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UPDATED PROJEC IVE WASTES TO 

GENERATED BY POWER INDUSTRY 

C ,  W. K e e ,  A .  G .  Croff, J. 0 .  Blomeke 

ABSTRACT 

Eleven types o s to  be gener  
w i t h i n  the f u e l  cyc e U . S .  nuclea 

ndus t ry  are t i o n s  are pr 
r annual gen p ing  r e q u i r e  
umulated cha he remainder 
.. me power assumed to  
ium- and p l  HTGRs, and 

i n s t a l l e d  a c i t y  of the 
n as 68.1, 2 he ends of 
r yea r s  1980, e s p e c t i v e l y .  

1. INTRODUCTION 

i o n s  of the i n  i v e  wastes f a r  

re  u s e f u l  i n  t e s i g n  of m e a  

i t i e s  t h a t  will be ne t u r e  managemen 

n t  of p o t e n t i a  f f ec ts . U n t i l  

an t h e  waste 

t of changes i n  th of i n s t a l l  

and i n  the er i s t ics  of 

f u e l  cycle str management te 

erest  in w a s  ded i n  p rev io  

) , more c u r r e n t  p r o j e c t i o n s  

tudy was mad need. 
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I n  t h i s  s tudyr  t h e  "Mid C a s e "  f o r e c a s t 2  of nuclear power y-rswth i r l  

the United S t a t e s  as developed by ERDA's O f f i c e  of A s s i s t a n t  Administrator 

for Planni.ny and Analysis  (APA) was lased ( T a b l e  1.1). T h i s  case assmes 

(3 kilowatt-hour groWth-ra.tC2 O f  5.8% per year  ~ r O u g h  1985, i3IX-l 4.75% per 

year  through 2000. Addit ional  APA assumptions are as fol lows:  

1. F a s t  breeder  reactors w i l l  be  commercially introdueecl. 

i n  1995 and w i l l  achieve 6 %  of t h e  i n s t a l l e d  nuc lear  

. c a p a c i t y  by 2000. 

2 .  HTGRs w i l l  i nc rease  to  2% of t h e  non-breeder market 

dur ing  the  1990's- 

3 .  LWRs w i l l  cons t . i tu te  t h e  remainder of t h e  market 

wi th  two-thixds as PWRs and one-third as RWRs. 

4 .  Fuel reprocess ing  begins  i n  1981, 

5, Plutonium recyc le  begins  i n  1.983 with 2 5 %  of 

t h e  plutonium inventory ,  i nc reases  t o  50% af 

tihe inventory i n  1984, and t o  75% i n  1955. It 

is recycled wi thout  c o n s t r a i n t  t h e r e a f t e r  a 

6.  Nuclear r e a c t o r  capac i ty  f a c t o r s  are: 

1st year  of ope ra t ion  - 40% 

2nd and 3rd year  a5 operation - 65% 

4 th  through 15th yea r s  of ope ra t ion  - 70% 

16th through 40th yea r s  of ope ra t ion  - d e c l i n e s  2 

percentage p o i n t s  per year  t o  40%. 

s i x  types of nuc lear  r e a c t o r s  are considered i n  these  p ro jec t ions :  

uranium-enriched PWR (PWR-U); plutonium-enriched PWR (PWR-Pu); uranium- 

enriched BWR (BWR-U) ; plutoni-urn-enriched BWR (BWR-Pu) ; M F B R ;  and 

HTGR 

To estimate t h e  f u t u r e  magnitude of waste rnaxzacpxent ope ra t ions ,  

fuel  cyc lc  process  f lowsheets  w e r e  cons t rue ted ,  assuming p r e s e n t  and 

near-future  technology, and e leven  types of r a d i o a c t i v e  wastes w e r e  

def ined on the basis of t h e i r  packaging, shipping, and probable  disposal 

requirements.  F i n a l l y ,  annual rates of genera t ion ,  annual nuinhers o f  

shipments,axid acemulatians of each type  o f  waste Lhrouagln t h e  end of 



Table 1.. 1. Projected 

L W R  

7 8 . 4  
90.2 

105-6  
1 2 6 a 4  
746-1 
166.1 
1 8 6 - 1  
207a1 
2 2 9 - 1  
250.2 
2 7 3 . 2  
296.2 
320.2 
3 4 4 - 2  
3 6 7 - 2  
3 8 9 - 2  
409.5 
429.5 
444.5 
468.1 

o p e r a t i n g  c a p  

LPIPBR 

oeo 
0 - 0  
0.0 
Q.0 
0-0 
O e Q  

0.0 
8.0 
0.0 
0.0 
0.0 
o e o  
0.0 
0.0 
O a O  
0a4 
0a4 
0.4 
0 - 4  
0 - 4  
1.3 
1.3 
1 - 3  
" 1 3  
1 - 3  
2 - 3  
4-3 
8.3 

14.0 
2 2 - 0  
3 2 - 0  

TOTAL 

68.  1 
7 8 ,  ? 
90.5 



4 

t h i s  cen tury  were calczil.ated. A summary of these p r o j e c t i o n s  f o r  the 

year 2000 i s  presented i n  Table 1.2, 

A s  a mat te r  of p o s s i b l e  i n t e r e s t ,  t h e  c h a r a c t e r i s t i c s  of the  

p r i n c i p a l  f u e l  cyc le  wastes on the b a s i s  of t he  product ion of 1.000 MW- 

yea r s  of e l e c t r i c i t y  by LWRs (50% PWRs and 50% BWRs) fueled with 

approximately l / 3  mixed (U-Pu) oxide elements and 2/3 enr iched U02 

elements a r e  given i n  T a b l e  1 . 3 .  

2 .  ASSUMED NUCLEAR FUZACTOR CHARACTERISTICS 

Tables 2 . 1  and 2 . 2  p r e s e n t  t h e  major r e a c t o r  c h a r a c t e r i s t i c s  

which were assumed i n  t hese  waste p r o j e c t i o n s .  'These two tables 

represerit m i d d l e - ~ f - r e a c t o r - l i f e  inas s  flows only.  Beginning- and 

end-o f - r eac to r - l i f e  mass flows a r e  accounted for i n  the p r o j e c t i o n s  

of nuc lear  f u e l  management t h a t  a r e  presented i n  Sec t ion  3 ,  but a r e  

not  taken i n t o  account he re .  

2.1 Light  Water Reactors 

The phys ica l  and ope ra t iona l  ( e  "g., s p e c i f i c  power) c h a r a c t e r i s t i c s  

of t h e  r e fe rence  l i g h t  water  r e a c t o r s  were taken from PWR and BWK 

s tandard  s a f e t y  a n a l y s i s  r e p o r t s .  ' I s o t o p i c  bui ldup  and dep le t ion  

i n  t h e  fou r  types of LWRs a r e b a s e d  on charge and discharge  d a t a  given 

i n  R e f .  5 f o r  the fol lowing i so topes :  2 3 L I U ,  2 3 5 U ,  236U, 238b 2 3 7  Np I 

2 3 8 P u ,  2391-,u, 240Pu, Pu d 242Pu,  2 4 1  Aln, 242m, 243Am, 242(1rn, 2 4 3 C I n ,  
2 4 1  

and This r e p r e s e n t s  a s u b s t a n t i a l  improvement over the LWRs 

used i n  previous waste p r o j e c t i o n s ,  which w e r e  based on charge and 

d ischarge  d a t a  f o r  only 2 3 5 U ,  2 3 8 u '  2 3 8 p u ,  2 3 9 P u ,  2 4 0 P u I  2 4 1 ~ 1 1 r  and 

242Pu.  

'Cm - 

A n  a d d i t i o n a l  improvement over previous waste p r o j e c t i o n s  is  the 

expl.;-cit i n c l u s i o n  of both uranium- and plutonium-enriched BWRs . 
P e r t i n e n t  r e a c t o r  and f u e l  cyc le  c h a r a c t e r i s  t i c s  were obta ined  from 

Refs. 4 and 5. 

The f r a c t i o n s  of the plutonium-recycle LWRs (PWR-Pu and BWR-Pu) 

t h a t  are assumed t o  be plutonium-enriched a re  based on equat ing the 

second-cycle f i s s i l e  plutonium discharged t o  the t h i rd -cyc le  f i s s i l e  



le 1.2. 

Ca Of S 

High-level s o l i d i f i e d  0.88 24,000 200a I b  2.2 5,900 150 

Transuranium wastes 

Cladding h u l l s  

LWR tritium (water) 

FP tritium ( s o l i d i f i e d )  

Low-level s o l i d  

450btC 

1,350' r d  

250' I b  

0.78 86 

1 . 3  

4.5 

20 

260 

5.8 

31 

0.16 3.9 

12 10 58 4.5 37 

7 3  f 0.029 

0.013 
- 

llOb e 

4gerd 

f 0.29 550 

0 .OO33 

0.058 

2.4 

36 

3.2 

0 A0034 0.13 
- 

730 

0.91 

2,700 

0.005 - 

4 , l O O e ' d  

350e rd 

19,  f 

65 0 . 3  

0.094 4.9 

260 0.92 

O r e  t a i l i n g s  0.24 3O0,OUO 3.4 48,000 20 000 

10 years a f t e r  
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sile plutonium recyc 

en a required enrichment (2. 

urn i n  PWRs and plutonium in 

e l  which is p was  calculated 

u and 37.9% € 

being  slight 

onium charged l e  for  both th 

c t  is unavoid ond and third p 

ilibrium re total  plutonium 
) discharge is 

s-Cooled Reac to 

e fe rence  HTGR i g n  s t u d i e s  of 

R tha t  uses annual re 

of the core. 

ssed s e p a r a t e  cxim p a r t i c  

fore discard. 

ssumed to beg 

2.3 A. I. LM.I?BR 

assumed charac tomics Intern 

MFBR are tak data develop 

National Laboratory. * 

3 .  PROJECTIONS O F  NUCLEAR FUEL MANAGEMENT 

e nuclear  genera ass f l o w  i n f  

ious sections the KWIKPLAN 

of requireme 

steps, l a g  t r e  t h e  same 
Recycle Task 

uels w e r e  assumed ssed af te r  pos 

of 160, 250, a I respectively. The data 



KWIKPLAN w e r e  schedules  of i n s t a l l e d  nuc lear  power capac i ty ,  on-strean 

f u e l  reprocess ing  p l a n t  capac i ty ,  and the  fuel. mass flows for the 

r e fe rence  r e a c t o r s  .I The i n s t a l l e d  c a p a c i t i e s  axad reprocess ing  rates 

were taken f r o m  the APA s tudy,2 while  t h e  fuel mass-flow d a t a  were 

taken from t h e  r e a c t o r  models presented  i n  Tables 2-1 and 2 . 2 ,  

The r e a c t o r  models w e r e  descr ibed  i n  KWIKPLMN as a year-by-year 

schedule of r e a c t o r  ope ra t ing  capac i ty  factors, and the f u e l  charged 

and d.ischarged from each reactor dur ing  i t s  40-year ope ra t ing  l i f e .  

The ccxk then  ca l cu la t ed  the uranium and thorium mining- requirements ,  

the u t i l i z a t i o n  of f i s s i l e  materials,  and r e a c t o r  f u e l  f a b r i c a t i o n  

and reprocessing loads The increased  f a b r i c a t i o n  and reprocessing 

requirements t h a t  r e s u l t  f r o m  t h e  i n i t i a l  s t a r t u p  and f i n a l  shutdown 

of each r e a c t o r  w e r e  taken i n t o  account.  

 abl le 3.1 p resen t s  a summary of t h e  computed annual requirements 

far mining of uranium and thoriixn and the production and u t i l i z a t i o n  

of f i s s i l e  plutonium, 3 3 3 U ,  and h ighly  enriched uranium. 

requirements for mining of uranium are based upon a t a i l s  assay  i n  

uranium enrichment of 0 . 3 %  2 3 5 ~  anti m*es allowance for  t h e  recyc le  

for  reenrichment of uranium t h a t  con ta ins  greater ttmn 0.4% 2 3 5 ~ .  

The annual "production" af fissile material-s i s  dcfiiied as the annual 

q u a l i t y  t ha t  is  placed i n  a stockpile fol lowing reprocess ing ,  The 

q u a n t i t i e s  i n  the colmns labeled "used" are thc  annual. q u a n t i t i e s  

withdrawn from this s t o c k p i l e .  

r e l a t i v e l y  s m a l l  q u a n t i t i e s  of U that are produced i n  HTGR fertile 

p a r t i c l e s .  

The 

A l s o  i n c l u d ~ d  w i - t h  tlie 2 3 3 U  are 
2 3 5  

'Table 3 . 2  p ~ e s e n t s  t h e  der ived  annual, loads of t h e  several types 

of f u e l  f a b r i c a t i o n  plants expressed i n  t e r m s  of met r ic  tons  of 

total heavy metal. The f a b r i c a t i o n  load  f o r  plutonium recyc le  ts 

l i g h t  w a t e r  r e a c t o r s  inc ludes  only those po r t ions  of the f u e l  assemblies 

t h a t  are fueled with mixed oxide (about  35 to 38% of the  total i n  

t h e  carc) . 



Year O r e  n i n e d  
u Th 

1970 2636 0 
1971  2488 0 
1972 4605 0 
1973 7371 0 
1974 8815 0 
1975 15540 0 

t 9 8 9  39837 2 
1990 41822 2 
1991  43646 2 
1 9 9 2  4?03S 2 
1993 50994 2 
t99U 5 3 3 6 6  35 
1995  54390 40 
1996 55588 69 

Prod. 

0 - 0  
0,O 
0-0 
0.0 
0-0 
0, 0 

31" 74 
34.76 
42.59 
45.3 1 
5 3 - 6 8  
61 .69  
72.77 

Used 

0-0 
0-0 
0.0 
010 
0.0 
o * o  

20.65 
3 3 , 3 8  
44-57 
50-09 
49-52 
43-16 
51,10 
44-42 

Net P r o d ,  

0,O 0.0 
Q * O  0 , o  
0.0 0 - 0  
0.0 O * O  
0-0 o * o  
0 - 0  0.0 
B*0 0-0 

3 3 . 4 6  0 - 0 6  
3 4 . 8 4  0.06 
32 .86  0.06 
28.08 0.06 
32.24 0 . 0 5  
50-77 0.06 
7 2 - 4 4  0,058 

Used 

0.0 
0-0 
0.0 
0-0 
0, 0 
0.0 

0.06 
0.06 
0 - 0 6  
0.06 
3 , 0 6  
0.06 
0.06 

Net 

0.0 
0 - 0  
0 - 0  
0 - 8  
0.0 
0.0 
0. Q 

0 . 0 6  
0.06 
0.06 
0.06 
0-06 
0,06 
0.06 

0-235 Used  Prod, Used 

0.0 
0.0 
0 . 0  
0. I) 
0.0 
0- 0 

0.0 
0,Q 
0.0 
0 - 0  
0.0 
1-00 
2,oo 

Net 

0.06 3 - 0 0  0 - 0  0.8 
0.06 0.0 o e o  

0. 
1 ,  
a .  
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u e l  tha t  w i l l  h year .  The 

Zly reprocess  l e  3.4.  The i 

f heavy metal as  i n  inventory a t  the 

ow-exposure f s t a r t u p  cyc le s  as 

ycled from € According t o  

unr eproc e s sed n o t  be worked 

century  

e s s i n g ,  it was 

s t r a t i o n  HTGRs u ld  be reprocesse  

f u e l s  con ta in  

plutonium , they to  be reproces  

s. The U02 f ssed from the 

i r s t - o u t  basis s d allow reprocess  

l d e r  f eeds to  l i e r  yea r s  of 

3 , 5  is  essen megawa t t -days 

a g iven  year  s i  

e n t  tons  of r a t e d  s t eady- s t  

w e r e  used t o  of t h e  r a d i a t  

sed upon ca lcu  

t f u e l  a t  the t e  exposures a 

s p e n t  fuel m a  an extended t i m e  be fo re  

ng occurs f  cal  d e  of the numb 

t o  be d i scha r  ed ( i f  reproc  

e) throuyh t h e  3.6) .I This  cal  

1 . 4  kg of heavy m ,35  kg of heavy m 

R assembly, r f 4  Again, t h e  number 
1 1  accumulated by t w e r e  taken f 
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T a b l e  3 - 3 .  

Y E A R  

1 9 7 0  
1 9 “7 1 
19-72 
1 9 7 3  
1 ??4 
19-75 
79-76 
1977 
1 9 7 8  
1979 
1 9 8 0  
1 9 8 1  
7 5 8 2  
6 9 8 3  
1 5 8 4  
1 9 8 5  
1 9 8 6  
1987  
1 9 8 8  
1 9 9 9  
’0 090 
1 9 9 1  
1 5 9 2  
3 “ 9 3  
1 9 9 4  
1995  
1 9 9 6  
1 9 4 7  
1 9 9 8  
1999  
2 0 8 0  

fj C? 

9 5  
156 
2 1 ‘7 
3 0  1 
459 
6 6  3 
897 

1 0 8 8  
1228 
1 3 5 6  
1567 
17333 
1 9 9 1  
2296  
271.7 
3197 
36-75 
4lQI 
4620  
5124 
5 6 2 0  
61241 
6 6 4 0  
7166 
7706 
8 2 2 0  
8 7 1 2  
9 1 6 7  
9 5 9 5  
9993  



Netrig: T o n s  

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
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T a b l e  3.5, 

Year P WR-U 

1 9 7 9  
1980 
1 2 9 1  
1 9 8 2  
1 9 3 3  
1 9 8 4  
1?85 
1 9 9 6  
1 9 5 7  
1 9 9 8  
7939 
1 9 9 0  
1 0 9 1  
1 ? 9 2  
19C3 
1994 
7395 
1996 
1 9 9 7  
l a 9 8  
1 9 9 5  
2000 

0 
0 

1 5 2  
QSrr 
0 2 8  
772 

1 1 6 2  
1704 
1602 
1757 
2286 
2551  
3 0 5 8  
3 4 3 6  
3950 
4015 
4 4 2 0  
4598  
5462  
6264  
5 4  90 
4800 

Hetric tons of fuel reprocessed a n w a l l y  
at r a t e d  e x p o s u r e  

0 
0 
0 
0 
0 
0 
0 

5 3  
126 
2 s o  
301 
2?8 
377  
3 1 9  
427 
6 9 9  
9 5 6  

1076 
1 0 6 3  

9 0 3  
1 0 2 8  
1235 

0 
0 

1 6 6  
5-74 
5 4 3  
53 3 
6 7 5  
9 2 9  
8 6 5  
9 2 3  

1 1 9 1  
7 3 6 9  
1 6 8 5  
1 9 1 7  
2 2 1 1  
22 57 
2 4 8  4 
2 5 8 2  
3 0 8  I 
3 5 6 2  
3 1  3 9  
2 7 5 3  

0 
8 
0 
0 
0 
0 
0 

3 1  
' 0  

1 5  
17 
1 8 1  
229  
1 9 3  
259  
4 2 3  
578  
654 
6ra3 
546  
6 22 
74 

1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
a 
2 
2 
2 
2 
2 
2 
2 
4 
9 

15 
2 5  

0 
0 
0 
0 
0 
0 
0 
3 
3 
Q 
5 
5 

1 2  
1 3  
1 5  
1 9  
1 8  
2 3  
37  
6 9  

115 
I ?  1 
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T a b l e  3 - 6 .  Number of f u e l  a s sembl ie s  

nua l  n u m b e r  Total num 
PW R SWR 1 

40 1 
5 5 s  
979 

1 3 4 0  
1 6 5 7  
1406 
2100 
2 3 Q 6  
27147 
3 2 1 0  
3 8 0 9  
4 3 6 9  
4976  
5616  
6 270 
6’355 
7637 
8 3 2 3  
9 0 2 6  
5 7 3 9  

7 0 4 6 2  
11168 
1 1 8 3 7  
12454 
13049  
13567 

4404 
6215 
8342 
10777 
13301 
15896  
1 8 8 3 0  
22377 
26401 
30846 
36077 
4 2 4 6 ?  
49987 
5e441 
67863 

8 9 7 4 4  
102185 
11 5 6 8 3  
13025 8 
145927  
162656 1 
180386 ’11 
199041  13 
218460 14 
238921  157 

78308 



4.  O R I G I N ,  NATlJB2f AND PROJECTIONS O F  FUEL CYCLE WASTES 

There a r e  many important aspects bearing on waste management t h a t  

a r e  i n  evolutionary s tages  of development. While much research and 

dcwelopment work has been done, there  remains a shortage o f  commercial 

p l an t  opevat.img experience upon which estimates of fu ture  performance 

can be r e l i a b l y  based. This .is espec ia l ly  t rue  of those operations 

tha t  w i l l  generate -most of the  wastes: f u e l  preparation, f ab r i ca t ion ,  

and reprocessi.ng We have nevertheless atkempted in t h i s  s e c t h n  to  

der ive  d e f i n i t i o n s  of " typ ica l"  wastes and es timate t h e i r  generation 

r a t e s  by drawing on availcable operatii-ng experience at. bob? ERDA and 

commercj-al f a c i l i t i e s ,  and f r o m  t he  r e su l t s  of research and development 

work, much of wh.i.ch i s  s t i l l  i n  progress, 

The c h a r a c t e r i s t i c s  of rad ioac t ive  wastes from the nuclear f u e l  

cyc le ,  the f a c t o r s  t h a t  influence t h e i r  yeneration, and the bases w e d  

f o r  pro jec t ing  fu tu re  q u a n t i t i e s  were d.iscussed i n  0RpsL/TM-3365.1 

' rhis information is summarized below with our new p.r.-o j ec t ions .  For 

comparative purposes, the principal. assurnptions used fo r  t h e  waste 

pro jec t ions  o f  ORNL/TM-3965 and those used for thi.s study a r e  listed 

i n  Tabbe 4.1, 

4 . 1  High-Level Wastes 

High-level wastes a r e  defined i n  f ede ra l  regula t ions '  as "those 

aqueous wastes resulting- from the operation of .@he first  cycle so lvent  

ex t rac t ion  system, or equivalent,  i n  a f a c i l i t y  for  reprocessing 

i r r a d i a t e d  reac tor  f u e l s .  These wastes contain virtual1.y a11 of t h e  

nonvolati le f i s s i o n  products, several- tenths of one percent of t h e  

uranium and plutoniinm o r i g i n a l l y  i n  the spent  f u e l s ,  and a l l  t h e  other 

ac t in ides  formed by transmutation o f  the uranium and p1.utoniurn in t h e  

reac tors .  They can be generally characterized by their very in tense  I 

penet ra t ing  r ad ia t ion  and t h e i r  high heat-generation r a t e s .  Regulations 

c a l l  f o r  these wastes to be s o l i d i f i e d  within 5 years a f t e r  they a re  

generated and f o r  the resultant.:. stahlle sol ids  to be shipped to  a 

federa l  repos i tory  w . k t h i n  10 years a f t e r  t h e  li-quids are generated 1 3  



1
9

 

c
c

 
0

0
 

+
J

+
J

 
\
 '. 

w
u

 
w

w
 

m
m

 

m
 r- 

N
W

 
.. 

2 z E
 

r
l 
0
 

n 
9-i 
d
 

'3 
dc 



20 

4 1 1 Fuel Reprocess ing 

I n  the  reprocessing of LFJIi f u e l s ,  a chop-leach head-end method 

was used, followed hy a standard Purcx so lvent  ex t r ac t ion  procedure 

f o r  separating the  uranium and plutonium and subsequently purifying 

the  uranium, Eollowed by an amine ex t r ac t ion  fo r  the f ina l  pu r i f i ca t ion  

of plutonium. 

during d i s so lu t ion ,  

Soluble poisons were not used f o r  c r i t i c a l i t y  control. 

The flowsheet f o r  reprocessing HTGR f u e l  was based on methods 

being developed a t  Gulf General Atomic, Allied Chemical Corporation 

a t  Tdaha Fa l l s ,  Idaho, and ORNL. l 4  The f u e l  block is crushed p r i o r  

t o  burning the  graphi te  i n  a f lu id i zed  bed. The burning s t e p  is 

ca r r i ed  o u t  i n  two parts: 

evolution, and ( 2 )  an endothermic mode with hea t  addi t ion .  The residual 

f u e l  p a r t i c l e s  are separated f r o m  each o ther  by screening, and the 
235U 

fu r the r .  The f e r t i l e  Th02-2 3U02 ( recyc le)  p a r t i c l e s  a r e  dissolved 

and, a f t e r  c l a r i f i c a t i o n ,  are  pu r i f i ed  by a modified Thorex so lvent -  

ex t r ac t ion  process. l 5  ’rhe 235U (makeup) p a r t i c l e s  a r e  crushed in. a 

r o l l  g r inder  t o  f r a c t u r e  ?he s i l i con  carbide coa t ing ,  and t h e  r e s idua l  

carbon is  burned o f f  i n  an  exothermic burner, After d i s so lu t ion  arid 

c l a r i f i c a t i o n ,  t he  ’U is  recovered using a TBP-2.5 solvent-extraction 

process flowsheet. 

(1) an exothcmtzic burning mode with hea t  

( recyc le)  p a r t i c l e s  c o n s t i t u t e  a s o l i d  waste which is  not processed 

16 

The fl.owshee%: f o r  reprocessing 1,ME”RR mixed core and blanket fuel 

was a l s o  based on developmental work s t i l l  i n  progress, Following a 

mechanical disassembly of the f u e l  clement and separa t ion  of hardware 

t h a t  has only induced a c t i v i t y  associated with it, the  f u e l  tubes 

are  sheared and heated to  about 4 O O O C  i n  an oxygen atmosphere for  

removal of v o l a t i l e  f i s s i o n  products (voloxidation) . ’’ 
is then  leached from the  s t a i n l e s s  steel cladding with n i t r i c  ac id ,  

and the uranium and p lu ton iun  a r e  then  recovered by a modified Purex 

so lvent  ex t r ac t ion  process 

and geometry for c r i t i c a l i t y  con t ro l ,  and an a l t e r n a t i v e  flowsheet used 

boron as a so luble  poison for t h i s  purpose. 

The oxide f u e l  

The primary f lawsheet r e l i e d  on concentration 
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4 ,. 1 .I 2 Waste Volumes 

timated cha rac t e r i  idues obtained from evaporating 

a r e  given i n  R e f .  1. In  addi 

to the s o l i d s  obtained 

om t h e  f l o w s  t i o n  of severa l  co 

treams is  consid Based on the flowshee 

above, t h e  combined volumes of s ied  reprocessing was 

of 1 t o  2 f t 3  ' 

f u e l ,  4 t o  6 ft3 per t o  d 1 t o  3 ft3 per  

e n t  developme ' c a t e s  t h a t  t he  vol  

ve l  waste f r o m  LW ing  w i l l  probab 

1 and 3 f t 3  per t o n  of f u e l  

wi.11 tend t o  force the f i n a l  v ward smaller values,  

waste manage 

considered h a lopera t ions ,  

ase  them. S i  

u ture  requi re  u a l i  t y  waste 

i n  water, more a n t )  w i l l  a l s o  

volumes of was 1 processed. It  

olumes of 3 f t  

f s o l i d i f i e d  high 

ld be used fo r  

4 .1 .3  i a t i o n  Ckarac Level Wastes 

d i x  A p resents  adioac t i v i  ty 

wastes gener ng one metric 

s of spent reac t ab le s  summariz 

oduct and ac t in ide  a s  a function of time 

reprocessing. I n  s I  the. columns 

e times when rst generated a t  

p l a n t  and correspond t o  ion decay times o 

S t he  spent  LWR, uels, respec t ive  

ium and noble-gas f nd 99.9% of th 

tables on the b a s i s  these 
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elements will. be separated f r o m  the high -level ~7q~st1-s dur ing  t 

end reprocessing steps.  Also, ’Lhe levels o f  acll l .sides i n  t h e  wasies 

are based on thc  assumpLiori tlndt 0.5% o f  t h e  uranium and p laxLv in ium i n  

the  LWK a n d  T,MFBK fuels, 0 . 5 %  of t h e  t h - ~ r i  urn and iJranium j n Uine H ’ K R  

fiicl and 100% CPZ a11 othcr  ack in idcs  in the fiiel s at t - 1 ~  time o f  

reprocessirq r e p o r t  t o  the h i g h - l e v e l  waste. 

4.1. - 4  Hicrh-Level Waste P r o i e c t i m s  

‘Ihe activi-t-y of f i s s i o n  product and a c t i n i d e  isotopes, thc  t he rma l  

powcr from radioactive decay, a 3  the vol-lmcs (assliming j mricdiatc 

s o l i d i f i c a t i o n )  o f  ?he h i g h . - l e v e l  wastes generated annual ly  by LWRs, 

H T G X s ,  arid L W B R s  through t h e  year 2000 are prpseliked i n  Tables 4,2 

through 4 4 e 

 he volume, M ~ S S  , r a d i s a c  t i v i t y  and t ox ic i ty  o f  al.3. hiyh--IeveI 

wastes acc~imiil-a-t:ed annmal.ly through the year 2000 are given i n  T a b l e  

4.5.  he a c t i v i t y  and thermal. power added annually i n  t h i s  table are 

those at the end of t h e  year. This table i n c l u d e s  wastes i n  storage 

at reprocess ing  plants as w e l l  as any which have been shiplied t o  

f e d e r a l  repositories The .t.oxi.cit-y of khe mi.xtuxre i s  determined by 

summing the  aniomnt of water or air required to dil- i . i . te each  i.tidividi.xa1. 

.isotope to the maximum level.. specified in t h e  Radia t ion  Concentration 

Gi.aidel’ as aece,pt&le for u n r e s t r i c t e d  use. 

Although s o l i d i f i c a t i o n  of i n d u s l - r i a l  high-level wastes has not 

a s  y e t  33een prac:ticed, i n d i c a t i o n s   ax-^ tha I thcfsc matrrials may bc 

pac2kaged in stcc1 canisters t y p i c a l l y  1 f t  i n  dian by 10  f t  long and 

then  shipped t o  a repository a f t e r  having first been s t o r e d  a t  the 

E-cpracessing plants  for  10 years. S t u d <  es of concepLual1 y desi (ped  

shipping systems for these wastes2’ 2 2  stmw khat  as many ds I 3 such 

c a n i s t e r s  (each  c o n t a i n i n g  6 .28  ~t o r  J 0-ycaw-old sol i d i f i c d  w;Ps~c) 

could be shipped b y  r a i l  in i ron-  or  Icad-shielded casks weighing i n  

the neighborhood of 100 t o n s .  Based cm Lhese assi_zrrrp?ions, t h e  

ac- L i  v i t y  I thcrma.1 power and volume of the l0-ycar-old wastes that 

w i l 1  be shipped aiznually are given  i n  ‘fables 4.6f 4.7, am3 4.81 

respectively. ‘l’he muinher of s o l i d i f i e d  was te  c3olitainc:rs 2 x 1  be 
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Y E A R  H T G R  TOTAL 

1979  
1980 
1 9 E 1  
l 9 @ 2  
1 3 8 3  
1 9 8 4  
1 F F 5  
1 9 8 6  
1 9 8 9  
1 9 8 8  
1 9 8 3  
1990 
1 9 9 1  
1 9 9 2  
1993 
1 9 9 Q  
1 9 9 5  
19?6 
1 9 9 7  
1 9 9 8  
1 9 9 9  
2008 

0 
0 

7 2 1 3  
2 2 1 5 1  
24305  
27062  
38126 
5 7 5 7 9  
5 m 3 2  
7 0 7 2 9  
%??88 
97993 

1 1 9 4 8 4  
12882 1 
1 5 % ? 1 2  
169205  
1 9 6 6 5 1  
2690"2  
2 3 6 6 6 6  
2 5 4 3 4 4  
236490  
225660  

0 
0 
0 
6 
0 
0 
0 

113 

17? 
247 
2 3 7  
488 
5 4 4  
6 4 3  
-738 
730 

5 5  
1534 
2783 
4 7 8 1  
7973 

138 
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e 4.4- cu l i d i f i e d  h 
W annually 

LWR 

0 
0 

4 2  
127 
127  
127 
170 
255 
255  
257  
3 8 2  
4 2 s  
50 9 
55 2 
637  
67'3 
773 
815 
9 3 4  

1015 
920 
8 4 8  

O m 4  

6 - 8  

TOTAL 



2
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3
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u Q
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T a b l e  0.6. 

Y E A R  

2 0 0 6  
2 00’1 

Padiaa  1 O-yea r -o ld  
was ally 

LQR MTGR LMPBB TOTAL 

0 

109 
3 3 6  
36 @ 
41 
57 
859 

I 4 0 9  
1715 
1871 
2 1 5 0  
2 3 8 6  
2737 

3624 
3 3 2 2  
3106 

1 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
4 
R 

15 

Q 
0 
0 

1 
1 
1 
2 

68 
5 
6 
6 
7 

i2 
21 
36 
61 

1 
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T a b l e  4-7. T h e r m a l  po e r  (kW) i n  10-year-old h i q h - l e v e k  
wastes s h i p p e d  awnuaPPy  

YEAF HTG R TOTAL 

1989 
1990 
1 9 9 1  
1 9 9 2  
1 9 Q 3  
1994  
1995 
1 9 9 6  
1 9 9 7  
1 a98 
1999 
2000  
2001  
2 0 0 2  
2003 
2004 
2005  
2 006 
2 0 0 9  
2008 
2009 
2010 

0 
0 

3 7 9  
1164 
12-77 
1422 
200 3 
3 2 3 3  
3534 
4 7 e 9  
5845 
6 3 3  1 
79-73 
8 0 2 8  
9666  

11663 
14122 
l5254 
16650 
1694 
16502 
16751  

3 
5 

9 
E? 
8 
8 
8 
€? 
8 
R 
8 
8 
8 
8 
7 
7 
? 

15 
28 
5 5  
9 2  

7 

0 
0 
0 
0 
0 
0 
0 
3 
3 
4 
5 
5 

1 1  
12 
14 
16 
16 
21 
34 
62 

107 
178 

3 
5 

386 
11-72 
1285 
1429 
20411 
3 2 4 3  

4881 
5 8 5 8  
6343 
7797 
8 0 4 8  
9688 

1 5 2 8 2  
16699  
1 7 0 3 4  
1 6 6 6 3  
17021 
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Table 

YEAR 

4-8. Cub y e a r - o l d  h 
wa u a l l y  

L W d  LMFBR 

0 
0 

4 2  
127 
127 
127 
? 7 0  
255 
255 
257 
382  
42 5 
50 9 
55 2 
6 3 ?  
679 
77 3 
815 
9 3 4  

101s 
020 
8 4 8  

2.5 
4.5 

Q 
0 
0 
0 
0 
8 
0 
0.4 
0-4 
0-4 
0 - 4  
0-4 
1,4 
1.4 
1 - 5  
1 - 5  
1 3  
2.3 
4 - 1  
7-54 

1 3 - 3  
21.8 

393 
425 



30 

shipped annually and t he  number of shipments a r e  pr-escnted i n  Tables 

4 .9 and 4-10. The annual and cuiniil a t i v e  p r o p a t i  es (volime , mass , 
r ad ioac t iv i ty ,  therma1 power’, arid t o x i c i t y )  of the solidi Yicd high- 

level wastes accumulat+ed a t  one or nnoie federal  rcpos i tor i  es are  

presented i n  Tab1 e 4 .11 .  The nrimber of arumnal shipmerits is a1 so shown, 

The acciimu1aIrr.d mass, rad ioac t iv j  “cy Lher-mal  power, and i n g e s t i o n  

t o x i c i t y  of t hc  sol.iclif i ed high-level wastes as a f u r r c :  ti om of t i m c  

following the year- 2010 arc  summarized in ‘liabJ2s 4 - 1 3  i-hrough 4 .15 

f o r  ac t in ides ,  and i n  ‘II’ablcs 4-16 Lhrough 4.19 for f i s s i o n  L ) ~ O ~ I J C ~ S .  

4 . 2  F u e l  Element StriicturaJ- Materi aJ s (Cladding W a s  Les) 

E’ueJ- elemen L s t r u c  tiiral i[id t c r ia l s  a re  compri sed of “the Z i r c a l  oy , 
s Lainless s teel  , 1 riconel and o the?- miscpklaneous m t e r j  a1 s which colnprise 

UIC s t r u c t u r e  OK d f u e l  asswnbly. ‘I’hesp materials remaicn i n  the fu t ‘ l  

d i sso lver  a f t e r  the f u e l  i t s ~ l  f has beon as colnpl ctcly dissolved as 

is possihlc Although t h e i r  r ad ioac t iv i ty  a r j  ses mainly from neu‘c ron 

induced isotopes I the s t ~ - u c : ‘ ~ i x a l  mater ia l s  a r e  s imi l a r  i n  some 

rcspec 1s t o  high- 1 eve1 was t <-: i n  t l i d t  they may contai ri izp t o  0 .1% of 

the pl_utoniim o r i g i n a l l y  i n  t he  splcnt fuel , izeed biologi-cal  sh ie ld i  ng 

equivalent to several.. inches o f  l cad ,  anxd have hcat-generation rates o f  

50 to 100 Fl/ft3. 

The mass I volume and assumed exposure of “Il-re residual. strueturah 

mater ia l s  f r o m  one metric t o n  of PWIZ, RWR, and LMFHK f u e l  are  S u r [ ~ m r i . z d  

in Table 4 . 2 0 .  ‘li1ie percentage exposure r e f l e c t s  the f a c t  t h a t  the 

s t r u c t u r a l  mater ia l  which i s  not i n  close proximity to the f u e l  it:sel.t, 

( e . g , ,  the staiiil.ess steel.. end f i t t i n g s  in LWRS) is exposed to a 

reduced f l u x  1.evel. a s  compared to the c3..adc3inq, ‘I’iii.s res i~l ts  in l e s s  

ac t iva t ion  of ‘these cmmponents e 

The neutuon-.i-xiduced radioactj-vity and thermal L>LW~!.YI of t h e  major 

nuclides i n  the i r radiated strui:~tural ma-terials associated with orit? 

metric ton o f  EWE and i ,WBR f u e l s  are given .in Appendix B f o r  the f i v e  

reactor .types assumed I n  addi.tion to induced a c t i v i t y ,  t h e  claddi-ny 
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T a b l e  4, 10-  Number of ar?,nual 10-year-old h i g h - l e v e l  
waste s h i p m e n t s  

1 9 8 9  
1990  
1 9 9 1  
7 9 9 2  
1 0 9 3  
1 9 9 4  
1 9 9 5  
1 9 9 6  
f 99-7 
1998  
1 9 9 9  
2 0 0 0  
2001 
2002 
2 003 
2004  
2 0 0 5  
2006 
2007 
2008  
2 0 0 9  
2010 

0 -  2 
0.2 
0.2 
0.2 
0.2 
0.2 
00 2 
0 - 2  
0.2 
O a 2  
O,2 
0 - 2  
0 - 2  
0 - 2  
0 - 2  
0 - 2  
0 - 2  
o m  2 
0,s 
1 - 2  
2 - 1  
3 - 2  

0.0 
0-0 
O a O  
0.0 
O n 0  
O m 0  
0 - 0  
0.2 
0.2 
6 0 2  
o m  2 
O m 2  
0 - 7  
006 
0 - 7  
0,T 
o m 7  
1 - 1  
1 * 9  
3-7 
6 - 3  

10.2 



4.71, d a n n u a l  a c c u n u l a t i o n  of s o l i d i f i e d  h i g h - l e v e l  was te  at a f e d  

* *  
- T  

Year (T t ? 

1989 
5900  
1991 
1992  
1993 
1 9 9 4  

2007 
2 0 0 8  
2009 
2010 

of  m.3) 

0.00 
0.00 
0.04 
0.13 
0.13 
0.13 

0.94 
1.03 
0.94 
0.88 

0.0 0.70 
0.0 1.30 
2.8 98.58 
8.4 295.33 
8.5 328.36 

66.3 2922.20 
71.8 3226.40 
66.2 2363.86 
62.8 2 7 8 3 . 9 3  

TIME AFTER SHUTDOWN, PEAFS 

100 
300 

1 

( M W  
0.0 
0.0 
0.3 
1.0 
1 - 1  
1.3 

11.9 
12.7 
12.0 
11.7 

A of 
N 

Shiprments Qf a s )  

0 
0 

20 
60 
60 
6 0  
80 
I20 

44 1 
4 8 3  
4 40 
411  

0,oo 
0-50 
0.04 
0.17 
0.30 
0-43 

7.13 
9 - 1 6  
9 .10  
9.98 

3.98 

(MT) 

0-0 
0.1 
2.9 

11.3 
19.8 
28.4 

567.9 
634. f 
696.9 

696.9 

(HCi) 

1 
2 

100 
392  
7 06 

1052 

2 1 4 3 5  
23776 
25877 

2422.5 

0.0 
0-0 
0.3 
1.4  
2.4 
3 . 6  

72.5 
82.7 
91.9 

1 0 0 - 6  

1.8E 17 
5.2E 17 
3.93 18 
1.3E 19 
2.3E 19 
3*5z 29 

1.7E 21 
1.9E 21 
2.2E 2 1  
2.SE 21 

9.8 5.3E 20 
3.13 20 

Water 

w 
w 

5.7E 11 
1.6E 12 
6.8E 1 3  
2.6E 14 
4,8E 14 
7.1E I 4  

1.4E 16 
1,6E 16 
1.7E 16 

1.4E 15 



34 

I 

531 I I IO
 

10 
1- I I I I 



35 

4.13, C u r i e s  of i s o t o p e s  in h i  e s  
at a f e d e r a l  repo 2010 as a f u n c  

Year l__ 

2010 100 

7.18E 01 
2 .) 77X- 02 
1.26E 00 
1 .I 3 3  E-01 
7*20?3 01 
1-92E-01 
1-33E-Ql 
7,20E 01 
1-26E 00 
1 .. 52E-01 
1-33E-01 
1-23?? 00 
1 I 9 233- 0 1 
7.20E 01 
1.9 2 E-0 1 
1.26E 00 
7.20E 0 1  
1 - 9212-0 1 
1-26?? 00 
7.20E 01 
1.26E 00 
1 - 92E-01 
1-26??, OG  
7.20E 01 
7.10E 01 
1 , 2 6 E  00 
5.80E 00 
7-94?? 00 
1,69E 02 
7 - 3 6 E  01 
4,71E Otr 
1.69E 02 
1-22E 02 
5.27E 03 
7.942 00 
1.213 02 
1-69E 02 
4.71E 04 
5.14E 06 
1.03E 07 
2,21E o., 
2,68E 06 
6-83E  0 5  
2.26E 0 3  
4.82E 07 
3.27'3 06 
3,27E 06 
5,14E 06 

5 , O O E  04 
1,08E 07 
2,76E 05 
5.20E 0U 
9 , 2 9 3  07 

2 ~ a x  06 

1, 05E- 
1.20E 
1,21E 
6,67E 
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T a b l e  4.14. Uatts of accumulated  heavy i so topes  i n  high-level wastes 
at a federal r e p o s i t o r y  in t h e  year 2010 a s  a f u n c t i o n  of age 

TT,2 0 7 
TL209 
PB209 
PB210 
PB211 
PB214 
BI210 
B12 1 1  
BI213 
BI214 
PO2 1 0  
PO21 3 
PO2 1 4  
PO21 5 
PO2 1 8  
AT21 7 
RN219 
RN222 
FR221 
RA223 
RA225 
RA226 
AC225 
AC227 
TN227 
TH229 
TH230 

TH234 
PA231 
PA233 
PA2 3 414 

U233 
U23 4 
U235 
02 36  
U238 

NP237 
NP239 

PU239 
PU240 
PU2Q I 
PU242 
AH249 
AH242M 
AM242 
AM243 
c n 2 4  2 
CH2L3 
CM244 
CiY245 
C11246 
TOTAL 

Tn231 

~ u 2 3 a  

1 . 01 E-01 
7.35E-05 
2.35E-04 
2.58E-07 
1.12E-01 
5.60E-05 
1.64E-05 
1.30E 00 
1.2612-03 
3.20E-04 
1.85E-04 
9.923-03 
1 . 05E-03 
1.46E 00 
8.33E-04 
8.56E-03 
1.35E 00 
7 . 49E-04 
7.60E-03 
1.16E 00 
1.33E-OQ 
6 . 5 0 ~ 0 4  
7.0 113-03 
1.64E-Q2 
1.12E 00 
6.06E-03 
7.83E-02 
6.25E-03 
6.05E-02 
2.25E 00 
6.20E 01 
8-75E-01 
2.98E 00  
3.84E 01 
2.2OE-01 
3.09E 00 
4.26E 00 
1.33E 03 
7 . 0 l E  03 
6.15E 05 
6.42E 03  
4.37E O Y  
1.96E 0 3  
6 .233  01  
1.83E 06 
1.47E 03  
6.88E 03 
1.89E 0 5  
1.56E 05 
1.60E 04  
1.74E 07 
8.73E 03 
1.73E 03  
2.Q3E 07  

2.17E-01 
4.5 3E- 04 
1 -4SE-03 
5.52R-06 
2.41E-01 
4.68E-04 
3.5 0 E- 04 
2.80E 00 
7.733-03 
2.6 713-03 
4 . 1 9 ~ - 0 3  
6 . l lE-02  
8.75E-03 
3.15E 00 
6.96 E-03 
5.27 E-0 2 
2.91P 00 
6.26E-03 
4.683-02 
2.50E 00 
8.28E-04 
5.44 E-03 
4.32B-02 
3.63 E-02 
2-44E 00 
3.80E-02 
1.64E-Ol 
6.26E-03 
6. OOE- 02 
2.25E 0 0  
6.37E O ?  
8.67E-01 
3 ,553  00 
1.52E 02  
2.20E-01 
3.27E 00 
4.26E 00 
1-38!? 0 3  
6.94E 0 3  
3.41E 05  
6.88E 0 3  
8.35E 04 
2-84E 01  
6.66E 0 1  
1.61E 06  
9.30E 02  
4.36E 03 
1.87E 05 
0.88E 04 
1.84E 03 
3.77E 05 
8.65E 03 
1.71E 03 
2.73E 06 

2-21E-01 
1.41E-03 
Y. 5 1 E-03 
3-64E-05 
2-45E-01 
2.80E-03 
2.50E-03 
2-86E 00 
2.4 1 E-02 
1 . 6 OE-02 
2 - 9 9  E- 02 
1.90E-01 
5 . 2 ~ - 0 2  
3.21E 00 
4.17E-02 
1-64E-01 
2.97E 00 
3. '95 E-02 
1.46E-01 
2.55E 00 
2.58 E-03 
3.25E-02 
1.34E-09 
3.70E-02 
2.49E 00 
1.18E-01 
5.22E-01 
6.30E-03 
6.00E-02 
2.24E 00 
6.73E 0 1  
8.67E-01 
4.768 00 
2.52E 0 2  
2.22E-01 
3.69E 00 
4.26E 00 
1.46E 03  
6.82E 0.3 
1.13E 05 
7.7UE 0 3  
8.27E 04 
1.13E 01 
7.13E 01 
1.17E 06  
3.74E 02 
1.75E 03  
1.84E 05 
3.97E 04 
2.41E 01 
1.78E 02 
8.51E 63 
1.66E 03  
1.62E 06 

2.18E-01 
6.91Y-03 
2.21E-02 
5.75E-04 
2 - 42E-01 
3.383-02 
3.65E-02 
2.82X 00 
1.1BE-01 
1.93E-01 
4.36E-01 
9.33E-01 
6.32E-0 1 
3.17E 0 0  
5.02E-01 
8.05E-0 1 
2.933 0 0  
4.52E-01 
7.14E-01 
2.52E 00 
1 . 2 6 ~ - 0 2  
3.92E-0 1 
6.59E-01 
3.65E-02 
2.46E 00 
5.8313-01 
2.21bE 00 
6.46E-03 
6.00E-02 
2.21E 00 
7.38E 0 1  
8.67E-01 
9.32E 00 
3.04E 0 2  
2.27E-06 
5.1OE 00  
4.26E 00 
1.SOE 0 3  
6.4OE 0 3  
3.65E 0 3  
1.06E 04 
7.70E 04  
1.06E 0 1  
7.S7E 01 
3 . 8 8 3  05 
1.53E 01 
7.19E 0 1  
1.73E 0 5  
1.63E 0 3  
6.27E-06 
8.lrdE-10 
8.02E 0 3  
1.50E 0 3  
6 - 7 2 E  0 5  

2.10E-0 1 
4.89B-02 
1.31 E-0  1 
4.6YE-03 
2.33 9-0 1 
2 -72  E-0 1 
2.9 4E-0 1 

6.99 E-0 1 
1.56E 00  
3.52E 00 
5.52E 00 
5-09!? 00 
3.05E 0 0  
4.05E 00 
4.76E 00 
2.82E 00 
3.64E 00 
4.23E 80 
2-42E 00 
7.48E-02 
3.16E 00 
3.90P 00 
3.5 1E-02 
2,39E 00 
3.44E 00 
7.34E 00 
3.16E-03 
6 . 00 E-02 
2.13E 00  
7.69E 0 1  
8.67E-41 
2.32E 0 1  
3.OUE 0 2  
2.52 E- 0 1 
8.62E 0 0  
4-26E 8 0  
1.67E 03 
5.34E 0 3  
3.88E-01 
1.74E 04 
6.27E 8 4  
8.98E 00 
7.98E 0 1  
2.30E 04  
1.68E-03 
7.87E-03 
1.44E O S  
1.79E-01 
9.61 E-25 
1.14E-09 
6.78E 0 3  
1.11E 0 3  
2.63E 0 5  

2 . 7 2 ~  00 

1. 86E-01 
3. 22E-01 
1.03E 00 

2.06E-01 
1.63E 00 
1.76E 00 
2.40E 00 
5.51E 00 
9.30E 00 
2.10E 01 
4.35E 01  
3.04E 01 
2.70E 00 
2.42E 01 
3.75E 01 
2.50E 00 
2.18E 01 
3. 33E 01 
2.14E 0 0  
5. 89E-01 
1.89E 01 
3.07E 01 
3.11E-02 
2.09E 00 
2.91E 01 
2.43E 01 
1.15E-02 
6. 00E-02 
1-88?! 00 
7.74E 01 
8.67E-01 
7.16E 01 
2.98E 02 
4.05E-01 
1.65E 01 
4.26E 00 
1.68E 0 3  
2.83E 03 
5. 3 1E- 15 
3.05E 04 
3.06E 04 
5. OOE 00 
8.67E 01 
4.02E 03 
2. 30E- 13  
1.08E-16 
7.64E 04 
2. 45E- 15  

3.68E-09 
3.77E 0 3  
3.98E 02 

2.7 7 ~ -  02 

1.69E-01 
6.52E 00 
2.08E 01 
2.20E- 01 
1.88E-01 
1.29E 0 1  
1.40E 0 1  
2.19E 00 
1.11E 02  
7.39E 01 
1.67E 02  
8.80E 02 
2.42E 02 
2.46E 00 
1.92E 02 
7-59!?  02 
2.27E 00 
1.73E 02 
6.74E 0 2  
1.95E 00 
1.199 01 
1.50E 02 
6.22B 02 
2,83E-02 
1.90E 00 
5.48E 0 2  
1.49E 0 2  
5.18E-02 
6.00E-02 
1.71E 00 
7.58E 01 

5.77E 02  
2.33E 02 
1.82E 00 
2.40E 01 
4.27E 00 
1.65E 0 3  
8.24E-01 

a. ~ ~ E - O I  

2.13E-01 
1.60E 01 
5.13E 01  
4.57E-02 
2.37E-01 
2.6QE 00  
2.90E 00  
2.7'6E 00 
2.74E 02  
1.54E 01 
3.47E 0 1  
2.16E 0 3  
5.02E 01 
3.10E 00  
3.994 01  
1.87E 03  
2 .879  00 
3.59E 0 1  
1.66E 0 3  
2 ,46B 00 
2.93B 01 
3 ,129  01 
1.53E 03  
3-57E-02 
2.UOE 00 
1 ,35E  0 3  
3.11E 01  
5.58E-02 
6.00E-02 
2.16E 00 
5.67E 01 
8.68E-01 
1.29E 0 3  
2.31E 01 
1.97E 0 0  
2.3rdE 0 1  
4.27E 00 
1.23E 0 3  
3.46E-04 

4-66!? 03 7 .  97E-03 
3.00E 00  1.G9E-04 
2.63E-03 
7 . 7 Q E  01 1.49E 01  
2.12E 00 

2.233 01  9.36E-03 

3.34E-08 1.60E-07 
1.98E 00 
7 . 0 6 ~ - 0 4  1.57E-26 

1.51E 05 1.22E 0 4  1.19E 0 4  
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Table 4.1 lnqestion t o x i  cumulated fission t isotopes in 
h igh  dera l  repository 

i n  unc t ion  of time 

100 30@0 10,000 
E?e..-9f_the_r_eP9s 

8.977E 03 
2.77E 00 
4 * 1 3 r  02 
1,333E 06 
1.80E 0 5  
J.84E 02 
3.33E 03  
1.033 04 
2,523 03 
3.20E 02 
1.909 05 
1.23E 00 
1.92E-01 
7.20E 01  
4.80E 01 
2,lOE 00 
7,20E 0 1  
1.9 2E-0 I 
1.57E 0.3 
1.03E 0 8  
2.52E 06 
5,402 06 
2.52B 35 
3-60? 07 
3.55E 06 
3 , I S E  06 
2-90!? 06 
3.97E 04 
8,43E 06 
8,18E 07 
4.71E 08 
8.43E 0 3  
4.07E 06 
1 ,76E 08  
2,65E OS 
4.02E 06 
4.21E 0 6  
1.57E 10 
5.14E 10 
2,06E 12 
Q-43Y 10 
5.368 11 
3.423 09 
4,51E 08 
1,21E 1 3  
8.17E 11 
3,27I? 10 
1,28P 12 
1,34E 11 
1.00E 10 
1.54E 12 
6.8’3E 10 
1,30E 10 
1,87E 13 

6 9 E  03 7 . 6 9 E  
5 0 E  02 1.97E 
79E 0 4  2-99E 
12E 09 6.613E 
74E 05 1,54E 
24E 05 1 . 3 4 E  
’?E 06 1.672 
963  03 8.81E 
27E 05 1,’9E: 

60E 08 9,54B 
1 1 9  02 8,76E 
1 2 E  0 2  6.68B 
9 S E  01  6.17E 
79E 04 1 . 6 7 F  
899 02 1.433 
989 0 1  6,17E 
1 2 E  0 2  6.6SE 
42E 05 1, ?2E 
9 6 E  07 8 , F l l E  
2 7 e  0 8  l”79E 
7 3 E  O? 2.23 
2 7 5  07 1 - 7 9  
U 9 E  07 3.08 
44E 0 6  3.04 
84E 0 8  2.24 
30E 08 4.30 
54E 04 7 - 3 0  
43Y 06  8 - 4 3  
75E 07 6 - 8 5  
6 9 E  0 8  5.73E 
43E 0 3  8.43E 
6 6 E  07 8.2OE 
522 0 8  3.45E 
03F 0 5  4.87E 

21E 06 4.21E 
QOE 10 1.91E 
Y5E 10 2.09E 
3 4 E  0 6  3.21E- 
12E 1 1  1,96E 
02E 11 1.96E 
OSE 0 9  6.02E 
41E 0 8  5.88E 08 5 
.72E 1 1  3.01E 10 1, 
,48E 06 2.02E-08 
.9QE 04 8,OSE-IO 
.87E 11 5.24E 11 1.52E OP 6 . 4 1 E  04 
. 4 3 E  05 3.32E-09 

, 6 6 E - 0 3  1. 5OE-02 
.40E 10 3.OOE 10 
.49E 09 3.03E 09 
,8033 12 t . 0 6 E  12 

a h E  05 1 - 1 1 ~  

0 6 E  07 2a03E 
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GE 
AS 
SE 
BR 
R B  
SR 
Y 

ZR 
N R  
MO 
T c 
R U  
R H  
PD 
AG 
CD 
IN 
SN 
S B  
T E  
I 

XE 
C S  
BA 
LA 
C E  
PR 
ND 
PPI 
SM 
E17 
G D  
TB 
DY 
HO 
ER 

T a b l e  4- 16. Grams af a c e u n n l a t - e ?  f i s s i o n  p r o d u c t  elements in h i g h - l e v e l  wastes. 
at a federal. r e p o s i t o r y  i n  the y e a s  2010 a s  a F u n c + i i o n  of age 

year Yeass f o l h a w i n q   lose ._.__l________...... of the r epos i to ry . -  ~ ..-____ ___l____l_l___ - 
2 0 1 0  100 30 0 1000 3000 10,080 100,000 

4 . 2 5 E  04 4 . 2 5 E  04  4 . 2 5 E  0 4  4 . 2 5 E  04 4 . 2 5 E  0 4  4 . 2 5 F  0 4  4 . 2 5 3  0 4  
1 . 2 9 E  0 4  1 .2% 0 4  1 . 2 9 E  04  1 . 2 9 E  0 4  1 . 2 9 E  8 4  1 . 2 q E  OQ 1 . 2 9 E  0 4  
5.59E 06 5 . 5 9 E  06 5-58?? 06 5.58E 06 5 . 5 7 E  06 5. 53? 06 5 . 2 2 E  06 
2 . 3 3 E  0 3  2 . 9 2 E  0 3  4 . 1 2 E  0 3  8.28343 0 3  2 . 0 0 E  Old 5 .913  8 4  3 . 7 0 E  05 
3 - 2 4 ? ?  07 3.2abF 0 7  3.2rd.E 0 7  3 . 2 Y E  87 3 - 2 4 E  03  3 . 2 4 E  07  3 . 2 4 Y  0 7  
6 . 7 0 E  07 3 . 5 8 E  07 3 , 2 9 E  0 7  3 . 2 9 E  87 3.29E O T  3 . 2 9 E  87  3 . 2 3 E  07 
4 , 3 5 B  0 7  4 . 3 5 E  0 7  Q . 3 5 E  0 7  4 . 3 5 R  (77 U . 3 5 E  0’7 4 - 3 5 E  07 4 . 3 5 E  07 
3 . 6 7 E  08 3 . 9 8 E  08 4 . 0 1 E  0 8  4 . 0 1 E  0 s  4 . O l E  08  4 . 0 0 E  08 3 . 9 8 E  0 8  
6 . 4 2 E  02  3 . 8 9 E  03  1 . 0 4 E  8 4  3 . 3 1 E  04 9.79E 04 3.2YY 05 3 . 1 7 E  06 
3 - 4 7 ) ?  08 3 . 4 7 E  08 3 . 4 7 E  0 8  3 . 4 7 E  0 8  3 . 4 7 E  08 3 . 4 7 E  08 3 . Y 7 E  08 
8 . 5 5 E  09 8 . 5 S E  07 S.5YE 07 9 . 5 3 E  07 8.Y7r 0 7  8 .2F)E  07  6 . 1 7 E  0 7  
2 , 2 8 E  08 2 . 2 8 E  0 8  2 , 2 8 E  08  2 - 2 8 E  08 2 . 2 9 E  0 9  2 . 3 1 E  08 2 . 5 2 E  0 8  
Y . 8 6 E  07 4 . 8 6 E  07 4 . 8 6 B  07  4 .86E  07 4 . 8 6 E  07 Y . 8 6 E  07 4.r36C 0 3  
1 . 6 6 F  08  1 . 6 6 E  0 8  1 . 6 6 E  08  1 . 6 6 E  08 1 . 6 6 E  O R  1 . 6 6 E  O R  1.6631: 0 8  
7 . 2 2 E  06 7 . 2 2 E  06 7.22E 0 6  “ / 2 2 E  0 6  7 . 2 3 E  06  7 - 2 5 ?  06 7 . 4 8 E  06  
1 . 0 3 E  07 1 . 0 3 E  07 1 . 0 3 E  07 1 . 0 3 E  03 1 . 0 3 E  0 7  1.03Y 07 1-03)! 07 
1 . 4 5 E  05 1 . 5 3 E  05  1 . 5 3 E  0 5  1 . 5 3 E  6 5  1 . 5 3 E  0 5  1 . 5 3 E  05 1 . 5 3 E  05 
5 . 4 7 E  06 5 . 4 7 E  06  5 . 4 7 E  06 5 , 4 6 E  06 5 . 4 2 E  06  5 . 3 2 E  0 6  4 . 3 2 E  06  
9 . 7 8 E  05 S . 5 4 E  0 5  9 . 5 4 E  8 5  9.5ddE 05 9.548 0 5  9 . 5 4 E  05 9 . 5 4 E  05 
5 . 0 7 E  07 5 . 0 7 C  07 5.07E 0 7  5.07R 07 5 . 0 8 E  07 5 . 0 9 E  07 5.18R 0 7  
9 . 0 6 E  0 4  0 . 0 6 E  0 4  9.06E 04 9 . 0 6 E  04 9.06E 0 4  9.055 0 4  9.049 0 4  
2 . 3 0 E - 0 2  1 . 4 5 E - 0 1  3 . 8 8 E - 0 1  1.243 00 3.6’7E 00 1.221J 09 1 . 2 1 E  0 2  
2 , 3 4 E  08 1 . 5 6 E  OS 1.97E 6 8  1.473 O R  1.475 08 1 . 4 7 Y  89 1 . Y 6 E  08 
2 . O U E  08 7-82?? 08 2 . 9 1 E  0 8  L 9 1 E  498 2.91E 08 2 . 9 1 E  08 2 . 9 2 E  OS 
1 . 2 4 E  08 1 . 2 4 E  08 1 . 2 4 E  08 1 . 2 4 E  OR 1 . 2 4 E  08 1 . 2 4 E  08 1 . 2 4 E  08  
2.43E 08 2 . 4 3 E  0 8  2,43E 0 8  2 . 4 3 E  08 2 - 4 3 E  08  2 - 4 3 E  08  2 . 4 3 E  0 8  
1 . 1 6 E  08 1 . 1 6 E  08 1 . 1 6 E  0 8  l . 1 6 E  8 8  1 . 1 6 E  08 1 . 1 6 E  0 P  1 . 1 6 E  0 8  
4 . 8 7 E  08 4 . 0 7 E  08 4 . 0 7 E  08  4 . 0 7 E  08 4.0’7E 0 8  4 - Q 7 E  08 4-07E 08  
2 . 3 6 E  05 7 . 6 3 E - 0 9  
9 . 0 2 E  07” 8 , P l E  07 8 . 6 6 E  0 7  8 . 6 3 E  07 8 . 6 3 E  0 7  8 . 6 3 E  07 8 . 6 3 E  07 
1 . 6 2 E  07  1 . 6 1 E  07 1 . 7 6 E  07 1 . 8 0 E  09 1 . 8 0 E  07 1 . 8 O E  0’ 1 . 8 0 E  0 9  
1 . 3 5 E  8 7  4.59E 0 7  1.59E 0’7 1 . 5 q E  07 1 . 5 9 E  07 1 . 5 9 R  07 1 - 5 q E  0 7  
2 , l Q Z  OS 2 . 1 6 B  05  2 . 1 6 E  0 5  2 . 1 6 E  05 2-16!?, 6 5  2 . 1 6 E  65 2.16Y 0 5  
1 . 5 4 E  05 1 . 5 4 E  05 1 . 5 4 E  05  1 . 5 4 E  05 1 . 5 4 E  05 1 . 5 Y E  05 1 . 5 4 E  05  
1 . 4 5 E  84 1 . 4 5 E  044 1 . 4 5 E  014 1 . 4 5 E  0 4  1 . 4 4 E  8 4  1.41hE 04 1 , 4 4 E  0 4  
3 , 8 2 B  0 3  3 . 8 3 E  03 3 . 8 3 E  0 3  3 . 8 5 E  03 3 . 8 7 E  6-3 3 - 8 A E  03 3 . 8 8 E  03 

1,000,000 

4 - 2 5 E  0 4  
1 . 2 9 E  0 4  
5 . 0 3 E  06 
5 - 6 3 ?  05 
3 . 2 4 E  07 
3 . 2 9 E  0 7  

3.75E 08 
2.60e 0 7  
3 . 4 7 E  08 
3 . 2 5 E  06  
3 - 1 0 E  08 
4 , 8 6 E  07 
1 . 6 4 3  O R  
9.67C 0 6  
1 . 0 3 E  0 4  
1 . 5 3 E  05 
3 . 1 8 E  0 6  
9 . 5 4 E  os 
5 . 3 0 E  8 7  
8 . 9 4 2  04 
1 . 1 9 E  8 3  
1 . 3 9 E  0 8  
2 . 9 Q E  88 
1 . 2 4 E  08 
2 . 4 3 E  0 5  
1 . 1 6 E  0 8  
4 . 0 7 E  05 

S . 6 3 E  07 
1 . 8 0 E  07 
1 . 5 9 E  07  
2 . 1 6 E  0 5  
1 . 5 4 E  05 
1 . 4 4 E  0 4  
3.88F 0 3  
2 . 9 1 E  09 

4 , 3 5 3  a 7  
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T a b l e  4 . 2 2 ,  Grams of tural mater ia l s  a u r i t y  

in n c t i o n  of age 
elements in t a f e d e r a l  repus  

03  
0 3  
01 
0 4  
06 
05  
07 
0 1  
0 0  
0 5  
0 2  
06 
07 
0 7  
06 
01 
04 
06 
01 
01 
07 
06 
0 9  
07 
09 
06 
0 9  
06 
0 3  
0 4  
0 4  

2.34E 03 
1.80E 0 3  
1,51E 0 1  
1.16F 04 
9,98E Of1 
6.26E 05 
&.62E 0'' 
1.77E 01  
8 , O Y E  O Q  
6 . 4 6 E  0 5  
4.01E 0 2  
8.5SE 06 
3 . S 9 E  07 
1.95E 0 7  
1,56E Oh 
2 - 1 3 E  08 
2.55E-04 
2.613E-06 
3.23E 01 
5 . 2 5 E - 0 1  
1.22E 07 
1.10E 06 
1 - 2 0 E  09 
6.30E 07 
3.70E 0 3  
2.45E 0 6  
1 .033 0 9  
2 . 2 5 E  06 
9.58E 0 3  
2 . 5 6 E  0 4  
1.18E-05 

10 2.76E 10 
07 4.82E 07 
07 3 , 4 2 E  07 
0 4  5,22E 0 4  
0 4  1.77E 0 4  
02 2.43E-02 
0 8  4.31E 08 
O7 2.49E 0 7  
0 6  4.05E 06 
00 6.52E 0 0  
O S  2 , 4 6 3  05 
10 3.44E 10 

3 4 E  0 3  
80Y 0 3  
518 01 
l 6 E  0 4  
9 8 E  06 
2 7 E  05 
6 2 E  07 
77P 01 
O Y F  0 0  
46E 0 5  
0 1 E  02 

551E 07 
95E 07 
56Y 06 
13E 0 1  
29Y-03 
44E-06 
233 01 
25E-01 
22E 07 
105 O h  
2 0 E  0 9  
3 0 E  0 7  

54E 06 
03E 05, 
573 06 
5 8 E  03 
56E 04 
0 13- 36 

FjaE 0 6  

7 0 ~  09 

1. SOY 03 

76E 10 2.76E 10 
82E 07 4.823 87 
4 2 E  07 3 . 4 2 E  

77E 04 1.77E 
43E-02 2 , 4 3 E -  
31E 08 4.31E 
49E 07 2 . 4 9 E  
05E 06 4 .0SE 
52E 00 6.52E 
9hE 05 2 .96E  
44E 10 3,44F, 

17~: 04 5 . 0 6 ~  
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T a b l e  4 2'8. C u r i e s  of accumulated h e a v y  isotopes 
i n  the c l a d d i n g  wastes at a f e d e r a l  r e p o s i t o r y  

in t h e  year 2005  a s  a f u n c t i o n  of aqe 

TL2 0 7 
TL209 
PB209 
PB210 
PB21 1 
PB2 1 4  
B12 1 0  
B1211 
BI213  
B1214 
PO21 0 
PO21 3 
PO21 4 
PO21 5 
PO2 1 8 
AT217 
RN219 
RN222 
FR22 1 
RA223 
RA22fj 
RA226 
AC22 5 
AC22 7 
TH227 
TA229 
TH230 
TH23 1 
TH2 3 4 
PA2 3 1 
PA233 
PA234111 

U233 
U234 
U235 
U236 
U238 

NP237 
NP239 
PW238 
PU2 3 9 
PU240 
PU24 1 
PU242 
AH216 1 
AK242R 
AH242 
AM243 
CM242 
CP42Q3 
CM244 
Ct4245 
CR2 4 6 
TOTAL 

5.38E-04 
1 . 29E-07 
5.85E-06 
3.6 5E-06 
5 e 4 OE-04 
2.20E-05 
3 - 65E-06 
5.40E-04 
5.85E-06 
2.20E-05 
3.30E-06 
5. '72%-06 
2 ,, 20E-05 
5.40E-Q4 
2-20E-05 
5.853-06 
5.laOE-04 
2-2OE-05 
5.85E-Q6 
5.40E-04 
5 . 84E-06 
2.20E-05 
5 . 85E-06 
5.36E-04 
5.31E-04 
5.82E-06 
6.45E-03 
7.92E-0 1 
1.70E 01  
1 . 69E-03 
2.31E 01 
1.70E 01 
3.9 2E-03 
5.51E 01 
7.91E-01 
1.13E 8 1  
1.69E 01  
2.29E 01  
2 ,60E 0 3  
1.80E 05 
2.03E 04 
3.80E 04 
5.92E 06  
2.05E 02 
1.52E 0 5  
2.64E 0 3  
2.64E 0 3  
2.59E 0 3  
2.22E 0 3  
2 , 4 3 E  02 
3.01E 0 5  
1.39E 02 
2.64E 01 
6.62E 06 

2.81E-03 
2 .09E-06 
9.4 8E- 0 5  
9.27 E-04  
2.82E-03 
1.58E-03 
9.27E-04 
2.82E-03 
9.48E-05 
1.58E-03 
?. 27 E-04 
9.27E-05 
1 .583-03  
2.82E-03 
1.58E-03 
?.48E-05 
2.82E-03 
1.5 8E- 03  
9.48E-05 
2.82%-03 
9.48E-05 
1.58B-03 
9.48E-05 
2.82E-03 
2.78E-03 
9.48E-05 
7.14E-02 
7.93E-0 1 
1.69E 0 1  
3.37E-03 
3.22.E 01  
1.69E 0 1  
1. ShE-02 
9.04E 01  
7.93E-01 
1.14E 01  
1.69E 0 1  
3 .225  0 1  
2.57E 03  
8.37E 04  
2-02?? 0 4  
3.84E 04  
5.14E 0 4  
2.05E 0 2  
3.04E 05 
1.67E 0 3  
1.67E 0 3  
2.57E 0 3  
1.37E 0 3  
2.79E 0 1  
6.53E 03 
1-38?? 02 
2.60E 04 
S.15E 05 

6.20 E- 03 
1.53E-05 
6.96E-04 
1.20E-02 
6.22E-03 
1.48E-02 
1 . 20E-02 
6.22E-03 
6 ,96E-04 
1. M E - 0 2  
1.20E-02 
6.80E-04 
1.48E-02 
6.223,-03 
1.48E-02 
6.96E-04 
6.22E-03 
1.48E-02 
6.96E-04 
6.22E-03 
6.96E-04 
1.489-02 
6.96E-04 
6.22E-03 
6.13E-03 
6.96 72-04 
2.54E-01 
7.97E-01 
1.69E 01  
6.74E-03 
4.92E 01 
1.69E 01  
5.08E-02 
1.14E 02 
7.97E-01 
1.16E 01 
1.69E 01 
4.92E 01  
2.52E 03  
1.83E 04 
2.01E 04 
3.76E 04 
1.40E 02 
2.05E 02 
2"22E 0 5  
6.72E 02 
6.32E 02 
2.52E 03 
5.51E 02 
3.66E-01 
3.08E 00 
1.36E 02 
2.53E 01  
3.06E QS 

1.85E-*82 
2.19E-04 
9 . 96E-03 
1.76E-09 
1.86E-02 
1 . 76E-01 
1.76E-09 
1 . 86E-02 
9.96E-03 
1.76E-01 
1.76E-01 
9.743-03 
1 .763-01  
1.86E-02 
1.76E-01 
9.96E-03 
1.86E-02 
1.76E-01 
9.953-03 
1.863-(42 
9.96B-03 
1.7613-01 
9.96E-03 
1.86E-02 
1 . 83E-02 
9.96E-03 
9.77E-01 
8 , l l E - 0 1  
1 .69E 0 1  
1.86E-02 
7.94E 0 1  
1.69E 0 1  
2.51E-01 
1 .21E 02  
8. l l E - 0 1  
1.24E 01  
1 .69E 01  
7.94E 0 1  
2.39E 0 3  
1.27E 0 2  
1.98E 0 4  
3.50E 0 4  
1.28E 0 2  
2.05E 0 2  
'7.25E 0 4  
2.763 01  
12.76E 0 1  
2.37E 0 3  
2.26E 01  
9.51E-OS 
1.15E-10 
1.28E 02  
2 . 2 8 3  0 1  
1 . 3 3 E  05 

5.23E-02 
2.60E-03 
1.18E-0 1 
1.322 00  
5 . 2 5 ~ - 0 2  
1.32E 0 0  
1.32E 00  
5.25E-02 
1.18E-0 1 
1.32E 00  
1 .323  0 0  
1 . 16E-01 
1.32E 00  
5.25E-02 
1.32E 00  
1.181.:-01 
5.25E-02 
1.32E 00 
1.18E-01 
5 . 2 5 ~ 0  2 
1.18E-01 
1.32E 0 0  
1.18E-01 
5.25E-02 
5.17E-02 
1.18E-01 
3.04E 00  
8.49E-01 
1.69E 0 1  
5.24E-02 
9.35E 01  
1.69E 0 1  
1.01E 0 0  
1-21??  02  
8.49E-01 
1 .423  01  
1.69E 0 1  
9.353, 0 1  
1.98E 0 3  
6.00E-03 
1.88E 0 4  
2.85E 0 4  
1 .085  0 2  
2.04E 0 2  
3.06E 0 3  
3.02E-03 
3.02E-03 
1.98E 0 3  
2.4 8E-0  3 
1.46E-26 
1.19E-10 
1.08E 02  
1.70E 0 1  
5.52E 64  

1.71E-01 
2. 853-02 
1.30E 0 0  
7.70E 00 
1.71E-01 
3.40E 00 
7.70E 00 

1.30E 00 
7 .70E  00 
7 . 7 0 3  00 
1.27E 00 
7.70E 00 

7.70E 00 
1.30E 00 
1.792-01 
7.70E 00 
1. 30E 00 
1. TIE-01 
1.30E 00 
7.70E 00 
1.30E 00 
1.7 1E-0  1 
1.69E-01 
1. 3 0 E  00 
9.90E 00 
9.66E-0 9 
1.69E 01 
1.7 9!?-01 
9.41E 01 
1.69E 01 
3.76E 80 
1.19E 02 
9.66*-01 
1.83E 07 
1.69E 09 
9.Y1E 01 
1.05E 03 
8, 20E-17 
1.57E 04 
1.39E 04 
6.02E 01 
2 , O I E  02 
6.03E 01  
4.13E-17 
4- 13T- 17 
1.05E 0 3  
3 . 4 ~ - 1 7  

1. 55E-10 
6.01E 01 
6.07E 00 
3. 26E 0 4  

I. 7113-01 

i . 7 1 ~ - 0 1  

1.20E 00 1.51E 00 
6.47E-01 1 .60E 00 
2.94E 01  7.28E 01  
6.1QE 01  2.62E 01  
1.20E 0 0  1.52E 00 
6.19E 01 2.62E 01  
6.19E 01  2.62E 0 1  
1.20E 0 0  1.52E 00 
2.94E 01 7.28E 01 
6.19E 0 1  2.62E 0 1  
6 . 1 3 E  01 2.62E 8 1  
2.88E 01 7.'12E 01 
6.19E 01  2.62E 0 1  
1.20E 00  1.52E 00 
6.19Y 01  2.62E 01 
2 .945  0 1  7.29E 0 1  
1.20E 00 1 .52E 00 
6. 192 01  2.62E 01  
2.94E 01  7.23E 0 1  
1.20F 00 1 .52E 00 
2.94E 01 7 . 2 8 E  01 
6.19E 01  2.62E 01 
2.94E 01 7.28E 01 
1. 20E 0 0  1.52E 00 
1.19E 00 1 . 4 9 3  00 
2.94E 01 7.29E 01 
6.16E 01 2.62E 01  
1.47E 00  1 .52E 0 0  
1.69E 01 1.63E 01 
1.20E 0 0  1.52E 00 
9.16E 0 1  6.84Y 01 
1.69E 01 1.69E 01 
3.225 01  7.26E 01 
9.59E 01  2,32E 0 1  
1.47E 00 1 .52E 00 
2. 22E 01 2.17E 81 
1.699 01  1.69E 0 1  
9.16E 01 6.84E 01  
3.03E-01 1.28E-OY 

1.25E 03 1.28E-04 
1.37E 00 1.83E-06 
3.175-02 
1.71E 0 2  3.30E 01 
3.17E-02 

3.031~-01 1.28E-84 

5. SOE-10 2.38E-.CN 
3. 14E-02 
1.08E-05 2,3YE-28 
2. 68E 03  1.20E 63 
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T a b l e  4.28  d heavy  isotopes 
in t h e  cl era1 repos i tory  

in t t i o n  of age 

6.50E-06 
3.419-05 
1.0913-07 
3 * 85E-(39 
9.4 3E-06 
3.84E-36 
2 . 4 4 E- 36 
1 .) 1 OE-04 
5.833-07 
2.1 3 E-05 
2.929-05 
4 A O E - 0 6  
7.18E-05 
1.2 4E-04 
5 .. 71 E-05 
3 - 97 9-04 
1.14E-04 
5.13Y-05 
3 . 5 33-06 
9.803-05 
6.24B-08 
4 . 46E-OS 
3 . 2 53-0 6 
I A2E-06 
C. S7E-05 
2.872-06 
2.02E-03 
6 . 2  5Y-04 
6.002-03 
1,033-04 
4.35E-02 
8.67E-02 
4 .. 5 YE-04 
2.60';: 00 
2.2 OE-02 
3 - 1  OE-0 1 
4.2 6E-0 1 
9.4%-0 1 
3.474: 00 
2 . 7 J E  03 
C . 2 9 E  O ?  
1,20E 0 3  
2 - 1 3 E  00  
6.04F 80 
1.Q1E 0 4  
4 . 76E-01 
2.230 00 
9.38E 01  
5.05E 01 
1.82E 00 
2 ,283  02  
4.33E 00 
8.54E-0 1 
1.51E 04 

59E-04 
26E-05 
36X-04 
50 E-0 S 
75E-OY 
23E-03 
49E-03 
O4r-07 
27E-04 
842-02 
173-02 
75 E-03  
0 4 2 - 0 2  
30E-03 
80E-02 
96E-03 
125-03 
32E-02 
40E-03 
82X-03 
78E-05 
75E-02 
06E-03 
6 4 E - 0 5  
78E-03 
58 E-0  3 
58E-02 
63E-04 
00E-03 
60E-03 
26E-0 1 
h7E-02 
9SE-02 
47E 00 
35E-02 
85E-01 
26E-01 
75E 0 0  
6 7 E  00 
9 9 E - O U  
R 5 E  02  
8 9 E  02 
49E-03 
Q2T 0 0  
02E 0 2  
59E-07 
03E-06 
21E Q I  
15E-05 
36E-28 
16E-12 
39E 00 
57E-01 
67E 03 



5 2  

TE2 0 7 
TL209 
PB209 
PB2 1 0  
P9211 
PB214 
BI210 
BI211  
B12 1 3  
BE214 
PO21 0 
F0213 
PO2 1 ld 
PO215 
PO21 8 
AT21 7 
RN219 
RN222 
FR221 
FA223 
RA225 
RA226 
AC225 
AC227 
TH227 
TH229 
TI1230 
TH2 3 1 
TH234 
PA231 
PA233 
PA234M 

I5233 
U234 
U235 
U2 36 
U238 

NP237 
NP239 
PU238 
PU239 
PU2 40 
PU24 1 
PU242 
AN214 1 
AM242H 
AH242 
AH243 
cn2re3: 
CM243 
cn2  (I 4 
crl245 
CM246 
TO'P ILL 

Table  4 .29 .  I n g e s t i o n  t o x i c i t y  ( m 3  water) of accumula ted  hea,vy 
isotopes i n  t h e  claddj-ng w a s t e s  at. a f ede ra l  r e p o s i t o r y  

.in the y e a r  2005  a s  a f u n c t i o n  of age 

Year ______._  ~, _.____--__I__"_l_l_I________ Years f o l l o w i n g  close _...-_II__-__ ~f the rep.ository.-- ... ~ -_  - 
200 5 

4.73E-02 
1 . 2 w - 0 5  
1.95E-03 
3.65E 0 1  
1,35E 00 
4.4QE-02 
9.13E-02 
7.71E-02 
1.17E-02 
3.66E-02 
4-72!? 00 
5 .  S2E-86 
2.20E-05 
5.40E-04 
5 . 4 9 ~ 0 3  
9.75E-06 
5.4OE-04 
2.20E-05 
7.31E-03 
7 .71F 02 
1.17E 01  
7.32E 0 2  
1.17E 00 
2.68E 02  
2,66E 01  
l .45E 09 
3.22E 03  
3.96E 0 3  
8.50E 05 
1.87E 0 3  
2.31E 0 5  
8.50E 02 
1.31E 02  
1.84E 06  
2-64!? 04 
3.77E 05 
4,21E 05  
7.63E 06  
2.60E 07 
3.61E 10 
4.06E 09 
7.60E 09  
2.96E 10 
4.09E 07 
3.81E 30 
6.6QE 08 
2,64E 07  
6.48E 0 8  
1.11E 08  
4.86E 07 
4.30E 10 
3.48E 07 
6.60E 06 
1.60E 1 9  

100  

3 . 5 1 ~ - 0 1  
2-09E-04 
3-16E-02 
9.27E 0 3  
7.05Y 0 0  
3.15E 00  
2.32E 01  
4.03E-81 
1.90E--0 1 
2 , 6 3 E  00 
1.323 0 3  
9,27E-05 
1.583-03 

3.94E-01 
1.58E-04 
2.82E-03 
1.58E-03 
1.19E-01 
4.03E 0 3  
1.90E 0 2  
5.25E 04  
1.90E 0 1  
1.41E 0 3  
1.39E 0 2  
2.375 02  
3-57?! 04 
3.97E 0 3  
8.43E 0 5  
3.44E 0 3  
3.22E 0 5  
8-43)?  0 2  
5.20E 0 2  
3.01E 0 6  
2 .649  04 
3.81E 05  
4.21E 05 
1,07E 07  
2.57E 07  
1.67E 1 0  
4 -05E  09 
7.68E 0 9  
2.57E 08 
4,09E 07 
7 . 6 Q E  1 0  
4.18E 0 8  
1.67E 0 7  
6 .428  0 8  
6.86E 07 
5.57E 06 
9.33E 0 8  
3.la5E 07 
6.51p1 06 
1.07E 11 

2 . a 2 ~ - 0 3  

3 0 0  

9.7512-01 
1.5 3E-03 
2.32E-01 
1.20E 05 
1 ,55E 01 
2.96E 01 
3.00E 0 2  
8,!38E-01 
1.39E 06 
2.46E 01 
1.79E 04 
6.80E-04 
1.48E-02 
6 .229-03  
3.69E 00  
1.16E-03 
6.22E-03 
1. YQE-82 
8.709-01 
8.88E 0 3  
1.39E 03 
4.93E 0 5  
1-39?! 02 
3.11E 03  
3.06E 02 
1.74E 03 
1.24E 0 5  
3.99E 0 3  
8,433, 05 
7.49E 03 
4.92E 05 
8.438 02 
1.69E 03  
3.82E 06 
2.66E 04  
3.88E 05 
4.21E 0 5  
1.64F: 07 
2-52E 07 
3.65E 09 
4.03E 09 
7.53B a9 
6.982 05 
4.09E 07 
5.552 40 
1,68E 08 
6.72E 06 
6.31E 08 
2-75x 03 
7 . 3 2 E  84 
4-  40E 05 
3.39E 07 
6.32E: 06 
T . 0 7 E  10 

1 0 0 0  

2 . 3 l E  00 
2.19E-02 
3.32E 00 
1 .76E 06 
4.64E 0 1  
3.5214: 0 2  
4.41E 0 3  
2.65E 0 0  
1.99E 0 1  
2 .94E 0 2  
2.52E 05 
9.74E-03 
1.76E-631 
1.86E-02 
4.41E 01  
1.66E-02 
1.86E-02 
1.76E-631 
1 .252  01 
2.65E 0 4  
1-99?!! osr 
5.87E 0 6  
1.99E 0 3  
9.28E 0 3  
9.15E 02  
2.QgE 0 4  
4.89E 0 5  
4.05E 0 3  
8.43E 05  
2.06E OQ 
7.94E 05 
8.43E 0 2  
8.37E 0 3  
4.04E 0 6  
2 .78E 0 4  
4.13E 0 5  
4.21E 0 5  
2 - 6 5 E  07  
2.3-9E 07  
2-54E 03 
3.96E 0 9  
7.01E 0 9  
6.YQE 05 
4.09E 0 9  
4.81E 1 0  
6-90)?  06  
2.76E 05  
5.92E 08 
1 , 1 3 E  0 6  
1 . 90E-02 
1.65E-05 
3.20E 0 7  
5.70E 06 
2.99111 1 0  

3000  

6.5lbE 00 
2.60E-Q 1 
3.94E 01  
1.32E 0 7  
1.31E 0 2  
2-65!? 0 3  
3 ,31E  0 4  
7.49E 00  
2.37E 0 2  
2 ,21E 0 3  
1.89E 06  
1.16F-01 
1.32E 00 
5 . 2 5 ~ - 0 2  
3.31E 02  
1 .wE-O1 
5.25Z-02 
1 .328  00  
1.48E 0 2  
7 - 4 9 ) ?  04 
2.375 05 
4.42E 0 7  
2.37E 0 4  
2,62E 04  
2.59E 8 3  
2.96E 0 5  
1.52E 06 
4.24E 0 3  
8.43E 0 5  
5.83E 0 4  
9.35E 05  

3.28E 04 
4.02E 06 
2,83E 0 4  
4.74E 0 5  
4.21E 05 
3.12E 83 
1.98E 07 
1.20E 0 3  
3.76E 0 9  
5.71E 0 9  
5.42E 0 5  
4.08E 07 
7.64E 0 8  
7.55E 02  
3.02E 0 1  
4.94E 0 8  
1-24?? 0 2  
2.9 1 E-2 1 
1.70Y-O5 
2,70E 07 
4,25E 0 6  
1.09E 10  

8 . 4 3 ~  0 2  

1 0 , 0 0 0  

2.14E 01  
2.85E 00 
4.32E 02  
7.70E 0 7  
4.29E 02  
1.54E 04 
1.92E 0 5  
2.45B 01 
2.59E 03 
1.28E 04 
l . l O E  07 
1.23E 00 
7.70E 00 
1.79E-01 
1.92E 03 
2. 168  00 
1.71E-01 
7.70Y 00 
1.62E 0 3  
2.45E 05 
2. 5 9 E  06 
2.577;: 08 
2.59E 05 
9.57E 04 

3.24E 06 
4.95E Ob 
4.83E 0 3  
8.43E 0 5  
I .  91E 05 
9.41E OS 
9. 43E 02 
1.25E OS 
3.95E 06 
3.22E 04 
6.12E 0 5  
Q,21E 05  
3. lllE 07 
1.05E 0 7  
1. 64E-11 
3. 1lbF 09  
2.78E 0 9  
3.01E 05 
4.03E 07 
1.51E 07  
1.0 3E- 1 I 
r d .  13E-13 
2.62E 08  
1. TOE-12 

2 - 2  2E-0 5 
9.50E 07 
1.52E 06 
6.66E 0 9  

a. 4 5 ~  03 

100 ,000  1 , 0 0 0 , 0 0 0  

l.50Y 02 1-89!!' 02  
6 . 4 X  01 1 ,60E 02  
9.81E 0 3  2.43E 0 4  
6.19E 08 2.62B 0 8  
3.01E 0 3  3.79K 0 3  
1.24E 05 5.24B 0 4  
1.55E 06 6.55E 0 5  
1.72E 02 2.16E 02 
5. 88E 04 1.4hE 65 
1.03E 05  4.36E 0 4  
8.P4E 07 3.74E 07 

6.19E 0 1  2.62F 0 1  
1.20E 00 1.52E 0 0  
1.55E 0 4  6.55Y 0 3  
4 . 9 0 E  01  1.21E 0 2  
1.20E 00 1.52E 00 
6. 19E 01  2.62E 09 
3.68E 0 4  9.10E 04 
1.72F 06 2-16!?  0 6  
5.885 07 1.145E 08 
2.069 09  8 . 7 3 2  08 
5.88E 05 1.46F: 07  
6.02E 05 7 .588  05  
5 . 9 4 E  04  7.47E 04  
7.35E 07 1.82E 89 
3.08E 07 1.31E 07 
7.37E 03 7.58E 0 3  
8.43E 0 5  8.43E 05  
1.34E 06 1.68E 06 
9.16E 05  6.84E 0 5  
8.43E 02 8.43E 0 2  
1.07E 06 2.42E 06 
3.20E 0 6  7.73F: 0 5  
4.91E 0 4  5.05E 04 
7.41E 0 5  7.22E 05 
4.21E 05 4.22E 05  
3.05E 0 7  2.28B 07 
3.03E 03  1.2aE 00  

2 . 8 8 ~  01  7 . 1 2 ~  0 1  

2.51E 08 2 - 5 6 ?  01 
2.73E 05 3.67E-01 
1.59E 02  
3.423 07 6.59E 06 
7 .939  0 3  

7.58E 04 3 . 2 0 E  01 

8. 28E-05 3.41E-04 
7.86E 03 
2,69E 00 5.96E-23 
3.27.E 09  1.57E 0 9  



5 3  

T a b l e  4 ,30 ,  f i s s i o n  product elems 
in the fie r a  B rep a s i  Lory 

in CtiQn Of 3.4JC' 

I ------I-.- 

100 

2 . 1 2 ~  a i  
6,YDE 0 8  
2," IF  0 3  
1 . 1 1 E  (63 
1 , 6 1 E  0 4  
1.80E 04 
2.17E 0 4  
1.99E 0 5  
1 * 8 6 E  0 0  
l,Y3E 0 5  
4.27E OS 
l J 4 E  05  
2.43E 0 4  
8.31E OS 
3.61E 0 3  
5.46s 0 3  
7 , h 5 E  07  
2.73E 03  
4 . 7 6 E  0 2  
2.53E 0 4  
1.30E O b  
4 .. 86F-0 2 
7.82E 0 4  
l . l sOE 0 5  
6.20E 04 
1.21E 05  
5,77e 0 4  
2,QJE 05  
1.43E-0 9 

0 4  4,630E 0 4  
03  8.02E 03 
0 3  7.91E 0 3  
0 2  1,C18E 0 2  
0 1  7.7223 0 1  
0 0  7.2SE rCl0 
00 1 . 9 1 E  00 
06 1,Y7E 06 

_caQsn-sf..khs-s2.&! 
3000  

1 2 E  0 1  2.12E 0 1  
YOE 0 8  6 , 4 O E  0 
? 7 3  0 3  2,7 '3E 
1 2 E  0 3  1.14E 0 3  
6 l E  0 4  1 , 6 7 Y  0 4  
64F 0 4  '8, w e  04 
'373 04 2" 17E 0 
0 0 E  0 5  2,001;: 0 
8 9 E  0 1  I,62F: 0 
73E Q5 4 . 7 3 E  0 
23E 0 4  4 . 1 3 E  Q 
I Y E  0 5  7-15": 0 
43E 0 4  2*43Y 0 
3de 0 4  8,31'F: 0 
61r: 0 3  3 , 6 2 E  0 
16t" 0 3  5 ,  162 
6 5 E  0 1  7,bSs;: 
7 1 E  0 3  2 , 6 5 E  
7 6 E  0 2  4,76F 
5 3 E  0 4  2.54F 
3 0 E  04 9 , 3 8 E  
2 7 E  0 0  4 , 2 2 x  
3 3 9  04 7.37E 
4 5 E  0 5  1 . 4 5 E  
20E 0 4  6 , 2 0 V  
2 1 E  05  1 . 2 1 8  
73E 04 5,77E 
03x 0 5  2,03Y 
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TL207 
TL209 
PB209 
PB210 
PB211 
PB214 
BI210 
BI211  
BI213  
B1214 
PO21 0 
PO213 
PO21 4 
PO21 5 
PO21 8 
AT217 
RN299 
RN222 
FR22 1 
FA223 
RA225 
RA226 
AC2 2 5 
AC2 2 7 
TH227 
TH229 
TH230 
TH231 
TH234 
PA23 1 
PA233 
PA234M 

u2 3.3 
0234  
U23 5 
U2 36 
U238 

NP237 
NP239 
PO23 8 
PU2 3 9 
PU2 4 0 
PU241 
PU242 
AN241 
AtY242M 
AH2 42 
AH243 
CtY242 
CE1243 
c11244 
TOTAL 

Table 4.36. Curies of accumulated h e a v y  isotopes i n  in te rmedia te -  
r a d h t i s n - l e v e l  TRU wastes a t  a f e d e r a l  repository 

i n  t h e  yea r  2005  as a function of age 

Years following close of t h o  m p o s i t ~ r y  --------------- year --I---_^- ____ I_--- __ --__--^- ------------I I-..- ..... .- -- .^.I 

2005  100  3 0 0  1000  3000  1 0 , 0 0 0  100,000 1 ,000 ,000  

2.78E-04 
7.26E-08 
3.30E-06 
1.84E-06 
2.79E-04 
1.11E-05 
1 . 84E-06 
2.99E-04 
3.30E-06 
1 . 1 1  E - 0 5  
1.67E-06 
3.23E-06 
1 . 11  E-05 
2.7912-04 
1 . l l F - 0 5  
3.3 OE-06 
2.79E-04 
1 . l l E - 0 5  
3.30E-06 
2-79E-04 
3.29E-06 
1.11E-05 
3.30E-06 
2.77E-04 
2 . 75E-04 
3.28E-06 
3.2 3E-03 
4.60E-01 
8-50)? 00 
8.81E-04 
1.62E 01 
8.50E 80 
2 I 2%-03 
2.65E 01  
4. 60E-01 
6.99E 00 
8.43P 00 
1.60E 0 1  
4.65E 02 
1.40E 84 
8.70E 0 3  
1.30E 04 
1.98E 06 
4 .66E 0 1  
5.08E 04 
1.85E 02 
1.85E 0 2  
4.65E 02 
1.61E 02  
6.18E 01 
3.48E 04 
2.11E 06 

1.54F-03 
1.30E-06 
5.92E-05 

1.54E-03 
6.59E -04 
3 . 90 E-04 
1.54E- 03 
5.9 2E-OS 
6.59E-04 
3 . 9 9E-044 
5.79E-05 
6.59E-04 
1.54E- 03 
6 -592-04  
5.9 2E-05 
1 . 54E- 03 
6.59E-04 
5.92E-05 
1.54B-03 
5.9 2E-05 
6.59F-04 
5.922-05 
1 .548-03  
1.52E-03 
S .  925-05  
2.76B-02 
4.61E-01 
8 .433  00 
1.86B-03 
1.92E 0 1  
8.43E 00 
9.77E-0 3 
2 .933  0 1  
4.6 1E-01 
7,02E 00 
8.43E 00  
1.928 0 1  
4.61E 0 2  
6.48E 0 3  

1.293 0 4  
1.72E 04  
4.66E 0 1  
1.02E 05 
1.17E 0 2  
1.17E 02  
4.61E 02  
9.60E 0 1  
7.08E 00 
7.57E 02  
1.49E 05 

3 - 9 9 ~ - 0 4  

80683  0 3  

3-50)? -03 
9 . 0 9 ~ - 0 6  
4.13E-04 
4.19E-03 
3.51 2 -03  
5.09 E-03 
4.19E-03 
3.51E- 03 
4.13 E-04 
5.09E-03 
4.1 W-03  
4.0bE-04 
5.09E-03 
3.51E-03 
5.09E-03 
4.13E-04 
3.5 1 9- 03 
5.09E-03 
4.13E-04 
3-51 1 E- 03 
4.13E-04 
5.093-03 
4.139-04 
3.5 1E-03 
3.469-03 
4.1 P - 0 4  
8.02E-02 
4.625-04 
8.439 00 
3 . 8  2 E-03 
2.48Y 09 
8.43E 00 
2.87E-02 
3.11E 01  
4.62E-01 
7.90E 00 
8.43E 00 
2.48E 01 
4.52E 02 
1.41E 0 3  
8.63E 03 
1.27E 04 
2.47E 00 
4.66E 01 
7.42E 04 
4.70E 01  
4.70E 01 
4.52E 02 
3.86E 0 1  
9.31E-02 
3.57E-01 
9.82E 04 

1.06E-02 
1.12E-0& 
5.07E-03 
5.09E-82 
1.07E-02 
5.09E-02 
5 . 09E-0 2 
1 . 07E-02 
5.07E-03 
5.09E-02 
5.09E-02 
4.96 E-0 3 
5.09E-02 
1 . 07E-02 
5.09E-02 
5.07E-03 
1.07E-02 
5 *  09E-02 
5 . 07E-03 
1.07E-02 
5.07E-03 
5.09E-02 
5 87E-03 
1.07E-02 
1 . 05E-02 
5 .043-03  
2 "  TOE-Q 1 
4.68E-0 1 
R , 9 3 E  00 
1 . 07E-02 
3.[+9E 0 1  
8.43E 0 0  
1 . 2 1 E-0 5 
3.16E 09 
4.38E-01 
7.3573 00 
8 ,43E  0 8  
3.49E 89 
4.25E 0 2  
9.47F 0 0  
8.47% 93 
1.18E 04  
1.10E 00 
4.65E 0 1  
2 .42E 04  
1.03E 80 
1.03E 0 0  
4.25E 02 
1.58~ 00 
2.42E-oa 
8 . USE-H 3 
4.55E 04 

3.00E-02 
1 . 1 8 ~ - 0 3  
5 . 3 7 1 ~ - 0 2  
3.57E-01 
3.01 E-02  
3.57E-01 
3.57E-01 
3.01 E-02 
5.37E-02 
3.57E-01 
3.57E-01 
5.25E-02 
3 . 5 ' 7 ~ - 0 1  
3.01 E-02 
3.57E-01 
5.37E-02 
3.01 E - 8 2  
3.57E-01 
5.37E-02 
3.01 9-02 
5.37 E-02 
3.57E-01 
5.37R-02 
3.01E-02 
2.97E-02 
5.37E-02 
8.085-01 
4.84~3-01 
8.43E 00 
3.01E-02 
3.96E 0 1  
8.43E 00 
4.47E-0 1 
3.15E 0 1  
4.845-01 
7 - 9 6 ?  00 
8.43E 00  
3.96E 01  
3.54E 0 2  
4.20E-04 
8.022 0 3  
9 .6 lE  0 3  
9.33E-0 1 
4.64E 0 1  
9.86E 0 2  
2 ,11E-04 
2.11 E-04 
3.54E 0 2  
1 -74E-04 
3.7 4 E- 27 
9.52E- 1 4  
1.95E 0 4  

9.65E-02 
1.2 3E-02 
5. 59E-01 
2 . 0 3 E  80 
Q. 6 5 3 - 0 2  
2.03F 00 
2.03E 00 
9 .65E-02  
5.5 9E.-01 
2. 03E 00 
2 . 0 3 E  00 
5. 46E-01 
2. 03E 00 
9.68E-02 
2,O3E 00 
5. 59E-01 
9.6 8E-02 
2,03E 00 
5. 59E-01 
9.68E-02 
5. 59E-01 
L 0 3 E  0 0  
5.59E-01 
9.68E-02 

54E-02 
5.59E-07 
2.60E 00 
5. 34E-0'1 
8 - 4 3 ! ?  00 
0.68E-02 
3.97E 01 
5.43E 00 
1.615 00 
3.10E 01  
5.34R-01 
a. 35E 00 
8.43E 0 0  
3.97E 01 
1.88E 02 
5.74E- IR 
6 - 6 2 ?  0 3  
4. 69E 0 3  
5.19Y-01 
4,58E 01  
5. 32E-01 
2.89E- 18 
2.89E-18 
1.88E 02 
2.38E- 18  

3. 14E-I3 
1.19E 04 

6 .  16E-01 
2.73E-01 
1.24E 01 
1.65E 01  
6.18T-01 
1.65E 01 
1.65E 01 
6. 18E-01 
1.24E 01  
1.65E 01  
1.65E 0 1  
1.21E 01 
1.65E 01  
6.1 RE- -01  
1.65E 01  
1.245 01 
6.18R-01 
l .65E 01 
1.24E 01  
6. 18E-01 
1.24E 01  
1.6SE 01  
1 - 2 4 ! ?  01  
6.19E-01 
6.09E-01 
1.24T 01 
1.64E 01  
7 .  Q6E-01 
8 .439  00 
6. 18E-01 
3.86E 01 
8.43E 00 
1.36E 01 
2.60E 01 
7.46E-09 
1.0-7E 01 
8.43E 00 
3.86E 01  
5. 4 1E- 02 

7.6 1 E-01 
6.75E-01 
3.07E 01  
1.05E 01 
7.63E-01 
1.05E 01  
1.05E 01 
7.6 3E--0 1 
3.07Y 01  
1.05E 01 
1.05E 01 
3 . 0 0 E  8 1  
1-05 '? ,  01 
7.63 E-0 1 
1.05E 01  
3.07E 01 
7.63E-(a1 
1.05E 0 1  
3 .079  01 
7.632-01 
3-07!? 01  
1.05E 01 
3.07E 01  
7.63E-01 
7 . 5  3F,-01 
3 . 0 7 5  01  
1.05E 0 1  
7.63E-01 
8 . 4 3 5  00  
7.6 3E-0 1 
2 , 5 8 &  01 
8.43E 00 
3.06E 01  
9. 8r4E 0 0  
7.63E-01 
1.04E 0 1  
5.43E 0 0  
2 ;8QE 01  
9 . 2 2 ~ 1 7  

5.20E 02  9.26E-07 
4. 60E-01 1.06E-89 
2.74E-64 
3. R8E 01  7 -49)?  0 0  
2.74E-04 

5.4 1E-02 9.22C.-07 

2-88E-12 1.39E-11 
9.843 02  5. O O E  0 2  
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Table 4-37,  Watts o i s o t o p e s  i n  i n t :  e- 
I: ad ia t io n-le federal reposit. 

in t h e  tion of aqe 

8.. 42E-07 4 .. 6 5E-06 
2.132-09 
6,815-08 
1 .) b 5E-Or3 
5 ,16F-*)6  
I - h OE-06 
1.0 5E-06 
6 .. Q1F-05 
3-64-8-07 
9-17E-06 
1-25E-05 
2.88E-OB 
3 , O O E - o s  
6.76E-05 
2 - 3 9 d - O S  
2.483-06 
6 , 2 5 3 0 5  
2 . 1 5 5 - 0 5  
2.20E-06 
5.36&-05 
3 ,  90T-Oa 
1 8 6 E - 0  5 
2 (. 0 3E-06 
7 - 78E-07 
5.24E-OS 
1 7 99-0 5 
7.79E-04 
3.635-04 
3,00E-03 
5,683-05  
2.59E-02 
4.34T-02 
2,843-04 
8.439-01 
I. 2 8 ~ 1 2  
1 .) 9 0 E - 0 1  
2.13E-01 
5,63?-0 1 
6.2 3E- 0 1  
2.15E 0 2  
2.703 0 2  
4 ,03E 02  
7.14E-Q1 
1.38p 00 
3 . 3 %  03 
3,3313-02 
1.56E-01 
1.68E 0 1  
3.54E 00 
2 .) 6 OE-0 1 
2.65E 01  
4.33E 0 3  

08E-05 
?3Y-05 
18E-05 
483-05 
01E-04 
69E-04 
39F:-04 
17E-03 
303-04 
97 E-03 
12Y-02 
61P-03 
h 2 E - 0 2  
329-03  
24E-02 
242-03 
2 2 E - 0 3  
1 6 E - 0 2  
00E-03 
Q5E-03 
53 F-05 
01 E-02 
84F-03 
5 2 E - 0 5  
02 5-0 3 
6 2 E - 0 3  
2SE-02 
8 2 E - 0 4  
00 E-0 3 
131;:-04 
35E-02 
3 4  E-02 
3OE-02 
06 E-0 1 
34T-02 
16E-01 
13E-01 
1 6 E  0 0  
79 E-0 I 
39E-05 
49E 02 
9oF: 02 
87E-05 
37E 00 
29E 01 
01 E - 0 8  
829-07 
2 9 E  01 
41 E-06 
3 6 3 - 2 8  
33E-15 
9 9 E  0 2  

2.92E-04 
2.01E-04 
6.43E-04 
8.40E-05 

2.7 13-02 
9. 2 3Y-02 

4. 34E-02 
4 . 6  FIE-0 2 
8 - 9  3E-0 1 
1.49E-02 
2. 54E-01 

2. 54E-01 
l..qOE-19 
2 . 0 6 E  02 
1 ,46E 
2.15E- 
1.3% 
1.78E- 
8. 23E-  
3-3fjE-21 
6 ,  R 6 E  00 
8,773-20 

1. 10E-14 
3-6UE 02  

4 .  
1. 
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TL207 
T"L209 
Pl32 0 9 
PB210 
PB211 
P8214 

B I 2 1 1  
B1213 
P I 2  1 4  
PO29 0 
PO213 
PO21 4 
PO21 5 
PO21 8 
AT21 7 
RN219 
RN222 
FR221 
RA223 
RA225 
RA225 
AC225 
AC227 
TH227 
TH229 
'TH2 3 0 
TH231 
TH234 
PA231 
PA23 3 
PA234M 

U233 
U23U 
U235 
U236 
U23 8 

NP237 
NP239 
PU2 3 8 
PU239 
PU240 
PU241 
PU242 
AM241 
AN242N 
AM242 
AM2Y3 
CM242 
CH243 
CH2 44 
TOTAL 

1312 T O  

T a b l e  4 . 3 8 .  Ingestion toxi ( - j  ty (n3 water) of acciJmiil-ated heavy i so topes  in 
intcrmediate-r~tiati[-~~~-levcl TRrJ wastes at a f cderal  r e p o s i t o r y  

in t h e  year 2 0 0 5  as  a function of agc 

year 
2 0 0 5  

3.48E-02 
7 .2  6E-06 
1.10E-03 
1 .84E 01 
6.98M-0 1 
2.22E-02 
4.61E-02 
3.99E-02 
6.60E-03 
1.85E-02 
2.38E 00 
3.23E-06 
l . l l E - 0 5  
2.7QE-04 
2 . 7 7 ~ - 0 3  
5. 5OE-06 
2-79E-04 
1.11E-05 
4.13E-03 
3.99E 0 2  
6.59E 00 
3.69E 0 2  
6.60E-01 
1.39E 02  
1.37E 01 
8.21E 00 
1.61E 03  
2.30E 0 3  
4.25F 0 5  
9.79E 02 
1.62E 05 
4.25E 0 2  
7.62E 01 
8 , 8 5 E  05 
1.53E 0 4  
2.33E 05 
2.11E 05  
5.35E 0 6  
4 .65E 06 
2-80F: 09  
1.74E 0 9  
2 , 5 9 E  09 
9.92E 0 3  
9.32E 06 
1.27E 1 0  
4 ,62E OT 
1.85E 06  
1.16E 0 8  
8.05E 06 
1.24E 0 7  
4.98E 0 9  

I - I-", 

1 , 0 0 0 , 0 0 0  

1.92E-01 4.38T-01 
1.30E-04 9.09E-04 
1.93E-02 1.3F1F-Qd 
3-99!? 0 3  4.19E 04 
3 .862  0 0  E\.PrSE 00 
1 .32F 8 0  1.02E 0 1  
9 . 9 S E  00 1 .054  02  
2-20E-01 5.02E-01 
1.18E-01 8.26E-01 
l . l O E  00  8.48E 00 
5.692 0 2  5.99E 03 
5.79E-05 [ I .  OYE-Q4 
6.59E-04 5-09E-03 
1 - 5 4  E - 0 3 3.5 1 E- 03 
1.65E-01 1.3TE 00 
9.E7E-05 6 .89x-04  
1 .549-03  3.51E-03 
6.595-04 5.09E-03 
7.412.'-02 5.16E-01 
2 . 2 0 3  0 3  5.02E 03 
1.18E 0 2  8.26fC 02 
2.20E 0 4  1.70E 05 
1-18!! 0 1  8.269 01 
7.72E 0 2  1.76E 0 3  
'7.61E 0 1  1-73: 02  
1.48E 6 2  1-03??  03  
1 .385  0 4  4.01E 04  
2.30E 03 2.31E 0 3  
4.21F 0 5  4.21p 05 
2.07E 0 3  4.24E 03  
1.92E 05  2.48E 0 5  
b.21E 02  4.219 02  
3-26!? 0 2  9 - 5 9 ?  02  
5 .76E  0 5  1 - 0 4 ) ?  06 
1.54E 04 1.54E 04 
2.34E 0 5  2 - 3 7 E  0 5  
2.11E 0 5  2.11E 05 
6.39E 06  8.28E 06 
4.61E 0 6  4.52E 06  
1.30E 0 9  2.823 0 8  
1.74E 0 9  1.73F: 09  
2.59E 09 2.53E 09 
P.61E 0 7  1.23E 04  
0.32E 0 6  9.32E 06 
2.541? 90 1 . 8 6 9  10 
2,93E 07 1 . 1 8 E  07 
1 .173  0 6  4-70Y 0 5  
1.159 08 1 . 1 3 E  08 
4.80E 06 1.93E 86 
1.42E 06  1.86E 0 4  
1.08F 08 5.10E 84 

1.33E 0 0  
1 .12E-02 
1.69E 0 0  
5.05E 0 5  
2.67E 0 1  
1.02E 0 2  
1 .272  0 3  
1 .52E 00 
1.01.E 0 1  
8.48E 0 1  
7.26!3 0 4  
4 .96E-03 
5.00E-82 
1.07E-Q2 
1 .27E 8 1  
8.45E-03 
1 .07E-02 
5.09E-02 
6.34E 0 0  
1.52E 04 
1.01E 0 4  
1.70E 0 6  
1.01E 0 3  
5 .33E 0 3  
5.26E 0 2  
1.27E 0 4  
1 . 3 5 8  0 5  
2.34Y 0 3  
4.21E OS 
1.18E 0 4  
3.4?E 0 5  
4.21E 0 2  
4.03E 0 3  
1.05E 0 6  
1.56E 04 
2.45E 0 5  
2.11E 0 5  
1.16E 07 
4.25E 06  
1.89E 06 
1 .69E 0 9  
2 - 3 6 E  0 9  
3.52E 0 3  
9.31E 0 6  

'6.05E 0 9  
bb"83E 85 
1.83E 0 4  
1.06E 0 8  
7.92E 0 4  
b e  84E-03 
1.21-E-07 

3.75P 0 0  
1.18E-0 d 

3.57E 06 
7.53E 01 
7 . 1 3 9  0 2  
8.01E 0 3  
Q.30E 00  
1.07F 0 2  
5-94?!, 0 2  
5.OQE 05 
5.25E-02 
3.57E-01 
3.01 E -  0 2  
8 . Q l E  0 1  
8.95E-02 
3.01F-02 
3 ,57E-01 
6 .71E  0 1  
4.30E 0 4  
d.07E 0 5  
1.19F 0 7  
1.07r;: 0 4  
1.51E 0 4  
1.48E 0 3  
1 .34F 0 5  
4.04E 0 5  
2.42E 0 3  
4.21F: 05 
3.35E 0 4  
3.Q6E 0 5  
4 .217  0 2  
1.49E 0 4  
1.05E 0 6  
1.61E 0 4  
2.65E 0 5  
2.11E 0 5  
1.32E 0 3  
3.54E 06 
8.41E 0 1  
1.60E 0 9  
1.92E 0 9  
4.67E 0 3  
9.28E 0 6  
2.167E 0 8  
5.28E 0 1  
2.11E 0 0  
8.86E 0 7  
8.69E 00  
7.4 1 E- 22 
i .36E-08  

1 . 7 0 ~  01 

1.21E 01 
1.23E 00 
1.86R 0 2  
2 . 0 3 E  07  
2 . 4 2 E  0 2  
4. 05E 03 
5. 0 6 E  04  
1.38Y 01 
1 .127  03 
3.38E 0 3  
2.89E 06 
5. 46E-01 
2.03E 00 
Q.68E-02 
5.06E 0 2  
9. 3 1E-01 
9 . 6 8 E - 0 2  
2.03E 00 
6.08E 02 
1.38F: 0 5  
1.12E 06 
6.75E O7 
1.17E 0 5  
4. 84E 04 
4.7 'E 0 3  
l.4OE 0 6  
1.30E 06 
2. 67X 0 3  
4.21E OS 
1.08E 0 5  
3. 97E 0 5  
4.21E 02 
5. 361.: 04 
1.03E 06 
1.78E 0 4  
3. 12E 0 5  
2.11E 05  
1.32E 0 7  
1.88E 06  
1. 15Y-12 
1.32E 09 
9.37E 08  
2.59E 0 3  
9.16E 06 
1.33E 05 
7 .  2QE-I3  
2.89R-94 
4.70E 07 
1. 19E-$3 

4.49E-08 
3 , 4 9 E  1 0  3.14E 1 0  2.335 10 1 .02E I O  3.91E 0 9  2.Q3E 0 9  

7.7OE 01 O.51E 01 
2 .73F 01 6 .75E 01 
4 .  l b ?  03  1.02E 0 4  
1 - 6 5 ?  0 8  1.05E 08 
1 . 5 5 E  03  1.91E 0 3  
3 .305  04 2.10E 0 4  
4.12E 0 5  2.63E 0 5  
8.83E 0 1  1.09E 02  
? , 4 8 E  04  6. 13E 0 %  
2.75E 04 1.75E 04 
2 - 3 5 ? ,  O7 1 - 5 0 ?  0 7  
1.21E 01 3 . 0 0 8  01 
1.65E 01 1.05E 01 
6. 18E-01 7 .639-01  
4,12E 0 3  ? , 6 3 E  0 3  
2-07Y 01 5.11E 0 1  
6 .  18E-03 7.63E-01 
1.65@ 0 1  1.05E 0 1  

8.83T 8 5  1 . 0 Q E  06  
2 . 4 8 s  0 7  6 . 1 3 9  07 
5 . Y q Y  09 3.50E 0s 
2-48!? 06 6 .13T 0 6  
3.0qE 0 5  3 .829  0 5  
3.05E 0 4  3.76E 0 4  
3.10E 07 7 .66E 0 7  
5.20R 06 5 . ? 5 E  0 6  
3.73" 03  3 . 8 2 E  0 3  
4 .215  0 5  4 .22E 0 5  
6-87", 0 5  8 . 4 9 E  05  
3.86F 05 2.59E 0 5  
4.21E 0 7  4.23T 0 2  
4.53X 05 1.02E 06  
S,66E 05 3 . 2 8 9  0 5  
2.49E 0 4  2 . 5 4 E  0 4  
3.55E 05 3.46E 0 5  
2.11E 05  2 .113  0 5  
4.294: 0 7  Q.61E 0 6  
5.41E 02  0 . 2 2 E - 0 3  

1 - 5 5 "  014 3 . a 3 ~  04 

1.04E 0 8  1.85E-01 
9 .20E  0 4  2.12E-03 
1.37E 00 
7.77E 06 1.50E 06 
6.85E 01 

1,35E 0 4  2.30E-01 

4. 11E-07 1. 37E-06 
9.34E 08 6.36E 0 8  
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T a b l e  4-39, Grams of  a nrodrxct eletnents i 
1: a d  ia .e: i o  n- I f e d e r a l  r epas i to  

i n  th cfiion of ags 

1 . d l b E  0 1  1. 4 E  0 1  1,14E 01  
3m3BE 0 8  3. 8E O Q  3 . 3 8 E  00 
1,512 03 1, 1 E  0 3  1,501i: 03 
S,Q8E 02  5, 2 E  0 2  6 ,  1 3 E  0 2  
9.12E 0 3  9, 2E 0 3  9,121i: 03 
1-02E 0 4  9, 8 E  0.3 3. 2 8 E  03 
1.23E 04 1, 7E 0 4  1,239 04 
1 , 1 0 F  0 5  1. OE 0 5  1, f 0 E  0 5  
1,02E 0 6  2, El? 0 1  8.90Y 01 
5-25E 0 4  9, 5 E  0 4  9 , 2 5 E  0 4  
2-26E 04 2 - 2  4E OQ 2 , 1 9 E  0 4  

l , l 9 E  0 4  1- E 0 4  1,19F 04  
3"99E 04 3" E O Y  3 . 9 Q E  04 
l,6QE 03 1, E 0 3  1,64E 03 
2,Q2E: 0 3  2" 9 0 3  2,42E 0 3  
3 , Q 9 E  01  3, E 0 1  3 * u q E  01 
1-34fi 0.3 41, E 0 3  1,30E 03  
2 , 3 3 E  0 2  2, E 0 2  2,33E 0 2  
1*29E a4  1" E 0 4  1 , 2 9 9  04 
6,SOF 03  6 ,  E 0 3  6,5OZ 0 3  
2,38F-02 6. E - 0 1  2 * 1 3 F  00 
3 , 9 4 E  04 3 ,  T 04 3 . 6 9 5  04 3 ,  
7*52E 04- 7, R 0 4  7.78P 04 
3 , 3 3 &  O b  3 ,  E 0 4  3.3.3E 0 4  
6 , 5 U E  04 4 ,  B 0 4  6.54E 04 
3.09E 016 3, E 04 3,O'JE 04  
1 " l O E  O S  1" F 05  1, IO?? 05 
7,25F-10 
2,3OE Q4 2 - 2  E 0 4  2*25E 0 4  2. 
4,IQE: 8 3  4,m E 0 3  4.S8E 03 4, 
11,14E 03 Q * l  E 03 4,lF;Y 03 4. 

5,88E 0 4  5, OE 0 4  5 .9SE OQ 

2"2SY 04 
4,589 0 3  
4,15E 0 3  

4. 'B 4,"E c11 4.9 T 0 1  4.93-E 01  4, l 4.9 
3 ,  1 3 , 5 2 E  0 1  3,s x 09 3 - 5 2 ?  01 3 ,  1 3 - 5  
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macle of er, cloth,  wood, pla  T, glass ,  ceramic, and metal, 

as well as immobilized s ha t  a r i s e  i n  the treatment of 

l iqu id  waste streams and f i l t e r s  from cleanup of off-yas, The trans- 

u ra  -element content of e wastes ranges from trace a 

several grams per cubic f about 0 , 2 5  g / f t3 .  The densi t ies  

mpac ted waste y from about 2 1b/ f t3  to  a s  

u t  one-half t o  t w o - t h  es (by volume) a 

and can be reduced v i a  i to rs  of about 5 

volume and weight, respectively.  About one-half t o  three- 

wastes (by volume) can be re  lume by factors  2 t o  10 through 

A survey of operat i  orator ies  and pro 

that future large pla generate about 1 

and 4000 .Et3 of  uncompacted low-level TRU waste per ton 

o r  2 3 3 ~  processed i n  fue l  p r ica t ion ,  and 

resp ely . 2 6  Thus, a n  3~ concentration i n  

t3be waste of 0.25 y/ft3 r e  

0.5% in fabricat ion,  and 0.1% in 

of 0.25% i n  pre 

Table 4 .43  presents w-level pluton 

assuming they are shipped a t  a repositor 

Eo]-lowing t h e i r  generation, The isotopic comiJosition of the plutonium 

i s  taken as  18 238Pu, 59% 

I t  is  assumed that the wastes are compacted o r  otherwise r 

volume by factors  of 3 to  10 according t o  the following schedule: 

C a 1 e nda r 
Year 

1376-1981 

1982-1983 

1984-1985 

1986-1987 

1988-2000 

Compac ti.on 
factor  

3 

4 

5 

7 .5  

10 

Lowlevel TRU wastes are  

s h i  i n  ATMX-600 railc hipment contaixis 10 ft3 of waste. 

in ~ y g e  17c, 55-gal s t ee l  ~ X W S  and 
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nt and accmu f low-level 2 3 3  IS wastes f roin the H7'GR 

1. cycle are projected ing t n e  s m e  asslrrr~ptisns as 

e adopted for  t h e  low TRU wastes. '1 p i.c 

of the HTGR as 0.041% 2 3 2  u 9 

7*9*% 2 3 5  

2 3 :3 

u,  a 

The accumulated inass  y r  thermal power, 

f the  low-le~el.  

wing the year 2005 are prcsentsed i n  Tabl.es 4 - 4  

2 3 3 u  wastes as a f 

and 4 . 4 9  through 4 .52  ,. respectively. 

4.5 %Sable Gases 

oble-gas f i s s i o n  pr i s t  principa1I.y of s and 

short-lived isotopes of k r  

are present in each ton of LWRs and LMFBRs and, while 

xenon comprises about 9.5% of of the mixture,  

If ope remaining a f t e r  cay is  10.8-y " K K ~ .  

gases arc currently discharged to  the atmosphere followin 

U P  decay. Over 99% o f  them are released at reprocessing 

p l a n t s ,  and the remainder are di. aryed a t  power s t a t i o n s  as a 

consequence of t h e i r  le c t i v e  fuel  c1 

of f - s i t e  rad ia t ion  P , X ~ Q S U ~ ~ S  have been s m a l l  compared 

g u i d e l i n e s  f o r  populat ion c r1obI-c gases will- prob&ly 

bc recovered. .in f u t u r e  rcp 

ral prscesscs m e n i t  f o r  recovery of thesc 

rn p l a n t  off-ga t i a l l y ,  i t  i.s 

mixed gases will be collected under hi.yh pressure i n  gas c y  

n shipped t o  a large nd stared under condi t i o n s  tha t  

will promo te long- term s f  t h e  c y l i n d e r s -  

The projected accumulation of xiob1.c-gas f issio 

presented i.11 Table 4 , 5 3 ,  It t ha t  the ani. 

n isotopes are pack in s taiidard 50 - l i t e r  gas 

pressure of 2200 psig, s t o  
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Tb.20 7 
T@209 
PE209 
PB210 
??E211 
PI32 1 4  
B12 1 0  
BI711  
E 1 2 1 3  
B1214 
PO21 0 
PO21 3 
PO21 4 
PO31 5 
PO2 1 8  
AT2 1 7  
RN219 
RN223 
FR221 
RA223 
RA225 
RA226 
AC27 5 
AC2 2 7 
TH227 
TH229 
TH230 
TH231 
PA231 
PA2 3 3 

u 2 3 3  
0 2 3 4  
U235 
U236 

NP737 
PU2 3 8 
PU239 
PU2 Y O  
PU2 4 1 
PU2012 
AR2Ql 
TOTAL 

T a b l e  4-46 .  C u r i e s  of accumulated heavy i so topes  in low-level 
p l u t o n i u m  TRU wastes at a federal. r e p o s i t o r y  

in the year 2005 as a f u n c t i o n  sf aqe 

200 5 

6.53Y-08 
6.48E-10 
2.9bE-08 
6.19E-07 
6.55E-OR 
5.2QE-06 
6.19E-07 
6 . 5 5 ~ - 8 8  
2.9QE-08 
5.24.F-06 
5 -38E-W 
2.88E-08 
5.24E-86 
6.55E-08 
5.24E-06 
2.94E-08 
6.55E-08 
5.21bE-06 
2.94B-88 
6.5513-88 
2.94E-08 
5.24E-86 
2. S4E-08 
6.53E-08 
6.46E-08 

2. 51E-03 
3.53E-03 
4.79E-09 
3.23E 00 
7.54E-65 
4.512 01 
3.53E-03 
1. S3E-01 
3.22E 00 
1.43E 0 6  
3.32E 0 5  
4.85E 05 
6.82E 07 
1.43E 0 3  
1 .46F 06 
9.19E 07 

2. w E - o a  

1 0 0  

2.51E-05 
1.45E-06 
6.61B-05 
4.57E-03 
2.52E-05 
3.00E-03 
9.57E-03 
2.52E-05 
6.6 1 E-05 
3.00E-03 
1.57E-03 
6.4 6E-05 
3.00E-03 
2.52E-05 
3.00E-03 
6.6 1E-05 
2.52E-05 
3.00E-03 
6.61E-05 
2 . 5 2 ~ 2 4 5  
6.6 1E-05 
3.00E-03 
6.6 1 E-05 
2 , 5 2 E - 0 %  
2.48E-05 
6.6 1 E-0 5 
1.77E-01 
3.59.E-02 
4.2 513-05 
1.02E 02 
2.12E-02 
.3,23E 02 
3.593-02 
1.. 55E 00 
1.02E 0 2  
6.54E 05 
3.31E 0 5  
4.80E 05 
5 .9 tE  05 
1.43E 0 3  
3.25E 06 
5.31E 06  

3 0 0  

2.72E-04 
4.00E-05 
1.82E-03 
3.72E-02 
2 . 7 3E-04 
4.73E-02 
3.42E-02 
2 - 7  3B-QY 
1.82E-83 
Y, 73E-02 
3.72 e-02 
1.78E-03 
4.73 E- 62 
2.73E-OY 
4.73E-02 
1.82E-03 
2.735-0Q 
(5.73E-02 
1 . 82E-03 
2.73E-04 
1 .322-03  
4.73K-02 
1. (3 22.-03 
2.73E-04 
2.69E-04 
1.82 E-03 
9.3 7E-01  
1.00E-01 
3.33E-04 
2-84E 02 
1.90E-01 
5.09E 02  
1.00E-01 
Y,3lE 00 
2.84E 0 2  
1.38E 05 
3.29E 0 5  
4.71E 05 
4.45E 01  
1.43E 03 
2-38B 06 
3m32E 86 

1 0 0 0  

3.47E-03 
1 .2 1 E--0 3 
5.51E-82 
7.31E--01 
3.48E-OS 
7.31E-8’8 
7 .3  1 E-0 5 
3.48E-03 
5.51E-02 
7.31E-01 
7.31E-0’1 
5.38E-02 
7 . 3 I E-0 I 
3-48E-03  
7. 3 119-0 1 
5.51E-02 
3.48B-03 
7.3 I E-0 9 
5 .51  E- 02 
3.48E-03 
5.51E-02 
7.3 1 E-O 1 
5.51E-02 
3 . 48E-03 
3.43E-03 
5.51E-02 
4.25E 0 0  
3.2 3E- 0 1 
3.48E-03 
6.09E 02  
1-61!?, 0 0  
5.57E 0 2  
3.23E-01 
1 .35E 0 1  
6.07E 0 2  
5.91E 0 2  
3-23)? 0 5  
4 -38E  6 5  
1.64E-9 3 
1.43E 0 3  
7.75E 0 5  
1.5QE 06 

3 0 0 0  

2.Q8E-102 
1.88%-02 
8.53 E-0  1 
5.92e 00  
2.98E-02 
5.92E 00 
5.Q2E 0 0  
2.98E-02 
8.53B-01 
5.92E 00  
5 . 9 2 s  00 
8.34 E-0 1 
5.92E 00  
2.98E-02 
5.Q2E 00  
8.53 E-01 
2.98E-0 2 
5.92P 00  
8.533-01 
2.98E-02 
8.53 E-0 1 
5.92B 00  
8.53 E- 0 1 
2.98E-02 
2.94B-02 
8.53P-01 
1.37E 0 1  
9.36E-0 1 
2.98E-02 
7.57E 0 2  
7.71Y 6 0  
5.54E 0 2  
9.36 E-0 1 
3.65E 0 1  
7 . 5 7 E  02 
1.02E-O~! 
3.05E 05 
3-57?! 05 

9.42E 0 3  
3.15E 0 4  
6.97E 0 5  

1 0 , 0 0 0  

2-  9 3 E - 0  1 
2. 25E-0’1 
1.02E 01 
3.51E 01 
2. Q4E-01 
3.51E 01 
3.51E 0 1  
2. a 4 E - 8 7  
1.02E 01 
3.51E 81 
3.51X 01 
9. Q q E  00 
3.515 01 
2. 94E-01 
3.51E 01 
1.023 87 
2. 94E-01 
3.51E 01  
1.02E 0 1  
2,44P-01 
1.02E 07 
3.51E 01  
1.02E 01 
2. O 4 E - 0 1  
2.903-01 
1.0277 01 
4.52E 01 
2.83E 00 
2.94E-01 
7.62T 0 2  
3.00E 01  
5-43E 02  
2.83E 00 
R.82E 01  
7.62E 02  

2.50E 0 5  
1.748 05  

1.41E 0 3  
4. 293-01 
4,28E 0 5  

100 ,000  1 ,000 ,000  

7.98E 00 1 .149  0 1  
5.22E 00 1.29Y 01 
2.37’E 02 5 .88E 02 
2.78E 02 4.99E 0 1  
B.QOE 00 1.14E 01 
2.78E 02 4.99E 01 
2.78E 02  4.99E 0 1  
8.00F 00 1.14E 01 
2.3-’E 02 5.881; 02 
2.78E 02 4.99E 0 1  
2.78B 02 4.99E 01 
2.32B 0 2  5.75E 02 
2.48E 02 4 . 9 9 E  01 
8.00E 00 1.14E 01 
2.78E 02  Y.99F 01 
2.37& 02  5.85E 0 2  
8.00E 00  l . l l d E  01 
2.78E 0 2  4 . 9 9 5  01  
2 - 3 7 ?  02  5 - 8 8 ?  0 2  
8.00E 00 1 . 1 4 E  01 
2.37E 02  5.88E 02 
2.78E 02 4 .994  01  
2.37E 02 5.88E 02 
8 . 0 0 E  00  1.14E 01 
7.89E 00 1.13E 01  
2.33F’ 02 5.88E 0 2  
2.77E 02 4 . 9 a F  01 
1.08E 01  1.14E 01  
8.00E 00 1 . 1 4 3  01 
7.40F 02 5.53E 02 
2.60E 0 2  5.87!2 0 2  
4.22E 02 3.38E 01 
1.08E 01  1. 14E 01  
1.37E 0 2  1 .343  0 2  
7 . 4 O E  02 5.53E 02 

1.94E 04 1.53E-07 
1.719E 01 

1.19E 0 3  2.30E 0 2  

2.47E 04 7.423, 0 3  
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Year 
2005 

T a b l e  11.47, Ra e a v y  isotapes in 1 . 0 ~ - t  
era1 r e p o s i t o r y  
c t i o n  of age 

1,97E-10 
1 1  
11 
1 1  
10 
0% 
09 
09 
110 
0 8  
0 8  
09 
07 
89  
019 
09 
09 
07 
09 
0 9  
11 
07 
09 
91 
09 
10 
05 
86 
023 
0 3  
06 
690 
05 
0 3  
92 
04 
0 4  
816 
03 
0 1  
04 
05  

100 

7 ,59E-Q8  
2.38E-08 
7,6QE-09 
6,53E-Q8 
8 ,42E-08 
7,32F-06 
41-1 4E-06 
9 - 8  1 E-07 
4*06F-07 
4,18E-05 
4,953-05 
3,2IE-06 
1 II 37E-04 
1 - 1 OE-06 
1 ,Q9E-04 
2,77E-Q6 
1 , 0 2 E - 0 6  
9,793-05 
2 L14 6 3-86 

4,35E-O6 
8,50E-05 
2,27F-06 
1 * 2 7 e - 0 4  
8.5 5E-07  
2 - O O E - 0 6  
5.01E-03 
2 -  6 3F-05 
1,30E-06 
1 I 3 8 E-0 1 
6 ,  I n - 0 4  
9.253E 00 
9 - 97E-04 
4.2 1 E-02 
3 ,OUE 00 
2 - 1 7 e  04 
1,03E 0 4  
1,SOE 04 
2.45E 01 
4.23E 01 
1.09E 0 5  
1-56E 05 

a ,  7 SE-07 
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TE2 0 7 
T L 2  0 9 
P B 2 0 9  
P B 2 1 0  
P B 2 1 1  
P B 2 1 4  
B I Z 1  0 
B I Z 1  1 
B I 2 1 3  
B T 2 1  Y 
P O 2 1  0 
PO2 13 
P O 2 1  4 
PO2 15  
PO2 1 8  
AT2 1'7 
R N 2  1 9  
RW222 
F R 2 2  1 
R A 2 2 3  
RA22 5 
R A 2 2 6  
A C 2 2 5  
AC2 2 7 
TH22-7 
T H 2 2 9  
T H 2 3 0  
T H 2 3 1  
P A 2 3  1 
P A 2 3 3  

U233 
U 2 3 4  
U235 
U23 6 

N P 2 3 7  
PO2 3 8 
P U 2 3 9  
P O 2 4 0  
PU24 1 
P U 2 4 2  
AH241 
TOTAL 

Table 4 . 4 8 .  Ingestion toxicity (m3 water) of accumulated heavy isotopes in 
l o w - l e v e l  plutonium TRU wastes a t  a federal  reposi tory 

i n  the yea r  2 0 0 5  as  a function of age 

8 . 1 5 E - 0 6  
6 . 4 8 E - 0 8  
9 . 8 1 E - 0 6  
6 . 1 9 E  00 
1 . 6 4 E - O Q  
1 . 0 5 E - 0 2  
1 . 5 5 E - 0 2  
9 . 3 6 E - 0 6  
5 . 8 9 E - 0 5  
8 . 7 3 E - 0 3  
3 . 6 8 E - 0 0  
2 . 8 8 E - 0 8  
5 . 2413-06 
6 . 5 5 B - 0 8  
1 . 3 1 E - 0 3  
4 . 9 1 E - 0 8  
6 . 5 5 E - 0 8  
5 , 2 4 E - 0 6  
3 . 6 8 E - 0 5  
9 . 3 6 E - 0 2  
5 . 8 9 E - 0 2  
1 . 7 5 E  02 
5 . 8 6 E - 0 3  
3 . 2 7 E - 0 2  
3 . 2 3 E - 0 3  
7. 3 6 E - 0 2  
1 . 2 5 E  03 
1 . 7 7 E  01 
5 . 3 2 E - 0 1  
3 . 2 3 E  0 4  
2 , 5 1 E  00  
1 . 5 0 E  06 
1 . 1 8 E  02 
5 . 1 1 E  03 
1 . 0 7 E  06 
2 . 8 5 E  11 
6 . 6 4 E  10 
9-71?? 10  
3 . 4 1 E  11 
2 , 8 6 E  08 
3 . 6 5 E  11 
1 . 1 6 E  12 

3 . 1 4 E - 0 3  
1 . 4 5 E - 0 4  
2 .) 2 OE- 02  
1 . 5 7 E  Qrd 
6 3 0 E - 0 2  
6 . 0 1 E  00 
3 . 9 3 E  0 1  
3 . 6 0 E - 0 3  
1 . 3 2 E - 0  1 
5 . 0 1 E  00 
2 . 2 5 E  03 
6 . 4 6 E - 0 5  
3 . 0 0 E - 0 3  
2 . 5 2 E - 0 5  
-7 .S lE-07  
1.1 OE-04 
2,529-05 
3. 00E-03 
8 . 2 6 E - 0 2  
3 . 6 0 E  01 
1 . 3 2 E  0 2  
1 . 0 0 E  05 
1 . 3 2 E  01 
1 . 2 6 E  01 
1 . 2 4 E  00 
1 . 6 5 E  02  
8 . 8 7 E  0 4  
1 . 8 0 E  02 
4 , 7 3 3  01 
1 . 0 2 E  06 
7 . 0 6 E  02 
1 . 0 8 E  07 
1 . 2 0 E  03  
5 . 1 8 E  0 4  
3 . 4 0 E  07 
1 . 3 1 E  11 
6 . 6 3 E  10 
9.613 10 
2 , 9 6 E  0 9  
2 . 8 6 E  0 8  
8 . 1 3 E  9 1  
1 . 1 1 E  12 

3 . 4 0 E - 0 2  
4 , 0 0 2 - 0 3  
6 . 0 5 E - 0 1  
3 - 7 2 E  05 
6 . 8 2 E - 0 1  
9 . 4 7 E  01 
9 , 3 0 E  02 
3 . 9 0 E - 0 2  
3 . 6 3 E  00 
7 . 8 9 E  01 
5 . 3 2 E  04 
1 . 7 8 E - 0 3  
4 . 7 3 E - 0 2  
2 . 7 3 E - 0 4  
1 . 1 8 E  01 
3 . 0 3 E - 0 3  
2 . 7 3 ~ - 0 4  
4 . 7 3 E - 0 2  
2 . 2 7 E  00 
3 . 9 0 E  02 
3 . 6 3 E  03 
1 . 5 8 E  06 
3 . 6 3 E  02 
1 . 3 6 E  02 
1 . 3 5 E  01 
4 . 5 4 3  03 
4 . 6 9 E  05 
5.02E 02 
3 . 7 0 E  02 
2 .8UE 06 
6 . 3 4 E  03 
1 . 7 0 E  09 
3 . 3 5 E  03 
1 . 4 4 E  05 
9 . 4 5 3  07 
2 . 7 6 E  10 
6.59E 10 
9 . 4 1 E  10 
2 . 2 2 E  05 
2 . 8 6 E  08 
5 . 9 4 E  11 
7.82E 11 

4 . 3 3 E - 0  1 
1.2 1 E - 0  1 
1 . 8 4 E  01 
7 . 3 1 E  0 6  
8 . 6 9 E  0 0  
1 . 4 6 E  03 
1 . 8 3 E  04 
4 9733-0 1 
l . 1 O E  02 
1 . 2 2 E  0 3  
1 . 0 4 E  8 6  
5 . 3 8 E - 0 2  
7.31E-0 1 
3 . 4 8 E - 0 3  
1 . 8 3 E  02  
9.183-02 
3 . rd8E-03 
7.3 1 E-0 1 
6 . 8 8 E  01 
4 , 9 7 E  8 3  
1 . 1 O E  05  
2 . 4 4 E  07' 
1.10e 8 4  
1 . 7 4 E  03 
1 . 7 1 E  02 
1 . 3 8 E  05 
2 , 1 2 E  06 
1 . 6 2 E  03  
3.863 03 
6.07E 06 
5.373 0 4  
1 . 8 6 E  0 7  
1 . 0 8 E  04 
4 . 5 1 E  05 
2 . 0 2 E  08  
1 . 1 8 E  08 
6 . 4 6 E  10 
8 . 7 6 E  10 
8 . 2 0 E - 1 0  
2 . 8 6 3  08 
1 . 9 4 E  11 
3.47% 9 1  

3 . 7 2 E  00 
1.889 0 0  
2 , 8 4 E  0 2  
5 . 9 2 E  07  
7 . 4 6 E  01  
1 . 1 8 E  04 
1 , 4 8 E  05 
4 , 2 6 E  00 
1 . 7 1 E  03 
9 . 8 6 E  03 
8 . 4 5 X  06 
8 . 3 4 F - 0 1  
5 . 9 2 E  00 
2.98 E - 0  2 
1 . 4 8 E  03  
1 . 4 2 E  00 
2 . 9 8 E - 0 2  
5 . 9 2 E  00 
1 . 0 7 E  03 
4 . 2 6 E  0 4  
1 . 7 1 E  06 
4 . 9 7 E  08 
1 . 4 1 E  05  
1 . 4 9 B  014 
1 . 4 7 E  03 
2 . 1 3 E  06  
Q . 8 6 E  06 
4.68E 0 3  
3 . 3 2 E  04  
7 . 5 7 E  06 
2-57'!? 05 
1 . 0 5 E  07 
3 . 1 2 E  O(d 
1 . 2 2 E  06 
2 . 5 2 E  08 
2 . 0 3 E  01  
6 . 1 0 E  10 
7 . 1 U E  10 

2 . 8 5 E  08 
7 . 8 8 E  0 9  
1 . 4 1 E  11 

1 0  .ooo 
3 . 6 7 E  01 
2 . 2 5 E  01 
3 . 4 0 E  03 
3 . 5 1 E  08 
7 . 3 6 E  0 2  
7.02E 0 4  
8 . 7 8 E  05 
Y " 2 0 E  8 1  
2 . 0 4 E  04  
5 . 8 5 E  0 4  
5 . 0 2 E  07 
9 . Q 9 E  00 
3 . 5 1 E  81 
2. 9472-01 
8 . 7 8 E  03 
1 . 7 0 E  07 
2. 9 4 E - 0 1  
3 . 5 1 E  01  
1 . 2 8 E  0 4  
4 . 2 0 E  05 
2 . 0 4 E  07 
1 . 1 7 E  09 
2 . 0 4 E  06 
1 . 4 7 E  0 5  
1 . 4 5 E  0 4  
2. 5 5 E  07 

1 . 4 1 E  0 4  
3 . 2 7 E  05 
7 . 6 2 E  06 
1 . 0 0 E  06 
1.819 07 
9 . 4 2 E  0 4  
2 . 9 4 E  06 
2 . 5 4 E  09 

5.00E 10 
3.483 10 

2 . 8 1 E  08 
1 . 0 7 E  05 
8.70Y 10 

2 - 2 6 ~  07 

100 ,000  1 , 0 0 0 , 0 0 0  

9 . 9 7 E  0 2  1 . 4 2 E  03 
5 . 2 2 3  0 2  1 . 2 9 E  03 
7 . 9 1 E  0 4  1 . 9 6 E  05 
2 . 7 8 E  09 4 . 9 9 E  08 
2 . 0 0 E  0 4  2 .854  0 4  
5 . 5 6 E  05 9 . 9 9 Y  0 4  
6 . 9 5 E  06 1 . 2 5 E  06  
1 . 1 4 E  03  1 . 6 3 E  03 
4.75E 05 1 . 1 8 E  06 
4 . 6 3 E  05 8 . 3 1 E  0 4  
3.972 05 7 . 1 3 E  07 
2 . 3 2 E  0 2  5 . 7 5 E  02  
2 . 7 8 E  02 4 . 9 9 E  01 
8 . 0 0 E  00 1 . 1 4 E  01 
6 , 9 5 E  0 4  1 . 2 5 E  0 4  
3 . 9 6 E  0 2  9 . 8 0 E  0 2  
8 . 0 0 E  00 1 . 1 4 3  01 
2 . 7 8 E  02 4 . 9 3 E  01 
2 . 9 7 E  0 5  7 . 3 5 2  0 5  
l . 1 4 E  07 1 . 6 3 E  07 
4.75E 08 1.18E 0 9  
9 . 2 6 E  09  1 . 6 6 E  0 9  
4 . 7 5 E  07 1 . 1 8 E  08 
4 . 0 0 E  06 5 . 7 1 E  06 
3 . 9 4 E  05 5 . 6 3 E  0 5  
S.9rdE 08 l . 4 7 E  0 9  
9 . 3 8 E  08  2 . 4 9 E  07 
5 . 3 8 E  04 5 . 7 1 E  0 4  
8 . 8 9 E  06 1 . 2 7 E  07 
7.YOE 06 5 . 5 3 E  06 
8 . 6 7 E  06 1 . 9 6 E  07 
1 . 4 1 E  07 1 . 1 3 E  06 
3 . 5 8 E  05 3 . 8 0 E  05 
4.54E 06 4 . 4 5 E  06 
2 . 4 7 E  08 1 . 8 4 E  08 

3 , 8 0 E  09 3 . 0 6 E - 0 2  
3,1412E 06 

2 , 3 9 F  0 8  4 . 6 0 E  07  

1 . 8 1 E  10 5 . 3 2 E  0 9  



7
5

 

c
 
0
 

k
-; 

c\1 
0
 

N
 e 

................. 
--._. _,. . .. .. _. . . . . . . . . .: .::: 

... ... . 



TL208 
TL2 0 9 
PB209 
PB2 1 0  
PB212 
PB214 
PI21  0 
BI21  I 
B1212 
BI213 
BIZ1 4 
PO2 1 0  
PO2 1 2  
PO21 3 
PO21 4 
PO21 5 
PO2 16  
PO2 1 8  
AT2 I 7  
RN219 
RN2 2 0 
RN222 
FR22 1 
R A 2 2 3  
RA224 
RA225 
FA226  
AC225 
TH23.7 
TH228 
T8229 
TH2 3 0 

U232 
U233 
U234 
U236 

TOTAL 

S.23.E 8 1  
2 e 88E-03 
1.31E-01 
1 . 97E-06 
1.45E 02 
1.16E-05 
1.97B-06 
1.87E-07 
1.45E 02 
1.31E-01 
1 . 16E-05 
1 . 79E-86 
9.29E 01  
1.28E-01 
1.16E-05 
1.87E-07 
1.45E 02 
1.16E-05 
1.31E-01 
1.87E-07 
1.45E 02 
1.16E-05 
1.31E-01 
1 . 87E-07 
1.45E 02 
1.30E-01 
1 . 1 6 ~ 0 5  
1.31E-01 
1.84E-87 
1.44E 02 
1.30E-01 
3.4 1E-03 
1.48E 02 
1.08E 0 2  
3.12E 01 
9 .  Q7E-02 
1.30E 0 3  

2.10E 0 1  
2.53E -02 
1.15E 00 
4.4 3 E - 0 4 
5.82E 01  
7 . 3 2 ~ 0 4  
Y. 43E - 3 4  
5 . 7 5E-06 
5.82E 01 
1.15E 0 0  
7.3 2E-OQ 
4*43E-OQ 
3.33E 81 
1.13E 00 
7.32E-04 
5-75E-06 
5.822 04 
7.32E-01: 
1.15E 09 
5 . 75E-Q6 
5.82E C 1  
4.32E-f'4 
1.15E 0 0  
5.75E-06 
5.82E 01  
1.15E 30 
7.32E-34 
1.15E 3 0  
5.6 7 E-86 
5.82E 01  
1.15E 00 
3.043-02 
5.63E 01 
1.08E 02  
3.12E 01  
7.47E- 0 2  
6.13E 0 2  

3.06E 00 
6.97E-02 
3.17E 00 
4.53E-03 
8.49E 00 
5. Y7E-03 
4.53&-03 
1 - 9 6  E-05 
8.49E 00 
3-17!?, 00 
5.47 E-03 
4-53E-83 
5.44E 80 
3.10E 00 
5.47E-03 
l .Q6E-05 
8.Y9E 00 
5 . 4 7 ~ - 0 3  
3.17E 00 
1.96E-05 
8.49P 00 
5.47E-03 
3.17E 00 
1 . 96E-05  
8.49P 00 
3 .178  00 
5.478-03 
3.17E 00 
1. 93E-05 
8.49E 00 
3.17E 00 
8.43E-02 
8.27% 00 
1.08E 0 2  
3.12E 01  
7. U E - 0 2  
2.33E 02 

3 - 6 2 3 - 0 3  
2.18E-Qd 
9.91E 00 
5. 'I 9E-02 
1.01E-02 
5.1 9E-02 
5 . 19E-02 
7 .0 lE-05  
1.01E-02 
9.91E 0 0  
5.19E-Q2 
5.1915-02 
6.43E-03 
9.69E 00 
5.19E--02 
7.01E-05 
1.01E-$2 
5.19E-82 
9.91E 00 
7 .01  E-05 
1.01E-82 
5 .197~-02  
9.91E 8 0  
7 .01E-05 
1.01E-82 
9,9172 08 
5.19E-02 
9 .9 lE  0 0  
6.9 1 E-8 5 
1.01E-02 
9.91E 0 0  
2 - 7 2 E - 0 1  
9 . 6YE-03 
1.08E 02  
3.11E 0 1  
7.47E-02 
2 .1 jE  02  

44-00E-09 
5.89 E-0 1 
2.68E 0 1  
3.55 E-0 1 
1.11Y-08 
3.5SE-01 
3.55E-01 
2.OUE-04 
1.11 E-08 
2 .68E  0 1  
3,5513-0 1 
3.5SE-01 
7.1 1 E-09 
2.62R 0 1  
3.55E-01 
2.OQE-04 
1 .) 1 1 E-0  8 
3.55F'-8 9 
2.68E 0 1  
2.04E-QU 
1 - 1 1  !?--os 
3.55E-01 
2.68E 0 1  
2.0 Q E ,- 0 Y 
1 . l l E - 0 8  
2.68E 0 1  
3.55E-03 
2.68E 0 1  
2.01E-04 
1 . l l E - 0 8  
2.68E 0 1  
8.00 E-0 1 
4.19E-dl 
1.07T 0 2  
3 .09F  0 1  
7.4 7 E - 0 2  
3.56E 02 

1 0 , 0 0 0  

1.32E-08 
1.43E 00 
6.49E 01 
1.99E 00 
3. 68E-08 
1.99E 00 
1.Q9E 08 
6. 30B- 04 
3.68E-08 
6.49E 01  
1.99E 00 
1.99E 08 
2. 3 5E-.O 9 
6.34E 01 
1.99E 80 
6.3O'E-OY 
3. 68E-08 
1.99E 00 
6.49E 01  
6.30E-04 
3. 68E-08 
1.99E 0 0  
6.49E 01 
6.30E-04 
3.6 8E-88 
6.49E 01  
1.99E 80 
6.49E 01  
6.22E-04 
3- 6913-08 
6.49E 01  
2.55E 00 

1.04E 02 
3.03E 01  
3. 47E-02 
6.74E 82 

100 ,000  1 ,000 ,009  

1. 32E -07  
1.63E 00 
7.QOE 01  
1.55E 01  
3-67E--07  
1.55E 01  
1.55P 01  
2.89E-03 
3. 7 .4OE 67E-07 01  

1.55E 01 
1.55E 01 
2.355-07 
V.23E 01  
1.55E 01  
2.89E-03 
3.67E-07 
1.55E 01  
7.40E 0 1  
2.89E-03 
3.67E-07 
1.55E 01 
7.40E 01 
2.89E-03 
3.6'78-07 
7.40E 01 
1.55E 01 
7.40E 01  

3.69E-041 
7.40E 01  
1.5UE 01 

2.85~. 03 

1 . 3 0 E - 3 6  
3.46-E-02 
1.57E 00 
2.78E 00  
3 -62E-06 
2.78E 00  
2.78E 00  
3 .27E-03 
3 .) 62 E - 8 6  
1.57E 8 0  
2.78E Q Q  
2 . 7 8 9  0 0  
2.32E-06 
1 .54E 00 
2.78E 0 0  
3 .27E-03  
3 .62  E-06 
2.78E 00  
1.57E 00  
3.27E-03 
3. 62E- 06 
2.78E 0 0  
1.57E 0 0  
3.2'E-03 
3.625-06 
1.571;: 00 
2.78E 0 0  
1.57E 0 0  
3.23E-03 
3.62E-06 
1.57E 00 
2.18E 00 

7.06E 01  1.SOF: 00  

7. 45P...02 7. 26E-02 
9.41E 02 Lb.3372 0 1  

2 . 3 6 ~  01 1 . 8 8 ~  00 
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Table 4 .52 .  I n g e s t i o n  toxicity ( m 3  water) of accumulated heavy isat-opes i n  l o w - l  eve1 
U-233 wastes a t  a f?d.cral rcpository in the ypar  2 0 0 5  as a f u n c t i o n  01 a y e  

TL2 0 8 
TL209 
PB2 0 9 
PB210 
PB2 1 2  
PB214 
BI210 
BI211  
BI2 1 2  
BI213  
B12 1 4  
PO21 0 
PO21 2 
PO21 3 
PO2 1 4  
PO21 5 
PO21 6 
PO21 8 
AT21 7 
RN219 
RN220 
RN222 
FR22 1 
RA223 
RA224 
RA225 
RA22 6 
AC2 2 5 
TH227 
TH228 
TH22 9 
TH230 

U232 
U233 
U234 
U236 

TOTAL 

Year 
200 5 

1.05E 04  
2.88E-01 
4.36E 01 
1.97E 01  
7.26E 06 
2.32E-02 
4.93E-02 
2.67E-OS 
3.63E 05 
2.61E 8 2  
t .93E-02 
2.55E 00 
9.29E 01  
1.2812-01 
1.16E-05 
1.87E-07 
1.45E 02 
2.89E-03 
2.18E-01 
1.87E-07 
1.45E 02 
1.16E-05 
1.63E 02  
2.67%-01 
'7.26E 07 
2.6QE 0 5  
3.86E 02 
2.61E 0 4  
9.2 OE-03 
2.06E 07 
3.24E 0 5  
1.7OE 03 
4.95E 06 
3.61E 06 
1.0QE 06 
2-49?? 03 
1.11E 0 8  

--I-._ 

100  

4.19E 0 3  
2.53E 00 
3.845 02 
4.43E 0 3  
2,91E 0 6  
1.166E 00 
1.11E 0 1  
8.22E-04 
1.46E 05  
2.30E 0 3  
1.22E 00 
6.33E 0 2  
3.73E 0 1  
1.13E 00 
7.32E-04 
5.75E-06 
5.82E 01  
1.83E-01 
1.92E 80  
5.7SE-696 
5.823 01  
7 . 3 2 E - 0 4  
1.Y4E 03 
8.22E 0 0  
2,91E 07 
2 , 3 O E  06 
2,YCdE OY 
2.3OE 05 
2,8162-01 
8.32% 06 

1.52E SU 
1.892 0 6  
3.61E 06  
1.04E 06 
2,49E 0 3  
S,25E 07 

2,8813 06 

6.12E 02 
6.97E 00  
1.06E 03 
4.53E 04 
4.25E 0 5  
1.09E 01 
1.13E 02 
2.80E-03 
2.12E 04 
6.33E 0 3  
9.11E 00 
6.46E 0 3  
5.164E 00 
3.10E 00 
5. 47F--Q3 
1. Q6E-05 
8.49E 00 
1.3-9E 00 
S.2RE 00 
1.9613-05 
8.U9E 00 
5.47E-83 
3.96E 03 
2.qOY 01 
4.25E 06 
6.33E 06 
1.82E 0 5  
6 .333  0 5  
9.67E-01 
1.21E 0 6  
7.92E 06 
(8.22E 0 4  
2.76E 85 
3.61E 0 6  
1.04E 06 
2.49E 0 3  
2.60E 07 

7.24E-01 
2 ,18E 0 1  
3 - 3 0 E  0 3  
5.19E 0 5  
5.03E 0 2  
1.04E 02 
1.30E 0 3  
1 . 00E-02 
2 , S l E  01  
1.98E 0 4  
8.65E 0 1  
7.42E 04 
6.4372-03 
9.69E B O  
5.19E-02 
7 .  M E - 0 5  
1.01E--02 
1.30E 0 1  
1.65E 0 1  
7 .  WE-05 
1.01E-02 
5.19E-82 
1.24E 0 4  
1.00E 0 2  
5.03E 0 3  
1.98E 07 
1.93E 06 
1 .98E 66  
3.45E 0 0  
1.44E 0 3  
2,48B 07 
1.36E 0 5  
3.21E 02 
3.60X 0 6  
1 .04E 0 6  
2.49E 0 3  
5.3-9E 8 7  

8.00E-07 
5.89E 01  
8.93E 0 3  
3.35E 06 
5.56E-QQ 
7.10E 0 2  
8.87E 0 3  
2.9 1 E-02 
2.78E-05 
5.363 0 4  
5.92B 0 2  
5.07E 05 
7.11E-09 
2.62B 0 1  
3.55E-01 
2.04 E-04 
1.11 E-OS 
8.87E 01 
4.46E 0 1  
2.04E-QQ 
1.11 E - 0 8  
3.55E-01 
3.35E 0 4  
2.91E 0 2  
5.56E- 0 3  
5.36E 0 7  
3.18E 0 7  
5.36E 06 
1.01E 0 1  
1.59E-03 
6.69E 07  
4.OOE 0 5  
1.4OE-06 
3.57E 06  
1.0333 06 
2.Y9E 0 3  
1.47E 08 

2.65E-06 
1.43E 02 
2.16E 8 4  
1.99E 0 7  
1. 84E-03 
3.99E 6 3  
4. 98E 0th 
9.01E-02 
9. 20E-Q5 
1-30)?, 0 5  
3.32E 03  
2,85E' 06 
2. 3 5E-O 9 
6.34E 01  
1.99E 00 
6. 30E-04 
3.6 8E- 08 
4.985 02 
1.08E 0 2  
6. 30E-04 
3.68E-08 
1.99E 80 
8.11F 0 4  
9.01E 0 2  
1. 8OE-02 
1.30E 08 
6.64E 0'7 
1.30R 0 9  
3.11E 01 
5. 26E3-"03 
1.62E 08 
1.28E 0 6  

3.4QF Oh 
1.01E 06 
2.149E 0 3  
4.00E oe 

2.64E-05 
1.63E 02 
2.47E OQ 
1 .  55E 0 8  
1.83E- 02 
3. 10E 04 
3.88E 05 
4. 13E-(91 
9.17E-04 
1.48E 05 
2.59E 04 
2.22E 0-7 
2 .35E-07  
7.23E 69 
1.55E 89 
2.89E-03 
3.67!?--07 
3.88E 0 3  
1.23Y 8 2  
? , 8 9 ~ - 0 %  
3 ,678-07  
1.55E 81  
3.25E 64 
4-  d 3 E  03  
1.83E-8 t 
1.48E 0 8  
5. 1 7 E  08  

1.42E 82 
5. 24E-02 
1.85E 0 8  
7.72E 06 

2.  35E 06 
7.85E 05 
2.48E 03 
1.05E 0 9  

i.raae 07 

.." 
1 , 0 0 0 , 0 0 0  

2.61E-04 
3.46E 00 
5 .24E 02 
2.79E 07 
1.81E-01 
5.56E 0 3  
6.95E 04  
4 s 6 9E-01 
9.05E-03 
3.15E 0 3  
4.63E 0 3  
3.97E 06 
2.32E-06 
1 . 5 4 E  00 

3. 2 7E--03 
3.62E-06 
6.Q5E 02 
2.62E 00 
3.27R-03 
3.62E-06 
2.78R 00 
1.97R 0 3  
4.68E 0 3  
1.81E 00 
3-15!? 06 
9.27E 07 
3.15E 05  
1.61E 0 2  
5.17E-01 
3.93E 06 
1.39E 06 

5-01??, 0ls 
6.25E 0 4  
2.42E 0 3  
1.33K 0 8  

2 . 7 8 ~  00 
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and then shi-ppcd by r a i l  to a reposi ttmy for  long-term s torage .  A n  

individual shipment c o n s i s t s  of s i x  gas cyl inders  contdiiied i n  a 

spcciakly-designed w a t e r - ~ f i l  led cask. 3 0  

4.6 Iodine 

Iodine i s  a semivoPati.1.e f i s s i o n  pr:oduct which , because of i . tx 

cornplex physical and chemical proper t ies  arid i t s  high b.i..olog.i.caJ_ 

s i y n i f  icance , has always required special  a t t e n t i o n  to ensi i re  adeynate 

s a f e t y  i n  its manag-ement. About 0.01 y of iodj..ne isotopes i -s formed per 

MWd (khermal) , and t h e  isotope of greatest  concern during reac tor  

operation a n c ~  fuel.  reprocessing i s  8 -05-d 'I. H ~ W V C X - ,  ~ F E  species 

of consequence to longer-term waste management i s  1.6 X 10 -y 

which. comprises abcru:t: ITS% of the weight of the f.i-ssio1-n product i o d h e  

isotopes i n  spent fuels at.: the t i m e  of reprocessing. 

7 29.T 

Research and devel~pment  work  aimed a t  reducing iodine releases 

from fue l  r e p r o c e s s i n g  pl.a.wnt:s t o  "near zero '' l eve l s  shows promise of 

removing a t  ].east 99.9% o f  it E r a m  other fuel cons t i tuents  by 

v o l a t i l i z a t i o n  a t  the head-end of the process. 2 9  Once separated, i:t 

w ~ ~ 1 1 . d  subsequent-ly be trap,pecl and ret-airied separa te ly  from tfne other 

waste streams. The f i n a l  form i n t o  which t h e  iodine may be processed 

f o r  packaging, shipment, arid disposal has n o t  been defined as y e t ,  but 

concentrates of ' 2 9  1 must: 1recei.ve ca re fu l  a t t e n t i o n  because of .this 

isotope 's very l o n g  h.alf-li.fe. 

~ h c  accumu1at:ion of f i s s i o n  product iodine i s  given i n  Tab le  4 .54 .  

I n  constructing t h i s  t a l ~ l e ,  i t -  w a s  assvmed that  99.9% o f  the iodine 

was recovered i n  a pure for-rn a t  the repmcessing plants ,  c o n v e r i ~ d  

t-o barium ioda te ,  concreted, and stored F o r  1 year before shipmcnt  t o  

a repository o r  to  a disposal s i t e .  'I'lze bari-irm iodar e was assmzec3 to  

be concreted wi th  a mixture of cement, water, and 0.9 wt % butyl  s t e a r a t e  

( t o  reduce thc iodine leach r a t e )  resill t i ng i n  a pro(i1xc:t conta in ing  10 r & ~ t  % 

i o d i n e .  3 1  

per cub ic  foot. It is shipped by motor f r e i g h t  i n  Type 17C, 5 5  druins, 

64 d r u m s  per shiprnent. Thc  m i  nirn~lm rr11~1~er of ani iua l  sli i pmen i s is i a k c i l  

to be one PCW reprocessing plaznt. 

On a volumetric basis, t h e  pp.cx31ict contains 5 - 2 9  kg 01 iodine 
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4 . 7  Carbon-14 

Carbon-14 i s  produced i n  oxide-fueled r eac to r s  principal.1.y by an 

(n ,p)  reac t ion  w i t h  I 4 N  .i-mg?urity i n  t h e  f u e l s l  h u t  also a s  the product of 

an  (n,Ci) reac t ion  w i t h  170. I n  HTGRs ,  it i s  a l s o  produced by (r1,a) 

reac t ions  with the yraphi-tz fuel. blocks. The chemical behavior of 

carbon during n i t r i c  aci-d dissolut.i.on of the fuel- i.s not known. The 

assumption most o f t en  made i s  t h a t  i t  w i l l  be released as a gas, most 

probably ( 2 0 2 ,  from the d i s so lve r .  In  HTGR f u e l  reprocessing, khe "C wil.1 

be oxidized with the  graphite i n  tihe f u e l  block burning s t ep .  

T h e  1 4 C  a c t i v i t y  which appears i n  the fue l  reprocessing p l a n t  

depends on the  amount of nitrogen impurity i n  the  f u e l ,  A value o f  

25 ppm nitrogen has been wecornended for  LWR f u e l s ,  although values 

from 1 ko 100 ppm have been observed- 3 2  

f u e l  bl.acks i s  assumed to  be 30 ppm, i n  c lose  agreement w i t h  va.l.ues 

used elsewhere. 3 3  

t o  be 25 ppm. The 

'The nitrogen content of HTGR 

'The nitrogen content of LMFRR f u e l  i s  a l s o  assumed 

1 4 C  a c t i v i t i e s  r e s u l t i n g  i n  spent f u e l s  from the 

reference r eac to r s  a r e  as follows: 

''(2 Act iv i ty  
(Ci/MTHM) 

...._I___m 
Reactor 

PWR-U 0.598 

PWR-PU 0.314 

BWR-U 

'SWR-PU 

HTGR 

LMFBR 

0.539 

0.293 

16.5 

0.454 

The projected annual accumulations o f  1 4 C  which w i l l  be generated by LWRs 

and LMFBRs are given i n  Table 4.55. 

4 - 8  Tritium 

Tritium wastes arc generated a t  nuclear power s t a t i o n s  and a t  fue l  

reprocessing p l an t s  T r i t i u m  i n  l i g h t  water reactor wastes a r i s e s  

p r inc ipa l ly  from neut:ron reac t ions  w i t h  l i g h t  elements such as  lithium 

and boron t h a t  may be present  i n  t he  primary coolan ts ,  New power 



le 4.55. a 1 acc r f u e l s  

Year 

5 5 8 1  
1982  
1383 
1984  
1985 
1986 

1 9 9 6  
1 9 9 7  
1998  
1 9 9 9  
2000 

15.8 
605 
66P 
7 4 9  

1059 
1546 

46 30 
5450 
6 1  10 
5480 
4 ? 6 7  

0 
0 
0 
0 
0 
1 
1 
2 
2 
2 
5 
6 
7 
8 
8 

10 
17 
3 0  
5 2  
87 

1 9 8  
6 0 5  
6 6 8  
7 4 8  
505@ 
1547  
1466 
1 6 8 3  

32 50 
377  a 
396s  
4 4 6 0  
4 6 9 0  
5 4 6 4  
5 1  40 
5 5 3 2  
50 4? 

TINE AFTER SHUTDOWN,  YEARS 

A ti0 

198 
8 0 3  

1471 
2 2 1  9 
3278 
rig23 

3554 6 

5 
7 
9 

15 
21 
28 
3 6  
4 4  
54 

198 
803 

1471 
2219 
3 275, 
4 8 2 5  

3 5 6 0 2  
4 0 9 9 4  7 1  41064 
4 7 0 9 8  101 4 7 1 9 3  
52573  153 52726 
57527 240 57767 

7 
1 
2 
7 
1 
6 

0 0 
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 he projected acciimu7 a t i o n  of t r i t i u m  i n  t -12~  . f o r m  of t r i t i a t ed  

w f 3 t c r  from the pr imary coolant; circi.ii1.-s o f  LWRs is presented i n  ~ a t - ~ l t ~  

4 .56 .  A f t e r  storage a t  the powers  s t a t i o n s  fop. onc year, t h i s  water is 

shipped to a d i s ~ . x ~ s a l  s i t e  in tank. t r u c k s  o f  4000 gal- capa.c.i ty each 
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Shipments and accumulations of f ission-product t r i t i u m  one year 

a f t e r  i t s  separation from spent f u e l  a t  reprocessing p l an t s  arid LMFBR 

power s t a t i o n s  a r e  presented i n  Table 4.5'7. I t  i.s assumed that thi.s 

t r i t i um is  recovered i n  water at. a concentration of 200 C.j-/liter and 

i s  then immobilized a s  C a  (OH) 2 .  The t r i t i a t e d  Ca (OW) 2 i.s packaged 

for shipment i n  Foarnglas shipping containers EO.16 f t 3  of C a ( Q H )  2 per 

container] and shipped by motor f r e i g h t  to  a repository f o r  long-t~erm 

storage - Each shipment consi-sts of 64 containers c a r r y k g  a total 

ne t  payload of 10.2 f t 3  of ca(01-1) 2 .  

These diverse  s o l i d  wast:es a r e  comnon t o  all f a c i l i t i e s  handling 

radio.active mater ia l s .  They range from concentrates of the  radio-- 

nuclides generated in the decontamination of plant, e f f l u e n t  streams t o  

almost: every conceivable type of contaminated s o l i d  refuse from p lan t  

operations.  They normally r equ i r e  minimal s h i e l d i n g ;  and ,, s i n c e  they 

contain l e s s  than 10 n C i  of long-lived alpha a c t i v i t y  per gram, they 

a r e  cur ren t ly  di.sposable i n  surface burial. grounds Based on operating 

experiences a t  EKDA s i t e s ,  we estimate t h a t  40 ,000 ,  80,000, and 16,000 

f t 3  of ~ e s e  wastes per ton of p lu ton ium o r  2 3 3 ~  processed wi1.1 be 

generated a t  f u e l  preparat.ion, f ab r i ca t ion ,  and reprocessing p l an t s  

respec t ive ly .  Thei r  averaye radlioactivi:ty l e v e l  is  taken t o  h e  1 C.i. 

of a 160-day-old LWR fission-product mixture  per c1ibi.c foo-t: Additionally 

we estimate that 15,000 f t 3 / y e a r  will.. be yznerated a t  each 1000-MW(e) 

power s t a t i o n .  3 5  

0 . 2 ,  and 0 .3  Ci of a 160-day-old mixture of j-nduced (corrosion product) 

isotopes per cub ic  foo t  during the  years 1971  t o  1985, .L986 t o  1990, 

and 1991 t o  2000, respec t ive ly .  The wastes a r e  packaged i n  Typz 1 7 C 1  

55-gal s t e e l  c3lrums and shipped by motor f r e i g h t  t o  l icensed burial. 

grounds 1 year a f t e r  "heir generation. Individual shipments cons~ . s t .  

of 64 drums containing a t o t a l  of 475 f t 3  of waste, and 1 acre  of land 

is  u t i l i z e d  f o r  the burial of  each 50,000 ft3 of w a s t e .  

'These reac tor  wastes a r e  assumed to  contain 0 . 1 ,  

The projected annual and accumulated amounts of eoiripactcld, so1 i d  

non-TRU wastes from reac to r s  a t  one QY n m r e  surface burial  grounds 
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Pear 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1 s79 

1992 
1993 
1994 
1995 
1996 
1997 
1998 
1 999 
2000 

Table 4.60. Projected 

* * - Vo a 1  

of 
( M i  t Y  r 

0.82 
0.77 
1,43 
2.28 
2.73 
3.58 
2.93 
3.26 
3.22 
4.16 
4.99 

14-58 
15.81 
16.54 
16.85 
17.23 
13.00 
18.90 
1 9 - 7 8  
20.26 

132 
125 
231 
369 
442 
578 
4 74 
526 
521 
673 

2357 
2555 
2674 
2724 
2785 
2909 
3 0% 
31 97 
3274 

R s 

0 - 0 1  
0.0 1 
0.02 
0.03 
0.03 
0.04 
0.03 
0.04 
0.ot) 
0-05 

0.17 
0.1 8 
0.19 
0.20 
0.20 
0.21 
0.22 
0.23 
0.24 

0.21 
0.20 
0.36 

0.70 
0.91 
0-75 
0.83 
0.82 
1,06 

0.58 

3.72 
4.03 
4.22 
4.29 
4.39 
4-59 
4-82  
5,04 
5.16 

0.001 
Q.002 
0.003 
0.005 
0,008 
0,012 
0.015 
0,018 
0,021 

0 .171  
0 -  188 
0.205 
0.222 
0.240 
0.259 
0.279 
0.299 

132 
257 
4 87 

1298 
1877 
2351 
2877 
3398 
4072 

a57 

27669 
30343 
33067 
3 5 8 5 2  
38761  
41816 
45012 
4 8 2 8 7  

{MCij 

0.0 
0.0 
0.0 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.3 
0 . 3  
0.4 
0.5 
0.6 

0.9 
3.0 

1.6 
1.8 
1.9 
2.1 
2.3 
2.5 
2.7 
2.9 
3.2 
3.4 

3.4 

0.5 
0.2 

( K W f  

0.2 
0.4 
0.8 
1.3 
2.0 
2.9 
3.7 
4.5 
5.3 
5.3 
7.6 
9.0 

10.6 

39.0 
43.0 
47" 1 
51.3 
55.6 
60.1 
64.9 
69.8 
94.9 

74.9 

4.7 

Air 

1.33 16 
2.5E 16 
4.8E 16 
8.4E 1 6  
1 . 3 E  17 
1 - 8 3  17 
2.3E 17 
2.8E 17 
3,3E 17 

2.73 18 
3.OE 18 
3.3E 18 
3.5E 18 
3 . 8 E  18 
4.1E 18 

4.7E 18 
4 - i ) ~  18 

4.OE 10  
7 - 3 3  1 0  
1.5E 1 1  
2.6E 11  
3.9E 1 1  
5.6E 1 1  
7.OE I t  
8.6E 1 1  

12 
12 
12 
1 2  
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

8.3E 12 
8 , I E  12 
9.9E 12 
1.1E 13 
'1-2E 13 
1,3E 13 
1 , 3 E  13 
1.4E 1 3  

1.4E 1 3  
1 3  
1 3  
1 3  
13 
13 
12 
12 

7.3E 1 1  
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APPENDIX A 

Radioact ivi ty  and igh-Lcvcl Waste from 

of r Types 
One M e t r i  1 as a Funct ion 
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Table A . I .  Curies of heavy isotopes i n  the hi.yh-kevc1 w a s t e  f r o m  one 
metric ton of uranium-enriched PWR f u e l  as a func t ion  of t i m e  

CHARGE DISCHARGE 3.  Y 10.  Y 1 0 0 ,  $I 1000.  Y 10000.  Y 
EB212 0.0 3,11rE-03 1.12E-03 2 e I 3 E -  4 6.5QE-05 1.15E-08 1.07E-09 
BI212 0.0 3,14E-03 1.12E-83 2*13E- 44 6.58E-6fi 1.15E-08 1.07E-0’3 
YO216 0 .0  3,14E-03 1.12E-03 2,13E-04 6.5OE-85 1.15E-08 1.07E-09 
EM220 0.0  3, l4E-03 1.12E-03 2.13E-04 6.5QZ-05 1.15P-08 1.07E-09 
RA224 0.0 3.14E-03 1.12E-03 2,%3E-C)4 6.SQE-05 1.15E-08 1.07F-09 
TH228 0.0 3.12E-03 1.1 l e -03  2 ,12E-%)4 6.5OE-85 1.15E-08 1.O”I-09 

5.92E-0 1 5.93E-01 5.94E- 1 6 .O 1E-0 4 6,3%-0l  6 e W E - 0  1 
PA234M 0 .0  3.948-01 1.57E-03 1.57E~-03 1.57E-(a3 1.57E-83 1.57E-03 
U234 1.79E 0 8  4e86E-0@ 5.33E-03 6.67E- 3 1.912-02 3,40E-02 3,336-02 
a236 0 .0  1.30%:-83 1.30E-03 1.30E- 3 1.322-03 1.51e-03 2.7OE-03 
u2.37 0.0 1.53e-0; 1.29X-02 9.24E- 3 1.3OE-Q4 9.89.E-07 4.65E-07 
U238 3.22E-01 1.5”1-03 1.57E-63 1.57E-03 1.57E-03 1.572-03 1.57E-03 

NP237 0 .0  5,93E-Q1 5.93E-01 5,94E-81 6,OlE-01 6.35E-01 6.44E-01 
NP239 0.0 1.73E 8 1  1.73E 0 1  1.”13E 01 1.7 8E C l  7.01E 00 
PU236 0.0 2 , ? 1 E - O Z  1.34E-G3 2.38E-04 7.4 0 .0  
PU238 0.0 2,5QE 00  6,93E 0 1  6 . 6 S E  01 3.5 4E-01 2. 25E-18 
PU239 0.0 1.622 0 6  1.62E 00 1.63E 00 1.67E 0 0  2 , W E  08 3.99E 0 0  
PU240 0.0 2,bbIE 0 0  2,98E 00 4.09E QO 7.51E 00 6.96E 00 2,’76E 0 0  
PU241 0 .0  6.18E 82 5,368 02 3.853 C2 5.41E 06 4,12E-02 1.94E-02 
BU242 0 .0  8.69E-03 8,’BOE-O3 8.716-83 8.138E-03 9.24E-03 9. 4313-03 
AH241 0.0 2 ,38@ 02 2*40E 0 2  2.42E C2 2.21E 02 5,2532 01  1.9YE-02 
AM242M 0.0  7.25E 0 0  7.15E 00 6 .926  60 4.59E 0 0  ”458E-02 1.13E-19 
A M 2 U 2  0.0 7.25E 00 ’4.1% 00 6.92E 00 Y.59E 0 0  7.58E-02 1.13E-19 
A B 2 4 3  0.0 1.73E 0 1  1.73E 01 1.73E 1 1.72.E 0 1  1.58E 01 7.01T 0 0  

1.37E 0 4  1.35E 82 5.683 0 3.7’33 00 6.216-02 9.3lE-20 
2.93E 00  2,74E 80 2.36E 0 3.35E:-01 1.14E-09 0.0 
1.97E 02 1.76Z 0 3  1.353 3 4,28E 0 1  4.7lE-16s 1.17E-14 

ca245  0.0 4 47E-0 2 4 . 47E-Q2 2 4.43fi-02 4.11E-02 1.93F-02 
cn245 0 . 0  9.33E-03 9 .33E-03 9.32E-03 9.2OE-03 8.06E-03 2.14E-03 
S U B T O T  2,12E 00 1.65E 0 4  2,80E 03 2.1OE 03 3.63E 02 9.50E 01 2,%2E 0 1  

3a44E-01 1.5’4E-03 1.5”;a~- 3 1.57E-03 1.57E-03 1.57E-03 

TOTALS 2,19E 00  1.66E 0 4  2,80E 0 3  2.10E Q3 3.63E 02 9.50E 01  2,%3‘E 0 1  
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T a b l e  A . 2 ,  C u r i e s  of fissi topes i n  t h e  
one m e t r i c  ton of uraniu  fuel as a f 

C H A R G E  C I S C H A R G E  Y 100. P 380 
01 3.87E-01 3 

04 6.46E 0 3  7 
04 6.462 0 3  1 

1 1.44E 01 
2 6,223-25 
2 6,22E-25 
1 1.15E-01 

1 4.42E-02 1-67 

2 8-48E-08 0 
2 8.27E-02 8 

3 5-62E-10 0.0 
1 3.773-01 3, 
4 1.08E 04 1. 
4 1.O2E 04 1. 

9-08E 0 4  4-1 03 3-02E-07 0.0 0.0 
3.12E 03 1. 5 .3OE 0 2  6.4 

3.88E 00 0,O 
1.35E-03 0.0 0.0 

TOTALS 0.0 
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Table A . 3 .  Curies of heavy isotopes i n  t h c  h i g h - l e v e l  waste from one 
metric t o n  of plutonium--enriched PWK fuel as a f i i n c t i o n  of time 

100. P 
1 . 5UE -03 
1.79E-0 I 
1.5UE-03 
2-  1OE-0 3 
9 e 9 4E -04 
1. SQE-0 3 
1.79E-03 
2.70E 02 
5.603 02  
U,16E 00 
1 . 5 ' J E  02 
4e13E 0 7  
1 . 0 32 -0 1 
1,80E 03 
2.3YE 0 5  
2,3UE 02 
2.702 02 
1.92E 02 
3.1oe 00  
1 , l B E  0 3  
1.55E 0 1  
2.96E 8 8  
0.0 
9.53E-=Qal 
4.6 2E -0 5 
1.66)e-Isr 
4.96E 0 3  

1000. Y 1ocoo. Y 
1 .SYE-03 1.54E-03 
4Q59v3-C1 5-94E3-01 
1.54E-Q3 1.54E-03 
5.24E-01 5. as!?-o1 
3.46E-04 l.62E-016 
1.54E-C3 1 . 54E-  0 3  
Q-59E-63 5.7'4E-01 
2,496 02 1.liOE 02 
7.74E 00 1.14E-17 
1.66E 0 1  4a60E 01 
1.41E 02 5e59E 01 
1.QYE 0 1  6,798 O Q  
1.24E-01 1 . Q6E-0 1 
4,37E 02 6.77E 6 0  
3.85B 00 5,758-18 
3.85E co 5.46E-18 
2,169E 02 l.lOE 02 
3.16E CO 4,73E3-38 
1.66E-08 0.0 
1.93E- 1% 6*57E-12 
1 .4YE 01  6.76E 00 
2 - 6 0 E  00 6.90E-01 
0.0 0.0 
1.42E-80 3.25E-12 
Qa62E-I2 3.23E-12 
0.0 0.0 
l.l&E 03 3 . 4 5 E  02 



J.01 



102 

Table A . 5 .  Curies of heavy i-sotopes in t h e  high-level waste from one 
metric ton of uranium-enriched BWR f u e l  as a func t ion  of t i m e  

TOTALS 1.SOE 00 1.25E 04 2.3OE 03 1.75E 0 3  3,672 02 9.29E 01 1.87E O f  
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Table 24-6, Curies of f i ss ion  topes i n  t h e  h -level. waste from 
one mctric ton  of uran  fuel as a func t ion  of t i m e  

Y 700. Y Y 

T B T E L S  0.0 

0 1  3m21E-01 
17 0.0 
04 5.253 63 
04 5a25E 03 
14 0,o 
06 2.4133 00 
12 0.0 
00 2.28E Q Q  
12 0.0 
14 ( I e O  
01 d . 2 1 E  0 1  
82 4,77E-25 
82 4.773-25 
02 9.95E-02 
QO 0.0 
01 2.37E-01 
03 Q,Q 
01 L76E-02 1. 
06 0.0 
01 5.03E-01 
02 6,793-08 
02 7.OYE-02 
01 5m03E-01 
Q2 1e66E-08 
07 8.0 
67 0.0 
03 4.05E-10 0 
01 3*81E-01 3 
04 8a93E 03 8 
811 8.493 0 3  8 
8 1  0.0 
01 0.0 
01 0.0 
03 2.65E-07 0.0 0.0 
02 4.61E 0 2  5 
00 5.56E-02 7 
03 3a00E 00 0. 
02 1.07E-03 0. 
04 O a O  0,0 0.0 
13 0.0 0, 8.0 
05 2.81rE 04 1. 0 1  1.81E 0 1  

3e07E 86 5,382 0 5  2e53E 05 2.843 04 1 a 9 1 E  01 1.81E 01  
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100. P 1000. Y 10000. Y 
I . 5 48 .a 0 3 1 56 E - 03 1 56 X -0 3 
1.74k:-QI 4,SlbE-CI 6.12E-09 

-03  1.56E--O3 1.56E-*03 
-01  Je63E-Ol 3.56E-01 

9.46E-04 4=00E-OQ 1.88E-OQ 
1.56E-03 1.56E-653 1. t B E - 0 3  
1 , " P E - 8 1  4.8QE-84 6.12E-01 
2.15K 0 2  1.98E c 2  8.97E 01 
3 . 9 l E  0 2  4 , 8 7 E  00 7.16R-18 
3.55E 00 8.68E 00 3.68E 01 
1.11E 02 1.OUE 0% 4,12E 01 
3 . 9 Q E  09 1.67E 01 7.84E 00 
8.16E-02 9.69E-82 1.21E-01 
1,992 0 3  4 . 8 Q E  C2 7 . 8 Q E  0 0  
1.46E 02 2,YZE 00 3,6'lE-18 
7 . Q . g E  02 4 * 4 2 E  c o  3.6lE-18 
2.7% 02 1.98E 02 8.77E 0 1  
1 . 2 Q E  02 1.9EIE 00 2-972-18 
2 . O B E  0 0  6.82E-09 0.0 
8.53E 0; 1.57E-12 6.E3E-12 
1.80E 01 1.66E 01 7.83E Q Q  
3.27E 00 2.86E 00 '7.62E-01 
C O O  Q , O  0.0 
8.99E-04 1 .53E-CY 3 . Q b E - 1 2  
1 . U Q E - 0 5  3.30E-12 2 "  31E-12 
d.28E-14 0.8 0.0 
4.2% 0 3  1.04.E 03 2,79E 0 2  



A.8, C u r i e s  af f i s s i o n  pr 
'c t o n  of p l u t  R fuel. as a f-cz 
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T a b l e  A . 9 .  Curi.es of heavy isotopes i n  the high-level waste f r o m  one 
m e t r i c  ton  of blended LM%;'BR fuel  as a f u n c t i o n  of t i m e  

CHAEGE D I S C H A R G E  3 ,  Y 10. Y 
TL2C8 0.0 "75QE-03 2e70E-03 4m42E-04 
PB212 0.0 2 *  lOE-Q2 7.49E-03 1.23E--03 
BI212 0.0 2.10 E-Q 2 7 . 493-03 1 . 23 E-63 
PO212 0.0 1.34E-02 4,79E-O3 7.8623-84 
PO216 0.0 2.10E-02 '7.49E-03 1.23E-Q3 
tiN220 0.0 2, lo$-02 7.49E-03 1.23E-03 
RA.224 0.0 2.10E-02 "lQ9E-013 4.23E-03 

TH234 0.0 2,87E-01 l.43E-83 1.436-03 
PA233 0.0 1.4433-01 1.47E-01 1.52E-01 

u234 0.0 6.29E-04 3,24E-03 1.03E-02 
u237 0.0 1.788E-01 6.17E-02 U m  
U238 3.03E-01 l.43E-OZ 1.432-03 1. 

TH228 0.0 2. l2E-02 7.45E-03 1.223-03 

PA234bS 0.0 2 m 87E-0 1 1 43E-03 4 43 E-03 

N?23-7 0.0 1.45E-07 1.47E-01 1.52E-81 

PU236 la.88E 00 1.29E-02 6,21E-O3 7.13E-03 

PU2.29 3.21E 03 1.93E 01 9.83E 0 1  1.93E 01 
PU24Q 4.66E 0 3  2.62% 0 1  2.66E 03  2,75E 01 

PU242 1.32E 01 "417E-02 7 . 1 8 X - C Z  7.21E-62 

AM242M 0.0 1.13E 02 1.11E 02 1.08E 02 
A l l 2 4 2  0.0 1.13E 02 1.11E 02 1.08E 02 

MP239 0.0 5 . 4 l E  01 Sa4lE 01 5 a 4 l E  01 

PU238 2.73E 0 4  9.4OB 01 3a64E C2 3-52E (12 

P U 2 4 l  1.00E 06 2e96E 03  2msyE 03 1084E Q3 

A M 2 4 1  0.0 2 m 2 6 E  03 2a26E 03 2 e 2 6 E  03 

AH243 0.0 5 e 4 l E  01 5041E 01 5. 
CN242 0.0 5 e 5 4 B  0 4  6alSE 02 8.856 01 
cp11243 0.0 4.53E 01 4,24E 0 1  3.65E 01 

1.48E 0 3  1.32E 03 1.01E 0 3  
8.88E-02 8,882-02 8,88E-02 
4.01E-03 U,OlE-Q3 4.QllE-03 

SUBTQT "903E 06 6.26E 04 7.54E 03 5.95E 6 3  

TOTALS 1.03E 06 6.2QE 04 7 . S 4 E  03 5.95E 03 2.64E 8 :  E , 3 0 E  C2 7.96E 01 
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h.10. Curies of topes in t h e  h e from 
one m e t r i c  to f u e l  as a func 

C H A R G E  CISCHARGE 10, Y 

TOTALS O e O  

4.OOE 0 3  9 
4 , Q l E  03 9. 

7.60E: 0 1  7 

1.723-24 0, 
2.35E-01 2, 

3e42E-06 lo2  

1.87E 00 1, 

1.15E 04 1, 
1 e 2 7 E  04 l e  

1.09E-06 0 
2.263 03 2 
6 , 8 O E - O 2  9 
7,21E-01 0 
1008E-02 0 

3.39E 04 2.86 

9,29E 06 9-2 E 0 5  3,39E 04 2. 
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Table A.11. C u r i e s  of heavy isotopes in the high-level waste f r o m  one 
metric ton of UTGR fue l  as a func t ion  of time 

TL2 87 

T L 2 0 E  
PS21 I. 
PB2 12 
BP2A 1 
BL212 
PO21 2 
P O 2 1  5 
P O 2 1  e 
RN21 
RN22Q 
FR223 
R A 2 2 2  
R A 2 2 4  
R A 2 2 e  
AC2 2 7 
AC228 
T H 2 2 9  
TH22f? 
P A 2 3  1 
P A 2 3 2  

W 2 3 2  
w232 
W 2 3 Q  
U23E 
U23 7 

NP237 
N P 2 3 9  
PU236 
PU23t3 
PW235 
PU240 
PW24 1 
PU242 
A M 2 4  1 



t isotopes in t he  h f r o m  T 12. Curies af fissi  
one metric ton  of 1 as a €unction 

CHARGE D P §CHARGE 3, v 10. Y -1CClr Y lCCl0e Y l b Q 0 0 0  Y 

1 0 l f E  0 5  
4 05 1 E-0 2 

2 r 9 O E - 0  1 
2.07E 0 0  
1.QOE 00 

8045E 03 
8062E 03 
6.35E 0 5  
9 r O O E - O  1 
3a02E 0 %  
2 ~ 8 6 E  OE 
l r 3 8 E  06 
1*38E 06 
1066E 64 
1w57E 0 5  
6 r 4 4 E  02 
2 r 6 2 E  00 2 
2.33E 64 1 
4.52E 03 
6.466 01 1 
6 e D 6 E  06 1 

4.71~ a3 

1.7PFE 00  
0, c 
265Sf 04 
2.ZSf  04 
O * C  
1.C3E 01 
Or C 
s o 7 7 E  0 0  
0.0 
0.0 
3 .3eE 01  

1. E E E - 2 S  
4 0  E I€-02 
0 . c  
3r 52E-8 1 
c ,  c 
2 . 2 4 E - 0 2  
6.0 
2.07E 0 0  
1,082E-07 
2 w  0 S E - 0 1  
2 . C 7 E  0 0  
CI.0 
4.446-08 
0 . 0  
Q r C  
1. 5 €E-09 
C.CCE-01 
EOC2E 04 
20eZE 04 
C. c 
Q.C 
C. c 
J 2 4 E - 0  7 
J e C Z E  02 
1.2€€-02 
7.35€ 0 0  
20  46E-03 
0 . O  
1.11E 05 

1. e e ~ - 2 5  

Tir79E 0 0  

0 * Q  0.0  

6 i t l l E  06 05 l o l l €  05 6.1 



Table A . 1 3 .  Thermal power as  a function of t i x e  i n  high-level 
waste generated i n  reprocessing one t o n  of spent fuel”  

Thermal power (watts i 
b - 

Time since 
reprocessing 

(years j PWR-U PWR-Pu BWR-U BWK-PU HTGR LMFBR 

2.01 4- 4 0 1.88 4- 4 
3 2.87 + 3 2.93 -+ 3 
10 9 .46  4 2 8.05 + 2 
100 9 . 4 5  + 1 7.76 -F 1 

I , 0 3 0  1.97 - 2 2.48 - 2 

d 

13,003 1.88 - 2 2.36 - 2 

1.36  + 4 1.44 -t 4 
2.18 + 3 2-21 + 3 
7.65 + 2 6.58 -b 2 
7.76 + 1 5.46 3. I 
1.67 - 2 2-06 - 2 
1.59 - 2 1.95 - 2 

Ac -binidese 

0 5.82 + 2 8.23 -+ 3 4.37 4 2 5.73 + 3 
3 7.78 + i 1.83 - 3 6.24 + 1 1 . 3 9  -+ 3 
10 5.85 4- 1 1.42 -+ 3 4.78 + 1 1-35 5 3 
100 1.12 -+ 1 1.43 + 2 1.12 -i- I 1.26 -k 2 

I, 300 2-66 -t 0 2.97 + i 2.67 + 0 2.80 -k 1 
4.25 - 1 6.32 + 0 10,000 5.01 - 1 7.85 + 0 

2.12 + 4 
6.46 -t- 3 
3.14 + 3 
3.33 -t 2 
4.65 - 2 
4.41 - 2 

7.51 -t 2 
6.61 -!- 2 
6-19 -+ 2 
2.99 -!- 2 
5.17 i 0 
1.62 + 0 

3.62 + 4 
3.03 3- 3 
3.56 -t 2 
8.46 i- I 
3.31 - 2 
3 . 1 2  - 2 

aPhJR fuels a r e  i r rad ia ted  to 33,000 MWd/ton at 30 ~NW/-ton; BWR fue ls  a r e  i r rad ia ted  *LO 27,500 
MFld/ton at 20.7 IW/ton; XTGR fue ls  a re  i r rad ia ted  t o  94,270 NKd/ton a t  64.6 Kd/’ton; LYZ’BR 
core ane blankets a r e  i r rad ia ted  t o  an averag-e of 37,120 KWS/‘ton a t  64.6 M M / t o n .  

3FueIs a r e  reprocessed ;GO, 253, aae 90 days a f t e r  discharge from LWRs, ETGRs,  and LWBi?s, 
respectively.  

cAssmes t h a t  all of the t r i k i u m  and noble gases and 99 .9% of the halogen f i s s i o n  products 

dxeae as 1-83 x 1‘j4. 

are separated from the waste during re2rocessing. 

2-18 -t 3 

1.62 -t 2 
1 - 3 1  -? 2 
8.12 + 1 
1.94 -? 1 
1.92 -t 0 



APPENDIX B 

a c t j - v i t y  and T e Cladding Wa 
X - Q ~  One Metric as a Function 

o f  Time Types 
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T a b l e  B . 1 .  Curies  of induced rad iaac t iv . i ty  i n  the cladding w a s t e  from 
one m e t r i c  t on  of uranium-enriched PWR fuel as a func t ion  of tj-rne 

C B B R G E  CPSCHAWGE 3 0  Y 10. Y 100. Y 1000. Y 10000. Y 
N 3 0.0 1.46E-02 1.23E-02 8-29E-03 5.2QE-85 4.87E-27 0.0 
C 14 0.0 1.81E-01 1.81E- 1 1.81E-01 1.79E-01 1.6OE-Cl 5,3!3E-O2 

f l N  54 0.0 6.97B 02 5.68E 1 1.64E-01 0.0 0.0 0.0 
F E  55 0.0 7.19E 03 3 . 2 3 2  03 5.00E 02 1.89E-08 0.0 0.0 
CQ 58 0.0 1.74E 03 4.1OE-Q2 6.53E-73 0.0 0.0 0.0 
CO 60 0.0 4.90E 62 3.30E 02 7,31E 02 9.273-04 0.0 0.0 
N X  59 0.0 3.52E 00 3,523 00 3.52.E 00 3 - 5 7 3  0 0  3 , l b g E  00 3.22E 9 0  
Nl 6 3  0.0 5.49E 02 5.37E 02 5,lOE 02 2.59E O S  2.94E-C1 0.0 
ZN 65 0.0 1.36E-01 6.11E-Q3 4,41E-Q6 0.0 0.0 0.0 
ZR 93 0.0 1.03E-01 1.03E-Ql 1.83E-01 1.03E-01 1.03E-01 41.C2E-01 
ZR 95 0.0 5.24E 0: 4 . 4 d E -  2 6.353-14 0.0 0.0 0.0 
NB S3Pn 0.0 1 .OUE-02 2.52E- 2 5,22E:-02 1.14E-01 1.14E-01 1.885-81 
N B  95 0.0 9.73E 03 9.37E- 2 1.352-13 0.0 0.0 0.0 
ero 93 0.0 7.42E-62 1 .42E-Q2  l.42E-02 1.4lE-02 1.31E-02 6 , 5 6 E - 0 3  
T C  99 0.0 1.OSE-02 1.05E-C2 In05E-C2 1.04E-02 1.OYE-02 4.01E-02 
SN1191"1 0.8 1.60E 8 1  7.68E-81 6.4OE-Q4 0.0 0. 0 0.0 

3.6OE-01 3.51E-01 3-29E-01 1.45E-01 3.972-05 0.0 
8 E  06 1.83E 0 3  4.20E 80 2,92E-Q6 0.0 0.0 0.0 

SB124 0.0 2,97E 0 2  9.43E-Q3 lo40E-1§ C.0 0.0 0.0 
1.54E 84 7.72E 0 3  7,18E 0 3  1.09E-Q7 0.0 0. 0 
6.25E 0 3  2.9% 0 3  4*.89E 62 l e . 5 9 E - 0 8  0.0 0.0 

SUB'IOI 1.98E 06 5.21E 04 1.42E 04 2+81E 03 2.63E 0 4  Q.18I.: 00 3.50E 0 0  

TOTALS 1.98E 06 5.28E 04 1.42E 04 2s81E 03  2.63E 02 4,1873 00 3.51'F: 0 0  
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T - 2 .  Curies o n the cladding w 
ic ton  of ura fuel as a func 

a Y 7'00 Y 
-0U 1.29E-OS 

01 1.32?2-01 
01 7.623-01 
01 2.41E-01 
01 5.36E-01 
01 1.92E 00 
0 3  2.30E-03 

03 8.59E-03 
C3 1.88E-03 3. 
03 '1.68E-04 

01 3.OYE 00 

-03 a s m - 0 3  

03 2e30E-03 

01 2e14E-02 

TOTALS 2.19E 00 "105E 0 1  01 3.04E 00 8.572- 
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’Table B . 3 .  C u r i e s  of f i s s i o n  product  isotopes in t h e  cladding waste from 
one m e t r i c  ton of uranium-enriched PWR f u e l  as a f u n c t i o n  of t i m e  

CHARGE E a S C H A R G E  3 .  Y 10. Y 100. Y 1000. Y 10000. Y 
SR 90 0.0 3.81E 04 3.54E 01 2.983 01 3.23E 00 9.3772-10 0,O 
Y sa  L O  3.81E 04 3.544E 01 2.98E 01 3 .23E 00 7.38E-10 0.0 

ZR 93 0.0 1.45E-03 1.45E-03 1.45E-03 1 .4SE-Q@ l.45E-03 1.44E-03 
ZR s s  0.0 1.27E 82 4.16E-03 2.06E-15 0.0 0.0 0.0 
M B  95 0.6 2 . 3 9 E  02 2.59E-83 4.44E-15 0.0 0.0 0.0 
T@ S 9  0.0 7.19E-03 9.19E-03 7.19E-0% 7.19E-03 ?’.17’E-O3 6.96E-03 
R U l O B  0.0 1.99E 02 2.51E 0 1  2.06E-01 3.11E-28 0.0 0.0 
R H I O 6  0.0 1.97E 02 2.51E 01 2.06E-01 3-11E-28 0.0 0.0 
A61 10 0.0 3a28E 01 1.61E 00 1.42E-Q3 C.0 0.0 o *  0 
CD1l3M 0.0 1.68E-02 1.46E-82 1.04E-82 l.4SE-04 3 . 8 9 E - 2 3  0.0 

2.74E-01 ”323E-Q3 8.91E-07 0.0 0.0 0.0 
9.07E-01 2.52E-83 2.7JE-89 0,O 0. a 0.0 
4.52E 00 2,llE 06 3.53E-01 4,2YE-11 0.0 0.0 
1.08E 00 5.16E-01 8.72E-02 l.04E-11 0.0 0.0 
2 e 5 3 E  O O  2a38E-03 2.OBE-40 0.0 0.8 0.0 

T E l 2 7 W  0.0 2a58E 00 2,432-03 2.11E-90 0-0 0.8 Q * O  
CS”l344 0.0 1.15E 0 1  4,19E 6 1  3.98E 00 2. 0.0 
CS137 0.0 5.39E 0 1  5 * 0  E 641 18.286 01 5039E 0 0  5a37B-09 0.0 
38B137PI 0 00 5.10E 0 1  4.3 E 0 1  4.0533 07 5 . 1 Q E  00 5.08E-09 0,Q 
CE144 0.0 3.653 02 2.53E 0 1  U.96E-02 6.0 0.0 0.0 
PBl44 0.0 3.65B 01 2,532 01 U.97E-02 0.0 0.0 0.8 
P8144H 0.0 4,38E 00 3,03E-01 5.96E-04 0-0 0.0 0.0 
PM149 0.0 4,54E 0 1  2,05B 01 3.23E 00 1.52E-10 0.0 0.0 
S M I S ?  0.0 5.58E-01 5,46E-01 5.18E-01 2.65E-01 3.22E-C4 0.0 
E U 1 5 2  0.0 4 a 8 6 E - 0 1  sb.14E-C3 2.85E-G3 2034E-05 3.2’7E-26 0.0 
EU1EU 0.0 6.15E 00 4,83E 00 2.75E 00 1.9hsZ-03 0.0 0.0 
EU155 0.0 1.27E 0 0  8 . 2 5 E - Q I  3,003-01 6.76E-03 0.0 0.0 
S U B T Q T  0.0 1 . 8 9 E  03 3 , 4 3 E  02 1.55E Q2 1.72E 0 %  €.94E-C3 8.4OE-03 

TOTALS 0.0 2.12E 0 2  3,443E 02 1.558 82 1.72E 01 1.14E-02 1.08E-02 



~3.4. C u r i e s  of i v i t y  in t h e  cl 
m e t r i c  ton of p l u  PWR fuel as a 

ARGE D I S C H A R  Y 
3 
2 
1 
2 
3 
1 
0 
2 
6 
2 
4 
2 
4 
3 
3 
4 
1 

E 06 1.83E 6 
5 
3 
2 
3 

4.78E-05 4 
9,&4E-02 8 

8,02E-09 0. 

5.9YE-04 0. 
l . 4 7 E  00 '1 
1,09E 02 1 

6,823-02 6 ,  

7.28E-02 7, 

5.87E-03 5, 
9.08E3-03 9. 

9a33E-08 00 
2o86E-08 0, 
4.'11E 02 I ,  

S 1 . S 8 E  06 4.12E 04 1.0 E 03 I a I I E  02 4a82E 80 1.53F: 



Tabl-r?. R . 5 ,  C u r i e s  of heavy iso-lopes in the Cl-addinq w a s &  from one 
wnetrbc ton of p l u t ~ s n i ~ ~ ~ n - e n r i ~ h e d  PWR. fuel as ri: Funct-ion of time 



0
 

0
 

b 
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Table B - 7 .  Curies of induced radiaactivit:y i n  the cladding waste from 
one m e t r i c  ton of uranium-enriched BWR fuel as a f u n c t i o n  of time 

100,  P 1000. 'y 30000. Y 
0.0 0.0 0.0 
1.97E-08 0.0 0.0 
0.0 0. 0 0.0 
1.07~-02 0.0 0.0 
1.8QE 00 1.89E CO 1.74E 0 0  
1.lbCE 02 1.SgE-01 0.0 
0.0 0.0 0, B 
1.25E-01 1.24E-61 1.24E-0 1 
0.0 0.0 0.8 
1.24E-01 1.24E-01 1.24E-01 
0.0 0.8 0, Q 
c.0 0.0 o e o  
1.86E-0 1 Y * 9 7 E - C 5  0. e 
C.0 O a  Q 8.0 
0.0 Q e Q  0.0 
1.2QE-07 Q ) , Q  0.0 
4,99E-08 Q , O  0.0 
1.42.E 02 2 a 2 9 E  08 "199E 00 
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R " 8 .  C u r i e s  of in t h e  claddin e 
ric ton of uranium fuel as a fun  

CHARGE C I S C H A R  Y 780, Y 1 
'1,32E 04 1.122-05 1, 
f j .a iz 0 3  6.75E-03 
7.OOE 01 4.73E-02 
I .52E 01 1.52E-01 
2.33E 01 2@33E-01 
5,383 07 4.67E-01 
1 . 3 Q E  01 1.69E 00 
5.95E 03 3,77E-03 6 .  
5.95E 03 3,773-03 
6.81E 03 6.75E-03 
5.08E 0 3  3.09E-03 
7,54E 01  1.64E-02 
6.11E 01 3,06E 00 
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Table €3.9. C u r i e s  o f  fission praduct i s o t o p e s  i n  the cl.addi.ng waste f r o m  
one metric t o n  of urarliram--cnrirh@d B ~ R  fuel as a fuiicticsn of time 

100. Y 
2.62E o e  
2-62??, 09 
4 . 2 QE -0 3 
8,O 
6,033 - 0 3  
2.39B-28 
2 . 3  9E -2 8 
0.0 
7.19E-Q4 
8.0 
3.4 QF-7 1 
8.3QE-32 
0 . Q  
0.0 
2.11E-I3 
U.dS7E 8 8  
4.23E 68 
8.0 
c.0 
8.0 
1 .32%-"B 
2 . 3  1E-O 1 
2 . 7 8E -0 5 
1.5QE-03 
5 . 3 6E -8 7 
I.Qb2E 0 1  

1008, Y 100QO* P 
!5,99e-10 0.0 
5.99E-10 0.0 
1.2QE-03 1.1912-03 
0.0 0.0 
6.01 E - 9 3  5 -  8UE-03 
0.0 0.0 
0.0 0.0 
0.0 0.0 
3.1822-23 0.0 
0. Q 0.0 
0.0 0.0 
0.0 0,0 
C.0 0.0 
Q. 0 0.0 
0.0 00 0 
4eY5E-09 0.0 
Y , 2 l E - Q 9  0.0 
0.0 0.0 
0.0 0.0 
0,O 0. Q 
0.0 0.0 
S.79E-C4 0.0 
3-88E-26 0.0 
6.0 0.0 
0.0 0.0 
7.49E-03 7.03E-03 
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.) Curies o f  i t y  i n  the C L  1 

ric ton of p l  WR fuel. as a 

B G E  E I S C H A R  

E 8 6  4,41E Q 
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Table €3.11. C u r i e s  of heavy isotopes i n  the c ladding  waste from one 
metric ton of plutonium-enriched BWR fuel. as a f u n c t i o n  o f  time 

C M %L R 6 E EIS C f I  AR G E 3 ,  Y IO. Y 
0 00 5.99E-0 2 5 . 1%- 0 3  3 . 72E- 03 
0 00 1.09E-01 1.09E-01 l.08E-OI 

E Q C  9.04X Q O  
1.17E 8 3  2.92E-01 2 ,923-01  2.92E-01 
2.37E 0 3  9,44E-01 8.49E-01 9.60E-01 
5 . 3 0 E  05 2,49E 0 2  2,16E 8 2  1.55E 02 
1.23E 0 1  7.49E-Q3 7.49E-03 7.49E-03 
0 00 1.12E 80 2.233 00 4.25E 00 
0 00 1.16E-01 1.44E-01 7.1CE-01 
0 00 1.16E-01 1.14E-01 l.lOE-01 
0.0 1 09 B- Q 1 1 . 0%- 0 1 1 . 0 8Z- 01 
0 00 5./79E 6 1  6.QdE-Qd 9.QQH-02 
0 00 8.723-01 8.19E-C3 9.02E-03 
0 00 1.96E 01 1.75E 0 1  1.34E 01 
0.0 9.05E-03 9.OSE-Q3 9.OUE-03 
0 00 1.6QE-03 1.66E-03 I .  6 6 6 - 0 3  
5 .5 - lE  05 3.396 01 2*47E 02 1.832 02 

TOTALS 5.51E 85 3 . 3 9 2  02 2.47E 02 1.83E 02 1.71E 61 3.41E CO 7.14E-01 
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.12.  Curies of fis  topes i n  the c 
iC! ton  a€ p l u t  R .Fuel_ as a fur 

1,6033 02 2.  E-03 
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T & l e  B,14, Curies Q PI the claddin 
one metric t o n  af 1 a6 a furact 



126 

Table R . 1 5 .  C u r i e s  of f i s s i o n  product isotopes i n  %%le eladd.jng waste f r o m  
one metric ton of blended LMFBR f u e l  as a function of time 

100. Y 108)Oa Y 1ocoo. Y 
2-003 0 0  4e57E-10 0.0 
2.00E 0 0  4*57E-16 0.0 
1.28E-03 1.20E-03 1.19E-83 
Q, 0 0.0 Q,Q 
c.0 0.0 0.0 
7.99E:-03 7. 97E-03 -9.7333-03 
8,59E-28 0.0 0.0 
8.59E-28 0.0 6.8 
C.0 0.0 0.0 
7.83E-04 1.10E-22 o e o  

G.0 0.0 0.0 
0.0 0.0 0.6 
1.2C9E-1Q 0,Q Q, 0 
2.92E-11 0.0 0. e 
C- 0 0.0 0.0 
0.0 ow0 0m0 
3,78E-3 b 0.0 0.0 

5.73 00 5,71E-Q9 0.0 
0.0 0.0 0.8 
c 00 8 , Q  0,0 
0.0 O W 0  0- 8 
5 ,42E- IO 0.0 0, Q 
1.13E 80 1.37E-C3 Q.@ 
3.4BE-O5 4,75E-26 0, Q 
3,62E-00 0.0 0. c 
5 ,4 le -o6  0.0 8.8 
1.69E 01 1.05E-C;;: 8.S3E-03 

6.65e 0 0  6003E-09 0 8 C  



T a b l e  B.16. Thermal power as a f u n c t i o n  of time i n  the fuel structural 
materials associated w i t h  one to r i  of spent fuela 

b Time s i  m: e 
reprocessing 

(years) PWR-II PWR-Pu BWK-Pu BWR-U LMFBR 

tight elements 

0 2.37 -k 2 2.05 i- 2 3.16 -I- 2 2 * 6 4  $. 2 3.92 i- 3 
3 4.14 + 1 9.91 3 1. 7.53 -I- 1 1.30 + 2 

1 0  7.99 +- 0 6 - 0 9  C 0 3.01 f 1 2.20 + 1 1.41 -+ 1 
1.01- - 2 2.12 - 2 100 4.17 - 2c 1.77 - 2 2.28 - 2 

1,000 2.00 - 4 1 - 0 9  - 4 8.37 - 5 5.12 - 5 1.09 - 2 
10 8 000 1.03 - 4 6.44 - 5 5.t30 - S 3 - 9 9  - 5 5.77 - 3 

F i s s i o n  productsd 

0 
3 

10 
100 

3. ,000 
10,000 

9.41 3. 0 
1.44 + 0 
4.73 - 1 
4.73 - 2 
3.87 - 6 
9.41 - 6 

1.00 f 1 6.79 f 0 
1-46 + 0 1-09 + 0 
4.02 - 1 3.83 - 1 
3.88 - 2 3.88 - 2 
1.24 - 5 8 - 3 4  - 6 
1.18 - 5 7.95 - 6 

7.13 3- 0 
1.11 0 
3.29 - 1 
3.23 - 2 
1.03 - 5 
9.78 - 6 

1.81 + 1 
1.52 + 0 
3.78 - 1 
4.23 - 2 
1.65 - 5 
1 - 5 4  -- 5 

Actinide se 

1.55 -t 0 0 3.15 - 1 4.46 + 0 2.66 - L 3.23 + 0 
3 7.09 - 2 1.32 + 0 8.53 - 2 1.08 -1- 0 5.79 - 1 

10 7.69 - 2 1.16 f 0 9.03 - 2 3.63 - 1 6.25 - 1 
100 8.23 - 2 5.40 - 1 8.52 - 2 4.88 - 1 6.1.2 - 1 

1, 2.75 - 2 1 .23  - 1 2.51 - 2 1.08 - 1 2.11 - 1 
10 I 6.78 - 3 2.34 - 2 6.42 - 3 2.09 - 2 7.54 - 2 

I____ 

aPWR f u e l s  are  i r radiated t o  30 PIW/ton; BWR f ~ c l s  ted to 
27,500 MWd/ton a t  20.7 MW re i r r a d i a t e d  t o  94,27 t 
(54.6 MW/ton; LM.FE3R core a xadiated t o  an average 
M W ~ / ~ Q X I  a t  64.6 MW/ton, 

reprocessed 160, 250, an fter discharge from LWxls, HTGRs, and 
respectively. 

‘Read a s  4.17 x 10-2 

%ssumes tha t  0.052, of all nonvolatjle 

eAssumes that 0-0!5% of a l l  act inides  i n  the sp 

sion are associated 
f u e l  s t ruc tu ra l  materia1.s - 

t h e  f u e l  s t r u c t u r a l  materials. 
;uce associated 
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