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GLOSSARY 

FFTF Fas t  Flux T e s t  F a c i l i t y  (located i n  Richland, Washington) 

HLW High-level waste 

LMFBR Liquid-metal  fast-breeder reac tor  

LWR Light-water  reac tor  

MTIHM Metric tons of i n i t i a l  heavy metal 

ORIGEN2 A computer code f o r  ca lcu la t ing  the  radionuclide composition and 
c h a r a c t e r i s t i c s  ( r ad ioac t iv i ty ,  thermal power,  etc. ) of nuclear  
materials such as spent f u e l  and wastes 

ORMANG A computer program t h a t  processes ORIGENZ output t o  produce 
publ icat ion-qual i ty  graphs and t ab le s  

PWR Pressurized-water reac tor  

SMW Fuel assembly s t r u c t u r a l  mater ia l  (cladding) waste 
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GRAPHICAL AND TABULAR SUMMARIES OF DECAY CHARACTERISTICS 
FOR ONCE-THROUGH PWR, LMFBR, AND FFTF FUEL CYCLE MATERIALS 

A. G. Croff,  M. S. Libewan, and G. W. Morrison 

ABSTRACT 

Based on the  r e s u l t s  of ORIGENP and a newly developed 
code ca l l ed  ORMANG, graphical  and summary t abu la r  c h a r a c t e r  
ist ics of spent f u e l ,  high-level waste, and f u e l  assembly 
s t r u c t u r a l  material (cladding) waste are presented f o r  a 
gener ic  pressurized-water reac tor  (PUR), a l iqu id-meta l  f a s t  
b reeder  reac tor  (LMFBR), and the  Fast  Flux Tes t  F a c i l i t y  
(FFTF) . The c h a r a c t e r i s t i c s  include r ad ioac t iv i ty ,  thermal 
power, and t o x i c i t y  (water d i l u t i o n  volume). 
graphs and summary t ab le s  containing c h a r a c t e r i s t i c  t o t a l s  
and the  p r inc ipa l  nucl ide cont r ibu tors  as w e l l  as graphs 
comparing the  three  reactors  f o r  a s ing le  material and the  
t h r e e  materials f o r  a s ing le  reactor.  

Given are 

1. INTRODUCTION 

The purpose of t h i s  report  is t o  present information concerning 

t h e  decay c h a r a c t e r i s t i c s  of nuclear  materials from three  generic  types 

of nuclear  reactors .  The decay c h a r a c t e r i s t i c s  considered are radio- 

a c t i v i t y  (Ci),  thermal power (W), and inges t ion  t o x i c i t y  (m3 of water 

required t o  d i l u t e  the  mater ia l  t o  s tandards spec i f ied  in 10 CFR 20). 

The nuclear  reac tors  considered are a pressurized-water =ac to r  (PWR), 
a l iqu id-meta l  f a s t  breeder reac tor  (LMFBR), and the  Fast-Flux T e s t  

F a c i l i t y  (FFTF). A l l  are assumed t o  be operated on a once-through f u e l  

cyc le ;  i.e., the  PWR is fueled with enriched uranium, and the  plutonium 

i n  the  IMFBR and FFTF has not been previously recycled. A l l  of the  

decay c h a r a c t e r i s t i c s  presented were ca lcu la ted  with the  ORIGEN2’ 

computer code. 

This report  =presents  i n  a var i e ty  of ways an extension of pre- 

vious work2 concerning decay cha rac t e r i s t i c s .  F i r s t ,  t h i s  document 

considers  the  c h a r a c t e r i s t i c s  of FFTF materials not ava i l ab le  f o r  the  



2 

earlier report. Additionally,  the tox ic i ty  of the  nuclear  mater ia ls ,  

not previously reported, is included here. This report  also includes,  

wherever appropriate,  a comparison of the various mater ia l s  and reac- 
tors .  However, the g rea t e s t  extension represented by t h i s  work is t h a t  

t h e  information is presented i n  graphical as w e l l  as t abu la r  form. The 

graphica l  presentat ion of the information was g rea t ly  f a c i l i t a t e d  by 
t h e  development of a computer program (ORMANG) t h a t  accesses the output 

of the ORIGEN2 computer code, loca tes  the desired information, summa- 

rizes i t ,  and produces graphs and l i s t i n g s ,  as seen i n  t h i s  report. 

Section 2 provides a summary descr ip t ion  of the ORIGEN2 reac tor  

models t h a t  form the basis of the ca lcu la t ions  and descr ibes  the pox- 

t i o n s  of the spent f u e l  t ha t  are contained i n  the  high-level waste 

(HLW) and the f u e l  assembly s t r u c t u r a l  material (cladding) waste (SMW). 
The f i n a l  sec t ion  gives a br ief  descr ip t ion  of the r e su l t s  and contains 

t a b l e s  for loca t ing  a p a r t i c u l a r  graph. 

2. DESCRIPTION OF REACTOR MODELS AND NUCLEAR MATERIALS 

The purpose of t h i s  sec t ion  is twofold: (1) t o  descr ibe the  

generic  reac tor  models t ha t  form the basis of the ,tnformation provided 

c 

i n  t h i s  report  and (2) t o  give a physical descr ip t ion  of the nuclear  

mater ia l s  associated with each reactor. 

2.1 Description of Generic Reactor Models 

The three  generic  Feactor models used i n  t h i s  report  have a l l  been 

documented i n  d e t a i l  i n  earlier t ~ p o r t s . ~ ' ~  

descr ip t ion  of the reactors  w i l l  be given. 

d a t a  concerning the three  reactors  are given i n  Table 1. 

As a re su l t ,  only a summary 

The summary quan t i t a t ive  

The generic  PWR used is based on the Westinghouse design,5^ with a 

f u e l  assembly containing a 17 x 17 a r ray  of f u e l  pins. 

with UOp i n  which the uranium has been enriched t o  3.2 w t  %. 

of the core is assumed t o  be replaced during each annual refueling. 

It is fueled 

One-third 



.e). 

Table 1. Summary charac te r i s t ics  of the RIR, I W B R ,  and FFTF 

LWBR fue l  rep,ion(a)a PFTP fue l  region(s) 

Inner Outer 
Pa ram te r Pm co AB RB co+AB co+AB+RB CO re core Total 

E lec t r ic  p e r .  W(e)  1250 1145 34 71 1179 1250 0 0 0 

Thermal F e r ,  W ( t )  3800 3624 107 225 3731 3956 139 223 362 

Average apecific 31.5 123.25 6.89 4.15 83.09 39.86 150.0 150.0 150.0 
nu( t ) /mrw 

Avernge fue l  burnup, 
MUdMIIM 

33.000 101,289 5660 7250 68,280 45,267 45,000 45,000 45,000 

I r rndia t ion  durntion. 880 821.8 821.8 1643.6 821.8 
fu l l -pa re r  days 

300.0 300.0 300.0 
.’, . 

Refueling cycle length. 293.3 273.9 273.9 273.9 273.9 273.9 100.0 100.0 100.0 

Charge, kglrefueling cycle . 

full-pawer days . - .  
I ,  r 

235u 1081 16.4 10.3 18.1 26.7 44.8 5.1 7.7 12.8 

Total uranium 33,778 7990 5166 9059 13,156 22.215 717 1079 1796 

Piaa i le  plutoniumC 0 1236 0 0 1236 1236 183 362 545 

Total plutonium “ 0  1810 0 0 1810 1810 208 41 1 619 

Total (Th + U + Fu) 33,778 9800 5166 9059 14,966 24.025 925 1490 2415 

Discharge, kg/refueling cycle 

23511 267 6.7 7.5 12.6 14.2 26.8 10.3 

Total uranium 32.173 7069 4970 8662 12,039 20,701 1730 

Fis s i l e  plutoniumc 210 1094 159 315 1253 1568 48 1 

Total plutonium 308 1685 166 330 1851 2181 568 

Total (Th + U + PU) 32,481 8790 5137 8993 13,927 22,920 2298 

aCO - core, AB - axia l  blanket, RB - radial  blanket. 

bBased on f u l l  power and fuel charged. 

‘ 2 3 9 ~ ~  + 241pu + 2 3 9 ~ ~ .  

w 
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The generic  LMFBR is based on the  Preliminary Large Breeder 

Reactor study.6 

r eac to r  design t h a t  produces 1250 MW(e) from a thermal power of 

3956 MW(t) .  The core f u e l  is (Pu,U)Op containing 18.5 wt X Pu02. The 

plutonium is  assumed t o  be typ ica l  of t h a t  i n  spent LWR f u e l  and con- 

t a i n s  68 wt % f i s s i l e  isotopes.  Both the  axial  and r a d i a l  blankets  are 

composed of depleted UOp. 

t a ined  i n  the  same f u e l  elements, with the  axial  blanket s p l i t  equally 

above and below the  core. The e n t i r e  r ad ia l  blanket f u e l  element is 

composed of U O p ,  and the  elements have a l a r g e r  diameter than the  

co re / ax ia l  blanket elements t o  maximize the  uranium loading i n  the  

reactor .  One-third of the  c o d a x i a l  blanket assemblies and one-sixth 

of the  r a d i a l  blanket assemblies are replaced during each annual 

refuel ing.  The burnup of the  core f u e l  alone is s l i g h t l y  over 

100,000 MWd/metric ton of i n i t i a l  heavy metal (MTIHM), but the  average 

burnup of t h e  t o t a l  f u e l  discharged annually is only about 

45,000 MWd/MTIHM. 

This is a r e l a t i v e l y  conservative commercial power 

The core and a x i a l  blanket f u e l s  are con- 

The F'FTF is a r e l a t i v e l y  l a rge  test reac tor  now operat ing i n  the  

Richland, Washington, area. Its funct ion is t o  provide a high-energy 

neutron source typ ica l  of f u t u r e  commercial LMFBRs f o r  i r r a d i a t i n g  

material and f u e l  specimens. As a r e s u l t  of t h i s  role, the  design of 

t h e  FFTF is somewhat d i f f e r e n t  from t h a t  of a commercial power 

r e a ~ t o r . ~ , ~  

pos i t i ons  i n  the  core t h a t  may be empty o r  f i l l e d  with a test specimen 

of some s o r t  a t  any given t i m e .  An add i t iona l  f ea tu re  is t h a t  the  

r eac to r  does not have the  f e r t i l e  a x i a l  and r a d i a l  blankets  t y p i c a l  of 

LMFBRs; it has only the  plutonium-enriched core fue l .  

of the  =ac to r  was assumed to  be 362 ?N(t), which does not include any 

cont r ibu t ion  from the  test loops. The plutonium used i n  the  FTTF is 

r e l a t i v e l y  high grade (88 wt X f i s s i l e ) ,  and the  (Pu,U)Op contains  

25.6 wt X P u O 2 .  

f a b r i c a t e  the  F'FTF f u e l  was  separated from i ts  parent f u e l  about 

10 years ago and thus contains  a s i g n i f i c a n t  amount of 241Am r e su l t i ng  

from the  decay of 14.4-year 241Pu. 

One primary d i f fe rence  is t h a t  t he re  are numerous test 

The f u l l  power 

It is important t o  note  t h a t  t he  plutonium used t o  

The 2 4 1 ~  wi l l  have a s i g n i f i c a n t  
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8 e f f e c t  on the  transplutonium nucl ide composition of the  fue l .  

is expected t o  be i r r a d i a t e d  f o r  about 300 d, r e su l t i ng  in a burnup of 

about 45,000 MWd/MTIHM. 

The f u e l  

2.2 Description of Spent Fuel Assemblies 

A summary physical  descr ip t ion  of the  spent f u e l  assemblies from 

each of the  three  generic  reac tors  is given i n  Table 2 ( see  Table 1 f o r  

t h e  summary nuc lear  descr ip t ion) .  Because t h i s  descr ip t ion  is substan- 

t i a l l y  self-explanatory,  only a few points  w i l l  be e laborated on here. 

Photographs of the  PWR and LMFBR f u e l  assemblies are given i n  Ref. 2. 

It is necessary t h a t  the  f u e l  elements be spaced apart in the  f u e l  

assembly t o  allow the  coolant (water o r  l i q u i d  sodium) t o  c i r cu la t e .  

This  is accomplished i n  the  PWR by the  use of s eve ra l  g r id  spacers  along 

t h e  length  of the  f u e l  element. 

hatched, rec tangular  piece of Inconel metal t ha t  holds each of the  rods 

in a rectangular  a r r ay  and has small spring c l i p s  t o  prevent v ibra t ion .  

On the  o the r  hand, the  f u e l  element spacing i n  the  LMFBR is accomplished 

by wrapping s t a i n l e s s  steel w i r e  i n  a s p i r a l  fashion around the  f u e l  

element. The elements thus f ind  themselves c lose ly  packed i n  a triangu- 

l a r  geometry with the spacing determined by the  thickness  of the  w i r e  

wrap 0 

The g r id  spacer  is bas i ca l ly  a cross- 

Another notable  d i f fe rence  between the  EWR and the  f a s t  reac tors  is 
t h a t  the  l a t t e r  use a f u e l  channel, a hexagonal s t a i n l e s s  s t e e l  sheet  

surrounding the  a r ray  of f u e l  elements, t o  prevent the  coolant from 

moving l a t e r a l l y  i n t o  another  f u e l  assembly. This f ea tu re  is necessary 

i n  the  f a s t  reac tors  t o  ensure t h a t % e a c h  assembly receives adequate 

coolan t ,  whereas in the  PWR t h i s  f ea tu re  is not required. 

As noted previously,  because the  FFTF is a test reac tor ,  it does 

not  have a f e r t i l e  axial blanket.  However, i n  t he  i n t e r e s t  of neutron 

economy an axial Inconel r e f l e c t o r  has been placed above and below the  

core f u e l  i n  each f u e l  element t o  r e f l e c t  some of the  neutrons back i n t o  

t h e  core region. 
SMW from the  FFTF f u e l  assembly. 

This metal accounts f o r  a s i g n i f i c a n t  f r a c t i o n  of the  
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Table 2. Physical cha rac t e r i s t i c s  of PWR, LMFBR, and FFTF fue l  assemblies 

LMFBR 

Co re l a x i  a 1  Radial 
PWR blanket blanket FFTF 

Assembly component lengths,  cm 
Uppe r e n d  hardware 
Gas plenum 
Upper ax ia l  blanket 
Core o r  rad ia l  blanket 
Lower axial blanket 
Lowe r e n d  hardware 
Overall t o t a l  
Fuel element t o t a l  

Assembly shape 

Assembly f l a t s ,  cm 

Fuel element arrangement 

Fuel elementslassembly 

Fuel element OD, cm 

Fuel pellet OD, cm 

Fuel element pi tch,  cm 

Cladding thickness,  cm 

Channel thickness,  cm 

Channel height,  cm 

Circumscribed volumelassembly , m 
Heavy metallassembly, kg 

M02/assembly, kgb 

Zircaloy/assembly, kg 

Sta in less  steellassembly, kg 

Inconel/assembly, kg 

Assembly t o t a l  weight, kg 

3 

13 
16 

366 

11 
406 
385 

Square 

21.4 

Square 

264 

0.95 

0.410 

1.26 

0.058 

0.186 

461.4 

523.4 

108.4 

19.0 

5.9 

657.9 

91 
191 
33 
122 
33 
102 
572 
379 

Hexagonal 

13.78 

Triangular 

271 

0.650 

0.573 

0.795 

0.030 

0.221 

495 

0.114 

117.7 

133.4 

115.1 

257.7 

91 
191 

188 

102 
572 
379 

Hexagonal 

13.78 

Triangular 

91 

1 270 

1.180 

1.369 

0.038 

0.221 

495 

0.114 

172.7 

195.9 

97.5 

300.3 

30 
107 
1 7a 
91 
27a 
94 
366 
242 

Hexagonal 

11.62 

Triangular 

2 17 

0.584 

0.508 

0.726 

0.038 

0.305 

-300 

0.052 

33.2 

37.6 

125.7, 

8.9 

172.2 

aU02 in su la to r  pellet and Inconel 600 ref lector .  

~ ( P u , u ) o ~  o r  UO~. 

h 
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Fina l ly ,  the  f a c t  tha t ’  the  PWR has Zircaloy cladding as opposed t o  

t h e  s t a i n l e s s  steel cladding of the  LNFBR and FFTF has an important 

impact on the  t r i t i u m  inventory i n  the  spent fue l .  The chemical propel- 

t ies of the  Zircaloy r e s u l t  i n  a l l  of the  t r i t i u m  being contained within 

t h e  f u e l  element (except f o r  the  small f r a c t i o n  of leaking elements).  

On the  o t h e r  hand, s t a i n l e s s  steel  does not have these  c h a r a c t e r i s t i c s ;  

as a r e s u l t ,  about 90% of the  t r i t i u m  produced i n  the  f u e l  is expected 

t o  d i f f u s e  through the  s t a i n l e s s  steel cladding i n t o  the  sodium coolant ,  

from which it wi l l  be recovered. The t r i t i u m  inventor ies  i n  t h i s  docu- 

ment r e f l e c t  t h i s  d i f fe rence ;  i.e., the  LNFBR and FFTF spent f u e l s  

conta in  only 10% of the  t r i t i u m  produced during i r r a d i a t i o n .  

2.3 Description of High-Level Waste and S t r u c t u r a l  Material Waste 

The H L W  and SMW are both produced as a r e s u l t  of chemically reproc- 

e s s i n g  spent f u e l  t o  recover the  economic values (plutonium and uranium). 

The f i r s t  p a r t  of the  reprocessing sequence involves chopping the  spent- 

f u e l  assembly with a heavy-duty shear ,  c u t t i n g  the  f u e l  elements i n t o  

segments a few centimeters i n  length.  The segments are then immersed i n  

concentrated n i t r i c  ac id  t o  d isso lve  the  oxide f u e l  matrix while leaving 

t h e  f u e l  assembly s t r u c t u r a l  mater ia l s  e s s e n t i a l l y  i n t a c t .  A t  t h i s  

po in t  t he  v o l a t i l e  elements are f r eed ,  escaping from the  d i s s o l v e r  i n t o  

t h e  off-gas treatment system. Af t e r  d i s so lu t ion  is complete, the  struc- 

t u r a l  materials are removed, becoming the  SMW described below. The 

n i t r i c  ac id  so lu t ion  containing the  dissolved spent f u e l  is contacted 

wi th  t r i b u t y l  phosphate, which removes the  uranium and plutonium f o r  

s epa ra t ion  and p u r i f i c a t i o n  f u r t h e r  downstream i n  the  plant .  The f i s s i o n  

products and ac t in ides  o t h e r  than uranium and plutonium c o n s t i t u t e  l i qu id  

HLW. 

A f t e r  i t s  generat ion the  l i q u i d  HLW will most l i k e l y  be concentrated 

by evaporation, then heated t o  a high temperature t o  d r ive  off the  n i t r i c  

ac id  and convert the  dissolved f i s s i o n  product and a c t i n i d e  n i t r a t e s  t o  

oxides ( i .e . ,  ca lc ined) ,  and then incorporated i n t o  a monolith of g l a s s  

(i.e., v i t r i f i e d ) .  The SMW m y  be compacted t o  reduce its volume. 



Then i t  w i l l  most l i k e l y  be combined with an i n e r t  s o l i d  t o  counteract 

t h e  pyrophoric nature  of the f i n e  Zircaloy p a r t i c l e s  produced during 

shear ing  o r  incorporated i n t o  a concrete matrix. 

t he re  are many a l t e r n a t i v e  treatment technologies f o r  t he  HLW and SMW; 
those mentioned above are only the  most l i k e l y  at present.  

It should be noted t h a t  

As noted above, the  H L W  contains a l l  of what is i n  the  spent-fuel 

oxide except the v o l a t i l e  elements and t h e  economic values. More 

s p e c i f i c a l l y ,  it is the  contents of the spent f u e l ,  decayed u n t i l  t he  

t i m e  of reprocessing, with the following spec ies  removed: 99.5% of the  

uranium and plutonium, 99.9% of the  halogen elements (pr inc ipa l ly  

iod ine) ,  and 100% of the  t r i t i um,  14C, and noble gases (krypton, xenon, 

radon). In addi t ion ,  because s t a i n l e s s  steel is corroded somewhat by the  

n i t r i c  ac id ,  it is assumed t h a t  0.69% of the  LMFBR and FFTF f u e l  assembly 

s t r u c t u r a l  material is  i n  the  €Ewe9 

The SMW pr inc ipa l ly  comprises a l l  of t h e  hardware t h a t  c o n s t i t u t e s  

t h e  f u e l  assembly except the  f u e l  material i t s e l f .  Thus, f o r  t he  PWR 

t h i s  is predominantly Zircaloy with some s t a i n l e s s  steel and Inconel. 

For  LMFBR and FFTF it is v i r t u a l l y  a l l  s t a i n l e s s  steel, with some Inconel 

from the  r e f l e c t o r  i n  the  case of t he  FFTF. In addi t ion ,  it is assumed 

t h a t  0.05% of the  nonvolat i le  components of t h e  spent-fuel oxide (i.e., 
t h e  HLW plus the  uranium and plutonium) are included i n  the  SMW, a re su l t  

of the shear ing operation, which pinches the  end of some of the  cladding 

segments closed so t h a t  the  f u e l  matrix is inaccess ib le  t o  the  n i t r i c  

a c i d  i n  the  dissolver .  It is a l s o  assumed t h a t  30% of the  t r i t i u m  pro- 

duced i n  the  J?WR f u e l  is present i n  the  SMW as a pa r t  of the  Zircaloy 

cladding e 

The t i m e  necessary f o r  t he  spent f u e l  t o  be reprocessed, r e l a t i v e  t o  

i t s  discharge from the  reac tor ,  is assumed t o  be 160 d f o r  the  PWR and 

FFTF and 90 d f o r  the  LMFBR. 

2.4 Comparisons and Conversions 

One comparison t h a t  is of ten  made is t h a t  of the t o x i c i t y  of some 

material with the t o x i c i t y  of uranium ore. In  t he  recent pas t  t h i s  has 

r 

. 
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most of ten  been done i n  s tud ie s  involving LWRs, which include the  PWRs 

employed here. The basis of the  comparison has been t o  compare one of 

t h e  f u e l  cycle  materials with the  t o x i c i t y  of the  uranium ore mined t o  

produce t h a t  material. I f  the  t o t a l  l o s ses  of uranium at the  beginning 

of the  f u e l  cycle  are assumed t o  be 12% (10% during mi l l ing ,  1% during 

conversion, and 1% during f a b r i c a t i o n )  and i f  the  enrichment plant  ta i ls  

are assumed t o  be 0.25%,  then 7.16 of uranium must be mined t o  pro- 

duce 1.0 MTIHM of f r e s h  fue l .  This amount of uranium ore ,  when i n  

equi l ibr ium with i ts  s h o r t e r l i v e d  daughters (i .e. ,  when it is  most 

t o x i c ) ,  requi res  1.1 x lo8 m3 of water t o  d i l u t e  it t o  the  s tandards 

given i n  Appendix B, Table I1 of 10 CFR 20. On o t h e r  occasions,  the  

comparison of the  t o x i c i t y  of uranium ore  t o  t h a t  of a f u e l  cycle  

material i s  made on a volumetric basis. The volumetric t o x i c i t y  of 

c a r n o t i t e  ore ,  v i r t u a l l y  the  only source of uranium today, is about 

lo5 m3 of w a t e r / m 3  of ore. 

grade uranium ore,  is about lo8 m3 of w a t e r / m 3  of ore. 

The t o x i c i t y  of pitchblende, a very-high- 

The conversion most of ten  of i n t e r e s t  is t h a t  from a MTIHM b a s i s  t o  

Most of ten  the  electrical u n i t  used is the  GWy(e), an  electrical  basis .  

al though i t  is usua l ly  not clear whether the  "GW" i n  t h i s  u n i t  is based 

on r eac to r  capaci ty  o r  e l e c t r i c i t y  a c t u a l l y  produced by the  reactor .  To 

circumvent t h i s  problem, Table 3 contains the conversion f a c t o r s  on both 

a capaci ty  and production basis f o r  the  PWR and LMFBR. 

f a c t o r s  are meaningless f o r  t he  FFTF because it  does not produce 

e l e c t r i c i t y ,  they have been included i n  the  t a b l e  f o r  the  case when i t  

i s  des i r ab le  t o  put the  FFTF on an equivalent  basis with o the r  reactors .  

The thermal e f f i c i ency  of the  FFTF has been assumed t o  be the  same as 
t h a t  of t he  LMFBR. It should be noted t h a t  values at two thermal e f f i -  

c i enc ie s  are given f o r  both the  LMFBR and the  FFTF because it may be 

d e s i r a b l e  t o  use a value of 40X, which is more t y p i c a l  of cur ren t  

designs,  r a t h e r  than the  very conservat ive 31.6% used i n  the  o r i g i n a l  

design. 

Although these  
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Table 3. Factors f o r  converting MTIHM t o  GWy(e) 

Thermal e f f ic iency  = 31.6L Thermal e f f ic iency '  = 40% 

Parame t e  r PWR LMFBRa FFTF LMFBRa FFTF 

MTIHM/GWy(e) of r eac to r  capaci ty  

Capacity fac tor :  0.5 16.81 12.76 12.84 10.08 10.14 

0 . 6  20.17 15.31 15.40 12.09 12.17 

0 .7  

0 . 8  

23.54 17.86 17.97 14.11 
P 
0 

14.20 

20.41 20 .54  16.12 16.23 26.90 

0 . 9  30.26 22.97 

1.0 

MTIHM/GWy(e) of e l e c t r i c i t y  
produced 

33.62 25.52 

33.62 25.52 

23.  LO 18.15 18.25 

25.67 

25.67 

20.16 

20.16 

20 . 28 

20.28 

aF'or use with blended f u e l  o r  wastes. For 
f o r  core and axial blanket ,  mult iply f a c t o r s  by 
by 6.24.  

core f u e l  alone, multiply f a c t o r s  by 0.447; 
0.663;  f o r  r ad ia l  blanket ,  multiply f ac to r s  
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3. DESCRIPTION OF GRAPHICAL AND SUMMARY TABULAR FUEL 
CYCLE MATERIAL CHARACTERISTICS 

By applying t h e  computer codes ORIGEN2 and ORMANG t o  the  generic  

reac tors  and f u e l  cycle  materials described i n  the  preceding sec t ions ,  

g raphica l  and summary t abu la r  information concerning the r ad ioac t iv i ty ,  

thermal  power, and t o x i c i t y  of the materials has been generated. This 

information is contained i n  the appendixes t o  t h i s  report .  The f i r s t  

t h ree  appendixes contain information f o r  each of the three  generic  

reac tors ,  with each graph o r  t ab le  present ing a t o t a l  and the  p r inc ipa l  

cont r ibu t ing  nucl ides  as a funct ion of decay time. The last two appen- 

d ixes  contain only graphs, which have curves f o r  the  t o t a l s  f o r  a l l  

materials f o r  a s ing le  reac tor  o r  f o r  a s ing le  material f o r  a l l  reac- 

t o r s  (i.e., the  las t  two appendixes compare materials o r  reac tors ) .  

It should be noted tha t  the t i m e  scale on a l l  of the graphs and 

t a b l e s  is r e l a t i v e  t o  the  t i m e  at which the spent f u e l  is discharged 

f rom the  reactor.  Thus, the curves f o r  HLW and SMW w i l l  be o f f s e t  from 

t h e  v e r t i c a l  axis by a time increment equal t o  the  l ag  t i m e  between 

discharge and reprocessing. The t i m e  span considered i n  a l l  graphs and 

t a b l e s  is 0.1 t o  lo6 years. 

logari thmic decades, with the  IIlaximum se lec ted  so t h a t  none of the  

curves are off scale a t  the  top. 

The vertical axis is always seven 

3.1 Description of Graphs and Tables Giving Totals  
and Pr inc ipa l  Contributing Nuclides 

Appendixes A-C contain the  f u e l  cycle material c h a r a c t e r i s t i c s  i n  

graphica l  and t abu la r  form f o r  the  EWR, W B R ,  and FFTF, respect ively.  

The information presented i n  the  graphs cons i s t s  of the  t o t a l  f o r  a 

p a r t i c u l a r  c h a r a c t e r i s t i c  as a funct ion of decay t i m e  (e.g., t o t a l  

r ad ioac t iv i ty  of spent PWR f u e l )  and the  decay curves f o r  the  nuclides 

t h a t  are the  p r inc ipa l  cont r ibu tors  t o  t h i s  t o t a l .  The p r inc ipa l  

cont r ibu tors  are determined by dividing the  amount of each nuclide ( i n  

appropr ia te  u n i t s )  at a given time by the  t o t a l  at t h a t  t i m e ,  summing 

t h i s  f r a c t i o n  over a l ist  of times spec i f ied  as input t o  the  ORMANG 
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code and se l ec t ing  the  nucl ides  with the  l a r g e s t  summation. I n  the  

present  case the times used i n  t h i s  determination were every logari thmic 

decade (e.g., 0.1 year,  1 year,  10 years ,  e t c . )  over the  t i m e  span 0.1 t o  

lo6 years  inclusive.  

p r i n c i p a l  cont r ibu tors  can be p lo t t ed  on any s ing le  graph. 

The graphs are l imi ted  such t h a t  no more than 14 

The nucl ides  i n  the  summary t ab le s  are determined using the same 

test  as tha t  described above f o r  the  graphs. However, i n  t he  t ab le s  the 

f i r s t  23 cont r ibu tors  are included. 

It should be noted t h a t  there  are two general  ways i n  which a nuclide 

can become a p r inc ipa l  contr ibutor .  In the  f i r s t  way the  nucl ide is very 

s i g n i f i c a n t  at  one o r  two of the  t i m e s  t e s t ed ;  i.e., t he  nucl ide contrib- 

u t e s  near ly  100% t o  the  t o t a l  f o r  a shor t  t i m e .  In  t he  second way a 

nucl ide cont r ibu tes  a much smaller f r a c t i o n  t o  the  t o t a l  but does so over 

a much longer  t i m e  span. In  many of the  graphs an example of the  former 

i s  144Ce and an example of the  l a t te r  is 237Np. 

s i o n a l l y  poss ib le  t h a t  a nuclide w i l l  be l i s t e d  i n  the  t a b u l a r  summary but 

not  appear on a graph because it is below scale. 

As a r e s u l t ,  it is occa- 

Table 4 has been included t o  f a c i l i t a t e  the  loca t ion  of the  graphs 

and t ab le s  giving the  t o t a l s  and p r inc ipa l  cont r ibu tors .  Given the  

des i red  reac tor ,  f u e l  cycle material, and c h a r a c t e r i s t i c ,  the  teader  a n  

r ead i ly  determine from Table 4 the  appropriate  graph o r  table .  

and summary t ab le s  appeal: toge ther  i n  Appendixes A-C. 

The graphs 

3.2 Description of Graphs Comparing Material and Reactor Totals  

Appendixes D and E contain graphs comprising the  t o t a l s  f o r  a l l  f u e l  

cycle  materials from one reac tor  on a s i n g l e  graph (e.g., thermal powet of 

spent  f u e l ,  HLW, and SMW from the  FFTF on one graph) and the  t o t a l s  f o r  a 

s i n g l e  f u e l  cycle  material from a l l  th ree  reac tors  on me graph (e.g., 

t o t a l  t o x i c i t y  of H L W  from the  PWR, m B R ,  and FFTF on one p l o t ) ,  

respec t ive ly .  

not given i n  these appendixes s ince  the  information is ava i l ab le  i n  

Appendixes A-C. 

The p r inc ipa l  cont r ibu t ing  nucl ides  and summary t ab le s  are 
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Table 4. Numbers f o r  graphs and summary t ab le s  giving 
t o t a l s  and pr inc ipa l  cont r ibu t ing  nucl ides  

C h a r a c t e r i s t i c  i n  graph o r  t a b l e  

Reacts r/mate r ia l  Radioac t iv i ty  Thermal power Toxic i ty  
i n  graph or  t a b l e  ( C i  1 (W) (m3 of water) 

Spent f u e l  

HLW 

SMW 

LMFBR 

Spent core + 
axial blanket f u e l  

Spent r a d i a l  
blanket  f u e l  

Spent core f u e l  

HLW 

SMW 

FFTF 

Spent f u e l  

HLW 

SMW 

A. 1 

A. 2 

A. 3 

B. 1 

B.2 

B.3 

B.4 

B.5 

c. 1 

c.2 

c.3 

A.4 

A. 5 

A. 6 

B.6 

B.7 

B . 8  

Be9 

B. 10 

(2.4 

c.5 

C.6 

A. 7 

A. 8 

A. 9 

B.ll 

B. 12 

B.13 

B.14 

B.15 

c.7 

C . 8  

c.9 

i 
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Table 5 has been included t o  facil i tate the loca t ion  of the  compar- 

i son  of graphs i n  Appendixes D and E. 

Table 5. Numbers f o r  graphs giving comparisons of 
reac tors  and f u e l  cycle araterials 

Material c h a r a c t e r i s t i c  i n  graph 

Radioact ivi ty  Thermal power Toxicity , -  Contents of 
one graph ( C i )  (W) (m3 of w a t e r )  

Totals  f o r  a l l  f u e l  
cycle  mater ia ls  from 
t h e  following reactor:  

PWR 

LMFBR 

FFTF 

Tota ls  f o r  a l l  =ac tors  
from the  following 
f u e l  cycle material: 

Spent f u e l  

HLW 

SMW 

D. 1 

D. 2 

D. 3 

D. 4 

D e  5 

D. 6 

E. 1 

E a 2  

E03  

E.4 

E.5  

Ea6 

D. 7 

D. 8 

Do 9 

E07 

E.8 

E.9  

D 

n 
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Appendix A. CHARACTERISTICS OF PWR SPENT FUEL, HIGH-LEVEL 

WASTE, AND STRUCTURAL MATERIAL WASTE 
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Appendix A.1. Radioactivity of PWR Spent Fuel, 

Bigh-Level Waste, and Structural Material Waste 
f 

c 
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ORNL-DWG 81-17734 

LEGEND 
0 = PU239 
A =  CS137 
+ = SR 90 
x = PU240 
0 = AM241 
V =  PR144 
m -  E144 
* = PU241 

= TC 99 - ZR 93 
* =  RH106 
@ -  RU106 

= NB 95 
a = ZR 95 

DECAY TIME AFTER DISCHARGE I y r l  

Fig. A.1.  Radioactivity of PWR spent fuel a8 a function of decay time. 

A 
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Table A.l. R a d i o a c t i v i t y  o f  PWR spent f u e l  as a func t l on  o f  decay t ime 

R a d i o a c t i v i t y  (Ci/MTIHn) 

Time 
(years ) TOTAL PU239 CS137 SR 90 PU240 4111241 PR144 CE144 PU241 TC 99  ZR 93 W l O b  

1.000E-0.1 
3eOOOE-0 1 s . 0 OOE- 0 1 
1.OOOE 00 
2.000E 00 
3m300E 0.3 
5.000E 30 
1 .OOOE 01  
2.000E 0 1  
3.000E 01  
1.OOJE 0 2  
3.OOOE 3 2  
1e000E 03 
3.000E 33 
1.000E 0 4  
3.000e 0 4  
1.OOOE os 
3.0bOE 0 5  
1.900E Ob 

1.173E 
b 0 334E 
4. 336E 
2.507E 
1 3868 
9.221 E 
5.775E 
3 . 935E 
2.808E 
2.129E 
.4. 09bE 
4.280E 
1 742E 
7.697E 
4.b7bE 
1.933E 

.s. 524E 
3.433E 
2.013E 

07 
Ob 
O b  
Ob 
06 
05 
O¶ 
.os 
05 
05 
04 
03 
03 
02 
02 
02 
01  
0 1  
‘0 1 

3.131E 0 2  
3.131E 0 2  
3.131E 0 2  
3.13lE 0 2  
3.131E 0 2  
3.131E 0 2  
3.131E 0 2  
3.129E 02 
30129E 0 2  
3.129E 02 
3.123E 02 
3.1OSE 02 
3.047E 0 2  
2.884E 02 
2.375E .02 
1.347E 02 
1.799E 01 

3.589E-08 
s. 11e~-02 

2.025E 05 
2.015E 05 
2.000E 05 
1.983E 05 
1.938E OS 
1.894E os 
1.808E 05 
1.611E 05 
1.279E 05 
1.OlSE 05 
2.013F 04 
1.982E 02 
1 874E-05 
1 e598E-25 
0 00 
0 eo 
0.0 
0.0 
0 .O 

1.459E 05 
3.4528 05 
1.44% 05 
1e428E 05 
1.39% 05 
1.362E 05 
1.299E 05 
1.153E 05 
9.086E 04 
7.1b2E 04 
1.354E 04 
1.159E 02 
6.731E-Ob 
1.425E-26 
0.0 
0.0 
0.0 
0.0 
0 .3  

5.259E 
5.259E 
50259E 
5.26 1E 
5.261E 
5-26 I E  
5e2154E 
5.2686 
5.270E 
5.272E 
5.244E 
5.13bE 
4 e76 7 E  
3.857E 
1 .836E 
2.204E 
1 m317E 
5.712E 
5.680E 

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
01 

-02 
-0 T 
-07 

1.226E 02 
1ob26E 02 
2.022E 02 
2.99% 02 
4.869E 0 2  
6 e f 5 3 E  02 
9.962E 02 
1.691E 03 
2e648E 03 
3e211E 03 
3.751E 03 
2.748E 03 
8.943E 02 
3.621E 9.b82E-03 01  

1 e801E-03 
5.970E-Ob 
5.173E-13 
0.0 

1.153E O b  
9.64% 0 5  
8.072E 05 
5.170E 05 
2.122E 05  
8.709E 0 4  
1.467E 0 4  
1.708E 02 
2 31 4E-0 2 
3.136E-Ob 
0 00 
0 00 
0.0 
0 .3  
0 00 
0 00 
0 .O 
0 .o 
0.0  

1.153E 
9.64% 
8.072E 
5.170E 
2.122E 
8.709E 
1.707E I.4bTE 

2.314E- 
3.134E- 
0.0 
0.0 
3.0 
0.0 
0.0 
J.O 
0.0 
0.0 
0.0 

O b  
05 
05 
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Fig. A.3 .  Radioactivity of PWR structural material waste as a 
function of decay t i m e .  
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7.548E 0 1  
7.464E 7.258E 0 1  31  

6.86IE 6.487E 91  3 1  

S.798E 0 1  
4.379E 01  
2.498E 0 1  
1.425E 01  
2.80 IE-3 1 
3.73 2E-C6 
3.22 1 E-2 3 
2.3 
2.3 
3.5 
0.0 
6.0 
2.3 

7.974E oi 
6.329E 01 
5.023E 01 
9e967E 00 
9 81 3E-02 
9.28OE-09 

0.0  
0.0 0.0 

0 . )  
3.3 
0 . 0  
0.0 
0.3 
3. > 

3.OOOE 0 3  0.0 
1-OOOE 04 0.0 
3.000E 0 4  0.0 
r.0OOE 05 0.0 
3.OOOE 05 0.0 

1.442€-01 

l.OOOE 06  0.0 
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Appendix A.2. Thermal Power of PWR Spent Fuel ,  

High-Level Waste, and Structural  Material Waste 

n 
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Fig. A . 4 .  "hemal power of PWR spent fuel as a function of decay time. 
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Table A.4. Thermal power o f  FWR spent f u e l  as a func t i on  o f  decay t ime 

Thermal power (W/MTIHM) 

Time 
(years ) TOTAL PU239 

1.000E-31 4.W8E 34 
3oOOOE-01 2.631E 04 
5.00OE-01 1.843E 04 
1.00OE 00 1.346E 04 
2;oooe 0 0  50389E 03 
3 0 0 0 0 E  00 3.329E 03 
5.000E 00 1.826E 03  
1.OOOE 01  1.132E 3 3  
2.000E 0 1  8.644E 02 
3.OOOE 0 1  7.190E 02 _.__-- 
1.00OE 02  2i843E 02 
3.300E 02 1.261E 02 
1.000E 33 5.474E 31 
3.000E 03 2.278E 01 
1.000E 04 1.3528 01 
3.000E 3 4  502OSE 00 
1.OOOE OS 1.053E 00 
3.OOOE OS 5.8S3E-01 
1.OOOE 0 6  3.907E-01 

9.647E 00 
9.64TE 00 
9.647E 00 
9.647E 00 
9.647E 00 . . - . - - - 
9.647E 00 
9.647E 00 
9.645E 00 
9.643E 00 
9e641E 00 
9.621E 00 
9.569E 90 
9.390E 00 
8.887E 00 
7.318E 00 
4.i50E 00 
5 545E-0 1 
1.760E-03 
1 1 O6E-09 

AM24 1 PU240 CS137 SR 90 aR 144 RHlO6 PU238 CS 134 N9 95 ZR 9 5  

4.072E 00 1.638E 01 
5.400E 00 1.C38E 01 
60716E 00 1.638E 01 
9.9.47E 00 le638E 01 
1.617E 01  I.638E 01 

10246E 0 2  1.633E 01  
9.130E 01  1.599E 01 
2.97lE 01 1.485E 01 
1.203E 00 1.201E 01 
3.216E-04 5.719E 00 

5.ClSE 02 
4.992E 02 
4.969E 0 2  
4.913E 02 

2.513E 02  
4.986E 01 
4.910E-01 
4.643E-08 
3.960E-28 
0.0 
0.0 
0.0 
0.0 
0 .0  

4.89OE 02 8.471E 03 5.212E 03 7.409E 31 1.539E 03 7.168E 03 5.6238 03 
4.867E 02 7.390E 03 4.542E 33 7.548E 01 1.439E 03 4.256E C3 2.948E 03 

. . ~ _  _ _  4.788E 0 2  3.801E 33  2.806E 03 7.78OE 01 1.137E 03 3.28% 0 2  1.597E 02 
_ _ _  _ _  4.801E 02 4.6ISE 02 1.560E 0 3  1.411E 03 7.927E 01 8.124E 02 6.640E 0 0  ;.055E 00 

2;216E 01 1;639E 01  4.691E 0 2  4.565E 02 6.401F: 0 2  7.095E 02 7.788E 31 5.805E 02 1.273E-01 5.8428-02 
3.309E 01  1.e39E 01 4.477E 02 4.353E 02 1.J78E 02 1.793E 02 7.673E 01 2.964E 02 4.490E-05 2.136E-05 
5.619E 01 1.643-5 01 3.991E 02  3.865E 0 2  1.255E 00 5.760E 00 7.376E 01 5.519E 01 1.148E-13 5.459E-14 
80794E 01 1.641E 01 3.167E 02 3.045E 02 1.701E-04 6.1976-03 6.817E 01  1.914E 00 7.5OJE-31 3.567E-31 
1.067E 02 1.C42E 01 2.401E 02 2.306E-E8 6.638E-06 6.299E 01 6.638E-02 4 .930E-08  2.330E-48 

4 . 8 4 5 ~  0 2  5 . 9 3 3 ~  03 3.9576 03 7 . 6 ~ 5 ~  01 1 . 3 4 5 ~  03 2 . 1 6 7 ~  a 3  1 . 1 5 5 ~  03  

4.536E 01 0.9 8.263E-27 3.628E 01 4.OOSE-12 0.0 0.0 
3.884E-01 0 e 0  0.0 7.502E 00 0.0 0.0 0.0 
2.256E-08 0 3 0.0 3.205E-02 0.9 0.0 0.0 
4.777E-29 3 00  0.0 2.852E-37 0.0 0 . 3  >. > 
0.0 0 .o 0.0 3.857E-21 0.9 0.3 3.0 .. . 
0-  0 a .o ._- -~ 
0.0 0.0 
0.0 0.0 
0.0 0 .o 

0 .O 0.0 0.0 3.3 3.3 
3.0 3.3 0.0 0.0 0.0 
0.0 0.3 0.0 0.3  0.0 
0.0 0 . 3  0.0 3.3 3.3 

Thermal power (W/MTIHM) 

T i  me 
(years)  ~ 0 2 1 3  AT217 FR22 1 NP237 PO214 LA 140 AC225 Til229 U234 U233 PO21 8 RN2 2 2 

1 .omE-01 
3.0008-01 
SaOOOE-01 

4 585 E- 09 
2.594E-09 
2 51 BE-09 
2.557E-09 
2 e629E-09 
2 TOO€-09 
2.091E-09 

3.9S3E-09. 
2.236E-09 

3.573E-09 
2.022E-09 
1 e962E-09 
1 -992E-09 
2.049E-09 
2 11 2E-09 
2 254E-09 
2.698E-09 9.637E-03 

9.535E-03 
9.541E-03 
9.54lE-03 
9.54 1E-03 
9.546E-03 
9.552E-03 
5.567E-03 

1 54 1E-09 3.235.E-02 
1 549E-09 3.2QOE-02 
1 557E-09 3.242E-02 
1.578E-09 3.253E-02 

3.272.5- 02 

4.631E 03 
8.835E 01 
1.685E 06 
8.475E-05 
2.143E-13 
5.420E-22 1.912E-09 1.674E-09 3.290E-02 

5.522E-09 3.467E-39 2.04OE-09 1-787E-09 3.329E-02 
3 422E- 02 2 -44 2E-09 

2.000E 0 1  5.084E-09 4.382E-09 5.196E-08 0.0 3 586E-09 3.595E-02 
3.000E 01 7.363E-09 6.347E-09 I .107E-07 0.0 5.196E-09 3.758E-02 
1 -000E 02 4.356E-08 3.755E-08 1.216E-06 0.0 3.073E-08 4.592E-02 

5.489E-02 3.OOOE 0 2  4.005E-07 3.450E-07 1 e 2 1  3E-05 0 . 3  2.824E-07 ~ 

1-OOOE 0 3  6.224E-06 5.363E-06 4.852E-OC 3.058E-02 1.42CE-04 0.0 4.390E-06 3.846E-06 5.714E-32 
3.OOOE 03 70474E-05 6.440E-05 5.825E-05 3.584E-02 1.353E-03 0.0 5.272E-05 4.618E-05 5.686E-02 
1.000E 04 8.193E-34 7.060E-04 6.386E-04 3.599E-02 CeO78E-03 0 .0  5.779E-04 5.062E-04 5.593E-02 
J.OOOE 04 4.748E-03 40091E-03 3.701E-03 3.576E-02 2.116E-02 0.0 3.350E-03 2.934E-03 5.335E-02 
1.000E 0 5  1.851E-02 1.596E-02 1.443E-02 3.495E-02 4.822E-02 0 .0  1.306E-02 1.144E-02 4.54OE-02 
30000E OS 4.070E-02 30506E-02 3.172E-02 3.277E-02 5.4E7E-02 0.0 2 a87 1E-02 2.514E-02 2 -971E-02 
10000E 0 6  4.499E-02 3.877E-02 3.506E-02 2.61 I€-02 2.137E-02 0.0 3 175E-02 2.7808-02 1.197E-02 

1.624E-09 

3.-461E-09 2.982E-09 1 a 5 6  1E-08 0.0 

4 - 3 3  E - 0 7  
4.385E-07 
4.165E-07 
4.362E-07 8.62OE-10 
4.802E-07 1 -544E-39 1.41 1E-09 
5.242E-07 2 - 3 0 s - 0  Q 2.10 7E-03 

3.94 2E-09 6.0 78E-07 
8.0 74E-07 1.115E-08 
1.2 12E-96 3.710E-08 
1.628E-06 7.933E-08 
4.9498-06 3.6 79E-0 7 
1-833E-05 9.472E-OB 8.6f LE-06 

I .o 14E-34 
7.51 SE-94 
4.340E-0.3 
1 51 OE-02 

3.764E-02 3 . 4 4 1 8 4 2  
4 -26 9E-0 2 3 e90 3E-02 
1.559E-32 1.526E-02 

1.191E-02 
2.364E-02 
2.635E-02 

5.326E-10 1.87lE-13 
E.172E-IO 5.643E-13 
7.023E- 10 6.42 1E-IO 
9.429E-10 
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Fig. A.5. Thermal power of PWR high-level waste as a function 
decay time. 
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Table A.5. Thermal power o f  PWR h iah- leve l  waste as a func t i on  o f  decay t ime 

Thermal power (W/MTIHM) 

T i m  
(years 1 TOTAL CS137 SR 90 ~ n 2 4 3  AM24 1 PR 144 RHlOO PU239 r(P237 CS 134 PO21 3 PU24 0 

1 .oooc-0 1 
3.000E-31 

1.71OE 04 
1.323E 34 
1.OBOE 04' 
7.325E 03 
4.07SE 03 
20600E 03  
1.486E 03 
9.257E 0 2  
6.707E 02 

4.963E 02 
4.941E 02 
4.911E 02 
4.861E 0 2  
4.750E 02 
4.641E 0 2  
4.432E 02 
3.948E 02 
3.134E 0 2  
2.488E 0 2  
4.935E 01 
4.862E-01 
4.598E-08 
3.920E-28 
0.0 
0.0 ' 

0.0 
0.0 
0.0 

4.839E 0 2  
4.816E 02 
4.793E 02 
4.736E 0 2  
4.C25E 0 2  
4.516E 0 2  
4.306E 02 
3.823E 02 
3.013E 02 
2.375E 02 
4.4886 01 
3.842E-0 1 
2.232E-08 
4.726E-29 
-3 .O 
0.0 
0 .o 
0.3 
0.0 

6.31CE 03 
6.314E 00 

5.T33E 03 
4.798E 03 
4.015E 03 
2.572E 03 
1.056E 03 
4.332E 02 
7.296E 01 
8.493E-0 1 
1.151E-04 
1. SfOE-OB 
0.0 
0.0 
0.0 
6.0 
0.3 
0.0 
0.0 
0.0 
0.0 

3.854E 3 3  
3.359E 03 
2.928E 03 
2.J76E 03 
1.044E 03 
5.247E 02 
1.326E 02 
4.260E 00 
4 395E-0 3 
4.557E-06 
5 m673E-27 
0 . 0 
3.0 
6.0 
0 . ,> 
0 .o 
0 . 3  
0.0 
0 .O 

4 823E-0 2 
4.823E-02 
4.824E-02 

9.538E-03 
9.538E-03 
9.538E-03 
9.539E-03 

1.328E C 3  
I.241E 03 
1.161E 03 
9.811E 02 
7.310E 0 2  
5.009E 02 
2.557E 02 
4.762E 0 1  
1.651E OJ 
5.727E-02 
3 4 54E- 12, 
0.0 
0.0 
0.0 
0.0 
0.0 
3.0 
0.0 
0.0 

2.518E-09 
2.516E-09 2.516E-09 

2 52 JE-O 9 

8-23 6E-0 2 
5.43 8.33 4E-0 1E-02 2 

9-61 I€-02 

1.OOOE 01  
2.000l? 01 

4 848E-02 
4.873E-02 9.516E-03 J.475E-01 

5 47 E - 0 1  
5.434E-01 
5 333E-0 1 
4 -9931-01 
4.138E-01 
2.144E-01 
3 277E-02 
4.69 6 E - 0 5  
1 e 18 TE-09 
1 1 SOE-09 

1 5 0 BE -01 
1.69BE-01 5;OOOE, oi 

I o O O O E  0 2  
3.000E 0 2  
1eOOOE 03 
3.000E 03 

.. 
e.518E 00 
5.959E 00 
4.335E 00 
l .bl1E 00 
5 - 7 0  5E-02 

5.458E-09 
3.477E-08 
2.93JE-07 3 -25 3E-36 

2.84 7E-0 5 
2.632E-04 
1.451E-63 
5 5 7 BE-03 
1.222E-02 
1 e3SlE-02 

5.007E-02 
5.280E-02 
6.162E-02 
8.258E-02 
1.200E-01 
1.047E-01 
1 577E-02 
4.98bE-05 
1 1 O3E-09 

. . - . . - . - 
I .  888E-01 
7.230E-02 
7.9 18E-02 
7.3WE-32 

8.792E-03 
S 2 5 6E-06 
9.256E-11 
9.429E-11 

9.836E-03 
7.84OE-03 

Thermal power (W/MTIHM) 

T i  me 
(years) 4 ~ 2 1 7  ' ~ ~ 2 2 1  AC225 TI4229 U23 3 NB 95 SB126M TC 9 9  CE 144 LR 95 €Ut34 04244 

1 .3OOE-01 
3.000E-0 1 
5 .oooE-a I 

2.1 TOE-09 
2.168E-09 
2.168E-09 
2.172E-09 
2. 18OE-09 
2.1 WE-09 
2.242E-09 

3.9636-09 
1.961E-09 
l .%lE-09 
I 964E-09 
1 971  E-09 
I 985E-09 
2.02BE-09 

776E-09 
77SE-09 

m77SE-09 

784E-09 
-797E-09 
-836E-09 

. T T R E - O ~  

1 554E-09 
1 SS4E-09 
1 555E-09 
1 e556E-09 
1 563E-09 
1 -573E-09 
1 60 8E -09 

6 O34E-09 9.895E-03 
9.895E-03 
9.895E-03 
9 895E-0 3 
9 89 SE-03 

554 E- 03 
554E-03 
5 5 4 E -  03 
554E-03 
554E-03 

5.173E 
4.329E 
3.623E 
2.391E 
9.525E 

554s-03 3.909E 
554E-03 6-584F 

02 
02 
02 
02 
01 
01  
OJ 

8.9b3E 
8.797E 
8.656E 
8.314E 
7.67OE 
7 . 0 7 6 E  
6.>23E 

3 1  
0 1  
0 1  
3 1  
61  

0 1  
01 
01  
0 1  
0 1  
01 a i  

2.0OOE~Ol 3.306E-09 2.WOE-09 2.706E-09 2.37OE-09 8.096E-07 1.324E-31 9.893E-C3 6.553E-03 1.039E-05 6.299E-32 1 e798E C 1 2.44OE 0 1  
3.000E 01 .4.?04E-39 4.2SSE-39 3.851E-09 3.373E-09 1.208E-Cb 8.653E-49 90893E-03 6.553E-03 1.408E-09 4.116E-49 8.030E 0 0  1.664E 01  
1.000E 02 2.9916-08 2.710E-08 2.453E-08 20148E-08 4.32OE-06 0 .0  9.888E-03 6.552E-03 0.0 0.0 2.819C-02 1.142E 00 
3.0OOE 0 2  2.526E-07 2.284E-01 2.067E-07 1.811E-07 1.224E-05 0 .0  9.874E-03 6.547E-03 0 . 3  9.3 

3.000E 95 1.OSK-02 9.52BE-03 8.6246-03 7.552E-03 7.104E-03 0.3 1 e237E-03 2.4C9E-03 0 . 3  0.0 0 .o 1 e 0 4  2E-I 4 
1.07 3E-14 1.000E 0 6  1.164E-02 1.OS3E-02 9.528E-03 8.345E-03 7.913E-03 0.0 9.668E-36 2.531E-04 0.0 0.0 3.3 
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Fig. A.6.  Thermal power of PWR structural material waste as a 
function of decay t i m e .  
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Table A.6. Thermal power o f  WR s t r u c t u r a l  mater ia l  waste as a func t i on  o f  decay t ime 

Thermal power (W/MTIHM) 

T i  me 
(years ) 1014L CO 60 N I  5 9  NB 94 N I  63  AM24 1 NB 4 5  PU24 3 mu239 ZR 9 5  PO213 FE 5 5  

1.000E-0 1 
3.000E-01 
5.0 00E-01 
1.000E 00 
2.0OOE 00 
3.000E 00 
S.OO0E 00 
1.000E 0 1  
2.000E 01 
3.000E 0 1  
1.OOOE 0 2  
3oOOOE 0 2  
I.OOOE 03 
3.OOOE 33 
1.OOOE 04 
30000E 0 4  
1.000E os 
30000E OS 
1.OOOE 06 

2.268E 02 
1.720E 02 
1.437E 02 

1.11SE 02 3.299E-02 
1.086E 02 3m299E-02 
loOS8E 32 3.299E-02 
90906E 01 3.299E-02 
8.685E 01  3.299E-02 
7.615E 01 3.299E-02 
5.8SJE 01  3.298E-02 
3.032E 01 3.298E-02 
8.138E 00 3.298E-02 
2a184E 00 3.298E-02 
20 191E-04 3.296E-02 
8.236E-16 3 e290E-02 
0.0 3 27OE-0 2 
0.0 3 02 14E-02 
0.0 3.02SE-02 

3.483E-03 5 -57 1E 0 1 8.191E-03 
4-133E-03 2.651E 01 8.191E-JJ 

1.231E 01  
1.739E 00 
3.459E-02 
6 -624E-04 
2 e337E-07 
5 -97 SE-16 

4.925E-03 2.928E 01 
4.82SE-33 1.327E @ l  

1.261E-12 6.679E OJ 
1.265E-12 6.332E 00 

1.307E-02 2.61ZE-61 
1.307E-02 2eE39E-31 
1.307E-02 2.COEE-01 
1.307E-02 2.596E-01 
1 e307E-02 2 -576E-01 
1.307E-02 2.557E-01 
1.307E-02 2.519E-01 
1 e307E-02 2.426E-01 4.824E-03 2.842E-16 1 -759E-12 4.773E-01 
10306E-02 2.25OE-01 4.823E-03 1.857E-33 
1.306E-02 2.086E-01 4.821E-33 1.213E-55 
1.302E-02 1.231E-01 4.812E-03 0.0 
1.294E-02 2.728E-02 4.786E-03 0 .0  
1 a263E-02 1 e397E-04 4.696E-03 0.0 3.116E-09 0 .0  
1.180E-02 3.990E-11 6.011E-04 0.3 6.OO6E-03 4.445E-03 0.0 3.739E-08 0.0 
9.2BQE-03 0 . 0  1 - 6 O Q E - 0 7  0 - 0  2-859E-03 3.66OE-03 0 . 3  

1.272E-12 6.304E 00 
1 e294E-12 5.254E 00 
1.331E-12 4.025E 00 
1.373E-12 3.083E 00 
1.467E-12 1.809E OJ 

1-lbOE 02 

8.901E 00 
2.801E 00 
3.115Ey01 
1 -364E-0 1 
7.31 OE-02 
5.554E-02 
4 6408-02 
3.276E-02 

4.450E-02 3.90QE-33 8.Z08E-03 
5.368E-02 2.550E-SO 8.209E-03 
6.23OE-02 0.3 8.167E-03 
4.562E-02 0 a 0  7.997E-03 
1.48SE-02 0.0 7.425E-03 

2.585E-i 2 3i317E-02 
3.740E-12 2.306E-03 
2.196E-11 1.812E-11 
2.339E-10 0.3 

0.0 3.3 
W 
W 

Thermal power (W/MTIHM) 

Time 
(years) cs.137 4T217 SR 90 FR221 AC225 NB 931 i n 2 2 9  58125 NP 23 7 PU238 U233 PO2 14 

1eOOOE-01 2.4838-01 
3.000E-01 2-47lE-01 

1.086E-12 
1. 090E- 12 

2.42lE-01 9.826E-13 
2- 409E-0 1 9.862E-13 

7.796E-13 4.424E 00 4.771E-06 
7.837E-13 4.208E 00 4.772E-06 
7.880E-13 4.003E 00 4.772E-06 

3.831E-02 2 -090E-10 
3.863E-02 2.130E-10 
3.885E-02 2.17OE-10 
3.91 1E-02 2.269E-10 
3.908E-02 2 -489E- I  0 
3.883E-02 2.739E-10 
3.824E-02 3.128E-10 
3.676E-02 4.126E-I 0 
3 397E-02 6.153E-10 

2 . 3 i i E - i 2  2 .490~-05  S . ~ I E - O ~  3 . 1 3 9 ~ - 0 2  B.BJQE-IO 
I . 3 5 7 ~ - 1 1  6 . 1 4 6 ~ - 1  I 6.370~-06 i . a o a ~ - m  ~ . ~ s ~ E - o Q  
1.241E-10 0.0 9.575E-06 
1.925E-09 0.0 1.529E-35 
2.3lOE-08 0.0 I .  793E- 35 
2.532E-07 0 . 0  1.800E-05 

4.559E-13 
5.23 3E-13 
5.834E-13 
7.598E-13 9.12aE-ii1 ziii24E-06 

9 39 4E-13 3.555E- 06 
9 689E- 13 4.439E-06 

71990E-i3 3.532~ 00 4.773E-06 
8.227E-13 2.750E OJ 4.775E-36 
8.485E-13 2.141E 00 4.778E-06 
9.066E-13 1.298E 00 4.787E-06 
1 .387E-12 3.714E-01 4.822E-06 1.OOOE 

2.000E 
3.000E 
1.003E 
3.000E 
1.00OE 
30000E 
1 .OOOE 
30000E 
1 .JOOE 
3 OOOE 
1.000E 

01  
01 
01 
02 
02 
03 
0 3  
04 
04 
os 
os 
06 

1 e241E-12. 9.514E-06 
1 e824E-12 1 424E-05 
2.639E-12 1.708E-05 
1.549E-11 2.123E-05 
1.417E-IO 2.13%-05 
2.198E-09 2.134E-05 
2.638E-OB 2.132E-05 

. . . . - - . . 
1 m507E-01 2.OlSE-12 
1 .188E-Ol 2.915E-12 
2.24SE-02 1 -712E-I 1 
1.924E-04 1.566E-IO 
1.118E-11 2.429E-04 

1e597E-12 3.041E-02 4.934E-06 

3.739E-03 9 e 1 84E-09 6.0 8 5E-0 9 
I 599E-05 4.683E-08 7.1 O6E-08 
1.423E-10 1 e891E-07 5.26%-67 
1.925E-24 7.331E-07 3e043E-36 

2.298E-11 
1 .%OE-31 
0.0 
0.0 
0.0 
0.0 
0 . 0  

6 . 0 -  - 2.070E-OC 1.058E-05 _. - 
0.0 5.95?€-66 
0.3 1 e183E-OS 
0 . 3  1.31 BE-OS 

2.41 ... 1E-OS 

2.734E-05 
1.06 9E-05 I 8  939E-0s 
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Appendix A.3. Toxic i ty  of PWR Spent Fuel, )Ugh-Level 

Waste, and Structural Material Waste 

.. .. 
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Fig. A.7. Toxicity of PWR spent fuel  a8 a function of decay time. 
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Table A.7. T o x i c i t y  o f  PWR spent f u e l  as a f u n c t i o n  of decay t i m e  

T o x i c i t y  (m3 waterflTIHlrl) 

Time 
(years ) TOTAL SR 90 RAZZ6 PR143 PU239 PU240 W 2 4  1 P8210 CE r44  i n 2 2 9  RJ136 R92 2 5 

1 .000~-0  1 
3. oooc-0 1 
5.000E-01 
1.000E 00 
2.000E 00 
3.000E 0 0  
5.000E 00 
1.000E 01  
2.000E 01 
3.000E 0 1  
1.00QE 32 
3.000E 02 
1.OOOE 03 
3.000E 03 
1.OOOE 3 4  
3 e O O O E  04 
1.000E 05 
3.000E OS 
1.OOOE 06  

5elbOE 
1.732E 
4.6OSE 
3.482E 

.2.889€ 
2.605E 
2.332E 
2.018E 
1 
1 e254E 
2 .*I?€ 
1.107E 
3 866E 
1. So6E 
9.431E 
'5.502E 
5.48SE 
5.955E 
20113E 

13 
12 
11 
11 
11 
11 
11 
11 
11 
11 
10 
09  
08 
08 
07  

' 0 7  
07 
07 
07 

2.4681 
2 4SIE 
2.446E 
2.415E 
2.3608 
2.303E 
2.196E 
1 e950E 
1 537E 
1.211E 
2.290E 
1.96OE 
1.. 138E 
2.411E. 
0.0 
0.0 
0.0 
0.0 
0.0 

11 
11  
11  
11 
11  
11 
11 
11 
11 
11 
10 
08 
'0 1 

-20 

4 -952E-01 
5.678E-01 
6 460 E-0 1 
8.672E-01 
1.420E 00 
2.120E 00 
3.9b6E 00 
1.121E 01 
3.732E 01  
7.951E 01 
8.731E 02 
8.714E 03 
1.020E 05 
7.558E 05 
4.361E 06 
1.520E '07 
3.4638 07  
3.927E 07  
1.535E 07 

S.069E 
1.213E 
2.9626 
2 . 5 7 E  
2.01 4E- 
1.580E- 
9.712E- 
0 .3  
0.0 
0 00 
0.0 
0.0 
0 . 0  
0 . 0  
0 .0  
0.0 
'0.0 
' 0 . 0  
.0 .3  

13 
12 
10 
06 
,02 
.LO 
.27 

t.260E 
6.250E 
6.260E 
6.260E 
6.2606 
6.210E 
6.260E 
6.260E 
6.258E 6 -256E 

6.245E 
6.21 1E 
6.094E 
5.7C9E 
4.708E 
2.694E 
3.597E 
1.102E 
7.177E' 

07 
07  
07 
07 
07  
07 
07 
07 
07 
07 
07  
07 
07  
07 
07 
07 
06  
04 - 03 

1.052E 08 
1.052E 08 

1.054E 08 
lm049E 08 
1.027E 08 
9.537E 0 7  
7.715E 07  
3.613E 07 
4.406E 06 
2163SE 03 
1 143E-01 
1 136E-01 

3.064E 
4 eO6SE 
5.053E 
7.487E 
1.217E 
1 m663E 
2 e490E 
4.228E 
6.618E 
8.031E 
9.381E 
6.812E 
2 236E 
9.052E 
2.421E 

.40501E 
1.492E 
1 e29K-  
0 .o 

0 7  
3 7  
07 
0 7  1.052E-02 
0 8  
08 
08 
0 8  
08 
08 
08 
08 
0 8  
06 
03  
0 2  
00 

-07 

S -092E-03 
6.072E-03 
7.158E-03 

1.153E 
9.645E 
8.072E 
5.170E 
2.122E 
8.709E 
1.467E 
1.7)7E 
2.31 4E 
3.136E- 
0.0 
0.0 
0.3 
0.0 

1.309E 06 0.0 
4.SS7E 06 0 . 3  

0.3 
0 . 3  
0.0 

1.440E 0 2  
2.092E 03 
3.058E 04 
2.267E 05 

1;oSaE 07 
1 1 78E . 0 7  
4.603E 06 

11 
10 
10 
10 
13 
09 
09  
07 
03 

-01  

5.433E 
4.735E 
'4.126E 
2.925E 
1.471E 
7.396E 
1 e869E 
6.369E 6.005E 

6.919E 
8.614E 0.0 

0 . 0  
3.3 
0.3 
0.0 
0.3 
0.3 
0.0 

1 0  
1 0  
1 0  
1 0  
10 
0 9  
0 9  
07  
04 
0 1  

-20  

T o x i c i t y  (m3 water/MTIHM) 

Tim 
(years) CSl37 PO 21 0 RN219 CS134 1129 ~ ~ 2 4 3  YP237 TH230 PU23B PU242 SR 09 9C225 

1.000E-01 5.20JE 09 
3.000E-31 Ss179E 09 
5.000E-01 5.155E 09  

2.OOOE 0 0  4.980E 09 
3.OOOE 00 4.865E 09 
50000E 30 4.646E 09 
l.OOOE 0 1  4.139E 09 
2.000E 0 1  3.285E 09 
3.000E 01 2.6QIE 09  
1.000E 0 2  S.173E 08 
30000E 02  S.093E 06  
1.000E 0 3  4.817E-01 
3 - O O O E  33 4.107E-21 
1.000E 04 3.0 
30000E 04 0.0 
1.000E 0 5  0 . 0  
3.000E 35 0.0 
1.000E 06 0.0 

1 . 0 0 0 ~  0 0  5 . 0 9 ~ ~  a9 

4.206E-04 9.710E 00 1.6BOE 10 5.244E 05 4.267E OC 1.040E OS 

6-555F-00 l r A 6 Q F  0 1  I -dbPE 1 0  5-266E OS 4.267E 06 1.341E a5  
s.32w-04 1 . 2 1 3 ~  01 1 . ~ 7 1 ~  i o  5.2616 05 4 . 2 6 7 ~  06 1 . 0 4 ' 1 ~  os 
_ _ - - _ _  
i . 0 2 2 ~ - 6 ~  i ; i T i E  Oi i i 2 4 i E  io s iz6eE 05 4.287E 06 i . 0 4 i E  a5 
2.13lE-03 3.550E 01 8.870E 09 5.268E 05 4.267E 06 1.041E 05 
3.901E-03 4.835E 01 6.338E 09 5.268E 05 4.267E OC 1.042E 0 5  
1.018E-02 7.392E 01 3.235E 09 5.268E OS 4.265E Ob 1.044E 35 
5.613E-02 1.375E 02 6.324E 08 5.2686 05  4.262E 06 1.051E 0 5  
5iiiiE-ai 3;&35E 02 2.090E 07 5.2C8E 05 4.2COE 06 1.075E 05 
G;QJiE-oi 5;663E 02 ?.246E 05 5.268E OS 4.256E 06 1.107E 05 
2.0581 01  1.245E 03 4.371E-05 5e2C8E 05 4.228E 06 1.387E 0 5  
2.988E 02 3.669E 03 0.0 5.268E 05 4.150E 06 2.067E 0 5  
4.369E 03 1.252E 04 0.0 5.268E 05 3.885E 06 3.335E 05 
3.237E 04 3.660E 04 0.0 5.268E 05 3.220E 06 3.909E 05 

6;SlDE OS 3.307E 05 0.0 ~ ; ~ C I E  05 2 . 5 5 1 ~  05 3 . 9 0 1 ~  05 
1.483E 06 7.584E 05 0.0 5.244E 05 3.5346 02 3.8126 05 
1 . 6 ~ 1 2 ~  w 9 . 3 2 9 ~  OS 0 .0  5.199E 05 9.231E-03 3.573E 0 5  
6.577E 05 9.355E 05 0 . J  S.04JE 05 8.948E-03 2.8SJE 05 

01 
01 
01 
01 4.694E 38 
01 4.724E 38 
01 4.7OOE OB 
01 4.631E OB 
01  4.4516 98 
02 4.113E 

.__ 02 3 .831E 
6.364E 02 
2.245E 03 
8.421E 03 
2.592E 04 

i;a-roE 05 1-19OE 05 0.0 5.266E 05 1.666E 06 3.924E 05 8.412E 
2.265E 
5.16eE 
5.873E 
2.301E 

1 .204E 
1.305E 
1.407E 
1 -66OE 
2.169E 
2.083E 
3.71 6E 
6.354E 1.184E 

1 -7SEE 

4.473E OB 3.515E 05 1.767E 
4.555E OB 3.515E 05 5.484E 

3.515E 
3.51 5E 
3.515E 
3.51 5E 
3.515E 

3 8  3.5156 
OB 3 . 5 1 K  

4.527E 07 3.5136 
1.934E 35  3.5086 
1.720E 00 3.498E 

04 2.5276-14 3.454E 
05 0 . )  3 . 3 3 3 E  
os 
05 
05 

4 . 6 1 4 ~  JB 3 . 5 1 5 ~  as 2 . 3 7 9 ~  

2.i89E OB 3 . 5 1 5 ~  

11 1.852E-02 
1 0  1.048E-02 

05 i .9402 
05 1.290E 
05 8.57% 
05 3.788E 
05 4.917E-1 1 1.398E-02 
05 3.3 2.3S4E-62 
05 05 3.9 0.0 

05 05 0 . 0  3.3 

05 0.0 
05 0.3 
05 O m >  -.. 

0.3 2;9aeE os 5;5 
-0 .0  2.054E 0 5  3.3 
a. 3 5.962E 04 0.0 

2i975E-02 
I e76 OE-0 1 
1.617E 00 
2.514E 3 1  
3.019E 02 
3.309E 03 
1.918E 04 
7.478E 04 
1.644E 05 
1.817E 05 
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of decay time. 

Toxicity of PWR high-level waste 88 a function 
n 



Table A.8. T o x i c i t y  o f  WR h iqh - leve l  waste as a func t i on  o f  decay t ime 

T o x i c i t y  (m3 water/MTIHM) 

Time . .  
(years)  TOTAL. - sa 90 AM243 AM241 TH229 RA226 9A225 CE144 PU239 PU240 RU136 -210 

1.000E-01 4.319E 11 2.4428 1 1  4.266E 06 4.749E 07 1.270E-01 6.606E-01 leOl6E-01 7.799E 10 3.130E OS S.290E 05 4.019E IO 7.291E-03 
3.000E-31 3.777E 11 2.430E 11 4.266E 06 4.752E 07 1.27OE-01 7.399E-01 1.016E-01 6.5278 10 3.130E 05 5.353E 0 5  3.932E 10 8.540E-03 
5.000E-01 3.521E 11  2.419E 11 4.266E 06 4.755E 07  1.270E-01 8.194E-01 l .Ol6E-01 5.462E 13 3.133E 95 5.415E 05 3.a52E 1 0  9.933E-03 
1.300E 30 3.137E 11 2.390E I 1  4.265E 06 4.764E 07  1.272E-01 1.018E 00 1.018E-01 3.499€ 10 3.131E 35 5.570E 05 2.164E 1 0  1.401E-02 

3.000E 30 2.506E 11 2m279E 11 4.26SE 06 4.793E 07 1.286E-01 1.814E 00 1.329E-01 5.893E 09 3.135E OS 6.158E 05 5.471E 09  3.877E-02 
5.000E 00 2.279E I 1  2.173E 11 4.264E 06 4.819E 07 1.314E-01 2.612E 00 1.051E-01 9.9258 08 3.138E 05 6.702E 05 1.383E 0 9  7.645E-02 
1.000E 0 1  1.981E 11 1.930E 11  4.262E 06 4.866E 07 1.441E-01 4.622E 03 1.153E-01 1.15SE 07 3.146E 05 7.894E 05 4.442E 0 7  2.225E-01 
2.000E 31  1.556E 11 l.52OE 11  4.258E 06  4.909E 07 10937E-01 80716E 00 1.550E-01 1.566E 03 3.161E 05 9.687E 05 4.560E 04 7.048E-01 
3 - b O O E  6 1  1.226E 11 1.199E 11 4.254E 06 4.905E 07 2.756E-01 1.2946 01  2.205E-01 2.122E-01 3.174E 05 1.09OE 06 4.7S2E 0 1  1-3QlE 00 

2.300E 00 2.725E 11 2.333E 11 4.2bSE 06 4.779E 07 1.277E-01 1.416E 00 1.022E-01 1.436E 10 3.133E 05 5.869E 05 I.3B8E 10 2.473E-02 

- _ _  _ - _  
1 . 0 0 0 ~  5 2  jri323E io 2.264E io 4 . 2 2 6 ~  06 4 . 4 9 2 ~  07  i.7566 00 4.ti62E o i  1 . 4 0 5 ~  03 0.0 3.2506 a s  i.327E OS 5;9ISE-20 P i i i i G  55, 
3.000E 0 2  2.41OE 08 1.940E 08 4.147E 06 3.263E 07 1.480E 01  2.531E 02 10184E 01 0.0 3.426E 05 1.317E 06 0.0 6.305E 01. 
1.OOOE 03 1.700E 07 1.127E 01  3.883E 06 1.062E 07  1.641E @2 2.476E 03 1.313E 02 0.0 3.999E 05 1.222E 06 0.3  7.4266 0 2  
3.000E 0 3  ,6.033E 06 2.385E-20 3.218E 06 4.339E 05 1.438E 53 1.813E 04 1.15OE 03  0 . 3  5.3598 05 9.888E 05 0.0 5.437E 03 
I.OOOE 0 4  3.79SE 06 0.0 . 1.668E 06,2.305E 03 1.329E 04 1.046E 05 l.Ob3E 3 4  0.3 7.788E 05 4.707E 05 0.0 3.I37E 04  
3.000E 0 4  2.208E 06 0.0 
1.000E OS 2.16lE 06 0.0 
3.000E O S  2eS77E 06 0.0 
1.000E 0 6  1.688E 06 0.0 

1.088E 05 2.549E OS 4.499E 0 2  7.325E 04 3.627E 05 5.860E 04 0.0 

9.229E-03 1.297E-07 6.172E 05 8.607E 05 4.937€ 05 0.0 2.440E 2.581E 05 OS 
3.652E 02 1i494E 00 2.816E 05 8.137E 05 2.253E 05 0.0 

8.944E-03 0.0 6.819E 05 1.845E 05 5.4S5E 05 0.0 7.156E-03 6.121E-04 0.0 5.534E 04 

6.793E 05 5.647E 04 0 . 3  

1.023E 3.236E 05 02 3.3761 5.945E-04 01  0 .0  0 .0  

T o x i c i t y  (m3 water/MTIHM) 

T i m  . . ._ 
(years)  ~ ~ 2 2 . 7  . ~ ~ 1 2 6  CS137 . CSlJ4 SE 79 PO107 SR 89 TC 99 AC225 PR 143 NP239 Po210 

_--.-- 
1 e 040E 
1 040E 
1 e040E 
l .o41E, 

1.300E-01 I - l IAl IE  05 2-590E 05 S.148E 09 1.449E 10 1.3695 05 3.74UE 04 1.965E 1 1  6.534E 04 1.317E-02 1.426E 10 1.707E 05  6.794E-04 
3.000E-01 os 5.124E 09  1.355E 10 1.364E 05 3.740E 04 7.210E 09 6.534E 04 1.316E-02 3.411E 08 1.736E 05  3.1306-04 
5.000E-01 05 5.101E 09 1.267E 10 1.364E 05 3.740E 04 2.645E 09 6.534E 04 1.016E-02 8.162E 06 1.706E 3 5  9.632E-04 
1.000E 00 05 S.042E 09 1.371E 10 1.354E 05 3.740E 04 2.157E 08 6.534E 04 l.Ol8E-02 7.228E 02 1.706E 0 5  1.416E-03 
2.300E 0 0  05 4.927E 09 7.653E 09 1.354E OS 3.740E 0 4  1.435E 06 6.534E 04 1.022E-02 5.667E-06 f.TO6E 05  2.574E-03 
3.000E 00 1.041E 05 4.814E 09  5.468E 09 1.364E 05 3.743E 04 9e535E 03 6.5348 04 1.329E-02 4.444E-14 1.736E 0 5  4.4)lC-03 
5.000E 00  1.041E 05 2.S90E 05 4.S97E 09 2.792E 09 1.3t3E 05 3.740E 04 4.213E-01 6.534E 04 1.351E-02 2.732E-30 1.735E 0 5  9.264E-03 
1.000E 01 1-042E 05 2.590E 05 b-095E 09 5.198E 08 1.363E 05 3.740E 04 5.469E-12 6.534E 04 1.153E-02 0.0 1.735E 0 5  3.179E-02 
2.300E 0 1  2eSQOE 05 1 . 8 0 3 ~  07 1.363~ 3 s  3 . 7 4 0 ~  04 0.0 6.534E 04 1.550E-02 0 .0  I .703E 05  1.007E-01 
3.OOOE 01  2.590E 05 6.252E 05 05 1.7OlE 05 1.988E-01 
1.OOOE 0 2  2.589E 05 3 771 E-05 05 1.693E C 5  1.381E 05 
3.000E 32 2.585E OS 0.0 05 1.459E 05 9.007E 00 
1.000E 33  1.153E 05 2.572E 05 0 .3  05 1.553E OS 1.06lE 0 2  
3.OOOE 03 1.I8OE 05 2.937E O S  0 .o 05 1.281E 35 7.767E 0 2  

0.0 1.226E O S  3.736E 04 0 . 3  6.67lE 0 4  4.482E 03 

- - . __ . - 
1.044E 05 
1.047E 05 
1.061E 05 
1.094E 35 

E39oe os 
2.590E 05 
2.5906 05' 
2.590E 05 
2.590E 05 

- . - - - . . - 
3.740E 04 0 . 0  
3.740E 04 0.0 
3.740E 04 0 . 0  
3.739E 04 0.0 
3.739E 04 0 . 3  

6*534E 04 2.255E-02 0.0 
6.532E 04 1.435E-01 0.0 
6.528E 04 1.184E 00 0 . 0 .  
6.513E 04 1.313E 01  0.0 
6.471E 04 1.159E 32 3 . 3  

. _ _ _ _ -  
1 -363E 
1.352E 
1.359E 
1.349E 
1.321E 

3i250E 09 
2.580E 09 
5.119E 08 
5.043E 06 
4.769E-01 

-_-_. 4.Ob6E-21 

3.000E 34 1.171E 05 2.104E 05 0.0 0.0 9;900E 04 3.728E 04 5.0 
1.000E OS 1.145E 05 1.295E 05 0.0 0.0 4.691E 0 4  3.7OOE 04 0.0 
3.000E 0 5  1.073E 05 3.238E 54 0.0 0.a 5.552E 03 3.622E 04 0.0 
1.OOOE 0 6  8.551E 04 2.530E 02 0.0 0.0 3.167E 00 3.361E 04 0 . 0  

I.OOOE 04 i i i i 6 E  05 2.4i7E 05 0 .0  _._ 6.325E 04 1.363E 03 0.3 
5.927E 04 5.86i?E 33 0 . 3  
4.719E 04 2.253E 04 0.0 
2.462E 04 4.937E 04 0.0 
2.523E 03 5.455E 04 0 . 3  

1.319E 04 1.554E 34 
1eLSlE 0 1  3.486E 04 
3.692E-04 3.687s 04 
3.578s-04 7.906E 03  
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Table A.9. T o x i c i t y  o f  PWR s t r u c t u r a l  ma te r ia l  waste as a f u n c t i o n  o f  decay t ime 

T o x i c i t y  (m3 water/MTIHM) 

Time 
PU24 3 SR 90 SN119Y R4226 CO 60 

2.411E 
2.348E 
2 287E 
2.142E 
I .  878E 
10646E 
1.265E 
6 556E 
1.760E 
4.722E 
4.736E 
1.781E 
0.0 
0.0 
0.0 
0.0  
0 .0  
0.0 
0 .0  

N I  6 3  N I  57 0 9 2 1  3 AM241 DU239 (years ) T O f 4 L  NB 94 

1.000E-01 2.056E 09 4.275E 05 
3.000E-01 1.642E 3 9  4.275E 05 
5.000E-01 1.359E 09 4.275E OS 
1.000E 00 9.280E 08 4.275E 05 
2.000E 00 5.4.)9E 08 4.275E 05 
3.000E 0 0  3.877E 08 4.275E 05 
5.OOOE 00 2.779E 08 4.275E 05 
1e300E 01 1.883E 08 4.274E 05 
2.000E 31  1.158E 08 40273E 05 
3.300E 0 1  8.491E 07  4.271E 05 
1.OOOE 0 2  2.31OE 07 4.261E 05 
3.OOOE 92 3.303E 06 4.232E 05 
l.lJOOE 33 6.518E 05 4.132E 05 
3.000E 0 3  4.920E 0 5  30859E 05 
1.OOOE 04  3.764E OS 3.039E OS 
3.000E 0 4  2.012E 05 1.535E 05 
1.000E 35 5.256E 94 1.406E 04 
3.300E 3s 3.187E 04 1.51SE 01 
le000E 36 1.362E 04 6.308E-10 

1.221E 38 
1.216E 08 
1.2lOE 0 8  
1.196E 08 
1.167E 08 

1.267E 
1.331E 
8.383E 
5.001E 
1 779E 
f.332E 
8.0 1 8E 
4 . 5 8 C E  
1.493E 
4.863E- 
0.0 
0.0 
0.0 
0.3 
0.3 
0.0 
0.0 
0 .0  
0 . 0  

3.33 8E -04 
3.73 4E-04 
4.190E-04 
5 -45 7E-04 
8.543E-04 
1.237E-03 
2 22 5E-0 3 
C.015E-03 
1.942E-02 
4.38 7E-02 
4 4 0 6E-0 1 
4.370E 00 
5.103E 01  
3.78lE 02 
2.1B3E 03 
7.599E 03  
1.732E 04 
1.964E 04 
7.677E 03 

08 
08 
08 
08 
OB 
08 
08 
07 
07 
36 
02 - 09 

2.193E 
2.190E 2.187E 

2.179E 
2.162E 
2 146E 
2.114E 
2 1 e .Baa€ 03fE 

10751E 
1 -033E 
2 290E 
1 172E 
3.349E. 
0.3 
0 . J  
0.0 
0 .o 
0 .o 

07 
07 
07 
07  
0 7  
07 
0 7  
07 
07  
07  
37 
06 
0 4  

-0 3 

2.591E 
2.591E 
2.591E 
2.591E 
2.591C 
2.591E 
2.591E 
2.590E 
2.590E 
20590E 
2.588E 
2.584E 
2.568E 
2.524E 
2.376E 
I .  998E 
I 089E 
1.926E 
4.484E 

04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
03 
00 

4.275E-06 3.647E- 06 

4.9R 1 E-06 
7.12OE-06 

3.131E 
3.1L.lE 
3 . l f l E  
3.131E 
3.131E 
3.131E 
3.131E 
3.131E 
3.130E 
3.129E 
3.123E 
3.1 06E 
3.OQ7E 
2.885E 2.37% 

1.347E 
1 799.5 
5.6985 
3.590E 

oa 
E4 
0 4  
0 4  
0 4  
0 4  
0 4  
0 4  
04 
04 
c 4  
04 
c 4  
0 4  
0 4  
3 4  
0 3  
00  

- 0 6  

5.261E 0 4  
5.261E 04 
E.262E 04 
5.262E 04 
5.264E 5.263E 04 04 

5.266E 04 
5.269E 04 
5.272E 04 
5.273E 04 
5.246E 04 
5.137E 34 
4.769E 04 
3.858E 1.837E 0 4  04 

2.203E 33 
1.317E 00 
5.71 4E-05 
5.682E-05 

09 
09 
08 
08 
08 
07 
06 
04 
00 

-05  

1.14OE 0 8  

3 -247E-03 

1.195E-23 
0.0 
0.0 
0 .o 
0.0 
0 .o 

T o x i c i t y  (m3 water/MTIHM) 

T i  me 
N0 95 ZQ 95 RN219 PO210 CE144 SN123 CS137 SB 125 RU136 N0 9 3 M  (years ) T ~ 2 9  RA225 

1.00OE-01 
3.000E-01 
5.ObOE-01 
1.OOOE 00 
2.300E 30 
3.000E 3 0  
5 . 0 0 0 E  00 
1.000E 01  
2.000E 01  
3.000E 01 
1.OOOE 02  
30000E 02 
1.300E 3 3  
3.OOOE 3 3  
1-OOOE 04 
3.000E 04 
10OOOE 05 
..000E 05 
1.OOOE 9 6  

5.092E-05 
5 .  ;LEE-05 
5.143E-05 

1.161E 0 8  
5.5266 07 
2.567E 0 7  
3.62SE 06 
7.211E 04 
1.381E 0 3  
4.873E-01 
1 -2Q6E-09 
8 1 3BE-27 
5 03 17E-44 
0.0 
3 .o 
0 .O 
0 .o 
0 .o 
0.0 
0 00 
0 .E 
0 .O 

9.633E 07 7.624E-C3 
4.366E 07  8.875E-03 

1.3C8E-02 
1.979E 07 1.016E-02 

3.902E 
3.265E 
2.732E 
1 750E 
7.184E 
2.948E 
4.965E 
5.782E 
7.836E. 
1.362E. 
3 .o 
0 .o 
0 .o 
3 . J  
3 . 0  
0 .o 
3 .a 
0 . 3  
0 .o 

07  
c7 
07  
07  
06 
06 
05 
0 3  

-0 1 
-04 

2.575E 
2.554E 
2.552E 
2.522E 
2.465E 
2.4J8E 
2.333E 
2.049E 
I .626E 
1.291E 
2.561E 
2.521E 
2.3A4E- 
2.333E- 
3.3 
3.3 
0.0 
0.0 
0.3 

05 
06 
06 
06 
06 
36 
35 
06 
06 
06  
05 
03 

-04 - 24 

1.015E 
1.346E 
1.280E 
1.13OE 
8.7961~ 
6.849E 
4.152E 
1.188E 
9.728E 
7.966E 
1.966E 
0.0 
0.0 
0. .3 
0.3 
0.3 
0.0 
0.0 
0 . J  

07 
07 
07 
07 
06 
06 
06 
06 
04 
03 

-04 

2 . O l l E  1.752E 0 7  0 7  

1.527E 0 7  
l.OB3E 07  
5.444E 06 
2.737E 06  
6.918E 0 5  
2.222E C4 
2.313E 0 1  
2.375E-02 
2 95 6E-2 3 
0.0 
0.3 
0 . J  
3.2 
3.3 
0.0 
3.3 
0 . 3  

2.46 2E 
2.743E 
3.921E 
3.703E 
5.016E 
6.2h3E 
9.576E 
1.342E 
2.009E 
2.41 O f  
2.996E 
3.312E 
3.01 1E 
3.339E 
2.999E 
2.972E 
2 .879E 
2.630E 
1.915E 

01  
0 1  
01  
3 1  
01  
3 1  
01 
32  
02 
0 2  
32 
32 
0 2  
32 
32 
0 2  
02 
0 2  
52 

6.370E-05 
6.405E-05 

2.736E 06 
5 . 2 3 1 ~  oa Z . O S ~ E - O ~  

8. 882E-05 
1.305E-04 1.044E-w 

1 I 51 1 E-04 
S i  SioE-64 
8.114E-03 
1.259E-01 
1.51OE 00 
L.65SE 01 

0 .0  
0 . 3  
0 .0  
0 .o 
0 . 0  
0 .o 

b e25 1E-01 
I.838E 00 0 .0  

0 .o 
3.0 
0.0 
0.0 
3.0 
0.3 
0 . 3  

6.264E 00 
1.830E 01 
5.950E 01 
1.654E 02 
3.793E 02 

1.888E 00 
2.OCPE 0 1  - . - . - . 
1.199E 02 ___.  ~- - _  
4.675E 02 3.743E 02 
1.028E 03 8.22CE 02 
1.136E 03 9.089E 02 

O.SOOE oi 
0.0 
c.0 
0 . 0  

4.6f5E 02 
4.678E 02 
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Appendix B. CHARACTERISTICS OF LMFBR SPENT FUEL, 

HIGH-LEVEL WASTE, AND STRUCTURAL MATERIAL WASTE 
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Appendix B . l .  Radioactivity of LMFBR Spent Fuel,  

High-Level Waste, and Structural Material Waste 
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ORNL DWG 81-17758 

DECAY TIME AFTER DISCHARGE l y r l  

Fig. B.l. Radioactivity of IMFBR spent core fuel as a function 
of decay time. 



Table B.l. R a d i o a c t i v i t y  o f  LMFRR spent core f u e l  as a f u n c t i o n  o f  decay t ime 

Radi oact  i v i  t y  ( C i  /MT I HM ) 

Time 
(years)  . TOTAL W 2 3 9  PU240 PV24 1 CS137 4M 24 1 ~ n t 0 6  RU106 sa 90 PR 144 C : E l b b  NB 9 5  

1 .OOOE-0 1 
1.0008 00 
1.OOOE 0 1  
1.000E 0 2  
3.000E 0 2  
1.OOOE 0 3  
1.0008 6 4  
3.300E 04 
1.OOOE 05 
2.000E 05 
1.0008 2 6  

3.877E 
9 .%3E 
1 .WOE 
1 7OOE 
5.345E 
2 680E 
8.9048 
3.2BbE 
5.461E 
2.004E 
1.1928 

07 
06 
O b  
05 
04 
04 
03 
03 
02 
02 
02 

6.101E 03 
6e lOlE  03 
6.lOOE 03 

l*lOTE 00 
8.23OE-07 

1.119E O b  
l . l l 9 E  0 4  
1.12OE 04 
1.113E 0 4  
1.089E 04 
10012E 0 4  
3.896E 03 
4e673E 0 2  
2.793E-01 
3 04 13E-06 
3e394E-06 

1.308E 06 
1.252E 06 
8.120t 05 
1.067E 04 
4.160E 00 
3.2C5E 00 
1.567E 00 
3.J67E-01 
I -022E-03 

0.0 
e . 4 2 x - 1  1 

5.94BE 05 
5.826E OS 
4.732E 05 
5.915E 04 
5.821E 02 
5. SOtE  - 05 
0 .o 
3.0 
0 .o 
0.0 
0.0 

4.681E 03 
6.520E 03 
2.OQSE 04 

4.681E 03 
6.520E 03 
2.098E 04 
40202E 04 
3.076E 04 
1.001E 04 
1.572E 00 
3.067E-01 
10022E-03 
8 .  BISE-1 1 
0.0 
8.67SE-11 
0.0 

3 144E 
1 .694E 
3.530E 
0 .O 
5 .a 
0 . 3  
c .O 
0 . 5  
0 .0  
0 .O 
0 00 

0 6  
06  
03 

3.144E 1.694E 

3 53OE 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

06 
06 
03 

2.210E 
2.163E 
1 7bdE 
2.050E 
1.7f5E 
1.319E- 
0.0 
0.0 
0 . 3  
0 . 0  
0.0 

05  
0 5  
05 
04 
32 

.a5 

2.872E 
1 289E 
4.256E 
0.0 
0.3 
0.3  
0 . 3  
0.0 
0.0 
J. 0 
0.0 

06 
06 
02 

2.872E 
1.28BE 
4.254E 
0.0 
U.J 
3.3 
0 . 3  
0 . 0  
0 .0  
0 . 3  
0 .3  

06 
0 6  
0 2  

4.092E 06 
1 892E ,>S 
4.609E-11 
0.3 
J. 3 
3.3 
0.0 
0.0 
0.0 
1.3 
3.3 

R a d i o a c t i v i t y  (Ci/MTIHM) 

Time 
(years ) ~ 1 ~ 2 4 2  PU238 PM147 RU10 3 ZR 95 RHlO3W PIP237 PA233 U233 i n 2 2 9  AC225 RA22 5 

1.OOOE-01 3.5428 01 2.7288 01  6.326E 05 3.475E 06 3.067E 06 30134E 06 3.168E-01 3.085E-01 2.025E-05 2.225E-06 2.591E-06 2.394E-06 
1.OOOE 00 3.542E 01 2.8418 04 5.008E 0 5  1.OS6E 04 8.713E 04 9.523E 03 3.186E-01 3.186E-01 2.165E-05 2.227E-06 2.227E-06 2.227E-06 
1.OOOE 01  3.5428 01 2.6918 04 4e644E 0 4  0.0 2.977E-11 0.0 3.602E-01 3.602E-01 3.486E-05 2.249E-06 2.249E-06 2.249E-06 
1.9OOE 92 3.5*3E 01  1.339E 04 2.187E-06 0.0 0 .O 0.0 1.504E 00 1.504E 00 3.869E-04 3.690E-06 3.690E-06 3.690E-06 

2.865~ as 6.0 0.0 0.3 0.0 3 . 8 5 2 ~  0 3  3 . 8 5 2 ~  00 2.783tz-33 3 .316~-05  3 . ) 1 6 ~ - 0 5  ~ . O ~ C E - O S  _ _  
03  
0 4  
04 
os 
05 
O b  

3.000€ 02 3.542E 01 
1.OOOE 3.540E 
1.0008 3.483E 
3.OOOE 30360E 
1.000E 2.964E 
3.OOOE 
1.0008 

2.072E 
5.9118 

_ _  
01 
01 
01 
01 
01 
oc 

- - - - . - - - - - - 
1.3bSE-17 0.0 
0.0 0.0 
0.0 0.0 
0.0 0 e o  

1 0.0 0 .O 

-.- 
0.0 
0.3 
0.3 
0.0 

- - - - - - - . . 
I - O S T E  01 0.0 0.0 0.3 0.0 80042E 09  8.342E 03 2.212E-02 7.654E-04 7.654E-04 7.654E-04 

0 .O 0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

1.004E 0 1  1.004E 01  4.393E-01 1.401E-01 1 e 4 3  1E-0 1 1.401E-01 
9.982E 00 9.982E 00 1.213E 00 8.164E-01 8.114E-01 80164E-01 
9.76OE 00 9.76OE 00 3.49% 00 3.189E 00 3.189E 00 3.1895 00 
9.141E 0 0  9.147E OJ 6.942E 30 7.012E 00 7.312E 0 0  7.312E 0 3  
7 . 2 9 1 ~  00  7 . 2 9 1 ~  00 7 . ~ 3 7 ~  00 7 . 7 5 3 ~  00 7 . 7 5 3 ~  0 0  7 . 7 ~ 3 ~  03 
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Fig. B . 2 .  Radioactivity of LMFBR spent core + axial blanket fuel 
a s  a function of decay t i m e .  t 



Table 8.2. Rad ioac t i v i t y  o f  LMFBR spent core + a x i a l  b lanket  f u e l  as a f u n c t i o n  o f  decay t i m e  
~~ _ _ _ _ _ _ _ _ _ _ ~  ~ 

R a d i o a c t i v i t y  (Ci /MTIHM) 
- 
T i  me 

(years 1 TO TAL P U 2 3 9  PU240 CSl37 

2 620E 
6.409E 
1 -097E 

1.OOOE-01 
1.300E 00 
1.OOOE 0 1  
L.OOOE 02 i . i ~ i ~  

3.9518 
1.817E 
6.332E 
2.4288 
3 0950E 
1.3248 
7.969E 

07 
06 
0 6  
05 
04 
04 
03 
03 
02 
02 
01  

4.6428 03 
4.642E 03 
4.6418 03 
4.630E 03  
4.604E 03 
4.916E 03 
3.5118 03 
1.987E 03 
2.653E 02 
8.390E-0 1 
5.3468-07 

7.375E 03 
7.37SE 03 
7.379E 03 
7.333E 03  
7.18OE 03 
b.666E 03  
2.567E 03 
3.08OE 02 
1 -841E-01 
2.216E-06 
2 -204E-06 

3.981E 
3.899E 
3.166E 
3.958E 
3.897E 
3e686E 
0.0 

0 . 3  
0.0 
0.0 

a .o 

05 
05 
05 
04 
02 - 05 

PU24 1 AM241 RHlO6 RUlO6 SR 90 PR144 CE144  N0 9 5  

8e509E 05 
8.145E 05 
5.281E 05 
6.939E 03 
2.701E 00 
2.120E 00 
1.017E 00 
1 e982E-01 
6 -638E-04 
5.470E-11 
0.0 

3.041E 03 
4.237E 03 
1.364E 04 
2.733E 04 
2.000E 04 
6.510E 03 
1.021E 00 
1.992E-01 
6.638E-04 
5.763'2-11 
0.0 

2.101E 
1.131E 
2.361E 
0.0 
0 .o 
0 . 3  
0 .a 
0 e 0  
0 . 0  
0 .o 
0 .0 

0 6  
0 6  
03 

2. lOlE 
1.131E 
2.361E 
0.0 
0.0 
0. J 
0.0 
0 . 0  
0.0 
0.0 
0.0 

06 
06 
03  

1.492E 
1.461E 
1.179E 
1 384E 
1.165E 
6.884E 0.3 

,0.3 
0.0 
0 . 0  
0 . 3  

05 
05  
05 
04 
02 - 06 

1 - 9 3 t E  
8.687E 2.868E 

0.0 
0 . 0  
0 .0  
0.0 
0.0 
0.0 
0.0 
0 . 3  

06 
05 
02 

1e936E Oe 2 ~ 7 7 8 E  06 
8.6B7E 05  1 . 2 8 2  05 
2.868E 0 2  4.491E-11 
0.0 
0 .o 
0 . 0  
0 .o 
0.9 
0.0 
0 .0  
0 . 3  

3.0 
0.0 
0.0 
0.0 
>.O 
9.0 
0.0 
3.3 

R a d i o a c t i v i t y  ( C i  /MTIHM) 

Time 
(years 1 PU242 PM147 PU238 RU103 ZR 95 R H ~ O J M  ~ ~ 2 3 7  PA233 U233 TH229 4c225 R9225 

1.000E-01 2.30OE 01 4o293E 05 1.777E 04 2.351E 06 2.084E 06 2.120E 06 2.258E-01 2.199E-01 1.348E-15 1.446E-06 1.682E-06 1.555E-06 
1.000E 0 0  2 e 3 O O E  01 3.398E OS 1.854E 04 7.134E 03 5.919E 04 6.432E 03 2.269E-01 2.270E-01 1.448E-05 1.447E-06 1.447E-06 1.447E-06 
1.000E 01 2 .3OOE 0 1  3.192E 04 1.756E 04 0 .0  2.323E-11 0 .0  20541E-01 2.541E-21 2.385E-05 1.462E-06 l.QC2E-06 1.462E-06 
I - O O O E  02 2.3eIE 0 1  I.ABbE-06 8.721E 0 3  0.0  D.D 0.0 9.QfOE-01 9.979E-01 2.636E-04 2.442E-06 2.442E-06 2.442E-06 3;000E ai  H ; s o i ~  Oi 0;o- .- - -  - -  - -  - 

1.866E 03 0.0 
1.000E 03 2.298E 01  0.0 1.272E 0 1  0 . )  
1.000E 04 2.262E 01 0.0 8.865E-18 0.0 
3.000E 04 2.182E 01 0.0 0 .o 0.0 
I.OOOE Os 1 . 9 2 4 ~  o i  0.0 
ZoOOOE OS 1.346E 01  0.0 
1eOOOE 0 6  3.839E 00 0.0 

0 r O  0 .0  
0 .o 0 .0  
0 00 0 .0  

... 
0.0 
0.0 
0.0 
0 e 0  
0 .o 
0 .0  
0 .0  

~ . .  
0.0 
0 .0  
0.0 
0.0 
0 .0  
0.0 
0.0 00  

2.525E 0 0  2-525E 0 0  1.835E-03 1.9QEE-05 1 -99BE-05 1.99BE-05 
5.25OE 00 00 
5.550E 00 00 
6.511E 0 3  00 
to366E 00 00 
5.966E 00 00 
4.756E 

5.966E 
4.756E 0 3  
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F i g .  B.3.  Radioactivity of LMFBR spent radial blanket fuel  as a 
function of decay t i m e .  



, 

Table 8.3. Rad loac t l v i t y  o f  LHFBR spent r a d i a l  b lanket  f u e l  as a f u n c t i o n  of decay t i n e  

Rad1 o a c t i  v i  t y  (Ci/MTIHn) 

Time 
(years)  TOTAL PY239 CS131 SR 90 PU24 0 PR 144 CE144 aH i 06 RU136 -147 N8 95 ZR 9 5  

-0 1 
00 
0 1  
0 2  
0 2  
a 3  
0 4  
0 4  
os 
os 
Ob 

Ob 
os 
04 
03 
03 
03 
05 
02 
0 2  
00 
00 

4.2468 
4.1S8E 
3.378E 
4.222E 
4.1S9E 
3.933E- 
0.0 
0 .O 
0.0 . 
0 .O 
0 .O 

04 
04 
04 
03  
01 

-06 

2 OOOE 
1 -966E 
1.981E 
1.8631 
1.596E 
9.266E 
0.0 
0.0 
0.0 
0.0 
0.0 

04 
04 
04 
03 
01 

-07 

2. S17E 
1.129E 
3. 729E 
0.0 

0.0 
0.0 
0.0 

0.0 

- _ _  
0.0 
0.0 
0.0 

05 2.917E 35 
OS 1.129E 3 5  
01 3.l2OE 01  

0.0 
0 .O 
0 .O 
0 .o 
0 03 
0 . 0  
0 .O 
0 .a 

2.1388 
1.151E 
2.394E 
3.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

os 
OS 
02 

2.138E 
1 . lS lE  
2.394E 
0.0 
0.0 
0.0 
0.0 
0 . 3  
0.0 
0.1 
0.0 

05 
09 
02 

6.178E 04 
4.893E 04 
4.538E 03 
2.137E-07 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0. a 

4.643E 05 
2.134E 0 4  
7 d52E-12  
0 .O 
0.0 
0 . 3  
0.0 
0.3 
0.0 
0 . 3  
0.0 

3.460E 05 
9.826E 0 3  
3 3 5  08-12 
0.0 
3.3 

3.3 
3.J 
3.3 
0.3 
0.0 

1.0 

R a d i o a c t i v i t y  (Ci/MTIHM) 

Time 
(years)  R U ~ O S  RH103W C E l 4 l  Y 91 PU24 1 ZR 93  S Y l S l  U238 ~ 4 2 3 4 ~  711234 U234 RA226 

1.000E 
1 .oooe 
1.000E 
1 . OOOE 
3 e OOOE 
1.000E 
1.000E 
30000E 
1 .oooe 
1.000E 
1.000E 

-01 3.526E OS 
00 l.ObOE 0 3  
31 0.0 
02 0.0 
0 2  0.0 
03 0.0 
04  0.0 
04 0.0 
os 0.0 
os 0.0 
06 0.0 0; 0 0 .O 0.0 0.0 3.891E-01 

3.178E .OS 2.716E OS 2.031E 05 5.103E 03 3.32SE-01 
9.bl7E 02 2.4568 02 4 0 1 3 x  03 40887E 03 3.450E-01 
0.0 0.0 5.043E-14 3.169E 03 4.433E-01 
0.0 0.0 0.0 4.162E 01 6.133E-01 
0.0 0 .O 0.0 2.74IIE-03 6.120E-01 
a. a a .a a.n 2.784~-06 6. I iaE-01 -. - - -  - - -  - - -  
0.0 0 .o 0 .o 1.336E-66 6;09JE-oi 
0.0 0.0 0.0 2.6 1 $E-37 6. 038E-Jl 
0.0 0.0 0.0 6.668E-10 5.8501-03 
0.0 0 .o 0.0 7.133E-17 S.343E-0 1 

8.702E 0 2  3.21 
8.639E 32 3.21 
8.0608 0 2  3.21 
4.03OE 0 2  3.21 
8.639E 01  3.21 
3.938E-01 3.21 
0 .O 3.21 
3.5 3.21 
0.3 3.21 
0 00 3.21 

, 0.0 3.21 

1E-01 
LE-01 
LE-01 
IE-01 
1E-JI  
1E-01 
I E - 0 1  
1E-Sl 
1E-01 
1E-01 
OE-01 

3.212E-31 
3.21 I€ -01  
3.21 LE-01 
3.21 1E-01 
3.21 1E-31 
3.21 1E-01 
3.211E-01 
3.21 lE -J l  
3.21 1E-31 
3.21 IE-01 
3.21OE-01 

3.21 2E-01 
3.2 11 E-01 
3.21 1E-01 
3.211E-01 
3.21 IE-01  
3.21 1E-01 
3.2 1 1 E- 0 1 
3.21 1E-Ol 
3.21 1E-01 
3.2 1 1E-01 
3.2 IO€-01 

1 e1 12E-03 
1.658E-03 

, 6.919E-03 
, 4.32bE-02 
I 7.122E-02 
, 7.892E-E2 

5 - 5 1  1E-12 
1.233E-11 
C.4b2E-10 
3.46 2E-07 
6.444E-06 
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Table 8.4. Rad ioac t i v i t y  o f  LMFER high- level  waste as a f u n c t i o n  o f  decay t ime 

Time 
(years)  TOTAL CSl37 W 2 4  1 TC 99 SR 90  ?4P 239 A M24 3 PU239 RHlO6 RUlOb ZR 9 3  PR144 

3.S00E-01 80328E O b  2.6589 OS 2.051E 03 1.770E 01 1.012E 05 1.235E 02 1.235E 0 2  1.8b5E 01  1.188E Ob 1.188E 06 1.R4SE 00 1.057E 06 
1.250E 00 30078E O b  2.6098 05 2.0S2E 03 1.77OE 01 9.9OlE 04 1.235E 02 1.235E 32 1.86% 01  6.398E 35 b.398E 05 1.912E 0 0  4.744E 05 
1.025E 01 3.469E OS 2.11SE OS 2.052E 03 1.77OE 01 7.991E 04 1.234E 02 1.234E 02 1.810E 01 1.313E 03 1.301E 03 2.440E 00 1.966E 0 2  
1.00SE 02 4. l lOE 04 2.643E 04 1.825E 03 1*770€ 01 9.303E 03 1.223E 0 2  1.223E 02 1.906E 01  0.U 0.0 3.339E 00  0.0 
I -803E 02  2.728E 03 20601E 0 2  1.325E 03 1.76- 01 8.033E 01 1.2OlE 02 1.2OlE 0 2  1.9bbE 01 0.0 0.0 3.348E 0 0  0.0 _ _ _ _ - -  

0.0 3.348E 0 0  0.0 l-OOOE 63 7.647E 02 2.460E-05 4-322E 02 1.765E 01  4.66bE-Ob 1-124E 02 1a124E 02 2 . 1 5 E  01 0.9 i ;6SE 6 %  1.778E 0 2  0.0 ~ 6.43SE-01 1.714E 01 0.0 4.aPeE o i  4.eSeE 0 1  3 . 3 6 7 ~  0 1  0.3 0.0 3.334E 00  >.J 
3.OOOE 04 7.330E 0 1  0.0 1.2591-01 1.606E 01 0.0 1.379E 00 7.379E 00 2.767E 01 0.0 0.0 3.303E 00  0.0 

3.200E 00 0.0 I.OOOE OS 20982E 01 0.0 4.174E-04 1.279E 01 0.0 1.03OE-02 1.028E-02 4.118E 00 0.0 0.0 
3.OOOE 05 10929E 01  0.0 3ob2lE-11 6.670E 00 0.0 3.477E-07 3.477E-07 1.302E-02 0 . 3  0.0 2.923E 0 0  1.3 
1mOOOE 06 LOOLIE 01  0.0 0 00 C.836E-01 0.0 3.310E-07 3.370E-07 3.370E-07 0.3 0.0 2 . 1 2 9 ~  0 0  3.0 

R a d i o a c t i v i t y  (Ci/MTIHM) 

Time 
(years)  ~ ~ 1 4 4  CSJJS p n i 4 1  PUP40 NB 95  SH151 ZR 9 5  NP237 P4233 CS 134 U233 M 2 2 9  

3.500E- 
1.2SOE 
1.025E 
1.003E 
3.003E 
1.OOOE 
I .OOOE 
3.000E 
1.000E 
3 i O O O E  
1.000E 

-0 1 
00 
01 
0 2  
02 
03 
04 
34 
05 
05 
Ob 

1 .OS-?€ 
4 744E 
1.W6E 
0.0- 
0.0 
0 :o 
0.0 
0.0 
0.0 
0.0 
0.0 

O b  
OS 
0 2  

2.103E 
2.103E 
2.103E 
2.103E 
2.1 O3E 
2.102E 
2.097E 
2.084E 
2.041E 
1.921E 
1 S56E 

00  
00 
00 
06 
00 
00 
0 0  
00  
00  
00 
00 

2.7b7E 
2.182E 
2.023E 
9.528E 
J .I) 
0 e o  
0 .o 
0 .o 
0.0 
0 .O 
0.0 

05  
0 5  
04 

- o r  

2.410E 01  
2.487E 01 
3.124E 01 
4.99oE 01 
4.543E 01 
8.218E 01 
1.624E 01 
1.948E 00 
1 165E-03 
1 532E-09 
7.963E-09 

0.0 
0.0 
0 .o 
0 .o 
0.0 
0.0 
0.0 

9.930E 05 4.184E 
3.4ME 04 4.751E 
1.175E-11 4e433E 
0.0 2.216E 

4.750€ 
2.164E 
0.0 
0.0 
0.0 
0.0 
0.0 

03 
03 
03 
03 
02 
00 

5 -452E 
1.549E 
5.291E- 
0 .o 
0 .O 
0 .u 
0 .0  
0 . 0  
0 .o 
c .o 
0.3 

05  
04 

-1 2 

1 b95E-01 
1 755E-31 
I.765E-0 I 
2.334E-01 
3.3QSE-01 

5 1 5 1E-01 5 15 1E-01 
6.i)JJE-Ol 6. J33E-01 ._ 

6.316E-01 
5.886E-01 
5.5 1 7E-0 I 
4.398E-01 

1.228E 
9.073E 
b.404E 
3.195E- 
0.0 
0.0 
0.3 
0.0 
0 . 0  
0 . 0  
0.0 

05 
04 
03 
. l o  

4 26 5E-0 6 
1 -687E-03 b.642E-05 
2.490E-02 8.61 I € - 0 3  ~~ ~- .~ 
7.329E-02 
2 10 BE-0 1 
4 186E-0 1 
4.656E-01 



54 

ORNL DWG 81-17760 

DECAY TIME AFTER DISCHARGE (yrI 
Fig. B.5. Radioactivity of LMFBR structural material waste as a 

function of decay time. 

Q 



Table 8.5. R a d i o a c t i v i t y  o f  LMFBR s t r u c t u r a l  ma te r ia l  waste as a f u n c t i o n  o f  decay t ime 

R a d i o a c t i v i t y  ( C i  /MTIHM) 

l i m e  
(years)  TOTAL NX 59 MN 54 NI 63 F E  55 co 58 PU239 PU240 CO 60 AM241 TC 9 9  C 1 4  

3.500E-01 
1.2SOE 00 
1.02SE 01 
1.003E 0 2  
3-003E 02 1;aaoe a3 

1 S88E 
4.183E 
2 *003E 
1 522E 
4 099E 

5 024SE 
2.530E 
10724E 
0.0 
0 00 
0 -0 

05 
04 
03 
0 2  
01 

1.106E 01 

00 
00 
00 
00 
00 
00 

3.238E 
3.238E 
3.238E 
30236E 
3.23OE 
3.210E 

i;Oooii 0 6  5;93sE 0 0  2 . 9 7 0 ~  00 0.0 
3.000e 04 3.640E 00 2.497E 0 0  0.0 
1.00OE O S  1.S79E 00 1.362E 00 0.0 
3.000E OS 3.152E-01 2.407E-01 0.0 
1 .OOOE 06 .30006E-O2 S.607E-04 000 

04 
04 
01 

20335E 02 1 . 1 5 8 E  04 
2.319E 02 9 . l l l E  03 
2.167E 02 8.2fOE 02 
1 . 1 0 0 E  02 3.142E-08 
20438E 01 0.0 
1 .2sa~-oi  0.0 
0.0 0.0 
0 .0  0 .O 
0.0 0.0 
0.0 0 .0  
0.0 0.0 

8 . 6 4 1 E  04 
3.455E 03 
30604E-11 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

.865E 

.865E 
0865E 
86 OE 

.850E 
-8 14E 

00 
0 0  
00  -_  .- .- 
00 2.388E 
00 2.338E 
00 2.17lE 

1 
1 
1 
1 
1 
1 
1.408E 00 8o36lE-01 0 . 3  
7.961E-01 1 .003E-01  0.0 
1.062E-01 5.9968-05 0.0 
3.378E-04 70008E-LO 0.0 
1 e692E-LO 6.969E-10 0.3 

2.4636 2.403E 

2.404L 

00 
00 
00 

2.153E 03 
1.912E 03 
S.8S4E 02 

00 4.229E-03 
00 1.59OE-14 
00 0.0 

8.329E-02 
8.329E-02 
8 32 8E-0 2 
8.326E-02 
8 32 1 E-0 2 

3.229E-04 8.062E-02 3.37SE-01 

00 
00 
00 
00 
03 

1 O69E 
I .  444E 

00 
00 

8.667E 00 
6.344E 00 
2.0651 00 

i i 3 9 2 E  00 

6.297E-OS 7; SS*E-Os 3.00 2E-62 
2.088E-07 6.OlSE-02 6.300E-06 
1 a 8  12E- 14 3 3.216E-03 138E-02 0.0 1 m953E-16 
0.0 

VI 
VI 

R a d i o a c t i v i t y  (Ci/MTIHM) 

T i  me 
( yea is )  cs13'I PU241 NB 94 

0.0 

AC22 5 

4.39QE-lQ 

RA225 

4. SB9E- 10 

2.657E-01 . 
1-9S4E-01 2.921E-05 2.921E-05 2.921E-05 

117OlE-04 1.701E-04 1-701E-04 
6.602E-04 
1 4 C  OE-03 
1.61 5E-03 

6 :  6426-04 
1 460E-03 
1 61SE-03 

FR22 1 

0 -599E-10 
4 588E-IO 
4 -64 IE- IO 

'8005BE-IO 
6.603E-09 1 e619E-07 

2.92 1E-05 
1.701E-04 
6 64 2E-0 4 
1 e460E-03 
1.615E-03 

A1217 

4.599€-10 
4 - 5 8 8 E -  LO 
4 -64 IE-1 0 
8 e O J B E - 1 3  
6. 6OJE-09 
1 61 9E-07 
2.921E-OS 
1.701E-04 
6.642E-04 
1.460E-03 
1 61 SE-03 

81213 

4 e 599E- 10 
4 5 8 8 E -  LO 
4 -64  IE- Ill 

1 m70 1E-04 
6 64 2E-04  
1.460E-03 
1.615E-03 

P0209 

4.599E-10 
4 5 8 8E- 1 0 
4-64lE-10 . . . . - - - . 
8.058E- IO 
6 6 03 E-09 
1 6 19E-07 
2.921 E-05 
1 701 E-04 

U233 

4 e 58 7E-0 9 
'0 9 5  2E-0 9 
B . 4 6 S E - 0 9  

7.2 1 -446E-03 79E-0 4 

1.61 1E-03 

6.46 IE-09 
1 eS84E-07 
2.858E-OS 1.664E-Ob 

6 1 - 4 2  49 9E-0 9E-03 4 

1 . 5 8 O E - 0 3  
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High-Level Waste, and Structural Material Waste 
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Table 8.6. Thermal power o f  LMFBR spent core fue l  as a func t ion  o f  decay t ime 
~~~ 

Thermal power (W/MTIHM) 

T i m e  
(years 1 TOTAL W 2 3 9  AM24 1 P V Z 4 0  R H 1 0 6  PU238 P R 1 4 4  CSl37 5R 90 CY242 PO21 3 NB 95  

1.0008 
I .0008 
I .OOOE 
1.0008 
3.0008 
I .  0008 
1 .oooe 
3.0008 
I .  0008 
3.0001 
1.0008 

-01 1.638E 
00 3.990E 
0 1  4.736E 
02  20627E 
02  1.660E 
93 8.427E 
04 2.7OOE 
04 9.9498 
OS I.441E 

06 2.6421 
os 4.1eo~ 

os 
04 
03 
03 
0 3  
0 2  
02  
01 
01 
00 
00 

1.880E 02 

l . 8 8 O E  02 
1.076E 02 

i.eeoE 02 

1.oi88 o i  
1-41 38-02 
2.5568-08 

3.01 6E 
lm624E 
3.38CE 
0.0 
0 00 
0.0 
0.0 
0.0 
0.0 
0 .o 
0.0 

04 
04 
01 

0.0 
0.0 
0.0 

2.11 
9.47 
3.12 
0 .O 
0 .o 
0 0 0  
0 00 
0 . 5  
0 .3  
0 .o 
0.0  

I E  04 
1E 03 
7E 00 

1.4748 
1 443E 
1.172E 
1.46s 
1 4428 
1 364E- 
0.0 
0.0 
0.0 
0.0 
0.0 

03 
03 
03 
02 
06 

*07 

7.4398 02 
1.251E 02  
5.853E 02 
6.871E 01 
S.882E-01 
3.416E-38 
0 .o 
0.1 
0.0 
0.0 
0.0 

e282E-07 I O  3E-0 7 

.Il3E-O? 

.494E-06 
79 OE-0 S 
9388-0 3 

a 0 4  BE-02 
-979E-0 1 
4 1  18-0 1 
83 9E-0 1 

.e2 TE- o 7 

1.96 
9.07 
3-17 
0.0 
3.0 
3.0 
3.0 
0.0 
0.0 
3.3 
9.0 

2E 0 4  
I E  02 
0e-13 

Thermal power (W/MTIHM) 

T i m e  
(years )  A1217 W242  c-44 FR221 K 2 2 5  NP237 ZR 95 CS134 w 2 2 9  U233 LA140 , R U l b  3 

I .000E-01 
1.000E 00 
1.0008 01 
1.0008 52  
3.0008 0 2  
1.0008 03 
1.0008 04 
30000E 04 
1.000E os 
5.0008 OS 
1.0008 96 

1 b7E-86 

10361E-01 
2. 992E-01 
3 309E-0 1 

1 00468 00 
1.0468 00 
1.04tt 00 
1.0468 00 
10046E 00 
I.045E 00 
1.0288 00 
90924E-01 
8. is1 E-0 I 
6.1178-01 
1 7468-01 

7 OS 8E -02  
60820E 02  
4.832E 0 2  
10542E 01  
7.306E-03 
1.2OOE-I 1 

10198E-11 
1.1988-11 
10196E-11 
I m189E-11 

I . 1 9 e ~ -  I I 

2.992E-0 I 

I 
4 
1 
0 
0 
0 
0 
0 
0 
C 
0 

00  
.O 
.O 
03 
00 
.O 
.O 

3 . lWE 
2.3608 
1 146E 
8.312E 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  

33 
03 
02 

-12 

15.83 eE-oe 
6.8128-08 
6.880E-08 
1 129E-07 
9.226E-07 

6.292E-07 
1 0 I 3E-06 
1 1 2SE-05 

1 m357E 
2.4868- 
0.3 
0.0 
0 . 3  
0.0 
0.3  
0 00 
0 .o 
0 .3  
0 . 3  

04  
-0 4 

1.163E 
3.534E 
3.0 
3.0 
1.J 
0.0 
0.0 
0.0 
3.0 
>.a 
3.0 

0 4  
01 
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Fig. B .7 .  Thermal power of LMFBR spent core + axial blanket fuel 
a s  a function of decay time. 
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Table 8.7. Thermal power of LMFBR spent core t a x i a l  b lanket f u e l  as a f u n c t i o n  of decay 

Thermal p w e r  (WPTIHM) 

Time 
(years )  TOTAL PU239 AM24 1 PU240 R H l  E6 W 2 3 8  PR144 CS137 SR 90  CM242 PO2 13 NB 9 5  

i . o o o ~  
3.000E 
I .OOOE 
I *  000E. 
3.000E 
1.000E 
3. OOOE 
1.000E 

-0 1 
90 
0 1  
02 
0 2  
03 
04 
04 
05 
05 
0 6  

05 1.4 
04 1.4 
0 3  1.4 
03 1.4 
03 1.4 
05  i.3 
0 2  1.0 
01 6.1 
01 8.1 
00 2.5 
00 1.8 

I lE 02 1.011E 02 2.297E 02 2.015E 04 5.889E 02 le423E 04 9 .8 t lE  0 2  S.OO2E 02 8.670E 03 8.330E-OB 1.333E 04 
I IE  02 1.408E 0 2  2.297E 02 1.385E O I  6.145E 0 2  6.384E 0 3  9.658E 02 4.89SE 02 2.1538 03 7.162E-OB 4.164E Q2 
I1E 0 2  4.532E 0 2  2.29- 0 2  2.264E 01 5.820E 02 2.108E 00 7.845E 02 3.951E 02 8.324E 00 7.237E-08 2.154E-13 
?E 02 9.078E 02 2.283E 0 2  0.0 2 . 6 8 9 ~  02 0.0 9.805E 31 4.639E 01 5.521E 00 1.209E-07 0.0 
9E 0 2  6.644E 0 2  2.235E 02 0.0 6.183E 01 0.0 9.653E-01 3.973E-01 2.218E 00 9.894E-07 0.0 
) I €  02 2.162E 0 2  2.076E 02 0.0 4.219E-01 0.3 9.128E-08 2.3JBE-OB 9.1 12E-02 2.984E-05 0.0 
I2E 02 3.39lE-02 7 . 9 9 3 E  01 0.3 2.939E-19 0 3 0.0 0.3 1.373€-19 4.526E-03 0.0 
iSE 01  6.615E-03 9.588E 00 0 .0  0.0 a .o 0.0 3.0 0.0 2.6376-02 >.O 
7E 00- 2.204E-05 5.733E-03 0.0 0.0 0 .o 0.0 0.0 0.0 1.030E-01 3.0 

0.0 0.0 2 .264E-0 1 0.0 IbE-02 1.914E-12 6.9OOE-08 0.0 0.0 0 .o 0.0 
*TE-08 000 6.862E-08 0.0 0.0 0.3 0 .3  3.9 0.3 2.534E-0 1 >.O 

Thermal power (W/MTIHM) 

T i  me 
(years 1 ~ ~ 2 1 7  CM244 PU24 2 FR221 I C 2 2 5  ZR 95 NP237 CS134 i n a m  U23f ~ ~ 4 0  R U l O  3 

1.000E 
1.OOOE 
1.000E 
1.000E 
3.000E 
1.000E 
l.OOO€ 
3.000E 
I .000E 
.3.000€ 
1.000€ 

-01 
00 
3 1  
0 2  
0 2  
33 
04 
04 
05 
05 
0 6  

7.:180E-08 
6 174E-08 
6.237E-08 
1 042E-07 
80525E-07 
2.14lE-05 
3 901 E-03 
2.273E-02 
8i874E-02 
1 952E-01 
2.1SBE-0 1 

6 0793E-0 I 
6 0793 E-0 1 
6 -79 3E-0 1 
6 ~794E-0  1 
6 079 4 E-0 1 
6 0787E-0 1 
6.678E-01 
6.444E-0 I 
5 e684E-0 1 
3.973E-01 
1.134E-01 

6e494E-08 
5.583E-08 
5.641E-08 
9.426E-OB 
I . 7  12E-07 
1 -936E-05 
3. S28E-03 
2.0 55E-02 
8.028E-02 
1 76%-0 1 
I m952E-01 

I 056E 
2.999E 
1.024E- 
0.0 
0.0 
3.0 
0.0 
0.0 
0.0 
0.0 
0.0 

04 
02 - 13 

6 
6 
7 

9 0 1 E- 0 3 
-93  7E-0 3 
e765E-03 

149E-02 
-717E-02 
60%-0 1 

.002E-01 
e990E-0 1 
-946E-0 I 
.623€-01 
45 3E-0 1 

2 092E 
I .545E 
7.50 1E 
5.442E 
0 .O 
0.0 
0.3  
0.0 
0 . 0  
0.0 
0.0 

03 
03 
01 

-12 

40423E-08 
4. b2bE-OB 
b-b’TBE-08 

6.364E-02 
I .399E-01 
I -547E-01 

3.918E-07 4.208E-07 

6.933E-07 
7- 576E-06 

1 ;%ibE-oi  
1.467.E-0 1 

9.23 
1 .Q9 
0 . 3  
0.0 
0.3 
0 . 0  
b .O 
0 .3  
0 .o 
0 . 3  
0 . )  

1E 
IE- 

0 3  
-0 4 

2.387E 7.86 7E 

3 . 3  .~ - 
3.0 
0 00 
0.0 
0.0 
J. 3 
3.3 
0.0 
0.0 

03 
0 1  
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Fig. B.8.  Thermal power of IMFBR spent radial blanket fuel as a 
function of decay time. 



Table 6.8. Thermal pwer  of LHFBR spent radial blanket fuel as a function of decay tine 

Thermal pcuer (WflTIW) 

W239 RMlO6 CS137 PR144  PU240 SR 90 N0 95 ZR 95 LA140 PO214 FUlO 3 
Time 

(years) TOTAL 

1 .oooe 
1.000E 

I .oooe 
i.oooe 
3.oeoe 
t.oooe i.oooe z.oooe 

1 .oooe 
r.000e 
3 .O OOE 

-0 I 
00 
01 
02 
0 2  
03 : 04 
Ob os 
os 

: 06 

I.43OE 04 6-647E 01 
20639E 03 60641E 01 
2.42?€ 02 60647E 01 
1.@1€ 02 6.6301 01 

1.6498 01 
S.398E 01 
2.656E 01 
3.1986 00 
I a123E-01 
1 0 310~-0 1 

2.0SOE 
I 0104E 
20296E 
0.0 
0 .O 
0.0 
0.0 
0.0 
0 .O 
0 .O 
0.0 

03 
03  
00 

0.0 

I .85OE 
8.2971 
2elblE 
0.0 
0.0 
0.0 
0.3 
0 .O 
0.0 
0 .o 
0.0 

03 
02 
-0 1 

i;ease-o1 

Q.734E 01 
6.59OE 01 
5.320E 3 1  
6.24SE 30 
5 J48E-0 2 
30106E-09 
0 .o 
0 00 
0 eo 
0 .O 
0. 

2. 

0.  
0. 
0. 
0 .  
0 .  

21E 03 
24E 02 
16E-14 

2.221E 03 
1.024E 02 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

l.tS3E 53 
4.917E 01 
1 7.3 IE-14 
3. d - - -  
0.0 
0.0 
0.0 
3.3 
3.3 
0.0 
0. 

2.9926-01 
4.883E-06 
2 484E-04 
9.llbE-04 
3 1 5 OE-0 3 
I.99OE-0 3 
1 -394E-02 

10179E 
3.SbSE 
0.0 
0.0 
0.0 
0.0 
0.0 
3.3 

J.0 
0.0 

a.3 

03 
00 

m 
W 

Thermal power (W/MTIHH) 

(years) pa218 RN222 AM24 I PO210 U234 RA226 in230 U238 PU238 V 91 C S l 3 4  ce144 
Ti me 

1.000E 
1.3008 
1.0001 
1.000E 
30060E 
1.0001 
1.000E 
3.0008 
I .oooe 
I .  OOOE 
3.oooe 

-01 
30 
01 
0 2  
02 
03 
3b 
04 os 
os 
06 

2 148E-01 
4.S3TE-01 
20334E 00 
S~.ll3€ 00 
3.144E 00 

0.0 

3.20 IE-05 
a tl&E-OS 

I 608E-13 
3 56 1 E- 1 3 
I 066E-11 
1 Bbl E-07 
3.0371-Oe 
1 5456-04 

3.98OE-03 1 960E-03 
6.2SOE-03 4.910E-03 
8.836E-03 80668E-03 

9.994E-09 

3 0428E-10 
6 -60 1E-10 
I .356€-08 
6 mW6E-01 
3.726E-06 
I 746E-05 
I 96 ?E-0 4 
5 092 3E-0 4 
I 09 1 4E-0 3 
4.064E-03 
8 m494E-03 

7.399E 00 
7.O64E 00 
6 . 5 8 3 E  3.234E 00 00 

6 664E-0 1 
2 b88E-03 
7 49 2E-23 
0.3 
0.0 
0.0 
0.0 

7.295E 
1.bBSE 
1 . 8 I I E  
0.0 
0.0 
0.0 
0.0 
0.0 
3.0 
0.0 
0.0 

02 
01 

-16 

1.669E 
7.492E 
2.473E- 
3.0 
>.a 
3.3 
3.0 
3. 3 
3.0 
0 .O 
3.0 

02 
01 
-02 



64 

DECAY TI ME AFTER D I SCHARGF: I yr- I 

Fig. B.9. 
of decay time. 

Thermal power of LMFBR high-level waste as a function 
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Fig. B.lO. Thermal power of LMFBR structural material waste as a 
function of decay time. 
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Table B.10. T h e m 1  power o f  LMFBR s t r u c t u r a l  mater ia l  waste as a func t i on  o f  decay t ime 
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Appendix B.3. Toxicity of LMFBR Spent Fuel, 

Rlgh-Level Waste, and Structural Material Waste 
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Fig. B.ll. Toxicity of L.MFBR spent core fuel  as a function of decay time. 
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Table B.11, Toxicity of WFBR spent core fuel as a functfon of decay time 

Toxicity (m3 water/MTIHn) 
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Fig. B.12. Toxicity of LMFBR spent core + axial blanket fuel 
as a function of decay time. 
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Table 8.12. T o x i c i t y  of MFRR spent core t a x i a l  b lanke t  f u e l  as a f u n c t i o n  o f  decay t ime 

T o x i c i t y  (m3 water/MTIHM) 
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2.122E 06 3.8506 06 4.055E 03 1.445E 06 3.319E 00 4.161E O S  1.802E 06  
1.989E 06 2.690E 0 6  1.375E-01 1.432E 06 2.73SE-07 9.146E 05 1.916E 06  
1 S 8 5 E  06 7.677E 05 l.333E-01 1.389E O b  0.0 1.012E O b  4.274E 05 
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ORNL DWG 8 1 - 1 7 7 4 7  

DECAY TIME AFTER DISCHARGF: l y r )  

Fig. B.13.  Toxicity of LMFBR spent radial blanket fuel  a8 
a function of decay t i m e .  

n 



Table 8.13. Toxici ty of  LMFBR spent rad ia l  blanket fuel as a function of  decay time 

Tox ic i ty  (n3 water/MTIHM) 

Time 
(years) TOTAL W 2 3 9  SR 90 PA143 RA226 Pu 240 RN219 PB2lO RU106 CE144 CS137 an24 I 

08 lm819E _.__._ 
1.0001 os 20980E 07 a.421e 
Z.000E OS 1.1301 07 70660E 
1.000E 06 10703E 07 1.342E 

08 303981 10 1.68IE 13 1.857E-04 7.585E 07 8.424E-01 5.176E-03 2.138E 10 2.517E 10 1.3911 09 1.616E 06 
08 3.326E 10 8.523E 05 4.1111-04 7.S85E 07 1.131E 00 5.2121-03 1.151E 10 I.129E 10 1.3686 09 3.415E 06 
08 2068SE 10 0.9 20154E-02 7.373E 07 60195E 00 4.499E-03 2.394E 07 3.729E 06 8.679E 08 1.7S7E 07 
08 3.1S2E 09 0.0 10154E 01 1.504E 07 I.610E 02 1.669E 00 3.0 0.0 1 . 0 8 4 E  0 8  3.8486 07 
08 2.6991 07 0.0 2.1b9E 02 7.348E 07 6.305E 02 4.994E 01 0.0 0.0 1.3691 06 2.8181 07 
08 I .567E 00 0.0 3.507E 03 6.821E 07 20841E 03 LoOSlE 03 0.0 0.0 1.OlOE-01 9.1711 06 
08 0.0 0.0 1.7841 05 2.626E 07 8.262E 04 5.3501 04 0.0 0.0 0.0 5.280E 0 3  
08 0.0 0.0 7.017E 05 3e151E 06 40633E OS 2.1OSE OS 0.3 0.9 0.0 t. 53 7E-0 2 
07 0.0 3 0.0 2.263E 06 1.883E 03 1.8121 06 6.786E 05 0.0 0.0 3.3 2.167E-04 
04 0.0 0.0 50737E 06 4.200E-06 2.544E 06 l.72OE 06 0 . 3  0.0 0.0 1.879E-11 

-04 0.0 0.0 1.0011 07 3.0201-06 2.557E 06 3.001E 06 0.0 0.0 0.0 0.0 

Tox ic i ty  ' (m3 water/MTIHM) 

Time 
(years) ~0210 ' I129 TI4229 CS134 R4229 SR 89 TI4230 Rh223 PU238 P&231 PMI 07 NB 99 

I .oooe. 
1.0bOE 
1.000E 
1 . OOOE 
3.0001 
I .000E 
I.000E 
3.000E 
1.00oe 
3.OOOE 
I.000E 

-0 I 
00 
01 
02 
02 
03 
04 
O b  
os 
o s  
06 

4.18JE-04 
6 797E-04 
6 435E-0 4 
2 104E-0 I 
7.07'5E 00 
I.503E 02 
1.6431 03 
3.007E 04 
9.692E 04 
2.458E OS 
,40287E OS 

I.70SE O S  I -600E-02 . - . - - - 
1.6501-02 
2.2731-02 
4.267E-0 1 
3.655E 00 
4.3091 01 
4.0011 03 
20234E 04 
8.6161 04 
1.889E os 
2.0881 OS 

1.036E 
7.654E 
3.7151 
2.6951- 
0.0 
'0.0 
0.0 
0.0 
0.0 
0.0 
0.3 

09 
08 
07 

-06 

1 -391E-02 
1 -304E-82 
i ZieE-oii 
3.413E-01 
2.923E 00 
3.448E 01 
3.204E 03 
1.787E 04 
6.890E 04 
1.511E 05 
1.673E M 

4.718E 10 6.056E-03 3.6llE-02 4.283E 07 3.179E-01 
5.177E 08 1.167E-02 4.850E-02 4.262E 07 3.813E-01 
I.312E-11 1.866E-01 2.6591-01 3.9721 07 leO19E 00 
0.0 1.121E 01 60896E 00 1.951E 07 7.608E 00 
0.0 6.583E 01 20703E 01 4.023E 96 2.364E 01 
0.0 3.085E 02 1.218E 02 1.6226 04 90467E 01 
0.0 30476E 03 3.542E 03 4.5236-16 2.754E 03 

1.5441 04 0.0 1.3471 04 1.985E 04 0.J 
0.0 3.383E 04 70764E 04 3.0 6.039E 04 
0.0 8.592E 04 1.090E 05 0 . 3  8eb77E 0 9  

8.523E 04 0.0 1.SOlE 05  1.0961 05 0.0 

3.3881 08 48643E 09 
2.466E 0 8  2.134E 08 

I2.269E 07 7.4S2E-08 
I 1.068E-03 0.0 

3.0 J . 3  
0.0 3 .3  

10.3  0.0 
* 0.0 0.0 
* 0.3 3.0 
t 0.0 3.0 
, 0 .0  0.0 
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DECAY TIME AFTER DISCHARGE l y r )  

Fig. B.14. Toxicity of IMPBR high-level waste ae a function of decay time. 

. 



Table 8.14. T o x i c i t y  of LMFBR h igh - leve l  waste as a f u n c t i o n  o f  decay t ime  

T o x i c i t y  (m3 water/MTIHM) 

Time 
(years)  TOTAL SR 90 R4226 41124 1 r(n243 PR143 PU239 i n 2 2 9  RU136 RA225 P0210 CE144 

3.500E-0 1 
1.250E 00 
1.025E 01 
1.003E 0 2  
3.003E 02 
1.000E 0 3  
1.00OE O b  
3.JOOE 04 
llO0OE os 
5.000E 0 5  
1.000E 0 6  

1 .219E 
3.028E 
1 . 0 2 E  
1 -7 l9E  
5.588E 
1.531E 
2 522E 
1 -276E 
1.028E 
1.049E 
3.906E 

12 
11 
11 
10 
08 
08 
07  
07  
07 
07  
06 

1.711E 
1 675E 
1.352E 
1.587E 
I .  359E 
7.893E 
0.0 
3. 0 
0.0 
0.0 
0.0 

11 
11 
11 
10 
08 
00 

1 mJ33E-02 
1 -343E-02 
9 16 1 E-02 
3.462E 01 
7.144E 0 2  
10323E 04 
7olbZE 05 
2.505E 06  
50617E 06  
5.846E 0 6  
9.897E 0 5  

5.127E 
5.129E 
5.13OE 
4.563E 
3.313E 
1.381E 
1.609E 
3.147E 
1.043E 
9.353E 
0.0 

08 
08 
08 
08 
OB 
OS 
05 
04 
0 2  

-0 6 

3.088E 07 
3.087E 07 
3.065E 07 
3.059E 07  
3.002E 07 
2.811E 07 
1.207E 07  
1.045E 06 
2.57OE 03 
8.694E-02 
8.426E-02 

6e930E 
3.517€ 
0.0 
0.0 
0.0 
0 . 0  
0 .0  
0.0 
0.0 
0.0 
0 .  c 

11 
04 

3 -729E 
3.?30E 
3.741E 
3.812E 
3 e93 I E  
4.317E 
6 -735E -. _ _ -  
5.534E 
8.228E 
2.604E 
6 e74 IE- 

0 6  
06 
06  
06 
0 6  
0 6  
06  
06  
05 
03  

-0 2 

1.146E-02 1.188E 
1.157E-02 6.398E 
2.070E-02 1.307E 
1.001E 00 0.3 
l.Ot6E 01 0.0 
1.661E 02 0.0 
2.133E 04 0 .0  
1.234E OS 0.0 
4.810E 05 0.0 
1.057E 06 0 . 3  
l.169E 06 0.3 

11 
13 
08 1 -656E-02 

8.0 12E-0 1 
8.529E 00 
1m328E 0 2  
1.722E 04 
O.875E 04 . - - . - - - . 
3.848€ 05 
8.458E 05 
9.352E 05 

2.425E 0 0  1.357E 
2.358E 0 0  4.74bE 
1.784E 0 0  1.566E 
5.033E 0 0  0.0 

3.967E 1.b33E 0 3  0 2  0.0 0.0 
2.142E 7.512E OS O S  0.0 3.3 

1.684E 06  0.0 
1.7S3E 06  3.0 
2.968E OS 0.3 

11 
I O  
07 

T o x i c i t y  (m3 water/MTIHM) 

Time 
(years ) pu240 CSl37 NP237 SN126 CS134 SR 89  PO107 P O 2 1  0 AC225 NP239 RN219 SE 7 9  

3.500E-0 1 
1.250E 0 0  
1.025B 01 
1.003E 0 2  
3.003E 0 2  

4.8208 06 
4.9748 06  
6.2488 06  
9.1818 06  
9.086E 06 

1.000E 0 3  8.436E 06 
1.000E 04 1-249E 06 
3.000E 04 
1.000E 05 
ZaOOOE 05  
1.OOOE 0 6  

6.830E 
6.689E 
5.433E 
6.791E 
6.682E 
6.319E 
0.0 
0.0 
0.0 
0.0 
0.0 

09 
09 
09  
08 
06 

-01 

04 
04 
04 
04 
05 
0 5  
05 
05 
0 5  
0 5  
05 

6 853E 
6.853E 
6.852E 
6.848E 
6.039E 
6.805E 
b.394E 
5 566E 
3.427E 
8.567E 
6.690E 

05 
05 
05 
05 
05 
05 
05 
05 
05 
04 
02 

1.364E 
1 .Oca€ 
4.093E 
3.550E 
0.0 
0.0 
0 .o 
0 . 0  
0 .o 
0.0 
0.0 

10 
10 
08 

-05 

5.110E 
5e612E 
1.422E- 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

10 
08 

.11 

1 -037E 
1 . J37E 
1 -037E 
1.037E 
1.037E 1 -037E 

1.036E 
1 034E 
1 e 026E 
1 .004E 
9.320E 

05 2.701E-01 
05 3.233E-01 
05 2.550E-01 
0 %  7.lOOE-01 
OS 2i333E oi 
05  5.667E 02 
05  3.060E 04 
05 1.073E 05 
05 2.406E 05 
05 2.504E 05 
0 4  4.240E 04 

7.295E-02 
9.256E-J4 
1.656E-03 
8.012E-02 
8.529E-01 
1.328E 0 1  
1.?22E 33 
9.075E 03  
3.848E 04 
8.450E 04 
9.352E 04 

1 235E 
1 235E 
1.2346 
1 223E 
1.201E 
1.124E 
4.828E 
7.379E 
1.330E 
3.477E- 
3.370E- 

06 
06 
06 
06 
06 
06 
05 
04 
02 

*03 
.03 

3 . 3 5 4 ~ - 0  1 
7.196E-0 1 
2.480E 00 
8.057E 0 0  
1.046E 01  
2.284E 0 1  
9.269E 0 2  
7.992E 0 3  
4.289€ 0 4  
6.448E 0 4  
6.491E 0 4  

1.670F 
1.67OE 
1.66 9E 
1.668E 
1.664E 
1e652E 
l.SO1E 
1.212E 
5.744E 
6.798E 
3.878E 

0 5  
05 
05  
OS 
0 5  
OS 
3 5  
os 
04 
03 
00 
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4 
0 
3 

1 og 

1 on 

10' 

1 o6 

1 os 

1 o4 

10' 

Id 
lo-' 1 OD 10' 1 OL 10' I o4 1 o5 1 o6 

DECAY TIME AFTER 01 SCHARGf: i gr. I 

Toxicity of TMFBR structural material waste as a Fig. B.15. 
function of decay time. 

A 



Table 8.15. T o x i c i t y  o f  UFBR s t r u c t u r a l  ma te r ia l  waste as a func t fon  of decay t ime 
~ ~~ ~ ~~ 

T o x i c i t y  (m3 waterflTIHn) 
~~ 

Tf me 
(years ) TOTAL 91 90 PU239 R1226 MN 54 PU240 co 58 AM241 co 60 N I  63 P82lO N3 94  

3.SOOE 
1.2SOE 
1 025E 
1 . O O K  
3.009e 
I .oooe 
1.000E 
30000E 
I .oooe 
3.000E 
3.0001 

-01 2.201E 
00 5.306E 
01 1.0331 
0 2  1.176E 
9 2  3.825E 
03 1049% 
0 4  S.513E 
00 2.S34E 
os 0;09?€ 

' os *6.0921 
06 2.M7E 

09 
08 
08 
07 
06 
06 
os 

: os 
: 04 

04 
04 

8.559E 
8.378E 
6. 7626 
7.93BE 
6. 7996 
3.948E 
0.0 
,000 
0.0 
0.0 
0.0 

07 
0 1  
07 
06 
04 

-03 

3.731E 
3.731E 
3.73OE 
3.72lE 
3.7OOE 
3.628E 
2.81 7E 
I .592E 
20124E 
6.7561 
3.384E 

os 
05 
05 
05 
os 
05 
O S  
os 
04 
01 

-01 

7 e452E-06 
1 734E-05 
7.144E-00 
3; 320E-0 1 
6.12OE 00 
9.992E 01 
4.896E 03 
I .71 IE 04 

5.245E 
2.530E 
1.724E 
0 I O  
0.0 
0 .o 
0.0 
0.0 
0.0 
9.0 
0.0 

08 
08 
os 

9.602E 
3.8391 
4.004E 

4.8016 05 
4.805E 05 
4.801E 05 
4.776E OS 0 . 0  
4.677E 05 0.0 

0 .O 
0 .2  
0 . 3  
0 .o 
0 .0  
0 03 

0 8  
07  

-07 

2.672E OS 7.176E 
3.6091 05 6.37SE 
I.098E 06 1.951E 
2.167E 06 1.41OE 

5.300E 1.58aE 06 
s . i65S 0s 
8.072E 01 
1.5746 01 
5.220E-02 
4.53lE-09 
0.0 

0.0 
3.3 
0.3 
0.0 
0.0 
0.0 

07 
07 
07  
02  

-10 

7.7BfE 
7.73OE 
7.223E 
3.666E 
8.125E 
4.168E 
0.0 
0.0 
0.3 
0.0 
0.0 

06 
06 
06 
06 
05 
03 

1.216E-03 
1.183E-03 
9 139E-0 4 
4 82 3E-02 
1.411E 0 0  
2.996E 0 1  
1.468E 03 
9.130E 03 
1.157E 1.2471 0 4  3 4  

3.2S3E 0 3  

9.16X. 
9.1631 
Q.16OE 
9.132E 
9.0701 
B.855E 
6-51 2E 
3.2906 
3.01 4E 
3.276E 
1.364E 

04  
04 
00 
04 
04 
04 
04 
04 
0 3  
00 

-10 

T o x i c i t y  (m3 water/MTIHM) 

Time 
(years ) TH229 -143 RA22S Nl 5 9  RN219 auto6 CE144 yo 9 3  CS137 PU238 FE 5 5  Po21 0 

3.s00be- 
I .  2S0E 
I. 02SE 
I OOOSE 
3eOOJe 
I.000E 
1.000E 
3.OOOE 

3.000E 
I .000E 

I .oooe 

-01 Iol46E-03 
.OO 1 I*?€-03 
01 I.16OE-03 
02 2-014E-03 

3 . 4 r i ~  08 9.1791-04 1.6roe 04 
1.759E 01 9.176E-04 10619E 04 
0.0 9.283E-04 1.610(i 04 
0.0 I.612E-03 Io618E 04 
0.0 1.321E--02 1.61SE 09 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

i .605S 
1. 485E 
1.249E 
6.808E 
I.203E 
2e803E 

0 4  
04 
04  
0 3  
0 3  
oa 

5.943E 
30201E 
6 662E 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

07 
07 
04 

5 2.373E 289E 

7 e836E 
0 .J 
0 00 
0 .O 
0 .a 
0.3  
0 .O 
0 .O 
0 .O 

0 7  
07 
0 3  

i;es9c 04 
6.8srE 04 
6.736E 04 
6.4741 04 
S.636E 04 
9.474E 03 
I.BOIE 02 
1 ? O M - 0 4  
1 OSJE-21 
0.0 

3.416E 
3.346E 
2.718E 
3.397E 

3.0  
3.3 
0.0 
0.0 
0.0 

3.343E 3.162E 

0 6  
06 
06 
35 
03 

-04 

1.1546 
1.184E 
I.ll6E 
5.54OE 
I.I85E 
5.603E- 8.040E 

0.0 
0.0 
0.0 
0.0 

06 
06 
06 
05 
05 
G2 

-16 

I .448E 
1.1391 
1.034E 
3 a92 BE- 
0.0 

.0 .0  
0.0 
0.0 
0 . 3  
0.0 
0.3  

0 7  
07  
06 
-0 5 

lr351E-04 1.622E-04 

I 30 6E-04 
2.01 6.8901-03 6E-01 

4.2808 00 
2.097E 02 
7.329E 02 
l.SS3E 03 
1.7811 a 3  
4.648E 0 2  
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Appendix C. CHARACTERISTICS OF FFTF SPENT FUEL, 

HIGH-LEVEL WASTE, AND STRUCTURAL MATERIAL WASTE 
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Appendix C . l .  Radioactivity of FFTF Spent Fuel ,  

High-Level Waste, and Structural Material Waste 
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D E C A Y  T I M E  A F T E R  D I S C H A R G E  I y r l  

, C. l .  Radioactivity of FFTF spent fuel as a function of decay time. - 



Table C.1. R a d i o a c t i v i t y  o f  FFTF spent f u e l  as a f u n c t i o n  o f  decay t ime  

R a d i o a c t i v i t y  (Ci/RTIHM) 

Time 
(years)  TOTAL PU239 CS137 PU240 PU24 1 AM241 SR 9 0  RH106 RUlO6 PR144 CE144 N0 9s 

Time 
(years 1 

3.849E 
1 .a6E 
I 175E 
7.9378 
60 069E 
3.1 I4E 
I .09oE 
6.714E 
4.S*E 
2.079E 
8.708E 
5.476E 
3.575E 
2.996E 
2.34OE 
1.707E 
1 186E 
5.4eBE 
7.563E 
8.5OOE 
5.690E 

07  
07 
07 
06. 
06 
06 
06 
OS 
os 
OS 
04 
04 
04 
04 
04 
04 
04 
03 
02 
01 
01 

I.210E 
1.210E 
1.210E 
I. 210E 
I.210E 
1.210E 
1.2IOE 
1.210E 
I. 209E 
I .  208E 
1 206E 
I.205E 
1. l 99E  
1 rn l 92E  
1.17CE 
I.ll0E 
9.072E 
5. OWE 
6.789E 
2.140E 
3.819E- 

04 
04 
04 
04 
04 
04 
04 
04 
04 
04 
04. 
04 
04. 
04 
04 
0 4  
03' 
03 
02 
0 0  - 09  

2.721E 
2.709E 
2.696E 
2.681E 
2.665E 
2.604E 

~~ _ ~ _  
2.6238 
2.520E- 
2 149E- 
0 .O 

0 5  
0 5  
os 
05 
05 
05 

2.430€ OS 
2.165E O S  
1.718E 05 
8.593E 04 
2.706E 04 
8.524E 03 
2.663E 0 2  

00 
-05  
-25 

0 .O 
0 00. 
0.0 
0.0 

7.816E 
7.876E 
7 876E 
7.8738 
7eB73E 
7.873E 
7 87OE 
7.867E 
7.858E 
7.834E 
7.792E 
7.7SOE 
7.629E 
7.470E 
7.084E 
5 729E 

3.271E 
1.956E 
3.006E 
20977E 

2 . 1 2 8 ~  

03 
03 
03 
03 
03 
03 
03 
03 
03  
03 
03  
03 
03 
03 
03 
03 
03  
02 

-01 
-08 
'-08 

4.277E 05 
4.23SE OS 
4.196E O S  
4.14SE OS 
4.096E, OS 
3.904E OS 
3.376E OS 
20655E OS 
1.641E OS 
3.87OE 04 
3.488E 03 
3e142E 02 
2.352E-01 
5.34 3E-03 
5 .  I 1  7E-03 
4.346E-03 
2 45 SE-03 
4. 804E-04 
1 -604E-06 
I e322E-13 
0.0 

1.0SlE 05 2.05SE 06 
I.046E 05 1.791E 06 
1.042E 05 1.S61E 06- 
10036E OS 1 * 3 I Q E  06 
10029E O S  1.107E 06 
I . ~ O S E  as s.se.3~ 05 

7 147E-0 1 
4 84 BE-06 
1 e0266-26 
0 .o 
0 .O 
0 00 
0.0 
0 .o 

O.J 
0.0 
0.0 
0.0 
3.0 
0 .O 
0.0 
0.0 

2. XiSE 
1.791E 
1.561E 
1 1.314E 107.5 

S.563E 
7.069E 
2.271E 2.3SOE 

2.581E 
3eOl8E 
3.530E 
0.0 
0.J 
0.3 
0.0 
0.0 
3.0 
0.0 
0.0 
0.0 

06 
06 
06 
06 
06 
OS 
04 
03 
00 - 09 - 24 - 39 

2.113E 06 
10768E 06 
1.479E 06 
10184E 06 
9.479E os 
3.892E OS 
2.6896 04 
3.132E 02 
4.244E-02 
1 OS6E- 13 
4.828E-33 
2.207E-52 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.113E 06 
1.768E 06 
1.479E 06 
1.184E 06' 
9.479E 05 
3.888E 05 .~_._ _ _  
2.689E 0 4  3.129E-02 
3.132E 0 2  7.99?€-11 
4.2441-02 5.226E-28 
1 eOS6E-13 
4 828E-3 3 
2 2 0 ?E-5 2 
0.0 
0.3 
3.0 
0.0 
0.0 
0 .O 
0.0 
0.0 
0.0 

4.84OE 2.92W 06 06 

l.502E 06 
S.979E os 
2.288E os 
4.626E 83. 

0.0 
3.0 
3.3 
0.0 
0.3 
3.0 
0.0 
0.0 
0.0 
2.0 
3.0 
0.0 

R a d i o a c t i v i t y  (Ci/MTIHM) 

I.OOOE a8 . - - - - - - 
2.000E 30 
S.000E 00 
L.OOOE 0 1  
2.000E 0 1  
S.000E 0 1  
1.OOOE. 0 2  
f .SO0E 02 

3.OOOE 0 4  
1.OOOE os 
3.000E OS 
1 a O O O E  06 

PM147 ZR 95 RU103 RH103M CE141 NP237 PA233 PU238 U233 

--- 
0.0 
0.0 
0.0 
0.0 
0.0 

4.367E OS 3.711E 06 4.093E 06 3.690E 06  2.992E 06 1.510E-01 1.419E-01 ?.202E 03 2.595E-05 
4.169E 05 1.682E 06 I.128E 06 1.017E 06 6.3OlE 05 1.516E-01 1.499E-01 7.663E 03 2.608E-05 
3.955E 05 7.623E 05 3.108E 0 5  2.801E 05 1.328E 05 1.520.E-01 1.516E-01 7.991E 03 2.621E-05 
3.102E O S  2.B36E 05 6.202E 04 5.593E 04 1.895E 04 1.527E-01 1.524E-01 8.289E 03 2.638E-05 
3.467E 05 1.054E 0s 1.238E 04 l . l l 6 E  04 2.705E 03 1.533E-01 1.531E-01 8.479E 03 2.654E-05 
2.661E 05 2.016E 03 2.000E 0 1  1.803E 01 1.123E 06 1.561E-01 1.561E-01 8.762E 03 2.729E-OS 
1 . 2 0 4 ~  05 1.4098-02 8.018E-08 7.226E-08 B.027E-11 1.653E-01 1.653E-01 8.656E 03 2.947E-05 
3.214E 04 3.602E-81 B.1l lE-22 7.313E-22 9.885E-28 1.841E-01 1.841E-01 8.337E 03 3.328E-05 
2.289E. 03 2.354E-28 0.0 0 .o 0 .o 20307E-01 2.307E-01 7.738E 0 3  4.229E-05 
8.265E-01 0.0 0 .O 0.0 0.0 4.054E-01 4.054E-01 6.184E 03  8.364E-05 

0.0 0.0 0.0 7.16OE-01 7.16OE-01 4.268E 03 2.063E-04 
2.772E-12 0.0 0.0 0.0 0.0 1.009E 00 1.009E 00 2.957E 03 3.952E-04 
l.Sl4E-06 0.0 
1.702E-29 0.0 0 .o 0.0 0.0 Ie763E 00 1.763E 0 0  1.009E 03 1.314E-03 
0.0 0.0 0.0 0.0 0.0 2.523E 00 2.523E 00 2.602E 02 3.202E-03 
0.0 0.0 0.0 0 .o 0.0 3.629E 03 3.629E 00 1.392E 01  1.008E-02 
n-n 0 a 0  0.0 0.0 4.494E 00 4.494E 00 1.206~5-03 4.111E-02 

0 .O 
0.0 
0.0 
0 .o 
0.0 

0.0 4.518E 00 4.518E 0 0  1.654E-17 1.821E-01 
0.0 4.491E 0 3  4.491E 00 0.0 5.44 OE-01 

1.570E 00 0.0 4.388E 00 4.388E 00 0.0 
0 .o 4.114E 00 4.114E 00 0.0 3.120E 00 
0.0 3.280E 00 3.280E 00 0.0 3.479.E 00 

lH229 

2.0 13E-06 
2.0 L4E-06 
2.0 14E-06 
2.0 1SE-06 
2.015E-06 
2.OlBE-06 
2.02SE-06 
2.039E-06 
2.0 736-06 
2 24 OE- 06 
2 e BBbE- 06 
4.265E-06 
1.567E-05 
5- 666E-05 _.._._ .~ 
3.524E-04 
5.226E-03 
6.187.E-02 
3 654E-0 1 
1.433E 00 
3.154E 30 
3.488E 00 

AC22S RA225 

2 a246E-0 6 
2 0 2 3E-0 6 
2 e01 4E-0 6 
2 e 3  14E-06 
2.01 SE-06 
2 -0  1 BE-0 6 
2 32 SE-06 
2 33 9E-06 
2 0 73E- 0 6 _ . . . - - - 
2.24OE-06 2.240E-06 
2.886E-06 2.886E-06 
4.265E-06 4.26 SE-06 
1.567E-05 1.567E-05 
5.666E-05 5.666E-05 
3 -524E-Q 4 3.524E-04 

2.119E-06 
2.017E-06 
2.01 4E-06 
2.01 SE-06 
2.015E-06 
2.01 BE-06 
2.325E-06 2.039E-06 

2. a 7 3 ~ - o  6 

3.154E 0 0  3.154E. 00 
3.4886 00  3.488E 03 
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Fig. C.2. Radioactivity of FFTF high-level waste as a function 
of decay time. 
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Table C.2. R a d i o a c t i v i t y  o f  FFTF h igh- leve l  waste as a f u n c t i o n  o f  decay t ime 

R a d i o a c t i v i t y  (Ci /MTIHn) 

T ime  
(years) TOTAL CSI37 ' AM241 PU239 IC 9 9  SR 90 RM106 R U l O 6  PR144 CE 144 ZR 93  W 1 4 7  

1.0081 
7.3721 
5. e421 
4 e 652E 
3.843E 
2.0531 
6.344E 
3.593E 
2.557E 
1 304E 
4.7611 

I.504E 0 2  2.0761 
3.0041 6 2  6.514E 
5*OO4E 
1 -000E 
3.000E 
1.0001 
3.000E 
1.0001 
3.000E 
1 .a001 

2.7OLE 
2.688E 
2.67bE 
2.6601 
2. U S E '  

06 2.58SE 
OS 2 .4 l lE  _ _  
.OS 2.148E 05 
05 I.7OSE 05 
05 8.526E 04 
0 4  2.68SE 04 
04 8.459E 03 

_ _  .- 03 2.643E 0 2  
4.OI4E 
I 732E 
1.924E 
9.915E 
6.260E 
3.717E 
3 OSSE 
1.9828 

07 
06 
06 
06 
06 

05 os 
os 
05 
os 
05 
os 

7e69lE 
7.689E 
7.6881 
7.685E 
7.683E 
7.674E 
7.646E 
7.596E 
7.492E 
7.16OE 
6.614E 
6elOSE 
4 -799E 

03 
03 
03 
03  
03 
03 
03 
03 
03 
03  
03 
03  
03  

3.483E 03  
1.562E 03 
6.321E 01 
3 e304E-03 
4-81 7E-04 
1 .597E-06 
1.38bE-I3 
0 .O 

6 O65E 
6 eO65E 
6.065E 
6 O65E 
6.065E 
6.0651 
6 O6SE 
6.065E 
6. W6E 
6.064E 
6 359E 
6.052E 
6 029E 

01 
01 
01 
01  
01 
01 
01 

1 .85 IE 
1.8SlE 
1.851E 
1.851E 
1.8SlE 
1 e 8 5  I E  
1 a 8 5  1E 

01 1.8SlE 
01 1.851E 
01 1.851E 
01 1.8SOE 
01 1.8SOE 
01 1.849E 

01 
01 
01 
01 
01 
01 
01 
01 

1.043E 
1.038E 
1 e0331 
1 O27E 
1.021E 
9.971E 
9.284E 
8.2438 

01 3.181E 
a1 9.677E 
01 2e944E 
01 8.2851 

0i 6 . 4 9 7 ~  

05 
05 
05 
05 
05 
04 
04 
0 4  
04 
04 
03 
03 
01 

7. LOSE-01 
4. 8 1 BE-06 
1 0201-26 
0.0 
0.0 
0.0 
0.0 
0 .0  

1.524E 06 
1.3288 0 6  
1 e 1 5 8 1  06 
9.7491 05  
8.2091 05 
4.127E 05 
5.245E 0 4  
l .48SE 0 3  
1.7SbE 00 
1 -929E-09 
2 0256E-24 
2.638E-39 
0 .o 
0 .o 
0 .o 
0.0  
0.0 
0 .o 
0 . 3  
0 .O 0.0 
0 .o 0.0 

1.S24E 06 
1.3281 06 
10158E 06 
9.749E 05 
8.209E OS 
4.1271 OS 
5.245E 04 
1.685E 03 
I.756E 00 
I 929E-09 
2.256E-24 
2.6381-39 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1.4348 06 
1.230E 06 
I .004E 06 
8.037E OS 
6.433E 05 
2.64OE 1.825E 05 04 

2.125E 02 
2 88 OE-02 
7.168E- 14 
3.277E-33 
1 498E-52 
0 .o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 0.0 
0 .  3 0 .0  

1.434E 06  
1.200E 06 
1.004E 06 
80037E 0 5  
6.b33E OS 
2.640E 05 
1.825E 04 
2.125E 02 
2.88OE-02 
7.168E-14 
3.277E-33 
1 498E-52 
0.0 
0.0 3.420E 

3.426E 
3.424E 
3.413E 
3.382E 
3.276E 
2.993E 
2.180E 

IeBSlE 
1 .867E 
1 .883E 
10902E 
1.922E I -997E 

20199E 
2.476E 
2.856E - - 
3.304E 00 
3.418E 0 0  
3.427€ 00 
3.429E 00 1.520E-29 

0 0  
0 0  
0 0  
00 
0 0  
0 0  
0 0  :: 

3.926E 05 
3.7248 0 5  
3.532E OS a.aost as 
3.093E os 
2.3168 05 
1.076E 05 
2.870E 04 

_ _  
5.438E 0 0  
1.044E 01 
2.0446 O f  
S.044E 01 
1.004E 0 2  

_ _  
0 2  
03  
03 
04 
04 
05 
05  
06 

._ 
03 
03 
02 
01 
01 
01 
01 
01 

0 0  0 ; 0 - -  
0 0  0.0 
0 0  1.0 
0 0  0.0 
0 0  3.0 

-.. 
0.0 
0.0 
0.0 
0.0 
0.0 0.0 

0.0 ' .. 
0.0 , 

0 0  0.0 
0 0  0.0 
0 0  3.0 

R a d i o a c t i v i t y  (Ci/MTIHM) 

Time 
(years )  P U ~ ~ O  CS135 N0 95 NP237 PA233 U233 ~ n 2 2 9  AC22S RA22S FR221 AT217 b1213 

0 1  
01 
01 
0 1  

I.438E 0 0  01  
2.4381 0.0 01 
50438E 00 3.9518 0 1  
1.044E 01 3.9548 01 
2.044E 01 3.9'348 01 
50044E 01 3.9548 01 
100041 0 2  3.9378 01 
1 . 5 M E  0 2  3.9178 0 1  

3.9488 
3.9488 
3.948E 
3.9488 
3.948E 
1.94QE 

2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 
2. 

137E 
l37E 
I37E  
137E 
l37E 
l37E  
137E 
137E 
l37E 
136E 

2. I 36E  
2. I 36E  

0 0  
0 0  
00 
00 
00  
00 
0 0  
00 
00 
00 
00 
00 

2 
2 
2 
2 
2 2.01 9E-06 
2 2.019E-06 

2.01 9E-06 2 
2 2 0 2 1 E-06 
2 2.03OE-06 
2 2.1 1 1E-06 
2 2.48 2E-06 

3 24 6E-06 3 24 6E-06 
7-507E-01 7.507E-01 6- 2338-04 B -8Q7E-06 8-897E-06 8 .  BQ7E- 06 8. 8Q7E-06 0 89 7€-06 8-8Q 7E-06 

01 9E-06 
01 9E-0 C . J 19E-06 

0 0  19E-06 2.0 19E-06 2 01 9E-06 2.0 19E-06 2 -3 19E-06 
J 19E-06 2.0 19E-06 2.0 19E-06 2.019E-06 2 e 0 1  9E-0 6 

aO19E-06 2.019t-06 2.01 PE-06 2.019E-06 2.019E-06 
-02 1 E-06 2.02 1 E-06 
.030E-06 2.03OE-06 2.03OE-06 
-111E-06 2.111E-06 2.1 1 1 E-06 
-48 2E-06 2 482E-06 2. 482E-06 

-0  19E-06 

2 e 02 1 E-06 

3.246E-06 3.246E-06 3.246E-06 3.246E-06 

2 023E-06 2.020E-06 
2.019E-06 2.019E-06 
2.019E-06 2.019E-06 
2 -0 19E-0 6 2.0 1 9E-06 

1.548E-01 
1.573E-01 1 556E-06 

3.741E-06 
7,A7.E-06 

- . - - . - - . 
2 0 2 1E- 06 
2 330E-06 
2.11 1E-06 
2.482E-06 0 .O 

0 ; o  
j.ooaE 05 5.85sE 0 i  2 i i 3 6 E  oo 0.0 
5.004E 02 3.7148 01 2.136E 0 0  0.0 
1.OOOE 03  3.579E 01 2.136E 00 0.0 
3.000E 03  2.8958 01 2.135E 00 0.0 
1.OOOE 0 4  1.3788 0 1  2.13OE 0 0  0.0 
3.000E 04 1.6538 00 2 . l l 7E  00 0.0 
le000E 05 9.8868-64 20073E 00 0.0 
3.000E 05 1.SO7E-10 1.952E 00 0.0 
LeOOOE 06 1.493E-10 IeS81E 00 0.0 

1.704E 00 1.704E 00 2.068E-01 1.39OE-01 1.390E-01 1.390E-31 1.3QOE-01 1.390E-01 1.39OE-01 
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Fig. C.3. Radioactivity of FFTF structural material waste as a 
function of decay time. 



Table C.3. Rad ioac t i v i t y  o f  FFTF s t r u c t u r a l  ma te r ia l  waste as  a f u n c t i o n  o f  decay t ime 

Radi oact  i v i  t y  ( C i  /MT I HM ) 

T i  me 
(years)  TOT& Nt 59 PU239 NI  6 3  co 58 MN 54 C O  6 0  PUB40 FE 5 5  

8.396E 03 
7.96% 03 
7.546E 03 
7.06OE 03  
6.605E 03 
5.059E 03 
2.274E 03 
5.996E 02 
4.169E 0 1  
1 -402E-02 
2 278E- 08 
3 70 3E- 14 
1 -59JE-31 
3.0 
0.0 

AM241 C 14 TC 9 9  

5 380E-0 I 
7.380E-0 1 
Q. 38OE-01 

4.445E 05 
2.610E 05  
1.656E 05 

2.865E 00 
2.065E 00 
2.86SE 00 

6.068E 00 4.096E 02 3.246E 05 
6.068E 0 0  4.090E 02  1.587E 05 
60068E 00  4.083E 02 7.7elE 04 
6.067E 00  4,076E 02 3.17bE 04 
6.067E 00 4.068E 02 1.298E 04 
6.067E 0 0  4.03BE 02 3.628E 02 
6.061E 00 3.947E 02 7.927E-03 
6.066E 0 0  3.801E 02 1.354E-LO 
6.064E 0 0  3.526E 02 3.947E-26 
6.059E 00 2.812E 02 0 . 3  
6.05OE 00 le93OE 02 0.0 
6.042E 00 1.324E 02 0.0 
6.OlSE 00 4.276E 01 0 .0  
5.981E 00 9.476E 00 0.3  
Se895E 00 2.191E-01 0.0 
5.566E 00 6.258E-08 0.0 
4.550E 00 0.0 0.0 
2.558E 00  0.0 0.0 
3.405E-01 0.0 0 .o 
1 eO89E-03 0.0 0.0 
1 e943E-12 0.0 0.0 

1.016E 05 
8.640E 04 
7.348E 04 
6.001E Ob 
4.901E 04 
2.18OE 04 
3.340E 1e918E 03 01 

1 0 12E-02 
2.818E-13 7.2 O7E-31 

1.843E-48 
0.0 
0.0 
0.0 
0 .0  
0.0 
0 .0  
0.0 
0.0 
0.0 

3.449E 0 3  
3.360E 03 
3.273E 3.167E 0 3  03 

3.064E 03  
2.687E 03 
1.811E 0 3  
9.38OE 02 
2.517E 02 
4.867E 00 
6 952E-03 
9 e 8 0  1E-06 
2.646E-14 
9 94 8E-26 
0 .o 
0 .o 
0 .o 
O.J 
0.0  
0 .o 
0 . J  

3.949E 
3.949E 
3.949E 
3.9b9E 
3.949E 
3.9496 
3.947E 
3 945E 
3.941E 
3.929E 
3.908E 
3.887€ 
3.826E 
3.746E 
3.552E 

00 
OJ 
0 0  
00 
05 
O i l  
0 0  
00 
00 
00  
O i l  
00 
OJ 
00 
00 

3.881E 00 
3.947E 03  
4.012E 00 
4.092E 00 
4.172E 00 
4.48OE 00 
5.315E 00 
6.449E 00 
7.992E 00 
9.6JBE 00 
9.413E 00 
8.737E 00 
6.873E 00 
4.987E 00 
2.237E 00 
9.05 1 E-02 
2.438E-06 
2.410E-07 
7.997E-IO 
6.942E- 1 7 
0.0 

1.457E 00 
1.4S7E 00  
1.457E 0 0  
1.457E 0 0  
1.457E 0 0  
1.457E 00 
1.457E 0 0  
1.456E 1.454E 0 0  00 

1.449E 00  
1.440E 0 0  
1.431E 0 0  
1.4OSE 0 0  
1.372E 0 0  
1.291E J O  
1.014E 0 0  
4.347E-01 
3.866E-0 2 
6-11 5E-06 
2.516E-16 
0.0 

6.43 8E-02 
6.438E-02 
6.438E-02 
6.43 BE-0 2 
6 43 BE-02 
6.4 38E-0 2 
6 43 8E-0 2 
6.4 3 BE-0 2 
6.436E-02 

i.556S 30 
1.438E 00 
2.438E 00 
Se438E 00  
IeO44E 01 
2.044E 01 8.943E 02 2.864E 00 

b.437E-02 
0.43 6E-02 
6 e 4  3 §E-0 2 
6.4326-02 
6.42 BE-0 2 

.- 
le004E 02 
l.SO4E 02  
3.004E 0 2  
9.004E 02 
1.OOOE 03 

2.862E 00 
2.861E 00 
2.857E 00 
2.852E 00 
2.840E 00 
2.791E 00 
2e627E 00 
2.209E 00 
1.204E 00 
2.129E-01 

6. 4 1 8E-92 
6.3 768-02 2.875E 00 0 . 0  2.873E 00 0.0 

1.368E 00 0.0 
1.641E-01 0.J 
9.811E-05 0 . 0  
1.508E-11 0 . 3  
1.493E-11 0.0 

-. - . - - . - . . 
1.368E 00 0.0 
1.641E-01 0.J 
9.811E-05 0 . 0  
1.508E-11 0 . 3  

6. 5 e 8 4  23 0e-0 %-02 2 

4.6536-02 2.426E-02 

2.48 6E-03 3.153E-02 4.923€-04 1.493E-11 0.0 

Radi oac t i v i  t y  ( C i  /MT IHM ) 

Time 
PO21 3 NP23 7 (years)  c s i 3 7  PU24l TH229 AC225 RA225 FR221 AT21 7 81213 08209 U233 

5.380E-01 
7 . 380E-0 I 
9 38OE-0 1 

1.351E 02 
1.34SE 02 
1.339E 02 
1.331E 02 
1.323E 02 
1.293E 02 
1.206E 02 
1.075E 0 2  
8.531E 01 
4.265E 01 
1.343E 01  
4.231E 00 
1 322E-0 1 
1 30 IE-3 3 
1.251 E-08 
1 a066E-28 
0.0 
0.0 
0.0 
0.0 
0.0 

2.130E 02 
2.08OE 02 

I oOlOE-09 
1 .OlOE-O9 

1 91 1 E-09 
1.01OE-09 

1.0 11E-09 
1-01 OE-09 

1 e 0 1  LE-09 
1 -010E-09 

1.01 LE-09 
1 0 I OE-09 

1 e01 LE-09 
1 I 01 OF-09 

1.3 16E-08 
1.322E-08 
1.329E-08 
1.338E-08 
1 346E-08 
1 384E-08 
1.494E-08 
1 687E-08 

4.234E-08 
1 0 4  1E-07 
1 992 E- 0 7 
6.6 05E-0 7 
1 6 09E-06 
5.0 57F- 06 

2.143E-08 

9.887E-IO 9 .865E-10 

9.887E-10 
9.393E-10 9.890E-10 

9.906E-10 
9.943E-16 8.365E-05 
1 .;)DlE-C9 9.3226-05 

7.6 3 1E-05 
7.65 6E-05 
7 68  2E-05 
7.715E-35 
7.748E-05 
7.88 BE-05 

IeOlJE-09 
I .310€-09 
1 .C11E-09 
1 e 0 1  LE-09 
1 a01 1E-09 
1 01  2E-09 
1 - 0 1  6E-09 

1 a023E-09 1 e023E-09 

.. .. 
1 e 0  1 I E-09 1 e 0 1 1 E-09 
1 a 0 1  LE-09 1.01 LE-09 
1 e 0 1  I € -09  1.01 IE-09 
1 e 0 1  BE-09 1 a 0 1  2E-09 
1 e 0 1  6E-09 1 e 0 1  6E-09 
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Appendix C.2. Thermal Power of FFTF Spent Fuel ,  

High-Level Waste, and Structural  Material Waste 

P. 
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Table C.5. Thermal power o f  FFTF h iqh- leve l  waste as a func t i on  o f  decay t ime  

Thermal power (W/MTIHM) 

Time 
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3.474E '04 
2.714€ 34 
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T a b l e  C.6. Thermal power o f  FFTF s t r u c t u r a l  m a t e r i a l  waste as a f u n c t i o n  of decay time 

Thermal power (W/MTIHM) 
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1 -23OE-01 
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1.824E-02 
1 824E-02 
1 824E-02 
1 824E-02 
1 824E-02 
1 824E-02 
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I 824E-0 2 
1 823E-02 

1.223E-01 1.823E-02 0.0 7r504E-02 5.57OE-11 
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4.647E 02 50046E 01 5.003E-11 
1.90OE 02 4.682E 01 5.0i35E-11 
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0.0 
0.0 
0.0 
0.0 
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00 4.229E 01 
01 l.674E 01 
01 5.14'IE 00 
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1 -459E-0 1 4.320E-1 I 
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1.282E-0 1 4.439E-11 
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. - . - - . - - -  
0 .o 0 .o 1.537E-06 
0.0 0.0 9.076E-06 
0 .o 0.0 3.558E-05 
0 .o 0.J 7.829E-05 

2.744E-22 1.324E-J6 
0.0 7.822E-06 
0.0 3.06 7E-05 

6.748E-OS 0.0 . .. 
0 .o 0 . 0  0 .o 0.0 8.658E-05 0.3 7.462E-05 

Thermal power (W/MTIHM) 

Time 
(years 1 . ~ ~ 2 2 1  CS137 AC225 TH229 NP237 U233 FE 5 5  SR 90 U236 NE 94 PO21 4 PU24 2 

2.344E-12 5.805E-05 
1 -934E-12 5-00  5-05 

5.8J SE-05 
5.805E-05 5.80 6E-05 

5.807E-05 
1 -943E-1 1 5.009E-05 

5.805E-05 5.80 5E-05 

3.347E-01 3.530E-1 I 
3.331E-01 30529E-11 
3.3lbE-01 3.5308-11 
3. 296E-01 3 -53 1 E-1 1 
3.278E-01 3.532E-11 
3.203E-01 3.537E-11 

3.922E-11 2.989E-01 JeSSOE-11 
1 . 0 4 4 E  01 3.049E-11 2.663E-01 3.574E-11 

3.900E-11 3.090E - 1 1 
3 -09 I E- 1 1 

3 -825E-10 
3.844E- 10 

1.155E 01 
1.095E 01 
1.038E 01 
9.709E 00 
9.083E 00 
C.957E 00 
3.127E 00 
8 24 5.5-0 1 
5.733E-02 
1 e927E-05 
3.133E-I 1 
5 09 2E- I 7 

1.920E-08 2.187E-34 
4.677E-08 0.0 
1 m47OE-07 0 0 
6.868E-07 0 . 3  
2.654E-06 0.0 
7.931E-06 0.0 
2.290E-05 0 .0  
boS5OE-05 0 a 0  
5. J73E-05 0 - 0  

1.750E-0 1 
1 e74 1E-01 
l.733E-01 
1. T22E-0 1 
1.712E-01 
1 67 1E-01 
1.556E-01 
1 -382E-01 
1 089E-01 
S.333E-02 
1 *623E-02 
4.935E-03 
1.389E-04 
1 190E-06 
8.07SE-12 
I e 71 OE-32 
0.0 
0 .o 
0.0 
0.0 
0.0 

2.215E-07 2.47lE-03 
2.221E-07 2.471E-03 

2.33 2E-06 
2.340E-06 

9 . 3 eo€- s I 
1.238E 00 
1.438E 00 
2.438E 00 
S.438E 0 0  

.. 
2r227E-07 
2.235E-07 
2.243E-07 
2.275E-07 
2.3706- 07 
2.528E-07 2 a849E-06 4.903E-10 

3 I 83E-i 1 3 I 57 1 E-06 6.23 1E- 10 
3.441E-11 1 231 E-09 
4.4418-1 1 3.0278-09 
6.S69E-11 5.79OE-09 
2 41 2E-IO 

2.044E o i  4;oisE-ii 
50044E O t  4.342E-11 
10004E 02 5.603E-11 
1.504E 02 8.288E-11 
3.004E 02 

5; ii3E-01 3.634E-i i 
1 OS6E-01 3 m930E-11 
3.328E-02 5.071E-11 
1.048E-02 7.501E-11 
3.27%-04 2.754E-10 

2.840E-07 2.466E-Q3 
i i i o 2 E - i o  s.51 sE-05 
5.424E-10 5.823E-05 
1.4SIE-09 5.6308-05 
7 95 8E-0 9 5 -04 2E-05 
2.659E-08 5.848E-OS 
1.221€-07 5-847E-05 

5.004E 02 
1.000E 03 
3.000E I 3  
1.000E 04 
3.000E 04  

3; 224E-06 9 e95OE-lO 
3.098E-I1 6.181E-09 
2.64lE-31 9.157E-08 

1 764E-06 2.4298-03 
3.226E-06 2.388E-03 
8.3608-06 2.230E-03 
1.974E-05 1.756E-03 
2.8838-05 8.87OE-04 
3.001E-05 8.126E-05 
2.984E-05 9.010E-08 
2.9226-05 3.7508-18 

s;s3oE-i9 
1 012E-07 
1 198E-06 
7 O75E-06 

0.0 1 -084E-06 
0.0 6.403E-06 
0.0 2.51 OE-05 2. LOPE-05 
0.0 5 -524E-05 4.837E-05 
0.0 6 1 09E-05 5 350E-05 

i.oooC os 
3.000E 0 9  
1.00QE 0 6  

2.T74E-OS 
6.103E-OS 
6.749E-OS 

6 m728E-05 
6.306E-05 
5.026E-05 9.76 7E-06 
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Appendix C.3. Toxicity of FFTF Spent Fuel, 

High-Level Waste, and Structural Material Waste 
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Fig. C.7. Toxicity of FFTF spent fuel as a function of decay t i m e ,  

A 



Q *  ., 

Table C.7. T o x i c i t y  o f  FFTF spent fuel as a f u n c t i o n  o f  decay t ime 
~ ~~ ~ ~- 

T o x i c i t y  (m3 water/MTIHM) 

Time 
(years)  TOTAL SR 90 PU239 PR143 PUP40 R4226 ah4241 RN219 RU136 CE 144 P8210 TI4229 

1.000E-0 1 I 787E 
3.000E-01 5.1OSE 
5.00OE-01 7.361E 
8.000E-01 4.955E 
1.000E 00 4.205E 
2.000E 00 2.874E 
5.000E 00 1.864E 11 
l-OOOE 0 1  1.972E 11 

I 1  
10 
10 
LO 
09 
09  
09 
09 
09  
0 9  
08 
08 
07 

14 
12 
11 
11 
11 
I 1  

I.779E 11 
1.770E I t  
1.762E I 1  
Ie751E 11 
1.741E 11 
1.7OOE 1 I 
10583E I 1  
1.40SE 11 
1.lOBE 11  
5.423E 10 
lr6SOE 10 
5.017E 09 
1.413E 08 
1.209E 06 
8.199E 00 
1.736E-20 
0.0 
0.0 
0.0 
0.0 
0 .0  

2 e420E 
2.420E 

1 76% 
4.223E 
1.010E 
9.503E 
8.946E 
7.015E 

09  0.0 
_. ..- 09 0 .3  
20418E 09  0.0 
2.416E 09 0.0 
2.413E 09 0.0 
2.409E 09 0 . 0  
2.399E 0 9  0.0 
2.385E 09 0.0 
2.3SIE 09 0 - 0  
2.220E 09  
1.814E 09 
1.020E 09 
1.358E 08 
4.280E 
7.638E- 

09 
09  
09 
09 
0 9  
09 

14 1 .575E 

11 1.575E 
08 1.575E 
06 1.575E 

-02 1.575E 

i 2  i . 5 7 5 ~  
2.419E 
2.518E 
2.620E 
2.749E 
2.882E 
3.452E 

1.574E 09 5.524E 00 2.592E 09 2.864E 

1.448E 
I 10433E .3@7E 

1 503E 
1.575E 
1.909E 01 

01 
01  
0 1  
02 
02 
02 

1.526E 09  1.136E 04 3.4286 09 2.148E 03 
1.494E 09 3.801E 04 2.488E 09  4.051E 03 
1.417E 09 1.747E 05 l . I l 6 E  0 9  1.067E 04 
1.146E 09 1.4266 06 4.5tSE 0 7  S.497E 04 
5.455E 08 8.497E 06 1.216E 03  4.151E 05 
6.54SE 07 2.969E 07 1.201E 0 2  2.479E 06 
3.913E 04 6.696E 07 4.OIZE-01 9.940E 06 
6.012E-03 7.199E 07  3.482E-08 1.401E 07 
5.955E-03 1.844E 07 0 . 0  1.408E 01 

09 
09 
09 
09 
09 
09 

00 
00 
00 
00 
00 
00 

1 .862E 
1.895E 
1 e928E 
1.970E 
2.010E 
2.167E 

09  
09 
09 
09  
0 9  
0 9  

01 
01 
01 
01  
01 

2. JJ5E 
1.791E 
1.5ClE 
1.107E I .314E 

5.563E 

I 1  
11 
11  
11 
I 1  
10 

7.069E 09 
2.271E 08 
2.350E 05 
2.58 1E-04 
3.01 8E- 19 
3 -530E-34 
0.0 
3.3 
0.0 
0.  J 
0 .0  
0 . 0  
0.0 
0 . 0  
O.,J  

2.113E 1 768E 

1.479E 
1.184E 
9.479E 
3.888E 

11 I 
11 1 
I 1  I 
11 1 
10 1 
10 1 

1 a632E 
I *736E 
2.732E 
1.731E 
1.196E 
3.846E 
2 a646E 
9.837E 
5.238E 
4.277E 
2.548E 
8.903E 2.007E 

2.159E 
5.527E 

e661E 
.698E 
-696E 
e690E 
.683E 

0 0  
0 0  
0 0  
0 0  
00  

-661E 0 0  0 0  

5.033E 
5.033E 
5.036E 
5.036E 
5.0396 
5.34 SE 

_. 5.063E 
00 5.096E 
00 5.181E 
0 1  5.599E 
0 2  0 2  7.217E 1.066E 

0 3  
0 3  
04 
05 
06  
0 6  
0 7  
0 7  
0 6  

00 
0 0  
00 
00 
0 3  
00  
00  
00  
00 
00 
00 
01 
01  
0 2  
0 2  
04 
05 
0 5  
06 
06 
06 

-~ - ~ _  
2.420E 
2 e42OE 
2.420E 
2.420.E 
2.419E 
2.419E 

2.689E 09 
3.132E 07 
4.244E 03 

4.828E-28 
2.207E- 0. 3 

0.0 
0 . 0  
a. 0 
0 .0  
0.0 
0.0 
0.0 
0.9 

1.0 S6E-08 

i . 5 7 3 ~  09 i.040E 01 5.172E 09 4.65% 
10572E 09 2.686E 01  3.958E 09 8.873E 
1.567E 09 1.549E 0 2  4.786E 09  2.494E 
1.558E 09 7.687E 02 4.696E 09  5e750E 
1.550E 09 2.071E 03 4.358E 09 9.3Q9E 

_ _ _ _ _ -  -. - . ~  -~ 
2.000E 01 1.258E 
5.000E 01 6.681E 
IeOOOE 0 2  2.685E 
1.500E 02 I.424E 
3.OOOE 0 2  7.753E 
9.000E 02 6.443E 
1.000E 33  4.8QQE 
3.000E 03  3.4196 
IeOOOE 04 2.378E 
3.000E 0 1  1.135E 

4 7  _. .__ 
3.9 16E 
1.417E 
8.81 OE 
1.306E 
1.54 7E 

. . ~  
0.0 
0 . 0  
0 .o 
0 .0  
0 . 0  
0.0 

9.138E 
3.561E 
7-86 2E 
8.117E 

i.oooe 05 2 . 4 8 5 ~  
3.000E 05 1.318E 
IeOOOE 0 6  5.943E 

05 
-04 

T o x i c i t y  (m3 water/MTIHM) 

Time 
(years 1 ~ ~ 2 2 5  CS137 PU238 NP237 PO210 I 1 2 9  SR 89 PU24 1 AC225 RA223 CY242 PA23 1 

4.238E 
4.033E 
4.027E 
4.030E 
4 O3OE 
4.036E 
4.051 E 
4.078E 
4e145E 
4.479E 
5.771E 
8.53OE 
3.132E 
1 133E 
7 048E 
1 045E 
1 238E 
7.310E 
2 866E 
6 307E 
6 973E 

0 0  
00 
00  
00 
00 
'00 
00 
00 
00  
00 
00 
00 
01 
0 2  
02 
04 
05 
05 
06 
06 
06  

6.991E 
6.961E 
6.928E 
6. 889E 
6. 849E 
6.693E 
6s 244E 
5.563E 
4.416E 
2.208E 
6.952E 
2.190E 
6.843E 
6.741E 
6.47tE 
5.521E 
0.0 
0.0 
0.0 
0.0 
0.0 

0 9  
09 
09 
09 
09 
09  
09 
09 
09 
09 
08 
08 
06 
04 

-01 
-2 I 

1 -440E 
1.533E 
I .599E 
1 -658E 
I .696E 
1.752E 
1 .731E 
1 .668E 
1.547E 
I .237E 
8.536E 
5.913E 
2.019E 
5.205E 
2.785E 
2.41 I E  
3.307E- 
0 .o 
0.0 
0 .o 
0 .o 

0 9  
09 
0 9  
09 
09 
09 
09 
09 
0 9  
0 9  
0 8  
08  
08 
0 7  
OC 
0 2  

-12  

5.033E 
5.051E 
S .069E 
5.390E 
5.111E 
5.202E 
5 509E 
6.135E 
7.69JE 
1.351E 
2.387E 
3.364E 
5.876E 
8.41OE 
1.21OE 
1.498E 
1.506E 
1.497E 
1 463E 
1.371E 
1.093E 

04 
04 
04 
04 
04 
04 
04 
04 
04 
05 
05 
05 
05 
05 
06 
06 
Ob 
06 
06 
06 
06 

1. 
1. 
1. 
I .  
1. 
1. 
I .  
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
1. 
9. 

016E 
024E 
026E 
027E 
027E 
027E 
02 7E 
027E 
027E 
027E 
027E 
027E 
027E 
027E 
027E 
027E 
026E 
026E 
022E 
013E 
825E 

06 
06 
06 
06 
06 
06 
06 

.638E 
-69 1E 
.20 2E 
.771E 
-057E 
-364E 
879E 

06 - -282E- 
06 0 .0  
06 0.0 
06 0.0 
OC 0.0 
06 0.0 
06 0.0  
06 06 0 . 0  0.0 

06 0 
06 
06 
06 
05 

11 
11 
10 
LO 
09  
0 7  
00 

-10 

2.138E 
2.118E 2.098E 

2.072E 
2.048E 
1.951E 
1.689E 
I 328E 
8.205E 
1.936E 
1.744E 
I 571E 
I.176E 
2.672E 
2.558E 
2.173E 
1 228E 
2.403E 
8.021E 
6.608E 
0.0 

09 
09 
09 
09 
09  
09 
09 
09 
08 
08 
07  
06 
03 
31  
01 
01 
01 
03 

-03 
-10  

& .491€-6 f 6 205E-0 I 
5.9466-01 
6.14 1E-0 1 
6.443E-01 
6.750E-01 

4.051E-01 8.181 1.227E E-0 00 I 

4 0 78E - 01 
4.145E-01 
4.479E-01 
5 771 E- 0 1 
8 53 0 E- 0 I 
3.132E 00 
1.133E 01 

1.741E 
1.277E 
9.373E 
6.367E 
4.328E 
9.343E 
3.327E 
2.012E 2.137E 

1.7SSE 
1 e397E 
1.112E 
5.614E 

10736E 02 2.255E 
4.572E 02 2.307E 
2.356E 03 2.532E 
Ie779E 04 3.476E- 
1.362E 05 0 . 0  
4.259E 05 0 . 3  
6.OObE 05 
6.036E 05 

10 
10 
09  
0 9  
0 9  
08  
0 7  
0 7  
0 7  
07  
0 7  
0 7  
0 6  
06  
05 
0 1  

. I  3 

3.379E 
3.422E 
3.467E 
3.52 I E  
3.578E 
3.795E 
4.449E 
5.542E 
7.153E 
1 -454E 
2.64 IE 
3.895E 
e.069E 
1.458E 
3.554E 
1.832E 
I.383E 
8.26 2E 
3.313E 
4.672E 
4.696E 

00 
00 
0 0  
00  
00 
33 
00 
00 
00 
01 
01  
0 1  
01 
32 
02 
0 3  
04 
04 
5 5  
05 
05 

I.OOOE a0 2.16 1E-01 
2 32 3E-0 1 
2.339E-01 
2.482E-01 
3.904E-01 
2.473E 00 
1.708E 01 
5.494E 01 
3.780E 02 
1.405E 03 
7.082E 03 
6 . l I I E  04 
3.b42E 05 
1.272E 06 
2.868E 06 
3 . 0 8 4 E  06 
7.897E 35 

-3 
.O 
.O 
.O 
.O 

3 
0 
0 
0 

0 . 0  
0 .o 
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F i g .  C.8. Toxicity of FFTF high-level waste as a function of decay t i m e .  
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Toxicity of FFTF structural material waste as a function 
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. 
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Table C.9. T o x i c i t y  of FFTF s t r u c t u r a l  mater ia l  waste as a f u n c t i o n  of decay t ime 

T o x i c i t y  (m3 water/MTIHM) 

Time 
(years )  TOTAL PU239 SR 90 co 5 8  MN 5 4  RA226 P U240 N I  63 CO 6 0  AM241 ON21 9 -021 3 

1.438E 00  9.328E 08 lm213E 06 8.641E 07  1.442E 08 4-9ClE 08 1.567E-03 7.898E 0 5  1.356E 07 1-021E 08 1.043E 06 8-539E-03 8.387E-04 
2.43BE 00 4.609E 0 8  1.213E 06 8.438E 0 7  4.031E 06  1.865E-03 7.897E C S  1.346E 07 1.120E 06 
5.438E 90 1.869E 08 1.213E 06 7.856E 07  8.807E 31 2.948E-03 7.895E 05 1.316E 07 1.329E 06 
1.044E 0 1  1.232E 08 1.213E 06 6.974E 0 7  1.504E-06 5.479E-03 7.891E 05 1.267E 07 1.612E 06 
2.044E 0 1  8.282E 07 1.213E 06 5.497E 0 7  4.386E-22 1.395E-02 7.882E 05 1e175E 06  1.998E 06 
5.044E 0 1  4.289E 07 1.212E 06 2.C92E 0 7  0.0 7.916E-02 7.057E 05 9.374E 05 2.402E 06  1.264E-01 
1.004E 02 1.995E 07 1.210E 06 8.188E 06  0.0 3.895E-01 7.816E 0 5  6.432E 02 2.353E 06 2.898E-01 6.073E-02 
l.SO4E 0 2  1.167E 07  1.208E 06 2.491E 06 0 . 5  
3;004€ 02 5.457E 06 1.203E 06 7eOllE 04 0 . 0  
5.004E 02 3.690E 06 1.196E 06 6.007E 0 2  0 . 0  
IaOOOE 33 2.600E 06 1.179E 06 b.075.E-03 0.0 
3.000E 03 1.832E 06 1.113E 06 8.63OE-24 0 .0  
1.000E 0 4  1.271E 06  9.099E 05 0.0 0.0 
3.000E 00 6.091E O S  5.11SE 05 0.0 0.0 - - - - - - . . - . - . - - - - . . - - - - . - - . - . ~ _  
IeOOOE 05 1 . U O E  05 6r811E 04  0.0 0.0 
2.000E OS 6.678E 04 2.178E 02 0.0 0.0 
LeOOOE 0 6  2.933E 04 3.887E-07 0.0 0.0 

2.180E 08 
1.918E 07 
3.3bOE 05 
1.312E 02 
2.818E-09 
7 20 7E-27 

8.28 7E -0 4 
8-18 6E-04 

1 -407E-03 
8.880E-03 

8.80 4 ~ 4 4  

1.843E-44 1.046E OJ 7-775E 05 4.413E 06 3.267E-01 2.104E 06 Q.706E-Oi 1.94SE-01 
0 . 3  
0 .o 
0 .0  
0 .o 
0 .0  
0 . 0  

5.7iSE 00 7;652E 05 i . r i 5 E  06 6 . Z o C - i o  i . i ieE 06 1;oTPE 00 i.332E 00 
1.910E 0 1  7.491E 0 5  3.159E 05 3.316E-21 1.247E 06  2.334E 00 4.944E 30 
8.768E 01 7.104.5 05  7.303E 03 0 . 0  5.592E 05 5.353E 00 2.629E 01 
7.156E 02 5.747E 05  2.086E-03 0.0 2.263E 04 2.758E 0 1  2.146E 02 
4.262E 03 2.736E 05 0.0 3.3 6.094E-01 2.D82E 0 2  1.278E 03 
1.489E 04 3.282E 04 0 .0  0.0 6.025E-02 1-243E 0 3  4-465E 03 - .. ... ~ _.__- _ _  _._ ~- ._ ~ _ _  .~ 

0.0 i i j 5 8 E  04 i i 9 6 2 E  01 0;O 0.0 1.999E-04 4.985E 0 3  1.307E 04 
0.3 3.611E 04 3.015E-06 0.0 0.0 1.736E-11 7.027E 03  1.083E 04 
0.0 9.245E 03 2.986E-06 0.0 0 . 0  0.0 7.064E 0 3  2.772E 03  

T o x i c i t y  (m3 water/MTIHM) 

Time 
(years )  i n 2 2 9  R4225 NB 94  N I  5 9  RU13 6 CE144 CS137 PU238 HO 93 NP237 PO2 10 FE 5 5  

5.38OE-01 
7.38OE-0 1 
9.380E-01 
1.238E 0 0  
1.438E 00 
2.438E 0 0  
5.438E 00 

2.525E- 03 
2.526E-0 3 

2.021E-03 
2.02 I E- 03 

8.082E 04 
8.082E 04 
a . 0 8 2 ~  04 s;osz 04 
8.082E 04 
8.082E 0 4  
8.081E 04 

1.044E 01  2.550E-03 2.046E-03 8.OBOE 04 
2.044E 01 
5.044E 0 1  
1.004E 0 2  
1.504E 0 2  
3.004E 0 2  
5.004E 02 7.12lE-02 5.697E-02 7.946E 04 
1.OOOE 0 5  4.420E-01 3.539E-01 7.811E 0 4  

.432E 04 
e432E 04 
-432E 04 
-432s 04 
6432E 04 
e432E 04 
,432E 04 
-432E 04 
e432E 04 
a432E 04 
. 4 3 G  04 
e430E 04 
.429E 04 
.426€ 04 
e420E 04 
,396E 04 
-313E 04 
-104E 04 
e022E 03 
e065E 03 
a461E 00 

7.625E 07 
6.645E 07  
5.791E 07 
4.877E 07 
4.106E 07 
2.065E 07 
2.624E 06 
8.428E 04 
8.778E 01 
Y.642E-08 
I 127E-22 
1.318E-37 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  
0 .0  
0 . 0  
0.9 

7el73E 07 
6.003E 07 
5.023E 07 
4.021E 07 
3.218E 07 
1.321E 07 
9.128E 05 
1.063E 04 
1.441E 00 
3.586E- 12 
1 639E-3 1 
7.495E-51 
04 0 
0 . 3  
0 .0  
0.0 
0.0 
0 .  J 
0 .0  
0.0 
0.0 

3.47 1E 
3.455E 
3.439E 
3.420E 
3.400E 
3.322E 
3 .  lOOE 
2.762E 
2.192E 
1 e096E 
3 452E 
1.087E 
3.397E 
3.344E 
3.213E 
2.740E 
0 .O 
0 . 0  
0 . 0  
0 .o 
0 .o 

06 
06 
06 
06  
06 
06 
06 
06 
06 
06 
05 
05  
03 
0 1  

-0 4 
-24 

8.074E 
8.302E 
8.465E 
8.605E 
8.694E 
8.804E 
8 654E 
8.336E 
7.735E 
6.182E 
4.267E 
2.956E 
1 .OO9E 
2.603E 
1.393E 
I 1.207E e656E 

0.0 
0.0 
0 . 0  
0 .0  

05 
05 
05 
05 
05 
05 
0 5  
05 
05 
05 
05 
0 5  
05 
04 
03 

- 0 1  
-15 

5.431E 
5.430E 
5.430E 
5.430E 
5.43 OE 
5.428E 
5.425E 
5 . 4 2 0 E  
5.409E 
5.377E 
5.324E 
5.272E 
5.117E 
4e918E 
4.455E 
2.997E 
1.488E 
1.423E 
1.349E 
8.321E 
0.0 

04 2.544E 01 
04 2.552E 01 
04 2 . 5 6 1 E  01 
04 2;572E oi 
04 2.583E 01 
04 2.629E 01  
O b  2.788E 0 1  
04 3.107E 01 

9.404E-05 
1 31 9E-C4 
1 .O72€-04 
I 1.1 1 40E-04 1 4E-0 4 

1 -169E-04 
1.162E-04 
1.258E-04 

04 3.894E 01 2.010E-04 
04 6.824E 01  1.269E-03 
04  1.201E 02 8.675E-03 
O i  ii692E 02 
04 2.950E 02 
04 4.219E 02 
Ob 6.07OE 02 
04 7.511E 02 3.066E 0 1  
03 7.555E 02 1;826€ 0 2  
02 7.536E 02 6.379E 32  

-04 7.338E 02 1.438E C3 
-22 6.877E 0 2  1.547E 0 3  

5.482E 02 3.961E 0 2  

1.049E 07 
9.950E 06 
9.433E OB 
8.025E 06  
8.256E 06 
6.324E 06  
2.842E 06  
7.494E 05 
5.211E 1.7525 04 01 

2.84 8E- 0 5 
4 -6 28E-11 
1.98 8E-28 
0.0 
.3. 3 
0 .3  
0.0 
.I . J 
0.3 
0.0 
0 .0  
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Appendix D. COMPARISON OF CHARACTERISTICS OF 

FUEL CYCLE MATERIALS FROM A SINGLE REACTOR 
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Appendix D . l .  Comparison of the Radioact iv i ty  of 

Fuel Cycle Materials from a Single  Reactor 
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Fig. D.2. Radioactivity of LMFBR spent fuel ,  high-level waste, and - 

structural material waste as a function of decay t i m e .  
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Fig. D.3. Radioactivity of FF'TF spent fuel,  high-level waste, and 

structural material waste as a function of decay time. 
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Appendix D . 2 .  Comparison of the Thermal Power of 

Fuel  Cycle Materials from a Single Reactor 
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Fig. D.5 .  Thermal power of W B R  spent fuel,  high-level waste, and 
structural material waste as a function of decay time. 
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Appendix D.3. Comparison of the Toxic i ty  of 

Fuel Cycle Materials from a Single  Reactor 
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Fig. D.7. Toxicity of PWR spent fuel,  Wgh-level waste, and 
structural material waste as a function .of decay time. 
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Fig. D.9. Toxicity of FFTF spent fuel ,  high-level waste, and 
structural material waste as a function of decay t i m e .  
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Appendix E. COMPARISON OF PWR, LMFBR, AND FFTF FUEL CYCLE 

MATERIAL CHARACTERISTICS FOR A SINGLE MATERIAL 
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Appendix E . l .  Comparison of PWR, W B R ,  and FFTF Fuel Cycle 

Material Radioactivity f o r  a Single  Material 
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Fig. E.2. Radioactivity of PWR, W B R ,  and FFTF high-level waste as 
a function of decay time. a 
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Appendix E.2. Comparison of PUR, W B R ,  and FFTF Fuel Cycle 

Material Thermal Power for a Single Material 
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F i g .  E . 4 .  Thermal power of PWR, LMFBR, and FFTF spent fuel  as a 
function of decay t i m e .  
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Fig. E.5. Thermal power of PUR, IMFBR, and FFTF high-level waste ae 
a function of decay time. 
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Fig .  E.6. Thermal power of PUR, IMFBR, and RTF structural material 
w a s t e  as a function of decay time. 
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Fig. E.8. Toxicity of PWR, IMFBR, and FFTF high-level waste as 
a function of decay time. 
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