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EVALUATION OF HEALTH AND SAFETY IMPACTS OF DISPOSAL OF
PEFENSE BRIGH-LEVEL VYASTE IN GEQLOGIC REPOSITORIES

1. Isatrodxctiom

Parsuant to the revised Statement of Work of October 5, 1983 for
our contribution to DOE’s evaluation of commercial repositories for the
disposal of defense high—level waste, we have performed an evaluatiom of
the health and safety aspects of the different disposal options for the
defense wvastes. This report describes the initisl results of cur

evaluation.

The major emphasis of this report is to provide a comparison of the

heal th and safety aspects of the variouns disposal options for defense
high—level waste: i.e., to evaluate whetkher or not there are likely to
be significant differences in health and safety impacts among the
different options. This evaluation has been performed using a set of
baseline assumptions and ground rules which have been provided by DOE;
these assumpticns are described in the Statement of Work of October §.
A very important assumption with regard to evaluating the health
snd safety aspects of any disposal option for defense high-level waste
is that all applicable standards and rgegolations must be met in a1l
cases. Thus, any disposal option must conform with the requirements of
the NRC's 10 CFR 20 and 10 CFR 60 and the EPA’s 40 CFR 191 during both )
the operationsl and the post-closure phases. It is particumlarly
‘mportant to mote thit the EPA standasxd sets a very low level of long-
ters ‘ucrementa) risk to the gemeral public from radioactive waste
disposal. Taus, it must be demonstrated yith reasonable ns:utﬁnco that
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any option for defeamse waste disposal will be quite safe over s long
time period iz the future, or else that option will not be liceased. Ian
essence, this m »2as that the real question regarding loang—term health
and safety aspects is whether it is likely to be significantly easier or
harder to demonstrate compliance of the various disposal options with
applicable standards. Similar considerations also apply to occupational
and off{-site exposures during the skort—term period of repository
operations.

The above discussion emphasizes that the health and safety aspects
of deferes waste disposal are intimately related to regulatory factors.
It is slso clear that health and safety is related to cost factors:
i.e., given that certain standards must be met for any dispossi option,
it may be significantly more costly to meet those standards with some
options than with others.

This report is concerned with evaluating the health and safety
aspects of defense waste disposal during both tke operatiomal and tte
post-closurze phases of s repository. In each case., the evaluation
includes three different aspects: (1) ~n identification and discussion
of the various factors which are expacted to influence the health and
safety impacts of the different disposal optioans for defense high—~levs}
waste, (2) an identification of the general assumptions whick were used
in estizating potential Lkealth and safety effects aad a seiection of
sppropriste models for estimating the health and safety impacts of the
various disposal options, and (3) an analysis of the health and safety
impacts for esch disposal option for aufense high-level waste. This

report describes our initial results in these areas.
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Based on the evaluations presested inm this report, omr iaitial
conclusion is that the potential heslth amd safety impacts are not
ligfly to vary significantly among the differeat disposal optioas that
might t2 chosen for defemse high-level waste, primsrily becsase of the
need to meet standards in all cases. The differences in estimated
health and ssfety aspects for differeat disposasl optioans are im all
cases much smaller than the umcertainties which will be associated with

realistic estimates of these impaccs.

2. Factors Influencing Health and Safety

This section discusses our initial efforts to identify the factors
which are expected to influence both the long-term and the short—-term
health and safety impacts of the different disposal optioms for defense

high-level warcte.
2.1 Long-term effects

Differences in the properties of commercial and defense wastes
wvhich might influence differences in the long-ter= health and safety
impacts of the various emplacément schemes for defense high-level waste
include the following: (1) differences in the relative abundances of
specific radionuclides in commercial and defense wastes; (2) the much
greater concentration of radiosctivity in commercial waste forms than in
defense waste forms; and (3) differences in the leachability of the
different waste forms.

The radionuclide inveantories in ccmmercial and defense wastes are

compared in section 3 of this report. Defense high-level wastes usually
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contain less fission products and actinides per metric tom of uraaimm
fuel than either commercial spent fuel or high-level waste, but thisz is
nogzllvtys the case for defense wastes and commercial high-level wastes.

The most important implication of the differemces in concemtrations
of radiocactivity in the different types of waste is that the defense
waste package will genmerate considerably less heat than a commercial
spent-fusl or high~level weste package. This difference in heat
gensration means that a defense—only repository will involve a shorter
time for the so—called thermal period, slightly lower peak temperatures
in the waste package, and lower temperatures in the waste package at the
time leaching begins than will either a commercial repository or a
repository containing both defense sand commercial wastes in the same
location. The differences in the-msl behavior of the waste could have
important implications for reposicory performance.

The lcwer activity concentration and apparent lower leaching
susceptibility of defense waste glass relative to conng:cial spent fuel
or commercial high-level waste glass shounld result in lower rates of
radionucl ide releases from defense weste forms. Both glass waste forms
and spent fuel may be cracked by the time leachirg begins, so it seems

1
reasonable to assume that there will be no significant differences in

the waste scrface area available to leaching.

The follcwircg sections describe in more detail some of the
implications of the above mentioned differencc: between defense and
commercial wastes for :ertain aspects of a2 health and safety amalysis of

the different emplacement options for defense wastes.

2.1.i Jgplicatiops for comtainment
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The lower heat generation potential of defease waste mesns that the
thermal period will be considerably shorter for a repository which
contains defesse waste oanly than for a repository which coatains either
commercial waste only or defense and commercial waste. Since the
contsigment requirement inm 10 CFR 60 is intended to prevent any releacse
of radioactivity f -om the waste package during the thermal period, it is
likely that a shorter containment period would be required by- tke NRC
for a defense—only repository than for a commercial or defeamse—plus—
commercial repository. It is also likely that a shorter coamtaimment
period would be required for a separate defense waste area (e.g., 2
separate mined cavity) in a facility which also inecludes commercial
waste, provided the defense waste area would not be affected by the keat
generated by the commercial wastes. To the extent that a shorter
containment period would be recuired for the defense wastes, it will
prescaably be less costly to romply with the containnent requirement
becaunse thirnner or less corrosion-resistant cacisters or overpacks might
suffice.

Temperatcres in a repository duriag the thermal period will also be
lower for a defense~only repo:itory tkan for a comsmercial repository,
due to the lcwer heat genmeration rate of defense waste. Since corrosion
rates and 2eckarical stresses botk increase with increasing temperature,
the canister and overpack lifetizes should be longer in a defense-only
repository tham in a commercial-only repository. A separate defense

waste arex in a combined facility would probably have the same low

corrosion rates as a defense-only repository, but mechanical stresses oz

defense waste packages would probably be greater than in a defense—only

repository due to the thermal effects of the commerzial waste on ihc
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mechanical behavior of the host rock. In a combined facility witk both
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commercial and defense wastes in the same area, the waste package
dcggity would probably be grester tham in a commercial-only repository
(this assumes 2hat the thermal loading on the host rock will determine
the waste density in a repository, so that the tbermal loading will be
the same in hoth cases). Thus, peak rock temperatures and thermally-
induced mechanical stresses would be rou_hly the same as in a.
commercial-only repository. Peak temperatures of commercial waste
packages would be unaffected by the presence of defense waste, dut
defense waste packages would reach higher temperatures and thus

exporience greater corrosion rates than in a defense—only disposal area.

2.1.2 Implicstions for radjomuclide release rate from the repository
Differences in the concentration of activity and in the leaching
snsceptibility of defense aand commercial waste forms can directly affect
the rate at which radionuclides are released from the repository to the
host rock vias zroundwater flocw. Radionuclide release rates as measured
in leaching tests have generally been the highest for spent fuel,
intermediste for commercial high-level waste glass, and the lowest for
defense high—-level waste glas3. (The difference in concentration of
activity is probably responsible for most of thz difference in the
observed leaching behavior between ccmmercial and defense glasses.) If
no other factors affected the release riate, them radioactivity from
defense wastes would bz relessed into groundwater at 1 lower rate than
from commercial wastes. A commercisl repository which contained some
defense wastes would be expected to have a lower annunal f(ractional

release of radioactivity than would a repository which contained only
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commercial wastes, but s higher release ratc than a defense—only
repository. This is only an app.rent effect, however, because the
act.::ul quantity of radiocactivity relecased from the commercial waste
would be no less than from the same amount of waste in s commercial-oanly
repository, and there would be no more radicactivity rcleased from the
defense waste than in a defense—only repository. Therefore, the
apparent difference in relesse rates would not make a difference ian tke
health and safeir impacts of disposing of either éype of waste, but
could mean that it would be easier to comply with the 10 CFR 60 limits
on radionncliide release rates at s combined repository than at a
commercial-only repositocy.

Seversal other factors can indirectly sffect radionuclide release
rates. One of these factors, the radionuclide inventory available for
leaching, derends on the iritial inventory and on the elapsed time
before containment failure. Initial radionuclide inventories differ for
defense and commercial wastes, and containment time will depend on
several waste-related factors discussed above, as well as on
canister/overpack characteristics. Because of the ccaplexity of the
iateractions among these variables, the effect of waste properties om

N
the inventory available for leaching casnnot readily be evaluated in
isolation.

Another factor which indirectly affecrs release rates of
radioactivity is the heat generation potestial. Leaching rates of giasas
waste forms increase vith increasing temperature, so that radionucl ide
release rates from a repository will depend in part on the temperature
of the waste form after containment failure. After several handred

years, which is a likely containnent time, temperatures in the
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repository vill have equilibrated ard all waste packages vill be at
essentially the same temperature. Thus, defense wastes which are placed
ina éhc same sres as commercial vastes will be hotter thin defenss vastes
which are isolated fram commercial wastes, and will leach somewhat more
rapidly than would defense wastes in & defense—only repository or in s
separate disposal cavity in s combined repository.

Radistion damage to the waste form will be greatér for commercial
wastes than for defense wvastes becaunse of the greater concentrxation of
radioactivity in the former. Since radiation damage increases leaching
susceptibility, this effect further contributes to the difference in
leaching behavior between commercial and defense wasces. However, cross
irradiations of waste forms are presumed to be negligible, so that
radiation damage in defense wastes should not be affected by disposal in
a commercial repository. Thus, this factor should not result in any
differences in radiocactivity releases 1nong.the disposal coptionms.

Backfill and packing materials can help to control the rate of
radionucl ide release frcm the engineered barrier system by limiting the
rate of groundwater flow and by chemicelly retarding the traasport of
some of the radionuclides. T&e effectiveness of these materials in
limiting radiopuclide releases can be diminished b, exposure to heat and
radiation. If we assume that the degree of functicnal impairment is
related to the duration and intensity of exposure of the materials to
heat and rsdiation, then the greatest reduction in the effectivemess of
these nsaterials would occcur in a commercial-only repository. In a
disposal area which contaius both commercial and defense wastes, the
effectiveness of packing materials surrounding the defense wastes should

be lowor than in a defense—only disposal area, but these nntarial;
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should experience less damage than the packing around the commercial

vastes becsuse of the lower pesk temperatures and radiation levels.

2.1.3 Other implicatiois for radionmclide zeleases £o the
sscessible environment

Radionuclide transport in groundwater is generzlly regarded as the
most likely means by which wastes in a geologic repository mesy reach the
accessible enviromment. This process imvolves, first, tt:nsp&:t through
the disturbed or near-field zone of the host rock immediately
sarroundirg the repository and, second, traansport through the
undisturbed or far—field zone between the boundary of the disturbed zone
snd the boundarxy of the accessible ecviromment.

The disturbed zone is that portion of the khost rock where the
physical or chemical properties are chanced as a result of repository
construction and waste emplacement sach that tho_changes may have a
significant effect on repository performance. Because of the importance
of heat gemeration rates in perturbing the host rock, the extent of the
disturbed zone in a given type of host rock should be greatest for a
commercial-only repository, intermediate for a combined ccomercial and
defense repository, and least‘for a defense-only repository.

The extent .l cne distuil=4 zone affects evalcations of t2pository
perforzance ic two ways. First, the NRC's 10 CFR 60 requires s mipimum
pre-waste—emplacement grouncwster travel tize frcm the outer boundary of
the disturbed zone to the boundary of the accessible enviromment. Thus,
the closer these two boundaries are to one snotier, the more difficult
it will be to find sites that satisfy the requiremeat and to demonstrate

with reasonable assurance that such sites sre in complisncs. Second,
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demonstrations of compliance vith the radionuclide rolease limits in the
EPA’'s 40 CFR 191 probably will require estimates of groundwater
trapsport of radionucl ides through bcth the disturbed and far-field
zones. Since such estimates arv expected to have greater uncertsinties
in the disturbed zone than in the far—field zone, demonstrating

compl iance with the standard msy be significantly more difficult if an
appreciable fraction of the distance fram the repository to the
accessible enviroment is in the disturbed zone.

Consideration of radiomucl ide transport in groundwater through the
far—-field zone should, by itself, have no effect on the cko’ce of a
disposal option. This is because the transport of s unit quantity of a
particular radionuclide is indépendent of the source of the waste, i.e,
of whether the radionuclide was originally in commercial or defense
vaste. We must remember, of course, tkat the quantities of different
radionacl ides which enter the far—field zone depend on the type of waste
and the performance of the engineered barriers and disturbed zome.
Again, it may be easier to demonstrats compliance of a disposal option
with 40 CFR 191 if the far-field zome provides a relatively large

fraction of the distance frcm a repository to the boundary of che
'

accessible enviromment.

Consideratio~ ~ radionuclide transport in groundwater through the
far—-field zone will probably be more izmportant in choosing a host rock
for defense-waste disposal than in choosing betweer a defense—only or a
defense~plus—commercial repository at s given location in a given host
rock. It cannot be overemphasized that smy comparison of the waste
isolation capsbilities of different hoat rocks (i.e., bedded salt vs.

basalt or tuff) requires extensive and detailed information on th;
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geologic, hydrologic, and geochemical properties of specific sites.
Al though comparisons of the loag-term performance of geologic
repositories in differesmt rock types have been presented by the EPA,
these calculations are strictly gemeric in nature and may not be

indicative even gunalitatively of the isolation capabilities of those

rock types at specific sites.
2.2 Short-term effects

The short-term health and safety effects which need to 50
considered include both radiological and non-radiological impac . un
workers and off-site members of the general publiec.

Occupational radistion exposures are limited by the NRC’s 10 CFR
20, These exporsures are expected to depend on the number of waste
packages handled per year. Radiation exposures frcm a given number of
defense waste jackages would presumably not depend significantly on the
choice of disposal nption. Off-site radiation exposures are limited by
the EPA’s 40 CFR 191. Such sxposures can be estimated; for example, by
using the information developed by the EPA in support of their standazd.
The off-site exposures will d:pend on the amouant of rydioactivity
released during normal operations but are not expected to depend
significantly on the particular disposal option. Accidental radiatiom
exposures to workers and off-site individuals can be treated by
considering the potential kinds of accidents that could occur and their
associated releases of radiocactivity. Sach exposures also should not
differ greatly among the various disposal options.

Non—-radiological effects can be estimated by considering sccidents

and, if appropriate, their assooieted releases of non-radiosctive
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materisls. These effects also should not differ significantly smoag the

various dispossl optioms.

. 3. Amalysis of lomg-term effects om heslth a1d safety . i

3.1 Scope of the analysis

The task description called for comparison of the health effects cf
defense waste disposal in a hard rock (basalt or tuff) or sall
repository, with a corrosion-resistant TiCode—12 overpack or with no
overpack, and in s separate defenss waste repository or iz a repository
develor-d primarily for commercial high-level waste and spent fuel. Two
approaches for placing defense waste in a commercial repository were to
be considered: (1) codisposal with commercial waste, wilh the defense
waste counting toward thp 70,000 MIU limit on the quantity of waste to
be placed in the first commercial repository, and (2) emplacement in a
separate disposal area at the same site. 71he effects of defense waste
disposasl were to bs compared to those of ©p to 70,000 KTU of commercial
waste in the same rapository or at & similar site. In all case., the
analysis was to assume that all applicable laws (the Eavirommental
Protection Agency’s proposed 10 CFR 191, the Nuclear Regulatory
Commission’s c¢riteris in 10 CFR 60, and the Nuclear Waste Policy Act of
1982) would be met.

In the proposed generslly applicable envirommental standard (40 CFR
191) to 1imit long—term health effects fram disposal of high-~level
radioactive wastes, EPA has elected to place limits on cumulative
radionucl ide releases to the 2ccessible environment. These release
limits correspond to 10 health effects per 1,000 }MIU in the oxposed

populotion over 10,000 yesrs znd, thus., the ;llowablo releases
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correspond to s very low level of imcremental risk. Ia the preseat
aralysis. we have chosen to adopt the same spproschk, asd we evaluate the
di{_fcreat disposal options in terms of their effect om releases of
radivnnclides to the accessible emvirommeat. Ve use the specific
release limits in the EPA standard as a henchmark for estimating
relative hea!th effects of the differeat disposal optioas.

As a bacis for this anslysis, we have identified 12 different
scenarios that can represent the differeat disposal approachcs “hat were
considered in our anslysis:

1 — Commercial high~level waste in salt geology

2 — Commercial high—level waste iz hard rock geology

3 -— PWR spent ruei in salt geology

4 — PWR spent fuel in hard rock geology

5 — LWR spent fuel in salt geology

6 —— BWR spent fuel im hard rock geology

7 -—— Defense high—level waste in s separate repository im salt

geology, packaged with minimal overpack

8 — Defense high-level waste in s separate repository in hard rock

geology, packaged with nfninll overpack

9 -—— Defense high~level waste codisposed in a commercial repository

in sait geology, packaged with minimal overpack

10 == Defense high—level waste codisposed in a commercial

repository in salt geology, packaged with a corrosiom-reisistant

TiCode-12 overpack

11 == Defense high-level waste codisposed in a commercial

repository iam hard rock geology, psckaged with minimal overpack

12 — Defenss high—level waste codisposed in a commercial

NBALT
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cepository in hard rzock geology., packaged with a corrosion-

resistant TiCode—12 overpack
The first siz of these scemarios are intenmded to represeat the behsavior
of the various waste types to be placed in commercial repositories in
sglt and harc rock, amd these zcenarios form the basis for comparing the
offects of commercial and defense waste disposal. The remaining
scemarios represent seversal different options for disposal of defense
wvastes. Calculated radionuclide releases from unit quamtities (1000
MIU) of waste in each of these scenarios canm be compared to the EPA
standard. They can also be combined to represent the overall impact of

a commercial repository, with and without codisposal of defense waste.
3.2 Assumptions used in analysis

The assumptions used in a2 quantitative amalysis should be
appropriate to the purpose of ths study, and will be dictated in part by
the requirements of available computational tools. The purpose of the
present analysis is to compare the effect of different'disposal
configurations for defense high-level waste on radionuclide releases to
the accessible eaviromment. elthonzh the results of 2 quantitative
comparison of these different configuraticvis mast be compared with
applicable standards (i.e., the proposed 40 CFR 191), these quantitative
results are to be used only to estimate the potential effects of
differences among the options, not to make realistic determinations of
regulatory compliance. Very simple models of the waste isolation system
are most appropriate for this type of comparative analysis, as it is
importaat that the analysis illustrate the effect of changing s single

oxitical varisble. As discussed iz section 2, the critical va:iailos
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for this ecomparisom are iaitial -refiomnclids iaveatory. wasie paskags
contaizment time, temperatuce-iafluencod 1axes of rediemmslide release
from the waste package, and host rook characteristics that imflusace
flow rate and geechemical retardatios. |

The principal critexia 'to: seleetion of a coamputer code for this
comparison were (1) the code’s availability for sse oa our computer
systems vithia tae time requiremeants of the study asd (2) the sbility to
evaluate the effects of chamges in the critical variables idemtified
above. The gbil.ity to calcalate radionuclide releases fram low—
probabil ity disruptive events is not e high priority for this study.
Theugh this type of analyzis will be needed to demonstrate compl iance
with 40 CFR 191, consideration of releases from low-probability events
would require intzoduction of nmerous additionsl vacisbles whose
effects on the results might detract from the comparison study. Our
analysis is, therefore, limited to releases via normal groundwater flow.
Not only is this an important poteantial release mechanism with a very
high probability of occurrence, but analysis of this mechanism provider
a measure of the potential exposure to waste radionuclides from the more
important nonrountine release :ochanius (e.g.. pumpicg of groundwater
from a contaminated aquifer). Thus, this one release mechamism provides
a8 good icdicstor of overall waste isolatiocn effectiveness.

Two computer cudes generzlly met our primary selectionm oriteris and
vere considered for use in this study. GARD2 (Rosinger and Tremaine
1980) was selected over REPRISK (Samith et al. 1982) because of the
lormer’'s more reslistic handling of radioactive decay chains. Important
advantages of REPRISK are (1) its ability to calculate waste psckage

release rates limited by solubility and by the slow flux of grouadwater
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tasough the repositery asd (2) it was used by the EPA to formulate and h
test the proposed EPA high-level waste standard, and the results of the
EPA amalysis could be s good benchmark to use in compariag the effects
of defense waste dispossl with those of commercizl waste disposal.
Hovever, REPFRISK input data on radiomuclide imventories must be
masipulated extenmsively to overcome limitations in the code’s handling
of decey chain transport, snd our time schedule ¢id mot pemit the data
manipalation needed to adspt this code to analyze defense waste
disposal. |

GARD2 evaluates one~dimensional groundwater transport through tke
geosphere of radionuclides released from a repository, and the code
considers :the effects of radioactive decay end daughter ingrowth for
decay chains of up to three members. The simplifying assmmptions
required in implementing GARD2 are generally quite comservative. All
wvaste packages are assumed to fail simul taueously aad completely,
whereas containment failure is actuslly expected to be a gradusl
process. GARD2 calculates release of w.utc from the engineered barrier
system at s constant rate over a finite time interval, and treats all
redionaclides as being :olus:d at this one rate. MNost investigators
expect, however, that releases from en actual repository will occur at
rates that will vary over time snd differ greatly for differesnt
radionuclides (National Research Council 1983). Geosphere transport is
treated as occurring at s comstant velocity (input by the user) along a
single linear flow path of known length. The effect- of dispersion are
nsglected. The model simunlotes all geochemical interactions with the
host gock as ion exeshanmge ptocu'us usiag & retardation factor (R) to

‘saloulate delsys in radiomunolide travel resalting from reversidle
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sorption processes. This method s weed to hanile goeothutical

intersctions in most gromadwater trai,port models. dut it sy give
erzoneous results vhea applied to iaterastioas that are Bot dwe to ioa
exchange, and it fails to give .cedit for geochemical iatsrastions
(e.g.., some precipitation zeactions) that may cause costamimsats to be
retained indefinitely in geologic media. Selection of comservative
values for R should preveat any overestimate of the eoffectivemess of
geochemical processes in retarding radiommcl ide traasport. aad will
result in overestimates of the transport of most redionucl ides.

GARD2 requires input describing the initial repositocy imvemtories,
half-lives, geologic retardation factors, and decay chaia .
characteristics for ail radiomuclides for which rcleases are to be
calculated, or which contribute to ingrowth of radionuclides for which
releases zre to be calculited. Sixty—two radionuclides were considered
in our apalysis. Table 3.2-1 lists the initial radiomuclide inventories
assumed for one MIU—-equivalent for four waste types: HR speat fuel, BWVR
spent fuel, commercisl high—level waste, and defense high—level waste.
All wastes are assumed to be 10 years old. Inventories for spent fusl
and commerciasl high-level wuso were obtsined frcm calculations nsing
the ORIGEN2 computer code (Croff and Alexzander 1980);: the commercial
high~level waste inventory was calculated by assuming it to be derived
from reprocessing of BWR and PYR spent fuel in the proportiom 1.0 XMIU
MR to 0.52 MIU BWR (the proportion at which the two spent fuel types
are assumed to be disposed in a commercial repository). The defense
waste inventory was calculated from data presented by Baxter (1981),

assuming that each canister of defense waste glass contains the waste

from 0.5 MIU. 1Iaventories for key radiomuclides which were a0t liatod
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estimated by us.

. Two sets of geologic retardation factors (R velues) were used to
represent the characteristics of salt and “hard roeck” (see Table 3.2-2).
Yhere possible. retardation factors were selected from the National
Raseazch Council’s (1983) recommended gemeric values, which are
represented as "suitably conservative for the purpose of p:odic.tin; the
pecf ormance of conceptval repositories.” Values for radionmuclides not
covered in the National Research Council report are those used in the
othe - modeling studies cited in Table 3.2-2, or were estimated by
anslogy to National Rescarch Council values for isotopes of elements
vhich form ions of similar charge and ionic radivs. Where the National
Research Council listed different values for tuff and basalt, the valus
givean for “hard rock” is the lower of these two values. The retardation
factor R is the ratio of gromadwater pore velocity to the net transport
velocity of the dissolved substance (National Research Coumncil 1983); a
substance which is not retarded by geochemical interactions in a given

geologic setting is assigned s retardation factor of 1 for that geologic

setting.
.

Groundwater velocity snd the length of the gr-undwater flow pith to
the accessible enviromment are site-specific variables, and it is not
reagsonable to assign values that are typical of all salt sites or all
hard zock sites. Groundwater flux in repository host formations is
expected to be quite low, bdut becanse associated geologic units may
sapport much larger flows, it is not appropriate to use a velooity
typical of tie host roek to represent the entire flow path to the

sssessible emviromment. The distance to the accessible csviromc;:t

M A ey
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depends os the geometry of the growadwater flew systea ia snd srewad the

site, amd en the vertical and lherizontal distameses te the doundaries of
the accessidble envirooment. The NEC techaieal eriteria fur Aigh-level
waste disposal (10 CFR 60) require that the pre-emplacemest growndwater
travel time from the outer bowmdary of the zsone of thermal disturbance
to the accessible eaviromment be st least 1000 years. Fer the purpuse
of the present comparison, ve have arbitrarily sssused s travel time of
szactly 1000 years for botk sslt and hard rock repository sites, based
on & groundwater velocity of 1 m/yr and a flow path 1 km in length.
These are conservative assumptions, in that sctual repository sites are
likely to have lower flow velocities and longer flow patks: however,

they do meet the MRC's minimum criterion, and quantities of

radionuclides released after such a short travel time may indicate

potential releases via disruptive events more effectively than if a more
realistic travel time were assumed.

Anotker datum required for GARD2 inmput is the tin’ until the waste
containers fail and radionuclides begin to be released into groundwater.
10 CFR 60 requires that containment be effective for at least 300 years
or as long as 1000 years (specific requirements to be set on & case-

.
specific basis) after closure of the repository. This coatainment
criterion is cxpectesd to be met by providing waste canisters (or
canisters supplemented by overpacks) with the meckanical iategrity aad <
corrosion resistance to survive at lesst 300 to 1000 years in a
repository eavizomment: site~specific factors such as dry conditions in
the repository conld assist in complying with this ociterion. For the
present analysis, we have assumed that the containment eritezion is met

solely by the waste package. TiCode~12 overpacks are assumed to ﬁi nsed
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ea 31l eommercisl waste peackages, as descrided by Vestiaghouse Electric

Cozp. (19832 and 1983b), as well as on defease vaste packages in
lcgyztos 10 and 12. Thomgh these ovirpacks are expescted bHv
VYestiaghouse (1983a and 1983b) to withstasd corrosioa for much longer
thaz 1000 years ia most enviromments, ia this amalysis we disregard this
sdded margia of safety and sssume that they provide contaimment for just
1000 years. Defense vastes disposed of by the "mo overpack” option are
;:uud as if minimal steel overpacking is dome to assure contaicment
for 300 vears. [An analysis reported by 'ntiuhouc (1983a and 1983b)
iandicates that overpacks will be needed to prevent mechanical failure of
the waste package.] Defense wastes placed apart frcm commercial wastes
(either in separate repositories or :n separate areas at the same
repository site) arc also asstmed to be provided with minimal overpacks
that provide 300-yesr containment. Though (as discussed im section 2)
integrity of defense waste coatairers may be diminished by the higher
temperatures and greater mechanicsl stresses e-pecoted in a commercial
repository, it is ressonable to assume that these al!o;ts are
compensated for for by supplying sturdier containers, so that codisposal
in s commercial waste repository does mot affect contaimment life of

.
defense waste packages.

The final variable required for GARD2 input is the time period over
vhich the waste iuventory is relessed (the inverse of this parameter is
the waste relsase rate, expressed in yt-l). As noted asbove. waste
gelease rates are a complex furcion of a variety of factors, and
GARD2’'s treatmeant of this proecess is not reslistic. However, as
discussed in section 2, s key difference betweez commercial and defense

vastes is the lower leaching rate of defemss waste forms, and lon;hin;

N tee mem it b i )
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rate is idemtified as a factor whieh will probably be affested by tke

choice of a disposal optiom for . efesse high-level wastes. Is order to
evaluste differenses among the different disposal optioas, it is
appropriate to treat the waste release rate as s fumctiom of the waste
form leaching rate slone, vwhile recogaizing that other fastors (e.g.,
the performance of backfill materials) also affect release rates and
generally result in significantly lover release rates tham are
calculated from waste form lesaching rates alome. Fractiomal release
rates for speat fuel, commercial high-level waste, aand defense high-
level waste were calculated from waste form leaching rates and waste
form dimensions reported by Westinghouse (1983a aad 1983b), which are
listed in Tables 3.2-3 through 3.2-5. Calculated release ratés for the
commercial wastes exceed the minimum fractional release rate of 10-5
y:-1 set ty 10 CFR 60, so assumed release rates for these wastes were
set equal to tke 10 CFR 60 criterion (Tables 3.2-3 and 3.2-4),

The fracticnal release rate calculated for defense waste is
acceptable under the 10 CFR 60 containment criterion (fzble 3.2-5). PFor
the conparison of different waste disposal options, it was assumed that
leaching rates vary with ths fcpository temperature at the time cf
containment failure (i.s., 300 or 1000 years sfter emplacement). These
temperatures were estimated from published repository thermal analyses
for salt and tuff (Westinghouse 19834 and 1583b), based on the waste
characriristics listed in Tables 3.2~-3 through 3.2-5 gnd waste
emplacement geometries in DOE reference conceptusl repository designs.
Temperature estimates for the differeat defense waste disposal scenarios
are Listed in Table 3.2-6; temperatures for codisposal scemarios are

based on the predicted rock temperatures for speat fuel or co.no:&ial
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Righ~level waste disposal tuumels at 300 and 1000 yesrs after
enplacement. Becsuse temperatures in defense vaste repositories are
esgontially stadle after 300 years, it sesms ressonable to sssume that
300 yeazs of contaimment would suffice for this optiom. The waste
relusse rate for s separate defemse waste disposal ares (50 to 60°C) was
assumed to be 10-‘ yr°1 (slightly lower than the calculated release rate
for defense wvaste), and releste rates for the other scenarios were
calculated by assuming that incresses iz leaching susceptibility at
Righer temperatures are directly related to the incresase in silica
solubility at those temperatures (Table 3.2-5). It should be noted that
these assumed release rates tend to overstate the differences among
defense waste disposal options, as release rztes asre based on peak
temperatures for the releases period, wheress actuval temperatures sand
release rates for the codispossl options wounld declini over time,

Table 3.2-6 summarizes the sssumptions regarding contairment life
and waste release rate that were used in GARD2 to smslyze the effects of
the different defense waste disposal scenarios. As stated sbove, all
cormercisl wastes were assumed to have waste release rates of 10”3 y:'l
and to be emplaced in packazo: with 2 1000--yr containment 1ife. For all
cases, the travel time to the accessible euviromment is sassumed to be
1000 years. Assumptions concerning waste inventory aamd geologic
zetardation factors are listed in Tables 3.2-1 and 3.2-2., Except for
the waste inventory, ail assumptions selected are deliberately intended
to be ccaservative (in that they will umsually result in ovsrpredictiosns

of radionuclide relesses), while meeting NRC criteria and permitting

comparisons among sl ternate disposal options.




3.3 Results of amalysis

The computer code GARD2 was used to calculate radiomuclide releases
fr;; 1000 MIU of waste for 100,000 years after waste emplacemeat for
each of the twelve scemarios listed in sectionm 3.1. Total releases {or
each of ten 10,000-yr intervals were determined by fitting a spline
function to the GARD2 output datas snd integrating, using nemerical
analysis routines of Forsythe et al. (1977). Computer listi;gs of the
results of the analysis are in the Appendix.

Io all twelve cases, cnlcnlated':elea:es age below reclease linmits
established by the proposed 40 CFR 191 (Table 3.3-1) for the first
10,000-year period after waste emplzscement, which is tke time gperiod to
which the standard applies. Calculated releases begin to exceed the
standard -fter 20,000 years and 50,000 years for salt and hard rock
scenparios, respectively. Because non-site-specific comservative
asscmpticns were used for this analysis, these results should not be
used to icdicate the effectiveness of any site design in meeting the EPA
standard, but only for comparing the relative performance of the
disposa]l scenarios analyzed.

In this analysis, bealth‘effects are assumed to be proportiomal to
the release lizits established by the proposed EPA performance standard
(40 CFR 191). As an indication of tke relative effects frcm each
scenario, the sum of the ratios of calculated release of each
radionuclide to the release limit for that radionuclide (Table 3.3-1)
can be determired for each scenmario for each period of interest. The
total effects from a commercial repository cam be rearesented by the

wveighted average of the calculated releases for each of the thres:
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commercial vaste types, using weights of 0.33, 0.17, and 0.50 for PWR
spent fuel, BWVR speat frnsl, and commercisl high-level wasts
regpectively, in sccordance with their expected representation in the
mix of commercial wastes.

In g1l cases, the predicted effects of all defense disposal options
are less than the predicted effects from an equivaleant quantity of
commercial waste placed in a repository in the same geologic medium.

The iovost release sums calculated are for defense waste in a separate
dispusal area. Except for the first 10,000-vear period after closure,
the differences in predicted releases for the different defense waste
disposal options are almost directly proportional to the comtrast ia
assumed waste release rates. Relesses in the the first 10,000 years are
dominated by C-14 (half-life of 5730 years), and as a direct result of
the sdditiona]l delay in firxst relesse of this isotope, C-14 releases for
this period are substantially lower for codisposal scenmarios involving
TiCode overpacks than for cocdisposal scenarios in wkich minimsl
overpacks are used. For this performance compliance period, the
calculated release smm for the most effective defense waste disposal
scensrio (separate dispossl) 3: 13% of the sum for commercial waste
disposal in both media. For the least effective defense waste disposal
scensrios (codisposal, using minimal overpacking), the relesse sums for
this period are 26% and 60% of the release sums for commercial waste in
hscd rock and salt, reapectively. In all subsequent time intervals, theo
contrast between commercial waste and dofense waste disposed separately
is greater than an order of msgnitude, and tends to increase over time
ss isotopes of uranium (more sbundcat in unreprocessed spent fuel) and

uranium daughters dominate the relesses. Beyond the first 10.00d yeoars,
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the most and least sffective dafense wasts dispesal secasrios tead to

d:ffer by factors of about 2 and 5 for hard rock sad salt, respectively.

3.: conclusions

These results tend to support our suppositions that defense waste
disposal would result in fewer long-term heal th effects than commercisl
waste disposal, and that separate disposal of defense waste would lead
to fewer long—~term eifects from the defense waste than would codisposal
with commercial waste. Codispossl of defense wastes, even without a
corrosior~resistant TiCode overpack, is expected to result in fewer
Bealth effects than are expected from an equivaleat quaantity of
commercial wastes in the same repository. However, differemces among
the three defense va}te disposal configurations were never larger thaz a
factor of 5, and are largely attributable to assumed differences in
waste release rates due to different leaching temperatures. These
differences are much less than uncertainties that voul# be associated
with a realistic repository performance assessment, particularly if omne
is comparirg the health and safety aspects of disposal at two different
sites.

N

From tke standpoint of compliance with tre regulatioms that
constrain allowable health and safety effects, advantages of the
separate waste disposal option for d~fense waste would be that it ought
to be much easier to demonstrate regulatory compliance for a defense
waste repository than for a commercial waste repository, and that it
should not bs difficult to justify a requirement for a1 minimal
contaimment period (30v years) for defense wasto packages in a separate

repository. (The same conclusions msy apply to defemse waste disboia!
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in & separate portion of s commercial repository.) An advantage of
codisposs]l would bs a slight teductioa in radionuelide releases per XNIU

(tzpta;ad for the eatire repository) due to the inclusion of defense

waste.
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Table 3.2-1. Initial radionuclids hv:ntorin assumed in analywis
of long-temm effects (Ci/eru)

Spant fuel

waclide’ c”':;:°1‘1 °':;:"

PUR R
c-14 1.5 1.6 1.0 2.3 ()
Se~79 0.41 0.34 2.39 0.24
Sr-90 5.8 x 10* 4.8 x 10% 5.4 x 10° -5.4 x 10°
Y-90 5.8 x 10% 4.8 x 10 5.4 x 10° 5.4 x 10"
2r-93 1.8 1.5 1.7 3.2
Nb-94 1.3 0.32 0.96 2.3 (D)
Tc-99 13 11 12 4.4
Pd-107 0.1 9.5 x 102 0.10 1.6 x 1072
sn-126  0.78 0.63 0.73 2.7 x 1072
Sb-126 0.11 8.8 x 107> 0.10 ' 3.3 x 1073
1-129 3.2 x 1072 2.6 x 1072 7.6 x 1070 () 5.0 x 1070 (2)
Cs-135 0.35 0.36 0.35 . 0.12
Cs-137 8.3 x 1G4 6.7 x 104 7.7 % 104 5.0 % 104
sm-151 3.3 x 10° 3.0 x 10° 3.2 x 10° 4.2 x 10°
™-229 7.0 x 10 ° 8.6 x 107 6.1 x 1072 5.6 x 1070 (3)
Th-230 1.3 x 1079 1.2 x 1079 2.3 x 107° 1.0 x 1074 (2)
Th-232 2.5x 100 (0 2.5x107% ) s.ax 107 (2 1.2 % 10710 (9
Pa-231 1.6 x 107" 1.6 x 107 2.0x10™ () 23x10™ (2 )
U-232 5.5 x 102 (2) 6.5 x 10> (2) 2.5 x 1070 () 9.1 x 1073
U-233 2.3 x 107° 3.3 % 1077 1.3 x 107° 1.1 x 10°°
U-234 1.2 1.0 8.2 x 1073 9.95 x 10°°
U-235 1.7 x 1072 1.6 x 1072 8.3x10°° () 9.4 :5_‘10'5
U-236 0.26 0.21 1.2 x 1073 2.0 x 1073

SUEAET _




Pable 3.2-1 (cuntinued)

pant fuel Commercial Dafente
Wuclide.. H HLW
PR BWR
-3 -4
U-238 0.72 0.32 2.0 x 10 $.5 x 10
Np-237 0.32 0.25 0.29 1.6 x 10™2
Pu-238 2.2 x 10° 1.7 x 10° 97 1.3 x 10°
Pu-239 3.1 x 102 3.0 x 102 1.6 13
Pu-240 5.3 x 10° 4.8 x 10° 3.7 8.0
Pu-241 7.8 x 10% 7.0 x 10% 3.7 x 10° 1.5 x 10°
Pu-242 1.8 1.4 8.3 x 107> 1.1 x 1072
3 .. 3 2
Am-241 1.7 x 10 1.5 x 10 1.9 x 1¢ 19
Am-242m 34 (?) 30 3.3 2.6 x 10°°
An-243 17 13 16 1.0 x 1072
Cn-242 3.0 3.4 3.1 6.2 x 102
Cn-243 0.78 (?) 0.88 (?) 11 9.9 x 102
3 2 2
Cn-244 1.0 x 10 7.0 x 10 8.9 x 10 0.29
Cn-245 0.41 (?) 0.29 (?) 0.71 (?) 1.2 x 10™°
=246 8.2 x 1072 (2)  5.7x 102 0.20 (2) 3.4 x 10”7
n-247 0 0 0 1.2 x 10-12
-12
Cn-248 0 0 0 1.2 x 10

2excludes radionuclides whose initial inventory is 0.

JRAFT




Ay aes v _» :
" Table 3.2-2. Gesologic retardatios facters (R) used in analysis b
of long-tamm effects o i
R value R value
Radionuclide for hard rock for salt source
Cc-14 1 1 2,b,c,3
Sa=7Y S0 200 e
Sr-90 200 10 e
Y-90 1,000 1,000 £
Nb-93m, lib-94 5,000 1,000 £
2r-93 5,000 1,000 e
Tc-99 5 S e
Pd-107 1,000 100 g
sSn-126 1,000 1090 e
Sb-126 100 S0 e
I-129 1 1l a,b,c,%,e,h
Te-129m 100 S0 i
Cs-135, Cs=-137 500 10 .
Sm-151 3,000 1,000 j
Pb~210 50 30 L
Bi-210 S0 L 1a) a
Po-210 100 S0 i
=222 1 1 n
Ra isotopes Sa0 30 a
Ac=22S, Ac=-227 500 1,090 %
Th isotopes 5,000 1,900 e
Pa-231, Pa-233 500 199 o]
U isotopes 50 20 a
Np=237, Hp=239 100 P e
Pu isotopes 209 209 e
Am isotopes 500 1,209 e
Ca isotopes 500 1,C00 e

3zrom smich et al., 1982.
baa.sed on Peoping et al., 1983a.
©3ased on Siegel and Chu, 1983.
daased Pepping et al., 198db.
®rrom Mational Research Council, 1983.

f'v'a.l.ues based on an assunmption of geochemical s.milarity to zirconium.

Svalues based on an assumption of gsochamical similarity to tin.

hFrom Rosinger and Tremains, 1989, <

i . . o
Values haged on an assuaption of geochemical similarity to
antimony.

Jyalue for hard rock is that used by Rosinger and Tremaine (1980).
Yalue for salt is set equal %o the highest value recommended for any
nuclide in salt by lational Raesearch Council (1983).

"Values based cn an assumption of jeochemical similarity to

americium and curium [suggested by Pepping et al. (1983a,b) and Siegel
and Chu (1983)]. |

B

Mjard rock value tassd on an assunption of Jeochemical similarity
to americium and curium (suggested by Pepping et al. (1983a) and Siagel
and Chu (1983)]. 3alt valie based on Pepping et al. (1983b).

&4 n“ﬂ.,_ '
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Table 3.2-3. Spent nuclear fuel characteristics assumed in analysis
of long-tem effects

Waste form

Canister size

Nominal leach rate of spent fuel

Waste packac: ivactional releasa rate -
assuned under repository conditions

Waste pacilage radioactivity content

Waste package nuclear fuel content

Canister averace heat output at emplacement

Spent fuel assemblies

(PYR) 0.43 m dia. x 3.85 m Jong
(BWR) 0.49 m dia. x 4.11 m long

10.5 q/ c.-.nz-day

1.0 x 10-5 yr-l
(PWR) 2.4 x 102 Ci
(BR) 2.5 x 10" Ci

(PaR) 2.77 4TU
(39R) 3.4 uTU

(PWR) 3300 W
(B4R} 3400 U




Table 3.2-4. Commercial high-level waste characteristics assamed
in analysis of long-term effects

Waste fom -
Canister size
Canister active glass volume

Waste package fractional release rate
assumed under repository conditions

Nominal leach rate at 20-25°C
Canister radioactivity content
Canister nuclear fuel content

Canister average heat outgut at emplacement

Borosilicate glass
0.324 m dia. x 3.0 m long

0.19 m3

10 x 107> yr

2.0 x 10°° g/cm-day
6.53 x 10° Ci
2.28 “7U

2200 4

¥
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Table 3.2-5. Defense high-level waste characteristics assumed in analysis
of long-term effects

Waste form Borosilicate glass
Canister size : 0.6l m dia,. x 3.0 m long
Canister active ¢glass volume 0.63 m3 1
Canister active glasas surface area 5.0 x 105 cn2 ;
Noc;inal leach rate at 20-25°C 1.0 x 10-7 g/cuz-day a i
tu;&: Calculated waste form fractional release rate 1.2 x 10_6 yr-l g |
% waste form fractional'release rate assumed for 50-60°C 1.0 x 10-6 yr-l
::’“Z""' Waste form fractional release rate assuwaed for 75°C 1.15 x 1(‘)-6 yr‘-1 3
- | o
Waste form fractional release rate assumed for 100°C 2.0 x 10 ~ yr
Waste form fractional relcase rate assumed for 130°C 5.0 x 10“6 yr_l
Canister ralioactivity content 1.5 x 105 ci
Canistel nuclear fuel content 0.5 MTU
Canister average heat output at emplacement 423 W

i,

Sources: Baxt.r, 1981; Westinghouse, 1943a, 1983L (nominal leach rate). Temperature
de pendence of fractional release rates based on temperature dependence
of sio2 solubility, as reported by National Rescarch Council (1983).
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Table 3.7.-6. Assumptions used in analyzing differeant defense
waste disposal scenarios

Temperature Waste
cﬁi::izir after release
(yr) containment rgf‘a
¥r failure (°C) (yxr 7)
Separate disposal of defense waste i
Mininal overpaqk,h both rock types 300 50-60 1.0 % ].0.6
Codisposal of defense waste with CHL:
and spent fuel
Minimal overpack, salt geology 300 130 5.7 x lf)-6
TiCode-12 overpack,® salt geology 1000 100 2.9 x 1977
Minimal overpack,  hard rock geology 300 100 2.4 % 1072
TiCode-12 overpack, hard rock -
geology 1030 : 75 1.15 x 19 °

3For GARD2 input, waste form release rates are inverted to represent the
time required to release *he entire waste inventory at a constant fractional
release rate.

b C . . . . ..
7The minimal overzack option is assumed o zrovide sufficient mechanical
stability ané corrosion resistance to meet the minimum containment geriod
(300 yr) set by 10 CFR 60.

L]




DRAFT

Table 3.3-1. Release limits in the proposed EPA Standard (40 CFR 191)

Radionuclide Release Limit
Americium=241 = = = = =« = = = =« =« - - - 10
Americium=243 - -~ - = « = = = « =« - - - 4.
Carbon=-14 = = = = =« = « = = = = = = = = 200
Cesium=135 = = = - = = = = = = = - = - = 2000
Cesium=137 = = = = = =+ = = = = = =« = = = 500
Neptunium=237 = = = = = = = = = = = - = 20
Plutonium=238 = = = = = = =« = = = = = = 400
Pluteniun=239 = = = = = = = = = = = = 100
Plutcaivm=240 = = = = = = = = o = = - = 1C0
Plutonitm=242 = = = = = = = = = = = = = 100
Radium=226 = = = = = = = = =« = = = = - - . 3
Strentium=920 = = = = @ = =« - - = = =« - - 80
Techrnetium=99 = = = = = = = = = « = = = 2000
Tin=126 = = = = = = = = = = = = = = =« = 80

Any other alpha-emitting
radionuclide - = = = = = = = = = = - < 10
Any other radionuclide which does

not emit algha particles = = = = - - < 500

.-




4. SHORT-TERM HEALIH AND SAFETY EFFECTS
The short—term health and safety effects related to geologic dispo-
sal: of high-level wastes will be related to coastructiom and opezatioa
of the repositories. These effects result from monradiological and

radiological phases of comstructica and operation.

4.1 Construction

Health and safety impacts related to repository conxtrucéion are
those associated with construnstion of surface facilities sud mining of
the repository. The masjor heslth and safety impacts are those associ-
ated with asccidents during construction and radiological and nonradio~
logical efflusnts released during the comstruction poriod.' Estimates of
effects give in this study were deternined by normslizing values given
for model repositories in DOE/EIS-0046F (refereance 1) to s per MIHM of
waste capacity. These normalized values weze thea conmverted to
sppropriate values for the repository capacities disposal optioms con-

sidered in the present study.

4.1.1 Nonradiological accidents

Table 4.1 summarizes the number of predicted injuries (temporarily
disahling) and fatalities (or permanently disabling injuries) associated
with surface facility construction and underground mining operations for
repositories in salt «nd hard rock. These predictions are based on
injury rates of 13.6 temporary disabling injuries per million houss o{
construction for surface facilities and 25 injuries per million man-
hours for undergronnd mining. Fatality rates are 0.17 per million naﬁ-
hourgs for construction and 0.53 per million manmhours for undcrgtonnd:

mining.




Table 4.1. Estimates of nonradiological disabling injuries and fatalities

associated with repository conatruction

Geologic media

Hard rock
Repogsitory type
Disabling Disabling
injurias Fatalities injuries Patalities
De fense waste repository
3,350 MTU . 29 0.6 41 0.8
10,000 MTU 86 1.7 124 2.5
Commerclal repository
Coswaercial plus defense wastes
73,350 MTU 632 13 909 19
80,000 HTUL 690 14 992 20
Defense waste replacement
of commercial wastes
70,000 MTU 603 12 868 18

®Estimated from values given in reference 1 for construction of a speant fuel repository.

S .."-'_"



m ‘

These zccidents are related doth to size (capacity) of the reposi-
tory snd to geologic media. Iajury snd fatslity estimates for miaing ia
hard rock are sbost 40% higher thas for minmiag in salt.

4.1.2 Nonradiologiocsl effluents

Nomradiological effluents from repository constructiom iaclude dust
and pollutants generated from machinery operation during facilitw com-
struction and mining operations. Burnisg of propans, diesel, sad gaso-
line fuels resnlts in air pollutant emissions, dut comcemtratioms ia air
axe not expected to exceed applicable limits (40 CFR 50). Table 4.2
gives estimates of the total quantities of emissions during comstrumction
of the repositories in a salt formation. Emissions fram conmstruction of
repositories in hard rock would be 10 to 20% greate:..

In addition to pollutants from burning fuels, dast genzrated from

surface operations and rock transport to storage will result in sbove-
dround dust. In s non—arid eavironment, about 4.7 MT of dust per day
would be produced from surface handling of mined materis]l during com—
struction of a2 70,000 MIU capacity hard rock repository (U.S. DOE,
1980). For a repository ia salt, about 4.2 MT/d would be produced.
These estimates are based on the assumption that no coatrol techmiques
are spplied. Dust emissionms could result in conceatrations im air whigh
are higher than the existing federal air quality standard (75 u;/ns) it
control techmiques are not used (U.S. DOE, 1980).

No significant heslth and safety impacts should result fr;n zonrs-

diological emissions if dust emissions are coamtrolled.




Table 4.2. Effluents released to the atmosphere during const -uction
a
of geologic repositories in salt

Pollutant (MT total release)

Repository type

16.6) Hydrycarbons Nox sox Particulates
Carense waste repository
3,350 MTU 519 24 97 6 6
10,000 MTU 1,550 n 290 18 18
]
Comwercial and defense wastes
73,350 MTU 11,370 518 2,127 132 132
80,000 MTU 12,400 565 2,320 144 144 -
Comnercial replaced by defense wastes
70,000 MTU 12,040 494 2,030 126 126

3values estimated from construction of a spent fuel repository given in reference 1,




4.1.3 Radiolosical effiuests LESEes =

During the construction (mimiag) of repositories, sstuzally eceus~
ring radon and its decay products vill be relesscd to the stmosphesge.
Both workers and the surrounding population will be ezposed to these
:a{}onctivc emissions. Radon and daughter emissions will be higher from
hard rock mining than from salt mining by several orders of magaitude.
Thus, the size of the repository is less important tham the geologic
nedium. Table 4.3 gives estimates of 70-year whole-body dose commit—
ments {rom radionmuclides released duriag construction of ttpojitotioc.
No health effects would be expected in the surrounding population from
radioactive releases during construoction. Occupational esposures (max-
imum of 3406 man-rem) would not result in heslth effects based on the
assumption that there are 200 health effects per million mam-rem. Since
n0 health effects are estimated for the repository capacities or geolo—
gic medis considered here, no waste disposal option has a particular

advantage over another.

4.2 Operation of repositories

The operational phase of high-level waste repositories will include
receiving, handling, and placement of waste packages into subterranean
storage areas. Storsge aress will be backfilled when they reach capa-

city. .

4.2.1 Nonradiological effluents

The major nonradiological effluents released from repository opera-
tions are the same pollutants discussed uader construction impacts,
although total quantities released sre greater during the operatiom

period than during construction. Table 4.4 gives total quantities of

<




Table 4.3. Summary of 70-year whole-body dose commitaments
from naturally occurring radionuclides released during
construction of repositories

Salt Hard rock

Repository type
Workers Population Vorkers TPopulation

Defense waste repository

3,350 MTU 1.2E-2 4.6E-2 1.4E+2 1.7E=0
10,000 MIU 3.5E=-2 1.4E-3 4.2E+2 5.0E+0

Commercial plus defanse wastes

73,350 MTU 2.6E~1 1.0E-2 3. 1E+3 3.6E+1
80,000 MTU 2.8E-1 1.1e-2 3.4E+3 4.02+1

Commmercial replaced by defense wastes
70,000 MTU 2.5E-1 9.6E-3 3.0E+0 3.5E+1

8pstimates based on construction of spent fuel repositories given
in U. S. DOE (1980).

bsurroumiing pepulation out to 80 km is 2 million persons.
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Table 4.4. Effluents released to the atmosphere dgrlnq operation
of geologic repositories in salt

pPollutant (MT total release)

Repository type

0 Hydrycarbons Nox sox Particulates
Dzfense waste repository
3,350 MTU 167 57 985 636 28
10,000 MTU « 500 170 2,940 1,900 84
Commercial and defense wastes
73,350 MTU 3,367 1,246 21,505 13,936 618
80,700 M1V 4,000 1,360 23,520 15,200 674
Commercial replaced by defense wastes
70,000 MTU 3,500 ' 190 20,580 13,300 590

8yaiues estimated from construction of a spent fuel repository given in reference 1.




pollutaats released to the shmﬁoro'h salt. Values for aard rock
; zepositories would be sbout 44 lower (U.S. DOE, 1580). Ian all cases,
- air quality standards would be met and no health effects sould be
predicted.
n In addition, sbont 7.6 x 103 W of hest would be releasel to the

stauvsphere for each NIU stored independently of geologic media. Heat

zelesses would be expected to cause no health effects.

4.2.2 Radiological effects

Routine radiological releases from geologic repositories during
normal operation will consist prinmcipilly of radon emanating fram
exposed rock faces and radon’s decay yroducts. These releases will also
occur from backfilling operations but are negligible compared to radon
rel eases during repository construction. Occasionally, external contam—
iasztion may oceur on camisters as a result of some minor accident. The
population dose from decontamination activities would be much less than
that from operation at a spent fuel packaging and storing facility, for
which the 70-year whole-body population dose was determined to be about

1 man-rem (DOE,/ET-0029). Doses to maximum, off-site individaals would

be much less than 1 millirem per year.

Doses to the work force during repository operationm will include

coatributions from receiving, shandl ing, and placement of waste canisters

into subterranean storage areas. Dosses estimated to result from opera~-
tions, based on expected time of operation and permissible exposure lim-
its, are presented in Table 4.5 for disposal of wastes for the various
disposal options. Estimates given in DOE/EIS-0046F were used snd they

are independent of geoclogic medis. Also these are estimates for spent
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Table 4.5. Estimated occupational upomm.and haalth effects

for operation of repositoriss

Repository type Total m-tub

Sealth effects’

Dafense waste

3,350 4TU 3.0E+2
10,000 MTU 9.0E+2

Commercial and defense wastes

73,350 MTU 6.6E+3
80,000 MTU 7.2E+3
Cme:c.ial replaced by defanse
wastes
70,000 MTU ©.3E+3

0.06
0.18

1.3

33ased on U.S. DOE (1980).

b:’:‘or duration of operational phase.

®Health effects are 200 per million man-rem.
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fusl waste sad represent the coccupationsl exposures for the duration o£.
repository operation. Betweean 1 and 2 health eof fects are estimated for
zepositories wheze 70,000 MIU or mors cspacity is used. Since the C
sumber of curies per MIU is higher for spent fuel than for defense or !

commercial waste, these estimates bazed on spent fusl are comservative.

4.2.3 Radiological accidents

Seversl accidents which result in the release of tadionnélidcs have
been given in DOE/EIS~0046F. They were chosen om the basis of their
probability and radiological consequences. In 2ll cases, they are much
more severe to workers than to surrounding populations. Of accidents
which might occur during repository operation, the drop of a canister
down the repository mime shaft is most serious. Estimated frequeancy of

occurrence is 1_slyx'. Less serious, and representative of minor

scaidents, would be the rupture of a contact-handled transuranic (CH-
TRU) waste drrm. This type of accident has an estimated freqgency of
0.15/yr. Accidents are summarized in Table 4.6. |

No health effects would be predicted to off-site persons as a
zesult of these accidents. However, estimated occupational exposures
would be fatal in the case ofvcnniatot drops. These doses are indepen—

dent of geologic media and their estimated frequencies are such that

they are considered to be rare.
4.3 Summary of Short-Teem Health and Safety Effects

Thers is nc sigaificant health and safety cdvantage associated with
ocomsizuotion or operation of repositories in amy geologic media. The

size (NIU capacity) of the :opo:itory seems to be the dominant influence



Table 4.6. Radiation doses associated with representative
accidents during repository operation

Dose (rem)

a Maximum c
Occupational individ ualb Population

Drop of waste canister
into mine shaft

spent fuel canister 1.9E+3 3.3E-5S 8. TE+0
Commercial waste canister 6.5E+3 1.4E-S 3.5E+0
Rupture of CH-TRU waste drum -— 1.0E-12 3.9€-18

Xjorker near the point of impact of canister. Dose is first year
whole-body dose.

bMaximum individual offsite is 1600 m frcm the release point.
Dose is a 70-year whole-body dose commitment.

cPopulation dose is based on 2 million persons living within

80 km of the facility. Dose is 70-year whole-body dose commitment in
man-rem.

a
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on health and safety issues. Given thay any repository must meet
Federasl standards, there iz 1little health and safety advantage to be
gained by options considered here. Of course, handling defense wastes
in 2 defense—only repository would have much less impact in terms of
capacity. But if other wastes also have to be isolated, the effects of
larger, combine’ waste repositories are mot great emough to preclude

their use.
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BA22S
RA225
RA225
RA225
RA225
BA225
RA225
R1226
RA226
RA226
RA226
EA226
RA225
RA226
RA226
RA228
RA228
RA228
RA228
RA223
’A228
24228
21228
RN222
RN222
8N222
IN222
}m222
RN222
EN222
RN222
0210
PO210
20210
P0210
P0210
20210
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20210
BI210
BI219
BI210
BI210
31210
8I210
¥I210
31210
pPR210
?8210
£EB210
28210
28210

PRO®3.00000E+03
PRONG.00Q00Z+03
PROMS.700002+04
PROME.000002+08
PRCM7.000002+04
PROM 8. 000002+0%
FROM9.00000E+24
PROY 2. 10000E+03
PRON3.000008B+08
PRCX4.00000E+04
FRO25.00000E+04
PRCH6.00000E+01
PROY7.00000E+04
FR0%8.00000E+03
PR0X9.0G000E+94
PRCYM 2, 100108+004
FROX3.02000E+04
FROX4.00000R+08
PROXS5.00000E+048
PRCY6. 00000E+0%
FRCY7.003002+04
PROYB.000COR+0L
PROM9.000002+04
FRC¥2. 100002+024
PROY3.000002+04
PRCN4.00000B+03
FROMS5.00000Z+00
PROM6. 00000E+9=
FPROM7.000002+J4
FRO43. 00020E+04
FRCM9.000002+04
PRCY2. 10000E+0%
PEOM3.00000%+0uL
PROMYY.00000E+04
FRO¥S.00000S+00
PRCM6.000002+04
PROM¥7.00000E+0NY
FROY3.000COB+J4
FROM9.00000E+04
P2CY%2.70000E+04
PRCY3.00000E+04
PROX4.00000E+01%
PROMS.000002+04
FRC16.000002+04
FROX7.00000E+01
PROM9. 00000 E+0u4
FROM9.0000C2+04
PROM 2. 10000E+J4
FRCM3.,03001003+04
FROM42.00000E+J4
PRCY5.000002+34
FRC%A. 000 00E+04

TOW.00000E+04
TC5.00000E+04
T06.000002+04
m7.00000E+048
*08.0000GE+0&
T€C2.000002+04
T01.000002+05
TC3.00000=z+04
TO4.03000=+04
TC5.000002+034
T06.00000S+04
T07.00000E+04
708.000002+04
TC3.00000E+04
T01.00000Z=+05
7C3.000C0S+00L
TC4,00000E+0u
TC5.000002+04
T06.00000Z+04
T07.00000E+04
TC8.03000=+04
IC9.00000R+04
TC1.000002+05
~n3.000002+0¢4
™T48,000002+04
T05.000002+04
7C6.00000=+04
2C7.02200=2+0u
TC8.000002+04
T62.000002+04
7C1.0000302+05
?C3.00000=+04
”04,00000E+0U4
TCS.020C0TE+0Q4
TOE6.000002+04
?¢7.00000E+02
T™©8.000002+04
TC9.000003+04
TC1.090002+05
T7C21.020002+04
™04 .,000002+04
?05.000002+04u
766.000002+04
7G7.000002+04
08.000002+04
7T69.000002+04
701.000002+05
®C1.000002+04
TC4.000002¢04
T%.00000%¢04
T06.000002Z+04
T07.00000Z+Qu

€.809352-01
1. 1S3052+0C
1.586725+00
1. 77131E+0Q0
1.931555+CC
2.C7512E+CC
2.21896E+00
1.28951E-02
£.01334€-02
€.54L957€-C2
1. 18853:E-01
1. 4189€2-01
1.65€3%-01
1. 86491E-C1

- 2.08733E-01

1.023312-0¢
3.5813C=-C8
€. 16C€SCE-CE
8.75571=-08
1.1335%=-C7
1. 39117£-07
1. €487¢E-CT
1.90€22=-07
1.299S12-C2
€.01324E-07Z
£.4u409578-C2
1. 1495:Z-01
1.4189€Z-01
1.6S€35%-01
1. £FU491Z2-01
2.0073ZE-01
1.28951%-02
€.01334E-02
€.84257%-C2
1. 14853€-01
1.4189€E-C 1
1. 6563%E-01
1. E6U4S1E~01
<.0473ZE-01
1.2R9512-C2
€.01334E-02
€. 4<S37E-C2Z
1. 149S53E-01
1.4189€2-01
1.65635E-01
1. 2€EUS1E-01
1.28951E-G2
5.01334%2-02
€.UUGSIE-02
1. 1498:2-01
1.4189¢€6E-01
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CURIES
CURIES
CURIES
CURIES
CURIZS
CURIZCS
CURIES
CURIES
CJRIZS
CURIES
CURIZ=S
CURIES
CURIZS
CUBIZES
CIRZZS
CURIES
CURZZs
CURIZS
CURIZS
CURIES
CORIES
CURIES
cuT IS
CIRIZS
CIRIZS
CHRIES
Co0225
CURIZS
CURIES
CURZIES
CURIZS
curIzs
CORIES
CURZIES
CURIES
CURIES
CORIZES
CURIZS
COEIES
CURIES
CORIES
CHRIES
CURIES
CURIES
CURIES
CIJRIES
CIRIZS
CiIRIES
CURIES
CURIES
CURIES
CURILS
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28210
28210
PB210
cs135
CsS135
cs135
cs135
cs135
cs135
cs13%
CsS135
£s135
7129
1129
1129
T120
<129
1129
7129
1125
7129
1129
2c99
299
*C99
2099
7C59
Tco9
TC99
2089
7C39
~C99
c14
c1g
14
c13
c13
c14
c14
~13
c14
14

PRO%7.0200002+04
FROY3.00000E+0=
FR0¥9.00000E+0Q4

FROM1.10000E#08 TC2

FRON2.002002+02
PROY3.000002+04
PRCM4.00000E+04
FRON5.000002+04
FROM6.000008+04
PRCY7.000J30E+00L
PRO28.000002+08
FRO%9.00000E+08
PEOX2.00000Z+03
PROM1.00000E+Q2
PRD%2.000002+04
PPCY3.N0000E+0L
FRO¥1.000002+04
P2C”5.20000=+04
FROME.00090E+03
PROM7.00000E+04
?R0x8.00000E+04
PRC¥9.000002+0L
PRCYE.000N0E+0O:
PRC41.00000£+04
PRC¥2.00000=+04
TRO33.00000E+03
FRO44.00000E+04
P2045.000C0F+0a
FRG%6.00000E+04
FRC17.000002+0%
PROM8.020000E+03
FRCY9.00000Z+04
FPRCM2.090002+03
PRCM1.070000=+04
FROM2.00000Z+0%
¥RGM2.00000Z+04
Fr0%4.000002+9J4
PPCY5.000C0=+04
PROM5.000002+04
PRCY7.00000=+04
PROYB.00000E+0L
PRCM9.00000%+01
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T08.000002+04
T09.000002+08
T01.0000032¢05
.000008+04
TG3.00000%2+04
03.000002+04
T05.00000E+04
TC6.000002+04
T07.007002+04
TC8.070002+04
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™C1.00000%+05
T01.000003+04
TC2.000%0™+0Q0
TN3.020002+04
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705.30000=2+04
7C5.000C02+04
T07.%Q20002+04
TCB.000002+04
7TC€9.G00C0E+0U
T01.000C0=+0¢
TN01.00900 2+04
™02.00000=+00
T02.000002¢G4
703.000802+04
7C5.00000=+04
TCE.000002¢04
T¢7.000002+04
708.00000=+¢04
T09.0092C02+04
TO1.0000Q00=2+0Q5
TC1.00000°+0u0
7:2.00000%+04
T™03.00000=+04
TC4.000C0Z+04
™ 5.00000E¢+04
TC/.00000B+04
T07.000002+04
TCS.20000Z=+04
T0%2.000002+08
TC1.00000E+0€S

1.6%63%E=-01
1. 8649101
2.04733%-01
3.135312+01
3.873712+01
3.4632€E+C1
3.485279E+01
3.48824862+¢01
3.832023E+01
3.3217¢E+01
411512401
3.8012€2+01
6.0784CE~-032
7.55493F-C2
7.5917€E-02
7.588402-02
7.585122-02
7.58178%=-C= C
7.57843z-02

7.5752CE=-032

7.57190E-0Z
7.56E65E-C3
8.67TEE6SE+J 2
1. 1482G£€Z+0:
1.1CE38Z+0:
1. C7C8uT+C2
1.03€63UE+0:
1.00314E+0:
<,70909%+02
SLUCLTEZ+C2
S.10078E+02
£.8G900E+22
U, 0Z42€E+Q1
1. 7304 3E+C
. 156112400
1. 53605E+CC
4.5618€6%-01
1.36731E-01
4.03L07E-02
1. 1686 UE5-02
3.59992E-0:
1.1C148E-C 3
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CURIES
CURIES
CURIES
CURIES
CURIES
CORILS
CORIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES

CURIZS
CIRIES
CORIES
CURIES
CURIES
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CUKIZES
CIERIES
CHRIZS
CUpIzs
CURIES
CURIZS
CURIES
CURIES
CURIES
CORIZS
CURIES
CURIES
CORTES
CURIES
CUEIES
CtRrZ IS
CURIZES
CURIES
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Computer Listing of Radionuclide Releases (Ci/1000 MTu) over 10,000-Year

- Intervals for Scenario 2:

U233
u233
u233
u233
u233
u2z4
U234
U231
u2z4
U234
U223

u2zs

u23s
u23s
u23s
u23s
u23s
U238
u2s
u23¢
u2ze
u2z3
u23e
yaze
u2:s
PA2Z1
PA23L
PA231
PA23Z1
PA231L
TH227
TH22
TH227
TH227
TH227
TH22e
TH223
TH228
TH223
TH228
TH227
TH229

Hard Rock Geologic Setting

FROMS.10000E+34
FROMS.00000E+0Q4
FROM7.00000E+04
FROM8.00000E+0Q4
FROM?.00000E+04
FROMS.10000E+04
FROM6.00000E+04
FROM?.000G0E+04
FROMS,00000E+04
FROM?.00000E£+04
FROMS,.10000E+404
FROM&.00000E+04
FROM7.000005+04
FROMES,00002E+04
FROM?.CO0000E+04
FROMS.10000E+04
FROM6.0C000E+04
FROM7.00000E+04
FROMB.,00000E+04
FROM?.00000E%+04
FROMS,10Q000E+04
FROMS6.00000E+Q4
FROM7.00000E404
FROM2,00000E404
FROM9.0000084+04
FROMS.1000058+04
FROMS6.00000E+04
FROM7 .00000E+04
FROMB,00G00E+04
FROX7.00000E+04
FROMS.10000E+04
FROMS.00C0QE+04
FROM7 .000C0E+04
FRCMZ2.00000E+04
FROM?.00G00E+C4
FROMS.10010E404
FROM&.Q0000E404
FROM7.00000E+404
FROM8.,00000E+04
FROM9.,00000E+04
FROMS.10000E+04
FROM.,00000E+04

T06.00000E+04
T07.600C0E+04
T08.00C00E+04
T09,00000E404
TO1.000GOE+0S
T04.00000E404
T07 . J0CQ0E+04
T03,00000E+04
T09.00000E464
TO1.096C0E+0S
T06.000G0E+04
T07.00000E+04
TO8.20000E404
TC?.000002+04
T0L.G0G00E46S
TG4.00000E+0 1
T07.00000E+04
T03.000005+04
T0%.00000E+04
T01.00000E+0S
T0L,00000E+04
T07.00000E+04
T0B.00000E+14
T02.06000E+04
T01.00C00E4+0S
TD4.00000E+02
T07.00000E+04
T08.00000E+04
T09,00000E4+04
T01.00900E+05
TO6.00000E+04
T07.00000E+04
T08.00000E404
T0?.00000E+04
TO1,60000E46%
T04.0060GE+04
TO7.00000E+C4
TU2.000C0E+04
TC?.00000E+04
T01.00000E405
T04.0000054+04
T07.,00000E4+04

1.51089E+00
S.02198E+00
8.5790SE4+00
1,21756E401
1.58138€4014
J.SO034E+CO
J.7885BE+00
Z.570%0E40C
2.57320EL50
2.47332E+00
8.2580SE-Q2
1.19?273e-02
1.3322%Te-02
1.30342E-902
1.43234E-02
2.17450E~41
2.10731E-01
3.0637ZE-01
2,99113E-01
2.,94578E-01
1.80000E-01
2.00000E-01
2.,00004E-01
2.000105-01
2.0001CE-0L
7+25471E-04
2.38221E-02
2.77747£-03
4.35749E-23
S.64274FE-03
?.72249E-03
1.70001E-02
2.024636E-02
2,03C90E-02
2.0220LE-0Z
2,6356325-07
?.32958E-09
1.62601E~-08
2.20892E-083
2.99G01E-928
1.37278e-91
6+37385E-01

Commercial High-~Level Waste;

CURIEE
CURIES
"CURIES
CURIES
CURIES
CURIES
CURIES
CURIET
CURIES
CURIES
CURIES
CURIES
CURIZE
CURIES
CURIES
CURLES
CURIES
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CuURIEs
CURTIED
CURIES
CURIES
curzIcec

URIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURTES
CURIES
CURIES
CURILES
CUuRlEsS
CURIES
CURLES
CUrRLE:
CURIES

e ot i ety
v i g et 5 Sh o



. TH229
TH229
TH229
TH230
TH230

TH230

TH230
TH230
TH231
TH231
TH221
TH231
TH231
TH232
TH232
TH232
TH232
TH232
TH2:4
TH234
TH234
TH231
TH224
AC22S
AC22%
AC223
AC223
AC223
AC227
AC227
aC227
AC227
AC227
RA223
RA223
RA223
RA223
RA223
RA224
RA224
RA224
FA2Z4
RA224
RA223
RA22S
RA225
RA22S
RA225

FROM7 .00000E+04
FROM8.00000E+04
FROM9.00000E+04
FROMS.10000E+04
FROM6.00000E+04
FROM7 .00000E+04
FROM8.,00000E+04
FRON9.00000E+04
FROMS.10000E+04
FROMS5.00000E+04
FROM? .00000E+04
FROM8.00000E+04
FROM?.000Q00E+04
FROMS.10010E+04
FR?M56.00000E+04
FROM7 .CO000E+04
FROME.00000E+04
FROM?.00000E+04
FROMS.10000E+04
FROM6.00000E+04
FROM?7.00000E+04
FROMS.00000E+04
FROM?,00000E+04
FROMT. 100002404
FROM&.00000E404
FrROM7.00000E+04
FROME.00000E+04
FROM?.00C00E+043
FROMS.10Q00E+04
FROMS.0NCO0E+0Q4
FROM7,00000E+04
FROM8.00000E+04
FROM?.00000E+04
FROME,.1000QCE+04
FROM&E.00000E4+04
FFROM?7.00000E+04
FROMS.00000E+03
FROM9.00000E+04
FROMS.10010E+404
FROM&.,00000E+04
FROM7.,00003E+404
FROM3,00000E+04
FRCM9.00000E4+04
FROMS.10000E+04
FROM&6.00000E404
FROM?7.00000E+04
FROME,00000E+04
FROM?.00000E404
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TO8.00000E+04
Y0?.00000E404
TO1.00000E+0S
TO6.00000E+04
T07.00900E+04
T08.00000E+04
T0?.00000E+04
T01.00000£+0%
T04,.00000E404
T07.J0000E+04
T08.00000EL04
T09?.00000E4C4
T01.00000E+0S
T06.00000E+54
T07.GQ000E+0
TO8.C0000E+04A
T09.00000E+0-
TO1.Q000CELNT
T06.00000E+02
T07.00000E+04
T08.00000E+04
T09.00000E+04
TO01.00092E+4S
T05.00000E:C4
T07.00000E+04
TC8.0G000E+04
T09.00000E+04
TO1.00000E+0S
T0&4.00000E+04
T07.0900005+404
TOC.00000E+CA
TN®.00000E+04
TO1.00000E40%
TOS.00000E+04
T07.,40CC00E+04
TO3.00000E4+04
T89.06050E4+04
TO1.00000E+0%
T06.00000E+04
TO7.00002E404
TO2.00002E+04
TN9.00000z4C4
TO1.0Q0000E+2%
TO&.00000E+04
T07.00000E4C4
TO2.00000E+CA
TQ?.00000E+04
TC'.,00000E+0S

1.14928E400
1.65127E400
2.18222€400
1.46978E-02
4.835237£-03
7.82734E-03
1.,04724E-92
1.28006E~02
2,33937E-04
3.85416E-04
REXLTTLRRRE
1.73497E-04
2.03431E-04
4.92625E~10
1.91002€-09
T.41717E-09
4.29£4%E-09
6.35856E~00
$.0925SE-03
7 .58432E-03
LEPEELLARXY
1.71171E-02
2 ,27323E=-93

-t/ =

1.273045-01
6.572S0€E-01
1.1349385400
1.65137E400
2.186032E4+00
2.22127-04
2.18554E-04
1.67109E-03
2.33214E-03
2.E4927E-C3
W22127E~04
W 1BELEE-D4
37149E-03
»33214E-032
2.83%472-02
D.55L462E~09
9 .3%9S2E-09
1.4258C1E-08
2.302%28-00
2.9945C1E-48
1.274202€E-01
6.575S0€E-01
1.13235E408
1.6S137E400
2.14032540¢C
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CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIZS
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CUKIES
CURIES
CURIES
CUFRIES
CURIES
CURIES
curlIES
CURIES
CURIES
CURIECS
CURIES
CURIZE
CURIES
CURIE:
CUsIE:
CUR1E35
CURICS
CURILZ
CURIES
CURIES
CURIES
CURIES
CUusIEe
CURICS
CURIES
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CURIES
CURIES
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CUYFIES




RA226
RA224
RA226
RA226
RA226
RA228
RA228
RA228
RAZ28
RA228
RN222
RN222
RN222
RN222
RN222

" PO210

PO210
PO210
FO210
P0210
BI210
BI219
BI2190
BI21¢
BI219
PB210
PE210
PB219
PE210
FB219
1129

IL29

1129

T129

1129
1129
1129
1129
I12¢°
1129
TC99?
TC99
TC99
TC?9
TC?o9
TC99
TC99
TC27
TC99
TC?9?

FROMS.10000E+04
FROM& .00000E+04
FROM7.00000E+04
FROMS.00000E+04
FROM®,00000E+04
FROMS,10010E+04
FROM&.00000E+04
FROM? .00000E+04
7ROMS . 00000E+04
FROM9.00000E+04
FROMS.10000E+04
FROM6 . 00000E+04
FROM7.00000E+04
FROM3.00000E+04
FROMS . 00000E+04
FROMS.10000E+04
FROM&.00000E+04
FROM7 .00000E+04
FROME.00009E4+04
FROM? .00000E+04
FROMS.10000E+04
FROM4.00000E+04
FROM?.00000E+04
FROM3.00000E+04
FROM9.00000S+04
FROMS.10000E+04
FROM&,000COE+D S
FROM7 .0C000E+04
FROMS.00000E+04
FROMS.00000E+04
FROM2.00000GE+03
FROM1.00200E+04
FROMZ,000G0E+24
FROMZ.00000E404
FROM4.0000GE+04
FROMS,00000E+24
FROM& . 000COE+04
FROM7 . 00000E+04
FROMB.00000E+04
FROM9.00000E+04
FROK&.00000E+03
FROM1.000C0E+D3
FROM2,00000E+04
FROM3.00000E+04
FROM4.00000E+04
FROMS.00000E+04
FROMS . 00000E+04
FROM?.00000E+04
FROME,00000E+04
FROM9.00000E+04
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T06.0000CE+04
T07.00000E+04
T08.C0000E+04
709.00000E+04
T01.00009E+0S
T06.00000E+03
T07.00000E+04
108.00000E+04
T09.00000E+04
T01.00000E+0S
T06.00000E404
TC7.00000E+04
T08.0000CE+04
TO02.00C00E+C4
TC1.00C00E+0S
TC&.0000084+04
707 .00000QE+0
TC2.000C0E+402
TC0?.0C000E+GY
TO1.00000E+0S
TOL.00000E40A
70?2 .00000E+CA
T0C.0C000QE+04
TC?.0000CE+CS
TO0L1.00000E+CE
T05.00000E+02
T0?7.02000E4+04
TO03.90C0005+02
T09.00000E+04
T01.00000Z+095
TO1.00C00E403
TO02.00000E+04
TOZ.0000C0E4 04
T04.00000E+04
TOS.00000E+C4
T06.0C00C00E+04
T07.00002E+04
T02.00000E+04
TC9.000Q0CE+04
TO1.000QC0E4Q3
T01.00050E+04
T02.00000E+04
TOZ.00C00E+C4
T03.00000E+02
TOS.CO000E+C4
T056.00000E+04
T07.000G00E404
TO2.00000E+04
T02.00000E404
T01.00000E+0S

3.21193E~-02
1.28938E-02
2.21381€-02
3.02137E-02
3.73927E-02
2.655852E-09
?.39958E-09
1.625601E-08
2.,30892€E-08
2.99001E-03
3.21193E-02
1.28933E-02
2,21381E-02
3.02137E-C2
2.73927E-02
3.21193E-03
1.28938€E-02
2.21331E-02
2.02137E-02
3.73927E-02
$.211935-03
1.228938E-02
2.21321E-02
2.02137E-02
T.73927E-Q2
T.2L192ZE-02
1.28938E-02
2.21281e-02
3.02127E-02
3.739227E-02
6.0734%E-02
7.23393£-03
7.,39173E-C3
7.3988I%E-02
7+32514E-02
7.58172E-032
7.37843E-03
7+372320E-03
7.571905-~02
7,383852-03

4.487772E402

1.13212E+03 C

1,10846E+02
1.07G23E+03
1.07524E402
1.00314E4+02
2.70209E4+02
7.40474E402
2.1450278E402
2.3072C0E+02
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CURIES
CURIES
CJURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES

CURIES

CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURTIES
CURIZS
CURIES
CURIES
CURIES
CURIZS
CURIESR
CURIES
CLURICES
CURTIES
CURIES
CURIEZS
CURIES
CURIFS
CURIES
CUR1ES
CUmIES
CURTIES
CURIES
CURIES
cuRICS
CurzI=x
CURIES
CURTES
CURIES
CURTIES




SE79
SE?9
SE79
SE79
SE79
C14
c14
c14
c14
C14
c14
c14
c14
c14
cL4

FROMS.10000E+04
FROMS.00000E4+04
FROM7.00000E+04
FROM8.00000E+04
FROM9.00000E+04
FROM2.00000E+03
FROM!1.00000E+04
FROM2.00000E+04
FROMI,00000E+04
FROM3.00000E+04
FROMS,.C00000E+04
FROMS.00000E+04
FRCM7,00000E+04
FROMS.00000E+04
FROM?.Q000QQE+24

A-9

T06.00000£404
T07.000005+04
T08.00000E+04
T09.00000E+04
T01.00000E40S
T01.009900€404
T02.00000E+04
T03.00000E+C
T04.00000E+04
TOS.00000E+904
T06.00000E+24
T07.00000E+04
T08.900090E+04
T09.0000C0E+02
T01.0C000E490S

1.§4298E401
1.751175+01
1.75I41E401
1.57617E4+01
1.41676E+01
4,023459€401
1.7102SE+01
5.17478€400
1,S3779E400
4,52429€-01
1.26730£-01
4.03407E-02
1.19844€-02
3.59992€-03
1,101482-03

iRAar i

CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURILS
CURIES
CURIZS
CURIELS
CURIES

CURIZS
CURIES
CURIES
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Computer Listing of Radionuclide Releases (Ci/1000 MTw) ove; 10,009-Year
PWR Spent Fuel; Salt Geologic Setting

--Intervals for Scenario 3:

NP227
NP227
NP237
NP227
NP237
U333
U223
u23s
u23:3
u23i

U233
u22s
U223
U224
u2s4
u2z4
U224
U234
u2z3
U234
u2z4
u23s
u23s
u2ss
u2Is
u2zs
u23s
U233
u23s
u23s
yxazs
y23sé

U‘JT £

u2a3é
u2zé
u2zé
U22é
uaze

U"TQ

U233
uzze

U”‘Iﬁ

ot

u2ze

FROMS.10200E404
FROMS.00000E4+04
FROM7 .00QQQE+QS
FROMS.00000E+04
FROM?.0C000E+04
FROM2.10000E+04
FROMZ.000Q00QE+C4
FROM4.00000E+94
FROMEZ.00000E404
FROMA.Q00Q000E+04
FROM7.00000Z+04
FROMS.00000E+G4
FROMS .Q0000E+04
FROM2.10000E+04
FRCMI.O0L00ELDS
FROM4.00000E+04
FROMS.CQ0QCE+CH
FROMS.00000E404
FROM7.00000E+04
FROMS.0000CELCY
FROM?.00000E+04
FROM2.10000E+04
FROMZ.0000CE+04
FFOM4.000CCE+CA
FROMS.Q0000E+04
FROM4.00000E+04
FROM7.00000£+04
FROM3.00000E+04
FROM9.00000E+04
FROM2.1000QE404
FRCMZ.000C0QE+04
FROM4.00000E+04
FROMT.00000E+04
FROMS . Q0000E+04
FROM7.00000E+0A4
FROM3,00000E+04
FROMS .00000E+04
FROM2.10000E+04
FROMZ .Q000GEL04
FROMA4.00000E2+6G4
FROMS,.00000E+04
FROME.D0000E404
FROM? .0000CE+04

TOS.0G0Q0ELDS
TC7.00000E+04
TO8.20CQ0E+04
T0Z.0CO00Q0E+01
TOL.00CS0E+2S
TOZ.0CO0COE+0Y
TC3.000C00ELCS
TOS.QQQCZELGA

TQ7.06CLOE+03
TOS.060GIELES
TG?.0000GE+2
TO1.00600C498
TOZ.00050E+34
T03,009002+04

TCS.00000EL02
TCE.COSOGEL04
TO07.0000CEL02
TC2.0000Q2E+94
T0?.00000E+03
TOL.CO0CCE+HQS
TOZ.0002C0E+04
TR4.0C0CCELDY
TeS.00000E+02
TOS.0C000CE+L2S
TG7.00000E+904
T0B.0C000ELCA
T0?.00000E+04
T01.00900E4CS
T03.000002404
T03.0000GE+04
TOS.00000CE+C
T06.00000E+04
T07.00000E+02
T08.000Q0GELGY
TO?.00000E+04
TQ1.0CC00ELDT
TOZ.00000E+04
T04.00000E304
TS .004500E4+04
T06.00000E4+03
707.00000E404
TLS.0000GCE+04

1.05274E402
1,18287E402
1,18373E522
1.139035+22
1.163SCE452
S.SOT17E40O
1.21814E401
T.623195 401
4.3C04SE+91
4.39373E+01
3,755I2E401
S.118335401
S.45449E01
1L.7LATTESN2
1,83T1IEL02
1.777545502
1.73¢15E402
1,53307E+92
1.64659E202
1.55S212+02
1.55108E402
1.77234E+00
2.36579E+CO
2, 4215064590
2.7697SE400
2.33934E400
2.2834SE4 00
2.899945460
2.89692E400
1.239345401
4.22137€401
4,235857z+2
4.155S3E401
4,113725401
4.09%553E401
4.02393E+01
4.07364E401
6+348CCOELD]
7.20001E401
7.20009E+01
7.260115401
7.20013E+01
7.20020E401
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CURIES
CURIEES
CURIES
CURIEES
CURIES
CURTIES
cusIcs
CURIES
CURIES
CUmIE:
CUR IE<
CURIES
CURIES
CURTIES
CLURILZ
CURIES
CURICE
CURIES
CUmIZ:S
CURIES
CURIES
CURIES
CURIES




u238
u23s

PA231
PA231
PA231
PA231
PA231
PA231
PA231
PA231
PA233Z
PA2IZ
PA233
PA23Z

PA233
TH227
TH227
TH227
TH227
TH227
TH227
TH227
TH227
TH22g
TH223
TH228
TH222
TH228
TH22¢
TH228
TH22

TH22

TH229
TH229
TH229
TH229
TH229
TH229
TH229
TH230
TH220
TH220
TH230
TH220
TH230
TH220
TH220
TH231
TH2Z1
TH231
TH231
TH231

FROMS8.,0000CE+04
FROM9.00000£+04
FROM2.10000E+04
FROM3.00000E+04
FROM4.00000E+04

FROMS.Q000CE+04.

FROM&,00000E+04
FROM?.00000E+04
FRCM2.00000E+04
FROMS.00000E+04
FROM3.10000E+04
FROM&.00000E+04
FROM?,00000E+04
FROM8.00000E+04
FROM?.00000E+04
FROM2.10000E+04
FROM3.00000E+04
FROM4,09000E404
FROMS.00000E+04
FROMS,00000E+04
FROM7,00000E+04
FROME.00000E+04
FROM9,000005404
FROM2.10010E4+04
FROM3.00000E+94
FROM4.00000E404
FROM3.00000E+04
FROMS.00000E+04
FROM?.00000E+04
FROME,00000E4+04
FROM9.00005E+04
FROM2.,10000E+04
FROM3I.00000E+04
FROM4,00000E+04
FROMS.00000E+04
FROMS.00000E+04
TROM?.00000E+04
FROMB.00090E4+04
FROM2.00000E+04
FROM2.1000CE+404
FROMZI.OG000ELGY
FROM4,.00000E404
FROMS.00000E404
FROML,00500E404
FROM7.00000E4+04
FROME.0D0000E+04
FROM9.G00000E+04
FROM2,10000E+04
FROMZ.00000E+04
FROMA,DDDO0E+04
FROMS.00000E+04
FROMS4.00000E+04

T09.00000E+04
T01.0000CE+0S
T03.00000E+04
T04.00000E+04
T0S.00000E+04
T05.00000E404
TOQ7.00000E+04
T08.00000E+04
T09.00000E+04a
T01.,00000E4+0S
T04.00000E+04
T07.000005+04
T08.00090E+04
T09.00000E424
T01.00000E+0S
T03.00000E404
TO03,0009205+404
TOS.C0000E+04
TO4.00C00E+04
T07.00000E+04
TC23.000005+04
T09.000C0E+04
TO1.00000E40S
TOZ.00000E+04
T04.0C000E4+04
TOS.00000E+04
T05.000005+04
TD07.00000E4+04
TO8.00000E+04
T0?.00000E+04
TO1.00000E+0S
TO3Z.00000E+04
TO4.00000E+04
TOS.0C000E4+C4
T06.560000E+404
TO7.00000E+04
TB3.000900E+04
T02.00000E+043
TO1.00000E+2S
TOZ.G0000E+04
T04.000005404
TDS.00COCE+04
TC6.500CRE+CY
T07.00000E+04
T03.00000E+04
T02.90000E+24
TOL.00050E+90S
TOZ.00000E+C4
T04.0000054+04
T0S.00004E404
TOS5.00G00E+04
T0?.00000E404

7.20021E401
7.20029E+01
J.786718E-02
1.29942£-01
2.16337E-01
2.91802E-01
3.54844E-01
4.,057864E-01
4,44068E-01
4.77134E-01
1,24233E+02
1.856%6E+02
1.314352E+01
8.03731E+01
8.81708E401
2.704564E-02
7.39241E~02
1.12999€E-02
1.49313E~01
1.82052E-01
2.099%52-01
2.32702£-91
2.50419£-01
2.14129E~05%
7.482755-05
1 .‘.‘O'.'ﬂ.l.!'_os

1.82070E-05
2.35672E-08
.89375E-05
3, 420452-05
3.98227%-05
4.02189E460
1.33583E401
2.27055ELSL
2.748202+01
3.24094E401
3.S1S49E401
3,777135401
4,025022+01
1.82199E-01
6.206375-0"
1.06847E400
1.I2257E+D20
1,55870E460
1.93008E+20
2. 16915E+07
2.3I7961E400
7.562405-07
5.29547E-02
1.30323£-02
S.54043E-02

$.70125-02

UNAH

CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
LURIES
CURIES
CURIES
CURIEE
CURIES
CURIES
CURTIES
CURIEZ
CURIES
CURIEC
CURIZS
CUR:IEZ
CURIES \
curzIzs
CURTILS
CURICC
CURIEZS
CURICS
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[ Sa ]
aminm
nwmeyn

cunIcE:S
CURIES
CURTES
CURTCS
cusIES
CUrIE=
e e
Cumics <
CLURIES
CURTER

~ -
\J'JF: I:.:'

CUrRICC
CURIL .
CURIEZ
CURIES
CURIES



"TH23t
TH231
TH231
TH232
TH232
TH232
TH232
TH232
TH232
TH232
TH232
TH234
TH234
TH234
TH234
TH224
TH234
TH234
TH234
AC22S
AC22S
AC22S
AC22
AC22S
AC22%
CQHQ

AC22S
AC227
AC227
AC227
AC227
AC22

AC227
AC227
AC227
RAZ23
RA223
RA223
RA223
RA223
RA223
RA222
RA22

RA224
RA224
RA224
RA224
RA224
RA224
RA224
RA224
RA22S

FROM7 .00000E+04
FRONB.00000E+04
FROM9.00000E+04
FROM2.10010E+04
FROMI.00000E+04
FROM4.00000E+04
FROMS.00000E+04
FROM4&. 000005404
FROM7.00000E+04
FROM8.00000E+04
FROM?.0Q00Q00E+04
FROM2.10000E404
FROM3.0000GE+04
FROM4.00000E4+04
FROMZ.00000E+04
FROM&,.20000E+04
FROM?7.00000E+04
FROMS8.00000E+04
FROM?.00000E+04
FROM2.10000E+04
FROMZ.000005+04
FROM4.00000E+404
FROMS.000Q0E+04
FROM&.,00000E+24
FROM7.00000E+04
FROM8.00000E+04
FROM9.0000CE+D4
FROM2.,10000E£C3

FROMI.00000E+24,

FROM4.00000E+0 4
FROMS.00000=+94
FROM6.00000E+04
FROM?7.0000054+04
FROME.000C0E+04
FROM9.000002+04
FROM2.10000E+04
FROMI.Q0000E+Q4
FROM4.00000E+04
FRO4S.00000E4+04
FROM&6.,00000E404
FROM7.000002+04
FROMS.00000E+04
FROM9.00000E+04
FROM2.10010E404
FROM3.00000E+04
FROM4,.20000E+04
FRCMT.00000E+0C4
FROME.DO0DDESO4A
FROM7.00000E+04
FROMB,00000E+04
FROM?,00000E+94
FROM2.10000E+04

A-12

TC3.00000E+04
T09.00000E+04
T01.00000E+03
T0I.00Q000E+QA4
T04.00000E+04
T03.00000E+04
T08.00000E+04
T0?.0000QCE+04
T08.00000E+04
T09.00000E+04
TC01.00Q00E40QS
T0Z.Q0000QE+LCA
T04,.00000E+01]
T0S.00000E+04
TC6.00C00E+04
TQ7.00000E404
T08.000005+04
T09.0009008+C5
T01.00390E+9T
TCZ.00000E+404
T04.00000E+04
TOS.00000E+0S
T05.,00020E401
707.000G0424+04
T08.00000E+C3
T09.0G0C00EL0S
T01.00002E+605
TOZ.00C0Q0E+D Y
T03.00000E+045
TGS .Q9CCOCELN S
T05.00500E+¢C4
Y07.0000CE+04
TC3.000022+03
TOY.000C0E+CS
T01.000005+0S
TCI.QCQ00E+0A
TQ4.000008401
TO0S.006002404
T06.,000002+454
T0Z.,000002+04
TN8.00002E+C2
T09.000900E8 444
TOL.Q0Q3C3THCS
TOZ.00C0OLELGA
T04.00902+904
TOS.00000E+04
T06.000002404
T07.00000E+03
T08.00000E+04
T09.00000E+04
TO01.000Q0E+9S
T02.00000E4+04

$.77641E~02
5.80024£-02
$.79418E-02
1.37274E-07
$.3519SE-07
9.61396E-07
1.38203E-06
1,79720E-06
2.20933£-06

L619T2E-06
3.02?065—06
2.96251E400
2.08982E+400
4.,32127E-01
1.43991E+00
1.44300E+400
1.44004E400
1.440108+00
4.J°“As*of

- W

1.33534E+01
:':7“7‘t401
2 ?47645&01
3.240L2EL0L
3.51321E402
J.77729E4+01
3.024CT7E40
7.25074E-92
u-J?dgac oﬂ
7.3122°£-02
1’10773E—01
1 t'!4/?4E 01
1.ﬂ1= QE 01
1.95585635-01
2.14Z9°9E-01
7 .TECTRE-DT
S.294825-02
7.313292-02
¢°7105_01
1.44794E-01
1.735172E-01
1.56568E-01
4TY9E-01
2+14129€E-04
7.48278E-04
1.-u346€ =03
80n70E OJ
20uu678E -0S
2.8937&E-0S
2.42852€E-09
3.746327E-0%
4,02210E400

RRM

CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURZIES
CURIES
CURIES
CURIES
CTURIES
CURIES
CURIES
CURIES
CURIES
CURIEZE
CURIZS
CURIES
CURIES
CURIES
CURICE
CURIES
CURIES
CURIES
CURTIES
CURIES
CURICS
CUrRIES
CUSIES
CURIES
CURIES
CURIEZS
CURIES
CURIES
CURIZS
custiezs
curRrIEs
cUrIZzZS
CUrRIE=S
CURIES
CURICS
CURIES"
CURIES
CURICES
CURIES
CURIES
CURIES
CURIES
CURILs
CURIES



RA22S
RA225
RA223
RA22S
RA22S
RA223
RA22S
RA226
RA224
RA226
RA22S
RA226
RA224
RA226
RA224
RAZ28
RA228
RA228
RA228
RA228
RA228
RA228
RA228
RN222
RN222
RN222
RN222
RN222
RN222
RN222
RN222
PO219
PC219
PO2190
PO219
FO210
PO212
PO219
PO21¢C
BI21G
BI2190
BI21)
BI210
BI219
BI219
BI21i¢
BI210
PB210
PB219O
PR210
FBE210
PE219

FROM3.00000E+04
FROM4.00000E+04
FROMS.00000E404
FROM&.00000E+04
FROM? .00000E+04
FROME.00000E+04
FROM?.00000E+04
FROM2.10000E+04
FROM3.00000E+04
FROMA,00000E+04
FROHS.00000E+04
FROHMS6.00000E+04
FROM7.00000E+04
FROM8.00000E+04
FROM? .0000Q0E+Q4
FROM2.10010E+04
FROMI.00000E+04
FROM4.00000E404
FROMS.00000E+04
FROMS.00000E+04
FRONM7 ,00000E+04
FROME.0C000E+04
FRQi{?.00000E+04
FROM2.,10000E404
FROM3.00000E+04
FROM4.00000E+04
FROMT.00000E%+04
FROMS5.00000E404
FROM?7.00000E+04
FROM8.00000E+04
FRCH49.00000E+04
FROM2,10000E+04
FROM3.00000E+04
FROM4,00000E+04
FROM3I.00000E+04
FROM&,00000E+0Q4
FROM7.,00000E+04
FROME.00000E+04
FROM9.00000E+04
FROM2.10000E+04
FROM3.00000E+04
FROM4.00500E404
FROMS.0000024023
FROMS.00000E+04
FROM7.00000E404
FROME.00000E+04
FrOM?,00000E+04
FRCOM2,10000E+04
FROMZ.,000COE+D4
FRCH4.00000E+04
FROMS,00000E+04
FROM4.00000E+04

A-13

T04,00000E+C4
TCS.00000E+94
T06.00000E+04
T07.00000E+04
T08,00000E+04
709.00000E+04
T01.00000E+05
T03.00000E+04
TN4.00000E+04
T0S5.00000E+04
T0&.00000E+04
T07.04000E+04
T08.00000E+04
T09.00000E+04
701.02000E+490S
T03.00000E+04
T04.000090E+04
TCS.00000E424
T06.00000E+54
T07.00000E+C4
T08.00000E+043
T09.00000E+04
TO1.00000E+03
103.00009£+04
T03.0000CE+04
TOS.0000CE+D4
T06.00000E404
TO07.,00000E404
T08.00000E+04
T09.00000E+04
T01.000005+03
TC2.00C00E+04
TO4.00000E+04
TOS.00000E+04
T046.00000E+24
T07.00000E+04
T08.00000E+94
T09.00000E+24
T01.Q0000E4+0%
TO2.00000E+04
T04.000090E404
T0S5.00000E+04
TO&£.00Q000E+24
T07.00000E+04
T08.004600z+04
T0?.00000E+04
TO1.00000E40S
T0Z.00000E40S
T34.00000F+04
TOJI.0CQ00E+04
705.00000E+04
TO7.00000E404

1.33S84E+0L
2.27073E+01
2.94796E+01
3.24062E+01
3.51621E401
3.77729€+401
4.02607E+01
2.03131E+00
8.14774E+00
1.,38944E401
1.90088E+01
2.33492£401
2,763TI8EH01
3.1234646E101
3.44275E+0L
2.14129€E-06
7.46274E~06
1.28356E~05
1.82070E-0S
2,35£78E-05
2.893I74E-05
3.42868E-03
3.96387E-0T
2.03121E40C0
3.15774E4+0Q0
1.22944E401
1.20982E+901
2.73692E401
2.763%2E+01
3.1236£E401
3.44275E+01
2,03131E400
8.167743E+00
1.38%44E4401
1.90082:5+01

. 2.,30692E4+01

2.75332E+01
2.123466E4+01
3.4427CE+01
2.02131E499
8.16774E+00
1.28744E+01
1.9003B8E+012
2.IT692E401
2.76252E4+01
1.12346E401
I.,44273E+01
2.03121E+00C
28.18774E+00
1.32944E+02
1.90033E+01
2,3356922401

CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES

‘CURIES

CURIES
CURIES
TURTIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURTIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURTES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIEZ:
CURIES
CURIZS
CURIES
CURIES
CURIES
CUelIt:
CURICS
CURIES
CURIES
CURTES
CURICS
CURIES
CURIES
CURILS
CURIES




T

PB210
PB210
PB210
CS13S
€813s
CS13S
€S133
CS13S
CS13S
CS133
CS13S
CS13s
1129
1129
1129
I129
1129
I129
1129
1129
1129
1129
TC9?
TC99
TC99
TC?9
TCoo
TCo?
TCO9
TC99
TC?9
TC99
C14
C14
Ci4
C14
c1a
c14
C14
Ci4
C14
Ci4

FROM7.00000E+04
FROMB8.00000E+04
FROM%.00000E+04
FROM1.10000E+904
FROM2.00000E+04
FROM3.00000E+04
FROM4.00000£+04
FROME.00000E+04
FROM&.00000E+04
FROM?.00000E+94
FROMS.00000E+04
FROM?.00000E+04
FROM2.00000E+03
FROM1.00000£+04
FROM2.00000E+04
FROM3.00000E+04
FROM4.000005404
FROMS5.00000E+04
FROMS.00000E+03
FROM7.00000E404
FROM8.00000E+04
FROM?.000005+04
FROM&.00000E+03
FROM1.000C0E+0O4
FROM2.00000E+04
FROMZ.00000E+24
FROM4.000C0E+04
FROMS.00000E+04
FROMS.00000E+04
FROM7 .0C000E+C4
FROMS.00000E+04
FROMS .00000E+94
FROM2.00000E+02
FROM1,0000CE+94
FROM2.00000E404
FROMZ.00000E+04
FROM4,00000E+04
FROKT ,00000E4+04
FRJM4.00000E+02
FROM7.00000E+04
FROM2.000C0E+04
FROM9.00000E+04
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T08.000205+04
T09.00000E+C4
TO1.00000€E+03
T02.00000E+04
T03.900200E+04
T03.00000E+C4
T0S5.000005+04
T06.00000E+04
T07.00000£+404
T0S.0Q000E+D S
T09.00C0CZ+04
TO1,00000E40S
TO1.90000E+4C 4
T02.00C0Q0E+04
T02.00000E404
T04.00000€4C 4
T0S.090020E+C4
T0S6.00300ELCA
T07.9000005+404
T02.,00000EXCS
T07.00000E£403
TO01.00CC0E+GS
TOL1,.000QC0E4C
TO02.000C2E4+03
TOZ.00000E 103
TC4.00005Z+4 2
TCS.00C00E40
T06.000GLELCS
TO07.000G02E+04
T0L.0020CE+04
TO09?.0C0C0E+04
TO1.00000EL0S
TA1,0C0N0E+04
TO2.00C000E404
TQS.00000E+04
T04,000C0E+04
TRS.00000C+01
T06.0000CE+0S
TO?.00000E+0C2
TOE.Q000G2ELD S
TO9,.000CCE+GS
TO1,0000CELCS
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Computer Listing of Badionuclide Releases (Ci/1000 MTu) over 10,000-Year

Intervals for Scenario 4: PWR Spent Fuel; Bard Rock Geologic Setting
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Computer Listing of radionuclide Releases

thtarvals for Scenario Ss
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Computer Listing of Radionuclide Releasss (Ci, 1200 MTu) over 10,000-Year

Intervals for Scenario 6: BWR Spent Fuel; Hard Rock Geologic Setting
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TO1.,00000E+0S
TOI.0CQ00E+D4
T04.,000C0E4+CH
TO0S.00000E+214
T0&,00000E704
TO7.00000E+04
TOE.00000E+0CS
T07.000C0E+04
T01.006006E+08

7.,17403E-03
2.234495-92
3.73508E-02
4,79811E-02
S5.27571E-02
S5.72721£-02
6.13379€-02
6.355920E-02
4,925T46E-03
1,3373%E-02
2,48918E-02
3,29012E-02
4.,01120E-02
4,464262E-02
S5.19063£-02
Z.568512E-02
1.?23803E-909
5.,18224E-07
1.¢4220E-23
1.4£7085-98
1,2?29927E-08
2,2137%9E-98
2.73872E-08
2.,159%%€E-98
4,92SS46E-G2
1.53733€E-02
2.457155-62
2,29012€-02
3.01120E-02
4,642825~%2
S.15083E-02
S.665128-42
4,9233835E-03
1.53732E-22
2,447135Z-02
2.290123€-02
4.01120E£~-02
4.6425628-02
S.1204ZE€-02
S.66T12E-02
4,722335.55~0
1.8272CE-02
2.44215E-02
2.,29012£-02
4.0L123E-42
4.632862E~-02
50190335“02

S.663128-92
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PB210
PB210
PB210
PB210
PB210
PB210Q
PB210
PB210
CS135
CS13S
CS13S
€S135
CS133
ce13S
CS1IS
CS133
CS13S
1129
1129
1129
1129
1129
112¢
1129
1127
I12¢°
1129
TC9¢?
TC??
TCo?
TC??
TCo¢9
TC?¢
TC9?
TCe?
TC®??
TC??
Ci4
ci4
Cis
c12a
Ci4
Ci4
Ciy

S
C14
Ciqg

FROM2.03000E+04
FROMZ.00000E+04
FROM4.00000E+04
FROMS.00000€E404
FROM&.00000E+04
FROM?7.00000E+04
FROM8.00000E+04
FROM?.,00000E+04
FROM1.03000E+04

FROM2.,00000E+924
FROM3I.00000E+04
FROM4,00900E+04
FROMS.Q0000E+04
FROMS,00000E+04
F20M7,00000E+04
FROME.00000E+24
FRCM?.00000E+04
FROM1,3Q000E+03
FROM1.00CQO0E+24
FROM2.00000E+04
FROMI.00000E+04
FROM4,00000E+04
FROMS.,00000E4+04
FROME6.00000E+04
FROM?7,00000E+04
FROM2.00000E+04
FROM?.00000E+04
FROMIS.30000E+02
FROM1.0000Q0E+04
FROM2.00000E404
FRON3.0090005+04
FROM4.,00000E+0C4
FROMS ,Q0000E+C4
FROMS.,00000E404
FROM? .00000E+04
FROMB.DCO000E+04
FROM?.00000E+0Q4
FROML,20000E+03
FROML,00Q000E+04
FROM2.00000E+04
FROMZ,.000Q024+014
FROM3.,00000E4+04
FROKS.00000€E+04
FFPOM&6.00000E4+04
FRQOM7 .00000E+04
FROMS.00000EHCA
FeAM? . 00000E+04
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T03.00000€E+04
T04.00000E+04
T0S5.00000E+04
T06.00000E+904
TO07.00000E+04
T08.00000E404
T09.009090E+04
701.00090E+0S
702.00000E+04
TO3.00000E+C4
TGA4.00000E+04
TCS.00000E+03
T046.00000E+04
T0?.00000€E+04
703,00000E+G4
T0?.00000E+04
TC1.00000E49S
T01.00000E+404
TO2.00000E+04
T03.00000E404
TO4.00000E+904
TOS.000C0E+C4
TO5.00000E+04
T07.00000E+04
T08.00000E+02
T02.00000E+04
TCL1,0000CE+0S
TO:L.00000E+04
T02.00000E+04
TOZ.00000E404
TO4.Q00G000E+04
TOS,C50C0E%404
TCS . 000008403
TO?.C0000E404
TO2.00000E404
TO? 00COTE+04
TOL L 00000ESQS
TO1.0C000E404
T02.000005404
TOS.0000CE+04
T23,.000005+04
TO0Z.0C000E+04
TO6.00000E+0
TO7.0000054¢4
TC2.00000840s
TP, 0CO0GE LG,
TCL.000G0E+0S

4.,92355$E~-93
1.353733E-02
2.45913E-02
3.29013E~-02
4.01120E-902
S.19083E-02
S.64S12E-02
1,13858E%+(0
1.190922+00
1.137322+00
1.18400€E+400
1.13033E+00
1.,17673E+400
1.173075+00
1,14944€490
1.154135+00
4,34874E-94
4.99471E-04
4.99447S-94
4.992446E-04
4,9903SE-04
4,98310E~C4
4.98%92E~04
4.98350E-04
4.98147E-04
4.9792SE-04
2.,0172¢E491
4,1%083E+C1
4.05629E+01
3.92622E+01
2.800435E401
2.567378E+01
2.86100E401
3.44753E4+01
2.3I584E401
J3.23003E%401
1.05741€E401
2.97967E+00
1,18917E+449
3.527917€E-014
1.085052E-901
J3,14114E-02
2.276352E-92
2.750175-93
2,3I293TE-G4
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DA

Computer Listing of Radionuclide Releases (Ci/1000 MTu) over 10,000-Year

Intarvals for Scenario 8:

U233
U233
u2i3
U233
U233
U234
U231
U234
U234
U234
U224
U234
U224
L2324
U234
U235
u23s
u23s
u23s
U235
U234
U228
u23
u23é
u23é
U233
u23e
ya2is
uas
u232
PA221
PA23Y
PA231
PA221
FA271
TH227
TH227
TH227
TH227?
TH22?

FROMS.03000E+04
FROM&.00000E+04
FROM7.00000E+04
FROMS,00000E+04
FROMS.00000E+04
FROMS.02000E+04
FROM&.00000E+04
FROM7.00000E+04
FROM3.00000E+04
FRCM?.00000E+04
FROM3.02000E404
FROM&.00000E+04
FROM7.00000E+04
FROME.00000E404
FROMY .00000E+04
FROMS.02000E+04
FROMS.00000E+04
FROK7.00000E404
FROM3.00000E+04
FROM9.00000E+04
FROMS.030005404
FROM&,00000E+04
FROM/.00000E+04

-FROM8,00900E+04

FROM?.00000E+94
FROMS.03000E+04
FROM6,00000E4G4
FROM7.00090E+04
FROME.00000E+0S
FROM?.00000E+03
FROMS.0Z000E+04
FROM&.00000E404
FROM7.006000E+043
FROM2.000002403
FROM9.00000EL04
FROMT.0Z000E+04
FROML,Q000GELSS
FROHM7.00000E+04
FRONB.000CCVE+G4
FROM?.,00000E+04

Defense High-Level Waste in a Separate
Repository in Hard Rock Geologic Setting

-T05.00000E+04

TO07.000C0E+04
T08.00000E+04
T09.00000E+04
TO1.00000E+90%
T06.00000E+04
TC?,.,00900E+04
T08.07%00954+04
T09.00000E+04
T01.900000E+92S
TO4,00000E+04
T07.00000E+04
TJ8.00000E%04
T09.00000E494
TO1.00000E+05
T06.00000E+04
T07.00000E+04
TO8.00000E+04
T07.00000E4+04
TCL.,00000E+0S
T04.00000E+04
T07.00006E+04
TO03.00000E+04
709.00000E4+04
TO01.00000E+03
TC4.00000E4+04
TB7.00C00E404
T02.00000E%+04
T09.00C0C0E4+04
TD1.00000E40%
TCLE.,D0Q4DE4TA
T07.000900E+04
TOS.000602404
T09.00000E+04
T21.00000E+2S
TOL£.,00000%4601
TO7.0G500CE+DS
TC3.009N0CEC4
TO?.00C00E40S
T01.00000E40¢

+S1538E-02
4.70433E-02
7.92202E-02
1.11751E~-01
1.4456487E-01
2.923530E490C
T.PSTALESCS
J.27S0EE4Y0
T.751822+990
3.64891E+00
2.945305+00
2.95746E400
2.37505E4CD

T.75382€+400

3645715400
2.13715€-03
3.22855E-93
$.03448E-32
$5.574275-03
$.26548E-03

3.48251E-02

4,80094E-02 C

4,42272E-92
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TH22
TH228
TH228
TH228
TH228
TH229
TH229
 TH229
TH229
TH229
TH230
TH230
TH230
TH230
TH230
TH231
TH211
TH221
TH221
TH231
TH232
TH232
TH‘)?‘.’

TH232
TH222
TH2Z4
TH234
TH2Z4
TH224
TH234
AC22S
AC22S
AC22S
AC22S
ac22y
AC227
. AC227
AC227
AC227
AC227
£EA223
FRA223
RA222
RA223
RA22C
FA224
RA224
FA224
FA224
FA224

FROMS.03010E+04
FROMS.00000E+04
FROM?.00000E+04
FROMS.00000E+04
FROM?.00C00E+04
FROMS.0S000E+04
FROM6 . 00000E+04
FROM? ., 00000E+04
FROMS.00000E+04
FROM®.00000E+04
FROMS.03000E+04
FROM&.00000E+04
FROM?.00000€E+04
FROM3.00000E+04
FROM9 ., 00000E+04
FROMS.03000E+04
FROM&.00000E+04
FROM?7.00000E+04
FROME.00000E+04
FROMP.00000E+04

-FRCM5.03010E+04

FROMS.00000E+04
FROM7.00000E+94
FROM3.00000E404
FROMS.00000E+04
FROMS,.03000E+04
FROHS,00000E+04
FROM7,00000E+04
FEQM3,00000E+04
FROM®.00000E+04
FROMS.030C0E+0 4
FROM&.00000E+04
FROM7.000005+04
FROMS.00300E+04
FROM9.00G0Z+04
FROMS.03000E+04
FROMS,00000E+04
FROM? ,00000E+04
FROMS,00000E+44
FROM?.000005+04
FROMS.02GOGE+04
FROMS&.00000E+04
FROM?.00000E+04
FROM8.00000E+04
FROM9I.0C00CE+0A
FROMS.03010E+049
FROM& . 00000E T4
FROM7.00000E+04
FROME.00000E+54
FROM9,00000E+04
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T046.00000E+04
T07.00000E+04
T08.00000E+04
T09.00000E+04
T01.00000E+03
T046.,00000E:04
T07.60000E+04
T08.00000E+04
T0?.00000E404
TC1.00000E+03J
T05.,00090E+404
TG07.00000E+04
T08.00000E+04
T09.00000E4+04
TO01.,00000E+03
T06.00000E404
T07.00000E+04
T0S8,00000E+04
T09.00000E4+04
TO1.00000E+0S
T05,00000E404
T07.00000E+04
T0B.00000E+04
T09,00000E+03
TO1,000008+400
TD&.00000E+404
T07.00000E2+04
TC8.00000E+04
TO0?.00000E+03
T2:1.00000E40S
T05.00000E4+94
T07.00000E404
TO8,00070E+04
TO0?.006C00E+04
TO1.00000E+03
TO5.0CO00E4CA
TQ7.00000E+04
TUZ.00000E+94
T0?,00000E+04
TOL1,00000EDS
T06.00000E4+043
TQ7.00000E%04
T02.0G0000E+04
T0?.00000E+04
T01.06000E+0T
TN5.90000E+04
TO7.0000CE+04
TO2.00000E+04
TO09.000002+54
TO1.00000E+0T

4.93345E~-10
1.59302E-09
2.70863E<09
3.91703E-09
7.07981E-03
2.21403€-02
3.73780€-02
$.28034E-02
6.84143E-02
1.70706E-03
$.06302E-03
8.03050E-03
1.06474E-02
1.,29447E~02

4,23347E-0S
6.,08440E-05
2,.86035E-03
$.57194E-0°
5.97123E-05
7.454185~11
2,82221%-19

5.,0559SE~10 .

7.22451E-190
9.35T11E-1D
1.,71331E-04

v 7222LE-04
XERAKKXKERAX
$.3720 T-95

6.09204E~603

7007??55"03 o

2.214038-02
3.73733E-02
€.23043E-02
6.33173E-02

9.54226E-0T

4.27¢&29E-04
?.30782E~-2¢
1.4372¢32-42
1.808342~93
©.3422TZ-9¢
4,37539E-04
?.80762E-%4
1.432535-03
1.308T5E-DT
4,7354%E-10
1.39362£-09
2,70Q432E--09
1.81703E-99
4.,721%0E-1¢9
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RA225
RA22S
PA22S

- 'RA223
- R&22S
RA22S.

RA226

"'RA224

RA22¢4

‘RA22¢
'RA228

RA228
RAZ28

RA228

RA228

'RN222

RN222
RN222
RN222
RN222
FO210
PO210
PO219
PO210
PO210
BI210Q
BI210
BI21¢
BI210
BI12190
PB210
PB210
PB210O
PB210
PB210O
1129

- I129

1129
1129
1129
1129
I129
1129
I12%
1129
TC?9
TC?9
TC?9
TC99
TC?9

'FROMS.03000E+04
'FROM6.00000E+04
-FROM7 .00000E+04

FROME.00000E+04
FROM9 . 00000E+04
FROMS . 03000E+04
FROMS . 00000E+04
FROM7 . 00000E+04
FRONE . 00000E+04
FRGM9 .00000E+04

FRCMS.03010E404.

FROMS,00000E+04
FROMN7 .00000E+04

FROM8.00000E+04

FRONS.00000€+04
FROMS,.03000E+04
FROM6.00000E+04
FROM7.,00000E+04
FROMB.00000E+04
FROM9?.00000E+04
FROMS,03000E+04
FROMS.00000E+04
FROM7.00000E+04
FROM8.00000E+04
FROM?.00000E+G4
FROMSI,.0320002+04
FROM&6.00000E+04
FROM7.00000E+04
FROMS8,0J000E+404
FROM9.00000E+04
FROME.03000E+04
FROMS,00000E+04
FROM?.00000E+4+04
FROME8.00000E+04
FROM9.00000E+04
FROM1 .30000E+03
FROM1.,00000E+04
FROM2,00000E4+04
FROM3I.00000E+94
FROM4.00300E+C4
FROMS .Q00000E+04
FROMS .00000E+04
FRON7 .00000E+04
FROM8.00000E+04
FROM9.00000E+04
FROMS,.30000E+02
FROM1,00000£+04
FROI12.,00000E+04
FROM3,00000E404
FROM4,.00000E404

T06.00000E+04
T07.00000E405
T08.00000E+04
T09.00000E+04
T01,00000E405
T06.00000E+04
707 .00000E+04
T08.00000E+04
7072.00000E+04
T01.00000E+0CS
T06.00000E+4C4
T07.00900E+04%
T08.00C00E+04
T09.00000E+04
T01.00060E+0S
T06.,00000E+04
T07.00000£+04
T02.00000E+04
T09.00C00E+04
T01.00000E+0%
T06.000C0E+04
T07.00000E+04
708.00000E+404
T09.60000E+04
T01,00000E40S
T04.00000E404
T07.00000E¢04
TOC.0000Q0E+04
T09.00000E+v 4
TC1.00000E405
T06.00000E404
T07.00000E+04
TO0B.0000CE+Q4
T09.00000E+04
T01,00000E40S
TO1,00000E+024
T82,.00000E404
T02.000002+94
T04.000C0E+04
T03.00000E404
T06.00000E+04
TN?7.0C000E+04
T02.00000E+04
T0?.00000E+04
T01.00000E+0%
T01.00000E+04
T02.00000E404
T02.00090E+04
T04.0000CE+04
TO3.000Q0E+03

7.079952-03
2.21403E-02
3.73784E-02
5.28044E-02
6.84174E-02
1.,91736E-03
5.92054E~03
9.50782E-03
1.26599E-02
1.54319E-02
4.9354SE-10
1.59302E-09
2.70863E-09
3.8170SE-09
4,92150E-09
1.91735E-03
$.92054E-03
9.50782E-03
1.,26%99E-02

1,54317E-02 o

1.9173¢E-03
5.920%3E-032
9.50782E-02
1.26599E-12
1.54319€-02
1.917342-03
$.920%4E-03
9.50782E-03
1.26599E-02
1.54319E-02
1.9173EE-03
g ,920%4E-02
9.50782E-07
1.26%99E-07
1.%54319E-02
4,34893E--04
4,99691E~04
4.,99449E~04
4,99246E-04
4.99034E~G4
4,98810E-043
4.,92%922-04
4,982L0E~04
4,92147E~04
4.97933E-04
- 000’33E+°1
4,18943E401
4,0%674E401
3.92424£401
3.530037E+01
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CURIZES
CURZES
CUR1ZE
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CURIES
CURIZE
CURILS
CURIZS
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CURIES
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CURIES
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CURIZS

CURIES
CURICS
CURIES
CURIES

5!..

2
ey




TC99
TC99
TC99
TC99
TC99
SE7?9?
SE79
SE79
SE79
SE79
Ci4
C14
C14
C14
C14
ci4
C14
C14
C14
C14

FRCMS,00000E+04
FROMS6.00000E+04
FROM7.00000E+04
FROM8.00000E+04
FRON9.00000F+04
FROMS ,03000E+04
FROK6.00000E+04
FROM7.00000E+04
FRONMS.00000E+04
FROM?.00000E+04
FROM1,30000E+03
FROM1.00000E+04
FROM2.00000E404
FROMI.00000E+04
FROM4.00000E+04
FROMS.00000E+04
FROME,.00000E+04
FROM7 ,00000E+04
FROMS.00000E404
FROM?.00000E4+04

T06.,000005+04
T07.00000E+04
T08.00000E+04
T09.,00000E+04
T01,000C0E+0S
T06,00000E+04
T07.00000E404
T0S.0C000E+04
T09.00000€E+04
T01.000G0E40S
T01.000G0E+04
T02.00000E+04
T03,00000E+04
T04.00009E+04
T0S.00009E404
T05,002000E+04
T07.00000C+04
T02,0G090E401
T09.000C0E+D4
TOL.00GC0E+DS

2.67878E+01
3.38100E+01

3.247463E401
3.33686E401

3.,23003E+01
1.,29312E+00
1.,200135E+00
1.07933E+00
?.69982E-01
8.718352E-01
1.05742E401
3.93738€E+00
1.19093E400
3.530142-01
1.04436E-01
3.14124E-02
?.276352E-03
2.76017€-903
£.,3295SE-04
2+92121E5-04

CURIES
CURIES

CURIES

CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES

CURIES

CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
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A-36

Computer Listing of Radionuclide Releases (Ci/1000 MTu) over 10,000-Year
~.Intervals for Scenario 9: Defense Higl..-Level Waste Codisposed
in a Commercial Repository in Salt Geologic Settiny,

b3

=TT -
o

.‘;” S

Packaged with Minimal Overpack

NP237 FROMS.03002E+04 T06.00000E+04 1.41922E+00 CURIES
NP237 FROMS.00000E+04 TO07.00000E+04 1.450°7E+00 CURIES
NP237 FROM7.00000E+04 T08.000005+0% 1.47902E5+00 CURIES
NP237 FROM8.00000E+04 T09.00000E+04 1.46648E+00 CURIES
NP237 FROM9.00000E+04 TO01.00900E4+0% 1.456025E+00 CURIES
U233 FROM2,030CQ0E+04 TC3.00000E404 7,66028E-02 CURIES
U232 FROM3I,00000E+04 TD4.00000E+04 2.35203E-01 CURIES
U223 FRCM4.00000E404 TO0TS.00000E+54 2.939324E-01 CURIES
U232 FROMS.20000E4+03 T08.00000E+04 S5.03192E-91 CURIES
U223 FROM6.0000CE+04 T07.00000E+04 $,52037E-01 CURIEZ
U233 FRCM7,00000E+04 T08.000005+04 S5.98462E-01 CURIES
U232 FROMB.00000E+04 TO09.00000E+04 6.42944E-01 CURIES
U233 FROM9,00000E+04 T01.000005+05 &4.851359E-01 CURIES
U224 FROM2,03000E+04 TCZT.00000E404 2.18S732E+01 CURIES
U234 FROM3.00000E+04 T04.00000E+Ca 2.,16217E+0! CURIEC
Y224 FROM4.00000E+04 TOS.00000E+04 2.10128E+01 CURIZS
U234 FROMS.00000E+04 T04.000C0E+Cas  2,0427CE+0L1 CURICES
U234 FROM&.00000E+04 TD7.00000E+04 1.98349E+01 CURIES
U234 FROM7.00000E+04 TO3.00000E+03 1.729928E+91 CURIES
U224 FROMB.Q00000E+04 T0?.,00000E+04 1.873588E+01 CURIEES
U224 FROM?.00000E+04 T01.00000E4CS 1.32330E+01 CLRIES
U233 FROM2.,03000E+04 TO3.00000E+04 1.02028E-02 CUFRIES
U23% FROM3I.00000E+04 TO04.00000E+G64 1.87944E-02 CURIES
U233 FROM4.00000E+04 TOT.00000E+04 2.4202TE-92 CURIES
U23% FROMS.00000E4+04 TN&.0000QE403 2.73030E8-02 CURIZS
U223 FROM6.00000E404 T07.00000E+404 2.8942TE-G2 CURIES
233 FROM7.000005404 T03,000C0E+0% 2.97021E-02 CURIES
L23% FROM8.00000E+54 TL9.00000E+04 2,9925%E-02 CURIES
U23T FROM?.0000CE+04 T01.00000E+0S5 2.734S8E-02 CURIZ
U23&6 FROMZ.O0ZQ0Q0E+D4 TLZ.00000E404 1.7007LE-~0L CURIES
U236 FROM3I.0000JE+04 T02,00000E+C4 2.23ST1E-01 CURIES
U226 FROMA,00Q00E4DS TGS ,00000E4+0S 2,233723E-01 CURIES
U234 FROMS,00000E+04 T05.00000E+24 2,17224E-01 CURIES
U2Z¢& FROME,00020E+04 TO7.00090E403 2.14308E-91 CUKIES
U236 FROM?.000002+404 T02,000005+04 2.12435E~01 CURIES
U23¢ FRCME.00Q000E+04 T07.0C0000E+03 2,11664E-01 CURIES
U234 FROM?.000005404 TOL1.000C0E+GY 2,1129%E-01 CURIES
U232 FEREOM2.0Z0COE+CS TOT.00000E403  2,.467612-02 CUKTIES
U222 FRCHMI.D0N09E+04 TO04.00000C+0a 2,7%021E-02 CURTIES
U232 FROM4,000C0E404 TOS.00000E+04 2,7%037E-42 CURIES
U222 FROMS.00000E4+04 T06.000C0E+Qd 2,7%0425-02 CURIES
L U238 FROM&6.00000E+04 T07.00000E+04 2,7%¢79E-02 CURIES
/ U228 FROM7.00000E+904 T08.00000E+94 2.7%087E-02 CURIES




u23s
u23s
PA231
PA231
PA231
PA231
PAZ31
PA231
PA231
PA231
PA233
PAZ33
PA233
PA233
PA233
TH227
TH22?
TH227
TH22
TH22
TH227
TH227
THZ27
TH228
TH22
TH228
TH228
TH228
TH228
TH228
TH22
THZ29
TH229
TH229
TH22%?
TH229
TH229
TH229
TH229
TH230
TH230
TH220
TH23L
TH226
TH230
TH22G
TH220

FROM8.00000E404
FROM?.00000E+04
FROM2.03000€E+04
FROM3I,.00000E+04
FROMA.00000E+04
FRGMS.00000E+04
FROM&.00000E+04
FROM?,00000E+04
FROM8.00000E+04
FROM?.00000E+04
FROMS.02000E+04
FROM&6.00000E+04
FROM7.00000E+04
FROM8.00000E+04
FROM?.00000E+04
FRON2.03000E+04
FROM3.00000E+04
FROM4,00000E+04
FROMS.00000E+04
FROMG.00000E+04
FROM7.,00000E+04
FROMB.020G0E+04
FROM%.00000E+04
FROM2.,03C10EL04
FROMI.00000E+04
FROM4,00000E+0Q4
FROMS.00000E+04
FRCM&6.,00000E+04
FROM7.,00000E+04
FROMB.00000E+04

FROM?.00000E+04
FROM2.03000E404

FROMZ.00000E+04
FFROM4,00000E+04
FROMS.00000E+04
FROME.OQOQQESCA
FROM?7 .00000E+04
FROMB,00000E+04
FROM2.00000E+03
FROM2.02000E+04
FROMI.O00D00E+D1
FROM4,00000E4+04
FREOMS.00000E+04
FROME,00000E404
FROM?,00000E+04
FRCMS,C0000E+04S
FROMY .00000E+0Q4

T02.00000E+04
T01.00000E+0S
T03.00000E+04
704 .00000E+04
T0%.00000E+04
T06.00000€+04
T07.00000€+04
T08.00000E+04
T09.00000E+04
TO1.00000E+0!
T06.00000E+04
T07.00000E+04
T08.00000€+04
T09.00000E+04
T01.00000E+0S
T02.00000E+04
T04.00000€+04
T0S5.00060E+04
T05.00000E+03
T07.00000E404
T08.00000E+04
T09.00000E4+04
TO1.00009E+05
T03I.00000E4+04
TO4.00000E+04
TOS.90000E+C4
T05.00000E+04
T07.,00000E404
TO2,.0000CE+04
T02.00000E+04
TO1,00000E+05S
T3Z.00000E+54
T04.00090E+04
TOS.006000E+: 4

&, 00000E+02
TO07.,00000E+D4
T03.00000E+04
T0?.00000E+04
TO1.00060E40%
TOZ.00000E+04
T04.000090E+04
T0S.L2000CE404
T04.00000E4G4
TO7.00500E404
TO2.60000E+0 4
TC?.00000E4+04
TO1.00000EL0S

2.75102E-02
2.75118€-02
2.02234E-04
8.61144E-04
1.68117€-03
2.49742E-03
3.22925E-03
3.84420E-03
4.33794E-03
4.71928E-03
1.86288E+400
1.38921E+00
ZXXXXEXREEX
9.73929E-01
1.0236%E+00
1,08636E-04
5.95977E-04
1.28252E-03
1.97861E-02
2,64950E-03
3,20323£~-03
3.65085E-03
2.996S4E-03
9.49136E-09
3.08043E-08
5.20994E-02
~.23444E-03
?.45391E-08
1.156272-07
1.26€41E-97
1.57975£-07
J.58614E~92
1,11712€-01
1.8780ZE~01

z,39832£-01
2.6T7EV0E-0L

2,343523E-91
2.07£715-G1

3.27981E-01
1.277%4E~-42
$,35134E-02
g.,82027E-02
1.146247E~-01
1.42143Z-01

1.464217E-01
1.83214E-01

1.79819E-4
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CURIES
CURIES
CURIES
CURIES
CURIES
CURLES
CURIES
CURIES
CURIES
CURIES
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CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
cuRiEs
CURICZ
CURIES
CURITS
CUSIES
CURIES
CURIZS
CURIES
CURILES
CCRIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CUrIES
CURres
CURIES
CUuriIrs
CUEIES
CURIES
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TH231
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TH231
tH231
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TH232
TH232
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TH232
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TH232
TH232
TH232
TH224
TH234
TH2I4
TH234
TH224
TH234
TH234
TH234
AC22C
AC22S
AC22S
AC22S
AC22S
AC223
AC225
AC229
AC227
AC227
AC22

AC227
AC227
AC227
AC227
AC227
RA223
RA22

RA223
RA223
RA223
RA223
RA222
RA222
RA224
RA224
RA224
RA224

FROM2.03000E+04
FROM3.00000E+04
FROMA4 .00000E+04
FROMS.0C000E+04
FROM&.00000E+04
FROM?7 .00000E+04
FROMB.00000E+04

FROM9,00000E+04

FROM2.03010E+04
FROM3.00000E+04
FROM4.00000E+04
FROMS.00000E+04
FROM6 . 00000E+04
FROM7.00000E+04
FROME.00000E+04
FROM9 .00000E+04
FROM2.0Z000E+04
FROMI.00000E+04
FROM4,00000E+04
FROMS.00000E+04
FROM&.00000E404
FROM?.00000E+04
FROMB.00000E+04
FROMS.00000E+04
FRCM2.030C0E+04
FROM3.000C0E+04
FROM4.00000E+04
FROMS,00000E+04
FROM&,000COE+04
FROM7.00000E+04
FROMS.00000E+04
FROM?.00000E+04
FROM2.,030GIE+04
FROMZ.00000E+04
FROM4.00000E+04
FROMS.00000E+04
FROM& . 00G00EL04
FROM?.00000E+04
FROME.000GGE+04
FROM?.0000054+04
FROM2.03C00E404
FROMZ.00000E+04
FROM4.00000E+04
FROMS.GO000E+04
FROMS.00000E404
FROM?.00000E+04
FROMS.0D0000E+04
FEOM?.00000E+04
FROM2,03010E404
FROM3I.00000E+04
FROM4.00000E+04
FROMS.00000E+04
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T03.00000E+04
T04.00000E+04
TDS.00000E+04
T06.000°0E+04
T07.00000E+04
T08.00000E+04
T09.00000E+04
T01.00000E+0S
T03.00000E+04
T04.00000E+04

. T0S.00000E+04

T046.,00000E+04
T07.00000E+04
T08.00000E+04
T09.00000E+04
T01.00000E40S
T03.00000E+04
T04.00000E+04
T0S.00000E+C4
T06.00000E+0CA
T07.00000E+04
T08.00000E+04
T09.00000E+04
TO1.00000E+40%
T03.00000E4+04
T04.00000E+04
T0OS.00000E+04
T046.,00000E+04
TC7.00000E+04
T08.00000E+02
T09.00000E+04
T01.000008+253
T02.0000CE+04
TD4.0000J0E+04
TOS.00000E+04
TC6.,00000E+043
T87.00000E+04
T02.000045E+04
T09.00000E+04
TQ1.00000E40S
TO0Z.00000E404
T04.000COE+03
T0S.00000E+404
T06.00000E+04
TO07.00000E+%4
TO2.00000E+0G3
T0?.00000E404
TOL.00000E+0S
T0Z.00C00E+04
T04.00000E+G
TNS.00000E+74
T048.000005+04

3.483564E-04
3.81439E-04
4.41434E-04
S.448117E-04
S.78909E~-04
5.94037E-04
5.98543E-04
S5.25949E-04
7.40219€E~10
2.81371E-09
5.06794E-09
7.280946E-09
?.44700E-09
1.,15874E-08
1.37141E-98
1.58357E-03
1.34393E-03
5.599335-04
3.04853E~-04
5.501135-904
5.5014%E-54
5.50173E-04
S5.5C2023E-04
5.502732~-904
J.52688E-02
1.117378-91
1.87824E-901
2.377116-01
2.6279SE-01
2,243857z-01
3.07890E-91
3.27992E-91
1.,0541SE-34
S.?2212E-03
1.277228-23
1.9921C15-03
2:64407E-03
3.1777TE-03
3.6455TE-03
J.991255-03
1.084LSE~-04
$.902312E-904
1.277382-03
1.79101E-03
2,63407E-93
3.12773E-03
3.56435TTE~O3
J.29128E~93
7.89156E-09
3.080435-08
5.20994E-~98
7.327444C-09
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CURICLS
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CURIC:
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES

E?!'T

i

¢




RA224
RA224
RA224

RA224
RA22S
RA22S
RA22S
RA22S
RA22S
RA22S
RA22S
RA22S
RA226
RA225
RA225
RA226
RA226
RA22
RA226
RA226
RA228
RA228
RA228
RAZ228
RA22
RA223
RA223
RA223
RN222
RN222
RN222
RN222
RN222
RN222
RN222
RN222

P0O2190
PQ2190
PO2190
PQ2190
PO2172
FO2190
FO219
FO2190
BI210
BI210
BI2190
BI210
BI210
BI210
BI21¢
BI219

FROMS.00000E+04
FROM7 .00000E+04
FROMB.00000E+04
FROM9.,00000E+04
FROM2.03000E+04
FROM3.00000E+04
FROM4.,00000E+04
FROMS.00000E+04
FROM&,00000E+04
FROM7.00000E+04
FROME8.00000E+04
FROM9.00000E+04
FROM2.02000E+04
FROM3.,00000E+04
FFIM4,00000E+04
FROMS.00000E+04
FROM&.00000E+04
FROM?.00000E+04
FROMS.,00000E+04
FROM9.00000E+04
FROM2.02010E+04
FROM2.00000E+04
FROM4,00000E404
FRONS.00000E+04
FROME.GO000E+04
FROM7.00000E+04
FRCHB,00000E+04
FROM9.00000E+04
FROM2,0Z000E+04
FROM3.00000E+04
FRCM4.00000E404
FROMS.00000E+04
FROMS.00000E+04
FROM7.00000E+04
FROME.,00000E+04
FROM9.00000E+G4
FROM2,02000E404
FROM3.00000E+04
FROM4,05000E404
FROMS.00000E+04
FROMEL,00000E+04
FROM?.00000E+04
FROMS.00000E4+04
FROM9,00000E+04
FROM2,02000E404
FROM3,00000E+04
FROM4.00000E+04
FROMS.00000E+04
FROMG,00000E+04
FROM7.00000E+04
FROM8,00000E+04
FROM9.000C0E+04

A-39

T07.00000€E+04
T08.00000E+04
T09.00000E+04
T01.00000€40%
T03.00000E+04
T04.0000CE+O4
TOT.00000E+04
T056.00000E+04
T07.00000E+94
T08.0C000E+O4
T09.000C00E+04
TO1.00000E+0T
T03.00020E4+94
TO4.0C000E+04
T0S5.00000E404
T05.00000E4+04
T07.00000E+904
T03.00000E+22
T09.00000E404
TO1.00000E+0S
T0J.0C000E424
TO3.00000E4+CS
T0S.060C0E+04
T05.000905+04
T07.00000E+04
T08.,0C00Q0E+CA
T09.00000E+04
TO01.00000Z+CS
TO3,.00C00E+04
T04.00000z+02
TOS.00000E+04
TO5.000C00E+0S
TO07.900000E+04
T03.,000CCE4+C3
709.00000E404
TO01.00000E4+CT
TBZ.00000E+04
TO4.00000E404
TOS.00000E4+0C4
TO&.Q0000E+GS
TO7.00000E+C4
TO8.00000E+04
TC2.00C00E+D4
TO1.000C0E+0T
TCI.00000E+04
TQ4.00000E4+04
TOS.00000E+G
T05.00000E4+04
T07.00000E4021
TO2.G5C0C00E+04
T09.00000E+404
TO1.,00000E+0%

?.43391E-08
1.15697E-07
1.36841E~-07
1.37973E-07
3.358683E-02
1.11739E-02
1.87824E-01
2.39911E-01
2.6379SE-01
2.86357E-0L
3.07690E£-901
3.27992E-01
2.46172£-02
7.571832-02
1,2333&E-901
1.545568E~-01
2.,008238-91
2.32050E-01
2.593521E£-01
2.33357E-01
2.691T55-0°9
3.08045E-08
$.20994E-908
7+33344E-08
1.13827E-97
1.246841E-07
1.57973E-97
2.46172E-02
7.89183E-02
1.2335334%E-01
1.6454628E-01
2.00622E-01
2.320690E-01
2.39331E~0L
2.822%9z-01
2.46172E-02
7.58913ZE-02
1.,23835E-91
1.64%3525-01
2.004623€E-01
2.2204605-01
2,39331E-01
2.83257€-01
2.458172E-02
7.69183E-902
1.23324E-01
2.00623E-01
2.320580E-01
2.59531E-91
2.83259€-01

CURIES
CURIZS
CURLES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURZIES
CURIES
CURZIES
CURIES
CURIZS
CURIES
CURIES
CURIES
curize
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES

CuUrRI=ZS
CURIES
CURIES
CURIES
CURIES
CURICS
CURIES
CURIES
CURIES
CURlics
CURIES
CURIES .
CURIES




PB210
PB210
PB210
PB210
PB210
PB210
PB210
PB210
CS13S
CS13S
CS13S
CS13S
CS13S
CS13%
CS13S
CS13S
CS12S
1129
1129
1129
1129
1129
1129
1129
1129
I127
1129
TC9?
TCO9
TC29
TC99
TC9
TC99
TC99
TC99
TC?9
TCS?
c14
ci4
Ci4
C14

(o )
€13
Cid
C14
Ci4
Ci4

FROM2.03000E+04
FRON3.00000E+04
FROMA4.0000vE+0Q4
FROMS.00000E+04
FROM6.00000E+04
FROM7.00000E+04
FRONME.00000E+04
FROM9.00000E+04
FROM1.03000E+04
FROM2.00000E+04
FROMI.00000E+04
FROM4.00000E+04
FROMS.00000E+04
FROMS.00000E+04
FROM7.00000E+04
FROMS.00000E+04
FROM?.00000E+04
FROM1.3CQ00E+03
FROM1.00000E+04
FREOM2.00000E+04
FROMI.00000E+904
FROM3,000005404
FROMS.CO000CE+04
FROM&.00000E+04
FROM?7.00000E+04
FRQM3.00000E+904
FROMS.00Q00E+24
FROMS.3J000E+03
FROM1.00000E404
FROM2,00000E+04
FROMI.Q0000E+04
FRCMK4.00000E+04
FROMS.00000E404
FROME.00000E+04
FROM?.00000E404
FROM3.00000E+04
FROM?.00000E+04
rROM1.20600E+03
FROM1.00000E404
FEOM2.00000E+04
FROMT.00CO0E+CS
FEOM4.00000E404
FROMS.00CC0E+04
FROMS5.0000CE+04
FROM?,00000E404
FROM2.000005404
FROMO,Q00000EL04

A-40

703.,00000E+04
T034.00000E+04
TOS.000Q0E+0Q4
T06.00000E+04
T07.00000E+04
T08,00000E+04
T09.00000E+04

T01.,00000E+05

T02.00000E+04
T03.00COCE+04
TO4.00000E+04
T0S.00C00E+03
T706.00000E+04
T07.00000E+04
T08.0C000E+04
T09.00000E+04
701.00000E+0C
TC1.00000E+04
T02.000008404
TO3.00000E+04
T04.00000E+04
T05.00000E+04
706.00000E%04
T07.:0000E+04
T02.00000E+D4
T02.00000E+04
TOL.00020E+403
T01.00000E+04
T02.00000E+04
T03.00000E+04
T04.00000E+24
TO05.00000E+04
7056.00000E+04
T07.00000E+04
TO2.00000E+04
T09.00000E+D4
TB1.00000E+40S
TO1.00000E+24
T02.00000E404
703.00000Z+04
T03.00000E+04
TOS.00000E+Q04
TC6.00000E+24
TQ7.00000K 404
T02.0400600c404
TC?.00000E+04
TO1.00C00G0E+0T

2.46172E-02
7.69182E~02
1.27326E-01
1.64568€~01
2.00622E-91
2.32060E-01
2.359531£-01
2.83259E-01
S.79249E+00
$.25487E+00
S.9372SE+CO
5.91948E+00
5.90142£+400
5.88346E4+00
S.85582E+0¢C
5.84827E+00
S.830E3E+00
2.17335E-93
2.49879€E-02
2.49724E-93
2.49¢27€E-02
2.49524E~0C3
2.49292E-902
2.4°9182E-03
2.,49075E-03
2.489&35-03
1.00283SEHS2
2.0952324+902
2.028S3EC2
1.96332E+402
1.200525+02
1.339545+402
1.78046CC%42
1.7226324¢2
1.84342E49Q2
1.561502€+402
$.28737E401
1.98984£4+01
S.P28702+029
1.74£3564E400
$.25115€-01
1.37027€-01
4.483147E-02
1,37635E-62
4.15437E~03
1,2822%€E-~-02
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CURTES
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FROM7 .00000E+04
FROME,00000E+04
FROM? .00000E404
FROMS ,30000E+03
FRONL .00000E+404
FROM2.00000E+04
FROX3.00000E+404
FF.0M4.00000E4+04
FROMS.00000E+04
FROM6.,00000E+04
FRIN7.00000E404
FROM8.00000E+04
FFROM9.00000E+04
FROMS.03000E+04
FRUM6.00000E+04
FRIM7.00000E+04
FROMB,00000E+04
FRON? . COO00EH04
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708.00000E+04
T09.00000E+04
T01.00000E+0S _
T06.00000E+04
107 . 00000E+04
TOB.00000E+04
T09 . 00000E+04
T01.00000E+0S
T06.00000E+04
107.00000E+04

‘T08.00000E+04

T09.00000E+04
T01.00000E+0%
T06.00000E+6 4
T07,00000E+04
T08.00000E+04
T09.00000E+04
T01.00CC0E+0S
T06.00000E+04
T07.00000E+04
T08.00000E+04
T09.00000E+04
T01.00000E+0S
166.00000E+04
T07.000060E+04
T08.00000E+04
T09.00000E+04
T01.00000E+0S
T01.00000E+04
T02.00000E+04
T03.00000E+04
T04.00000E+04
T05.00000E+04
T06.00000E+04
1T07.00000E+04
T08.00000E+04
T89.00000E+04
TOL.00000E+0S
T01.00000E+04
T02.00000E+04
T03.00000E+04
TD4.00000E+04
T0S.00000E+04
T06.00000E+04
T07.00000E+04
T08.00000E+04
T09.00000E+04
T01.C0000E+0S
T05.60000E404
T07.00000E404
T08.00000€+04
T09.00000E404
T01.00000E+0%

1.901358E-02
2.53196€E-02
3.08638E-02

'9.87080E-10

3.188404E-09
50.17135'09
7.56340£E-07
?.84314E-09
3.834692-03
1.18409€E-02
1.90153€-02
2.33196E-02
3.08633E-02
3.83449E-03
1.18409E-02
1.90132E-02
2.52196E-02
3.08632£-02
3.83459E-03
10184095-02
1.90158E~02
2.93196E-€2
3.08628E-(2
3.83459E-03
1.18409E-02
1.901588-02
2.33196£-02
3.084823E-02
3069785E‘°4
9.993S1E-04
?.98911E-04
?.92478E-04
?.98047E-04
9.97399E~04
9.97167E-04
9.96746E-04
?.96302E-04
9.9%862E-04
4.0342%E401
8.38171E+401
8.112587E+401
7.85292E401
7,60143E401
7.3576SE+01
7.12212E+01
6.890146E401
6.672225+01
6.46012E401
2.38699E+00
2,40117E4090
2.13324E400
1.93998E400
1.,74376E+20

ppArT

CURIES =
CURIES
CURIES .
CURIES -
CURIES -
CURIES
CURIES
CURIES
CURIES
CURIES .
CURIES 7
EURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES '
CURIES
CUKRIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIEE
CURIES
CUKRIES
CURIES
TURIE3
CURIES
CURIELS
CUZIES
CURIZS
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES -
CURIES
CURIES




C14
C14
Ci4

£l4
C14
C14
Ci4
Ci4
C14
Cis4

FROM1.30000E403
FROM1,00000E404
FROM2,03000E4+04
FROM3.00000E+04
FROM4,00000E+04
FROMS.00000E+04
FROM6.00000E+404
FROM?.00000E+04
FROM8  00000E+04
FROM9.00000E+04
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T01.00000E+04
702.00000E+04
T02.00000E404
T04,00000E+04

T0S.00000E+04 -

T04.00G00E+04
707.00000E404
T08.00000E+04
T09.00000E+04
701,00000E+03

2.11506E401 CURIES
7.85826E+00_ CUXIES
2.38527E400 ‘T IRIES
7.08140E-01 -CURIES -
2.08393£-01 CURIES ™.
&.28474E-02 CURIES
1.85772E-02 CURIES
$.,493472-03 CURIES
1.66563E-03 CURIES
S.05412E-C4 CURIES
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Computar Listing of Radionuclide Releasas (Ci/1000 MTu) over 10,000-Year
Intervals for Scenario 12: Dafense High-Level Waste Codisposed in a
Qommercial Repository in Bard Rock Geologic Setting, Packaged -

U233
U233
U233
U233
U233
U234
u234
U234
U234
U224
u23s
u23s
u23s
u21s
u23s
u23s
U234
U234
u23é

U236
u23e
U238
u238
U238
u238
PA231
PA231
PA221
PA231
PA231
TH227
TH227
TH227
TH227
TH227
TH228
TH228
TH228
TH228
TH226
TH229
TH229
TH229
TH229
TH229

with TiCode-12 Overpack

FROMS3.10000E+04

TROMS.00000E+04

FROM7 .00000E+04
FROMS.00000E+04
FROM9.00000E+04
FROMS.10000E+04
FROMSE.00000E+04
FROM7.00000E+04
FROM8.00000E+04
FROM®.00000E+04
FROMS.10000E+04
FROM& .00000E+04
FROM7 . 00000E+04
FROM8.00000E+04
FROMS .00000E+04
FROMS.10000E4+04
FROM&.00000E+04
FROM? .00000E+04
FROMS.00000E+04
FROMS .00000E+04
FROMS.10000E4+04
FROMS . 00000E+04
FROM7 .00000E+04
FROME.00000E4+04
FROMS.00000E+04
FROMS.10000E+04
FROM&.00000E+04
FROM7 .00000E+04
FROMS,00000E +04
FROM9.00000E+04
FROMS.10000E+04
FROMS.00000E+04
FROM? .00000E+04
FROM8.00000E+04
FROM® .00000E+04
FROMS.1001DE+04
FROM&.00000E+04
FROII7 .00000E+04
FROMS .00000E+04
FROM9 . 00000€+404
FROMS.10000E+04
FROM6 .00000E404
FROM7 . 00000E +04
FRONS8 .00000E+04
FROM? . 00000E+04

T06.00000E+04
T07.00000E+04
T08.00000E+04
T09.000C0E+94
T01.00090E+0S
T05.000C0E+04
T07.00000E+04
T08.00000E+904
T09.00000E+0 4
T01.00000E+95
T06.00000E+24
T07.00000£+04
T08.00009E+94
T09.00000E+04
T01.00000E+05
TO06.00000E+04
T07.00000E+04
T02.00000E+04
T09.00000E+04
T01.C0000E+CS

'T06.00000E+04

T07,00000E+0C4
T08.00000E+014
T09.00000E%04
T01.00000E+0S
T06.00000E4¢C4
T87.00000E+04
708.00000E404
T09.00000E+04
T01.00000E+9S
T046.00000E404
T07.00000E404
703.00000E+04
709.00000E+04
701.,00000E+0S
T06.,00000E+04
T07.00000E+404
T08.00000E+04
709.00000E+04
T01.00000E+09
T06.00000E+04
707.00000E+04
T08.00000E+04
T09.000C0E+404
T01.00000€40%

1.57539E-02
5.22801E-02
8.92003E-02
1.26520E-01
1.64288E-01
4.22004E+00
4.55398E400
4.438715400
4.31225E400
4.19144E+00
2.25846E~03
4.5056755-03
S.73297E-03
&+39409E-03
6.71722E-03
3.702125-02
5.14346E-02
$.07641E-02
4.96899E-02
4.901325-02
S.53979E=03
6.32236E-02
6.32283£-03
6.32323E-03
6.3234%5E-03
1.6207%5E-04
7.26766E-04
1,37439E-03
1.9%472€-03
2.41796E-02
9.72324E-0%
$.267%3E-04
1,10122€-03
1,62920E-03
2.0%5484€-03
4,88924E-10
1.74340€-09
2.02489E-09
4.298754E-09
$.56824€E~09
7.3%5744E-03
2,45987E-02
4.20845F-02
$.97793E-02
7.769089€-02

DRar

CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIZS
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CUKIES
CURIES
CURIES -
CURIES
CURIES
CURIES
CURTES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
ClU=I1ES :
CURIES
CURIES
CURIES
CURIES
CURIES.,
CURIES
CURIES
CURIES
CURIES
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"TH230
TH230
TH230
TH230
TH230
TH231
TH231
TH231
TH231
TH231
TH232
TH232
TH232
TH232
TH232
TH234
TH234
TH234
TH234
TH234
AC223
AC225
AC223
AC225
AC223
aC227
AC227
AC227
aC227
AaC227
RA22J
RA223
RA223
RA223
RA223
RA224
RA224
RA224
RA224
RA224
RA22S
RA22S
RA22Y
RA22S
RA223
RA22¢4
RA226
RA22S
RA226
RA224

FRONS.10000E+04
FROMN&.00000E+04
FRON7.00000E+04
FROMB.000005+04

-FRON?.00000E+04

FRONS.10000E+04
FROKS.00000E+04
FROM?7 .00000E+04
FROM8.00000E+04
FRON?.00000E+04
FRONS.10010E+04
FROM6.,00000E+04
FROK7 .00000E+04
FROME.00000E+04
FROM9.00000E+04
FRONTS.10000E+04
FROMS.00000E+04
FRON7.00000E+04
FROMS8.00000E+04
FROM9 .00000E+04
FROMS.10000E+04
FROM6.00000E+04
FROM7.,00000E+04
FROMB8.CGO0000E+04
FROM®.00000E+04
FROMS.10000E+04
FROM&.00000E+04
FROM7,00000E+04
FRGOMB,00000E+04
FRONS.00029E+04
FROMS.10000E+04
FROM6.00000E+04
FROM7.00000E+04
FROMS.00Q000E+04
FROM9.00000E+04
FROMS.10010E+04
FROM6.00000E+04
FROM7.00000E+04
FROMB.00000E+04
FROM?.00000E+04
FROMS.10000E+904
FRONMS.00000E4+0Q4
FROM7.00000E+94
FROMS.00000E+04
FROM9.00000E+04
FROMS.10090E+04
FROME . 00000E+04
FROM7.00000E+04
FROMB,00000E+04
FROM7.00000E+04
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T06.00000E4+04
T07.00000E+04
T08.00000E+04
T0?.00C00E+04
T01.20000E+0S
T06.00000E+04
T07.00000E+04
T08.00000E+04
T09.00000E+04
T01.00000E+03
T06.00000E+04
707.00000E+04
T08.00000E+04
T09.00000E+04
T01.00000E+03
706.00000E+04
T07.00000E+043
708.00000E+24
709.00000E+01
T01.00000E+05
T06.00000E+04
T07.00000E+04
708.00000E+04
T09.00090E+924
T01.00000E+03
T046.00000E4G4
707.00000E+04
TO8,00000E+04
T09.00000E+94
T01.00000E4+93
706.00000E+04
707.00000E+94
TO0E.0000GE+04
T09.00000K+04
T01.00000E+0S5
T06.00000E+04
T87.00000E+04
T08.00000E+904
T09.00000E+04
T01,.00000E4+05
T05.00000E404
T07.00000E+04
T0e.00000E+04
T09.00C00E+04
T0:1.500000E+0S
T05.00090E4+04
T07.00000E+04
TGC8.00000E+043
TC2.000C0E+04
T01.00000E+0%

1.69013E-03
5.55301E-03
8.98876E-03

1.20168E-02

1, '6737!‘02
4,28381E-05
7.92921E-03
2.,488802E-05
6.21521E~-05
6.,88326E~05
7.43696E~11
3.08%8SE-10
S.5435446E~17
8.13596e~-10
1.035839E-09
1.60973E-904
2.39784E-04
EXXEXXRXERR
5.40292£E-95
7.177686E-035
7.35777E-03
2.45997E~-02
4,2025S5E-02
$.97802E-02
7.76915e-02
9. 4%4834E-05
$.35457E~-C4
1.09991E-03
1.62788E-03
2.053325-93
?.654845-05
8. 3T4T2E-Q4
1.09991E-03
1052783E-°3
2.05352E~03
4,88925E-10
1.74349E-09
3.02489E-9¢9
4,298758E-09
5. 56824E~09
7.3%777€E-03
2.4%997£-92
4,208T3E-02
S$.97203E-02
7.746918E-02
1.891%2E£~-93
6.,48242E-03
1.08354E£-02
1.42847€£-92
1.,74941E~-02

CURIES
CURIES
CURIES
"CURIES
CURIES -
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURISS
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
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"RA228

RA228
RA228
RA228
Ra228
RN222
RN222
RN222
RN222
RN222
P0210
P0210
P0210
P0O210
£0210

FROWS.10010E+04
FROI‘6.00000E+404
FRONM7 .00000E+04
FRONM8.00000E+04
FROMT .00000E+04
FROM3.10000E+04
FROM6.00000E+04
FROM7.00000E+04
FROMB.00000E+04
FROM?.00000E+04
FROMS.10000E+04
FROM5.00900E+04
FROM? .00000E+04
FRONS8.00000E+04
FROMS . 00000E+04

BI210 FROMS.100CO0E+04

BI210
BI210
BI210
BI219
PB210
PB219
PB219
PB210
PB210
1129
1129
1129
1129
1129
1129
I129
1129
1129
1129
TC?9
TC99
TC9?9
TC9?
TC?9
TC??
TC99
TC99
TC?9
TC99
8E79
SE79
SE79
SE79
SE79

rROMS.00000EH+H04
FROM7 .00000E+04

FRON8.00000E+04
FROM?.00000E+04
FROMS.10000E+404
FROM&.00000E+04
FROM7 . 00000E+04
FROMB.00000E+04
FROM?.00000E+04
FROM2.00000E+03
FROM1.00000E+04

FROM2.00000E+04
FROM3.Q90000E+04

FROM4.00000E+04
FROMTG.00000E+04
FROMS& .00000E+04
FROM7.00000E+04
FROM8.00000E+94
FROM9.00000E+04
FROME.Q0Q00EFCT
FROM1.00000E+04
FROM2.00000E+904
FROMZ . 00000E+04
FROM4.00000E+04
FROMS3.00000E+04
FROM6.00000E+404
FROM7.00000€+04
FRQM8.,00000E£404
FROM9.00000E+04
FROMS.10000E+04
FROM6.00000E+04
FROM7.00000E+04
FROM8.00000E4(4
FROM9.00000€E+04
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T06.00000E+04
707 .00000E+04
TO8.00000E+04
T09.00000E+03
T01.00000E+0S
T06.00000E+04
T07.00000E+04
T08.00000E+04
T09.00000E+04
T01.00000E+05
T05.00000E+04
T07.00000E+04
TO8.00000E+04
T09.00000E+04
T01.00000E+0S
TD6.00000E+04
T07.00000E+04
TOE.CO0000E+04
T0%.00000E+34
T01.00000E49S
T04.00000E+04
T07.00000E+04
TO3.00000E+04
T09.,00002E+04
T01.00000E+0S
T01.0C0C0E+D4
T02.00000E+04
T03.00000E+04
T04.00000E+04
T0S.00000E+03
T046.00000E+04
T07.00000E404
T08.00000E+04
T09.00000E+04
101.00000E+05
7T01.00000E+04
T82.00000E+04
T0Z.00000E+04
T04.00000E+04
T0S.00000E+04
T06.00000E+04
T07.00000E+%4
TC8.00000E+04
109.0CNO0E+04
T01.00000E+9%
106.00000E+04
T07.00000E+04
T02.00000E+404
T09.,00000E+04

TJ1.00000E+0%

4.88925E-10
1.74340E-09
3.02489E-09
4.29875E-09
S.56824E-09
1.89158E-03
6.48349E-03
1,06364E-02
1.42847E-02
1.749415-02
1,89158E-03
6.43349€-03
1,05384E-92
1.42847E-02
1.74941E-02
1.89158E-03
6.48249E~-03
1.056344E-02
1,42847E-02
1.74941E-02
1.89158E-03
6.48349E-03
1,06364E-02

‘1.42847E-02

1.74941£-02
4,3755C0£-03
S5.74230E-04
$.74084E-24
5.73229E--04
$.73586E-214
S5.7324SE-04
S.7310SE-04
S.72824E-04
$.72390E~Q4
S$.72339€E-04
1.970925+91
4.81737E+01
4,86247E401
4,.51321E401
4,3563464E401
4,22835E+01
4.09267E+01
3.96300E401
3.,33332E+401
3.71266E401
1.37440E+00
1.38018E+00
1.24023E+00
1,11494E400
1.,00217E+00

n
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CURIES
CURIES
CURIES
CURIES
CURIES-
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURILS
CURIES
CURIES
CuUrlIce
CURIES
CcuUsIES
CURIEC
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
CurRIE:s
CURIES
CURIES
CURIES
CURIES
CURIES
CURZES
CUR1IES
CURIES
CURIES
CURTIES
CURIZS
CURIES
CURIE
CURIES
CURIES
TURLES
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APPENDIX A

COMPUTER LISTINGS OF LONG-TERM RADIONUCLIDE RELEASES

DRAFY




Cia
Cia
Cia
Ci4
Cis
Ci4
Ci4
Cia
Ci4
Ci4

FROM2.00000E+03
FROM1.00000E+04
FROM2.00000E+04
FROM3.00000E+04
FROM4 . CO000E+04
FROMS.00000E+04
FROM& .00000E+04
FROM7 .00000E+04
FROMS.00000E+04
FROM9.00000E+04
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T01.00000E+04
T02.00000E+04
T02.00000E+04
T04.00000E+04
T05.00000E+04
T06.00000E+04
707 .00000E+04
T03.00000E+04
T09.00000E+94
701 .00000E+035

1.06399E401
4.52383E+00
1.367658E4+20
4.06384E-01
3.61437E-02
1.06592€E-02
3.17354E-03
7.51983E-04
2.709332E-94

DRA

L.

CURIES
CURIES
CURIES

CURIES

CURIES
CURIES
CURIES
CURIES
CURIES
CURIES
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