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ABSTRACT 

'\I 

This  volume, Y/OWI/TM-36/2, "Commercial Waste Forms, Packaging and 

P r o j e c t i o n s  f o r  Preconceptual Reposi tory Design Studies,' '  i s  one o f  a t ( L 

23-volume se r ies ,  "Technical Support f o r  GEIS: Radioact ive Waste I s o l a t i o n  

i n  Geologic Formations," Y/OWI/TM-36, which supplements t h e  "Con t r i bu t i on  

t o  D r a f t  Generic Environmental Impact Statement on Commercial Waste Manage- 
U D 

ment: Rad ioac t ive  Waste I s o l ~ t i o n  i n  Geologic Formations," Y/OWI/TM-44. 

The se r ies  prov ides  a more complete techn ica l  bas i s  f o r  t he  preconceptual 

designs, resource requirements, and environmental source terms associated 1 
I 

w i t h  i s o l a t i n g  commercial LWR wastes i n  underground r e p o s i t o r i e s  i n  s a l t ,  

granl t e ,  shale and b a s a l t .  Wastes are  considered from th ree  f u e l  cyc les:  I ( 

u r a n i  urn and p1 u t o n i  um r e c y c l  i ng , no r e c y c l  i ng o f  spent f u e l  and u ran i  um- 1 )  
I 

o n l y  r e c y c l  i ng. \ 1 

i 
This volume conta ins  t h e  da ta  base f o r  waste forms, packages, and i 

\ 
p r o j e c t i o n s  from t h e  commercial waste de f i ned  by  t h e  O f f i c e  o f  Waste i i 
I s o l a t i o n  i n  "Nuclear Waste P ro jec t i ons  and Source Term Data f o r  FY 1977," $ i i 

I 
I Y/OWI/TM-34. Also, as an a l t e r n a t i v e  da ta  base f o r  r e p o s i t o r y  design , 1; 
\ 1 
I and ana lys is ,  waste forms, packages, and p r o j e c t i o n s  f o r  commercial waste 

i de f ined  by B a t t e l l  e Paci f i c Northwest Laboratory (BPNL) have been i n c l  uded. \ 

1 T h i s  data base cons i s t s  o f  a re fe rence case f o r  use i n  t h e  a l t e r n a t i v e  
I design study and a d e f i n i t i o n  o f  combust ible wastes f o r  use i n  mine f i r e  

and hydrogen genera t ion  analyses. 



PREFACE 

d - 
Y 

i P r o j e c t  Background 

I' One o f  t h e  major problems r e l a t e d  t o  the  p roduc t i on  o f  e l e c t r i c i t y  

1 . .  by 1 igh t -water  nuc lea r .  reac to rs  i s  t h e  management o f  r a d i o a c t i v e  wastes. 

i generated by t h e  use o f  nuclear  f u e l .  However, t h e  sub jec t  i s  considered 

amenable t o  a r a t i o n a l  s o l u t i o n ,  and the  technology i nvo l ved  i s  considered * 
I 1 
il . . 

t o  be we1 1 w i t h i n  t h e  capabi 1 i t i e s  o f  our present-day techno1 og i ca l  base. 

An impor tan t  s tep toward the  r e a l  i z a t i o ' n  o f  an e f f e c t i v e  waste manage- 

ment program i s  t h e  p repa ra t i on  o f  t h e  'generic environmental impact s t a t e -  

ment ' f o r  commercial waste management. A p i v o t a l  issue i n  waste management 

i s  the. means o f  p r o v i d i n g  long-term, perman'ent s torage o f  these wastes i n  

a manne'r t h a t  bes t  assures t h e i r  i s o l a t i o n  from the  biosphere. Analyses. 

spanning two decades have generated t h e  w ide ly .  supported concept f o r  pro-  

v i d i n g  f i n a l  i s o l a t i o n  o f  these nuclear  wastes i n  deep geologic  forma- 

t i o n s .  . Therefore, t he  . O f f i c e  o f  Waste I s o l a t i o n *  was assigned t h e  

responsi b i  1 i t y  f o r  p repa ra t i on  o f  those sec t ions  o f  t h i  s gener ic  s ta te -  

ment deal i ng w i t h '  deep geologic  waste i so l  a t i  on. 

The o r i g i n a l  .concept f o r  deep geo1ogi.c d isposal  was f i r s t  advanced 

i n  1957 when a Nat iona l  ,Research Counci 1 Advisory Committee o f  t h e  Nat iona l  

Academy o f  Sciences suggested the  b u r i a l  o f  s o l i d  r a d i o a c t i v e  wastes i n  

s a l t  deposi ts .  To date, most o f  t he  research, development, and most 

demonstrat ion (RD&D) a c t i v i t i e s  have been i n  s a l t .  The c u r r e n t  Un i ted  

States Department o f  Energy (DOE) Nat iona l  Waste Terminal Storage (NWTS) 

program c a l l s  f o r  t he  s e l e c t i o n  o f  two s i t e s  o v e r l y i n g  s u i t a b l e  s a l t  f o r -  

mations by 1979, f o l l owed  by the  c o n s t r u c t i o n  and s t a r t - u p  i n  1985 o f  one 

NRC-1 icensed r e p o s i t o r y  designed f o r  t he  permanent d i s p o s a l / i s o l a ~ t i o n  o f  

commercial nuc lear  wastes i n  a s a l t  fo rmat ion  a t ' o n e  o f  these two s i t e s .  ' .  

I n ,  a d d i t i o n  t o  - t h i s  a c t i v i t y  i n  s a l t ,  v igorous RD&D programs have been. 

i n i t i a t e d  t o  determine t h e  appropriateness o f  var ious  hard rocks as hos t  

inedi'a f o ' r  a repos i  t o r y .  . . 

. . 

*Operated by union Carbide Corporat ion; Nuclear D i v i s i o n ,  f o r  t h e  Depart - ,  
ment o f  Energy., 

v i ' i  



The deep-geologic-isolation portion of the generic statement considers 

repositories located in salt, granite, shale, or basalt. The repositories 

are designed to handle wastes from the nuclear fuel cycle in which the 

spent fuel is considered a waste (no reprocessing), or from either of two 

fuel cycles that include reprocessing--the cycle with urani um and plutonium 

recycle and that with only uranium recycle. To prepare this contribution, 

the Office of Waste Isolation contracted with Dames & Moore, Parsons 

Brinckerhoff Quade & Douglas, Inc. , and Science Appl ications, Inc. In 

order to prepare thi s descripti on, generic si tes were defined, preconcep- 

tual repository designs completed, and resource requirements and eff 1 uents 

from the repositories identified. The preconceptual repository designs 

for the salt host formation were based on more than two decades of analy- 

sis and in situ experimentation. The data base upon which the repository 

design for the non-salt host formations were based is more more sparse 

since repository-oriented analyses of these formations have been proceeding 

only for the last couple of years. For each of the host rocks additional 

analyses were performed during the conduct of these studies. Details of 

this additional technical work are described within the twenty-three 

vol umes of thi s report, 

For an overview of these preconceptual repository design studies, 

the study objectives and scope, and the major study assumptions, the reader 

is referred to Volume 1 of this seriec, the "Executive Summary" 

(Y/OWI/TM- 36/1). 

Vol ume Summary (Y/OWI'/TM-36/ 2) 

A1 ternati ve repository studies were performed using four generic 

geologic media as well as two sets of nuclear waste data. The f i r s t  set 

of data was defined and documented by the Office of Waste Isolation 

(Y/OWI/TM-34) for purposes of the aeneric design study as well as for 
other on-going studies associated with nuclear waste management. The 

second data set was developed by Battelle Pacific Northwest Laboratories 

(BPNL) for general use in nuclear waste management research and has been 
chosen to serve as an alternative to the OW1 waste data in this generic 

repository design study. 

viii 



Both data  se ts  have been def ined f o r  t h e  same f u e l  cyc les  ( t o t a l  

r e ~ ' ~ c l e ,  SURF, U-only r e c y c l e ) ,  c o n s i s t  o f  t he  same bas ic  waste types, 

and p e r t a i n  t o  a1 1 f o u r  a1 t e r n a t i  ve geologic media. S l  i g h t  v a r i a t i o n s  , 
however, e x i s t  between the  ac tua l  data values i n  the  two se ts  and a re  

summari zed here. 
. - .  . . . 

- Waste Forms: OW1 considers HLW i n  v i t r i f i e d  and ca lc ined  

forms wh i le  BPNL considers th'e v i t r i f i e d  HLW form only.  

~ a d i o a c t i v e  source terms vary s l i g h t l y  due t o  t h e  assumed 

hold-up t ime f o r  t he  waste. For OWI waste, HLW and spent f u e l  

a re  bu r ied  10 years a f t e r  reac to r  discharge. Reprocessing 

c ladd ing waste, ILW, and LLW, are  5 years o l d  a t  b u r i a l  , and 

SURF-LLW i s  1 year o ld.  For BPNL waste, HLW i s  b u r i e d  a t  6.5 

years a f t e r  reac to r  discharge, o r  5 years a f te ' r  reprocessing. 

  he same i s  t rue ,  f o r  a 1  1 c ladd ing waste, ILW and LLW. ' spent ., 

f u e l  i s  bu r ied  5.5 years a f t e r  reac to r  discharge. A l l  o the r  

waste-form considerat ions among t h e  two se ts  are cons is ten t .  

Packages: OW1 s p e c i f i e d  c y l i n d r i c a l  can is te rs  f o r  spent f u e l  

assemblies, wh i l e  BPNL uses square: (cross sec t i ona l )  . . 

can is te rs .  The ILW and c ladd ing o f  OW1 a re  a l l  i n  12 i n .  

diameter cani s t e r s  , b u t  BPNL employs 30 i n .  diameter can is te rs  

and 55-gal l o n  drums f o r  ILW and 30 i n .  can is te rs  f o r  c ladding.  

The LLW o f  OW1 i s  packaged i n  55-gal lon drums, w h i l e  BPNL 

employs both  55-gal l o n  drums and 4 f t  x 6 f t  x 6 f t  boxes. 

Pro jec t ions :  The p ro jec ted  q u a n t i t i e s  o f  waste generated i n  

t h e  two data  se ts  were based on d i f f e r e n t  nuclear  power growth 

curves. . The OW1 p r o j e c t i o n s  represent  t h e  growth o f  i n s t a l  l e d  

,nuc.l ear  ca'paci t y  t o  480 GWe by t h e  year 2000 whi 1 e BPNL pro-  

j e c t s  4 0 0 ' ~ ~ e ' b ~  t h e  year 2000. OW1 p r o j e c t i o n s  p e r t a i n  t o  

t h e . f o u r  a l t e r n a t i v e  rock  types: s a l t ,  g ran i te ,  shale, and 

basa l t .  To meet thermal c r i t e r i a ,  OW1 waste s tored i n  t h e  

nonsa l t  rocks was a.ssumed t o  be packaged i n  a l ess  dense form ' 

' 



than was used f o r  storage i n  s a l t .  Th is  p r a c t i c e  r e s u l t e d  i n  

an increase i n  t h e  number o f  .HLW can is te rs  rece ived a t  t he  

repog i to ry .  BPNL p r o j e c t i o n s  p e r t a i n  t o  . s a l t  only.  ' HLW pro- 

. . j e c t i o n s  from t h i s  a1 t e r n a t i v e  waste design requ i red  ' ad jus t -  

ments t o  meet thermal c r i t e r i a  a f t e r  t h e  year 2010. 

,- 
Th is  document i s  d i v i d e d  i n t o  two pa r t s :  OW1 waste and BPNL waste. 

The OW1 da ta  presented here (Par t  I) are  those which cannot be found i n  

. t h e  sec t ions  o f  Y/OWI/TM-34 t h a t  a re  associated w i t h  t h i s  design study. 

The BPNL data  were incorpora ted as p a r t  o f  t h i s  r e p o r t  i n  t h e  form o f  

t ransmi t ta l ' s  between BPNL and O W I ,  thus 'serv ing as the  reference. The 

p a r t s  o f  t h e  t r a n s m i t t a l s  con ta in ing  waste data  have been igc luded here 

. , . . .I (Par t  11). 
. . A1 1 o f  t h e  data  can be found i n  simp1 i f  i e d  form i n  t h e  G E I S  (Chapter 

3 and Sect ion  9.3.2). 



PART I OW1 WASTE DATA 

The basel ine waste data se t  upon which the preconceptual repos i to ry  

design studies were based was suppl ied by the Off ice of Waste I s o l a t i o n  

(OWI ) .  The waste data required f o r  the reference repos i to ry  design i n -  

c l  udes d e f i n i t i o n  of waste forms, i so top i c  contents, packaging, rad io-  

ac t i ve  and thermal charac te r i s t i cs ,  and p ro jec ted  waste r ece ip t  rates.  

Deta i led descr ip t ions o f  these data, i n  the form used f o r  design studies 

have been presented i n  Section 3.0 o f  the GEIS. This p a r t  o f  the techni-  

ca l  support document i d e n t i f i e s  the source o f  these data and the modi f i -  

cat ions requ i red f o r  use i n  the design studies. 

The basic waste data resu l ted  from s tud ies '  conducted a t  the  ' o f f i c e  
1 d f  Waste ~ s b l a t i o n  and are now docuhented i n  the OW1 ' report  Y/OWI/TM-34. 

This OW1 r epo r t  g ives a  de ta i l ed  desc r ip t ion  o f  wastes generated by the  

l igh t -water - reactor  (LWR) f ue l  cyc le  as app l ied t o  the eva luat ion o f  

. te rmina l  waste disposal f a c i l i t i e s .  Wastes from the a l t e r n a t i v e  cycles 
. . 

(Total  Recycl e  , SURF, U-On1 y  Recycle) are ' described i n terms o f  form, 

' volume, r a d i o a c t i v i t y ,  heat generation, and mass. A1 so inc luded are  

descr ip t ions of the containers assumed f o r  the shipment and geologic d i s -  

posal o f  the various waste types. 

Projected quan t i t i es  o f  LWR fue l  cyc le  wastes r equ i r i ng  disposal 

were based on a  mod i f i ca t ion  o f  ERDA's "mid-case" forecast  o f  1976 f o r  

nuclear power growth i n  the Uni ted States. I n  t h i s  modi f ied case, t he  

i n s t a l  l e d  nuclear e l e c t r i c  capaci ty r i s e s  from a nominal 50 GWe i n  year 

1977 t o  a  nominal 480 GWe i n  the year 2000. The power reac to r  g r i d  i s  

assumed t o  cons is t  e n t i r e l y  o f  LWR's. The three basic f ue l  cyc le  a l t e r -  

nat ives consideved f o l l ow  the same growth curve. Due t o  the p re l im inary  

nature o f  the data from the d r a f t  o f  Y/OWI/TM-34 a t  the  t ime o f  these 

analyses, the  spent-fuel p ro jec t ions  used f o r  the SURF Cycle d i f f e r  from 

the  f i n a l  p ro jec t ions  by about 7 percent. This i s  no t  expected t o  impact 

the repos i to ry  design s i g n i f i c a n t l y ,  perhaps a l t e r i n g  the repos i to ry  - 
1  i fet ime f o r  Cycle I1  by approximately one year. 

- 
Rather than reproduce the informat ion contained i n  TM-34 and incor -  

porate it i n t o  t h i s  support document, s p e c i f i c  cross references have been 

provided which i d e n t i f y  the source of the  data presented i n  Section 3.0 



o f  the  GEIS .  These'cross references are contained i n  Table 1-1, i n  terms 

o f  . sec t ion  and tab1 e  numbers., 

. . For the  most part ' ,  the  data contained w i t h i n  t h i s  OW1 r epo r t  were 
. . .  

used i n  i t s  o r i g i n a l  ' form. i n  the design studies. However, i n  the case o f  
, , 

p ro jec ted  waste quan t i t i e s  o f  HLW received a t  the repos i to ry  f o r  the T o t a l  
. . 

decycl e  and U-0n:ly Recycle options, modi f ica t ions were requ i red due t o  

' thermal cor is t ra i  nts:  ' As described i n  Section 3.3.1 o f  t h e  GEIS, the ther-  

m a l  cha rac te r i s t i c s  o f  . t he  OW1 waste were such t h a t  bu lk ing  o f  the  HLW . 

. . ( add i t i on  o f '  i n e r t  mater ia l  t o  lower the  can is te r  heat .  load) was required. 

i n  can i s t e r f  designed t d  be 's tored i n  the non-$dl t medla under consldera- 

t i o n  (grani te;  shale, and 'basa l t ) .  t o r  storage i n  salr, me projected 
' . r e c e i p t  ' rates g iven i n  Y/OWI/TM-34 could be app l ied w i t h o u t  a1 te ra t ion .  

 or .storage i n  the  o ther  three media, the bu l  k ing  resu l ted.  i n  an 'increase 

i n  the number o f  can is ters  received by an amount equiva'lent t o  the r a t i o  

o f  t h e i r  s p e c i f i c  volumes. These spec i f i c  volumes were 3.0 f t 3 / M T ~ M  f o r  

HLW i n  s a l t ,  5 . 0 ' f t 3 / M ~ ~ M  for HLW i n  g ran i te ,  and 7.0 ft3/MTHM f o r  ",LW i n  

shale o r  basa l t .  Hence., p ro jec t ions  f o r  a  g ran i t e  repos i tory  were i n -  

creased by ' a' f a c t o r  o f  5 ;  0/3.0 o r  1.67 (7.0/3.0 o r  2.33 f o r  shale'  o r  
. . 

basa l t ) .   he tab ' l es  presented i n  sec t ion  3.0 o f  the G E I S  r e f l e c t  t h i s  

mod i f i ca t ion  o f  p ro jec ted  rece ip t '  rates.  Thermal cons t ra in ts  d i d  no t  i m -  

pac t  the o ther  waste types i n  t h i  t manner; there fore ;  these wastes were 

l e f t  i n t h e i r .  o r i g i n a l  assumed density. : ' , 

. . , ,  , 

I n '  a d d i t i o n .  t o  the  data , i n  Y/OWI/TM-34, rad ioac t i ve  source' terms . f o r '  

' .  i nd i v i dua l  nucl ides i n  the .,waste were needed f o r  c e r t a i n  aspects of: the 
' design analysis.. The f o l  lowing appendix (Appendix A) includes t h e s e  data 

f o r  spent'. f ue l  , HLW, and ,c ladding wastes. 
. . 



REFERENCES 

- .  
1. Kisner, R .  A.  , Marshall, J. R .  , Turner, D .  W.  , and Vath, J. E. , 

"Nuclear Waste Projections and Source Term Data f o r  FY 1977," 
Y/OWI/TM-34, A p r i l ,  1978. 



Table 1-1 

G E I S  Y/OWILTM-34 

. ' . DATA . Section.  umbers Section add Table Numbers 

, '  > 

Forms and Packages 3.1.1,  3 .2  2 . 2 , 4 . 2 ,  4.5,  4.'6, 4.7 

(Total Recycl e),  

Forms and Packages 3.1.2,  3.2 2 .1 ,  4 . 1 ,  4 . 7  . . . . 
' (SURF Recycle) 

. . 
.Forms and Packages 3 .1 .3 ,  3.2 2 .3 ,  4.3,  4 .5 ,  4.6,  4.7 , 

..(U-On1 y Recycl e) 

- 'Thermal Character ist ics 3 . 3 . 1  3.2.1,  3.2.3,  Tables A.3., 

Waste Pro j,ections . . 3 .4  . 1.6 ,  312.2 ,  Tables A . 1 ,  , ' 



.. . , 
I _  (. - , . m RADIOACTIVE SOURCE TERMS - -, 5 I, ': 

- 
- n; $--8 % . r  f:li-gg 
i - k k d  : ~ S L &  , 

These source- terms were extracted from the resul ts  o f  ORIGEN code 

ru& supplied by the Of f ice o f  Waste Iso lat ion.  They are stated i n  terms?$&$$ 

o f  curies per metric tonne o f  heavy metal charged t o  the reactor(Ci/MTHM) 

and-represent the a c t i v i t y  of the waste when i t  i s  expected t o  be received 

a t  the repository. Tables A - 1  and A-2 per ta in  t o  PWR and BUR spent fuel ,  

A-3 and A-4 t o  PWR and 8WR Total Recycle HLW, A-5 and A-6 t o  PWR and BWR 

U-Only Recycle HLW, and Tables A-7 and A-8 t o  PWR and BWR cladding wastes. 

The source strengths o f  cer ta in  actinides and f i ss ion  products vary 

betyeen the spent-fuel and reprocessing wastes as well as between the two 

regycle. cases. This is .  due t o  the f a c t  t ha t  the i n i t i a l  isotopic conten8,ru 
5*# 

o f  ,$he duel a t  reactor loading varies w i th .  respect t o  isotopic d is t r ibu-  

t i o n  o f  the ac t iva t ion  products o f  uranium. For example, the d i f ference 

i n  . * Pu-88 ac t i v i t i es .  between Spent Fuel. and U-only Recycle cases i s  a 

resul! of ,  the increased isotopic  content o f  U-236 i n  recycled uranium fuel 
*q D u r i n ~ ~ e a c h  cycle, thehamount o f  U-235 removed from the fue l  during repro-) 

cessing and refabr icated i n t o  new fuel  increases. This increase resu l ts  



This increase i n  production i s  subsequently observed i n  the waste a r i s ing  
1 

from the recycled fuel .  

Similarly, f o r  the differences observed i n  the amounts o f  Cm-244 i n  
* 

HLW from U-only Recycle and Total Recycle cases, the fol lowing explanation 

applies. I n  the t o t a l  recycle case, Pu-239 i s  returned t o  the reactor as ,. 

a fue l  , and 5 n the burnup process i t a1 so undergoes the ' fo l  1 owing nuclear 

interact ions, 

resu l t i ng  i n  the production o f  Cm-244. I n  U-only recycled fue l ,  t h i s  

chain also occurs, b u t  because o f  the smaller amounts o f  Pu-239 involved, 

much less Cm-244 i s  produced. 



TABLE A-1.. 

WASTE SOURCE STRENGTHS: Spent Fuel  - PWR 

. CURI ESIMTHM 
10 Yr.a ISOTOPE ISOTOPE 

, H-3 

C-14 

CURIES/MTHM 
10 Y r .  

Ba-137m 8.19E+4 

Ce- 144 1.47Et2 

Pr-  1 44 1 .47E+2 

Pr- 1 44m 1 .7.6EO Cm-242 5.72E0 

Cm-243 2.35E0 

Cm- 244 1 .35E+3 

T o t a l  Activity 4.06E+5 

a Tlme a f t e r  r e a c t o r  d f s ~ h a r g e .  
. . 



TABLE: A-2 .. . _ :  , . . . 

WASTE SOURCE STRENGTHS : spent Fuel - BIJR , .  

. . 
. . Te-125m 

. , 1-129 
. . 

. . CS-134 
' . CS-137 

.Bawl  37m 
. . ..'Ce..144 . 

. '  Pr-144 

. . . . . - ,  'Pr-144m 
: .. , . . . 

Pm- 1 47 

Sm- 1.5 1. 

CURIESIMTHM 
'ISOTOPE .' 10 Y r .  

U-232 1.43E-2 _ U-233 5 .32~ -5  

' *  U-234 8.28E-1 
U-235 1.43E-2 

U-236 2.00E-1 

Am-242 . 1 ..14E+1 

Am- 243 1.36E+1 

Cm-242 , . .  9.36E0 
. . 

Cm- 243 1 . 6 6 ~ 0  ' 

. . 

Time a f t e r  r e a c t o r  discharge. . . 



TABLE A-3 
. . 

WASTE SOURCE STRENGTHS:' HLW f rom T o t a l  Recyc le  - PWR b' 10, yea rs  
' . 

- .  
R a t i o  of  U O ~  fue l  toMOX f u e l  i s  3 t o  1. 

I SOTOPE 

H- 3 

C-14 

Kr-85 

Sr-90 

Y-90 

. Zr-93 
. . 

Nb-93m 

TC-99 

RU- 106 

Rh- 106 

ISOTOPE 

Ag-11 Om 2.18E-1 

Cd-113m 2.54E+1 

Sb- 125 9.09E+2 

Te- 125m 2 .22~+2  ' 

1- 129 3.74E-5 

CS- 134 9.00Et3 

CS- 137 8.71 E+4 

Ba-137m 8.24E+4 

Ce-144 1.42Et2 

Pr-144 1.42Et2 
Pr- 1 44m 1.70EO 

Pm- 147 7.40E+3 

Sm-151 1.12E+3 

EU-152 8.43E0 

EU- 154 6.21 E+3 

PU-239 2.11EO 

' Pu-240' 1 .58~+1  

PU-241 .9.28E+2 
' 4 ,  ' 

PU-242 3.00E-2 . . 
. . 

Am-241 . , 

. . 
8.97E+2 

, . . . 

Am-242m 9.35Et1 ' .  , ,  

.Am- 242 ' 9 .35~+1  . 

Am-243 8.09~+1 " 

Cm- 242 7.68E+1 
. . .  

Cm-243 7.26E0 

Cm- 244 1.04E+4 - 
~ o t e l  ~ c t i v i  ty 3.17E+5 ' . . . 

B - Y .  . . 3.05Et5 . . 

' a - ~ R u : . '  . 1 .'1;6~+4 . . .  



TABLE A-4 
WASTE SOURCE STRENGTHS: HLX from T o t a l  Recycle - BYR b 10 Years 

' 
No f u e l  blend, assumes pure  MOX f u e l .  

. . 
Rh- 105 

: Ag-11th 
. . . . 

Cd-113m 

Sb-125 

Te-125m 

. . 1-129 
c!-134 

'CS- 137' 

Sa-137m 

;. ' . CC-144 . 

Pr- 143 

. ~ r -144rn  
. )' : ,,. . . 

. . ..Pm- i147 

'." .Sm-151.' 

: EU-'1 52 

Am-243 2.17E+2 

Cm-242 1.82E+2 

Cm-243 1.42E+1 

Cm- 2 44 ?.72E+4 

T o t a l  A c t i v i t y  2 .58~+5  

B:Y 2.27E+5 
c(-TRU 3.07E+4 

1 



.TABLE A-5 ' ' ,. 
WASTE SOURCE STRENGTHS: HLW f rom U-Only Recyc le  

Pu i n  HLW - PWR @ 10  yea rs  

H- 3 

C-1 4 

Kr-85 

Sr-90. 

Y-93. 
. . 

Zr193 

Nb- 93m 

Tc-99 

Ru-196 ' . 1 . 5.41 E+2 

' Rh-1:96 5.41 E+2 

~ s - i l o r n  1.62E-1 

Cd- 1 1 3m 2.35~+1 

Sb-125' 7.8OE+2 . 

Te- 125m 

1-129 

Cs- 134 

CS- 137 

Ba- 137m 

Ce- 144 

Pr-1144 

Pr-  144m 

Eu- 152 6.15EO 

Eu- 154 5.46E13 

Eu-155 6.18E+2 

L'-232 2-40E-2. 
Q 

U-233 2.90E-5 

U-234 1.27E-1 . . 
' 

U- 2.35 9.77E-5 1:. 

U-236 2 . 5 9 ~ 3 3  
\i U-237 1.85EO . 
, . : i 

U-238 1.56E-3 . /; 
i/l .. 

Np-237 ' . ; 6.82E-1 . i ' ;  1 . .  . Np-239 ' -1.53E+1 , 

?u-238 4.65E+3 a .  . ,  . . 

Pu-239 3.39E+2 

Pu-240 4.83E+2 
Pu-241 7.70E+4 

PU-242 1.61EO 

,9m-241 " 1.71E+3 : 
C 

Am-'242m . 6.71EO.. . 
i . . .  

Am- 242 6.71.EO ' ' , 

Am-243. ' , 1 . "53~+ l  

Cm-242 5.52EO ' 

. . 
Cm- 243 2 . 1 2 ~ 0  

Cm- 234 1. i 4 ~ + 3  j k  ' .  
\ I  ' 

Tota.1 A c t i v i t y  ,,4.00E+5 
%~,; 

3.92E+5 
!! 

8- Y I! 

8.33E+3 
.j' ,. , 

a-TRU, . 1 : 
i;. 

I . ;.: jl 
. .  . ,  

.' . 0 ,. 

. . 

, . ' 8 . '  

Y . . 

. . 

. .  . 



. . 

TABLE A-6 

WASTE SOURCE. STRENGTHS : HLW f rom U-Only Recyc le  
.. . 

, Pu i n  .HLW - BWR @ 10 yea rs  
5 

ISOTOPE c i /MTHN ISOTOPE C i  /MTHM 
L 

H- 3 . . 0 .  ' 1 .,92E-2 U-232 
. C-14 0 ." U-233 2.64E-5 

... Kr-85 ' 0 . - U-234 I) 

. I 

1.28E-1 
F . . 

Y S r -90  4 .97~44  U-235 
' 8.24E-5 

, ,  t 

D .' 'Y-90 4.97Et4 U-236 2.23C-3 . "  

11 Zr-93 2.43EO , U-237 1.60EO 

' I : .Nb-93m 1.15EO U-238 1.58E-9 , 

I. 21 E t l  
i i .  

- .TL-99 Np-237 , 6.21E-1 

i . .Ru-.I 06 4.13E+2 Np-239 . 
- 1 .20~+1'  ; ' 

bi . '* Rh-106 4.13E+2 
. .  - Pu-238 ' . 4.73Et3 

t 
6 

.kg- i 1 Om 1 :.1,4~-1 -'. PU-239 3; 1 3Et2 
. ' .  Cd-113m. 1.67Etl Pu-,240 4.66Et2 

Sb-125 '6.22E+2 '. PU-2'41 6 .65~+4  
: Te-l25m 1. 5 2 ~ + 2  . , Pu-242 1'. 31 EO 

. . 17129.. . . 2.23E-5 
. . Am-241 1.53Et3 

CS-134 6.93E+3 ,Am-242m '1 .07Ei l  
,. -:; Q-137 7. i 5 ~ + 4  . . Am-242 . . 1 . 0 7 ~ c l  . . . . 

:. . .-Ba-,I 3/m 6.76Et4 Am-243 1.20~+1 . , . , i 

. .l:Ce-14'4 1 .04i+2 Cm- 242 8,..82~0 
'PT-144 . . ' . 1';Ij4E+2 .Cm-243 1'. 47E0 

: .: P.r-14Sm 1.24EO . ' . Cm-244 
' 8 .90Et2.  ' 

. . 
,a  ': 

.. . P ~ L  1 .$? .. . . .~ . . 5.53€+3 T o t a l  A c t i v i t y  3.38Et5 
. . 

~m-.1'51 ,- 9.1'3Et2 . 6-Y 3.30Et5 
. ~ u - 1 5 2  . .  

1 7 . 2 - 3 ~ ~  . . , a - i ~ u '  
. . a 7.93Et3 

. . :. . E'u-154 4.20'E+3. 
I 

' Eli-155 . 
. ' I  

4 :90E+2 
- '  

, . . . 
- .  

1,. . 

! .. . . 

. . . . 
II  . . s y * . . . . - 
I .. ' x 

. g 



SOURCE STRENGTHS: Cladding Wastes - PWR @ 5 Years 

ISCTOPE C i  JMTHIY I SOTGPE C i  /MTHIrl 

H- 3 0 Mn- 54 1 .53E+1 

C-14 0 Fe-55 2.12E+3 

Kr- 85 0 - Co- 60 2.67E+2 
< 

Sr-90 3.40E+l N i  - 59 3.50EO 

Y - 90 .3.40E+1 N i  -63 5.25E+2 
Zr-93 0 ' U-232 ' . 8..5'9~-6 
Tc- 99 0 .  U- 2 23 2.. 98E-12 
Ru- 106 8.61 EO U-233 . 5.06E-4 

Rh- 106 8.61.EO . '  U-235 8.62E-6 ' . . 

: -Ag- 1.1 Om . . . O  U-236 1.30E-4 
Cd-113m 0 U-237 1.30E-3 

Sb-1.25. 1.51 E+1 U-238 1 . 5 7 ~ - 4  

Te- 125111 6.01 i 0  Np-237 1.63E-4 
-, ' 1-129 , 1 . 7 0 ~ - 5 .  ' Np-239 8.58E-3 

Cs - i  34 2.46EtI  Pu-238 1.15EO . . .  . . 

CS- 137 4 ..85E+l Pu-239 . ' 1 . 6 5 ~ - 1 ,  . . . . 
Ba-13.7m '. 4.59E+l Pu- 230 

. . 2.4SE-1 
Ce-144 ' .  6 . 2 8 ~ 0  . ,Pu-241 . . 

5.00~'+1' ,. ' 

. .  . 
. Pr-,144 .6.28EO .. Pu-242, - 8.65E-4 

Pr-144m. 0 , .  . = I  Am-241 . ' 5 . 2 5 ~ - 1  
, , . . . , 

' ~m-147  1 .37'E+1 Am-242m . 5.'63E-3 
. . 

Sm-151 5.42E-1 . . . . . Am-242 5 . 6 3 6 3  . . 

EU- 152 ' 0- Am-243 .. ,. 8.58E-3 
. . 

Eu-154 . 4.24E0' Cm- 242 8.61 E-3 
. . 

. Eu-155 , 6.57E-1 . Cm- 24 3 1 .. 31 E-3 . . 
. .  . . 

Cm- 244 8.15E-1 
. . 

. To ta l  A c t i . v i  ty .3:19E+3 
. . 

. - ' 3 .19E+3 6-Y. , ' 



TABLE A-8 
, . . SOURCE STRENGTHS: Cladding Wastes - BWR @ 5 Years 

'Sb-125. 

Te- 125m 

1-1 29 

.CS-134 ' 

6s-137 
. . 

~ a - 1 3 j r n  
. . 

8 .  Ce- 144 

. , 

P r -  144 

.: Pr-144111 

Pm- 14.7 

ISOTOPE 

U-237 . 1.04E-3 . , 

U-238 - . 1.59E-4 

Np-237 1 . 2 8 ~ - 4 .  

Np-239 . . '  6 . : 8 1 ~ - 3 .  

PU-238. . .  ' . 9.. 90E-1 

,Pu-239. - ' 1 . 5 2 ~ - 1  

. Pu-240 . 2,33E-1 

Pu-241 4.'33~+1 . .  

.Pu-242 ' .  7 . 1 0 ~ - 4  

Am-241 . . . . ' 4 ..81 E-1 

, . . .  Am-242m 5 .83 ,~ -3 , '  
. . 

Am-242 5,83E-3 

Am-243 6.81 E-3 
, . 

Cm-242 , . ' , 9i03E-3 
Cm-243 9.25E-4 

Cm-244 .. . . 6.33E-1 . 

T o t a l  ~ ' c t i v i  t y  . . 5 .84Et j  
B - Y  . ,  . .  .,. . . .5.. 84Et3 -. 

a-TRU' . ' . '  2.49EO 



. .  . PART I 1  BPNL WASTE DATA PACKAGE 

The in fo rma t ion  r,eceived from B a t t e l l e  P a c i f i c  Northwest Labora- 

t o r i e s  (BPNL) . . f o r  t h e  purpose q f  t he  a l t e r n a t e  r e p o s i t o r y  design study 

was i n  t h e  f o r m  d f  t r a n s m i t t a l s  between BPNL and t h e  s t a f f  a t  O W I .  , I n  

t h i  s,.,form, t h e  data cannot be reTerenced convent ional  ly .   heref fore, t h i s  

sec t i on  :of t h e  t.,echni'cal support,,document i s  designed t o  present  t h e  BPNL 

waste d a t a  .as they  were rece ived and thereby nake them more e a s i l y  

accessib le.  

The, in format i ,on conta ined i n  t he  fo l low ing,append ices  i s  reproduced 

i n  t h e  o r i g i n a l  form as received,  changing o n l y  t h e  f i g u r e  and t a b l e  .. . . 

numbers t o . ,  f a ' c i l  i t a t e  order  w i t h i n  t h i s  document. I n  some cases, 

' i t e r a t i o n ,  adjustments, and c l a r i f i c a t i o n  o f  these data  were requ i red  . . 

p r i o r  t o  use. where t h i s  was t h e  case, d e t a i l s  o f  t h e  da ta  processing . . 
have been suppl ied,  e i t h e r  i n  t h i s  ddcument o r  i n  t h e  GEIS (Sect ion 

9.3.2). 

TO f a c i l i t a t e  use o f  t h i s  document, t h e  data used i n  t h e  design 

study were separated i n  terms o f  s p e c i f i c  t o p i c  areas. The data  i n  e a c h . '  ' 

a rea a re  conta ined i n  an i n d i v i d u a l  appendix as s p e c i f i e d  below. 

. . 

The' appendices are: 
. .  . . . 

. ,. . 

~ ~ ~ e n d i x  A - Nuclear Generat ing Capacity' 

; B - Desc r ip t i on  o f  Waste Forms 
. . 

. . C - Waste Package Desc r ip t i ons .  
. . . . 

, ,  . . :. D - Waste ' ~ r n j c c t i n n s  

. ' E - Source Terms . 

F - Heat Generat ion R.ates 

G - Waste Thermal H i s t o r y  

I n  each appendix, t h e  source o f '  t he  i n fo rma t ion  i s  supp l ied  and re ference 

made t o  t h e  f i n a l  ' form o f  t he  da ta  used. The t r a n s m i t t a l s  r e f e r r e d  t o  i n  

each appendix correspond t o  t h e  f o l  1 owi ng: 

November, 1976 - ORIGEN runs from BPNL t o  A. Q u i s t ,  O f f i c e  o f  Waste. 
. . . . 

I s o l a t i o n  ( O W I )  , un ion  Carbide Corporat ion, Nuclear 

D iv is ' ion  (UCC-ND) 

. . 
. . 11-1 



. ,May 27, 1977 :- Memorandum from R. W. McKee, Manager, waste ~ a n a ~ ~ m e n t  

Techno1 ogy , Commerci a1 Wast'e Management Statement " 

. . . . (CWMS) ,.:BPNL, t o  R .  K. Kibbe, P+o.j,6ct.'ManBger, O W I ,  . . 

. ' .  . . . ,  . . . .. 
UCC-ND . 

. . 

~ e ~ t e m b e r . 2 8 ,  '.1977- Memorandum e n t i f  1 ed "Waste Packaging Descr ipt ions 

f o r  Impact Statement on Commercial Radioactive 

Waste Management," from C. M. Unruh, Manager, CWMS, 

BPNL, t o  D r .  C. D. Zerby, D i rec to r ,  O W I ,  UCC-ND. 

Noveii~Le~. 1, 1977 - Fslea~orandum from R. W. Mc#ec, Manager, Waste Manage- 

ment Technology, CWMS, BPNL, t o  R. K. Kibbe, 

Pro jec t  Manager, Owl, UCC-ND. 

November 11, 1977 - Memorandum e n t i t l e d  "Waste Package Descr ipt ions "for . . , 

. . . . 
. .  . 

Impact statement on Commercial ~ a d i o a c t i v e  Waste 

Management ,I1 from R. W .  ~ c ~ e e ,  Manager, Waste Manage- 

ment Technology, CWMS, BPNL, t o  R .  K. Kibbe, P ro jec t  

~ a n a g e r  , OWI , UCC-NO. 

. '  . 

November 17, 1977 - Memorandum e n t i t l e d  "Waste Descr ip t ion Data f o r  
. . 

impact statement on ~ o h r n e ~ c i a l  ~ a d i b a c t i v t !  Wast.9 ., . 
. .. . . 

Management.," from R. W. McKee, Manager, Waste Manage- 

ment Technology, CWMS, BPNL,' t o  R. K. Kibbe; Proj.ect 

: Manager, O W I ,  UCC-ND. 

November 28, 1977 - ~emoran'dum e n t i t l e d  "Waste Package Quan t i t i e s  f o r  

Case 2, CWMS ,I1 from R. W. McK.ee, Manager, Waste 

~ana~emen ' t  ~ e ~ h { o l o & ;  CWMS, BPNL, t o  R. K. ~ i b b h ,  . 1 
p ro j ec t  ~anage r ,  .OWI, UCC-ND. ' . 

. 

. , , .. 

I n  u s i n g t h e  ok i g i na l  BPNL informat ion,  i t  must be noted t h a t  the 
. . 

f u e l  cyc le  eases 1,: 2 and 3 correspond t o  the OWI reference cycles SURF 
. .  . 



(11), U-Only Recycle (111), and To ta l  Recycle (I), respect ive ly .  I n  addi -  

t i o n ,  t h e  lower-case l e t t e r s  f o l l o w i n g  t h e  c y c l e  numbers i n  t he  BPNL da ta  . . 
. . r e f e r  t o  p a r t i c u l a r  a l t e r n a t i v e  waste forms w i t h i n  each cycle. The o n l y  

forms o f  concern i n  t h i s  s tudy were 1, 2a, and 3a f o r  t h e  a l t e r n a t i v e  ' 

' 

design, and case 3d f o r  t he  ana l ys i s  of  combust ible wastes. The descr ip -  . . 
. . 

. . t i o n s  o f  these forms are  as fo l l ows :  . . * .  

.' case a - Reference case - I n c i n e r a t i o n  o f  combust ible 
. . wastes and cementat ion o f  wet wastes and 

i n c i n e r a t o r  products.  

Case d - .Minimum t reatment  o f  combust ible wastes 

(packaging on ly )  and b i t umen iza t i on  o f  wet 

wastes. 



. . The f o l l ow ing  in format ion was obtained from the September 28 t rans- 

m i t t a l  from C. 'M.  Unruh t o  D r .  C. D. Zerby. The t ab l e  describes the pro- 

, ' j ec ted  .growth . . o f  i n s t a l  l e d  nuclear capaci ty used i n  determining the  quan- 

ti t i e s  o f  BPNL waste generated (Appendix D). 

The data i n  terms of -PWR, BWR. and t o t a l  generat ing capaci ty are pre- 

. '  sented i n   able 9-11 o f  the GEIS. . . . .  . 



Installed' U.S. Nuclear Gcnerattcn Capacity Projection for CIiNS 

. . 
. I ' .  P'rlR t7 R\JR 

~ a p i c i t y  , Capac!ty Gcncraticn . . Capacity Capacity ~ e n ~ r a  t i  on 
.. . Year &I.::,. factor % ' GVe Yr Gll'c Factor 2 . - C-:ie.Yr - 

--- Total LUR 

Capxi ty cap;ci ty ~cceratlon 
G!.l c Factor %: . GHe Yr 



i APPENDIX B - DESCRIPTION OF WASTE FORMS 

1 
I 
i The tab les  included i n  t h i s  appendix describe the waste forms asso- 

c i a ted  w i t h  the BPNL repos i to ry  design. These data were obtained from 

the September 28 t ransmi t ta l  from C. M. Unruh t o  D r .  C. D. Zerby ( f o r  

Tables B-1, B-2 and 8-3 descr ib ing s o l i d i f i e d  HLW, c ladding waste and 

spent LWR f u e l ,  respect ive ly)  and the November 11 t ransmi t ta l  from R. W. 

McKee t o  R. K. Kibbe ( f o r  Table 8-4 descr ib ing ILW and LLW f o r  Case 3a). 

This i n f o rma t i on  was used t o  i d e n t i f y  the waste form and spec i f i c  volumes 

(waste containers/MTHM processed) o f  each waste type. The r a d i o a c t i v i t y  

cha rac te r i s t i c s  described i n  these tab les were not  used i n  the form given 

(see Appendix F t o r  source term data). The basic descr ip t ion  f o r  HLW 

(Table - 1 )  although only given f o r  Fuel Cycle 3 (Total Recycle), was 

a lso used t o  describe the HLW from the U-only Recycle case. Packaged ILW 

and LLW waste. descr ip t ions given i n  the tab les  f o r  Case 3a (Total 

. . 
Recycle) were a lso used for  the Uranium-Only Recycle case by de le t ing  any 

. . desc r ip t ion  o f  wastes a r i s i n g  from PuOP conversion o r  f r o m  a MOX FFP 
(mixed oxide f ue l  f ab r i ca t i on  p lan t ) .  Tables 9-7 and 9-8 o f  the GEIS 

. ,  conta in  t h i s  waste form information. 

I n  the analysis o f  the impacts of combustible waste storage, combus- 

t ib le-waste data were obtained from the November 11 t ransmi t ta l  from R. 
. . 

W. McKee t o  R. K. Kibbe (Table B-5 f o r  Case 3d). Further assumptions 

' . concerning these  data are d i  ;cussed i n  ~ecti ,on'.4.2.2 o f  TM-36/23'. 
. . . . 



TABLE B-1 

Sol ld:i!ed Higlt-Levr! Haste 

Fucl Cycle 3 

I ~ l ~ h - ~ e v e l  . :  lass-HCIL +Stllpncnt 12 i n .  x 12 T t  C a n i s t e r  , 

L t 4 d i d  Karte!*/ 3rd Packan,? I >10 R/ttr, 0.3285 Canlster:/WT1!:4 
I -. 

. Years A f t e r  Chemical &eratlor! - 
-' . 0. 5 10 50 . 1.39 1 o4 I sQ -- Source 

I r r ad i a ted  f ue l  .' . 

Iplpurl  tles/HTIU! 2 
3 : 5 x 1 I I 2  3 . 5 ~ 1 0 ~  5 x 1 0 ~  3 . 5 ~ 1 0 ~ .  3 . 5 x l k Z  3 . 5 ~ 1 0 ~  3 . 5 x 1 0 2  3 . 6 ~ 1 0 ,  Grams 

2.9 x 10' 8.4 9.8 x 10-I 2.4 x 1 0 ' ~  '2 .2 x 1.0 x loq3 . Curies 3.6 1.4 

Matts . 5.7 x'10-* 1 . 2  x lo-* 4.1 x 2.5 x 1 x 1 2.0 x 1.9 r lo-' 1 . 9 ' ~  . ':. 

k t i n l d e s / H l l i H  

6.0 x 10, 6.0 x lo3  . 6.0 x l o 3  6.0 x l o 3  6.0 x la3 6.0 x l c 3  6.0 x 10' 6.0 x 10 
3 

Crams 

Curies . 1.9 lo4 7.6 in3 6.5 l o3  2.1 x. l o 3  I.! 10' 2.7 lo2  5.9 lo1 . 4.a 
6.4 x 102 2.4 x 2.0 x l o2  6.6 x 10' 3 . 2  X ? O '  7.5 1.3 1.1 x lo- '  Warts 

f i s s i on  productr/HTlU4 

Crams 2 . 6 i  lo4 2 . 6 ~  10'' 2 . 6 ~ 1 0 ~  2.6 x lo4  2 . 6 1  151 2.6 x l o 4  2 . 6 ~  1 i 4  ? .Gx  10 
4 

Curies 1,4x lo6 3.3 x lo5 2;5 x 10' 9.4 x lo4 2.9 x 10' 1.9 x ?ol 1.8 x 10' 2.9 

Watts 6.5 l o3  1.2 10' 0.2 l o 2  2.9 lo2 0.6 x 10' 2.1 2.0 lo-*  7.7 

jotal/tiTIIH 

Crams ' 

Curies 

Uat ts  

Tota l /conta lner  

Grms - . 9 - 1 1  104 9 . i X  ICI 9.7 l o4  9.7 it4 9.7, i lo1. 9.7 9 .  1 9.; l o 4  1 

Curles 4.3 x lo6  1 . 0  r 7.9 i l o5  2 . 9 ~  l o 5  9.1 x 10' 2 8.7 x i o 2  2.3 x !b2 2 . 3 1  10 

Watts 2.2 1 lo4 4.4 r lu3 3.1 x 103 . 1.1 1 103 3.6 x 10 . 2.3 x 10' 4.1 .3:5 x 13" ' 



. . . '  . . 
. !  

.. . 
. - .  . , - .  . 'TABLE B-2 . ' . 

(FucI Cycles 24. t) ;,lld 3) 

C .. . - . Ytitfs - - A f  - l c r  - CII&IIICJI - - .. . . ~ ? p j l r t l l ! d n  

Eourcc . 0 10 
2'-- 4-- c- - -- 50 ' ' 10 1 b3 l ( r  

, -  -- 'L --- 
. . A ~ s i ~ i ! h l y  . h r \ r d ~ a r c . ~ ~ ~ J  

h u l l s  

) lu l l s .  res idua l  f u e l  

w f t ss lon  p1-oductr/MTtIf4 
u .  
I ' .  . G~~III;. 1.5 10' 1 . 5 . ~  l o1  1.5 x l i l l  1.5 x lo1 !.i 10' 1.5 1 10' 1.5 x 1 0 .  

1 

OD 
. . C u r l s  7.0 r l o 2  1.3 x l o 2  4.0 x l o 1  1.5 x ]ti1 9.1 x 9.a x , l ~ - ~  1.11 x 

Udtti. 3.2 4.3 x 10" 1.'5 x 10" 4.5 r 10" 1.1 x 9.9 x lo- '  3.0 x l o - '  
Actlnf&s/MTIIN 

Grim; 2 4.0 x i o -  2 
l . U  x.!02 . 4 . O  x l o 2 .  ' 4.C x ' l t i z  4 . C  x 10' :4.0 x 1 0 .  

' 3 
Curies 1.0 x l o 2  1.5 l o "  5.0 1.3 3.0 10-I . I . i  x l o - -  
114 t :,% 4.3 r 10-' 2.0 w 10-' 1.6 x 10-' - 4.0 8 9.1 x 2.6 x 

. . 

Cur ter  1.0 r 10' . 1.9 K l o 3  3.6 x 10' 2'.3 r 10' '1.5 3.0 1.3 x 16- '  

Watts 7.6 x' 10' 1.8 x 10' 4.9 w 10- l  2.4 x lo-' 4.0 x lo-' 9.2 x -lo-' 2.9 x lo'4 
(a I Tota l  co.:tents/ . .  . con t ~ l l l e r .  

t4oncom;)az tcd 

Grams , . , 

6 ' 
' 1.3 x lo6  1.3 x 106 1.3 x lo6.= 1.3 x l a 6  1.3 x ?oG 1.3 x l o 6 '  1.3 x : 2  

1 . 2 x i o 4  , . g x i o j  i . 5 X i o 3  . l o 2  i . g x 9 ( 1 1  1 . 3 ~  ICI c . d x  10- 
1' 

Curt 2s 

h t t s  . 3 . 2  x l o 2  7.5 x 10' 2.0 1.0' i . 7  k i o - I  3.8 1.2 

0 

. . . . 
a. nsrukd~ars~~lbly hrrd*arc and c ladding ( 1 ~ ~ 1 1 s )  Ilack;grd l n  saltit? pl-oport iol l  as l n  o r l t ~ l ~ l a l  fuel rud as:nlliily. 

. . 
1 . . .  . . 

. ----=:. > .z:---.:=.7-L--. .- -- ,, ' 

t . .... . 
C 

... . 6m or . -. .=:--- ,.-- 'L-.7.-- . -. - - ~ ~ ~ ' $ & ~ - A - Z _ _ -  ; 
. . . . 



- * 

TABLE 5-3 ' . . 
. . 

ftadloactlve Content o f  Spent LWR Fuel 
jfue! Cycle 1)  

. . 
Years A! tcr nc;:ctar Dfschrtrqe ---.-- -- 

Source 0.5 1.0 1.5 5.0 ! 3 --- 1 0: 3 x --F 10 5 x 1fi2 l l r3  1 o4 1 G~ -- _-- -- 
Pressurl zed 

. . .  - water reactor ' . ' 

. . . ~adioiic:ive 
contents/qsseably (a) 

6 
' 6.7 x'  :o". -E.7 x lo5 6.7 r lo5 6.7 x 13 

5 
. Graqs ' 6.7 x lo5 6.7 x 10 

3 
~ u r l e s  1 . 8 ~  lo6 1.1 x ' i oG  "2;: lo5 : .g x .:05 - 1 . 9  104 2 . :  19 

9.? x !o? 5.9 .u lo2 1 . 4 1  w !a2 6.1 x 13 
1 ' .  

. . .. w~~~~ 8.5 .X 1c3 5.1 lo3 

. ~adloi ict lve'  - ,> . 
con tents/#il'di ,:, 

1.5 x . 1 0 ~  1 . j  x lo6 1 . 5 x . i o 6  1 . 5 ~ 1 0 ~  1 . 5 ~ 1 3 ~  i . 5 x 1 u "  Crams 

Curles 4.0 .x lo6 . 2.4 x lo6 5.9 x lo5  - 4 . 1  x lo5 ' 4 . 2  x 4 . 5  x 10' . 
2 . . 

Watts 1.8 x lo4. 1.1 x lo4 2.1 lo3 1.3 lo3 3 . 0  lo2 1.3 10 

Boll Ins r c t e r  
reactor . . . . 

bd loac t l ve  (bl . , W 
w co~ilent/asswhly 
I : 5 
w . .  . Grams '2.8 i lo5 2.b x lo5 2.8  lo5 2.0. x ' ~ o ' 5  2.8 lo5 2.0 13 

Curlcs 5.0 lo5 3.1 lo5 8.6 x lo4 6.1 x.104 6.3 x lo3 6.7 x 1~~ 1 ' 

' . 2.3 lo3 1.4 x , l ~ 3  , : 2 . 5 ~ 1 ~ '  1 . 9 ~ 1 0 ~  4 . 5 ~ 1 0 ~  1 . 9 x i U  ,.watts 

Riidf3acttve . 
. . ccntent/HTllH . . 

6 : 1.5 x lo6 1;5 x lo6 1.5 x lo6 1.5 x 10 
G 

- Grams 1.5 x lo6 1.5 x 10 
4 

,4.6 x 105 3.2 x lo5 ' 3.4 x 10 , 3.5 x !O 
3 

Curler 2.7 x lo6 1.6 x..106 
3 .  2 

Vatts . . .1.2 lo4 7.3 10  1.5 lo3 9.9 x. lo2 2.4 lo2 1.0 10 
(c) Cdm~os i te  fuel 

Content/HTt@l 
5 6 . . , I Crams . ' 1 . 5 ~ 1 0 ~  ' 1 . ~ 1 1 0 ~  1.; : 1 ~ '  . 1.5 x l o6  "5 x 10 1.5 x :c' 

i '  , . L ,  

~ . ~ x l O 6 2 . 1 x 1 o 6  ) . ! j i , 1 C 1 ~  5 . 2 ~ 1 0 '  3 . 6 i 1 o 5  3 . 7  4 . 1 ~ 1 0 ~  % . 7 r 1 0 '  1 . 6 ~ 1 0 '  4 .3x '16* 1 . 8 ~ 1 0  
1 

':cura:5s ,*; -.. .. ., , ,= :. .--.:> . - :::<:; 2 
. . 1.6 x lo4 J . G  x lo3 6;T.x 1.6 x io3 1 . l x  lo3 2 .  x ? 1.2 x !O , f3.6 x lo1 5.0 x 10' 1.2 x 1@! 3.5 x 10- 

I.. *.. . ..- -.,?: ,,.';. -.: :.in ...' 
. - . .. 

a. PHR fuel assen~blles contain 461.5 kg ursnlus!. 
b. OUR fuel a s s d l l e s  contaln 108.6 kg uranium. 
c.. Co~aposlte fuel denotes tte mix of spent fuel that results from PWR'r supplying 213 a r~d  D'rlR's 1 / 3  o f  t l ~ t  ~ ~ t a l  clec : r~ra l  

energy produced. . - 
k r n l d e d b  m o a  
9/18/77 as ~ d l o  A-10 



. .  . 

' TABLE 8-4 

. + .  . . . . 

. I . . 
Case' 3a - . p q e  .l of 3 1,1/7/77 

?;utozi:r;l and Uranilini Recycle 

?a:i(dScd iiaste ! ' .. I J : - ! .  ~onia inc-k /  : . , L A Z < ~ G  i ( Sorface Oose 

I 
Oescripticc Container 2000 NTBI . .- ,~en; l ty  s / c c i  Y Radioactivity. CiIContaiher 2/hr . 

' 

I . . I i I j FPs Actinides Acsi;vati;on / 
. 

Incinerata-  i 55 gal drum ': . 1.3 i9.6 x 4.1 . 8.5 x ! < . i ' . ~  
Bl owdo1.m ! . v 

! I j (3.05) 
. . 

. 
~on:onbustible 1 55 gal drums I ' 431 : - , 0.55 11-6 x lo-' 2.3 x . 
Gen~ra l  Trasb I ! 

I ' 

rc- , . 
> .  

. . I  

TreatcdWaste 
Composition 

Cenent.. Bl o:vdown 
Solution 

. , . . 
Ferrcus Ketal 90% 
Glass 1016 

. . 

~ e r r o u s '  ~ e t a l  90% 
Glass 10% 

100% Petal 
i 

. 1 

52 

100% Metal 

I .  
Fertaus ~ ~ t a i s  9 0  
Glass iO% 

~ e r r o u s '  Metals 293%- 
Glass 10%. 

100% Ferrous Ailoys 

100% Ferrous Alloys 

D 

90% Metal 
10% Glass 

I 

. 

Non:orrbustfble 1 55 gal drum 0.25 . i. 4.4 x lo2. i < 0.2 I Trash PUG 
. ~ o n ~ ~ r s i d '  . j  

. 

1 (.01 - 0.015) 

, i 

i < 5.2  
I ( F ~ I O - ~ )  
I 

. - 
j 3.2 - 1.0 
; (3 .5) .  . 
I 

Failed Equi0m.j 4'x6'x6' boxes 
Genzral 1 
Failed ~cui~';1er.t 4'x6'x6' boxes 
PC% Con.rersion 

. I 

1 
i 

50 

I ;. 
:~orrcmbustiS!o ! 55 gal drums j General Trash 

i 

- _  
Fsl-led E ~ u i p c m r  55 gal drums 

i .  

Failed Equipxnq 30"x 1C' 
. I can is te r s  
i 

h'crcor;;bus.tib!e , j  55 ga l  drum 
Tresh ,i ' . 

'! 
I( 

J i 

! 
j 

10 ; . 0.5 j 
: 
. . 

. i .  ' . .  i 
1 soo i 0.25 !8.9 10-2 

2 2.0 x 10 

1 .3  

. !' 
6 . 0.25 

! i 
I 

445 i 0.1 h.0 x lo-' 
I ' 

j 
67 . .  ' . 0.C !6.9 x 10-I 

. ! ' j . C '  . .  

1940 ' : 0.25 i1.3 . . 
, - .  

2 

? ' 

. . 

2.7 3.2 - 1.0 . 
: 

1.5 x lo-' 

9 .7  x lo-' 
‘.s--.- - - -2 
1.9 x lo-' 



TABLE 8-4 (cont'd) 

c 
. . 

page 2 o f  2 ,. 11/7/77' .. . Case 3 a . . . 
PACKAGED INTERMEDIATE ' AND LOW-LEVEL TRU W T E S  FROM FRP . . 

Piutonium and Urani um Recycle 

'Aaste Treatment: Inc inerate ~ombtis ti b l  es , Cementation, Packaging 

1 packaged Waste 
Descr ip t ion 

FaiJed Equipment 

'Fa i led Equipment 

Cem2n t ed  
.Incinerattor Ash 

I .  
1 fioncombustible 

: I 
C s ~ n t e d  Wet 
k4as.W~ 

HE?A F i  1 t e r  
C?'edia . ' 

C( 

u 
I 
-i 
d 

Treated Waste. 
Composition . - . . 

. . 

100% Ferrous A l loys  , ,' 

100% Ferrous A l loys  
. - 

Cement + Ashes . , 

from inc inera to r  

90Z,Ketal 
10% Glass 

Cement, ~ i s c .  s a l t s  , 
Resins. F i l t e r  Sludge 

Compacted Glass F iber  

. . 

ses, 

rumbers 

rates. 

i s  t o  .' 

Container 

(1.). 'The sur facr~ dose r a te  i s  
, 1 - 10, 

Packaged 
Density g/cc 

. . 

0.5 

. . 0.5. 

1.8 

' 0.25 

1.5 . 

0.7 

. Containers/ 
2000 ,VHH . 

d i t i d e d  i n t o  fou r  c lar 
ard > 10 R/hr. The 

1. 

I . - - . .  

r e  the calcr l a t ed  average dose 

Surface . 

.R/hr 

, 

1 - 10' 
(2.4) 

1 - 10 
(7.1 1 

(10.6) 

> l o  1, 
(310) 

> l o  
(280) 

>10 
(130) 

' 

Y ~ a d i o a c t i v i  t y  . Ci/Container 
. . 

55 gal drums 

30" x 10' 
canis ters  , 

55 gal drums 
' 

55 gal  d rum 

55 gal drums 

55 gal drums 

f dose rates 

. . 

FPs 

9.1 x 1 0 ' ~  

5.5 

14 

56 1 

3.2 x l o2  

68 

. i .  

. 26 

4 

829 

500 'I 

2526 . 

415 . 

about the .average 

~ c t i n i d e s  ~ c t i v a t i o n  

1.3 x.10-I 

7.9 x 10-I 

2.5 x 10' , 2.3 x 

8.2 - 

( 

1.5 x l o2  

1.8 x l o 3  

3.8 
J 

7.5 x 10" 

I 



cllz 
<I TABLE B-4 (contl.d) 

.. . Case. 33'  . pase 3 o f  3 . . 
11/7 /77  

PACKAGE9 INTERYC2IATE AND LO\-!-LEVEL TRU WASTE: FROM !+OX Fr'P 

?lute" 3~ and uranium Recyc'e 

Waste Treatment: I n c i n e r a t e  Con!bustibles, Cementation, P z c k a ~ i n g  



. . . . .  
' I . . F .  

TABLE 8-5 . .: 

Case 3 d page 1 o f ' 3  11/7/77 
PACKAGED INTERMEDIATE A?ID LO#-LEVEL TRU WASTES FRO? FR? 

' . P I  u ton i  um and Urani grn 3ecycl  e . .  . 

Packased Waste 
,- . .  1 .  . . Gzscr ip t ion Con ta iner  

. . 

. . 
. . 

. . 

. . 

Treatment, Bitumen Fixat ion, 
. . 

Y ~ a d i o a c t i ' v i  t y  , Ci/Container . 

FPs ~ c t i n i d e s  Ac t i va t ion  

Waste Treatxent: ~ i n imum 

. Containers/ 
.2000 MTHM g/cc 

. . 
. . 

12 ,000 1 0.12 

. . . . . . 

LLW Combusti b!e . 5 5  'gal  drums . 
Trash 

LLW Combustible : 55 .  gal drums. 
, Trash 

 onc comb us ti b l e  - ; 55 gal drums , 

Trash - Generil : ' 

.:ioncombusti'ble - 55 gal drums - 

Packaginq . . . . 

Surface 9ose 

. . ( l l  I ,;. . 

Treated Kaste 
R lh r  '.Composition 

I 
-700 : 

, 431 

5 2 ' 

' 50 

10 

. 42 

1500 

6 

. . -  

. . 
. . 

< 0.2 
(0.003) 

. , 

< 0.2 . 
(0.12) 

< 0.2 
(0.1) . 

< 0.2 
(0.01 !- .015) 

i 0.2 
(0.1) 

< 0.2 -4 
(6.10 ) 

< 0.2 
(0.13) 

0.2 - 1.0 
(0.5) 

0.2 - 1'.0 
(0.6) 

' 

3.5 

. 
- . 

. 

i 

0.12 

0.25 

0.25 

0.5 

0.5 

0.8 

0.25 

0.25 

. . 

.Paper, rags, PVC 
neoprene, 1 atex, wooc 

. .  

Paper; rags, PVC 
neoprene, la tex,  wood 

90% Ferrous Metals 
10% Glass 

90% Ferrous Metals 
10% -Glass. 

100% Metal 

100% Meta l  

Bitumen, S i  1 i.ca ~ e i  

90%' Ferrous Metals 
10%Glass " 

90% Ferrous ~ e t a l s . '  
10% Glass ,. 

. . 

2.3 ' 

1.0 

1.6. 

7.5 x lo-2 

. . . 1 r a s h , P u 3 ~  , 
n Conversion 

. . I .  

. . . Fa i l ed   quipr rent: 9'x6'x6' boxes 

I Gener21 
Fa i led  Equipment. :'x6''x6' boxes 
PuO, Conversion f 

b 

. .  . 
I 

B i  tmen ized  1 . S 5  gal drums 
Met Hastes . . 

1 . , 
. . I Nonconburtible j j g h l  d r u m  

3.4 l o 4  

'2.6 l o 2  

! 2.3 

4 . 4 ~  lo2 

1.1 x 

. . .  
. . 

. 

General Trash . . 

Nonco~nbustible : 55 gal drums 
Trash, Psu02 
Conversion , 

. 

' 1 
C 

12.0 x..102 

. . 

5.2 x 

'8.9 x lo'* 

8.9 x 10-I 

'1.3 x w3 

2.7 l o 3  



.~ 

Failed ~ d u i ~ m e n t  I IS gal d r ~ s  

Packaged Waste 
..Description , Container I '  

Failed Equipment 30" x 10' 
canisters 

Bi t m n i z e d  
Met Uastes 

I Failed Equipment 

5 gal drums 

Noncorbustible 
Trash 

Failed Equipnent 

80 gal' drums 

55 gal drums 

ES gal drums 

Case 3 d page .2 .of 3 
PAC:(AGED. INTERMEDIATE AND LOU-LEVEL TRU WASTES FROM FP 

Noncorbustible 
Trash . . . . 

B i  t w n i z e d  - 
Vet Wastes 

~l utoni'um and Urani urn Recyc' e 

55 gal drums 

55 gal drums 

. . Waste Trea'mnt: 

c o n t a i n e d  . I Packaged 

! 2000 MHH . Density .g/cc 

i 

, . I I .  I . ' . .  

445 

. 67 ' 

0.1 . . 

Minimum Treatment. Bi turnen ~ i x a 6 e n  , Packaging 

. I Surface ~ o s e ( l )  . 
Y Radioactivity, .ti f Conta.ir.er 

i 
' R/hr 

Treated waste 
Composi tion 

100% Ferrous Alloys 

100% ~erro;s Alloys 

Bitumen, Fluorinator 
Fines ; (A1203, CaF2) 

FPs - Actini&s 

1.0 x 10.' '1.5 x 10.' 

6.9 x 1;'' ./9.7 x 
. / O* 

90% Metal 
10% Glass. 

100% Ferrous Alloys 

100% Ferrous Alloys 

Paper, rags, PVC , 

neoprene, latex, wood 

60% Metal 
40% Glass Flber 

90% Metal 
10% Glass 

Bitumen, Hisc. sa l t s  . 
resins, f i l t e r  sludge 

Actibaticn 1 

1.3 
. 

1.3 

9.1 x 10-I 

5.5 

5 . 2 x 1 0 - '  

17 

. . 

56 

, . 

. 

1.1  x lo3 

. . 

659 . . 

. - 

. . 

' ' ' 
6;6 x lo-'' 

. . . 

1.9 x 10'2 

1 . 3 . ~  10" 

7.9 x 10-I 

7..3x1Ci2 

2.5 x lo2 

8.2 . 

5.5 5 102 

1.3 

. a *  

0.2 - 1.0 
(0.7) . 

0.2 - 10 
0 . 7 )  

1940 , .0.25 

i 
26 1 0.5 

I 4 I OS5 . . 

! 
' 6500 , 1 0.12 

. . I ' 

2900 1 0.16 

500 1 0.25 

/ i . , - .  . .  685. 

I 

2.9x10-' 

3.8 

?.8 '.. 

. 

I 0.2 - 1.0 . 

(0.35) 

1 2 10 
(7.3) 

1 - 10 
(2.4) . 

1 - 10 ' .  
(7.1) 

1.0-:10 
(6.0) 

>.-lo . 

1142) 

10 
>(310) 

10 
'>(1370) 

. . 7 

. 



. . .  - TABLE-B-5 (cont'd) 
. . . . 

Casc 3d page 3 of 3 
P A C ~ G E J  INTE~~EDIATE AND LOY-LEVEL TRU WASTES FROj\l HOX FFP 

Waste Treatmelit: 'Minimum Treatmefnt, Bitumen .Fixation, Packaqinq 

. 

. 

Nonccmbustible 55 gal drums 394 1 0.25 ! 62 c 0.2 90"n<?tal 
Trash . .. (0.001) 101 Glass. i : . . 

Failed Equipment 4'x6'x6' boxes 20 c 0.2 80% refetal 
. . 1 .o 

(5 202 Insulating Brick 
I 

2 ,  v 

350' -0.16 . 8 0  gal drums 14.8 x 10 < 0.2 
-9 

Fi 1 t e r s  60% Metal 

I 
40% Glass Fiber 

u 
u 

' 460. . 1 -0 :Bi turneni zed 55 gal drums c 0.2 Bitumen, Inorganic 
. . ", .Wet Uastes (2  Sa l t s  

1 .  ' 

. { I I 
'(1) The sur fac '  dose r z t e  is  dirlided i n to  four 'cla!,ses, 

' i 7 .  
c 0.2, 012 - 1.0, 1 - 10;ard > 10 ~ / h r .   he lumbers . ' I - in  parenth sis a r e  the ca lc t la ted  average dose rates .  I .  I 
A d i s t r i bu  ion o f  dose rate: about the average i s  t o  

be expected. 

. . 
. . 

.. . 
- . . ... - . . -  

. . I 
:Packaged Waste I ( Co?tainers/ . . packaged 1 

Description contdjner 
. i 405 NTHX 

Surfacz Dose 
R/hr Density g/cc ( Y ~zdioact i 'v i  t y  , f i ' /~;ntainer  

i 

Treated Masta . . 
Composition . . . . 

Cellulosics,  P V C ,  
Polyethylene, Latex. 
!ieoprene, Polystyrene 
. 

I I 1 FPs Actinides Activation I 

c 0.2 
[O .001) 

. 

. . 

1050 1 68 
I I 

. . i ' 

. . 

-Combustible 
-Trash 

55 - gal drum. ' 



APPENDIX C - WASTE PACKAGE DESCRIPTIONS 

This appendix describes the BPNL waste packages used f o r  the a l t e r -  - I 

nate repos i to ry  design study. Ind iv idua l  waste container informat ion was 

obtained from- the September 28 t ransmi t ta l  o f  C. M. Unruh t o  D r .  C. D. 

Zerby (Table C-1 ) .  Waste shipping-container descr ip t ions and shipment 

modes were obtained from the November 1 t ransmi t ta l  o f  R. W. McKee t o  R. \ 
K. Kibbe (Table C-2 and tex t ) .  More HLW shipping casks have been 

described than were ac tua l l y  spec i f i ed  i n  the repos i tory  design i n  order 

t o  g ive an ove ra l l  p i c t u r e  o f  what types o f  casks are ava i lab le .  I n  the . . 
G E I S ,  i nd i v i dua l  waste data ore prese,~Led ' i n  Table 9-9 and shipping 

containers are discussed i n  Section 9.3.2.2.2. 



. . . :  . . . . 
. . 

TABLE C-1 CYMS waste ~ o ' n t a i  ner ~ h a r a c t e r i  s t i  cs 
. . 

Contaicer 

c an i s t e r s  

. . . . 

%?txensions 
. - . . 

..' 2 d la .  x 10' long 
. . 

30" d ia .  x 10'  l o n g .  , 

6.5" sq. x 16' long 

9.5" sq. x 16'  long 

Sth. 49 SS pipe .. 

.41" wall thicknzss 
. . 

S c h .  20 SS pipe . 

.5" ' g a l  1 thickness 

SS o r  carbon s t e e l  
p l a t e  .25" th ick  

SS or carbon s t e e l  
p i a t e .  .25" thick 

u 
u 

drums .55 gal 22.5" dia .  cai-bon s t e e l  
I -.. x 34.8" long DOT spec. 17C 
4 

boxes 4 '  x '6' . x  6' 
* 

. carbon s tee1 
DOT spec. 7A 

. . 

a. FRW = ~ u e l '  Residue Waste (fuel hu l l s  and hardware) 

A ~ D ?  i c a t i c h  Closure . . . 

. . 
ti!-;! welded 'hex! 

t 1 a n d  
\ I 1  

faiicd r.quipn?ent .v:elded head . . 

BCi3 e i  ~ x e n t s  welded head 

. . 

P51R el en:en t s welded hezd 

IL!4 zr?d LLId r lng  . c l a m p  
and gasket 

LLW f a i l ed  gasket  or 
eqil i pojen t welded head 



'WUL rn 
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TABLE C-2.. . Packages per Shipncnt fo r  Cll'ilS Rcference- ~ys ten i  

, , I. ' E n t  Fuel From G,c;tr.tor To I n t e r i n  Storaae 

4'5': via  XLI 10324 r a i l  cask with ID PRR o r  23 B:R asse~bli 'es /cesk,  

452 v i a  IF-300 r a i l  cask with 7 PW o r  18 2fR a s s ~ ~ l i c s / c r ? s k ,  

102 v i a  truck cask with 1 PWR o r  2 B:IR assexbl ies/cask, 

2. Packaced Spent Ft121 From I~i te r in i  Storaqe To Pcrnanent Disposal ' 

All sh ip tants  v i a  modified r a i l  cask with 7 PUR o r  17 6UR assa I~b7 ies / sh ipc~n t .  

: . 3. Sol id i f ied  H i ~ h  Lcvei Uaste From Fuel Reproc.ssitlg Plpnt 
! '  To Federal Rzpos i t o ry  . , - 
' . '  

. . A l l  shipizents by ) -a i l .  V i t r i f i e d  xas t c  will be i n  l ?  in. dia, by ' I D T L  

long canis te rs  w i t h  9 canisirirs per cask. . . 

4. Fuel m d i  Residues From F~.tel Reproc~ssing P l a n t  t o  
,Federal  R?~os i  t o r y  

' , 

?o!aste pzckage. i n  30 i n .  d ia .  by 1 0 f t .  l o n g  can i s t e r s .  A11 shipzents 
C 

by - r a i l .  ~a;l casks will carry 3 canis te rs .  . 

5 .  ~ l u t o n i u a  From Fuel ~ e ~ r o c e s s i n g  Plant To Federal ~ e g o s i t o r y  

All shipnznts by --A t ruck.  , 32 k g  of plutonium oxide/caslc, 10 casls/tl-uckship.cn 

I 6 .  Xan-highlevel T R U  !-kste Froiil Fuel ~ f p r o c e s s i n g  Plants  and I*IOX P lan ts  
To Fedsral Rcpos i tory 

! 
. . 

, a 
, . A 1  1 shi;xil is  by -- truck. IJaste will. be packdyed  in 5 5 - i a l  drwns, 4 'x6 'x5 '  boxes 

s , . .. or 30 i n .  d ia .  x 10' lbng c c n i s t e r i  ( fuel  bindle residuo canisters].  , .. 

I: 30 in. dia .  canis ters  will  bc shipped i n  fuel  bundle residue casks. . . 

, . . ~ t c e l  hoxes vi 11 hr sh ipped  i n  a ~ u ~ c r ,  ~ i ~ e r  w i  t h  3 boxes./overpack. . . 

. S h i ~ ~ e n t  mode f o r  5,!j-~al d rum wil l  depend on surface dose r a t e  i s  follows: 
SU~-~J.CE'  Cose Rate -- 

, < Z O O  n r /hr  

ZOO' rrrr/hr .La 1 Filhr 

Skipaent Mode 

36 drums, per Super ~ i k e r  . ' ' 

36 drurns p6.r shielded vin 
14 drums psr cask 

. . >10 R/hr 6 drums per cask 
. . . , 

' ~ r g c t  shipnents will c o n s i s t  o f  1 Super Tiger o r  1 cask. 
. . 



i 

6.2.1.1 ' -.----- Ri i l  Casks f o r  ShQi.:cnt of Spai t  Fuel ---. 
.. , . . 

As indicated i'n Table 6.2.1,  two r a i l .  casks, the IF-300 atid the  ill1 10j24, . . 

are ,  cur ren t ly  1 i c ~ n s e d  fo r  r a i l  s h ip r en t  of spent f u e l  in t h e  Uni ted s t a t e s .  
, , . 

IF-260. The IF-300 cask of Gcnel-a1 E lcc t r i c  Cozpariy i s  a va te r  f i l l e d  cask - -  . 
d e s i ~ n e d  f o r  ra i  1, t r anspor t ,  of 7 P!1!2 o r  18 D\iR fuel assembl i e s .  (3'4) Approxf- 

: mate loaded cask weight i s  G3 r i~ct r ic  tons (140,000 1 b s ) .  The gross weight 
of one cask,  i t s  sk id .  and aux i l i a ry  co:oponents i s  80 rilctric tons (175,000 l b ) .  
The cask i s  nonaally transported by r a i l  on a  100-rilctric-ton capacity,  four- 

. ,  

. . axle f l a t c a r ,  b u t  i t m a y  be transported f o r  shor t  d is tances  on highways' on a 
'! special nine-axle truck requiring specia l  overb!eight perni ts.  his specla]. ' , ! 

I 
I ,  t ruck  i s  used t b  move the cask from rcac to fs  without r a i l  f a c i l i t i e s  to the 1 . .: . '  .. 1 - ,. 
I 6 

. ' I . nearest  r a i l  s iding.  Four IF-300 c a s k s  have been b u i l t .  . . ' .  



7 ;  I .  

The cask has an overall length of 5.33 rn (210 in.)  and a diameter of 
.., 
? :  1.'62 rn (64 i .n . ) .  The cavity has a length of 4.58 m (180 1/4 in . )  and a 1 ' .  . :  

: i diameterof 0.95 m (371 /2  ' in . ) .  ~nterchangeable fuel baskets p'roi~idc i t  
. . 
i . . I  . with,  a capaci.ty' of 7 P"t!R of 18 GI.12 fuel assemblies. 

G a m a  shielding 7s provided by 102 m ((3 in . )  of depleted uranium sand- 
wiched between stairl less s tee l  inner and outer shell s .  t k u t r o n  shielding 

is provided by the water in the cask cavity plus 114 n (3 1/2 in .)  of water 
contained in a s t a in l e s s  s tee l  corrugated jacket. Freezing in the winter 

months i s  prevented by using a mixture of water and ethylene glycol. Cri t i -  

c a l i t y  control i s  provided by boron carbide f i l l e d  s ta in less  s teel  tubes erhich 

are welded to  the fuel baskets. Inlpact protection i s  provided by s ta inless  

s tee l  f ins  mounted rad ia l ly  and on the cask heads. The external water jacket . 

f s  constructed of thin walled matwial and. dozs not contribute t o  the impact 

protection of the cask. 
1 
I I 

A single cask l i d  i s  provided, made of' s ta in less  s t e e l ,  forg2d plates. 

i Thirty-two 1-3/4 i n .  diameter stud bolts provide the l i d  a t t a c h e n t .  The 

closure hcad i s  scaled with a Grayloc metall ic ring. The cask cavity i s  
provided with two be1 lovrs sealed s tainless  s teel  globe valves for  f i l l ,  I 

i drzin and sainpl ing ptrrposes. The valve handles are  lockwired during t r ans i t  
i . . 

t o  prevent loosening. 
-1 . . . 

. . . .  . . 
, 1 .  

+ .. 
I : .  ; .  
I 

.i . " .  
J 

Thc can/; ty  maximum normal .operating prcssur-c i s  200 psig . l?ov!eve~, tile. 

design working pressure i s  400 psig a t  a material temperature of 6 1 5 ' ~  (324OC). 
Cavi ty overpressure protection i s  provided by a combination breaking. pin and ' . 

r e l i e f  valve.  ' ~ i s c h a r ~ e  piessure for  the pin and ta ive i s  350 psig. 
The discharge valve i s  set '  f o r  a maximum stezm or gas blo~rdown of f ive  p z r -  
cent and a 1 iquid blovdoxn o f  ten percent. ' 

. . . . 

Heat i s  removed from the fuel t o  the cask cavity t1all.s by natural '  
+irculall .on, of the contbined r a t e r ,  by conduct j~n LIir.uugl~ l l ~ e  cqsk  dl 1 s  Lo 
the ou te r -hu t ion  sh ic ld , and  by conhrection through the neutron shield t o  t h e ,  . - 
corrugated outer wall. External cool ing of the'coiruIlated vrai 1 and s tee l  f i n s  ' . ' 

i s  faci  1 i tatcd by two diesel driven blowers and appropriate a i r  ducts. 'l4dximun - . .  
heat rejection capacity i s  76 kU with blo\iers dperating and 62 k W  without the . 

blovers. During n6r:ial' opera t ion ,  the a:axinurn fuel tcmpcrature 4s expected 



' t o  be 326°F. I f  the forced a i r  i~spingcmcnt systcm i s  l o s t ,  the  temperature 
k i l l  r i s e  t o  a maximum of about 430°F. If  shielding water i s  l o s t  from 'the 

I outer  compartment, the  fuel teoperatui-e cculd rezch about 1500°F, b u t  only i 
, . i 

/ a f t e r  a l l  the cnner cav i ty  v:ater had boiled o f f ,  a time which would conser- ! 

vat ively  take nore than 2  days. 
1 

i 

b!LI 10/24. The.tlLI 10/24 of National Leqd Indust r ies  i s  a ht.1 iurn f i l l e d  -..- 
(5*6) Ths 

I 
r a i l  cask capable o f  holding 10 PWR 07 24 BWR fuel e lenen t s ,  1 
approximate loaded cask w i g h t  i s  80 r;:etric tcns (193,000 I b s ) ,  The cask . : 

and cooling systcnis a r e  transported 011 a special 53-ft-long s ix-axle  r a i l -  I 

I 

road f l a t  ca r .  Total w i g h t  of t h z  system i s  approximately 152 metric tons I, 

, 
(335,000 l b s ) .  The cask was liccnscd i n  1976. , 

i 
The cask lias an overal l  length of 5-19 n (204.5 i n . )  and a diameter of 

2.24 m (28 i n . ) .  The cask c < v i t y  has a lenyth of 4.56 m(179.5 ' in.)  and a 

diangter  of 1.14 m (45 in. ) . Tk;o interchar?gcablc alum,inu:n baskets 'provide 

a  capab i l i ty  f o r  t~*anspor t i cg  e i t h e r  PI,IR o r  Bbi4 fuel  assemblies. i 
i 

- The cask body cons i s t s  of a 19. m (3/4 i n . )  th ick  inner  s t a i n l e s s  s t w l  . ; 

she l l  and a 51 nm ( 2  i n . )  th ick  oa te r  s t a i n l e s s  s.tezl she l l  v:hich a r e  joined ; 
i 

by s t a i n l e s s  s t ec l  f o r g i n g s  a t  each end t o  mke  a continuous vie1dir:ent. The 
t 

annrrlus between the inner arid outcr  si;i!lls contains a  152 niin (6 i n . )  thick I 
I leac! Sarrr;,a sh.ield. D;!~lctcd uraniurn sliiclding i s  used on the  ends of the 
I . f 

'cask and a t  s t r a t e g i c  locat ions  in -the wall of the  cask. Eleutron shielding I 

i s  provided by 229 tin ( 9  i n . )  of water contained in a  finncd s ta i r i less  s t e e l  ! I 

jacket  sut-roundi ng the  outcr  she1 1  . Cri t i ca l  i t y  control  i s  provided by. the  
s t a i n l e s s  s t e e l  clad Ag-In-Cd l i n e r s  of the alun~inuin fuel  baskets. .Balsa 

i~ilpact 1  imi Scrs a r e  provided at. each cnd of the cask i n  addi t ion to the . l 
I 

cir-cualferential. cool i'ng f i n s  which a1 so providc ir:ipact protect ion.  
I 

. Two closure  heads a r e  used f o r  the cask. The outer  c losure  head i s  a 
64 m (2-1/2 i n . )  th ick s t a i n l e s s  s t ec l  p la te  held in  'place by twenty-four 1 

i 

1-1/4 in.  high-strength s tuds .  The inner c10,surc head i s  a s t a i n l e s s  s t e e l  I 

4 

forging f i l l e d  with depleted uraniun and sealed with a me t a l l i c  r ing.  The -. .. . - 
- . inner  c losure  head i s  held in place by twenty 1-1/2 in.  high-strength studs. 

, . I  

There i s  one penetrat ion through the head end forking of the  cask body which . ,  - .. I a x i t s  i n to  the  space betwen the  inner and outer  c losure  heads 'and i s  used 1 
1 



.; ! 
. to drain this  space and t o  pressure t e s t  the secondary containment. system ' .. 

I ; I 
+. ,; , .. 

- p r i o r  t o  shipment. There a r e  four perletrations in the inndr c losure  head 
.: j. 
I cask flange khich a r e  uszd f o r  s f r ~ i c i r ~ g  the cask cavi ty .  ~ h e s e  pcnetra.ti,ons I 

i . I 

a r e  equipped with g1ob"ype anglc valves and terminate in the secondi~:y' 
. 

, con,ta.irirncnt volunie betwcgn the  iilner and outer  heads. 
* I I 

t4a::imun\ decay h ~ a f  load f o r  the t.111 10/24 i s '  97 kbl. The aluminum. 
basket scrvcs a s  a hea t  conduction path from each individual fuel  assembly .. 

t o  the  cav i ty  wall.. Decay heat i s  rcn:oved froin the cavi ty  e~al-1 by means o f  
cool ing water c i rcu la ted  through channel s wclded t o  ihc outside surface  of 
t h i s  wall.  The cooling cllannels t c r ~ i n s t e  i n  tvco sepai-ate hea21.r arrangements, 
vrhich a re  connected t o  separate !:cat exchanger sysic-ns. Itlithout aux i l i a ry  
'cool.ing and a t  maximclm heat ger:eration ra te  the  a'verage fuel  te;nperature. i s  
348°C (659°F). \ 4 i  thout  the cool ing system. i n  operation, Ileat d i s s ipa t ion  
i s -  by conduction througll the cask body t o  thz  neutron sh ie ld ,  convection t o  

tl12 outer  su r face ,  and convection p!us rad ia t ion  from the Pinned ou t e r  surface 

t o  t h e  atmosphere. :,:;xinum fuel  tenperature  during f i r e  accident condit ions 
2s 533°C (991 O F ) ;  :loi~r;~al cav i ty  prcssure d u ~ i n g  t ranspor t  i s  expected t'o be 
about 2.3 psig ,  with a n : a . i m u m  in ternal  pressure of 105 psig occurring i n  the 
f i r e ,  accident .  Thc NLI, 10/24 containment vessel has. a rilaximurn .a1 lo7rabl.e 
~:q.rking pressure several  t i ne s  grea,t.cr than t h i s  value. 

Shipinent of spent  fuel  from interim s toragc t o  perni~nent d isposal .  wi l l  
r e q u i r e *  the use of r a i l  casks which are designed t.o accept  canis tored fue.ll 
assembl ies .  Ex is t ing  r a i l  cas'ks'i:ould have t o  be about two f ee t .  1ong .e r ih -  
o rde r  t o  acco~:nodate cariistcred asseinbl i e s .  Different  fuel  baskets would a1 SO, 
bc.required 'because of the l a rger  c an i s t e r  c1:oss sect ion.  I t  i s  asswied. 
t h a t  a .  suitably,modificcl )-ail  cask basod on .ttic NLX 10/24 design could 
acconrnodatc 7 PIJR o r  17  81:l2 canis tcred assenlbl ics .  
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6.2.2.1 Truck Casks fo r  Shippent of spent Fuel . ' 
. . .  . i . . 

. i . . 

NFS-4 --- (114C-1). The NFS-4 cask o f  iluclcar Fuel ~ c r v i c e s  i s  a ~ r z t e r  f i l l e d  
. . 

truck cask designed to t ranspor t  1 P I ~ I R  o r  2 BI!R assernbl Approximite , ' j 
loaded cask weight i s  23 metric tons (50,000 l b s ) .  The NAC-1 cask of Nuclear 

! 

Assurance Corporation i s  s i ia i lar  t o  the IIFS-4. (*'I Tvro I:FS-4 casks and four I 

MC-1 casks have been b u i l t  and used f o r  truck t ranspor t  of spent fuel  
i 
I 

assembl i e s .  j 
I 

The cask has an overall  length of 5.44 m (214 i n . )  and.a diameter of I 

0.96 m (38 in . ) .  The cask cav i ty  has a length of 4.52 m (178 in . )  and a 
i 
1 

diameter of 0.34 m (13.5 i n . ) .  Interchangeable fuel baskets provide the cask' 

w i t h  a capaci ty  of one PWR or two B!lR fuel assemblies. ' I  
i 
I $1 1 

Thc primary cask cavi ty  cons i s t s  o f  a norninal 8 mn (5116 i n . )  s t a i n l e s s  
' 

steel pressure s h c l l  surrounded by a 168 CUII (6-518 i n .  ) th ick  lead gama 
i 
i 
I 



... "* ' ' . .  I 

s h i e l d  and a 32 11.m (1 -I/;: in. ) thick stairllcss s teel  pcnctl-atioi~ barr ier .  

. .  llcutron shielding i s  provided by J borated w~te r -an t i  freeze solution 

'contained in a 114 n (4-1/2 i n . )  thick compartrr,entalizcd tank  \vhic.h 

surrounds the cask.'. A n  expansion chzrnber for  the shield tank i s  u.s.cd t o .  . 
accoi:aodaie tempers ture  chan~es  of the wjtcr-cnti freeze solution. Ililpact 

'protection i s  provided by s ta in?  ess s tcel  sheathed bal sa wood impact 
-3 

l inii tcrs a t  each 2rrd of the cask. 

TI:e cpntainer ha5 a single l i d ,  attochcd with high strength bol ts  and 
scaled a i  th ~ c f l o n  O-rings. The closure requirqs a 1 i f t i n g  spider,  special 

tool s and 0-ring p1.2ssurc t e s t  equipment. Teio valvc-type drain closures a re  

provided. R~ported tin:es to lozd and unload are approxinatzly 10 hr-s each. ' 

. " 

Hccit rejection i s  by convection tl~rough the \#rater coolant n the  catlity 
t~ t h e '  i nne r  ~ 4 1 1 ,  ccnd!lcriPn t o  thc neutron shield,  ccnvecticn t o  i h 2  outer 

' 

:.i;~ll, 3rd contrection plas radiation to  the atzosphcre. Faxitnun hcat ' l-ejection 

cspacity i s  11.5 I<!#!. i~.la:tinun design conditions For the isncr  cavity dut-ing 

iio.ma1 .t'raos'port (i e . , 130°F d i r ec t  sun1 igh t ,  s t i l l  a ,  maxinumfuel burnup, 

minimum fuel cooling p ~ r i o d ) '  a!-e 345°F and 150 psig. Voril:al pressure upon 

receipt i s  almost alvtays less  thari.5 Ijsig, ho:.;~ver, so the desig'n i s  quite - 
conservative: The p:-ix;..al-y cavity i s  designed t o  vr i t ;~s . t~nd t e ~ . ~ e r a i u r c  and 

pressure ccnditions of 532°F and 984 psig uodor the f l r c  accidcnt co~idiiion 
(1/2 hour a t  a teapel-etui-e of 1475°F). ' 

. , 

:IFS-5. The iIFS-5 cask o f  Nuclear Fuel Serviccs i s  a v:atcr f i l l e d  truck cask 
d?signed t o  transport  2 P!l!R or 3 D!n!R App,-oxir:ate lozded cask 
v:cighI: i s  25 ractric toils (55,000 l b s ) .  A Safety Analysis fo r  t h i s  . . 
cask has bcen sub;ni t ted  t o  the tluclcar Regulatory ~on;r~i  ssion. 

The cask cavity i s  4 .52 m (178 i n )  long with a rectangular cross 

section of 244 x 462 .n (9.6 x 18.2 in . ) .  Surrol~nding the cavity i s  a 
6 .4  m (1/4 i n . )  thick s t a in l e s s  stcel prpssure s h e l l ,  a 102 rm (4 in.) 

thick depleted uraniue garxila shield,  and  a  25 m (1  i".) thick s ta in less  s tee l  
penetration bar r ie r .  Reutron shielding i s  provided by 116 m (5-3/4 in . )  of 
boratcd water-antifreeze solution. Copper firis a re  wcldcd to the cxtcr ior  
o f  the cask t o  a i d  in h c ~ t  dissipation. Stainless  s tecl  enclosed balsa wood 
inipsct l imiters  are  provided fo r  the cask body and ends. 

The cask 1 i d  i s  h ~ l d  dawn by heavy-duty bolts acd scnlcd, by Teflon -- - - - -- 
O-rings. 
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Heat I-cjcctioll i s  oy c inyccnon mrougll ine coo lalir r o  t h e .  inner f 
, . . . ' 

i -cavi ty  wal l ,  conduction to  the neutron sh i e ld ,  convection t o  tlie outer  wall ,  i 
1 ! 
i ! and convcction plus r a d i a t i o n  frc-1 the finned surface .  I.laxieua design heat 

i .  
I 

r f j e c t i on  capaci ty  i s  24.7  LY. i~laxirnun design condit ions f o r  the inner 
I 

f I . .  

, -1 cav i ty  during nomsi tr.ansport with design bas i s  fuel a r e  370°F a t '  204 psig. 

Under f i r ?  accident  condit ions the cask i s  dbs.igned t o  withstand a tempera- 

i 
f I i 

I 

t u r e  aqd  pressure of 5 0 4 ' ~  and 1131 p;ig rrithout l o s s  of ccntainnien i - 
I .  

capa'bi'l'i ty.  ! 
i' ' 

:II.I I / ? .  :lationill Lcad. Indust r ies '  HLI 112 cask 
P 1 -- (29)  i s  a helium f i  

cas!: d e s i ~ n e d  t o  t r anspor t  1 P!l!R o r  2  BY:R fuel  ;~sse;lbl ies.  Approxi 
' 4 :  '. : 

i. 
looded cask vreight i s  22 liieiric tons (45,000 l b s ) .  Two of these casks have 

bsen b u i l t  in ,the Uilited S tz tes .  i 

. . The c:sk h a s a n  overall  length of 4.93 rn (194 in,.) and a diameter of 
. ;  : 

1.0s  a ($2-1/2 i n . ) ,  including cooling f i n s .  The cask c a v i t y h a s  a length 

o r  4 .52  la(  172 i n . )  2nd  a d i a x t o r  of 3.10 n;m (13-3/8 i n . ) .  The cask can be 
. - used :iiiii anopt io i :e l  6 . 4  rn (1/4 i n . )  tliick wall l i n e r  which provides sn 

sddi t ional  lcvel  of coritain;nent i f  des i red.  Use of the optional l i n e r  
- 
I . E ~ U C I S  th? cav i ty  d i s e2 t e r  t o  321. mn (12-5/8 i n .  ). Intercharigcabl e  fuel 

baskets pisvide a  c-'psbil i t y  oB transport ing 1  PWR o r  2 BVR fuel  a sseob l  i e s .  
5s 

Tire prsiriiary C ~ F I :  czvi ty  consis1;~ of 1 noninel 13 n (1/2 i n . )  s t a i n l e s s  
s t e e l  prossure s!icll surrounded by a  g z m o  sh ie ld  cc-.~osed of 70 m (2-3/4 

of dcpletcd uranium and 54 n (2-1/5 i n . )  of lead and  2.5 n (1 i n . )  th ick 
s t a i n l e s s  s t e e l  penetrat ion ba r r i e r ;  !leutronS shielding i s  provided by 127 
( 5  i n . )  of :ieter. The. water jacket  which su'rrourids the  cask a l so  c a r r i e s  
cooling f i n s  which ekc u:clded t o  the outs ide  of tho jacket .  An expansion 

tank i s  pl-ovidod f o r  the  v:atcr jacket .  Attached t o  each end of the cask i s  

a clsniczl s t r uc tu r e ' : ~~h i ch  scr-vcs as  impact l i m i t e r .  

. The cask c losure  head cons i s t s  of a r ing forging whose center  sect ion 

i s  f i l l e d  with depleted uranium sandwiched between s ta in less .  s t e e l  p la tes .  
Tile hesd i s  bolted t o  the cask body and sealed ai t h  two elastomer O-ring 
gaskets.  

Heat re jec t ion  i s  by c o n v e c t i ~ n  th roughdhc  helium coolant t o  the  inner 
cav i ty  \- /a1 1,  conduction t o  the  neutron s h i c l d ,  convection t o  the ou te r  wal l  9 

and C O I I V ~ L  t ion p l  ilr, r2di;ltion from the finned surface .  :~:;lximuin design heat  ? 
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.. capaci ty  i s  10.6 kll. islaxim~m fuel  te~llperaturc during normal t rans-  
. . 

por t  i s  conservatively estiina ted a t  1013°F. Ilona1 maximum design pressure I 

i s  120 psig when the inner ccnta iner  i s  used and 22.5 psig when i t  i s  absent. I 

/ :!axinurn fuel  temperature during the f i r e  accident  condition i s  1102°F. The 
I 

t I 

' 1 cask has a pressure ra t ing  of 543 psig a t  850°F when the inner container -" i 
': . i s  used, and 264 psig a t  850°F when i t  i s  absent. i/' 

' 1 
TI{-8. Thc T;I-8 cask of Transnuclear, Inc. i s  a t ruck cask designed t o  t rans-  - 
port 3 FI!R assernbl i e s  in bn a l r  atiaosphere. i (30' ) Approximate loaded cask 

/ weight i s  35 metr ic  tons (50,009 l b s ) .  The TtI-8 krill normally t ravel  by 

1 t ruck under overweight r e s t r i c t i o n s ,  although two casks could be placed 
/ I il together  on a sing12 r a i l  ca r .  The cask was l icensed by the Aton~ic Energy 

Comission ( A E C )  in 1374. fl:, casks have ye t  been b u i l t  in t h e  United Sta tes  
I 
I 

a1 though casks of the sane dcsign a r e  present ly  operzted in  Europe.. 
\ 

The cesk has zn overall  length of 5.54 n (18-1/6 f t )  with impact 

1.imi.ters. a t tached,  afid an ogts ide  d.iameter of 1.71 m (67.5 i n . ) .  The inner. 

cav i ty  i s  4.27 m (14..f5) long and cons i s t s  of t h r e s  separate c~rnpartnicnts 
231 x 231 n (9.1 x 9.1 i n )  For the individual fuel  e1fn:ents. - 

The n;ain ganina sh ie ld  cons i s t s  of a 185 m (7.3 i n . )  th ick lead layer  
:/llich i s  located bet:./ccn the s t a i n l e s s  s t c e l  1 incd inner cavi ty  and the 

carbon s tcs l  oute r  shc11. Togethcl* 101i t h  o ther  mate r ia l s ,  the tot21 equiv- 

a l en t  lead thickndss i s  230 rru-n ( 9  i n . )  r.ec!ucing th:! rnaxi~num 9aFjna dose r a t e  
* 

t o  35 nlr/hr a t  the cask surface .  The neutroll sh ie ld  cons i s t s  of 152 m 
(6 i n . )  of boratcd srjt id res in .  . Balsa wood i s  located ins ide  removable i. 

COYBI-s  and f ixed e n d  drlims t o  provide i n p a c t ~ p r o t e c t i o n . '  

Heat re jec t ion  i s  via conduction through the  cask body t o  the  outer  wall ,  
w i t h  convection and rcidiation frcm copper cooling f i n s  on the outside.  
l5aximum hest  r e jec t i cn  czpaci ty  i s  35.5 kW. During n o n ~ a l  operation the 
maximum tcnpcrature of the inner shel l  ( s )  i s  239°F. Pressure i s  s ta ted  t o  

be atmospheric during l ranspor t .  The cav i ty  design pressure i s  110 psig. 

TN-9. Thc TN-9 cask of Transnuclear, Inc. i s  a truck cask designed t o  trans-  - 
por t  7 E \ s I R  assemblies in an a i r  atmosphere. (8 '5)  The Tll-9 i s  s imi lar  t o  the '- 

TH-8 except t ha t  i t  has seven corpartments, each q.52111  (14-5/6 f t )  long 
. . a n d  150 x 150 n ( 5 . 9 , ~  5.9 i n . )  in c ross  sec t ion ;  f o r  shipment of Bh'R . , 

e l c n e n t s .  Hcat r e ~ o v a l  capaci ty  i s 2 4 . 5 k Y .  



6.3.1 .1 ~ s i l  C,~sl: Fori Sllij:;ncnt o f  Iiigh-Levcl I~laste ' ,  
I 
I . -.--. -. -_. .. .__._____ __._.- - -  --.-I-----..-. ----. ----- 

Sol idificd Ilighyl(:vcl v:ar,tc i s  ~ ~ S S U ~ I : C ~  to t)c contained ill dispossblc 
I 

; I . 

st,ainlcss steel canis ters  :.:i t h  \.leldcd closures. For vi t r i f i cd  waste a 
cnnister would have the dirncnsions of 0.3 rn ($ in . )  I D  by 3.05 m (10 f t) 

, 
I 

(,( ' 
long and would contain 178 l i t e r s  of glass (the v i t r i f i c d  \ ~ a s t c  froin prcccssing. 

ir 
3.04 1-1TK.I). For calcincdCS~sste a canister would have the dj;;icnsions o f  

I 



. . :: i n . )  10 by 3.05 rn (10 f I )  101lg and would contain 70 l i t e r s  of - . '  
. ..,, ( L I E  calc';n-C: vnste frn;n PI-occssing 2.93 ;-ITtPI). 

I n o  conceptual high-levcl nastc r a i l  ~ s s k ( ~ )  i s  a lead f i l l o d , .  double 

i : a l l ~ d  s t a i n l e s s  s t c g i  cylinder weighing aFproxisa te ly  100 i i e t r i c  tons 

(220,000 l b s ) .  Hine high-level waste can i s te r s  can be qcccnodated i n  an  
aluainum i n s e r t  which f i t s  in to  the cask cav i t y . .  The cask i s  transported 

on an exclusive use ,  s ix-axle r a i l  car .  The r a i l  c a r  and mounting equipzent 
- 

.r;leigh appl-oximately 69 n e t r i c  tons (750,000 l b s )  bringing the t o t a l  tieight 
. . 

of the t r anspor t  sys ten t o  .approximately 168 metric tons (370,000 Ibs) .  

Basic s t r uc tu r z l  d e t a i l s  of the  conceptual high level  waste cask a r e  

given in Table 6.3.2.  '['he cask i s  shown in Figure 6.3.2. Leaf sprirlgs 

position the  eraste can i s t e r s  in holes i n  t h ~  cav i ty  I n s ~ r t  2nd energy 

absorbing plugs a r e  attached t o  the ends of the can i s te r s .  In  addition 
! 

t o  the gas;na shie lding provided by the lead and s tee l  structurz'l  ~na te r ia l , '  

neutron s h i e l d i n g  i  s  provided by a e a t e r  jackct  ,.;Rich surrou~?ds t h e  cask . , 

body. Irnpact protect ion i s  provided by c i rcunfercnt ia l  f i n s  surt-ounding 

tlie' cask body 2nd by radial  f i n s  on the  ends of the cask. . . 

, Two covers (an inner .and an outer   cove^+) a r e  provided fo r  cask closure. 

The  covers a r e  of s t a i n l e s s  s t e z l  n j t h  dcpl etcd ursani urn f o r  SacEa protection. 

Tlie cove;-s a r e  secured to '  t h e  cask body by Iiigh-strength studs.. 

Thc cask' :.rill d i s s i pa t e  u p  t o  48 k!~! of in.terna1ly geneiqated h a t .  b a t .  
d izs ipat ion i s  aided by the f i n s  surrounding the cask body. Auxiliary cool- 

i n g  of the cask i s  not required. 

. . .  
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i f i a i l  Cask fo r  I Leach Fuel Gundl~  Rcsidries -- 
I I .  1 

. ?  ' 
# 

i  he dimensiolls s f  the conccpLua1 w s t e  c ~ n i  s t c r  a rc  d ic ta tcd  by require- 
I 

,' lJ 
r , , t ~  a t  the Federal rcposi tory. Ti i f  can i s t e r  i s  assiloed t o  have a d iaae ter  '' 

o f  760 n;;l (30 in .)  and a  length of 3.05 rn (10 f t ) .  I t  7:oul,d be constructed 
i 

ri 0 

I! 
of s t a i n l e s s  s t c e l  rii tll a wall thickness of about 6.4 3 (1/4 i n . )  end 

IlJi 
thicknesses O F  12.7 nim (1/2 i n . ) ,  and welded closures.  - - I' . -- 

* . . 
Casks f o r  the  t r anspor t  of cladding wastes would conform t o  the require- // 

\ 

m n t s  f o r  Type B packagij~g and would provide adequate gxiim shielding t o  meet / "' 
I 

the  rad ia t ion  dose requirements of 49 C F R  173,393. ~ e u t r o n  shielding would \ 

no t  5e required. Decay heat loads a r e  low enough t h a t  cooling f i n s  would 
I 

I probably a:so not be rsquired. I c p x t  protection f o r  the cask could be pro- 

vided by s t e e l  c lad ,  balsa impact l imi t e r s .  
t 
, . i ! 

.) . 
I 

For planning purposes a  r a i l  cask has boen postulated t h a t  would transport!  

th ree  can i s t e r s .  The cni~ceptual cask i s  assumed t o  be a  lead f i l l e d ,  double .,I !I 
I ' 

i] !:a1 led s t a i n l e s s  s t ee l  cyl inder r.:eighing appraxina.tely . . 65 IlT (143,000 lbs ) .  I !  /I 

An i n s e r t  ~rouid serve t o  posi t ion the three  can i s t e r s  inside the cask cavi ty !. 
11 

11 . - and i.;ould a c t  a s  a heat conduction path from the waste can i s t e r s  t o  the inner  I: 
s ~ ~ i - f a c e  bf the  c:vity wall. The cask ~rould n o t  be pressurized. ~ a s i c s t r u c -  i ;  ( I  . . : 

t u x 1  d e t a i l s  a r e  provided in  Table 6.4.2.. 
. I; 

. _ _ _  _ _ _____ . _ _._- _ _  , _ __  _ ' .  . . _  

. . {i ..' 
. I' 



TABLE C- 3 

I : 
~~8~€:6.4.2. ' Dot-ails of the - - - -  

& Transport. o f  C h  
, . v '  P,csidues 

I Dix:ster of s t ruc tura l  she1 1 
r; 

Tllicktless 
Outer s he l l  

Illaterial . . 

. 

Number of  can i s t e r s  t ransported 

i 
cask w e i g h t  

i ,  . '  

,. Tl'1icl;ness o 

Impact absorbers 
I '  ' 

1 Internal  

Length of cask c a v i t y  

. D i ~ i i r t c r  o? cask cavi ty  

. 

a .  Assunies cani 'sters loided v~i  t h  
. . and ha,rdware plus 1340 kg o f  s  

, , 

Net weight 
(a)  . Loadedt~eight  

. , C a ~ i t ~ s h e l l b  
9 

M a t e r i a l  * 
Thickness . 

Garrrina, sl'jield 

.*." ;w'm ii F l / l / ~ .  .-,,,! 
i, ' 

. . .  

Cor~ccptual Ra i l   ask f o r  ' 

op L c d c t l  Fuel Utrndlc 0 , 
. . 

3.9 m (152 i n . )  

2.2 r n  (eo in . )  

3.4 rn (132 in . )  

1.8 rn (70 in.)  

3 ' .  . 

65 MT (143,000 1 bs) 

0 

Stainles's s t ee l  

13 m m , ( 3 / 4  i n . )  I 
Lead 

0 152 l r ~ n ' ( 6  

Sta in less  s t e e l  

51 rnm (2  i n . )  

Honeycomb . 

S i c e l  clad La1 sa v:uud 
. . 
1340 k g  o f  uncogpac 
and t o  f i l l .  vo,id sp 

. . 
, . 
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6 . 6 : l . l  Contoiners f o r  Truck Transport of lion-High Level TRU !slaites 
i '  

non-high l e r e l  T4U v:astes ore packaged i n  dispasable 
C .  

containers .  The !.:aste containers a r e  transported in Type B overpacks v:hich 
* 1 . - 9 -. 

. ' nay be cnsl~ielded o r  sllielded dc-??!]ding on the radiat ion level a t  t h e s u r -  
< . - o f ' i  d i s ~ o ~ a b l 2  container. . . 

. . .. 
, . 1 

. . .  Dispos;.ble co~ l t a ina f s  a r e  assumed t o  include DOT spec i f ica t ion  17C 55-gal 
C 

.*- A. ' , . ,~ec l  drums (5 '6)  and COT spec i f ica t ion  7 A  s t ee l  boxes(7) h?ving d i ~ e n s i o n s  of 
- 

1.2 m b y 1 . 8  n by 1 . 8  m (4  f t  b y 6  f t  by 6 f t ) .  The dimensionsof the s tee l  

boxes lleve been chosfn t o  conform t o  the space which i s  ava i l sb le  in the I 
e leva tor  cage postillaied f o r  tile 1  lev-1 waste shaf t  a t  the Federal reposi- 

tory  (bee Section ) This box volume i s  approximately the same as  t h a t  

i occcjicd by a  pa l le t ized  a : w y  of 55-gal drums (t::o drums by' three drums) on 

two l eve l s  $or a  t o t a l ,  of 12 drums per pal l e t .  
L .  

Otl~er  disposable containers may a l s o  be used. For example, because of 

shielding requircrcents, sorce shipments of TRU-contaminated equipment and , 

metal scrap a re  sssu~zcd to be packaged in the can i s t e r  described f o r  con- 

ia innent  of fu2i buhile residues.  Shiprcent would be made i n  a  fuel b u ~ ~ d l e  

rcs idue cask ( see  Section 6.4) .  llEPA f i  1 t e r s  which a re  two 1 arge t o  be 

a c c o ~ ~ o d a t e d  in 55,gal drums a re  assumed t o  be packaged in  80-gal drums. (8 

To s a t i s f y  the  r c t r i e v a t i  1 i ty i.equirc~iient, i f  shipments a r e  'made t o  a --.I a 

interim s to ra  e r a t h e r  t han  to  a perrnaneilt disposal f a c i l i t y ,  i t  rnay.be 9a '$ 

necessary t o  provide e i t h e r  a  l i n e r  o r  a  disposable overpack f o r  drums.and 

boxes. 
* 

a It Lj 

U 
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All T R U  waste packaged ill disposable coniailiers b i l l  bc 1 

c c I 2 2 ) I .  

i I depend on the r ad ia t ion  level a t  t I i e  surfrlcc of t ! ~ e  tlisposable 

?:ill ac tsa l  l y  h ~ v e  surface dose i-atcs 1 ess  than 1 L-?/hr. Lezd 4 i m r s  can 
I I -. 

' I  
- b s  added t o  55-931 dt-urns to  reduce sur Face dose r a t e s  to  icceptgb1,e 1 irni i s \  i f  . . 

I I \ Regulations periili t di  sposlble con taine:-s v r i  t h  s u r f ~ c e  close i -a tes l e s s  t i n n  : , 

I i i I 
required f o r  the PI-otzction of  pel-sonnel during t h  hand1 ing of2 the drums. 

* I 

t 

Foi- planning purposes, four shipment  codes !lave been defided f o r  TRU \ , 
I 

203 niR/l~r t o  b? si:ipped v!ittlout shielding.  ilost 55-321 drums in .$h i s  / cate9ory.l \ 
1 ' , ~  t 

.1 F./iir-10. .l?/I~r Cask v:i t t 1  equival eni  shield 
t h i c k n ~ s s  or" 2 i n .  lesd + 3/4 in .  s icel  

I .  . . 
I .  

! 
! 

1 . . 
I I .  >10 X / h r  C2s.k :.;ith equivzlcnt shield t ,  

I i ~tiiici:ness c f  4 in .  lea3 + 1 in., s.tezl 
. . : ! 
I .  

8 
( 

f I Y a .  All ovcrpacks n:eet Type B package requirements. 1 .  I I a 

i . ,  Reusable t r anspor t  sh ie lds  constructed t o  Type 8 package standards are , 
I 
I t avai lable  both f o r  shipinents vri~ich do not ~-equi.r? shielding and for  thnse 

wastes packa52d i n  55-gal dru:ns. These sl\il?zent rxd?s ark deskribzd i n  I /I 

I T d b l e  6.6.2. 
TABLE C - 4  

T X L E  6.6.2 .  S h i p ~ e n t  i,iodcs for 55-Gal lon Crr:ms -- . -- - 
u; f.lui~-3 i l ;h L c v r l  TRU \.!aste 

Dl-urn S ~ r f a c e  
- Dose Ratc S h i p ~ r l  t Xcde 

v;hich do i-equit-2 shielding.  Sone co~rxerc ia l ly  avai lable  uni t s  a r e  l i s t e d  , 

<200 mP,/l~r- Unshielded sole-use van 

I 260 m!?/hr-1 R/hr Shielded sole-use van 
I 

i I in  able 6 . 3 . 3 .  Si~ic ldcd  Typef3 overpacks a re  typica l ly  smaller than , I 

t .  unshieldcd uni t s .  The container voluc;e i n  reusable t ransport  sllields cust 
I 

i 1 . be limited so t h a t  shielded w i g h t  does not cause ovsrall  package weights i 

i I t o  exceed truck e ~ e i s h t  1 imits. u 
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TABLE C-5 c 

TkSLE 6.6 .3 .  Reuscble Typc B TI-ansport Stii2lds 
f o r  55-Gal 1 u n  GI-urns 

. i I 

9 Equivalent  C C I ~ ~ C ~  r'.--- tv  Etnpty : 
I Cask Cask Sh ie ld  140. of Cubic Ik ig t i t  
( . I d e n t i f i c a t i o n  Type .- Ttiickness DTL.I:IS Feet  (1  h )  Coscany . , - - - -  -- 

I-. HN-200 . Top ,Load' 3 i n .  l c sd  + 3 75 36,500 H i  ttman .-:. ' 
-A 

1 ' 1 / 4  in: s t e e l  - . I 

I , B-5133-1 SO Top.Lozd 3 1 /2  i n .  s t e e l  8 180 33,000 ATCOR 

I-1.-50-1 00 Sop Load 4 1 /2  i n .  lead 8 1.00 50,000 ATCOR 

BC-48-220 Top Load 7 i n .  concrete  + 14 220 48,000 ATCOR 1 
2 1 /2  i n .  s t e e l  b ' 

' ,  15 320 42,000 :IECO . ; S3-205 Top Load 3 i n .  s t e e l .  

S U ~ P  Tiljzr End  Load 1/2 i n .  s t e e l  42 575 15,OCO I(EC0 I 

Druas and boxi.s which do not  1 - e q i l i r e s h i e i d i i g  a r e  asstixed t o  be t rans -  i 
I 

ported i n  a Szper T i s e r .  (9)  The Super T i l j r  i s  a double-ilalled s t e e l  box with . . '  

I a  f i r e  r e s i s t a n t  polyur-ethane .foam f i l l e r  For stlock and thermal i n so l a t i on .  

I n t e r i o r  d inens icns  a re  1 .93 rn by 1.93 m by 4.36 m (76 i n .  by 76 i n .  by. 17.2 in . ) .  i .  
The einpty raieight . . i s  6,800 kg (i5,000 l 'b) ,  and t h e  rnaximum payload i s  13,600 kg 

(30,000: l b ) .  The con t a ine r  i s  ;~lc:.,n in F i ~ u r e  6.6.1. Three p a l l e t s  ~ o n t a i n i ; ~  

tv!elve 55-gal drgiiis . . .  per pal 1  e t  ( t o t o l  of 35 druirs) , o r  t l i ree  s tee1 boxes ,coul( i  

be t r z n s ~ : ~ r t e d  i n  a S u p e ~  T i g I ~ r .  Ti:? overpack is l o ~ d e d  from one end i n  a  '. 

hor izonta l  pos i t ion .  t 

k .  I 
, . 

Shielded vans l i c sn sed  f o r  Typc 6 sh.ipments a r e  no t  a v a i l a b l e  cosimercialiy 
' 

.. . ' a l though sh ie lded  vans f o r  LStl s h i p ~ ~ c n t s  of drunxccl waste a r e  i n  corcaercial 

.$ 
use ( f o r  example, t he  ATCGR and I i i t tnan shie lded vans).  I t  i s  an t i c i pa t ed  t h a t  

. . 
' - '  a sh ie lded  van rsrhich rneets Type'B package s tandards  o r  a Sgper Tiger-type over- .: 

4 ,  
I 

!I pzck which incorpora tes  some shf c l  d i  ng could be cons t ruc ted  t o  t r an spo r t  
1 . 

drurmed TRU waste n i  t h  s u r f ace  dose r a t e s  i n  the 1  R / h r  range. I 
1 For planning purposes i t  i s  assunied t h a t  a  Type B t r akspor f  sh i e ld  

incorporat ing apprdximaiely 2 1 /2  i n .  of lead equ iva len t  sh i e ld ing  would traris-. ' 

I 
p o r t  1 4  drums and t h a t  a  s h i e l d  i nco l -po r~ t i ng  app rox i r a t e ly  4 1/2 i n .  o f  lead 

equ iva len t  s h i e l d i n g  would t r a n s p o r t  six drulns of  TRU waste. 1 
- .  ... . . . . , . .  . 
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APPENDIX D - WASTE PROJECTIONS 

The waste p r o j e c t i o n s  conta ined i n  t h i s  appendix were obta ined from 

t h e  May 27 t r a n s m i t t a l  from R. W. McKee t o  ' R .  K. Kibbe ( f o r  spent f u e l  

t ab les  i d e n t i f i e d  as. Table D-l),'.; t he  November 28 t r a n s m i t t a l  from R. W. 

McKee t o  R. K. ~ i b b e  ( f o r  ILW and LLW from U-only Recycle, Table D-2), 

and the  ~ovember 11 t ransm ' i t t a l  from R. W. McKee t o  R. K. Kibbe ( f o r  a1 1  

To ta l  Recycle p r o j e c t i o n s ,  Tables D-3 and 0-4). H igh- leve l  and c ladd ing  

waste .p ro jec t i ons  f o r .  To ta l  Recycle were a l s o  used f o r  t he  U-only Recycle 

case. Where p r o j e c t i o n s  began before  the  year  1985 (beginning o f  repos i -  

t o r y  operat ion) ,  t he  ac~umula ted .~waste  through the  year  1984 (backlog) was 

evenly d i s t r i b u t e d  du r ing  the  years 1986-1990. I n  t h e  case o f  HLW from 

To ta l  Recycle, when t h e  average y e a r l y  c a n i s t e r  heat  l oad  exceeded t h e  

thermal l i m i t  (Sect ion 9.3.2.3 o f  G E I S ) ,  t he  p r o j e c t i o n s  were ad jus ted  t o  

r e f  1  e c t  1  ess dense and consequently coo le r  waste. 

A l l  p r o j e c t i o n s  a re  tabu la ted  i n  Tables 9 - 1 2 . t o .  9-23 o f  t he  . . .. . , 

GEIS. 
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TMLE D-1. SPENT FUEL S T J ~ ~ C I I  (90 R E C Y C L E )  

. I M l H H  gENT F R O Y  I3Fs 

C . i P 4 c I T y  HTHY T3 SPENT 
~ r s  ( ; * E l  F ' 3 c L 1 ~ S T 3 ? ~ ~ f  

. - -. 
3 7 7  ~ 7 :  7";. 
9 7 5  5 1 ,  ?03, 
:79 5b, ,970 ,  
721) 6 3  .. - 1 1 5 0 ,  
:31 . 7 9. 1233,  
3 5 2  a?,  .I 3 l  u, 
t i 3  . 93, 1  lQ1, 
:3a 103, . , 1719 .  
: j 5  ' 127 ,  . . I 9 2 0  .: 
33s : . '  I u l ,  2355 ,  
9 3 7  - 153, 2 5 1 5 ,  
9 3 q  1  bb,. 535-3, 
J 9 3  170,  339u .  
: 3.7 -. 1 3 3 .  -- 3777. '  

3 

N3, .OF F U E L  A S S E H ~ L ~ ~ S  

SENT F90Y ISFS ,..-., C - 
P a ?  -..-- Bn! ------... - 

antun?~l-lv- A V k u A :  CUHU:ATfVE 
0  b 0  b 3 , c c 

0 * 0  0,  3 I 
0. 0  * 0 * 0  8 

0. 0 8 u  6 0  8 

0 r 0  6 0  e 0, ' 

0.. 0  * 0  * 3 *. 
1 0 0 2  b 10.0i16 1 5 0 1 .  1 5 3 1  e 

. l Z 1 4 e 7  . 2 2 1 6 .  1 C I Q m  3 3 2 0 8  
1 3 1 0 o  3 5 2 6 ,  1 ? 5 2 a  S Z s S c  
15bOt .  Sl),be . 'ZJS74 76'23, . 
l b 5 d c  b 7 Q 5 1  2  ~ 8 4 ,  I ~ l ' c ' f , ,  
17b7.3 8 S l z s  t o u b c  l t ? ? ' ~ Z & . .  

1 5 7 5 b r  2005,. 1OS17c 30011, 
2 3 1  1  .. 1 2 9 2 6 .  . . 3 ~ 0 2 .  1 q 2 1 b a  
2562,  1 5 " 1 3 6  3 Y 3 i e  Z J : l ~ t  c 
3203.j 1 8 b l 9 .  C 5 5 7 e  2 7 3 7 2 ,  
3 5 1 7 ,  2 2 1 3 5 .  " S Z b q a  3 3 1 5 2 8 .  
~ 1 0 0 ~  2 b 2 u 2 1  6 1 5 1  a 3 ' ) 3 1 2 r  
U S b S ,  S ~ l d U b *  b 5 J 0 .  . 4.01>21 
5080,  3 5 8 9 6 .  7 0 1 3 s  55732.. 
5332, .  u l l P 4 ,  7 7 ~ 3 .  b : l : ~ S .  
55'93.  l l b 9 d l .  8 5 2 9 .  . 7 d 2 3 4 a  ' 
b 3 Q S c  S 3 2 7 b .  4 5 C  1 1  7. i31U1 
b 7 3 b b  b 0 0 7 1 .  1 0 1 h l .  6; iOiS.  
7335 .  : 6 7 4 0 7 s  1 3 7 ~ Y ~  IOC?:U* 
BObOH 7 5 0 0 7 ,  1 2 ~ 7 5 .  1 1 3 9 5 9 .  
8804 .  AU274e 1 5 1 E 9 , '  l Z b 2 J Y  e 

9 2 5 9 ,  9  3  5  2.9 l s d 7 ~ .  l o r i l i a .  
1 0 1 9 3 s .  1 0 3 7 0 8 .  1 5 2 5 0 .  1  5 5 3 5 7  m 
1ObJ2.. l l u u J 3 .  . 1 b U l Y r  1 7 1 3 = 1 1  
l i j O S *  125;33. 1 7 2 3 3 r  1 6 8 ~ 2 5 ~  
1 2 3 7 b e  1 3 7 9 7 9 .  1 6 i l S l r  2 3 f 7 : l r  
1 2 5 8 5 s .  1 5 5 b b u .  19uCU.  22b715m 
12UlZm.  l b 3 t 7 b .  ' l t l > o S .  L u 2 3 l O !  
1Z3U8,  17SU2U. 1 8 ~ 9 3 .  2 0 2 5 0 d e  
1 2 3 4 b a .  1 8 7 1 7 0 .  1 3 0 9 3 s  2 3 1 3 J S *  
12231.. 20irOUG. I b J 2 3 .  ZCGzZY, 
1 2 2 6 6 ,  21225bm 1 5 3 7 5 8  . ~ ! ~ : u J I  
1213b.a ZZUJO?. 1 5 1 6 Z .  3 l a : 3 j e  
1 2 3 5 3 .  2 3 6 7 6 1  1 B j t ~ .  33r71:3. 
1 2 3 1 l S 4  . 2 U 9 3 7 ? *  1 6 r i f u .  3 7 3 1 4 3 ,  ' c:; 
1 2 2 1 O r  ' 2 0 1 1 ? j 2 r  1 8 2 9 3 s  3 q I J 3 * 1  
122Oba  2 7 3 3 8 9 .  ' 1E281m U C u 7 2 3 ,  
1248.2. 2 8 5 9 7 1 .  l b 7 0 0 .  a Z : ~ ? J .  
12330..  2 9 3 3 0 1  a l b G 7 2 .  ~ U O ? ? S *  
11945..  31 .522b.  I l o Q a ,  ( I : f 7 i l ,  
1 1 0 6 3 , .  ' 3 2 1 3 3 9 8  l ~ 5 7 Q s  U t ) 1 3 > j 1  
1 1 4 2 6 .  . 3 3 2 7 3 7 .  1 7 1 2 3 s  c;Pc.;< jI 
1 0 3 7 5 .  3 4 3 0 1 3 ,  l S Z 9 0 .  51k .719,  
1 0 7 2 3 a  3 5 u 3  3.5. lh3b:' .  5 3 4 8 1 3  a 

1 0 4 u 9 ,  ' 5bG765 ,  , 1 5 b 5 3 .  5 G 0 a Y 7 r  . 
1 O S O  - .3.7 S-J 3 U rn 157S1). . ' 5 0 b 1 5 7 r  . 
1 0 S l S .  3 d 5 5 2 0 .  l S Q t l * .  5 7 0 l ~ G c  



INCINERATE * CEMENT 
91, 3 P ~ l J C F S S  .- .- . - . . . - . - NUM8Eu 3F CONTAINERS 

SCdESuLE - - - r S S - G r E L F W V R a  J I: .. E 
. . . A. 

EaR I O O O W T M M  t ,20 91149 -2.1 R/HS . . .. .. 1;-16 R/HR > l o m  R/HR *..b . . .,$+ *! r m  1% 
+- ' .'.'.. 

4 v ~ q  CUMULATIVE ANNULL CURULAT~VE ANNUIL . CUMULATIVE ANNUAL . , C U N U L ~ T  X~E;..';.'., r,--'5\,  :::?,y%. .: '.: ,: *, 
9 7 1  

L ; 
-US00 

- 
- 0 . -  ---- 0. -. 0. u . u. u . u a 

0.00 0. 0. 0. O m  0 a 0 0 • 6 m 
979 0,uo 

. qe9 - . .. o * o o  0. 0 0. 0. 0. 0 . 0 0 . 
-0. -- 0 .-. 0. 0. U m u . u . u . 

a -  
,j 

991  .5U bb5. bb5. B8b. 48bm 4921  . 492. IObbm 1Obb; , . 
9 9 2  1 . Q O  1331. 139b. 973. 1459. 9B3m 1u75m 21 33. 3 199 a ;?.%e . . 

95)  -. ' 1.50 ' ' .  - 1076. 9 .  ' 1 9 3 9 ; ~ l B .  rUnl 29'49. 3 t ' w e  b f 9 8  . .. . 
996 1 -50  Iaab .  59@7. 1059. 4376. IU7Sm 4429. 3199. 9596 a 

095 2 % l 7  ?983. 897U. 2107. 6400.  2130. b554. ub21 . l u ~ l 7 ~  - qs,, 

' f 
3739. " - --1&bllU.- 9m. 1 9j-t. a2591 

99  7 3.50 ue57, 17297. 3404. LZbOj. 3001. 12779. 7464. 27723. ----I 
99*  ,;SO 0657. 21953. S Q O ~ .  lbO46. . 3441, 16220. 746U. 35 leb;  
099  3,50 abT7, tob1O. " --- 3oOO .-QUSU. 3 0 0 i  19660. Tttwr) .  sf b5a r 

'" ' Ij  
3 3 ~  3.50 'JbST, 31 Zb7. 3U0um Z2B5Ua 3u41r 23101. 7404. 50114. 
99 1 3.50 Ubj7.  3592u 34Ou. Zb250. SUUl, Zb54 l .  74bU. s757b1 

i"l 
9 0 t  330-- -  - " - - Ubt?; ~ - t l U S D b ; - - - - - f o O Q ,  .- ~ S t j - q - ! .  - r* ,. P a  d, 
993  a; 1 7 559U. UblZU, 4052. 3 4  : QO8b. 3a070r  - 886b: ' 7392;*..+ 
994 

7-fl 
0..83 6030,  52555. a7OOm 3 ~ 4 1 4 ~  4751. 3 8 8 2 9  . 1030b. 0423G. .- 9c 

995 5.50 1319. 59973. . ----5~09;-----37t3;~r).0?, 4 e 3 5 .  t 1 - 7 2 9 ; - - - - - f 5 9 6 2 ~  -. . . .A,<: 
336  5.50 73! 9. b7190. 5349. u9111m 5407. 49642. 11 729. 107691 a 
037 5.51! 1518. 7a508. 5349. 5UUb0. s407. 55048.  11729. 119420 rn b 
999 -- b i t 7  - -  . -  . . aZn5. . -- 6271 3.--997, - I l -2 m a  -5t-a ; ft5Sfm- I I 

980 b,03 909 1. Jl[rou. 6645. b 7 i 0 ~ .  6717. 67827. iu571 .  1 ~ 7 1 4 3 ~  
J r ) O O  7,SO 9373, lu179J.  7290. 70396. 73?3* 7SZ0Om 15994 lbS13b.  bd 
001 ?,TO - -  1979 ,  l l t 7 b Z .  . 72eUi-taVV. '1373 . M5?2. H*. . - - . .. -. - - . . . - ,;t t-? 0 1 3 0 i- 
002 7.50 0379. t z l l u l .  7 2 ~ ~ .  8 8 9 0 ~ .  7373. 8 9 0 ~ s .  1 5 9 0 ~ .  195124.  
003 B,l? 10966, 132607. 

- 8 . A f  --- 152 .---q*,,jj+ . 
7942. 9bQ2bm 8028. 97973. 1741ba 2125UOm 

000 - - rs - . . , 1 . , 2 H-37&-,--- 
,= , ,I 

005 9 5 0  1 tbU0, 1 Sb909, -62: :=I . 9 3 f l m  l t 5 9 9 4 .  202SQe . ,251635. 
006 @:.SO 1ZbaO. lbQb39. 9239. 133944. , 9338. 125333. : 202591 - Z7189Ue 
007 - . 9,5@ - l >b lO .  . - 192279.. -------9239. : * a s ;  933e. ' k 3 W :  • 26159. 29i!t53-r--- 

L 

009 9.50 l?bQO. 1J491 b, 9239. 142471. 9339. lUU010m 20259. 312411 P :( 

Oil? 9,5O l?h'JO. 20755P. 92  39. 151710. 9338. 153348. 202590 33Zb70. * _  , ,  i 

011, .- q 5 0  -. ,2b 0 .  - - . 2 z e t 9 e . - - - - - - ~ m .  9 . 3- ,, . .--- 
011 8:oo lobug. 2 3 0 8 0 ~ .  7780. lb8729 ,  , 7864. . 170551. .  - 17060r  , . 369989.  i ,  ' 
01.2 s i b 7  11531. 2 ~ 2 3 7 3 .  8 ~ 2 9 .  177157, - 8520. : 17o070. 18482, - .  3eeu71. 
013 9:13 1 2 u l 9 .  --.-?5u?9l.--------+Qtb. : 861.34. *tna :MIern ~ w . 3 .  98831.4~--- di 010 1 0 . ~ 0  13305. Zb(lU9b. 9725. 195959. 9830. 198075. 215251 429699 1 

't 
015 9.50 10bQ'J. Z7B7ulr. 7780. 203739. 756u. 205939. 170bOm UUb759. 1". 
01b - -  6 i 0 0  ~ O ~ Y U .  - -. -.2093eU;- -- 7 wva--H)Me G I  r w r  b v a  n 

0 17 3.G0 IobQu,  3 0 ~ 0 2 8 .  7780. 219299, 7964, ZZlbb7.  )7060r  ' 400M79. 
' o l n  B,uO I Ob'J4, 3lOb7Z. 7780. 227079. '7864 . 229531.  . l 7 6 6 0 e  ', 497939. . , <  .,' 
,019 9.00 1Ob'lU. 5213lb. . - - -  7780.- c 3 4 a 5 9 ; r 8 6 - a - 2 3 e m  bw. 5 ~ 1 9 ~ 9 ~ .  
: O t O  9,50 1 1  303. 332b25. . 8246. 243125. 83Tb. 2 ~ 5 7 5 0 .  I812bm 533125.  
!OZI 9.00 11 775. 3ll'JOOU. 8753. 251878. 08U7, ZSu597. 19193. 552317a . . 
!022 - - 10.00 -.1331)5. . -  357005, Q?Z5s----3b+663 .-30, , 86W-3 3*. 5 t H i  m 

!023 5,00 tnbuu, 3bq5uQ. 1780. 2b9383. 78bu.. 27229.1. 17060, 590702m 

Or 

61 

d l  

:I 
%I i t ,  

C; 

!OZU 9.00 146Uu. 379193, 7780. 277363. 7864. 200155. 170601 b07762m 
: O Z ~  9.00 tnbuu. 399831. - - -  - - .  7780.-- zbttotrs. tebu,  i ? U B O - f 9 i ~ f ) b %  . b24822c 
:O 26 8.00 I~O'JU.,  uo0ua1, 7780. 292723. 7664. Z95863. 17ub0. 641882.  
:G27 9 . ~ ~ 0  IObgu, '11 1125. 7780. j 00503 .  7864. 303747. l7UbOm b5BQUZe 

k p m v f d d  b y m a  ' 
-. - . . . . . . - . . . . . . . -. ---.. 11/11/77 as fable V11-3, 

. . .  . .  . . . . . . . . - .  -:-.-%y 



981 

- -. ;. --- 

0 .  990 1.50 0. 0. 50 151. 3. 9.  36. 113.  
2.17 0. 0. 73. 223. 4 a 13. 54. l b 7 .  I; 

1 -. '05 ---P---~ -;-.-.--- 
: -86 f i 6  a - 

. :,, o *  r L *  . , 
' . . - L T .  Z3*a , 

'67 3:50 0. 0. 117.. ,:Q3b. ..;. i , ,  7 *  . . ;  26. 88. 325. 
i-1 

r *on ' 3,50 0. 0. 117. '.' .SS3. - * .  7. 33. 88. 9 1  3. 1; -;*:;.- ; 
,go 3,50. - .. - 0 . .  0 . I - w e  b?U. I e 4et1.5---------*a-.------3 0 0 I- --A 

'90 3,SO Y 0. urn 117. 787. 7 e 47. 88. 588. '9 1 3 5 0  U. 0. 117. 905. 7. 54.  88 ,  b75e 
i 

.-- -- . '92 -- r 
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APPENDIX E - SOURCE TERMS 

C The enclosed data package contain; t ab les  o f  BPNL waste source 

s t rengths  f o r  HLW, c ladd ing waste, ILW and LLW f o r  bo th  r e c y c l e  cases, 

. . 
and f o r  PWR and BWR' spent fue l ;  Data f o r  i n d i v i d u a l  rad ionuc l  i des  o f  HLW 

and spent f u e l  were .obtained from BPNL suppl i e d  ORIGEN code runs inc luded 

i n  the  November 1, 1976 t r a n s m i t t a l  t o  A. Q u i s t .  Waste desc r ip t i ons  and 

r a d i o a c t i v e  c o n t e n t  f o r  ' c ladd ing waste, ILW, and LLW f o r t h e  recyc le  cases 

were. obta ined from the  September 28 t r a n s m i t t a l  from C. M. .Unruh t o  D r .  

,C. D. Zerby ( f o r  Tables E-7 t o  E-23). Summary tab les  ' f o r  a1 l- wast.es source 

term data used i n  the  r e p o s i t o r y  ana lys i s  are  presented as Tables E - 1  

through E-6. Low-level waste from t h e  SURF c y c l e  was assumed t o  have ' t h e  

same soir.ce st rengths a s  LLW from t h e  Urani um-Only recyc le  case. On t h e  

HLW and Spent Fuel t a b l e s  the re  are  s p e c i f i c  t o t a l s  used i n  t h e  re lease 

analyses. The t o t a l  a c t i v i t y  i s  t he  sum o f  a l l  radionucludes on t h e  tab le .  

The a-TRU t o t a l ' i s  t h e  sum o f  a l l  a -emi t t i ng  nuc l ides  w i t h  h a l f - l i v e s  

greater  than 'one year (Np-237, Pu-238; Pu-239, Pu-240 ,: Pu-242, ~m-241,  
. , 

' 

Am-243, Cm-243, ~m-244). The p-y t o t a l  i s  t h e  d i f f e r e n c e  between t o t a l  

a c t i v i t y .  and a-TRU. 



. . . . 

TABLE .E-1 

WASTE SOURCE STRENGTHS: HLW FRCM TOTALRECYCLE : 

C u r i  es/MTHN Cur i  es /MTSN 
a I so tope  6;s Yrs. 1sc"Loe 63i Yrs. 

d 

H- 3 

C-14 

Mn- 54 

Fe-55 

Co-60 .. 

N i  -59 

Ni -63 . , 

Kr-85 

~ r - 9 0  

Y-90 , 

Zr-93 

Tc-99 . 

Ru- 106 

Rh-106 

A ~ -  1'1 Om 

~ d -  1 1 3m 

Sb-125 

Te-125m 

1-129 

Ba-137m 7.73Et4 ~m-242  , . 4.31Etl 

Ce- 144 ' 2.83Ei-3 Cm-243 8.74EO 
Pr -  144 2.83Et3 5.90Et3 

I Pm-147 1.85Et4 T o t a l  A c t i v i t y  4.42Et5 

Sm-151 l . l 6E+3 B -Y 4.35Et5 

. . . . 

a ~ n d i c a t e s  t i m e  s i n c e  r e a c t o r  d ischarge  when rece i ved  a t  reposit0r.y. 
. . 

. . 

. . 



TABLE E-2 . . 

. . blASTE SOURCE STRENGTHS: Tota l  Recycle 

Cladding Waste, ILW and L L W ~  

Sur f  ace 
Dose Rate 

(Rlh r )  

- 
- Waste Type 

Cladding Waste 

Low Level ~ a s t e - ~ ~ ~ '  
Noncombus ti b l e  Trash 
Noncombus ti b l  e Trash 

from PuO f a c i l i t y  T Cemented nc ine ra to r  Ash 
Fa i l ed  Equipment- 
General 

Fa i l ed  Equipment- 
Pu02 Conversion 

Low Level Waste-MOX d 

Noncombustible Trash 
Cemented Wet Waste 
F i  1 t e r  Media 
Cemented I n c i n e r a t o r  Ash 
Fa i l ed  Equipment 

Intermediate Level 
Waste-FRPC 

Noncombustible Trash 

b Val'ues. represent  .estimates o f  t he  r a d i o a c t i v e  content  o f  waste 
containe'rs a t ,  the  t ime o f  r e c e i p t  a t  the. r e p o s i t o r y  (5 ,years  
a f t e r  reprocess i ng ) . 

- .  

c Wastes from "Fuel Reprocessing P lant .  " 

d Wastes from "Yixed Oxide Fuel Fabr i ca t i on  P lant .  " 

e Ac t in ide  composit ion r e f l e c t s  HLW r a t i o  o f  &TRU t o  B-y o f :  

Noncombustible Trash- 
Pu02 Conversion 

Fa i l ed  Equipment 
Fa i l ed  Equipment ' 

Noncombustible Trash 
F a i l e d  Equipment 
F a i l e d  Equipment 

HEPA F i  1 t e r  Media 

a Based on data prepared by BPNL (September 1977). 

-- - - 
Container 

TY pe 

30" can is te rs  

5 5 g a l . d r u m s  

55 ga l .  drums 
55 gal .  drums 

4 ' x 6 ' x 6 '  boxes 

4 ' x 6 ' x 6 '  boxes 

55 ga l .  drums 
55 ga l .  drums 
55 ga l .  drums 
55 ga l .  drums 
4 ' x6 ' x6 '  boxes 

a-TRU = 88.5% o f  ac t i n ides  

B - y  = 11.5% o f  ac t i n ides  

- -- -- 
R a d i o a c t i v i t y  ( ~ u r i  es lconta iner )  b 

~ c t i  nidese 

1 .7 E+2 

2 .9E-2  

3.2 E+2 
7.2 E-2 

3.2 E-2 

1.4 E+2 

5.0 E+l 
1.1 E+l 
6.8 E+2 
5.7 E+l 
1.4 E + l  

F iss ion /  
A c t i v a t i o n  Prod. 

1.8 E+4 

7.5 E-2 

0 
5.9 E-4 

7.4 E-2 

0 

0 
0 
0 
0 
0 



TABLE E-3 

WASTE SOURCE STRENGTHS: HLW FROM U-ONLY RECYCLE 

C u r i  es/MTHM Curies/MTHM 

Iso topes  615 Yrs. I so tope  6% Yrs. a 

H- 3 2.51 E+ l  Eu-1 52 9.00EO 

Y-90 5.81E+4 ' U-238 1.58E-3 

Zr-93 1.67EO Np-237 .. . 4 . 6 8 ~ - 1  

Te-99 ' : 1.28E+1 Np-239 1 .35E+1 

, Ru-106 5.31E+3 Pu-238 3.04E+3 

Rh- 106 5.31E+3 Pu-239 2.93E+2 

Ag- 11 Om 4.36E0 Pu-240 4 .52~+2 

Cd-113111 6.20EO Pu-241 8.29E+4 

Sb- 125 1.45E+3 Pu-242 . ,  1.58EO ' 

Te-125m 6.02E+2 Am- 24 1 1 . l lE+3  

1-1 29 3.32E-5 Am- 242 ,1.04E+1 
. . 

Cs-134 " 2. i 9 ~ + 4  Am- 242m :. 1 . O 4 E t l  . , 

Cs-137. 8.22E+4 . Am-243 . 1:35'E+1 
. . 

. . 

' Ba-137111. . ,7.69E+4 ' Cm-242 1.. 00E+1 

Ce-144. 2.89 ~ + 3  .Cm-243 . . 3.43E0 . 

P r -  144 2.89E+3 Cm- 244 1 .00E+3 

~ r n -  147 1.86E+4 T o t a l  A c t i v i t y  ' 4.29E+5 

Sm-151 1.10E+3 0-Y 4.23€+5. . , 

5.91 [:I-3 , , N=T.RIJ 
. . 

. . 

a I n d i c a t e s  t i m e .  s i n c e  r e a c t o r  d ischarge  when rece i ved  a t  r e p o s i t o r y .  - 



TABLE E-4 

WASTE SOURCE STRENGTHS : U-only Recycle. 

Cladding Waste, ILW and L L W ~  . . . 

a Based on data prepared by BPNL (September 1977). 

b Values represent  estimates o f  t he  r a d i o a c t i v e  content  o f  waste 
conta iners  a t  the  t ime o f  receipf  a t  the  r e p o s i t o r y - ( 5  years 
a f t e r  reprocessing) . 

. . . - . . 

c Wastes from "Fuel Reprocessi ng P lan t  . " 

Waste Type 

~l adding Waste 

Low Level was ~ ~ - F R P '  
Noncombustible Trash 
Cemented I n c i n e r a t o r  Ash 
Fa i l ed  Equipment 

Intermediate Level 
Waste-FRP 

Noncombus ti b l  e Trash 
Fa i l ed  Equipment 
Fa i l ed  Equipment 
Noncombus ti b l  e Trash 
Fa i l ed  Equipment 
Fa i l ed  Equipment 
Cement and I n c i n e r a t o r  

Ash 
Cemented Wet Waste 
HEPA F i l t e r  Media 

d ~ c t i n i d k  coinp&i t i o n  r e f l e c t s  HLW Fates of i-TRU t o  6-y of ;  " 

wTRU = 6 .0%.of  ac t i n ides  

Container 
TY pe 

30" can is te rs  

55 gal .  drums 
55 ga l .  drums 
4 ' ~ 6 ' ~ 6 '  boxes 

55 ga l .  drums 
55 gal .  drums 
30" can is te rs  
55 gal .  drums 
55 ga l .  drums 
30" can is te rs  
55 gal .  drums 

55 gal .  drums 
55 gal .  drums 

B-y = 94.0% o f  ac t i n ides  

- - 

Surface 
Dose Rate 

(R/hv) 

>10 

c0.2 
c0.2 
c0.2 

0.2 - 1.0 
0.2 - 1.0 
0.2 - 1.0 
1.0 - 10.0 
1.0 - 10.0 
1.0 - 10.0 
1.0 - 10.0 

>10 
>10 

Radi . . o a c t i v i  t y -  
- 

~ c t i ~ i d e s ~  
- - 

1.8 E+2 

3.0 E-2 
1.4 E-2 
3.4 E-2 

1.7 E-1 
-1.1 E-2 

. 7.0 E-2 
1.7 E 0 
9.8 E-2 
6.2 E-1 
5.9 E+l 

. i1.2 E+2 
7.8 E 0 

( ~ u r i  es l con ta ine r )  
F iss ion /  

A c t i v a t i o n  Prod. 

1.8 E+4 

. 7.5 E-2 
5.9 E-4 
7.4 E-2 

4.3 E-1 
2.3 E-2 
1.5 E-1 
4.1 E 0 
2.2 E-1 
1.4 E 0 
2.6 E 0 

3.8 E 0 
1.7 E+l  



.TABLE E-5 . .. 

WASTE SOURCE STRENGTHS: SPENT FUEL - BUR 
Cur l  es/MTHM C u r i  es/MTHM 

I s o t o p e  51, y r s .  I so tope  5% y r s .  
a 

H- 3 2.82E+2 Eu- 152 9.49E0 

C-14 6.11E-1 Eu- 154 3.39E+3 

Mn- 54 3.98E0 Eu-155 6.27Et2 

Fe-55 1 .96E+3 U-232 8.39E-3 

Co-60 3.03E+3 U-233 2.42E-5 

N i  - 59 1.95EO U- 234 3.54E-2 

N i  -63 2.93E+2 U-235 1.45E-2 
Kr-85 5.85E+3 U-236 1.92E-1 
Sr-90 6,08E+4 U=237 1 .78Ei1 

Y-90 5.08E+4 U-238 3.18E-1 
Zr-93 1 .lOE-1 Np-237 ?.ddE=1 

Tc- 99 1.11E+1 Np- 239 1.01E+1 

Ru- 106 8.22E+3 Pu-238 1.60E+3 
Rh-106 8.22E+3 Pu-239 2.60E+2 
Ag-1 1 Om 8.16EO Pu-240 4.23E+2 
Cd- 1 1 3m 4.60EO Pu-241 7.13E+4 
Sb-125 1.42E+1 Pu-242 1.31EO 
Te- 125m 5.87E0 Am-241 8.19E+2 
1-129 2.88E-2 Am- 242m 9.51EO 
Cs-1 34 2.17E+4 Am- 242 9.51EO 
CS-137 7.21E+4 . Am-243 1.01 E + l  

. ' Ba-137m 6.74E+4 Cm- 242 , 1.36E+1 

Ce- 144 5.20Et3 Cm- 243 3.18EO 

Pr -  144 5.20E+3 ~ m - 2 4 4  ' ' 7.04E+2 

; Pm-1?7 2.24E.14 T u t a l  ' Ac t ' i v i t y  4.06E+b. ' 

a I n d i c a t e s  . t i m e  s i n c e  r e a c t o r  d i scharge  when r e c e i v e d  a t ' r e s p o s i t o r y .  



. . 

. . TABLE E-6 
. . 

NASTE SOURCE STRENGTHS: SPENT FUEL - PWR 

, . Curies/MTHM C u r i  es/MTHM 
a 

I s o t o p e  5% Yrs. I s o t o p e  5% Yrs. 
k-3. 3.64E+2 - Eu-152 ' 9.44E0 

C-14 

Mn-54 

Fe-55 

Co-60 

N i  -59 

Ni-63 

Kr-85 

Sr-90 

Y-90 

Zr-93 '. 

TC-99 . ' . : 
Ru- 1.06 

Rh-106. 

Ag- 1 1 Om 

Cd-113m , 

Sb-125 , 

Te- 125m 8 .80~+2  Am- 241 1.09E+3, 
' 1-129 3.60E-2 Am-242 . 1.13E+1 

. . Cs-1 34 3.66E+4 Am- 242m 1 .13E+1 
Cs-137 9.1 7.Et4 Am-243 1.64E+l ' " 

~a-'137m 8.57Et4 Cm-242 1 .72E+1 
* 

. . Ce-144 8.18E-t-3 Cm- 243 3 .86E0 , . ' 

. .. 
. ' .  . Pr-144. 8 . 1 8 ~ + 3  Cm- 244 1 :32E+3 , 

2.52~i.4 
. , 

'. . ~m-1147 , . T o t a l  A c t i v i t y  5 .37~+5  ' 
, . 

. . .  Sm-151 . 1 . 2 0 ~ + 3 '  B- Y ' 5 . 3 1 ~ + 5  " .  
I .  

a-TRU ' 5.60E+3 
, . 

(I : ~ ' n d i c a t e s  t i m e  s i n c e  r e a c t o r  d i s c h a r g e  when r e c e i v e d  a t  r e p o s i t o r y .  . ' 

. . 
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.TI\BLE E-7 
.. . :. . , . 

. . 
I I U  I I, c1l:d I I ~ I . " ~ ~ Z I . C  Hi13 t c s  

(Fucl Cycles 2a, b jnd 1) 

Asser~bl y Sli I prllcn t 
Ilardb!~re j O  in. x 10 f t  Cai:ster 

P a c k a g s - - - b >  i G  It/l~r 
0.240 Canis ters/l.ITtll,l 

Years AfterClmn1;al' SeparatAon 

Sourcr 0 10 50 10. 1 o3 -- I o4 1 oL 
Asseinbl y h a r d e r e  md 
hul l  s 

~ c t ~ v d t ~ o n  m e t r / H ~ ~ ~  
Grams 

6 
3.2 x l o 5  3 . 2 ~  lo5 3.2 x ?g5 3.2 x lo5 3 .2  x lo5  3.7. x lD5 3.2 x I D  

Curies 9.4 x 10' 1.8 x 1c3 3.0 x  lo2  2.1 x lo2 3.2 2.7 . 1.2 x 10-I 

Matts 7.2 r 10' 1.7 x lo1 1.4 x lo-' , 3.3 x lo-' 1.4 x 7 . 4  x t o - l  2.9 x lo-' 

J lul l  s , res.tdual fuel  

Ftss ton productsb?lTHM 
1 . 5 ) 1 1 0 '  1 . 5 x 1 0 '  1 . 5 x 1 0 1  ! . l l  1 . 5 ~ 1 0 ~  1 . 5 ~ 1 0  

1 
Crams 

Curies 7.0 1 1.3 r lo2 4.8 l a1  1.5 lo1 9.r 10-3 9.0 x. l ( l -3  1.4 

Watts 3.2 - 4.3 1 0  1.5 10-I 4.5 lo-? 1.1 lo-' 9.9 10-'j 3.0 lo-' 

Actlntdes/HTH 
9 

4.0 x  10: 4.8 x !02 4 . i  x l o 2  4 . 1  x  '02 4 .  x 1 0  1 . 0  x I0  
2 '  

Grams 
1..5 x 10' 5.8' 1 .2 ,  3.0 x 10-I 1.1 x to- 2 

c u r t  e s  1.0 x lo2 

'dat ts  4.3 x 10-I 2.0 x 10-I ' 1 .6  x 10-I 4.0 x 9.1 x 10.' 2.6 x lo-' 

T o t a l l k ~ l i !  . - 5 h 

Grams ' 3 . 2  x 10' . 3.2 i lo5 5.2 x lo5  3.2 x l o  . 3.2 x lo5 3 .2  x  lo5 3 . 2  x !O 

Curies  1 .O x 10' , 1.9 1 lo3  3.6 x 102 2.3 x 10: 4 .5  3 .O 1.3 x 10-I 

Watts 7 . 6 ~ 1 0 '  1 . 8 . < 1 0 '  4 . 9 x 1 0 - ~  2 . 4 ~ 1 0 - I  4 . ) r . 1 0 - ~  9 _ 2 x 1 0 - ~  2 . 9 1 1 0 ' ~ .  
(3 1 Total contents /  

con ta iner  

Noncompacted 6 

I i 3 x l f l  ' 1 . 3 1 ~ 1 0 ~  1 . 3 ~ 1 0 ~  1.3x1iY6 1 . 3 ~ 1 0 ~  1 . 3 ~ 1 0 '  1 . 3 x i U  ,Crams 

4.2 x 1c4 ' 7.9 i lo3 1.5 103 9.6 x lo2 1.3 x 10' 1.3 r 10' 5.4 x 10-I CurJcs . . . . 
Matts . . 3.2 x 1c2 7.5 i lo1 2.0 I .O i.3 lo-' 3.0 x 1.2 x . . 

a. Assunrd assenhlj hardnarc and cladding :hu l l s )  packaged in  same yroport isn a i  in  original fuel rod a s r n ~ ~ l ) l y .  

5 "  

I 1 h w d d e g a ~ ~  
I 9tWZZaUhh-8 ,  



S o u r c e  

. . Hsln p l a n t  t r a s h  
. I!ardi;are and  h u l l s  

. A c t i v a t i o n  product:/ 

HTIRI 
Crams 

C u r t e s  

. Watts, 

S p e n t  f u e l  

F l s s i o n  p r o d u c t s /  
HIILV 

Crams 
C u r t e s  

. . Watts  

. . Actlnldes/MTI(M 

Graas  

Cur t  e s  

PuO c o s v e r s i o n  2 
Actlnldes/MTHM 

Gra!ns 

C u r t e s  

U a t t s  

l o t a l / l ! ? ~ ~  

C r a x  
C u r l c s  
M a t t s .  , 

Total  c o n t e n t s /  

55 g a l  drum 

Grans  

C u r i c s  

H a t t s  

. - ' . 
TABLE EI.8 
FRP Noncolnbust l b l  c T r a s h  . . . 

('Fuel Cycle  3) 

1-1 (Shcet 1 )  

$ I 
Years A f t e r  Chc.lcical 5 e ~ a r a  t i o n  . . . . 

. . . . o 10 . So . .  l o 2  . 1 lo4 . . . lor 

Honccmbus t i  bl  e 
E3ncotn~actab1e ' 

T r a s h  

* * .  
. . . . k provided by Bql(t on 

9/20177 as Table A 3-1 

Ship:~;cnt 55 g a l  0run:s ' q0.2 R/br ,  0.21 5 OI-IJIIIS/MTIII~~ 



Source 

Hain p lant  trash 

l iarduwe and h g l l s  

Act lvat lon products/ 

HIB'I 
kms 

. - 
i u r l e s  

% t t s  

Spent fuel 

F i  sslori products! 

HT.721 

:rams 

C.orles 

Vatts 

Adfnldes/#l:iM 

Crams 

Curies ' . 

Vat ts  

Pu02 conierslon 

A c r i n ? d e s / ~ ~ l ~  

Grans 

Curles . 

Uatts  

Total  /HTI Vt 

Grants 

.Curies 

Uatts 

T o t ~ l  contentsf 

65 p l  d m  . 
C r a m  

Curles 

'Uatts 

FRP tioncoinbusti t i e  Trtsh 

.(Fuel Cycle 31 
(Sheet 2 )  

iPdckJgs _"Shipcent 5 5  g a l  Orces 
I{onconlpac tab: e 0 ,i - 1 C / i r ,  1 .O G ~ U I ~ I / I ~ T I I ! ~  
Trash 

I Years A F  te r  Ctlarlcal Scpai-a t ion 

0- 10 50 1 0 2  lo3 1 fi4 -r 10 . 

, 
As pmvldcd by Wfl.on. 
9/28/77 as Table A 3-2 



TABLE E-10 
4 

Source 

p l a n t  t r a s h  

llardnare . . and h u l l s  ' 

Ac t i va t i sm products1 

igp poilcombus t i b l  e .Trash 
. . 

(Fuel Cycle 3 )  . , (Sheet 3) 

I I 
. t{oncal:bust!b?e f Shipment 55 gal Drums. ' 

: Noncompac~ib?? I-* package - 1 -.lo R/llr, 0.970 Dru~~~s/blTll?I 
, ( . l r a s h  - ! 

HTllM 
2.9 x 10' 2.9 x ' 2.1 x l o 1  2.9 x 10' 2.9 x 10' 2.9 x 10' 2.9 x 10 

1 
Grams 
Cur le r  8.4 x 10-I 1 .  x ? 2.7 x 10-* 1.8 x 2.9 r 2.1 x lo-' 1.0 x 10" 

wat ts  6.5 x l o 3  1.6 x ! 1.2 x 2.9 x 1.3 x 6.1 x 10-() 2.6 x 10.' 
. . 

. spent' f u e l  ' 

. F i s s l o n  products/ 

HTIM 
..-I 

3.1 x 10.' 3.1'1. tu 3.1 x 10-I 3.1 x 10-I 3.1 r 10-I 3.1 x 10-' 3.1 .x 10- 
1 

Grams 

Cur les  1.4 x iol 2.7 9 .5  x lo- '  3.0 & l o - '  1 . 9  x 1.8 r IU-' 2.9 x 10.' 
' . 

Watts - 6.5 x 8.5 r 2.9 x 8.9 x 2.9 x 2 . 0 ' ~  lo-' 7.0 r lo-' . . . . 
Actlnldes/HTtN 

9.5 Crams 9.5 - 9.5 9.5  9.5 9.5 9.5 
2.9 x 10" 1.2 x 10-I 2.5 x 6.0 x 10- I  2.3 'x ! o - ~  Curies 2 .O 1.3 

Ua t ts  8.6 x 4.7 x loe3 3.9 x l oJ  3.2 x l oJ  8.0 x 10-4 1.8 x 5.1 x 10-6 

PuOZ canvers lor~ 

Act inldes/MIIH 

Gra:i~s 2.2 1 0  . 2.2 ? 2.2 2.2 1 ~ - I  2.2 lo -d  2.2 lo- (  2.2 lo-' 
Curies 3.2 loJ 2.1 4.8 1.8 4.1 9.7 2.3 x lo-? 

Watts 3.9 x 5 x 1 0  5.9 x 5.2 x 1.3 x 1 3.0 x lo-' 5.5 x lo-' 
To ta l  /#TlU.l 

. . 1 

Grams 3.9 i ,0' 3.9 x la1 3.9 x lo1 3.9 ? . l o 1  3.9 x 10) 3.9 x 1 o 1  3.9 x 10 

cur'{ es 1.7 X. 10' 4.2 1.3 4 . 4  1 2.6 6 . 4 ' ~  2.7 lo-( 
' Watts ( ) .ox10-2.  1 . 1 ~ 1 0 - ~  6 . 8 x . l 0 - ~  4.1 x l o - )  1 3 . 0 ~ 1 0 - ~  1 8 x 1 0 ~  5.1 x lo-' . , 

To ta l  contents] 

55 ga l  drum 

4 . 0 x 1 0 1  4 . 6 x i 0 1  4 . 0 r i o 1  4 . 0 x i n 1  4 . 0 x l o 1  . o o l  n . o x l o  
1 

Grams 

Cur les 1.8 x lo1 4.3 1.3 4.5 x lo- '  2.7 x 6.6 x 1 8  2.n x 10-I 

Ue:ts 8.2 x 1.5 x lo-' 7.0 x 0 4.2 x lo-) 8.2 x 1.9 x 5.3 x 
. - ~ -  ,?"  

As prmi&d by 08 
9/28/n as Tabla A 3-3 
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z .  . TABLE E 4 1 A  

Source - 
Contamfnateu" fatled 
'cqulpment . . 

M: ss l on p d c  ts/HTliH 
Crams 

- Cur ies 

u a t t s  

A c t f n l d e s / ~  

Gran~s 

Curles' 

Ua t ts  

Total/HTIW 

Grams 

c u i t e s  

Watts 

FRP Fa i led  Equiptent Haste 

(Fuel Cycles 2b and 3) . . 

(Sheet 1 ) . 
I .  1 . . 

(jontamtna ted Shlp ie f i t  
Fa1 l e d  --+Package- P4 x I x 6 f t  Boxrs 

~ 0 . 2  R!ltr 
0.@j Doxer./ilTllM . . . . . 

. . Years A f t e r  Chenl!:dl S e p z r s t i m  

0 .  10 . 50 1 fi' ld 1 o4 1 06- 

To ta l  contenl:s/conta tne r  

Grams 2.1 K 1 9  2.1 x lo2 2.1 i t  lo2  2.1 x '02 2.1 x l o 2  2.1 x l o 2  2.1 x 10 2 
Curies 3.7 x 111" 8.4 x lo-* 2.7 x 8.8 x ! o - ~  5.2 x lo-' 1.3 x 5.2 x lo- '  
Mat ts  1.6 2.9 1.5 0.8 x - 1 ~ - 5  1 . 7  3.0 1.1 



. . . . 

. - .. . .. ,.- -. . _ . . .  
. 1 

TABLE. E-12 . . . . 
.. . .. . . . 

FRP ~af1c.d' Equlpnient Marts 

(Fuel Cycles 2b a r t d '  5: 

(Sheet 2 )  

C:.?-! 2; \7 . . 
2.2335 i;::!;~cr:/;:THi.l 

--+Package . . 

Equ i p e n t  5ii ip:refi t  
55 $3;  C.l-.ais 

Years A f t e r  Chemical Z ~ a ~ - ? ? i o n  
Source D ! 0 59 3 1 0? -- -- 1 c- 1 o4 -- 1c6 

Contaminated fai led 
equ 1 pmen t 

F I  sslon products/MTIU4 

Crams 4.5 i !o '~ 1.5 x 4.5  x 4.5 x lo-' 4.5 x ! o - ~  4 . 5  x lo-'' 4.5 x 1 1 1 4  
Curies 2.0 x lo-' 3.9 x lo-) 1 .4  x 41.3 x 16-' 2.7 x 2 .6  x 10-I 4 . 2  x 10-a 
Uatts 9.4 x 1.3 x 4.3 x 1.3 x 10-6 3.1 i 10-lo 2.9 x 1.0- '~  1 . 1  r 10-l1 

c .  Ac t i n l d e s / M l ~ ~  

Grams 

Curles 

Uatts 

Total/HTIW 

Crams ' . 
Curles 

Uatts 

Total/canister 

Grams . 

Curies 

w a t t 5  

Tota1/55 gal Drum 

Grams 

Cur 1 es 
. . 

Uatts 



FRP Fa I1 cd iquif,~!;rnt HasLC 

(Fuel Cycles 26 and 3) 

(S l~ee t  3 )  

S?l! 1:52n: 
- - + P ~ C J ( J ~ C  ,.. p 3 C  i l l .  x 10 i t .  Canisters 

1-13 2,'!11* 
. . O.C02 C~~ilsters~WTlIH 

Cor~:b!ni n3 ted S!iips~.rl t 1-1 - pz?ka9e-/ 55 v*i C!r-u~!is 
1-16 R/tir Equ i p~!i?n t ' . 

. 0.0 i3  Orums/i?T:l!4 . 

Source 

~on:arrlna ted fa1 led 
equ 1 pren t 

Ftssion products 
act in id.?^ 

Total contents /canis ter  

Grams 

Curies 

.Total contents/55. gal 
drum 

Years Af tr'r' Ct!e!;ilcal S c p a r s t - o n  
i- 3 

10 5 0 10 : 0 1 o1 -r 
0 1 c. 

Input a c t i v i t y  l eve l s  are  1.5 acd 1.47 tltltec grCJtCr t ! k n  those 
f o r  the FRP f a i l e d  equipment shown on Sheet 1 

t 

As provided by B P R ~  on 
, 9/28/77 Table A 4-3 



FRP Failed Equlpmcnt Waste 
. . (Foe.1 Cycles 2b and . 3 )  : 

x.  6 x 6 f t  Uoxcs 
4 . 2  R / ~ I I *  
0.005 !lo~ci/~lTII!~l 

. . Years Af t c r '  C I ~ e ~ i ~ ~ c a l  Scparat !on 
3 Source 0 10 50 1 o2 12 1 o4 . i d 6  . 

Contaninaced f a i l e d  
' . equipcrnt t 

Grams 6.1 x 6.1 x 1 0 : ~  6.1 x 6.1 x 6.1 x 13-5 6.1 x 6.1 x lo-* 
Curies 9.0 x 10" 6.0 x lo-' 1.3 x 10-I 5 .0  x lo-' i . 2  x 19-' 2 .7 .x  6.5. x 1 f 5  
~ j t t s  1.1 x 1.4 . I C - ~  1 .6  x 10-3 1 . 5  3 . 7  . i . 5  i :6  lo-L 

Total ' contentslbcr 

Grams 1 . 2 x 1 0 1  1 . 2 x 1 0 1  1 . 2 x 1 0 1  1 . 2 x 1 0 1  1 . 2 x 1 d 1  1 . 2 ~ 1 0 '  1 . 2 x 1 0 1  

Curies  1.0 x. lo2 1.2 x lo2  2.6 x 10' 1 .0  x 10' 2.4 5.4 x 10-I 1.3 x lo-* 
W a t t s  2.2 x 10-I 2.8 x lo-' 3.2 x lo-' 3.0 x 10-I 7.4 x 1.7 x loa2  3.2 r lom4 

k provided by BPIU on 
9l2W.77 .as Table A. 4-4 



, TABLE E-15 , 

.. . 
. . 

. . 
FRP wet Vaste  Treatnfnt . - 

. . 
(Fuel Cycles 2a, 2b, ~ n d  3) 

,St 1 i c a  Ce'i 
. . 

-. -263  Gru:l:~/I.I?liW 
. . 

Years Af te r  ( I ~ c ~ n f c a l  ' epa rz t i cn  
I 

. . 
. . i C' 1 o6 

.. Source 0 10 -. 
C _ _ _ _  

5 0 1 o2 -- 1 o3 

Ilardware- and h u l l s  

Act ivar lon products/ 
H1 ti!+ 1 

Gram 
1.2 15, 2 . 2  3.2  )ol 1.2 x 10' . x 1 0  3 .2  r 1 0 '  3 . 2  x 16' - 5 

. . 

Curtrs 9.4 1.8 x la- '  3 .p  x 2 .1  x I C I - ~  3 . 2  x lo-"  2:)  x lb-" 1.2 x ! @  

Watts. 7 .2  - 1.1 x i . 4  x 3 .  i 6  1.4 x 10-0 7 . 1  x 2 . 1  x I O - ~ .  

Spent f ~ e l  

f i ss ion  p~oducts/MIHM 

Grans 

, Curl es 

Hatts  

Actlnldes4MTIiM 

Grams 

Curies 

Ha I . ts  

Total/flTnTIlM 
G r ~ l l l S  

. . 
Curtes 

Matts . 

~ota1/55 931 drum 
Granis 

Curles ' 

ME t t s  



j FRP Noncmbustlble Trash . . 

(Fuel Cycle I) . . 

I I~ncoi~:bast lb lc  (1)  1- bPackags , I l ~ l p l c n t  65 gal drums- 
Pu0,Faci l i tv . . ~ 0 . 2  R / l l r ,  0.026 Cr.ue:s/MT!iII 

55 ga! Dru;~~s 
fi/ l lr. 9.063 Oru:;~r/HTllli 

. . 

Years F.fter Chcmtcal Scparatto!! 
0 

- 
Source -- 10 5 3 102 -- l o 3  -- 1 @'I --- 1 06 

Pu02 fac i 1 i ty 
(1 ~cnccnnbusti'bl e . t rash 

A c t  intdes/Ei?lll.r. 

Grams 7.2 x 10-1 7.2 x 10-I ' 7.2 x 10'' 7.2 x 1 c 1  7.2 x 10- 1 . 7.2 x !o-"' 7.2 x 10-I 
1 .Curies 1.1 x 10 . 7.1 1.6 5.9 x 10-I 1.4 x.10- I  3.2 x 7.6 x lo- '  

Watts 1.3 x 1.7 x lo-' 1.9 x 1.7 x 4.3 x 1.0 x 1,O x l o - '  
To ta l /% gal drum 

Grams 2.8 x 10' 2.8 x 10' 2.8 x 10' 2.3 x i 0 '  2.8 x 10' 2.C i 10' 2.8 x !O 1 

Curies 4.2 x 10'- .2.7 x 10' 6.2 i 10 1 - 2.3 x . l o1  5.4 1.2 2.9 x 
Watts 5.0 x 10-I 6 . 5  x 10-I' 7.3 x 10- I  5 . 1  x 10-I 1.7 r 10-I 3.0 x !O-i 6.9 x 

Noncmbust lb le  t rash  (2 )  

Actinldrs/t lTlbl  . . 
Grams 5.0 x lo- '  5.0 x 10- I  5.0  x 10-1 5.0 x l o - '  5.0 x IC-I 5.0 x 10-1 5.0 r i d - 1  

. . Curies 7.4 4.3 1.1 4 . 1 ' ~  10-I 9.4 2.2 5.3 lo -+  
Watts 9.0 x 1.1 x lo - *  1 . 3  X ' I O - ~  1.2 x lo- '  3.0 x 7.0 x 1.3 x 

Tota1/55 gal drun 

Gran~s 1 . 7 ~ 1 0 ~  1 . 7 ~ 1 ~ '  1 . 7 ~ : " ~ .  1 . 1 ~ 1 0 ~  1 . 7 ~ 1 0 ~  1 . 7 ~ 1 0 2  1 . 7 ~ 1 0 ~  

Curles 2.5 x l o 3  1.6 x l o 3  ' 3.7 x 1 o 2  i . 4  x :02 3.1 x 10' 7.3 . 1.8 x !o-' 
Matts 3.0 3.7 4.3 4.0 1.0 - 3 2.3 x 10-I 4.3 x !U. 

k provided by BPIA en 
9/28/77 as Table A6 



. . 

% - . . . . Conrbustlble Trash and Compactable Waste 3 t  FRP' :' 

(Fucl Cycles-2b a ~ ~ d  3) 
. . (Sheet 1 )  

. . .  

gsl Drms 
, - a "  ,,, ,,, , 3.2.74 ut.c::~/rlr!i!i 

. . [ L L K  lnct nerarc j 
I LC; artd C e w n t  I 

. A  I \ 

Years A f te r  ChcrriRcsl S c p m t l c n  

Source o 10 5 o 1 32 lo3 104 106 -- -- 
llardware and Lulls 

Act! va t lon  prcduc ts/MTHP 

Grams 3 .2  x 10-I 3.2 x 10-1 3.2 x 10-I 3.2 x 10-I 3 . 2  x 10" 3.2 x 10" 3.2 x 19-I 
Cur 1 es 9.4 x lo-' !.8 x 1 ~ ) - ~  3.0 x 2.0 u lo-' 2.2 x lo-' 2.7 x 1.2 
Matts  7.2 x 1.7 x 1.3 x loe7 3.3 x 1.4 x 13'1° 7.4 x lo-'' 2.9 x lo-'' 

Spent fue l  

Grams 6.9 x 10-I 6.9 x 10-I 6.9 x 10-I 6.9 x lo-' 6.9 x 10-I 6.9 x 10-I 6.9 x 10-I 
Curies 4.3 5.3 x 10-I 1.9 x 10-I 6.0 x lo-' 1 .  x 1 0  1.3 x lo-'' 9 . 0  x 
Watts 1.3 x 1.7 x lo-3 5.9 x lo-' 1.0 x 9.2 x 8.9 x !o-a 4.11 x 10' 0 

Actlnfdes/tlT134 

Gram 1.1 x lo1 1.1 x lo1 1.1 x lo1 1.1 x 10' 1.1 x lo1 1.1 x 10' 1.1 x 10' 
Curies . 2.0 x 10' 1.3 x 10' 2.5 6.1 x 10-I 1.2 x 10-I 6.1 r 1.1 x 
Wstts 2.6 x lo-' 2.4 x 1.8 x 10'~ 1.4 x 10'~ 3.5 x 10'~ 1.9 x 3.0 r 

Pu02 conversion 

ActlnldesfMTtW 

Crar;ls 

Curles 

Watts 

Tota l/MTIR-l 

Crams 1.0~10' 1.8-10' 1 . 8 ~ 1 0 ~  1 . R r 1 ~ ~  : . D ~ l o '  l . D x 1 ~ '  l.P.rl0 1 

Curies 1.2 x lo2 7.4 ; 10' 1.6 x 10' 5.7 1.3 3.3 x 10'~ 6.7 x 
Watts 1.5 x 10-I 1.7 x 10.' 1.8 x 10-I 1.6 x 10" 4.1 x lo-' 1 x 1 0  1.6 x lo-' 

Total/55 gal drum 
Grams 6.6~10' 6 . 6 ~ 1 0 ~  6 . 6 ~ 1 0 ~  G . G r 1 9 '  6 . 6 ~ 1 0 ~  6 6 x 1 0 ~  6 . 6 ~ 1 0 ~  

Curt es 4.4 x lo2 2.7 x 10' 5.8 x 1~~ 2.1 F iol 2 . 7  2.4 x 10- 2 1.2 
Matts  5 . 5  x 10-I 6.2 x 10-I 6.6 x 10-I 5.0 , 40-l 1.5 x 1 3.6 x 0 5.C x lo'" 



. . 
TABLE E-18 

. . .. - C w b i s t i b l e  Trash and ~ o e l ~ a c t a b l e .   ast to a t  FRP 
. . 

(Fuel Cycles 211 and 3) 

(Sheet. 2 )  . . 

(5- st--$ 1 

Shi:)~si.nt 55 gal Drclris 
~ 0 . 2  R/Ilr, 1 . 193 Oru::1s/llT11!~1 . ' 

sor l icc 0 10 

Hardware and h u l l s  

Ac t i v a t  I o n  produ 'c ts /MTI~ 

Grams . 3.2 x 3 . 2  x 
Curies ' . 9.'4 x l o - 6  1 .h  x 10- 6 

Watts 7.2 x 1.1 x 

Spent f u e l  

f f s; Ion  products/MTtM 

Granis 6.2 x 19-4 5.2 x 

Curter 4.3 I C - ~  5.3 lo -4  
Watts 1.4 1 . 7 x 1 0 - 5  

Act inldes/MTIIM 

Grams 9.6 x ' 9.6 x 

Curies . 2.0 x 10-' 1.3 x 1 0 ' ~  

Watts 2.6 x 2.4 x 

Pu02 convcrs Ion  

Act lntdes/HTJUI 

6rd111s 

Curtes 

wdtts 

Total/MTIIM 

Grams 

Curles 

W d t t ~  

!ota!/55 gal drum 
Gra:ns. 

Curies 

U.ltt5 

Years After  Che~~llcal Sep3ration 

50 l o 2  lo3  104 1 oG 

As provided by BPIu 
. . 9/28/77 as Table A 



. . 
Combustible Trash and L~nlptct3LI 'e'  l l a s t z  a t  FRP 

( f u r l  Cycles 'L b i - ~ !  3) 
. . 

. . '(Sheet- 3 )  . 

I !  s t : ;  pl!i!llt 55  qs3 1 L!r":l!s . . I F l l  L ? ~ S  ~ - - . ) P ; C ~ ~ S Z  ' >lo  t/tar, O . . Z C ~ ~  ~ru:ll:!?!r;i!(. , 

Years A f  tcr  Ct1w11::" ' lcparae!n 

l o 2  1 o3 1 o4 6 1'3. 0 ! 1) 5 0 Source -- 
FRP f l l  t e r s  

. . 
Spent f u e l  

. . 
Flsslon p r o d u c t s f i ~ t l ~  

Crams j . ~ . ~  10-1 3.1 10-1 3.1 10-1 3.1 x :o-' 3.: x ' lo - '  3.1 x 10-l 3 . 1 '  x 10-' 

. Curtcs i..4 x 10' 2.7 9.6 x 3.5 x .0-' 1.9 x lo-'' 1 .3  x I C I - ~  2.3 x 

Watts 6 . 5 . i  0.7 x 1 ~ ! - ~  3.0 x 9.0 x 2 . 1  x 1 c 7  2 : 9  x.10" 7 ,9  r 1 0 ' ~  . . 

Actlnides/HTIH. 

Gran~s 9.7 3.7 9.7 9.7 9.7  9.7 . 4 ,7  

Curfes 2.0 1.3 2.0 x 10-I 1.2 x ;o-I 2.5 x 6.0 x 1 0 ' ~  2 .3  x 

u j t t s  a.7 10-3 4.8 x ;o-3 '1.0 10-3 3.2 x 1 0 4  8.1 x I Q - ~  . 1.1: x 1rj" 5 .2  x :o-' 
PuOt convrrs lon 

. - 
~ c t l n i d ; s / ~ ~ t l M  

Crams 2.4 x lo1 2.4 x 10' 2.4 x lo1 '2.4 x lo1 2.3 x 10' 2'.1 x 10' 2.4  x 10 
1 

Curies . 3.6 x la2  2.4 r lo2 5.3 x 10' 2.0 x lo1 4.6 1.1 2.6 x 

Watts . . 4 .4  x 1 0  5.6 x 1 0  6.6 x. !o-' 5.0 x lo-' 1.4 x 1 3.1 x 1 6 .2  x lo-" 

Tota l  jE!TtUI' 

3.4 x 0 3.4 i lo1 3.4 x lo1 3.4 x lo1 3.4 x ?cl  2 . ;  x lo1 3.4 x lo1 Gra~ns 

Curt es 3.6 x 10' - 2.4 x lo2 5.4 x 10' 2.0 x 10' ? . G  1.1 2.6 x lo'* . . 

Watts 5.1 .x lo-' 5.7 x ;o-I 6 .7  x 10-I 5.8 x :oel 1.4 x 1 5.2 x 6 .3  x 1 0 ' ~  

T o t a 1 / 5 5  g a l  drum 
Gram; 1 . 6 8 1 0 '  1 . 6 ~ 1 0 ~  . 1 . 6 ~ 1 0 ~  1 . 6 x 1 0 ~  1 . L x 1 0 ~  1 . l 2  1 . 6 r I O  

2 

Curies . 1.7 r l ( j3 ' 1.2 x lo3 2.6 x lo2  - 9.6 x 10' 2.2 x 70' 5.3 1.3 x 10-I 

Watts 2.5 2.7 3.2 2.0 6 .7  10-I . 2 . 5  x lo-? 3.0 

i 

k provldcd by Bf'ML 
or7nr77 as Table A ( 



TABLE . E-20 , 

. . 
H0X Fa \ l  ed Equl  pnen' and lionconAus t i  t l  e Trash 

(Fuel Cycle 3 )  . . 
-____I. . . ,  . 

Sl,i:l~cent . . ~t~unconbusl l  ble  
iTrash 

~ 0 . 2  R / l w  
. . . . 0.98.5 Orua~s/t~tTHM 

4 x 6 x 6 f t  Uoxes 
d p a c k a g c ' - +  '0.2 R / l i r  

0.05 Soxes/!~ITI!M 

Source 

Nonconibosti!l\e t rash  

~ c t l n i d c s j t 4 1 ~ ~  

Grays 

Cur l es  
Watts 

Tota1/55 ga l  drum 

G r ~ n s  

Cur les 
Watts 

Years After Chelniial Separation 

10 50 . I 02 1 03 1 o4 lo6 . , 

. . 0 

Fa l 1 cd Equ l pnent 

Actlnldej/HfIIM 
1.5 1.5 . ,  1.5. 1 .S. 1.5 1 .5  1.5 Grms . . 

Curles g e 6 x 1 0 - '  6 . Z x ) o - '  l . ~ x 1 0 - 1 . 5 . 6 x 1 0 - 2  1 . 2 1 0 ~  : . c ) x 1 0 - ~  7 . 5 ~ 1 0 . ~  

. 1.2 10-3 1 . 5  :o-3 1.7 1 0 - J  1 . 5  3 . 9  x 1 a .  1 0  1.0 x 10: 
6 : 

Watts 
. . 

Total/box 

Cra~cS 

Curl es 

UJttS 

As provided by BPNL C 
9/18/77 as Table A' 7 



TABLE E-21 

Wet i las te  Treatment. 

1- !Fuel Cycle 3) 
! s c r a p  Recovery Zo1uttc;:i i - ,  r r .  
i? roccss  ~ ~ l u t i o n s  I 

. , .mcef i t ra  t e  1 S h l  ji-nm 1 55 C J ?  %u:c 
/ . 1 . , and Cenitnt  = ' < 3 . 2  v h r ,  .I .<c :;x:!.:/f4?ii?l . Sccondiry \ ias t e .  I I-- 

Years t c r  Chcinica- Scprrbt-.vi - 
. . 102 j . . F  . . 5c;urr.e 0 .  5 0 : 0 

,,c-- 
-- -- -- 1" -- .-- 

HOX p;ant kist t la 'stej  

Actinl~.ts/bfTiM 

Cram:. 1 '  3 .5  x 10' 3 .5  x 10' 3.5 w lo1 3 . 5  10- 3.5 x lo! 3.5 x i n -  3 . 5  x l o  1 
9 

Curies 2 . 3  x 10' ' 1 . 4  x 1 2 ~  3.6 x 10' 3 . 6  x ?B' 8.8 x 111' . 5 . 7  x 1 ~ ~ '  1 . 8 . ~  
H 
H k t t s  2.0 x 5 .2  1.2 x 10' 1 .2  x 1.1.. 2.9 2 .1  1 8  1 . 2  

I 
a Totali55 gal &rum 
&. 

(wl . th c e m n t )  

 rams. 2.4 x 10' 2 . 1  r ?c' 2 .4  x 10' 2.4 x 10- 2 .4  x 1.2' 2 . 4  x 10 '  2.4 x 10 '  

Curies 1.6 x 10' 9.6 2 .5  x 1c2 2.5 x 10' 6.8.~ 13' 4 . 2  x lo-' 1,2 x la-' 

~ b t t ~  1.9 x 1 0 : ~  3.6 8 . 2  . 0.2 . . 2.0 1 . 4  x : o - ~  2.9 x 1 0 - 5  



Source 

C ~ b u s t i b l e . t r a i h  ' 

Actinf des/HTt!H 

Gr~ms 

. . Curies 

Watts 

Total /contafner 

Inc inera te  and tement 

Grams 

. . 
Curies 

.. . Matts 

TABLE E-22 

Combustfble Trash and Co~llpactable Waste a t  MOX 

( ~ u e l  cycle  31.. - . ,(Sheet 1 ) , 1nc.inerate 55 gal  Drums 
and Cement -<0.2 R l h r  

. .  2.51 Drums/MTH?t 

Years A f te r  Chcmlcal Separation 

0 10 50 1 O* 1 o3 1 o4 106 

1 .  . . 
As provided by BPML on 

.. . . . 9/28/77 as Table A 9-1 



. . 
. . 

. . TABLE E-23 

:oibust lb le  Trash and Co~npatable .Waste a t  MOX 
(Fuel Cycle 3 )  . .  

. . - .  

. . Pzckage w l  th  -- p 55 gal  Drui!~s 
. .- 4 1 . 2  ?/hr 

, , '2 t; Oru~ns/:ITIi:.t 

. . 
. . . .  . 

-. . . 
Years A f t e r  Chcn~ical S e p ~ r a t i o n  . ' .  . . 

' 1 0  : 50 . l o 3  . .  1,04 i o G 
Source 0 --- 

. .  . 
. . 

HOX 'plant  f t 1 t e r s  

Act  :o.ldes/MTHH 

Gram 7 . 0 x i 0 ~  7 . 0 ~ 1 0 ~ .  7 . 0 ~ 1 0 ~  7 . 0 ~ 1 0 ~  7 . 0 < 1 0 '  7 . 0 ~ 1 0 '  7 . 0 ~ ) "  
2 

. .  . 

Cur 1 es 4.5 x lo2  2.9 .  x lo2 ' 6 . 6  x 13' 2;6 x 16' 5 . 6  1.3 . 3.5 x I G - . ~  . . 

Matts 5.5 x . . 6 . 9  x 10-I 8.1 x IC,-' 7 . 1  x 10-I 1 . 8  r lo-' 4.1 x 0 . 3  r lo- '  

Total155 ga l  d t m  

G r a m  

Curles 

U a t t s  . 



- .  . . 
. . 

. . . .  . 

. . 
. . 

APPENDIX F - HEAT GENERATION RATES 

Th is  appendix inc ludes  the  o r i g i n a l  heat generat ion da ta  supp l ied  by 

BPNL i n  t h e  November 17 t r a n s m i t t a l  from R. W. McKee t o  R. K. Kibbe 

(Table F-1), p l u s  an a d d i t i o n a l  t a b l e  o f  annual heat  generat ion r a t e s  

de r i ved  from t h i s  da ta . (Tab le  F-2). The y e a r l y  data were obta ined from 
. . 

1  i near i n t e r p o l a t i o n  o f  t he  g iven f i v e - y e a r ,  i n t e r v a l  da ta  rece ived from 

BPNL. Because o f  t h e  l a c k  o f  data p r i o r  t o  1990, t he  heat  generat ion 

r a t e s .  presented f o r  t he  years 1986-1990 r e f l e c t  t h e  g iven 1990 value. As 

noted on Table F-2, t he  annual heat  generat ion r a t e  f o r  an HLW c a n i s t e r  

from t o t a l  recyc le  ex.ceeds 3.6 kW (Sect ion 9.3.2.3.1 o f  GEIS) from t h e  

yea r  2010 on. A f t e r  t h a t  year ,  t h e  HLW p r o j e c t i o n s  were ad jus ted  by a 

f a c t o r  equal t o  3.6 d i v i d e d  by t h e  o r i g i n a l  w a t t d c a n i s t e r  f o r  t h a t  year .  

s i m i l a r  ad jus tments  were requ i red  f o r  U-only recyc1.e HLW from t h e  year  

2013 on. 



. .. 
. . . . , As by BPNL . 

. . on 11/17/77 

TABLE F-1 

HEAT GENERATION RATE IN HLW CONTAINERS 

(wat ts )  - 

Case 2a - U Only Recycle 
Pu  t o  HLLW 

Sol i d  H i  gh-Level Canis ters  

FP Actinides 

Case 3 - .  U & Pu Recycle 

Sol i d  H i  gh-Level Canisters  

F P Actinides 



. . - .  . . . . 
, . . . 

. . .  . . 
. . 

TABLE F-2 

Average Annual Heat  Genera t i o n  
Rates i n  HLW C a n i s t e r s a  

Year 
T o t a l  Recyc le  
\da t ts /Can is  t e r  

U-Only Recyc le  
W a t t s I C a n i s t e r  

1985 0 
1986 

0 
231 0 261 4 

o . 1987 2313 2614 
1988- 231 0 2614 , 

1989 . 231 0 261.4 . 

1990 . 231 0 261 4 
,1991 . . 2440 2720 
1992 2570 2826 . 

2700 1 99'3 . . 2933 " 

1994 2830 3039 
1995 . 2960 3145 
1996 . . 3029 3183 
1997 3097 3221 

, 1998 3166 3259 
1999 3234 3297 

, . 2000 3303 3335 
200 1 331 8 3341 
2002 3332 3347 
2003 3347 3353 

. 2004 3361 
Z . . 

3359 
2005 3376 3365 
2006 3407 . 3391 
2007 3439 3417 . 

2008 3470 3444. 
2009 3502 3470 , 

' 2010 . . 3533 3496 
201 1 3616 , , 3544 ' ' 

201 2 ' 3700 3592 . 
201 3 3783 3640 

. . 2014 3867 ,3688  
. . 201 5 . . 3950 

. . 3736 
2016 . . 3980 , 3730 
'201 7 401 0 3723 
201 8 4040 . 371'7 

. . 201 9 4070 3710 
2020 41 00 
2021 

3704 
4108 . 

2022 
3684 

41 16 3664.  
,2023 41 24 
2024 

3644 
41 32 . . 

2025: 
3624 

41 40 . . ' 3604 . 
a Based on d a t a  s u p p l i e d  by  BPHL (November 1 9 7 7 ) .  Y e a r l y  v a l u e s  

.were o b t a i n e d  f rom'  1 i n e a r  i n t e r p o l a t i o n  o f  5 y e a r  d a t a .  
* , . .  

. . 

. . . . 



.APPENDIX G '-  WASTE THERMAL HISTORY 

. T h e  BPNL waste thermal h i s t o r y  descr ibed i n  t h i s  appendix (Table 

G-1); was de r i ved  from ORIGEN runs c o n t a i n e d  i n  t he  November, 1976 t rans-  

m i t t a l  f rom BPNL t o  A. Q u i s t .  From t h e  t a b l e  i t  i s  obvious t h a t  HLW a t  ,, . . 

1 0  years a f t e r  reprocessing w i l l  generate about . 3 .2  kW/canister. A t  6.5 

years a f t e r  reprocessing,  t he  c a n i s t e r s  w i  11 be somewhat h o t t e r  (about 

$..O'kW/canister); however, t he  maximum acceptable heat l o a d  remains a t  

3.2' kW/canister. Therefore, accord ing t o  these data, HLW must be aged 10 

years a f t e r  reprocessing p r i o r  t o  bu r ia l ,  or t he  waste must be d i l u t e d  

w i t h  i n e r t  m a t e r i a l  p r i o r  t o  packaging. 



TABLE G- 1  

BPNL Waste - Thermal H i s t o r y  . . 

Time - y e a r s  a  ,b,  f 

5  10 5 0 -  100 500 1  .o.NJ 5000 1  N o o -  100006 - 

I.lL!.!: Tota l  Recycle . . 

! ~ l a t t s / ~ l ~ t l h l  1450 1020 . . ' 3 5 5  119 14.1 7 .55 1 .90  1 . 3 5  0.121 

! J a t t s / c a n i  s t e r c  4410 3100 1  OC0 ' 362 42.9  23.0  5 .78 4.10 0.368 

U-only Recycle 

\,!at t s  /C!TIll.l 1420 1050 514 278 86.5  49.7  16.9 1 2 . 3  0 .879 

: \ d a t t s / c a n i s t e r C  4320 31 90 1560 846 263 151 5 1 . 4  37.4  2 .67 

SURF: PL!R 

a  For tILLI, t i m e  i s  g iven  a s  t ime  z ~ f t e r  r ep . rocess ing .  Th is  i s  assumed t o  occur  1  112 y e a r s  a f t e r  d i s c h a r q e  
from t h e  r e a c t o r .  

b  For  SURF, t ime i s  g iven a s  tilne. a f t e r  an i n i t i a l  h o l d i n 9  p e r i o d  ( 6  months) .  Hence, t ime s i n c e  r e a c t o r  
d i s c h a r g e  i s  0 . 5  y e a r  g r e a t e r  than  t h e s e  head ings .  ( i e .  5 y r s . = 5 . 5 y r s .  s i n c e  d k c h a r a e ) .  

3 
c  HLW c a n i s t e r  i s  assumed t o  hold 3 .04,  ?IT of reprocessed  f u e l  w i t h  -an a c t i v e  volume .of 6 . 2 8 f t  . 

i d PI4R c a n i s t e r  i s  assunled t o  hold  one assembly o f  P l l R  s p e n t  f u e l  (.461f,lT) w i t h  an a c t i v e .  volume of 2 . 8 f t  . 
3  e  B14R c a n i s t e r  i s  assunied t o  hold one assembly o f  BIdR s p e n t  f u e l  ( . 1 8 3 i ~ )  w i t h - a n  a c t i v e  volwne of  l . 1 f t  . 

' f  D a t t  o b t a i n e d  from BPNL s u p p l i e d  O R I G E N  run .  




