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further during sit« characterization. Coal-bearing uni*s are not present.
Limited uranium resources have been identified near the sites, but theae
resources are reat¢ ictad to near the surface (less thar b(: foet deepl, and
little uranium has bean produced within the area since " 973, Sand, gravel,
and dimension-gtone regsources are presant, but the dis. rnce to any markaet
makes their value minimal. Iron and manganase are pr°s.nt but are not eco-
nomic resources. These data suggest that the potenti, 1 for human interferenca
is low, -

Bedded Salt in the Palo Duro Basin

Two potentially acceptable gites have been identified in the Palo Duro
Bagin, which is a part of the Permian Basin (see Figure 7-4): one in Deaf
Smith County and one in Swisher County. The stratigraphic and hydreostrati-
graphic units are shown in Figure 5~6. The salt formation of intaereat is the
Lower San Andres Unit 4. Because the 3alt is interbedaed, a desirable bed hasg
been defined as one in which tha intarbeds (of nensalt and poor-gquality salt}
are less than 10 feet thick and the cumulative thickness of interbeds is less
than 15 percent of the total bed thickness. 1In the area of the Deaf Smith
County sita, the potential repository bed is about 2550 feat deep and 150 feet
thick, with a halite content of approximately 90 volume percent, The Lower
San Andres containg numerous discrete argillaceous and carbonaceous intaerbeds
as well as many lesgser halite beds containing a high percentage of impuri-
ties. The interbeds are 0.3 to 2.0 inches in thicknees. 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 salt and nonsalt interbeds. The structure of the Upper San Andres horizon
in the vicinity c¢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 53-6) are highly pro-
ductive aquifers that are important water resources in the region. These
agquifers have gignificant lateral variations and must be penetrated by all
shafts and boreholes. The Wolfcamp, an aquifer that lias about 2500 feet
below the host salt bed, is of lesser impertance because it is separated from
the host salt by a consgiderable thickness of interbedded salt units.

The geoloyic conditions of the Swisher County site are similar te those
of Deaf Smith County. Ths 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 south-southwest. In
three boreholes drilled near the site, one potential repository salt bed has a
halite ceontent ranging from 77 to 87 percent. The Lowar San Andreas 4 con-
taing numerous discrete argillaceous and carbonaceous interbeds az well as
many legser halite bedzs containing a high percentage of impurities. The
interbeds vrange in thickness from 0.3 t¢ 3.4 inches, The spacing of the
interbeds ranges from 1 inch to 7 feet. In addition, the lateral lithologic
continuity of halite bede is sometimes interrupted by Zzones of chaotic mixing
of salt and nonsalt materials, The Ogallala-Dockum and the Wolfcamp are also
the important aguifers in and near the Swisher County sita.
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The Lower San “ndros evaporites were deposited at ti:e beginning of late
Permian time (about 250 million years ago). Except for -egional uplift, the
beds have sxperiencad practically no deformation at the Palo Duro sites since
deposition. There is no conclusive evidence that Quate sacy tectonism af-
fected the siteg. Infrequent earthquakes with magnitud 3 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 hoyit 0.2qg at the
sites. A seismograp.a network has besan installed to moni or any microseisms,
and very low levels of activity are being detected. Nc vnlift or subsidence
has been detected.

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

Hydrocarbon production in the Palc Duro Basin is minor and generally
occurs 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 Palo Duro Basin. However, ths potential for gxtensive undis-
covered hydrocarbon deposits is low, Furthermore, the potential for the de-
valopment of lorcalized hydrocarbon occurrences is low in light of the poten-
tial economic returng versus development costs. The only well to date that
has produced oil {(Marathon/Mayfield No. 1 in Briscoe County) in the interior
of the basin yielded less than 20,000 barrels and has been plugged and
abandoned.

Caliche, crushed stone, sand. and gravel are produced in the Palo Duro
Bagin. Potential mineral rescurces in the region include uranium, copper,
potash, 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 1981, Thus, the Pale Duro Basin does not appear to contain unigue
mineral resources or concentrations greater than those of the surrounding
areas.

$.2.3 TUFF

Tuff is the dominant component of the voluminous and widespread volcanic
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)
is welded tuff; the mode of its formatinn ig described in Appendix C.

The geology of the region that includes Yucca Mountain has been studied
in datail during the last 30 years. As a result, the regional stratigraphy,
structure, and volcanology 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
rocka; it algso produced numerous volcanotectonic collapse features called
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calderas. Calderas--some buried by volcanic rocks--iie irurth and west of
Yucca Mountain {Christiangen et al., 1877)

Volcanism was :.companied by large-scale block faul .ng, which produced
the characteristic fasin and Range terrain {Carr, 1984). fThese faults re-
sulted from extensional stresses that persist to the pr.s:.nt., Yucca Mountain
i a fault block {(tilted 3 to § degrees sastward} that vaiu preduced by this
faulting. : :

The volcani~ sgction {(Figure 5-7} is thick. The volcanics are at least 2
miles thick throughout much of Yucca Mountain and thin to¢ about 0.6 or G,7
miles southward along the southeaatern edge of the mountain,

The exposed part of Yucca Mountain consists of variously welded ash-flow
tuff and minor airfall and water-laid tuff materials that have been dividead
into more than a dozan units on the bagis of such factors as the degree of
compaction and welding, devitrifigation, and the pressnce of lithophysaa. 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
it 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 ungaturated zone--more than
500 feet above the water table,.

The detailed structural knowledge acquired to date indicatesg that the
potential repository block ig bounded by a major steap fault on the west, by a
serles of faults on the east. by a zone of closely spaced faults on the zouth,
and by a fault zone on the north. The area within those boundaries is 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
khe north of the fault zone hag 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
spans represgented by the measurements suggest that the average incision rate
has been lgss than 10™° m/yr during the past 300,000 years and cartainly so
during the past 10 million years.

Continued ercsion at Yucca Mountain could affect radionuclide releases to
the accessible environment by uncovering the repository itself or by changing
the hydrolegic conditions in the vicinity of the site. At an erogion rate of
10"% 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 reposi-
tory} in 10,000 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 its mineral-
resource potential appoars to be low {Bell and Largon, 198:.), Within a radius
of geveral tens of miies, there are several small wining ciatricts, only one
of which is active. ‘elative to other localities in the & . ea, the geologic
setting does not offur an attractive target for the minin - of precious or base
metalg or for industrial minerals. Ground water of good gq.ality that might be
suhject to development and use in the future is prssent n aquifers near the
gite; howsvaer, good water 13 alsgo accessible at shallowe: epths or in less
rugged tarrain away frem the site, thus reducing the posdi, ility of human
intrusion.

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

Many faults in the ragion are active; othere could have renewad activity
in the future. Under ths assumption that Yucca Mountain faults are not ac-
tive, the most likely peak detorministic acceleration at Yucca Mountain is
0.49, 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 weapong testing nearby indicate that they
are of less consequenca than ths probable natural earthquakes (Vortman, 1982},

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

Investigations to date covering 425 gquare miles around the site have
found no unequivocal evidence of surface faulting in the last 40,000 vears.
Thirty-two faults have been identified that offset or fracture Quaternary
depogits., The Quaternary faults are divided into three broad age groups: 65
faults moved betwsen about 270,000 and 40,000 vears ago; 4 faults moved about
1 million years ago:; and 23 faulte moved probably between 2 million years and
mora 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 be 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 wvertical stress. The greatest horizon-
tal stress i3 on the order of one-half to two-thirda of the vertical stress,
which indicates a northwesterly sxtensional 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
stress to the miniram horizontal astress may be high encuoh to reguire consid-
eration in designi.g the underground openings of the veugsitory.

The known fractursd condition of the tuffs in the vnsaturated zone makes
it unlikely thet eophisticated techniques would be recuiced for sealing the
shafts since there i3 no point in making the seal tighuey than the rock pene-
trated by the shaftes. The fracturing is a disadvantage .n terms of repository
construction; however, limited mining experience in gimilar materials in near-
by mesas indicates that this problem can be handled with conventional
technigues.

5.3 SIGNIFICANT RESULTS OF HYDROLOGIC I'ESEARCH

Hydrologic research is directed at understanding the present flow dynam-
ica of the geohydrologic system, including the three~dimensional distribution
of hydraulic heads, ground-water hydrochemistry, and the hydraulic properties
in the principal flow units, Studies are also being planned to evaluate po-
tentiazl short~ and long-~term changes in the geohydrologic system resulting
from variations in c¢limate or the tectonic setting. These data are used in
modeling to derive the average velocity of ground-water flow, likely flow
paths, and the geochemical conditions existing between the repository and the
accessible enviromment .

Knowledge of present hydrologic 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, ko 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 other components of the engineered-
barrier system, and to test materials. This knowledge will improve materially
as a consequence of the site characterizationa. It will be gained by analyz-~
ing present condicions; past changes in such attributes as climate. tectoniem,
and igneous activity; and the likelihood of comparable changes in the future,

5.3.1 BASALT

Reconnaissance hydrologic 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 dgedlogic structures.

Geohydrologic 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 basalt flow tops and interbeds. ' The uncon-
fined aquifer is 0 to 250 feet thick acreoss the Hanford Site. It lies in the
Hanford and Ringold Formations (Figure 5-1) and is thickest along the eastern
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edge of the refarence reposgitory location, where 40 years »f local water die-
posal to surface porwis hag raised the water table by appri.imately BO feet
(ERDA, 1975}). The heve of the aguifar ie defined sither "y silt and clay
gsediment of the lowe  Ringold Formation or the upper surf .ue of the underlying
Columbia River basali. The water table marks the upper Lk uandary of the uncon-
finad aquifer. The hydraulic conductivity of ths unconfir+d aquifer generally
ie 10°? to 10" m/sec for coarse sand and gravels and as lpw as 107’

m/gec for fine-grained, indurated sedimente (Gephart et «l., 1919). Stora-
tivity values typically range from 107% to 107'.

The wide range of hydraulic conductivities for formations within the un-—
confined aquifer reflect the heterogeneity of the geologis formations. Zonas
of higher conductivity are attributable to paleostream deposits within the
Hanford Formation, while lower values commonly occur within the finer. more
indurated sediments of the Ringold Formation, Two features are noteworthy.
The first is an area of lower hydraulic conductivity benasth and in the vicin-
ity of the refersnce 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 eagt and southeast of the reference repository location,
This area cenaiste of coarger-grained eediments 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 genaral
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 (riseg in the water table} at the Hanford Site. These mounds result
from the disposal of process water from exiating facilities at tha Hanford
site. Piezometers located near watsr-dieposal ponds at the Hanford Site show
higher hydraulic heade at the top of the unconfined aguifer than at the bot-
tom. This head distribution is characteriastic of ground-water recharge
areas, Piezometers near the Columbia River ghow increasing heads with depth
during low river ctages. This upward gradient identifiea an area of ground-
water dischargs.

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

Within bagalt 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, ungquantified) vert:ical 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 has been suggested by many investigators le.g.. La Sala et al..
1973; Luzier and Burt. 1974; Nawcomb, 1986S5}.

Local ground-water recharge to shallow basaits beneath the Hanford Site
results from precipitation and runoff on bagalt outcrops surrounding the Pasco
Bagin (La Sala and Doty, 1971; Gephart et al., 1979) and in places within the
Bazin by percolation from the coverlying sedimentary aquifer. The regional

-287-



32208 22100

[T
o 1

recharge of deep basults is thought to result from a comkination of factors,
including (1) interl:sin ground-water movement {Tanaka e% al,, 1979), (2)
leakage along structural and stratigraphic discontinuitinsz. and (3} leakage
across nondeformed %asalt flow interiors,

Ground-~water discharge from the shallow basalts protrbly ia to the over-
lying unconfined aquifer and the Columbia River, The ¢ s.marge area or areas
for deep ground waters remain unknown. However, it ig zgsculated 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 pres-
sures. Natural rlowing artesian wella exlat in the shallow bagales beneath
the Cold Crenk Valley, weat of the raference repository location, and along
the Columbia River where the land elsvations 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 combinsd with hydraulic-head infeorma-
tion collected 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, Thera, hydraulic heade decrease with depth. Eastward across
the Hanford Site, heads become more uniform with depth in the central Cold
Creek syncline. This suggesta lateral ground-water movement. Close to the
Columbia River, mshallow hydraulic heads either increagse with depth or have a
variable pattsrn that suggests potential discharge.

In deep basalts, available data suggest either generally uniform heads or
a slight increase 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. Tha above head pattarns have been
reported or suggested by several investigators {e.g.. La Sala and Doty, 1571;
La Sala et al., 1973: DOE, 1982) and appear to be supported by hydrochemicat
data,

The above summary of hydraulic-head patterns is a conceptualization based
on available information cellected from piezometers and on a progressiva
drill-and-test basias. Because of the apparently low hydraulic gradients
(vertically and horizontally) in the deep basalts beneath the Hanford $ite and
the uncertainty associatad with the repregentativeness of heads collected
during reconnaissance drilling and testing in the late 19708 and early 1980s.
additional shallow and deep piezometers were installed in and around the pro-
posed site. Praeliminary data from these new piezometars appear to support
eartier concepts of generally low hydraulic gradients existing in the deep
basalts in and near the reference repository locatiocn.

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 considsred aquifers in addition to flow teops of ‘the Elephant
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Mountain and Umatilla :lembers, Some flow tops within the Priest Rapids, Roza,
and Frenchman Springs “4ambars of the Wanapum Basalt are alf:: known to be aqui-
fers. Comparatively faw aquifers appear to exist within tii+ Grande Ronds
Basalt heneath the Ha-ford Site, Ag described by Gephart ..: zl, (1983} and
depicted in a report Ly Long and Woodward-Clyds Consultant (1983}, flow-top
hydraulic conductivity values are commonly heterogeneous, 13 therefore a zone
identified 4s an aquifer in one location may not qualify az gsuch at a second
location, However, the aforementioned aquifers in the Saidls Mountains and
Wanapum Basalts appear "¢ be rather common features.

Areal and stratigraphic changes in ground-water chemistry, as detected
from about 150" water samples, characterize basalt ground waters beneath the
Hanford Site (Graham, 1983). These changes are believed to delineate flow-
system boundaries {e.g., local versus regional flow syatemy)} 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 thesa data. Overall, shallow and deep basalts are of Lhe szodium
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 arnd 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 bagalt may occur in (1) flow tops and interbeds,
{2) cooling fractureg within flow interiors, and (3) bedrock structural dis-
continuities (Gephart et al., 1983},

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

To date, about 200 single-hole hydrologic tests have been conductad in
flow tops and interbeds in some 35 separate boreholes across the Hanford
3ite, 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 geomatric
mean of approximately 10°' m/gec (Long and HWoodward-Clyde Consultants, 1983),

Two tracer tests have been conducted in the flow top of the McCoy Canyon
flow (Bakr et al,, 1980; Gelhar, 19BZ; Leonhart et al., 1982). Dispersivit¥
values reported were 1,5 to 2. 8 feet hlth an effective thlckness of 5 x 107
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 portions of individual flow
interiors at depths »f ahout 11%0 to 31900 feet. Horizontanl hydraulic
conductivities measuced were less than or equal to 107'' n/sec. Low hy-
drauli¢ conductivit:ig for flow interiors have been reporsad or sugoested by
other investigators {(eg.g., La Sala and Doty, 1971; Newcon ., 19B82). ‘The first
field test {a ratio tast) attempting to quantify the ver .cal hydraulic con-
ductivity and to evaluate teat methods within flow intariuors has been com-—
pleted {Spane et al., 1983}, The results suggest a ver.i: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 bhasg it the ratio method
for determining vertical hydraulic conductivity may be of limited application
in available boreholes. OCther test methods are under 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 hexagonal cooling-joint configuration and applying a flow
balance (DOE, 1882)}. The ratio obtained was approximately 2:1, Statistical
modeling of fracture sets indicates a maximum anieotropic ratio of approxi-
mately 3.5:1 {Sagar and Runchal, 1982}). Thue. ¢once several field maasurements
hecome available, it is believed that the vertical hydraulic conductivity of
undeformed bagalt flow interiors will probably be shown to be similar to the
horizontal-conductivity values currently reported.

Some vesgicular zones within basalt flow interiors have been hydro-
logically tested. Hydraulic-conductivity values ranged between 10°% and
10"'? m/sec {Long and Woodward-Clyde Consultants, 1983}. Whather such
conductivities are typical of vesicular zones is not known at present.

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

Synclinal troughs, where exposed in the Columbia Plateau outside the
Pasco Baein, appear to exhibit less strain than do other portions of the
Yakima fold structure (Price, 19B81). However, the difficulty with directly
extrapolating this regional charactaristic to the Cold Creek syncline is that
the latter is filled with sediment, which precludes direct observation. Geo-
physical surveys and borehole core samples are enabling geologists to map the
geologic structure within the Cold Creek syncline. DBacause the trough of the
Cold Creek syncline in which the proposed repository site lies is a broad.
open structure, it is interpreted to contain fewer bedrock structures relative
to anticlinal areas. Infarred or known bedrock struckturgs 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 brecgia. These zones are typically about
3 feet thick in drill cores and are of unknown lateral extent {Moak, 1961).

One tectonic breccia in ths Frenchman Springs Member of the Wanapum Ba-
salt was tested and found to have a hydraulic conductivity of 10 '' m/sec.
Future testing will determine whether this low value is characteristic of
other tectonic breccias.
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The Cold Creek hiydrologic "barrier' is an example of what ig interpreted
as a bedrock structural discontinuity that represents a lrteral impediment ko
ground-water flow. This feature runs nerth-south and is spyroximately 1 mile
west of the referenc. repository location. From wesat to :ast across this fea-
ture, hydraulic heacds abruptly drop as much axs 500 feet. In addition, hydro-
chemical data suogest that mineralized deep waters may he mixing vertically
with more dilute., shallowar ground waters along or near 'Flis feature. The
lateral extent and rate of possible ground-water mixing 414 as yet undefined.

Alternative Concrpts ¢f Ground-Water Flow

Becauge existing geohydrologig data are too preliminary to conélusively
support a gingle quantified ground-water-flow model, four alternative working
hypotheseg were developed {Figure 5-B).

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

Concept B is similar to concept A except basalt flows are crosaed 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 gystems. Depending on the extent of fracture mineral infilling or
fine-particulate materials present, these discontinuities could act as con-
duits 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 is considdrably
legs than in concept A, In concept C, ground-water movement batween dewmp and
shallow systems occure a3 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 discontinuitiss 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 interiora of relatively high vertical leakage bounded by
structures. . - :

The concept currantly intesrpreted as most supported by available data is
concept B. Bedrock structural discontinuities in this concept are considered
legs 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 movemant in and around the raference repi:sitory location must
await the completicr of gite characterization.

5.3,2 SALT

To date. hydrologic analyses of the five potentialiy acceptahle salt
sites have been imade mainly from regional data. A limited zmount of site-
specific data has been gathered from exploration wella di.lled at or very near
the potential sites.

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

5.3.2.1 Bedded-5alt Sites in the Palo Duro Bagin

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 thicknass of about 1150 feet, Lhis 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 common because of the pumping wells located throughout
the Texas High Plains. Discharge from the upper unit occurs through extensive
pumping for irrigation, municipal, and industrial water uses. Discharge also
occurs along the escarpments 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 contains the Lower San Andres salt
formation, Thig unit is 3200 to 3800 feet thick (SWEC, 1983a, c¢). Because of
the low vertical hydraulic conductivity of the evaporitas (107'° m/sec or
less), it is assumed that there is virtually no vertical flow in this unit;
however, some interbedded carbonate units have higher hydraulic conductiv-
ities, and ground-water flow is primarily horizontal within them.

The lower unit of deep-basin flow consists of carbonate roc¢ks, shales,
and an arkeosic 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. Fleow in the
deep-basin agquifers of the lower unit is generally to the northeast throughout
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the study area. Oil and gas production along the marging of the bagsin has
distorted the regionzl flow patterna. The discharge areaz of the deep-basin
agquifers are not kne¢t'n yet but are thought to be to the erwt. in Oklahoma,
where stratigraphically equivalent units crop ouk.

Pathways

Comparisen of potentiometric maps of tha upper unit . .he Ogallala aqui-
fer) and the lower unit (the Wolfcamp series) indicates a .ownward 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-baein lower unit. However,
interbedded shale and carbonate strata in the aquitard also rcepresent 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 gsimilar low values {(Aufricht and Howard, 1961;
Gloyna and Reynolds, 1961). However, no in-situ testing of salt hag been done
to date in the basin. Nonsalt intgrbeds in the middle unit have been tested
{(SWEC, 1983a, b, c). The Lower San Andres Cycle 4 dolomite, which lies below
the host rock, is considered the most permeable interbed, Drill-stem tests
vielded 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
along the margins of the basin and in producing oil and gas fields,

The "granite wash" is an arkosic sandstone that is 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 below 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-bamin brines. One group
of brines show the igsotopic signatures expected for ieotopic eguilibrium with
carbonates at the measured subsurface temperaturses; these ground waters are
present in the eastern part of the Palo Duro Basin. The second group of
brines show the isotopic signatures expected for variable mixtures of rain-
water {which are now brine) with carbonate-egquilibrated 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 weat of Deaf Smith County. Presumably, the rainwater ac¢-
quired its salinity by dissolving salt along the wegstern edge of the Permian
evaporite sequence in the Palo Durc Basin,

Oxygen—isotope 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, disseclving salt, and issuing ag 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-reflnction surveys of tha study areas do .of indicate any major
structural discon:inuities in the vicinity of the git¢s, Several faultg are
inferred to exis{ as high in the zection as the Lower ‘clfcamp. but do not
offset any of the overlying units in the middle~unit .. witard.

As noted, the data base is regional, and local .m:!l-scale variations un-

doubtedly exist. llowever, the conceptualization pres2 ted here is felt to be
an accurate representation of the geohydrologic settin¢ of the Palo Duro Basin.

5.3.2,2 Bedded-Salt Sites in the Paradox Basin

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. Ikts rocks
are generally fine-~grained sandstones and interbedded giltatone. The middle
unit consists of shales, carbonate rocks, and evaporites. The hosgt 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
consists mainly of limestone interbedded with mudstone, siltstone, and sand-
stone in the upper parts. The Leadville Limestone is considered to be the
major deep-bhasin aquifer.

The sandatone formations of the upper unit can be considéred local aqui-
fars, though yields seldom exceed several gallons per minute. Water quality
deteriorates with depth, and only the upper parts of this unit may contain
potahle 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 here.

Precipitation over most of the study area ranges from 8 to 12 inches per
year (Butler and Marsell, 1%72). 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 gsources of recharge. No data are available
regarding the recharge contributed by these surface drainages, but Indian
Creek may be the most significant contributor.

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 ininor 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 stwvuctural features or
salt dissolution may have created permeable pathways. Minrralization of frac-
tures and alteratict within Shay Graben are indicative of past ground-water
movement., Similar gathways may he actively convaying fl ¢ds at depths.

Evapotranspiration is another significant componen «f discharge in thae
study area., Certain ‘ypes of plants consume large quanci'ies of water and
account for a significant part of the discharge. The oceirrences 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
scatterved small-capacity stock wells and domestic wells, including four wells
that supply the Canvonlands National Park (Sumsion and Bolke, 1972). Such
ghallow 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 dav.

Springs associated with the cutcrop of the Indian Limestene suggest that
this thin but resistant limestone may impede downward flow where it idg present
in the western part of the site area. The springs may represent the discharge
of regional ground water or, in some cases, perched-aquifer zonss or rises of
alluvial water beneath the stream channels. 1In 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 regicnal water chemistry
support this statement.

Lateral recharge and digcharge at the boundaries of the area are hindered
by low permeability. Potentiomstric and permeability data for the middle unit
in the area are from beorehole GD-1 and several wells along the southeast part
of the Gibson Dome study arsa. 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-
formaticnal flow) does not occur through the middie unit where the normal
stratigraphic sequence has not been disrupted. The potentiometric surface 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 quality above and below the
middle unit.

Lateral inflow is the principal component of recharge for the lower unit
in the gite area. The regional potentiometric contours in the lower unit and
the low permeability of the middle 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 possibly in the vicinity of the
Abajo Mountains, Lateral flow without surface discharge occurs through the
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southwestern and wesat’ rn boundaries of the area., Crosg-fi.mational flow to or
from the middle unit probably does not occur within the ar.a bgcause of the
low permeability of *ue middle unit. A drill core from Gi:-i dogs not indicate
any galt dissolution and thus provides evidence that litt .y, if any, ground-
water fiow haa occurred through the salt beds there. Hov. ser, cross-forma-
tional flow may cccur in Lockhart Basin and Shay Graben, wiere permeable con-
duits may exist through the middle unit. The potentiome.riz and geochemical
data are too sparse to establish whether c¢rosa-formations}! flow ig occurring
at those lecations,

Pathways

A Comparison of maps of the potentiometric surfaces ¢f the upper unit 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-
anta, 1983} at borehole GD-1, Preliminary modeling assumed that this downward
gradient would cause any releass 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 than 1 x 10 '? m/sec, Preliminary moldeling
alge assumed that the likely pathway for released radionuclides is downward
through the evaperite section and horizontally through the Leadville Lime-
stone. The computed travel time through the low-permeability evaporite gec—
tion (2000 feet thick below Salt Cycle 6} is 120,000 years. Long-tarm tests
yielded a hydraulic conductivity of about 3 x 10 '° 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"’ m/sec in the GD-1 borehole. However,
interbeds within the middle unit, consisting of interrelated shale and carbon-
ate strata, also represent possible pathways. The data base ueed to date is
regional; it congists of data from water wells, springs., oil and gas wells,
and DOE-funded exploration wells. The available data are too sparse to estab-
ligh the effects of nearby structural features on the geohydrologic regime.
Figure 5-10 shows geohydrologic cross sections based on currently available
data,

5.3.2,3 falt Domes

Geohydrologic Setting

Frash ground water in the area of the Cypress Creek and Richton Domee
occurg in discontinuous, lenticular sand deposits that are interbedded with
clay, marl, and limestone primarily of Miocens age, Saline water occure 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 0.1 to 100
m/yc. The pregence of ealine water at relatively high elevations in wells
near the domes suggeste either salt diseolution 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 dissolved sclids) in the study area is the Mioce.r aquifer systam,
which conaists of the Catahoula Sandstone and the Pagcag:ula and Hattiasburg
Formationa (see Figure 5-3). The Citronelle Formation & 30 is an important
aquifer locally. The base of fresh water generally rang. s from 400 to 1400
teet below sea level in the goutheastern part of the b:.3:n, The depth to the
bage of fresh watwr, and the quality of water, may be & 'tered locally by with~
drawals, oil-field injection wells, salt dome dissolutiui or the upward move-
ment of watar 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 eatimated from about 200 tests .n southern Migsis-
gippi. Hydraulic conductivities may be ag much as 37.000 m/day if based on
the meximum cumulative thickness of sand in the aquifer system (Spiers and
Gandl, 1980; LETCo, 1982a).

Sedimentary strata {n the region of the Vacherie Dome generally dip teo
the south and east as & result of postdepogitional subsidence, which continues
at pregent. Ground-water flow in the identifled units typically is in the
downdip direction, except in areas where flow patterns are affected by ground-
water withdrawal or loécal variations dub to recharge and discharge to streams,
Flow in the deeper aquifers tends to be toward the southeast, from recharge
and outcrop areas nocthwest of the dome toward:the Gulf Coastr though 1oca1
variations do occur.

The natural downdip movement of ground water in the shallow. units, mainly
the Sparta aquifer (Figure 5-4), ig affected by ¢round-water withdrawals at
three pumiping centera to the north and east of the dome (Ryala, 1982},
Ground-water withdrawals from the Sparta have been extensive, and water levels
are reported to have declined a total of 40 to 60 feet at Minden between 1965
and 1980 (Ryals, 1%980a}. Ground-water withdrawals from the Sparta aquifer
average about 10 millish- gallons per day in the vLC1n1ty of. the Vacherie Dome
(Urban Systems Agsoeiates, 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-Rilcox aquifer 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) . . TR

Pathways

In the area of the Richton and ths Cypress Creek Domes, extensive areal
recharge occurs in the upper unconfined aquifer from the infiltration of pre-
cipitation in excess of direct runoff and evapotranspiration, A dlarge propor
tion of this recharge aither returns to ‘the surface-ag distharge from the
upper aquifer 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 aquifers of ‘the uppey Claiborne and the Wilcoxi-dn the northern.
part cf the regional syetem where they crop out. This recharge flows to the -
south 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 gouthsrly direction until it intercepts th: Leaf and the
Pascagoula Rivers. Thare, the flow changeg direction a1 “ moves upward, dis-
charging into thease rivers. The ground~water flow in tl Wilcex unit remains
generally to the south-southeast, but, in the upper Gl il arne and alluvial
aquiferg, it flows toward the rivers downstream of the id¢ne, 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 agquifer in most of the regional system,

Figyre 5~11 is a simplification of the possible patha of release from the
Richton Dome to the various aquifer unita. Travel paths are prxmar11y hori-
zontal in aquifer layers and vertical in confining layers, Figure 5- 1] ghows
how far a partigle would travel from its ralsase point outside the doma Qefore
entering the surface-water system. The pathe would be similar for the ‘Cypress
Creek Dome. -

?fi

Bacause of ‘the location of the repository level, it is likelyrthat éhy
release would ogcur into the Wilcox unit (travel path 1) at the gfchton Dome,
The proposed repository level at Cypress Creek is adjacenk to the upper
Claiborne unit, ‘and any release would most likely follow a path gimilar to
travel path 3. °"Releases into the upper units at Cypress Creek hecome progres-
sively less likely as the depth-of the unit decreases. A possgible: releasp
directly into the upper aquifer unit {(travel path 5) is congidered “extremely:
unlikely; but was included for completensess. ‘

The pathways at the Vacherie Dome are similar to those for the other twp
domes. The major difference is that at Vacherie the transmitting geohydro— !
logic units are lower in the stratigraphic column. In northern Loulslana, 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 side of the dome and from there to the
southeast at great depth in the Austin Group. K

Thisg dlscusslon of pathways assumes that releases occur at depth and that
transport to the surface-water system is controlled by the reg;onal ground— -
water-flow system. Knowledge of local ground-water flow in the vicinity of
the domes 1is curbently quite limited. Additional near-dome pathways such as
along the dome:sheath or along faults may exist, byt data needed ‘to define
these potent1a1 paths are not avallable : '

5

1
(9]

5.3.3 TUFF
The qeohydrologlc system at Yuceca Mountaln im 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. grad1ent, effective poresity, and water flux For the unsatu~
rated zone, the Same parameters are neaded, but must be- augmented Wwith infor-
mation on moisture content, its effects on moisture tengion, hydraulic
conductivity, and infiltration rates. These parameters have heen used to
identify the directions of ground-water flow and to estimate ground-water
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velocitias and trave. {imes, In addition, studies of paliohydrology hava bean
conducted to evaluatc the potential hydrologic effects o' futurs climatic
changes.

Unsaturated Zone

Hydreologic testing in drill holes revealad that th water table is gener-
ally 1600 to 2500 feet below the mountainous land surfa.e of the Yucca Moun-
tain site and 1000 feot or more below the surface in arsa. surrounding the
site. Thug, the water table is sufficiently deep to perm.t 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 instrumentation of tast holes in
the unsaturated zone.

The hydrologic proparties 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 tha unsaturated zone are
available., but these have allowad the definition of geohydrologyic units and
the development of preliminary conceptual flow modele. The definition of dif-
ferent units is based principally on the degree of welding in the tuff. which
strongly affects the hydrologic propertias. In order of increasing depth, the
units are the Tiva Canyon welded unit, the Paintbrush nonwelded unit. tha
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 tensiong (as much as 40 bars), and high fracture den-
gities (10 to 40 fractures per cubic wmeter}. In contrast, the nonwelded units
have higher hydraulic conductivities, high effective porosities (20 ko 30 per-
cent), and lower fracture densities (a few fractures per cubic meter},

Concepts of the unsaturated-zone flow system have been developed on the
basig of preliminary data. These concepts will be tested in future studies,
but indications are that the ground-water £lux is vary low. The Paintbrush
nonwelded unit may serve as a natural capillary barrier to divert pulses of
recharge flux beyond the houndaries of the repegitory. The weldad unit of the
Topopah Spring Member probably has a very low flux, both in fractures and the
rock 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 wasta migration.
This expected condition of the rock alse mitigates concerns about such factors
as induced fracturing, dehydration of clays or zeolitas, and heat-induced high
water preasures.

Saturated Zone

Extensive hydrologic testing of the saturated zone has been performed in
test wells in the immediate vicinity of Yucca Mountain. Thesa tests hzve
included pumping tests of all or part of the saturated zons penetrated by the
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well and packer-injection testg of isolated intervals wit):in the boreholes,

In addition to identifying zones of water inflow during p.mping, the data col-~
lected include the Jiatribution of hydraulic heads and hyiraulic conductivity,
Chemical analyses have been made of water samples from 1. water wells and test
wells. In addition, 14 other test wells have been drill:} to provide data on

the elevations of the water table.

Most test wells irere drilled to depths ranging frou ‘300 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 teat wells are con:colled mostly by
the distribution of permeable fractures intercepted, ratier than by strati-
graphic position. As a result, no hydrostratigraphie¢ units have been defined
for the saturated zons,

Ground-water flow in the saturated =mone is mainly through fractures in
the moderately to densely welded tuffs. As a result, the effective porosity
is probably low: it is aggumed to ba about 0.005, but it may be as low ag
0.002. Multiple- and single-well tracer tests are planned to evaluate thig
parameter.

Preliminary water-table maps have been constructed on the basig 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 wasg 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 tuffa.

Pathways

Paths of likely radionuclide trangport 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 Hills 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 eeti-
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
exceeda 20,000 years, and the ground water travels through highly sorptive
minerala that will retard most radionuclides,

Between Yucca Mountain and the accessible enviromment, ground water in
the saturated zone moves through the welded Crater Flat Tuff, the nonwelded
tuffaceous beds 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 10°° to 1.6 x 10™° m/sec) along
the poasible flow paths result in relatively short preemplacemant ground-water
travel times in the saturated zone. Thus, 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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FPuture Hydrologic Conditione

Estimates of hydr»logic changes that might result from future climatic
changes have been bas-.d principally on an assessment of cl.matic extremes and
the resulting hydrolagic conditions during the Quaternary .aviod. The cli-
mates of the last 45,000 years have been reconstructed lat¢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 Arr Meadows ground-water basin from thie distribution of
calcite veins in _lluvium and lakebeds and of fossil-spring deposita of tufa.

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

The climatic changes that resulted in pluvial conditions during the
Quaternacy 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, regional
evidence indicates that, within the framework of the geologic setting and the
arid-gemiarid 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.

%.3.4 GENERIC RESEARCH

The DOE is also conducting generic research that is related to hydro-
geolegy and could be applicable in predicting repository performance. For
example, at the Argonne National Laboratory, the Lawrence Berkeley National
Laboratory. the Los Alamos National Laboratory, and the Lamont-Doherty Geo-
physical Laboratory, the DOE is supperting 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; f£luid, heat and solute
transport in underground formations; element fixation in crustal rocks: and
the effects that organic compounds in ground water have on the mob111ty of
trace metals and radionuclides.

5.4 SIGNIFICANT RESULTS OF RESEARCH IN GEOCHEHISTRY

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 processaes
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that promote or inhibit the solubility, sorption, and mobility of
radionuclides,

Resgarch in «eochemistry is therefore directed at inderstanding the chem-
ical characteristics of the potential repository site, sheir effecta on the
containment of the waste, and their effects on waste ig.lation when the con-
tainment is breached. Specifically, the goal is to ¢ tsrmine the following:

1, Ranges of expected geochemical conditions. owve 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-transport parameters to
support hydrologic fiow and transport 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 been drilled and sampled. Re-
cent work has focused on the reference repository location.

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

1., The ground waters can be divided into {(a) relatively dilute waters in
the upper bagsalt flows and (b} waters in the lower basalt 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 (Eh) 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 bhasalt.

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

4. Analyses based principally on gtable-isotope ratios suggest that
there is 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 represent reducing conditions and high Eh values correspond to oxidiz-
ing conditions.
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The net effeact of the low oxidation-reduction potentinl and the alkaline
pPH 1s to contribute uwositively to radionuclide retardati-»i. The oxidation-
reduction potential is the dominant factoyr, 3ince most o the multivalent
radionuclides shoul- be reduced te their less~mobile val-nce states. This
appears to regult in a net decrease in the steady-state oncentrations of
multivalent cations like uranium and plutonium in a recduc:ng aquecua environ-
nent,  Under the expected reducing conditionsg, techneti w, uranium, and nep-
tunium are well sorbed, while iodine and carbon are pootl: 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 c¢esium and strontium are alsec strongly
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 hy
the speciation of the principal radionuclides will be reguired to confirm
these results.

Geochemistry of the Host Rock

The basalt flow being considered for a repository is characterized by
dense flow interiors consisting of calcic plagioclase 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 inside the vesicles
(Long et al.,, 1923}. The entire flow is fractured from cooling. Current data
suggest that the fractures are typically tight and filled with secondary
minerals.

Because the basalt repository horizon is located in the saturated zone,
the host rock surrounding the waste package will resaturate after repository
closure. Because the hasalt-bentonite packing material has a finite permea-
bility, it is not pessible to preclude contact 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 determine what reactions could
be expected near the emplaced waste. The systems studied to date have been
various combinations of ground water. basalt, sodium bentonite, and simulated
waste (Apted and Myers, 1982; Wood et al,, 1984; Myers et al., 1983: Lane et
al., 1983). The major observationa from these studieg are as follows:

1. Ground-water sclution 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, =eolites, and a gilica-rich phaase
(e.g., cristobolite) similar to those secondary minerals found natu-
rally in basalts.
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These data indiczte that the basalt-bentonite packing material around an
enplaced contalner (s2e Segtion 2.5) will produce an alkal!rne reducing envi-
ronment, This will provide a highly reactive medium for adionuclide-
precipitation reactivns, which should reduce solution cobruntrations. The
reducing environment will most likely maintain the multiv lant radionuclides
an thelr lower valency less mobile stataes and therefore ccatrol the maximum
radicnuclide-release rate from the waste package. Such : reducing environment
also serves to inhibit the corrosion of the metal barria:¢., In addition, an
iron silicate protective layer appears to form in containg systemg 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 Domeg

Geochemigtry of Ground Water

The uppermost aquifers in the Gulf Interior region contain potable
water. The waters vary from the calcium bicarbonate typs 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 golids (7TDS)) and sodium chloride brines (over
100,000 mg/l 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 censtituents in the ground waters that could mobilize
radionuclides are bicarbeonate 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 mora 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 inm brine inclu~
sions (0.15 volume percent (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 series of studies have been 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 been
mainly conducted wi:h sodium chloride brine {dissolved P:rmian salt), The
results of these experiments are applicable to both the ~ulf Coast domes and
Permian Basin. The following conclusions can ba drawn firom these studies:

1. Borosilicate glass appears to react more slowl, in sodium chloride
brine than ian 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 temperature 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 radiolysis can cause highly
oxidizing conditions (Pedergson and McVay, 1984).

4. Iron-canister corrosion is 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 snhancement over the
unirradiated case is not statistically significant {Westerman et al.,
1984}. These doge rates are well above those expected at the waste-
package surface.

9. 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 salt could result in 0.2 m' of brine mi-
grating to the waste package. which is gignificantly 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 bes 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 Duro 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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fers that are bel-w the proposed repogitory horizons .ntain godium chloride
brines with a total-dissolved-solids content of more *han 100,000 mg/l (Bas-
sett and Bently. 1[9831).

The upper aquifera are all oxidizing, but the lowr~r agquifers, the Wolf-
camp and the Pennaylvanian {(Sewell, 1984}, appear to b2 reducing, as evidenced
by the presence of methane. This reducing environmen: could be important in
retarding radicnuc:ides by maintaining them in lower v: ience states, The
lowar aquifers 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 mobilize
some radionuclides. The brines in the lower aguifers have recently been dated
radiometrically and appear to be at least 130 million vyears old in tha eastern
part of the Palo Duro Basin,

Gecochemistry of the Host Rock

The salt in the Palo Duro Basin ia typically halite {90 percent), with
mingral impurities that include anhydrite, dolomite, claya. 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 brinas contain fairly high concentrations of magnesium
(50,000 mg/1l {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 Duro Bagin 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

Geochemistry of the Ground Water

At the Paradox Basin salt sites. the uppermost aquifer, the Cutler, car-
ries potable water of the calcium bicarbonate type. Below the Cutler is the
Honaker Trail Fermation in which the ground water varies from a calcium bicar-
bonate type in the upper part to godium chloride brine 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/il of total dissolved solids.

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

Bicarbonate and organic acids in the upper aquifers are expected to domi-
nate the speciation of radionuclides, which could mobilize radionuclides.
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Gecchemigtry of the Hnat Rock

The salt in the Paradox Basin is gimilar to other siisg in that it con-
tains halite as the principal mineral {about 90 percent, —ite. 1983). It hasg,
hogwever, two significant impurities not seen at the other Aites--carnallite
and kieserite (Hite, 1983). These minerals are signific.n! because they are
gources of magnesium and water, Carnallite dewaters at .pproximately 100°C
{(Jockwer, 1980) and could act as a significant source of w ter.

The Paradox Basin salt typically contains ledg than 0.5 percent brine,
with carnallite and kieserite being able to raise this 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 af the minaral assemblages present
and thus could increase the corrosion rates of canigter materials,

Geochemistry of the Near Field

The geochemistry of the near field at the Paradox Basin differs in two
respects from that described for dome salt. The first ies 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 becaugse of the presence of magnesium in the brines.

5.4.3 TUFF

Geochemistry of the Ground Water

The repository horizon at Yucca Mountain is located in the unsaturated
zone with no overlying aquifers. Water (more precisely, moisture) from the
unsaturated zone has not besn sampled yet; thus, little is kmown about its
geochemistry., 1In contrast, a great deal of data are available on the aquifer
underlying the proposed repogitory horizon. A well designated J-13, which
produces water from the Topopah Spring Member, has Dbeen 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: o

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

2. The ground water is quite dilute {TDS of 9C ppm or less), with so-
dium, silicon, calcium, 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) {Wolfsberg et al.., 1982;
Allard, 1982; Duffy and Ogard, 1982).
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5. No detectuble organic complexing agents are p; 8ant {Means et al.,
1983},

Geochemistry of Lthe Hoet Rock

Within the Topopah Spring Member and beneath the proposed repository
horizon, there are significant variatiens in the minera composition of the
host rochs {Bish et al., 1%82), including localizad occu-rences of c¢ristobo-
lite, tridymite, smectite, and volcanic glasg. The important gorptive min-
erals clinoptilolite and mordenite also occur in discrete horizong, their dis-
tribution changing horizontally and vertically {Bigh et al., 1984).

Figure 5-12 i3 a cross section through Yucca Mountain showing geologic
units at and beneath the proposed repository horizon, "he major intervals of
gorptive zeolites heneath the horizon ars identified with Roman numerals. At
ail points, the zeolitized tuff is at least 80 feet thick beneath the reposi-
tory horizon. In addition, large amounts of zeolitized tuff will be encoun-
tered by any water traveling through the saturated zZone {Vaniman et al., 1984},

Sorption studies. both static and dynamic, have been conducted for most
of the radicnuclides of interest for the types of tuff to be expected at Yucca
Mountain (Ogard et al.. 1983a, b:; Wolfaberg et al., 1983; Bryant and Vaniman,
1984}. Simple cations {e.g.. strontium and cesium} are strongly sorbed, and
the reactions are rapid. There is good agreement betweea static and dynamic
measurements. In batch experiments, actinides like plutonium and americium
show strong sorption. These measurements, however, must 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 et al., 1983; Heiken, 1982).

In addition to retardation by sorption, 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 guantify the contributien of this
matrix~diffusion mechanism to the retardation properties of the site,

Geochemistry of the Near Field

The characteristics of the proposed repository horizon, located in the
unsaturated zone, will be the overriding factor in limiting container corro-
sion and waste-form disselution. Preliminary results of corrosion tests con-
ducted on 304L stainless steel indicate that a 0.3 inch thickness of this
material will be adeguate 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 from 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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Figure 5-12. Sorption stratigraphy below the preferred repository horizon in tuff.
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5.5 SIGNIFICANT RESULTS OF RESEARCH IN CvOMECHANICS

Research in v :omechanics includes studies to deteisiitie the impact of the
thermal and mechanical properties of the host rock and 'n-situ stresg on the
location, size. shape, orientation, and gtability of t.: underground
openings. Also included are studies of the stress ani _emperature fields in
the vicinity of a site, the axcavation characteristic. .»{ the rock mass., ther-
mal and thermomechaiical modeling “echniques, and the 2 fects of radiation on
the mechanical propertieg.

Predictions of rock temperature are required for ~stablishing the spatial
extent of the repository horizon acceptable for waste emplacement, for esgtab- -
lishing the acceptable thermal loading within the horizon, and for evaluating
the ability of repository and waste-package designs t¢ 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 the waste-package environ-
ment, to the establishment of ventilation requirements, and to design tradeoff
studies {e.g., horizontal versus vertical emplacemant, waste- package sizing,
canister spacing. and drift spacing}. :

stress, strain, and displacement predigtions aqe_requi:ed for developing
detailed design plans for room sizes, shapes, spaciﬂgs, and support reguire-
ments: for evaluating emplacement-hole stability {(including-liner require-
ments, if any, for stability}: for determining the spatial extent of accept-
able host rock in the repository horizon; for evaluating shaft designs with
respect to structural stability and liner loading; and for evaluating the mag-
nitudes and consequences of far-field exparnsion and subsidence.

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

G

5.5.1 BASALT a

Testing in basgalt has now progressed from the laboratory testing of rock
corgs to field tests at the Near-Surface Test Facility (NSTF)}. In addition, a
series of hydraulic fracturing tests have been 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 medels, - Preliminary measurements of in-situ $tress have heen 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 purpcse of characterizing the physical, mechan-
ical, and thermal properties of four candidate horizons in the basalt. An

-314~



&N 0N 22405

abbreviated summary of the results of this laboratory teisting of intact rock
is presented in Tab:is 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
portion ¢f the Cohassett flow {(entablature and colonna le} has been chosen as
the most suitable portion for a repository. From Table 3-1 it is apparent
that the dense inter.or provides relatively high intact- ock strengths and
Young's moduli vith a corresponding low porogsity, 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 Entablaturs® Colonnade®

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

(MPa} 291.6 + 18.90 288.3 + 38.31
Young's modulus (GPa) 75.60 + 5.83 72,76 + 7.23
Poisgon's ratio : 0.25 + 0.02 0.25 + 0.02
Tensile strength (MFa) 14.54 + 3.32 | 15.8 + 2.36

Thermal conductivity {W/m-K) 1.51 + 0,15"

Coefficient of thermal
expansion (10" K1) 6.02 + 0.42"°

*Dense interior inktrafiow structures.
*Entablature and colonnade test results were avaeragaed to determine the
thermal-property values given in the tahle.

The thermal and mechanical properties of basalt are important engineering
parameters that are used in repository mopdeling and design. The effects of
heat trangfer through the rock mass from heat-generating waste contairers are
sufficiently well understcod to predict temperature distributions., The be-
havior of the rock mass under thermally induced stresses is not yet fully
understood. Until it is, the waste emplacement areal densities, emplacement-
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rocm spacing, container-hole spacing, and the estimated n~dditional support
requirements due to thermal loading are preliminary. Trs thermal properties
of the rock mass exuweriencing stresses sufficient to cicse joints and frace-
tures are not expected to be significantly different fr¢.: chose of intact rochk.

The mechanical properties and behavior of the rock .asg are not as well
understood, Preliminary agsessments of the effects of cuintinement stress.
temperature, and loa:ling 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 Mountain. The location of
the facility was chosen primarily because of the easy access to the Pomona
fiow, which possesses claractéristics similar to the candidate horizons., The
tests conducted at the 'fdeility can be grouped into four catagories:

Geologic characterization studies,

Full-scale heater tests,

Jointed block tests.

Test methoed and instrument development tests.

[ P
e e s

These tegta have yielded valuable information which has led to (1} an
understanding of the generic behavior of Columbia River basait; {2} the ad-
vancement of measurement methods and instrument technology: (3} the improva-
ment of data-analysis methods: and {4} the development of predictive numerical
models. The NSTF geelogic studies, jointed block tests, ‘and full-gcale heater
tests have bheen completed, and a variety of instrument development tests are
continuing. The results of these tests are summarjzed helow.

Mechanical Propertiedg. Results from the triaxial block test indicate an
anisotropic deformability behavior of the rock masa. The deformation-modulus
values perpendicular to the basalt columns are only about 60 percent of those
parallel to the ctolumns at low confining stress levels (Cramer et al,, 1983).
This degree of anisotropy was also reflected in the valuss of dynamic defor-
mation moduli calculated freom compressional and shear wave velocities obtained.
in crosshole seismic tests. The rock-mass density and sonic velocities in-
crease with increasing confining stress levels. Thess results indicate the -
need for a compliex mechanical model. '

Thermal Properties. Results from large-scale heater teets (Gregory and
Kim, 1981} were used to determine a heat-fit rock mass thermal conductivity
value of 1.7 W/m—-K. This value is cloge to the 1.51 W/m-K laboratory valua
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
regearchers that in-situ thermal performance can be adequately modeled with
laboratery 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 Facility 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 lavel is abo.t twice that
expected in a repositury. it should ba noted that the in-::tu stress condition
at the faciltity ig much lower than that expected at the r:rsgitory depth,

Measurements of In-Situ Stresgs

The basalt flows wvnderlying the Hanford Site have bes.. known to be under
high horizontal ¢ompressive stress acting in a general north-south direction,
Core-disking and borshole-spalling 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 principal
stresseg, Three borehcles at the reference repository location and two bore-
holes at other locations at the flanford Site have been used for the tests,
The results obtained from these teats confirmed that the raximum principal
gtress is acting in a general north-south direction and the maximum
horizontal-to-vertical stress ratio ranges from 2.1 to 2.7 {Kim and Haimson.
1982: Rundle and Kim, 1983}. Although this technique has 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-
holes. The measured high horizontal stresses suggest the nasd for increased
rock-support requirements and thug 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 daveloped for the
primary purpose of providing empirical methods for estimating rock-support
reaquirements. In addition, the uge of these classification methods has been
extended to estimate the strangth and the deformability of the rock mass.

The two most commonly used classification systems are the “Q" system
{(Barton et al., 1974} and the "RMR" system {Bieniawski, 1974, 1976). -EBoth of
these systems have been used to classify the rock-mass quality of the Cohas-
sett dense interior and estimata the rock-support reguirements, The "Q"
system led to a classification of very poor to fair, whareas the "RMR" system
classified the same basalt rock as fair 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 laysr (0.7 tc 1.7 inches} of fiber-reinforced
shotcrete to a maximum of systematic tensioned rock bolts with wire-mesh-
reinforced shotcrete (1.7 to 4.2 inches).

Laubscher and Taylor’s (1976} method of estimating rock-support reguire-
ments by modifying the “RMR" system was alsc uzed to evaluate support raguire-
ments. This methed resulted in a slightly greater rock-support recommendation
than did the "RMR" system, but was still within the maximum 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 cncouvntered in a repository located in thw Cohassett flow. To
confirm the empiricral gstimates, other methods of evalui:ing rock support will
be used, such ag ir-gitu tests, numerical modeling, and oiservational meth-
ods. During the p.oposed exploratory shaft testing pee 'vam, observational
methods will be used to better evaluate and confirm sug, art requirements.

It should also be noted that preliminary estimatey ¢f excavation and
thermally induced streasses were congidered in these aemp: ~ical studies. Site-
specific experimenta! data on the effects of thermally isduced stresses will
be extensively evaluated by in-situ testing during site characterization,

5.5.2 SALT

An initial data base of geomechanice properties is being established for
the seven salt sites under consideration., This data base is composed of the
resultas of thermophysical and thermomechnical laboratory tests of various rock
salt and nonsalt rock units and is enhanced by field tests at Avery Island,
Louisiana, and the Asse salt mine in the Federal Republic of Garmany. Limited
site-gspecific data are also available from the geophysical monitoring of
gelected boreholes and seismic surveys. In addition, field data from the
Wagte Igonlation Pilot Plant studies and previous experience gained in Project
S3alt Vault serve as a supplement to the data base. At present the laboratory
data obtained encompass unconfined compressive etrength, indirect tensile
strength, triaxial compression and extension, creep, thermal conductivity,
thermal expansion, and specific heat capacity, together with various density
measurements and rock-fabric studies. The average thermomechanical and ther-
mophysical properties of bedded and dome salt are given in Table 5-2.

Testing of the thermomechanical properties of various salt upits 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
tensile and compreesive gstrength of the units at room temperature under rapid
loading conditions. 1In salt, the ability to withatand sustained differential
stress decreases with temperature, but "failure" at elevated temperatures is
no longer brittle and is purely plastic. Studies are under way to quantify
this behavior in rocks of different impurity content and volume,

Thermomachanical testing has established that a number of factors in the
ductile response of salt are advantageous to a repository. The time-dependent
creep of salt (which will tend to close and seal openings in the repository)
has been represented by an exponential creap equation (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 stresses (Coetin and Wawersik, 1980} and that
galt exhibita 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 site to site. In addition, the thermal conductivity
of salt is typically temperature dependent, On the basis of laboratory test-
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Table 5~Z The Average Thermomechanical and 1t ermophysical
Properties of the Salt Sites

Palo Duro Paradox Gulf Interior
Parameter Basin Basin Domes '
Bulk density (g/cm’) 2.15 2.20 2.20
Young's medulus {GPa) 26.6 26.9 31.5
Poisggon's ratio 0.31 0.33 0.36
Thermal conductivity
coefficients® (3/m-K)
A 4,30 4.19 3.38
B 0,988 0.899 0.547
Specific heat
capacity (J/kg-K) 404 932 919
Thermal expansion
coefficient (10°° K™ ") 39 42 36

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

L = A (300)%

T

where L[ ig the thermal conductivity, T is the temperature in kelvins, and A
and B are material constants.

ing, a nonlinear representation of thermal conductivity has been established
for the basins {(Lagedrost and Capps, 1983). The thermal expansion and
specific-heat-capacity coefficients for all basins are gimilar, but the
thermal conductivity values differ substantially between dome and bedded
salt. 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. However, 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 ig 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 presgure conditions of a repository.
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Because of the relative eage of excawvation in rock ¢alt, studies of the
excavation characteristics of the salt have concentrate?! on definition of the
zone of rock salt cisturbed by mining. Initial estimat:e¢ of this zone suggest
a disturbed zone ringing in depth from 3 to 7 feet, bhagr:d on various field
permeability studies, to an order of tens of meters for a highly anisotropic
evaporite unit, [urther details of these estimates are Jjiven in the draft
environmental assessments.

Radiation Effects or Salt

Limited studies of the effacts 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 salt
sample.

Uniaxial compression and creep tests were carried wut. 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 curvas were obtained for three sam-
ples each of dome and bedded salt. The radiation effects on salt strength are
summarized as follows: : o

1, The compressive strength of rock salt exposed te 5 x 10° roentgens
at rcoom 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 sait 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. At pragent the data bage consista pri-
marily of the results of laboratory tests on core samples, hut iz enhanced by
initial results from field obsarvations and tests heing made on-a diffserent
welded tuff in G-tunne} at the Nevada Test Site. The selection of the Topopah
Spring tuff as the targst horizon for the repository was baged in part on tha
average thermal and mechanical propaerties 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. DBefinition
of the properties to be expected in the candidate repository horizons has
relied on combining the measured thermal and mechanical data with the corres-
ponding bulk properties {porosity and degree of fracturing). Downhole gso-
physical logs were combined with mineralogical amalyses of cores to produce
stratigraphic descriptions of the thermal, mechanical, and chemical properties:
af candidate horizons. The more important data are summarized in.TFable 5-3.
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Table 5~3., éverage Thermomechanical Properties of Tuff in thae
Topopah Siring, Calico Hills, Tram, and Bullfr;j Mambers

Topopah Calico
Parameter Spring* Hills Bulj ‘rog Tram
Porogity (%) 0,17 + 0.09 0.32 + 0.02 0.23 . 0.03 0.19 + 0.03
Grain density (g/cm®) 2,59 + 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 20.1 2.2 +0.1
Dry - 1.6 + 0.4 1.0 + 0.05 1.4 + 0.2 1.6 + 0.2
Linear thermal expansdion
coefficient (107° K™') -
Predahydration - 10,7 + 1.7 6.7+ 3.7 - B.3+ 1.2 8.3 + 1.4
Transdehydration 3l.g - -56.0 -12,0° ~12.0
(to300°CY  (to 150°C)  (to 128°C}  (to 125°C)
Postdehydration 15,5 #3.8  -4,5 + 4,0 10.9 + 0.8 - 10.9 + 0.8
- {6 400°C) - (to 300°C)  ©>125%C) © (>125%Cy
Young's modulus (GPa) 26.7 + 7.7  B,1 + 2.3 15.5 + 4.5 21,8 + 0.3
Poisson's ratio 0.14 +0.05 0.16"+ 0:06 0.19 + 0,08 0.19'i 0.07
Unconfined compressive C .
strangth (MPa} ©95.9 % 35.0° 30.6 + 11.1 56.9 ¥ 20.8 79.2 + 28.9

*Preferred repository horizon.

Mechanical Properties

Studies of the mechanical properties of intact samples from Yucca Moun-
tain indicate that the observed variations in material from the four horizons
depend mainly on porosity. Rock fabric¢ algo plays a significant role in con-
trolling the compressive strength. Preliminary assessments of the effects of
water, temperature, confining and fluid pressure, loading time, voide, and
anisotropy have been performed. Additional testing is concentrating on the
Topopah Spring tuff to assess both the lateral and vertical wvariability of the
properties. Studies of thea mechanical properties of discontinuities and con-
tacts (e.g., joints, bedding planes, and faults) have focused in sarlier years
on simulated joints precut in samples of tuffs from the Grouse Canyon and Prow
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Pass Members, Those results are important becauee of ihe physical and mechan-
ical similarities of these units to the Topopah Spriny tuff, More recent
testing has focuscd on cores from a Topopah Spring outinup Lo determine shear
and normal complisnce of the joints and conditiong fo. the onset of joint
slip. These data are used as input to numerical mode- - that assess the sta-
bility of the mined openings and the effects of wast  ..nplacement, Variations
in the mechanical properties of gimulated joints due ki the effects of dig-
placement rate, water saturation, and time~dependent 5 "avior have been quan-
tified for use in fredigting the mechanical response of the rock mass. PFur-
thermore, preliminary results from the heated-block experiment indicate that
the modulus of deformation for fractured welded tuff i¢ about 50 to 60 percent
of the modulus measured on intact laboratory-scale samples,

Thermal Properties

Saturated and dehydrated thermal conductivities ars variable and show
dependenca on variations in poroamity and grain density {(mineralogy). Studies
indicate that the effects of layering {fabric anisgtropy) on the thermal con-
ductivity of welded and nonwelded tuffs are nagligible. It appears that the
effects on the conductivity of air-filled voids {lithophysae} that occur
within the Topopah Spring tuff can be modeled as additional air-filled por-
osity; however, the distribution of these voids remains poorly defined, and
the above assertion requires further confirmation. The presence of fractures
ig expected to have a negligible effect on the in~gsitu 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-diameter heater
tests in G-tunnel indicate that heat transfer calculations based on properties
measured in the laboratory effectively reproduce the measured temperature
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 behavior of densely welded
tuffs are negligible. The presence of thermally induced or preexisting frac-
tures is expected to reduce rock-mass stresses to below thase, predicted by
laboratory tests, primarily because of the lower effective deformation modulus
in the field.

For a repository in the Topopah Spring tuff, analysgis has shown that the
partial saturation and prevalent fractures preclude significant 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-Situy Streas |

The stregs field at Yugca Mountain appears to reflect the superposition
of reqaonal tensional tectonic stress onto gravitational loadimg. It is
assumed that measurements in nearby mesas can be extrapolated to provide first
estimates of the state of atress 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 result in layering effects and differentic’ stressas betwean
stiffer and softer )& rers. This complicating effact is exywtited to be sub-
stantially smaller i a repository in Yucca Mountain beca #e of the thichkness
and depth of the Topopah Spring tuff.

Excavation Characteristics and Artificial Support Requir maatsg

Experience gained in welded tuff in G-tunnel and eval..ation of cores from
Yucca Mountain indicate that controlled blasting 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 analyses. These empirical correlations and numerical stud-
ies suggest that no unusual support systems will be requi:ed for the explara-
toery shafts or tunnels excavated in the Topopah Spring tuff. Confidence in
the predictiong by empirical msthods and the numerical studies was increased
by applying them to the tuffs of Rainier Mesa, whers there is subigtantial
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 applicable to
hard, brittle rocks like basalt and weldad tuff, which are under consideratiocn
for the first repository. The extent to which data are directly tranafarable
ig, of course, limited by mechanical and hydrologic differences among the
rocks and is hence site gpecific. Clearly, the results will be more directly
tranasfarable to the second repository program, which currently is exploring
for sites in granite or other go-called crystalline rocks.

Current information on the geohydrologic setting of crystalline rocks in
the regions being investiguted by the Crystalline Rock Froject (CRP) is baged
on publiahed literature and on data available from various agencies and organ-
izations. Field inveatigations by the CRP will commence after Lhe selection
of candidate areas,

Thus, very little spacific¢ ground-water flow information is available at
expected repository depths {approximately 3300 feet) in crystalline rocks.
However, a considerable amount of general understanding of flow gystems has
been gained over the past two dscadas through computer modeling {Toth, 1962,
1963: Freeze and Witherspoon, 1966, 1967, 1968; Stokes, 1977; and Gale,
1982). These analyses are based on the fact that the ground-water table in
crystalline terrain is a subdued replica of topography. Under these water-
table conditions, tha ground-water flow system is governed by elevation-head
differences between topographic highs (ridges} and topographic lows {val-
leys). The amount of recharge is also governed by topography, with greater
amounts of precipitation cccurring at higher elevations providing more oppor-
tunity for recharge. Under steady-state conditions {e.g., at equilibrium} it
is possible to envision a system with uniform topography and homogeneous
rocks, where recharge occurs on the ridges and discharge occurs in adjacent
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valleys. However, “ecause the elevation of ridge tope ‘' not uniform and
crystalline rocke ave not hydraulically homogeneous, the ground-water flow
system is more comp'ex than described by that syatem,

The complex nature of these systems was first mode ¥ by Toth (1962,
1963}, who defiued local, intermediate. and regional ¢-c¢ .nd-water flow
gystems. Local flow systems are characterized by shal ¢w ground-water circu-
lation, generally extend over an area of several square -iles, and discharge
areas are immediately adjacent to recharge areas. Regionral flow syatems are
characterized by deep circulation, extended over many miles, and contain sev-
eral local systems., Intermediate flow systems have charncteristice between
those of the local and ragional flow systems and contain more than one }local
flow aystem.

In general, tke movement of ground water in fractured and low-permsabii-
ity rooka is not yet well understood. As a consequence, mathematical models
that can reliably predict ground-water movement in these rocks do not present-
ly exist. Although the parameters potentially influencing ground-water move-
ment in thege rocks are known, their relative importance is not yet known,
and, consequently, the required degree of detail for field measursments 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-permeabllity rocks must be developed.

A significant amount of research and development ig 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 fieid
measurement techniques and mathematical models required for characterizing and
evaluating these processaes. The relevant gtate of the art as of 1978 is docu-
mented in the Procesdings of the 1978 Symposium on Geotechnical Asmessmeni and
Instrumentation Needs {GAIN--Lawrence Berkeley Laboratory, 1979). An update
is being prepared on the the basis of the GAIN 1984 Symposium.

Regsarch on the mathematical modeling of ground-water flow in crystalline
rocks directly spensored by the Crystalline Rock Project has been conducted-at
the Lawrence Berksley Laboratory {LBL}. Mathematical representations of dis-
creta fracture patterns and mathematical models of ground-water flow in net-
works of discrete fractures have heen developed (Long, 1983: Long et al.,
1983; Endo, 1984), The current LBL models consider the rock matrix between
the modeled fractures to be impervious and assume the fractures to be gircular
parallel plates, Work is in progress to test the modele on actual data and to
develop criteria for determining whether a particular fractured rock can be
modeled as an equivalent porous medium, Considerable researoh remaing to he
accomplished, however, to relate the models to field data that can reasonably
be expected to be measured and eventualiy to validate the models with actual
field measuremsnts, :

5.6.1 CLIMAX STOCK, NEVADA TEST SITE

A test of the enginaéring feasibility of tha packaging, tr&nsport, deep
geologic 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 zurface and about 300 feet above the wcter table {Murray.
1981). Although the kest facility is thought to be in tr: unsaturated zone,
ground water is present in fracturee and faults at this t gt level. Moditor-
ing indicates that about 20 tone of water are removed in thae ventilation air
stream each year.

The specific objectives of the test include the foll¢ ring:

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

. Evaluation of ths effects of heat in combination witb intense
ionizing radiation on the canister envirorment,

. Measurement 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., 1583).

A large data base hase bean developed during the 3-year testing phase and
f-month post-retrieval cooling 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
concducted to help design the test and associated instrumentation and later to
predict the transport of heat, the generation of atresses, and the displace~
ments throughout the test facility, During the 3-year heated phase of the
test, measured temperatures agreed with calculated temperatures generally
within 2°C (Patrick et al., 1982). Thie relatively good agreement between
modeling and experimental results was seen throughout the 10,000-m> instru-
mented volume of the test. This finding i3 significant in two waysa: 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 tha heated phase of test-
ing (Yow and Butkovich, 1982). Since the calculated and measured displacement
curves are nearly parallel in time, it appears that the baslc thermomechanlcal
phenomena are being properly modeled.

Monitoring of displacements and stresses algo took place during the
excavation of the facility, before heat Bources were installed. In this case,
calculations did not agree with measurements. Analysis of these data indi-
cates that the geclogic structure had a significant effect on the response of
the rock mass {Heuze et al.; 198l). Models based on the theory of elasticity
were therefore inadeguate.

Implicit in the comparisons of calculations and measurements is the
availability of high-guality data. The data acguisition system recorded and
archived nearly 9-million data records. The overall reliability was 96 per-

-325-



§ 01004 2254

cent. This degree o’ reliability was achieved through tly use of redundant
components and the application of astringent calibrations uf key measurement-
gystem components, such as digital voltmeters. Although he use of redundant
components is not wur.iqua to this test, the need for redu  lancy was found to be
much greater than axpected because of the remoteness of .1e site and the need
to locate part of the system undecground.

Two notable clasites of ingtrumentation failures ocuy red, which highlight
the need for further development of instrumentation for long~term monitoring.
First, borehole rod extensometers were found to fail in two modes: malfunc-
tioning of transducers bhecause of corrosive vapors, and hreakage of connscting
rods by stress corrosion (Patrick et al., 1981). Both pcoblems are prevent-
able, Second, stress gauges were found to fail becausa ¢f internal corro-
gion, Cooperative work with the gauge manufacturer hags alrgady produced a
solution to this problem.

The results of in-aitu stress measurements at Climax, though not directly
applicable to basalt and tuff, provide important insights into the behavior of
fractured hard rocks, 1In addition to confirming the highly anisetropic nature
of the in-situ stress reported by previous researchers, preliminary resulta
indicate the apparent existence of gtress "domaing" (Creveling et al,, 1984).
A possible implication is that such domains may need to be identified. charac-
terized, and appropriately treated in performance assessmants.

Stability of smplacement holes under the influence of a combined thermal
and radiation field was investigated in the Climax tests in a fundamental way
by hammer-drilling 17 holes 2 feat in diameter and 16 feet deep. No macro-
acopic degradation of any emplacement hole was observed. Microscopic studies
are under way to examine possible thermal, radiation, and geochemical effects
on the rock, These studies will augment earlier investigations that revealed
an unexpected 10 percent decrease in Young's modulug and a 20 percent decrease
in unconfined compregaive strength 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. Observations of mate-
riala recovered from the test indicate the potential importance of augmenta-
tion of normal corrosion processes by the radiolytic formation of nitric acid.

5.6.2 STRIPA MINE, SWEDEN

As part of an international cooperative 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 thea
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 following:

s Comparisen of predictions made with computer codes against tempera-
ture profiles measured in a wet, jointed hard rock.
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Mepasurament of the rock-mass permeability as a fun:~ion of tempera-
ture and presiure.

Determinatior. of the magnitudes and principal dirs¢ tions of -in-situ
stresses in the rock mass.

Determination cf thermally induced stressgses and cafoarmations in the
rock mass around electrical heater emplacements anc of any related
phenomena due to heating of the rock.

Testing of a macrogcopic method to define the combined bulk and frac-
ture permeability of the rock. .

significant resgults to date of this set of experiments can be sumna-
follows:

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

Work at Stripa has demonatrated that a large-gcale method of measur-
ing the in-situ permeability of a low-permeability {10°° darcy)

rock mass is feagible. The method can be adapted to rock maases
whos? permeabilities are far less than this., The measurements of the
permeability of the rock mass 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 atresgs in the hard rock showed that there
was substantial sgcatter in the magnitude and direction of the stress.

The calculated deformation resulting from heating of the rock mass
was 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 mags agreed closéely with the measurementa.

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

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

coupled effects that control the migration of agueous solutiong of
radionuclides away from a site. -The mechanical, thermal, hydraulie,
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and chemigul behavior of a repository in any rcvk mass involves
coupling oi these procesges, as influenced by {"e in-asitu state of
gtress, tira propertias of the rock, and, more ::p3rtant., by discon-
tinuities in the rogk masas,

5.6.3 COLORADC SCHOOL OF MINES EXFERIMENTAL MINE

The Colorade Schocl of Mines {CSM) has driven a tunnel in its Experi-
mental Ming for use in the DOE program, The C3M Experiwantal Mine is located
near Idaho Springs, Colorado, and is gituated in granite gneiss. The room for
the test facility lies above the water table and approximataely 300 feet below
the surface. The objactives of the tast are to

¢ Agseas the effects of blasting on the rock mass.
e Determine constitutive relationghips for grystalline rocks.

¢ Evaluate the heated flat-jack test as a hethod_fqr obtaining the
mechanical properties of jointed rock masaes for input to thermo-
mechanical models.

Extensometsrs and leveling pina were ingtalled during construction to
menitor the rock-mass behavior, Permeability measurements were made in bore-
holes parallal to the tunnel as the excavation proceeded. 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 and extent of blast
damage done to surrounding rock during excavation proceduree i3 predictable
and can be used in the design of repositories in hard rock. In~situ measure-
ments 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 jointa.

5.6.4 UNDERGROUND RESEARCH LABORATORY. CANADA

Atomic Energy of Canada Ltd. (AECL) is congtructing an underground
research laboratory (URL) for the exclusive purpose of developing and proving
radiocactive waste disposal technologies. The URL.is located in Precambrian
granitic rocks of the Lac du Bonnet batholith approximately 60 miles east of
Winnepag, Manitcba. The gasologic setting is gimilar to that of Precambrian
crystalline rock bodies in the north-central 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 ig 775 feet.

The URL site was chogen on the basis of having repository-quality rock
conditions. This c¢riterion contrasts with other test facilities, which were
located in existing mineg that had been gited for other purposes such as min-
ing (Stripa, CSM) or nuclear testing (Climax}. Prior te shaft sxnkxng, an
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extensive program of surface mapping and borehele drillirer wasa carried out.
The data hase from thig work will be used to delermine how well underground
conditiong can be pradicted prior to excavation, Instrunonts installed in
boreholes drilled fiom the surface and in advance of the rhaft are being used
ko monitor the hydrologic and mechanicul effects of conscsuction.

Among the tests planned for the URL are the follow:nr: (1) tests of
large scale mechanica. regponse to excavation {(mine-by te =), (2) a pressure
chamber test ta check coupled hydro-thermal-mechanical eftects. (3) radio-
nuclide migration experiments, (4) hydrologic testing and monitoring, (5)
moisture balance to determine total water inflow, {6) container-buffer inter-
action testa, (7) borehole and shaft gsealing tegts, {(B) 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 U.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 detecrmine the opening of
fractures, and {5} microseismic monitoring to improve measurement of rock
stresses.

5.7 IMBLICATIONS OF CURRENT RESBEARCH ON THE POTENTIAL
HOST ROCKS FOR'THE FIRST RHPOSTTORY

On the basis of research described above each potential host rock has
been found to have certain ‘intrinsic advantages and digadvantages. The pur-
poses of thig section are to provide a summary and some perspectives on poten-
tial host rocks under consideration for siting of the firat repogitory. 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 considerations (see Appendix B): and (3)
detailed site-specific investigations will be required to establish the ulti-
mate suitability of any potential site for the location of a repository. Fur-
thermore, being generic, the discuesion 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 site exploration. In the host-rock
approach, a potentially suitable rock--salt--was gelected on the basig of its
favorable intrinsic properties. Then regions that cantain that rock {e.g.,
the Gulf Interior) were delineated a9 starting points for site screening.

This approach was recommended by the National Research Council (1957}, The
starting point for the site investigations being conducted in basalt at the
Hanford Site and in tuff at the Nevada Test Site was current land use.
lnvestigations of thess 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 repositories. Subsequently. in
1979, the General Accounting Office and the Congress recommended that existing
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Federal "nuclear reaurvationa® be congidered for siting .upositories hefore
other argas were selected. This land-uge approach to finling sites should not
obscure the fact th.t the isolation capabilitiesa of the :pat rock are con-
sidered primary and that the evaluation of all candidats host rocks will be
performed on the same basig---that is, compliance with th. siting guidelines.

The discusaion that follows is hased on informatic i contained in a recent
report by the National Research Council (1983), This ru: srence (NRC, 1983} is
intended to des.ribe the gource from which the informatic:» was obtained and
not to imply endorsement by the National Research Council. Table 5-4 eumma-
rizes the more important advantages and disadvantages of the potential reposi-
tory rocks. FPor simplicity, bedded and dome salts have bwoen combined. The
draft environmental assessments for the various sites discuss the favorable
and potentially adverse conditionsg of ths different media relative to their
suitability as a host rock for a geologie repository. Chapter 7 of the draft
environmental assessments compares the merits of the various media and sites
relative to design, operation, and waste isclation of a repository. The
interested readsr ig referred to thig more detailed discussion of the
characteristics of the different host rock types.

5.7.1 BASALT (HANFORD SITE)

Basaits of the Columbia Plateau comprise a very thick saquence of lava
flows {(see Appendix C}. Initially, the deposited filows had permeable tops and
bottoms. Many flows are separated by interflow gediments of hign permeabil-
ity. With time and exposure to ground water, basalt flows and their interbeds
gonerally become legs permeablae because of the deposition of seceondary min-
erals, especially gilica, clays, and zeclites. This system of alternating
aquifers and relatively impermeable zones is complex, will be difficult to
characterize and model, and will require spacially designed aquifer tesats,

Basalt is among the strongest of common rock types; however, this mahes
excavation of the rock expensive, and pervasive fracturing necesgsitates the
use of supports, such as rock bolte. Because it has a moderate thermal con-
ductivity and a high melting temperature, bagalt can withstand a high thermail
lead. Thick accumulations of basalt are unlikely sources for mineral and
energy resources, but rescurces may exist in underlying rocka.

A chemical characteristic of these basalts is that secondary clay min-
erals and zeolites commonly line joints and fractures. These minerals hava
high sorption 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 ars more abundant than in
other candidate host rocka. Most radionuclides are least soluble in reducing
environmentg, as indicated in Section 5.4.
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5.7.2 SALT

Bedded and doma. deposits of cock salt have long bee: gonsgidered as
potential host rock for geologic repositories., Favorable properties of salt
include high therma} conductivity (which minimizes temper:.ture gradiaents for a
g.ven waste loading): very low permeability (in the abseacs of discontinu-
ities}: no moving ground water for the transport of radiuruclides; abundant
availability in thick .and widespread masses that have unii .rm properties;
plasticity that _ermita tight closure and self-sealing at repository depths;
and low cost of mining, Furthermore, because of their high palinities, the
waters associated with salt deposite are not normally attractive for domeatic
and industrial uses. Howsver, salt depoaits may be overlain, underlain, or
bounded by aquifers that contain potable water.

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

Some gsalt and agsgociated brines are attractive sourcea of common palt,
potassium, bromine, and other minerals. Most sedimentary basing that contain
salt deposits are also attractive targets for oil and gas exploration.

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

Little site-specific research has besn conducted on salt, Therefore, R&D
for salt has treated salt largely in a genaric sense.

5.7.2.1 Bedded Salt

Bedded-salt deposits are never pure sodium chloride. They contain vari-~
able proportions of other evaporite and gilicate minerals, which tend to main-
tain roughly uniform proportions parallel to original layers of deposition but
differ greatly in sarlier and later deposited layers. Water content is very
low in massive salt {(ca, one percent or lesg) but isg generally higher in
interbeds containing other minerals and in cross-cutting breccia pipes and
other diacontinuities,

Issues 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 brecgcia p:uoes; potential for dis-
solution; brine mijration; potential occurrencea, origir 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 bodieg whose internal structures :re highly complex and. .
essentially vertical, The marging of salt domes algo tund to ba structurally
complex., This makes the pradiction of radionuclide transpoct leas certaln.
Anocther potential disadvantage of domee Ls that thairv tops and hordavs may be
regions where extensive dissolution has occurred. Also, adjacent strata pene-
tratsd by domes tend to be faulted and folded in a compiex manner, and hance,
their physical continuity and effects on water flow are difficuylt to charac-
terize and model. Fluid inclusions in dome salt tend to be smaller and of
lesger total velume than those in hedded salt that has not been suhjected to
as much pressura, Upwarped and faulted sedimentary strata on the margins and
tops of salt domes are especially attractive for oil and gas exploration,
Domes are also attractive as sources of nearly pure rock salt, ag 5iteg of
deposits of elemental sulfur (in the c¢aprock rather than in the salt itself),
and as sites for storing oil, gas, and other fluids,

Domes are limited in number and easy to locate, making them targets for
future human intrugion, Because they penetrate various water-yielding sedi-
mentary rocks to great depthe, 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 greater depths. The buffer zone of relatively pure halita (90
percent )} surcounding the rapository and its assoclated low permeasbility and
porogity (NBS, 1981l) will result in a very low ground-water £lux and only a
small potential for long-term radionuclide release. Additional studies must
be carried out, however, to define flow paths and rates outszside of the dome.
Various lines of evidence attest to the structural stability of salt domes.
Long-term future changes in sea level may alter ground-water-flow systema in
coastal plain aquifers by increasing or decreasing path lengths and watar
velocities, but the consequences of such possible changes can be adeguately
bounded, ' D :

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 EtiwEEs were so
thick and hot when erupted (600 to 1000°C) that their siliceous glass frag-
ments deformed plastically and formed dense "welded” tuff {(see Appendix B},
Other ash flows and air-fall tuffs retained thelr initial high perosity., but
their glags commonly has altered:to zeolites and clays which have high sorp-
tion capacitias. Such minerals usually are absent in welded tuffs of nearly
identical chemical composition, which devitrified from natural glass at high.
temperatures to more-stable silica and silicate minerals.
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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 c¢ontent to
be expected in the v-:pository horizon would allow the corstiuction and opera-
tion of a repository under nearly dry conditions, would . !low the design of
engineered-barrier gygtems that could keep canistaers vir.ially dry. and would
minimize concerns about the design and functioning of s'w.ts and seals, How-
evar, concepts of hydrologic flow and radionuclide tran puct in unsaturated,
fractured rocks are nct well developed., The testing of t ase concepts will
require speciall designed field tests. Thug, 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 ferric 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 environmentg. However, asilicic
tuffs have offsetting advantages in the high sorption capacities of associated
manganese and iron oxides, clays, and zeolites and diffusgion into pores,

Tuffs are relatively homogefisous in their eériginal horizontal dimengicns
but are generally very heterogenecus vertically, each layer differing in
porosity, permeability. strength, and extent of devitrification and sorption
capacities. Also, permeable sedimentary rocks commonly Eorm 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 chiefly on porosity, Most silicic tuffs are suf-
ficiently strong after welding, devitrification, and cementation to maintain
stable mined openings. 0©Oil and gas seldom occur in the tuffs but may be pre-
sent in underlying sedimentary rocks.

5.7.4 PERSPECTIVES

As illustrated in Table 5-4 and discussed in the preceding text, there
are intringic advantages and disadvantages associated with each of the poten-~
tial host rocks for the first repesitory. Table 5~4 lists advantages and dis-
advantages that are generic to domal and bedded salts, but gpecific 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 tal’le. Suitability can only be
judged by analyzing all of the intrinsic advantages and disadvantages--as
influenced by the conditions prevalent at a speecific site--and by analyzing.
the performance of the total isclation sysatem, Ulthatelg, site-specific per-
formance assessments will be used for detailed ‘comparisdns’ of" 51tes The data
to be used in thase: performance asgessments will not be available until after
site charactérization.’ b
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Table 5-4, Geners Comparison of the Potentiml Host Rocks for the First Repository®

Adv:ritages

Dt :advantages

BASALT (HANFORD SITE)

very strong rock

Low parmeabiiity at depth due to sacondary
minarals in Fractures

Hinerals that £311 fra- tures and minerals
that will form by chemical raactions during
thermal puise are commonly highly sorptive

Characteriszad by geochemical conditions
that generally inhibit radionuclide
transport

Ho resource potential of the rock

Complex hydralos- very difficult to
charactertze anz vodel

variations in 4teral and vertical extent
and properties mve it difficult to
characterize and adel

Reduced mechanical stability due te
fracturing

Relatively expersive {0 excavate

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

Unknown resourer potential tn deep
underlying rocks

BEODED SALT AMD SALT DOMES

very low water content
Very lTow permaability
High thermal conductivity

Deforms by plastiec Flow rather than
fracture; fractures tend to self-heal

Low cost of excavation

Bedded salt i5 relativealy easy to
charescterize and model

Extensive mining experience

Natural rasources {othar than salt) are
commonly associated with salt deposita;
these include potash in bedded salt and
sulfur, oil, and gas nsar salt domes

Highly soluble in water; extent and rate of
dissolution difficult Lo characterize

Creep closure of mined opentngs compl!icates
modeling

Likelihood of pockets of gas or brine
Low sorptive capacity

Salt domes are relatively d1fficu1t to
characterize and model

Highly corrosive to metal

TUFFS (YUCCA HOUNTAIN SITE)

¥irtually no mineral or energy resource
potential

Highly sorptive minerals conatitute large
proportion of many bads

very low fliux of water in arid ragions

Present in significant thitknessas ahove
the water table

Beacause composition and physical properties
are highly variable, strata are retatively
difFFicult to characterize and modal

Reduged machanical stability because of
fracturing

Aquifers in arid regions may he attractive
to future generations

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

Seatsmic activity tends to be high in
regions where tuffs ocecur

AThe information contained in this teble 13 a summary based on Section 5. Ses
alsc Section 5.7.4 for a brief discussion of the perspectives from which these advantages

and disadvantages are to be viewed,

-334-



REFERENCES

Allard, B., 1982. "“Solubilities of Actinides in Neutral o» Basgic Solution,"
Actinides in Per-'pective, N, M. FEdelstein (ed.). Perg:.sacn Press, New York,
pp. 553-580.

Ames, L. L., and J. E. McGarrah, 1980a, Basalt-Radionuc'ide Distribution

Coefficient Determinations, FY 1979 Report, PNL-3146 Pacific Northwest
Laboratory, Richlaand, Wash.

Ames, L. L.. and J. E. McGarrah, 1980b. Investigation of Basalt-Radionuclide

Digtribution Coefficients; Fiscal Year 1980 Annual Ropogg,
RHO-BWI-C-108/PNL-3562, Rockwell Hanford Operations. Richland, Wash.

Ames, L. L., J. E. McGarrah, and B. A, Walker, 1981. Basalt Radionuclide
Reactions. Figecal Year 1981 Annual Report. RHO-BW-CR-127P/PNL-3992,
Rockwell Hanford Operations, Richland, Wagh.

Apted, M, J., and J. Meyers, 1982. Comparisgon of the Hydrothermal Solubility
of Simulated Spent Fuel and Borosilicate Glass in a Basgaltic Environment,
RHO-BW-ST~38P, Rookwell Hanford Qperationa, Richland, Wash,

Aufricht, W, R,, and K. C. Howard, 1961. "Salt Characteristice as They Affect
Storage of Hydrocarbons," Journal of Petroleum Teghnology. August,

Bakr, A. A., L. W. Gelhar, J. F., Billings, J. T. Kam, C. N. Culver, K. G.
Kennedy, and C. D. Updegraff, 1980. "“Tracer Tests for Determination of
Field Digpersivity in a Basalt Flow" (abstract), EOS, Vol. 61, No. 46,
p. 961.

Barney, G. 5., 1982. Radionuclide Sorption on Basalt Interbed Matarials, FY
1981 Annual Report, RHO-BWOST035P, Rockwell Hanford Qperations, Richland,
Wash,

Barney, G. S., 1984. "Radionuclide Sorption and Desorption Reactions with
Interbed Materlals from the Columbia River Bagalt Formaticn.," in Geochem-
ical Behavior of Digposed Radioactive Waste, G. S. Barney, J. D. Navratil,
and N. W. Schulz, eds., ACS Sympesium Series:No. 246, American Chemigal

Society, Washington, D.C., pp. 3-23.

Barney, G. 5., L. L. Ames, J. E. McGarrah, and B. A, Walker, 1983.
Radionuclide Sorption Kinetics and Column Sorption Studies with Columbia
River Bagsalts, SD-BWI~TI-168, Rockwell Hanford Operations, Richland, Waah.

Barton, N., R. Lien., and J., Lunde, 1974, “BEngineering Classification of Rock
Magses for the Design of Tunnel Support.” Rock Mechanics, Vol 6, No., 4,
Pp. 188-236.

Basgett R. L., and M. E. Bentley, 1983, Deep Brine Aquifers in the Palo Duro
Bagin: Regional Flow and Geochemical Conatralnts, Texaa Bureau of
Economic Gsoclogy, Austin, Texas. :

-335-



oD
n
e

§ 00 0 8

Bell, E. J., and L. T. Larson, 1982. Querview of Enec: - and Mineral Resources
for the Nevada Nuclear Waste Storage Investigation: Nevada Test Site, Nye
County, Nevada. NVO-250, Nevada Operat:ions Office, :J.3. Department of
Energy. Las Vi Jas,

Bentley, C. B.. 1983. Preliminary Report of the Geoh'rd ology near Cypress
Creek and Richten Salt Domes, Perry County, Missi 9:ppi, Water-Resources
Investigations Peport 83-4159, U.S. Geological Surv 'y, in cooperation with
the U.S3. Departient of Energy, Jachson, Miss.

Bieniawagki, 2. T.,, 1974, “Geomechanica Classification of Rock Masses and Its
Application in Tunneling," in Proceedings, 3rd Congross ISRM, Vol. 2A,
pp. &7-32.

Bieniawskhi, Z. T., 1976. "Rock Mass Classifications in Rock Engineering," in
Progeedings of Symposium on Exploration for Rock Engineering,
Johannesburg, Vol. 1, pp. 97-108.

Bish, D. L., A. E, Ogard, D, T, Vaniman, and L, Benson, 1984. "Minerology-
Petrology and Groundwater Geochemistry of Yucca Mountain Tuffs," in
Scientific Basis for Nuclear Waste Management VII, Materials Research
Society Symposia Proceedings, G. L. McVay, ed., Vol. 268, North-Holland-
Elsevier Science Publishing Co., In¢., New York, pp. 2§1-291.

Bigh, D. L., A. E. Qgard, D, T. Vaniman, and L. Benson, 1983, ‘“Mineralogy-
Petrology and Geochemistry of Yucca Mountain Tuffs," papar presented at
the Seventh International Symposium on the Scientific Basis for Nuclear
Waste Management, Materials Research Society 1983 Annual Meeting, Boston,
Mass,, November 14-17, 1983.

Bish, D. L,, D. T. Vaniman, F. M. Byers, and D. E. Broxton, 1982. Summary of
the Mineralogy-Pstrology of Tuffs of Yucca Mountain and the Secondary-
Phase Thermal Stability in Tuffs, LA-9321-MS, Los Alamos National Labor-
atory, Los Alamos, N.M.

Bryant, E., A., and D. T. Vaniman (eds.}), 1984. Research and Develiopment
Related to the Nevada Nuclear Waste Storage Investigations, July 1-
September 30, 1983, LA~-10006-PR, Los Alamos National laboratory, Los
Alamos, N.M.

Butler, E., and R. E. Marsell, 1972. Developing a State Water Plan--
Cloudburst Floods in Utah, 1933-1969, U.S. Geological Survey, Washington,
D.C. i

Caggiano, J. A,, and D. W. Duncan, eds., 1983, Preliminary Interpretation of
the Tectonic Stability of the Reference Repository Location, Cold Creek
Syncline, Hanford Site, RHO-BW-ST-19-P, Rockwell Hanford Operations,
Richland, Wash.

Carr, W, J., 1984. Regional Structural Setting of Yucca Mountain, Southwestern
Nevada, and Late Cenozoic Rates of Tectonic Activity in Part of the South-
western Great Basin, MNevada and California. USGS-OFR-84-854. Cpen-File
Report, U.S8. Geological Survey, Denver, Colo.

~336-



8 0 0 0 8 2 25 7

Christiansen, R. L., and P. W. Lipman, 1965, Geologic Mas of the Topopah
Spring NW Quadrangle, Nye County, Nevada, U.S. Geole: cal Survey Quad-
rangle Map 6{-344, scale 1:24,000, Washington, D.C.

Christiansen, R, L.. P. W, Lipman, W. J, Carr, P. M. Bye 3, Jr.. P. P. Orkild,
and K. A. Sargent, 1977, “Timber Mountain-Oasis Vallay Caldera Compiex of

943--959,

Conn, W, J., 19(i. Regional Structural Setting of Yucca dountain, South-
western Nevada, and Late Cenozoic Rates of Tectonic Activity in Part of
the Southwestern Great Basin, Nevada and California, JSGS-OFR-84-854.
Open-Pila Report, U.S. Geological Survay, Denver. Colo.

Costin, L. 8., and ¥, R, Wawersik, 1980, Creep Healing of Fractures in Rock
Sait, SANDS0-0392, Sandia National Laboratories., Albiquerque. N.M.

Cramer, M. L., J, P. Cunningham, and K. Kim, 1983. "Rock Mass Deformation
Properties from a Large-Scale Block Tesat," in Proceedings, Z24th U.35.
Symposium on Rock Mechanicsg, Texas A&M University. College Station, Texas,
REO-BW-SA284P, Rockwell Hanford Oparations, Richland, Wash.

Creveling, J. B., F. §. Shuri, K. M, Foster, and S, V., Mills, 1984, 1In §Situ
Stress Meagurements at the Spent Fuel Test—-Climax Facility. prepared by
FPoundation Scisnces, Inc.. for the Lawrence Livermore National Laboratory.
Livermore, Calif,.

Crowe, B. M., M. E. Johnson., and R. J. Beckman. 1982. "Calculation of the
Probability of Volcanic Disruption of a High-Level Radiocactive Waste
Repository within Southern Nevada, USA, “Radicactive Waste Management and
the Nuclear Fusl Cycle, Vol. 3, No., 2, pp. 1867-190.

DOE (U.S. Department of Energy}, 1982. Site Characterization Report for the
Basalt Waste Isolation Project, DOE/RL-82-3, prepared by Rockwell Hanford
Operations, Richland, Wash.

DOE {U.S. Department of Energy}, 1984a. Summaries of Physical Research in the
Gegsciences, DOE/ER-0145/2, prepared by the Office of Energy Research,
Division of Engineering., Mathamatics, and Geoscience.

DOE (U.S. Department of Energy}, 1984b. Research Plan, Subsurface Transport
Program. Geochemiocal., Hydrological and Biological Cygling of Energy
Residualg, prepared by the Office of Health and Envircnmental Research
Ecological Research Division.

DOE (U.S. Department of Energy). 1984c. Drafi Environmental Assessment,
Lavender Canyon Site, Utah, DOE/RW-0009, Washington, D.C.

DOE (U.S. Department of Energy}, 1984d. Draft Envirommnental Assessment,
Davis Canyon Site, Utah, DOE/RW-0010, Washingten, D.C.

DOE (U.S. Department of Energy), 1984e. Draft Environmental! Assessment.
Cypress Creek Dome Site, Mississippi, DOE/RW-0011, Washington, [.C.

-337-



a0 08 2268

DOE (U.S. Department of Energy), 1984f, ODraft Environmenktal Agsessment,
Richton Dome Sit¢, Missisgippi, DOE/RW-0013, Waghing:on, D.C,

DOE (U.S. Departmen' of Energy}, 1984g. Draft Environme :zal Assessment,
Deaf Smith Cour:ty Site, Texas, DOE/RW-0014, Washingt n, D.C,

LOE (U.S. Department of Energy). 1984h. Draft Environs sr.tal Assessment,
Swigher County Site, Texas, DOB/RW-0015, Washington, 2.C.

DOE (U.S. Depar'ment of Enerqgy), 1984i, Draft Environmengal Assesament,
Vacherie Dome Site, Louigiana, DOE/RW-0016, Washington, D.C.

DOE (U.S, Department of Energy). 1984j. Draft Environmental Assessment,
Yucca Mountain Site, Nevada, DOE/RW-0012, Washington, D.C.

DOE (UJ.3. Department of Energy), 1984k. Draft Environmaital Assessment,
Reference Reposgitory Location, Hanford Site, Washington. DOE/RW-0Q17,
Washingteon, D.C.

Dravo Engineers, Inc., 1964. Effect of Variationa in the Geologic Data Besge
on Mining at Yucca Mountain for NNWSJ, SANDB4-7125 (draft), Sandia
National Laboratories, Albuguerque, M.M,

Drumheller, J. C., B, C. Cavan, and S. E. Fuerst. 1981, Petrographic and
Geochemical Characteristics of the Cypress Creek Salt Core, Office of
Nuclear Waste Isolation, Columbus, Chio.

Duffy, C. J.. and A, E. Ogard, 1982. Uraninite Immobilization and_Nuclear
Waste, LA-9199-M3, Los Alamos National Laboratory, Los Alamos, N.M.

Durham, W. B., 1982. The Effect of Gamma Irradiation on the Strength of
Climax Stock Quartz Monzonite, UCRL~B87475, Lawrence Livermore National
Laboratory, Livermore, Calif.

Endo, H. K., 1984. Mechanical Trangport in Two-Dimensional Networks of
Fractures, LBL-17491, Lawrence Berkeley Laboratory, Berkeley, Calif.

ERDA (Energy Research and Development Administration), 1975%. Final
Environmental Statement, Waste Management Operations, Hanford Reservation,
Richland., Washington, ERDA~1538, Washington, D.C.

BErtec., Inc., 1983a, High-Resolution Seismic Reflection Study, Vacherie Dome
Topical Report, Batelle Memorial Ingtitute., Columbus, Ohio,

Ertec, Inc., 1983b, Midyear FY 83 Richton Dome Screening and Suitability
Review, ONWI-484, Office of Nuclear Waste Iaglation, Batelle Memorial
Institute, Columbis, Ohio.

Forater. C. B., and J. E. Gale, 1980. A Laboratory Asgessment of the Uss of
Borehole Presgure Trangients To Measure the Permeability of Fractured Rock
Magseg. LBL-9674. Lawrencs Berkeley National Laboratory, Berkeley., Calif.

~338-



Freeze, R. A. and P. ~. Witherspoon, 1966. "Theoretical 2-alysis of Regionél
Groundwater Flow: 1. Analytical and Numerical Soluticis to the Matha~
matical Model." Uiiter Resourceg Research, Vol. 2, pp. f4.-6%56.

Freeze, R. A. and P. A. Witherspoon, 1967, "“Theorsetical :cwlyais of Regional
Groundwater Flow: 2. FRffect of water Table Configur.:t.on and Subsurface
Permeability Variation," Water Regources Resgsarch, V.l. 3, pp. 628-634.

Freeza, R, A. and P. A. Witherspoon, 1%68, "Theoretical Aralysis of Regional
Groundwater Flow: 3. Quantitative Interpretations,” Water Resgources
Resaarch. Vol. 4, pp. $81-590.

Fukui, L. M., 1984. Summary of Petrographic and Chemical Data for Palo Dure
Basin Samples Examinad by Bentex Fisld Engineering Corporatxon, Grand
Junction, Colorads, April 23, 1983, Office of Nuclear Waste Isolation,
Columbus, Chio.

Gale, J. E., 1982. ‘'‘Assessing tho Permeability Characteristics of Fractures
Rock, "Recent Trends in Hydrogeology., T. N. Narasimhan, editor, Geological
Society of America, Special Paper 189, pp. 163-182,

lhar, L. W., 1982. Analysis of Two Wells: Tracer Tests with a Pulse
Input, RHO-BW-CR-131-P, Rockwell Hanford COperations, Richland, Waeh.

Gephart, R. E,, R. C. Arnett, R. G. Baca, L. §. Leonhart, and F. A, Spane,
Jr., 1979. Hydrologic Studies Within the Columbia Plateau, Washington:
An Integration of Current Knowledga., RHO-BWI-ST-5, Rockwell Hanford
Operations. Richland, Wash,

Gephart, R. E., 8. M. Price, R. L. Jackson, and C. W. Myers, 1983.
Geohydrologic Factors and Current Concepts Relevant to Characterization of
a Potential Nuclear Waste Repository Site in Columbia River Basaltsg,
Hanford Site, Washington, RHO-BW-SA-326-P, Rockwell Hanford Operations,
Richland, Wagh, '

Gevantman, J. H., ed., 1981, Physical Properties Data for Rock Salt, NBS
Monograph 167, National Bureau of Standards, U.3, Department of Commerce,
Washington, D.C.

Gloyna, E. F., and T. D. Reynolds, 1961. “Permeability Measurements of Rock
Salt," Journal of Gaophysical Research, Vol. 66, No. 11.

Graham, D. L., 1983. Stable Isotopic Composition of Precipitation from the
Rattlesnake Hills Area of South-Central Washlngton State, RHO BW~-3T-44-P,
Rockwell Hanford: Operatlons, Richland, Wash,

Gray, W. J., G. L. McVay, J. 0. Barner, J. W. Shade, and R. W. Cote 1984.
"Bvaluation of Spent Fuel as a Waste Form in a Salt Repository." in
Scientific Basis for Nuclear Wasté Hanagement VII, Materials Research
Society, Vol. 26, pp. 437-444,

Gregory, E. C., and K, Kim, 1981, "Preliminary Results from the Full Scale
Heater Tests at the Near-Surface Test Facility." in Rock Hechanlcs from
Regearch to Application--Proceedings, 22nd U.S. Sympogium on Rock
Mechanics. pp. 137-142.

~339-



a0 00N 22717

Gustavgeon, T. C., k., L. Bagsett, R, T, Budnik, R. J. Fanley, A. G, Goldstein,
J. H. McGowen, u, Roadder, S§. C. Ruppel, R. W. Baum,irdnar, Jr., M, E.
Bentley, 5., P. Dutton, G. E. Fogg., §. D, Hovorka, D A. McGookey, P. J,
Ramondetta, W. W. Simpkina, D, Smith, D. D. Smith, . A, Duncan, .J, A,
Griffin, R. M, Merritt, and E. R, Miaman, 1982, Ge¢. logy and Geohydrology

¢f _the Palo DuroBasin, Texas Panhandls, Geological {ircular 82-7, Texaa
Bureau of Economic Geology, Austin, Texas, 82-7.

Healy, J. H., 8. H, Yichman, M, D, Zobach, and W, L, Eil.s, 1584, Report
Televiewer “og and Stress Measurements in Core Hole [JSW-Gl, Nevada Test
Site, December 13-22, 1981, USGS-OGR-84-15, Open Fi'e Report, U.S.
Geological Survey, Denver, Colo.

Heiken, J. (ad ), 1982. Summary Report on the Geochemistry of Yucca Mountain

Heuze, ¥F. E., T. R, Butkovich, and J. C. Peterson, 198l. &An Analysis of the
“Mine-by" Experiment, Climax Granite, Nevada Twegt Site, UCRL-53133,
Lawrence Livermore National Laboratory, Livermore, Calif.

Hite, R. J. 1983. Preliminary Minerological and Geochemical Data from the
D.0.F,, Gibson Dome, MNo. 1, Sap Juan County, Utah, U,S5, Geological Survey,
Open File Report 83-780.

Hubbard, M., D, Livingston, and L. Pukui, 1984. “Composition and Strati-
graphic Distribution of Materials in the Lower San Andres Salt Unit 4," in
Scientific Basis for Muclaar Wapte Management VII,

Intera, 1984, First Status Report on Regional Ground~Water Flow Modeling for
the Palo Durg Basin, Texas, ONWI-504, Office of Nuclear Waste Isoiation,
Columbus, Qhio,

Jockwer, N., 1980, “Labaratory Investigation of Water Content within Rock
Salt and Its Behavior and Temperature Field of Disposed High-Lavel Wasteg,"
in Scientifi: Bagis for Nuclear Waste Management III, J. G. Moore, ed.

Kim, X., and B. C. Haimson, 1982, *Insitu Stress Measurement at a Candidate:
Repository Horizon," in Proceedings of the 1982 National Wagte Terminail
Storage Program Information Maeting, DOE/NWIS-30. Office of NWIS Inte-
gration, Department of Energy, Washington, D.C,

Kreitler, C. W., and R. [.. Bassett, 1983. "Chemical and Isotopic¢ Composition
of Saline Ground Water and Saline Springs in the Rolling Plains East of
the {gallala Escarpment.,” in T, C, Gustavson, C. W. Krejtler, et al.,
Geology and Geohydrology of the Palo Durg Bagin, Texas, Texas Panhandle,
Circular 9-1, Texas Bureau of Economi¢ Geology, Austin.

Lagedrost, J. F., and W, 'Caéps, 1983, Thermal Property and Density Measure-
mentg of Samples Taken Erom Drilling Cores from Potential Geologic Media,
BMI/ONWI-522, Office of Nuclear Waste Isolation, Columbug, Ohio.

Lane, D. L., T. E. Joneg and M. H, West, 1983. "Preliminary Assessment of
Oxygen Consumption and Redox Conditions in a Nuclear Waste Repositery,” in
Geochemical Behavior of Dlsposed Radiocactive Waste.

~340-



vn oy 08 2271

La Sala, A. M., Jr.. and G. C. Doty. 1971. Preliminavy Fvaluation of Hydro-
logic 1 Factors Related to Radioactive Waste Stkorage in Basaltic Rocks at

the Hanford Re‘ltvatlon, Washington., Open-File Repur' u.s. Geologlcal

Suruey WashzngLon, C.C.

ra Sala, A. M., Jr.., G. C. Doty, and F. J. Pearson, Jr , '973. A Preliminary
Evaluation of Regional Ground~Water Flow in South-C3-.Eral _Washington,
Open-File Report. U.S, Geologlcal Survey, Washlngton D.C.

Lawrence Berkeley Laboratory, 1979. Geotechnical Assesgment and Instru-
mentation Needs for Nuciear Waste Iseolation in Crystalline and
Argillaceous Rocks, Symposium Proceedings, July 16-20. 1978, LBL-7096,
Berkelwy, Calif.

Laubscher, D, H., and H. W. Taylor, 1976. “The Importan:e of Gaomechanics
Classification of Jointed Rock Masses in Mining Operations." in
Proceedings_of Symposium on_Exploration for Rock Engineering.
Johannesburg, Yol. 1, pp. 199-135.

LETCo (Law Enginearing Testing Company)., 1982a. Gulf Coast Salt Domgs Geologic
Area Characterization Report, Mississippi Study Area, Vols. VI and VII,
ONWI-120, Office of Nuclear Waste Isclation, Columbus. Ohio.

LETCo (Law Engineering Testing Company), 1982b. Gulf Coast Salt Domes Geologic
Area Characterization Report, North Louiziana Stu y Area. Vols, IV and V,

ONWI-119, Office of Nuclear Waste Isolation, Columbus, Ohio.

Leonhart, L. S., R. L. Jackson, D, L. Graham, G, M, Thompscn, and L. W.
Gelhar, 1982, Groundwater Flow and Transport Characteristics of Flood

Basalts as Dg&g;mlned from Tracer Experiments, RHO-BW-SA-220-P, Rockwell
Hanford Qperations, Richland, Wash.

Long, J. €. §., J. 8. Remer, C. R. Wilson, and P. A. Witherspoon (1982} "Porous
Media Equivalents for Network of Discontinuous Fractures" Watars Resgour,
Res, 18, No. 3, pp. 645-6%8. :

Long, J. €. S., 1993, “Investigation of Equivalent Porous Medium Permeability
in Networks of Discontinuous Fracturas," Reporh LBL~16259

Long, P, E., and Woodward-Clyde Consultanta 1983 @Egggigggy Horlaon

Identlflcatlon Report., SD-BWI-TX-001, Rockwell Hanford Operatlons,
Richland, Wash. ;

Luzier, J. E ., and Burt, R, J., 1974, ”Hydrology of Bagalt Aquifers and

McVay, G. L., and G. Q. Buckwalter, 1983 "The Effect of Iron of Waste Glass
Leaching,” Journal American Ceramic Society., Vol. 66, No. 3, pp. 170-174,

Mansure, A. J., and T. 8. Ortiz, 1984, Preliminary Fvaluation of the
Subsurface Area Available for a Potential Nuclear Wagte Repository at

Yucca Mountain, SANDS4-0173, Sandia Mational Laboratories, Albugquerque,
N.M.

~341-



Martinez, J, D., R. L. Tony. C. R. Kolb, M, B. Kumar, R. 4. Wilcox., and E. J.
Newchurch, 1978 An Investigation of the Utility of (ulf Coast Salt Domes
for the Storage or Disposal of Radioactive Wasteg, “:l. 2, Louisiana State
University.

vendel, J. E. (comp.), 1984, Final Report on _the Defer su High Level Waste
Leaching Mechanigms Program, PNL-51%7, Pacific Nort.r-ast Laboratory,
Richland, Wash.

Moak, D. J.. 1981, *“Borehole Geoloygic Studies," in C, W, Myers and S. M.
Price, eds., Subsurface Geclogy of tha Cold Creek Syncline, RHO-BWI-3T-14,
Rockwell Hanford Operations, Richland, Wash.

Murray, W. A.., 1981, Gechydrology of the Climax Stock Granite and the
Surrounding Rock Formationa, Nevada Test Site, UCRL-53138, Lawrence
Livermore National Laboratory, Livermore, Calif.

Myers, C. W., 1981, ‘"Bedrock Structure of the Cold Creek Syncline Area," in
C. W, Myers and §. M. Price, eds.,, Subsurface Geology of the Cold Creek
Syncline, RHO-BWI-S5T~14, Rockwell Hanford QOperationg, Richland. Wash.

Myers, J., M. J. Apted. and J. J. Mazur, 1983, Hydrothermal Reaction of
Simulated Waste Formg with Barrier Materials under Conditions Expected in
a Nuclear Reposgitory in Basalt, SD-BWI-TI-14], Rockwell Hanford
QOperations, Richland, Wash.

National Academy of Sciencea-National Research Council, 1957. The Dispogsal of
Radicactive Waste on Land-—-A Report of the Committee on Waste Disposal,
Divigion of Earth Sciences, Publication 519,

National Research Council, 1983, A 3tudy of the Isolation System for Geologic
Digposal of Radioactive Wasteg, National Academy Press, Washington, D.C.

NBS (National Bureau of Standarde), 1981. FPhysical Properties of Rock Salt,
Monograph 167, Washington, D.C.

Newcomb, R. €., 1965. '"Geologic and Ground Water Resources of the Walla Walla
River Basin, Washington-Cregon," Water Supply Bulletin 21, Washington
State Division of Water Resources, Clympia, Wasgh.

Newcomb, R. C., 1982. "Ground Watsr in Columbia River Basalts.," in K. P. Powar
and S, S. Thigale, eds., Hydrology of Volcanic Terraing, Poona Univarsity
Press, Poona, India,

Nimick, ¥. B., and R, L. Williams, 1984, A Three-Dimengional Geologic Model
of Yucca Mountain, Southern Naevada, SAND83-2593, Sandia National Labora-
tories, Albuquerque., N.M.

Ogard, A. E., K. Wolfsberg, and D. T. Vaniman (comp.), 1983a. Research and
Development Related to the Nevada Nuclear Waste Storage lnvestigations,
April 1-June 30, 1983, LA-9846~PR. Los Alamos National Laboratory, los
Alamos, N.M.

-342-



50N 0 3 227 3

Ogard, A. E.., W, R. Dsniels, and D, T. Vaniman {(comp.}, 19F3h. Research and
Development Relat~d to the Nevada Nuclear Waste Storage Investigations,
October 1-Decembrr 31, 1982, LA-9666-PR, Los Alamog N~tional Laboratory,

Log Alamos., N.M.

ONWI (Office of Nuclear Wasta Isolation), 1982, Evaluat on of Area Studies_of
the U.5, Gulf Coas® Sait Dome Basing: I.ocation Recomrnp:ndatign Report,
ONWI-109, Columbus, Ohio.

ONMWI (Cffice of Nuclear Waste Isolation}, 1983. Evaluation of Potential
Mineral Resources in the Vicinity of Seven 3elected Domes_in Texas,
Louisiana, and Migsisgippi, CNWI-169, Columbus, Qhio.

Patrick, W., R. Car.son, and N, Rector, 19681, ILnstrumeniation Report #2:
Identification, Evaluation, and Remedial Actions Relaied to Trangducer
Failures at the Spent Fuel Test--Climax, UCRL-~532%1, [awrence Livarmore
National Laboratory. Livermora, Calif.

Patrick, W,, L. Ballgu, T. Butkovich, R. Carlson, W. Durham, G, Hage,
E. Majer, D. Montan, R. Nyholm, N. Rector, D. Wilder, and J. Yow, Jr.,
1982. Spent Fuel Tegt--Climax Technical Measurements Interim Report FYH1,
UCRL~53294, Lawrence Livermore National Laboratory, Livermore, Calif,

Pedarson, L. R. and G. L. McVay, 1984. "Influence of Gamma Irradiation on
Simulated Nuclear Waste Glase Leaching: Temperature and Dose Rate
Dependence in Deareated Water," Journal of the American Ceramic Soclety,
Vol. 66, No. 12, pp. 863-867.

Pfeifle, T. W., K. D. Mellaegard, and P. Senseny, 1983, Prelimipary
Congtitutive Properties for Salt and Nonsalt Rocks from Four Potential
Repository Sites, ONWI-450, Office of Nuclear Waste Isolation, Columbus,
Chio.

Price, E. H,, 1981. “Distribution of Strain Features Within Selected Yakima
Fold Structures and Extrapeolation of Their Nature in the Cold Creek
Syncline Area," in C, W. Myera and S. M, Price, eds., Subsurface Gasology
of the Cold Creek Syncline, RHO-BWI-ST-14, Rockwell Hanford Operations.
Richland, Wash.

Raschke, K. E., W. C. Patrick, T. C. Roy, and T. Straume, 1983. Radiation
Dosimetry and Monitoring for a Tegt of Geologic Storage of Spent Nuclear
Fuel, UCRL-53498, Lawrence Livermore National Laboratory, Livermore, Calif.

Rockwell Hanford Operations, 1981. Economic Geology of the Pagco Bazin,
RHO-BWI-C-109, Richland, Wash.

Roedder, E,, and I. M. Chou, 1982. A Critique of "Brine Migration in Salt and
Its Implications in the Geologic Disposal of Nuclear Waste., ORMLR-5813,
USGS-892-1131, U.S. Geological Survey.

Rohay, A. C., and J. D, Davis, 1983. "Contemporary Deformation in the Pasco
Basin Area of the Central Columbia Plateau," in J. A, Caggiano and D, W,
Duncan, eds., Preliminary Interpretation of the Tectonic Stabhility of the
Reference Repository Location, Cold Creek Syncline, Hanford Site.
RHO-BW-ST-19-P, Rochwell Hanford Operations, Richland, Wash.

-343-



a0 503 2 2 7.4

Rundle, T, A,, and K, Kim, 1983, Summary of Borehole Hil~2: Hydraulic
Fracturing Tec: Data and Data Analysis Methods, SD--3W[-TD-006, Rockwell
Hanford Operatvions, Richland, Wash,

Ryals, G. N., 1980a. Regional Geohydrology of the Nc-tiern Louisiana Salt
Dome Bagin, Part I, "Conceptual Model and Data Ne ca," USGS-82-343. U.S.
Geological Survay,

Ryals, G. N., i980b. Potentiometric Surface of the Spacta Sand, Northern
Louigiana and Southern Arkansaws, 1900, 1965, 19?5, end 1980, U. S.
Geoloyical Survey.

Ryals, G. N., 1982. Regional Hydrology of the Northern Louisiana Salt-Dome
Bagin. Pact I, "Conceptual Model and Data Needs," (pen-File Report 82-343,
U.S. Geologlcal Survey., Washlngton, D,C. .

Sagar, B.. and A, K. Runchal, 1982. ‘Permeability of Fractured Rock: Effects
of Fracture Size and Data Uncertainty," Water Resources Research, Veol. 18,
No. 2, pp. 2B6-274, : : :

Salter, P, F., L. L. Ames, J. E. McGarrah, 1981. Sorption of Selected
Radionuclides on Secondary Minerals Associated with the €olumbia River
Basalts, RHO-BWI~LD-43, Rockwell Hanford Operations, Richland, Wash.

Scott, R. B., and J. Bonk., 1%84., Preliminary Geologic Map of Yucca Mountain,
Nye County, Nevada, with Geologic Sections, USGS-OFR~84-4%4, Open~File
Report, U.S. Geolegical Survey, Denver Colo.

Sewell, J. J,, 1984. Summary of Chemical and Isotopic Data Produced by Bendix
Field Engineering Corporation for the Mansgfield #1, Sawyer:i#l, Zeeck ¥1,
and J. Friemel #1 Wells in the Texas Panhandle, Office of Nuclear Waste

Isolation, Columbus, Ohio.

Singer., R. K., and Fogg, G. E., 1983. "Regional Modeling.of Ground-Watsr Flow
in the Palc Duro Basin, Texas Panhandle," in Gustavson. T. C., et al.,
Geology and Geohydrology of the Palo Duro Basgin, Texasg:Panhandle. (1982):
The University of :Texas at Austin, Bursau of Economic Géology Clrcular
83-4, p. 109-115.

Spaulding, W. G., $. W. Robinson and F. L. Paillet, 1984. Preliminary
Asseosment of Climatic Change During Late Wiscongin Time, Southern Great
Bagin and the Vicinity, Arizona, California, and Nevada,:
USGS-WRI-84-4328, Water-Resources Investigations Report, U.S. Geological
Survey, Denver, Colo.

Spane, F. A., Jr., P, D. Thorne, and W. H. Chapman-Riggsbee, 1983. Results of
Evaluations of Experimental Vertical Hydraulic Conductivity Testing at
Boreholes DC-4 and DC-5, SD-BWI-TI-136, Rockwell Hanford Operations, -

Richland, Wash.

Spiers, C. A., and L. A. Gandl. 1980, A Preliminary Report of the
Geohydrology of the Mississippi Salt-Dome Basin, Open—Flle Report 80-595,
U.5. Geological Survey,’ Washington, D.C.

-344-



80 71018 2270H

Stock, J. M., J. H. Healy, and S, H, Hiclman, 1984. Rep :rt on Televiewer Log

November, 1982, USGS-0OFR~84-172, Open-File Report, =~ %. Geological Survay,
Denver, Colo.

stokes, J., 1978, Investigations of Groundwater Flow n Ro¢k Around
Repesitoriss for Nuclear Waste, KB5-TR-47, Sweden,

Strait, 8, R., . A. Spane, Jr., R. L, Jackson, and ®. W. Pidco, 1982.
Hydrologic Testing Msthodology and Results from Dee]: Basalt Boreholes.
RHO-BW-SA-189, Rockwall Hanford Operations, Richlamd, Wash.

Stumm, W,. and J. J. Morgan, 198l. Aquatic Chemistry: An Introduction
Emphasizing Chemical Eguilibria jn Natural Waters, John Wiley & Sona, New
York, p. 780.

Swadiey, W, C.., and D. L, Hoover. 1983. Geology of Faults Exposed in Trenches
in Crater Flat, Nys County. Nevada, USGS-QFR-81-608, Open-¥ile Report,
U.5. Geological Survey, Denver, Colo. S

Swanson. L. C.. and Leventhal, B. A., 1984. Water-Level Data and Borehole
Descriptiong for Moniktering, SD-BWI-DP-042, Rochkwell Hanford Operations,
Richland. Wash. :

SWEC (Stone & Webster Engineering Corporation}. 1983a. Well Completion Report

SWEC {Stone & Webstaer Engineering Corporation}, 1983b. Well Completion Report
for the Holtzclaw #1 Well, QOffice of Nuclear Waste Isolation, Columbus,
Chio.

SWEC (Stons & Webster'Engineering Corporation)., 1983c¢c. Well Completion Report
for the Zeeck #1 Well, QOffica of Nuclear Waste Isolation, Columbus, Chio.

Sumsion, C. T., and E. D. Bolke, 1972, HWaker Resourcges 6f Part of
Canyonlandg National Park, Southeastern Utah, USGS~72-363, U.S. Geological
Survey. '

Tanaka, H. H., G, Barrett, and L. Wildrick, 1979. Regional Basalt Hydrology
of the Columbia Plateau in Washington, RHO-BWI-C--60. prepared for Rockwell
Hanford (parations by the Washington State Department of Ecology.

Toth, J., 1%62., "A Theory of Groundwater Motion in Small Drainage Basins in
Central Alberta, Canada," Jourpal of Geophysical Resgearch, Vol. &7,
pp. 4375-4387,

Toth. J.. 1963. ™A Theoretical Analysis of Groundwater Flow in Small Drainage
Basins," Journal of Geophysical Research, Vol. 68, pp. 4795-4812.

Urban Systems Associates, Inc., 1982, Water Requirements and Availability for
Louisiana 1980-2020, State of Louisiana, Department of Transportation and
Development, Baton Rouge, La.

~-345~



i

1 BN SRV R 4 (2

N
b

USGS {U.5. Geological! Survey), 1984. A Summary of Geolog:«'_Studies Through
January 1, 1983, of a Potential High~Level Radioactiye Waste Repository

Site at Yucca Mo .ntain, Southern Nye County, Nevada, 1/ ii3-OFR-84-792.
Denver, Colo.

Vazaiman, D, T., D, Bisgh, D. Broxten, F. Byers, G, Heiken #, Carlos, E,
Semarge, F. Caporuscio, and R. Cooley, 1984, Variat.cns in Authigenicg
Mineralogy and Sorptive Zeolite Abundance at Yucca Mou tain, Nevada, Based
on Studieg of Drill Cores USW GU-3 and G-3, LA~5707-MS. Los Alamos
National Lahoratory, Los Alamos, N.M.

Vortman, L. JJ., 1982, Ground Motion from Earthguakes and Underground Nuclear
Weapons Tests: A Comparison as It Relates to Siting a Nuclear Waste
Storags Facility at NTIS, SAND§1-2214, Sandia National Laboratories,
Albuquerque, N.M,

Westerman., R. E.. J. N. Nelson, S. G, Pitman, L. Kuhn, S. J. Basham, and D, P,
Moak, 1984. “Evaluation of Iron-Base Materials for Waste Package
Containers in a Salt Repository,” in Scientific Basis for Nuclear Waste
Management, VII, Materials Research Society, Vol. 26, pp. 426~435,

Winograd, I. J., and G. C. Doty, 1980. Paleohydrology of the Southern Great
Basin, with Special Reference to Water Table Fluctuations Beneath the
Nevada Test Site During the Late(?} Pleistocene, USGS-~OFR-80-569,
Cpen-File Report, U.S. Geological Survey. Reston, Va.

Wolfsherg, K., D. T. Vaniman, and A, E. Ogard, 1983. Research and Development
Related to the Nevada Nuclear Waste Storage Investigationa, January 1-
March 31, 1983, LA-9793-PR., Los Alamos National Laboratory, Los Alamos,
N.M, : '

Wolfsberg, K., W. R. Daniels, B. R. Erdal, and D, T. Vaniman {comp.), 1982,
Resgarch and Development Related to the Nevada Nuclear Waste Storage
Investigations, 2pril I-June 30, 1982, LA-94B84-PR, Los Alamos National
Laboratory, Los Alamog, N.M.

Wood, M. I., G. D. Aden and D, L. Lane, 1984, Evaluation of Sodium Bentonite
and Crushed Basalt as Waste Packagse Backfill Materials, RHO-BW-ST 21 P,
Rockwell Hanford Operations, Richland, Wash,

Yow, J., Jr., and T. Butkovich, 1982, *"Calculated and Measured{s] Drift
Clogure During the Spent Fuel Test in Climax Granite," in Proceedings of
23rd Symposium on Rock Mechanics, University of California. Berkeley,
Calif., August 25-27, 1982, Chapter 86, pp. 855-863. (Also available as
Lawrence Livermore National Laboratory Report UCRL-E7179.)

-34R/—



Chapter &

GUIDELINES FOR RECOMMENDING SITES FOR REPOS.TORIES

The gquidelines issued under Section I'Z a)

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

In response to the above stated requirement of Sectign 301(a){6) of the
Nuclear Waste Policy Act of 1982 (the Act), the DOE is including in the Mis-
sion Plan (asee Appendix B} ita final rule 10 CFR Part 960, "General Guidelines
for the Recommendation of Sites for the Nuclear Waste Reposaitories.," Prepared
in response to the requirement of Section ll2(a) of the Act, these guidelines
were developed through a lengthy process that involved axtensive public com-
ment; consultaticn 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 after
isesuance.

Preceding the guidelines in Appendix B is the supplementary information,
also referred to as the "preamble” or the "statement of basis 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-
cusses the comments received on the draft guidelines and explains the dispo-
gsition of the comments. In addition to general comments on auch topice as
specificity, relationship to NRC and EPA regulations. and implementation, it
summarizes and discusses specific comments on every gquideline.
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SITE CHARACTERIZATION

A description of known sites at which site cha-¢sterization
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
isolate high-level radicactive waste or spent nuclear fuel,
plans to control any adverse, safety-related impacts from
such site characterization activities, and planm: for the
decontamination and decommissioning of such site If it is
determinad unsuitable for licensing as a reposilory

--Nuclear Waste Policy Act, Section 301¢a}(7)

7.1 DESCRIPTIONS QOF SITES

The sites at which site characterization will be undertaken have not yet
been selected {the Secratary ¢f Energy is to racommend three sites to the
President in November 1985). Therefore, in response to the first requirement
in Section 301(a)(7) of the Act, this chapter presants brief descriptions of
the nine sites identified as potentially acceptable for the first repository.
More information about the geologic, hydrologic, geochemical, and geome-
chanical characterigtics of the host rocks at these sites can be found in
Chapter 5 of Part II. Detailed discussions about the characteristics of the
nine gites are presented in the draft environmental assessments {see the
bibliography at the end of this volume}, which also contain preliminary
evaluations of the gites against the siting guidelines, The interested reader
is referred to these more detailed descriptions of gitea. The locatione 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
Washingten. The site lies within the central portion of the Celd Creek
syncline {see Figure 7-2)}. The syncline is part of the Pasco Basin, one of
several structural and topographic basins located within the Yakima Fold Belt
of the Columbia Plateau.

The Hanford Site is a S70-square-mile tract of land selectsd in 1942 by
the U.S. Army Corps of Engineers as & 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 Basin is underlain by basalt lava flows ths% erupted 17 to 6
million years ago, with most of the basalt having been extruded early in these
eruptions. The volcanic vents from which the bagalt flow:u are mostly in the
eastern and southeas.ern portions of the Columbia Plateat but, because of
their low viscosity and large volume, the hasalt lavas s1 ¢ad over consider-
able distances. The origin and nature of the eruptions a. 2 dascribed 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 reposltory are retween 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 Governmépt installationg. The agricultural
land is mostly north and east of theyColumbia River and south of the Yakima
River; most of it is used for growing irrigated crops. The Government instal-
lations consist of the DOE's Hanford Site and the U.S. Army Yakima Firing
Center. -

The closest Indian reservat;on ig owned by the Yakima Indian® Nation, It
is.approximataly 16 m1les weat “of the Hanford Slte and 31 hlles from the pro-
posed site, _ RN o : ) ' i

7.1.2 THE BEDDED-SALT SITES

Four of the potentially acceptable gites for thP £1rsu repos:tory are
bedded-gsalt sites in two different geohydrblOglc settlng5v~the Paradox Basin
of . Utah and the Palo .Duro Basin of Texas.

!
EEEEQQ“.EEE&E . ;

The Paradox Baaxn sites are Iocated in Dav1s and Lavender Canyons in San
Juan County (see :Figure 7-3),. Tne nearest towns are Moab (approximately 35
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 Basxn was Eormed some 300 million years ago caincident with
the main deformatiop-‘along the ancestral Rocky Mountains., The Paradox Forma-
tion was formed in-a northwest- -trending asymmetrical trough; it i3 a lens-
shaped mass with a .cyclical repetition of thick salt beds and thin-marker heds
of carbonates and’ ‘¢lastics.

Located in the Colorado Plateau, the basin is characterized by rugged
terrain and classic desart landforms., Because the Colorade Plateau has been
slowly and steadily uplifted, erogional features .are intensely developed.
Drainages are deeply inciged 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 and limited alfalfa production. The -tportant recreational
resources within asni adjacent to the area consist of th Needles Bistrict of
the Canyonlands National Park; the Manti-La Sal Nationa ¥orest; the Newapaper
Rock State Historical Monument; and thraee areas managed "y the U.S. Bureau of
Land Management: the Canyon Rims Recreation Area, the Bsef Baain, and the
Dark Canyen Primitive Area,

Palo Duro Basin

The Palo Duro Baein, which ig part of the much largar Permian bedded-salt
bagin, is in the Southern High Plains of the Texas Panhandle; it is part of
the Great Plains physiecgraphic province.

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

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

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

The Swigher site ia 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 Swisher County and
Canyon and Amarillo in Randall County.

Most of the land in Deaf Smith County and in Swisher County is used for
growing crops. Most of the farmland is generally classified as "prime." with
fertile soils, flat to gentle slopes, and sufficient precipitation or irriga-
tion water, The climate is gemiarid, with warm gummers, cold wmtersr and
relatively high averags winds.

7.1.3 SALT-DOME SITES

The thres potentially acceptable sites in ealt domes are in the Gulf
Interior salt basins of Mississippi (the Richton and the Cyp:eas Craek Domes)
and Louisiana (the Vacherie Dome}. The locations of thees ‘ditég“are shown in
Figure 7-5.

Both ths Mississippi and the Louisiana salt basins have a gimilar geo-

logic history; both contain a sequence of poorly to moderately consolldated
sands, 3ilts, clays. and evaporites,
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The Cypress Crec's Doms gite (gsee 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 mi'as southsast of New Augusta. All of %ha site is within
the boundaries of th: DeSoto National Forest and the Camy Shelby Military
Reservation. The lormal terraip is characterized as gentl) rolling to hilly,
with moderate topographic relief. There are no raeaideni i:!, commercial., or
institutional structures in the area Much of the land ). and adjacent to,
the dome has been clearad by logglng and military oparat:¢ng,

The Richton Dcome, alsc shewn in Figure 7-6, is 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 controllsd area and has about 1200 residents, The terrain
here is characterized asg 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
forestry and agriculture,

The Vacherie Dome site is in Webster and Bienville Parishea (see Figure
7-7}. The nearast town is Heflin, about 2 miles west, and Shreveport is about
35 miles away to the northwest. The terrain ig gently rolling to flat., Most
of the land on the dome }8-in a commercial -forest, but the site also contains
numerous residences, many with small adjacent agricultural uses. Immediately
north of the gite are several 0il- and gas-producing wells and gravel pita,

7.1.4 THE TUFF SITE

The potentially acceptable s1te in tuff is at Yucca Mountain in southern
Nevada (see Figure 7-B), _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 linear mountain
ranges and intervening valleys. At an alevation of 4950 feet above-the mean
gsea level, northarn Yucca Mountain risegs more than 1200 feet above Jackass
Flat to the east and ovar 990 feet above Crater Flat to the wegt,

Yucca Mountain ig composed of a thick sequence of mostly silicic volcanic
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 tha site is ar1d w1th an average annual
rainfall of less than 6 inches, most of which is returned to the atmosphere
by evaporation and plant trangpiration. Consequently, the ground-water flux
through the candidate repository horizon (in the unsaturated zone) i1s quite
low, and the water table is deep, more than 650 feet belou the repository
horizon. .

The site is located exclusively within lands- controlled by the Federal
Government. The land parcel under consideration,. which includes both the
proposed geologic repository., repository surface operations area and all of
the proposed contreolled area, is divided as fellows:  {1) the U.S5, Department
of Energy controls the eastern portion through the withdrawn land of the
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Nevada Test Site; (2) he U.S. Air Force controls the northestern portion
through the land-use parmit for the Nellia Air Force Bombi.i; Range; and (3)
the Bureau of Land Maragement (BLM) holds the southwestern ortion in public
trugt. Thare are no -~ompeting land-use activitiess in the =+<ga. The U.S. Air
Force land involved 13 used exclusively for overflight an¢ zontains no facili-
ties. The BLM-administered portion of the land has no giri1.ng permits or min-
eral claims and is not used for recreational purposes.

7.2 SITE-CHARACTERIZATION ACTIVITIES AND FOLLOH-ON TESTS

To demonstrate that a candidate site is 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 collecticn of weather data),
investigations conducted by means of deep and shallow boreholes, laboratory
tests of the mechanical and thermal propertiaes of the host rock, and., most
importankt, tests conducted in the host rock at the proposed depth of the
repogitory horizon. Tha latter can be performed only by constructing
exploratory shafts and mining the tunnels and rooms in which the testg will be
conducted.

The site-characterization program will vary somewhat with the host rock
and the gite. Before proceeding to sink shafts at any candidate gite, the
Secretary 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 ie located as
the case may be. for their review and comment. The sinking of the exploratory
shafts will commence after public hearingz have been held in the vicinity of
candidate sites in order to receive comments on the SCPs. The comments that
are unrelated to the sinking of shafts 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 begun. The DOE has exchanged information
with the NRC c¢oncerning 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 by 10 CFR Part 60. The SCA is not required
before the start of shaft construction. '

The SCP will be issued after the gite has been recommended by the Secre-
tary of Energy for characterization. The sections that follow discuss tha
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 PROGI AM

The initial) nission for the exploratory-shaft pri vram was formulated in
1980, Since thewn, the scope and the duration of the . -gitu test program have
expanded significantly, In conmidering the implicat’c s of these changes on
the exploratory-shaft facility (ESF), the DOE has tal »n into account
industrial and mining safety issues, The safety codes adopted by the DOE are
encompassed by DOE Order 5480,1A, which requires compl:iince with the Federal
Mine Safety and Health Act of 1977, together with California Mine and Tunnel
Codes. Where regulationsg overlap, the most stringent rule is to govern.

These rules have been interpreted to require that. where a harmard to
underground workers may result from having only one access to, or sgress from,
the subsurface facjilities, two shafts are required. In assessing the need for
two ghafts, the DOE considered accepted practices in e 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 aguifers, and hence the potential for flooding of axcavated openings must
be considered. In-aitu streas conditions indicate a potential for rock
bursts, and the possibility of roof falls in previously unexplored ground must
be considered (see Sectiomn 5.5.1}, Possible dangers associated with the pre-
sence of methane will be evaluated, although a repository in tha Cohasselt
Flow 18 unlikely to be classified under Mine Safety and Health Administration
regulations as a gassy mine. Becauge 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 bs isolated without a sscond means
of escape or could not be brought to the surface quickly. A second explora-~
tory shaft will thereforqg be sunk if the basalt site is sslected feor 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 pocketes of brine
or gas must be taken into account. In fact, it is possible that the under-
ground operations may be designated a "gassy mine" because of precedents set
by other underground construction projects in the same vicinity as the salt
siteg and hecause of evidence that methane is present in the overlying forma-
tions. Again the DOE has determined that two exploratory shafts will be
necessary 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 rocks are not significant. Tha refer-
ence horizon is above the water table, which diminishes the danger of flood-
ing. Because of the shallower depth of the horizon and the expected geologic
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
personnel. 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 estg“lished and implemented a policy for “he exploratory-
shaft confiqurations that requires them to--

1. Ensure comp.iance with the intent of Sections 11 i{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 sgite~characterization and potential
follow~up in-situ work.

4., Be ingtitutionally acceptable.

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

6. Meot site-characterization schedule rgquirements {e.g., start of
in-gitu testing},

The policy noted above has led the DOE to selsct the following shaft
configurations at the proposed candidate mitaes:

Host Rock First Shaft Second_Shaft

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

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

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

The DOE belisves that this policy is consistent with the NRC requlations
restricting the commencement of construction until the construction authoriza-
tion has been issued 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 required to the
in-situ test programs currently envisioned, further modifications in the
exploratory-shaft configurations may be necessary, including enlargement of
one or hoth shafis,

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

required, %o ensure that the construction of the repository can be complsted
in time to meet the Act-mandated repository operation date of January 131.
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1998. It will als. continue to evaluate the most cost-:ffectiva use of the
expleratory shafts in the opearating repository.

The exploratcery-shaft program is intended to demor “trate the suitability
of the zite to perform as a geologic repository, and a: information gained
will be integrated into the ongoing design of future .ejositories. The DOE
fa0ls that this is fully consistent with the intent oy the Act and the objec-
tives of the NRC, as stated in 10 CFR Part 60.

7.2.2 ACTIVITIES

The exploratory-shaft project at each candidate site will require site
preparation, shaft construction, outfitting {i.e.,. the installation of inter-
nal shaft equipment}, dand the mining of a few tunnels and rooms near the base
of the shaft for testing purposes. The preparaticn will censist of construct-
ing an access road, clearing and grading the gite, and constructing founda-
tions and impoundments. The construction of each shaft will congist of sink-
ing and lining tha shaft to the proposed depth of the repository. The con-
struction method will vary from site to site becauge of diffsrent geolegic
conditiong, The shafts will be large enough to allow workers and test equip-
ment to be transported and to provide adequate ventilation,

The shafts will be outfitted their full length to support the ventilatien
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
extenl: of the test tunnels will vary from site to site because of different
gite-suitability issues,

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

7.3 PLANS FOR ONSITE TESTING WITH RADIOACTIVE
OR NONRADIOACTIVE MATERIAL

The current plans for gite characterization do not include tests with
radiocactive materials to gsimulate wastes. Sources of radiation will be used
in some geophysical investigations and hydrologic studies le.g., radiocactive
tracers). Such techniques are routinely used in oil and gas expleration 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 potentis) for affecting the
vwaste-isolation capahbi.litiep of a gite:

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

2. The drilling ¢r mining of the exploratory shafts rnd excavation of
related underyround 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 drillad in locations
deemed to have the greatest potential for resolving uncertainties.

To the extent poasible, work requiring horeholes over the proposed
repository will use exigting holes to mininize the total number required.
SBimilarly., 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 SAFRETY~-RELATED IMPACTS

Detailed plans for controlling any adverse safety~-ralated impacts from
site-characterization activities will be contained in the .SCPs. These plans
will be site specific.

The boreholes will be 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 thg sealing of boreholes used in petroleum exploration and mining
operations. Site-specific sealing materials and techniques will be used to
limit the potential for compromising the integrity of sites (see algo Section
7.6 in this Chapter). The ability of the seals to remain intact over the long
periods required for waste igolation will have to be demonstrated to the NRC
before a construction authorization is received. Moreover, permanent sealing
15 considered in the selection of shaft designs and excavation techniques.
Included in this evaluation of excavation techniques i3 the extent of
fracturing in the surrounding rock or residual stresses in the rock. If
extensive fractures are created, 1t may be necessary to fill the fractures
with grout or similar material. Techniques that cause extenaive fracturing
will be modifiad if necessary.
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7.6 PLMNE FOR DECOMMISSIONING SITES UNSUITAN.E FOR LICENSING

Plans for der.ommissioning a sits determinad unsuiiaklle for licensing can
be discussed only in general terms: detailed, gite-gpc .ific discussions will
be given in each 5CP.

The general principls gquiding the decommigsionii 7 strategy is that a site
will be returned, 28 nearly as practicable, to its ori 'nal condition. This
principle has served ag one of the bases for selecting the locations of drill-
ing and other activities. The screening process that led to the identifica-
tion of potentially acceptable sites included environntntal considerations at
every stage. Using this approach in the selection of study locations serves
to reduce the reguirements for restoration measures and enhances the success
of measures that might have to be implemented., In this way., restoration
planning begins bafore an area is disturbed., Another general principle is
that Federal, State., and local regulations for decommigeioning and reclamation
will be applied.

7.6.1 ONSITE FACILITIES

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

1., Buildings will be emptied of their contents, disassembled, and trans-
ported off the site and salvaged,

2. Most eguipment {(e.g., items reguired for mine ventilation. pumps.
electrical generators, storage tanks} will probably be removed from
the site and salvaged. Egquipment not removed will be placed in a
condition that will enaure it will not compromise repository pearfor-
mance.

3. The shaft collarg and other foundations will be 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.g., mud pits} will be backfilled after the
removal of contaminated materials.

6. Chamical wastes will be disposed of in arcordance with acceptable
standards,

7. The site will be backfillsd and graded to a final contour congistent
with existing land-umge patterns or plans and revegetated,

8. Qualified soil scientists will monitor compliance with site-specific
raclamation 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 matervial axcavated during
ita construction and uealed with a grout. Datails of techiniques will be
determined by the genlegic conditicong at the gite, but m.ght involve the
ingtallation of conr.rete or chemical plugs and the repla:mment of excavated
muck with compacking additives under high pressure. Aft-» the ghafts have
been gealed and the surface of the site has besn restorec., a marker explaining
the history of the shafts might be emplaced.

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

7.6.2 OFFSITE PACILITIES

The reclamation of the offsite surface facilities will be similar to
that of onsite 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 regtoration and will probably be left in their improved condi-
tion, Reclamatiocn of specific equipment having monitoring functions (such as
meteorological towera) will be carried out after consultation with the State.

Boreholes and trenches are the two most important examples of offsite
gubsurtace work that will reguire some reclamation. Boreholes will be sealed
according to accepted practice with materials appropriats to the particular
site, and the surface of the drill site will be revsgetated. Trenched areas
will be regraded to a final contour and revegetated in a manner congistent
with land-use patterns before the start of site characterization,
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Chapter 8

WASTE SOLIDIFICATION AND PACKAGING

An identification of the process for sclidifyi g high~level
radioactive waste or packaging spent nuclear fuei, including
4 summary and’ analysis of the data to support th. selection
of the solidification process and packaging techniques, an
analysis of the requirements for the number of snlidifica-
tion {or) packaging facilities needed, a description of the
state of the art for the materials proposed to be used in
packaging such waste or spant 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 a descripllion 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 reasonable
price

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

Ag explained in Part I, wost of the commercial waste to be accepted for

disposal in the first repository ip expected to be spent reactor fuel.

first repository will,

mercial high-level wastes from the West Valley Demonstration Project.

also accept solidified defense high-level waste. |
gins with a brief discuesion of current packaging concepts for spent fuel.

then describés the solidification of high-lavel waste.

that will contain the wante.

vidual waste container.

The rest of the chapter is concerned mainly with the materials to be usged
for various components of the waste package, especially the metal containers
The waste package is defined ag the waste form
{i.a., spent fuel or solidified hign-level waste) and any container, shield-
ing, packing, and other abgorbant materials immediatsly surrounding an indi-
Pecause detailed plans for research and development
are presented in Section 2.5 of Part II, their discussion here is limited to

brief summary.

spent fual at ths repos1tory.

B.1 PACKAGING OF SPENT FUEL

The reference plan for the first rapoaltOry calla for the packaging of
During the firat years of reposxtory oporatxon
{i.e., phase 1--see Section 3.1 of Part I), the apant fuel will be received in

shipping casks and transfarred into metal containers for underground

amplacemeant.
will be disassembled and consolidated,
The spent-fuel assemblies will be taken apart and the fuel rods rearranged to
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accommodate the rnds from two or more assembliee in th: space of one
asgembly. The non-fuel-bearing skeletons of the asgem: iy will be disposed of
in accordance witlh: applicable regulatory requirements. The DOE is currently
evaluating the na:d for, and the implication of, disp(:ing of thege wastes in
a repoaitory.

The disassembly of spent-fuel agssemblies has be: 1 Jemonstrated during the
past several years. It has been performed in conjunc. nn with fuel inspec-
tions, research and development programs, and the recov.ary of damaged fuel
rods.

The conpolidation and encapsulation 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 allow
for this decision to be made in the near future. If rud consolidation occurs
at the repository, then encapsulation of the spent fuel occurs as described
above. If the consolidation is performed elsewhera, then thege stainless-
steel canigters will be used for transport and handling, and the metal con-
tainer overpack will be added at the repository,

If a decigion i3 made at a later date to emplace a universal cask {i,e.,
a cask that is storable, transportable, and disposable)}, no repackaging would
be raquired at the repository.

8.2 WASTE SOLIDIFICATION

When spent fuel from either commercial or defense reactgrs is repro-
cessed, it is eeparated into three major fractioms, two of which arg wastes
that would be disposed of in a geclogic repository. The first fraction is a
liquid called "high-level waste" becauge it contains more than 33 percent of
the radiocactivity., The second fraction consists of the metallic fuel-asgembly
components and other solid materials used in the process; it iz a special kind
of transuranic (TRU) waste. The third fragtion 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 ie gensrated. Before disposal in a geologic repository,
high-level waste must be solidified, TRU waste may also require some Lreat-
ment, such as compaction.® '

Both reprocessing and plutonium-fuel fabrication, though not now used in
the U.S. commercial fuel cycle, have been conducted at commercial U.S. facil-
ities, and some wastes from these operatione remain to be disposed of. partic-
ularly the high-level wagte produced at West Valley, New York. The latter can
be solidified (converted to glass} by technigues that are currently available
and are being demonstrated in the West Vallgy Demonstration Project. The
spent fual 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.
~370-



)

5§ 0008 2 39

Although much of the work on the conversion of high-Iuvel waste to solid
wagte forms was bazec¢ on defense waste, the results and t«:hnology will be
transferable, in lar:a part, to commercial waste. Data duveloped in work with
defenge waste indicate that borosilicate ¢lass is the lea 'ing candidate waste
form for existing commercial high-leve]l wasta.

During solidification, high-~level waste is mixed wi h glase frit and fed
into a melter, where hcat 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 inert, highly
ingoluble, noadispersible, nonvolatile solid with a very 'nw potential for
leaching in water of the type likely to be found in geoloygic repositories.

The structural resistance of the glass form to heat and sslf-irradiation
effects should be sufficient to maintain the etructural integrity of the waste
form for the containment period, although a container will still be required
to ensure compliance with the waste package containment performance objective
of 10 CFR 60.113. Moreover, the borogilicate glass has sufficient mechanical
strength and impact resistance to withatand the stresses of repository em-
placement and retrieval during a specified retrieval period. It is expected
to be compatible with a full range of the geologic conditions expected in a
repository and is undergoing performance test and analysis as deecribed in
Section 2.5,

Sevaral processes are available for the treatment of TRU metallic waste,
and each process offerd 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 disposal of the base material as low-level waste.

The DOE will continue the development and demonstration of high-level-
wagte and TRI-waste treatment procesges to engure that acceptable waste forms
will be available when necessary. The DOE hag sgelected borosilicate glass as
the waste form for Savannah River Plant defenge high-level waete and for com-
mercial high-level waste from the West Valley Demonstration Project {(WVDP).
Justification for the gelection of borosilicate glass is contained in the
Environmental Asgesgment——Waste Form Selection for Savannah River Plan HLW
{DOE~BA-(0179, July 1983} and in the Action Description Memorandum for the
Selection for the Waste Form for WVDP {(March 1983). Future development will
focus on borosilicate glass and on second-generation (alternative) waste forms
that have a high potential for reducing treatment requirementg or overall dis-
posal-system costs or on forms that will more eagily accommodate highar in-
ternal temperatures at high waste loadings,

The number of waste-treatment facilities reguired 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
waste-treatment facility would be required for each spent-fuel-reprocegsging
plant. The number of reprocessing plants will be determined by the commarcial
nuclear industry and will depend o the need for reprocessing and its econom-
ics. No difficult technical problems are expected for the construction ang
cperation of waste-treatment facilities,
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8.3 CHOICE OF MATERIALS

Each host rorl” under consideration for the first repository has different
requirements for tune waste package. The paragraphs the- follow discuse the
refarence containar for gpent-fuel disposal in sach of 1ne three host rocks
dnd the packaging that will be uged for solidified hi¢ i-level waste. The
choice of materials depends on detailed evaluations of the geochemical envi-
ronment into which ti.e package would be placed. Materis g othsr than the
reference ones :ould be chosen for any of the sites.

For buasalt, the reference container for ths waste package is made of low-
carbon steel with an iron-chrome—molybdenum steel and cupronickel as alterna-
tives, The thickness of the reference material is approximately 5 to 6 centi-
meters, This material iy readily available, has been used widely in enginser-
ing structures, and should present no great difficulties in fabrication. The
waste package for basalt aleo includes a packing material which is 1% centi-
meters thick, betwean 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 ugse of precompressed annular rings
are two methods being considered for the emplacement of this material. Beth
the basalt and the clay are readily available. The pneumatic-emplacement
technology has been daveloped and demonstrated on the pcale of full-aize waste
packages.

For gsalt, the reference container ig made of low-carbon steel. Tha
thickness of the material ranges up to 10 centimeters. Techniques for remote
welding and inspection of welds will be developed, beginning in FYB8%, as wall
as procedures for weld acceptance and tests to identify corrosgicn effects.
The designs for salt use crushed salt as a packing material. No difficulties
are foregseen with the fabrication ¢of the contailner. An alternative deeign
concept employs a thin layer of the alley Ticode~12 over a carbon-~steel con-
tainer,

For tuff, the reference container is made from austenitic stainless steel
that is about 1 centimeter thick. This material ies readily available and has
a long history of use in sngineering structures. No particular difficulties
are foreseen with respect to fabrication. WNo packing material is used in the
referance designsa, although a tuff packing backfill ia being considared in an
alternative design for spent-fuel packages.

All reprocessed high-~level waste currently included in the reposgitory
planning bage will use a stainless-stesl 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 evaluationg are con-
gidering corrogion resistance, structural stability, cost, availability, and
fabrication requirements. 1In addition, the second-repository program {cur~
rently concentrating on crystalline host rocks}) will initiate research during
FY856-37 on the potential use of copper and copper alloys in the waste
package., The evaluations will use data from completed and ongoing interna-
ticnal copper studies, such as the Swedish and Cariadian 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 acquisition and fabrication facil! ies assumes impor-
tance. As discussed in Section 2,5,2.2, the reference mai.erials for waste
containers are low-carbon steel and stainless steel. Tv> alternative designs
also receiving attention consiat of a carbon-steel conta.rar overpacked by a
thin cuter shell of ti-anium alloy (Ticode 12) and a conti .ner made from steel
alloyed with 9 percent chromium and 1 percent molybdenum. The use of copper
and copper alloys is alsc being congidered 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 galt 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 caeting is ideally suited for
the waste package because of its reasgonable coet, ease of manufacture, and
excellent characteristica for welding. The number of foundriss capable of
producing the carbon-eteel castings intended for containers is more than ade-
guate to satisfy the requirements of the geologic repository progrem,

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

Neither the titanium alloy {(the alternative salt comtainer material) nor
the iron-chromium-molybdenum alloy (the alternative basalt container material)
should be difficult to deliver or fabricate, although fabrication experience
with the iron-molybdenum alloy steel ig limited. Chromium, an essential ele-
ment in both the stainless steel and the chromium—molybdenum alloy, is im-
ported mainly from South Africa. although there are U.S. chromite mines that
could be reactivated at substantially higher chromium costs than those via
importation. The consumption of c¢hromium in producing overpacks made of
elther stainlese 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.S. production rates projected to the
year 2025 for carbon steel, stainless steel, and titanium mill produgts
(plate, pipe, and castinga) far exceed the estimated material requiremente for
the packages needed through the year 2025. The supply of copper is also ex-
pected to exceed significantly the quantities needed for waste containers if
copper or an alloy is gelectsed. The table on the next page illustrates the
domestic industrial output veraus the first repository's needs for referance
container material over its operating lifetime.
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Industry output? Quantity veeded for first
{thousands of tons) repository” |‘housands of tons)
From 1945
Material Yearly to 2025 Salt Tuff  Basalt
Carbon steel 4738 189,520 185 181
Stainless steel 240 9,600 75

11982 and 1981 American Irom and Steel Institute and 1981 U.8. Department
of Commerce gtatistics,

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

This tabulation shows that, for the current reference waste~pachage
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
matal. The use of these comparatively small amounts will not affect strategic
supplies nor require production from new or reactivated facilities.

8.5 RESEARCH AND DEVELOPMENT PLANS FOR WASTE PACKAGES

Ressarch and development plans for the reference waste packages in each
of the repository host rocks under consideration are described in Chapter 2.
The plans are divided into four principal tasks: (1) the definition of the
waste package environment: {2} waste~form and matarials testing, (3} daesign,
fabrication and prototype testing; and (4) assessment of waste-package per-
formance,

The definition of the wasté-package environment requires thea geologic,
hydrolegic, and geochemical data that define the ambient conditionsz of the
underground repository and an evaluation of the effects resulting from the
congtruction of the repositary and the emplacement of the waste.

The waste-form tests are directed at eetimating the rates of radionuclide
release from the waste package over the long term. They are based on tha
interactions among the waste form, other engineered barriers, ground water,
and the hoet rock. Covering the temperature range expected in the repository,
the tests vary from simple tests of interactions between the waste form and
ground water to multicomponent tests. The materials testing is concerned with
obtaining gufficient data on the hehavior of reference and altermative mate-
rials in the sxpected environment of a repoaitory in a particular host rock to
ensura that the performance of the waete package will be adequate.

The taak of design, fabrication, and prototype testing is divided into
sevaral stepsa: conceptual degign, advanced conceptual design, license-appli-
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cation design, and final procurement and construction desiyn. Thege desgigns
will be hased on incrg¢asingly sophisticatsc engineering ars)ysges, test data.
and design configurat.on evaluations. Thase designs will le developed in con-
junction with the corresponding design phapes of the repo:r - fory.

Tha performance analysis will be made with pradicti- 9 gite-specific
modaels bagsed on data obtained from tests with waste-pachiy+ materials, gite
characterization, and waste-package and repository designs They will predict
{1} the time at w.:ich containment is lost and {2) the long-term release of
radionuclides from the waste package,
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Chapter 9

WASTE-GENERATION RATES, REQUIREMENT: 'OR
JLSPOSAL CAPACITY, AND REPQSITORY SCH 'OILES

An estimate of (A) the lotal repository capacity r2 ulired to
safely accommoddate the disposal of all high-level reiioactive
waste and spent nuclear fuel expected to be generated through
December 3!, 2020, in the event that no commercial reproces-
sing of spent muclear fuel occurs, as well as the repository
capacity that will be required if such reprocessing deoes
occur; (B) the number and type of repositories required to be
constructed Lc¢ 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 schedule will be accepting high-level radiocactive waste
or spent nuclear fuel for disposal

--Nuclear Waste Policy Act, Saction 301(a)(9)

This chapter presents forecaste of nuclear electricity-generating capa-
city and the amounts of spent fuel requiring -disposal as well am the factors
that might affect the number and the capacitieg of repositories, The lattar
include (1) diffaerences between the once-through fuel cycle {(no reprocessing
of spent fuel) and a fuel c¢ycls that is based on reprocessing,

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

9.1 FORECASTS OF NUCLEAR ELECTRICITY-GENERATING CAPACITY
AND SPENT--FUEL ACCUMULATION THROUGH THE YEAR 2020

The Energy Information Administration {EIA) of the DOE is respongible for
making forecasts of the ingtalled capacity of nuclear power plants in the
future., Its forecaste are made for four different assumptions about the
growth of the nuclear electricity-generating capacity: no new orders. low,
middle, and high, For wagte-~disposal planning, the DOE is using the November
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 par year between
these years. . : : :

"U.S. Department of Energy, 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 sbout 130,000 metric tons of uranium :4TU) by 2020, The
actual spent-fuel d,acharges will probably dacline somew)iac because it is
expected that in thu: future the fuel will be kept in the cmactors for longer
periods. The EIA annual middle-case forecaet for nucle:z. capacity and spent-
fuel discharges from 1983 through 2020 are presentad in 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. congstruct two
repositories, Two repositories will be needed because 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 dischargad beyond 20320 1if
reactorg continue to operate. However, it is not necessary to¢ plan for a
third repository at present. Under current plans, second-repository emplace-
went will not reach 70,000 MTU until about 2030. If current eetimates 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 the 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
gigawatta. To establish the lower bound, the EIA no-new-orders case was
examined with respect to the need for two repositories. Under the assumptions
of this case, installad 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 begins operations).
Thus, aven with a substantial reduction in the middle-case forecast for
nuclear generating capacity by 2020, two repositories remain necessary.

9.2 FACTORS AFFECTING THE NUMBER OR CAPACITY OF REPOSITORIES

9.2.,1 REPQSITORY REQUIREMENTS FOR THE ONCE-THROUGH FUEL CYCLE AND THE
REPROCESSING FUEL CYCLE

In the once-through fusl cyecle, 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 & repository ie in the form of pack-
ages of intact fuel assemblies or packages of fuel rods consolidated from
several agsemblies. In the reprocessing fuel cycle, on the other hand, the
spent fuel would be discharged, cooled, and reprocessed to recover uranium
and/or plutonium. The high-level wastse resulting from the reprocessing would
be solidified and disposed of in a repository. The transuranic waste produced
in reprocesging may also be disposed of in a repository; however, this deci-
sion has not been made at this time.
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Talxle 9-1., 1984 EIA Middle-Case Forecast
of duclear Electricity-Generating Capaci:vy’

Installed

Year Capacity (Cie) Annual Cumulative
1983 64 1400 9,800
1964 74 1200 11,100
1985 BS 1300 12,400
1986 94 1400 13,800
15987 104 1700 15,500
1988 105 2000 17,500
1989 107 2100 19,600
1990 111 2300 21,900
1991 113 2300 24,200
1992 117 2500 26,700
1993 119 2600 28,300
1994 119 2600 31,900
1995 119 2700 34,600
1996 122 2700 37,300
1997 123 2B00 40,100
1996 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 155 4100 72,700
2004 159 4700 77.400
2009 162 4500 81,900
2010 166 4500 86,400
2011 1711 4000 : 90,400
2012 175 ' 4100 : 94,500
2013 180 4200 98,700
2014 134 4200, 102,900
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, Commsrcial Power 1984: Prospects
for the United States and the World, DOE/EIA-0438(B4), Energy Information
Administration, November 1984.
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Section 114(d) of the Act gpecifies that the DOE m:ir pmplace no more than
70,000 MTU of spent fuel (once-through fuel c¢ycla) or the high-level waste
resulting from the reprocessing of 70,000 MTU in the fi 3t repository until
guch time as a gecond repository is in eoperation. Ther fore, even though the
waste-emplacement configuration for spent fuel and high- tevel waste may dif-
fer, the typa of fuel cycla will not affect repository c¢apacity as defined in
the Act., To be sure, transportation reqguirements, was.e-handling equipment,
and repository layou. would be somewhat differeny for a aspository handling
high-level waste rather than spent fusel,

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 undarground disposal areas may depend more on the hogt rock and site-
specific conditiong,} Transuranic wagte, because of itz 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 wasle-handling facilities and operations
of a repogitory would be different for spent fuel and high-levyel waste, but
these diffarences would not affact the waste-acceptancs rats or the waste-
emplacement rata.

9.2.2 DEFENSE WASTE

Sectiong 8{b}{1l} and (2) of the Agt required the Preaident to evaluate
the use of one or mors civilian repositories for the digposal of defense high-
level waste. As explained in Chapter 2 of Part I, this evaluation concluded
that thera is no compalling reason for a defense-waste-o:nly repository, and
therefore the DOE is planning to emplace the defenge wagte in the civilian
repositorias.

The defense waste that would be dispoged of in a geologic repository is
solidified high-lavel waste from reprocessing. This waste hasg different ther-
mal characteristica than commercial spent fuel or commercial high-level
waste: it is a less concentrated source of radiation and heat.. According to
current estimates, about 8000 MTU, on a gurie-equivalent basig, of defense
high-level waste could be emplaced in a repoaitory by the year 2020, When
such a quantity of defense waste is added to the quantity of spent fuel
estimated to require disposal, it appears that two 70,000-MIU.repositories
will be able to accommo- date the combined total--even for tha .EIA middle-case
forecast (130,000 MTU of spent fuell.

Defenge waste will be acceptsd on a schedule that will ndt adversely
affact the rate of receipt for civilian wastes, .

9.2.3 BSITE LIMITATIONS

As already mentioned, the Act requires the first repogitory %o accept no
more than 70,000 MTU until the sscond repository is operatignal. : Howewer, the
70,000-MTU limit is not a minimum or maximum capacity requirement. A suitable
gite for the first or the second repository may be able to accommodate less or
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more than 70,000 MTU of spent fuel or the high-level was®. regulting from
reprocessing such an amount of spent fusel, From the info-mation available for
the sites currently under review, it does not appear tha: more than two
repositories would L2 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 achedule for the firat repc91tqry i1 discussed in debazl
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
gcheduleg are presented. The first {shown in Table 9~2} is based on the DOE'g
reference waste-management plan (i.e., the emplacement capability of two geo-
logic repositories). In this cade, waste acceptance at the first cepository
is scheduled to start in 1998. '

The second schedule (shown in Table 9-3} is based on the improved-
parformance plan (i.e., ths operating characteristics of the integrated waste-
management system): it reflects not only the repbsitory emplacament capability
but also the acceptance capability of the monitored retrievable storage (MRS)
facility. The primary functions of the MRS facility are to accept waste from
reactors, prepare it for disposal, and provide temporary storaga, :if neces-
sary. If Congress approves the DOE’'s proposal for the integrated waste-
management system. then the second waste-acceptance schedule will be applida-
ble. In thig case, waste acceptance at the MRS facility will hegin in 1396

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 schedule shown in Table 9-2 or
9-3, then the additional storage capatity needed to agcommodate thie delay in
schedule will be provided by tha DOE, pogsibly at reagtor sites.
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Table 9-2. Maste-Acceptance Schedule for the Authorized Systew
{Metric tons of wranium (MTU) par year)
Eirst Bepository __Secoad Repository = Cumulative

Spent-Fus) Generatioo™ High-Lgva) Spent-Fue) Spent-fuel
Year Annual Cumulctive Spent fFual wasta® ¢ Total Cumilative Spent Fuel Cumulative  Acceptance Backlog
Pre 1958 49,100 40,100
18 00 43,000 400 400 09 400 43,600
1959 1688 46,0080 480 408 800 ac0 45,200
2000 3088 43,000 400 400 1,200 1,200 47,500
2001 004 52,000 850 908 2,100 2,700 45,900
2002 1008 55,000 1804 1800 3,999 3,900 51,100
2083 1108 58,100 1000 400 3400 7,308 6,900 5%,200
2304 3300 61,400 3508 400 1400 10,700 9,900 51,500
1Teg A v £5,208 > ] 480 3400 14,100 12,900 51,900

2506 T 68,500 3000 409 3400 17,500 908 500 16,800 51,800
2047 T 72,700 3009 200 1400 20,960 1880 2,700 21,600 51,100
008 47c8 77,499 ao0n 00 3400 24,300 1800 4,500 26,400 51,000
2009 4500 81,990 1800 400 3490 27.790 1808 6.300 331,200 50,700
2018 4500 85,400 1008 00 3400 3,100 1860 8,100 36,000 50,400
2011 4000 ¢, 400 3800 406 3400 34,500 2400 10,500 41,400 49,000
2012 4100 94,500 Mo 400 3400 37,900 3000 13,500 47,400 47,100
2013 4200 98,780 008 400 3400 41,300 3080 16,580 53,400 45,309
2014 4290 102,900 3000 400 3409 44,700 3300 19,560 59,400 43,500
2015 4300 187,200 3006 400 3400 8,134 3000 22,500 65,400 41,800
2016 4300 111,500 3006 400 IH00 51,500 3000 25,500 71,400 40,100
2017 4500 176,000 1000 0% 3400 54,500 3000 28,500 77,400 38,6060
2018 4700 129,700 3000 400 3400 58,300 anoe 37,500 83,400 37,300
2019 4700 125,400 3000 400 3400 £1,702 3600 34,590 89,400 36,000
2026 4500 138, M0 3000 400 1400 65,100 3000 37,500 95 . 400 34,900
20210 1608 400 3400 68,500 3000 40,509 101,400 28,900
2022 1100 400 1500 70,000 3000 43,500 105,560 24,300
2023 3000 46,500 103,500 21,800
2024 3000 49,500 111,500 18,800
2028 1008 52,580 114,500 15,800
2026 aoont 3000 55,500 117,500 12,000
2027 35¢9 58,500 120,500 9,800
2028 3000 61,500 123,500 6,800
2029 3089 54,500 126,500 3,800
2039 3000 £7.500 179,500 800

AL 2400 58,306 130,300
“pata From Lommercial X g, DOE/ETA 043B(B4), November 1984. Includes discharge

from decommissionsed reactors.

Bapproximate maste-zcceptance rates For high-Teve? waste From atomic emergy Jdefense activities and cammercial high-level waste from the West
valley Oemonstration Project. OQuantities have been "normalized® to metric tons of uranfum (MTUS) on a curie-equivalent basis. pirgct comparison with
spent foel is not equivalent, because defense high-level wiste (MMW) and commercia) high-level waste (CHLW) resulted from the reprocessing of speat
fuel. In the example, 400 MTU of defense waste egmls 800 canisters. Actual acceptance rates are to be negotiated between Defense Programs and the
Office of Civiltan Radioactive saste Wanagessemt in the DOE.

CYhe First repasitory currently is desioned to begin operation in two phases. This example shows the acceptance of DHLW and CHIW in the First
phase when the second phase reaches its machmmm receipt rate.

“The fnergy Information Aaministratien projects spent-fuel generation only through the year 2020. For waste created after 2020, either the
capacity of the First two repositories could be intreased or additiomal repositortes could be built.

EThe exsmple shows 2 totad of 8000 WIU of DML and CHLW emplaced by the ytar 2022. Additional OHLW can be accommoeated by extending the
operation of the first repository, emplacing DHLW in the second repesitory, or constructing additional repositories, as indicated in fogtnote D.



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

First Repgsitory —e e _Second Repgsitory = Cumlative

Spent-Fuel Generation™ s HES SF from High-Level Cumulative Spent-Fuel Spent-Fuel
Year Annua Cumslative Acceptance® Inventory HES dWaste® Total Total Waste Spent Fuel Cumulative Acceptance Backlog

Pre 1998 40,100 2200 2,200 2,200 37,900

1994 2500 43,090 003 4,800 400 400 400 5,200 17,800

1999 3008 45,000 000 7,400 400 400 BOO 8,200 37,800

2000 3000 49,007 3000 10,080 400 400 1,200 11,200 37,800

20, 3000 52,800 3000 12,100 900 900 2.10¢ 14,200 37,800

2002 31080 55,0060 1a00 13,300 1800 1800 3,90 17,200 37.800

2003 3180 A 100 1080 13,300 3000 400 3400 7.3%00 20,200 37.500

Thad et a1 4468 2 13,300 3000 450 1400 10,700 23.200 38,200

2005 Y 63,800 ig0o 13,300 3000 400 3400 14,100 26,200 38,60¢

2006 3800 &8, 500 3000 13,360 3000 400 3400 17,500 900 200 30,100 38,500

— 2007 4100 72,700 3000 13,300 3000 460 1400 20,900 1800 2,700 34,900 37, 80¢

2008 4760 77,400 3000 3,300 3000 400 3400 24,300 1800 4,500 39,700 37,708

2009 4500 B3 ,900 1000 13,300 000 400 3400 23,700 1800 6,300 449,500 37,400

et 2010 4500 b5, 400 3000 ¥3,300 3000 400 3400 31,100 1800 8,100 49,300 17,10¢

2011 4008 90,400 3000 13,300 000 40u 3400 34,500 2400 10,500 54,700 35,700

ol 2012 4100 54,500 3000 13,300 3800 400 3400 37.900 000 13,500 60.700 33,800

I 2013 4200 98,700 1006 13,300 3000 400 3400 41,300 3000 16,500 66,700 12,004

L 2014 4200 102.%08 3000 13.360 000 400 3400 44,700 3000 19,500 72.700 30,200

mw 2015 4300 167,200 3600 13,300 3000 400 3400 48,100 1000 22,500 78,700 28,504

: 2816 4300 111,500 000 13,300 1000 400 3400 £1,500 3000 25,500 84,700 26,801

2017 4520 116,000 2800 13,100 000 405 3400 54,500 000 28,500 90,500 25,50¢

2016 4700 120,700 10,140 3000 400 3400 58,390 3000 31,500 93,500 27,2040

2819 4700 125.400 7,108 one 409 3400 61,700 3000 34,500 96,500 28,901

. 2626 4900 130,300 4,180 000 400 3400 65,100 1000 37,500 99,500 30,800

2021 1,100 3000 400 400 68,500 1600 40,500 102,500 27,801

(= 2022 1100 400 1500 70,000 3000 43,508 105,500 24,800

2023 . 3000 45,500 168,500 21,804

2024 1000 49,500 111,500 18, 804

L 2025 1000 52,508 114,500 15,800

2925 8600 3000 55,500 117,500 12,804

o 2027 1080 58.500 120,509 9,800

2028 3000 61,500 123,500 6, 800

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

=22 b k1o 3000 67,500 129,500 BOQ
2011 800 68,300 130,300

‘Data from d, DOE/EIA D438(B4), November 1984. Includes discharge from

decomntsstongd ramctors.
frme MRS Pacility 93 astwawed to reach a constant acceptance rate and dischargs to the first repository as fast as the first repository can accept

spent fuel. The MES Facility will stop accepting spent Fuel when its inventory will fill the First repository.
CSee Footnotes B amd C in Table 2-2.



Chapter 10

COETS OF MANAGING COMMERCIAL RADIOACTIVE WASTE

An estimate, on an annual basis, of the c¢¢t3 required
(A) to construct and operate the repositor.es antici-
pated tc be needed under paragraph (9} basew on each of
the assumptlions referred to in suck paragrapn; (B) Lo
construct and operdte a test and evaluation faclility,
or any olther facilitlies, other than repgesituries des—
cribed in subparagraph (4), determined to bz necegsary;
and (C) to carry oult any other activities under this
Act :

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

This chaptar presents cosat estimates for a number of raference and
sensitivity cases, After briefly describing the framework Eor the analysis of
costs, it discusses key asgsumptions, explains the method of cost estimation
and presents the results for the major cost categories . (development and
evaluation, transportatlon, repository, and storage), and summarizes the
principal findings.

10.1 INTRODUCTION

Ag part of its continuing evaluation of the adaquagy of the revenues
raised by the Nuclear Waste Fund against the expenses of the waste-management
program, the DOE maintains a cost-estimating capability. The most racent cost
estimates for the entire program are contained in a January 1985 report,
Analysis of the Total System Life Cycle Cost for the Civilian Radiocactive
Waste Management Program (Roy E. Weston, Inc., 1985), The costs presented in
this report were estimated for a set of reference cases that are congistent
vwith the DOE's FY86 budget submittal to Congress in terms of program strategy
and schedule. The reference cases differ by repository location only; all
other assumptions are identical for all reference cagegs. In addition, this
report provides cost estimates for a limited number of sensitivity cases that
were analyzed to determine the effects of variations in a few maior program
assumplions. This chapter summarizes tha astimating methods and results from
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 ware calculated by summing the
annual costs (expressed in constant 1984 doilars) estimated for each major
cost category: development and evaluation {D&E)}, transportaktion, and reposi-
tory construction, operation, and closure and decommisgioning, For two of the
sensitivity cases, the costs of monitored retrisvable storage (MRS) were also
included. In order to estimate the costs, an estimation msthod must be estab-.
lished. The first step in this procedure was, ko defina a reference case by
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determining the compc¢ents 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 i3 sufficient detail
for the derivation ol engineering cost estimates. These -vsumptions also
establigh the scope of the system by specifying the quanti:y and the schedule
of waste acceptance, The assumptions for the waste-gene ;ation rate, the mini-
mum “age" at which spent fuel will bs accepted by the DO., and the waste-
acceptance rate can be used to estimate the annual flows ¢  waste that will
occur once the system i3 operational. The waste flows detwcmine both trans-
portation and repository costs because they determine how much 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 cost for the refsrence cases is then calculated.

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

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

First Repeository Second Repoeitoty
Tuff Crystalline rock
Bagalt Crystalline rock
Salt Crystalline rock
Tuff Salt
Basalt Salt
Salt Salt
Basalt Tuff

Three sets of gensitivity cases wers developed, These cases differ from
the reference cases in (1) the wasta-gensration rate, which is agsumed to be
lower; (2) transportation-cask technology, which is assumed to be improved:
and {3) the repogitory-startup dates, which are assumed to be delayed. Ten
such sensitivity cases were analyzed.

10.2 ASSUMPTIONS

10.2.1 REFERENCE CASES

The reference wazte-management system for this analygis 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 consolidation and loading into disposal con-
tainers} and disposal. Therefore, the only facilities in the referance eyatem
are the repository and the required transportation network. The key sssump-
tions for the reference cases are given in Table 10-1.
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Table l.-~1. Key Agsumptions for the Refarer:: Cases

Parameter

Aggump . .cng

Waste type

Waste gquantity

Minimum wasta age
for acceptance

Numbar of repositories

Design capacity for
each repository

Rapogitory design
receipt rate®

Repoaitory-startup
datea

Host~rock type

Transportation-cask
technology ' :

Cost basis

Spent fuel, comme.~¢:al high-lsvel waste
from West Valley, Naw York, and
low-level waste g¢r rated at the
repository during sient-fuel consolida-
tion and handling {deferise waste is not
included)

130,300 MTU, based on the November 1984
middle~cage forecagt {(DOE, 1984aj by
the Energy Informa:zion Administration
{EIA} of the cumulative spant-fuel
generation through the year 2020

5 yeara

Two

70,000 MIU for the first repusitory and
60,300 MTU for the second repository

{the difference batwaen the cumulative
gpent fuel generation through tha ysar
2020 and the first-rapository capacity)

Firet repository: 400 MTU per year for
the first 3 years, 900 MTU for tha -
fourth year, 1800 MIU for'the fifth
year, and 3000 MTU par year Lhereafter
to closure

- Second repository: 1800 .MIU par year

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

1998 for the first repository and 20086
for the second repogitory

Bagalt, vrystalline rock, salt, and. tuff
Currently licensed transportation casks

All costs are exbremsed in terms of
constant 1984 dollars

*This repository-design receipt rate was used to develop the January
1985 program-coat eatimates, which in turn were used for the February 198S
report on fee addquacy (DOE, 1985). It ia mot equivalant to the design
receipt rates used alsewhere in the Mission Plan.
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The host rock and the site of the repository are tv:. related parameters
that must be defines before the estimates can be made. hm nine potentially
acceptable sites for the first repository consist of oneé s.te in a tuff forma-
tion in Nevada, one gite in basalt at the Hanford Site . the State of Wash-
ington, and seven yites in galt formations in Louisiana Missgissippi. Texas,
and Utah. Sincc only one site is being considered in "¢:a tuff and basalt,
the site is designated by the rock type. For the sever :&lt sites, a single
site was assumed in crder to estimate the transportaticn —osts for thiag host
rock. A site in the Permian Basin of Texas was selected —ecause it represents
the middls rang. for the average distance traveled from moat of the reactors
in the eastern half of the country. Also, the recently igsued draft environ-
mental assessments {DOE, 1984b) concluded that the site in Deaf Smith County,
Texas. 13 one of the three preferred sites (together withb the sites in bagalt
and tuff) for recommendation to the President as candidates for characteriza-
tion. However, the choice of sites in this analysis does not represent tha
DOE's final decision on the sites to ba recommended for characterization or
development of a rspository.

For tha second repository. the DOE is evaluating crystalline-rock
{(granite) formations in 17 States. These States are located in the mid-
western, northeastern, and southeastern regiong of the country. The estimated
geographic centroid for these regions was assumed for the leocation of the
crystalline-rock repogitory. This centroid was used only as the basis for
gstimating the average reactor-to-repository distance in calculating transpor-
tation costs: the asgumption does not represent the DOE's poligy for the
gelection of crystalline~rock gites,

From the four alternative rock .types and sites for repositories, combina-
tions of sites for the first and the second repeository were developed for the
rofarence cases. The DOE'a current budget-planning assgumption is that two of
the three candidate sites for the sacond repository will be in crystalline
rock, Since crystalline rotck is not under consideration for the first-
repogitory site, a sscond repository in crystalline rock was alternatively
combined with each of the other thraee rock types as first-repository sites.
Algo, since multiple galt sites currently sexist, a second repository in salt
wag combined with first—repository sites in tuff, basalt., and also salt.
Finally, a basalt site for the first repository and a tuff site for the second
ware combined because these two gites represent the longest distances from
most of the reactors and hence are expected to incur the maximum transporta-
tion cogts. The shortest transportation distance is associated with the
combination of salt and crystalline rock.

As already mentioned, the gsevan reference cases differ only by the loca-
tion of the repository sites. Each of the cages is based on identical aesump-
tions about the amount of fuel, the design of the repositories (two phases-for
the firat repository and one phasa for the second repository), repesitory-
startup dates, and transportatiocn caseks.

10.2.2 SENSITIVITY CASES

Threes categories of senditivity caaes-were.darivad: -(ll,lduhuaata o
generation, (2) improved  tranaportation-cask technqlagy, and: (3):repesitory
delay. Within each category, a faew different casesgs were included, -The com-
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pPlete case structure--7 reference cases and 10 sengitivity cases--is described
in Table 10-2 by its distinquishing features.

To represent a 'ow-waste—generation case, the EIA "ni-new-orders" fore-
cast ¢f November 1984 was assumed (DQE, 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 rate
and startup schedule remain the same as in the reference cades, TFour combina-
tions of first- and seuvond-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-camse 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 transportation cas%s assumed for the
reference case are relatively inefficient in comparison with the cask designsg
that are expected to be developed. The new casks will be able to carry more
spent—fuel assemblies, thereby reducing the number of ghipments necessary 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 cagks cap be realized because less shielding will be required for this
fuel . An alternative, more afficient, set of transportation casks was there-
fore included in this analysis as a sensitivity case to detesrmine the effact
on the total-system coat. The cost sstimates wera calculated for two
repository-site combinationa that represent the greatest distance traveled
(basalt/tuff) and the smallest distance traveled (salt/crystalline rock ) from
among the seven reference—case combinations.

Although the DOE is committed to atart accepting spent fuel from util-
ities by January 31, 1998, two sensitivity cages were developed to determine
the effect on total-system costs of delays in the startup of the reposi~
tories. 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
referenca-case repository-site combinations that yield the highest (basalt/
tuff} and the lowest (salt/crystalline rock) total-system cost,

10.3 DEVELCPMENT AND EVALUATION COSTS

The development and evaluation (D&E) cost category covers all the siting,
design development, testing, regulatory, and institutional activities asso~
ciated with the repesitories and the required transportation network: it also
covers the D&E activitises associated with monitored retrievable storage. Most
of the D&E activities will take place before the conetruction of waste-
receiving facilities and the fabrication of waste packages and transportation
cagka, but gome efforts, such as regulatory activities, will continue during
the facility-construction period. Included in the D&E category is the mitiga-
tion of socioeconomic impacts, which is assumed to occur throughout repository
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tioile 10-2, Casé Structure for the Total-Syster Lnst Anaiysish

Cumuiative Spent- Rrpository Startup Additional
Repasilory Hast Rock Fuel Generation - PDate Storage
Case firsi Se¢ond {MTU} ¥ rst Second Fagilities
Reference casas
Salt Crystalline 130.300 15308 2006 Nong
Tuff Crystaliine 130,300 1998 2006 Nong
Rasalt Crystalline 130,300 1598 2006 Naone
Salit 5alt 130,300 1998 2006 Nong
Tuff Salt 130,300 1908 2006 Hone
Basait 5alt 13n, 300 1998 20086 Nane
Rasalt Tuff 139,309 1598 2008 None
Sensitivity cases
Low waste gener-
ation Basalt Salt 97,700 1998 2006 Hone
Dasalt Tuff 97,700 1994 2006 None
Sait Crystalling 97,700 1998 2006 MNone
Tuff Crystaliine 97,7090 1994 2006 Nene
Improved cask : :
tachno'togy Basalt Tuf f 130,300 1998 2000 None
salt Crystaliine 130,200 1998 20086 None
Repository detay
G-year Basalt Tuff 130,300 2003 2013 MRS
£1.944 Crystalline 130,300 2003 2011 MRS
10-year? Basalt Tuff 138,300 2008 z016 MRS
salt Crystalline 130,300 2008 2016 MRS

AThe waste-receipt rate for the Lwo-phase first repository is 400 MTU/yr for the first 3 years of
operation, 900 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 3000 MTU/yr
thereafter.

BThe first repository is assumed to be a stngle-phase facility.
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congtruction., Also included in this category is the cost ¢f Federal Govern-
ment administration o the entire waste-disposal program. s so defined, D&E
encompasses all proatam expenditures both at the present * . ms and for the next
several years.

The starting point for estimating DSE coste is a acl eiule of overall pro-
gram milestones. Havirg established a milestone schedule, the activities cur~
rently under way to accomplish these mileatones must be dail srmined along with
the current cogsts for these activities. Next, activities in the future that
must be either continued or initiated to accompligh tha entire schedule of
milgsstonea are determined, and the time periods over which khege future activ-
ities must take place ars estimated. Finally, the coste of performing each of
these activities are estimated, drawing on the cost-activity relationships of
the current and near-term activities and independent cost gatimateg of future
activities, whgre available,

The gchedule of milestonea for the reference~case D&E cost eatimates is
based on the program schedule as of January 1985, which is congistent with the
FYB6 budget submittal to Congress. Compared with the schedule in the April
1984 draft Mission Plan, this gschedule represents later dates for near~-tarm
first-repository milestones, but still retains khe January 1998 date for the
start of repository operations. For the second reposzitory, thae start of
operationg has been delayed 17 monthe from the draft Mission Plan echedula.
Table 10-3 presents the specific milestones that were uged in developing the
D&E costs.

The DSE cost estimates agaume only the activities that are covered 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. Government adminis-
tration ig added as the sixth cost category. '

The primary data source for the cost of current program activities is the
budget developed for the Nuclear Waste Fund. For all of the D&E cost cate-
gories, the FYB86 budget submitted to Congress in January 1985 served as the
numerical basis through the year 1990. The D&E estimates are axpressed in
terms of constant 1984 dollars for consistency with the other cost categories.

This reference-case D&E cost estimate pertaing to all the cases in which
the repositories are assumed to start operating according t¢ the program
schedule and is essontially the same across all host rochs and spent-fusl
generation scenarios. 1In addition to the reference-case eatimates. there are
two sensitivity cases that require alternative DSE cost estimatss: the 5- and
l0-year rspository delays. The D&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” Sacond Repository

Identify potentialiy .cceptable sttes Completed 6/86
Complete draft enviv nmental assessments 12/84 12790
Complete Final environmental assessmants 6/85 6/91
Nominate sttes G/85 6/91
Recommend 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 exploratory-shaft construction 3/86-2/07¢ 2/92
Start praliminary waste-package design ’ 6/87 6/93
Comptete explore rory-ghaft construction 3/48-9/88° B/94
Start Title I repository destgn 2/88 1/94
Complete exnloratory-shaft testing

for DEIS and recommendation 12/89 12/95
Issue draft environmentnl impacgk statgment (DEIS) 6790 6/96
Issue final envirgemental impact statement 12799 _ 12/96
Recommend to Prestdent /a9 1/97
Complete exploratory: shaft thsting for ’ '

1icense appticatton to the NRC 11/59 11/96
Complete Title I repository design 5790 1/96
Site designation effective, subm1t

1icense appltcdation 5/ ) 5/97

NRC grants Tigense, start operations 1/88 : 2/2000

- r v

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

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

CEarlier date is for Basa?t. and thé'1ater date 15 for salt. The date For tuff is
between these two dates.

PEarlier date is for 'tuff, and the later date is far salt. The date for basalt is
hetween these two dates. CoL .

TahTe 10-4. Summary of Total D&E Costs.
{Mi1l1ons of 1984 Dollars!

Refarence §-Year 10-Yedr

Cost Category S Case - Delay Case- " Delapy Case
First repository ” 3200 3400 1500
Second repository o L2ton - 2200 : : 2300
Honi tored ratrievub1e i

storage Lo - ’ 100 100 AN 1 T
Transpur;ution and ..; ,._ .:u.  : i B l'_ "_ i J-”:; .

systems 1ntegrationiff_" o o 300 ~ . 400
Socioeconomic impact ' .o .';;m

mitigatton 500 700 1000
Government

administration® 1600 1700 1800
Total 7800 8400 9100

Arssumes crystalline rock or tufFF for the second repository. If
the host rock is salt, then the costs of Governmgnt administration and
tharefore the total BAE costs will be $50 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 thae waste-management syatem, The Act ri--uireg the DOE to take
title to the spent fuel at the reactors and to arrange ior transportation to
storage or dispogal facilities, The Act also requires *.mt private industry
be involwved in develcping and providing the necegsary f -r.ngportation sarvices
to the fullest extent possible.

The method for estimating transportation costs derives a unit charge for
transportation-cask use, shipping, and security for each potential tranepor-
tation pathway; this unit charge is applied to the annual waste material flows
to arrive at the total transportation cost. The pathways considered include
transportation from the reactors to each repository loca- tion, 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 these
estimations is performed for two modes of transportation: vrail and truck
transportation. A split between the two modea is assumed in order to
calculate the total cogt,

Before any of these unit costs can be derived, the transportation dis-
tance for each pathway must be egtimated, The distances ware estimated in two
gteps. First, average digtances were estimated from reactors to each of ths
four repository sites and to the MRS gite and from the MRS site to each of the
rapository sites. These distances are pertinent only when one repository is
in operation. Second, a reduction in thege distancas wam calculated to
account for the potential savings of optimized routing for the years when two
repogitories are in operation. Unit costs were estimated for each set of dis~
tances and are appropriately applied to the annual waste material flows,
depending on whether in a specific year one or two repogitories are in
operation,

Table 10-5 presents a summary of the transportation coatsréafihated for
each reference and gsensitivity case, detailed by individual pathway.

10.5 REPOSITORY COSTS

The construction, operation, and closure and decommissioning costs for the
two repogitories represent the largest component of total-system costs. By
virtue of their relative importance, the repository costs have undergone
gubstantial review and reestimation since the previous set of costs was cal-~
culated for the draft Mission Plan. The cornerstone of this process was a new
enginearing feasibility study developed in response to a change in the program
strateqy. The design concept for the firat repository 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 changea in the design of the
repositories. As designs become mors advanced and the facility character-
istics become fixed, the cost estimates will become more meaningful.
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Tha method usad in estimating the repository costs wi.3i a three-step
procedurs. PFirst, crats ware developed for standard-size tacilities (70,000
MTIU} for sach of tha alternative host rocks. Second. a : aling technique was
applied to the costs of a standard-size facility to deri. costs for the
facility capacities that are reguired by the waste mate:r i: i flows for each
case in the analysis. Third, the total construction, of:iation, and closure
and decommissioning costs were annualized for inclusion v “h the othar cost
cemponants,

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 layocut are
generic for all rock types. In general, the surface and underground design of
the tuff repository was used for the other host rocks. However, certain
aspects of the tuff design have been adjusted for salt. basalt, and cryatal-
line rock to allow for differences batween these host rocka. The costs of a
two-phase repository for the three first-repogitory host rogks were first
developed according to the paramatric analysis approach. Then these costs
were used to develop the costs of a ons-phase repesitory for all four rock
types since each could potentially be used for the gecond repository, which is
a one-phase facility. The costs for the standard-aize repositories arae pre-
dented in Table 10-6. '

Table 10-6. Summary of Cost Estimates for the Standard-Size Repository
by Hoat Rock
(Billions of 1984 Dollarm)

First Repogitory {(Twc Phages})

Cost Category Tuff Basalt Salt -
Construction L.1 2.3 1.6
Operation 5.8 8.3 4.9
Closure and . DY

decommissioning 0.1 0,1 0.3
Total o 1.0 10,7

- |
e *
- ]

- Second Repository (Ome Phape)

Cogt Category Tuff Bazalt 3alt ' . Crystalline
Congtruction 1.ﬁ 2.2 1.4 0.9
Operation 5.7 8.2 4.7 )
Closure and :

decommissioning 0.1 0.1 0.2 0.1

|
|
|
|

Total

h
[--

10.5

<
[FY)
=]
-

L |
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In all casend but the low-waste-~generation case, the firgst-raepoaitory
capacity ig idencicel with that of the atandard-size facility, or 70,000 MTU.
Therefore, no adjus:ment in the costs of the standard-siia coats is required.
The gecond-reposituxy capacity, though, is 63,300 MTU, : - that the costs of
+the standard-gize facility must be acaled down to estima-,e the second-reposi-
tory costa. In the low-waste-generation cage, both thr i-irst and the second
repositories are giz«d below design capacity, and the ¢20ling technique is
applied to each. A summary of the repository-cost estim -es for all cases 1is
shown in Table i0-7.

10.6 STORAGE COBTS

This section prasents the cost eatimates for the srorage activities
required in the 5~ and 10-year repository-delay cases. It was assumed that
such delaye would require an MRS facility. These assumptions were made for
the sole purpcose of performing the ceost estimation and may not rapresent the
final asszumptions for the integratsd waste-managemant system.

The costs for each of the delay cases were egtimated by first determining
the amount of fuel that needs to be stored in each cagse. This waa 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. Therefore, the
gtorage requirements were determined by calculating the difference betwsen the
reference-case acceptance schadule and thea repository acceptance schedule in
sach delay case. Having made this determination and after deciding on the
preferred enginesred concept for providing the required storage at an MRS
facility, the cost estimates were then daveloped by using tha best information
available on the costs of constructing and operating the required storage
facilities.

The Act identifies monitorad retrievable storage as an option for the
long-term storage of waste. The Act directs the DOE to submit to Congress by
June 1, 19C5, a proposal to construct cne or more MRS facilities. The Act
further specifies that this propesal should include at least three alternative
gites and a minimum of five alternative combinations of sites and facility
degigne, To develop these designs, at least two concepts must be selectad for
further design. To do thig, eight previously studied concepts were aval-
nated. From these alternative concepts, the concrete-cask design was selected
ag the primary conoept bhecause of ite demonstration experience, simple and
flexible design, and low estimated cost in comparimon with the other con-
ceptg. On the bapis of this evaluation study. the concrate-cask concept was
aassumed 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 S5-year
cagse, a storage capacity of 3G,000 MTU ia required, while in the 1l0-ysar case
a capacity of nearly 55,000 MIU is needed. The total coets for each case are
$2.0 and $2.4 billion, respectively. It should be noted. how- ever, that
these cost and storage capacitiee are based on the previcus MRS mission of
providing backup storage for a repository. The coste and capa- cities for an
integral MRS facility would be different,
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Table 10-7. Summary of Repository-Cost Estimates
: (Billions of 1984 Dollars) . -~ -

first Repository second Reppsitory

Case Constructien Operation ODecommissioning Total Construction Operation Decommissioning  Total

Reference cases
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Sensitivity cases

Low waste generation
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Tuff/crystalline i.¢
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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¢0Q 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 2,380

*It should be noted that these costs and storage capacitiesg are
bagsed on the previous MRS mission of providing backup storage for the
repogitory. Tha numbers for the integral MRS facility included 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
cogte for all cases. For the refersnce casas, the coste for both repositories
represent 51 to 59 percent of the total. The development and evaluation costs
are the next largest componaent, accounting for 26 to 33 percent of the total,
and transportation represents 14 to 18 percent. The relative importance of
each of these components isg decreased in the repository-delay sensitivity
caseg because of the inclusion of storage costs in the total-system costs.
Storage costs may ba as high as 8 parcent of tha total in the 10-year-delay
case. The total-gystem costs are summarized in Tabla 10-9 for the 7 reference
cases and 10 sensitivity cases,

The principal findings of this analysis are as follows:

1. The total-system coata for the reference program, expressed 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 cages analyzed in this report, the total-system costs may be as
high as $35.3 billion {10-~year repocsitory delay) or as low as $20.9
billion (low waste generation), representing a range in potential
coates of 69 percent.
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2. The host rocks and sites of the two repositoriey have a gignificant
effect on total gystem costs; the total costs i.-r the host-rock com-
binaticn w'th the highest reference~case cost i(hasalt/tuff) is 25
percent higher than the cost for the combinati n with the lowest
reference-case codt {salt/crystalline rock),

3, The waste-generation rate also has a signific n- effect on total-
system costr. The cost for the low-waste-gencs %ion case is $2.9 to
$3.6 hillion less than that for the reference vaie, depending on the
reposi.ory gite, However, on an average unit-cost basis, the low-
wagte-generation case is 17 percent more expensive than the reference
gesa because of economies of scale,

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

5. Delays of 5 or 10 years in the opening of the repositories increase
the total-systam costs by $3.3 to $3.5 billion and $5.1 to $£.6
billion, respectively, depending on the host-rock combination. These
additional costs are due to extended 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 10-year delay, repository-
construction costs are also increased hecause, by definition. the
delay is partially due to problems experienced in construction.)
foth repositories receive 100 percent of the design receipt rate
throughout their operating pericd in the reference cases; thus
delaying the start of repository operation does not affect
repogitory-operation costs because in this delay case the system also
operates at maximum efficiency.

6. Because of the sizable cost impacts of repository sites, waste-
generation rate, transportation-cask technology. and repository-
startup dates, the effects of one parameter may be partially or
wholly offset by the effects of another parameter. For example, the
total-gystem costs for the 5-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 coats for all years in the life
cycle. detailed by major cost category, for the highest-cost refersnce case
{basalt/tuff}. As the figure shows, total-aystem cogts from 1983 through 1990
consist exclusivaely 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 tha 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 1%
percent lower than the 1995 peak value--starts in 2011, when both repositories
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Tzble 10-9, Summary of Total-System Life-Cycie Jost Estimates
{84114ons of 1984 Nollars}

Transpor ~ B oaeditory Grand
Case D&E tation First  jecond  Total Storage Total”®
Reference cases
Tuff/crystalline rock 7.8 3.8 7.0 6.1 13.1 - 24.7
Basaitrorystalline rock 7.8 3.9 10.7 6.1 16.9 - 28.5
Satt/crystalline 7.8 3.3 6.8 6.1 12.8 - 231.8
Tuff/sait 7.8 4,5 7.0 6.8 12.8 - 25.4
Basait/saltg . 7.4 4.4 19.7 f.ﬂ 16,6 - 9.8
Salt/salt 7.8 3.9 6.8 5,8 12.5 - 24.2
Basalt/tuff 7.8 5.1 10.7 G.0! 16.9 - 29.7
Sensitivity cases
Low waste genération
Basalt/salt 7.8 3.5 10.4 4,2 BN T - 25.9
Tuff/erystalline rock 7.8 3,2 6.7 LR 10,7 - 21.6
Basatt/tuff ’ ' 7.8 3.8 10.4 ;¢ " 14,4 - 26.1
salt/erystaitine rock . ' 7.8 "2ig Bl 4,0 .. -10.5 - 20,9
Improved cask technology _ e
Basalt/tuff . 7.8 2.6 10,7 6.0+ . 16.9 - 27.2
Salt/arystalline rock 7.8 1.6 6.8 , 6% 1%.,8 - 2z.2
Reposttory delay : E ) e
S5-year :
Basatt/tuff 5.4 5.9 10.7 78,0 6.9 - 2.0 33.2
Satt/crystalline rock 8.4 4.0 6.8 6.1 -12.8 2.0 27.1
10-year
Basalt/tuff " 9.1 6.5 11.0 6.2 17,4 2.4 5.3
Salt/crystalline rock 9,1 4.7 6.7 , 6.3 13.0. 2.3 28.9

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

' . . I Lrrioe . !
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are operating at tneir maximum receipt rates and continmues through 2024, the
last year of first-repository operation at a rate of 3110 MTU per year.
Total-system coste drop very rapidly after this ysar a.i both repositories
enter tha caretaker period by the year 2029,

The adequacy of the waste-disposal fees for the ¢ sts for the disposal of
commercial spent nuclear fuel and high-level waste his "een examined annually
gince 1983. These fees, established by the Act, cong st of a one-time fee
aesesssd on waste existing on April 7, 1983, and an ou¢~ing fee assessed on
electricity gensrated in nuclear power plants after Apc.l 7, 1983,

The revenue projections uged in the Fehruary 1985 analysis (DOE, 1985)
ware derived from El1A forecasts of grogs electricity generation prepared in
September 1984. Two forecasts of the growth of nuclear power were uged. The
middle-case forecast assumes that there will be no net future cancellations of
present nuclear-p‘ant 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 2028, with
an approximate doubling of installed nuclear capacity from 107 gigawatts
glectrical {GWe) in 1990 to 212 GWe in 2020. The no-new-orders forecast
assumes that all reactors that are currently under construction but axe legs
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 be
placed. The net effect is that, after the reactors that are now more than 30
percent complete 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 zero soon after as plants are retired. The middle-case and the
no-rnew—orders forecaets are not intended to represent absolute bounding cases,
but to illustrate the potential effects of a reascnable range of forecasts for
nuclear electricity generation.
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Chapter 11

SOCIQECCONCOMIC IMPACTS

An identification of the possible adverse eco:nnic and other
impacts to ‘he Stete or Imiian tribe invoived t at may arise
from the development of a repository or test anu avaluation
Facility at a site.

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

Thig chapter identifiss a range of generic gocioeconomic impacts that may
be associated with the siting, development, and operation of a gaologic
repository. The DOE does not expect that the Eull range of impacts discusged
here would occur at every potsntial gite., In accordance with the Act,: the
gite-specific impacts of both site characterization and a repository are
assessed in the sociceconomic-impact sections of the draft environmental
asgegsments and will he agasgsed in the environmental impact etatement. Both
the States and the DOE will he conducting impact-assesament studies during the
g8ite characterization phase of the program.

Experience with large energy-development projects in rural areag indi-
cates that impact assessments will be more accurate if the residents of
affected communities take part in the process. Tha DOE will work cleogely with
States, affected Indian tribeg, and local communities to identify and avoid-or
mitigate significant adverse impacts caused by a repository. Furthermore, the
Act provides States and affected Indian tribes with grant funds te conduct
their own independent asseasments of socioceconomic impacts and te request
impact-mitigation funds from the DOE if a site within their boundaries or on
their reservation is salected for a repository,

An accurate agsesament of all potential impactd may prove difficult be-
cause the schedule for conetructing, operating, closure, decommissjoning. and
covers 90 years. Socioceconomists find it more difficult to maks forecaets ag
the planning period increases and must revise and update their predlctions to
reflect changing conditions in a given study area.

The socioeconomic 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 publxc perceptions
of a repository.

Several types of impacts are discussed in this chapter: demegraphic,
economic, community gervice, social, and fiscal. The discussion covers: both
the impacts stemming from development-related growth and the impacte related
to the characteristics and perceptione of a repogitory. Thesze and other
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impacts have heen Luing studied for the environmental agsesaments and will be
. further studied, a¢ needed, for the preparation of the «wwironmental impact
gtatemant,

11.1 DEMOGRAPHIC CHANGES

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

The davelopment 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 enough workers who have the needed job skills do not
already live in the area, The expanded population will demand more goods and
services, thereby creating new businese opportunities that could sncourage
others to move into the area. This sacondary population increase may bea
larger than the increage that can be attributed directly to the repomitory
{gee Section 11.2),

Four major factora influence the extent te which these demographic
changes could affect surrounding communities: (1} the total number of inmi-
granta and outmigrants, (2) the rate of population growth, (3} where the
inmigrants choose to live, and (4) the demographic characterietics of the
inmigrants and the host population.

The total numbher of inmigrants will depend on the number of workars
needed to construct and operatae the repository, tha availability of local
labor, and the number of family members who accompany incoming workers,
Therefore, when egtimating 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 size 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
roads designated as waste-transportation cerridors may alse move bacause they
are concerned about the hazards of waste transportation. If outmigration
occurs for these two reasons, it would probably occur during the early phaaes
of repogitory developmaent and operation and would cease if the repository
operatas without incident.

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

Where the inmigrante 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 gmaller 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 maleg to fema. s, income and
educational levels, and the ethnic composition of a comm.1i:y~--will affect the
types of services ar.d housing that are needed and the wa - of life in the com-
munity. Theze impacts are discussed in Sections 11.3 ar. Ll.4,

11.2  ECONOMIC IMPACTS

Economiz impacts may be positive for some groupe ani negative far
othera. Increased demand for goods and services can pronote new business and
employment opportunitiss. On the other hand, higher wages may drive up the
cost of living, causing hardships to some businesses, people whose wages do
not increase, and puaople on fixed incomes. Moreover, soine economic activi-
ties, such as agriculture or tourism, could be affectad.

The development and operation of a repository will infuse money into the
economies of surrounding communities and provide new jobas, 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 geek employmant at the repository, Estab-
lishad local businesges may find it necessary to raise wages in order to re-
tain their employees. One result of this competition for workers could be a
rise i1n the average per capita incoma, 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 ip reduced, In particular, people
on fixed incomes, such as the elderly, may have 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 sacondary economic
development in the area. New businesses will open and gome existing ones will
expand, which will provide more choicee to congsumers. The extent of this
secondary economi¢ 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 economic growth will exceed the primary eccnomic growth,

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 businegses 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-
ocut the various phases of the repository. The number of construction workers
will reach a maximum between the third and the fifth 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 jobs will decline for the
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remainder of the ope. ations phase, There will be a alighw increase in employ-
ment opportunities during decommissioning and closure, ai'var which very few
persona, 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 c¢p strategies for
economic diversification in anticipation of the clesing of the repository.

Several economic impacts may stem from public apprehunsion of a reposi-
tory. First, some economic activities, such as touriam and agriculture, could
be affected. Second, private-property values near the s.i.e of the repository
and along major transportation corridors could fluctuate. Third, it may be
difficult to attract major new industries into an area whare a repositery is
located.

Activities like touriem and agriculture could be affacted by the
development of a repository if potential visitors to recrcaticnal, natural, or
higtorical places in the affected area, believing that these places are less
attractive because of their proximity to a rapoaitory, 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 producta, and farmers near the repogitory could conceivably
experience losses, At this time, however, there is no direct evidence that
either of these impacts would occur. The potential for these kinds of impacts
will be investigated during the investigations to be conducted concurrently
with site characterization.

Private-property values may fluctuate throughout the repository planning,
construction, and operation phagee. 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 i3 likely that property values will
increase again at some time during the operations phase when the safety of
repogitory 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 local propérty control.

Communities hosting a repository 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 bueinesses to
locate in the vicinity of a repository should also subside after the repogi-
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 putside the area (primary growth) and the expansion of
buginess activity {gecondary 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 effect of thia increased demand coul.t be more housing
choices for residents and improved comnunity facilities a:. services. How-
evar, if sufficient f.mnde are not available to pay for tht .eded improve-
ments, existing servisss would be gtrained, which would l wer the overall
quality of services in the community.

11.3.1 IMPACTS ON HOUGLING

If a large proportion of repogitory-~construction jobs are filled by
inmigrants, :iew workers will be competing for available housing in affected
commynities. Demand for housing will accelerate quickly because peak smploy-
mant will occour between the third and the fifth years of repository construc-
tion, The extent to which this housing demand can be met will depend mainly
on the number of vacant housing unita in affeéected communities and the extent
of planned real-estate development.

A sizable populaftion influx will also reduce vacancy rates in affected
communitieg, It is possible that the repogitory-related population growth
will result in increases in the price of housing. Since repository workers
may receive higher wages, other members of the community could be at a
competitive disadvantagse in the houging market. In particular, residents on
fixed incomes and those who rent housing may have difficulty adjusting to
ingreased in housing prices,

Pemands 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 even when the additional
demand due to population growth subsides, especially 1f the wages of
project-construction workers inflate the general coet of living.

11.3.2 IMPACTS ON COMMUNITY FACILITIES AND SERVICES

The population increases associated with the repository may create a nseed
for additional facilities and services in surrounding communities. including
roads, water and sewer lineg, schools, health-cara servigces, fire and police
protection, traffic-control and mass-transit systems, and cultural and recrea-
tional facilities. The expanded population may also create demands for gerv-
ices not currently provided in the community, such as counseling centersg and
an emergency-response capability.

The extent to which public facilitied must be expanded will depend, in
part, on the number of additional housing units that are built. If a large
number of housing unita must be conatruoted, costly expansions of municipal
facilities may be required. For example, the conatruction 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,
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The effectg of population growth on public services +ill vary, In sgome
caseS, a larger popuiation will allow the community to p.uvide more services.
For example, a largev population will be able to support riare specialized
medical personnel, -esulting in improved health care-ser we¢es. On the other
hand, if affected cummunities cannot fund specialized me. izal personnel, some
new community mewbers with health prohlems different fran those of leng-time
rosidents 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 enroll their children in school as soon
ag they move into 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 system. For sxample, 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 gquality of education would
suffer.

The need for some services may increase 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 communities near the site. If many of these workers do
not find jobs but chooge to remain in the area., local social service agencies
may be excessively hurdened. The need for services not presently providaed in
affected communitiea may also be craated. For exampla, new residents may
desire day-care centers or family-planning clinics in their community.

11.4 SOCIAL IMPACTS

Social impacts are related mainly *o a community's social organization
and with perceptions of group and personal weil-being. These impacts can be
important to community residents, 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 community may alter the age distribution
of its residents, its ethnic composition, and the ratio of males to females.
Furthermore, 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 repository, 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 inmigrants as good for the
community because they bring new ideas and more varied activities with them.
Others may view inmigrants as being responsible for a loss of traditional
values and ways of life. 1In these instances, nawcomers 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 expended
business opportunities that accompany repository development as a positive
effect. Others may believe that thegse 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 commuwiity, previous oxperlences with
transient workers, an¢ the ability of the community to prowide services when
they are needed,

A rapid growth in population may be associated with ir~reases in social
problems~-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 may also change.
Small, informal governments may have to add staff and become more formel as
demands for services increase., Communities that previously had few land-use
controls may enact new zoning ordinances for residential and commercial
development. If inmigrants become active in community affiiras, new leaders
may emerge as candidates for elected office or advocates for various issues,

To develop a repository, the DOE may need to acquire privately owned
land. Any residences or businesses 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 Agsistance and Real Property Acquisition Policies
Act of 1970 (Public Law 91-646), relocated residents must he moved to compar-
able dwelling units, If no such units are available in the immediate area,
residents may have to be moved out of their neighborhoods. Relocated busi-
nesses 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 reaidents trust government institutions to
adequately protect the community. Studies have shown that the public's trust
of Federal Govermnment 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 gafety, potential changes to their com-
munity and lifestyles, or their political beliefs. 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 representing the varying positions 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
ingreased revenues from an expanded property or other tax base 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 asseasments, and intergovernmental transfers. [ocal expenditures may
be required to im»vove schools and hire teachers, builc water 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
radiatinn monitoring capabilitiag,

The fiscal impncts on repository hoet States and 1-zal communities will
depend, in part, on the political jurisdictions affecta: by increased demands
for services, their raspective authorities for raising revenues. and the
financial assistance available to them under the Act.

The primary gourcee of income for local governments are usually property
taxes. Property~tax revenues will fluctuate throughout the life of the pro-
ject, reflecting populatjon changes that occur with construction, operation,
decommiggioning, and closure. Revanues will also fluclLuate slightly in res-
ponse to changes in property values.

Proparty-tax revenyes will increase in communities where inmigrants
choose to iive and businesses expand. It is poesible that the residential
choices of immigrants will lead to a distribution of revenues that ig differ-
ent from the distribution of required expenditures among affected jurisdic-
tiong., For example, a repesitory may be located in one jurisdiction while
most of its workers livs in adjoining jurisdictions. This i1s 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 chcices and ameni-
tieg. Tf this settlement pattern dees occur, gommunities 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
governments, although most costs will be incurred at the municipal or school-
distrigt level,

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

Section 11.2 noted that certain economic activities, such as 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 atmoaphere, the land surfac: surface water,
oceans, and ths portion of the lithosphere that iz . itside the conktrolled
area,

Act ~ the Nuclear Waste Policy Act of 1982 {Publiec Law %7 425},

actinides - radivactive elements with atomic numbers beginning at 89 and
continuing through 103.

affected area -~ eithar the area of sccioeconomic 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 radipactive waste or
gpent fuel is proposed to be located or {2) whoge federally defined
possessory or usage rights to other lande outside the reservation's
boundaries arising out of congressionally ratified treaties may be
subgtantially and adversely affected by the locating of auch a facility:
provided that the Secrstary of the Interiocr finds, upon the petition of
the appropriate governmental officials of the tribe, that such effects
area both substantial and adverse to the tribse.

alluviwn - clay, silt, gsand, gravel, or similar material deposited in fairly
recent geclogic time by streams or rivars,

alpha particle - a poditively 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 he used in
development of designs and an envirconmental assesgsment 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.

anigotropic - 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 material to yield significant
guantities of water to wells and springs.
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aguitard - a confining bed that retarda but does not prevent the flow of water
to or from an :djacent aquifer; a leaky confining ..sd, It does not
readily yield water to wells or springs, but may s:rve as a storage unit
for ground wai er.

argillaceous -~ applied te all rocks or substances compo:.ed of clay minerals or
having a notable proportion of clay in their com, ».1tion such as shale,
glate, atec.

artesian wells - wells tapping ground water confined und:r hydrostatic
pregsure, The water level in an artesian well is above the top of the
artesian water body it taps. If the water level ia an artesian well
gtands above the land surface, the well is a flowitg artesian well.

atomic energy defense activity (or program) - any activity of the Secretary
of Energy performed in whole or in part in carrying out any of the
following functions: naval reactors development; weapona activities
including defense inertial confinement fusion; verification and control
technology; defense nuclear materials production; defense nuclear waste
and materials by-products management; defense nuclear materials security
and safeguards and selurity investigations; and defense research and
development,

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

barvier = any material or structure that prevents or substantially delays
movement of ground water and, hence, diseolved radionuclides,

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

basalt - a fine-~grained solidified lava, rich in iron and magnesium minerals,
A dark~ to medium~dark-colored, commonly extrusive, mafic igneous rock
composed chiefly of calcic plagioclase and clinopyroxene in a glassy or
fine-grained groundmaas,

bentonite ~ a soft, plastic. light-colored clay formed by chemical alteration
of volcanic ash.

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

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

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

borehole ~ a hole drilled inte the sarth, 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 smail slant or horizontally, A borehole could be gshallow
or it could penstrate the repository formation or ever deaper strata.

borogilicate glags ~ 4 silicate glass that contains at lear! 5 percent boric
acid and is used Lo solidify commercial or defenge hi¢ --leval wasta,

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 eirther as the
percaentage of fusl atoms that have undergone fissien, or the amount of
energy produced per unit weight of fuel in the reactor.

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

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

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

canister - the first material envelopsé surrounding a waste form for handling
purposes. '

caprock - a comparatively impervious layer of rock immediately overlying a
fiuid-bearing regervoir.

caskh - a container for shipping spent nuclear fuel or high-level
radicactive wagte which meets all applicable regulatory requirements.

cask-in-trench {or berm} - an adaptation of the basic above-ground silo daesign
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 16 BWR fuel
agsemblies.

cation - a positively chargad ion.

Cenozoic - the latest of the eras into which geologic time, as recorded by the
gtratified rocks of the earth's crust, is divided; it extends from the
end of the Mesozoic Era up to and including the present.

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 necesa:ry to evaluate
guitability of a region, location, or site.

chemical resynthesis - the process whersby thermodynaim’ . equilibrium betwaan
nuclear waste and its host rock is attempted in ¢ ler to enhance waste
form stab:lity.

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

colloid - a suspension of finely divided particles ipn a liquid, gaseous, or
solid substance. BSuspended particles are not eagily filtered out.

commercial high-level radicactive waste - high-level riadicactive waste
produced in atomic-energy activities other than fvr defenae purposes.

commercial nuclear reactor - a civilian nuclear power plant operated to
produce heat for generating electricity. It ia required to be licensed
under Section 103 and 104b of the Atomic Energy Act of 19%4 (42 U.S.C,
2133, 2134b).

Commission - the U.S. Nuclear Regulatory Commission,

consolidation - the operation performad on spent fuel asgsemblies during which
the upper and lower fuel-assembly tie plataes are remgved, tha assembly
spacer grids and any other assembly structural members are removed, and
the fuel tubes are . cpllected and formed inte a closely pached bundle for
insertion into a canister. The nonfuel structural members of the fuel
asgemblies will be reduged in volume and placed in containers for
snipwent and diaposal.

consultation-and-cooperation (C&C)} agreement - the agreement required by the
Nuclear Waste Policy Act. The Secretary of Energy is required to attempt
to enter into a C&C agreement with a State that hosts a site approvad 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 radicactive wapte within a designated
boundary or vessel,

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

cristobolite - a mineral (S10:;} which is a high~tempera£ure form of quartz
and tridymite and occurs as white octahedrons in acidic¢ volcanic rocks.

crystalline rock -~ a general term for ignsous and metamorphic rocks as opposed
to sedimentary rocks. Granite is one type of crystalline rock.
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curie (Ci) - a unit o«f measurement ¢f radioactivity. One urie equals that
gquantity of any nuclide which undergoes 3,7 x 10'° d.sintegrations par
second.

decay - the process whereby radiocactive particles undercw a change from one
isotope or state to another at a geometric rate, re easing radicactive
particles and/or =2nergy in the process,

decommission - the permanent removal from service of surface facilities and
componants necessary for preclosure operations only, after repository
clogure, in accordance with regulatory requirements a#nd enviromnmental
pelicies. Peartaining to an MRS facility, the permanent removal from
garvice of facilities and components in accordance with ragulatory
requirements and environmental policies,

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

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

disposal - the emplacement in a repository of high-level radicactive waste,
spant 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,
solidified high-level radiocactive waste, gpent nuclear fuel, or other
radicactive materials, and any overpacks that are emplaced at ' a
repository.

dissclution ~ a process of chemical weathering by which minerals and rocks are
digsolved in water.

disturbed zone - that portion of the contrelled 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
radioactive waste such that the resultant change of properties could have
a gignificant effect on the parfeormance of the geologi¢ repository.

DOE - the U.S., Department of Energy.

drift - a horizontal opening excavated underground,

dry storage - cask, drywell, sgilo, and vault systems 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 matal canisters contalnlnr
spent fuel or high-level waste are placed.

dual-purpose cask - a casak that could Berve as a storage modula ag well as
a transport cask.
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ecology -~ the satuly of the relationships between liviug thinge
and their ervironmants.

ecogystem - an enologic system composed of organisms gd their environment.

effective porosity - the amount of interconnected pcrw gpace and fracture
openings available for the transmigsion of flu:l», expressed as a ratio
of the volume of interconnected pores and openins 3 to the volume of rock.

engineered harrier gystem ~ the manumade componenta of 4 disposal system
designed to prevent the release of radionuclides from the underground
facility into the gechydrologic getting. It includes the
radiocactive-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 determining whether to prepare an environmental
impact statement or a finding of no significant impact; 2) serves to aid
an agency's compliance with the National Envirornmental Policy Act of 1969
(NEPA) when an envircnmental 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 sociceconomic impacts of the six alternative
combinations of reference sites and designs that will be developad for
the MRS proposal.

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

epicanter - the point on the earth's surface directly above the exact
subsurface location of an earthquaka.

erosion - the wearing-away of soil and rochk by weathering, mase wasting, and
the action of streams, glaciers, waves, wind, and ground water.

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

evaporites - sedimentary rocks which are deposited from aqueous
solution as a resuit of extensive or total evaporation of the solvent.
Rock salt and gypsum are examples of evaporites.

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

exploratory shaft - a subsurface excavation composed of tunnels and rooms in
the hogt rock in the immediate vicinity 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 equipment to ba transported frena the surface to the
subgurface excarations and will allow detailed study »¢ the host rock
including laterx:l exploratory drilling.

extensometer - an instrument used in measuring strain.

facility - any structuce, gystem, or element of a system, acluding
engineered harriers, created by the DOE to meet perfo.mance or functional
objectives,

fault - a fracture or a zone of fractures along which thec¢e has been
displacement of the gides 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) - see interim storage facility.

field drywell - an in-ground sealed metal enclosure for storing canisters of
waste. The drywelle c¢an be bored to different sizes as required to
accept different sizes of canisters.

fission - the splitting of a heavy nucleus into two or more radioactive
nuclei, accompanied by emigeion of gamma rays, neutrons, and a
gignificant amount of energy. Figsion is usually initiated by neuktron
bombardment, but it can also occur spontaneously.

flow top ~ a vesicular or brecciated crust that grades into the dense flow
interior of a basalt 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 is usually a product of deformation.

fuel assembly - a grouping of fuel rods which is not taken apart during the
charging and discharging of a rsactor 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 cost recovery — the recoupment by the DOE through purchaser fees, and any
interest earned, of all direct cogts, indirect costs, and all allocable
overhead, congistent with generally accepted accounting principles
consigtently 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 <ritted during the
radioactive dezay of certain nuclides., Gamma rays a.n highly penetrating.

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

geodetic survey ~ survey in which account is taken of th: shape and gize of
the earth and currections are made for earth curvatire,

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

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

geohydrologic system - the units within a geclogic setting, including any
recharge areas, discharge areas, interconnections between unitsg, and any
natural or man-induced processes or evants that could affect ground-water
fiow within or among those units.

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

geologic ~ in the Civilian Radioactive Waste Management Program, factors such
as the depth, thickness, and lateral extent of the hast 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 radiocactive waste in deep stable geologic
formations.

geologic repository ~ a system which requiraes licensing by the NRC. that is
intended to be used, or may be used, for the disposal of radiocactive
wastes in excavated geologic media. A geologic repdgitory includes 1}
the geologic 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 geology dealing with the response of earth
materials to the application of deformational 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
structure, compesition, and developmert.

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 asite, and the development and -sveration of such a
repogitory. just as a State and a unit of general lucal government tax
other real proierty and industrial activities.

ground water - water that is below the ground sutrface i saturated soil and
rock that supplies wells and springs.

half-life -~ the time required for half the nuclei in a s.ple of a specific
igotope sprcies to undergo radiocactive decay,

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

host rock - the geologic medium in which the waste is emplacad, specifically
the geologic materials that directly encompass and are in close 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
radiocactive particles that may be released during operations involving
radicactive materials; a heavily shielded enclosure in which radieactive
materials can be handled by perszons using remote manlpulators and viewed
through shielded windowe or periscopas.

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

hydraulic 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 fluids.

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

hydrolegic properties - those properties of a rock that govern the capacity
to hold, transmit, and deliver water, such as porosity, effective
porasity, specifie retention, permsability, 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.
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ignecus activity - vhe emplacement (intrusion) of molton rock material (magma)
intc material in the earcth's crust or the expulaion (sxtrusion) of such
material onto *ne earth's surface or into its atmognsce or surface water.

igneous rock - a rock that solidified from molten or pect'y molten material,
i,e., from a magma,

immobilization - trea'ment or emplacement of nuclear wast.s so as to
prevant the release of radicactive isotopesd.

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

improved-performanca plan ~ a waste management system tbat includes the MRS
facility as an integral part. Most or all agpent fuel could be shipped
directly from reactor sites to an MRS facility. Spent fuel from reactors
located clecse 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 Indians recognized as eligible for the services provided to
Indians by the Secretary of the Interior because of their status as
Indians, including any Alaska native village, as defined in Section 3{c)
of the Alaska Native Claims Settlement Act (43 U.S5.C. 1602(c})).

induration - the hardening of rock material by heat, pressure, or the
introduction of soma csmenting material.

in situ ~ in the natural or original position. The phrase ig used in thigs
document to distinguish in-place experiments, rock propertias, and so on
from those in the laboratory.

in-situ stress - the magnitude and state of ground stress in a rock mass. The
inherent gtress in a rock masg 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
components and elemente are optimized to work with the other companents
and elements. This system is usually meant te include an integral
monitored reatrievable storage facility.

interested Indian tribes - Indian tribes, who because 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 for no more than 1,900 metric tons of upent nuclear fuel
from civilian rea>tors whose owners canhot reascnably yprovide adequate
storage capacity on site,

Interim Storags Fund - the fund provided for in the Act thel ensures that
those 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 sorption characteristics of
rocks.

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

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

igsolation - inhibiting the transport of radicactive material so that ths
amounts and concentrations of this material entering the accessible
environment will be kept within prescribed limits.

isotope ~ one of two or more gpecies of the same chemical elements, i.e.,
having the same number of protons 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
volcanoes 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. Alse the description of a rock on the basis
of such characteristigs as structure. color, mineral composition, grain
gize, and arrangement of its component parts.

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

lithogstatic 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 (A) is
high~level radioactive 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 radioactive waste.

magma - melten 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 MCL that establighes
procedures meuting the requirements of the Act for Nuclear Regulatory
Commission rrview of the test and evaluation facil: ty.

Mercalli scale - a scala for measuring earthquake inte:w ity in terms of the
effects perceived by people near the earthquahs,

megsogtasis -~ the last-formed interctitial material of & igneous rock.

Mesozoic ~ an era of geolegic time from the end of the Palezoic to the
beginning of the Cenozoic.

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 convection to the atmogphere.

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

mineralogy - the study of minerals., including their formation., occurrence,
properties, composition, and clasgification.

Miocene — an epoch of geologic time within the upper Tertiary Period, aftar
the Oligocene and before the Fliocene. :

mitigation -~ (1) avoiding an impact altcgether 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 storage 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.

menitored retrievable storage {MRS} - a concept for storing waste or spent
fuel for long periods. The waste and spent fuel would be continucusly
monitored and would be stored in such a way that it could be retrisved,
at a later date, and sent to a repository.

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

characteristics of the geological environment that individually and
collectively act to minimize or preclude radionuclide transport.
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natural system - the ~eologic getting that conpists of (1} a host rock
suitable for repmegitory congtruction and waste emplacinent and (2) the
surrounding rochk formations, It will include natural bLzrriers that
provide contairment and isolation by limiting radiom lide transport
through the geohydrologic 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.i can be initiated,
maintained, «nd controlled.

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

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

anca~through fuel cycle - a fuel cycle that involves no reprocesging of
spent 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 wvault - canisters of spent fuel or reprocessed waste stored
in large, shielded warehouse~type structures through which cooling air
circulates by national convection.

ovarpack ~ any receptacle, wrapper, box, or other structure that becomes an
integral part of a radiocactive waste package and is used t¢ enclose a
waste container for purposes of providing additicnal 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
radiocactive contents as presented for tranaport.

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

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

sqil) to transmit ground water. Permeability depends on the size and
shape of the pores in the medium and how they are interconnrected.
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petrology - that branch of geology dealing with the oriqin, occurrenca.
gtructure, and higtory of rocks.

pH value - the negutive logio of the hydreogen—-ion activity in a solutiomn: a
measure of the acidity or basicity of a solution,

piezometer - an instrument for measuring the change of j:ressure of a material
subjected to hjdrostatic pressure.

plutonium - a vadiocactive element with an atomic number of 94, Ita most
important isotope is fissionable plutonium-239, produced by neutron
irradiation, or uranium-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 soil to
its total volume, usually expressed as a percentage.

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

potentiometric surface - the leval to which the water from a given aguifer
will rise by hydrostatic pressure. The potentiometric surface is usually
repregsentad as a contour map in which each point telle how high the water
would rise in a well tapping that aquifer at that point.

pressurized water reactor (PWR) - a reactor syatem 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 phyzical and chemical
characteristics for producing agricultural crops with minimum inputs of
fuel, fertilizer, pesticides, and labor and without intolerable soil
erosion as determined by the Secretary of Agrigulture 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 ueed currently to produce livestock and timber, but it excludes
land already in, or committed to, urban development or water storage.

"Q" aystem - the classification system for the rock-mass quality of tha
Cohassett denge interior and estimate the rock-support reguirements;
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 component is
congtructed according to plans and specifications and wil) perform
satisfactorily.
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Quaternary Period - the gecond period of the Cenozoic E.a. following the
Tertiary, beginmning 2 to 3 million years ago and ertending to the
present; the -ost recent geologic period, within tre past 1.5 million
years.

radicactive - unstable in a mannar shown by gpontaneovs nuclear dieintegration
with accompanying emission of radiation and part: :ies consisting of
alpha, beta, ani gamma radiatien,

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

radioisotope ~ a radicactive isotope of an eiement,

radiolysis - the decompogition {splitting} of a molecule {often the water
moliecule) due to effects of radiation,

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

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

reposifory - any system licensed by the Nuclear Regulatory Commisaion that is
intended to be used for, or may be used for, the permansnt dsep geolegic
disposal of high-level radiocactive waste and spent nuclear fuel, whether
or not such system is degigned 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 gspent nuclear fuel handling activities are
conducted.

reprocessing ~ the mechanical and chemical procesas by which irradiated nuclear
fuel is separated into waste material to be dispogsed of and ugeful
materiale, such as thorium, uranium, and plutonium, to be reused as
nuclear fuel.

reracking - a rearrangément of the water pool used for storage of spent fuel
which regults in additional spent-fuel storage capadgtiy.

restricted area - any area to which access i3 controlled by the DOE for
purposes of protection of individuals from expoesure to radiation and
radicactive materials, but not including any areas used as residential
quarters, although a separate room or rooms in a resxdent;al building may
be set apart as a restricted area.

retrieval - the act of intentionally removing radicactive waste from the

underground location at which the waste had been previously amplaced for
disposal.
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rhyolitic - charact.ristic of a group of extrusive igner.s rocks, gensrally
porphyritic and exhibiting flow texture with phencoc.yatd of guartz and
alkali feldspin: in a glassy to cryptocorystalline givoundmass (rhyolitel).

“RMR" gyatem - the gystem used to classify the rock-mass quality of the
Cohagsett dense interior and estimate the rock-su part elements; rocks
ara clasgified as fair to good.

rock salt - the beat-known evaporits; forms by the precipitation of sodium
chloride from saturated evaporating bodies of water in shallow basgins.

rod consclidation - (see congolidation)

rubble zones - rochk 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.

gsalt 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 sarth's crust beneath the deepesat water
table in which all wvoids, large and small, are ideally filled with water
under presgsure greater than atmospheric,

scouring - erogion, especially by moving water.

screening methodology document -~ the program document that describes how the
region-to-area screening will be conducted and reflects the ronsultation
process with the States over its development.

sealed storage cask ~ a large steel-lined reinforced-concrete cylinder that
holds welded stainless~gsteel canistars of gpent fuel and is closed with a
thick concrete shield plug and a welded steel 1id,

Secretary - the Secretary of the U.5, Department of Enerqy.

sedimentary rock ~ rock formed of mediment, especially (1) clastic rocks
fe.g., conglomerates, sandstone, and shales} formed of fragments of other
rock transported from their sources and deposited in water and (2) rocks
formad 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 earthquakey or
earth vibrations.

shaft - an excavation of asmall cross-gectional area, compared with ita
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 asg
distinguishad from an incline or inclined shaft. & shaft in a repository
will be large enough to permit access and allow workers to place seals.
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shear zone -~ a tabular zone of rock that has bean crushac and brecciated by
many parailel fractures caused by shear strain.

site - a potentially acceptable site or a candidate site as appropriatae,
until such *“ime as the controlled area has been estacnlished, at which
time the site and the controlied area are the same

site characterization -~ for a repository, activities, whe qer in the
laboratory r in the field, undertaken to establish tne geologic
conditien and the ranges of the parameters of a candidate site relevant
to the location of a repository, including borings, surface excavations,
excavations of exploratory ghafts, limited subsurface lateral excavations
and borings. and in 3itu 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 cite
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 geoloqgic conditions and the
ranges of the parameters of a site relevant to the location of an MRS
facility, including boringsg, sucrface excavations, and in situ testing
negded to evaluate the suitability of a gita.

site characterization plan - the program document that will reflect expected
slte conditions for each of the three sitesa recommended for site
characterization. This document will provide the basis to identify the
quantity and types of tests and analyses to be performed during site
characterizZation; 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 geologic, hydrelogic,
and lithologic characteristics suitable for construction of a large
underground facility for long-term waste isolation,

siting - the collection of axploration, testing, evaluation, and
decisionmaking activities associated with the process of gite screening,
site nomination, site recommendation, and gite approval for
characterizatlon or repository development,

social impects - those impacts that deal primarily with a community's secial
organization and with perceptions of group and personal well-being.

solidification - the conversion of ligquid high-level waste to glags.

sorption - retardation of chemicals in solution by absorption; 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 occurg chiefly at the surface of a material,

specific yield - the ratio of the volume of water that a given mass of
saturated rock or sail will vyield by gravity to the volume of that mass.
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spent fuel ~ (gee spent nuclear fuel)

spent-fuel assembiies - the arrangement of fuel rods, -wpport grids, tile
plates, and other gtructural mambers of the nucle. : fuel ramoved from a
reactor adter irradiation.

spent fuel rods - the irradiated mstal tubes containing the uranium-bearing
fuel peliets removed from a reactor, Part of the .oent fuel assembly.

spent nuclear fuel - fuel that has been withdrawn from a nuclear reactor
following irradiation, the constituent elements of which have not been
separated by reprocessing. Spent fuel is thermaliy hot and highly
radiocactive.

standard dispogal contract - ges contract.

storage -~ retention of high-level radicactive 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, gtainless stael-lined pool for the interim
storage of spent fuel,

storage pool - a concrete chamber filled with water to provide shielding for
irradiated fuel elements.

storativity - the volume of water released from storage in a vertical column
of 1 square foot when the water table or other piezometric surface
declines 1 foot. 1In an undefined aquifer, it is approximately equal to
the specific yield.

strata - beds or layers of rock regardless of thickness.

stratigraphy - the branch of gecloqy that deals with the definition and
interpretation of the rock strata; the conditions of their formation,
character, arrangement. sequence, age, and distribution; and especially
their 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 square centimeter; also, by extension, the external
pressure which creates the internal force.

subseabed disposal -~ the concept of emplacing high-level waste in suitable
containers in relatively thick beds of sediments located in deep.
quiescent, remots, 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 ginking 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 sewarate anticlines;
characteristic »f basalt flows.

systems - the sites engineered components, and associatd procesges and
events, considered as an integrated entity, that af ect expected waste
facilities perfqormance,

system requirements aid description {(SRD) document — the urogram document that
will defineg the «verall raquirements of the waste ma :agement gystem and
describe thre current design of the inktegrated wagte system that meetsa
those requirementa.

systems engineering - the engineering activities that provide a disciplined,
gystematic approach to planning and analysis,

gystems engineering managsment plan ~ the program document that will identify
and document the procedures and respongibilities necessary for ths
engineering of a major, complex waste management system.

gystems integration — a comprehensive attempt to consider all of the elements
of any wagte managemant program as part of a single system, optimized as
a unit to best meet the program requirementa.

tectonics ~ the branch of geolegy 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 mutual relation, their
origin, and their historical evoelution.

test and evaluation facility - an at-depth, prototypic, underground cavity
with subsurface lateral excavations extending from a central shaft that
is used for ressarch and develepment purposes, including the development
of data and experience for the safety handling and disposal of solidified
high-level radicactive waste, transuranic waste, or spent nuclear fual.

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
Earth's surface, including its relief and the position of its natural and

manmade featurgs.

transmutation - conversion ¢f ong element or isotope into another by
bombarding it with nuclear particles.

trangpiration — 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 considered by a
number of utilities for the dry storage of gpent fuel at reactor gites.
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transportation businuis plan - the program document that w»ill provide
information on «ontracting procedures, equipment requ.jrements, funding
availability, &-1d other areag of interest to conducting the business of
developing the hransportation capability.

transportation institutional plan -~ the program document ihat will identify
those institutions affectad by development of a tra:rportation system;
provide guidance in establishing an interactive commv ications network;
and suggesat plans, including echadules, for the final regolution of
transportation-~relatsd issues,

transporter cask - a cask to provide shielding for the canister as it is taken
from the building loadout area to the underground emplacement hole.

transshipment - shipping spent fuel from one reactor of a utility company to
the site of another reactor of the same type owned by the same company
for the purpose of storage at the second reactor aita.

transuranic {TRU) waste - material produced primarily from the reprocessing of
defense epent-reactor fuels, the fabrication of plutonium to preduce
nuclear weapons, and, if it should occur, plutonium fuel fabrication for
use in nuclear power reactors that containg more than a specific
concentration of alpha-emitting radionuclidee (including urnaium-233 and
its daughter products} of long half-life and high gpecific radiotoxicity.

tuff -~ a medium-grained rock formad of compacted volcanic ash and dust; it is
usually porous, stratified, and soft.

trnnel drywells ~ mined tunnels into which sealed metal canisters containing
spent fuel or high-level waste are placed.

tunnel rach - an underground open-cycle vault. Large, open racks of gpent
fuel or reprocessed waste canisters are stored in tunnels using remotely
controlled ewmplacement equipment. Cooling is by natural convection, and
radiation shielding is provided by the surrounding media.

undue rish -~ risk that is unnecessary and could be prevented, or risk that is
excessive,

universal cask - a cask that c¢ould be used for spent-fuel storage and
trangportation and emplacement in the repositery without further
repackaglng or overpachs.

unsaturated zone -~ the zone between the land surface and the water table.
Generally, water in this zone is under less than atmospheric pressure,
and some of the voidy 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 uor arch, '
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uranium - a naturallw radiocactive element with the atomir: number 92 and an
atomic weight of approximately 238, The two princiis:] naturally
occurring isotcres are the fisgionable 1J-235 (0,7% ¢% natural uranium)
and the fertil. U-238 (99.3% of natural uraniumn).

vaults - large structures or caverns where spent-fuel raci-ages are stored.
waste cannister - metaillic or nonmetallic container enc:c.ing the waste form,

waste form ~ the radicactive waste materials and any encapsulating or
gtabilizing matrix,

waste managemeni system - the collection of facilitieg, equipment, personnel,
and gites to be developed and deployed under the contrel of the U.S.
Department of fnergy's Office of Civilian Radiocactive Wagste 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 required retrieval periods
and must act as a barrier to waste migration and release into the
geologic system,

water flux - a stream of flowing water; flood or outflow of water.

water table - the water surface in a body of ground water at which the water
pressure 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 cavitiesg, along fractures,
and on joint planes in basaltic lavas. Occur also as authigenic minerals
in gedimentary rocks,
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LIST OF ACRONYMS AND ABBREVIATIONS

Advanced conceptual design

Area-charagterization plan

Architect and enginear

Atomic Energy of Canada Ltd.

Alternative Means of Financing and Managing
(radicactive-waste facilities)

Arsa~recommerviation report

Bureau of Tand Managemenkt

Basalt Waste Isolation Project

Boiling-water reactor

Congtruction authorization

Consultation and cooperation

Code of Pederal Regulations

Chemical Transportation Emergency Center

Commercial high-level waste

Carolina Power & Light Company

Crystalline Rock Project

Civilian Radicactive Waste Management

Coleorado School of Mines

Development and evajuation

Draft environmental impact statement

Defense high-level waste

Department of Energy

Department of Enargy lesadquarters

Department of Transportation
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DWPE

EDBH

EIA

EIS

EPA

ERDA

ES

ESF

FEIS

FEMA

FIS

FPC

FR

GETT

GWe

HLW

MCU

MRS

MSL

MTU

U S B B

afense Waste Processing Facility
wnvironmental assessment

Enginesrad design borehole

Energy Information Adminigtration
Environmental impact gstatement
Environmental Protection Agency
Energy 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

Figcal year

Grants egual 'to taxes

Gigawatts electrical

High~level waskte

Headguartera

Idaho National Engineering Laboratory
Intaragency Review Group

License application

Memorandum of understandling
Monitored retrievable storage

Msan sea leval

Motric tons of uranium

Nuclear Energy Agency ' -
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NEPA

NFS

NSTF
NIS
NUSCO
NWPA
CCRWM
OGR
OMB
OPIO
OSTS
ORM
PA
PAP
bCCB
PDS
P.L.

PMIS

PRDA

PSAR

oA
QMPR
RCR

50000 2345 4

Naticnal BEnvironmental Policy Act

M.clear Fuel Sarvices

Nuclear Regulatory Commission

Near-Surface Test Facility

Nevada Tast Site

Northeagt Utilities Service Company

Nuclear Waste Policy Act

Office of Civilian Radiocactive Wagts Management
Office of Geologic Repositories

Office of Managemsnt and Budgst

Office of Policy, Integration and Outreach
Office of Storage and Transportation Systems
Office of Resource Managemant

Performance assessment
Performance~asgessment plan

Program Cost and Control Board

Project Decision Schedule

Public Law

Program Management Information System
Program Management System

Program Research and Development Announcemant
Preliminary safety analysis report
Pressurized-watsr reactor

Quality asaurance

Quality Management Policies and Requirements
Ragional characterization report

Regearch and development
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R&H

ROD

RW

RRL

SAR

3CP

SF

SNF

SRD

3SR

TEF

TDS

TRU

TVA

URL

USGS

VEPCO

WBS

WIPP

WP

WPAS

WVDP
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Request for proposal

I'aceiving and handling

Record of decision

Rardioactive waste

Reference repository location
Safety analysis report
Site-characterization plan

Spent fuel

Spent nuclear fusl

System requiremants and description
Site-salectian report

Test and avqlu;t;on facility
Total dissolved solids
Transuranic

Tenneasea Valley Authority
Underground Research Laboratory
U.S. Geological Survey

Virginia Electric & Power Company
Work-braakdown st:uctugq

Waste Isolation Pilgt Plant

. Wagte package

Work Package Authorization System

West Valley Demonstration Project
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ANSI/ASME stendards 19, 146
Apility to meet schenutes 18
Acceptance of waste- see Waste acceptance
Access States, infor-m1 cooperative
agraments «ith 108
Accountabi1ity Fur constderattion of
comments 336
Acgquistitioen strategy 155-156
Act-mandated date For waste acceptance 13,
18, 58, 66, 67, 120, 207, 223, 263
Adequacy of Funds 264-265
Administrative @ opport serviges 16)
Adrian, Texas 2154
Advance notices to interested parties of
significant decisions 136
Advanced conceptual designs
ropositeory 5, 220, 222
waste package 118
Advancod-concept traasportation cask 110
Advisory Council on Historto Areservatton
144
Affected Indian tribes 3 ,7, 13, 19, 41,
tag, 131, 132, 134, 135, Yia, 137,
138, 139, 140, 141, 144, 144,
254-253; see also Indtan tribes;
Interestad and affectod Indian
tribes
Act's provisions for G
¢oncerns about transportubion
263
consuitation and coaperation with 448,
G5, 105, 1B, 134-135, 2584-255
consultattion on key documents 7
consuttation on referance schadule 68
consultation on siting guidelines 347
Federal accountabilibty'ta 7?7

98, 99,

financial asststance to 7, 48, 114,
243, 265

invelvement in repository program 38,
129, 1340

litigatton hy 259
notice of disapproval 19, 36, 65,
261-262 . '
personnel Lratning 255, 256
review af sitevcharacterization p1ans
15, 36t
role in shaping paltecy 7
socioeconomic impact tdentification
and mitigation 56, 262
Agreements on repository operating
principles I41.
Agreements, negotiation . of with States and
affected Indian tribes 7
Adr Farce lands at the Yucca Houutatn 3ite
241, 242
Albuquerque Operations Office 149
MtTocation of costa- far defense and
civilian waste 10 -
Allecation of grants to local governments
260
Alpha-emitting radionuctides 12
Alternative host rocks far repositories
4y, 55
Alternative schedules for repositor!es 13,
GH8-G9
amarillo, Texas 254, 355
American Indian Religtous fFreddom act of

1970 257

American National Standards Institute 49,
156

American Society of Mechanieal Engineers
49, 156
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INDEX
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Analysts ¢f socipeconomi impacts 137-140
finarcial and technical Assistance
ter 137
‘7 States, Indian tribes, and
¢aT communities 137
Anhydrite 43
Anpuatl ¢ .pleity report 29
Agquifer | ~ttaction in shaft sinking 211
Area fieid investigations, second
re o5itery 54
Area 3%te stveys 39, 40
Argillaceous rocks 43
Argonne National Laboratory 0%
Ardzong 8o
Asse ming, Federal Rapublic of Germany
162, 220, 243, M8
Assistant Secretary for Hanagement and
Aditinistration 145
At-reactor storage &4, 7, 73,
1:0
Atomic Energy Aot of 1964 35 :
Atemic Eneragy of Canada Léd. 328 -
Atomic~anargy dafense programs 10, 12, 23
Audits by tha Ganeral Accounting-Dffice 154
Autharized ptaa 15, 16-17, 25, 20, 34
Authortzed system 120-122, 123, 127
Avary Island Facility, touisiana: 242, 318
BLM-~-58e Buresau of Land Managemernt
BackFi11 of reposttory tunnets and voomg 33
Barge transportatton -1v4, 126, 127, 122
Basalt stte 40, 35, 47, 54, 6¥F, 62, 64,
148, 190, ‘195-196, 219, 211, 212,
213, 215, 219; 222, 269} 270-274,
266-293, ¥06+304&, 314318, 329,
339, 334, See aiso Hanford site
advnntages and dlsndvantaqes aof 330,
kL)
general description of 349+342
geochemical characteristics 306-308
geologic characteristics '270-27)
geomechanical eharscteristics 314-318
hydrotegic characteristics 286-293
Baaumont, Mississippi 356, 357
Bedded-salt sites 40,269, 278-282,
293-299, "309-301°, 318, 319, 320,
330, 331-332, 334, See alsg-
-Bedded-satt sites in Palo:Durg
Basin; Beddad-salt sites in
Paradox basini Davis Canydn; Deaf
Smith County: Lavender Canyon;
Swisher Courty
advantages and disadvantages of -
331-332, 333, 334
Bedded-3all sites in Palo Durg Basin,
Texds 2804282, 293-296, 309-310,
9 ’ S
geotogic characteristics 268G-282
geochemical charsctaristics 369-310
geomechanical characteristics 319
hydrolegtc characteristics 293-296
Bedded-salt sttes in Paradox Dasin, Utah
o 278280, 296-299, 110~31t, 319
gecchemical characteristics 310-311
gaologic characteristics 279-280
geomechanical characteristics 319
hydrotogic characgteristics 296-299
Belgium 44, 162 :
Benton County, Washington 149
Bentonite clays, use in waste package 47
Bienville Parish, Louisiana 357, 3469
Blanding, Utab 352 -

role

74, 09, 91,



Borehple seals 224-326
Borosilicate glass 10,
Brazil 162
Briefings for States, Indian trites, and
the public 32
Arine migration n saly, studiss of
200-20%, 219-220, 242
Browns Farry nuclear plant 94, 9§
Bureau of Indimn Affairs ‘40, 5Ses also
Department of the Interior
Bureay of Land Management 140,141, 241,
242, 366, IG4, 361
Burnup of nucl<ar fugt 23, 118, 120
CRP--3ae Crystalliine Rock Project
C5M--see Colorado School of Mines
Calcing 12
Calico H¥11s unit 214
California Mine and Tunrel Codes 362
California 55
Camp Shelby Wilitary Reservation
Canada 44, 162, 243, 245, )28-329
Candidate sites For MRS facilities 82, a1
envirgnmental characteristics 84
identification A3-B6 :
selection of 8J-85-
transportaticn characteristics 84
Candidate sites for first. repoaitory 19
Canisters 76 -
Canyon Rims Recreationa1 Area -A54
Canyon, Texas 354 :
Canyenlands 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 91 N
Contralized management contro1 143, 150
Certification of cask design:. 110 .
Cartification testing for transportntion

T 3N

356, 357

casks 110 .
Chemica) Transportation Emergancy Center
102

Chemical resynthesis 4

Chicago Operations OfFice 149

Civilian Radioacltive Haste Management
Program 15-29, 143, .1448, 150, 154

Civilian repositorios--see: Repositorics

Climatic changes, studies of :potential for
195, 197, 199 .

Climax Spent Fuel Test Facility 242,
3124-126

Clinch River Breeder Reactor site 83

Closure of rapositorigs 121

Cohassett Flow 211, 362

Cold Creek Synctine 202, 349

Colocated test and evaluatton Fac111ty
267-268

Colorado Plateauw 352

Colorado River 196

Colorado School of Mines experimentn1 ming
242, 128

Columbia Plakteau 270, 330. 3n9. 352

Columbia River 352 .

Combined repository 10 .

Commerciel high-level waste 21,
High~level wasta :

Commission of the European .Communities A4,
162

Commitment to build and operate dasnosa1
facilities 6

Comunication resources on transportation
105

Sga -also
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Community info--arion offtces 131

Cumpliance wit'v Trdera]l statutes and
regul ions 140

Comptimnce wi'.. State or local laws and
regy- tions 52, 153, 258

Comptroltler fer~ral of tha United States 39

Computer cod ‘5 for performanca assessment
239 10

Conceptual dus 'n for 5CP 45-46, 118, 220,
221

Conceptual desian phaso 22)

Conceptud’l waste-package designs A7

Confirmatory .¢sting for license
application &1, &4

Conflict betwuer executive and legislative
branciies of State governments

260-261
Conflict over 5State repremsentation of local
intevests 259-260

Conflict resolution 19, 136, 136
Conflict resolution 255
Conflict resoiution 258
Conflicting State or local laws 258-259
Congress &, 7,.17, 18, 19, 21, 29, 48, 5%,
65, 68, 69, 71, 104, 129, 1340,
131, 132, 147, 148, 154, 242, 267
aoverride of notice of disapproval 3G,
48, 261 :
annual report by the Secretary of the
Treasury .to 154
authorization and appropriation of
sxpendituras . 154
‘notifioation -about test ang evaluation
facility 262
proposal for MRS Facilities 82, 85,
86, 87, B8, 127, 147
Congressional action for land withdrawal
256
Congressionat authorization
MRS facility 71, B?, 88, 127
requasts for 15, 16
second repository 38, 69
Connecticut 42
Consolidation--see Spent-fuel consolidation
Construction authorization 38, 52, 66, 363
Construction detays &7
Construction-phase testing 214, 215-216,
223
Construction schedu1e 221
Consultation and cooperation &5, 56, 65,
. B%, 101, =129- 134-115, 257, 261,
263
Consultationrand- cooperat\on agreements o,
7. GG, 105, 135~136, 1317, 254-2§5,
257, 258, 259,260, 262
Consultation and cooparation with sovernors
and lagislatures 260
Consultation with other Federz] agencies
130-141
Container matertals 232-233, 372,
Containar testing 232-233
Cantingency plans 15, 19-21}
Contract management 145
Contracts with waste gwners and
generators--see Disposal contracts
Contractual commitments to utilities 72
Control of access to land 256-257
Control of adverse safety-related impacts
of site characterization 365
Control of costs 144, 154, 185, 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 skorar-e methods and
equipmant ' '4
Coordination of waste-package design
Copper and topper alinys 47
Corridaor States, informal coeperative
agreements with 105
Corrosion, studies of 200-201,
Cost control 144, 154, 155, 268
Cost effectivensss 6, ‘6, 17, 23,
Costs
estimates 66, 144, 246-247,
of monitored retrievable storage
az
of repostitory research and
development 246
of waste disposal &, 17
provisians of the Act For &
sharing 21
uncertainty 143
Council of Energy Resource Tribes 256
Council on Environmental Quatity 65
Crater Flat, Nevada 357, 340
Crystatline Reck Project 137, 149,
323-329. See alse Second
repository
Crystalline rocks 42, 47,
geahydrologic setting
tests 324-329
CY¥imax stock, Nevada 324-326
Colorado School of MHines
experimental mipne 328
Stripa mine, Sweden 162, 326-328
Underground Research Laboratory,
Canada 328-329
Cypress Creek Dome 354,
Cypress Creek Done site 40, 196, 205,
274276, 299-300, 101
DHLW- -see Defense high-level waste

114
232, 233
29, 73

383-303
86,

323-329
323-329

356, 3537

DOE Contractors 118, 161, 189

DOE Headquarters 145, 1al. 159

DOE Operations 0FF1ces 52, Y45, 147,
148-149, 151, 153, 15§

DOE Drders 1115, 150, 155, 227, 362

DOE facilities 120

DOE's siting guidelines --see Siting
gutdelines
DOT regulations 98, 100
Damaged waste containers, repair of
Dark Canyon Primitive Area 352
Davis Canyon, Utah 352-353, 353
Davis Canyon site 40, 41, 196,
279, 296-299, 310-31%,
DeSotp National Ferast 356, 357
Deaf Smith County, Texas 354, 355 )
Deaf Smith County site 40, 81, 4z, 196,
205, 280, 282, 293, 235, 296
Decision analysts, techniques of 116
Decommissioning of repositeries 31, 121
Decommissioninyg of sites unsuitable for
Tigegnsing  366-367
Decontamination of repositories 121
befective spent-fuel assemb11es. handiing
of 76

126

205,
19

278,

Cefense high-level waste 10. See alsc
defense waste

pefense waste 10, 21, 23, 52, 104, 106,
120, 123, 3N

acceptance at First repository 52
timely emplacement of 29

=445~

accept.xce schedule for 10, 21, 23,
8, 2%
assumptons about 23
canigtses for 11
cost - nving 1o, 21
dispo 1 options for 10, 21
quantii ies of 23, 28
tran-oi rtation of 97-98, 100
Defense-w. 3ta-only repository 10, 21
Delays In & »asfer gf State land 287
Department ¢ Justice 147
Department o Transportation 958, 99, 101,
108, 189, 264

Department of the Interior 6§, 257

Deascriptions of potentinl1y accuptub1e

" sives for the Ftrst repository
347-361

and specification reviews 222

basis For HRS fagilities 60

of rfbésit0r1e5-~see Repository
dezigi | _

Design of undergrould openings 46

Design requirements’ documents 206

Design, fabrication, and protbtype testing

off waste packages 234-235

Design
Design
Design

Developmert and erTuutiun costs 246,
38B-389

DiFFicutty in acquirihg access to, 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, requirements for 378, 180

Disposal containers 76, 126

'D1spbsa1 contracts 7, 25, 29, 106, 143,
"7 146, 154 :

Disposal in outer space 4

Disseminatlon o rivenue projections to
’ Thterested parties 265
Dissolution potentinl pF salt, "gtudies of
’ 197

firitling studies 193"

Dry storage 16, 20, 73]°93
costs of 73 '
casks 120 o
demonstrations 94, 120

licensing 93
techn¢1ogies. development of 91, N
Dual-purpese casks' 10 -
EDBH--see Engineering design boareholes
EIA--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 Institute li?
Edutational programs for the publtic 133
Egypt 162

Electric Poweér Research Institute 117

Emergency egress, use gF second exploratory
" shaft for ‘2087
Emergency respense
capability in transportation
G ptepareédiess 263

101
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funding 102

workshops 102
Eminent domain, exercisi af 257
Emissions from HRS facilities @0
Emplacement-hole packing 47
Energy Information sdministration

29, B, 147, 148

Energy Raarganizatinn Act of 1974 35
Energy Research and Develooment
Administration 39 .
Engineered-barrier ..ystem 33, 14, 17, 47
Engineering design boreholes 197, 212
Engingering Femasibility studies 45
Engineering tradeoff studtes. reposttory

§, 26,

design 223 L
Environment, protection of &, 8, 15, 37,
15, 52
Environmental Protection Agency ....34, 34,

19, 46, 47, 65, ¥9, 87, 140, 264
Environmentql ﬁcceptnbility. 3, 6, 7. 16, 80
Environmental, assesgments

repositgry sites

draft 315, 41, 42, 53 61, 99,
138, 205, 227, 239, 210 2ﬁ9, 349
Final &8, 61 .
public heprings on scope of 35, 42
MRS facilities. 82, A5 .
Cnvironmental impact statements
repository sttes ..35, 38, 51, 64, 6§,
99, 138, 205, 215, 241

HRS Fac111ties 35
Environmental studies. §1, 164, 193, 205-206
Equipment and technology development &1,

223-229,. 242
equipment for waste transpart,
emplacement,, and retrieval 223-224
Ergsion 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 progranmatic

207, 210

considerations 3062-364
schedules 207
tests 224

Exploratory shafts 35, 4G, 62, 63,

207, 256, 361, 363, 365

at first- repasitory sites .
_basalt 210, 211, 212, 213. 215,
. 219, 362
salt. 210, 21%, 213 ZIo, 362
tuff . 230, 211, 21z, 213, 214,

216. 219, 362
cost-effective use of 207
cnsts of 247

197,

delays in construction. of .63
desian and construction of . shaFts and
liners . 207

213-2)4
See aliso Burnup

underground excavations'
Extended fuel burnup 23
of fuel
FEMA--sce Federa)l Emergency Management
Agency
Fabrication of waste packages 234-235
Facilitation of permit process 258
Facility-specific
outreach-and-participation plans
131, 138

-446-

Failure to rvesi’r ar implement a
const Ttaktien-and-cooperation
agreeary 254-255

Federal Emerg: u» Hanagement Agency 102,
105 )

Federal Govermrant agencies--see Federal
age ¢ Bs

Federal Radi. 1ugical Emergency Response
Plasr 102

Federal Radiolc :ical Preparedness
Coordinating Crnmittee 102
Federal Repubitc of Germany
bilatera" agreements with 162
bring-migration data from 220, 243
informatton on at-reactor storage 92
subseabed dispgsal 44
Federal agencies
personne’ training 25
communict tion and 1ntPractipns with
13, 41, 48, &8, 105, lap“ 140-141,
255, 257 .
consu1tation with .
en Project aecispon Schedule
190~ 147 ;
on refererice sqhedu1e 8
on siting guidelines 347
goordination with 256
review of environmental impact
statement 65
Federal interim stanase 12,
a1191b111ty_For! LY
funding fgr. 97, 155
need for 7, 16, 17,
96, 97, 114
schadule of fees for 97
transportation costs for 97
Federal tands 39
Federal ragulations Far the transportation
of hazardous materials 99
Fee-adequacy reviews . 145
fee collections 145, 154
Fee for waste disposal 264, 205
Field Work Package Proposal and
Authorization System 151
Field drywells 82 .
artist's cancoption of 78
description of 7?6, 78-79
Field studieg in repository siting 40
Filter systems at MRS facilities 74, 80
fFinat procurement and copstructiop design
52, 220, 222, 227
Financia} assistance 7, 48,
160, 243, 262
Financia? maqagement 144, 1456,
Financial uncertainty 264-265
financing basis 143 .
Financing of program reviews 262 .
First exploratory shaft 2!1 212. See also
Exp1oratory -shaft program,.
Exploratory shafts
First repository 22, 2B, 40, .120. See
also Repository
capacity of 22
costs of . 246, 247, 383—402
information needs 163-187
phase t operations 120
phases of 28
nlens for obtaining needed data
189-252 . ,
potentially acceptable sites for 40
start of gperations 120
waste-acceptance rate of 120

114, 14

7Y, B9, 91, 93,

134, 136, 137,

1ha, 155
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Fission products 10, 12
Flow of waste, diagremmutic §13ustration
of 122
Flow of waste, regulatign of 7
Forced shutdowns of nucivar powdr plants 90
Forecasts of nuctear power growth 5, 26,
29, 31, 147, 148
France 44, 1682, Z45
Framk1in County, Washingtea 349
fuel-assembly scrap, or skrletons 76
Full cost recovery ~, 1%, 7, 143, 150, 184
Full-scale operations in firgt repository
68, /9
Fund Management Plan 155
Fund management 7, [54-155
Funding plan for MRS faciltties 66
G-Tunnet Factlity, Nevada 3242
General Accounting Office 154, 329
Genera) stting guid:linas~—sae Siting
guidelings
Generators of spent fuel--ssé& aAlso Qwners:
UtiTittes 120, 121, 12%
Generic environmental impact statement
{GEISY 4, n1, 217
Genertc licensing of dry- stnrage
technologies 91
Genert¢ requirgments for gen!og!c
reposttories 45, 33, 236
Geochemical studies 193, 199 Z0
Geohydrologic settings
" First-repasitory program 40, 196
variety of 37 _
Geologic repositories,. Sea repositories
Geologic disposat--see Repositortes
Geoleglic mapping 197
GetYogite studies 190, 195-199, 270-282
basalt 156-19G, 270-274
salt 196-198, 274-282
tuff 198.199, 2B2-285
Geophysical surveys 40
Georgia 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 ptovince 154
Ground fraezing, in expTuraFéry shaFt
construction 211
Ground water: See also Gegcliemicéal -
studies; Hydrologit studies
travael times, regulstery '
requirements For 37
chemistry, studies of 198, 201
flow paths, retardation
charactertstics’ ‘of 20!
Gulf Coastal Plaim 197
Gulf interior region 4G, 954 .
H. B. Robinson ptant a4 -
Hanford Site 10, a0, 195, 205, 349, 152
Hanfard site 40, 4%, 42, 270-274, 206-293,
30G-308, 314—313 A79.7330, 233,
139, See also Basa!t site
Hartstsville puclear plapt stte @3
Hattiesburg, Hississippt 357, 358

-447-
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Hazardous Mate.'als Transportation Act 99
HePlin, Loutdi-na 357, 359
Hereford, Texa:: 4B, 354, 35§
Hierarchy of '+ ’olmation needs for
: repoi. tury development G4-187, 189
High-tevel 14gL+d wasté-~see Liquid
“Rigi <1svel waste

High-level w..sta "407'120, 121, 123, 126,
127, '3, 369, 370-371
soltdifice ton of Y0, 12, 120, 122,
127, 3:3237%
canisters, overpacking of 121, 126

Host State, disputes with 149
Host-rock options 'for reposttories 25
Human fntrusion into a repository 33,
also Leologic studies; Basalt
site; Natural resources; Salt
sites; TufFf ‘site -
Hydrologid: sgu*tes 193, 202-205, 286-305
basalt® 2&6L293
salt - 293301
ruf?’ 301-30%
Ice-shegt 'dispisal 4
1dahé 14, 55, 270
Idahé Falls, ‘Idahe 121
1daho National Engineering Laboratary 10
Idaho Sorings, Colorddo 328
Immobiltzatien plants 10, 12. See also
' High-level-waste soltdification;
- ‘Waste sdlédification
Imnobiltzed waste 10 °
Impact mitygation 3, $37-140, §07-409.
See also Socioeconomic impacts
Inpact-atsestment report 262
Impact-m¥tigation assistance 260
Impediments Yo transportation 263

See

Improved-performance ‘plan 15, 17-18, 28,
27, 28, 33, 72
Improved- perfobmance system 122-127

In-situ testing during site
characterization 51, 63,
214-217 :
Inadequacies 4n program revenues--options
for remedy 26%°
Indemnity agreements 103
Independent financial audits 155
Index of information needs and ptang
247-252 ¢
Indian Self-Determination and Education
Assistance Act of 1975 257
Indian tribes 130. See a1so AFFected
Indian tribes
concerns ebout-trensportation 98, 99
consultation on route se?ectinn 100f
m
coordination with 115
enactment’ of c0nF1ict1ng 1egislation
1N )
indonesia ‘Y6z "'
tnformal ‘consultatioh and” cooperation
© Activities with States and
‘affectéd Indian tribes 262
Informal consuttation to resolve
disagresments 262
Informal cooperative’
agreements 105
Informal me:tings with States 134
Information -
briefings on MRS Fnci?itfes a5

207,

dissemination” 15, 48, 65, 85, 1390,
Y3¥, 132, 133,134, 135, 136, 1471,
256
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dissemination throug! State libraries
48
exchange with foreiy» countries
161
exchange with States and ether
interested partigs .48, 134, 141
needs for repasitory siting .
and developmant 163-187, 189
needs of States, Indian tribes. and
the public 11
offices For diasaminal.ion oﬁ 48
Institutional chalienges 3, 6
Instituiional plans and activitias
129-141, 240-241
communications netwprk 104
rglations 48-49
reguirements 143
strategy 55-56
Institutiona) management plan 153
Instrumentation develppment 46, 51, 223
Integral MRS facility--see MRS fagility
Integrated waste-management System .
71, 72,80, 03,112, 114,. 115, .See
also Waste-managemsnt syptam
functions and Facitities in 102, 114
integration of essential uperatiuna1
Functions 73
Interagency Review Group 42 ) )
Interim Storage Fund G, 97, 144, 154
Interim storage, responsibility for. 71,
89, See also Federal irterim
International Atomic Emergy Agency . 162
Interpational Seabed Working Graup - 44, &5,
162 - :
International a¢tivities 147,.161-1§2
International cogeeration on. storaas
technolpgies and data 92
International repository 4%, .
Issues hierarchy 164-187, Sae aTSo
Information negds for repositury siting and
development
Italy 449
Jackass Flat, Nevada
Japan 44, 52
Key issues in repusitory stting and
development 165, 1G6, 176,
182 .
Korea, Republic of . 162 o .
Lamont-Doherty Geuphysicn1 Laboratorr 305
Land acquisition . :
costs 247 .
Federal land . 256G
for a repository 241- 242
For site charagterizatign 5!, i1, 2566
Land use, continuution of 256.,
Land withdrawal 256
Land-use and permit .jssuas 257
Lavendar Canyon, Ytah .352-353, 354 .
Lavender Canyon site 40, 196, 198, 205,
278, 279, 296-299, 3p-311,
Lawrence Berkeley Natiunql.quorptqry\JBOE
Legislation in confljct with.Fgderal Yaws
or DOE responsibilities 258
Legislative requiremegnts for ..
repositorigs 353§
Liability for transportation,

187, 360

180,

accidents 103, 363 T
License-appilication . design 51,.%2, 118, .
220, 221-222, 223, 226, 221, 247.

License applicakion
repository 16, 5%, 63 64 686G,
67, 215, -219,. 221

~448-
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HRS facilities 88

dry-storag: cask 94
License )

phase 1 oparations 67

phase 2 o=:vcptiong 67

to receiv.. and possess radipantive
matev:- 1 08, &3, &7, 227
ticensing .
issues 6

MRS faci. ¥itas. 79
repository 18
Life cyclie of pragram 143
Lifuvcyc1a,cost ostimates
185-394
Limestone 43
Liquid high-le+a) wasts B8, 12, 121
Litigation by States, affected Indian
tribes, or othu( partqu 289
Local cuﬂnunitigs 259
congarns ubaut transportation, 99.
financial and technical suppart for
138,,139 .
role in snc{qeconomic impact
~ mitigation 56, 137, 138, 139, 140
tocal gpovernments. 38, 85, 258, 269
allocation af grants ta 260
need to ohtain permits from 257
Location surveys 39, 40
l.ockhart Basin 196
Long-range alternatives
Long-term isolation 34
tong-term isalatian capability of the site
8
Las Alamos National Luhoru:ory 30'
Lauisiana . .40, 42, 48, 196, 2432, 274. 118
354, 156, 357 349 .
Low-carhan steel, use 1n wasta packnne 47,
372-373.
Lyons, Kansas 243
Low-level waste A .
MRS (monitored retrievable. storage] .
facility 6, 7, 17-18, 26, 33,
71-88, 106, 112, 114, 118,
.12z, 123, 126. 127
advantages.of 72-74 .
artist's conception of. .75 )
backup-storage concepy 72
candidate host State B2
candidate sites &2 _
Congressional authorization of. 29,
. 7 . .
cost e?fectiaeness 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 74
Fundizg .plan  Be.
interface with secqnd repositery ,126
1ifetime 0f 122, 126
major milestones . 87
monitoring at, 80
need for.a sqqond HRS Facility 126
noeratiuns 124-125, 126
program assumptians about 22, 24

155, 221, 264,

43, 58

proposal to Congress .17, 18, 7, 8y,
82, 85,.86, 88, 118, 147 ;

role of  77..

sacioegonamic {mpacts and their
mitigation. 139-14¢ .

start of operation 18, 24, 87, 88
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storage capacity 24, B1, 126
storage mathods 76-77, 126
temporary storage at 74, 122, 123
waste preparation at 18, 7%, 7, 81
waste-receipt rate .4, 28, 80-8%
HMaine 42
Hanagement coantrol 1143
Hamti-La Sat National Forest 363, 154
Haryland &2
Hassachusetts 42
Mathematical models
for rock mechont~s 219
for performance assessment 239-240
Heetings and workshops 256
for interested and affacted parties
132, 137
with other federal agencies 141
Mexico 162
Michigan 42
Hinden, Louisiana 48 )
Hine Safety and Health Acy 362
Mine Safety and Health Adm:nistratiun B3,
G2
Mined-rock
stabilization 53
storage 33
Hineralogic studies 199, 201
Mining and drilling equipment, deve1opment
of 223-224
Minnesota 42 :
HMission Plan s
future revisions of 13°°
"obganiyation of 12-13
draft, comments on " 13 - :
Mississippt 40, 42, a8, lDG 354 356
357, 3h8 '
Mitigation of s'otioeconomic 1mpacts 1,
137-140
Hoab, Utah 48 C
Models for performance assessment " 239-240
Monitoring at MRS faciTities 00
Monitoring of dry-storage casks -7G-77, 78
Monticelle, Utah 4B, 352
Multiple barriers, use of 33, 34 ]
HMultipurpose cask 109, 136, 370, See aTso*
universal cdask
NRC Certification of need For 1nter1m
storage.B8o, 96
NRC--sce Nuclear Regulatory Commission
National Academy of Sciences = 160
National Conference of State Legﬁs1atures
132, 134, 256
National Congress of American Ind‘ans 132,
134, 256 E !
National Environmental Policy Act ' BS, 164
Naticnal Governors' Association™ 132, 134,
266 - o v ol o
National Research Council 329 '
National Waste Termina? Storage Progrum 3"
National surveys'forisites 3¥
Natural barrier system of the rep031tory
stte ., 33, 206
reliance on 34 ) C
Natural resources, eva1unt10n5 oP I 96,
157-198, 199 :
Need-and-fFeasibility study fbr HRS
facili¥ties 82, 86
Needles District, Utah ‘254
Needles Fault 2one 196
Nellis Air fForce anbing ﬂange S 361
Nethertands 44, 162 ) - ‘

R T A

Nevada 40, 41, -3, 55, 94, 99, 362
Nevada Dperatic.i- OFfice 149
Nevada Test Sit- 198, 206, 329, 361, 62
New Augusta, Hi:'tssippt 1356, 357
Hew Hampshire N ‘
New Theria, Lo. itana 242
Hew Jarsey 42
Mew Mexico 1 55, 743
New York 42 o
Mew transpdrturtvn casks 108-109
Mewspaper Rock & ate Historical Monument
354
Nomi;lation of sites For characterization
s, 27
North Atlantic (eean 44
Morth Carolina 42
North Paeifie Gcanan 44
Notice of disapproval 19.f36. ab, as, 86,
260 '
Nuclear Energy J?ency ‘44, 162 " o
Nuclear Fuel Services ﬁTant ]
Nuclear Regulatory Comdission 7, 8, 13,
21, 316, 3a, 39, 48, 50, 51, &5,
66 67; 59, 79, 84, 87, Ba, 92,
103, 105, 106, 121, 126, 139, 140,
141, 16Y, 162, 220, 264, 361"
agreement on SCR 36V :
concurrence ‘an ‘stting gutdélines: 347
construction authorizat1on 36, 52,
66, 363 - .0
consultation with - "
on licénse—app1icat1on
desiﬁn 51
on castimg' requirements 63
generic ru1emaking on dry storsge 93
jntepraction with'on SCP: 361 °
interactions with 44, 52. 141
Ticense -
amendments for c1osure and
decomissioning 28, 5%
for MRS facilities 79
termination of 53 o
to retéeive and pousess radiaactive
material 3a 53 6?
Ticensing e
oF-storngt'teahno]agius- 91 i
procesd for Hepbsitbries'“SZ"
requiremsnts 38, 215" :
onstte Fepreséntatives 52
puckagnng standards 98"
Price-Anderson ‘system .
104 i .
‘procedurai agreéMent'dn packaging
certifidation’ 105
procédural’ agreement ' 227
procedurds For 1tcensing
repositories 37’ -'-
quality reduivements 156 .
regulations 12, 36, 37, 47, 49, t21,
IFFLARY T e A
10 CFR Part 192, 96 "'
10 CFR Pa¥t '80° 93, 96, *wss,-azv
10 CFRPAYL 8T 927798
10 CFR ‘Part 60 256 °
10 CHR Part 60 361 ~ ™
10'CFR ‘ParL B0 T2, 34, 45, 47,
50, 51, '53”~sz-r-'-1'a0'. 214, 220,
221. 222‘“239 e
16 CFR Part 7P 106 o
10 CFR Part 7284, ‘93, 95
review of Ticedye a¢p11catinn ‘for
rdpositdries 36, 65.'66 223




review of site-~chuc-acterization
plans 36
role in interim 1iorage
rulemaking action: 52
shipmant-protaction requiremants 103
site-characterization analysis 36
site-specific technical position 66
technical criteria 36, 37, 51. See
s1so 10 CFR Part &0
key provisions F 37
objectives of 37
techntcal meetings with 66
written understanding ahout need for
tes: and evaluption Fagility 268
Nuclear Waste 54, 65, &G, 68, 71, 82, 85,
86, BA, A9, 90, 91, 93, 94, B2, 84
Nuclear Waate 88, 93, 97, 98, 102, 105,
1, 113, 1, 127, 129, 136, 222
Nuclear Waste Act 133, 134, 135, 137, 139,

R ¥

140, 141, 143, 144, 145, 154, 161,
Nuclear Waste Act 162, 240, 243, 283, 267,
268, 269

Nuclear Waste Fund 6, 73, 74, 86,
145, 164, 155
Nuclear Waste Fund 264, 265
Huclear Waste Fund, adequacy of 265
Nuclear Waste Polticy -Act of 1982
1, 5,6, 7, 8, 10, 1%, 16, ¥7, 18,
19, 20, 21, 22, 31, 35-36, 37, 40,
42, 43, 44, §5, 47, 49, 54, 55,
56, 256, 257, 258, 259, 260, 261,
262, 263, 264, 205, 267, 363
provisions For MRS facilities @9
requirsments For
test and evaluation faciliLty 267,
268
Site characterization 363, 164
64
Mission Plan 269. 147,
3177
repositories 35-36
Huclear fuel assemhlies 8. 9.
Spent Ffuel 8, 9
Huclear fuel cytle 8
Nuclear industry, coordination with 115
Nuclear insurance pools 104
Nuclear power growth, foracasts of 5, 29
Nuclear power plants, orderly operation of
15, 28, 29,.74
OCiM--see OFfice of Civilian Radioactive
Haste Managemant
OCRM 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, 185, 159
Dak Ridge Reservation 83
Objectives of the waste-management progvam
6-7
Occupational Safety and Health
Administration . 53
Dffice of Assistant Secretary For
Hanagement and Administration 148
Office of Civilian Radioagctive Haste

105,

349, 1369,

See also

Management 3, 12,. 99, 102, 104,
105, 14, 61,60, 161, 247
Of Fice of Environmental Compliance 148, 160

Office of Genera) Counsel 147

Dffice of Gealogic Repositories
146-147, 164 .

Office of Manaogement and Budget 1448

Office of Policy, Integration and Qutreach
145, 147

145,
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Office of Prviect and Facilities
Hany gqamant 148

OFFica of Re:.-wrce Management 145-146

Office of St 'age and Transportation
Sys  ams 145, 147

Office of tle Assistant Sacretary for
C.ny essional, Intergov 147, 148

OFFice of 've .issistant Secretary for
Dy'e5e Programs 10

OfFice of thwe issistant Secratary for
Envirnment, Safaty and Health
147, 148

Office of the Controllar 148

Offica of thu Director of Adminiatration
1486

01dham County, Texas 354, 155

Onsite storage 28. See also at-reactor
storage; spent-fuel pools

Dperational szafety 51

Optimizatior of wastevmanagemnnt system 115

Oregon 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
Dwriers and generators of waste %, 17, 29,

86, 120, 121, 123, 143, 145, 164
Ownership of land 256-257
P45 Manual  151-154, 156
PRDA--see Program Research and DeVQIopment

Announcement
PUREX process 10
Packing-material Lesting
Palo Duro Basin 40, 196,

352, 354
Paradox Basin 40, 196, 197, 198, 352, 362
Participation capabilities of States or

affected Indian tribes . 205-256
Pasco Basin 40, 195, 269, 271, 349, 351,

152
Peer review 160-161
Pennsylvania 42
Performance Assessment Review Group 45, 160

Davelopment of analytical techniques

45

Performance assessment
Codes 206
Pear-review panel 45
Plans 45, 160, 206, 236, 240
Repository 220-227
S51te 206
System 238-240, 241
Haste package 235-236 .

Performance confirmation program 53

Performance targets 206 -

Permanent closure 53, 121, 206

Permanent disposal, atternatives. for . 4

Permanent disposal -3, 16, 121

See also Repository,

Permanent isolation 4, 8

Sea also Permanent disposal;

Repository
Permanent markers {3
Permanent sealing. oF repositor1es 121
Permit process, facilitation of 258
Parmits

for site characterization 61, 62, 63
State and Yocal requirements For 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 nonradicaciive material

164-365
far obtaining infaormation negded for
repository 189-252

Plutonium 4, 8, 12
Policy for radicactive-wante management 4
Pelicy goals G-7, 15
Pelicy informatien, release of
Postclosure
monitoriry angd survetllance 63
performance assessment 227
surveillance 53
system guideline 164
technical guidelinas 164
Fotenial financial, political, Jegal, and

13é

instttutional problems 253-265
Potentially acceptable for First
repository 35, 40, 41, 42,
269-347, 149-361
Preclosure
rerformance assessment 226
system guidelinaes 164
technical guidelines 164
Preconstruction assistance 262

Predictive models~-see also Hathematica)l

medels 219
Preferred storage 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 doguments,

sharing of with States 262
PrenotiFication of shipments 10}, 165,
261,
President 4, &5, 10, 19, 29, 35, 30, 58,

63, 64, G5, 69, 145, 163, 49
President Reagan's Nuclear Poligy
Statement 4
Price-Andersod Act 103, 104
Private industry, participation in
development of transportation
system 73, 97, 122
Private landowners 257
Private sector participation 107, 118
Privately owned land, acguisition of 256,
287
Procedures
for local-government representation
for resolving concerns and
objections of interested pariies
259
Procurement and Assistance Management
Directorate 148
Procurement plans 155
Program Research and Development
Announcement 116
Program
admninistration costs 2G5
assumptions for waste-system
components 22
constituencies 19

cost uncertainties 264-2G5
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manageman - 242
cost: 247
goali and objéctives
134143
infi 'vetion system 152
obji tivés 6-7, 15, 17
staul s reports 132
Sy ken 150-154
Program man. emant system manual--see PHS
mat.it
Programmattc ¢ astderations for exploratory
shart. 3G2-364°
Programmatic euiians 17
Prodect Decision Schedule 68, 140, 141, 264
Project OfFfices 151, 155, 158, 159, t6d
Proprigtary dzta, release of 136
PubTic ¢amment 133-134
Public hsalth and safety 1, 37, 53
Public 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,
ah :
on site-characterization plan 361
on siting guidelines 347
Public information meetings 262
Public involvement, Act's provisions for
6, 35 A
PubYic participation 7, 15, 17, 35, B5, 134
Publtc review ]
and comment on SCP 361
of siting documents 35
Quality assurance Y11, 143, 146, 147, 206,
221, 242
cantrel 111
management policies and
requirements documents 158, 160
plans 156, 159, 160
plans for performance
assessment 206
program 49-5@¢
requirements For MRS
facilities 83
Quaternary climate, studies of 195, 197,
199 -
radiation
gxposure, limits on 36
shielding at MRS facilities 80
levels in spent Fuel 8
Radiation-protection standard 357
Radioactive elements 8
Radioactive materials, use of in site
characterization 3564 '
Radioactive waste 3
definition of 8§
generation rate 3, 22
sources of B
types aof 8, 21, 22-21
Radionuclide release 34
Radionuclide release From waste package 200

Radionuclide transport 33, 201, 206
Rail or barge casks 09
Rail transportation 114, 120, 121%

Randall County, Texas 354, 355
Reactor fuel--see Nuclear fuel
Reactor-site storage--seé
reactor storage poolsi Spent-fuel pools
Receiving-and-handling bui¥ding at MRS
facilities 74, 76, 78, 81, B2, B}
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Reconmendation of sites . r shafts ang soreholes 31
characterizatior 35, 37, 58 start of Giarations 36
Rect Basin 354 status of vrogram  33-49
Reference plan for defcn:g-waste surface faritities 31, ¥2, 33, 120,
ipanagemant 106, 12 121, 5
Reference schedule surface s. rage capacity 33
commitment for :onsultation 68 technoleqy deveiopment A4-48
first reposttory 57, 5B, 59, 68 two-phas'. .oproach 45, 68
second repository 69-10 undergro. n:i disposal rooms 3
Regtonal characterization veports, second undergronn  facilities 31, 127
repository 42, 43 undergroun: openings &6
Regional stte survers; 39, 42 waste-accercance rate 121
Regulatory activitiges 240-241 waste contzinment and {soiation
Regulatory and institutiopal activities, 31, 37, 46
costy of 247 waste package 33, 37
Regulatory requirements for repositortes 36 Repository for defense waste only 10
Reliability in system operation 17 Schedule 57-71 o '
Reorganization Act No. 3 of 1970 36 First repository 57-69
Repositories 5, 6, 16, !9, 22, 23, second repesitory 69-70
31-7%, 112, 134, 120, 121, 126 performans ¢ assesgment 226-227
sccess to surface facilities 33 Reprocessing 4, 8, 10, 120
advanced conceptual designs 51 Republic of Korea 162
artist's conception of 32 Reracking of roacter stprage ponls 89
backfil}s and seals a5 Research and development 20, 31, 269-340
backfi11 of tunnels and disposal Rescluticn of disagreements through
rooms 33 itnforpal consultation 262
background infgormation on  38-42 Resolution of potential ¢onfligts with,
¢losure and decommissioning 53 States or aFFected Indian tribcs
permanent markers 53 259
postclesurc monitaring 53 Results and impiications of research and
surface-area restoration 53 deyelgpment programs 249-346
Mined-rock stabitization 513 Retrigval of waste From a repositery 25, 47
censtruction 52, 67 ' Rhode Island 42 .
costs 247 Richland Opérations UFFice 145
data-base development 45 Richland, Washington IZI
decormissioning of 31 Richtpn Dogie 354, 356, 357, 358
decontamination of site-generated Richton Oome site 40, 42, 196 274-276,
waste and effluents 33 299301, 319
description of 31-34 Richton, Mississippi 48, 356, 357, 358
design 38, 15-15, 217-227 Risks to the public 17
conceptua) design For SCP 4% Rack melting (disposal altermative) 4
final procurement and construction Rock-mass properties 219, 220
design 52, 220, 222 Rack -mechantcs studies 219-220
design capactty 25 Rocky Hountains 352
engineered barriers in 33, 34, 37 Rod consoligation 116, 117, 1Zd, 121, 126
host rock 33 170; see also spent-fuel
host-rock options for 25 consolidation
l1tcense-application design 51, 52, 228 Red consotidation at MRS facility 370
ticensing 10 Room-closure rates in sait, study of 219
major phases of 57-58 Route selection 203 )
mined-rock storage 33 Routing of waste shipments 109
missten and objectives of 37-38 SCP canceptual design 45-46, 221
monitaring facitities 33 _ ' SCP conceptual design report 46
multiple barriers, use of 33, 34 SCP reports 66, 222, 739, 240
natural barrier system 33, 34 5CP--see S5ite characterization report
operation 53 . Safequards ang’ Secqrity 160
gperations in 12} Safety analysis report for MRS faciltities
operation, start of 30 9 L o
phase 1 52, 53 Safety features of MRS facilities 79-80
phase 2 52, 53 ) Safety of shipments, concérn aboul 98
permanent sealing of 31 ) Salt Sites 40, 45, 4?. 54, 61, 62, 64,
pians for development of 49-56 ) 149.190,'196 198, _210 211, 2173,
potential for human 1nterFerence in 215, 219, 222, 269, 273-2B2,
the future 33 . ) 293-301, 308-317, Fis-d20,
preconceptual designs 45 o 331-332, 333, 334, 354, 396 3573
title IT design 352 See 1150 Beddéd- salt sites. Davis
program assuﬂpttons about 25 Canyon; Deaf Smith County‘ Lavender
radionuclide release from 37 . Canyon; Swisher County
radignuclide transport 33 Salt domes sttes 40, 274-279, 299-30%,
repository program 331, 35, I7-71 108-309, 378, 319, 320, 331, 332,
shaft seals 13 333, 334
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advantages and disa’vantages of
329, 330, 332, 134
gaochemical characi~ristics 2308-309
geotogic character! tios :274-278
geomechantcal charnntarist1cs
3G, 319
hydrologic churnctsristios
~an Juan County, Utah 352
sandstona 43
Savannah River Plant 10, 37
Savannah River, South Carclina 12}
Schedule, abtlity t~ mast 18-
Schedule--see HRS schadule; repository
schedule; transportatton schedula
Screening-mettodology doowmant, second
renositorr - 42, 49 - .

299-301

Seals
costs of 247
ptans for developmint 54
designs and materisls - S 224-226
performance requirements- 224—226
Sealed storage casks - 8%
cutaway view of: 27: :
description of 7677 -
Second exploratory shaft :212-213
Second repository 16,22, 120, 1900,
243-246, 269 o
consultation-and-cooperation
procedurss 255 C
Congresstonal authorization for 16,
19, 38, B4, 69: L
State barticipation in aiting 244
arep- chnractnrlzatdon pian 54,
243, 244 [
area Field- 1nvostigat10ns 54, 244
area-recommendation . report 64, 244
consultakion meetings with
affected States: 49
eligibility of first-repository
sites for G4, 71,. 243
jdentification of potentially
acceptable sitea for 54
regiona’l characterization reports

42, 43, 49, B4 o
screentng- methodu!ogy document
42, 49, 244"

site nomination and
racommendation’ “54:
States under consideration 42,
43, 244 :
start of operations lzoquzi
technology developwent 46
use of information from
first-repository- program 244 245
Secretary of Energy - 4, 58, 61 64 .85, 101,
259, -339, 361 IO
Secvretary of the Treasury 154
Security measures. 160 ... =
Sensitivity analyses, plans for 206,

Shafts 239; see Also Exploratory shafts;
site characterization:
seals 33, 224-226 - ot

construction methods 211+213
consiruction schedule :211-+212
Shale 43
Shay Graben 196
Shipment allocations for 1nd1vidua1
i “ reactors 29
Shreveport, Louisjana 357, 359-
Sile characterization 19,35,372,38, 39, 42,
45, 49, 54-51, 61-64, 6B, 1631, 164,
196, 298, 207, 240, 256, 264
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exploratery shafts 35, 46, 62, 63, 197
wxploratery-shaft facility 4§,
informattun needs 46
test p1ah% 46
quality “usyrance 49
in-situ sting 62
interacii.ng: with host Statas 63
Tand & qu.sition for &1
schadu® ' ¥ur 61-64 ,
site prepiration 61, 210-21)
testing 5. wedule &2 -
Act's rudau ‘raments .
for 363 .
activities 061-364 -
activitiyy thet may affect isolation
capaiilities 365
Site investightions. 199-206...
logic dingram 188-189
Site-characterization plens 34, 42.-45,
46, 47, 50, 61,.62, 67, 169, 160
163, 206, 221, 338, 239,.245, 3061,
IBS, 66 ..,
sce concﬁptuu1 design 45 qq.kzz1
SCP concoptunl design: report .46
SCP reports ©66, 222, 239, 240, -
Site-parformance. assessment 193, 206
Siting gu1de11nes 13, 34, 35, 3, a1, a3,
49, 51,:54,: 54, 137,.144. 163 ,.
164, 214, 238, 36} -
1eg151at1ve requirements For wm .
NRC concurrence on ; Al
consu1tat10nhon|u4l. 347
Siting of repogitories, . 19, .35, 3B-43
field studies in 40
geophysical surveys 1n 40
key issues-in 488: :
laboratory studies in; 40L:-
legislative requirempnts for. 36-36
nominatdan: forr ¢haracterization 35
on Federal lands .39,... ...
public hearings on,scope of...3f, 42
recormendation for charagterization 35
schedule and processg-For,, 13, 36
screening process  A%:41:. g0
selection for characterizatien.- 190
site designation. .36;.38, 64, 67
site selection.and.approyal. 64
site-selection report.. 356, .61, 64
site-suitability determination 5t
site-suitability,evaluations . 34
stte suitability,: pra1ﬂm1narm\
determination.of 64.
Socipeconomic and environmenta1
jnvestigations 164
Socioeconomic.conditions, study: of.. 193, 206
Socioeconomic Conditions and Potent1a1
Impacts . :
front-end Financing 5&_ o
impact-mitigation plans; 56,
LJurisdictional; allecations, .56
Methods- fur: confict. resolption: 56
- identificatipn .and mitigatinn 49, 56,
130, 137-14D X
impacts ' T
assessmant 56, 137-140
assessment Qrengs. - 139, ;
financial. apd technical. support
139-140 e
mitigatton, funds For 264
HRS facilities. 484
transportatton - 138



Standardization

States

§ 010 0%

SoYidiftcation of high-Tevel waste A,
370-3N
Solubility and specialan studies 199-20]
Sorption and prectpitalion studies 199, 201
South Carelina 10, 42
Spent fuet 4, 8, tz20, 12V, V22, 123,
¥24-125. 126, 13%, 242
assemblies 8
backlog 28
characteristics 120
consolidation 17, 82, 72, 74,
76, 92, 93, 95-96, 112, 114, H6,
Y2e, 121, 122, 126, 127
consolication at MRS facitity
17, 72, 74, 76, 126, 127
discharges, forccasts of 29,
89, 90
inventory 4, 22, 18, 88
packaging 369-370
pools 15, 20, 89, 120
priority For acceptance 29
reracking of 89 :
reprocessing 121
tests 242
Stainless steel, ‘use in waste packages 4,

47

Standard disposal contracts-—set Disposal

contracts

31

of waste canisters.and
handlthg &quipment '

of waste-package design

114, 115 ! .
3, 7. 13, 19, 48, 63, 130, 131
132, 133, 134, 135, 137, 138, 1319,
140, 141, 145, 156, 148, 254-25%
agencias 255, 256 v

allocation of grants to local
communities 260
comnent on site—character1zation
plans 36 e RS
communication with. & ° = b -
cooperation in siting 260
coordinating councils For '
interactions with DDE 2&1%
coordinating organizations 2bG
conterns about transportation 98,

- 99, 105"

conflicting reguTations 258

consultation 254-255

consultation and coocperation 28,
G5, 105, 115. 1344135. 256 258,
259 '

consuTtation on vefergnce schedule
&8

consultation on siting guidg?ines
41, aa7

direct technica1 assistance te 262
emérgency-response capabiTity 102
federal accountability to 6
financial assistance to 7, 48,
243
governors 130
governments 259, 260, 26)
impact-mitigation grants to 262
in first-repository program 40, 41,
4z, 134
Sn second- -repository program 42,
information needs of 130, 131
interactions with 48, 130
interactions with DDE, coordinating
councils for 26&)

133,

134
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237

involveriat in repository program
g, *¥3
Tand, a-vussition of 256, 25?
land, 4 'ays in: transfer 257
Taws anu regulations, comp?iance
wt™ht 62,.258
Tegist ¢res 130
Tibrar.3y« 48
Titigali. 250
meetings. ~Ath 256
notice of disapprovai
2B\ RE2
participl ion. in nragram 265
- permit roguirements. 257
personnel training 2385, 256

19, 36, 65

prenotification of uaste shipmants

263 R
representation.of local !ntaraats
2596.60. S e

review of: ... .. 3
siting documents 6]; 65; 150
parmit applications 62 . ..
site-characterization - - -

plans: .35, ¢
review of.overuaightvequlpmant use
104 oo

role. .o .
in shapino.no1\cy ? )
‘in: soctoeconomic: impact.
mitigation- 56,
routing - assistance:to. 1104, . 101
socioeconomic. impact: raports 260
waste transportation through 3

States affected by wasta/ transportation 263
Storager~sec .also ' At-reactor storage;
Federal - interim storaga interim
storage - :
alternatives 76 79
capacity, at. reactor. sltos 89
conceots~selactadafor HRS ..
fagiligies. B82:.
cooparative . damonstrations with
utitities - 90, 91, 92
-demonstratians?atqudernl sites
90, 93, 94,96 | .-
facilities. exiating. efficient use
of 91 . -
options .721-97. .. '
problems 116, 118
reguirements 90
Storage technologies,
generic research and. - .
‘dgvelopment: For- 91\ 22, 93
research: and. development 118
at Federal factilities 92
Stress measurements im vecks 195, 198
Seripa mine, Sweden 162, 243, 326-328 .
Subseabad disposal 4, 20, 44, 65, 149, 162
institutional:. issues in 44 -
participants. in - 44, 162
Subsystem modeltng 206 .
Supporting-tethnclogy development .51
Surface faciltties of reposdtories 31, 32,
13 -
Surry nuclear power plant 9%
Sweden - 162, 243, 245, 326-328
Swishker County sSite, Texas 40, 196, 205,
280, 281, 293 '
Swisher County, Texas 3154, 345
167, 245 :

Switzerland 44,
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System performance assessmu "t 227, 238-240
System requirements and dec¢cription

document 116, 117, 118
Systems activities 44-45, 247
Systems engineering 44, 4u, ¥13, 116, 144,

152, 236, Z38
logic disgram 237
management plan 152, 237, 218
Systems integraticen 17, 112-127
near-term schedute for 118, 119
program logic 117
TEF--see Test and eva'ation facility
TRU waste--see Transuranic waate
Taiwan 162
Technical assistunce to States, diract 262
Technical challenges 3, &
Technical experts, sarvices for States 48
Technical information shartng 7, 65
Technical issues in reposttory siting and
devetaopment 165, 167-187
Technical planning for the transportation
system 1907-108
Tachnical review programs for States 48
demonstration at test and evaluation
facitity 267-268
develepment 35, 44
Tectonic studies,
basait 1935
tuff 198
Temporary lag storage
at repositery 114
at MRS facilities 74 :
Tennessee valley Authority 83, 94, 95, 96

Tennessee 83, 85, 86
Test and evaluation facility 36, 47, 5%,
164, 364

Written understanding with NRC 268
Test Facilities 292-243, 247
Test tunnels in site charactertzation 164
Testing
in site-characterization program
G2, 214-217. Seo also in-situ
testing
transportation casks 110
to support license application 062,
63
Texas 40, 41, 42, 48, 55, 3562
Texas Panhandie 354
Thermal-mechanical properties ¢f host
rocks 215
Time needed fFor States or Indian tribes to
develop participation capatilities
¢55-256 .
Timing of grants for the mitigation of
reposttory impaActs 262-263-
Title I and 1Y design 52, 220, 221-222
Topographic mapping 197 -
Trains, dedicated., For shipment' from MRS
facility 122, 126, 127
Transfer of State land, delays fn- 257
Transmutation 4
Transpaort processes, studies of 199, 201
Transportabie storage ¢asks 77, 79, 10}
Transportation 3, 7, 7, 97-111, 112, 114,
121-122, 126, 132
acgidents, liability for 103
assumptions akout 23
casks 33, 106, 107, 108,
109, 118, 120, 122, 12A
advanced-concept cask 110
cask interface characteristics 108
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cask~Fflsat progurement 11)
Certifi: stion testing 110
engineeri vy davelopment and
cartification 110

reques' . for proposals 109

charagteri- ics of candidate
MRS site-: B4

compltane with DOT and MNRC
reguliiians 99

corridors "7

cost control 113

cost ungartgintias 264

distances 23, 83
emergency rssponse 99, 1ol, 102
tnstitutional issues. 100

jurisdictional responsibilities 94, 99
managemant system il
mades 23, 10F, 106, il4
nunbar of wisia shipments 17,
106, 12°
onsite services at reactors 106
gperations 11!} .
phystcal interface raguirements 108
private-sector partigipation
in 107, 0B
responsibiitcy for 121
safeguards 161, 103
schedutes for system
development 187
Scope of hardware development 106
strategy options dopweant 3106
technical planning 197-108
Transportation businaess plan .98, 10&,. 107
Transportation tnstitutionat plan 98, 104,

105 !
Transpertation system 16, 74, 97-98, 120,
121 : .
definition 7108, 109

jnstitutional development of . 98-106
technical develapment of 106-~11%
Transportation-specific environmenta
analyses 99 .
Transshipmant of waste 89
Transuranic waste 8, 10, 12, 26
Tribal Government Tax Status Act 257
Tribal tand, acquisition of 256, 257
Truck casks 109
Truck transportation 114, 120, 3121.
TUFf site 10, 45, 47, 54, G}, 62, 64,
t49, 199 198-19%, 210, 211,
212, 213,: 214, 216, 220,.222,
269, 282-286, 301-305. 311~313,
320-323, 332-333, 334,. See
also Yucca Mownkain. Site
advantages and disadvantages of
329, 330, 232-333,.33¢
geochemical charagteristics 311-313
geolagic characteristics 282-286
geomechanical characteristics
3120-323 :
hydrolugic characteristics
301-305
Tulia, Texas 48, 3154, 355
Two-phase repository construction 68
Y.5 Courts of Appeals 259
U.5. Air Force, 3G}

U.S. Air Foree, agreements on land use 242

15.5. Army Corps of Enginecers 140, 141, 257,
349 _

U.S. Geological Survey 40, 5, 140, 141

U.5. Treasury &, 154 .
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URL --see Underground Resvarch Laboratory
Uncertaiinties in transponrtation dosts 264
Uncertainty anatyses, plins for 206, 239
Underground Research Labarntory. Canada

243, 28-329
Underground disposnl rooms in rapdsitories
n

Underground excavations, in site
characterization 213-214
Underground facilities of repositories 33
Undarground opening:, design af 46
Uniferm Relocation ‘Assistance -and Real
froperty acquis1tiun Po11cies Act
257
unit trains--see Trains, dedicated
Untted Kingdom 44
Universal cask 47, 109, 1%0, 116, 370
Unresolved technica1 t9nues 1644787
Uplift and subsidence, studies dgff 195, 196
Uranium 4, 8
Uranium fuel assembites 9
Uranium gre 8
Uranium-mi¥1 tailings &
Utah 40, 41, 48, 88, 1562
Utilitdes 116, 120, 123
assistance to 7 o
contracts with 29, 106, 154
cost recovery from - 154 °
Yiaison with 108, 115 =
planning basis for ‘72, :81
responsibilities For'stérage
20, 113, 23 ¢
role in authori:ed-system 120
spant-flel-storage capabilities
of 89-21
vacherie Dome 354, 356, (987, 358, 3589
vacherie Daome site 40, 196, 205, 274,
276-277, 304, 301, 354, 158G,
357, 3568, 309 ’
value-enginenering analysis 116
vault storage at MRS Faci%?ties Jao
Vega, Texas A48 :
ventilation, use of second’ exp\oratorr
shaft fFor 207
Vermoant 42 : o
Virginia 42 C :
Virginia Blectric Power Ccmpany 94
Vitrification 8. See also Solidification:
Borostlicate glass.
HWIPP--see Waste Isolation Pilot Plant
Washington, State of 14, 40, 431, 42, 47,
48, 135, 270 :
Waste acceptance 15, 120
for “individual Feactors 29
separatidn from waste- -empTacement
capability 72 ° ‘
statutory reguiréments for G5B
for disposal ‘15, 17
rate T122° B AT
at HRS facilities 80-81
at first repository 12%, 122, 123
schegules 25-29, 104, 12%
Haste age 2B )
assumptions about 2% :
HWaste dissolution by ground-water 34
Haste emplacement 114, 126 : :
equipment 224
rates 52, 122
Waste flow, regulation of 17
Waste form 233, 47,7121, 230-232, 37
Haste-generaktion rates 377-378, 379
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Wagte generatis s 120, See atso Owners,
Waste-handYing tuilding in repositories 321
Waste-hand¥ing fquipment
developm . of 223-224
coordina on of design 114
Waste-handling systems in repasitories 33
Waste-immobi j.:stion plants 10, 12
Waste Isoiat oo Pilot Plant 12, 243
Waste-managers# ¥ program 3, 129, 130, 132,
133, 4, 135, 137, 143, 144, 147,
255, 100 '
prindipat plaoning basis For 29
institutional challenges 3
Waste-managemant system 71, B2,
8% 104, 102, 11a, 116, 118, 120
122, 126, 130, Sae also Integrated
wastL-managemcnt system.
objectivis of 6+7 :
optimiza=ien of 116 - -
Waste package 33; 37; 46-47, K1, 63, 200,
-20y. - : .
conceptua’ designs 47
radionuciide containment 47
components, degradation of 200
emplacemant -hole packing. 47
radtonuciide release From 290 :
Timiting of radionuciide re1aases 47
togic dyagram 229
materials for 47, 372, 3?3—3?4
waste retrievabjlity 4? 53
corrosion, studies oF 200-201 -
costs 247 ' : :
destgn:: 47.-;].-118;. 228
development 40
environment, studies of -44,
28, 230
interactions with host rock 200
perfarmance, asseSSment of 63,
235-236 . .
study with predict1ve mode1s 219
tests 217, 234-235 .
standardizntﬁon.of design 114
research-and-development. plans 3174-375
Waste packaging %7, 112, 114;,126
at HRS facility 17, 76 .
Waste preparation at MRS facilities 74
Waste receipt rate B2--see also
Waste-acceptance rate
Haste rebtrigvability 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, 359
West Valley Demonstration. Project 22, 23,
28, 52, 369, 370, 3N
West valley, New York ©, 74, 120, 370
Western Interstate Energy Board 132, 256
Wildorado, Texas : 3%4 :
Hinnepeg, HManitoba, Canada 328
tsconsin: A2, 49
Hithdrawal of publi¢ land - 256 .o
Work-breakdown structure 151, 152, 190, 247
Working sessions on specific 155ues 132
Workshops on technical and: procedural
issues 7
Yakima Foid Belt 349
Yakima Indian Nation 48, 135, 254, 352
Yakima River 352
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Appendix A

ALTERNATIVE SCHEDULES FOR THE FIRST REPOSITORY
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Appendix B

GENERAL GUIDELINES FOR THE RECOMMENDATION QF SITES
FOR NUCLEAR WASTE REPOSITORIES



Part U

Department of
Energy

10 CFR Part 960

Nuclear Waste Policy Act of 1682;
General Guldelines for the
Recommendation of Sites for the Nuclear
Waste Repaositorles; Final Siting
Guidelines
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PEPARTMENT OF ENERGY
10 CPR Part 8960

Nuclear Waste Policy Act of 188
Genaral Guldelinas for the
Recommendation of Sltea o the
Nucla.r Waste Repositoriea

AQENCY: Depariment of Egergy.
AcTion: Final siling guidelings.

SUMMARY: {n accordince witi the
requirements of the Nuclesr Waste
Policy Act of 1082 {Pvl. L. #7425} {the
Act}, the Department of Energy (DOR} is
lssuing gencral guldelines for the
recommendalion of sites for
repaaitiories for the disposat of high-
level radioactive wuste and spent
nucleur fuel in geclogic formations,
These guidelines will be used in the
varioue gteps of the site-seluction
process, as required hy the Acl, They
are compatible with the regolations
issued by the Nuclear Regulatory
Commission {NRC) in 10 CFR Part 60
and those proposed by the
Environmefital Protection Agency (EPA)}
in 40 CFR Part 191. The guidelines
eatablish pérformunce objoatives for 4
geologic repository aystem, define the
Lasic technicul requirements thot
candiduta aites must meet, and spectfy
how the DOT will implemen! its site-
selealion process.

These guidelines wnre developed by
the DOE through the consultution
process required by the Act {i.e.,
consultation with affected ond
interested Slules, the Council un
Environmenta! Quality, the
Adininistrator of the EPA, and the
Direrctor of the U.S. Geological Survey)
as well ag extensiva review and
comment by interested members of tha
public, affected Indian tribes, and
interested Federal ugencies. They have
received the concurrence of the NRG, in
accordence with the requiremente of the
Act. The NRC’a concurrence decision
wes rendered on June 22, 1984, and
published on July 10, 1984 {49 FR 24130},
EFFECTIVE DATE: January 7, 1085.

FOR FURTHER INFORMATION CONTACT:

Carcl L. Hanlon, Office of Geologic
Repositories, Office of Civilian
Radiouctive Waste Management, U.S,
Departmen! of Energy, 1000
Independence Avenue, 5.W.,
Washington, D.C. 20585, Telephone:
(202} 252-1224.

Robert Musaler, Eaq., Depuly Assistant
General Counsel for Environment,
Qifice of Ceneral Counsel, U.5.
Departmenl of Energy, 1000
Independence Avenue, S.W.,
Washington, D.C. 20505, Telephohe:
{202) 452-0947.

For additional copies of this rule
contach Susan Grodin, cf¢ Ray F,
Weston, inc,, 2301 Reseurch Boulevard,
Rockvilla, MD 20850, Telephone: {301}
963-8070.

SUFPLEMENTARY INFORMATION: This
supplemeniury information, also
referred to as the “preamble” and the
“stutemont of Lusig snd purposa,”
explains tho DOE siting procesa, the
devalopmen! of tha guidelinas, the
generad iasues rajsed about the
guidetines, ond the structure of the
guidelines. It also preaonts a detailsd
analysls of each guidelina. A talle of
contenta {a listed Lelow.

Contants

L Buckground Information
A, Reqguirements Eslabltshed by the Act
D. The DOE Siting Process
1. Fhe Sereening Phuse
2. The Site-Nominating Phuse
3. The Site-RacommendationPhase
4, The SHe-Churecterization Phase
&. The Site-Belnction Phase
H. Development of the Guldelines Through
Consuligtion, Publin Comment, and NRG
Concurrence
A. Baete for the Proposed Guidetines
B. Consultation and Publtc Comment
C. NRC Concurrence
D. Mujsr Chunges in Guideline Struoture
and Format Resulting from tho Comment,
Conaultution, Comment, and
Concurrgnee Process

H1. Genaral lssues Raised in the Consyilution.

Commant, and Concurrance Proceks
A. General Comments on the Culdelines
1. Usa of Propoand EPA and NRC
Regulations
2. Yagunnesd and Lack of Specifiolty In
the Guidelinas
3. Lack or Inadsquucy of Qualifying und
Disqualifying Conditions
4. Lack of Weighling Factors
8, Lack of Definition of the Siting Process
D, Comments on the Consullution Process
1. Adequaey of the Consultation Procass
2. Endorsement of the Alternative
Guldelings
IV, Ovarview of the Guidellnas
A. Structura. of the Guideilnea
1. Section-by-Saction Analysis
1. Ganeral Provisions
2. Implementation Guldelifits
3. Postclogure Guidelines
4. Prbclosure Guidelinsa
V. Roferencea
V1. Compliance with thu National
Environmental Policy Act
VIL. Regulatory Flexibllity Annlysis
VII. Peperwork Reduction Analysis
1X. Execullva Order No. 12201

I Background Information

The Department of Energy (DOE},
pursunnt {o tho Atemic Energy Act of
1954 as amended, the Energy
Reorganization Act of 1074, the
Department of Energy Organization Act
-of 1877, and the Nuclear Waste Polley
Act of 1882 {the Act). has the

rery ansibility to provide for the disposal
of nyli-level radioactive waste und
gp-imt nuclear fuel.? The DOE selected
i~ a4 geologic reposltories &s the

m wrred means for the disposul of

o merciully generated high-level
zacinactive waste snd spent fuel {486 FR
“¥07, Muy 14, 1081} after evalusting

+ arigus aitornutive meuns for the

e, sal of these materials and issuing
an +2virenmental Impact statement {1).
To catry ou! thia decision, the DQOE has
beon conducling research and
dezalopment und performing siting
studies.

‘The Act, signed into law on Jnnuary 7.
1089, establishes a process and schaduls
fo- siting two mined gealogic
re;susitories.® It also, in Seclicn 112{a}.
requires thut the Sacretary of Energy
“issue generul guidelines for the
recommendation of sties for
reposltorica.” The guidelines isaued
under this notica are the general
guidelines called for in the Act.

A. Requiremenis Established by the Aci

Az described below. the Act requires
spacific ateps in the process of selecting
repasitory sltes. The Implementation of
guidelines In terms of those ateps }a
dacussed in the next gectlon.

The tnitial steps requlred by thn Act
have boen completed: the Sccretary of
Energy has Identified the Stutes with
one o more potentially acceptable sies
for tHe Hrst repository and has so
notifled the Governors and the Stote
logtalatures, and the tribul counct] of ym
affected Indlan tribe of the potentially
acceplobie slies within these States.

After issuing the siting guidelines, the
Sacretary ls to nominate at leest five
slies aa aviteble for eite
characterization., The nomination of
sach sHe s to be accompanied by an
environmental assessment that includes
an evaluation of the site in terms of the
guldefines.

The Act contains requirements for the
DOE to continue its consultation and
cooperation with the States and to
apecifigally consult with the Governors
of the Biates that contnin potentially
acceptabla sites.

. The Act requires the Secretary of
Energy to recommend three of the
nominated sites to the President for
characterization es candidate sites. 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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chgracterizatlon is definad as activins
“undertaken lo estublish the geoloyio
conditions snd the ranges of the
paramelers . . , relavent to the loc tion
of a reposilory, including borlngs,
surfuce excovations excuvutions ¢
exploraiory shnfis, tinited subsurfxce
laters] excavaligns and borings, and in-
gitu tesling. . . "

The I'resident may approve or
disapprove the recommendation
submlitted by the DOE or may permit \1e
characterization to proceed b fuiling to
acl within 80 daya. He may also delay
‘he decision for 6 montha if, in his
opinion, ingufflcient [nionnation ia
available for a decision,

The information to be collected during
sits characterizutlon will be specified in
a site-characterization plan that is 0 be
submitted for review and commant to
the Nuclear Regulatory Commission
{NRC), the State in which the site is
iecuted, and the governing bady of any
affected Indian trlbe. The plan will also
Le made avallable for publlc revlew and
comment,

Before proceeding lo aink the
exploratory shafis needed for tests and
atudies at the proposed depth of the
repository, the DOE is to hold a public
hearing in the vicinily of the site to
inform the residonta of the site-
characterization plan and to recelve
their comments. When the site
characterization itself has been
completed, public hearings are to ba
held in the vicinily of cach aite being
considered for development as a
reposilory to inform the residents of tha
area that tha site is under consideration
and to obtain their comments on the
posgible recommendation of the site.

After completing site
characterizations and conduciing
hearings, the-Secretary is to recommend
to the President the first siie to be
developed as a repository. This
recommendation is o be accompanled
Ly a final environmentat Impact
statement in eccordance with the
requirements of tha National
Environmenial Policy Act as modified
by Seclion 114(f) of e Act

After a sile I8 recommended to
Congress for developmant as &
Iepository, the State in which the site is
laceted or tha affected Indian tribe on
whose reservation the site in located
may submil, within 60 days, & notice of
disapproval 10 Congress. This
disapproval prevents the use of the site
{or a repository unless Congrees passes
4 joint resolution approving the
Mreaident’s racemmendation within the
nex{ 90 duys of continuous session.

il Lhe site designation-begomay
offective, the DOE ia to seek, from the
NRC, authorization to congtruct the

repoaitory. The Act requires that the
application for thia autharization be
gubmitted not later than 80 days after
the effectiva date of the site designation.
When a conatruction aulhorization has
been recaived froin tha NRG, the
construction of the repository will begin,
Tha Act requlres the promulgution of
regulations. by two other Fedaral
agencies—tha NRC and thae

Environmental Protoclion Agency (EPA).

The NRC ls raquirad tn lssuc technical
requirements and criterin to ba used in
approving or disapproving DOE
applications for the consiruction and
operetion of reposiiories; Lhoae
regulations have been issued as 10 CFR
Purt 60, The EPA ia required to
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 £8198), Both seta of
regulations were uaed In devaloplng the
DOF siting guldelines [see alao Sectlons
ILA and IILA),

Ta provide the [nformation base
needed for informad deciaiona In
carrying out the repository program, the
Act requires the Secretary of Energy to
prepare a comprehenslve misaion plan.
The topics covered In the mission plan
are o include the information needed
for the siting and construction of
repositories; the slgnificant regults of
research and development programs,
and thelir implications 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 impacta that may
result from the development of &
repositary; and the alting guidelines. A
draft of the mission plan (2), dated April
1804, waa issued 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 boen received.
Once finalized, the mission plan will be
submitted to Congress in accordance
with the requirements of the Act.

8. The DOE Siting Process

Before the Act was paased, the
Federu] Government had been currying
out a prpgram for the development of
geologic repositories. Direcled primarily
by the DOR and il predecessor
agencics, the program had begun about
three decadea earliar. The Act
eslablished & processa for the siting of
tepositories by ihlegrating the then-
exiating DOE siting program inta its
requirements snd procedures, To help
the reader uoderstand how the

guidelinos will be usad, this section
expl-tos an Importunt part of the
precgrzm—the alting process—as it and
the p.ane for it now stand, aller

inos fication by the Act and the

ve, wullation process.

* saeking sites for radioactive-waste
ropr ritorigs, the DOE divides the siting
p'ac2as Into the following phaaes: [1}
8: "a-ming, (2] site nominetion, (3} site
rece “mendation for characterization,
(#} 8..0 characterization. and {5} site
gulg:tion {recommendation for
development sa a repostlory).

1. The 8creening Phase

During the screaning phase, the DOE
identifies potential sitea for
characterization. This phase provides
ihe information neaded for judging
which of these sites appear to justify the
investment in characterizing them.

a, Genermi description. The screening
phaae may eonsiat of up to four stages,
euch of which narrows te a land unit of
smaller aize:

(1} A survey of the Natlon or geologic
provinces, narrowing to regions.

{2) A survey of the reglons, narrowing
1o areaa,

{3} A gurvey of \he argad, narrowing to
tocations.

{4] A survey of the localions,
narrowing to sitas.

Screening can begin with one or more
of the 17 phyaiographic pravinces
identihed 1n the conkiguous 48 Btates.
The landforms in a province posaess
similarities resulting from corresponding
similarities in the geologic and
hydrolegic processes and conditions
throughout the province, Regions aze
normelly amaller than pravinces, but
may also extend across several States.
The sizes of arzas, locations, and sites
are not exact. Areag encompasgs
hundrads to thousands of square miles,
und locations ere typically tens to
hundreds of square milee. Whila a
localion may ba large enough to contaln
several sites, only one potenttal sita ts
usually tdentified In a single location.

During the early ucreening etages, it
may be necassary to divide a
particularly large geographic unit and
identify an intermediate set of smaller
anits before proceeding to the next
atuge. A geographic stage may be
deleted if the early survey reveals that
smaller land units nre obvlously suitahla
for further study. For example, in &
search for suitable salt domes, which
are discrete geologic formations, tha
completion of regional surveys lad next
to the study of specific individual salt
demes and their environs, rather than to
enme undUferantiatad general aras of
hundreds to thousands of squarc miles,
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Within rach screoning stage, Hi: DOE
idenlifive 88 many poientially suitable
land unils as judged to be necess..:y for
an adequate gample 1o e studied in the
nex| slage. Only the regions, nres., and
localicos believed most likely 1o contain
suilitble aites receive further stuty: all
ctharg are deforred. Although the
deferred land unils may conigin suitahle
gites, gtudying every possible candidate
would nol be practicabla. Evan theqgh
gome suilable pites may be droppen. this
ullows more Ihorougl inve-tigation of
the remaining cendidates.

Data for cninpuring regions, areas,
and tocalions beconee increasingly
detuniled as progressively smaller land
units are considered and ae exploratinn
und testing concenirate on thom.
National, province, and regional surveys
are based on information avallable in
the open literature—Jfor axamplae,
nationat maps of faults, earthquake
epicenters, land use, recent voleanic
activily, and locations of potential host
rocks. Areas, localions, and siles require
more-thurough investigation, including
field exploration, field testing, and
incroasingly refined Inboratory analyses
of rack and wuler characteristics.
Finally, after the firat \hree phases
[screening, site nominglion, and siie
recommendulion for characterization)
have been completed, site
characterization will be performad to
callect tha dala needed for a rigorous
evaluation nnd comparisou of candidate
silig,

1L is prudent thal screening be
conducted in a way that will lead to
nominations and recotnmendations of
siles in diverse geohydrologic seftings
nodd types of rock. Such scraening
increasas the probability thet sitaa
suitable for characterizatlon will be
availuble eyven if siudics shouid reveal a
generic deficiency in a typu of rock ar a
geohydrologic setting. The principle of
secking diversity in types of rock is a
central theme of the siting provisions in
the Act {Sections 112{a) and 113(a)); It
has been pert of the geologio repository
program sinsa ite inception,

Before the Act was passed, the sile
screening conducied by the DOE
evaluated and comparad progrossively
smaller land units sccording to geolopic
criteria or other fanlors described in
References 3 through 8. This process led
te the identification uf the potentially
acceptabla siles considered for the first
repogitory. During the devetopment of
the Act, the slatus of the DOE's siting
program, including the sereening studies
conduclod fo date, was well
documented before Congress. Congress,
ug evidenced by its atructuring of the
Acl, did not intend the DOE to revisit

scredning decisions thal praceded the
Act. Soction 118{4) of the ac! roquires
that Stutes containing "potentially
acceptable sites™ be [dentifiod within PO
days of the peasage of the Act, but
allows 180 daya for 1ssuing the siting
guidelinas. Fulure acreaning for the
aecond repository will be baaed on the
siting guidelines issued by this notice,

b. Current status af screaning. At the
time the Act was passed, the DOE was
studing nine eltos for the first repoaitory
und had begun regional surveys for the
sacond repository. The nine sites for the
firsi repository ara in threae different
host rocks (basall, salt, and tufl} and in
six States; they nre distributed as
follows: two sites In tho bedded salt of
the Palo Duro Basin in Texae; two sites
in tha bedded salt of the Paredox Dasin
in Utsh; two salt domes In Mississippl
and ong In Louisiana; a site In besalt in
the Pusco Bugin In Washington; and a
sita in tuff in the Scuthern Greal Basin
in Nevada: (For the bedded sall in
Texas; the DOE identifled two
potentiully acceptable sites of about 160
und 300 square miles each. In March
1884, the DOF, iasuad, for pullic review
and commont, a draft report on a
screcning study that narrowed the size
of the two sitea for further conalderation
to about B aquare mlles for each
location. Tha final report. Idesntification
of Sites Within the Palo Duro Bosin,
was issued by the DOE In November
1884.) 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 nomltista at leost five sitos
and recommend no fewer than threa for
charycterization,

The bedded-salt sites under
consideration in Taxas and Utah were
fuund by the gonaral siling process
described above, baginning with
natiopal aurveys and progressivaly
narrowing to locations and sites. Tha
palt domos were solected by a screening
that began with mora than 200 domes
and ended with the three sifes undar
consideration.

The nelection of sites in basalt and
tuff began on the basia of land use: the
DOR began to search for suitable
repository sitea on some Federel lands
where radleactiva materials were
elready present; this approach was
recommended by the Comptraller
Genera! of the United Stales {0} and a
House resolotion (10). Although land use
was the beginning basis for this
screening of Federa} lands, the
subsequent progreesion to smallar land
units was basei primarily on

evuluntlons of geologic and hydrologic
g1 itubllity. The studies began at roughly
110 rrea stags, and the screening has
ruw progressed to two siles: the site in
L: sa:t {a on the Hanford Site, and the

‘¢ in turf is adjacent to the Nevada

&l Slte.

The site-screaning procesa for the
g4 rond repository began with a national
survey of crystalline rocka, Thia survey
i -atified for further study near-surface
an-i expoged crystalline rocks in 17
Siutes divided into three regiona:
nertheastern (Maine, Vermonl, New
bliztnpahire, New York, Pennsylvania,
Connecticut, Massachusetts. New
jersey, and Rhode lsland), north central
{Michlgan, Minnegsota. and Wisconsin).
#nd soylheastern (Macylend, Virginia,
Morth Carolina, South Carolina, and
Gaorgia),

Tha site-scresning process lor the
second repoaitory is now in the regional
phaase. Being developed in conguliation
with the 17 States listed abova, 1he
screening approach is based on the
aiting guidelines published in this notice:
first the disqualifylng conditions in lhe
guldelines are applied to eliminate land
unite and then the favoruble and
potentiaily adverse conditions of the
guidelinea are applied to identify
preferrad lund units. The objactive is 1o
use the existing evidence to avaluate the
favorability of each land unit, selecting
the maat favorable lend units for furthar
study.

2. The Site-Nomination Phase

The nomination process baginag with
the DOE examining the data for each
potentiully acceptable sits to be sure
that 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
potentially acceptable siten according to
the gaohydrologic settings tn which they
are located. Cholces amang sites require
compariaons that can be made more
ensily and accorately when the sites are
in similar setlings than when they are in
diseimilar settinga: the significanca of
differences among settings ls mora
difficult to determine than the
pignificance of differencea among sites
in the same petiing. The grouping
therefore piaces the subsequent siting
choices on a besls that ja technically
more defensible.

Alfter a comparative evaloation of gll
the sites within each setting, the DOE
will selaat a preferrad aite within each
setting. If fewer than five settings are
available, the DOE will select additional
sites from settings containing more than
one site, ad needed to dbinin the
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reqquired numbaor of sites for nowsination,
‘The sites selected by this process will
be the sites considered for nomin.tion;
cach will be subjectod to twe sen-rate
ovaluations. The first evaluation wii} be
based on the siting guidelines thet de
not raquire site characterizetion for thelr
appli~ation; It will focus on the
suitubility of the site for deveiopmen! as
u repository, considering activities ivom
the start of site characterization thi uugh
decommissioning. Tha sece.d
evaluation will be based on the
goidelines that do reguire site
characterlzation for their application; its
objective wlli be to establish that the
gita is sullable for charactedzotion—
that ia, soitable for further study.

The Secretary will nominate nu fewsr
than five of theaw sites. Each site
nominntion is to be avcompnnied by an
snvironmental assessment, which must
include & number of evaiuations and
desceiptions listed in the Act and differs
in procedure, forinat, and conient from
an environmental assessment prepared
under the Nations) Environmental Policy
Act of 1968, Far the nine siies identified
88 potentiaily acceptable for the first
repoaitory, tha DOE has held the
roquired publie hearings In the vicinity
of the sites 10 inform residents of the
proposed nomination and to solicit and
receive any recommandations on taapes
to be addresed in the anvirohmental
asaessmani as well as tha sile.
characterization plan.

The environmental assessments will
report the analyses made in the
nominatlon steps described above, They
will describe the bases on which the
decisiong were made, including the
resulta of praliminary perforntanco
assessments, wilh emphaals on the
natural barriers, for each site, In
addilion, each will include a eummary of
how the potentielly acceptable siles
wern selected. A chapler commaon o all
the assessments will contain s
comparative evaluation of the ailes
vonsidered for nomination.

The environmental assassmant for
cach site being conaiderad for
nominatinn will ba made available In
draflt form for public comment, After the
final environmenial assessments have
been prepared, the Secretary will select
atl least five siles as suiteble for
characterization and, before nominating
g site. will notify the Governors and the
lcgislators of tho Stetes in which lhe
sites are lacated or the govarning body
of any affected Indiar tribe, as
appropriate, of the nominations &nd the
basia for the nomination. The Secretary
will publish in the Federal Ragister &
notice spacifying the altes nominatad.
and ennouncing tha availability of the

finu! environmentsl nesnsamants for
thosa sites.

3. The Site-Recommendation Phuse

The slig-recommendstion phese will
occur subsequen! to sita nomination,
when the Secrotary recommends 1o the
President thut three of the nominated
eitos be characterized as cundidate
sites. The dacision to recommend & site
wil} be basod on (1} the availabla
geophysical, geologic, geochemical, und
hydrolagic data (unless the Secrotury
certifies, pursuant to Section 112{b) (3)
of the Act, that such available deta will
not be edeguatn to satisfy appilcable
requirements of the Act in the absence
of further preliminary borings or
excavutiona): {2] ether information; ancd
{3) the asaociated evaluations and
findings reported In the anvironmenial
assessments. The declsion will olso
consldor the diversity of geohydrologic
seltings, the diversity of rock types, and,
efter tha first reposttory, ragionelity, as
specified by §§ 960.3-1-1, PBD.3-1-2, and
§80.3~1-3, reapoctively, of the
implementation guidelines {see Section
IV.B}.

4. The Site-Churacierization Phase

Site characterization will occur only
at the sites recommendad to, and
approved by, the Praeldent, 1t wiil
Involve studies tha! are much more
dotailed than thase conducted during
the acreening phase. As elresdy
discuseed in Section LB., the DOE wiil
develop a site-characierization plan for
each of the three sites selotted for
characterizetion.

During site characterization, the DOE
will collect detailed information on tha
geologic, hydrologic, and other
characteristics that determine
compliance with the siting guidelives
requiring site characlertzation for their
application. Stundard geophysical tests
and exploratory drilling from the surfacs
will continue throughout site
characterization, For subsurfsce
investigations, exploratory shafls wili be
consiructed to the depih at which g
repository would be built. Limited
subsurfnce excavationa {(tunnels and
rooing) {or tesling purposes will ba mada
in the host rock in the immediate
vicinily of the shafts. The shafls will ba
large encugh to ailow pecple and test
equipment to ba transported from the
surfacs to the. rooms. The shsfls,
tunnals, and roomn will allow dslailed
study of the host rock, including luterol
exploratory drilling. & variety of tests
will be parformed in these underground
facilitiea, including, fur example,
measurements of in-situ stress and
permeability and heat-transfer
experimenta. Evory 8 months, tha DOE

wi'| report to the NRC and to the
a'incted States and Indian tribes on the
n rure and the extent of the sito-

¢ aracterigntion activities and the

i "mmation ohtained from these

« dvitios.

11 purultel with site characterization,
*h= DOE will collect additional
‘n/armation about other uspects of the
4 'This activity, informally cotled sie
ins »stigation, wiil be carried out in
order 1o establish compliance with the
guidehnus that do not require site
ciraracterization {e g., demogruphic,
sncioecanomic, end ecological
chyracterintics] and tc comply with the
Nutiona} Eovironmental Policy Act of
1908,

5. The Sito-Selsction Phase

When site churscterizalion is
uompleted, the gile-selection phase will
begin. During this phase, the sites that
have been characterized will agaln be
evaluated to delermine 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
eovironmenta] impact atatement,

An impotiant purt of 1his analysis will
be & datailed performance usseasment;
that is, for each site, the DOE will
predict the effects of a repository as an
entire syaiem, during the time it {8 open
{or the emplacomeant of waste and alter
it has been closed. This assaesment will
evaluate the rapponses of the rapository
to the conditions that might affact its
performance: natural avents and
procosses, human actiona, and the
interactions beiween the wagle und the
repository. In the entire process of
narrowing the number of potantially
acceptabie sites to une, this phese will
ba the firat time it ia possible to conduct
such a complete performance
asagsament. This ansessment requires
the detuiled information that can be
obtained only during site
characterization.

Before preparing a drsft
environmantal impact statement the
[DOE will hold u scoping meeting in the
vicinHy of each site to receive commants
on the issue. ‘hat should be sddressed.
The draft environmental impsct
statemen! will Lo released for public
review and comment. After praparing a
flne} environmental impact stalemant,
the Secretary will racommend that tha
President approve one of the sites for
development as a repository. This
environmantal impact statement will be
submitted to the Pregident and te the
public s part of 3 comprehunsive
statement of the basia for thia
recommandation. This statement will
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alse contain specific 1echnical ma-orial
and commenls by outside purting
{Federal agenciea, Btates, and afluited
Indian tribes). as required by the Acl.

If the Préaident upprovea lie
recomnendation, he will recomiy wnd the
sito o Congress, and the DOE w'i have
compleled its part ol the site-seloction
phase. The remainder of the procesns of
obtaining final approval of the sile and
final authocily for consirucling s .
repository was describved above in
Section LA. The DOE's schedule and
cost eslimules for the repository
program ure presented in the dralt
mission plan [2), which wua released Tor
review and commenl in April 1004,

il. Devalopmant of the Guidelines
Through Consulalion, Public Comment,
and NRC Concurtence

After explaining the original Lasis for
the guidelines, this section discusaes the
process of consullation and comment as
well 08 NRC concurrence, It also
aummarizes the major changes that
resulted from these processes.

A. Basis for the Proposed Guidelines

After the Act waa passed, the DOE
asaemblad a tuek force of program
experta to prepare proposed guidelines,
The task force began by considering the
eriteria used eurlier in the Nalional
Waste Terminal Storege [NWTS)
Pragram, including its own program
chjectlves, system performance criterla,
and sile perfurmance criteria (3,4); other
sete of crileria dofined for geologic
repositories by the National Academy of
Sciences [5). the International Atomic
Energy Agency (0), and earlier programs
in 1he United States {7.8); advance
informatlon made available by the NRC
{11): and the requirements of the Act,

Requirements for tha contant of the
guidelinea are given in Section 112(s) of
the Acl. The guidelines are to specify
“detailed geologic considerations that
shall be primary criteria™ for slte
selection; the Act also requires the
guidelinee 1o specify "factors that
qualify or disqualify any site from
developinent as a repositery” and lists
the faclors to ba inclnded.

In 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 1883 and the
alternative guidelines of May 1903, both of which
were [ssued [or public review and comtnent; the
reviaad guidelings of August 1683, which asrved as o
hawie for additlonal consulidtion wilh States, Indian
tribes, and Foderal agencies: and the revised
guidelines of Noavember 1883, which were senl to
\be NRC for concurrence. The finel guidelines
iasued herewilh reflect 1he NRE's fAnal concurrence
decision,

regulationa (12,14) and with the
regulationa that had been recenily
proposed by the NRC und the EPA
concerning lhe disposal of high-level
rudioactive waste and spont nuclear fuel
in geologic repogitories. The NRC had
by then noarly compleied the pertinent
lochnicat criteria (14), and the EPA hed
issued, for public comment, proposed
environmental standards (15), The
proposed guidelines referred frequently
lo those criteria and standards theough
direct quotations and paruphresing.

8. Copsultution and Public Cominent

Section 112(a) of the Act requires that,
befora issuing siting guidelines, the DOE
{1) consult with the Council on
Environmantal Quality, the
Adminiatrator of the Environmental
Protection Agency, the Director of the
Geological Survey, and interested
Governors and (2} obiain the
concurrence of the NRC. To comply
more effectively with these
requirementa, tha DOE develaped the
guidelines through & notlce-and-
comment procedure that enhinnced tha
opportunity for general public
parlicipution. On February 7, 1983, the
propused guidelines were published In
the Federal Reglster (48 FR 5670) for
public review and comment, The naotice
that accompanied the publication
epecified s 45-day public-comment
period ending on March 24, 1963, The
formal comment period was
aubsequantly extended (48 FR 8288] to
April 7, 1983, in reaponse to numeroua
requests for additional time.*

In addition to publishing the proposed
guidellnes 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 6 Statea praviously
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 commeoted on, or
inquired about, various aspecta of the
NWTS Program; and to approximately
200 public-interest and conswaer groups.

During the public-comment perlod, the
DOE held a series of regional public
hearings to recelve comments on the
guidelines. These hearings were held in
Chicago, Hlinols, on March 4, 1983; in
New Orleans, Louisiana, 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, ¢n March 14; and in
Snttle, Washinglon, on March 21

R :cord tranacripls were prapared for all
v’ the hearings, nnd the panels that had
coveiwcted the hearings prepared

s wrnary reporia for DOE review,

in explain and diacuse the guidolines,
th » DOE staff met individually with
af tcials from the aix States with
ooientially acceptable sites. These
¢ -sultalions included meetings in
Loy igigna on February 25, 1983, in
Misgissippi on March 3 and March 25, in
Utah on March 3, In Toxas on March 18,
It Mevada on March 23, and in
Viashington Btate on March 25, Algo, on
Eehruary 10, 1983, a group maeting with
represcéntatives of Intereated crystalline-
rock slstes was held in Chicago to
discuas the provisions of the Act as well
g the proponed guidelines.

During this period of comment and
consgultation, the DOE recelved 1198
written replies containing nbout 2000
separate comments; at the 3 public
hearings, 57 persons provided oral
comments. Among the commentsrs were
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
Sroups,

Near the end of tha comment period
for the proposed guidelines of February
1883, the DOE reconvened the task force
that had developed the proposed
guidelines. After categorizing and
analyzing the comments, the task force
drafied a set of alternative guidelines
and a comment-response document (168}
that summarized the comments,
discuzsed the lssues raised In ihe -
comments, and showed how the
comments had been addressed in the
aslternativa guldelines,

The interested States (i.e., the States
contalning potantially acceptable aites
and the Statas containing the
crystalling-rock formations under
consideration for the pecond repaository)
had commented that thoy needed more
than the notice-and-comment procedure
if the consultation afforded by the Act
ware to meet their needs. Therefore, on
Mny 11, 1983, the DOE sponsored a
plenary consultation mesating with the
interested Slates to set up a framework
for continued consultation. At thig
meeting, held in Dallas, Texas, the
States expreased a strong deaire for
additional opportunities 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
aeasion when the guidelines neared their
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final form. The States requesied that
sufficient tima be allowed for tha ro. iaw
nnid that addilional opportunity for
publit involvemant be provided. On
May 27, 1983, coples of tha draft
comment-regponse document and e
slternative guidelines were forwarded to
the States and Federa) agencies,

The DOE also made these documents
availabla to the public for review and
cemment. A notice of availability,
published in the Federal Regl-ter on
June 7, 1983 {48 FR 28441}, announced a
J0-day commant period, the second such
period in the devilopn.ent of the
gutdelines. The notive made it clear that
these allernative guidelines were
intended not to supersedo the proposal
of February 7, 1083, but rather to serve
a4 an allernalive to the guidelines
originally prepared that would be
considered in writing the fina!
guidelines. Copies of the alternative
guidelines were mailed o the porsons
and groups who had been on the mailing
list for the proposed guidelines, to
unyone who had geked to be added to
the list, {o those who had submitted
cuminents on the proposed guidelines, o
purticipants in the public hearings on
the guidelines. and to tha participants in
hearings held to seope the
environinentel assessments. Moreavor,
copies of hoth the draft comment-
response document snd the aliernative
guidelines were placed in 10 DOB
reading rooms acroas the country ae
well ag In 156 libraries in 23 Stules.

Individus| ¢onsultation mestings were
then schaduled with the gix States
vonlaining potentiatly acceptable sites,
and both individuat and group mentings
were scheduled with the Statas
containing crystafiine-rock formutions,
The purpose of theae meetings was to
discuss the differences between the
oropoped guidelines and the altornative
guidelines and to identify and discuss
outstanding issues. The mestings were
heid on the following dates: Taxas on
fune 27 and 28, 1983, Nevada on fune 29,
Missigsippl on june 29 and 30,
Washington on June 30, Louisiana on
july 8, and Utah on July 8, Vermaont on
lune 14, Maine on June 15. New York on
fune 18, Wigconsin on Juna 20, Michigan
on Junc 21, end Minnesote on June 27. In
addition, a group meeting altended by
cleven of the crystalline-rock States was
held in Columbus, Chic, on June 29.

The DOE conducted similar
consultation meetinga with several
Federa! agancies: the Council on
Enviranmentul Quality (Juna 21), the
U.8. Geclogical Survey {June 24), the
NRC (Jure 26}, the Depariment of the
Interior (June 28). and the Department of
Transporiation and the EPA {june 28).

After these consultution meelings and
the ¢nd of the second public-comment
period on July 7, 1883, tho DOE tnsk
force reconvened to analyze and
consider the additionaf comments
received. Some 75 writlen responses
arrivad during the accond comment
period; they contained about 800
sepurate comments, Rovised guidelines
that reflected the comments on both the
proposed and the alternative guidelines
were then drafied. In addition, the
commeni-reaponse document which
expluins the disposition of comments on
the proposed guldelines of February
1683, was prepared for publication In
finel form {18}; it had Leen released in
draft form on May 27, 1983,

Cn August 1, 1983, the revised
nidelines were forwarded to the Stutes
or their information, and on Angust i% a

seccnd plenaty consuliation meeting
was held In Dalles, Texas, to receive
coinments on the remuining {ssuos that
were of generul concern Lo the States,
Modifted as neceasury In rasponse to
comments from the Siatas, these roviged
guidelines of Auguat 1583 were later
sent to the States for their information
and submitted to DOE management for
reviow snd approval. The DOE-
approved guidelines were thus
developed after two formal public-
comment perlods and two rounds of
conaultation with the interested Siates,
Including hoth individual end plenary
seasions. Numerous chengoa were made
ta the guidelines In rosponse to
comirenls from the public, Stute
consultations, end the NRG concurrence
interactions, but, with respect to acopa
and issues, the guidelines being
finalizad here do not differ subatantiaily
from those that were initinlly praposed.

C. NiiC Concurrence

On Noveniber 22, 1883, the DOE
subrmitted the guidelines to tha NRC for
concurrence. At the agme iime, the DOE
nailed coples to States and to more then
1200 persona and urganizations un the
guidelines mailing list; copies wers also
placed in DOE reading rooms and State
librusies.

The NRC had earlier found (48 FR
30536} that its concurrence procesding s
not a rulemaking and henca did not
require notice and opportunity for public
comment, Nevertheless, in order 1o
accommodate regueats to structure the
concuirence procesa on & notice-and-
comment rulemaking and te crystallize
the issies, the'NRC decided 10 accept
written commanis and to 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 guidelinea

{48 *¥ 55780). In thiy notice, the NRC
schi < uled the public meeting for

lan: :cy 11, 1884, and requesled that any
wri' 141 comments on the guidelines be
sub.uittad to the NRC by Januery 9, 19884
At . public mecting on Januaty 11, the
por. 4 for receiving written commenta
¢n B guidelines was extended to

F orwary 1, 1984,

k2 NRC applied the following
citte. & In making its preliminary
conc .rrence dacision:

1. The siting guidelines must not be in
corflict with 10 CFR Pert 60,

2. I'he siting guidelines must not
coriain provisions that might lead the
[DOL to select sitas that would not be
reazonable alternatives for an
environmental impact statement,

3 Tha siting guitlelines should not
tontain provisions that are in conflict
with the Act.

On March 14, 1984, the NRC
arnounced (49 FR 9650} that, on the
basais of these critaria, the NRC would
concur tn the siting guidelines provided
that the DOE met the following
conditions:

1. Amended the siting guidetines to
recognize NRC's jurisdiction for the
resolution of differences betwoen the
guidalines and 10 CFR Part 00,

2. Comimitted to obtain the NRC's
congurrence on revisions to the siting
guidelines that relate to NRC
turfadiction.

3. Revised the siting guidelines as
fullows:

&. Modifiod {ts use of high effective
porosity to limit its use to those
siluations that could be consitlered ns a
fuvorable siting condition,

b. Committed to revise is siting
guidelinea on the unsuturated zone so
thut they are consisient with the final
NRC amendments on the unaatursted
ZOne.

¢. Moved the fuvorable conditlon on
ground-water with a high total-
dissclved-solids concentration from
§ 080.4-2-1{h) to Saction 960.4-2-8-1,
where effecls on natural repources are
considered.

d. Oid not frame its guldelines such
that a 1000-year ground-watar trave)
time {13 CFR 60.113) would be adjusted,
particulurly In the early stages of site
selection.

e, Delated the word "permanently”
from s definition of "disturbed zone.

f. Clarified the meaning of “shorl-
term” extieme arosion and revised the
guidelines as appropriata.

8. Deleted the word “significant” from
§ 980.4-2-8-1{c}(2)) of the siting
guidelines, whare reference ia made to
"“evidence of significant subsutface
mining."
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h. Mudified the guidelines so tf ! they
are constalent with the Commisa!~n's
definition uf "anticlpated” and
“unanticlpated” processes and events.

I Modi}lad the guidelines so th
potentially ndverse conditions w.uid be
congidered if they alfect isolatiun within
ihe conlrolled aren even thrugh the
condition may occur outside the
conlrolled area.

4. Modified the siting guidelines 1
muke clear Ihat engineered harriers
cunnol cengtilute 4 comper. seting
measure for deficiencios in the geologic
media during site screening.

5. Specifiad in greater detail how the
guidelines will be applied at each siling
slage. including gfle nomination and
charncterization {for exanple, 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 10 make declsions on
the nomination uf at lzast five reposltory
sitca’and subsequently recommonding
Ihree siten to the President for
characterizalion.

7. Added additional disgualilying
conditiona tu the gutdelines with
sufficient specificity o ensure thal
unacceplable gitos 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, tha location of
vitluuble natural roscurces, hydrolegy,
geophysics, proximity to populations,
end preximity \o componenls of the
Nutiunal Park System, the Nationa)
Witdlife Refuge System, the Nationa)
Wild and Scenic Rivers System, the
Nulional Wilderness Preservatiun
System, and Natiena! Forest Landa,

[n announcing ila preliminary
concurrence decision, the NRC invited
public cornment on the preceding
conditiens. Copies of all commants
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
representatives o discuss the NRC's
conditions and the DOE's propoaals for
their resolution. Six meetings were
subsequenlly held, beginning on March
14, 1904, ond ending on May 3, 1984;
these mectings were open to the public,
which waas invited to comment at the
end of each meeling, To accommodrte.
these interested in the transactions of
these meetings, the DOE made coples of
the trangcripts or minutes of tha
meetings available to the public in the
DOE pubstic regding rooma.

The preliminary concurrence
condilions and enguing meatinga
Letween the NRC and DOE stalls
resulled in & number of changes to the
guidelines {see Sections [l A and 1V.0),
Tha guidelines, reRecting the DOX's
responsa to the NRC's concurrence
conditions, were forwarded to the NRC
for its final concurrence on May 14,
1004, with capies mailed to the
intereated States, affected Indian tribes,
and npprnpriate Federnl agancies.

On June 11, 1984, the NRC's Exeputive
Director for Oporationg submittad to the
Comnilasloners a policy paper [SECY-
84--234) proposing a final dactsion
(concuryence) on the guldetines of May
11184, The Cummission then scheduled a
meeting on this subject on June 22, 1084
At this meeling, the Commissioners
heard comments on the guidelings by
geveral [nterested Stalés and Indian
tribes as well as a prescntation by the
DOE, The Commisaloners then reviewed
and discuaged the {ssues 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 DOE
agreed to maka three changes in the
guidelinea (soe Section [V.D for more
detallad discuaslona):

1. Revise § 80,1 of the guidelines to
ngree 1o yubmit 1o the NRC for its
concurrence ell future revigions of the
guidelines rather than only the
“revisions reluting to NRC jurtadiction.”

2. Delete from § 960.3-2-3, 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 ate sultable for
the development of repositories under
the guidelines of Subparts*C and D.”

3. Revise § 960.3-1-5, “Basls for Site
Evaluutions,” to clavify that, In
consldering engineered barriers for the
purpose of obtaining realistic aource
terms, It {g nacessary to estalilish the
sensitivity of the natiial barriers to the
enginecred barriers.

The Coinmissiorers then voted
unanimously to grant concurrence an
the guidelines submitted by the DOE on
May 14, 1984, 05 revised at tha June 22
meoting, 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 comments, that
the preliminary decision need riot be
medified nor 18 there a need to add new
conditions™ and that the DOE had
"gatisfactorily resolved the conditions
set forth in the Commission’s
preliminary dectaion.”

L} Major Chunges in Guideline

It ucture and Forma! Resulting From
(o Comment, Consultation, ond
{Yiccurrencs Process

‘The consuitation, commeny, and

nourrence proceas produced changes
it tha format and structure of the
giidelines, Thesa chonges 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, Aftar considering the
tuomments received, the DOE task force
dr.cided to retain the structure of the |
alternative guldelings ssued on May 27.
1983. The teak force had altared the
Lnsic structure of the guidelinea in
reaponse to many comments requesating
un explanation of the relative
importance of tha verlous guldelines and
the order in which thay will be used.
The revised organizetion separates the
puidelines into two distinct sets
governing the postclosurs and the
preclosure periods, This separation
makes clear the differences in the roles
played by the Individual guidelines thai
pertain to the siting, construction,
uperation, losurs, and decommisaloning
of a repository (preclosure guidelinea in
Subpart D} and by thoge that pertain to
the long time periods after a repository
is closed (postclosure guldalines in
Subpari C). The reorgunis:ation allows
the DOE—in evaluating safety,
environmental impacta, sociceconomic
effects, and costs—to ciearly distinguish
the unique concerns ahbout a repoaftory
from the more commaon and more
famillar concerns about conatructing
and operating large-scale mining
projects and nucleer fucllities. The
reorganization thus emphasizes the
unique misslon of a geologic repositery.
As explained in Section 1V.A, it also
mekes explicithe priorities that the
DOE intends to assign to the guideline
groupings in making siting decisions.

Another general change was made in
responage to comments on the alternative
guidelines. As discussed in more detail
in Section 1il, this change was a revision
in format, particulerty the addition of
explicit qualifying conditlons.

Other changes, made in response to s
number of comments and the NRC's
preliminary concurrenca conditions,
were |o define motre preciaely the way in
which the guidelines are to be applied.
The directiona for their application are
given in the Implementation guldelines
{§ 960.3). which have been reviaed 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 § -w the
DOE intends to apply the guidelines,

The changes descrilyed above ravised
the format of the guidelines, refincd
their siructure, end clasifled how ‘acy
will be applied, Thoy did not cha.ige tha
conlenl or the meaning of tha ind, vidual
guidelines. Changes in content stemmed
from *ha gomnients 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 guideling.
developmeni procass, lhe scopu uf the
guidelines and the issues associuted
will the guidelines remained
substantially the same.

1. Genoral lasues Rajsoed in the
Consultalion, Commont, and
Congurrence Process

Many of the comments on hoth the
proposed and the alternative guidelines
were highly apecific, desling with
particular guidelines; these are.
discusaed In the comment-reeponse
document (18) and in Sectlion IV, Other
comments were general, cnvering many
or all of the guidelinas, nr they wera
directed at the consultalion process
itself; thess commanla are discusesd
below. Many of the cominents, however,
were concerned wilh issues 1hat ure not
related to the guidelines; among them
wery 1asuas Lhat pertained to the
geotogic reposilory program, such os tha
need for addilional research on waste
disposal; queslions about the propertiua
of 1 specific rock type; and stutements
against the use of nuclear power plunts.
Since these issues lie colstde the scopa
of the guldelines, they are not addressed
in this notice.

A. General Cominants on the Guidelines

The generul comments on the
guidelinea were divided into five
cuategories: the use of proposed EPA and
MNRC regulalions, the vagueness and
lack of specificily in the guidelines, the
lack or inadequacy of qualifying and
disqualifying conditions, the lack of
weighting [actors, and the lack of
definition of Lhe sile-screening process,
The sections that follow coentain brief
summaries of, ond reaponses to, the
comments received on both the
proposed and the alternative guidelines
us well ag the NRC's preliminary
concurrence conditions.

1. The Use of Proposed EPA and NRC
Regulations

Many comments objected to the
DOE's besing its guidelines on proposed
NRC and EPA regulations. Some
comments éxpressed cencern that
guidelines besed on thoae regulations

might be defective because the
regulutions hud nol yel been issued in
linat form. Others felt that the DOE
ahould not use standards {ssucd by
other agencica but ghould develop the
guidelinee independently. Tha EPA and
NRC siaffs found the use of their
proposedd regulations in the DOE
guidelines epproprigte. Some
comnmenlurs ragquested that the
guidelines be made more explicitly
consislen! wilh the proposed EPA
alandards and with the NRC criteria and
that they be modifiad in the futute when
the finu) EPA stundards ore jssued,

Geologic repositories must be
conslructed, opernted, and cloged in
accordunce with the EPA and NRC
regulations. The central fixture of both
ol these reguletions is the chosen sife;
the NRC, through a licenaing action that
will permlt reposltory construction, will
make the ultimale decision on the
lechnical ndequacy of the site praposed
by the DOE. A pite ig therefore the
objective of the DOE sl\ing program, and
the guidelines could not guide tha aiting
process without reference to every
purticular of that objective. The NRC
criteria (10 CFR Part 80) have now been
pubtished In fina) form [17), and their
compatibilily with the guldelines has
been verifled by the NRC, which nsed
sbsence of conflct with 10 CFR Part 60
&s one of the crlteria for concurrence. In
the event of a conRlict between the
guidelines and either 10 CFR Part 60 or
40 CFR Part 191, these NRC end EPA
regulutions will supersede the guidelines
and censtitute the operotive requirement
in any appiication of the guldelines.

2. Vagueness and Lack of Specificity in
the Guidelines

A large number of commanters felt
that the giidelines were too vague to be
useful. A nearly equal number requestad
maore-spacific wording end additional
quaalitative values; among them were
numercua gereral auggestions for
changes In the guidelines. Several
commenters felt that the guldelines did
not cover enough tepics. Some, however,
expressed satisfaction with the level of
detail in the guldelines, feeling that site-
specific numarical erlteria are
inuppropriete in general gutdelines that
are to be used in varous stages of the
site-selection process and applied to the
evalualions of different host rocks, A
few suggested that rock-specific
guidelines should be developed for each
rock type under conaideration,
especially for the early stages of
screening.

Several nomments indlcated that the
alternative guldelines represented a
significant improvement over the

priposed guidelines in terms of
anccifleity.

'3 developing the guidelines, there
w.ree twa possible npproaches: (1) to
d 1 retop. for pach guidellne, numerical
U ita that must be met for a sile to be
+.. eptable or (2} to develop generic
q ~lilative guidelines to be used as a
S&:ig for comparing sites.

The first approach would require
#¢ ng numerical limita on the
chr racteristics of a site—for exumple,
on its geometrical conliguration and the
geologic, geochemical, and hydrologic
clraracterigtica of the host rock. Thia
approach would disqualifly sites with
characteristics that fail to meat the
liits; only sites that met the numerical
limits would remain under
censiderstion. Though appesring to
sharply discriminate againal
unacceptable sites, auch an approach
would iguocre the most important aspect
of a reposjtory-—that ia, the abilily of its
parts to work logether.

For example, the lime 1l would tuke
rodionuclides to travel from a repository
to the uccessible environment, once they
wero released from a waate package,
depends on (1] the lengih of the path
traveled; (2) the retardalion of
radionuclides, which depends, in 8
complex way, on the physical and
chemical properties of the geologlc
environmont; and (3) the velocity of
ground-water flow. which in turn
depends on the hydraulic conductivity,
the hydraulic gradient, and the porosily
of ths geohydralogic syatem. In a host
rock with a low retardation potential, a
long path or a low velocity can provida
long travel times and, hence, confidence
that & sile is safe. In & host rock with a
more rapid flow, a long path or a high
retardotion potential can provide thia
confidence. No single numerical value
for any one of theae three features is
either necessary or aufficlent for safaty:
to delermine whether a raapository site
ia sale, the three features must be
considered in combination,

Aas this simple exempte illustrates, the
geologle, hydrologic, and geochemical
eondilions of a sile will Interact in
affecting the performance of a
repository. An agsessment of the
performance of a complete repository
must take into account these and cther
conditions, A detalled easesament of
this performanee will not be possible
until after site characterizatlon, because
the performance depends on many
complex, interdependent conditions,
such as the lengths of time the waste
eanisiers can be expected 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. Independently
estublishing numerical requirements for
puris of the aite withow! recognizin,; thut
they are Interdependent would sev-raly
limit the flexibility of the DOE in
designing the moat effective weoste.
isolation system and of the NRC in
ficenuaing il

Tha DOF, tharefore, selectod the
second approach—developing generi:
qualitative guidelines as a basis for
comparing aites, The DOY be'ieves that
generto qualitutive guidelines are most
wppropriate for comparing and
evaluating sites thot ¢ re in different
gechydrologic settings and host rackas,
sspecially where the features of each
sile muat work together, as a complets
systsm, to preven! the release of
radicactive muterial. Comperalive
evaluations must therefore consider the
interactive elements in coming to a
definitive finding with regard to each
featore or each guideline. To make the
guidelines useful and directly uppliceble
early in the siting procusa, tha DOE
identified conditions thal quulify and
disqualify sties, as well aa canditions
thut are considered to be favorsbla and
conditions that are ennsidered 1o be
potentially edvarse, Those four
corclitions are explained in Section
IV A,

Some commenters appeared nat to
realize tha! the genera! guidelines will
be the basls for more quantitative
ananlyses in the later phases of sliing,
Tha site-characterization plans to be
preparad bafore ainking explorotory
shafts at candldate s!tes will identify
site-specific issugs, derived {rom the
guidelines, that affect the suitability of
each slic for aevelopment gs a
repository. Furthermore, an important
basis for tha flnal selection of g slte for
development wili be detniled
performance asseasmeots {Sectiont 1,B.43,
which will be fully guaotitative
eviluationa of the akility of the
churaclerized sites to meet thn aystem
guidelines’

3. Lack or Inadeguacy of Qualifying and
Disqualifylng Conditions

Many commentera objecied 1o Lhe
iack of explicitly labeled qualifying
conditions in the proposed guidelines;
many felt tha! the guidelines ahouid
confain more disqualifying conditions
and that they should he strengthengd.
Otherg suggesated thot qualifying and
disquolifying sonditione should bo
slated in qualitative terms. The
commente contained nuinerous
suggeations for rewording these
conditions and for edding new
statemenis to tkein. Some comments
indicated that each guideting shonld
contain a specific disqualilying

gondition, and some suggested that the
DOE sinte the inverse of the quyllfying
condition as a disqualiflying condilion,
The comments revealed an appurent
misundarstanding about the purposes of
ihe quelifying and the disqualifying
conditions.

In response ta thess commaonts,
quul!fying conditlons were addsad for el}
guitolings, additional disqualifying
conditione wore daveloped, and the
format was revised 1o Indicate explicitly
which conditions are required for the
qualiflcation of a gite and which
cenditions would be disqualifying. To
answar the quostions ruised in the
comments and to help clear up the
upparent mlsunderstanding, a
discussion of the strusture of the
guidalines and the meaning of the
condltjons {s presenled in Section IV.A
aof this natice. .

A request {or additional disqualifying
conditiona with sufficiont apacificity to
snsure that unacceptable siles arc
eliminated as eatly 48 pravticable was
ona of ths saven NRC preliminary
concurfence condlilons {see Section
1L.C). Specifically, the NREC askad that
disqualifying ¢onditinns ba provided for
ul] the fuctora spacified in Section 112(a}
of the Act. All of the factors spenifiec In
the Act had been accounted {or in the
quulifying conditions, but, as explained
in Section IV.A, thesc conditlons cannot
be uaed early in the siting procsas.

in developing the guidelines, the
philogophy 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 adequste in
terme of tha! guideline. Foilure to meet
the quallfying condition of any guideline
would diequalify e site, In addition, the
DOE identified expliclt disqualifying
conditions thal were considerad to be so
advorse as lo disqualify a site without
further inveatigation i thoy were
present. The number of these very
serious diaqualifyIng conditions was
limited, Howevar, in view of the NRC's
connurronce condition 7 and the
coatinuing requesta by the Stetes and
the public 1o include disqualifying
conditions for at least each of the
faciors apecified in the Act, the DOGE
reevaluatod tho factors in an attompt to
develop edditional applicable
disquaiifying conditions. As a resull uf
this reevaluation and discugsions with
the NRC staff, the DOE added new
disqualifying conditions for two
poslciosure guidelinesd {§ B60.4-2-7,
Tectonica, and § 900.2-4-8-1, Natural
Rescurces) end four preclusure
guidelines {§ 860.5~2—4, Offalte -
Insiatiations and Operalions: § 980.5-2~

8, 5 wcioeconomic Impacts; § 960.5-2-10,
Hid-ology: and § 860.5-2-11, Tectonics).
In +ddition, the DOE revised the
it 1, unlifying conditions for iwo
pe wlosure guidelines {§ 880.4-2-1.
G. hydrology, and § 960.4-2-6.
Dis=olution) and one preciosire

W irline {§ 980.6-2-8, Environmental
i, wlity). The specific changes are
cus. 'ssed in the section-by-section
ana 'sip of SBection IV.B. Furthermore, 10
of the 17 disqualifying conditions
inciuded In the final guidelines can be
appiled at the flrst stage of the slte-
ge‘ection pracess; they are identifled in
Apprendix 1 to the guldelines.

4. Lack of Weighting Factors

«.mong the comments that appeared
nuoe! fraquently were suggestions for &
weighting system for using the
guldelines. Many commeanters felt that a
weighting sysiem would make {f easter
to review and contro! decistons made in
the siting process. Many pointed oul thet
some guidelines will be more important
than others in ewvaluating sites and thet
to rank them according to priority would
muke the weighting expliclt. Others
auggestad that the guidelines be grouped
gualitatively-=for exampla, into
collections of primary and secondary
importancs. Stiil others warned againat
the ranking of general guidelines
intended to cover lnteracting fentures of
complex syatems in diverse media,

Tha DOE agraes that a qualitative
grouping may be useful in guiding the
upplication of the guidelines at certain
steps In the siting proress. The
implementatioo guidelinea now specify
steps ut which particular guldelines are
lo be groupea according to primary and
secondary significance as well as the
order of importance to bo assigned to
the threa groups of preclosura
guidelines.

5. Lack of Definition of ths Siting
Process

Many commentera feli that the DOE
had not explained its siting process well
enough fo make the proposed or
alternative gutdelines understandable.
The comments contained a number of
questions about the history of the siting
nrocess bafore the Act was passed; they
ulso quesaliooed ita relatlonship to the
process outlined in the Act.

Agreelng that further explanation of
the siting prooess would be helpful, the
1JOE has provided it in two apctions of
this notice: Sectiun 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. Commuents on the Consuftation
Procass

1, Adequacy of the Consultalion Process

Many of the commetrsts on the
propesnl of February 7, 1903, criticizacd
the consultation procews for the
guldelinea. Some said that consultatlon
with tho 8iutes and Federual agencies
had not been adequate knd had not
begun garly enough, and some staled
that early consultution woul.. have
improved the proposed guidelines. One
commenter suggested zn ndditionsl
sories of heurings in States wilh
poientially acceplable sites aftor final
guidelines have boen preparod. A
number of commenters also requested
specific detuils of the process the DOE
inlends {o {ollow for consultntion with
the States during the implamentaiion of
tha guidelines.

Maony of the commenters complained
that the time allowed for review and
commenli on the guidelines was too
short, that the public had not been
udequaiely notified of public hearings,
that the locution and theo scheduling of
the hearings wera inconvenient, and
thal. before publishiug final guidelines,
the DOE ghould releusa for ancther
round of public commant guidetine
revisions resuiling from public
comments on 1he proposad guidelines.
Also raised wore questiona about the
process of oblaining NRC concurrence
and future reviaions of the guidelines as
allowad Ly the Act, especially revisions
matis 3o reflect possible changes in the
EPA and the NRC regulations [see
Section 1L A1)

The Act prescribed a lime period
wilhin which the DOE was to issue final
guidelires and a process for consulting
on guideline davelopment. As explained
in Section 11, the DOE greally expanrded
this process to ellow wide opportunily
for review and comment on the draft
guidelines and 1o provide for continued
congullation with Stetes and lodian
triles (see also the commeni-responae
document {18) for more-deleiled
responses to the comments on
coneultation). The proceas to be
foltowed for consultution wilh the Siates
during the implemenrtation of lhe final
guidelines will be specified in the
consultation-and-cooperalion
agreements that will be negotiated with
the affected Stales and affected indian
iribes In accordance with the provisiona
of the Act.

The Act allows the guidelines 1o be
revised as necessary. Such revisiuna
will be made through a process of notice
and comment in accordance with the
Adminiatrative Procedure Act. In
responso Lo the NRC'a preliminary
coocurrence condition 2 (Section 11.C)

und concerns expresaed during the
NRC's moeling on June 22, 1084, the DOR
hus made & commitment in § 960.1,
“Applicability.” to submit all guideling
revisiond to the NRC for 1ts review and
concurrence before issuanca,

2. Endorsement of the Alternative
Guidelines

Severat comeients askad why the
allernailve guidelines of May 27, 1083,
were aliributed to the DOE-appointed
task force and had not baen andorsed by
the DORE, Many of the comments stated
that tha alternative guidelines
represcntad a very significant
improvement over the proposed
guidelines, Some raguested thut tha
DOE formally roissue tho alternativa
guidelines as a DOE proposal and allow
another full round of public comnent.
Muany partias stated that the DOE's
conguliation process on tha guidetines
had greaily insproved and expressed the
hopa that similar consultations would
continue through all phases of the DOFE's
siting investigations for repositories,

The DOE wishad to allow the task
force the greatest flexibltity in
developing alternative guidelines that
met the raquirements o% the Act and
responded to tha camments on the
original proposal of February 7, 1983,
Moreover, 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 States and agencies
for review and comment and were made
gvcilable to the public as well, Because
of the generally favorablo commenta
from Slates, Fedaral agencios, and the
public, the DOE uged the alternative
guidelines aa the basis for preparing the
guidelines that were submitted to the
NRC for concurrence {see Section 1l for
a more detailed discussion).

1V. Overview of the Guidelines

The process of conaultation, comment,
and NRC concurrence [Section 11} led to
revisions in tha guidelinea. This section
expluins the final guidelines in detall,
giving the reasons for the choices that
the DOE made in developing their form
and content. In addition to the changes
describad in this sestion, many editorial
changes wara mada tn response to
suggestions for making the geidelines
clearer and easier to understand.

A. Structure of the Guidelinas

The guidelines are presaoted in three
major cetegories: implementation
guidelines, poatclosures guidelines, and
preclosure guidelines.

The implementation guldalines govern
the application of all othér guidelines in

the «valuation of siles and getablish

gr riul sules to be followad durlng sito
6. '26ning, nomlnation, recommendation
fo:r shuracterization, and

tr »mmendation for rapoaitory

d. olopment,

"¢ postclogure guidellnes govern the

itina conslderations that deal with the
. me-term bahavior of a repository--that
i, '+ behavior after wasta emplacemant
ano repository closure. These are the
considerations most important for
ensuring the long-term protection of the
hea'th and safety of tha public.

Tha preclosure guidélines govern tha
aiting considarations that deal with the
operation of the repository before its is
tlvaed, while waste 19 belng recelved
and emplaced. These are the
cor:pidaratlons Important in protecting
the public and the raposiiory workars
from exposures to radiation during
repository operations. They are also the
most important considerstions In
protecting the quality of the
environment and in mitigating
socioeconomlc impaets, bocause most of
the environmantal and the
socioeconumic effects of a repository
will ocour during its conatruction end
operation.

The purpose of separating the
preclosure and the postclosure
guldelinea is to make claar the
differences in the rolea played by these
guidelines. This separation i3 consistent
with the atructure of the proposed EPA
standards (40 CFR Part 181], which
catablish different radiological-safety
objectives for the praclosurs and the
postelosure parlads, and the NRC
criteria {10 CFR Part 60), which are
similerly separated.

Both the postclosure and the
preclosure guidelinea are divided inta
systam and tachnical guldolines. The
postclosure systam guideline states
broad requiremants that are based
gerierally on the objective of protecting
public hoalth and gafety and
the environment and are based
aspecifically on applicable regulatory
standards. The postclosure system
guideline atates such requirernents for
the repository system, and each of the
corresponding postcloaure technical
guidelines apecifies requirements for
one or more elements of the repository
system-—the physical properties and
physical phenomena at the site. The
three preclosure aystem guldelines state
broad requirements for three different
aystems, Theae systemas include, In
additlon to soma characteristics of the
site and more engineered components,
the pecple and tha environment near the
site. Each of tha corresponding
prealosure technical guidelines specifies
requirements on one or more elements
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of those systoma; these elemantr are
deftned In Section [il.D.4, Both the
postclesure and the preclosure 1rchnicel
guidelines specify conditions 11: t would
qualify or disqualify siles, and ey
speclfy conditions thet would be
congidered favorable {o peientiully
wdversa,

Each technicel guldeline contuins &
qualifying condition. Taken logathar,
these qualifying conditions are the
minimum conditions for ei.e
qualification. A aite will ba qualified
onty if it maets all of the qualificetion
conditions; no singis qualification
conditlon is sufficient to qualify a site. A
sito will be dlaqualifiod if stte
characterization shows that it fuils to
mee! any one of the quallfying
conditiona. Failure to meet & qualifying
condition can usuaily be delermined
only after site characterization and the
concurrant investigations of
environmental and socioeconomic
conditions: quallfying conditions must
genorelly be stated in termas of
specificationa that require analyses of
the repository syatem, and data for such
analyses will be avaitable only after site
churactorization and Investigsticn.
Befors site characterization, however,
evaluations that compare sites will be
abls to revea] the relative poiential of
those sites to meet the qualifying
conditions of the technical guidelines.
The findings that can be made during
various stages of the site-eelection
process are defined and listed In
Appendix I to the guidalines,

Twelve technical guidelinee also
contain disqualifying conditions, Eech
describes a condition that s considered
s0 adverse as to constitute sufficient
evidence to conclude, without further
consideration, that a site is disqualified.
Almost all of the 17 dlsquaelifying
conditions pertain to conditioos whose
presence or absence may be verifiabie
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
HI to the guidelines). Application of the
disqualifying condition on ground-water
travel time {§ 900.4-2~1) may, however,
require data collectied during site
characterization. 1t is because of the
intent that the quslifying conditions
should be useful early in the siting
process that tha converse of each
qualifying condition was not liated as &
disquaiifying condition.

The inclusion of the favoruble end
potantislly adverse conditions is based
on the NRC’s 10 CFR Part 80. These
conditions oan be used to predict the
suitebility of a sila before detailed
studies of the site have been performed.

They provida preliminary indications of
systern performance.

Although favorable conditions nead
not exist at & given site for that site to
meet tha qualifying condition, the
existenca of such conditions leads to an
expoctatiun thot subsequant avaluations
will yield enhanced confidence ina
gite’s suitability. Similarly, the purpose
of determinlrg whether any potentinlly
adverse conditions exist ut a site is to
pravide sn early indication of condltlona
that most be examined carefully before
judging the anceptability of thet site.
Buch examinations must evaluats the
effects of other, possibly compenaatory,
conditions present at a site. Thus, & gite
that has most of the favorable
conditions may he presumed lkely to
meet the syetem guidelines, whilo a aite
with many potentlal adverse conditlons
moy not meset them.

By providing preliminary indications
of system performance, favorablo and
poteatially advarsa conditions are
intanded to ba vaed 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
resournes ore limtted, Sone level of
system evaluation may later be required
to determine whother a potentiaily
adverss condition so identified i
actuelly adverse and. if a0, to what
extent it affects site suitnbility.

At some point, availabie evidence
may be sufficlent to conclude that a
potentially adverse condition is, in facl.
8o serfously adverse as to support a
conclusion thut the relatad qualifying
cendttion i rot, and will not, be
eatisfind. In such a case, the slte will be
disqualified. For example, potentially
adverse conditions related to the
possihility of requirements for
engincering measures beyond
rensonanly avatlable technology mey.
upon sufficient study, be found o
impose with certainty such
extraordinary englnesring measures and
a8 a rosull caupe disgualification.

In the guidelines of November 1983,
the tachnjcal guidelines in both the
postclosure and the preclosure sactions
were subdivided into smailer groups.
The postclosure guidelines were
organized into two groups: (1} guidelines
for the conditions and procerses that
would be expected to ufiac! the
performance of a repository and (2)
guidalines for potentially disruptive
processes and events that, though not
expected, might disrupt the repository.
The first group was to be essigned
greater importance in site evaluations.

This grouping and the hierarchy of
i~aportonce were obfectionable 1o the
NRIC because the grouping was not
s*rictly consistent with the NRC's

Ategories of "anticipated” and

uaanticipated” processes and events.
“*irthermore the NRC was concerned
ta4t not ail of the guidelines assigned to
the second group [potentially dlgruptive
. ocesses and events) could be
¢ nsidered o be of secondary
irzportance, and thus In the site-
selection process the DOE may overlook
"somo site characteristics that are
importunt to repository performance.” In
ilg preliminery concurrence condition
s{h), the NRC asked tho DOE to make
the postclosurs guidelines conslstent
with the NRC's cutegoring of
"anticipated" snd “unanticipated”
processes snd events. In responsa, the
DOE, after evaluaeting the hierscchy of
the postclosure guideiines, dectded 1o
delete the subcategcries.

As e consequence, the posiclosure
guidelines are no longer ranked, hut
they continue to retain precedence over
the preclosure guidelines. The
climination of ranking for the
portclosurs guideiines was acceptahle
to the NRC, which hed ststed in lis
preliminary concurrence decision that it
“spes no expllicit requirament for this or
nuy other ranking” in tha Act and that
“the jssue of rabking or ordering the
guidallnes will not materially affect NRC
in carrying out ite statutory
responatbilities” (40 FR 06859).
Furthermore, the NRC considers (49 FR
24135] that erguments for guideline
ranking are motivated by tha need for
some assurance that the DOE's site-
selaction process will proceed in a
“togical and verifiabie fashion.” The
DOE's rosponsa to preliminary
cancurrence condition § provides such
sssurance, by specifying during which
phase of the siting procaese spetific
guidelines are to be applied and the
findings to be made In these
applications. {See Section IV.B fora
more detailed dlscussion.)

The preclosure guidelines are grouped
into three categories, which separately
address concerns about radiological
safety; environmental impacts,
socioeconomics, and transportation: and
the ease and cost of repository siting
construction, operation, snd cloaura.
These categories of guidelines are
eveluated by different techniques, and
the aeparation is intended to facilitate
their application.

The orgenization of the guidelines.
thazefore, is intended to make clear how
they can be used during the siting
process, Early in the process. when data
sre faw, the disqualifying conditlons are
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v be applicd to eliminate unsuitabin
bnd units, and then the favorable o +d
potentinily adversa conditfona mus* Lo
applied to the remaining Innd units o
provide the beat approximations o”
suitubility. As more dnta become
available. the qualifying conditions of
the technical guidelines can be used as
standards for approximating auvitability.
The prucess will culiminate ufter aite
cheracterization and tnvestigation,
when enough data are avaitable to
relinbly establish whother the syatem
yuidelines nre met,

A1, Sective-by-Section Analvyls

Ag explnined in Sectfon i, the DOR
submited the guidelines to two rounds
of public review and comment, The fipst
followed the publicotlon of the praposed
guidelines on Februnry 7, 1063; tha
second followed the publicatlon of Hiw
allurnative guidelines on May 27, 1683,
The comments received on the proposad
yiidelines ware considerad in
daveloping tho alternntive guldelings;
the digposition of thesa comments is
disgussed in detafl in the comment-
response document {18). Comments on
the alternative guidelines were
connidered in developing the fingl
guidelines, whose structure and formut
were sdopted from the elernutive
suidelines. The resolution of those
comments is discusaed in the sections
that {ollow, which also present the
purpese nnd intent of esch final
guideline and describe tho changes that
resulied from tho NRC concurrence
process. Comments on the pimposad
goidelines of Feliruary 1963 are
discussed here anly when necessury to
elucidate the develupmant of the final
guidelioea.

t. General Provisione {Subpurt A}

This scction of the guidelines congists
uf the statement of applicability of the
guidelines and lhe definitiona.

Section 960.1 Applicabilily. As
specified in Section 112(a) of the Act,
the Becretary of Energy shalt uae these
guidelines in evaluating the suitabilily of
sites for development ea repositories.
The guidelines will be vsed for all
suitability determinations made
pursuant to Saction 112(h} and
prelinsinary svitubilily determinations
reqoired by Section 114{0).

In the November 1983 guideiines, thia
section stated that, in applying the
guidelines, the DOE will resoive any
incunsistencies with the Act, 10 CFR
Part 60 nnd 40 CFR Part 191 “in g
manner determined by the DOE to most
closely agree with the intent of the Act,”
In ita preliminary decision. the NRC
pointed out that its interpretation of 10
CFR Part 80 ia binding on the DOE and

requosted, in prelininary couguirenco
condiion 1, the DOE to recognize the
tWRC's juriadiction over the resolution of
difforences betwoen the guldellnos and
10 CFR Parl 00, Tho DOE responded by
reviaing Section 800.1 to acknowledye
the jurisdiction of the NRC in this
atniter. Further, becsuso of the necesaity
for uny site selacted by the DOE to
ultimately comply with 10 CFR Furt 00
and 40 CFR Papt 191, In the event of a
cunfliot between the guidelines and
either 10 CFR Part 60 or 40 CFR Part 181,
these NRC and EPA regulations will
supersede the guldelings snd eonstitute
the operative requirement In any
application of the guidelinge.

In the guidaiines of May 1064, the
DOV also made the commitmant, in
responsa to the NRG's preliminary
eongurrance condition 2, to obiain the
NRC's concurrence on revistons to the
siting guidelines that relate to NRC
jurisdiction. The DOE had alwaya
intended to submit guideline rovisions to
the NRC for concurrence but hud not
explicity stated this Intention, assuning
that, since i was required by tho Acl.
submittal of revisions for NRC
concurrence was understood.

Tha NRC had expluined (49 FR 9650)
that it would heva jurlsdiction to review

tho guidelines insofar as they might bear

on the exercise of NRC responsibillty
under the Atomic Energy Act, the
Energy Reorganization Act, the Natlonal
Envirenmental Policy Act, snd the
Nuclear Waste Policy Act. In view of the
bruadness of this jurisdiotlen and
comments made by the Siates at the
Juno 22, 1983, NRC mecting, the
Commissicen requested, and the DOE
agroed, that afl revisions of the
guidelines would be submitted for NRC
concurrence,

Socifon 960.2 Dofinitions. T clorify

“the intent of the guidelines, the DOE has

inctuded an extensive list of definitions,
The sources of the deflinttions are the
Nuclear Waste Policy Act of 1982; the
NRC's 10 CFR Part 80 {17], the EPA's
proposed 40 CFR Part 181 {15}, Waler-
Supply Paper 1988 of the U.S. Geological
Survey (18), and the Glossary of
Geology of the Americen Geclogical
Inatitute {19}. Sumie of the definitions
obtained from these sources were
slightly modified to enhance elarlly or
case of application. Where the NRC and
the Act providad differing definitions, an
uttempt was made to incorporate the
intent of both deflnitions, If a given term
was deflned differently by the NRC and
a8 spurce other than the Act, the NRC
definition was used for consistency and
to facilitate future NRC reviews of siting
and licerising documents. For terms that
hu<t not been previously deflned, now

delinitions appropriate o the guidelines
we.: formulated.

aany commenters complaingd that
the -eoiad “reasonable axpectation” and
“I:- woid the state of the art” were
di  andt to understond or to
denonstrate. "Reagonable expectation”
1w been eliminated becouse the DOE
I. -6 ciranged the npproach (o reaching a
dee vton on suilability: instead of
dem.:nstrating reasunable expectation,
the DQE will make 4 comprehensive
eveluation of the complignce of the site
wi.t alf guidelines,

*Tryond the stuie uf the art” has bean
vepluced with “rensnnubly available
techinglogy,” which is defined to mean
“techinoiogy which exists and has been
demonstrated” ur for which the resalis
of any requisite duvelopment,
demonstratlon. or confirmalory testing
effurta before application will be
aveilable withia the required tima
periods,

Thir term “disturbed zone™ eliclled a
lurge number of cumments, most of
which questinned how this three-
dimenstonal “zone" could be considered
a part of a two-dimensional “area.”
Reference to the definition of &
“vontrolled area,” which specifically
includes the underlying subsurface,
ahould help clarify the issue, "Disturbed
zona"” hed been defined to mean that
portion of the conlrolled arca whoas
physical or chemical properties are
projected to change permanently as &
result of the construction of the
underground facility und the
emplacemenl of heaf-producing wasto
such thel the resultant change of
properties could have a significent effect
on the performance of the repository,
Thus the deflnttion includes both
mechanlcal disturbences, which will
occur during construction and operation,
and heat-Induced disturbances, which
will occur after clogsure. The definition of
this term is important becauvse the
boundary of the disturbed zone {i.e., the
boundary between the altered and the
uneitered host rock) is the sturting point
in caiculgting the time of ground-water
and radionuciide travel to the accessible
environment, Exclided from the
disturbed zone ns deflned in the
guidelines are the shafis from the
surface 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™
becuuse they are not realisticolly the
starting polnt for radicnuclide travel.
{The shafts will be sesled after clusure,
and the sesls will be port of the
engineered-herrier system.)
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lu its preliminary concurrence
candition 9{a), the NRC requested that
the word "permanently” be deleted from
the definition of “dislurbed zone’
becnuse the "disturbed zone,” ax
defined in 10 CFR Part 60, is noi umited
to areas thut have changed
“permanently.” The NRC was thercfore
eoncarned that the DOE might neglect
frunsieni changes that could have a
significuny effect on repository
performance or that the DOF might
make siting decisions on the busis of a
disturbed zone that is different from that
specified in 10 CFR Purt 80, Since the
purpoge of the DOE'y definition is
sccomplished by the NRC's definition in
10 CFR Purt 60 and by the phrase "such
that the resultant chenge of propuriies
could huve a significant effect on tha
perfurmance of the geologic repoaitory,”
the DOE agreed to rlelele the word
Ypermanenily,”

The definilions of “sccessible
environment” and “controlled areu”
elicited epproximately 20 comments,
Decnuse of the relalionship between
these two lerins, they nre discussed here
in terms of concorne about the
conirolled aree. The comments
indicated conaiderable
misunderstanding of the concepts and
expressed concern about (1) the releases
of radionuctides in the controlled area,
buth uniterground and on the surface; (2)
the lavel cr levels of contro) over sccess
und fulure use; and {3} the extent of the
controlled area [i.e., the distance from
the underground facility 1o the
atcessible environment).

The concept of a vontrolled area was
developed by the NRC in 10 CFR Part 80
tu exclude hcompalible aclivities before
and after permanent closure: the outer
boundary of the controlled ares is the
aceessible environment. Rudienuclide
releases nnderground in the controlled
area will ba controlled by the wasta
puckage during its effective lifetime;
after the package contaiminent is loat,
they are 1o ba limiled to the allowable
rate of release from the enginecred
syalen) |1 parl in 100,000 per year),
Containment by the wasle package is
required to be essentially complete
during the first several hundred years,
when most of the radiation and hest in
the engineercd-barrier syslem comes
fron the radioastive decay of fission
pruducts. The containment period and
the low felaase rate after containment,
combined wilh the retardation of
radionuclide migration through the host
tack and the surrounding geologic
formations, will drastically limit the
concentration of radionuclides that can
reach ground-water and thus be

trungported (o the accessible
environment,

During operalion, surface releuses
within restricted uress of the eoutrollud
urea will be governed by 10 CFR Part 20,
the NRC's slundurde for profection
against radiation, Surfuce releases
outside the restricted areas will be
governed by 10 CFR Part 60, the NRC's
criteria for geologic reposilories, and 40
CFR Pgrt 101, Subpart A, the EPA's
environmental standards for waste
management and storige,

Access Lo the surface facilities will be
restricied [the “restricled area”). The
controlled area will be subyject to lesse:
controls. Quiside the restristed ares,
uctiviliea thut could affect the
performunce of the repository, such aa
deep drilling, will be prohibited, Lut
surfuco activitics courd be parmitted by
the DOF., Additional information an aile
ownersilp and contral is found in
§§ 960.4-2-8-2 and 960.5-2-2. The size
of the controlled area, nt a given site,
will depend malaly on the rate of
radionuclide movement through ground-
wiler and will be established on a site-
by-gile basis 10 ensure that releases to
the occesaible environment will not
exceed those permitted by 40 CFR Pup
191, It can extend to as much as 10
kitometera in any direction frem the
undergroond facility, but it naed not be
this lurge If the EPA standards can be
met in o shorter distance.

Nearly 20 conumenters reques lpd
particular definitions of "high-level
waste." The definition of “high-lavel
waste" wan token from the Act and is
slightly dilferent from the definilian
used by lho NRC in 10 CFR Part 80 in
that high-level radioactive waste is nol
cousidered 1o include spent nuclear fuel.
The Act always refers lo high-level

radioactive waste and spent nuclear fuel,

sepnrately, 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 cutegnry of “radioactive
waste” that will be disposed of at the
repository. For hrevity, therefore, the
lerms “radioactive waste” and "waste™
are frequently used in the goidelines to
denote "high-level radivcactive 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 terems [e.g., "active fault”
and “lithoaphere™); gechydrologic terms
{c.g. "confining unit," "ground-water
flux,” "ground-water travel time,”
“hydraulic gradient,” snd “hydreulic
conductivity”); terms related to the
performance of the repository {e.g.,

“camulativa relenses of radionuclides.”
1 xpected repository performunce.”
“wrohydrologic system™); and terms
r-:atud to the development ond

« 1-teullion of a repository (e.g..
Crostrieted area,” Vsile

uracterization,” "surfuce lucilities,”
id “closure™)

For cunsislency with revisions in the
prstelnsure guidelines {Subpart C), the
b -ms “characteristics nnd proveases
ae-2r:ting expacted repnsitory
performance” and “potentially
disruptive process and evenls” were
Jeleled, To clarify revisions of the
implementatton geldelines [Subpar D)
made in responsn tn the NRC's
concurrence conditions 4 and 8, four
terms wera udded: “application,”
“evalaation," “finding,” end “source
term.”” Alno deletad from the definitions
was the term “cupillary fringe” because
it ig not used in the NRC's pruposed.
maodification to 10 CFR Part 60 for
disposal in the ungaturated zone; the
definition of "ungaturated zone” was
modified uecordingly.

2, linplementation Guidelines {Subpant
B. Section 980.3)

Although the proposed guidelines
discussed In general terms their
applicalion during siting, meny
commenters requasted a more detailed
descripton of the procedures to be used
und a fuller discussion of & number uf
issues. Becauso of the numerous
requesta for a clearer, more specific
dissussion, the \ask force developed, for
the alternative proposal of Muy 27, 1883,
implementatlon guidelines that specified
the procedures for applying the rest of
the guidelines.

The comments on the implementation
guidelinps in the alternative proposal of
Mny 27, 1983, included several thai
disagreed with particular provisions, bul
hgain many commenters requested
additiona! clarlfication. The DOE
therefore reviged the implementation
guidelines and prepared a description of
the process by which they will be
applied. That description is presented in
this section, after a discussion of the
NRC's pretiminary concurrence
conditions for the implementation
guidelines.

Two of the comments on the
implementation guidelines did not
address any particuler provision, One of
these wus concerned with the favorable
and potentielly adverse conditions: one
commenter interpreted the
implementation guidelinea to require
thut the favorable and potentially
adverse conditions be simply counted
up to determine site svitability, This Is
nat at al! the intent. The mzre presence
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of a potentially udverse condition
requires an evaluation of it influr..ca
on ability to comply with the qual:ying
conditions of the partinent sysiem
guideline and a determination thet it is
miiigated by related favorable
conditiong or goma other sits-ppecific
fuclo=s, Such evalucilons arg not
restricted to the form of simple counting
since the signilicance of ench of the.u
conditions may ba amplilied or
diminished Ly other aite-sp cific
conditions.

The second genera) comment was a
request, from many States, that the
guidelines {or laler amendmnnis) inciude
4 numarical {or equivelent) method for
"computing” compliance with the
guidelinea and for the resulting site-
recommendation decisions, thareby
ensuring that future findings and
decisions nre "objoctive.” The DOE has
not found support in the technicsl
cotnmunity, in particulur in consultation
with the U.8. Cealogical Survey, for
such a method nor hes the DOL baen
uble 10 determine the framework for o
predoatermined method that would be
sufficiently complate.te eliminale the
excrciae of judgment on the past of the
Yederal offieinls who will moka these
deeisions after consultation with the
States. The DOE does not believe that
the perfermance of a sysiem as complex
aa & reposilory site, taking the natural
slructures and systems alone, can be
represented Ly arithmetic formulas
without seriously dislorting critinal
synargies among the component
clements. The DOE has, in the
guidelines, made an efiort 1o provide
guidance by prescribing the relative
importunce of nubsets of the guidelines,
wilh the postclosure guidelines being
asgigned primary importance.

In its meeting on June 22, 1904, the
NRC requested the DOE to delete from
§ 900.3-2-3, "Recommendation of Sites
far Characlerization,” the statement that
the basis for the recommendation
decision will include *“a preliminnry
detarminalion, referred to in Scelion
114(0] of the Act, that such sitey are
suitable for development of
reposilories.” This statement had been
added to the Mey 1964 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 tha discussian of the
preliminary determination was outside
the scope of the guidelines and
accordingly revised § 960.3-2-3 by
deleting the above-mentioned siatement.

Three of the NRC's preliminary
concurrence conditions were related to
the implemenlution guidelines: conditinn

4, which agked tha DOE o clarily the
role of enginearad bairiers in sile
evaluations; condition 5, which askad
the DOE to specify In greater detail how
the guidelinegs will be applied; and
condition 8, which uskadpthe DQE to
indicaia the kinda of information needed
for decisions about sita nomination and
recommendalion for site
churacterization, In response to thase
conditions, the DOE revised and
axpandad the implementation
guidelinas, The principal changes are
discussad below. This diacussion is
followed by a detuiled explanation of
the revised Implementation guldelines,

Summary of Revislons Made in
Respense to the NRC's Cencurrence
Conditions

Enginecred barriers. In lts prelimlnary
cancurranca condition 4, the NRC asked
the DOE to modify the siting guidelinas
to meka clear that "engineered barrlers
cannot conatituta a compansating
measure for deficiencias in the geologic
media during site screening.”
Furthormoro, during the public moeting
held by tha NRC on Junuary 11, 1964, the
EPA testified that, in making
comparative performance assessmenis
[or potential sites, the DOE ahould
asaumo that the poerformance of
enginoerad barriera {i.e., waste packages
and woste forms) is ut least 10 times
less effective than that required by 10
CFR Part 60 in order to compare the
isolation capabilities of tha sites.

The DOE had never intended that
aeiginecrad barriers be uaad to
compensate for site deficiencies. These
birriers were mentioned in the
guidelines beceuse the EPA's proposed
stundards in 40 CFR Part 101 specify
requirements for the tolal reposilory
system, which includes engineered
barriers. Furthermore, the rote of
engingered Lurriers as part of the total
sysiem is recognized by the NRC, which
hoa esteblished epecific performance
requirementa for the waste package in
10 CFR 80.113. In response to comments
on the alternative guidolines of May
1063 and {9 comments recelved during
subscquent meatings with the States
{see Section II}, the DOE had revised
§ 960.2 in the November 1883 guidelines
to clurify the role assigned \o engineered
barriors. However, the revision was
appuarently not explicit enough lo satisfy
the concerns of those who objected to
tha uye of engineered barriere as
compenagiing meagures.

Therelore, to satisly tha NRC's
condition 4, the DOE ravised
implementation guideline § 900.3-1-5
(formerly § 960.3-1-4] to statg that in
camparative site avuluations engineerad
burriers “shall be considered only to the

on’zat necassary Lo obtain realistic

ci wrsn terms for site evaluations” and
"+i-ali not be used to (1] compensate for
a ticcdequate site; (2) mask the innale
¢ :tciencies of a site; (3] disgulse the

¢ -sugth and weaknesses of A slie and
in. overall syetem; and {4) mask

di turences hetwaan siles whan they are
iempared.” Furthermora, to

at ;ommodate the EPA's proposal, the
x4 eddad to this implementation
guieline requiremonts about the
assumptions to be ueed sbout
engineered barrlors in comparative
svaluations, specifying that "a range of
lzvels in the performance of engineered
birriars” la Yo be used [the parformanco
varying by at loast a factor of 10 above
and below the requirements of 10 CFR
6:..113).

At the June 22, 1084, meeting of the
NRC, the DOE agreed to further clarify
the relo usslgned to engineered barriers
in site evaluetions {ace Sectlon ILC).

Application of guidelines ot each
giting stage. In 118 preliminary
concurrenca condition 6, the NRC asked
the DOE “lo apecify in groator detai)
how the guidelines will be applied at
each siting stuge, including site
nomination and cheracterization." The
creation of a standard for determining
the DOE's level of confidence in data
supporling site nomination had alse
been ruised by several commenters,
Throughout the guideline-developmant
procees, the DOE had intended that
each sita would be evalualed against all
guidelines in tha siting stages applicable
to tha first or the aecond repository—
that ia, to apply all guidelines
\hroughout tha siling process. However,
during the concurrence meatings, the
NRC stoff suggesated that the term
“apply" be used to mean “evaluate and
make a finding againat." After
considering this suggestion, tha DOE
agraed that this definition would be
helpful in clarifylng the guideline-
application proceas. This suggestion was
implgmentaed by preparing o now
appendix {Appendix I} for the siting
guldetinea and revising the
implementation guidelines, aspeclally
§ 680.3-1-5, "Basia for Sile Evaluations.”

Appendix il specifies how the
guidelines are to be applied at the
principat decision poinia of the siting
proceas: site ldentification as potentially
acceptable, nomination as suitable for
characterization or recommendation for
choeracterization, and recommendation
for development as e repository. In
parlicular, this appendix speciliea the
types of findings that are to result from
the applications of ihe disqualifying
conditione and the guatifying conditions.
Twa lovels of finding, one showing an
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incressud lovel of confidence
othwr, are speciliod {or bath th
disquniifying and the qualifyirg
conditions, For Lhe disqualifyirg
conditions, o level § finding {i.a. the
evidence does not [or conver: :ly, does}
support a finding that the site ia
disqualified} must be made &t the
nomination atage, while n level 2 finding
{i.0., the evldence supporls a finding that
the site I8 pof disqualifind and 1s not
likely to be disqualifiod, or that *he site
i3 disqualified or Is likely to he
disqualified} must bs mde and
supportad at the timo of
ragommendation {or reposuitory
dovelopment (she selection}. For the
qualifying conditions, n level 3 finding
(i.e. the svidence dooa nat {or.
ronversely, does) aupporl s finding tha!
the sile ia nof likely to meet the
quatiflying condition) must by madn at
the nominnton alage, while a lovel 4
finding {l.2.. the slis mcets tha qualifylng
condition and !s likely to continue to
meet it or that tho sile cannot meat the
qualifying condition or is unlikely to ba
able to meet it} mist ba made und
supported at the recommendution for
repoailory development.

Saction §60.3-1-5 wus revisod (1] to
delote tho grouping of tho postclosure
guidslines into two nutegories {see
Section H1); (2} to clarify the rolo of
engineered barricrs in site evuluation. s
already exploined above: and (3] fo
make various editoria} chunges for
greater clurity of meaning end intent. In
its finai conourrence decision, the NRC
ngroed that the DOE's additions and
inodifications satisfy the requircmiants
of conditios § and the vevived guldelines
describe an implementution prucess that
"providoes confidence thut aiternative
siies will be selected in & ovanner thal
meats the requirementa af the Nalional
Eunvironmenlal Policy Acl.”

Kinds of infermation. The NRC'y
preliminary ¢nncurrence condition A
stuies thut the "DOE ahould supplemnent
the guidelince 1o indicate the kinds of
informatlon neceasary for DOE o make
Jdeclsions on the nnmination of ot least
five repository sites and subsequently
recommending thoge sites to the
President for charusterizution. . . .
Similar questions on the data (o suppor!
nomination had been presented to the
DOE hy several commeniers. The DOE
ugreed thut such biformation watid be
heipful and in responss added u new
appendix {Appendix IV) and & new
gection (§ BB0.3-1-4) 1o the
implementatiun guidelines. The new
section, “Evidenca for Siting Decietons,”
ip discussed in the subsaguent
expianarian of the iinplementation
guidelines,

.verthe

[0

Appendix IV specifies the types of
information the DOE expents ta he
inciuded in the evidence used for the
guideline applications aet forth in
Appendix If at the time of alte
nominations as suitable for
characterization. The appandix presents
these information elements for each
technical guideline: the typea of
loformation listed are considered to be
the mos! algnificant for the evaluation.
o site agninst that particular guideline,
For exumple, for guideline § 860.3-2-5,
Frosion. Appendix IV requires “a
description of the siructurs, siratigraphy,
and geomorphology of tho site, in
anntext with the geologic setting” and
alates thal the types of information that
would support !Yﬁs description would
include “lhe deplh, thickness, and
latoral extent of the host rock and the
overiying rack mass; the ithnlogy of the
steatigraphic unite above the host ruck;
und nature angd retes of geomorphic
proceases during the Quoternary
Perind,"

Where necessery, Appendix IV allows
the uge of tachnically conservetive
assumptions or extrapolations of
reginnal data to supplement the
information collected for the site, since
this stage of the site-selection procees
precedes site characterizaifon,
Forthermore, it is recognjzed that the
spacific Information for the guideline
applications set forth tn 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 reliohility of the
information,

Fxplanution of the Impiemenlation
Guidalines

‘the paragraphs that follow discues
the finn} implemaontation guidelines,
which lnnorporute the DOE’s responses
ly the NRC’s concurrenne conditions.

Siting provisions {§ 980.9-1). Tha
impiementation guidelines begin with
live provisions for the siting process.
The firet three of these provisions
{45 400.3-1-1 through 980.3-1-3} govern
the efforts to find dites with a diversity
uf genhydrologic settings. a diversity of
lypes of host rock, and. when siling the
sacond repository, a reglonal
distribution. These provisions ure
derived from the Act, which specifiea
thut the guidelines are to require the
Sucretary to conaider regionalily and
vurtous geologic media.

"'ha fourth eiting provision {§ 860,31
4 resulted from the DOE's effords to
comply with the NRC's preliminusry
coneurrence condition 6 and was
developed after discunstons with e
NRC ateff. It discusses the evidence {lLe..
information. evaluation. assumptions,

ete.) that is to be used to suppari the
decisions that must be made in four of
the five phases of the siting process—
site tdentification as potentially
accepteble, site nomination for
}aracterization, sile recommendation
{nr charactertzition, and site
recommendaiion for repository
developinent, It is supported by a new
appendix {Appendix 1V}, which, s
explained above, gives examples of the
types of informatton thet will be used in
the nomination phese,

Included in the praviston for evidence
is a digcussion about the use of
assumptions. Before site
charoctedzation ts completed,
prallminary assessments of the potentisi
of & site to meet! the qualifylng
ennditions must necessarity empley
ludicious assumptions where definitive
data are missing. Mauy commnnters
wera concerned that enonsigtent
optimism tn guch aasumptions would-
create benefits out of deficiengies in the
scape of field testing und research
undertaken by the DOR. Accordingly,
$ 960,3-1-4 only allows the use of
ossumptions that would tend fo
underestimate the ability of a site io
meet the qualifying conditions. Such
essumptions are commonly termed
“conservallve” because they are chosun
in order i¢ minimize the posaibility that
later findings will prove the assumptions
to be wrong, This is a commaonly used
uppronch in engineering and in scientific
predictions. Where some detn exist,
statistical range of uncertainty may
cunstruin the Jetitude of such
ussumplions, Even where no direct date
oxist, it i often pessible to establish &
sufficicntly conservative runge of values
by examining cnmparable situutions in
nature or hy inference from related
ptienomena. Thus, there are techniques
for establishing realisticelly
conservalive assumptions thut allow
reasonable decisions to be made in the
fuce of uncertainties. It should be
einphusized, however, that one of the
primury fucuses of this guideline is 1o
ensure. to the extent practicable, thet
unttlyses performed in the ochsencz of
complele dala {ag will necessarily ofien
be the cuse} do no! produce erroneous
protections abowu! the suitani:ity ot &
site.

Al severul steps in the siting process
the guidelines wiil be used in assessing
individual sites and in comparing siles
with one another. The fifth pruvision.

& 000.3-1-5, descriles the busis on
which these evaluptions will be made.
This criterion begins by sssigning
primary significance to the postclosure
guidelines end secondury significance to
ihe preclosure guidelines: this
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ussignment is to be used in sll the
evaluations except those made dur q
the scroening phase of tha siting
pracess, This assignmen of signific nce
recejved general approval, but son
commenters argued thet aqual
significance should be assigned to
postclnsure and preclosure guidelines.
The fundamentul purpose of o geologic
repoaitory is to provide jong-term
tsolation for radiouctive waste in a
munoer that protecis the hosith and
safety of the public. That fundumiental
purpose will be achievud primarily by
the aite features relatud to the
postclogure guidelines, The posiclosure
guidelines are aceordingly given prlmary
significance. The DOE recognizes that
the proclosure guidelines govern Lighly
importnnt sapects of a repository, but
during the siting process the postclogura
guidelines are coliectively to be given
primary significance over the preclosure
guidelines, taken fogether, becouso the
long-term concerns nbou! pubiic health
and safety must take precedenco over
soncerna about precioaure offocts, which
will be temporary. Nonetheless, in ordor
1o yunlify for repository development, a
site must meel the qualilying conditions
of &ll the guidalines.

'The evaluation-basis provision of
§ 0680.3-1-5 next establishes an order of
importance for the technical guidelings
in the preclosure categories. Unless it
cen be demonstrated to ths sstisfaction
of the NRC that the repository will be
safe during its preclosure phasa, the
reposilory eannot be built. Foz the
praclosure period, the evaluation-bagis
provision therefore assigns highes!
importance to radiological safeiy. A
secondary importance is assigned to the
guidelines governing environmentul
quality, sucioeconomic impacts, and
transportation. The lowcet order of
importance {s assigned to the guidelines
governing nose and cost of siling,
constiruction, operation, and closure,

Section §80.3-1-5 next specifiss rules
for evalualing individuel sites. it
requirea that the eveluation of technical
and system guidelines not be entirely
seporate, Decause the repository must
work as 4 system, an eveluation of the
feutures governed by a technical
guideline must retain some
consideration of the coniributions that
those features make to the performance
of the entire system. Similerly, en
evaluation ageinat r system guidcline
musi include considerstion of the
technical guidelinea accompanying the
system guideline, and the evidency
related to the system guideline. In
recommendlng sites for the development
of repositories, this evidence is to
fnclude enalysis of expected repesitory

performance ond the tikclihcod of
compliance with 40 CFR Part 101 and 10
CFR Part 80, in accordance with the
postclosurn syatem guidelins.

The provision next gives rules for
muking comparisons among sites, These
comperisony are to be bosed on
evaluations ngninet system guidelines to
the extent allowed by the data; they are
intended o aliow comparailve
evaluations of sitoe in terms of the
capabilities of the natural barriers for
waste {solation. When adequaie data
are not avallable for an gvaluation of
the syatem guideline. tho comparison te
to uee tha tochnical guldelines, aaaigning
primary significance to the postclosure
guidetines and following the ordors of
mportance liated shove for the
preclosuvre guidelines.

Sectjon 900.3-1-5 apacifiea tha!
comparuative site evaluntions are to
plase primary importanee on the nature}
barriers of the stie, This specification
reaponds to many comments that
unrestrained assumptions about
engineared barriers could make all sltes
appear udequate end mask inharent
differerices between the sites. Therafore,
in evaluntions against the postclogure
gutdelines, enginsered barriers are to be
considered only o the extent necessary
to obtuin realiatic astimates of the
amounts and kinds of radionuclides that
would constitute a releuss of
radiosctivity (i.e., the source term}.
Inciuded in the provision are
specifications for the treatment of
engineered-berrler performance in
comparetiva eveluations,

The evaluation-besis provision ends
wilh rufea for elte compatsons
performed to support the laat phase of
the siting process—the recommendantinn
of sitea for the development of
vepositories, It specifies thut these
compartsons will consist of two
evaluations that predict radlenuciide
releeses for 100,000 years efter
repository closure and axplains how
they are to be conducted.

Siting process (§ 960.3-2}. The
guidelinee will bo used to evalunte sitea
ut several points in the siting process,
which {8 explained {n detafl {n Section
L.B. This part of the guideilnea prescribes
the procedures to be followed st each
step and ia eummarized below.

Screening for potentially acceptable
sitag {§ 960.3~2~1}. The implementation
guideline governing this step places
requirements on the screening to be
conducied during the selestion of & site
for the second repository; the guideline
states that this section is not applicable
to tho first respository site, for the
reasons explained in Section LB.A.

Neanination of sfies as suitable for
chai wierization {§ 880.8-2-2). The
guioviines will noxt be appited in
aevrval steps during the nomination of
slti r & switable for site
ch racterlzation; the nomination process
itr [ s explained in Bacilon 1LB.2.

[y the first of these steps, the DOE will
+ wn.ning each of the potentially
1 ‘ciptable sites to determine whether
s ~hould be disqualified without
furt, er consideratien. The guldeline
governing thie step {§ 960.3-2-2-1}
requires that the DOR evaluate each
po.'entislly acceptable situ against each
dlzqualifying condition in the technical
postelosure and preclosure guidelines.
Sites at which any disqualifying
condition ls present will be eliminated
from further conaideration, This
reculrement ls provided so thet 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
nominatton phase will occur after the
DOE has grouped {Sectien 1.B.2] the
potentially acceptable sites according to
their geohydrologic settings. The
guideline covering this step [§ 960.3-2~
2-2) requires that the DOE select a
preferrod site in each setting that
containg more than ane sits; the DOE s
to uee the evaluation-basla provision
{$ 900.3-1-6) in meking the selections.

To accomplish this selection, the siies
within a single setting will be compared
with one another by ueing the
postclosure and the preclosura technical
guidelines, Bacause the sites in a single
selting will necessarilf have man
similar features, not all those guldelinos
wiil dincriminate smong the sites. For
example, sites in a single setting will
probably satisfy equagy well the
favorabie condition calling for
hydrologic features that can be mudeled.
In selecting e preferred site, the DOE, in
accordance with this governing
gutdeline, wiil primarily evaluate the
conditions specified in the guldalines
that will discriminate among the sites.
The discriminating guidelines in one
selting will usually be different from the
discriminating guidelines in another
satting: a necessary part of the selection
procesas wiil ba the identification of
discriminating guidelines in each seiting
whore a selection will be made.

The group of preferred sites, along
with tha sites thot 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
gechydrologic sattinga ere available, the
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DOE will select additional sitos irom
neltings that contain more than w.se sile,
as required lo obtain the minim.m of
five siles,

The nexi two applicotion sia s In the
nominnalion process requlrs thal 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 sclecting tha sites being
conaldered for nomination, the DOE wiil
evaluato the svitability of each of them
for development ag a repository, This
evaiuation will, aa requirad by the Act,
use the guidelinea that do not require
sile charecterizution as o pror quisita
for their application.

In the next step In the nomination
process, the DO will evaluate the
sujtability for characterization of each
pite being considered for nomlnution.
This evaluailon will uge the tochnleal
and sysiem guidelines idenlified as
requiring characterlzation aod will
consider the favorable and potentially
adverae condilions {Section [V.A) ot
each site. The evaluation will examine
whether, on balance, the prasence of
such conditions affocts significantly the
abllily of a aite io meet the qualifying
conditions end to avold disqualification.

At (his point in the nomination
process the DOB will have identified &
set of five or inaore sltes for nomination;
it will hove evalualed the sultability of
each of these sites for devalopment en a
reposgitery and for choracterization. The
DOE will bring all of these results
together in a summary comparative
evaluation of the sites. The guldeline
governing this collection of reaulta
(% 660.3-2-2-1) requires the DOE fo
summarize the information supporting
the determinations made up to this point
in the nomination process.

The actuol nomloation of a site as
sultable for charactarization must be
accompanied by un environmental
asgessmont {EA). The DOR will prepare
an EA to accompany the pominatioo of
each of the five or more sites;
linplementation guldetine § 960.3-2--2—4
requires that this EA describe the
decision process that led to the
nomination of that atte. The BA muat
also include other evaluatlons and
discussions described In the Act and In
the guidelines. The guldeline alao
ppecifies that the draft EAs will be made
avallable for public comment and that
the governments of States and affected
Indian tribes wilt ba notified of auch
availability.

Implameniaiivn guideline § 860.3-2-2-
5 prescribea procedures for the formal
nominatlon of aites an suitable for

churacterization, This guldaline callg for
a determination of auitability for
characterization. This determipation I8
1o be based on tho Information and
analyses in the cnvironmentu
aasassmaonts.

Recommendetion of silas for
churacterizalion {§ 860.3-2-3). The nexi
epplicalion of the guldelinos will occur
durinF the process of rocommending
gitas [or chaiactarization, 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 fo be hased on the available
geophyasical, geologic, geochemical, and
hydrologic data (unlesa lhe Secretary
cerlifies, pursuant 1o Seclion 112[b}(3) of
the Act, tﬁal such avallable data will not
be adequate to satisfy applicable
requirementa of the Act in the absenca
of further preliminary borlngs or
excavatlons); (2) uther Informatiun; and
{3) he assoclatod evaluations and
findings reperted in the environmental
assessiments, The guidellne governing
this step spacifies a procedure for
maklng the salection. It requlres that the
pites nominated for characterization firat
ba consldered in order of preférence for
characterization. The guldeline requires
next an application of the provislons for
diveraity of gaohydrologic settings and
rock types, and, for alting the second
repository, the provislon for reglonal
distribution, as specified by §§ 860.3-1—
1, 900.9-1--2, and 96{.3-1-3, respectively,
of the implementation guidelines. This
application will deiermine a final ordar
of preference for characterization,

Soma States felt that tho guidelines
should not be used beyond the
recommmendation of sites for
characterization of that, after site
characterizaiion, the licensing criteria
should take eflect, The DOE boliaves
that this is not the intent of the Act and
would croate an illogical diecontinulty in
the siting process. As discussed aorlier,
under the "Use of Proposed EPA and
NRC Standards,” the standarda of sile
suilability 1o be uged by the licensing
authority (NRC) are to be reflected in
the guidelines o that stting and other
program deciaions will be consistent
with these requirements. Ssction 114 of
tha Act provides that the “Secratary
shall submit to the President a
recommendation that the Preaident
apptove auch aite for the development of
a reponitory," where the site referred to
ta one of at least three candidate sites
for which aite characterization has been
completed under Section 113(b} of the
Act. Section 113(b} requlres the site-
characterization plan for ench candidate
site to Include “criteria to ba used to
determine the suitability of such sita for

it location of 4 reposliory, developed
rursyant to Sectlon 112{a)," Bection

" 12{a] ia the saction that requlres the
¥47)E to develop siting guldellnes, 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 repasitories {§ 560.3-2-
¢). Tha final application of the
quidelines to decislons mode during the
siting procesa will accur during the site-
selection phase. Slte charactertzation
will then have been completed, and the
DOE will seloct one site for
development ae a repositary. The
implementation guideline governing this
gelection requires that the DOE compare
tha charactorized sites on the basls of
the postciosure and the preclosure
guidetines, It also raquires the DOE 10
submit to the President and make
nvallable to the public @ comprehensive
statement of the bagfa for the selection,
including en environmental impact
statement,

Consuliotion (§ §60.3-3}. Throughout
the aiting process the DOE wlll consult
with designated officinls of affectod
States and gaverning bodles of affected
Indian tribes, as defined by the Act. Thia
guideline prescribes that this
consuultation be carried out, defines
procedures for responding to requests
for information, and specifies that the
DOE enter into blnding written
agreements in accordence with the Act.

The Depariment of the Interior
commented on the prudence of
conaulting with Federal lund managers
as soon as the siting proceas considers
lands in thelr juriadiction. This comment
was taken to have a wider validity and
led to the inclusion of conaultation wlith
Federal agencies In the guideline on
consultation.

Environmenicl impocts [§ P60.3-4}.
This guldsline requires the DOE to
consider environmental impacts
throughout the site-characterization,
site-selection, and respository-
development process and to mitigate
them to the extent practicable.

3. Posiclosure Guidelines (Subpart C,
Saction 960.43

The postelosure guidelinea are
designed to establish the performance
objectives (ayatem guldeline) and
technical conditions important ta
meeting those objectives (technical
gaidelines) for the repository system
over the long term after permanent
closure. The length of this postclosure
timo period has not been rigorousty
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defined, alihough the proposoed i1 A
standard {40 CFR Part 101) suggetts that
the major emphasis for enguring "vaste
isalation should be placed on the first
10,000 yoars after closure, The
posiclosure guidelines are struciured 1o
nccommodate any time period
uitimately adopted by the FPA and the
NRC. Naturally, confidence in such
predictiona wil} diminish os predictions
reach further into the future; howe-er,
the rediological toxicily of the wastes {o
be isclated also dimintshie. with tima.

Section 980.4-1  Postelosure System
Guidelinte. The postciosurs system
guldeline requirea campliance with
those EPA and NRC regulations that are
intended ta engure tho! the health and
eafety of the public and the quality of
tha environment will be protected until
the radioactivity In the wuste has
dintinished to safe lavels.

Severs] comments on the eltemotive
guldalinss objected to the inclusion of
srgineered barriers in determining
compliance with the system guideline,
the objectiona being bagsed on the
concerns that engineered barriers would
bs used to compensate for Inadaguacies
in natural systeme and thet the tarm
“gtate of art” imples unteated
technology, The intent of including
engineared burriers was not to
compennate for an inadequate stie,
Rether, enginvered borriers are intended
to enhance the natural system's
conteinment and igolation capacitics to
Lha extent that is practicable. This
epprooch is consistent with the
“multiple-berrier” approach endorsed
by both the EPA and the NRC us &
method of compenseting for
unceriainties in performance
predictions. The multiple berricrs
conslel of both natural-system
camponents (e.g., the hoat rock, )
hydrologic conditions. and geochemiral
conditions} and engineered components
{e.g. long-lived waste packages,
relatively insoluble waste forma,
repoaitory seale and backfill materials
that resist water mavement). The
mclusion uf engineered berrisrs in
sysiem assesements ie stipulated In both
10 CFR Part 80 and 40 CFR Part 191, The
DOE agrees, howevar, that engineered
barrless are secondary to the natural
systom with respeci to Iong-tarm
tsolation. Consoguently, the postclosure
guidelines are premised explicitly on a
recognition of the primacy of natural
barriers and, as discussed abova in
regerd to the implementation guidelinea,
site evaluations will consider
engineered-barrier systems only to the
extant necossary to obtain realistic
gource terms. The term “state of the an”
is replaced by “reasonably available

technololgy” (see discussion in Seclinn
IV.B.1).

Some commenters asseried that the
guidelinos should spacify the munner In
which performance agsessments,
probbillly eatimaies, unceriginty
analyses, and risk assesainents would
ba performed In complying with the
guidelines. The DOE maintaias that tho
devolnpment, validation, and
implemantation of those asseasment
technlqunes are vutsklo the scopa of
theso guidalinos, whose purpose s tn
gutdo and direct thu DOE's siting
process pather than to prescribe
analytical methoda and procedures,

Soveral nommentcers expressad
concern that ropositary-aystem failarcs
could damage mujor ecusystema like the
Grea! Lukas. Sinca the repository will
have to comply with the releaso limite
specifled in tho NRC eriteria und the
EPA standards, and the aitn will have to
meei the siling guidelino on
environmonin! quallly, such
conaequences cannot be reusonably
postulatad,

A corollary concern Is that, since the
proposed EPA limits apply et the
accoasible environment, signlficant
contamination of subsurfuce rocke and
ground water could occut within the
controilad aren. Some commenis urged
the inclusion of all ground water as part
of the uccensiblo environment, hath
inside and outsida lhe controiled aren,
end suggosted that a “zero release™
stantard he applied. in ragard to tho
first concern, the NRC criterion () CFR
00.113} for releasos from the
underground facility will afford
signifios nt protection 1o subsvrfuca
areaa ouiside the undarground facility
but inalde the controlled ares. In regard
1o the second concern, a ground-wuter
systyn may provide very jong tintes for
transport 1o the accessible enviranment,
and such a system is an importnal
component of 8 multipie-barrier aystem.
The imporianca of that barrier syatem
and its components ia Focognized by
bath the NRC and the proposed EPA
regulations, and hence the concept of
the controliad ares and the acceasible
environment way adopted by the NRC
and proposed by the EPA, The “zero
relense” concept iv an idaal objective
that cennot be adopted as a stendard
because of the uncertainttes tn the
predictions of postcioaure performence
and the Jong time periods that are of
concern.

Severel comments soggested thet the
guidelines actually stala the
requirements of the NRC and EPA
regulations instoad of merely
referencing them, The final guldelines
include two appendices {Appendix I and

Appendix 11} thet summarize the central
a,vmanis of thosa regulations tha! bear
v st directly on the system gaideltnes.

Some commenters cautioned the DOR
.3 the need fur consistoncy betwean the

:irdelinag, the proposed EPA etanderd.

w10 CPR Part 80. Several of lhe
¢ “mmeniers noted thal the proposed
guidelines did nof appear to be
£oneigtent with the proponed EPA
i surance requlramen?s. Other
gemmentors requasted clarifleation
regarding the respaciive roles of the
DOE, the NRC, and the EPA, The DOE
«iendd 1o ensure consiatency between
ihe guidalines ond the NRC and EPA
r2gulations for the disposal of high-levot
radioactive waste and spant fuel (see
‘40 Boctien LA, and the discussion of
“Applicability” In Section IV.B.1).
Furthsrmore, should the final EPA
#landarde include assurance
requirements that appear to be
inconalstont wlth the guidelines, thn
DOE will reevalusta the guldelines.

In regard to tha roies of the three
nguncies, the EPA ja charged with
establishing genera} onvironmental
standarde for the protection of public
gafoty und the environmen! outslde the
facility or slte boundaries. The NRC ia
charged with estublishing and
implementing requirements for Hcensing
the repositery, which includee enforcing
any applicuble stendards, including the
EPA rugulalions, and with discharging
ihe NRC's reaponsibilities under the
Neational Environmental Policy Act of
1669, The DOE {s-charged with
fdentifying, characterizing, and
demonstrating the suitability of siles
aod developing and operating a
repository ponsistoni with thege
goidelines, tha EPA standards, and NRC
licensing requirements.

Several commenters requested the
adapiion of the ALARA {as low as
reasonsbly achievalile) concept in the
system guidelines, They saom to have
baen looking for assurence that {1} the
waste isclation provided by the geolagic
selting at the aite will be waighted
heavily in comparing alternative sltes
during the selection process and (2) the
DOE wiil take reasonable measutes lo
eneure thut radietion exposures will be
us low as ie reasonably achievalile, Both
of these concerns will indeed be
sccommodated through the guideline-
tmplementation process, in which public
health and sufety will be tha primary
consideretion. However, for postclosure
releaass, the ALARA concept as such
cunnot be implemented, because the
potentiaily affectad populations are not
known: the relenses may not occur for
tens of thousands of yeers, Estimates of
the integrated population doses that
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would be required to implement the
ALARA crierion and npplying sn
appropriate cost-benefit (e.g.. dotars per
mun-fem) factor for releases pre.¥ oted
far {nto the future would be highl :
speculative. Therefore, tha ALARA
concep!, per se, wilt not be rigerously
apphi:d for the postclosure phase.

A numbrer of commaunis stressed the
importunce of using systom-snalysi»
techniques in assessing compliance with
the guidelines rather than t 2ating each
parameter (e.g., gechydrology)
independently. Convrrsely, severs]
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 ba
based on the system guidelines. Thus,
bath the sufficiency of individusl
technical fuctors end the system-
analysis concept ure tskon Into account.

Some commenters suggested that the
system guidelines should require
postclosure maonitoring. The tssue of
posiciosure monhoring will be
addressed by the DOE and the NRC ai
several pointa from the time of
repostiory licensing through the time of
permenent closura. H the stnte of
lechnology at those future times Is auch
that useful information could be gained,
monttoring may be included for
confirmatory or resasarch purposes.
Howaver, postciosure monitoring is not
congtdered ta be 8 key factor in site
selection,

Finally. in response to the NRC's
preliminary concurtence condition 4
regarding tha role of engincered barriers
{see Section [I.C and the dlscusslon of
implementation guidelines in Section
iV.B.2}, the postclosure syetem guideline
was revieed to cleerly scparate the roles
ossigned to the geologlc setting at the
gite aad to the engineered barriars,

Section 860.4-2 Poatclosuro
Technicial Guidelines. The postclosure
technical guidelines specify qualifying,
favorable, putentially adverse, and, in
five guidetines, diaquelilying condliions
on the characlerislics, proceasee, and
evenis that may affect the performance
of a reposilory after closure. Those
charagtertatics, processos, and events
have been idontified through numerous
evajuutioos by iechnical experta from
eeveral couniriea and adopted in various
forms by agencies ond inatitutions
charged with waste-igolation
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
poatclosure iechnical guidelines waa

ravised by adding the atatement thut
potentiully advarse condliions that
affect wasie lsolation within the
controfled aros will be considered aven
If they accur autstde tho controiled area.

Section 960.4-2-1 Geohydrology.
The geohydrologlc lechnical guideline fa
focused on the present and expected
choracteristics of the gechydrologic
setting of n elte, which muat be
compatible with waoate containment and
tsolatlon, The moat Jikely mechanlsm for
the release of radionuclides from a
repostiory to the accessible environment
i3 transport by ground water. For this
reason the goohydrologic conditions &t a
site must be adequately understood;
furthermore, future conditions must bo
refiably predicted and upon evaluation
must be shown to be compatible with
wagte [solation.

1t 1s ohvious from the numerous and
thoughtful comments on the
geohydrology guldelines tha! most
reviewers beltave geohydroiogy is a
critica! fuctor in the siting process. Mos!
of the comments addressed the
disqualifying condition and the
potan!lalfy advarse condltions.

Twenty-four commenters were criticul
of the disqualifying condition pertelning
to the 1000-year travel ime from the
disturbed zone to the eceessible
environment. This proposed condition
stated that a slte wouid be disqualifled
if the “expected pre-waste-emplacement
ground-water traval time along any peth
of likely radlonuclide trevel from the
disturbed zone to the accessibie
environment is losa then 1000 years,
unlese the charucteretics and conditions
of the goolaglc setting, such us the
capanity for radtonucllde retardation
and the ground-water flux, would limit
potential radlonuclide releases to the
accessible environment to the extent
that the requirements specified In
§ 060.4-1 could be met.” The criticisms
of this disquallfying condition can be
groupsd Into four groups: (a} the
“fastest” travel tima should be specifled
instead of the “average” travel tims, {b}
tha statemant neada an explanation of
how travel lime wi]] be calcutated, (c)
the 1000-year period should ba
increased to 10,000 years, and {d) the
“uniess” clause providing for the
conslderation. of radionuolide
retardatlon and ground-weter flux
should be deleted and renders the
etatement of tha disqualifying condition
ambiguous.

The question of “fastest” va.
“average" travel time is a complex iseus
that involvee not only travel time but
algo the amount of water Lhat moves to
the accesalble environment.
Concelvably there could be situations
where very minute amounts of water

wi.uld truvel al the fastest rate, whoreos
th« renl concern is the travel time of
lpsye amounts of water. The DOE has
¢ ssen to clarily this question by using
U nonspecific words “travel time” in

t . disqualifying condition and by

o> vinining how trovel ticie witl be

T -cululﬂg tn the dofinition of ground-
watar drave} time (§ 960.2). The

4 finition provides for the constderaticn
of .ae rate at which most of the water
muyes.

The 1000-yeat travel 1ime In the
u rqualifying statement is conslsloni
with the NRC criterion on travel 1ims to
tha eccossible anvirpnment. In addition,
1600 yeara ia a sufficiant period for most
of the fissipn products to decey to
ganerally Innocuous levels of
radioloxicity.

Ths "unless" clause pertaining to
rHardatinn and ground-water flux in the,
diaqualifying statement on travel tims {o
the accoaslble environment attracted
comments srguing that the clanse made
the rest of the slatement ambiguous and
violated the intent of having the 1000-
yoar iravel tima as an absolute
conditicn. [t should be noted thut the
NRC earitoria provida an opportunlly for
exceptions o thi 1000-year travel time.
The DOE believed i s appropriata to
pravide for exceptions, particulsrly in
casas where the ground-water flux is
amall or where processes promoting
radionuciide retardation are importani
in providing for excellent isolation
capobilttios, Howaver, the NRCG, In its
praliminary concurrence condition 3{d}
siuted thai the “DQE should not frame
iis guidelines such that & 1000-year
ground-water travel dime (10 CFR 80.113)
waould ba adjustod, particelarly in the
early stugea of site seloction,” The NRC
agreed that 10 CFR 80.113 allowa
adjustinents to a 1000-year ground-water
travel {imo, but theae adjustments must
be approved or specified by the NRC.
Condition 3{b) thus stemmed from the
NRCG’s concernt that the DOE might
gssume an adjusiment thai the NRC
would not approve.

In response to the NRC's concernas, the
DOE hae deisted from the disqualifying
condition for geohydrology {§ 960.4~2~
1(dj} the provision that wouid allow the
selection of sitea with a ground-water
travol time of lusa than 1000 yeare.
Moreover, diaqualifying condition
§ B80.4~2~1{d} was revised to read as
follows: “A alte shall be disqualified if
the pre-waste-emplacement ground-
water travel time from the disturbed
zohe 10 the accessible environment is
expacted to be lasa than 1000 years
along any pathway of likely and
significant radtonuclide travel.” This
statement differs from the performance
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objactive of 10 CFR 60.113 by the woids
“and significant.” The DOE maintair. -
that theaa words mus! be included
bocnuge the DOE whll not know, unii
after sile churacterization, the
pathways, rates, and amounts of ground-
water fravel in aufficient delali io know
precisely whether lhe sile complies with
the 1000-year trovel 1ime. Thus, the
worda "and signtficant” were added o
avold disqualifying an udequate sita
when early predictlons [hefore sita
chnracierization and befure the axtent
of the disturbed zone and the
bounderies of the accessible
enviranment are accurately known)
indicated that smal} amounts of water
incapable of carrylng significant
amountas of radionuclides might reach
the accessible environment in less than
1000 years, In its final decision, the NRC
stated thal, "in the absence of a
substantive concern,” the NRC would
not object lo tha difference in phrasing
belween the DOM's guideling and e
counterpert! in 10 CFR Part 80. The NRC
reiterated the eiatoment mads in its
preliminary concurrence declsion that
the guidelines necd not be identinal with
10 CFR Pari 00 because they sorve
different purposes and concluded thut
the DOFE's final revialon ia not In conflict
with 10 CFR Part 80.

Twenty comments recommended that
some or all of the potentially adverse
conditions be upgraded to disqualifying
conditions. The two potentlally adverse
condiilora receiving by far the mnat
endyrsements for upgrading were the
one pertaining to the presence of ground
waler along the iravel path to the
nccessible environment and tho one
concerning tha difficulty of modeling the
geohydrologic syslem.

The rationale given for changing to a
disqualifying condition tha prosance of
ground water along the flow path to the
accegsible unvironment is that the
presence of ground waler Increases the
probabilily that radionuclides will reach
tha acceasible environment, The DOE
agrees witl this ralionale, but it doee
not agres that the increased probabilliy
in all cusea is sufficienl 1o warrant
disqualificalion. Similarly, the
poteniiaily adverse condilion pertaining
to tha dilficulty of modeling was not
changed Iu a disqualilying condition,
because complexity by itaslf doea not
necessarily reduca the isolation
capabilities of the geohydrologic systom
of a site. In fact, in some cases
complexity may enhanco thesa jsololion
capabililies. The DOE also reevaluaied
the other polentially adverse conditions
in the gaohydrology guiduline, but does
nol believe it is appropriate lu changa
any of these tu disqualifylng conditione.

Five comments remarked on the
favorable gonditien concerning high
effective poronity, Two suggested "low
effective parosity” is more fnvorable
than "hlgh effectiva porosity,” one
suggested “low hydruulic flux" was a
preferred phrase, another asked for an
exptanation of why a high effective
porosity is a favorable vondilion and
anather suggested that most rocks with
high effective porosity ulso have high
hydreulic conductivity, and vige verss,
and so the favorable condition has no
basis in reulity. Effective porosity is ane
of three parametars thal directly affect
ground-waler velocity, the others being
hydraulic conductivity and hydraulic
gradient. The valocity of tho 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, ag porosity increases,
tha flow velocily will decraase, with an
attandant inereaso in radionuclida travel
time. Therofore, @ high effective poroalty
along such Now paths would be a
fuvorable condition and was retainad in
the guidelines of November 18, 1883,
which wara sant to tha NRC for
cencurranca. in addition, a high effactive
porosity provides an increased surface
area for radionuclide relardation. In the
guidelines, hydraulic conductivity and
hydrauli: gradient are addressed
separatoly in the favorable convlitions.

Howaevar, the favurable condition on
high effective porosity was revised in
the final guidelings to accommodate the
NRC's preliminary concurrance
condition 3(a), which askad tha DOE "to
modify its usu of high effective porosity
to limit ita use lo those wituations that
could be considored as a favorabla
siiing condition,"” The NRC polnted out
thut, before a high effective porosity
could be considered favorable, the
product of the hydraulic gradient and
conductivity must remain congtant. In
some instences, this product is not
conslant banause porosity and hydraulic
conductivity can be positively
corrolated, which would be nn adverss,
rather than favorable, condition. The
DOE agrees with the NRC's position and
has thercfore revised the statement of
this {favorable condition to reflect tha
inverse relationship betwaen porosity
and conductivity; it says that the DOE
will conaider a high effoctive poroalty
together wiih a low hydraulic
conductivity. Furthermore, the statement
was moved from the favorable
conditions applicable to both the
saturated and the unsaturated gones to
the fuvorabla conditions postulated for
the saiurated zone because it is more
pertinent to the aaturated zone.

In responge to the NRC's preliminary
cont ;renne condition 3(b), the DOE
mac: 4 commiimant (o revise Its
guid-!i4as, if nacessary, to ensure
conslutmicy with the Ainal NRC
am: ...Jmenta to 10 CFR Part 80 [or the
une . irated zone.

‘. .eover, in responuee to condition
3{ ., “svorable condition § 0680.4-2-
1(% (" . which dealt with the presence of
grows | water with 10,000 parls per
millio.. or mere of Yotal dissclved sollds
along uny path of likely radionuclide
travel, was moved to § 660.4-2-0-1; this
gectivn |y more oppropelate becruae it fa
concarmed with effecta on natural
repources. Regnrding the geohydrology
guideline, the NRC had indicated
concerns that the presance of ground
wetir with a high concentration of total
dissnived sollds might be a potentially
adverse geohydrolagic condition, rathar
than a favorable one, because it could
complicate the design of the waste
canister and parhaps hamper the DOE's
efforts to satisfy the containment and
release-rate requirements of 10 CFR Part
60. However, the NRC agreed that the

regence of auch ground water is a
avorable condition in the considaration
of natural resources because such
ground water Is unlikely to be desirable
as a neturel regource whose recovery
could lead to human intrusion into the
repository.

Five commenters remarked on the fact,
that ths guideline on gachydrology 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
betwoen 1000 and 10,000 years should
be explicily stetad as a poteniially
adverse condition {1000 yeura ls 8
disqualifying condition and 10,000 years
is a favorable condition}. The fact thata
vondition is identified as favorable does
not imply that the absenca of such a
condition is adverse. In this instance, a
ground-water travel lime of more than
10,000 years adds o confidence in the
inolation capabilities of a pite, bul travel
time is not unacceptabie until it falle
below 1000 years, which is the stated
disqualifier. Therefore the interval
between 1000 and 10,000 yeors can be
regarded as & "neutrel” zone, and the
DOE did not provide a polontially
advarse condition to address the
condilion of a ground-water irevel time
of less than 10,000 years and more Lthan
1000 years.

Four commenters recormmended that
the presence of an aguifer above or
within tho host rock should be a
disquelifying condition, The presence of
sourcea of ground water, suliable for
irrigation or human consumption
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wilhoul treatment, slong flow pat' -3 fo
the accessible onvirenment is
recognized s a potentially ndver ce
condilion. Aquifers near or above a
reposilory will be thoroughlyv av.:'unted
during site characicrization tu ensure
that radionnclides will not reach the
accessible environmaent in <mounis
exceucling permissible luaits, bul the
presence of nquilers dovs nol mean that
permissilile limila will be excecded

One commenier acgued thai the
10,000-year travel luno a6 . Tavorabla
condition ia loo long, sx is the 100,000
year lime specilied in 1he fuvorable
condilion parlaining to hydrologic
processes wlfeciing waste isolation,
Theae times may indeed be more
conservolive than necessnry, but the
DOE believus that acceptuble sies cun
bs ldentified with the spocified
Eonditions, and ihe DOE prefera lo be
averly conservative provided aceeplable
siles are vot eliminated in so doing,

Section 960.4-2~2 Geochemistry. The
nbjective of the geochomistry lecbnical
guidelina i 1o ensure that present and
expected goochemical ¢haracteristics of
a site ure cuinpatible wilh waste
containment and lsolution. The guideline
therefore addresses two aspecte of the
geochemical environment: the
conditione that alfect the relewse of
radicnuclides from the enginenred-
Larrier ayslens and lhe condilivne that
aflest the releane of radiennclides inlo
the acceasible envivonment le.g., the
condltlons relaled to radionnelide
precipitation or sorption and the
farmalion of complexes or physical
gtates that inorease the mobility of
radionuclidea),

Three commentera recommencded that
the DOE chanyge to disqusalifying
condilions some ot all of the three
potentially adverse conditions: ground-
water conditions that could adversely
affect the enghieered-burrler system,
geochemical processes or conditions
thel coutd adversely affect repository
performence, and ground-water
conditions that are oxidizing. However,
containment and isclation capabilities
depend on the 10tul geologic.
geohydrologic, and geochemirat
environment of a sife rether than on eny
aingle geochemical condition. The DOR
believes that none of the potentiully
ndverse condilions ia of such
importance to long-lerm perfnrmance
that He prescnce would warrant the
disqualification of & site. The DOE has
therelore not upgraded to disquatiflying
any of the potentially adverse
conditione in the geochemistry
puideline,

One commenter recommendedd that
the DOE upgrade 10 a qualifying
condilion the [avorable condition

pertulning to geochomical conditions
that promote radionuclide reterdation,
The effect of this recommendation
would be to eliminate all sites not
having gaochemlcal isolation
cupabilities. The DOE does nol accept
this rocommendation because 1o do so
might eliminate some acceptable sites
thut would guite adequately meet the
requirements of the postelosure system
guidsline by having very long ground-
wautar iravel times or other conditions
coniributing to the isolation of
radionuclides,

Four commenters recommended that
the conversa of the quallfylng condition
should be explicitly stated as a
disquulifying vonditlon, The guidalines
provide that, In order lo be acceptable, a
gita must meet all gualllying conditions,
Thus, If a site fails to meet any one
quulifying condition sfter site
characterizatlon 1s completed, it is
climinated from further conslderation.
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 pertaining to
permissible radionuclide releasen to
ground water and the accessible
environment be reworded to require that
no radionuctides be released to ground
water, Such a “"zero-releass”
requirement would be moro resirictive
than the EPA proposed regulation and
NRCG regulations and would not
conatitute a realistic objoctive, 88
discussed under the "Postclosure
System Guideling,” Therafore the DOE
did not accept the recommendatlon.

Soction 060.4-2-3 Rock
Characteristics. Postclosure rock
characteristics are important to the long-
term {solation capabllity of the host
rock, The mloing operations durlng
repository construction and the heat
generated by the amplaced wastes must
not couse fractures or tha thermal
alteration of minerals that would
significantly diminish tha ability of the
site to contain the waste. If extensive
changes in the hoat rock ocour, new
pathways for radionuclide migration
from the repositery could result, and the
isolation capabilities of the rock could
be impaired.

The objective of the posiclosura
guideline on rock characteristica is
therefore to enaure that ths present and
expected characteristice of the host rock
and surrounding units can accommodato
the thermal, chemical, mechanical, and
radiation streases expected to be
induced by repository construction,
operetion, and closure and by expscted
intgractions among the waste, the host

rork, ground water, and the engineered-
berier aystem.

A number of commenters objecied to
155 use of the term "engineering
r1 :asuras beyond the state of the srt” in

+3 {irst potentially adverae condition
. vém for the rock-characteristics
g 'ideline. They wore concerncd that the
0 0E Intended to amploy “unproved”
aivgingering techniques to compensale
- adverae rock conditions. There was
at~n concern that the DOE intended to
rely on technoioglcu! breskthroughs,
which eannot be prasumed to oceur. To
clarify the DOE pasition, the potentially
adverase condition in ths finsl guideline
row reads "engineering mensures
beyond reasannbly available
‘achnology.” The DOE's position is thai
4 polentlally adverse condition would
exiat if the rock condltions encounterad
at & wite could require more than
available sngineering moasures. If there
is & definitive finding that rock
conditions would raquire engineering
messuras bayond reasonably available
technology in order for the repoaitory to
fulfill its function, then the site would
not satiafy the qualifying condition untll
and upless suitable technology is
developad, The DOE, therefore, retalned
thia potentially adverse condition in the
goideline.

Six commenters auggested specific
additions to the postclosure guideline on
rock characteristics. They questioned
whether the Ogallala aquifer overlying
palt bads in Texas could cause
dissolution, whether the drili-and-blast
mining techniques could jeopardize a
granite pite, whether salt domes should
be considered as a unit with possible
anomalous zonea or shear zones,
whether large-diameter shafta in sult
can be constructed, whather
homogeneity in ctystalline rock is
required, and whether a salt doroe is
distinct from the gechydrologlc setting.
Somp of these concerns are also related
to the preclosure phase, but all of these
pite- or media-specific concerns nre
addressed in the qualifying conditior for
the postclosure rock-characteristics
guideline in the following staterment:
“Present and expecled characteristics of
host rock and surrounding units shali be
capable of accommeodating the thermal,
chemical, machanleal, and radlation
strosses expected to be induced by
repoditory construction, operation, and
closure. . . ." The DOE has consiatently
stated that these are genersl guidelines
and site-specific considerstions are noi-
appropriate at this time. The DOE has
therefore declded not to incorparate
theae site- and rock-specific comm ents
into the general guidelines.
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Three commetilers requeslad that -he
DOE quunlify the tern “thick enough
and faterally exlensive npuugh™ as ueed
in the fuveralle condilion for the draft
allernulive guideling (§ #60.4-2-3(h% 1))
Cominents secking specilicity or
quanlification for the guidelines wry
addressed in Seclion HLA2 of this
nolice.

Twa commaents recommended adding
a disgualifying condilion (o \he
posiclosure rock-characterisiics
guideline. One suggosled that he
converse of favorible coudition § po0.4-
2-3(b)(1) of the alternntive gutdsling be
used aa o disqualiiying condition, and
the other requestad that the DOK
reconsider whether a disqualilying
condition is needed. The corrversa of the
favorable condition is not u
disqualilying condiiion becuase
signilicunt Nexibility is meraly reduced,
not eliminaled, by restrictions on
thickness or luteral extent unless the
thickness and Lelera! satent wro so
severely reducod as te preclude meeting
the qualilying condition, which in jtagll
would resull in disqualilication.
Reduced floxibility could possibly
conalrsin thu dosign of the repository
but would nol disqualify the site, The
DQOE concludes thal & disqualifying
condition is nol necassary for the finai
posiclosure rock-characlorisiics
guideline,

One commenter requested that porous
shesr zones be udded us a polentially
adverse condilion, and the DOR agrucs
that thia congern is valid, The primary
advarse effect of a porous shear zone
would be ils polenlial to act as 4 conduil
for the influx of wuter during the
praclosure construclion and eperution
phase. Hence, the DQE addad the
presence of shear zones to polentjully
adverse condilion § 960.5-2-0{c)(5} for
the final guideline on praclosure rock
cheracteristics,

Three comments dealt individually
with thermal eflects on in-situ strass, the
effects of mining on post emplucament
performance, nnd the concept of a huifer
zone arnund the host rock, The [TOE
agrees that thermal elfects on in-silu
siress are important in repository
operation and therefore should be
considered in Lthe site-sclection procesa,
Although several parts of the allernutive
guideline louch nn this ixpue, the DGR
Telt thal the addilion of & potontially
adverse condition dealing specifically
with the various ellects of heal would
be beneficiil. Therefore, polentially
adverse condition § 960.4-2-3(¢)(i4] of
the final guideline was udded to address
conditions under which the heat
generated by the waste could
significantly decreane the isolation

provided by the host rock. The concern
dealing with mining effects on :
postelosuie performanca s pivotal in th
conaept of geologic disposul. To
highlighl this concern, the qualifying
condilion fot tha guldeline on rock
charncteristics was modified by sdding
the following sentence: "The
charncteristica of and the processes
aperating within the geologic setling
shull parmil compliance with (1} the
reguirements spacified In Section 6604
1 fur radionuclidde releases to the
accessibla environment and (2) the
requirements set forth in 10 CFR 60,113
for radionuclide releasos from the
engineared-barrier systom using
rensonably available tachnolegy.” The
suggestion that a buffer zone around the
host rock could add an extra margin of
safety wos addreused by expanding the
qualifying condition for this guideline to
read “prosend and expectad
charactoristice of the host rock and
surrounding units. . ..

Sectinn 800.4-2~4  Climatic Changes.
Climatic changes could, over time, alter
the geohydrologic systam at & site. The
guideline for pastclosura climatic
chunges focuees on changes that may
favorably or unfavorably affect the
ubility of & repnaltory to tsolate wasle
after clnsure.

Four comments stated that Invorable
condition § 980.4-2—4(h)(2}, which
specifies cimntic cenditions that heve
had little effect on hydrologic systems
throughout the Quaternary Period,
would eliminate the northern United
Statea from congidernlion, since multiple
gluciations have occurred there In the
past 100,000 yueara. In an extension of
this thought, one commenter
recommended that gny areaa previously
glacinted should be diaqualified, ’

The DQOE believes that the relotively
slable hydrologic conditions reaulting
from a constant ¢limale are important to
the prediclion of repoaitory
performance, It ig likely that future
glaciations will effect local water
systems, but the predominant effect will
be on surfuce-waler bodigs: lakes and
slreama will increase in number,
voluoe, and flow rate. To determine
whether glacistion would prevent a site
from meeling the favorable condition the
effect un ground-water sysfema must be
predicted cuse by case, For example, if
the host rock 18 impermeable and
insolulile, 1i is unlikely that water will
pdin accesa to the repository: & hnst rock
overlain by a substantial thickneas of
porous media cun also be examined
because 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
ov~ ili characteristice because [l is very
po: - e that the exiatence of @ number
of u ser favorablo conditiens may

¢ ni sbule to 8 waste-isalation

¢ pebility that Is quite acceptable aven
if b hydraulic aystem changes. Poet
and cedicted futuve climatic changes
and 1.eir effects must be thoroughly
evuliated at all giles being considered.
Howevar, the DOE does not agree that
the condition of previous glucialion
sheuld be disqualifying because it might
eliminate sites with superior Isolation
capebilities,

Several comments suggested that the
DO should apscify a 100,000-year
period for the favorable conditions and
a 10,000-year perlod for both of the
potenttally adverse gonditions for
climatic changes. The DOFE agrees that it
ls appropriate to specify perlode of
concemn for these conditions, Tha perlod
during which the adverse conditions
would be of concern {s the 10,000-year
period specifled by the EPA In proposed
40 CFR Part 191, which speciflea limits
for releasss during such e perlod; the
DOE fzels that this time perlod is
approprinte, To reflect a very
conasrvative approach to specifying
fzvorable conditions, the llme over
which the favorable conditions should
be expected to exist was increaaed
tenfald over the EPA time perlod, to
100,000 years for a saurface-water
aystem. Similarly, the DOR will consider
chunges in hydrologic systema induced
by climatic changes throughout the
Quaternary Perlod.

A cominenter suggested changing the
favorablo 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
Period records and that the relationship
between future climate and hydrologic
changes will be complex. The DOE
agrees that predicting such future events
is difficult; however, the DOE believes
that the most appropriate inaight Into
the range of future poasibilities can be
guined by a review of climatic cyclos
over the Queternary Period.
Furthermare, it ia logical to expect that a
relatively constant climate will have
littls impact on tha present hydrologlc
conditions at the site, Thie approach
minimizes the ltkelihood that complex
changes in hydroingle systems will
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occur. Accordingly, the DOV has
rotained the potentinlly fevorabls
condition of & geologic salling iy w hich
chimatic changes huve had Hitle ¢ Tect
on the hydiologic system througb.sut the
Quaterniry Periad. The DOE
incorporuaied severs! changus 1n wording
auggested Ly coinmentars to infyrrove
euse in reading this guideling.

In developing the final guiduline on
climalic changes, the DOE conaolidated
sevoeral smaller considerntions of
clitnulic chenges thel had popaared in
various sections of the propused
guidelinas.

Section 960.4-2-5 Lrosion. The
objactive of the technical guidelina on
erosion g 1o ensuro that erosional
processes will uot degradie the wosto-
isoletion capabilites of & site. In
evaluvating thy potential ffects of
erosion on waste isolution, the depth of
the bost rock is most imporstunt. The site
should allow the underground facility to
be placed et o depth sufficient to nnsure
that the repesilory will not be uncoversd
or otherwise adveraely affected. The
disqualifying condilion in the guideline
on erosion glutos that the minitoum
depth ia 200 meters; & depth of ul least
300 meters is & faverable condition.

Fifteen commenters polnted out the
typogruphical eimission of the word
“not” in favorable condition
§ 960.4.0.5(b10H concerning exhumation
during the first one million yenrs, This
vmigsion cansed the statement lo mean
the opposite of what was intended, The
omigglon has now been corrected,

Four commenters suggested or implled
thut the ntinlmum seceptable depth for g
repository should Le more than 200
meters and suggested acceplable deplhs
ruaging Trom 300 to #00 metcrs, or as
deep ng possible. One commmenter steted
the minimum acceplable depth could
woll be much less than 200 meters. The
minimum scceptable depth for a
reposiory should be based oo credible
crosion rates. For example, erosion at an
extrernely high rate of T miliimater per
year, which is five or more tiines greater
thon the rate o! which the Colorado
River cut the Grand Canyon, wouid
require 200,000 yeara to erode to a depth
of 200 melers. For siles with more
normal crosion rates, # depth of 200
mnters is sulficient to isolate wastes for
millions of ycars. The DOE has therefore
retained 200 nieters as the minimum
depth in the disgualifying condition for
erasion. ’

Four commeniers recommended
increasing the 10.000-year lime pariod
pertaining to the probability of
redionuclide release in oun of the
favorable conditions and pertaining to
the adverse effecls of erosion in one of
the potenlia ly adverse conditions.

Howaever, the guidelines is canalstent
with the proposod EPA criterta on
permiasible I]lmlts for tho roleusa of
radionuctidas to tho accessible
environment, which ere specified for a
10,000-year poriad. The favorable
condijtion ta staled In terms of a
probability (1 chance {n 10,000} that the
DOE believes conssrvatively
appropetate for a 10,000-yenr perlod.

Two commenters on the favorable
conditions suggested or impliod that the
dopth {300 moters or more) specified
thero is foo shallow and suggeated
depthe as greo! s 800 meters oz a8 doop
as pnssible, One commenter, however,
atuled that the 300-meter depth Hmit
should be decreased. Tha favorable
depth of 300 meters or more is based on
a similar NRC crltarfon in 10 CFR Part
60. As mentioned in the praceding
parugraph, a buria) depth of 200 meters
or morae ia consldored to be adequate for
even the most extreme eroslon rates.
Under those conditions whore more
normal arosion rates aro expected to
pravail, a minimum depth of at least 300
meters ia considored to be more than
adequate, Tharefore, the DOE ratained
the 300-meler depth as a favorablo
condition.

Four commenters suggested that the
two potentially adverse conditions *
should be upgreded to disqualifying
conditicns. These potentially adverse
condition pertgin to eroaion rates during
the Queternary Period nnd predicted
adverse effects in the future. The {ntent
of the two potentinlly advorse
conditiuns {s to require tha! eroston
during the Quaternary Peried be
documented and studied to datermine
whethor oxtreme erosion has occurred
and to require the predictions be made
of erosion rates and processes vccurring
in the next 10,000 years to evaluate
whether they could edversely affect tha
isolation capabilities of & eite.
Obviously. post and predicted future
erosion rates and their effects mus! be
thoroughly evaluated. However, the two
conditicns in question may or may not
result in a conglusion that a site is
compromiged; only a therough
evaluation of the consequencea of the
conditione and the lack of offsetting
initigating conditions can determine
whether a site is disqualified. Therefora,
the DOE has kept the two conditions as
potentiully adverse,

In the final guidelines. the first
potentially adverse condition (§ 960,42~
(c){3}} has been revised by deleting the
word “suatained.” This revision was
made in response to the NRC's
proliniinary concurrence condition 3{cl,
which asked the DOE “to clarify the
meaning of 'short-term’ extreme erosion
and revise the guidelines as

oppropriate.” Tha term “shorl-term

g2, tfemo eroalon” had been vaed by the
T'#3E In 8 support document to explain
11ay the guideltnes used the term

' tusisined” extreme erosion. The DOE

-wgoned thet short-term erosion would
4 sffect weato igolation, and the term
“mptained” would indicate the type of
e najon that could be polentially
astverss, Howaver, when the NRC
4 -stioned the duration of "shor! term’
an.! explained its concern about
cutzstrophic ernsion episcdea that might
affect the ropository. tha DOE delnrted
tic word “sustained” fror § 980.4—2-
E{ej(1).

Section 960.4-2-6 Dissolution. The
objective of tha technlca) guideline on
dissolutlon i to enaure thot dissolution
procensos 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
gechydrologio system. The sites with
sall as the hoat rock ere the most
vulnerabls to dissclution, end the effects
of sult dissclution on wasle laclation
will be an important consideration in
evnluaiing a site in salt.

Two comments on the disqealifying
conditicn suggested that the 10.000-year
minimum length of time for dissolution
to connact the underground fuctity to
the geohydrologic system s tco short,
eapeclally constdering the jong-itved
radionucildes present in the waste, The
identiNcation of the first 10,000-year
pericd-in the life of a repository as the
period of concern is based on the 10,000-
year perlod the EPA used in proposed 10
CFR Part 191, Subpart B, Therefore, the
DOE has retalned the 10,000.year limdt
in the disqualifying condition.

Three commentiers suggested
rewording the disquelifying condition to
make it ebsolute in the sense that any
interconnection. of the underground
facility to the geohydroiogic system
would disqualify a site regardiess of
whether or not radionuclides reach the
acceasible environment in amounts thet
exceed permissible limita. A sile ia not
necesaarily unsafe simply because a
connection between a repository and
the geohydrologlic system may be
established tn the future. The important
possibility to evaluate ie whether 16th a
connection can introduce radionuclides
into the accessible environmental in
gmounts that exceed permissible limits;
this possibillty can be evaluated in &
performance 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 yoars after clogure, aclivs
dissolution fronta will cause a hydraulic
interconnectiion of tho underground
fucility to the goohydrologic syston; of
the site such that the roquiremeniy
spocified in § 960.4~1 cunnot be s
Thia condition was, however, revisad In
tho final guidelines io veiotu {8
connection {v he posteiosure system
guideline {i.c., by deleting the phrase
“guch that tho reguirements spacified in
8 960.4-1 cunnol be mei”)

One communter recomnmaen.ied
upgrading to a disqualifying condition
the potantially adverse condition
perigining to the presence at a site of
digaolution fenlures, such as breceia
pipes and dissojutlion cuvities.
Diggolution fealures aro of concarn, but
of themselves are not! necessarily
sufficient for disqualification, For
example, if past dissolulion hus ceasnd,
it could conceivably be shown that the
dissolution will nol resumo or that, if I}
does, it will not adversely affect the
isolation cupabilities of the site.
Therefore, ihe DOE retaitod the
statement pertaining to the prosence of
dissoiution fuatures ag & potentially
advorse condilion.

in the final guidelines, the ubove-
mentioned potentiully adverse condition
was revised in response to the NRC's
preliminary concurrence condition 3(i),
which asked the DOE to modify its
guidelinaa so that potenlially ndvarse
conditions [e.g., dissolution} would be
considered if they affected isoletion
within the controlled area even though
the condition may occur outsida the
controlied area. Tho Commisgion had
objecled that § §80.4-2~0{c) wus not
consistent with 10 CFR 80,122{1}10}
because the former referred to
“significnnt diar olulion within the site,”
whereas 30 CFR 80,122{c}{10} wauld
consider dissolution without reference
ta its signilicanca 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
sotting,” and revised the phraso “a
hydraclic interconnection Lutwean the
hoat rock «nd an immadialely
surronnding gevhydrologic unit could
occur’ to raad g hydraulic
interconnection leuding lo a loss of
wasle igplation could eccue.”

One comnenter suggestod that
caprock be added lo the examplea of
diggolution features that are patentially
adverse. Caprock is formed a8 & rosult
of dissolution and indeed is &
dissolution feature, However, lu lis{ all
passible dissolution features in the
potentiaily adeerse condition wouid

)
produce a long and gumbersome
stitemnnt, The faw exumploa given are
not intanded to constitute un exhaustive
list. The DOE did not change the
potenilally adverse condition in
quastion,

Section 060.4-2-7 Tectonivs. Meeting
the requirements of the pestclosure
guideline on tactanics will ensure that
tectonic processes do not adversely
affoct the waaste-{solation capubiiitis of
the slte, Tectonie processes and avents
during the poatciosure perjod gould
advarscly effect waste containment and
isolation by creating naw ground-water
pathwitys to the accessihle envireanment.
While it is difficult to predic! geologio
proceeses, this guideline reguires thet
the tectonic history of a slte ba carefully
examined and tha rosults of this
examination ba used 1o predict the
likelihood of potentisily disruptlve
tectonic procassas or events, fgnaous
activity, uplift, subsidencas, folding, and
fuuiting are all importnnt ioctuic
proceagas end are Included in this
guidaline,

Twenty-eight commanta
riasommended adding disqualifying
conditions. Some of the commentars
auggested a disqualifying rondition that
is the opposite of the qualtiying
conditionn, Thiz approach adds nothing
to the guideline since ail reposliory sites
must meat &ll the qualifying conditions
(see Section IV.A for a more dstailed
disguasion 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 inappropriately restrictive and
could rule out sites thnt are potentially
udequale for waste taolation, None of
the six potentially adverse conditions
would neceaaarily compromiee waste
isolation. If any of them exiat at & site,
further invostigations to increasc the
understanding of the condilion are
appropriate, but not site disqualification.
However, in reaponse to the NRC's
preliminary concurrence condition 7,
disqualifying condition § 060.4-2-7(d}
was added to the final guidelines
because the DOE agread that a slte
should be disqualified if the nature and
rates of ground molion are expected to
he auch that a loas of westo |sclation ia
likely.

Twao roviewers rained perticular
concerns that man-induced seismicity
should ba addressed in the tectonics
guideline, One wunt on to stats that the
potentinl impact of a suismic event is
the suma regnrdlzss of the cause of the
event. The DOE egreea, but believea that
the combination of the current
guidelines on human interference

(§ 960.4-2-8} and tuctonics (§ 960.4-2-7)
ad uately nddresses the concern. The
qu fying condition of the human-
int-+farence guidsline siates that the
DC1 will evaluale human aotivities that
co . altar er ceuge tectonic processes.

. gtion 860.4-2-8 HMuman
te ference. The tochnical guidelines on
b inan interforance focus on (1) reducing
1.2 ngentive for postclosure human
Iriie. ‘srence by evoiding siiws containing
netu. ot resnurces thet would invite
poientlally diaruplive human nctiviiles
and (2) obtsining iand ownership, in
accordance with 10 CFR 60,121, in order
to sutabiish appropriate passive controls
and thus decrease the iikelihood of
incompetible human activities. Separate
technlcal guideltnns are provided for
eech of theso two objectives.

A number of commanters
migintarpretad the purpose of the
humen-interference guidelines, which is
to decroase the likelthood of postclosure
human actjvities thet would be
delrimental lo waale containment or
isolation. Bome thought the guidelinos
ahould specify tha passive physical
conirols to be used, while some thought
they should address praclosure security.

The general notura of the passive
sotitrols {permanent markers and
racords] is specified in 10 CFR Part 80,
The gpecifications for such controls will
be sstabilahed through the liconaing
proceas to provida the meximum
confldente in thair adequacy.

Tho adequecy of preclosurs securfly
measures will also be eddressed in
lieensing. Preciosure socurity-is

- routinely addreused for DOR facilities as

wal] as for industrial facilities and does
not appear to pose any difficulties for
repositorfes. Siting decisions have little
bearing on preclosure security, which is
therefore not an appropriate topic for
the guidelines.

Ona set of comments indicaied that
too much reliance was placed on
paasive controls liko markers and
monuments; that comtnenter believed
active {institutional} controts shouid
alao be included to prevent postclosure
intarference. As pointed out by the EPA
in tho preamble to propnsed 40 CFR Part
181, the usefulness of institutional
controls for more than a fow hundred
years {8 spacuiative becausa of the
unoertainties about human behavior and
institulional stability in the distant
future. Morgover, the usefulnoas of
active controls does not eppear to be
site dependent. The DOE, therefore, has
not Included specific provisions far
active postclosure {nstitutional controls
in tho final rule. Such provisions will,
however, be evaluatsd during the
licensing prooess. '
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‘The overall human-interferen.e
qualifying condition, in alterna; -e
guideline § 980.4-2-8, was chiapxed to
refer to activitioa “at or near thy aite” in
order to ensure constderation ¢ indirect
a5 woll as direct interference «tivities.
Also, that condition now siates that the
DOE wiil show that future human
activities will not be likaly tu affect
waste contuinment and tsolation; the
proposed guidoline required only he
“gite to he located to reduce the
likelihood” of “unaccoptaide impects,” &
more subjective requirement than sed
forth in the final rvle. The final
guidelines also have boen strengthenad
1o explicitly require the DOE to considor
the estimated effectiveness of the
pasaive controis in the human-
interference evaluations.

Section 860.4-2—8-F Natural
Resources. The purpose of developing
guidelines on netural resources was to
reduce or remove the incentives for
economically motivated postclonure
human-interferenca activilies that could
adversely affoct the faolation
capabilities of a site. A nunther of
comments on both the proposed and the
attarnotive guidelines misinterpretod
this purpose as being to protect natural
resources from reposilory-related
activitias. Although the protection of
natural resoorces is of high concern o
the DOE, thet iseue is addressed through
the preclosire guidelines on
environmental qualily and on
avcioeconomic impacts. The human-
interference guidelines for natural
resources adedress the corollary
culcern—that the present or projected
value of the naturaef resources not invito
unacceptable poatcleaure intrusion,

Many comments suggested that the
potentially adveree conditions in tha
natura) resources guideline be
redeaignated as disqualifying
conditions, severul ciling the EPA
nasurance requirements in proposed 44
CI'R 101,14 or quoting the Act to
subatantiate their contentions, The DOE
has requested that tha EPA eliminate or
modify the propoaed assurance
requirements for asveral renaons. The
reason of importance ty thia guideline Is
the need {o evaluate the significence of
past, preaent, or potential human
wclivitios on a sile-s;  ific banis to
determing whether sucn activities could
adversely affect a repoaitory ratber than
o assume adverse cffects a priord, as the
proposed EPA standard does. Although
the EPA approsch is conservative, s
unqualified application could eliminale
otberwise qualified sites for reasons that
could he ineignificant under site-apecifia
conditions. In responee to comments on
the elternative guidelines, tho DOE

added a disqualifying condition

(§ p60.4-2-8-1(d)). That condition would
eliminnte oites where exploration,
mining, ur extraction activitles have
croated signiflcant pathways belween
tho underground facitity and the
aeccessiblie environment.

In the final guidelines the potentially
adverss conditions for natural resoorces
ramain potentially adverse rathor than
disgualifying. This designation allows
the DO lo determina, from site-spacific
evaluations whether the potential for
resource-refated intarfersnce activities
is so grea! that the elimination of d site
wnuld be prudent. The key
coneiderations in such evaluations are
{1} whether Intorferenco is likely and {2)

.if a0, whether these potentinl

interference activitios could lead to
relpuswvs of radionuclides exceeding the
giandardn {n 40 CFR Pert 161,

Several commonts recommanded
spacific wording changes in the natural-
resources guidelines to add epecificity
ot to highlight {tems of particular
coneern to the commenter. The DOE has
vonsidered those commente and has
made editorial changes that clarily the
DOE's intent, glve appropriato
examples, or otherwise promaote
understanding of the guidelines,

& numbar of changes were made i
the factors to be censidered in the
qoalifying condition for example,
“rengonabla projactions of value,
scarcity, and technology.” In response to
seversl comments, ground water
suitable for human consuniption or crop
rrigation s explicitly included as a
regource in the final guidelines.

A numbaer of changes dirscted at
reducing ambiguity were made In the
fuvorabio and potentinily adverse
conditions: the most aignificant was tho
glimination of a proposed fuvorable
condition that deait with: the value of
rescurces at a sita ralatlva to the
average for the geologic setting. Tha!
proposed favorabls condition was the
direct convorse of & propased
potentinlly adverse conditton, and ita
nlimination makes the concapt set forth
consistent with 10 CFR Part 80. A new
favorable condition haa been added; it
requires considaration of the resources
on tha hasia of their present or projected
sbsotute value: the potentiaily adverss
condition concernad with relative valus
{i.e.. in refation to other areas in the
same geologic setting} was retoined. Tha
new favorable condition responds to
critfcisma by scveral commenters
regarding the shortcomings of
comparisona solely within the same
geologic setting or region.

Several comments focused on items of
specific concern to a particular State or

aroup but not necessarlly of generic
importance; #n example is the
cuggostion that a salt dome should be
wr.sidered unaltractive for siting
hecause the dome itself is a resource.
Tve DOE uddressed those concerns,
~here apprepriate, through a more
teoerlc wording rather than focusing on
a specifle candition of limlted
wographical appiicability. Considering
..1e previous exsmple of a salt dome. the
guidelines include several potentiatly
udverse conditions that wauld require
¢lose avuluation for any dome. For
instonye, DE0.A~2-B-1(cH1}{}) conniders
the presence of minerals to be a
potentially ndverse condilion when ihey
are in gonflgurations auch as a dome
(i.e.. more concenirated than the
reglonal average for similur land aress].
Other potoniially edverse conditiona
gonerically nddress resources
associated with certnin dome
conlflgurations end previous mining or
drilling.

Some comments gddressed potential
human activities thal could change
ground-weter flow or selsmic
conditions, such as slerting or ceesing
fluid-injection or patroteum-withdrawal
ectivities. In response to these concerns,
the DOE has modified the potentially
adverse conditlons dealing with
significant subsuriace mining or
resnurce extraction [§ 980.4-2-8-1[c){2]).
drilting within the site for purposes
other than sHe characterization {§ 960.4-
2-8-1{c){3}} end the potential for
foresesablo human activilies, [e.g..
ground-watar withdrawal, extensive
jtrigetion, subsurisce injection of fluids),
thet could change portions of the
ground-water flow systern {§ 460.4~2-8-
1{c){5}}. Moreover, the fina} pcstciosure
guideline on tectonics include &
polentially edverse condition that
incorporates the potentizl for tectonic
deformations to affect the groond-water
flow aystein. That potanttal would
include tectonic deformation induced by
starting or cossing the humen octivities
mentionad previously and is helieved to
be significan! in the evaluations of sites.

The final guideline contains & second
disyualifying condition [§ 980.4-2-8-
1{d){2)}), which wen added in reaponse to
the NRC's request, in is preliminary
concurrenne condition 7, 3o provide &
disqualifying condition that corresponds
to the "location of valuable nature!
rescurces” In the Act. Guideline § 960.4-
2-6-1 already apecified that a site will
be diaquelified if previcus exploration,
mining, or exiraction activities huve
credted significant pathways batween
the underground fucility and the
environmant. Furtiier conatderation of
the human-interferonce iseue during the
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concurrence discussions with the NKC
otafl lod 1ha DOE 1o develop a
disqualifying condition directed at
current oi fulure aclivilies outside 1i. v
conirelled area should Inadvertent
could lead io a Joss of wasie isolatian,
As indicutad by the word
"inadvarienily,” the activities In
question are considered to be
uninieniional intrusions; they are
postulated fo oceour outside the
controlled area becauss the "sontrols”
1o be exorcised in the controlled area
should preclude intryainn within the
arens,

Two other changes were mads to
guldaline § 960.4--2-8-1 In responso 1o
the NRC's concurtenco conditions 3(gj
and 3{c). The first change is the deietion
of the word "aignilicent” from the
phrase “signiflcant subsurface mining or
extraction {or resources” in the aecond
potentially adverse condition because
the DOE agreod with the NRC that all
evidence of subsurfaca mining should be
considercd adverse until the evidenco
has been thoroughly eveluatad. The
other is the addilion of the second
favorable comdilion {presence of ground
water wilh 10,000 parts per million or
more of lotal dissolved solida), which
wae oviginally In § 00.4-2~1, The NRC
gave the DOE two oplions for resolving
condilion 3[c): transfer tho provisien to
§ 080.4-2~0~1, where offecis on natural
rescurcis ore congidered, or delete the
provision altogether. The delotion option
reflsclod the NRC's concern that ground
waler containing a high conceniration of
dissolved solide might adversely affect
the performance of the engineered-
barrier sysiem, complicate the design of
the waale canister, and posoibly hamper
the BOE's efforis to satisfy the
conteinment and reloapa-rals
requirements of 10 CFR Part 60, such a
conditinn should therefore not be
considered a favorable condition {or
geohydrology. The DOF chose the first
oplion bacause it clarified the intent to
avoid siles with sources of ground waler
that can be used for domestic or
agricultural purpoags.

Several comments insiated that the
existance af potable ground water at &
site should be disqualilying. The DOE
does not agree that the presence of
potable ground waler i a reagonable
basis for a disqualifying condition that
would ba gonerslly appliceble to all
pites. However, to ensure the protection
of ground water. several modifications
were made 1o the guidelines. In addition,
4 potentially adverse condition was
added to recognize the fact thal the
presence of ground weler could create
the possibility for drilling activities to
recovel this waletr. The NRC and EPA

regulutiona should siso ensure that any
risk to potable ground-water sources is
viry low,

SBaction Yi04-2-8-2 Site Ownorship
und Contred, Tha NRC roquires the DOE
1o abluin ownership and surface und
subsurface rights to Jund and minerals
within the controlled area of the
reposilory {10 CFR 60.121), Buch righta
are required largely to help ensure
continuad functioning of the roposilory
fur Into the future without adverse
human interference, This NRC
requirement is tha basis for the guideline
o site ownarship and control,

Several comments questioned the
sdaquacy of the protection alfforded by
the type of control specifiad by this
guidelino, While thore can ba no
guarantees that interferonce will never
nccur, the DOF belleves thal the risk
from such activitigs can be docreased to
acceptably low levels through the
following measuraes, 1aken 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 ta make Intorference
uctivilies more difficult or to miligate
their effects. Thie belief is also
expreased by the NRC in the preamble
to 10 CFR Part 60.

Another group of comments
contended that ownerahip priorities
ahould be set forth in the final
guidelines. A large number of comments
on ihe proposed rule questioned the
preferred status given io land already
owned by the DOE and suggested that
niore attention should be given to
potential ownership conflicts with other
Federal or State lands used or
withdrawn for incompalible purposes
and the gpecial problems involved in
siting on Indian tribal lands, The
proposed potentially adverse condition
was reviged to be more spacific about
the conditions that should ba adverse.
An example of such a potentially
adverse condition, es indicuted by one
comment, would be siling on trlbel land,
not subject to Federal condemnation
procedures, if a volunlary purchase-sell
agreement vould not be negotiated, The
single favorable condition now cites
ownerghip and control by the DOE
whereas tiwo proposed guidelines
considered ownership and control by
other Federal sgencies to be favorebla
us well,

Some comnments queationed why both
postclosure and preclogure guldelines on
site ownership and control were
included in the alternative guidelines.
Land ownership and cantrol are

important to safety in both posiclosure
and ‘he preclosura phases. The finel rule
cor-tiaues to state the land ownaersbip
anc. gantrol guidelines for both phases.
It a 1ot be notad that, thiough the

st monts of the guidelines are simitar.,
th. wceesary land areas and controls in
the rostclosurs and the praciosure

r :avvs may differ ulightly. The land-

¢. 3¢ requirements for both the

pue losure and the preclosure phases
will -:eed to be integrated in establlahing
the attual site boundaries.

4, 3reciosure Guidelinas (Subpart D,
Section B00.5)

The praciosure guidellnes address (1)
proclogure radiological safaty: (2) the
environmenisl, sncloeconomic, and
tre meportation-related impacts
asapciated with repository development
and operation: and {3) the ease and coet
of reposltory slling, constructlon,
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 aignlflcance 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
establish the overall objectives to be
mel by a repository during the
preclosure phese (i.e., siting,
construction, and operation through
closure). The proposed and alternative
guidelines both included one preciosure
system guideline that wes primarily
facused on radiological safety. The final
guidelines inciuda three precloaure
ayatemn guicelines, one each of the major
categories indicaled above, in order to
achieve a parallel rejationship between
tha preclosure ayatem guidelinea and the
technicai guidelines throughout the rule,
That paralle! relationship should be of
valuy in comparing sites,

For preclosure radiological safaty
(§ 800.5~1(a)(1)], the pertinent system
elements arg (1) the wite characteriatica
that affect radionuclide transport
through the surroundinge; (2j the
engineered components whose function
is to control relaases of radicactive
materinls; and (3) the people who,
because of their logatlon and
disteibution in unrestrcied areas, mey
be affacted by radionuclide releases.
This guidetine is assigned the grealest
importance among the preclosure
system guidelines beceuse 1t is directed
at protecting both the public and the
workers of the repository from
radiological exposures.
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. Ranked nexi in Importanca is the
preclogure sysiem guideline o, ‘he
envlronment, sociveconomics, and
{rangportation [§ B80.5-1{£)(2)). In the
linn} guidelines, the statement [ this
guideiine wae edltorially revisud for
gimplicily und clarily. The pertineni
syslem elements will in ganeral conaisi
ol ;1) the penple who may be sffacted,
including thelr lifertyles, sources of
income, social and aesthelle vali. 8, and
community aoervices; {2) the alr, land,
water, plunls, gnimuls, end cultural
resources in tho arean potentiaily
affocied by such aciivities; (3) tin
tranaporlation infrastructure: and [4) the
potential miigatlng measuraa that can
be uped 10 achieve complionge with this
guideling.

The third preclosure system guideline
16 anae and cost uf siting, construction,
operation, and closure. It is ranked
lowest bocause it does nol refaty
directly to tha hanalth, salety, and
welfare of the public or the quality of
Ihe envirenment. Here the pertinent
elemenis sre {1) the aite characterietics
that affec! siting. construction,
operation, and closure; (2) the
engineering, materials, and sefvices
necessary to conduct these activities; (3)
wrillen agreements between tha DOE
and affected States and affecied Indian
trilzes and the Federal regulations tha
extublish the requirementa for these
artivities: and (4} the repository
pursonnel sl the site during siting,
construclion, gperation. or cloaure,

Some commenters helieved that too
much reliance was placed on engineared
systems to meel the regulations for
radiological safety. Unlike the
postclosure phase, which relies heavily
on naturai systems for containment and
isolation, the preclosure phase relies on
enginesrac systeme, gquipment, and
tontrols, examples being high-integrity
engineered slruciures, water- and air.
lreatment systems, and monitors that
can activate automatic control 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 comment—the ippue raised is not
analogous 1o the posicloaure issue on
engineered barriers.

One commenier objected to the use of
the lerme "preserve" and "to the extent
praclicable™ in the sscond preciosure
system guideline {environment,
soticeconomics, and irensportation),
prelerring to substitute “minimize
impacts 10" Jor the former and to delete
the latler. Ap previously slated, this
ayslem guideline has now heen

editorlally simplified and clarified, end
these terms are no longer usad. The
DOE disagreed with the second
commont, because practicubblity must
govern the epplication of this guideling.
The minimization of impacts s &
desirable objective, but in making
repository siting decisions it rmust bo
bulanced against other objactives.

One commenter suggested that the
DOE add to tha system guldelines a
statemont to the effect that the DOE will
comply witit the intent of Btate
onvironmentsl lows and regulations.
Although the DOE will comply with the
requirementa of all applicable
enyironmental lawa and ragulations, 11 is
nal noceasary or appropriale to include
1 guideline to this effect.

A commenter askad that the DOE
r¢turn to the language used in the
orlginal preambla regarding the DOE's
commitment to environmental
protection, The DOE's commitment to
anvironmeénta) protection is clearly
expressed in the guldelinas, which are
based on the premise thet the key
ohjectives in site solection are the
protection of the health and safety of the
public and the quality of the
environment. These guidelinas
encompasa alt factors polentially
imporlant to waste containment and
isolation {e.g.. geohydrology,
geochemistry, 1ectonics, human
intrusjon) as wetl as the factors that
delermine the environmental and
sosiceconomic acceptability of a slte. In
addition, as discussed under the
implementation guidelines in Seation
IV.B.2, a separate implementation
guidelios for the consideration of
environmontal impacts (860.3-4) hus
been devaloped,

(ne coinmenter suggested the
inclusion of the ALARA standard in the
preciosure syatcm guidelines. The
ALARA standard {i.e.,reducing relesses
to “as low ns reasonibly achievable™
levela) is a pnrt of the reference
regulations (i.e., proposed 40 CFR Part
101, Subpart A) for the first preclosure
systemn guideline and is thersfore
incorporated by refarance inlo the
DOE's preclosure guidelines.

One commenter ssked whether all of
the reguiations clted in ihe Hrst
preclosure system guideline would need
lo be met and, conversely, whether the
inability to comply with any singte
regulation bui not ull of the regulatioms
would load to disqualtiication. The
answer to bnth gueationa ia affirmative,

Coe commentar requested that a
criterion of "zero relaase” to ground
water be eatablished for the preciogure
phase. Although this is gimilar to the
"zero releass” comment for the

nostelasure phase, the lssues are
Jifferent. (Graund water 1s nol o part of
ihe preclosure multtple-barrier system,
Furthermore. the comment is primarily
irected at shallow potable-waler
u;uifers as opposed to the deeper
#quilers of concern during the
sislelogure phase, which have less
oulential as potable-waler sources. As
“'ready discuased, tha NRC rogulations
¢ iverning preclosure operations
embrace the ALARA standard (Le.,
relednes must be as low as 1s reagonably
izechievable). For preclosure operaliona,
the spplication of thnt standard is
nxpected to lead 6 no plenned
discharges of tiguid redioactive wusteg
from the ropository. In any case, such
discharges would not be made to ground
water. Beyond that, the saystem will be
deslgned to prevent, io the extont
practicable, contaminated liquid
releasas during postubsied abnormat
conditions. Glven the relatively small
volume of polantlally contaminaied
liquids in preclosure operations,
uchizving esseniially zero lavels of
liquid releases is a reasonable objective,
Therefore, although not apecifically
incorporated into the guidelings
(because the zero-release criterion is not
n fuctor in siting}, the desired agsurance
that no contaminated liquids wili be
releasad to aquifers is consistent with
the DOE's objectives for preclosure
safely,

One commenter requestad that
accident release limnits for preclosure
operations be promitigated by the NRC.
This matter has been brought to tha
attention of the NRC. Such limita, if
promulgated by the NRC, will be
adopted hy the DOE.

One commenter noted that the system
guidelines were more spareely wordad
then the technical guidelines, implying
tha! the lack of detail appeared
inconsisten! with the high importance
altributed to the syatem guidelines. The
reason for the apparent lesser detsil in
the system guidekines i that they ,
incorparate, by reference, detailed
regulations promulgated by other
ageocies, These regulations are not
repealed verbatim in order lo readilty
incorporate (also by reference] any
changes thet may occur with time.

Deleted from the fina! pruclosure
system guidelines were the explanatory
slatements nbout perlinent syalem
elements becauae these statements were
considerad to be more appropriate in
this seclion-by-section analysis,

In summary, the finai guidealines
in¢clude three precloaurs system
guidaiines, whereas the propossd rule
had one preclosure sysiem guldeline,
specificaliy addresaed 1o radiological -



N Y 2 4 |

3

Federal Register / Voi. 49, No. 238 / Thuredsy, December 8, 1884 { Rulen and Regulaillons 47741

safaly. The system guideline for
proclosure radivlogical safoty wns
modified o include 10 CFR Part 00 14
accordance with the NRC commants on
the proposed rule. Aleo, the term "= ute
of the an” wus replaced by “reasn.:ably
available technology” becauge srvaral
commentera folt that the formar tarm
would 2llow the usae of untested
technology.

Section 860.5-2 Proclosure
Technical Guldelines. Like the
preclosura syslem guidolines, the
preciosura technigal guidelines are
divided into thren categories. The firal
category, preclosure tadiolagical safety,
conlains guidelines on population
density and distribution, site ownership
and control, meteorology. and offsite
inatallations and vperations. Tho : econd
celogory covers the environment,
socioaconomics, and transportation. The
third category, which pertains to the
ease and cos! of slting, construction,
operation, and closure, contains
guidelines on surfece characteriatics,
rock characteristics, hydrology. and
tectonles.

Praclosure Radiological Gafsty

Section 860.5-2-1 Populatian
Density and Disiribution. The objective
of the guidélines on population density
and distribution is to ensure the
selaciion of a repository site that wili
minimize risk to the public and permit
compliance with the EPA and NRC
regolations, The proposed EPA standard
(40 CFR Part 191) limits exposures to
members of tha public; it also requires
that thess exposures be further reduced
below the limils to the uxtent
reagonably achievoble, The proposoed
EPA stendard limits the radiation dose
that any indlvidual outside the
boundary of the resiricied areu would
receive lo a maximum yearly doso of 28
millirem to the whole body, 75 millirer
to the thyrold, or 25 milliram 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 releascs are very much
lower than the EPA maximum
permisgible doaes.

The final guideline on population
density and disiribution includtes a
qualifying condition, two favorable
condilions, two potentiaily adverse
conditions, and three disqualifying
conditions. The two parts of the-
qualifying condition stipulate that {1} the
expecled dose to individuals in any
highly populated area will not be likely
1o axceed a small fraction of tha EPA
limlta, by referenca to syatem guideline

§ 900.5-1(1}, and {2} the expected dosc
ceceived by any Individual In the
unrestricted aren will not ba likely to
excead tha EPA limita. Any site must
meael this two-part test in order to
nualify,

‘The two favorable conditions will
require the DOE to analyzo the degree to
which u site is ramote from highly

opulated areas and 10 seek sites with
Enw population denaities, Tha first
potentially adverse canditlon will
require examination and analysis of the
populatiun donsity within projected site
buundaries, The population tn be
unalyzed will include the people
residing thers, those who are there on a
soasonal or transient basis, and those
who may e there only during the
daytime, The daytime population
vonsiats of poraons whosa work brings
tham together inta dense concentrations
and of visitors to popular recreational
areas. Tho second potentially adverse
condition wijl 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 sita shall be disqualifind
if any of the following conditinna exist:

1. The surface facility would be
locatad in a highly populated area
{coincldence); or .

2. The surface [acility would be
located adjacent to & 1 mila by 1 mile
araa having & population of not less than
1000 individuuls (adjacency]; or

3. The DOE could not develop an
emorgency preparedness program that
meets the requirements of DOE Order
5500.3 and relatad guiden or 10 CFR Part
80, Subpart [, "Emerganay Planning
Criteria."

The DOE atrived at theee
disqualifying conditions by an lterative
process that began in the preposed rula
of February 7, 1883, with disqualifiors
that were based on both radiation doses
und on the adjacency and coincldence
of the surfuca fecility with a highly
populated area. Camments requesting
lhat the DOE be more specific jed to the
alternative guideline of May 27, 1883,
‘Thig version specified that a site will bo
disqualifed if a surface facility would be
adjacent to {abuiting} an area 1 mila by
1 mile having a population of not fawer
thun 1000 indlviduals or would be
located in a highly populated area.
Objections to the use of the word

- “abutting" to dcfine “adjacent surface

facilities" lad to attempts, discusaed
with the States, to restructure the
disqualifier with both necessary and
sufficient conditions. Thal la, if a surface
facility mat either of two necessary
cunditiona {adjacency or coincidence}, a

slie would be disqualified If the
resiricted area of & repusitory woere {1)
In « .ilghly populated area or (2) abutting
a 1-.-tle-square area witl 1000 or maore
[nc: ~4uals. A number of States disliked
thi- structure, saying that it was both
av-+ward and perhaps gave an

A sovance of avadin? Congressional
-1 it aven though it followed closely

* g longuage of Saction 112{a) of the
s

L. -arly, no one would 2 st thal
repisitory facilities should be located in
a highly populated area; the DOE has,
th~refore, concluded thal both the
cotncidence and adjacency conditions of
Ssclion 112(a) of the Act 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
sucface {aciliiten, Tha dispersal of any
alrburme relsases would dopend on local
weather conditions, which may vary
greatly from site to site, Furthermore,
tha magnituda of relsasas is conlrollable
in large degree by englnesring measuras
it cosmmon use at radioclogioal faollities.
1t follows that the DOE muat make a
aite-specliic evaluation of adjacency to
populations concentrations in order to
decide whether a site meets this
guideline. This svaluation will
determine the diatance at which the
outer boundary of the restricted arsa
should be set, maeasured {rom potential
releass polnta, 20 aa to ensure that
populations beyond that fenced
boundary will not axperlence radiation
doses in exgess of the limits set by the
NRC and tho EPA regulations discussed
above.

A commenter stoted that 1000 peraons
par square mile represents a high
population density and that the
population-deneity guideline should be
more restrictive. The DOE agrees that a
low population density in the vioinity of
a site 18 a favorable condition; 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
pver radiation exposure and dosage, and
how these are to be addressed in the
guidelines. Six of them called attention
to the potenticlly adverse condition In
the alternative guideline § 960.3-2-1(b)),
stating that any site where ragulatory
limits would be exceedad 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 cordition
§ 960,5-2-1{c)(1).

One concern expressed by ‘aree
commenters was that. in perfurming
dosa calculutions. the DGE should
conslder future as well as prescnt
pupulations. The DOE agrees and will
make population projections thrnugh the
period of decommissioning for o. ch
putential slte during site
characterization. Because long-range
demographic forecasts ure inherently
speculative, the DGE believes that
projections beyond the period of
decommissioning would not serve »
veeful purpose.

One commenter expresaod (he view
that individual, us well as population,
dose should be measured, and two
reviewers said that dose calculationa
should include doses from other sources,
In calculating dosage, the DOE will
follow Ihe procodures oullined in the
EPA's final standards {40 CFR Part 181).
Theee calculatlons estimate individual
exposures from other sources as wall as
from repository operations, The
qualifying condition is stated in terma of
both individual and populstion doses.

One commonter exprassed the view
thai Incremants of distance should be
catablished in the guideline to socount
for risks associaied with increased
surface aclivilies and gave an example
of converging transportation routes. In
order to protact the public, the DOE will
identify a restricted area thal encloses
ali repository surfuce facilities, excapt
the immadialely connocting road or rail
spure. The safely of transportalion
aclivities is treated i1t the analysis of the
\ransportation guideline. .

Two reviewers commented that the
real extent or distance describing the
“remotenesa” of a aile from highly
populated arcas should be definad,
Remoleness varies with land use,
tarrain, diatance, relative accessibility to
the pubiic, and the configuration of thy
potential controlled area. These
conditions will ba evatuated v
determine the dogree ta which a site
may be considered remote from highly
populated areas; thersfore, the DOE
does not beliove that it is eppropriate to
epecify a definition for remoteness In
the general siting guidelinos.

- One commenlar suggested thal
"highly populated area” should be left
undefined in the guidelines. The DOE
thinka that guch a definition is
necassary, however, in order to identify
and avoid highly populated ereas early
in the-site-screening process and 1o be
able to rely upon the potential utility of
sites in which much effart will have
been expended, should they prove.

quallfled in atl ather respects. Other
commenters folt that a more restrictive
definftion is necessary. Hence, "highly
populated aren” is defined in the fina)
guidelines as any Incorporated or
census-designaied pluce, excluding
countles, of 2560 uf more persons as long
ns the population density of the place
waould equal or exceed the mean
population density of the United Siates
(rbout 84 persons per square mile). This
is & more restrictive deflnition then the
vne used in the nlternative guidejine,
which stlpulated that highiy populaled
ureas would include urbanized places
wilhin metropolllan statistical areas
{M8As) aa defined by the Bureau of the
Census, In practice, that eriterion would
exclude only the most highly populated
parts of any given MSA. The naw
definition does not refer o MSA and is
tharefore mora restriciive. The threshold
ol 2500 persens was selected for two
reasnny, First, the Bureau of the Census
defines places with 2800 or move
inhabitants as urban. Second, the
Bureau develops maps to delineale guch
places, and population-density data are
tabulated for these places. The criterlon
of the mean U.8. pupulaiion denslty
used in the defiriition of “highly
populated ares” will permit the DOE to
consider potential sites within
extremealy large but sparsely sottled
incorporated communities.

Another commenter fel{ surface or
climatic conditions that might increase
tha occupational exposure of repository
wuorkers to radiation should be
considared potentielly adverse, The
DOE ggrees that the axposure of
workers at a repoaitory must ba limited
and will meet the safaty requivements
for occupational exposure in 10 CFR
Part 20. Because any repoaitory will be
designed to protsct workors from
variable climatic conditions, the DOE
feels that any site-to-site variations
projected in ocoupetional doses would
be so small as to make this factor
inconsoguential in siting.

Anather commenter wondered why
the DOE would be concerned with
population denaity but not with
agricultural productivity in the area of a
site and suggested that gerlain
agriculturai areas be eliminoted from -
further consideration. In siting any
repository, tha DOE will comply with
the Farmland Protection Policy Act of
1981 (Pub, L. 87-98] end the Departmont
ol Agriculture’s final rule to implement
that Act (49 FR 27716; to be codified as ?
CFR Part 858).

One commenter said thet the DOE
shtould ensure that the populations
edjacent to a potenttally acceptable site
will be protected from the offocts of a
repository at least as well as parks are

protecled in the environmental quality
guldeline. The DOE developed the
qualifying, disqualifying, favorable. and
putentially adverse conditions in both
guidelines so that both parks and
populations would be protecled In &
manner commensurate with the type of
riak. Industrial facilities are generally
precluded from parks, but many
‘ndustries are cammonly located within
irbsan arens. 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. With the park, it 13 the
environment that is at risk; with the
population, it is the potential Hak to the
health and safaty of the residents of an
aren that must be conatdered. The
disqualiflers therefore are based on
redintion hazards for the population and
eilher irreconcilable land-use confiicis
or unacceptable environmantal impacts
for the environment.

Section 9o0.8-2-2 Sile Ownership
and Contrel. Although the preclosurs
end the postclosure guldelines on site
ownership and control are slated in
similar terms (aee § 960.4-2-8-2), they
ate related to different system
guidelines (l.a., the preclosure and the
posiclosure system guidelines).
Moreover, aa ststed kn tha preambla for
§ 960.4-2-8-2, the gengrephical extent of
the land and the controls required also
differ for the preciosure and the
postolosure perlods. However, the
commenis on thees guldelines addressed
common iesues, which are discussed In
§ 960.4-2-8-2 of the praamble and are
not repeated here.

Segtion pa0.5-2-3 Meteorology. The
principai objective of the preclosure
guideline on meleorology is to ensure
that the weathar conditions et 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 concem is
the potentia! for extreme-weather
pkenomena that could affect the
operstion and safety of the repository.

A recurrent thee in the comments
was the statement that any expectod
routine radivactive emisaions from a
repository should disqualify the site
because these emissions would pose
potential health hazards to local
populations and repository workers,
Two commenters requested that this
disqualification be extended to inglude
emissions to agricultural lands. On the
othar hand, twn commenters pointed oul
that routine emissions are of
significence only if the limits of 40 CFR
Parts 150 and 191 are approached for the
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general population ar the lmits of 1
CFR Purt 20 for the wark force,

A elta should not ba disnuelified
simply bceauao routine emissisns of
radloactive material are projected .or
repository operations. The reposit:ry
operatlons will be such that these
emisstons will be very low, well within
the limita prescribed by applicahle
regulations and standerds. Moruover
the DOE does not Intend to mlsl salel,
on natural meteorelogicul conditiona to
protect the public from preclosure
emisalons; it intends {o rely nn the
engineered design of the repository. The
safety of thig design will be
damonatrated in the lcense application
to the NRC. However, to protect the
public from the releases that might ocour
under unltkely nccident conditlons or
during normal operations, the first
potentially edverse condition In the
guideliie novers site-specific
meteorological conditione pertlnent to
the ntmospheric transport of
redionuclides {).¢.. the prevalence of
meteorclogleal conditlons undar which
the emiselons would be llkely o be
trunsporied tuward localiting with
higher population densitias than the
avarage for the region}. To clarify the
concern for protecting tho population.
the metoorology gutdeline hns baun
reworded.

Some commentera askad the DOE ta
clarify what it meant by “high potentlal
for axtreme-weather phenomena,” and
several suggested that severe winter
storme be included in this cetegory. In
ovaluating sites, the potential for, and
the severity of, exireme-weather
vhenomena will be eetimated on the
basis of hislorical meteorologicnt
racords. The second potentlally adverse
condition, which pertuins to extreme-
weather phenomens, was rewrilten to
reflect the historical bnsta for the
evaiuation; in addition, i was expandaed
to include severe and frequent winler
storma.

Seclion 960.5-2-4 Offsite
Instaliations and Operations. Tho
preclosure technical guideline on offslte
installations and operations {formerly
offsite facilities) has two obijectives: (1]
to ensure that the impacie of any nearby
industrial, tranaportation, and military
inatallations and operations, inciuding
atomic-energy defenae activities, on
repository siling, construction,
operation, cloeure, and decommissioning
are adequately consldered end {2] to
anpure that any radionuclide emissions
from such instatiations, when combined
with preclosure emissions from the
repository, would not lead to total
radiological expoeures in any

-unrestricled area greater than those

allowod by the requiroments specified n
the pertinent aystem guidaline.

Nine comments wore directed
specifically toward the proximity of a
reposttory tn other nuclear facilities
with radioactive efftuents at or near the
{imlts spacified in 40 CFR Perts 190 and
161; all recommended that such a
condition be conalderad diaqualtfying,
raiher than potentlally adverse. The
commenta generally appoar to be basad
on the requiremonta of 40 CFR 101.02{a)
that, for any fucilitics coverad by 40 €FR
Parts 100 and 101, the combined annual
dose equivalent dolivered to any
momber of the public shall not exceed
the limita spacified by these standarda.
The guidefine rncognizes that the
presence nearby of industrial,
tranaportation, and military instaitations
and operations, including stomic-energy
doefense activities, could be detrimental
and raqutres that the combined releases
from these sources end the repository
meul the requirements specified in
Sectlon 900.5-1(1} for unreatricted areas.
The portinent potentially adverse
condition recagnizen the presence of
nuclear installations end operations
with actual or projected relesses nesr
the maximum value permiasible undar
40 CFR Parts 190 end 101, Because such
reloagos might be nccominodated by
engincering measures, the potentielly
adyorao oondition waa not chenged te a
disgualifying one in the guidetines of
November 1083,

Addad to the finel guldeline for offsite
installetions and operations was a
disqualifylng condition related o atomic
energy defense activities that are
expocted to conflict irreconcllably with
rapository sitlng, conatruction,
aperation, closure. and
dacommissioning. This addition was
made in responee to the NRC's
preiiminary concurrence condition 7,
whlich usknd the DOE to develop new
disgualifying conditions that (1) would
correspond o the fuctors cited in
Section $12{a) of the Act and {2) could
be applied early in the alting process.
‘The DOE hud concluded that 8 specific
reference to atomlc-energy defense
actlvitlea In the qualifying conditton was
suffictent 1o satisfy the requirements of
Section 112[a}, but, after further
consideration, decided that nn explicit
disqualifying condition could be
developed to accommodate the NRC.

Thres comments requeated that the
other potentiatly adverse condition,
which ia related to the presence of
nearby potentially hezerdous
inetatlnfions or operations, be changed
to a disqualifying condition. There were
aleo two suggestions that the word
"unacceptable” in § 980.5-2-4(b){1} of

the alternative guiidelines be changed to
“g., varsely” In order to broaden the
coui- ideration.

.} & nentloned abovs, the
id- wtiflcation of a potentially adverse
¢t iltlon requires a detailed evaluation
o! 1.8 condition. The results of such an
+ va.uation mus! indicate that the
y Mertial for radionuclide releases does
ot »xceed the limita spacifted In
§ 8L."5-1{1}. The DOE therefore doea not
acczpt tho suggestion to change the
potentially adverse conditions ta
di. yualifying conditions; however, the
werd “unacceptable” was changed to
“advarpely.”

Saveral comments pointed out
inconsistencles in terms, recommending
thst 8 more-Lnclusive term be -
substituted for “offsita facilities” to
exprass the broader concerna of the
public. The question as to why offsite
factlities are not of concern for the
poatclosure period was also rajped. The
DOE sgrees that the use of torma waa
inconsistent. Accordingly, the term
“ingtollations and operations” is usad
consistently throughout the final
gutdeline, Offsite facllities are not a
postclosure issue, becauss no emisalons
will be releasad from the repository
after closura. In addition. the worda
“siting” and “dgcommissioning” were
added 1o the quaiifying condition of the
final guideline to make it snore
ancompassing.

Environment, S8ocioeconomics, and
Transapartation

Section 960.5-2-5 EBnvironmantal
Quality. The objeclive of the
environmental guslity guldelines la
twofold: {1} 1o ensure that
environmantal impacts will be
considered throughout all stages of the
program nnd that impacts can be
mitigated to an acceptable degree,
taking into account pregrammatic,
technical, agcial, economic, and
environmental factors, end (2) to ensure
that the roquiremanta of system
guideline § 960.5-1(a){2} are mst.

Commentg on the praposed
environmental protection guideline were
concentrated in two major areas:
proximily of e poteritial respasitory site
to a protected natural area, such as a
park, snd mitigation of environmental
impacts associated with repository
development. To accommodate these
concerns, 8 pumber of changes were
made to clarify the disqualilying
conditions and to supplement! the
potentiaily adversa conditions in these
areas. In additlon, minor changes were
mads for clerification in the [avorablo
conditions end the quslifylng conditions.
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These chonges are discussed
individuglly below.

in the guideline of Novembar 1¢83, the
qualifying condition was expande d by
ading olosure and decommiss ning”
lu respusitory nclivities reguiris,
eavirenmental protection. The
qunlifying condilion was re-rsed to state
speclically thal the quality of the
environment “ii the affected irea,” as
well s the actual repository site, will be
prolected. The delinition of "affecled
area” wag modilicd 1o refllest this usege.

In the November 1983 guidelines, the
qualifying condilion included tha
slatement "nnd projecled significan
adverse environmenlal inipacts in the
affecled aren can be mitiguted 1o the
exign! practicable.” The linal veralon
aays "nnd projected environmental
impacts in the affecied prea can be
mitignted 10 an nceeptable dogree.” The
1erm “slgnificant ndverse™ is thought to
Le redundant in this context, and the
phruse "o an acceptable degree” ta
thought to promlse grenlar protection
thun “to the extent practicable.” The
word "programmatic” was added to the
list of conafderationa to he weighed in
dirlermining what is meant by “to an
urceptable degree.” corresting wn
inadvertent umission in a previous draft,
Addittenally, the qualifying condition
w9 changed to delate the phrage “the
health angd wallare of the public” (o
nvold redundancy with the syvstam
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 113(b)}
regarding the necesaary level of
environmenial protection.

Several commenters suggestad that
sulection of e reponitory site and
support aysteina should ensure that
polental environmental impacts are
minimized 1o the greatest extent
possible. Similiar commecls urged the
BOE lo apply the ALARA {as low as
reasonably achievable) principle 10 both
engineered measures and siting
decisions. The DOE wil] eveluate
allernative mesures to minimize or
avoid significan! environmental impucts
and will ndopt reasunable miligating
measures, What is reagonabie in a given
situation is influenced by 2 number of
factors, Including coat, technology, and
other environmental and sociceconomic
impacts. The DOE's perspective on what
is reasonably achievable [n mitigating
environmenial Impacts is explained in

the final rule by listing the factors thet
will be considered in making judgmants
of thig nature, The DOE maintalne,
however, that one cannot epply the
ALARA principle 1o the sile-screening
proceas when limited informution s
avuilable to make an informed judgment
a8 lo what constitutes ALARA.

In responae to a commant, the first
favorubie condition was modified to
reflect timely compliance with
environmental requirements applicable
1o the site "“and the activities proposed
\u take place theisui.” Also, since
envirenmentsl impacts will occur in the
future and regulatory requirements
genarally apply in the future, the
favorable uondition now reflects o
“profjecied ability” to meet such
requiremanis,

The final guideline includes a change
in the second {avorable condltion. The
DOE defined “roasonable miligating
measures” by udding the phrase “taking
inle accouny programmatic, technical,
suclal, economic, and environmental
fuciors."

In response 1o comments, the
proposed environmental guideline was
expanded 1o include six potentially
adverse conditions, and in the final rule
certain modifications have been made in
reaponse o further comments. In the
firsl putantially adverse condltion, the
term “major” wan added in the phraae
“projected major conflict with
appliceble Federal, State, or loca)
environmental requirementa.” This
change wag made to clerify the pature of
& conflict that would trigger a
potentinlly adverse condition. It is
believed thet a minor conflict is more
likely to Le resolved. One commenter
asked whuther a State or local
government could impose environmental
ristrictions aufficient to prevenl & site
from being chosen in the jurisdiction, as
they believe the firsi potentially adverse
condition suggesta. The DOE will
congider all applicable environmental
lnwe in the aite-screening process.

Another cormmenter suggeated that the
term “probable” be deleted from the
[irat potentially adverse condition. The
lerm “projecied” has been aubatituted.

In the secnnd potentinlly edverse
condition, the term "minimized” was
changed lo "mitigated,” in response to a
commenl, This change is appropriate
since the lerm "mitigaie”is uaed
throughout this guideline. Two
commenters auggested that the term
“significant” be deleted from the second
potentially adverse condition. The DOE
disagrees. Noi ull adverse
environmental impacts are
actomatically serious enough to be
included in this category.

A number of commeniers suggested
th.ol the third poatentially adversa
¢ :dition, regarding protected natural
erena, should be a gisquulifytnﬂ
¢ niition. Othera pointed out thal a

sogitory would noi neceasarily

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
Ri-ers System, the National Wilderness
Preservetion Bysiem, and Natjonal
Forest Land). The DOE's pasition ia that
LiL; above-mentioned resources should
iu: glven special conaldaralion in
reposiiory-siting decisions, and all of
them are listad in the third petentially
edverse conditian.

Several commenters on Lhe third
putentially adverse condilion suggested
that both direct and indirecl adverse
eavironmental Impacts need lo ba
considered, The DOE sgreea. Others
wuggeated that the severity of the impact
determings whether a potentlally
adverse condition anigts, To
accommadaie both concerns, the DOE
deleted "direcl” to indicate that both
dirzct and indirect environmental
impacta would be considered und
inserted “significant” o clarify thal
“aignifican! adverse environmental
impacts” on the designated natural
resources would trigger the potentially
adverse condition.

One commenter requesied that the
third and fourlh patentially adverse
conditions be combined. The DOE
disagrees. The langnage es written besi
distinguishes the treatment of different
lands controlled by diffarent
government entities. Because Lhe
resources in the fourth condition vary
from State to Staie, the apecific
resources cannot be listed all
inclusively. Furthermore, since meny
different kinda of resources could be at
iasue. a two-part test Is appropriate.

In response to numercua comments,
particularly from inlereated Stetes, the
DOE added three potentially adverse
conditions to ensure speclal
conslderation of a “significant State or
regionally protected resource area, such
as a State park, wildlife area, ora
historical area;" “a slgnificant Native
American resource, such as a mnsajor
indian religtous site;” and “critical
habitats for threatened or endangered.
species.” In response to a comment. the
DOE ad<ed “other sites of unlque
cultural interaats™ to the kist of resources
wartanting special conalderatlen,

One commenter auggested adding a
potentially adverse condition that would
cover the mapagement and digposal of
mine apeils. The DOE disagrees. Such
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peoloniial adverse envirunmenial
Impacis as may arise from the
management and dispussl of v:inw s -oile
are covered by Lhe secound potentit y
adverse condition. Another commanter
askadl thai the DOE “recognize local or
regionul engineered waler supply
syesteme a8 a potenilally ndvarss or u
disgqualifying condition.” The DOT,
dissgrees sinca impucts on such sysl.ms
are coverod by other potentislly ndverse
und diagualifying conditions, such us
potentially udverse condition 2 und
disqualifying conditirn 1. One
commenier said that the lerm
“pntentially adverse condition™ is vague,
The term has been defined in the
q1ossary (§ 900.2 of the guidelines),

The greatest number of comments on
the environmente! guideline, both in the
proposed guldelines and in the
alternetive guldetines, pertained to two
disqualifying conditions, Both of these
diequallfying conditions were retained
in the rule of November 1983, but wera
madified In reaponse to comments, and,
in rosponse to comments, a third was
addetﬁ

In Ha November 1983 version, the
phrage “cunnot be mitigated" was
modifled by the phruse by reasonabla
measures, taking into account technical,
soclal, and econnmie, and
environmental factors.” In additton, the
term “unsutisfactory” wus chunged 16
“unscceptable.” *Unsatisfuctory” wae
originnlly chosen to be consistent with
the Jescrlplions of the environmental
referral proceoss in Part 1504 of the
Council on Environmental Qualtty
tegulailions imrleme_ntlng the National
Fnvironmental Policy Act of 1068,
However, this change was made to more
clearly reflect the fact that e judgment
on the acceplability of environmental
impacts is involved here. Upon further
consideration, this wording was
modified In 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
wha inadvertently omitted from an
eurlier drafi.

The phrage "would result in ao
unaccepable ndverte impact on the
health and welfurs of the public or the
qualily of the environiaany, if such
impact sannot be mitlgated by
raasonable measures” has been
replaced by “the quality of the
environment in the affected ares could
nol be sdequately protecied or projacted
environmental impacts in the affected
aren ceuld not be mitigatad 10 an
acceplable degres.” This chunge was
made 1o delete a redundancy in
considering tha health and weliare of

the public, which ia covered by the
syelem guideline (§ 860.8-1(a)(2]). and to
clarify the need for protecting the
environment both now and in the future,
Furtharmore, the word “progrummatic”
was hdded to the liat of [actors to be
weighed in determining the acceptability
of the results of impuct niltigation.

A vommenter asked whether
mitigation In this and ather plucus
includes compensation. It does. as
indicaled in thu definition of the term in
§ 000.2 of the guldelinea.

Numerous ¢commenis were received
on tha second disquulifying condition,
which referred to the coincldence of the
restricted arsa or repository support
fucilities with tho resaurces named;
some expressed concern fhat it wus too
nurrow, vthers suggested that it was
appropriate. Several commenters argued
that i)roxlmlly to a protected area
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
toat in the diaquolifylng condition,
arguing that location o?u rapository
within the boundaries of a protectead
nrea {s ¢vidence 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 cerain situations, 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
made more specific with respect to tha
potential confliet batwaen a proposed
repository slte and a signiflcant national
protected resource. The gideline of
November 1983 was made even more
specific in thgt it enumaerated the
resources to be protected. Tha second
disquaiifying condition was expanded
into two conditions, as follows:

(2) Any part of the restricted area or
repository support fucilitias would he-
locuted within the boundaries of &
component of the National Park System,
tba National Wild!!fe Rafuge System, the
Netional Wilderneas Presarvation
System, or the Nationa) Wild and Sconic
Rivers Systam.

[3) The prasence of tha restrictod area
ur the repository support fucilities would
conflict irreconcilably with the
previousiy desgignaled use 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

signifisant State prolecled resource that
wa. ledicated to resource preservation
st it.7 tune of the enuctment af the Act.

4 1e protectod areas listed in these
tw - Jdisquelifying conditions did not
in " iwie National Foreats, Because the
¢hs tere of Nutiona! Forast Lands call
-1 nubtiple uses, including mining, the
.. O g poaition was that the
oy privteness of including v
tep sitory among these multiplo uses
wowid huve 1o ba eveluaied case by
Lith,

The term “disturbed zone” was
changed to "restricted urea," which can
be more reasonably applied to the
cequired asressment {i.e., the disturbed
zomne is @ projected fringe area far below
g ound that {s 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 grea
or repository support facilitics wauld
have to lle within the protected area to
trigger the disqualifying condition.
Another commenter suggested replacing
the word “would” with the word
“coujd” in the sccond disqualifying
condition. The DOE disagrees. The
elimination of a slte on the basis of what
amounts {o speculation at the screening
stage mey 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 disqualifying condition
eddresses Staia concerns ubout
significant State protected resources.
The intent is to afford both national and
comparably significant Stute 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 firsi, “resocurce
preservation,” ia the "“previously
designated use” which the DGE
considers the appropriate baseling
concliton aguinat which to mensure
"irreconcilable conflicts.” Second, in its
concurrence condition 7, the NRC-
reguesied the addition of National
Forest Lands to the list of reaources
covered by this disqualifier, After
considering this requast, the DOE agraed
that the irreconcilable conflict with a
previously designated rasource-
praservation use of a National Forest
should disqualify a site. The
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disqualifying eonditfon now reads na
follows:

{1) The presence of the reat-icted area
or the repogilory support fuc ' itles wauld
conflict braconcilnbly with t.¢
previcusly deslgnated rzsource-
preservation use of & eemponent of the
Matfanal Park Systom, the National
Wildlife refuge Sysiem, tha National
Wilderness Preservation Systens, The
Nationnl Wild and Scenic Rivurs
Systom, or Natiunal Foi et Lands, or
uny comparably signifleant State
protecied resource that was dedicated
tu rasource preservalion at the Yime of
the anachnont of tho Act,

Severgl commenters ruisod various
miscollanovous polits and concerns. One
comnienter was concernad that the
displacement of homos and fomilies is
considered to be u favorable condition
nnd that priority ta givon to wildjife over
people. The DOE disagreos that the
guidelinsa either express or imply vither
situetion, The DOE stelus, In sovera]
piuces in the guidelinos, that the first
privrity of the site-selection procoss is
the heaith and safety of the public,

Another commenter said tha! the
en¥ironmental guality guideline doos
not engure the suitabilily of the geelogic
conditions of tho site, 1t s impliclt in this
guideline that, in order to protest the
environmonl, the geologic conditions
nrus! be suitable. Morgover, such
suitability is ensured by the postclosure
system and technical guidelines.

Finally, several commenters suggested
that the DOE include the environmental
quality guideline in the postclosurs
gutdelines. The DOE disagress. The
object of the environmental quality
guideline, aa stated at the beginning of
this section of the preamble, is to protoct
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 00 and 40 CFR Part
is1,

Section §60.6-18 Sociceconomic
{mpacts. The objective of the technical
guideline on socioecenomic impacts is
to ensure that any significant adveraa
socioeconomic impacta of repository
siting, conetruction, operation, closurs,
and decomnisstoning can be offset by
reagonable 1nitigation or compensation
and the reguirements of system
guideline § 980,5-1{a}{2) can be met,

The DOE is committed to a program of
socioeconomic-impact messurement gnd
mitigation. Mitigation, es defined by the
Council on Envirortmental Quality,
includes actions that will avoid,
minimize, reduce, or compenaate for
adverse impocts {40 CFR 1508.20).

The potential social and economic
inpacts of gevlogic rapositories wern of
concerh o 8 numbar of commentera.
The principal isaues were {1) the
socjorconomic impacta asscciated with
the labor-force requirements of tha
repoditory, (2) adverse effects on
primary sectors of locul ecanomies {e.;
tourism}, {3) edverse effccts on water
eupplies, end {4} the psycholagicul
cffects of poreetved visk.

Somo commenters were concerned
thut the lebor-lorce requirements of a
repusilory would mposn undue
hardship on the privote end public
service copabilities of affected
localities. The viewpaints axpressed
were often conflicting: Tor example,
gome suggesied thot socioeconomic
im{;acls could be mitigatad through
striogen? siting requirements, auch aa
requiring that two-thirds of the fubor
force live within a reasonable
commuting distance of the repoaitory,
but others felt that the luck of an
nvullable lubar furce should ba a
favoreble condition; one comment said
that tho potantial for incroused
employmant should not ba considerod a
favorabie condition. One commentor
stuled that disruption to primary seclors
of the aconomy uf the affected aroa
shouid ba a disquulifying condition.
Another felt that Irrevorsible changas in
a chosen way of iile should be a
potentiolly adverse condition and

" deplored the possible lass of agriculiural

land.

The DOE {eels it would be
Inappropriate to spocily guantitative
labor-forco requiremants because there
are g0 many variable fuclors that cannot
be controlled. It would be possible, for
oxanple, to conatruct housing at the sito
for trunsient labar if sufficlent labor
wera not available within a rensonable
commuting distance from the site. The
creution of new jobs for ipcally
nveilable laber would be recoived
favorably in niost areas; however, sn
influx of naw workers could have
sigoificant adverse seciorconomic
impacts. For thase rensons, the
potentially adverss and favorable
conditions concerning the supply of
lubor were retained. In areas where new
joba might not be welcomed, the DOE
will work with tho State, affoctod Indian
tribes, and the public to identify suitable
means of mitigating unwanted impacts
and preserving and enhancing the
guatily of life. Since edverse
sacioeconomls impecta on effected local
economies cen generally be mitigatod,
the DCF. dnes not belicve that such
Impacts are diaqualifying, Where
agriculture is a primary sector of the
alfected economy, the loss of

agricultural land would be a potentially
nidverse condltion,

A commenter stoted thal & major
digruption of the local economy ie
almoss eertuin and observed thet the
guidelinaa on population density end
distribution (4 980.5-2-17 and
socigeconamic impacts [§ 960.5-2-4) are
somewhnt contredictory. Another asked
that socioeconomic and ¢nvironmental
!mpacta aleng waste-transportation
routes be addressed, and a third
suggested that posiclosure impacts be
insluded In the socioeconomlic guideline,

Tho DOE agrees that gome disruption
will ba experienced Ly the local
economy, fust es it is as In most Jazga-
scale indusirial developments. However,
becsuaa moat socioeconomlc impacts
can be anticipated and mitigated, majur
digruplions can be avolded in most
cases. When guldelines §£ 060.5-2-1
and §60.5-2-6 {population density and
socineconomics) arg leken together,
areas of fow population density within a
commuting distanca cf significant laber
pools could gain faver in site
compar!gons If the technical
quatiflentions are equol. Socfoeconomic
and onvironmenia] itapacts along lecal
trunsportation routes wili be addressed
In the siting process, Postcloaure
impucls, however difficult to assess, will
be the subject of Impact-mitigation
discuaslons and sgreements between
affectad Stales, affected Indien tribas,
and the DOE.

Other commenta said that {1} the
gutdolines should emphasize net gaine in
the overall economy and in employment,
{2} the term “effected area” should be

. changed {0 “affactud region,” and (3) the

cost uf the ropository should be taken
into account as a socicegonomic impact.

The DOE agroes that net gains in
employmont and in the local sconomy
should be considerod a favorable
condition and has revieed tho guideline
accordingly, With respect to tho use of
“affected area” versus “affacted region,”
repository development may produce
gocioeconomic inpacts in an area of
seversl counties, but it will probably
hava minimal effect on the sconomy of
&an untire region of the counlry. The
cousts of tha repository need not be
treatad as u soclosconemic impact
becaueo they will be borue by tho
owners of the radiaactive waste,
Furthermore, cost ranks betow publie
health and sofety, the quality of the
environmant, snd socloeconomic
conditiona.

Alsc mentioned were possible
adverse impacts on agriculture, touriam,
and recreation, but another commenter
pointed out that the services and
facilities developed for repository
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workera and their families could
enhance the abillly of un aren to
accommodate tourlats and seasonat
popiilitiuns, _

I'he DOF I8 aware of the cuncern
sboul adverae effects on agriculture,
lourism, and recreation. One patentinlly
adverse condition in the soclosconomles
gutdeline {8 the polental for major
disruptions of primary sectors of the,
etonomy of the affncted area. The DO
will wnrk with Stutes, affecte ! Indian
\ribea, und locallties to antlcipate and
miligute such effeats if they arlse.

Commeniers on the aiternatlve
guidelines were aiso concerned about
the potentially adverse conditlon
regarding the acquisition of walar rights
and tha effocts thoreof, One malntuined
thal a model of wuler usnge should he °
developed. Two commentors apked that
disqualifying conditiona be specified for
waler supplies, One commenter
requeeled that the DOE add water use Lo
acquisiiion of whler rights as a
potentially adverse condition. Several
cominentere asked {or a guidelina that
would protecl producing aquifares,

Tha DOE wiﬂ avaluste water usnge
during the enginsuring design of a
repository in a specific rock type. With
respact 1o the requeasts fur disqualifying
conditions for water supplies, the
qonulifying condition for the
soviveconomic guideline indicates that
polential site is not qualified unlesa
udverse impacis on waler supplies can
Le mitigeled or compensuted. This
guideline reflects the DOE's position
thit, if advitrae impacts on water
supplies can be mitiguted, then it (s nol
appropriaie lo disqualify a site becuuse
of potentinl adverse hinpucts on water
suppliea. The issue is the ubility to
mitigale or compensule {or adverse
impacts, nol the potential for their
occurrence. The DOE experta that,
where water ig acorce, thore will be
conlrols on its use. Whure water usage
ig controlied by sdministrative means
olher than water rlghls pet se, the DOE
will consider the acquisition of water
through such other udministrative
cunlrols 1o be eqoivalent to the
acquiajtion of water rights, Producing
aquifers are protected through the
ayatem guldeline on eavironwmental
quality und the technicul guideline on
sucioeconomics.

One commenter wus concerned that
the perceived riak of a repository might
induce anxlety and atrass, causing some
people to teave the ares, and
cemplained that the issue waa not
addressed In the guidelines.

The DOE recognizes that tha risk of
new iechnolugies involving hazardous
maierials may be percelved to be
greater by the general public than it is

Ly lechnical experts. However, paut
expericnce with other new technologles
auggests that the anxleties of the public
may be alleviated us the technology s
scen ta be effective und its benelits
bgcome more apparent. The overriding
emphasis of the guidelices un public
heulth and salety, ag well ue tha DOE’s
commitment to npen emnmunication and
public invelvement throughout the siting
procestn, is Intended to help alloviate
publie conaems sbout the risks of a
rapusitory. Peccelved risk, however, s
not an appropriate toplc for general
repository-siting guldelines; 1t is a
subjeciive condltion that cunnot be
luirly compured among sites.

‘The DOFE recognizes that the possible
impucta of rapid, large-acale growth in
sparsely populated rura) arens are
legitimate concerns in siting A major
Facility. Therefore, the sociceconomics
guideline has been revised 1o more
cleurly indicate that the existing
socioeconotle base (population, labor
force, infrastructure, services, etc.) will
be explicilly considered in sits selection,
The final guideline on soclosconomics
includes a qualifying condition, & aet of
four favorahle conditions, and a set of
four pntentjally adverse condilions,
Because of the complexity of
sucipeconomic interactions, the
posaibility of mitigution, und the
extensive analysis and planning
required by the Act, the DOE took the.
position in the guidelines of November
1883 thet socioeconomic impacts do not
represent an absolute disqualifying
condition, )

The qualifying condition in the final
guidaline will epsure that any significant
adverse social or economic impucts wil
be addressed; {| will also enzore 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 socloeconomic conajderations
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
oel Increases in employment and In
public and private revenues; and (4) the
lick of slgnificent disruption to primary
sectors o?the economy of the affected
Brea,

The four potentially adverse
condltions are (1) putential for
signiflcant impacts on community
services, housing, and public revenues;
{2) the lack of an adequate labor force;
{3} water-right acqu!sition that would
have potential adverse impacts on the
developmaent of the affected area: and
(4) potential for major disruption to

primary sectars of the economy of the
affer 1 3 wrea. Since these potentiaily
ady. s conditions could be mitigated in
mar ¢ ~eses, they would not disqualify e
it

I* esponse {o the NRC's preliminary
vor. ronge condition 7, which
rgi .3iad additional disgualifylng
¢ acitions that are direcled at the
ap:0:fle factors listed in Section 112(s)
of ti, Act, diaqualifying «onditlnn
§ 960 5-2-8{d) was added Vo the
guideline on socioeconomic ImpHcts.
This diaqualifying condition la
conceined with potential effocts on the
righik of users orwater and proximity to
watar supplies. It waa not included In
the November 1904 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 disgualifier.
Although this disgqualifying condltion
could have boen included in guideline
§ 900.4-2-5-1, Natural Resources, it was
included here becauae the DOE believes
that the most serlous effecta of a
significan! degradation of major weter
sources would be socloeconomic, In
editing the final gaidelines, the
explenatory paragraph that followed the
stntement of the qualifying condition
wag delgted because the parameters to
be consldered are now listed in
Appendix IV,

Sectian 860.5-2<7 Transportation,
The objective of the transportation
guideline I8 to ensure that proper
congideration is given to the
trunsportation of waste to a repository
pite, as {t could affect the health and
gufely of the pubtic, the environment,
und the cost of waste disposa!. The
guideline requires the evaluution of
site's proximity to adequate highways
and raiiroads, the charucteristics of
access routes from existing kighwaya
#nd railroads Yo the site, the costs and
other impacts of designing and
constructing the avcess routes, and the
tmpacts of transporting waste over the
access reutea. The goideline indirectly
requires the consideration of proximity
to the nources of waste because one of
the favorable conditions is stated in
terme of a comparlaon of costs and risks
among aites.

In the proposed guidelinea of February
1943, transportation waae treated as a
subaet of population density and
distribution, Many commenta on the
proposad guidelines emphasized the
tmporiance of transportation and the
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need for a separate, mors
comprehensive guideline, Soms
comments ralsed generic isaues and
problems that cannot be solv.: j by the
siting of a repository; such iar ves ure 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 & separats, mnre
comprehonsive guldeline on’
transportatlun, This guidaline is not
intended to gover: the movement of
waste over the national system of
highwaya and railroads; regulations of
the NRC {10 CFR Part 71) end the
Dopartment of Transportation (49 CFR
Parts 171-178) govern that part of waste
transportation, The guldeline is intended
to govern only the transportetion jasuos
that are important in choosing sites for
churacterization and developmant, The
guidsline now makes clear that it ia
concerned primarily with site-specific
conditions. It does not eddress the
netionwide transportation of wasts,
beyond the comparative assassment of
cosis and riaks for the considared sites,

A number of comments stated that
thers aro transportation-raleted factors
that would dlsquaiify a aite and called
for specific disquullfying conditions in
the guideline. Tha examples cited
included transport aver rivers,
wetershads, reservoirs, high bridgos,
and through Indian reservetions; rail
access routes that are too long;
concentration of routes through
population centers; trensport over roules
that do not comply with DOT
:egulations; and the lack of direct rail
access, Aleo cited were Increaased risk or
environmental impact relative to othar
sites or radiation doses from
‘ranspertation over local highways in
excess of the EPA limit in 40 CFR Part
161,

The DOE does nut feol justified in
defining explicit disqualification
threshalde, because transporiation
costs, rieks, and impacts muat be
evaluated In relation o the repository
sysiem as 8 whola. None of the
suggested dlagualilying conditions
wouid maks the construntion of a
satisfactory repesitory aystam ao
difficult that a alte should be eliminatad
simply becausa the condiston is prasent,
Coneequently, no diaqualifying
conditions have been added ta tha
transpeortation guideline. Furthermors,
EPA atandards cited above are not
appiicable to transportation, nor is it
appropriate for 1ha DOE to include such
standards in itg traneportation exposure
assessments. However, the maximum
Individual exposure along local acceas

roules is expeciod to be a vory small
fraction of that dug fo natural
background radiution.

Soma commonts cited 48 advorsp
conditions {1} trunspott ovor bridges

_.whoge holght above the lorvain below

excaeds the conditions of the NRC
hypothotical accident tosia or {2] local
highways and railroads that ure in poor
condition, These considerations are
included In the revised guideline under
potentlally adverse condliicns that
would requirs further evaluation or
possibly mitigation measures,

Several comments clted
transportatlon-relatsd conditions that
should be considered in siting the
repasitory. Examples are access to tha
site; the feanibility of eccoss route
conatructlon, cost and environmentsl
inipacts; visual impacts, oir pollution,
and noleo impacts; advorse weather
conditions; exiremely heavy loada on
railroads; und tha avatlability of afr and
waler transportation modes. Extremely
heavy loading is not Included because
the loaded raeilroad cars aorving the
repository will meet standard raflroad
requiremants on wheel loading and
spacing and gross loadings.

Two commenters discuseed the
assumptions made by the DOE in
previous transportation asgessments
end pointed out that the current
assumption about the fraction of waste
transported by rail {90 percent)
contradicts the current practices of
nuclear-roactor frcilittes. They also
sug?ee!ed that rail uccess s a primary
qualifying condition and that the DOE
should use¢ dedicated trains for
trensporting waste to the repository.

Various asaumptions abnnt the
fractions of waato trunaported by rall
and truck have been and wiil continue
to be used by the DOE in aescssing the
risks, costs, and environmenta! fmpacts
of transporiing waste to a repoaitory. It
is neither necessaty nor desirable to fix
on this set of assumptions now; unalyaes
wili be done to ¢over a range of
reasonable valugs. The acfual values
that will pertain 15 to 20 years hence,
when operations begin, are difficult to
predict ngw. Many {egistic, economic,
and service factors will be inveived in
tho choica between rall and truck
transport, The use of dedicated trains
has been studied by the Interatate
Commerce Commisaion. Whethar thay
will be uaed is atill under conaideration,
but is not an {ssue for siting guidelines
to gpecify.

One commonter cited the cost of
eccass-roulo conetruction aa a major
facter and suggesied that a limit be
placed on transportation-retated costs in
torms of & maximum percentage of tha,

iotnl 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 costs
may be offset by other site-apecifle
factors, including the cosia of the
vopository itself, Transportntion-related
costs, Including access-route
senstriction, will be included in the
‘otal systam cost for comparisen with.
the coste of other siting options,

One commenter stated that the
quideline dues not offer an adequate
mothod for comparing transportation
costs and risks and the DOE must
develop such mothods for accurately
meking such comparisons among siting
options. The comment goes on to say
that specific crigin-and-destingtion
pairs, specific routes, and route-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
caso, not an appropriate place to require
the development of improved methods.

A number of comments amphasized
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
Statos the opportunity to identify and
analyza alternative routes, In
accordance with DQOT guidelines, and
designate such routes that they may
deem necessury to accommodate local
conditions. This may Include routas 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 requasted graator
emphasts cn the proxImity of
repositcries to waste sources for both
the first and subsequen! repositories. A
favarable condition In the transportation
guidellna requires the evaluation and
comparison of total life-cycle waste-
trangportation costs and rigks for each
siting option, The guideline on
regionality (§ 980.3-1-3) requires
conaideration of tha proximity of the
second reposltory to locatlons where
radioactive waste {5 genarated or

-tempgrarily stored.

A number of commente addressed
such generic igsues as tha role of the
Staios fn regulating the transportation of
nuclear metarlals, tha edequacy of



8 n

W

Fodoral Register / Vil 49, No, 238 / Thursday. December 8, 1884 / Rules and Regulations

70 43 2 4 7

I

47749

shipping caska, the applicubility of
apecific EPA standords, and defenze.
wasie shipmenis to 8 commorcisl
reposilory. In the opinion of the DO¥E,
these comments did not address is. ues
tha! would allow differentlation & ueng
propused siies, since the same
conditions exisl for the various siting
optiona. lo addition, many of these
comnientts raised lssura that are ither
not related to tha guidelines or sra
coverad upder athur applicubles Fedeial
regulations that ara the roaprnsibility of
other Federal agencios. Consaquuntly,
these commanta are not raflecied in the
final guidelines,

in aditing the final guidelines, Lhe
atatement of the gualifying condlitien
| § 980.5-2-7{a)} was revised by
simplifying the phrase “radiologict] or
non-radiological risk to the public heaith
und safety” to “'risk 1o the public” and
by inserting the phrase "taking into
account progremmaltic, lechnical, social,
economic, and shvironmental fuctors.”

Ense and Cost of Siting, Constructian,.
Opemlion, and Closure

Section 960.5-2-8 Surfacr:
Characteriatica, The prociosure
guideline on surface characieristics ip
concerned with ennditions that ara
impurtant to the ease and cos? of siting,
constructing, opeveting, und closing a
repository. In sites thot are prone to
periodic flooding, are located In a
ruggexd terrain, or have other adversa
surface features, speclal mensures may
bs necessary for repositary conatruction,
operition, and closure. The cost of
repository consiruction, operation, and
clogure could rise to prohibitive levels if
& larje number of special meosurea
were necessary for these phases.
However, other features of the site—
those that would significantly echance
waste {eolation-—could be more
important than the higher coats
associated with udverse surface
churacteristica.

Four commenters expreesed concern
about repository flooding through the
possible failure of ghafts, shaft linera,
saals, or other engineered components
of the repository: they suggested that
such fallures be added to the firat
potentally adverse condition in the
alternative guldeline, which dealt
specifically with flooding
{§ 980.5.2.8(b)(1}). The DOE agrees with
this suggestion becauae the flooding of
surface or scheurface facilities could
endanger the safety of personnel and
interrupt repository cperations. The
phrase "or the fallure of engineered
compenents of the repository” was
therefore added to the potentiaily
adverse condition in the final guideline.
This phrase was selected because it js a

gencrel stalemant that encompasses all
of the cancerns raised by the
commaontar. .

Onas conpnenter requastad that the
potentially adverse ¢ondition concerned
with floading be eleveted to a
disqualifying condition, The DOE
decided against this approech because
the exiatence of surface charocteristica
with a gigniflcant patential for Nooding
does not necessarily mean that the
repository wiil be flooded. Simpla
enginsaring measurss, euch as djkes or
harms, could reduce the risk of flooding
to an acceptable leve! that would meet
applicablo licenaling requirements. Such
measures have been used for both
nuclear and nonnuclear facilittea for
Mmany years.

Two commenters pointed vul that {n
some gpecifie ingtances the [avorsble
sondition cf “generally flat terrain”
would be unfavorable. Cne felt that
slow and uniform drainage in ftat areas
might affect the hydrologic performance
of the repository; the othar felt that
witsio disposal in the side of a inguntaln
{ubove gurrounding floodplaina} would
not megt the favoruble condition. After
evalueting these concerns, the DOE stil
conlends thet a gencerally flat Yerrain fa a
fuvorabla condition becausa if
facilitates construction, operation, and
closure; however, a favorubie condition
tha! specifically addragses the ditinage
question wss added to the fina!
guidetine, The second commenter ia
correct In stating thal a roposilory
tocated in ruggad terrain or ln the side of
a mountain may not be able o meet this
favorable condition, but not meeting a
fuveorable condition does not disqualify
a ailo. It would, howevaer, indioote the
need for special measures, and hence
potential increnses in costs during
construction, operation, and cloaure,

Three commentsrs requoeled that, in
the alternative guideline, the statement
"complignce with appliceble non-
radiological regulstiona”™ be expanded to
include air-quality standards and
radiclogicel requiremants. The DOE
modified the guideline by deiating the
rcference to applicable non-radiclogical
reguistions beceuss they are already
genorally covared by the finai guideline
on environmental quality {§ 9§60.5~2-5},
The DOE believes that, {or these general
guidelines, a general treatment of non-
radiological requirements {a mora
appropriata than specific examplos of
such requirements. Similarly, air quelity
atandords were already covered by the
first two potentially adveree conditions
and the first disqualifying condition of
the alternative guideline on
environmental quelity. Preclosure
radiclogical requirements are

spociftcaily addressad in the flrst

pra ~losure systern guidelne {§ 960.5~
1{".%; by Invoking the requirements of 10
Cr'% Part 20, 10 CFR Part 80, and

pr 1p060d 40 CFR Part 191, Subpart A,

Jhree commenters roquested
4. itions to the surface-characteristics
muf *eling thet are already covered in

her preclosure guidelines—namely,
w1 onnel safety, the atandards the

. -patfonal Safety and Health
Ade-inistration (OSHAY) and the offsite
dispuss! of galt, Perasonnel sofety and
OSHA requirements are cavered by the
preclosurs guldeline on rock
churacterisiles {(§ 900.5-2-8). The offsite
disposal of salt 18 covered by the
conslraints imposed under the
preclosure guideline on envirenmental
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 beliove that thase features
should ba eignificant in solacting a
repository sita, Two lasuos raisad in the
commeniz on the praciosure guideling
on rock characteristics are not pertinent
to thig siting guideline: proclosuré
monitoring and reliance on engineered
barrera {sea Section t1L.A for DOE
reaponees to the engineerad-barrier
iesue).

Section 9860.5-2-8 Rock
Characteristics. The objective of the
preciosure guidniine on rock
characteristics is to ensore that due
consideration is given to those
characteriatics of the host rock that may
affect {1} the eaas and cost of repository
construction, operation, and closure and
{2} the safaty of repoaitory workars.

Among those characteristice ara the

thickness and lateral extent of the host
rock, geomechanical properties that are
favorshla for the maintenance of
underground openings, and conditions
that would allow the construction of
ahafts and the underground facility with
reasonably available technology.

Ten commenters wers concernted that
the disquelifying condition in the draft
reviged guideline did not specifically
include the safety requirements of the
Cecupational Safety and Health
Admintstration and the Mine Safety and
Health Administration. This voncern
aroae because the proposed
disqialifying condition stated that “the
site shall be disqualified if the
applicable nonradiologlcel safety
requiroments of the DOE eculd not ba-
met.” To eltminate this concern, the
DOE rawrote the disquelifying conditton
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s Tollows: "The site shall be
dingualified if the rock characlerislics
wre guch thal the aclivilies assoc vied
witli repusitory construction, opeatton,
or closure are predicled W cyuse
gignificant risk lo the health and snfuty
of personnel, luking into accoum
miligating measures that use reasonably
availnble 1echnology.”

Fiie commenters objected to the
phrase "engincering measures beyond
the slate of the art” in the second
pelentially ndverse condition in the
alternutive guideline. As eaplained in
the discussion of the postelosuro
guideline on rock churacteristics, thia
phrase was changed 1o “enginecring
meaaures beyond rensonably avaitable
echnulogy.”

Four ecomments asked the DOE to
reclassily the potentially adverse
condilions ag disqualifying onea. This
was not done because, by tself, none of
the potentiully adverse conditions are
neuessarily unucceptuble and hence
should not disqualily a site. Thelr
designation as polentially adverse
cnsures that these conditions will be
given due consideration. Another
comment suggesied that the converse of
favorable condition 000.5.2.8(a)(1) be
used s @ disqualifying condition. The
converse of this conditton would not be
disqualifying, because, while the
flexibility of designing and locating a
repository would be reduced, the ability
of the host rock to contaln a respository
would not ba eliminated,

Three commentars expressed concern
that retrlevability was not adequately
addressed in the alternztive guidelines
and felt that preclosure roek
characteristice were impaortant to
ensuring retrievability. The DOE agreos
thai rock characterislics ars important
Lo retriovabitily, but feels that many
other guidalines are also important in
this regard, However, the retrievabilily
issua ia more pertinent Lo repoeitory
design than \o site selection, and, if the
requiremenls of the final guidelines
taken as a whole are met, retrievability
will be ensured, Furthermora, the DOE is
required by 10 CFR Parl 60 to maintain
retrieval as an option for 50 years if
unforeseen circomatances would requlre
tha removal of emplaced wastes.

Among the issues raised in the
comments was that of thermal effects on
in-gitu stresses. In response to this
concern, the DOE added a potentially
adverse condition, § 880.4-2-3(c)(3), to
specifically address thermal effects.

One commenter was concerned that
the available data might not aliow a
complete analysis of the disqualifier
conlained in the proposed guidelines.
This iseue is coverad by one of the
implementation guidelines, "Basis for

Site Evaluations” |§ 840,3-1-8), uind
Appendix 1} 1o lhe siting guidutings,
which specifies whal type of finding lhe
DOR is 1o make al major decision points
in the siie-solection process.

Section 960.5-2-10  Hydrology, The
preclusura technical guideline on
hydrology ta concerncd with [1) the
polenial effecis of ground water on Lhe
consiruction and sealing of shalta and
other underground openings, including
the reposilory ilself; (4) 1he potentiul for
fooding of underground workinga by
surfacewiter; and (3] 1he availabilily of
wuter lor repository conatruclion and
operation, Ita objectives are (o ensure
that the geohydrologic selling will (1} be
compatible with reposiiory cunatiuction,
wperition, and cloaure und (2} not
compramise the funciiona of shafi liners
and ganls,

Fleven commenlers abjected to the
1eciu “sfate of the art” {n 1he polentially
adverse conditlon of the alternative
guidetine. Some nrgued that the
poteniially adverse condition, aa writlen
with the "state-of-the-nrt” phrase
included, should be disqualifying.
Others suggeeted that the phrase should
be replaced by “reasonably availuble
technology" or similer words, The DOE
agrees thet “state of the art” Is
inappropriate beceuse it suggesta
technology thet may not have been fully
demonstrated and tested and
substituted the term "reasonably
available technolegy.” which is defined
in § 960.2 of the guidelines.

The presence or abaence of squifera
within or above the host rock was an
isaue raised by eight commeniers. The
abaence of aquifers between the host
rock and the land aurfuce s recognized
s & favorable condition in the
preclosura guideline. Sume commenters

-suggested that the presence of aquifers

Letween the host rock and the land
surface should be explicitiy stated as a
potentially adverse condition; others
recommended that the absence of
aquifers be a qualilying condition or,
conversely, that the preasnce of aquifers
be a diaqualifying condition. The
presence of aquifers between tha host
rock and the land surface must be
carefully considered In repository design
and construction, However, many mines
and other undergruund fucilities have
been successfully consirucied below
aquifers, and accoptad and proved -
engineering measures are available o
allow underground construction and
operalion under many types of ground-
water conditions. That ia not to say that
some ground-water conditions may not
requira very costly enginaaring
measgures, or Lhat some ground-water
conditiona may not ba 8o severs us to
preclude construction, For these

reusons, the DOFE did nol stipulate the
sheence or presence of aquifers belween
i > hoat rock in the quulifying condition
" ihe preclosure hydrology guidellne,
hatt g potentially adverse canditlon

" ;uly with nquifers whoase presence
~ld ritse sertous quesilons about the

. a4ibility of construction,

“our comments recommended that the
¢iverse of the favorable cendition
p-#tuining to the availability of potabio
& 1 construction water be explicitly
st.led as a disqualifying condition; they
believe thut tho unavailability of water
for construction and operation should
disqualify a site. The issue lles in the
meaning of the wordp "available” snd
“unavailable.” Water might not be
svailuble locally at e site, but it might be
ivailable from a source some distonce
s way. Waler must be avallable for
rangtruction and operation, and loeally
available water would presumably be
lags expenasive tham water obtained from
a more distant aoorce. Thus In the
preclogura hydrelogy guideline the DOE
aasumes that water can be made
avuilable and regards ready availability
as a favorable condition.

One commenter suggested the
addition of a potentially ndverse
conditlon pertaining lo a geohydrologic
system that would not allow predictive
modellng before construction. The
rationala for this suggestion ta related 1o
the petential for adverse effecta 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 belleves
it would be redundant to Include a
similar statement in the preclosure
guideline,

In consideration of tha NRC's request,
in preliminary concurtence condition ?,
for additional disqualifying conditions
that addreas the factors specified in
Section 112{e) of the Act, the DOE
agreed to develop a disqualifier for tha
fina] preclogure guideline on hydrology.
Thia ¢condltion, § 900.5-2-10(d), ia
concerned with the need to use
engineering meaaures that are beyond
reascnably availalle technology for
exploratory-shaft-construction or for
repositary consiruction, operation, or
closore.

Section 860.5-2-11 Tectonics. The
objective of the preclosure guideline on
tectonics i3 to ensure that the selected
gite is in a geologic setting in which any
projected affects of expected tectonic
phenomena or igneous aclivity will be
such that the raquirements 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 thy prectosure toctoniss guideliae,
Somae recommended that the opposh. of
the qualifying condilion shkould be v+od,
while others recommendpd thai som : of
the poteolially adverse condilions t @
chunged to disquulifying unes. The J0F
believed that the existenge of &
polntilally wiverse condition Joes not
mean that the site i disqualified. The
existence of uny such condltion would
require an understunding of the
condition ta ensure that repository
design and operntion could adwsjuatety
uceominodate Hy effects, Using tha
converse of the qualify:ng conditions
adds nothing to the guidelines since all
acoceptable gitos must moa! the
requirements of the qualifying
conditions, The guideline was therafore
nat changed 1o reflect thass
recommendations.

Two commenters felt that the
historicat record of earthquakes should
Le based solely on inslrument
reordings. ‘This approach would
severely limit the smoumt of historical
dota that could be considered because
seismic recording equipment has been
availoblo for a relatively short perfod of
time {20th century). In developing a
historieal record for setemicity, it ia
iinportani to lock as far back into tha
recorded past ag can be done fora
partizuler urea of the eountry. While the
DO agrees that gseismic-instrument
recording should bo included in the
historical record, other historical
records must niso be used, For this
reason the suggostion wos not accepted,

Ong commenter recommended that
"man-induced seismicity,” n particular
tectonic phenomenon, be added to the
qualifying condition. The DOE beliaves
that this particular aspect of tectonics ts
no more important thare the other
uspecis and should not be celled out
separutely. No change wes made.

In response to the NRC's preliminary
concurrence condition 7, the DOE
reevuluated the preciosure guideline on
tectunics and ndded a disqualifying
condition. This condition is concerned
with the need to use engincering
measuree beyond reasonebly available
technology to ensure thut tectonis
ground motion will not adversely affect
exploraiory-shaft construction or
repository construction, operation, or
closure. As shown in Appendix III to the
siting guidclines, this disqualifying
condition can be used early in the siting
procesd {l.e., in the identification of
potentinily acceptable sites),
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Vi 'ompilance With tha Mational
En+ -onmaental Polley Act {NEPA)

%y :igsuance of these guideiines is @
g <h ainary declsion making activity
p -#ent tn 3ection 112{e) of the Nuclear
We ¢ Policy Act of 1082 and therefore
duss of require the prepuration of en
enviruoamontal impact sistement
pursuant {0 Seclion 102{2){C) of NEPA or
any cther environmenia) revisw under
Section 102(2} (L} or [F) of NEPA,

VIl Regulatary Flexibllity Analysis

Tae DOF certifies thot thase
guicalines wiil not have & significant
ecoLomlc impact on a aubstantial
number of small entities, sinca they
merely articuiate the proposed
considerations for the Secretary of
Energy's recommendutions to the
President of proposed sites for
repositories. Accordingly, no regulatory
Nexibilily anelysis is reguired under the
Reguintory Flaxibility Act {6 U.5.C. 601
et seqQ.)

VIIL. Paperwork Roduction Analysls

Thie rule conlaine no new or amended
recordkoeping, reporting, or applicatllon
requirement, or any other lype of
infurmation collection raquirement
subject to the Paperwork Reduction Act
{Pub. L. U8-511). )

IX. Executive Qrder Mo, 12201

These finel guidelines were reviewed
under Executive Order 12201 {48 FR
13184}. The DOE has concluded that the
guidelines are not a “major rule” under
the Executive Order, because they will
not resuit in {1} un annual effect on the
sconomy of $100 million or more; {2) &
major incresase in costs or prices for
consumers, individuel industries, and
Federul, State, or locsl government
agencies, or geogruphic regions; or [3)
significant adverse effects on
competition, empleymen!, invesiment,
productivity, innovetion, or the ability of
Uniled States-based enterprises to
compete with foreign-based enterprises
in domeslic or export markets, Pursuant
to Section 3{c}{3) of the Executive Order,
the finul guidelines were submitted to
the Director of the Office of
Menagement and Budget for a 10-dey
review. The Director hos concluded hia
review aod had no comments,

List of Subjocia in 20 CFR Part 960

Environmental protection, Geologic
repositories, Muclear energy, Nuclear
materials, Radiation protection, Waste
disposal.
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{The Atomic Energy Act of 1954, 32 amended
142 U.5.C. 2011 et #64.); Energy
Reorganizntion Act of 1074 {42 U.5.2. 5001 of
seq.). Department of Energy Chrgunieniion Act
of 1977 {42 U.E.C. 7101 &f seq.b; Nui ' gar
Waste Policy Act of 1082 {Pub. L. +»—425, b8
Stut. 2201)}

For the reasons sel out in the
preamble, Chapter 111 of Title 10 of the
Code of Fedesal Regulalions is amended
ay follows:

lssued al Wishington, D.C.. November 30,
1904,

[Donald Paul Hodel,
Secretary of Energy.

Part 960 {s udded to 10 CFR Chapter
[T to rend as follows:

PART 960—QENERAL GUIDELINES
FOR THE RECOMMENDATION OF
SITES FOR NUCLEAR WASTE
REPOSITCRIES

Subpart A—-Genersi Provisions

Buc,
9001 Applicability,
000.2  Definitions.

Subpart B—Ilmpiementation Quidelines

060.1 Imiplementation guidelines.

960.3-1 Siting provisions,

060.3-1-1  DMversity of geohydrologic
sellinga,

980.3-1-2  Divaraily of rock typns.

90i0.3-1-3  Regionality.

900.3-1-4 Evidence of siling decisions.

960.3-1-4-1 Site idenlification as potentlally
acceplable.

960.3-1-4-2  Sile nemination for
churocterization.

B60.3-1-4-3  S§ite recommendution for
churuclerizalion.

800.3-1-4-4  Sila recommendation for
repository development.

980.3-1-5 Basis for site evaluations,

#80.3-2  Siting procaess,

860.3-2-1 Sile serpaning for potentially
accoptable sitos.

960.0-2-2 Nomination of sites us suiluble for
charnclerizalion, .

960.3-2-2-1 Evaluation of all potentially
acceplatie sites,

980.3-2-2-2  Selection of sites within
geohydrologic settings.

060.3-2-2-3 Comparative evaluation of all
sitea propased for nomination.

980.3-2-2-4 The envirenmenial assossment,

060.3-2-2-6 Formal sile nomination.

000.32-3 Recosnmendation of gitea for
characierization,

960124 Recommendation of sites for the
development of repositaries,

900.3~3  Consultation.

600.3~4  Environmentsl impacts.

Subpar C—Posteionure guidelney

660.4 Pustclosure guidelines.
960.4-1 System guideline.
960.4-2 Technica! guidelines.
980.4-2-1 Geohydrojogy. .
H0.4-2-2 Geachemiairy,
950.4-2-3 Rock characteristics.
G0.4-2-4 Climatic chnngen.
860.4~2-5 Ercuion.

Sac,

460.4-2-8 Dissoluiion.

960.4-2-7 Tecionivs.

960.4-2-8 Human interference.

060.4-2-8-1 MNulural resources.

pe0.4-2-8-2 Site awnership and control.

GBubpari D~Preclosure Quidelines

$60.5 Preciosure guidalines.

900.5-1  System guidelines,

060.5-2 Technicul guidelines.

000.5-2-1 Populatiop density and
dislributian.

P60.5-2-2 Sile ownership and conlrol.

060.5-2-3 Meteorology.

H0.5-24  Olfsite inslallslions and
operationa,

Environment, Socloeconotnlcs, and

Transporiation

000.5-2-3 Fnvirontnental quatily.

980.5-2-6 Saclogconomle Iinpacts.

960,5-2~7 Transporlaiion.

Easa and Cost of Siting, Constructlon,

Operaton snd Closure

960.5-2-8 SBusfuce characiaristice.

980.5-2-0 Rock characleristicd]

BE0.3-2-10  Hydrology.

980.5-2-11 Teclonics.

Appendix I—NRC and EPA Requiramenis for
Postecloaure Repesilory Performence

Appendix H—NRC and EPA Requirements
for Preclosure Repoaitory Performence

Appendix ill—Application of the Syatem and
Technical Guidelines During the Siting
Procass

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

Pollcy Act of 1882 {Pub. L. 87~425, 84 Stal.

2201). . -

Subpart A~General Provisions

§ 860.1  Applicablity.

These guidelines 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 devalopment
of repositories. The guidelings will be
used for suitability evaluatlons and
determinatiéns made pursuant to
Sectign 112(b) and any preliminary
guitability determinations required by
Section 114(f). The guidelines set forth in
this Part are intepded to camplement the
requirementa et forth in tho Act, 10 CFR
Part 80, and 40 CFR Part 181, The DOE
recagnizes NRC jurisdiction for the
resolution of differencea between the
guldelinens and 10 CFR Part 80. The
guidelinea have recetved the
concurrence of the NRC, The DOE
contemplates rovising the guidelines
from time to timeo, as permitted by the
Act, to teke Into account revisions made
to the ahove regulations and to

atherwise updute the guidelines as

aecessary. The DOE will pubmit the
rovialong to the NRG and obtain its
suneurrence before {aguance.

§960.2 Dsfinitlons.

As used in thla part:

*Accassible environmant” means the
stnoapherae, the land surfoce, surface

ater, cveans, and the portion of the
L.:haaphere that is outside the controlled
nred.

“Act” meana the Nuclear Waste
lalicy Act of 1962

“Aclive fnult’ mosns a faull along
which thara s recurrenl movement,
which is usually Indicated by smali,
periodic digplacemants or pelsmic
Jctivity,

“Affected aroa" means eilther the araa
of socioeconomic impact or tha ares of
environmenta} impact, sach of which
will vary in size umong potential
repository sites,

“Affected Indiun tribe” means eny
Indian tribe (1] within whosa
reservation boundarles a repository for
radicactiva waste is proposad to be
located or (2) whose laderaliy delined
possessory or usaga rights to other lunds
outside the resarvalion's boundaries
arising out of congressionally ratified
treuties may be aubgtantialiy and
adversely affecied by the locating of
such a {acility: Provided That the
Secrctary of the Intesior finds, upon lhe
patition of the eppropriata governmental
ufficiala of the tribe, that such effects
are bolh substantial and adverse to the
tribe.

“Affected Stato” meuns any Siate that
{1} haa been notifiesl by the POE in
sccurdance with Bection 118(a] of the
Act as containing a potentially
ucceplable site; (2) containg a candidate
site for gite characterization or
repository development; or 3] containg
& aite selected for repository
development.

“Application” means the act of
making a finding of compliance or
noncompliunce with the gualifying or
disqualifying conditions specified io the
guidelines of Subparta C and D, in
accordance wilh the types of findings
specified in Appendix 111,

»Aquiler” means a formalion, a group
of formalious, or a part of a farmation
that conttaing sufficient salurated
permcable material to yield significant

guantities of water to wells and springs.

“"Burrior” means any material or
structure that pravents or substantially
deleys the movement of water or
radionuciides. .

"Candidate site” means an area,
within a gechydrologic setting, that ia
recommended by the Secretory of



37903 2402

Federal Register / Vol 48, No. 238 | Thursday, December 6, 1984 / Rules and Regululions 47753

Energy under Section 112 of the Act fur
site characterization, upproved by th
President under Section 112 of the Al
far characterlzation, or undergoing ni.e
characterizatlon under Section 113 1
the Act.

“Clogure” means final backfilling of
the rem.ining open operational areas of
the underground facility und boreholos
after the termination of waste
emplacemant, culminating in the seelli3
of shafts.

“Confining unit” means a Lody of
imparmenble or distinctly less
permoable materis} siratigraphlcully
adiacent 1o one or moro aguifers.

“Containmen!” means the
confinement of radioactive waate wlithin
e designated boundary,

*Controlled area” means a surface
location, to be marked by sultable
monuments, oxtending horfzontzlly no
maore than 10 kilometers in any direction
from the outor boundary of the
underground fecility, and the underlying
subsurface, which ares has been
commmitted to use as a geologic
raposiiory and from which incompatible
activitles would be prohibited before
and after permanent closura.

“Cumulative telenses of
radionuclldes”™ means the totai number
of ¢urtea of radionuclides entering the
acceesible environmen! In any 10,0080+
yaar period, normalized on the basis of
radlotoxicity In eccordance with 40 CFR
Part 191. The penk cumulative release of
radionuclides refers to the 10,000-year
period during which any such relense
attains its maximum predicted value,

“Decommingicning” meana the
permanent removal from service of
surface facilities and components
neceessary for preclosure operations
only. efter repository cloaure, in
accordance with regulatory
requircmentna and environmental
policies.

“Determination” means a declsion by
the Secretary that 2 site is sulteble for
site churacterizstion for the selaction of
a repository aite or tha! a site ia sultable
for the development of a repository,
consietent with apptications of tho
guidelines of Subparts Cand Din
accordance with the provisions aet forth
in Subpart B, .

“Disposal” meane the emplacement in
a repository of high-level radioactive
waste, spent nuclear fuel, or other highly
radivactive matertal with no foresonable
intent of recovery, whethor or not such
empiacement poermiis the recoyery of
such waste, and the taolatlon of auch
wasie from the accesaible environment.

“Diaqualifying conditlon” means a
ccndition that, if present at a site, would
eliminale that site from further
coneideration,

“Disturbed zone” means that portlon
of the controlled area, excluding shafts,
whossg physical or chemica] properties
are prodicted to change as a result of
underground factity conatruction or
heat generated by the emplaced
radioactive wasle such that the
resultant changa of preperties could
have a signiftcant eEact on the
preformance of the geclogic repository.

*DOL" means ihe U.S, Department of
Energy or its duly authorizad
reprasentatlves.

“Effective porosity’ means the
amount of intarconngcied pore space
and fracture openings gvallnble for the
transmiseion of fluids, axpressed as the
retjo of the volume of interconnected
pores end openinge o the volume of
rock.

*Englneered-barrier system” meuns
the manmads components of & disposal
syslem designed to prevent the release
of radioruciides from the underground
facility or into the geohydrajoglic setting.
Such ferm includes the radioactive-
waste form, eadloactive-waste cantsters,
materiels placed over and around such
canisters, any other components of the
waste packags, and barribrs used to soa}
penetrations in and {nio the
underground facfilty.

"Environmentsl aasessment” moens
the documant required by Section
112{b}{1)(E) of the Nuclear Waule Pollcy
Act of 1982,

“Environmental impact atatement”
maans the document required by Seclion
102{2}{C) of the National Environmental
Pollcy Act of 1960. Sections 114(a) and
114(f) of the Nuclesr Waste Policy Act
of 1082 include certain limitations on the
Nationual Environmental Pollcy Act
requlrements as thuy apply to the
preparation of an environmental impact
statement for the development of &
répository at a characterized site,

“EPA" means the U.S, Environmental
Protection Agency or its duly authorized
representatlves.

“Evaluation” means tha act gf
carefully sxamining the characteristics
of e site in reletiou to the requirements
of the qualifylng or disquelifying
conditlons specified in the guldelines of
Subparts C and D. Evaluation includes
the conaideralion of favorable and
potentlally adyarse condilions.

“Excepted" meane apsumed ta be
probable or cartain on the basle of
extating evidence and in the absence of
significant evidence lo the conirary,

“Expacted rapository performance”
means the manner in which the
repository is predicted to function,
conslderation thoae conditicns,
processes, and events that are likely o
prevail or may occur during the time
period of interest.

“Facility” mouns sny alructure,
syatriy, or ayslam componenl, inchiding
engi- .+ ored barriers, created Ly the DOE
to mt repoaitory-performance or
fune {2ouf objectives.

“U " meuns & fracture or a zone of
frar vos eleng which there hus been
diapt- cement of the slde relulive to one
ar o parniied to the fracture or zane
of vertures.

“F. slting" menans the process of
fracti -ing and displacement thit
produces a fauit,

“"Payorable vondition” ineans a
condition that, though not neceesary to
quelify e slte, is presumad, i present, to
enhenece confidenae thot the qualifying
condition of e particular guideline can
be mel.

* nding"” means a conclusinn that is
reachod after evaivation.

*Gechydrologic aetting” means the
system of goohydrologic units that is
located within a given geologic setling.

“(Geohydrologic system" meane the
gechydrologic units within n geoingle
setting, Including any rechnsge,
discharge, inlerconnections between
units. and any natural or mon-induced
pragesses of events that could affect
ground-wnier fow within or umong
those unita.

“Ceohydrolegic unit” means an
ageifar, a confining unit, ora
combination of aquifers and confining
units comprsing a frainewcrk for a
reapunably distinct geohydrologic
ayatem,

“Geologlc repoatiory” means a
aystem, requlring lcensing by the NRC,
that is intended to bo used, or mey be
used, for the diaposal of rodioactive
waste in excavated geologic media, A
gealogic repository includes (1) the
gaologic-repository operations area and
{2} the partion of the geologic solting
that provides isolution of the radiouctiv
waste end is lucated within tha
coniroiled arca.

“Geologlc-repository operetions area’
means a radioactive-waste facility that
is purt of the geologic repository,
including both surfoce and aubsurface
areas and facilitica where waste-
handling octivities are conducted.

“Geologic setting” meaons the geologn
hydrologic, and genchemical eyslems o
the regicn in which a gealogic-repositos
operations urea is or may be located.

"Geomorphic processes” manns
geologic processes that aro reaponaiblo
for the general configuralion of the
Earih's surface, including the .
development of present landforms and
their relationehipe to underlying
gtruciures, gid are reaponeible for the
geologic changes racorded by these
surfece {entures.
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“"Ground water” means all subsiriuce
waler a8 distinct from surface waler,

“Ground-water flux” means tha rale
of ground-water flow per unit area >f
poroua or fractured media mesasura i
perpendicular to the direction of fl w,

“Ground-water sources” means
aquifers that have been or conld he
sconoically and technologlualty
devalopad as sources of water in the
foresaeubla future.

“Ground-water travel timo” muany the
{ime required for a unit volurws of
ground wuler to travel between two
lncations, The travel time is tha length of
the flow path divided by the velocity,
where velocity Is the averaga ground-
water llux passing through the cross-
sectional area of the goologic medinm
through which flow occura,
perpendiculas 1o the flow diroction,
divided by the effective porosity along
the flow path. If discrete eegments of the
flow path Lave different hydrologlc
properties, the total travel time will be
the aum of the traval timas for each
discrete segment.

"Guldeline” maanie a statement of
policy or procedure that may include,
whan appropriate, qualifying,
disquallfying, favorable, or potentlally
udverse condiiions as specified In the
“guidelines."

"Guidelines" meana Part 960 of Titla
10 of tha Cods of Federal Regulations—
General Guidelines for the
Racommendatien of Sites for Nucleer
Wasta Repositories.

*Hizh-level radlonctive wasie” meana
(1} the highly radioagtive malerial
resulting from the reprocessing of spenl
nuclear fuel, including liguid wasta
produced directly in reprocessing and
any solid materia} derived from such
liquid wasla that conlaina fission
products In sufficient concentrations
and (2) other highly radioactive material
that the NRC, consistent with exiating
law, determines by rule raquires
permanent {solation.

“Highly populated area™ means any
incoporated place [racognized by the
dacennial reporta of the U.S. Bureau of
the Census) of 2,500 or mors peracns, or
any census deslgnated place {as defllned
and delineated by the Duresu} of 2,500
of more persons, unless {t cun be
demonstrated that any such place has a
lower population density than the mean
value for the continental United Statea.
Counties or county equivalents, whether
incorporated or not, are specifically
excluded form the definitioo of “place”
as used herein.

“Hoat rock’” means the gaologic
medigm In which the waste is emplaced,
specifically the geologic materiala that
directly encompass and ere in close
proximity to the underground facility.

“Hydraulic conductivity” means the
volume of wuter that will mova through
B madlum in a enit of time under a unit
hydraullc gradient through a wnit area
measured perpendicular 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 distance in a
given dlrectlon.

“Hydrologlc process™ menna any
hydrologic phenomenon that exhibits a
continuous chnoge in time, whother slow
or rupid.

“Hydrologle properties” menny those
properties of a rock that govern the
entrance of watar and \he capaclty to
hold. tranemit, and doliver water, such
a8 poroaity, effective poroslty, specific
retantion, pormaeability, and the
diractions of maximum and minlnum
permeabilitiea.

“lgnecus activity” means the
emplacament {intrusion) of molten rock
material (magma} into material In the
Earth's crus! or the expulsion (extrusion)
of guch material onto the Earth's surface
or Inlo (ts atmoaphere or surface wuter,

"lgolation” meana Inhlbiting the
transport of radioactiva material an that
tha amounts and concentratlons of this
material entering the accessible
gnvironment will be kept within
prescribed limlts,

"Likely" means processing or
displaying tha qualities, churacteristia,
or attributes that provide a reasonable
basis for confidence that what [s
expected indeed exiats or wlll vocur.

“Lithoaphere” manns the aolld part of
the Earth, Including any ground water
contained within it.

"Member of the pubilic” meuns any
Individual who is not engnged in
oparations involviog thn management,
storaga, and disposul of radivactive
waate. A worker so enguged is a
membar of the public except when on
duty at tha geologic-repository
operatious area. :

‘Mitigation” meana (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 tha action and

its implementation; (3] rectifying the
impact by repuiring, rehabllitnting, or
restoring the affected environment; (4)
reducing or eliminating the iimpact over
time by preservstion end maintenance
operationa during the life of the action;
or {5} compenaating for the impact by
replacing or providing subatitute
resourcea or environments,

“"Model"” means e conceptun!
description and the essociated
mathemetico) representation of a
sysiem, subsystem, component, or

condition that is used to predict changes
[tom a haseline state n3 a functlon of
int.sanl andfor extornal atimuli and a3 &
fur 1 slon of time and space.

S means the U.8. Nuclear
R+ ulutory Commission or its duly
o1 nrtzed representlatives.

Cerched ground water” means

ne .nflned ground water separated

- o3 en underlylng body of ground
.5 »7 by an unsaturaied zone. la water
taly 9 a perched water table. Purched
grovsd water ia held up by a perching
bed whose permeability is so low that
w+ter percalating downward thraugh It
is not uble ta bring water In the
wnderlying unsaturated zono above
utraospheric pressure,

“Perforinnnce nsavasment’” means any
aralysia Ibat predicls the behavior of a
ay slem or sysiem component under &
given set of cunstant and/or transient
conditions, Parformunce nssesements
will include estimates of the effects of
uncertainties In datn and modeling,

“Permanent losura” ia synonymous
with “closure.”

"[ostelosure” means the period of
time after the closure of tha geologic
repusitory.

“Potentinlly nccepiable site” means
any site at which, after geologic studies
and field mapping but before detailed
geologic ¢ata gathering, the DOE
undertakes prelimipary driliing and
geophysical testing for the definition of
site loontion.

*Potentially adverse condilion” meana
a condition thet is presumed to detrac
fromn expacted aystemn parformanca, but
further evaluution, additional data, or
the ideutification of compensating or
mitigating factors may indicate that its
effect on the axpected system
perforniance it accoeptable.

"Preclopure” menns the period of time
before and during the closure of the
geologic reposilory.

"Pre-waate-emplacement” moans
Lefora the authotzation of reposltory
construction by the NRC.

*Cualifying condition” means a
condition that must be satisfied for a
sile to he considered acceptable with
respect to a specific guideline.

“Quaternacy Perivd” means the
sccond period of the Cenozoic Era,
follow!ng the Terliary, beginning 2 1o 3
willion years ago and extending to the
present.

"Radioactive wnate” or "weste"
means high-level radioactive waste and
other radioactive materialy, including
spent nuclear fuel, that are received for
emplacement in a geologic repository.

"Radioactive-waste fecility’” meana a
fucility sublect to the Yicenaing and
related regulatory authority of the NRC
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purauani to Sectivns 202{3) and 2024 of

the Energy Reordanization Act of 187¢
(B8 Stat, 12449}

“Rudionuclide rlardation” mean: the
process or processcs thut cause the -jime
required for & given radionuclidoe Lo
move betwaeen two locatinna to be
grealer than the ground-water travel
timg, bosnune of physicul and chemical
interactions between the radionuclide
uid lhe geohydrologic unit through
which the redionuclide travels.

“Reasonably uvailable tecl. aclogy™
meansg technology which exists pnd haa
been demonstraied or fur which the
results of any requisity developinent,
demaonairation, or confirmatory lesting
efforla befura application will be
available within the required tlme
period.

“Repositery”is synonymous with
“genlogic repository.”

“Reposilory cloaure™ js aynonymous
with "closure.”

“Repository conalruction” means nll
excavalion und mining activities
associaled with the construction of
shulty, shall stutions, rooms, and
oecessary openings in the underground
facilily, preparatory to radioactive-
waste emplucement, as well as the
conatruclion ol necessury surfuce
[acililles, bul excluding site-
charucterization activities.

*Repository operation’ means all of
the functions at the site lending 10 and
involving radioaclive-wasie
emplucement in the underground
faclity, including recelving,
tranaportation, handling, emplacement,
anid, {f nocessary, retrieval,

“Repository support facilities™ means
ull permanent fucilities constructed in
aupport of alte-characterization
activliies and repository construction,
opuretion, and closure activitios,
including surface structures, utility lines,
roads, railroads, and similar facilitles,
but excluding the underground fucifity.

“Resiricted orea"” nieans any asrea
uccess to which is controlled by the
DOFE for purposes of protecting
individuula frum exposure to radiation
und radiouctive materials before
repository closure, but not including any
aress uaed os resldential quarters,
although a scparate room or rooms ln a
residentinl buflding may be set apart as
u restricted areo.

“Retrieval” menns the act of
intentionally removing radjioactive
whaste before repository cloaure from the
underground location at which the
waate had been previously emplaced for
disposal.

“Saturated zone" means that part of
the Earth's crust beneath the water table
in which all voids, lurge and small, eve

Ideaily fillled with water under pressure
granter than atmospheric.

“Becretlary” means the Secretary of
Energy.

"Site” means a potentlally acceptuble
sito or a candldate site, as appropriate,
until sueh time na the controlled urca
hag been estulllshed, at which time the
slte and the controlled ares are the
adme.

“Site characlerization” means
actlvities, whether in the laboratory or
in the field, undertaken to establish the
geologic conditions and the runges of
the parameters of a candidate slte
reievant to the location of s repos{iory,
including borings, surface axcnvations,
excavallons of expioratory shafts,
limited pubsurface latern] excavations
and borlngs, and in pitu testing needed
to evaluate the suitability of a candidate
glte for the localion of a repository, but
not including preliminary borinys and
geophysicat testing needed lo nssess
wheiher alte ocharacterization should he
undertaken.

"Siting” means the collection of
exploralion, testing, evaluation. and
decision-making activities aasociated
with the procesa of sile screening, sile
nomination, site recommendalion, and
site approval for characierization or
repository development.

"Source term” meons the kinds and
amounts of radionuclides thal make up
the source of a polential relessa cf
radicactivity.

"Spent nuclear fuel” meana fuel that
has been whihdrawn from a nuclaar
reactor following irradiation, the
constituent elements of which have not
been saparated by reprocessing.

“Surface fucilities” means repoaitory
support fucllitles within the restricted
ares.

"Surface water" means any waters on
the surface of the Earth, Including fresh
and sull water, ice, and snow.

"Syslem’* means tha geologic selting
at the site, tha waste packuge, end the
reposttory, all acting toguther to contaln
and isolate the waosta,

"Systom performance” means the
complete behavior of a repository
aystem In responsa to the conditiona,
processes, and events that may affect {t,

“Tectonic" meuns of, or periaining to,
the forcas involvad {n, or the reaulting
structures or features of, “tectonics.”

"Tectonlcs™ meana tha branch of
geology dealing with the broad
archilecture of the ouler parl of tha
Earth, that is, the regional assembling of
structural or deformational festares and
the study of thair mutual relations,
origin, and historical evolution.

*“To the extent practicable” means the
degree to which an intended course of
action is oapeble of belng effected In &

manner that is reasonable nnd fessible
wilkin i framework of conutraints.

“ v devground facllily” means the
unus grousd structure and the rock
resg 1.4 for support, including mined
ape ngs and boekfill malerlals, but
ex. - witng shufis, borehoies, and their
LISV

“{ asrturnled zono™ means tho zone
t ti:een the lund surface and the water
Leat o Genorally, water [n this zone is
und:  less than stmaoapheric pressurs,
und same of the voids may contain air
or ather gases at atmospheric pressura.
Bewath Nuoded arens or in perched
wuter hodies, the watrr pressurs locally
muy hir grester thun almespheric,

“Waste form™ means lhe radionctive
wusle maierints and uny encopsulating
or stabilizing evatrix,

“Waale putkage” moeans thy wasla
furm and any conlainers, shiclding,
packing, und other serbent materiale
immmediately surrounding an individual
wasle contuiner,

“Water table” means that surfuce in a
Liody of ground watar al which the
wiler pressure is atmospheric,

Subgpart B—Implamentation Guidefines

§ 860.3 Implementation guldelines.

The guidelines of this Subpart
establish the procedure and basis for
epplying the pusiclosure and lhe
preciosure guidelines of Subparts C and
D, respectively, to evaluations of the
suitability ol siles for the developmant
of reposilorius. As inay be appropriate
during tha siting process, this proceduro
requires consideration of a variuly of
gochydrulogic sollings and rack typas,
regionality, and environmenlal impacta
ond consullation with affectod Slates,
affacted Indinn tribes, and Federal
ugencins,

§980.3-1 Shkting pravislons.

The siting pravisions usteblish the .
framework for the implementation of the
giting process specified in § 000.9-2.
Sections 960.3-1~1 and 960.3-1-2 require
that cungideration be given to siles
siluated in different geobydrologic
gettings and diiferenl lypes of host rock,
respactively. These diversitly guidelines
are inlended to balanua the process of
gile gelection hy requiring conaideration
of a variety of geologic conditions and
media, and thereby enhance confidence
in the technical suitubility of sites
selected for the development of
repositorics. As required by the Act,

§ 960,3-1-1 speeifies considerstion of a
regicnal distribution of repusitories after
recommendation of a site for
development of tha first repository.
Section 960.3-1-4 describes the evidence
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that ia required o support siting:
declsions, Section 900.3-1-5 estublishes
the bagis for sile evaluations sgainat the
postclosure and tha preclosurn
guidalines of Subparts C and I during
the various phases of the afting process.

§ 980.3-1-1 Divarsity of gechydroioglc
sottings.

Considuration shall ba given to a
varioly of goohydrologic setiings in
which sites for the dovelopment ¢*
reposHories may be {ocated. To the
extont practicable, siies ricommended
as candidute asites for characterizatiun
shal} be locktod in different
geohydrologic settings.

§860.3~1-2 Dhversily of rock types.

Consideration shall bo givento &
varlety of geologie mudiu in which sites
for the developinent of repositories may
be located. To the exient practicabla,
and with due consideratton of candidate
siles charactertzed previously or
approved for such characterlzation if the
circumstencea apply, sites
tecommonded as candidute aites for
chasactertzotion shall have different
types of host rock.

§ 990.3-1-3 FRegionality.

In making site recommendations for
rapository development after the site for
the first repasitory hag been
recommended, the Sacretary shall give
tluo considerstion o the nenad for, and
the advantages of, a reglonal
distribution In ike siting of subsequnnt
reposilories. Such consideration shall
tuke into account the proximity of sites
to locations nt which waste is genarated
or temporerily atored and at which other
repositories have baen or are being
developed.

§ 880.3-1-4 Evidence for siting declsions.

The siting process involves a
sequence of four decisions: The
identification of potentially acceptable
gites; the nomination of sites as sutlable
for characterization; the
recommendalion of sites as candidata
sites for site cheracterization; and after
the completion of aita characterization
and nongeologic data gathering, the
recommendation of a cendidate sita for
the development of & repository. Euch of
these deciaions will ba aupported by the
gvidence spocified bolow,

§ 860.3-1-4-1 Site ident!fication as
potentally acceptable.

The evidence for the identification of
g2 potenlially acceptable site shall be the
types of information specifled in
Appendix [V of this part. Such evidence
will be relatively general and less
delailed than that required for the
nomination of a site as suitable for

cheracterization. Because tho guthoring
of detutled geologir: dala wili not tuke
piace unlil efter tha recommandation of
a gite for characterization, thy levels of
information may bo relativaly greater for
the svaluation of those guidelines in
Subparts € and D that perialn 1o
surface-identifisble factora for such sile.
The sources of information shall include
the literature in the public domain and
thu private sector, when svailibie, and
will be aupplemonted It enme inslances
by surface investigations and
conceptual engineering dealgn afudies
conducted by the DOE. Geulogic surface
Investigations may include tho mupping
of identifiable rock masses, l1scture and
Joint characteoriatics, und fault zones,
Other surface investigations will
consider the aquatio and terrestrinl
ecology; water rights and uscs;
topography; poiential offsite hazurds;
natursl resource conceniralions;
national or State protectod resources;
existing transportation aysiemas;
meteorology and climatology:
population densities, caniers, and
distributions; and general
sooioeconomic charocteristics,

§980,3~1-4-2 Site nomination for
charscierizavion,

The evidence required to support the
nomination of a site ag sujtable for
characterlzation ghall include the types
of informatton gpeciliad in Appendix IV
of this part and shall be contained or
referenced in the environmental
assesaments o be prepared in
sccordance with the requirements nf the
Act. The source of this information shall
include the lteratura and related studics
in the public domain and the private
aector, when avsilable, and various
metecrologlcal, environmental,
socioeconomic, and trangportation
studies conducted by the DOE in tha
affected area; exploratory boreholes in
the region of such site, including
lithologic logging and hydrologic and
geophysical testing of auch boreholes,
{aboratory testing of core samplos for
the evaluetion of geochemical and
engineering rock propertics, und
chemicel anelyses ci waier samples
from such boreholes; surfuce
inveatigations, including geologic
mapping and geophyaical aurveys, and
compilations of satellilo imagery data: in
sity of laboratory lesting of similar rock
types under expacled repository
conditions; evaluations of natural and
man-made analogs of tha repository and
its subsyatems, such as geothermaily
ectivo areas, underground excavations,
and caee historiea of socioeconomic
cycles in araap that have experienced
intermittent large-sceio congtrugtion and
industrial activities: and extrapolations

of regional data io estimate slle-specific
~haracteristics and contlitions. The
«xact iypes and amounts of information
1o he collected within the abuve
-stagories, inciuding such details as the
cpecific types of hydrologic teats,
:ombinations of geophysical tests, or
~uinber of exploratory boreholes, are
¢1pendent on the sfle-spectfic needs for
the application of the guidelines of

shparts G and D, in accordance with
+=g praviaions of this Subpart and the
upplication requirements set forth in
Appendix Il of this part. The evidence
ghull 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 D. In developing the above-
montioned bases for eveluation, as may
b necussary, assumptfons thut
approximate the churncteristics or
conditions considered to exist at a gffe,
or expected to exist or occur in the
fitura, may be used. These agsumptlons
will be raalistic but conservative enough
te undereatimate the potential for a site
1o mee! the qualifying condition of a
guideline; that ia, the use of such
asaumptiona should not lead 1o on
exaggoration of the ability of a site to
mes! the qualifying condilion.

§ £80.3~1-4-3 Bite recommendation for
characterization.

The evidence required to support the
recommendation of a site as a candidate
site for characterization shall consist of
the evaluations and data contained or
referenced in the environmental
assegament for such sita, unless the
Secretary ceriifies that such information,
in the absence of additional preliminary
borings orexcavations, will not be
adequate 1o ratlafy applicable
requirements of the Act,

§ 960,93~ 1-4-4 Gite racommandation for
repostory development.

The evidencs required to suppoart the
recommendation of & candidate site for
the development of a repository, after
the campletion of charecterization
aclivitlas at such site, shalf consist of
the information specified in Section
114(e} of the Act for the comprehensive
statement of the basis for such
rccommendation and Section 114{f) of
the Act for the environmental impact
statement. This evidenca shall be
obtainad by the cheracterization of such
site, according ta the requirements
spacilied in Section 113{b] of the Act
and in 10 CFR 60.11, end by nongeologic
data geihering.
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§960.3-1-6 Basiv for aite evaiuatians,

Evaluations of indlviduat sites and
compatisons botween and amo::g silos
shall be Lased on the postcloswa and
preciosure gutdelines specifiad 1n
Subparis C and D, respectively, Excap!
for screening for potentially acceptable
sites a5 specified in § 080.3-2-1, such
evaluations shall place primary
significance on the postclosure
guidelinea and secondary siguificance
on the preclosurs guidelir 8, with each
set of yuidelines considerad collectively
far sugh purposes. Both the postelosure
und the preclosure guidelines consist of
a syatem guidaline or guidelines and
corresponding groups of technical
guidelines, The postciosure guidelines of
Subpart C contain eight technical
guidelinaa in one group. The preciosure
guidelines of Subpart D contain eleven
technicul guidelines separated into three
groups that represent, fn decreasing
arder of imporiunce, preclosure
ruadiological safely; environment,
gociocconumics, and iranaportetion: and
ease end cost of siting, construction,
opseration, and closure. The rolative
significance of any lachnical guideline to
its corresponding system guideilne ja
nita spacific. Therefore, fur wach
technical guideline, an eveluation of
complianco with the qualilying
condition shall be made in tho contoxt
of the coilection of system elements and
the evidence related to that guideline,
considering on balence the favorable
conditions and the potentially adveras
condilions idoentified at a site. Similarly,
for each syatem guldeline, auch
evaluation shail be made in the context
of the group of technical guidelines and
thu evidence related to that system
guidellne. For putposes of
recommending sites for developnient as
respoaitories, such evidence ahall
include onalysea of expected respository
performance to assesa the likelihood of
demonstreting compliance with 40 CFR
Part 191 and 10 CFR Part 60, in
dccordanca with § 960.4-1. A site shall
be disqualifiad a! any time during the
siting process tf the evidence aupporta a
finding by the DOE that a diaqualifying
condition exiats or the qualifying
condition of any ayatem or {echnical
guideline cannot be met. Comperisons
between and among sites shail be based
on the aystermrguidelinea, o the extent
precticable und in accordance with the
tevels of relative significance specified
above for the poetcloaure and the
precloaura goidelinea. Such comparisons
are intended 1o ailow comparative
evaiuatione of sites in terma of the
capabilitiee of tha natural barriers for
waste isplation and to identify innata
deficiencies that could jeopardize

compliance with such requirements. If
the evidence for the sitea ts not
adequate tu substantiate such
compariaons, than the comparisons shall
be based on the groups of technical
guidelines undor the postclosure and the
preciosure guidetines, constdering the
lovels of ralative significance
appropriais to the postclosure and the
prucigaure gidelines and the order of
importance nppropeiate to the
aubordinate groups within the
precloaire guidelines. Comparative sita
evaluations shell place primary
importance on the natural barrers of the
aite. In such evaluatinns for the
postclosure guidelines of Subpart C,
engineerad barricra ghall bo conaidered
cniy to the extant necessary to obigin
realistic source terms for comparative
sito eveiuations baged on the acnaslilvity
of the natura} barriers to such reallstl:
engineered barriers. For a better
understanding of tha potential effects of
engineered barriers on the overall
perfarmance of the repositary aystem,
these comparetlve evaluations shall
consider a rango of levels in the
performance of the enginearod harriera.
That range of parformance levela ahali
vary by at leaat a factor of 16 above and
below the engineerad-barrier
performance requiremonts set forth in 10
CFR 80.113, snd the range considerad
shall be identical for all sites compared.
The comparisons shall assume
equivalent engineerad-harrier
performance for all sitos compared and
shall'be atructured so that engineered
barriess are not relied vpon to
compenaate for deficiencies in the
geologic media. Furthermorn, enginesred
barriers shall not be used to compensate
for an inadequate site; mask the innste
deficiencles of a site; disgutac the
strengths and weaknesses of o site and
the overull systom: and musk differences
between gites when they aro compared.
Site comparisons perfermed {o support
the recommendation of sites for the
development of reposifories in § 960.3-
2-4 shall evaluate predicted releaeos of
radionuclides to thu accesaible
environmenl. For the purposoa of such
comparison, the acceeaible environment
shall consiat of the etmoephere, the land
surfaca, any nearby surface water, and
those portions of tha lithasphere that are
situated more than 10 kilomatera in a
horizontal direction from the outer
boundary of the original location of the
waate emplacement in tha geologlc
repoaitory. Releaaes of different
radionuclides shall be combined by the
mathodsy apecified in Appendix A of 40
CFR Part 191. The comparisons specified
above shall consist of two comparative
evaluations that predict radionuctide

-elesses for 100,000 years after

< :pository clogure and ghall be
conducted as follows. Firat, tha sites
chall be comparad by means of
.vrluations that emphasize the
resformanse of tha natural burrlers at
"4 site. Second. the sitas shall be
.umpared by means of evaluations that
~mphasize the performance of the tots!
. pository system. These second

¢ -alvations shall consider the oxpected
petformance of the reposttory system:
pe busad on the expected performance
of wasto packeges and waste forms, in
sompliance with the requirements of 10
CFR 80,113, and on ths expecled
hydrologic and geochemical conditious.
at each site; and take credit for the
sxpected performance of all othar
engineered components of the repository
system. The comparlaon of {aolation
capebility shall be one af the significant
cuengiderations in the recommendation
of silga for tha devalopment of
repositorins. The firet of the two
compuratlve evaluations specified in the
preceding paragraph shall take
precedence unless the second
comparative evaluation would lead to
substantially differant
recosunendations. In the latter case, the
two comparative evaluationa shall
receive comparable consideration. Sites
with predicted isolation capabilities that
differ by lcas than a fagtor of 10, with
similar uncertainties, may be assumed
to provide equivaient laolation.

§660.3-2 Siting process

The sitiog proaass bogins with site
acreening for the ldentification of
potentielly acceptable sites, This
procoss was completed for purposes of
the first repoattory before the enactment
of the Act, and tha tdantification of such
siles wap made after enaciment in
accerdance with the provisions of
aaction 118{a} of tha Aot The screening
process for the identification of
potentiaily acceptable sitas for the
second and subsequent repositories
shall be ¢conducied In agcordance with
the raquirements specified in § 960.3-2~-1
of {his Subpart. The nomination of any
site na suitable for charactarzation shail
follow the proceas specifled in § 960.3—
2-2, and such nomination shall be
accompanied by an environmental
anssasmant as specified in section
112{b}1)}(E) of the Act, The
recommendation of sitas as candidate
siles for characterizetion and the
recommendation of & characterized aite
for the development of a repository shall
be accomplished In accordance with the
requirements apecified in §4960.3-2-3
and 960.3-2-4, respectively.
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§ 950.3~-2-1 Site screening for poten.ally
acteptabla 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
consider Jargo lund massos thet contain
riock focualinna of suitwhle depth,
thickness, and iuleral extent and have
structural, hydrologic, and teclonic
faaturas fuvorable for waste
containment and isolation. Within thoae
Large lund inasses, subsaquer | sitp-
sLreening aclivitiga shall focus on
succassively smeller und increesingly
more suilnble land uniie. This process
shali be developed jn consultalion with
{e Stotus thet contain land unite under
congideration, It shall bu implemanted in
v sequence of steps that fisst applics the
applicable digqualifying conditions 1o
eliminale lund units en the bucis of the
evidence specified in § 980.3-1-4-1 and
in recurdance with the applicetion
rirquirements set forth in Appendix 111 of
this Part. Alter the disqualifying
cunditions have been apphed, the
favorable and potentially adverso
conditions, as identified for each
remaining land unlt, shall be evalugted.
The presence of lavorable conditions
shalt favor a given Jand unit, while the
presence of potentially adverse
conditions shall penalize that land unit.
Recopnizing that favornble conditions
and potentiaily adverse condijtions for
tifferent technicel guidelines can exist
1 the same land unit, the DOE shell
seek 1o evaluate the compuosite
favorability of each land unit. Land units
thal, in the nggregrate. rxhibit
pelieatially adverse conditions shall e
deferred in favor of land onits that'
exhibit favorable conditions. 'Tlie siting
provisions tha! require diversily of
peohydrologic settings and rock types
antd conglderation of regionality, o8
specified in §§ 060.3-1-1, 900.3-1-2, and
030.3-1-3, respectively, may be used to
Mscriminate between lund units and to
- wablish the renge uf options in site
«:reening. To identify a site as
potentially scceptable, the evidence
shall suppon a finding that the site is
ot disquaolified in accordance with the
application requirements set forth in
Appendix 11 of this Part and sha!l
suppor! Lhte decision by the DCE o
proceed the continued investigation of
the site on the busie of the favorable and
potentially adverse ennditions identilied
to date. In continuation of the screening
process after such identification and
before site numination, 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.
diversity of rock types, and regionality
(44 960,3-1-1, 860.3-1-2, and 900.3-1-3,
reapectively). The deforpal of potentially
accepiable aites will be deacribed in the
environmenta] assessments that
accompany the nominalion of at least
fivo sitas as sulinble for
charasterization. In erder to idenlify
potontinlly accaplable sitas for the
s¢cond and subsequent ropositories, the
Socretary shall first identify the State
within which the site ia located In a
dacialon-basis document that describes
the proceas and the congidorations that
led to the identification of such aite and
that hus been issued praviously in draft
for review and comment by such Blate.
Second, whaen guch documenl is [inal,
the Secrelasy shall notify the Governor
and the legisloture of that State and tha
tribal council of any a{fecied Indian
tribe of the potentially acceptuble site,

§ 960.3-2-1 Nomination of sites an
wultabie for charscterization,

From the sltes identifled aa potentially
accapiable, the Secretery shell nominate
at lenst flva sites detormined suitable
for site charncterization for the selection
of each repository sile. For the second
repository, at lenst three of the altes
shall not have been nominanted
previously. Any site nominatled as
sultable for characterization for the firat
reposilory, but not recommended as a
candideta site for characierlzotion, may
not be nominated as sujtable for
characterization for the second
repository. The nomination of a site as
auituble for characterization shall be
accompanied by an environmental
assessment ae gpecifled in section
112{b){1}(E) of the Act. Such nomination
shall be besed on evaluations In
accordance with the guidelines of this
Part, and the bases and relavant detaila
of those evaluations and of the decision
processes involved thereln shall bo
contained in the environmontal
sasesement for the aite in the manner
specifled In this Subpart. The avidence
required to support euch evaluations
and siting decisions ls specified in
§ 990.5~1-4-2,

§ #80.3~2-2-1 Evaluation of ail potentially
acceptable oites.

First, in congidering siios for
nominalion, ssch of the potentially
acceptable sites ahall be evaluated on
the basia of the diaqualifylog conditiona
specified in the technical guidelines of
Subparts C and D, in accordance with
the application requiroments set forth in
Appendix Hi of Lhis part. This
evaluation shail support a finding by the
DOE that such gites is not disqualified.

§ 060.3-8-2-2 Belsction of sites within
gesydrologle settings.

tennd, the giting provision requiring
di - . 'ty of geohydrologic settings. ae
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

+1'11:g8 that contain more than one
pat -alially acceptable site, the prefercad
gile: .hall be selected on the baaia of a
cum.arative evaluation of al! potentially
accepiable sites in that setting. This
eva'ualion shall consider the
distinguishing charactertatics displeyed
by the patentiaily acceptable sites
within the settlng and the ralated
guidelines from Subparts C and D. That
is, the appropriate guidelines shall be
selocted primarily on the basia of the
kindw of evidence umong sites for which
distinguishing charactertatics can be
Identified. Such comparative evaluation
shail be made on the basis of the
qualilying conditicnsa for thosa
guidelings, considering, on balance, the
favorable conditiong and polentially
adverse conditions identified at each
site, Due cunsideralton shall also be
given lo the siling provisicns specifying
the bagls for site evaluations in § 680.0~
1-5, 10 the oxient praciicable, and
diversity of rock types in § 960.3-1.2, if
the circumstences ao apply. If less than
five geohydrelogic settings nre available
for consideration, the above proceas
shail be used to select two or more
preferced pites from those settings that
contain more than one potentlally
acceptuble aite, ag raquired to obtain the
number of sites to be nominsted as
suitable for charecterization. For
purposos of the sncond and subseguent
repouitories, 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
geohydrologic setting shali be avalunted
88 {0 whether such site is suitabie for
the development of a repository under
the gualifying condition of each™ -
guideline specified in Bubparts C and D
that does not roguire site
charasterization a8 a prerequisite for the
application of such guidaline, The
guidelines considored appropriate to this
evaluution have been selecied on the
basis of thelr exclusion under the
definition of gite characterization as
specified in § 860.2. Although the final
application of these guidellnes, in
accordance with the provisions set forth
in Appendix NI of this Patt, does not
require geologic data trom she-
characterization activities, such
application will require additional data
beyond those speclfied in Appendix IV
of this part, which will be obtained
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concurrently with site characterlzs ton.
Such guidelinae include those spacifiad
in § 960.4-2-8-2 [Site Owneraliip ni d
Centrol) of Subpart C; §§ 980.5-1{: ;{1)
and 080.5-1(n)(2) of Subpart D
{preclosure system guidelines for
radiologlcul safety and environmental
qualily, socioeconomics, and
irangporiation); and §§ 960.5~2-1
through 860.5-2~7 of Subpart D
(Pepululion Denslly and Dis}-{bution,
Sile Ownership und Control,
Meleorology, Offsite Inatallations and
Operations, Environmental Quality,
Socioeconomic Impacts, and
Transporintion}. This avaluation shall
congider on balance those fnvorabile
conditions and peteniiaily adverse
conditions identified as such at a
prefecred site in relation to the
qualifying condilion of each such
guideline, For each auch guidetine, this
evaluation shall focus on the suitability
of the site for the development of a
repositery by considering the activities
from the atart of site characterization
through decommissioning and ghall
suppor a finding by the DOE in
accordance with the applicatlon
requiremerts set furth in Appendix 111 of
this part. Fifth, each proferred sita
within a geohydrologic setting shail be
evalnaled ra to whether such aite is
suitable for site characterization under
the qualifying conditions of thoae
guidellnes specifiad in Subpars C and D
that requira characterization (i.e.,
gubaurface geologlc, hydrologic, and
geocliemicel dals gathering). Such
guidelines inciude thoee specificd in
§ 980.4-1(a) (postciosure system
guideline); §§ 080.4-2-1 through 960.4-2~
8-1 of Subpart C (Geohydrology,
Geochemistry, Rock Characteristics,
Climatic Changas, Frosion, Diasclution,
Tectonics, Human Interferenca, and
Nulura} Resources), §900.6~1{a)(3)
{preclosure system gutdeline for eane
and coat of siting, construciion,
operation, and closure); and, § 650.5-2-8
through 860.5-2-11 of Subpart D (Surfece
Characterlstice, Rock Churaclaristics,
Hvdrology, end Tectonica). This
evaluation shall consider on balanca the
favorable conditlons and potentially
udverse conditions identified as such at
o preferred sita in relation to the
gualifying condition of each such
guideline. For each such guideline, this
evalualion gha!l focus on tha suitability
. of the site for characterization and shall
support a {inding by the DOE in
sccordance with the application
raquirements get forth in Appendix 11 of
thia pert.

§ 980.3-2-2~) Comparative svaluation of
wil sites proposed t¢r nomination,

Sixth, for those polentially acceptable
gites to be proposed for nominstion, as
detarmined by the process spocified in
§ 980.3-2-2~2, a rensonable compurative
evaluailon of each such site with all
other auch sites shall be made. For each
aite and for each guideline specifled In
Subparis C and D, the DOE shall
summarize the evaluaflons and findings
specifiad under § 960.3-2-2-1 and under
the fourth and Hfth provistons 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-¢ The snvircnmantal
ARMeasmant,

To document tho process specified
above, and (n compﬂanca with section
112(b)(1)(E} of the Act, an environmental
assassmont shall be praparad for vach
aite proposed for nominailon as suiteble
for charactorization, Each such
envirenmental asaesament shall
describs the daeciafon process by which
such ajte was proposed for nomination
as describad in tha praceding six steps
and shall contain or reference the
evidence that supports such process
according to the requircments of

§ B00.3-1~4-2 and Appendix ]V of this
part. As apecifled in the Act, each
environmental agaessment shall include
an evatuation of the offects of tha site-
characterization aclivities at tha site on
public health and aafety and the
environment; a discussion of alternative
activitics related fo site characterization
that may he taken to avoid such impact;
and an essessment of the regional and
loai impacte of locating a reposliory at
the sita. The draft environmental
assassment for each site proposad for
nominsticn as suitable for
cheractarization shall be made availabla
by tha DOE for public comment afler the
Secretary hae notified the Governor and
legislatura of the State in which the site
is located, and the governing body of the
affected Indian tribe where such site is
located, of such impending aveilability,

§ 900.3-2-2-5 Formal slts nomination.

After the final environmental
assessments have been prepared, the
Secretary ghall nominate at least flve
sitas that he detarminas suitable for site
characterization for the selection of a
reposttory site, and, in 60 doing, he ghall
cause to have published in the Faderal
Reglster a notice spocifying the sites so
norulneted and announoing the .
availability of the final environmental
agsassments for such sites. This
determination by the Secretary shall be
based on the final environmerial

ugrspgients for auch sites, including. in
pa jeular, conslderation of the available
av cence, evaluations, snd the resultant
fi, -inge for the guidelines of Subperts C
ar ") o gpecified under the fourth and
fift provisions of § 860.3-2-2-2. Defore
roriinating a site, the Secretory shall
1.ty the Governor and legislalure of
i%e¢ “'ate in which the gite ig located,
and -he governing bady of the affected
Indian iribe where such site ia located,
ul such nominatlon and the basis for
suuh nomipation,

§ 890.3-2-0 Ricommindatlout of sites for
characterization.

After the nomination of nt leas! fiva
sitca as suitable for aite characterization
for iha selection of tha firat repository,
the Secretary shall recommniend in
wrliing to the Prasident not |12as than

‘three candidate sites for Buch

characterization, Tha recommendation
decision ghall be based on the available
geophysical, gaologle, geochemical, and
hydrologic data: other information;
associnted evaluations and findings
reported in the environmental
asapesments accompanying the
nomingtions; end tha considerations
specified below, unless the Secretary
certifiay that such available data will
not be adequatae lo satisfy applicable
requirements of the Act in the abeence
of further preliminary borings or
excavations. On the basis of the
evidenca and in accordance with the
siling provision specifying thesbasta for
site evaluations in § 880.3-1-5, the sites
nominated as suitabla for
characterization shall be considered as
to thair 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 860.3-1-J,
reapectively, shell be considered to
determing & fina} order of preference for
the characterization of such sites.
Conslidering thie nrder of praferenceo
together with the available siting
alternatives specifivd in the Act, the
sites recominanded aa candidate sites
for characterization shali offer, on
balence, the most advantageous
combination of cheracteristics and
conditions for the succeasful
development of repositories at such
gites. The process for the
recommendation of sites as candidale
sites for charactorization for the
selection of eny subsequent repoaitory
shall be the same as that apecified
above for the firat reposilory.
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§ 960,3-2-4 Recommendation of e for
the development of repositories.

After completion of site
characierization und nongeoloy ¢ data
gathering activities at the candidate
sites for lhe development of the first
reposilory, or from all of tiue
churuclerized silas for the dovelopment
ol sulisequent repositories, thy
candidute silee shall be compared with
each other on the bauls of ihe guldelines
specified In Subparts € and D aceording
to the siting proviston specifying the
basis for sile evalvalions in § 60,3-1-5.
‘This comparison shall lead to a
recommendation by the Secretary o the
Presiden of a site for the development
ol a repuository. Together with nny
recommendation to the President to
approve e glte for the development of @
reposgilory, the Secretary shall make
avniluble 1o the public, and submit to
the President, s comprahanaive
slatement of the Laeis of such
recemmendulion pursuant to the
requiremonls specified in seclion
134[a}(1) of the Ac, including an
environmenlal impact statement
prepured in eccordance wilh the
provisions of sectiona 114(a){1}((}) and
114({] of the Act. The environmental
impact slatement shall include the
results of the comparative evaluation
specified above end a description of the
docision process that resulted in the
selection of the candidate site
recoinmended for the development of
such reposilory.

£ 800.3-3 Consullation.

‘Tha DOE shall provide 1o designated
officiala of the affecied States and to the
guverning bodiues of any uffecled Indian
\ribe timely and complete Informiation
regurding determinaticns or plans made
with respect to the siting, sile ~
characglerization, design, development,
conslruclion, operation, closare,
decummissicning, licensing, or
regulalion of a repository. Wrilen
responses to writtea requests for
information from the designated officials
of affected States or effected Indian
triben will be provided wlithin 30 days
after veceipt of the written requests. In
performing any study of an ares for the
purpoge of determining the sultability of
such area for the development of a
vepositary, the DOE shall consult and
rocperate with the Governor and the
legislutore of an aifected State and the
governing body of an affected Indian
tribe in un effort {o resolve concerns
reyarding public health and sefety,
environmenla] inipacts, socivaconomic
impacls, und technical aspec!s of the
siling process. Alter notifying affected
Stales and uflected Indian tribes that
potentially acceptlable siles have besn

identified, or that a site has been
approved for charactorization, the DOE
shall saek to enter into binding written
agraamenis with such alfected States or
affected Indian trilyes in accordance
with the requirements of the Act. The
DOE shall alao consuit, as appropriate,
wllh other Federal agencies.

§ 860.3-4 Epviranmentz! Impacts

Environmental impacts shall be
considered by the DOE throughout the
aite charagterization, site selection, and
repository development process, The
DOE shall mitigate slgniEcam adverse
enviropmenial impacts, to the exten!
practicable, during aite charactarization
and repoaitory constructivn, operation,
¢losure, and decommissioning.

Subparl C—Poatclosure Guidsiines

§ 960.4 Postelosurs guldelines.

The guidetines ir this Subpart apeclfy
the factors 1o be coasidered in
evaluating end comparing sited on the
buais of expected repository
performance after closure. The
poatclosure guidelines are separated
into a syatem guideline sad eight
technical guidelines, The system
guideline astalblishes weste contalnment
and isolation requlrements that ere
besed on NRC and EPA regulations.
These requirements must be met by the
repository aystem, which contains
natural barriers and engineered barriers.
Tha engineered berriers will be designed
to complement tha netural barriers,
which provide the primary means for
wasta isolatlon,

§ 960.4-t SBystam guideline.

{(a) Qualifying Condition. The geclogic
setting ot the site ahall allow for the
physical separation of radlosctive wasta
from the accessible environment after
closure in accordance with the
requiraments of 40 CFR Part 161,
Subpart B, as implemented by the
provisions of 10 CFR Part 60. Tha
geolagic satting at the site will allow for
the use of engineered barriers 1o anaure
compliunce with the requirements of 40
CFR Part 181 and 10 CFR Part 60 {see
Appendix | of this Part).

§ 960.4-2 Technical guldelinen

The technical guidelines in this
Subpart set forth qualifying, favorable,
potentially adverse, and, in five
guidelines, disqualifying conditions on
the characteristics, processes, and
events that may influence the
performance of a repository syatem after
ciosura, The favorable conditions and
the potentially adversa conditiona under
each guideiine are not listed in any
assumed order of importence,

% sentlally adverse cunditions will be
¢ ;nsidered if they affect waste Isolation
within the controlled arca even though
tach conditions may cccur outside thy
_antrolled area, The technical guidelines
hat follow establish conditions that
hgll be considerad in determining
wcmpliance with the qualifying
+anditlon of the postclosure syslem
, ideline. For each technical guideling,
£+ evaluation of qualification or
disqualification aliall be mads in
accordance with the requirements
specified in Subpart B,

if 260.4-2-1 Geohydrology.

(o) Qualifying Condition. The present
and expiected geahydrologlc setting of a
site shail be compatible with waate
coniainment and isolation. The
geohydrologic eetting, considering the
characteristics of and the processes
opurating within the geologic setting,
shall permit compliance with (1) the
requiremsnts apecifiad in § 980.4-1 for
radionuclide relesses to the accessible
environment and (2] the requirements
specified in 10 CFR 60.113 lor
radionuclide releases from the
englneered-barriar system using
reasonably available technology.

(b} Favorable Conditions. (1) Bite
conditions such that the pre-waaste-
emplacement ground-waler travel ima
ulong any path of likely radionuclide
trave] from the disturbed zone to the
accesaible environment would be more
than 10,000 years.

(2) The natuzs and rates of hydrologic
processes operating within the geologic
setting during the Quaternary Period
would, {f continued into the future, not
affect or would favorably affect the
abiltty of the geologic repository to
Isolate tho waste durlng the next 100,000
years,

{3} Sttes that have stratigrephic,
stryctural, and hydrofogic features such
that the geohydrologic system can be
readily characterized end modelad with
rezgonable certainty.

{4) For disposal in the saturated zone,
at least one of the following pre-waste-
emplacement condltiona exisie:.

{i} A host rock and immediately
surrounding gechydrologic unita with
low hydraulic conductivities.

(i) A downward or predominantly
horizantal-hydraulic gradient in the host
rock and in the immediately surrounding
gechydrologic anils.

{iii} A low hydraulic gradient in and
betwesn the hos! rock and the
immadiately surrounding geohydrologic
units.

{iv} High effective porasity together
with low hydraulic conductivity in rock
units along paths of likely radionuclide
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truvel bhatweeh tho host rock and b e
acenssible anviranment.

(5} For diaposul in the unsaturaied
zone, 8t least one of the lollowing ure-
waste-emplacemenl conditions a:i'sts:

{1} A low and nearly constant o :gree
of suturation i the host rock and in the
immediately surrounding geehydrologic
units,

{1i] A waler table sulficiently below
the underground facility such thut the
fully satursted voids conlinucos wilh
the wuter tablu do not enco.ntor the
hust roch.

{iii) A gechydrologic unit ubove the
hust rock thet would diverl the
downward infiltration of water beyond
the Yimits of the emplaced wante,

(iv] A host rock that provides for free
dramage,

{vi A climatic regime in which the
averuge annuul historical precipitation
18 a smell frnctlon of the aversge annusl
potential evapotrnnepivation.

Noto—The DOE wiil, in accordunce with
the general principles set forth in § 980.1 of
these regulations, revise the guidelines &s
necessnry, 1o ensure conzistency with the
final NRC ragulations on tho unsaturated
zoni, which wers published us 2 proposed
rule on Fetwuary 18, 1A84, in 48 FR 5044,

{€) Potantially Adversn Conditions, (1)
Expected changos in yeohydrolagic
conditions—such as changes in the
hydraulic gradient, the hydraulic
conductivity, the effective porosity, and
the ground-water flux through the host
roch and the surrounding gephydrolagic
units—sufficient! o siynificantly
incrense the transport of radionuclides
to the aceessible environment as
compared with pre-weste-emplacemnnt
coniditions.

{2] The presence of ground. waler
sources, suitable {or crop irrigation or
hwinan consumption withou! treatment,
slong ground-water flow patha from the
host rock 1o the accessible environment.

{3} The pregence in the geologic
setling of stratigraphic ar structnral
farturos-—auch us dikes, ailla, faults,
shoar xones, folda, dissolution effects, or
brine pocikets—if their pressnce could
significantly contribute Lo the difficulty
of characterizing or modeling the
geohydrologic ayotom,

{d) Disqualifying Condition. A alte
shell be disqualified if the pre-waste-
emplacement ground-water travat {ims
from the disturbed zone 1o the
sccessible environment is expocted to
be leas than 1.000 years clong any
pathway of likely end significant
radionuclide travul.

§980.4-2-2 Geoshemistry.
{a) Qualifying Condition. The prasent

and expected geochamical
characteristics of o site shall be

computible with waste contuinment and
isolution. Conaidering the likely
¢hemical intaractions among
radionuclides, the host rock. and the
ground wirtor, the charactorialics of and
the prooesses apereting within the
gealogin satting shafl pnemit complisnce
with {1} the requirements speciflod in

§ 960.4-1 for radionuclide relesses to the
uccessible environmen? and {2) the
requirements specified in 10 CIPR 00,113
for radionuclide relecses from the
ungineered-barrier aystem using
reusonally aveilable technelogy.

[0} Faverable Conditions. {1 The
noture and rates of the geochemlcal
processes opereting wiﬁzfn thir geolugic
sutting during the Quaternary Period
would, If continued into the Ix:turn. not.
affuct or waould favorably affsct the
ability of the geologic repository to
isolata the waste during the next 100,000
yeurs.

{2} Geochemical conditions that
promote tho pracipitation, diffusion into
the rock matrix, or sorpton of
radionuclides; inhiblt the formation uf
particuiales, collojds, inorgaaic
tomplexas, or organic ooinplaxes that
increase the mobilily of rudionuclides;
or inhihit the transport of radicnuclidas
by particulates, coiloids, or complexes.

{3) Minera! assemblages thai, when
subjected to expected repository
conditions, would ramain ungltered or
would alter to minera] assemblages with
equnl or inoraased capability to returd
ricionuclide transport.

{4} A combination af oxpeciad
goochemical conditions and a
volumetric flow rate of watsr in the hos!
rock that would aliow less than.0.001
parcent per year of the totgl
radioouctide inventory in the repostiory
st 1,000 yoers to be dissolved.

(5] Any combination of geochamical
und physical retardetion procesaas that
would decrease the predicted peak
cumuletive releases of radionuclides to
the vccessible environment by a factor
of 10 as compered {o thoee predicted an
the buais of ground-wates iravyel time
without stich retardation.

() Potentially Adverse Counditions. (1}
Ground-water conditions in the host
rock that could nffect the solubility or
the cheinicul reactivity of the
engineered-barrler system {o the extent
that the expected repository
performanco could be compromised.

(2) Geochemical processes or
conditions thet could reduce the
sorption of radionuciides or degrade the
rock strength.

{3} Pre-wasta-emplacement ground-
wataer conditions in the hogt rock thet
are chemically oxidizing.

§980.4-2+3 Fnok characterisiics.

) Quueddifying condition. The present
ar: aspecied characterigtics of the host
vt -k ond surrouading unita shall be
¢+ nuble of accommodailng the thermal,
. mvicad, mechanicsl, and radiation
v o8ses expected to be induced by
¢, Jaitory construction, operation, and

louare und by expected interactiang
..o ung the wuatg, host rock, ground
we or, ahd engineergd components. The
checacieristics of end the provessas
operating within the geologic sefling
ghwll purmit complinnce with (1) the
requirements spectfied in § 900.4-1 for
racionuclide releases 1o the aceaesible
etrvironmant and {2] the requirements
set forth in 10 GFR 84.113 {or
radionuclide relessss from the
engingered-barrier system uslng
reasonably nvallshle technology.

ib} Favoreble Conditions, {13 A host
rock that ia pufficiently thick ond
laterally extensive to allow significant
flexibility in selecting the depth,
configuration, and lonution of the
underground Jacility tu anaure isolution,

{2} A hoat rock with a4 high thermal
canductivity, a tow cosffiviant of
thermatl expunsion, or aufficient ductility
to seal fractures induced by reposttory
construction, operation, or closure or by
interactions among the wuste, host rock.
ground water, and engineered
companants.

ic) Potantially Adverse Conditions. (3}
Ruck gonditions that could requira
enginecring messures beyond
raegonably availabie technology for the
construction, oparation, and ciesure of
the repository, if such meusuras are
pecessary to ensure waste containmant
or isolution.

{2) Potantia! for such phenumend as
thermaity induced frnctures, the
hydration or dehydration of mineral
componants, belne migration, or other
physical, chamical, or radiatlon-retated
phenomena that could be expected to
affect waste contninment or isolation.

{3} A combinaticn of geologic
structure, geochemicel and thermal
properties, end hydrolcgic conditions in
the hoatl rock and snrrounding units such
thet the hewt generated by the waste
couid significently dacresae the
tsotation provided by the host rock es
compered with pre-waste-emplacement
sonditlons.

§ 960.4~2~4 Cilmatic chanpes.

{a} Qualifying Condition. The site
shall be located whers future olimatic
conditione will not be likely to tead to
rudionuclide reloasea greater than those
allownbie under the requirementa
specifled tn § 980.4-1, In prodioting the
likely future olimatic conditions at & site.
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the DOE will conaider the gloh .,
regional, and site climatic patte s
during the Quaternary Period,
considering the geumorphic evi-lence of
the climalic conditions in the 4 ologie
setling,

{b) Favorable Conditions. (1} A
eurfuce-waler aystem such thal expected
cli.natic cycles over the next 100,000
yenrs would not adversely affeci waste
isolation,

(2) A geologic geiting In which

-¢limatic changes have he.d litile effect
an the hydrologlc syatem throughnut the
Quaternary Poriod

{c) Patentially Adverse Conditions. (1)
Evidence thal the water table could rise
sufficiently over the next 10,000 years to
sulurate the underground facility tn &
previously onasturated host rock,

{2} Evidence tha! climatic changen
over the next 10,000 years could cause
perturbations tn the hydraulic gradient,
thu hydraoclic conductivity, the effective
poroslty, or the ground-water flux
through the host rock and the
surroundling gevhydrologic unlts,
sufficient to significantly Increase the
iransport of radionuclides 1o the
aceessiblo environment,

§ 960.4-3-5 Erosion.

{u) Qualifying Condition, Tha site
shall allow the underground facility to
be pluced ai n depth such that erosional
procesaes acting upon the eurface wily
not be likely to lead to radionuclide
releases grealer than those allowable
under the requirements specified in
§ 860.4-1. In predicting the likelihood of
poleniially disruptive erosjunal
procesaes, the DOE will coneider the
climatic, tectonic, end geomarphic
evidence of rates and patterns of -
erosion in the geologic setting during the
Quaternary Parlod.

(b} Favorable Conditions. (1) Bite
conditions ihet permit the emplacement
of waste at a depth of at least 300 -
meters below tha directly overlying
ground surfuce.

(2) A geologic setting whoere the nature
and rales of the erosionel 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 radionuclides to the accessible
envirenment.

[3) Site conditions such that wanta
exhumation would not be expected to
accur during the first one million years
afler repository clogure.

[c) Polentiolly Advorse Canditions. (1)
A geologic setting that shows evidence
of exireme srosion during the
Quatermary Period.

(2} A geologic seiling where the nature
and rates of gegomorphic processes that

have been operating during the
Quuternary Perlod could, during the first
10,000 years after closure, adversely
affect the abillty of the geologic
repository to leclate the wapte,

(d} Disqualilying Condition, The site
shall be disgualified If site conditions do
not allow all portions of the
underground facilitr to be situated at
leant 200 meters below the directly
ovarlying ground surface,

§960.4-2-¢ Dissolution,

(a) Qualifying Condition. The site
vhall De located auch that any
subsurface rack dissolution will not ba
likely to lend to redionuclide relcases
greater than thoee allowable under the
requirements specified in § 960.4-1. In
predicting the likelihood of dlssolutlen
within tho geologic aetting at a site, thn
DOE wili conslder the evidance of
dissolution within that setting during the
Quaternary Period, including the
locatlons and characteristica of
dlesolution fronts ar other dissolution
features, if [dantified.

{b) Favorable Condition. No evidence
that the host rock within the site was
subject to eignificant dissolution durlng
the Quaternary Period.

(c) Potentiaily Adverse Condition,
Evidence of dissolution within the
gealogic setting—such as breccia pipes,
dissolution cavities, signiflcant
volumetric redustion of the host rock or
surrounding strata. or any structurat
collapse—nuch that a hydraulic
interconnection leading to u loas of
wasla Isolation could cccur.

(d) Disquolifying Condition. ‘The aite
shall be disqualified if it ia likely that,
during the firet 10,000 years after
clogura, active dissglution, as predicted
on the basis of the geologic racord,
would resuit in a loas of waste isolation.

§ 960.4-3-7 Tectonice.

(a) Qualifying Condition, Tha site
shall be located in a geologlc satting
where future tectonlc processea or
avants will not ba likely to lead to
radionuclide releases greater than those
allowable under the requirements
specified in § 980.4-1. In predicting the
likelihood of potentially disruptive
tectonic processes or events, the DOE
will constder the structural,
stratigraphic, goophysical, und selsmic
evidenca for the nature and rates of
tectonic proceases and events in the
geolngic setting durlng the Quaternary
Period.

{b) Foverabie Condition. The nature
ond rates of ignaous activity and
tectonic protcesses (such as uplifi,
subsidence, feulting, or folding), if any,
operating within the geologle setting
during the Quaternary Partod 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
2 radlonoclidos to the acesssible
anvironment.

ic) Potentinlly Adverse Conditions. (1)
Svldence of active folding, feulting,
Mapirism, uplift, subsidence, or other
ictonic procesaed or igneous activity
within the geologic setting during the

Justernary Period.

{2) Historlcal earthquukes within the
geologic setting of auch magnitude and
inlensity that, if they recurred, could
affect waete containment or isolation.

{2} Indicntions, based on correlations
of carthquakea with tectonic processes
and featuros, that either the frequensy of
occurrence ot the magnitude of
earthquakea within the geologic setting
may increese.

(4) More-frequenl occurrences of
garthquakes or eapthquakes of higher
magritude than are representative of the
region In which the geologlic setling is
located.

{5) Potential for nalural phenomena
such us landslides, subsidence, ar
voleanie activity of such magnitudes
that they could create lurge-scale
surfaco-water impoundments that could
change the regional ground-water flow
system,

(8) Potential for tectonic
deformations—such as uplift,
subsidence, folding, or faulting—that
could advarsely affect the ragional
ground-waler flow system.

(d) Disqualifying Condition. A site
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 auch that o' loaa of weste
fmolation is likely to oceur,

§ 080.4-2-8 Human Interfarance.

The site shall be located such that
activities by fulure generations &t or
near the aité will not be likely to affect
waste containment and isolation. In
asseseing the likelihood of such
activities, the DOE will consider the
estimated effectiveness of the
permanent markera and records
required by 10 CFR Part 80, tnking into
account site-speciflc factors, as stated in
$3 960.4-2-8-1 und DA0.4-2-8-2, that
could compromise their continuad
effectiveness.

§ 950.4-2-8-1 Natural resource.

(a} Qualifying Condition. This site
shall be located auch that—considering
permanent markers and records and
reasonable projections of value,
acarcity, and technology—the naturai
resources, Including ground water
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suitable for crop irrigation ur bumay
consumption withou! treatment, pr 'ent
at or near the sita will not be likely i0
give rise to interference aclivities ikt
would lead to radionuclide ralease:
greater than thoss allowable undé: the
reguirements specified in § 800.4-1.

ib} Favorable Conditions, {1) No
knowo natural resources that have or
are projected to have In the foregeeuble
future & value great enough o he
consilered a commercially extroctabla
reaource, .

{2} Ground water with 10,000 purts per
millisn or moro of tota! dissolved solids
along uny path of likely radlonuclide
travel from the host rock to tha
accessible environment, .

(c} Potentially Adverse Conditiaus, (1)
Indications thet the site contains
naturally occurring materlals, whether
or no! actually identified in auch form
that {i} economic extraction is
potentially feasibla during the
foresesable future or (i) such matorials
huve a greater gross value, net valua, or
zommurcial potentiel than the averags
for other areas of similar size that are
representative of, and located in, the
goologic setting,

{2} Evidence of subsurface mining or
extraction for rosources within the site if
it could affect weste containment or
isalation.

(9} Evidencs of dHiling within the site
for any purpose other than repository-
site evaluetion to & depth suffigtent {0 .
effect waate containment and {solation.

{4} Evidonca of a significant
concentration of any naturally occurring
material that is not widely available
trom other sources. )

(53 Potenttal for foresecable human
activities—such as gfound-wuter
withdarewal, extansgive Jrrigation,
subsurfece injection of fluids,
underground pumped storage, milltary
actjvities, or tha construction of large-
scale surface-water impoundmente—
that oould adveraely change portions of
the ground-wetar flow eyetem important
to waste iaolation.

{d} Disqualifying Condiiions. A site
shall be disqualified if—

{1) Previous exploretion, mining, or
extracticn ectivities far rescurces of
commercial importance at the site have
credled significant pathwaye between
the projected underground facility and
the acoessible environment; or

{2) Ongoing or likely future activities
to recaver presently valuuble natural
mineral resources outside the controfied
ares would be expected to lead to Bn
inadvertent loas of waete isoletion.

§ 900.4-2-8-2 Gite ownership and control.
{a} Qualifying Conditian. The site
shall be located on land for which the

DOE can obtain, in sccordancs with the
requirements of 10 CFR Purt 60,
ownership, surface and subsurface
rights, and conirol of uccess thut ure
required in order that potentia] surface
und subgurface activities ag the aite wilt
not be ifkely to jead to radipnuclide
relensus greuter then those allowable
under the requiramnnts specified in

§ 000.4-1,

{b} Fovorable Condition, Present
ownorship,und control of land and all
surfuce and subsurfuce rights by the
DOE.

{e} Porentiolly Adversas Condition.
Projected lund-ownership confllcts that
cannot be successiully rosobved through
voluntery purchase-sell agresmants,
nondisputad sgency-to-agency transfers
of titie, or Federa] avndomnation
procoedings.

Subpant D—Preclosure Guidelines

§ 500.5 Preciosure guldsiingn.

The guidelines in this Subpart specify
the factors to be considerad in
svaluating and comparing siles on the
basis of expected repository
performunce before clogurs, The
preclosure guidelines are separated into
ihres system guldelines and eleven
technical guidelines.

§ 900.6-1 System guidelines.

(8) Quelifying Conditions—{1)
Preciosure Radivlogical Safety. Any
projected radiologics! expasures of the
genera! public and any projected
relaeses of redioactlve moterials to
restricted and unrestricted areos during
repository operation and closure shall
meet the applicable safety reguirements
set forth in 10 CFR Part 20, 10 CFR Part
80, snd 40 CPR 191, Subpart A (pes
Appendix H of this part}.

(2] Environment, Socinsconumics, and
Transportation. During repository siting,
construction, operation, closure, and
decommiesioning the public and the
environmen! shall be adequately
protected from the hezards posed by the
dispusal of radioactive waste.

(3] Ease and Cost of Siting,
Constructiva, Operation, and Closure.
Repository siting, congtruction,
operation, and closura shall be
demonstrated to be technically feasible
on the baeis of reasonably uvailable
technology, and the associated nosts
shall be demonstrated to be reasonabis
relative to other available and
comparahle siting options.

5 980.5-2 Tachnical guidstines.

Tha technical guidelines in this
Subpart get forth qualifying, fuvorable,
potentially advares, and, in teven
guidelines, disqualifying conditions for
the characteristics, processes, and

eveniy that influence the suitability of a
site. . elative ta the praclosurs systam
gu . lines, These conditions are

se} «rated into thrae main groups:

Pro« .c3ure radiclogical saiely:

e -rehment, sogioscunomics, and

tre, sportition; and eese and cost of
:*th 4, conptructian, pperstion, aod

¢ 250, The first group includos

oo litions on pupulutiun density and
disr bution, site ownarship and control,
metsoroliogy, and offsite instiallations
and operations. The second group

in ludes conditiona relsted te
onvironmontal quality and
soc:ogcononiic Impacts in wreas
potuntially affected by a regository and
10 the transportation of waste e a
repusitory sita. The third group includes
cosditions on tha surfuce characteristics
of the site, the charactorisiics of the hosl
rock and suprounding strata, hydrology,
und tectonics. The individual technical
guidelines within each group, ns well as
the favorable oonditions and the
potentindly adverse conditions under
ench guideling, ere not listed in any
apsumed order of impartance. The
technical guidalines that follow
esteblish conditions that shali be
considered in determining complisnce
with the qualifyiog conditiens of the
preclosure system guidelinea. For each
technical guidoline, sn evaluation of
qualifioution ar disqualiificetion shail be
made in accordence with the
requiremants specified in Subpurt B.

Preclosure Radiological Bafoty

§ 080,6-2-1 Population Denaity and
Distribution.

{v) Qualifving Condition. The aite
shall be lopetod such that, during
repository operation and closurs, {1) the
expected average radiation dosa to
members of the public within aay highly
populated area will not be likuly to
exceed & small fraction of the limits
silowable under the requirementa
spocified in § 980.5-1{u]{1}, and {2} the
expected radiation dose to any member
of the public in an unrestricted area wili
not be Hkely to exceed the limit
altowable under the requirements
specified In § BO0.5-1{a}{1).

{b) Fovorable Canditions. {1} A low
population density in the general region
of the site.

(2} Remotanaess of site frum highly
populated areas.

fc} Patentially Adverse Conditions. {1)
High residential, seasongi, or daytime
population density within the profected
site boundaries.

2) Proximity of the site {o highly
populated areas. or to areas heving ot
least 1,000 individuals in an area 1 mile
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by 1 mile as defined by the mogs regant
decennlal count of the U.S. census,

{d} Disqualifving Conditiona. A sile
shall be disqualified if—

(1) Any surface facility of u r spository
would be locatod in a highly populated
orea; or

(2] Any surface facility of u repository
would be located adjacent to an urea 1.
mile by 1 mile having a population of not
Jess than 1,000 indlvidualg as
enumeratad by the most . scent U.S,
censgus; or

(3) The DOE ceu'd not devalep an
emergency preparednees program which
mects the roquiremonts speclfied in DOE
Order 5500.3 {Reactor and Non-Reactor
Facility Emergency Plunning,
Preparedness, and Response Program
for Bepartmont of Energy Oparations}

_und relnted guides or, when lssuad by
the NRC, In 1t CFR Part 60, Subpart §,
“Emergency Planning Criterla.”

§ 960.5-2-2 Bite Ownership and Control.

(0) Qualifying Conditian, Tha site
shall be located on land for which the
DOE can obtaln, in accordarnce with the
requirements of 10 CFR 60.121,
ownerehip, 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 likaly
to lead to radlonuclide releases to un
unresiricted area greater than those
allowable under the roquirements
spacified in § B60.5-1(a}{1).

(b) Favorable Candition. Preacnt
ownership and conirol of lend and all
surface and subsurface mineral and
water rights by the DOE.

{c) Potentially Adverse Candition.
Projecied land-ownership conflicta that
cannot be succossfully resclved through
voluniary purchase-sell agreoments,
nendispuled egency-to-agency transfers

- of title, or Federa! condemnation
proceedings,

§ 680.5-2-3 Meteoroiogy,

{a) Qualifying Condition. The site
shal} be locoted such that expectod
melgorological conditions during
repository operation-and closure will not
be likely to lead to radionuclide releascs
to an unreatricted area greater than
those allowable under the requiretnenty
specified in § 960.5-1(a}(1).

(b) Faverable Condition. Prevailing
meleorological conditlons such that any
radioaciive releages to the atmosphere
during reposllory operation and closure
wotuld be effectively diapersed, thereby
reducing significanily the likelthood of
unaccepiabld exposure to any member
of the public in the vicinity of the
reposgitory.

{c} Potentially Adverse Conditions. (1)
Prevailing matearelogicnl conditions
such that radioactlve emissions from
repository operation of closure could be
praferentially transported toward
localltien in the vicinity of the repository
with higher population densitios than
ure the average for the region.

{2) History of extrome weathar
phenomena-—such aa hurricanes,
tornadoes, severs floods, or severe and
fraquent winter storma—that could
significantly affect repository operation
or closure.

§ 660.5-2-4 Offsite instalintians and
operstions,

(a} Qualifving Condition, Tha alta
shall be locatafﬂuch that preaont
projected effects from nearby Industrlal,
tranepactation, and militery installations
and operalions, including atomic energy
defense antivitiea, (1) will not
significanily nffect repository slting,
construction, operation, clogure, or
decommisslonlng or can be
nccommodaied by engineering monsuras
and {2}, when considerad togeiher with
amisclons from rapositary operation and
closurs, will not be likely to leed to
radionuelide releases to an unrestricted
aren greater than those altowable under
the requirements specified in § 980.5-
1{a}(1).

{p) Favorable Condition. Absenca of
contributing radiouctive releases from
other nuclear installations and
opurations that must be considered
under the raquirementa of 40 CFR 101,
Subpart A,

[c) Potentially Adverse Conditions. (1)
'The preaence of nearby potentially
hozardous Installations or operations
that could adversely affzot repository
operation or clugure.

(2) Presence of other nucleur
installationa and oparations, subject to
the requirements of 40 CFR Purt 180 or
40 CFR 181, Subpart A, with actual or
projected releases near the maximum
value permiasible under those
stendards.

(d} Disquallfying Condition. A sita
shall be digqualified if atomic energy
defense activities In proximity Lo the site
are expected to conflict rreconcilably
with repository siting, construction,
oporation, closura, or decommissioning.

Environment, Socloeconomics, and
Transporiaticn

§ 960.5-2-8 Environmental quality.

{a} Qua/ifying Condiifon. The site
ahall be located such that (1) the quality
of the environment in the affected area
during this and future generations will
be adequately protected during
repository siting, construction,
operation, closure, and

-jecommissioning, and projected
«nvironmenta) impaats in the affected
wrea can be mitigated 1o an acceptable
‘tepren, laking inlo account
srogrammatlc, technical, social,
sconom.c, and environmentel factors;
and (2 the requirements apecified In

£ 960,6-2{a)(2) can be met,

(b) Favorable Conditions. (1)
‘wofectad ability 1o meet, within time
.. smatralnts, all Fedaral, State, and local
procediral and substanilve
environmental requirements applicable
“0 the site and the actlvities proposed to
twke place thereon.

{2} Potentin] significant adverse
environmental impacts to present and
future generatlons can be mitigated o
an inalgnificant level through the
application of reasonable measures,
taking Into account programmatic,
techrical, social, econpomic, and
environmental factors.

(¢) Potentially Adverse Conditions. (1)
Projected major conflict with applicable
Faderal, Stata, or local environmental
requirernents. _—

{2) Projacted slgnificant adverse
environmental impacts that cannot be
avoided or mitigated.

{3) Proximity to, or projected
significent adveras environmental
impects of the repository or Ita support
facilities on, 4 component of the
Mational Park System, the National
wildlife Refuge System, the Natlonal
Wild and Scenlc Rivers Syestem, the
Nallonal Wilderness Praservation
System, or National Forest Land,

(4) Proximity to, and projected
mignifltant adverae anvironmental
Impacts of the repository or its support
facillties on, a signiflcant Btate or
regional protected resource area, such
ue a State park, a wildllfe area, or a
hiatorical area.

(5) Proximity 1o, and projected
signiflcant adverse environmental
impacis of the reponitory and its support
facilities on, a elgnificant Native
American redourcs, such as a major
Indian religioun aite, or other sites of
unique cultural Interast,

(8) 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, opetation, closure, or
decommissianing the quality of tha
environment In the affected area could
nat be adequately protected or projected
anvironmental impacis in-the affectad
area could not ba mitlgated to an
nccaptable degres, taking into account
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progrummuatic, technicul, social,
economic, and environmenta! fuctess,

(2} Any parl of the restricied arow or
repasilory aupport facilittes wouly pe
lotalod within the boundaries of &
component of the Nutional Park System,
the National Wildlife Refuge System, the
Nutional Wildernsss Preservation
Sysiem, or the National Wild and Scenic
Rivers System.

{3) The presence of Lhe restricied aren
or the reposilory supporl faciiities would
conflict irveconcilably with the
previously designated resource-
preservalion use of a component of the
Nalional Park System. the National
Wildlife Refuge Syslem, tha National
Wilderness Preservation Sysicm, ‘he
Nalionsl Wild und Scenic Rivers
Systemn, or Nationu! Forest Landa, of
uny comparably aignificant State
profected resource that was dedicatod
to resource preservation at the time of
the enacimuont of the Acl.

§ 960.5-2-8 Socloeccnomic impacts,

(1) Qualifying Condition, 'The site
shall be located auch thut (1) uny
significunt adverse sonial and/or
economic impacts induced in
communities snd surrounding regiona by
repository siting, cunstruction,
aperalion, closure, and decommissioning
aan be offset by rexsonable mitigution
or compensalion, as determined by 8
precess of analysis, plunning, and
consullntion among the DOF, affected
State und local governmnnt
jurisdictions, and affucted Indlan tribea:
and {2) the requirements specified in
% 980.5-1{a}(2) cun bLe met.

(b) Favorabie Canditions. (1) Ability
of nn affecled aren to absorb thé
project-related populstion changes
wilhout significunt disruptiona of
communily services and without
significant impacty on housing supply
and demand.

(2) Avuilobility of en adequete labor -
force in the affacted arca,

{3} Projected net increases in
employment'and busioess sales,
improved community nervices, and
increased government revenues in the
ufiected area.

() No projecied substantial disruption
of primary seclors of the ecoaomy of the
affecied arca.

(c] Potentially Adverse Conditions. (1)
Putentlal for aignificant repoaitory-
reluted Impacts on commenity services,
housing supply and demand, and the
financen of Stale and local gavernment
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

udverse impucts on the present or future
developmen! of the uffected aren.

(4} Potentla] dor mojor disruptions of
primary sectors of Ihe economy of the
affected area,

1) Disgualifying Condition. A site
shull ba disqualified if repository
conatructinn, operatinn, or closure
would significantly degrade the quality.
or significantly reduce the guantlty, of
wuter 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 lur:meti' such thai [1) the accoss
roules consirusied from axisting local
highways und raiiroads to the site (i)
will not conflict Irrenonctlably with the
previounly designatod use of any
resource listod tn § 980.5-2-5(d) [2) and
(3% (i) can be designed and constructed
using reasonably aveilable technology.
(iii) will not raguire tranaportuation
Byslem components to meel
parformance standards more stringent
than those epecified In the applicable
DQOT and NRC regulatinng, hor reguira
lhe development of new packaging
conlainment technology: (tv) will allow
irnnaportation operations to be
cnnducted without ceuaing an
unaceeptable riak 1o the public ar
unicceptable environmental impacts,
luking into account programmatic.
technical, soclal, economie, and
environmental factors; and (2) the
requirements of § 960.5~1(a){2) can be
mat.

{h) Favorable Conditions. {1)
Availability of access routes from local
existing highways and ratlroads lo the
site which hava any of the following
characteristics:

(1) Such routes are relatively short and
economical to construct as compared to
iccess routes for other comparable
siling options.

(ii) Federe| condomnution is not
required to anquire 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 lundslides or rock
slides.

{v) Such routea bypaes local cities and
towns. .

(2} Proximity to local highways aod
railronds that provide access to reglonal
highways and railroads and are
adueguate to serve the repository without
significant upgreding or reconstruction.

{3) Proximity to regional highways,
mainline ruilroads, or inland waterways

ths.' pravlde access to the nutional
tri - spuriation aysiem.

i 1} Availability of 4 regional railroad
sy am with a minlmum number of
in-- *change poinis ut which truin crew
an squipment changes would be

ag red,

() Tatal projectod life-cycle voal and
vl for transportation nf all wastea
dey ynated for the repasilory site which
are significantly lower than thage for
comparable siting optlons, considering
lo~stione of present und polentiul
sources of waate, inlerlm siorugo
fucilities, and other repositories.

i8) Avuilability of regionul and loca}
uorriers—truck, rail, and wuter-—which
hava the cupability and are willing to
handle waste shipmenta ta the
repositary.

(7] Absunce of legal impediment with
regeuu o cumpliance with Federal
regulatiens for the transportution of
whate in or through the affucted Btate
und adjoining Statea.

() Plans, procedures, und capabilities
for response to rhdioactive waste
trunsportation accidents in the affecled
Stute that are completed or Leing
developed.

(#) A regional meteorological history
indicating that significant tzunaportation
disruptions would not be routine
seasonal occwrences.

(c) Patontially Adverse Cunditions. (1)
Access rautes to existing local highways
and railroads that are expensive to
construct relative to comparable siting
options,

{2] Terrain batween the site and
exiating local highwaya ond railroads
such thut steep grades, sharp
switchbacks, rivers, lakes, landslides.
rock sliclas, or potential eources of
hazard to Incoming waste shipments
will ba encountered slong secess routes
to tha site,

[3) Existing looai highways and
ruilronds that could reguire slgnificant
recenstruclion or upgrading to provide
adequate routes to the regional and
national transpertation syetem.

(4) Any Yocal condition that could
cause the transportation-related coats,
environmental impacts, or tisk to public
health and safsly from waste
trunapottetion operations 1o be
pignificantly greater than thoss
projected for othar comparable siting
optiona.

Easa and Cost of 8iting, Construction,
Gparation, pod Closurs

§ 960.5-2-8 Surface characteriatice

(a} Quab:fy!rg Condition. The site
ghall be located auch that, constdering
tha surface characteristics and
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conditions of the site and surrouning
areq, including surface-water ays: 'ms
and the terrain, tha requiroments
specifled In § 900.5-1{8){3} cen be ot
during repository siting, construcion,
npoeration, and closura,

(L) Favorable Conditions, {1)
CGenerally flat terrain.

{2} Genarally well-drained tecrain.

{c) Potentinlly Adverso Conditior,
Burface characteriatics that could 1+.ad
to the flooding of gurface o=
underground facilities by the occupancy
&nd modification of flood plains, the
fatlure of existing or planned man-made
surface-water impoundments, ot the
failure of engineered components of the
reposilory,

§M0LS-2-0 RAock charactarietics.

{8} Qualifying Condition. The site
shall be located such that {1) the
thickness and lateral extent and the
characteristics and composition of the
hast rock wiil be ruitable for
sccommodation of the underground
fucility: (2] repository consiruction,
operation, and closure will not cause
undue hazard to personne); and {3} the
requiremanta specifled in § 900.5-1{a}(3)
can be met.

{b} Fovorable Conditions, (1} A host
rock that is suffictently thick and
{atorally extensive to allow significant
flexibility in selecting tho depth,
configurstion, and locatlon of the
underground facility.

{2) A host rock with characterlstics
that would require mintmal or no
urttficial support for underground
openings to ensure safa repaository
construction, operation, and elopure,

(¢] Potentially Adverse Conditians. (1)
A host rock thet s suitalile for
reposilory construction, operution, and
closurs, but is go thin or laterally
restricted that littie flexibility is

“available for selecting the depth,
ronfiguration, or location of an
underground fachity.

{2) in sita churacteristics and
sonditlons that could requice
engineering measures beyond
reesonably availeble technology in the
sonstruction of the shafts end
underground facility.

{3) Geomechenical properties that
could necessitete extensive
malntenance of the underground
vpeninges during repository operetian

- und closure.

{4) Potential for such phenomena as
thermally induced fracturing, the
hydration and dehydration of mineral
compaonents, or other physical, chemical.
or radiation-related phanomena that
could Jead to safety hazards or difflculty
in retrieval do.‘ng repository operatton,

{6) Exigting faults, shear zones,
prensurized brine pockets, disgolutlon
effocts, or other stratigraphic or
structurul features thal tould
comprotnlse the safety of veposiiory
personnel bacause of water inllow or
construction problems.

(d} Df’squa};fying Condition. The site
shull be disqualified if the rock
charactaeristics are such that the
activitios asscciated with repository
construction, operation, or closure are
predicted to cause algnificant risk to the
health and safety of personnel, teking
into account mitigating measures that
use reasonably available technology.

§ 060.5-2-10 Hydrology.

{8} Qualifying Condition. The aile
shail be located such thal the
pechydrologle setting of the site will {1)
be compatible with the activitivs
required for repogitory constiuction,
operation. and closure: {2) not
compromise the Intended functions of
the shaft liners and sesls; and {3) permit
the requiremnants specified in § 560.5-
Hal{3] 1o be met.

{b} Favorable Conditions. (1} Absence
of aquifers between the host rock and
the land surface.

{2) Absence of surface-waler sysiems
that could potentlally cause flooding of
the rapositary.

{3} Availability of the water required
for repostlory construction, aperation.
and closura,

{c) Potentially Adverse Condition,
Ground-water conditions the! could
require complex enginecring meastures
that are beyond reasonably available
technelogy for repository constrisetion,
operation, end closure.

{d) Disgualifying Conditiyi. A site
shail ba disqualified f, baged on
expacted ground-water conditions, it is
likely that engineering measures that are
herond recaonably available technology
will be required for exploratory-shaft
construction or for repositary
consiruction, operation, or closurc.

§ 980.5-2-11 Tectonice.

{8) Quelifying Conditions. The site
ahall be located in e geologic setting in
which any projected effects of expected
tectonic phenomene or igneous activity
on repository construction, operation, or
cloaure wlil be such that the
requirementis specifled in § 980.5-1{u}{3}
can be met,

{b} Fevorable Condition. The nature
end rates of faulting, if eny, within the
geologic seiting are auch that the
magnitude and intensity of the
associated selsmicity are significantly
loas than thosa generally allowable for
the construction and operation of
nuclear facilitivs.

{e) Potentiully Adverse Conditions. (1)
Ev dence of aalive fuulting within the
g1 logle aetting,

t2) ifistorical earthyuukes or past
n nandoced seismicily that, if either
* .w to recur, could produce grounid
. tion ut the sito i1 excuss of
r zonnble design iimits.

i1 Evidence, based on correlations of
a: rthquakes with {eclonic processes und
fu tures, [8.8., fuults) within the geologic
p@.'ing, that the magnitude of
enarthquakos at the site durlng rapository
conatruction, operation, end closure muy
be lurgaer then predicted from historical
neismicity.

td) Disqualifying Condition, A alte
xhali he disqualified if, based on tha
txpected nature and rates of fault
wiovement or other ground motion, i s
likely thut engineering measures that are
Leyond reasonebly avatiable technology
will be required for exploratory-shaft
conatruction or for repostiory
construction, operation, of closure.

Appendix ]—NRC and EPA
Requlrements for Postclosure
Repository Performance

Under proposed 40 CFR Part 181, Subpart
B—Environmental Standards for Disposal,
1 191.13, "Cantalnmen! Requirements”,
specifies that for 10,000 yeurs after disposal
{u) releases of radioactive muterials o the
acressible environment that are estimated to
have more than one chance in 100 of
occurring over & 10,000 year period
("reasonably foressealle ralagses™) shall bn
projected to be less than the guantilles
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 100 and one chance In
10,000 of oecurring over a 10,000 year perlod),
the limits epecified in Table 2 would be
muilipiled by 10. The basis for Toble 2 is an
upper limit on long term risks of 1,000 heaith
elfectd over 10,000 years for a ropository
containing wastes generated from 100,000
melric 1ons of heavy metal of reactor fuel, For
releases Invelving more than one
radionuclide, the allowed release for cach
radionuclide fs reduced o the fraction of its
{imit that Insures that the overell limit on
harm is not exceeded, Additlonally, 10
provide confidence needed for complianca
with the contoinmeni requirements specifled
&hove, § 181.14, “Assurance Requirements”,
specifies the diaposal of radicsctive wasie in
sccordonce with seven requirements, relating
to prompt dispossal of wnste: selectlon and
design of disposal eystems ta keep relenses 1o
the accessible environmen! 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
future recovery of wastes,

The guidelines will be revised as necessary
;f;ar the adoption of {inal regulations by the
iPA.
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The Implamentation of 40 CFR Part 1.4,
Subpart B 4 raquired by 10 GFR 80,312 D
CFR 80.113 aatabliehes minimum condi)'one
10 be met for englnestad components and
ground-waler flow; apecilically: (1)
Cenlainment af radicactive waste wit. i the
wasle packagas will be aulmtantinlly
complele for a period lo be determined by the
NRG taking tndo account the fuctars 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 yous
of the inventory of that radionuclide
calculated to he present at 1,000 yoars
follvwing permanant closure, or such other
fraction OIP the inventory as may be approved
or apecifiod by the NRC, provided that thia
requiremsnt deas not apply to any
tadionuclide which Is relearad at a vala laes
than 4.1% of the calculated to1al releuss rate
limi1, The caleulated tota) relense rate limb
ahull be 1aken io be one part in 100,000 par
year of the invéntory of radionctive waste
originally emplaced o the underground
fuchinty &at remalns afier 1,000 years of
rudiosclive drcay; and [3) the gaologic
repository shatl be locatad so that pre-waate-
emplucement ground-water travel tlme along
the foatest puth of likely radionuctide traval
from 1he disturbed zune lo 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 I—-NRC and EPA
Requirementa for Preclosure Repaository
Parformance

Under proposed 40 CFR Peurt 381, Bubpart
A—.Envirenmanial Standarda for
Marnugement and Storoga, Beolion 161,03,
"Standards for Norma) Operations”,
spocifies: (1) That operations shold be
conductod so as to reduce exposure to
membeass.of the public Lo the gxtant
reaagnally achlevabla, taking inte acoounl
1echnical, social, end sconomic
considerations; and {2) that, excapt for
variances pernitied for unuaual operations
under Suclion 18104 as an upper llmit,
normal operatlons shall be cenduuted in such
a muanner.as to provide rearonable assurance
that the corablned annual dose equlvalent 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} diraot
radialion Jrom these operations; shall not
excced 25 millirems Yo the whols body. 75
millirerna to the thyrgid, or 25 mitliroms 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 CFR Pan 20 is required by
10 GFR 80.111. 10 CFR 80.111 aleo specifies »
requiraments {or waste retrieval, if necessary,
including considaraitons of design.
hackhilling, and schedule. 10 CFR Part 20

eatabliahes {a) exposure Hmite for opacaling
personnel and (b} permissible concentrations
of radionuclides in uncontrellud arews for air
and wator, The latier ure generally less
restrlctive than 40 CFR 191, Subparl A, bui
iy be limitlng under certuin conditions (i.n..
if veed B @ maximum for short durations
ruther thun snuual averoges).

‘Tha guidelinos will be revieed us necesshry
to ensure consiatency with 10 CFR Purt 00

Appendlx -—Application of the
System and Technical Guldelines During
the Siting Process

1. Thia appondix presenis & table that
specifies how the guidelines of Subparts {2
and D) are 1o he 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,

"Reposilory site selection” means {the
decision point et which a site |s
recammonded for 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 findinga that ore required and are deflnad
ua followa:

"1" means either of the following:

{a} The evidence doos not support & finding
that tha alie Ia disguatilied.

ar

{s}) The svidenoe supporta a finding that the
pite [s disqualified.

"o imeans either of 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
wopiealion 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 & eignify the types of
findings thal are required and are definod ay
folcwe: '

"3" means either of the fallowiny

{s} The evidence dogs not wupport u finding
thaé Ihe sile is rof likely 1o meot the
gqualilying condition,

or

{v) The evidence suppuorls a finding that the
silet ia not likely 10 meet the qualifying
aonditivn, end-therofora the, aite ja
diaguatified,. . . :

4" meuns aither of the folipwing:

fa) The evidence supporis a finding that the
site meets the quallfying condition nnd tu
likely to continue to meet thir qunlilying
conditlon.

e

{b) The evidenge aupporls & finding thut the
il cannot meet 1he qualifying condition or 1+
unlikely 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
assesaments shall Include eptimates of tha
effeata of uncertaintion in data and modeling.

5. For both the diaqualifying and qualifying
conditlans of any guideline, 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

Sitiny gecipon
Bacuon @0 Cluikcalirg Conditton P&'f’"' m s‘ﬂf‘;
nccepls- | récom- olao-
i manaation on

1) By Cualitying 2 L3
4-2-%im yoeology ta .3 [
4290 | .. 0 Duaguality ] 2
4-2-Ela) Goct Caalitylng I N
A-Z-la} Fock Cn . ) 3 %
a-2-din) CINENG COBNGEE ..o eanresnsars s e e do 3 4
4-2-4(a) | Erouk a0 i a 4
428 do. 1 1 2
4-2-8(m) Diasolut 3 4
4-2-8d] | e 1 1 2
A-3-1a) Testonk 9 ]
#-2-Hd) B . T VPO [ = | 1" - |1 7 " SO 1 1 2
4-2-0-1(7) Matiral A oo Soumlibying 3 4
4-2-8-1(0(1) 0. Disgualiiying...... 1 1 H
4-2-8-1{di2) go . ' . ) 1 3
A-2-8-2{m} B Orwerradip A0 SOEDE o ceceoeern] CUBHIING s s B, ] 4
B-1(a)i1) Syxitom do 3 4
S tapal . |1} 4
5-1m)H ] 3 L]
5-2-1{n) Pogwdation Dansity and [ 3 4
Al | .. do 1 1 2
&-R-1(0H2) L U PSP U PPV PR SO do 1 1 2
B-3-1(dHa) o g0 1 Fi
5 2-2{n) Bile Owrership and CONIDh... .....cavee Onadlibying ... - 3 +
5-2-3(s) M oY oo J 4
b-2-d(a) CHwite Inalatiatone and Op .o q 4
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FiniNGS BESULTING FROM THE APPLICATION OF THE QUALIFYING AND DISOUALIFYING CONDITIONS
OF THE TECHNICAL QUIDELHES AT MAJOR SiTING Decraions—Continuad

Siting dectsion

Saclion 580 Guideling Condaon W m mo m‘t
aconpti | racoene T apiece

-] ment§uOn an
82 . o Disouautying..... ! ! ¢
E-2-8(a Emvionnental Crlity Quaktyng 3 4
Bz-dth | de Disquuliying 1 z
E2-8i2) | .. do 60 . 1 1 2
E.2-8{d){2) " o N H 2
3.2-8(m) Sock Mg 8. . Gualitylng 3 4
e8| ) [ T PR t i
8-2-%n Teansponith Quaiihving 3 4
5.2-Bla} Suelace O i de 3 [
-3-0la} ROok ChisRatedblon . ... erirssissnsimenssimmms el do k] L]
29 | ... de Dlaguatitying. t z
8-2-10{n} Hydrology Cuailying 3 4
2400 .. do Disquiktying 1 ?
5-2-114a) Tecl Quaktying 1 4
8254y | & Disquaithying t 1 H

Appendlx {V—Typas of Information for
the Nominstion of Sites as Sultable for
Characterization

Tha typece of informaticn spectiled balow
rre those that the DOR expscts will be
included in the svidenca used for evaluations
and applications of the guidelines of Bubparts
C and O al the itme of nomination of a #lto as
sufteble for cheracterizetion, The types of
information leted under each guideline gre
conslderad to be the most significant for the
evaluelion of that guldeline. However, the
types of information listed under any
particulsy guideline will be used, A
necrasary, for tha avaluation of eny othar
Hutdeline, As stated In § 960.5-1-4-2, the DOE
will use tachi:tcally conservativo assumptions
or extrapoletions of regional data, where
neceasary, to supplenent thia information,
The Information epecified Lelow wlil be
supplemented with conceptual models, as
appropriate, and enalyses of uncertainties in
the dils.

Before eite-churacterizaticn studisa and
related nongeologic date gathering actlvitles,
the evidence {s not expacted to provide
precias infonmation, but, rather, to provide a
teasonebie basis for assessing the merits 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 reaquired for the
guidetine spplications se! forth in Appendix
H1 of this Part is expected to differ from aite
' site because of site-specific {actors, both
with regurd to favorable end potentially
adveree conditions and with regard to the
sources and reliabillty of the information, Tha
typee of information spacified in thia
appendix will be used axcept where the
findinge set forth in Appendix Bl of this part
can be arrived &t by reagonable alternative
means or the informalion is not required for
the paritculnr site,

Section 960.4-2-1 Geohydrology.

Description of the geshydrologic setting of
tha site, In context with its gaologic aelling, in
order to estimate the pre-wasle-emplacemen!

ground-waser llow conditions. The types of
informatlon 1o support this description should
include—

* Location and sstimeted hydraulio
propertiea of equifers, confining units, and
aquiletds,

* Potential areas and modaes of rechiarge
and discharge for aguifars.

* Ragionsl polentlometric surfuces of
eguifars.

+ Likely flow paths from the rapository Lo
loustions In the expected accessibla
envisonment, as basod on reglonal date.

+ Preliminary estimaies of ground-watar
travel limes ann? the likely flow pathe from
the repository to locations in the expecied
accessible gnvironment,

» Current use of principal aquiferr and
Btate or locel managemant plans for such use.

Section 800.4-2-2 (Geochomistry.

Deecription of tha geochemical and
hydrochamical conditions of the host rock, of
the surrounding gechydrologie units, and
along llkely ground-water patha to locations
in the expacted acceasible environmant, in
order to sstimate tho potentla! for the
migration of radionuci!des. Tho types of
Informatlon to support this description should
inciudg—

+ Patrology of tha rocks.

» Mineralogy of the rocks end genetal
choracteriatice of fracture fillings,

¢ Geochemicel and machanical stabilily of
the minsrels under expected tepository
conditions.

* General characteristics of the ground-
water chemistry {e.g., reducing/oxidizing
conditions and the principal tons thai may
affect the wuste package or radionuclide
behavior].

* Geochemical properties of minerals aa
related to radlonuciide transport.

Saction g80.4-2-3 Roch charoclaristics.

Deecription of the geologls and
geomechenicol charscteriatics of the aita, in
contaxt with the geologic seiting. ip order to
estimate the cupability of the host rock and
surrounding rock units to accommodate the
thermal, mechanical, chemicel, and radiation
strossns expected to be induced by repository
construction, operation, and closure and by
expected interactions among the wante, bost

raek, ground-water, and anglnesred
« » nponents of the repository system. The
- an of information to qupport 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 fremework of the
1< unita and any malor discontinuities
I =ntifted from core samples.

Approximate thermal, mechanice!, and
th. "momechanics! properitas of the rocks,
with consideration of the affects of time,
sirass, temparature, dimenslonal scale, and
day major dentified structure]
discontinuitiss.

« Egilmales of the megnitude snd direction
of in shtu stress and of temperature in tha
host rock and surrounding rock untle,

Soction 8604-2—4 Climatio chonges.

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 b
eatimuted. The types of information to
suppor! this description should include~—

« Expecied climatlc conditions and cycles,
based on gxtrapolation of climatos during the
Quuternary Period,

* Goomorphology of the site reglon and
svidence of chungea due to climetic changes.
» Eotimeted effocts of expected climaiic
cycles on the surface-water and the ground-

waler ayslemas.

Section B80.4-2-5 FErosion.

Descripilor of 1he siructure, siratigraphy,
and geomorphology of the aite, in conlext
with the geologic selting, in order to estimaie
the depth of waste emplacement and the
likelihood for erosional procossas to uncover
the waste in leas than one millon years. The
types of information to support this
degerlption should inciude—

» Dopth, thickness, and lateral oxtent of
the hosi rock and the overlying rock units.

» Lithology of tho siratigraphic units above
the host rock.

+ Natyre ond rates of ggomorphic
pracessas during the Quatarnary Perlod.

Saclion Po0.4-2-6 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 ronk
dissolution, If &ny. This desaription should
inciude such information as the foilowing:

= The stratigraphy of the site, Including
rock uniis largely comprised of water-soluble
minsrals.

* The epproximate extent and
configuration of leatures indicative of
diseolution within the geologle satling.

Section 960.4-2-7 Taclonics.

Deacription of the tuctonic setting of the
site. in context with 11z geologic seiting. in
order to project the tectonic atability of the
wite over the next 10,000 yesrs ond to identily
tectonic features and praceases that could be
reastniably axpeoted to have s potentially
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ndverae &fTecl un the performance of 1.
rapnniturf. The types of informalion 1o
support 1hie doscription should include-- -

+ The lecionlc hlslory and frnmewart of
the geologic solling and Lhe s'ls.

* Quaternory fuulle in the goologic -alting,
including their longth, dlsplacement, ¢.:d any
informatlon regarding the age of latest
movemenl.

* Adulivet lectonic processon, such as uplifl,
dinpiriem, tilting, subsidence, faulling, and
velcaniam,

* Eglimalo of 1he geothermnl gendlent,

* Falimule of the reglonal in rilu Btress
field,

= The hislorien) setnmndcity of Lhe geologic
sgliing

Seclton 860.4-2-8 Liuman interferenca.

Section PEOA-2-8-1  Nulural resources.

Descriplion of the mineral and cnerry
resourcas of the sile, in order Lo project
whelher puat or lulure expiorntion and
recovery could have a potentinlly adveree
gffect on the performence of the repository.
‘The lypes of informalion Lo support thia
descripllon should inclide—

* Known occurrences of energy find
minoral resources, including ground water.

* Eslimates of the proseni and projecled

« vulue of theso rogources compared with
resgpurces contalned in othne arere of aimller
gizg In the geologic selting,

* Pust and present drilling und mining
apernliona in the vicinity of (ha sile.

Section 860.4-2-0-2
controf

Site ownership ond

Descriplion of the ownership of land for the
geologic-reposilory operations ares and the
tontrolled ares, in order to ovaluate whether
the DOF. can olituin swnerehip of. and
contral aciess Lo, the sile. The types of
Informadion 1v supporl this descriplion should
include—

+ Progent lund ownership,

Sertion 960.5-2-1  Population density amd
distribuiion,

Description of the poputation 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
descriplion should include—

* The most-recent U8, census, including
population cemposilion, disiribution, and
denalty.

Section $60.5-1-2
control,

Site gwnorship and

Deacription of currenl ownership of lund,
Jncluding surfuce and subsurface mincral nnd
waler rights, in order 1o evaluale whether the
IJOE can obtuin control of land within the
projecled realricted arca, The types of
Informnlion to support this description ghould
include—

+ Present lund ownership.

Section 960.5-2-3  Meteorelogy.

The meleorological setling, as deleemined
from the closeat recording station, in order to
projerl meteorclogical condilions during
reposilory operation and clusure and their

polentis! effocts on the tranapori of airborne
emlaglons. The types of informatlon to
support this descripiion should Include—

& Wind and atmospheric-dispersjon
chnracteristics,

+ Pracipitatlon chnracterlslics.

+ Extreme weathor phenomens,

Section 060.5-2—4  Offsite instafiations and
gperationg.

Description of oflsile inslallations and
operaiione In the vicinity of the site In order
ta estimate thelr projected effacts on
repogitery censtruction, operalion, or closwure.
The types of infermatlon to suppert this
description should include—

* Location and nature of nearby industrial,
iranaportaljon, and militury inatallations and
operations, Including alemic energy defense
activities,

Soction §0.5-2-3  Envivonmentud quality,

Description of environmental conditlops In
order to eslimale potentlsl impacts on public
hexlth and wellnre and on envirenmental
yuality. The types of information to supporl
Ihis description should Include~—

* Applicable Foderal, State, and lacal
procedural and subslanlive environmentol
regniraments.

¢ Existing uir qualily and trenda,

¢ Exlsting surface-water and ground-water
quality and quaniity,

* Exlaling land resourcea and uses.

+ Exloling terreatrinl and aguatic
vegetatlon and wildlifa,

* Location of any identifled crllical
habliate for thraatened or endangered
speciss,

* Exinling oasthetle characterlsilcs.

+ Location of components of the Natlona}
Park System, the Nationa! Wildlife Refuge
System, the National Wild and Scenic Rivers
System, the National Wildernoas
Presarvation System, or Natienal Forest
Land.

+ Locelion of significant State or regional

protecied resource areas, such us Biate parks,

wildlife oreas, or historlcal urens.
¢ Locntien of signifllcant Native Amerlcan
rewources such 08 mnjor Indian religious

aitea, or other altos of unique cultural interest.

Section DE0.5-2-0 Soclosconomic impucis.

Description of Lhe socioeconomic
conditions of the site, including population
dengity and distribution, economics,
communily services nnd facililies, social
canditicns, snd fiscal ond government
structuro, In order lo estimate the Impacts
that mighl result from site characterizalion
and from the development of & repository &t
thnt aite. The iypas of information to support
this deacription should include--

*» Population composition, density, and
distribution,

* Economic bnse und economie activity,
including major seclore of local economy:.

* Employment distribulion and irends by
economic aeclor.

* Resource uange.

* Commnnlty services and infrestruciurs,
including trends in use and current capacity
uillizution,

* Houeing supply and deminnd.

f. Life atyle and indicators of the quality of
life.

+ Existing soclal problems.
* Sources of, and trends in. local
go- «riument axpendltures and revenucd.

Sgting 080.5-2-7  Tronapertation

ilugeription of the iraneportation lacililies
fiv .0 vicinily of the sile in order 1o evaluate
e ting or required access routes ar
imt “ovements. The 1ypes of Informalion to

apyort this deacription shonld include--

¢+ Estimatos of the pverall cost and risk of
trs *porting wasle o the elte.

« Jeacriptlon of the rond and rail netwotk
betvszen the sile and the nearest Interstnle
highways and major reil lines; also.
dessription of the watarway aystem, il any.

« Analyees of the adequacy of the exisling
‘aglona] transportation network to handle
wante shipments; tha movement of suppliss
for reponitory constrecijon, operation, and
closure; ramoval of nonradloactive waste
from tho 6ite; and the transpe:lalion of the
iobar force.

* !mprovemenls anticiputed to ba required
In the transportation network and their
feaslbllity. cost, and envijonmental Impucis.

+ Compatibility of the required
traneportation network Improvamants with
the local and reglonal iransporintion end
fand-uee plans.

¢ Anglysie of woather impacts on
iransporiation.

» Analysla of emergency responze
requirements and capabilitise relaled 1o
transportation,

Section 960.5-2-8 Surfuce characteristics.

Description of the surfuce characteristics of
tha site, In order to evaluate whether
repoaltory construclion, cperation, and
cloaure ate feasible on the basls of sile
characteristics that influence those aciivilies.
The 1ypos of inforination to support this
description ehould inciude—

+ Topography of tha allo.

¢+ Existing and planned surfuce bodies of
waler.

+ Dnfinitlon of ureas of landslides and
other potenlially unatat:le alopes. poorly
drained malarial, or malterlals of low bearing
strength or of high liquefaction polentisl,

Section PR.5-2-8 Rock chorocleristivs.

Doseription of the gealogic end
geomechanica) characteristics of the gite, 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—

¢ Deplh, thickness, and lateral exlent of
tho 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 of tims,
stress, temperalure, dimensional acale, snd
any major identified atructurat
discontinuities.

s Fluid inclusions and gas content in the
hosi rock.
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+ Fstimates of the mugnitude and divectien + Burface-water systems, including arc'ar 1o estimate any expected effects of
of in silu stroee nnd of lemperature In w9 recharge and runoff characteristics, and is.ivnic aclivity on repository construction,
kogt tack, potential fer flonding of the repoaltary. o3:-xation, or cloaure. The typas of
. . * Nature and locatlon of aquifers, ir i mation to support this description shauld
Section 960.5-2-10  Hydrology. confining uniie, and aquhards, in:xud»-
Description of the hydrology of the e, in * Potaniivmetric surfacen of u'qulfml'i. gh:;;i"::g“:“;“fl;‘:hmu“
vonlext with ils geolugle setting, in arder to * Hydraullc propersties of geohydrologic s antimate y
project ccmpnllbgilhy Evi!h repntiilory unlts. © Preliminery extimates of expected ground

Tt tign caused by the maximum potentlal

::unﬂtrn;:}i(;m nmiimti(lm. and cltof:lre. The Sscifon Deo.X-2-11 Tectonics, -a.{kquake within the gaclogic setting
ypres ol information 10 support thia . "
dearription should include— Deacription of the tectonic eetting of the {"F *ic. 8431708 Fllod |2-8-34: 840 aym)

Aite, In contoxt with the reglonal setiing, in ML 0 CODE 40841~



Appendix C

ORIGIN AND NATURE CF THE
HOST ROCKS CONSIDERED
FOR THE FIRST REPOSITORY

L]



c.2

C.3

Baszalt Lavas .

Rock Salt

Tuff .

0

9 2 4 1

TABLE OF CONTENTS



30 171U 9 P

Appendix C

ORIGIN AND NATURE OF THE HOST ROCE:
CONSIDERED FOR THE FIRST REPOSITORY

C.1 BASBALT LAVAS

Lava ig molten material (magma} that pours out on the earth's surface
from volcanoas or from fisgures. Magma originates from Lhe melting of the
lower crust and upper mantlie, 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 melked because sach componenk minural melts at a dif-
ferent temperature and in a definite sequence. Because of this process of
partial melting, the liquid {magma) will have a compogition quite differant
from that of the original rock.

Convergely., 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 calied magmatic differentiation,

Depending on the degrse of potential melting and, subsequently, of mag-
matic differentiation, a broad gpectrum of compogition of igneous rocks may
result, The common *"end members® of the compositional spectrum are basalt
{whose ccarse-grained intrusive equivalent is gabbro) and rhyolite (whose
equivalent is granite). Magmas of intermediate compoaition produce rocks of
the andesite (diorite} family,

Basaltic {gabbroic} magma containe about 50 percent silica {(8i0:), has
temperatures ranging from about 900 to 1200°C, and generally is of low vis-
cosity. Since dissolved gases readily escape. basaltic lava ig typically
extruded quietly from fissures to form lava flows that cover large areag.
Eruptions of greater viclence are volumetrically trivial; thay include cinder
cones and gpatter cones produced by lava fountaing. Rhyolitic {(granitic}
magma contains 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 wag quenched and either explosively shattered to rubble or formed
bulbous pillow-shaped pods embedded 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 sone resulted from cooling
from the top downward, Many variations of this zonation occur.

The lavas at the Hanford Site are part of an areally extensive sequence
of sheetlike basalt lavas that were erupted from figsures and interbedded

c-1
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sedimentary deposivs. This sequence makes up the Columtia Plateau, which
occupieg vask areau in Washington, Oregon, and Idaho. *: the Hanford Site.
the gequence of lavas and interbeds is more than a mile Lhick. The lower part
conaists entirely «f basalt lava flows. Interbedded sc .imentary deposits
appear in the middle of the section and increase in ak dance upward.

The rubble zonesg at the bage and top of the flows  and most of the sedi-
mentary interbeds, are zones of relatively high permeaiiiity and commonly are
act as agquifers. 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 minerals such
as opal, clay. and zeolites have sealed much of the fracture space and other
voids.

C.24 ROCK SALT

Rock salt is the best-known member of a glass of gedimentary rocks called
evaporites. Evaporites are rocks that formed from a 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 bodies of water in basina such as spicontinental
seas, shallow lakes that have no outlets, and restricted coastal-plain marshes,

As sea water evaporates, the remaining brime becomes more saline, and
minerals precipitate from it in tha order of their soclubilities, the most
soluble remaining in solution the longest. Aragonite or calcite (CaC0O))
precipitates early, followed by gypsum (CaSC4-2H:C) and then 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 is interrupted
by changes in response to such things as periodic replenishing of water from
cloudhursts and tidal floods or influx by intermittent streams. Some dis-
golution or erosion of the last-formed evapeorites 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 plaing subside slowly as they are being
filled, the repeated cycles of beds of malt and other evaporite beds and
interbedded sediments 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 erosion, the salt beds now occur in
places at depths suitable for repositories (i.e., about 1000 to 3000 feet).

The density of salt (2,0 to 2.2 g/cm’) is considerably 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 riae hucyantly by plastic flow along zones of



weakness into and tl.;ough the overlying strata. The result is a crosscutting
and intrusive salt indy called a "salt dome." Such bodias are also referred
to as "diapirs", which is the general term for the class Jf bodies formed by
the piercement of ¢-erlying rocks by mobile or plastic m:terial {such as salt,
shale, or magma) which has been sgueezed out of its forr :c position,

Salt domes (see Figure C-1) have various shapeg ad 3izes but, in gen-
eral, are vertical fingerlike bodies whose height is g 2iier than their
width., Generally they are circular or oval in horizonta cross section. Many
domes are the coalesced composites of two or more separataly intruded salt
bodies. The domes rise until there is no longer a sufficient contrast in
density with the enclosing deposits to give them buoyancy, and they become
stabilized. Ia 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 dissolve. The insoluble material in the salt is
left as a chaoti¢ assemblage of anhydrite, dolomite, mua, ailt, and sand that
becomes cemented into a generally impervious or cavernous carapace referred to
as the "caprock.,"

Beds alongmide the doma are dragged by the rising salt pillar to form
folds and faults. 0©il and gas generated in deeply buried deposits rige to
higher levels until trapped by such structurea or by the caprock, wvhere
deposits of sulfur (formed by the reduction of calcium sulfate) also occur.

In salt domes, the original interbedded layers of the sequence of bedded
salt have been intensely deformed by the flowage of salt as the mass bulged
and flowad upward through thousands of feet of strata. The internal struc-
tures of the resulting salt domes are highly complex and essentially vertical,

C.3 TUFF

Tuff is compacted and indurated ash that was erupted from volcanoes.
Because of its generally viecous nature and high gas content, magma of the
granite-rhyolite family produces the most voluminous eruptions of ash (see the
discussion of basalt lavas in Section C.1}.

Of particular interest as a potential 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 svalanche of a highly heated
mixture of volcanic gases and ash, traveling dowp’the Blopes of a volcano and
along the surface of the surroundlng lowlands andealleys to form exteneive
sheetlike deposits. This current is produced by ghe explogive disintegration
of gas-charged ash from a crater or from fissures. The gas provides great
buoyancy and mobility to these flows of ash. In many places the heat caused
softening of chunks of pumice and glass shards. When the ash flow came to
rest, the weight of the deposit caused the soft, hot particles to press to-
gether to become welded into compact sheetlike masses, some of which covered
vagt areas. Temperatures of about S00°C are required for auch 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 wa!ding, density, and porosity. Densely welded material
tends to be highly j.inted and to lie between zoneg of partial welding that
are relatively free of joints, grading upward into nonwe.-.ed ash. [Lateral
variations in welding, dengity, and poroaity are caused L, changes in thick-
n2ss, distance from the scurce, and irregularities 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 gs. iter distances,

Upon cocling, large parts of the deposit crystallize by devitrification
of glass, condensation of vapors, and vapor-phase alteration. Subsequent per-—
colation by ground water causes further alteration, principally to clay, sil-
ica, and zeolites. The variations in properties of the zoneg affect the
hydrolegic, chemical, and mechanical behavior of the welded tuff.
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