early Quaternary time. In a process that contlnues today, numercus small
shifts In the pogsit’ong of channels of ephemeral washes occurred during the
Quaternary, as shouy: by the diatribution of various types of (uaternary
alluvial depogits f(hipover et al., 1981).

Deep entrenchmant, low rates of eroveion, and presast topographic divides
make it unlikely tirat the largeat probable climatic cl.nge, from arid to
semlarid, would cavse a significant change in the locat on or the siza of the
dralnage system at Yucca Mountain., Such c¢limatic chenges would not produce
lang-term watetr Impoundments closer than Death Vall y, which 1s 30 to
40 kilometers (20 to 25 miles) away.

There 18 pn» evidence at Yucca Mountaln of surface-watar impoundments
formed by landglidea. Eollan sands may have clogged some drainages at Yucca
Mountain during early Quaternary tiwe, but sych sands are very permeable and

also easlly eroded. No evidence of wster Impoundment by eollan sands 1is
known.

Conclusion

Surface-water systema in the region and at the Yucca Mountaln site have
changed little during at legst the last several hundred thousand yeare of the
Quaternary Period. The expected effects of predicted climatic changes on
geohydrologlc processes are not significant; no naw water impoundments
(lakes) nor significant changes in surface dralnage are expected. No adveree
effects on waete 1solation are likely to result Ffrom climatle changea in the
surface-water -aystems, In the next 100,000 years. Therefore, the evldence
indicates that this favorable conditlon 1s present at Yucca Mountaln.

(2) A _geologic eetting in which elimatic changes have had little
effact on the hydrologic system throughout the Quaternsry Perlod.

Evaluation

Evidence of climatic changes during the Quaternary comes From the geo-
logie aud plant-fossil recordss A variety of types of deposits of Quatornary
age occur in the regilon, including debris flows, fluyial sand sheets, eolian
dunes, and coarse fluvial deposits (Hoover et al., 1981; Swadley, 1983).
These units represent varlous environments of deposition that Iin turn
reflect, in part, fluctuating climatic conditionsa., Although spacific cli-
mates cannot be defined, the evidence 18 conalstent with an arid to semilarid
climate -(Hoover et al., 1981). In addition, climatlc chsanges csn be inferred
from the development of various landforms and rocks in the area and from the
occurreuce of three reglonal unconformities.

Vegetative covers variad in type during the past 45,000 years, as indi-
cated by varlations in the asaemblages of plant macrofossile contained in
pack-rat middensa. . These variations reflect changsa in .climate, in the sense
that the assemblages are Indicators of the effective molsture avallable at
the time the plants were growing.  Examinations of pack-rat middens show
that, at diffarent times -during the last 45,000 years, the regional vegeta-
tive cover varled from a well-developed Juniper woodland to modern desert
scrub at intermediate elevations of about 1,200 to 1,300 meters (4,000 to
6,000 feet), 2nd from a subalpine conifer woodland, to a pinyon-juniper
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woodland, and to a weodland-desert scrub mosalic at higher elevatlons above
1,800 meters (6,000 ¢2et) (Spaulding, 1983).

Evaluation for pluvial climates

Quaternary hydrotopic conditiona that diffared the st Erom modern con-
ditions probably vere those that occurred during several pluvial perlods of
presumably wetter corlitiong. These pluvials alternated #th interpluvials,
perlode during which climatlic and hydrologic conditions were simllar to those
of today. Most evidence for estlinating the nature of p’ wlal climates in the
region le based on pluvlals of late Wisconain age; lo sou hern Nevada, there
ls virtually no evideanze for estimating early Wisconsin .nd pre-Wisconsin
paleoclimates, except yvor the quallftative evidence of landforms, paleosols,
and unconformities. Therefore, the reconstruction of climates that existed
before late Wisconsin time in socuthern Nevada 1s tenuous. However, sonme
evidence indl.:ates that the ciimate {n Nevada during each of the pluviale was
similar; therefore, an analysis of the late Wisconein pluvial climates and
thelr hydrologic effects provides a sound basis for estimating the maximum
effects that occurred during the entire Quaternary. For example, on a global
scale, similar climatic conditions probably prevalled during each of the
major glacial 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 is based
primarily on the absence of evidence of older lake shorelines at higher
elevations (although such evidence way have been destroysd by erosion). On
the other hand, the latest Wisconsin pluvial is belleved to have heen wetter
and warmer than the one that preceded it during the Wisconsin full-glacial
time (Spaulding et al., 1984). Because of the higher temperatures, greater
precipitation would have besen required to maintain lake levels at elaevations
similar to those at which lakes occurred during earlier, cooler pluvials.

Winograd et al. {1985) hypothesize that a progressive and continued
uplifr of the Sierra Nevads and Trameverse ranges during the Quaternary may
have led to a long~term trend of increasing aridity in Nevada. Huber (1981)
suggests Lhat the Sierra Nevada have risea about 1,000 meters (3,300 feet)
glace the Pliocene, and Hay (1976} postulates a rise of 1,800 meters (5,900
feet) in the last 4.5 million years. The rising mountain ranges would have
produced a ralnshadow effect that would have modified the distributicn and

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

Most Investigators belleve that, even during pluvials, semlarid con-
ditions persisced on the valley flcors of southern Nevada and that conditions
no wetter than subhumid prevailed on the highest mountains {(Winograd and
Doty, 1980; Thompson and Mead, 1982; Spaulding et al., 1984; and Mifflin and
Wheat, 1979). A review of literature relevant to pluvial climates 1in
socuthern 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 reglon averaged H 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. Winter precipitation was 60 te 70 percent above the modetn
average, while summer precipitation was 40 to SO'perccnt balow, Mifflin and
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Wheat (1976) also coficluded that full-pluvial climates {n Nevaeda &1d not
differ greatly from m.dern climates. From the results of climatologic and
hydrologic analyses, :‘hey estimate that the statewide full-pluvial mean
annual Lemperature was about 3°C (5°F) lower and the meszn annual precipi-
tation was about 68 ps=rcent higher than modern values; th:y further conclude
that the absence of shysiographic evidence of pluvial i:kes {n aeouthern
Nevada supports the ¢ sncept of aridity ip that area durin¢ pluvial climates.

Although the estimated departures from modern ann..l and sgeagonal
precipitation may appear substantial on a percentage b:9:8, they are minor
when calculated on an absolute basia. If the percentag. ‘departures pregented
by Spaulding (1983) are applied to estimates of the aveva, 2 precipitation for
1964 through 198, at an elevation of 1,200 meters (4,00 feet) in the
vicinity of Yucca Mountain, the estimated precipitation for full-glacial
near-pluvial conditions 1s as follows:

Eetimated precipitation, mm (in.)

19641981 Near--pluvial
Annual 150 (5.9) 195-210 (7.7-8.3)
Cool season (Oct.-Apr.) 108 (4.2) 173184 (6.0-7.2)
Warm season (May~Sep.) 42 (1.6) 2125 {0.8<1)

The estimates for [964~1981 are based on maps presented by Quiring (1983)}.

After the full-glacial {(Wisconsin-maximum) pluvial, a trend tlLoward
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 te 10,000 years ago) and early Holoceme (10,000 to 8,000 years
ago) times. The climate during this pluvial probsbly differed aubstantially
from the preceding full-glaciel 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 was probably greater. The greater rainfall
occurred during both the winter and the summer half years. Compared with
modern conditions, average annual temperatures were probably only about 2°C
(4°F) lower, and the average annual precipitation may have been &3 much aa
100 percent greater. These conclusione are based on the distributiona of
vegetatlon assemblages during the late Wisconsin and early Holocene; they are
consigstent with predictions of climatic change and with evidence of fluctua-
tions of lake levels in the Great Besin (Spaulding et al., 1984).

If precipitation during the latest Wisconsin pluvial had been 100 per-
cent greater than modern, the average annual precipitationm at that time would
have been about 300 millimeters (11.8 Inches). Such a relatively high rain-
fall would have been requlred 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 18 the highest of any reported in the studies reviewed by Spaulding
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(1983) or identified mlsewhere. Thus, 1t provides & conservative eatimate
that can be used to :xamine potential climatic effects on the hydrologie
systen at Yucca Mountiiin.

Evaluation for hydrojugle effects

Climatic change: resulting in pluvial conditions di.aug the Quaternary
probably had the fo.lowing effects on the hydrologic : "stem: 1increased
recharge, increared altitude and gradlents of the wate: table; upgradient
shifts in discharge points; and changes in surface-wat:w drainage ayatems.
Fleld evidence in the immediate vicinity of Yucca Mount :in is 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 1sotope data Indicate that major recharge
occurred In the area at the end of Pleistocene and through early Holocene
time. Probably the recharge came principally Erom anowwelt and occurred as
downward infiltration of surface runoff in major washen (Claaseen, 1983),
such as Fortymile Wash. During the sapan of this recharge period, two
distinct climatic changes occurred, one at about the Wisconsin maximum
(18,000 + 3,000 years ago) and onme 1in the latest Wiaconsin (12,000 to
10,000 years ago) (Spaulding et al., 1984). The specific pluvial climatic
conditions in the Yucca Mountaln area that reaulted 1in thesa recharge

conditions are being evalusted by analyzing plant macrofosails in pack-rat
middens in the area.

An increase in ground-water recharge would have been accompanied by
increases in moisture flux through the uneaturated zone in some portions of
the ground-water basin. The mechanlama and controls on the rates and distri-
bution of recharge are not well known, either for modern or for pluvial con-
ditions; therefore, the magnitudee of recharge during the laat half of the
late Wieconain are not known at thie time, but they may have been substan-—
tially greater than those of modern recharge (Czarnecki, 1985). Investiga-~
tions to d#ssess thia condition are underway.

The increased flux may have been sufficient to affect the potential for
developing perched~water conditions Iin the unsaturated zone and to modify the
hydrologic system in the underlying saturated zone. However, hydrologic
tests and measurements of core samples of unsaturated rock unite underlying
Yucca Mountain indicate that the Ffracture and matrix permeabilicy 1s
generally high encugh to transmlt water not only at the low modern fluxes
(less than 0.5 millimeter (0.02 inch) per year, as discussed in 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 c¢limates may not have
affected significantly the potential for developing perched-water conditions.
However, 1t ie likely that the increased flux may have affected the hydro—
logic conditions in the saturated zone (see evaluation of potentially adverse
condition 2).

An evaluation of the effecte of Quatermary climatic changes on the

altitude of the water table 1s difflcult, because tectonlc and erosional as
well ae e¢limatie factors could have affected the position of the water table.
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Some evidence of (Quaternary hydrolegic conditions 18 found 1in ihe reglon
around Yucca MouvbniLaln. Even though the evidence 1s generally not within the
flow system underl ing Yucca Mountain, the interpretatilons from‘this evidence
can be used as ge.sral indicators of the effects of (Qusternary c¢limatic
changes on the reg.onal hydrologic systems, as descrihed in the followling
paragrapha.

Jones (1082) ~xamined coraes of fine~gralned alluv'!am from & borehole ln
Frenchman Flat {(located in the Agh 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 pregent water table, the a'luvivm contalns an
abundance of zeolites and smectite c¢lays with expanaa! basal spacings and
relatively uniform «lay hydration properties. These conditions suggest
posalble forme: saturation, buf they may also be related to differences in
the primary envirooments of deposition. Jones (1982) concludes that the
relative uiulformity of clay hydration 1s c¢onsilgtent with an Interpretation
that the water table has been within approximately 50 meters (165 feet) of
its present position for a long time, perhaps throughout mest of the
Quaternary.

Death Valley and the Amargosa Desert are the principal diacharge areas
for both the Ash Meadows ground-water basin and the Alkell Flat~Furnace Creek
Ranech ground-water basin (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 diacharge area have bean estimated to be 0.8 to | million
years old by urgnilum-thorium dating technigques. Thus, these regiona probably
were ground-water discharge areas during most of the Qusternary. Within the
Ash Meadows ground-water baaln, however, discharge from the carbenate aquifer
occurred as much as 14 kllometers {9 miles} northeast (up gradient) of trhe
modern discharge line during the Pleisteocene, and the water table may have
been 50 meters {165 feet) higher than its present elevation {(Winograd and
Dety, 1980). 1In central Frenchman Flat, 58 kilometers {36 milea) northesst
of Ash Meadows, the wmaximum water-table elevation In the carbonate aquifer
probably did not exceed 30 meters (100 feet) above the modern level (Winogrsd
and Doty, 1980). This estimete, based on theoreticsl studies, is conelstent
with the 50-meter {(165-foot} maximum Increase estimated in the Devils Hole
area of Lhe Ash Meadows ground-water basin., Preliminary modeling indicates
that during pluviale, similar upgradient discharge pointa and ipcreased water
table altitudes could develop in the future in the Alkall Flat-Furnace Creek
Ranch greund-water basin in which the Yucca Mountailn aite 1s located
(Czarneckl, 1985).

Quaternary c¢limatic changes probably produced cyelic fluctuations in
boeth the altitude of the water table and the positions of the ground-water
discharge points of the Ash Meadows basin, but Winograd snd Doty (1980)
poatulate a net direction of change 1u both of these hydrelegic conditlons
during the Pleistocene Epochs. They suggesi 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 table occurred
from early to late Pleistocene time. They attribute these changes to the
progresaive integration of the Amargrsa Valley and the Death Valley
watersheds, coupled with periodic faulting along the modern apring lineament
in Ash Meadows. A long—term trend of Increasing aridity, if 1t occurred,
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could also have contributed to these hydrologlc changes. 8Similar changes
would be expected to hav: occurred in the Alkali Flat-Furnace Creek Ranch
ground~water basin.

In the tuff and alluvrium of the Alkali Flat~Furnace Crewsv Ranch ground-
water basin, no direct evidence has been observed for a water table that waa
higher during the Quaterpary than it is now. Depth to wate¢c 1in the Yucca
Mountaln area 1s generally 500 to 750 meters (1,650 to 2,45 feat) (Robison,
1984). To estimate the cffects of increased recharge on the altitude of the
water table in the basin, a two-dimensional flow model /{rarnecki and
Waddell, 1984) was modified and analyzed at varlous reibarge 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-percant
increase in precipitation over Yucca Mountain (probable maximum incregse in
next 10,000 years) which in turn was assumed to produce a reacharge 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 Iincrease in precipitation during
a return to pluvial conditions {Czarnecki, 19853) is highly uncertain and may
be very congservative. The use of a two-dimensional modeal to simulate three-
dimensional flow and uncertainty %in appropriate boundary eonditions for

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

The awmount 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 precipitation values. Czarneckl {1985) assumed that a
precipitation Iincrease of (00 percent would cause recharge to lancrease by a
factor of 15. To examlne the accuracy of this assumption, modeled recharge
estimates were compared to fileld measurements of recharge in an area with
altitudes that are aimilar to Yucca Mountain and precipitation about 100 per-
cent greater than that at Yucca Mountain teday. This comparison suggests
that the recharge estimates for Yucca Mountain may be too high by about
two—thirds due to runoff ({zarnecki, 1983). 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 volumea used in the
analyses (Cearnecki, 1985). -

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



Sensitivity studles b Czarnecki (i1985), show that the wvesulting change in
water~table position teneath the primary vrepository area wae primacrily csused
by the increased flux simulated by applying the mulctiplier at Fortymile Wash.
Although it 18 true twst washes are likely tc be aources of major recharge
during wetter climati~ periods, applylng the same rtechar,: multiplier over
the entire modeled arsa is probably overly conservative bazcause uplandg are
unlikely to experiens: increaaed infiltraclon relative &n gprecipitation in
the same proportion a3 washes.

A final source of uncertainty on the modeling of rater-table rise is
related to the system respouae time. The Czarnacki (19¢)" model 1s not time
dependent; it fmplicit'y assumes tha{ recharge i1e instan aneous and cthat
water—table rtesponse Ig instantaneous. The rate at which the water—table
altitude would change 1in respense to increaged precipitation 1is unknown.
This suggests that with the onset of a pluvial, it ig uncertain how long it
would take for changes in water—table altitude to occur.

With ail of the above uncortainty en the affacts of slimatie changes on

the hydrologic system, a conmervative positlion ls warranted for this favor-
able condition.

Conclusion

Yucca Mountain is in a geologle setting in which the maximum departures
from modern climatic conditions durlng most of the Quaternary were probably
not subgtantisl. However,. changes 1n the water~table altltude and possible
modifications of flow paths to discharge areas cannot be ruled out. There-

fore, the evidence indicates that this favorable condition 1s not pregent at
Yucca Mountain.

6.3.1.4.4 Potantially adverse condltions

(1) Evidence that tha water table could rige sufficilently guer

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

Evaluatiog

Several lines of evidence Indicate that the water table wlill not rise
encugh during the next 10,000 yearg to saturate a repository in the Topcpah
Spring welded unit beneath Yucca Mountaln. Climatic changes and theflr
effecks on the reglonal ground-water system are discusgsed under favorable
condition 2. The discussion that follows addresses the potentlal for a
water—-table rise beneath Yucca Mountsin.

The proposed repository is closest to the water table at its north-
eastern edge. Hare, the repcaltory would be at an elevation of approximately
915 meters (3,000 feet), or approximately 185 weters (605 fear) above the
present 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 repoaitory would be flooded. As discussad in favorable condition 2,
flow modeling (Czaraeclk{ and Waddell, 1984: Czarmeckl, 1985) supgests that
the maximum rise 1. water-table altitudes during pluvial conditions is
unlikely to exceed 130 meters {430 feet). Even if extreme pluvial conditions
developed, the additional 55 meters (180 feet) should provide adequete
asgurance that the vepository c¢ould not hecome saturate.., It should also be
noted that the repisitory midplane dips to the east 8: that the 185-meter
(605~foot) distance is a mioimum thilckness for the ut ..turated zone heneath
the repository. TFigure 6-4(A) 1o Section 6.3.1.1 shu.s that the average
distance from the repository to the water table 1+ about 250 meiers

(820 feet). 1In addition, Winograd et al. {(1985) su,g»st there may be a
long~term trend toward increasing aridity in the Yuccs lountain area.

Vitric pumice does not remain unaltered for long perinds of time in the
saturated zone (Hoover, 1968). Beneath the central portion of Yucca
Mountain, nonwelded tuffs containing abundant vitri¢ pumice occur at
altitudes that range from 120 meters (400 feet) at boreholes USW H-5 and USW
G=4 to 250 meters (820 feet) at borehole USW H-3) above the present water
table. These alt{itudas sre 24 to 120 meters (B0 to 400 feet) below the
repository horizon {(Bish et al., 1984). Therefore, the rocks 1in the
repoglitory horizon were probably never below the water table, at least not
for any substantial length of time.

The bydraulic conductivity of the densely welded, saturated Topopah
S5pring Member baneath Fortymile Wasah 1s relatively bhigh, approximately
1 meter (3.3 feet) per dey (Thordarson, 19831) and may partly account for the
very low hydraulic gradiert in the saturated zone between Yucca Mountain and
Fortymile Wash. Ap inctrease 1n recharge would cause an lncrease 1n hydraulic
gradient approximately proportional to the Increase in recharge; the gradient
would be partly controlled by the distance to the discharge area. Ia areas
where the gradient ig now low, an increase in gradient would tegult 1in only
small Increases in hydraulic heads. In the Yucca Mountailn area, the sltitude
of the water table 1a about the same (within 0.5 meter (1.6 feet) as the
composite hydraulic potential of the upper few hundred meters of the
gaturated zone (Robison, 1984); the hydraulic potential may therefore be
equated with the position of the water table.

An alternative approach for estimating potential changes in altitude of
the water table 13 based on the following reasoning. In the discharge area
near Alkali Flat and upgradient, the water table {s within a few meters of
the land aurface. Therefore, a small increase in the hydraulic gradient
would cause springs to develop upgradient. Approximately 15 kilometars
(9.5 milea) north of Death Valley Junction, the hydraulic gradient le greater
than 1t Iig Ilmmediately up and down gradient, which indicates rocks of lower
permeability In this area. Springs would develop upgradient of this area 1if
recharge lncreased appreciably, thereby permitting water to leave the ground-
water system. If recharge increased enough (for example, three to four times
the present rate) to causge aprings to develop in theee potential diacharge
areas (altitude 760 meters (2493 feet)), the water—level altitude at Well
J~12Z could be éxpected to increase in time to between 790 ard 8215 meters
(2,590 and 2,700 feet). Because cf the high transmissivity 1in western
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Jackaas Flate, the watecr level beneath most of the repository would also be
800 ro 825 meters (2,6:5 to 2,707 feet), but the lowest part of the reposi-
tory is estimated to be more than 900 meters (2,950 feet} above sea lavel.

Conclusion

There 1s no evidence that the water table was as hig. e the proposaed
repogitory level duriung the Quaternary Period, and it 1s ery unllkely that
climatic changea durlng the next 10,000 years could cauee the water table to
rigse gufficiently to saturate the underground facility Therefore, the
evidence indicates that this potentlaily adverse conditicr is not present 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 yeare probably would be
driven by increases Iin the global atmospheric concentration of carbon dioxide
and by changee In the earth's orbit. In the near future Yuccsa Mountain might
experience summer temperatures at least 3°C (5°F) higher and summer rain-
fall as much aas 100 percent higher than today's value (Spaulding et al.,
1984); these changas could be caused by increases Iin carbon dioxide
concentrations. On the other hand, changes in the earth's orhit couid
eventually override the effacta of carbon diox{de and lead to a glaclal stage
in about 23,000 years and culminate in a glacial maximum about 60,000 vears
into the future (Spaulding, 1983). Pluvial conditions, which may coincide
with the glacial atage, but do not necessarily do so, are consldered posailhble
within the next 10,000 yeats.

As explained in the evaluation of favorable condition 2, conservative
and preliminary computer modeling results by Gzarnecki (1985} simulated a
nakimum increase of about 130 meters (425 feet) in warer~table altitudes
below the repository during a pluvial period. The minimum distance between
the repository aidplane and the water table 18 presently 185 meters
(605 feet) in the northeastern corner of the primary repository area (See
Figura 6-4). Over most of the primary area, the water table fs more than 250
metera (820 feet) below the repository midplsne. The uncertainty in the
prediction of the 130-meter (425-foot) water—table rise 1s reviewed in the
second potentially adverse condition above.

Even with the onset of pluvial conditions soon afi{er repository closure,
the response time for changes in hydrologic conditions and increases in water
table altitude 1s likely to provide a lag time of many hundreds, and parhaps
thousands of years before a maximum water—-table altitude could occur, no
matter what that maximum altitude would be. Furthermore, the retardation
mechanisms that would be effective in both the saturated and unsaturated zone
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undet conditlions of lLigher flux and predominantly fracture flow, are likely
to provide a Factor of 100 {(Sinmnock et al., 1984) and perhaps a factor of 400
(Travis et al., 19464) dincrease in travel times for radionuelides over
ground-water travel times. This argument suggests that there 15 a very low
probabllity that climate changes in the next 10,000 years could be sufficient
to induce significait 1ncreases 1in transport of rtadionuclides to the
accedslble environmant.

Concluslon

The climatic changes that are possible during the , sxt 10,000 years at
Yucca Mountaln may cause changes In the hydraulic gradient; changes in flux
could alter the molsture content in the ungaturated hydrogeologic units;
particle velocities in both the saturated and the unsacarated zones could
increase if flux is greater; and the water~table altitude may Increase. The
extent of these changes ls uncertain. Howaver, thege changes are not likely
to significantly increase the transport of radlonuclides to the accessible
environment. Therefore, the evidence Indicates that this potentitally adverse
condition is not present at Yucca Mountailn.

6.3.1.4.5 BEvzluation and conclusion For the climate changes qualifying
condition : : :

Evaluation

The effects of predicted climatic changes on geohydrologle processes are
not expected to be large; no new lakes or significant changee 1in surface
drainage are expected. Climatic conditions during most of the Quaternary
Period probably did not depart substantially from modern conditions and pro-
bably had winor effects on the main features of the present hydrologie
syatem. There 1a no evidence that the water table was as high aa the pro-
posed repository level during the (uaternary Peried, and 1t 13 extremely
unlikely that the water table will rise sufficiently to saturate the reposi-
tory in the next 10,000 years. Consideving the most extreme pluvial cen—
ditions and the maximum increase in water—table altitude beneath the repoal-
tory, radionuclide travel times from the disturbed zomne 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 on
matrix diffusion as an agent for retarding radionuclide transport. It
appears likely that the Yucca Mouatain site will comply with the U.S.
Envirenmental Protection Agency releasc limits under all poseible climatle
changes over the next 10,000 yesrs.

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

greater than those allowable under the requirements specified in the post-
closure gyatem guldeline (1D CPR 960.4-1, 1984). Therefore, on the basis of
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the above evaluatlon, the avidence does not support a finding that the site

i8 not likely to meet thr qualifylng condition for postcloeure climatic
changes (level 3).

6.3.1.4.6 Plans for slte characterization

{omputer modeling efforta will b“e continued to gain a b¢ ter understand-
ing of factors controlling water-table altltudes in the Alla*{ Flat-Furnace
Creek Ranch ground-water basin, Peleohydrologic, paleocliiriologic, and
geologle studies will focu: on the Yucca Mountain site to de ermine whather
concluaive evidence for past water-table poesitiona can be obtcined., Further
evolution of the conceptual model for flow in the unsaturated zona will lead
to an improved definition of the relatiounship between preciplitation,
percolation rate, and recharge.

6.3.;05 Eroasion (10 CFR 96004-2-5)

6.3.105-1 Introduction
The qualifying condition for this guideline is as follows:

The aite shall allow the underground facility to be placed at a
depth such that ercaional procesees acting upon the surface will
not be likely to lead to radionuclide releases greater than thoae
allowable under the requirements specified in Section 960.4-1,

The oblective of the erosfon gulideline {s to ensure that erosional
procesges will not degrade the waste~isolation capabilitiee of a repository
glite. 1In evaluating the potential effects of eroslon on waste isolation, the
thickness of overburden ahbove the host rock is most Important. The slte
should allow the underground facility to be placed deep enaugh to engure that
the repository will not be uncovered by erosion or otherwise adveraely
affected by surface processes,

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

condition, The evaluations reported below are summarized in Table 6-31 for
all conditions except the disqualifying condition.

6.3.1.5.2 Data relevant to the evaluation

Summary of availlable data

The surficilal geology of the Yucca Mountaln area has been mapped (Scott
and Bonk, 1984) from which the nature of erosional processes operating during
the Quaternary Period can be interpreted. Meagsurements of the depth of
stream incision in dated alluvlal deposits and in tuff in the vicinity of
Yucca Mountalin have been made, and the nmaximum rates of stream inclsion have
been calculated (USGS, 1984), Average erosion tates for Yucca Mountain
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Table 6-31.

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

Condition

pepartment of Energy (DOE)} filnding

"~
=~
teur

(2)

(3)

(1)

FAVORABLE CONDITIONS

it Lmiswi0ns mhiat pareit the emplacement
of was.e at a depth of at least 30{ weters
below the directly overlying ground surface.

A geologic setting where the nature and rates
of the ercsional processes that have been
operating during the Quatermary Feriod are
predicted to have less thao one chance 1in
10,000 over the next 10,000 years of leading
to releases of radionnclides to the accessi-
ble environment.

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 favorabie condition
is not present at Yucca Mountain: the preferred
repository horilzon cannot accommmodate all waste at
depths greater than 300 meters within the primary
repository area.

The evidence indicates that this favorable no:npn»o:.

ig present at Yucca Mountain: minimum depth to the
repository is about 230 meters; there is only one
chance in 10,000 of removing 5.5 neters (18 feet) of
overburden in 10,000 years. Eroslonal processes are
not expected to affect waste contaimment and
isolation. -

The evidence indicates that this favorable coadition.
a waste reposicory io
Yucca Mountain would not be exhumed duting the first

is present at Yucca Mountaln:

one million years at the fastest credihle erosion
rake.

POTENTTALLY ADVERSE CONDITIONS

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

The evidence Indicates that this potentially adverse
condition is not present at Yucca Mountain: there
is no obgserved evidence of extreme stream Incision
rates during the past 300,000 years; little change
has been observed in Quaternary grosional procasses.,
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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

Departmeant of Energy (DOE) finding

(2) A geologlc setting where the nature and rates
of geomorphic proceases that have been oper—
ating during the Quaternary Perlod could,

mnsuzm the first 10,000 years after closure,

Polnely arfect the ebility of the geologie

reposi.ury to isolata the waste.

It
]

QUALIFYING

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

The evidence indicates that this potentially advérse
condition Is not present at Yucca Mountain: no -

credible geomorphie process has been identiffed that

could be expected to adveérsely affect the isolatfon
capabilizies of the proposed site in the next
10,000 years.

CONDITION

Existing informarlcn 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 the Quaternary Period are
expacted to continue; about 2 milliomn years is the
pinlmum credible time to exhume the repository.
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during the Quaternary Period have not been determined, becanse the field data
necessary for such calculations are not yet avallable. The potential host
rock in the Topopah Spring Member haa been identified (Jolmstone et al.,
1984} and the thickneas of overburden has been analyzed (Mensure and Ortiz,
1984)., Water-table altitudesa are available from Robison {]:84).

Asgumptiona and data wi certainties

ln evaluating the site agalnst thie guldeline, the rat-s of stream inci-
alon In alluvium and tuff are aspumed to represent the av rege rates of ver-
tical eroslon for the tiffs at Yucca Mountain. This assurstion leads to over
estimates of the probability of exhumation by erosion bec:iiae the average
rates of vertical eroslon will always be much lower than stream-lncision
rates. It 18 also assumed that the eroslonal rates and procesgea operating
during the Quaternary Period will continue during the pnstclosure 1solation
perliod., This assumption appears valld because c¢climatlie conditions are not
likely to change significantly (Section 6.3.1.4), and local uplifi or
subsidence 1s not likely to be aignificant (Section 6.3.1.7).

6+.3+1.5.3 Favorable conditions

(1) Site conditions that permit the emplacement of waste at a
depth of at least 300 meters below the the directly overlying
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
acroas Yucca Mountaln at the 200- and 300~meter (656- and 984-foot) depths
below the surface along an east-west cross sectlion {Mansure and Ortiz, 1984).
It also shows the depth of a plane representing the preferred horlzon for the
reposltory. This horizon 18 located In a portion of the densely welded
Topopah Spring Member that contalns less than 15 to 20 percent lithophysae
and lies above the basal vitrophyre. 1ln the primary area, on which site
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 (l.e., placing the waste dis-
posal contailners closer together) than that currently used as a design basis.
Other units deeper 1in Yucca Mountaln have been considered as alternatives to
the Topopah Spring Member (Johnstome et al., 1984).

Preliminary surface-mapping and borehole dara suggest that the use of
expanglon arcas adjacent to the primary area may allow the emplacement of
additional waste below 300 meters (984 feet), while remaining within the part
of the Topopah Spring Member that {is relatively free of lithophysae {see
Section 6.3.1.3, Figure 6-14). Further study of the areas adjacent to the
primary area is neceagsary before their auitabillty can be established to the
same degree of certainty that has been established for the primary area.
There are no current plansg to use the vitrophyre and the units below the
Topopah Spring Member.
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Conclusion

The data evaluated to date show that the potential host roeck fn the
lower part of the Topopsh Spring Member caunor accommodate all of the waste
at depths greater than 300 meters {984 feet). Therefore, the evidance
Indicates that this favorable condition is not present at Y.ucca 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 . -

Evaluation

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

The surface in the portion of the site that would cortain the repoeitory
congiste of densely Lo moderately welded tuff of the Tiva Canyon Member 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 Mountaln Is resistant and essenilally
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 tuff, Residual patches of the weakly con~
#olidated Rainier Mesa Member of the Timber Mountain Tuff occur in the Tiva
Canyon outcrop area {Scott and Bonk, 1984}, Alluvium occurs Iin modern washes
and fault valleys in the area.

The depth of stream incision has been measured by using daced strati-
graphic horizons as reference points at several places in the vicinity of the
site, and the maximum rvate of {ncision has been estimated (USGS, 1984).
Estimates hased on two measurements in alluvium and one in the Tiva Canyon
tuff show a mean rate of incision of 5 x 10 ° meter per year. The time
spang represented by the mgzsurements suggest that the average incision rate
has been lower than_ ] x 10 meter per year during the last 300,000 years.
At 8 rate of 1 x 10 meter per year, erosion in the next 10,000 vears would
remove only ! meter (3,3 feet) of overburden.

In order to affect hydrologic conditions in the vicinity of the site,
eroglion would have to cause a relocatlion of ground-water diecharge to areas
nearet to the repcsitory site cor expose rock units that would allow more
infiltration, Erosion 18 unlikely to increage the potential for local infil-
tration, because the rocks in the overburden are already capable of pasaing
fluxee well in excees of current and future percolation expected under the
pessible climatic changes during the next 10,000 years {favorable condition
2, Section 6.3.1.1). Therefore, at some locations all of Lhe overburden that
overlies the water table downgradient from Lhe repository would have to be
removed before the isoclation potential of Yucca Mountaln could be affected by
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erosion. Within 5 kilumeters (3 miles) downgrsdient of the repository, this
would require the rem.val of about 280 meters (920 feet) of overburden
(Robison, 1984). At a rate of 1 ®x 10 ~ meter per year, the time for erosion
to thia depth would be 2.8 million years.

From another pars;ective, the removal of 280 meters {30 feet) of over-
burden to the depth o: the water table in 10,000 years wuuid require an
eroslon rate of about 2.8 centimeters (1.1 inches) per ye ¢, which exceeds
any rate known Lo have occurred anywhere on earth over ¢ny 10,000~ymar
period. Using the measurements of stream incision (U G3. 1984), tLhe
probability of removal «f 280 meters (920 feet) of overbu,i en in 10,000 years
ie less than 1 chance 1in 1,000,000, This probability was .lerived from the
Student's t distributlon, computed for a mean incision rate of 0.5 meter per
10,000 years and a atandard deviation of 0.3 with 2 degrees of freedom. The
game method gives 1 chanee in 10,000 over 10,000 yeara of erodlug to a depth
of 5.5 metera (18 feet).

Concluaion

Average streawm—incision rates have been lower thanm 1 x 10—4 meters per
year for the last 300,000 years. 1If continued at this rate over Lhe next
10,000 years, eroslonal proceases would be expected to remove only ! meter
(3.3 feet) of overburden, This amount could not adversely affect waste
containment and isolation, The probabllity of loss of isolation due to
eroslon ia legs then 1 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 Ffirst one million years after
repository closure,

Eyaluatiog

The minimum thickness of the ovarburden above the underground facility
is about 230 meters (750 feet) at the eastern edge of the primary repository
area (asee favorable condition 1). For about 50 percent of Yucca Mountain,
the ongburden ia greater than 300 meters (984 feet). At an eroalon 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), 1t would take at least 3.0 million years.

Conclusion

If past average eroalon rates continue in the future, a repository at
Yucca Mountaln would not be. uncovered 1n the next | million years. There-~
fore, the evidence indicateas that this favorable condition 18 present at
Yucca Mountain, : : ' S



6+3.1.5.4 Potentlally adverse conditions

(1) A geologic set-ing that shows evidence of extrem: erosiocn
during the Quaternary Period.

Evaluation

The measured maxdmum stream-incision rates in the viel ity of the site
are between 2.2 x 10 and 8.2 x 10 ~ meter per year; these : aximum rates are
inferred by measuring the depthes of incision in Quaterna.y, and in some
instances Tertiary surjgces 160,000 to 10 miilion years o.1. The mean of
these rates 1s 3 x 10 ~ meter per year, which 1s mueh lou v than the

1 x 10 meter per year that 1is used in the evaluation of tie quslifying
condition end 1p favorable conditions 2 and 3. Modern denudation rates at
the sitea are not considered extreme, and evidence indicates that there were
few or no periods of extreme ernsion at the site during the psst 300,000
years.

Conclusion

Average stream—incision rates during the paat 300,000 years were not
extrene, and there was little change In the patterns of erosicnal procesees
at the eite during the Quaternary Perlod. Therefore, the evidence indicates
that this potentlally adverse condition is not present at Yueca Mouniain.

{2) A geologic setting where the nature and rates of geomorphic
procesges that hgve been operating during the Quaternary Period
could, during the firet 10,000 vears after closure, adversely
affect the ability of the geologic repository to ilsolate the waste.

Evaluation

Geomorphlc processes result when the combined effects of tectenic and
climatle conditions create a local terrain that provides the potential energy
for erosion. The rateg of tectonism during the Quaternary are so low (Sec-
tioh 6.3.,1.7) and the magnitudes of expected climatic changes are small
enough {Section 6.3.1.4) that significant changes Iin geomorphic processes at
Yucca Mountain 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 1n these rates during the mnext 10,000 years would not
adversely affect waste lsolation.

Conclusion

No credihble geomorphic process has been identified that could, 1n the
next 10,000 years, adversely affect the isolation capabilities of the site.
Therefore, the evidence indicates that this potentially adverse condition 1s
not present at Yucca Mountain. o
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6.3.1.5,5 Disqualifying condition

The site shal® be disqualified if site conditions do not allow all
portions_of :he underground facility to be sitwated at least
200 meters hesow the directly overlying ground suviface.

Fvaluation

A repository at Yucca Mountain can be positioned ¢ that all portions of
the underground facility can be located below 200 i1e a2rs (656 feet) and
approximately 50 percent of the faeility can be loca ed at least 300 meters
(984 feet) below the diraectly overlylng ground surface (Mansure and Ortiz,
[984), The 200-mater {656~foot) overbturden requiremeni 1s being used ap a
principal desiyn conatraint Eor locating the underground facllity. According
Lo stratigraphlic data obtalned during preliminary invaxtigations at the Yucca
Mountaln site, the preferred interval of the densely wolded tuff of the
Topopah Spring Member {(the eone wirh less than 20 percent lithophysae) is
thick enough at depths greater than 200 meters (656 feet) to accommodate the
underground facilivy (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 localed In
the zone of low lithophysal content at least 200 meters (656 feet) below the
directly overlylng ground surface, Therefore, the evidence does not support
a finding that the site is disqualified (level 1),

6.301.5.6 Qualifying condition

Evaluation

Geomorphic procesass resulr from the comblned effects of tectonic and
climatic processes. The rates of tectoriam are low (Section 6.3.1.7), and
they are unlikely to induce changes in the erosional processes. As discussed
in Section 6.3.1.4, the expected climatlc changes are also unlikely to cause
changes in eroaional processes.

Measurements of stream—inclaion rates In the vieinity of Yucgg Mountain
suggest that the everage incisfon rate has been lower than 1| x 10 ~ meter per
yvear during the last 300,000 yeara, The water table at some point down-—
gradient within 5 kilomeiers (3 miles) of the site would hgve to be uncovered
by erosion before the isolation potentisl of Yucca 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 million
years. In the next 10,000 yeara, erosional processes are expected to remove
only 1 meter (3.3 feet) of overburden from above the repoaitory, Therefore,
ag ghown by the measured depth of stream 1incision and dated alluvial
materials, eroslon could not uncover a repository at Yucca Mountain, neor
could it alter the ground-water system sufficlently to adversely affect waate
isclation.
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For waste disposal *n the unsaturated zone, the potential value of thick
ovarburden should not be evaluated alone; equally dimportant for an
unsaturated zone reposit.ry may be the vertical distance from Lhe rerository
toe the water table, Thi« thickness may bear more relationsidp to the waste-
isoclation capability of an unsaturated zone repository thian does the
thickness of the overburden.

Conclusion

The eroeslonal rates and processes that have operated ai Yucce Mountain
during the Quaternary Perlod are very likely to continue for tens of
thoupands to millione of years lato the future and will not adversely affect
the waste Isolation capabllities of the site. Therefore, on the basie of the
above avaluation, the evidence does not support a finding that cthe site is
not likely to meet the qualifying condition for postclosure arosion
(level 3) .

6.3.1.5.7 Plans for aite characterization

During construction of the exploratory shaft at Yucca -Mpuntain, walls of
the shaft will be geologically mapped and photographed and the stracigraphic
characteristics of 1lithologic unite will be recorded. Fleld investigations
will continue to improve the dating of Quaternary deposits and to better
establiah the local and regional geomorphic history of the Quaternary Period,

6.3.1.6 Dissolution {10 CFR 960,426}

6+3.1.6.1 Introduction
The quallifying condition for this guidaeline is as follows:
The site shall be located such that any subsurface rock dissolutien

will not be likely to lead to radionuclide releases greater thanm
those allowable under the requirements speclfled in Section 960.4-1.

The objective of the dissclution technical gulideline is to ensure that
disgolutlon processes will not adversely affect the waste isclation capablili-
ties of the eite. The principal concarn ig that dissoluticn of the host rock
will adversely affect the waste lgolation capabllities of the site by creat-
ing new pathways for radionuclide migration to the surrounding geohydrologic
system. The assessment of compliance with this guideline is to be based on
evidence of digsolution in the geologlc setting of the site during the
Quaternary Period. The question nf dissolution 1is not expected to be of
concern at Yucca Mountain because the rock types present are aonsidered to be
Ingoluble.
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The digsolutio: guideline contains one favorable condition, one poten-
tially adverse conc:tion, one diaqualifying conditfien. and one qualifying

condition. The evaiuations reported in the following sections are summarized
in Table 6-32.

6.3,1+6.2 Data relevant to the evaluation

Summary of the available data

The hoat i1nck &t Yucca Mountain has been extensively studied by drili-
hole sampliang in and around the exploration block (Meikwen and Bevier, 1979;
Sykea et al., 1979; Carroll et al., 1981; Spengler et ol., 1981; Waters and
Carroll, 1981; Bish et al., 1982; Caporuacilo et al., 1982; Byers and
Warren, 1933; Maldonado and Koether, 1983; Levy, 1934a,b; Scott and
Castellanos, 1984; Speugler and Chornmeck, 1984; Vaniman et al., 1984). The
mineralogic characteristica of the host rock are reviewed in a current
summsry report {Biegh et sl., 1984). Kerrisk (1983) provides a discussicen of
reaction~path calculations of volcanlc-~glaos dissolution, The origin of
lithophyeal c¢svities {n the tuffs has been reviewed (Byers et al., 1976;
Lipman et al., 1966). No evidence of Quaternary dlasolutior fronts or other
Quaternary dimssolution features has been found.

Agsumptions and data uncertainties

There 18 Gome evidence of pre-Quaternary hydrothermal systems 1n older
and deeper rocks below the host rock at Yucca Mountain {Bish and Semarge,
1982; Bryant and Vaniman, 1984). The assumption thst these systems are no
longer active 1a based on: {1} the intergrowth of younger low~temperature
clays over earlier high-tempersture clays {Bish and Semarge, 1982), and (2)
the lower temperatures {(60°C {140°F)) at which these clays now exist in rocka
that were hydrothermally altered at high temperatures (180 to 230°C (350 to
450°F)) (Caporuscio et al., 1982). The aesumption that solution does not
occur la the Topopah Spring Member at Yucca Mountain in low-temperature
aqueous systems 13 supported by the absence of any solution featuresa in drill
hole J-13, where the host rock 1s below the wster table (Heilken and Bevier,
1979; Byers and Warren, 1983}, TUncertainties in these data are limited to
the remote posslibility that hydrothermal alteration systems or
low-temperature
solution zones occur between the present distribution of drill holea and have
therefore not been observed. Such sampling uncertainties have not yet been
quantified but ara expected to be very small. '

6.3.1.6.3 Favorsble condition

No evidence that the host rock within the site was subject to
significant dissolution during the Quaternary Period.
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Table 6-32.

—_——

Summary of danalyses for Section m.u.h.mn dissolution (10 crr mmo.blmrmv

Condition

———

Department of Energy (DOE) musmuam

FAVORARLE CONDITION

Ne evidence that the hoat rock within the site wag
subjsce to Si " ificant dissoluticn during the
Guzz: STy Paviag,

POTENTIALLY ADVERSE CONDITIONS

Evidence of sigelficant dissolution Within the
geologic Setling—guch ag breceia Pipes, digso-
lution cavitfes, significang volumety]c reduction
of the host rock or Surrounding atrata, or any

thoge
quirementg specified ip

Potential hogt Tock,

Not considered scluble
condiciong,

CONDITION

The evidence Support
meels the qualifying
continue to meer the

& the finding that the site
condition and ig likely to
qQualifying condition (level 4):

rock are considered Hnmouavwm.

and dissolution i8 not a credible process leading to
radionucllde releases,

-
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Evaluation

The host rock ¢ . Yucca Mountailn contalns no dissolution fronts or other
dissolution featuren. This 1ls fLrue even to the east of the primary
repository area, whe.e the host rock i3 moetly in the ssrurated zone (Helken
and Bevier, 1979; By2@ra and Warrenm, 1983). WNone of the reports listed under
relavant data In th'as section clte any evidence of dise:lution 1o the hoat
rock. Thke mineralogy of the host rock is simple (Bigsh ¢t al., 1984); more
than 98 percent conslsts of feldepar, quartz, cristobal:te, aud tridymite;
tke remalnder consista of other gllicate and oxide m a=zralg. Under the
repogitory conditions expected at Yucce Mountain, none »f theda oinerals
digaclve in water to «ny meaningful degree,

Conclusion

There 1a no evidence that the host rock at Yucca Meountaln was subject to
any digsolution during the Quaternary feriod. None of the minerals in the
host rock 1s consldered soluble under expected repository conditione. Thera-
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.

yvaluation

An stated under the favorable coundition, the potential host rock at
Yucca Mountain has no dissolution features. Thia is also true for other
rocks at the alte, as described in the reports listed under relevant data in
this section. While there 1s some evidence of hydrothermal alteration in the
older 4nd deeper rocks helow the host rocks (Bish and Semarge, 1982; Bryant
and Vaniman, 1984) the evidence indicates that these hydrothermal ayatems are
no longer active and did not result in aignificant dissolution (Bish and
Semarge, [982; Caporuscio et »l., 1982). These deeper zonee of pre-Quaternary
hydrothermal alteration are dense and nonporous because of secondary mineral
precipitation (Caporuscio et al., 1982). The lithophyssl cavities that are
present in the host rock were formed by the entrapment of gases during the
cryetallization 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 marging exhibit cross~cutting or overprinted
textures that were developed ae the lithophysse formed and do not represent
Quaternary dissolution Eronts {Caporusclo et al., 1982)
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Conclusion

At the Yucca Mounte n site, there ia no evidence of significant dlssolu-
tion that would provide - hydraulic interconnection between the host rock and
any immediately surroun.ing geohydrologic unit. Therefore, the evidence
indicates that this potuntially adverse conditlon 1s not p-asent at Yucca
Mountain, ' :

6.3.1,6.,5 Dlequallifyling condition

The site shall be disqualified 1f it is likely that, 4. ring the flrst
10,000 years atter closure, active dipsolutfon, as precicted on the
basis of tne geologic record, would result in a loss of waste
igolstion. o S

§E§luation

The host rock of Yucca Mountain consists of the dersely welded and
devitrified portion of the unaaturated Topopah Spring Mewmber., About 98 per-
cent of the host rock consists of alkali feldspars, quartz, cristobalite, and
tridymite, These minerals are not prone to dissolution in any significant
quantities. No evidence of Quaternary dissolution fronta or other Quaternary
diesclution featuree has been found, as discussed under Lhe favorable
condition.

Conclusion

On the basis of the gealogic record, no disssolution 1{a expected during
the first 10,000 yeara after repository closure, or thereafter. Therefore,
the evidence supports a finding that the site ie not disqualified ou the
basis of that evidence and 1g not likely to be disqualified (level 2).

i

f

6.3.1.6.6 Evaluation and ‘codélugion for the qualifylng condition on the
postcldsure dissolution guideline

Evaluation

For all praccical purposes the volecanic rocks of Yucca Mountain are not
subject teo diasclution, - The guideline on dissolutlion applies to soluble
rocks {such as salt) that can digsolve at much higher rates than the tuffs of
Yucca Mountain. In partiévlar, theére 1s no evidence that the hest rock at
the site was subjlect to digsolutlion duting the Quaternary Perfod, nor {1e
there any reason Lo auspect that dissolutidn within che site would provide a
hydraulie 1interconnection between the host rock and the {immediately
surrounding geohydrologic units. The minerala that compose the rock in and
around the aite are considered to be insoluble, and no signiffcant
dissolution is expected to occur even at the elevated temperatures in the
underground repesitory, Consequently, the formation of active dissclution
fronts is not creédible for the conditions at Yucca Mountain,
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Conclusion

The minerals ~hat compose the rock in and around the Yucca Mountain site
are considered ins:-luble, and eignificant subsurface rock dissolution is not
a credible procesge leading to radionuclide releases griater than those allow-
able under the reguirements specified in 10 CFR 960.4~: {19684), Therefore, on
the basis of the »iyove evaluation, the evidence suppo:ts a finding that the
site meets the quslifying conditlon, and {s likely tc continue to meet the
qualifying condition for postclosure dissolution (leve. 4),.

6.3.1.6,7 Plans for site characterization

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

6030107 TECtoﬂiCB (10 CFR 96{)'&—'2"'7)

6.3.1.7.1 Introductioﬁ'
The qualifying condition for this guideline 15 as follows:

The site shall be located in a pgeologic setting where future
tectonic processes or events will not be likely to lead to
radionuciide releases greater than those allowable under the
requirements specifled in Section 960.4~1.

The objective of the poatclogure tectonics guideline 1s to ensure that
tectonlc processes do not adveraely effect the waste—lsolsation capabilities
of a potentlal repository at the site. This guldeline reguires that the
tectonlc history of a site be carefully examined to determine whether the
likelihood for future tectonlc activity 1s acceptably small. The tectonic
procedses that might adversely affect waste 1solation after closure are
(1) faulring and ground mocion, (2) uplift or subsidence, and (3) volcanic
activity.

The prediction of future geologic and tectonlc proceeses and correspond-
ing events is uncertain and difficult. The tectonic history of a alte, par-
ticularly during the Quaternary Period, must be thoroughly examined, and the
regults of thls examlnation must be used to forecast future tectonic activity

and the possible effects of that activity on the isolatlon capabilities of
the atte.

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 conditions except the disqualifying condition.

6258
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Table 6-33,

Summary of analyses for Section 6.3.1,7; pPosteclosure tectonics (10 CFg omo.almluw

Condition

Department of Energy (DOE) mn:aﬁnmf

il

mm:wnurwm

FAVORABLE CORDITION

The rature and rates of igneous activity ang tec—

—~obea (suck za upiirce, mcvmhnmsnm.
C: rolding), if any, Operating within

the geologic Setting during the acmnmnnmﬂw Pariod
wouid, 1f continued iggg the future, have legg

-
(=
Snet

(3)

1s not preseat ar Yuceca Mountain: the higher bound
on the Probability of 5 basaltie event is estimated
at siightly Ereater than ope chance 1ip 10,000 over

tectonic Processes or events are nor expected to
increase Patential for release because low ground-
water flux apg long travel times are €Xpected to
Prevent release ar the accessible environment for at
least 10,000 Years mcHPOEQSN closure,

POTENTIALLY ADVERSE CONDITIONS

Evidence of active folding,
nHmwhﬂﬁmaa uplife, m:vmhnmsnm.
tectonic Processes or igneous activity wirhin

the geologic selting during the ocmnmnﬁmnw
Period.

such magnitude and intensitcy that,
1f they recurred, could affect waste contain-
®ent or isglation,

H:awnmnhonm. based on correlations of earth-
Quakes with tectonic Processes angd features,
that either the mwmn:m:nw of occurrence or
the magnirude of earthquakes withip the geop-
logic setting may locrease.

Cr near Yucca Mountain cannot be ruled out on the
basig of available information.
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Table 6-33, Summary of analyges for Sectfon 6.3.1.7;

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

Condition

Department of Energy (DOE) finding

(4) More-frequent occurreaces of earthquakes of
Riehor me sitads thap 8r& represeantative of
vile T i¢n in which the geologic setting ig
locared.

(5} Potential for natural phenomena such ag land-
8lides, subsidence, or volcanic activity of
such magritudes that they could create large-
scale surface-water impoundments that could
change the regional ground-water flow system.

(6) Potential for tectonic nmmoﬂamnﬁonmllmnnr as
uplife, subsidence, folding, or faulting—-
that could adversely affect the regional
ground—water flow system,

QUALIFYING

The evidence Indicates that this Potentially adverse
condition 1s not present ar Yucea Mountain: the .
earthquake frequency and magnitude fer the geologic
setting are the same as or less than the frequency
and magnitude of the region.

The evidence indicates that this potentially adverse
condition is not present ar Yucca Mountain: land-
slides, subsidence, and volcanic activity are not
expected; evyen 1if they occurred, they would not be
expected to cause surface-water impoundments or
change the regional ground-water flow System.

The evidence indicates that this potentially adverse
condition is not Present at Yucca Mountain: larga~
scale structures 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 findimg
that the site 1g not likely to meet the qualifying
condition (level 3): potential tectonic events are
oot likely to cause radionuclide releases greater
tkan allowable; low warer fluy and travel times
greater than 10,000 years in the unsaturated zone
are expected te prevent dissolutioa and transport of
radionuclides.
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6.3.1,7.2 Data relevaut to the evaluation

Summary of availabla d-ita

Much of the background data fur the tectonic appraisrl of the Nevada
Test Site area has been developed through many years of -verface and sub-
surface geclogilc and p.ophysical studies relsted fo nucles:-weapona testing.
The present investigatlons of Yucca Mountain and ite vicili -ty have built upon
this data base by addressing specific subjects, such as faulting (Swedley
et al,, 1984; Dudley, 1985), regional tectonics (Carr, 1¢{3}}, stress measure-
ments (Healy et al., 1984), and volcaniam (Crowe et al., 1982, 1983; Link
et al,, 1982). Data are¢ also avallable on the special teck:lques used in the
evaluation, such as thermoluminescence dating {(Wintle aud Huntley, 1982).
However, much of the published data bearing upon the tectonlc stability of
the Yuceca Mountaln reglon are in the form of progrees or preliminary reportse,
and much work remalne to compiete the data base, Dats are also gveilable on
the gurficial geology of the site {(Scott and Bonk, 1984; Christiansen and
Lipman, 1965; Lipman and McKay, 19653) and on ground-water flux rates and
chemical and mechanical retardation in the host rock (Wilson, 1985; Sinnock
et al., 1984; Travis et al., 1984),

Seismological data of consistent gquality 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 applicable to Yucca Mountain. The
historical record of earthquakes within about [0 kilometers (6 miles) of
Yucca Mountain has been summarized (USGS, 1984; Rogers, 1986). Seismie data
and evaluations for the western United Stales are slso available (Smith,
1978; vanWormer and Ryall, 1980; Thevhaus, 1983; Thenhaus and Wentworth,
1982) and predictions of regional recurrence 1intervals are tagken from
Greenafelder et al. (1980) and Ryall and VanWormer (1980). Information about
the damage to be expected in underground structurea is also avsilable (Pratt
et al., 1978, 1979). The acquigition of geodetlc data was begun in 1983, but
several years of observations will be required before sufficient data are
available for analyeia.,

Workshops were held to review ground motion and related issuea for the
Yucca Mountain site. A rteport from these workshops is available (S5AIC,

Asaumptions and data uncertainties

The principal assumption ia that the geolegic history, particularly the
history of the Quaternary period {approximately the last 1.8 million yeara),
can be used ag the basis for predicting the course of future events. Uncer-
tainties in determining the Quaternary history of the geologlc metting of the
slte arlse from the scarcity of preclse data on Quaternary deposits and from
the difficulty in determining the current tectonic state of this setting with
reppect to cycles of activity.
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6.3.1.7.3 Favorable r~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 probability that a basaltic megm.tic idntrusion will
gceur in the future anud will intersect & reposlitory at {>.oca Mountaln ggring
the 10,098 yeuar laolaiion period 18 hounded by the rang of 4.7 x 10 ° to
3.3 x 10 {(based on calculations by Crowe et al., 1982). The upper bound
probability was calculated on the basls of extremely conservative assump~
tions, and for this reason, preiiminary approximations of mean probabilicy
values were calculated from the data presented In Tables IV and V in Crowe
et al, (1982), assuming a Gaussian data diatribution. ‘The mean ppg?ability
value calculated on the basie of magma production rate is 7.7 x 10 7 with &
standard deviation of 0.11 x 10 ° (Table EX); the mean probablility value
baged con vpleanic cone counts is 2,0 x 10 with a atandard deviation of
1.28 x 107 {Table %); and the combined mean using all calg&lated probability
values 18 1.3 x 10 ' with a standard deviation 1.33 x 10 . Additional
investigations are needed to more sccurately evaluate the probability’ of
volcanic activity In the Yucce Mountain region.

Probability calculations are not yet available for other tectonic pro-
cegpeg. Various ipvestigationes aré in progress to evaluate more fully the
tectonic stabllity of Yucca Mountafin end the surrounding area; they include
long~term seismic monitotring, geodetlc measurements, and studies of Quater-
nary faulting and erosion rates. Preliminary studles suggest that the
average rate of faulting in the regilon of Yucea Mountain during tha last
2 million years haa been less then 0.0! meter (0.03 foot) per 1,000 yestrs
(Carr, 1984). Inveatigations to date covering 2 1,100 equare-kilometer
(425 square-mlile) area around the site have found 32 faults that offset or
fracture Quaternary deposlts. Quaternmary faults have been divided into
3 broad age groups as follows: 5 faults laat moved between sbout 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 1.2 million years
ago (Swadley et al., 1984)., However, work is ongoing to more accurately
determine the detailed 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 faulting over the mnext 10,000 years.
Recurrence intervals for earthquakes in the region have been estimated by a
number of approaches and are reviewed in the evaluation of the disqualifying
condition, Section 6.3.1.7.3. The reported recurrence intervsl 1s on the
order of 25,000 years for earthquakes of magnitude M > 7.

Information about the potentlal effects of earthquakes on underground
atructures 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
occur unless the mine I8 very close to the earthquake epicenter. The primary
cause of earthquake-induced fellure in underground excavations 1a apparently
movement along preexisting fsults or collapse at the portal of the tunnel or
shaft.
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After repoaltory zlosure, the effect of earthquakes and fault movement
on relesase of radionuw lLides to the accessible environment 1s expected to be
minimal becauso very :lttle water 1ls expected to be avallshle to dissolve and
trangport radionuclides (Wilson, 1985). Using the travel~time estimates from
Section 6,3.1.1.5, evea if a wamte disposal container wer breached by fault
movement that occurred¢ Immedlarely after closure, no wate: contailning radio-
nuclides could reach .he accessible environment for at la:at 10,000 years and
as shown in Section £.3.1.2.5, chemical and mechanical r: ardatien proceases
are expected to extend the travel times for radionuclic.a by at least a
factor of 100 (Sinnock et al., 1984; Travis et al., 19&%}. It is unlikely
that selamlc activity rrould cause Increases fn the flux through rhe unsatu-
rated zone hecause fluw Is controlled by the percentage o. precipitation that
infiltrates to become percolation. New fractures are u,likely and, 1if
formed, are aleo unlikely ro significantly alter flow comlitiono because the
area 1s alresdy highly Ffractured. In addition, care wi.l be taken duriong
waste emplacement to carefully consider the consequences of emplacement in or
near recognlzable fault Zones. It 1s therefore considered extremely unlikely
that faulting could lead -to radlonuclide releases to the accessible environ~
ment over the firat 10 HHY yeara after closure.

Conclumion

During the Quaternary Perlod, various tectonlc processes occurred within
the geologie setting of Yucca Mountain. The prohabllity of a magmatic intru-
slon that intersects the repository 1s on the order of | chance in 10,000
over the next 10,000 years.  Numaerical probabllitles are not available for
other tectonic processes and events. Low water flux and long travel times
should ensure that 1f radionuclides were released as the result of tectonic
activity, they could fiot réach the accessible enviroument for at least 10,000
years. Nevertheless, a conservative position 18 appropriate because of the
absence of probabllity values for most tectoanlc processes and events and
pecause the upper bound on volcanic event probabllities 1s larger than the
value specified by this conditlon. Therefore, the evidence indicates that
thls favorable condition is not present at Yucca Mountain.

6.3.1.7.,4 Potentlally adverse conditionns

(1) Evidence of active folding, faulting, diapirism, uplift, sub~-
sidence, or other tectonic processes or igneous activity within the
geologlc settfng during the Quaternary Period.

Evaluation

There 1a evidence of gentle regional 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-mlle) zrea around the Yucca Mountaln site
in the past 40,000 years. However, preliminary dates of a dlsplaced sailt
horizon obtained by thermoluminescence methods may 1indicate 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 yeara ago (Dudley, 1985). Thermo-
luminescence 19 a dating technique that has been used In archaevlogy, but haa
not yet been shows toc piovide teliable dates in geologic applications (Wintle
and Huntley, 1982). Ongoling studies to improve the daiing of fault digplace~
ment in the area w’'1l determine the reliability of thess preliminary data. A
new fault map of the Yucca Mountain aite has been prep.ired by Scott and Bonk
(1984) and is shows in Flgure 6~20. Contilnued surfac:. mapping and deter~
mination of most v:cent displacements on faulte that & 2 located at and near
Yucca Mountaln will be an important part of seismic hazard assessment during
site characterization, For a more thorough digcussitr an of plans for selsmic
and tectonic evaluatlona, gee Sectlon 6.3.3.4,5,

Detection of earthquakes in the magnitude (M) renges M = 4 to 5, M = 5
to 6, M =6 to /, 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 !0 kilometers (5 miles)} of Yucca
Mountain, 7 earthquakee cccurred; 2 had magnitudes of M = 3,6 and M = 3.4;
magnitudes were not reported for the remaining 5 earthquakesa. They were
apparently very small or had magnitudes that could not be determined due to
instrument problems. Prilor to 1978, standard errors of most locations were
+ 7 kilometers (+ 4.2 miles) or more (USGS, 1984}, A new seismic network has
recorded 3 microearthquskes in the game ares between August 1978 and the end
of 1983; the largest megnitudes (ML, Richter scale) were approximately M = 2
(Rogers, 1986).

Within the 1,100 square~kilometer (425 square-mile) area around the
Yuceca Mountain site, 32 faults have been identifled as having some evidence
of at lemst a smell smount of movement during the Quaternary Perilod 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 | end 2 million years ago
(Swadley et al., 1984).

Basaltic eruptions of lLate Cenozolc sge 1n 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 Period
(Crowe et sl., 1982).

Conclusion

There is evidence of faulting and basaltic volcsnlsm during the
Quaternary Perlod within the geologic setting of Yucca Meuntein, There is
regional tilting which reaultes in very slow uplift and subsidence. There-
fore, the evidence indicates that this potentially adverse conditlon ia
present at Yucca Mountain.

(2) Historical earthquakes within the geologic setting of sguch
wegnitude snd intensity that, if they recurred, could affect waste
contaipment or ilsolation.
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Table 6-34. Porassium-arggn ages of late Cenozolc basalts in Yucca
Mcantain area

Age Mean Age
(million years) (million years)
Lathrop Wells 0.29 + 0.2
Volcanic Center 0.23 + 0.02 0.27
0.30 + 0.10
Western Rift, le1d + 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 Meaa 2.79 + 0,10

®Data from Crowe et al. (1982).

Evaluation

The peak historical ground acceleration at a loestion 20 kilometers
(12 miles) eaat of Yucca Mountain is estimated to have been less than. 0.lg
(Rogera 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 in the magnitude
ranges M = 4 to 5, M= 5 to 6, M = 6 to 7, and M = 7 to 8 is complete for the
moat rteceni 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 accompanylng natural earthquakes vecurred in 1872 with a
magnitude of M = 8+ in Owens Valley, Californla about 150 kilometers
(90 milea) west of Yucca Mountain (Rogers et al., 1977, 1976). Thia great
earthquake occurred on the wegtern margin of the Basin and Range Provinca,
along the Slerra Nevada-Great Basin Boundary Zone {(VanWormer and Ryall,
1980), which 1a 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 seismiclty to the south {(see Section 6.3.1.7.5).
Two earthquakes with magnitudes of M = 6 have occurred within about 200 kilo-
meters (125 miles) of Yucca Mountain; one occurred in 1908, 110 kilometers
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{68 mtlea) mouthwest of ‘ucca Mountain, and one occurred in 1966, sbout
210 kilometers {130 miles} to the northeaat. If the hisktorical earthjuakes
recarred, they would not ve large encugh or close enough to Yucca Mountain to
have any demonstrable eftZect on waste containment or iselation (see the
qualifying condition evaiuvation In Section 6.3,1.7.6).

Conclusion

The historical record does not show any earthquakes witin the geologtc
aetting of Yucca Mountain that, 1f they recurred, could . durrgely affect
waste contalnment or f{solution. Furthermore, the historicsal record discloses
no evidence of damaying ground motion or faulting at or near Yuecca Mountain.
Therefore, the evidence indicates that this potentially adverse condition is
not present at Yucce Mountain.

{3) Indications, hased on correlations of earthquakes with
tectonic processej and features, that either the freguency of
occurrence or tne magnitude of earthquakes within the geologic
setting may increase. '

The potential repository site at Yucca Mountgin and a large area to the
west and south have had a relatively low level of seilsmicity 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 earthguakes; 2 had magnitudes of M = 3.6 and M = 3.4; magnitudes
were not reported for the remailning 5 earthquakea. They were apparently very
amall or had magnitudes that could not be estimated due to instrument
problems. A new selamic network has recorded 3 minor earthquakes in the same
area between Augusi [878 and the end of 1983; the largeet magnitudes
(ML, Richter scale) werr approximately M = 2 (USGS, 19684),

Geologle 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 Quuternary deposites. Five faults are thought te have last moved between
about 270,000 and 40,000 years ago. Four faults lsat moeved about ] million
years egoj and 23 faults are thought to have last moved between 2 and
1.2 milifon years ago (Swadley et al., 1984).

One of the results of ongoing studies 1s an indication that fault orien-
tation may be more important than evildence of recent movement in determining
the potential for renewed activity {Rogers et al., 1983}. Microseismic data
for Yucca Mountaln 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 orlentations {Rogers et al., }983). At present,
a preliminary cencliuwion could be made that the north-trending faults at
Yucca Mountsin should be considered potentially active even though the
absence of fault ascarps and the near absence of seismic activity suggest that
they are not active {Rogers et al., 1983}, 1t ahould be noted that the age
of moat recent surface diasplacement on a fanlt does not necessarily correlate
with the degree of present geflsmicity on the fault. This lack of correlation
is indicated by the abundant selsmicity on fault zones with no record of
Quaternary displacement and by the ahsence of selsmicity in aome areas of
Quaternary faulting {Rogers et al., 1983; USGS, 1984).

N

6~267

209708 0790



From the historical seismicity of the southern Great Basin (tio earth-
quakes of M = 6), ani length of active faults, a maximum magnitude of
M =7 to 8 is inferrci for earthquakes in the Yucca Mountain region {(USGS,
1984). The wide raage of focal depths (0 to 10 kilometera (0 to 6 milea))
indicates that some faults in the southern Great Basin ex end to conslderable
depth and thus have iarge surface areas that would mak: them capable of
producing large eart. iquakes (USGS, 1984).

The nature of seismlc cycles and the relatlon betwe © the potantial for
selsmicity and the age of most recent movement on fau't - in the Basin and
Range Province are not resolved (see Thenhaus {1983) fir a Bunmary of views).
Untll there is a better understanding of why some areas ve stable and other
areas are unstabie in the same region, it is not posaible to rule out future
seismic activity on faults at Yucca Mountain (Rogers et al., 1983). This
position 1s taken partly because (1) interpretstion of strees measurements at
Yucca Mountain could indicate that cartain faulta may 2 potentilally active
(Healy et al., 1984) and (2) faulte similar in orientation and style to those
at Yucca Mountain axist on Pahute Mesa, where large muclear tests have
regulted in displacement on faults for a distance approaching 10 kllometers
(6 miles} in length. Although movement on the faults at Pahute Mega wWas
induced by nuclear explosions, the extent of faulting, the gize of fault
displacemants, and the wagnitude and depths of the accompanying aftershocka
indicate that these faults may have baan tectonically stressed near the
failure point and that plip was triggered by stress changas produced by the
explosions (USGS, 1984). It should also he moted that in situ stress
maasurements alone do not allow quantitative statements ahout earthquake
probability and magnitude (SAIC, 1985b),

Avallable information 1s 1insufficient to determine whather future
seismic activity 1e likely to be more freguent, or of higher magunitude than
historic selsmicity. In order to provide n conmsistent Interpretation of this
potentially adverse condition, the meximum earthquake magnitude ipn the
historical racord and the record of Quaternary fsulting within the geologic
setting are assumed to be the srrongest indicators of ZFuture earthqueke
potential for the postclosure time frame. Difficulty in interpreting the
Quaternary faulting record leads to the conclusion that the historical record
may not reveal the largest earthquake that could occur at Yucca Mountaln.
Glven thls interpretation, a conservative position is that the geoloeglc
setting of the Yucca Mountaln eite may exparience earthquakes of higher
magnictude or frequency than have been historically ohservaed.

Conclusion

The record of Quaternary faulting and the uaature of earthquake
occurrenca in the geologlc setting of Yucca Mountain is not understood well
encugh to permit reliable correlations of earthquakes with tectonic processes
and features. In the abaence of such correlations, the conservarive
aggumptlon is thet earthquakes larger rthan those that have historically
cccurred In the geologic setting of Yuccae Mountain may occur in the future.
Tharefore, the evidence indicatas that thie potentially advarse condition ia
prefent at Yucca Mountaln.
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(4) More~frequent o:currences of earthquakes or earthquakes of
higher magnitude tha: are representative of the region la which the
gaologic setting is =ocatedn

Evaluation

The Yucca Mountain site is located within the Basin an- ®ange Province
and 1s adjacent to a zaue of selamicity consildered part of ihe Eaat-West
Selsmic Belt in southern Nevada (sec Figure 6-21). This be t coanects the
north-trending Nevada Seismic Belt, about 160 kilometers (0" miles) went of
the aite, with the north~trending Intermountain Selsmic ‘e!t more than
250 kilometers (156 miles)} east of the site, Each of theg: zones of selp-
micity apana large areas that are hetsrageneous 1n their gecloglic and seis-
mologlc properties (Thenhaus and Wentworth, 1982). There are two earthquakes
in the historical record within about 200 kilometers of Yu.:a Mountain with
magnitudes of M = 6; one at Death Valley in 1908, 110 kilometors (68 milas)
southwest of the site and the second 1in 1966, about 210 kilometers
(130 miles) to the northeast.

The evaluation of the previous potentially adverse condition reviews the
historical record of seismicity for the Yucca Mountain site. The evaluation
indicates that it is not possible to rule out Ffuture seismic activity on
faulte at and near Yucca Mountaln. However, there is no repaOn to believe
thst this seismic activity 1is likely to be more frequent: 0r of higher
magnitude than 18 typleal for the southern Baain and Range Province. :

Conclustgﬂ

The frequency and magaitude of earthquakea at and near Yucca Mountaln
during the aeveral years of cloge monitoring {8 the same as or lees than that
for the southern Basin and Range Province. There 18 no reason ro expect that
future seismicity at the site is likely to be wore Ffrequent or of higher
magnitude than la represpentative of the region in which the geologic aetting
1s located. Therefore, the evidence indicates that this potentially adverae
condttion 1is not present at Yucca Mountaln.

(3} DPotential 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 dissolution of rocka 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, Gagloglc and
gecmorphic evidence of landslides (Christiansen and Lipman, 1965; Lipman and
McKay, 1965; Scott and Bonk, 1984) 1s limited to relatively small rock slumps
along steep erosional alopes of Yucca Mountain. The largest of these slumps
is on the northeast side of Yucca Mountain along Yucca Wesh, where a set of
blocks 500 meters {1,640 feet) wide 18 alumping into the wash along a complex
of 14 minor normal faults that strike parallel to the wash. There 1s no
geomorphic evidence of rapid movement of theee blocks, and lateral movement
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seems to he limited to thut obaerved along normal fault planes that dip 61} to
80°. There is no geomorplric evidence that pust slumping of blocks has dammed
major drainageways. Furti.armore, the slopes do not have a thiek cover of
801l or colluvial materin) that could slide down and create dams.

If basaltic eruptions were to occur at or near Yucca Mountain, they
might temporarily dam waches. The most recent nearby volcaniam occurred at
several small basaltic conea that are about 270 thousand to 3.7 million years
old and located 8 to 15 kilometers (5 to 9 wiles) west and  ‘uthwest of the
eite. See Table 6-34 for ages of basalts in the area.

Sites of active basal*ic and subordinate silicic volcasiom progressively
shifted toward the m.urgina of the southwestern Great Basin b -ginning about
10 million yesrs ago (Crowe et al., [983), and the likelihood of future erup~
tions at Yucca Mountain during the time important to waste fsolation is swmall
a8 indicated by the evaluation of fawvoruable condition I.

Under expected climatic conditions over the next 10,000 years {see
Section 6.3.1.4) 1t 13 unlikely that gufficient surface runoff could be
impounded by any of the above tectonic processes, were they to occur, to
change the regional ground-water flow systems.

Conclusion

The creatlon of large~acale surface-water impoundments by natural
phenomena such a8 landslidea, aubsidence, or volcanic activity is not likely
in the Yucca Mountain area. No effect on the regional ground-water flow
aystem 1is expected from landslides, subsidence, or volcanic activity.
Therefore, the evidence indicates that this potentially adverse condition 1s
not present at Yucca Mountain.

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

Evaluation

Calculations of tha 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
Valley and Owene Valley {Table 6~35) (Carr, 1984)., Folding has not been
active in the vicinity of Yucca Mountain for millions of years, although
tilting and folding have occurred in the Death Valley region durimg Plioccene
and Quaternary time. Work in progress suggesta that gentle warping of
Quaternsry deposits might have occurred as close to Yuccs Mountain as the
west alde of Crater Flat. An assesament of tectonic warping will be a part
of the site characterizatlion process. A level line was run through the Yucca
Mountain area 1in the winter of 1982-1983, and the following winter it was
rerun without evidence of change. During November 1985, the line will be
upgraded and extended through Mercury, Nevada, to create a level loop
originating and terminating at a first-order National Geodetic Survey line.
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Table 6-35. Approxiwmste rates of relative verticel tectonic adjustment or
burial st selected locations in the sguthwegtern Great Basin
during tl e late Neogene and Quaternarya

Rate

(metary per 1,000 years

Locatlon or millimeters per year) Commer-.
5. Amargosa <0.01 Bagad on a2 3-~millic¢ ~year old ash bed
Dasert Valley in lake depogite _bout 5 maters
below the surface.
Crater Flar, <0.01 Basalt dated by poisssium-argon
central method at 1.2 miilion years 1is at
the present surface and has not been
deformed or subsidad into the baain.

Crater Flst, <0.01 Based on an offeet in alluviun

eastern {allowing for 0.6 meter of erosion)
of 3.0 meters in 1.1 million years.

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

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

Crater Flat, 0.03 Burial of basalt about 1l million

USW VH-2 years old.
drill hole

Yucca Mountain 0.03 Based on maximum of 460. meters of
offset aof Tiva Canyon Membaer .in last
12:8 million years. For the
Quaternary, & very conaervative: -
estimate 1s <0.0]l meters per 1,000
years, based on maximum credible
amount of displacement (10 meters)
in Quaternary time.

N. W. Frenchman 0.06b Burial of 3-milllon-year old ash bed

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

S. Yucca Flat 0.16b Bagsed on amount of displacement of an.
8. lwmillionwyear old basalt in drill
holes.

Searles Valley Burial of 3—mtllionvyear old ashabed¢

0,22°

in core at depth of 691 meterss . ::

6-272

L%



Table 6~35. Approximste rates of relative vertical tectonic adjustment or
burial a: selected locations in the %futhwaatarn Great Basin
during the late Neogene and Quaternary {continued)

Rate
{meters per 1,000 years
Location or millimeters per year) Cor. ¥t
Death Valley, 0.3 Based on oestir “ted displacement of
foor of Black Artist's Dri'e Formation of
Mountains 1,525 meters 1in 5 million years.
Sierra Nevada- 0.4 Average of 9 antimates {range
Owens Valley- (0,2-1.0 meters per 1,000 years}.
White~-Inyo . : :
Mountainsg
Coso Range- 1.8 affaet of 2.5 million-year—old
Rose Valley lava flow.

8pata from Carr (1984).
Max{mum rate.

The avallable dats 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 {Carr, 1984). The data for older faulting are
obtalned at locations where the offset of several volcanlec unita of known
ages can be determined. Control for dating events of the last 8 million
years depends mainly on understanding and dating alluvial-stratigraphic unita
that have limited vertical exposures. The absolute ages of some of these
units are not well known at present, Approximately 180 scarps or lineamants
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. Moet of the alluvial acarps are low
and subdued by eroasion. Ages of movement on faults that offaet Quaternary
deposits are reviewed in the above evalustion of potentlially adverse
condition 3.

The rates of uplift, subsidence, or faulting in the paet have been very
low; it is postulated that similar rates will prevall in the future, If the
rates of uplift, subeldence, or faulting in a portion of the ground-water
system were significantly changed relative to those of other portions of the
aystem, the ground-water flow path between the repository and the accessible
environment could be affacted. OGround—water flow could be eilther retarded or
accelerated. However, the scale of fthe effects on ground-water flow are
expected to be small because the praegent ground-water system is controlled by
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large reglonal strictures that probably could not be altered significantly by
tectonic events during the time period important to wsste lasolatdion.

Conclusion

The Yucca Mountaln site has a very smail potential for tectonic deforma-
tions like uplift, subsidence, folding, or faulting of & magnitude or scale
that would affecL reglonal ground-water flow. The r. ;jonal ground-water
system is controlled by geologic structures of sguch 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
potentislly adverse c~ondltion 18 not preeent at Yucca M.untain.

6.3.1.7.5 Disgualifying condition

A site shall be disqualified 1f, based on the geologic record
during the Quaternary Period, the nature and rutes of fault
movement or other ground motion are expected to be such that a
loas of waste isolation is likely to occur.

Evaluation

The potential repository site at Yucca Mountaln and a large area to the
weat and gouth have bad a relatively low level of acismicity throughout the
historical record {Rogere 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 magnitudes of M = 3.6 and M = 3.4; magnitudes
for the remaining 5 were not reported. They were apparently very small or
had magnitudes that cousld not be estimated due to inatrument problems., A new
selamic network has recorded 3 minor earthquakes In the sgame area between
August 1978 and the end of 1983; the largest magnitudea (M , Richter scale}
were approximately M = 2 (Rogers, 1986). Within about &OU kilometers
(124 miles) of Yucce Mountain, there have been two historical earthquakes
with Richter magnitudes of M = 6. 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 1s estimated
to have had a magnitude of M = 8+ on the Richter scale, represents the
closest historical surface faulting. It was located about 150 kilometers (90
miles) wast of the site In a different selsmic zone {see Section 6.3.1.7.4,
potentially adverse condition 2}.

Geologlc evidence avallable to date indicates that 32 faults within a
1,100 sguare~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 years age (Swadley et al., 1984).
At the time of publicstion of Swadley et al. (1984) there was no uneguivocal
evidence that surface fault displacement had occurred within a 1,100 sguare~
kilometer (425 square~mile) area around the Yucca Mountain site 1in the past
40,000 years. However, preliminary dates of a displaced silt horizoen-
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obtained by thermoluminescence methods way lndicate surface fault displace-
ment on the order of ! to 10 centlimetera in the eastern part of Crater Flat
more recently than abuut 6,000 years ago (Dudley, 1985). Thermoluminescence
is a dating technique chat has been used in archaeology, but has not yet been
shown to provide reliuscle dates in geologlc applications -Wintle and Huntley,
1982), Ongoing studies to improve the dating of fault d:isplacement in the
area will determine t'e rellability of these preliminary 1z2fa.

Daformation rates at Yucca Mountain during the las: approximately
10 willion years have been about 4 times leas than those 32 adjacent parts of
the Basin and Range Prevince, Preliminary estimates Bsuyg:st that a rate of
0.0 meter (0.03 foot) per 1,000 years is a realistic maxiasum for fault dis-
placement In the yuaternary Period at Yuceca Mountain (Carr, 1984).

A number of different approaches have been used to estimate recurrence
intervals for earthquakes Iin the region, Rerupture times {recurrence intar~
vals) estimated for wvarious portione of the Basin and Range Province are
assembled from the literature in Table 6-3h. The estimates range from
25,000 years for M > 7, 2,500 years for M > 6, and 250 vearsg for M > 3.
Recurrence intervals shown in Table 6-36 demonstrate the variabtlity in
estimates, resulting Erom posslible real differences for differing reglons.
The table shows that recurrence 1lotervals for M > 7 earthquakes for the
reglon south and east of Yucca Mountailn are longef—than those for the Nevada
Test Site (NTS) rveglon. by agbout a factor of 7. At this time, recurrence
estimates can only provide inaeight regarding possible recurrence intervals
for faults near Yucca Mountain. Until detailed fault atudiee are fully com-
pleted, there is large uncertalnty regarding the appropriate recurrence
intervals for these faults. However, the available data (Swadley et al.,
1984; Dbudley, 1985; and USGS, 1984), furnish nc evidence to suggest that the
recurrence interval would bhe shorter than on the order of 25,000 yeare for
major (M > 7) earthquakes. It should aleo be noted. that there is no
information currently avallable on the selsmogenic potential of faults at or
naar Yucca Mountain, so that the ocgurrence of a magnitude 7 sarthquake 1in
the area can nefther be anticipated nor can 1t be ruled out.

As noted above, the NTS region occuples an intermediate position between
a large area of higher estimated selsmicity to the north and an area of lower
selsmicity in the Las Vegas region toc the south {see Figure 6-22). Except
for a cluster of seismicity due to the water load of Lake Mead, Figure 6é-22
shows a fan-shaped reglon extending southeast from the repository site that
is virtually frea of easrthquakes of M = 4 or larger. USGS (1984) calls
attention to the near absence of sejsmicity at approximately the M > 4 level
in some parts of a 100-kilometer (60-mile) radius surrounding 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
1o the current atress fleld, citing evidence from stress measurements at
Yucca Mountain (Healy at al., 1984) and from faults of similar orientations
at Pghute Mesa, where fault movements have been Induced by nuclear
explosione. For purposes of a preliminary evaluation, the selamic hazard for
Yucca Mountain was estimated under the assumption that Yucca Mountein faults
were not active. The most Likely peak deterministic ground accaleration at
Yucca Mountain was estimated to ba 0.4g. This acceleratlon would result from
a full-length fault rupture (length 17 kilometers {10 miles)}, magnitude 6.8)
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Table 6~3G. Rerupture times for faults in the acuthern Y¥asin
and Range Province

Rerupture time

for M > 7.0
uniess otherwise noted
Reference Area {years) Commente
Ryall and Western Great ?,UOO—I0,000b M ym Ingtrumental
VanWormer Basir? dava for 1932~1969
(1980} and 1970-1974
Greensfelder  East-West 25,000 Lugarithmic mean of
et al. Seismic Belt, two data gfets
{1980) including
Nevaga Test
Site
2,500d For earthquakes with:
M2>6 o
2509 For earthquakes with
M2>5
Las Vegas 190,000 Logarithmic mean of
Regiona two sets

“Entire 225,000~gquare~kilometer region containing Holocene scarps.

Valuea were calculated on the assumption that a typical tupture zone has
an area of 1,000 square kilcometers, and that such rupture zones are contained
within the subject reglon.

Bagin and Kange Seismotectonic 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 equal to M.)

Recurrence interval estimates based on data in Greensfelder et al.
(1980).

‘Bagin and Range Seismotectonic 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 = pumber of earthquakes of magnitude greater
than or equal to M.}

on the Bare Mountain Fault, which 18 14 kilometers {9 miles) west of the
slte. The probabilistic results discussed by Rogersg et al. (1977) and USGS
(1984} demongtrate that uncertainties exist in the evaluation of seiamic
hazard. Different assumptions regarding the appropriate recurvence model,
attenuation relationships, and the i1identification of specific faults aa
selsnic sources can result in widely different estimetes of accelievation for
a given probability. At this tiwe, it is prematuyre to place much confidence
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in these estimates, other than to use them to provide insight, until & more
complete agsessmen. can be made of the various input parameters into a pro-
babilistic selsmi¢ hazard analysis., Durlng site characterizstion, the
gselsmogenic poteniial of faults at snd near Yucca Mountain will be evaluated
to determine the mst probable earthquake and faultin; scenarlos that will
need to be consideced for evaluation of posatclosure r:pisitory performance.
Further diescussioi of the approach to he taken for tk -wo lnvestigationa is
presentad in Sectfun 6.3.3.4.5.

The ground motion or faulting that 1s posgible at the Yucca Mountaln site
1s likely to have little effect on weste ioolatlon, ¥t 18 known that earth-
quake damage to underground facilitles 1s generally muc smaller than surface
damage (Pratt -t al., 1978, 1979). On the basls of detailed surface mapping,
faults that cut the potentlal repository host rock ave expected to have
easily recognizable displacement 1f 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 contalnars
during the contatoment period, with the most serious consequence being ¢on-
tainer rupture. However, in order for radlonuclides to be dissolved from the
waste and transported from the repository a sufficlent quantity of water must
be available. The expectad very low flux (less than 0.5 millimeter :
{0.02 1inch) per year) at Yucca Mountain {Wilson, 1985) hap been shown to be
ingufficient to transport radlonucides in quantities that could exceed
release limits to the accessihle environment {(Section 6.,4.2). Furthermore,
calculations by Sinnock et al. {(1984) show that the U.S5., Environmental Pro-
tection Agency (EPA) limite on cumulative curiss released to the accesssible
environment are not violated for waste package contsinment times as short as
300 years and fluxes that are 40 times the upper bound of 0.5 millimetar
{0.02 inch) per year. 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 accesaible environment in excess of those
allowable under 40 CFR Part 191 (1985),

Conclusion

The geologlc record of faulting during the Quaternary Period auggests
that the Yucca Mountain site could experlence selsmicity and fsulting in the
future. There 1g, however, no clear evidence that a major earthquake 1s
likely to occur at or near Yucca Mountain. In addition, the consequence of
fault movement on waste isolation in thie geologic setting is expected to be
minimal, The very low water flux that 1s available for radionuclide trans-
port engures that EPA release limits are not likely to he exceeded.
Confidence in this prediction 19 enhanced by conservative calculations show-
ing that ground-water travel times exceed 10,000 years. Therefore, the
evidence doeg not support a finding that the Yucca Mountsin site is
disquelified (level 1).
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6.3.1.7.6 Evaluation and conclusion for the qualifying condition on the
postclosure te:tonics guideline

The available datm s°'d interpretations indicate that silicic volecanism
ceased at least 8 million years ago im the southern Great Ba.in. Basaltlc
volecanic activity has c¢oivinued during the last 6 to B williei. years, but in
episodes that are separaied by millions of years to hundreda «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 tectonic adjustments during the last S million ye rs, as evidenced
by displaced rock units of Plincene and Nuaternary aga, 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 region 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, und M > 5 earth-
quakes hava racurrence intervals on the order of 250 years.

Future tectonic events, including volcanism and faulting, are unlikely
to lead to loes of waste containment or isolation. The probability that
bagaltic volcanism will disrupt the Yucca Mountain site ovar a 10,000-year
period 18 estimated to be about I chance in 10,000 {based on data from Crowe
et al., 1982). The consequences of thia basaltic event were assessed by Link
et al. (1982), They estimate. the expected radionucli{de release over &
10,000 year period, assuming that volcanism occurs between 100 and 10,000
years, to be .8 curies or 0.038 curies per 1,000 metric toms of heavy metal
{MTHM) for a spent fuel repository. Because the probability of this event 1is
estimated to be less tham 0.1 over the 10,000-~year period, the U.S8. Environ-
mental Protection Agency (EPA) release limits should be multiplied by ten
according to 40 CFR 191, Subpart B (1985). The isotgpes with the largest
expected releagses under thie scenario, relative to their respective EPA
releasa 1limits, are plutonium~239 and ~240. Both are limited hy the EPA to
cumulative releases over 10,000 years of 100 curies per 1,000 MTHM, or 1,000
curies per 1,000 MTHM for unlikely events. Expected release under the
voleanigm ascenario for each of these isotopes i1s 23 curies per 1,000 MTHM,
All other isotopes are relaased in quantities that are much smaller relative
to the EPA limits.

It ig also unlikely that faulting and strong ground motion could cause
loss of contalnment or isolatlon. Fault displacement could rupture waate
digposal containers intercepted by the fault; however, care will be taken
during repository development to avold recognlizable faults that appear to
have any possibility of renewed activity. Discusslons In the previous
gection 1indicate that earthquakes assoclated with large displacements are
iikely 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 Mountaln limit the water
available to dissolve and transport radionuclides so much that the potential
for loss of isolation {8 very small. Another concern ls the ground motion
resulting from a nearby earthquake. This motion ia unlikely to be sevare
enough at depth to cause container rupture, ap indicated In the discussion 1n
the preclosure disqualifying condition {Section 6.3.3.4.5). Strength
requirements that will be imposed or the containere during surface handling
will require that contalners be able to withstand impact velocities during
drop tests that are much more severe than are likely to be experienced after
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emplacement in the rapository. Furthermore, atudies by Sinnock et al. (1984)
have shown that EPA limits on cumulative curies relessed to the accessible
environment are not violated for waste package contalnment times ag short as
300 years and fluxe: that are 40 times the upper bound of 0,5 millimeter
(0,02 1inch) per yea.: (sec Section 6,3.1.1 for caleculation of ground—-wsater
travel times to the accessibla environment aund Section ».4.2 for eatimates of
releages of radionurlides to the accessible environment ',

At thig time, wo plausible scenarloe have bean devsloped that suggest
earthquakes, faulting, or volcanic activity 18 likely o lead to unacceptable
releases of radionuclides.

Conclusion

On the bazis of presently avallable 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 exwected tactonlo processes or events could lead to unac-
ceptable radionuclide releases. Tharefore, on the bhasls of the ebove evalu-
ation, the avidence does not support a finding that the alte is not likely to
meet the qualifying condition for pestclesure tectonics (level 1),

6.3.1.7.7 Plane for site characterizatlion

During eite characterizstion, field investigations will continue to
evaluate the tactonlc activity of the Yucca Mountain site and surrounding
region. Theae investigations will include (1) more trenching, including
treneching parallel to ecarps as well as across scarps, to evaluate possible
strike~elip motion, (la) sesrch for obscure fault acarpa with low sun-angle
aerial photography, (1b) more detaeilled geomorphic studiea of the faults using
Atate~of-the~art atructural geomorphology techniques; (2} monitoring of
carthquake activity at the aite and in the surrounding region; (3) monitoring
of ground motion in drill holes; (4) precise monitoring of geodetic positiona
und elevations; (5) more studies of geomorphic history during the Quaternary
Period; (6) additional measurements of in situ stress in drill holea and
underground workings; (7) compilation of variouas types of structural
syntheses of the geology of the Nevada Test Site (NTS) vegion; (8) compila~-
tion of combined geologic maps of Yucca Mountain showling detalled Quaternary
fault dietribution together with detailed distribution of Quaternary strati-
grahic unite; (9) compilation of earthquake eplcentral plots by fractional
magnitude intervals to eveluate conceptual models of the sefamic quiet zone
goutheast of the NTS. 1In addition, more data on the geohydrologic systenm
will be obtalned, which will enable the local ground-water syetem to be
modeled in detail. This modeling will then permit the effects of credible
tectonic events on ground-water flow end radionuclide traneport to be
described.



6.3.,1.8 Human interfevence technical guldeline (10 CFR 960.4~2-8): Natural
resources {1 "'FR 960+4-2~8-1) and site ownership and control
(10 CFR 960.4--2-8-2)

60301-8-1 Introdu(‘.tiol‘a

Thls guidelina coataing two qualifying conditiene. Jne is for the
natural resources guidz2line, and one is for the postclosu : site ownership
and control guldeline, The poatelosure site ownership and control guldeline
1s discuared in Section 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 guldelire consists of the matural re-
gources and postclosure site ownerahip and control technical guidelines, The
guldeline on natural resources addresses geneval concerng about surfsce and
subsurface resources, including minerals, energy resources, and ground water.
It conslders these resources wlith respect to reducing or removing the locen-
tives for economically motivated postclosure human-interference activities
that could adversely affect the isolatlon capabllities of a slte. The
guldeline on site ownership addresses the requirements of the Nuclear
Regulstory Commission for the U.S. Dapartment of Energy to obtalpn ownership
and surface and subsurface rights to land and minerals within the controlled
area of the reposltory. This section evaluatea the Yucca Mountain site
agalnet the overall qualifying condition for human Interference and agailnst
the conditione of the natural resources guideline, Section 6.2,1.,1 provides
relevant data and the evaluation with respect to the site ownership and
control guldeline.

The natursl regources guldeline contains twe favorable conditions, five
potentially adverse conditions, two disqualifying conditions, and one.
qualifying condition. The site ownership and control guideline contains one
favorable condition, one potentially adverse condition, and one qualifyiog
condition. Table 6-37 summarizes the evaluations for the natural rescurces
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 tha evaluation

The energy- and mineral-resgurce potential of Yucca Moeuntaln and sur-
rounding areas has been evaluated by Bell and Larson {1982) and by Quade and
Tingley (1983). Boreholes have bean drilled in and around Yucca Mountaln for
the Nevada Nuclear Waste Storage Investigations Project (Maldonado and
Koether, 1983; Spengler et al., 1981;. Scott and Castellanos, 1984), and core
samples and drill cuttinge have been routinely analyzed by geocherical
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Table 6~37.

Summary of analyses Forx- Section 6.3.1.5; human interference technical guldeline

{10 CFR 960.4-2-8): natural resources (10 CFR 960.4~2-8~1) and site owmership and
control (10 CFR 560.4-2-8-2} (see Table 6-2)

Conditior

Department of Energy (DOE) finding

FAVORARLE CONDITIONS

(1} Ne kuown natural resources that have, or are

(2)

(1)

projected tro have 1n the foreseeable future, 2

value great enough to be considered a commer~
cially extractable resource,

Ground water with 10,000 parts per million or
more of total dissolved solids aleng any path
af likely radlonuclide travel from the host
rock to the accessible environment.

The evidence indicates that this favorable coundition
ie present at Yucca Mountaln: no present or pro—
jected uranium, hydrocarbon, or critical mineral
regsources have been ldentified; potential develop~
ment of ground water for irrigation is not expected

because of unsultable topography and grear depth of
water table.

The evidence lndicates that this favorable condition
is not present at Yucca Mountain: ground water has

total dissolved solids less than 300 parts per
million.

POTENTIALLY ADVERSE COHNDITIONS

Indications that the sire contains naturally
occurring ;aterlals, whether or nobt actually
tzntified in such forw that (1) economic
extractlcn is potentially feasible during
the foreseeable future o¢r {(ii) such materials
have a greater gross value, net value, OT
commerclzl potential than the average for
other areas of similar size that are repre-

sentative of, and located in, the geologic
setting.

The evidence indicates that this pctentilally adverse
condition is not present at Yucca Mountaln: no
critical or unique energy, metallic, or unonmetallic
resources have been identified in the site viclnity.
There is no credible potentlal for the use of water
regsources for agriculture.
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Table 6-37.
(10 CFR $60.4-2-8):

Summary of analyses for Section 6.3,1.8; human interference technical guideline
natural resocurces (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)

Fel uee v. subswrfage siring or extraction
for recources within the site 1f ir could
a2ffect waste containment or isolation.

Evidence of drilling within the site for any
purpose other than repository-site character—
ization to a depth sufficient to affect waste
contalament and isolation.

Evidence of a significant concentration of
any maturally occurting material that is not
wldely avallable from other seources.

Potential for foreseeable human activities—-
such as grornd-water withdrawal, extensive
~.7%gatlon, subsurface injection of fluids,
underground pumped storage, milirary activi-
ties, or the (onstruction of large-scale sur-
face~water impoundments——that could adversely
change portions of the ground-water f{low
system important to waste isolation,

The evidence indicates that this potentlally adverse
condition 1s not present at Yucca Mountain: no
evidence of subsurface 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 drilling at the site except for mcmucmt
tion for the potential repository.

The evidence indicates that thies potentlally adverse
eondition is not present at Yucca Hountain: ’
resources in the site vicinity are also found out-
side the vicionity where they are more abundant m:m
can be extracted more economically. .
The evidence iIndicates that this potentially adverse
condition 1s not present at Yucca Mountaln: ground-
water development for irrigarion 1s 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 increases in
unsaturated zonme 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-B): 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

QUALTFYING CONDITION

Human Iinterference: natural resources

The site shall be located such that——considering Avallable evidence does not support the finding that
permanent markers and records aund reasonable pro- the site is not likely to meet the qualifying condi-
jections, of value, scarcity, and technology—the tion (level 3}: no known valuable natural resources
natural resoutces, inclading ground watér suitable are present, and potential for future natural

for crop irrigation or human consumption without resocrces is low; permanent markers are expected to
treatment, present at or near the gite will not be remain effective and discourage future human tnter-
likely to give rise to interferemce activities ference.

that would lead to radionuclide releases greater
than those allowable under the requirements speci-
fied in Section 960.4-1,

Human interference: site ownership and control .

See Table 6-2 for second human Interference
Guakbiiv:ng condition which 1s the gualifying con—

e

dirlon for postclosure sfite ownership and control,
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methods, Field exploration and geologic mapping have bean conductod by the
U.S. Geological Surve:r (Christiansen and Lipman, 1965; YLipman and McKay,
1965; Scott and Bonk, 1984), Archaeological surveys have been coiiducted 1in
the site area to deLeat historical evidence of resource extraction activltiea
(Pippin et al., 1982; Pippin, 1984). '

Geothermal rescurces In the area were inventoriad by Garside and
Schilling {1979), and evaluated by Trexler et al. (1979, The hot eprings
gtndled are northwest and south of the Yucca Mountain v .. Data from the
slte-apecific 1lnvestigations were compared to the genarsl requirements in
White (1973) iIn order to determine geothermal resource rotential. Detalled
discussione of the poucential for energy and mineral rutuurces, including
agsumptiond and date uwacertainties, are presented in Sec:ion 3.2.4.

A ground~water rasource potential map has hean prepared by Sinnpek and
Fernandez (1982)., Data on water quality in the site wicinity have -béén
obtained by Benson et al. (1983) and Winograd amd Thordarson {1975), The
veglonal ground~water flow model for the site is discussed in Section 3.3.2,
which alse includes discussions of ongolng work.

6.,3,1.8.3 Favorahle conditions

(1) No known natural resocurces that have or are proijected to have
in the foregaeable future a value great enoqgﬁ to be considered a.
commerclally extragtable resource,

Evaluation

Present knowledge of the status of energy reBOurcéh at aor near the site:
suggests that (1) there is no potential for any commercially attractive geo-:
thermal or bhydrocarbon resources ak or near Yucca Mountaln and (2) there is-
no indicatlon of uranium resources at Yucca Mountain, The energy resources .
appraised by Bell and Larson {19B2) include hydrocarhbons {e.g., oil, gas, oil
ghale, and coal); Tow- to moderate~temperature sources of geothermal energy;
and radicactive minerals ({.e., uranium and thorium). None of the projact -
boreholes have shown evidence of the presence of energy or mineral resources
{Maldonado and Xoether, 1983; Spengler et al., 1981; 9cott and Castellancs,
1983), The area around Yucca Mountain is extremely well known in terms of
heat flow. 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 aa 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 {8 insufficlent for commerclal power generation, which
requires temperatures of at least 180°C (350°F) {(White, 1973). S8pecific min-
eral resources appralsed include base and precious metals (e.g., silver), as
well as significant industrial minerals and rock materials {e.g., gravel). .
Detailed irformatlon supporting this evaluation 18 presented in
Section 3.2.4, and' a resource map L{a shown in Figure 6-23. .. -

Although ground water {a uged for Irrigation {n Ash Meadows and in the
Amargosa Valley, it 1s unlikely to be used for irrigation at Yucca Mountain

because of the rugged terrain and great depth to the water table (Sinnock and
Fernandez, 1982). Supporting data for this evaluation are given 1n
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BASE AND PRECIOUS METALS AND ASSOCIATED MINERAL DERPOSITS, MAY INCLUDE GOLD,
SILVER, ANTIMONY, MERCURY, COPPER, IRON, LEAD, TITAMIUM, TUNGSTEN, AND/OR ZING.

INDUSTRIAL MINERALS. MAY INCLUDE BENTONITE KAOLINHALLOYSITE,CINDER S, GRAVEL.
LIMESTONE,PERLITE,PUMICE ALUNITE.CERAMIC SILICA, DIATOMITE MAGNESITE,
TRAVERTINE.AND/OR ZEOLITES.

GEQTHERMAL RESOURCES. INCLUDES WARM SPRINGS AND WELLS. WATER TEMPERATURES
ARE AS FOLLOWS: OASIS VALLEY - LESS THAN 43°C . AMARGOSA DESERT/ASH MEADOWS/
JACKASS FLATS-LESS THAN 33°C.

URANIUM OCCURRENCES.
MINING DISTRICTS DR LOCATIONS DISCUSSED IN TEXT

YUCCA MOUNTAIN SITE.

Figure 6~23, Location of metallic ore depoeits, industrial minerals, thermal
waters, and mining districts in the vicinity of Yucca Mountain, Modified from
Bell and Larson (1982) and Trexler et al., (1979),
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Section 3.6.3,3, which discusses the uses and sources of water in the
Amargosa Desert. Other pertinent Informatlon carn be found in the hydrology
(Section 6,3.3.3) and s:cloeconomics {Section 6.2.1.7) guildelines.

Conclusion

There ara no kuow. natural resources that have, or are projected to have
in the foreseeable future, a value great enough to be cone. lered commerclally
extractable. Therefore, the evidence indicates that this savorable conditicn
ls present at Yucca Mountain.

(2) Ground water with 10,000 parts per million or mo: . of total
diesolved solids along any path of likely radionuclide Lravel from
the host rock to the accessible environment.

Evaluation

Most samples of yround water obtained to date from wells and springs
throughout the region, including the Yucca Mountain area, have total-
dissolved-solide (IDS) concentrations of less than 300 parts per million
{Benson et al., 1983). Winggrad end Thordarson {1975) report a TDS value of
B86 parts per million for Well J-11 in Jackass Flate. Thusg, ground water
with 10,000 parte per million or more of total dlssolved salids probably does
not occur along any flow path.

Cuncluaian

‘Reported analyses of lgcal ground water [ndicate that it is unlikely
that the. total dissolved s¢lids could reach or exceed 10,000 parts per
million in the ground water along any path of likely radionuciide travel from
the haost rock to the accessible environment. Therefeore, the evidence indi~
catea that this favorable rcondition is nat present at Yucca Mountain.

1

6.3.1.8.4 Potentlally advarse 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.

Evaluatign

Resource-potential gurveys of the reglon (Bell and Larson, 1982; Quade
and Tirngley, 1983) are explained in Section 3.2.4 {and briefly discussed
under the favorable conditlion ¢f this guideline). No energy, metal, or non-
metal resources unique to the site vicinlty or critical to foreseeable
naticnal needs have been 1ldentified. The rescurces 1identified within the
aite vicinity are of lower value than simllar resources 1in suryounding
regiona. On the basis of the preliminary information dimcussed 1in sections
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3.2.4.2 and 13.2.4.3, Yusca Mountein in not coneldered to have any potential
for the development of natural resourcea under foreseeable economis con-
ditions and extraction rechniques. As polinted out under potentislly adverse
condition 2, Section ©.3.1.1 {Geohydrology), sgome wster resourcea are
present. However, depiths to ground water, topographic c.unditions, aoil
unsultability, and lani-use restrictions at the repositor, wuwite limit the
availabillity and attra.tiveness of this ground-water resou.cs now and in the
future.

Conclusion

Yucca Mountaln hae no energy or mineral resourcees [¢ whilch econemic
extraction 1e poteatially feasible in the foreseeable futu:e. No regources
are known to be predent at Yucce Mountaln that hsve greater commercial
potential thaa other areas in its geologic eetting. The site does not
possess water resources that would meet the c¢riteria saiated 1in the
potentlally adverse condition. Therefore, the evidence 1udicates that this
potentially adverse cundition ip not present at Yucca Mountain.

(2) Evidence of subsurface mining or extractlon fox resources
within the slte 1f it couyld affect waste containment or {solationm.

Eveluation

The regource-potential survey of the region did not identify any
evidence of significant mining-related operations at the Yucca Mountain site.
The entire area haw been mapped by the U.S. Geological Survey, and no
evidence of gsignificant subsurface mining has been reported. There 1z 1little
likelihood that unknown excavations other than shallow prospecting pits exist
at the slte.

Conclugion

There has been no gubsurface mining or extractlion for resources at Yucca
Mountain. Therefore, the evidence indicates that this potentlally adverse
condition 13 not present at Yucca Mountain.

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

Evaluation

Before waste storage investigatlons began, twoe boreholes existed in the
area of the proposed site: Well J-13, which 18 7 kilometera (4 mileg) south-
eagt of the site, and Well J-12, which 1s approximately 15 kilometers
(9 miles) to the northeast. The elte is in au area of federally controlled
lands, most of which were restricted in the early 19508 to prevent publie
access. Furthermore, the entire area has been mapped by the U.5. Geological
Survey. Consequently, there is little likelihood that unknown wells, bore-
holes, or excsvatlions other than shallow proupecting pita exist st 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 1indicatea that
this potentially adversr condition is not present at Yucca sountain.

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

Evaluation

The resource-poteniial aurvey Found no indication o. material or
resources that are unique to the site or critical to national needs (see
favorable condition 1 for this guideline). Significant mineralization does
not generally sccur within the type of wvolcanic rock present 1n the area of
Yucca Mountain.  Furthermore, the survey {ndicated that any material
regources found In the site vicinity are also found outside thls area, Those
outalde the area typicslly have more economic value or are more easily
extractable.

Conclurion

There 1s no evidence of any aignificant c¢oncentration of potentiilly
valuable natural resources at Yucca Mountain that are not widely available
from other sources. Therefore, the evidence indicates that this potentially
adverse conditlon 18 not present at Yucca Mountain.

(5) 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 detall in potentially adverae condition 2 of Section 6.3.1.1
(Geobydrology). Although potsble ground water 1s present beneath Yucca Moun-
tain, future generatlons are not likely to drill and extract water from the
top of Yucca Mountaln, 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 Flsta and draws water from the tuffaceous aquifera, has not resulted
in measurable regional declines in the water tsble. This suggests that
ground-water extraction in Jackasa Flata would not likely induce significant
changes in the ground-water flow syatem. Furthermore, extenafve pumping and
drawdowm of the water table would improve the isolstion potential of the site
because it 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 uneconomlcal. Also, because of the low energy- and mineral-
potential of the Yucca Mountaln site, it 1s considered unlikely that any com-
mercial or industrial development that would use water, or require subsurfrce
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injectione of fluids, vould be located in the area. No military actlvities
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; copsequently, wodiflcation of the
ground-water flow system is unllkely. Water use or waste -'iuld production by
commercial resource development is not likely in the area. Furthermore, any
changes that increase the thickness of the unsaturated z no are likely to he
favorable to waste laolation. Therefore, the evidence inlicates that thia
potentially adverae condition is not present at Yueca Moun ain.

6.3.1.8.5 Disqualifylng conditions

A aite ahall be disqualified 1f--

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

Evaluation

Thorough examination of the Yucca Mountaln site and comprehenasive
searches of llterature and mlning claim files have disclosed no evidence of
ground-diaturbing activitiea. Searches have included the followlng:

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

2. A reaource-potential survey lncludilng searches of mining literature
and claim files for records of past interest in, or activity at, the
aite (Bell and Larson, 1982; Quade and Tingley, 1983).

3. Geologic mapplng 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 st the site.
The aite i8 in an area of federally controlled lands, most of which were
restricted in the early 19508 to prevent public gccess and thereby excluded
from the development of even small-scale mining operations.

Conclosion

There have been no previous exploration, mining, or extractlion actlvi-
ties for resources at the Yucca Mountain eite. No significant pathways have
been created betweean 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 1B disqualified {level 1).
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(2) Ongoing or likely future activities to recover presently valusble
natural mineral resources outside the controlled are¢a would te
expected to lead {» an inadvertent loss of waste ilsolztion.

Evaluation

As described in Chapter 3, Bell and Larson (1982) i{.vestigated the
reacurce potential around Yucca Mountain and identified n- energy, metal or
nonratal resources uniqua to the site vicinity or critice: to foreseeable
natlonal neads. Figure 6-~-23 ahows the location of metal ‘leposits, industrial
minerals, and thermal waters in the vicinity of Yucca Po.atain. Minor
amounts of uranium have baen reported west of Yucca Mour:ialn at Bare
Mountain, but no uranium mines or proapects have been daveloped. The neareat
mining activity is about 5 kilometers (3 miles) west of Yucca Mountain.
Industrial minerala are being extracted from shallow minee in that area,

Conclusion

Only shallow mining of industrial minerals now exists in the vicinity of
Yucca Mountain. HNo reaources have been identified that would be 1likely to
cause increased mining activities. There are no ongolng or expected future
activities to recover prasently valuable naturel mineral resources outaide
the controllad area that could be expected to lead to 1inadvertent loss. of
waote isolation. Tharefore, the evidence dose not support a finding chat the
alte is disqualified (level 1).

6+3,1+8.6 Evaluation and conelusion for the qualifying condition on the
natural resources part of the postclosure human interferemnce
technlical guideline

Eyaluation

A thorough examination of the resource potential for Yucca Mountsin has
been made, including geologic mapping of the area and a reacurcae-potantial
purvey. Theae atudies indicate no known natural resources or naturally
aoccurring materials that currently have significant commerclal 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, minirng, or exploration has not been found. Extensive ground-
water withdrawal near or at the site would be likely to improve the isclation
potential by increaaing 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 Yuces Mountain. PFurthermore, 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~
pervation of permanent markers. No site-apecific factors that would be
likely to compromise the effectivenesa of such markera have been ldentified,
and none are likely to be present. . :
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Conclusion

Currently, the “icca Mountain site has no known waluable natural
resources, and no natural resources have been ldentified chat are likely to
become sufficlently valuable in the foreseesble future :hat they would -
encourage interference activities that could lead to unacu.eptable releases of
radionuelides, The v»aly regource of value 18 ground wat :3r, and extenslve
withdrawal could faversbly affect portiona of the ground water flow system
important to isolation by iIincreasing the thickness of th: unsaturated zone.
Extraeme arlditvy and low population denalty help to guaiarree that an effec-
tive Bystem of permanent markera c¢an be iwstalled. The.efore, on the basis
of the above evaluatio:; the evidence does not support &« finding that the
sitc 18 not likely to meet the qualifying condition for postclosure human
interferanca (leval 3).

6.3.1.8.7 Plans for site characterization

Tha effects of ground-water withdrawal in various parts of the area sur-
rounding the Yucca Mountain site will be batter agtablished by hydrologic
information collected during eite charsctarization. Additional data on
hydraulic gradients and ‘relationships amoung ground-water basine and aub-
hasins will be particularly useful. for rafining reglonal hydrologic models..
The need for additional information on resource potential will. be evaluated
during site characterization,

vha e

6.3.2 POBTOLOSURE'SYSTEMHGUIDELINE (10 CFR 960.4+~1)
6.3.2.1 Introduction
The qualifying condition for thia guidellne 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
performance of tha entire waste disposal aystem after the repository has been
closed. These performance requirementa are based generally on the objective
of protecting the health and safety of the public until the radioactivity of
the waate has decreased to eafe levels (1.,e., 1,000 yeara) and specifically
on the requirements of ‘the U.8. Envirommental Protection Agency {EFA)

40 COFR Part 191 (1985)::and: the Nueclesr Regulatory Commiaaion {NRC)
10 CFR Part 60 (1983).
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The wagte disposal system consists of a natural barrier subsystem (the
geologlc setting at the slte) and an engineered barrier subaystem (the waste
package and the mined .epository excluding boreholes, shaits, and sesls).
The role of englneered barrlers as part of the total wastae dlsposal system is
recognlzed by both the ZPA snd the NRC; both of these ager«<ies have estab-
lished specific perfo-mance requirements or oblectives 1n 40 CFR
Part 191 (19B5) and 1 CFR Part 60 (1983}, respectively. However, the
objective of the siring guldelines is to ensure tha seleci! on of a site that
has the required capability for waste lsolatlion. For this reason, the merits
of the geologic setting at the site have been evaluated ‘ndependently from
any englnecred [eatures that would ba used, and engineere.: harriers hava been
consldered ouly where nacessary to establish a referance condition for

evaluating the potuntisl effectiveness of psrticular site conditions {Sec-
tion 6-402)0

At this stage of site investigations, the data that have been collected
and analyzed are Insufficlant for assesaing the performance of the total
waste dleposal system, 1ts sybsystems, and components or the uncartaintles
associated with each component. Such an assessment wlll he conducted aftey
site characterization and the Einal design of the repository have been
completed. Therefore, final concluslons about the ability of the Yucca
Mountain site to comply with Lhe postclosure system guideline are neither
possible nor expected at present. It is, however, poesible to make judg-
ments, based on the quantitative and gqualitative evalustions reported in this
section, about the degree of confidence that the site will indeed be shown to
comply with the system guldeline after site charascterization.

6.3.2.2 Evaluation of the Yucca Mountain site

The approsch used i{n evaluating the Yucca Mountaln site agalnst the
poatclosure system guldeline 1s both 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 conditions persisting 1n the future Is necessitated by the unavoidable
uncertainty about specific future conditions at Yucca Mountain {or any site).
The predictions are bagsed on limited information about the elte and simple
modeling techniques. Thelr sole purpose i8 to establigh the general range of
expected site performance.

The qualitatlve approach balances the potential Influences of the
favorable and the poteﬁ;ially adverse conditione in the technlcal guidelines.
This approach 1s judgmental hecause the relative importance of psrticular
favorable and potentially-adverse conditions musi be weighed in relation to
their potantial effectg on the behavior in the context of the overall setting
at Yucca Mountaind, Nonetheless, evaluations of the gite against these condi-
tiona can strongly. Indicate whether a site has the features needed for long-
term waste 1solatipn.

The data on which .the quantitarjve and, qualitative enalyses are hased

are summarized in sections 6,3.1.1 through 6 3.1.8. The aualyses of §Sinnock
et al. (1984) and Thompson et al. (1984) supplement the analyses in this
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section and provide ad'itional detatl. Sinnock et al. (1934) and Thompson et
al, (1984} also used early estimates of ground-water flux (5asu and
Lachenbruch, 1982) and estimates of matrix diffusion (Travis et al., 1984) in
gome of their calculat.ionsa,

6.3.2.2.1 Quantitstive analvaes

In Section 6.4.2, the predicted performance of sim 12 system and sub-
aystem models fs inforually compared with six regulatory ~riteria specified
by the U.5. Envir.nmental Protection Agency (EPA) (40 CFR -~art 191, 1985) and
the Wuclear Regulatory Commission (NRC) (10 CFR Part 60, 1983): the waste-
containment requlrements of 40 CFR 191.13, the indiviiaal protection
requirements of 40 CFR 191.16, the ground-watar protectlon requirements of
40 CFR 191,16, the ground-water travel time specified in 10 CFR 60.113, the
performance objective for the waste package epecified in !0 CFR 60.113, and
the fractional radinnuclide~release rate from the enginesred barrier system
specified {n 10 CFR 60.113 (see Table 6~51 in Section 6,4.2). The comparison
shows that the Yucca Mountain plte, as degeribed by the simple model dis-
cussed in Section 6.4,2, would meet all of these criteria. In regard to the
tsolation requirements of 40 CFR 191,13, the cumulative release of radfo-
activity (in curies) to the accessible envirvonment for the firat 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 4 corollary, releases to the saturated zone under Yucca
Mountaln are predicted to be zero for the firet 10,000 yesrs, and the modeled
system meets the ground-water protection requirements of 40 CFR 191.16, The
expected ground-water travel time 1s greater than 10,000, with an average
travel time of 43,405 years; hence the modeled system also meere the perfor-
mance objective of a 1,000-year pre~waste-~emplacement ground-~water travel
time in 10 CFR 60.113. The lifetime of the model waste package is expected
to exceed 3,000 years, which 1s substantially longer than the performance
objective (300 to 1,000 years) of 10 CFR 60.113. ¥Finally, 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 million per
year or less, which is only one-~thousandth of the limit specified in
10 CFR 80,113, a release of I 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 detail by Thompaon et al, {1984) and Sinnock 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 1s probably 0.5 millimeter (0,02 inch) per year (Section 6.,3.1.1.5).
They chose a vertical flux through the repository 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 atudlies of Sase and Lachenbruch
{1982). The relesse of radionuclides into this flux was assumed to begin 300
years after waste emplacement, The release race was assumed to be determined
by an overall waste-dissolution rate of one part im 100,000 per year of the
total maes of the waste {in the form of both spent fuel and high-level waste
converted to boroeilicate glass). Sorption waa the only retardation
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machanism assumed to a-fect radicnuclide transport in the woving wuter. 1In
this study, only two radionuclides, carben-14 and techaetium—~99 (both
nonsorbing), were predicted to reach the accessible environment (at 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 tona of i2avy metal (MTHM) were about 1 curin of carbon-l4 and
8 curies of technetiuws~9%, The release limits establigh-i1 by the EPA for
thega nuclides in &40 {FR Part 191 {1985) are 100 and 10,0ui, curias par 1,000
MTHM, respectively. Thus, the early quantitative analys: 3 nf Thompson et al,
(1984) indicated that the site, in and of 1itself, could .‘mit radionuclide
releases to the accessible environment to about 2 percent ¢ thome allowed by
the EPA standards provided that flow was 1in the rock matrin,

More recently, Sinnock ot al. (1984) analyzed the sensitivity of
releases (both from the waste form and to the accessible environment) to
varlations 1in the water flux through the repoasitory and to waste-form
solubility, Theilr results indicate that the Yucca Mountain site would comply
with the establleshed EPA release limits even 1f the watwr flux reached
20 millimeters (0.8 inch) per year, &ssuming that radionuclide relecases from
the waste forms are limited by the solubilicy of uranium oxide and glsse and
the phenomenon of matrix diffusion (Travis et al., 1984} retards transport in
fractures by a factor of at least 100, and perhaps 400, The results of this
study also suggest that the NRC limits for the fractional radionuclide
ralease rate from the englneered barrier aystem can be met without any
engineared barriers other than the waste form because the amount of water
likely to be in contact with the waste 1s insufficlent to cause higher rates
of waste dissolution.

Three conclusions can be derived from the study by Sinnock et al,
(1984). PFirst, flux values up to 40 times the current upper bound of
0.5 millimeter (0.02 inch) per year are not expected to cause releases Lo
exceed limits, Second, the unsaturated zone 18 favorable for wasta 1solation
because waste dissolution is limited by low flux. Third, geochemical retar-
dation (sorption) 1s not necessary to satisfy performance objectives, and
hence the presgence of & zeolitized zone beneath the repository horizon
provides additional asaurance that radionucliide release and transport will
not eoccur even under extreme conditlons. However, the study did rely on the
phenomenon of matrix diffusion Lo meet standarde at the higher values of
flux.

The performance studies summarized above are first steps Loward
developing confidence in the waste-~isolation capability of the geologic
setting at Yucce Mountain., They do not aeubatitute for the detailed
performance assesament that will be made after data from site character-
izatlon become available. These preliminary studies have used =znalytical and
computational tecols that are considered valid and reasonable, but have not
all been formally validated and verified. PFurthermore, these preliminary
studies have not considered disruptive eventa and processes that could alter
the expected pattern of waste release {i.e., climatic changes, tectoniem,
erosion, and humen interference). Although some discussion of disruptive
events is given in Section 6.4.2, a complete set of disruptive-event
scenarios perctinent to Yucca Mountain cannot be 1dentified until eite
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characterizacion is coupleted, Many of the favorable and potentially adversa
conditiong in the guidelines deal with potentially discuptive events., The
evaluations in sections 6,3.1.1 through 6,3.1.8 summarlize the kpowledge, soms
of which 1a quantitative; that has heen gathered about thex.

To compensate fo. uncertaintieo caused by limited in»:nation about the
glte and the design o¥ the repository, many of the assump ions uced in thase
preliminary studies are conservative, 1In particular, the following conserva-
tive assumpticons should be noted:

1. 1In some of the studies, no credit wes taken for «:gineered barriers
in evaluating the performance of the repoaitory, even though a
realigtic evaluation cannot be made without cansidering the
contribution of enginesred harriers,

2. In some of the gtudles, the percentage of tha total water flux
passing through the reposltory that actually reaches and dissolves
the waste was aspumed to be much higher than 1a likely (see tha
discuasion of the gechydrology disqualifying condition 1in Bection
6.3.1.1.5).,

3. 1In all of the studies, a uniform vertical downward flux at the
repository level was assumed. No consilderation was given to the
poselble divergion of some or of all the percelating water along the
generally longer, horizontal flow paths by stratigraphic or
structural featurea in the rock unlts helow the repository.

4. In some of the earller studiers, the thickness of the unsaturated,
highly eorptive tuffaceous beds of Calico Hille was assumed to be
only 100 meters (330 feet) for the calculaclone of flow time sand
radionuclide transport. However, the thickuness of the Calico Hills
unit below the proposed repoaltory horiezon is 100 to 350 meters
{330 to 1,150 feei) (see Flgure 6-2),

5. None of the studies took credit for the potential drying effect of
heat emitted by the waste on the rocks around the waste-emplacement
holes or on water entry into waste dieposal contalners {see the
discusaion of the geochemistry second favorable condition 1in
Section 6.3.1.2.3).

In combination, the results obtained using these conservative
asgumptions lend confidence o the conclusion that, after site characteriza-
tion, the Yucca Mountain site will bhe shown to meet the pOstclosure systam
guideline (10 CFR 960.4-1(a), 1984). :

6.3.2.2,2 Qualitative analysis

The evaluatlonse againet the favorable and potentlally adverse conditlons
of the poatclosure technical guldelines show that the Yucca Mountaln site
renalne eligible under all of the poatclosure technical guidelines and 1la not
digqualified under any of the five postclosure guidelines that contain a die-
qualifying conditicn (eections 6.3.1.1 through 6,3.1.8), Conclusions about
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elte guitability will “e reevaluated after site characterization, when addi~
tlonal site data and :‘esign Iinformation are available., These preliminary
evaluations lead to diiferent levels of confidence about compliance with each
postclosure guldeline. The leval of confidence 1s the hithast for meering
the guidelines on ercsion, dlgsplution, and human interfcience; 1t is only
slightly lower for thr guldelines on geochemistry and roc¢k zharacteristics.
The potential of the 3ite to meet the guldelines on geo drology, climate
change, and tectonlce engenders the most uncertainty, . no lnstance,
how2ver, 18 the level of confidence low enough to jJust'f a finding that
Yucca Mountain deoes not qualify, or i1s disqualified, wi.h :espect to any of
the technical guidelines,

Remaining wuncertaintiea in evaluatlong of the site against the
postclosure tzchnlcal guidelines stem from the scarcity o7 data, incomplete
understanding of certain natural phenomena, and inabillty to quantify the
likeltihood of human intrusion in the diatant future. Geaerally, the more
important of these uncertaintiles are the potentlal for rapid ground-water
flow through fracturea and for large rises In rthe water table in the presence
of other potentially adverse conditlons at the site. The principal natural
phenomena for which incomplete understanding leads to uncertainty are ground-
water flow, expected climatlc changes, oxidizing conditions in the unpatu-
rated zone, and tectonle processes, These and other phenomena that might
gignificantly affect waste iaolatlion are evaluated in the appropriate
gectiorns In this chapter, The implications of the potential effects on waste
isolation are not fully understood at present, although certein preliminary
obseryations can be madae,

Oxidizing conditicns around the waste might seem to indicate an
Increased potential for releases of radionuclides from the engineered
barrier syscem, although these conditions are not expected to cause serious
problems (pee discussion of potentially adverse coudition 3 in Section
$+3.1.2.4). On the other hand, the current Iinformation about the water flux
and geochemical retardation at Yucca Mountain suggests that they will
decrease the potential for releases of radionuclides to the accessible
environment. As discussed below, the low flux expected for the unsaturated
zone at Yucca Mountaln would Increaame travel times and limit waste~
digsolution ratem to extremely low levels. The presence of engineered waste
dieposal containers would provide additional assursnce that the oxidizing
conditions, in particular, will not result in unsatisfactory performance.

The possibility of adverse effects due to tectonic activity can be
examined by studying their effects on ground-water flow. The parametric
analyses by Sinnock et al, {1984) included evaluations of performance under
ground-water fluxes of up to 20 millimeiers {0.8 inch) per year, which 18 at
least 40 times higher than the maximum flux expected at and below the
repository level. FEven guch high fluxee did not cause the predicred releases
of radionuclides at the accessible environment to exceed the proposed
U.5. Environmental Protection Agency standards. Current estimates of the
most likely fiux passing through the host rock at Yucca Mountain indicate
that fracture flow is presently not significant and further tectonically
induced increases 1n fracture density in the host rock would not be likely to
affect radionuclide migration. Furthermore, the rocks of Yucca Mountaln have
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been gubjected to active tectonism for millions of years and are already
highly fractured 1in thy units that are brittle enough :ic fracture,
Therefore, any increase 1Iin fracturing 1s expected to bhe rnilnor, unlewss the
tectonic regime were t¢ change drastically. Overall, tectoule processes will
probably have negligible effects on flow mechanlems 1In the .bsence of extreme
and rapid climatcic charges,

The effecte of posgible climatlc changes represent ¢ area of concern,
Posgible increases on unsaturated zone flux, 1lncreased wa..r table altitudes,
and changes in traneport processes in both the uusaturz:-¢d and saturated
zoneg will be carefully evaluated dueting site characterinirion, To date, it
appears that posaihle c¢limate changes over the next 10,000 years are unlikely
to cause significant changes in the potential Ffor radionuciide releases to
Lhe accesalbls environments,

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

In gummary, the hydrologic conditcicns alone are believed to be suf~-
ficlent to compensate for the potentially advarse conditicne outlined above,
Other favorable conditions for rock characteristics, erosion, and human
interference relnforce the belief that the waste-isclation capabilitiea of
Yucca Mountain are not likely to be serlously impaired 1n the future,

Therefore, even though Yucca Mountain possesses some potentially adverse
conditiona, the current underscanding of these conditions leads to the -con—
clusion that they will not cause amignificant riska for future generations,
This conclusion must be more firmly established by quantitative analyses of
both the likelihood {(when pomssible) and the consequences of the potentially
adverse conditlons. Tn addition, the satisfactory performance inferred From
the presence of the favorable conditions currently thought to exist at Yucca
Mountain must be confirmed with more comprehensive analyses. Proceeding in
parallel with site characterizatlon, such analyees would identify the most
important conditiona for cousideration and provide a documented and realistic
assesgment of the rigks poaed by a repoaitory at Yucca Mountain,

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

Preliminary quantitative performance studies support the conclusion that
a repopltory at Yucca Mountaln qualifies for site characterizstion under the
postclosure system guideline, 10 CFR 960.4-1(a) (1984), because it would meet
the U.S. Environmental Protection Agency standarda in 40 CFR Part 191 (1985)
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1f present hydrologic, piclogic, and geochemical conditlons (8s presently
understood) persist for the next (0,000 years. Furthermore, 1t is iikely
that the Nuclear Regulavory Commiselon limits on release vates from the
engineered barrier system {i.e., ! psrt in 100,000) could be met. These
concluaions ware drawn irom several Independent preliminary quantitative
analyses and qualitative 3judgments basad on site conditions.

The ceffects of poientially disruptive events or proc.sses, such as
climate changes, tectoulsm, extrame erosion, and human inte: ference have not
all been addressed by quantitative analyses, hut no rea! s.ic and likely
mechanisms for repository failure through such events ov frccesses have been
identified to date. Qualitatively, the Yueca Mountain s8it¢ Is judged to be
qualified under all eight of the poatclosure technical guldsiines and 18 not
disqualified under any of the five guldelines that contain a disqualifying
condition. This conclusion is supported by the overall balance between the
favorable and the potentilglly adverse conditlons i1dentifled at Yucca
Mountain. Although the level of confidence about the existence and the
effect of indlvidual slte conditions does vary, the favorehle ampects of a
very small water flux and good geochemical retardatlon contribute to the high
degree of confidence about the ability of the geologic setting to isolate the
waste. Therefore, the evidance does not support a finding that the sitae is
not likely to meet the qualifying condition for the postciosure system
guldeline (level 3),

6.3.3 PRECLOSURE TECHMICAL GUIDELINES

This section preaents preliminary evaluations of the Yucca Mounteln eite
agalnst the preclosure tachnical guldelines that require site character-
1zation for the demonstration of compliance. These technical guldelines are
related to the preclosure system guldeline on the ecase end cost of repository
siting, constructiou, operation, and closure (10 CFR 960.5-1Ca}(3), 1984).
They are concerned with surface and rock characteristics and hydrologie and
tectonle conditions.

6.3.3.1 Surface charscteristica {l10 CFR 960.5-2-8)

6.3.3.1.1 Introduction
The qualifying condition for this guldeline 18 as followa:

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

The concerns to be addressed under thie guideline are related primarily
to topographic features that control placement of or otherwise impact surface
facilities. Speclal ueasures may be necessary for reposi.ory construction,
operation, and closure in sites prone to perlodic floodiy , located in rugged
terrain, or with other adverse surface features,

This guldeline coreists of two favorable conditfons, sne potentially ad-
verge condition, and one qualifying condition. The Yucce Mountain site is
evaluated wlth respect to each of these conditions in the following sections,
and Table 6~35 summarizes the pertinent findinge for thess conditioms,

6.3.3.1.2 Data relevant to the evaluation

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

Flood peaks have been estimated for the 100-year, the 500~year, and the
reglional maximum {most intense) floods for the eastern part of Yucca Mountain
and Fortymile Wash (Squires and Young, 1984}. The prediction of the regional
naximum flood was bagsed on data from floods elsewhere In Nevada and 1in sur-
rounding states, The water depths predicted for major channela during floed
peaks are based on the estimated runoff produced during extreme storm events
and cthe capacity of the drainage system,

Asgumptions and data uncertainties

Uncertalnty in topographlc deta originates in the accuracy of the photo-
grammetric process and field survey data. The accuracy of topographic data
requires an evaluatlon relative to the purposesa 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 associated ground~survey control are sufficlent to provide
the higher~detall maps that will be required for construction. The flood
predictions and regional geomorphic Iinterpretations are partly qualitative,
but they are based on prevailling sclentific methods. No site~specific flood
or runoff data are currently available 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)

Condition

Department of Energy (DOE) finding

FAVORABLE CONDITIONS

(1) Ganerally fiat terrain.

(2) Generally well drained terrain.

The evidence indicates that this favorable condition
is present at Yucca Mountaln: surface facilities
and access routes will be located in areas with
generally flat terrain.

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

POTENTIALLY ADVERSE CONDITION

Surface characteristics that could lead to flood-
ing of surface or underground facilities by the
occupancy and modification of floedplairs, the
failure of existing or planned man—made surface—
water impoundments, or the failare of -engineered
components of the repository. g

QUALIFYIRG

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

The evidence indicates that this potentially adverse
condition is present at Yucca Mountain: . arroyo
drainage system 1s 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 dralmage control measures are considered
adequate to protect surface and underground
faclilicies.

CONDITION

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




6.3.3.1,3 Favorable conditions

{1) Ganerally fls: terrain.

Evaluation

The reference c¢uiceptual aite for the surface fgefilsies of the
repository and exploratory shaft Is on the eastern side -f Yucca Mountain
{Nesal, 1985). The site is gemnerally flat and covered with alluvium derivaed
from adjacent highlanda. The surface slope 18 less thar ! percent and, Iin
several places, less thin 3 percent, Thus, even though ‘erraln directly
above the area p~oposed for the underground facility 1. rugged with
establishad drainage channels, the surface facilities and access routes would
be located in an area of generally flat terrain.

Access to the surface facilities would be provided by rall and highway.
Detailed descriptionea of ths characteristics of these access routes are given
in Sectlon 5.3. A major design consideration Is protection for the bridge
plers and abutments that would be built across Fortymile Wash because large
volumes of water and debris move down the wash during severe atorms. The
necessary dralnage control measures are not major, but the bridge pilers and
abutments must he wall designed to ensure protection against damage.

Concluaion

The surface facilities, shafts, and the access routes to them can be
located in generally flat areas wlith alopea of legs than 5 percent.
Therefore, the evidence indicates that thls favorable conditionm L8 present at
Yucca Mountain.

{2} Generally well-drained terraln,

fivaluation

The drainage systems at Yucca Mountain are well developed; they have
been identified from topographic maps (USGS, 1961) and aerial photographs,
The conditions that contribute to effective and rapld draiunage 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) 1in the Yucca
Mountaln area (Section 6.,3.1.1).

Conclusion

Yucca Mountaln has a well-established drailnage system., The conaistency
of slope directlion coupled with the evenness of the surfaces, the depth to
the water table, and the porous nature of the alluvial soils, suggest that
the area will not pond water. Therefore, the evidence indicates that this
favorable condition is 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 fallusre of existing or planned man-made gv:face-water
fmpoundments, or the fallure of engineered componenta of the reposi-

Eory. .

ﬁvaluation

The current reference location for the surfagl facilitv (Neal, 1985) is
entirely outside the main-channel flood zones predicted fo: the 100-year
flood {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 areas can be protected by standard drainage
control measures such as channel lining and by diversion during construction.
Neither lining nor diversion is expected to be a major cost. Moreover, the
repogitory at Yucca Mountain {s not expected to contaln suy engineered com-
ponente whoee faillure could lead to significant flooding of the underground
facllity.

The washes emerging from Yucca Mountain have generally steep slopes and
are capsble of moving large volumes of water and debris, including large
boulders, The proposad exploratory shaft site 1n Coyote Wash 1s within
50 meters {160 feet) of a small colluvisl slump debris—flow deposit. Similar
depogite are probably present elsewhere at Yucca Mountain, and such deposi-~
tional sites will be avolded in choosing a locatlon for repository structures
and ventilation shafta. These facilities will not be placed in potentially
adverse locations; alternatively, drainage control measures will be used,
Relocation can be accomplished at minimal, cost; if any, likewlse, protective
measures such as channel lining or diveraion are not expected to add signif-
icantly to the cost of the repository. There asre no nearby existing or
planned man-made surface-water impoundmentse that could flood a repository at
Yucca Mountain., The engineerad componenta of the repository are not likely
to fail because theilr design and specifications will be Iindependently
examined by the Nuclear Regulatory Commission and adequate sgafety factors
will be used during design, construction, and operatiom.

The flooding potential predicted for the Fortymile Wagh system Is based
on conditions that can be expected during the rare but extreme mateorological
events that occur in the area {(Section 6.2.1.4), These predictions are
derived from data for similar events in the region. The flood~potential maps
are reagonable first estimates that can be used 1in planning, and the maps
will be revised on the basis of additional field geomorphic data. To verify
the flooding predictions, fleld inveatigations, including the collection of
runoff data, are under way. These investigations will include the mapping of
areas that were subject to flooding during Helocene time and a calculation of
the probable maximum flood (PMF) during site characterization,.

Conclusion
The arroyo drainage system leading away from Yucca Mountain 1a subject

to localized flooding and debris flows during rare extreme storms. These
stoerms could result 1n flooding of the surface or underground facilities due
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to possible sheet flow. However, the impacts of this infrequent localizaed
flooding can be mitigited during repository sicing, constvuction, operation,
and closure, On the basis of the potential for sheet flow, the evidence
indicates that this potentially adverse conditlon I[a present at Yucea
Mountain,

6.3.3.1.5 FEvaluaclon and conclualen for the qualifying <(ondition on the
preclosure surface characteristice guldeline

%

Evaluation |

The conclusiona about the suitabilicty of the surface characteristics at
the Yucca Mountain eite ara largely qualitative; they are based on the engi~
neering and sclentific judgment of the many proflessional c¢ivil engineers and
geologiste who have examinad the available topographic, geomorphic, and flood
potential data for the site,

The alluvial area on the eastern slde of Yucca Mountain ig well drained
but also subject to overflowe of water from the existing arroyos during
extreme atorm events (100~year, 500-year, and regional maximum floods), As
indicated hy their recurrence intervals, these floods are very infrequent and
of such short duration that they would not aignificantly affect the siting,

conetruction, operation, and closure of a rapository. The effects of these
extreme cvents, as well as debris flows and sheet flow, cen be readily
mitigated ueing standard dralnage control measutes,

ponclusion

The surface and underground faciligies can be located where the surface
characterisgtics would not adversely affect aeilther the ease or the cost of
repository aiting, construetion, operation, and closure. The current refer-
ence sutface facility locatien is well drained but may be subject to iInfre-
quent floods and sheet flow whose impacta can be mitigated easily using
standard dralnage control maasures without incurring major costs. Thereforae,
on the basis of %he above evaluation, the evidence does not support a finding
that the site is not likely to meet the qualifying condition for preclosure
gurface characteristics {level 3).

6.3.3.1.6 Plans for sita characterization

Site-specific meteorcological data will be obtained and rhould allow
better planning for the drainage control measures chat are needed to ade-
quately protect the surface and underground facilities, Field investigations
and laboratory testing to determine soil and bedrock properties will be con-
ductad to determine improved locations for the repesitory surface facilities.
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6.3.3.2 Rock characteristics {10 CFR 960.5-219)

6.3.3.2.1 Introductic:

The qualifying conditien for this gufdeline 15 as foliows:

The site shal) be located such that (1) the thickness and lateral
extent and the c'argeteristics and composition of thc “host_rock
will be suitable for asccommodation of the undergroun  facllity;

(2) the repository construction, operation and clogyte will not
cause undue hazard to perscnnel; and (3) the requir‘nnnta ppecified
in Section 960.5-1(a}(3) can be met.

The objective of this guideline 1is to ensure that duc consideration is
given to the host-rock characteristics that may affect (1) the ease and cost
of repositery siting, construction, operation, and closure, 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 under ground openings, and conditiéns that

allow the congtruction of shafts and the underground facility with reasonably
avallable rechnelogy.

The preclosure rock characteristice guideline consigts of two favorable
conditiona, five potentially adverse conditions, one disqualifying condition,
and one qualifying condition. The evaluations reported below are summarized
on Table 6-39 for all conditians axcept the disqualifying condition.

6.3.3.2.2 Data relevant to the evaluation

Summary of availlable data

Avallable data indiga;a~that'tock with acceptable characteristice for
locating an undergrouad facility are present beneath Yucca Mountain (Sinnock
and Fernandez, 1982; .Sipnock et al., 1986; Mansure and Ortiz, 1984).
Detailed surface mapping-(Seott and Bonk, 1984} and core samples from drill
holes led to the initial {dentification of foor potential horizoms for the
underground facility; samples from the potentlal host rock obtained from core
gsamples 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., 1584; Price et al., 1982a,b; Price, 1983). A
three-dimensiecnal geologic model of Yucca Mountain-is presenred in Nimick and
Williama {1984). Additional data are available on borehole and tunnel tests
and measurements Iin tuff (Healy et al., 1984; Tyler and Vollendorf, 1975;
Ellis and Ege, 1976; and Warpinski et al., i978)

The relative suitabillties of the four potential herizons have been
compared on the basis of minability, excavation stability, max fmum cqpacity
for gross thermal loading, far-field thermomechanital  responses, and
potential groundwwater travel times (Johpstone et al,,” 1984) Geoengineering
properties of the four horizons are reported in Tillersan 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

A hoz. rock that is gufficiently thick and
laterally extensive to allow significant flex—
i1bility fo 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 construction, operation, and closure.

The evidence fodicates that this favorable condition
is not present at Yucca Mountain: sigaificant
lateral flexibility cannot be claimed uatil site-
characterization data are available.

The evidence indicates that this favorable condition

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

POTENTIALLY ADVERSE CONDITIONS

A host rock that 1s suitable for repository
congtruction, operation, and closure, bur is
so thin and laterally restricted that lictle
flexibiliry i{s available for selecting the
‘apth, configuration, or locationm of an
underground facility.

In situ charecteriscics and conditions that
could require engineering measures beyond
reasonably available technoiogy in 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 wmethods.
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Table 6-39. Summary of analyses for Section 6.3.3.2;

rock characteristics (10 CFR %60.5-2-92) {continued)

Condition

Department of Energy (DOE) finding

{3) feomechanical properties that could necessi-
tate extensive maintenance of the underground
openings dwring repository operaticn and
Covie ILE -

(4) Potential for such phenomena as thermally
induced fracturing, the hydration and dehy-
dration of mineral components, or other
phvsical, 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 cthat
could comproeise the safety of repository
personnel because of water inflow or com
gstruction problems.

QUALTIFYING

The nite shall be located such that (1) the
thickness and lateral extent and characteristics
and compcsition of the host rock will be sultable
for accommodation of che underground facliilty;
{2) repository construction, operation, and clo-
sure will not cause undue hazard to personnel;
and (3) the requirements specified in Section
960.5-1{a){3) can be met.

The evidence indicatea that thla potentially adverse
condition 1s @not present at Yucca Mountain: conven-—
tional rock bolts and wire mesh are expected to
provide adequate support and reguire minimal
malatensnce.

The evidence indicstes that this potentially adverse
condition 1s not present at Yucca Mountsin: welded
cuff f{s expected to have sufficient physical and
chemical stability to ensure safety and retrievabil-
ity; no potentially hazardous physical, chemical, or
radiaclon—related phenomena have been ldentified.

The evidence indicates thst this potentially adverse
condition ig not present at Yucca Mountain: aon
upsaturated zone repository is not expected to have
water in flow, and stratigraphic and strucrtural fea-
tures are not expected to ccmpromise safety.

CONDITION

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

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

Information from Kendoraki et al., (1984) 1s used ¢ evaluate the long-
term atability of shotcrete lining in tunnels. Acclde:t etatistics from the
hardrock metal-mining industry and from the Nevada Tes: .iite excavations are
used in the discusaica of oparational eafety (Schueler, i985). Information
on accldent experience in tunnels at the NTS is availabl. in Duunam (1985)
and Tibbs (1985). The concepts of the safety orders presented in DOE (1981)
and the California Department of Mines safety orders hsavs been incorporated
into the aafety atandards and enforcement practices now used [or Ctuanel
congdtructlon at the NTS,

Assumptions and dats uncertaintles

The analyses of the sultability of rock characterlgtice are based
primarily on data from surfuace recounnaisaauce and borehcles. No major
excavationa have been made at the Yucca Mountaln site, and there 1s no
experience with excavations in the proposed horizon elsewhere in the area.
However, extensive tunnel systems have been excavatad in the bedded snd
welded tuffs at Rainler Mesa on the NTS. As part of rhe Nevada Nuclear Waste
Storage Investigations Project, 1n situ experilments have been initiated in
one tunnel 1in Ralnier Mesa (G-Tunnel) In a welded tuff unit with aome
characteristics that are simllar te those expected in the repository horlzon.
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 horizons. Data obtained from the
exploratory shaft end related boreholes will significantly expand the
exlsting data base that is belng used for conceptual design of the repasitory
and deelgn analyses. As part of the preliminary conceptual design and
related work, a study wag made addressing how varlations in geologic .and
geophysical propertles Impact repository planning and deasign (Dravo
Engineers, Inc., 1984). New Iinformatlon obtalned during saite character-
ization may lead to some changea In the design of the repository, but these
changes are expected to be within the limits expressed in the original
raference repogitory design (Jackson, 1984). The thermomechanical modeling
of the potential repository horizons (Johnstone et al., 1984) is considered a
preliminary evaluation. Valldation of this model and additional modeling.
will be addressed durlng site characterization. The degree of confidence in
both the existing dats for the slte and the analyses made with the data is’
considered more than sufficilent for a preliminary evaluation against the
preclosure guildeline on rock chgracteriatics.
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6.3.3.2.3 PFavorable cenditions

(1} A host rock -hat 1s sufficlently thick and laterzlly exten-
give to allow sirnificant flexibllity in selecting che depth,
configuration, ani location of the underground facility.

BEvaluation

Flexibility 1in locating the repository is important «cause sufficient
optlons should bhe available to construct the undergroun’ “acllity away from
aregs of geologic anomalies, should they be found, N snomalies arg
axpected, except for miaor faults and assoclated breccias. None of these arve
Iikely to have significant adverse affects on mine stabili-y. Flexibility’
related to waste emplacement in horizons other than the Topopah Spring Member
was discussed in Section 6.3.1.3 (Postclosure rack characteristics). This’
avaluation examines emplacement only in the part of the densely welded,
devitrified Topopah Spring Member that contains less than 15 to 20 percgent
lithophysae. '

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

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

749 hectares (1,850 acres)} of area 1 are potentially usable on the basls of
the disqualifying condition for erosion, which requires a 200-meter
(656-foot) overburden. The acreage required for a repository that fis
deslgned to accomodate the equivalent of 70,000 metric tons of heavy metal
(MTHM} is approximately 616 hectares (1,520 acres) (Mansure and Orciz, 1984},
suggesting that additional acreage outside area 1 may be needed for signifi-
cant lateral Fflexibility 1in repository design. Area 2, a primary area for:
extending the underground facility from area 1, contains about $10 hectares
{2,250 acres) and is similar to ares 1 in fault density., Data for area 2
are limited to those obtained from surface mapping and extrapolation of drill
hole data obtafned mafnly in and around area ]. TIf extension of’ the
underground facility from area 1 1e required to provide lateral fiexibility,
additional geclogic charactertzation will be required to determine how much
of this area 1s usable. Areca 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 reald also violate the disqualifying conditiom for
200 meters (656 feer) f overburden. Area 5 contains about 202 hectarea
{500 acres), and area i- contains |,072 hectares {2,650 acves), Area 6 has a
very complex fault atri:cture with steeply dipping faults, end part of area 6
may not meet the 200~water {(656-foot) overburden requiremevt,

The repository erselope 1s conservatively assumsd to irequire 45 meters
(148 feet) (Mansure arnd Ortilz, 1984). Basic requirement: for the potential
host rock are the presence of sufficiant overburden and : wufficlent thick-
nese of sultable host rock to contain thig envelope. Ma s,re and Orciz
(1984) show rthat the approximate thickness of the prefer.a) host rock te on
the order of 100 to 175 meters (330 tc 575 feet) within w @ 1. The over-
burden at Yucca Mowntain, as discussed in Section 6.3,1.5 (3Zrosion), is more
than 300 meteru (984 feetr} over about 50 percent of area }, 1In area 1, the
thickness of rhe relatively lithophyasae-free part of the densely welded
Taopopah Spring Memhber variea greatly; however, 1t Is 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 Lhe lower portion of the Topopah Spriung Member, which is relatively
free of lithophyasase, and the upper portfon, where lithophysae are more
abundant. At low percentages, lithophysae have 1little effect, At high per-
cantages lithophysae could change the thermomechanical propertlies of the
rock, possibly to the point that minability and ground-support requirements
may be affected. Although the preferred horizon 1le expacted to have less
than 15 to 20 percent lithophyeae, this 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 sectilon, A~A', through ares 1 and the possible
location of the underground factlity. The preferred host rock 1s near the
bagse of the untt marked Tpt, The basis for chooalng this unit and other
horizons considered as potential repository horizons are dlscuased in
Chapter 2 and in Sectlon 6.3.1.3 {Postclosure rock characterlstics). 1In
locating a preliminary horizon that represents the underground~facility
volume, Mansure and Ortiz (1984) considered the dip and thickness of the host
rock, the lithophysal content, and cverbutden requirements. The preliminary
choice of horlzon, shown 1n Flgure 6-25, may change durlng site
characterization. However, a single surface should be avallable that will
gatlsfy all current design criteria. The strike and dip of the underground
facility envelope (N 11° W, 5° E} will not result in grades too ateep for
waste~handling equipment. The strike &nd dip of the surface assumes a 5°
east slope and a 1° north alope. Data pgathered during site characterization
will be usged to detevmine whether the lateral extent of tha host rock is
sufficient to allow the position of the underground Facility to be more
nedrly horizontal.

Conclusion
The potentlal host rock at Yucca Mountain is sufficiently thick to
provide significant vertical flexibility in the placement of the underground
facilicy. 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 thet may be sultable, but additional exploration will be
necessary to claim slgiificant lateral flexibility. Therefore, the evidence
indicates that this fa-orable condition 1a net present at Yucca Mountain.

{2) A hoat rock with characteristics that would requ’ re minimal
or no artiflicial aupport for underground openinge to crsure safe
repository construction, operation, and closure.

Evaluation

Artificial support for underground openings is rout’: ly used to ensure
the atability of the openlngs and the safety of workexs, The requirementa
for such artificlal support sre estimated by engineering judgment, experience
galped from excavating rock types with similar characteri.vics, and calcula-
tions that simulate the expectad rock belhiavicr. The analyses and judgments
used to support the conclusious of this section were developed from avallable
core~-property data, extrapolations based on rock-msss classification tech~
niques, finite-element analyses of the mined openings, and minability
asgessments.

Techniques for classlfylng rock masses use compilations of existing
underground-support practice, categorized according to parameters recognizaed
as 1lmportant, to estimate the required support for underground opeunings.
These techniques are extremely useful in the preliminary design or
feasiblility stages of a project because they allow designers to make ratlonal
and generally conservative judgments about expected conditioms. The rocks of
the Topopah Spring Member have been aasigned a range of rock-mass quality
values based on avallable core data. Two widely used classification
techniques were applied (Dravo Engineers, Inc., 1984):; (1) the Councll for
Sclentifie and Industrial Research Classification System and {2) the Norges
Geotekniske Institute Classification Syastem. The rock-mass classificatiouns
derived from these two systems cover a range of values. A conservative
approach to support design was taken by chooslang conservative ranges for the
input parameters. Given the assumption of & 6-meter {20-foct) span and the
classlfication values, ground-support requirements can be estimated (Dravo
Engineers, Inc., 1984) for the full range of expected conditions., The
expected support reguirements include (1) 2.5- to 3I-meter {(B- to i0-foot)
leng fully grouted wock bolte on a l.5-meter (5-foot} grid spacing with steel
wire mesh covering the rock surface for safety; {2) poasibly shorter supple-
mental bolts added on a staggered grid spacing; and {(3) in some instances
5 to 7 centimeters {2 to 3 inches) of shotcrete applied to rock surfaces.

There 18 no direct experlence with excavation support requiraments in
the Topopah Spring Member at Yucca Mountain. However, these support require-
mente can be compared with experlence in similar tuffs at the Nevada Test
Site {NTS), The geologlsts and engilneers familiar with tunneling and ground-
support requirements for the welded Grouse Canyon Member at G-Tunnel at
Rainier Mesa have suggested that the support requirements for the welded
Topepsh Spring Member at Yucca Mountain are likely to be similar (Ortego,
1983). The ground-support practice experlence for the Grouse Canyon Member
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has been documented (Ortego, 1985), and conslsets of 2.5-meter (B-foot) epony
grout-anchored rock kaits on a 1 by 1.3 meter (3 by 4 footr) spacing, supple-
mented by wire mesh., <or the sectlon of the tumrnel that %4as been documented,
Ortego (1985) noted Lhat thils aupport practice has proven to he adequate to
date with no stabilitvy problems 1in the three years since :unnel construction.

The estimated giound-support requirementa for a regos.tory at Yucca
Mountain are consideresd to be minimal in comparison with che ground support
uased in similar uuderground construction projects. For «ivil works such as
tunnels, underground rall stationse, and power planta, Lie support require-
ments for excavatlon stablility are deaigned with safet; factors that are
several times larger tnan would be used for a mine or ta. sorary excavation,
Rock bolte and wire mesh are typlcally consldared to be twe minimal support
for civil worke projects, 1f for no reapon other than worker safety. Major
gupport requlrements, such aes steel sets or relpforced cuvacrete, are not
expected to be reguired at Yucca Mountaln except perhape Iin speclal areas,
such as access rampa, shafr openings, and fault zones, The use of rock
bolts, wire mesh and, in some instances, shotcrete sprayed on walls has the
advantage of sagy malntenance over an extanded time, fuvrther emsuring the
stabllity of mine openings through repository closure.

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

Long~term stability conslderations for excavations in tuff must also
include poasible detrimental effects of the emplacement environment on the
elementa of the support system. For the emplacement drifte at Yucca Mountain
two such considerations 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 dieposal contalners could affect the
stabllity of the epoxies cthat are used at the NTS to anchor rock bolts.
There are several spproaches that could be used to deal with this sicuation,
should it be identifled as a problem affecting drift stability. One approach
would be to use an epoxy with a higher temperature service rating. OQther
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-anchoraed bolts are not accepted as part of permanent
support. Temperature effects on shotcrete lining, 1f any are used, would be
manifested am strength reductions, particularly followlng a heating-snd-
cooling cycle. Kendorskil et al. (1984) note that such atrength reductions
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could exceed 25 percear at 205°C (400°F); they indicate, however, that proper
mixture and compositioyw can minimize these effects. Any loss of stcength in

the shotcrete can be ¢ wmpensated for by an equivalent proportional increase

in thickness of the abclcrete,

Corroslon effects on the rock bolts are alao a possibl: consideration in
long—-term sultability )f the emplacement drifts at Yucca wountain. A steel
rock bolt, 1f subject to condensation or exposure to wal'ar vapor, could
corrode, Isogalvanlc coated and hot zinc-galvanlzed rock ,0lta are standard,
of f~the-shelf producta designed Lo minimize corrosion. Ic¢ L8 not clear that
zinc-galvanized steel would prevent corrosion in the emp acement environment
at Yucca Mountain; 1in €fact, it could enhance corrison :brough cathedic
behavior of the ateel. However, other coatinga such a8 n ckel, cadwlum, or
epoxy would not be gignificantly 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 corrosalon effectively increases
the friction coefficient. Also, the cement-grouted bolt types are not very
sengitive to corrosicn, bhecauvse thelr anchoring capacity 1s developed over
the full length of the bolt and the grout prortects the stiel from corrosion.

Final decisions about elements to be used for the ground~support system

will conslder 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
support final declsions on ground-support requlraments,

Conclunion

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

6.3.3.2.4 Potentlally adverae conditions

(1) A host rock that 1s auitable for repository construction,
operation, and closure, but is so thin or lalterally 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
discussed under favorable condition 1 in this sectlon and under favorable
condition 1 of Section 6.3.1.3 (Postclosure rock characteristics). These
discussions noted that most exploration has been llmited to a portion of the
Yucca Mountaln site that is designated as area 1 in Figure 6~24. 1In most of
the usable portion of area I, the thickness of the low lithophysal portion of
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the potential hoset ra-k averages mora than 3 times the veslue (45 meters or
148 feet) used as 4 conservative estimate of the envelope needead for the
underground facllity. Such a thickness is Judged tec provide significant
flexibility in seleciing the depth of the repository.

The analyses further indicate that area ! hae a usable area of approxi~
mately 749 hectaresa (1,850 acrasa). Present wasta Inventorles and rapository
design concepts (Mansure and Ortiz, 1984} indicate tke{ approximately
616 hectares (1,520 acres) 1a required for a repository. {omparison of these
areas shows that the primary area contalns slightly mo. - usable aree than
that required for a repository, but Lf conditlons are fo.nd to be unaccept-
able in some of this area, then flaxibility in the lat ral placement of tha
repoeitory could be considered limited. Analyais of « {ating site data
providea confidence that several contiguous areas (aress 2, 3, and 4 Ain
Figure 6-24) could also contain suitable hoat rock. Area 2, the preferred
expanslon area, contaions 910 hectares (2,250 acres). The auitability of
these additional areas can be confirmed only by site charactarization.

Cong¢lusion

The host rock at Yucca Mountain is sufficlently thick to provide signif-
licant flexibility for selecting the depth of the underground facility. The
primary area, which hae bean the focus of exploration, provides limited flex-
ibility in lateral placement. BSite characterization msy expand the usable
area, theraeby allowlng flexibility in lateral placement of the repository.
However, cconsldering only the primary area, this potentially adverne
condition is present at Yucca Mountain.

{2) In aitu characteristics and conditiona that could require
engineering measures beyond reasonably available technology in
the conatruction of -the shafts and underground facllity.

Evaluation

Detailed ground-stability studies indicate that the Topepah Spring
Member has no known in situ characteristics that cannot be succesafully con-
trolled by proven mining methods. The rock chsracteristics, as well as the
design layout and development plan, are such that the underground facility
can be developed by conventional mining methods (Dravo Engineers Inc., 1984).
Prom the limited work done so far, it appears that mechanical mining could be
used for reposltory conatruction In the Topopah Spring Member,

As diecussed under favorsble conditionm 2, it ip Likely that the reposi-
tory drifts and underground openings can be adequstely 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 Ralnler Mega that support this concluaion. The rock-bolt and
wire-meah support 1s minimal in compariaon with the supports that are used in
civil works projects such as highway tunnela or underground power atations.
Steel, shoterete, or both would be used at Yucca Mountgin only if underground
observations suggest that guch support is necessary posaibly, for example, at
fault-zone Intersactions or drift intersections. The proposed ground suppert
is within established technology (Dravo Engineers Inc., 1984). BShafts would
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be constructed by standard excavation techniques and lined with concrete
{(Hustrulid, 1984},

Most of the repository would be locatad more than 200 meters {£56 fest)
above the water table (Flgure .6-26). Experience in tunnalg at the Nevada
Test Site (NTS) indicstes that, if perched water is encuuntered, the flow
will probsbly be small and should diminish rapidly. Dril. nolea in and near
the site have not ide:tified perched water at elevations .bave the base of
the Topopah Spring Member {(Section 6.3.1.1.3),

Conclusion

Thaere are no Iindications that the 1in aitu conditiops zid characteristics
would require engioeering meaaures beyond reasonably avqilable technology.
The ghafts and underground faciltity can be constructed using proven
technology and setandard.methods. Therefore, the evidencg indlcates that
this potentially adverse: condition 1s 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. |

Evalustion _

The potential host rock ig more than 200 meters (656 ﬁeet) {see
Figure 6-19) below the ground surface, At this depth’it wolild not be
affected by weathering or surfsch water. A rectanguldr undergﬁpund opening
with an arch-shaped roof 1a expected to provide a atable opening in the
Topopah 8pring Member. Localized, minor spalling may occur near corners and
on walls because of stresa relief or the intersection of joints.> Johnatone
et al. (1984) noted that although modeling suggested that such fractures
could develop in G-tunnel, none were, in fact, observed. 4s shown.in Figure
6-25, most major feults occur ocutside the plamned repvsaitory bounddqries. As
discusaed under potentially adverse condition 5, the experilence in:a similar
formation at Rainler Mega suggests that minor fault zones at the Yucca
Mountalin site could be trave:sed by using standard mining and ground support
technology. However, cons{darable data from site characterizatlon are
required to confirm thie conclusign. ' o

The shafts or access ramps of thé-repository will penetrate the upper
members of the Paiutbrush Tuff Formation.. A study using the Council for
Scientific snd Industriel Research and the Norgea Geotekniske Inatitute rock-
mass classification systems indlcated several alternative schemes for
ground—support arrangements {Dravo Engineers,” Inc., 1984}; all of these
arrangementg use conventiconsl techniques and aquipment. The in situ con-
ditions are such that excavation stablility cam be maintained with con-
ventionsl rock bolts and wire mesh. This type of ground support requires
limited maintenance, &nd dry conditions in the repository will reduce cor-
roslon problems with the rock bolts or wire mesh snd, in poor rock con-
ditions, shotcrete. The use of an arched-roof opening would reduce sLresa
and lende stability to the rock mass, further reducing support—maintenance
- requirements. Thus, etable: conditione. should .continue through repository .
closure. Because of the long operating 1ife of the repository (assumed to be
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90 years), some maintznance of underground openings wlill be required. The
malntenance would be routine and well within the limite of existing practices
and technology. Tho .hermal stressea resulting from heating after waste
emplacement are not expected to aignificantly affect the atability of the

mined openings, althouxh some very localized deformation might occur (Section
6+3.1.3).

Conclusion

The geomechanical behavior of the rocks at Yucca Mow:tain provides an
inharently stable conditien that will not require exten: 1o maintenance to
keep the underground openings in a serviceable conditien “or the cperating
life of the repository. Therefore, the evidence indica. 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 atability of underground
openings 1in the densely welded Luff of the Topopah Spriug Member, and the
regponse of the tuff to excavatlon and thermal effects. These preliminary
studies included near-field mechanical and thermomechanical finite-element
code calculations, rock-mstrix property evaluation, and rock-mass
classification. They considered the physical, thermal, and mechanical
properties specific to the Topopah Spring Member; the existence of individusal
sets of fracturea; and the expected in situ stress., The results were com-
pared with the behavior of existing underground openings In Bimilar
devitrified, densely welded tuff at the NTS. The results indicate that
{1) the mined openings ars 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 drifta,

Preliminary estimates predict a potential for rock-mstrix fracturing in
the immediate vicinity of the waste emplacement hole, but this fracturing
ghould extend no more than 10 centimetera (4 inches) into the rock. The
potential for block movement along minor joints or faults intersecting the
hole wall is currently under investigation. No structural degradation has
been observed in two small-diameter-heater tests couducted 1n tuff at
G-Tunnel (Zimmerman, 1983). The effect of localized aloughing of the hole
walle 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 ausceptible to thermally induced dehydration, hydration, or radiation-
related phenomena. Bish et al. (1984) summarize the distribution of minerals
in the tuffs at Yucca Mountain and state that about 98 percent of the pro-
posed repository host rock 1s made up of alkall feldspar, quartz, tridymite,
and cristebalite, which are not subject to thermally induced dehydration or
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hydration. The propnzed repository horizon contains I percent or less of
smectite {Bish et al.,. 1984) and 1s generally not zeolitimed (Bilsh et al.,
1982}, Thus, there i+ little potential for the hydration or dehydration of
minerals that could ¢<fect the safety of repository operation or cause
problems with waste r.trieval, Cristobalite exhibite an rlpﬁu—to-beta phase
transition between 23% and 260°C (455 and 500°F) in conf..ed tests (Lappin,
1980a), which is refl-icted by a slight incresse in the iwrmal expansion
coefficient. Becauss of the transformation temperatuvre tLhls transition
would be expected only in the very near-field of the ‘wste dispoaal
container. The thermomechanical studies use thermal ex»suslon coefficients
that account for thia behavior; they prediet no additl nii rock fracture
beyond the 10 centimeters (4 Inchas) reported above.

Conclusion

The welded tuff at Yucca Mountailn 1s a physically and chemically stable
rock that will be 1little affected by repository conditions. About 98 percent
of the potentlal host rock consiats of alkall feldspar, quartz, tridymite,
and cristobalite, all of which are nonhydrous minersls. urrently, the rock
19 fractured, and any additional thermally induced fractutring will be minor
and will not create a safety hazard or ptoduce difficulty in waate retrieval,
chould retrieval be necessary. Therefore, the evidence indicates that this
potentially adverse condition is 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 is routinely used to ensure
the stability of the openinga and the safety of workers. The requirementa
for such artificlal support are estimated by engineering judgment, experience
galned from excavating rock types with similar characteristics, and calcula-
tlons 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 rock-mass claasificatlion schemes,
finite-element analyses of the mined openings, and minabllity assesgmenta.

The hydrogeologic conditions of the vegion 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 petrched water of any
significance have not been 1dentified in existing drill holes, and no pres—
surized water zones have been encountered. Oanly very amall amounts of water
are expected to seep into excavated drifts by gravity drainage.

Even though faults and assoclated shear zones exist at Yucca Mountaln,
the preferred repository area 1s expected to be minable 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 Rainler Mesa using comparsble methods of excavation and ground control.
Tibbs (1985) has documented tunmeling experience in the welded Grouse Canyon
Member at G-Tunnel. A nearly vertical fault with at least 1 meter {3 feet)}
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cf vertical dlaplacement was encountered during tunneling activities in the
welded Grouse Canyon Member in G~Tunnel. No comments were noted by the
aining inspector in his Jdeily log; the lack of comments iudicates that
tunneling conditions had not varied appreciably., The fauli zone was not
neted until the tunnel had advanced about 6 meters (18 feot) beyond the
fault. The fault brought welded and nonwelded tuff togethev along a nearly
vertical contact; no watar 1nflux was noted. The inspectl: record shows
that the area of the tuinel with the fault waa initfally miied on Kovember
19, 1981. Preliminary 2.%-meter {8-foot) rock bolts were : ~stalled in the
faultad area on November 20, 1981, and then on February [« 1982, roughly

3 monthe later, S5~meter (l6-foot) reeln-anchored hardening : ock bolts were
installed on a 1.3 by 1.3 meter (4 by 4 foot) pattern acre.s the back in the
area adjacent to the fault, There was no record that thoe Taulted area
produced ground-support problems, and no special bolting wue indtalled in the
area of the fault. The conclusion drawn by Tibbs (1983%) 1ia 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 epecial ground support in
excess of the standard methods used 1in the drift where no faiulting occurred. .

Because there may be a need to expand the repository boundaries
laterally to incraase flexibility (see favorable condition 1), Dravo
Engineers, Inc. (1984) haa avaluated the potential for mining through the
faults and fault zones that bound parte of the primary repository area at
Yucca Mountain. Limited data show that the boundaries of the primary
repository area {area 1) could be rtraverped using standard mining and
support technology. However, conslderable silte characterization 1s required
to confirm this analysis, According to Dravo Engineers, Inc. (1984) and
confirmed by the Railnler Mesa tunneling experlence described above, drifte
across the minor fsult zones found within theé primary atea cain be excavated
without using unusaual or unsafe constructlion practices. Increased ground
support could be provided in these areas, or im any areas with less stable
rock, to further reduce any potential hazard to workers.

Potential Hazards to Yxcavatlon Workers

To evaluate the potential hazarde to excavation workers at Yucca
Mountain, excavation experience In the welded and nonwelded tuffe act the NTS
that have been uged for weapona-effect testing hae been examined. The safety
records show that such excavations can be carrled out with minfmum adverse
effects oo worker safety. The safety record can be quantified through the
use of incldence rates for worker injury that were assoclated with time away
from work., To assess the relative level of safety for tuanellng operations
at the NTS, the 1ncidence rates for NTS operatlona camn be compared to injury
incidence rates for similar minlng operations. Such a comparison is
presented In Figure 6-27. The induatry category that 1s most similar to
excavation conditions in the tuffs at NTS is the category of hard-rock metal
miniag, The data presented 1in Figure 6-27 are based upon industry average
data compiled by the National Safety Councll and data for NTS operations
compiled by Reynolde Electric and Engineering Co., the U.S. Department of
Energy contractor for excavation opetrations. The data presented 1n
Figure $-27 clearly indicate a significantly becter safety record for NTS
tunneling operations than 1a typlcal of industry practice. While the
industry average 1lncldence rate is lower now than 1t was 20 years ago by a
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factor of about 2, NTS operational safety record 1g still lower than the
industry average by a factor of about 3, For the past 10 years, NTS practice
which heavily emphasiz.s worker @afety, has resulted in an average injury-
incidence rate of less than | Injury per year per 100 employvees.

There are several possible reasons for the differance bhetween industry
average and observed N7TS5 Incldence rates. One possible reizon ia that safety
standards and enforcernent practice at the NTS are prohadly; wmore striagent
than 18 typlcal of the mining Industry. NTS practice i-worporates the
concepts of Mine Sufety and Health Administration, Califorala Department of
Mines safety orders, and DOE Order 5480,1 on safety orders (DOE, 1981} and
uses the most atringent governing standards from these rejlations. Another
posslble reason 1s that whereas atandard mining practice w et bhe production
oriented to be economical, the tunnels at the NTS are destigned and con-
structed for long-term servicecabllity and stability. Yet another possible
reason 1s that mining operations typically deal with potentislly unstable
ground conditions because of the emplacement mode of the minerals belng
excavated. [t 1s not possible to determine from the data in Flgure 6~27 the
relative importance of these three possible reasons for the difference in
safety at the NTS as compared to the industry average, However, it is clear
that all or any of thase reasons provide auppert for the conclusion that
tunneling in the various tuff formations at NT5, following exieting NTS
practice, is significantly safer than hard~rock metal mining in the ladustry
as a whole.

Specific excavation experience 1n G~Tunnel at the NTS is of iInterest
because part of the G-Tunnel experlence iavolves a welded tuff, the Grouse
Canyon Member. Engineers and geologlsts famliliar with excavatlon in the
welded Grouse Canyon Member have expressed the opinion that the ground sup-
port that will be required i{in the Topopah Spring Member at Yucca Mountain 1s
likely to be simllar to that required in the welded Grouse Canyon Member
{Ortego, 1985). Accident experlence at G- and N~Tunnels at the NTS for the
perlod between 1975 and 1985 1is summarized by Dunnam {(1985). Dunnam states
that none of the accidenta identified in a search of tunnel records could be
conaldered to be caused by unstable ground, faulting, or other such geolog~
ically related conditions. He further observes that this 1s consletent with
hls recollections 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 resgult of an oversight 1n barring down loose rock prior
to support ilnstallation. The accident report in question jindicates that thie
accident probably would not have occurred 1f the correct NTS mining practice
had been followed. 1t ise important to note that the reported activitiea in
the welded Grouse Canyon Member involved 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 constructlion problems or water inflow are not expacted
in the primary reposltory area at Yucca Mountain. The design and layout of
the underground facllity will minimize contact with portions of the host rock
where minor faults and shear zones are identified. There 18 no indication
that pressurized brine pockets, evidence of dissolution, or significant
accumulations of water or toxlc 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 tuffs at the NT8
show that such work :.as been carried out for more than 20 yeare with an
incidence of injurie:x that 1s well below comparable industry averagas.
Therefore, the evidence indicates that this potentially arlverse conditlon 1s
not prasent at Yucca spuntain.

6+3.3.2.5 Disquaiifying condition

The site shall be disqualified i{f the rock charactey stice 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 gaoangineering properties of the potential
host rock consiste of the results of laboratory tests on core samples from
Yucea Mountain and Rainier Mesa {Lappin, 1980a,b; Lsppin et al., 1982: Price
et al., 1982a,b; Price, 1983). Rainier Meas and Yucca Mountain are both com—
posed of layered volcanic rocks, and recent measurements on core aamples from
densely welded tuffs from both sites indicate that the mechanical properties
of the rock matrix are similar; however, 1t should be noted that a large part
of G-~Tunnel contains nonwelded tuffs. Excavations in G~Tunnel beneeth
Rainier Mepa and planned excavations at Yucca Mountain are similar with
regard to overburden loadings, opening dimensions, and excavation methods.
Because of these similarities, field obmarvetions, testa 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 stabllity of openings. Strass
measurements from rock units below the water table at Yucca Mountain were
uged to calculate ratioa of vertical etress to the minimum horizontal stresa.
The results show ratios of up to 3.1 (Healy et al., 1984}, with a mean of 2.2
for 6 measurements and s etandard deviation of 0.4. No relisble stress
meagurements have been made on the unsaturated zone or on the potential host
rock. The stress ratioca for tuffs in G-Tunnel hsve a mean of 2.7 and a
gtandard deviation of 1.3 for 67 measurements {Tyler and Vollendorf, 1975;
Ellis and Ege, 1976; Warpinaki et al., 1978). G~Tunnel is generally supported
only with rock bolts and wire mesh. In the more than 10 years of tunnel
operation, the stresses have not resulted in problems {n opening stability,
even when augmented by severe ground motlon from nuclear teats in the tunnel.

The pelection of densely welded portiona of the Topopah Spring Member as
the potential rapository host rock was based in part on the average thermal
and mechanical properties defined for each of the four horizoms that were
coneldered (Tillerson and Nimick, 1984). Available data came from approxi-
mately 75 thermal conductivity tests, 95 thermal expansion tests, 35
mineralogic and petrologic analyses, 60 mechanical tests on jointed rock
samples, and 120 tests of unconfined and 50 pressure-depandent mechanical
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properties tests. The average wvalues for the thermal and wechanical
properties of the rock .n the Topopah Spring Member are given in Table 6-40.

Johnetone et al. {'984) used nonlinear, finite-element analyses of ther-
momechanical stresses, stsndard rock-mass clagelification syitems, and linear
calculations for mine design and plllar sizing to evaluate the expected sta-
bility of openinge. Threilr preliminary resulta indlcate that existing mining
technology can be used to develop atable underground openiugs that will allow
reposlitory operations to be safely carried out from constr c¢tion through
clogure. The experience gained 1in G~Tunnel at Rainler Ye-a on the Nevada
Test Site {NTS) supports this conclusion; 1t also indicat 2 that only minimal
support for the opening: (i.e.,, rock bolta and wire mesh} 'nuld be required.
Minability assessrants (Tillereon and Nimick, 1984), alev supported by
G-Tunnel experience, indicate that controlled blasting can be successfully
uged to excavaie openlogs ip ithe densely welded tuff.

The only other significant physeical or chemical phencmena known to be
asgoclated with rock characteristics are related to ventilation-system design
and worker safety. ‘he temperature increases resulting from the .emplaced
waate are important in designing ventilation systems and Iin aelecting the
standoff distance between the drift and the emplaced waate. Excavatlcns at
the NTS show that explosive or other hazardous pgases are not to be expedted.
The ventilation system primarily contrels dust, Hazarde assocliated with the
dust will be mitigated by supplying adequate flow volumes and filtera to meet
safety requirements. Similarly, estimates of low-level radiation from the
naturally occurring radon rcleased during rock excavation will be used in
establishing ventilation requirements. Technlques already implemented io the
uranium mining industry will be considered., The proper deaign and -operation-
of a ventilation system based on current technology should readily mitigate
duast and radiation concerns.

Tunnel excavation experlence in the welded and nonwelded tuffs at -the -
NTS has shown that such excavatione can be carried out with minlmum adverse
effects on the health and eafety of workers. The NTS saféty record was
quantifled 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 labeoratory data, field experience with similar excavations,
and thermomechanical stress calculations show that activities assoclated with
the construction, operation, or closure of a reposltory at Yucca Mcuntailn
will not cause significant rtisk to the health and aafety of .personnel.
Therefore, on the basnis of the sbove evaluation, the evidence doea not
support a finding that the site 1g disqualified (level 1).
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Table 6-40., Average thermal and mgchanical properties of khe
ropopah Spring Member

Propeivvy Yrilue
Thermal conductivity {saturated), W/ m-°C 1.8 + 0.4
Thermal conductivity (dry)}, W/ m-°C 1.¢ + 0.4

Predehydration.lingar e4panasion
/

coafficient, 10 °/°C 10.7 + 1.7 (rto 200°C)

Transition—dehydragion linear expansion

coefficient, 10 °/°C 31.8 {to 300°C)

Postdehydration ligear expansion

coefficient, 10 °/°C 15.5 + 3.8 (to 400°C)
Young's modulus, GPa . : 26.7 :_.2;7 |
Poigson's ratio 0.l4 + .6§05 |
Unconfined compressive sﬁ?;ngth, HPa. : 95.9 + 35.0 - E
Matrix coﬁesion,-MPa-.- o e.l -. i845- P
Angle of intérnal fri;tioﬁ; degrees 26;6
Metrix tensile strength, MPa 12.8 + 3.5
Joint cohealon, MPa |
Goefficient of frictlon for initiation of 0.8

aliding on joints

%pata 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 vertlical extent of the potential repository host rock at

Yucca Mountaln provides reasonable flexibility for the vertical placement of
the repository, and somewhat limited lateral flexibllity for repository
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placement. Current resository design concepts require 615 hectares
(1,520 acres), and the primary repository area contains B90 hectares
{2,200 acres) of which approximately 749 hectares (1,850 acrea) are
considered potentially .aable. It may therefore be neceasaiy to extend the
repository outside the primary area of Yucca Mountain. Cuvvent information

Indicates that standard mining and support technology woulr he adequate for
this expanailon,

Previous experlence and presently avallable data (ser tivorable condi-
tion 2) suggest that artificial-support requirements for i'i: proposed excava-
tion would be minimal and would enable work to be perforsme- without undue
hazard to personnel and at reasonable cost throughout the e.tire repository
operations cycle, including retrieval, should retrieval be necessary., At
present, there ia no evidence that the geomechsnical pronarties of the
Topopah Spring Member will respond to waste—emitted bheat in any way that
would lead tc hazardous conditions in the repository that eould affect worker
safety or preclude waste retrievability.

Concluaion

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

6.3.3.2.7 Plans for site characterization

Site-characterization sactivities will supplement the exlisting data base,
both through exploratory boringe, access to the proposed host rock, and addi-
tional laboratery tests. Construction phase tests will provide in situ
stress data and shaft convergence data that will be used for design snd lsy~
out of underground facilities. Large-scale tests performed in the potential
repecaitory host rock during the in situ phase of exploratory shaft testing
will supplement the data base by providiog information on the in aitu rock
conditions as well as effects, such ae fracturing caused by streas and
temperature. A large-scale heater test is planned to confirm the behavior of
the hoat 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)

6.3.3.3,} Introductica
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
compromise the intended functlons of the shaft line g_and agals;
and (3) permit the requirements specifiad in

Section 960,5-1(a).3) ta be met.

The preclosure hydrology technlcal guideline 18 concarned with surface
and subsurface water that could affect repogitory purfag¢e and underground
Facilities during construction, operation, and closure. #Hurfage watere have
the potential for flooding the underground facility, acuess vamps, and
ghafte; they could alwso affect the ease and cost of comstructing and operat-
ing the gurface and support facilities, including transportation access
routen,

Water will be requirad.for the comnstruction, operation, closure, and
decommigssioning of the rapasitory. The subsurface hydrologic conditions will
have a bearing on the cost. and safety of construction, operation, closure,
and decommissioning. Subsurface -water muat not compromise the intended
functions of the shaft linars. aad seals. This guldelina. relles on technical
information similar to that. supporting tha guideline on geohydrology (Section
6.3.141), . - .

Thig guideline c0naists-of three favorable conditions, one pocencially
adverse condition, one disqualfifying condition, and one qualifying condition.
The evalustions reported below are summarized 1in Table 6-41 for all
conditions except the disqualifying condition,

6,3.3.3.2 Data relevant to the evaluation

Water-table. altitudes at wella near the potential repoaitory aite range
from about 730 meters (2,400 feet) along the eastern edge to about 780 meters
(2,600 feat) near the northwestern adge, along the ridge crest of Yucca
Mountain (Roblson, 1984). . Hydreleglc test holea near Yuccazﬁountain have
been tested at ylelds ranging from about & x 10 to 4 x 10 cubic mpters
per sacond (10 to 600 gallons paer npinute) {Waddell et al., 1984). Well J-13
has dintermittently ' produced mera : than 0,04 cublc meters per secomnd .

{600 gallons per minute): hetween 1962 and. 1983 with no effect on water-tabla
altitude {Thordarson, 1983).

Competing requirements for ground water have been coosidered, Surface
water has not been considered for repository or domestic use, because it isg
not generally avallable in thie arid region. Well J-}3 and the proposed
location of repository surface facilities are at the Nevada Test Site, If
Yucca Mountaln 1s selected for repository development, a permanent land
withdrawal will be necessary, and a reservation of water rights is explicit
in the withdrawal {(Sectlon 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 CONDITIONS

(1) Abgenc: . aguifers between the host rock and
the land surface.

(2} Absence of surface—water systems that could
petentially cauwse flooding of the repository.

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

The evidence indicates that thils favorable conditicn
is present at Yucca Mountain: the host rock 1s
above the water table.

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

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

water {s expected ro beé available from :mmﬂvw cmpamr

'PGTENTIALLY ADVERSE GONDITION

Ground-water conditions nrmn could ﬂmﬂcumm noaﬁwmx
engineering measres that are beyond reasonably
available technolegy for reposltory coostruction,
operation, and closure.

The evidence indicates that this potentially adverse
c¢ondition 1s not present at Yucca Mountain: the
potential repository 1s above the water table and no
significant amounts of ground water are expected;
ahafts and boreholes are expected to 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. -hai' oe locited suchk that the geohydro-
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 {ntended functions of the shaft liners
and seals; and (3) permit the requirements speci-
fied in Section 960.5-1(a)(3) to be met.

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

the repository or coampromise shaft liners and seals;
and transient runoff will be adequately handled with
rouvtine drainage contrel measures.
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consumption by countiass and hydrographic regions are included in a series of
water planning reports by the Office of the State Englnesr (1971, 1974).
These entimates provi¢: a baslia for projecting future water requirementa in
Nevada. Waler requircments for the construction, operation, closure, and
decommlssioning of Lhe repoeitory have been estimated on tl'e basls of the
preliminary conceptual desigas, The average annual consus “tlon of water for
a8 32-year perilod of reypository 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, 50Q~-year,
and regional maximun flooda; these predictions, describe {2 Secticn 6.3.3.1,
have been used in eativating the poteatlal for flooding & vface and under-
ground facilities. TFarnandez and TFreshley (1984) evaluat=d the need for
shaft liners and seals. Data on ground-water conditions that are routinely
encountered aud managed with avallable technology iIn mines 1is given by
Loofbourow (1973).

Agsumptions 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 maasgured precisely (Robison, 1984).
However, few molsture-content values or other hydrsulic propertles have been
meagured in the ungaturated zone, whose characteristics are therefore less
cartaln, There 1s uncertalnty about the molature distribution in the
unsaturated zone, which could affect sealing concepts. The oecurrence of
perched-water zones at Yucca Mountain wae conaldered in the sealing-concepts
study (Fernandez and Freshley, 1984), but as explalned 1n Section 6.3.1.1,
its likelihood 1s very low.

Uncertalnty regarding flooding potentlal is diacussed in Sectlon 6.3.3.1
(Surface characteristlcs), The analyels of surface-water systems (favorable
condition 2) is covered in Sectiom 6.3.3,1.

Estimates of water use during repository conatruction, operation,
closure, and decommissioning are conservative. The effecta of increased
ground—-water withdrawal on regional ground-water supplies have some uncer-
tainty but are copsidered negligible. Even 1if the estimates for repository
activities were doubled, the effect on the avallable water at Yucca Mountain
would be negligible. :

6.3.3.3.3 Favorable conditions
(1) Absence of aguifers betweeu the host rock and.tHé‘land
surface., -

Evaluation

There are no aquifers between the host rock and the land surface. The
potentlal reposltory horizom 1s located in the wunsaturated:zone, 200 to
400 meters (650 to 1,300 feet) above the water table (Figure 6-2) :(Roblson,
1984). Even 1f the basal vitrophyre of the Topopah Spring Member were
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included in the repository, che water table still would be over 150 meters
{330 feet) below the epository.

There {a the poiential for perched-water zones betwaen the host rock and
the land surface, Hcwever, it 1s unlikely that large perched zonmes oceur
because they have not bean sncountared in drill holes to late {over 30 drill
holes have been compiusted withln approximately 10 kilomer:te {6 miles) of the
gite).

Concluaion

The potential hosi rock 1g above the water tahle at 'ucca Mountain and
there are no aqui.ers bhetween it and the overlying land surface. Therefore,
the evidence indicates that this favorable conditfon 18 opregent at Yucca
Mountain. ‘

{2) Abgence of surface-~water systems that could potenrialLy cause
flooding of the repository.

Fvaluation

The referance surface facllity location is located entirely outside of
the main-channel flood gzones predicted for the 100-year flood in the Forty-
mile Wash drainage system (Squires and Young, 1984). Some portions of the
gurface facilitles may he 1n areas that could be affected by the 500-yesar and
reglonal maximum floods predicted by Squires and Young (1984). A study will
be conducted during site characterization tc detarmine the probable maximum
flood (PMF) in the vicinity of the site. :

The washes on, and draining away from, Yucca Mountaln have generally
gteap glopes and during extreme precipitation events are capable of moving
large volumes of water and debris including boulders. Structuree and ghafts
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 wused where neaded, For additional informatiom, aee
Section 6.3,.3.1.

Conclusgion

Surface~water drainage through the arroyo systems feeding Fortymile Wash
presenta a potential for localized flash flooding and sheet flow during
extreme storm evente. Some portion of the surface facilities might be
located in areaa that could be affected by the probsble maximum £lood (PMF).
Therefore, the evidence indicates that thie favorable condition I8 not pre-
gent at Yucca Mountain.

(3) Availability of the water required for repository
conatruction, operation, and closure,

Evaluation

Esclmatas of water needed for repository constructlon and operation are
given in Chapter 5, The average annual congumption for a 32-year period of
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conatruction and opeve ;lon is estimated to be approximately 432,000 cublc
metars (350 acre~fect) {(Morales, 1985),

Hydrologtic test holagénear Yucchrountain have been tested at ylalds
ranging from about & % 10 ~ to & x 10 “ cublc meters par :gcond {10 to 600
gasllonse per mlnute} ('vaddell et al., 1984). Well J—-13 (Fiwure 6~2), which
supplies gsome local witer needs in the southweatern part ~f the Nevada Tesat
Site hss yielded 88 much as 0,04 cublc meters per secone (600 gallons per
minute) during pumping tests (Thordarsom, 1983), Pump:n; has lowered the
water level in the well only slightly, and effects on t.a regional ground-
watar system are proba'ly negligible. The statlec wate: “evel was 728.8
nmeters (2,391 feer) shortly after the well was drilled in 1962; 18 years
later, after long periods of intermittent pumping, the water level was
essentially tlie same, 728.9 meters (2,39! feet) (Thordair:ion, 1983). The
excellent production capabilittes of Well J-13, combined with the equally
good production from the deep reglonal aquifers under Yucca Mountain {Sectlion
3.3), suggest that sufficlent quantities of water can bhe produced with
negligible lowering of the regional ground-water table. Estimates of other
ground-water withdrawale in the region ara includad in reports of the Office
of the State Engineer (1971 cto 1974). -

Concluslon

The ground-water supplies avallable from nearby wells will be sufficlent
to satisfy all requirements during the repository life cycle, Therefore, the
evidence indicates that this favorable condition 1is present at Yucca
Mountain.

6.3.3.3.4 Potentlally advarse condition

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

Evaluation

Because the potentisl repository at Yucca Mountain would be located
entlrely within the uneaturated zone, no gignificant amounte of ground water
will bhe encountered in the underground workings. Furthermore, tuanels in
tuffs below Raluler Masa at the Nevada Test Site are fa an area of greatar
rurface rechavge and probably of greater molisture Flux 1in the unsaturataed
zone thawn in the proposed repository horlzon at Yucca Mountain, Inagmuch ag
extraordinary mining techniques have not been required at Rainler Mesa, aone
are expected to be neaded at Yucca Mountain,

Substantlally more severe grouuad-water conditfons than those axpected at
Yucca Mountain are routinely encountered and dealt with in mines {Loofbourow,
1973}, therefore, no engineering measurea beyond those presently avallable
are likely tc be needed. This expectation 1s based largely on experience.
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A study has been made to determine the effects of the unsatursted zone
environment on shaft :iners and seals, The sealing concepts developed to
date are based on datr obtained from boreholes. Preliminary calculacions of
seal performance were based on a conceptual understanding of the hydrogeology
and aupplemented by information from comparable tuff serpances at Railnfer
Mesa. Should sealiog be required, relatively simple an! straightforward
golutions are proposed (Fernandez and Freshley, 1984). Thuse include filling
drifre and ramps with coarse-grainaed material, using dra . where water seeps
are encountered, snd using grout if more massive flows ocrur. For sealing
borehole USW G-4 (the princlipal borehole for the explor atory ehaft), which
penetrates the proposed reposicory horizon, the use of z2.lite fill, slurry,
or grout seals 1s propesed. The asame treatment would be uged for nearby
boreholes that penetrate the repository horizon or the underlying tuffaceous
beds of Calicn Hills,

Conclusion

The proposed repository at Yucca Mountain is entirely within the unsatu~
rated zone, and no significant amounts of ground water ave likely to be en-
countered in the underground workinga. The ground-water conditions at Yucca
Mountain will not require complex engineering measures, Sealing of shafte
and boreholes 1s not expected to present any problems, Therefora, tbe
evidence indicates that thle potentially adverse condition is not present at
Yucca Mountailn,

6.3.3.3.5 Dquualifying 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 feet) above the water table, The evidence collected to date
from borehcles indicates a very low potential for encountering significant
quantities of perched water during exploratory shaft or repository
construction. Because the potential host rock 18 highly fractured, perched~
water zones sre not likely to be extensive, and 1f encountered, the watar
would quickly drain away. Mines are routinely excavated in environmenta that
are much more mevere 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 be encountered during tbe construction of the
exploratory shaft or during repoaitory comstruction, operation, and closure.

Conclusion

It 1s highly unlikely that stgnificant amounta of ground water will be
encountered during the construction of the exploratory shaft and during

repository construction, operation, and closure, Currently available
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engineering measures eve congidered more than adequate to guarantee that no
disruption of construction and operation will occur becauge of ground-water
conditions at Yucca Muantain. Therefore, evidence does net support a finding
that the site 1s disqualified (level 1).

6.3.3.3.6 Evaluatios and conclusion for the qualifying ¢ adition on the
preclosure hydrology guideline

Evaluation

The known cciditions at Yucca Mountain indicate a bunign hydrologile
situation with respect to construction, operation, and closure of a
repository: c(he potential bost rock 1p above the water .able; nearby wells
will provide adequate walter for constructlon, operation, and closure; and no
engineering measures beyond those presently avallable will be required by
ground-water conditicns. Because of the unsaturated conditions, sealing of
drifte is probably unnecessary, snd routine sealing methnds are expected to
be adequate for sealing shafts and boreholea. Although portions of the
surface facilities may be lacated on a 500-year floodplain or within Lbe
region affected by the probable maximum flood, existing technology and
standard drainage control measurea are likely to provide adequate protection.
Surface or underground facilities are unlikely to be inundated becausc of the
small volume and transient nature of the sheet flow and flash floods that are
typical of arld climatic settings like Yueca Mountain.

Conclusion

The unsaturated zone at Yucca Mountaln appears to provide s 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 agalnst sheet flow and flash flooding, and adequate
sealing techniques are available. The needed amounta of potable water are
available to supply projected repository requirements without affecting
regional availability., Therefore, the evidence does not support s 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 to assist 1n determining potential locations for
reposltory surface facilities. Tests to verify the behavior of shaft and
borehole seals will also be conducted. Additional information about
subsurface hydrologic conditions will be obtained during exploratory shaft
construction and in 9itu teating within the potential host reck. Further
analyses will be made of the poesible impacts of water withdrawal for
repository activities on local and reglonal ground-water systems.
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6+3.3.4 Tectonlies (1) CFR 960.5-2~11)

6+3.3.4.1 Introduction
The qualfifying condition for this guideline 1a as foliows:

The site shall b« located in s geologic setting io w'ich any pro-
jected effects ot expected tectonic phenomena or 1&: ms sctivity
on _repository construction, operation, or closure wil/ be such that
the requirements apecified in Section 960.5-1(8)(3} cu1 be met,

The objective of this guldeline is to ensure that a ::pository site 1is
in a geologlc setting in which any projected effects of wxpected tectonlc
phenomena or igneous activity will be such that no unreasonable or unfeasible
design features are required. The concerns to be addressed under this guide-
line are ground motion or ground discuptior that might cause damage to
repository or tranaportation facilitles, Injury to personnel, or the inter-
ruption of repository operations, EIncluding retrievability.

The guldeline consists of one favorable condition, three potentially

adverse conditions, one disqualifying condition, and one qualifying
condition. The evaluationg reported below are summarized in Table 6-42.

6.3.3.4,2 Data relevant tc the evaluation

Summary of avallable data

Most of the data relevant to preclosure tectonlcs are clted in Sac-
tion 6.3.1.7 (Postclosure tectonlca). Information of epeclial interest for
the preclosure period includes an overview (Relter and Jackson, 1983) of a
study by the Nuclear Regulatory Commission (NRC, 1985} sbout probabilistic
evaluatlions 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 tectonice 1ssues at the
Yucca Mountsin site is avallable (SAIC, 1986).

A number of sources were used to provide a basls 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 aurface fault rupture is likely in the Gresat Basin.
Jackson (1985a) reviewed the sgseismic design baases for other nuclear
facilities. Meehan (198%4), Merritt et al. (1985} and Reed et al., (1979)
discuss designs that have been developed to accommodate fault dlsplacements
beneath structures. Brown et al. (1981), Owen and Scholl (1981), and DOIL
(1972) discuss designs that have been employed where tunnels and plpelines
cross active faults. The performance of facllities that were designed to
accomuodate and have experienced strong ground motion or fault movement 1s
reviewed by Zeevaert '‘and Newmark (1956), Rosenblueth (1960), ENR (1985a,b),
Murphy (1973), Meechan, et al. (1973), Stratta et al. (1977), 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 Lature ead vtotes of faulting, 1f any, within
Loe ge...gic =zetting are such that the magnitude
and inteasity of the assoclated selsmicity are
significantly less than those generally allowable
for the construction and operation of muclear
facilities.

The evidence indicates that thils favorable condition
i3 not present at Yucca Mountaln: the predicted
magnitude and intensity of selsmicity are expected
to be acceptable but not expected to he signifi-
cantly less than those genmerally allowable for the
construction and operation of nuclear reactors.

POTENTTALLY ADVERSE CONDITIONS

(1) Evidence of active Faulting within the geo—
logic setring.

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

(3} Evidence, based on correlations of earth—
quakes with tectomic processes and feartures
(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 seilsmicity.

The evidence indicates that this potentfally adverse
condition iIs present at Yucca Mountaln: evidence of
active faulting and ground-surface mmmvwmnmlm:n is
found within the mmcHOmHn setting.

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

The evidence indicates that this potentially adverse
condition is mot present at Yucca Mountain: no
evidence exists to suggest that earthquakes larger
than those predicted from hiastorical selsmicity
could occur during repository construction, opera-
tion, and closure,.
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Table $~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

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

CONDITION

Existing information does not support the finding
that the site 1s not likely to meet the qualifying
condition (level 3): tectonics-induced ground
motion at the site is expected to be within reason-
able design limits for a nuclear facility; there 1s
about a 1 chance in 10,000 for igpeous activity over
a 10,000-year period. The projected effects of
either tectonlc or igneous activity 'io a 90-year
period of repository construction, operation, and
closure are not likely to be significant.
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Aspunptions and data un:ertsinties

The principal assuniption made in predicting the tectonism of the region
during the preclosure period {(asaumed to he 90 years) 1s *1at the present
nature and rate of tectonle processea, as represented by c<he historical
record, will contirnue into the near future. The major uncuyvtainties in data
are attributable to tw) factore: the historical record +' esrthquakes in
Nevada is relatively brief, and the regional instrumented . ‘iamic network at
Yucca Mountain has been operating only since 1978. Othe: @ ey uncertaintiea
are rvelated to estimating the surface accelerationa, \:riccitles, and
displacements likely to result from an earthquake of a giv »n magnitude at a
specifled distance from a surfece facility. The relatic:ehip 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
assesament. Uncertalnties are also assoclated with (1) preclse definition of
aelemogenic zones; (27 statistics of the seismic sources within the zones;
and (3) appropriatenass of attenuation relationships.

6¢3.3.4.3 Favorable condition

The pature end ratea of faulting, i1f any, within the geologic
getting are such that the magnitude and intensity of the asaociated
seismicity are significantly leas than_ those generally aliowable
for the construction and operation of nuclear facllities.

Evaluation

Investigations to date covering & },100 square~kilometer (425 aquare-
mile) area around the aite 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 ! million years ago; and 23 faults laat 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 earthquakes in the reglon are reviewed in Secction 6.3.1.7.5 and
summarized in Section 6.3.3.4.53. The hilstorical earthquake record prior to
1978 shows that, within about 10 kilometers (6 miles) of Yucca Mountain,
there were 7 earthquakes; 2 had Richter magnitudea 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 to
instrument problems. Prior to 1978, however, standard errora of moat
locations were + 7 kilometera {+ 4.2 miles) or more. A local selsmic network
with significantly increased detection and location capability has recorded 3
microearthquakes in the same area between Auguat 1978 and the end of 1983.

The largest magnitude was approximately M = 2.0 on the Richter acale (Rogers,
1986).

The peak historic acceleration at & location 20 kilometers (12 milea)
east of Yucea Mountain was eotimated to be less than Q.lg (Rogers et al.,
1977), Using similar methoda, the seismic hazard for Yucca Mountain wes
estimated under the assumption that Yucca Mountain fsults are not active.
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The U.S5. Geological S.rvey determinigtically esrimated that the mest likely
peak acceleration at jucca Mountain would be approximatelv O.4g (USGS, 1984).
Thie acceleration wan estimated to result from a full length fault rupture
(length, 17 kilometexru (1] miles), magnitude 6.8) on the 3ire Mountain Fault,
which is 14 kilometers: (9 miles) west of the Yucca Mouni. iy site. Alter-
natlve probabilistic .ypotheses (USGS, 1984), foruwulated :u the basis of hie-
torical rates of selumicity Iin surroundiong regilons, and agsumptiona that
carthquakes can occur anywhere in the region including 3. cca Mountain, have
regultad in estimates that 0,4g has a return peried on tl« order of 900 to
30,000 years., The range of return periods are derived ‘iom the use of two
differant models for tie relationship between maximum ac: leration and return
perliod. The proLability that O.4g wlll be exceaded in 90 rears, the assumed
duration of the precloaure perlod, under these hypotheses is astimated to be
between 0.003 and C.1 (USGS, 1984). The probabilistic risults diecussed by
Rogers at al. (1977) and USGS (1984) demonsrrate that large uncertainties
exist In the evaluation of spismic hezard. Different assumptions regarding
the appropriste recurrence model, attenuvation relationships, and the identi-
fication of specific faulte as selsmic sources can result 1o widely different
estimates of suriace acceleration for a given probability. At this time, it
la premature to place much confldence in these estimates, cother thanm using
them to provide insight until a more complete assessment can be made of the
various input parametera that are required for a probabiliatiec seismic hazard
analysis. The estimates by USGS (1984) are in reasonable agreement with
previously publishaed estimetes of racurrence intervals for major earthquakes
in the region surrounding the Nevada Tast 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.
Untll detalled frsult studies are completed, 1t will not be possible to
determine which of the recurrence 1intervals are most appropriate for the
faults near Yucca Mountain - (see Sectlion 6.3.1.7.5).

There are no present intentions to use the aame selsmic design pro-
cedurea for wasgte repositorles as have been required for nuclear power
planta. The Nuclear Regulatory Commission {(NRC) hss indicated that no
seismic requirements have yet been establlshed for nuclear repositories
(NRC, 1985). They note that all repository structures, systems, and
components importent to safety will be reviewed to estabhlish appropriate
dealgn requirements, and that all requirementa will be developed Lo ensure
compliance with 10 CFR Part 60 (1983) and 40 CFR Part 191 (1985). However,
in order to establish a conglsetent 1interpretation of this favorable
condition, selsmic design values for commercial nuclear power plants Lhat
have been licensed by the NRC were examined (Jackson, 1985a). Bacause most
nuclear plants have been built in the east where peak accelerstlon estimates
are low, this compildation shows that about 90 percent of reactors have a safe
shutdown earthquake acceleration value that is equal to or leasa than 0.20g.
It ahould be noted that design-limits of 0.75g :and 0.67g for plants liceneed
in areas of high seismic activity have been accepted (Jackson, 1985a).

A deseription of the approach to be used Iin establishing the appropriate
selsmic design requirements for.a.reposltory at Yucca Mountain: is outlined in
Section 6.3¢3¢4.5. Using this approach, the selsmogenic potential of faults
in the area will be estsblished,: and the  appropriate seismlic. design values:
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will be determined. %ecause the only acceleration estimate presently availl-
ahle {s for a fault t*at is not at or near the #site, a coaservative position
on this favorable cor- ition Ls appropriate for the Yucca Mountain site.

Conclusion

Preliminary detozmninistlc estimates of the groynd =ction that could
result from the largest earthgquake assoclated with a [ .tentially active
fault, 14 kilometars {9 miles) west of the Yucca Mount: v site, predlict a
pezk ground acceleration of about (O.4g. Acceleratlion ~&s'.imates for ground
motlon resulting from earthquakes on potentially actl e faults that are
closer toe the Yucca Mountaln site are not avallable. W th the assumpticn
that 0,20g 1s th~ peak acceleration that 1s ganarally aliowable for nuclear
facllities, the probable paak acceleration that will be -determined for the
Yucca Mountain site 1Is not likely to be elgnificantly smaller than 0.20g.
Therefore, the evidence Lndicatas cthat this favorable condition is not
present at Yucca Mountains

6.3.3.4.4 Potentially adéerse.éoﬁditibns |

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

Evaluatkion

There 1s geologlc evidence of Quaternary faulting in the reglonal
gecloglc setting of Yucga Mountain. Fault scarpe, nearly all small and
conglderably eroded, ara, present within the region (Carr, 1984). The area.
has been mapped and studied ip sufficlent detall to render 1t unllkely that
important fault scarps are undetected. .No confirmed surface diaplacement
younger than 40,000 years had been demonstrated at or near Yucca Mountala at
the time of publication of Swadley.et al. {1984}. New data, avallable in the
form of preliminary thermoluminescence dates, may indicate on the order of
I to 10 centimeters of fault displacement 1n the eaatern Crater Flat area
more recently than about 6,000 years ago {Dudley, 1985} (see also Section
6.3.1.7.4, potentlally advqrse condition 1). Thermoluminescence 18 a dating
technique that has been used in archaeology, but has not yet baen shown Lo
provide reliable dates in geologlc applications.

Thirty-two faults within a 1,100 square-killometer (425 square-mile) area
around the site offser or fractyre Quaternary deposits. Filve faults are
thought. to have last moved betweean .ahout 270,000 and 40,000 years ago; 4
faults last moved about 1 mlllion years ago; and 23 faults are thought to
have last moved betwean ! and 2 million yesrs age (Swadley et al., 1984).
Published data on eatimates of recurrence intervals for major earthquakes 1in
the Basin and Range Province are compiled in Sectiom 6.3.1l.7.5, For tha
Nevada Test Site (NTS) reglon, the recurrence interval for M 2 7 earthquakas
appears to be on the order of 25,000 years, and the average for the area
north of the NTS appeara to be -on the order of 7,000 to 10,000 years. For
M > 6, the recurrence interval is reported to be on the order of 2,500 years
for the NTS region. It should he noted that wide varisbility results from

using different asgumptions .and.regions 1in the estimation of reacurrence
intervals.
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Within about 10 kllometers (6 miles) of Yucca Mountain, hiatorical
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 oot be ¢=termined due to Instrument probless. A local selsmic
network with significantly Increased detection and locicion capability has
recorded 3 microear.hiquakes in the esme ares between Aujust 1978 and the end
of 1933. The largest magnitude (HL), was approximatel’ M = 2 on the Richter
scale (Rogers, 1986},

Concluaion

During the Quaternary Period, faulting occurred within 10 kilometers
(6 miles) of Yucca Mountain. Historical selamic records and recent
selsmicity #t and near the site indicate that faulting ie an ongeing proceas
within the geologic asetting. Therefore, the evidence indicates that this
potentially adverse condition is present at Yucea Mountwmin.

(2) Historical earthquakes or psst man~induced se!smicity that, 1if
efther were to recur, could produce gfound motion at the site in
exceaa of reasonable design limita. }

Evaluation

Calculations for the maximum acceleration expected at Yucca Mountaln
from ground metion induced by underground nuclear explosions at the NTS give
a mean accelerstion of 0.06lg and & mean plus 3 standard deviations of 0.32g
(Section 6.2.1.5}. As discussed in the evaluation of the favorable condition
under this guideline, the peak historical acceleration from a ttatural earth-
quake at a locetion 20 kllometers (12 milles) east of Yucca Mountsin was
estimated tc te less than 0.1g (Rogera et al., 1977).

Two earthquekes with o magnlitude of M = & have occurred within about
200 kilemeters (125 miles) of Yuceca Mountain: one occurred in 1908, 110 kilo-
meters (68 miles) asouthwest of Yucce Mountain, and one occurred in 1966,
about 210 kilometers (130 miles} to the northeast (USGS, 1984)., If theae
earthquakea 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 repositoriea that have been required for nuclear power plants. The
Nuclear Regulstory Commission (NRC) has indicated that no seilsmic require-
ments have yet been established for nuclear waste repositories (NRC, 1985).
They note that all repository structures, systems, and components jimportant
to safety will be reviewed to establieh appropriate design requirements, and
that all requirements will be developed to ensure cowmpliance with 10 CFR
Part 60 (1983) and 40 CFR Part 191 (1985). However, in order to evaluate
this favorable condition, the maximum aeismic acceleration valuea for
reactore that have been licensed by the NRC for safe shutdown earthquakes
(S8E) were reviewed (Jackson, 1985a). The maximum levels occur in Cslifornia
1p high gefamic activity zonea where the Diable Canyon resctor has been
licensed for an SSE of 0.75g, end the San Onofre unite for 0.67g.
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It 1s important it note that the safe shutdown requirements for a
reactor are not rteleva~t for a repository., The inventory of primsvy-systaem
cooling water in a rea:tor must be maintalned after a seiwmlc event in order
to control core decay :ieat, prevent meltdown, and prevent potential release
of short-lived noble g.ses or particulates. In a repository, the short-lived
isotopes no longer exilst, and the heat that will be genevnted is several
orders of magnitude lass than that for a resctor. This hest can be contsined
within the facility without dependence on complex mechan &l or hydraulie
gystems coperating after a seismic event. Section 6.3 3.4.5 reviews
tecinology that has been used in other facilities to ing¢nr-orate designs for
both displacement and ground motion from earthquakes. i*ven the current
state of knowledge of ihe estimates for recurrence rates for large earth-
quakes in the reg’on which includes the Yucca Mountain eii2, and the record
of historical selsmicity within the Fast-West Seismic Belt, there is no
evidence that suggests that ground motion at the site during the preclosure
time period is likely to be in excess of reasonahle desig: limits.

Conclusion

1f historical earthquakes or past man-induced selamicity were to recur
at Yuceca Mountain, the resulting ground motlon would be withim reasonable
depign 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 killometers {125 miles) of the Yucca Mountaln eite: one in 1908 at Death
Valley 110 kilometers (68 miles) southwest of Yuceca Mountain, and one in 19466
about 210 kilometers (130 miles) northeast of the site. Within about
10 kilometera (6 miles) of Yucca Mountain, historical seismic records before
1978 show that 7 earthquakes were recorded: of these, 2 had wmagnitudes of
M = 3.6 and M = 3.4; magnitudes for the remaining 5 were not reported., They
were apparently very small or had magnitudes that could nct be determined due
to instrument problems. A local selsmic network with significantly Iincreased
detection and location capability has recocrded 3 microearthquakes in the aame
area between Angust 1978 and the end of 1983. The largest magnitude (HL) wasg
approximately M = 2 on the Richter scale {Rogers, 1986).

For the purposes of evaluation of thia condition, it will be assumed
that historic seismicity is representative of the earthquake potential for
the Yucea Mountain site for short periods of time, such as the preclosure
time frame. This evaluation will, therefore, not consider design eventa or
ground motions rthat are assoclated with low-prebability scenarloa, because
the likelihood of a larger—~than~historic event 1s low during the preclosure
period. : :
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Given the present atatus of earthquake-hazard aesessment, there is no
evidence that earthgui<es larger than thoae observed in the historical
records for the geolop.c aetting are likely to occur at Yucca Mountiin during
the 90-year preclosure period. Published estimates of racurtence intervals
for earthquakes are vesviewed 1n Section 6.3.1.7.5, for the region that
ineludes the Yucca Mountain site. Recurrence intervals for M » 7 earthquakes
are reported to be o the order of 25,000 years; for M > 4, recurrence
intervala are on the order of 2,500 years; and, for M D "5, estimates of
recurrence Iintervuls are about 250 Years,

Conclualon

Sciemicity at the site eince 1978 has been manifest:d by earthquakes
with magnitudes less than 2, although larger earthquakes have occurred within
the geologic aetting. There 1e no evidence that earthnumakea larger than
those predicted from hiatorical selsmicity within the genlogic sétting should
be expected to occur at the site during the assumed 90-year period of
repository construction, operation, and closure. Therefore, the evidence
indicates that this potentislly sdverse condition 1as not present at Yucca
Mountain.

6+3.3.4.5 Diosqualifying 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 kilometera {6 miles) of Yucca Mountain, historical
earthquake records before 1978 show that 7 eerthquakes were recorded; 2 had
magnitudes of M = 3.6 and M = 3.4; magnitudes were not reported for the
remalning 5. They were apparently very small or had magnitudee that could
not be determined due to instrument problems. Prior to 1978, however, stan-
dard errovs of most earthquake locations were + 7 kilometers (+ 4.2 miles) or
more. A local seismlc network haa recordad 3 microearthquakes in the same
area between August 1978 and the end of 1983. The largest magnitude

M., Richter scale) was approximately M = 2 (Rogers, 1%986). Two hiatorical
ea%thquakea of magnitude M = 6 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 }986, about 210
kilometers (130 miles) northeast of the site. :

Thirty-two faults within a 1,100-square~kilometer (425-square~mile} aresa
around the slte offset or fracture Quaternary deposits. Fivée faults are
thought to have last moved between about 273,000 and 40,000 years agoj 4
faults last moved about 1 million years ago; and 23 faults are thought to
have last moved between 1 and 2 millionm vears ago (Swadley, et al., 1984).
At the time of publicatlon of Swadley et al. (1984), no evidence of offset
younger than 40,000 years had been confirmed; recently available, but:
unevaluated, thermoluminescence dates may indicate on the order of 1 to L0
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centimeters of fault Jdisplacement 1in eastern Crater Flat more recently than
about 6,000 years ago (Dudley, 1985).

Previously published estimatas of recurrence Intervals for aarthquakes
were reviewed in Section 6.3.1.7.5. The region including the Yucca Mountaln
gite 1g reported t» hrve an estimsted recurrence interval for M > 7 on the
order of 25,000 yeari; for M > 6, the recurrence interval is on the order
2,500 yearg; and for M > 5, the recurrence interval 1s re¢:orted to be on the
order of 250 years. The ranga of rerupture times for najor earthquakes
presented in Table 6~36 in Section 6.3.1.7.5 reflects h: location of the
slte on the boundary between two zones with vexy differe 1t levels of seiamic
activity. One zone 1s to the south of the site with a v ry low level of
selamicity and vesy long recurrence intervals for large earthquakes (on the
order of 190,000 years for M > 7 for the reglion including Laa Vegsa); the
other zone i¢ the reglom to the north where recurrence intervals are on the
order of 7,000 to 10,000 years for M > 7., The range in estimates of
recurrance 1intervals demonstrates the wide varlability that results for
differing reglons when a wide varlety of assumptions are used. At this time,
these valuas can only provide insight regarding possible recurrence 1ntervals
for faulte near Yucca Mountain. Until detalled fault studies are fully
completed, there 1s large uncertainty regarding the appropriate recurrence
intervals for these faults. However, the avallable data (Swadley et al.,
1584; 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 is no
information currently avallable on the selsmoganlc potential of faults at or
near Yucca Mountain, eo that the occurrence of a magnitude 7 earthquake in
the area can neither be anticipated nor can it be ruled out. Although USGS
(1984) indicates that fault movement with aurface displacements are possible
at or near the site, recurrence Interval data suggest that earthquakes that
are large enough to generate major surface displacements are unlikely for the
preclosure time period of less tham 100 years. Doser (1985) reports that
minimum earthquake magnitudes of 6.0 to 6.5 are required to produce surface
breakage in the Intermountain Seilsmic Belt.

The only avallable estimate of acceleration at the Yucca Mountaln site
was made under the assumption that faults at the site were not active. The
moet Llikely peak accelaration at Yucca Mountain was deterministically
gstimated to be approximately 0O.4g (USGS, 1984). This acceleration was
estimated to result from a full length fault rupture (length, !7 kilometers
(11 miles), magnitude 6.8) on the Bare Mountain Fault, which 1s 14 kilometers
(9 milew) west of the Yucca Mountaln site. Alternative probabilistic
hypotheses, formulated on the basils of historical rates of seismicity in
surrounding regions, and assumptions that earthquakes can occur anywhere in
the region including Yucea Mountaln, can be used to ahow that 0.4y has a
return period on the order of 900 to 30,000 yeara. The probabllity of 0.4g
being exceeded in 90 years, the assumed duration of the preclosure period,
under these hypotheses 1s estimated to be between 0.003 and C.1 (USGS, 1984).
These values are 1in reasonable agreement with previous estimates of
recurrence 1lntervals for the reglon. The probabilistic results discussed by
Rogers et al. (i977) and USGS (1984) demonstrate that large uncertainties
exiat in the evaluation of seismic hazard. Different assumptions regarding
the approprlate recurrence model, attenuation relationships, and the
identification of specific faulta as aelsmlc sourcas, can result in widely
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different eatimates of acceleration for a given probability. At this time,

it is premature to pla.a much confidence in these estimates, other than using
them to provide insight until a more complete asgeasment can be made of the

various input parameters that are required For a probabillistic selsmic hazard
analyais.

Pogsible effects om the preclosure operaticn of a rey :.sitory from earth—
quakes at or unear the site can be considerad from the s inxdpoint of the
potential for ground motlon and the possibility of surfa-e 4isplacement. As
discussed in potentially adverse condition 2, nuclear v actora have been
designed and licensed bv the Nuclear Regulatory Commiasicn with safe shutdown
earthquake accelerations of 0.75g and 0.67g in selemically ictive araas.

Owen et al. (1980) review the salsmic design coneiderstions that may be
applicable to the underground portion of a repository. Experience with
strong ground motlion acting on other types of structures also provides useful
information. TFor the underground portion of the reposltory, evidence 1is
available 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 si{te, damage is Inevitable; however,
damage from shaking alone 18 generally confined to facilitiea located within
the epicentral region and may be less than damage to surface facllities at
the same site. There is an apparent reduction of amplitude with depth, sl-
though selsmic data for this observation 13 reported to be mixed. The fre-
quency content of motion {48 important to the stability of underground
openings, and attenuation relationships should be site specific. Model
studies 1ndicate that problems may occur in shafts, particularly with waste-~
handling equipment. This 1llustretes the need for detaliled assessments of
the selsmic aspects of shaft designs, hoilsts, and in-shaft waste—handling
equipment. All of the above information will be considered during seilsmic
hazard studies of the Yucca Mountain site. Jackson {1985bh) reviewed the
literature on damage to underground facilities from earthquakes. He noteas
that there are numerous observations that underground structures suffer leas
damage than surface structures during stroug shaking wotion. Jackson (1985b)
qualitatively concludes that the probabi}&ty of eyents that are large enough
Lo cause damage 1s likely to be low (10 te 10 per year) for the pre-
clogure repository time frame. He also points out that damage to subsurface
facilitiesn is likely to be localized so that few waste disposal contalners
would be affected, although systems used for retrieval, such as the ahaft,
hoist, 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 oeccur unless
the underground facility 1s very close to an earthquake epicenter. The
primary cause of earthquake-induced failure 1in underground excavation i1s
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 1inecluding large buildings. The effects of fault dis-
placement on the performance of gstructures may depend on whether the faults
are parallel or perpeandicular to building walls and on the thickness and
characteristics of soll above bedrock (Meehan, 1984). Merritt et al. (i985)
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point out that although the absolute amplitude of displacement may be large,
this displacement i{s ofien spread over a long length, and that the amount of
distortion at any polut i1s generally small, often within the elastic defor-
mation capacity of the structure., State-of-the-art technology allows designs
that incorporate flexi'le Joints so that the effects of miror fault movement
can be accommodated. %ritical areas of a structure could iso be 1solated by
a sand cushion or othe~ displacement accommodating materials (Meehan, 1984}.

The questions ralsed 1n design and licensing for & waste-handling
building (WHB) that spans a surface dlsplacement are sig°l icant. A prefer-
able design solution for the geologic setting of Yucca it »utaln will be to
locate the WHB, which w'1ll contaln the surface lnventory : % spent fuel and
high-level waste, on a location where surface displacemtnts have not
occurred. This bullding locatlon need be only 152 meters (300 feet) square.
Because of th¢ juxtaposition of surface and eubsurface fecilitles at the
Yucca Mountain site, there 1s an extensive area that could be acceptable for
the WHB location. Early design studles are intended to establish cne or more
sultable locations for the WHB where Burface fractures d4re not present.
Eatablishing a suitable WHB locatlon using this philosophv will be preferable
to the design and licensing of the facllity using selsmic design technology
described above. '

A review of the information availlable on designe to accommodate fault
displacement in non-nuclear facilities shows that many structures have been
deslgned to accommodate offset. For tunnels that crecss active faults, an
approach used In the Californla aqueduct where [t crosaes the Garlock Fault
was to design a reinforced concrete condult; another approach was described
for the Bay Area Rapld Transit (BART) System, where tunnels cross the Hayward
Fault Iin Berkeley, Californlia. The Hayward Fault has an estimated annual
creep rate of between 6 and 8 millimeters {(0.24 and 0.31 inch) per year
{Brown et al., 1981). The BART tunnel was oversized and lined with closely
spaced steel rib sections to permit absorption of tectonic deformations and
promote rapid repalr and track realignment {Owen and Scholl, 1981). From
experlence of damage to underground box condults during the San Fernando
earthquake, guggestions for design of reinforced concrete conduits include
the following: close-spaced seismic joints; construction jolnts and selsmic
joilnts placed in the same vertical plane; and avoidance of changes in geo-
metry or propertles of the cross sectlon, sudden change of direction, and
confluence near an active fault zone. Merritt et al. (1985) suggest a atruc-
tural design goal that may be appropriate in gsome cases which is to provide
sufficlent ductllity to absorb the Imposed deformatfon without losing the
capacity to carry statlic loads. The Trans~Alaskan Pipeline was designed to
traverse active fault zones having 0.6 meters (2 feet) of horizontal and/or
vertlcal displacement (DOI, 1972)., Table 6~43 summarizes information on a
nupber ¢f facllities that have experienced strong ground motion or fault
movement .

In the well-known case of the General Electric Test Reactor, located iIn
Pleasanton, California, a comprehensive structural analysla was completed of
the safety-~related components and systems for both surface dilgplacement and
maxlmum vibratory ground motion, Uslng an assumption of 1 meter (3 feet) of
offset, an analysis of the reactor building suggested that induced stresses
in the concrete cote 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 aand have experienced mﬂn0=m ground motion or fault movement

Facility Source of .Ground IOn»on observed Effects Reference

Fukushima Nuclear Power mwmuﬂf Miyagi-Ken—oki, Earthquake Damage was negligible.

ave-9

units ! through 5,

[asss’ na Presecturs, Japen:
Locatiocn approximately

125 km from epicenter;

0.12g lateral ground accelera-
tion; 0.25¢ 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 0.1g
iateral acceleration (1957);
0.18g acceleration {1985).

Bunker Hill Tower, Los Angeles,
California. 22 stories high;
loczzion approximately 25 ka
from eplcenter.

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

June 12, 1978
Magnitude 7.4
Focal depth = 30 km
Offshore 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 Earthguake
February 9, 1971
Magnitude 6.4

Managua, Nlcaragua,
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
floora and wall areas
exhibited no signs of
damage. .

Yapev mwmumv

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

ENR 1985a
ENR 1985b

Murphy 1973

Meehan et al.
{1973) :

L
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(continued)

Facilities that were

designed for and have mﬂvwﬂwmnama mmwocw mnmcwa EOnmow wﬂ;mmcmn_amcmsm:n

Faciliey

Source of Ground Motion

Observed Effects.

Reference <

Tison Bullding, Cotabate City,
YEodeann o
nlgh., Lr-_iiom approximately
100 km from epicenter; moment
frame concrete; 0,08 to 0.18g
peak acceleration.

Bay Area Rapid Transic

Tunmel (BART), Oakland,
California, Tunnel pPenetrates
Hayward Fault. Designed to
accommodate both continuous
fault creep and periodic faule
displacement assoclated with
earthauakes.

< <eppli€s. 4 ersriag

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

Bayward Faglt Creep——6 to
8 em per year laterally,
Historical faulr movement
(up to 1.5 m) associated

- with earthquakes 1in late

1800s.

Survived the ea¥tbquake
without structural
damage and only a
slight crack in a.cop=
crete block partition,

Stratta et “al. -
(1977) .

Brown et al.
(1981)

na v
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Methodology for asseusing significance of seismic and tectonic events

A detalled description of the approach utilized to ldentify and resolve
licensing 1ssues asgsuclated with significant seilsmic and tectonic events isa
heing prepared by the Nevada Nuclear Waste Storage Inv:.tigationa (NNWSI)
Project and will be dincorporated in the site charact.rization plan.
Significant seilsmic end tectonic events are those event:s that, in light of
tectonlc history and other characteristics of the site, ..ust be congldered in
evaluating compliance of the repository with the perfoi:.ance objectives of
lu CFR Part 60 {(1983). This description, to be presen. e: as a position paper
for discussion with the NRC and the public, will addreis the formulation of
criterla to bé used tor 1identifying the significant se¢.:mic and tectonic
events to be cousldered for preclosure and postclosure analyses. On a
preliminary basis, the position paper will identify scenarios to be addressed
in these analyses, including those related to faults at or near the site. A
rationale will be developed to explain why certain scenarlos ehould be
excluded or {ncluded in the analyses on the basis of either probability or
consequence. The paper will also evaluate the potentisl Impaet of the

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

An 1ssue-resolution strategy will also be developed. The specific
sglamic and tectonic events considered for analysis will be discussed in
terms af uncertainties in ecenario definition and data and assumptions to bhe
uged in analyses. The approach to be used to demonstrate compliance could
incorporate geveral sequential steps. Flrst, the set of release scenarios
for the scismlic and tectonic events that could affect safety during operation
and retrieval would he identified. Next, failure-mode analyses of struc-
tures, systems, and components important to safety would be conducted using
selsmic-inltiating—event probabilities and selsmic-design psrameters deter-
mined Iin accordance with procedures described in the paper. These analyses
would be used to determine likely and maximum coneequences of failure with
respect to radiological safety, considering the ranges of parameters that
affect these consequences. The results of these determinatlions would then be
uged In an analysis and assessment of the degree of compliance with applica-
ble releagse limite. Finally, the uncertainty in these analyses and assesg-—
ments would be evaluated. The resulting information would be used in an
evaluation of the Iimpect on design of structures, systems, and components
important to safety and to determine the implications regarding the design of
structures to resist fallure. The above steps will be 1iterated and will
become more sophisticated as data from site characterization becomes
avallable. An iterative approach will also be used to define and refine
fleld programs to obtaln the necessary data.

The process just described recognizes that many of the analyses and sup-—
porting investigations involve gtate-~of-the~art concepts regarding the acqui-
sitlon and use of gecloglc data 1In sophlsticated analyses. Whila such
concepts will be applied for the first time to a repository, the NRC has
evaluated numerous probahilistic risk assessments for puclear reactors, which
include selsmic Inltiating events. Techniques discussed above are likely to
be similar to those that have been used for probabillistic risgk 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 tectonics
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disqualifying condition and qualifying conditicn of 10 CPR Part 966 (1984),
the performance objectives of 10 CFR Part 60 (1983), and evaluations of
worker and public heal-h and safety.

Conclusion

There may be evid:nce for a very small amount of surisie displacement
near Yucca Mountain 11 the past 6,000 years. The closest hilstorical M = 6
earthquake occured in 1908 about 110 kilometers {68 miler southwest of the
site. Recurrence intervals for aearthquakes in the reglo. .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 tnhe plana for identifying the significant seismic and
tectonics parameters during site characterization, it is judged feasible to
construct, operate, and decommission an exploratory shaft facllity and a
radioactive waste repoaltory at Yucca Mountain. Therefore, the evidence doegs
not support s finding that the site is disqualified (level ).

6.3.3.4.6 Evaluation and conclusion for the qualifying condition on the
preclosure tectonicse guideline

Evaluation

The brief historical selsmic record at Yucca Mountailn ahows 1o
earthquskes that have produced damaging ground motion (Rogers et al., 19583;
Rogers et al., 1977; USGS, 1984). Within 20 kilometers (12 milea) of Yucca
Mountain, the deterministically predicted maximum credible earthquake (M =
6.8) on any of the largeat 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 %00 to 30,000 years.
Published recurrence 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, abourt 250 years for M > 5 earthquakes. The
estimated rupture length of a fault producing an earthqueke of a given magni-
tude and the maximum distance from that fault to a given mean and peak hori~
zontal acceleration are given 1n Table 6-44. The magnitude-length relation-
ship was derived from western North American earthquskes by Bonilla et al.
(1984), The 84th-percentile and mean accelerationa of Joyner and Boore
{1981) and Campbell (1981) were ugsed to compute conservative estimates of the
diatances listed in the table. At this time, it has not been determined what
percentile will be appropriate for ground motion estimates for s repository.
Section 6.3.3.4.5 discusaes the methodology that will be used to assesa the
pignificance of possible seismic and tectonic events and to estsblish the
required level of conservatism. Additlionally, the valueca presented in Table
6-44 are provided to show a range of peak scceleration values for different
slzed earthquakes at a varlety of distances. Until final evaluatione of the
faults near the site, appropriate assumptions for fault length, displacement,
and earthquake magnitude are not pogsible or warranted. Table 6-44 shows
that to produce peak eccelerations 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. mmcwnwwmnmnt and distance from fault to peak borfzontal accelerations

Magnitude, Fault length, 1.2 Caléulation Distance to mnnmumﬂmnuozvan
M {kilomerers) method kilometetrs
0.2g ~ Os5g  0.75g  1.0g
te. 5 (d) B/i7  ~/¥ =) -
(e) 5/8 1/2 -/1 /=
6.0 9 (d} 12/22 -7 wfm ke
(e} 8/13 1/3 -/1 -]
6.5 17 ¢d) 16/29 2/¥1 - -/~ -/~
Ce) 12/19 2’y . =f2 - )=
7.0 33 Cdy 22/38 6/F6. /M- /5
te) 18/28 g . /3 -]~
ooEusnmn from Bontila et al. nywmav western. -North American data. Log L = 0.566M~2.44 where

M= m:nmmhm wave magoltude.

The numbers before and mﬁmmu the mwmma are nrm 50th and B4th percentilte accelerations,

respectively,
d

nm%ﬁsmn {~-) indicates that these m4mnﬁm mnm not likely to generate the m»ﬂm: mnnmwmﬂmnaonm.
ncauﬁnmm from Joyner and Boare {198F) -50th and 84th percentile acceleration Hmuwnposmruum.
nosusnmn from Campbell ﬂwwmmu mona ms& mbn# vmﬂnmnnpwm acceleration: Hmwwnﬁbanva.
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regional estimates of recurrence rates for M 2‘7 on the ovder of 25,000 years
and about 2,300 years for M > 6, the probability of occurrence of a damaging
earthquake during tha 90-year preclosure period 1s likely to be very small.
Furthermore, the faul: lengths observed in the immediate sicinity of Yucca
Mountaln do not appesa:. sufficient to generate earthquake: with magnitudes
greater than 6 or 5.5. regardless of the recurrence interrals. As noted in
the evaluation of the disqualifying condition, reasonabl- avallable techno-
logy should be sufficlent to accommodate the seismic desi a requirements for
the site when they are established during site characterit itlon.

From the dtandpoivt of selsmic hazard, Relter and Js-kson (1983) point
out that an approach based on return periods on the order ..f 1,000 or 10,000
years have heen 1.plicitly accepted by the Nuclear Regulatory Commlssion
(NRC) for developing the seismic deaign criteria for nuclear reactors. Such
an appresch msy be overly conservative for a geologle repository. The con-
cept of continulng operation of complex systems after a geismic avent must be
applied to a reactor at the safe shutdown earthquake level, but is not
relevant for a repository surface facility. The primary-coolant water supply
for a reactor must continue to be avallable For core cocling after the
sefamic event. Because of the presence of short-lived lactopes, the fuel in
a reactor core will continue to generate dacay heat at a rate sevaral orders
of magnitude higher than the repository spent fuel. The noble gases xenon
and krypton are of particular concara and must be containad along with
lodine-~131 to protect publde health and safety. This requirement nacea-
sltates the continued functioning of complex mechanical and hydraulic ayetems
during and after & maximum seismic event as well as the malntenance of the
full structural integrity of the containment building. Ir 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 preaently before the NRC
for licensing for reactor eite atorage of spent fuel.

After emplacement in the underground faeility, waste disposal containera
are unlikely to experlence velocities or accelerations that approach the
veloclties and accelerations that will be simulated in drop tests to deter-
mine strength for handling purpeoses. An acceleration of 1g at repository
depth 18 extremely unlikely; containers will be designed and tested for

Impact velocities that produce accelerations of more than 10 times this
value.

The volcanic hazard potential at the site from silicic volcanism 1s much
less than that for basaltic volcanigm ag digcuseed in Section 6.3.1.7.3. The
possible effects and probability of basaltic volcanism at Yucca Mountaln
during the preclosure periocd are thoroughly veviewed in eectiong 6.3.1.7.3
and 6.3.1.7.6, The probability of a recurrence of basaltic uolcaqﬁ?m causing
disruptigg of the repository facllity ranges between 3.3 x 10 and
3.0 x 10 ¥ for the 90-year preclosure period. Because of the low probabili~
ties and small consequences, the risk posed by basaltlc volcanism is judged
to be very small during the preclosure period (Link et al., 1982).

Concluaiogn
The only tectonic ackivity expected to affect . Yucca Mourtain during the

preclosure period is the occurrence in the surrounding. region of. .emall--
magnitude earthquakes. Such activity i1s 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 1ia compatlible with the requirements sapecified in
10 CFR 960.5~1(a)(3; {(1984)., Therefore, on the basls of the above evalu-
ation, the evidence ‘ces not support a finding that the rite is not likely to
meet Lhe qualifying nondition for preclosure tectonics {!avel 3).

6.3.3.4.7 vPlane for site charactarization

During site charicterization, fleld investigations +L1] be continued to
further evaluate tectonlc activity at the Yucca Mountain site and In the sur-
rounding reglon (Bee Section 6.3.1.7, Postclosure tectonice, for a complete
discussion). Site-apecific attenuation curvesa will be developed to better
predict expected ground motion, Potentially active faults in the area will

be carefully evaluated to determine their alip ratea and their character-
i1stics.

6.3.4 PRECLOSURE SYSTEM GUIDELINE

The three preclosure system guldelines establish the overall objectives
to be met by a repository during repository siting, constructilon, 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 seiting, construction, operation, and closure. The first two do
not require site characterization for the demonstration of compliance; tliay
are discussed in Section 6.2.2. The third preclosure system guldeline does
require site characterization; a preliminary evaluation of the Yucca Mountain
site againgt this system guldeline 1la presented in this section.

6.3.4.1 Esse gnd coat .of aiting, construction, operation, and closure
(10 CFR 960.5-1(a)(3))

6.3.4.1.1 Introduction
The qualifying condition for this guldeline 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 clodure is ranked lowest in lmportance among the
three preclosure system guidelines because it does not relate directly to the
health, sefety, and welfare of the public or the quaslity of the environment.
The elements pertinent. to- this guideline are (1) the site characteristlcs
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that affect siting, construction, operation, and closure; (2) the englneer-
ing, materials, and services necessary to conduct these activitieas;

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

Thie guldeline wculd not be met Lif 8 large number of supeclal measurea
were necegaary becsuss the site had unsuitable surface fewu:urea; bhecause the
hoset -rock characterisatics, including thicknese, lateral -x.ent, and geome=~
chanical properties, reculred technology beyond that avai.sble at reasonable
cost; because the hydreoiogilc conditions at the site could imit the effect-
iveness of reposit.ry seals or cause flooding in the underg.ound workings; or
because the potential for tectonlc activity required uncessonable or
infeasible derign featuresa to protect the workers or the public. Table 6-45
summarizea the filnding for the qualifying condition.

6¢e3.4.1.2 Data relevant to the evaluation

The information presented in this aectlon 18 derived from those for the
technical guldelines on surface characteristics (Section 6.3.3.1), rock char-
acteristics (Section 6.3.3.2), hydrology (Sectlon 6.3.3.3), and tectonlcs
(Section 6.3.3.4). This information 1s preliminary because the data needed
from the eite-characterization program are not yat available, Furthermora,
only preliminary concepte of the repositury deslign have been identified
(Macbougall, 1985). Five important variables are considered in the following
evaluation: (1) the locatlon 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 facllity; and {5) the method of waste
emplacement., These variables will be reevaluated and further refined during
the conceptual design of the repository. The conceptual design will, in
turn, be evaluated with the information obtained during site characteriza-
tion. After alte characterization, and the completion of a preliminary
(Title 1) design, more precise estimates of the ease and cost of siting,
conatruction, operation, and closure will be posalble.

The discussione that follow describe the activities involved with
repository construction, operation, and clesure and evaluate each of the
three phases 1in terms of the available technology. It 1is assumed that
10 percent of the access drifts, emplacement drifts, and holes wouid be
excavated and stabilized during construction and that the remalnder would be
excavated and stabllized during operation.

6.3.4.1.3 Evaluation

Evaluation for repository siting

Siting activiries 1include: (1) the construction of the exploratory
shaft facility; (2) the construction of a secondary egrese shaft; (3) the
construction of surface and support facilities, including trailers to house
offices, medical services, and change roomsa, as well as utility systema, head
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Table 6-45. Summary of analyses for Section 6.3.4.1; preclosure system guideline: ease and cost
of siting, comstruction, opération, and closure (10 CFR 960.5-1(a)(3))}

Condition

Department of Epergy muomu finding

QUALIPYING CONDITION

Repository siting, construction, operation, and
closure shall be demonstrated to be technicaily
feaslble on the basls of reasomably available
technology, and the associated costs shall be
demonstrated to be reasonable relative to other
available and comparable siting options.

Existing information does not support the finding
that the site ia not likely to meet the qualifying
condition (level 3): no special technology s
expected to be required; repository activities are
expected to be feasible on the basls of reasonably
available technology; site characterization is
expected to provide additional {nformaticon for
planning and design.

O " 7 0

2

BN

AN

o N



frames and holsts, ventllation systems, and a road; and (4) laboratory and
field studies,

Standard constroction and mining practices can be used to construct the
exploratory shaft faclilty, The secondary egrees shaft wrild be raise-bored,
a standard minlng technique. No unique or nonstandard cechnlques are
expected to be requirsd for the construction of the suppo:t facilitles or for
the conduct of laborwuktory or field studies.

The surface characteristics that should be coneid~r.d In siting are
mainly the terrain anpnd the surface dralunage; both w; 1. be carefully
considered in the placement of the exploratory shaft fu ility, secondary
egress shaft, ana surface support facilities. The surtoce facilities,
shafts, and access routes to them can be located in gencrally flat areas with
well-established dralnage systems., No exceptionsl groun! support methods are
expected to be required; wire mash and roeck bolts ahould provide sufficlent
ground support to provide for worker safety.

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

The tectonic factors to be considered in repository siting include the
potential for earthquake-induced ground motion that could require engineering
measures beyond ressonably avallable technology during shaft construction,
Reanonably avallable technology ie sufficlient to design and construct the
surface and underground facilities to withstand the maximum potentlal ground
motion likely to occur at the Yucca Mountain site.

Evaluation for repository comstruction

Construction activities include (1) the construction of surface sad
support facilittes, Including waste~handling and treatment buildings, support
bulldings, head frames and hoista, a raillroad, a road, and utility systems;
{2) the construction of underground ventllation filter buildings and under-
ground factlities; and (3) the excavation and stabilization of rampse, shafts,
drifts, and emplacement holes (MacDougall, 1985).

Standard construction and mining technlques and prectices can be used in
most of these construction actf{vities. Waste-~handling and crestment facil-
ities, as well as ventilation and filtratlon systems serving waste-
emplacement areas, will be designed and constructed 1in accordance with
applicable specifications followed in other nuclear facllities. Activities
requiring nonstandard techniques will be carried out in a maaner that
provides for the safe handling and processing of potentially hazardous
radioactive materiala under all foreseeable normal and accident conditions.
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The surface chairacteristice that should be considered in construction
activities ave malw'y the terrain and surface drainage, and both will be
carefully considere: in the design and placement of suvrface 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; thermsmechanical characteristics of the hgt rock that could
affeet the ease arn.' safety of wsste retrieval, shouls retrieval become
necessary, and othet rock characteristies that could ¢ promise the safety of
workers, Host-rock characteristica will determine the ~xact depth selected
for the emplacement level, and the exact depth would ¢ {teet the eade and cost
of constructing head frames, holsts and skipas, ramps aul shafts, and the
underground facility. The slze 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 availability, the potential for flooding from sheet flow, aund
ground-water conditions that could require complex engineering beyond that
reasonably available. Adequate water supplies for repository activities are
avallable locally. The design and locations of surface facilitles would
include standard drainage control measures to ensure adequate flood
protection., The uneaturated condition of the host rock and the aridity of
the surface climate both contribute to confidence that hydreloglc impacts on
construction will be minimal.

The tectonic factors that should be considered in repository ronatruc~
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 constructlion methods or practices that are beyond
teasonably available techonology.

Evaluation for repository operation

Operation activities include waste handling, preparation, and
emplacement; administration and management; maintenance; mining; and
security. Surface characteristics that may affect operation include thoase
that could cause flooding Iin the surface or uaderground faciiities, or
characteristics that could lead to the failure of engineered components of
the repository. 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
geveral rock characteristics that could affect repository operation. Among
them are the discovery that the hoat rock 1s too thin or laterally
regtricted, or the unexpected occurrence of in situ rock condltioas that
require speclal engineering measures such as extensive malntepnance 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 cost. All evidence
to date suggests that an adequate drea of the hoat rock 1s avallable,
although it 1s poeeible that additfonal lateral area cculd be uaseful for
added flexibility, The in 8itu conditiouns and thermomechanleal properties of
the host rock would allow safe operatfon and retrieval, should rerrieval
become necessary. ' : '
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During cperatlion, there are two principal hydrologic concerns: an
adequate supply of water must be avallable, and thare should be no ground-
water conditions that would require complex technology beycund that which is
reasonably available. Adequate water supplies are availabl.: locally, and the
unsaturated host rock wiyuld require no speclal technology.

The tectonlce chavicterlstic of the site that could »=:.fect repository
operati{on is the potential for ground motion severe enough :o dlsrupt reposi-
tory operation, causing injury to personnel, or causirg an accldental
radiatlion release, The ground motion that is likely to esslt from mnatural
seismiclty or man-induced selsmiclty can be estimated and ¢oerational proce-
dures can be establishes to protect workers and facilities. A eignificant
impact on operation would be possible only 1f earthquakes greatly exceeded
the seismic design limits of the facllitles; coneervative design limits would
be used (Section 6.3.3.4).

Evaluation for repository closure

The closure of the repository will consist of backfilling drifts, 1f
required, and sealing shafts, rampse, and boreholes. Surface characteristics
would affect shaft and ramp sealing, or backfilling if flooding caused die-
ruption of seals or backfill, The rock characteristics that could affect
cloaure activities or potential retrievability include rock 1lnstability 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 measuree are
sufficlent to guarantee that sealing and backfilling will not be disrupted,
and all evidence toc date suggeste that the retrieval of emplaced wastas
should offer no wechanical or safety-related problems.

Hydroleglc charactaristics would be lmportant 1n closing the repository
1f flooding occurred or 1f water were not available for closure or retrieval
operations. Ground-water conditiona could affect closure and retrieval if
complex englneering 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 benlgn
ground-water environment. Tectonic processes could affect closure activities
i1f the earthquake design limits that were imposed were not sufficlently
conservative to guarantee the safety of the workers and retrieval of the
waste, if necessary. Section 6.3.3.4.5 describes the procedure that will be
used to develop congervative seismic design requirements for a repository at
Yucca Mountain.

Cost Estimates

On the basi{s 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.S. Department of Energy annual evaluatlon of the adequacy of the one
mil per kilowatt-hour fee for disposal services and do not represent final
cost estimates. More deflnitive estimates will bhe completed when mote
detalled designs and site~characterization data become avallable.
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The estimated to' al life-cycle cost for a repository lucated Lii tuff 1is
$8.5 biliion (1984 de lars). This includes costs for development and evalu-
atlon ($1.5 blllion), construction ($1.1 billion), operation (§$5.8 billion),
and decommiggsioning (0.1 billion)., The development and :-veluation estimate
includes costs for site characterization, reapository corn::ptual design, and
license application, and technology development., The cor3-ruction estimate
includes costa for rapoelitory final procurement and con ‘ruction dealgn and
the construction of all eurface facilicties and a limite number of under-
ground waste disposal rooms and corridors. The operati-r. estimate includes
costs for the conatrustion of the remainder of the und :rground facllitiea,
the emplacement of th2 waste underground, and caretaks and backfilling
activities, The decommigsioning eatimate includes costs for shaft sealing
and the decontamination and dismantliing of the surface facilities.

6.3.4.1.4 Conclusions for the qualifying condition on the ease and cost of
siting, construction, operation, and closure guideline

The siting, constructlion, operetion, and closure of a repository at
Yucca Mountain are not likely to require sgpecial technology and are con-
sidered feasible on the baslg of existing technology. Site-characterlzation
studies will expand the existing information on host-rock thickness and
lateral extent, host-rock wechani~al properties, tharmo-mechanical proper-
ties, the location and characteristice of faults and shear zones, and the
subsurface hydrologic system. The currently available repository design
information, cost estimates, and design requirements wili be updated during
ongolng conceptual-deaign activities. The evidence collected and evaluated
to date does not support a finding that the aite 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 dlacussion of indi-
vidual guidelines and made in accordance with Appendix TII of the siting
guidelines (10 GCFR 960, 1984), it 1s 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
eage and cost of sitlng, construction, operation, and closure. Therefore, it
is concluded that the Yucca Mountaln site fis suitable for aite
characterization.

6.4 PERFORMANCE ANALYSES

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

performance analyses vhat support the preclosure system yuldeline tregarding
radiological safety ari the postclosure system guldeline. OQOther assessments
not related to preclo:sire radiologlcal safety or postclos'ire performance are
not considered hare.

6.4.,1 PRECLOSURE RADIOLOGICAL SAFETY ASSESSHENTS

The purpose of th's section is to describe the appt ich to the pre-
closure radlologi~al assessment, to detarmine whether thé¢ assesemants are
especially sensitive to particular characteristics of the site, and to
estimate preclosure performance based on the existing infrmatien.

6.4.1.1 Preclosure radiation protection standards

The preclosure system guideline {10 CFR 960.5~1(a){1), 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 requireg that the combined sunual dose equiv~
alent to any member of the public, from operations covered by 40 CFR Part 190
(1982) and from direct radiation and planned discharges of radicactive mate~
rials, not exceed 25 millirem to the whole body, 75 millirem to the thyroid,
and 25 millirem to any other organ. The requirementa of 10 CFR Part 20
establish limits to expoaure of operating personnel, permissible concentra-
tions of radionuclides in ailr and water for unrestricted areas, and offaite
exposure of the general public. The last requirement 1s that the whole body
dose to any member of the public in a yesr be less than (0.5 rem, with contin-
vous dose limited to 2 millirem per hour or 100 millirem in any 7 consecutive
days. This requirement is generally less restrictive than that of 40: CFR
191, Subpart A, but may be limiting under certaln short-term condltions.

6.4.1.2 Methods for preclosure radiological aswessment

The preclosure performance asseasments will include evaluaticn of poten-
tial release and dose and comparison with the requirements of the regulations
listed 1in Section 6.4.1.1. The assessments will consider repository
construction and operations including both normal operating conditions and
unexpected conditions (i.e.,, those Involving accidental releases).

The specific analyals for each of theae conditions wlll depeud upon the
deslgns of the facilities and the waste package. The main purpoaes of these
analyses will be to confirm the acceptabllity 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 calculatlons are particularly sensitive
to features of the gite, these characteristics would naeed to be identified
and evaluated with regard to preclosure system performance.
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6.4.1.2.1 Radlological assesament of conetruction activitles

No radiocactlve raste would be involved in the construction activities.
However, radiation exposure could result from the rale:se of radon from
excavated rock and t%e underground facility. The amount of radon releaged to
the environment dependy upon site and engineered systev characteristics,
including:

1+ The amount of natural uranium and thorium in “h' roek;

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

3. The natural and induced thermal filelds;

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

5. The ventilation flow rate in undaerground openir¢s, and

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

Neutron activatlon analyses performed on Topopah &pring tuff samples
indicate natural uranium content to be in the range of 7.7 to 5.2 parts per
million and natural thorium content to be Iin 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 cubic centimeter (Tillerson and Nimick,
1984), and assuming secular equilibrium of the uranlum and thorium series in
the Topopah Spring tuff, it is estimated that the radon-220 {thorium series)
production 18 approximately 6 plcocurles per cublc centimeter and the
radon-222 (uranium serles) production is approximately 3 picocuriles per cuble
centimeters. The concomitant raden emanation rate from the rock, particu-
larly as influencad by the induced thermal load from the emplaced radicactive
waste, le not yet known. Although tentative dimensions and ventilation rates
for underground openings have been determloed, the radicnuclide releases and
radiatinn doses due to natural radon have yet to be evaluated.

For present purposes, eatimates of radionuclide releases and radiation
doges can be based upon datae provided for various types of geoleoglc media
(DOE, 1980a). These estimates are discussed In Section 5.2.9.1.

These data ‘ndicate that excavatlon of rock roughly corresponding to the
disposal of 70,000 metric tons of heavy metal of spent fuel would result in
an annual effective whole-body dose for a member of the general population of
leaa 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 iIn ROE (1980a); the astimate asgumes that the
release occurs at the polnt of the axcavation. Specific characteriatics of
the site such as rock type or environmental conditions would not result in
greater impacts, because the impact will be mitigated with design features,
particularly features of the underground ventilation systems.

6.4.1.2.2 Radioclogical assessment of normal operations

Neither direct radiation sources nor radionuclide releases during normal
operations constitute a significant source of public exposure because of the
shielding, packaging, and containment measures that will be taken and because
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of the large dilstance chat separates the waste from the pudlic. The shield~
ing, packaging, and ccatalnment measures needed wiil be determined when the
unit operatlons have bien specified. The greatest potential for radicnuclide
release during normal operations would occur for the handling of the spent
fuel assemblies. Upper bounds to potential impacts can -+ estimated for
possible haudling cvperations and assumptions regarding clrfuding fallure.

A small fractlon of the rode may experilence claddl: - failure during
reactor operation, or durlng residence in storage poola, In early desligns
the fraction of rods that falled during operation was a m:st 1 percent, but
design modifications huve reduced this fraction to less <han 0.02 percent
(Woodley, 1983). There ia no evidence of tramnsportation- related cladding
fallures (DOE, 19/8). The fraction that would fall during tempovary storage
1s unknown. 1If the cladding of any of the rods 1a ruptured duriog handling
at the site, a portion of the radiocactivity in the epent fuel could be
releaged 1inside the hot cell, High-efficlency psrticulate air (HEPA)
filtration gystems can be agsumed to remove virtually all {(99.9+ percent) of
the particulates released from the fuel, For conservatiam, virtually all of
the tritlum, carbon~l4, krypton-85 and lodine-129 should be assumed to pases
through the system and to be released to the surrounding environment.

Under normal conditions, handliog could only result in cladding failure
if disasasembly of spent fuel clements 1is 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 tremoval from the Spacer with an associated

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

An estimate of the radionuclide emisgions during norwal operstiomns can
be made from the expected arrival rate of spent fuel rods, frequency of rod
fallure, radionuclide inventory of the falled rods, and fractlion of this
Inventory that could be released. An upper bound to the releage 1s cal-
culated by assuming an arrival rate of 3,000 wetric tons of heavy metal of
spent fuel (corresponding to 1,700,000 fuel vods for pressurized-water-
reactor fuel) each year, by assuming 0.3 percent of the pins 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 fractlons are given in Table 6~46. Alr concentrations arg5
calculated on the basis of a g§spersion factor (X/Q) estimated to be 2 x 10
seconds per cublc meter (6x10 seconds per cublc foot). The calculated con~
centrations are compared with the concentration limits set by 10 CFR Part 20
{1984) 1in 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 fnformation, such as exposure pathway data.
However, bounding estimates can be made for simple cases; for example, when
the radioactive gases are dispersed in the atmosphere, the whole~body dose
equivalent for immersion in the diapersed cloud can be estimated by using
site~independent dose factors (ICRP, 1979). For the Eflease in Table 6-46
and a dose conversion factor for kiypton-85 of 2 x 10 {rem per year) per
{(curles per cublc meter) (ICRP, 1979), the calculated dose agqulvalent is less
than 0.2 millirem per year. :
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Table 6-~46. Awscssment of releases from normal preclosure operations

Calculated
Fraction concentrat ion Concentration

Invantorya released in aisc. limit3
Radionuclide {(caries) per year {(Ci/m”~ (C1/m”)
5 o L0 -7
Hydrogen-) 9.3 x 103 0.0003 1.8 % 1Y 3 2 x 10_?
Carbon~14 3.7 x 107 0.0003 7.0 x 10 .3 1 x 10_7
Kyrpton-85 1.5 x 10l 0.0009 B.6 x 1914 3 x 10_-_11

lodine~129 9.3 x 10 0.0003 1.8 x 10 2 x 10

%gased on 3,000 metric tons of heavy metal of 10-year-old sespent fuel
arriving in a year (ROE, 1979).

Based on 0.3 percent failure of spent fual rode and fraction of
radloactive gases from falled rods releaaed from facility. Regulatory Gulde
1.25 (NRC, 1972) indicates that EFractions would be 30 percent for krypton-83
and 10 percent for iodine~129. Tritium and carbon~l4 are also assumed to be
10 percent. -

;Baseg on X/Q = 2 x 10“5 seconds per cubic meter.

Ci/m” = curies per c¢ublic meter. -

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

6et4.1.2.3 Radiological assesement of accidental releases

The estimates of releases will depend upon the accldents rhat are plaus~
ible at the site. The possible set of accidents to be considered may be
altered for specific facllity design and operatlonal techniques. A broad
spectrum of potential accidents was analyzed by DOE (1979). The most severe
of thepe involved holst failure during the lowering of the waste disposal
container to the repository level. As described in Section 5.1.1i.2, however,
the reference access method for transferring weste to the underground
facility of the prospective Yucca Mountain repository is via a ramp entry.
Therefore, the waste~holat failure would not be a possible event.

An described in Section 5.2.9.2.3, preliminary safety analyses (Jackson
et al., 198B4) indicate that worst-case accident consequences result from an
alrcraft impact. For this event, the calculated whole-body equivalent docae
to the maximally exposaed individual 1is 68 millirem.

6.4.,2 PRELIMINARY ANALYSIS OF FOSTCLOSURE PERFORMANCE
This section presenta a praliminary performance analysie for the. proposed
Yucca Mountain waste disposal system. The objective of thia preliminary:

analysls 18 to estimate tha likelihood of gatisfying the regulatory. ragulre-
ments contained in the Nuclear Regulatory Commission (NRC) regulations in
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10 CFR Part 60 (29871} and the U.S. Environmental Protection Agency {EPA)

regulations in 40 CFR Part 19! (1985). The results of the aualysils are used
in Section 6.3.2 in e.aluating the site against the postclogure system gulde-
line {10 CFR 960.4~1, 1984), which is based on these NRC snd EPA regulationa.

Because of limitazions In the data base and analytical methods, this
preliminary analysis ’s not intended to demonstrate comp}iance with the post-
closure performance vajectives; rather, it is Intended tc¢ dupplement the evi-
dence that will be uved to establish whether the Yucca Motmtaln site ie suit~-
able for seite characterization. A full performance ass¢ sswent to demonstrate
complisnce with the postelosure performance objective 1a :ontingent on site
characterization and witl follow it.

This section 1is divided into five parte. Section 6.%.2.1 describes the
two major subsystems of the proposed Yucca Mountain waste disposal system.
The first of these, the engineered barrier subasystem, 1s evaluated by an
aggeggment of waste package performance; the second, the natural barrier sub-
system, Is avaluated at thies time by evaluations of ground-water flow and
geochemical retardation. The individual performance of each subsyatem is
analyzed in Section 6.4.2.2, and a preliminary analysis of total system per-
formance 1s presented in Section 6.4.2.3. -Section 6.4.2.4 compares the sub-
system and total system perfermance discussed in earlier sec¢tiona with the
applicable requirements of IQ CFR Part 60 (1983) and 40 CFR Part 191 (1985).
The objective of these comparisons 1a to establish a rough measure of system
performance under the conditions expected in the repository; a brief discys-
sion of the effects of disruptive events on system performance ig provided in
Section 6.4.2.5.

6,4.2.1 Subsystem descciptions

For the purpose of these aesessments, it 1s assumed that a repository at
Yuceca Mountain would be comstructed In the primary area of iavestigation
{Saction 6.3.3.2) of roughly B90 hectares (2,200 acres). The underground
working areas would be 200 meters {656 feet) or more below the surface -in the
lower portion of the densely welded Topopah Spring Member (Figure 6-25) of
the Paintbrush 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 thsn 25 percent of the total arsa. It is assumed that the
waste will be emplaced as 10~year—old spent fuel and will reach a total of
70,000 metric tons of heavy metal {MTHM) st closure. The radionuclide inven-
tory is given in Table 6-47.

The quantities of radicactive waste and the associlared radionuclide
inventories that would actually be emplaced in the reposlitory have not yet
been established, and the amount of apent fuel emplaced could be less than
70,000 MTHM. Other wastes may be emplaced 1in the repository 1n addicion to
the spent fuel. These other wastes may ionclude high~level wastes currently
In storage at West Valley, New York, and defense waste processlug facility
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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Table 6-47, Radionuclide inventory in repository at 360 and 1,060 years
aftev omplacement of 10~year-cld apent fumsl

Radionuclde 1nvegtory

Specific (C1/1900 MTU)
Half--iife activitx b e e
Radiocnuclide (years) (Ci/g) t =10 yr t = “50yr  t = 1,060 yr
L 43 -1 1 qalk 1
Co-246 5.5 «x 103 2,64 x 10_1 3.5 x 102 3.4 102 3.1 x ].O2
Cm=245 S.. w107, 1.57 x 10)° 1.8 x 10 1.8 x 10, 1.7 x 10
Co-244 L.76 x 10_, 8.32 x 10, 3.0 x 104 9.3 x 10, 0 2
Cm-242 4s5 x 105" 3.32 x 107, 8.5 x 10, 2.6 x 10, l.1 x 10,
Am-243 7.95 x 102 1.85 x 10 L4 x 104 1.4 x 103 1.3 x 102
Am=242 1.52 x 10, 9.72 1.0 x 106 2.6 x 104 Iel x 105
Am~241 4,58 x 10, 3.24 -3 1.6 x i03 1,0 x 103 3.5 x 103
Pyu-242 3,79 x 101 3.90 x 102 1.4 x 10? 1.6 x 102 1.6 x 1_02
Pu-241 1.32 x 103 1.12 x 10_1 6.9 x lO5 1.8 x 105 1.7 % 10S
Pu-240 6.58 x 10, 2.26 x 10__2 4,5 x 105 bob x 105 4.1 x £05
Pu-239 2.44 x 101 6.13 x 101 2.9 x 106 2.9 x 105_ 2.8 x 102
Pu-238 8.6 «x 10_, 1.75 x 10, 2.0 x 10, 2,0 x 10, 9.3 x. 10,
Np~239 6.4 x 10,7 2,33 x 107, 1.4 x 10, led x 10, 1.3 x 10,
Np-237 2.14 x 109 7.05 x 10_, 3.1 x 102 bob x 102 5.8 x 102
uU-238 4.51 x 107 3.33 x 10‘__5 3.2 x 102 3.2 x 102 3,2 x 102
u-236 2,39 x 10a 6.34 x 10_¢ 2.2 % 101 2.2 x IOI 2.3 x 101
U-235 7.1 =x 105 2.14 x 10_.3 1.6 x 101 1.6 x 102 l.6 x 102
U-234 2047 % 107 6.18 x 1073 7.4 x 10, 7.2 x 100 7.8 x 10
U-233 1.62 x 10, 9.47 x 10_; 3.8 x 1073 5.3 x 107, 2.1 1
Pa~231 3.25 x 107, 4,51 x 1077 5.3 x 10, 1.3 x 107, 3.7 x 107,
Th~232 l.4 =x 104 .10 x 10_2 1.1 x 10._3 4.1 x 10 1.2 x 10
Th-230 8.0 x 103 i.94 x lO__1 4,1 x 10_5 2,2 -3 9.0 -2
Th~229 7.34 x 103 2.13 x 10“1 2,8 x 10_6 8.0 x_lO__I 9.2 x 10
Ra~226 1.60 x 107, 9.88 x 10,° 7.4 x 10_¢ 1.2 x 107, 1.5 -
Ra~225 4.05 x lOI 3.92 x 101 8.1 x 10_7 8.1 x 10“1 9.4 x 10
Pb-210 2,23 x 101 7.63 x 101 7.0 x 107 I35 x 104 1.7 -3
Cs~137 3.0 x 106 8.70 x 10_, 7.5 x 102 2,3 » 102 2.2 x 102
Ce~135 3.0 «x 107 8.82 x 10_, 2.7 x 101 2.7 x 10 2.7 x 101
i-129 1,59 x 105 1.74 x 10-_.2 3.3 x 102 3.3 x 102 3.3 x 102
Sn-126 l.0 =x 105 2.84 x 10_2 4.8 x 10& 4.8 x 104 4,8 x 104
Tc-99 2.15 x 105 1.70 x 10_.3 1.3 x 103 led x 103 1.3 % 103
Zr~93 9.5 x 101 4.04 x 102 1.7 x 107 i.7 x 104 1.7 x 10_&
Sr-90 2,9 «x 104 1.37 x 10_2 5.2 x 101 1.2 x 101 6.5 x 101
Ni-59 8.0 x 103 7.57 x 10 3.0 x 102 3.0 x 102 3.0 x 102
C-14 5.73 x 10 4,45 8.0 x 10 7.4 x 107 - 6.9 x 10O

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

10 years out of reactor, i.e., the assumed time of emplacement; values
taken from tables 3,3.7, 3.3.8, and 3.3.10 of DOE, 1979; once-through-resctor
cycle.

€300 or 1,000 years after closure, i.e., 360 or 1,060 years out of
reactor, assuming a 50-year operations period before closure; values
calculated from L0~-year ilnventories 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 incremental impact on repository performance. There-
fore, these other wa:rtes are not explicitly evaluated heve.

The waste dispos’l gystem consigts of three major ccuponents: (1) the
waste package; (2) the mined repository, including any cagineered features
that are sgpecifically 1lntended to enhance long~term was:.e¢ contalnment or
isolation; and (3) ihe geohydrologic and geochemical a: - .ting of the site.
These three components are described below in terms of taelr subcomponents
that are relevant to postclosure performance. '

6+4.2.1.1 Enginearod barrier subsystem

The waate package

A reference conceptual design (0'Neal et al., 1984) for a spent fuel
waste package 1s ehown in Figure 6-28. The waste dispusal container ls
70 centimeters (28 inches) in diameter, but 1its length, including the pintle,
may vary from 4.0 to 4.75 meters (13 to 15.6 feet) to accommodate various
lengths of fuel rods. The container 1s fabricated from austenitic stainlessa
steel with a wall thlckness of 1 centimeter (0.4 inch). This design will
accommodate the fuel rods from 7 pressurlzed-water-reactor assemblies
(3.30 kilowatts) or 14 boilling-~water-teactor assemblles (2.66 kilowatts); the
fuel rodg would be removed from the original assembly hardware and consol-
idated to fir in the waste dlsposal containers. The power loadings of 3.30
and 2.66 kilowatte are consfstent with a 350°C (662°F) temperature limit
imposed to avoid degradation of the Zircaloy cladding around the apent- fuel
{0'Neal et al., 1984), If it 1 assumed that the 1initial thermal loading of
the reposltory is held to 119 kilowatts per hectare (48 kilowatta per acre),
then about 18,000 containers would be distributed over 510 hectares
(1,260 acres).

The design shown in Figure 6-28 le¢ the least complicated of che 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 aingle vertical borehole, and nelther an overpack nor packing
material would be used.

Austenitic stalnlesa steel has been chogen as the reference material
because of its excellent corrosion and oxidation resilatance in environments
similar to those anticipated in the Yucca Mountain repository during the con-
tajinment perlod. The corrosion and oxidation behavior of one austenitic
stainless ateel, ALST 304L, has been extensively studied. Test results to
date indicate that either uniform correosion or atrees corresion cracking is
the expected fallure mcde for this material In the dominant environmental
conditions in the Yucca Mountain repository. More highly alloyed grades of
augtenitic stainless steels {(AIS1 316L and 321) and the related high-nickel
austeoltic alloy (825) are also beilng tested as candidate contalner
materials; these alloys are very reseistant to localized and stress—asslated
forms of corrosion {pitting, crevice, intergranular, stress corrosion
cracking, hydrogen embrittiement). Any of these austenitic materiale can be
used for fabricating the disposal containers illustrated In Figure 6~28. The
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Figure 6-28. Reference conceptual design for spent fuel waste disposal
container. From O'Neal et sl. {(1984).
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effects of different fabrication and welding processes on the corrosion and
oxidation performance .f the container materials are being studied. So far,
tests in the expected Tucca Mountain environments have ghown no evidence of
localized or stress-assisted corrosion. Tests to qualif+ the cendidate
container materials are continuing, hut because such t:ste have not
demonstrated any fallvce of 304L by etreses corrosion cra:¥ing, even under
extreme cold~worked, +2naitized, and highly stressed conditfons, the modeling
of containment-barrier lifetime will be based on uniform - .xrosion, which is
known to occur at +aeagureahle rates. However, the role o strees corroglon
cracking remains a subject of further study.

Copper and copper-baise alloys serve as an alternative uviloy 8system to the
austenitic materiais. Expected corrvosion degradation mechanisma and the
enviroumental conditions that cause them are different op copper from those
on stainless steel. Alloying additions improve the reaistance of coppar to
corrosion in the expected oxidizing environments. High-purlity copper
{CDA 102), aluminum bronze {(CDA 613), and 70/30 copper-nickel (CDA 715) are
being tested. Some nodification to the present referenc: and alternative
waate pazkage deelgns may be needed for copper containers.

The mined repository

By the Nuclear Regulatory Commission (NRGC) definition, the angineered -
bsrrier consistse of the waste package and the underground facility of the
repository. These two components combine to provide long—-term containment

and to control the release of the radioactive material inte tha geologic
setting.

The outer boundary of the mined reposaitory hae not yet been cleatly
defined. The NRC states iIn 10 CFR Part 60 (1983) that the repository
includes the underground structure, underground openings, and backfill
materials but excludes shafts, exploratory boreholes, and their seala. For
the current calcuiations, the houndary of the engineered barrier subsystem is
defined as a surface coineiding with the walls of the waste-emplacement
drifts and emplacement holes.

At present, preliminary hydrologic information and preliminary deaign
data are avsilable to predict the effects of the angineered barrler subsystem
on water availability at the waste disposal container. While estimates of
the retardation that occurs inside the boundary of the englneered barrier
subsystem could be made, the relemsse rate at the accessible environment would
not be significantly affected because the major sorptive unit is the tuff-
aceous bedas of Calico Hille, which 1s some distance below the repository
horizun. In future performance analyees, 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 nsgtural barrier subaystem (the geohydrologic setting)
This preliminary analysis is directed at two components of the natural

barrier subsystem: ground~water and geochemical conditions. The most impor-
tant aspecta of these components are {l) the volume snd flow of water in the
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gaturated and the unsaturated zones of Yucca Mountain and {2) the geochemical
properties of the ro¢™s and waters of Yucca Mountain as they relate to the
potential solutilon, raspenalon, complexing, and transport of radlonuclidea by
the ground water.

The avallable information on the flow of water in th. 9atursted and the
unsaturated zones of Yucca Mountaln 1la reviewed in Sectiua 6.3.1.1. Briefly,
the flow of water cocurs in a thick unsaturated secti. s (about 500 to
750 meters, or 1,640 to 2,460 feet thick) and a deep su urated zone. The
host rock for the repository is in the unsaturated zone éad 1e characterized
by low water content; the repository horizon is geuverul)y over 200 meters
{656 feet) above the witer table.

Water enters the unsaturated 2one in the forwm of precipitation that
Infiltratea at the land surface and percolatea generally vertlcally 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 uvaaturated zone as deacribed in Section 6.3.1.1. On reaching
the water table, the ground water then moves In a gencrally horizontal
directlion to the accessible environment. It is driven by a hydraulic gradi~-
ent approximately equal to the slope of the water table and la controlled by
the hydraulie properties of the intervening rocks. It is probable that a
portion of the ground-wster flow in the saturated zone at Yueca Mountain
occurs through fractures in the welded units.

The avallable information on the geochemical properties of the Yucca
Mountain eite 18 reviewed in Sectlion 6.3.1.2. Between the wvepository horizon
and the water table, there are several zones containing highly sorptive min-
erale, particularly zeolites and ciays., The formations in the saturated zone
also contain varying amounts of clays and zeolites. 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 1a particularly true 1f flowa are confined to the matrix
of the rocks. The reduced speed repults in a tranaport time over the same
flow path that 1s longer than the water-flow time by 8 number known as the
retardation factor, R_ (Equation 6~2). The retardation factor for the jth
radionuclide spacies, Rf(j), 18 related to the distribution coefficiant For
the jth speciea, Kd(j), by the expression (Freeze and Cherry, 1979)

bulk densaity x Kd(j) (6-4)

Rf(j) =1+ porosity

Eatimates of distribution coefficients (also known as the sgorption
ratlos, Rd) and retardation factors are listed 1in Table 6-25 for aseveral
waste elements In six of the tuff unita that could be crossed by flow in the
unsaturated and the saturated zones. These estimatea are based on retar-~
dation by sorption. Other chemical and physical retardation mechaniama, such
as precipitation and matrix diffuslon, may increase the effective retardation
factor, eapecially for elements with low sorption ratios. The waste elements
with low or zero aorption ratios, hence small retardation factors, are
carbon, lodive, and technetiuvm. These few elementa 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 mechanisme or nonsorptive chemical retardation., Thia
pogailbllity 1s currenily under Ionvegtigation.

6+442.2 Preliminary performance analyses of the major components of the
systCem

The performance of each of the three major componan.i of the waste dis-
pogal ayatem 1s evaluated here., The results will be us~d in Sectlon 6.4.2.3
to egtablish a reference system configuration and In Se tion 6.4.2.4 to make
comparisons wlth regulitory performance objectives,

In the remaiader of this sectlon, and unless otherwise stated, the uge
of the term accessible environment is consistent with 40 CFR Part 191 {1985)
and means thoge parts of the lithoaphere and atmogphere that lle at a maximum
distance of 5 kilometers (3 miles) in any direction from the original loca-
tion of the radipactive waste.

6,4.2.2.1 The waste package lifetime

For the waste package, the Nuclear Regulatory Commiesion has provided a
performance objective thst calle for substantially complete containment of
radioactive wastes for 300 to 1,000 years. For purposaes of the presant
analysea, the containment period of the waste psckage 1s assumed to be Lhe
time during which the waste disposal container is Impervious to liquid water.
There 18, of course, a periad of time during which temparatures withio and in
the vicinity of the contalners exceed the bolling point of water, and no
liquid water would contact the waste regardless of the integrity of the
containar; that period of time is not counted in the present analyases.
Rather, the lifetime of the reference container is assessed in terms of its
resletance to uniform corrosion, the expected Eallure mode of austenitic
sl.alnleas steel (see diacusalon of the waste package in Section 6.4.2,1).
Eutimates of the uniform corrosion rate for this and other materfals have
been made based on data from short-term exposure tests that sttempt to
gimulate the Yucce Mountain envirgnment. In addition, there are considerable
data in the Iiterature concerning the corrosion properties of 304L stainleas
Btﬁell

In low~salinity, aerated water with a nearly neutral pH, tha uniform-
corroslon rate faor 304L Eéainleas ateel appeara_&o be legs than 0.1 mll per
year, or about 2.5 x [0 ° 'centimeter (1.0 x 10 = inch) per year (Paul and
Moran, 1963). If uniform corrosion 18 the only mechaniam that acts to breach
the waste digposal container, itse lifetime will be about 3,000 years. 1In
contrast to these regults, McCright et al. (1983) have observed a maximum
rate of 3.7 x 10_
caentimeter (1.5 x 10_5 inch) per year for the uniform cor-
rosion of 304L stainlesgs steel in 2-month expogure tagts. 1In thelr tests,
the gample wss [(mmersed under pressure at a temperature of 105°C (221°F) im
water from a well in the vicinity of Yucca Mountailn (Well J-13) and simul-
tsneously was subjected to a radiation field of 3 x 107 rads per hour. The
contalner 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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l x 10_'4 centimater (4 x 10"5 inch) per year 1s reasonable for the uniform
correoglon of 304L gtalless steel in the Yucca Mountain environment and that
the expected containe» lifetimes are accordingly on the order of 10,000
years.

In summary, the contalnment perlod of the waste packije could range from
3,000 to 30,000 years 1f waste disposal container fallure ttrough mechanisms
other than uniform carrosion can be confidently excluded from consdideration.
Since aufficient data on the vulnerabllity of candidate ontalner alloys to
failure mechanlsms other than uniform corrosion are not 'at available, the
lower hound on the range of waste package lifetimes, 3 {00 years, will he
adopted for the analysis of the reference case in Sectin? $.4.2.3 to achileve
some degree of ccaservatism.

6.4.2.2.2 Release rate from the engineered barrier subsyaten

As stated In Section 6.4.2.1, the elements of the repoaltory that would
make up the engineered barrier suhsystem at the Yucca Mountain site are not
ver rigorously defined. To facllitate the present aassgssments, the ILaner
boundaries of this subsystem are assumed to coincide with the outer
boundaries of the waste packages, and the rate -of radlonuclide release from
the enginaered barrier subgyatem is calculated as the rate of mass tranaport
dcross the geometrical envalope contalining tha waste packages.

Ag long as the uncorroded thickness of the waste disposal container
walls was at least a few microns, thare could be no significant wass transfer
from the interior of the container to its exterior; hence there would be
little or no release of nonvolatile, radionucllide~bearing compounds. But, at
some time (3,000 to 30,000 years), corrosion or other mechanisme will have
attacked the container walls long enough to have produced opanings of suffi-~
clent silze to parmit the free passage of water between the interior amd
extarlor; water could then contact the spent fuel rods ineide tha contalner.
The amount of water that could flow into the container 1s limited, however.
Given the assumed prevalling, downward flux in the rock surrounding the waste
emplacement borahole, the dlacharge of water into the container {and, iIn
steady flow, out of the container) could be no more than FA {in cublc meters
per year}, where F is the flux (in meters per year) and A is the container
area normal to the flux {in square meters). Thus, fg& an expected flux of
lese than 0.5 millimeter (0.02 inch) per vear (F = 10 ~ meters per year) snd
a vertically emplaced reference container (A = 0,33 square meter), no more
than 0.17 liter (0.04 gallon) of water per year could enter {and exit) the
waste disposal container.

Any water that penetratea the waste disposal contalner could contact the
Zircaloy-clad fuel rods. The Zircaloy cladding could offer further pro-
tection of the bare spent fuel, but the amount of protection is uncertain,
particularly over the long taerm. Woodley {1983) examined the characteristice
of spent fuel from light-water reactors and estimated the cladding failure
rate for bolling-water-reactor fuel designs to be between 1.0 percent and a
value approaching zero. The lower bound for cladding fallures will probably
remain anear 0.01 to 0.02 percent {Locke, 1975, Garzarolli et al., 1979}, In
any case, spent fuel cladding will not be 100 percent Intact at emplacement-
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In the present assessments, any protection offered by the nladding will be
ignored., Thus, 1t 1@ srsumed that any water penetrating the contalner will
always contact the bare waste form contained within the Zlrcaloy cladding,
leading to some dissoluion of the waste and maas tranafer from Lha waste
form to the liquid phaue in the form of aoluble compounss containing
radionuclides.

According to available data, the possible maes~transfr - rates from spent
fuel to water could vary from easentially zero (for intact ‘ircaloy-clad fuel
rode) to more than } part Ln 100,000 per year for bare fi 32 elaments., The
latter rstes are, howeve¢r, extremely vunlikely under Yucecs Mountaln condi-
tiong. Wilson and Oversby (1984) report the initlal resulis: from tests of
gpent fuel cladding contginment. Solution conecentrations indicate a uranium-
release rate ~f 5 x 10 per year from bare fuel (pellets from a
l3-centimgﬁer (5=inch) long rod s8egment) submerged in 250 wmillilicers
(6.6 x 10 “ gallan) of deionized water and a ralease 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 diseolution of
apent fuel in distillad water at 25°C (77°F)., Similar stucies by Wileon and
Oversby (1984) suggest that release rates from apent 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 encugh to suggest that, under the low-flux conditions of Yucca Mountain
where water could remain in contact with the waste form for relatively long
times, use of a saturatlon-limited dissolution model is justified. In fact,
under saturated conditione in release-rate experiments (Wilson and Oversby,
1984), with high ratios of water volume to waste~form area, solutlon concen—
trations appear to reach a steady state in legs than 30 days. For tha large
flux values that would be typical of fracture flow (considered unlikely at
Yucca Mountain), solubllity kinecrles may control the release rate, and a
gaturation-limited dissolution model would overestimate the rates. Another
centrol on the releasma rate 1s the rate at which diasolved compounds at the
waste-water Interface can diffuse 1iato the flowing water (see Sec-—
tion 6.3.1.2, favorable condition 4). In saturation-limited dissolution,
neither kinetlecs nor diffusion are accounted for, and each unit volume of
water that contacts a soluble compound is assumed to attailn a solution
concentration of that compound no less than S kilograms per cublc meter,
where S {a the solubllity (or solubility 1limit) of the compound in the
solvent under conslderation and 18 a quantity depending on many environmental
variables {(e.g., temperature, pressura, concentrations of other solute
compounda ).

The foregoing conaiderations suggest a way of using the saturation-
limited dissolution model to estimate the rate of mass transport acress the
engineered barrier system. Taking a single waste dJisposal container
{described in 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 is8 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 S
is the solubility limit of the waste matrix (in kilograms per cpbic meter).
If the upper bound on flux 1s 0.5 millimeter per year (5 x 10  meter per
year), A = (0433 square mater (a vertically emplacad reference contailner), and
§ » 5 x 10 © kilogram per cubic meter, an upper limit on the solubility of
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uranium dioxide in waters characteristic of Yuq&? Mountain (Ogurd and
Kerrisk, 1984), the :ate of mase loss is 8.3 x 10 ~ kilogram per wear. For a
container that 18 sngumed to hold 3.3 metric tona of heavz metal, the
fractional mass relesse rvate is 2.5 x 10 ~ per year, The rate of mass loss
in the form of a radionuclide-bearing compound may also ve egtimated 1n the
game way 1f §, the s?lubllity limit of the waste matrix, 1s replaced with the
smaller of the two guantities, aolubility limit of wae:.» 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 radionueclide
remaining in the waste disposal contalpner. For those r:dlonuclide species
having solubllity limits greater than the solubllity o: "he waste matrix, the
fractional release rave 1s seen to be the same aa the ir ctional mass release
rate that applies to the total inventory of the containe:r. The solubilities
of several waate elements are listed in Table 6-26. With the exceptlion of
carbon, cesium, technetium, and iodine (not shown), all golubility values are
less than or comparable to the value for uranlum oxide.

Flux—dependent rates of mass losa of the type just described will be
adopted for the analyses in Section 6.4.2.3; but they ire not suitable for
making conservative estimates of fractlonal releagse rates for purposes of
comparing with the Nuclear Regulatory Commission objective for radionuclide
releasee from the engineered barrier system (generally, no more than one part
in 100,000 per year)., The rata~of-mass~losas formulation described sbove does
not include mass loas of those solld phasea that are not contained in the
spent fuel matrix. Oversby and MeCright (1984) hsve described the likely
locations and amounts of radionuclides that reside outside of the bare, spent
fuel pellet. They postulate that four components of the inventory should be
congldered in calculating relegse rates:

1. Radiecnuclides with releases controlled by matrix dissolution.
26 Radionuclides present in part in the pellet—clédding gap.

3. Radionuclides presént in steel spacers and grida.

4, Radionuclides contalned in the fuel cladding.

The saturation-limited dissolution models account for compounent (1), the
overwhelming majority of the inventory. The radionuclides of component
(2) (ceslum, lodine, and possgibly technetium) usually amount to lesa  than
1 percent of thelr total inventory. The high leach rate for cesium—~137
observed by Stroes-Gascoyne et al. (1985} in sections of bare spent fuel ig
probably a consequence of the segregation of a small fraction of the cesium
inventory in component (2). 1In any case, the small fraction of the inventory
residing in component {2) can be ignored 1in calculations of the long~term
release at the accesslble enviromment. The most significant radionuclide
present in components (3) and {(4) is probably the carbon-14 contalned in the
cladding. 1In the present analyses, all carbon-i4 1gs asaumed to be imbedded
in the spent fuel matrix. :

Ground-water travel times

Estimates of ground-water travel time from the repoaltory to the acces—
slble environment wiil be needed for the analyses in Section 6.4.2.3. Theae
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egtimates are direcily taken from the arguments In Section 6.3.1.1.5 that use
various lines of reasoning and evidence to show that {1} 0.5 miilimeter
{0.02 inch) per year ‘s a reasonable and congervative uppaer bound on flux to
uge In calculating u-saturated zone, pre-waste-emplacement travel time;
{2) flux bhelow the re-ository herlzon can be regarded as vertical and faults
are not known to be rontinuous pathways from the repositary to the water
table; and {(3) trave! times between g point 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 1is
43,405 yesrs with 8 standard deviation of {2,800 years} The travel times
through the satursted zone to the accessible environmmeri 5 kilpometers
{3 miles) from the margin of the repogsltory were algoc stimated 1in
Section 6.3.1.1.5 but will not be taken Into account in the calculations of
Section 6.4.2.3.

As explalned in Section 6.3.1.1.5, a diatribution of ground-water travel
times is obtained when one takes into account the variable thicknesses of the
rock units and the natural variability of hydraulic properties (e.g., effec-
tive porosity, saturated matrix conductivity) within each anit, The distri-
bution of ground-water travel times may also be Interpreted aa the proba=-
bility that a nonretarded contaminant particle, which is relegsed at a ran-
domly selected point in the repository, will reach the accessible environment
ln a specified time interval following release. The use of such distribu-
tipns of ground-water travel times in the calculations of the release of
nonretarded, radionuclide-bearing compounds in Section 6.4.2.3. improvea the
realism of such calculations, since psrt of the effects of hydrodynamic 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 slso be needed for the apalyses in Section 6.4.2.3.
These estimates are shown in Table 6~48; they are consistent with the geo-
chemlical properties of the tuffs at Yueca Mountaln described in Sectien
6.3.1.2, slthough the estimates of retardatlon factors were based on dif-
ferent rock densities and hydrologic parametera. To be consistent with the
theory of flow in partially aaturated porous media, molature contents were
used in the formula for R, given in Section 6.4.2.1.2 In place of porosity teo
generate the estimates of the retardation factors in Table 6-48. Also, bulk
densities of 2.33 and l.48 grams per cubic centimeter were assigned to weélded
and nonwelded tuff, respectively based on Scott et al. {1983); these values
of bulk density are different from the value (2.5 grama per cubic centimeter)
gssumed in Table 6-25. A comparison of the two tables, 6-48 snd 6-25, ahows
that the resulting differencea In retardation factors sre not large and, as
will be demonstrated in Section 6.4.2.3, are not essential to the present
analysia. The largest source of uncertainty in the retardation factor is the
digtribution coefficient, which may vary by factora of 10 or aven 100
(Daniels et al., 1982), though it 1s unlikely that the spatially averaged
distribution coefficients could be overeatimated by factors of [00. The
estimates given in Table 6~-25 are belleved to repreaent spatial averages.

A study of Table 6-48 reveala that all important radionuvclide-bedaring
compounds, except those containing carbon, iodine, or technetium, have’
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Table 6-48. Distridution coefficlentes (sorption ratios) and calculated
retavdition factora uagd ln preliminary oystem performance
analyses—-reference ceae

Diatribution
coefficient,a Kd Retardagion
(ml/g) ___factor, R.(J})

Element Welded Nonwelded U2lded Nonwalded
Americium (Am) 1,200 4,600 ‘flﬂﬁdb 24,000
Carbon (C) | 0°¢ 0° 1 1
Gurium (Cm) | 1,200 4,600 . 28,000 24,000
Casium (Cs) | 290 2,800 6,700, . 41,000
Indine (I) . ST ',:6° B | ;ijl | -.|1_
Neptundwm (Np) 7 U w10 ss
Protactinium (Pa) . . - .6k . W0 1500 . . 740
Lead (B0) . . .. . sd s e T
Plutonium (Pu) e o 1,500 o
Radium (Ra) 25,000° 25,000° 580,000 130,000
Tin (3n) T wd 1e0® 2,300 530
strontium (Sr) S s 3,900 1,200 21,000
Tecﬁnetlum (Tc) - :i; “;,516;3 _ r-; 0°¢ | .ignr . 1
Thorium. (Th) o sed L sood 12,000 . 2,600,
Grantum (U) . o Leme . s 21 s
Zrcontum (2r) . - .. . se0d 500 112,000 2,600

i
L)

“Unless otherwise Jdndicated, distribution coefficients (eorption raticas)
were taken from Table 6-25 or were Inferred from the gorption ratios quoted
by Dgnieis ot 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 grams per cubic centimeter for welded and
nonwelded tuff. : e S

dNo data available; aesumed to be zero.

Inferred from the mid-range retardation factor for tuffs in compllation
in Table 7-1 in Rational Rasedrch Council (1983). S
Barium used as a chemical analog.
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retardation factors prealer than (0, Consegquently, carbon, 1lodine, and
technetium can be re-sonably asaumed to have transport-ctime distributions
ldentical with the i:Ler travel-tlme distributions described in Section
6.3.1,1.5, whereas tue trangport-time distributions for the dissolved
compounds bearing the other radicnuclides specles are ewpected’ to be the
water Lravel-time dictribution uniformly shifted to larg::. timeg by a factor
approximately equal o the average retardatien factor fo: the combination of
rock units crogsed by the flow, The latter expectation has bean tested for
uranium uging the retardacion factors shown Iin Table 6~ 3 and the numerical
simulation of ground-water travel described In Section 6 3.1.1.93} the sample
mean of the transport-time distributfon for uranium we: 452,303 years, and
the standard deviatlo: was 77,115 years, This result ¢ ggests thar cumu-
lative releases »f uranium {(and alsc eny radionuciide w:th a retardation
factor greater than that for uranium} would be miniscule, evan over a
100,000~year period, and rhat all sepecles. except carton, ilodine, and
technetium can be ignored in the calculations of release to thé accessible
environment that will bg¢ presented in the followlng section.

€.4,2.3 Preliminary system performﬁnce analysis

The purpoae of rhis section ias to-provide ianformation for .the prelimi-
nary evaluatlon of the Yucca Mountain site against the. pestclosure system
guldeline (Section 6.,3.2). The purpode is accomplished :by uding simple
methods, avallable informatlon, and the results of the preliminary subgystem
performance analyses 1n Sectlon 6.4.2.2 to estimate the performance of the
tocal system, The measure of total system performance will be.given by the
cumulative curies released to the accesaible envirdnment in thé form of the
jth radionucliide up te tima t after repoaitory closure., Times beyond 100,000
yedrs after closure are not considered in these anﬂlyses.

6.ba2. 3 1 System description ﬁ
A aimple conceptual medel of the proposed waste disposal system at Yucca
Mounraln is shown In Figure 6~29. The level of detall in this’ conceptual
model is consistent with the present knowledge of the. natural and the
engineered barrier subsystems, as well as the information available on the
components of the waste dispcsal asystem {i.e., the waste packege, the mined
repogitory, and the geclogic setting). The mathematical relatienships used
te quantify the conceptual model of the total system In these
analysef are congsistent with the level of detail in that concepﬁnal medel .

The waste package and the mined-reposltory components desc;ibed in Sec-
tlon 6.4.2.1 are contained in the “"repository” shown in Figural 6~29, The
wasite packages are assumed to be uniformly distributed throdghout the
reposlitary. The radioactivity—ralease rate C, in curies per year from each
waate package 1s 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 inven_.ory masg that remains at time t in the form' of the jth
radionuclide, The ¢nantity ¥ is the mass release rate from the eugineered
barrier subsystem deg¢-ribed 1in Section 6.4.2.2. Note that the releases of
the emall fraction of the inventory contained in tha pel’.:t~cladding gaps are
ignored. The total vadicactivity release rate from the .ngineered barrier
subeyetem to percols.ing ground water is simply the re.zase rate from a
gingle waete package times the number of waate packages In effect, the
repository ie treated as a planar source term for solut.: injected inte the
unsaturated zone flux,

Water f£low through the overburdan and the unsaturat. tuffs belaow the
repository is assumed to be uniform and downward; the fli.; is treated as a
model parameter that applies only at or below the level of the repository.
Flow in the wunssturated zone 18 as described in secticns 6.3.1.1.5 end
behs2.2.2. The water flow time in the saturated zaone has been ignored
because adding the saturated travel time makes little difference in the tptal
travel time, although retardation in the saturated zone would be expected to
delay radionuclide transport.

The calculational model used to estimate the tranaport 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 versilorn of this document. In brief, the model 1e basi-
cally the analytic solution to the one~dimensional dispersionless transpaort
equation for & single-member decay chain (for example, see Harada et al.,
1980) with FEquation 6-5 representing the time-dependent initial conditions on
radionuclide release at the repoaitory level., The analytic solution gives
the cumulative, total discharge to the water table (in curies) of one of the
three nonretarded specles, c¢arbon, ilodine, and technetium, as a function of
time since closure and of travel time (which is treated as an Independent
variable in this formulation). The distributions of travel times ohtained in
Section 6.3.1.1.5 are then used to calculate the expected cumulsative dig-
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 inspection of the empirical
distributions obtained 1in Section 6.3.1.1.5 show that the travel-time dis-
tribution accounting for sll travel-times from the disturbed zone to the
water table i3 not a normal distribution; it 1s 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 onr the results of this
evgluation is therefore to overestimate the curies released to the water
table over 10,000 years and slightly underestimate curies rcleased over
100,000 years. The reader is cautioned that this simple calculational model
has mnot been benchmarked or validated, but it has been shown to produce
regults that agree with more conventional solutions to radionuclide-~transport
problens.

In the remainder of this section, the performance of the system in two
configurations will be calculsated with the simple coaceptual model Just
described. The two configurations are as follows:
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1. Reference coafiguration: The reference configuration for the total
system 1s intended to represent conservative estimates of values and
conditions (aat can be supported by the analyscs of subsystem and
component psecformance in Section 6.4.2.2. The refergnce values and
conditions developed in Section 6.4.2.2 are collirted end summarized
in Table 6-4Y.

2, Performance: 1imits configuration: The performa: s~limits configura-
tion 18 the same as the reference case except tu.t the waste package
lifetime 18 limited to 300 years and the frac:jonal release rate
from the engineered-barrier subsystem 1s varie. z2bout 1 x io” per
year, the upper limit on fractilonal release r¢ es defined  in
10 CFR 6C. 113 (1983).

6.4.2,3.2 System analysis

The estimated radioactivity releases to the accessible environment by
the model system in the two coufigurations are iisted in Table 6-50. For the
reference configuration {upper bound flux wvalue of 0.5 millimeters
{0.02 inch) per year), the fractional release 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 bsrrisr subsystem (Soction 6.4.2.2).

For the performance~limitse configuration, calculations werg made for

three valggs of LEE releagsg rate that were varied about 1 x 10 per year
({.e., 10 7 to 10O ; the flux In the performance~limits configuration ia
arbitrarily set at the upper bound of current £lux estimates, 0.5 millimeter
{0.02 inch) per year, which corresponds to a physically defensible release
rate of about 2.5 {490 per, year {Section 6.4.2+2). In order to achieve
releasge rates of 10 to 10 per year at thig flux, the galubility of the
uranium oxlde 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 circumstanfe is clearly
not credible. Fractional release rates briefly exceeding 107 per year are
theoretically possible for the lesa than ! percent of the inventories of
ceslum, lodine, and possibly technetium that are 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 theae components will probably be bounded
by the unknown failure rate of the Zircaley cladding. In any case such
sporadic release of leas than 1 percent of the inventories of cesium and
iodine would have little effect on the releeses to the water table fundicated

under the performance-limite case in Table 6-~30.

6.4.2.4 Comparisons with regulatory performance objectives

In this aection, the results of the preliminary subsystem performance
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

§anos 0903



Table 6-4%, Summary of values and conditions used in preliminary
gystem performance analysis

Reference case

Item (upper bound flux value} Uncertaintya
Waste package lifatime 3,000 yr 3,000 to 30,000 yr
Fractional relea.e rate 2.5 % 10_9 per yr 0to2x 10"'9 per yr
from engineered barrier
subsystem’
Flux through repository 0.5 mm/yrc 1 x 10_? to 0.5 mm/yf‘
level
Expected water~flow time 43,270 yr 30,470 to 56 ,G70°

between disturbed zone
and water table

Retardation factors for " {(see Table 6~48)  ~ Consistent with as
uneaturated tuffs - _ much a8 15 timea: -
T ' more or less than
Table 6~48 values
for diatribution
coefficlents

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).
®Section 6.3.1.1 reportd 8 matrix flux of less than 0.5 millimeter
(0. 0% inch) per year.
Disturbed zone is assumed to be approximately 50 meters (160 feet) below
center plane of repository; see Section 6.3.1.1,5.
®These numbers are means of ground-wster travel time diatributions, 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 increased stiidy or emphasis. The comparisona may’érsq increase or
decrease levels of c¢onfidence in the ability of the subayatems and the total
syatem to eventually meat the regulatory performance objettives.

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

Cumulative radicac ivity {curies) Isotope
Release rate per year 10,000 years '00,000 years released

-y

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

{d) 0 1od x 1072 C-14
(d) 0 0.3 1-129
() 0 97 . Tes99

PERFORMANCE~LIMITS CASE®
(not consldered .poasible at Yucca Mounua;n}

-6 o x 107} ST

I x IO . . 8] 2.8
642 3 1-129
) 1.9 x 10 Tc-99
1 x 107 B 0 2,8 . c-14
- 6.1 x 10 1-129
1.9 x 10 : : Te=89 -
1 x0T T g 2.7 x 105 G4
17

x 10 Tcrm99

3rhe graund-water travel-time distributiona calculated in Section
6+3.1.1.5 show a negligible but nonzero probability of travel timea lesgs thap
10,000 years. Accordingly, the calculations of curies released to the
accesalble environment in Section 6.4.2.3.2 predict releases by 10,000 yeara
that are not exactly zero, but are tiny fractions of the releagses permitted
by the EPA regulation: for the reference case (upper bound flux value), the
curles released in 10,000 yeara are less thap 0.00001 percent of permitted
releases; forﬁthe threesartificial re%ease rates of the performance-limits
case, 1 x 10 7, 1 ¥ 10 7, and 1 x 0 per year, the curies released are
respectively iless than 0.0002 percent, 0.002 percent, and 0.02 percent of the
permgtted releases.
Note that all cumulative radicactivity values at 100,000 years are below
the releases permitted for 10,000 years by 40 CFR Part 191 (1985).
‘See Table 6~49 text for other parametsr velues.
Fractionsl relaase rate is 2.5 x 10 per year.
Release rate artificially variled; flux mainteined at an upper bound of
0.5 millimeter (0.02 inch) per.year.

t
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Table 6-5t. 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¥fament ™

requirements

40 CFR 1%1.15 individual
protection requirements

40 CFR 19%1.16 ground-water
protection requirements

" "eae.cumulative releases of radionuclides”

processes and events...'

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

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

“ssefor 1,000 years afrer disposal. TUn-
disturbed performance of the disposal system
shall wot cauvse the amnual dose equivalent
from the disposal system to any member of
the public ip the accesslbie enviropment to
exceed 25 millirems 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 pot cause the radionuclide concen-—
trations averaged over any year in warer
withdrawn from any porticn of a specilal
source of ground water to exceed:

(1) 5 picocaries per liter of radium—226
and radlum-228;: (2) 15 picocuries per liter
of alpha—emitting radionuclides (in-
cluding radium-226 and radium—228 but
excludiong 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
publie would be torally
coufined over this period
(Section 6.4.2.2.1).

Waste package lifetime

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

(Section $.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 preliminary system performance

Regulatory criterion

Relevant stipulation

Predicted
system performance

10 CFR 60.113 ground-water
travel time requirements

10 CFR 60.113 waste package
contalnment requirement

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

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

Cootalnment of radiocactive waste within the
waste packages will be substantially com—
plete for a period to be determined by the
NRC, but such a period shall oot be less
than 300 years nor more than i,000 years
after permanent closure of the geologic
repository.

The release rate of any radionuclide from
the engineered barrier system following the
containment period shall mot exceed 1 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

(Sectlon 6.3.1.1}.

Expecied waste package
lifetime 1in the Yucca
Mountaln environment 1s
3,000 years or more
(Section 6.4.2.3).

Time-averaged fractional-
release rates are expected
to he much lower 1o the
Yucca Mouataln epvironment
than 1 part in 100,000 per
year (Sectlion 6.4.2.3).
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mathematical morels used in the analyses are oversimplified, With respect to
the 10 CFR 60.7.3 (1983) requirements for the waste package lifetime (item
4), it could be argued that uniform corroslon and epcrese-corrosion cracking
would not be th. only mechanisms that contribute te waste disposal container
degradation in the Yucca Mountain environment. {ther mechanisms could
involve the st-uctural faillure of the containers h:cause of instablility of
the surrounding rock. A atatlatical model of cont. ner breaching needs to be
developed; such a model would necessarily predict «ome small release well
before the mean lifetime of the container hag e’ apned. Thig issue also
relates to the release rate of radionuclides after the containmen: perlod
{item 5). The actual mass-traunsfer rate appears k¢ be proportional to the
area of the waste form expoaed to flowing water through breachas in the
Zircaloy cladding, The wettad area of waste within the container probably
would rot lncrease abruptly, as postulated in the system analyses, but would
increase slowly and in a random fashion ag time elapeed.

The analysis of system performance 1a Section 6.4.2.3 represents the
performance of the undisturbed waste disposal sys.em. Uncertalntiesa in
predicted system behavlor were not evaluated, and rhe possibility cthat the
waste dispoeal system could be disrupted by unlikely natural events or
intentional human intrusion was not considered. Theee preliminary
assegsments were performed with limited data and very simple conceptual
models.,

The preliminary analyses indicate thst site characterization activities
and studies could profitably focus on tha following key uncertainties: .

1. Conceptual hydrologlic models of flow in the unaaﬁurated zone at
Yucca Mountain. : '

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

J. The conditional waste disposal contalner lifetime distributions in
the postclosure repositery environment.

In addition, these and other assessments (e.g., Sinnock et al., 1984)
suggest that refinements in the theory of flow and tramsport inm fractured,
porous undaturated rock wiil be needed before adequate postcharacterization
agsepsments 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 hydrodynamic dispersion and chemical: .
retardation on potential radionuclide releases to the accesaible environment.
A data base contalning estimates of the mean values and other gtatiatical .
quantities for key rock properties is also essgential.

6.4.2.5 Preliminary evaluation of disruptive events

The evaluations of the Yucca Mountain ailte against the postcloauré tech~
nical guidelines (Section 6.3.1) contain assessments of the effaets of many . -
potentially disruptive natural processes on a repository at.Yucca Mountain.

n
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Some of the relevant asasessments in that section sre summacized in this sec~
tion, which e:ds with a discussion of the likelihood and consequences of
human intrusin~n after closure,

6.4.2.5.1 Disruptive natural processes

Fracture flow

Travel tinre calculations 1In the unsatursie! zone, presented 1in
Section 6.3,1.1.5 {Geohydrology), include fracture flow in iatervals whare
the flux of 0.5 millimeter (0.02 inch) per year ims greater than the saturated
matrix hydraulice conductivity, However, no contivnvous fracture pathway from
the diaturbed zone to the water table is {included in the calculacions.
Although the formation of new fractures is considered unlikely because of the
highly fractured nature of the potential host rotk, one of the disruptive
gcenarios that will be considered 1s that of the formatlion of a new
structaral feature that could conduct steady hydrologic flow.

A qualitative consequence aspeasment of Auch a feature indicates that
even 1a the most extreme case where the feature with ateady flow develops
instantaneocusly after reposifory closure, there {s 11kely to be no release to
the accesslble environment through the water pathway in the next 10,000
years. Although very rapid cransport of any dissolved waste would be
poasible through the unsaturated zone, travel timee in the saturated zone are
reported to be at leagt 140 years under current flux condltlona and very
congservative asgsumptions {Section 6.3.1.1.5). Conservative retardation
factors (see Section 6.3,1.2.3), which are based on the effectiveneas of
matrix diffusion 1in the saturated zone, fndicate that radionuclide travel
times are likely to be at least 100 times slower than water travel times,
Thies indicaces that under current flux conditions, the esaturated zone offers
a significant protective barrier that will retard radionuclide transport so
that U.S5. Environmental Protection Agency (EPA) release limits are not likely
Lo be exceeded at the acceseible environment under even the moar extreme
scenarios,

Climatlc changes

Under the most extreme climatic changes conslidered posaible at Yucca
Mountain during the next 10,000 yaars, an estimated 100 percent 1increase 1in
precipitation during a full pluvial could increase recharge by as much aa 15
times the present valua of 0.5 millimeter (0.02 1inch) per year (see Sec-
tion 6.3.1.4.4 for complete discussion). It should be noted thet this
scenario 1s highly conservative and may be unrealistic bacause as much as
two-thirds of the increased precipitation may become runoff rather than
recharge. Increased precipitation 1s likely to cause increased flux and a
possible increase in the elevatlon of the water table bemeath the primary
repogitory area. The potential effects of increased water~table altitude are
diacugsed ia Section 6.3.1.4.4, where it is explained that even under the
maximum poslition of the water tsble, a sufficlent thickneas of unseturated
zone will remain between the repository and the water table to maintaln
igolation., ln addition the protectlon from unacceptable radionuclide
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releases that is nffered by the saturated zone will he effective. As sum~
marized under the fracture flow discussion above, the travel time for radio-
nuclidee in the siturated zone 18 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 # return to full pluvial
conditions very eoon after repository closure, releswmes to the accessible
environment in if.,000 years are not likely to exceed the EPA release limits.

Extreme etoslon

Erosion (Section 6.3.1.5) haa_aroceeded at Yuc.s: Mountain at a rate of
less than I ~ 107" meter {3.3 x 10 foot} per year ‘or the paat 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, erosion without major vertical tectonic movement is not a credible
disruptive process at Yucca Mountain.

Dissolution

Dissolution {Section 6.3.1.6) of the host rock is not credible at Yucca
HMountain. The silica~rich tuffaceous rocks are 1nsoluble under presant and
expectad physical and chemical conditions.

Effects of tectonilan

Pogsible consequences of tectonism were consldered in Section 6.3.1.7
{Tectonics), but none are likely to affect waste isolation: faulting 1s not
expected to create new ground-water pathways to the accessible environment or
to significantly lower the ifsolation potential of Yuecca Mountain; the oecur~
rence of basaltic eruptions at the site 1s considered unlikely, and other
changes related to such activity are even more unlikely. Although the region
surrounding Yucca Mountaln has been tectonically active during the (uaternary
Period, there 18 no evidence of extreme activity at Yucca Mountain. The
largest hiasteric earthquake within the geologic setting is reported in Sec-
tion 6.3.1.7 to be a M = & locatad about 110 kiiometers {68 miles) southwest
of the site. Recurrence intervals within the region are reported to be on
the order of 25,000 yeare for M > 7 earthquakes, 2,500 yeare for M > 6
earthquakes, and 250 years for M > 5 earthquakes. The potential effects of
earthquakes on containment and dsolation will be evaluated; gqualitative
assessments suggest that ground motlion assoclatad with earthquakes 18
unlikely to cause disruption of emplaced wsste disposal contalners.
Displacement associated with very large earthquakes could disrupt containers.
However, under current flux conditions, insufficlent water is available to
dissolve and transport wastes lu quantitieeg that would exceed release limits
at the accessible environment {see Section 6.4.2.3.2). A further barrier is
offered by the retardation that 1s expected in the saturated zone, ss dis-
cugged above under fracture flow and climate changes. Regarding Dbasaltie
eruptions at the site, Crowe et al. {1982) estimate that the cumulative
probability that such evqﬂfa will disruEE the site within the next 10,000
years is between 4.7 x 10 7 and 3.3 x I0 °. All these estimates lie near the

probability limits beyond which disruptive events can be classified as no
credibla. :
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Human intrusion

Section 6,'.1.8 (Human interference and natural resources) concluded
that there would be little incentive for resource sxploration of the Yucca
Mountain site iu the near future. There are no kncn natural resources that
have or are prolected to have In che foreseeable fitare a value graat enough
to be considered a commercially extractable regour-w. Thus, as long as. gome
records of rescurce distributien are available, 1t 48 highly unlikely that
people will mine or drill at Yucca Mountsin.

Limited wat:r resourcea are prasent but are oc - expacted to be amenable
to exploitation under current eor future economic & andards and needs. It
shiould be noted that the most likely result of excessive ground-water extrac-
tion near the Yucra Mountain aite 1s an increase in the thicknees of the
ungaturated gone. Thus, 1n the unlikely event that thase water resaources Are
explelted by future generations, the resulting increase in .the thicknesa of
the unsaturated zone would ilmprove the lsolatlon potential of the site.

The population density in the area surrounding the Yucca Mountain site
1s vary low (See Sectlon 6.2.1.2). The rugged tervaln, arid climate, lack of
surface water, and the deep. ground-watar table in the area. are likely to per-
sist Iin the future and to continue to limit the population density in the
immediate vicinity of Yucca Mountain. Therefore, scenarios for human instru-
sion which involve exploratory drilling that accldently penetrates a waste
contalner are likely to have very small population effects. 1In addition,
exploratory drilling in the .unsaturated gzone does not necessarlly lead to
increased radloactive releases along water pathways. The regulations
addressing such human intrusion acanarios (40 CFR 191, Appendix B (L1985))
indicate that ditect releaae of ground water from the repository horizon due
to natural flow or pumping, and the creation of a high permeabllity flow path
should be considered as .the two moat gevere 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 theae 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 c¢ontainer
contents. It may be reasonable to aspume that avallability of drilling tech-
nology would be accompanied by the ability to detect hazardous materilal, as
ip suggested in 40 CFR 191, Appendix B (1985). Additionally, the probabllity
of directly penetrating a waste contalner is considerad to be very low,.since
it involves the compound probability of drilling into the reposiltory and the
probability of directly striking a waate container. Consequently, human

intrusion does not appear to be a elgnificant disruptive procesa at Yucca
Mountain.

G.t.2.6 Conclusion: .

The foregoing preliminary performance analyses uncovered no information
that indicates that :the Yucea Mountain site i1s unsuitable for further charac~-.
terization or that it is likely to be disqualified .under the postclosure.
syatem guideline (Section 6.3.2) after alte characterization and more refined
analysesa 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 comparatlve evaluatic ¢f the five sites
nominated as suitable for site ~haracterization: % lsg Canyon, Deaf Smith
County, Hanford, Richton Dome, and Yucca Mountain (s:e Figure 7-1). Each site
is a preferred site within a geohydrologlc setting!: Davis Canyon is in the
bedded galt of the Paradox Basin in Utah; Deaf Smit% County is in the bedded
salt of the Permian Basin in Texas; Hanford is in basgalt in the Columbia
Plateau in Washington; Richton is a salt dome in Mitsisgippii 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 im tc present & comparative
evaluation of the sites proposed for nominatlon in ¢rder to satlsfy the
following requirements:

1, BSection l12(b)(E){iv) of the Nuclear Waste Policy Act of 1982 (the
Act), which requires that & "reascnable 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 ls 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 6 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.

7-1
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The comparison of the sites against each technical guldeiine uses the
information from the guideline evaluations presentec in Chapter 6 of the five
environmental assessments, whereas the comparlsons aguinst the system
guidelines summarize directly the evaluatlons report«u in Chapter 6. The
approach used to compare the sites against each techriical guideline is
summarized below.

In order to facilitate the comparison of sites ou the basis of each
qualifying coadition, major considerations were der v:d by identifying the
tavorable, potentially adverse, and disqualifying cwatitlons that deal with
the same general tuplec. Contributing factors represe: ©ing site character-
istics that are potentlally important to each major consideration were also
identified. ‘he relative importance 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 consideration and the
qualifying condition, the greater the importance of the consideration. Each
site was evaluated in terms of each major consideration, taking into account
the contributing factors at that site.

The purpose of identifying major considerations for each guideline is to
combine closely related site conditlons 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 tc relate more directly to the
qualifying condition, Most guidelines that contain a disqualifying condition
have one or more potentially adverse conditions that are related to the
disquallfying condition. Since these potentially adverse conditions are
congidered in the formulation of a major consideration, the impeortant aspects
of the disqualifying conditions indirectly enter the comparative evaluation,
Where a major consideration that is needed tco 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 site; for
brevity, only the factors that contribute to the evaluation of that
consideration are discussed., The evaluation of each site with respect to each
major consideration 1s presented in alphabetical order, by site.

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

The comparative evaluations of the aites are summarized in Sectlons 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 1s to ensure that the health and safety of the public
will be protected for thousands of years, until the radloactivity of the waste
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has diminished to safe levels. This mection presents a comparative evaluation
of the five nominated sites against the postclosure guidelines.

7.2.1 TECHNICA! GUIDELINES

7.2.1.1 GQGeohydrology {postcloaure)

The qualifying condition tor geohydrology is us follows:

The present and expected geohydrologlc setting of a site
shall be compatible with waste containment and isolation. The
geohydrologic setting, considering the characteriastics 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 requirements 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 potentlally adverse conditions for thig
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 conslderations, in decreasing order of importance, are
(1) ground-water travel time and flux, (2) changes in geohydrologic processes
and conditions, (3) ease of characterization and modeling, and (&) presence of
suitable ground-water sources. These major consideraticns are, in turn,
influenced by a number of more specific geologic and hydrologic properties and
in situ conditions called contributing factors.

Evaluation of the sites with respect to major considerations

Ground-water travel time and flux, This consideration 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 fiow rate}) across or through the repository and through the host
rock to the accessible environment. It is related directly to the qualifying
condition as a measure of the amount of ground water that can come in contact
with the waste, the amount of ground water available to tramsport
radionuclides between the repository and the accessible environment, the time
delay for these radionuclides to reach the accessible environment, and the
time available for radicactive 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 eaturationm,
the depth to the water table, the presence of flow through fractures or potrous
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Table 7-1, Gulueline—condition findings by major consldsration--gechydrology®’

b

Davis Deaf Ricnton Yucca
Cond * tion Canyon Smith flamford Dong Mountain
MAJOR CONSIDERATION 1 GROUND-WATER TRAVEL TIME &7 FLUX
Favorable coadition )
Site conditioue such that the pre-waste—
auplacemant ground-water travel tiae
along any path of likely radionuclida
travel {rom the disturbed zone to the .
accessible environment would by more P 4 P 4 4
than 10,000 years. o
Favorable coundition 4
For disppeal in the paturated rone, f
at lesar ona of the following
pre-wasto—emplacenant conditions exieta? P 4 P P 1 . T
{1) A hoat rock and immadiatoly .
surrounding geohydrologic unite P Cnrd
with low hydraulic conductivitieas, P p NP . .| T
{41) A downward ot predoainantly o o
horizontal hydraulic gradisnt in tha v o E
hoet rock and in the immsdiately S s e Cer.
surrounding geohydrologic units. WP P .13 L1 - WA
{114} A Jow hydraulic gradient in and : . "
between the host rock snd the
imaediately surrounding .. .JI .
gechydrologic unita, NP .13 P NP HA
{iv) High sffective porosity togethser
with low hydreulle conductivity In
rock nonits along patha of likely
radionuclide travel betwsen the -t
hoat Tack and the sccassible : W Dlbne . owioag
apvirommant, - . NP NP P WP .. o Mb
Favorable condition 5 o
For diasposal in the unsaturated zona, -
at lsast ona of the followlng pre-waste- . ey
enplacetent cooditions exists: HA NiA Wi HA P
(43 A low aud nearly conatant degrae
of saturation in the host rock and
in the immediately aurrounding .
gaohydrologic units, Hi NA NA HA NP
(11} A water table sufficisatly helgw
the undarground facility such
that the fully saturated voide
continuoua with the water table
do not encounter the host rock. HA HA Hb ... .. HA .. R
{111} A gechydrologic unit above the host I :_.
rock that would diveri the down- .
ward {nfiltraglon of wager beyond e e
the limits of the emplaced wamte, NA HA H& HA NF
(1¥) A hest rock that, provides for _ _ o
free drainage.., . . . . N ‘HA N& Ha P
(v) A climatic rogias in whigh the
average annual historical
precipitation ia a small fraction
nf tha aversge annual potential
svapotranapitration. NA N& HA HA P
T=5
. . T = T S Y ~ .




Table 7-1.

Gulde: ine~condition findings by major considerstion~gachydrology®:® (continued)

Leadition

WAJOR ONSIDERATION 2@
Favorable condition 2

The pAture and ratee of hydrologie

processen oparnting within the geologic

setting during thas ‘Juaternary Period

would, 1f coutinued i{nto the future, not

affect or wuild favorably affect the

ability of the geologic repository to

isolats the waste during thes next
100,000 years,

Potentially adverse condition 1
Expacted chengea in geohydrologic

conditions~~such as changes in tha
hydraulie gradient, the hydyaulic

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

host rock apd the wurrounding geohydro-
logic unite-—sufficient to significantly
incraase the cranepott of redionuclides
to the acceasible snvironment as compared

with pre-wacts—emplacasant conditioma.

MAJOR COMSIDERATION 3

Favorable condition 3

Sites that have stratigraphic,
structural, and hydrolaogic fearuras
auch that the gechydrologic syatem
can be readily cheracterized and
wodeled with reasonable certainty.

Potentinlly adverse condition 3

The prassnca in the geologic sstting

of stratigraphic or atructural features--

such as dives, sills, faults, whear
tones, foldas, dinlolution effacta, or

bring pockate—if their presence could

significantly contribute to the difficulty

of charactaeriring or modaling the
goohydrologic aysteh.

MAJOR CONSIDERATION 4:
Potantially adverae condition 2

The prenence of ground-water gourceas,
suitable for crop irrigation or humsn
consuaption without treatoent, along
ground-water—flow patha from the hoat
rock to the accegaible snvironment,

Davia Deaf Richton Yucos
Canyon Smith Hanford Powa Mountain
CHANGES IN GEOHYDROLOGIC PROCE$STZY AND CONDITIONS
4 P P 4 NP _
NP NE . NE KP NP
EASE OF CHARACTERIZING AND MODELING
NF HF NP NP ‘NP
P P P P P
PRESENCE OF SUITABLE CROUND-WATER 3SQURCES
NP HP NP NP P

8 Rey:

HA = pot applicable; NP = for the purpose of this comparative evaluation, the
favorable or potentially adverse condition ls oot preaent at the aire;

P = for the purpoae of

this comparative avaluation, the favorablas or potentially adverse condition fs present at tha alte.
b Aralysas supporting the entriem Iin this table are presented in Chapcar 6 of the

anvirommental asseasasnt for sach site.

i :
e O e
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media, net infiltration, the extent of the disturbed zone, and the distance to
the accessible environment.

At each of the sites thare are uncartainties in the conceptual modael of
ground-water flaw, including the values of the key hydraulic+parameters that
control ground-water travel time and flux., Taking the uncertainties into
account, there are rangea of posaible travel timas hutween the disturbed zone
and the accessil.¢ environment at each site. Therei re, ground-water travel
time was atochaslbically modeled at each site, using :'easonably conservative
geohydrologic assumptiona and ranges of hydraulle fucmeters, Probabllistie
ranges in travel tima and the statlstical probablli.v for exceedlng travel
timea of 1,000 and 10,000 years were derived for each site. In general, the
ground-water [lux is expected to be low tp very 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, dolomite, siltgtone, etc.). The calculated travel times depend on
the hydraulic conductivity and the effective poroeities of the varying
lithoclogies, the thickness and continuity of each layer, and the vertical and
horizontal hydraullc gradients within and baetween each layer. Because the
values of these parameters are uncertaln, the expacted ground-water pathways
are uncertain. To quantify this uncertainty at Davis Canyon, & computer code
was developed to evaluate the probability the diastribution 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 0il test wells in the Paradox Basin, and variocus 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 galt 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 calculaticons of pre-waste-emplacement travel
time to the accessible environment. The overall regional vertical hydraulic
gradient between the upper and the lower hydrostratigraphic units, separated
by the evaporite section containing the host salt bed, is generally dowuward.
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—-tc~-lateral and downward-to—iateral travel times are analyzZed, resulting
in quite aimilar distributions,

The proposed controlled-ares boundary for the Davis Canyon site is
limited to a distance of 1 kilometer (0.6 mile) from the edge of the disturbed
zone to the eccessible 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 of the disturbed zone
te the accessible environment, downward-to-lataral travel times were
stochastically analyzed through 1,000 realizaticns of the model. This results
in a probabllicty of .003 for travel times of less than 1,000 years and
probability of a .045 for less than 10,000 years., The medisn 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 c¢haracterization in a direction away from
the Canvonlands ..aticnal 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 years, with a median travel time of 880,000 w-ara.

The Deaf Sm*th gite is in a geohydrologie sett’ng that is conceptually
similar to that of the Davis Canyon site. A simils- stochastic analysls of
pre-waste-emplacement ground-water travel time was ule. The computer flow
model, as for Davis Canyon, consists of & seriea of avers representing a
sequenca of differing lithologies (salt, anhydrite dnlomite, siltstons,
etc.), including the host salt bed. Only downward-t:-lateral travel timas
were calculated, bLecause only downward vertical hydreulic gradients have been
obgerved in <he vicinity of the site. The travel timp was calculated
beginning at the bottom of the salt repository bed (vonsidered conservatively
as the bottom edge of the disturbed zone) and extending 1 kilometer to the
accesgible environment. To conslder the possibility that the boundary of the
controlled area {and the distance to the accessible anvironment) might be
extended, travel times were also calculated to the mmximum 5-kilometer
distance from the edge of the disturbed zone. The modeling is based on data
obtained from literature reviews, analyses of water~well and petroleum-well
records and pump testing, analyses nf drill-stem tests, and analyses of
laboratory tests conducted speclfically for the repository program. There is
a comparable laval of uncertainty 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 accegsible environment 1
kilometer from the adge of tha diaturbad 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 a probability of .107 for less than 10,000 years, with a
median travel time of B7,000 yeara. For an accessible environment 5
kilometers from the edge of the disturbed zone, the probability of travel
times of less than 1,000 yeare is less than .00l, and the probability for less
than 10,000 years is .015, with a median travel time of 500,CCC 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 gystem and ¢onsiders the
uncertainties in the hydraulic parameters used to predict travel times. In
the analysias, ground-watér flow is modeled along upward and lateral flow paths
through an alternating sequence of basalt flows in which dense interfiors of
low permeability are separated by flow tops of higher permeabllity. The
vertical and horizontal hydraulic-head gradients used in the stochagtic model
are deterministic; that is, they are based on quality head data obtained from
plezometers at the site. The transmissivity values used In the model were
based on site-specific test data that were varied over & reasonably
conservative range. The range of effective porosity was egtimated from
geophysical logs, core samples, two tracer tests, and values reported in the
literature. KXey hydraulic parameters were conservatively evaluated over
appreciable ranges in the model. The model conglders ground-water movement
that begins in the flow top immediately above the dense flow interior {the
outer edge of the disturbed zone being within the dense interlor host rock at
an unknown distance from the flow top) of the proposed host rock and proceeds
vertically upward and laterally to the accessible environment, 5 kilometers
from the edge of the repository. The model conservatively 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 rthe model indicates a
probability of ...3 or less for Lravel 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 congervalive 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 ir.nment (a minimuwn 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:%elihood of open
fractures, and the extremely low matrix hydraulic conductivity and porosity,
there may be little or no water movement through the #alt. However, to
evaluate the travel time from the edge of the disturlizd zone to the accessible
environment, porous-media flow was conservatively assueed to prevail in the
salt. Preliminary geologic studies have oot identified anomalous features
that would indicate the presence of preferential permeable flow paths in the
salt stock. Fracture flow is considersd unlikely and is not considered in the
model. Flow is assumed Lo obey Darcy's law, and conservative ranges of the
key hydraulic parameters are used; thay ara based on available generic in gitu
and laboratory data, including geoaphysical well logs. No site-specific data
on hydraulic parametera ara available. If alternative mochanisms of mgvement
{e.g., diffugion) ere considered, the egtimated travel timee to the aocessible
environment would be sevaral million years.

The results of the stochastic modeling show & probability of less than
.001 for travel times lass than 1,000 or 10,000 years to the flank of the
dome, Because of the very low hydrauli¢ conductivities measured for
essentially pure salt, the calculated times of lateral travel through 244
meters (800 feet) of salt are very long. Stochastis 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 analysla are considered reasonably conservative, a great deal of
uncertainty is Inherent in any prediction of travel times 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 analyeis of the pre-waste-emplacement
ground-water travel time from the disturbed zone to the accessible enviromment
computes vertical ground-water movament downward through the unsaturated zone
to the water table and then 5 kilometers laterally in the saturated tuff to
the accessible environwent. Travel time is calculated from a horizon 50
meters (164 feet) below the proposed repository downward through a minimum of
about 135 meters (443 feet) of unsaturated waldad 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 accessibla environmment, once the water table is reached. Uncertainty
in the variability and ranges in hydraulic conductivity and effective porosity
are evaluated 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 5,500 to 80,250 years. - This is based on an
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egtimated maximm average net percolation of 0.5 millimeter per year. Ten
realizations we-e run in each of the 963 colums 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, aend
the median aboui 41,600, with a probability of abour ,0001 for a travel time
of less than 10,000 years.

Changes in geohydrologic processes and condit. xis. This conslderation
covers the nature and rate of natural procesaes 1+ ‘he geologic setting that
could vltimately change geohydrologic conditions .5 «a to affect the ability
of a repository <o isolate the waste. It is direct v related to the
qualifying condition, which requirea that geohydrelezic conditione in the
future be compatible with waste 1solation. It 1a derived from the second
favorable condition and the firat potentially adverse condition. This
consideration la second in importance because the preceding consideration, the
ground-water travel time, reflects actual conditions, whereas thia
consideration reflects potential conditione,

Four contributing factors are i{dentified for this consideration: climatic
change, erosion, dissolution, and tectonlcs. On the basilas of the digecussion
of these factors in Sectilon 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 signifilcantly affecting the hydrologic system
at any of the nominated sites during the next 100,000 years. Therefore,
climatic change 1s the only potential cause of changes in the geohydrologic
system that is addressed in the summary of site evaluations.

Judging from the record of the Quaternary Period in the area of the Davis
Canyon site, climatic changes during pluvial conditiona could increase
precipitation, with a resulting increase iIn recharge to the ground-water
system. Although it is uncertain to what extent higher rates of precipitation
during the Quaternary Period have affected the hydrologlc system, there ims no
evidence that ground-water parameters have changed significantly during the
Quaternary Period. Also, the low permeability of the evaporite section
separating the shallow hydrologic 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 yeara would be within
the magnitude of past changes during the Quaternary Period, it doea not appear
that expected changes would adversely affect waste 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 rechdarge during the next 100,000 years.
However, because of the low permeablility of the evaporite section and the fine
sedimentsry interbeds that separate the shaliow hydrologic system from the
deep confined system beneath the proposed repository horizon, the varilations
in the nature and rates of surficial hydrologic processes that would result
from zuture 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 hydrologle impacts due to climatic changes would be
tocalized or shallow phenomena (e.g., glacially induced flooding) that would
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not significantls change the waste-isolation potentlal of the deep basalt
environment during the next 100,000 yearas. The factors respousible 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 sahallow flows and interbeds; the
existence of difterent flow systems with depth; the uusort duration of floods;
and the likely p~rsistence of the arid to semiarid c. imate that has existed at
Hanford aver 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 ciimabic cycles and the associated
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 galt dome. Because of the very low
hydraulic conductivity of the dome salt, such slight wariations 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 expectad 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 eome increase in the
quantity of ground water coming in to contact with the waste.

Ease of characterization and modeling. Thia consideration addresses the
complexity of the gechydrologic system in terms of whether it can be
characterized and modeled with ressonable certainty. 1t relates to the
qualifying condition because characterization is the process of collecting and
analyzing the data needed to develcop 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 potentially adverse condition. Since it is not an
intrinsic physical characteristic of the geohydrologic setting, this
consideration is not as important as the first two considerations; however,
the abillty 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 isolate 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 teating techniques 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 cf imbalances in the quality and quantity of available data
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and stages of scientific and technical investigation. A good understanding of
the geohydrology ¢f the site must be devaloped through the characterization
precess before it can be modeled with reasonable certsinty. Modeling, 1in
turn, can determine which physical characteristics need to be characterized.
The difficulty of characterizing a site limits the ab..ity to model it te an
acceptable level «f certainty. Although the third favurable condition is not
present and the tuird potentially adverase condition i+ present at each site,
it is expected that all five sites can be adequately ‘tharacterized, though
with varying ievels of difficulty, in order to model . helr capabilities for
long~term waste isolation to acceptable lavels of cvriainty. A summary of the
evaluation for thin consideration for each site follws.

At the Davis Canycn site, the regional geologle framework and limited
site~specific data suggest that the aite is stratigraphically and structurally
uncomplicated. Present stratigraphic information inaicates that the proposed
host salt bed contains minimal impurities and is a part of a reasonably
well-understood sedimentary sequence. However, the present limited
investigations luave many uncertaintiea, Structural features like faults,
folds, and dissolution zones within the geologic setting could contribute to
the difficulty of characterizing the system if they are found wlthin the
tite. Ground-waler movement through deep salt beds may be practically nil.
There is a need to develop a clear understanding of the movement of fluids in
s8lt and a site--apecific ground-water hydraulics data base and to evaluate the
potential for significant fragture flow in hydrogeologic units surrounding the
host rock. :

Because they are in pimilar geohydrologic 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 pregently available for
the Deaf 3mith site than for Davis Canyon, but fewer site-gpecific data are
avallable for the salt sites than for the nonsalt sites. The greater number
and frequency of nonsalt interbeda at Deaf Smith introduces complicating
factoras that are less likely tc be present at Davis Canyon. Ag at Davies
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, variaticns in thickness and
internal variations in the thickness of multiple basalt flowa 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 any
of the salt sites. (onsequently, the data base is appreciably larger and the
complexities of site characterization and modeling are better defined at
Hanford. Geologic features like faults, 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 astudies have defined some basic
geologic and hydrologic characteristics of the site. The existence of
multiple bagalt flows can complicate the characterization and modeling of the
flow pystem, 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 fluild-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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AL the Richton site, the houndaries 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 (s.g., large faulte 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 additioral data for confirmastion. Also, dari on the surrounding
echydrologic environment mainly provide a regiomal | cture of the
round-water flow system outside the dome, with lit“le¢ site-specific
nfermation to define flow relationships near the i: z¢eaface of the salt stock
nd the adjacent hirdrostratigraphic units. Theae rei;: rionships may be complex
nd difficult to characterize, requiring an extensive -lata 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 model fluid movement within the dnme and any exchange of
round wiater between the dome and the surrounding geohydrologic units. On the
ther hand, because the accesslble 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 geohydrolcgic system to be
haracterized and modeled ig 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 te characterize and
odel than a system that contains a variety of lithologies or flow media
etween the repository and the accessible environment. However, the mechanism
or ground-water flow in the salt, 1f guch flow 1s significant, needs to be
learly defined during aite characterization.

The geologic setting at Yucca Mountaln may be conslidered somewhat
omplex, consldering 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 standpoint of the availability cf state-of-the-art models for
wasuring snd analyzing flow in the unsaturated zone rather than the saturated
one, Known local faulting adds to the complexity of site characterization
nd modeling. However, the progress of site-specific geologic and hydrologic
nveatigations is comparable to that at the Hanford site and more advanced
han those performed at any of the salt gites. A preliminary site-gpecific
eohydrologic data base has been establiched, and preliminary details of a
onceptual flow model of the unsaturated zone, are defined. Advanced
echniqgues 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 slte with
'easonable certainty may he greater than at sites in the saturated zpne where
urrently accepted methods may be adequate for characterizing and modeling.

Presence of suitable ground-water sources., This consideration addresses
he potential for redionuclides migrating from a repository to mix with
round-water sources sultable for crop irrigation or human consumption without
reatment along flow paths to the accessible emvironment. 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, becauge
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it is unlikely thal ground-water resources could be contamirated if a site is
selected on tiv- basis of its abliity to {solate wgctes, as reflected in the
other three co.slderations. Of the five nominated aites, only Yucca Mountain
has a finding «f pregent for the second potentlall: adverse condition. A
summary of the ¢valuation for each site followa.

At Davig anyon a low-yielding aquifer contal Ing good-qualilty ground
water g preseat at a relatively shallow depth abo.: the proposed repository
horizon. However, ground water of good quality u -a.le for irrigation or human
consumption without treatment is not present alom; probable ground-water flow
paths between the disturbed zone and the accessiblie :mvironment. 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 v2rtical 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 hae high total-dissolved-
solids concentrations, making {t unusable for crop irrigation or human
consumption without treatment. There is good-quality ground water at shallow
depths above the proposed repository horizon, but upward flow {s not expected
from the host rock.

At the Hanford site, shallow aquifers contalning water of good quality
exigt above likely flow paths from the preferred repoeftory horizon. However,
ground water along likely flow paths between the disturbed zone and the
accegrible environment containg flouride, boron, and sodium concentrations
considered too high for crop irrigation or human consumption without treatment.

At the Richton site, the accessible environment is considered to be at
the flank of the salt stock. Therefore, ground water suitable for crop
irrigation or human consumption without treatment does not occur aleng
ground-water flow paths between the disturbed zone and the accessible
environment.

At Yucea 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. Ground
water along the flow paths in the saturated zone ie of good quality and
suitable for crop irrigation and human conaumptfon without treatment.

Summary of the comparative evaluation

The Richton Dome is the most favorable of the five nominated sites for
the geohydrology guideline on the basis of the four major considerations
addressed under this guideline. Although site-gpecific 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 salt stock. It
is likely that no ground water or ouly very little ig contained in the salt
stock. Uncertainty with respect to the possible presence of anomalous
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 repcaitory to isolate wasts. Hodellng of the geohydrologic
system surrounding :he dome 1s 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 bs entirely within the salt host rock, there is a
high level of certsinty that no usable ground-water sciu:cces would be
encountered along rathways to the accessible environme:!

Davis Canyon is the next most favorable site wit! respect to the
geohydrology guideline if it (s comparad to Deaf Smi*h on the basis of equal
distances to the accessible snvironment. It is slig! tiy less favorable than
the Richton Dome on the first and moat important major consideration and is
equally favorahrle with the other sites on the gecond m jor consideration. The
pre-waste-emplacement travel time from the disturbed zone to the accessible
environmept appears to be less than that at the Richten Domo, and the travel
time at Davis Canycn 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 rock, as indicated by the generic understanding of the hydraulic
properties of salt, may be small if not nonexistent. There is no evidence for
natural geohydrologlc changes that will unfavorably affect the ability of the
repository to isolate the wagte during the next 100,000 years. On the basis
of regional geologic studies, the structure and stratigrapky of the site are
congidered uncomplicated, but because of uncertainties with respect to the
pmechanism for ground-water flow in salt and the unlikely potentlal occurrence
of a really extensive, fracture-controlled pathways in the brittle sedimentary
interbeds, the level of difficulty in characterizing and modeling the
geohydrologlc system with reasonable certalnty 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 zone and the accessible environment.

The Deaf Smith site is legs 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 is 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 envirnnment at Deaf Smith
should be lengthened up to 5 kilometers and at Davis Canyon remain at 1
kilometer, Desf 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 conditinons 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 mechaniam 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
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high level of rer.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 vre in a comparable range of Ffavorability with each other,
Their comparative evaluations vary from one major corijderation to another on
the basis of ave’lable information, With respect 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 unita, as indicated by the =2stimated maximum annual
infiltration of 0.5 millimeter, 1s expected to be 'evy low, A return to
pluvial climatic conditions ¢ould increase the flux sate through the host rock
and the surr~unding geohydrologic units, This could also cause some rise in
the water table toward the repository and some reductlon in the time of trave!l
to the accessible environment., Yucca Mountain and Hanford appear to have
similar ranges of structural and stratigraphic complexity with unique
geohydrologic complexitiea at each site. The complexity of fracture asystems
at Yucca Mountain may have Ilmportant implications for characterizing and
modeling flow In the unsaturated zone with reasonable 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 accesgible environment at Yucca 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
unsaturated zone at Yucca Mountain. For the second major conslderation,
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 durling the next 100,000
years. Although commonly used modeling techniques may be applied,
uncertainties in the structural and stratigraphic heterogeneity of the
multiple basalt flows may contribute to modeling difficulties. At Hanford, no
sources of ground water suitable for crop irrigation or human consumption
without treatmhent are present along likely ground-watar pathways from the edge
of the disturbed zone to the accesgsible environment. :

7.2.1.2 Geochemlstry

The dualifying condition for posteclosure geochemistry is as follows:

The present end expected geochemical characteristics of a
site shall be compatible with waste containment and isolation.
Congidering the likely chemical interanctions among
radionuclides, the host rock, and the ground water, the
characterigtics of and the processes operating within the
geologic setting shall permit compliance with (1)} the
requirements specified in §960.4~1 for radionuclide releases to
the accessible 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 consideraticnsg

On the basis of the qualifying, favorable, and potentially adverse
conditions for this guideline {see Table 7-2), three major considerations
are identified that influence the favorability of the site with respect to the
qualifying corndition are identified. In order of decreasing importance, they
are {1) the expected rate of mass transfer of radiom' lides from the waste
package, {2) geochemical conditions that would inhib: the transport of
radionuclides into the accessible environment, and {31 geochemical effects on
the sorptive properties and strength of the host ros «

Evaluation of the sites in terms of the major consideiations

Mass transfer of radiocnuclides. This consideration includes geochemical
conditioits 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 radionuclide 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, cowmplexes, or
particulates) or be contained within the engineered-barrler aystem, The wost
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 filow 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 potentiaslly 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 1s expected to be amall. The
formation of some colloids will be inhibited by the high salinity of brine.
Because of their high concentration in the brines, chlorides, sulfates, and
carbonates could form complexes with radionuclides, 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 to @maintain reducing conditions in the praesence 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 contains intercrystalline muds and interbeds of mudstone
containing clay; these muds and interbeds could contribute water in addition
to 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 Smitn

Richton
Hanferd Dome

Yucca
Mountain

HAJOR CONSYD:RATION ¥: EXPECTED RATE OF HASS TRANSFER FR"iv THE WASTE-PACKAGE SUBSYSTEM

Favorable conditian 2

Geachemical conditions that pro- P P
mote the precipitation, diffusien

into the rock matr.x, or sorption of

radionyciides; inhibit the formatian

of particulates, colleids, inorganic

complexas, or organic¢ complexes that

increase the mobility of radienuelides;

or inhibit the transport of radionuclides

by particulates, cquoids. or camplexes.

Favorable condition 4

A combination of expected geochemical P B
conditions and a volumetric flow rate of

watar in the host rock that would allow

less than 0.00! parcent per year of the

total radiohuclide inventory in the

repository at 1,000 years té be. dissoived.

Potentially qﬂgeriq Esnditiqns ]

Ground-water conditions in the hdst NP NP
reck that gould affect the sglubility or

the chemical reactivity of the eanginaered-

barrier system to the extent that the

expacted repository performance eculd be

compromised.

P p
P P
NP NP

MAJOR CONSIDERATION 2: GEQCHEMICAL CONDITIONS THAT WOULD INMIBIT
RADIONUCLIDE TRANSPORT IN THE FAR FIELD

Favorable condition 1

The nature of rates of the geochemical P p
processes operating within the .geolagic

setting during the Quaternary Feriod weuld, |

if continued into the future, not affect or

would favorably affect the ability of the

geologic repository to fseolate the waste

during the next 100,000 years.

Favorable condition 2 -

Geochemical conditions that promote P P
the precipitation, diffusion into the ’
rock matrix, or sorption of radionuclides;

inhibit the formation of partfculates,

colloids, inorganjc complexes, or organic

complexes that increase the mobility of

radionuc)ides; or inhibit the transport

of radionucltides by particulates, colloids,

or complexes.
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Table 7-2. Guideline—condition findings hy major consideratign--geochemistry® ® {continued)

Davis Deaf Richton Yucca
Conditian Canyon Smith Hanford Oome Hountain
L

MAJVR CONSIDERATION 2; GEOUHEMICAL CONDITIONS THil WOULD INMIBIT
RADIONUCLIDE TRANSPORT I+ THME FAR FIELD {Continued)}

Favaorable condition §

Any combination of grochemical and NP N. p NP R
physical retardation processes that would

decrease the predicted peak cumuiative

reteases of radionuclides to the accessible

environment by a factor of 10 as compared to

those predicted on the basis of ground-water

travel time without such ratardation,

Potentially adverse condition 3
Pre-waste-emplacement ground-water NP NP NP NF P
conditions in the hast rock that are
chemically oxidizing.

MASOR COMSIDERATION 3: GEOCHEMICAL EFFECTS QN THE SORPTIVE PROPERTIES
AND ROCK $TRENGTH OF HOST ROCK

Favorable condition 3
Mineral assemblages that, when.subjected P P p p S

to expected repositovy conditions, would
remain unaltered or would aitar to mineral

assemblages with eqoal or increased capability : - - St

to retard radisnuclide transport.
Potentially adverse c0ndition 2
Geochemical processes or ‘conditions that NP NP NP NP NP,

could reduce the sorption of radionuclides
or degrade the rock strength.

® Key: MP = for the purpuse of this comparat:ve evaivation, the favorable or potent1a1]y
adverse condition is not present at the site; P = for the purpose of this comparative evaluattun,
the condition is present at the site. e

" Analyses supparting the entries in this table are presented in Chapter 6 of the
environmental assessment for each site.

f
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potentially very corroslve to the stainless-steel container cof the waste
packages, but t¥e small amount of water expected ir the repository will limit
waste-package dezradation. The formation of some, but not all, collolds will
be inhibited by the high salinity of brine. Becaus~ of thelr high
concentrations in the brine, chlorides, sulfates, an1 carbonates could form
complexes with radionuclides, which may increase th: robility of some
radionuclides. Whiie chemically reducing conditior - are expected in the host
rock and underlying aquifers, the ability of the ws.z2r-rock system to maintain
reducing conditions in the presence of alpha and p«iwa 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-bagalt packing
material that will surround the low-carbon-steal disvosal containers 1s
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 chemicallw reducing conditions that
are expected would lower the solubility of redox-sensitive radlonuclides and
further lower the rates of container corrosion. However, alpha and gamma
radiolysis may result in localized oxidizing conditions around the disposal
container. Ground water at the repository level containa carbonate and
hydronyl 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-silica that would tend to
scavenge radlonuclides. In eddition, sorption is expected to play & major
tole In the retardation of radionuclide transport.

Richton Dome 1s 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 horizon from brine migration is expected to
be extremely low. As a result, waste-package degradation should be limited in
splte of the inherently corrosive nature of brine. The formation of some, but
not all, collolds should be inhibited by the high salinity of brinme. The.
chloride and sulfate present in the brine could form complex with, and thus
increage the mobility of, some radlionuclides. While chemically reducing
conditions are expected in the host rock, the ability of the water-rock syatem
to maintain reducing conditicms in the presence of alpha and gamma radiolysis
may be limited.

The Yueca Mountain site ig in a geologlc environment with a very low
ground-water flux through the candidate repcsitory 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
oxidizing and would tend to make the waste-package environment somewhat more
corrosive than water with lower oxidation-reduction (redox) conditions. The
potential for the formatlon of inorganic complexes in the ground water of the
Yucca Mountaln aite 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 radicnuclides. The neasrly-neutral pH of the water is
conducive to the low solubility of oxides and hydroxides of some
radionuclides, ecpacially the actinides. In addition, interactions between
the waste package and ground water may result in the precipitation of
iron-silica, which would tend to scavenge radionuclides.
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Radionuclide t-ansport., This major conaideration relates divectly to the
qualifying conditi¢ ) with respect to the natural barrisrs that would inhibit
the transport of radionuclides into the accessible environment; it is based on
the first, second, and fifth favorahle conditions and the third potentially
advergse condition, The contributing factors that are *te most Important for
the quantitative e aluation of radionuclide trangport vd retardation include
sorption and precipltation as well as redox conditione. A summary of the
evaluation for each gite follows.

At the Davis Canyon site, the geochemical proces sen within the host rock
are not expected to be altared by anything other than "hHe dissolution of the
Jhost salt, and available data suggest that dissolution will not be a problem
at Davis Canyon. The aalt containg very small amountr of clay minerals that
could enhance the sorpiion of migrating radionuclides  Conversely, the high
ionic strength of the brine would tend to decraase 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 radionuclidea. However,
the chloride and carbonate, which are present in the brines in high
concentration, could form complexes with radionuclides, and thie may increace
the mobility of these radionucliides. However, sulfate solubility
relationships may limit the concentrations of some radionuclides.

At the Deaf Smith site, geochemical proceeses would not be expected to be
altered by anything other than the dissolution of the host salt, and
digsolution is not expected to be a problem at the site. The ealt 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 poegible that the clay could increagse the sorption of migrating
radionuclides, the high ionle atrength of the brine tends to decresase the
gsorptive capacity of the clay. Ground water in the aquifer that underlies the
galt cycles of the Pale Duro Basin is reducing, which further decreases the
solubility of some key redox-sensitive 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 concentratlons of some radionuclides.

At the Hanford site, little change 1s 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 come
degree of phyeical retardation for radignuclides. The geochemical 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 cannot be fully evaluated at present, The ground
water ic of low salinicy, but it containe carbonate and hydroxyl ions that
could form complexes with radionuclides.

At the Richton gite, the geochemical procesaes within the host rock would
not be expected to be altered by anything other than diegolution. Available

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 siggest that the water contained in fluid inclusions in the
salt is reducing and should decrease the solubllity of some redox-sensitive
radionuclides. Jecause 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 relationshlips
may limit the ccncentration of some radionuelides.

At Yucca Mountain, little water is expected to »ass Lhrough the tuff,
The predominaot mode of water migration is current'y thought tc be matrix flow
along much of the ground-water—-flow path., Sorptic ind diffusion are expected
to delay or retari the migration of radionuclides. ™he coxuidizing 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 moat 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 collolds since certain actinides form
colloids in dilute nearly-neutral waters. Since the data on colloids,
psrticulates, 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 {5 derived from the third favorable condltlon 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 hest rock minerals 1s the most Important
contributing factor under this consideration because of the potential effect
on the retardation of radlonuclides. The major contributing factors for this
coneideration are the stebility of mineral assemblages, the effects of mineral
alteration on sorption, and the effecte of mineral alteration on rock
strength. A summary of the evaluation for each site follows,

The mineral assemblage 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 ia
expected to be &mall, and carnallite should have little effect on radionuclide
containment.

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 theae materlals 18 not expected to affect the retardation of
radlonuclides or the strength of the hnst rock.

1-22

a0 08 0972 o i .



The host roci: at the Hanford site consigts of basalt and a number of
sorptive secondary minerals (e.g., clays, zeolites). Laboratory teats suggest
that repository ¢ wmditions may resuylt in the formativa of a mineral assemblage
similar to the scrondary minerals formed naturally in basalt as a result of
hydrothermal alteration., Although the hydrothermal cunditlons near the
repository could adversely affect the sorptive capaci:y of some of theae
minerals, there i: abundant evidence that hydrotherma! conditions could alter
the volcanic materials to more sorptive materials (e, ., clays and zeolites).
In general, the e¢ffects of the repositary on rock strength ara expected to be
negligible.

At the Richton slte, the mineral assemblage consi tg mainly of halite
with some anhydrite. Because of the stability of the winerals at this gite,
it is expected that no ggeochemical alteration or reduction in rock strength
would affect the transport of radionuclides.

The mineral assemblage in the host rock of the Yucca Mountain site
consists of 98 percent quartz, feldspar, and cristobalite, with small- -amounts
of secondary claye and zeolites. The sorptive capacity of the host rock is
likely to be slightly reduced by the dehydration of clays and zeolites 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 is
not expected to be affected by the geochemical corditicns in the repository.

Summary of comparative evaluationg

Hanford and Yucca Mountain are the most favorable aslites for the
geochemlatry guideline. These two sites are expectaed 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 alsc has more favorable redox conditions. Yucca Mountain
has unsaturated conditions 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 congiderations and are essentially equivalent with respect to the
geochemistry guideline. They are less favorable than the nonsalt sites
becauge the sorptive capacity of salt is very limited and the brines at these
three sites could reduce the lifetime of the waste package. Moreover, the
geochemical conditipns in the salt sites are not expected to enhance the
retardation of radionuclides thropugh 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
to be quite limited. Therefore retardation due to geochemical effects may be
of limited importance. - : '
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7.2.1.3 Rock chiaracteristics (postclosure)

The qualif; ing condltion for postclosure rock characterigtics 1s as
follows:

The present and expected characterisiics of “he host rock and
surroundisn:, units shall be capable of accommod- Ling the thermal,
chemleal, niechanical, and radiation stresses & jacted to be induced
by repository construction, operation, and clns:re and by expected
interactione among the waste, host rock, groud vater, and
engineered components. The characteristics of wmd the processes
operating wi:hin the geclogic setting shall periit compliance with
(1) the requirements specified in §960.4-1 for radionuclide releases
to the acceaslble environment and (2) the requirements set forth in
10 CFR 60.113 for radionuclide releases from tha englineered-barrier
system using reasonably available technology.

Major conalderarions

On the basis of the gqualifying, 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 ensure waste
containment and lsolation, and (3) flexibility for locating the underground
facility to ensure waste isolation, These major congiderations are, in turm,
influenced by a number of more-specific rock properties and in situ conditions.

Evaluation uf the gites in terms of the major conglderations

Effectg of repository-induced heat. This consideration is derived from
the second favorable condition and second and third potentlally adverse
conditions. The factors contributing to this condition are the thermal
properties of the host rock, such as thermal conductivity and the coefficlent
of thermal expansionj 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 surrounding
rock units. Because of the potential effects of these factors on waste
isolation, this major consideration 1s more important than the other two. A
summary of the evaluation for each gite 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 reconsolidate and recrystallize
the salt backfill, Adverse impacts from a temperature increazse 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
Canyon. The adverse geochemical impacts from a temperature increase could
also include mineral alteration and the dehydration of carnallite, but test
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Tabte 7-3. Guideline-condition findings by major consideration--
rock characteristics {postciosure}® ®

Davis Deat i ¢hton Yucca
Condition Canyon Smith Hanford Dome Mountain
MAJOR {ONSIDERATION 1: POTEMTIAL IMPACT QF REPOSIYN . INDUCED HEAT QN

WASTE CONTAINMENT QR ISOLATY o

Favorable condition 2

A host rock with & hich thermal P P p H P
conductivity, a Jow cuefficient of

thermal expansian, ar sufficient

ductility to seal fractures induced by

repository construction, aperation, or

closure or by interagtions amgng the

waste, host rock, ground water, and

engineered components.-

Potentially adverse cgndition 2

Potential for-such phenamena as P B NP P - T NFE
thermally indyced. fractures, .the : o '
hydration or dehydration of mineral

componehty brine mtgfataon, or other

physical, chemfical, dr radiation-related

phenomena that cou]dnbm,expecﬁed Lo

affact waste containment or isojatiaon.

Potentially adverse candition 3 S . : L s

A combinatton of geo1og1c structure, NP NP NP NP .. NP
structure, geochemical and thermal i '
properties, and hydrologic conditions in

the hast rack and; surrounding units such

that the heat genergtgd by the waste could

significantly décrease the isolation

provided by the host rbck as compared with

pre-waste-emplacemant gonditions. .

MAJOR CONSICENATION 2: COMPLEXITY OF ENGINEERING MEASURES REQUIRED T0 ENSURE A
o uasrs CONTAINMENT AND TSOLATION e

Potentially advaerse conditidn 1

Rock conditions that could require NP NP NP NP NP
engineering measures beyond ragasonably : :

avaiiable technology for the construction,

operation, and closure of the repository,

tf such measures are necessary to ensure

waste contatnment ar isalation,

MAJOR CONSIDERATION 3: SIGNIFICANT FLEKIBILITY IN HOST-ROCK DIMENSIONS TQ ENSURE ISOLATION' *

favorabTe coadition 1

A bost rock that is sufficiently thick 2 NP NP P NP
and latarally extensive ‘to allow S :
significant flexibility in salecting the

depth, configuration, and Yocation of the

underground facility to easure isolatian.

? Key: NP = for the purpose of this comparative eva]uatton. the favorab1e or. potentrally
adverse condition {s not present at the site; P = for the purpose of this comparat1ve eva1uat1on
the condition is prasent at the site.

® Aralyses supporking the entries in this table are prgsented in Chapter 6 of the
environmental assessment for each site.
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results to date indicate that impacts from alteration or dehydration are not
significant if the carnallite is under confining pressure.

At the Deaf Smith site, repository-induced Les)erature increases in the
salt would contribute to creep effecta 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: 5 to the interbeds and
aquifers above the repository adds complexity at tl.. Deaf Smith site.

At the Banford site, repository-~induced tempe 'zture Increases may alter
the permeability of the rock mass, through changes . fractures. It will also
increage the in aitu stresses in the vicinity of the excavations, posslbly
resulting in a readjustment of the rock mass and alterations in the local
hydreologic regime. The rates of hydrochemical reac:lons among the various
components will increase with the addition of heat. This is expected to have
a positive effect on the isolation capabliities of the Hanford site,

At the Richton aite, the effect of the repositrry-induced temperature
increase on salt creap is expected to enhance the isolation capabllity of the
site. The rate of salt creep at the Richton Dome is expected to be similar to
that at the Deaf S5mith 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 faclilities are In the
unsaturated zone. The thermal pulse will modify the permeabllity 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 depgrees). Although only preliminary measurements from surrounding
strata are available, the rock stresses are not expected to be increaged to
unacceptable levels by the thermal response.

Complexity of engineering measures. This consideration includes in situ
characteristics and conditions that could require engineering measures beyond
reasonably available technology to ensure waste containment and isolation.
Engineering measures relate directly to the qualifyling condition through the
gpecification that reagonably available technology is to bhe used to meet the
requirements of the engineered-barrier system. [t 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 lesa important
than repository-induced heat effects because of the greater potential of heat
effects to impair the isolation capabilities of the site. ‘A summary of the
evaluation for each site follows,
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The sealing «f boreholes and shafts at Davis Canyon is not expected to
require complex ergineering methods. The processes ¢f sealing a repository in
salt can be accom, lished with technology developaed in the galt-mining
industry, With regard to Interactions betwesn the waste and the host rock,
brines at Davis Czayen, if present, could accelerate iie corrosion of the
waste package.

Like Davis Canyon, the Deaf Smith site ig nct 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 rapository can be
gealed by technoclogy developed in the salt-mining in.v:try from experience in
drilling in the Pal> Duro Basgin, Interactions betwean the brine that may be
present and tle waste packages could accelerate the corrosion of the waste
package, which could diminish the containment capabilities of the
engineered-barrier system.

The ability to properly seal shafts and borehcles in basalt and to
confirm the long-term effectiveness of seals are major concerns at Hanford.
In particular, the gealing of the overlylng aquifers {rom the repository
horizon will require additlonal 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 propertles of the secondary
minerals formed in fractures in basalt are likely to enhance the contalnment
and isolation capability at Hanford.

At the Richten 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 reposgitory 1s 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
capabilitiea of the engineered-barrier syatem.

At Yucca Mountain, the host rock 1s unsaturated; furthermore,
congtruction experience at the Nevada Test Site shows that technology for
borehole and shaft seals is readily avallable. 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 varlous components of the
engineered-barrier syntem, the expected rock and geochemical conditions are
favorable.

Flexibility. This eccnsideration pertains to flexibility in determining
the depth, configuration, and location of the underground repository. It
relates to the qualifying condition because flexibility in locating the
repository at a site increases the favorabllity of the site with respect to
the qualifying condition., Added flexibility in locating the repository will
help avoid geologic featurea or anomalies that could adversely affect the
isvlaticn capabilities of the site. Even after requirements for preclosure
flexibility have been satisfied, added flexibility may still be necessary to
satisfy this postclosure consilderation in terma of the depth of excavations,
the orientations of drifts and thelr 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. Onr this ba3is, tha
contribution of Jlexibility to waste isolation is 12as than that of the other
two consideratious for this guideline. A summary of the evaluation for each
site follows,

The host v ck al Davis Canyon is expected to nt er significant
flexibility in shat the available thickneaes appears .o be several timea
greater than the required thickness. In addition, .. potential host rock
extends laterally underground for many kilometerg. :he prese;ice of
significant interbeds, impurities, gases, and stru.t:ral features and their
potential for advirse effects on flexibility are not yet well defined at this
site.

At the Deaf Smith site, pumerous interbeds may iimit the vertical
flexibility of lucating a repository with respect to isolation
considerations. In contrast, the host rock ias expected to extend laterally
for a considerable 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 isolation conslderations. The
thickness of the basalt can vary significantly over short distances, and the
predictability of host-rock thickness is considered to be uncertain because of
a limited data base.

The Richton site provides significant vertical flexibility and adequate
lateral flexibility. Unfavorable laternal 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 gignificant vertical flexibility,
but lateral flexibility is restricted by minor faulte, shallow overburden, or
site anomalies. The lateral homogeneity of the potential hoat rock outside
the primary repository area has not been established.

Summary of comparative evaluation

Yucca Mountain is the moet favorable asite on the baals of the two most
important considerations. It is expected that the reaponse 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 flaxlbility for locating the
underground facility is limited at Yuccs Mountain, this does not outweigh the
favorability of the other more important conaidarations.

The Davis Canyon and the Richton gites are next in favorability for the
rock-characteristi¢cs 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 :prine
migration toward the heat source needs to be assessed, The sealiog of .
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borehcles and shaft: at Davig Canyon is not expected to requlre complex
engineering methous, Davis Canyon is also expected to vffer significant
flexibility in locez-~ing 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 coxsideration for the
complexity of engineering methods bacause of potentiel problems with sealing
the repository from the overlying sediments and capro¢:.. The Davis Canyon and
the Richton sites are equally favorable with respect <. host-~rock
flexibility. On the basis of these comparisons, Dav s Canyon and Richton are
approximately equal in favorability under this gulde.lre.

Hanford is somewhat less favorable than the Yucca dountain, the Davis
Canyon, and 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 teo the degree that will be
required for the repository. Hanford also appears to offer restricted
vertical flexibility with respect to isplation considerations.

The Deaf Smith site is considered to be somewhat less favorable with
regard to the rock-characterietics guideline., It is the least favorable site
for the major consideration of repository-induced heat because of
more-extensive interbeds. It 1s also the least favorable site under the third
major conslderation because the presence of Interbeds limits its .vertical
flexibility. However, these considerations are not likely to significantly
affect the ablliity of the site to contain or isolate waske. ' L

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 allowahle under the
requirements specified in §960.4-1, In predicting the
likely future climatic conditions at a site, the DOE wiil
conglder the global, regional, and site climatic patterns
during the Quaternary Pericd, considering the geomorphic
evidence of the climatic conditions in the geologic
setting,

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 aites with respect to the
qualifying condition: the effect of future climatic changes on the ahility of
the site to isolate waste. Contributing factors include 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-conditien findings by major consideration--¢iimatic change® "

Davis Daaf Richton Yucea
Condition® Canyon Smih Hanford Dome Mountain
Favorable conditica 1
A surface-water system such that expactaed P P P P
climatic cycles ovar the next 100,000
years would not adversely affect waste
isalation.
Favorable condition 2
A geologic setting in which ¢limatic NP NP NP NP NP
changes have had tittie offect on the ' :
hydrologic system throughout tha
Quaternary Pariog.
Potantially adverse :conditian 1
Evidence that the water table ¢ould i
rise syffictently over the next 10,000 NA MNA - NA NA NP
years to saturate the underground facility -
in a previcusly unsaturated host rock.
Potentially adverse condition 2
Evidence that climqtic:qhqnges aver NP NP NP NP NP

the next 10,000 years could cause
perturbations in-tha Hydraulic gradient,

the hydraulic conductivity, the affactive
porosity, pr the groynd-water flux

through the hast rock and the surreunding
gaohydrologic untts, sufficient to
significantIy increase the transport of
radtanuclides to the accessible environment.

* Key: NP = for the purpose of this comparative evaluation, the faverable or potentiaily
advarse condition is not present at the site; P = for tha purpeose of this comparative evaluation,

the condition is present at the site.

® hnalyses supparting-the gntrias in this table are presented in Chapter 6 of the

environmental assessment for each site.

€ A1l the conditions in this table are associated with cne major consideration:

of climatic changes on the ability of the site to isolate the waste.
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climatic changes =hat may affect waste isolation. Yt is derived from the two
favorable conditi)ns and the two potentinlly adverse conditions. A aummary of
the evaluation fur each site follows.

Evaluation of situs with respect to the major congid; ation

At the Davi: Canyon site, climatic changes duri. » the Quaternary Period
are thought to heve increased precipitation by aa mu. : as 120 percent,
Increased presipitation during the Plelstocene may “& e increased recharge
rates and flow through hydrostratigraphic units as - »2:. as rates of eroaion
and dissolution, !stimates of increased precipitatin are based on regional
data that cover the last 13,000 years ancd site-spacifi- geomorphic data.
Although it i: uncertain by how much increased precipitation affected the
hydrologlic system,. it does not appear that changes of the same magnitude would
advergely affect waste 1solation. To eatablish bounding cases for the
potential effects of increased precipitation on the hydrologic system, a
simple worst~case assumption was made in which increased precipitation raiges
the water table tp the ground surface in the Abajo Mountains. The resulting
hydraulic gradlient between the Abajo Mountains and the Colorado River is not
significantly greater than the present maximum apparent hydraulic gradient
estimated from hydrologic tests. Preliminary estimates of the rates of
erosion and dissoclution during the Quaternary Period, if projected into the
future, would not affect the isolstion capability of the host rock, because no
significant changes in flow parametera, auch as porosity or permeability, have
been identified in the Quaternary Period. Preliminary estimatea of the
maximum rates of incislion over the next 100,000 years are approximately 40
meters (132 feet). Although increased rates of incision may alter the
surface—-water system, increased inclsion at the surface is not expected to
affect the integrity of a repository at a depth of 885 meters (2,900 feet).

At the Deaf Smith gite, regional data indicate that lower temperatures
and increased effective moisture occurred during the Pleistocene. The
Quaternary record suggests cyclical increases in precipitaticn 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 c¢limatic
changes would change the surface-water aystem, they are net expected to reduce
the waste~isolation capabilities pf the host rock. Potential effects of
Quaternary climatic cycles on the hydrologilc system include changes in the
rates of recharge and increased rates of dissolution at sait margins.
Increased recharge to the upper hydrostraetigraphlec unit would result in en
increase in the hydrologic gradient between this unit and the underlying
units, but models of thia process show no aignificant effect in the underlying
units for more than 10,000 years. Although the data are ingufficlent 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 system.

At the Hanford site, if glaeially induced catastrophic floods reecurred,
they would alter the present gurface-water system by increasing runoff, the
rates of ercsion, and pending. The net effect of catastrophic flooding would
be sediment aggradation., These changes in the surface-water system would be
short-~lived and are net expected to significantly affect the confined aquifers
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of the Crande Ronde basalts. If glaclation were tc 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 systema, but the transient nature of increased
recharge is suc! that significant long-term effects n the confined aquifers
of the Grande Ronde basalts are not expected.

For the Ri:hton 8ite, the data are inaufficler 10 quantify the effects
of future climatic changes on the surface-water gyeiam. However, regional
data suggest that, if the climate returned to a glicial maximum, increased
precipitation would slightly increase erosilon and round-water recharge,
During the late kisconsinian glaclation, the sea lav 1 in the Gulf of Mexico
was 100 to 130 meters (330 to 430 faet) below the pruwsent mean sea level,

This regional change in base level, combined with reglonal uplift, resulted in
stream entrenchment. Geomorphic evidence in the reg.ion 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 accompanied by a melting of the ilce
shects 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. Thus, the analysis of regional data suggests that future
climatic changes would not affect the surface-water or the ground-water
systems to the extent that the ilsolatien capabilities of the site would be
affected.

Analysis of data on the effects 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 ma¥imum probable climatic change,
from arid to semiarid conditions, would cause a significant change in the
present drainage system. Climatic data suggest that Quaternary climatic
changes had the following effects on the ground-water system: increased
recharge; increased elevation of, and gradients in, the water table; and
upgrade shifte in discharge 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 has not yet been quantified.

If pluvial conditicons 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 durlag a
full pluvial cycle, assuming a 100-percent increase in precipitation, suggests
a maximum rise of 130 meters (427 feet), BSuch a rise in the water table would
not saturate the repgsitory. 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 cenditions
would significantly increase radiocnuclide transport to the assessible
environment. :
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Summary of the coumparative evaluation

The availah!: data suggest that the Davis Canyoo, Deaf Smith, Hanford,
and Richton sites are equally favorable with respect to the major
consideration and the guideline on climatic changes. At these sites changes
in the surface-wzter system over the next 100,000 ye.:s are not expected to
adversely affect isolation capabilities, Climatic ci.inges during the
Quaternary Perici may have had winor effects on the ~ound-water eystema. In
the next 10,000 years, none of these sites is expect.i to underge climatic
changes that would decrease the ability of the natu+s. barriere to iscolate the
waste.

The Yucra Mountain site is less favorable than ti.g other gites bacause
future climatic changes may produce a gignificant increase in recharge to the
geohydrologic system. Assuming an eventual return to pluvial conditions,
preliminary modeling suggests that increased rechargs may ingrease the
ground-water flux, 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 grearer uncertainty in
assessing the potentlal effects of future climatic changes on the Yucca
Mountain site., However, climatic conditione during the next 10,000 years
would not be likely to significantly increase radionuclide releaaes ko 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 procegses acting upon
the surface will not be likely to lead to radionuclide
releases greater than thoae allowable underx the
requirements apecified in §960.4-1. In predicting the
likelihood of potentially disruptive erosional processes
the DOE will copnsider the climatic, tectonic, and
geomorphic evidence of rates and patterns of erosion in the
geologic setting during the Quaternary Period.

Maior consideration

On the basis of the qualifying, favorable, and potentially adverse
conditions for this guideline (see Table 7-5), one major considerstion 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 potentlally adverse conditions and evaluates effects of erosional
processes on waste isolation. It is directly related to the qualifying
condition through emphasis on the abllity to isolate waste.
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Tabia /-5.

Guideline-condition findings by major consideration——erosion®'"

Condition®

Denaf
Smih

Davis
Canyon

Hanford

Richton
Dome

Yucca
Mountain

Favorable condit’vn 1

Site conditigns that permit the
emplacement of waste at a depth of
least 300 meters {984 feet }below
the directly overly ground surface.

Favorable condition 2

A geolagic yetting where the nature and
rates of the erpsional procesges that

have Leen pperating during the Quaternary
Period are predicted to have less than 1
chance in 10,000 over the next 10,000 years
of leading to releases of radionuclides to
the accessible anvironment.

Favorable condition 3

Site conditipns such that waste
exhumation would not be expected to
occur during the first Y 'millinn
years after repository closure,

Potentially adverse condition 1

A gealogic setting that shows evidence
of extreme erosion during the Quaternary
Period,

Potentially adverse condition 2

A geologic setting where the natura and

rates of geomorphic processes that have

been nperating during.the Quaternary Period
could, during the first 10,000 years after
closure, adversely affect the agi1it

the geologic repository to isolate tze waste.

NP NP NP

NP NP NP

NP

NP

N

N

P

4

? 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

environmental assessment for each site.

¢ A1l of the conditions in this table are associated with one majar consaderat1on'

of erosional processes on waste isofation,

o N N 1

7~34

g 9 a1 4 -

effects



Contributing factors include the depth of waste emplacement, evidence of
extreme erosion .furing the Quaternary Period, the potential for uncovering the
waste, and the & +sesament of future erosion rates and geomorphic processes on
the bagis of the climatic, tectonic, and geomorphic t¢vidence of erosion rataes
and patterns during the Quaternary Perlod. These feriors cannot be evaluated
individually to nmake a judgment on the qualifying ce-ditioni they must be
evaluated togektiar, It is for thia reason that onlr oae major consideration
is identified. A summary of the evaluation for eact zite follows.

Evaluation of gitas in terms of the major conasider:iicn

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 Quaternary
Period, etosion in the candidate area has been almost continuous, though
iong-terws rates of incision are not thought to be extreme. Stream erosion is
predicted to erode no mere than approximately 3} meters (12 feet) below the
presant ground surface in 10,000 years. Streams in the region have been
predicted to erode up to 240 peters (800 feet) into Lhelr present channels
(using long-term incision rates) during the firat miilion yeara after
repository closure. The Quaternary geoleoglc record Indicates that geomorphic
processes should not adversely affect the ability of the repository to lasolate
the waste. This includes a preliminary asgessment of the eastward propagation
of the graben systems west of the site, Considering the planned depth of the
repogitory, present knowledge suggeats that it 1s highly unlikely that eroagion
will lead to releases of radionuclides tpo the accesaible environment in the
next 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 1s 700 to 760 meters (2,300 to
2,500 feet) below the surface. No evidence is recorded of extreme ercslon at
the site. Extrapolation from a relatively high river-incision rate in
Holocene time shows erosion to a depth of 63 metera (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 lsolated after 10,000 years. Considering the planmed depth of the
repository, 1t is unlikely that erosion will lead to releases of radionuclides
to the accessible environment in the next 10,000 years.

At the Hanford site, the depth to the Cohassett flow top is 869 to 943
meters (2,850 to 3,093 feet). The site does not show evidence of extreme
erosion during the Quaternary Periocd. 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 waate
would not be expected to be uncovered during the first million years after
repository closure. There 1s little chance, if any, of erosion leading to a
release of radionuclides to the accessible environment over the next 10,000
years. '
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At the Richton site, the waste would be emplsced at a éepth of 646 metaers
(2,119 feet}., No evidence of sustained extreme ervaion during the Quaternary
Period is founs in the geologic setting of the site. The geomorphic processes
that have beern in operation during the Quatarmary lurlod have resulted in a
long~term erosiun rate of 1.2 meters (4 feet) per ;.,000 years. This rate
would result ir the removal of 120 meters (3% feet: of material in 1 miilion
years, leaving 526 meters (1,718 feet) of material .ver the repoaitory. The
chance of eroaion removing the entire thickness of .verdeme sedimenta 1g much
less than 1 in 1 mitlion. Thus, it is very unlik.l:- that eroslon over the
next 10,000 years would lead to any radionuclide :?ieases to the accessible
environment.

At Yuc.a Mountain, the minimum thickness of the overburden above thse
repoaitory would be about 230 metera {750 feet}. Fur about 50 percent of
Yucca Mountain, the overburden is more than 300 metsrs (984 feet). Average
stream~incision rates during the past 300,000 years have not been extreme, and
there has been little change in the patterna of erosion at the site during the
Quaternary Period, On the basis of average stream-incision rates, the
shallowest portlon of the repository is expected to ramain buried much longer
than 1 million years. Over a period of 10,000 years, erosional processes
would be expected to remove only 1 meter (3 feet} of ovarburdon. The
probability that erosion would induce & logs of isolgtion ls:less 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 gppears
that the probabilities of erosion causing a logs of isolation are lower thean
those coneldered credible in EPA regulations {40 CFR Pgrt 191},

Summayy of the comparative evaluation

At all the mites, the underground repository can be placed deep enough to
protect it from erosional processes acting on the surface. The predicted
rates of erosion are low at all five aites. All waste-emplacement horizons
are too deep for credible geomorphic processes to adversely affect the
performance of the repository. Although the rates of ervosion vary from gite
to site, the variation is not aignificant, None of the sites is expected to
erode to such an extent that the waste would be uncovered during the {irat 1
miilion years. It is also 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 eroeion
guldeline. :

7.2.1.6 Dissolution
The qualifying condition for postclosure digsolution is as follows:

The aite shall be located such that any subsurface rock
dissolution will not be likely to lead to radicauclide
releases greater than those allowable under the
requirements specified in §960.4~1. In predicting the
}ikelihood of dissclution within the geologic setting at a
site, the DOE will consider the evidence of dissolution
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within that s:ttirg during the Quaternary Period, including
the locatloni and characterlstics of dlssolution fronts or
other dissclviion 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 influencea the favorability of the sites with respect to the
qualifying conditien: evidence of host-rpck dissolv:ion during the Quaternary
Pericd. This majov consideration is influenced by s.veral contributing
factors, such as tune solubility of the host rock under nonextreme geologlic and
hydrologic conditlons, unusual ground-water chemistry, and evidence of
significant dissolution during the Quaternary Perlod. 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 rock. Such disruption would result in the potencial for exceeding the
radionuyciide-relcase 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 conslderaticn

The Davia Canyon site is 16 kilometers {I0C 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 southwest: the Needlee 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 wapping and
geophysical logging near the site have not revealed features that would
indicate Quaternary digsolution., However, the saline ground waters of the
overlying Honaker Trall 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 dissolution fronts
than Davis Canyon. Dissolution at or above the repositery level is known to
occur 103 kilometers {646 miles) to the west, 29.8 kilometers {(18.5 miles) to
the north and 118 kilometers (73 miles) to the east of the Deaf Smith site.
The rates of migration for these dissolution 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 fronte 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 based on
the assumption that the dissclution front is uniform, which could
underestimate the actual rate of disseclution. 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
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Table 7-€. Guideline—condition findings by major considaration--disselution® "

Davis Deaf Richton Yucca
Londition® Canyon Smi o Hanford Dome Mountain

favorable conditin

No evidence that the host rock within P P P P

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,
dissoiution cavities, significant
volumetric reduction of the host rock
or surrounding strata, or any structural
collapse—-such that a hydraulic
interconnaction laading to a loss of
waste isolation could occur,

" Kay: MNP = for the purpose of this comparative evaluaticn, the favorable or potentially
adverse condition is not present at the site; P = for the purpose 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 assessmant for each site.

€ A1V 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 ke 0.00006%4 meter (0,000021
foot) per year. No dissolution fronts near the Deaf Smith site or in the
intericr basin are expected to intersect the repository horizon in loss than
100,000 years.

The rock at the Hanford site conslsts of minera.s that are not readily
soluble, and sigrificant dissolution leading to rad:i. auclide releases from the
site is not considered credible, It 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 prabably dec ease because of the
Aalteration of glass and the formation of celays and zewiites within the
fractures.

The Richton site has no topographic depressions nver the salt dome, and
limited data suggest that the Tertiary sediments overiying the dome are
iaterally continuous. There are two relatively small, closed circular
depressions just off the eastern flank of the dome that appear to be the
result cof near-surface processes; however, at this time, theilr origin is
uncertain, Samples of ground water from a shallow fresh-water aquifer reveal
possible saline anomalies on the south side of the dome (downgradient of the
dome}. These anomalies were Ildentlfied on the basis of a very limited number
of boreholes; therefore, the arigin of the high salinity level in the water of
the upper aquifer is unknown at this time. FPossible origins for the
salinities include salt-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 dissolution leading to radicnuclide releases
from the elte 1s not considered credible. It is highly unlikely that
dissolution will occur elong fractures within the repesitory during or after
the thermal phaese to the extent that the permeability of the fracture system
will increase.

Summary of comparative evaluation

Hanford and Yucca Mountaln 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 probebly occurred at eack salt site
during the Quaternary Feriod, but the rates of dissolution are too low to lead
to a loss of waste isolation. 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 qualifyi.ug condition for postclosure tectonics 1s as follows:

The site shall be located in a geologic setting where
future tectinlc processes or events will not be Likely to
lead to radionucllide releases greater than thos« allowable
under the requirements spacified in §%60.4-1. -a
predicting the likelihood of potentially disrirptive
tectonic procesges or events, the DOE will cor.jler the
structural, stratigraphic, geophysical and seisric evidence
for the nature and rates of tectonilc processes z.:d avents
in the geologic setting during the Quaternary Period.

Maior consideration

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 favorabllity of the sites with respect to the
qualifying condition. This major consideration concerns cstimates and
projections of igneous activity and tectonic proceases over the next 10,000
years and the effect of thege processes on radionuclide releases. It ias
directly related to the qualifying condition through the evaluation of
radionuclide releases attributed to potential tectomic phenomena. It ig
derived from the favorable condition and the six potentially adverse
conditions.

The contributing factors for this major rconslderation include evidence of
tectonic or igneous activity during the Quaternary Period, the likelihood for
the next 10,000 years of tectonic and ignecus events that could alter the
regional ground-water—-flow system, the historical record of selgsmicity, the
correlation of earthgquakes with tectonic features, evidence of Quaternary
tectonic processes (eapeclally at the repository site), and the potential
effects of tectonic and igneous events on the repository. The rates of
igneous and tectonlc activities cannot be evaluated individually; these
conditions must be evaluated together to determine their impact on the total
igolation system, and therefore only one major consideration was identified
for this guideline. A summary of the evaluation for each site follows.

Evaluation of sites in terms of the major consideratlions

In the geologic setting of the Davis Canyon site, Quaternary uplift has.
averaged legs 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 dissclution rather than tectonigm. These faults do not trend
toward the site, nor have preliminary investigations shown any surface faulits
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 regiom.
However, there is a possibility that the south Shay Graben fault may be
capable of producing an earthquake larger than any observed in the geologic
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 {pastclosure)®'®

Davis Daaf Richton Yucca
Condition® Canyon $mith Hanford Dome Mountain

e

Favorable conditicn |

The nature and -ates of igneous activity P - P P NP
and tectonic prucesses (such as uplift,

subsidence, faulting, or folding), if any,

operating mithin the geologic setting

during the Quaternary Period would, 1if

continued into the future, have less than

! chance in 10,008 over the first 10,000

years after ¢losure of leading to releases of

radionuciides to the accessible environment.

Patentinily adverse condition t

Evidence of active folding, fauliting, P b P P P
diapirism, uptift, subsidence, or other

tectonic processes or igneous activity

within the geologic 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 waate containment or isolation,

Potentially adverse cendition 3

Indications, based on correlations of p NP P NP- P
earthquakes with tectpnic processes and

features, that either the freauency of

occurrence or the magnitude of earthquakes

within the geologic setting may increase. e

Potentially adverse condition 4

More~frequent occurrences of NP NP NP HP - NP
carthquakes or earthquakes of higher, o R
magnitude than are représentative

of the region in which the géonlogic

setting is located, .

Potentially adverse condition 5

Potantial for natural.phénomena such as NP P NP - NP HP
Tandslides, subsidence, or volcarnic . . .
activity of such maqnitudas that thay

couid create Yarge-scal# ‘surface-water

impoundments that could change the regiaonal

ground-water flow system,

Fotentially adverse condition 6

Potential for tectonic deformations—-— NP NP MHP NP NP
such as uplift, subsidence, folding, or ’
faulting——that could adversely affect

the regional ground-water flow 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 purpose of this comparative evaluation,
the cond1t:on is present at the site,
® Analyses supporting the entries in this table are presented in Chapter 6 oF the
environmental assessment for each site,
€ A11 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 isplation.
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the scale necessary to cause large changes in the regional ground-water-flow
aystem occurred i the geologic aetting., Regional uplift will not affect the
physical integrit of the repository and will be too emall to significantly
modify ground-wa®ar-flow eystems in the next 10,000 ycars, Reactivation of
the basement faults beneath the egite is possible, but 1t is doubtful that
displacements lerge enough to propagate thece feature¢s through the ductile
rocks of the Paridox Formation would occur in the nev. i0,000 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 Davis
Canyon site could not lead to radionuclide 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 1g no evidence of
igneous activity during the Quaternary Period at the beaf Smith site, The
nearest lgneous activity during the Quaternary occurred about 160 kilometers
{99 miles) west of the site, outside the geologlc setting. Quaternary
tectonle processes were probably negligible near the slte. Regional uplifc or
subsidence 1s not recognized, but the possibility thut these processes
occurred on a small scale during the Quaternary Period has not been ruled
out, The site ls located in a region of low seismicity., Quaternary faulting
and folding of a tectonic (or seismogenic) nature are not recognized in the
Palo Duro Basin. No large damagling earthquakes have occurred in the geologic
getting during the perlod of the historlcal record. The terrain of the asite
and its vicinity 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. BSome uncertainty exiets becauae
gite-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 1s 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
during the Quaternary Period. 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 geologic getting could be
aggociated with earthquakes iarger than the historical maximwua. Available
data do not permlt the precise determination of slip and recurrence rates for
specific faults; however, on the basis of current knowledge, earthquakes near
the site would be relatively small, with long recurrence rates for larger
evente (a magnitude greater than about 5.5). Earthquakes are not currently
associated with mapped geologlc atructures, nor do hypocenters align in a
manner that suggests unmapped, burled, 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 1n 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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considarable uncer.ainty because microearthquake gwarms have begn observed in
the basalt during the past 16 years, though no swarms have occurred recantly
in the basalt at t%e site. The potential effects of microearthquake swarms on
system performanc.: (including the ground-water-travel “ime, system
geochemistry, and waste-package integrity) supgest that the likelihood of
tectonic phenomers affecting the site's ability to is:iate waste over the next
10,000 years is v:ry low.

At the Richton site, the evidence from the geolosic setting suggests that
no igneous activity and only minor tectanic activity cccurred during the
Quaternary Period. The principal active tectonic pruc¢#ss during the
Quaternary Period is regional uplift., Diapirlsm does -:ot appear to have
occurred at the Richton Dome., There has been no lgneous activity 1in or near
the Mississippl salt basin since the Cretaceous Pericd (about 60 million years
ago). There is no evidence of Quaternary aelsmogenic 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 reglon has no large surface-water impoundments from tectonic
or igneous processes. Frojections of uplift based on Quaternary data suggest
that its 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 events are not
likely to be disruptiva, and the likelihood of disruptive tectonic eventa is
very low,

Much of the background data for the evaluation of tectonic activity at
Yucca Mountain has been developed through many years of study related to
nuclear weapons tegting at the Nevada Test Site. The assesament of future
tectonic processes is uncertaln and difficult for Yucca Mountain. There is
evidence that volcanism and faulting occurred in the vicinity of the site
during the Quaternary Period. 1In additlon, the selamicity 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 prellminary conclusion could be made
that the north-trending faults at the site ghould be considered potentially
active, even though the absence of fault scarps and the low level of seismic
activity nuggests 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 llke landsliden, 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 isolation capabilities of the reppsitory, although
numerical probabilities have not been determined for mogt processes. This
conclusion is based on the moderate {although uncertain) preobabilities of
tectonic events, the likelihood that the ground-water travel time is long 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 site,

Summary of comparative evaluation

The most foavorable sites with respect to the pistclosure tectonics
guideline are Luvis Canyon, Deaf Smith, and Richtonv Although the Davis
Canyon site apppars to have a higher rate of tectora. activity near the gite
{as indicated by potential Quaternary faulting}, t-ere is a very low
likelihoed that tectonic events could lead to rele.s>s at any of these sites,
and none show evidence of igneovs activity in the ye loglec setting., Active
faulting may aleo be present in the geologic getting of Davie Canyon, but no
surface faulis have been identitied at the site, and seismic 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 igneocus 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 Quaternary
Period. There sre no known Quaternary seismogenle faults in either geologic
setting, and the level of seismicity at both altes appears to be very low,

Hanford is siightly less favorable than the salt aites for this
guideline., There 1s some evidence that deformation is occurring within the
basalts at Hanford, but the pattern of deformation qualitatively matches the
pattern of known seismicity, suggesting that earthquakes and rupture planes
would be relatively emall and recurrence times generally long., There is some
uncertainty because mivroearthquake swarms in the basslts have been observed
durlng the pest 16 yeare. In addition, no microearthquakes {nonswarm) have
been obgerved within the repository site at the depth of the basalts. The
likelihood of tectonic phenomena affecting the ability of the gite to isolate
waste over the next 10,000 years 1s very low.

Yucca Meountain is less favorable than the other sites. Quaternary faults
are preaent within 1 to 6 kilometers of the site. Thelr effects on the
potential for ground motion and on ground-water flow need to be mssessed. The
likellhood of volcanism may be high enough for volcaniem to be considered in
performance assessment, However, the effects of igneous and tectonic activity
on system performance {(qualifying condition) at Yucca 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 fault zones, the structural integrity
of the waste package, and the geochemical characteriatics of the site.

7.2.1.8 Human interference

The potential for human interference after the ¢losure of the repository
requires an analysis of (1) the natural resources at or near a site,
addressing historical, current, and future exploration for, and uses of, these
resources, and (2) site ownership and control. Evaluations of these two
separate technical guidelines are provided below. :
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7.2,1,8,1 Natuvral resources
The qualifving condition for natural resources is as follows:

This site shall be located such that——-cons®‘ering permanent
markers and records and reasonable projections v’ 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 git= ill not be
likely to give rise to interference activitie ~iat would lead
to radionuclide releases greater than those al{ 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 sufficlent to affect containment and isolation; (2)
potential for foreseeable human activities that could affect contaimment and
isolation; and (3) potential for postclosure intruslon for resource
extraction. Although the major considerations are listed in decreasing order
of importance, the differences in their importance are small, particularly
between the second and the thilrd considerations. : :

Evaluation of the sites in terms of the major considerations

Evidence of subsurface mining, respurce extraction, and drilling
sufficient to affect containment and isclation. This consideration assesses
the potential effects on waste containment and igolation of existing minesg and
drillholes within the site. Contributing factors include the presence of
active and closed mines as well as evidence of deep drilling and related
regource extraction, This consideratlion is derived from the second and the
third potentlally adverse condition and is the most important major
consideration because existing mines or drill boles could act as pathways for
radionuclide migration to the accessible environment. A summary of the
evaluation for each site follows. S

At the Davis Canyon site, existing uranium mines extend to a maximum
depth of 11 meters (35 feet) and are restricted to the Chinle Formation, which
hag hbeen eroded from most of the repository operations arega. These exiating
excavations are not thought to be extensive enocugh or deep enough to affect
the repository. No drilling is known to have occurred within the gite, The
nearest hydrocarbon-exploralion borehole of appreciable depth 15 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
wellg that penetrate below the Ogallala agquifer and no 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

Davis Deaf
Canyon Smith

Hanford

#ichton

Dome

Yucca
Mountain

MAJIDR CONSIDERATION 1; €£VIDENCE OF SUBSURFACE MINI~C, RESOURCE EXTRACTION,

AND DORILLING SUFFICIENT TO {7FECT CONTAINMENT AND ISOLATION

Potentially adverse condition 2

Evidence of subsurface mining or
extraction for resourcas within
the site if it covid affect waste
containment or isc.ation.

Potentially adverse condition 3

Eviderce of drilling within tha
site for any purpose other than
repasitory-site evaluation to a
depth sufficient to affect waste
containment and lsolation.

MAJOR CONSICERATION 2:

Potentially adverse condition 5

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

NP b7

NP WP

NP

HP

'

NP

NP

POTENTIAL FOR FORESEEADLE HAUMAN ACTIVITIES

SUFFICIENT TO AFFECT CONTAIMMENT AND [SOLATION

NP NP

Targe- scale surface-water impoundments—~

that could adversely change partions of
the ground-pater flow system impgrtant
to waste isolatfon,

HAJOR CONSIDERATICN 3:

Favorable condition 1 -

No knpwn natural resqurces that have
or ‘ars projécted to have in the
foreseeableé future & valtue great
enough to be considered a commercially
extractable resource.

Favorable ¢ondition 2

Ground uater u1th IE 000 rts per .
millien ‘or more of total® s§o1ved
solidé atong any path of 1ikely radio-
nuclide trave): from. the. host rock. to
the accessible envirgnment.

a 0.0:0¢8¢

TO EXTRACT RESQURCES

NP NP
P P
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HP

NP

NP

NP

HP

NP

NP

NP



Tab'# 7-8. Guideline-condition findings by major consideration--natural
resources® ® (continued)

Davis Desf Richtan Yucch
vondition Canyon Smity Hanford Dome Mounmtain

HAJOR CONSIDERATION 3: POTENTIAL FOR POST QSURE INTRUSION
T EXTRACT RESOURCT  {Continued}

Potentially adverse condition 1

indications that ihe site contains P : P
naturally occyrring matarials, whether

or not actually identified in such form
that (i} ecuncmic extraction is patentially
feasible during the foresegable future

ar (ii; sych materials have a greater

gross valye, net value, or tommercial
putential than the average for other

areas of similar size that are repre-
santative of, and located in, tha

geologic setting,

Potentially advarse condition 4

Evidence of a significant concen- NP NP NP NF NP
tration of any naturally occurring

material that i3 nat widely avaflable

from other sources.

® Kgy: MNP = for the purpose of this comparative evaluation, the faverabld or potentially
adverse condition is not present at the site; P = for the purpase of this comparative evaluation,

the cendition is present at the site. . .
® Analyses supporting the entries in this table are presented in Chaptar 6 of the

envirenmental 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 productlon in 1941, The quarries are excavated
pits that are generally lesg than L8 meters (60 feet) deep. The gas field was
located approxima.zly 11 kilometers south of the site. No other current or
past production of hydrocarbons has heen reported witn:n 100 kilometers of the
larger Hanford Si:e. Recent hydrocarbon exploratlon <a the Columbia Plateau
has been focused on the sedimentary sequence beneath .he basalt; wells drilled
to date have heen noncommercial, bul 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 hydrocs “ton potential for this
area 1s speculatiwvs at best, Boreholes drilled near L:e site for purposes
other than rejository-site evaluation are significantly shallower than the
candidate repository horizon and would not affect waste containment or
isolation. '

At the Richton gsite, there ig no evidence of boreholes, shafts, 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 shallow (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 contalnment and isclation are not expected to be
slgnificantly affected by the presence of ghallow boreholes or the potential
for increased dissolution amsociated with the petroleum-exploration 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 ahallow prospecting pitas. Before the repository
investigations began, one borehole had been drilled 7 kilometers (4 miles)
sgutheaagt 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 drilling at Yucca Mountain for purposea other than
repository-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 Btorage, and large-scale surface-~water impoundments.
Changes to the site's ground-water system can directly affect the releases of
radionuclides to the accessible environment. This consideration is derived
from the fifth potentially adverse condition and is the gecond most important
major consideration. Changes to the site's ground-water system can directly
affect the releases of radionuclides to the accessible enviromment. This
consideration is not as important as the first major consideration because it
is based on projected, more speculative human activities that may affect
isolation, whereas the firgt consideration is based on existing evidence of
rescurces that could affect isolation.
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In agaeseing the likelihood of postclosure intrugion, the DOE will
conslder the estdnated ceffectiveness of the permanent markers and records
required by NRC ragulations inm 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 aserve thelr intended
purpose, Thus, ‘n evaluating this major econgideraticu., the envitonmental
assegsments have quaiitatively considered the effecti eness of markera and
records in reduc.ng the likelihood of human intrusio:- in the controlled area,
A swnmary of the evaluation for each site followd,

Because of limited potable water and resources vithin and near the Davis
Canyon site, the prtential for foreseeable human acti-ities to adversaely
affect the ground-water-flow system is expected to be very low,

At the Deaf Smith site, good-quality ground water that is sultable 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 subsurfece injection -of flulds
is considered to be low becauae of the low potential “or petroleum development
in the future. .

At the Hanford site, there 1s a potential for ground-water withdrawal for
irrigation. Ingufficient data are available to determine whethar such human
activities could adversely change portions 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 ne
significant effect on waste 1solation itself.

At the Richton site, the potential to adversely affect the
ground-water-flow system 1s expected to be very low. Potentlal human
activities are very unlikely to affect ground-water travel through the salt
stock; this includes activities that may change fregh-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 presgent at the Yucca Mountain site,
future generations are not likely to drill for water from the top of Yucca
Mountain, because it would be easier to drill for water in the surrounding
areas. Because isolation depende primarily on the thick unsaturated zone,
withdrawal of water outside the controlled area would not adversely affect the
ground-water system important to isolation.

Potential for postclosure intrusion to extract resources. Thig
consideration includes estimates of, and the potential for, postclosure
intrusion for resource extraction. Contributing factors include the presence
or indication of resources (including water)} at the site, their value,
scarcity, and depth, as well as their availability from other sources. This
condition ig derived from the firgt and the second favorable conditions and
the first and the fourth poteotially adverse conditions, Thie coneideration
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 radibdnuclides 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 Davias
Canyon site, and :ome production has ogcurred at the gite itself} however, the
uranium resources at the site are believed to be less asignificant than thosge
in other parts o€ squtheastern Utah., In addition, commercial-grade
underground potas. deposits are present in the viciniiy of the aite, but they
may not he econom:¢ because they are located at excesas.ve depths and are less
extensive than dejosits in other parts of Utah, Smal.. smounta of sand,
gravel, and potahle water have been extracted in the .icinity of the site,
None of these resources has greater potential within iie area of the gite than
outside it., Potential hydrocarbon resources are believed to be gignificantly
smaller within the site than in similar areas outsld: the site. The
ground-water is of poor quality, with the total disgvl ed solids exceeding
10,000 parts ner million.

At the Deaf Smith site, ground water 1s being exiracted from the Ogallala
aquifer. The use of this water resource does not pose a threat tc the
long~term integrity of the repogitory. Ground water along the likely pathways
of radionuclide travel is not suitable for human consumption because it
containa disgolved solids at concentration exceeding 10,000 parts per
million, The hydrocarbon potentlal at the site is 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 pregent in unique quantities at the gite, The bedded salt may
be considered a 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 metalllec or petroliferocus
resources that have or are projected to have a value great engugh to be
commercially extractable. However, there are indicationa 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 is no evidence to date of aignificant
concentrationa of any naturally occurring resources that are unique to the
site.

The Richton Dome 1is the largeat of 35 shallow salt domes 1n the
Mississippi salt basin. Because of its size and depth, il is an excellent
candidate for underground storage. The purity of the salt {91 percent sodium
chloride) also indicates that the dome may be a candidate for gali extraction
by solution mining or conventional mining methods. iIn 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 atorage facility 1s not unique. Commercial hydrocarbon reaourcea
are not known to exiat 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 valuable resources at Yucca Mountain. The mineral-resource
potential of the Yucca Mountain site is considered low. The ground water
along likely flow paths of radionuclide travel hae lees than 10,000 parts per
million of total dissolved solids.
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Sunmary of comparat-ive evaluation

On the basis «f the three major considerations, Yucca Mountain is the
most favorable gite; Davis Canyon, Deaf Swith, and Hanford are comparablej and
Richton is the leart 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 gites c¢u gubsurface mining, extraction, or «eilling sufficient to
affect containment or isolation. There is alsoc no evi.oence at any of the
sites of a gignificant or unique concentration of any :aturally occurring
mineral or energy resources. It is expected that the 1.8e of permaneat markers
and records will reduce to very low values the likeli.wod of human intrusion
within the controlled area at each of the sites.

The likelihood of any resource occurring at the Yucca Mountain site
appears to be very low. The potential uae of the deep aquifer outsilde the
controlled area will not affect containment and isolation.

The Davie Cauyon, the Deaf 8mith, and the Hanford aites are approximately
equal in favorability on the basis of the speculative potential for
resources, There is a very gmall potential for the use of the shallow aquifer
outside the controlled area at the Hacford site to affect the
ground-water~flow system important to isolation.

Richton Dome is the least favorable site because of the speculative
potentlal for resources, the possibliity of undetected boreholes, and the
potential for using the dome for underground pumped storage.

7.2.1.8.2 8ite ownership and control

The purpose of the postclosure guldeline on site ownership and control is
tc help ensure that the repository can function far iecto the future without
adverge human interference. This guideline specifies that the DOE, in
accordance with the requirements of the 10 CFR Part 60, is to obtain ownercship
of , and surface and subsurface rights to, land and minersls 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 radlonuclide 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 pestclosure and the preclosure periods at the five nominated
sites. Whichever site is selected, the DOE must obtain ownership as well as
surface and subsurface rights before commencing preclosure activities; there
is no basis for distinguighing among the sites on their site ownership and
control status at the beginning of the poatclosure period., Therefore, all
sites are congidered to be equally favorable for this guideline.
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7.2.2 POSTCLOSURE SYSTEM GUIDELINE

The resuite of preliminary system—performance arsgessments are described
in Section 6.4.2 of each environmental assessment ard briefly reviewed here.
These preliminary assessments are based on limited genlogic, hydrologic, and
geochemical infyrmation, preliminary conceptual mode!s, and relatively simptle
analytical techniques. The DCE 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 guideline. However, tiie diffarent approaches
to the evaluation of performance, the preliminary nat.re of these assessments,
and the unce+rtainties in the parameters on which the analyses 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 gsilLe fnr development as a repository. To provide &
comparative context for understanding the ponstclosure system guideline
evaluation in Chapter 6, a brief discussion of the evaluation of each of the
sites with respect to each of the capabllities addressed by the guideline is
presented below.

The guideline addresses the following capabilities of the geologice
setting at a site:

1. The capability of the geologic setting at the site to allew for the
physical separation of the waste from the accessible environment
after closure in uccordanoe with the requirementa of the EPA standard
in 40 CFR Part 191, Subpart B, as implemented by 10 CFR Part &0.

2, The capability of the geologic setting at the site to allow for the
use of engineered barriers to ensure compliance with the requirements
of the EPA and the NRC. Two requirements are pertinent here: (1)
the time of substantially complete containment {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., one
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 repositery closure, whichever is
greater}.

Capability for waste isolation. The results of the preliminary
assessments indicate that the EPA standards would be met at a2ll of the asites.
For example, the mean time of ground-water travel from the repository to the
accessible environment is expected to bhe much longer than 10,000 vears at each
site., On this basias alone, there is little likelihood 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 releases are likely
to 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 calculations show to a high level of
confidence that less than 50 curies of iodine-129 and carbon-li4--and no other
radionuclides--would be released to the accessihle environment in 100,000
years. The calculations for Yucca Mountain indicate that lese than 100 curles
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of technetium-99 and negligible quantities of any other radionu:iide could be
released in 100,00 years. The analyses for the salt asltes shovw no release in
100,000 years unde- expected repcsitory conditiona.

Because of ths different characterlstics of each »f the sites, different
approaches to the performance analyses and varying lev:)s of congervatism have
been used for eact site. For example, the constraini :n release due to the
slow degradation of the waaste form was not taken into .ccount in the analysia
of the Hanford site, The analysis of the Yucco Mounta.n site does not
consider the spatial diatribution of waste packages ! wroughout the repoaitory,
but agsumes that ths release otcurs from a single loca'ion in the hoat rock.
Transport and retarcation in the saturated zone are not considered in thegse
analyses as weil. The margin of conservatism regulting from such assumptions
in each case is not known at present. However, it ig bhelieved to be
sufficient to compensate for the uncertainties in the site data. The
preliminary performance assessments do not provide evldence 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 gites. For example, the analyses of
waste-package performance indicate that the c¢ontainer lifetime 1s expected to
exceed the 300~ to 1,000-year requirement for substantially complete
containment at each site. The expected contalner ilifetime for the Hanford
site exceeds 6,000 years. The analysils of the container under the conditions
af the Yucca Mountain site gives a lower-bound estimate of 3,000 years and an
expected lifetime of 30,000 years. At the salt sites, the lifetime of the
container is calculated to be even longer, because it 1s expected that
sufficient water will not be svailable to cause corrosion failure of the waste
package.

For each site, the calculations ¢f the rate of radionuclide release after
the failure of the waste package suggest that the criterion for the rate of
release from the engineered-barrier system would not be exceeded. 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 thege radionuclides in the ground water at the site.

For the few radionuclides that are highly soluble, the calculated release
rates are leds than 4 percent of the release~rate limit.

Without taking into sccount the solubility of the radionuclidea
themselves, the fractional release rate calculated for the Yuceca Mountain site
is 2.5 x 0°° per year, well below the limit of 1 x 10°° per year, because
of the low rate expected for waste-form dissolution. At the salt sites, since
it is expected that the waste packages will last indefinitely, the rate of
radicnuclide 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
analyesis of the salt sltes and of the Hanford site, the slow digsclution of
the waste forw. which can limit the rate of radlonuslide release, wam not
taken into aceount. In the analyses of the salt s.ies and of the Yucca
Mountain gite, it was assumed that all packages fa’: simultanecusly. Again,
the degree of conmervatiem provided by these assum .ions is not known at
present. Hows.er, the analyses appear to be suffi .ent to indicate that there
is no evidence that the performance criteria for tins; waste package and other
engineered bYarriers would not be met at each of tr9 nominated sites.
Furtharmore, the available data and the preliminai s analyses based on these
data have not lduntified any conditlomns or features it any of the sites that
would prevent theae engineered components from wmeetiag the performance
requirement. .

The different approaches to the evaluation of performance, the
preliminary nature of these assessments, and the uncertalnties 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 varlous factors that determine subsystem and
sydtem performance are not yet konown. 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 adeguate comparigon of the
sites. Therefore, because of the preliminary nature of these performanie
assesgments, it does not appear that a comparison between and among the sites
on the bagis of the postclosure eyatem guldeline is practicable at present. -

7.3 COMPARISON OF SITES ON THE BARIE OF PRECLOSURE GUIDELINES

The preclosure guidelines address (1) preclosure radiological safety; (2)
the environmental, socioeconomic, and transportation-related impacts
aspociated with repository siting, construction, operation, and closure; and
(3) the ease and cost of repoaltory siting, constructiou, operation, and
closure. Both technical -and syntem guidelines are provided for each of these
three categor1es :

7.3.1 PRECLOSURE RADIOLOGICAL SAFETY

7.3.1.1 Technlcal guldelines"

There are four technical guidelines on preclosure radiological safety:
{1) population density and distributlon, (2) site ownership 'and contrel, {(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
workers at the repository by keeping exposures to radiation within the limits
prescribed by regulationa. This section presents a comparatlve evaluatlon of
the five nominated sitaslagainst these guidelines.~
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