early Quaternary itilnse. In a process that continues today, numercus gmall
shifts in the posit’cug of channels of ephemeral washes occurred during the
Quaternary, as shout by the distribution of variocue types of (Quaternary
alluvial depoaits f(lipover et al., 1981).

Deep entrenchmunt, low rates of erosion, and presast topographic divides
make 1t unlikely that the largesat probable climatic cl.nge, from arid to
semlarid, would cavse a significant change Iin the locat on or the sizae of the
drainage system at Yucca Mountain., Such c¢limatic chengrs would not produce
lang-tern water Iippoundments closer than Death Vall y, which {s 30 to
40 kilometers (20 to 25 wiles) away.

There 18 n» evidence at Yucca Mountain of surface-~water impoundments
formed by landslides. Eollan sands may have clogged some dralnages at Yucca
Mountain during early Quaternary tiwe, but sych sands are very permeable and

also easily eroded. No evidence of water impoundment by eollan sands 1is
known.

Conclusion

Surface-water systems in the region and at the Yucca Mountain aite have
changed 1ittle during at least the last several hundred thousand years of the
Quaternary Period. The expected effects of predicted climatic changes on
geohydrologle processes are not significant; no new water impoundments
{(lakes) nor significant changes in surface dralnage are expected. No adverse
effectas on waste l1solatioun are likely to result from climatle changes in the
surface-water aystems, In the next 100,000 years. Therefore, the evidence
indicates that this favorable condition is present at Yucca Mountaln.

(2) A _geologic setting in which climatic changes have had little
effaect on the hydrologic system throughout the Quaternasry Period.

Evaluation

Fvidence of climatic changes during the Quaternary comes from the geo-
logic and plant-fossil records, A varlety of types of deposits of Quaternary
age occur 1o the region, idncluding debris flows, fluvial sand sheets, eclian
dunes, and coarse fluvial deposits (Hoover et al., 1981; Swadley, 1983).
Theae units represent varlous environments of deposition fhat In turn
reflect, in part, fluctuating climatic coanditions. Although apeclfic c¢li-
nates cannot be defined, the evidence 18 conalstent with an arid to semiarid
climate (Hoover et al., 198l). In addition, climatic changes can be inferred
from the development of various landforms and rocks {n the area and from the
occurrence of three regional unconformities.

Vegetative covers variad in type during the past 45,000 years, as indi-
cated by variarions in the asaemblages of plant macrofossils contained in
pack-rat middena. . These varlations reflect changes in .climate, in the seuse
that the assemblages are. indicetors of the effective moisture available at
the time the plants were growing.  Examinations of pack-rat wmlddens show
that, at different times during the last 45,000 years, the regional vegeta-
tive cover varied from a well-developed juniper woodland to modern desert
scrub at intermediate elevations of about 1,200 to 1,800 meters (4,000 to
6,000 feet), z2nd from a subalpine conifer woodland, to a pinyon-juniper
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woodland, and to a weodland-desert scrub wosale at higher elevatlons above
1,800 meters (6,000 ¢2et) (Spaulding, 1983).

Evaluation for pluvial climates

Quaternary hydrotogic conditiona that diffared the smnst from modern con-
ditione probably vere those that occurred during several pluvial periocds of
presumably wetter corditions. These pluvials alternated #th interpluvials,
periods duriang which climatic and hydrologic conditions wyre similar to those
of today. Most evidence for estlimating the nature of p’ wlal climates in the
region 18 based on pluvials of late Wisconein age; 1o sou hern Nevada, there
1s virtually no evideunze for estimating early Wisconsin .nd pre~Wisconsin
paleoclimates, except vor the qualitative evidence of landforms, paleosols,
and unconformities. Thervefore, the reconstruction of climates that existed
before late Wiscongin time in southern Nevada 1s tenwous. However, some
evidence indi:ates that the ciimate {n Nevada during each of the pluvials was
similar; therefore, an analysis of the late Wisconsin pluvial climates and
their hydrologic effects provides a souad basis for estimating the maximum
effects that occurred during the entire Quaternary. For example, on a global
scale, similar elimatic conditions probably prevalled during each of the
major glaclial epochs that occurred during the Quaternary {Spaulding, 1983).
Mifflin and Wheat (1979) suggest that the pluvial lakes of Lahontan
{(Wisconsin) age that occurred in central and northern Nevada were generally
as large as the lakes of pre-Lahontan times. This suggestion 1s bhased
primarily on the absence of evidence of older lake shorelilunes at higher
elevations (although such evidence wmay have been destroyed by evoslon). On
the cther hand, the latest Wisconsin pluvial is believed to have heen wetter
and warmer than the one that preceded 1t during the Wisconein full-glacial
time (Spaulding et al., 1984). Becaugse of the higher temperatures, greater
precipitation would have besen required to maintain lake levels at glavations
similar to those at which lakes occurred during earlier, cooler pluvials.

Wirnograd et al. {1985) hypothesize that a progressive and continued
uplifr of the Sierra Nevada and Traneverse ranges during the Quaternary may
have led to a long-term trend of increasing aridlty in Hevada. Huber (1981)
suggests that the Sierra Nevada have risea about 1,000 meters (3,300 feet)
glnce the Pliocene, and Hay (1976) postulates a rise of 1,800 meters (5,900
feet) in the last 4.5 million years. The rislng mountaln ranges would have
produced a ralnshadow effect that would have modified the distribution and

the amount of precipitation in Nevada and resulted in increasing aridity
{Winograd et al.,, 1985).

Most lovestigatnrs believe that, even during pluvials, semiarid con-
ditions persisted on the valley floors of southern Nevada and that conditions
no wetter than subhumid prevailed on the highest mountalns (Winograd and
Doty, 1980; Thompson and Mead, 1982; Speulding et al., 1984; and Mifflin and
Wheat, 1979). A review of litsrature velevant to pluvial climates 1in
scuthern Nevada and studies of pack-rat middens in the region indicates that,
at the time of the global glacial maximum during late Wisconsin time (18,000
+ 3,000 years ago), temperatures in the region averaged 6 to 7°C {Il to 13°F)
below the modern mean annual temperature {Spaulding, 1983; Spaulding et al.,
1984). Average annual precipitation was probably 20 to 30 percent above the
modern value. Wiater precipitation was 60 to 70 percent above the modern
average, while summer precipitation was 40 to 50 perceat below. Mifflin and

6-233

3 0 3 f) 8 :5 | 0 ‘? 5

W
ﬂ\



Wheat (197%) also concluded that full-pluvial climates in Nevada did not
differ greatly from m.dern climates. From the results of climatologic and
hydrologic analyses, :‘hey estimate that the statewide fuli-pluvial mean
annual temperature was about 3°C (5°F) lower and the meazn annual precipi-
tation was about 68 psrecent higher than modern values; th:y further counclude
that the absence of ashyslographic evidence of pluvial i.kes in southern
Nevada supports the ¢ .ncept of aridity in that area durin¢ pluvial climates.

Although the estimated departures from modern annu.l and seasonal
precipitation may appear substantial on a percentage b:s:s, they are minor
when calculated on an nbaolute basis. If the percentag. departures presented
by Spauliding (1983) are applied to estimates of the aveva, » precipitation for
1964 through 198, at an elevation of 1,200 meters (4,000 feet) in the
vicinity of Yucca Mountain, the estimated precipitation for full-glacial
near-pluvial conditions is as follows:

Estimated precipitation, mm (in.)

1964-1981 Near--pluvial
Annual 150 (5.9) 195=210 (7.7-8.3)
Cool season (Oct.-Apr.) 108 (4.2) 173-184 (6.0-7.2)
Warn season (May-Sep.) 42 (1.6) 21~-25 (0.8<1)

The estimates for 1964-1981 are based on maps presented by Quiring (1983},

After the full-glaclal (Wisconsin-maximum) pluvial, a trend toward
warmer and drier conditions began (Spaulding et al., 1984). The drying trend
was interrupted by a pluvial period that occurred during the lateat Wisconsin
time (12,000 to 10,000 years ago) and early Holocene (10,000 to 8,000 years
ago) times. The climate during this pluvial probably differed substantially
from the preceding full-glacisl pluvial and from modern conditions. Compared
with conditions during the Wisconsin maximum, the average annual temperatures
during the latest Wisconsin pluvial were 4 to 6°C (7 to 11°F) higher, and the
average annual precipitation wag probably greater. The greater rainfall
occurred during both the winter and the summer half years. Compared with
modern conditions, average annusl temperatures were probably only about 2°C
(4°F) lower, and the average annual precipitation may have been as much as
100 percent greater. These conclusions are based on the diatributions of
vegetation assemblages during the late Wisconsin and early Holocene; they are
consistent with predictions of climatic change and with evidence of fluctua-
tions of lake levels in the Great Basin (Spaulding et al., 1984).

If precipitation during the latest Wisconsin pluvial had been 100 per-
cent greater than modern, the average annual precipitation at that time would
have been about 300 millimeters (11.8 inches). Such a relatively high rain-
fall would have been required to maintain the high stands of Searles Lake and
Lake Lahonton under the warm {near-modern) average temperature that probably
prevailed (Spaulding et al,, 1984). This estimate of the precipitation
increase 1s the highest of any reported im the studies reviewed by Spaulding
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(1983) or identified =lsewhere, Thus, 1t provides a conservative eatimate
that can be uvsed to xamine potential climatic effecta on the hydrologice
gystem at Yucca Mount iin,

Evaluation for hydrolougic effects

Climatic change: resulting in pluvial conditions di:iug the Quaterunary
probably had the fo.lowing effects on the hydrologic : "stem: increased
racharge, increared altitude and gradients of the wate: table; upgradient
ghifts in dilscharge points; and changes in surface-wat v dralnage systems.
Fleld evidence in the immediate vicinity of Yucca Mount :in 18 not yet avail-
able to determine the 3lze of these effects.

During the pluvial climates of the Quaternary, ground-water recharge
rates were probably higher than modern rates, Claassen {1983) reports that
carbon, hydrogen, and oxygen isotope data Indicate that major recharge
occurred in the area at the end of Plelstocene and through early Holocene
time. Probably the recharge came princlpally from enowwelt and occurred as
downward infiltration of surface runoff in major washen (Claassen, 1983),
such as TFortymile Wash. During the span of this recharge period, two
disgtinct climatic changes occurred, one at about the Wisconsin maximum
(18,000 + 3,000 years ago) and one 1In the latest Wisconsin (12,000 to
10,000 years ago) (Spaulding et al., 1984). The specific pluvial climatic
conditions in the Yucca Mountaln ares that reaulted in these recharge

conditicns are being evalusted by analyzing plant macrofossils in pack-rat
middens in the area.

An increase in ground-water recharge would have been accompanied by
increases in moisture flux through the unsaturated zone in somwe portions of
the ground-water basin. The mechanisms and controls on the rates and dietri-
bution of recharge are not well known, either for modern or for pluvial con-
ditions; therefore, the magnitudes of recharge during the laat half of the
late Wiaconsin are not known at this time, but they may have been substan-
tially greater than those of modern recharge (Czarnecki, 1985). Investiga-
tions to #4ssess this condition are underway.

The 1increased flux may have been sufficlent to affect the potential for
developing perched~water conditions in the unsaturated zone and to modify the
hydrologic system in the underlying saturated zone. However, hydrologic
tegsts and measurements of core samples of unsaturated rock units underlying
Yucca Mountain indicate that the fracture and matrix permeability 1s
generally high enough to transmit water not only at the low modern fluxes
(less than .5 wmillimeter (0.02 4inch} per year, ae discussed iIn Section
6.3.1.1}, but also at the higher fluxes postulated for pluvial times. Thus,
the increase in recharge that is postulated for pluvial climates may not have
affected significantly the potential for developing perched~-water conditions.
However, it ia likely that the Increased flux may have affected the hydro—
logic conditions 1n the saturated zone (see evaluation of potentially adverse
condition 2).

An evaluation of the effects of Quaternary climatic changes on the

altitude of the water table is difficult, because tectonic and erosional as
well as climatic factors could have affected the position of the water table.
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Some evidence of {uaternary hydrolegic conditions 1s found in the region
around Yuceca Mountlaln., EHven though the evidence is generally not withio the
flow system underlving Yucca Mountain, the interpretations from this evidence
can be used as ge.saral indicators of the effects of {(uaternary climatic
changes on the reg.onal hydrologic systems, as descrifed in the following
paragraphs.

Jones (1982) xamined cores of fine~grained alluv'am from a borehole in
Frenchman Flat {(located 1in the Ash Meadows ground-wat o basin) for minera-
logic evidence of former higher water tables. In the :interval 0 to 50 meters
(0 to 165 feet) above the present water table, the alluvium contalos an
abundance of zeolites and smectite clays with expandai basal spacings and
relatively uriform .lay hydration properties. These conditions suggest
posaible forme: saturation, but they may also be related to differences in
the primary environments of deposition. Jones (1982) concludes that the
relative uilformity of clay hydration is consistent with an Interpretation
that the water table has been within approximately 50 meters (165 feet) of
its present pesition for s long time, perhaps throughout most of the
Quaternary.

Death Valley and the Amargosa Desert are the principal discharge areas
for both the Ash Meadows ground-water basin and the Alkali Flat~Furnace Creek
Ranch ground-water bhasin (Winograd and Thordarson, 1975; and Waddell, 1982)
as shown in Figure 6~17. Winograd et al. (1983) reported that calcite veins
in the Ash Meadows discharge area have been estimated to be 0.8 to | millicn
years old by uranium-thorium dating techniques. Thus, these regions probably
were ground-water discharge areas during most of the Quaternary. Within the
Ash Meadows ground-water basin, however, discharge from the carbonate aquifer
occurred as much as 14 kilometers (9 miles) northeast (up gradient) of the
modern discharge line during the Pleisteocene, and the water table may have
been 50 meters {165 feet) higher than its present elevation (Winograd and
Doty, 1980). 1In central Frenchman Flat, 58 kilometers {36 miles) northeast
of Ash Meadows, the maximum water-table elevation in the carbonate aquifer
probably did not exceed 30 meters (100 feet) above the modern level (Winograd
and Doty, 1980). This estimate, based on theoretical studies, is consistent
with the 50-meter (165-foot) maximum Iincrease estimated in the Devils Hole
area of the Ash Meadows ground-water basin., Preliminary modeling indicates
that during pluvials, similar upgradient discharge points and increased water
table altitudes could develop in the future in the Alkali Flat-Furnace Creek
Ranch ground-water basin in which the Yucca Mountain site is located
(Czarneckd, 1985).

Quaternary climatic changes probably produced cyclic fluctuations in
both the altitude of the water table and the pomitions of the ground-water
discharge points of the Ash Meadows basin, but Winograd and Doty (1980)
postulate a net direction of change 1o both of these hydrologic conditions
during the Plelgtoecene Epoch. They suggest that the highest water-table
position occurred in the early Pleistocene and that a net downgradient
migration of discharge sites and a net decline of the water takle cccurred
from early to late Pleistocene time. They attribute these changes to the
progressive integration of the Amargosa Valley and the Death Valley
watersheds, coupled with periodic faulting along the modern spring lineament
in Ash Meadows. A long—~term trend of increasing aridity, if it occurred,
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could also have contributed to these hydrologic changes. 8Similar changes
would be expected to hav: occurred in the Alkali Flat-Furnace Creek Ranch
ground-water basin.

In the tuff and allucium of the Alkali Flat~Furnace {res¥ Ranch ground-
water basin, no direct evidence has been observed for a water table that was
higher during the Quaternary than it is now. Depth to wat¢c In the Yucca
Mountain area 18 generally 500 to 750 meters (1,650 to 2,4% feet) (Robison,
1984). To estimate the effects of increased recharge on the altitude of the
water table in the basin, & two-dimensional flow model /{rarnecki and
Waddell, 1984) was modified and analyzed at varlous reiharge rates.
According to Czarnecki (1385), preliminary modeling has been ible to simulate
8 maximum rise in wucer~-table altitude within the Alkall Flat-Furnace Creek
Ranch ground-water basin of 130 meters (430 feet) during pluvial conditions.
This value of 130 meters (430 feet) resulted from assuming a 100-percent
increase in precipitation over Yucca Mountain {probable maximum incregse in
next 10,000 years) which in turn was assumed to produce a racharge rate of
7.5 millimeters per year (0.29 inches) beneath the primary vrepository area.

The prediction of a [30-mater (430-foot) rise in the water table at
Yucca Mountain in response to a 100~-percent increase Ip precipitation during
a return to pluvial conditions {Czarnecki, 1985) is highly uncertain and may
be very conservative, The use of g two-dimensional model to simulate three-
dimensional flow and uncertalnty in appropriate boundary eonditions for

modeling are inherent sources of uncertainty in predictions of water-table
altitudes.

The amount of increase in precipitation during a full pluvial is
uncertain. Spaulding (1983) indicated that in the most recant full pluvial,
precipitation was probably on the order of 50 percent greater than modern
amounts, while Spaulding et al. (1984) revised this estimate to 100 percent
above the modern precipitatiocn values. Czarneckil (1985) assumed that a
precipitation increase of (00 percent would cause recharge to increase by a
factor of 15. To examine the accuracy of this assumption, modeled recharge
estimates were compared to fleld measurements of recharge in an area with
altitudes that are similar to Yucca Mountain and precipitation about 100 per-
cent greater than that at Yucca Mountaln today. This comparison suggests
that the recharge estimates for Yucca Mountain may be too high by about
two-thirds due to runoff (Czarunecki, 1985). No correction for runoff was
applied to the recharge estimates for the preliminary predictions of water-
table changes at Yucca Mountain; the effect would be to decrease the
effective recharge to much less than the computed volumes used in the
analyses {Czarnecki, 1985). -

Another source of uncertainty in the simulation of water-table changes
during a pluvial period is the method used to simulate recharge in the
modeled area. The largest bsseline fluxes were assigned at the unortharn
boundary of the modeled area and along Fortymile Wash. The flux multiplier
of 15 times baseline flux was applied simultaneocusly to all areas. '



Sensitivity studles by Czarnecki (1985), show that the wvesulting change in
water~table position teneath the primary repository area was primacily csused
by the increaged flux simulated by applying the multiplier at Fortymile Wash.
Although 1t 18 true tmat washes are likely te be sources of majovr recharge
during wetter climati~ periods, applylog the same rechar,: multiplier over
the entire modeled arvoa is probably overly conservative because uplands are
unlikely to experiens: increased infiltracion relative &o gpreciplitation in
the same proportion a3 washes.

A final source of uncertalnty ou the modeling of ‘rater-table rise 1s
related to the system respouse time. The Czarnaecki (19t medel is not time
dependent; it implicit'y assumes that recharge 1s instan aneous and that
water—table response is instantaneous. The rate at which the water—table
altitude would change in response to increased precipitation is unknown.
This suggests that with the onset of a pluvial, it is uncertain how long It
would take for changes in water-table altltude to occur.

With all of the above uncertainty on the affacts of slimatie changes on

the hydrologic system, a conservative position 19 warranied for this favor-
able condition.

Conclusion

Yucca Mountailn is in a geologilc setting In which the maximum departures
from modern climatic conditions during most of the Quaternary were probaply
not substantial. However,. chauges in rhe water~table altitude and posalble
modificationa of flow paths to digcharge areas cannot be ruled out. There-

fore, the evidence indicates that this favorable condition is not present at
Yucca Mountain.

6.3.1.b4.4 Potentially adverse condltions

(1) BEvidence that the water table could riae sufficiently gver

the next 10,000 years to saturate the underground facility in a
praviously unsaturated host rock.

Evaluation

Several lines of evidence indicate that the water table will not riae
enough during the next 10,000 years to saturate a repository in the Topcpah
Spring welded unit beneath Yucca Mountain. Climatic changes and thelr
effects on the regional ground-water system are discussed under favorable
condition 2. The discussion that follows addresses the potentlal for a
water-table rige beneath Yucca Mountain.

The proposed repository is closest to the water table at its neorth-
eastern edge. Here, the repository would be at an elevation of approximately
915 merers (3,000 feet), or approximately 185 meters (605 feet) above the
pregent water table (altitude 730 meters (2,395 feet)). Therefore, the water
table would have to rise about 185 meters (605 feet) before any part of the
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proposed repoailtory would be flooded. As discussed in favorable condition 2,
flow modeling (Czarneck{ and Waddell, 1984: Czarnecki, 1985) supgests that
the maximum rise 1:. water-table altitudes during pluvial conditions is
unlikely to exceed 130 meters {430 feet). BEven 1if extreme pluvial conditions
developed, the additional 55 meters (180 feet) should provide adequate
assurance that the vepository could not become saturate.., It should also be
noted that the repisitory midplane dips to the easat s: that the 185-meter
(605~foot) distance is a mioilmum thlckness for the ut ..turated zone beneath
the repository. Figure 6~4(A) jio Section 6.3.1.1 shu.s that the average
distance from the repository to the water table i+ about 250 meters

(820 feet). In addition, Winograd et al. (1985} gu.g»st there may be a
long-term trend toward incraeasing aridity in the Yucca lountaln area.

Vitric pumlce does not remain unaltered for long perinds of time in the
saturated zone (Hoover, 1968). Beneath the central pertion of Yucca
Mountain, nonwelded tuffs contalning abundant vitrie pumice occur at
altitudes that range from 120 meters (400 feet) at boreholes USW H-5 and USW
G-4 to 250 meters (B20 feet) at borehole USW H-3 above the present water
table. These altitudes are 24 to 120 meters (80 to 400 feet) below the
crepository bhorizon (Bish et al., 1984). Therefore, the rocks 1in the
repogitory horizon were probably never below the water table, at least not
for any substantial length of time.

The hydraulic conductivity of the densely welded, saturated Topopab
Spring Member beneath Fortymlle Waah 1is ralatively high, approximately
1 meter (3.3 feet) per day (Thordarson, 1981) and may partly account for the
very low hydraullc gradient in the saturated zone between Yucca Mountain and
Fortymile Wash. An increase in recharge would cause an increase in hydraulic
gradient approximately proportional to the Iincrease 1in recharge; the gradient
would be partly controlled by the distance to the discharge area. In areas
where the gradient 1g now low, an increase In gradient would rasult 1in only
small inereases Io hydraulic heads. 1In the Yucca Mountain area, the altitude
of the water table 1s about the same (within 0.5 meter (1.6 feet) as the
composite hydraulic potential of the upper few hundred meters of the
saturated zone (Robison, 1984); the hydraulic potential may therefore be
equated with the position of the water table.

An alternative approach for estimating potential changes 1n altitude of
the water table is based on the following reasoning. 1In the discharge area
near Alkali Flat and upgradient, the water table is within a few meters of
the land surface. Therefore, a small increase in the hydrawlic gradient
would cause springs to develop upgradient. Approximately !5 kilometers
(9.5 miles) north of Death Valley Junction, the hydraulic gradient is greater
than it 18 immediately up and down gradient, which indicates rocks of lower
permeability In thie area. Springs would develop upgradient of this area if
recharge increased appreciably, thereby permitting water to leave the ground-
water system. If recharge increased enough (for example, three to four times
the preeent rate) to cause springs to develop in these potential discharge
areas (altitude 760 meters (2493 feet)), the water—level altitude at Well
J-12Z could be expected to Ilncreage in time to between 790 ard 825 meters
(2,590 and 2,700 feet). Because cf the high trensmissivity in western
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Jackass Flats, the water level beneath most of the repository would also be
800 to 825 meters (2,6:3 to 2,707 feet), but the lowest part of the reposi~
tory is estimsted to be more than 900 meters {2,950 feet) ahove sea lavel.

Conclusgion

There 1s no evidence that the water table wag as hig+n @s the proposed
repository level durfug the Quaternary Period, and it is ery unlikely that
climatic changea during the next 10,000 years could cauee rthe water table to
rise sufficlently to saturate the underground facility Therefore, the
evidence indicates that this potentially adverse conditicr 1s not presgent at
Yucca Mountain.

{2} Evidence that climatic changes over the next 10,000 years
could cause perturbations in the hydraulic gradient, the hydraulic
conductivity, the effective porosity, or the ground-water flux
through the host rock and surrounding geohydrologic units,
gufficient to significantly increase the transport ¢of radionuclides
to the accessible environment.

Evaluation

Likely climatic changes over the next 10,000 veare probably would be
driven by increases in the global atmospheric concentration of carbon dioxide
and by changes In the earth's orbit. In the near future Yuccs Mountain might
experience summer temperatures at least 3°C (5°F) higher and summer rain-
fall as much as 100 percent higher than today's value (Spaulding et al.,
1984); these changes could be caused by increases in carbon dioxide
concentrations. On the other hand, changes in the earth's orbit could
eventually override the effects of carbon dioxide and lead to a glaclal stage
in about 23,000 years and culminate in & glacial maximum about 60,000 years
into the future (Spaulding, 1983). Pluvial conditions, which may coincide
with the glacial stage, but do not necessarily do so, are consldered possible
within the next 10,000 years.

As explained in the evaluation of favorable condition 2, conservative
and preliminary computer modeling results by Czarnecki (1985} simulated a
maximum increase of about 130 meters (425 feet) in water~table altitudes
below the repository during a pluvial period. The minimum distance between
the repository midplane and the water table is presently 185 meters
(605 feet) in the northeastern corner of the primary repository area {Ses
Figure 6-4). Over most of the primary area, the water table is more than 250
metera (820 feet) below the repository midplane. The uncertainty in the
prediction of the 130-meter (425-fcoot) water—table rise 1s reviewed in the
second potentially adverse condition above.

Even with the onset of pluvial conditions soon af{er repository closure,
the response time for changes in hydrologic conditions and increases in water
table altitude is likely to provide a lag time of many hundreds, and perhaps
thousands of years before & maximum water—-table altitude could occur, no
matter what that maximum altitude would be. Furthermore, the retardation
mechaniems that would be effective in both the saturated and unsaturated zone
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undetr conditions of higher flux and predominantly fracture flow, are likely
to provide a factor of 100 {Sianock et al., 1984) and parhaps a factor of 400
(Travis et al., 1964) dincrease in travel times for radioncelides over
ground-water travel times. This argument suggests that there is a very low
probablility that climate changes in the next 10,000 years could be sufficient
to induce significa:it increases in trangport of rvadionuclides to the
acceygslble environmant.

Conclusion

The climatic changes that are possible during the , sxt 10,000 years at
Yucca Mountain may caugse changes in the hydrauliec gradieat; changes in flux
could alter the molsture content in the unsaturated hydrogeologic units;
particle velocities in both the saturated and the unsacarated zones could
increase 1f flux is greater; and the water—table altitude may increase. The
extent of these changes is uncertain. However, these changes are not likely
to significantly Increase the tranmsport of radlonuclides to the accessible
environment. Therefore, the evidence indicates that this potentially adverse
condition is not present at Yucca Mountain.

5:3.1.4.5 Evgluation and conclusion for the climate changes qualifying
condition : : :

Evaluation

The affects of predicted climatic changes on geohydrologile processes are
not expected to be large; no new lakes or significant changes In suyrface
drainage are expected. Climatic condltions during most of the Quatercary
Period probably did not depart substantially from modern couditions and pro-
bably had winor effects on the main features of the present hydrologic
sygtem. There is no evidence that the water table was as high as the pro-
posed repository level during the (Quacternary Period, and it is extremely
unlikely that the water table will rise sufficiently to saturate the reposi-
tory in the next 10,000 years. Considetring the mogt extreme pluvial con-
ditions and the maximum increase in water—table altitude beneath the repogi-
tory, radionuclide travel times from the disturbed zome to the accessible
environment should still be a factor of at least 100, and perhaps 400 longer
than the ground-water travel times. This retardation estimate relies only en
matrix diffusion as an agent for retarding radionuclide traunsport., It
appears likely that the Yucca Mouatain gite will comply with the U.S.
Environmental Protection Agency release 1limits under all possible climatic
changes over the next 10,000 years.

Conclusion
Future c¢limatic conditions during the next 10,000 years would not be
i1ikely to lead to radionuclide releases from a repository at Yucca Mountain

greater than those allowable under the requiremente specified in the post-
closure gyatem guideline (10 CPR 960.4-1, 1984). Therefore, on the basis of
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the above evaluation, the avidence does not support & finding that the site
18 not likely to meet thr qualifying condition for postclosure climatic
changes (level 3},

6.3.1.4.6 Plane for site characterization

Computer modeling efforts will be continued to gain a b¢ fer understand-
ing of factors controlling water-table altitudes in the Alla"{ PFlat-PFurnace
Creek Ranch ground-water basin, Paleohydroloegic, paleocliirtologic, and
geologic studies will focu: on the Yucca Mountain site to da ermine whether
concluaive evidence f7r past water—table positione can be obtcined, Further
evolution of the conceptual model for flow in the unsaturated zona will lead
to an improved definition of the relatiomship between precipitattion,
percolation rate, and recharge.

6.3.1.5 Erosion {10 CFR 960,4-2-5)

6.3.1.5.1 Introduction
The qualifying conditlon for this guideline 1s as follows:

The site shall allow the underground facility to be placed af a
depth such that eroaional processes acting upon the surface will
not be likely to lead to radionuclide releases greater than those
allowable under the requirements specified in Section 960.4~1,

The obiective of the erosion guideline i{s to ensure that erosional
processes willl not degrade the waste~isolation capabilities of a repository
gite. 1In evaluating the potential effects of erosion on waste isolatfon, the
thickness of overburden above the host rock is most ifmportant. The site
should allow the underground facillity to be placed deep enough to ensure that
the repository will not be uncovered by erosion or otherwige adversely
affected by surface processes,

The erosion guideline consists of three favorable conditions, two poten—
tially adverse conditions, one disqualifying condition, and one qualifying

condition, The evaluations reperted below are summarized in Table 6-31 for
all conditions except the disquaiifying condition,

6.3.1.5.2 Data relevant to the evaluation

Summary of avellable data

The surficial geology of the Yucca Mountain area has been mapped (Scott
and Bonk, 1984) from which the nature of erosional processes operating during
the Quaternary Period can be Iinterpreted. Measurements of the depth of
stream incision In dated alluvial deposits and in tuff in the vicinity of
Yucca Mountain have been made, and the maximum rates of stream incision have
been calculated (USGS, 1984), Average evosion rates for Yucca Mountain
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Table 6-31.

Summary of analyses for Sectiom 6.3.1.5; erosion {10 CFR 960.4-2-5)

Condition

Department of Energy (DOE) finding

"~
=~
teur

(2)

(3)

(1)

FAVORABLE CORDITIONS

I deremiia 2068 That pareit the emplacement
of was.« at a depth of at least 300 neters
below the directly overlying ground surface.

A geologic setting where the nature and rates
of the ercsional processes that have been
cperating during the Quaternary FPeriod are
predlcted to have less than one chaunce in
10,000 over the next 10,000 years of leading
to releases of radionaclides to the accessi-
ble enviromment.

Site conditions such that waste exhumation
would not be expected to occur during the
first one million years after repository
closure.

The evidence indicates that this favorablie condition
is not present at Yucca Mountain: the preferred :
repository horizon caunot accommmodate all waste at
depths greater than 300 meters within the primary
repogsitory area.

The evidence indicates that this favorable no:awnﬁow.

is present at Yucca Mountain: wminimum depch to the .
repository is about 230 meters; there is only one
chance ia 10,000 of removing 5.5 meters {18 fear) of
overburden in 10,000 years. Erosional processes are
not expected to affect waste contaimment and
isolatioun. .

The evidence indicates that this favorable coadition
a waste repository in
Yueca Mountain would not be exhumed during the first

is preseat at Yucca Mountain:

one million years at the fastest credible erosion
rate.

POTENTIALLY ADVERSE CONDITIONS

A geologic settivg that shows evidence of ex-~
treme erosion during the Quaternmary Period.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountaian: there
is no observed evidence of extreme stream incision
rates during the past 300,000 years; little change
has been observed in Quaternary erosional processes.,
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Table 6-31. Summary of analyses for Section 6.

3.1.5; erosion (10 CFR 960.4-2-5) (continued)

Condition

Department of Energy (DOE} finding

(2) A geologic setting where the nature and rates
of geomorphic processes that have been oper—
ating during the Quaternary Period could,
during the first 10,000 years after closure,
= lLhely alBect the ebility of the geologic
repost.ory to isolates the waste.

QUALIFYING

The site shall allow the underground facility to
be placed at a depth such that erosional processes
actiag upon the surface will not be likely to lead
to radionuclide releases greater than those allow-
able under the requirements speclfied in Section
960.4~1.

The evidence indicates that this potentially advéerse
condition is not present at Yucca Mountain: no

credible geomorphic process has been identified that '

could be expected to adveérsely affect the isolattoa
capabiliries of the preoposed site in the next
10,000 years.

CONDITLION

Existing Informaticn does not support the finding
that the site is not likely to meet the qualifying
condition {level 3): erosional rates and processes
at Yucca Mountain during rthe Quaternary Period are
expacted to continue; about 2 million years is the
minimum credible time to exhume the repository.
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durliag the Quatermnary Perlod have not been determined, because the field data
necessary for such calculatlons are not yet avallabla. The potential host
rock in the Topopah Spring Member haa hbeen identified (Jolmstone et al.,
1984} and the thickness of overburden has been analyzed (Msnsure and Ortiz,
1984}). Water-table altitudes are avallable from Robison {1384},

Assumptions and data uicertainties

In evaluating the site agalnst this gufdeline, the rat-s of stream inci-
glon in alluvium and tuff are aspumed to represent the av .rage rates of ver-
tical ercslon for the tiffs at Yucca Mountain. Thie assurstion leads to over
estimates of the probability of exhumation by eroslon beciuse the average
rates of vertical erosion will always be much lower than stream-incision
rates. It is also assumed that the erosional rates and processes operating
during the Quaternary Period will continue during the postclosure 1solation
period, This assumption appears valid because climatic conditions are not
likely to change significantly {(Section 6.3.1.4), and local uplifc or
subaidence 1s not likely to be significant (Section 6.3.1.7).

6+.3+1.5+.3 Favorable conditions

(1) Site conditions that permit the emplacement of waste at &

depth of at least 300 meters below the the directly overlving
ground surface. )

Evaluation

Figure 6~18 shows contours of the overburden thickness above the mid-
plane of the repository envelope (45 meters (150 feet) thick) and the
position of the crosa section in Figure 6-19., Figure 6-19 shows profiles
across Yucca Mountaln at the 200- and J00-meter (656- and 984-foot) depths
below the surface along an east-west cross sectlon {(Mansure and Ortiz, 1984).
It also shows the depth of a plane representing the preferred horizon for the
repository. This horizon 1is located In & portiom of the densely welded
Topopah Spring Member that contalns less than 15 to 20 percent lithophysae
and lles above the basal vitrophyre. In the primary area, oun which saite
investigation has been focused, approximately 50 percent of the waste could
be emplaced below 300 meters (984 feet). To emplace all the waste below
300 meters (984 feet) would require emplacement in the vitrophyre and lower
units or the use of a higher thermal loading (i.e., placing the waste dis-
pesal contalners closer together) than that currently used as a design basis.
Other unlits deeper in Yucca Mountain have been considered as alternatives to
the Topopah Spring Member (Johnstone et al., 1984).

Preliminary surface-mapping and borehole data suggest that the use of
expanslon areas adjacent to the primary area may allow the emplacement of
additional waste below 300 meters (984 feet), while remaining within the part
of the Tepopah Spring Member thai is relatively free of lithophysae (see
Section 6.3.1.3, Figure b6-14). Further study of the areas adjacent to the
primary area is necessary before their suitability can be established to the
same degree of certainty that has hbeen established for the primary area.
There are no current plans to use the vitrophyre and the units below the
Fopopah Spring Member.
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Conclusion

The data evaluated to date show that the potentlal host rock Ju the
lower part of the Topopsh Spring Member cannot accommodate all of the waste
at depths greater than 300 meters {984 feet)., Therefore, the evidence
indicates that this favorable condition is not present at 3Y.cca Mountain.

{2) A geologic sutting where the nature and rates of :he erosional
processes that have been operating during the Quatern=tz Period are
predicted to have less than one chance in 10,000 over the next 10,000
vears of leading tc releases of radionuclides to the evcessible
environment . -

BEvaluation

It is possible to postulate two mechanisms by which eroslional processas
operating at Yucca Mountain could adversely affect the putential for radio-
nuclide releases to the accessible environment: (1} & graduasl uncovering o
the repository and (2) an alteration of the ground-water aystem, :

The surface ln the portion of the site that would contain the repository
congists of densely to moderately welded tuff of the Tiva Canyon Mamber of
the Paintbrush Tuff; the tuff dips 5 to 8° eastward, resulting in a rela-
tively planar, eastward-sloping land surface. The walded tuff along the
crest at the western edge of Yucca Mountain is resistant and essenicially
undissected by drainage channels, but to the east the Tiva Canyon Member 1a
dissected by southeasterly draining channels with eguilibrium profiles that
are steeper than the dip of the (uff. Residual patches of the weakly con-~
solidated Ralnier Mesa Menmber of the Timber Mountain Tuff occur in the Tiva
Canyon outcrop area {Scott and Bonk, 1984), Alluvium occurs in modern washes
and fault valleyrs in the area.

The depth of stream incisfon has been measured by using dated strati-
graphic horizons as reference points at several places in the vicinity of the
site, and the maximum rate of incision has been estimated (USGS, 1984).
Estimatesa based on twe measurements in alluvium and ome {n the Tiva Canyon
tuff show a mean rate of incision of 5 x 10 °~ meter per year, The fime
spans represented by the mg@surements suggest that the average incision rate
has been lower than ] % 10 ~ meter per year during the last 300,000 years.
At 4 rate of I x 10 meter per year, ercsion {n the next 10,000 years would
remove only 1 meter (3,3 feel) of overburden.

In order to affect hydrologic conditions in the vicinity of the site,
evosion would have fo cause a relocation of ground-water discharge to areas
nearer to the repcository sike or expose rock units that would allow more
infiltration, Erosion 18 unlikely toc increagse the potential for local infil-
tration, because the rocks in the overburden are already capable of passing
fluxes well in excess of current and future percolation expected under the
possible climatic changes during the next 10,000 years {(favorable condition
2, Section 6.3.1.1). Therefore, at some locations all of the overburden that
overlies the water table downgradient from the repository would have to be
removed before the isolation potential of Yucea Mountain could be affected by
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erosion. Within 5 kilometers (3 miles) downgradient of the repository, this
would require the rem.val of about ggo meters (920 faet) of overlurden
(Robison, 1984). At a rate of | x 10 ~ meter per year, the time for erosion
to thig depth would be 2.8 million years.

From another pars;ective, the removal of 280 meters (320 feet) of over-
burden to the depth o: the water table in 10,000 years »uuid require an
eroaglon rate of about 2.8 centimeters (1.1 inches) per ve ¢, which exceeds
any rate known Lo have occurred anywhere on earth over ¢ny 10,000~year
period. Using the measurements of stream incision (U G3. 1984), tLhe
probability of removal of 280 meters (920 feet) of overbu,»en im 10,000 years
is legs than 1 chance in 1,000,000. This probabillity was .lerived from the
Student's t distribution, computed for a mean incision rate of 0.5 meter per
10,000 years and & standard deviation of 0.3 with 2 degrees of freedom. The
same method gives | chance 1in 10,000 over 10,000 years of erroding to a depth
of 3.5 meters (18 feet).

Conclusion

Average stream—incision rates have been lower tham 1 x 10—4 metars per
year for the last 300,000 years. 1If continued at this rate over the next
10,000 years, ercoslcnal processes would be expected to remove only | meter
(3.3 feat) of overburden. Thir amount could not adversely affect waste
contalament and isolation. The probability of lose of isolation due to
erosion is less than ! chance in 1,000,000 over the next 10,000 years.
Therefore, the evidence Indicates that this favorable condition is present at
Yucca Mountain.

(3) Site conditions such that waste exhumation would not be
expected to occur during the first one million years after
repository closure.

Evaluation

The wminimum thickness of the overburden above the underground facility
is about 230 meters (750 feet) at the eastern edge of the primary repository
area (see favorable condition 1). For about 30 percent of Yucca Mountain,
the cvggburden is greater than 300 meters (984 feet). At an erosion rate of
1 x 10 * meter per year, the time needed to uncover a repository at a minimum
depth of 230 meters (750 feet) is 2.3 million years: for a depth of more than
300 meters {984 feet), it would take at least 3.0 million years.

Conclusion

If past average erosion rates continue in the future, a repository at
Yucca Mountailn would not be uncovered Iin the next } million years. There-
fora, the evidence indicates that this favorable coodition 18 present at
Yucca Mountain,. : : ' S



6+3.1.5.4 Potentially adverse conditions

{1y A geolog;c get - ing that shows evidence of extrems erosion
during the Quaternary Period.

Evaluation

The measured maxdmt stream—iqg}sion rates in the viei ity of the site
are between 2.2 x 10 ~ and 8.2 x 10 ~ metar per year; these i aximum rates are
inferred by measuring the depths of incision ir Quaterna,y, and in some
instances Tertiary surjgces 160,000 to 10 million years o.1. The mean of
these rates 1s 5 x 10 ~ meter per year, which is much low v than the

1 x 10 meter per year that is used in the evaluation of tie qualifying
condition and 1v favorable conditions 2 and 3. Modern denudation rates at
the site are not considered extrame, and evidence indicates that there were
few or no periods of extreme eronsion at the eite during the past 300,000
years.

Conclusion

Average stream—incision rates during the past 300,000 years were not
extrene, and there was little change in the patterns of erosional processes
at the site during the Quaternary Period. Therefore, the evidence indicates
that this potentially adverse condition 1s not present at Yucca Mountain.

{(2) A geologic setting where the nature and rates of geomorphic
processes that have been operating during the Quaternary Period
could, during the first 10,000 years after closure, adversely
affect the ability of the geologilc repository to isclate the waste.

Evaluation

Geomorphic processes result when the combined effects of tectonic and
climatic conditions create a iocal terrain that provides the potential energy
for erosion. The rates of tectonism during the Quaternary are so low {Sec-
tion 6.3.1.7) and the magunitudes of expected climatic changes are small
enough (Section 6.3.1.4) that significant changes in geomorphic processes at
Yucca Mountaln are highly unlikely during the next 10,000 years. Because the
estimated past and present rates of erosion have been shown to be incapable
of affecting waste isolation for at least the next few million years, any
credible change in these rates during the next 10,000 years would not
adversely affect waste isolation.

Conclusion

No credible geomorphic process has been identified that could, in the
next 10,000 yvears, adversely affect the isolation capabilities of the site.
Therefore, the evidence indicates that this potentially adverae condition is
not present at Yucca Mouniain. o
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6.3.1.5.,% Disqualifying condition

The site shal' be disqualified if site conditions do not allow all
portions of :he underground facility to be sitwvated at least
200 meters besow the directly overlying ground sviface.

Fvaluation

A repository at Yucca Mountain can be positioned ¢ that all portions of
the underground facility can be located below 200 1e a2rs (656 feet) and
apptoximately 50 percent of the facility can be loca el at least 300 meters
(984 feet) below the directly overlylng ground surface (Mansure and Ortiz,
[984). The 200-meteyr (656~foot) overburden requiremeni 1s being used as a
principal design constraint for locating the underground facility. According
Lo stratigraphic data ohtailned during preliminary invextigations at ‘the Yucca
Mountaln site, the preferred intevval of the densely welded tuff of the
Topopah Spring Member (the zone with less than 20 percent lithophysae) is
thick encugh at depths greater than 200 meters (656 feet) to accommodate the
underground faciliry (Figure 6-=19).

Conclusion

The densely welded tuff of the Topopah Spring Member is sufficiently
thick and deep for all portions of the underground facility to be located in
the zone of low lithophysal content at least 200 meters (656 feet) below the
directly overlying ground surface, Therefore, che evidence does not support
a finding that the site is disqualified (leval 1),

6+3.1.5.6 Qualifying conditlon

Evaluaiion

Geomorphic processes resulr from the combilned effects of tectonic and
climatic processas. The rates of tectonism are low (Section 6.3.1.7), and
they are unlikely to induce changes in the erosional processes. As dlscussed
in Section 6.,3.1.4, the expected climatic changes are also unlikely to cause
changes in erosional processes,

Measurements of stream—incision rates in the vicinity of Yucgg Mountain
suggest that the average incisfon rate has been lower than | x 10 ~ metler per
vear during the last 300,000 years, The water table at some point down-
gradient within 5 kilomeiers (3 miles) of the slte would have to be uncovered
by erosion before the isclacion potential of Yuceca Mouutain could be
affected. This would require the removal of about 280 meters (920 feet) of
overburden, and, at expected erosion rates, would take about 2.8 millfcon
yvears. In the next 10,000 years, erosional procegses are expected to remove
only 1 meter (3.3 feet) of overburden from above the repository, Therefore,
as shown by the measured depth of stream Incision and dated alluvial
materials, erosion could not uncover a reposlitory at Yucca Mountaln, nor
could it alter the ground-water system sufficiently to adversely affect waste
isolation.
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For waste disposal *n the unsaturated zone, the potentisal value ¢f thick
overhurden should not ke evaluated alone; equally important for an
ungsaturated zone repositiry may be the vertical distance from the reppsitory
to the water table, Thiu thickness may bear more relationsidp to the waste-
isoletion capabllity of an unsaturated zone repository than does the
thickness of the overburden.

Conclusion

The erosional rates and processes that have operated ai Yucca Mountain
during the Quaternary Period are very likely to continue for tems of
thousands to millions of years into the future and will not adversely affect
the waste isolation capabllities of the site. Therafore, on the basls of the
above evaluation, the evidence does not support a finding that the site {8
not likely to meet the qualifying condition for postclosure erosion
{level 3).

6.3.1.5.7 Plans for aite characterization

During construction of the exploratory shaft at Yucca Mountain, walls of
the shaft will be geologically mapped and photographed and the stratigraphic
characteristics of lithologic units will be recorded. Fileld investigacions
will continue to improve the dating of Quaternary deposits and to better
establish the local and regional geomorphic history of the Quaternary Period.

6.3.1.6 Dissolution (10 CFR 960,4-2-6)

6.3.1.6.1 Introduction
The qualifying condition for this guideline i{s as follows:
The gite ghall be located such that any subsurface rock dissolution

will not be likely to lead to radlonuclide releases greater than
thogse allowable under the requirements specified in Section 960.4-1,

The oblective of the disaclution technical guldeline 1e to eunsure that
dissolution prccesses will not adversely affeck the waste ilsolation capabili-
ties of the gite. The principal concern ig that dissolution of the host rock
will adversely affect the waste {golation capabilities of the site by creat-
ing new pathways for radionuclide migration te the surrounding geohydrologic
gystem. The assessment of compliance with this guideline iz to be based on
evidence of disscolutlion In the geologlc setting of the site during the
Quaternary Period. The question of dissolution is not expected to be of
concern at Yucca Mountain because the rock types present are considered to bae
insoluble.
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The digsoclutio:. guideline contains one favorable condition, one poten-
tially adverse conc:tion, one disqualifying condition. and one qualifying
condition. The evaiuations reported in the following sactions are summarized
in Table 6-32.

6.3.1:+6.2 Data relevant to the evaluation

Summary of the available data

The host i1ock &t Yuccs Mountain has been extensively studied by drili-
hole sampling in and around the exploration block (Heihwen and Bevier, 1979;
Sykes et al., 1979; Carroll et al., 1981; Spengler et ul., 1981; Waters and
Carroll, 1981; Bish et al., 1982; Caporuscio et al.,6 1982; Byers and
Warren, 1983; Maldonado and Koether, 1(983; Levy, 1934a,b; Scott and
Castellanos, 1984; Speugler and Chorneck, 1984; Vaniman et sl., 1984). The
nineralogic characteristics of the host rock are reviewed in a current
summary report {Bigh et sl., 1984). Kerrisk (1983) provides a discussion of
reaction—-path caleculations of volcanlc-glass dissolution, The origin of
lithophysal cavitles In the tuffs has been reviewed (Byers et al., 1976;
Lipman et al., 1966)., No evidence of Quaternary diassolution fronts or other
Quateruary diassolution features has baen found.

Assumptions and data uncertainties

There is some evidence of pre-Quaternary hydrothermal systems 1n older
and deeper rocks below the host rock at Yucca Mountaln {Bish and Semarge,
1982; Bryant and Vaniman, 1984), The assumption that these systems are no
longer active 1s based on: (1) the intergrowth of younger low~temperature
clays over earlier high-temperature clays {Bish and Semarge, 1982), and (2)
the lower temperatures (60°C (140°F)) at which these clays now exist in rocks
that were hydrothermally altered at high temperatures (180 to 230°C (350 to
450°F)) (Caporuscio et al., 1982). The assumption that solution does not
occur ia the Topopah Spring Member at Yucca Mountain in low-temperature
aqueous systems 1s supported by the absence of any soelution features in drill
hole J-13, where the host rock 1s below the water table {Heiken and Bevier,
1979; Byers and Wavrren, 1983). Uncertainties in these data are limited to
the remote possibility that hydrothermal alteration systems or
low-temperature
solution zones occur between the present diastribution of drill holes and have
therefore not been observed. Such sampling uncertainties have not yet been
quantified but ars expected to be very small. '

$.3.1.6.3 Favorable condition

No evidence that the host rock within the site was subject to
significant disscolution during the Quaternary Perilod.
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Evaluation

The host rock ¢ . Yucca Mountaln rontalns no dissolutlon fronts or other
dissolution features. This 1s Lrue even to the east of the primary
repository area, wha.¢ the host rock 1s moetly in the sarurated zone (Helken
and Bevier, 1979; By2rg and Warren, 1983)., None of the reports listed under
relevant data 1n th's gectlon clte any evidence of dige:lution in the host
rock. The mineralogy of the host rock Is simple (Bish ¢t al., 1984); more
than 98 percent consists of feldgpar, guartz, cristobal:te, aud tridymite;
tte remainder consists of other silicate and oxide m asrals. Under the
repogitory conditions expected at Yucce Mountain, none f these minerals
dissolve 1in water to «ay meaningful degree,

Conclusion

There 1s no evidence that the host rock at Yucea Meountain was aubject to
any dissolution during the Quateraary feriod. None of fhe minerals in the
host rock 1s congldered soluble under expected repository conditione. There-
fore, the evidence indicates that this favorable conditton is present at
Yucca Mountain.

6+3.1.6.4 Potentially adverse condition

Evidence of dissolitlou within the geologic setting--such as
breccla pipes, dissolution cavities, significant volumetric
reduction of the host rock or surrounding strata, or any structural
collapse-~such that a bhydraulic interconunection leading to A losa
of waste isolation could occur.

Evaluation

Aa stated under the favorable condition, the potential host rock at
Yucca Mountaln has no dissolution features. Thias is aleo true for other
rocks at the site, as described in the reports listed under relevant data in
this section. While there is some evidence of hydrothermal alteration in the
older 4and deeper rocks below the host rocks (Bish and Semarge, 1982; Bryant
and Vaniman, 1984) the evidence indicates that these hydrothermal systems are
ne longer active and did not result in significant dissolution (Bish and
Semarga, [982; Caporusclo et al., 1982). These deeper zones of pre-Quaternary
hydrothermal alteration are dense and nonporous because of secondary mineral
precipitation {Caporuscio et al., 1982). The lithophysal cavities that are
present in the host rock were formed by the entrapment of gases during the
crystallization of the hot volcanic material about 13 million years ago
(Byers et al., 1976; Lipman et al., 1966); they are not Quaternary dissolu-
tion features. Some lithophysal margins exhibit cross~cutting or overprinted
textures that were developed as the lithophysae formed and do not represent
Quaternary diasolution fronts {Caporusclo et al., 1982).
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Conclusion

At the Yucca Mounte n site, there is no evidence of significant dissolu-
tion that would provide - hydraulic Intercounnection between the host rock and
any immediately surroun.ing geohydrologic unit. Therefore, the evidence
indicates that this potwntially adverse conditlon 1s not p-2sent at Yuces
Mountain. ' :

6.3.1.6.5 Disqualifying condition

The site shall be diaqualified 4if {t is likely that, d. ring the flrst
10,000 years atter closure, active dissolutfon, as precicted on the
basis of the geologic record, would result in a loss of waste
isolation, o S

Evaluation

The host rock of Yucca Mountain consists of the dersely welded and
devitrified porticn of the unaaturated Topopah Spring Member, About 98 per-
cent of the host rock conslsts of alkali feldspars, quartz, criscohalite, and
tridymite, These minerals are not prone to dissolution in any significant
quantities. No evidence of Quaternary dissolution fronts or other Quaternary
dissolution features has been found, as discussed under the favorable
condicion.

Conclusion

On the basis of the geologic record, no diasolution is expected during
the first 10,000 years after repository closure, or thereafter. Therefore,
the evidence supports a finding that the site is not disqualified ou the
basis of that evidence and Is not Likely to be disqualified (level 2).

f

6.3.1.6.6 Evaluatlon and cod¢lugion for the qualifying conditfon on the
' postcldsure dissolution guideline

Evaluation

For all practical purposes the velecanic rocks of Yueca Mountain are not
subject to dissolution, - The guideline on dissolutfon applies tc soluble
rocks {such as salt) that can dissolve at much higher rates than the tuffs of
Yocca Mountain. In partiéular, there {8 no evidence that the host rock at
the site was sublect tn dissolution duting the Quaternary Perfod, nor {1a
there any reason Lo suspect that dissolutidn within che site would provide a
hydraulic 1interconnection between Lhe host rock and the {mmediately
surrounding geohydrologic units. The minerals that compose the rock in and
around the site are constdered to be insoluble, and no signiffcant
dissolution 18 expected £o occur even at the elevated temperatures fn the
underground repository, Consequently, the formation of active diesolution
fronts is not crédible for the conditions af Yucca Mountain,
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Conclusion

The minerals ~hat compose the rock in and arcund the Yucca Mountain site
are considered lns:-luble, and significant subsurface rock dissolution ls not
a credible procese leading to radionuclide releases griater than those allow-
able under the rvequirements aspecified in 10 CFR 960.4~. {1984). Therefore, on
the basis of the ».sove evaluatiom, the evidence suppo:ts a finding that the
site meets the quslifying condition, and is likely tc continue to meet the
qualifying condition for postclosure dissolution (leve. &),

6.3.1.6.,7 Plans for aite characterization

Extensive sampling of the proposed horizon 1s planned during sinking of
the exploratory shaft and in situ testing. Other in situ tests will deter-
mine the amount of host rock dissolution/precipitation that 1s possible in
the high-temperature zones of the underground facility.

6.3.1.7 Tectonics (10 CFR 960,4~2-7)

6.3.1.7.1 Introductioﬁ': |
The qualifying condition for this guideline 1s as follows:
The site shall be located in a pgeologlc setting where future
tectonic processes or events will not be likely to lead to

radionuciide releases greater than those allowable under the
requirements speclified in Section 960.4-1.

The objective of the poatclosure tectonics guidelive 18 to ensure that
tectonic processes do not adversely affect the waste~isolation capabilities
of a potential repository at the site. This guideline requires that the
tectonlc history of a site be carefully examined to determine whether the
likelihood for future tectonic activity is acceptably small. The tectoulc
processes that might adversely affect waste isolation after closure are
(1) faulting and ground motion, (2) uplift or subsidence, and (3) volcanic
activity.

The prediction of future geologic and tectonle proceeses and correspond-
ing events is uncertain and difficuit. The tectonic history of a alte, par-
ticularly during the Quaternary Period, wmust be thoroughly examined, and the
results of this examination must be used to forecast future tectonic activity
and the possible effects of that activity on the lsolation capablilities of
the aite.

The postclosure tectonics guldeline consists of one favorable condition,
slx potentially adverse conditions, one disqualifying condition, and one

qualifying condition. The evaluations reported below are summarized in
Table 6-33 for all counditions except the disqualifying condition.
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652-9

Table 6-33.

Summary of analyses for Section 6.3.1,7; Postclosure tectonics (10 CFR wmo.almluw

Conditrion

Department of Energy (DOE) mnaaﬁum;

FAVORABLE CONDITION

The rature and rates of igneoys activity ang tec-
18T liones (suct za upiire, mcvmwamnnm.
faulting, ., tolding), if any, operating within
the geologic setting during the acmnmﬂumﬂw Period
would, if continuved into the future, haye legsg
than one chance ip 10,000 over the first 186,000
years after closure of leading ro releases of
radionuclides tq the accegsible envirooment .,

L - :

at slightly greater than one chance in 10,000 over

Prevent relesage at the accessible environment for at
least 10,000 years following closure,

POTENTIALLY ADVERSE CONDITIONS

-
(=
Snet

Evidence of active folding, faulting,
QHmquMmaa uplife, m:aw»amsnm. or other
tectonic Processes or igneous activity within

the geologic setting during the ocmnmﬂﬁmﬂw
Period.

£23 Bl~torieal earthquakes wichip the geologie
setting of guch magnitude apg Hanmnmhnw that,
if they recurred, could affect wagte contain-
ment or isclation,

(3) H:mﬁnmnnoum. based on correlations of earth~

the magnifude of earthquakeg within the Eeo-
logic setting may ilncrease.



09¢~-9

Summary of analyges for Sectfon 6.3.1.7;

pPostclosure tectonices {10 CFR 960.4-2-7) (continued)

Condition

Department of Energy (DOE) finding

(4) More-fregquent occurrences of earthquakes of
Biehor re citads than arz representative of

e T o0 in which the geologic setting is
located.

(5} Potential for natural phenomena such ag land-
slides, subsidence, or volcanic activity of
such magnitudes that they could create large-
scale surface-water impoundments that could
change the regional ground-water flow system.

{6) Potential for tectonic ammowEmnmommllmcns as
uplift, subsidence, folding, or faulting—-
that could adversely affect the regional
ground-water flow system,

QUALIFYING

The evidence indicates that this potentially adverse
condition is not Present at Yucca Mountain: the .
earthquake frequency and magnitude feor the geologic
setting are the same as or less than the frequency
and magnitude of the region.

The evidence indicateg that this potentially adverse
condition is not present at Yucca Mountain: land-
siides, subsidence, and volcanic activity are not
expected; even if they occurred, they would not he
expected to cause surface-water impoundments of
change the regional ground-water flow system,

The evidence indicates that thig potentially adverse
condition is nor present at Yucca Mountain: large~
scale structuyres control the ground-water System,
and tectonic deformations of a magnitude or scale to
affect the regional flow system are not expected.

CONDITION

Existing information does not support the finding
that the site is not likely to meet the qualifying
condition (level 3): potential tectonic events are
not likely to cause radionuclide releases greater
than allowable; low water flux and travel times
greater tham 10,000 years in the unsaturated zone

dre expected to Prevent dissolution and transport of
radionuclides,
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6.3.1,7.2 Data relevaut to the evaluation

Summary of available dita

Much of the background data for the tectonic appraisrl of the Nevada
Test Site area has been developed through many years of +vrface and sub-
surface geologlc and prophysical studies related fo nucles:-weapons testing.
The present investigations of Yucca Mountaln aond its vicii-ty have built upon
this data base by addressing specific subjects, such as faulting (Swadley
et al,, 1984; Dudley, 1985), regional tectonlca (Carr, 1¢3}, stress measure-
ments (Healy et al., 1984), and volcaniasm (Crowe et al., 1982, 1983; Link
et al,, 1982). Data are also available on the special tech:lques used in the
evaluation, such as thermoluminescence dating (Wintle and Huntley, 1982).
However, much of the published data bearing upon the tectonlc stability of
the Yucea Mountain region are in the form of progress or preliminary reports,
and much work remalne to compiete the data hase, Dats are also available on
the surficial geology of the site (Scott and Bonk, 1984; Christiansen and
Lipman, 1965; Lipmar and McKay, 1965) and on ground—-water fluy rates and
chemical and mechanical retardation in the host rock (Wilson, 1985; Sinnock
et al., 1984; Travis et al., 1984),

Seiemological data of conalstent quality have heen obtained for only the
last few years {Rogers et al.,, 1963), but two previous reports {Rogers et
al., 1976, 1977) provide preliminary deta appiicable to Yucca Mountain. The
historical record of earthquakes within about 10 kilometers (6 miles) of
Yucca Mountain has been summarized (USGS, 19B84; Rogers, 1986). Seismic data
and evaluations for the western United States are also availlable (Smith,
1978; vanWormer and Ryall, 1980; Thenhaus, 1983; Thenhaus and Wentworth,
1982) and predictions of regional recurrence intervals are taken from
Greenafelder et al. (1980) and Ryall and VanWormer (1980). Information about
the damage to be expected in underground structures 1s also availlable (Pratt
et al., 1978, 1979). The acquisition of geodetlc data was begun in 1983, but
gseveral years of observations will be required before sufficient data are
available for analysis.

Workshops were held to review ground motion and related iasues for the
Yucca Mountaln site. A report from these workshops is available (SAIC,
1986).

Assumptlons and data uncertainties

The principal assumption 1s that the geclogic history, particularly the
history of the Quaternary period (approximately the last 1.8 million years),
can be used as the basis for predicting the course of future avents. Uncer-
tainties in determining the Quaternary history of the geologilc setting of the
site arise from the scarcity of precise data opn Quatarpary deposits and from
the difficulty in determining the current tectonic state of this setting with
respect to cycles of activity.
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6+3.147:3 Favorable ~ondition

The nature and cates of igneous activity and tectomle processes
(such as uplift, subsidence, faulting, or folding), if any,
operating withins the geologiec gsetting during the Quuternary Period
would, 1f contfivued into the fyture, have leas Lhaﬁ_gna chance in
10,000 over rh¢ first 10,000 years after closure ¢ leading to
releases of radionuclides to the accessible enviror ent.

The conditional probablility that a basaltic magm . tic dntrusion will
oceur in the future aud will intersect 8 reposltory at [.aca Mountain gHring
the 10,098 year lsolaiion period is bounded by the rang of 4.7 x 10 ° to
3.3 x 10 (based on calculations by Crowe et al., [982). The upper bound
probabllity was calculated on the basis of extremely conservative assump~
tions, and for this reason, preliminary approximations of mean probabllity
values were calculated from the data presented in Tables IV and V in Crowe
et al, (1982), assuming a Gaussian dats distribution. The mean propability

value calculated on the basis of magma production rate is 7.7 x 10 7 with a
standard deviation of 0.11 x 10 ° (Table IX); the mean probability value
based con vpleanic cone counts is 2,0 x 1O with a atandard deviation of
1.28 x 10 © (Table %); and the combined mean using all calg&lated probability
values is 1.3 x 107" with a standard deviation 1.33 x 10 '. Additional
investigations are teeded to more accurately evaluate the probability of

volcanie activity in the Yucca Mountain region.

Probability calculations are not yet available for other tectonic pro-
cesges. Varilous investigations avre in progress to evaluate more fully the
tectonic stablility of Yucea Mountaln and the surrounding area; they include
long~term selsmic monitoring, geodetic measurements, and studies of Quater-
nary faulting and erosion rateg. Preliminery satudies suggest that the
average rvate of faulting in the region of Yucea Mountain during the last
2 million years has been legs than 0.0! meter (0.03 foot) per 1,000 yesrs
(Carr, 1984). Investigations to date covering a 1,100 sgquare-kilometer
(425 square-mile) area around the site have found 37 faults that offset or
fracture Quaternary depcsits. Quaternary faults have been divided into
3 broad age groups as follows: 5 faults last moved between about 270,000 and
40,0090 yvears ago; 4 faults last moved about 1 million years ago; and
23 faults last moved probably between 2 million years and 1.2 million years
ago (Swadley et al., 1984), However, work is ongoing to meore accurately
determine the detalled history of Quaternary fault movement for faults at and
near the site. Without this more detalled data, there 1s uncertainty regard-
ing the expected rate and amount of faultiong over the next 10,000 years.
Recurrence intarvals for earthquakes {n the region have been estimated by a
number of approaches and are reviewed in the evaluation of the disqualifying
condition, Section 6.3.1.7.5. The reported recurrence interval is on the
order of 25,000 years for earthquakes of magnitude M > 7.

Information about the potential effects of earthquakes on underground
structures 1s reviewed in Section 6.3.3.4.5 and indicates that damage in
mines is generally less than that at the surface. Damage 1s not likely to
cccur unless the mine is very close to the earthquake eplcenter. The primary
cause of earthquake-induced failure in underground excavations ls apparently
movement along preexisting faults or collapse at the portal of the tunnel or
shaft.

6=262



After repository zlosure, the effect of earthquakes and fault movement
on relesase of radionw lides to the accessible environmeni 1s expected to be
minimal because very :lttle water is expected to be avallshle to dissolve and
trangport radionuclides (Wilson, 1985). Using the travel~time estimates from
Section 6,3.1.1.5, evea 1If A waste disposal container wer breached by fault
movement that occurred Immedlately after closure, no wate: containing radio-
nuclides could reach .he accessible environment for at le:at 10,000 years and
as ghown in Section 6.3.1.2.2, chemlical and mechanical rs .ardatlon processes
are expected to extend the travel times for radionuclic.s by at least a
factor of 100 (Simnock et al., 1984; Travis et al., 19&%)., It 1is unlikely
that seiagmlc activity rrould cause Ilncreases fn the flux through the unsatu-
rated zone bhecause flux is controlled by the percentage o. precipitation that
infiltrates to bucome percolation. New fractures are u,likely and, 1f
formed, are also unlikely to significantly alter flow comditions because the
area 18 already highly Ffractured. In addition, care wi.l be taken duriong
waste emplacement to carefully consider the consequences of emplacement in or
near recognizable fault zones. Tt 1s therefore consldered extremely unilkely
that fdaulting could !ead-to radionuclide releases to the accessible environ—
ment over the first 10 000 yeara after closure.

Conclusion

During the Quaternary Perlod, various tectonic processeg occurted within
the geologlc setting of Yucca Mountaln. The probability of a magmatic intru~
slon that intersects the repository Is on the order of 1 chance 1in 10,000
over the next 10,000 years.  Numerical probabilitles are not available for
other tectonic processes and events. Low water flux and long travel times
ghould emsure that if radionuclides were released as the resgult of tectonic
activity, they could fiot réach the acceseible enviroument for at least 10,000
years. Nevertheless, a conservative position {8 appropriate because of the
absence of probabllity wvalues for most tectonlc processes and events and
because the uppetr bound on volcanic event probabilities 1s larger than the
value specified by this condition. Therefore, the evidence indicates that
this favorable condition is not present at Yucca Mountain.

6.3.1.7.4 Potentially adverse conditions

(1) Evidence of active folding, faulting, diapirism, uplift, sub~-
sidence, or other tectonlc proceases or igneous activity within the
geovlogic setting during the Quaternary Perilod.

Evaluation:

There 1s evidence of gentle reglional tilting to the southeast of about
4 meters per kilometer (20 feet per mile) during the last few million years
(Carr, 1984). At the time of publication of Swadley et al. (1984) there was
no unequivocal evidence that surface fault displacement had occurred within a
1,100 square-kilometer (425 square-mile) area around the Yucca Mountain site
in the past 40,000 years. However, preliminary dates of a displaced silt
horizon obtained by thermoluminescence methods may indicate surface fault
displacement on the order of 1 to 10 centimeters in the eastern part of
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Crater Flat more vacently than about 6,000 years ago (Dudley, 1385). Thermo-
luminescence 19 a dating technique that has been used 1n archaevlogy, but has
not yet been shows tc piovide reliable dates in geoclogic applicetions (Wintle
and Huntley, 1982). Ongoing studies to improve the daiing of fault displace~
ment in the area w’'ll determine the reliability of thess preliminary deta. A
new fault map of the Yuecca Mountain aite has been prep.ired by Scott and Bonk
(1984) and is shows In Figure 6~20. Contlnued surfac:. mapping and deter~
mination of most v:cent displacements on faults that & & located at and near
Yucca Mountain will be an important part of selsmic hazard assessment during
site characterization., For a more thorough discussiin »f plans for selsmic
and tectonic evaluations, gsee Sectlon 6.3.3.4.5.

Detection of earthquakes in the magnitude (M) ranges M = 4 to 5, M = 5
to 6, M =6 to 7/, and M = 7 to 8§ is complete for the moat recent 40, 50, &0,
and 130 years, respectively, according to USGS (1984). The earthquake record
prior to 1978 shows that within about 10 kilometers (% miles) of Yucca
Mountaln, 7 earthquakes occurred; 2 had magnitudes of M = 3,6 and M = 3.4;
magnitudes were not reported for the remaining 5 earthquakes. Thay were
apparently very small or had magnitudes that could not be determined due to
instrument problems. Prlor to 1978, standard errors of most locations were
+ 7 kilometers (+ 4.2 miles) or more (USGS, 1984), A new seismic network has
recorded 3 microearthquakes in the same area between August 1978 and the end
of 1983; the largest magnitudes (ML, Richter scale) were approximately M = 2
(Rogexrs, 1986).

Within the 1,100 square~kilometer (425 square-mile) area around the
Yuccd Mountain eite, 32 faults have heen identified as having some evidence
of at least a small amount of movement during the Quaternary Perlod that
probably occurred before about 40,000 years ago. Five faults are thought to
have last moved betwean about 270,000 and 40,000 years ago. The remainder of
the faults are thought to have last moved between | and 2 million years ago
(Swadley et al., 1984).

Basaltic eruptions of Lata Cenozolc age in the Yucca Mountain area are
listed in Table 6-34., Basaltic eruptions occurred periodically in the Crater
Flat area west and south of Yucca Mountain during the Quaternary Perilod
(Crowe et al., 1982).

Conclusion

There is evidence of faulting and basaltie volcanism during the
Quaternary Period within the geologic setting of Yucca Mountain, There is
regional tilting which results in very slow uplift and subsidence. There-
fore, the evidence indlcates that this potentially adverse condition is
present at Yucca Mountain.

(2) Historical earthquakes within the geologic setting of such
magnitude and intensity that, if they recurred, could asffect waste
containment or isolation.
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Table 6-34. Porassium-arggn apges of late Cenozolc basalts in Yucca
Mcantain area

Age Mean Age
{million years) (million years)
Lathrop Wells 0.29 + 0.2
Voleanic Center G.23 + 0.02 0.27
0.30 + 0.10
Western Rift, Leld + 0.3
Crater Flat 1.07 + 0.04
1,09 + 0.3
1.07 + 0.4 1.16
1.11 + 0.3
1.50 + 0.1
Basalt of Sleeping 0.29 + 0.11
Butte 0.32 ¥ 0.15 0.28
Basalt of Buck- 2.82 + 0.04 2.81 -
board Mesa 2.79 + 0,10

®pata from Crowé et al. (1982).

Evaluation

The peak historical ground acceleration at a location 20 kilometers
(12 miles) east of Yucca Mountain is estimated to have been less than. O.lg
(Rogers et al., 1977). Pre-1978 historical seismic activity within 10 kilo-
meters (6 miles) of Yucca Mountain shows only 2 earthquakes with Richter
magnitudes greater than M = 3. Detection of earthquakes 1in the magnitude
ranges M = 4 to 5, M= 5 to 6, M= 6 to 7, and M = 7 to 8 is complete for the
most receni 40, 50, 60, and 130 years, respectively, according to USGS
(1984). Although surface faulting has been observed at Pahute Mesa and Yucca
Flat in response to nuclear explosions (SAIC, 1986), the closest historical
surface faulting accompanying natural earthquakes vccurred in 1872 with a
magnitude of M = 8+ in Owens Valley, California about 150 kilometers
(90 milea) west of Yucca Mountaln (Rogers et al., 1977, 1976). This great
earthquake occurred on the western margin of the Basin and Range Province,
along the Sierra Nevada~Great Basin Boundary Zone {(VanWormer and Ryall,
1980), which is a fundamental discontinuity between two contrasting
structural domains. The Yucca Mountain area, in contrast, lles on the edge
of the East-West Seismic Belt between an area of moderate selsmicity on the
north, and an area of lower selsmicity to the south (see Section 6.3.1.7.5).
Two earthquakes with magnitudes of M = & have occurred within about 200 kilo-
meters (125 miles) of Yucca Mountain; one occurred in 1908, 110 kilometers
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{68 miles) southwest of ‘uwcca Mountain, and one occurred in 1966, sbout
210 kilometers {130 miles) to the northeast. If the historical earthjuakes
recurred, they would not ve large eacugh or close enough to Yucca Mountain to
have any demonstrable ef’ect on waste containment or isolation (see the
qualifying condition svaiuation iIn Section 6.3,1.7.6).

Conclusion

The historical record does not show any earthquakes witin the geologic
getting of Yucca Mountain that, if they recurred, could . §:rrsely affect
waste contaloment or {solatficn. Furthermore, the historicsl record discloses
no evidence of damaging ground motion or faulting at or near Yucca Mountain.
Therefore, the evidence indicates that this potentially adverse condition is
not present at Yucca Mountain.

{3) Indications, baged on correlations of earthquakes with
tectonic processes and features, that either the fregquency of
occurrence or the magnitude of earthquakes within the geologic
setting may increase. '

The potential repository site at Yucca Mountain and a large area to the
west and south have had a relatively low level of seismicity throughout the
historical record (Rogers et al., 1983). The historic earthquake record
prior to 1978 shows that within about I0 kilometers (6 miles) of the site,
there were 7 earthgquakes; 2 had magnitudes of M = 3.6 and M = 3.4; magnitudes
were not reported for the remaining 5 earthquakes. They were apparently very
small or had magnitudes that could not be estimated due to instrument
problems. A new selamic networlk has recorded 3 minor earthquakes in the same
area between August [978 and the end of 198%; the largest magnitudes
(ML, Richter scale) wers approximately M = 2 (USGS, 1984),

Geologic evidence available to date indicates that 32 faults within a
1,100 square~kilometer (423 square-mile) area around the site offset or frac-
ture Quaternary deposites. PFive faults are thought to have last moved between
about 270,000 and 490,000 years ago. Four faults last moved about ] million
years zgoj; and 23 faults are thought to have lgst moved betwzen 2 and
1.2 milifon years ago (Swadley et al., 1984).

One of the results of ongolng studies is an indication that fault orien-
tation may be more important than evidence of recent movement in determining
the potential for renewed activity {Rogers et al., 1983)}. Microseismic data
for Yucca Mountain and a large area to the west and south indicate that
faults with strikes from approximately north to northeast appear to be more
active than faults of other orientations (Rogers et al., 1983). At present,
a preliminary conciusion eould be made that the north-trending faults at
Yueca Mountain should be considered potentially active even though the
absence of fault scarps and the near absence of selsmic activity sugpest that
they are not active {Rogers et al., 1983} It ahould be noted that the age
of most recent surface displacement on a fanli does not necessarily correlate
with the degree of present seismicity on the fault. This lack of correlation
is indicated by the abundant seismicity on fault zones with no record of
Quaternary displacement and by the absence of selamicity in some areas of
Quaternary faulting (Rogers et al., 1983; USGS, 1984).

N
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From the historical seismicity of the southern Great Basin (tio earth-
quakes of M = 6), ani length of active faulte, a maximum magnltode of
M a7 to 8 18 inferrci for earthquakes in the Yucca Mountain region {(USGS,
1984). The wide range of focal depths (0 to 10 kilometera (0 to 6 milea))
Indicates that some taults in the soythern Great Basin ex end to conglderable
depth and thus have iarge surface areas that would mak: them capabla of
producing large eart quakes (USGS, 1984).

The nature of seismlc cyclas and the relation betwe ¢ the potantial for
seismicity and the age of most recent movement on fau't- in the Basin and
Range Province are not resolved (see Thenhaus (1983) f.r a summary of views).
Untll there is a better understanding of why somwme areas ve stsble and other
areas are unstable in the same vegion, it is not possible to rule out future
seismic activity on faults at Yucca Mountain (Rogers et al., 1983), This
poaition is taken partly because (1) interpretation of atress wmeasurements at
Yucca Mountain could indicate that cartain faulta may ' potantilally active
(Healy et al., 1984) and (2) faults similar in orientsatfon and style to those
at Yucca Mountain axist on Pahute Mesa, where large nuclear tasts have
regulted in displacement on faults for a distance approaching 10 kilometers
(6 miles) in length. Although movement on the faullts at Pahute Mesa was
induced by nuclear explosions, the extent of faulting, the gize of fault
displacements, and the wagnitude and depths of the accompanying aftershocks
indicate that these faults may have bean tectonlcally stresased near the
failure point and that slip was triggered by stress changes produced by the
explosions (USGS, 1984). 1t should alse be noted that 1in situ stress
weasurements alone do not allow quantitative statements about ear thquake
probability and magnitude (SAIC, i985b),

Avallable information s insufficlent to determine whether future
seismic activity is likely to be more freguent, or of higher magalitude than
historic selsmicity. 1In order to provide a conslstent Interpretation of this
potentially adverse coudition, the maximum earthquake magnitude in the
historical racord and the record of Quaternary faulting within the geologic
setting are assumed to be the strongest indicators of Future earthqueke
potential for the postclosute time frame. Difficulty in {aterpreting the
Quaternary faulting record leads to the conclusion that the historical record
may not reveal the largest earthquake that could occur at Yucca Mountain.
Given this interpretation, a conservative position is that the geologic
setting of the Yucca Mountaln site may experience earthquakes of higher
magnitude or frequency than have been historically observed.

Concluaion

The record of Quaternary faulting and the nature of earthquake
occurrence in the geologic setting of Yucca Mountain is not understood well
enough to permit reliable correlations of earthquakes with tectonic processes
and features. In the abaence of such correlations, the conservative
asgumption 1s that earthquakes larger than those that have historically
cccurred in the geologic setting of Yucca Mountain may occur in the future.
Therefore, the evidence indicates that this potentially adverse condition is
present at Yucca Mountain.
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(4) Morve~frequent o:currences of earthquakes or earthquakes of
higher magnitude tha: are representative of the region la which the
geologic setting is =ocatedu

Evaluation

The Yucca Mountain site is located within the Basin an- Range Province
and 1s adjacent to a zaue of selamlcity consldered part of ihe Baat-West
Selsmic Belt in southern Nevada (sec Figure 6-21). This be t connects the
north-trending Nevada Selsmic Belt, about 160 kilometers ('0° miles) west of
the aite, with the north~trending Intermountain Seismic elt mora than
250 kilometers (156 miles) east of the site, Each of thes: zones of seip-
micity spana large areas that are heterogeneous in their geclogle and sels-
mologic properties (Thenhaus and Wentworth, [982). There are two earthqugkes
in the hiatorical record within about 200 kilometers of Yu.,:a Mountain with
magnitudes of M = 6; one at Death Valley in 1908, 119 kilosmeters (68 milas)
gouthwest of the site and the second in 1966, about 210 kilometers
(130 miles) to the northeast.

The evaluatlon of the previous potentially adverse condition reviews the
historical record of seismicity for the Yugcca Mountain site. The evaluation
Indicates that it is not possible to rule out Ffuture seismic activity on
faults at and near Yucca Mountain. However, there is no rep80n to believe
that this seismic activity is likely to be more frequent.: 0y of higher
magnitude than 18 typlcal for the southern Baain and Range Province.

Conclustgg

The frequency and magnitude of earthquakea at and near Yucca Mountaln
during the several years of close monitoring ie the same as or less than that
for the southern Basin and Range Province. There 18 no reason to expect that
future seismicity at the site ia likely to be wore frequent or of higher
magnitude than is representative of the region in wWhich the geologic setting
1s located. Therefore, the evidence indicates that thils potentially adverae
condition is not present at Yucca Mountain.

(3} Potential for natural phenomena such as landslides, subsi~
dence, or volcanic activity of auch ma gnitudes that they could
create large-scale gurface-water impoundments that could change the
regional ground-water flow system.

Evaluation

There 1s no evidence that subsidence related to dissclution of rocks has
occurred, nor are there soluble rocks at the surface or within at least
1,200 meters (3,940 feet) of the surface of Yucca Mountain, Gegloglc and
gecmorphic evidence of landslides (Christiansen and Lipman, 1965; Lipman and
McKay, 1965; Scott and Bounk, 1984) 1s limited to relatively small rock slumps
along steep erosional slopes of Yucca Mountain. The largest of these slumps
is on the northeast silde of Yucca Mountain along Yucca Wash, where a set of
blocks 500 meters (1,640 feet) wide 13 s8lumping into the wash along a complex
of 14 minor normal faults that strike parallel to the wash. There is no
geomorphic evidence of rapid movement of these blocks, and lateral movement
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seems to he limited to thut observed along normal fault planes that dip 61} to
80°., There is no geomorphic evidence that past slumping of blocks has dammed
major drainageways. Furti.armore, the slopes do not have a thick cover of
801l or colluvial materinl that could slide down and create dams.

If basaltic eruptious were to occur at or near Yucecs Mountain, they
might temporarily dam washes. The most recent nearby volcanism occurred at
several small basaltic crwnes that are about 270 thousand to 3.7 million years
old and located 8 to 15 kilometers (5 to 9 miles) west and  sthwest of the
site. See Table 6-34 for ages of basalts in the area.

Sites of active basal+ic and subordinate sgilicie volcarism progressively
shifted toward the m.rgina of the southwestern Great Basin b ginaing about
19 million years ago (Crowe et al., [983), and the likelihood of future erup~
tions at Yucca Mountain during the time important to waste igolation 18 small
ag indicated by the evaluation of favoruable condition !l.

Under expected climatic conditioms over the next 10,000 years (see
Section 6.3.1.4) 1t ia unlikely that sufficlent surface runoff c¢ould be
impounded by any of the above tectonic processes, were they to occur, fo
change the regional ground-water flow systems.

Conclusion

The creation of large~scale surface-water impoundmeats by natural
phenomena such as landslides, subsidence, or volcanic activity is not likely
in the Tucca Mountain area. No effect on the reglonal ground-water flow
aystem 1is expected from landslides, subsidence, or volcanic activity.
Therefore, the evidence indicates that this potentially adverse condition is
not pregsent at Yueca Mountain.

{6) Potential for tectonlc deformations-—such as uplift, subsi-
dence, folding, or faulting--that could adversely affect the
reglonal ground-water flow syatem,

Evaluation

Calculations of the amount and the rate of subsidence, uplift, or
faulting in the southern Great Basin show that over the last few million
years Yucca Mountain and adjacent areas have been relatively stable,
particularly in comparison with tectonically active areas, such as Death
Vallay and Owens Valley {(Table 6-~3%) (Carr, 1984), Fclding hae not been
active in the vicinity of Yucca Mountain for millions of years, although
tilting and folding have occurred in the Death Valley region during Pliocene
and Quaternary time. Work in progress sgsuggests that gentle warping of
Quaternary deposits night have occurred as close to Yucca Mountain as the
wegt glde of Crater Flat. An assessmant of tectonilc warping will be a part
of the site characterization process. A level line was tun through the Yucca
Mountaln area in the winter of 1982-1983, and the following winter it was
rerun without evidence of change. During November 19853, the line will be
upgraded and extended through Mercury, Nevada, to create a level loop
originating and terminating at a first-order Wational Geodetic Survey line.
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Table 6-35. Approxiuste rates of relative vertical tectonic adjustment or
burial st selected locations In the sputhwestern Great Basin
during tle late Neogene and Quat:ernarya

Rate

(metars per 1,000 years

Locatlon or millimeters per year) Commay- .
S« Amargosa <0.01 Bagaed on a 3-millic ~year old ash bed
Dasert Valley in lake depogite -beut 5 meters
below the surface.
Crater Flet, <0.01 Basalt dated by potassium-argon .
central method at 1.2 miilion years 1s at
the present surface gnd has not been
deformed or subsided into the basin.

Crater Flat, <0.01 Based on an offeet 1in alluvium

eastern {allowing for 0.6 meter of erosion)
of 3.0 meters in 1.) milllon years.

Crater Flat, <0.02 Offeet of alluvium in 8 minimum time

southeagtern of 40,000 years, Actual time was
probably closer to 260,000 years.

Crater Flat, 0.03 Burial of basalt about 11 millien

USW VH-2 years old.
drill hole

Yucca Mountain 0.03 Based on maximum of 460.meters of
offset of Tiva Canyon Member: .in last
12.8 million vyears. For the
Quaternary, a very conservative: -
estimate 18 <0.01 meters per 1,000
years, based on maximum' credible
amount of displacement (10 wmeters)
in Quaternary time.

N. W. Frenchman 0.06b Burial of 3-million-year old agh bed

Flat at depth of 195 meters; oot in most .
active part of the Frenchman Flat
Basgin. :

S. Yucca Flat 0.16b Baged on amount of displdcem&nt of an-.
8. lwmillionwyear old basalt in drill
holes.

Searles Valley b Burial of 3—mtllionvyear old ashqbed¢

0.22

in core at depth of 6921 meterss .
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Table 6~35. Approximste rates of relative vertical tectonic adjustment or
burial a: selected locations in the southwsstern Great Basin
during tte late MNeogene and Quaternary8 {continued)

Rate
{meters per 1,000 years
Location or millimeters per year) Comr. ¥t
Death Valley, 0.3 Based on estir “ted displacement of
foot of Black Artist's Dri'e Formation of
Mountains 1,525 meters in 5 million years.
Sierra Nevada- 0.4 Average of 9 antimates {range
Owens Valley~ 0,2~1.0 meters per 1,000 years).
White~-Tnyo . : :
Mountainsg
Coso Range-— 1.8 foaet of 2q5.million~year¥old
Rose Valley lava flow.

8pata from Carr (1984).
Maximum rate.

The avallable data on several specific faults in the Yucca Mountain area
seem to show generally decreasing rates and amounts of offset through about
the last 10 million years {{arr, 1984). The data for older faulting are
obtained at locations where the offset of sgeveral volcanic units of known
ages can be determined. Control for dating events of the last 8 million
years depends mainly on understanding and dating alluvial-stratigraphic units
that have limited vertical exposures. The absolute ages of some of these
units are not well known at present, Approximately 180 scarps or lineameants
that are presumed to be fault related have been identified within 100 kilo~
meters {62 miles) of Yucca Mountain {(Carr, 1984). About one-fourth of these
are linear or curvilinear mountain fronts; the remaining 135 are actual fault
scarps or lineaments In the alluvium. Most of the alluvial scarps are low
and subdued by erocsion. Ages of movement on faults that offset Quaternary
depoaits are reviewed in the above evaluation of potentially adverse
condition 3.

The rates of uplift, subsidence, or faulting in the past have been very
low; it is postulated that similar rates will prevafl in the future., If the
rates of uplift, subsidence, or faulting in a portion of the ground-water
system were significantly changed relative to those of other portions of the
system, the ground-~water flow path betwesen the repository and the accessible
envirooment could be affected. Ground~water flow could be either retarded or
accelerated. However, the sczle of the effects on ground-water flow are
expected to be small because the present ground-water system 1s contrelled by
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large regional strivtures that probably could not be altered significantly by
tectonic events during the time period important t¢ wsste lasclation.

Conclusion

The Yucca Mountain slte has a very small potentlal rfor tectonie deforma-
tions like uplift, subsidence, folding, or faulting of & magnitude or scale
that would affect regional ground-water flow. The r. ;ional ground-water
system is controlled by geologic structures of guch connlexity and scale that
it could not be significantly modified over short 1{ue periods by any
expected tectonic event, Therefore, the evidence :.rilcates that this
potentianlly adverse condltion is not present at Yucca M.untain.

6.3.1.7.5 Disgualifying condition

A site shall be disqualified if, based on the geclogic record
during the Quaternary Period, the nature and rutes of fault
movemant or other ground motion are expected to be guch that a
logs of waste 1solatlon is likely to occur.

Evaluation

The potential repository site at Yucca Mountain and a large area to the
west and south have had a relatively low level of seismicity throughout the
historical record {Rogers et al., 1983}, The historic earthguake record
prior to 1978 shows that within about 10 kilometers (& miles) of the site,
there were 7 earthquakes; 2 had megnitudes of M = 3.6 and M = 3.4; magnitudes
for the remsining 5 were not reported. They were apparently very small or
had magnitudes that could not be estimated due to Iinstrument problems. A new
seismic network has recorded 3 minor earthquaekes In the same area between
August 1978 and the end of 1983; the largest magnitudes (M , Richter scale}
were approximately M = 2 {(Rogers, 1986). Within about &00 kilometers
{124 milea) of Yucca Mountain, there have been two hilstorical earthquakes
with Richter magnitudes of M = $§. One earthquake occurred in 1908 at Death
Valley about 110 kilometers (68 miles)} southwest of Yucca Mountain, and the
other occurred in 1966, about 210 kilometers (130 miles) northeast of the
site. The Owens Valley, California, earthquake of 1872, which is estimated
to have had & magnitude of M = 8+ on the Richter scale, represents the
clogest historical surface faulting. It was located about 150 kilometers (90
miles) west of the site in a different seismic zone {see Section 6.3.1.7.4,
potentially adverse condition 2).

Geologic evidence available to date indicates that 32 faults within a
1,100 Bquare-kilometer (425 square-mile) area around the site offset or frac-~
ture Quaternary deposits. Five faults are thought to have last moved between
about 270,000 and 40,000 years ago. The remainder of the faults are thought.
to have last moved between ] and 2 million vears ago (Swadley et al., 1984).
At the time of publication of Swadley et al. (1984) there was no unequivocal
evidence that surface fault displacement had occurred within a 1,100 squarve~
kilometer (425 square-~mile) area arocund the Yucca Mountain site in the past
40,000 years. However, preliminary dates of a displaced silt horizon-
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obtained by therwmoluminescence methods may Ilndicate surface fault displace-
ment on the order of ! to 10 centimetera in the eastern part of Crater Flat
more recently than abuut 6,000 years ago (Dudiey, 1985). Thermoluminescence
is a dating technique chat has been used in archaeology, but has not yet been
shown to provide reliasle dates in geologlc applicarfons -Wintle and Huntley,
1982). Ongoing studies to improve the dating of fault d:splacement in the
area wiil determlne t'e rellability of these preliminary 1tafa.

Daformation rates at Yucca Mountain during the las« approximately
10 million years have been about 4 times less than those 12 adjacent parts of
the Basin and Range Province. Preliminary estimates suyg:st that a rate of
0.0] meter (0.03 foot) per 1,000 years is a realistic maxisum for fault dig-
placement in the yuaternary Peried at Yucca Mountain (Carr, 1984).

A number of different approaches have been used to estimate recurrence
intervals for earthquakes in the region, Rerupture times (recurrence inter~
vals) estimated for various portions of the Basim and Range Province are
assembled from the llterature in Table 6-36. The estimatés_range from
25,000 years for M > 7, 2,500 years for M > 6, and 250 years for M > 5.
Recurrence Iintervals shown In Table 6-36 demonstrate the varilability in
estimates, resulting from possible raal differences for differing reglons.
The table shows that recurrence iatervals for M > 7 earthquakes for the
region south and east of Yucca Mountain are longer than those for the Nevada
Test Site (NTS) reglon. by about a factor of 7. At this time, recurrence
estimates can only provide insight regarding possible recurrence intervals
for faults near Yucca Mountaln. Until detailed fault studles arce fully com-
pleted, there is 1large uncertainty regarding the appropriate recurrence
intervals for these faults. However, the available data (Swadley et al.,
1984; budley, 1985; and USGS, 1984), furnish no evidence to suggest that the
recurrence interval would be shorter than on the order of 25,000 vyears for
major (M > 7) earthquakes, It should also be noted. that there is no
information currently aveilable on the seismogenic potential of faults at or
naar Yucca Mountain, so that the occurrence of a magnitude 7 earthquake in
the area can neither be anticipated nor can it be ruled out.

As noted above, the NTS region occuples an intermediate position between
a large area of higher estimated seismiclty to the north and an area of lower
seismicity in the Las Vegas region to the south {see Figure 6-22). Except
for a cluster of seismicity due to ths water load of Lake Mead, Figure 6-22
shows a fan=-shaped reglon extending southeast from the repository site that
ls virtually free of earthquakes of M = 4 or larger. USGS (1984) calis
attention to the near absence of selsmicity at approximately the M > 4 level
in some parts of a 100-kilometer (60-mile) radius surrcounding the site.

Rogers et al. (1983} and USGS (1984) conclude that the seismic evidence
suggests that faults of north to northeast trend are most susceptible to slip
in the current stress field, citing evidence from stress measurements at
Yucca Mountain (Healy at al., 1984) and from faults of similar orientations
at Pahute Mesa, where fault movements have been induced by nuclear
explosions. For purposes of a preliminary evaluation, the selsmic hazerd for
Yucca Mountain was estimated aunder the assumption that Yucca Mountain faults
were not active. The most likely peak deterministic ground acceleration at
Yucca Mountain was estimated to be 0O.4g. This acceleration would result from
a full-length fault rupture (length 17 kilometers {10 riles), magnitude 6.8)
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Table 6-36. Rerupture times for faults in the asocuthern Hasin
and Range Province

Rerupture time

for M > 7.0
unlese otherwisge noted
Reference Area {years) Comments
Ryall and Western Great ?,DOO—ID,OOOb ™ g instrumental
VanWormer Basir® dara for 1932~1969
(1980) and 1970-1974
Greensfelder  East-West 25,000 Lugzarithmic mean of
et al. Seismic Belt, tws data gsets
{1980) including
Nevaga Test
Site
2,500d For earthquakes wit
250d Por earthquakes with
M2>5
Las Vegag 190,000 Logarithmic mean of
Region two sets
a

bEntire 225,000-square~kilometer region containing Holocene scarpe.

Valves were calculated on the agsumption that a typical rupture zone has
an area of 1,000 square kilometers, and that such rupture zones are contained
within the subject reglon.

Basin and Kange Selsmotectonic Subprovince 4 of Greensfelder et al.
(1980}, a 34,000~aquare-~kilometer area containing the Nevada Test Site. (Log
N = 2,60 - 1.0 M, where N = number of earthquakes of magnitude greater than
or gqual to M.)

Recurrence interval estimates based on dats in Greensafelder et al.
{1980).

‘Basin and Range Seismotectounic Subprovince 5 of Greensfelder et al.
(1980), a 73,000~square-kilometer area of very low seismicity north of 34°N,

(Log N = 1,72 - 1.0 M, where N = number of earthquakes of magnitude greater
than or equal to M.}

on the Bare Mountain Fault, which is 14 kilometers {9 miles) west of the
site. The probabilistic results discussed by Rogers et al. (1977) and USGS
(1984} demonstrate that uncertainties exist in the evaluation of seismic
hazard. Different assumptions regarding the appropriate recurvence model,
attenvation relationships, and the identification of speecific faults as
seismic sources can result in widely different estimstes of acceleration for
a given probability. At this time, it is prematyre to place much confidence
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in these estimates, other than to use them to provide insight, until a more
complete assessmen. can be made of the various input parameters Into a pro-
babilistic seilsmic hazard analysis. During site characterization, the
seismogenic poteniial of faults at and near Yucca Mounisin will be evaluated
to determine the m«.st probable earthquake and faultin, scenarlios that will
need to be consideced for evaluation of postclosure r:pssitory performance.
Further discusaloi. of the approach to he taken for th se lnvestigatlons 1s
presentad in Sectliun 6.3.3.4.5.

The ground motion or faulting that is possihle at the Yucca Mountain site
is likely to have little effect on weste 1solation, Ut 1s known that earth-
quake damage fo underground facilities 1is generally muce smaller than surface
damage (Pratt -t al., 1978, 1979). On the basils of detailed surface mapping,
faults that cut the poteptial repository host rock ave expected to have
easily recognizable displacement if they are large encugh to be of concern,
Care will be taken during repository development to aveid recognizable faults
that appear to have any possibility of renewed activity. Formation of new
faults, although not likely, could affect the durability of the containars
during the containment period, with the most serious consequence belng con-
tainer rupture. However, in order for radionuclides to be dissolved from the
waste and transported from the repository a sufficlent quantity of water must
be available. The expected very low flux (less than 0.5 miliimeter -
(0.02 inch) per year) at Yucca Mountain {(Wilson, 1985) has been shown to be
insufficient to transport radionucides in quantities that could exceed
release limits to the accessible environment (Section 6.4.2)}. Furthermore,
calculations by Sinnock et al. {(1984) show that the U.S., LEnvironmental Pro-
tection Agency (EPA) limite on cumulative curies released to the accesssible
environment are not violated for waste package containment times as short as
300 years and fluxes that are 40 times the upper bound of 0.5 millimetar
{0.02 inch) per yesr. Filux limitations and long travel times of more than
10,000 years (see Section 6.3.1.1.5), provide confidence that an earthquake-
or fault-induced disruption of the repository would be extremely unlikely to
cause radionuclide releases to the accessible environment in excess of those
allowable under 40 CFR Part 191 (1985).

Conclusion

The geologic record of faulting during the Quaternary Perlod suggests
that the Yucca Mountain site could experlence seilsmicity and faulting in the
future. There 18, however, no clear evidence that a major earthquake is
likely to occur at or near Yucca Mountain. In addition, the consequence of
fault movement on waste igolation in this geologic setting is expected to be
minimal. The very low water flux that 1s available for radionuclide trans-
port ensures that EPA release limits are not likely to he exceeded.
Confidence 1n this prediction is enhanced by conservative calculations show-
ing that ground-water travel times exceed 10,000 years. Therefore, the
evidence does not support a finding that the Yucca Mountain site is
disqualified (Jevel 1).
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6.3.1.7.6 Evaluation and conclusion for the qualifying ceondition on the
postclosure te:lonics guideline

The available data &°'d interpretations indicate that silticic volcanlem
ceased at least 8 milllon yeare ago in the southern Grear Ba.in. Basaltlce
volcanlc activity has eoivinued during the last 6 to B williei. years, but in
episodes that are separalad by millions of years to hundreds f thousands of
years {(Crowe et al., i982). The most recent episode of ba..ltic activity
near Yucca Mountain occutred approximately 270,000 yeare agu., The rates of
vertical tactonic adjustments during the last 5 million ye. rs, as evidenced
by displaced rock units of Pliocene and uaternary age, hav.:. heen much lower
than those of older episodes {(Carr, 1984). As displayed 1. Table 6-36,
recurrence Intervals for major earthquakes (M > 7) in the reglon have heen
estimated to be on the order of 25,000 years. Recurrence intervals for M > 6
earthquakes are reported to be on the order of 2,500 years, and ¥ > 5 earth-
quakes have racurrence intervals on the order of 250 years.

Future tectoniec events, including volcanism and faulting, are unlikely
to lead to loss of waste contalnment or isolation. The probability that
bagaltic volcanism will disrupt the Yueccae Mountain sire over a 10,000-year
period 18 estimated to be ahout I chance in 10,000 (based on data from Crowe
et al., 1982). The consequences of this basaltic event were assessed by Link
et al. (1982}, They estimate. the expected radionuclide release over =&
10,000 year period, assuming that volcanlsm occurs between 100 and 10,000
years, to be 1.8 curles or 0.038 curies par 1,000 metric tons of heavy metal
{MTHM) for a spent fuel repository. Because the probability of this event is
estimated to be less than Q.1 over the 10,000-year period, the U.8. Environ-
mental Protection Agency (EPA) release limits should be multiplied by ten
according to 40 CFR 191, Subpart B (1985). The isctopes with the largest
expected releases under this scenario, relative to their respective EPA
release limits, are plutonium-239 and ~240. Both are limited by the EFA to
cunilative releases over (0,000 vears of 100 curies pex 1,000 MTHM, or 1,000
curies per 1,000 MTHM for unlikely events. Expected release under the
valeanigm gcenario for each of these isotopes is 23 curies per 1,000 MTHM.
All other 1isotopes are released in quantities that are much smaller relative
to the EPA limits.

It ig also unlikely that faulting and strong ground motion could cauee
loss of containment or isolation. Fault displacement could rupture waste
disposal containers intercepted by the fault; however, care will be taken
during repository development to avoid recognizable faults that appear to
have any possibility of renewed activity. Discusslons in the previous
section Indicate that earthquakes associated with large displacements are
likely to occur on prominent fault zones that have already been recognized;
an avoidance strategy is therefore plausible during container emplacement.
In addition, the unsaturated conditions at Yucca Mountain limit the water
available to dissolve and transport radionuclidee so much that the potential
for loss of isolation i8 very small. Another concern is the ground motion
resulting from a nearby earthquake. This motion is unlikely to be sevare
enough at depth to cause container rupture, as indicated in Lthe discusslon in
the preclosure disqualifying condition (Section 6.3.3.4.5). Strength
requirements that will be imposed on the containers during surface handling
will require that containers be able to withstand impact velocities durlng
drop tests that are much more severe than are likely to be experienced after
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emplacement in the repository. Furthermore, studies by Sinnock et al. (1984)
have shown that EPA limits on cumulative curles relegsed to the accesaible
environment are not violated for waste package contalnment times s short as
300 years and fluxe: that ave 40 times the upper hound o~f 0,5 millimeter
(0,02 1inch) per yea.: (sec Section 6.3.1.1 for calculation of ground—-water
travel times to the accessibla environment and Section nH.4.2 for estimates of
releases of radionu:lides to the accessible environment .

At this time, wo plausible scenarlios have heen devw«loped that suggest
earthquakes, faulting, or volcanic activity is likely o lead to unacceptable
releases of radionuclides.

Conclusion

On the basis of presently available data and interpretations for the
Yucca Mountain site, the rates and magnitudes of tectonic processes during
the Quaternary Period were relatively low. No mechaniams have been Identi-
fled whereby the exnected tectonlo processes or events could lead to unac-
ceptable radionuclide releages. Therefore, on the hasis of the above evalu-
ation, the aevidence does not sBupport a finding that the site is not likely to
meet the qualifying condition for pestclesure tectonics (level 3).

6.3.1.7.7 Plans for site characterizatlion

During site characterization, field investigations will continue to
evaluatae the taectonlec activity of the Yuecca Mountain site and surrounding
ragion. These investigations will include (1) more trenching, including
trenehing paralliel to secarps as well as across scarpe, to evaluate possible
strike~alip motion, (la) search for obscure fault scarps with low sun-angle
aerial photography, (1b) more detailed geomorphic studies of the faults using
state~of-the~art structural geomorphology techniques; (2) monitoring of
carthquake activity at the site and in the surrounding region; (3) monitoring
of ground motion in drill holes; (4) precise monitoring of geodetic positions
and elevations; (5) more studies of geomorphic history during the Quaternary
Period; (6) additional measurements of in situ stress in drill holes and
underground workings; (7) compilation of various types of structural
syntheses of the geology of the Nevada Test Site {(NTS) regilon; (8) compila~
tion of combined geologic maps of Yucca Mountaln ahowlng detalled Quaternary
fault distribution together with detailed distribution of Quaternary strati-
grahic units; (9) compilation of earthquake eplecentral plots by fractional
magnitude intervals to evaluate conceptual models of the seismic quiet zone
southeast of the NTS. In addition, more data on the geohydrologle system
will be obtalned, which will ensble the local ground-water eystem to be
modeled in detail. 7This modeling will then permit the effectes of credible
tectonic events on ground-water flow and radionuclide transport to be
degceribed. '



6.3.1.8 Human interfevence technical guideline (10 CFR 960.4~2-8): Natural
regsources (10 "JFR 960.,4-2-8-1) and site ownership and control
(10 CFR 960.4--2-8-2)

6.3.1.8.1 TIntroduction

This guideline coatalns two quslifying conditione. Jne 1ta for the
natural regources guidz2line, and one is for the postelosu : site ownership
and control guldeline. The poatclosure site ownership ard control guildeline
is discusged in Sectlon 6.2.1.1,

The qualifying condition for this guideline is as foll ws:

The site shall be located such that--congidering permanent markers
and records and reasonable projections of value, scarcity, and

technology—~the ratural resources, Including ground water suitable
for crop irrigation or human congumpilon without treatment, present
at or near the site will not be likely to give rise to interference
activities that would lead to radionuclide releases greater than

those allowable under the reguiremesnts specified In Section 960.4-1.

The human interference technical guldeline consists of the natural re-
sources and postclosure site ownership and control technical guidelines, The
guldeline on natural resources addresses geneval concerng about surface and
subsurface resources, including minerals, energy resources, and ground water.
it considers these resources with respect to reducing or removing the locepn-
tives for economically motivated postclosure human-interference activities
that could adversely affect the isolation capabllitties of a site. The
guideline on site ownership addresses the requirements of the Nuclear
Regulatory Commission for the U.S. Department of Energy to obtaln ownership
and surface and subsurface rights to land and minerals within the controlled
area of the repository. This section evaluatea the Yucca Mountain site
agalnst the overall qualifying coundition for human Interference and agalnst
the conditions of the natural resources guideline., Section 6.2.1.1 provides
relevant data and the evaluation with respect to the site ownership and
conkrol guideline.

The natural regources guldeline containa two favorable conditions, five
potentially adverse conditions, two disqualifyifog conditions, and one.
qualifylog condition. The site ownership and control guideline contains one
favorable condition, one potentially adverse condition, and one qualifyilog
condition. Table 6-37 summarizes the evaluations for the natural resources
guldeline, except the disqualifying conditions. See Section 6.2.1.1 for the
summary table for site ownership and control.

6.3.1.8.2 Data relevant to the evaluation

The energy- and mineral-resgurce potential of Yucea Mountain and sur-
rounding areas has been evaluated by Bell and Larson {1982) and by Quade and
Tingley (1983). Boreholes have been drilled in and around Yuceca Mountain for
the Nevada Nuclear Waste Storage Investigaticons Project (Maldonado and
Koether, 1983; Spenglexr et al., 1981; Scott and Castellanos, 1984), and core
samplea and drill cuttioge have been routinely analyzed by geocherical
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Table 6~37.

Summary of analyses for Section 6.3.1.8; human interference technical guideline

{10 CFR 960.4~2-8): natural resources {10 CFR 960.4~2-8~1) and site ownership and
control (10 CFR 960.4-2-8-2) (gee Table 6-2)

Condition

Department of Energy (DOE) finding

FAVORABLE CONDITIONS

(1} ¥Nec kuown natural resources that have, or are

(1)

projected to have in rhe foreseeable future, a
value great enough to be considered a commer~
cially extractable resource.

Ground watey with 10,000 parts per million or
more of total dissolved soiids aleng any path
of likely radionuclide travel from the host
rock to the accessible environment.

The evidence indicates that this favorable condition
is present at Yucca Mountain: no present or pro—
jected uranium, hydrocarbon, or critical miseral
resources have been identified; potential develop~
ment of ground water for irrigation is not expected
because of unsuitable topography and great depth of
water table,

The evidence indicates that this favorable condition
is not present at Yucca Mowntain: ground water has
total dissolved solids less than 300 parts per
wiliion.

POTENTIALLY ADVERSE CORDITIONS

Indications that the site contains naturally
occurring aterials, whether or not actually
tentified in such form that (1) economic
extracticn is potentially feasible during
the foreseeable future ¢r (ii) such materials
have a greater grosg value, net value, Or
commercial potential than the average for
other areas of similar size that are repre-
gsentative of, and located in, the geologic
setting.

The evidence indicates thar this pctentlally adverse
condicion is net present at Yucca Mountain: no
eritical or unique energy, merallic, or nonmetallic
resources have been identiffied in the site vicinity.
There 1z no credible potential for the use of water
resources for agriculture.
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Table 6-37.
(10 CFR 9$60.4-2-8):

Summary of analyses for Section 6.3,1.8; human interference technical guideline
natural resources (10 CFR 960,4~2-8-1) and site ownership and

control (10 CFR 960.4-2-8-2) (see Table 6-2) (continued)

Condition

Department of Energy (DOE) finding

(3)

4)

EFel T aee w. subsurface efcing or extraction
for recources within the site 1f it could
affect waste containment or isolation.

Evidence of driiling within the site for any
purpose other than repository-site characrer—
ization to a depth sufficient to affect waste
containment and isolation.

Evidence of a significant concentration of
any saturally occurring material that is not
widely available from other seurces:

Potential for foreseeable human activities—-
such as gromad-water withdrawal, extensive
~.7igation, subsurface injection of fluids,
underground pumped storage, military activi-
ties, or the (onstruction of large-ascale sur-
face~water impoundments——that could adversely
change portions of the ground-water flow
system lmportant to waste isolation,.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mouantain: no
evidence of subgurface mining or extraction for
resources has been found at the site.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain: there
has been no driiling at the site except for mcmpcmt
tion for the potential repository.

The evidence indlcates that this poteatially adverse
condition is not present at Yucca Mountain:
resources In the site vicinity are also found out-
side the vicipity where they are more abundant mnn
can be extracted wore economically. .
The evidence indicates that this potentially adverse
condition 1s not present at Yucca Mountain: ground-
water development for irrigation is not expected
because of unsuitable topography and great depth to
the water table. If extensive withdrawal of ground
water lowered the water table, improved waste
isolation would result because of increasss in
unsaturated zone travel times. Limited energy and
mineral resources limit the potential for human
activities.
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Table 6~37. Summary of analyses for Section 6.3.1.8; human interference technical guideline
(10 CFR 960.4-2-8): natural resources (10 CFR 960.4-2-8-1) and site ownership and
control (10 CFR 960.4-2-8-2) (see Table 6-2) {(continued)

Condition

Department of Energy (DOE) finding

QUALIFYING CONDITION

Human Interference: natural resources

The site shall be located such that——considering
permanent markers and records aund reasonable pro-—
jections, of value, scarcity, and technology—the
natural resources, including ground watér suitable
for crop frrigation or humaun counsumption without
treatment, present at or near the gsite will not be
likely to give rise to interference activities
that would lead to radiomuciide releases greater
than those allowable under the requirements speci-
fied in Section 960.4-1.

Human interference: site owmership and control

See Table 6-2 for second human Interference
quailiy:inz coadition which 1s the gnalifyiong con—

e

dirion for postclosure site ownership and control.

Avallable evidence does not support the finding that
the site 1s uot likely to meet the qualifying condi-
tion (level 3}: no known valuable natural resources
are present, and potential for future natural
resources is low; permanent markers are expected to
remain effective and discourage future human inter—
ference.
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methods, Field exploration and geologlic mapping have been conducted by the
U.8. Geological Surve: {(Christiansen and Lipman, 1965; lipman and McKay,
1965; Scott and Bonk, 1984)., Archaeological surveys have been conducted in
the site area to deLeut hisforigal evidence of resource extraction activitiea
(Pippin et al., 1982; pippin, 1984).

Geothermal rescurces 1in the area were Iinventoried by Garside and
Schilling {1979}, and evaluated by Trexler et al. (1979, The hot eprings
stndied are northwest and south of the Yucca Mountain s :2. Data from the
slte-apecific 1nvestigations were compared to the genarsl requirements in
White (1973) in order to determine geothermal resource yotentlal, Detalled
discussions of the poucential for energy and mineral ruruurces, including
assumptions and data uacertainties, ave presented tu Seciion 3.2.4.

A grouvnd~water rasource potential map has heen prepared by Simmogk and
Fernandez (1982). Data on water quality in the site vicinity -have béen
obtained by Benson et al. (1983) and Winograd and Thordarson {1975). The
regional ground-water flow model for the site 1s discussed in Sectien 3.3.2,
which alse Includes discussions of ongoing work.

6.3.,1.8.3 T¥Favcorable conditions

(1) No known natural resources that have or are projected to have
in the foreseeable future a value great enough to be conasidered a
commerclally axtrautable resource,

Evaluation

Present knowledge of the status of energy reBOurcé% at or near the site:
suggests that (1) thers is no potential for any commercially;attraétive geo~
thermal or hydrocarbon resources at or near Yucca Mountain and (2) there is-
ng indlcation of uranium resources at Yucca Mountain, The energy resources
appraised by Bell and Larson (1982) include hydrocarbons {e.g., oil, gas, oil
shale, and coal); low- to moderate~temperature sources of geothermal energy;
and radioactive minerals ({.e., uranium and thorium). None of the project
boreholes have shown evidence of the presence of energy or mineral resources
{(Maldonado and Koether, 1983: Spengler et al., 1981; Scott and Castellanos,
1983)., The area around Yucca Mountain is extremely well known in terms of
heat fiow. Hot springs and wells were inventoried and evaluated by Garside
and Schilling (1979) and Trexler et al. {1979)., Data from more than 60 wells
{some as deep as 1,800 meters (6,000 feet)) is available, and water tempera-
tures range from 21 to 65°C (70 to 149°F). With present technology, this
temperature range 1s insufficient for commercial power generation, which
requires temperatures of at least 180G°C {350°F) {White, 1973). S8pecific min=-
eral resources appralsed include base and precious metals (e.g., silver), as
well as significant {ndustrial minerals and rock materials (e.g., gravel). .
bDetailed informatlon supporting this evaluation I8 presented in
Section 3.2.4, and a resource map is shown in Figure 6-23. . -

Although ground water {a usged for irrigation in Ash Meadows and in the
Amargosa Valley, it 1s unlikely to be used for irrigarion at Yucca Mountaln

because of the rugged terraln and great depth to the water table (Sinrnock and
Fernandez, 1982). Supporting data for this evaluation are given 1in
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BASE AND PRECIOUS METALS AND ASSOCIATED MINERAL DERPQSITS, MAY INCLUDE GOLOD,
SILVER, ANTIMONY, MERCURY, COPPER, IRON, LEAD, TITANIUM, TUNGSTEN, AND/OR ZINC.

INDUSTRIAL MINERALS. MAY INCLUDE BENTONITE KAQLINHALLOYSITE CINDERS, GRAVEL.,
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URANIUM OGCURRENCES.

‘ﬁ' MINING DISTRICTS OR LOCATIONS DISCUSSED 1M TEXT

EXB vucCA MOUNTAIN SITE.

Figure 6-23, Locatlon of metallic ore deposits, industrial minerals, thermal
waters, and mining districts in the vicinity of Yucca Mountain., Modified from
Bell and Larson (1982) and Trexler et al. (1979).,

6-286

e e L P e o b aaw U



Section 3.6.3,3, which discusses the uses and sources of water in the
Amargosa Desert. Other pertinent Informatlon capn be found in the hydrology
(Sectlon 6.3.3.3) and sucloeconomics {Section 6.2.1.7) guidelines.

Conclusion

There ara no kvow. natural resources that have, or are prolected to have
in the foreseeable future, a value great enough to be cone lured commercially
extractable. Therefore, the evidence indicates that this iavorable condition
is present at Yucca Mountain.

(2) Ground water with 10,000 parts per million or mo: . of total
dissolved sclids along any path of likely radionuclide travel from
the bhost rock te the accessible environmepnt.

Evaluation

Most samples of yround water obtained to date from wells and spriugs
throughout the region, including the Yucca Mountaln area, have total-
dissolved-solids {TDS) concentrations of less than 300 parts per million
{Benson et al., 1983). Winograd and Thordarson {1975) teport a TDS value of
B86 parts per million for Well J-11 1n Jackass Flate. Thusg, ground water
with 10,000 parts per million or more of total dissclved solids probably does
not occur aleng any flow path.

Cunclusion

‘Reported analyses of local ground water indicate that 1t is unlikely
that the. total dissolved solids could reach or exceed 10,000 parts per
million in the ground water along any path of likely radionucliide travel from
the host rock to the accessible environment. Therefore, the evidence indi~
cates that this favorable condition is not preseat at Yucca Mountain.

1

6.3.1.8.4 Potentially adverse conditions

(1) Indications that the site contains naturally occurring
materials, whathar or not actually identified in such form that
{i) economic extraction Is potentially feasible during the
foreaeeable future (i1) or such materials have a greater gross
value, net value, or commercial potential than the average for
cther areas of similar size that are representative of, and located
in, the geologic setting.

Evalugtion

Resource-potential gurveys of the region (Bell and Larson, 1982; Quade
and Tingley, 1983) are explained in Section 3.2.4 (and briefly discussed
under the favorable condition of this guideline}. No energy, metal, or pon-
metal resources unique to the site vicinlty or critical to foreseeable
national needs have been identified. The rescurces identified within the
site vicloity are of lower value than similar resources In surrounding
regions. On the basis of the prelimirary information discussed in sections
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3.2.4.2 and 3.2.4.3, Yu-cca Mountain is not coneidered to have any potential
for the development of natursl resources under foreseeable economie con-
ditions and extraction rechniques. As pointed out under potentiaslly adverse
condition 2, Section ©.3.1.1 {(Geohydrology), some water vresourceg are
present. However, depths to ground water, topographic c.uditions, soil
unsuitability, and lani-use restrictilons at the repositor, wite 1limit the
avallability and attra.tiveness of this ground-water resou.r: now and in the
future,

Conclusion

Yucca Mountaln has ne energy or mineral resources {¢ which economic
extraction is poteatially feasible in the foreseeable futu:rs2. No resources
are known to be present at Yucca Mountaln that have greater commerclal
potential thaa other areas in its geologic setting. The site does not
possess water resources that would meet the criteria sanated in the
potentially adverse condition. Therefore, the evidence iudicates that this
potentially adverse condition ls not present at Yucca Mountain.

(2) Evideuce of subsurface mining or extraction for resgurces
within the site 1f it could affect waste containment or {solation.

Evaluation

The resource-potential survey of the region did not identify any
evidence of significant wmining-related operations at the Yuccs Mountain site.
The entire area has been mapped by the U,S. Geological Survey, and ne
evidence of gignificant subsurface mining hae been reported. There 1z little
l1ikelihood that unknown excavations other than shallow prospecting pits exist
at the glte.

Conclusion

There has been no subsurface mining or extraction for resources at Yucca
Mountain. Therefore, the evidence Indicates that thig potentially adverse
condition 1s not present at Yucca Mountsin.

(3) Evidence of drilling within the site for any purpose other
than repository-site evalvation to a depth sufficlent to affect
waste containment and isolation.

Fvaluation

Before waste storage investigations began, two boreholes existed in the
area of the proposed site: Well J-13, which is 7 kilometers (4 miles) south-
east of the site, and Well J-12, which 1e approximately 15 kilometers
(9 miles) to the northeast. The slte is in au area of federally controlled
iands, most of which were restricted in the early 19508 to prevent public
access. Furtherwore, the entire area has been mapped by the U.8. Geological
Survey. Consequently, there is little likelihood that unknown wells, bore-
holes, or excavations other than shallow proupecting pits exist at the site.
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Conclusion

There has been no rilling at Yucca Mountain except that for evaluation
of the potential repository site. Therefore, the evidence indicates that
this potentially adverss condition is not present at Yucca wsountain.

(4) Evidence of a significant concentration of any naturally
occurring materiai that is not widely available from .-:her sources.

Evaluation

The resource-poteniial survey Ffound no indication . material or
regources that are unique to the site or critical to national needs (see
favorable condition 1 for this guldeline). Significant mineralization does
not generally osccur within the type of volcanic rock present in the area of
Yucca Mountain. Furthermore, the survey indicated that any material
resources found 1n the site vicinity are also found outside thls area, Those
outslde the area typically have more economic value or are more easily
extractable.

Conclusion

There 18 no evidence of any significant c¢oncentration of potentidlly
valuable natural resourceas at Yucca Mountailn that are not widely available
from other sources. Therefore, the evidence indicates that this potentially
adverse condicion is not present at Yucca Mountain.

(3) Potential for foreseeable human activities-—such as ground—
water withdrawal, extenisaive irrigation, subsurface fnjection of
fluids, underground pumped storage, military activities, or the
congtruction of large~scale surface-water impoundments~—that could
adveraely change portions of the ground~water flow system important
to waste isolation.

Evaluation

The potential for extensive ground-water extraction at or near the site
is evaluated in detail 1n potentially adverse condition 2 of Section 6.3.1.1
(Geohydrology). Although potable ground water is present beneath Yucca Moun-
tain, future generatlons are not likely to drill and extract water from the
top of Yucca Mountain, because drilling and extraction would be easier and
more econgmical in the surrounding area. Extensive pumping of Well J~i3,
which 18 7 kilometers (4 miles) southeast of the Yucca Mountain site in
Jackass Flats and draws water from the tuffaceous aquifers, has not resulted
in measurable regional declines in the water table. This suggests that
ground-water extraction in Jackass Flats would not likely induce significant
changes in the ground-water flow system. Furthermore, extensive pumping and
drawdowm of the water table would improve the isolation potential of the site
because 1t would increase the thickness of the unsaturated zone, resulting in
longer travel times to the accessible environment., The depth of the water
table and rock conditions at Yucca Mountain would make underground pumped-
gtorage schemes uneconomical. Also, because of the low energy~ and mineral-
potential of the Yucca Mountain site, it is considered unlikely that any com—
mercial or industrial development that would vse water, or require subsurface
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injectione of fluids, vould be located in the area. No military activities
that affect the ground -water system are foreseen.

Conclusion

The Yucca Mountain area has very limited potential fur the large-scale
development of any ki.d of water resources; consequently, wodification of the
ground-water flow system 1s unllkely. Water use or waste -'iuid production by
commercial resource development 1s not 1likely in the area. Furthermore, any
changes that increase the thickness of the unsaturated # no are likely to be
favorable to waste 1solation. Therefore, the evidence inlicates that this
potentially adverse condition 1s not present at Yucca Mouu aln.

6.3.1.8.5 Disqualifying conditions

A site ahall be disqualified ff--

(1) Previous exploration, mining, or extraction activities for
regources of commercial importance at the site have created
significant pathways between the projected underground facility
and the accessible enviromment, or:

Evaluatlon

Thorough examination of the Yucca Mountain site and comprehensive
searches of literature and mlning claim files have disclosed no evidence of
ground-disturbing activities. Seavches have included the followlng:

1. Archaeologlcal field surveys over more than 28 square kilometers
(11 square miles) for historical artifacts, prospects, or other
indicatore of resource extraction at the site (Pippin et al., 1982;
Pippin ' 1984 ) .

2. A resource-potential survey including searches of mining literature

and claim files for records of past interest in, or activity at, the
site (Bell and Larson, 1982; Quade and Tingley, 1983).

3. Geologic mappiug of the entire area by the U.S. Geological Survey
(Christiansen and Lipman, 1965; Lipman and McKay, 1965; Scott and
Bonk, 1984),

It is extremely unlikely that unknown excavations exist at the site.
The aite is in an area of federally controlled lands, most of which were
restricted in the early 19508 to prevent public sccess and thereby excluded
from the development of even small-scale mining operations.

Conclusion

There have been no previous exploration, mining, or extraction activi-
ties for resources at the Yucca Mountain site. No siganificant pathways have
been created between the projected underground facility and the accessible
environment. Therefore, on the basis of the above evaluation, the available
evidence does not support a finding that the site i& disqualified {level 1).
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{2) Ongoing or likely future activities to recover presestly valusble
natural mineral resources outside the controlled area would te
expected to lead (» an inadvertent loss of waste imolation.

Evaluation

As dascribed in ‘hapter 3, Bell and Larson (1982) {.vestigated the
resource potential around Yueez Mountalas and identified o wnergy, meatal or
nonretal resocurces unique to the site vielnity or critice: to foreseeable
natlonal needs. Figure 6-23 shows the location of metal ‘leposits, industrial
minerals, and thermal waters in the viclanity of Yucca ko .ataln. Minor
amounts of uranium have baen reported west of Yucca Mour.tain at Bare
Mountain, but no uranium mines or prospects heve been daveloped. The nearest
mining sctivity {is about 5 Wiloweters (3 miles) wesat of Yucca Mountain.
Industrial minevala are being extracted from shallow mines ln that area.

Conclusion

Only shallow mining of industrial minerals now exlsts in the vicinity of
Yucca Mountain. No resources have been identifled that would be likely to
cause increased mining activities. There are no ongoing or expectad future
activities to recover presently valuable natural mineral resources outaide
the controlled area that could be expected to lead to inadvertent loss of
waste isolation. Tharefore, the evidence does not support a finding that the
site is disqualified (level 1).

6.3,1.8.6 Evaluation and conclusion for the qualifving condition on the
natural resources. part of the postclosure humdn Interference
technical guideline

Evaluation

A thorough examination of the resource potential for Yucca Mountain has
been made, including geologlc mepping of the area and a reacurce-potential
survey. Thesge arudies indicate nc known natural rescurces or naturally
accurring materials that currently have significant commercial value.
Furthermore, they have not identified any resources or materials that are
likely to become commercially attractive in the future, Evidence of subsur-
face drilling, mining, or exploration has not been found. Extensive ground-
water withdrawal near or at the site would be likely to improve the isolation
potential by increasing the travel times to a deeper water table.

Permanent markers that would warn future generations of the danger of
the repository can be installed at Yucca Mountain. Purthermore, some of the
characteristics of the site, such as the extremely arid climate and the low
population density in the surrounding region, are favorable to the pre~
servation of permanent markera. No site-specific factors that would be
likely to compromise the effectiveness of such markers have bean identifiad,
and none are likely to be present. . : .
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Conclusion

Currently, the ‘licca Mountain saite has no kaown wuluable natural
resources, and no natural resources have been ldentifled chat are itkely to
become sufficiently valuable in the foreseeable future :hat they would -
encourage Interference activitlies that could lead to unacu.eptable releases of
radionuclides. The valy regource of valus {8 ground wat v, and extensive
withdrawal could favsrably affect portions of the ground sater flow system
important to isoclation by Iincreasing the thickness of th: unsaturated zone.
Extreme aridity and low population density help to gusi 2t.zee that an effec-
tive system of permanent markera can be iwgtalled. The.efore, on the basls
of the above evaluatilow, the evidence does not support &« finding that the
eite 18 not likely to meet the qualifying condition for postclosure human
interferenca (level 3).

6.3.1.8.7 Plans for site characterization

The affects of ground-water withdrawal in various pacts of the area sur-
rounding the Yucca Mountaln site will be better established by hydrolegic
information collected during site characterization. Additional data on
hydraullc gradients and ‘relationships amoung ground-water basins and sub-
kasine will be particularly useful. for refining regional hydrologic models..
The need for additional Information on resource potential will. be evaluated
during site characterization,

vha e

6e3e2 POSTGLOSURE-SYSTEMHGUIDELIHE (10 CFR 960.4~1)
6.,3,2.1 Introduction .

The qualifying condition for this guldeline is as follows:

The peologic setting at the site shall allow for the physical
separation of radioactive waste from the accessible eanvironment
after closure iIn accoxrdance with the requirements of 40 CFR Part
191, Subpart B, as implemented by the provisiona of 10 CFR Part 60.
The geologic setting at the site will allow for the use of
englneered barriers to ensure compliance with the requirements of
40 CFR Part 191 and 10 CFR Part 60.

The postclosure system guldeline defines general requirements for the
pertormance of the entire waste didposal system after the repository has been
closed. These performance requirements are based generally on the objective
of protecting the health and safety of the public until the radioactivity of
the waste has dacreased to safe levels (i.,e., 1,000 yeavs) ahd specifically
on the requirements of ‘the U.8: Envirommental Protection Agency (EPA)

40 CFR Part 191 (1985) :and: the Nuclear Regulatory Commiaaion {NRC)
10 CFR Part 60 (1983).
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The waste disposal system consists of a natural barrier subsystem (the
geologic setting at the site) and an engineeved barrier subaystem (the waste
package and the mined .epository excluding boreholes, shaits, and aeals).
The role of englneered barriers as part of the Lotal wasta dlsposal system 1is
recognlzed by both the EPA and the NRC; both of these ager«ies have estab-
lished specific perfo-mance requirements or oblectives In 40 CFR
Part 191 (1985) and U CFR Part 60 (1983), respectively., IMowever, the
objective of the sirirvg guldelines I8 to ensure the selec! on of 8 site that
has the required capability for waste isclation. For this reason, the merits
of the geologlc setting at the site have been evaluated 'ndependently from
any englneered features that would be used, and engineere.. harrilers have been
considered ouly where unecessary to establish a referance condition for

evaluating the potential effectiveness of particular site conditions (Sec-
tion 6.4.2).

At this stage of eite investigatlions, the data that have been callacted
and analyzed are insufficlent for assessing the performance of the total
wagte disposal system, its subsystems, and components ¢r the uncertaintles
agsociated with each component., Such an assessment will be conducted aftew
site characterization and the fipal design of the repository have been
completed., Therefore, final conclualons about the ability of the Yucca
Mountain site to comply with the postclosurs system guideline are neither
possible nor expected at present. It is, however, possible to make judg-
ments, based on the quantitative and qualitative evaluations reported in this
sectlion, about the degree of confidence that the site will indeed be shown to
comply with the system guldeline after site characterization.

6.3.2.2 Evaluation of the Yucca Mountain site

The approach used in evaluating the Yucca Mountain site against the
postclosure system guldeline Is bhoth quantitative and qualitative. The
quantitative approach predicts the quantity of radionuclides that would be
released from the repository into the accessible environment during the next
10,000 years if present site conditions persist. The assumption about pre-
sent condltions persisting in the future 1s necessitated by the unavoidable
uncertainty about specific future conditions at Yucca Mountain (or any site).
The predictiones are based on limited information about the site and simple
modeling techniques. Thelir sole purpose is to establish the general range of
expected site performance.

The qualitative approach balances the porential influences of the
favorable and the potentlally adverse coanditione in the technical guidelines.
This approach 1is judgmental because the relative importance of particular
favorable and potentially-gdverse conditlons must be weighed in relation to
their potential effects on the behavior in the context of the overall setting
at Yucca Mountain.|, Nonetheléss, evaluations of the site against these condi-

tions can sirongly, indicate whether a slte has the features needed for long-
term waste isolatipn.

The data on which .the quantitative and qualitative analyses are hased

are summarized in sections 6,3.1.1 through 6 3.1.8. The asualyses of Sinnock
et al., (1984) and Thompson et al. (1984) supplement the analyses in this
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sectlon and provide ad'itfonal detafl., Sinnock et al. (1934) and Thompson et
al. (19843 also used early estimates of ground-water flux (Sass and
Lachenbruch, 1982) and estimates of matrix diffusion {Travis et al., 1984) in
some of their calculationsa,

6.3.2.2.1 Quantitative analyses

In Section 6.4.2, the predicted performance of sim 1z system and sub-
system models f{s inforually compared with silx regulatory ~riteria specified
by the U.S. Envirunmental Protection Agency (EPA) (40 CFR art 191, 198%) and
the Nuclear Regulatory Commisalon (NRC) (10 CFR Part 60, 1983):; the waste-
contalument requirements of 40 CFR 191,13, the indiviiaal protection
requirements of 40 CFR 191.16, the ground-watey protection requirements of
40 CFR 191,16, the ground-water travel time specified 1n 10 CFR 60,113, the
performance objective for the waste package specified in 10 CFR 60.113, and
the fractional radionuclide~release rate from the enginesred bharrier system
gpecified in 10 CFR 60.113 (see Table 6-51 in Section 6.4,2). The comparison
shows that the Yucca Mountain glte, as described by the simple model dis-
cugsed in Section 6.4,2, would meet all of these criteria. In regard to the
isolation requirvements of 40 CFR 191.13, the cumulative release of radio-
activity (in curies) to the accessible envivonment for the first 10,000 years
after repository closure is predicted to lie well below the EPA limits for a
wide range of the fractional radionuclide-release rates from the engineered-
barrier system. As & corollary, releases to the saturated zone under Yucca
Mountaln are predicted to be zero for the first 10,000 years, and the modeled
system meets the ground-water protection requirements of 40 CFR 191.16. The
expected ground~water travel tlme is greateyr than 10,000, with an average
travel time of 43,405 years; hence the modeled system also meets the perfor-
mance objective of a 1,000-year pre~waste—~emplacement ground-water travel
time in 10 CFR 50.113. The lifetime of the model waste package 1s expected
to exceed 3,000 years, which is substentially longer than the performance
objective (300 to 1,000 years) of 10 CFR 60.113. PFinally, for the upper
bound flux estimate, time-averaged fractional radionuclide release rates from
the engineered barrier system are predicted to be 1 part In 100 willion per
year or less, which {s only one-thousandth of the 1limit specified in
10 CFR 60,113, a release of 1 part in 100,000 of the waste species present
1,000 years after repository closure,

Other analyses that supplement the conclusions presented here have been
made and described in detaill by Thompson et al, {1984) and Sionock et al.
{1984). Thompson et al. {1984) completed their study before evidence became
available that the upper bound on flux of ground water at the repository
level 18 probably 0.5 millimeter {(0.02 inch} per year (Section 6.3.1.1.5).
They chose a vertical flax through the reposttory of 5 millimeters (0.2 inch)
per year as the midpoint of the flux range (1 to 10 millimeter (0.04 to
0.4 inch) per year) suggested by early studies of Sass and Lachenbruch
{1982), The release of radionuclides into this flux was assumed tfo begin 300
years after waste emplacement. The relesse rate was asnsumed to be determined
by an overall waste-dissolution rate of one part ian 100,000 per year of the
total mass of the waste (in the form of both spent fuel and high-level waste
convarted to borosilicate glass). Sorption was the only retardationm
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mechanlem assumed to &:fect radicnuclide transport 1in the wmoving wuter. In
this study, only two radionuclides, carben-14 and techaetium—~99 (both
nonsorbing), were predicted to reach the accessible environment (ai that
time, this was a point 10 kilometers (6.2 miles) horizont.ily distant from
the repository) within 10,000 years, The estimated quantiiies released from
1,000 metric tons of i2avy metal (MTHM) were about 1 curin of carbon-14 and
8 curies of technetiws~99, The release limlts establish.-i1 by the EPA for
these nuclides in 40 CFR Part 19! (1985) are 100 and 10,0ui, curies per 1,000
MTHM, respectively. Thus, the early quantitative analys: 3 of Thompson et al,
(1984) indicated that the site, In and of itself, could .‘mit radionuclide
releages to the accessible environment to about 2 percent ¢ those allowed by
the EPA standards provided that flow was In the rock matrin.

More recently, Sinnock et al. (1984) analyzed the sensitivity of
releases (both from the waste form and to the accessible environment) to
variations 1n the water flux through the repository and to waste-form
gsolubility, Their retults indicate that the Yucca Mountain site would comply
with the established EPA release limits even 1f the watur flux reached
20 millimeters (0.8 inch) per year, a&ssuming that radionuclide releases from
the waaste forms are limited by the solubility of uranium oxide and glass and
the phenomenon of matrix diffuelon (Travis et al., 1984} retards transport in
fractures by a factor of at least 100, and perhaps 400. The results of thie
study also suggest that the NRC limits for the fractional radlonuclide
release rate from the engineered barrier aystem can be met without any
engineered barriers other than the waste form because the amount of water
likely to be in contact with the waste ig insufficient Lo cause higher rates
of waste dissolution.

Three conclusions can be derived from the study by Sinnock et al,
(1984). First, flux values up to 40 times the current upper bound of
0.5 millimeter (.02 inch) per year are not expected to cause releases Lo
exceed limits. Second, the unsaturated zone ie faveorahle for waate isolation
because waste dissolution is limited by low flux. Third, geochemical retar-
dation (sorption) 1s not necessary to satisfy performance objectives, and
hence the presence of a zeolitized zone beneath the repository horizon
provides additlonal asgsurance that radionuclide release and transport will
not occur even under extreme conditions. However, the study did rely on the

phenomenon of matrix diffusion Lo meet standards at the higher values of
flux.

The performance studies summarized above are first steps toward
developing confidence in the waste-isolation capability of the geologic
setting at Yucca MHountain, Thevy do not substitute for the detalled
performance assessment that wlll be made after data from site character-
ization become avallable. These preliminary studies have used analytical and
computational teools that are considered valid and reasonable, but have not
all been formally validated and verified. Furihermore, these preliminary
studies have not considered disruptive events and processes that could alter
the expected pattern of waste release (i.e., climatic changes, tectonism,
erosion, and human interfereunce). Although some discussion of disruptive
events is given in Section 6.4.2, a complete set of disruptive-event
acenarios pertinent to Yucca Mountain cannot be identified until site
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characrerization is cnupleted, Many of the favorable and potentially adversa
conditiong 1n the guidelines deal with potentially discuptive events. The
evaluations in sections 6,3.1.1 through 6,3.1.8 summarize the kpowledge, some
of which ig quantitative, that has heen gathered about thew.

To compensate fo. uncertainties caused by limited in o:nation about the
slte and the design o¥ the repository, many of the assump ioms uced in these
pretiminary studies are conservative, 1In particular, the €following conserva-
tive assumptions should be noted:

1. 1In some of the studies, no credit was taken for ¢ igineered barriers
In evaluating the performance of the repository, even cthough a
realigtic evaluation cannot bhe made without considering the
contribution of engivnesred barriers,

2. In some of the studles, the percentage of the total water flux
passing through the repository that actually reaches and disgolves
the waste was assumed to be much higher than 1a likely (see the
diascuagion of the gechydrology disqualifying condition in Section
6.3.1.1.5),

3. In all of the studies, a uniform vertical dowawsrd filux at the
repasitory level was assumed. No consideration was given to the
posaible diversion of some or of all the percolating water along the
generally longer, horizontal flow paths by stratigraphic or
structural features In the rock units below the repository.

4. In some of the earller studies, the thickness of the unsaturated,
highly sorptive tuffaceous beds of Calico Hillas was assumed to be
only 100 meters (330 feet) for the calculations of flow time and
radionuelide transport. However, the thickrnass of the Calico Hills
unit below the proposed repository horlizon iz 100 to 350 meters
{330 to 1,150 feei) (see Figure 6-2),

5. None of the studles took credit for the potentlial drying effect of
heat emitted by the waste on the rocits around the waste~emplacement
holes or on water entry into waste diaposal contalners {(see the
digscussion of the geochemistry second favorable condition im
Section 6.3.1.2.3).

In combination, the results obtained using these conaservative
agsumptions lend confidence ro the conclusion that, after site characteriza-
tion, the Yucca Mountain site will be shown to meet the postclosure 3ystam
guideline (10 CFR 960.4-1(a), 1984).

6.3.2,.2,2 Qualitative analysis

The evaluations againet the favorable and potentially adverse conditions
of the posteclogure technical guidelines show that the Yucce Mountain site
renalns eligible under all of the postclosure technical guidelines and 1s not
disqualified under any of the five postclosure guldelines that contain a dis-
qualifying conditicn (seections 6.3.1.1 through 6,3.1.8)., Conclusions about
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site guitability will “e reevaluated after site characterization, when addi~
tlonal site data and :esign informatilon are available, These prelinminary
evaluatlons lead to diiferent levels of confidence about compliance with each
postclosure guldeline. The level of confidence 1s the hichest for meeting
the guidelines on ercslon, diesolution, and human interfcience; it is only
slightly lower for thr guldelines on geochemistry and rock zharacteristics.
The potentlial of the aite to meet the guldelines on geo drology, climate
change, and tecteonice engenders the moat uncertalnty., . no lIlnstance,
how2ver, 1s the level of confidence low enough to just'f & finding that
Yucca Mountain does not qualify, or 1s disqualified, wi.h seapect to any of
the technicsl guildelines.

Remaining uncertainties in evaluations of the s8ite ageinst the
postclosure tochnical guidelines stem from the scareity o7 data, incomplete
understanding of certain natural phenomena, and inability to quantify the
1ikelihood of human intrusion in the distant future. Geaerally, the more
important of these uncertainties are the potentlal for rapid ground-water
flow through fractures and for large rises in the water table in the presence
of other potentlally adverse conditions at the site. The principal natural
phenomena for which incomplete understanding leads to uncartainty are ground-
water flow, expected climatilc changes, oxidizing conditions in the unpatu~
rated zone, and tectonic processes, These and other phenomena that might
gignificantly affect waste isolation are evaluated in the appropriate
sectlons in this chapter, The inmplications of the potential effects on waste
isolation are not fully understood at present, although certain preliminary
obaservations can be mada.

Oxidizing conditions around the waste might seem to 1ndicate an
Increased potential for releases of radionuclides from the engineered
barrier system, although these conditions are not expected to cause serious
problems {see discussion of potentially adverse condition 3 in Section
6.3+1.2.4). On the other hand, the current informatlon about the water flux
and geochemical retardation at Yucca Mountain suggests that they will
decrease the potential for releases of radicnuclides to the accessible
environment. As discussed below, the low flux expected for the unsaturated
zone at Yucca Mountain would increase travel times and limit waste-
dissolutlon rates to extremely low levels. The pregence of engineered waste
disposal containers would provide additional assurance that the oxidizing
conditions, in particular, will not result in uusatisfactory performance.

The poasibility of adverse effaects due ro tectonic activity can be
examined by studying their effects on ground-water flow., The parametric
analyses by Sinnock et al, (1984) 1included evaluations of performance under
ground-water fluxes of up to 20 millimeiers {0.8 inch) per year, which ig at
least 40 times higher than the maximum flux expected st and below the
repository level. Even such high fluxes d4id not cause the predicted releases
of radionuclides at the accessible environment to exceed the proposed
U.S. Environmental Protection Agency standards. Curreni estimates of the
most likely fiux passing through the host rock at Yucca Mountain indicate
that fracture flow 1s presently not significant and further tectonically
induced increases in fracture density in the host rock would not be likely to
affect radionuclide migration. Furthermore, the rocks of Yucca Mountain have
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been subjected to active tectonism for millions of years and ave already
highly fractured 1in thy units that are brittle enough :ico fracture.
Therafore, any increase in fracturing 1s expected to be rilnor, unlens the
tectonic regime were t¢ change drastically. Overall, tectoule processes will
probably have negligible effects on flow mechanlsms In the ubsence of extreme
and rapid climatic charges,

The effecte of posgible climatlc changes represent ¢ sdrea of concern,
Posgible fncreases on unsaturated zone flux, lncreased wac.r table altitudes,
and changes in transport processes in both the uunsaturs -¢d and saturated
zoneg will be carefully evaluated during site characterisinion, To date, 1t
appears that possihle c¢limate changes over the next 10,000 vears are unlikely
to cause significant changes in the patential Ffor radionuciide releases to
Lhe accessible environments.

Human intrusion might seem to present a porential for release of radio-
nuclides that would exceed the reguletory limits. In principle, the presence
of potahble ground water beneath the site may induce future generations to
drill near the repository site to obtain water. However, no mechanisms
whereby this drilling could significantly change the total amount of waste
releaged to, or transported by, the hydrologic system have been identified to
date. Moreover, concern about the potential for human intrusion is dimin-
ished by the great depth to the water table.

In summary, the hydrolegic conditions alone are believed to be guf-
fictent to compensate for the potentially adverss conditions outlined above,
Other favorable conditions for rock characteristics, erosion, and human
interference reinforce the belief that the waste-lsolatlon capabilities of
Yucca Mountain are not likely to be serlously impaired in the future.

Therefore, even though Yucca Mountain pogsesses some potentially adverse
conditiona, the current underscanding of these conditions leads to the -con—
clusion that they will not cause significant risks for future generations,
This conclusion must be more firmly established by quantitative analyses of
both the iikelihood (when possible) and the consequences of the potentiaily
adverse conditions, Tn addition, the satisfactory performance inferred from
the presence of the favorable condltions currently thought to exist at Yucca
Mountaln must be confirmed wich more comprehensive analysesa. Proceeding in
parallel with site characterization, such analyses would identify the most
important conditlons for cousideration and provide a documented and realistic
assegsment of the risks posed by a reposltory at Yuecca Mountain,

6.3.2.3 Summary and conclusion for the quallfying condition on the
postclosure gystem guideline

Preliminary quantitative performance studies support the conclusion that
a repository at Yucca Mountain qualifies for site characterization under the
postclosure system guideline, 10 CFR 960.4-1(a) (1984), because it would meet
the U.S. Environmental Protection Agency standards in 40 CFR Part 191 (198%)
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1f present hydrologile, piologic, and geochemical conditlons (a&s presantly
understood) persist for the next (0,000 years. Furthermore, it is iikely
that the Nuclear Regulavory Commiselon limits on release vates from the
engineered barrier systew {i.e., ! part In 100,000) could be met, These
conclusions were drawn irom several independent preliminar; quantitative
analyses and qualitative judgments based on site counditions,

The effects of poientially diaruptive events or prov.sses, such as
climate changes, tectounlsm, extrame erosion, and human inte: ference have not
all been addressed by guantitative snalyses, but no real! s.ic¢c and likely
mechanisms for repository failure through such events or 1.ccesses have been
identified to date. Qualitatively, the Yucca Mountain site 1s judged to be
qualified under all eight of the postclosure technical guldeiines and is not
disqualified under any of the five guldelines that contalp a disqualifying
condition. This conclusion is supported by the overall balance between the
favorable and the potentially adverse conditions identified at Yucca
Mountain. Although the level of confidence about the existence and the
effect of Individual slte conditions does vary, the favoreble aspects of a
very small water flux and good geochemical retardatlion contribute to the high
degree of confidence sbout the ability of the geologic setiing to isolate the
waste. Therefore, the evidence does not support a finding that the site is
not. likely to meet the qualifying condition for the postclosure system
guideline (level 3).

6.3.3 PRECLOSURE TECHNICAL GUIDELINES

This section presents preliminary evaluations of the Yuccs Mountain site
against the preclosure tachnical guldelines that require site character-
tzation for the demonstration of compliance. These technical guidelines are
related to the preclosure system guideiine on the ecase and cost of repository
siting, constructiou, operation, and closure (10 CFR 960.5-1(a)(3), 1984).
They are councerned with surface and rock characteristics and hydrologlic and
tectonle conditione.

6.3.3.1 S8urface characteristics {10 CFR 960.5-2-8)

6.3.3.1.1 Introduction
The qualifying condition for this guldeline is as followsa:

The gite shall be located such that, considering the surface
characteristics and conditions of the site and surrounding area,
including surface-water systeme and the terraip, the requirements
specififed in Section 960.5-1(a)(3) can be met during repository
siting, construction, operation, and closure.

The surface characteristics technical guideline is one of several pre-
closure guidelines under the heading entitled ease and cost of counstruction,
operation, and closure. The objectives of this guideline are to ensure that
(1) adverse surface chavacteristics will not require any technology other
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than that reasonably :vailable for siting, construction, operation, and
closure of a repositicy, and (2} the asscciated costs will not be
unreasonable relative vo other available and comparable siving options.

The concerns to be addressed under this guideline are related primarily
to topographic features that control placement of or otherwise impact surface
facillties, Special ueasurea may be necessary for reposi.ory construction,
operation, and closure in sites prone to periodic floodiy |, located in rugged
tervain, or with other adverse surface features.

This guldeline coreists of two favorable conditfons, sne potentially ad-
verse condition, and one qualifying condition., The Yucce Mountain glte is
evaluated with respect to each of these conditions in the following sections,
and Table 6-35 gsummarizes the pertinent findings for thess conditions,

6.3.3.1.2 Data relevant to the evaluation

The candidate locatlons that were evaluated as potential sites for the
surface faclilitcies of the repository are on the eastern silde of Yucca Moun-
tain (Jackson, 1984), A reference concertual site was selectad for planning
purposes (Neal, 1985)., The data needed to describe Lhe surface character-
1gtics were obtained primarily from 1:24,000 topographic maps with 6-meter
(20-foot) contour spacing (USGS, 1961) and high-resolution aerlal photographe
{(e.g., Figure 2-2}, The topographic data were evaluated together with
surface hydrography 1in order to determine the flood potentlal along the
Fortymile Wash drainage basin (Squires and Young, 1984). Geomorphic obser-
vationg also have been made to determine the relative ages of surfaces and
thereby allow an asgessment of the general stability of these surfaces during
the operational period.

Flood peaks have been estimated for the 100-year, the 500~vear, and the
regional maximum {most intense) floods for the eastern part of Yucca Mountain
and Fortymile Wash (Squires and Young, 1984). The prediction of the regional
maximum flood was based on data from floods elsewhere in Nevada and in sur-
rounding states, The water depths predicted for major chanmels during flood
peaks are based on the estimated runoff produced during extreme storm events
and the capacity of the drainage system,

Assumptions and data uncertaintles

Uncertalnty in topographic data originates in the accuracy of the photo-
grammetric process and fleld survey data. The accuracy of topographic data
requires an evaluatlon relative to the purposes for which they are used. The
reference topographic maps (USGS, 1961) comply with National Map Accuracy
Standards and are adequate for preliminary repository planning. The aerial
photographs and assocliated ground~aurvey control are sufficlent to provide
the higher-detall maps that will be required for construction. The flood
predictions and reglonal geomorphic interpretations are parily qualicative,
but they are based on prevalling sclentlfic methods. WNo site~specific flood
or runoff data are currently avallable for Yucca Mountain.
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Table 6-38. Summary of analyses for Section 6.3.3.1; surface characteristics (10 CFR 960.5-2~8)

- Conditton

Department of Energy (DOE)} finding

FAVORABLE CONDITIONS

(1) Generally fiat terrain.

{2) Generally well drained terrain.

The evidence indicates thar this favorable condition
is present at Yucca Mountain: surface facilities
and access routes will be located Iin areas with
generally flat tervain.

The evidence indicates that this favorable condition
is present at Yucca Mountain: there is a well-
established drainage system; porous alluvial soils
are present and the water table 1s deep; the area
will not pond water.

POTENTIALLY ADVERSE CONDITION

Surface characteristics that ecould lead to flood-
ing of surface or underground facilities by the
occupancy and modification of floedplains, the
failure of existing or planned man—made surface—
water impoundments, or the fallare of -engineered
components of the repository. B

QUALIFYING

The site shall be located such that, considering
the surface characteristics and conditions of the
site and surrounding area, Including surface—
water systems and the terrain, the requirements
specified in Section 960.5-1(a)(3) can be met
during repository construction, operation, and
closure, .

The evidence indicates that this potentially adverse
condition iIs present at Yucca Mountain: . arroyo
drainage system is subject to short periods of
localized flooding during rare extreme storms;
potential exists for minor fleoding due.to sheet
flow during infrequent extreme storms, although
standard draimage control measures are considered
adequate to protect surface and uaderground
facilities.

CONDITION

Available evidence does not support the fiading that
the site is not likely to meet the qualifying condi-
tion {level 3): surface facilities would be located
on the flar eastern slopes of Yucca Mountala; areas
are well drained but subject to short periods of
localized sheer flow during rare axtreme storms.




65.3.,3.1,3 Favorable conditions

{1) Generally fls: terrain.

Evalugtion

The reference coviceptual gite for the surface faciiisiles of the
repository and exploratory shaft is on the eastern side -f Yucca Mountain
{Nesl, 1985). The gite is generally flat and covered with alluvium derived
from adjacent highlands. The surface slope is less thar ! percent and, in
several places, less thin 3 percent. Thus, even though ‘'arrain directly
above the area proposed for the underground facility 1. rugged with
established drainage channels, the surface facilities and access routes would
be located in an area of genervally flat terrain.

Acceas to the surface facilities would be provided by rail and highway.
Detailed descriptione of the charactertistics of these access routes are given
in Section 5.3. A major design consideration is protection for the bridge
plers and sbutments that would be bullt across Fortymile Wash because large
volumes of water and debris move down the wash during severe storms. The
necessary drainage control measures are not major, but the bridge plers and
abutments must be wall designed to ensure protection agains{ damage.

Concluaion

The surface facilities, shafts, and the access routes to them can be
located {n generally flat areas with slopes of legs than 3 percent.
Therefore, the evidence indicates that this favorable condition L8 present at
Yucea Mountain,

{2} Generally well-drained terrain,

fivaluation

The dralnage systems at Yucca Mountain are well developed; Lhey have
been identified from topographic maps (USGS, 1961) and aerial photographs.
The conditions that contribute to effective and rapld drainage include the.
porous alluvial soils and the eastward dipping slopes., The average depth to
the water table is 500 to 750 meters (1,640 to 2,460 feet) in the Yucca
Mountain area (Section 6.3.1.1).

Conclusion

Yucca Mountain has a well-established drainage system, The consistency
of slope direction coupled with the evenness of the surfaces, the depth to
the water table, and the porous nature of the alluvial soile, suggest that
the area will not pond water. Therefore, the evidenuce indicates that this
favorable LOﬂdiCiOﬂ ig present at ‘Yucca Mountain,
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6.3.3.1.4 Totentially adverse condition

Surface character:stica thai could lead to the flooding of surface
or underground facilities by the occupancy aud modification of flood
plaing, the fallure of exlsting or planned man-made g1 face-water
impoundments, or the fallure of engineered componenta'aﬁ the reposi-

Eory. .

Evaluation

The current reference location for the surfagl facilitv (Neal, 1985) is
entirely outside the main-channel flood zones predicted fo: the 100-year
floed (Squires and Young, 1984)., Parts of the reference location would be
affected by the 500-year and regional maximum floods predicted by Squires and
Young (1984). However, these aress can be protected by standard dralnage
control measures such as channel lining and by diversion during construction.
Nalther lining nor diversion is expected to be a major cogt. Moreover, the
repogitory at Yucca Mountailn {8 not expected to contain suy engineered com-
ponents whose fallure could lead to significant flooding of the underground
facility.

The washes emerging from Yueca Mountain have generally steep slopes and
are capable of moving large volumes of water and debris, including large
bouldera, The proposed exploratory shaft site in Coyote Wash is within
50 maters {160 feet) of & small colluvial slump debris—flow deposit. Similar
deposite are probably present elsewhere at Yucca Mountain, and such deposi-~
tional sites will be avoilded in choosing a location for repository structures
and ventilation shafta. These facilities will not be placed in potentially
adverse locations; alternatively, drainasge control measures will he used.
Relocation can be accomplished at minimal, cost; 1f any, likewlsge, protective
measures such as channel lining or diversion are not expected to add signif-
icantly to the cost of the repository. There are no nearby existing or
planned man-made surface~water impoundments that could flood a repository at
Yucca Mountain, The engineerad components of the repository are not likely
to fall because thelr design and specificatfons will be independently
examined by the Nuclear Regulatory Commisgion and adequate safety factors
will be used during design, coustruction, and operation.

The flooding potential predicted for the Fortymile Wash system 18 based
on conditions that can be expected during the rare but extreme meteorological
events that occur Iin the area {(Section 6.2.1.4). Thease predictions are
derived from data for similar events in the reglon. The flood-potential maps
are reasonable first estimates that csu be used in planning, and the maps
will be revised on the basis of additlional field geomorphic data. To verify
the flooding predictions, field investigations, including the collection of
runoff data, are under way. These investigations will include the mapping of
areas that were subject to flooding during Holocene time and a calculation of
the probable maximum flood (PMF) during site characterization,

Conclusion

The arroyoc drainage system leading away from Yucca Mountain is subject
to localized flooding and debris flows during rare extreme storms. These
storms could result in flooding of the surface or underground facilities due
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to possible sheet flow. However, the impacts of this infrequent locallzed
flooding can be mitigited during reposiltory sicing, constvuction, cperation,
and closure. On the basis of the potential for sheet {low, the evidence
indicates that this potentially adverse conditdion 18 present at Yucca
Mountain,

6.3.3.1.5 Evaluacion and ceonclusion for the qualifying <onditfon ca the
preclosure surface characlteristics guildeline

%

Evaluation |

The conclusions about the suitabilicy of the surface characteristics at
the Yucca Mountain site ara largely qualitative; they are based on the engil~
neering and sclentific judgment of the many proilessional c¢ivil engineers and
geologists who have examined the avatlable topographic, geomorphic, and flood
potential data for t%e site,

The alluvial area on the eastern side of Yucca Mountain ig well drained
but alsc subject to overflows of water from the existing arreyos during
extreme atorm events (100~year, 500-year, and regional meximum floods)., As
indicated by their recurrence intervals, these floods are vary Infrequent and
of such short duration that they would not saignificantly affect the siting,
conetruction, operation, and closure of a rapository. The effects of these
extreme events, as well as debris flows and sheet flow, can be readily
mitigated ueing standard drainage control measutes,

Conclusion

The surface and underground facilities can be located where the surface
characteristics would not adversely affect either the ease or the cost of
repository siting, construection, operation, and closure. The current refer-
ence surface facility locatien 1is well drained but may be subject to infre-
quent floods and sheet flow whose impacts can be mitigated easily using
standard drainage control measures without incurring major costs. Therefore,
on the basis of the above evaluation, the evidence does not support a finding
that the site is not likely to meet the qualifying condition for preclosure
surface characteristics {level 3).

6.3.3.1.6 Plans for site characterization

Site-specific meteorological data will be obtained and should allow
better planning for the dralmege control measures chat are neaded to ade-
quately protect the surface and underground facilities, Field investigations
and laboratory testing to determine soil and bedrock propertles will be con-
ducted to determine improved locations for the repesitory surface facilities.
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6.3.3.2 Rock characteristics (10 CFR 960.5-219)

63.3.2.1 Introductic:

The qualifying coondition for this guideline is as foliows:

The site shal) be located such that (1) the thickness and lateral
extent and the c'aracteristics and compesitlon of thc “host rock
will be suitable for sccommodation of the undergroun  faclility;
(2)_the repository construction, operation and clogute will not
cause undue hazard to perscnnel; and (3) the requir\nnnts specified
in Section 960.5-1(a}(3) can be met.

The objective of this guideline is to ensure that due consideration is
given to the host-rock characteristics that may affect (1) the ease and cost
of repository siting, construction, operation, and eclosure, and (2} the
safety of repository workers. Among those characteristics are the thickness
and lateral extent of the host rock, geomechanieal properties that are
favorable for the stabllity of underground openings, and conditidns that

allow the construction of shafts and the underground facility with reasonably
avallable technelogy.

The preclosure rock characteristics guldeline consists of two favorable
conditicns, five potentially adverse conditions, one disqualifying condition,
and one qualifying condition. The evaluations reported below are summarized
on Table 6-3% for all conditions axcept the disqualifying condition.

6.3.3.2.2 Data relevant to the evaluation

Summary of available data

Avallable data indicate that ‘rock with acceptable characteristics for
locating an underground faeilfty are present beneath Yucea Mountain (Sinnock
and Fernandez, 1982; .8ipnock et al., 1986; Mansure and Ortiz, 1984).
Detailed surface mapping-(Seott and Bonk, 1984} and core samples from drili
holes led to the initial identification of four potential horizons for the
underground facllity; samples from the potentlal host rock obtained from core
samples have been analyzed for mineral content (Bish et al., 1982, 1984) and
for geoengineering properties (Lappin, 1980a,b; Lappin et al., 1982; Dravo
Engineers, Inc., 1984; Price et al., 1982a,b; Price, 1983). A
three-dimensional geoclogic model of Yucca Mountain is presented in Wimick and
Williams (1984). Additional data are available on borehole and tunnel tests
and measurements in tuff (Healy et al., 1984; Tyler and Vollendorf, 1975;
Eliis and Ege, 1976; and Warpinski et al., i978).

The relative suilrabilities of the four potential horizons have been
compared on the basis of minability, excavation atability, mex fmum cqpacity
for gross thermal loading, far-field thermomechanital  responses, and
potential groundwwater travel Limes (Johnstone et al,,” 1984) Geoengineering
properties of the four horizons are reported in Tillerscn and Nimick (1984).
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Table 6-39. Summary of analyses for Section 6.3.3.2; rock characteristics (10 CFR 960.5-2-9)

Condition

Department of Energy (DOE) finding

(1>

(2)

(1}

(2)

FAVORABLE CONDITIONS

& hosz. rock that is sufficiently thick and
laterally extensive to allow significant flex—
fbility in selecting the depth, configuration,
and location of rhe underground facility.

A host rock with characteristics that would
require minimal or no artificial support for
underground openings to ensure safe reposi-
tory comstruction, operation, anéd closure.

The evidence indicates that this favorable condition
1s not present at Yucca Moontain: sigrificant
lateral flexibility cannoct be claimed uatil site-
characterization data are available.

The evidence Indicates that this favorable condition

i1s present at Yucca Mountsin: minimal artificial
means are required to support simllar tuffs at the
NTS; a similar approach should ensure safe reposi-
tory constructicn, operation, and closure.

POTENTIALLY ADVERSE CONDITIONS

A host rock that is suitable for repository
construction, operation, and closure, but is
s0 thin and laterally restricted that lirtle
flexibility is available for selecting the
*anth, configuration, or location of an
underground facility.

In situ charecterisctics and conditions that
could require eagineering measures beyond
reasonably available technoiogy inm the con-
struction of the shafts and underground
facility.

The evidence indicates that this potentially adverse

condition is present at Yucca Mountain: significant.

lateral flexibility cannot be claimed.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain: shafts
and underground facility can be constructed using
proven, standard methods.
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Table 6~39. Summary of analyses for Section 6.3.3.2; rock characteristics (10 CFR 260-5-2-9) (continued)
Condition Department of Energy (DOE) finding
{3) feomechanical properties that could necessi- The evidence indicates that this potentially adverse

tate extensive maintenaece of the undergrounad
openings dwring repository operatiocn and
[+ JP ) o

(4) Potential for such phenomena as thermally
induced fracturing, the hydration and dehy—
dration of mineral compoments, or other
physical, chemical, or radiation-related
phenomena that could lead to safety hazards
or difficulty in retrieval during repository
operation.

(5} Existing faults, shear zones, pressurized
brine pockets, dissolution effects, or other
stratigraphic or structural features that
could compromise the safety of repository
personnel because of water inflow or com
struction problems.

QUALIFYING

The site shail be located such that (1) the
thickness and lateral extent and characteristics
and compesition of the host rock will be suitable
for accommcdation of the underground faciiity;
{(2) repository construction, operation, and clo-
sure will not cause undue hazard to personnel;
and (3) the reguirements specified in Section
960.5-1{a){3) can be met.

condition is not present gt Yucca Mountain: conven-—
tional rock bolts and wire mesh are expected to
provide adequate support and require minimal
malntenance.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain: welded
tuff fs expected to have sufficient physical and
chemical stability to ensure safety and retrievabll-
ity; mo potentially hazardous physical, chemical, or
radiation—related phenomena have been identified.

The evidence iandicates that this potentially adverse
condition ig oot presemt at Yucca Mountain: 3o
upsaturated zone repository is not expected to have
water in flow, and stratigraphic and structural fea-
tures are not expected to ccmpromise safety.

CONDITION

Available evidence does not support the finding that
the site is not likely to meet the qualifying condi~
tion {level 3): thickness and lasteral extent of host
rock is expected to provide adequate, but not signi-
ficant flexibiliiy for the lateral layout and
reasonable flexibility for verticesl repository posi-
tioning: no rock eharacteristics that could cause
undue hazards to persconel have been identified or
are expected to be encountered.
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Ground support reguirements have been evaluated using mining experience at
tunnel excavations o1 the Nevada Test Site (NTS) in formatlons similar to the
devitrified, densely welded tuffs of the Topopah Spring Member at Yucca
Mountain (Dravo Engineers, Inc., 1984; Tibbs, 1985; Ortegop 1985). Small-
diameter—heater experiments have been conducted in tuff at one of these

excavations to determine the thermomechanical rock preoierties (Zimmerman,
1983).

Information from Kendorski et al. (19B4) 1is used {. evaluate the long-
term stability of shotcrete lining in tunnels. Acclde:t statistics from the
hardrock metal-mining industry and from the Nevada Tes: uite excavatlons are
used in the discussica of operational safety (Schueler, 1985). Information
on accldent experience in tunnels at the NTS le available o Dunnam (1985)
and Tibbs (1985). The concepts of the safety orders presented in DOE (1981)
and the California Department of Mines safaty orders havs been incorparated
into tha safety standards and enforcement practices now used for tuanel
gonstruction at the NTS,

Assumptions and dats uncertainties

The analyses of the suitabllity of rock characterigtics are based
primarily on data from eurface reconnaissauce and boreholes. No major
excavations have been made at the Yucca Mountain site, and there is no
experience with excavations in the proposed horizon elsewhere in the area.
However, extensive tunnel systems have been excavated in the bedded and
welded tuffe at Rainler Mesa on the NTS. As part of the Nevada Nuclear Waste
Storage Investigations Project, in situ experiments have been initiated in
one tunnel 1in Rainier Mesa (G-Tunnel) In a welded tuff unift with some
characteristics that are simllar teo those expected in the repository horizon.
Data collected from drill holes have been used in the preliminary stability
analysis for the proposed exploratory shaft (Hustrulid, 1984) which will
penetrate the potential repository horizouns. Data obtained from the
exploratory shaft and related boreholes will significantly expand the
exlsting data base that is being used for conceptual design of the repasitory
and degign analyses. As part of the preliminary conceptual design and
related work, a study was made addressing how variationa in geolegic .and
geophysical properties impact repository planning and design (Dravo
Engineers, Inc., 1984). New information obtained during site character-
i1zation may lead to some changes In the degign of the repository, but these
changes are expected to be within the limits expressed in the original
reference repcsitory design (JYackson, 1984). The thermomechanical modeling
of the potentlal repository horizoms (Johnstone et al., 1984) 1is considered a
preliminary evaluation. Valldation of this model and additlonal modeling.
will be addressed during site characterization. The degree of confidence in
both the existing data for the site and the analyses made with the data is’
considered more than sufficlent for a preliminary evaluation against the
preclosure guldeline on rock chardcteristics.
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£.3.3.2.3 VFavorable cenditions

(1) A host rock .hat 1s sufficiently thick and laterally exten-
glive to allow sirulficant flexibility in selecting che depth,
configuration, ani location of the underground facility.

Bvaluation

Flexibility in locating the repository is important wcause sufficleng
options should be available to construct the undergroun’ “acility away from
areas of geologic anomalies, should they be found, N snomalies are
aexpected, except for miqor faults and assoclated brecciass. None of these arve
likely to have significant adverse affects on mine stabiliry. Flexibility’
related to waste emplacement in horizons other than the Topopah Spring Member
was discussed in Section 6.3.1.3 (Postclosure rock characteristics). This’
evaluation examines emplacement only in the part of the densely welded,

devitrified Topopah Spring Member that contains less than 15 to 20 percent
lithophysae. '

The primary area for locating the underground facility is shown as
area ! on Figure 6-24, Area 1 contains relatively few faults and rare fault
brecclas, Available data indicate that rock with acceptable character-
istics is present iIn area 1, and could be present in area 2 and perhdps
outside these areas (Sinnock and Fernandez, 1982; Mansure and Ortiz, 1984),
On the basis of detailed surface mapping by Scott and Bonk (1984) of the
possible repository expansion areas, area 2 has the greatest potentisl of
containing rock with acceptable characteristica., The surface and subsurfade
geologic exploration of Yucca Mountain has concentrated on area ! and the
immediately surrounding area. '

Analysis of a three~-dimensional computer graphics model of Yucca Mounf
tain (Nimlck and Willlams, 1984) indicates that area 1 contains approximately
890 hectares {2,200 acres), although minor faults and breccla and blocks
rotated to steep dips may occupy some of the area. Approximately-

749 hectares (1,850 acres) of area ! are potentially usable on the basis of
the disqualifying condition for eroésion, which requires a 200-meter
(656-foot) overburden. The acreage required for a repository that is
designed to accomodate the equivalent of 70,000 metric tons of heavy metal
(MTHM} 1s approximately 616 hectares (1,520 acres) (Mansure aand Ortiz, 1984},
suggesting that additional screage outside area 1 may be needed for signifi-
cant lateral flexibility in repository design. Area 2, a primary area for:
extending the underground facility from area 1, contains about 910 hectares
{2,250 acres) and is similar to area ] in fault density, Data for area 2 :
are limited to those obtained from surface mapping and extrapolation of drill
hole data obtalned mainly in and around area 1. TIf extensfon of the
underground facility from area | is required to provide lateral flexibility,
additional geclogic charactertzation will be required to determine how much
of this area 1is usable. Area 3 contains approximately 162 hectares

{400 acres). Small portions of this area could violate the disqualifying:
condition requiring 200 meters (656 feet) of overburden. Area 4 contains
approximately 607 hectares {1,500 acres} and also may have rock character—
istics similar to the other areas, but fewer data exist for this area.
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Portions of area 4 rnoald also vilolate the disqualifying condition for
200 meters (656 feet) of overburden. Area 5 contains about 202 hectares
{500 acrea), and area i contalas |,072 hectares {2,650 avves), Area 6 has a
very complex fault strcture with steeply dipping faults, end part of area 6
may not meet the 200~m~ter {656-foot) overburden requireme't,

The repository enselope is conservatively assumad to require 45 meters
(148 feet) (Mansure and Ortiz, 1984). Basic requirementt for the potential
host rock are the presence of sufficlent overburden and : sufficlent thick-
ness of sultable host rock to contain this envelope., Mas,re and Orliz
(1984) show that the approximate thickness of the prefer.al host rock is on
the order of 100 to 175 meters (330 tc 575 feet) within w ~«a 1. The over-
burden at Yucca Mowntain, as discussed tn Section 6.3,1.5 (Zrosion), is more
chan 300 meteru (984 feet} over about 50 percent of area }, 1In area 1, the
thickness of rhe relatively lithophysae-free part of the densely welded
Topopah Spring Member varies greatly; however, it ia expectad to be more than
adequate for locating the underground factility.

To date, a value of 15 to 20 percent has been used tc differentiate be-
tween the lower portion of the Topopah Spring Member, which is relatively
free of lithophysae, and the upper portion, where lithophysae are more
abundant. At low percentagea, lithophysae have little effect, At high per-
cantages lithophysae c¢ould change the thermomechanical properties of the
rock, possibly co the point that minability and ground-support requirements
may be affected. Although the preferred horizon 1is expacted to have less
than 15 to 20 percent lithophysse, thies does not Imply that the underground
facility must be placed in host rock with less than 15 to 20 percent
lithophysae, but only that host rock with lower lithophysae content may be
préferable, The effect of lithophysae content on thermal properties of the
host rock will be investigated during site characterization. '

Figure 6-25 shows a cross section, A~A', through area 1 and the possible
location of the underground facility. The prefarred host rock 1s near the
bagse of the unit marked Tpt, The basis for choosing this unit and other
hotizons conslidered as potential repository horizons are discussed in
Chapter 2 and 1in Section 6.3.1.3 (Postclosure rock characteristies}). 1In
locating a preliminary horizon that represents the uaderground-facility
volume, Mansure and Ortilz (1984) considered the dip and thickness of the host
rock, the lithophysal content, and cverburden requirements. The preliminary
choice of hortzon, shown 1n Figure 6-25, may change durlng site
characterization. However, a single surface should be available that will
aatisfy all current design criteria. The strike and dip of the underground
facility envelope (N 11° W, 5° E} will not result 1o grades too steep for
waste~handling equipment. The strike and dip of the surface assumes a 5°
east slope and a 1° north slope. Data gathered during site characterization
will be used to determine whether the lateral extent of the host rock is
sufficient to allow the position of the underground facility to be more
nearly horizontal.

Conciusion
The potential host rock at Yucca Mountain is sufficlently thick to
provide significant vertical flexibility in the placement of the underground
facility. The primary repository area which has to date been the focus of
6-311
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exploration, provides limited lateral flexibility. Contiguous areas appear
to have some rock that may be suitable, but additional exploration will be
necessary to claim sigiificant lateral flexibility. Therafore, the evidence
indicates that this fa-orable condition is net present at Yucca Mountain.

{2) A host rock with characteristics that would requ’ re minimal
or no artificial support for underground openinge tc crsure safe
repository construction, operation, and closure.

Evalunstion

Artificial support for underground openings is routs: ly used to ensure
the stability of the openlings and the safety of workers., The requirements
for such artificial suppore sre estimated by engineering judgment, experience
gained from excevating rock types with similar characteri.vics, and calcula-
tions that simulate the expected rock behavior. The analyses and judgments
used to support the conclusious of this section were developed from available
core~-property data, extrapclations based on rock-mass classification tech~
niques, finite-element analysaes of the mined openings, and minability
assessments.

Techniques for classifying rock masses use compilations of existing
underground-support practice, categorized according to parameters recognized
as important, to estimate the required support for underground opeuings.
These techniques are extremely useful in the preliminary design or
feagibility stages of & project because they allow designers to make rational
and genarally conservative judgments about expected conditions. The rocks of
the Topopah Spring Member have heen assigned a range of rock-mass quality
values based on available core data. Two widely used classification
techniques were applied (Dravo Engineers, Inc., [984); (1) the Council for
Sclentific and Industrial Research Classification System and (2) the Norges
Geotekniske Institute Classification System. The rock-mass classifications
derived from these two systems cover a range of values. A conservative
approach teo support design was taken by choosing conservative ranges for the
input parameters. Given the assumption of a 6-meter {20-foot) span and the
classification values, ground-support requirements can be eatimated (Dravo
Engineers, Inc., 1984) for the full range of expected conditions, The
expected support requirements ineclude (1) 2.5- to 3I-meter (8- to 10-foot)
leng fully grouted rock bolte on & l.5-meter (5-foot) grid spacing with steel
wire mesh covering the rock surface for safety; (2) possibly shorter supple-
mental bolts added on a staggered grid spacing; and (3) in some inatances
5 to 7 centimeters (2 to 3 inches) of shotcrete applied to rock surfaces.

There is no direct experdience with excavation support requirements in
the Topopah Spring Member at Yucca Mountain. However, these support require-
ments can be compared with experience in simllar tuffs at the Nevada Test
Site {NTS), The geologists and engineers familiar with tunneling and ground-
support requlrements for the welded Grouse Canyon Member at G-Tunnel at
Rainier Mesa have suggested that the support requirements for the welded
Topopah Spring Member at Yucca Mountaln are likely to be similar {Ortego,
1983). The ground-support practice experience for the Groguse Canyon Member
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has been documented (Ortego, 1985), and conslats of 2.5-meter (B-foot) epouy
grout-anchored trock baits on a 1 by 1.3 meter (3 by 4 foot) spacing, supple-
mented by wlre mesh. “or the sectlon of the tunnel that fas been documented,
Ortego (1985) noted that this support practice has proven to be adequate to
date with no stability problems in the three years since :unnel construction.

The estimated giound-support requirements for a regos.tory at Yucca
Mountain are considered to be minimal in comparison with .he ground support
used in similar vuderground coanstruction projects. For .ivil works such as
tunnels, underground rail stations, and power plants, Lie support requite-
ments for excavatlon stabllity are designed with safet; factors that are
several times larger tnan would be used for a mine or tw norary excavation.
Rock bolts and wire mesh are typically considered to be tue minimal support
for civil worke projects, if for no reason other than wovker safety. Major
support requlrements, auch as steel sets or reirforced cuvacrete, are not
expected to be reguired at Yucca Mountaln except perhaps in speclal areas,
such as access ramps, shaft openings, sad fault zones, The usze of rock
bolts, wire mesh and, in some instances, shotcrete sprayed on walls has the
advantage of eagy maintenance over an extanded time, fuirther emsuring the
stabllity of mine openings through repository closure.

In estimating the support requirements for a reposltory, it is necessary
to consider variations in room slze as well as the stresses and displacements
expected to result from the heat emitted by the waste. Variations in room
8izesg directly affect the stresses around openings, Heat-related stresses
caused by waste emplacement have been predicted by numerical-~analysis
techniques. The preliminary analyses completed to date indicate that the
stresses and displacements that are expected to result from the heat emitted
by the waste would not lead to significaat stability problems in the drifts
(Johnstone et al., 1984). Confidence in these analyses 1s based on mining
experience and field tests in similar devitrifled, densely welded tuff in
G-Tunnel at Rainier Mesa. A conservative design approach might, however,
include additional rock bolts along the drift walls to offset the expected
lateral expansion of the rock mass in response to the heat.

Long~term stability consliderations for excavatiens in tuff must also
include possible detrimental effects of the emplacement enviromment on the
elements of the support system. For the emplacement drifte at Yucca Mountaln
two such consideratlons could be Important: temperature effects on the rock
bolt anchor system or shotcrete and corrosion effects on the rock bolts., The
temperature field induced by the waste disposal containers could affect the
stabllity of the epoxies that are used at the NTS to anchor rock boltas.
There are several approaches that could be used to deal with this situation,
should it be 1ldentified as a problem affecting drift stabiliity. One approach
would be to use an epoxy with a higher temperature service rating., Other
approaches Include the use of a full-length-anchored-friction-driven, or
expanded bolts (such as Split Sets or Swellex) as well as cement-grouted
bolts (grouted dowel or Perfo) and cement-tartridge-anchored bolts developed
in Europe where epoxy-anchored bolis are not accepted as part of permanent
support. Temperature effects on shotcrete lining, 1f any are used, would be
manifested as sgtrength reductions, particularly followlng a heating-and-
cooling cycle. Kendorskl et al. (1984) note that such strength reductions
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could exceed 25 percear at 205°C (400°F); they indicate, however, that proper
mixture and compositiown can minimize these effects. Any loss of strength in

the shotcrete can be c mpensated for by an equivalent proportional increase

in thickness of the sholcrete,

Corroslon effects on the rock bolts are also a possible consideration in
long—-term suitability 1f the emplacement drifts at Yueeca wountain. A steel
rock bolt, 1f subject to condensation or exposure to walar vapor, coold
corrvode, Isogalvanic coated and hot zinc—galvanized rock ¢lts are standard,
off~the-ghelf products designed to minimlze corrosion. Tc¢ 18 not clear that
zinc-galvanized steel would prevent corrosion in the emp acement environment
at Yucca Mountain; in €act, 1t could enhance corrison :hvough cathodic
behavior of the ateel. However, other coatings such as n ckel, cadwlum, or
epoxy would not be significantly more costly than zinc galvanizing and would
perform better In inhibiting corrosion. Corrosion is not always detrimental
to a bolt-type support system; the friction-anchored or expanded bolts become
more effective as the steel corrodes because corrosilon effectively increases
the friction coefficient. Also, the cement-grouted bolt types are not very
sengitive to corrosicn, because their anchoring capacity 1s developed over
the full length of the bolt and the grout protects the stiel from corrosion.

Final decilslons about elements to be used for the ground-support system
will consider potential chemlcal interactions with the waste disposal
contalner components and waste form. Additional thermal and chemical
modeling and testing will be completed during site characterization to
suppert final decisions on ground-support requirements.

Conclunion

Excavation experience at the NTS and numerical analyses of the stability
of repository-sized openings suggest that an underground facility in the
Topopah Spring Member at Yucca Mountain will require minimal artificial
ground support for safe construction, operation, and closure. Therefore, the
rvidence indicates that this favorable condition is present at Yucca
Mountain,

6.3.3.2.4 Potentially adverse conditions

(1) A host rock that is suitable for repository construction,
operation, and closure, but is so thin or laterally restricted
that little flexibility is available for selecting the depth,
configuration, or location of an underground facility.

Evaluation

The requirements for host-rock thickness and lateral extent have been
discugsed under favorable condition 1 in this sectlon and under favorable
condition 1 of Section 6.3.1.3 (Postclosure rock characteristics). These
discussione noted that most exploration has been limited to a portion of the
Yuceca Mountaln site that is designated as erea 1 in Figure 6~24. 1In most of
the usable portion of area 1, the thickness of the low lithophysal portion of

6~315

8 D 0 § 0 /8 2 &



the potential hoset ra-k averages mora than 3 times the vslue (45 meters or
148 feet) used as & conservative estimate of the envelope needed for Lhe
underground facllity. Such a thickness 19 judged te provide significant
flexibllity 1o seleciing the depth of the repository.

The analyses further indicate that area | has a usable area of approxi-
mately 749 hectaresa (1,850 acres). Present waste loventurles and rapository
design concepts (Mansure and Ortiz, 1984) indicate tkel{ approximately
616 hectares (1,520 acres) is required for a repository. Comparison of these
areas shows that the primary area contailns slightly mo. - usable area than
that required for a repositery, but Lf conditions are fo . nd to be unaccept-
able in eome of thls area, then flexibility in the lat ral placement of tha
repogitory could be considered limited. Analyais of « fating site data
provides confldence that several contiguous areas (aress 2, 3, and 4 1in
Figure 6-24) could also contaln suiltahle host rock. Area 2, the preferred
expansion area, contaios 910 hectares (2,250 acres). The suitability of
these additional areas can be confirmed only by site chavactarization.

Congclusaion

The host rock at Yucca Mountain 1s sufficiently thick to provide signif-
icant flexibility for selecting the depth of the underground facility, The
primary area, which hag bean the forus of expleoration, provides limited flex-
ibilicy in latexal placement. Site characterization may expand the usable
area, theraby allowing flexibility in lateral placement of the repository.
However, conaidering only the primary avea, this potentlially adverse
condition is present at Yucca Mountailn.

{(2) 1In asitu characteristics and conditions that could require
engineering measures beyond reasonably available technology in
the conatruction of -tha shafts and underground facility.

Evaluation

Detailed ground-stability studieg indicate that the Topopah Spring
Member has no known in situ characteristies that cannot be successfully con-
trolled by proven mining methods. The rock characteristics, as well as the
deslgn layout and development plan, are such that the underground facility
can be developed by conventlonal mining methods (Dravo Engineers Inc., 1984).
Fromw the limited work done so far, it appears that mechanical miriog could be
used for repogltory construction in the Topopah Spring Member.,

As discussed under favorable condition 2, it is likely that the reposi-
tory drifts and underground openings can be adequately supported by conven-
tional rock bolts and wire mesh. The discussions under potentially adverse
condition 5 describe tunneling experience in similar devitrified, densely
welded tuffs at Ralnier Mesa that support this conclusion. The rock-bolt and
wire-mesh support 18 minimal in comparison with the supports that are used 1in
¢ivil works projects such as highway tunnels or underground power stations.
Steel, shotcrete, or both would be used at Yucca Mountain only 4if underground
observations suggest that such support is necessgary possibly, for example, at
fault-zone intergections or drift intersectlions. The proposed ground support
is within established technology (Dravo Engineers Inc., 1984). Shafts would
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be constructed by standard excavation techniques and lined with concrete
(Hustrulid, 1984),

Most of the repos!itory would be locatad more than 200 meters {656 fest)
above the water table (Figuyre 6-26). Experience in tunnalsg at the Nevada
Test Site (NTS) indicstaes that, if perched water is encountered, the flow
will probably be small and should diminish rapidly. DPriil noles in and near
the site have not ide:.tified perched water at elevations .bove the base of
the Topopah Spring Membor (Section 6.3.1.1.3), ‘

Conuvlusion

There are no indicationa that the in situ conditiogns #.id characteristics
would require engineering measures beyond reasonably available technology.
The ghafts and underground facility can be constructed using proven
technology and standard.methods. Therefore, the evidenceg indicates that
this potentially adverse: condition is not present at Yucca Hounrain.

(3) Geomechanical proper;ies that could - necegsitate extensive

maintenance of the ‘underground openings ﬂuring reposito;y opera-
tion and closure. |

Evaluation _

The potential host rock ig more than 200 meters (656 ﬁeet) {see
Figure 6-19) below the ground suyrface, At this depth’ 1t wolild not be
affected by weathering or surfacé water. A4 rectanguldr undergﬁpund opening
with an arch-shaped roof is expected to provide s atable opéning in the
Topopah Spring Member. Localized, minor spalling may occur near corners and
on walls because of stress rellef or the intaersection of joints.: Johnstone
et al. (1984) noted that although modellng suggested that such fractures
could develop ln G-tunnel,. none were, in fact, obgerved. As shown.in Figure
6-25, most major faults occur outside the planned repositoery bound4ries. As
discussed under potentially adverse condition 5, the experilence in :a similar
formation at Rainier Mesa suggests that minor fault zones at the Yucca
Mountain site could be trave:sed by using standard mining and ground support
technology. However, considarable dats Ffrom site characterization are
required to confirm this conclusion. '

The shafts or access ramps of thé%;epository will penetrate the upper
members of the Paiutbrush Tuff Formation.. A study using the Council for
Scientific and Industriel Research and the Norges Ceotekniske Inatitute rock-
maas clagsification systems indicated several alternative schemes for
ground—support arrangements {(Dravo Engineers,” Inc., 1984); all of these
arrangements use conventional technigues and equipment. The In situ con-
ditions are such that excavation stability can be maintained with con-
ventional rock bolts and wire mesh. This type of ground support requires
limited maintenance, and dry conditiouns in the repository will reduce cor-
roslon problems with the rock bolts or wire mesh and, in poor rock con-
ditions, shotcrete, The uge of an arched-voof opening would reduce stregs .
and lends stability to the vrock mass, further reducing support—maintenance
- ‘requirements. Thus, stable conditions. should .continue through vepository .
closure. Because of the long operating life of the repository (assumed to be
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Figure 6-26. Total thickness of unsaturated zone from disturbed zone (located
50 meters (164 feet) below repository midplane) to water table. Modified from
Sinncck et al, (1986).
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90 years), some malintenance of underground openings will be required. The
malntenance would be routine and well within the limits of existing practices
and technology. Tho ._hermal stresses resulting from heating after waste
emplacement are not espected to significantly affect the stability of the

mined openings, although some very localized deformation might occur (Section
6.3.1.3).

Conclusion

The geomechanical behavior of the rocks at Yucca Mow:tein provides an
inharently stable condition that will not require exten: lvo maintenance to
keep the underground openings in a serviceable condition “or the operating
life of the repository. Therefore, the evidence Iindica es that this
potentially adverse condition is not present at Yucca Mountain,

(4) Potentiel for such phenomena as thermally induced
fracturing, the hydration and dehydration of mineral components,
or other physical, chemical, or radiaticp-related phenomena that
could lead to safety hazards or difficuity in retrieval during
repesitory operation.

Evaluation

Johnstone et al. {1984) have evaluated the stabllity of underground
openings in the densely welded tuff of the Topopah S$priung Member, and the
response of the tuff to excavatlon and thermal effects. These preliminary
studies tncluded near-field mechanical and thermomechanical finite-glement
code calculations, rock-matrix property evaluation, and rock-mass
classiflcation. They considered the physical, thermal, and mechanical
properties specific to the Topopah Spring Member; the existence of individusl
sets of fractures; and the expected in situ stress. The results were com-
pared with the behavior of existing underground openings in similar
devitrified, densely welded tuff at the NTS. The results indicate that
(1) the mined openings are expected to remain stable through repository
closure, and (2) the effects of thermally induced fracturing are very local-
lzed, being limited to the immediate vicinity of the waste emplacement holes
and the periphery of the drifts,

Preliminary estimates predict a poteuntial for rock-matrix fracturing in
the immediate vicinity of the waste emplacement hole, but this fracturing
should extend no more than 10 centimeters (4 inches) 1into the rock. The
potential for block movement along minor joints or faults intersecting the
hole wall 1s currently under investigastion. No structural degradation has
been observed 1n two small-diameter-heater tests couducted 1in fuff at
G-Tunnel (Zimmerman, 1983). The effect of localized sloughing of the hole
walls on waste retrievability could be minimized by using a steel liner in
the waste emplacement hole.

No minerals present in significant quantities in the repository horizon
are susceptible to thermally induced dehydration, hydration, or radiatien-
related phenomena. Bish et al. (1584) summarize the distribution of minerals
in the tuffs at Yucca Mountain and state that about 98 percent of the pro-
posed repository host rock is made up of alkall feldspar, quartz, tridymite,
and cristobalite, which are not subject to thermally induced dehydration or
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hydration. The propnized repository horizon contains I percent or less of
smectite {Bish et al,. 1984) and is generally not zeolitired (Bish et al.,
1982}, Thus, there i+ little potential for the hydratios or dehydration of
minerals that could :¥fect the safety of repository operat}on or cause
problems with waste rotrieval, Cristobslite exhibite an . ’pha~to-beta phase
transition between 23% and 260°C (455 and 500°F) in conf..ed tests (Lappin,
1980a), which 1s refl-cted by & slight increase in the iwrmal expansion
coefficient. Becausr of the transformation temperatuve iLhls transition
would be expected only in the very near-field of the ‘aste disposal
container. The thermomechanical studies use thermal exieuslon coefficlents
that account for this behavior; they prediet no additii nal rock fracture
bevond the 10 centimeters (4 inches) reported above.

Conclusion

The welded tuff at Yucca Mountaln is a physfically and chemically stable
rock that will be little affected by repository conditions. About 98 percent
of the potential host rock consists of alkali feldspar, quartz, tridymite,
and cristobalite, all of which are nonhydrous minerals. urrently, the rock
ig fractured, and any additional thermally induced fracturing will be minor
and will not create a safety hazard or produce difficulty in waste retrieval,
should retrieval be necessary. Therefore, the evidence indicates that this
potentially adverse condition 1s not present at Yucca Mountain.

{5) Existing faults, shear zones, presgssurized brine pockets,
dissolution effects, or other stratigraphic or structural
features that could compromise the safety of repository
personnel because of water Inflow or coastruction problems.:

Evaluation

Artificlal support for underground openings 1s routinely used to ensure
the stability of the openings and the safety of workers. The requirements
for such artificlal support are estimated by engineering judgment, experience
galned from excavating rock types with similar characteristics, and calcula-
tlong that simulate the expected rock behavior., The analyses and judgments
used to support the conclusions of this section were developed from avallable
core—property data, extrapolations based on reck-mass classificatlon schemes,
finite-element analyses of the mined openings, and minabllity assessments.

The hydrogeclogic conditions of the region and site are described in
Section 6.3.1.1. Data on water levels in drill holes within and near the
gite are shown on Figure 6-~3. Naturally occurring perched water of any
significance have not been identified in existing drill holes, and no pres—
surized water zones have been encountered. Only very small amcunts of water
are expected to seep into excavated drifts by gravity drainage.,

Bven though faults and associated shear zones exist at Yucca Mountain,
the preferred repository area 18 expected to be wminable with standard
equipment {Dravo Engineers, Inc., 1984) (see favorable condition 2}. Rock
with similar mechanical properties has been excavated at the G-Tunnel complex
in Rainier Mesa using comparable methods of excavation and ground control.
Tibbs (1985) has documented tunneling experience in the welded Grouse Canyon
Member at G-Tunnel. A unearly vertical feult with at least 1 meter {3 feet)
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of vertical diaplacement was encountered during tunneling activities in the
welded Grouse Canyon Memher in G~Tunnel. No comments were noted by the
wining inspector in tis Jdaily log; the lack of cowments iLudicates that
tunneling conditions had not varied appreciably. The fauli zone was not
noted until the tunnel nhad advanced about 6 meters (18 feaot) beyond the
fault. The fault brought welded and nonwelded tuff togethev aleng a nearly
vertical contact; no watar influx was noted. The inspecti: record shows
that the area of the tuinel with the fault waa initf{ally miiecd on November
19, 1981, Preliminavy 2.%-meter {B8-foot) rock bolts were . -stalled in the
faultad area on November 20, 1981, and then on February [« 1982, roughly

3 months later, S~meter (lé6-foot) reelun-anchored hardenlng : ock bolts were
installed on & 1.3 by 1.3 meter (4 by & foot) pattern acrc.s the back in the
area adjacent to the fault. There was no record that thue Taulted aree
produced ground-support problems, and no special bolting wuas Lndtalled in the
area of the fault. The conclusion drawn by Tibbs (1983) is that the crossing
of the nearly vertical fault with at least ]| meter (3 feu-) of vertical
displacement did not result in the need for any speclal ground support in
excess of the standard methods used in the drift where no faulting occurred. .

Because there may be & need to expand the repository boundaries
laterally to increase flexibility (see favorable condition 1), Dravo
Engineers, Inc. (1984) has evaluated the potential for mining through the
fauylts and fault zones that bound parts of the primary repasitory aresa at
Yucca Mountain. Limited data show that the boundaries of the primary
repository area (area 1) could be traversed using standard mining and
support technology. However, considerable silte characterization is required
to confirm this analysis, According to Dravoe Engineers, Inc. (1984) and
confirmed by the Rainier Mesa tunneling experlence described above, drifts
across the minor fault zones found within the primary atea caih be excavated
without using unusual or unsafe construction practices. Increased ground
support could be provided in these areas, or in any areas with less stable
rock, to further reduce any potential hazard to workers.

Potentlal Hazards to Yxcavation Workers

To evaluate the potential hazarde to excavation workers at Yucca
Mountaln, excavation experience In the welded and nonwelded tuffs at the NTS
that have been used for weapons-effect testing has been examined. The safety
records show that such excavations can be carried out with minimum adverse
effecta on worker safety. The safety record can be quantified through the
use of incidence rates for worker injury that were assoclated with time away
from work. To assess the relative level of safety for tuaneling operations
at the NTS, the Incidence rates for NTS operations can be compared to injury
incidence rates for similar mining operations. Such a comparison is
presented in Figure 6-27. The industry category that Is most similar to
excavation conditions 1u the tuffs at NT5 1s the category of hard-rock metal
mining, The data presented in Figure 6-27 are based upon industry average
data compiled by the National Safety Council and data for NTS operations
complled by Reynolds Electric and Engineering Co., the U.,S. Department of
Energy contractor for excavation cperations. The data presgented in
Figure 6-27 clearly indicate a significantly better safety record for NTS
tunneling operations than ia typlcal of industry practice. While the
industry average Incidence vate 1s lower now than 1t was 20 years ago by a
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factor of about 2, NTS operational safety record is still lower than the
industry average by a factor of about 3, For the past 10 years, NI8 practice
which heavily enphasizcs worker safety, has resulted in an average injury-
incidence rate of less than | Injury per year per 100 employees.

There are several possible reasons for the difference between industry
average and observed MT8 iIncidence rates. One possible reixsgon is that safety
standards and enforcenant practice st the NIS are probadly more striagent
than 1s typical of the mining industry. NTS practice i -worporates the
concepts of Mine Sufety and Health Administraiion, Californla Department of
Mines safety orders, and DOE Order 5480,1 on safety orde:s (DOE, 1981) and
uses the most stringent governing standards from these rejlations. Another
possible reason 1s that whereas standard mining practice p st be production
oriented to¢ be economical, the tunnels at the NTS are dewsigned and con-
structed for long-term serviceability and stebility. Yet another possible
reason is that mining operations typically deal with potentially unstable
ground conditions because of the enplacement mode of the minerals being
excavated. It is not possible to determine from the data fn Figure 6~27 the
relative importance of these three possible reasons for the difference in
safety at the NTS as compared to the industry average. Howaver, it is clear
that all or any of these reasons provide support for the conclusion that
tunneling in the varlous tuff formations at NTS5, following existing NTS
practice, is significantly safer than hard-vock metal mining in the industry
as a whole.

Specific excavatlion experience In G-Tunnel at the NTS is of interest
because part of the G-Tunnel experience involves a welded tuff, the Grouse
Canyon Member. Engineers and geologists familiar with excavation in the
welded Grouse Canyon Member have expressed the opinion that the ground sup-
port that will be required in the Topopah Spring Member at Yucca Mountain 1s
likely to be similar to that required in the weldad Grouse Canvon Member
{Ortego, 1985). Accident experlence at G- and N~Tunnels at the NTS for the
period between 1975 and 1985 is summarized by Dunnam {1985). Dunnam states
that none of the accidents identified in a search of tunnel records could be
considered te be caused by unstable ground, faulting, or other such geolog~
ically related conditions. He further observes that this ie consistent with
hls recocllectlions of the perlod between approximately 1965 and 1985 for NTS
operational experience. The one accldent that involved the falling of a
plece of rock was the result of an oversight 1in barring down loose rock prior
to support imstallation. The accident report in question indicates that thia
accldent probably would not have occurred if the correct NTS miniag practice
had been followed. 1t is important to note that the reported activities in
the welded Grouse Canyon Member Iinvolved tunneling through a fault zone with
1 meter (3 feet) of observed displacement (Tibbs, 1985).

Conclusion

Faults and shear zones that could compromise the safety of repository
personnel because of construction problems or water inflow are not expected
in the primary repository area at Yucca Mountain. The design and layout of
the underground facility will minimize contact with portions of the host rock
where minor faults and shear zones are ldentified. There 1s no indication
that pressurized brine pockets, evidence of dissolution, or significant
accumulations of water or toxlec gases are present in the repository horizon.

+ o
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flence, no other condirions that could compromise the safety of repository
personnel are expected. Safety records for excavation in tuffse at the NTS
show that such work :.as been carried out for more than 20 vears with an
Incidence of injurier that 1s well below comparable industry averagas.
Therefeore, the evidence indicates that this potentially aiverse condition is
not presaent at Yucca siountain.

6¢3.3.2.5 Disqualifying condition

The site shall be disqualified i{f the rock charactey nstics are
such that the activities associated with repository .anstruc—
tion, operat.on, or closure are predicted to cause significant
risk to the health and safety of perscnnel, taking fnto sccount
mitigating measures that use reasonably avallable technology.

Evaluation

The current data base for the gacengineering properties of the potential
host rock consists of the results of laboratory tests on core samples from
Yucea Mountain and Rainier Mesa (Lappin, 1980a,b; Lappin et al., 1982; Price
et al., 1982a,b; Price, 1983). Rainler Mesa and Yucca Mountain are both com-—
posed of layered veolcanic rocks, and recent measurements on core samples from
densely welded tuffs from both sites indicate that the mechanical properties
of the rock matrix are similar; however, it should be noted that a large part
of G~Tunnel contains nonwelded tuffs. Excavations in G-Tunnel beneeth
Rainler Mesa and planned excavations at Yucca Mountain are similar with
regard to overburden loadings, opening dimensions, and excavation methods.
Because of these similarities, field observetions, tests and experience in
G-Tunnel can be used to support decisions related to the safe construction,
operation, and closure of a repository at Yucca Mountain.

The in gitu stress state affects the stability of openings. Stress
measurements from rock units below the water table at Yuccs Mountain were
uged to calculate ratios of vertical stress to the minimum horizontal stress.
The results show ratios of up to 3.1 (Healy et al., 1984), with a mean of 2.2
for 6 measurementg and s standard deviation of 0.4. No reliasble stress
measurements have been made on the unsaturated zone or on the potential host
rock. The stress ratios for tuffs in $-Tunmmel have a mean of 2.7 and a
standard deviation of 1.3 for 67 measurements {Tyler and Vollendorf, 1975;
Ellis and Ege, 1976; Warpinski et al., 1978). G~Tunnel {s generally supported
only with rock bolts and wire mesh. In the morve than 10 years of tuanel
operation, the stresses have not resulted in problems in opening stability,
even when augmented by severe ground motion from nuclear tests in the tunnel.

The selectlon of densely welded portions of the Topopah Spring Member as
the potential repository host rock was based in part on the average thermal
and mechanical properties defined for each of the four horizons that were
congidered (Tillerson and Nimick, 1984). Available data came from approxi-
mately 73 thermal conductivity tests, 95 thermal expansion tests, 35
mineralogic and petrologlc analyses, 60 mechanical tests on jointed rock
samples, and 120 tests of unconfined and 50 pressure-dependent mechanical
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properties tests. The average wvalues for the thermal and wmechanical
properties of the rock .n the Topopsh Spring Member are given in Table 6-40.

Johnstone et al. {'984)} used nonlinear, finite-element analyses of ther-
momechanical stresses, standard rock-maess clagslfication syitems, and linear
calculations for mine design and pillar sizing to evaluate the expected sta-
bility of openinga. Treir preliminary results indicate that existing mining
technology can be used to develop stable underground openivgs that will allow
repository operations to be safely carried out frowm constr ction through
clogure. The experience gained In G~Tunnel at Rainler Ye-a on the Nevada
Test Site (NTS) supporta this conclusion; it also indicat u¢c that only minimal
support for the opeoning: (i.e., rock bolts and wire mesh) 'nuld be required.
Minability assessrants (Tillerson and Nimick, 1984), aleuv supported by
G-Tunnel experience, indicate that controlled blasting can be sguccessfully
uged to excavate openings 1o ihe densely welded tuff.

The only other significant physical or chemical phencmena known to be
associated with roek characteristics are related to ventilatlon-system dealgn
and worker safety. ‘he temperature increases resulting from the .emplaced
wagte are lmportamt in designing ventilation systems and in selecting the
standoff distance between the drift and the emplaced waste. Excavations at
the NTS show that explosive or other hazardous gases are not to be expedted.
The ventilation system primarily controls dust, Hazards assocliated with the
dust will be mitigated by supplying adequate flow volumes and filters to meet
safety requirements. Similarly, estimates of low-level radiation from the
naturally occurring radon released during rock excavation will be used in
establishing ventilation requirements. Technlques already implemented in the
uranium mining industry will be considered. The proper deaign and operation-
of a ventilation system based on current technology should readily mitigate
dust and radiation concerns.

Tunnel excavation experience in the welded and nonwelded tuffs at the. -
NTS has shown that such excavations can be carried out with mioimum adverse
effects on the health and safety of workers. The NTS saféty record was
quantified and compared to safety records in a similar industry (hard-rock
metal mining) in Section 6.3.3.2.4. The incidence rate of injuries:at the
NTS 1s about a factor of 3 lower than the industry average for hard-rock
metal mining (Schueler, 1985).

Conclusion

Applicable laboratory data, field experience with simllar excavations,
and thermomechanical stress calculations show that activities assoclated with
the construction, operation, or closure of a repository at Yucca Mountain
will not cause significant visk to the health and pafety of .personnel.
Therefore, on the basis of the above evaluation, the evidence doesa mnot
support a finding that the site 1s disqualified (level 1),
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Table 6-40., Average thermal and mgchanical properties of the
Topopah Spring Member

Propeixvy Yrilue
Thermal conductivity {saturated), W/m-°GC L.8 + 0.4
Thesmal conductivity (dry), W/ m-°C 1.¢ =+ 0.4

Predehydration.liqgar e4panaion
coafficient, 107 °/°C 10.7 + 1.7 (ro 200°C)

Transition—dehydragion linear expanaion
/

coefficiant, 10 °/°C 31.8 {to 300°C)

Poastdehydration lipear expansion
coefficient, 107°/°C 15.5 + 3.8 (to 400°C)

Young's modulus, GPa : : 2647 17

|+

Poisson's ratio U.l4 + 0405

Unconfined comprassive 3tréngth, HPa. - 95.9 * 3550 E
Matrix coﬁesion,-MPa-.- o s.l -. 28#5- L
Angle of intérnal fri;tioﬁ; degrees 26;6

Matrix tensile strength, MPa 12.8 + 3.5
Jolint cohesion, MPa 1

Coefficient of friction for initiation of 0.8

sliding on jeints

9pata from Tillerson and Nimick (1984).

6.3.3.,2.6 Evaluation and conclusion for the qualifying condition on the
preclosure rock characteristics guideline

Evaluation

The lateral and vertlcal exteunt of the potential repository host rock at
Yucca Mountaln provides reasonable flexibility for the vertical placement of
the repository, and somewhat limited lateral flexibility for repository
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placement. Current rencsitory design concepts require 615 hectares
(1,520 acres), and the primary repository area containg 890 hectares
(2,200 acres) of which approximately 749 hectares {1,850 sacres) are
considered potentially .a3able. It may therefore be necessary to extend the
repogitory outside the primsry area of Yucca Mountain. Cuvrent information
indicates that standard mining and support technology woulr %e adequate for
this expansion,

Previous experience and presently available data (ser fiavorable condi-
tion Z) suggest that asrtificial-support requirements for t'i: proposed excava-
tion would be minimal anl! would enable work to be perforwme without undue
hazard to personnel and at reasonable cost throughout the e:tire repesitory
operations cycle, including retrievsl, should retrieval be necessary., At
present, there is no evidence that the goomechanical proxerties of the
Topopah Spring Member will respond to waste-—emitted heat in any way that
would lead to hazardous conditions in the repository that eould affect worker
safety or preclude waste retrievability.

Conclusion

The lateral extent of the potential host rock is adequate, but it has
not been demonstrated to provide significant lateral flexibility for locating
the underground facility. There 18 reasonable flexibility for the vertical
positioning. Furthermore, information obhtained to date suggests that lateral
flexibllity 1is likely to be demonstrated during site characterization.
Preliminary exploration activities have not identified any rock character-
istics that would cause undue hazards to personnel. Repository siting,
construction, operation, and closure can be carried out with reasonably
avallable technology, Therefore, on the basis of the sbove evaluation, the
evidence does not support & finding that the site 18 not likely to meet the
qualifying condition for preclosure rock characteriatics (level 3).

6.3.3.2.7 Plans for site characterization

Site-characterization activities will supplement the existing data base,
both through exploratory boringe, access to the proposed host rock, and addi-
tional laboratory tests. Comstruction phase tests will provide in situ
atrese data and shaft convergence data that will be used for design and lay-
out of underground facilities. Large-scale tests performed in the potential
repository host rock during the in situ phase of exploratory shaft testing
will supplement the data base by providing ivformation on the in situ rock
conditions as well as effects, such as fracturing caused by stress and
temperature. A large-scale heater test ie planned to confirm the behavior of
the host rock in the very near field where the highest temperatures and
atresses will be induced.
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6.3.3.3 Hydrology (i0 GFR 960.5-2~-10)

$.3.3.3,1 Introductiley
The qualifying cuadition for this guideline ig aes fo.,ows:

The gsite shall b located such that the gpohydrologi: ﬁetting of
the site will (1} be compatible with those activiti.1 required
for repository construction, operation, and closure’ (2) not
compronise the intended functiong of the shaft line”g_and aaals;
and (3) permit the requirements specifiad in

section 960,5~1(a). 3) Lo be met.

The preclosure hydrology technlcal guideline 1s concerned with surface
and subsurface water that could affect repogitory surface and underground
facilities during construction, operation, and cloaure. Hurface waters have
the potential for flooding the underground facility, acuess vamps, and
shafts; they could also affect the ease and cost of constructing and operat-
ing the surface and support facilitles, 1ncluding transportation access
routes,

Water will be required.for the construction, operation, closure, and
decommisgioning of the repesitory. The gsubsurface hydrelogic conditions will
have a bearing on the cost and safety of construction, operation, cloaure,
and decommissioning. Subsurface water must not compromise the intended
functions of the shaft liners. sad seals. This guideline. relles on technical
information similar to that. supporting the guldeline on geohydrology (Section
6.3.101), _ - _

Thie guideline consiats-of three favorable conditions, one pocentially
adverse condition, one diequalifying. coondition, and one qualifying condition.
The evaluations reported below are summarized 4in Table 6-41 for all
conditions except the disqualifying condition.

6.,3.3.3.2 Data relevant to.the evaluation

Water-table. altitudes at wells negr the potential repository site range
from about 730 meters (2,400 feet) along the eastern edge to about 780 meters
(2,600 feet) near the northwestern adge, along the ridge crest of Yuceca
Mountain (Robison, 1984). . Hydrologlc test holea near YuccazMountain have
been tesced at ylelds ranging from about 6 x 10 to 4 x 10 cubic mpters
per second (10 to 600 gallons per minute) {Waddell et al., 1984). Well J-13
has intermittently'produced. more . Lhan 0,04 cublc meters per second .

{600 gallons par minute). hetween 1962 .and 1983 with no effect on water-table
altitude {Thordarson, 1983).

Competing requirements for ground water have been considered, Surface
water has not been considered for repository or domestic use, because it 1s
not generally available in this arid region. Well J-13 and the proposed
location of repository surface facilities are at the Nevada Test Site., If
Yucca Mountain is selected for repository development, a permanent land
withdrawal will be necessary, and a reservation of water rights is explicit
in the withdrawal (Section 6.2.1.3). Estimates of water withdrawals and
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Table 6-41. Summary of analyses for Section 6.3.3.3; hydrology (10 CFR 960.5-2-10)

Condition

Department of Energy (DOE) finding

FAVORABLE CONDITIGNS

(1) Absenc: .f aguifers Gbetween the host rock and
the land surface.

(2) Absence of surface—water systems that could
petentially cause flooding of the repository.

(3} Avallability of the water required for repos-
itory comstruction, opexation, and closure.

The evidence indicates that this favorable condition
is present at Yucca Mountain: the host rock is
above the water table.

The evidence indicates that this favorable condition
is not present at Yucca Mountain: there are no
perennial stream channels that could potentially
fleod the repository; however, rare extreme storms
could result in flooding of the repository surface
facility and access routes due to sheet flow.

The evidence indicates that this favorable condition
is present at Yucca Mountain: sufficient ground

water is expected to be available from nearby emwwmr

'POTENTIALLY ADVERSE CONDITION

Ground-water conditiouns nsmﬁ could nmﬂ:wmm noaﬁwmx
engineering meas—res that are beyond Teasonably
available technoleogy for repository coostruction,
operation, and closure.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain: the
potential repository is above the water table and no
significant amounts of ground water arve expected;
shafts and boreholes are expected tc be adequately
sealed with available technology.
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Table 6-41. Summary of analyses for Section 6.3.3.3; hydrology (10 CFR 960.5-2-10) (continued)

Condition

Department of Energy (DOE) finding

QUALIFYING CONDITION

The sit. -hal' ne located such that the gechydro-
logic setting of the site will (1) be compatible
with those activities required for repository con-
struction, operation, and closure; (2) not compro—
mise the intended functions of the shaft liners
and seals; aod (3) permit the requirements speci-
fied in Section 960.5-1(a)(3) to be met.

Available evidence does not support the finding that
the site is not likely to meet the qualifying condi-
tion (level 3): host rock 1s above the water table;
wells are expected to provide adequate water supply;
there are no surface-water systems that could flood

the repository or coapromise shaft liners and seals;
and transient runoff will be adequately handled with
routine drainage contrel measures.
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consumption by countiss and hydrographic regilons are included in a series of
water planning reports by the Office of the State Engineer (1971, 1974).
These estimates provid: a bagis for projecting future waser requiramenta in
Navada. Water requircments for the construction, operation, closure, and
decommlssioning of the repository have been estimated on tle basis of the
preliminary conceptual desligas. The average annuwal consus ~tion of water for
& 32-year period of t=pository construction and operation o estimated to be
about 432,000 cubic muters (350 acre~-feet) {Morales, 1985°

Squires and Young (1984) have made predictions for 150-year, 500-year,
and regional maximun floodas; these predictions, describe {2 Section 6.3.3.1,
have been used in estivating the poteatial for flooding & rface and under-
ground facilities.  Fernandez and Treshley (1984) evaluat>d the need for
shaft liners and seals. Data on ground-water conditions that are routinely
encountered and managed with available technology in mises 1e given by
Loofbourow {1973).

Assumptions and data uncertalnties

The altitude and configuration of the water table in the Yucca Mountain
area are known relatively well because numerous boreholes penetrate the water
table, and water levels have been measucred precisely (Robison, 1984).
However, few molsture~content values or other hydraulic properties have been
meagured in the ungsturated zone, whose characterlstics are therefore less
certain. There 1s uncertalnty about the moisture discribution in the
unsatutrated gzone, which could affect sealing concepts. The occurrence of
perched-water zones at Yucca Mountain wae considered in the sealing-concepts
study (Fernandez and Freshley, 1984), but as explalned in Section 6.3.1.1,
its likelihood 1is very low.

Uncertainty regarding flooding potential is discussed in Section 6.3.3.1
(Surface charvacteristlcs), The analysis of surface-water systems (favorable
condition 2) is covered in Section 6.3.3.1.

Estimates of water use during repository conatruction, operation,
closure, and decommissioning are conservative. The effects of increased
ground-water withdrawal) on regional ground-water supplies have some uncer-—
tainty but are considered negligible. Even if the estimates for repository
activities were doubled, the effect on the available water at Yucca Mountain
would be negligible.

6.3.3.3.3 Favorable conditidna
(1) Absence of aquifers between the host rock and.tﬂé‘land
surface, o

Evaluation

There are no aquifers between the host rock and the land surface., The
potential repository horizon 1s locasted 1o the -wnsaturated :zone, 200 to
400 meters (650 to 1,300 feot) above the water table (Figure 6-2) :(Robison,
1984), Even if the basal vitrophyre of the Topopah Spring Member were
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included in the repository, the water table still would be over 150 meters
{330 feet) below the epository.

There {s the poitential for perched-water gzones betwaen the host rock and
the land surface, However, it is unlikely that large pevched zonea occeur
because they have not been encountered in drill holes to 3ate {over 30 drill
holes have been compiuoted within approximately 10 kilomer:re (6 miles) of the
gite).

Conclusion

The potential hosi rock i9 above the water table af 'ucca Moungain and
there are no aquirers between it and the overlying land surface. Therefore,
the evidence iIndicates that this favorable condition ie present at Yucca
Mountain, ‘

(2) Absence of surface-water systems that could potenrially cauge
flooding of the repository.

¥valuation

The reference surface facility location 18 located entirely outside of
the main-channel flood zones predicted for the 100-year flood in the Forty-
mile Wash drainage system (Squires and Young, 1984). Some portions of the
gurface facilities may be in areas that could be affected by the 500-yaar and
reglonal maximum floods predicted by Squires and Young (1984). A study will
be conducted during site characterization to determine the probable maximum
flood (PMF) in the vicinity of the site, :

The washes on, and draining away from, Yucca Mountaln have generally
ateep slopes and during extreme precipitation events are capable of moving
large volumes of water and debris iuncluding boulders. Structures and shafce
will be located to avoid such large volumes of water and debris, 1In
addition, standard drainage-control measures, such as channel lining and flow
diversion, will be used where needed. For additional information, see
Section 6.3,3.1.

Conclusion

Surface-water drainage through the arroyo systems feeding Fortymile Wash
presents a potential for localized flash flooding and sheet flow during
extreme storm events. Some portion of the surface facilities might be
located in areas that could be affected by the probable maximum flood {PMF).
Therefore, the evidence indlcates that this favorable condition ig not pre-
sent at Yucca Mountain.

(3) Avallability of the water required for repository
construction, operation, and closure,

Evaluation

Eatimates of water needed for repository construction and operation are
given in Chapter 5, The averege annual consumption for a 32-year period of
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conatruction and opere .ion fs estimated to be approximately 432,000 cubic
metars (350 acre-~feet} (Morales, 1985),

Hydrologic test holagénaar Yuccqqpountain have been tested at ylelds
ranging from about 6 % 10 ~ to 4 % 10 ° cublc meters per :gcond {10 to 600
gallone per mlnute) ('addell et al.,, 1984). Well J-13 (Fiyxure 6~2), which
gupplies some local witer needs In the southweastern part -f the Nevada Test
Site has ylelded as much as 0.04 cublc meters per seconc (600 gallons par
minute) during pumping tests (Thordarson, 1943), Pump:n; has lowered the
water level in the well only slightly, and effects on t.a regional ground-
watar system are probally negligible. The statle wate: “evel was 728.8
meters (2,391 feer) shortly after the well was drilled in 1962; 18 years
later, after long periods of Iintermittent pumping, the water level was
esgentially tlie same, 728.9 meters (2,39! feetr) (Thordair:ion, 1983). The
excellent production capabilities of Well J-13, combined with the equally
good production from the deep reglonal aquifers under Yucca Mountain (Section
3.3), suggest that sufficient quantities of water can be produced with
negligible lowering of the regionel ground-water table. KEstimates of other
ground-water withdrawals in the region are included in reporte of the Office
of the State Engineer (1971 co 1974). -

Concluaion

The ground-water supplies avallable from nearby wells will be sufficient
to satisfy all requirements during the repository life cycle, Therefore, the

evidence indicates that this favorable condition ig preseat at Yucca
Mountain.

6.3.3.3.4 Potentially adverse condition

Ground-water conditions that could require complex engineering
meagures that are beyond reasonsbly available technology for
repository construction, operation, and closure,

Evaluation

Because the potential reposilory at Yucca Mountaln would be located
entirely within the unsaturated zone, no significant amounts of ground water
will be encountered in the underground workings. Furthermore, tuannels 1in
tuffs below Raiuler Mesa at the Nevada Test Site are in an area of greater
surface recharge and probably of greater molsture flux in the unsaturated
zone than in the proposed repository horizon at Yucca Mountain, Inagmuch as
extraordinary mining techniques have not been required at Rainter Maesa, none
are expected to be neaded at Yucca Mountain.

Substantlally more severe ground-water conditions than those axpected at
Yucca Mountain are routinely encountered and dealt with in mines {(Loofbourow,
1973), therefore, no engineering measures beyond those preseatly availlable
are likely to be needed. This expectation 1s based largely on experilence.
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A study has been made to determine the effects of the unsaturated zone
environment on shaft :iners and seals. The sealing concepts developed to
date are based on dat~ obtained from boreholes., Preliminary calculations of
seal performance were based on a conceptual understanding of the hydrogeology
and supplemented by informstion from comparable tuff serrances at Rainfer
Mesa. Should sealing be required, relatively simple an! straightforward
solutione are proposed (Fernandez and Freshley, 1984). Thuse include filling
drifrs and ramps with coarse-grained material, using dra .= where waler seeps
are encountered, und ualng grout if more massive flows ocrur. For sealing
borehole USW G-4 (the principal borehole for the explor atery shaft), which
penetrates the proposed repository horizon, the use of #z2lite fill, slurry,
or grout seals 1s proposed. The same treatment would be used for nearby
boreholes that penetrate the repository horizon or the underlying tuffaceous
bheds of Callco Hills.

Conclusion

The proposed repository at Yucca Mountain is entirely within the unsatu-
rated zone, and no significant amounts of ground water ave likaly to be en-
countered in the underground workings. The ground-water conditions at Yucca
Mountain will not require complex englneering measures., Sealing of shafts
and boreholes is not expected to present any problemse, Therefore, the
evidence indicates that thie potentially adverse condition 1s not present at
Yucca Mountain,

6.3.3.3.5 Disqualifying condition

A site shall be disqualified 1f, based on expecled ground-water
conditions, it is likely that engineering measures that are beyond
reagonably available technology will be required for exploratory
shaft congtruction or for repository comstruction, operation, or
closure,

Evaluation

The repository at Yucca Mountain would be located 200 to 400 meters
(650 to 1,300 feer) above the water table, The evidence collected to date
from borehcles indicates a very low potentlal for encountering significant
quantities of perched water during exploratory shaft or repository
congtruction. Because the potential host rock 18 highly fractured, perched~
water zomes are not likely to be extensive, and {f encountered, the watar
would quickly drain away. Mines are routinely excavated in environments that
are much more severe than those expected at Yucca Mountain. Current engi-
neering and technology are more than adequate to handle the hydrologic con-
ditions that are likely to he encountered during the construction of the
exploratory shaft or during repository construction, operation, and closure.

Conclugion

It 18 highly unlikely that significant amounts of ground water will be
encountered during the coustruction of the exploratory shaft and during
repository construction, operation, and closure, Currently available
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engineering measures eve considered more than adequate to guarante¢ that no
disruption of construction and operation will occur becausge of ground-water
conditions at Yucca Muantain. Therefore, evidence does nec¢ support a finding
that the site 1s disqualified (level 1).

6.3.3.3.6 Evaluatiov and conclusion for the qualifying ¢ ndition on the
preclosure hydrology guideline

Evaluation

The known c¢ciditions at Yucca Mountain indicate a bunign hydrologlce
situvation with respect to construction, operation, and closure of a
repository: c(he potential bhost rock 1s above the water .able; nearby wells
will provide adequate water for construction, operation, and closure; and 6o
engineering measures beyond those presently avallable wiil be required by
ground-water conditicns. Because of the unsaturated conditions, sealing of
drifts is probably unnecessary, and routine sealing methnds are expected to
be adequate for sealing shafts and boreholes. Although portions of the
surface facilities may be located on a 500-year floodplain or within Lbe
region affected by the probable maximum flood, exlsting technology and
gtandard drainage control measures are likely tc provide adequate protection.
Surface or underground facilities are unlikely to be inundated because of the
small volume and transient nature of the sheet flow and flash floods that are
typical of arld climatic settings like Yucca Mountain.

Conclusion

The unsaturated zone at Yucca Mountaln appears to provide a favorable
hydrologic environment for underground facilities, offering no currently
recognized conditions that would require complex technology or costly
engineering measures., Reasonable drainage control measures will provide
adequate protection against sheet flow and flash flooding, and adequate
sealing techniques are available., The needed amounts of potable water are
available to supply projected repository requirements without affecting
regional availability. Therefore, the evidence does not support a finding
that the site is not likely to meet the qualifying condition for preclosure
hydrology (level 3).

6+3.3.3.7 Plans for site characterization

Flood studies will be conducted to provide information on flash-flood
potential at the site and Lo assist 1r determining peotential locations for
repoaltory surface facilitles. Tests to verify the bebavior of shaft and
borehole sgeals will also be conducted. Additional informaticon about
subsurface hydrologic conditions will be obtained during exploratory shaft
construction and in situ testing within the potential hest rock. Further
analyses will be made of the possible impacts of water withdrawal for
repository activities on local and regleonal ground-water systems.
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6.3.3.4 Teetonics (lU CFR 960.5"2"‘11)

6+3+3.4.1 Introduction
The qualifying condition for this guideline ia as foljows:

The site shall &t located in a geologic setting 1o w'ich any pro-
Jected effects ot expected tectonic phenomena or iﬁ: s activity
on repository construction, operation, or closure wil/ be such that
the requirements specified in Section 960.5-1(a)(3) cu1 be met,

The oblective of this guldeline is to ensure that a ::pository site is
in a geologlc setting in which any projected effects of expected tectonlc
phenomena or igneous activity will be such that no unreasonable or unfeasible
design features are required. The concerng to he addressed under this guide-
line are ground motion or ground disruption that might cause damage to
repository or transportation facilitles, injury to personnel, or the iInter-
ruption of repository operations, including retrievabilityv.

The guideline consigts of one favorable condition, three potentially

adverse conditions, one disqualifylung coundition, and one qualifying
condition. The evaluations reported below are gummarized in Table 6-42.

6.3.3.4,2 Data relevant t¢ the evaluation

Summary of avallable data

Most of the data relevant to preclosure tectonics are cited in Sec-
tion 6.3.1.7 (Postclosure tectonics). Information of apeclal interest for
the precloaure period includes an overview (Reiter and Jackson, 1983) of a
study by the Nuclear Regulatory Commission (NRC, 1985) about probabilistic
evaluations of selsmic hazards. Reviews of the impacts of earthquakes on
underground facilities have been prepared by Pratt et al. (1978, 1979),
Carpenter and Chung (1985), Jackson (1985b), and Owen et al. (1980), and a
final report from a workshop on ground motion and tectonics issues at the
Yucca Mountain site is avallable (SAIC, 1986).

A number of sources were used to provide a basis for estimating the
feasibility of constructing and operating a repository under possible earth-
quake ground motion and displacement. Doser (1985) estimated the minimum
magnitudes at which surface fault rupture 1s likely in the Great Basin.
Jackson (1985a) reviewed the seismic design bases for other nuclear
facilities. Meehan (1984), Merritt et al. (1985} and Read et al., (1979)
discuss designs that have been developed to accommodate fault displacements
beneath structures. Brown et al. (1981), Owen and Scholl (1981), and DOIL
(1972) discuss designs that have been employed where tunnels and pipelines
cross active faults. The performance of facilities that were designed to
accommodate and have experilenced strong ground motion or fault movement is
reviewed by Zeevaert 'and Newmark (1956), Rosenblueth (1960), ENR (19B85a,b),
Murphy (1973), Mechan, et al. (1973), Stratta et al. (1%77), and Yanev
(1978). Attenuation relationships for ground motion have been computed by
Joyner and Boore (1981) and Gampbell (1981).
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Table €-42. Summary of analyses for Section 6.3.3.4; preclosure tectonics (10 CFR 960.5-2-11)

Condicion

Department of Energy (DOE) finding

FAVORABLE CONDITION

The Laiure zud vtates of faulting, if any, within
Lhe ye l.gic astting are such that the magnitude
aud inteansity of the associated seismicity are
significantly less than those genmerally allowable
for the construction and operation of auclear
facilities.

The evidence indicates that thils favorable condition
is not present at Yucca Mountain: the predicted
magnitude and intensity of seismicity are expected
to be acceptable but not expacted to be signifi-
cantly less than those generally allowable for the
construction and operation of nuclear reactors.

POTENTTALLY ADVERSE CONDITIONS

(1) Evidence of active faulting within the geo—
logic setting.

(2) Historical earthquakes or past man-induced
seismicity that, if either were to recur,
could produce ground motiocn at the site in
excess of reasonable design limits.

(3} Evidence, based on correlations of earth—
quakes with tectonic processes and features
(e.g., faults) within the geologic setting,
that the magnitude of earthquakes at the site
during repository construction, operation,
and closure may be larger than predicted from
historical selsmicity.

The evidence indicates that this potentially adverse
condition i1s present at Yucca Mountainm: evidence of
active favulting and ground-surface mamvwmnmlmnn is
found within the geclogic setting.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain: ‘his-
torical earthquakes ot past man—induced sefsmicity
are not expected to caunse ground motion at the site
that would exceed reasonabie design limits.

The evidence indicates that this potentially adverse
condition Is not present at Yucca Mountain: no
evidence exists to suggest that earthquakes larger
than those predicted from historical seismicity
could occur during repository construction, opera-—
tion, and closure.
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Table 6-42. Summary of analyses for Section 6.3.3.4; preclosure tectonics (10 CFR 960.5-2-11)

{continued)

Condition

Department of Energy (DOE) finding

QUALYFYING CONDITION

The site shal? "« located in a geologic setting in
which any projected effects of expected tectonic
or igneous activity on repository construction,
operation, or closure will be such that the re-
guirements specified in Section 960.5-1(Ca)(3) can
be met.

Existing information does not support the finding
that the site is not likely to weet the qualifying
condition (level 3): tectonics-induced ground
motion at the site is exzpected to be within reasen-—
able design limits for a nuclear facility; there is
about a 1 chance in 10,000 for igpeous activity over
a 10,000-year period. The projected effects of
either tectonic or igneocus activity 'in a 90-year
period of repository construction, operation, and
closure are not likely to be significant.
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Asgumptions and data un.ertainties

The principal assumption made in predicting the tectonism of the region
during the preclosure period {(assumed to be 90 years) 1s *at the present
nature and rate of tectonic processes, am represented by c<he historical
record, will continue into the near future. The major uncintainties in data
are attributable to twp factors: the historical record +' esrthquakes 1In
Nevada is relatively brilef, and the reglonal instrumented . 'ismic network at
Yucca Mountaln has been oparating only since [978. Othe: ey uncertainties
are related to estimatimg the surface accelerations, \»r.ccities, and
dipplacements likely to result from an earthquake of a giv 'n magnitude at a
specified distance from a surfece facility. The relatic:iship between
earthquake magnitude and fault length may be different for different types of
faulte (e.g., normal, oblique, and strike~slip) {(Bonilla et al., 1984},
making this link tenuous for purposes of earthquake predistion and hazard
agsessment. Uncertainties are also associated with (1) precise definition of
seismogenic zones; (27 statistice of the seismic sources within the zones;
and (3) appropriatenass of attenuation relationships.

6¢3.3.4.3 Favorable condition

The nature and rates of faulting, if any, within the geologic
gsetting are such that the magnitude and intensity of the associated
seismicity are significantly less than those generally allowable
for the comstruction and operation of nuclear facllities.

Evaluvation

Investigations to date covering a 1,100 square~kilometer (425 square-
mile) area arcund the site have found 32 faults that offset or fracture
Quaternary deposits, Quaternary faults have been divided into 3 broad age
groups: 5 faults last moved between about 270,000 and 40,000 years ago;

4 faults last moved about 1} million years ago; and 23 faults last moved
probably between 2 million years and more than 1.2 milllon years ago
(Swadley et al., 1984), Recurrence intervals that have been published for
major eartbhquakes iIn the reglon are reviewed iIn Scction 6.3.1.7.5 and
summarized in Section 6.3.3.4.53. The historical earthquake record prior to
1978 shows that, within about 10 kilometers (6 miles) of Yucca Mountain,
there were 7 earthquakes; 2 had Richter magnitudes of M = 3.6 and M = 3.4;
magnitudes were not reported for the remaining 5 earthquakes. They were
apparently very small or had magnitudes that could not be determined due ta
instrument problems. Prior to 1978, however, standard errors of moat
locations were + 7 kilometers {+ 4.2 miles) or more. A local selsmic network
with significantly increased detection and locatlion capability has recorded 3
microearthquakes in the same area between August 1978 and the end of 1983.
The largest magnitude was approximately M = 2.0 on the Richter secasle (Rogers,
1986).

The peak historic acceleration at a location 20 kilometers (12 miles)
east of Yucea Mountaln was estimated to be less tham O.lg (Rogers et al.,
1977), Using simflar methods, the seismic hazard for Yucca Mountain was
estimated under the assumptlon that Yucca Mountaln faulte are not active.
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The U.8. Geological $.rvey determiniestically ertimeted that the mest likely
peak acceleration at ucca Mountain would be approximatelv O.4g (USGS, 1984).
This acceleration wan estimated to vesult from a full length fault rupture
(length, 17 kilometerw (11 miles), magnitude 6.8) on the R%ire Mountain Fault,
which is 14 kilometers (9 miles) west of the Yucca Mouni. in site. Alter-
native probabilistic .ypotheses (USGS, 1984), formulated :u the bagis of hise~
torical rates of selumicity In surrounding regions, and assumptions that
earthquakes can occur anywhere 1in the region including V. ceca Mountain, have
resultad I1n estimates that 0,4g hase a return peried on tl« order of 900 te
30,000 years., The range of return periods are derived ‘iom the use of two
different models for tie relationshilp between maximum ac: leration and return
periods The proLability that O0.4g will be exceeded in %0 rears, the assumed
duration of the preclosure period, under these hypotheses is estimated to be
berween 0.003 and 0.1 (USGS, 1984). The probabilistic rosults diecussed by
Rogers et al. (1977) and USGS (1984) demonetrate that large uncertainties
exist in the evaluation of seismie hazard. Different assumptions regarding
the appropriate recurrence model, attepuation velationships, and the identi-
fication of specific faults as seismic sources can result in widely different
estimates of suriace acceleration for a given probability, At this time, it
is premature to place much confidence in these estimates, other than using
them to provide Insight until a more complete assessment can be made of the
various input parameters that are required for a probabilistic seismic hazard
analysis. The estimates by USGS (1984) are in reasonable agreement with
previcusly published estimetes of racurrence intervals for major earthquakes
in the region surrounding the Nevada Test Site (NTS) which are on the order
of 25,000 years for M » 7. and 2,500 years for M > 6. Recurrence Intervals
estimated for M > 7 earthquakes for the region south and east of Yucca
Mountain are longer than those for the NTS region by about a factor of 7.
Until detailed fault studies are completed, it will not be possible ‘to
determine which of the recurrence 1intervals are most appropriate for the
faults near Yucca Mountailn - (see Section 6.3.1.7.5).

There are no present intentlons to uwse the same seismic design pro-~
cedures for waste repositories as have been required for nuclear power
planta. The Nuclear Regulatory Commission (NRC) has indicated that no
seiamic requirements have yet been established for nuclear repositories
(NRC, 1985). They note that all repository structures, systems, and
components important to safety will be reviewed to establish appropriate
design requirements, and that all requirements will be developed to ensure
compliance with 10 CFR Part 60 (1983) and 40 CFR Part 191 (1983). However,
in order to establish a consistent interpretation of this favorable
condition, seismic design values for commercial nuclear power plants that
have been licensed by the NRC were examined (Jackson, 1985a). Because maest
nuclear plants have been built in the east where peak accelerstion estimates
are low, this coumpilation shows that about 90 perceat of reactors have a safe
ghutdown earthquake acceleration value that is equal to or less than 0.20g.
It should be noted that design-limits of 0.75g:and 0.67g for plants licensed
in areas of high seismic activity have been accepted (Jackson, 1985a).

A description of the approach to be used Iin establiishing the appropriate
selamic design requirements for.a.repository at Yucca Mountain: is outlined in
Section 6.,3¢3.4.5. Using this approach, the seismogenic potential .of faults
in the area will be established,: and the appropriate seismic. desigo values:
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will be determined. %“ecause the ounly acceleration estimate presently availl-~
able {s for a fault t*at is not a8t or near the site, a conservabtive position
on this favorable cor-itlon is appropriate for the Yucca Mountaln site.

Conciusion

Preliminary det-rministlc estimates of the ground =ction that could
result from the larrest earthgyake assoclated with a [otentlally active
fault, 14 kilometars {9 miles) west of the Yucca Mount: v site, predlct a
pezk ground acceleration of about O.4g. Acceleration ~s'.imates for ground
motion resulting from earthquakes on potentially acti e faults that are
closer to the Yucca Muuntaln site are not available. # ¢h the assumpticn
that 0.20g is th~ peak acceleration that ig genarally aliowable for nuclear
facilities, the probable paak acceleration that will be determined for the
Yucca Mountain site 1s not likely to be significantly tnaaller than 0.20g..
Therefore, the evidence indicatas that this favorahble condition is not
present at Yucca Mountaln.

6.3.3.4.4 Potentially adverse éoﬁ&itions |

(1) Evidence of active faulting within the geologic setting.

Evaluakion

There 1s geologic evidence of Quaternary faulting in the reglonal
geologle setting of Yucga Mountain. Fault scarps, nearly all small and
conslderably evoded, are, present within the region (Carr, 1984). The area.
has been mapped and studied ip sufficient detall to render it unlikely that
important fault scarps are undetected. .No confirmed surface displacement
younger than 40,000 years had been demonstrated at or near Yucca Mountalan at
the time of publication of Swadley.et al. {1984}. New data, avallable in the
form of preliminary thermoluminescence dates, may lndicate on the order of
I to 10 centimeters of fault displacement in the eastern Crater Flat area
more recently than about 6,000 years ago {Dudley, 1985} (see also Section
6.3.1.7.4, potentially adverse condition l). Thermoluminescance is a dating
technique that has been used in archaeology, but has not yet been shown to
provide reliable dates in gecloglc appiications.

Thirty-two faults within a 1,100 spquare-kilometer (425 square-mile) area
around the site offset or fractyre Quaternary deposits. Five faults are
thought to have last moved between .about 270,000 and 40,000 years ago; 4
faults last moved about 1 million years ago; and 23 faults are thought to
have last moved betwean ! and 2 million years ago (Swadley et al., 1984).
Published data on astimates of recurrence intervals for major earthquakes iIn
the Basin and Range Province are compiled in Section 6.3.1.7.5, For the
Nevada Test Site (NTS} region, the recurrence interval for M > 7 earthquakes
appears to be on the order of 25,000 years, and the average for the area
north of the NTS appears to be -on the order of 7,000 to 10,000 vears. For
M > 6, the recurrence interval ls reported to be on the order of 2,500 years
for the NTS reglon. It should be noted that wide variasbility results from

using different assumptions .apd.regions in the estimation of recurrence
intervals.
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Wichin about 10 kilometers (6 miles) of Yucce Mountaln, hilstorical
seismic records befrre 1978 show that 7 earthquakes were recorded; of these,
2 had magnitudes of M = 3.6 and M = 3.4; magnitudes were not reported for the
remaining 5 earthqu-kes. They were apparently very small, or had magnitudes
that could not be =termined due to Inatrument probless. A local selgmic
network with significantly increased detection and locition capability has
recorded 3 microear.hiquakes in the same ares between Aujust 1978 and the end
of 1983. The largest magnitude (ML), was approximatel” M = 2 on the Richter
scale (Rogers, 1986},

Concluaion

During the Quaternary Perlod, faulting occurred within 10 kiiometers
(6 miles) of Yucca Mountain,. Higstorical seismic records and recent
seigmicity a2t and near the site indicate that faulting is an ongoing process
within the geologic setting. Therefore, the evidence indicates that this
potentially adverse condition 1s present at Yucca Mountain.

(2) Historical earthquakes or past man~induced se!smicity that, 1f
efther were to recur, could produce ground motion at the site in
excess of reasonable design limits. i

Evaluation

Calculations for the maximum acceleration expected at Yucca Mountain
from ground motion induced by underground nuclear explosions at the NTS give
a mean acceleration of 0.06lg and a mean plus 3 standard deviations of 0.32g
{(Section 6.2.1.5}. As discussed in the evaluation of the favorable condition
under this guldeline, the peak historical acceleration from a ttatural earth-
quake at a location 20 kilometers (12 miles} east of Yucca Mountain was
estimated te bte less than 0.1g (Rogers et al., 1977).

Two earthquakes with a magnitude of M = 6 have occurred within about
200 kilometers (125 miles) of Yucca Mountailn: one occurred in 1908, 110 kilo-
meters (68 miles) southwest of Yucca Mountain, and one occurred in 1966,
about 210 kilometers (130 miles) to the northeast (USGS, 1984). If these
earthquakes recurred, they would not be large enough or close enough to Yucca
Mountain to produce ground motlon requiring designe in excess of reasonably
avallable technology.

There are presently no plans to apply the same seismic design procedures
to waste repositories that have been required for nuclear power plants. The
Nuclear Regulatory Commission (NRC) has indicated that no seismic require-
ments have yet been established for nuclear waste reposftories (NRC, 1985).
They note that all repository structures, systema, and components important
to safety will be reviewed to esteablish appropriate design requirements, and
that all requirements will be developed to ensure cowmpllance with 10 CFR
Part 60 (1983) and 40 CFR Part 191 (1985). However, in order to evaluate
this favorable condition, the maximum seismic acceleration values for
reactore that have been licensed by the KRC for safe shutdown earthquakes
(SSE) were reviewed (Jackson, 1985z)., 'The maximum levels occur im California
in high geismic activity zones where the Diablo Canyon resctor has been
licensed for an SSE of 0.75g, and the San Onofre units for 0.67g.
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It 1s important in note that the safe shutdown requirements for a
reactor are not relevart{ for a repository. The inventory of primavy-system
cooling water in a rea:tor must be maintained after a seiemic event in order
to control core deocay neat, prevent meltdown, and prevent potential release
of short-lived noble g.gses or particulates. In a repository, the short~lived
isotopes no longer exist, and the heat that will be gene-nted is several
orders of magnitude 1uus than that for a reactor. This hesr can be contained
within the facility without dependence on complex mecharn &l or hydraulie
systems operating after a selsmic event. Section 6.3 3.4.5 reviews
tecinology that has been used in other facilities to incor-orate designs for
both displacement and ground motion from earthquakes., i’ven the current
state of knowledge of ithe estimates for recurrence rates for large earth-
quakes in the reg’on which includes the Yucca Mountain eli2, and the record
of historical seismicity within the East-West BSeismic Belit, there is no
evidence that suggests that ground motion at the site du-ing the preclosure
time period is likely to be in excess of reasonable desig: limits.

Conclusion

If historical earthquakes or past man~-induced seismicity were to recur
at Yucca Mountain, the resulting ground motlon would be within reasonable
degign limits. Therefore, the evidence indicates that this potentially
adverse condition is not present at Yucca Mountain.

(3) Evidence, based on correlations of earthquakes with tectonic
processes and features {e.g., faults) within the geclogic setting,
that the magnitude of eartbquakes at the site during repository
construction, operation,. and closure may be larger than predicted
from historical seismiclity.

gvaluatigg

Two historical earthquakes of magnitude M = 6 have occurred within about
200 kilometers {125 miles) of the Yucca Mountain site: one in 1908 at Death
Valley 110 kilometers (68 miles) southwest of Yucca Mountain, and one in 1966
about 210 kilometers (130 miles) northeast of the site., Within about
10 kilometers (6 miles) of Yucca Mountain, historicel seismic records before
1978 show that 7 earthquakes were recorded: of these, 2 had magnitudes of
M = 3.6 and M = 3.4; magnitudes for the remalning 5 were not reported, They
were apparently very small or had magonituder that c¢ould not be determined due
to instrument problems. A local seismic network with significantly Increased
detection and location capability has recorded 3 microearthquakes in the ssame
area between August 1978 and the end of 1983. The largest magnitude (HL) wag
approximately M = 2 on the Richter scale {(Rogers, 1986).

For the purposes of evaluation of this condition, 1t will be assumed
that historic seismicity is representative of the earthquake potential for
the Yucce Mountain site for short periods of time, such as the preclosure
time frame. This evaluation will, therefore, not consider design events or
ground motione that are assoclated with low-preobabliity scenarios, because
the likelihood of a larger—~than~historic event is low during the preclosure
period. : :
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Given the present ststus of earthquake-hazard assessment, there is no
evidence that earthgui zes larger than those observed im the historlcal
records for the geolop.c setting are likely to occur at Yuecca Meuntain during
the 90~year preclosute period. Published estimates of recurtence intervals
for earthquakes are veviewed In Sectionm 6.3.1.7.5, for the region that
fncludes the Yucca Mountain site. Recurrence intervals for M > 7 earthquakes
are reported to be o, the order of 25,000 years; for M > 6§, recurrence
intervals are on the order of 2,500 years; and, for M > "5, estimates of
recurrence intervals are about 250 years,

Concluslon

Seismicity at the site since 1978 has heen manifestyd by earthquakes
with magnitudss less than 2, although larger earthquakes have occurred within
the geologic setting. There 18 no evidence that earvthnnakes larger than
these predicted from historical seismicity within the genlogie setting should
be expected to occur at the site during the assumed 90-year perfod of
repository construction, operation, and closure. Therefore, the evidence

indicates that this potentially adverse condition is not present at Yucca
Mountain.

643.3.4.5 Disqualifying condition

A eite shall be disqualified 1f, based on the expected nature and
rates of fault movement or other ground motion, it is likely that
engineering measures that are beyond regsonably avallable techno-
logy will be required for exploratory shaft construction or ‘for

repository congtruction, operation, or closure, :

Evaluation

Within about 10 kilometers {6 miles) of Yucca Mountain, historical
earthquake records before 1978 show that 7 earthquakes were recorded; 2 had
magnitudes of M = 3.6 and M = 3.4; magnitudes were not reported for the
remaining 5. They were apparently very small or had magnitudes that could
not be determined due to instrument problems. Prior to 1978, however, stan-
dard errors of most earthquake locations were + 7 kilometers (+ 4.2 miles) or
more. A local selsmic network has recordad 3 microearthquakes im the same
area between Aupgust 1978 and the end of 1983. The largest magnitude

M., Richter scale) was approximately M = 2 (Rogers, 1986). Two historical
ea%thquakes of magnitude M = 6 occurred within asbout 200 kilometers
{125 miles) of the Yucca Mountain gite, one I{n 1908 at Death Valley, 110
kilometers (68 miles) southwest of Yucca Mountain and one in 1966, about 210
kilometers {130 miles) northeast of the site. :

Thirty-two faults within a 1,100-square~kilometer (425-square~mile} ares
around the glte offset or fracture Quaternary deposits. - Five faults are
thought to have last moved between about 270,000 and 40,000 yeasrs ago; 4
faults last moved about 1 million years ago; and 23 faults are thought to
have last moved between 1 and 2 million years ago (Swadley, et al., 1984).
At the time of publication of Swadley et al. {1984), no evidence of offset
younger than 40,000 years had been confirmed; recently avallable, but.
unevaluated, thermoluminesceunce dates may indicate on the order of 1 to IC
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centimeters of fault Jdisplacement in eastern Crater Flat more recently than
about 6,000 years ago (Dudley, 1985).

Previously publiszhed estimates of recurrence Intervsls for earthquakes
were reviewed in Section 6.3.1.7.5. The region including the Yucca Mountain
gite 1s reported t» hrve an estimated recurrence interval for M > 7 on the
order of 25,000 yeari; for M > 6, the recurrence interval is on the order
2,500 years; and for M > 5, the recurrence interval 18 re¢:orted to be on the
order of 250 years. The range of rerupture times for najor earthquakes
presented {n Table 6-36 in Section 6.3.1.7.5 reflects h: location of the
site on the boundary bctween two zones with very differe:t levels of seismic
activity., One zone is to the gouth of the site with a v ry low level of
geismicity and versy long recurrence intervals for large earthquakes (on the
order of 190,000 years for M > 7 for the region including Las Vegas); the
other zone 1¢ the region to the north where recurrence intervals are on the
order of 7,000 teo 10,000 years for M > 7., The range ln estimates of
recurrance 1intervals demonstrates the wide varilability that resulte for
differing regions when a wide varlety of assumptions are used. At this time,
thege valuas can only provide insight regarding possible recurrence Intervals
for faults near Yucca Mountain. Until detsiled fault »studies are fully
completed, there 1s large uncertainty regarding the appropriate recurrence
intervals for these faulta. However, the avallable data (Swadley et al.,
1984; Dudley, 1985; and USGS, 1984) show no evidence to suggest that
recurrence intervals would be shorter than on the order of 25,000 years for
major (M > 7) earthquakes. It should also be noted that there 1s ne
information currently available on the seilsmogenlc potentlal of faults at or
near Yucca Mountain, so that the occurrence of a wmagnitude 7 earthquake in
the area can neither be anticipated nor can it be ruled out. Although USGS
(1984) indicates that fault movement with surface dlsplacements are possible
at or near the site, recurrence interval data suggest that earthquakes that
are large encugh to generate major surface displacements are unlikely for the
preclosure time perlod of less than 100 years. Doser (1985) reports that
ninimum earthquake magnitudes of 6.0 to 6.5 are required to produce surface
breakage in the Intermountaln Seismic Belt.

The only available estimate of acceleration at the Yucca Mountain slite
was made under the assumption that faults at the slte were not active. The
most lilkely peak acceleration at Yucca Mountaln was deterministically
estimated to be approximately 0.4g (USGS, 1984). This acceleration was
estimated to result from a full length fault rupture (length, 17 killometers
(11 miles), magnitude 6.8) on the Bare Mountain Fault, which is 14 kilometers
(9 milew) west of the Yucca Mountaln site. Alternative probabilistic
hypotheses, formulated on the basls of historical rates of seismicity in
surrounding regions, and assumptions that earthquakes can occur anywhere in
the region including Yucca Mountaln, can be used to show that 0.4y has a
return period on the order of 900 to 30,000 years. The probabllity of O.4g
being axceeded fu 90 years, the assumed duration of the preclosure period,
under these hypotheses Is estimated to be between 0.003 and 0.1 (USGS, 1984).
These values are 1n reasonable agreement with previous estimates of
recurrence intervals for the reglon. The probabilistic results discussed by
Rogers et al. (i977) and USGS (1984) demonstrate that large uncertalnties
exist In the evaluation of selsmlic hazard. Different assumptions regarding
the appropriate recurrence model, attenuation relationships, and the
identification of specific faults as selsmlc sources, can result in widely
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different estimates of acceleration for a given prebability. At this time,
it is premature to pla.e much confidence in these estimates, other than using
them to provide insight until a more complete asssasment can be made of the

various input parameters that are required for a probabilicstic selsmic hazard
analyais.

Possible effects on the preclosure operation of a rey :.sitory from earth-
quakes at or near the site can be considered from the s mndpoint of the
potential for ground motlon and the possibility of surfa-e displacement. As
digcussed in potentially adverse conditlon 2, nuclear v actors have been
designed and licensed bv the Nuclear Regulatory Commisslcn with safe shutdown
earthquake accelerations of 0.75g and 0.67g in selsmically ictive araas.

Owen et al. (1980) review the selsmic design coneiderstions that may be
applicable to the underground portion of a repository. Experience with
strong ground motion acting on other types of structures also provides useful
information. TFor the underground portlion of the repositery, evidence 1is
avallable from a number of mines and tunnels In which earthquake damage at
depth 1s reported to be less than at the surface (Pratt et al., 1978), 1In a
review of the effects of earthquakes on underground facilities, (Carpenter
and Chung, 1985), the followlng tentative conclusions are presented. If
fault displacement occurs through a site, damage is 1inevitable; however,
damage from shaking alone is generally confined to facilities located within
the epicentral reglon and may be less than damage to surface facilities at
the same ailte. There is an apparent reduction of amplitude with depth, al-
theugh selsmic data for this observation 13 reported to be mixed. The fre-
quency content of motion 1s important to the stability of underground
openings, and attenuation relatiorships should be site specific. Model
studies indicate that problems may occur in shafts, particularly with waste~
handling equipment. This fllustrates the need for detalled assessments of
the seilsmic aspects of shaft designa, hoists, and in-shaft waste-handling
equipment. All of the above information will be considered during seismic
hazard studies of the Yucca Mountain site. Jackson (1985b) reviewed the
literature on damage to underground facilities from earthquakes. He notes
that there are numerous observations that underground structures suffer less
damage than surface structures during strong shaking motion. Jackson (1985h)
qualitatively concludes that the probabi}&ty of eyents that are large enough
Lo cause damage is likely to be low (10 te 10 per vear) for the pre-
clogute repository time frame. He also poilnts out that damage to subsurface
facilities is likely to be localized so that few waste disposal contalners
would be affected, although systems used for retrieval, such as the shaft,
heist, and transportation systems may require careful consideration regardiag
seismic design requirements in support of the Carpenter and Chung (1985)
conclusions reviewed above. In general, damage 1s not likely to occur unless
the underground facllity is very close to an earthquake eplcenter. The
primary cause of earthquake-Iinduced failure 1n underground excavation 1e
apparently movement along preexisting faults or collapse at the portal of a
tunnel or shaft.,

Seismic designs to accommodate fault displacements have been developed
for other facilities including large buildings. The effects of fault dis-
placement on the performance of gtruectures may depend on whether the faults
are parallel or perpendicular to bullding walls and on the thickness and
characteristics of soil above bedrock (Meehan, 1984). Merritt et al. (i985)
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peint out that although the absolute amplitude of displacement may he large,
this displacement {s cfien spread over a long length, and that the amount of
distortion at amy polur 1s generally amall, often within the elastic defor-
mation capacity of the structure., State-cf-the-art techaclogy allows designs
that incorporate flexi'le joints so that the effects of miror fault movement
can be accommodated. iritical areas of a structure could #iso be isolated by
a sand cushion or othe- displacement accommodating materiale (Meehan, 1984).

The questions raised in design and licensing for & waste~handling
building (WHB) that spans a surface dlisplacement are sig-i icant. A prefer-
able design soclution for the geologle setting of Yucca t »urtaln will be to
locate the WHB, which w'1ll contain the surface Iinventory % spent fuel and
high-level waste, on a location where surface displacemtnts have not
occurred. This building locatlion need be only 152 meters (300 feet) square.
Because of the juxtaposition of surface and subsurface fecilities at the
Yucca Mountaln slte, there is an extensive area that could be acceptable for
the WHB location. Early design studles are intended to establish cne or more
suitable locations for the WHB where surface fractures gare not present.
Estabiishing a suitable WHB locatlon using this philoscphv will be preferable
to the design and licensing of the facility using seismic design technology
described above. '

A review of the information available on designs to accommodate fault
displacement in non-nuclear facllities shows that many structures have been
designed to accommodate offset. For tunnels that cross active faults, an
approach used In the California aqueduct where It crosses the Garlock Fault
was to design a reinforced concrete condult; another approach was described
for the Bay Area Rapid Transit (BART) System, where tunnels cross the Hayward
Fault in Berkeley, California. The Hayward Fault has an estimated annual
creep rate of between 6 and 8 millimeters (0.24 and Q.31 inch) per year
(Brown et alt., 1981). The BART tunnel was oversized and lined with closely
spaced steel rib sections to permit absorption of tectonic deformations and
promote rapid repair and track realignment {(Owen and Scholl, 1981}. From
experience of damage to underground box conduits during the San Fernando
earthquake, suggestions for design of relnforced concrete conduits include
the following: close-spaced selsmic joints; construction joints and selsmic
joints placed 1n the same vertlcal plane; and aveidance of changes in geo-
metry or properties of the cross section, sudden change of direction, and
confluence near an actlve fault zone. Merritt et al., (1983) suggest a atruc-
tural design goal that may be appropriate ia some cases which Is to provide
sufficient ductility to absorb the imposed deformatfon without losing the
capacity to carry statlc loads. The Trans~Alaskan Pipeline was designed to
traverse active fault zones having 0.6 meters (2 feet) of horizontal and/orx
vertical displacement (D0OI, 1972). Table 6~43 summarizes information on a
number of facilities that have experienced strong ground motion or fault
novenent .

In the well-known case of the General Electric Test Reactor, located in
Pleagsanton, California, a comprehensive structural analysis was completed of
the safety~related components and systems for both surface displacement and
maxinum vibratory ground motion, Using an assumption of 1 meter (3 feet) of
offset, an analysis of the reactor building suggested that induced stresses
in the concrete core structure would be much less than the cracking threshold
capacities {Reed et al., 1979).

I
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Table 6-43. Facilities that were designed for and have experienced mnnosm ground motion or fault movement

Facility Source of .Ground Ionwo= Observed Effects Reference

Fukushima Huclear Power wwmmnf Miyagi-Ken—oki, Earthquake Damage was negligible.

8ve-9

unlits ! through D,

[asss’ na Presecturs, Japen:
Location approximately

125 km from epicenter;

0.12g lateral ground accelera-
tion; 0.25g maximum peak response

acceleration of the structures.

Latino Americanc Tower,

Mexico City, Mexico. 43 to 44
stories high. Location
approximately 350 km from
epiceater; 0.05 to O.lg
iateral acceleration {1957);
0.18g acceleration {1985).

Bunker Hill Tower, Los Angeles,
California. °2 stories high;
loczzion approximately 25 La
from eplcenter.

Baoco de America, Managua,
Nicaragua. 17 storles high.
Located immediately adjacent to
fault that moved during earth—
quake; concrete shear wall
construction.

June 12, 1978
Magnitude 7.5
Focal depth = 30 km
Of fshore location

Mexico earthquakes
July 28, 1957
Magnitude 7.5
Focal depth 25 km
September 19, 1985
Magnitude 8.1
September 20, 1985
Magnitude 7.5

San Fernando Earthquake
February 9, 1971
Magnitude 6.4

Managua, Nicaragua,
Earthquake

December 23, 1972
Magnitude 6.25

Reactors apparently did
not shut down and all

5 units were operating
11 days later.

Building survived the
earthquake without
damage.

Overall earthguake
damage very light.
The shear walls ex-~
hibited only very
minor craeking. Most
floors and wall areas
exhibited no signs of
damage. .

Yapev mwwwmv

Zeevaert and
Newmark :
(1956);
Rosenblueth
(1960)

ENR 1985a
ENR 1985b

Murphy 1973

Meehan et al.
{1973) :

L
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Table 6-43. Facilities tha

(continued)

t were designed for and have mﬁﬁﬂnumunmn mmwonm mnmzwu Eonmow mﬂ;mmcun_amcmsm:n

Faciliey

Source of Ground Motieon

Observed Effects.

Reference <

Tieon Building,

MEnduans, D

Cotabate City,

i ~2ppli€s. & erspiag
high. Lr- _iion approximately
100 ke from epicenter; moment
frame concrete; 0,08 to 0.18g
peak acceleration.

Bay Area Rapid Transgic

Turmel (BART), Oakland,
California, Tunnel Penetrates
Hayward Pault. Designed to
accommodate both continuous
fault creep and periodic faylr
displacement assoclatred with
earthauakes.

Mindanao, Philippines,
Earthquake
August 17, 1976
Magnirude 7.8
Focal depth less thag
33 km.

Hayward Paglt Creep——6 to
8 o per year laterally.
Historical faylt movement
{up to 1.5 m) associasted

- with earthquakes inp late

1800s.

Survived the ea¥thbquake
withoat structural
damage and only a
slight crack in a.con=
crete block partition,

Stratta et ‘al.’
{1977) :

Brown et al.
{1981)
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Methodology for asseusing significance of seismic and tectonic events

A detalled description of the approach utilized to ldentify and regolve
licensing issues assouclated with significant seilsmic and tectonic events is
being prepared by the Nevada Nuclear Waste Storage Inv: stigations (NNWSI)
Project and will be incorporated in the site charact.rization plan.
Significant seismic and tectonic events are those eventn that, in Llight of
tectonlic history and other characteristics of the site, ..ust be congidered in
evaluating compliance of the repository with the perfoi:ance objectives of
lu CFR Part 60 (1983)., This description, to be presen.e: ag a position paper
for discussion with the NRC and the public, will addrew the formulation of
criteria to bé used ior identifying the significant se¢.:mic and tectonic
events to be cousidered for preclosure and postclosure analyses. On a
preliminary basias, the position paper will identify scenarfos to be addressed
in these analyses, including those velated to faults at or near the site. A
rationale will be developed to explain why certain scenaries should be
excluded or included in the analyses on the basis of either probability or
consequence. The paper will also evaluate the potentilal impact of the

relevant scenarios on the NRC performance objectives ard on underground and
surface facility design.

An lssue-resolutlon strategy will alsoc be developed. The specific
selamic and tectonic events considered for analysis will be discussed in
terms of uncertaintles in scenaric definition and data and assumptions to be
ugsed in analyses. The approach to be used to demonstrate compliance could
incorporate several sequential steps. First, the set of release sacenarios
for the seilsmic and tectonic events that could affect safety during operation
and retrieval would be identiffed. Next, failure-mode analyses of struc—
tures, systems, and components Iimportant to safety would be conducted using
seismic-initiating-event probabilities and seismic-design parameters deter-
mined in accordance with procedures described in the paper. Theae analyses
would be used to determine likely and maximum consequences of fallure with
reapect to radlclogical safety, considering the ranges of parameters that
affect these consequences. The results of these determinations would then be
uged in an analysis and assessment of the degree of compliance with applica-
ble release limits. Finally, the uncertainty in these analyses and assesg-
ments would bhe evaluated. The resulting information would be used in an
evaluation of the impact on design of structures, systems, and componentg
important to safety and to determine the implications regarding the design of
structures to reslist failure. The above steps will be iterated and will
become more sophisticated as data from site characterization becomes
available. An iterative approach will alsc be used to define and refine
fleld programs to obtain the necessary data.

The process just described recognizes that many of the analyses and sup-
porting investigations involve state-~of-the-art concepts regarding the acqui-
sition and use of geoleglc data In scphisticated amalyses. VWhile such
concepts will be applied for the first time to a repository, the NRC has
evaluated numerous probabilistic risk assessments for auclear reactors, which
include selsmic initiating events. Techniques discussed above are likely to
be similar to those that have been used for probabilistic risk assessments.
The analyses, design criteria, and evaluation criteria prepared by the NNWSI
Project will be presented in an open forum to ensure: ‘that the best technical
approaches are incorporated in the subsequent evaluation of the tectonlcs
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disqualifying condition and qualifying conditicn of 10 CFR Part 960 (1984),
the performance objectives of 10 CFR Part 60 (1983), and evaluations of
worker and public heal-h and safety.

Coneclusion

There may be evid:nce for a very small amount of suris«e displacement
near Yucca Mountain 11 the past 6,000 years. The closest hilstorical M = 6
sarthquake occured in 1908 about 110 kilometars {68 miler southwest of the
site. Recurrence intervals for earthquakes in the regic .re reported to be
on the order of 25,000 years for M > 7 earthquakes, and .2 the order of 2,500
years for M > 6 earthquakes. On the basis of present ur wledge of past
earthquakes and fault locations, a review of currently a.ailable design
technology, and the plans for identifying the sfgnificant sgelasmic and
tectonics parameters during site characterization, it is jfudged feasible to
construct, operate, and decommission an exploratory shafi facllity and &
radioactive waste repository at Yucca Mountain. Therefore, the evidence does
not support a finding that the site is disqualified (level 1).

6.3.3.4.6 Evaluation and conclusion for the qualifying condition on the
preclogure tectonics guideline

Evaluation

The brief historical selsmic record at Yucca Mountaln shows mno
earthquakes that have produced damaging ground motion (Rogers et al., 1983;
Rogers et al., 1977; USGS, 1984). Within 20 kilometers (12 miles) of Yuccs
Mountain, the deterministically predicted maximum credible earthquake (M =
6.8) on any of the largest of the nearby faults considered seismically active
could produce a 0.4g acceleration at Yucca Mountain (USGS, 1984). This
earthquake has a predicted return period on the order of 900 to 30,000 years.
Published re¢urrence intervals for earthquakes in the region are reported to
be on the order of 25,000 years for M > 7 earthquakes; on the order of 2,500
years for M > 6 earthquakes; and, about 250 years for M > 5 earthguakes., The
estimated ruoture length of a fault producing an earthquake of a given magni-
tude and the maximum distance from that fault to a given mean and peak hori-
zontal acceleration are given in Table 6-44. The magnitude-length relation-
ship was derived from western North American earthquakes by Bonllla et al.
(1984)., The 84th-percentile and mean accelerations of Joyner snd Boore
(1981) and Campbell (1981) were used to compute conservative estimates of the
distances listed ip the table. At this time, it has not been determined what
percentile will be appropriate for ground motion estimates for a repository.
Section 6.3.3.4.5 discusses the methodology that will be used to essess the
gignificance of possible seismic and tectonic events and to establish the
required level of conservatism. Additionally, the values presented in Table
6-44 are provided to show a range of peak acceleratlon values for different
sized earthquakes at a variety of distances. Until final evaluatione of the
faults near the site, appropriate assumptions for fault length, displacement,
and earthquake magnitude are vot possible or warranted. Table 6-44 shows
that to produce peak accelerations in excess of those that have been accepted
for reactors would require a large event very close to the site. Given the
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Table 6-44.

Magnitude vs, mmcwnwuosmnw and digtance from fault to peak horizontal accelerations

Magnitude, Fault length, A Caléulation Distance to mnnmuwnmnnoav,n
M {kilometers) method kilometers
0.2g 0.5  0.75¢  1.0g
te. 5 (a) 8/17  ~/3 =% /-
(e) 5/8 172 -/1 o
6.0 9 (d} 12/22 -7 wf= ke
(e} 8/13 1/3 -/1 -/-
6.5 17 ¢d) 16/29 2/81- /- -/
(£33 12/19 2/ . =f2 - )=
7.0 33 Cay 22/38 6/ /M- /5
Ce) 18/28 3/ . /% -/~
ooavcnmw from Bontlla et al. mpwmwv western. -North American data. Log.L = 0.566M-2.44 where

M= mcnmmnm wave magoltude.
The numbers before and mﬁmmn msm mwmmw are nrm 50th and 84th vmunm:nwmm ‘accelerations,

respectively,

mevsmn {-) indicates that these events are nof likely to generate the given acceleratiods,
ocauznmm from uownmﬂ.mna Boore €198%) -50th and 84th peréentile acceleration amumnwoamsavm.

nosvﬂnmm from Campbell nwwmwu monw msa m&n& vmﬂnmunnwm acceleration: Hmwwa&bzmwuvm.
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regional estimates of recurrence rates for M 2> 7 on the order of 23,000 years
and about 2,300 years for M > 6, the probability of occurrence of a damaging
earthquake during tha 90-year preclosure period is likely to be very small.
Furthermore, the faul: lengths observed In the immediate rsicinity of Yucca
Mountaln do not appes:. sufficlent to generate earthquake: with magnitudes
greater than 6 or 5.5. regardless of the recurrence interrals. As noted 1n
the evaluation of the disqualifylag condition, reasonabl- available techno-
logy should be sufficlent to accommodate the seismic desi a requirements for
the site when they are established during site characteriv itlon.

From the gtandpoivt of gelsmic hazard, Reilter and .Js-kson (1983) point
out that an approach baned on return periods on the order .. £ 1,000 or 10,000
years have been i.plicitly accepted by the Nuelear Regulatory Commission
(NRC) for developing the selsmic design criteria for nuclrar reactors. Such
an appreach msy be overly conservative for a geologle repository. The con-
cept of continulng operation of complex systems after a selamic avent must be
applied to a treactor at the safe shutdown earthquake level, but is not
relevant for a reposirory surface facility. The primary-coolant water supply
for a reactor must continue to be avallable for core cocling after the
seismic event. Because of the presence of short—-lived isotopes, the fuel in
a reactor core will continue to generate decay heat at a rate several orders
of magnitude higher than the repository spent fuel. The noble gases xenon
and krypton are of particular concarn and must be contained along with
lodine-~131 to protect public health and safety. This requirement neces-
sitates the continued functioning of complex mechanical and hydraulic systems
during and after a maximum seismic event as well as the maintenance of the
full structural integrity of the containment building. In a repository, the
spent fuel or defense high-level waste decay heat is low enough to require
only passive systems. Passive dry storage casks are presently before the NRC
for licensing for reactor site storage of spent fuel.

After emplacement in the underground facility, waste disposal containers
are unlikely to experience velocities or accelerations that approach the
velocities and accelerations that will be simulated in drop tests to deter-
mine strength for handling purposes. An acceleration of 1g at repository
depth is extremely unlikely; containers will be designed and tested for

Impact velocitles that produce accelerations of umore than 10 times this
value.

The volcanic hazard potential at the site from silicic velcanism Is much
less than that for basaltic volcanigm as digcussed in Section 6.3.1.7.3. The
possible effects and probability of basaltic volcanism at Yucca Mountaln
during the preclosure period are thoroughly reviewed in sectiong 6.3.1.7.3
and 6.3:1.7.6. The probabllity of a recurrence of basaltic volcaqﬁ?m causing
disruptigg of the repository facllity ranges between 3.3 x 10 and
3.0 x 10 ¥ for the 90-year praclosure period. Because of the low probabili~
ties and gmall consequences, the risk posed by basaltic volcanism is judged
to be very small during the preclosure period (Link et al., 1982).

Conclusion
The only tectonic activity expected to affect Yucca Mourtain during the

preclosure period is the occurrence in the surrounding region of-.emall-
magnitude earthquakes. Such activity is likely to produce ground motion that
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is presently judged *o be within the design limits likely to be applied to
nuclear repositories and is compatible with the requirements sapecifled in
10 CFR 960.5~1(a)(3; {(1984)., Therefore, on the basis of the above evalu-
ation, the evidence loes not support a finding that the rite is not likely to
meet the qualifying :ondition for preclosure tectounlcs {!awel 3}.

6.3.3.4.7 Plane for site characterization

During site charicterization, field investigations +L1] be continued to
further evaluate tectonlc activity at the Yucca Mountain site and lo the sur-
rounding region (see Section 6.3.1.7, Postclosure tectonice, for a complete
discuassion). Site-apecific attenuation curves will be developed to better
predict expected ground motion, Potentially active faulis in the area wil]
be carefully evaluated to determine their slip ratea and their character-
istics.

6.3.4 PRECLOSURE S5YSTEM GUIDELINE

The three preclosure system guidelines establish the overall objectives
to be met by a repository during repository siting, coustruction, operation,
and closure. They address (1) preclosure radiological safety; (2) the
environmental, socloeconomic, and transportation-related effects assoclated
with repository development and operation; and (3) the ease and cost of
repository siting, conatruction, operation, and closure. The first two do
not require site characterization for the demonstration of compliance; tliey
are discussed in Section 6.2.2. The third preclosure system guideline does
require aite characterization; a preliminary evaluation of the Yucca Mountain
site againgt this system guldeline is presented in this section.

6.3.4.1 Ease and cost .of slting, construction, operation, and closure
(10 CFR 960.5-1(a)(3))

6.3.4.1.1 Introduction
The qualifying coundition for this guideline is as follows:

Repository siting, construction, operation, and closure shall be
demonstrated to be technically feasible on the basls of reasonably
available technology, and the assoclated costs shall be demon~
strated to be reasonable relative to other avallable and comparable
siting options.

The preclosure system guldeline on the ease and cost of siting, con-
struction, operation, and closure is ranked lowest in importance among the
three preclosure system guldelines because it does not relate directly to the
health, safaty, and welfare of the public or the quality of the environment.
The elements pertinent. to- this guideline are (1) the site characteristics
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that affect siting, construction, operation, and closure; {2) the englneer~
ing, materials, and services nacessary to conduct these activities;

(3) written agreements oetween the U.8. Department of Eneryy and the affected
State, and the Federal regulations that establish the requirements for these
activitiea; and (4) the repository personnel at the site during siting,
construction, operatior, or closure.

This guldeline weuld not be met if a large number of sueclial measurtes
were necesaary becsusa the site had unsuitable surface feu:ures; because the
host -rock characteristics, including thickness, lateral -x.ent, and geome=~
chanical properties, reculred technology beyond that avai'sble at reasonable
cost; because the hydroiogle conditions at the site could imit the effect-
iveness of reposit.ry seals or cause flooding in the underg.ound workinge; or
because the potentlal for tectoniec activity required unceasonable or
infeasible derign features to protect the workers or the public. Table 6-45
summarizes the finding for the qualifying condition.

6b¢e3.4.1.2 Data relevant to the evaluation

The information presented in this section is derived from those for the
technical guidelines on surface characteristics (Section 6.3.3.1), rock char-
acteristics (Section 6.3.3.2), hydrology (Section 6.3.3.3), and tectonics
(Section 6£.3.3.4). This information is preliminary because the data needed
from the site-characterization program are not yet available., Furthermore,
enly preliminary concepts of the repository design have been identified
(Macbhougall, 1985). Five important variables are considered in the following
evaluation: (1) the location of surface features; (2) the method of access
to the underground facility; (3) the depth of the emplacemant level; (4) the
size and shape of the underground facility; and {5) the method of waste
emplacement. These variables wlll be reevaluated and further refined during
the conceptual design of the repository., The conceptual design will, in
turn, be evaluated wlth the Information obtained during site characteriza-
tion. After site characterization, and the completion of a preliminary
(Title 1) design, more precise estimates of the ease and cost of siting,
congtruction, operation, and closure will be possible.

The discussions that follow describe the activities involved with
repository construction, operation, and clesure and evaluate each of the
three phases in terms of the available technology. It is assumed cthat
10 percent of the access drifts, emplacement drifts, and holes wouid be
excavated and stabilized during construction and that the remainder would be
excavated and stabilized during operation.,

6.3.4,.1.3 Evaluation

Evaluation for repository siting

Siting activities include: (1) the construction of the exploratory
shaft facllity; (2) the construction of a secondary egress shaft; (3) the
construction of surface and support facilities, Iincluding trailers to house
offices, medical services, and change rooms, as well as utility systems, head
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Table 6-45. Summary of analyses for Sectien 6.3.4.1; preclosure system guideline: ease and cost
of siting, comstruction, operation, and closure (10 CFR 260.5-1(a)(3))}

Condition

Department of Energy mvomu finding

OGbHHMMHzn CONDITION

Repository siting, construction, operatieon, and
closure shall be demonstrated to be techmnicaily
feaslble on the basis of reasonably available
technology, and the associated costs shall be
demonstrated to be reasonable relative te other
availsble and comparable siting optioms.

Existing information does not support the finding
that the site is not likely to meet the qualifying
condition (level 3): no special technology is
expected to be required; repository activitles are
expected to be feasible on the basis of reasonably
available technology; site characterization is
expected to provide additional ionformation for
planning and design.
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frames and hoists, ventllation systems, and a road; and (4) laboratory and
field studies,

Standard construction and mining practices can be used to construct the
exploratory shaft facliity. The secondary egress shaft wrald be raise-bored,
a standard mining techuoique. No unique or nonstandard techniques are
expected to be rvequirad for the constructlon of the suppo:i facilities or for
the conduct of laborutory or field studies,

The surface characteristics that ahould be consid r.d in eiting are
mainly the terrain and the surface draluage; both w:l. be carefully
considered in the placement of the exploratory shaft fu ility, secondary
egreas shaft, anc surface support facllities. The surfoce facilities,
ghafts, and access routes to them can be located in gencrally flat areas with
well~establiahed drainage systems, No exceptionsl groun! support methods are
expected to be required; wire mesh and rock bolts should provide sufficlent
ground support to provide for worker aafety.

Hydrologic factors that should be considared in siting activitles are
water avallability, potential for flooding especlally with regard to sheet
flow, and ground-water conditions that could require complex engineering
measures beyond those reasonably available. Adequate water supplies are
avallable locally. The design and location of the exploratory shaft and
support facilities would include plans for adequate protection from sheet
flow, which will result from standard dralnage control measuvres, Because the
exploratory shaft facility and the secondary egresa shaft would be located in
the uneaturated zone and because of the aridity of the surface climate,
hydrologic impacts on slting are expected to be minimal.

The tectonic factors to be considered in repository siting include the
potential for earthquake-~induced ground motion that could regquire englneering
measurces beyond reasonably available technology during shaft comstruction.
Reasonably avallable technology is sufficlent to design and construct the
surface and underground facilities to withstand the maximum potential ground
motion likely to occur at the Yucca Mountain site.

Evaluation for repository comstruction

Construction activities include (1) the coastruction of surface and
support facilities, Including waste~handling and treatment buildings, support
bulldings, head frames and holsts, a railroad, a road, and utility systems;
(2) the construction of underground ventilation filter buildings and under-
ground facilities; and (3) the excavation and stabilization of ramps, shafts,
drifts, and emplacement holes {MacDougall, 1985).

Standard construction and mining techniques and practices can be used in
most of these construction activities. Waste-handling and trestment facll-
itles, as well as ventilation and £iltratlon systems serving waste-
emplacement areas, will be designed and constructed 1n accordance with
applicable specificatious followed in other nuclear facilities. Activities
requiring nonstandard techniques will be carried out in a maaner that
provides for the safe handling and processing of potentially hazardous
radioactive materials under all foreseeable normal and accldent conditions.
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The surface chatracteristlice that should be considered in construction
activities ave mailn'y the terrain and surface dralnage, and both will be
carefully considere:. in the desiga and placement of suvface facilities. The
pertinent rock char.cteristics are the thickness and lsteral extent of the
host rock; the geom.rhanical properties of the host roc« that affect support
requirements; thermomechanical characteristics of the hnst rock that could
affect the ease arn. safety of waste retrieval, shouls retrieval become
necessary, and other rock characteristics that could ¢« promise the safety of
workers., MHost-rock characterlstics will determine the ~xact depth selected
for the emplacement level, and the exact depth would f {tcct the ease and cost
of constructing head frames, holsts and skips, ramps awul shafts, and the
underground facility. The size and the shape of the em:lacement. area could
also affect the cost of mining the drifts.

The hydrologic factors that should be considered in construction activi-~
ties are water avalilability, the potential for flooding from sheet flow, and
ground-water conditions that could require complex engilneering beyond that
reasonably available. Adequate water supplies for repository activities are
available locally. The design and locations of surface facilities would
include standard drainage control measures to ensure adequate flood
protection. The unsaturated condition of the host rock and the aridity of

the surface climate both contribute to confidence that hydrologlce impacts on
construction will be minimal.

The tectonic factors that should be considered {n repository construce
tion include the potential for earthquake-induced ground motion, The results
of studies to date suggest that the maximum potential ground motion at the
site will not require comstruction methods or practices that are beyond
reasonably available technology.

Evaluation for repository operation

Operation activities 1nclude waste handling, preparation, and
emplacement; administration and management; maintenance; mining; and
security. Surface characteristics that may affect operation include those
that could cause flooding in the surface or underground facilities, or
characteristics that could lead to the failure of engineered components of
the reposltory. No problems with flooding are expected for the surface
facilities, and designs will include standard drainage control measures to
provide protection for both surface and underground facilities. There are
several rock characteristics that could affect repository operation. Among
them are the discovery that the host vrock 1s too thin or laterally
restricted, or the unexpected occurrence of in situ rock conditicns that
require speclal engineering measures such as extensive maintenance of under—
ground openings to guarantee worker safety. The rock characteristics related
to thermomechanical response are also important in ensuring that waste
retrieval could be accomplished safely and without great cogt. All evidence
to date suggests that an adequate d4rea of the host rock is avallable,
although it is possible that additional lateral area could be useful for
added flexibility, The in situ conditions and thermomechanleal properties of

the host rock would allow safe operatfon and retrieval, should retrieval
become necessary. : . :
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Buring coperatlion, there are twe principal hydrologie concerns: an
adequate supply of water must be avallable, and there should be no ground-
water conditions that would require complex technology beyond that which is
reasonably avalilable. Adequate water gupplies are availabl.: locally, and the
unsaturated host rock wiuld require no speclal technology.

The tectonic charucteristiec of the site that could = fect repository
operation is the potential for ground motion severe enough (o disrupt reposi-
tory operation, causing injury to personnel, or causlrg an accidental
radiation release. The ground motion that 1is likely to -esilt from natural
selismiclty or man-induced selsmlcity can be estimated and ¢werationsgl proce-
dures can be establishes to protect workers and facilities. A significant
impact on cperatlion would be pessible ouly Lf earthquakes greatly exceeded
the selsmic design limits of the facllities; conservative design limits would
be used (Section 6.3.3.4).

Evaluation for repository closure

The closure of the repository will consist of backfilling drifts, if
required, and sealing shafts, ramps, and boreholes. Surface characteristics
would affect shaft and ramp sealing, or backfilling if flooding caused dis-
ruption of seals or backfill. The rock characteristics that could affect
closure activities or potential retrievability include rock instability in
waste~emplacement boreholes or drifts, The potential for thermally induced
fracturing or other changes in rock properties could lead to safety problems
if retrieval were necessary, Standard dralnage control measures are
sufficient to guarantee that sealing and backfilling will not be disrupted,
and all evidence to date suggests that the retrieval of emplaced wastes
should offer no wechanical or safety-related problems.

Hydrolegic characteristics would be important in closing the repository
if flooding occurred or 1f water were not available for closure or retrieval
operations. Ground-water conditionsg could affect closure and retrieval if
complex engineering measures were required because of unexpected conditions.
As previously mentioned, standard drainage control measures would ensure
flood protection, and the unsaturated host rock should offer a benign
ground-water envirovnment. Tectonic processes could affect closure activities
1f the earthquake design limits that were imposed were not sufficiently
conservative to guarantee the safety of the workers and retrieval of the
waste, if necessary. Section 6.3.3.4.5 descridbes the procedure that will be
used to develop conservative selsmic design requirements for a repository at
Yucca Mountain.

Cost Estimates

On the basis of the avallable site information and design studies
completed to date, preliminary cost estimates have been developed for the
repository described in Chapter 5. These estimates were developed as part of
the U.8. Department of Energy annual evalugtion cof the adequacy of the one
wil per kilowatt-hour fee for disposal services and do not represent final
cost estimates., More definitive estimates will he completed whem more
detailed designs and site-characterization data become avalilable.
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The estimated to'al life-cycle cost for a repository lucated iu tuff is
$8.5 biliion (1984 dc lavs). This includes costs for development and evalu-
ation (81.5 billion), construction ($1.1 billion), operation ($5.8 billion),
and decommissioning (0.1 billion). The development and :valuation estimate
includes costs for site characterization, repository con::ptual design, and
license application, and technology development, The cor3truction estimate
includes costs for rapository final procurement and con. iruction design and
the construction of all surface facilities and a limitc number of under-
ground waste disposal rooms and corridors. The operati-r.: estimate includes
costs for the construstion of the remainder of the und :rground facilities,
the emplacement of th: waste underground, and caretaks and backfilling
activities. The decommissioning eatimate includes costs for shaft sealing
and the decontamination and dismantiing of the surface facilities.

6.3.4.1.46 Conclusions for the qualifying condition on the ease and cost of
giting, construction, operation, and closure guideline

The siting, construction, operation, and closure of a repository at
Yucca Mountain are not likely to require sgpecial technology and are con-
sidered feasible on the basls of existing technology. Slte-characterization
studles will expand the existing information on host-rock thickneses and
lateral extent, host-rock wmechani-~al properties, thermo-mechanical proper-
ties, the location and characteristics of faults and shear zones, and the
subsurface hydrologic system. The currently avallable repository design
information, cost estimates, and deslgn requlrements will be updated during
ongoing conceptual-design activities. The evidence collected and evaluated
to date does not support a finding that the site is not likely to meet the
qualifying condition of this preclosure system guideline (level 3).

6.3.5 CONCLUSION REGARDING SUITABILITY OF THE YUCCA MOUNTAIN SITE FOR SITE
CHARACTERIZATION

On the basis of the findings stated in the previous discussion of indi-
vidual guidelines and mwade in accordance with Appendix TIL of the siting
guidelines (10 CFR 960, 1984), {t is concluded that the evidence does not
support a finding that the site is disqualified and does not support a
finding that the site 1s not likely to meet the qualifying conditions for
ease and cost of siting, construction, operation, and closure. Therefore, it
is concluded that the Yucca Mountaln site is suitable for site
characterization.

6.4 PERFORMANCE ANALYSES

The preceding sections of Chapter 6 have presented guideline-by-
guideline analyses of the suitabllity of the Yucca Mountaln site for further
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characterfzation. This section describes the preclosure and posi~closure

performance analyses rhat support the preclosure system yuideline regarding
radiological safety ari the postclosure eystem guldeline., Other assessments
not related to preclo:ire radiologlcal safety or postclos'ire performance are
not censidered hare.

6.4.,1 PRECLOSURE RADIOLOGICAL SAFETY ASSESSMENTS

The purpose of th's section is to describe the appr ich to the pre-
closure radiclogl~al assessment, to determine whether th¢ assessments are
especially sensitive to particular characteristics of the aite, and to
estimate preclosure performance based on the existing infarmation.

6.4.1.1 Preclosure radiation protection standards

The preclosure system guldeline {10 CFR 960.5~-1(a){1l), 1984) for radio-
logical safety refers to meeting the applicable safety requirements set forth
in 10 CFR Part 60 (1983), 40 CFR 191, Subpart A (i985), and 10 CFR Part 20
(1984). The Subpart A standard requires that the combined aunual dose equiv—
alent to any member of the publlc, from operations covered by 40 GFR Part 190
(1982) and from direct radiation and planned discharges of radiocactive mate~
rizls, not exceed 25 millirem to the whole body, 75 millirem to the thyroid,
and 25 millirem to any other organ. The requirements of I0 CFR Part 20
establish limits to exposure of operating personnel, permissible concentra-
tions of radionuclides in air and water for unrestricted areas, and offsite
exposure of the general public. The last requirement is that the whole body
dose to any member of the public in a year be less than 0.5 rem, with contin-
uvous dose limited to 2 millirem per hour or 100 millirem in any 7 consecutive
days. This requirement is generally less restrictive than that of AQ: CFR
191, Subpart A, but may be limiting under certaln short-term cenditions.

6.4.1.2 Methods for preclosure radiological assessment

The preclosure performance assessments will include evaluation of poten-
tial release and dose and comparison with the requirements of the regulations
listed 1in Section 6.4.1.1. The asgesdments wil]l consider repository
construction and operations including both normal operating conditicns and
unexpected conditions {(i.e., those involving accidental releases).

The specific analyails for each of these conditions will depend upon the
designs of the facilities and the waste package. The main purposcs of these
analyses will be to confirm the acceptability of the designs and to identify
mitigative measures to decrease consequences and preventive measures to pre-
clude specific accidents. The analyses may depend on the characteristics of
the site and, to the extent that the calculations are particularly sensitive
to features of the site, these characteristics would need to be identified
and evaluated with regard to preclosure system performance.
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6+4.1.2.1 Radiologlcal assessment of construction activities

No radioactlve saste would be lnvolved in the construction activities.
However, radlation exposure could result from the relesse of radon from
excavated rock and the underground facility. The amount of radon released to
the environment depends upon site and engineered syste: characteristics,
including:

1. The amount of natural uranium and thorium in “h  roeck;

2. The characteristics of the rock {e.g., matri: censity, porosity)
that affect the rate of radon emanation from tn rock;

3. The natural and induced thermal fields;

4. The volume and rock surface-area of underground openings;

5. The ventilation flow rate in underground openirgs, and

6. Other engineered features that are not defined at this stage of the
design,

Neutron activation analyses performed on Topopah Sipring tuff samples
indicate natural uranium content to be in the range of i.7 to 5.2 parts per
million and natural thorium content fo be in the range of 22.1 to 25.2 parts
per million (Knause, 1984; Ramspott, 1983), Using these results, the rock
bulk density value of 2,12 grams per cublc centimeter (Tillerson and Nimick,
1984), and assuming secular equilibrium of the uranium and thorium sarles in
the Topopah Spring tuff, it is estimated that the radon-220 (thorium series)
production is approximately 6 picocurles per cublc centimeter and the
radon~222 (uranium serles) production is approximately 3 picocuries per cubic
centimeters. The concomitant radon emanation rate from the rock, particu-
larly as influenced by the induced thermal load from the emplaced radloactive
waste, 1s not yet known. Although tectative dimensions and ventilation rates
for underground openings have been determined, the radionuclide releases and
radiation doses due to natural radon have yet to be evaluated.

For present purposes, estimates of radionuciide releases and radiation
doses can be based upon data provided for various types of geclogic media
(BOE, 1980a). These estimates are discussed In Section 5.2.9.1.

These data Indicate that excavation of rock roughly corresponding to the
disposal of 70,000 metric tons of heavy metsl of spent fuel would result in
an annual effective whole-body dose for a member of the general population of
less than 0.05 millirem., This estimate has been made for excavation of
granite, the rock with the highest radon release per unit of excavated rock
of those media evaluated in DOE (198Ca); the astimate assumes that the
release occurs at the point of the excavation. Specific characterigtics of
the site such as rock type or environmental conditioms would not result iun
greater impacts, because the impact will be mitigated with design features,
particularly features of the underground ventilation systems.

6.4.1.2.2 Radisloglcal assessment of normal eperatious

Neither direct radiation sources nor radionuclide releases during normal
operatlions constitute a significant source of public exposure because of the
shielding, packaging, and contaloment measures that will be taken and because
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of the large distance chat separates the waste from the public. The shield~
ing, packaging, and cc¢-talnment measures needed wiil be determined when the
unit operations have bien specified. The greatest potentisl for radionuclide
release during normal operations would occur for the handling of the spent
fuel assemblies. Upper bounds to potential impacts can .+ estimated for
possible handling cuperations and assumptlons regarding cliading fallure.

A small fractlon of the rods may experlence claddii- failure during
reactor operation, or durlng residence in storage pools, In early designe
the fraction of rods that failed during operation was a mat 1 percent, but
design modifications huve reduced this fraction to less than 0.02 percent
(Woodley, 1983). There is no evidence of transportation related cladding
failures (DOE, 19/8). The fraction that would faill during temporary setorage
is unknown. 1f the cladding of any of the rode is ruptured during handling
at the site, a portion of the radlioactivity im the spenc fuel could be
releagsed 1nside the hot cell, High-efficlency particulate air (HEPA)
filtration eystems can be assumed to remove virtually all {(99.9+ pexcent) of
the particulates released from the fuel., For conservatissm, virtually all of
the tritlum, carbon~l4, krypton-85 and ilodine-129 should be assumed to pass
through the system and to be released to the surrounding environment.

Under normal conditions, handliog could only result in cladding failure
1f disassembly of spent fuel elements 18 performed. For example, up to
0.3 percent of the rods could become stuck in the rod spacers because of
swelling in the reactor core {Funk and Jacobson, 1979), and some fraction of
these could be ruptured during temoval from the spacer with an assoclated

release of the fractions stated above for tritium, carbon~l4, krypton-85 and
indine~129,

An estimate of the radionuclide emlssions during normal operations can
be made from the expected arrival rate of spent fuel rods, frequency of rod
fallure, radionuclide inventory of the falled rods, and fraction of this
Laventory that could be released. An upper bound to the releage 1s cal-
culated by assuming an arrival rate of 3,000 wmetric tons of heavy metal of
spent fuel {corresponding to 1,700,000 fuel rodas for pressurized-water-
reactor fuel) each year, by assuming 0.3 perceant of the pina have ruptured
and will be stuck in the spacers during disassembly, and by assuming that all
of the atuck rods will be ruptured during removal from the spacers, The
resulting release fractions are given in Table 6-46. Alr concentrations arg5
calculated on the hasls of a gispersion factor (X/Q) estimated to be 2 x 10
seconds per cubic meter (6x10 geconds per cuble foot). The calculated con-
centrations are compared with the concentration limits set by 10 CFR Part 20
(1984) in Table 6-46., Potential exposure can be mitigated by specific facil-
ity designs.

Evaluation of committed dose equivalent to compare with regulatory stan-
dards will require site-specific Loformation, such as exposure pathway data.
However, bounding ecstimates can be made for simple csses; for example, when
the radloactive gases ave dispersed 1n the atmosphere, the whole~body dose
equivalent for immersicn in the dispersed cloud can be estimated by using
gite-independent dose factors (ICRP, 1979). For the Eflease in Table 6-46
and a dose conversion factor for krypton-85 of 2 x 10 (rem per year) per
{(curies per cubic meter) (ICRP, 1979), the calculated dose equivalent is less
than 0.2 millirem per year. . . :
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Table 6-~46. Awscssment of releases from normal preclosure operations

Calculater
Fraction concentration Concentration

InVantorya released in aigc. limitg
Radionuclide (caries) per year {(Ci/m” ~ (Gi/m™)
Hydrogen-3 9.3 x 103 0.0003 1.8 x lh:!g 2 x 10_;
Carbon-~14 3.7 % 107 0.0003 7.0 x 10 .3 1 x 10_7
Kyrpton~85 1.5 x 101 0.0009 B.b % 1914 I x 10_-_11
Todine~129 9.3 % 10 0.0003 1.8 x 10 2 x 10

aBaaed on 3,000 metric tons of heavy metal of l0-year-old spent fuel
arriving in a year (ROE, 1979).

Based on 0.3 percent failure of spent fuel rods and fraction of
radiocactive gases from failed rods released from facility. Regulatory Gulde
1,25 (NRC, 1972) indicates that fractlons would be 30 percent for krypton-85
and 10 percent for todine~128. Tritium and ecarbon-~l4 are also assumed to be
10 percent. e

;Baseg on X/Q = 2 x 1077 seconds per cubic meter.

Ci/m” = curies per cublc meter.

“Concentration iimits-in 10 CFR 20, Appendix B (1984).

6¢4.1.2.3 Radiological asgessment of accldental releases

The estimates of releases will depend upon the accidents that are plaus~
ible at the site. The possible set of accidents to be considered may be
altered for sgpecific facility design and operatlonal technigues. A broad
spectyum of potential accidents was analyzed by DOE (1978). The most severe
of these involved hoist failure during the lowering of the waste disposal
container to the repository level. As described in Section 5.1.1.2, however,
the reference access method -for transferring wsste to the underground
facility of the prospective Yucca Mountailn repository is via a ramp entry.
Therefore, the waste-holst failure would not be a possible event.

As described in Section 5.2.9.2.3, preliminary safety analyses (Jackson
et al., 1984) indicate that worst-case accident consequences result from an
alreraft impact. For this event, the calculated whole-body equivalent dose
to the maximally exposed individual 1is 68 millirem.

6.4,2 PRELIMINARY ANALYSIS OF FOSTCLOSURE PERFORMANCE
This section presents a preliminary performance analysils for theLpropbsed
Yucca Mountain waste disposal system. The objective of this preliminary.:

analyeis is to estimate the likelihood of satisfying the regulatory require-
ments contalned in the Nuclear Regulatory Commission (NRC) regulations in
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10 CFR Part 60 (19871) and the U.S8. Environmental Protection Agency {EPA)

regulations in 40 CFR Part 19! (19853). The results of the aualysis are used
in Section 6.3.2 in e.aluating the site against the postclosure system gulde-
line {10 CFR 960.4~1, 1984), which 1is based on these NRC snd EPA regulations.

Because o¢f limitarions in the data base and analytical methods, this
preliminary analysis '8 not Iintended to demonstrate comp?!iance with the post-
closure performance cvojectives; rather, 1t is intended tc¢ supplement the evi-
dence that will be uved to establish whether the Yucca Moimtain site 1s sult~-
able for site characterization. A& full performance ass¢ ssuent to demonstrate
compliance with the postclosure performance objective 1a rontingent on site
characterization and witl follow it.

This sectlon is divided into five parts. Section 6.%.2.1 describes the
two major subsystems of the proposed Yucca Mountain waste disposal system.
The first of these, the engineered barrier subsystem, is evaluated by an
asgsessment of waste package performance; the second, the natural barrier sub-
system, is evaluated at this time by evaluations of ground-water flow and
geochemical retardation. The individual performance of each subsystem is
analyzed in Section 6.4.2.2, and a preliminary analysis of total system per-
formance is presented in Section 6.4.2.3. -Section 6.4.2.4 compares the sub-
system and total system performance discussed 1n earlier sections with the
applicable requirements of 1Q CFR Part 60 (1983) and 40 CFR Part 191 (1985).
The objective of these comparisons is to eatablish a rough measure of systen
performance under the conditions expected in the repository; a brilef discys-
sion of the effects of disruptive events on system performance is provided ‘in
Section 6.4.2.5.

6,4.2.1 Subsystem descciptions

For the purpose of these essessments, it is assumed that a repository at
Yucca Mountain would be constructed Iin the primary area of investigation
(Section 6.3.3.2) of roughly 890 hectares (2,200 acres). The underground
working areas would be 200 meters (636 feet) or more below the surface in the
lower portion of the densely welded Topopah Spring Member (Figure 6-25) of
the Painthrush Tuff. The pregent repository concept specifies that 616 hec-
tares {1,520 acres) are required for the repository, and mined areas will
occupy no more than 25 percent of the total area. It is assumed that the
wagste will be emplaced as l0~year—old spent fuel and will reach a total of
70,000 metric tons of heavy metal (MTHM) at closure. The radionuclide inven-~
tory 1s given in Table 6-47.

The quantities of radliosctive waste and the associated radionuclide
inventories that would actually be emplaced ia the repository have not yet
been established, and the amount of spent fuel emplaced could be less than
70,000 MTHM. Other wastes may be emplaced in the repository 1n additiom to
the spent Ffuel. These other wastes may include high-level wastes currently
in storage at West Valley, New York, and defense waste processilng facllity
high-level waste.

These wastes have been explicitly factored into the transportation
analyses in Section 5.3. However, the curie inventories of these wastes
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Radionuclide inventory in repository at 340 and 1,060 years

aftev emplacement of 10~year-old spent fusl
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10 years out of reactor, i.e., the assumed time of emplacement; values

MTU = metric tons of uranium; Ci/g » curies per gram.

a
b
taker from tables 3,3.7, 3.3.8, and 3.3.10 of DOE, 1979; once-through-reactor

cycle.

300 or 1,000 years after closure, i.e., 360 or 1,060 years out of
reactor, assuming a 50-year cperations periocd before ¢losure; values

[

calculated from l0~year inventories and rounded to 2 significant digits.
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would constitute less than 1 percent of total repository inventory and would
not have a significant {ncremental impact on repository performance. There-
fore, these other wartes are not explicitly evaluated here.

The waste dispos:l gystem consists of three major ccaponents: (1) the
waste package; (2) the mined repository, including any cagineered features
that are gpecifically intended to enhance long~term was.e contalnment or
isolation; and (3) vhe geohydrologle and geochemical a: -.ting of the site.
These three components are described helow in terms of tiaeir subcomponents
that are relevant to postclosure performance. '

6+4.2.1.1 Engineered barrier subsystem

The waste package

A reference conceptual design (0'Neal et al., 1984) for a gpent fuel
waste package 1s shown in Figure 6-28. The waste diapusal container 1s
70 centimeters (28 inches) in diameter, but its length, including the pintle,
may vary from 4.0 to 4.75 meters (13 to 15.6 Feat) to accommodate various
lengths of fuel rods. Tha container 1s fabricated from austenitic atainless
steel with a wall thickness of 1 centimeter (0.4 inch)., This design will
accommodate the fuel rods from 7 pressurlzed-water-reactor assemblies
(3.30 kilowatts) or 14 boiling~water-reactor assemblies (2.66 kilowatts); the
fuel rods would be removed from the original assembly hardware and consol-
idated to fit in the waste disposal containers. The power loadings of 3.30
and 2.66 kilowatts are consistent with a 350°C (662°F) temperature limit
imposed ko aveid degradation of the Zircaloy cladding around the spent- fuel
{O0'Neal et al., 1984), 1If it is assumed that the {initial thermal loading of
the repository is held to 119 kilowatts per hactare (48 kilowatts per acre),
then about 18,000 containers would be distributed over 510 hectares
(1,260 acres).

The design shown in Figure 6-28 ie the least complicated of the selected
reference and alternative design configurations for this spent fuel waste
package (0'Neal et al., 1984). The waste disposal container would be
emplaced in a single vertical borehole, and neither an overpack nor packing
material would be used.

Austenitic stainless steel has been chogen as the reference material
because of its excellent corrosion and oxidation resistance in environments
similar to those anticipated in the Yucca Mountain repository during the con-
tainment perlod. The corrosion and oxidation behavior of one austenitic
stainless steel, AISI 304L, has been extensively studied. Test results to
date indicate that either uniform corrosion or stress corrosion cracking is
the expected fallure mode for this material in the dominant environmental
conditions In the Yucca Mouatain repository. More highly alloyed grades of
augtenitic stainless steels (AISI 316L and 321) and the related high-nickel
austenitic alloy (B25) are also being tested as candidate contalner
materials; these alloys are very resistant to localized and stress—asslsted
forms of corrosion {(pitting, crevice, Intergranular, stress cotrosion
cracking, hydrogen embrittiement). Any of these austenitic materials can be
used for fabricating the disposal containers illustrated in Figure 6-~28. The

6-367

g 0908 0 8 9 0



BOREHOLE

s PR

76 CM DIAMETER

—

PINTLE
l i

l —

WASTE
DISPOSAL
CONTAINER WALL
. — THICKNESS
i CM
1 400 TO 475 CM B
' 70 CM
QOUTSIDE
DIAMETER
AIR GAP
THICKNESS
3 CM

2.54 CM = 1 INCH

Figure 6-28. Reference conceptual design for spent fuel waste disposal
container. From O'Neal et al. (1984),
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effects of different fabrication and welding processes on the corroslon and
oxidation performance .f the contalner materials are being studied. So far,
tests in the expected Yucca Mountain environments have shown no evidence of
localized or stress—assisted corrosion. Tests to qualifr the candidate
container materials ave coantinuing, but because such t:sts have not
demonstrated any failvre of 304L by streas corrosion crar¥ing, even under
extreme cold-worked, s2nsitized, and highly stresged conditions, the modeling
of containment-barrier lifetime will be bhased on uniform r :rosion, which is
known to occur at seasgureable rates. However, the role o stress corrogion
cracking remains a subject of further study.

Copper and copper—-buise alloys serve as an alternative viloy system to the
austenitic materiais. Expected corrosion degradation mechanisms and the
envirommental conditions that cause them are different or copper from those
on stainless steel. Alloying additlions improve the realstance of copper to
corrosion in the expected oxidizing environments. High-purity copper
{CDA 102), aluminum bronze {(CDA 613), and 70/30 copper-nickel (CDA 715) are
being tested. Some nodiffeation to the present reference and alternative
waste pankage designs may be needed for copper containers.

The mined repository

By the Nuclear Regulatory Commission (NRC) definition, the angineered-
barrier consists of the waste package and the underground faclility of the
repository. These two componentsa combine to provide long—term containment

and to control the release of the radioactive material into the geologilc
setting. '

The outer boundary of the mined repository has not yet been clearly
defined. The NRC states in 10 CFR Part 60 (1983) that the repository
includes the underground structure, underground openings, and backfill
materials but excludes shafte, exploratory boreholes, and their ssale. For
the current calculations, the boundary of the engineered barrier subsystem is
defined as a surface coinciding with the walls of the waste-emplacement
drifrs and emplacement holes.

At present, preliminary hydrologic information and preliminary design
data are available to predict the effacts of the engineered barrier subsystem
on water avallability at the waste disposal container. While estimates of
the retardation that oecurs inside the boundary of the engineered barrier
subsystem could be made, the release rate at the accessible environment would
not be significantly affected because the major sorptive unit is the tuff-
aceous bads of Calico Hills, which 1s some distance below the repository
herizoun. In future performance analyses, the host rock immediately sur-
rounding the waste disposal containers could be treated either as part of the
engineered barrier or the natural barrier subsystem.

6.4.2.1.2 The natural barrier subsystem (the geohydrologic setting)
This preliminary analysis 1s directed at two components of the natural

barrier gubsystem: ground~water and geochemical conditions. The most impor-
tant aspects of these components are (1) the volume and flow of water in the
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saturated and the unsaturated zones of Yucca Mountain and {2) the geochemical
properties of the vroc“s and waters of Yucca Mountain as they relate to the
potential solution, rauspension, complexing, and travnsport of radionuciides by
the ground water.

The avallable information on the flow of water in th. saturated and the
ungaturated zones of Yucca Mountain is reviewed in Sectiva 643.1.1. Briefly,
the flow of water cuocurs in a thick unsaturated secti. s {about 500 to
750 meters, or 1,640 to 2,460 feet thick) and e deep su urated zoune. The
host rock for the repository 1s in the unsaturated zone ¢ad is characterized
by low water content; the repository horizon is gewnerzl'y over 200 meters
(656 feet) above the witer table.

Water enters the unsaturated zone in the form of precipitation that
infiltrates at the land surface and percolates generally vertically downward
until it reaches the water table. The flow rate of the percolating water 1is
determined by the rate of infiltration and by the hydraulic properties of the
rocks in the unsaturated zone as described in Section 6.3.1.1. On reaching
the water table, the ground water then moves in a geoncrally horizontal
direction to the accessible environment. It is driven by a hydraulic gradi~-
ent approximately equal to the slope of the water table and 1s controlled by
the hydraullc properties of the intervening rocks., It is probable that a
portion of the ground-water flow in the saturated zone at Yucca Mountain
occurs through fractures in the welded units.

The available information on the geochemical properties of the Yucca
Mountailn site 1s reviewed in Section 6.3.1.2. Between the vepository horizon
and the water table, there are several zones containing highly sorptive min-
erals, particularly zeolites and ciays, The formations in the saturated zone
also contaln varying amounts of clays and zeolltes. Because of the sorptive
properties of these rocks, dissolved radionuclide~bearing compounds may be
transported at effective speeds that are generally less than the local pore-
water velocity; this is particularly true 1if flows are confined to the matrix
of the rocks. The reduced speed repults in a transport time over the same
flow path that 1s longer than the water-flow time by & number koown as the
retardation factor, R_ (Equation 6~2). The retardation factor for the jth
radionuclide species, Rf(j), i8 related to the distribution coefficlent Ffor
the jth speclea, Kd(j)’ by the expression (Freeze and Cherry, 1979)

bulk density x K (3

porosity ' (6-4)

Rf(j) A} o+

Estimates of distribution coefficlenta (alec known as the sorption
ratics, R,) and retardation factors are l1listed In Table 6-25 for aeveral
waste elements in six of the tuff units that could be crossed by flow in the
ungsaturated and the saturated zones. These estimateas are based on retar-
dation by scrption. Other chemical and physical retardation mechanisms, such
as precipitation and matrix diffuslon, may Iincrease the effective retardation
factor, eapecially for elements with low scrption ratlos. The waste elements
with low or zero sorption ratios, hence small retardation factors, are
carbon, lodine, and technetium. These few elements will be transported with
a speed nearly equal to that of the ground water, unless they are slowed by
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physical retardation mechanisms or nonsorptive chemical retardation. This
pogalbllity 1e currenrly under Iavestigation.

6.4.2.2 Preliminary performance analyses of the major components of the
aystem

The performance of each of the three major componan. 1 of the waste dis-
posal syastem is evaluated here, The results will be us~d in Section 6.4,2.3
to establish a reference system configuration and Iln Se tion 6.4.2.4 to make
comparigons with regulitory performance objectives,

In the remaiader of this section, and unless otherwise stated, the use
of the term accessible environment is consistent with 40 CFR Part 191 (1985)
and means those parts of the lithosphere and atmosphere that lie at a maximum
distance of 5 kilometers (3 miles) in any direction from the original loca-
tion of the radicactive waste.

6+4.2,2.1 The waste package lifetime

For the waste package, the Nuclear Regulatory Commisgion has provided a
performance objective that calle for substantially complete containment of
radiocactive wastes for 300 to 1,000 years. For purposes of the presant
analyses, the containment period of the waste package is assumed to be the
time during which the waste disposal contaliner is Impervious to liquid water.
There 18, of course, a perlod of time durlong which temperatures withio aand 1o
the vicialty of the containere exceed the beoiling point of water, and no
liquid water would contact tha waste regardless of the integrity of the
container; that period of time is not counted in the present analyses.
Rather, the lifetime of the raference container 1s assesped in terms of its
reslegtance to uniform corrosion, the expected fallure mode of austenitic
af.2inless steel (see diascussion of the waste package in Section 6.4.2.1).
Eutimates of the uniform corrosion rate for this and other materials have
been made based on data from short~term exposure tests that sttempt to
simulate the Yucce Mountain envirgoment. In addition, there are considerable
data in the literature concerning the corrosion properties of 304L stalnleas
ateel,

In low~gsalinity, aerated water with a nearly neutral pH, the uniform-
corrosion rate for 304L gfainlesa steel appears_fo be lesa than 0.1 mil per
year, or about 2.5 x 10 ° centimeter (1.0 x 10 = inch) per year (Paul and
Moran, 1963). If uniform corresion 18 the only mechanism that acts to breach
the waste disposal contalner, its lifetime will be about 3,000 years. 1In
contrast to these results, MeCright et al. (1983) have observed & maximum

rate of 3.7 x 10_5

centimeter (1.5 x 10_5 inch) per year for the uniform cor-
roeslon of 304L stainless steel in 2-month exposure tests. In their tests,
the sample was immersed under pressure at a temparature of 105°C (221°F) im
water from a well in the vieinity of Yucca Mountain (Well J-13) and aimul-
tanecusly was sub)ected to a radiation field of 3 x 10”7 rads per hour. The
container lifetime under these conditions would be about 30,000 years.
However, McCright et al. (1983) conclude that a conservative upper limit of
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1 x 107 centimeter (4 x 107> ingh) per year is reasonable for the uniform
correslion of 304L stalless steel in the Yucca Mountain environment and that
the expected containe» lifetimes are accordingly on the order of 10,000
years.

In summary, the containment period of the waste packije could range from
3,000 to 30,000 yearsy if waste disposal contaliner failure ttrough mechanisme
other than uniform corrosion can be confidently excluded ‘rom condideration.
Since sufficient rata on the vulnerability of candidate ontainer alloys to
fallure mechanisms other than uniform corrosion ave not 'at available, the
lower hound on the range of waste package lifetimes, 3 (U0 years, will be
adopted for the analysis of the reference case in Sectin? 6.4.2.3 to achieve
some degree of ccaservatism.

6.4.2.2.2 Release rate from the engineered barrier subsystem

Ags stated in Section 6.4.2.1, the elements of the repository that would
make up the engineered barrier subsystem at the Yucca Mountain site are not
yet rigorously defined. To facilitate the present asspgasments, the faner
boundarles of this subsystem are assumed to coincide with the outer
boundaries of the waste packages, and the rate .of radlonuclide release from
the engineered barrier subgyatem is calculated as the rate of mass transport
across the geometrical envelope containing the waste packages.

As long as the uncorroded thickness of the waste disposal container
walls was at least a few mlcrons, there could be no significant wass transfer
from the interior of the container to {ts axterfior; hence there would be
little or no release of nonvolatile, radionuclide~bearing compounds. But, at
some time (3,000 to 30,000 vears), corrosion or other mechanisme will have
attdcked the container walls long enough to have produced openings of suffi-~
clent slze to parmit the free passage of water between the interior  and
exterior; water could then ¢ontact the spent fuel rods inside the eontainer.
The amount of water that could flow into the container is limited, however.
Given the assumed prevalling, downward flux im the rock surrounding the waste
emplacement bornhole, the dlscharge of water into the container {and, in
steady flow, out of the contairner) could be no more than FA {in cubic meters
per year)}, where F i{s the flux (in meters per year} and A is the container
area normal to the flux {in square meters). Thus, qu an expected flux of
legs than 0.5 millimeter (0.02 inch) per year (F = 10 ~ meters per year) and
a vertically emplaced refevence container (A = 0,33 square meter), no more
than 0.17 liter (0.04 galion) of water per vear could enter {and exit) the
waste disposal container.

Aay water that penetrates the waste disposal contalner could contact the
Zircaloy-clad fuel rods. The Zircaley cladding could offer further pro-
tection of the bare spent fuel, but the amount of protection 1a uncertain,
particularly over the long term. Woodley (1983) examined thes characteristica
of sgspent fuel from light-water reactors and estimated the cladding failure
rate for boiling-water~reactor fuel designs to be between 1.0 percent and a
value approaching zero. The lower bound for cladding failures will probably
remain near 0.01 to 0.02 percent {Locke, 1975, Gsrzarolli et al., 1979}, In
any case, spent fuel cladding will not be 100 percent intaet at empiacement-

6~372

8 O 3 0 3 089 5



In the present assessments, any protection o¢ffered by the nladding will be
ignored. Thus, 1t 18 srsumed that any water penetrating the contailner will
alwaya contact the hare waste form contained within the Zircaloy cladding,
leading to some dissoluion of the waste and mass transfaer from tha waste
form to the liquid phase in the form of soluble compoundr containing
radlonuclides.

According to available data, the possible mass—transf: rates from spent
fuel to water could vary from essentlally zero (for Intacv “ircaloy-clad fuel
rods) to more than I part in 100,000 per year for bare fi 1> elements, The
latter rates are, however, aextremely uvnlikely uvnder Yuccu Mountain condi-
tiona. Wilson and Oversby (1984) report the initial resulis from tests of
gpent fuel cladding contginment. Solution concentrations indicate a uranium-
release rate of S x 107 per year from bare fuel (pellats from a
l3-centim953r (5=inch) long rod segment) submerged in 250 millilitere
(6.6 x 10 © gallon) of deionized water and a release rate of 2 x 10 ~ per
year for plutonium. These results are similar to release rates measured by
Stroes~Gascoyne et al. (1985) in a study of the long~term dissolution of
spent fuel in discilled water at 25°C (77°F). Similar stucies by Wilson and
Overaby (1984) suggest that release rates from spent fuel samples with rela~
tively large artificially Induced cladding defects are stiil 10 to 100 times
lower than the release rates from bare fuel. These mass~transfer rates are
high enough to suggest that, under the Low=flux conditlons of Yucca Mountain
where water could remaln fin contact with the waste form for relatively long
timas, use of a saturation-limited dissolution model is justified. In fact,
undex saturated conditions in release-rate experiments (Wilsom and Oversby,
1984), with high ratios of water volume to waste-~form area, solutlon concen~
trations appear to reach a steady state in less than 30 days. For the large
flux values that would be typical of fracture flow (considered unlikely at
Yucca Mountain), solubllity kineties may control the release rate, and a
gaturation-limited dissolution model would overestimate the rates. Another
centrol on the release rate is the rate at which diasolved compounds at the
waste—-water interface can diffuse into the flowing water (see Sec-
tion 6.3.1.2, favorable condition 4). In saturation-limited dissolution,
neither kinetlca nor diffusion are accounted for, and each unit volume of
water that contacts a soluble compound 1s assumed to attaln a solution
concentration of that compound no less than S kilograms per cublc meter,
where S is the solubility (or saoclubility 1limit) of the compound in the
solvent under consideration and i8 a quantity depending on many environmental
variables {(e.g., temperature, pressure, concentrations of other solute
compounds) .+

The foregoing conslderatlons suggest a way of using the saturatlon-
limited dissolution model to estimate the rate of mass transport across the
engineered barrier system. Taking a single waste dJisposal container
{described Iin Section 6.4.2.1) as the unit of inventory, the rate of wmass
loss from the engineered barrler owing to dissolution of the spent fuel
matrix, M, should be no more than the expression, M = FAS, where, to
reiterate, F is the flux of water (in cublc meters per square meter per
year), A 1s the container area normal to the flux (in square meters), and §
is the solubility limit of the waste matrix {in kilograms per cpbic meter).
If the upper bound on flux is 0.5 millimeter per year (5 x 10 meter per
year), A = 0.33 square meter (a vertically emplaced reference container), and
S =5 x 10 © kilogram per cubic meter, an upper limlt on the solubllity of
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uranium dloxide in watera characteristic of Y“Qﬁf Mountain (Ogurd and
Kerrisk, 1984), the .ate of mass loss is 8.3 x 10 kilogram per wear. For a
contalner that is susumed to hold 3.3 mgtric tons of bweavy metal, the
fractional mass relesse rate 1s 2.5 x 10 ~ per year, The rate of mass loss
in the form of a radionuclide-bearing compound may also ve estimated in the
same way if S, the saiubllity limit of the waste matrix, 1s replaced with the
smaller of the two quantities, sclubility limit of wae.e matrix and solu-
bility limit of the radionuclide~bearing compound, and : be resulting frac-
tional mass release rate Lls multiplied by the mass ol the radionuclide
remaining in the waste disposal container. For those r:dionuclide species
having solubllity limits greater than the solubility o: "he waste matrix, the
fractional release rave is seen to be the pame as the ir ctional mass release
rate that appliesa to the total iInventory of the container. The solubilities
of several waste elements are listed in Table 6-26. With the exception of
carbon, cesium, technetium, and fodine (not shown), all solubility values are
less than or comparable to the value for uranium oxide.

Flux—dependent rates of mass loss of the type just described will be
adopted for the analyses in Section 6.4.2.3; but they .rre not suitabie for
making conservative estimates of fractlonal release rates for purposes of
comparing with the Nuclear Regulatory Commission objective for radionuclide
releases from the engineered barrler system (generally, no more than one part
in 100,000 per year)., The rate~of-mass~losa formulation described above does
not include mass loss of those solid phases that are not contained in the
spent fuel matrix. Oversby and MeCright (1984) have described the likely
locations and amounts of radionuclides that reside outside of the bare, apent
fuel pellet. They postulate that four components of the inventory should be
congldered in calculating release rates:

1. Radionuclides with releases controlled by matrix dissolution.
2, Radionuelides present in part in the pellet—cladding gap.

3. Radionuclides presént in steel spacers and grida.

4, Radionuclides contalned in the fuel cladding.

The saturation-limited dissolution models account for component (1), the
overwvhelming majority of the inventory. The radionuclides of component
(2) (cesium, iodine, and possibly technetium) usaally amount to less than
1 percent of their total 1nventory. The high leach rate for cesium—137
observed by Stroes-Gascoyne et al. (1985) in sections of bare spent fuel is
probably a consequence of the segregation of a small fraction of the cesium
inventory in compovent (2). In any case, the small fraction of the inventory
residing in component {(2) can be ignored Iin calculations of the long-term
release at the accessible envirooment. The most significant radionuclide
pregent in components (3) and {(4) is probdably the carbon-14 contailned in the
cladding. 1In the present analyses, all carbon-i4 1g assumed to be imbhedded
in the spent fuel matrix. :

Ground-water travel times

Eatimates of ground-water travel time from the repository to the acces—
sible environment will be needed for the analyses in Section 6.4.2.3. These
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estimates are direcily taken from the arguments in Section §.3.1.1.% that use
various lines of rearoning and evidence to show that {1} 0.5 miilimeter
{0.02 inch) per vear -8 a reasonable and congervative upper bound on flux to
use in calculating u-asaturated zone, pre-waste-emplacement travel time;
{2) £lux below the re-rogitory horlzon can be regarded as vertical and faults
are not known to be continuous pathways from the repogitary to the water
table; and {(3) trave! times between a polat 50 meters (10 feet) below the
centerline of the repository and the water table take o a distribution of
values {(at 0.5 millimeter (0.02 inch) per year, the mean travel time is
43,405 yesrs with a standard deviation of {2,800 years)} The travel times
through the saturated zone to the accessible environmeri 5 kilometers

{3 mileg) from the wmargin of the reposltory were alsc stimated in
Section 6.3.1.1.53 but will not be taken into account in tine calculations of
Section 6.4.2.3.

As explained in Section 6.3.1.1.5, a diastribution of ground-water travel
times is obtained when one takes into account the variable ithicknesses of the
rock units and the natural variability of hydraulic properties (e.g., effec~-
tive porosity, saturated matrix conductivity) within each uanit, The distri-
bution of ground~-water travel times may also be interpreted as the proba~
bility that a nonretarded contaminant particle, which 1s released at a ran-
domly selected point in the repository, will reach the accessible environment
e a specified time interval following release. The use of such distribu-
tions of ground-water travel times in the calculationa of theé release of
nonretarded, radionuclide-bearing compounds in Section 6.4.2.3. improves the
realism of such calculations, since part of the effects of hydroedynamic dis-
persion can be included (Freeze and Cherry, 1979).

Reference retardation factors

Point estimates of porous—flow retardation factors in the welded and the
nonwelded tuff units will also be needed for the analyses in Section 6.4.2.3.
These estimates are shown in Table 6~48; they are conslstent with the geo-
chemical properties of the tuffs at Yucca Mountaln described inm Section
6.3.1.2, although the estimates of retardation factors were based on dif-
ferent rock densities and hydrologic parameters. To be consistent with the
theory of flow in partially saturated porous media, molsture contents were
used in the formula for R, glven in Section 6.4.2.1.2 in place of porosity to
generate the estimates of the retardation factors in Table 6-48. Also, bulk
densities of 2.33 and 1.48 grams per cuble centimeter were assigned to welded
and nonwelded tuff, respectively based on Scott et al. {1983); these values
of bulk density ave different from the value (2.5 grams per cubic centimeter)
assumed in Table 6$-25. A compariscn of the two tables, 6-48 and 6-25, shows
that the resulting differences In retardation factors are not large and, as
will be demonsgtrated in Section 6.4.2.3, are not essential to the present
analysis. The largest socurce of uncertainty in the retardation factor is the
digtribution coefficient, which may vary by factors of 10 or aven 100
(Danlels e al., 1982), though 1t is unlikely that the spatially averaged
distribution coefficients could be overestimated by factors of 100. The
estimates given In Table 6~-25 are believed to represent spatial averages.

A study of Table 6~48 reveals that all important radionucllde-bearing
compounds, except those containing carbon, fodine, or technetium, have’
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Table 6-48. Distridution coefficlents (sorption ratios) and calculated
retardation factors used ln preliminary eystem periformance
analyses—~reference cease

Distributilon
coefficient,a Kd Retardagion
(ml/g) _. _factor, R.{]j)

Element Welded Nonwelded Ualded Nonwelded
Americiom (Am) 1,200 4600 4,000 24,000
Carbon (C) | 0¢ 0® 1 1
Curiun (Cn) | 1,200 4,600 . 28,000 24,000
Cesium (Cs) | 290 7,800 6,700, . 41,000
Indine (1) e N i
Neptunium (Np) - | o ‘.:2 ?,2 .'f.f Wii -;= - .. 160 | - ..-53
Protactinium (Pa) . . - .6h . 10 LS00 . . 740
Lead (PB) . . s sd g T g
Plutonium (Pu) T 4o 1,50 740
Radium (Ra) 25,000° 25,000° 580,000 130,000
Tin (3n) et g0t 2,300 530
Stroatium (5r) S sy 3,900 1,200 21,000
Tecﬁnetium (Tc) - ti;h J;,:iB;S _ r-; 0°¢ | .ignr . 1
thordum. (Th) st spod 12,000 . 2,600,
Urantum (U) . o e L8 s 21 s
2trconium (zr) . .. . .seod 00t 112,000 2,600

i .
ty b

*Unless otherwisgse dindicated, distribution coefficlents (sorption ratios)
were taken from Table 6-25 or waere Inferred from the gorption ratlos quoted
by Dgniels et al. (1982); ml/g = milliliters per gram.

Calculated using values of moisture content of 10 and 28 percent and
bulk densities of 2.33 and. 1.48 grama per cubic centimeter for welded and
nonwelded tuff. : TR

dNo data available: assumed to be Zero.

Inferred from the mid-range retardation factor for tuffg in compilation
in Table 7-=1 in National Resedrch Council (1983).
Barium used as a chemical analog.
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retardation factors preater than 10, Conseguently, carbon, lodine, and
technetium can be re-sonably assumed to have transport-time distributions
identical wigh the iwiter travel-time distributions described in Section
6.3.1.1.5, whereas tue transgport-time distributions for the diasolved
compounds bearing the other radicnuclides specles are ewpected’ to be the
water travel-time divtribution uniformly shifted to larg:. timeg by a faclor
approximately equal .o the average retardation factor fo: the combination of
rock unlts crossed by the flow. ‘The latter expectation has bean tested for
uranium using the retardation factors shown in Table 6~ 3 and the numerical
simulation of ground-water travel described in Section 6 3.1.1.3; the sample
mean of the transport-~time distribution for uranium wea: 452,303 years, and
the standard deviatlo was 77,115 years., This result ¢ ggests that cumu-
lative releases 3f uranium (and alsc eny radionuclide w:th a retardation
factor greater than that for uranium) would be miniacule, even over a
100,000~year period, and that all species. except carlon, lodine, and
technetium can be {ignored in the calculations of release to thé accessible
environment that will be¢ presented in the following section,

6.,4,2. 3 Preliminary system performance analysis

The purpoge of thia sectlon ia to- provide laformation for. the prelimi-
nary evaluation of the Yucca Mountain site against the postclosure system
guldeline (Section 6.3.2). The purpoge 1is accomplished by uding simple
methods, avallable information, and the results of the preliminary gubgystem
performance analyses in Sectlon 6.4.2.2 to estimate the performance of the
total system., The measure of total system performance will be .given by the
cumulative curies released to the accegsible environment in thé form of the
jth radionuciide up te time b after rvepoaitory closure, Times beyond 100,000
years after closure are not considered in these analyses.

6.6.2. 3 1 System description ﬁ
A simple conceptual model of the proposed waste disposal syatem at Yucca
Mountaln is shown In Figure 6~29. The level of detall in this® conceptual
mode! is conmsistent with the present knowledge of the. natural and the
engineered barrier subsystems, as well as the information available on the
components of the waste disposal system {i.e., the waste packege, the mined
repository, and the geologlc setting). The mathematical relatipnships used
to quantify the conceptual wodel of the total system in these
analyses are consistent with the level of detail in that concepﬁnal model.

The waste package and the mined-repository components described in Sec-
tion 6.4.2.1 are contained in the “"repository” shown in Figura 6~29. The
waste packages are assumed to be uniformly distributed throdghout the
repository. The radioactivity—ralease rate ¢, in curies per year from each
waste package is given by ]

Cj = ajfj(t)M {6-5)
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where a, ig the specific activity for the jth radionuclide and f ,{t) is the
fractioa of the inver_.ory mass that remains at time t in the form of the jth
radionuclide, The ¢nantity ¥ 18 the mass release rate from the eugineered
barrier subsystem dee¢<ribed in Section 6.4.2.2, HNote that the releases of
the small fraction ¢f the inventory contained in the pel’.t~cladding gaps are
ignored. The total vadiocactivity relesase rate from the .ngineered barrier
subsystem to percols.ing ground water 1s simply the re.zase rate from a
single waste package times the number of waste packagen In effect, the
repesitory ie treated as a planar source term for solut.: injected into the
unsaturated zone flux.,

Water flow through the overburden and the unsaturst. ] tuffs below the
repogltory is assumed to be uniform and downward; the fiu. is treated as a
model parameter that applies only at or below the level of the repository.
Flow in the ungaturated zone is as described in sectlcis 6.3.1.1.5 and
6.442.2.2. The water flow time in the saturated zone has been ignored
becauge adding the saturated travel time makes little difference in the total
travel time, although retardation in the saturated zone would be expected to
delay radionuclide transport.

The calculational model used to estimate the transport of radionuclide-
bearing compounds from the disturbed zone through the unsaturated tuffs and
to the water table is a modification of the model that was used to calculate
releases In the draft version of thils document. In brief, the model ia basi-
cally the analytic solution to the one~dimensional dispersiconless transport
equation for a single-member decay chain (for example, see Harada et al.,
1980) with Equation 6-5 representing the time-dependent initisl conditions on
radionuclide release at the repository level, The analytic solution givee
the cumulative, total discharge to the water table (in curiles) of one of the
three nonretarded specles, carbon, iodine, and technetium, as & function of
time since closure and of travel time (which is treated as an independent
variable in this formulation). The distributions of travel times obtained in
Section 6.3.1.1.5 are then used to calculate the expected cumulative dis-
charge of each of the three nonretarded radionuclides up to 10,000 and
100,000 years after closure by integrating the product of the analytic
solution and the travel~time distribution over all travel times. For the
sake of analytical simplicity, the travel~time distribution is assumed to be
normal in these calculations with mean travel times and standard deviations
given by the sample means and standard deviations obtained in the numerical
gimulations of Section 6.3.]1.1.5. However, an 1nspection of the empirical
distributions obtained in Section 6.3.1.1.5 show that the travel-time dis~
tribution accounting for all travel-times from the disturbed zone to the
water table is not & normal distribution; it is skewed towards longer travel
times more than would be expected for a normal distribution (see Figure 6~7).
The effect of the normal-distribution approximation on the results of this
evaluation is therefore to overestimate the curles released to the water
table over 10,000 years and slightly underestimate curles released over
100,000 years. The reader is cautioned that this simple calculational model
has mnot been benchmarked or valldated, but it has been shown to produce
results that agree with more conventional solutions to radionuclide-transport
problensg.

In the remainder of this section, the performance of the syatem in two
configurations will be calculated with the simple conceptual model just
described. The two configurations are as follows:
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1. Reference coafiguration: The reference configuration for the total
system 19 intended to represent conservative estimstes of values and
conditions (aat can be supported by the analyscs of subsystem and
component pecformance in Section 6.4.2.2. The refergnce values and
conditions developed in Section 6.4.2.2 are collicted end summarized
in Table 6-4Y.

2, Performance limits configuration: The performa :s~limits configura-
tion is the same as the reference case except tu.t the waste package
lifetime 18 limited to 300 years and the frac:jonal releaaehgate
from the engineered-barrier subsystem is varile. zbout 1 x IO per
year, the upper limit on fractional release rg .es defined  in
10 CFR 60,113 (1983).

6.4.2,3.2 System analysis

The estimated radioasctivity releases to the accessible environment by
the model system in the two configurations are listed in Table 6-50. For the
reference configuration (upper bound flux value of (.5 millimeters
{0.02 inch) per year), the fractional relesse rates were assumed to be pro-
portional to the flux, and to occur according to the simple model of the rate
of release from the engineered barrisr subsystem (Section 6.4.2.2).

three valggs of tgﬁ releasg rate that were varied about ] x 10 per year
(1.e., 10 7 to 10 ; the flux in the performance~limits configuration is
arbitrarily set at the upper bound of current flux estimates, (.5 millimeter
{(0.02 inch) per year, which corresponds to a physically defensible release
rate of agbout 2.5 {{}O per, year {Section 6.4.2.2). 1In order to achieve
release rates of 10 = to 10 ~ per vear at this flux, the solubility of the
uranium oxide matrix would Qave to be 100 to 10,000 times larger than the
largest value (about 5 x 10 kilogram per cubic meter) applying to Yucca
Mountain waters (Ogard and Kerrisk, 1984). Such a circumstange is clearly
not credible. Fractional release rates briefly exceeding 10 ' per year are
theoretically possible for the legs than | percent of the inventories of
cesium, lodine, and possibly technetium that sre believed to reside in the
pellet-cladding gaps of the spent fuel (see Section 6.4.2.2.2), but the
average fractional release rate for these components will probably be bounded
by the unknown failure rate of the Zircaloy cladding. In any case such
sporadic release of less than 1 percent of the inventories of cesium and
iodine would have little effect on the releases to the water table indicated
under the performance~limite case in Table 6-30.

For the performance~limits configuration, calculations wer% made for

6.4.2.4 Comparisons with regulatory performance objectives

In this section, the results of the preliminary subsystem perfermance
analyses, Section 6.4.2.2, and the preliminary system performance analyses,
Section 6.4.2.3, are compared with applicable regulatory performance objec-
tives. The comparisons are not intended to definitively show that the per-
formance of the subsystems and the total system will meet applicable

6-380

§onos 0903



Table 6-~4%. Summary of values and conditiona used in preliminary
gystem performance analysis

Reference case

Item (upper bound flux value} Uncertaintya
Waste package lifetime 3,000 wyr 3,000 to 30,000 yr
Fractional relea.e rate 2.5 % 10_9 per yr 0 to 2 x 10"9 per yr
from engiqeered barrier
subsystem’
Flux through repository 0.5 mn/yr® 1 x 10_? to 0.5 mm/yf‘
level .
Expected water-flow timeg 43,270 yr 30,470 to 56,670

between disturbed zone
and water table

Retardation factors for " (Bee Table 6~48) ~ Consistent with as
unsaturated tuffs - _ much as 15 times:-
T ' more or less than
Teble 6~48 values
for distribution
coefficients

aRange of uncertainties in the analyses of components (Section 6.4.,2.2).
bSee Section 6.4.2.2; release rate depends on flux; spent fuel dissolu-
tion only (for vertical emplacement).
“Saction 6.3.1.1 reportd a matrix flux of less than 0.5 millimeter
(0. O% inch) per year.
Disturbed zone is assumed to be approximately 50 meters (160 feet) below
center plane of repository; see Sectiom 6.3.1l.1.5.
®These numbers are means of ground-water travel time distributions; full
distypibutions were used in actual calculations,
Data from Daniels et al. (1982).

regulations. Rather, the regulatory criteria are used to detect areas that
require ilncreased Gtudy or emphasis. The comparfsons may’élso increase or
decrease levels of confidence in the ability of the subsystems and the total
system to eventually meat the regulatory performance objéctives.

The comparisons are presented in Table 6-51, which lists some of the
applicable regulatory criteria, briefly summarizes thelr content, and pre-
sents the relevant findings of sectlons 6.4.2.2 and 6.4.2.3. Several
cautions are warranted: with reepect to 40 CFR 191.13 and 191.16 {(1985)
(items 1 and 3}, the likelihood of exceeding the stated release limits is not
addressed by the analyses of Section 6.4.2.3, and both the conceptual and
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Table 6~50. Preliminary estimates of cumulative radicactivity released
to the accessible environment from a repoaitory containing
70,000 metric tons of heavy metal

Cumulative radioge’ivity {(curies) Isotope
Release rate jper year 10,000 years’ ‘00,000 years released

-y

REFERENCE CASE®
(upper bound flux of 0.5 millimeter per year)

(d) 0 Tod x 1072 C-14
(4) 0 0.3 1-129

() 0 97 . Te-99

PERFORMANCE-LIMITS CASE®
(not consldered possible at Yucca Mountgin)

1 x 1078 | " 0 2.8 x 107} Ceetd
642 3 1129
) 1.9 x 10 Te-99
1 x 107 o 0 2.8 . C-14
- 6.1 x 100 1-129

1 xi07 T g 2.7 x 10, C-lh.

| 5.4 x 10% 1-129 .

1.7 5 -9

x 10 TCFQQ;_ _

®The ground-water travel-time distributions calculated in Section
6.3.1.1.5 show a negligible but nonzero probability of travel times less than
10,000 years. Accordingly, the calculations of curies relessed to the
accesasible environment in Section 6.4.2.3.2 predict releases by 10,000 years
that are not exactly zero, but are tiny fractions of the releases permitted
by the EPA regulation: for the reference case (upper bound flux value), the
curies released in 10,000 years are less thap 0.0Q001 percent of permitted
releases; foasthe thregsartificial rgigase rates of the performance-limits
case, 1 x 16 7, I x 10 7, and 1 x 10 per year, the curles released are
respectively less than 0.0002 percent, 0.002 percent, and 0.02 percent of the
perm%tted releases.
Note that all cumulative radioactivity values at 100,000 years are below
the releases permitted for 10,000 years by 40 CFR Part 191 (1985).
éSee Table 6~49 text for other paramegsr velues.
Fractional reledse rate is 2.5 x 10 ~ per year.
Release rate artificlally varied; flux maintained at an upper bound of
0.5 millimeter (0.02 inch)} per.year.

t
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Table 6-5}. Comparison of regulatory criteria and the results of preliminary system performance

analyses

for a repository at Yucca Mountain

Regulatory criterion

Relevant stipulation

Predicted
system performance

40 CFR 191.13 conta¥ament ™

requirements

40 CFR 191.15 individual
protection requirements

40 CFR 191.16 ground-water
protection requirements

" Teaecumolative releases of radicnuclides”

processes and events...'

to the accessible environment for 10,000
years after dispesal from all significant
* shall have a
likelibood of less thanm 1 chamce in 10

of exceeding the quantities calculated
according to Table 1 (Appendix A).

“esafor 1,000 yvears after disposal. Un-
disturbed performance of the disposal system
shail esot cause the annual dose equivalent
from the disposal system to any member of
the public in the accessibie environment to
exceed 25 miilirems to the whole body or

75 millirems to any critical organ.”

"ea.for 1,000 years after disposal, undis-—
turbed performance of the disposal system
shall sot cause the radionuclide comrcen—
trations averaged over any year in water
withdrawm from any portion of a special
source of ground water to exceed:

(1) 5 picocaries per liter of radium-226
and radium—228; (2) 15 picocuries per liter
of alpha—emitting radionuclides (in-
cluding radium-226 and radium228 but
excluding radon); or...”

Expected releases of
radionuclides to accessi-
bie enviroament for,
108,000 years do mot
exceed release limits
specified for 10,000 years
(Table 6~50}.

Waste package lifetime

is expected to greatly
exceed 1,000 vears;
radiation that could
affect members of the
public would be totally
confined over this period
(Section 6.4.2.2.1).

Waste package lifetime

is expected to greatly
exceed 1,000 years;
soluble radionuciides that
could enter ground waters
would be totally confined
over this period

(Section 6.4.2.2.1).
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Table 6-51.

analyses for a repository at Yucca Mountain (continued)

Comparison of regulatory criteria and the results of prelimipnary system perforeance

Regulatory criterion

Relevant stipulation

Predicted
system performance

10 CFR 60.113 grownd—water
travel time requirements

10 CFR 60.113 waste package
containment requirement

10 CFR 60.113 long-term
release requirement for
engineered barrier
system

Pre-waste—emplacement ground-water travel
time shall be at least 1,000 years.

Cootainment of radioactive waste within the
waste packages will be substantially com—
plete for a period to be determined by the
NRC, but such a period shall not be less
thae 300 years wor more than 1,000 years
after permznent closure of the geologic
repository.

The release rate of any radionuclide from
the engineered barrier system followimg the
countainment period shall mot exceed | part
in 100,000 per year of the Inventory
present 1,000 years after closure.

Ground-water travel time
to accessible envircnment
is expected to exceed
43,000 years

(Section 6.3.1.1}.

Expecited waste package
lifetime in the Yucca
Mouaotain environment 1s
3,000 years or more
(Section 5.4.2.3).

Time—averaged fractional-
releage rates are expected
to be much lower in the
Yucca Mouatain enviroemment
than 1 part in 100,000 per
year (Section 6.4.2.3).

N Q@ n 7

'n n .»ﬂ

N

3



mathematical morels used in the analyses are oversimplifiled, With respect to
the 10 CFR 60.!:3 (1983) requirements for the waste package lifetime (item
4), it could be argued that uniform corrosion and etress—corrosion cracking
would not be th. only mechanisms that contribute to waste disposal contalner
degradation in the Yucca Mountain environment. (ther mechanisms could
involve the st uctural failure of the containers h:cause of instability of
the surrounding trock. A statistical wmodel of cont. ner breaching needs to be
developed; such a model would necesgsarily predict some small release well
before the mean lifetime of the container has e’ apned. Thig issue also
relates to the release rate of radlonuclides aftur the containmen: period
(item 5). The avtual mass-traunsfer rate appears t¢ be proportional to the
area of the waste form exposed to flowing water through breaches in the
Zircaloy cladding, The wetted area of waste within the container probably
would rot Increase abruptly, as postulated in the system analyses, but would
increase slowly and in a random fashion ag time elapsed.

The analysis of system performance 1a Section 6.4.2.3 represents the
performance of the undisturbed waste disposal dys.em. Uncertainties in
predicted system behavlor were not evaluated, and the possibility that che
waste disposal system could be disrupted by unlikely natural events or
intentional human intrusion was not conaidered. These preliminary
agsegaments were performed with limited data and very simple conceptual
models.

The preliminary analyses indicate that site characterization activities
and studies could profitably focus on the following key uncertainties:

1. Conceptual hydrologic models of flow in the unsaturated zone at
Yucca Mountain. : :

2. The expected physical and chemical environment in the repository fof.
10,000 years after closure.

3. The conditional waste disposal contalner lifetime distributions in
the postclodure repository eavironment.,

In addition, these and other assessments (e.g., Sinnock et al., 1984)
suggest that refinements in the theory of flow and transport in fractured,
porous unsaturated rock will be needed before adequate postcharacterization
agsseggments can be made. In particular, methods for treating the stochastic
aspects of flow and transport in fractured, porous media need to be developed
in order to estimate the effects of hydrvodynamic dispersion and chemical: .
retardation on potential radfionuclide releases to the accesaible environment.
A data base contalning estimates of the mean values and other statistical.
quantities for key rock properties is also essential.

6.,4,2.5 Preliminary evaluation of dieruptive events

The evaluations of the Yucca Mountain aite against the postcloauré tech~
nical guldelines (Section 6.3.1) contain assessments of the effeqts of many . -
potentially disruptive natural processes on a reposltaory at.Yucca Mountain.

i
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Some of the relevant asaessments in that section sre summacized in this sec~
tion, which exds with a discussion of the likelifhood and consequences of
human intrusin~n after closure,

6.4¢2,5.1 DNisruptive natural proceasses

Fracture flow

Travel tine calculations 1in the unsaturaie! zone, presented 1in
Section 6.3,1.1.,5 {Geohydrology), include fracture flow in 1intervals whare
the flux of 0.5 millimeter (0.02 inch) per year is greater than the saturated
matrix hydraulic conductivity, However, no contivnuvous fracture pathway from
the disturbed zone to the water table 1e included in the calculations.
Although the formatlon of new fractures is considered unlikely because of the
highly fractured nature of the potential host rock, one of the disruptive
gcenarics that will be considered 1is that of thne formation of a new
structural feature that could conduct steady hydrologle flow,.

A qualitative consequence assesament of auch a feature indicates that
even 1a the most extreme case where the feature with steady flow develops
instantaneously after repository closure, there is likely to be wo release to
the accessible environment through the water pathway in the next 10,000
years. Although very rapid transport of any dissolved waste would be
possible through the unsaturated zone, travel times in the saturated zone are
reported to be at leagt 140 years under current flux conditions and very
congervative assumptions (Sectlon 6.3.1.1.5). Conservative retardation
factors (see Section 6.3,1.2.3), which are based on the effectivenesas of
matrix diffusion 1in the safurated zone, fndicate Lthat radionuclide travel
times are likely to be at least 100 tlmes slower than water travel times,
This indicates that under current flux conditions, the saturated zone offers
& gignificant protective barrler that will retard radionuclide ifransport so
that U.S5. Environmentnl Protection Agency (EPA) release limits are not likely
to be exceeded at the acceseible environment under even the most extreme
scenarlios.,

Climatlc changes

Under the wmost extreme climatic changes considered possible at Yucca
Mountain during the next 10,000 years, an estimated 100 percent increase in
precipitation during a full pluvial could increase recharge by as much as 15
times the present value of 0.5 millimeter (0.02 1inch) per vear (see Sec-
tion 6.3.1.4.4 for complete discussion). Tt should be noted that this
scenario is highly congervative and may be unrealistic bescause as much as
two—thirds of the increased preclpitation may become runoff rather than
recharge. Increased precipitation is likely to cause increased flux and a
posgible increase in the elevatlon of the water table beneath the primary
repogitory area. The potentlal effects of increased water-table altitude are
discussed in Sectionm 6.3.1.4.4, where it 1s explained that even under the
maximum position of the water table, a sufficient thicknese of unsaturated
zone will remain between the repository and the water t(able to maintain
isolatien, In addition the protection from unacceptable radionuclide
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releases that is offered by the saturated zone will be effective. As sum~
marized under the fLracture flow discussion above, the travel tume for radio-
nuclidee in the siturated zone is expected to ba at iaast 100 times slower
than the travel t'me for water. This provides increared confidence that even
under the most exireme, low probability scenarios of = rerurn to full pluvial
conditions very coon after repository closure, relerwes to the accessible
environment in ,,000 years are not likely to exceed the EPA release limits.

Extreme eroaion

Erosion (Seg&}on 6.3.1.5) haa_g;oceeded at Yuc.: Mountain at a rate of
less than 1 ~ [0 ~ meter (3.3 x 10 foot) per year .Gor the past 300,000
years., Using this rate giver 2.3 million vears for the time required to
remove the minimum repository overburden of 230 meters (750 feet). Con~
sequently, eroslion without major vertical tectonic movement is not a credible

disruptive process at Yucca Mountain.

Pissolution

Dissolution {Section 6.3.1.6) of the host rock 1s not credible at Yucca
Mountain. The silica~rich tuffaceous rocks are insoluble wunder present and
expectad physical and chemical conditions.

Effects of tectoniem

Pogssible consequences of tectonism were consldered in Section 6.3.1.7
{Tectonies), but none are likely to affect waste isolation: faulting is not
expected to create new ground-water pathways to the accessible environment or
to significantly lower the isolation potential of Yucca Mountain; the occur~
rence of basaltic eruptions atr the site 1s considered unlikely, and other
changes related to such activity are even more unlikely. Although the region
surrounding Yucca Mountain has been tectonically active during the Quaternary
Period, there 18 no evidence of extreme activity at Yucca Mountain. The
largest historic earthquake within the geologic setting fs reported in Sec-
tion 6.3.1.7 to be a M = 6 locatad about 110 kilometers {68 miles) southwest
of the eite. Recurrence intervals within the region are reported to be on
the order of 25,000 years for M > 7 earthquakes, 2,500 years for M > 6
earthquakes, and 250 years for M > 5 earthquakes. The potentlal effects of
earthquakes on containment and isolation will be evaluated; qualitative
assespsments suggest that ground motion assgclated with earthquakes is
unlikely to cause disruption of emplaced waste disposal containers.
Displacement associated with very large earthquakes could disrupt containers.
However, under curreut flux conditions, insufficlent water is available to
dissolve and transport wastes in quantities that would exceed release limits
at the accessible enviroument (see Section 6.4.2.3.2). A further barrier is
offered by the retardation that 18 expected in the saturated zone, as dis-
cussed shove under fracture flow and climate changes. Regarding basaltic
eruptions at the site, Crowe et al. (1982) estimate that the cumulative
probability that such avqgfs will disrugg the sire within the naext 10,000
vears is between 4.7 x 10 7 and 3.3 x 10 7+ All these estimates lie near the.

probability limite beyond which disruptive events can be classified as no
credible. :
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Human intruaion

Section 6., 'e1+8 (Human interference and natural resources) concluded
that there would be littla incentive for resource sxplovation of the Yucca
Mountain site iu the near future. There are no knon natural resources that
have or are projected to have in the foreseeable firoi7e a value graat enough
to be consideved a commercially extractable regour- . Thus, as long as.gome
records of rescurce distribation are available, 1t 18 highly unlikely that
people will mine or drill at Yucea Mountain.

Limited wat:r resources are prasent but are oc - expacted to be amenable
to exploitation under current or future economic & andards and needs. It
should be noted that the most likely result of excessive ground-water extrac-—
tion near the Yucca Mountain site 1s an increase in the thickness of the
ungaturated zone. Thus, in the unllkely event that thase water resources Aare
explolted by future generations, the resulting increase In the thickaness of
the unsaturated zone would improve the isolation potential of the site.

The population density In the area surrounding the Yucca Mountain site
is very low (Sae Sectlon 6.2.1.2). The rugged tervaln, &rid climate, lack of
surface water, and the deep. ground-water table iIin the area. are likely to per-
slst in the future and to continue to limit the population density in the
immediate vicinity of Yucca Mountain. Therefore, scenariocs for human instru-
sion which Involve exploratory drilling that accidantly penetrates a waste
contalner are likely to have very small population effects. TIn addition,
exploratory drilling in the . .unsaturated zone doeés not necessarlly lead to
increased radloactive releases along water pathways. The regulations
addressing such homan - intrusion scanarios (40 CFR 191, Appendix B (1985))
indicate that direct release of ground water from the repository horizon due
to natural flow or pumping, and the creation of a high permeabllity flow path
gshould be considered as the two most Severe consequences of such exploratory
drilling. With the absence of ground water and the very low expected flux
{See Section 6.3:1:1.5), neither of theses scenarios are plausible for an
unsaturated zone repository. Thus, the only potentlal radiation exposure
would be to the drilling crew due to contact with extracted waste ¢ontaiaer
contents. It may be reasonable to assume that avallability of drilliog tech-
nology would be accompanied by the ability to detect hazardous material, as
is wsuggestad in 40 CFR 191, Appendix B (1985). Additionally, the probability
of directly penetrating a waste contalner is considerad to be very low,. since
it involves the compound probability of driliing into the repository and the
probablility of directly striking a waste contalner. Consequently, human
intrusion does not appear to be a significant disruptive process at Yucca
Mountain.

6.4.2.6 Conclusion: .

The foregoing preliminary performance analyses uncovered no information
that indicates that the Yucea Mountain site is unsuitable for further charac~-.
terization or that it is likely to be disqualified .under the postclosure.
system guideline (Section 6.3.2) after site characterization and more refined
analyses of system performance.
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Chapter 7

COMPARATIVE EVALUATION OF NOMINATED SITES

7.1 INTRODUCTION
7.1.1 PURPOSE AND REQUIREMENTS

This chapter presents a comparative evaluatic: ¢f the five sites
nominated as suitable for site ~haracterization: % is Canyon, Deaf Smith
County, Hanford, Richton Dome, and Yucca Mountain (s:e Figure 7-1). Each site
is a preferred site within a geohydrologic setting!: Davis Canyon is in the
bedded salt of the Paradox Basin in Utah; Deaf Smit% County is in the bedded
salt of the Permian Basin in Texas; Hanford is in baszalt in the Columbia
Plateau in Washington; Richton is a salt dome in Mississippi; and Yucca
Mountain is in tuff in the Southern Great Basin in Mevada. The process that
led to the identification of these sites is describad in Chapter 2.

The major objective of this chapter 1s to present a comparative
evaluation of the sites proposed for nomination in order to satisfy the
following requirements:

1. Section 112(b)(E)(iv)} of the Nuclear Waste Policy Act of 1982 (the
Act), which requires that a "reasonable comparative evaluation” be
included in the environmental assessments that accompany site
nomination.

2. Section 960.3-2-2-3 of DOE's siting guidelines (10 CFR Part 960),
which requires that a reasonable comparative evaluation be made and
that a summary of evaluations with respect to the qualifying
condition for each guideline be provided to "allow comparisons to be
made among sites on the basis of each guideline."

This comparative evaluation is intended to facilitate the comparison of
the more-detailed suitability evaluations reported for each site in Chapter
6. The comparison should assist the reader in understanding the basis for the
nomination of five sites as suitable for characterization (Section 112{(b)(1)(A)
of the Act); it is not intended to directly support the subsequent
recommendation of three sites for characterization as candidate sites.

7.1.2 APPROACH AND ORGANIZATION

This comparative evaluation of the five nominated sites is based on the
postclosure and the preclosure guidelines (10 CFR Part 960, Subparts B and C,
respectively). The reader is referred to Chapter & for a detailed discussion
of the structure and the content of the siting guidelines. The evalyation
presented in this chapter 1nc1udes both the system guidelines and the”
technical guidelines.
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The comparison of the sites against each techmical guldeiine uses the
information from the guideline evaluations presentec in Chapter 6 of the five
environmental assessments, whereas the comparlsons agwinst the system
guidelines summarize directly the evaluations reportwi in Chapter 6. The
approach used to compare the sites against each techriical guideline is
summarized below.

In order tc facilitate the comparison of sites ou the basis of each
qualifying condition, major considerations were der v:d by identifying the
tavorable, potentially adverse, and disqualifying cuaiitlions that deal with
the same general tupic. Contributing factors represer ting site character-
istics that are potentially important tc each major consideration were also
identified. ‘he relative lmportance of the major considerations was
determined primarily by the degree to which they contribute to the qualifying
condition; that is, the stronger the tie between the c¢onsideration and the
quatifying condition, the greater the importance of the consideration. Each
site was evaluated in terms of each major consideration, taking imto account
the contributing factors ak that site.

The purpose of identifying major considerations for each guideline is to
combine closely related site conditions so that the favorable and potentially
adverse conditions can be considered on balance. A major consideration may be
broader in scope than the combined scope of the related favorable and
potentially adverse conditions, in order for it to relate more directly to the
qualifying condition., Most guidelines that contain a ¢isqualifying condition
have one or more potentially adverse conditions that are related to the
disqualifying condition. Since these potentially adverse conditions are
considered in the formulation of a major consideration, the lmportant aspects
of the disqualifying conditlons indirectly enter the comparative evaluation,
Where a major consideration that is needed to evaluate the qualifying
condition does not have a related favorable or potentially adverse condition,
the consideration is derived directly from the qualifying or disqualifying
condition. Not all contributing factors are discussed for each sitej for
brevity, only the factors that contribute to the evaluation of that
consideration are discussed. The evaluation of each site with respect to each
ma jor consideration is presented in alphabetical order, by site.

The major considerations for the guidelines were then considered
collectively, taking into account thelr relative importance, in a comparative
evaluation of the sites. This comparative evaluation describes the sites with
the most favorable combination of characteristics first and those with a less
favorable combination of characteristics last.

The comparative evaluations of the sites are summarized in Sectiong 7.2
and 7.3 for the postclosure and the preclosure guidelines, respectively.

7.2 COMPARISON OF THE SITES ON THE BASIS OF THE POSTCLOSURE GUIDELINES

The postclosure guidelines are concerned with the characteristics,
processes, and events that may affect the performance of the repository after
closure. The objective is to ensure that the health and safety of the public
will be protected for thousands of years, until the radioactivity of the waste
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has diminished to safe levels. This section preserts a comparative evaluation
of the five nominated sites against the postclosure guidelines.

7.2.1 TECHNICA! GUIDELINES

7.2.1.1 GQeohydrology {postclosgure)

The qualifying condition for geohydrology is us follows:

The present and expected geohydroleoglc sstting of a site
shall be compatible with waste containment and isolation. The
gechydrologic setting, considering the characteristics of and
the processes operating within the geologic setting, shall
permit compliance with (1) the requirements specified in 10 CFR
960.4-1 for radionuclide releases to the acressible environment
and (2) the reguirements specified in 10 CFR 60.113 for
radionuclide releases from the engineered-barrier system using
reasonably avallable technology.

Major coneideratious

On the basis of the favorable and potentially adverse conditlons for this
guideline, four major considerations (see Table 7-1) are identified that
influence the favorability of the site with respect to the qualifying
condition, These major considerations, in decreasing order of importance, are
(1) ground-water travel time and flux, (2) changes in gechydrologic processes
and conditions, (3) ease of characterization and modeling, and (4) presence of
suitable ground-water sources. These major considerations are, in turn,
influenced by a number of more specific geologic and hydrologic properties and
in situ comditions called contributing factors.

Evaluation of the sites with respect to major considerations

Cround-water travel time and flux, Thig censideration covers the
geohydrologic conditions that control the time of ground-water travel between
the disturbed zone and the accessible environment and the ground-water flux
(volumetric flow rate) across or through the repository and through the host
rock to the accessible environment. 1t is related directly to the qualifying
condition as a measure of the amount ¢f ground water that can come in contact
with the waste, the amount of ground water available to transport
radionuclides between the repository and the accessible environment, the time
delay for these radionuclides to reach the accesasible envirvonment, and the
time available for radiocactive decay during transport. This major
consideration is derived from the first, fourth, and £fifth favorable
conditions of the geohydrology guideline. It is the most important of the
major considerations because transport by ground water is the primary
mechanism for radionuclide movement from the repository to the accessible
environment.

The contributing factors for this consideration include the hydraulic
conductivity and gradient, the effective porosity, the degree of saturation,
the depth to the water table, the presence of flow through fractures or potrous

7-4

8§ 00038 0954



Table 7=-1. Gulaeline-condition findings by major consldaration--gechydrolegy®:

b

Davis Deaf Ricinton Yucca
Cond * tion Canyon Smith Pantord Dome Mountain
ML JOR CONSIDERATION 1! GROUND-WATER TRAVEL TIME &7 FLUX
Favorable condicion )
Site conditions such that the pre-waste—
amplacement ground-water travel tise
along any psth of likely radionuclida
travel from the disturbed rzone to the .
accessible enviroument would by more P 4 o B P
than 10,000 years. .
Favorables condition &
Por disppsal {n the paturated zone, )
at lesar one of the following
pre-waste~eaplacement conditions exieca! |4 B P ;- NB .
(1) A hoat rock and immediatoly e
surrounding geohydrologic unite R,
with low hydravlic conductivities, B P “HE . S | O
{i1) A downward or predosinantly "_ .. :',
horizoncal hydraclic gradisnt in the R o p
host rock and in the immediately S St Cer.
surrounding geohydrologic units. NP P NP NP - WAL
{114} A )low hydraulic gradieng in and : . "
beatween the host rock snd the
imnediately surrounding .. r, . _
gechydrologic units, RP NP P NP HA
{iv) High effective porosity together
with low hydreulic conductivity in
rock units along pathe of likely
radionuclide travel betwsen the o,
host rock and the accessible : W Dlhne . owioag
spvironment.; . NF NP H?. NP, .. M oabae
Pavorable condition 5 o
For disposal in the unsaturated zona, -
at lsast one of the followlng pre-~waste- . BT
anplacutant conditions exlsta: HA NA A HA E
(3} A low and nearly conatant degrae
of saturacion in the host rock and
in the immediately aurrounding .
geohydroloegic unitcs, Hi NA KA HA NP
(11} A water table sufficisncly helgw
the undarground facility such
that the fully saturatad voids
continuoua with the water table
do not encounter the host rock. WA NA Nb ... . NA .. LB
{111} A gechydrologic unit above the host . ;_. .
rock that would diveri the down- .
ward infiltration of water beyond e e
the limits of tha emplaced wamte, N& NHA NA NA NP
(1¥v) A host rock that, provides for _ _ o
free drainage.., . . . . NA -NA N& NA 3
(v) A climatic rogiag n whigh the
average annual historical
precipitation ia a small fraction
of the aversge annual potential
svapotranapiration. NA HA HA HA S
7=5
e . = .. T+ . .




Table 7-1.

Gulde: ine~condition findings by major coan1daration-;aohydrologyﬁvb {continued)

Leadition

MAJOR " ONSIDERATION 2@
Pavorable condition 2

The nature and rates of hydrologic

procemsen oparnting within the geologic

setting during ths Juaternary Period

would, 1f continued into the future, not

affect or wuild favorably sffect the

ability of the geclogic repository to

igolats the waste during the naeszt
100,000 yeara.

Potentially adversea condition 1
Expacted changea in geohydrologic

conditions~—such as changas in tha
hydraulie gradient, 'the hydvaulic

conductivity, the effeactive porosity,
and the ground-water flux through the

host rock and the wurrounding gaohydro-
logic units-—sufficient to significancly
incrense the tranepett of radiomuclides
to the acceasible suvironment as compared

with pre-waste—emplacasant conditions.

MAJOR CONSIDERATION 3

Favorable condition 3

9ites that have stratigraphic,
structural, and hydrolegic fearuras
such that the geohydrologic syatem
can be veadily characterized and
uodeled with reasonable certainty.

Potentially adverse condition 3

Tha prassnce in the geacloglc mstting

of stratigraphic or atructural festureg--

much as dives, sills, faults, shear
tones, foldas, dinlolution af facta, or

bring pockate—if thelr presence could

significantly contribute to the difficulty

of characterizing or modaling the
gachydrologic aystem.

MAJOR CONSIDERATION 4:
Potantially adverae condition 2

The pressnce of ground-water gourcea,
suitable for crop irrigaction or human
consuaption without treatment, along
ground-water—flow patha from the hoat
rock to the accesaible environment,

Davia Deaf Richton Yucos
Canyon Smith Hanford Domea Mountain
CHANGES IN GEOHYDROLOGIC PROCES<EY AND CONDITIONS
4 P 3 P Ne
NP NP NP KP NP
FASE OF CHARACTERIZING AND MODELING
NF NP NP NP ‘NP
P P P P P
PRESENCE OF SUITABLE GROUND-WATER SOURCES
NP NP 13 NP P

8 Rey:

NA = pot applicable; NP = for the purpose of this comparative evaluation, the
favorable or potentially adverse conditicn ls oot preaent at the alre;

P = for the purpose of

this comparative avaluation, the favorabls or potentially adverse condition fs present at tha alte.
b Aralyaas supporting the entries in this table are presented in Chaptar 6 of the

anvironmental asseasment for sach slte.

i :
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media, nat I{nfiltration, the extent of the disturbed zone, and the distance to
the accessible environment,

At each of the sites there are uncertainties in the conceptual model of
ground-water flow, including the values of the key hydraulfciparameters that
control ground-water travel time and flux., Taking the uncertainties into
account, there ars ranges of posaible travel times hntween the disturbed zone
and the accessib. e environment at each site. Therei e, ground~water travel
time was stochaslically modeled at each gite, using r'easonably conservative
geohydrologlic assumptions and ranges of hydraulic fucmeters, Probabilistic
ranges in travel time and the statistical probabili.r for exceeding travel
timea of 1,000 and 10,000 years were derivad for each site. In ganeral, the
ground-water flux is expected to be low to vary low at each of the sites. A
summary of the evaluation for each site follows.

At Davis Canyon, ground-water travel times from the disturbed zone to the
accessible environment are modeled as porous-media flow vertically and
horizontally through a layered sequence of differing lithologles (aalts,
anhydrite, delomite, siltstone, etc.). The calculated travel times depend on
the hydraulic conductivity and the effective porosities of the varying
lithologies, the thickness and continuity of each layer, and the vertical and
horizontal hydraulic gradients within and between each layer. Because the
values of these parameters are uncertain, the expected ground-water pathways
are uncertain. To quantify this uncertainty at Davis Caanyon, & computer code
was developed to evaluate the probability the diatribution of travel times
based on distribution of hydrologic parameters derived from data collected at
a DOE test well (Gibson Dome No. 1) 5 kilometers (3 miles) north of the site,
various cil test wells in the Paradox Basin, and various published sources of
generic data. For purposes of analyzing the ground-water travel time, the
outer edge of the disturbed zone was conservatively assumed to be at the top
and bottom of the host salt bed, because of uncertainty in the extent of the
disturbed zone. The time required for ground water to travel through the host
salt bed is not included in the calculations of pre-waste-emplacement travel
time to the accessible environment. The overall regional vertical bhydraulic
gradient between the upper and the lower hydrostratigraphic units, separated
by the evaporite section countaining the host salt bed, is generally downward.
However, data collected at the Gibson Dome test well indicate both local
downward and upward gradients between interbeds in the evaporite section
containing the proposed host salt bed. The combined vertical and horizontal
gradients in the area then result in either upward-to-lateral flow or
downward-~to-lateral flow within the layered sequence. Both the
upward—-to~-lateral and downward-to-lateral travel times are analyzed, resulting
in quite similar distributions.

The proposed controlled-area boundary for the Davis Canyon site is
limited to a distsnce of L kilometer (0.6 mile) from the edge of the disturbed
zone to the accessible environment due to the proximity of Canyonlands
National Park in the expected direction of ground-water flow. For a lateral
distance of 1 kilometer (0.6 mile) from the outer edge cof the disturbed zone
to the accessible environment, downward-to-lateral travel times were
stochastically analyzed through 1,000 realizations of the model. This results
in a probabllity of .003 for travel times of less than 1,000 years and
probability of a .045 for less than 10,000 years. The median travel time is
240,000 years. A distance of 5 kilometers from the edge of the repository was
also analyzed in case the Boundary of the controlled area should change as a
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result of data developed during site characterizaticn In a direction away from
the Canyonlands ‘aticonal Park. This analysis results in a probability of less
than 0.001 for travel times of less than 1,000 years and .006 for less than
10,000 ysars, with a median travel time of 880,000 v-ars.

The Deaf Sm*th site is in a gechydrologic sett’ng that is conceptually
similar to that of the Davis Canyon site. A simils- stochastic analysis of
pre-waste-emplacement ground-water travel time was ule., The computer flow
model, as for Davis Canyon, consiasts of & series of ayeérs representing a
sequence of differing lithologies (salt, anhydrite dnlomite, siltstone,
etc.), including the host salt bed. Only downward-t:-lateral travel times
were calculated, bLacauss only downward vertical hydreulic gradients have been
observed in Jhe vicinity of the site. The travel time was calculated
beginning at the bottom of the salt repository bed {(rvonsidered conservatively
as the bottom edge of the disturbed zone) and extending 1 kilometer to the
accessible environment, To consider the possibility that the boundary of the
controlled area (and the distance to the accassible environment) might be
extended, travel times were also calculated to the maximum S5-kilometer
distance from the edge of the disturbed zone. The modeling is based on data
cbtained from literature reviews, analyses of water~well and petroleum-well
records and pump testing, analyses of drill-stem tests, and analyses of
laboratery tests conducted specifically for the repository program. There is
a comparable level of uncertalnty in the data bases for the Deaf Smith and the
Davig Canyon sites. Considering porous-media flow as the likely flow
mechanism, the results of travel-time analyses for an accessible environment 1
kilometer from the adge of the disturbed zone, on the basis of 1,000
realizations of the model, show a probability of .005 for travel times of less
than 1,000 years and & probability of .107 for legs than 10,000 years, with a
median travel time of 87,000 years. For an accessible environment 5
kilometers from the edga of the disturbed zone, the probability of travel
timesz of less than 1,000 yvears is less than .001, and the probability for less
than 10,000 years is .015, with a median travel time of 500,000 years.

At the Hanford site, the stochastic analysis of the pre-waste-emplacement
ground-water travel time used a conceptual model that is consistent with the
current understanding of the deep ground-water flow system and considers the
uncertainties in the hydraulic parameters used to predict travel times. In
the analysis, ground-watér flow is modeled along upward and lateral flow paths
through an alternating sequence of basalt flows in which dense interiors of
low permeability are separated by flow teps of higher permeability. The
vertical and herizontal hydraullic-head gradients used in the stochastic model
are deterministic; that is, they are based on gquality head data obtained from
pilezometers at the site. The transmigsivity values used In the model were
based on site-~gpecific test data that were varied over a reasonably
conservative range. The range of effective poroasity was estimated from
geophysical legs, core samples, two tracer tests, and values reported in the
literature. Key hydraulic parameters were conservatively evaluated over
appreciable ranges in the model. The model conslders grouynd-water movement
that beging in the flow top immediately above the dense flow interior (the
outer edge of the disturbed zone being within the dense interler host rock at
an unknown distance from the flow top) of the proposed host rock and proceeds
vertically upward and laterally t¢ the accessible environment, 5 kilometers
from the edge of the repository. The model conservativeiy does not include
vertical travel time through the upper part of the undisturbed dense interior
between the proposed repository and the bage of the first flow top above the
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repository. The range of travel times derived from rhe model indicates a
probability of ...3 or less for travel times of less rhan 1,000 years and a
probability of ..2 or less for travel times of less than 10,000 years. This
compares with the shortest median travel time for the conservalive analyses of
22,000 years.

At the Rich.on site, the accessible environment is considered to be at
the flank, or periphery, of the selt stock; therefor., ground-water travel
times from the disturbed zone to the accessible em i: .nment (a4 minimwn lateral
distance of 244 meters (800 feet)}) are judged to be within essentially pure
salt., The mechanism for ground-water movement throug the salt is uncertain.
Because of the duccility of salt, which reduces the l:kelihood of open
fractures, and the extremely low matrix hydraulic conductivity aad porosity,
there may be little or no water movement through the #alt. However, to
evaluate the travel time from the edge of the disturlixd zone to the accessible
environment, porous-media flow was conservatively asswuwed Lo prevail inm the
salt., Preliminary geologic studies have not identified anomalous features
that would indicite the presence of preferential perneable flow paths in the
salt stock. Fracture flow is considered unlikely and is not considered in the
model. Flow is assumed to obey Darcy's law, and conservative ranges of the
key hydraulic parameters are used; they are based on available generic in situ
and laboratory data, including geophysical well logs. No site-specific data
on hydraulic parametera are available. If alternative mechanisms of mgvement
{e.g., diffusion) are considered, the estimated travel times to the aocessible
environment would be sevaral million years.

The results of the stochastic modeling show a probability of less than
.001 for travel times less than 1,000 or 10,000 years to the flank of the
dome., Because of the very low hydraulic¢ conductivities measured for
essentially pure salt, the calculated times of lateral travel through 244
meters (800 feet) of salt are very long. Stochastic model calculations range
over six orders of magnitude~-the shortest being about 50,000 years and the
median about 35 million years. Although the ranges of hydraulic parameters
used in the analysis are considered reasonably conservativae, a great deal of
uncertainty is inherent in any prediction of travel timeg in millions of
years. Of more significance than the absolute numbers, perhaps, is that the
very long travel times suggested by the analysis indicate a likelihood that
little or no ground water is present or moving through an appreciably thick,
undisturbed mass of salt.

At Yucca Mountain, the atochastic analysis of the pre-waste-emplacement
ground-water travel time from the disturbed zone to the accessible envirorment
computes vertical ground-water movement downward through the unsaturated zone
to the water table and then 5 kilometers laterally in the saturated tuff to
the accessible environment. Travel time is calculated from a horizon 50
maters (164 feet) below the proposed repository downward through a minimum of
about 135 meters (443 feet) of unsaturated walded and nonwelded tuff to the
water table. Most of the total travel time is through the unsaturated zone,
with about 140 years estimated for the travel time through the saturated zone
to the accessible environment, once the water table is reached. Uncertainty
in the variability and ranges in hydraulic conductivity and effective porosity
are egvaluated stochastically in the model, by randomly selecting ranges in
hydraulic parameters in a series of 963 vertical colums. The calculated
travel times range from about 9,500 to 80,250 years.  This is based on an
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estimated maximm average net percolation of 0.5 millimeter per year. Ten
realizations we-e run in each of the 963 colwms of the model, with all but
one of the 9,63 total realizations having a travel time of more than 10,000
years. The meen travel time in these calculations %as about 43,300 years, and
the median aboui 41,600, with a probability of about .0001 for a travel time
of less than 10,000 years.

Changes in geohydrologic processes and condit ws. This consideration
covers the nature and rate of natural procesaes i+ ‘he geclogic setting that
could ultimately change geohydrologic conditions .o as to affect the ability
of a repository -o isclate the waste. It is direct v related to the
qualifying condition, which requires that geohydrole:ic conditiong in the
future be compatible with waste 1solation. It is derived from the second
favorable condition and the first potentially adverse condition. This
consideration 1s second in importance because the preceding congideration, the
ground-water travel time, reflects actual conditions, whereas this
consideration reflects potential conditions.

Four contributing factors are i{dentified for this consideration: climatic
change, erosgion, dissolution, and tectonics. On the basis of the digcussion
of these factors in Section 6.3.1 of each environmental asaesgment, it was
concluded that climatic change is the only one of the four contributing
factors that has a potential for significantly affecting the hydrologic system
at any of the nominated sites during the next 100,000 years. Therefore,
climatic change is the only potential cause of changes in the geohydrologic
system that ig addressed in the summary of site evaluationa.

Judging from the record of the Quaternary Period in the area of the Davis
Canyon site, climatic changes during pluvial conditions could increase
precipitation, with a resulting Increase 1n recharge to the ground-water
system. Although it is uncertain to what extent higher rates of precipitation
during the Quaternary Period have affected the hydrologic system, there is no
evidence that ground-water parameters have changed significantly during the
Quaternary Period. Also, the low permeability of the evaporite section
separating the shallow hydreologic system from the deep confined system is
expected to preclude any significant effects from expected climatic changes.
Assuming that climatic changes during the next 100,000 years would be within
the magnitude of past changes during the Quaternary Period, it does not appear
that expected changes would adversely affect waate isolation at the Davis
Canyon site during the next 100,000 years,

Judging from the record of the Quaternary Period, precipitation may be
expected to increase over the current levels for the area of the Deaf Smith
site, with consequent increases in recharge during the next 100,000 years.
However, because of the low permeability of the evaporite section and the fine
sedimentary interbeda that separate the shallow hydrologic system from the
deep confined system beneath the proposed repository horizon, the variations
in the nature and rates of surficial hydrologic processes that would result
trom ruture climatic changes would have little effect on the ability of a
repository at the site to isolate waste during the next 100,000 years.

The climatic history of the Quaternary Period at the Hanford site

indicates that any hydrologic impacts due to climatic changes would be
localized or shallow phenomena (e.g., glacially induced flooding) that would
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not significantls change the waste-isolation potential of the deep basalt
environment during the next 100,000 yvears., The factors responsible for this
include the low rermeability of the basalt flow inteciors between the land
surface and the [ roposed repository depth; the relatively low permeability of
the deep basalt “lows in comparison with shallow flows and interbeds; the
existence of different flow syatems with depth; the usort duration of floods;
and the likely pr~rsistence of the arid to semiarid c. imate that has existed at
Hanford over the past 3 million years.

For the Richton site, the Quaternary history o’ the region indicates that
climatic changes would have no significant influen¢. :n geohydrologic
conditions at the site. Variations in geohydrologic | rocesses that have
occurred in response to Quaternary climatic cycles and the asgsociated
sea-level fluctuations result in slight increases and decreases in
precipitation, hydraulic gradients, and rates of ground-water movement in the
geohydrologic system surrounding the salt dome. Because of the very low
hydraulic conductivity of the dome salt, such slight variations in hydrologic
processes are expected to have minor, if any, effects on fluid movement within
the dome. Therelore, no natural geohydrologic change: that would affect waste
during the next 100,000 years are expected at the site,

At Yucca Mountain, the climatic record of the Quaternary Period suggests
that pluvial conditions may recur sometime during the next 100,000 years,
resulting in increased net infiltration (flux) and recharge, which could in
turn raise the level of the water table toward the repository. Such changes
would tend to reduce the time of ground-water travel between the disturbed
zone and the accessible environment and could result in some increase in the
quantity of ground water coming in to contact with the waste.

Ease of characterization and modeling. This consideration addresses the
complexity of the geohydrologic system in terms of whether it can be
charscterized and modeled with reasonable certainty. It relates to the
qualifying condition because characterization is the process of collecting and
analyzing the data needed to develcp and perform the modeling that is the
means for predicting whether the site is compatible with waste containment and
isolation. This majer consideration is derived from the third favorable
condition and the third peotentially adverse condition. Since it is not an
intrinsic physical characteristic of the geohydrologic setting, this
consideration is not as important as the first two considerationa; however,
the ability to characterize and model the geohydrologic system with reasonable
certainty is essential to evaluating the geohydrologic processes and
properties that affect the ability of the site to contain and iscliate waste.

Some of the contributing factors that influence the ease of
characterization and modeling are the presence of faults, folds, brine
pockets, dissolution effects, lithologic variations, interrelationships among
hydrostratigraphic units, availability of testing techmiques and analytic
models, and understanding of flow mechanisms.

All five nominated sites are, to varying degrees, presently judged to
have geologic and hydrologic complexities that could preclude their being
readily characterized or modeled with reascnable certainty. Appreciable
differences exist from one site to another in present levels of uncertainty,
in part because of imbalances in the quality and quantity of available data
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and stages of scientific and technical lnvestigation. A good understanding of
the geohydrology ¢f the site must be developed through the characterization
precess before it can be modeled with reasonable certeinty. Modeling, in
turn, can determine which physical characteristics need to be characterized.
The difficulty of characterizing a site limita the ab..ity to model it to an
acceptable leval «f certainty. Although the third favusrable condition is not
present and the tuird potentially adverse condition i+ present at each site,
it is expected that all five sites can be adequataely haracterized, though
with varying ievels of difficulty, in order to model . helr capabilities for
long~term waste 1solation to acceptable lavels of cvriainty. A summary of the
evaluation for thin consideration for each site follws.

At the Davis Canyon site, the reglional geologic f.amework and limited
site~specific data suggest that the site is stratigraphically and structurally
uncomplicated. Present astratigraphic information inaicates that the proposed
host salt bed contains minimal impurities and is a part of a reasonably
well—understood sedimentary seqguence. However, the present limited
investigations luave many uncertainties, Structural features like faults,
folds, and dissolution zones within the geologic setting could coantribute to
the difficulty of characterizing the system if they are found wilthin the
gite. Ground-water movement through deep salt beds may be practically nil.
There i3 a need to develop a clear understanding of the movement of fluids in
salt and a site--specific ground-water hydraulics data bage and to evaluate the
potential for significant fracture flow in hydrogeoiogic units surrounding the
host rock, :

Because they are in pimlilar gechydrologic settings, the Deaf Smith site
and the Davis Canyon site are similar with respect to the ease of
characterizing and modeling. Somewhat more data are presently available for
the Deaf 3mith gite than for Davis Canyon, but fewer site-gpecific data are
available for the salt sites than for the nonsalt sites. The greater nwrber
and frequency of nonsalt interbeda at Deaf 8mith introduces complicating
factors that are less likely to be present at Davis Canyon. Ad at Davis
Canyon, the potential for significant fracture flow in geohydrologic units
surrounding the host rock at Deaf Smith needs to be evaluated.

Generically, the horizontal distribution, variations in thickness and
internal wvariations in the thickness of multiple basalt flows like those at
Hanford may be more difficult to predict with confidence than for a sequence
of sedimentary rocks like those formed at the bedded-salt sites, hut
site-specific investigations are more advanced at the Hanford site than at auny
of the salt sites. (onsequently, the data base is appreciably larger and the
complexities of site characterization and modeling are better defined at
Hanford. GCeologic features like faulte, folds, internal variations in the
thickness of flows, and variations in original intraflow structures known to
exist in the regional setting could contribute to difficulty in modeling.
Although uncertainties remain, preliminary studies have defined some basic
geologic and hydrologic characteristics of the site. The existence of
multiple basalt flows can complicate the characterization and modeling of the
flow system, as well as provide multiple barriers to fluid movement. Accepted
concepts and methods for studying saturated flow in a layered geohydrologic
system are applicable to the basalt-flow system beneath Hanford. In some ways
this may make characterization and modeling less complicated than at sites
where applicable fluid-flow theory is either more complex or less advanced,
such as for flow in salt or in the unsaturated zone at Yucca Mountain,
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At the Richtern site, the boundaries and dimensious of the salt stock are
easonably well Jdefined. Limited available data on the interior
haracteristics o' the salt atock suggest that it consists largely of pure
alt that is free of significant anomalous features (e.g., large faults or
lastic inclusions) that would provide important pref::ential ground-water
low paths. However, this concept of the dome's inte-icr is uncertain and
equires additiosal data for confirmation. Also, dati on the surrounding
eohydrologic environment mainly provide a regional j cture of the
round-water flow system outside the dome, with lit“le site-specific
nformation to define flow relationships near the ii :¢aface of the salt stock
nd the adjacent hyrdrostratigraphic units. Thesge reis rionships may be complex
nd difficult tc characterize, requiring an extensive Jata base that would be
ifficult to acquire. The characteristics of ground-water mcvement, if any,
ithin salt are not well understood. Therefore, there is uncertainty in how
0 characterize and medel fluid movement within the dnme and any exchange of
round water between the dome and the surrounding geobydrologic units. On the
ther hand, because the accessible environment at the Richton Dome begins at
he edge of the salt stock, the controlled area extends only to the periphery
f the dome. The most critical part of the gechydrolcgic system to be
haracterized and modeled is confined to what may be An essentially
omogeneous mediwm, the interior salt mass of the dome. In this respect, the
low system may be regarded as less complex and difficult to characterize and
odel than a system that contains a variety of lithologies or flow media
etween the repository and the accesgible environment. MHowever, the maechanism
aor ground-water flow in the salt, if such flow ils significant, needs to be
learly defined during site characterization.

The geclogic setting at Yucca Mountain may be considered somewhat
omplex, considering the structural history and volcanic origin of Yucca
‘ountain, and the inherent uncertainties in predicting the lateral and
ertical variability of volcanic rock units. Also, the site is relatively
omplex from the staundpoint of the availability of state-of-the-art models for
wasuring and analyzing flow in the unsaturated zone rather than the saturated
one, Known local faulting adds to the complexity of site characterizationm
nd modeling. However, the progress of site-specific geologic and hydrologic
nvestigations is comparable to that at the Hanford site and more advanced
han those performed at any of the salt sites. A preliminary site-specific
eohydrolegic data base has been establiched, and preliminary details of a
onceptual flow model of the unsaturated zone, are defined. Advanced
echniques are being developed to measure and analyze hydrologic parameters
nd to provide the information needed to refine models of flow in the
nsaturated zone. Because of the need to develop advanced techniques and
iethods, the difficulty of characterizing and modeling the site with
'easonable certainty may bhe greater than at sites in the saturated zone where
urrently accepted methods may be adequate for characterizing and modeling.

Presence of suitable ground-water sources. This consideration addresses
he potential for radionuclides migrating from a repository to mix with
round-water sources sulitable for crop irrigation or human consumption without
reatment along flow paths to the accessible environment. It pertains to the
ualifying condition with respect to limitations on radionuclide releases to
he accessible environment and is derived from the second potentially adverse
ondition. This consideration is less important than the other three, because
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it is unlikely that ground-water resvurces could be contamirated if a site is
selected on tihv- basis of its ablitity to isvlate wgctes, as reflected in the
other three co.siderations. Of the five nominated aites, only Yucca Mountain
has a finding of present for the second potentlall: adverse condition. A
summary of the ¢valuation for each site follows.

At Davis .anyon a low-ylelding aquifer contal Ing good~quality ground
water is presenat at a relatively shallow depth abo.: the propesed repository
horizon, However, ground water of good quality uw a le for irrigation or human
consumption without treatment is not present alom; probable ground-water flow
paths between the disturbed zaone and the accessible :mmvironment. Although
there is some povential for locally upward flow from the host rock, flow paths
would be di~certed laterally or downward at least hundreds of meters below the
shallow aquifer because of the regionally downward vsrtical gradient below the
shallow aquifer,

At the Deaf Smith site, ground-water flow is expected to be downward from
the repository horizon. Water along thig flow path has high total-dissolved-
solids concentrations, making it unusable for crop irrigation or human
consumption without treatment. There 1g good-quality ground water at shallow
depths above the proposed repository horizon, but upward flow is not expected
from the host rock.

At the Hanford site, shallow aquifers containing water of good quality
exist above likely flow paths from the preferred repository horizon. However,
ground water along likely flow paths between the disturbed zone and the
accersible environment contains flouride, boron, and sodium concentrations
considered too high for crop irrigation or human consumption without treatment.

At the Richton site, the accessible enwironment is considered to be at
the flank of the salt stock. Therefore, ground water suitable for erop
irrigation or human consumption without treatment does nmot occur along
ground-water flow paths between the disturbed zone and the accessible
environment.

At Yucca Mountain, flow paths from the disturbed zone in the unsaturated
zone would be expected to be vertically downward to the water table and then
laterally through the saturated zone to the accessible environment. CGround
water along the flow paths in the saturated zone is of good quality and
suitable for crop irrigation and human consumption without treatment.

Summary of the comparative evaluation

The Richton Dome is the most favorable of the five nominated sites for
the gechydrology guideline on the basis of the four major considerations
addressed under this guideline. Although site-~specific data are sparse,
resulting in appreciable uncertainty about flow in geohydrologic units
surrounding the dome, and the mechanism of fluid flow in salt is uncertain,
ground-water travel times at Richton are expected to be very long, and very
little, if any, ground-water movement takes place within the galt stock., It
is likely that no ground water or only very little ig contained in the salt
stock. Uncertainty with respect to the possible presence of ancmalous
features that could significantly affect flow through the dome would be
addressed during site characterization. Hydrologic processes and conditions
are not expected to change in a manner that would unfavorably affect the
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ability of the repesitory to isolate wasts. Modelling of the geoaydrologic
system surrounding :he dome is expected to be difficult. The limited data
base results in ap-reciable uncertainty about relationships between the dome
and the surrounding system. However, because all pathways to the accessible
environment are ex;=acted to be entirely within the salt host rock, there is a
high level of certsinty that no usable ground-water scucces would be
encountered along rathways to the accessible environme:n!

Davis Canyon is the next most favorable site wit! respect to the
geohydrology guldeline if it {s comparad to Deaf Smi*h on the basis of equal
distances to the accessible anvironment. It is slig. tiy less favorable than
the Richton Dome on the first and most important major zonsideration and is
equally favorahle with the other sites on the gecond wms jor consideration. The
pre-waste-emplacement travel time from the disturbed zone to the accessible
environmepi appears to be less than that at the Richtcen Dome, and the travel
time at Davis Canyon is longer than at the Deaf Smith site for equal distances
to the accessible environment at both sites. The grouand-water flux through
the salt host roclt, as indicated by the generic understanding of the hydraulic
properties of salt, may be small if not nonexistent., There is no evidence for
natural gechydrologic changes that will unfavorably affect the ability of the
repository to isolate the waste during the next 100,000 years. On the basis
of regicnal geologic studies, the structure and stratigrapay of the site are
congidered uncomplicated, but because of uncertainties with respect to the
mechanism for ground-water flow in salt and the unlikely potential occurrence
of a really extensive, fracture-controlled pathways in the brittle sedimentary
interbeds, the level of difficulty in characterizing and modeling the
geohydrologic system with reasonable certainty is expected to be comparable
with that of the other sites. No aquifers containing ground water that is
usable without treatment are present along any likely ground-water pathways
between the edge of the disturbed 2zone and the accessible environment.

The Deaf Smith site is less favorable than the Richton and the Davis
Canyon sites for the geohydrology guideline when the accessible environment {s
equally distant from the disturbed zone at Deaf Smith and at Davis Canyon. In
such a case, it i3 less favorable on the first and most important major
consideration, but equally favorable on the second major consideration. The
estimated pre-~waste—emplacement ground-water travel time between the disturbed
zone and the accessible environment is shorter than that at Davis Canyon and
Richton. However, if the distance to the accessible environment at Deaf Smith
should be lengthened up to 5 kilometers and at Davis Canyon remain at 1
kilometer, Deaf Smith would be the more favorable site with respect to the
pre-waste—emplacement ground-water travel time. Although the ground-water
flux within the salt host rock is expected to be low, the presence of fine
clastic interbeds in the host rock results in a potential for higher flux at
Deaf Smith then at Davis Canyon or Richton. No natural changes in
geohydrologic conditions that would unfavorably affect the ability of the site
to isolate waste during the next 100,000 years are indicated. The structure
and stratigraphy of the Deaf Smith site, on the basis of regional geologic
studies, are considered uncomplicated. Because of uncertainties with respect
to the mechanism for ground-water flow in salt and the unlikely potential for
areally extensive, fracture-controlled pathways in the brittle interbeds, the
level of difficulty in characterizing and modeling the geohydrologic system is
expected to be comparable with that of the other sites. Finally, there is a



high level of cer.ainty that no aquifers containing ground water usable
without treatment are present along ground-water pathways between the edge of
the disturbed zon«. and the accessible environment.

The Hanford .nd the Yucca Mountain sites are both less favorable than the
salt siteg, but v»¢ in a comparable range of favorability with each other.
Their comparative evaluations vary from one major co-ijderation to another on
the basis of ave’lable information, With reaspect to the pre-waste-emplacement
ground-water travel time, Yucca Mountain is more fa:rable than the Hanford
site. At Yucca Mountain, the ground-water Flux thr¢ gh the host rock and the
surrounding geohydrologic units, as indicated by the =2stimated maximum annual
infiltration of 0.5 millimeter, is expected to be 'avy low, A return to
pluvial climatic conditions could increase the flux -ate through the host rock
and the surr~unding geohydrologic unita., This could also cause some rise in
the water table toward the reposlitory and some reductlion in the time of travel
to the accessible environment., Yucca Mountain and Hanford appear to have
similar ranges of structural and stratigraphic complexity with unique
geohydraologic complexitiea at each site. The complexity of fracture systems
at Yucca Mountain may have important implications for characterizing and
modeling flow in the unsaturated zone with reagonable certainty. Uncertainty
in how to model flow in the unsaturated zone may also add to the difficulty of
characterizing and modeling at Yucca Mountaln. Ground-water sources of good
quality are located along likely ground-water pathways from the prnposed
repository to the accessible environment at Yucea Mountain.

At the Hanford site, the ground-water flux through the saturated host
rock and the surrounding geohydrologic units may be higher than in the
ungaturated zone at Yucca Mountaln. For the second major consideration,
Hanford is more favorable than Yucca Mountain, Expected natural changes in
hydrologic processes or geohydrologic conditions are not expected to affect
the ability of a repository to isolate the waste during the next 100,000
years. Although commonly used modeling techniques may be applied,
uncertainties in the structural and stratigraphic heterogenaity of the
multiple basalt flows may contribute to modeling dlifficulties. At Hanford, no
sources of ground water suitable for crop irrigation or human consumption
without treatment are present along likely ground-watar pathways from the edge
of the disturbed zone to the accegsible environment.

7.2.1.2 Geochemistry

The qualifying condition for postclosure geochemistry is as follows:

The present and expected geochemical characteristics of a
site shall be compatible with waste containment and isolation.
Congidering the likely chemical interactions among
radionuclides, the host rock, and the ground water, the
characteristics of and the processes operating within the
geologic setting shall permit compliance with (1)} the
requirements specified in §960.4~) for radionuclide releases to
the accesgible environment and (2) the requirements specified
in 10 CFR 60.113 for radionuclide releases from the
engineered-barrier system using reasonably available technology.
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Major considerationsg

On the basis of the qualifying, favorable, and potentially adverse
conditions for this guideline (see Table 7-2}, three wajor considerations
are identified that Influence the favorability of the site with respect to the
qualifying corndition are identified., In ¢rder of dec:easing importance, they
are {l) the experted rate of mass transfer of radioni:lides from the waste
package, {2) geochemical conditions that would inhib: the transport of
radionuclides into the accessible environment, and (3 geochemical effects on
the sorptive properties and strength of the host roi «

Evaluation of the sites in terms of the major consideiations

Mass transfer of radicnuclides. This consideration includes geochemical
conditions in the immediate vicinity of the waste package after the permanent
closure of the repository. It relates directly to the qualifying condition
through the rates of radionueclide dissolution from the waste form and is based
on the second and fourth favorable conditions and the first potentially
adverse condition, The mass transfer of radionuclides is the most important
consideration because it describes the processes by which radionuclides that
are initially sealed in the solid waste form as part of the waste package will
be released to the ground-water system {(e.g., as ions, complexes, or
particulates) or be contained within the engineered-barrier system. The most
important contributing factors are the volumetric flow rate of the ground
water that may contact the waste package and the chemistry of the ground
water. Other contributing factors include the potential for the precipitation
and sorption of radionuclides; the potential for the formation of colloids,
complexes, and particulates; oxidation-reduction conditions; and the chemical
reactivity of the ground water., A summary of the evaluation for each site
follows.

The bedded salt of the Davis Canyon site contains little ground water.
Sources of water in the repository horizon include brine inclusions and water
of carnallite hydration, which constitute a small fraction of the host-rock
volume. Thus, the volumetric flow rate of ground water due to the migration
of these waters at the repository horizon is expected to be extremely low, if
present at all. Because of their high magnesium content, the brines at Davis
Canyon are potentially very corrosive for the stainless-steel container of the
waste package. However, waste-package degradation should be limited because
the amount of water in contact with the waste is expected tc be small. The
formation of some colloids will be inhibited by the high salinity of brine.
Because of their high conceantration in the brines, chlorides, sulfates, and
carbonates could form complexes with radicnuclides, which may increase the
mobility of some radionuclides. Although chemically reducing conditions are
expected in the host rock and the underlying aquifers, the ability of the
water—rock system te maintain reducing conditions in the presence of alpha and
gamma radiolysis may be limited.

The host rock at the Deaf Smith site is bedded salt that may contain more
water than the rock of the other two salt sites. The salt of the lower San
Andres Unit 4 confains intercrystalline muds and interbeds of mudstone
containing clay; these muds and interbeds could contribute water im addition
te that provided by brine inclusions. Thus, the total amount of ground water
that is expected to enter the repository through brine migration should be
extremely small, These brines 'have a high magnesium content and are
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Table 7-2 Guideline-condition findings by major consideration——geochemistry®:®

Davis Dea’
vandition Canyon Smit+ s

Richton
Hanford Dome

Yucca
Mountain

HMAJOR CONSIU-RATION 1: EXPECTED RATE OF MASS TRANSFER FR*iv THE WASTE-PACKAGE SUBSYSTEM

Favorable condition 2

Geochemical conditions that pro- P p
mote the precipitation, diffusion

into the rock matr.x, or sorption of

radionuclides; inhibit the formatian

of particulates, colloids, inorganic

complexes, or organic complexes that

increase the mobility of redionuelides:

or inhibit the transport of radionuc) ides

by particulates, coT?oids. or complexes.

Favorable condition 4

A combination of expected geochemical P B
conditions and a volumetric flow rate of

water in the host rock that would allow

less than 0.00! percent per year of the

total radidnuclide inventory in the

repository at 1,000 years to be dissaived.

Potentially ¢ﬁger§q ésnditiqns ]

Ground-water conditians in the hast NP NP
rack that could affect the solubility or

the chemical reactivity of the engineered-

barrier system to the extent that the

expacted repository performance could be

compromised.

P g
P p
NP NP

MAJOR CONSIDERATION 2: GEQCHEMICAL CONDITIONS THAT WOULD INHIBIT
RADIONUCLIDE TRANSFORT IN THE FAR FIELD

Favorable condition 1

The nature of rates of the geochemical P P
processes operating within the .geologic

setting during the Quaternary Period weould,

if continued into the future, not affect or

would favorably affect the ability of the

geologic repository to fsolate the waste

during the next 100,008 years.

Favorable condition 2 -

Geochemical conditions that promote P P
the precipitation, diffusion inte the

rock matrix, or sorption of radionuclides;

inhibit the formation of partfculates,

colleids, inorganic complexes, or organic

complexes that increase the mobility of

radionuc)ides: or inhibit the transport

of radionuclides by particulates, colleids,

or complexes.
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Table 7-2. Guideline-condition findings by major consideration—-geachemistry® ® {continued)

Davis Deaf Rigchtan Yucca
Condition Canyon Smith Hanford Dome Mountain
L

MAJR CONSIDERATION 2: GEQCHEMICAL COMDITIONS Thil wOULD INHIBIT
RADIONUCLIDE TRANSPORT I+ THE FAR FIELD {Continued)}

Favorable condition §

Any combination of grochemical and NP M. B NP B
physical retardation processes that would

decrease the predicted peak cumuiative

releases of radionuclides to the accessible

environment by a factor of 10 as compsred to

those preadicted on the basis of ground-water

travel time without such retardation.

Potentially adverse condition 3
Pre-waste-emplacemgnt ground-water NP NP NP Ne - P
conditions in the host rock that are .
chemically oxidizing.

MASOR (ONSIDERATION 3: GEOCHEMICAL EFFECTS ON THA SQRPTXVE PROPERTIES
AND ROCK STRENGTH OF HOST ROCK

Favorable condition 3
Mineral assemblages that, when.subjected P P p P T -

to expected repository conditions, would
remain unaltered or would &lter to mineral

assemblages with equal or increased capability : : : St

to retard radionuclide transpori.
Potentially adverse condition 2
Geochemical processes or conditions that NP NP NP NP NP,

coyld reduce the sorption of radionuclides
or degrade the rock strength.

® eyt MNP = for the purpose of this comparative evaivation, the faverable or potent}a11y
adverse condition is not present at the site; P = for the purpose of this comparative evaluatton,
the condition is present at the site. e

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

f
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potentially very corrosive to the stainless-steel container ¢of the waste
packages, but ¥ amall amount of water expected ir the repeository wiil limit
waste-package degradation. The formation of some, but not all, colloids will
be inhibited by the high salinity of brine. Becaus~ of their high
concentrations in the brine, chlorides, suifates, ant carbonates could form
complexes with radionuclides, which may increase th: sobility of some
radionuclides. While chemically reducing condition - are expected in the host
rock and underlyling aguifers, the ability of the ws.z2r-rock system to maintain
reducing conditions in the presence of alpha and gwiwa radiolysis may be
limited.

The Hanford site may have a somewhat higher flo. rate of water past the
waste package than other sites. The bentonite and crushed-~basalt packing
material that will surround the low-carbon-steel disvosal containers is
expected to significantly reduce the flow rate of ground water that could come
in contact with the waste. The ground water at Hanford has a low salinity in
comparison with the salt sites and a high pH, which tends to reduce the rates
of container corrosion. In addition, the chemicallwv reducing conditions that
are expected would lower the solubility of redox-sensitive radionuclides and
further lower the rates of contalner corrosion. However, alpha and gamma
radiolyeis may result in localized oxidizing conditions around the disposal
container. Ground water at the repository level contains carbonate and
hydroxyl ions, which could complex with escaping radionuclides, thereby
increasing their mobility. Interactions between the waste package and ground
water may result in the precipitation of iron-silice that would tend to
scavenge radionuclides. In addition, sorption is expected to play a major
role in the retardation of radionuclide transpert.

Richton Dome is probably driest of the salt sites because of the small
quantity of brine inclusions typical of domed salt. The volumetric flow rate
of ground water at the repository herizon from brine migration is expected to
be extremely low. As a result, waste-package degradation should be limited in
spite of the inherently corrosive nature of brine. The formation of some, but
not all, colloids should be inhibited by the high salinity of brine. The.
chloride and sulfate present in the brine could form complex with, and thus
increase the mebility of, some radionuclides. While chemically reducing
conditions are expected in the host rock, the ability of the water-rock syatem
to maintain reducing conditions in the presence of alpha and gamma radiolysis
may be limited,

The Yucca Mountain site is in a geologlc enviroument with a very low
ground-water flux through the candidate repository horizon. The low salinity
and the nearly-neutral pH of the ground water would tend to reduce the
corrosion rate of the disposal container; however, the ground water is
oxldizing and would tend to make the waste-package environment somewhat more
corrosive than water with lower oxidation-reduction (redox) conditions. The
potential for the formation of inorganic complexes in the ground water of the
Yucca Mountain site is probably low because of the very low salinity of the
water, although the carbonate present in the ground water may increase the
mobility of some radionuclides. The nearly-neutral pH of the water is
conducive to the low solubility of oxides and hydroxides of some
radionuclides, ecpecially the actinides. In addition, interactions between
the waste package and ground water may result in the precipitaticon of
iron-silica, which would tend to scavenge radionuclides.
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Radionuclide t-ansport, This major consideration relates divectly to the
qualifying condibti¢ with respect to the natural barriars that would inhibit
the transport of radionuclides into the accessible environment; it is basged on
the first, second, ond £f1fth favorahle conditions and the third potentially
adverse condition. The contributing factors that are *he mwost Lmportant for
the quantitative e'aluation of radionuclide tranasport ud retardation include
sorption and precipltation as well as redox conditione. A summary of the
evaluation for each site follows.

At the Davis Canyon site, the geochemical procer sew within the host rock
are not expacted to be altered by anything other than "he diesolution of the
Jhost salt, and available data suggest that dissolution will not be a problem
at Davis Canyon. The salt containsg very small amounte of clay minerals that
could enhnance the sorption of migrating radionuclides  Conversely, the high
ionic strength of the brine would tend to decrease the sorptive capacity of
these clays. HRedox conditions in the interbeds within the salt cycles and in
the aquifer beneath the salt of the Paradox Formation are reducing, which
decreases the solubility of some key redox-sensitive radionuclides. However,
the chloride and carbonate, which are present in the brines in high
concentration, could form complexes with radionuclides, and thig may increase
the mobility of these radionuclides. However, sulfate solubility
relationships may limit the concentrations of some radionuclides.

At the Deaf Smith site, geochemical processes would not be expected to be
altered by anything other than the dissolution of the host salt, and
dissolution is not expected to be a problem at the site. The salt of the Deaf
Smith site contains numerous mudstone inclusions and interbeds, and
approximately half of them are composed of clay and clay-sized particles.
Although it is poseible that the clay could increase the sorption of migrating
radlonuclides, the high ionic strength of the brine tends to decrease the
gorptive capacity of the clay. Ground water in the aquifer that underlies the
salt cycles of the Palo Duro Basin is reducing, which further decreases the
solubility of some key redox-sengitive radionuclides. However, the chloride
and carbonate present in the brine could form complexes with radionuclides,
thereby increasing their mobility. However, sulfate solubility relationships
may limit the concentrations of some radionuclides.

At the Hanford site, little change is expected in the geochemical
processes within the basalts because of the depth and the saturation of the
repository horizon. The dense interior of the host rock should afford some
degree of physical retardation for radignuclides. The gecchemical environment
of the site is favorable for the precipitation and sorption of radionuclides
{i.e., reducing ground water and abundant secondary clays and zeolites from
lining fracture and fragment surfaces). The secondary mineral assemblages
that would be formed are believed to be stable under the temperatures expected
in the disturbed zone. $Since the data on colloids, particulates, and organics
are limited, these factors canmot be fully evalusted at present. The ground
water is of low salinity, but it contains carbonate and hydroxyl ions that
could form complexes with radionuclides.

At the Richton gite, the geochemical processes within the host rock would
not be axpected to be altered by anything other than dissolution. Availabls
data suggest that dissolution should not be a problem at the site. The salt
of the Richton Dome is predominantly halite with a very low water content,
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Available data s1ggest that the water contained in fluid inclusions in the
salt is reducingi and should decrease the solubility of some redox-sensgitive
radionuclides. Ddecause of their high concentrations, the chloride, sulfate,
and carbonate present in the brines could form comp’.xes with radionuclides,
thereby increasing their mobility, However, sulfat. solubility relationships
may limit the ccacentration of some radionuclides.

At Yucca Mountain, little water is expected to »ass Lthrough the tuff,
The predominant mode of water migration is currently thought to be matrix flow
along much of the ground-water-flow path, Sorptioc and diffusion are expected
to delay or retari the migration of radionuclides. ™e oxidizing nature of
the water may inhabit radionuclide precipitation and sorption for
redox-sensitive radionuciides. The abundance of highly sorptive secondary
clays and zeolites along ground-water-flow paths shonld provide a sorptive
barrier to most radionuclides. Redox-gensitive radionuclides like technetium
may not be retarded by sorption. The low salinity of the ground water would
be conducive to the formation of some collelds since certain actinides form
colloids in dilute nearly-neutral waters. Since the data on colloida,
particulates, and organics are limited, these factors, cannot be fully
evaluated at present,

Sorption and rock strength. This consideration addresses geochemical
processes that could adversely affect the sorptive capacity or strength of the
host rock, or both, The consideration relates directly to the qualifying
condition with respect to the retardation of radionuclides by natural barriers
in the repository and along ground-water-flow paths to the accessible
environment; it is derived from the third favorable condition and the second
potentially adverse condition. Sorption and rock strength are considered less
important that the preceding consideratlons because they would affect only a
small percentage of the total rock mass surrounding the repository. Change in
the sorptive capacity of the host rock minerals Is the most important
contributing factor under this consideration because of the potential effect
on the retardation of radionuclides. The major contributing factors for this
conegideration are the stability of mineral assemblages, the effects of mineral
alteration on sorption, and the effectre of mineral alteration on rock
strength. A summary of the evaluation for each site follows,

The mineral asgemblage at the Davis Canyon site may contain carnallite,
which could dehydrate when subjected to repository heat and release
magnesium-rich brines, High-magnesium brines would accelerate the degradation
of the waste packages and subsequently lead to a release of radionuclides. In
addition, alteration of the carnallite could reduce the strength of the host
rock. However, the quantity of carnallite at the Davis Canyon site is
expected to be Bmall, and carnallite should have little effect on radionuclide
contalnment.

The mineral assemblage at the Deaf Smith site includes interbeds and
inclusions of mudstone. It is assumed that these consist of approximately 50
percent clay minerals that may dehydrate under the geochemical conditions
within the repository. However, because of the small volume of clay minerals,
the alteration of thege materials is not expected to affect the retardation of
radlonuclides or the strength of the host rock.
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The host rocit: at the Hanford site consists of basalt and a number of
sorptive secondary minerals (e.g., clays, zeolites). Laboratory tests suggest
that repesitory ¢ mditions may resgult in the formativa of a minerel assemblage
similar to the scrondary minerals formed naturally in basalt as a result of
hydrothermal alteration. Although the hydrothermal cunditions near the
repository could adversely affect the sorptive capaci:y of some of these
minervals, there i:. abundant evidence that hydrotherma' conditions could alter
the volcanic matervials to more sorptive materials (e, ., clays and zeolites).
In general, the effects of the repositary on rock strength are expected to be
negligible.

At the Richtor site, the mineral assemblage consi. tg mainly of halite
with some anhydrite. Becausa of the stability of the winervals at this gite,
it is expected that no geochemical alteration or reduction in rock strength
would affect the transport of radionuclides.

The mineral assembplage in the host rock of the Yucca Mountain site
consists of 98 percent quartz, feldspar, and cristobalite, with amall - amounts
of secondary clays and zeolites. The sorptive capacity of the host rock is
likely to be slightly reduced by the dehydration of clays and zeolltes in the
disturbed zone and remain unaffected in the surrounding rocks. Only very
small amounts of volcanic glass are likely to be present. Rock strength ias
not expected to be affected by the geochemical conditions in the repository.

Summary of comparative evalugtiong

Hanford and Yucca Mountain are the moat favorable sites for the
geachemistry guideline. These two sites are expected to have the most
favorable geochemical conditions with respect to the waste package and
radionuclide retardation. The basalt at Hanford should respond favorably to
geochemical conditions in the repository by creating additional sorptive
capacity. Hanford slso has more favorable redox conditions. Yucca Mountain
bas unsaturated conditioms as well as the additional radionuclide-retardation
effects of matrix diffusion,. :

The Davis Canyon, the Deaf Smith, and the Richton sites are favorable for
all major considerations and are essentially equivalent with respect to the
geochemistry guideline. They are less favorable than the nonsalt sites
because the sorptive capacity of salt is very limited and the brines at these
three sites could reduce the lifetime of the waste package. DMoreover, the
geochemical conditions in the salt sites are not expected to enhance the
retardation of radionuclides through the alteration of the host rock to the
degree that is expected at Hanford. The amount of brine, however, will
probably be small, and the transport of radionuclides by this brine is likely
tc be quite limited. Therefore retardation due to geochemical effects may be
of limited importance. . : '
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7.2.1.3 Rock chmracteristics (postclogure)

The qualif;ing condition for postclosure rock characterlgtics is as
follows:

The present and expected characterisiics of “he host rock and
surroundin:, units shall be capable of accommod- Ling the thermal,
chemlcal, mechanical, and radiation stresses & zcted to be induced
by repository construction, operation, and clos:re and by expected
interactions among the waste, host rock, grou d vater, and
engineered components. The characteristics of wnd the processes
operating wi:hin the geologic setting shall periit compliance with
(1) the requirements specified in §960.4~1 for radionuclide releases
to the accessible environment and {(2) the requirements set forth in
10 CFR 60.113 for radionuclide releases from tha engineered-barrier
system using reasonably avallable technology.

Major considerarions

On the basis of the qualifying, favorable, and potentially adverse
conditions for this guideline (see Table 7-3), three major considerations are
identified that influence the favorability of the sites with respect to the
qualifying condition. In order of decreasing importance, they are (1) the
potential effects of repository-induced heat on waste containment or
isolation, (2) the complexity of engineering measures required to enaure waste
containment and isolation, and (3) flexibility for locating the underground
faci{lity to ensure waste isolation. These major considerations are, in turn,
influenced by a number of more-specific rock properties and in situ conditions.

Evaluation of the gites in terms of the major considerations

Effects of repository-induced heat. This consideration is derived from
the second favorable condition and second and third potentially adverse
conditions, The factors contributing to this condition are the thermal
properties of the host rock, such as thermal conductivity and the coefficient
of thermal expansioni mechanlcal properties, such as a sufficiently high
ductility for fractures to heal; thermomechanical behavior, such as the
potential for thermally induced fractures; and geochemical conditions, such as
the potential for brine migration and the hydration or dehydration of mineral
components. This consideration also takes into account the effect of
repository~induced heat on the integrity of the host rock and the gurrounding
rock units. Because of the potential effects of these factors on waste
isolation, this major consideration is more important than the other two. A
summary of the evaluation for each eite follows.

At Davis Canyon, the effect of repository-induced temperature increases
after closure can be favorable because of increases in the rate of salt creep,
which would seal the underground openings and reconsclidate and recrystallize
the salt backfill, Adverse impacts from a temperature increase would include
the migration of brine within the host rock to the heat source and an increase
in gas pressure if brines or gases are present in significant quantities.
Limited site-specific data indicate very little brine is present at Davis
Canycn. The adverse geochemical impacts from a temperature increage could
also include mineral alteration and the dehydration of carnallite, but test
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Table 7-3. Guideline-condition findings by major consideration--
rock characteristics {postciosure}® ®

Davis Deat fiehton Yucca
Condition Canyon Smith Hanford Dome Mountain
MAJOR (ONSIDERATION 1: POTENTIAL IMPACT OF REPOSIYO . ANDULED HEAT ON

WASTE CONTAIMMENT OR ISOLATY .
Favorable condition 2

A host rock with a hich thermsd P p p b P
conductivity, a Jow cuefficient of

thermal expansian, or sufficlient

ductility to sez) fractures induced by

repository construction, aperation, or

closure or by interagtions amgng the

waste, host rock, ground water, and

engineerad components.:

Potentially adverse cgndition 2

Potential fotr-such phenomena ds P P NP 1
thermally induced. fractures, .the : o c
hydration or dehiydration of mineral

componehtd; brine mngataon, or other

physical, chemfcal, or radiation-related

phenomena that cou]dnbm,expccﬁeﬁ Lo

affect waste cqntainmenp or isclation.

Potsntially adverse candition 3 o - IR

A combination of geologic structure, NP NP NP NP . NP
structure, geochemical and thermal i '
properties, and hydrologic conditions in

the hqsy wvock and surrounding units such

that tho heat genergtzd by the waste could

significantly ddcrease the isolation

provided by the host' rbek as compared with

pre-waste-amplacemant gonditions.

MAJOR CONSIDENATION 2: COMPLEXITY OF ENGINEERING MEASURES REQUIRED T0 ENSURE - R
R WASTE CONTANMENT AND ISOLATION s

Potentially adverse conditibn 1

Rock conditions that could require P NP WP NP NP
enginearing measures beyond reascnably . . ;

avaiiable technology for the construction,

operatioen, and closure of the repository,

if such measures are necessary to ensure

waste contatnment or isclation. . } R i

MAJOR CONSIDERATION 3: SIGNIFICANT FLEXIBILITY IN HOST-ROCK DIMENSIONS TG ENSURE ISOLATION' * =
Faverable condition 1

A bost rock that is sufficiently thick g Np Np P ‘KP
and Tatarally extensive ‘to aliow S :
significant flexibility in salecting the

depth, configuration, and location of the

underground facility to ensure isolation.

® Key: NP = for the purpose of this comparative evaluation, the favcrab1e or. potentlaTIy
adverse condition {s not present at the site; P = for the purpose of this comparat1ve eva1uat1on
the condition is present at the site.

® Analyses supporking the entries in this table are presented in Chapter 6 of the
environmental assessment for each site.
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resulis to date indicate that impacts from alteration or debydration are not
significant if the carnallite is under confining pressure.

At the Desf Smith site, repoaitory-induced ten)erature increases in the
salt would contribute to creep effects like those #. Davis Canyon. The rate
of salt cre¢p i3 expected to be higher at the Deaf imith site than at Davis
Canyon. The potential for creep-related disturban: g to the interbeds and
aquifers above the repository adds complexity at tl.. Deaf Smith site,

At the Hanford site, repository-induced tempe 'zture increases may alter
the permeability of the rock mass, through changes . fractures. It will also
increase the in situ stresses in the vicinity of the excavations, possibly
resulting in a readjustiment of the rock mass and alterations in the local
hydrologic regime. The rates of hydrochemical reac:lons among the various
components will increase with the addition of heat. This 1s expected to have
a positive effect on the isolation capabilities of the Hanford site,

At the Richton site, the effect of the repositrry-induced temperature
increase on salt creep is expected to enhance the isolation capability of the
site. The rate of salt creep at the Richton Dome is expected to be similar to
that at the Deaf 5mith site. The absence of stratification and the higher
purity of the salt at Richton Dome should result in a less-anisotropic
mechanical response to the temperature increase. The Richton Dome has a low
brine content, and therefore minimal effects from brine migration are
expected. Thermally induced uplift could affect the caprock (gypsum) over the
dome, but modeling results indicate that such uplift is not expected to
adversely affect the isnlation capability of this site,

At Yucca Mountain, the problems associated with repository-induced heat
are negligible, primarily because the underground facilities are in the
unsaturated zone. The thermal pulse will modify the permeability of existing
fractures since thermal expansion decreases the permeability of the rock mass,
which in turn reduces the potential for new fractures. The Yucca Mountain
site has some rock-mass heterogeneities that could cause an undetermined, but
probably not adverse, response to heat (from both the variability of the
content of lithophysae and the regions in which the tuff has been welded to
different degrees). Although only preliminary measurements from surrounding
strata are avallable, the rock stresses are not expected to be increased to
unacceptable levels by the thermal response.

Complexity of engineering measures. This consideration includes in gitu
characteristics and conditions that could require engineering measures beyoad
reasonably available technelogy to ensure waste containment and isolation.
Engineering measures relate directly to the qualifying condition through the
specification that reagonably available technology 1s to be used to meet the
requirements of the engineered-barrier system. It is derived from the first
potentially adverse condition. The major contributing factors to this
consideration are the uncertainty about the durability of man-made sealing
material after closure and the effects of the in situ environment on
engineered-barrier performance (e.g., the effects of brine on the disposal
container). Complexity of engineering methods is considered less important
than repository-induced heat effects because of the greater potential of heat
effects to impair the isolation capabilities of the gite. ‘A summary of the
evaluation for each site follows,
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The sealing wf boreholes and shafts at Davis Canyon is nolt expected to
require complex a1 gzineering methods. The processes of sealing s repository in
salt can be accom, lished with technology developed in the salt-mining
industry, With regard to Interactions between the waste and the host rock,
brines at Davis Czayon, if present, could accelerate iie corrosion of the
waste package.

Like Davis Canyon, the Deaf Smith site iz not ex :cted to require complex
engineering methods. The site is expected to require particularly careful
sealing to isolate the shaft from the Ogallala aquif .r. The repositery can be
sealed by technology developed in the salt-mining in.v:try from experience in
drilling in the Pal> Duro Basin, Interactions betwean the brine that may be
present and tle waste packages could accelerate the covrosion of the waste
package, which could diminish the containment capabilities of the
engineered-barrier system.

The ability to properly seal shafts and boreholes in basalt and to
confirm the long-term effectiveness of seals are major concerns at Hanford.
In particular, the sealing of the overlying aquifers {rom the repository
horizon will require additional engineering measures to effectively isolate
the waste, With regard to interactions of the various components of the
engineered-barrier system, the expected presence of a geochemically reducing
environment after closure and the gorptive properties of the secondary
minerals formed in fractures in basalt are likely to enhance the containment
and isolation capability at Hanford.

At the Richton site, shafts through the overlying saturated sediments and
the caprock can be sealed by using technology similar to that used in mines in
other salt domes, The sealing of the repository is not expected to require
complex engineering measures. Interactions between the brine that may be
present in the Richton Dome and the waste package could accelerate the
corrosion of the waste package, which could diminish the containment
capabilities of the engineered-barrier system.

At Yucca Mountain, the host rock is unsaturated; furthermore,
congtruction experience at the Nevada Test Site shows that technology for
borehole and shaft seals is readily available. In addition, since the seals
will be required to perform only as well aa the overall rock-mass
permeability, long-term seal performance requirements are not particularly
demanding. With regard to the interactions of the various components of the
engineered-barrier syntem, the expected rock and geochemical conditions are
favorable.

Flexibility. This consideration pertains to flexibility in determining
the depth, configuration, and location of the underground repesitory. It
relates to the qualifying condition because flexibility in locating the
repository at a site increases the favorability of the site with respect to
the qualifying condition. Added flexibility in locating the repository will
help avoid geologic features or anomalies that could adversely affect the
iselation capabilities of the site. Even after requirements for preclosure
flexibility have been satisfied, added flexibility may still be necessary to
satisfy this postclosure consideration in terms of the depth of excavations,
the orientations of drifts and their intersections, and the location of
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seals. A greater volume of host rock could provide isolation capability over
and above the de ree deemed minimally acceptable. On this ba3jis, the
contribution of Jlexibility to waste isclation is l2ss than that of the other
two consideratious for this guideline. A summary of the evaluation for each
site follows,

The host r ck at Davis Canyon is expected to nt er significant
flexibility in shat the available thickneas appears .0 be several times
greater than the required thickness. In addition, .. potential host rock
extends laterally underground for many kilometers. :he prese;ice of
significant interbeds, impurities, gases, and stru.t:ral featurss and their
potential for advirse effects on flexibility are not yet well defined at this
site.

At the Deaf Smith site, numerous interbede may iimit the vertical
flexibility of lucating a repository with respect to isclation
considerations. In contrast, the host rock is expected to extend laterally
for a considerahle distance. The presence of lmpurities, brines, gases, and
structural features and their potential to adversely affect flexibility are
not yet well defined.

The Hanford site appears to offer restricted vertical but extensive
horizontal flexibility with respect to isolatlion considerations. The
thickness of the basalt can vary significantly over short distances, and the
predictability of host-rock thickness ig considered to be uncertain because of
a limited data base.

The Richton site provides significant vertical flexibility and adequate
lateral flexibility. Unfavorable internal structures within the salt dome
could be encountered during site characterization; if present, they would
diminish the flexibility for locating underground facilities at this site,

The host rock at Yucca Mountain offers significant vertical flexibiiicy,
but lateral flexibility is restricted by minor faulte, shallow overburden, or
site anomalies. The lateral homogeneity of the potential host raock outside
the primary repository area has not been established.

Summary of comparative evaluation

Yucca Mountain is the most favorable site oun the basis of the two most
important conslderations. It is expected that the response of the host rack
to the heat loading of the repository would have an overall favorable effect.
Furthermore, the long-term seal-performance requirements at Yucca Mountain are
not expected to be very demanding. Although the flexibility for locating the
underground facility is limited at Yucea Mountain, this does not outweigh the
favorability of the other more important considerations.

The Davis Canyon and the Richton sites are next in favorability for the
rock—characteristics guideline. At Davis Canyon, the repository-induced
temperature increase is expected to improve the performance of the site by
increasing the rate of galt creep, which would seal the underground copenings
by reconsolidating the salt backfill. However, the impact of the brine
migration toward the heat source needs to be asgsessed, The sealing of .
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boreholes and shaft: at Davis Canyon ig not expected to require complex
engineering methous, Davis Canyon is also expected to offer significant
flexibility in locsing the repository because of its lower brine content.
The Richten site i more favorable than Davis Canyon for the
repository-induced beat consideration, Richton is les. favorable than Davis
Canyon and Yucca M.untain on the basis of the major coisideration for the
complexity of engineering methods because of potentisl problems with sealing
the repository from the overlying sediments and capro¢:.. The Davis Canyon and
the Richton sites are equally favorable with respect o, host-rock
flexibility, On the basis of these comparisons, Dav s Canyon and Richton are
approximately equal in favorability under this gulde.lnre.

Hanford is momewhat less favorable than the Yucca itountain, the Davis
Canyon, aad the Richton sites for this guideline. Although Hanford is very
favorable with respect to the effects of repository~induced heat, it may
require complex engineering methods because of potential difficulties in
sealing the overlying aquifers from the repository horizon. There has been
little experience in sealing hard-rock mines to the degree that will be
required for the repesitory. Hanford also appears to offer restricted
vertical flexibility with respect to isolation considerations.

The Deaf Smith site is considered to be somewhat less favorable with
regard to the rock-characteristics guideline, Tt is the least favorable site
for the major consideration of repository-induced heat because of
more-extensive interbeds. It is also the least favorable site under the third
major consideration because the presence of interbeds limits its vertical
flexibility. However, these considerations are not likely td significantly
affect the abitlity of the site to contain or isolate waste. o

7.2.1.4 Climatic changes

The qualifying condition for the climatic changes guideline is as follows:

The site shall be located where future climatic
conditions will not be likely to lead to radionuclide
releases greater than those allowable under the
requirements specified in §96{0.4-1., In predicting the
likely future climatic conditions at a site, the DOE wiil
consider the global, regional, and site climatic patterns
during the Quaternary Period, considering the geomorphic
evidence of the climatic conditions in the geologic
getting,

Major consideration

On the basis of the qualifying, favorable, and potentially adverse
conditions for this guideline (see Table 7-4}, one major consideration is
identified that influences the favorability of the sites with respect to the
qualifying condition: the effect of future climatic changes on the ability of
the site to isolate waste. Contributing factors iuclude Quaternary climatic
cycles and the in situ conditions at a site. The major consideration is
directly related to the qualifying condition through the consideration of
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Table ¥-4. Guideline-condition findings by major consideration--¢iimatic change® "V

Davis Daaf Richton Yucca
Condition® Canyon Smih Hanford Dome Mountain

Favorable conditica 1

A surface-water system such that expacted p : P P P

climatic cycles over the next 100,000

years would not adversely affect waste

isglation,
Favorable condition 1

A geologic setting in which ¢limatic NP NP NP NP NP

changes have had littie effect on the
hydrelugic system throughout the
Quaternary Pariod.

fatantially adverse condition !

Evidence that the water table éould

rise suffictently over tha next 14,000 NA NA ’ - NA NA NP
years to saturate the underground facility o ’

in a previously unsaturated host rock.

Potentially adverse ' condition 2

Evidence that climatic changes over NP NP NP NP NP
the next 1,000 years could cause

pertuvbations in’-tha hydraulic gradient,

the hydraulic conductivity, the affactive

porosity, pr the groyng-water flux

through the host rock and the surrounding

gachydrologic untts, sufficient to

significantly increase the transport of

radionuclides to the accessible environment.

* Key: NP = for the purpose of this comparative evaluation, the favorable or potentiaily
adverse condition is not present at the site; P = for tha purpose of this comparative evaluation,
the condition is present at the site,

® hnalyses supporting the sntrias in this table are presented in Chapter 6 of the
eaviranmental assessmant for each site.

€ A1l the conditions in this table are associated with one major consideration: the effact
of climatic changes on the ability of the site to isplate the waste.
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climatic changes =hat may affect waste isolation. Yt is derived from the two
favorable conditions and the two potentially adverse conditioms. A summary of
the evaluation fuor each site follows.

Evaluation of gites with respect to the major congidc ation

At the Davi: Canyon site, climatic chauges duri. » the Quaternary Period
are thought to have increased precipitation by as mu. : as 120 percent.
Increased precipitation during the Pleistocene may “a e increased recharge
rates and flow through hydrostratigraphic units as - »:. as rates of erosion
and dissolution, Instimates of increased precipitatin are based on regional
data that cover the last 13,000 years and site-gpecifi- geomorphic data.
Although it i: umcertain by how much increased precipitation affected the
hydrologlc system,. it does not appear that changes of the same magnitude would
adversely affect waste isolation. To establish bounding cases for the
potential effects of increased precipitation on the hydrelogic system, a
simple worst-case assumption was made in which increased precipitation raiges
the water table to the ground surface in the Abajo Mountains. The resulting
hydraulic gradient between the Abajo Mountains and the Colorado River is not
significantly greater than the present maximum apparent hydraulic gradient
estimated from hydroiegic tests. Preliminary estimates of the rates of
erosion and dissolution during the Quaternary Period, if projected into the
future, would not affect the isclation capability of the host rock, because no
significant changes in flow parameters, such as porosity or psrmeability, have
been identified in the Quaternary Period. Preliminary estimates of the
maximum rates of incision over the next 100,000 years are approximately 40
meters (132 feet), Although increased rates of incision may alter the
surface—-water system, increased inclasion at the surface is not expected to
affect the integrity of a repository at a depth of 885 meters (2,800 feet).

At the Deaf Smith site, regional data indicate that lower temperatures
and increased effective moisture occurred during the Pleistocene. The
Quaternary record suggests cyclical inereases in precipitation during pluvial
cycles. Increases in precipitation during future pluvial conditions would
increase surface-water ponding and growth of vegetation. The increased
vegetation would tend to decrease the rates of erosion, though localized
increases in erosion could occur near escarpments. Although thege climatic
changes would cliange the surface-water asystem, they are not expected to reduce
the waste~isoclation capablilities of the host rock. Potential effects of
Quaternary climatic cycles on the hydrologic system include changes in the
rates of recharge and increased rates of dissolution at sait margins.
Increased recharge to the upper hydrostratigraphic unit would result in an
increase in the hydrologic gradient between this unit and the underlying
units, but models of this process show no significant effect in the underlying
units for more than 10,000 years. Although the data are insufficient to
quantify the effects of these changes on the hydrologic system, there is no
evidence to suggest that Quaternary climatic changes had a significant effect
on the ground-water symtem.

At the Hanford site, if glacielly induced catastrophic floods recurred,
they would alter the presant surface-water system by increasing runoff, the
rates of erosion, and ponding. The net effect of catastrophic flooding would
be sediment aggradation., These changes in the surface-water system would be
short~lived and are not expected to significantly affect the confined aquifers
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of the Grande Rnnde basalts. If glaciation were te recur, the major adverse
effects would be increased recharge from meltwater and catastrophic flooding.
Increased recharge may be expected to cause some rise in the potentiometric
surfaces of sha’ low aquifer systems, but the transient nature of increased
recharge is suc! that gignificant long-term effects n the confined aquifers
of the Grande Ronde basalts are not expected.

For the Rji:hton site, the data are insufficlen to quantify the effects
of future climatic changes on the surface-water gye:am. However, regional
data suggest that, if the climate returned to a glicial maximum, increased
precipitetion would slightly increase erosdlon and ;round-water recharge.
During the late Wiaconsinian glaciation, the sea lav 1 in the Gulf of Mexico
was 100 to 130 meters (330 to 430 feet) below the prusent mean sea level.

This regional change in base level, combined with regional uplift, resulted ino
stream entrenchment. Geomorphic evidence in the region suggesta that stream
entrenchment in major rivers was on the order of 30 meters (100 feet). This
would have little effect on the deep confined ground-water system around the
Richton Dome. A Future interglacial cycle accompanicd by a melting of the ice
sheets equivalent to Pleistocene interglacials could cause a rise in sea level
of 5 to 10 meters (16 to 32 feet). An equivalent rise in sea level would not
inundate the surface of the gite, which is at least 50 meters (164 feet) above
the mean sea level. Thug, the asnalysis of regional data suggests that future
climatic changes would not affect the gurface-water or the ground-water
systems to the extent that the isolation capabilities of the site would be
affected.

Analysis of data on the effecta of climate changes in the vicinity of
Yucca Mountain suggests that surface-water systems changed little during the
Quaternary Period and are not expected to change significantly in the next
10,000 years. The present surface-water system was established by early
Quaternary time, It is unlikely that the maximum probable climatic change,
from arid to semiarid c¢onditions, would cause a significant change in the
present drainage system. Climatic data suggest that Quaternary climatic
changes had the followipng effects on the ground~water system: increased
recharge; increased elevation of, and gradients in, the water table; and
upgrade shifts in discherge points, Data from the region suggest that the
effects of these changes were minor. One exception may be the effect of
increased recharge on the hydrologic system, though the magnitude of the
increased recharge bhas not yet been quantified.

If pluvial conditions were to occur, increased recharge may have a
significant effect on the ground-water flux and may raise the level of the
water table. Preliminary modeling of increases in the water table during a
full pluvial cycle, assuming a 100-percent increase in precipitation, suggests
a maximum rise of 130 meters (427 feet), Buch a rise in the water table would
not saturate the repository. Furthermore, considering the varlous sources of
uncertainty in the model--such as the method used to simulate recharge, the
assumption that the response of the water table is instantaneous, and the use
of a two-dimensional model to simulate three-dimensional flow--~the prediction
of a 130-meter rise in the water table is uncertain and may not be realistic.
It is unlikely that increased recharge from a return to pluvial conditions
would significantly increase radionuclide transport to the assessible
environment. .

7~32

Ao 08 ° 0982



Summary of the comparative evaluation

The availah!: data suggest that the Davis Canyoo, Deaf Smith, Hanford,
and Richton sites are equally favorable with respect to the major
congideration and the guideline on climatic changes. At these sites changes
in the surface-weter system over the next 100,000 yec.:s are not expected to
adversely affect isolation capabilities, Climatic cl.inges during the
Quaternary Perici may have had minor effects on the -ound-water gystems. Iun
the next 10,000 years, none of these sites is expect.i to undergo climatic
changes that would decrease the ability of the natu-s. barriers to isclate the
waste.

The Yucra Mountain site is less favorable than ti.e other gites because
future climatic changes may produce a gignificant increase in recharge to the
gechydrologic system. Assuming an eventual return to pluvial conditions,
preliminary modeling suggests that increased rechargs may increase the
ground-water f£lux, decrease the ground-water travel time, and increase the
elevation of the water table. The potentially increased flux, combined with a
substantial rise in the water table, introduces greater uncertainty in
agssessing the potential effects of future climatic changes on the Yucca
Mountain site., However, climatic conditions during the next 10,000 years
would not be likely to significantly increase radionuclide releaaes to the
accesslible environment.

7.2.1.5 Erosion
The qualifying condition for erosion is as follows:

The site shall allow the underground facility to be
placed at a depth such that erosional processes acting upon
the surface will not be likely to lead to radionuclide
releases greater than thoase allowable under the
requirements specified in §960.4-1. In predicting the
likelihood of potentially disruptive erosional processes
the DOE will consider the climatic, tectonic, and
geomorphic evidence of rates and patterns of erosion in the
geologic setting during the Quaternmary Period.

Major congideration

On the basis of the qualifying, favorable, and potentially adverse
conditions for this guideline (see Table 7-5), one major consideration is
identified that influences the favorability of the sites with respect to the
qualifying condition: the effects of erosional processes on waste isolation.
The major consideration is derived from the three favorable conditions and the
two potentially adverse conditions and evaluates effects of erosional
processes on waste isolatiom. It is directly related to the qualifying
condition through emphasis on the ability to isolate waste.
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Tabia /-5. Guideline-condition findings by major considerativn—erosion®'"®

Davis Deaf Richton  Yucca
Condition® Canyan Sm.h Hanford Dome Mountain

Favorable condit’vn 1

Site conditions that permit the p 1 - P P . NP
emplacement of waste at a depth of

least 300 meters {984 feet }below

the directly overly ground surface.

Favorable condition 2

A geclagic getting where the nature and P P P p P
rates of the erpsional processes that

have Leen gperating during the Quaternary

Period are predicted to have Yess than 1

chance in 10,000 over the next 10,000 years - Ve
of leading to releasas of radionuclides to : S
the accessible anvironment.

Favorable condition 3 - )

Site conditipns such that waste p po Poo P crdP
exhumation would not be expected to ' o '
eccur during the first Y 'million : A
years after repository closure, O Y S I

Potentially adverse condition 1

A geologic setting that shows evidence NF NP NP NP NP
of extreme erosion during the Quaternary .
Period,

Potentially adverse condition 2

A geologic setting where the nature and NP NP NP NP : NP
rates of gaemorphic processes that -have ! . o

bean nperating during.the Quaternary Period
could, during the first 10,0800 years after
c¢losure, adversely affect the abilit ,
the geologic repository to isolate the waste,

® Key: NP = for the purpose of this comparative evaluation, the favorable or potent1a11y
adverse condition is not present at the site; P = for the purpose of this comparative evaluation,
the conditvon is present at the site.
® Analyses supporting the entries in this table are prasented in Chapter 6 of the
environmenta) assessment for each site.
¢ A1l of the conditions in this table are associated with one majar consaderat1on' effects
of erosional processes on waste isolfation, . . -
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Contributiapg factors include the depth of waste emplacement, evidence of
extreme erosion :furing the Quaternary Period, the potential for uncovering the
waste, and the ssessment of future ercsion rates and geomorphic processes on
the basis of thg climatic, tectonic, and geomorphic ¢vidence of erosion rates
and patterns dur.ing the Quaternary Period. These ferlors cannot be evaluated
individually to nmake a judgment on the qualifying ce-ditiony they must be
evaluated togetuar, It is for this reason that onlr oae major counsideration
ig identified. A summary of the evaluation for eact gite follows.

Evaluation of gites in terms of the major consider: iic¢n

At Davis Canwon, the host-rock unit (salt cycle ..) is estimated to occur
at a depth o° approximately 885 meters (2,900 feet}. During the GQuaternary
Pericd, erosion in the candidate area has been almest continucus, though
long-terws rates of incision are not thought to be extreme. Stream erosion is
predicted to erode nc more than approximately 3 meters (12 feet) below the
present ground surface in 10,000 years. Streams in the region bave been
predicted to erode up to 240 peters (800 feet) into Lheir present channels
(using long-term incision rates) during the firat million years after
repository closure. The Quaternary geolegic record indicates that geomorphic
processes should not adversely affect the ability of the repository te isolate
the waste. This includes a preliminary assessment of the eastward propagation
of the graben systems west of the site, C(onsldering the planned depth of the
repository, present knowledge suggeats that it is highly unlikely that eroaion
will lead to releases of radionuclides to the accessible enviromnment in the
unext 10,000 years,

At the Deaf Smith site, the host rock is in Unit 4 of the Lower San
Andres Formation, where the top of the unit is 700 to 760 meters {2,300 to
2,500 feet) below the surface. No evidence is recorded of extreme erocsion at
the site. Extrapolation from a relatively high river-incision rate in
Holocene time shows erosion to a depth of 63 meters (210 feet) in the next
10,000 years. Projections of average Quaternary conditions indicate that
erosion of 100 meters (330 feet) would occur over the next 1 million years.
Projections of Quaternary erosional conditions indicate that the waste would
remain lgolated after 10,000 years. Considering the planned depth of the
repository, 1t 1s unlikely that ercsion will lead to releases of radionuclides
to the accessible environment in the next 10,000 years.

At the Hanford site, the depth to the Cchassett flow top is 869 to 943
meters (2,850 to 3,093 feet). The site dces not show evidence of extreme
erosion during the Quaternary Period. Because the depth of erosion is
geomorphically controlled by base level, future incigion is limited to depths
above the minimum sea level. Past glacially induced sea-level changes
indicate that erosion at the site could proceed no further than about 440
meters (1,443 feet) above the top of the candidate horizon. The depth of the
candidate horizon and the geologic setting of the site are such that the waste
would not be expectad to be uncovered during the first million years after
repository closure. There is little chance, if any, of erosion leading to a
release of radionuclides to the accessible environment over the next 10,000
vears. '

7-35

80008 0935



At the Richton site, the waste would be emplaced at a cepth of 646 meters
(2,119 feet). No evidence of sustained extreme ercaion during the Quaternary
Period is founus in the geologic setting of the site. The geomorphic processes
that have beer in operation during the Quaternary luriod have resulted in a
long~term erosiun rate of 1.2 meters (4 feet) per 3.,000 yvears. This rate
would result ir the removal of 120 meters (394 feet of material in 1 million
years, leaving 526 meters (1.718 feet) of material .ver the repository. The
chance of ercsion vemoving the sntire thickness of .verdome sediments ig much
lesgs than 1 In 1 million. Thus, it is very unlik.l:- that ercsion over the
next 10,000 years would lead to any radlionuclide 12ieames to the accessible
environment.,

At Yuc.a Mountain, the minimum thickness of the overburden above the
repository would be about 230 metera {750 feet}. Fur about 50 percent of
Yucca Mountain, the overburden is more than 300 metsars (984 feet). Average
stream~incision rates during the past 300,000 years have not been extreme, and
there has been little change in the patterns of erosion at the site during the
Quaternary Periond., On the basis of average stream-incision rates, the
shallowest portion of the repository is expected to remain buried much longer
than 1 million vears. Over a pariod of 10,000 years, erosional processes
would be expected to remove only 1 meter (3 feet} of overburden. The
probabllity that ercsion would induce & loss of isolsgtion is-legs than 1 in 1
million over the next 10,000 yeara. Thus, although the Yucca Mountain gite
does not meet the favorable condition on the depth of emplacement, it appears
that the probabilities of erosion causing a loss of isolabion are lower than
those considered credible in EPA regulations (40 CFR Part 191),

Summary of the comparative evaluation

At all the gites, the underground repository can be placed deep enocugh to
protect it from erosional processes acting on the surface. The predicted
rates of erosion are low at all five sites. All waste-emplacement horizons
are too deep for credible geomorphic processes to adversely affect the
performance of the repogitory. Although the rates of ercsion vary from site
to site, the variation is not significant, None of the sites iz expected to
erode to such an extent that the waste would be uncovered during the first 1
miliion years. It is alsc very unlikely that erosion at any of the gites
would result in releases of radionuclides during the first 10,000 years.
Therefore, all sites are approximately equivalent with respect to the erosion
guideline.

7.2.1.6 Digsolution
The qualifying condition for postclosure dissolution is as follows:

The site shall be located such that any subsurface rock
dissolution will neot be likely to lead to radicauclide
releages greater than those allowable under the
requirements specified in §960.4~1. In predicting the
likelihood of dissolution within the geologic setting at a
site, the DOE will consider the evidence of dissclution
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within that s:ttirg during the Quaternary Period, including
the location: and characteristics of dissclution fronts or
other disscolviion features, 1f identified.

Major consideraticn

On the basis of the qualifying, favorable, and potentially adverse
conditions for this guideline {see Table 7-6), one ms »r consideration is
identified that influences the favorability of the siites with resgpect teo the
qualifying condition: evidence of host-~rock dissclv:ion during the Quaternary
Period. This majov consideration is influenced by s.rveral contributing
factors, such as tue solubility of the host rock under nonextreme geclogic and
hydrologic conditiong, unusual ground-water chemistry, and evidence of
significant dissolution during the Quaternary Period. The consideration is
directly related to the qualifying condition through concern about the
digruption of the natural and engineered barriers by the dissolution of the
host raock. Such disruption would result in the potencial for exceeding the
radionucliide-relvase limits set by the NRC and the EPA. A summary of "the
evaluation for each site follows,

Evaluation of sites in terms of the major consideraticon

The Davis Canyon site is 16 kilometers {10 miles} from the nearest known
or potential disgsolution feature. Although data on the rate of migration of
dissolution fronts in the Paradox Basin are not available, the rates estimated
for other basins suggest that a dissolution front would not reach the site for
at least 10,000 years. However, it should be noted that the use of such an
extrapolation technique increases the level of uncertainty in this estimate,
Other known and suspected dissolution features in the area include the
Lockhart Basin, 19 kilometers (12 miles) to the north: Beef Basin, 22
kilometers (14 miles} to the southwegt: the Needles Fault Zone, 18 kilometers
(11 miles) to the west; and the Shay/Bridger Jack/Salt Creek graben system, 16
kilometers {10 miles) to the south., Data derived from field mapping and
geophysical logging near the site have not revealed features that would
indicate Quaternary dissolution, However, the saline ground waters of the
overlying Honaker Trail Formation and the underlying Leadville Formation are
thought to iadicate past or continuing dissolution of the salt in the Paradox
Formation,

The Deaf Smith site is somewhat further from active dissclution fronts
than Davig Canyon. Dissclution at or above the repositery level is known to
occur 103 kilometers (64 miles) to the west, 29.8 kilometers (1B.5 miles) to
the north and 118 kilometers (73 miles} to the east of the Deaf Smith site.
The rates of migration for these dissclution fronts have been calculated from
data on the level of salinity in streams. These data suggest that the most
rapid rate of migration for the dissolution fronts is 0.98 meter (3.2 feet)
per year for the eastern front, while the northern front is migrating at a
rate of 0.0008 meter (0.0024 foot) per year. The rate of dissolution for the
western front is expected to be even lower. These calculations are bhased on
the assumption that the dissclution front is uniform, which could
underestimate the actual rate of dissclution. Within the basin, interior
dissclution is evident in the uppermost salt sequence beneath the High Plains
aquifer, as indicated by data from dissolution wells. However, the rate of

7~37

dinm . Mmoo R



Table 7-€. Guideline—condition findings by major considaration--disselution®-”

Davis Deaf Richton Yucca
Londition® Canyon Smi o Hanford Dome Mountain

Faveorable conditin

Ho evidence that the host rock within P P P 4

the site was subject to significant

dissolution during the Quaternary Period.
Potentially adverse condition

Evidence or dissolution within the P F NP p NP

geologic setting--such as breccia pipes,
dissolution cavities, significant
valumetric reduction of the host rock
or surrounding strata, or any structural
collapse—-such that a hydraulic
interconnection Teading to a loss of
waste isolation could occur.

" Key: NP = for the purpase of this comparative evaluaticn, the favorable or potentially
adverse condition is not present at the site; P = for the purpese of this comparative evaluation,
the condition is present at the gite.

® Analyses supporting the entries in this table are presented in Chapter 6 of the
environmantal assessment for each site.

€ A1l of the conditions in this table are associated with one major consideration: effacts
of dissolution processes on waste isolation.



dissolution is very slow and has been estimated to be 0.000064 meter (G,000021
foot) per year. No dissolution fronts near the Deaf Smith site or in the
intericr basin are expected to intersect the repository horizon in less than
100,000 years.

The rock at the Hanford site consists of minera.s that are not readily
soluble, and sigiificant dissolution leading te radi auclide releases from the
site is not considered credible., Tt is highly unlikely that dissolution will
occur along fractures within the repository during >r after the thermal phase
to the extent that the permeability of the fracture svstem will increase. The
permeability of the fracture system will probably de¢ ease because of the
alteration of glass and the formation of ¢lays and zewiites within the
fractures.

The Richton site has no topographic depressions over the salt dome, and
limited data suggest that the Tertiary sediments overiying the dome are
laterally continuous. There are two relatively small, closed circular
depressions just off the eastern flank of the dome that appear to be the
result of near-surface processes; however, at this time, their origin is
uncertain, Samples of ground water from a shallow fresh-water aquifer reveal
possible saline ancomalies on the south side of the dome (downgradient of the
dome)}. These anomalies were identified on the basis of a very limited number
cof boreholes; therefore, the origin of the high salinity level in the water of
the upper aquifer is unknown at this time. Pessible origins for the
salinities include salit-dome dissolution, variability of aquifer conditions,
and artificial contamination.

The Yucca Mountain site is composed of rock whose minerals are not
readily soluble, and significant dissolutilon leading to radionuclide releases
from the site is not considered credible. It is highly unlikely that
dissolution will cccur mlong fractures within the repository during or after
the thermal phase to the extent that the permeability of the fracture system
will increase.

Summary of comparative evaluation

Hanford and Yucca Mountain are the most favorable sites for the
dissolution guideline because the host rocks and surrounding unit consist of
minerals that are not readily soluble.

The Davis Canyon, Deaf Smith, and Richton sites are less favorable,
Available data suggest that dissolution probably occurred at each salt site
during the Quaternary Period, but the rates of dissolution are too low to lead
to a loss of waste isclation., There is, however, considerable uncertainty
associated with these rates because of the limited data base for each site.
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7.2.1.7 Tectonic: (postclosure)

The qualifyiug condition for postclosure tectonics is as follows:

The sitce shall be located in a geologic setting where
future tectinle processes or events will not be Likely to
lead to radtonucllde releases greater than thos+ allowable
under the requirements specified in §%60.4-1. - a
predicting the likelihood of potentially disrvptive
tectonic procesges or events, the DOE will cor.ider the
structural, stratigraphie, zeophysical and seispic evidence
for the nature and rates of tectonic processes a.:d avents
in the geologic setting during the Quaternary Period.

Major congideration

On the basis of the qualifying, favorable, and potentially adverse
conditions for this guideline (see Table 7-~7}, one najor consideration is
identified that influences the favorability of the sites with respect to the
qualifying condition. This major consideration concerns estimates and
projections of igneous activity and tectonic processes over the next 10,000
years and the effect of these processes on radionuclide releases. It is
directly related to the qualifying condition through the evaluation of
radionuclide releases attributed to potential tectonic phenomena. It ig
derived from the favorable condition and the gix potentially adverse
conditlons.

The contributing factors for this major ronsideration include evidence of
tectonic or igneous activity during the Quaternary Period, the likelihood for
the next 10,000 years of tectonic and igneous events that could alter the
regional ground-water—-flow system, the historical record of seismicity, the
correlation of earthquakes with tectonie features, evidence of Quaternary
tectonic processes (especially at the repository site), and the potential
effects of tectonic and igneous events on the repository. The rates of
igneous and tectonic activities cannot be evaluated individually; these
conditions must be evaluated together to determine their impact on the total
isolation system, and therefore only one major consideration was identified
for this guideline. A swmmary of the evaluation for each site follows.

Evaluation of sites in terme of the major considerations

In the geologic setting of the Davis Canyon site, Quaternary uplift has.
averaged less than 0.60 meter (2 feet) per 1,000 years. Although no surface
faults have been identified at the site, Quaternary faulting may be present in
the vicinity of the site at Shay Graben. These fauits, however, may be
related to salt dissolution rather than tectonism. These faults do not trend
toward the site, nor have preliminary investigations shown any surface faults
at the site. No known igneous activity has occurred within the geologic
setting in the last 2 to 3 million years. No earthquakes have been observed
within the site, but the historical record of seismicity is limited, The
Paradox Basin has been classified as a relatively low seismic hazard region.
However, there is a possibility that the south Shay Graben fault may be
capable of producing an earthquake larger than any observed in the geologie
setting. The geologic record does not show that any natural impoundments on
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Table 7-7. Guideline—condition findings by majur consideration-tectunics {postclosure)®'®

Davis Daaf Richton Yucce
Condition® Canyan Smi*h Hanford Dome Mountain

e

Favorable conditicn |

The nature and -ates of ignecus activity P - 3 P NP
and tectonic prucesses (such as uplift,

sybsidance, faulting, or folding), if any,

operating within the geologic setting

during the Quaternary Pericd would, if

continued into the future, have less than

! chance in 10,006 over the first 10,000

years after ¢losure of leading to releases of

radionuciides to the accessible environment.

Potentinily adverse condition t

Evidence of active folding, faulting, p L P P P
diapirism, uplift, subsidence, or other

tectonic processes or igneous activity

within the geplogic setting during the

Quaternary Period.

Potentially adverse condition 2

Historical earthquakes within the np Np NP NP Np
geologic setting of such magnitude and '

intensity that, if they recurred, could

affect waste containment or isselation.

Potentially adverse condition 3

Indications, based on correlations of p WP P NP SR
earthquakes with tectonic processes and

features, that either the fre?uency of

occurrence or the magnitude of earthquakes

within the geologic setting may increase. e

Potentially adverse condition 4

More-frequent gccurrences of NP NP NP HF - - NP
earthquakes or earthquakes of higher, o R
magnitude than are représentative

of the region in which the géologic

setting is located,

Potentiaily adverse condition 5

Potantial for natural phénomena such as NP NP NP - NP NP
Tandslides, subsidence, or volcanic . : .
activity of such maqnitudas that thay

could create large-seal# ‘surface-water
impoundments that could change the regional
ground-water flaw system,

Potentially adverse condition §

Potential for tectonic deformations—- NP NP NP NP - NP .
such as uplift, subsidence, folding, or )
faulting——that could adversaly affect

the regiona) ground-water fiow system.

® Key: NP = for the purpose of this comparative evaluation, the favorable or potentially’
adverse condition is not present at the site; P = for the purpese of this comparative evaluation,
the ccnd1t:on is present at the site,
® Analyses supporting the entries in this table are presented in Chapter 6 of the
envirenmental assessment for each site.
€ A1l of the conditions in this table are associated with one major censideration: nature
and rates of tectonic processes and igneous activity that may affect waste is¢lation.
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the scale necessai'y to cause large changes in the regional ground-water-flow
aystem occurred i the geologic aetting., Regional uplift will not affect the
physical integritr of the repository and will be too small to significantly
modify ground-wa®ar-flow systems in the next 10,000 yrars. Reactivation of
the basement faults beneath the gsite ia possible, but 1t is doubtful that
displacements large enough to propagate these features through the ductile
rocks of the Parudox Formation would occur in the ne+. 10,000 years. In
general, tectonic data indicate that the likelihood  disruptive tectonic
events is very low and suggest that igneous or tecton:c activity at the Davies
Canyon site could not lead to radicnuclide releasee grzater than regulatory
limits after reporitory closure,

At the Deaf Smith site, data were collected by reviewing published
literature and conducting preliminary field surveys., There ig no evidence of
igneous activity during the Quaternary Period at the Deaf Smith site, The
nearest igneous activity during the Quaternary occurred about 160 kilometers
{99 miles) west of the site, outside the geologic setting. Quaternary
tectonic processes were probably negligible near the slte. Regional yplift or
subsidence is not recognized, but the possibility thut these processes
occurred on a small scale during the Quaternary Perilod has not been ruled
out, The site is located in a region of low seiamiclty., Quaternary faulting
and folding of a tectonic (or seismogenic) nature are not recognized in the
Palo Duro Basin. No large damaging earthquakes have occurred in the geologic
gsetting during the period of the historical record. The terrain of the slte
and its wvicinity is flat and would not be affected by natural phenomena large
enough to cause large-scale surface~water impoundments. Small amounts of
uplift or subsidence are not likely to adversely affect the regional
ground-water flow over the next 10,000 years. Some uncertainty exists because
site-specific information on subsurface faulting has yet to be fully
evaluated. However, the likelihood of disruptive tectonic events affecting
any releases of radionuclides after closure is thought to be extremely low.

For the Hanford site, preliminary eatimates of the rates of tectonic
deformation suggest low long~term average rates of strain. Volcanism in the
Columbia River Basalt Group ceased approximately 6 million years ago.
Although Quaternary volcanism has occurred in the western Columbia Plateau, it
appears to be more closely related to volcanism in the Cascades. There are
faults within the Columbia Plateau that are interpreted to have been active
guring the Quaternary Peripd. Seismic activity has been monitored at Hanford
since 1969, but detailed seismic monitoring at the proposed repository depth
is only beginning. Some of the faults in the geclogle getting could be
aggociated with earthquakes larger than the historical maximun. Available
data do not permit the precise determination of slip and recurrence rates for
specific faults; however, on the basis of current knowledge, earthquakee near
the site would be relatively small, with long recurrence rates for larger
events (a magnitude greater than about 5.5). Earthquakes are not currently
associated with mapped geologlc structures, nor do hypocenters align in a
manner that suggests unmapped, buried, or steeply dipping faults occur in the
Pagco Basin. It does not appear that natural phenomena or tectonic
deformations would create large-scale surface-water impoundments that would
cause significant changes in the regional ground-water—flow system.

Although the rate of deformation at Hanford does not appear to be
significant enough to affect the release of radionuclides, there is
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considerable uncer.ainly because microearthquake swarms have been observed inm
the basalt during the past lé years, though no swarms have occurrved recently
in the basalt at t%e sgite. The potential effects of microearthquake swarms on
system performanc: (including the ground-water-travel “ime, system
geochemistry, and waste-package integrity) suggest th.t the likelihood of
tectonic phenomers affecting the site's ability to iscriate waste over Lhe next
10,000 years is viry low.

At the Richton gite, the evidence from the geolosic setting suggests that
no igneous activity and only minor tectonic activity cccurred during the
Quaternary Perlod. The principal active tectonic pru«sss during the
Quaternary Period is regilonal uplift. Diapirism does -:0t appear to have®
occurred at the Richton Dome, There has been no ignecus activity in or near
the Mississippl salt basin since the Cretaceous Pericd (about 60 million years
ago). There is no evidence of Quaternary seismogenic fault movement in the
geologic setting, and the infrequent seismic activity that does occur is low
in magnitude. The nearest known earthquake epicenter is 75 kilometers (45
miles) away. The region ham no large surface-water impoundments from tectonic
or igneous processes. Frojections of uplift based on Quaternary data suggest
that ita rates are too low (0.0l meter per 1,000 years) to advarsely affect
the regional ground-water-~flow system during the next 10,000 years. On the
basis of the Quaternary record, future tectonic processes and evenis are not
likely to be disruptive, and the likelihood of disruptive tectonic events is
very low.

Much of the background data for the evaluation of tecteonic activity at
Yucca Mountain has been developed through many years of atudy related to
nuclear weapons teeting at the Nevada Test Site. The assessment of future
tectonic processes is uncertain and difficult for Yucca Mountain. There is
evidence that volcanism and faulting occurred in the vicinity of the site
during the Quaternary Period. In additlon, the seismicity of the region is
not understood well enough to rule out the possibility of large earthquakes
(magnitude of 7 or greater) occurring in the region after closure. According
to previously published estimates of recurrence intervals, regional return
periods for earthquakes with a magnitude of 7 or greater are probably on the
order of 25,000 years. At present, a& preliminary conclusion could be made
that the north-trending faults at the site should be considered potentially
active, even though the absence of fault scarps and the low level of geismic
activity suggests they are not active. The geologic setting of Yucca Mountain
is not yet well enough understood to preclude the possibility of future
earthquakes larger than those that have occurred at or near the site.

The formation of large-scale surface-water impoundments by natural
phenomena like landslides, subsidence, or volcanic activity is not likely in
the area of Yucca Mountain. There is also a very small potential for tectonic
deformation at the site of a magnitude that would affect the regional
ground-water flow. On the basis of available information, it appears unlikely
that volcanic events or future tectonic processes and events would adversely
affect the containment and isclation capabilities of the repesitory, although
numerical probabilities have not been determined for most processes. This
conclusion is based on the moderate {although uncertain) probabilities of
tectonic events, the likelihood that the ground-water travel time is loang and
the flux is low, the selection of waste-emplacement areas away from
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recognizable fault zones, the structural integrity of the waste package, and
the geochemical characteristics of the slite.

Summary of comparative evaluatiom

The most favorable sites with respect to the pisteleosure tectonics
guideline are Luvis Canyon, Deaf Smith, and Richtor  Although the Davis
Canyon site apppars to have a higher rate of tectora: gctivity near the gite
{as indicated by potential Quaternary faulting), tere is & very low
likelihood that tectonic events could lead to rele.s>s at any of these sites,
and none show evidence of igneovs activity in the ge ioglc setting, Active
faulting may also be present in the geologic setting of Davie Canyon, but no
surface faulis have been identified at the site, and geismic and geologic
evidence qualitatively suggests that the region will he stable over the long
term. The available data suggest that there is very little likelihood of
disruptive tectonic or igneous events during the next 10,000 years at all
three sites, Both the Deaf Smith and the Richton sites have experienced no
igneous activity and insignificant tectonic activity during the Qusaternary
Period. There are no known Quaternary seigmogenic faults in either geologic
setting, and the level of seismicity at both sites appears to he very low,

Hanford is slightly lesa favorable than the salt sites for this
guideline. There is some evidence that deformation is occurring within the
basalts at Hanford, but the pattern of deformation qualitatively matches the
pattern of known gseismicity, suggesting that earthquakes and rupture planes
wonrld be relatively small and recurrence times generally long. There ig sowme
uncertainty because microearthquake swarms in the basslts have been ohserved
during the past 16 years. In addition, no microearthquakes {nonswarm} have
been obderved within the repository site at the depth of the basalts. The
likelihood of tectonie phenomena affecting the ability of the gite to iscolate
waste over the next 10,000 years is very low.

Yucca Mountain is less favorable than the other sites. Quaternary faults
are present within ! to 6 kilometers of the site. Their effects on the
potential for ground motion and on ground-water flow need to be assessed. The
likelihood of wvolcanism may be high enough for volcanism to be congldered in
performance assessment, However, the effects of igneous and tectonic activity
on system performance {qualifying condition) at Yuccs Mountain are not
expected to lead to radionuclide releases greater than those allowed by
regulation, This assessment accounts for ground-water flux and travel time,
waste emplacement away from recognized faul!t zones, the structural integrity
of the waste package, and the geochemical characteristics of the site.

7.2.1.8 Human interference

The potential for human interference after the closure of the repository
requires an analysis of (1) the natural resources at or near a site,
addressing historlcal, current, and future exploration for, and uses of, these
resources, and (2) site ownership and control. Evalustions of these two
separate technical guidelihes are provided below. :
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7.2,1,8,1 Natural resources
The qualifving condition for natural resources is as follows:

This siite shall be located such that--cons’“ering permanent
markers and records and reasonable projections ol value,
scarcity, ..nd technology—-the natural resource . including
ground water suitable for crop irrigation or h wn consumption
without treatment, present at or near the sit» ill not be
likely to give rise to interference activitie ~hat would lead
to radionuclide releases greater than those ali wable under the

requirements specified in §960.4-1.

Major considerations

On the basis of the qualifying, favorable, and potentially adverse
conditions for this guideline (see Table 7-8), three major considerations ara
identified that influence the favorability of the sites. In decreasing order
of importance, they are (1) evidence of subsurface mining, resource
extraction, and drilling sufficient to affect containment and isolation; (2)
potential for foreseeable human activities that could affect containment and
igolation} and (3) potential for postclosure intrusicon for resource
extraction. Although the major considerationa are listed in decreasing order
of importance, the differences in their importance are bmall, particularly
between the second and the third considerations.

Evaluation of the sites in terms of the major considerations

Evidence of subsurface mining, resource extraction, and drilling
sufficient to affect containment and isclation. This consideration assesses
the potential effects on waste containment and isolation of existing mines and
drillholes within the site. Contributing factors include the presence of
active and closed mines as well as evidence of deep drilling and related
resource extraction., This congideration {s derived from the second and the
third potentially adverse condition and is the most important major
consideration because existing mines or drill holes could act as pathways for
radionuclide migration to the accessible environment. A summary of the
evaluation for each site follows. Co

At the Davig Canyon site, existing uranium mines extend to a maximum
depth of 11 meters (35 feet) and are restricted to the Chinle Formation, which
has been eroded from most of the repository operations area. These existing
excavations are not thought to be extensive enocugh or deep enough to affect
the repository. No drilling is known to have occurred within the site, The
nearest hydrocarbon-exploration borehole of appreciable depth is 8 kilometers
(5 miles) from the boundary of the repository operations area.

There is no subsurface mining at the Deaf Smith site. There are no known
wells that penetrate below the Ogallala aquifer and ne known
hydrocarbon-exploration holes at the site. Deep drilling at the site is
unlikely to have occurred in the past.
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Table 7-8. Guideline-conditian findings by major consideration--natural resources®:®

condition

Smith

Deaf

Hanford

#ichton
Dome

Yucea
Mountain

MAJOR CONSIDERATION 1; €EVIDENCE OF SUBSURFACE MINI~C, RESOURCE EXTRACTION,

AND DRILLING SUFFICIENT TO {7FECT CONTAINMENT AND ISOLATION

Potentially adverse condition 2

Evidence of subsurface mining or
extraction for resourcas within
the site +f it covid affect waste
containment or isc.ation.

Potentially adverse condition 3

Eviderce of drilling within the
site for any purpose other than
repasitory-site evaluation to a
depth sufficient to affect waste
containment and lsolation.

MAJOR CONSIDERATION 2:

Potentially adverse condition §

Potential for foreseeable human
activities such as ground-water
withdrawal, extensive irrigation,
sub-surface injection of fluids,
underground pumped storage, military
activities, or the construction of

large- _scale surface-water impoundments—~
that could adversgly change partions of
the ground-witer flow system impgrtant

to waste isolatton,

MAJOR CONSIDERATION 3:

Favorable condition 1 -

No known natural resqurces that have
or ‘ars projécted to lave in the
foresaeable future § valtue great

enough to be considered a commercially

extractable resource.
Favorable gondition 2

Ground water u1th IE 000 PH$ per _
mi1l4064 ‘or more 6f total’ s§o1ved

solidé ‘along any pasth.of:Tikely radio-

nuclidge travel: from. khe. bost rock. to
the accessible envirpoment.

a 0:.0:0(8¢

WP NP

POTENTIAL FOR FORESEEADLE HUMAN ACTIVITIES
SUFFICIENT TO AFFECT CONTAINMENT AND [SOLATION

NP P

POTENTIAL FOR POSTCLOSURE INTRUSIGN
TO EXTRACT RESQURCES

NP NP

0 9:9.:6

NP

NP

NP

NP

NP

NP

NP

NP



Tab'# 7-8. Guideline-condition findings by major consideration--natural
resqurces® ® (continued)

Davis Desf Richton Yucch
vondition Canyon Smit Hanford Dome Mountain

MAJOR CONSIDERATION 3: POTENTIAL FOR POST QSURE INTRUSION
TH EXTRACTY RESOURCT  {Continued)

Potentially adverse condition 1

indications that {he site contains 4 E P p NP
naturally occurring materials, whether

er not actyally identified in such form
that (i} ecunemic extraction is potentially
feasible during the foreseeable future

or (i} sych materials have a greater

gross value, net value, or commercial
potential than the average for other

areas of similar size that are repre-
santative of, and located in, the

geologic setting,

Potentially advarse condition 4

Evidence of a significant concen- NP NP NP NP Np
tration of any naturally occurring

material that i3 not widely avaflable

from gther sources.

® Kgy: NP = for the purposs of this comparative evaluation, the favorablé or potentially
adverse condition is not present at the site; P = for the purpase of this comparative evaluation,
the condition is present at the site. . .

® Analyses supporting the entries in this table are presented in Chapter 6 of the
environmental assessment for each site.
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Current and past mining or extraction activities in the area of the
Hanford site incl:de some quarrying for sand and gravel as well as a small
natural gas fleld that ended production in 1941, The guarries are excavated
pits that are generally lesg than L8 meters (60 feet) deep. The gas field was
located approxima.zly 11 kilometers south cof the site. No other current or
past production of hydrocarbons has heen reported witn:n 100 kilometers of the
larger Hanford $::e. Recent hydrocarbon exploration (a the Columbia Plateau
has been focused on the sedimentary sequence beneath . he basalt; wells drilled
to date have heea noncommercial, but some natural gac has been recovered.
Although methane has been found as dissolved gas in z1ound water from the
Grande Ronde Formation beneath the site, the hydroce -ton potential for this
area is speculative at best, Boreholes drilled near . site for purposes
other than rejository-~site evaluaticn are significantly shallower than the
candidate repository herizon and would not affect waste containment or
isolation. '

At the Richton site, there is no evidence of boraholes, shafite, or other
excavations that penetrate the repository horizon within the salt dome. Eight
mineral-exploration boreholes have been drilled into salt with a maximum
reported penetration of 6.4 meters (21 feet). Within 10 kilometers (6.2
miles) of the dome, 34 sulfur-exploration wells and 32 petroleum-exploration
wells have been drilled. The water wells within the area are ghallow (less
than 366 meters (1,200 feet)} and are drilled into the upper aquifer. The
closest fluid-injection wells are at least 4.8 kilometers (3 miles) from the
flank of the dome. Waste containment and isolation are not expected to be
significantly affected by the presence of shallow boreholes or the potential
for increased dissclution associated with the petroleum-expldration wells on
the sloping flank of the dome.

There has been no subsurface mining or extraction of resources at Yucca
Mountain. There is little likelihood that unknown excavations exist at the
site other than shallow prospecting pita. Before the repository
investigations began, one borehole had been drilled 7 kilometers (4 miles)
southeast of the site (water well J-13), and another had been drilled
approximately 15 kilometers (9 miles) to the northeast (water well J-12},
There has been no drillling at Yucca Mountain for purposes other than
repesitory-site evaluation.

Potential for foreseeable human activities that could affect containment
and isolation, Factors contributing to this consideration include the
potential for ground-water withdrawal, irrigation, the injection of fluids,
underground pumped storage, and large-scale surface-water impoundments.
Changee to the gite's ground-water system can directly affect the releases of
radionuclides to the accessible environment. This consideration is derived
from the fifth potentially adverae condition and is the second most important
major consideration. Changes to the site's ground-water system can directkly
affect the releases of radionuclides to the accessible environment. This
consideration is not as important as the first major consideration hecause it
is based on projected, more speculative human activities that may affect
isolation, whereas the first congideration is based on existing evidence of
rescurces that could affect isolation.
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In asaeseing the likelihood of postclosure Iintrusion, the DOE will
conslder the egt)nated effectiveness of the permanent markers and records
required by NRC regulations in 10 CFR Part 60, Human-intrusion events are
considered to be zredible only if it is assumed that the monuments provided
for in the NRC r.aulations are permanent enough to gerve thelr intended
purpose, Thus, ‘n evaluating this major congideraticu., the envitonmental
assessments have qualitatively considered the effecti -eness of markers and
records in reduc.ng the likelihood of human intrusio:- in the controlled area,
A sunmary of the evaluation for each aite followd,

Because of limited potable water and resources vithin and near the Davig
Canyon site, the prtential for foreseeable human acti-ities to adversely
affect the ground-water-flow system is expected to be very low,

At the Deaf Smith site, good-quality ground water that is suitable for
irrigation and domestic use is drawn entirely from the Ogallala aquifer. The
ongoing depletion of the Ogallala aquifer will not reverse the downward flow
potential at the site. The potential for the subsurfsce injection -of fluids
is considered to be low because of the low potential “or petroleum development
in the future. .

At the Hanford site, there is a potential for ground-water withdrawal for
irrigation. Insufficient data are available to determine whether such human
activities could adversely change portlons of the ground-water flow system
that are important to waste lsolation. However, it is believed that, even if
portions of the ground-waste-floor system were to change, there would be no
significant effect on waste isolation itself.

At the Richton site, the potential to adversely affect the
ground-vater-flow system is expected to be very low. Potential human
activities are very unlikely to affect ground-water travel through the salt
stocky this includes activities that may change fresh-water aquifers. The
likelihood of pumped storage in the controlled area is aleo expected to be
very low, considering the permanent markers and records.

Although potable ground water is present at the Yucca Mountain site,
future generations are not likely to drill for water from the top of Yuceca
Mountain, because it would be easler to drill for water in the surrounding
areas. Because isolation depends primarily on the thick umsaturated zone,
withdrawal of water outside the controlled area would not adversely affect the
ground-water system important to 1solation.

Potential for postclosure intrugion to extract respurces. Thig
consideration includes estimates of, and the potential for, postclosure
intrusion for resource extraction. Contributing factors include the prescence
or indication of resources (including water)} at the site, their value,
scarcity, and depth, as well as Eheir availability from other gources. This
condition ia derived from the firgt and the second favorable conditions and
the first and the fourth potentially adverse conditions., This consideration
is third in importance because the potential for resources is based on
speculative or indirect evidence. Nevertheless, this consideration is
significant because exploration for, or the extraction of, resources can
create pathways For radidnuclides to reach the accessible environment. A
summary of the evaluation for each site follows.
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Uranium and wvanadium deposits are present in the vicinity of the Davis
Canyon site, and :ome production has ogcurred at the site itgelfi however, the
uranium resources at the site are believed to be less zignificant than thoge
in other parts of southeastern Utah., In addition, comwmercial-grade
underground potas. deposits are present in the viciniiy of the aite, but they
may not be economic because they are located at excess.ve depths and are less
extensive than dejosits in other parts of Utah, Smal.. asaounte of pand,
gravel, and potakle water have been extracted in the . icinity of the site,
None of these regources has greater potential within iie area of the site than
cutside it., Potential hydrocarbon resources are believed to be significantly
smaller within the site than in similar areas outsid- the site. The
ground-water is of poor quallty, with the total dissul ed solids exceeding
13,000 parts ner miliion.

At the Deaf Smith site, ground water 1s being exiracted from the Ogallala
aquifer. The use of this water rescurce does not pose a threat to the
long~term integrity of the repository. Ground water along the likely pathways
of radionuclide travel 1is not suitable for human consumption because it
containa dissolved solids at concentration exceeding 10,00¢ parts per
million, The hydrocarbon potentlal at the site ig not considered to be
significant, but exploration for oil and gas in the future cannot be
discounted. No other mineral resourcea, such as uranium and construction
aggregates, are present in unique quantitieg at the gite, The bedded salt may
be conaidered s halite resource. There are no known concentrations of
naturally occurring materials that are not widely available from other sources.

At the Hanford site, there are no known metallic or petroliferous
resources that have or are projected to have a value great enough to be
commercially extractable., However, there are indications that the site
contains ground-water resources and natural gas that may be economically
feasible to extract in the foreseeable future. Although hydrocarbon source
beds may exist beneath the basalt, there ig no evidence to date of significant
concentrations of any naturally cccurring resources that are unique to the
site.

The Richton Dome is the largeat of 35 shallow salt domes in the
Mississippi salt basin. Because of its size and depth, it is an excellent
candidate for underground storagge. The purity of the salt (9] percent sodium
chloride) also indicates that the dome may be a candidate for salt extraction
by solution mining or conventional mining methods. In comparison with other
shallow salt domes, the potential for storage or salt extraction at the
Richton Dome is above average because of its large size, even though salt is
widely available from other sources and the dome's potential use as an
underground storage facility is not unique. Commercial hydrocarbon rescurces
are not known to exist at the Richton Dome.

Yucca Mountain has no energy or mineral resources for which extraction is
feasible in the foreseeable future. No known resources are present at Yucca
Mountain that have greater commercial potential than those in other areas in
its geologic setting, nor is there evidence of any significant concentration
of potentially wvaluable resources at Yucca Mountain. The mineral-resource
potential of the Yucca Mountain site is considered low. The ground water
along likely flow paths of radiomuclide travel has less than 10,000 parts per
million of total dissolved solids.
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Summary of comparative evaluation

On the basis «f the three major considerations, Yucca Mountain is the
most favorable gite; Davis Canyon, Deaf Swith, and Hanford are comparable; and
Richton is the leaert favored site. The differences am wug the sites, however,
are small. This jidgment is based on the fact that thr-e is no evidence at
any of the sites ¢v subsurface mining, extraction, or .cilling sufficient to
affect containment or isolation. There is alsoc no evi. ence at any of the
sites of a significant or unique concentration of any :aturally occurring
mineral or energy resocurces. [t is expected that the 1se of permanent markers
and records will reduce to very low values the likeliwod of human intrusion
within the controlled area at each of the sites.

The likelihood of any rescurce occurring at the Yucca Mountain site
appears to be very low. The potential uge of the deep aquifer ocutside the
controlled area will not affect containment and isclation.

The Davis Cauyon, the Deaf Smith, and the Hanford sites are approximately
equal in favorability on the basis of the speculative potential for
resources. There is a very small potential for the use of the shallow aquifer
cutside the controlled area at the Hanford site to affect the
ground-water~flow system important to isolation.

Richton Dome is the least favorable site because of the speculative
potential for resources, the possibiiity of undetected boreholes, and the
potential for using the dome for underground pumped storage.

7.2.1.8.2 B8ite ownership and control

The purpose of the postclosure guldeline on site ownersghip and control is
to help ensure that the repository can function far into the future without
adverse human interference. This guideline specifies that the DOE, in
accordance with the requirements of the 10 CFR Part 60, is to obtain ownersghip
of, and surface and subsurface rights tc¢, land and minerals within the
controlled area of the repository. A similar guideline on site ownership is
provided for the preclosure period. The purpose of the preclosure guideline
is to ensure that surface and subsurface activities during repository
operation will not be likely to lead to radionuclide releases greater than
those allowed by applicable regulations.

The DOE has determined that the necessary land area and controls are the
same for both the postclosure and the preclosure periods at the five nominated
sites. Whichever sits 13 selected, the DOE must obtain ownership as well as
surface and subsurface rights before commencing preclosure activities; there
is no baeis for distinguishing among the sites on their site ownership and
control status at the beginning of the postclosure period. Therefore, all
sites are congidered to be equally favorable for this guideline,
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7.2.2 POSTCLOSULE SYSTEM GUIDELINE

The resuits of preliminary system—performance arsessments are described
in Bection 6.4.2 of each environmental assesament ard briefly reviewed here.
These preliminary assessments are based on iimited ge=nlogic, hydrclogic, and
geochemical information, preliminary conceptual model!s, and relatively simple
analytical techniques. The DOE is therefore not yev prepared to provide
assurance that regulatory criteria will be met at an'v of the sites. These
preliminary assessments do, however, appear adequal: for evaluating the sites
against the posteclosure system guldeline. However, tie different approaches
to the evaluation of performance, the preliminary nat.re of these assessments,
and the uncevtainties in the parameters on which the aznalyses are based all
limit the ability to compare the sites in the manner required by the
implementation guidelines for site comparisons that will support the
recommendation of a site for development as a repository. To provide =z
comparative context for understanding the postclosure system guideline
evaluation in Chapter 6, a brief discussion of the evaluation of each of the
sites with respect to each of the capabillities addressed by the guideline is
presented below,

The guideline addresses the following capabilities of the geologic
setting at a site:

1. The capability of the geologic setting at the site to allow for the
physical separation of the waste from the accessible environment
after cleogure in accordanos with the requirementz of the EPA standard
in 40 CFR Part 191, Bubpart B, as implemented by 10 CFR Part 60.

2, The capability of the geologic setting at the site to allow for the
use of engineered barriers to ensure compliance with the reguirements
of the EPA and the NRC. Two requirements are pertinent here: (1)
the time of substantially complete contaimment {i.e., a period
between 300 and 1,000 years); and (2) the limit on the rate of
radionuclide releases from the engineered-barrier system (i.e., ona
part in 100,000 per year of the individual radionuclide inventory or
one part in 100,000 per year of the total inventory calculated to be
present at 1,000 years after repository closure, whichever is
greater}.

Capability for waste isolation. The results of the preliminary
assessments indicate that the EPA gtandards would be met at all of the sites.
For example, the mean time of ground-water travel from the repository to the
accessible environment is expected to be much longer than 10,000 yvears at each
site. On this basis alone, there is iittle likelihcod of any release for
10,000 years or, more specifically, of exceeding the EPA standard for
cumulative releases during this period. In fact, the results of the
calculations for the preliminary assessments indicate that raleases are likely
tc be negligible for much more than 10,000 years at each site, Similarly,
calculations of ground-water quality indicate that the EPA’s ground-water
protection and individual-protection requirements will be met at each of the
sites. For the Hanford site, the caleculations show te a high level of
confidence that less than 50 curies of iodine-129 and carbon-l4--and no other
radionuclides-—-would be released to the accessible environment in 100,000
years. The calculations for Yucca Mountain indicate that lese than 100 curies
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of technetium~-99 and negligible quantities of any other radionuciide could be
released in 100,00: years. The analyses for the salt sites shovw no release in
106,000 years unde- expected repository conditions.

Because of the different characterisgtics of each »f the sites, different
approaches to the performance analyses and varying lev:ls of conservatism have
been used for eact site. For example, the constraini .u release due to the
slow degradation of the waate form was not taken into .ccount in the analysis
of the Hanford site, The analysis of the Yucce Mounta .n site does not
consider the spatial diatribution of waste packages ! wroughout the repository,
but assumes that the release otcurs from a single loca'lon in the host rock.
Transport and retarcation in the saturated zone are not considered in thege
analyses as weil. The margin of conservatism resulting from such assumptions
in each case is not known at present. However, it is believed to be
sufficient to compensate for the uncertainties in the site data. The
preliminary performance assessments do not provide evidence to support a
finding that any of the sites would not adequately isolate the waste from the
accessible enviroument.

Requirements for engineered-barrier performance. Preliminary assessments
of the engineered-barrier system indicate that this system would meet the
regulatory performance objectives at all sites. For example, the analyses of
waste-package performance indicate that the container lifetime is expected to
exceed the 300~ to 1,000~-year requirement for substantially complete
containment at each site. The expected container lifetime for the Hanford
site exceeds 6,000 years. The analysis of the container under the conditions
of the Yucca Mountain site gives a lower-bound estimate of 3,000 years and an
expected lifetime of 30,000 years. At the salt gites, the lifetime of the
container is calculated to be even longer, because It is expected that
sufficient water will not be available to cause corrosion failure of the waste
package.

For each site, the calculations of the rate of radionuclide release after
the failure of the waste package suggest that the criterion for the rate of
release from the enginmsered-barrier gystem would not be exceaedad. At the
Hanford site, the release rate for most radionuclides would be well below the
regulatory criterion because of the diffusion-limited transport and the
limited solubility of these radionuclides in the ground water at the site.

For the few radionuclides that are highly socluble, the calculated release
rates are less than 4 percent of the releage-rate limit.

Without taking into sccount the sclubility of the radionuclides
themselves, the fractional release rate calculated for the Yucca Mountain site
is 2.5 2 0°° per year, well below the limit of 1 x 10°° per year, because
of the low rate expected for waste-form dissclution. At the salt sites, since
it is expected that the waste packages will lagt indefinitely, the rate of
radionuclide release from the engineered-barrier system is expected to be
zZero.

Extremely conservative assumptions were used in making these estimates.
For example, in all cases the calculations are for releases from the waste
package, which is expected to provide an upper bound to the release from the
total engineered-barrier system. In addition, any containment offered by the



spent-fuel cladding was not taken into account in any of the analyses, In the
analysis of the salt sites and of the Hanford site, the slow dissolution of
the waste forw. which can limit the rate of radlenuclide release, was not
taken into aceount. In the analyses of the salt s.ies and of the Yucca
Mountain site, it was assumed that all packages fa’: gimultaneously. Again,
the degree of congervatism provided by these assum cdons is not known at
present. Howe.er, the analyses appear to be suffl .ent to indicate that there
is no evidence that the performance criteria for tins waste package and other
engineered barriers would not be met at each of tr9 nominated gites.
Furthermore, the available data and the preliminai s analyses based on these
data have not iduntified any conditions or features it any of the sites that
would prevent theae engineered components from meeting the performance
requirement. .

The different approaches to the evaluation of performance, the
preliminary nature of these &assessments, and the uncertainties in the
parameters on which the analyses are based all limir the ability to compare
the sites in terms of these results, In each case Lhe analyses are very
simple. The interactions of the various factors that determine subsystem and
system performance are not yet known., Finally, the analyses that can be
conducted at present are too simpla to address the full range of uncertainties
that should be addressed in order to provide an adequate comparison of the
sites. Therefore, because of the preliminary nature of these performanie
assessgments, it does not appear that a comparison between and among the sites
on the basis of the postolosure system guldeline is practicable at present. -

7.3 COMPARISON OF SITES ON THE BASIS OF PRECLOSURE GUIDELINES

The preclosure guidelines address (1) preclosure radiological safety; (2)
the environmental, sociceconomlc, and transportation-related impacts
aggociated with repository siting, construction, operation, and closure; and
(3) the ecase and cost of repository siting, construction, operation, and
closure. Both technical -and syatem guidelines are provided for each of these
three categor1es e

7.3.1 PRECLOSURE RADIOLOGICAL :SAFETY

7.3.1.1 Technical guidelines:

There are four technical guidelines on preclosure radiological safety:
(1) population density and distribution, (2) site ownership 'and control, {(3)
meteorology, and (4) offsite installations and operations. The objective of
these guidelines is to protect the health and safety of the public and the
vorkers at the repository by keeping exposures to radiation within the limits
prescribed by regulations. Thisg section presents a comparatlve evaluatlon of
the five nominated siteslagainst these guidelines.a C
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