconomics, and
Transportation

Section 960.5~-2-5 Environmantal
Quality. The objeclive of the
environmental quality guldelines is
twofold: {1} 1o ensure that
environmantal impacts will be
considered throughout all atages of the
program and thet impacts can be
mitigated o an acceptable degree,
taking Into sccount programmatic,
technical, sapcial, sconomic, and
environmental factors, end (2) to ensure
that the roquiremanta of system
guideline § 960.5-1(a){2} are met.

Comments on the proposed
environmental protection guideline were
concentrated in two major areas:
proximily of a potential respository site
to & protected natural area, such as a
park, and mitigation of environmenial
impacts associated with repository
development. To accommodate these
cencerns, & number of changes were
mede to clarify the disqualifying
conditions and to supplement the
potentially adverse conditions in these
areas. In eddition, minor changes were
mada for clarification in the favorable
conditicns and the qualifylng conditions.
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These changes ars discussed
individunlly below.

in the guideline of Novembaer 1383, the
qualifying condition was expande d by
awding "clusure and decommias:: ning”
lu respusitory nclivities reguiras,
eavirenmental protection. The
qualifying condilion was re-rsed to state
specfically thal the quality of the
environment “in the affected rea,” as
well as the actual repository site, will be
prolected. The delinition of "sffecled

area” was modificd o refle-:t thia usage,

1a the Novembir 1983 guidelines, the
qualifying condilion included tha
slatement "nnd projecled significan
adverse environmenlul impacts in the
affecled aren can be mitiguted 1o the
exign! practicahle.” The linal veralon
says "and projected envlroamental
impacts in the affecied prea can be
n:ilignied 1o an ncceptnble dogree.” The
1erm “slgnificant adverse™ is thought to
Le redundant in this context, and the
phruse "o an acceptable degree” ta
thought to promlse grealer protection
thun “to the extent practicatrle.” The
waord "programmatic” was added to the
list of conafderationa to he weighed in
dilermining what is meant by "to an
urceptable degree.” corresting un
inadvertent omission in a previous draft,
Additlonally, the gualifying condition
w9 changed to delate the phrase “the
health and wallare of the public” to
nvoid redundancy with the aystam
piidelipe (& 860.5-1(2)). {This change
was itlao made in the first disqualifying
condition, uy discussed below.) The
rdverl "ndnquately” wus added to the
phrase "environment in the affected
aren " * * will be adeguately
protecied” to clarify the degree to which
the: DOE will afford protection to the
environment and to be consistent with
the lunguage of the Act {Seation 111(b)}
regarding the necesaary level of
environmenial protection.

Several commenters suggestad that
selection of e repository site and
support aysteins should ensure that
pulental environmental impacts are
minimized 1o the greatest extent
possible. Similiar commenls urged the
DOE lo apply the ALARA {a8 low as
reasonably achievable) principle 10 both
engineered measures and siting
decisions. The DOE wil] evaluste
allernative mesures to minimize or
avoid significan! environminental impacts
and will adopt reasonable mitigating
measures, What is reasgnable in a given
situation is influenced by a number of
factors, Including coat, technology, and
other environmental and socioeconomic
impacts. The DOE's perspective on what
is reasonably achievable In mitigating
enviranmenial impacts is explained in

the {iral rule by lipting the factors that
will be considered in making judgmeants
of thig nature, The DOE maintalne,
howevuer, that one tannot apply the
ALARA principle 1o the sile-screening
process when limited informution ie
available to make an informed judgment
a8 lo what constitutes ALARA.

In responaee to a commant, the first
favorubie condition was medified to
reflect timely compliance with
environmental requirements applicable
1o the site “and the activities proposed
10 take place theisui.” Alpo, since
envircomantal impacts will oceur in the
future and reguletory requirements
genarally apply in the Future, the
favornble condition now reflects a

“projecied ability' to meet such
requiremanis,

The final guidaline includes a change
in the second {avorable condltion. The
DOE defined “reasonable miligating
measures” by adding the phrase “taking
inlc account programmatic, techaical,
suclal, economic, and envirenmental
fuciors."

In response 10 comments, the
proposed environmental gutdeline was
expanded 1o include six potentially
adverse conditions, and i the final rule
cerlain modifications have been made in
response 1o furthor comiments, In the
firsl potentially adverse condltion, the
term “major” waa added in the phrase
“projected major conflict with
applicable Federal, State, or local
environmental requirementa.” This
change wag made to clarify the pature of
& conflict that would trigger a
potentially adverse condition. It is
believed that a minor conflict is more
likely to be resolved. One commaenter
asked whether a State or local
government could impose environmental
ristrictions aufficient to prevenl a site
from belng choeen in the jurisdiction, as
they believe the firsi potentially adverse
sondition suggesta. The DOE will
congider all applicable environments)
lnwe in the aite-screening process.

Another cormenter puggeated that the
term “probable” be deleted from the
[irat potentially adverse condition. The
lerm “projecied” has been aubatituted.

ln the second puten!iuily adverse
condition, the term "minimized” was
changed lo "mitigated,” in responee to a
commenl, This change is appropriate
since the lerm "mitigaie”is uaed
throughout this guideline. Two
commenters auggested thatl the term
“significant” be deleted from the second
potentially adverse condition. The DOE
disagrees, Not ull adverse
environmental impacts are
automatically serious enough to be
included in this categary.

A number of cummeniers suggestad
th.ol the third patentially adverse
ro wdition, regarding protected natural
&rgna, should be a gmqualifytng
¢t ndtion. Others pointed out that a

sogitory would noi peceasarily

afllct with the designeted use of the
re ~ources clted in the Act (i.e,,
somponenis of the National Park
51 stem, tha Natione! Wildlife Refuge
5. tem. the Natlonul Wild and Scenic
Ry~ era System, the National Wilderness
Proservation Bystem, and Nationsl
Forest Land). The DOE's pasition ia that
LL; above-mentioned resources should
tw: glven special conaldaralion in
repository-siting decisions, and all of
them are listed in the third potentially
edverse condition.

Saeveral commenters on tha third
potentially adverse conditlon suggestad
thut both direct and indirecl adverse
environmental impacgte need lo bo
considered, The DOE sgregs, Othars
wuggeated that the severity of the impact
determings whether a potentlally
adverse condition axists, To
accommadale both concerns, the DOE
deleted "direct” to indicate that both
dirzct and indirect environmantal
impacta would be considered und
inserted “significant” o clarify thal
“gignifican! adverse environmental
impacts” on the designated natural
resources would trigger the potentially
adverse condition.

(ne commenter requested that the
third and fourth potentially adverse
conditions be combined, The DOE
disagrees. The langnage ns written besi
distinguishes the ireatment of different
lands controlled by diffarent
government entities. Because the
resgurces in the fourth conditian vary
from State to Staie, the apecific
resources cannot be listed all
inclusively. Furthermore, since many
different kinda of resources could be at
iasue. a two-part test Is appropriate.

in response to numeroua comments,
particularly from inlerested States, the
DOE added three potentially adverse
conditions to ensure speclal
conslderatian of a “significant Siate or
regionally protected reaource area, such
as a State park, wildlife area, ora
historical area;" “a slgnificant Native
American tesource, such as a major
indian religtous site;” and "critical
habitata for threatened or endangered.
species.” In response to a commerl. the
DOE added “other sites of unlque
cultural interasts™ to the list of resources
warranting special conalderatlon.

One commenter suggested adding a
potentially adverse condition that would
cover the management and disposal of
mine apeils. The DOE disagrees. Such
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poleniial adverse environmenial
Impacis as may arise from the
managenient und dispossl of wine s 2oile
are covered by Lhe secound potentir Jy
adverse condition. Another commanter
asked that the DOE “recognize logal or
regional engineered waler supply
syetems ae o polentlally ndvarss or a
disqualifying condition.”" The DOFE
disugrees since impacts on such aysi.ms
are coverod by other potentislly ndverse
und diaqualifying conditions, such us
potentiully udverse condition 2 and
disqualifying conditinn 1. Qne
commenier said that the lerm
“potentially adverse condition™ is vague,
The term has been defined in the
qlossary (§ 980.2 of the guidelines),

The greatest number of comments on
the environmental guidetine, both in the
proposed guldelines and in the
alternative gulde!ines, pertained to two
disqualifying conditions, Both of these
disquallfying conditions were retained
in the rule of November 1883, but were
modified In reaponse to comments, and,
in responge to comments, a third was
adde(ﬁ

In Ha November 1983 version, the
phrase “cunnot be mitigated” was
modified by the phruse by reasonable
meusures, taking into account technical,
soclal, and economic, und
environmental factors.” In additton, the
term “unsatisfactory” wus chuanged 16
“unscceptable.” “Unsntisfuctory” wae
originnlly chosen to be consistent with
the descriptions of the environmental
referral process in Part 1504 of the
Counicil on Environmental Qualtty
regulations implementing the Nationa]
Fnvironmenta! Policy Act of 1068,
However, this change was made to more
clearly reflect the fact that a judgment
on the acceplabitity of environmental
impacts is invelved here. Upon further
conpideration, this wording was
modified ln the fina! guidelines aa
discussed below,

The first disquadifying condition is
now amsnded in the final guldelines to
include "2iling” in the list of activities
that the condition covers. This stage
wus inadvertently omitted from an
eurlier drafi.

The phrage "would result in an
unacceptable udverse impact on the
health and welfare of the public or the
qualily of the enviromaeny, if such
impact sannot be mitigated by
reasonable measures” has been
replaced by “the quality of the
environment in tbe affected ares could
not be sdequately protecled or projected
environmental impacts in the affected
area could not be mitigutad 10 an
acceplable degree.” This chungs was
made to delete 8 redundancy in
considering the healih and weliare of

the public, which ia covered by the
syelem guideline (§ 860.%-1(a)(2])). and to
clarify the need for protecting the
environment both now and in the future,
Furtharmore, the word "programmatic”
was acdded ta the liat of {acturs to be
weighed in determining the acceptability
of the results of impact mitigation.

A commenter asked whether
mitigation In this and other pluces
includes compenaation. It does. as
indicaled in the definition of the term in
§ 080.2 of the guldelinea.

Numerous commenis were received
on the second disquulifying condition,
which referred to the coincldence of the
restricted ares or repository support
fucilities with tho resgurces named;
some exprassed concern that it was too
nurrow, others suggested that It was
appropriate. Several commenters argued
that i)roxlmlly to a protected ares
should be a dlagualifying condition,
while uthers suggested that the word
“proximity” should be eliminated from
the rule to minimize the opportunity for
subjectivity in decislon making. Some
commenters objecled to the two-part
teat in the diaqualifylng condition,
arguing that location of & repository
within the boundaries of a protected
area 18 evidmee of an irreconcllable
conflict.

In this regurd, the proposed guidelines
did not autometically disqualify a site
located within a protected aren, because
the DOFE contenda that 1t could be
possible, In certain sitnations, to locate
a reposilory within a protected area in
such a way that it would not adversely
affect the dedicated purpose of the aren.
Howaever, in rasponse to the concerns
expressad, the alternative guideiine was
mads more specific with respect to the
potential conflict between a proposed
repouitory slte and a signiflcant national
protected resource. The gideline of
November 1983 wus made even more
specific in thgt it enumerated the
resources to ba protected. The second
disqualifying condition was expanded
into two conditions, as follows:

(2) Any part of the restricied area or
repository support fucilities would he-
located within the boundaries of a
component of the National Park System,
the National Wildl!fe Rafuge System, the
Netional Wilderness Presarvation
System, or the Nationa) Wild and Scenic
Rivers Syetam.

[3) The prasence of the restricted area
or the repository support {acilities would
conllict irreconcilably with the
previousiy desgignaled vse of a
component of the National Park System,
the Nytional Wildlile Refuge System, the
National Wilderness Preservation
System, or the Nationa] Wild and Scenic
Rivers System, or any comparably

aignificant State prulecled resource that
wa. ledicated to resource preservation
st it tune of the enactment af the Act.

4 1e protected areas listed in these
tw - Jdisquelifying conditions did not
in " ide National Foreats, Because the
¢hs tere of Nutiona! Forast Lands call
- nubtiple uses, including mining, the
.. O g poaition was that the
oy mopristeness of including u
tep sitory among these multiplo uses
waid have 10 ba evaluaied case by
Liaso.

The term “disturbed zone” was
changed to "restricted urea," which can
be more reasonably applied to the
cequired asressment {i.e., the disturbed
zone is @ projected fringe area f{ar below
g ound that e relaled to postclosure, not
preclosure, requirements). The phrase
"any part of” wes added to the second
disqualifying condltivn to alleviate
concerns that the eatire restricted area
or repository support facilitics would
have to llp within the protected area to
trigger the disgualifying condition.
Another commenter suggested replacing
tha word "would” with the word
“could"” in the second disqualifying
condition. The DOE disagrees. The
eltmination of a slte on the basis of what
amounts {o speculation at the screening
atage may unnecessarily eliminate a
good site,

Although saveral commenters
suggested allernativa phrases, the
phrase "would conflict irreconcilably
with the previcusly designalod use” wus
used In tﬁe new disgualifying condition,
though modified (see below) because the
DOE maintalos that a conflict can be
adequately determined to be
“Irreconcilabla,”

The third disqualiflying comdition
eddresses Staia concerna about
significant State protected resources.
The intent is to afford both national and
comparably significant State protected
resources the same kind of protection.

The third disqualifying condition was
further revised during the NRC
concurrence process by the addition of
two terms. The first, “resource
preservation,” ia the “previously
designated use” which the DOE
censiders the appropriate baseline
condiifon againat which to measure
"rreconcilable conflicts." Second, in its
concurrence condition 7, the NRG:
requesied the addition of National
Forest Lands to the list of resources
covered by this disqualifier, After
considering this request, the DOE agraed
that the irreconcilable conflict with a
previously designated resource-
praservation use of a National Forest
should disqualify & site. The
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disqualifying condition now roads as
follows:

{1) The presence of the reat-icted aren
or the repository support fut!'itles would
confllct kraconcilnbly with t.¢
previcusly deslgnated rzsource-
preservation use of & ecmponent of the
Mational Park Systom, the National
Wildlife refuge Sysiem, the National
Wilderness Preservation Systens, The
National Wild and Scenic Rivers
System, or National Foi ot Lands, or
uny comparably signifleant State
protecied rosourcs that was dedicated
tu resource preservalion at the Yime of
the snachnent of the Act,

Several commenters ruisod various
miscellanoous poluis and concerns. One
commenter was concerned that the
displacement of homes and fumilies is
considered o be u favorable condition
and that priority ta given to wildiife aver
people. The DOE disagrees that the
guidelinsa either express or imply sither
situetion, The BOE sleles, In severa]
piaces in the guidelinos, that the first
privrity of the slta-sclection process ia
the heaith and safety of the public,

Another commenter said tha! the
enidlronmental guality guideline doos
not engure the suitabilily of the geelogic
conditions of the site, 1t s impliclt In this
guideline that, in order to protest the
environmonl, the geologic conditions
mus! be suitable. Morgover, such
suitability is ensured by the postcloaure
system and technical guidelines.

Finally, several commenters suggested
that the DOE include the environmenta}
quality guideline In the postclosure
guidelines, The DOE disagress, The
object of the environmental quality
guideline, aa stated at the beginning of
this section of the preamble, is to protect
the quality of the environment
throughout ail stages of gecloglc
rapoettory siting. Poeiclosure protection
will be provided by the syelem
guidelines, which mandate compliance
with 10 CFR Part 80 snd 40 CFR Part
i81.

Section 960.6-2-8 Socviceconomic
{mpacts. The objective of the technigrt
guideline on socioeconomic impacts {8
to ensure that any significant adverse
socioeconontic impacts of repository
giting, construction, operation, closurs,
and decommisstoning can be offset by
reasonable mnitigation or compensation
and the requirements of system
guideline § 980.5-1{n}{2) can be met,

The DO¥, is committed 1o & program of
socioecenomic-impact measurament and
mitigation. Mitigation, s defined by the
Council on Environtmental Quality,
includes actions that will avoid,
minimize, reduce, or compenaate for
adverse impacts {40 CFR 1508.20).

The potential social and economin
impacts of geologic rapositories wern of
concern fo & numbar of commentera.
The principal isaues wers {1) the
sogiceconomic impacta associated with
the labor-force requirements of the
repoditory, (2) adverse effects on
primary sectors of local economies {o;
tourismy), {3) adverse effccts on water
eupplies, and (4} the psychological
cffects of percetved visk.

Some commeniers were concerned
thut the labor-force requirements of a
reposilory would Imposa undue
hardahip on the private and public
service capahilities of affected
localities. The viewpoints expressed
were often conflicting: Tor example,
soma yuggested that socioeconomic
im{;acls could be mitigated through
stringent siting requirenients, such aa
requiring that two-thirds of the labor
force live within a reasonable
commuting distance of the repoaitory,
but others felt that the lack of an
avullable labor force should bo a
favorebie condition; one comment said
that the potantial for incroused
employment ahould not be considered a
favorebie tondition, One commentar
stated that disruption to primary seclors
of the aconomy of the aflected aren
should be a disquulifying condition.
Anothar felt that Ireevorsible changas in
a chesen way of tile should be a
potentially advarse condition and

" deplored the possible lnes of agricultural

land.

The DOE [eels it would be
Inappropriate to spociy guantitative
labor-forco requiremants because there
are 0 many variable fuclors that cannot
be controlled. It would be posaibie, for
oxample, to conatruet housing at the site
for transient labor if sufficlent labor
were not gvaiiabls within a reasonable
commuting distance from the site. The
creution of new lobs for ipcally
availabie labor would be received
favorably in most areas; however, an
influx of new workers could have
significant adverse socioeconomic
fmpacts. For these reasons, the
potentially adverss and favorable
conditions concerning the supply of
lebor wers retained. In arees where new
joba might not be welcomed, the DOE
will work with the State, affocted Indian
tribes, and the public to identify suitable
means of mitigating unwantad impacts
and preserving and snhancing the
qualily of life. Since adverse
socioeconomic impacts on affected local
economies can generally be mitigated,
the DOF does not believe that such
Impacts are disqualifying. Where
agriculture is a primary sector of the
glfected economy, the loss of

agricitltural land would be & potentially
sdverse condition,

A commenter stated thal & major
digruption of the local economy s
almost certain and observed that the
guidelinea on population density and
distribution (4 980.5-2-17 and
socigeconomic impacts [§ 960.5-2-6) are
somewha! contradictory. Another asked
that socioeconomic and environmental
!mpacts aleng waste-transporiaticn
routes be addressed, and a third
sugzested that posiclesure impacts be
inshuded In the socioeconomic guideline,

The DOF ugrees thet gome disruption
will ba experlenced by the local
economy, [ust as it 1s a5 In most Jaige-
scale industrial developments. However,
beceuas moat socloeconomlc impacts
can be anticipated and miligated, major
digruplions can be avolded in moat
cases. When guldelines §§ 986.5-2-1
and §60.5-2-6 {population densily and
sovlnoconomics) arg leken together,
areas of low population density within a
commuting distanca of significent laber
pools could gain favoer in site
comparlaons If the technical
quatiffcations are equal. Soclosconomic
and environmantal impacts elong local
transportation routes wilt be addressed
In the siting process, Posteloaure
impucts, however diflicult to assess, will
be the subject of Impact-mitigation
discuaslons and sgreements between
afectad Btates, affectod Indian tribes,
and the DOE.

Other commeonts said that {1} the
guidolines should emphasize net gains in
the overall economy snd in employment,
{2} the term “affected ares” should be

. chenged o “affocted region,” and (3) the

cost of the rapository should be taken
into account a3 a socicegcongmic impact.

The DGE agrees that net gains in
employmoent and in the local econemy
should be considered a favorable
coendition and has revised the guideline
acgordingly, With respect to the use of
“affected area” versus “affected region,”
repository development may produce
sociogconomic impacts In an area of
severs! counties, but it will probably .
havs minimal effect on the sconomy of
an entire region of the country. The
sosts of the repository need not be
treated as & socloeconemic impact
because they will be borus by the
ownersa of the radicactive wasle,
Furthermore, cost ranks betow public
health and safety, the quality of the
environment, and socloeconomic
conditions.

Also mentioned were possible
adverse impacts on agriculture, tourism,
and recreation, but another commenter
peinted out that the services and
facilities developed for repository
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workera and thelr families could
enhance the abilily of un aren to
accommodate tourlats and seasonat
popiilitiuns, _

"I'he DOE s awars of the concem
sboul adverae effects on agriculture,
lourism, and recreation. One patentinlly
adverse conditlon in the roclosconomlcs
gutdeline 18 the polential for major
disruptions of primary sectors of tha,
economy of the affocted erea. The DG
will work with S8tutes, affecte. Indian
tribea, und locallties to antlcipate and
mitigute such effects if they arise.

Commeniers on the aiternallve
guidelines were aieo concerned about
lhe polentially adverse conditlon
regarding the acguisition of walar rights
#nd the effects thereof, One malntuined
thal & model of wuler usnge should ba
developed, Two commenters asked that
disqualifying conditions be specified for
waler supplies, One commenter
requeeled that the DOE add water use Lo
acquisiion of waler rights as a
potentially adverse condition. Several
cominentare asknd for a guidelina tha!
would protecl producing aquifars,

The DOE wiH avuluste water usage
during the enginaering design of 8
repository in & specific ruck type, With
respact o the requasts for disqualifying
conditions for water supplies, the
quulifying condition for the
spuineconomic guideline indicates that u
potential site is not qualified unless
adverse impecls on water supplies can
be mitigeled or compensated. This
guideline reflects the DOE's position
thul, if edvirae impacts on water
supplies can be mitiguted, then it (s nol
appropriaie 1o disqualify a site becuuse
of potentinl adverse hinpacts on water
suppliea. The issue is the ubility to
mitigale or compensule lor adverse
impacts, nol the potential for their
occurrence. The DOE expenta that,
where water la acorce, thore will be
conlrols on ite use. Where water usage
ia controlied by sdministralive means
olher than water righls per se, the DOR
will consider the acquisition of water
through such other administrative
vonlrols 1o be equivalent to the
acquisition of water rights, Producing
aquifers are protected through the
syatem guldeline on environmental
quality and the technical guideline on
sociceconomics.

One commenter wus concerned that
the perceived risk of a repository might
induce anxlety and atress, causing some
people to leave the ared, and
complained that the issue waa not
addressed In the guidelines.

The DOE recognizes that the riak of
new fechnologies involving hazardous
materials may be percelved to ba
greater by the general public than it is

Ly lechnical experts. However, past
expericnce with other new technologles
auggests that the anxleties of the public
may be alleviated us the technology is
seen to be effeclive und {ts benefits
hecome more apparent. The overriding
emphasis of the guidelines un public
heulth and salety, as well ue the DOE’s
cammitment to epen communication and
public invelvement throughout the siting
procesn, is Intended to help alloviate
publie conaerns sbout the rlsks of a
rapository. Peccelved risk, however, s
not an appropriate tople for general
repository-siting guldelines: 1t is a
subjeciive condlition that cunnot be
luirly compured among sites.

The DOF recognizes that the possible
impucta of rapid, large-acale growth in
sparsely populated rure) arens are
legitimate concerns in siting & major
Facility. Therefore, the sociceconomics
guideline has been revised 10 more
clearly indicate that the existing
socioeconotnic base (population, labor
force, infrastructure, services, elc.) will
be expliclily considered in sits selection,
The final guideline on soclosconomics
includes a gualifying condlition, & aet of
four favorable conditiuns, and a set of
four potentially adverse condilions,
Because of the complexity of
socioeconomic interactions, the
posaibility of mitigation, and the
extensive analysis and planning
required by the Act, the DOE took the.
positien in the guidelines of November
1883 thet socioeconomic impacts do not
represent an absolute disguslifying
condition, )

The qualifying condition in the final
guideline will ensure that any significanl
adverse social or economic impucts will
be addressed: jt will also ensure that the
systiem guideline, whuse objective s to
protect the socloeconomic well-being of
the population, will be met, The
qualifying condition also specifies the
range of sociceconomic conaiderations
that will be addressed in the analysis.

The four favorable condltions in the
final guideline are (1) the ability of an
affected area to absorb project-related
population changes; {2) the availabillty
of an adequate labor force; [3) projected
nel lncreases in empleyment and In
public and private revenues; and (4) the
lick of significent disruption to primary
sectors o?lhe aconomy of the affected
Brea,

The four potentially adverse
condltions are (1) potential for
signiflcant impacts on community
services, housing, and public revenues;
{2) the lack of an adequale labor force;
{3} water-right acqu!sition that would
have potential adverse impacts on the
development of the affected area: and
(4) potential for major disruption to

primary sectars of the economy of the
affer 1 2 wrea. Since these potentiaily
adv.se conditlons could be mitigated in
mar ¢ ~eses, they would not disqualify e
it

' osponse {0 the NRC's preliminary
vor. sronge conditon 7, which
r-gu .3ted additional disqualifying
¢ acitions that are direcled at the
ap0:fle factors lsted in Section 112(s)
of th,  Act, diaqualifying «onditlon
§ 96( . 5~2-6{d) was added o the
guldeline on sociceconomic lmphcts,
This diaqualifying condition la
conceined with potentinl effocts an the
rignis of users of water and proximity to
wrier supplies. Tt wus not included In
ithe November 1883 guidelines because
these factors were implicitly or
exy licitly included in the system
guideline on environmental quality and
the gualifying condition for
sovipeconomic Impacts {Mcompetitlon
for resources such as land, water, and
construction materials”). However, to
accommodite the NRC's request, the
DOF developed an explicit disqualifier.
Although this disgqualifying condltion
could have been included in guideline
§ 9B0.4-2-8-1, Natural Resources, it was
includer here becauae the DOE believes
that the most serlous effecta of &
significan! degradation of major water
sources would be socioeconomice. In
ediling the final guidelines, the
explenatory paragraph that followed the
statement of the qualifying condition
wag delgted because the parameters to
be conslderad are now listed in
Appendix IV,

Section 960.5-2<7 Transportation.
The objective of the transportation
guideline I8 to enaure that proper
congideration is given to the
trungportation of waste to a repository
pite, as it could affect the health and
gufety of the pubtic, the environment,
and the cost of waste dispossl. The
guideline requires the evaluation of
site's proximity to adequate highways
and ruilroads, the charucteristics of
accass routes from existing highwayas
and railroads o the site, the costs and
other impacts of designing and
constructing the access routes, and the
tmpacts of transporting waste over the
access routes. The guideline indirectly
requires the consideration of proximity
to the nources of waste because one of
the favorable condltions is stated in
terme of a comparlson of costs and risks
among aites.

In the proposed guidelinea of February
1943, transportation waa treated as a
subset of population density and
distribution, Many comments on the
proposed guidelines emphasized the
tmportance of tranaportation and the
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need for a separate, mors
comprehensive guideling, Sam
comments raised generic {ssues and
problems that cannat be solve { by the
siting of a repository; such ar 1es are not
appropriate g}r gui?;!incs'tha'i govern
siting. Apparently, the purpose of
ircluding transportation in the siting
guidelines was not clearly undorsteod.

In response to the many reque.ts, the
DOE prepared a separate, maore
somprehensive guldeline on
transportatlon. This guideline is not
intended to gover: the movement of
wasle over the national system of
highwaya and rallroads; regulations of
the NRC {10 CFR Part 71) end the
Department of Transportation (49 CFR
Parts 171-178) govern that part of waste
transportation, The guldeling is intended
to govern only the transportation iasuos
that are important in choosing sites for
characterizatlon and development. The
guideline now makas clear that it la
concerned primarily with site-specific
conditions. It does not sddress the
nationwide transportation of wasle,
beyond the comparstive sssessment of
cosis end risks for the considered sites,

A number of commonts stated that
there are transportation-related factors
that would dlsquaiify a site and called
for specific disquillfying sonditions in
the guideline. The examples citad
included transport over rivers,
watersheds, reservoirs, high bridges,
and {hrough Indian reservations; rail
access routes that are too long;
concentration of routes through
population centers; transport over roules
that do nol comply with DOT
.egulations; and the lack of direct ruil
sccess. Aleo cited were increased risk or
enviropmental impact relative to ather
sites or radiation doses from
iransportation over local highways in
excess of the EPA limit in 40 CFR Part
161,

The DOE does not feel justified in
defining explicit disqualification
thresholds, because transporlation
costs, rieks, and impacts muat be
evaluated In relation {o the repository
sysiem as & whole. None of the
suggested dlsqualifying conditions
wouid make the construction of a
satisfectory repository system so
difficult that a alte should be eliminated
simply because the condiston is prasent,
Consequently, no disqualifying
conditions have baen added to the
transpotiation guideline. Furthermors,
EPA standards cited above are not
appiicable to transportation, nor is it
appropriate for the DOE to includa such
standards in its transporiation exposure
asseagments. However, the maximum
individual exposure along local access

roules is expectod to be & very small
fraction of that due to natural
background radiation.

Some comments cited «s adversy
conditions {1) trangport over briiges

_whose helght above the tervain below

exceeda the conditions of the NRC
hypothetical accident tests or {2] local
highways and railrcads that are in poor
condition, These considerations are
included In the revised guicteline under
potentlslly adverse condltions that
would require further evaluation or
possibly mitigation measures.

Several commenta clted
transportatlon-relatsd conditions that
should be considered in siting the
repasitory. Examples are access ta the
site; the feanibility of eccess route
cohatruction, cost and environments)
impacts; visual impacis, alr pojlution,
and noise impacts; udverse weather
conditions; extremaly heavy loada on
reilroads; und the avatlability of air and
water tranaportation modes. Extremely
heavy loading is not Included boecause
the loaded raflroad cars sorving the
ropository will meet standard rallroad
requirements on wheel loading and
spacing and gross loadings.

Two commenters discussed the
assumptions made by the DOE in
previcus transportation asgessments
and pointed out that the current
assumption about the fraction of wasate
transported by rall {80 percent)
contradicts the current practices of
nuclear-reactor freilittes. They also
sug?es!ed that rail access Is & primery
gualifying condition and that the DOE
should use¢ dedicated trains for
transporting waste to the repository.

Various asgumptions about the
fractions of waate tranaported by rall
and truck have been and will continue
to be used by the DOE in asscesing the
risks, costs, and environmental fmpacts
of transporiing waste to a repository. It
is neither necessary nor desirable to fix
on this set of assumptions now; analyses
wili be done to tover a range of
reasonable values. The aciual values
that will pertain 15 to 2¢ years hencs,
when operations begin, are difficult to
predict now. Meny logistic, economic,
and ssrvice factors will be invelved in
the cholce between rall and truck
irenaport, The usa of dedicated trains
has been studied by the Interatate
Commerce Commission. Whether they
will be used fa atill under consideration,
but is not an tssus for slting guidelines
to gpecify.

One commonter cited the cost of
scecess-rouie construction as a malor
factor and suggested that a limit be
placed on transportation-related costs in
terms of & maximum percentage of the.

iotal disposal cost; exceeding this value
would disqualify the slte. The DOE does
't sgree that any minimum level of
traneportation-related cost alone should
disqualify & site, because such costa
may be offset by other site-apecifie
factors, including the cosia of the
copository itself, Transportation-related
costs, Including access-route
sonstruction, will be included in the
iotal system cost [or comparison with.
the costs of other siting optiona,

One commenter stated that the
quideline dues not offer an adequate
mothod for comparing transportation
costs and risks and the DOE must
develop such methods for accurately
maeking such comparisons among siting
options. The comment goes on to say
that specific crigin-and-destingtion
pairs, specific routes, and rownte-specific
data on population density, accident
rates, travol restrictions, and the site
should be considersd.

‘The DOE contends that gurrent
methods and analytical tools are
adequate, but is nevertheless continuing
to make improvements in them. General
guidelines for siting purposes are, in any
case, not an appropriate place to require
the development of improved methods,

A number of comments emphasized
the importance of waste-shipment
routing and the population density along
such routes. This is largely a genaric
lssue, inappropriate for siting guldelines,
that the Department of Transportation
{DOT) has addressed in its recent final
rule {49 CFR 177.625). The DOT has
defined preferred routes but given to the
States the opportunity to identify and
gnalyze alternatlve routes, In
accordance with DOT guidelines, and
designate such routes that they may
deem necessary to accommodate local
conditions. This may Include routes In
the vicinity of the repository if
considered necessary by State officials.
Thus, no specific treatment of this
subject appears in the guidelines.

Several comments requested grealor
emphasts on the proximity of
repositories to waste squrces for both
the first and subsequen! repositories. A
favoreble condition in the transportation
guidsllne requires the evaluation and
comparison of total life-cycle waste-
trangportation costs and rigks for each
giting option, The guideline on
tegionality (§ $60.3-1-3) requires
conaideration of the proximity of the
second reposltory to locations where
radioactive waste is generatad or

-temporarily stored.

A number of commente addressed
such generic lsaties as the role of the
Staies in regulating the transportation of
nuclear materials, the adequacy of
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shipping caska, the applicability of
apecific EPA standards, and defense-
wiste shipments o 8 commercigl
repository. In the opinion of the DO,
these comments did not address is. ues
thal would allow differentlation a ueng
propused sites, singe the same
conditions exist for the various siting
options. In addition, many of these
comments raised lssura that are cither
not related to the guidelines or are
coverad upder other applicabls Fadeial
regulations that are the rosprngibility of
other Federal agencios. Consaquuntly,
these commenta are not reflected in the
finsl guidelines,

in editing the final guidelines, Lthe
atatement of the gualifying condlitien
| § 980.5-2-7{a)} was revised by
simplifying the phrase “radiologict] or
non-radiological risk to the public health
und safety” to “risk 1o the public” and
by inperling the phrase "taking into
account progremmaltic, lechnical, aoclal,
sconomig, and envirenmental fuctors.”

Luse and Cost of Siting, Constmection,
Operation, and Closure

Seclion 960.5-2-8 Surface
Characteristica, The prociosure
guideline on surface charucieristics ip
concerned with conditions tha! are
impurtant to the ease and cos! of siting,
constructing, operating. und closing a
repository. In sites that ere prone to
pertodic flooding, are located In a
rugged terrain, or have other adverse
surface features, speclal measores may
be necessary for repository construction,
oparnition, and closure. The cost of
repository consiruction, operation, and
closure could rise to prohibitive levels if
& large number of special measures
were necessary for these phases.
However, other features of the site—
those that would significantly enhance
waste {aplation—could be more
important than the higher costs
associated with adverse surface
churacteristics.

Four commenters expressed concern
about repesitory flooding through the
possible {ailure of shafts, shaft linera,
seals, or uther engineered components
of the repository: they suggested that
such fallures be added to the frat
potentally adverse condition in the
alternative guldeline, which dealt
specifically with flooding
{§ 960.5.2.8(b){1}). The DOE agrees with
thie suggestion becauae the flooding of
surface or subsurface facilities could
endanger the safety of personnel and
interrupt repository operations. The
phrase “or the fallure of engineered
eomponents of the repository” was
therefore added to the potentially
adverse condition in the finel guideling.
This phrase was selected because it js a

gengral statement that encompasses all
of the concerns raised by the
commentsr. .

Onas conmenter requastad that the
potentially adverse condition concerned
with flooding be elevated to a
disquslifying condition, The DOE
decided againet this approach because
the exiatence of surface characteristica
with a significant patential for flooding
does not necessarity mean that the
eepository witl be flonded. Simple
enginearing measurss, such as djkes or
harms, could reduce the risk of flooding
to an acceptable love! that would moeet
applicable licenaing requirements. Such
messures have been used for both
nuclear and nonnuclear facilitiea for
Mmany years.

Two commenters pointed oul that {n
some specific instances the favorsble
condition of “ganvrally {lat terrain”
would be unfavorable. Cne [elt that
siow and uniform dralnage in fat aroas
might affect the hydrelogic performance
of the repository; tha other felt that
waste disposal in the side of &8 mountaln
{ubove surrounding Hoodplaine} would
not meet the favoruble condition. After
evaluating these concerns, the DOE still
conlends that a generally flat Yerrain ls a
favorable condition because It
facilitates construction, operation, and
closure; however, a favorabie condition
tha! specifically addresses the disinage
question was added to the fina!
guideline. The second commenter ia
correct in gtating thal a reposilory
tocated in ruggad terrain or in the side of
a mountain may not be able io maet this
favorable condition, but not meeting a
fuvorable condition does not disqualify
a sile, It would, however, indicate the
need for apecial mensures, and hence
poteatial increases in costs durlng
construction, operation, and closure,

Three commenters requested that, in
the alternative guideline, the statement
"complignce with appliceble non-
radiological regulationa”™ be expanded to
include air-quality standards and
radiclogicel requiremants. The DOE
modified the guideline by deiating the
reference to applicable non-radiclogical
reguiations because they are already
generally covered by the finai guideline
on environmental quality {§ §60.5-2-5],
The DOE believes that, {or these general
guidelines, a general treatment of non-
radiological requirements {a more
appropriate than specific examples of
such requirements. Similarly, air quality
standards were already covered by the
firat two potentially adverse conditiens
and the first disqualifying condition of
the alternative guideline on
environmental quality. Preclosure
radiclogical requirements are

spociftcaily addressad in the flrst

pr1 ~losure systern guideline {§ 960.5~
{1 by Invoking the requirements of 10
CF'#t Part 20, 10 CFR Part 80, and
pr1posed 40 CFR Part 191, Subpart A,

Jhres commenters reguested
4. itions to the surface-characterstics
muf eling that are already covered in

her preclosure guidelines—namely,
w1 onnel safety, the atandards the

. -patfonal Safety and Health
Ade-inistration (OSHAY) and the offsile
dispuss! of galt, Personnel sofety and
OSHA requirements are covered by the
preclosurs guldeline on rock
churncteristies (§ 660.5-2-9]. The offsile
disposal of salt 1s covered by the
conslraints imposed under the
preclosure guideline on environmenta]
qu ity {§ 980.5-2-5).

Amang the suggestions for the
aurface-characteristics guideline wag
the additlon of favorable soil
characteristics and conditions. Even
though favorable soil characteristics and
conditions might make consiruction and
site restoration slightly ecaier, the DOE
does not believe that thase features
ghould be aignificant in solecting &
repository site. Two lpsuos raiged in tha
comments on the precicaure guideline
on rock characteristics are not pertinent
to this siting guideline: preclosuré
monjtoring and reliance on engineered
barriers |ses Saction 1A for DO
responses to the enginesred-barrier
issue).

Section 960.5-2~8 HRock
Characteristics. The objective of the
preclosure guidaline on rock
characteristics is to ensure that due
consideration is given to those
characteristics of the host rock that may
affect {1} the sass and cost of repository
construction, cperation. and closure and
{2} the safsty of repoattory workers.

Among those charscteriatics are the

thickness and lateral extent of the host
rock, geomechanical properties that are
favorabla for the maintenance of
underground openings, and conditions
that would allow the construction of
shalts and the underground facility with
reasonably available technology.

Ten commenters wers concerned that
the disqualifying condition in the draft
reviged guideline did not specifically
include the safety requirements of the
Occupational Safety and Health
Admintstration and the Mine Safety and
Health Administration. This concern
arage becauss the proposed
disqialifying condition stated that “the
site shall be disqualified if the
applicable nonradiologlcal safety
requiroments of the DOE could not ba-
met.” To eliminate this concern, the
DO¥ rewrote the dlsqualifying condition
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s Tollows: "The site shall be
disqualified il \he rock characlerislics
wre puch thal the aclivilies assoc vded
witl repusitory construction, ope.atton,
or closure are predicled W cyuse
gignificant risk Lo the health and snfuty
of personnel, luking into sccoun:
miligating measures that wse reasonably
availnble 1cchnology.”

Fiie commenters objected o the
phrase "engineering measures beyond
the slate of the art™ in the second
polentially ndverse condition in the
alternutive guideline. As eaplained in
the discussion of the postelosuro
guideline on rock churacteristics, thia
phrase waa changed 1o “engineering
meaaures beyond reasonably avaitable
echnulogy.”

Four ecomments asked the DOE to
reclassily the potentially adverse
condilions as disqualifying ones. Thig
was not done because, by itself, none of
the potenlialiy andverse conditions are
necessarily uvnucceptable and hence
should not disqualify a site. Thelr
designalion as polentially adverse
cnsures that these conditions will ba
given due considerution. Another
comment suggesied that the converse of
favorable condition 060.5.2.9(a)(1} be
used s @ disgualifying condition. The
converse of this conditton would not be
disqualifying, because, while the
flexibility of designing and locating a
repesitory would be reduced, the ability
of the host rock to contaln a respository
would not be eliminsted,

Three commenters expressed concern
that retrlevability was not adequately
addressed in the alternztive guidelines
and felt that preclosure rock
characteristice were important to
ensuring retrievability. The DOE agreos
thai rock characterislics ars important
lo retrievalitily, but fesls that many
other guidalines are also important in
this regard, However, the retrievabilily
issue ia more pertinent lo repository
design than 1o site seleclion, and, if the
requiremenls of the final guidelines
taken as a whole are met, retrievability
will be ensured. Furthermorae, the DOE is
required by 10 CFR Parl 80 to maintain
retrieval as an option for 50 years if
unforeseen circomatances would requlre
the removal of emplaced wastes.

Amaong the lssues raised in the
comments waz that of thermal effects on
in-gitu stresses. In responsae to this
concern, the DOE added a potentially
adverse condition, § 880.4-2-3(c)(3), to
specifically address thermal effects.

One commenter waa concerned that
the available data might not aliow a
complete analysis of the disqualifier
conlained in the proposed guidelines.
Thie issue is covered by one of the
impliementation guidelines, “Basgis for

Site Bvaluallons' (§ 860,3-1-8§), and
Appendix 11} 1o ke siting guidelines,
which specifies whal type of finding the
DOR is 10 make al major decision points
in the siie-solection process.

Section 960.5-2-10  Hydrology, The
preclusura technicul guideline on
hydrology ta concernced with (1) the
poleniial effecis of ground water on Lhe
consiruction and sealing of shalta and
ather underground openings, inchuling
the reposilory ilsalf; (4) 1he potentiul for
flooding of underground workinga by
surface-wiater; and (3) the availability of
wuter fur repository conatruclion and
operation, Ita objectives are (o ensure
that the geohydrologic selling will (1} be
cempatible with ceposiiory conatiuction,
wperation, and cloaure and (2) not
compramise the funciiona of shafl liners
and geals.

Fleven commenlers oljected to the
ferm “#fate of the art” in the polentially
adverae conditlon of the alternative
guideline. Bame nrgued that the
potentially adverse condition, as writlen
with the "state-of-the-nrt” phrase
included, should be disqualifying.
Others suggested that the phrase should
be replaced by “rensonably availabla
technology" or similer words. The DOE
agrees that “state of the art” Is
inappropriate because it suggesta
technology that may not have heen fully
demoemstrated and tested and
substituted the term "rensenubly
available technology.” which is defined
in § 960.2 of the guidelines.

The presence or abaence of aquifera
within or above the host rock was an
isaue raised by eight commeniers. The
abaence of aquifers between tha host
rock and the land surluce le recognized
aa a favorable conditlen in the
preclosure guideline. Some commenters

-suggested that the presence of aquifers

between tha host rock and the land
surface should be explicitiy stated as a
potantially adverse condition; others
recommended that the absence of
aquifers be a qualilying condition or,
convergely, that the pressnce of aquifers
be a diaqualifying condition. The
presence of aquifers between the host
rock and the land surface must be
carefully cansidered In repository design
and construction, Howsver, many mines
and other underground facilities have
been successfully consirucied below
aquifers, and acceptad and proved-
engineering measures are available to
allow underground construction and
operalion under many types of ground-
water conditiona. That {a not to say that
some ground-water conditions may not
require very costly enginaaring
meagures, or that some ground-water
conditiona may not ba sc severs us to
preclude construction, For thesa

reugons, the DOE did nol stipulute the
aheence or presence of aquifers belween
i > haat rock in the quulifying condition
" ihe preclosure hydrology guidellne,
tatt g potentially adverse canditlon
;uly with nquifers whose presence
~aid ratse sertous quesilons about the

. a4ibility of construction,

“our comments recommended that the
¢i:verse of the favorable condition
p-tuining to the availability of potabto
& 1 construction water be explicitly
st.led as a disqualifying condition; they
believe thui the unavailability of water
for construction and operation should
disqualify a site. The issue lles in the
meaning of the wordp "available” and
“1navailable.,” Water might not be
availuble locally at a aite, but it might be
ivailable from a source some distance
i way. Water mupt be avallable for
rangtruction and operation, and locally
available water would presumably be
lpgs expensive than water obtained from
a more distant aource. Thus in the
preclogure hydrology guideline the DOE
aasumes that water can be made
avuilable and regards ready availability
as & favorable condition.

One commenter suggested the
addition of a potentially ndverse
conditlon pertaining lo a gechydrologic
system that would not allow predictive
modellng before construction. The
rationale for this suggestion la related 1o
the potential for adverse ¢ffecta on the
hydrologic system caused by
construcilon activities. The difficulty of
modeling ls addresged in the postclosure
geohydrology guideline as a potentially
adverse condition, and the DOE believes
it would be redundant to Include a
similar statement in the preclosure
guideline,

In consideration of tha NRC's request,
in preliminary concurrence condition ?,
for additional disqualifying conditions
that address the factors specified in
Section 112{a) of the Act, the DOE
agreed to develap a disqualifier for the
final precloaure guideline on hydrology.
Thia condltion, § 980.5-2-10(d), is
concerned with the need to use
engineering imeasures that are beyond
reascnably available technelogy for
exploratory-shaft-construction or for
repository consiruction, operation, or
closure.

Section 860.5-2-11 Tectonics. The
objective of the preclosure guideline on
tectonlcs i3 to ensure that the selected
gite is in a geologic setting in which any
projected effects of expected tectonic
phenomena or igneous aclivity will be
such that the requirements of system
guideline § 860.5-1(a)(3} can be mat,

Five commenters complained thal no
disqualifying condilions were proposed
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for the preclosure toctoniss guideliae,
Somo recommendud thal the opposh. of
the qualifying condilion should be vend,
white others recommended thai som : of
the potentially edverse condilions t @
chunged to disquaulifying vnes. The JOR
believed that the existence of &
potmtially adverse condition does not
mean thut the sito i disqualified. The
existence of any such condltion wauld
require an understunding of the
condition ta ensure that repository
design and operation could adwquatety
uceommodate Hy effocts, Using the
converse of the qualifying conditions
adds nothing to the guidelines since all
tcoeptable sites must moe! the
requirements of the qualifying
conditions, The guideline was theralore
net changed to refluct thass
recommendalions.

Two commenters felt that the
historicat record of earthquakes should
be based solely on instrument
recordings. This approach would
severely limit the smoumt of historical
data that could be considered because
seismic recording equipment has been
available for & relatively short perfod of
time {20th century). In developing &
historieal record for setemicity, it ia
importan to look as far back into the
recorded past as can be done for g
particular area of the country. While the
DOE agrees that gseismic-instrument
recording should be included in the
histerical record, other historical
records must aiso be used, For this
reason the suggestion was no! accepted,

One commenter recommended that
"men-induced seismicity,” a particular
tectonte phenomenon, be added to the
qualifying condition. The DOE beliaves
that this particular aspect of tectonics ts
no more importan! than the other
aspects and should not be called cut
separately. No change was made,

In response to the NRC's prellminary
concurrence condition 7, the DOE
reevaluated the preciosure guideline on
tectonics and ndded a disqualifying
vondition. This condition is concerned
with the need to use engineering
measures beyond reasonably available
technology to ensure that tectonie
ground motion will not sdversely affect
exploratory-shaft construction or
repository construction, operation, or
closure. Ag shown In Appendix 1] to the
siting guidelines, this disqualifying
condition can be used early in the siting
process {L.e., in the identification of
potentially acceptable sites),
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V1. ompliance With the Mational
Ep gnmantal Pollcy Act {NEPA)

7y :igsuance of these guidelines is &
g <h «inary declsion making activity
p $ient tn Bection 112{e) of the Nuclear
Wt ¢ Policy Act of 19012 and therefore
doss ol require the prepuration of an
enviruoamentsl impact slstement
pursuant {0 Seclion 162{2){C) of NEPA or
any cther environmenia) review under
Section 102(2} (E} or [F) of NEPA,

VIl Regulatory Flexibllity Analysis

The DOE certifies thut thase
guicalines whl not have & significant
economla impact on a aubstantial
number of small entities, since they
merely articutate the proposed
considerations for the Secretury of
Energy's recommendulions to the
President of proposed sites for
repositories. Accordingly, no regulatory
Rexibilily analysis is required under the
Raguiatory Flaxibility Act (6 U.8.C. 601
et seq.)

VIIL. Poparwork Reduction Analysls

Thie rule conlsins no new or amended
recordkeeping, reporting, or applicatlon
requirement, or any other iype of
information collection requirement
subject to the Paperwork Reduction Act
{Pub. L. 98-511). )

IX. Executive Qrder No. 12201

These finel guidelines were reviewed
under Executive Order 12291 (48 FR
13184} The DOE has concluded that the
guidelines are nol & “major rule” under
the Executive Order, because they will
not resuit in {1} un annual effect on the
econromy of $100 million or more; {2) &
major incresse in costs or prices for
consumers, individual industries, and
Federal, State, or locsl government
sgencigs, of geographic regions; or [3)
significant adverse effects on
competition, employmen!, invesiment,
productivity, innovetion, or the ability of
Uniled States-based enterprises to
compete with foreign-based enterprises
in domestic or export markets, Pursuant
to Section 3{c}{3) of the Execytive Order,
the final guidelines were submilted to
the Director of the Oifice of
Menagement and Budget for 8 10-day
review. The Director has concluded hia
review and had ne comment!s,

List of Subjecia in 20 CFR Part 960

Environmental protection, Geologic
repositories, Nuclear energy, Nuclear
maierials, Rediation protection, Waate
disposal.
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{The Atomic Energy Act of 1954, 32 amended
142 U.8.C. 2011 et s64.); Energy
Reorganizntion Act of 1974 {42 U.5.2, 5001 &f
seq.). Department of Encrgy Crrguniralion Act
of 1977 {42 U.K5.C. 7101 &f seq. b Nui'gar
Waste Policy Act of 1082 {Pulb. L. +7-425, 98
Stut. 2201)}

For the reasons sel oyl 'n the
preamble, Chapter Il of Title 10 of the
Code of Fedesal Regululions is amended
ay follows:

lssued al Wishington, .C.. November 30,
1904,

Donald PFaul Hodel,
Secretary of Energy.

Part 960 {s udded to 10 CFR Chapter
[II ta read as follows:

PART 860—GENERAL GUIDELINES
FOR THE RECOMMENDATION OF
SITES FOR NUCLEAR WASTE
REPOSITORIES

Subpart A—-Genersi Provisions

Buc,
9601 Applicability,
060.2  Definitions.

Subpart B—Ilmplementation Guidelines

060.1 Imiplementation yuidelines.

980.3-1 Siting provisions,

060.3-1-1 Diversity of geohydrologic
sellinga,

980.3-1-2  Divaraily of rock typus.

004.3-1-3  Regionality.

900.3-14 Evidence of siting decisions.

960.3-1-4-1 Site idenlification as potentlally
acceplable.

960.3-1-4-2  Sile nemination for
churocterization,

860.3-1-4-3  S8ite recommendution for
churuclerizalion.

900.3-1-4-4  Sila recommendation for
reposiiory development.

960.3-1-5 Basis for site evaluations,

9650.3-2  Siting procaess,

6680.3-2-1 Sile servaning for potentislly
accoptable sitos.

960.1-2-2 Nomination of sites us suiluble for
charnclerizulion, .

960.3-2-2-1 Ewvaluation of all poientially
acceplatle sites,

980.3-2-3-2  Selection of sites within
geohydrologic settings.

000.3-2-2-3 Comparative eveluation of all
sitea propased for romination.

980.3-2-2-4 The envirenmenial assossment,

500.3-2~2-6 Formal sile nomination.

500.3-2-3 Recommendation of gitga for
characterization,

860.3-2-4 Recommendation of sites for the
development of repositories,

0960.3~3  Consultation.

600.3-4  Environmenis! impacts.

Subpart C—Postcioaure guidetney

660.4 Pustclosure guidelines.
800.4-1 System guideline.
968.4-2 Technical guidelines.
960.4-2-1  Gevohydrology. .
v80.4-2-2 Geachemiairy,
960.4-2-3 Rock characteristics.
9i30.4-2-4 Climatic changen.
860.4-2-5 Erocuion

Sac,

460.4-2-8  Dissoluiion,

960.4-2-7 Tecionivs.

900.4-2-8 Human interference.

960.4-2-8-1 Nulural resources.

060.4-2-8-2  Sité awnership and controi.

Subpart D—Preclosure Guidelines

980.5 Preciosure guidulines,

960.5-1 System guidelines,

060.5-2 Technicul guidelines.

860.5-2-1 Popululion density and
dielributian.

860.5-2-2 Sile ownership and conlrol.

060.5-2-3 Meteorology.

960.5-24  Offsite inslallslions and
operations.

Environment, Secioeconotnlcs, and

Transporiation

900.5-2-3 Fnvironmental quatily.

980.6-2-6 Sacloaconomle Inpacts.

980.8-2~7 Transporlaiion.

Easa and Coat of Siting, Construction,

Operation snd Closure

060.5-2-8 Suvfuce characiaristice.

960.5-2-0 Rock characleristicd’

B60.5-2-10  Hydrology.

9680.5-2-11 Teclonics.

Appendix I—NRC and EPA Requiramenis for
Postelosure Ropesilary Performance

Appendix H—NRC and EPA Requirements
{or Preclosuse Repository Performence

Appendix il—Application of the Syatem and
Technical Guldelines During the Siting
Procees

Appundix IV—Tynes of lnformation for the
Nomination of Sites as Suitable for
Charagterization

Authorlty: The Atomic Fuergy Act of 1954,

un amended {42 U.5.C. 2011 a! seq.|; Energy

Reorganization Act of 1874 {42 1U.8.C. ¢l s87.);

Dopariment of Energy Organlzation Act of

1877 {42 U.8.C. 7101 ¢t veq. ) Nuclear Waste

Policy Act of 1802 (Pub. L. 87-425, 04 Stal.

2201). . -

Subpart A~General Provisians

§960.1  Applicabliity.

These guidelinea were developed in
accordance with the requirements of
Section 112{a) of the Nuclear Waste
Policy Act of 1982 for use by the
Secretary of Energy in evaluating the
suilabilily of sites for the development
of repositories. The guidelings will be
used for suitability evaluatlons and
determinatiéns made pursuant to
Section 112(b) and any preliminary
guitability determinations required by
Section 114(f). The guidelines set forth in
this Part are intepded to complemant the
requirernanta set forth in tho Act, 10 CFR
Part 80, and 40 CFR Part 181, The DOE
recagnizes NRC jurisdiction for the
resalution of differences between the
guldelinen and 10 CFR Part 60. The
guidelines have recetved the
concurrence of the NRC, The DOE
contemplates revising the guidelines
from time to timeo, as permitted by the
Act, to tuke Into account ravisions made
to the sbove regulations and to

atherwise update the guidelines as

aecedsary. The DOE will pubmit the
rovialong to the NRG and obtain its
suncurrence before {aBuance.

§ 250,2 Daflnitlons.

As used in thla part:

*Accessible environmant” means the
tmoaphere, the land surfoce, surface

ater, oceans, and tha portion of the
L.:haaphere that is outside the controlled
nred.

"Act” meana the Nuclear Waste
lalicy Act of 1962,

“Aclive fnult’ moans a faull along
which thera 1s recurrenl movement,
which is usually Indicated by small,
periodic diagplacements or elsmic
Jetivity.

“Affacted aron" meang either the area
of socioeconomic impact or the area of
environmenta} impact, sach of which
will vary in slze umong potential
repository sites.

“Affected Indian tribe” means gny
Indian tribe (1) within whosa
resgrvation boundaries a repository for
radicactiva waste is proposad to be
lacated or (2) whose lederaliy delined
possessory or usaga rights 1o other lands
outside the resarvalion's boundaries
arising out of congressionally ratified
treaties may be aubgtantially and
adversely affecied by the locating of
such a {acility: Provided That the
Secretary of the Intesior finds, upon lhe
patition of the appropriate governmental
officiala of the tribe, that such effects
are both substantial and adverse to the
triba.

"Affocted Stale” meuns any State that
{1} haa been notifiesd by the DOE in
sccurdance with Section 116(a) of the
Act as containing a potentially
acceplable site; (2) contains a candidate
site for site characterization or
repository development; or 3] containg
a aite selected for repository
development.

“Application” means the act ol
making a finding of compliance or
noncompliunce with the gualifying or
disqualifying conditions specified in the
guidelines of Subparta C and D, in
accordance wilh the types of findings
specified in Appendix 111,

*Aquifer” means a formalion, a group
of formalious, or a part of a formation
that containg sufficient salurated
permcable matecial to yield significant

auantities of water to wells and springs.

"Bucrigr’ meane any material or
structure that pravents or substantially
delays the movement of water or
radlonuclides. )

“Candidate site” means an area,
within a geohydrologic satting, that ia
recommended by the Secretory of
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Energy undsr Section 112 of the Act fur
site characterization, approved by ths
President under Section 112 of the Al
for charactarlzation, or undergoing ni-e
characterization under Section 113 1
the Act.

“Closure” means final backfilling of
the rem.ining open operational areas of
the underground facility and boreholos
after the termination of waste
emplacemant, culmlnating in the sealln
of shafts.

“Confining unit” means a body of
imparmeable or distinctly less
permoable materis! siratigraphlcally
adiacent 1o one or mare ayuifers.

“Centainment” means the
confinement of radioactive waate within
& designated boundary.

“Controlled area” means & surface
location, to be marked by sultable
monumenls, extending horfzontzlly no
more than 10 kilometers in any directien
from tho outer boundary of the
underground fucility, and the underlying
subsurface, which ares has been
comsmitted to use as & geologic
reposiiory and from which incompatible
aciivities would be prohibited before
and after permanent closure.

“Cumulative releases of
radionuclldes” means the totnl number
of curtes of radionuslides entering the
accessible environmen! In any 16,000«
year period, notmalized on the basts of
radlotoxicity In accordance with 40 CFR
Part 181. The peak cumulative release of
radionuciides refers 1o the 10,000-year
period during which any such release
alteins its maximum predicted value,

“Pecommissicnlng” means the
permanent removal from servica of
surfece facilities and components
neceessary for preclosure operations
only. after repository closure, in
accordance with regulatory
requirements snd environmental
policies.

“Determination” means a declsion by
the Secrelary thet 2 site ts sultable for
site characterization for the selection of
& repository site or tha! a site is sultable
for the development of a repository,
consistent with applications of the
guidelines of Subparts CandDin
accordance with the provisions set forth
in Subpart B, .

“Disposal” means the emplacement in
a repository of high-leve] radioactive
waste, spent nuclear fuel, or other highly
radivactive matertal with no foreseeable
intent of recovery, whether or not such
empiacement permits the recovery of
stch waste, and the {solation of such
waste from the accessible environment.

“Disqualifying conditlon” means a
condition that, if present &t a site, would
eliminate tha! site from further
coneideration,

“Disturbed zone” means that portion
of the controlled area, excluding shafls,
whose physical or chemica] properties
are prodicted to change as & result of
underground factity conatruction or
heat generated by the emplaced
radioactive wesle such that the
resultant change of properties could
have a significant eifect on the
preformance of the geclogic repository.

*DOE" means the U.8, Department of
Energy or its duly authorized
reprasentatlves.

“Effective porosity’ means the
amount of intargonnecled pore space
and fracture openings svallable for the
transmissicn of fluids, expressed as the
retio of the valume of interconnected
pores and openings o the volume of
rock.

“Englneered-barrier system” meuns
the manmads components of & disposal
sysiem designed to prevent the release
of radionuctides from the underground
facility or into the geohydrajogic setting.
Such ferm includes the radioactive-
waste Torm, radloactive-waste cantsters,
matsarials placed over and around such
canisters, any other components of the
waste packags, and barribrs used to soal
penetrations in and {nio the
underground facfilty.

“"Environmental assessmont” moans
the document required by Section
112{b}{1)(E) of the Nuclear Waule Pollcy
Act of 1982,

*Environmental Impact slatement”
mesns the document required by Sectlon
102{2){C) of the Naticnel Environmental
Polley Act of 1968, Sections 114(a) and
114(f) of the Nuclear Waste Policy Act
of 1682 include certain limitations on the
National Environmental Polley Act
requlrements as they apply to the
preparation of an environmentel impact
statement for the development of &
répostiory at a characterized site,

“EPA" means the U.S, Environmental
Protection Agency or its duly authorized
reprosentatlves,

“Evaluation” means the act of
carefully examining the characteristics
of a site in relatiou to the reguirements
of the qualifylng or dlsquelifying
conditlona specified in the guldelines of
Subparts C and D. Evaluation includes
the consideralion of favorable and
potentlally advsrse conditions.

“Excepted” means assumed tc be
probable or certain on the basis of
exiating evidence and in the absence of
significant evidence la the contrary.

“Expacted repository performance”
means the mannar in which the
repository is predicted to function,
conslderation those condilions,
processes, and events that are likely to
prevail or may ocour during the time
period of interest.

“Favility” mouns sny aleucture,
syste 1>, or syslem corponent, including
engi- . ored barriers, created by the DOE
to mt repoaitory-performance or
fune {2ouf objectives.

“U " meuns & fracture of a zone of
frar  ves elong which there hus been
diapt- cement of the slde relalive to one
ar o parniiel to the fracture or zone
of ‘rectures.

“F. slting" menns the provess of
fracti -ing and displacement thit
produces a fauit,

“Pavorable condition" mesns a
condition that, though not necessary o
quelify a slte, is presumed, i present, to
enhence confidenae that the quslifying
condition of a particular guideline can
be sl

* inding” means a conclusion that is
reached after evaluation,

»fochydrologlc aetting” means the
system of geohydrologic units that is
located within & given geologic setting.

“Ceohydrologic system" means the
geohydrologic units within a geolagle
setting, including any recharge,
discharge, inlerconnections between
units, and any natural or man-induced
progesses of events that could effect
ground-waler flew within or umong
those unita.

“Geohydrolegic unit” means an
aquifar, a confining unit, or g
combination of aquifers and confining
units comprising a framework for a
reasonably distinct gechydrologic
system,

“Geologlc repoaliory” means a
system, requlring licensing by the NRC,
that is intended te be used, or may be
used, for the diaposal of radicactive
waste in excavated geologic media, A
grologic repository includes (1) the
goologic-repository operations &rea and
{2} the portion of the geologic selting
that provides isolution of the radicuctiv
waste and is located within tha
conirotled arce,

“Geologlc-repository operations area’
means a radioactive-waste facility that
is part of the geclogic repository,
including both surface and subsurface
areas and facilities where waste-
handling sctivities are conducted.

“Geologic setting” means the geologk
hydrologic, and geochemicsl syslems o
the regicn in which a gealogic-repositos
operations urea is or may be located.

"Geomorphic processes” maeans
geologic processes that are reaponsible
for the general configuralion of the
Earih's surface, including the .
development of present landforms and
their relationships to underlying
struciures, and are responsible for the
geclogic changes recorded by these
surfece [eatures.
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"Ground water” means all subsiriuce
waler &8 distinct from surface waler,

“Ground-water flux” means tha rale
of ground-water flow per unit area of
poroua or fractured media mesagura.}
perpendicular to the direction of {1 vw,

*Ground-water sources” means
aquifers that have been or conld he
sconomically and technologically
devaloped as sourcas of water in the
foreseeuble future.

“Ground-water travel time" meany the
lime required for a unit volu~e of
ground wuler to travel between two
lncalions, The truvel time is tha length of
the flow path divided by the velocity,
where velocity is the average ground-
water flux passing through the cross-
sectional area of the geologic medinm
through which flow occura,
perpendicular 1o the flow direction,
divided by the eflective porosity along
the flow path. If discrate eegments of the
flow path have different hydrologlc
properties, the total travel time will be
the aum of the iravel times for each
discrete segment.

"Guldeline” mears a atatement of
policy or procadure that may include,
when aplpropﬁata, gualifying,
disquallfying, favorable, or potentlally
udverse condiiions as specified In the
“guidelines."

"Guidelines"” meana Purt 880 of Title
10 of the Code of Federal Regulations—
General Guidedines for the
Recommendaltion of Sites for Nucleer
Waaste Repositories.

*High-level radloactive wasie™ means
(1} the highly redicactive malerial
revulting from the reprocessing of spenl
nuclear fuel, including liquid waste
produced directly in reprocessing and
any solid materia} derived from such
liquid wasle that conlaina fission
products in sufficient concentrations
and (2) other highly radioactive material
that the NRC, conseistent with exiating
law, determines by rule requires
permanent {solation,

“Highly populated area™ means any
incoporated place [recognized by the
decennial reparta of the U.S. Bureau of
the Census) of 2,500 or mors peracns, or
any census designaeted place {as delined
and delineated by the Bureau} of 2,500
or more perscns, unless {t can be
demonstrated that any auch place has a
lower population density than the mean
value for the continental United States.
Counties or county equivalents, whether
Incorporaled or not, are specifically
excluded form the definition of “place”
as used herein.

“Hoat rock’” means the geologic
mediym In which the waate is emplaced,
specifically the geologic materiala that
directly encompass and ere in close
proximity to the nnderground facility.

“Hydraulic conductivity” means the
volume of wuter that will mova through
a madlum in a unit of time under a unit
hydraulle gradient through a unit aren
measured perpendlcular to the direction
of flow.

“Hydraulic gradient" means a chango
in the static preasura of ground water,
expressed in terms of the height of waler
above a datum, per unlt of diatance in a
given dlrectlon.

“Hydrologlc process™ menna any
hydrologic phenomencn that exhibits a
continuous change in time, whather slow
or rupid.

“Hydrologlc properties” meeny those
properties of a rock that govern the
entrance of water and \he capaclty to
hold, tranemit, and deliver water, such
8 poroaity, effective poroslty, specific
retantion, pormaeability, and the
directions of maximum and minlnum
permeabilitiea.

“lgneocus activity” means the
emplacament {intrusion) of nolten rock
material (magma} into material In the
Earth's crust or the expulgion (extrusion)
of guch material onto the Earth's surface
or Into (ts atmoaphere or surface wauter,

"lyolation” means Inhiblting the
tranaport of radloactive material an that
the amounts and concentrations of this
material entering the acceasible
snvlronment will ba kept within
prescribed timlts,

"Likely" means processing or
displaying the qualities, churacteristia,
or attributes that provide a reasonable
basis for confidence that what [s
expected indeed exiats ur wlill occur.

“Lithoaphere” menns the aolld part of
the Earth, Including any ground water
contained within it.

"Member of the public” meuns any
individusl who is not engnged in
operatians involving tha management,
storage, and dlsposul of radivactive
waate. A worker so enguged is a
member of the public except when on
duty at the gealogle-repository
operations area.

‘Mitigation” means (1] avuiding the
impact altogether by not taking a certain
action or parte of an action; {2)
minimizing tmpacts by limiting the

. degrea or magnitude of the action and

its implementation; (3] rectifying the
impact by repairing, rehabllitnting, or
restoring the affected environment; (4)
reducing or eliminating the impact over
time by preservation and maintenance
operations during the life of the actiorn;
or {3} compenaating for the impact by
replacing or providing subatitufe
resources or environments.

"Model"” means a conceptun!
description and the asseciated
mathematica) representation of
sysiem, subsystem, component, or

condition that is vsed 1o predict changes
[tom a haseline state n3 a functlon of
int..:aal andfor extornal atlmyli and a8 ¢
fur 1 slon of time and space.
A% means the U.8. Nuclear
R+ ulutory Commission or its duly
o nrized IL}Jl(’SLHliIlIVLB
Jerched ground water” means -
m flned ground water separated
¢ en underlylng body of ground
w5« by an unsaturaled zone. lta water
taly -9 a perched water table. Purched
grovsd water ia held up by a perching
bed whose permeability is so low that
wter percalating downward thraugh It
is not uble ta bring water In the
wnderlying unsatursied zono above
utraospheric pressure,

“Perforinance assvasment’” means any
aralysia that predicls the behavior of a
ay slem or sysiem compenent under &
given set of constant and/or transient
conditions, Parformance assessments
will include estimaten of the effects of
uncertainties In date and modeling,

“Permanent :losure” ia synonymous
with “closure.”

"[ostelosure” means the period of
time after the closure of the geologic
repusitory.

“Potentinlly acceptable site” means
any site at which, after geologic studies
and field mapping but before detaiiad
geologic data gathering, the DOE
undertakes preliminary driliing and
geophysical testing for the definition of
nite logation.

*Potentially adverse condilion” meana
a condition thet is presumed to detrac
from expacted aystem performanca, but
{further evaluution, additional data, or
the ideutification of compensating or
mitigating factors mey indicate that its
elfect on the expected aystem
performancs is acceptable.

"Proclopure” means the period of time
Lefore and during the closure of tha
geologic reposilory.

"Pre-waate-emplacement” moans
befora the authorlzation of reposltary
construction by the NRC,

*Cualifying condition” mneans a
condition that must be satisfied for a
sile to he considered scceptable with
respect to a specific guideline.

“"Quatsrhary Period” means the
second period of the Cenozoic Era,
followlng the Terliary, beglnning 2 10 3
willion years ago and extending to the
present.

"Radioactive waats" or "waste”
means high-level radioactive waste and
other radioactive materialty, including
spent nuctear Tuel, that are received for
emplacement in a geologic repository.

"Radioactive-waste facility’” meana a
fucility subject to the Yicensing and
related regulatory authiority of the NRC
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puranant to Sections 202{3) and 202¢": of
the Energy Raordanization Act of 1874
(BB Stal, 1234},

"Radienuclide relardation” meant: the
process or processcs thut cause the “ine
required for 8 given radionuelide L,
move betwoeen two locations to be
gredler than tha ground-water travel
tima, bosnune of physicul and chemical
interactions between the radienuclide
uid lhe geohydrologic unit through
which the redienuclide travels.

“Reasenably uvailable tecl. anlogy™
mueuna technology which exints pnd haa
been demonstrated or fur which the
results of any requisite development,
demaonairation, or confirmatory lesting
efforta befura application will be
available within the required tlme
period.

“Repositery”is synonymous with
“genlogic repository.”

“Reposilory cloaure” is aynonymous
with "closure.”

“Repository conalruction” means all
excavation und mining activities
associaled with the construction of
shulty, shall stutions, rooms, and
necessary openings in the underground
facilily, prepuaratory to radioactive-
waste emplucement, as well as the
conatruclion of necessary surfuce
[acililles, bul excluding site-
characlerization aclivities.

“Repository operation” means all of
the functions at the site lending 1o and
invelving radioaclive-wasie
emplutement in the underground
facility, including recelving,
tranaportation, handling, emplacement,
and, If necessary, retrieval,

“Repository support faclllties” means
sll permanent fucilities constructed in
aupport of site-characterization
activliies and repository construction,
opuration, and closure activities,
including surface structures, utility lines,
roads, railreads, and similar facilitles,
bt excluding the underground fucifity,

“Resiricted arga” meuns any area
access to which is controlled by the
DOF for purposes of protecting
individunla from exposure to radiation
und radioactive materizls before
repository closure, but not including any
arens vacd as resldential guarters,
allthough a separate room or rooms In a
residentinl buflding may be set apart as
u restricted srea.

“Retrieval” means the act of
intentionally removing radioactive
waste before repository cloaure from the
underground location at which the
waste had been previously emplaced for
disposal.

“Saturated zone" means that part of
the Earth's crust beneath the water table
in which all voids, large and small, are

Ideaily filled with wator under pressure
granter than atmospheric.

“Hecrelary” means the Secretary of
Energy.

"Site” means a potentlally acceptuble
sito or a candldate gite, as appropriate,
until such time na the controlled urca
hao been esteblished, at which time the
slie and the controlled ares are the
aame.

“§ite characlerization” means
activities, whether In the laboratory or
in the field, undertaken to establish the
geologic conditiona and the runges of
the paramsters of a candidate slte
reievant to the location uf s repos{iory,
including berings, surface axcnvations,
excavalipns of exploratory shafts,
limited pubsurface lateral excavations
and borlngs, and in situ testing needed
to evelunte the suitability of a candidate
slte for the location of a repository, but
not including preliminary borings and
geophysical testing needed to nssass
whether alte characterization should be
undertaken.

"Siting” means the collection of
expleration, testing, evaluation, and
decision-making activities aesociated
with the process of sile scresning, sile
nomination, site recommendalion, and
site approval for characierization or
repository development.

"Source term” means the kinds and
smounts of radlonuclides that make up
the source of a polential reledss of
redicactivity.

"Spent nuclear fuel” meana fuel that
has been whihdrawn from a nuclear
reactor followling irradiation, the
constituent elements of which have not
been separated by reprocessing

“Surface fucilities” means repoaitory
support facilitles within the restricted
ared.

"Surface water" means any waters on
the surface of the Earth, Including fresh
and sall water, ice, and snow.

"Syslem’ means the geologic setting
at the site, the waate package, end the
reposttory, all acting together 1o contaln
and isolate the wasta.

“System performance” means the
complete behavior of a repository
syetem In rasponse to the conditiona,
processes, and events that may affect {t,

“Tectonic" meuns of, or periaining to,
the forces involved n, or the reaulting
structures or features of, “tectonics.”

"Tectonlcs™ meana the branch of
geology dealing with the broad
archilecture of the ouler part of the
Earth, that is, the regional assembling of
etructural or deformational features and
the study of their mutual relations,
origin, end historical evolution.

"“To the extent practicable” means the
degree to which en intended course of
action is oapsable of belng effected In s

manner that is reasnnable nnd fessible
wilkin a framework of conutraints.

v .derground fucility” means the
unus ground structure and the rock
resg 1.4 for support, including mined
ape ngs and bockfill malerlals, but
¢x. - witng shufis, borehvies, and their
LISV

“{ asnturnled zone” means tho zone
t tiopen the lund surface and the water
Lis + Genorally, water [nthie zone is
und:  less than etmaogpheric prassure,
und same of the voids may contain air
or cthor gases at atmospheric pressura.
Bewath Nooded arens or in perched
wuter hodies, the water pressure locally
muy hir grester thun almespheric,

“Waste furm™ means he radionclive
wusle maiarints and uny encopsulating
or stabilizing matrix,

“Waale putkage” moeuns tho wasle
furm and any conlainers, shiclding,
packing, and other serbent materiale
immediately surrounding an Individual
wasle contuiner,

“Water table” means that surfuce in a
Lody of ground water al which the
wuler pressure is atmogpheric,

Subgpart B—Implamentation Guldefines

§ 860.3 Implementation guldelines.

The guidelines of this Subpart
establish the procedure and basis for
applying the posiclosure and tha
preciosure guidelines of Subparts G and
D, respectively, to evaluationa of the
suitability ol siles for the development
of reposilorius. As may be appropriate
during the siting process, this procedurg
requires consideration of a variuly of
geohydeulogic sollings and rock types,
regionality, and environmenlal impacts
und consullation with affected Slates,
affacted Indinn tribes, and Federal
ugencins,

£980.3-1 Shting pravialons.

The siting provisions establish the .
framework {or the implementation of the
giting process specified in § 000.9-2.
Sections 960.3-1~1 and 960.3-1-2 require
that congideration be given to siles
siluated in different geobydrologic
gettings and diiferent lypes of host rock,
respactively. These diversily guidelines
are inlended to balanue tho pracess of
gile gelection hy requiring consideration
of a variety of geologic conditions and
media, and thereby enhance confidence
in the technical suitability of sites
selected for the development of
repositories. As required by the Act,

§ 960,3-1-1 specifies considerstion of a
regicnal distribution of repusitories after
recommendation of a site for
development of the first repository.
Section 960.3-1-4 describes the evidence
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that 1a required 1o support siting:
declsions. Section 980.3-1-5 estublishes
the basis for sile svaluations sg:inal the
postcloaura and tha preclosure
guldslines of Subparts C and I during
the varlous phases of the alting procesa.

§ 080.3-1-1  Divarsity of gechydraloglc
settings.

Cengiderstion shall be given to a
varlely of geohydrologic setiings in
which sites for the development ¢
reposiories mey be localad. To the
extent practicable, sites rucommended
as candidute sites for characterization
shall be locuted in different
gechydrologic settings.

§ 860.3~1-2 Diversily of rock types.

Considerstion shall be given to a
varlety of geologie madia in which sites
for the development of repositories may
be located. To the exient pragticabla,
and with due constderatlon of candidate
siles characterized previcusly or
approved for such characterlzation if the
circumstancea apply, sites
recommended as candidute sites for
characterization shall have different
types of host rock.

§ 960.3-1-3 Regionality.

In making site recommendations for
repository development after the site for
the first repository has been
recommended, the Sacretary shall give
thuo considerstion to the nead for, und
the advantages of. a reglonal
distributlon In ike siting of subsaquent
reposilories. Such consideration shall
take into account the proximity of sites
to locations mt which waste is generated
or temporarily atored and at which other
repositories have been or are being
developed.,

§ 860.3-1-4 Evidence for siting decisions,

The siting process involves a
sequence of four decisions: The
tdentification of potentinlly acceptable
gites; the nomination of sites as sullable
for characterization; the
recommendalion of sites as candidate
sites for site characterization; and after
the completion of site characterization
and nongeologic data gathering, the
recommendation of a candidate sita for
the development of & repository, Each of
these decisions will ba aupported by the
gvidence spacified below,

g 960.3-1-4-1 Site identHication ss
potentially acceptable.

The evidence for the identification of
g potenlially acceptable site shall bo the
types of irformation specified in
Appendix IV of this part. Such evidence
will be relatively general and less
delailed than tha* required for the
nomination of a site as suitable for

cheracterization. Because tho guthering
of detutled geologin dals will not tuke
place uniil after the recommandation of
a site for characterization, the levels of
information may be relatively greater for
the svaluation of those guidelines in
Subparts € and D that perlaln 1o
surfaco-identifiable factors for such sile.
The sources of information shail jnclude
the literature in the public domain and
the private sector, when availible, and
will be aupplemented I enme inslances
by surface investigations and
conceptual engineering dealgn aludiea
conductod by the DOE. Geologic surface
Investigationa may include the mupping
of identifiable rock masses, ltacture and
Joint charactoriatics, und fault zones,
Other surface investigations will
consider the aquatio and terrestrial
ecology; water rights and uscs;
topography; polential offgite hazards;
nuturel resource concentralions;
national or State protected resources;
oxisting {ransportetion aysisms;
metgorology and climatology:
population densilies, canlers, and
distributions; and general
sociceconomic characteristics.

§960,3~-1-4-2 Site nomination for
characierization.

The evidence required to support the
nomination of a site as sujtuble for
characterlzation shell {nclude the types
of information specified In Appendix IV
of this part and shall be contained or
referenced in the environmental
assesaments {o be prepared in
sccordance with the requirements of the
Act. The source of this information shall
include the literatura and related studics
in the public domain and the privats
aector, when available, and various
meteorological, environmental,
sccioeconomic, and trangportation
etudies conducted by the DOE in the
affected area; exploratory boreholes in
the region of such site, including
lithalogic logging and hydrologic and
geophysical testing of such boreholes,
laboratory testing of core sempies for
the evaluation of geochemical and
engineering rock propertics, and
chemicel anelyses ci waier samples
from such boreholes; surface
inveatigations, including geologic
mapping and geophyaical aurveys, and
compilations of satellilo imagery data: in
situ of laboratery lesting of similar rock
types under expecied repository
conditions; evaluations of nuturs) and
man-made analogs of the repository and
its subayatems, such aa geothermally
active areas, underground excavations,
and case histories of sociceconomic
cycles in areas that have experienced
intermittent large-scsia construgtion and
industrial activities: and extrapolations

of regional data 1o sstimate slle-specilfic
~haracteristics and contlitions. The
«xact iypes and amounts of information
1o he collected within the above
-stagories, inciuding such details as the
cpecific types of hydrologic teats,
:ombinations of geophysical lests, or
~umber of exploratory boreholes, are
drpendent on the site-specific needs for
the application of the guidelinas of

shparts G and D, in accordance with
' proviglons of this Subpart and the
uppiication requirements set forth in
Appendix Il of this part. The evidence
shull also include those technical
evaluations that use the information
specified above and that provide
additionat bases for evaluating the
ability of a slte to meet the qualifying
gonditions of the guidelines of Subparts
C and . In developing the above-
mentioned bases for evaluation, 8s may
be necussary, assumptions that
approximate the churncteristics or
conditions consldered to exist at & gffe,
or expected to exist or occur in the
future, may be used. These assumptions
will be realistic but conservative enough
te undereatimate the potential for a site
1o mee! the qualifying condition of a
guidellne; that ia, the use of such
asaumptiona should not lead 1o an
exaggoration of the ability of & site to
mee! the qualifying condilion.

§ 580.3~1-4-3 Bite recommendation for
characterization.

The evidence required to support the
recommendation of & site as a candidate
site for churacterization shall consist of
the evaluations and data contained or
referenced in the environmental
aseegsment for such slia, unless the
Secretary certifies that such information,
in the absance of additionel preliminary
borings orexcavations, will not be
adegquate 1o ratlsly appliceble
requirements of the Act,

§ 960.3-1-4-4 SHe recommendation for
rqpository development.

The evidence required to suppart the
recommendation of 8 cendidate sile for
the deveiopment of a repository, after
the completion of characterization
aciivitlas at such site, shall consist of
the information specified in Bection
114(a} of the Act for the camprehensive
statement of the basis for such
recommendation and Section 114{f) of
the Act for the environmantal impact
statement. This evidence ehall ba
obtained by the characterization of such
site, according to the requirements
spacilied in Section 113(b] of the Act
and in 10 CFR 60.11, and by nongeclogic
data gethering.
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§ 980.3-1-6 Basis for aite evaluations,

Evaluations of indlvidual sites and
comparisons botween and amo::g silos
shall bs based on the postclosva and
preciosure gutdelines specifiad 1n
Subparis C and D, respectively, Excap!
for screening for potentially aeceptable
sitas as specified in § 080.3-2-1, such
evaluations shall place primary
significance on the postclosure
guidelines and sscondary siguificonce
on the preclosurs guidelir 8, with sach
set of guldelines considered collectively
for sush purposes, Bath the postelosure
snd the preclosure guidelings consist of
& syaiem guideline or guidalines and
corresponding groups of technical
guidelines, The poatcicsure guidelines of
Subpart C contain eight technical
guidelines in one group. The preclosure
guidelines of Subpart D conlain ¢leven
technica] guidelines separated into three
groups that ropresent, in decreasing
arder of importunce, preclosure
rudiological safely; environment,
sociceconomics, and iransportation: and
ease ynd cos! of siting, construstion,
oparation, and closure. The relative
mignificance of any technical guideline to
its correaponding system guideilne ja
site spacific. Theretore, for each
techanical guideline, an eveluation of
complignce with the qualilying
conditicn shall be made in the context
of the collection of system elements and
the evidence related to that guideline,
considering on balance the favorable
conditions and the potentially adverss
condilions identified at a site, Similarly,
for each syatem guldeline, such
evaluation shail be made in the context
of the group of technical guidelines and
thu evidence related lo that system
guidellne. For putposes of
recommending siles for developmiont as
respoaitories, such evidence shall
include analyses of expacled respository
performance to assess the likelihood of
demonstrating compliance with 40 CFR
Part 191 and 10 CFR Part 60, in
dccordance with § 980.4-1. A site shall
be disqualified a? any tlme during the
siting process if the gvidence supports &
finding by the DOE thut a disqualifying
condition exigta or the qualifying
condition of any system or technical
guideline cannot be met. Comparisons
between and among sites shall be based
on the sysiernguidelines, 1o the extent
practicable and in gccordence with the
tevels of relative significance spacified
above for the postcloaure and the
preclosure guidelines. Such compariaons
are intended to allow comparative
evafuations of sites in terma of tha
capabilities of the natural barriers for
waste igolation and to identify innate
deficiensies that could jeopardize

compliance with such requirements, If
the evidencoe for the sitea ts not
adequate 1o suhstantiate such
comparisons, than the comparisons shall
ba based on the groups of technical
guidelines under the postclosure and the
preciosure guidelines, constdering the
lovels of ralative significance
appropriaie to the postelosure and the
precipaure giidelines and the order of
importance approprinte to the
subordinate groups within the
precloaure guidelines, Comparative site
evaluations shell pluce primary
importance on the natural barrlers of the
site. ln such evaluations for the
postclosure guidelines of Subpart C,
engineerad barriers ghall be considered
enly to the extent necessary to obizin
realistic source terms for comparativg
aite eveiuntions based on the senalilvity
of the natura} barrfers to such reallsilc
engineered barriers. For a better
understanding of the potentlal effects of
engineergd barriers on the gverall
performance of the Frepository system,
these comparatlve evaluationsa shall
consider & range of levels In the
performance of the engincered harriers.
That rangs of performance levela shall
vary by at loaat a factor of 10 above and
below the enginecred-barrier
performance requiremonts set forth in 10
CFR 60.113, and the range considered
shall be identical for &l sites compared.
The comparisons shall assume
equivalent engineerad-harrier
performance for all sites compared and
shall be atructured so that enginsared
barriers are not relisd vpon to
compenaate for deficiencies in the
geologic media. Furthermore, engineerad
barriers shell not be nsed to compensale
for an inadequate site; mask the innate
deficiencles of a site; disgutse the
strengths and weaknesses of a site and
the overall system: and mask differsnces
between gites when they are compared.
Site comparisons perfermed o support
the recommendation of sites for the
development of reposiiories in § 960.3-
2-4 ghull evaluate predicted relanges of
radionuclides to the acceasible
environment. For the purposaes of such
comparison, the accesaible environment
shall consist of the atmosphere, the land
surface, any nearby surfare water, and
thoge portions of the lithcsphere that are
sitvated more than 10 kilometers in &
horizontal direction from the outer
boundary of the original location of the
wasts emplacement in the geologle
repository. Releases of different
radicnuelides shall be combined by the
methods specified in Appendix A of 40
CFR Part 191. The comparisons specified
above shall consist of two comparative
evaluations that predict radionuclide

-elesses for 100,000 years after

< xpository clogure and ghall be
aonducted as follows. Firat, the sites
chall be compared by means of
.valuations that emphasize the
resformanse of the natural burrlers at
" site. Second, the sites shall be
wompured by means of evaluations that
~mphasize ths performance of the tolal
. pository system. These second

¢ -alvations shall consider the expected
petformance of the repository system:
be bunad on the expected performance
of wasto packeges and waste forms, in
rzompltance with the requirements of 10
CFR 80,113, and on the expecled
hydrologic end geochemical conditions.
at each site; and take credit for the
sxpected performance of all othar
engineered components of the repository
systam. The comparlaon of {aolation
capability shall be one of the significant
congiderelions in the recommendation
of siles for the development of
repositorigs. The firet of the two
comperatlve evaluations specified in the
preceding paragraph ahall taka
precedence unless the second
comparative evaluation would lead to
substantially different
recorunendations. In the latter case, the
two comparative evsluations shall
recoive comparable consideration. Sites
with predicted isolation capabilities that
differ by less than a faglor of 10, with
similar uncertainiles, may be assumed
to provide equivaient lsolation,

§860.3-2 SHing process.

The siting process bagine with site
acreening for the ldentiflcation of
potentially acceptable sites, This
process was completed for purposes of
the first repository before the enactment
of the Act, and the tdentlfication of such
siles wap made after enactment in
accordunce with the provisions of
ssction 118{a} of tha Aot The screening
process for the identification of
potentiaily acceptable sites for the
second and subsequent repositories
shall be ¢conducied In saccordance with
the requirements specified in § 960.3-2-1
of this Subpart, The nomination of any
site as suitable for characterization shall
follow the process specifled in § 960,3-
2-2, and such nomination shall be
accompanied by an environmental
assassment as specified in section
112{bY1)(E) of the Act. The
recommendation of siles as candidate
sites for characterization and the
recommeneation of a characterized aite
for the development of a repository shall
be accomplished In accordance with the
requirements specified in §$960.3-2-3
and 980.3-2-4, respectively.
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§ 950.3-2-1 Site acreening for poten.tally
acteaptable sitea.

To identify potenlially nvceptabiz
giten for the development of other Juan
the first ripository. the process she.l
Lugin with sile-acraening activitiv that
congider Jargo lund massos thet cuntain
riock focualinna of suitwble depth,
thickness, and iuleral extent and have
structural, hydrologic, and teclonic
faaturas fuvorable for waste
conlainment and isolation. Within thaae
Large land inasses, subsaquer | sitp-
sLreening aclivities shall focug on
suscassively smaller und increesingly
more suiluble land unlts. This process
shali be developed jn consultalion with
{e Stotus thet contain land unite under
congideration, It shall be implemanted in
u sequence uf steps that ficst applics the
applicable disqualifying conditions 1o
eliminale lund units en the butis of the
evidence specified In § 980.9-1-4-1 and
in secordnace wilh the application
requirements set forth In Appendix 111 of
this Part. Aller the disqualifying
cunditions have been apphed, the
favorable and potentially adverse
conditions, as {dentified for each
remaining fand unlt, shall be evaluated.
The presence of lavoreble conditions
shalt favor a given Jand unit, while the
presence of potentially adverse
conditiens shall penalize that land vnit.
Recopnizing that favorable conditions
and potentiaily adverse conditions for
different technical guidelines can exist
1 the same land unit, the DOE shell
seek 1o evaluate the compusite
favorability of each land unit. Land units
thal, i the nggregrate. rxhibit
peleatially adverse conditions shall e
deferred in favor of land units that'
exhibit favorable conditions. Tlie siting
provisiona thal require diversity of
peohydrologic settings and rock types
antd conglderation of regionality, ne
specified in §§ 060.3-1-1, 960.3-1-2, and
0G0.3-1-3, respectively, may be uged to
Mscriminate between lund units and to
- wablish the renge of options in site
«:reening. To tdentify a site as
poteptially scceptable, the evidence
shall suppon a finding that the site is
ot disqualified in accordance with the
application requirements set forth in
Appendix 11 of this Part and shall
support Lite decision by the DOE o
proceed the continued investigation of
the site on the busie of the favorable and
potentially adverse conditions identified
to date. In continuation of the screening
process after auch identification and
before site nomination, the DOE may
defer from further consideration land
unita or polentially acceptable sites or
portions thereof on the basis of
addilional informaiion or by the

application of the siting provisions for
divarsity of geohydrologic settings.
diversily of rock types, snd reglonality
(§4 960,5-1-1, #60.3-1--2, and 860.9-1-3,
reapectively). The deforpal of potentially
accepiable aites will be deacribed in the
environtental assessrients that
accompany the nominalion of at least
fivo sitas as suliuble for
charasterization. In order to idenlify
potentinlly accaptuble sites for the
s¢cond dand subsequent ropositories, the
Socretary shall first identify the State
within which the site ia located In a
dacialon-hasis document ihat describes
the proceas and the congiderations that
led to the identification of such aite and
that hus been issued previously in drafl
for review and comment by such Blate,
Second, when such docunent is [inal,
the Secrelary shall notify the Governor
and the legislature of that State and the
tribal council of any affecled Indian
tribe of the potentially acceptuble site,

§ 960.3-2-2 Nomination of sites an
wultabie for characterization.

From the sites identifled aa potentlally
acceptable, the Secretary shell nominate
at lenst flve siles determined suitable
for site characierization for the selection
of each repository site. For the second
repository, at least three of the altes
shall not have been nominated
previcusly. Any site nominated as
sultable for characterization for the firat
repository, but not recommended as a
candideta site for characierlzation, may
not be nominated as sujtable for
characterization for the second
repository. The nomination of a site as
suitable for characterization shell be
accompanied by an enviroamental
assesgmant ae gpecifled in section
112{b){1}(F) of the Act, Such nomination
shall be based on evaluations In
accordance with the guidelines of this
Part, and the bases and relevant detaila
of those evaluations and of the decision
processes involved therein shall be
contained in the environmental
sasesement for the aite in the manner
specifled In this Subpart. The evidence
required to support such evaluations
and siting dectslons ls specified in
§ 900.5~1-4-2,

§ 980.9-2-2-1 Evnluation of ail potentially
acceptabis sites.

First, In congiderinyg siias for
nominalion, ssch of the potenliaily
accaptable sites ahall be evaluated on
the basis of the disqualifylng conditiona
specified in the technical guidelines of
Subparta C and D, in accordance with
the application requirements set forth in
Appendix Hi of this part. This
evaluation shail support a finding by the
DOE that such sites is not disgualified.

§ 964.3-8-2-2 Belsclion of sites within
geshydrologle settings.

Lagnnd, the giting provisiona requiring
di - . 9’ty of geohydrologic settings. 4e
sp ified (n § 860.3~1-1, ahall be applied
tc ~roup wll potentlally acceplable sitea
az arding te theit geohyidrologic
-et .ags. Third, for those geohydrologic

t1111:gs that contaln more than one
pat -alially accaptable site, the prefercad
gile: .hall be selected on the haaia of a
cum,.arative eveluation of al! potentially
accrpiable sites in that setting. This
evalualion shall consider the
distinguishing charactertatics disployed
by the potentially acceptable sites
within the settlng and the ralated
guidelines from Subparts C and D. That
is, "he appropriate guidelines shall be
selocted primarily on the basia of the
kinds of evidence umong sites for which
distinguishing charactertatics can be
Identified. Such comparative evaluation
shail be made on the basis of the
qualilying conditiona for thosa
guidelines, considering, on balance, the
favorable conditions and polentially
adverse conditions identified at aach
site. Dun congideralion shall also be
given {o the siling provisions specilying
the bagls for site evaluations in § 880.3~
1-5, 10 the exisnt practicable, and
diversity of rock types in § 960.3-1-2. if
the circumstences ao apply. If less than
five geshydrologic sattings are available
for consideration, the above process
shail be used to select two or more
preferrad sites from those settings that
contain more than one potentlally
acceptuble site. as required to obtain the
number of sites to be nominated as
suitable for characterization. For
purposes of the second and subseguent
repositories, due consideration shall
also be glven to the siting provision for
regionality as specified in § 960.3-1-3.
Fourth, each preferred site within a
geohydrologie setling shall be avaluated
88 {0 whethoer such site is suitabie for
the develapment of a repusitory under
the gualifying condition of each™ -
guideling specified in Bubparts C and D
that does not reguire site
charanterization a8 a prerequisite for the
application of such guidelina. The
guidelings considerad appropriate o this
evaluntion have been selecied on the
basis of thelr exclusion under the
definition of eite characterization as
specified in § 860.2. Although the final
application of these guidellnes, in
accordance with the provisions aet forth
in Appendix NI of this Patt, does not
require geologic data trom she-
characterization activities, such
applcation will require additional data
beyond those speclfied in Appendix IV
of this part, which will be obtained
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concurrently with site characterlze ton.
Such guidelinas include those spacifiad
in § 960.4-2-8-2 [Site Owneraliip ni d
Coentrol) of Subpart C; §§ 980.5-1{: ;{1)
and 060.5-1(a)(2) of Subpart D
{preclosure system guidelines for
radiologlcul safety and environmental
quality, sociveconomics, and
transporiation); and §§ 960.5-2-1
through 860.5-2-7 of Subpart D -
(Pepululion Denslly and Dist-tbution,
Site Ownership und Contrel,
Metgorology, Offsite Inatallations and
Operations, Environmental Quality,
Seciceconomic Impacts, and
Transporiotion). This gvaluation shall
congider on balance those favorable
conditions and peteniiaily adverse
conditions identified as such at a
preferred site in relation to the
qualifying condilion of each such
guideline, For each such guideline, this
evaluaticn shall focus on the suitability
of the site for the development of a
repogitery by considering the activities
from the atart of site characterization
through decommissioning and shall
suppoM a finding by the DOE in
accordence with the application
requirememts set furth in Appendix 111 of
this part. Fifth, each proferred slto
within a geohydrologic setting shall be
evalnaled ra to whether such site is
suitable for site characterization under
the qualifying conditions of those
guidellnes specified In Subpars C and D
that require characterization (i.e.,
aubsurface geologlc, hydrolegic, and
geochiemicel dals gathering). Such
guidelines include those specified in
§ 960.4-1(a) (postciosure system
guideline); §§ 880.4-2~1 through 960.4.-2-
8-1 of Subpart C (Gechydrology,
Genchemistry, Rock Characteristics,
Climatic Changes, Frosion, Dissolution,
Tectonics, Human Interferenca, and
Natura Resources); §900.5-1{a)(3)
(preclosure system guldeline for ense
and coat of siting, construciion,
operation, and closure); and, § 980.6-2-8
through 860.5-2~11 of Subpart D (Surface
Characterlstice, Rock Churacleristics,
Hydrology, and Tectanics). This
evaluation shall consider on balanca the
favorable conditions and potentially
udverse conditions identified as such at
a preferred site in relation to the
gualifying conditien of each such
guideline. For each such guideline, this
evalualion ghall focus on the suitability
. of the site for characterization and shall
support a {inding by the BOE in
accordance with the application
requirements get forth in Appendix 11 of
thia part.

§ 980.3-2-2-3 Comparative svalunation of
wil sitey propossd ter nomination,

Sixth for those polentially acceptable
gites to be proposed for nomination, as
determined by the process specified in
§ 980.3-2-2~2, a rensonable compurative
evaluailon of each such site with all
other auch sitea shall be made. For each
aite and for each guideline specifled In
Subparis C and D, the DOE shall
summarize the evaluaflons and findings
specified under § 960.3-2-2-1 and under
the fourth and Hfth provistens of
§ 600,3-2-2-2. Each such summary shall
allow comparisons to be made among
sites on this basis of euch guideline.

§ 960,3-2-2-4 The snvircnmantal
asseasment,

To document the Fruce-ss gpecified
above, and {n compliance with section
112(b)(1)(E} of the Act, an environmental
asspasment shall be prepared for cach
aite proposed for nominailon as suitable
for charactorization, Each such
envirenmental assessment shall
describa the deciaion process by which
such aite was proposed for nomination
a8 described in the praceding aix steps
and shall contain or reference the
evidence that supports such process
according to the requirements of

§ 800.3-1~4-2 and Appendix ]V of this
part. As specifled in the Act, each
environmental agsessment ghall include
an evatuation of the sffects of the site-
characterization aclivities at the site on
public health and safety and the
environmant; a discussion of alternative
activitics related fo site characturization
that may be taken to evoid such impact;
and an assessment of the regional and
local impacte of locating a reposliory at
the site. The draft environmantal
asgessment for sach sile proposed for
nominstion as suitable for
characterization shall be made available
by the DOE for public com:ent after the
Secretary hae notified the Governor and
legislature of the Btate in which the site
ia located, and the governing body of the
affacted Indian tribe where such site is
located, of such impending availability,

§ 9€0.3-2-2-5 Formai sita nomination.

After the final environmental
asgessments have been prepared, the
Secretary shall nominate at least flve
sitas that he determinas suitable for site
characterization for the sslection of a
reposttory gite, and, in so doing, he shail
cause to have published in the Federal
Reglster a notice spocifying the sites so
noruinated and announcing the .
availability of the final environmental
agsassments for such sites. This
determination by the Secretary shall be
lased on the final environmental

ugr+pgmients for auch sites, including. in
pa jeular, conslderation of the available
av cence, evaluations, and the resultant
fi, -inga for the gufdelines of Subparts C
ar ) go speciflied under the fourth and
fift pravisions of § 960.3-2-2-2. Before
roriinating a site, the Secretary shail
1.ty the Governor and legislature of
ihe "tate in which the site is located,
and +he governing bady of the affected
Indian iribe whers such site is located,
of such nomination and the basis for
guch nomination.

§960.3-2-0  Recommendation of sites for
characterization.

After the nomination of at leas! five
sites ag suitable for alte cheracterization
for ihe selection of the firat repasitory,
the Secretary shall recommend in
writing to the President not l3ss than

‘three candidate sites for such

characterization. The recommendalion
decision shall be based on the available
geophysical, geologle, geochemical, and
hydrologic data: other information;
associated evaluations and findings
reported in the environtnantal
assessments accompanying the
nominetions; end the congiderations
specified below, unless the Secretary
certifiss that such available dala will
net be adequate lo satisfy applicable
requirements of the Act in the absence
of further preliminary borings or
excavations. On the basis of the
evidencs and in accordance with the
siling provision specifying thesbasts for
site evaluations in § 980.3-1-5, the sites
nominated as suitable for
characterization shall be considered as
to their order of preference as candidate
sites for characterization. Subsequently,
the siting provisiona specifying diversity
of geohydrologic seitings, diversity of
rock types, and, after the first
repository, consideration of reglonality
in §§ 960.3~1-1, 980.3-1-2, and 960.3-1-J,
reapectively, shall be considered to
determine a final order of preference for
the characterization of such sites.
Considering this order of preferenco
together with the available siting
alterniatives specifivd in the Act, the
sites recommended aa candidate sites
for characterization shall offer, on
balance, the most advantageous
combinailon of characteristica and
conditions for the succeaaful
development of repositories at such
gites. The procass for the
recommendation of sites as candidate
sites for characterization for the
selection of any subsequent repoaitory
shall be the same as that specified
above for the firat repository,
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§ 960,3-2-4 Recomimendation of tes for
the developmant of repositories.

After completion of site
characierization und nongeoley ¢ data
gathering activities at the candidate
sites for lhe development of the first
reposilory, or from all of tue
churuclerized silas for the dovalopment
ol sulisequent repositorios, the
candidute siles shall be compared with
each other on the bauls of ihe guldelines
specified In Subparts C and D according
to the siting proviston specifying the
basis for sile evalvations in § 860,3-1-5.
‘This comparison shall lead to a
recommendation by the Secretary o the
Presidenl of a site for the development
ol a repository. Together with nny
recommendation to the President to
approve a glte for the development of a
repnsilory, the Secretary shall make
avniluble 1o the public, and submit to
the Presideat, & comprehanaive
slatement of the baeis of such
recemmenglulion pursuant to the
requirements specified in seclion
134[a}(1) of the Act, including an
cnvironmenlal impact slatemaent
prepared in accordance wilh the .
provisions of sectiona 114(a){1}([}]) and
114({] of the Act. The environmental
impact statement ghall include the
results of the comparative evaluation
specifled shove and a description of the
docision process that resulted in the
selection of the candidate site
recoinmended for the developmaent of
such reposilory.

£9060.3-3 Consultation.

‘Tha DOE shall provide to designated
officiala of the affecied States and to the
governing bodies of any uffecied Indian
Iribe timely and complete information
regurding delerminations or plana made
with respect to the siting, sile
characlerization, design, development,
conslruclion, operation, closure,
decummissicning, licensing, or
regulalion of a repository. Wrilen
responses to written requests for
information from the designated officials
of affected States or affected Indian
tribes will be provided within 30 days
after veceipt of the written requests. In
performing any study of an ares for the
purpose of determining the sultability of
such area for the development of a
vepository, the DOE shall consult and
rocperate with the Governor and the
legialature of an aifected State and the
governing body of an affected Indian
tribe in un eHort {o resolve concerna
reyarding public health and safety,
environmenlal impacts, soci¢agonomic
impacls, und technical aspec!s of the
siling procuss. Alter notifying affected
Stales and uflected Indian tribes that
potentislly acceplable siles have been

identified, or that a site has been
approved for charactorization, the DOE
shall saek to enter into binding written
agreemenis with such alfected States or
affected Indien tribes in accordance
with the requirements of the Act. The
DOE shall also consuit, as apprapriate,
wllh other Federal agencies.

§ 960.3-4 Epviranmentz! Impacts.

Environmental impacts shall be
considared by the DOE throughout the
site characterization, site selection, and
repository development pracess. The
DOE shall mitigate slgniEcam adverse
enviropumenial impacts, to the exten!
practicable, during aite charactarization
and repository construction, operation,
¢losure, and decommissioning.

Subpart C—Poatcliosure Guidsiines

§ 960.4 Postclosurs guldelines.

The guidetines ir this Subpart apeclfy
the factors 1o be coasidered in
ovaluating end comparlng sites on the
baais of expected repository
performance after closure. The
poatclosure guidelines are separated
into 8 syatem guideline und eight
technical guidelines, The system
guideline establishes waste contalnment
ang isolation requlrements that are
besed on NRC and EPA regulations.
These requirements must be met by the
repository aystem, which contains
natural barriers and engineered barriers.
The engineered barriers will be designed
to complerent the natural barriers,
which provide the primary means for
wasta isolatlon,

§060.4-1 System guldeline.

{(a) Qualifying Condition. The geologic
setting at the site ahall allow for the
physical separation of radloactlve waste
from the accessible environment after
closurs in éccordance with the
requirements of 40 CFR Part 161,
Subpsrt B, as implemented by the
provisions of 10 CFR Part 60. The
geologic satting at the site will allow for
the use of engineered barriers lo ensure
compliunce with the requirements of 40
CFR Part 191 and 10 CFR Part 80 {see
Appendix | of this Part).

§ 960.4-2 Technica! guldelines.

The technical guidelines in this
Subpart set forth qualifying, favorable,
potentially adverse, and, in five
guidelines, disqualifying conditions on
the characteristics, processes, and
eventa that may influence the |
performance of a repository syatem after
closure. The favorable conditions and
the potentially adverse conditions under
each guideline are not listed in any
aasumed order of importance,

% sentlally adverse conditions will be
¢ snsiderad if they affect waste isolation
within the controlled area aven though
tach conditions mey cccur outside the
-ontrolled area. The technical guidelines
hat [ollow establish conditions that
hgll be considerad in determining
wompliance with the qualifying
+anditlon of the postclosure syslem
, tideline. For gach technical guideline,
£ evaluation of qualification or
disqualification sliall ba made In
accordance with the requirements
vpecified in Subpart B,

{960.4-2-1 Geohydrology.

(a) Qualifying Condition. The present
and expiected geahydrologic setting of o
site shail be compatible with waate
containment and isolation. The
gechydrologlc eatting, considering the
characteristics of and the processes
opurating within the geologic setting,
shall permit compliance with (1) the
requirements apecified in § 960.4-1 for
radionuclide releases to the accessible
environment and (2] the reguirements
epecified in 10 CFR 60.113 for
radionuclide releases from the
englneered-barriar system using
reasonably available technology.

(b} Favorable Conditions. (1) Bite
conditions such that the pre-waste-
emplacement ground-waler travel time
unlong any path of likely radionuclide
trave] from the disturbed zone to the
accesaible environment would be more
than 10,000 yeurs.

(2) The natuzs and rates of hydrologic
processes operating within the geologic
petting during the Quaternary Perlod
would, tf continued into the future, not
affect or would favorably affect the
abiltty of the geologic repository to
Isolate the waste durlng the next 100,000
years,

{3} Sttes that have stratigraphic,
stryctural, and hydrofegic features such
that the geohydrolegic system can be
readily characterized and modeled with
rezsonable certainty.

{4) For disposal in the saturated zone,
at least one of the follawing pre-waste-
emplacement condltions existe:.

{i} A host rock and immediately
sutrounding geohydrologic unita with
low hydraulic condugtivities.

(i) A downward or predominantly
hurizantal-hydraulic gradient in the host
rock and in the immediately surrounding
gechydrolagic unils.

{iii} A low hydraulic gradient in and
between the hos! rock and the
immediately surrounding geohydrologic
units.

{iv} High effective poresity together
with low hydraulic conductivity in rock
units along paths of likely radionuclide
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travel hatweeh the host rock and ) »
aceassible anvironment.

(5} For diaposul in the unsaturaied
zone, 8t least one of the lollowing ure-
waste-emplacemen conditions e 'sts:

{1} A low and nearly constant J :gree
of saturation tu the host rock and in the
immediately surrounding geehydrologic
units,

[i) A water tably sufficiently below
the underground facility such thut the
fully satursted voids conlinuons wilh
the water table do not enco.nter the
hust rock.

(i) A gechydrologic unit ebove the
hust rock that would diverl the
downward infiltration of water beyond
the Himits of the emplaced wante

(iv] A host rock that provides for free
dramage,

{vi A climatic regime in which the
averuge annual historical procipitation
18 a small frnctlon of the average annusl
potential evapotranapliration.

Noto—The DOE wiil in accordunce with
the general principles set forth in § 866.1 of
these regulations, revise the guidelines &s
necessnry, 1o ensure conzistency with the
final NRC ragulations on tho unsaturated
zoni, which wery published us 2 proposed
rule on Fetwuary 18, 1084, in 48 FR 5044,

{¢) Potantially Adversn Conditions, (1)
txpected changos in yeohydrologie
vonditions—such ga changes in the
hydraulic gradient, the hydraulic
conductivity, the effective porosity, and
the ground-water flux through the host
rock and the surrounding geohydrologic
units—suflicien! o stynificanlly
incrense the transport of radionuclides
to the aceessible environment as
comparad with pre-waste-emplacemont
coniditions.

{2] The presence of ground waler
sources, suitable {or crop irrigation or
human consumption without treatment,
#long ground-water flow putha from the
host rock o the accessible environment.

{3} The presance in the geologic
setling of stratigraphic of atructnral
fantures-—auch us dikes, silla, faults,
shear rones, folds, dissolution effects, or
brine pockets—if their pressnce could
significantly contribute o the difficulty
of characterizing or modeling the
gechydrologic system.

(d) Disqualifying Condition. A s'te
shell be disqualified if the pre-wasta-
emplacemsn! gronnd-water travel {ime
from the disturbed zone to the
sceessible environment is expectad to
be leas than 1.000 years glong any
pathway of likely end significant
radionuclide travel.

§980.4-2-2 Geochemistry.
{a) Qualifying Condition. The present

and expested gecchemical
characteristios of & site shall be

computible with wasto contginment and
isolntion. Conaidering the likely
chemical intaractions among
radionuclides, the host rock. and the
ground witar, the charactarialics of and
the prooesses aperating within the
geologin setting shafl parmit complisnce
with {1} the requirements specifled in

§ 960.4-1 for radionuclide relosses 1o the
uccesaible environmen?! and {2) the
requirements specified in 10 CIFR 00,113
for radionuclide releases from the
engineered-barrier aystem using
ressonably available technology.

[0} Faverable Conditions. {13 The
noture and rates of the gecchemlcal
proceases opereling wiﬁzfn the geologic
setting during the Quaternary Period
would, If continued into the Ix:turn. nof.
affuct or wauld favorably affect the
ability of the geologic repository to
isotato the waste during the nexXt 100,000
yeurs.

{2} Geochemical conditions that
promote the pracipitation, diffusion into
the rock matrix, or sorpton of
redionuclides; inhiblt the formation of
particuiales, colloids, inorganic
tomplexas, or organic complaxes that
increase the mobilily of radionuclides;
or inhibit the tranaport of radienucfides
by particulates, coiloids, or complexes.

{3) Minera! assemblages thal, when
subjocted to expected repository
conditions, would remain uneltered or
would altar to minsra] assamblages with
equel or increased capability to retard
radionuclide transport.

{4} A combination af expected
goochemical conditions end s
volumetric flow rate of water in the hos!
rock that would allow less than 0.001
percent per year of the total
radicnuciide inventory in the repostiory
#t 1,000 yoars to be dissalved.

(5] Any combination of geochamica!
und physical reterdation procesaos that
would decrense the predicted peak
cumuletive releuasea of radionuclides to
the sceessible environment by & factor
of 10 as compered to those predicted on
the busis of ground-wates travel time
without such retardation.

() Potantially Adverse Conditions. (1}
Ground-water conditions in the host
rock thet could affect the solubility or
the cheinicul reactivity of the
engineered-barrier system to the extent
that the expected repository
performance could be compromised.

(2} Geachemical processes or
conditions that could reduce the
sorption of radionuciides or degrade the
rack sirength.

{9} Pre-waste-emplacement ground-
water conditions in the host rock that
are chemically oxidizing.

§980.4-2+3 Rnok characterisiics.

) Quedifving condition. The present
ar aspecied charncterietics of the host
vt -k oond surrounding unita shall be
¢ nuble of accommodaiing the thermal,
¢ mical, mechanicsl, and redistion
£ onses expected to be induced by
¢, Jaitory construction, operation, and

louare and by expected interactiong
.0 ung the wuatg, host rock, ground
we on. and engineered components. The
checacieristics of and the processes
operaling within the goologic selling
ghwll purmit complinnce with (1) the
requirements spectfied in § 980.4-1 for
racionuclide relegues 1o the aceessible
etvironmaont and {2] the requirements
set forth in 10 GFR 60.113 {or
radiunuclide releases from the
engineered-barrier systom uslng
reasonably avallsble technology.

b} Favorable Conditivns, {1 A host
rock that is pufficiently thick ond
laterally extensive lo allow significant
flexibility in selecting the depth,
configuration, and loration of the
underground Jacility to anaure isclution,

{2} A host rock with g high thermal
conductivity, a tow cosffivient of
thermatl expansion, or sufficient ductility
to seal fractures induced by reposttory
consiruction, operation, or ciosure or by
intergctions among the wasle, host rock.
ground water, gnd engineered
compaonants.

{c) Potantially Adverse Conditions. (3}
Ruck vonditions that could requira
engineering mersures beyond
reusonably gvailable technology for the
construction, operation, snd closure of
the repository, if such measures are
pecessary to ansure waste contalnment
or isclution.

{2) Potantia!l for such phenumena as
thermally induced fractures, the
hydration or dehydration of mineral
components, brinte migration, or other
physical. chemical, or radiatlon-retated
phenomena that could be expected to
gffect waste containment or isolation.

{3} A combination of geologic
structure, gsochemicel and thermal
pruperties, and hydrologic conditions in
the host rock and surrcunding units such
thet the heu! genersted by the waste
coutd significantly dacreaae the
tsolation provided by the host rock as
compered with pre-waste-cmplacemsnt
condittons.

§ 980.4~2~4 Cllmatic changes.

{a} Qualifying Condition. The site
shall be located where futore-cltmatic
conditions will not be likely to lead to
redionuclide releases greater than those
allowabie under the requirements
specified in § 980421, In predicting the
likely future olimatic conditions at & site.
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the DOE will conaider the globz .,
regional, and site climatic patte s
during the Quaternary Period,
considering the gesmorphic evi-lence of
the climslic conditions in the 4 ologle
setling,

{b) Favorable Conditions. (1} A
surfuce-waler aystem such thal expected
cli.natic cycles over the next 100,000
years would not adversely affect waste
isolation,

(2) A geologic seiting In which

-climatic changes have he.d litile effect
on the hydrologlc ayatem throughout the
Quaternary Period

{c) Potentially Adverse Conditions. (1)
Evidence thal the water table could rise
sufficiently over the next 10,000 years to
sulurate the underground facility tn 6
previously unaatusated host rock,

{2} Evidence tha! climatic changen
vver the next 10,600 yeara could cause
perturbations tn the hydraulic gradient,
the hydraulic conductivity, the effective
poroslty, or the ground-water flux
through the host rock and the
surrounding gevhydrologic unlis,
sufficient to significantly Increase the
iransport of radionuclldes o the
actessible environment,

§ 960.4-3-8 Erosion.

{u) Qualifying Condition, Tha site
shall allow the underground facility to
be pluced ai a depth such that erosional
processes acting upon the surface wily
not be likely te lead to radtonuclide
releases grealer than those allowabls
under the requirements specified in
$ 860.4-1. In pradicting the likelihood of
polentially distuptive eroslonal
processes, the DOE will coneider the
climatic, tectonic, end geomarphic
evidence of rates and patterns of .
ercsion in the geologic setting during the
Quaternary Pariod.

(b} Faverabie Conditions. (1) Bite
conditions that permit the emplacement
of waste at a depth of at least 300 -
metors below tha directly overlying
ground surfucs.

(2) A goologic setting whore the nature
and rales of the erosional processes that
have been operating during the
Quaternary Period are predicted to have
less than one chance in 10,000 over the
next 10,000 years of leading to releases
of radiennclides to the accessible
environment.

(3) Site conditions such that waste
exhumation would not be expected to
oceur during the first one million years
&fler repository closure.

(c) Potentivlly Adverse Conditions. (1)
A geologic setting that shows evidence
of exireme srosion duting the
Quatermary Periad,

(2) A geologic seiting where the nature
and rates of geomorphic processes that

have been operating during the
Quuternary Perlod could, during the first
10,000 yenrs after closure, adverseaiy
affect the abillty of the geologic
repoaitory to isolate the wapte,

(d} Disqualifying Condition, The site
shall be disgualified If site conditions do
not allow all portions of the
underground faotlity to be situaled at
least 200 meters below the directly
overlying ground surface,

§960.4-2-¢ Dissolution,

(a) Qualifying Condition. The site
shall be located such that any
subsurface rock dissolution will not ba
likely to lead to redionuclide relcases
greater than those allowable undsr the
requirements apecified in § 860.4-1. In
predlcting the likelihood of dlssolution
within the geologic setting at! a site, the
DOE will conslder the ovidance of
dissolution within that setting during the
Quaternary Period, including the
locatlons and characteristics of
dlesolution fronts ar other dissolution
features, if [dantified.

{b) Faverable Condition. No evidence
that the host rock within the site was
subject to eignificant dissolution durlng
the Quaternary Period.

(€) Potentiaily Adverse Condition,
Evidence of dissolution within the
gealogic setting—such as brecciy pipes,
dissolution cavities, signiflcant
volumetric redustion of the host rock or
surrounding strata. or any structurat
collapse—nsuch that a hydraulic
interconnection leading to u loas of
wasle Isolation could occur.

(d) Disqualifying Condition. The aite
shall be disgualified if it ia likely that,
during the firet 10,000 years after
closure, active disgolution, as predicted
on tha basis of the geologic racord,
would result in a loss of waste isolation.

§ 960.4~3-7 Tectonice.

(n) Qualifying Condition, Tha aite
shall be located in a geologlc setting
where future tectonle processea or
svants will not be likely to lead to
radionuclide releases greater than those
allowable under the requirements
specified in § 860.4-1. In predicting the
likelihood of potentially disruptive
tectonic processes or avents, the DOE
will constder the structural,
stratigraphic, goophysical, and selsmic
evidence for the nature and rates of
tectonic procesases and events in the
geologic setting durlng the Quaternary
Period.

{b) Faverable Condition. The nature
and rates of Ignaous activity and
tectonic processes (such as uplifi,
subsidence, faulting, or folding), if any,
operating within the geologle setting
during the Quaternary Period would, if

continued intn the future, have less than
:ne chance in 10,000 over the first 10,000
 ears after closure of leading to relesscs
2f radlonuclides to the accessible
anvirenment.

ic) Potentially Adverse Conditions. (1)
Svldence of active folding, aulting,
Hapirism, uplift, subsidence, or other
icctonic procesaed or igneous activity
within the geologic setting during the

Juaternary Period.

{2) Histarlcal enrthquukes within the
geuvlogic satting of auch magnitude and
intensity that, if they recurred, could
affect wuste containment or lsolation.

{2} Indications, based on correlations
of earthquakea with tectonic processes
and featuros, that sither the frequensy of
occurrence ot the magnitude of
earthquakes within the geologic setiing
may increase.

(4) More-frequenl vecurrences of
earthquakes ar eapthquakes of higher
magnitude than are representative of the
region [n which the geologlc setling 1s
locatad.

{8) Potential for nalura)l phenomena
such aa landalidea, subsidence, or
volcanic activity of such megnitudes
that they could create lurge-scale
surface-water impoundments that could
change the reglonal ground-water flow
system,

(6) Potential for tectonic
deformationa—auch as uplift,
subsidence, folding, or faulting—that
could adversely affect the ragional
ground-waler flow system.

(d) Risqualifying Condition. A sile
shall be disquuiified if, based on the
geologic racord during the Quaternary
Pertod, the nature and rates of fault
movement or othar ground motion are
expected to be nuch thot o' losa of waste
tsolation is likely to oceur,

§ 080.4-2-8 Human Interfarence.

The site shall be located such that
activities by fulure generations &t or
near the sité will not be likely to affect
waste containment and isolation. In
assessing the likelihvod of such
activities, the DOE will consider the
estimated effectiveness of the
permanent markera and records
required by 10 CFR Part 60, taking into
account site-specifle factors, as atated in
$§ 960.4-2-8~1 and D60.4~2-8-2, that
cauld compromise their continuad
effectivenass.

§ 960.4-2-8-1  Natural resource.

(a} Qualifying Condition. This site
shall be located such that—considering
permanent markers and records and
reasonable projections of value,
acarcity, and technology—the natoral
resources, Including ground water
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suitable far crop irrigation or humay
consumption withou! treatment, pr 'ent
a1 or near the site will not be likely o
give rise to interference aclivities that
would lead to radienuclide raleaag:
greater than those allowsble undé: the
requirements apecified in § 800.4-1.

ib} Favorable Conditiens, {1) Nu
known natural resources that have or
are projected to have ln the foraseeable
future a value great enough fo he
considered a commarcially extragtable
reaource. .

{2} Ground water with 10,000 purts per
milliun or more of tota! dissclved solids
nlong uny path of likely radlonuclide
travel from the host rock to the
accassible environment. .

(c} Potentially Adverse Condltious, (1)
Indications that the site contains
naturally ccourring materials, whether
or not actually identified in such form
that {i} economic extraction ia
potentially feasible during the
foresesable future or (1) such materials
huve a greater gross value, net valus, or
zommercial potential than the averags
for other arees of similar size that are
representative of, and located in, the
geclogic setting,

{2} Evidence of subsurface mining or
extraction for rescurces within the site if
it could affect weste containment or
isclation.

(3} Evidence of drilling within the site
for any purpose other than repositoyy-
site evaluation to & depth suffictent {0
affect waste containment and faolation.

{4} Evidenca of a signiflcant
concentration of any nuturally occurring
meterial that {8 not widely available
from other sources. )

(53 Potantial for forevecable human
acltivities—such as gfound-wuler
withdrawal, extensive Irrigation,
subsurface injection of fluids,
underground pumped storage, milltary
actjvities, or the construction of large-
scale surface-water impoundmente—
that could edversely change portions of
the ground-watar flow eystem important
to waste iaolation.

(d} Disquelifying Condiiions. A site
shatl be disqualified if—

{1) Previous exploration, mining, or
extraction activities for rescurces of
commercial importance at the site have
crealed significant pathways between
the projected underground facility and
the acoessible environment; or

{2) Ongoing or likely future activities
to recover presently valuable natural
mineral resources outside the controiied
arga would be expected to lead to an
inadverient loss of waste isolation.

§ 900.4-2-8-2 Blte ownership and control.
{a} Qualifying Condition. The site
shall be located on land for which tha

DOE cun obtain, in accordance with the
requirements of 10 CFR Pert 60,
ownership, surface gnd subsurface
righta, and conirol of access that ure
requirad in order that potential surface
and subsurfaae sctivities as the site will
not ba likely to {ead 1o radionuclide
relensos greater than those allowable
under the requiramants specified in

§ 000.4-1,

{b} Favorable Condition, Fresent
ownership, and control of land and all
surface and subsurfuce rights by the
DOE.

(e} Potentiolly Adverse Condition,
Projected lend-ownership confilets that
cannot be successfully resolved through
voluntary purchess-sell agresments,
nogdisputed agency-to-agancy trunsfers
of title, or Feders! avndemnation
proceedings.

Subpart D—Preclosure Guidelines

§ 95056 Precioswe guidsiines.

The guidelines in this Subpart apecify
the factors to be considerad in
svaluating and comparing siles on the
basis of expected repository
performunce before closurs, The
preclosure guidelines are separeted into
ihres system guldelines and eleven
technical guidelines.

§ 580.6-1 System guidelines.

(#) Quelifying Conditions—{1)
Proclosure Radivlogical Safety. Any
projected radiological exposures of the
genera! public and any projected
relegses of radicactive materials to
restricted and unrestricted areas during
repository operation and closure shall
meet the applicable safety requirements
set forth in 10 CER Part 20, 10 CFR Part
80, snd 40 CFR 191, Subpar! A (pos
Appendix H of this part}.

(2] Envirorunent, Soeciveconomics, and
Transportation. During repusitory siting,
construction, operation, closure, and
decommissioning the public eng the
environment shall be adequately
protected from the hazards posed by the
disposal of radioactive waste.

(3] Base and Cost of Siting,
Congtruction, Operation, apd Closure.
Repository siting, constructiva,
operation, and closure shall be
demonstrated to be technically feasible
on the basis of reasonably available
technology, and the associated cests
shall be demonsirated to be ressonable
reletive to other available and
comparable siting options.

§980.5~2 Tachnical guideiinse.

The technical guidelines in this
Subpart aet forth qualifying, fuvorable,
potentially adveree, and, in teven
guidelines, disqualifying corditlons for
the characteristics, processes, and

evepls that influsnce the suitability of a
site. . elative to the preslosure systam
gu lines, These conditions are

se} «rated into thrae main groups:

Pre osure radiologics] safely:

en rehmen, sogioeconomics, und

tre sportition; and eese and cost of
:'th 4 constractien, operstion, and

¢ 95 u0 The first group includes

oo litions on pepulution density and
dise hutlon, site ownaership and control,
metsorology, and offsite installations
and oparations. The sccond group

int ludes condijtiona relsted to
gnvironmontal quality and
souipeconomic mpacts in wreas
potuntially affected by & repository and
10 the traneportation of waste o a
repository site. The third group includes
corditions on the surfuce characterislicy
of the site, the charucterisiics of the hosl
rock and suprounding strata, hydrology,
and tectonics, The individual lechnical
guidelines within each group, as well as
the favorable conditions and the
potentially adverse conditiona under
each guideline, ere not listed in any
apsumed order of importance. The
technical guidslines that follow
establish condilions that shall be
considersed in determining compliznce
with the qualifying conditiens of the
preclosure system guidelines. For sach
technical guideline, an evaluation of
qualification or disquelification shall be
made in accordance with the
requiremonts specified in Subpart B,

Preclosure Radiological Safety

§ 960,521 Population Density and
Distribution.

{v) Qualifying Condition. The aite
shall be lopated such that, during
repository operation und closure, (1) the
expected average radlation dose to
members of the public within uny highly
populated srea will not be likely to
exceed & small fraction of the limits
sllowable under the reguirements
specified in § $80.5~1{s]{1}, and {2} the
expected radiation dose to any member
of the public in an unreatricied area will
not be Hkely to exceed the limit
sliowable under the requirements
specified In § 990.5-1{a}{1).

{b) Fovorable Conditions. {1} A low
population density in the genersl region
of the site.

(2} Remoteness of site from highly
populated areas.

{c} Potentially Adverse Conditions. {1)
High residential, seasonal, or daytime
population density within the profected
site boundaries.

2) Proximity of the site 1o highty
populated sreas. or to areas having at
least 1,000 individuals in an area 1 mile
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by 1 mile as defined by the mos: racant
decennlal count of the U.8. census,

{d} Disqualifving Conditiona. A sile
shall be disqualified if—

(1) Any surface facility of a r spository
would be locatod in a highly populated
area; or

(2] Any surface facility of & repository
would be locsted adjacent to an area 1.
mile by 1 mile having a population of not
Jess than 1,000 indlvidualg as
enumerated by the most . scent U.S,
cénaus,; or

(3) The DOF, could not devalop an
emergency preparedness program which
meets the requirements speclfied in DOE
Order 5500.3 {Reactor and Non-Reactor
Facility Emargency Plunning,
Preparedness, and Response Program
for Department of Energy Operations}

_and relnted guides or, when lasuad by
the NRC, In 1t CFR Part 80, Subpart §,
“Emergency Planning Criterfa.”

§ 960.5-2-2 Bite Ownership and Control.

(&) Qualifying Condition, Tha site
shall be located on land for which the
DOE can obtaln, in accordatice with 1he
requirements of 10 CFR 60.121,
ownership, purface and subsurface
rights, and control of access that are
required in order that surface and
subsurfaco activitien during repository
operation and closure will not be likely
to lead te radlonuclide releases to an
unresiricted area greater than those
allowable under the requirements
specified in § 880.5-1(a}{1).

(b) Favorable Candition. Present
ownership and conirel of lend and all
surfuce and subsurface mineral and
water rights by the DOE.

{c) Potentially Adverse Condition.
Projecied land-ownerahip conflicta that
cannot be successfully resclved through
voluniary purchase-sell agraements,
nondiapuied agency-to-agency transfers

-of title, or Federa! condemnation
proceedinga,

§ 80.5-2-3 Meteoroiogy.

{a) Qualifying Condition. The site
shal} be located such that expected
melgorological conditions during
repository operation and closura will not
be likely to lead to radionuclide releases
to an unrentricted area greater than
those allowable under the requirementy
specified in § 960.5-1(a)(1).

(b) Faveruble Condition. Prevailing
meleorological conditlons such that any
radicaclive releages to the atmoaphere
during reposllory operation and closure
would be effectively dispersed, thereby
reducing significanily the likelthood of
unacceplabld exposure to any member
of the public in the vicinity of the
reposgitory.

{c} Potuntially Adverse Conditions. (1)
Prevailing mateorological conditions
such that radicactlve emissions from
reposltory operation of ¢losure could bo
praferentiatly transported toward
localltiea in the vicinity of the repository
with higher population densitios than
ure the average for the region.

(2) History of extreme weathar
phenotnena-—such aa hurricanes,
tornadoes, severe floods, or severe and
fraquent winter storms--that could
significantly affect rupository operation
or closure.

§ 060.5-2+4 Offaite instalinticons and
operstions,

(a} Qualifying Condition, Tha alta
shall be locatmif such that present
projected effects from nearby Industrlal,
tranaporctation, and militery installations
and operalions, including atomic energy
defense activitiea, (1) will not
significantly affact repasitory slting,
construction, operation, closure, or
decommissloning or can be
accommodaied by engineering mensures
and {2}, when considerad together with
amisslons from repositary operation and
closure, will not be likely to lead to
radionuclide releases to an unrestricted
arca greater than those altfowable under
the requirements speciflied in § 260.5-
1a)(1).

{b) Favorable Condition. Absence of
contributing radioactive releases from
other nuclear installations and
operations that muat be consldered
under the requirements of 40 CFR 181,
Subpart A,

[c) Potsntialfy Adverse Condilions. (1)
'The preaenca of nearby potentialty
hazardous installations or operations
that could adversely affzot repository
operation or cluaure.

(2) Presence of other nuclear
installationa and operations, subject to
the requiremente of 40 CFR Part 190 or
40 CFR 191, Subpart A, with actual or
projected releases near the maximum
value permisslble under those
standards.

(&) Disqualifying Cendition. A site
shall be disqualified if atomic energy
defensa activitlea In proximity lo the site
arg expected to conflict lrreconcilably
with repository siting, construction,
operation, cloaurs, or decommissioning.

Envirenment, Soclosconomics, and
Transporiation

§ 960.5-2-6 Environmental quality.

{a} Qua/ifying Conditfon. The site
ahall be located such that (1) the quality
of the envizonment in the affected area
during this and future generations will
be adequately protected during
repository siting, construction,
operation, closure, and

“lecommissioning, and projected
environmental lmpacta in the alfected
wrea can be mitigated 1o an acceptable
‘tepren, laking Inlo account
srogrammatlc, technical, social,
sconom.c, and environmental factors;
and (2 the requiremaents specified In

£ 960,6-2({a)(2) can be met,

(b) Favorable Conditions. (1)
‘wofectad ability 1o meet, within time
.. matralnts, all Fedaral, State, and local
procediral and substanilve
environmental requirements applicable
‘o the slte and the actlvities proposed to
toke place thereon,

{2} Potential significant adverse
environmental impacte to present and
future generatlons can be mitigated i
an inalgnificant level through the
application of reasonable measures,
taking Into account programmatic,
technical, social, economic, and
environmental factors.

(¢) Potentially Advarse Conditions. (1)
Projected major conflict with applicable
Federal, Stete, or local environmental
requirernents. _—

{2) Projacted significant adverse
environmental impacts that cannot be
avoided or mitigated.

{3) Proximity to, or projected
significent adveras environmental
impacts of the repository or Iis support
facilities on, 4 component of the
Mational Park System, the National
wildlife Refuge System, the Nallonal
Wild and Scenlc Rivers Syetem, the
Natllonal Wilderness Praservation
System, or National Forest Land,

(4) Proximity to, and projected
signifitant adverae environmental
Lmpacts of the repositery or it support
facillties on, a significant State or
regional protected resource area, such
up a State park, a wildlife area, or a
historical area.

(5) Proximity 10, and projected
significant adverse environmental
impacis of the reponitory and its support
facilites on, a elgnificant Native
American resource, such aa & major
Indian religioun aite, or other sites of
unique cultural Interest,

(6) Presence of critical habltats {or
threatened or endangered spacies that
may be compromised by the repository
or its support facilities,

{d) Disqualifying Conditions. Any of
the following conditions shail disqualify
a aite: .

(1) During repository siting,
construction, operation, closurs, or
decornmissianing the quality of the
environment in the affected area could
not be adequately protected or projected
anvironmental impacts in the affected
area could fiot ba mitigated 1o an
aceaptable degres, taking into account
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progrummuatic, technicul, social,
econemic, and environmenta! fuctess,

(2} Any parl of the restricied arow or
repasilory aupport lacilittes wouly pe
localad within tho boundacies of »
component of the Nutional Park SBystem,
the National Wildlife Refuge System, the
Nuationsl Wilderness Pressrvation
System, or the National Wild and Scenic
Rivers System,

{3) The presence of Lhe restricied area
or the reposilory supporl faciiities would
conflict irveconcilably with the
previcusly designatec, resourge-
preservalion use of a component of the
Nalional Park Syslem. the National
Wildlife Refuge Syslem, tha National
Wilderness Preservation System, ‘he
Nalional Wild and Scenic Rivers
System, or Nations) Forest Landa, of
uny comparably significant State
protected resource that was dedicated
to resgurce preservation at the time of
the enactment of the Acl

§ 860.5-2-6 Soclosccnomic impacts,

(1) Qualifying Condition. 'The site
shall be located auch thut (1) any
significunt adverse sorial and/or
economic impacts induced in
tommunities and surrounding regiona by
repesitory siting, construction,
operalion, closure, and decommissioning
an be offsed by rexsonable mitigution
or compensalion, us determined by 8
precess of snalysis, plunning, and
consullation among the DOE, affected
State und local government
jurisdictions, and affected Indlan tribea:
and {2) the requirements specified in
% 960.5-1{a)(2) cun be met.

(b) Favorable Conditions. (1) Ability
of nn affecled aren to abgorh thé
projeci-related pupulstion changes
without significant disruptions of
communily services and without
significant impacty on houslng supply
and demand.

(2) Avuilability of en adequate labor -
force in the affacted arca.

{3} Projected net increases in
employment‘and business sales,
improved community services, and
increased government revenues in the
sfiected area.

() No projecied substantial disruption
of primary seciors of the economy of the
affecied area.

(c] Potentially Adverse Conditions. (1)
Potentlal for aignificant repoaitary-
related Impacts on community services,
housing supply and demand, and the
finances of Stale and local gevernment
agencies in the affected ares,

[2) Luck of an edeqguate labor force in
the affected area,

{3) Need for reposiiory-related
purchase or acquiaition of water rights,
if such rights could have significant

adverse impucts on the present or future
developmen! of the affected aren.

(4} Putentlu] dor maior diaruptions of
primary sectors of the econvmy of the
affecied srea,

1) Disqualifying Condition. A site
shull be disqualified if repository
construction, operatinn, or closure
would significantly degrade the quality.
or significantly reduce the guantlty, of
water from major sources of offsite
suppliea presently suitable for human
consumplion or crop irrigation and such
impacts cannot be compensated for, or
mitigeted by, reasonable measures.

§ 960.5-2-7 Transportation,

(n) Qualifying Condition. The alte
shall be located such that [1) the access
routes consirucied from axisting local
kighways und raiiroads to the site (i)
will not conflict Irreconctlably with the
previounly designated use of any
resource listed tn § 960.5-2-5(d) [2) and
(3% (i) can ke designed and constructed
using reasonably aveilable technology.
(iii) will not raquire transportation
Byalem components to meel
parformance stundards more stringent
than those epecified In the applicable
DQOT and NRC regulations, hor reguira
lhe development of new packaging
conlainment technology: (tv) will allow
irnnaportation operations to be
conducted without ceuaing an
unacceptable riak 1o the public or
unicceptable environmental impacts,
luking into account programmatic,
technical, soelal, economir, and
environmental factors; and (2) the
requirements of § 860.5-1(a){2) can be
mat.

{b) Favorabie Conditivns. {1)
Availability of access routes from loca)
existing highways and ratlroads lo the
site which have any of the following
churactieristics:

{§) Such routes are relatively short and
economical to construct as compared to
iccess routes for other compareble
siling options.

(ii) Federe| condamnution is not
required to acquire rights-of-way for the
acceas reutes,

(i1i) Cuts, fills, tunnels, or bridges are
nat required.

{iv) Such routes are frae of sharp
curves or sleep grades and are not likely
to be affected by landslides or rock
slides.

{v) Such routea bypaes local cities and
townas. .

{2} Proximity to local highways and
railrouds that provide access to reglonal
highways and railroads and are
adeqguate to serve the repository without
significant upgrading or reconstraction.

{3) Proximity to regional highways,
mainline ruilroads, or inland waterways

ths.' pravlde access to the nutional
trw - spuriation aysiem,

i1} Availability of a regional rajlroad
sy .1 with @ minlmum number of
in-- rchange poinis ut which truin crew
& ogquipment changes would be

ag red,

() Tatal projectod life-cycle coal and
vl for transportation of all wastea
dey ynated for the reposilory site which
are significantly lower than thoge for
cumparable siting optlons, coneidering
lo~stione of present und polentiul
sources of waate, inlerlm storuge
fucilities, and other repasitories.

(8) Avuilability of regionul and loca}
vorriers—truck, rail, and wuter-—which
hava the cupability and are willing to
hundle waste shipmenta ta the
repository.

(7] Absunce of legal impediment with
regeuu o compliance with Federal
regulations for the transportution of
whate in or through the affscted Stale
und adjoining Statea.

() Plans, procedures, and capabilities
for response to radivactive waste
trunsportation accidents in the affecled
Stute that are completed or being
developed.

(9) A regional metsorological history
indicating that significant tranaportation
disruptions would not be routine
seasonal ocourrences.

(¢) Potentially Adverse Cunditions. (1)
Access routes to existing local highways
and railroads that are expensive to
construct relative to comparable siting
options,

{2} Terrain betweer: the site and
exiating local highways and ratiroads
such that steep grades, sharp
switchbacks, rivers, lakes, landslides.
rock slides, or potential eources of
hazard to Incoming waste shipments
will be engountered along socess routes
ta tha site,

(3) Existing local highways and
railroads that could require slgnificant
reconstruction or upgrading to provide
adequate routes to the regional ang
natiohal transportation syetem.

(4) Any lucal condition that could
cause the transportation-related coats,
environmental impacts, or risk to publle
heslth and safsly from waste
trunaportation operations 1o be
pignificantly greater than thosse
projected for othar comparable siting
optiona.

Easa end Cost of Sitlng, Construction,
Gperation, sad Closure
§ 980.5-2-0 Surface chacacteriatica

(a} Quabfyfrg Condition. The site
ghall be located auch thet, constdering
the surface characteristive and
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conditions of the site and surrounsing
ares, including surface-water ays: 'ms
and the terrain, the requiraments
specifled In § 960.5-1{R)(3) cen be ot
during repository riting, construc Lion,
nperation, and closura,

(b) Favorable Conditions. {1)
CGenerally flat terrain,

{2} Genarally well-drained terrain.

{c) Potentinlly Adverss Conditior,
Burface characteriatics that could 1.ad
to the flooding of surface o=
underground facilities by the ocoupancy
&nd modification of flood plains, the
failure of existing or planned man-made
surface-water impoundments, or the
failure of engineered components of the
reposilory,

§ 980522 Rock characterietics.

{8} Queiifying Condition. The site
shall be located such that {1) the
thickncse and lateral extent and the
characteristics and composition of the
host rock wiil be suitable for
sccommodation of the undergrounsd
fucility: (2] repository conwiruction,
operation, snd closure will not cause
undue hazard 1o personne); and {3) the
requiremants specified in § 960.5-1{a}(3)
can be met.

{b} Favorable Conditions, (1} A host
rock that is suffictently thick snd
tatorally extenstve to allow significant
flexibility in selecting the depth,
configurstion, and locatlon of the
underground facility.

(2) A host rock with charscterlsiics
that would require minimal or no
urtificial support for underground
vpenings to ensure safs repository
construction, operation, and closure.

(¢} Potentially Adverse Conglitlons, (1)
A host rock that s suiteble for
reposilory construction, operution, and
closurs, but is go thin or laterully
restricted that little flexibility is

“available for selecting the depth,
vonfiguration, or location of an
underground fachity.

{2) in sita characteristics and
sonditlons that could requice
engineering measures beyond
reasonably available technology in the
sonstruction of the shafts and
underground facility.

{3) Geomechanical properties that
could necessitate extensive
malntenance of the underground
vpenings during repository operation

- und closyre.

{4) Potential for such phenomena as
thermally induced fracturing, the
hydration and dehydration of mineral
components, or other physical, chemical,
or radiation-related phenomena that
could Jead to safety hazards or difficulty
in retrlevel du ‘ng repository operation,

{6) Existing faults, shear zones,
pressurized brine pockets, dissolutlen
offects, or other strutigraphic or
structural features that tould
compromlsea the safety of repostiory
personnel bacause of wuter infllow or
construction problems.

(d} Df’squa};fying Condition, The site
shull be disqualified if the rock
characteristics are such that the
activitics aescciated with repository
canstruction, operation, or closure are
pradicted to cause algnificant risk to the
health ard safety of parsonnel, taking
into account mitigating measures that
use reasonably available technology.

§ 080.5-2-10 Hydrology.

{8} Qualifying Condition. The sile
shall be located such thal the
pechydrologic setting of the site will (1)
be compatible with the activitics
required [or repository constiuction,
operation. and closure: {2) not
compromise the intended functions of
the shaft liners and sesls; and {3) permit
the requirements specified in § 560.5-
Hal{3] 1o be met.

{b} Favorgble Conditions. (1} Absence
of aquifers betwaen the host rock end
the land surlace.

{2) Absence of surface-waler systems
that could potentially cause floeding of
the rapository.

{3} Avallability of the water required
for repository construction, operation.
and closura,

{c) Polentially Adverse Condition,
Ground-water conditions that could
require complex enginecring meastures
that are beyond reasonably available
technelogy for repository constrisction,
operation, end closure.

{d) Disgualifying Conditivm A site
shall ba digqualified If, based on
expacted ground-water conditions, it is
likely that engineering measures that are
heyond reasonably available technology
will be reguired for exploratory-shaft
censtrustion or for repository
consiruction, operation, or closure.

§ #860.5-2-11 Tectonlca.

{a) Quolifying Conditions. The site
shall be located in a geologic setting in
which eny projected effects of expected
tectonic phenomena or lgneous activity
on repository construction, speration, or
cloaure wlil be such that the
requirementis specified in § 980.5-1{u}{3}
can be met,

{b} Favorable Condition. The nature
and rates of faulting, if any, within the
geologlc setting are auch tha! the
magnitude and intensity of the
associated selsmicily are significantly
losa than thase generally allowable for
the construction and operation of
nuclear facilities.

{e) Potentially Adverse Conditions. (1)
Ev dence of salive faulting within the
g0 logle setting,

12) listorical earthquukes or past
o nandoced selsmicily that, if either
* .w to recur, could produce ground
- tion ut the sito i1z excuss of
r sonable design iimits.

i1 Evidence, based on correlations of
a »thguukes with teglonic processes and
fu twares, [8.g., fuults) within the geologic
s .ing, that the magnitude of
earthquekes at the site durlng rdpoesitory
constructlon, operation, &nd closure mey
be lurgar then predicted from historical
neismicity.

{d) Disqualifying Condition, A sile
xhall be disqualified if, based on the
expected nature and rates of feult
wiovement or other ground taotion, i is
likely that engineering measures that are
:eyond reasonably available technology
will be required for exploratory-shaft
construction or for repostiory
construction, operation, of closure.

Appendix ]—NRC and EPA
Ragquirements for Postclosure
Repository Pedormancs

Under proposed 40 CFR Part 181, Subpart
B—Environmental Standards for Disposal,
1 191.13, "Cantalnmen! Requirements”,
specifies that for 10.000 yeuars after disposal
{u) releases of radioactive materials o the
acressible environment shat are sstimtated o
have more than one chance in 100 of
occurring over a 10,000 year period
(“reasonably foresaeable reloases™) shall be
projected to be less than the guantiiles
permitted by Tuble 2 of that regulalior’s
Appendix; and {b} for “very unltkely
réleases’ {i.0., those estimated to have
between one chance In 106 and one chance In
10,000 of oecurring over a 10,000 yesr peried],
the limits epecified in Table 2 would be
muilipiled by 10. The basis for Toble 2 is an
upper limi! on long term risks of 1,000 health
elfectd over 10,000 years for a ropasitory
containing wastea generated from 100,000
melric 1008 of heavy metal of reactor fuel, For
releases Involving more than one
radionuclide, the allowed release for cach
racionuclide fy reduced to the fraction of its
{imit that Insures that the overell limit on
harm is not exceeded, Additlonally, 10
provide confidence needed for compliance
with the contoinment requirements specified
&bove, § 181.14, “Assurance Requirements”,
specifies the diaposal of radicsctive waste in
accordance with seven raquirements, relating
to prompt disposs! of waste: selectlon and
design of disposa! eystems to keep relenses 1o
the accessible environment as small as
reasonably echievable; engineered and
natural barrlers; nonreliance on active
{nstitutione! controls’after closure: passive
conlrols after closure; natural resource areas:
and dssign of diaposal systems to sllow
futura recovery of wastes,

The guidelines will be revised as necesssry
&flor the adoption of {inal regulations by the
EPA.
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The Implamaontalion of 40 CFR Part {2,
Subpart B e raquired by 10 CFR 80,312 i
CFR 80.113 aatablishes minimum condi)'one
10 be mot for englncsrad components and
ground-waler flow; apecilically: (1)
Cenlainment of radicactive waste wit, i the
wasle packagas will be aulmtantinlly
complele for a period 13 be delermined by the
NRG taking tnlo acoount the [uctars spacified
in 10 CR 80.113(b) provided that such periad
shull be not leas than 300 years nor mare than
1000 years after permanani closure of thi
geologic repeeliory: [2) the release rate of any
radionuclide from the engineere_ barrier
systam following the conlalnment period
shall not exceed one part In 108,000 per your
of the inventory of that radisnuclide
calculated to be present at 1,000 yoars
follvwing permanant clesure, or such other
fraction OIP the inventory as may be approved
or apecifiod by tha NRC, provided that thia
requiremsnt deas nol apply o any
tadionuclide which Is relearad at a vala laes
than §.1% of the calculated 161l releuss rate
limit, The caleulated total relense rate limh
shull be 1aken io be one part in 100,000 per
year of the inventory of radioactive waste
originally emplaced o the underground
fuchinty &at remalns afier 1,000 years of
rudiosciive drcay; and [3) the gaologic
repository shatl be locatad sp that pre-waate-
emplucement ground-water travel time along
the faatast poth of likely radivnuctide traval
from 1he disturbed zune la the scoussible
envlronment shall bo at lanat 1,000 years or
such otlier travel tYme as may be approved or
specified by the NRC.

The guidelines will be reviaed as necessary
10 engure consistency with 10 CFR Part 80.

Appendix II--NRC and EPA
Requirementa for Preclosure Repaository
Per{formance

Under proposed 40 CFR Pert 332, Bubpart
A—Envirenmanial Standarda for
Managament and Sterage, Seclion 181,03,
"Standards for Norgma) Operations”,
spocifies: (1} That operations shold be
conductod so as to reduce exposure to
membain.of the public to the extant
reaagnally achlevabla, taking inte acoounl
1echnical, social, end sconomic
considerations; and {2) that, excapt for
variances pernitied for unuaual operations
undar Seclion 101.04 a8 an upper llmit,
normal operatlons shall be cenduted in such
a muanner.as to provide rearonable assurance
that the corablned annual dose squivalent lo
any membar of tha public due \o: [{)
cperallons.covered by 40-CFR Part 180, (ii)
planned discharges ol radicactive material to
the general snviranment from operations
covarad by thie Subpart, and (iii} direot
radialion Jrom these operations; shall not
excced 25 millirems Yo the whols body. 76
millirems to the thyraid, or 25 mitlicema to
uuy olhar organ.

The guidelinea will be revised as necesnary
after the adoption of final regulations by the
EPA,

The implementation of 40 CFR Parl 181,
Subpart A and 10 OFR Parl 20 is reguired by
10 GFR 80.111. 10 CFR 80.111 aleo specifies »
raquitements Tor waste retrieval, if necessary,
including considaraitons of design,
backhilling, and schedule. 10 CFR Part 20

eatabliahes {a) exposure Hmite for opacaling
personnel and (b} permissible concentrations
of radionuclides in uncontrellud areus for air
and wator, The latier ure generally less
restrlctive than 40 CFR 191, Subparl A, bul
iy be limiting under certuin conditions (i.n..
if vped aa @ maximum for short durations
ruther thun snaual averoges).

‘Tha guidelinos will be revised us necessury
to ensure consiatency with 10 CFR Purt 60.

Appendix -—Apphication of the
Systam and Tachnical Guldelines During
the Siting Process

1. Thia appendix presenis a table that
specifies bow the gutdelines of Subparts
and ) are 1o be applisd at the principsl
ducision points of the siting process, The
decision pointa, ua referenced ip the table,
are defined aa follows:

"Potentially accepiable” nieune the

“decislon poini at which a sile ia identified as
potentially acceptable.

“Nomlnation and recommendation” means
the decislon point st which a siie 12
nominaied as suitabla for churacterization or
recommended s a aandidate site for
chatacterigation.

"Repository site selection” means the
decision point et which a site |s
recammonded far the developmant of n
repasiiory.

2. 'The findings resulting from the
application of s disqualifying condition for
wiy particular guideline et a given decision
point are denoted In the \able by the numeral
1 or 2. The numeruls 1 and 2 signify the types
of findiinga that ore required and are definad
ua followa:

"1" means either of the following:

{a} The evidence does not support a finding
that tha alie Ia disguatilied.

ar

{y} The svidenoce supporta a finding that the
site Iy disquallfied.

o imeans eitherof the following:

. 1 The evidence aupports a finding rhat the
si: ¢ 8 not disqualificd an the basis of that
wy Jenee and is pof likely 1o be disqualified.

or

- 1 The evidence suppurts a finding that the
# . s disqualified or is hkely 10 be
Ain salifled. .

3 The findings resulting from the
wopicalion of @ qualifylng condition Tor any
pui cuiar guldeling ol a given deciston point
ara -enoted in the lable by the numeral 4 or
4. The numaerais 3 and 4 eignify the types of
findings thal are required and are definod ay
focwe: '

"3" means either of the fallowiny

{s) The evidence dogs not wupport u finding
thaé Ihe sile is rotf likely 10 meot the
quatifying conditipg.

or

{v) The evidence suppuorls a finding that the
silet ia not likely 10 meet the qualifying
aonditivn, end therefora the, aite ja
disyualified. . . :

“4" means aither of the fv)ipwing:

fa) The evidence supporis a finding that the
site meets the quallfying condition und tu
likely to continue ta meet thir qualilying
conditlon.

e

{b) The evidenge aupporls & finding thut the
il cannot meet the qualifying condition or 1¢
unlikaly to be able to meet the qualifying
condition, end therefare the wite is
disgualified.

4. If performance wasessmenis are uesd 1o
subatantiute any of the above findings, those
assegaments shall include evtimates of tha
effects of uncertaintion in duta and modeling.

5. For both the diaqualifying and qualifying
conditlans af any guidaline, a highar finding
{e.g. & "2 finding rather than 1"} shall be
made If thare iz sufficieni svidence to suppori
such a finding.

FINDINGS RESULTING FROM THE APPLICATION OF THE QUALIFYING AND DISQUALIFYING CONDITIONS
OF THE TEGHNICAL GUIDELINES AT MAJOR SiTing DECISIONS
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FingiNgs RESULTING FROM THE APPLIGATION OF THE QUALIFYING AND DISQUALIFYING CONDITIONB
OF THE TECHNICAL QUIDELHES AT MAJOR SiTinG Decraions—Continued

Siling duclsion
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Appendlx {[V—Typas of Information for
the Nominztion of Sites gs Sultable for
Characterization

The typee of information spoctiied balow
rre those that the DOR expscts will be
included in the svidenca used for evaluations
and applications of the guidelines of Subparts
C and 1 al the ttme of nomination of a #lto as
sufteble for cheracterization, The types of
information Ueted under each guideline gre
conslderad to be the most significant for the
evalualion of that guldeline. However, the
types of information listed under any
particular guideline will be used, aa
neceesary, {or the avaluation of any athar
Hutdeline, As stated In § 860.5-1-4-2, the DOE
will use tachu:tcally conservative assumptions
or extrapoletions of regional data, where
neceasary, to supplentent thia information,
The Information epecified below wlil e
supplemented with conceptual models, as
appropriate, and enalyses of uncertainties in
the dils.

Before eite-churacterizaticn studiea and
related nongeologic date gathering actlvitles,
the evidence {s not expacted to provide
prectae information, but, rather, to provide a
reasonebie basis for assessing the merita or
shortcomings of the site againet the
guidelines of Subparts © and D.
Conseguently, the types of Information
described below ahould be interpretod sc as
to eccomimodete differances among vites and
differences in the information ecquired
before detailed studios.

‘The specific informstion required for the
guideilne epplicetions se! forth in Appendix
H1 of this Part is expected to differ from atte
lo sits because of site-specific {actors, both
with regurd to favorable end potentially
adverse conditions and with regard to the
sources and reliabillty of the information, Tha
types of information apsacified in this
appendix will be used axcept where the
findinge set forth in Appendix Bl of this part
can be arrived at by reagonable alternative
means or the informalion is not required for
the pariiculur site,

Saction 860.4-2-1 Geohydrology.

Description of the gechydrologic setting of
iha site, In context with its geclogic asiling, in
order to estimate the pre-waale-emplacemen!

ground-water flow conditions. The lypes of
information 1o support this description should
include—

* Location and sstimated hydraulio
propertioa of aquifers, confining units, and
aquiletds,

* Potential areas and modes of rechiarge
and discharge for aguifars.

* Ragionsl potlentlometric surfuces of
eguifars.

+ Likely fiow paths from the rapository Lo
lountions i the expected accessibla
envisonment, as based on reglenal date,

+ Prefiminary estimates of ground-watar
travel limes ann? the likely flow pathe from
the rapository to locations in the expecled
accessible gnvironment,

* Current use of principa! aquifers and
Stats or loral management plans for such use.

Section BP0.4-2-2 Gavchemistry.

Dleecription of the geoohemical and
hydrochamical conditions of the host rack, of
the surrounding gechydrologie units, and
along llkely ground-water patha to locations
in the expacted accessible snvironmant, in
order to astimats the fotant!al for the
migration of radionuci!des. The types of
Informatlon to support this deacription should
inciudga—

+ Patrology of the rocks.

» Mineralogy of the racks end genetal
characteristice of fracture Iillings,

+ Geochemical and machanical stebilily of
the minerals under expectad tepository
conditions.

* General characteristics of the ground-
water chemistry {e.g., reducing/oxidizing
conditions and the principal tons that mey
affect the waste package or radionuclide
pehavior].

* Geochemical proparties of minarals as
related ta radlonucilde transport.

Saction g8(.4-2-3 Rock charoctaristics.

Dascription of the geologls and
geomechanical charscteriatics of the aita, in
contaxt with the geologic seiting. In order to
estimate the cupability of the host rock and
surrounding rock units to accommodate the
thermal, mechanical, chemicel, and radiation
stresses expected to be induced by repository
construction, operation, and closure and by
axpected interactions among the waste, host

ruck, ground-water, and snglnecrad
« » nponents of the repository system. The
1+ a8 of information io quppeort this
t.yasription should include-—
+ kpproximate gaology and siratigraphy of
*1 sitg, including the depth, thickness, und
£Lral extont of the host rock and
8 «wrounding rock untta,
« Appreximate structrual framework of the
1< unita and any malor discontinuities
I =ntifted from core samples.

Approximate thermal, mechanicsl, and
th. "momechanics! properttas of the rocks,
with consideration of the affects of time,
sirsse, temperature, dimenslonal scale, and
day major dentified structure]
discontinuitiss.

+ Egilmales of the magnitude and direction
of in shtu stress end of temperature.in the
host rock and:surrouﬁding rock unils,

Soction 8504-2—4 Climutic changes.

Dascription of the climetic conditions of the
oite reglon, in context with global and
reglonal pattorne of olimatlc changea during
the Quaternary Parlod, in order to project
likely futurs changes {n climate such Lhat
potentlal Impacts on the repository can be
aatimated. The types of information to
suppor! this description should include~—

« Expecied climatlc conditions and cycles,
buged on extrapolation of climates during the
Quuternary Period,

* Goomorphology of the site reglon and
svidence of chungea due 1o climetic changes.
» Eotimeted effocts of expected climaiic
cycles on the surface-watar and the ground-

waler ayslemas.

Saction B80.4-2~5 Erosion.

Descripllon of 1he structure, straligraphy,
and geomorphology of the aite, in conlext
with the geologic selting, in order to estimate
the depth of waste emplacement and the
ltkelthood for erosional procossas to uncever
the waste in leas than one million years. The
types of information to support this
description should tnciude—

» Dapth, thickness, and lateral extent of
the hosi rock and the overlylng rock units.

» Lithology of the siratigraphic units abave
the host rock,

+ Nature and rates of geomorphic
processes during the Quaternary Perlod.

Saclion §80.4-2-6 Dissolution,

Daosecription of the stratigraphy. structure,
hydrology. and geochamistry of the site, in
context with the geologic selting, to delineate
the approximate ilmits of subaurfece rook
dissclution, If eny. This desaription should
inciude such information as the foilowing:

» The stratigraphy of the site, Including
rock uniis largely comprised of water-soluble
minerals.

* ‘The approximate extent and
configuration of leatures indicative of
diseolntion within the geologle satling.

Section 960.4-2-7 Teclonics.

Daacription of the tuctonic setling of the
site. in context with 11z geologic aetting, in
order to project the tectonic atability of the
site ovar the next 10,000 years and to identify
tectonic features and pracesses that could be
rezsonably axpected to have a potentially
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ndverae &fTecl un the performance of 1.
rapnniturf. The types of informalion 1o
suppert 1hie doscription should include--

+ The lecionlc hlslory and framewart of
the geologic solling and Lhe s'ls.

* Quaternory fuulle in the goologic -alting,
including their longth, displagement, ¢.:d any
informatlon regarding the age of latest
movemenl,

* Adulivet lectonic protesson, such as uplifl,
Qinpiriem, tihing, subsidence, faulling, and
velcaniam,

* Eglimalo of 1he geothermal gradlent,

* Ealimale of the reglonal in rilu stress
field,

= The hislorien) setnmndcity of Lhe geologic
sgliing

Seclron 860.4-2-8 Luman interferenca.

Seition BOA-2-8-1  Nulural resources.

Descriplion of the mineral and cnerry
resourcas of the gile, in order Lo project
whelher puat or {ulure explorntion and
recovery could have a potentinlly adveree
gffect on the performence of the repository.
‘The lypes of informalion Lo support thia
descripllien should inclide-—

* Known occurrences tf energy ind
minoral resources, including ground water.

* Eslimatoa of the proseni and projected

« vulue of theso rogources compared with
regpurces contalned in other arvre of aimiler
8izg In the geologic selting,

* Pust and present drilling und mining
aperaliona in the vicinily of the sile,

Section 860.4-2-0-2
controf

Site ownership and

Descriplion of the ownerghip of land for the
geologic-reposilory operations ares and the
tontrolled ares, in order to ovaluate whether
the DOE can olituin swnerehip of. and
control aciess Lo, the sile. The types of
{nformation v suppurl this descriplion shaulid
include—

+ Progent lund ownership,

Sertion 960.5-2-1  Population drnsity amd
distribution,

Description of the poputution density und
disirlbulion of 1ha sile region, in order 10
identily highly pepuliied arens and the
nearesl 1 mile by 1 mile areq having a
population greater than 1,000 persons. The
1ypes of infermaiion to support this
degcriplion should include—

* The muost-recent U8, census, including
population cemposilion, disiribution, and
denalty.

Section S60.5-2-2
control,

Site gwnorship and

Deacription of currenl ownprship of lund,
ncluding surfnce and subsurface mineral and
waler rights, in order 10 evaluaie whether the
IOFE can oMain control of land within the
projecled realricted arca, The types of
informalion to support Lhis description should
include—

+ Present lund ownership.

Segtion 960.5-2-3  Meteorelogy.

The meleorological setling, as delermined
from the closeat recording station, in order to
prejert meleorclopgicnl condilions during
repogilory operalion and clusure and their

polentis! effocis on the transport of airborne
emlaglons. The types of informatlon to
support this descripiion should Include—

& Wind and atmospheric-dispersjon
characteristics,

* Pracipitatlen characterlsllcs.

+ Extreme weathor phenomiens,

Section P60.5-2-4  Offsite instafiations and
gperations.

Description of offsile inslullations and
operaitons In the vicinity of the sita In order
ta estimate thelr projected effacts on
repogitory censtruction, operalion, or closwure.
The types of infermatlon to suppert this
description should include—

* Location and nature of nearby industrial,
iranaportalion, and militury inatallations and
oparations, Including alomic energy defense
activities,

Seclion §0.5-2-5  Envivonmentud quality,

Description of environmental conditleps In
order to eslimale potentlsl impacts on public
hexlth and wellzre and on environmental
yuality. The types of tnformation to supporl
Ihis deacription sheuld Include~

* Applicable Foderal, State, and lacal
procedural and subslanlive environmentol
requiraments.

¢ Existing uir qualily and trenda,

¢ Exlsting surface-watar and ground-water
quality and quaniity,

» Exigting land resources and uses.

+ Exleling terreatrinl and aguatic
vegetatlon and wildlifa,

* Location of any identifled crllical
habliate for thraatened or endangered
speciss,

* Existing oosthetle characterlstlcs.

* Location of components of the Natlona}
Park System, the Nationa! Wildlife Refuge
System, the National Wild and Scenic Rivers
System, the National Wildernoas
Presarvation Syatem, or National Forest
Land.

+ Locelion of significant State or regional

protecied resource areas, such us State parks,

wildlife oreas, or historlcal urens.

¢ Locntien of signifllcant Native Amerlcan
rewources such as malor Indian religious
aitea, or other altos of unique cultural interest.

Section BEQ.5-2-6 Soclosconomic impucis.

Description of lhe socioeconomic
conditions uf the site, jncluding population
denaity and distribution, economics,
communily services and facililies, social
conditiens, snd fiscal ond government
structure, In order Lo estimate the Impacts
that mighl result from site characterizalion
and from the development of & repository &t
that aite. The iypas of information to support
this deacription should include--

*» Population composition, density, and
distribution,

* Economic buse und economic activity,
including major seclore of local economy:,

* Employment distribulion and trends by
econemic aeclor.

* Resource usage.

* Communlty services and infrastruciurs,
including trends in use and current capacity
uillizution,

* Houeing supply and demand.

f. Life atyle and indicators of the quality of
life.

+ Existing soclal problemas.
* Sources of, and trends in, local
go- «riiment axpendltures and revenucd.

Satinn 960.5-2-7  Tropapertation.

iluseription of the iraneportaticn lacililies
fiv .0 vicinily of the sile in order 1o evaluate
e ting or required access routes ar
imt ~ovements. The types of Informalion to

apyort this deacription should include--

¢+ Estimatos of the pverall cost and risk of
trs - porting wasle o the elte.

« Jeacriptlon of the road and rail netwotk
betvszen the sile and the nearest Interstale
highways and major reil lines; alse.
densription of the watarway aystem, if any.

« Analyees of the adequacy of the exisling
‘aglona] transportation network to handle
write shipments; tha movement of supplies
for reponitory constrecijon, operation, and
closure; ramoval of nonradloactive waste
from tho 6ite; and the transpe:lalion of the
lobar force.

+ !mprovemenls antlcipuied to be required
In the transportation network and their
feaslbllity. cost, and envijonmental Impucis,

+ Compatibility of the required
traneportation network Improvamants with
the local and reglonal iransporistion end
fand-uee plans.

¢ Anglysie of weather impacts on
iransporiation.

» Analysla of emergency responzse
requirements and capabilities reluled 10
transportation.

Section 960.5-2-8 Surface characteristics.

Description of the surfuce characteristics of
tha site, In order to evaluate whether
repoaltory constiuclion, operation, and
cloaure ate feasible on the basls of sile
characteristics that influence those aciivilies.
The 1ypos of inforination ta support this
description ehould inciude—

+ Topography of tha alle.

¢+ Existing and planned surfuce bodies of
waler.

+ Definitlon of ureas of landslides and
olher polentially unatat:le alopes. poorly
drained malarial, or malterlals of low bearing
strength or of high liquefaction polentisl,

Section 960.5-2-8 Rock characleristivs.

Doseription of the gealogic end
geomachanice) characteristics of the site, in
context with the geologic seiting, in order to
project the capability of the hoal rack and the
surrounding rock units to provide the space
required for the underground facility and safc
undsrground openinga during ropositary
construction, operation, and closure. The
types of information to support this
deacription should include—

¢ Depth, thickness, and lateral extent of
the host rock.

* Sivatigraphic ond structural festures
within the hosi rock and adjacent rock unils.

* Thermal, mechanlcal, and
thermomechanlcal propettiea and
conalructibllity characterietlca of the rocks,
with consideration of the effects af tims,
stress, temperalure, dimensionsl acale, and
any major identified atracturat
discontinuities.

s Fluld inclusions and gas content in the
hosi rock.
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* Estimates of the mugnitude and divoction + Burface-water systems, including ord ar to estimate any expected effects of
ofin gilu strees nnd of lemperature In i recharge and runoff characteriatica, and is.ivnic aclivity on repository construction,
kost tack, potential for flonding of the repoaltary. o +ation, or cloaure. The types of

o ] » Nature and locutlon of aquifers, ir i mation to supporet this description shauld
Section 960.5-2-10  Hydrology. confining uniie, and aquhards, in:xudn-

Desctiption of the hydrology of the 2, in * Potaniiometric surfzcea of uquifers. Sj\at:;:r?t‘:gomgl;hresus
‘;‘r’:"t"’:t'r‘:‘n;h I""Blbﬂif;;?ll!!'f! ;t:tting'i:n erder tn "n'I“l-iydraullc propertias of geohydrologic \ Prolitminery stimates of expected ground
o et ¥ with repostiory ' i 4on cauned by the maximum potentlal
cunatruclion, aperation, and closure, The Section pe0.3-2-11  Teclorics :#:4kquake within the gaologic setting.

types ol information 10 support ihia

descrip'ion should clude— Deacription of the tectonic sotting of the {"® 0. 84-31786 Fllod 13-5-24: 843 am)

Aitg, In contoxt with the reglonal setiing, in AL .40 CODE S400-1-0



Appendix C

ORIGIN AND NATURE OF THE
HOST ROCKS CONSIDERED
FOR THE FIRST REPOSITCRY

L]



.1
c.2

c.3

Basalt Lavas .

Rock Salt

Tuff .

0

i 24

TABLE OF CONTENTS

iii



307708 P

Appendix C

ORIGIN AND NATURE OF THE HOST ROCEhL
CCNSIDERED FOR THE FIRST REPOSITORY

C.1 BABALT LAVAS

Lava ig molien material (magma} that pours out on the earth's surface
from volcanoss or from fissures. Magma originates from the melting of the
lower crust and upper mantle, usually at depths of 30 to 125 miles below the
surface, This melting is influenced by temperature, pressure, composition,
and the amount of water present; it can be initiated by an increase in temper-~
ature or a decrease in pressure., At a given temperature and pressure, a rcck
mass may only be partly melted because sach component minuwral melts at a dif-
ferent temperature and in a definite sequence. Because of this process of
partial melting, the liquid {magma) will have a composition quite different
from that of the original rock.

Conversely, as magma cools, the various minerals crystallize in a defi-
nite sequence, When partial crystallization occurs. the remaining magma can
be separated from the crystals to form a magma quite different from the parent
magma. This process is called magmatic differentiation.

Depending on the degree of potential melting and, subsequently, of mag-
matic differentiation, a broad spectrum of compogition of igneous rocks may
result. The common "end members" of the compositional spectrum are basalt
{vhose coarse-grained intrusive equivalent is gabbro) and rhyolite (whose
equivalent is granite). Magmas of intermediate compogition produce rocks of
the andesite (diorite} family.

Basaltic {gabbroic) magma contains about 50 percent gilica (8i0;). has
temperatures ranging from about $00 to 1200°C, and generally is of low vis-
cogity. Since dissolved gases readily escape. basaltic lava ig typically
extruded quietly from fissures to form lava flows that cover large areas.
Eruptiong of greater violence are volumetrically trivial; they include cinder
cones and spatter cones preduced by lava fountains. Rhyolitic {(granitic}
magma containg about 70 percent silica, has temperatures lower than 800°C, and
is relatively viscous and rich in gas.

Where basalt lavas flowed over moist ground or shallow lakes and ponds,
the lava waz quenched and either explosively shattersd to rubble or formed
bulbous pillow-shaped pods embeddsd in lava or shattered lava. These basal
rubble zones are overlain by a zone of columnar-jointed lava {called the
“"colonnade") that formed as the lava cooled from the base upward. This. in
turn, is overlain by a zone of haphazardly arranged jeoint blocks {(called the
“"entablature") in which columns may occur, some oriented in fan-shaped ar-
rays. This zone and the overlying flow-top rubble zons resulted from cooling
from the top downward, Many variations of thisg zonation occur.

The lavas at the Hanford Site are part of an areally extensive sequance
of sheetlike basalt lavas that ware erupted from fissures and interbedded
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sedimentary deposivs. This sequence makes up the Columkia Plateau, which
occupies vast areasw in Washington, Oregon, and Idaho. *¢ the Hanford Site,
the sequence of lavas and interbeds is more than a mile thick. The lower Dart
consists entirely f basalt lava flows. Interbedded sc¢ imentary deposits
appear in the middle of the section and increase in al dance upward.

The rubble zoneg at the bage and top of the flows  and most of the sedi-
mentary interbeds, are zones of relatively high permesaiiiity and commonly are
act as aquifers. Th» dense colonnade and entablature, a.though pervasively
cut by fractures (cooling joints) are of relatively low permeability. This is
especially so in the lower part of the section, where sacondary minarals such
as opal, clay, and zeolites have sealed much of the fracture space and other
voids.

C.2 ROCK SALT

Rock salt is the best-known member of a glass of sedimentary rocks called
evaporites. Evaporites are rocks that formed from a3 saline solution as a
result of extensive or total evaporation of the solvent {water) under arid or
semiarid conditions. Rock salt forms by the precipitation of sodium chloride
from saturated evaporating hodies of water in bagins such asg epicontinental
seas, shallow lakes that have no cutlets, and restricted coastal-plain marshes.

As sea water evaporates, the remaining brine becomes more saline, and
minerals precipitate from it in the order of their solubilities, the most
soluble remaining in solution the longest. Aragonite or calcite (CaCOy)
precipitates early, followed by gypsum (CaSCq-2Hz0) and than by halite
F

{rock salt, NaCl) and other mineral salts of sodium, potassium, and magnesium
(including those of importance as potash resources).

The sequence of deposition of evaporite minerals commonly 18 interrupted
by changes in response to such things as periodic replenishing of water from
cloudbursts and tidal floads or influx by intermittent streams. Some dis-
selution or erosion of the last-formed evaperites may occur, layers of mud are
deposited on the evaporite layers, and the cycle starts anew, The layers or
thin films of mud tend to occur basinwide and serve as reliable stratigraphic
marker beds.

If the shallow basins or coastal plains subside glowly as they are being
filled, the repeated cycles of beds of salt and other evaporite beds and
interbedded gediments become deeply buried by sand, mud, and marl, which even-
tually become indurated to form sandstone, shale, and limestone. In the areas
of bedded salt being studied, the salt was buried by some 10,000 feet of
strata. Because of subseguent uplift and ercsion, the salt beds now occur in
places at depths suitahle for repositories {(i.e., about 2000 to 3000 feet).

The density of salt (2.0 to 2.2 q/cma) is congiderably lower than that
of the overlying sedimentary strata (2.3 to 2.8 g/cm’). As a result, where
salt beds are overlain by a . great thickness of strata such that the salt lies
at depths of tens of thousands of feet, the high temperature and pressure at
that depth enable the salt to rige bucoyantly by plastic flow along zones of



weakness into and thr:ough the overlying strata. The result is a crosscutting
and intrusive salt .ndy called a "gzalt dome." Such bodias are also reforred
to as "diapirs™, which is the general term for the class Jf bodies formed by
the piercement of ¢-erlying rocks by mobile or plagtic miterial (such as salt,
shale, or magma) which has been sgueezed out of its forr :¢ position,

Salt domes (see Figure C-1) have various shapeg a~d 3izes but, in gen-
eral, are vertical fingerlike bodies whose height is g 2iier than their
width, Qenerally they are circular or oval in horizonta' cross section. Many
domes are the coalesced composites of two or more geparatly intruded salt
bedies. The domes rise until there is no longer a sufficient contrast in
density with the enclosing deposits to give them buovancy, and they become
stabilized. In places, they rise to the surface, where they erode or dissolve.

When the rising salt dome reaches water-bearing strata, the top and upper
flanks of the dome begin to digsolve. The ingoluble material in the salt is
left as a chaoti¢ assemblage of anhydrite, dolomite, mua, ailt, and sand that
becomes camented into a generally impervious or cavernous carapace referred to
as the "caprock.,"

Beds alongmide the dome are dragged by the rising salt pillar to form
folds and faults. il and gas generated in deeply buried deposits rige to
higher levels until trapped by such structures or by the caprock, where
deposits of sulfur (formed by the reduction of calciwn sulfate) also occur.

In salt domes, the original interbedded layers of the sequence of bedded
salt have besen intensely deformed by the flowage of salt as the mass bulged
and flowed upward through thousands of feet of gtrata. The internal struc-
tures of the resulting salt domes are highly complex and agsentially vertical,

C.3 TUFF

Tuff is compacted and indurated ash that was srupted from volcanoes.
Because of its generally viscous nature and high gas content., magma of the
granite-rhyolite family produces the most voluminous eruptions of ash (see the
discussion of basalt lavasg in Section C.1}.

Of particular interest as a potaential host rock for a repository at Yucca
Mountain in Nevada is a special kind of tuff called "welded tuff." Welded
tuff is interpreted as having been emplaced by an avalanche of a highly heated
mixture of volcanic gases and ash, traveling dowp:the glopes of a volcano and
along the surface of the surrOundlng dowlands ang:valleys to form extensive
sheetlike deposits. Thia current ig produced by hha explogive disintegration
of gas-charged ash from a crater or from figsures. The gas provides great
buoyancy and mobility to these flows of ash. In many places the heat caused
softening of chunks of pumice and glasg shards., When the ash flow came to
rest, the weight of the deposit caused the soft, hot particles to press to-
gether to become walded into compact sheetlike masses, some of which covered
vast areas. Temperatures of about 500°C are required for such welding to take
place.
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Figure C-1. Diagrammatic cross section of a salt dome.
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Because the welding is produced partly by compaction from the weight of
the overlying material, there are pronounced vertical cha.iges in the degree
and the nature of wae!ding, density, and porosity. Densely welded material
tends to be highly j.inted and to lie between zoneg of pairtial welding that
are relatively free of joints, grading upward into nonwe.-.ed ash. [ateral
variations in welding, dengity, and porosity are caused L, changes in thick-
nrss, distance from the source, and irreqgularities in t.e surface on which the
ash was deposited. These variations tend to be less priicunced than do the
vertical variations. as they generaliy take place over gr. iter distances,

Upon cooling, large parts of the deposit crystallize by devitrifiecation
of glass, condensation of vapors, and vapor-phase alteration., Subsequent per-
colation by ground water causes further alteration, principally to clay, sil-
ica, and zeclites. The variations in properties of the zones affect the
hydrolegic, chemical, and mechanical bshavior of the welded tuff,
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