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EVALUATION OF HEALTH AND SAFETY. IMPACTS OF DISPOSAL OF 

DEFENSE HIGH-LEVEL TASTE XM GEOLOGIC REFOSITDtZES 

1 . Introduct ion 

Pursuant to the rrriaed Statesient of fork of October 5. 1983 for 

our contr ibut ion to DOE's evaluat ion of commercial r e p o s i t o r i e s for the 

d i sposa l of defense h igh- leve l waste, we hare performed an eva luat ion of 

the hea l th and safety aspects of the d i f f e r e n t disposal options for the 

defense wastes . This report describes the i n i t i a l r e s u l t s of our 

eva luat ion . 

The major emphasis of t h i s report i s to provide a comparison of the 

hea l th and safety aspects of the various disposal options for defease 

h i g h - l e v e l waste; i . e . , to evaluate whether or not there are l i k e l y '.o 

be s i g n i f i c a n t d i f ferences ia health and safe ty impacts among the 

d i f f eren t opt ions . This eralnat ion has been performed using s s e t of 

b a s e l i n e assumptions and ground rules which have been provided by DOE; 

these assumptions are described in the Statement of Work of October 5 . 

A very important assumption with regard to evaluating the hea l th 

and safety aspects of any disposal option for defense h igh- leve l waste 

i s that a l l applicable standards and regnlat ions mast be net in a l l 

c a s e s . Thus, any disposal option must conform with the requirements of 

the NEC's 10 CFR 20 and 10 CFR 60 and the EPA's 40 CFB 191 during both 

the operational and the pos t -c losure phases . I t i s par t i cu lar ly 

important to note t b i t the EPA standard s e t s a vtry low l eve l of l ong-

term incremental r isk to the general public from radioact ive waste 

d i s p o s a l . Thus, i t must be demonstrated with reasonable assurance that 
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amy optica fox defease waste disposal w i l l be quite safe over a long 

tiae yeriod in tae future, or e lse that optioa T i l l aot be l icensed. In 

essence, this a *as that t i e real question regarding long-term health 

aad safety aspects i s vkether i t i s l ike ly to be significantly easier or 

harder to demonstrate eoapliaace of the various disposal options with 

applicable staadards. Siai lar considerations also apply to occupational 

aad o f f - s i t e exposures during the short-tern period of repository 

opcratioas. 

The abore discussion eaphasizes that the health and safety aspects 

of defens* waste disposal are intimately related to regulatory factors. 

I t is also clear that health and safety is related to cost factors; 

i . e . . given that certain standards must be net for any disposal option, 

i t may be significantly more costly to meet those standards with sone 

options than with others. 

This report is concerned with evaluating the health and safety 

aspects of defense waste disposal during both the operational and the 

post-closure phases of a repository. In each case, the evaluation 

inclsdes three different aspects: (1) *n identif ication and discussion 

of the various factors which art expected to influence the health and 
e> 

safety impacts of the different disposal options for defense high-lev*l 

waste. (2) an identification of the general assumptions which were used 

in est isst ing potential health and safety effects and a selection of 

appropriate models for estimating the health and safety impacts of the 

various disposal options, and (3) an analysis of the health and safety 

impacts for each disposal option for defense high-level vaste. This 

report describes our ini t ia l results in these areas. 
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Based on tfce evaluations presented in tnis report, onr i a i t i a i 

conclusion it. that the potential health and safety impacts are not 

l ike ly to wtry significantly sstong t i e different disposal options that 

• ight be chosen for defense high-level vast*, primarily beeanse of the 

need to meet standards in a l l eases. The differences in estimated 

health, and safety aspects for different disposal options are in a l l 

cases such smaller than the uncertainties which wi l l be associated with 

rea l i s t i c estimates of these impacts. 

2 . Factors Influencing Health and Safety 

This section discusses onr init ial 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 options for defense 

high-level warte. 

2.1 Long-term effects 

Differences in the properties of commercial and defense wastes 

which might influence differences in the long-tera health and safety 

impacts of the various emplacement 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 radioactivity in commercial waste forms than in 

defense waste forms; and (3) differences in the teachability of the 

different waste forms. 

The radionuclide inventories in commercial and defense wastes are 

compared in section 3 of this report. Defense high-level wastes usually 

MM] 
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contain l e s s f i s s i o n products and a c t i n i d e s per metric ton of uranium 

fue l than, e i thar commercial spent fue l ox h i g i - l e v e l waste, but th.is i s 

not always the case for defense wastes and commercial h igh- l eve l w a s t e s . 

The most important implicat ion of the d i f ferences in concentrat ions 

of r a d i o a c t i v i t y in t i e d i f f erent types of waste i s that the defense 

waste package w i l l generate considerably l e s s heat than a commercial 

spent - fue l ox h igh- l eve l waste package. This dif fexence in heat 

generat ion means that a defense—only reposi tory w i l l involve a shorter 

time for the s o - c a l l e d thermal period, s l i g h t l y lower peak temperatures 

in the waste package, and lower temperatures in the waste package at the 

time leaching begins than w i l l e i t h e r a commercial repository or a 

repos i tory containing both defense and commercial wastes in the same 

l o c a t i o n . The d i f ferences in thermal behavior of the waste could have 

important implications for repository performance. 

The l ever a c t i v i t y concentration and apparent lower leaching 

s u s c e p t i b i l i t y of defense waste g las s r e l a t i v e to commercial spent fuel 

or commercial h igh- leve l waste g las s should r e s u l t in lower rates of 

radionuclide re leases from defense waste forms. Both g lass waste forms 

and spent fuel say be cracked by the time leaching begins, so i t seems 

reasonable to assume that there w i l l be no s i g n i f i c a n t d i f ferences in 

the waste surface area avai lable to l eaching . 

The following sect ions describe in more deta i l some of the 

implicat ions of the above mentioned di f ferences between defense and 

commercial wastes for :ertain aspects of a heal th and safety analys is of 

the d i f ferent emplacement options for defense wastes . 

2 . 1 . 2 l eml ioat ions for containment 
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Tie lover heat generation potent ia l of defease waste Beans that the 

themal period w i l l be considerably shorter for a repository which 

contains defense waste only than for a reposi tory which contains e i t h e r 

commercial waste only or defense and comaercial waste . Since the 

containment requirement in 10 CFR ( 0 la intended t o prevent any re lease 

of r a d i o a c t i v i t y £-ca the waste package during the theraal period, i t i s 

l i k e l y that a shorter containment period would be required by- the NSC 

for a defense-only repository than for a commercial or de fense -p ins -

commercial repos i tory . I t i s a l so l i k e l y that a shorter containment 

period would be required for a separate defense waste area ( e . g . , a 

separate mined cavity) in a f a c i l i t y which a l so includes commercial 

waste, provided the defense waste area would not be affected by the heat 

generated by the commercial wastes . To the extent that a shorter 

containment period woald be repaired for the defense wastes, i t w i l l 

presumably be l e s s c o s t l y to comply with the containment requirement 

because thinner or l e s s corros ion-res i s tant can i s t er s or overpacks might 

s u f f i c e . 

Temperatures in a repository daring the themal period w i l l a l so be 

lower for a defense-only repository than for a commercial reposi tory, 

due to the lever heat generation rate of defense waste . Since corrosion 

rates and mechanical s t re s se s both increase with increasing temperature, 

the canis ter and overpack l i f e t i m e s should be longer in a defense-only 

repository than in a conmercial-only repos i tory . A separate defense 

waste area in a combined f a c i l i t y would probably have the same low 

corrosion rates as a defense-only repos i tory , but mechanical s t r e s s e s on 

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

repository dne to the thermal e f f e c t s of the commercial waste on the 
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mechanical behavior of the host rock. la a ccabined faeility with both 

commercial and defease wastes in the ease area, the waste package 

density would probably be greater than in a commercial-only repository 

(this assumes that the thermal losdiag on the host rock will determine 

the waste density in a repository, so that the thermal loading will be 

the same in both eases). Thus, peak rock temperatures and thermally-

induced mechanical stresses would be roughly the same as in a. 

commercial-only repository. Peak temperatures of commercial waste 

packages would be unaffected by the presence of defense waste, but 

defense waste packages would reach higher temperatures and thus 

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

2.1.2 Implications for radionuclide release rate from the repository 

Differences in the concentration of activity and in the leaching 

susceptibility of defense and commercial waste foras can directly affect 

the rate at which radionuclides are released from the repository to the 

host rock via groundwater flew. Radionuclide release rates as measured 

in leaching tests have generally been the highest for spent fuel, 

intermediate for commercial high-level waste glass, and the lowest for 

defense high-level waste glass. (The difference in concentration of 

activity is probably responsible for most of the difference in the 

observed leaching behavior between commercial and defense glasses.) If 

no other factors affected the release rate, then radioactivity frcm 

defense wastes would bs released into groundwater at a lower rate than 

from commercial wastes. A commercial repository which contained some 

defense wastes would be expected to have a lower annual fractional 

release of radioactivity than would a repository which contained only 

[.BAFT 



— ^ 

UtlAi* i 
commercial wastes , hot a higher re l ease rat* than a defense—only 

repos i tory . This i s only an apparent e f f e c t , however, because the 

actual quantity of r a d i o a c t i v i t y re leased from the commercial waste 

would be no l e s s than from the saae amount of waste in a comer c i l l - o n l y 

repos i tory , and there would be no more r a d i o a c t i v i t y re leased frcn the 

defense waste than in a defense-only repos i tory . Therefore, the 

apparent di f ference in r e l e a s e rates would not make a d i f ference in the 

hea l th and safety impacts of disposing of e i t h e r type of waste, but 

could nean that i t would be eas ier to comply with the 10 CFR 60 l i m i t s 

on radionuclide r e l e s s e rates at a combined repository than at a 

commercial-only repos i tory . 

Several other factors can i n d i r e c t l y a f fec t radionuclide re lease 

r a t e s . One of these fac tors , the radionuclide inventory ava i lab le for 

leaching, defends on the i n i t i a l inventory and un the elapsed time 

before containment f a i l u r e . I n i t i a l radionuclide inventor ies d i f f e r for 

defense and conmexcial wastes , and containment time w i l l depend on 

several waste-re lated factors discussed above, as well as on 

canister/overpack c h a r a c t e r i s t i c s . Because of the complexity of the 

interact ions among these var iab les , the e f f ec t of wsste propert ies on 
s 

the inventory available for leaching cannot readily be evaluated in 

isolation. 

Another factor which indirectly affects release rates of 4° 

radioactivity is the heat generation potential . Leaching rates of rla«. 

waste forms increase with increasing temperature, so that radionuclide 

release rates from a repository vill depend in part on the temperature 

of the waste form sfter containment failure. After several hundred 

years, which is a likely containment time, temperatures in the 
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repository will have equilibrated and all waste packages will be at 

essentially the saae temperature. Tans, defease wastes which are placed 

ia .the saae area as cosmercial wastes will be hotter thin defense wastes 

which are isolated from eoamercial wastes, and will leach sosiewhat more 

rapidly than would defense wastes ia a defease—only repository or in a 

separate disposal cavity in a combined repository. 

Radiation damage to the waste form will be greater for commercial 

wastes than for defense wastes because of the greater coacentration of 

radioactivity in the former. Since radiation damage iacreases leaching 

susceptibility, this effect further contributes to the difference in 

leaching behavior between commercial and defense washes. However, cross 

irradiations of waste forms are presumed to be negligible, so that 

radiation danage in defense wastes should not be affected by disposal in 

a commercial repository. Thus, this factor should not result in any 

differences in radioactivity releases among the disposal options. 

Backfill and packing materials can help to control the rate of 

radionuclide release frcm the engineered barrier system by limiting the 

rate of groundwater flow and by chemically retarding the transport of 

some of the radionuclides. The effectiveness of these materials in 

limiting radionuclide releases can be diminished b> exposure to hrtt and 

radiation. If we assume that the degree of functional impairment is 

related to the duration and intensity of exposure of the materials to 

heat and radiation, then the greatest reduction in the effectiveness of 

these aaterials would occur ia a commercial-only repository. In a 

disposal area which contains both commercial and defense wastes, the 

effectiveness of packing materials surrounding the defense wastes shonld 

be lower than ia a defense-only disposal area, but theae aaterials 
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should experience l a s s daaage than t i e packing around the eoMwrciel 

wastes because of t i e lower peak testperatures and rad ia t ion l e v e l s . 

2 . 1 . 3 Other iamlic*tio_is i p x radlonncllde re lggse s t £ Ibf. 

a c c e s s i b l e environment 

Radionuclide transport in groundwater i s general ly regarded as the 

most l i k e l y aeans by which wastes in a geo log ic reposi tory may reach the 

a c c e s s i b l e environment. This process invo lves , f i r s t , transport through 

the disturbed or n e a r - f i e l d zone of the host rock immediately 

surrounding the reposi tory and, second, transport through the 

undisturbed or f a r - f i e l d zone between the boundary of the disturbed zone 

and the boundary of the a c c e s s i b l e environment. 

The disturbed zone i s that portion of the host rock where the 

physical or chemical properties are changed as a r e s u l t of repository 

construct ion and waste emplacement such that the changes may have a 

s i g n i f i c a n t e f f e c t on repository performance. Because of the importance 

of heat generation rates in perturbing the host rock, the extent of the 

disturbed zone in a given type of host rocs should be greatest for a 

commercial-only repository, intermediate for a combined commercial and 

defense repository, and l e a s t ' f o r a defense-only repos i tory . 

The extent -T cue d i s tu ibM zone a f f ec t s evaluat ions of i s y o s i t o r y 

performance in two ways. F i r s t , the NRC's 10 CFR 60 requires a minimum 

pre-waste-enplacement groundwater travel time frcm the outer boundary of 

the disturbed zone to the boundary of the a c c e s s i b l e environment. Thus, 

the c loser these two boundaries are to one anotrer, the more d i f f i c u l t 

i t w i l l be to find s i t e s that s a t i s f y the requirement and to demonstrate 

wjth reasonable assurance that such s i t e s are in compliance. Second, 
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demonstrations of compliance with the zadionncl ide re l ease l i m i t s in the 

EPA's 40 CFB. 191 probably w i l l require es t imates of groundwater 

transport of radionucl ides through bcth the disturbed and f a r - f i e l d 

zones . Since such est imates i re expected to hare greater uncer ta in t i e s 

in the disturbed zone than i n the f a r - f i e l d zone, demonstrating 

compliance with the standard nay be s i g n i f i c a n t l y more d i f f i c u l t i f an 

appreciable f rac t ion of the distance from the repository to the 

a c c e s s i b l e environment i s in the disturbed zone. 

Consideration of radionuclide transport in groundwater through the 

f a r - f i e l d zone should, by i t s e l f , hare no e f f e c t on the cko.'.ce of a 

disposal opt ion. This i s because the transport of a unit quantity of a 

part icu lar radionuclide i s independent of the source of the waste, i . e . 

of whether the radionuclide was o r i g i n a l l y in commercial or defense 

was te . We must remember, of course, that the quant i t i e s of d i f f eren t 

radionuclides which enter the f a r - f i e l d zone depend on the type of waste 

and the performance of the engineered barr iers and disturbed zone. 

Again, i t nay be eas ier to demonstrate compliance of a disposal option 

with 40 CFR 191 if the f a r - f i e l d zone provides a r e l a t i v e l y large 

fract ion of the distance from a repos i tory to the boundary of the 
t 

a c c e s s i b l e environment. 

Consideration ' radionuclide transport in groundwater through the 

f a r - f i e l d zone w i l l probably be oore important in choosing a host rock 

for defense-waste disposal than in choosing betweer a defense-only or a 

defense-plus-commercial repository at a given l o c a t i o n in a given host 

rock. I t cannot be overemphasized that any comparison of the waste 

i s o l a t i o n c a p a b i l i t i e s of d i f ferent host rocks ( i . e . , bedded s a l t v s . 

b a s a l t or tuff) requires extensive and d e t a i l e d information on the mm 
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geo log ic , hydrologic, and geocheaical propert i e s of s p e c i f i c s i t e s . 

Although comparisons of the long- tera perfomance of geo log ic 

r e p o s i t o r i e s in d i f f e r e n t roek typos hare been presented by the EPA* 

these c a l c u l a t i o n s are s t r i c t l y generic i n nature and «ay not be 

i n d i c a t i v e even q u a l i t a t i v e l y of the i s o l a t i o n c a p a b i l i t i e s of those 

rock types at s p e c i f i c s i t e s . 

2 . 2 Short-term e f f e c t s 

The short-term heal th and safety e f f e c t s which need to be 

considered include both radio logica l and non-radiological imp&c ^a 

workers and o f f - s i t e members of the general publ ic . 

Occupational radiat ion exposures are l imi ted by the NRC's 10 CFR 

20 . These exposures are expected to depend on the number of waste 

packages handled per year . Radiation exposures frcm a given number of 

defense waste packages would presumably not depend s i g n i f i c a n t l y on the 

choice of disposal opt ion . O f f - s i t e rad ia t ion exposures are l imi t ed by 

the EPA's 40 CFR 191 . Such exposures can be estimated, for example, by 

using the information developed by the EPA in support of the ir standard. 

The o f f - s i t e exposures w i l l depend on the amount of r a d i o a c t i v i t y 
t 

released during normal operations but are not expected to depend 

s i g n i f i c a n t l y on the part icu lar disposal opt ion. Accidental rad ia t ion 

exposures to workers and o f f - s i t e indiv iduals car. be treated by 

considering the potent ia l kinds of accidents that could occur and t h e i r 

assoc iated re leases of r a d i o a c t i v i t y . Such exposures s i so should not 

d i f f e r great ly among the various disposal opt ions . 

Non-radiological e f f eo t s can be estimated by considering acc idents 

and, i f appropriate, the ir associated re l eases of non-radioact ive 
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materials. These effects also should not differ significantly among t i e 

rarions disposal options. 

3. Analysis of long-tern effects on health and safety 

3.1 Scope of the analysis 

The task description called for comparison of the health effects of 

defense waste disposal in a hard rock (basalt or tuff) or sal/*. 

repository, with a corrosion-resistant TiCode-12 overpack or with no 

overpack, and in a separate defense waste repository or in a repository 

dev«lor~d priaarily fo: commercial high-level waste and spent fuel . Two 

approaches for placing defense waste in a commercial repository were to 

be considered: (1) eodisposal with cooaercial waste, wi;h the defense 

waste courting toward the 70.000 MTU limit on the quantity of waste to 

be placed in the f i r s t commercial repository, and (2) emplacement in a 

separate disposal area at the same s i t e . The effects of defense waste 

disposal were to be compared to those of up to 70,000 JfTD of commercial 

waste i s the same repository or at a similar s i t e . In all case.., the 

analysis was to assume that all applicable laws (the Environmental 

Protection Agency's proposed 40 CFR 191, the Nuclear Regulatory 

Commission's Criteria in 10 CFR 60, and the Nuclear Waste Policy Act of 

1982) would be met. 

In the proposed generally applicable environmental standard (40 CFR 

191) to l imit long-term health effects from disposal of high-level 

radioactive wsstes, EPA has elected to place l imits on cumulative 

radionuclide releases to the accessible environment. These release 

l imits correspond to 10 health ef fect ; per 1.000 MID in the exposed 

population over 10,000 years and, thus, the allowable releases 
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correspond to a rosy low levrt of inereaeatal r isk . l a the prosoat 

axalyais. we hare chosen to adopt the saao approach* aad we evaluate the 

different disposal options ia toras of their offoot oa releases of 

radionuclides to the accessible eariroaaoat. Ye aae the specif ic 

release l i a i t s ia the EPA standard as a Henehaark for est iaatin* 

relative health effects of the differoat disposal optioas. 

As a basis for this analysis, we hare identified 12 different 

scenarios that can represent the different disposal approaches "-hat were 

considered ix> oar analysis; 

1 — Commercial high-level waste in sa l t (oology 

2 — Commercial high-level waste in hard rock geology 

3 — EWR spent iuei in s s l t geology 

4 — IVR spent fuel in hard rock geology 

5 — DWR spent fuel ia salt geology 

6 — BWR spent fuel in hard rock geology 

7 — Defense high-level waste in a separate repository in sa l t 

geology, packaged with minimal overpack 

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

gaology, packaged with nininsl overpack 

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

in salt geology, packaged with minimal overpack 

10 — Defense high-level waste codisposed in a commercial 

repository in salt geology, psckaged with a corrosion-reuistant 

TiCode-12 overpack 

11 — Defense high-level waste codisposed in a commercial 

repository ia hsrd rock geology, psckaged with aiaiaal overpack 

12 — Defense high-level waste eodisposed in a coaaercial 

nun 
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repository in kard rook geology, packaged witk a corroaion-

reeistamt TiCodo-12 orcrpaek 

Tko first six of tkeso scenarios aro intended to represent the bokarior 

of tke various waste typos to be placed in commercial repositories in 

salt and kari rook* and tkese scenarios form tke basis for comparing the 

effects of commercial and defense waste disposal. Ike regaining 

scenarios represent sereral different options for disposal of. defense 

wastes. Calcnlated radionuclide releases from unit quantities (1000 

MTU) of waste in each of tkese scenarios can be compared to tke EPA 

standard. Tkey can also be combined to represent tke overall impact of 

a commercial repository, witk and witkout codisposal of defense waste. 

3.2 Assumptions used in analysis 

Tke assumptions used in a quantitative analysis should be 

appropriate to tke purpose of the study, and will be dictated in part by 

tke requirements of available computational tools. The purpose of tke 

present analysis is to compare tke effect of different disposal 

configurations for defense high-level waste on radionuclide releases to 

tke accessible environment. Although the results of a quantitative 
v 

comparison of tkese different configurations mast be compared with 

applicable standards (i.e., the proposed 40 CFR 191), tkese 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 

ere most appropriate for this type of comparative analysis, as it is 

important tkat tke analysis illustrate tke effect of changing a single 

eritieal variable. As discussed in seetion 2, tke critical variables 
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for this eoaparisoa are i a i t i e l rmaiommclUo imvoatocy, 9—f #a«fcac« 

eoataimaeat time. tcm^ratarw-imflmemooa u t t i of ladiammelema release 

from the waste package, aad host root characteristics that imflueae* 

flow rate and gooeaomical rotardatioa. 

The principal cr i ter ia for sc lect ioa of a oomaatvr oodo for this 

coaparisoa were (1) the coda's avai labi l i ty for ma* oa oar computer 

systems within the time reqairamcats of the atady aad (2) tha ab i l i t y to 

ewalaate tha effects of caaages ia tha cr i t i ca l variables idaatif ied 

above. The abil i ty to calculate radionuclide releases from low* 

probability disruptive events i s aot a high priority for this study. 

Though this type of analycis wi l l be needed to demonstrate compliance 

with 40 CFR 191, consideration of releases from low-probability events 

would requite introduction, of nuaerous additionsl variables whose 

effects on the results night detract frca the coaparisoa study. Our 

analysis i s , therefore, limited to releases via noraal groundwater flow. 

Not only is this an important potential release aechanisa with a very 

high probability of occurrence, but analysis of this mechanism provide? 

a measure of the potential exposure to waste radionuclides from the more 

important nonroutine release mechanisms (e .g . , pumping of groundwater 

from a contaminated aquifer). Thus, this one release mechanism provides 

a good indicator of overall waste isolat ion effect iveness . 

Two computer cudes generally met our priaary selection cr i ter ia and 

were considered for use in this study. GARD2 (Rosinger and Tremaine 

1980) was selected over REPRISE (Smith et a l . 1982) because of the 

former' s more rea l i s t i c handling of radioactive decay chains. Important 

advantages of REPRISE are (1) i t s abi l i ty to calculate waste package 

release rates limited by solubil i ty aad by the slow flux of grouadwater 
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tawwgk the rapoeitery aad (2) i t wae aaad »y the EPA to foraulate aad 

taat tka aropoaed SPA nigh-level vaata etaadard, and taa raamlts of taa 

I*** analysis could ba a good heaokaark to mae la eoapariag tka affects j 

of dafaaaa vaste disposal with tkosa of ooaaareial waste disposal. j 

•owerer, UPRISE iaput data oa radionuclide inventories seat be i 

aaaipmlated extensively to overccae l imitations ia t i e code's handling j 
\ 

of decay chain transport, aad oar time sekedala did not perait tke data j 
1 1 

manipulation needed to adapt this' coda to analyze defease waste \ 

disposal. 
6AR02 oralnates one-dimensional groundwater transport through the 

geospkere of radionuclides released froa a repository, aad the code 
eoasidars tke effects of radioactive decay aad daughter ingrowth for 
dacay ckaias of up to three members. The simplifying assastptioas 
required ia iapleaeatiag GARD2 are generally quite conservative. All 
waste packages are assumed to fail siamltaneously aad completely, 
whereas containment failure is actually expected to be a gradual 
process. GARD2 calculates release of waste froa the engineered barrier 
systea at a coastant rate over a finite tiae interval, and treats all 
radionuclides as baiag released at this one rate. Most investigators 

t 

expect, however, that releases frca an actual repository will occur at 
rates that will wary over tiae aad differ greatly for different 
radioauelidas (National Research Council 1983). Geosphere transport is 
treated as occurring at a coastant velocity (input by the user) along a 
single linear flow path of known length. The effect- of dispersion are 
aegleeted. The aodal simulates all geoekeaieal interactions with the 
kost rook aa ioa exehaage processes using a retardation factor (R) to 
amiamiate dalays ia radionuclide travel resulting froa reversible MATT 



sorption processes. Taia method *o aooa t o mnmmla gmottsattoaJl 

interactions in moat groundwater trat*fort models, fcmt i t amy f ire 

erxoneous resalts when applied to imtesaotioms that ax* Mt due to ion 

exchange, and i t f a i l s to f ive .redit foe eoooaemieal iatoraotions 

( e . g . . soaie precipitation reactions) taat may eaaae eomtmmimamts to be 

retained indefinitely in geologic stadia. Seleotion of comsexvative 

Taloes fox R should prerent any overestimate of the effectiveness of 

geochemical processes in retarding xadionaelide transport, and wi l l 

result in overestimates of the txanapoxt of most radionuclides. 

6A&D2 requires input describing the in i t ia l repository inventories, 

ha l f - l ives , geologic retardation factors, and decay chain 

characteristics for al l radionuclides for which releases axe to be 

calculated, or which contribute to ingrowth of radionuclides for which 

releases are to be calculated. Sixty-two radionuclides were considered 

in our analysis. Table 3.2-1 l i s t s the in i t ia l radionuclide inventories 

assumed for one JITU-equivalent for four waste types: PWR spent fuel, BWR 

spent fuel, commercial high-level waste, and defense high-level waste. 

All wastes are assumed to be 10 years old. Inventories for spent fuel 

and commercial high-level waste were obtained frcm calculations using 

the 0RIGEM2 computer code (Croff and Alexander 1980); the commercial 

high-level waste inventory was calculated by assuming i t to be derived 

from reprocessing of BWR and PWR spent fuel in the proportion 1.0 MITT 

PVR 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 defease waste glass contains the waste 

from 0.5 MTU. Inventories for key radionuclides which were mot l i s t e d 



i a tiaa litaratmra soar tea ara ladies tad by a question aark sad vara 

eatiaateo by aa. 

Two sats of gaologle ratardatioa factors (1 values) vera asad to 

rapreeeat the characteristics of sa l t aad "hard rock" (saa Tabl a 3 . 2 - 2 ) . 

Vkere possible* ratardatioa faetors vara salaetad froa the National 

Baaaarek Coaaoil's (1983) recommended gaaarie Talaas, vkick are 

represeated aa "suitably conservative for t i e purpose of predicting the 

parforaaaea of conceptual repositories ." Value* for radionuclides not 

covered in tke National Research Council report are those used in the 

othe. aodaling stadies cited in Table 3.2-2. or vera estimated by 

analogy to National Research Council values for isotopes of elements 

vaich form ions of similar charge aa4 ionic radius. Where the National 

Reaearch Council l i s t e d different values for tuff and basalt, the value 

given for "hard rock" i s the lover of these tvo values. The retardation 

factor R i s the ratio of groundwater pore velocity to the net transport 

velocity of the dissolved substance (National Research Council 1983); a 

substance vhich is not retarded by geocheaical interactions in a given 

geologic aatting i s assigned a retardation factor of 1 for that geologic 

set t ing. 
v 

Grouadvater veloci ty aad the length of the groundwater flow pith to 

the accessible environment are s i te - spec i f ic variables, and i t is not 

reasonable to assiga values that ara typical of all salt s i tes or s l l 

hard rock s i t e s . Groundwater flux in repository host formations is 

expected to be quite low, but because associated geologic units may 

sapport Bach larger flows, i t is not appropriate to use a velocity 

typical of tue host rock to rapreseat the satire flow path to the 

accessible eaviroaaent. The distance to the accessible environment 
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depends oa tk* g*oa*try of tka |xe«a*ratar n « v tyatasi im am* aromas' tit* 

s i t* , aad en the Ttrtieal aad k*risoatal diataaaea t » tk* •»••«• i l ea of 

t ie accessible environment. Ik* NK t*ckmi*al aritaria fax kigk-l*v*l 

vast* disposal (10 CFK CO) require tkat the px*-empl**«a>*at groundwater 

trarcl time from tk* oater bommdary of tit* soa* of tkaxmal distarbaaoe 

to tke accessible environment ba at laaat 1000 years. For tke purpose 

of tke present comparison, we kare arbitrarily assumed a travel tim* of 

exactly 1000 yeara for bock sa l t aad kard rook repository s i t e s , based 

oa a groundwater Telocity of 1 m/yr aad a flow path 1 km in length. 

These are conservative assumptions, in tkat actual repository s i t e s are 

l ikely to hare lower flow ve loc i t i es aad longer flow paths; however, 

they do meet the NEC's minimal criterion, aad quantities of 

radionuclides released after such a short travel tiae may indicate 

potential releases via disruptive events aore effect ively thaa i f a more 

rea l i s t i c travel time were assumed. 

Another datea required for 6ABD2 iaput is the time until the waste 

containers fai l and radionuclides begin to be released into groundwater. 

10 CFR 60 requirea that containment ba effect ive for at least 300 years 

or as long as 1000 years (specific requirements to be set on a case-

specific basis) after closure of the repository. This containment 

criterion is expect«d to be met by providing waste canisters (or 

canisters supplemented by overpacks) with the mechanical integrity and 

corrosion resistance to survive at least 300 to 1000 years in a 

repository environment; s i t e - spec i f i c factors such as dry conditions in 

the repository could ass i s t in complying with this criterion. For tk* 

present analysis, we hare assumed that tke containment criterion is mat 

solely by tk* wast* package. TiCods-12 overpacks are assumed to ba need 



IMlirr 
umt i 

•a al l aaaaiareial veete packages, as daseribad by Vestiaghoase Elaetrie 

Corp. (1983a aad 1913b), aa vai l aa oa dafaaao vaata packages in 

aeeaarios 10 aad 12. Ihoaga these ovtrpaeks axe eapeeted by 

featiaghoaae (19t3a aad 1983a) to vithataad corroaioa for smeh longer 

thaa 1000 years ia aoat eariroaacnts. ia this analysis ve disregard this 

added aargia of safety aad aaaaae that they provide containment for just 

1000 years. Oefaaaa vastas disposed of by the "ao overpack" option are 

treated aa if aiaiaal steal ovtrpacking i s done to assure containment 

for 300 years. [Aa analysis reported by Vestiaghoase (1983a and 1983b) 

iadieates that orerpacks wi l l be seeded to prevent mechanical failure of 

the vaate package.} Defense vaates placed apart froa commercial wastes 

(either ia aeparate repositories or :a separate areas at the same 

repository s i t e ) arc also assaaed to be provided v i th minimal overpacks 

that provide 300-year coataiaaeat. Ihough (aa discussed in section 2) 

integrity of defeaae vaate containers say be diminished by the higher 

teaperatures and greater mechanical stresses erpected in a commercial 

repository, i t is reasonable to assume that these effects are 

eoapenaated for for by supplying sturdier containers, so that codisposal 

ia a commercial vaate repository does not affect containment l i f e of 

defease vaata packages. 

The fiaal variable required for GARD2 input i s the time period over 

vhich the vaate inventory is rtleaaed (the inverse of this parameter i s 

the vaate release rate, expressed in yr~ ) . As noted above- vast* 

release rates are a eoaplex faretion of a variety of factors, and 

6AI02'a treatment of this process is not r e a l i s t i c Hover*r, as 

discussed ia section 2, a key differeace betwees commercial aad defesse 

vaates i s the lover leaehiag rate of defeat* vaste forms, aad leaching 
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rate i t ideatif ied a* a factor which w i l l frooaoly be effected by the 

choice of a disposal opt lorn for M H M higk-lerel wastes. Is order to 

evaluate differences amoag the differeat disposal optioae, i t i» 

appropriate to traat the waste release rata as a fasetioa of the vasta 

for* leaching rate alone, while recognising that other factors ( e . g . . 

the perforasnce of backfil l materials) also affect release rates aad 

generally result in s i fn i f icaat ly lower release rates thaa are 

calculated from waste form leaching rates alone. Fractional release 

rates fox spent fuel, cosnaercial high-level waste, sad defease high-

level waste were calculated from waate form leaching rates aad waste 

form dimensions reported by tfestiaghouse (1983a and 1983b), which are 

l i s t ed in Tables 3.2-3 through 3 .2 -5 . Calculated release rate's for the 

commercial wastes exceed the minimum fractional release rate of 10~ 

yr~ set by 10 CFR 60. so assumed release rates for these wastes were 

set equal to the 10 CFR 60 criterion (Tables 3.2-3 and 3 .2-4) . 

The fractional release rate calculated for defense waste i s 

acceptable under the 10 CFR 60 containment criterion (Table 3 . 2 - 5 ) . For 

the conparison of different waste disposal options, i t was assumed that 

leaching rates vary with th.» repository temperature at the time cf 

containment failure ( i . e . , 300 or 1000 years after emplacement). These 

temperatures were estimated from published repository thermal analyses 

for salt and tuff (Vestinghouse 1983a and 1983b), based on the waste 

characteristics l i s ted in Tables 3.2-3 through 3.2-5 and waste 

eaplaceaent geometries in DOE reference conceptual repository designs. 

Temperature estimates for the different defease waste disposal seeaarios 

are l i s t e d in Table 3.2-6; temperatures for codispoaal scenarios are 

based on the predicted rook temperatures for spent fuel or commercial 
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high-level vaate disposal tunaels at 300 and 1000 years ef*er 

eaiplaoasjeat. Becauee temperatures in defease vaste repositories are 

essent ial ly atable after 300 years, i t seems reaaoaable to as s u e that 

300 years of coat a i n c u t vould suffice for this optioa. The vaste 

release rate for a separate defease vaate disposal area (50 to 6*0*0 vas 

as timed to be 10 yr (s l ight ly lover than the eel eclated release rate 

for defeaae vaste) , sad release rates for the other scenarios, vere 

calculated by aasmiag that increases in leachiag susceptibi l i ty at 

higher temperatures are directly related to the increase in s i l i ca 

solubi l i ty at those temperatures (Table 3 .2 -5 ) . It should be noted that 

these assumed release rates tend to overstate the differences among 

defease vaste disposal options, as release rates are based on peak 

teaperatures for the release period, vhereas actual temperatures and 

release rates for the codisposal options vould decline over time. 

Table 3.2-5 summarizes the sssumptions regarding containment l i f e 

and vests release rate that vere use* in GARS2 to analyze the effects of 

the different defense vaste disposal scenarios. As stated above, al l 

commercial vsstes vere assumed to have vaste release rates of 10 yr 

aad to be emplaeed In packages v i th a 1000-yr containment l i f e . For all 

eases, the travel time to the accessible environment is assumed to be 

1000 years. Assumptions concerning vaste inventory and geologic 

retardation factors are l i s ted in Tables 3.2-1 and 3 .2-2 . Except for 

the vaste inventory, all assumptions selected are deliberately intended 

to be conservative (in that they will asually result in cvjrpredictions 

of radionuclide releases), vnile meeting NEC criteria and permitting 

coaparisons aatong alternate disposal options. 
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3.3 Resul ts of ana lys i s 

The computer code GARD2 was used t o c a l c u l a t e radionucl ide r e l e a s e s 

froa 1000 MTU of waste for 100.000 years a f t e r waste emplacement for 

each of the twelve scenarios l i s t e d in s e c t i o n 3 . 1 . Total r e l e a s e s for 

each of ten 10,000-yr i n t e r v a l s were determined by f i t t i n g a sp l ine 

funct ion to the 6ACD2 output data and integrating* using numerical 

ana lys i s rout ines of Forsythe e t a l . (1977) . Computer l i s t i n g s of the 

r e s u l t s of the ana lys i s are in the Appendix. 

In a l l twelve cases , ca lcu lated re l eases are below re lease l i a i t s 

e s t a b l i s h e d by the proposed 40 CFR 191 (Tabic 3 .3 -1 ) for the f i r s t 

10,000-year period a f ter waste eapl&ceaent, which i s the t iae period to 

which the standard a p p l i e s . Calculated r e l e a s e s begin to exceed the 

standard '.fter 20,000 years and 50,000 years for s a l t and hard rock 

scenarios , r e s p e c t i v e l y . Because n o n - s i t e - s p e c i f i c conservat ive 

assumptions were used fur th is ana lys i s , these r e s u l t s should not be 

used to indicate the e f f e c t i v e n e s s of any s i t e design in aeet ing the EPA 

standard, but only for coaparing the r e l a t i v e performance of the 

disposal scenarios analyzed. 

In t h i s analys i s , h e a l t h v e f f e c t s are assumed to be proportional to 

the re lease l i a i t s es tabl i shed by the proposed EPA perforaance standard 

(40 CFR 1 9 1 ) . As an ind ica t ion of the r e l a t i v e e f f e c t s frca each 

scenario, the sua of the ra t io s of ca lculated re lease of each 

radionuclide to the re lease l imi t for that radionuclide (Table 3 .3 -1 ) 

can be determined for each scenario for each period of i n t e r e s t . The 

total e f f e c t s froa a commercial repository can be represented by the 

weighted a v e n g e of the ca lculated re l eases for each of the three' 
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eosmereial waste types, using weights of 0.33, 0.17, sad 0.S0 for FIR 

speat fuel. I t * speat f u l , aad commercial high-level waste 

respectively, ia accordance with their expected representation ia the 

a i l of cosaaercial wastes. 

Ia a l l eases, the predicted effects of a l l defease disposal optioas 

are less thaa the predicted effects from aa equivalent quantity of 

commercial waste placed ia a repository ia the same geologic jaediua. 

The lowest release aums calculated are for defease waste ia a separate 

disposal area. Except for the f i r s t 10.030-year period after closure, 

the differences ia predicted releases for the different defease waste 

disposal optioas are almost directly proportioaal to the contrast ia 

assumed waste release rates . Releases ia the the f i r s t 10,000 years are 

dominated by C-14 (ha l f - l i f e of 5730 years), and as a direct result of 

the additional delay ia f i r s t release of this isotope. C-14 releases for 

this period are substantially lower for codisposal scenarios involving 

TiCode overpacks than for codisposal scenarios in which minimal 

overpacks are used. For this performance compliance period, the 

calculated release i n for the most effective defense waste disposal 

seeaario (separate disposal) is 13*b of the sum for coaaercial waste 

disposal ia both media. For the least effect ive defease waste disposal 

scenarios (eodisposal, using minimal overpaeking), the relesse sums for 

this period are 26% and 60& of the release suss for commercial waste ia 

hrrd rock aad salt , respectively. In all subsequent time intervals, the 

contrast between commercial waste and defense waste disposed separately 

i s greater thaa aa order of aagaitude, and tends to iacrease over time 

as isotopes of uranium (more abundcat in unreprocessed spent fuel) and 

uranium daughters dominate the re leases . Beyond the f i r s t 10.000 years. 



the aiost aad l e a s t e f f e c t i v e defease v a s t s a l s f a s a l s scaar ios tsad t o 

d:'.ffsr by fac tors of about 2 sad 5 fer hard ro«k sad sal t* r e s p e c t i v e l y . 

3 . 4 Conclusions 

These r e s u l t s tend t o support our suppoaitioaa that defense v a s t s 

d i sposa l would r e s u l t in fewer long-term hea l th e f f e c t s than cosaaercisl 

waste d i sposa l , and that separate disposal of defease waste would l ead 

t o fewer long-term e f f e c t s frost the defense waste than would codisposal 

with commercial waste . Codisposal of defense wastes , even without a 

corros ion -re s i s tan t TiCode overpack, i s expected to r e s u l t in fewer 

hea l th e f f e c t s than are expected from an equivalent quantity of 

commercial wastes in the same repos i tory . However, d i f ferences among 

the three defense waste disposal configurations were never larger than a 

factor of 5, and are l a r g e l y a t tr ibutable to assumed di f ferences in 

waste release rates due to di f ferent leaching temperatures. These 

d i f f erences are much l e s s than uncerta int ies that would be assoc ia ted 

with a r e a l i s t i c repository performance assessment, par t i cu lar ly i f one 

i s comparing the health and safety aspects of disposal at two d i f f eren t 

s i t e s . 
v 

From the standpoint of compliance with tie regulationa that 

constrain allowable health and safety effects, advantages of the 

separate waste disposal option for defense 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 be difficult to justify a requirement for a minimal 

containment period (30o years) for defense waste packagea in s separate 

repository. (The same conclusions may apply to dsfease waste disposal 
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ia a aaparate portioa of a oonercial repository.) Aa advantage- of 

oodisposal vonld bo a slight radvetioa ia radioaaelido releases per MIU 

(averaged for the eatire repository) due to the inclusion of defense 

waste. 

t 
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Table 3 . 2 - 1 . I n i t i a l radionuclide inventor i e s 
o f l ong- tern a f f e c t s (Ci/MSQ) 

in a n a l y s i s 

Ha e l i d e 
Spent f a e l 

PWR BHR RX& 
Defense 

C-14 

S«-79 

Sr-90 

Y-90 

Zr-93 

Nb-94 

TC-99 

Pd-107 

Sn-126 

Sb-126 

1-129 

Cs-135 

Cs-137 

Sm-151 

•P-.-229 

Th-230 

Th-232 

Pa-231 

U-232 

U-233 

U-234 

U-235 

0-236 

1.5 

0.41 

5.8 x 10* 

3 .8 x 10 4 

1.8 

1.3 

13 

O.lx 

0.78 

0.11 

3.2 X 10 

0.35 

8.3 x 1C4 

3.3 x 10 J 

7.0 x 10' 

1.3 x 10 

-2 

-8 

-4 

2.5 x 1 0 " 1 0 (?) 
-«? 

1.6 x 10 

5.5 x l o " 3 (?) 

2 .3 x 10 

.1.2 

1.7 x 10 

0.26 

-5 

-2 

1.6 

0.34 

4 .8 X 10 4 

4 . 8 x 10 4 

1.5 

0.32 

11 

9 . 5 x 10 

0.63 

8.8 x 10 

2 .6 x 10 

0.36 

6.7 x 10 4 

3.0 x 10' 

- 2 

- 2 

-2 

8.6 X 10 

1.2 x 10 

-8 

- 4 

2.5 x 1 0 " 1 0 (?) 

1.6 x l O - 5 

6.5 x 10* 3 (?) 

3.3 x 10 

1.0 

1.6 x 10 

0 .21 

- 5 

-2 

V * IB ACT 

1.0 

0.39 

5.4 x 10* 

5 .4 x 1 0 4 

1.7 

0.96 

12 

0.10 

0.73 

0.10 

7.6 x 10" 3 (?) 

0.35 

7.7 x 1 0 4 

3.2 x 10 

S . l x 10 - 3 

2.3 (?) 

0.24 

' 5 . 4 x 10 4 

A 

5.4 x 10 

3.2 

2 .3 (?) 

4 .4 
1.6 x 10 

2.7 x 10 

3.3 x 10 

- 2 

- 2 

-3 

2 .3 x 10" 5 

5.4 X l O " 1 1 (?) 

2.0 x 10" 4 (?) 

2 .5 x 10~ 3 (?) 

5 .0 x 10" 5 (?) 

0.12 

5.0 x 10 

4 .2 x 10 

5.6 x 10" 9 (?) 

1.0 x l o " 4 (?) 

1.2 x 1 0 " 1 0 (?) 

2 .3 x 10" 4 (?) 

9 .1 x 10 -3 

1.3 x 10 - 5 
1.1 x 10 - 6 

8 .2 x 10~ 3 

8 .3 x l o " 5 (?) 

9.95 x 10 

- 5 

-3 

9 .4 x 10 

1.2 x 10 -3 2.0 x 10 - 3 
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T*blt 3.2-1 (continued) 

Nuclide,-
Spant fu«l Commercial Da£ante Nuclide,-

PWR BtlR 

Commercial 
HLW 

0-238 0.72 0.32 2.0 x 1 0 " 3 5.5 x 10~ 4 

Mp-237 0.32 0.25 0.29 1.6 x l o " 2 

Pu-238 2 .2 x 1 0 3 1.7 x 10 3 97 1.3 x 10 3 

Pu-239 3 . 1 x 1 0 2 3.0 x 1 0 2 1.6 13 

Pu-240 5.3 x 1 0 2 4 .8 x 1 0 2 3.7 8.0 

Pu-241 7 .8 x 1 0 4 7 .0 x 1 0 4 3.7 x 1 0 2 1-5 x 1 0 3 

Pu-242 1.8 1.4 8.3 x 10~ 3 1.1 x 1 0 " 2 

ta-241 1.7 x 1 0 3 1.3 x 1 0 3 1.9 x 1C 2 19 

Am-242m 34 (?) 30 3 .3 2.6 x 10" 2 

Am-243 17 13 16 1.0 x 10~ 2 

Ca-242 3.0 3.4 3 .1 6.2 x 1 0 " 2 

Qn-243 0.78 (?) 0.88 (?) 11 • 9 .9 x l o " 3 

Qa-244 1.0 x 1 0 3 7.0 x 1 0 2 8.9 x 10 2 0.29 

Ca-245 0 .41 (?) 0.29 (?) 0.71 (?) 1.2 x 1 0 " 5 

Cn-246 8.2 x 10~ 2 (? ) 5.7 x 1 0 " 2 (?) 0.20 (?) 9 .4 x 1 0 " 7 

Q B - 2 4 7 0 
mm 

0 0 1.2 x 1 0 " 1 2 

Ca-248 0 0 0 1.2 x 1 0 ~ 1 2 

*Excludes radionuclides vAiose in i t ia l inventory i s 0. 

3; 
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Table 3 . 2 - 2 . Geologic retardation fac tors (R) used in a n a l y s i s 

of l o a q - f i « f f a c t a 

Radionuclide 

C-14 
Sa-79-
Sr-90 
Y-90 
Hb-93a, Hb-94 
Zr-93 
Tc-99 
Pd-107 
Sn-126 
Sb-126 
1-129 
Te-129m 
Cs-135, Cs-137 
Sm-151 
Pb-210 
Bi-210 
Po-210 
Bn-222 
Ra i so topes 
Ac-225, Ac-227 
Th i so topes 
Pa-231, Pa-233 
U i so topes 
Np-237, Hp-239 
Pu i so topes 
Am i so topes 
Ca i so topes 

R value 
for hard rock 

R value 
for s a l t Source 

1 1 c,b,c,i 
so 200 e 
200 10 e 

1,000 1. ,000 f 
5,000 1. 000 f 
5,000 1. 000 e 

5 5 <3 
1,000 100 g 
1,000 100 <5 
100 50 e 
1 1 a,^0,^,6,11 

100 50 i 
500 10 i» 

3,000 1 ,000 J 
50 50 e 
50 50 a 
100 50 i 
1 1 h 

500 30 «» 
500 1 ,000 :< 

5,000 1 ,000 • 
500 100 :n 
50 20 a 

100 50 e 
200 200 o 
500 i ,C00 e 
500 1 ,C00 e 

a ? r o a Smich e t a l . , 1982. 
b 3*sed on Pepping e t a l . , 1983a. 
c 3a*3d on S i ege l and Chu, 1983. 
d Eased Pepping e t a l . , 1983b. 

From National Research Council, 1933. 

Values based on an assumption of geochemical s - t r i lar i ty to zirconium. 

' v a l u e s based on an assumption of geochemical s i m i l a r i t y to t i n . 
h From P.osinger and Tremaine, 1980. 

Values based on an assumption of geochemical s i m i l a r i t y to 
antimony. 

""value for hard rock i s that used by ftosinger and Tremaine (1980) . 
Value for s a l t i s s e t equal to the h ighest value recommended for any 
nuclide in s a l t by National Research Council (1983) . , 

'< 
Values based on an assumption of geochemical s i m i l a r i t y to 

americium and curium [suggested by Pepping e t a l . (1983a,b) and S i ege l 
and Chu (1983) ] . 

Hard rock value based on an assumption of geochemical s i m i l a r i t y 
t» americium and curium (suggested by Pepping « t a l . (1983a) and S iaee l 
*nd Chu (1983) ] . 3aIt valne based on Pepping e t a l . (1983b). 



Table 3 .2-3 . Spent nuclear fuel characteristics assumed in analysis 
of long-term effects 

Haste form 

Canister s ize 

Nominal leach rate of spent fuel 

Haste package fractional release rate 
assumei under repository conditions 

Haste package radioactivity content 

Spent fuel assemblies 

(PWR) 0.43 n dia. x 3.85 m long 
(BWR) 0.49 m dia. x 4.11 m long 

10 g/cm -day 

1.0 x 10 yr 

(PWR) 2.4 x 10 Ci 
(BWR) 2.5 X 10 Ci 

Haste paclcage nuclear fuel content (PWS) 2.77 MTU 
(BWR) 3.4 MTU 

Canister average heat output at emplacement (PWR) 3300 W 
(B'.fR) 3400 ?; 
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Table 3 . 2 - 4 . Commercial h i g h - l e v e l waste c h a r a c t e r i s t i c s assumed 
in ana lys i s o f long-term e f f e c t s 

Haste form 

Canister s i z e 

Canister ac t ive g l a s s volume 

Waste package fract ional re lease rate 
assumed under reposi tory condit ions 

Nominal leach rate at 20-25°C 

Canister r a d i o a c t i v i t y content 

Canister nuclear fuel content 

Canister average heat output at emplacement 

B o r o s i l i c a t e g l a s s 

0.324 m d i a . x 3.0 m long 

0.19 m3 

10 x 1 0 " 5 y r " 1 

2.0 x 10 g/cm -day 

6.53 x 10 Ci 

2.28 MTU 

2200 W 



Table 3 . 2 - S . Defense h i g h - l e v e l waste c h a r a c t e r i s t i c s assumed in a n a l y s i s 
of long-term e f f e c t s 

Waste form B o r o s l l i c a t e g l a s s 

C a n i s t e r s i z e 0 .61 m d i a . x 3.0 n long 

C a n i s t e r a c t i v e g l a s s volume 0.63 m 
5 2 

C a n i s t e r a c t i v e g l a s s sur face a rea 5.0 x 10 cm 
r - 7 2 

Nominal l each r a t e a t 20-25°C 1.0 x 10 g/cm -day 
* - * * • » £ - 6 - 1 

V-inun? Ca lcu la t ed waste form f r a c t i o n a l r e l e a s e r a t e 1.2 x 10 y r 

*j*»^_ waste form f r a c t i o n a l r e l e a s e r a t e assumed for 50-60°C 1.0 x 10 y r 

a***<**h Waste form f r a c t i o n a l r e l e a s e r a t e assumed for 75 #C 1.15 x 10 yr «L| 
Waste form f r a c t i o n a l r e l e a s e r a t e assumed for 100°C 

Waste form f r a c t i o n a l r e l e a s e r a t e assumed for 130°C 

C a n i s t e r r a d i o a c t i v i t y c o n t e n t 

C a n i s t e r n u c l e a r fuel con t en t 

C a n i s t e r average hea t o u t p u t a t emplacement 

2 .0 x 10" 6 
yr 

•1 

5.0 X 10" 6 yr •1 

1.5 X i o 5 Ci 

0 .5 MTU 

423 W 

Sources : B a x f - r , 1981j West inghouse, 1983a, 1983b (nominal l each r a t e ) . Temperature 
dependence of f r a c t i o n a l r e l e a s e r a t e s based on tempera ture dependence 
of SiO s o l u b i l i t y , a s r epor t ed by Nat ional Research Council (1903) . 

•MSjSM 
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Table 3.1-6. Assumptions used in analyzing different defense 

waste disposal scenarios 

Life of 
container 

(yr) 

Temperature 
after 

containment 
failure CO 

Waste 
rele 

(yr V 

Separate disposal of defense waste 
b Miniaal overpack, both rock types 300 50-60 1.0 x 10 

Codisposal of defense waste with CHLw 
and spent fuel 

Minimal overpack, s a l t geology 
b TiCode-12 overpack, s a l t geology 

b Minimal overpack, hard rock geology 

TiCode-12 overpack, hard rock 
geology 

300 130 5.0 x 10 

1000 100 2.0 x 10 

300 100 2.1 Y. 10 

1000 75 

-6 

-6 

1.15 x 10 

For GASD2 input, waste form release r a t e s are inverted to represent the 
time required to release the en t i re waste inventory a t a constant f rac t ional 
release r a t e . 

b 
The minimal overpack option is assumed ô provide sufficient mechanical 

stability and corrosion resistance to meet the minimum containment period 
(300 yr) set by 10 CFP. 60. 

ft BAH" 
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Cable 3 .3-1 . Release l imits in the proposed EPA Standard (40 CFR 191) 

R a d i o n u c l i d e R e l e a s e L imi t 

An*ric iuin-241 - - - - - - - - - - - - - l o 

Americium-243 - - - - - - - - - - - - - 4. 
Carbon-14 200 
Cesiur.-I35 . . - _ _ . _ - 2000 
Cesiura-i37 - - - - - - - - - - - - - - - 500 
Neptuniun;-237 - - - - - - - - - - - - - 20 
Plutonium-238 - - - • . . . . . . . 400 
Pluteniun-239 - - - - . - _ _ _ _ - 100 
Plutcniura-240 - - - - - - - - - - - - - ICO 
Plutoniun-242 100 
Radium-226 3 
Strcntiun-90 - - - - . . - _ _ . - _ 80 
Technetluai-99 _ - - _ - . - _ 2000 
Tin-126 80 
Any other alpha-emitting 
radionuclide - - - - - - - - - - - - - 10 

Any other radionuclide which does 
not emit alpha particles - - - - - - - 500 

DRAFT 



no An 
Ullrti l 

4 . SHOKT-TEBI KSiLlI AMD SAFETY EFFECTS 

The short-term health and safety effects related to geologic dispo­

sal* of high-lcrcl wastes wi l l be related to constnet ion aad operation 

of the repositories . These effects resnlt from aonradiological and 

radiological phases of construction and operation. 

4.1 Construction 

Health and safety impacts related to repository construction are 

those associated with construction of surface facilities and mining of 

the repository. The major health and safety impacts are those associ­

ated with accidents during construction and radiological and nonradio-

logical effluents released during the construction period. Estimates of 

effects give in. this study were determined by normalizing values given 

for model repositories in DOE/EIS-0046F (reference 1) to a per MTHM of 

waste capacity. These normalized values were then converted to 

appropriate values for the repository capacities disposal options con­

sidered in the present study. 

4.1.1 Nonradiological accidents 

Table 4.1 summarizes thevnumber of predicted injuries (temporarily 

disabling) asd fatalities (or permanently disabling injuries) associated 

with surface facility construction and underground mining operations for 

repositories in salt and hard rock. These predictions are based on 

injury rates of 13.6 temporary disabling injuries per million hours of 

construction for surface facilities and 25 injuries per million man-

hours for underground mining. Fatality rates are 0.17 per million man-

hours for construction and 0.53 per million man-hours for underground 

mining. 



Table 4 . 1 . Bs t ina te s of n on rad io log ica l d i sab l ing i n j u r i e s and f a t a l i t i e s 
assoc ia ted with repos i tory construct ion 

Repository type 

Geologic media 

Sal t 

Di sabling 
in jur i e s F a t a l i t i e s 

Hard rock 

Disabling 
i n j u r i e s Fatalities 

Defense waste repos i tory 
3.350 MTU 
10,000 MTU 

29 
06 

0 .6 
1.7 

41 
124 

0.8 
2.5 

Commercial repos i tory 
Comaereial plus defense wastes 

73,350 MTU 
80,000 MTU 

632 
G90 

13 
14 

909 
992 

19 
20 

Defense waste replacement 
of commercial wastes 

70,000 MTU 603 12 868 18 

Estimated from values given in reference 1 for construct ion of a spant fuel repos i tory . 



B1&T1 
These aceideats are related both to sixe (eapaeity) of the reposi­

tory asd to geologic aedia. Injury sad fatality estimates fox miaimg im 

hard rook are aboat 40% higher thaa for aiaiag ia salt. 

4.1.2 Noaradiologioal efflaeats 

Noaradiological efflaeats from repository ooastraotioa iaolade dust 

sad pollntaats geaerated froa aaehiaexy operatioa dariag facility coa-

atraetioa aad aiaiag operatioas. Baraiag of propane, diesel,.aad gaso­

line fools resalts ia air pollutant emissions, bat eoaeeatratioas ia air 

are not expected to exceed applicable liaits (40 CFR SO). Table 4.2 

gires estimates of the total quantities of eaissioas daring construction 

of the repositories in a salt formation. Eaissisas froa construction of 

repositories in hard rock would be 10 to 20% greatev. 

In addition to pollutants froa burning fuels, dust generated froa 

surface operatioas and rock transport to storage will result in abort-

ground dust. In a non-arid earironaent. about 4.7 MT of dust per day 

would be produced froa surface handling of ained material during con­

struction of a 70,000 JfTU capacity hard rock repository (U.S. DOE, 

1980). For a repository in salt, about 4.2 MT/d would be produced. 

These estiaates are based on (he assumption that no control techniques 

are applied. Dust emissions could result ia conceatratioas ia air which 

are higher thaa the existiag federal air quality staadard (75 Mf/a ) if 

control techniques are not used (V.S. DOE, 1980). 
i 

Mo significant health aad safety impacts should result froa nonra-
diological emissions if dust emissions are controlled. 



Table 4 . 2 . Eff luents re leased to the atmosphere during construct ion 
of geo log ic r e p o s i t o r i e s in s a l t 

Repository type 
Pol lutant (MT t o t a l r e l ease ) 

CO Hydrycarbons NO 
X 

SO 
X 

P a r t i c u l a t e s 

519 24 97 6 6 
1,550 71 290 18 18 

11,370 518 2,127 132 132 
12,400 565 2,320 144 144 

Co cense waste repos i tory 
3,350 HTU 
10,000 MTU 

Commercial and defense wastes 
73,350 MTU 
80,000 MTU 

Commercial replaced by defense wastes 
70,000 MTU 12,040 494 2,030 126 126 

*Values est imated from construct ion of a spent fuel reposi tory given in reference 1. 



4.1.3 ladioloeieal effluents 

Dnring the cons tract ion (aiming) of repositories, satar&lly ooea**-

ring radon and its decay products will be released to the ataosphose. 

Both workers and the surrounding population vill ho exposed to those 

radioactive Missions. Radon and daughter emissions vill ho higher from 

hard rook mining than frcsi salt ainiag by several orders of aagaitude. 

Thus, the size of the repository is less important than the geologic 

ssediua. Table 4.3 gires estiaates of 70-year whole-bo4y dose coaait-

aents froa radionuclides released daring constraction of repositories. 

No health effects vovld be expected in the sarroaading population froa 

radioactive releases daring construction. Occupational exposmres (aax-

iaun of 3400 nan-rem) would not result in health effeets based on the 

assumption that there are 200 health effects per million aan-rea. Since 

no health effects are estiaated for the repository capacities or geolo­

gic media 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. Storage areas 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 under construction impacts, 

although total quantities released are greater during the operation 

period than during construction. Table 4.4 gives total quantities of 



(1 mm ? 

Table 4 .3 . Summary of 70-year whole-body dose comaitaents 
from naturally occurring radionuclides released during 

construction of repositories 

Salt Hard rock 
Repository type 

workers Population Workers Population 

Defense waste repository 
3,350 MTU 
10,000 MTU 

Ccanercial plus defense wastes 
73,350 MTU 
80,000 MTU 

1.2E-2 4.6E-2 1.4E+2 1.7E-0 
3.5E-2 1.4E-3 4. 2E+2 5.0E+0 

2.6E-1 1.0E-2 3.1E+3 3.6E+1 
2.8E-1 1.1E-2 3.4E+3 4.0E+1 

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

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

Surrounding population out to 80 km i s 2 million persons. 



Table 4.4. Effluents released to the atmosphere during operation 
of geologic repositories in salt 

Repository type 
Pol lutant (MT to ta l re l ease ) 

CO llyd r y e &r b o n a NO SO P a r t i c u l a t e s 
x 

Defense waste repos i tory 

3,350 MTU 
10 ( 000 MTU * 

Ooawercial and defense wastes 
73,350 MTU 
80,000 MTU 

167 57 985 636 28 
500 170 2,940 1,900 84 

3,367 1,246 21,505 13,936 618 
4,000 1,360 23,520 15,200 674 

Coanercial replaced by defense wastes 
70,000 MTU 3,500 1 190 20,580 13,300 590 

a Values est imated from construct ion of a spent fuel reposi tory given in reference 1. 

r alii vifrii. 



pollutants released to t i e atmosphere in s a l t . Values for hard rock 

repositories would be about 4Mb lover (U.S. DOE, 1980). In a l l eases, 

air quality standards would be met and no health, effeets jould be 

predicted. 

In addition, about 7.6 x 10' NT of heat would be released to the 

atmosphere for each MTU stored independently of geologic media. Heat 

releases would be expected to cause no health ef feets . 

4 .2.2 Radiological effeets 

Boutin* radiological releases frost geologic repositories'during 

normal operation wi l l consist prin.cipi.lly of radon emanating from 

exposed rock faces and radon's decay products. These releases wi l l also 

occur from backfil l ing operations but arc negligible compared to radon 

releases during repository construction. Occasionally, external contam­

ination may occur on canisters as a result of some minor accident. The 

population dose from decontamination ac t iv i t i e s would be nnch less than 

that from operation at a spent fuel packaging and storing fac i l i ty , for 

which the 70-year whole-body population dose was determined to be about 

1 man-rem (DOE/ET-0029). Doses to maximum, o f f - s i t e individuals would 

be much less than 1 mill ires per year. 

Doses to the work force during repository operation wi l l include 

contributions from receiving*'handling, and placement of waste canisters 

into subterranean storage areas. Doses estimated to result from opera­

tions, based on expected time of operation and permissible exposure lim­

i t s , are presented in Table 4.5 for disposal of wastes for the various 

disposal options. Estimates given in DOE/EIS-0046F were used and they 

axe independent of geologic media. Also these are estimates for spent 

FT 

http://prin.cipi.lly


sable 4 .5 . Estimated occupatioaal exposures and haalth e f fec t s 
for operation of repositories 

Repository type Total sum-re* Baalth e f fects 

Defense waste 
3,350 MTU 3.0E+2 
10,000 MTU 9.0E+2 

Coonercial and defense wastes 
73,350 MTU 6.6E+3 
80,000 MTU 7.2E+3 

Coamercial replaced by defense 
tas tes 

70,000 MTO b.3E+3 

0.06 
0.18 

1.3 
1.4 

1.3 

^ased on U.S. DOE (1980) . 
For duration of operational phase. 

cHealth ef fects are 200 per million man-ren. 



fuel vast* amd represent the occupational exposures fox the duration of 

repository operation. Between 1 and 2 health effects are estimated for 

repositories where 70.000 SHU or aore capacity is nsed. Since the 

uvaser of curies per MTU is higher for spent fuel than for defense or 

eoaaercial waste, these estiaates baaed on spent fuel are conservative. 

4.2.3 Radiological accidents 

Sewers! accidents which result in the release of radionuclides have 

been given in DOE/EIS-0046F. They were chosen on the basis of their 

probability and radiological consequences. In al l cases, they are much 

aore severe to workers than to surrounding populations. Of accidents 

which aight occur during repository operation, the drop of a canister 

down the repository aine shaft is most serious. Estiaated frequency of 

occurrence is 1—5. 

/yr . Less serious, and representative of ainor 

accidents, would be the rupture of a contact-handled transuranic (CH-

TSU) waate drca. This type of accident has an estiaated freqency of 

0.15/yr. Accidents are suaaarized in Table 4.6. 

No health effects would be predicted to off -s i te persons as a 

result of these accidents. However, estiaated occupational exposures 

would be fatal in the case of canister drops. These doses are indepen­

dent of geologic aedia and their estiaated frequencies are such that 

they are considered to be rare. 

4.3 Suaaary of Short-Teta Health and Safety Effects 

Thert i s no significant health and safety advantage associated with 

construction or operation of repositories in any geologic aedia. The 

s ize (MTU capacity) of the repository seeas to be the doainant influence 



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

Dose (rem) 

Maximum . 
individual 

, * Maximum . _ _ , _. c 
Occupational ,„Ai„iAt%M,* Population 

Drop of waste canister 
into mine shaft 

Spent fuel canister 
Commercial waste canister 

Rupture of CH-TRU waste drum 

1.9E+3 3.5E-S 8.7E+0 
6.5E+3 1.4E-5 3.5E+0 

„^ 1.0E-12 3.9E-18 

*Worker near the point of impact of canister. Dose i s f i r s t year 
whole-body dose, 

b 
Maximum individual of f s i te i s 1600 m from the release point. 

Dose i s a 70-year whole-body dose commitment. 
Population dose i s based on 2 million persons l iving within 

80 Jan of the fac i l i ty . Dose is 70-year whole-body dose cotnmitaent in 
man—rem. 
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on health and safety issues. Given that any repository nust meet 

Federal standards, there is little health and safety adrantage to be 

gained by options considered here. Of course, handling defense wastes 

in a defense—only repository would hare much less impact in terms of 

capacity. But if other wastes also hare to be isolated, the effects of 

larger, combined waste repositories are not great enough to preclude 

their use. 
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Cacnuter Listing of Radionuclide Releases (Ci/lOOO HTu) over 10,000-Year 
Intervals for Scenario 1: Cosswrcial . *-h-Level Haste; 

Salt Geologic Setting 

MP237 
3P237 
3P237 
MP237 
HP23 7 
0233 
0233 
0233 
0233 
0233 
0233 
0233 
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0234 
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023U 
0 23 4 
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U23b 
023 5 
0235 
0235 
0235 
0235 
027 5 
0236 
0236 
023 6 
0 23 6 
0 236 
023 6 
0 236 
0236 
0238 
0238 
0 238 
0238 
0239 
0238 

FS0H5. 
FROM 6. 
FRCH7. 
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FROM 2. 
FR033. 
FR034. 
FHCH5. 
FRGS6. 
FRQ17. 
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FRO 3 9. 
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FR0H3. 
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FR0H5. 
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FR0A8. 
FR0S9. 
FS03 2-
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"•Roaa. 
FR0M5. 
FRCS6. 
FR0H7. 
PROS8. 
FH039. 
FRC.12. 
F&on3. 
FHJ34. 
?U0H5. 
P3036. 
FR03 7. 
PR01R. 
FRO.*! 9 . 
»R03 2. 
FR033. 
PRO34. 
PR015. 
FRG36. 
PR017. 

10000E*04 
000 002*04 
00000E*04 
0O0OOE*04 
000 002*04 
100 002*04 
000C0E*04 
00000E*04 
000002*04 
000 002*04 
OOQ0OE+04 
000002*04 
000002*04 
10000E*04 
000 002*04 
000002*04 
000002*04 
000002*04 
000002*04 
000002*04 
OOOOOE*04 
100 002*04 
000002*04 
000002*04 
000002*04 
000 002*04 
000002*04 
000 002*04 
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100 002*04 
000002*04 
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OOOOOE*04 
000002*04 
000 002*04 

,000002*04 
100002*04 

.000 002*04 
000002*04 

,000002*04 
,000002*04 
,000002*04 

TO6.00000E*0tt 
?C7.00000R*0« 
TO8.000002*0tt 
1 0 9 . 0 0 0 0 0 2 * 0 0 
T01.00000E*05 
TO3.00000E*0ft 
TO4.00000E*04 
TO5.000C02*04 
TO6.00O00E*04 
TO7.00000E*04 
T03.00000 2*04 
T09 .000002*04 
T01.000002*05 
70 3 .000 002*04 
?C4.000002*04 
TC5.000002*04 
T06. 000 00 2*0 4 
TO7.00000B*0a 
T08.000002*04 
T09.00000E*Oa 
7 0 1 . 0 0 0 0 0 2 * 0 5 
TO3.00000E*04 
TC4.000002*04 
T05. 000002*04 
T06.000002*04 
TC7.000002*04 
TO*.000002*04 
TC 9 .000002*04 
T01.000002*05 
TC3.000002*04 
T04.000002*04 
TO5.00OC02*04 
706 .000002*04 
107 .000002*04 
TC8.000002*04 
1 0 9 . 0 0 0 0 0 2 * 0 4 
T01.000002*05 
1 0 3 . 0 0 0 0 0 2 * 0 4 
T04.000002*04 
T05.00CC02+04 
706 .000002*04 
107 .000002*04 
TC8.000002*04 

2. 93*99E*01 
2.262S7E*01 
3 .266101*01 
3.24997E*C1 
3 .237821*01 
1.5373 8E*CC 
5 .054661*00 
£.5733 02*00 
1. 11259E*01 
1.22244E*Cl 
1.3249 2E*01 
1.42316E*01 
1.51654E*C1 
3.61486S + CC 
a. 122511*00 
4.0026SE+00 
3.89310E*00 
3.7€409E*CC 
2 .678682*00 
3.57554E*CC 
3 .475512*00 
6.764S7E-C3 
1. 17699E-02 
1 .309662-02 
1.3867CE-02 
1.42845Z-C2 
1. 44824E-02 
1 .454372-02 
1.45283E-02 
2 .121292-01 
2.0788 21 -01 
3 -094162-01 
2.01495E-01 
2.«f:14C2-C1 
2 . 9 3 4 0 7 2 - 0 1 
2 .921842 -01 
2 -91627E-01 
1.8000CZ-01 
2 .00001E-01 
2 .00C092-01 
2 -00010E-01 
2.CC01CE-01 
2 .000142 -01 

CORIES 
CURIES 
CORIES 
COSIES 
CURIES 
CURIES 
CURIES 
CURI ES 
C0RI2S 
CURIES 
CURIES 
C0RI2S 
CURIES 
CORIES 
CORI2S 
C0RI2S 
C0RI2S 
CURI2S 
C0RI2S 
C CRIES 
CORI ES 
CORIES 
C0EI2S 
COSIES 
CURI2S 
CURI2S 
C0RI2S 
CURI 2S 
CURIES 
CURI2S 
CURI2S 
CURIES 
COBIES 
CURIES 
CURIES 
CORIES 
CURI2S 
CURZ2S 
CURIES 
CUHIES 
CURIES 
CORIES 
CURIES 



A-2 DRAFT 
0238 
U23 8 
PA231 
PI231 
# * 2 3 l 
P U 3 1 
Pi231 
PX231 
PA231 
PA231 
PX233 
PA233 
P&233 
P&233 
P^233 
2H227 
TH227 
TH227 
TK227 
7H227 
7H227 
TH227 
TH227 
7H228 
7H228 
7H223 
TH228 
7H228 
TH228 
TH228 
TH228 
TH229 
"'H229 
TH22S 
TH229 
TH229 
TH229 
TH229 
TH229 
TH230 
TH23 0 
TK230 
7H230 
7H230 
TH230 
TH230 
TH230 
7H231 
7H23 1 
7K231 
TH231 
7H231 

FB038. 
FH0H9. 
FS022. 
FE0H3. 
vB034. 
FB035. 
?B036. 
FR037. 
FE038. 
?B039. 
FB035. 
PRO 3 6 . 
PHCM7. 
FR0H8. 
FB039. 
FBC3 2. 
FH0S3. 
FRO 3 4 . 
FR035. 
PR036. 
FR037. 
PR03 9. 
FR039. 
FROM 2 . 
FB033. 
FR034. 
FRCK5. 
FRC36. 
FR037. 
PROS 3 . 
FBC39. 
FRG32. 
FRC33. 
FR034. 
FP.0M5. 
FR036. 
FP03 7. 
PR038. 
PRC39. 
FBC32. 
FRG33. 
PB034. 
F2035. 
PR036. 
FH0K7, 
PR03 8. 
PRO.'! 9, 
FRC3 2. 
PRO 33 
7E03U, 
PR035. 
PR036, 

OOOOOE+04 TC9. 
0O0 0OE*O4 7 0 1 . 
10000E+04 703 . 
000GOE+O4 704 . 
0000OE+O4 7C5. 
000002*04 T06. 
000 002+0'4 TC7. 
0000OE*O4 T08. 
000002*04 T09, 
000002*04 TC1. 
100002+04 706. 
000 002+04 T07. 
000002+04 TC8. 
000002+04 709, 
000 002*04 TCI . 
10000E+04 TC3. 
000 002 + 04 70». 
0O00OE+O4 TC5. 
000002+04 TC6, 
000 002*04 TC7, 
00O0OE+O4 T08-
OOOOOE+04 T09 
000002*04 TCI, 
100 102*0* TC3 
000002*04 704 
OQOOOE+0'4 705, 
000002*04 706 
000002*04 707 
000002*04 T08 
OOOOOE*04 T09 
000002*04 TC1 
100002*04 T03 
OOOOOE+04 T04 
000 002*04 T05 

,000002*04 TC6 
,000 002*04 707 
000 002*04 TC8 

.000002+04 T09 

.000002*04 T01 

. 100002*04 TC3 

.000 002*04 TC4 

.000002*04 T05 

.000002*04 T06 

.000 002*04 TC7 

.000002*04 708 

.OOOOOE+04 7C9 

.000002*04 T01 

. 100 002*04 T03 

.000002*04 T04 

.000002*04 T05 

.030002*04 T06 

.000002*04 707 

000002*04 
000002*05 
00O00E+O4 
000002*04 

,000002+04 
.000002*04 
000003*04 

,000002*04 
,000002*04 
.000002*05 
.000002*04 
.00000 2*04 
.0000GE+04 
.000002*04 
.000002+05 
.000002*04 
.000002*04 
.000002*04 
.000002*04 
. 000002*04 
.000002*04 
.000002*04 
.000002*05 
. 000002*04 
. 0 0 0 0 0 2 * 0 4 
. 0 0 0 0 0 2 * 0 4 
. 0 0 0 0 0 2 * 0 4 
. 0 0 0 0 0 2 * 0 4 
. 0 0 0 0 0 2 * 0 4 
. 0 0 0 0 0 2 * 0 4 
. 0 0 0 0 0 2 * 0 5 
. 0 0 0 0 0 2 * 0 4 
.000002+04 
. 0 0 0 0 0 2 * 0 4 
- 0 0 0 0 0 2 * 0 4 
. 0 0 0 0 0 2 * 0 4 
. 0 0 0 0 0 2 * 0 4 
.000002+04 
. 0 0 0 0 0 2 * 0 5 
. 0 0 0 0 0 2 * 0 4 
. 0 0 0 0 0 2 + 0 * 
. 0 0 0 0 0 2 * 0 4 
. 0 0 0 0 0 2 * 0 4 
. 0 0 0 0 0 2 * 0 4 
. 0 0 000 2*0 4 
. 0 0 0 0 0 2 * 0 4 
. 0 0 0 0 0 2 * 0 5 
. 0 0 0 0 0 2 * 0 4 
. 0 0 0 0 0 2 * 0 4 
. 0 0 0 0 0 2 * 0 4 
. 0 0 0 0 0 2 * 0 4 
. 0 0 0 0 0 2 * 0 4 

2 .C0020E-01 
2 . 0 0 0 2 0 1 - 0 1 
1.S532 62-04 
6 . 6 9 5 3 1 2 - 0 4 
1.11113E-03 
1 .49446E-03 
1.8141CE-03 
2 .07199E-02 
2 . 2 7 5 0 1 2 - 0 3 
2 .421162 -03 
4.C61552+C1 
6 . 0 6 2 3 9 2 * 0 1 
4 * 4 * * * * * 4 * * 
1.422952*01 
1.85836E+01 
S.312652-03 
1.80728E-02 
1.9153 12-02 
1.87 37 22-0 2 
1 .831612-02 
1 .909132-02 
1.8Q1162-C2 
1 .800512-02 
1 .023312-08 
2.5813CZ-C6 
€ .165952 -08 
6 . 7 5 5 7 1 - - 0 6 
1.1335S2-C7 
1.391172-C7 
1.6U87S2-C7 
1 .906222-07 
1 .930552-01 
6 . 6 0 7 1 9 2 - 0 1 
1.1927SE + C0 
1.586332*00 
1.7709 CE*00 
1 .931202*00 
2.C882Z+CC 
2.21866E+00 
2.2203 12-03 
1.0531CH-02 
1 .713162-02 
2. 291622-02 
2 .7599C2-02 
3 . 2 4 5 4 7 5 - 0 2 
2 . 6 2 3 1 4 2 - 0 2 
3 . 9 6 9 3 4 E - 0 2 
3 .311362 -04 
3.389261--C4 
2.C482C2-C4 
3 .210022 -04 
2.2263U2-C4 

CORIES 
CURIES 
casi ES 
C0SI2S 
COEI ES 
CURIES 
CURIES 
CURIES 
CURIES 
CURI23 
CURIES 
CURIES 
CURIES 
CUR I ES 
CURIES 
CURIES 
CURIES 
CURIES 
CUR I ZS 
CURIES 
CURI2S 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURI2S 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURI2S 
CURIES 
CU3I2S 
CURIES 
CURI ES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURI2S 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 

J* 



A-3 MUFT 
TH231 
TH231 
TB231 
TH232 
TH232 
TH232 
TH232 
TH232 
TH232 
TH232 
TH232 
TH234 
TH234 
TH234 
TH234 
7H234 
7H234 
TH234 
TH234 
AC225 
AC225 
AC225 
AC22 5 
AC225 
AC225 
AC225 
AC225 
AC227 
AC227 
AC 22 7 
AC227 
AC227 
AC227 
AC227 
AC227 
BA223 
RA223 
HA223 
HA223 
RA223 
P.A223 
BA223 
SA223 
RA224 
BA224 
BA22U 
5A224 
RA224 
BA224 
8A224 
BA224 
HA225 

FR0H7. 
FB0R8. 
FS0H9. 
FBCS2. 
FBGH3. 
Faoaa. 
FBOBS. 
PHOH6. 
FRO*7. 
PROS 3 . 
P R 0 2 9 . 
PROS 2 . 
P R 0 3 3 . 
FR024 . 
FR0S5 . 
PROS6. 
PR0fl7. 
FRCJ18. 
FROH9. 
PROS 2 , 
PRCH3. 
FR0K4. 
FROH5. 
PROH6. 
F R 0 3 7 . 
FR038 . 
F R 0 3 9 . 
PH03 2 . 
PR0H3. 
PBCH4. 
PROaS. 
PR036. 
PRCH7. 
FRO.18. 
PRO* 9 . 
PROS 2 . 
FK033 . 
FRCH4. 
FR015 . 
PQOH6. 
PR2S7. 
FR0S8. 
PROH9. 
PROS 2 . 
FROM3. 
PROSa. 
PR0«5 . 
PB016. 
PP0H7. 
PRO .18. 
P 80.19, 
PR03 2 . 

ooooos+oa 
0000024*04 
000003+09 
100 ioz*04 
000 0024-04 
000 0024-04 
0000024-04 
000 0024-04 
000 0024-04 
000 002«-04 
000 0024-04 
100 0024-04 
0000024-04 
0000024-03 
0000024-04 
000 0021-04 
000 0 0 2 * 0 4 
0000024-04 
000 0024-04 
100 0024-04 
000 0024-04 
0000024-04 
0 0 0 0 0 2 + 0 4 
000 002+04 
OOOOOE4-04 
0000024-04 
0000024-04 
10000E4-04 
000 002 + 04 
000 0034-04 
0 0 0 0 0 3 + 0 4 
000 001 + 04 
OOOOOE+04 
OOCOOE + OU 
0000OE+O4 
1 0 0 0 0 2 + 0:* 
000 002 + 04 
00000E4-Q4 
0 0 0 0 0 2 + 0 4 
000 002 + 04 
0 r 1Q0E+04 
000 002 + 04 
000 00E + 04 
100 102+04 
000 002 + 04 
000 002+04 
0 0 0 0 0 2 + 3 4 
000 002+04 
000 002 + 04 
OOOOOE+04 
000 002 + 04 
100 002+04 

T C 8 . 0 0 0 0 0 2 * 0 4 
7 0 9 . 0 0 0 0 0 8 * 0 4 
T C 1 . 0 0 0 0 0 2 + 0 5 
T 0 3 . 0 0 0 0 0 2 + 0 4 
T 0 4 . 0000024-04 
T C 5 . 0 0 0 0 0 2 + 0 4 
7 0 6 . 0 0 0 0 0 2 * 0 4 
T 0 7 . 0 0 0 0 0 2 * 0 4 
7 0 8 . 0 0 0 0 0 8 * 0 4 
T C 9 . 0 0 0 0 0 2 * 0 4 
7 0 1 . 0 0 0 0 0 2 * 0 5 
T C 3 . 0 0 0 0 0 £ * 0 4 
7 0 4 . 0 0 0 0 0 2 * 0 4 
T C 5 . 0 0 0 0 0 2 * 0 4 
TC6.OOOOOE+04 
T C 7 . 0 0 0 0 0 E + 0 4 
T 0 8 . 0 0 0 0 0 2 + 0 4 
T 0 9 . 0 0 0 0 0 E + 0 4 
7 0 1 . 0 0 0 0 0 2 * 0 5 
7 0 3 . 0 0 0 0 0 2 * 0 4 
T 0 4 . 0 0 0 0 0 S + 0 4 
7 0 5 . 0 0 0 0 0 2 + 0 * 
T06.OOOOOE+04 
7 C 7 . 0 0 0 0 0 3 * 0 4 
T08.OOOOOE+04 
7 0 9 . 0 0 0 0 0 2 * 0 4 
7 0 1 . 0 0 0 0 0 2+05 
TC3.OO0C0Z+04 
7 0 4 . OOOOOE+04 
7 C 5 . 0 0 0 0 0 2 + 0 4 
7 0 6 . 0 0 0 0 0 2 + 0 4 
T C 7 . 0 0 0 0 0 2 + 0 4 
7 0 8 . 0 0 0 0 0 2 + 0 4 
7 C 9 . 0 0 0 C 0 2 + 0 4 
7O1.OOOC02+05 
7 0 3 . 0 0 0 0 0 2 + 0 4 
7 C 4 . 0 0 0 0 0 7 + 0 4 
7 C 5 . 0 0 0 0 0 2 + 0 4 
7 0 6 . 0 0 0 0 0 2 + 0 4 
7 0 7 . 0 0 0 0 0 2 + 0 4 
7 0 8 . 0 0 000 2+04 
7 C 9 . 0 0 0 0 0 2 + 0 4 
7 C 1 . 0 0 0 0 0 2 + 3 5 
7 O 3 . 0 0 0 C 0 2 + 0 4 
7 0 4 . 3 0 0 0 0 2 + 0 4 
7 0 5 . 0 0 000 3+0 4 
7 0 6 . 0 0 0 0 0 3 + 0 4 
7 0 7 . 0 0 0 0 0 2 + 0 4 
T 0 8 . 0 0 0 0 0 2 + 0 4 
7 0 9 . 0 0 0 0 0 2 + 0 4 
7 C 1 . 0 0 0 0 0 2 + 0 5 
7 0 3 . 0 0 0 0 0 2 + 0 4 

3 , 3 8 1 9 4 1 - 0 4 
3 . 3 3 6 6 4 1 - C 4 
3 . 3 9 4 2 2 1 - 0 4 
S . 8 6 0 3 8 2 - 1 0 
3 . 8 3 0 2 7 i ! - C 9 
6 . 8 7 1 9 S B - 0 9 
9 . 8 8 0 4 9 2 - 0 9 
1 . 2 8 4 7 9 2 - 0 8 
1 . 5 7 9 1 2 2 - 0 8 
1 . 8 7 2 2 3 Z - C 8 
2 . 1 6 4 8 9 2 - 0 8 
8 . 2 2 9 4 1 E - 0 3 
5 . 8 0 5 9 0 2 - 0 3 
1 . 7 6 0 5 6 2 - 0 3 
4 . 00 23 42 - 0 3 
4 . 0 0 3 3 6 2 - 0 3 
<i. 0 0 4 2 7 2 - 0 3 
4 . 0 0 4 9 1 2 - 0 3 
4 . 0 0 5 5 4 2 - 0 3 
1 . 9 2 2 0 2 2 - 0 1 
6 . 8 0 9 8 5 E - 0 1 

19305E+CC 
5867 22*00 
7 7 1 3 1 2 * 0 0 

1 . 9 3 1 5 5 1 * 0 0 
2 .C79122+0C 
2 . 2 1 8 9 6 5 * 0 0 
4 . 7 3 3 7 8 2 - 0 5 
: . 1 0 3 8 6 E - 0 4 
« . 114C62-C4 
6 . 1 0 7 0 6 E - 0 4 

6 9 7 0 3 2 - 0 4 
3 7 8 9 1 2 - 0 1 
0572 9 2 - 0 3 
1 4 9 3 0 2 - 0 2 
7 3 8 7 8 2 - 0 5 

2 . 1038 6 2 - 0 4 
ft. 1 1 4 0 6 2 - 0 4 
6 . 1 0 7 0 6 Z - 0 4 
" . 6 3 7 0 3 1 - 0 4 

2 7 3 9 1 E - 0 4 
0 5 7 2 S E - 0 3 
1 4 9 3 0 2 - 0 3 

, 0 2 3 3 1 2 - 0 6 
5813C2-C8 
1 6 S 5 5 2 - C 6 
7 5 5 7 1 » - Q 8 

, 1 3 3 5 9 2 - 0 7 
, 3 9 1 1 7 1 - 0 7 
. 6 4 8 7 S 2 - C 7 
• 9 0 6 2 2 E - 0 7 

S. 
1. 
1. 
4. 

5 . 
1 . 
1. 
1. 
4 

t. 
8. 
1, 
1. 
1. 
1. 
1.9320 22 -01 

CURIES 
CUBXES 
CURIES 
CURI2S 
CURIES 
CURIES 
CURI2S 
CURIES 
CURIES 
CUS1ES 
CUBI2S 
CUBI2S 
CURIES 
CURIES 
CUBIES 
CURI2S 
CURIES 
CURIES 
CUBI2S 
CURI2S 
CURIES 
CUSIES 
CURIES 
CURI2S 
cuai2s 
CURI2S 
CUBIES 
CUBIES 
CURIES 
CURIES 
CUKIES 
CURIES 
CUBIES 
CURIES 
cuaiES 
CURIES 
CURI2S 
CUKI2S 
CURIZS 
CURI?S 
CURIES 
CUKIES 
CURI ZS 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 



A-4 nR&rr 
B 1 2 2 5 
B1225 
BA225 
BA225 
BA225 
BA225 
BA225 
B1226 
RX226 
RA226 
B1226 
EA226 
BA225 
BA226 
BA226 
H1228 
3*228 
RA228 
BA228 
RA228 
HA228 
2 4223 
3A228 
BM222 
RH222 
SM222 
RH222 
3H222 
RH222 
FU222 
BN222 
P0210 
P0210 
P0210 
P0210 
P0210 
P 0 2 1 0 
P0210 
P0210 
BI210 
B I 2 1 0 
EI210 
B I 2 1 0 
3 1 2 1 0 
B I 2 1 0 
a i210 
3 1 2 1 0 
PB210 
PB210 
18210 
PB210 
PB210 

PROS3. 
PROfla. 
psoas. 
FR0B6. 
PRCH7. 
FB05 8 . 
PROS 9 . 
PROS2. 
PRO83. 
PR034. 
FEOS5. 
PRC8 6 . 
PR0^7 . 
F 3 0 S 8 . 
FP.039. 
FRCH2. 
F R 0 3 2 . 
FR084 . 
FROfiS. 
FRC36. 
PRCM7. 
FR03 8 . 
PR03 9 . 
PEC 3 2 . 
PR033 . 
pacaa. 
F30M5. 
PR036. 
FR037 . 
P R O S 3 . 
FROM 9 . 
FECI 2 . 
P E 0 S 3 . 
FR034 . 
PE0H5, 
PEC?! 6 . 
PH0M7. 
FS0S8 . 
FB03 9, 
PEC*. 2 . 
PRCa3. 
FR034. 
FR035. 
PRC36. 
FRO 3 7, 
p R o a s . 
FR019 
FB03 2 
FRC*3 
PRoaa 
psoas 
FRCH6 

0O0 0OE+O4 
0OO00E+O4 
0 0 0 0 0 3 + 0 4 
0000024-04 
000 00E+04 
0 0 0 0 0 1 * 0 $ 
0OO00E+O4 
100 00E+04 
000 0 0 5 * 0 4 
0OO0OE+04 
OOO00E+Q4 
000 00E+04 
OOOOOE+04 
ooooos+oa 
OOOOOE+04 
100 102+04 
000 003 + 04 
00000E+04 
ooooos+04 
OOOOOE+04 
0 0 0 0 0 3 + 0 4 
000C0E + 04 
00O00S+04 
1 0 0 0 0 3 + 0 4 
000 002*04 
OOOOOE+04 
0 0 0 0 0 2 + 0 4 
OOOOOE+04 
0 0 0 0 0 2 + 0 4 
OOOOOE+04 

. 0 0 0 002+04 

. 100 00E+04 

. 0 0 0 002+04 

.00Q00E+04 

. 0 0 0 0 0 2 + 0 4 

. 0 0 0 002+04 

. 0 0 0 0 0 2 + 0 4 

.00OC0E+04 

. O O O O O E + 0 4 

. 100 00E+Q4 

.OOOOOE+04 

. OOOOOE+04 

. 0 0 0 0 0 3 + 0 4 

. 000 00E + 04 

. 0 0 0 0 0 2 * 0 4 

. 00000E+04 

. 0 0 0 002*04 

. 1 0 0 0 0 2 * 0 4 

. 0 0 0 003*04 
. OOOOOE+04 
. 0 0 0 0 0 2 * 0 4 
. 0 0 0 002*04 

TO». OOOOOE+04 
TC5.OOOOOE+04 
T 0 6 . 0 0 0 0 0 2 + 0 4 
T 0 7 . 0 0 0 0 0 5 + 0 4 
? 0 9 . 0 0 0 0 0 3 + 0 4 
T C 9 . 0 0 0 0 0 3 * 0 4 
? 0 1 . 0 0 0 0 0 3 + 0 5 
? C 3 . 000 0 0 2 + 0 4 
T 0 4 . 0 0 0 0 0 3 + 0 4 
? C 5 . 0 0 0 0 0 2 + 0 4 
T 0 6 . 0 0 0 0 0 3 + 0 4 
TO7.0O0O0S+04 
T 0 8 . 0 0 0 0 0 3 + 0 4 
TC9.000COE+04 
T G 1 . 0 0 0 0 0 3 + 0 5 
T C 3 . 0 0 0 C 0 3 + 0 4 
T C 4 . 0 0 0 0 0 E + 0 4 
T 0 5 . 0 0 0 0 0 2 + 0 4 
T C 6 . 0 0 0 0 0 3 * 0 4 
T O 7 . 0 0 0 0 0 E * 0 u 
T 0 8 . 00000 2 + 0 4 
TC9.OOOOOE+04 
T C 1 . 0 0 0 0 0 3 * 0 5 
? 0 3 . 0 0 0 0 0 2 + 0 4 
T 0 4 . 0 0 0 0 0 2 + 0 4 
T 0 5 . 0 0 0 0 0 2 + 0 4 
?C6. 0 0 0 0 0 2 + 0 4 
? C 7 . 0 0 0 0 0 2 * 0 4 
T C 8 . 0 0 0 0 0 2 + 0 4 
T G 9 . 0 0 0 0 0 2 + 0 4 
? 0 1 . 0 0 0 0 0 3 + 0 5 
7 C 3 . 0 0 0 0 0 3 + 0 4 
? 0 4 . 0 0 0 0 0 2 * 0 4 
1 0 5 . 0 0 0 0 0 2 * 0 4 
T 0 6 . 0 0 0 0 0 3 * 0 4 
? C 7 . 0 0 0 0 0 3 * 0 4 
TD8. 00000 2*0 4 
? C 9 . 0 0 0 0 0 2 + 0 4 
T C 1 . 0 0 0 0 0 2 + 0 5 
T C 2 . C 0 0 0 0 2 + 0 4 
? 0 4 . 0 0 0 0 0 2 + 0 4 
2 0 5 . 0 0 0 0 0 2 + 0 4 
2 0 6 . 0 0 0 0 0 2 + 0 4 
T 0 7 . 0 0 0 0 0 2 + 0 4 
7 0 9 . 0 0 0 0 0 2 + 0 4 
T G 9 . 0 0 0 0 0 2 + 0 4 
7 0 1 . 0 0 0 0 0 2 + 0 5 
7 G 3 . 0 0 0 0 0 2 + 0 4 
T C 4 . 0 0 0 0 0 2 * 0 4 
7 0 5 . 0 0 0 0 0 2 + 0 4 
T 0 5 . 0 0 0 0 0 2 + 04 
T 0 7 . 0 0 0 0 0 3 + 0 4 

6 . 
1 . 
1 . 
1 . 
1 . 
2 . 
M 

1 . 
e 
«* • 
€ . 
1 . 
1 . 
1 . 
1 . 
2 . 
1 . 
C. 
8 . 
1 . 
1. 
1 . 
1 . 
1 . 
e _•. 
6. 
1 . 
1 . 
1 . 
1 . 
2 . 
1 . 
e » * . 
6. 
1. 
1 . 
1. 
1. 
4m 

1 . 
e 
6. 
1 . 
1 . 
1 . 
1. 
*\* 
1 
5 
6 
1 
1 

8 0 9 3 5 E - 0 1 
1S3052+OC 
5 8 6 7 2 5 * 0 0 
77131E+00 
931552*00 
C7S12E+CG 
21896E+00 
289512-02 
0 1 3 3 4 E - 0 2 
449572-C2 
1 4 9 5 2 E - 0 1 
4 1 8 9 6 2 - 0 1 
6 5 6 3 5 1 - 0 1 
86491E-C1 
047332-01 
C 2 3 3 1 2 - 0 6 
5813C2-C8 
169S5E-CS 
755712-08 

.133592-07 
,391172-07 
. 6 4 8 7 S E - C 7 
. 9 0 6 2 2 2 - 0 7 
. 2 9 9 5 H - C 2 
. 013312-02 
. 4 4 9 5 7 E - C 2 
. 1 4 9 5 2 2 - 0 1 
. 4 1 8 9 6 2 - 0 1 
. 6 5 6 3 5 2 - 0 1 
. 6 6 4 9 1 2 - 0 1 
. 0 4 7 3 2 E - 0 1 
. 2 9 9 5 1 2 - 0 2 
. 0 1 3 3 U 2 - 0 2 
. 4 4 5 5 7 2 - C 2 
. 1 4 9 5 2 E - 0 1 
. 4 1 8 9 6 E - C 1 
. 6 5 6 3 5 E - 0 1 
. 6 6 4 9 1 E - 0 1 
. 0 4 7 3 2 E - 0 1 
. 2 8 9 5 1 2 - 0 2 
. 0 1 3 3 U E - 0 2 
. 4 4 9 5 7 E - C 2 
. 1 4 9 5 2 E - 0 1 
. 4 1 8 9 6 2 - 0 1 
. 6 5 6 3 5 E - 0 1 
. 3 6 4 3 1 E - 0 1 
. 0 4 7 3 3 2 - 0 1 
. 2 e 9 5 l £ - 0 2 
. 0 1 3 3 1 2 - 0 2 
. 4 4 9 5 7 E - 0 2 
. 1 4 9 5 2 2 - 0 1 
. 4 1 8 9 6 E - 0 1 

CURI3S 
CURIES 
CURI3S 
CURIES 
CURI2S 
CURIES 
CURIES 
CURIES 
CURI23 
CUBI2S 
CURI2S 
CUSIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CUEI ES 
CURIES 
CURIES 
CUHIZS 
CURIES 
C'JRIES 
CURIES 
CURIES 
CUF.IES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
C'JRIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 



i-* 4 i m 

P 6 2 1 0 FP.0S7. 00000E + O* T 0 9 . 0 0 0 0 0 2 * 0 4 1 . 6 5 6 3 5 1 - 0 1 CORZSS 
PB210 FRO* 3 . 0 0 0 0 0 2 * 0 - 7 0 9 . 0 0 0 0 0 2 * 0 4 1 . 8 6 4 9 1 E - C 1 CORIES 
PB210 FB0K9. 000 00E*Oa T 0 1 . 0 0 0 0 0 2 * 0 5 2 . 0 4 7 3 3 E - 0 1 CURIES 
CS135 F R 0 3 1 . 100 0 0 8 * 0 0 T C 2 . 0 0 0 0 0 8 * 0 4 3 . 1 3 5 3 1 1 * 0 1 COSIES 
CS13 5 F R 0 3 2 . 0 0 0 0 0 2 * 0 5 T 0 3 . 0 0 0 0 0 2 * 0 4 3 . 4 7 3 7 1 1 * 0 1 CURIES 
CS135 FR0.13. 000 0 0 2 * 0 ^ 7 C 4 . 0 0 0 0 0 3 * 0 4 3 . 4 6 3 2 6 E + C 1 CURIES 
CS135 FR0H4. OOOOOE+04 ?05.OOOOOE+04 3 . 4 5 2 7 9 1 * 0 1 CURIES 
CS135 FH0H5. ooooos*04 7 C 6 . 0 0 0 0 0 2 * 0 4 2 . 4 4 2 4 6 1 * 0 1 CORIES 
CS13 5 F R 0 S 6 . OOOOOE+04 7 0 7 . 0 0 0 0 0 2*04 3 . 4 3 2 0 3 1 * 0 1 CURIES 
CS135 FRC3 7 . OOOOOE+O" T C 8 . 0 " 0 0 0 2 * 0 a 3 . 4 2 1 7 S E * 0 1 CURIES 
CS135 FRO?. 9 . 000 0 0 2 * 0 4 ? C 9 . J 0 0 0 2 * 0 4 3 . 4 1 1 5 1 5 * 0 1 CURIES 
CS13S FR0H9. ooooos*oa 7 C 1 . 0 0 0 0 0 2 * 0 5 3 . 4 0 1 2 6 2 * 0 1 CURIES 
1129 F R 0 3 2 . 000 0 0 2 * 0 3 T 0 1 . 0 0 0 0 0 2 * 0 4 6 . 0 7 8 4 5 2 - 0 3 CURIES 
1129 PfiOMl. oooooE*oa ? C 2 . 0 0 0 0 0 2 * 0 4 7 . 5 9 4 9 4 E - C 3 CURIES 
1129 FROM 2 . 000 00S*O» T C 3 . 0 0 0 0 0 2 * 0 4 7 . 5 9 1 7 6 1 - 0 3 CURIES 
1 1 2 ° FR0H3. OO0 0OE*O«i T O * . 0 0 0 0 0 2 * 0 4 7 . 5 8 8 4 0 2 - 0 3 CURIES 
: i 2 9 PROS a . 000 00*2*04 T 0 5 . 3 0 0 0 0 2 * 0 4 7 . 5 8 5 1 2 2 - 0 3 CURIES 
1129 psc>?5. 0 0 0 0 0 2 * 0 4 7 C 5 . 0 0 0 CO 2 * 0 4 * . 5 £ 1 7 8 2 - C 3 CURIZS 
1129 FP.03 6 . O0000E*O4 T C 7 . 0 0 0 0 0 2 * 0 4 7 . 5 7 8 4 3 2 - 0 3 CURIES 
1129 F50>17. 000 00S*04 T C 8 . 0 0 0 0 0 2 * 0 4 7 . 5 7 5 2 C E - 0 3 CURIES 
1129 F H 0 2 3 . 000 0 0 2 * 0 4 T C 9 . 0 0 0 0 0 2 * 0 4 7 . 5 7 1 9 0 2 - 0 3 CURIES 
1129 FRCR9. 000 0 0 2 * 0 4 T O L 0 0 0 0 0 2 * 0 5 7 . 5 6 6 S 5 E - C 3 CURIES 
TC99 FSC. f i . 000 00E*03 T 0 1 . 0 0 0 0 0 2+04 4 . 6 7 6 6 5 2 * 0 2 CUSISS 
TC99 F 8 C 2 1 . 000 00E+0U ? O 2 . 0 0 0 0 0 2 * 0 c 1 . 1 4 2 9 6 2 * 0 3 CU&IES 
CC99 FRG32. 000 0 0 2 * 0 4 7 0 . 3 . 0 0 0 0 0 2*04 1 . 1 0 6 3 8 2 * 0 3 CURIES 
TC99 P R 0 3 3 . O00 00E*O^ 7 0 4 . 0 0 0 0 0 2 * 0 4 1. C7C3U2*C3 CURIES 
TC99 F R 0 3 4 . OOOOOE*04 7 0 5 . 0 0 000 2*04 1 . 0 3 6 3 4 2 + 0 3 CO HIES 
TC99 FROM 5 . 0 0 0 0 0 2 * 0 4 T C 6 . 0 0 0 0 0 2 * 0 4 1 . 0 0 3 1 4 E + 0 3 CURIES 
TC99 F 3 C 3 6 . .000 0 0 2 * 0 4 T G 7 . 0 0 0 0 0 2 + 04 9 . 7 0 9 0 9 2 * 0 2 CURI2S 
TCS9 F SCfl 7. 000 0 0 2 * 0 4 7 0 8 . 0 0 0 0 0 2 + 0 4 > . i iC4762*C2 CURIES 
TC99 FR0M8. . OOOOOE*04 T 0 9 . 0 0 0 0 0 2 * 0 4 9 . 1 0 0 7 8 2 * 0 2 CURIES 
?C99 FRCM9. 000 0 0 2 * 0 3 TO 1 . 0 0 3 0 0 2 * 0 5 6 . 8 0 9 0 0 2 + T 2 CURIES 
cm FRCM2. . 0 0 0 0 0 2 * 0 3 T C 1 . 0 3 0 0 0 3 * 0 U U . 0 2 4 2 6 2 * 0 1 CURIES 
d 4 FRCJ11. . 0 0 0 0 0 2 + o u TT-2. 0 0 0 0 0 2 * 0 4 1 .73043E + C1 CURIES 
C14 FR0H2. . 0 0 0 0 0 3 * 0 4 T 0 3 . 0 0 0 0 0 2 * 0 4 5 . 1 5 6 1 1 2 + 0 0 CUP.IES 
cm FR0K3. . 000 0 0 2 * 0 4 T C £ i . 0 0 0 0 0 2 * 0 ^ 1.53405E*CC CORIES 
cm FRO .14 . 0 0 0 00E*0U f > 5 . 0 0 0 0 0 E * 0 4 4 . 5 6 1 8 6 5 - 0 1 CURIES 
C14 FROM 5. .O00C0E*O4 TC 6..OOOOOE+04 1 .3673 1E-01 CURIES 
C14 FROM 5 . 0 0 0 0 0 2 * 0 4 T 0 7 . 0 0 0 0 0 2 * 0 4 4 . 0 3 4 0 7 2 - 0 2 CURIES 
: n FRC«7. . 0 0 0 0 0 2 * 0 4 T 0 3 . 0 0 0 0 0 2 * 0 4 1. 1S86U2-02 CURIES 
cm ?p.o:i8 . 0 0 0 0 0 2 * 0 4 T 0 9 . 0 0 0 0 0 2 * 0 4 3 . 5 9 9 9 2 2 - 0 3 COUIES 
cm F EM 9 . 0 0 0 00 2 * 0 * T C 1 . 0 3 0 0 0 E * 0 5 1 .1C148E-C3 CUF.I ES 



A-6 noun-
UliHTl 

Computer Lis t ing of Radionuclide Releases (Ci/1000 HTu) over 10,000-Year 
Intervals for Scenario 2: Commercial High-Level Haste; 

Bard Rock Geologic S e t t i n g 

U233 
U233 
U233 
U233 
U233 _ 
U234 
U234 
U231 
U234 
U234 
U235 
U235 
U235 
U235 
U235 
U236 
U23& 
U23i 
U236 
U23£ 
U238 
U233 
U233 
U238 
U233 
PA231 
PA231 
PA231 
PA231 
PA231 
TH227 
TH227 
TH227 
TH227 
TH227 
TH228 
TH223 
TH228 
TH223 
TH223 
TH22? 
TH229 

FR0M3.10000E+04 
FROM4.00000E+04 
FROM7.00000E+04 
FROMS.O00OOE+G4 
FR0M9.OO00OE+O4 
"FR0M3»10000E + 04 
FROM6.00000E+04 
FROM7.00000E+04 
FROMS.OOOOOE+04 
FROM9.00000E+04 
FROM5.10000E+04 
FROM6.00000E+04 
FROM7.00000E+04 
FRCM8.00000E+04 
FROM9.00000E+04 
FR0M5.10000E+04 
FROM6.00000E+04 
FROMAOOOOOE+04 
FROM8.00000E+04 
FROM9.00000E+04 
FROH5.10000E+04 
FRQH6.00000E+04 
FRQM7.0000OE+O4 
FRQM3.00000E+04 
FR0M9.0OQ0OE+04 
FRQH5.10000E+04 
FROM6.00000E+04 
FROM7.00000E+04 
FROM8.00000E+04 
FROM9.00000E+04 
FROM5.10000E+04 
FR0MA»0O000E+O4 
FR0M7.0O0COE4-04 
FRCM3.0OO0OE+O4 
FROM9.00000E+04 
FR0M5.10010E+04 
FROM6.00000E+04 
FROM7.00000E+04 
FROM8.00000E+04 
FR0M9.0OO0OE+O4 
FROM5.10000E+04 
FROrti.OOOOOE+04 

T06.00000E+04 
T07»G0OO0E+O4 
TQ8.00COOE404 
TQ9.00000E+04 
T01.00000E+03 
T06.00000E404 
T07.00COOE+04 
T03»OOOOOE+04 
TG9.00000E+04 
T01.00000E+05 
T06.OO0OCE+Q4 
T07.O00O0E+04 
T08.00000E-r04 
TC9.00000S404 
T01.00000E+05 
TC4.00000E-S-01 
T07.00000E+04 
T03.00000E+04 
T09.00000E+04 
T01.00000E-5-OS 
T0i.OO0OOE+04 
TQ7.00000E404 
T08.00000E->Oi; 
T09.000Q0E+04 
T01.000O0E+05 
T04.00000E-S-04 
7O7.00000E+04 
T08.00000E+04 
T09.00000E+04 
T01.00000E+05 
T06.00000E-J-04 
T07.00000E+04 
TQ3.00000E+04 
T09.0O00OE+04 
TQ1.0O00OE+05 
T06.0OO0OE+O4 
T07.0O00OE+04 
TU8.0O00OE+O4 
TG9.00000E+04 
T01.0000OE+O5 
T06.0O00OE+O4 
T07.0OO0OE+O4 

1.S1039E+00 
5.02193E400 
8.57905E400" 
1.21756E+01 
1.5S148E+01 
3.50034E+00 
3.7eS58E-»-00 
3.67090E+00 
3.57320E+C0 
3v47332E+00 
8.3AS05E-03 
1.17773E-02 
1.33223E-02 
1.40343E-02 
1 .43S34E-02 
2.17450S-01 
3.10731E-01 
3.06373E-01 
2.99113E-01 
2.94373E-01 
l.SOOOO-E-Ol 
2.&0000E-01 
2.00004E-01 
2.00010E-01 
2.00010E-01 
7.25471E-04 
2.38S31E-03 
3.77947E-03 
4.35749E-03 
5.64374E-03 
9.73244E-03 
1.90001E-02 
2.03646E-02 
2.03590E-02 
2.02355E-02 
2.65&62E-09 
9.39933E-09 
1 .62601E-08 
2.30372E-03 
2.99001E-0G 
1.37373E-01 
6.37486E-01 

CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES-
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CUR IES 
CURIES 
CURIES 
CURIES 
CUR I EC 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
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TH229 FROM7.00000E+04 
TH229 FR0H8.00000E+04 
TH229 FR0M9.00000E+04 
TH230 FR0M5.10000E+04 
TW230 FROM6.00000E+04 
TH230 FR0H7.0O00OE+O4 
TH230 FR0M8.00000E+04 
TH230 FROM9.00000E+04 
TH231 FR0M5.10O0OE4-04 
TH231 FROM6.00000E+04 
TH231 FR0M7.00000E+04 
TH231 FRQH8.00000E+04 
TH231 FROM9.00000E+04 
TH232 FR0M5.10010E+04 
TK232 FR"Md.0OO00E+04 
TH232 FROM7.00000E+04 
TK232 FROM8.00000E+04 
TK232 FR0M9.00Q00E+04 
TH234 FRQK5.10000E+04 
TH234 FROrf6.00000E+04 
TH224 FROM7.00000E+04 
TH231 FROM3.00000E+04 
TH234 FROM9.00000E+04 
AC225 FROM3.10000S+04 
AC225 FROM6.00000E+04 
AC225 FR0M7.00000E+04 
AC223 FR0M8.00000E+04 
AC223 FRDM9.00000E+04 
AC227 FROM5.XO00OE+04 
AC227 FR0M6.0OO00E+O4 
AC227 FF;OM7.00000£ + 04 
AC227 FROM3.00000E+04 
AC227 FR0M9.00O0OE+O4 
RA223 FROK5.10000E+04 
RA223 FROM6.00000E+04 
RA223 FROM7.00000E+04 
RA223 FR0MS.00Q00E+04 
RA223 FRGM9.00000E+04 
RA224 FROM3.10010E+04 
RA224 FR0M6,00O00E+O4 
RA224 FROM7.00000E+04 
RA224 FRGM3.00000E+04 
RA224 FRCM9.00000E+04 
RA223 FROM3.10000E+04 
RA223 FROM6.00000E+04 
RA223 FROM7.00000E+04 
RA223 FROM8.00000E+04 
RA223 FROM9.00000E+04 

T08.00000E+04 
T09.00000E+04 
TOt.OOOOOE+05 
T06.00000E+04 
T07»OOOOOE+04 
TQ8.00000E-MM 
TO9.0OOOOE+O4 
T01.00000E+05 
T06.00000E+01 
T07.30000E+Q4 
TOS.OOOOOE+04 
T09.00000E+04 
TOI.OOOOOETOS 
T06.00000E+04 
T07.C000CE+04 
T08.00000E+04 
T09.00000E+0-^ 
T01.00000E+05 
T06.00000E4-04 
T07.00000E+04 
T08.00000E+04 
T09.00000E+04 
T01.00000E+05 
T06.00000ETC-4 
T07.00000E+04 
TC3.00000E+04 
T09.00000E+04 
T01.00000E+OE 
T06.00000E+04 
T07.00000E+04 
T0G.00000E+C4 
TQ9.00000E+04 
T01.0000CE+05 
T06.00000E+04 
T07,OCOOOE+04 
T03.00000E+04 
TQ9.00000E+04 
T01.00000E+05 
T06.0000CE+04 
T07.00000E+04 
T03.00000E+04 
T09.00000E+C4 
TQ1.000COE+OS 
T06.00000E+04 
T07.00000E+04 
T03.00000E+04 
T0?,C0000E+04 
TO! •OOOOOE+OS 

1.14?26£*00 
1.*S127E*00 
2.16022E+00 
1.46978E-02 
4.3323?£«03 
7.82734E-03 
1.04724E-02 
1.28006E-02 
2.33937E-04 
3.85416E-04 
*********** 
1.73497E-04 
2.03431E-04 
4.92626E-10 
1.91008E-09 
3.41717E-09 
4.S9643E-09 
6.33830E-09 
5.09233E-03 
7.38632E-03 
j * * * * * * * * * * 
1.71171E-03 
2.27333E-03 
1.37404S-01 
6.3735CE-01 
1.14933E+00 
1.63127E+O0 
2.16032E+00 
2.22127E-04 
9.1S556E-04 
1 .£710?E-O3 
2.33214E-03 
2.S4967E-03 
2.:-2127E-04 
9.18&66E-04 
1 .67109E-O3 
2.33214E-03 
2.S4947E-03 
2.45&62E-09 
9 .39933E-09 
1.62601E-08 
2.30392E-08 
2.99001S-03 
1.87404E-01 
6.57350E-01 
1 . 14735E + 00 
1 .63137E+00 
2.U032E + QC 

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 
CURIEi 
CURIES 
CURIES 

CUR IEC 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 



RA226 
RA226 
RA226 
RA226 
RA226 
RA223 
RA228 
RA228 
RA228 
RA228 
RN222 
RN222 
RN222 
RN222 
RN222 
P 0 2 1 0 
P 0 2 1 0 
P 0 2 1 0 
P 0 2 1 0 
P 0 2 1 0 
8 1 2 1 0 
B I 2 1 0 
B I 2 1 0 
B I 2 1 0 
B I 2 1 0 
PB210 
PB210 
PB210 
PB210 
PB210 
1129 
1129 
1129 
T 1 ">0 
+ + mm * 

1129 
1129 
1129 
1129 
1129 
1129 
TC99 
TC99 
TC99 
TC99 
TC99 
TC99 
TC99 
TC99 
TC99 
TC99 

FR0M9. 
FR0M5. 

FROMS.10000E+04 
FRQM6.OOOOOE+04 
FR0M7.OOOOOE+04 
FR0M8.OOOOOE+04 
FROM?.OOOOOE+04 
FROMS.10010E+04 
FR0M6.OOOOOE+04 
FROM7.00000E+04 
FROMS.OOOOOE+04 

OOOOOE+04 
1 0 0 0 0 E + 0 4 

FR0M6.OOOOOE+04 
FR0M7.OOOOOE+04 
FR0M3.OOOOOE+04 
FRQM9.OOOOOE+04 
FROMS.10000E+04 
FRQM6.OOOOOE+04 

OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
1 0 0 0 0 E + 0 4 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
0 0 0 0 0 E + 0 4 
1 0 0 0 0 E + 0 4 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
0 0 0 0 0 E + 0 3 
00000E+O4 
0 0 0 0 0 E + 0 4 
0 0 0 0 0 E + 0 4 

FR0M4.OOOOOE+04 
FROMS.OOOOOE+04 
FR0M6.OOOOOE+04 

OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
0000OE+O3 
OOOOOE+04 
OOOOOE+04 
000O0E+O4 
OOOOOE+04 
0O000E+O4 
OOOOOE+04 
OOOOOE+04 
0 0 0 0 0 E + 0 4 

FR0M7. 
FRQM8. 
FR0M9. 
FROMS. 
FROM*. 
FR0M7. 
FROMS< 
FR0M9. 
FROMS. 
FR0M6. 
FR0M7. 
FROMS. 
FR0M9. 
FR0M2-
FR0H1, 
FR0M2. 
FR0M3 

FR0M7, 
FR0M8. 
FR0M9, 
FR0K6. 
FROMI, 
FR0M2. 
FR0M3 
FR0M4, 
FR0M3 
FR0M6, 
FR0M7 
FROMS, 
FR0M9,OOOOOE+04 

T 0 6 . 0 0 0 0 C F + 0 4 
T07.OOOOOE+04 
T 0 8 . 0 0 0 0 0 E + 0 4 
T09.OOOOOE+04 
T 0 1 . 0 0 0 0 0 E + 0 5 
T06.OOOOOE+04 
T07.OOOOOE+04 
T03.OOOOOE+04 
T 0 9 . 0 0 0 0 0 E + 0 4 
T 0 1 . 0 0 0 0 0 E + 0 5 
T06.OOOOOE+04 
T07 .0O00OE+04 
T 0 8 . OOOOOE+04 
T 0 9 . 0 0 0 0 0 E + 0 4 
T C 1 . 0 0 0 0 0 E + 0 5 
TC6.OOOOOE+04 
T07.OOOOOE+04 
TC3 .000C0E+04 
TO?*OOOOOE+04 
T 0 1 . 0 0 0 0 0 E + 0 5 
TOd.OOOOOE+04 
T07.OOOOOE+04 
T0£.OOOOOE+04 
TO?.OOOOOE+04 
T 0 1 . 0 0 0 0 0 E + 0 5 
TOd.OOOOOE+04 
T 0 7 . 0 0 0 0 0 E + 0 4 
T03.OOOOOE+04 
T09.OOOOOE + 04 
T 0 1 . 0 0 0 0 0 E + 0 5 
T01.00GOOE+04 
T02.OOOOOE+04 
T 0 3 . 0 0 0 0 0 E + 0 4 
T04.OOOOOE + 04 
T05.OOOOOE+04 
T06.OOOOOE + 04 
"W37.00000E + 04 
T03.OOOOOE+04 
T09.OOOOOE+04 
T 0 1 . 0 0 0 0 0 E + 0 3 
T01.OOOOOE+04 
T02.OOOOOE+04 
T03.OOOOOE+04 
T 0 4 . 0 0 0 0 0 E + 0-*. 
TOS. 00000E + 04 
T06.OOOOOE+04 
T 0 7 . 0 0 0 0 0 E + 0 4 
T03.OOOOOE + 04 
T 0 9 . 0 0 0 0 0 E + 0 4 
T 0 1 . 0 0 0 0 0 E + 0 5 

3 . 2 1 1 9 3 E - 0 3 
1 . 2 8 9 3 3 E - 0 2 
2 . 2 1 3 3 1 E - 0 2 
3 . 0 2 1 3 7 E - 0 2 
3 . 7 3 9 2 7 E - 0 2 
2 . 6 S 6 6 2 E - 0 9 
9 . 3 9 9 5 8 E - 0 9 
1 . 6 2 6 0 1 E - 0 8 
2 . 3 0 8 9 2 E - 0 8 
2 . 9 9 0 0 1 E - 0 3 
3 . 2 1 1 9 3 E - 0 3 
1 . 2 S 9 3 3 E - 0 2 
2 . 2 1 3 3 1 E - 0 2 
3 . 0 2 1 3 7 E - 0 2 
3 . 7 3 9 2 7 E - 0 2 
3 . 2 1 1 9 3 E - 0 3 
1 . 2 8 9 3 S E - 0 2 
2 . 2 1 3 3 1 E - 0 2 
3 . 0 2 1 3 7 E - 0 2 
3 . 7 3 9 2 7 E - 0 2 
3 . 2 1 1 9 3 E - 0 3 
1 . 2 S 9 3 8 E - 0 2 
2 . 2 1 3 3 1 E - 0 2 
3 . 0 2 1 3 7 E - 0 2 
3 . 7 3 9 2 7 E - 0 2 
3 . 2 1 1 7 3 E - 0 3 
1 . 2 3 9 3 3 E - 0 2 
2 . 2 1 3 S 1 E - 0 2 
3 . 0 2 1 3 7 E - 0 2 
3 . 7 3 9 2 7 E - 0 2 
6 . 0 7 3 4 5 E - 0 3 
7 . 5 9 4 9 4 E - 0 3 
7 . 5 9 1 7 3 E - 0 3 
7 . 5 3 3 3 9 E - 0 3 
7 . 5 3 5 1 4 E - 0 3 
7 . 5 3 1 7 3 E - 0 3 
7 . 5 7 8 4 3 E - 0 3 
7 . 5 7 3 2 0 E - 0 3 
7 . 3 7 1 9 0 E - 0 3 
7 . 3 6 3 d 5 E - 0 3 
4 . 6 7 7 7 3 E + 0 2 
1 . 1 4 2 1 3 E + 0 3 
1 . 1 0 6 4 6 E + 0 3 
1.07O3-5E+03 
1 . 0 3 6 3 4 E + 0 3 
1 . 0 0 3 1 4 E + 03 
9 . 7 0 9 0 9 E + 0 2 
9 . 4 0 4 7 6 E + 0 2 
9 . 1007SE + 02 
8 . 3 0 9 0 0 E + 0 2 

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 
CUR I P S 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
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SE79 FR0M5. 10000E+04 T06 .OOOOOE+04 1. .94298E+01 CURIES 
SE79 FR0M6 .00000E+04 T07 .OOOOOE+04 1 .72117E+01 CURIES 
SE79 FR0H7, .OOOOOE+04 T08 .OOOOOE+04 1 •7S341E+01 CURIES 
§E79 FR0M8 .00000E+04 TO? .OOOOOE+04 1 •37A17E+01 CURIES 
SE79 FR0M9. 00000E+04 T01 .00000E+03 1. 41676E+01 CURIES 
C14 FR0M2 .00000E+03 T01 .00000E+04 4 .024S9E+01 CURIES 
C14 FR0H1. OOOOOE+04 T02 .OOOOOE+04 1. 71025E+01 CURIES 
C14 FR0H2 .OOOOOE+04 T03 .OOOOOE+04 5 . 17478E+00 CURIES 
C14 FR0H3 .00000E+04 T04 .OOOOOE+04 1 .53779E+00 CURIES 
C14 FR0M4 •OOOOOE+04 T05 .OOOOOE+04 4 .5242?E-01 CURIES 
C14 FR0M5 .OOOOOE+04 T06 .OOOOOE+04 1 •34730E-01 CURIES 
C14 FR0M6 .OOOOOE+04 T07 .00000E+04 4 .03407E-02 CURIES 
C14 FR0M7 ,OOOOOE+04 T08 .OOOOOE+04 1 .19854E-02 CURIES 
C14 FR0M3 .OOOOOE+04 TO? .0O00CE+O4 3 .S9992E-03 CURIES 
C14 FROM? .00000E+04 TOl .OOGOQE+03 1 .10148E-03 CURIES 
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Computer Listing of Radionuclide Releases (Ci/1000 MTu) over 10,000-Year 
-••intervals for Scenario 3: PWR Spent Fuel; Salt Geologic Setting 

NP237 FR0K5.10000E+04 
NP237 FR0H6.00000£*04 
NP237 FR0H7.0G000E+04 
NP237 FR0HS.OOOOOE+04 
NP237 FR0H9.OOOOOE+04 
U233 FR0M2.10000E+04 
U233 FRGM2.OOOOOE+04 
U233 FR0K4.OOOOOE+04 
U233 FROM5.000GOE+04 
U232 FR0K6.OOOOOE+04 
U233 FR0M7.OOOOOE+04 
U233 FRQttS.OOOOOE+04 
U233 FROM?.OOOOOE+04 
JJ234 FROK2.10000E+04 
U234 FR0M3.OOOOOE+04 
U234 FRCM4.OOOOOE+04 
U234 FR0M5.OOOOOE+04 
U234 FR0M6.OOOOOE+04 
U234 FR0M7.OOOOOE+04 
U231 FRQMS.OOOOOE+04 
U234 FROM?.00000E+04 
U235 FR0M2.10000E+04 
U235 FR0M3.OOOOOE+04 
U233 FR0M4.OOOOOE+04 
U235 FR0M5.OOOOOE+04 
U233 FR0M6.OOOOOE+04 
U233 FR0M7.OOOOOE+04 
U23S FR0M3.OOOOOE+04 
U233 FR0M9.OOOOOE+04 
U236 FRQM2.10000E+04 
U236 FR0M3.00000E+04 
U236 FR0K4.00000E+Q4 
U23d FROMS.OOOOOE+04 
U236 FR0M6.OOOOOE+04 
U236 FR0M7.OOOOOE + 04 
U236 FR0M3,OOOOOE+04 
U236 FR0M9.OO000E+04 
U233 FR0M2.10000E+04 
U233 FR0M2.OOOOOE+04 
U233 FR0M4.OOOOOE+04 
U233 FR0M3.OOOOOE+04 
U23S FR0M4.OOOOOE+04 
U238 FR0M7.OOOOOE+04 

T06.OOOOOE+04 
T07.OOOOOE+04 

00C00E+04 
OOOOOE+04 
OOOOOE+05 
000C0Er04 
OOOOOE+04 
A A A r..-. c i A j 
rvAAr tQc-xr i i 
v w *r w V w • W T 

OOCCOE+04 
OOOOOE+04 
OOOOOE+04 
0 0 0 0 0 E + 0 S 
OOOOOE+04 

T04.00000E-!-04 
T05.OOOOOE + 04 
TC6.G0000E+04 

OOOOOE+04 
0OO0OE+04 
OOOOOE+04 
OOOOOE+05 
OOCOOE+04 

T04.OOOOOE+04 
TQ5.00000E+04 
T06.OOOOOE+04 

OOOOOE+0* 
OOOOOE+04 
OOOOOE+04 
OOOOOE+03 
OOOOOE+04 

T04.OOOOOE + 04 
T05.00000E+01 
T06.OOOOOE+04 
T07.OOOOOE+04 
T03.OOOOOE+04 

OOOOOE+04 
0CO0OE+OS 
OOOOOE+04 

T04.OOOOOE+04 
TQ3.OOOOOE+04 
r06.OOOOOE+04 
"i 07.OOOOOE+04 
T13.OOOOOE+04 

T0S 
TO? 
T01 
T03 
T04 
TQ5 
T06 
T07 
T02 
TO? 
T01 
T03 

TO? 
T03, 
TO? 
T01. 
T03 

T07 
TD8-
TO? 
T01, 
T03 

TO?, 
T01 , 
T03 

1 .03274E+02 
1.16227E+02 
1.13374E+02 
1 t l O f l ' T C i f l l 
«» . .» W •- w w w i w «• 
1.16390E+02 
5,S071?E4-00 
i .31S14E + C'I 
v • v •^ • » w •- , v X 

4.0C045E-01 
4.39373E+01 
4 ,7d5;2E+0l 
5.11334E+01 
5.454£°E+0i 
i . 71437E-i-02 
•» » w t t̂  • «/ w • V*. 

1 .777S4E+02 
1 .?3cl5E+02 
1 ..33307E + 02 
1 .640S9E + 02 
1 .59531E+02 
1.55105E+02 
1.77336E+00 
2.36679E+00 
2.4216CE+00 
2.76975E+00 
2.34934E+00 
i c p a i c; sr j. c, r, 
• • . W W W W w w t .* v 
2.8???£E+CQ 
2.89692E+O0 
3.23926E+01 
4.22137E+01 
4.224o7E+0i 
4.165S2E+01 
4.11373E+01 
4.09303E+01 
4.02393E+01 
4.07364E+01 
6.43000E+01 
7.20001E+01 
7.20009E+01 
7.20C11S+01 
7.20O13E+O1 
7.20020E+01 

CURIES 
CURIES 
rilOTCO 
CURIES 
CURIES 
C U RIE S 
CURIES 

CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIL.; 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 



MIAN 
U238 
U238 
PA231 
PA231 
PA231 
PA231 
PA231 
PA231 
PA231 
PA231 
PA233 
PA232 
PA233 
PA233 
PA233 
TH227 
TH227 
TH227 
TH227 
TH227 
TH227 
TH227 
TH227 
TK22S 
TH223 
TH22S 
TH223 
TH228 
TH22S 
TH223 
TH223 
TH229 
TH229 
TH229 
TH229 
TH229 
TH229 
TH229 
TH229 
TH230 
TH230 
TH220 
TH230 
TH230 
TH230 
TH230 
TH230 
TH231 
TH231 
TH231 
TH231 
TH231 

FR0H8.O00O0E+O4 
FR0M9.O0000E+O4 
FR0M2.10000E+04 
FROM3.00000E+04 
FR0M4.O00O0E+O4 
FROM5.00000E+04 
FRQM6.00000E+04 
FROM7.00000E+04 
FRCM8.00000E+04 
FROM9.00000E+04 
FROK3.10000Ef04 
FR0M4.00000E+04 
FR0H7.O00O0E+O4 
FR0M8.O00OOE+O4 
FRCM9.00000E+04 
FRQM2.100Q0E+04 
FR0M3.O00O0E+O4 
FR0M4.00000E+Q4 
FROM5.00000E+04 
FR0M£»OO0O0E?O4 
FR0M7.O0000E+04 
FROM8.00000E+04 
FROK9.00000E+04 
FROM2.10010E+04 
FR0M3.O00O0E+04 
FR0K4.O0000E+04 
FROM3.00000E+04 
FROM6.00000E+04 
FROM7.00000E+04 
FR0M8.O00O0E+04 
FROK9.00000E+04 
FR0M2.10000E+04 
FROM3.00000E+04 
FROM4.00000E+04 
FROM5.00000E+04 
FROM6.00000E+04 
FROM7.00000E+04 
FRCW8.00000E + 04 
FR0M9.00000E+04 
FROM2.10000E+Q4 
FROM3.00000E-J-01 
FRQM4.OOOO0E+04 
FROM5.00000E+04 
FROM6.00000E+04 
FROM7.00000E+04 
FR0M8.00000E+04 
FROM9.00000E-J-04 
FR0M2.10000E+04 
FROM3.00000E+04 
FROM4.00000E+04 
FROK3.00000E+04 
FR0«£.O0O00E+04 

T09.00000E+04 
T01.0000CE+03 
T03.00000E+04 
TQ4.00000E+04 
T03.00000E+04 
T06.00000E+04 
T07.00000E+04 
T08.00000E+04 
T09.00000E+04 
T01.00000E+05 
T06.00000E+04 
T07.00000E+04 
T08.00000E+04 
T09.00O00E+04 
TQ1.00000E+03 
T03»OOO0OE+04 
T04.00000E+04 
T05.00000E+04 
T0i.0OOO0E+04 
T07.00000E+04 
T03.QOO00E+04 
TC9.0OO00E+04 
T01.00000E+OS 
T03.00000E+04 
T04.00000E+04 
T03.00000E+04 
T06.00000E+04 
T07.00000E+04 
T03.00000E+04 
T09.00000E+04 
T01.00000E+05 
T03.00000E+04 
T04.00000E+04 
T05.0C000E+04 
T06.00000E+04 
T07.00000E+04 
TD3.0000GE+04 
T09.00000E+04 
T01.0OOOOE+O3 
TQ3.0000GE+04 
T04.00000E+04 
TOS.OOOOOE+04 
T06.000COE+04 
T07.0O00OE-!-O4 
T03.00000E+04 
T09.00000E+04 
T01.00000E+05 
T03.0OOO0E+O4 
T04.0OO00E+O4 
T03.0OO0CE+04 
TOi.OOGOOE+04 
T07.00000E+04 

7.2C021E+01 
7.20029E+01 
3.76716E-02 
1.29942E-01 
2.14337E-01 
2.91802E-01 
3.54844E-01 
4.03736E-01 
4»4&068E-01 
4.77134E-01 
1.24233E+02 
1.65&96E+02 
1.31452E+01 
8.03731E+01 
8.81903E+01 
2.704&4E-02 
7.39241E-02 
1.12999E-01 
1.49313E-01 
1.82033E-01 
2.09956E-01 
2.32702E-01 
2.50419E-01 
2.14;29E-06 
7.46276E-06 

1.82C70E-05 
2.33672E-03 
2.3937iE-05 
2.4236SE-05 
3.962372-05 
4.02189E+OO 
1.23533E-f-01 
2.270£3E*01 
2.94S20S + O1 
3.2409SE+01 
3.31369E+01 
3.77713E+01 
4.02A02E+01 
1 .3S199E-01 
6.20637E-01 
1.00847E+00 
1.33247E+O0 
1.4S870E+00 
1.93003E+00 
2.1691AE+00 
2.379A1E+00 
7.5A240E-02 
6.29547E-02 
3.30323E-02 
3.34043E-02 
3.70133E-02 

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 
CURTLY 
CURIC2 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CUR IF.'3 
CURIES 
CURIE".-. 
CUR IE 3 
CURIL:; 
CURIEG 
CURIE.: 
CURIES 
CURIES 
CURIES 
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TH231 FR0M7.00O0OE4-O4 
TH231 FROM8.00000E+04 
TH231 FR0M9.00O00E+O4 
TH232 FR0M2.10O10E+04 
T-H232 FROM3.00000E+04 
TH232 FR0K4.00000E+04 
TH232 FR0M5.00000E+04 
TM232 FR0M6.00000E+04 
TH232 FROM7.00000E+04 
TH232 FROM8.00000E+04 
TH232 FROM9.00000E+04 
TH234 FR0M2.10000E+04 
TH234 FROM3.00000E+04 
TH234 FROM4.00000E+04 
TH234 FROM3.00000E+04 
TH234 FR0M6.00000E+04 
TH234 FROH7.00000E+04 
TH234 FROK3.0GOCOE+04 
TH234 FR0M9.C0000E+04 
AC22S FROM2.100Q0E+O4 
AC223 FROH3.00000E+04 
AC225 FR0M4.O00O0E+04 
AC225 FR0M5.O0OQ0E+O4 
AC223 FROM4.00000E+04 
AC223 FR0K7.O00O0E+04 
AC223 FR0M8.00000E+04 
AC223 FROM9.00000E+04 
AC227 FR0M2.10000E+04 
AC227 FROH3.00000E+04. 
AC227 FROM4.00000E+04 
AC227 FROM3.00000E+04 
AC227 FROM6.00000E+04 
AC227 FRQK7.00000E+04 
AC227 FROM8.00000E+04 
AC227 FROM9.0Q0OCE+04 
RA223 FROM2.10000E+04 
RA223 FROM3.0000QE+04 
RA223 FROM4.00000E+04 
RA223 FROM5.00000E+04 
RA223 FROM6.00000E+04 
RA223 FROM7.00000E+04 
RA222 FRQKS.0Q000E+04 
RA223 FROM9.00000E+04 
RA224 FR0K2.10010E+04 
RA224 FRQM3.00000E+04 
RA224 FROM4.CO0OOE+04 
RA224 FROMS.0O0O0E+04 
RA224 FROM6.00000E+04 
RA224 FRGM7.00000E+04 
RA224 FR0M8.0OOOOE+04 
RA224 FROM9.00000E+04 
RA22S FR0M2.10000E+04 

TC3.00000E+04 
T09.00000E+04 
TOl.OOOOOE+05 
T03.00000E+04 
T04.00000E+Q4 
T03.00000E+04 
T06.00000E+04 
TQ7.00000E404 
T08.00000E+04 
T09.0000QE+04 
T01.00000E+03 
TQ2.000GQE+04 
T04»0OOO0Et04 
T05.00000E+04 
T06.00000E+04 
T07.00000E+04 
T08.00000E+04 
T09.00000E+04 
TO1.OOOOOE-5-05 
TQ3.00000E+04 
T04.00000Ev04 
T05.OOOOOE+04 
T06.00000E+04 
T07.00000E+04 
T03.00000E-K-4 
T09.0COOOE+04 
T01.0000CE+05 
T03.00000E+0 4 
T04.00000E+04 
TG3.00000E+04 
T06.COCO0E-K-4 
T07.00000E+04 
T03.0000CS-HM 
T09.00000E+04 
T01.00000E-S-05 
TQ3.0COOOE+04 
TQ4.OOOO0E4-0 4 
T03.00CO0E+04 
T06.00000E+01 
T07.00000E+04 
T03.00000E+04 
T09.00000E+04 
TO1.0OOGOEK3 
T03.00000E-S-04 
T04.00000E+04 
T03.0000OE+04 
T06.00000E+04 
T07.00000E+04 
T03.00000E+04 
T09.00000E+04 
TOl.OOOOOE+05 
T03.00000E+04 

3.77461E-02 
5.80024E-02 
3.79418E-02 
1.37276E-07 
5.33195E-07 
9.61396E-07 
1.38203E-06 
1.79720E-Q6 
2.20933E-06 
2.61972E-06 
3.02906E-06 
2.96261E+00 
2.089S2E+00 
6.33123E-01 
1.43991E+00 
1.44000E+00 
1.44004E+00 
1 .4401CE+00 
1 .44010E+00 
4.02210E+00 
1.33534E+01 
2.27073E-!-01 
2.9479*E-i-01 
2.240u2E-i-0: 
3.51621E+01 
3.77729E+01 
4.02c07E*01 
7.2i,074E-02 
3.59439E-02 
7.3122°E-02 
1.10773E-01 
1 .44794E-01 
1 .73519E-01 
1 .96463E-01 
2.1439PE-01 
7.26074E-03 
3.39439E-02 
7.31329E-02 
1 .10773E-01 
1 .44794E-01 
1 .733I9E-01 
1 .96668E-01 
2.14399E-01 
2.14129E-06 
7.46276E-06 
1 .28336E-05 
1.82070E-05 
2.3S67SE-03 
2.39376E-03 
3.42853E-05 
3.96337E-03 
4.02210E+00 

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 
CURIES 
CURIET 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES-
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CUR I Eli 
CURIES 
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RA225 FROM3.0000QE+04 T04.00000E+04 1.33334E+01 CURIES 
RA22S FROM4.00000E+04 T05.00000E+04 2»27073E*01 CURIES 
RA22S FROM3.00000E+04 T06.00000E+04 2.94794E+01 CURIES 
RA225 FR0M6.00000E+04 T07.00000E+04 3.24062E+01 CURIES 
RA225 FR0H7.00OOOE+04 T08.00000E+04 3.31621E+01 CURIES 
RA22S FROM8.00000E+04 T09.00000E+Q4 3.77729E+01 CURIES 
RA22S FRQM9.00000E+04 T01.00000E+05 4.02607E+01 CURIES 
RA226 FROM2.10000E+04 T03.00000E+04 2.03131E+00 CURIES 
RA226 FR0M3.00000E+04 T04.00000E+04 8.1A774E+00 CURIES 
RA226 FR0M4.0Q0O0E+04 T0S.0O00OE+04 1.38944E+01 CURIES 
RA226 FROH3.00000E+04 TQA.0O0OOE+04 1.90088E+01 CURIES 
RA226 FROM6.00000E+04 T07.0G0Q0E+04 2.35692E+01 CURIES 
RA22A FROH7.00000E*04 T08.00000E+04 2.76338E+01 CURIES 
RA226 FROM8.00000E+04 T09.00000E+04 3.12366E+01 CURIES 
RA226 FROM9.00000E+04 T01.00000E+OS 3.44273E+01 CURIES 
RA228 FR0M2.10010E+04 T03.00000E+04 2.14129E-06 CURIES 
RA22S FRQM3.00000E+04 T04,0OO0OE*O4 7.46276E-06 CURIES 
RA228 FROH4.00000E+04 TC5.00000E+04 1.283S6E-05 CURIES 
RA228 FRQM3.00000E+04 T06.00000E+04 1.32070E-05 CURIES 
RA228 FROM6.00000E+04 T07,0000CE+04 2.35678E-05 CURIES 
RA223 FRQH7.0O000E+O4 T08.00000E+04 2.89376E-05 CURIES 
RA228 FR0M8.00000E+04 TO9.O0O00E+04 3.42868E-03 CURIES 
RA228 FROM9.00000E+04 T01.00000E+05 3,9d387£-03 CURIES 
RN222 FROM2.10000E+04 T03.00000E+04 2.03131E+00 CURIES 
RN222 FROM3.00000E+04 T04.0000CE+04 3.16774E+00 CURIES 
RN222 FROM4.00000E+04 T05.00000E+04 J..38944E+01 CURIES 
RN222 FROM3.00000E+04 T06.00000E+04 1.90038E+01 CURIES 
RN222 FR0H6.0000OE-J-Q4 T07.00000E+04 2.3S692E+01 CURIES 
RN222 FR0M7.00000E+04 T03.00000E+04 2.76353E+01 CURIES 
RN222 FROM8.00000E+04 T09.00000E+04 3.12366E+01 CURIES 
RN222 FRQH9.00000E+04 T01.00000S+03 3.44275E+01 CURIES 
P0210 FROM2.10000E+04 TC3.00000E+04 2.03131E+00 CURIES 
PC210 FROM3.00000E+04 T04.00000E+C4 8.16774E+0C CURIES 
P0210 FROM4.00000E+04 T05.00000E+04 1.38944E401 CURIES 
P0210 FR0K3.00000E+04 T06.00000E+04 1.90088E+01 CURIES 
PQ210 FROM6.00000E+04 T07.00000E+04 2.33692E+01 CURIES 
P0210 FR0M7»00000E+04 Tt08.00000E+04 2.76333E+01 CURIES 
P0210 FROM8.00000E+04 T09.00000E+04 3.123A6E+01 CURIES 
P0210 FROM9.00000E+04 T01.00000E+05 3.44273E+01 CURIES 
BI210 FR0M2.10000E+04 T03.00000E+Q4 2.03131E+00 CURIES 
BI210 FROM3.00000E+04 T04.00000E+04 8.16774E+O0 CURIES 
BI210 FR0M4.0O000E+04 T03.00000E+04 1.38944E+01 CURIES 
BI210 FROM3.00000S+04 T06.00000E+04 1.90033E+01 CURIES 
BI210 FROM6.00000E+04 T07.00000E+04 2.33692E+01 CURIES 
BI210 FROM7.00000E+04 TQ3.00000E+04 2.76333E+01 CURIES 
BI21C FROMe.OOOOO£+04 T09.0O00OE+04 3.1234OE+01 CURIES 
BI210 FRQM9.00000E+04 TOl .OOOOOE+03 2.44273E+01 CURIES 
PB210 FROM2.10000E+04 T03.00000E+04 2.03131E+00 CURIES 
PB210 FROM3.000COE+04 T04.00000F. + 04 3.16774E+00 CURIES 
PB210 FRGM4.00000E+04 T03.00O0OE+04 1 .33944E»-01 CURIES 
PB210 FROM3.00000E+04 T06.0O00OE+O4 1.90033E+01 CURIES 
PB210 FROM6.00000E+04 T07.00000E+04 2.33A92E+01 CURIES 
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PB210 FROM7.00000E+04 
PB210 FR0M8.00000E+04 
PB210 FR0M9.00000E+04 
CS135 FRQH1.10000E+04 
£5135 FR0M2.00000E+O4 
CS13S FROM3.00000E+04 
CS133 FROM4.00000E+04 
CS133 FROM5.00000E+04 
CS13S FROM6.00000E+04 
CS133 FROM7.00000E+04 
CS135 FR0MS.00000E+O4 
CS135 FROH9.00000E+04 
1129 FROM2.00000E+03 
1129 FR0M1.OO0O0E+O4 
1129 FR0M2»00000E+04 
1129 FR0H3.00000E+04 
1129 FROM4.00000E+04 
1129 FR0HS.00000E+04 
1129 FROM6.00000E+04 
112? FROH7.00000E*04 
1129 FR0M8.00000E+04 
1129 FROM9.00000E+04 
TC99 FROK6.00000E+03 
TC99 FRQH1.00000E+04 
TC9? FR0M2.00000E+04 
TC99 FROH3.00000E+04 
TC9? FROM4.00000E+04 
TC99 FR0M3.00000E+04 
TC99 FROM6.00000E+04 
TC99 FR0M7.00000E+04 
TC99 FROK3.00000E+04 
TC99 FR0K9.00000E+04 
C14 FROK2.00000E+03 
C14 FRQM1.00000E+04 
C14 FR0M2.00000E+04 
C14 FR0M3.000O0E+04 
C14 FSOH4.00000E+04 
C14 FR0H3.00QO0E+O4 
C14 FR3MA.00OO0E+O4 
C14 FR0M7.00000E+04 
C14 FROM8.00000E+04 
C14 FROM9.00000E+04 

TQ8.0OO0OE+O4 
T09.00000E+C4 
T01.00000E+03 
T02.00000E+04 
T03.00000E+04 
T04.00000E+04 
T03.00000S+04 
T06.00O00E+O4 
TG7.00000E+04 
T03.00000E+04 
T09.00000E+04 
T01.00000E+05 
T01.00000E+G4 
T02.00000E+04 
T03.00000E+04 
T04.00000E+G4 
T03.00000E+04 
T06.00000E+04 
T07.00000E+0* 
TOe.O0O00Ev0 4 
T09.00000E+04 
TOi.OQOOOE+OS 
T01.00000E+C4 
T02.00000E+04 
T03.0000CEf04 
T04.00000E-K-4 
TC3.00000E-f-04 
T06.00000E+C4 
T07.00000E+04 
TC8.00C00E+04 
T09.00000E+04 
TOl.OOOOOE-f-03 
T01.00000E+04 
T02.00000ET0 4 
T03.00000E+04 
TO4»O00O0E+C-4 
TES.OOOOOE+C* 
T06.00000E*04 
T07.00000E+04 
TO8.OO0C0E+0 4 
T09.00000E+04 
T01.000COE+03 

2.76333E+01 
3.12366E+01 
3.44273E+01 
3.13531E+01 
3.47371E+01 
3.46326E+01 
3.45279E+01 
3.44246E+01 
3.43203E+01 
3.42179E+01 
3.41131E4-C1 
3.40126E+01 
2.55934E+00 
3.19791E+C0 
3.19643E+00 
3.19514E*00 
3.19373E+00 
3.19232E+00 
3.1?0?2Ef00 
3.169S5E+00 
3.13315E+00 
3.18676E+0G 
S.06439E+02 
1.17352E+03 
1.16022E+03 
1.12322E*03 
1.03634E+03 
1.05192E+03 
1.01872E+03 
9.83914E+02 
9.34327E+02 
6.O3657E+01 
2.59364E+01 
7.73522E+00 
2.30157E+00 
6.S3766E-01 
2.03C39E-01 
4.04493E-02 
1.80329E-02 
5.40301E-G3 
1.64926E-03 

CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
.CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIEC 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CUPiis 
CURIES 
CURIES 
CURIES 
CURIEG 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 



A-15 HHAM 
•raw-Vf I 

Computer Usting of Radiotradid« Rtl«aMS (Ci/1000 KTu) ov»r 10,000-Y«ar 
Intervals for Scenario 4: PNR Spent Fu«l; Bard Bock Geologic Setting 

U233 FROM3.10000E+04 
U233 FROM4.00000E+04 
U233 FROM7.00000E+04 
U233 FROM8.00000E+04 
U233 FROM9.00000E+04 
U234 FROMS.10000E+04 
U224 FRQM6.00000E+04 
U234 FROM7.00000E+04 
U234 FRQKS.00000E+04 
U234 FR0M9.00000E+04 
U22S FR0M3.10000E+04 
U235 FROM6.00000E+Q4 
U223 FR0M7.00000E+04 
U::35 FROH3.00000E+04 
UL33 FROK9.00000E+04 
U226 FROM3.10000E+04 
U236 FROM6.00000E+04 
U236 FROM7.00000E+04 
U236 FROK8.00000E+04 
U236 FR0M9.00000E+04 
U233 FRQMS.10000E+04 
U233 FROM6.00000E+04 
U233 FR0M7.Q0000E+04 
U223 FRQMS.OOO00E+04 
U233 FRGM9.000Q0E+04 
PA231 FR0M3.10O00E+04 
PA231 FR0M6.00000E+04 
PA231 FRQK7.00000E+04 
PA231 FROM8.00000E+04 
PA231 FROM9.00000E+04 
TH227 FRCM3.10000E+04 
TH227 FR0H6.00000E+04 
TH227 FR0M7.00000E+04 
TH227 FROM3.00000E+04 
TH227 FROM9.00000E+04 
TH228 FR0M3.10010E+04 
TH223 FRQM6.00000E+04 
TH228 FR0M7.00000E+04 
TH229 FR0M3.00000E+04 
TH223 FR0M9.00000E+04 
TH229 FR0M3.10000E4-04 
TH229 FRQK4.00000E+04 

T06.000GOE+04 
T07,0OOO0E+O4 
T08.00000E+04 
TQ9.00000E+04 
T01.00000E+05 
T06,00000E+04 
T07»0OO00E+04 
T03.00000E+04 
T09.0O000E+04 
T01.00000E+05 
TQ6.000CQE+04 
T07.00000E+01 
T08.00000E+04 
T09.00000E+04 
T01.00000E+05 
T04.00000E+01 
T07.00000E+04 
T03.00000E+04 
T09.00000E+Q4 
T01.00000E+03 
T06»0OOG0E+04 
T07.00000E+04 
T08.00000E+04 
T0?.CO000E-f-^4 
T01.00000E+05 
T06.00000E+04 
TO7.00O00E+04 
T03.00000E+04 
T09.00O00E+O4 
T01.OOOOOErOS 
T06.00000E+04 
TO7.O0O00E+04 
T03.00000E+04 
T09.00O00E+04 
T01.0000GE+OS 
T06.00000E+04 
T07.00COOE+04 
T0e.O0O00E+04 
T09.00000E+04 
T01 .00O00E+03 
T04.00000E+04 
TQ7.00O00E+04 

5.41644E+00 
1.80691E+01 
3.08669E+01 
4.38033E+01 
5.68941E+01 
1.36317E+02 
1.70010E+02 
1.61623E+02 
1.38711E+02 
1.34479E+02 
1.7988SE+00 
2.41079E+00 
2.66303E+00 
2.80221E+00 
2.86928E+00 
3.28401E+01 
4.24518E+01 
4.20666E+01 
4.14373E+01 
4.10413Ef01 
6.47996E+01 
7.19995E+01 
7.20007E+01 
7.20011E+01 
7.20019E+01 
1.4S350E-01 
4.77329E-01 
7.33633E-01 
9.67201E-01 
1.12379E+00 
3.23432E-02 
1.93534E-01 
3.41683E-01 
4,49099E-01 
3.63937E-01 
3.37481E-07 
1.38967E-06 
3.26068E-06 
4,624S0E-06 
3.99024E-06 
3.93314E+00 
1.32328E+01 

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 
CURIES 
CURIES 
CURIES 
CURI£3 
CURIES 



A-16 DRAFT 
TH229 FROM7.00000E+04 T03.0000OE+04 
TH229 FR0M8.0O000E+O4 T09.0000OE+04 
TH229 FR0M9.0O000E+O4 TQl»0000OE+O5 
TH230 FR0M5.1O00OE+O4 T06.00000E+04 
TH230 FROM6.00000E+04 T07.OOOOOE+04 
TH230 FR0M7.OOOOOE+04 T08.OOOOOE+04 
TH230 FR0M8.OOOOOE+04 T09.0O00OE+O4 
TH230 FRQM9.00000E+04 TOl.QOOOOE+05 
TH231 FROMS.lOOOOE+04 T06.00000E+04 
TH231 FR0M6. OOOOOE+04 T07 . OOOOOE + 04 
TH231 FROM/.OOOOOE+04 T08.OOOOOE+04 
TH231 FR0M8.OOOOOE+04 T09.OOOOOE+04 
TH231 FR0M9.OOOOOE+04 TOl.0000OE+05 
TH232 FR0M3.1O010E+O4 T06.OOOOOE+04 
TH232 FR0M6.OOOOOE+04 T07.00000E+04 
TH232 FR0M7.OOOOOE+04 TOS.OOOOOE+04 
TH232 FR0M8.0000OE+O4 TO?.OOOOOE+04 
TH232 FR0M9.0OO0OE+O4 TOl.OOOOOE+05 
TH234 FR0M5.10O00E+O4 T06.OOOOOE+04 
TH234 FR0M6.OOOOOE+04 T07.OOOOOE+04 
TH234 FR0M7.OOOOOE+04 TOS.OOOOOE+O* 
TH234 FR0M8.OOOOOE+04 T09.OOOOOE+04 
TH234 FROM?.OOOOOE+04 TOl.OOOOOE+05 
AC223 FR0M5.10000E+O4 T06 . OOOOOE+04 
AC223 FR0M4.00000E+O4 T07.COO0OE+O4 
AC225 FR0M7.OOOOOE+04 T08.OOOOOE+04 
AC225 FROM8.OOOOOE+04 TO?.000002+04 
AC223 FROM?.OOOOOE+04 TOl.OOOOOE+05 
AC227 FR0M3.10000E+O4 TC6.OOOOOE+04 
AC227 FR0M6.OOOOOE+04 T07.OOOOOE+04 
AC227 FR0M7. OOOOOE+04 T08 . (JOOOOE + 04 
AC227 FR0M8.OOOOOE+04 TO?.0O00OE+O4 
AC227 FROM?.OOOOOE+04 TOl.OOOOOE+05 
RA223 FROM3.10000E+04 106.OOOOOE+04 
RA223 FR0M6.OOOOOE+04 T07.OOOOOE+04 
RA223 FR0M7.OOOOOE+04 T03.OOOOOE+04 
RA223 FR0M8.OOOOOE+04 TO?.OOOOOE+04 
RA223 FROM?.OOOOOE+04 TOl.OOOOOE+05 
RA224 FR0M5.10010E+04 106.00000E+04 
RA224 FROM*.OOOOOE+04 T07.OOOOOE+04 
RA224 FR0M7.OOOOOE+04 TOS.OOOOOE+04 
RA224 FR0M8.OOOOOE+04 TO?.OOOOOE+04 
RA224 FROM?.OOOOOE+04 TOl.00O0OE+O3 
RA223 FR0M3.10000E+04 TOi.OOOOOE+04 
RA225 FR0M6.OOOOOE+04 T07.OOOOOL+04 
RA225 FR0M7.OOOOOE+04 T03.OOOOOE+04 
RA223 FROMS.OOOOOE+04 TO?.O0O0OE+C4 
RA223 FROM?.OOOOOE+04 TOl.OOCOOE+03 
RA226 FR0M3.10000E+04 TOA.OOOOOE+04 
RA226 FR0M6.00000E+O4 T07.00000E+O4 
RA226 FR0M7.00000E+04 T08.OOOOOE+04 
RA22A FR0M3.0O000E+O4 TO?.OOOOOE+04 

2.26636E+01 CURIES 
3.21?03E+01 CURIES 
4.18237E+01 CURIES 
8.76852E-02 CURIES 
2.89152E-01 CURIES 
4.70037E-01 CURIES 
6.31213E-01 CURIES 
7.74512E-01 CURIES 
4.64701E-02 CURIES 
7.24270E-02 CURIES 
*********** CURIES 
2.55075E-02 CURIES 
3.10331E-02 CURIES 
6.86174E-08 CURIES 
2.66872E-07 CURIES 
4.77?3?E-07 CURIES 
6.35044E-07 CURIES 
8.8?682E-07 CURIES 
1.323323+00 C'JRIES 
2.73085E+00 CURIES 
*********** CURIES 
6.15197E-01 CURIES 
3.17233E-01 CURIES 
3.95522E+00 CURIES 
1.32529E+01 CURIE? 
2.2£d35E+01 CURIES 
3.21902E+01 CURIES 
4.13257E+01 CURIES 
4.22536E-02 CURIES 
1.76324E-01 CURIES 
3.21317E-01 CURIES 
4.49937E-01 CURIES 
5.50427E-01 CURIES 
4.2233£E-02 CURIES 
1.76324E-01 CURIES 
3.21317E-01 CURIES 
4.4??37E-01 CURIES 
3.50427E-01 CURIES 
3.37431E-07 CURIES 
1.3896 7E-0 5 CURIES 
3.26063E-04 CURIES 
4.62430E-06 CURIES 
3.99024E-C6 CURIES 
3.9*3233+00 CURIES 
1.32329E+01 CURIES 
2.26633E+01 CURIES 
3.21902E+01 CURIES 
4.13257E+01 CURIES 
4.24934E-01 CURIES 
1.33294E+00 CURIES 
3.23323E+00 CURIES 
4.43160E+00 CURIES 
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RA226 
RA228 
RA228 
RA228 
RA228 
RA228 
RN222 
RN222 
RN222 
RN222 
RN222 
P0210 
P0210 
P0210 
P0210 
P0210 
BI210 
BI210 
BI210 
BI210 
BI210 
PB210 
PB210 
PB210 
PB210 
PB210 
1129 
1129 
1129 
1129 
1129 
1129 
1129 
1129 
1129 
112? 
TC99 
TC9? 
TC99 
TC79 
TC99 
TC?9 
TC99 
TC99 
TC99 
TC99 
SE79 
3E7? 
SE7? 
SE79 
SE79 

FROM9.00000E+04 
FROM5.10010E+04 
FROH6.00000E+04 
FRGM7.OOOOOE+04 
FROMS.00000E+04 
FRQM9.OOOOOE+04 
FROH5.10000E+04 
FR0M6.OOOOOE+04 
FROM7.00000E+04 
FROH8.00000E+04 
FROM9.000GOE+04 
FROMS.10000E+04 
FROM6.00000E+04 
FRQM7.00000E+04 
FROMS.0O00OE+O4 
FRON9.00000E+04 
FROM3.10000E+04 
FROM6.00000E+04 

OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
10000E+04 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
0O0OOE+O3 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 

FROMS.OOOOOE+04 
FR0M6.00000E+04 

OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
0OO0OE+O3 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
10000E+04 
OOOOOE+04 
00000E+04 

FR0M3.QOO0OE+O4 
FR0M9.00000E+04 

FR0M7, 
FR0M8 
FR0M9, 
FR0M5, 
FR0M6 
FR0M7, 
FRQM8 
FROM?, 
FR0M2. 
FROM! 
FR0M2. 
FR0M3 
FR0M4, 

FR0M7, 
FROMS. 
FROM?, 
FROM6. 
FROMl, 
FRGM2. 
FROM3, 
FROM4. 
FROMS, 
FR0M6. 
FROM7 
FR0M8, 
FROM?, 
FROMS. 
FROM* 
FR0M7. 

T01.00000E+05 
T06.00000E+04 
T07.OOOOOE+04 
T08.00000E+04 
TO?.OOOOOE+04 
T01.00000E+03 
T06.00000E+04 
TQ7.OOOOOE+04 
T08.OOOOOE+04 
T09.00000E+04 
T01.00000E+03 
T06.00000E+04 
T07.0000OE+O4 
T03.00000E+04 
TC9.00000E+04 
T01.00000E+05 
T06.OOOOOE+04 
T07.OOOOOE+04 
TOS.OOOOOE+04 
T09.OOOOOE+04 
T01.00000E+05 
>06.OOOOOE+04 
T07.OOOOOE+04 
T08.00000E+04 
T09.00000E+04 
T01.00000E+05 
T01.G0000E+O4 
T02.00000E+04 
T03.OOOOOE+04 
T04.OOOOOE+04 
T05.OOOOOE+04 
T06.0O000E+O4 
T07.OOOOOE+04 
T03.OOOOOE+04 
T09.00000E+0* 
TOl.OOOOOE+OS 
TO1.00000E+04 
T02.OOOOOE+04 
T03.OOOOOE+04 
T04.OOOOOE+04 
TQ3. OOOOOE + 04 
T06.OOOOOE + 04 
T07.OOOOOE+04 
T03.OOOOOE+04 
T09.C0000E+04 
T01.00000E+03 
T06.OOOOOE + 04 
T07.OOOOOE + 04 
T08.OOOOOE+04 
T09.0000CE+04 
TOl.OOOjOE+03 

3.38S31E+00 
3.374S1E-07 
1.88967E-06 
3.26068E-06 
A.626BQZ-06 
5.J9024E-06 
4.24934E-01 
1.33294E+00 
3.25323E+00 
4.48160E+00 
5.53331E+00 
4.24734E-01 
1.33294E+00 
3.23323E+00 
4.48140E+00 
5.3S53iS+00 
4.24934E-01 
1.33294E+00 
3.25323E+00 
4.43160E+00 
5.58331E+00 
4,24?34E-01 
1.3S294E+00 
3.23323E+00 
4.43160E+00 
5.S3531E+00 
2.55935E+00 
3.19780E+00 
3.19653E+00 
3.19513E+00 
3.19376E+00 
3.17232E+00 
3.19092E+00 
3.139S3E+00 
3.1S815E+00 
3.13.S74E+00 
5.06504E+02 
1.23904E+03 
1 .l?31-?E + 03 
1.1A013E+03 
1 .12327E + 03 
1 .03634E+03 
1.05193E+02 
1 .01872E+03 
9.35914E + 02 
9.34327E+02 
2.04260E+01 
2.0S111E+01 
1.3433&E+01 
1 .43707E+01 
1.4B943E+01 

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 
CURIEG 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIEC 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
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C14 FR0M2 .00000E+03 TOl .OOOOOE+04 6.03705E+01 CURIES 
CI4 FR0H1 •00000E+04 T02. OOOOOE+04 2.56335E+01 CURIES 
C14 FROM2 .00000E+04 T03 •OOOOOE+04 7.76213E+00 CURIES 
C14 FROH3 •OOOOOE+04 T04, •OOOOOE+04 2.30674E+00 CURIES 
CI 4 FRQM4 .00000E+04 T05 .00000E+04 6.78669E-01 CURIES 
C14 FR0M5 •OOOOOE+04 T06, OOOOOE+04 2.05058E-01 CURIES 
C14 FROM6 .00000E+04 T07 .OOOOOE+04 6.04493E-02 CURIES 
C14 FROM7 , OOOOOE+04 T08 •OOOOOE+04 1.80329E-02 CURIE* 
C14 FROM8 .00000E+04 T09 .OOOOOE+04 3.40301E-03 CURIES 
Ci4 FROM? .OOOOOE+04 TOl •00000E+05 1.64926E-03 CURIES 



A-19 

Computer Liatiag of f*iio«mclii« M t a M S (Cl/lOOO Mitt) ov«* W ^ * * * * 
IhSrvalstor ScnTio 5: BUR Sp«nt fMlf Salt Owloglc *ttii* 

NP237 FROH5.10000E+04 
NP237 FROM6.00000E+04 
NP237 FR0M7.00000E+04 
NP237 FR0M3.00000E+04 
NP237 FR0M9.00000E+04 
U233 FR0M2.10000E+04 
U233 FR0M3.00000E+04 
U233 FROM4.00000E+04 
U233 FROH5.00000E+04 
U233 FR0M6.00000E+04 
U233 FR0M7.00000E+04 
U233 FROM3.00000E+04 
U233 FR0M9.00000E+04 
U234 FRQM2.10000E+04 
U234 FROM3.00000E+04 
U23-1 FR0M4.00000E+04 
U234 FR0M5.00000E+04 
U231 FRQM6.00000E+04 
U234 FROM7.00000E+04 
U234 FR0M8.00000E+04 
U234 FR0M9.00000E+04 
U233 FR0M2.10000E+04 
U233 FROM3.00000E+04 
U233 FROM4.00000E+04 
U233 FR0M3.00000E+04 
U235 FR0M6.00000E+04 
U235 FROM7.00000E+04 
U233 FR0M8.00000E+04 
U233 FROM9.00000E+04 
U23& FROM2.10000E+04 
U236 FROM3.00000E+04 
U236 FRQM4.00000E+04 
U236 FR0M3.0000CE+04 
U236 FROM4.00000E+04 
U236 FRQM7.00000E+04 
U236 FRO/13.00000E + 04 
U236 FROM9.00000E+04 
U238 FROM2.100COE+04 
U23S FROM3.00000E+04 
U238 FROM4.00000E+04 
U238 FR0M5.00000E+04 
U233 FROM4.00000E+04 

T06.00000E+04 
T07.00000E+04 
T08.00000E+C4 
T09.0000QE+04 
T01.00000E+05 
T03.00000E+04 
T04.00000E+04 
T05.00QOOE+04 
T06.00000E+04 
T07.00000E+04 
T08.00000E+04 
TQ9.00000E+04 
T01.00000E+05 
T03.00000E+04 
T04.00000E+04 
TO3.O0OOOE+O4 
T06.00000E+04 
T07.00000E+04 
T08.00000E+04 
T09.00000E+04 
T01.00000E+05 
T03.00000E+04 
T04.00000E+04 
T05.00000E+04 
T06.Q0000E+04 
T07.00000E+04 
T&8.00000E+04 
T09.00000E+04 
T01.00000E+03 
T03.00000E+04 
T04.00000E+04 
T03»00000£-!-04 
TOd.OOOOOE+04 
T07.00000E+04 
T08.00000E+04 
T09.00000E+Q4 
T01.00000E+03 
T03.00000E+04 
T04.00000E+04 
T03.00000E+01 
TQ6.Q0000E+04 
T07.00000EJ-04 

9.07320E+01 
1.00205E+02 
1.02037E+02 
1.00759E+02 
1.00321E+02 
4.74340E+00 
1.S6737E+01 
2.65943E+01 
3.44810E+01 
3.79711E+01 
4.10720E+01 
4.41132E+01 
4.70141E+01 
1.37791E+02 
1.48329E+02 
1.43744E+02 
1.40110E+02 
1.36217E+C: 
1.323S1E+02 
1.28491Et02 
1.23106E+02 
1.63079E+00 
2.24539E+00 
2.49233E*00 
2.63586E+00 
2.71368E+00 
2.74960E+00 
2.76121E+00 
2.73829E+00 
2.70377E+01 
3.36732E+01 
3.37920E+01 
3.31634E+01 
3.47432E+01 
3.43301E+01 
3.44295E+01 
3.43824E+01 
2.33O00E+01 
3.20001E+01 
3.20009E+01 
3.20011E+01 
3.20018E+01 

CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CUKIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIC3 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURI£S 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
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U238 
U238 
U238 
f;A23l 
PA231 
PA231 
PA231 
PA231 
PA231 
PA231 
PA231 
PA233 
PA233 
PA233 
PA233 
PA233 
TH227 
TH227 
TH227 
TH227 
TH227 
TH227 
TH227 
TH227 
TH228 
TH223 
TH22S 
TH228 
TH223 
TH223 
TH228 
TH223 
TH229 
TH229 
TH229 
TH229 
TH229 
TH229 
TH229 
TH229 
TH230 
TH230 
TH230 
TH230 
TH230 
TH230 
TH230 
TH230 
TH231 
TH231 
TH231 
TH231 

FR0M7.OOOOOE+04 
FR0M8.OOOOOE+04 
FROH9.00000E+04 
FRQM2.10000E+04 
FROM3.00000E+04 
FROM4.00000E+04 
FROM5.00000E+04 
FROH6.00000E+04 
FROM7.00000E+04 
FRCM8.00OOOE+O4 
FR0M9.OOOOOE+04 
FR0M3.1O00CTE+O4 
FROH6.00000E+04 
FROM7.00000E+04 
FR0M8.OOOOOE+04 
FR0M9.OOOOOE+04 
FR0M2.10O00E+O4 
FR0H3.00000E+O4 
FR0M4.OOOOOE+04 
FR0M3.OOOOOE+04 
FR0M6.OOOOOE+04 
FR0M7.OOOOOE+04 
FRQM8.OOOOOE+04 
FR0M9.OOOOOE+04 
FR0M2.10O10E+O4 
FR0M3.OOOOOE+04 
FR0M4.OOOOOE+04 
FR0M5.OOOOOE+04 
FROM6.00000E+04 
FR0M7.OOOOOE+04 
FR0M8.OOOOOE+04 
FROM9.00000E+04 
FROM2.10000E+04 
FR0M3.OOOOOE+04 
FR0M4.OOOOOE+04 
FR0M3.OOOOOE+04 
FR0M6.OOOOOE+04 
FR0M7.00O00E+04 
FR0M3.OOOOOE+04 
FR0M9.OOOOOE+04 
FR0M2.10000E+04 
FR0M3.OOOOOE+04 
FR0M4.OOOOOE+04 
FR0M3.OOOOOE+04 
FR0M6.OOOOOE+04 
FROM?•00000E+04 
FROHe.C.iOOOE+04 
FR0M9.OOOOOE+04 
FRGM2.10000E+04 
FROM? 000O0E+04 
FR0M4.OOOOOE+04 
FR0M3.O00O0E+54 

T08.OOOOOE+04 
TQ9.00000E+04 
T01.00000E+05 
T03.OOOOOE+04 
T04»O00OOE+04 
05.00000E+04 

T06.OOOOOE+04 
T07.00000E+04 
T08.OOOOOE+04 
T09.OOOOOE+04 
T0i.O00O0E+03 
T06.00000E+04 
T07.O00O0E+04 
T08.00000E+04 
T09.00*OOE+04 
T01.00000E+03 
T03.00000E+04 
T04.00000E+01 
T03.00000E+04 
T06.OOOOOE+04 
T07.OOOOOE+04 
T03.OOOOOE+04 
T09.OOOOOE+04 
T01.00000E+05 
T03.OOOOOE+04 
T04.OOOOOE+04 
T05.00000E+04 
T06,OOOOOE+04 
T07.OOOOOE+04 
T08.OOOOOE+04 
T09.OOOOOE+04 
T01.00000E+05 
T03.0000QE+04 
T04.OOOOOE+04 
TOS.OOOOOE+04 
T£6.OOOOOE+04 
T07.OOOOOE+04 
TOS.OOOOOE+04 
T09.OOOOOE+04 
T01.00000E+03 
T03.OOOOOE+04 
T04.00000E+04 
TOS.OOOOOE+04 
T06.00000E+C4 
T07.OOOOOE+04 
T03.OOOOOE+04 
T09.OOOOOE+04 
TO1.0O00OE+O3 
T03.OOOOOE+04 
TO4.0OO0OE+01 
TQ3.00000E+04 
T06.00000E+04 

3.20020E+01 
3.20021E+01 
3.20029E+01 
3.33391E-02 
1.22988E-01 
2.05162E-01 
2.77048E-01 
3.37201E-01 
3.8S853E-01 
4.24323E-01 
4.53991E-0J 
1.042A2E+02 
1.40926E+02 
1.47407E+01 
7.03303E+01 
7.6?833E+01 
1.45583E-02 
4.904J5E-02 
8.56302E-02 
1.21409E-01 
1.537S1E-01 
1.31167E-01 
2.03367E-01 
2.20599E-01 
1.73238E-06 
6.04494E-04 
1.04017E-05 
1.47574E-0S 
1.91070E-05 
2.34425E-05 
2.778S3E-03 
3.21234E-05 
3.S8543E+00 
1.19002E+01 
2.02227E+01 
2.62343E+01 
2.88S93E+01 
3.13110E+01 
3.36368E+01 
3.33522E+01 
1.33421E-01 
4.39210E-01 
7.12309E-01 
9.34667E-01 
1.16879E+00 
1.35762E+00 
1.32319E+00 
1.66776E+Q0 
7.13260E-02 
5.96139E-02 
3.13909E-C2 
3.27176E-02 

CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURCE3 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIEC 
CURI£5 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIE3 



TH231 
TH231 
TH231 
TH231 
T+J232 
TH232 
TH232 
TH232 
TH232 
TH232 
TH232 
TH232 
TH234 
TH234 
TH234 
TK234 
TH234 
TH234 
TH234 
TH234 
AC225 
AC225 
AC223 
AC223 
AC22S 
AC225 
AC225 
AC22S 
AC227 
AC227 
AC227 
AC227 
AC227 
AC227 
AC227 
AC227 
RA222 
RA223 
RA223 
RA223 
RA223 
RA223 
RA223 
RA223 
RA224 
RA224 
RA224 
RA224 
RA224 
RA224 
RA224 
RA224 
RA223 

FROH6.00000E404 
FRQM7.00000E404 
FROM8.00000E404 
FROH9.00000E404 
FR0H2.10010E404 
FRQH3.00000E404 
FROH4.00000E404 
FROM5.00000E404 
FROM6.00000E404 
FROM7.00000E404 
FROM8.0GOOOE404 
FROM9.00000E404 
FRQM2.10000E4 04 
FROM3.00000E404 
FRDM4.00000E+04 
FROH5.00000E404 
FROM6.00000E4Q4 
FRQM7.00000E404 
FRQM8.00000E+04 
FROH9.GO0QOE+O4 
FROM2.10000E+04 
FROM3.00000E+04 
FROM4.00000E404 
FROM5.00000E+04 
FROH...0O00OE4O4 
FR0M7.000C0E404 
FROM8.000GOE+04 
FROM9.00000E+04 
FR0M2.1OQ00E+O4 
FROM3.00000E404 
FR0M4.00000E+04 
FROM3.00000E+04 
FROM6.00000E404 
FRQK7.C0000E404 
FROM8.00000E+04 
FR0K9.0O00OE+O4 
FR0H2.1O000E+04 
FROM3.00000E+04 
FROK4.00000E+04 
FR0M3.0O00OE+O4 
FROH6.00000E+04 
FR0M7.0O00OE+04 
FROH8.00000E+04 
FROM9.00000E+04 
FR0M2.10010E+04 
FR0M3.0O00OE+O4 
FROM4.00000E+04 
FR0M3.0OO0OE+O4 
FROM6.00000E+04 
FROM7.00000E+04 
FROM8.00000E+04 
FR0M9.0O00OE+O4 
FROM2.10000E+04 

T07.00000E404 
T08.00000E404 
T09.00000E+04 
TQ1.00000E403 
T03.00000E404 
T04.00000E+04 
T05.00000E404 
T04.00000E+04 
T07.00000E404 
T08.00000E+04 
T09.00000E404 
TOI.O00O0E405 
T03.00000E+04 
T04.00000E+04 
T05.00000E404 
T06.00000E404 
T07.00000E404 
T08.00000E+04 
T09.00000E+04 
T01.00000E+05 
T03.00000E404 
TQ4.00000S+04 
T03.00000E404 
T06.00000E+04 
T07.00000E+04 
T03.000C0Er04 
T09.0QOOOE+04 
T0!..000O0E+03 
T03.00000E+04 
T04.00000E+04 
T05.0C000E+04 
T06.00000E+04 
T07.00000E+04 
T03.00000E+04 
T09.00000E+04 
T01.00000S-!-05 
TG3.00000E+Q4 
T04.00000E404 
T03.00000E404 
T06.00GO0E+04 
T07.0000CE+04 
T03.00000E+04 
T09.00000E+04 
T01.0O0OOE403 
T03.00000E+C4 
T04.00000E+04 
T03.00000E+04 
T06.00000E+04 
T07.00000E+04 
TO3.OOOQOE+01 
T09.00000E404 
roi.oooooE+os 
T03.00000E+04 

3.42768E-02 
5.4ff59€-©2 
5.522C7E-02 
5*317i4E-02 
1.13933C-07 
4.48633E-07 
8.08834E-07 
l»U4*5E-06 
1.31517E-0A 
1.8A219E-06 
2.20324E-06 
2.33344E-06 
1.31666E400 
9.23799E-01 
2.81433E-01 
6.39990E-01 
6.40033E-01 
6.40038E-01 
6.40048E-01 
6.40048E-01 
3.58573E400 
1.19011E+01 
2.0223SE+01 
2.62573E+01 
2.33&05E+01 
3.13124E+01 
3.36377E+01 
3.33521E+01 
7,0341SE-03 
3.43135E-02 
7.03537E-02 
1.06473E-01 
1.39505E-01 
1.67239E-01 
1.89S89E-01 
2.06°06E-01 
7.03415E-03 
3.43133E-02 
7.03337E-02 
1.04673E-C1 
1 .39303E-01 
1.67239E-01 
1.89339E-01 
2.04906E-01 
1.73238E-06 
6.04494E-06 
1 .04017E-0S 
1.47394E-05 
1.91070E-05 
2.34423E-0S 
2.77853E-03 
3.21234E-0!? 
3.33373E+00 

CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIAS 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CUF.-IE3 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIE'.; 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
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RA223 FR0H3. OOOOOE+04 T04. 00000E+04 1.19011E+01 CURIES 
RA223 FR0M4» 00O00E+O4 T9S. 000O0E+04 2.0223SE+01 CURIES 
RA225 FR0H5. 000G0E+04 T06. 000O0E+04 2.62373E+01 CURIES 
RA223 FRQM6. OOOOOE+04 T07. OOOOOE+04 2.88605E+01 CURIES 
RA225 FR0M7, 0O000E+O4 T08. 00000E+04 3.13124E+01 CURIES 
RA225 FR0M8. OOOOOE+04 T09. OOOOOE+04 3.36377E+01 CURIES 
RA223 FRQM9. OOOOOE+04 TOl, .0O0OOE+O5 3.56321E+01 CURIES 
RA226 FRQM2. 10000E+04 T03. OOOOOE+04 1.38907E+00 CURIES 
RA226 FR0M3, OOOOOE+04 T04. .OOOOOE+04 S.57727E+00 CURIES 
RA226 FRQM4. OOOOOE+04 T03. OOOOOE+04 9.47026E+00 CURIES 
RA226 FR0M5, .OOOOOE+04 T06< .OOOOOE+04 1.29253E+01 CURIES 
RA226 FR0M6. OOOOOE+04 T07. OOOOOE+04 1.59936E+01 CURIES 
RA22A FR0M7, OOOOOE+04 T08. -00000E+04 1.870S6E+01 CURIES 
RA226 FR0M8. OOOOOE+04 T09. OOOOOE+04 2.10993E+01 CURIES 
RA226 FR0M9 .OOOOOE+04 TOl •OOOOQE+OS 2.32019E+01 CURIES 
RA228 FR0M2. 10010E+04 T03. .OOOOOE+04 1.73238E-06 CURIES 
RA228 FR0M3 •OOOOOE+04 TO 4 .OOOOOE+04 6.04494E-Q6 CURIES 
RA228 FR0M4, .00000E+04 TOS. 00000E+04 1.04017E-05 CURIES 
RA223 FROMS .OOO00E+U4 T06 •00000E+04 1.47594E-05 CURIES 
RA228 FR0M6. OOOOOE+04 T07. 00000E+04 1.91070E-05 CURIES 
RA223 FROM? •OOOOOE+04 T08 .0OCOOE+O4 2.34425E-05 CURIES 
RA228 FR0M8 .00000E+04 TD9 .OOOOOE+04 2.77SS3E-05 CURIES 

* RA228 FR0M9 .OOOOOE+04 TOl .0O00OE+05 3.21234E-05 CUR IED 
RN222 FR0M2 , 10000E+04 T03 .OOOOOE+04 1.38907E+00 CURIES 
RN222 FR0M3 .OOOOOE+04 T04 .OOOOOE+04 5.S7727E+00 CURIES 
RN222 FR0M4 -Q0000E+04 TOS .OOOOOE+04 9.47026E+00 CURIES 
RN222 FRQM5 .00000E+04 T0& .OOOOOE+04 1.292S3E+01 CURIES 
RN222 FR0M6 .OOOOOE+04 T07 .OOOOOE+04 1.59936E+01 CURIES 
RN222 FR0M7 .OOOOOE+04 T08 .OOOOOE+04 1.87056E+01 CURIES 
T<N222 FR0M8 .OOOOOE+04 T09 .OOOOOE+04 2.10993E+01 CURIES 
RN222 FR0H9 .0O00OE+O4 TOl .0O00OE+O5 2.32019E+01 CURIES 
P0210 FR0M2 . 10000Et04 T03 .OOOOOE+04 1.33907E+00 CURIES 
P0210 FR0M3 .0O000E+O4 T04 .OOOOOE+04 S.57727E+00 CURIES 
P0210 FR0H4 .OOOOOE+04 TOS .OOOOOE+04 9.47026E+00 CURIES 
P0210 FR0M5 .OOOOOE+04 T06 .OOOOOE+04 1.29253E+01 CURIES 
P0210 FR0M6 .00000E+04 T07 .OOOOOE+04 1.39936E+01 CURIES 
P0210 FR0M7 .OOOOOE+04 TQ8 .00000E+04 1.87036E+01 CURIES 
P0210 FR0M8 .OOOOOE+04 T09 .00000E+04 2.10993E+01 CURIES 
P0210 FR0M9 .OOOOOE+04 TOl .OOOOOE+Oli 2.32019E+01 CURIES 
BI210 FR0M2 . 10000E+04 T03 •OOOOOE+04 1.38907E+00 CURIES 
BI210 FR0M3 .OOOOOE+04 T04 .OOOOOE+04 S.S7727E+00 CURIES 
BI210 FR0M4 .OOOOOE+04 TOS .00000E+04 9.47026E+00 CURIES 
81210 FROMS .OOOOOE+04 T06 .OOOOOE+04 1.292S3E+01 CURIES 
BI210 FR0M6 .OOOOOE+04 T07 .OOOOOE+04 1.59936E+01 CURIES 
BI210 FR0M7 .00000E+04 T08 .OOOOOE+04 1.87056E+01 CURIES 
81210 FR0M8 .00000E+04 T09 .OOOOOE+04 2.10993E+01 CURIES 
BI210 FR0M9 .00000E+04 TOl .0000OE+05 2.32019E+01 CURIES 
PB210 FR0M2 . 10000E+04 T03 .OOOOOE+04 1 .38907E + 00 CURIES 
PB210 FR0M3 .OOOOOE+04 T04 .OOOOOE+04 3.S7727E+00 CURIES 
PB210 FR0M4 , OOOOOE+04 TOS .OOOOOE+04 9.47026E+00 CURIES 
PB210 FROMS .OOOOOE+04 TOA .OOOOOE+04 1.29253E+01 CURIES 
PB210 FROM* .OOOOOE+04 T07 .00000E+04 1.S9936E+01 CURIES 
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PB210 FR0M7. OOOOOE+04 T08, OOOOOE+04 1.870S6E+01 CURIES 
"" PB210 FR0M8. . OOOOOE+04 T09 •OOOOOE+04 2.10??3E+01 CURIES 

PB210 FROM?. 00O00E+04 TOl. 00000E+05 2.32019E+01 CURIES 
CS135 FROMl, •10000E+04 T02, .00OO0E+04 3.22492E+01 CURIES 
CS135 FR0H2. 00000E+04 T03, OOOOOE+04 3.5T304E+01 CURIES 
CS135 FR0M3, •00O00E+04 T04 •OOOOOE+04 3.3A218E+01 CURIES 
CS135 FR0M4, OOOOOE+04 TOS, OOOOOE+04 3.35143E+01 CURIES 
CS133 FROM5 •00000E+04 T06 .OOOOOE+04 3.5403AE+01 CURIES 
CS135 FR0M6. OOOOOE+04 T07, OOOOOE+04 3.53022E+01 CURIES 
CS135 FR0M7 •00000E+04 T08 •00000E+04 3.51951E+01 CURIES 
CS135 FR0M8. OOOOOE+04 TO?, •OOOOOE+04 3.S08?7E+01 CURIES 
CS13S FROM? •OOOOOE+04 TOl •OOOOOE+OS 3.49333E+01 .CURIES 
112? FR0M2. OOOOOE+03 TOl •0O0OOE+04 2.07947E+00 CURIES 
112? FROMl •00O00E+04 T02 •OOOOOE+04 2.39827E+Q0 CURItS 
1129 FR0M2. OOOOOE+04 T03, , OOOOOE+04 2.3?71?E+00 CURIES 
112? FR0M3 •OOOOOE+04 T04 .OOOOOE+04 2.37612E+00 CURIEL 
112? FR0M4 OOOOOE+04 TOS , OOOOOE+04 2.59504E+00 CURIES 
112? FROMS •O0O0OS+04 T06 .OOOOOE+04 2.59332E+00 CURIES 
112? FR0M6. OOOOOE+04 T07 .OOOOOE+04 2.5?271£+00 CURIES 
112? FR0M7 ,OOOOOE+04 T03 .OOOOOE+04 2.5?150E+00 CURIES 
112? FROMS, OOOOOE+04 TO? , OOOOOE+04 2.5?03SE+00 CURIES 
112? FR0M9 •OOOOOE+04 TOl .OOOOOE+OS 2.S392QE+00 CURIES 
TC9? FR0M6, 00000E+03 TOl . OOOOOE+04 4.28611E+02 CURIES 
TC9? FROMl •OOOOOE+04 TG2 .0000OE+04 1.04730E+03 CURIES 
TC?? FR0M2 .OOOOOE+04 TOS .OOOOOE+04 1.01413E+03 CURIES 
TC9? FR0M3 .OOOOOE+04 T04 .OOOOOE+04 ?.Sl£56£+02 CUR I EL-
TC?? FR0M4 OOOOOE+04 TOS •00OOOE+04 ?.S0175E+02 CURIES 
TC?? FR0M5 .OOOOOE+04 T06 .OOOOOE+04 9.1?3C?E+02 CURIES 
TC?? FR0M6 •OOOOOE+04 T07 •OOOOOE+04 S.?0373E + 0"2 CURIES 
TC?? FR0M7 .00000E+04 TOS .00000E+04 3.6174?E+02 CURIES 
TC?? FROMS •OOOOOE+04 TO? .00000E+04 8.34220E+02 CURIES 
TC?? FROM? .OOOOOE+04 TOl .0OO0OE+03 8.07313E+02 CURIES 
C14 FR0M2 .00000E+03 TOl •OOOOOE+04 6.43?04E+01 CURIES 
C14 FROMl .OOOOOE+04 T02 •OOOOOE+04 2.76347E+01 CURIES 
C14 FR0M2 •OOOOOE+04 T03 •OOOOOE+04 £:.2Sl??E + 00 CURIES 
C14 FR0M3 .OOOOOE+04 T04 .OOOOOE+04 2.45323E+00 CURIES 
C14 FR0M4 .OOOOOE+04 TOS .OOOOOE+04 7.2S?G4E-01 CURIES 
C14 FR0H3 .OOOOOE+04 T04 .OOOOOE+04 2.18714E-01 CURIES 
C14 FROMA .OOOOOE+04 T07 .OOOOOE+04 6.445S0E-02 CURIES 
C14 FR0M7 .O00OOE+04 TOS .0000OE+O4 1.92573E-02 CURIET; 
C14 FROMS .OOOOOE+04 TO? .OOOOOE+04 3.76452E-02 CURIES 
C14 FROM? .OOOOOE+04 TOl .00000E+05 1.75S07E-03 CUftlEtf 



Coaputer Listing of Radionuclide Releases (Ci/1000 MTu) over 10,000-Year 
Intervals for Scenario 6t BWR Spent Fuel; Bard ttock Geologic Setting 

U233 FR0M5. 10000E+04 T06. OOOOOE+04 4. 66830E+00 CURIES 
U233 FR0M4. -OOOOCE+04 T07, .OOOOOE+04 1, .55742E+01 CURIES 
U233 FR0M7. 00000E+04 T03. OOOOOE+04 2. 66047E+01 CURIES 
U233 FR0M3, , OOOOOE+04 T09 .00000E+04 3 .7754?E+01 CUr.IES 
U233 FR0M9. 00000E+04 T01, OOOOOE+05 4, 90363E+01 CURIES 
U234 FR0M3. 10000E+04 T04, OOOOOE+04 1. 26129E+02 CURIES 
•J234 FR0M6. 0O00OE+O4 T07. OOOOOE+04 1. 36741E+02 CURIES 
U234 FR0M7, OOOOOE+04 T03. OOOOOE+04 1. 31232E+02 CURIES 
U234 FR0M8. OOOOOE+04 TO?. OOOOOE+04 1. 2832SE+02 CURIES 
U231 FR0M9. .0000CE+04 T01. .OOOOOE+05 1. 24826E+02 CURIES 
U23S FR0H5. 10000E+04 T06. 0O00CE+O4 1. 70012E+00 CURIES 
U235 FR0H6 .OOOOOE+04 T07 •OOOOOE+04 2. 28777E+00 CURIES 
U235 FR0M7. OOOOOE+04 T08. OOOOOE+04 2. 53393E+00 CURIES 
U235 FRCM8 -OOOOOE+04 TO? .OOOOOE+04 2. -66663E+00 CURIES 
'J235 FROM?. OOOOOE+04 T01. OOOOOE+05 2. 7315&E+00 CURIES 
U236 FR0M5 , 10000E+04 T06 .OOOOOE+04 O 

^ 74451E+01 CURIES U236 FR0M6. .OOOOOE+O* TO?, OOOOOE+04 3 58397E+01 CURIES 
U23S FR0M7 •00000E+04 T03 .OOOOOE+04 3 ,553c7E+01 CURIES 
•J22d FR0M8. 0O00OE+04 T09, OOOOOE+04 3. 49703E+01 CURIES 
U23A FROM? .0O0OOE+C4 T01 •OOOOOE+05 3 .46127E+01 CURIES 
U238 FR0K5 .10000E+04 T06 .0OO00E+O4 2 .88000E+01 CURIES 
U233 FR0M6 .OOOOOE+04 T07 .OOOOOE+OI 3 .20000E+01 CURIES 
U233 FR0M7 .OOOOOE+04 T08 .OOOOOE+04 3 20003E+01 CURIES 
U23S FRCM3 .OOOOOE+04 TO? .OOOOOE+04 .20011E+01 CURIES 
U23S FR0K9 .OOOOOE+04 T01 , OOOOOE + 05 3 .20019E+01 CURIES 
PA231 FRQrtS .10000E+04 T06 .OOOOOE+04 1 .37244E-01 CURIES 
PA231 FP.0M& .OOOOOE+04 T07 .OOOOOE+04 4 .51937E-01 CURIES 
FA231 FR0M7 .OOOOOE+04 TC9 .OOOOOE+04 7 .15013E-01 CURIES 
RA231 FRO-2 .00000E+04 T09 .OOOOOE+04 ? . 18803E-01 CURIES 
PA231 FRCil? .OCOCOE+04 TO: .OOOOOE+05 1 .04341EJ-00 CURIES 
1H227 FR0M5 .10000E+04 TOa . 0O00OE+04 4 .79425E-02 CURIES 
TH227 FRUM£ .OOOOOE+04 T07 .000C0E+04 I .33323E-01 CURIES 
TM227 FR0h7 .-*;0000E + v4 T03 .OOOOOE+04 t .23763E-01 CURIES 
TH227 FROrtS .CO00OE+04 TO? .OOOOOE+04 4 .46o3?E~01 CURIES 
"i M""*? FROM? *0000CE+04 T01 .00O0OE+O3 o; 

w . 43030E-01 CURIES 7 UO^fl FROrfS •10010E+04 T0£ .OOOOOE+04 4 .35497E-07 CURIES 
TH223 FSOhi . OOOOOE + 04 TC7 .00000E + 0-* 1 .53440E-06 CURIES 
HI223 FROM 7 .OOCOOE+04 TOG , OOOOOE + 04 *> .64993E-04 CURIES 
TH22S FP0hr3 .OOOOOE+04 T09 .OOOOOE+04 3 .74092E-06 CURIES 
TH228 FROM? .00C0OE+04 T01 .OOOOOE+05 4 .86952E-06 CURIES 
TH229 FR0M5 .IO00OE+04 T04 .OOOOOE+04 .52339E+00 CURIES 
TH229 FR0M6 .00000E+04 T07 .0QO0OEt04 1 .18103E+01 CURIES 



A-25 

TH22? 
TH229 
TH229 
"TH230 
TH230 
TH230 
TH230 
TH230 
TH231 
TH231 
TH231 
1H231 
TH231 
TH232 
TH232 
1.J232 
TH232 
TH232 
TH234 
TU234 
TH234 
TH234 
TH234 
AC22S 
AC225 
AC225 
AC225 
AC22S 
RA223 
RA223 
RA223 
RA223 
RA223 
RA224 
RA224 
RA224 
RA224 
RA224 
RA22Z 
RA223 
RA223 
rf • O *"* W 

r*. n *- » -

C- A ̂  *> O 

RA223 
RA223 
RA223 
RA223 
RN222 
RN222 
RN222 
RN222 
RM222 

FR0H7.00000E+04 
FROM8.00000E+04 
FROM9.00000E+04 
FR0M5.10000E+04 
FR0MA.000OOE+04 
FR0M7*C0000E*04 
FROK8.00000E+04 
FROM9.00000E+04 
FR0M5.1000OE+04 
FR0H6.00000E+04 
FROM7.00000E+04 
FROM8.00000E+04 
FROM9.00000E+04 
FR0M5.10010E+04 
FRQM6.0QQ00E+O4 
FROM7.00000E+04 
FROrt3.00000E+04 
FR0M9.00O0OE-5-O4 
FR0«5.10000Ef04 
FR0H6.Q0000E+04 
FROM7.00000E+04 
FR0KS.00000EvC4 
FROM9.00000E+04 
FP0M5.10000E+04 
FRQK6.00000E4-04 
FR0H7.00C00E+04 
FROM8.00000E+04 
FRQH9.00000E+04 
FR0K5.TOO00E+04 
FRQH6.00COOE+04 
FRQH7.00000E+04 
FR0M8.00000E+04 
FRQM9.00000E*G4 
FRC^S.10010E+04 
FRO»6.00000E+04 
FROM7.C0O00E+04 
FR0K8.000C0S+04 
FR0M9.00000E+04 
FR0K5.1000OE*04 
FRQKS.00OOOET04 
FR0h7.0OO00EH>4 
KPOKS.0000OS+04 
FROfV.OOOOOE+04 
FROM*. 1C010E*04 
FROM6.00000E+04 
FROrt?. 000002*04 
FRCMS.00C00E+04 
FR0-i9.000C0Ef04 
FROMS.10000E+04 
FK0rt6.00000E+04 
FRCM7.00000E+04 
FROH3.00000E+04 
FRQH9.00000E+04 

T08.00000E+01 
T09.00000E+04 
T01.00000E+03 
T06.00000E+04 
T07.00000E+04 
T08.00000E+04 
T09.00000E+04 
T01.00000E+03 
T06.00000E+04 
T07.00000E+04 
T03.000G0E+04 
T09.00000E+04 
T01.00000E*05 
T06.00000E+04 
T07.00000E+04 
T08.00000E+04 
T09.00000E+04 
T01.00000E+05 
T06.00000E+04 
T07.00000E4-04 
T03.0Q000E+04 
T09.00000E+04 
T01.00000E+05 
T06.00000E+01 
T07.00000E+04 
T08,00000ET04 
T09.00000E+04 
T.01.00000E + 05 
T06.00000E+04 
T07.00000E+04 
T0S.00000E+04 
T09.00000E+04 
T01.00000E+03 
T06.00000E+04 
T07.00C00E+04 
T03.00000E+04 
TQ9.00000E+04 
TOi.OOOOOE+OS 
T06.00000E+04 
T07.00000E+04 
T03.00COOE+04 
T09.00000ET04 
TQ1.00OO0S4-03 
T06.00000E+04 
T07.00000E+04 
T0S.0OOO0E-1-O1 
TQ9.00000E+04 
T01.00000E+03 
T06.00000E+04 
T07.00000E*04 
T08.00000E+04 
T07.00000E+04 
T01.00000E+03 

2»0t977Et01 CURIES 
2.86809E+01 CURIES 
3.72634E+01 CURIES 
6.15921E-02 CURIES 
2.02332E-01 CURIES 
3.29207E-01 CURIES 
4.41362E-01 CURIES 
3.40636E-01 CURIES 
4»38212E-02 CURIES 
6.83780E-02 CURIES 
****X****** CURIES 
2.42993E-02 CURIES 
2.93203E-02 CURIES 
5.69976E-08 CURIES 
2.2390SE-07 CURIES 
4.02367E-07 CURIES 
5.77239E-07 CURIES 
7.49871E-07 CURIES 
3.14796E-01 CURIES 
1.21370E+00 CURIES 
*********** CURIES 
2.73428E-01 CURIES 
3.63246E-01 CURIES 
3.S2S37E+00 CURIES 
1.18103E+01 CURIES 
2.0193SE+01 CURIES 
2.862L6E+01 CURIES 
3.72630E+C1 CURIES 
4.02I34E-02 CURIES 
1.6363SS-01 CURIES 
3.0856SE-01 CURIES 
4.31993E-01 CURIES 
5.23372E-01 CURIES 
4.33697E-07 CURIES 
I.3/44OE-06 CURIES 
2.64993E-06 CURIES 
3.76092E-05 CURIES 
4.86932E-06 CURIES 
3.32537Ef00 CURIES 
1.1S103E+01 CURIES 
2.01982E+01 CURIES 
2.S6314E+01 CURIES 
3.72630SM>1 CURIES 
33497E-07 CURIES 
33460E-06 CURIES 
•44993E-06 CURIES 
•76092E-06 CURIES 
.36933E-06 CURIES 
-38704E-01 CURIES 
.23433E+00 CURIES 
. 19709E + 00 CURIES 

3.02005E+00 CURIES 
3.73333E+00 CURIES 

4. 
1 . 
*» 
i 

4 
2, 
1 
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P0210 FROK5.10000E+04 
P0210 FR0M6.00000E+04 
P0210 FRCM7.00000E+04 
R43210 FROM8.00000E+04 
P0210 FROH9.00000E+04 
BI210 FROM5.10000E+04 
BI210 FROM6.00000E+04 
BI210 FROM7.00000E+0*. 
BI210 FROK8.00000E-'04 
BI210 FROM9.00000E+04 
PB210 FROK5.10000E+04 
PB210 FROM4.00000E+04 
PB210 FROM7.00000E+04 
PB210 FROM3.00000E+04 
PB210 FROK9.00000E+04 
1129 FROK2.00000E+03 
1129 FRQH1.00000E+04 
1129 FROK2.00GOOE+C4 
1129 FROM3.00000E+04 
1129 FROM4.00000E+04 
112? FROM3.00000E+04 
112? FROM6.00000E+04 
1129 FROM7.00000E+04 
112? FROH8.00000E+04 
1129 FRCf19.00000E+04 
TC99 FRQK6.00COOE+03 
TC?? FROttl.OOOOOE+04 
:C9? FRCK2.00000E+04 
TC99 FROK3.00000E1-04 
TC99 FR0K4.00000E+04 
TC9? Fr<o;;s.oooooE+04 
1C99 FR0r.£.00000E + 04 
TC?9 FROK7.00000E+04 
TC99 FR0M8.CC000E+04 
TC99 FROK9.0OC0OE+04 
SE7? FR0MS.10000E+04 
SF.79 FROMS.0O00OE+04 
SE79 FROM7.00000E+04 
SE79 FROM3.000COE+04 
SE79 FROH9.00000E+04 
C14 FRCT12.Q0000E + 03 
C14 FRQM1.00000E+04 
C14 FROM2.OOO00E+O4 
C14 FROM3.00000E+04 
C14 FROK4.C0000E+04 
CI 4 FR3M3.00O00E+O4 
C14 FR0H.S.00O0OE + 04 
C14 FROM7.00000E+04 
C14 FROflG.OOOOOE+04 
C14 FROK9.00000E+04 

T06.00000E+04 
T07.00000E+04 
T08.00000E+04 
T09.00000E+04 
T01.00000E+05 
T06.00000E+04 
T07.00000E+04 
T08.00000E+04 
T09.00000E+04 
TOKOOOOOE+05 
T06.00000E+04 
T07.00000E+04 
T08.00000E+04 
T09.00000E+01 
T01.00000E+05 
T01.00000E+04 
T02.000COE+04 
T03.00G00E+04 
T04.00000E+0 4 
TQ5.0000CE+04 
T06.00000Ef04 
TC7.000C0E+0« 
T08.0000CF.f04 
T09.'O0OO0E + 04 
T01.C0000E+05 
T01.00000E+04 
T02.00000Ev04 
TQ3.00000E+04 
T04.O0OC0E+C4 
T03.00000E+04 
T06.00000E+04 
T07.00000E+04 
TOS.O0OOOE-04 
T09.00000E-V04 
T01.00000E+05 
T0i.00000E+04 
T07.00000E+04 
TC8.00000E+04 
T09.00000E+04 
T01.00000E+03 
T01.00000E+04 
T02.00000E+04 
T03.00000E+04 
TOv.000OOE+04 
T05.00000E+04 
T'Ji.0O0O0E + 04 
T07.00000E+01 
T'̂ .S.OOOriOF + OA 
T09.00000E+04 
TQ1.00000E+03 

2.88704E-01 
1.23433E+Q0 
2.19709E+00 
3.02005E+00 
_3.75333E+00 
2.88704E-01 
1.25433E+00 
2.19709E+00 
3.02003E+00 
3.75553E+00 
2.e8704E-01 
1.25433E+00 
2.19709E+00 
3.02003E+00 
2.75553E+00 
2.07946E+00 

2.59715E+00 
2.59410E+00 
2.S9505E+00 
2.59332E+00 
2.59271E+00 
2.39150E+00 
2.59035E+00 
2.53920E+00 
4.28651E+02 
1.04773E+03 
1.C1405E+03 
9.81624E+02 
9.50212E+02 
9.19S09E+02 
8.90373E*02 
8.£176?E*02 
8.34220E+G2 
3.07313E+02 
1.69393E+01 
1.70102E+01 
1.S283AE+01 
1.37409E+01 
1.2330SE+01 
6.43943E+01 
2.73731E+01 
8.27830E+00 
2.44Q24E+00 
7.24142E-01 
2.1S713E-01 
6.445t;0E-02 
1 .97S7RF-0? 
3.74433E-03 
1.73807E-03 

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 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 

http://T08.0000CF.f04
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Computer Listing of Radionuclide B I I I & M S (Cl/1000 HTu) over 10,000-Year 
Intervals for Scenario 7: Defense High-Laval Waste In a Saparata 

Repository in Salt Geologic Setting 

NP237 FROMS. 03000E+04 T04. OOOOOE+04 2.32106E-01 CURIES 
NP237 FR0M6. OOOOOE+04 T07. OOOOOE+04 2.90258E-01 CURIES 
NP237 FR0M7. OOOOOE+04 T03. OOOOOE+04 2.99739E-01 CURIE? 
NP237 FR0M8. OOOOOE+04 T09. OOOOOE+04 2.93290E-01 CURIES 
NP237 FR0H9. OOOOOE+04 T01, .00000E+03 2.92039E-01 CURIE? 
U233 FR0K2. 03000E+04 T03. OOOOOE+04 1.5320SE-02 CURIES 
U233 FR0M3. OOOOOE+04 T04< .00000E+04 4.72410E-02 CURIES 
U233 FR0M4. OOOOOE+04 T05. OOOOOE+04 7.906S8E-02 CURIES 
U233 FR0M5. 00000E+04 T06 .OOOOOE+04 1.00639E-01 CURIES 
U233 FR0M6. OOOOOE+04 T07. .00C00E+04 1.10404E-01 CURIES 
U233 FR0M7, OOOOOE+04 T08 .OOOOOE+04 1.19728E-01 CURIES 
U233 FROMS. OOOOOE+04 T09. 00000E+04 1.28594E-01 CURIES 
U233 FRCK9, OOOOOE+04 T01 .OOOOOE+OS 1.37036E-01 CURIES 
U234 FR0M2. 03000E+04 T03, OOOOOE+04 4.314?6E+00 CURIES 
U234 FR0M3 .OOOOOE+04 T04 .OOOOOE+04 4.32443E+00 CURIES 
U234 FR0M4, 00000E+04 T05. OOOOOE+04 4.20260E+00 CURIES 
U224 FROMS .OOOOOE+04 TC6 .OOOOOE+04 4.08530E+00 CURIES 
U234 FR0M6. OOOOOE+04 T07 .OOOOOE+04 3.9713SE+00 CURIES 
U234 FR0M7 .OOOOOE+04 T03 .00000E+04 3.3S933E+00 CURIES 
U234 FR0M8 OOOOOE+04 T09 .00000E+04 3.73163E+00 CUR IIS 
U234 FR0M9 .OOOOOE+04 T01 .00000E+05 3.64637E+00 CURIES 
U23S FR0M2 .03000E+04 T03 .OOOOOE+04 2.040S7E-03 CURIES 
U225 FR0M3 .OOOOOE+04 T04 .00000E+C4 3.79370E-03 CURIES 
U23S FR0M4 .00000E+04 TOS .OOOOOE+04 4.35033E-03 CURIES 
U223 FROMS .OOOOOE+04 T06 .OOOOOE+04 5.44073E-03 CURIES 
U233 FR0M6 .OOOOOE+04 T07 .00000E+04 5.7SS71E-03 CURIES 
U235 FROM? .00000E+04 f03 .OOOOOE+01 3.94041E-03 CURIES 
U233 FROMS .00000E+04 T09 .0000OE+04 S.98S20E-03 CURIES 
U223 FR0M9 .OOOOOE+04 TOt .00O00E+OS S.96913E-03 CURIES 
U236 FR0M2 .03000E+04 T03 .OOOOOE+04 3.40120E-02 CURIES 
U23-5 FR0M3 .0O000E+04 TQ4 .OOOOOE+04 4.47064E-02 CURIES 
U236 FR0M4 .OOOOOE+04 TOS .OOOOOE+04 4.4i7?7E-02 CURIES 
W a. W W FROMS .OOOOOE+04 T06 .000C0E+04 4.33732E-02 CURIES 
U *. W W FROM* .OOOOOE+04 T07 .OOOOOE+04 4.28551E-02 CURIES 
W *m W W FR0M7 .OOOOOE+04 TOS .OOOOOE+04 4.24962E-02 CURIES 
U236 FROMS .OOOOOE+04 TO? .OOOOOE+04 4.23336E-02 CURIES 
U23A FROM 0 .00000Z+04 ','01 .00000E+O3 4.22S91E-02 CURIES 
U233 FR0M2 .03000E+04 103 .OOOOOE+04 3.33314E-03 CURIES 
U233 FR0M3 .00000E+04 T04 .0000OE+O1 3.30033E-03 CURIES 
U11* FR0M4 .OOOOOE+04 TOS .OOOOOE+04 S.3008SE-03 CURIAS 
'J233 FRCM5 .OOOOOE+04 T06 • OOOOOE+04 5.S0113E-03 CURIES 
U233 FR0M6 .OOOOOE+04 T07 .OOOOOE+04 3.S014SE-03 CURIES 
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U238 FROM7.00000E+04 
U238 FRQM8.00000E+04 
U238 FROH9.00000E+04 
PA231 FROM2.03000E+04 
PA231 FROM3.00000E+04 
PA231 FROM4.00000E+04 
PA231 FR0M3»OOOO0E*04 
PA231 FRQH6.00000E+04 
PA231 FROM7.00000E+04 
PA231 FROM8.00000E+04 
PA231 FRQM9.00000E+04 
PA233 FR0M5.030O0E+04 
PA233 FRQM4.00000E+04 
PA233 FROH7.00000E+04 
PA233 FROM8.00000E+04 
PA233 FROH9.00000E+04 
TH227 FROH2.03000E+04 
TH227 FROM3.00000E+04 
TH227 FRCM4.00000E+04 
TH227 FROM3.00000E+04 
TH227 FROM6.00000E+04 
TK227 FROM7.00000E+04 
TH227 FROM8.00000E+04 
TH227 FR0M9.J)00O0E+O4 
TH223 FROH2.03010E+04 
TH223 FROM3.00000E+04 
TH22S FRQK4.00000E+04 
TH223 FR0M3.O00O0E4-O4 
TH228 FROH6.00000E?04 
TH223 FRQM7.00000E+04 
TH228 FRCM8.00000E+04 
TH223 FRQH9»00000E+04 
TH229 FROM2.03000E+04 
TH22? FROK3.00000E+04 
TH229 FRQK4.000Q0E+04 
TH229 FROK3.00000E+04 
TH22? FROrt£.OOOOOE+04 
TH229 FROM7.00000Ef04 
TH229 FROKS.OOOOOE+04 
TH22? FRGM9.00000E+04 
TH230 FR0M2.O30O0EfO4 
TK220 FRGK3.0COOOE+04 
TH230 FR0M4.O00OCS4-O4 
TH230 FROK3.00000E+04 
TK230 FR0Mi.OCOOOErO4 
TH220 FROK7.00000E+04 
TH230 FRQK3.00000E*04 
TH230 FROtt9.00000E+04 
TH231 FR0rt2.O30O0E+O-. 
TH231 FROM3.00000E+04 
TH231 FROM4.00000E+04 

T08.00000E+04 
T09.00000E+04 
T01.00000E+03 
T03.00000E+04 
T04.00000E+04 
T03.00000E+04 
T06.00000E+04 
T07.00000E+04 
T08.00000E+04 
T09.00000E+04 
TOI.O0OO0E+O3 
T06.00000E+04 
T07.00000E+04 
T08.00000E+04 
T09.00000E+01 
T01.00000E+05 
T03.00000E+04 
T04.00000E+04 
T05.00000E+04 
T06.00000E+04 
T07.00000E+04 
T03.00000E+04 
T09.00000E+04 
T01.00000E+05 
T03.00000E+04 
T04.00000E+04 
TO3,O00C0E+04 
T06.00000E+04 
T07.00000E+04 
T03.00000E+04 
T09.00000E+04 
T01.00000E+05 
T03.00000ET04 
TQ4.0000GE+04 
T03.00000E+04 
T06.000CCE+04 
T97.0000CE704 
TQ0.O0OO0S+04 
T09.00000E+04 
T01.00000E+03 
T03.00000Z+04 
T04.00G00E+04 
T03.0000CE+04 
T06.00000E+04 
T07.00000EI-04 
T08.00000E+04 
T09.00000E+04 
T01.00000E+03 
T03.00000E+04 
T04.00000E+04 
T03.00000Ei04 

3.50174E-03 
3.50203E-03 
5.30233E-03 
4.04569E-03 
1.72133E-04 
3.36138E-04 
4.99435E-04 
6.45821E-04 
7.63348E-04 
8.67582E-04 
9.43352E-04 
3.72583E-01 
3.77345E-01 
%%%**%**%%* 
1.94789E-01 
2.05143E-01 
2.17287E-05" 
1.19136E-04 
2.36493E-04 
3.99301E-04 
5.29884E-04 
6.40667E-04 
7.30169E-04 
7.99307E-04 
1.93803E-09 
6.16226E-09 
1.04220E-08 
1.46703E-03 
1.89097E-03 
2.31379E-03 
2.73692E-03 
3.15933E-08 
7.17145E-03 
2»23485E-02 
3.75679E-02 
4.79322E-02 
3.27381E-02 
S.72646E-02 
6.13349E-02 
4.55962E-02 
3.75370E-03 
1.11340E-02 
1.74574E-02 
2.3393SE-02 
2.34377E-02 
3.2337SE-02 
3.A6434E-02 
3.99674E-02 
6.97167E-0S 
7.63124E-05 
8.8261&E-05 

CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURI~3 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIEC 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIE'; 
CURIES 
CURIES 
CURIES 
CURIES 
CURIE:"; 
CURIES 
CURIES 
CURIES 
CURIE1-. 
CURIES 
CUR IE'J 
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TH231 
TH231 
TH231 
TH231 
TH231 
TH232 
TH232 
TH232 
TH232 
TH222 
TH232 
TH232 
TH232 
TH234 
TH234 
TH234 
TH234 
TH234 
TH234 
TH234 
TH234 
AC223 
AC223 
AC223 
AC223 
AC223 
AC223 
AC223 
AC223 
• » V* ta mm * 

AC227 
AC227 
AC227 
AC227 
AC227 
AC227 
AC227 
RA223 
RA223 
RA223 
RA223 
RA223 
RA223 
• » n •* mm W 

RA223 
RA224 
RA224 
RA224 
RA224 
RA224 
RA224 
RA224 
F.A224 

FR0M3.OOOOOE+04 
FR0M6.OOOOOE+04 

0 0 0 0 0 E + 0 4 
0 0 0 0 0 E + 0 4 
OOOOOE+04 
0 3 0 1 0 E + 0 4 
00O0OE+04 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
0 0 0 0 0 E + 0 4 
OOOOOE+04 
0 3 0 0 0 E + 0 4 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
0 0 0 0 0 E + 0 4 
OOOOOE+04 
0 0 0 0 0 E + 0 4 
OOOOOE+04 
0 2 0 0 0 E + 0 4 
OOOOOE+04 

FR0M4.OOOOOE+04 
FR0M5 .00000E+04 
FR0M6.OOOOOE+04 

0 0 0 0 0 E + 0 4 
0 0 0 0 0 E + 0 4 
0 0 0 0 0 E + 0 4 
0 3 0 0 0 E + 0 4 
OOOOOE+04 
0 0 0 0 0 E + 0 4 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
0 3 0 0 0 E + 0 4 
OOOOOE+04 

FR0K4.OOOOOE+04 
FRCK3.OOOOOE+04 
FRQKi.OOOOOE+04 

0O0O0E+04 
00000E+04 
OOOOOE+04 

FR0M7. 
FR0M8, 
FR0H9. 
FR0H2. 
FR0M2. 
FR0M4. 
FRC.'. i . 
FR0M6. 
FR0H7. 
FR0M8. 
FR0M9. 
FR0K2. 
FR0H3. 
FR0M4. 
FR0M3. 
FR0H6, 
FR0H7, 
FROrfS, 
FR0H9, 
FR0M2 
FR0H3, 

FR0M7. 
FRQM8, 
FR0K9, 
FR0K2. 
FR0M3. 
F R 0 * 4 . 
FR0M3. 
FR0M6. 
FR0M7. 
FR0M3. 
FR0M9. 
FRQJ-2. 
FR0M3. 

FRCM7 
FR0K3 
FR0M9 
FR0rt2 
FRQ»3 
FR0M4 
FR0M5 
FR0M6 
FR0M7 

0 3 0 1 0 E + 0 4 
00000E+04 
0 0 0 0 0 E + 0 4 
0 0 0 0 0 E + 0 4 
OOOOOE+04 
OOOOOE+04 

FRQM3.OOOOOE+04 
FR0M9.OOOOOE+04 

T06.OOOOOE+04 
T07.OOOOOE+04 
T08.OOOOOE+04 
TO?.OOOOOE+04 
T 0 1 . 0 O 0 0 0 E + 0 3 
T03.OOOOOE+04 
T 0 4 . 0 0 0 0 0 E + 0 4 
TQ5.OOOOOE+04 
T 0 6 . 0 0 0 0 0 E + 0 4 
T07.OOOOOE+04 
T 0 8 . 0 0 0 0 0 E + 0 4 
T09.OOOOOE+04 
T01.00COOE+05 
T03.OOOOOE+04 
T04 .000COE+04 
T03.OOOOOE+04 
T 0 6 . 0 0 0 0 0 E + 0 4 
T07.OOOOOE+04 
T08 .00 .000E+04 
T 0 9 . 0 0 0 0 0 E + 0 4 
T01.COC0OE+05 
T03.OOOOOE+04 
T04.OOOOOE+04 
TCC.0000C-E + 04 
T06.OOOOOE+04 
T07.OOOOOE+04 
T08.OOOOOE+04 
TO?.OOOOOE+04 
T 0 1 . 0 0 0 0 0 E + 0 5 
T C 3 . 0 0 0 0 0 E + 0 1 
T04.OOOOOE+04 
T03.OOOOOE+04 
T 0 6 . OOOOOE+04 
T 0 7 . 0 0 0 0 0 E + 0 4 
T03.OOOOOE+04 
T09.OOOOOE + 04 
T 6 1 . 0 0 0 0 0 E + 0 3 
T03»OOOOOZ+04 
T04.OOOOOE + 04 
T03.OOOOOE+04 
T06.OOOOOE + 04 
T07 .000COE + 0". 
T08.0CO00E+O4 
T 0 9 . 0 0 0 0 0 E + C 4 
T01 .0OO0OE+O5 
T03.OOOOOE + 04 
T C 4 . OOOOOE + 04 
T 0 3 . OOOOOE + 04 
T06.OOOOOE+04 
T 0 7 . OOOOOE + 04 
T03.OOOOOE + 04 
T 0 9 . 0 0 0 0 0 E + 0-1 
T 0 1 . 0 0 0 0 0 E + 0 3 

1 . 0 * 1 7 7 E 
1 . 1 5 7 4 0 E 
1 . 1 8 8 4 2 E 
1 . 1 9 7 0 4 E 
1 . 1 9 3 8 3 E 
1 . 4 8 0 3 8 S 
5 . 6 2 7 7 I E 
1 . 0 1 3 i l E 
1 . 4 5 4 3 3 E 
1 . 8 8 9 5 7 E 
2 . 3 1 7 3 3 E -
2 . 7 4 2 3 0 E 
3 . 1 5 7 1 2 E 
2 . 6 9 1 9 3 E 
1 . 1 1 9 8 7 E 
& . 0 9 7 0 6 E 
1 . 1 0 0 2 1 E 
1 . 1 0 C 2 3 E 
1 . 1 0 0 3 5 E 
1 . 1 0 0 4 1 E 
1 . 1 0 0 4 9 E 
7 . 1 7 4 0 3 E 
2 . 2 3 4 4 9 E 
3 . 7 3 6 0 3 E 
4 . 7 9 3 1 1 E 

S . 7 2 7 2 1 E 
6 . 1 3 3 7 9 E 
6 . 5 5 9 9 0 E 
2 . U 0 S 2 E 
1 . 1 8 0 4 6 E 
2 . 3 3 2 0 S E -
3 . 9 3 1 4 1 E -
3 . 2 3 7 6 1 E -
6 . 3 ? £ 3 1 E -
7 . 2 9 1 0 8 E -
7 . 9 3 2 4 5 E -
2 . 1 1 0 3 2 E -
1 . 1 8 0 4 6 E -
2 . 3 3 3 0 3 E -
2 . 9 3 1 4 1 E -
3 . 2 3 7 4 1 E -
w • w 7 w w * w 
7 . 2 9 1 0 3 E -
7 . 9 3 2 4 3 E -
1 . 9 3 3 0 3 E -
£ . i £ 2 2 £ E -
1 . 0 4 2 2 0 E -
1 . 4 6 7 0 8 E -
1 . 3 9 0 9 7 E -
2 . 3 1 3 7 9 E -
2 . 7 3 6 9 2 E -
3 . 1 5 9 3 3 E -

04 
•04 
•04 
•10 

04 CURIES 
04 CURIES 

CURIES 
CURIES 
CURIES 
CURIES 

10 CURIES 
09 CURIES 
09 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 
CURIE3 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CUR'.E'J 

- 0 9 
- 0 9 
- 0 9 
- 0 9 
- 0 4 
- 0 4 
- 0 3 
- 0 4 
- 0 4 
- 0 4 
- 0 4 
- 0 4 
- 0 3 
- 0 2 
- 0 2 
- 0 2 
- 0 2 
- 0 2 
- 0 2 
- 0 2 
- 0 5 
- 0 4 
- 0 4 
- 0 4 

0-1 
04 
04 
04 
05 
04 
04 
0< 
04 
04 
04 
04 
09 
09 
03 
08 
00 
08 
03 
08 

CURIES 
CURIES 
CURIES 
CURIES 
CURIES 



A-30 IfflAf! 
RA225 
RA223 
RA22S 
RA22S 
R-A223 
RA22S 
RA225 
RA22S 
RA226 
RA22A 
RA226 
RA226 
RA226 
RA226 
RA226 
RA226 
P.A223 
RA22S 
RA228 
RA228 
RA228 
RA223 
RA228 
RA228 
RN222 
RN222 
P.N222 
RN222 
RN222 
RN222 
RN222 
RN222 
P0210 
P0210 
P0210 
P0210 
P0210 
P0210 
P0210 
P0210 
BI210 
BI210 
BI210 
BI210 
BI210 
BI210 
31210 
BI210 

FRQM2.03000E+04 
FR0M3.0000CE+04 
FR0M4.000OOE+04 
FROM. OOOOOE+04 
FR0M6.00000E+04 
FR0M7.00000E+04 
FR0K8.00000E+04 
FR0M9.00000E+04 
FR0M2.03000E+04 
FR0M3.00000E+04 
FROK4.00000E+04 
FR0M5.Q0000E+04 
FRQM6.00000E+04 
FR0M7.00000E+04 
FR0M8.0000OE+04 
FR0M9.00000E+04 
FROK2.03010E+04 
FR0M3.00000E+04 
FR0M4.000OOE+04 
FR0M5.OOOOOE+04 
FROM&.00000E+04 
FR0K7.OOOOOE+04 
FR0M3.OOOOOE+04 
FR0M9.OOOOOE+04 
FR0K2.03000E+04 
FR0M3.00000E+04 
FRQH4.OOOOOE+04 
FROM3.00000E+04 
FR0M4.OOOOOE+04 
FROM7.00000E+04 
FR0K8.OOOOOE+04 
FR0M9.OOOOOE+04 
FR0M2.03000E+04 
FROM3.00000E+04 
FR0K4.OOOOOE+04 
FP.0M3.OOOOOE + 04 
FRQM6.OOOOOE+04 
FROM7.00000E+04 
FR0M3.OOOOOE+04 
FR0M9.OOOOOE+04 
FR0M2.O30OOE+04 
FR0M3.OOOOOE+04 
FR0K4.OOOOOE+04 
FR0M3.OOOOOE+04 
FRQM6.OOOOOE+04 
FR0M7.OOOOOE+04 
FR0M8.OOOOOE+04 
FRQM9.00000C04 

T05, 
T06. 
T07, 

T03.00000E+04 
T04.00000E+04 

OOOOOE+04 
00000E+04 
0O0O0E+04 

T03.00000E+04 
T09.00000E+0< 
T01.00000E+05 
T03»00000t+04 

00000S+04 
OOOOOE+04 
OOOOOE+04 
00000E+04 
00000E+04 
OOOOOE+04 
000O0E+O3 
,OOOOOE + 04 
OOOOOE+04 
,OOOOOE+04 
OOOOOE+04 
,00000E+04 
OOOOOE+04 
OOOOOE+04 
00000E+05 
.OOOOOE + 04 
OOOOOE+04 

T03.00C00E+01 
T06.0C00CE+04 

0O0O0E+O4 
OOOOOE+04 
00000E+04 
0O0OOE+05 

T03.00000E+04 
T04.00000E+04 
T05.OOOOOE+04 
T06.OOOOOE+04 

0O00CE+04 
00000E+04 

TO?.00000E+04 
T01.00000E+05 
T03.OOOOOE+04 

OOOOOE+04 
0OOO0E+C4 
00000E+04 
00000E+04 
OOOOOE+04 
OOOOOE+04 

T04, 
TOS 
T06, 
T07 
T08 
TO? 
TOl 
T03 
T04 
T03 
T06 
T07 
TOS 
TO? 
TOl 
T03 
T04 

T07 
TOS, 
TO? 
TOl, 

TC7, 
Toe, 

T04, 
TOS, 
T06. 
T07, 
T08. 
TO? 

03 
02 
02 
02 
02 
02 
02 
02 
03 
02 
02 
02 
02 
02 
02 
02 
•09 
0? 
•03 
08 
•03 
08 
•03 
OS 

T01.00000E+03 

7.17403E 
2.23449E-
3.75608E 
4.79811E-
5.27371E 
5.72721E-
6.13379E 
6.5S990E-
4.92336E-
1.33735E-
2.4691SE-
3.29013E-
4.0U20E-
4.642&2E-
3.190&3E 
5.6A512E-
1.93805E 
6.1&225E 
1.04220E 
1.46708E 
1.39097E 
2.31379E 
2.73692E 
3.15955E 
4.923S6E-03 
1.53733E-02 
2.46913E-02 r. 
3.29013E-02 
4.01120E-02 
4.64262E-v2 
5.19063E-02 
5.66512E-02 
4.9235oE~03 
1 .53733E-02 
2.4/i?lSZ-02 
3.29013E-02 
4.01120E-02 
4.64262E-02 
5.19063E-02 
3.66312E-02 
4.?253oE-03 
1 .53735E-02 
2.46913E-02 
3.29013E-02 
4.01120S-02 
4.6A262E-02 
3.190A3E-02 
3.66512E-02 

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

CURIE? 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
r < < p T I.- c 
C'J ; ,IES 
CURIE;; 
CURIES 
CURIE'-; 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
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PB210 FR0M2 .03000E+04 T03 .00000E+04 4.92354E-03 CURIES 
PB210 FR0M3, OO000E+04 T04, OOOOOE+04 1.33733E-02 CURIES 
PB210 FR0M4 •OOOOOE+04 TOS .OOOOOE+04 2.4A915E-02 CURIES 
PB210 FROMS, oooooe+04 T06, OOOOOE+04 3.29013E-O2 CURIES 
PB210 FROM6, . 00000E+04 T07 . oooooe+04 4.01120E-02 CURIES 
PB210 FRQM7. OOOOOE+04 TOS. .OOOOOE+04 4.&4262E-02 CURIES 
PB210 FR0M8 .OOOOOE+04 TO? .O0O00E+O4 5.19063E-02 CURIES 
PB210 FR0M9, OOOOOE+04 TOI. O0.000E+O3 5.64512E-02 CURIES 
CS135 FROMl .03000E+04 T02 .OOOOOE+04 1.138&3E+C0 CURIES 
CS133 FR0M2. OOOOOE+04 T03 OOOOOE+04 1.1909SE+00 CURIES 
CS135 FR0M3 .OOOOOE+04 T04 .OOOOOE+04 1.13732E+0O CURIES 
CS13S FR0M4, 00000E+04 TC3. .O0O00E+04 1.18400E+00 CURIES 
CS133 FROMS •00000E+04 T06 •OOOOOE+04 1.13033E+0O CURIES 
CS135 FR0M6, OOOOOE+04 T07. OOOOOE+04 1.17673E+00 CURIES 
CS133 FR0M7 •OOOOOE+04 T03 •OOOOOE+04 1.17307E+00 CURIES 
CS133 FRGM8. 00000E+04 TO?. OOOOOE+04 1. 16944E+00 CURIES 
CS135 FROM? •OOOOOE+04 TCI •00O0OE+O5 1.14413Et-00 CURIES 
112? FROM1. 300O0E+03 TOI. OOOOOE+04 4.34S94E-04 CURIES 
112? FR0M1 .OOOOOE+04 T02 .OOOOOE+04 4.99671E-04 CURIES 
1129 FR0M2 .OOOOOE+04 T03. OOOOOE+04 4.99449E-04 CURIES 
1129 FR0M3 •OOOOOE+04 T04 •OOOOOE+04 4.99246E-04 CURIES 
112? FR0M4, .OOOOOE+04 TOS. .00OC0E+O4 4.99035E-04 CURIES 
112? FROMS •OOOOOE+04 TOi . OOOOOE+04 4.93310E-04 CURIES 
1129 FRGM6 .O0000E+04 T07 .OOOOOE+04 4.98S92E-04 CURIES 
112? FROM? •OOOOOE+04 TOS .OOOOOE+04 4.?S340E-04 curaEs 
112? FROMS OOOOOE+04 TO? .OOOOOE+04 4.93147E-04 CURIES 
112? FROM? •OOOOOE+04 TC! •0000OE+O5 4.97733E-04 CURIES 
TC9? FROMS .30000E+03 TOi , 0000OE+O4 2.01726E+01 CURIES 
TC?? FROM1 .OOOOOE+04 T02 •00O0OE+O4 4,1?033E+01 CURIES 
TC?? FROM2 ,OOOOOE+04 TOS .OOOOOE+04 4.0S629E+01 CURIES 
TC9? FROM3 •OOOOOE+04 T04 •00O0OE+O4 3.?2A23E+01 CURIES 
TC?9 FR0M4 .OOOOOE+04 TOS .OOOCOE+04 3.80043E+O1 CURIES 
TC9? FROMS .OOOOOE+04 TCa .OOOOOE+04 3.67373E+01 CURIES 
TC?? FR0M6 .OOOOOE+04 T07 .COOOOE+04 3.S6100E+O1 CURIES 
TC?? FRQM7 .OOOOOE+04 T03 •0O00OE+04 3.44743E+01 CURIES 
TC?? FR0M8 .O0000E+O4 TO? OOOOOE+04 3.33686E+01 CURIES 
-rroo FROM? .OOOOOE+04 TOI .0OOOOE+O5 3.23003E+01 CURIES 
C14 FROMl .30000E+03 TOI •OOOOOE+04 1.0S741E+01 CURIES 
C14 FROM1 .OOOOOE+04 T02 .OOOOOE+04 3.?7?67E+00 CURIES 
C14 FR0M2 ,00000E+04 T03 .OOOOOE+04 1.13317E+00 CURIES 
C14 FROM3 .QOOOOE+04 T04 .OOOOOE+04 3.32717E-01 CURIES 
C14 FR0M4 .OOOOOE+04 TOS .OOOOOE+04 1.03052E-01 CURIES 
C14 FRQK3 •00000E+04 TQ6 .OOOOOE+04 3.14114E-02 CURIES 
C14 FP0M6 .OOOOOE+04 TQ7 .OOOOOE+04 ?.27£32£-03 CURIAS 
C14 FRQM7 .OOOOOE+04 TC3 .OOOOOE+04 2.7601?E-03 CURIES 
C14 FROMS .00000E+04 TO? .OCOOOE+on S.32933E-04 CURIES 
C14 FROM? .OOOOOE+04 TOi .OOOOOE+OS 2.32121Z-04 CURIES 
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U233 
U233 
U233 
U233 
U233 
U234 
U231 
U234 
U234 
U234 
U234 
U234 
U234 
U234 
U231 
U23S 
U233 
U235 
U233 
U23S 
U236 
U236 
U236 
U236 
U23c 
U233 
U238 
U233 
U233 
U233 
PA231 
PA231 
PA231 
PA231 
PA231 
TH227 
TH227 
TH227 
TH227 
TH227 

FROH5.03000E+04 
FROK6.00000E+04 

O0000E+04 
OO0O0E+04 
O00O0E+04 
03000E+04 
OOOOOE+04 
O00O0E+04 
OOOOOE+04 
OOOOOE+04 
03000E+04 
OOOOOE+04 
QOOOOE+04 
OOOOOE+04 

FR0M9.OOOOOE+04 
FROM3.03000E+04 
FROM6.00000E+04 

OOOOOE+04 
OOOOOE+04 

FR0M9.OOOOOE+04 
FROM5.03000E+04 
FR0M6.OOOOOE+04 

OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
03000E+04 
OOOOOE+04 

.OOOOOE+04 
OOOOOE+04 

.OOOOOE+04 
03000E+04 

.OOOOOE+04 
OOOOOE+04 

•OOOOOE+04 
FR0K9.OOOOOE+04 
FR0M3.O30O0E+04 
FRQM6.OOOOOE+04 
FR0M7.OOOOOE+04 
FR0h8.OOOOOE+04 
FR0M9.OOOOOE+04 

FR0H7. 
FR0M8. 
FR0H9.. 
FR0M5. 
FR0M6. 
FR0M7. 
FR0M3. 
FR0M9. 
FR0M3. 
FR0H6. 
FR0M7, 
FR0M8, 

FR0M7. 
FR0M3. 

FROM/. 
FR0M8. 
FR0M9. 
FR0M3, 
FR0M6. 
FR0M7, 
FR0K8, 
FR0K9, 
FR0«3. 
FROM*, 
FR0M7, 
FR0H3 

T06.OOOOOE+04 
T07.OOOOOE+04 
T03.00000E+04 
T09.00000E+04 
T01.00000E+05 
T06.OOOOOE+04 
TO?.OOOOOE+04 
T08.O000E+04 
T09.OOOOOE+04 
T01.00000E+05 
T06.00000E+04 
T07.OOOOOE+04 
T08.00000E+04 
T09.OOOOOE+04 
T01.00000E+05 
T06.OOOOOE+04 
T07.00000E+04 
T03.OOOOOE+04 
T09.OOOOOE+04 
TC1.00000E+C5 
T06.OOOOOE+04 
T07.OOOOOE+04 

OOOOOE+04 
OOOOOE+04 
00O00E+0S 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 

T09.OOOOOE+04 
T01.00000E+03 
T0£.OOOOOE+04 

OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
0O0O0E+O3 
00O00E+O1 
OOOOOE+04 
OOOOCE:-04 

T09.OOOOOE+04 
T01.00000E+02 

T03. 
T09. 
T01. 
TC6, 
TTJ7. 
T03, 

T07, 
TOS. 
T09, 
T01, 
TO*. 
T07, 
T03, 

1.51533E-02 
4.70433E-02 
7.92202E-02 
1.11751E-01 
1.44667E-01 
3.94630E+00 
3.95746E+C0 
3.S7506E+OO 
3.7S182E+00 
3.64391E+00 
3.94630E+00 
3.9S746E+00 
3.37506E+0? 
3.73182E+00 
3.64591S+00 
2.13713E-03 
3.93355E-03 
5.03448E-03 
5.S9429E-03 
S.S6S48E-03 
3.43261E-02 
4.50096E-02 
4.4237SE-02 
4.32493E-02 
4.2A4S5E-02 
5.33314E-03 
3.30053E-03 
3.30090E-03 
3.30123E-03 
5.30133E-03 
1.6102SZ-04 
6.A0243E-04 
1.223S0E-03 
1.72729E-03 
2.12435E-03 
7.404SSS-0S 
4. £33331-04 
9.31V12E-04 

1.30666E-03 

CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIt3 
CURIES 
CURIES 
f !! \~- T IT C 

CURIES 
C'JRCES 
CURIES 
CURIE:: 
CURIES 
CURIKS 
CURIES 
CURIES 
C U RIE'-. 
r'' z- T ~ c 
w w >« « — w 

CURVES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 



TH228 FROM5.03010E+04 
TH228 FRQM6.00000E+04 
TH228 FRQM7.00000E+04 
TH228 FRQM8.00000E+04 
TH228 FR0M?1OpO0OE+O4 
TH229 FROH3.03000E+04 
TH229 FROH6.00000E+04 
TH229 FROH7.00000E+04 
TH229 FROM8.00000E+04 
TH229 FR0M9.00O00E+04 
TH230 FR0M3.03000E+04 
TH230 FROM6.00000E+04 
TH230 FROM7.00000E+04 
TH230 FROM8.00000E+04 
TH230 FRQM9.00000E+04 
TH231 FR0M3.030Q0E+04 
TH231 FR0M6.00000E+04 
TH231 FROM7.00000E+04 
TH231 FROM8.00000E+04 
TH231 FR0M9.00000E+04 
TH232 FR0M5.03010E+04 
TH232 FR0M6»0OO0OE*O4 
TH232 FROM7.00000E+04 
TH232 FRGM3.00000E+04 
TH222 FR0M9.00000E+04 
TH234 FRQH5.03000E+04 
TH234 FRQM6.00000E+04 
TH234 FROM7.00090E+Q4 
TH234 FRCM3.0000QE+04 
TH234 FR0M9.00000E+04 
AC223 FR0M3.03000E+04 
AC223 FROM6.00000E+04 
AC223 FROM7.00000E+04 
AC223 FROMS.OO^OOE+04 
AC223 FROh9.00000E+04 
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Computer Listing of Radionuclide Releases (Ci/1000 MTa) over 10,000-Year 
•>..Intervals for Scenario 9: Defense Higl.-Level Haste Codisposed 

in a Coamercial Repository in Salt Geologic Setting, 
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FRQM9.OOOOOE+04 
FRCM2.030C0E+04 
FR0M3. OOOOOE+04 
FRCM4.OOOOOE+04 
FROM5.00000E+04 
FR0K6.00000E+04 
FR0M7.OOOOOE+04 
FR0M8.00000E+04 
FROM?.OOOOOE+04 
FR0M2.03000E+04 
FR0M3.OOOOOE+04 
FR0M4.OOOOOE+04 
FR0M3.OOOOOE+04 
FR0M6.OOOOOE+04 
FROM?.OOOOOE+04 
FR0M8.OOOOOE+04 
FROM?.OOOOOE+04 
FR0M2.03000E+04 
FR0M3.OOOOOE+04 
FR0M4.OOOOOE+04 
FR0M3.OOOOOE+04 
FR0M6.OOOOOE+04 
FR0M7.00000E+04 
FR0M8.OOOOOE+04 
FROM?.00000E+04 
FR0M2.03010E+04 
FR0M3.OOOOOE+04 
FR0M4.OOOOOE+04 
FR0M3.OOOOOE+04 

T03.00000E+04 
T04.00000E+04 
T05.00000E+04 
T06.0OC*0E+04 
T07.OOOOOE+04 
T08.00000E+04 
T09.00000E+04 
701.00000E+03 
T03.00000E+04 
T04.00000E+04 
T05.00000E+04 
T06.OOOOOE+04 
T07.OOOOOE+04 
T03.00000E+04 
T09.OOOOOE+04 
T01.00000E+05 
T03.OOOOOE+04 
T04.OOOOOE+04 
T03.OOOOOE+04 
T06. OOOOOE+04 
T07.OOOOOE+04 
T08.OOOOOE+04 
T09.OOOOOE+04 
T01.00000E+05 
T03.OOOOOE + 04 
T04. OOOOOE+04 
T05.OOOOOE+04 
TOA.OOOOOE+04 
T07.OOOOOE+04 
T08.00000E+04 
T09.00000E+04 
T01.00000E+05 
T03.00000E+04 
T04.OOOOOE + 04 
T03.OOOOOE + 04 
T06. OOOOOE+04 
T^7.OOOOOE+04 
TOS. OOOOOE+04 
T09.OOOOOE + 04 
T01.00000E+05 
T03.0O000E + 04 
TQ4.OOOOOE + 04 
T03.OOOOOE+04 
T06.OOOOOE + 04 
T07.00000E+04 
T03.00000E+04 
TO?.OOOOOE + 04 
T01 .00000E+05 
T03.OOOOOE + 04 
T04.OOOOOE+04 
Tn3.OOOOOE+04 
TOd.OOOOOE + 04 

3.48566E-
3.8U39E 
4.41434E-
3.46117E-
5.78909E-
5.94037E 
5.98343E-
5._9>949E 
7.40219E 
2.81371E 
S.06794E 
7.28096E 
9.447O0E-
1.13874E-
1.37141E-
1.53337E-
1.34394E-
5.37933E-
3.04853E-
5.50113E-
5.50145E-
5.30174E-
5.3C203E-
5.30235E-

386SSE-
11737E-

1.87824E-
2.37911E-
2.63795E-
2.36337E-
3.07690E-
3.27792E-
1.03413E-
5.90S12E-
1.27732E-
1.99101E 
2.64407E 

3 
1 

19773E 
64353E 
99126Z 
03415E 

3.90312E 
1.27733E 
1.99101E 
2.64407E 
3.19773E 
3.64S33E 
3.99126E 

69156E 
08043E 

3.20994E 
7.33444E 

9, 
3 

04 CURIES 
04 CURIES 
04 CURIES 
04 CURIES 
04 CURIES 
04 CURIES 
04 CURIES 
04 CURIES 
10 CURIES 
09 CURIES 
09 CURIES 
09 CURIES 
09 CURIES 
08 CURIES 
08 CURIES 
03 CURIES 
03 CURIES 
04 CURIES 
04 CURIES 
04 CURIEH 
04 CURIES 
04 CURIES 
04 CURIES 
04 CURIES 
02 CURIES 
01 CURIES 
01 CURIES 
-01 CURIES 
-01 CURIES 
-01 CURIES 
-01 CURIES 
-01 CURIES 
-04 CURIES 
-04 CURIES 
-03 CURIES 
-03 CURIES 
-03 CURIES 
-03 CURIES 
-03 CURIES 
-03 CURIES 
-04 CURIES 
-04 CURIES 
-03 CURIES 
-03 CURIES 
-03 CURIES 
-03 CURIES 
-03 CURIES 
-03 CURIES 
-09 CURIES 
-03 CURIES 
-oe CURIES 
-08 CURIES 



A-39 UTlfl! 

RA224 FROM*.OOOOOE+04 T07. OOOOOE+04 9.45391E-08 CURIES 
RA224 FROM7.00000E+04 T08. OOOOOE+04 1.13697E-07 CURI£S 
RA224 FR0M8.OOOOOE+04 T09. OOOOOE+04 1.36841E-07 CURIES 
RA224 FR0M9.OO00OE+04 T01. OOOOOEfOS 1.37975E-07 CURIES 
RA223 FROM2.03000E+04 T03. 00000E+04 3.5868SE-02 CURIES 
RA223 FR0M3.00000E+04 T04. 0OOOCE+O4 1.11739E-01 CURIES 
RA225 FROM4.00000E+04 T05. 00000E+O4 1.87824E-01 CURIES 
RA225 FROM3.00000E+04 TO&. OOOOOE+04 2.39911E-01 CURIES 
RA22S FR0M6.OOOOOE+04 T07. 00O0OE+O4 2.6379SE-01 CURIES 
RA225 FR0M7.OOOOOE+04 TQ8. OOOOOE+04 2.363S7E-01 CURIES 
RA223 FR0M8.OOOOOE+04 T09. 00O00E+O4 3.07690E-01 CURIES 
RA225 FROM9.00000E+04 TOl. 00O00E+O3 3.27992E-01 CURIES 
RA226 FROM2.03000E+04 T03. OOOOOE+04 2.46172E-02 CURIES 
RA22& FR0M3.OOOOOE+04 T04. OCOOOE+04 7.69133S-02 CURIES 
RA226 FF3M4.OOOOOE+04 T05. OOOOOE+04 1.23334E-01 CURIES 
RA226 FR0M5.OOOOOE+04 T06. OOOOOE+04 1.6436SE-01 CURIES 
RA226 FROM6.00000E+04 T07. OOOOOE+04 2.00d23E-01 CURIES 
RA22A FROM7.00000E+04 T03. OOOOOE+O* 2.32060E-01 CURIES 
RA226 FR0M8.OOOOOE+04 T09. OOOOOE+04 2.59331E-01 CURIES 
RA226 FROM9.00000E+04 TOl. OOOOOE+OS 2.33239E-01 CURIES 
RA228 FROM2.03010E+04 T03. OOOOOE+04 9.69136E-09 CURIES 
RA223 FR0M3.OOOOOE+04 T04 .OOOOOE+04 3.08043E-08 CURIES 
RA228 FR0M4.OO0O0E+04 T03 OOOOOE+04 5.20994E-08 CURIES 
RA22S FR0M3.OOOOOE+04 TOi .OOOOOE+04 7.33444E-08 CURIES 
RA228 FR0M6.OOOOOE+04 T07. OOOOOE+04 9.43391E-03 CURIES 
RA223 FROM7.00000E+04 T03 .OCOOOE+04 1.13497E-07 CURIES 
RA223 FRCH8.00000E+04 T09 , OOOOOE + 04 1.36841E-07 CURIES 
RA223 FRQM9.OOOOOE+04 TOl .00000E+O3 1.37973E-07 CURIES 
RN222 FRCM2.03000E+04 T03 , OOOOOE+04 2.46172E-02 CURIES 
RN222 FROK3.00000E+04 T04 .OOOOOE+04 7.A9133E-02 CURIES 
RN222 FRCM4.00000E+04 T03 , OOOOOE + 04 1.23336E-01 CURIES 
RN222 FROK5.00000E+04 T06 .00O00E+O4 1.64363E-01 CURIES 
RN222 FR0K6.OOOOOE+04 T07 .OOOOOE+04 2.00623E-01 CURIES 
RN222 FR0M7.00000E+04 T03 .OOOOOE+04 2.32060E-01 CURIES 
RN222 FR0M8.OOOOOE+04 T09 .OOOOOE+04 2.39331E-01 CURIES 
RN222 FROM9.00000E+04 TOl .O0O0OE+C3 2.33239E-01 CURIES 
P0210 FROM2.03000E+04 Ttt3 .OOOOOE+04 2.4A172E-02 CURIES 
P0210 FR0M3.OOOOOE+04 T04 .00O00E+O4 7.49133E-02 CURIES 
P0210 FROM4.00000E+04 T05 .OOOOOE+04 1.23336E-01 CURIES 
P0210 FR0M3.O00OOE+04 TO<S .OOOOOE+04 1 .44363E-01 CURIES 
P0210 FROM6.00000E+04 T07 .OOOOOE+04 2.00623E-01 CURIES 
P0210 FROM7.00000E+04 T03 .OOOOOE+04 2.32C60E-01 CURIES 
P0210 FR0M8.OO00OE+04 TO? .OOOOOE+04 2.39331E-01 CURIES 
P0210 FROM9.00000E+04 TOl .00O0OE+O3 2.33259E-01 CURIES 
BI210 FROM2.03000E+04 TC3 .OOOOOE+04 2.46172E-02 CURIES 
BI210 FROH3.00000E+04 T04 .00O00E+O4 7.69133E-02 CURIES 
BI210 FR0M4.OOOOOE+04 T03 .OOOOOE+04 1.23336E-01 CURIES 
BI210 FROM3.00000E+04 TOi .OOOOOE+04 1.64368E-01 CURIES 
BI210 FR0M6.OOOOOE+04 T07 .OOOOOE+04 2.00623E-01 CURIES 
BI210 FROM7.00000E+04 T03 .00C0OE+O4 2.32040E-01 CURIES 
BI210 FROM8.00000E+04 T09 .OOOOOE+04 2.39331E-01 CURIES 
BI210 FROM9.00000E+04 TOl .00O0OE+O3 2.33239E-01 CURIE3 



A-40 
nil A a 

PB210 
PB210 
PB210 
PB210 
FB210 
PB210 
PB210 
PB210 
CS135 
CS133 
CS133 
CS133 
CS133 
CS133 
CS135 
CS133 
CS125 
1129 
1129 
1129 
1129 
1129 
1129 
1129 
1129 
1129 
1129 
TC99 
TC99 
TC99 
TC99 
TC99 
TC99 
TC99 
TC99 
TC99 
TC99 
C11 
C14 
CI 4 
CI 4 
C14 
C14 
CI 4 
C14 
C14 
C14 

FP.0H3 
FR0M9, 
FROMl 
FROM1, 
FRQM2 

FR0K2.03000E+04 
FR0H3.00000E+04 
FRQM4.0000v>E+04 
FROH5.OOO0OE+O4 
FR0M6.00000E+04 
FR0M7.00000E+04 
FR0H8.OOOOOE+04 
FROM9.00000E+04 
FROM1.03000E+04 
FR0H2.OOOOOE+04 
FRQM3.OOOOOE+04 
FROH4.00000E+04 
FRQM3.OOOOOE+04 
FRQM4.000COE+04 
FROM7.00000E+04 

.OOOOOE+04 
OOOOOE+04 
.30000E+03 
00000E+04 
00000E+G4 

FRQM3.OOOOOE+04 
FROH4»00000£+04 
FROM5.00000E+04 
FR0M6.OOOOOE+04 
FR0M7.OOOOOE+04 
FRQK3.OOOOOE+04 
FR0M9.00000E+04 
FROM5.30000E+03 
FROM1.OOOOOE+04 
FR0M2.0O0O0E+O4 
FR0rt3.OOOOOE+04 
FRCK4.OOOOOE+04 
FR0M5.OOOOOE+04 
FRQK6.OOOOOE+04 
FR0M7.OOOOOE+04 
FR0«8.OOOOOE+04 
FR0M9.00000E+04 
rft0M1.30C00E+03 
FROttl.OOOOOE+04 
FR0K2.OOOOOE+04 
FRQ513.OOOOOE + 04 
FRQM4.OOOOOE+04 
F?:0.M.S.000C0E + 04 
FRQM5.0000CE+04 
FROM?.OOOOOE+04 
FR0M2.OOOOOE+04 
FROM?,OOOOOE+04 

T03.00000E+04 
T04.OOOOOE+04 
T05.00000E+04 
T0A.0QO0OE+04 
T07.00000E+04 
T08.00000E+04 
T09.00000E+04 
T01.00000E+03 
T02.OOOOOE+04 
T03.OOOOOE+04 
T04.OOOOOE+04 
T05.OOOOOE+04 
T06.00000E+04 
T07.00000E+04 
T08.OOOOOE+04 
T09.OOOOOE+04 
T01.00000E+03 
TCI.OOOOOE+04 
T02.OOOOOE+04 
T03.OOOOOE+04 
T04.OOOOOE+04 
T05.OOOOOE+04 
T06.OOOOOE+04 
T07.JOOOOE+04 
T08.OOOOOE+04 
T09.OOOOOE+04 
T01.00000E+03 
TOl.OOOOOE+04 
T02.OOOOOE+04 
T03.00000E+04 
T04.00000E+04 
T03.OOOOOE+04 
T06.OOOOOE+04 
T07.OOOOOE+04 
T03.OOOOOE+04 
T09.00000Ef04 
TB1.00000E+05 
TOl.OOOOOE+04 
T02.OOOOOE+04 
T03.OOOOOE+04 
T04.OOOOOE+04 
T05.OOOOOE+04 
T06.OOOOOE+04 
T07.OOOOOE+04 
T03.OOOOOE+04 
TO?.OOOOOE+04 
T01.00000E+03 

2.46172E-02 
7.69183E-02 
1.23536E-01 
1.64368E-01 
2.00623E-01 
2.32060E-01 
2.59531E-01 
2.83259E-01 
5.79349E+00 
5.93437E+00 
5.93725E+00 
5.91948E+O0 
5.90142E+00 
5.88366E+00 
5.86582E+00 
5.34829E+00 
5.33O65E+G0 
2.17445E-03 
2»49839E-03 
2.49724E-03 
2.49c27E-03 
2.49324E-03 
2.49405E-03 
2.49292E-03 
2.49182E-03 
2.49076E-03 
2.48963E-03 
1.00355EJ-02 
2.09523E+02 
2.02353E+02 
1.96332E+02 
1-90042E+02 
1.33954E+02 
1.73060E+02 
1.72363E+02 
1.64348E+02 
1.61302E+02 
3.28737E+01 
1.98984E+01 
3.92670S+C0 
1.76464E+00 
5.23115E-01 
1.370S7E-01 
4.64I47E-02 
1.37636E-C2 
4.1a43;^-03 
1.26223E-03 

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 
CURIES 
CURIES 
CURIE3 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
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in * 

y 
• - * . - ; - . ?&&* 

lOt ^>%»..=.x# 
r"-^ 5^^ -> f.-P**-; }s .ijj&&z. j 

• • • • • ! • • *~*^5S"* 
s?t ot m^?*'' r rf I*I ' 

-̂  -»> " : : s ^ -
• , ^ ̂  », *~ -. -~ — - -

:' " - 0.V •,. - -70V -.*- ..;i-c-n HP237 -ROM3,lOOO0E4O4 TOo.OOdOOE+01 ~**5*3**5.**fc; *&Tvm MP227 FP.0H6.000C0E4O4 T07.00COOS404. 3w $4^«E.*t^y^t^ 
MP237 F R G M 7 , 0 0 0 O 0 £ T O 4 TQ8.OOO0OE404 5r :92ti9E-vt ̂.•itI2tJ 
HP237 FRQH8.00000E4C4 T09.00000E404. • m -«4*9fcE*^i ̂5*J^IS5 : 

NP237 FRCK9.00000E404 TOI.OOOOOE405 3i H43?4E*t>i: cyar^j. 
U223 FR0rt2.100O0E404 T03.0000OE4O4 *? 7sseoE*^£ ?eus:rEc 
•J233 FRQM3»O0OO0E4O4 T04»OOOOCE404 p . 15933E**2 t^rrt*^ 
U232 FP.QM4.00000E404 TO5.OO00OE4O4 4 5.519.1SH>1 C'J?.i££ 
U233 FRGK5.00000E404 T06»0oO0CE404 2 • C1142S-01 crRisn 
'J233 FR0K6.O00O05404 T07.00000E+04 « 2090OE-01 -JBUPTEs 
U232 FRGM7.O00O0E4O4 T03.00000E40* *> 3933 45-01 :v!Sî -; 
!J223 FRCHS.000005404 739.00000E404 S7173E-01 cu:a^r 
L'233 FRCM9.00000E404 Tf,l-00<»OOE403 .̂ 74C72S-C1 z\y.:iz. 
•J234 FRCM2.10000E404 7C2.O00O0E404 •? # f?5?-:Ev0<> c ::wcE2 
•J234 FRCM2.0OOOOE4C-4 TC4.0OO00E4C4 a. ,*4̂ C'0ir-:-> 
L'234 FRCK4.000005404 T2S.0CO0OE4O4 .4070CEK-0 
U231 FRCSS.C00005404 TO4.0O000S404 W 1 ,171225:00 CiT'tt:-
'J234 FR0K6.000005404 T07.00000E404 / > 9 42575400 cf:?:iz-: 
U234 FRCM7.O0OO0E404 TQ3.00000E404 7 « .7:?03EJ-00 ;u?ci5: 
'J234 FRCF.S. 000005404 709.00000E404 ,50332£4->0 CJKI5-
U234 FR0S9.000005404 TOi.000005403 "? .2T*52CE40*> c'w'w:::-; 

•J235 FRCK2.100005404 TU3.OC000E404 ,7S0135-V3 CURIK^ 
•J233 FR0M2.000005404 TG4.OO0QOE+04 -•> ,4 72355-Ci'- C'J>:'.2-. 
•J23S FROK4.O00OCS4O4 TS5.00070E+04 o t 60820F-02 CJS15S 
U223 FRQMS.0OCO0E404 TQ«.t,-00002*04 1. ̂3523£-';':: i; •.':•: C h S 
U225 FR0M6.C00C-0E404 T07.000-.*0S404 1 # .1S240E-O2 ••.•J'KIE* 
U233 FRGM7.000C0E4O4 TGS.000005404 1 . ;tf5l£5-C?2 E : : ' X ^ ' 
U235 FRCK9.C00O0E40 4 T09.COOOOE404 1 

* < ,194355-02 cjrii^s U225 FROH9.00000E40'- TC'i 'J000O54O3 
T"03.^C0e0E*04 

1. .I92?15-v2 CL-F-ISJ: 
U23i FR0.M.2.100005 +04 

TC'i 'J000O54O3 
T"03.^C0e0E*04 ^. -3OJ3AE-02 CUR122 

L'236 FRCM3.000005404 7G4.00000S404 1 .:J73115-C2 CUX15': 
U23s ?RGtt4,000005404 TC5,0->030£404 .91*49E-02 ';!JR:^2 
u^-r < FRGX3.00COCE404 T0i.oo-:oos»«>4 > < .70?3"'S-;2 ."»M«: rT-
w M w w FRGX3.00COCE404 T0i.oo-:oos»«>4 .70?3"'S-;2 * • • • * - * 

»J22£ FR0M6.C00O0E4C4 r07.-v*00C0£404 2 < -':?.:.::• 
»J23i FRO!4.7.00000IK'-s T C S . O V "':• <*•£'*'**. *% .4-;7*iE-:2 ' jr*^r; 

U226 FSO«2.00000E4v4 T'??. >;:>:: K 4 - , .A-.*3«E- >2 :f...̂  \K." 
'•**•? ; FRC;-*9.C«0C0S*v4 • -. : *• ". ' , ? • • : • * •, ' . « - .;•»•' •-.•?..-» ,-">!*; 
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..'2 33 FRG«S.'.'00006 404 '•*-. '^c-v:'-A04 ^ i » m * Mr « '« > _, * 



U2 
PA231 
PA231 
PA231. 
PA231 
PA231 
PA231 
PA231 
PA231 
PA233 
PA233 
PA233 
PA233 
PA233 
r"-!227 
:!227 
TH227 
H227 
TH22? 
••* .1 •-%*%•» 

I'tJ' 'V* 
. * • *v I.* 

:';223 
: • • ; • ? " • : * 

!"'-?"" 2 ° 

:'H22y 

•ii".6 

FRQM6.OOOOOE+04 
FR0M7.OOOOOE+04 
FR0H8.OOOOOE+04 

r?. OOOOOE+04 
.iOOO0E+04 

FR0M3.OOOOOE+04 
FR0M4.00000E+04 
FRQM5.OOOOOE+04 
FR0M6.OOOOOE+04 
FR0M7.OOOOOE+04 
FROME.OOOOOE+04 
FROM?.OOOOOE+04 
FRQK3.iOOCCE+04 
FR0M6.00O00E+C4 
FR0M7.OOOOOE+04 
FR0M8.OOOOOE+04 
FROM?.OOOOOE+04 
FRUK2.1000CE+04 
FRCM3.-300eoE*'.*4 
FR0M4.::COC0E+0-i 
:-RĈ ?.'*:>C0OE*O-? 
.FR0.1S./.OOO0E+04 
-r>CS?t7,00000£+C4 
CRC*3»00->OCS+0* 
- .• - T! : - ' v v v •*» w ^ •/ ̂  
c»?M.:.:oc?.e£+'.u 
'•Fci *3.0Oo00S+<>4 

•300GE+C4 

Fft0*-*.0C-00QE*04 
>" : • - •.->0OO0S+04 
F*n**.3.coccoE+-:-4 
?R»Jnv.C£000E + 04 
*RO5*2.*.OC0OEfO.s 
?RC*3.CC0O0e+04 
" R 0 J * 4 . ' J C 0 C J F = 4 0 4 
r ~ 0 ? ^ . C 2 0 C w r 0 4 
F R or f-.-oooc-oE+•:••» 
^ROn ? .0000f . r :*04 
F?:^j-v. ;*o*'- ";•.!••:* o s 

- t / . * V * V V t/ ' _ ^ 

.'«.•(%#•-» : ;; 0 0'! 2 v'•• •" 
7 ' - . C - i . •.•:'C;£ + : i 

T07.00000E+C4 
TOO.OOOOOE+04 
T09.O0CO0E+O4 
T01.O0O00E+O5 
T03.OOOOOE+04 
T04.00000E+04 
T03.00000E+04 
T06.00000E+O4 
T07.OOOOOE+04 
T03.00000E+01 
TO?.OOOOOE+04 
TOi.OOOOOE+03 
TQ£.OOOOOE+04 
TC7.COO00S+O4 
TOO.OOOOOE+04 
TO?.OOOOOE+04 
TGl.OOOOOE+03 
•r23.0CCOC£+O4 
TO4.COOOOc •":-. 

T ^ t ** ̂  /* A ^ V «• /*t " • w w • v* • - V V */ • -* "T 
T07.00000£-!04 
TiJ8-000'v>CE->O-s 

vitro f. 
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* - « m** 
TH229 FRQM5.03000E+04 
TH229 FRQM6.00000E+04 
TH229 FR0M7.00000E+04 
1X229 FR0M8.00000E+04 
TH229 FROM9.00000E+04 
TH230 FR0M3.03000E+04 
TH230 FR0M6.00000E+04 
TH230 FROM7.00000E+04 
TH230 FRQH8.00000E+04 
TH230 FR0M9.00000E+04 
TH231 FRQM5.03000E+04 
TH231 FRQM6.00000E+04 
TH231 FR0M7.00000E+04 
TH231 FROM8.00000E+04 
TH231 FR0M9.00000E+04 
TH232 FROM3.03010E+04 
TH232 FR0H6.00000E+04 
TH232 FR0M7.00000E+04 
TH232 FRQH8.00000E+Q4 
TH232 FRQM9.00000E+Q4 
TH234 FR0M5.03000E+04 
TH234 FROM6.00000E+04 
TH234 FR0M7.00000E+04 
TH234 FRQM8.00000E+04 
TH234 FR0M9.00000E+04 
AC223 FR0M5.03000E+04 
AC225 FR0M6.00000E+04 
AC223 FR0M7.00000E+04 
AC223 FROK8.00000E+04 
AC22S FROM9.00000E+04 
AC227 FR0M3.03000E+04 
AC227 FK0M6.00000E+04 
AC227 FROM7.00000E+04 
AC227 FR0M8.00000E+Q4 
AC227 FR0M9.00000E+04 
RA223 FR0M3.03000E+04 
RA223 FR0MA.00000E+04 
RA223 FROM7.00000E+04 
RA223 FR0M8.00000E+04 
RA223 FR0M9.00000E+04 
RA224 FROM3.03010E+04 
RA224 FR0M6.00000E+04 
RA224 FR0M7.0G000E+04 
RA224 FR0M8.00000F+04 
RA224 FROM9.00000E+04 
RA223 FR0M3.03000E+04 
RA223 FR0M6.00000E+04 
RA223 FR0K7.00000E+04 
RA223 FR0M8.00000E+04 
RA223 FROM9.00000E+04 
RA226 FR0M5.03000E+04 
RA22& FROM6.00000E+04 

T06.00vO0C+04 
T07.00000P4-04 
T08.00000E+04 
T09.Q0000E+04 
T01.00000E+05 
T06.00000E+04 
T07.00COOE+04 
T08.00000E+04 
T09.00000E+04 
TQ1.00000E+05 
T06.00000E4-04 
T07.00000E+04 
T08.00000E+04 
T09.00000E+04 
TQ1 O0OOOE+O3 
T06.00000E+04 
TQ7.000O0E+04 
T08.00000E+04 
T09.00000E+04 
TO1.00QO0E+03 
T06.00000E+04 
T07.000O0E+04 
T08.00000E+04 
T09.00000E+04 
T01.00000E+03 
T06.0000CE+04 
TQ7.00000E+04 
T08.00000E+04 
T09.00000E+04 
T01.00000E+03 
T06.00000E+04 
T07.00000E+04 
TO8.000OOE+04 
T09.00000E+04 
T01.00000E+03 
TQ6.00000E+04 
T07.00000E+04 
T03.00000E+04 
T09.00QOOE+04 
T01.00000E+03 
T06.00000E+04 
T07.00000E+04 
T03.00000Et04 
T09.00000E+04 
T01.00000E+05 
T06.00000E+04 
T07.00000E+04 
T08.00000E+04 
T09.00000E+04 
T01.00000E+03 
T06.00000E+04 
T07.00000E+04 

l.4lSt4C-62 CURIES 
4*42mt-£2 CURIES 
7.47350E-02 CURIES 
1.0S407E-01 CURIES 
1.34832E-01 CURIES 
3.41394E-03 CURIES 
1.01256C-02 CURIES 
1.AO417E-02 CURIES 
2.12942E-02 CURIES 
2.38881E-02 CURIES 
8.47U1E-0S CURIES 
1.21&91E-04 CURIES 
3.32043E-03 CURIES 
1.11444E-04 CURIES 
1.19431E-04 CURIES 
1.49088E-10 CURIES 
S.644S2E-10 CURIES 
1.O1118E-09 CURIES 
1.44497E-09 CURIES 
1.87108E-09 CURIES 
3.42680E-04 CURIES 
3.45AA9E-04 CURIES 
ttttXXttttt CURIES 
1.07449E-04 CURIES 
1.21860E-04 CURIES 
1.41A04E-02 CURIES 
4.42810E-02 CURIES 
7.47553E-02 CURIES 
1.03607E-01 CURIES 
1.36832E-0I CURIES 
1.90845E-04 CURIES 
9.75362E-04 CURIES 
l,94147E-03 CURIES 
2.87728E-03 CURIES 
3.6U23E-03 CURIES 
1.90843E-04 CURIES 
9.753ACi-04 CURIES 
1.96147E-03 CURIES 
2.37728E-03 CURIES 
3.61123E-03 CURIES 
f*37080£-li> CURIES 
3.1S604E-09 CURIES 
5.41713E-0? CURIES 
7.63404E-09 CURIES 
9.34314E-0? CURIES 
1.41&O4E-02 CURIES 
4.42310E-02 CURIES 
7.47333E-02 CURIES 
1.03407E-0J CURIES 
1.36832E-01 CURIES 
3.83449E-03 CURIES 
1.18409E-0? CURIES 



s«%-

A-48 HP IT 

*A226 FRQH7.00000E404 
RA226 FR0H8.00000E404 
RA226 FR0M9.00000E404 
RA228 FR0HS.93010E404 
RA228 FR0H6.00000E404 
RA228 FROH7.00000E404 
RA228 FR0H8.00000E404 
RA228 FROM9.00000E404 
RN222 FROMS.03000E+04 
RN222 FR0H6.0000OE404 
RN222 FROH7.00000E404 
RN222 FROH8.00000E404 
RM222 FROH9.00000E404 
PO'210 FROMS.03000E404 
P0210 FROH6.00000E404 
P0210 FR0M7.0O00OE4O4 
P0210 FR0H8.00000E404 
PG210 FR0M9.00000E404 
BI210 FR0H5.03000E+04 
BI210 FR0H6.00000E404 
BI210 FROK7.00000E404 
BI210 FR0M8.00000E404 
BI210 FR0M9.0000OE4O4 
PB210 FR0M5.03000E404 
PB210 FR0M6.00000E404 
PB210 FR0M7.00000E404 
PB210 FR0H8.00000E404 
PB210 FROM9.00000E404 
1129 FR0M1.30000E+03 
1129 FR0M1.00000E+04 
1129 FROM2.00000E404 
1129 FR0M3.00000E404 
1129 FROM4.00000E404 
1129 FROM3.00000E+04 
1129 FR0MA.00000E404 
1129 FR0H7.00000E404 
X129 FROM8.00000E404 
1129 FR0H9.00000E404 
TC99 FR0H5.30000E403 
TC99 FR0M1.00000E404 
TC99 FROM2.00000E404 
TC99 FRCH3.00000E404 
TC99 FF.0M4.00000E+04 
TC99 FK0H3.00000E404 
TC99 FR0H6.00000E+04 
TC99 FR3M7.00000E404 
TC99 FROM8.00000E404 
TC99 FF0M9.00000E404 
8E79 FR0H5.03000E404 
8E79 FROM*.000006404 
8E79 FMM7.00000E404 
8E79 FRUH8.00000E404 
8E79 FR0M9,COOOOE4O4 

T08.00000E404 
T09.00000E404 
T0W0OOOOE+O5 
T06.00000E404~ 
T07.00000E+04 
T08.00000E404 
T09.00000E404 
T01.00000E40S 
T06.00000E404 
T07.00000E404 
T08,OOOOOE404 
T09.00000E404 
TOL0OOO0E40S 
T06.00000E4C4 
T07.00000E404 
T08.00000E404 
T09.00000E404 
T01.00COOE403 
T06.00000E404 
T07.00000E404 
T08.00000E404 
T09.00000E404 
T01.00000E405 
T06.00000E404 
T07.00000E404 
T08.00000E404 
T09.00000E404 
T01.00000E405 
TQ1.00000E404 
T02.0000CE404 
T03.00000E404 
T04.00000E404 
T05.00000E404 
T06.00000E404 
T07.00000E404 
T08.00000E404 
TD9.00000E404 
T01.000006405 
T01.00000E404 
T02.00000E404 
T03.00O0OE+O4 
T04.00000E404 
T05.00000E+04 
T06.00000E404 
T07.00000E404 
T08*00000E4O4 
T09.00000E404 
T01.C0OOOE4OS 
T06.60090E404 
T07.00000E404 
T08.00000E404 
T09.00000E404 
TOl.000006+03 

1.90138E-02 
2.53196E-02 
3.08638E-02 
9.87080E-10 
3.18604E-09 
5.41713E-09 
7.63404E-09 
9.84314E-09 
3.83469S-03 
1.18409E-02 
1.90153E-02 
2.33196E-02 
3.08633E-02 
3.83469E-03 
1.I8409E-02 
1.90138E-02 
2.53194E-02 
3.08638E-02 
3.83469E-03 
1.18409E-02 
1.90138E-02 
2.53196E-C2 
3.08638E-C2 
3.83469E-03 
1.18409E-02 
1.90158f>02 
2.33196Z-02 
3.03*336-02 
8.6973SE-04 
9.99351E-04 
9.98911E-04 
9.98478E-04 
9.93047E-04 
9.97599E-04 
9.97167E-04 
9.96746E-04 
9.9A302E-04 
9.93863E-04 
4.03425E+01 
8.38171E+01 
8.U267E+01 
7.83292E+01 
7.60145E+01 
7.337A5E401 
7.12212E+01 
6.895UE+01 
6.A7332E+01 
6.46012E+01 
2.38699E+00 
2.40U7E+00 
2.15324E+00 
1.93998E400 1.7437AE400 

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 
JURIES 
CURIES 
CURIES 
CUSIE3 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIgS 
CURIES 
CURIES 



A-49 

C14 FROM1.30000E+03 T01.OOOOOE+04 2.11S06E+01 CURIES 
C14 FROM1•OOOOOE+04 T02.00000E+04 7.8S82&E+00 CURIES 
CI4 FRQH2.OOOOOE+04 T03.OOOOOE+04 2.38327E+00 XJTUES 
C.14 FROM3.OOOOOE+04 T04.O00O0E+04 7.06140E-01 CURIES 
C14 FROM4.OOOOOE+04 T03.00000E+04 2.08$*3t-01 CURIES' 
C14 FR0H5,OOOOOE+04 TO*.OOOOOE+04 6.28474E-02 CURIES 
C14 FR0M6.OOOOOE+04 T07.OOOOOE+04 1.85772E-02 CURIES 
C14 FR0W7.00000E+04 708.OOOOOE+04 5.493672-03 CURIES 
C14 FRQM8 OOOOOE+04 T09.OOOOOE+04 1.66563E-03 CURIES 
CI4 FRQM9.00000E+04 TQ1.00000E+05 5.05412E--C4 CURIES 



A-50 Bum 
^TirT"^" Listing of Radionnclida Halaa^as vCi/1000 ma) ovar 10,000-Year 

Xofesrrals Car Scenario 12s Defansa High-Laval Muta Codispoaad in a 
Bapository in Bard Bock Gaoiogic Sotting r Packagad 

with TiCoda-12 Orarpack 

U233 FROHS•10000E+04 
U233 "R0MA.00000E+04 
U233 f'ROM7.00000E+04 
U233 FROM8.00000E+04 
U233 FRQM9.00000E+04 
U234 FKOK5.10000E+04 
U234 FROM6.00000E+04 
U234 FRQH7.00000E*04 
U234 FROM8.00000E+04 
U221 FRQM9.00000E+04 
U235 FR0H5.10000E+04 
U235 FRQM6.00000E+04 
U235 FRQM7.00000E+04 
U235 FROM8.00000E+04 
U235 FR0H9.00000E+04 
U236 FRQMS.10000E+04 
U236 FR0K6.00000E404 
U236 FRON7.00000E+04 
U236 FRQH8.00000E+04 
U236 FROM9.00000E+04 
U238 FR0M5.10000E+04 
U238 FROMo.OOOOOE+04 
U238 FRQM7.00000E+04 
U238 FROHS.00000E+04 
U238 FR0K9.00000E+04 
PA231 FR0M5.10000E+04 
PA231 FRQH6.00000E+04 
PA231 FRQM7.00000E+04 
PA231 FR0M8.00000E+04 
PA231 FRQM9.00000E+04 
TH227 FR0H3.10000E+04 
TH227 FR0MA.OOOO0E+04 
TH227 FROM7.00000E+04 
TH227 FRQH8.00000E+04 
TH227 FRQM9.00000E+04 
TH228 FROM3.10010E+04 
TH228 FRGMa.OOOOOE+04 
TH228 FRQH7.000O0E404 
TH228 FROM8.00000E+04 
TH228 FROM9.00000E+04 
TH229 FR0M3.10000E+04 
TH229 FR0M6.00000E+04 
TW229 FROM7.00000E+04 
TH229 FROM8.00000E+04 
TH229 FROH9.00000E*04 

T06.00000E+04 
T07.00000E-KM 
TQ8.00000E+04 
T09.000COE+04 
T01.00000E+05 
T06.00000E+04 
T07.00000E-S-04 
T03.00000E+04 
T09.00000E+0 4 
T01.00000E+05 
T06.00000E+04 
T07.00000E+04 
T08.00000E+04 
T09.00000E+04 
T01.00000E+05 
T04.00000E+04 
T07.00000E+04 
T08.00000E+04 
TQ9.00000E+04 
T01.00000E+C3 
T06.00000E+04 
T07.00000E+04 
T08.00000E+01 
T09.00000E+04 
T01.00000E+03 
T06.00000E+04 
TO7.00OO0E+04 
T08.00000E+04 
T09.00000E+04 
TD1.00000E+05 
T06.00000E+04 
T07.00000E+04 
T03.00000E+04 
T09.00000E+04 
T01.00000E+05 
T06.00000E+04 
T07.00000E+04 
T08.00000E+04 
T09.00000E+04 
T01.00000E+03 
TD©.O0OO0E+04 
T07.00000E+04 
T08.00000E+04 
T09.000COE+04 
TQl.OOOOOE+03 

1.37539E-02 CURIES 
5.22801E-02 CURIES 
B.92003E-02 CURIES 
1.2A320E-01 CURIES 
1.64288E-01 CURIES 
4.22004E+00 CURIES 
4.5&398E+00 CURIES 
4.43671E+00 CURIES 
4.31225E+00 CURIES 
4.19144E+00 CURIES 
2.26846E-03 CURIES 
4.50675E-03 CURIES 
5.73297E-03 CURIES 
6.39409E-03 CURIES 
6.71722E-03 CURIES 
3.70212E-02 CURIES 
5.14346E-02 CURIES 
5.07641E-02 CURIES 
4.96899E-02 CURIES 
4.90132E-02 CURIES 
5.63979E-03 CURIES 
6.32236E-03 CURIES 
6.32233E-03 CURTE3 
©•32323E-03 CURIES 
6.32365E-03 CURIES 
1.62073E-04 CURIES 
7.26766E-04 CURIES 
1.37439E-03 CURIES 
1.93672E-03 CURIES 
2.41796E-03 CURIES 
9.7232AE-05 CURIES 
3.36734E-04 CURIES 
1.10123E-03 CURIES 
1.62920E-03 CURIES 
2.03484E-03 CURIES 
4.88926E-10 Cl'RIES 
1.74340E-09 CURIES 
3.02489E-09 CURIES 
4.29376E-09 CURIES 
3.36824E-09 CURIES 
7.33744E-03 CURIES 
2.4S987E-02 CURIES 
4.20845F-02 CURIES 
5.97793E-02 CURIES 
7.7A90SE-02 CURIES 



A-51 
Miff 

"TH230 FR0HS.10000E+04 
TH230 FROH6.00000E4-04 
TH230 FR0M7.00000E+04 
TH230 FRQM8.00000E+04 
1H230 FR0M9.00000E+04 
TH231 FR0M5.10000E+04 
TH231 FROK6.00000E+04 
TH231 FROM7.00000E+04 
TH231 FR0H8.000O0E+04 
TH231 FROM9.0000QE+04 
TH232 FROM5.10010E+04 
TH232 FR0H6.00000E+04 
TH232 FR0H7.00000E+04 
TH232 FR0M3.00000E+04 
TH232 FROM9.00000E+04 
TH234 FROM5.10000E+04 
TH234 FROH6.00000E4-04 
TH234 FR0H7.00000E+04 
TH234 FR0M3.00000E+04 
TH234 FROM9.00000E+04 
AC223 FR0M3.10000E+04 
AC225 FROH6.00000E+04 
AC225 FRQM7.00000Ev04 
AC225 FR0M8.00000E+04 
AC225 FRQM9.00000E+04 
AC227 FROM3.10000E+Q4 
AC227 FR0M6-.00000E+04 
AC227 FR0M7.00000E+04 
AC227 FROW8,0OOO0E+04 
AC227 FRQM9.00000E+04 
RA223 FR0M5.10000E+04 
RA223 FR0M6.00000E+04 
RA223 FR0M7.00000E+04 
RA223 FROM3.00000E+04 
RA223 FR0M9,00000E+04 
RA224 FR0M3.10010E+04 
RA224 FRQM6.00000E+04 
RA224 FR0M7,00000E+04 
RA224 FR0M8.00000E+04 
RA224 FR0M9.00000E+04 
RA223 FROM3.100Q0E+04 
RA223 FR0M6.00000E+04 
RA225 FR0M7.00000E+04 
RA225 FR0M8.00000E+04 
RA223 FROM9.00000E+04 
RA226 FRQM5.10000E+04 
RA226 FR0H6.00000E+04 
RA226 FRQM7.00000E+04 
RA226 FROM8.00000E+04 
RA226 FROM9.00000E+04 

T06.00000E+04 
T07.000C/OE+04 
T08.000JOE+04 
T09.00COOE+04 
T01.C0OO0E+O5 
T06.00000E+04 
T07.00000E+04 
T08.00000E+04 
TQ9.00000E+04 
T0W00O0OE+03 
T06.00000E+04 
TQ7.00000E+04 
T08.00000E+04 
TQ9.00000E+04 
TOl.OOOOOEfOS 
T06.00000E+04 
T07.00000E+04 
TQ8.00000E+04 
T09.00000E+01 
T01.00000E+0S 
T06.00000E+04 
T07.00000E+04 
T08.00000E+04 
T09.00000E+04 
T01.00000E+03 
T06.00000**04 
T07.00000E+04 
T08.00000E*04 
T09.00000E+04 
T01.00000E+03 
TQ6.00000E+04 
T07.00000E+04 
T08.0000CE+04 
T09.00000E+04 
T01.00000E+03 
T06.00000E+04 
T87.00000E+04 
T08.0«< >00E+04 
T09.00000E+04 
T01.00000E+03 
TC6.00000E+04 
T07.00000E+04 
T08.00000E+04 
T09.00C0OE+O4 
T01.00000E+03 
T06.00000E+04 
T07.00000E+04 
TG8.00000E+04 
TC9.000COE+04 
TOW0000OE+O3 

1.69013E-03 
5.33301E-03 
8.98876E-03 
1.20168E-02 
1.467S7E-02 
4.28381E-05 
7.92921E-05 
2.68302C-03 
A.21621E-03 
6.88326E-05 
7.43696E-U 
3.0858SE-10 
5.&4346E-10 
8.13596c-10 
1.05839E-09 
1.60973E-04 
2.39784E-04 
*********** 
5.40292E-03 
7.17766E-05 
7.33777E-03 
2.45997E-02 
4.20833E-02 
5.97803E-02 
7.7691SE-02 
9/63434E-05 
5.35453E-C4 
1.09991E-03 
1.62788E-03 
2.05332E-03 
9.65484E-05 
5.33433E-04 
1.09991E-03 
1.62733E-03 
2.03352E-03 
4.83926E-10 
1.74340E-09 
3.02489E-09 
4.29876E-09 
3.36824E-0? 
7.33777E-03 
2.43997E-02 
4.20833E-02 
3.97303E-02 
7.76918E-02 
1.891SSE-03 
6.48349E-03 
1.06364E-02 
1.42847E-02 
1.74V41E-02 

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 
CURIE'J 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 



A-52 DPR 
RA228 
RA228 
RA228 
RA228 
RA228 
RN222 
RN222 
RN222 
RN222 
RN222 
P0210 
P0210 
P0210 
P0210 
P0210 
BI210 
BI210 
BI210 
BI210 
BI210 
PB210 
PB210 
PB210 
PB210 
PB210 
1129 
1129 
1129 
1129 
1129 
1129 
1129 
1129 
1129 
1129 
TC99 
TC99 
TC99 
TC99 
TC99 
TC99 
TC99 
TC99 
TC99 
TC99 
8E79 
SE79 
8E79 
8E79 
SE79 

FROH5.10010E+04 
FRQI<&. OOOOOE+04 

00000E+04 
OOOOOE+04 
OOOOOE+04 
10000E+04 

FR0M6.00000E+04 
FROM7.00000E+04 
FR0M8.00000E+04 

OOOOOE+04 
10000E+04 
OOOOOE+04 
00000E+04 

FR0M8.OOOOOE+04 
FRQM9.OOOOOE+04 

100C0E+04 
OOOOOE+04 
00000E+04 

FR0M8.OOOOOE+04 
FR0H9.OOOOOE+04 

10000E+04 
00000E+04 

FR0M7.OOOOOE+04 
FR0H8.OOOOOE+04 
FR0M9.OOOOOE+04 

OOOOOE+03 
00000E+04 
OOOOOE+04 
OOOOOE+04 
00000E+04 

FRQMS.OOOOOE+04 
FR0M6.OOOOOE+04 

00000E+04 
OOOOOE+04 
OOOOOE+04 
OOOOOEI-03 
00000E+04 
OOOOOE+04 
00000E+04 
00000E+04 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
OOOOOE+04 
10000E+04 
OOOOOE+04 
OOOOOE+04 

FROKS.OOOOOE+04 
FRQM9.OOOOOE+04 

FROM/. 
FR0M8, 
FRQH9, 
FR0M3, 

FRQK9, 
FROM5. 
FROM*. 
FROM7, 

FROrfS. 
FR0M6, 
FROM7, 

FR0M5, 
FROM6. 

FROM2. 
FROM1. 
FROM2, 
FRGM3. 
FROM4 

FRQH7. 
FROH8. 
FRQM9. 
FR0M6. 
FROH1. 
FROM2. 
FROM3. 
FROM4, 
FROKS. 
FROM4, 
FROM7. 
FRCM8, 
FR0M9, 
FR0M3, 
FR0M6. 
FR0M7, 

T06.OOOOOE+04 
T07.OOOOOE+04 
T08.OOOOOE+04 
T09.00O0OE+O4 
TO1.0OO00E+O5 
T06.OOOOOE+04 
T07.00O00E+04 
T08.OOOOOE+04 
TO?.OOOOOE+04 
T01.00000E+03 
T06.OOOOOE+04 
T07.OOOOOE+04 
T08.OOOOOE+04 
T09.OOOOOE+04 
T01.00000E+05 
T06.OOOOOE+04 
T07.OOOOOE+04 
T08.OOOOOE+04 
T09.OOOOOE+04 
T01.00000E+05 
TOi.00000E+04 
T07.OOOOOE+04 
T03.OOOOOE+04 
T09.OOOOOE+04 
T01.00000E+03 
TOI.OOOOOE+04 
T02.00000E+04 
T03.OOOOOE+04 
T04.OOOOOE+04 
T05.00O00E+04 
TOi.OOOOOE+04 
T07.OOOOOE+04 
T08.OOOOOE+04 
TO9.O0000E+04 
T01.00000E+05 
TOI.OOOOOE+04 
T«2,OOOOOE+04 
T03.OOOOOE+04 
T04.OOOOOE+04 
TOS.OOOOOE+04 
T06.OOOOOE+04 
T07.OOOOOE+04 
TC8.OOOOOE+04 
T09.0O00E+04 
TOI.00000E+03 
T06.OOOOOE+04 
T07.OOOOOE+04 
TOG.OOOOOE+04 
T09.OOOOOE+04 
TOI.00000E+03 

4.88926E-10 
1.74340E-09 
3.02489E-09 
4.29876E-09' 
5.56824E-09 
1.89158E-03 
6.48349E-03 
1.06364E-02 
1.42847E-02 
1.74941E-02 
1.S9138E-03 
&.43349E-03 
1.O63A4E-02 
1.42847E-02 
1.74941E-02 
1.89138E-03 
6.43349E-03 
1.O6364E-02 
1.42847E-02 
1.74941E-02 
1.89153E-03 
6.48349E-03 
1.06364E-02 
1.42847E-02 
1.74941E-02 
4.5965CE-04 
5.74340E-04 
5.74086E-04 
5.73839E-04 
3.73336E-04 
3.7334SE-04 
5.73105E-04 
5.72826E-Q4 
3.72590E-04 
5.72339E-04 
1.97092E+01 
4.81737E+01 
4.&A247E+01 
4.31321E+01 
4.34364E+01 
4.22833E+01 
4.092A7E+01 
3.96300E+01 
3.J33332E+01 
3.V12A4E+01 
1.37440E+00 
1.38013E+00 
1.24023E+0O 
1.11494E+00 
1.00217E+00 

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 
CURIE:-; 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIE'J 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CUR IEG 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
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A-53 Uftfl an 
C14 
C14 
C14 
C14 
C14 
C14 
C14 
C14 
C14 
C14 

FR0M2 
FR0M1 
FR0H2 
FROH3 
FROH4 
FROH5 
FRQM6 
FROM7 
FROH8 
FROM9 

.OOOOOE+03 

.OOOOOE+04 

.OOOOOE+04 

.OOOOOE+04 

.OOOOOE+04 

.OOOOOE+04 

.OOOOOE+04 

.OOOOOE+04 

.0O00OE+O4 

.OOOOOE+04 

TOl.OOOOOE+04 
T02.OOOOOE+04 
T03.0O000E+04 
T04.0O00OE+04 
T05.00000E+04 
T06.OOOOOE+04 
T07.OOOOOE+04 
T03.00000E+04 
T09. OOOOOE+04 
T01.0O00OE+O5 

1.06399E+01 
4.52383E+00 
1.36766E+00 
4.06484E-01 
1.19677E-01 
3.61437E-02 
1.06592E-02 
3.17364E-03 
9.51983E-04 
2.90933E-04 

CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 
CURIES 


