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FOREWORD 

BY 

NUCLEAR REGULATORY COMMISSION STAFF 

The NRC s t a f f  i s  i n  t h e  process o f  r eapp ra i s i ng  i t s  r e g u l a t o r y  p o s i t i o n  

r e l a t i v e  t o  t h e  decommissioning o f  nuc lear  f a c i l i t i e s .  As a  p a r t  o f  t h i s  

a c t i v i t y  NRC has i n i t i a t e d  two s e r i e s  o f  s t ud ies  through t echn i ca l  ass is tance  

con t rac t s .  These c o n t r a c t s  a r e  be ing  undertaken t o  develop i n f o r m a t i o n  t o  

suppor t  t h e  p repa ra t i on  o f  new standards cover ing  decommissioning. 

The bas i c  s e r i e s  o f  s t ud ies  w i l l  cover t h e  technology, s a f e t y  and cos t s  

o f  decommissioning re fe rence  nuc lea r  f a c i l i t i e s .  L i g h t  water  reac to rs ,  f u e l  

c y c l e  f a c i l i t i e s  and byproduct  u t i l i z a t i o n  f a c i l i t i e s  a re  inc luded.  F a c i l i -  

t i e s  o f  c u r r e n t  des ign on t y p i c a l  s i t e s  a r e  se lec ted  f o r  t he  s tud ies .  

Separate r e p o r t s  w i l l  be prepared as t h e  s tud ies  o f  t h e  var ious  f a c i l i t i e s  

a r e  completed. 

The f i r s t  r e p o r t  i n  t h i s  s e r i e s  was pub l i shed  i n  FY 1977 and covered 

a  f u e l  reprocess ing  plant;( ' )  t h e  second was pub l i shed  i n  FY 1978 and 

covered a  p ressu r i zed  water  r eac to r ;  ( 3 )  t h e  t h i r d  o f  t he  s e r i e s  was 

pub l i shed  i n  FY 1979 and d e a l t  w i t h  a  smal l  mixed ox ide  f u e l  f a b r i c a t i o n  

p l a n t .  ( 4 )  An addendum t o  t h e  p ressu r i zed  water  r e a c t o r  r e p o r t ( 5 )  was 

i ssued  d u r i n g  FY 1979 which examined t h e  r e l a t i o n s h i p  between r e a c t o r  s i z e  

and decommissioning cost ,  t h e  c o s t  o f  entombment, and t he  s e n s i t i v i t y  o f  

c o s t  t o  r a d i a t i o n  l e v e l s ,  c o n t r a c t u a l  arrangements, and d isposa l  s i t e  

( 1 )P lan  f o r  Reevaluat ion o f  NRC P o l i c y  on Decommissioning o f  Nuclear F a c i l i t i e s .  
NUREG-0436, Rev. 1, O f f i c e  o f  Standards Development, U.S. Nuclear Regulatory  
Commission, December 1978. 

(2)Technology, Sa fe ty  and Costs o f  Decommissioning a  Reference Nuclear Fuel 
Reprocessing P lan t .  NUREG-0278, P a c i f i c  Northwest Laboratory  f o r  U.S. 
Nuclear Requl at0r.y Commission, October 1977. 

( 3 ) ~ e c h n o l  ogy; s a f e t y  and Costs o f  Decommissioning a  Reference Pressur ized 
Water Reactor Power S t a t i o n .  NUREG/CR-0130. P a c i f i c  Northwest Laboratorv  
f o r  U.S. Nuclear Requ1ator.y  omm mission, ~ u n e  1978. 

(4)Technology, Sa fe t y  and cos ts  o f  Decommissioning a  Reference Small Mixed 
Oxide Fuel F a b r i c a t i o n  P lan t .  NUREGICR-0129, Pac i f . ic  Northwest Labora to ry  
f o r  U .S. Nuclear  Requl at0r.y Commission, Februarv 1979. 

(5)Technol ogy , Safety and cos ts  o f  ~ecommi s s i o n i  ng" a  Reference Pressur ized  
Water Reactor Power S t a t i o n .  NUREGICR-0130 Addendum, P a c i f i c  Northwest 
Labora to ry  f o r  U.S. Nuclear Regulatory  Commission, August 1979. 



charges. The most recen t  r e p o r t  i n  t h i s  se r i es  d e a l t  w i t h  a low- leve l  waste 

b u r i a l  ground. ( 6 )  The f o l l o w i n g  repo r t ,  s i x t h  o f  t he  ser ies ,  prov ides informa- 

t i o n  on t h e  technology, s a f e t y  and cos ts  o f  decommissioning a l a r g e  b o i l i n g  

water r e a c t o r  power s t a t i o n .  Add i t i ona l  t o p i c s  w i l l  be repo r ted  on the  ten ta-  

t i v e  schedule as fo l l ows :  

FY 1980 Uranium Fabr i ca t i on  P l a n t  

FY 1981 Non-Fuel Cycle Nuclear F a c i l i t k s  

FY 1981 M u l t i p l e  Reactor F a c i l i t i e s  

The second s e r i e s  o f  s tud ies  covers suppor t ing  i n fo rma t i on  on t h e  

decommissioning o f  nuc lear  f a c i l i t i e s .  Three repo r t s  have been issued 

i n  t h e  second ser ies .  The f i r s t  cons i s t s  o f  an annotated b ib l i og raphy  

on the  decommissioning o f  nuc lear  f a c i l i t i e s .  ( 7 )  The second i s  a rev iew 

and ana l ys i s  o f  c u r r e n t  decomniissioning regu la t i ons .  (8 )  The t h i r d  o f  t h i s  

se r i es  covers t h e  f a c i l i t a t i o n  o f  t he  decommissioning o f  l i g h t  water 

reac tors .  The major  purpose i s  t o  i d e n t i f y  mod i f i ca t i ons  o r  design 

changes t o  f a c i l i t i e s ,  equipment and procedures which w i l l  improve s a f e t y  

and/or reduce cos ts .  

The i n f o r m a t i o n  prov ided i n  t h i s  r e p o r t  on the  b o i l i n g  water reac tor ,  

i n c l u d i n g  any comments, w i l l  be inc luded i n  t he  record  f o r  cons idera t ion  by 

t h e  Commission i n  e s t a b l i s h i n g  c r i t e r i a  and new standards f o r  decommissioning. 

Persons w ish ing  t o  comment on t h i s  r e p o r t  should mai l  t h e i r  comments t o :  

Ch ie f  
Fuel Process Systems Standards Branch 
D i v i s i o n  o f  Engineering Standards 
O f f i c e  o f  Standards Development 
U.S. Nuclear Regulatory Commission 
Washington, DC 20555 

(6)Technol ogy , Safe ty  and Costs o f  Decommissioning a Reference Low-Level Waste 
B u r i a l  Ground. NUREGICR-0570, P a c i f i c  Northwest Laboratorv f o r  U.S. Nuclear 
Regulatory  omm mission^, May 1980. 

- 

(7)Decommissioning o f  Nuclear F a c i l  i t i e s  - An Annotated B i  b l  iography. 
NUREG/CR-0130, P a c i f i c  Northwest Laboratory f o r  U. S. Nuclear Regulatory 
Commission, September 1978. 

(8)Decomnissioning o f  Nuclear F a c i l i t i e s  - A Review and Analys is  o f  Current  
Regulat ions. NUREG/CR-0671, P a c i f i c  Northwest Laboratory f o r  U.S. Nuclear 
Requl a t o r y  Commission, Auqust 1979. 

(9 )  ~ a c i l  i t a t j o n  o f  ~ecommiss ion i  ng o f  L i g h t  Water Reactors. NUREG/CR-0569, 
P a c i f i c  Northwest Laboratory f o r  U. S. Nuclear Regulatory Commission, 
December 1979. 



ABSTRACT 

Safe ty  and c o s t  i n f o r m a t i o n  i s  developed f o r  t he  conceptual  decommission- 

i n g  o f  a  l a r g e  [1155-MW(e)] b o i l i n g  wate r  r e a c t o r  (BWR) power s t a t i o n .  Three 

approaches t o  decommissioning-- immediate dismantlement, entombment, and pass ive  

safe s to rage  w i t h  de fe r red  dismant lement- -are s t u d i e d  t o  o b t a i n  comparisons 

between costs ,  occupat iona l  r a d i a t i o n  doses, p o t e n t i a l  r a d i a t i o n  dose t o  the  

p u b l i c ,  and o t h e r  s a f e t y  impacts.  

D ismant l ing  t he  re fe rence  BWR immediately f o l l o w i n g  shutdown i s  es t imated  

t o  c o s t  $43.6 m i l l i o n  ( i n  1978 d o l l a r s ) ,  t o  r e q u i r e  about  2  years f o r  p lann ing  

and p repa ra t i on  p r i o r  t o  f i n a l  r e a c t o r  shutdown, t o  r e q u i r e  about 3-112 years 

f o r  a c t i v e  decommissioning f o l l o w i n g  f i n a l  r e a c t o r  shutdown, and t o  r esu l  t i n  

r a d i a t i o n  doses t o  decommissioning workers o f  about 1845 man-rem. 

Prepar ing t h e  re fe rence  BWR f o r  pass ive sa fe  s torage,  sa fe  s to rage  f o r  

30 years,  and de fe r red  dismant lement a f t e r  30 years  a re  est imated t o  c o s t  $58.8 

m i l l i o n  ( i n  1978 d o l l a r s ) .  It i s  es t imated  t h a t  about 1-112 years w i l l  be 

r e q u i r e d  f o r  p lann ing  and p repa ra t i on  p r i o r  t o  shutdown and t h a t  about 3  years  

w i l l  be r e q u i r e d  t o  p l ace  t h e  f a c i l i t y  i n  pass ive s a f e  storage, r e s u l t i n g  i n  an 

es t imated  r a d i a t i o n  dose t o  decommissioning workers o f  about 418 man-rem. 

Entombing the  re fe rence  BWR i s  es t imated  t o  c o s t  $40.6 m i l l i o n  ( i n  1978 

do1 l a r s )  , t o  r e q u i r e  about 2  years  f o r  p lann ing  and p repa ra t i on  p r i o r  t o  f i n a l  

r e a c t o r  shutdown, t o  r e q u i r e  about 4  years  f o r  a c t i v e  decommissioning f o l l o w i n g  

f i n a l  r e a c t o r  shutdown, and t o  r e s u l t  i n  r a d i a t i o n  doses t o  decommissioning 

workers o f  about  1684 man-rem. 

Costs o f  con t i nu ing  care  du r i ng  pass ive  s a f e  s to rage  and entombment a r e  

es t imated  t o  be $75,000 and $40,000 pe r  year ,  r e s p e c t i v e l y .  

D ismant l ing  t h e  re fe rence  BWR a f t e r  per iods o f  sa fe  s to rage  i s  est imated 

t o  c o s t  somewhere between $36 m i l l i o n  and $20 m i l l i o n ,  depending on the s to rage  

mode employed and the  d u r a t i o n  o f  the  s to rage  per iod ,  t o  r e q u i r e  a  t ime span 

e q u i v a l e n t  t o  immediate dismantlement, and t o  r e s u l t  i n  r a d i a t i o n  doses t o  

decommissioning workers t h a t  range f rom about 495 man-rem f o r  dismantlement 

a f t e r  10 years  o f  s to rage  t o  a  few man-rem a f t e r  50 years o f  s torage.  



The s a f e t y  impacts  o f  t h e  decommissioning o p e r a t i o n s  on t h e  p u b l i c  a r e  

found  t o  be s m a l l ,  w i t h  t h e  p r i n c i p a l  i m p a c t  on t h e  p u b l i c  b e i n g  t h e  

r a d i a t i o n  dose r e s u l t i n g  f r o m  t h e  t r a n s p o r t  o f  r a d i o a c t i v e  m a t e r i a l s  t o  a  

d i s p o s a l  s i t e .  

v i i i  
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CHAPTER 1  

INTRODUCTION 

Th i s  r e p o r t  con ta ins  t h e  r e s u l t s  o f  a  s tudy sponsored by t he  Nuclear 

Regulatory  Commission (NRC) t o  conceptual  l y  decommission a  present- generat i  on 

b o i l i n g  water  r e a c t o r  (BWR) power s t a t i o n .  The p r imary  purpose o f  t he  s tudy 

i s  t o  p rov ide  i n f o r m a t i o n  on t he  a v a i l  ab le  technology, t h e  s a f e t y  cons idera-  

t i o n s ,  and t h e  probable cos t s  f o r  t h e  decommissioning o f  a  l a r g e  BWR power 

s t a t i o n  a t  t h e  end o f  i t s  ope ra t i ng  l i f e .  Th i s  i n fo rma t i on  i s  in tended f o r  

use as background da ta  and bases i n  the  m o d i f i c a t i o n  o f  e x i s t i n g  r e g u l a t i o n s  

and i n  t h e  development o f  new r e g u l a t i o n s  p e r t a i  n i  i g  t o  decommi s s i o n i  ng 

a c t i v i t i e s .  I t  i s  a l s o  in tended f o r  use by u t i l i t i e s  i n  p lann ing  f o r  t h e  

decommi s s i o n i  ng o f  t h e i r  nuc lear  power s t a t i o n s ,  

Decommissioning o f  a  nuc lea r  f a c i l i t y  i s  de f i ned  as t h e  measures 

taken f o l l o w i n g  t h e  f a c i l i t y ' s  ope ra t i ng  l i f e  t o  ensure t he  p r o t e c t i o n  o f  t he  

p u b l i c  f rom any r e s i d u a l  r a d i o a c t i v i t y  o r  o t h e r  hazards p resen t  i n  t he  f a c i l i t y .  

Three approaches t o  decommissioning a r e  considered i n  t h i s  s tudy :  

Dismantlement - The s t a t i o n  i s  decontaminated, t he  r a d i o a c t i v e  

m a t e r i a l s  a r e  removed, and t h e  nuc lear  l i c e n s e  i s  

te rmi  na t e d  . 
Safe Storage - The r a d i o a c t i v e  m a t e r i a l s  and contaminated areas a r e  

decontami na t e d  o r  secured i ns i d e  t h e  f a c i  1  i ty , and 

su rve i  11 ance and maintenance con t inue  under t h e  con- 

d i  t i o n s  o f  t h e  nuc lear  l i cense .  Eventual d ismant le-  

ment i s  necessary i f  u n r e s t r i c t e d  re lease  and l i c e n s e  

t e r m i n a t i o n  i s  des i red .  

Entombment - The r a d i o a c t i v e  m a t e r i a l s  and contaminated areas a re  

decontaminated, t he  nonre leasable m a t e r i a l s  a r e  con f ined  

w i t h i n  a  m o n o l i t h i c  s t r u c t u r e ,  and s u r v e i l l a n c e  and 

maintenance con t inue  under the  c o n d i t i o n s  o f  t he  nuc lear  



1  i cense u n t i  1  e i t h e r  t h e  con f i ned  r a d i o a c t i v i t y  has 

decayed t o  u n r e s t r i c t e d  r e 1  ease l e v e l s  o r  t he  entombment 

s t r u c t u r e  i s  d ismant led,  

The NRC's d e s i r e  t o  min imize t h e  number o f  s i t e s  permanent ly committed 

t o  t h e  containment o f  r a d i o a c t i v e  m a t e r i a l  i s  s a t i s f i e d  by immediate d ismant le-  

ment o r  s a f e  s to rage  p l u s  de fe r red  dismant lement.  Entombment a f t e r  removal 

o f  t he  l o n g - l i v e d  rad ionuc l i des  f o r  r e l a t i v e l y  l o n g  b u t  n o t  unreasonable 

per iods  w i l l  r e s u l t  i n  decay o f  t h e  entombed r a d i o a c t i v e  m a t e r i a l  t o  l e v e l s  

low enough f o r  u n r e s t r i c t e d  use; however, c e r t i f i c a t i o n  t h a t  r e l ease  l i m i t s  

f o r  u n r e s t r i c t e d  use have been met i s  ve ry  d i f f i c u l t  s h o r t  o f  d ismant lement 

o f  t he  entombed f a c i l i t y .  

A broad span o f  s a f e  s to rage  methods i s  poss ib l e .  These methods 

range f rom a  min imal  removal and f i x a t i o n  o f  r e s i d u a l  r a d i o a c t i v i t y  and 

c o n t i n u a l  o n s i t e  maintenance and s u r v e i l l a n c e ,  t o  an ex tens i ve  cleanup and 

decontaminat ion w i t h  hardened pass ive  p r o t e c t i o n  o f  h i g h l y  r a d i o a c t i v e  

m a t e r i a l s  and p e r i o d i c  s u r v e i l l a n c e  and maintenance. Each method o f  s a f e  

s to rage  r e q u i r e s  some l e v e l  o f  c o n t i n u i n g  care  d u r i n g  t h e  h o l d i n g  pe r i od .  

The Washington P u b l i c  Power Supply System's Nuclear  P r o j e c t  Number 2  

(WNP-Z), a t  Hanford, Washington, i s  used as t h e  re fe rence  BWR power s t a t i o n  

f o r  t h i s  s tudy .  WNP-2 i s  a  1155-MWe s t a t i o n  t h a t  u t i l i z e s  a  nuc lea r  steam 

supply  system w i t h  a  d i r e c t - c y c l e  b o i l i n g  water  r e a c t o r  manufactured by t h e  

General E l e c t r i c  Company. The s i n g l e - r e a c t o r  s t a t i o n  i s  assumed t o  be 

on a  gene r i c  s i t e  t h a t  i s  t y p i c a l  o f  r e a c t o r  l o c a t i o n s  i n  t he  midwestern o r  

m idd le  sou theas te rn  U n i t e d  S ta tes .  The s t r u c t u r e s ,  systems, and components 

a r e  b a s i c a l l y  t y p i c a l  o f  t h e  c u r r e n t  genera t ion  o f  l a r g e  BWR power s t a t i o n s .  

Sets o f  work p l ans  a r e  developed f o r  t h e  conceptual  decommissioning 

o f  t h e  re fe rence  BWR power s t a t i o n  v i a  dismantlement, one method o f  s a f e  

s torage,  and entombment. From these work p lans  est imates a r e  developed f o r  

t h e  manpower requi rements,  t h e  ma jo r  resource and equipment needs, t h e  

volumes o f  contaminated m a t e r i a l  packaged f o r  d isposa l ,  t h e  cos ts  o f  accom- 

p l i s h i n g  t h e  work, and t h e  exposure o f  t h e  decommissioning workers and t he  

p u b l i c  t o  r a d i a t i o n  as a  r e s u l t  o f  t h e  decommissioning e f f o r t s .  Because 



w i d e l y  d i f f e r e n t  work p lans  and decommissioning techniques can be u t i l i z e d  

t o  achieve t h e  d e s i r e d  decommissioned cond i t i on ,  t h e  r e s u l t s  o f  t he  s tudy 

a r e  dependent upon t h e  d e t a i l e d  choices made. The choices o f  p lans and 

techniques i n  t h i s  s tudy  a r e  be1 i eved  t o  be r e a l  i s t i c  and r e p r e s e n t a t i v e  

o f  t h e  opera t ions  t h a t  would be r e q u i r e d  t o  s a f e l y  decommission t h e  re fe rence  

BWR power s t a t i o n  a t  a  reasonable cos t .  

A  suggested dose-based methodology f o r  de te rmin ing  t h e  l e v e l  o f  r a d i o a c t i v e  

con tamina t ion  t h a t  cou ld  remain on a  s i t e  o r  i n  a  f a c i l i t y  and s t i l l  a l l o w  

u n r e s t r i c t e d  use o f  t h e  p rope r t y  i s  demonstrated. Th is  methodology u t i l i z e s  

t h e  c a l c u l a t e d  maximum annual dose t o  t h e  maximum-exposed i n d i v i d u a l  as t h e  

bas i s  f o r  de te rmin ing  these l e v e l s .  The r e l a t i o n s h i p  between dose and contami-  

n a t i o n  l e v e l  i s  complex, i n v o l v i n g  t h e  spectrum o f  r e s i d u a l  r ad ionuc l i des  and 

t h e i r  exposure pathways t o  t h e  maximum-exposed i n d i v i d u a l .  

The work p lans  and t h e  scenar ios f o r  a i r b o r n e  re l ease  o f  r a d i o a c t i v e  

m a t e r i a l s  a r e  used t o  eva lua te  t h e  impacts o f  decomniissioning opera t ions  

on t he  workers and t h e  p u b l i c .  Est imates a r e  made o f  r a d i a t i o n  exposure, 

l o s t - t i m e  i n j u r i e s ,  and f a t a l i t i e s  f o r  each decommissioning approach 

s tud ied .  

The ope ra t i ng  techniques, s a f e t y  impacts, and est imated cos ts  developed 

i n  t h i s  s tudy a r e  s e n s i t i v e  t o  s p e c i f i c s  o f  t h e  re fe rence  BWR power s t a t i o n .  

Such s p e c i f i c s  i n c l u d e  t h e  m ix tu res  and t he  l e v e l s  o f  r e s i d u a l  r a d i o a c t i v e  

contaminat ion a t  f i n a l  p l a n t  shutdown, and t he  p l a n t  s i ze ,  design, l o c a t i o n ,  

and ope ra t i ng  h i s t o r y .  These s p e c i f i c s  must be examined c a r e f u l l y  be fo re  

a t t emp t i ng  t o  app ly  t h e  r e s u l t s  o f  t h i s  s tudy t o  a  d i f f e r e n t  nuc lear  power 

s t a t i o n .  Some e f f o r t s  t o  examine t h e  s e n s i t i v i t y  o f  t h e  s tudy r e s u l t s  t o  

p l a n t  s p e c i f i c s  such as s i z e ,  r a d i a t i o n  dose ra tes ,  e tc . ,  a r e  presented i n  

t h i s  r e p o r t .  

The s tudy r e s u l  t s  a r e  presented i n  two volumes. Volume 1 (Main Repor t )  

con ta ins  t h e  r e s u l t s  i n  summary form. Volume 2 (Appendices) con ta ins  t h e  

d e t a i l e d  da ta  t h a t  suppor t  t h e  r e s u l t s  g i ven  i n  Volume 1. The suppo r t i ng  

da ta  a r e  presented i n  a  manner t h a t  f a c i l i t a t e s  t h e i r  use f o r  examining 

decommissioning a c t i o n s  o t h e r  than those i nc l uded  i n  t h i s  s tudy.  



CHAPTER 2  

SUMMARY 

The r e s u l t s  o f  t h i s  s tudy  sponsored by t h e  U.S. Nuc lear  Regula tory  Com- 

m iss i on  (NRC) t o  conceptua l  l y  decomniission a  1  arge bo i  1  i ng water  r e a c t o r  (BWR) 

power s t a t i o n  a r e  summarized i n  t h i s  chap te r .  The purpose o f  t h e  s tudy i s  t o  

p r o v i d e  i n f o r m a t i o n  on t h e  a v a i l a b l e  technology,  t h e  s a f e t y  cons ide ra t i ons ,  

and t h e  p robab le  cos t s  f o r  decommissioning a  l a r g e  BWR power s t a t i o n  a f t e r  

30 f u l l - p o w e r  years  o f  ope ra t i on .  The p r i n c i p a l  r e s u l t s  a r e  g iven,  i n  b r i e f ,  

i n  t i l e  f o l l  owing paragraphs, w i  t h  more-compl e t e  summaries presented i n  sub- 

sequent s e c t i o n s .  

Immediate dismant lement o f  t h e  r e fe rence  BWR i s  es t imated  t o  c o s t  $43.6 

m i l l  i o n  ( i n  1978 d o l l a r s ) ,  t o  r e q u i r e  about  2  years  f o r  p l ann ing  and prepara-  

t i o n  p r i o r  t o  f i n a l  r e a c t o r  shutdown, t o  r e q u i r e  about  3-1/2 years  o f  a c t i v e  

decommissioning f o l l o w i n g  r e a c t o r  shutdown, and t o  r e s u l t  i n  r a d i a t i o n  doses 

t o  decommissioning workers o f  about 1845 man-rem. 

Prepar ing  t h e  re fe rence  BWR f o r  pass ive  s a f e  s torage,  s a f e  s to rage  f o r  

30 years ,  and dismant lement a f t e r  30 years  i s  es t imated  t o  c o s t  a  t o t a l  o f  

$58.8 m i l l i o n  ( i n  1978 d o l l a r s ) ,  t o  r e q u i r e  about 1-1/2 years  f o r  p lann ing  

and p r e p a r a t i o n  p r i o r  t o  f i n a l  r e a c t o r  shutdown, t o  r e q u i r e  about  3  years  t o  

p l ace  t h e  f a c i l i t y  i n  pass ive  sa fe  s torage,  and t o  r e s u l t  i n  accummulated 

r a d i a t i o n  doses t o  decommissioning workers o f  about 418 man-rem. Con t inu ing  

ca re  d u r i n g  s a f e  s t o rage  i s  es t imated  t o  c o s t  $75,000 per  yea r  and would con- 

t i n u e  u n t i l  t h e  f a c i l i t y  i s  d ismant led.  The c o s t  o f  d i s m a n t l i n g  t he  re fe rence  

BWR a f t e r  pass ive  s a f e  s to rage  i s  es t imated  t o  be somewhere between $36 m i l  1  i o n  

and $26 m i l l  i o n ,  depending on t h e  d u r a t i o n  o f  t h e  s a f e  s to rage  per iod ,  t o  r e -  

q u i r e  a  t ime  span e q u i v a l e n t  t o  immediate dismant lement,  and t o  r e s u l t  i n  

r a d i a t i o n  doses t o  decommissioning workers t h a t  range f rom 495 man-rem f o r  

dismant lement a f t e r  10 years  o f  s to rage  t o  a  few man-rem a f t e r  50 years  of 

s torage.  



Entombing t h e  re fe rence  BWR a f t e r  removing t h e  h i g h l y  a c t i v a t e d  r e a c t o r  

vessel  i n t e r n a l s  ( scena r i o  1 )  i s  es t imated  t o  c o s t  $40.6 m i l l i o n  ( i n  1978 

d o l l a r s ) ,  t o  r e q u i r e  about 2  years  f o r  p l ann ing  and p repa ra t i on  p r i o r  t o  

f i n a l  r e a c t o r  shutdown, t o  r e q u i r e  about 4  years  o f  a c t i v e  decommissioning 

f o l l o w i n g  r e a c t o r  shutdown, and t o  r e s u l t  i n  r a d i a t i o n  doses t o  deconimission- 

i n g  workers o f  about  1684 man-rem. Entombing t h e  re fe rence  BWR w i t h  t h e  

h i g h l y  a c t i v a t e d  r e a c t o r  vessel  i n t e r n a l s  l e f t  i n  p lace  ( scena r i o  2 )  i s  

es t imated  t o  c o s t  $35 m i l l i o n  and t o  r e s u l t  i n  r a d i a t i o n  doses t o  decommis- 

s i o n i n g  workers o f  about 1573 man-rem. Scenario 2  i s  r e a l l y  a  form o f  hardened 

sa fe  s torage,  and dismantlement w i  11 be necessary t o  o b t a i n  u n r e s t r i c t e d  

re l ease  o f  t h e  p rope r t y .  

Costs o f  c o n t i n u i n g  ca re  d u r i n g  entombment a r e  es t imated  t o  be $40,000 pe r  

year .  These cos t s  would con t i nue  u n t i l  e i t h e r  t he  r a d i o a c t i v i t y  can be shown 

t o  have decayed t o  u n r e s t r i c t e d  re l ease  l e v e l s ,  o r  u n t i l  t h e  f a c i l i t y  i s  d i s -  

mant led should an e a r l i e r  r e l ease  o f  t h e  p r o p e r t y  become necessary. 

No d e t a i l e d  es t imates  o f  c o s t  and r a d i a t i o n  dose a r e  made f o r  dismant lement 

o f  an entombed f a c i l i t y .  However, i t  i s  a n t i c i p a t e d  t h a t  these parameters w i l l  

have va lues  s i m i l a r  t o  those f o r  dismant lement f o l l o w i n g  pass ive  s a f e  s torage.  

2.1 STUDY BASES 

The ma jo r  s tudy  bases a re :  

The s tudy  must y i e l d  r e a l i s t i c  and up- to- date r e s u l t s .  

o The s tudy  i s  conducted w i t h i n  t h e  framework o f  t h e  e x i s t i n g  r e g u l a t i o n s  

and r e g u l a t o r y  guidance. 

The s tudy  i s  t o  eva lua te  decomniissioning o f  an e x i s t i n g  s i n g l e - r e a c t o r  

f a c i l i t y .  

The s tudy  i s  based on 30 f u l l - power  years  o f  p l a n t  opera t ion .  

The es t imated  r a d i a t i o n  dose r a t e s  throughout  t he  p l a n t  a r e  based on 

measured da ta  f rom ope ra t i ng  p l a n t s .  

Cur ren t  and proven deconimissioning technology and techniques a r e  used. 



The fund ing  f o r  decommissioning a c t i v i t i e s  i s  a v a i l a b l e  as necessary t o  

complete t h e  p l  arWied a c t i v i t i e s  w i t h o u t  f i s c a l  c o n s t r a i n t .  

A nuc lea r  waste d isposa l  f a c i l i t y  i s  i n  ope ra t i on .  

For  decommissioning a c t i v i t i e s  t h a t  immediate ly  f o l l o w  p l a n t  shutdown, 

t h e  s t a f f  i s  composed o f  t h e  former  opera t ions  and maintenance personnel . 
A1 1 m a t e r i a l  s whose r a d i o a c t i v i t y  exceed u n r e s t r i c t e d  re1  ease 1 eve1 s a r e  

removed f r om t h e  s i t e  be fo re  t h e  s i t e  i s  re leased  f o r  u n r e s t r i c t e d  use. 

The performance o f  decommissioning a c t i v i t i e s  i s  r e l a t i v e l y  t r o u b l e - f r e e .  

The s tudy  conforms t o  ALARA occupat iona l  exposure ph i l osoph ies .  

The cos t s  a r e  i n  1978 d o l l a r s .  

The r e s u l t s  ob ta ined  i n  t h i s  s tudy a r e  s p e c i f i c  t o  these major  bases and 

t o  t h e  s p e c i f i c  assumptions t h a t  a r e  de r i ved  f rom them and s t a t e d  i n  t h e  

app rop r i a te  p l ace  i n  t h e  s tudy.  App ly ing  these r e s u l t s  t o  s i t u a t i o n s  where 

t h e  c o n d i t i o n s  a r e  d i f f e r e n t  f rom those i n  t h i s  s tudy cou ld  produce erroneous 

conc lus ions.  The s e n s i t i v i t y  o f  t h e  s tudy r e s u l t s  t o  p l a n t - s p e c i f i c s  such as 

s i ze ,  r a d i a t i o n  dose r a t e ,  e tc . ,  i s  examined t o  p rov ide  guidance i n  t h e  

a p p l i c a t i o n  o f  these r e s u l t s  t o  o t h e r  p l a n t s .  

2.2 DECOMMISSIONING ALTERNATIVES 

Decommissioning o f  a nuc lea r  f a c i l i t y  i s  de f i ned  as t h e  measures taken 

f o l l o w i n g  t h e  end o f  t h e  f a c i l i t y ' s  ope ra t i ng  l i f e  t o  ensure t h e  p r o t e c t i o n  

o f  t h e  p u b l i c  f rom any r e s i d u a l  r a d i o a c t i v i t y  o r  o t h e r  hazards present  i n  t h e  

f a c i l i t y .  Three approaches t o  decommissioning a re  cons idered i n  t h i s  s tudy:  

Dismantlement - The s t a t i o n  i s  decontaminated and t h e  r a d i o a c t i v e  

m a t e r i a l s  a r e  removed. Upon complet ion, t h e  nuc lear  

l i c e n s e  i s  te rmina ted  and t h e  p r o p e r t y  i s  re leased  f o r  

u n r e s t r i c t e d  use. 

Safe Storaqe - The r a d i o a c t i v e  m a t e r i a l s  and contaminated areas a r e  - 
with Deferred decontaminated o r  secured and t he  s t r u c t u r e s  and equip-  
Dismantlement 

ment a r e  ma in ta ined  as necessary t o  ensure the  p r o t e c t i o n  

of t he  p u b l i c  f rom the  r e s i d u a l  r a d i o a c t i v i t y .  Dur ing 



the period of safe  storage, use of the property remains 
1 imi ted by the nuclear 1 i cense. Eventual dismantlement 
i s  necessary i f  unrestricted release and license termina- 
tion i s  desired. 

Entombment - The radioactive materials and contaminated areas a re  
decontaminated and the nonreleasable materials are  confined 
within a monolithic structure that  provides integri ty  to  
ensure the protection of the public from the entombed 

radioactivity for  a time period of suff ic ient  length to 
permit the decay of the radioactivity to  unrestricted 
release levels.  During the period of entombment, the 
property i s  maintained as necessary and remains res t r ic ted  
i n  use by the nuclear license. 

2.3 DECOMMISSIONING EXPERIENCE 

A review of the documented cases of nuclear reactor deconimissioning shows 
that  while the decommissioned f a c i l i t i e s  were generally small and had 
operated for  relat ively short  periods of time, the problems encountered tended 
to be common to  a l l  decommissioning undertakings. The review also shows 
tha t  a wealth of experience exis ts  within the nuclear industry regarding 
methods and equipment for  accomplishing decon'~missioning, and that  ,there 
are  no major technical impediments to the successful decommissioning of a large 
BWR power s ta t ion .  

REGULATORY GUIDANCE FOR DECOMMISSIONING 

In general, regulations are  in place to cover decommissioning of the 
reference BWR. In some cases ( i  . e . ,  security,  safeguards, qua1 i ty assurance), 
the existing regulations do not speak specifically to decomniissioning, b u t  

they can readily be interpreted as being applicable. 

The following suggestions are made for  improving present regulations: 

Centralize or provide an index for  a1 1 regulations that  pertain to 

decommissioning. 



Modify the existing regulations tha t  apply to decommissioning to  include 

reference to such centralized or indexed application. 

Clearly define the financial qualifications and responsibil i t ies of the 

licensee for  decommissioning. 

Specify which of the existing regulations governing allowable public 

radiation dose take precedence during the decommissioning of a 1 ight- 

water reactor. 

More clearly define "high-level waste" (with respect to  the highly 

radioactive reactor vessel components) and the associated disposal 

requirements. 

Provide a common, ident i f iable  reference for  acceptable residual radioactive 

contamination 1 evels for  unrestricted release of materials, s t ructures ,  

and s i t e s .  

Specify the requirements for  license renewal or extension, should such be 

necessary a t  the time of decommissioning. 

2.5 FINANCING DECOMMISSIONING 

The federal government currently has very l i t t l e  d i rec t  involvement in 

decommissioning financing considerations. NRC regulations simply require the 

applicant for  an operating license to demonstrate the financial resources to  

cover the estimated costs of both operating and permanently shutting down the 

f a c i l i t y .  However, the importance of financial assurance for  decommissioning 

was recently recognized by the Congress of the United States in the Uranium 

Mill Tailings Control Act of 1978, which amends the Atomic Energy Act of 1954, 

providing expl ic i t  authority for  the NRC to require an adequate bond, surety, 

or other financial arrangement by uranium mill licensees to  ensure s i t e  

cleanup and reclamation prior to license termination. Furthermore, the NRC 

i s  considering financial requirements within the broader context of an overall 

reevaluation of i t s  policies on decommissioning nuclear f a c i l i t i e s .  



Three p r i n c i p a l  f i nanc ing  a1 t e r n a t i  ves f o r  decommissioning a nuclear  

power s t a t i o n  a re  considered i n  t h i s  study: 

a p repa id  decommissioning reserve c o n t r o l l e d  by an outs ide  e n t i t y  

an i n t e r n a l  unfunded decommissioning reserve 

a funded reserve  o r  s i n k i n g  fund c o n t r o l l e d  by an ou ts ide  e n t i t y .  

A f o u r t h  a l t e r n a t i v e ,  payment o f  decommissioning costs from o the r  revenues 

when the  funds a re  requi red,  i s  considered i n  l e s s  d e t a i l  because i t  provides 

1 ess assurance t h a t  funds w i  11 be avai  1 able.  

The revenue requirement f o r  each o f  the  f i nanc ing  a l t e r n a t i v e s  i s  shown 

i n  Table 2.5-1, together  w i t h  assumptions about tax  t reatment  o f  t he  reve-  

nues. The r e s u l t s  show t h a t  the revenue requirements a re  very s e n s i t i v e  t o  

t h e  t a x  t rea tment  o f  those revenues. 

TABLE 2.5-1. Revenue Requirements f r the  
Financing A1 t e r n a t i  ves?a) 

Tax Annual Payments To ta l  Payments 
Financing A1 t e r n a t i  ve Treatment ( $  m i  11 i ons )  ( $  m i l l  i ons )  

Prepayment Untaxed 2.35 70.4 

I n t e r n a l  Unfunded Untaxed 1.47 44.0 
Reserve  axed (b )  2.72 81.5 

S ink ing  Fund Untaxed 1.09 32.5 
~ a x e d ( b )  2.01 60.2 

Paid When Required Untaxed - - 44.0 

( a ) ~ s t i m a t e d  decommissioning cos t  = $44 m i l  1 ion,  deprec ia t ion  
1 i f e t i m e  = 30 years, e f f e c t i v e  i n t e r e s t  r a t e  on fund = 2%/yr, 
e f f e c t i v e  i n t e r e s t  r a t e  on borrowed c a p i t a l  = 4%/yr.  

(b)Most 1 i k e l y  s i t u a t i o n  regarding taxes. 

FACILITY AND SITE 

The r e a c t o r  used as t h e  reference f a c i l i t y  i n  t h i s  study i s  the  

Washington Pub l i c  Power Supply System's Nuclear P ro jec t  Number 2, an 1155-MWe 

s t a t i o n  w i t h  a Mark I 1  containment system. The nuclear  steam supply system 



i s  a  d i r e c t - c y c l e  b o i l i n g  wate r  r e a c t o r  manufactured by t he  General E l e c t r i c  

Company, and i s  g e n e r a l l y  r e p r e s e n t a t i v e  o f  the  c u r r e n t  genera t ion  o f  l a r g e  

BWRs. The re fe rence  s i t e  used i n  these analyses i s  t y p i c a l  o f  a  midwestern 

o r  m idd le  southeastern r i v e r  s i t e .  Th is  s i t e  has been developed f o r  use i n  

a  s e r i e s  o f  s t u d i e s  devoted t o  t he  deconimissioning o f  nuc lea r  f u e l  c y c l e  

f a c i l i t i e s  t h a t  i s  be ing  performed f o r  t he  NRC by P a c i f i c  Northwest Laboratory .  

S u f f i c i e n t  d e s c r i p t i v e  i n f o r m a t i o n  i s  presented f o r  bo th  the  f a c i  1  i ty and t he  

s i t e  t o  pe rm i t  t he  development o f  the  d e t a i l e d  work p lans,  t h e  cos ts  es t imates ,  

and t he  s a f e t y  assessments t h a t  a r e  t he  r e s u l t s  o f  t h i s  s tudy.  

2.7 RADIONUCLIDE INVENTORY 

Levels  o f  r a d i o a c t i v i t y  i n  and r a d i a t i o n  dose r a t e s  f rom a c t i v a t e d  r e a c t o r  

components, f rom con tamina t ion  depos i ted  th roughout  t he  p l a n t ,  and f rom the  

s i t e  s o i l  a r e  c a l c u l a t e d  and/or de r i ved  f rom e x i s t i n g  data.  The rad ionuc l i des  

t h a t  a r e  t he  p r i n c i p a l  c o n t r i b u t o r s  t o  occupat iona l  r a d i a t i o n  exposure a re :  

immediate ly  a f t e r  r e a c t o r  shutdown and du r i ng  t he  n e x t  100 years,  6 0 ~ o ;  and 

a f t e r  100 years,  9 4 ~ b .  The amount o f  r a d i o a c t i v i t y  p resen t  i n  t he  a c t i v a t e d  

r e a c t o r  vessel  components a t  t he  t ime o f  r e a c t o r  shutdown i s  c a l c u l a t e d  t o  be 

about  6.6 m i l l i o n  cu r i es .  The c a l c u l a t e d  r a d i a t i o n  dose r a t e s  o f  6 0 ~ o  f rom 

the  a c t i v a t e d  r e a c t o r  components a t  r e a c t o r  shutdown range from a  maximum of 

120,000 R/hr a t  t he  i n n e r  su r f ace  o f  t he  co re  shroud t o  140 mR/hr a t  t he  

r e a c t o r  vessel  o u t e r  su r face .  The c a l c u l a t e d  r a d i a t i o n  dose r a t e s  from 59~i 

and 9 4 ~ b  have maximum values i n  the  core  shroud o f  about 70 mR/hr and 700 mR/hr, 

r e s p e c t i v e l y .  Dose r a t e s  a t  l o c a t i o n s  throughout  t h e  f a c i l i t y  range f rom 

severa l  hundred R/hr t o  a  few mR/hr, based on a  composite o f  data from operat-  

i n g  p l a n t s .  

Annual atmospheric re leases  f rom ope ra t i ng  BWRs vary  w ide l y ,  depending 

on such s p e c i f i c  p l a n t  f a c t o r s  as s i ze ,  ope ra t i ng  h i s t o r y ,  and gaseous 

e f f l u e n t  system design. For  t h i s  s tudy,  t he  s o i l  con tamina t ion  l e v e l s  and 

t h e  m ix tu res  o f  r ad ionuc l i des  on the  s i t e  r e s u l t i n g  f rom d e p o s i t i o n  of 

atmospheric re leases  f rom the  p l a n t  d u r i n g  40 years  o f  normal ope ra t i on  a r e  

c a l c u l a t e d  f rom measured annual r e l ease  i n fo rma t i on .  



2.8 EXAMPLE ACCEPTABLE CONTAMINATION LEVELS FOR UNRESTRICTED USE OF THE BWR 

PROPERTY 

A suggested methodology f o r  de te rmin ing  acceptable r e s i d u a l  r a d i o a c t i v e  

con tamina t ion  l e v e l s  f o r  u n r e s t r i c t e d  use o f  t h e  decommissioned re fe rence  BWR 

f a c i l i t y  and/or s i t e  i s  presented i n  t h i s  s tudy,  and example acceptable 

con tamina t ion  l e v e l s  a r e  ca l cu la ted .  The methodology i s  based on t h e  concept 

t h a t  no member o f  t h e  p u b l i c  w i l l  be a l lowed t o  r e c e i v e  an annual dose i n  

excess o f  a  l i m i t  y e t  t o  be es tab l i shed  by U.S. r e g u l a t o r y  agencies.  These 

example acceptable con tamina t ion  l e v e l s  a r e  based on an assumed 50-mrem/yr l i m i t .  

The e f f e c t  o f  r a d i o a c t i v e  decay on these acceptable l e v e l s  o f  r e s i d u a l  

r a d i o n u c l i d e s  bo th  i n  t h e  f a c i l i t y  and on t he  s i t e  i s  demonstrated by c a l -  

c u l a t i n g  these l e v e l s  f o r  t h e  r a d i o n u c l i d e  m i x t u r e  p resen t  a t  r e a c t o r  shutdown 

and f o r  t h e  m i x t u r e  p resen t  10, 30, 50, and 100 years  a f t e r  shutdown. 

For t h e  f a c i l i t y ,  t h e  acceptable l e v e l s  o f  r a d i o a c t i v i t y  a r e  presented 
2 i n  u n i t s  o f  su r f ace  a c t i v i t y  (pCi/m ) .  S o i l  contaminat ion va lues a r e  p re-  

sented i n  u n i t s  o f  r a d i o a c t i v i t y  p e r  gram o f  s o i l  sample by assuming m ix i ng  

o f  t h e  r a d i a t i o n  source w i t h  d r y  s o i l  t o  depths o f  10 mm and 150 mm. A f t e r  

40 years  o f  normal BWR opera t ion ,  t h e  r e s i d u a l  r a d i o a c t i v e  con tamina t ion  i s  

assumed t o  be mixed t o  a  depth o f  10 mm by n a t u r a l  processes. When t h e  s i t e  

i s  re leased,  t h e  r e s i d u a l  r a d i o a c t i v e  contaminat ion i s  assumed t o  be mixed t o  

a  depth o f  150 mrn as u n r e s t r i c t e d  a c t i v i t i e s  begin.  

A summary o f  t h e  c a l c u l a t e d  example r a d i o a c t i v e  con tamina t ion  l e v e l s  t h a t  

r e s u l t  i n  an annual dose o f  50 mrem t o  any organ o f  any i n d i v i d u a l  i s  g i ven  i n  

Table 2.8-1 . 



TABLE 2.8-1. Summary o f  t h e  Ca lcu la ted  Example Acceptable Residual  
Rad ioac t i ve  Contaminat ion Levels  f o r  t h e  Reference 
BWR F a c i l i t y  and S i t e  

Acceptable Residual  Contaminat ion Level s 
Time Exposure Corresponding t o  an Annual Dose o f  50 mrem 

Begins Surface S o i l  Contani inat ion 
(Years a f t e r  L i m i t i n g  Contaminat ion Mixed t o  10 mm Mixed t o  0.15 m 
~hu tdownya)  Organ (pCi/mz) (pCi /g)  (pCi /g)  

BWR ~ a c i l i t y ( ~ )  0 Lungs 0.55 -- - - 
100 Bone 0.82 - - - - 

BWR S i t e  0 Bone 0.17 11 0.73 

100 Bone 0.12 8.0 0.53 

(a)The t i m e  t h a t  cont inuous exposure begins.  
(b )  I n  t h e  f a c i l i t y ,  a de te rm ina t i on  o f  acceptab le  su r face  r a d i o a c t i v e  contaminat ion 

l e v e l s ,  based on t h e  m i x t u r e  o f  t h e  rad ionuc l  ides ,  i s  assumed t o  be used t o  he1 p 
determine t h e  necessary decommissioning procedures.  

2.9 RADIATION EXPOSURE ESTIMATES 

Est imates o f  accumulated occupat ional  r a d i a t i o n  dose a re  1845 man-rem f o r  

immediate d ismant l  enient, 1684 man-rem f o r  entombment scenar io  1  (removal o f  

r e a c t o r  vessel  i n t e r n a l  s )  , 1573 man-rem f o r  entombment scenar io  2 ( r e a c t o r  

vessel  i n t e r n a l s  entombed), and 375 man-rem f o r  p l a c i n g  t h e  f a c i l i t y  i n  pass ive  

sa fe  s torage,  w i t h  an a d d i t i o n a l  7 t o  10 man-rem f o r  s u r v e i l l a n c e  and main- 

tenance d u r i n g  per iods  o f  c o n t i n u i n g  care o f  f rom 10 t o  100 years .  Rad ia t ion  

dose assoc ia ted  w i t h  de fe r red  dismant lement depends on when t he  dismantlement 

takes p l ace .  Re1 a t i v e l y  1  i t t l e  a d d i t i o n a l  r e d u c t i o n  i n  accumulated occupat ional  

r a d i a t i o n  dose i s  es t imated  t o  r e s u l t  f rom d e f e r r i n g  t h e  d ismant l  enient sequence 

beyond 30 years ,  and v i r t u a l l y  no a d d i t i o n a l  r e d u c t i o n  r e s u l t s  f rom deferment 

beyond 50 years .  

The i n d i v i d u a l  es t imates  o f  occupat iona l  r a d i a t i o n  dose f o r  t he  var ious  

decommissioning a1 t e r n a t i v e s  a r e  summarized i n  Table 2.9-1 . 
A d d i t i o n a l  r a d i a t i o n  dose i s  rece ived  by t he  t r a n s p o r t a t i o n  workers 

and by t h e  general  p u b l i c  as a  r e s u l t  o f  t r a n s p o r t i n g  t h e  spent  f u e l  and t h e  

r a d i o a c t i v e  m a t e r i a l s  t o  d isposa l  s i t e s .  These r a d i a t i o n  doses a r e  summarized 

i n  Table 2.9-2. 



Tab1 e 2.9-1. Summary o f  Est imated Ex te rna l  Occupat ional  R a d i a t i o n  
Doses f o r  Decomnissioning t h e  Reference BWR 

S t a r t  o f  Est imated R a d i a t i o n  Dose t o  Decommissioning Personnel (man-rem)(a) 
Decommi s s i  o n i  ng Immediate Prepara t ions  f o r  Con t inu ing  Entombment De fe r red  

(years  a f t e r  shutdown) Dismantlement Passive Safe Storage Care Scenar io 1 Scenar io 2 Dismantlement 

( a ) T o t a l  dose f o r  p a s s i v e  safe s t o r a g e  w i t h  d ismant lement  de fe r red  f o r  30 years  i s  t h e  sum o f  (375 + 6.5 + 36)  
man-rem. 

TABLE 2.9-2. Rad ia t i on  Dose f rom Transpor t  o f  Rad ioac t i ve  
M a t e r i a l s  f rom Decomniissioning 

Rad ia t i on  Doses f rom Transpor t  (man-rem)(a) 
Prepara t ions  

Immedi a t e  Pass ive Safe Entombment 
Di smantl ement ( b )  Storage (Scenar io  1 )  (Scenar io  2) 

Occupat ional  : 

Truck T ranspo r t  110 2 2 6 9 51 

Rai 1  T ranspo r t  -- 5.4 5.4 5.4 5.4 

T o t a l s  120 28 7 5 5 6 

Pub1 i c :  

Truck T ranspo r t  10 2.2 6.7 4.9 

Rai 1  T ranspo r t  0.5 0.5 0.5 0.5 
T o t a l s  11 2.7 7.2 5.4 

( a ) A l l  va lues  a r e  rounded t o  two s i g n i f i c a n t  f i g u r e s .  
( b )Fo r  d e f e r  d  dismant lement,  these va lues a r e  reduced i n  p r o p o r t i o n  t o  t h e  

decay o f  6gCo a c t i v i t y  d u r i n g  t h e  s a f e  s to rage  pe r i od .  



2.10 DECOMMISSIONING COSTS 

A l l  cos t s  a r e  g i ven  i n  terms o f  1978 d o l l a r s ,  w i t h  25% con t ingenc ies  

i n c l  uded. 

Immediate dismant lement i s  es t imated  t o  c o s t  $43.6 m i l  1 i on .  The major 

c o n t r i b u t o r s  t o  t h e  t o t a l  c o s t  o f  immediate dismantlement a re  summarized i n  

Table 2.10-1. The c o s t  f o r  shipment and d isposa l  o f  r a d i o a c t i v e  m a t e r i a l s  i s  

about  25% o f  t h e  t o t a l  decommissioning cos t .  About 50% o f  t he  t o t a l  decommis- 

s i o n i n g  c o s t  i s  due t o  s t a f f  l a b o r .  Energy, equipment, and supply  cos t s  con- 

s t i t u t e  about 10, 6, and 5%, r e s p e c t i v e l y ,  o f  t h e  t o t a l  dismantlenient c o s t .  

TABLE 2.10-1. Summary o f  Est imated Costs f o r  Immediate Dismantlement 

Est imated Co t s  Percent o f  
Cost Category ( $  rn i1 l ions) taab)  To ta l  

Disposal  o f  Rad ioact ive  M a t e r i a l s  
Neut ron- Act iva ted M a t e r i a l s  2.300 
Contaminated M a t e r i a l s  4.909 
Radioact ive  Wastes 1.469 

To ta l  Disposal  Costs 

S t a f f  Labor 
Energy 
Special  Tools and Equipment 

M i  sce l  1 aneous Suppl i es 1.859 5.3 
S p e c i a l t y  Cont rac tors  0.356 1 .O 
Nuclear Insurance 0.800 2.3 
L icense Fees - -  0.051 0.1 

Subto ta l  34.840 100.0 

Contingency (25%) 8.710 

To ta l  , In~medi a t e  Di smantl ement Costs 43.550 

Other Poss ib le  Costs 

Spent Fuel Shipment 
Faci  1 i ty Demo1 i t i o n  and S i t e  Res to ra t i on  
Deep Geologic Disposal  o f  H i g h l y  Ac t i va-  

t e d  M a t e r i a l s  
Fuel Channel Disposal  

Subto ta l  

Cont i  ngency (25%) 4.624 

To ta l  , Other Poss ib le  Costs 23.121 

(a)Costs ad jus ted  t o  e a r l y  1978. 
(b)The number o f  s i g n i f i c a n t  f i g u r e s  shown i s  f o r  computat ional  complete- 

ness and does n o t  imp ly  accuracy t o  t h e  nearest  $1000. 
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Other p o s s i b l e  cos ts ,  which i n c l u d e  shipment o f  spent f u e l ,  d isposa l  o f  

f u e l  channels, d isposa l  o f  h i g h l y  a c t i v a t e d  m a t e r i a l s  i n  deep geo log ic  d isposa l ,  

and demo1 i t i o n  o f  t h e  decontaminated f a c i l i t y ,  t o t a l  an a d d i t i o n a l  $23 .I m i l  1  i o n .  

Prepar ing t h e  re fe rence  BWR f o r  pass ive  sa fe  s to rage  i s  es t imated  t o  

c o s t  $21.3 m i l l i o n .  The major  c o n t r i b u t o r s  t o  t he  t o t a l  c o s t  o f  p repa ra t i ons  

f o r  pass ive s a f e  s to rage  a r e  summarized i n  Table 2.10-2. The p r i n c i p a l  c o s t  

i t e m  i s  s t a f f  l abo r ,  c o n t r i b u t i n g  about 66% o f  t he  t o t a l .  Energy, supp l ies ,  

and d isposa l  o f  r a d i o a c t i v e  wastes c o n t r i b u t e  about 13, 8, and 7%, r e s p e c t i v e l y ,  

t o  t h e  t o t a l  cos t .  

TABLE 2.10-2. Summary o f  Est imated Costs f o r  Prepara t ions  f o r  
Passive Safe Storage 

Est imated Costs Percent  o f  
Cost Category ($  m i l l i o n s ) ( a , b )  To ta l  

Disposal  o f  Rad ioac t i ve  Mate- 
r i a l  s  (Rad ioac t i ve  Wastes) 

S t a f f  Labor 
Energy 

Speci a1 Tool s  and Equi pment 
M i  sce l  1  aneous Suppl i es 
S p e c i a l t y  Cont rac to rs  

Nuclear  Insurance 0.500 2.9 
L icense Fees 0.038 0.2 

Subto ta l  17.038 100.0 

Contingency (25%) 4.260 

To ta l  , Prepara t ions  f o r  Passive 
Safe Storage Costs 21 .298 

Other Poss ib le  Costs 

Spent Fuel Shipment 3.788 
Fuel Channel Disposal  0.617 

Subto ta l  4.405 

'contingency (25%) 1  . I 01  

T o t a l ,  Other Poss ib le  Costs 5.506 

(a)Costs  ad jus ted  t o  e a r l y  1978. 
(b)The number o f  s i g n i f i c a n t  f i g u r e s  shown i s  f o r  computat ional  completeness 

and does n o t  imp l y  accuracy t o  t h e  neares t  $1000. 



The c o s t  o f  c o n t i n u i n g  care  d u r i n g  pass ive sa fe  s to rage  i s  es t imated  t o  

be $75,000 pe r  yea r .  

The c o s t  o f  de fe r red  dismantlement f o l l o w i n g  pass ive sa fe  s to rage  f o r  

i n t e r v a l s  o f  10, 30, 50, and 100 years  a f t e r  f i n a l  r e a c t o r  shutdown i s  

es t imated  i n  cons tan t  1978 d o l l a r s  t o  be $36 m i l  1  ion ,  $36 m i l l  i on ,  $26 m i l  1  i o n  

and $26 m i l l  ion,  r e s p e c t i v e l y .  The l e s s e r  cos ts  a f t e r  t h e  l onge r  i n t e r v a l s  

a r e  t h e  r e s u l t  o f  hav ing l e s s  contaminated m a t e r i a l  f o r  packaging, shipment, 

and b u r i a l  due t o  decay o f  t h e  rad ionuc l i des .  

Entombing t h e  re fe rence  BWR v i a  scenar io  1  (removal and d isposa l  o f  

r e a c t o r  vessel  i n t e r n a l s )  i s  es t imated  t o  c o s t  $40.6 m i l l i o n .  The major  con- 

t r i b u t o r s  t o  t h e  t o t a l  c o s t  o f  entombment a r e  summarized i n  Table 2.10-3. 

The p r i n c i p a l  c o s t  i tern i s  s t a f f  l abo r ,  c o n t r i b u t i n g  a lmost  56% o f  t he  t o t a l  

f o r  scenar io  1.  Disposal  o f  r a d i o a c t i v e  m a t e r i a l s ,  energy, equipment, and 

supp l i es  c o n t r i b u t e  about 18, 12, 6, and 6%, r e s p e c t i v e l y ,  t o  t h e  t o t a l  cos t .  

TABLE 2.10-3. Summary o f  Est imated Costs Entombment 

-- Cost Category 

Disposal o f  Rad ioac t i ve  M a t e r i a l s  
Neutron-Act ivated M a t e r i a l s  
Contaminated M a t e r i a l s  
Rad ioac t i ve  Wastes 

To ta l  Disposal  Costs 

S t a f f  Labor 
Energy 
Specia l  Tools  and Equipment 

Miscel laneous Suppl ies 
S p e c i a l t y  Con t rac to rs  
Nuclear  Insurance 
L icense Fees 

Sub to ta l s  

Cont ingencies (25' ) 

To ta l s ,  Entombment Costs 

Entombment Scenar io  1  
Est imated Co t s  Percent o f  
( $  m i l l i o n s ) t a , b )  T o t a l  

Entombment Scenar io  2(') 
Est imated Co t s  Percent o f  
( $  m i l l i o n s ) ? *  To ta l  

Annual Cont inu ing Care Costs 0.040 0.040 

Other Poss ib le  Costs 

Spent Fuel Shipllient 3.788 
F a c i l i t y  Demo l i t i on  and S i t e  Res to ra t i on  8.059 
DeeD Geoloaica l  D i s ~ o s a l  o f  H i o h l v  A c t i v a t e d  

A .  

 ater rial; 0.495 0  
Fuel Channel Disposal  - 0.617 -- 0.617 

Sub to ta l s  

Cont ingencies (25;) 

To ta l s ,  Other  Poss ib le  Costs 

(a)Costs ad jus ted  t o  e a r l y  1978. 
(b)The number o f  s i g n i f i c a n t  f i g u r e s  shown i s  f o r  computat ional  completeness and does no t  imp ly  accuracy t o  t h e  

nearest  $1000. 
( c )Scenar io  2 w i l l  r e q u i r e  eventual  dismantlement. 



Entombment scenar io  2 ( reac to r  vessel i n t e r n a l  s  r e t a i n e d  wi t h i  n  t h e  entomb- 

ment s t r u c t u r e ) ,  which i s  r e a l l y  a  form of hardened sa fe  storage, i s  est imated 

t o  c o s t  $35 m i l l i o n .  

The c o s t  o f  con t i nu ing  care dur ing  entombment i s  est imated t o  be $40,000 

per  year  f o r  e i t h e r  scenar io  1  o r  scenar io  2. 

No d e t a i l e d  c o s t  est imates are  developed f o r  dismantlement o f  an entombed 

r e a c t o r  s i nce  under scenar io  1  t he  i n t e n t  i s  t o  leave t h e  s t r u c t u r e  i n t a c t  

u n t i  1  t h e  r a d i o a c t i v i t y  has decayed t o  re1  ease 1  eve1 s  . Dismantlement i s  

requ i red  under scenar io  2, and i t  i s  a n t i c i p a t e d  t h a t  the  cos ts  would be 

s i m i l a r  t o  t he  cos ts  o f  dismantlement f o l l o w i n g  passive sa fe  s torage.  

The t o t a l  c o s t  i n  constant  1978 d o l l a r s  f o r  each o f  the  decommissioning 

a1 t e r n a t i v e s  i s  summarized i n  Table 2.1 0-4. 

TABLE 2.10-4. To ta l  Est imated Costs f o r  Possi b l  e  Decommissioning A1 t e r n a t i  ves 

Immediate 
Dismantlement 

P repa ra t i ons  f o r  
Passive Safe  Storage 

Con t i nu ing  Care 

De fe r red  
Dismantlement 

T o t a l  Cost 

Entombment 
(Scenar io  1  ) 
(Scenar io  2 )  

Con t i nu ing  Care 

De fe r red  
Dismantlement ( d )  

T o t a l  Cost 
(Scenar io  1 )  
(Scenar io  2 )  

(a)Va lues i n c l u d e  a  25% cont ingency.  
(b)Va lues a r e  i n  cons tan t  1978 do1 l a r s .  
(c)These reduced va lues r e s u l t  f rom l e s s e r  amounts o f  contaminated m a t e r i a l s  f o r  b u r i a l  

i n  a  l i c e n s e d  d i sposa l  s i t e .  
(d )Order  o f  magni t ude  es t ima te ,  based on eng inee r i ng  judgement, a p p l i e s  o n l y  t o  

entombment scena r i o  2. 
( e ) I t  i s  assumed t h a t  t h e  entombed r a d i o a c t i v e  m a t e r i a l  decays t o  t h e  u n r e s t r i c t e d  

re lease  l e v e l  i n  100 years .  



2.11 OCCUPATIONAL AND PUBLIC SAFETY 

Rad io l og i ca l  and non rad io l og i ca l  s a f e t y  impacts f rom normal decommissioning 

ope ra t i ons  and f rom p o t e n t i a l  acc iden ts  a r e  i d e n t i f i e d  and eva lua ted  f o r  t he  

re fe rence  BWR f o r  t h e  immediate dismantlement, pass ive sa fe  s to rage  w i t h  

de fe r red  dismantlement, and entombment decommissioning a l t e r n a t i v e s .  The 
- s a f e t y  e v a l u a t i o n  i nc l udes  cons ide ra t i on  o f  r a d i a t i o n  dose t o  t h e  p u b l i c  f rom 

normal ope ra t i ons  and p o s t u l a t e d  acc iden ts  and f rom p o t e n t i a l  chemical p o l l u t a n t s .  

The s a f e t y  e v a l u a t i o n  u t i l i z e s  c u r r e n t  da ta  and methodology, a long  w i t h  engineer-  

i n g  judgment when necessary, t o  es t ima te  t h e  r e q u i r e d  i n p u t  i n f o r m a t i o n  and t h e  

r e s u l t i n g  s a f e t y  impacts.  The approach used t o  eva lua te  a l l  t h e  s a f e t y  aspects 

o f  a  p a r t i c u l a r  decommissioning a c t i v i t y  i s  be1 i eved  t o  be conserva t i ve .  

The r e s u l t s  o f  t h e  s a f e t y  e v a l u a t i o n  o f  normal decommissioning opera t ions  

a r e  summarized i n  Table 2.11-1. The p r i n c i p a l  r a d i a t i o n  dose t o  t he  p u b l i c  

r e s u l t s  f rom t h e  t r a n s p o r t  o f  r a d i o a c t i v e  m a t e r i a l s  f rom t h e  r e a c t o r  s t a t i o n  t o  

d isposa l  f a c i l i t i e s .  The es t imated  dose t o  t h e  p u b l i c  r e s u l t i n g  f rom decom- 

m iss ion ing  ope ra t i ons  i s  ext remely  smal l .  

TABLE 2.11 -1 . Summary o f  Sa fe ty  Ana l ys i s  f o r  Decomniissioni ng t h e  Reference BWR 

Type o f  Source o f  
S a f e t y  Concern Sa fe ty  Concern U n i t s  

P u b l i c  

R a d i a t i o n  Dose Decommissionin man-rem 
o p e r a t i o n s ( % )  

T r a n s p o r t a t i o n  man-renl 

Con t inu ing  Care man-ren~ 

Occupat ional  S a f e t y  

Ser ious Los t- t ime Decommissioning t o t a l  no. 
I n j u r i e s  Operat ions 

T r a n s p o r t a t i o n  t o t a l  no. 

Con t inu ing  Care t o t a l  no. 

F a t a l i t i e s  Decommiss ion i~~g  t o t a l  no 
Operat ions 

Immediate 
Dismantlement 

Entombment 
(Scenar io 1 )  (Scenar io 2 7  

Passive Safe Storaae w i t h  De fe r red  
Dismant l  ement A f t e r  

10 Years 30 Years 50 Years 100 Years ---- 

T r a n s p o r t a t i o n  t o t a l  no. 0.072 0.047 <0.047 0.087 0.087 0.087 0.087 

Cont inu ing  Care t o t a l  no. - - - - - -  0.00061 0.0018 0.0031 0.0061 

R a d i a t i o n  Dose Decommissioning man-rem 1  845 1  684 1  573 871 418 388 386 
Operat ions 

T r a n s p o r t a t i o n  man-renl 120 75 56 60 30 28 28 
Cont inu ing  Care man-rem - -  - - - -  1.3 6.5 10.0 10.0 

(a )Rad ia t ion  doses f rom p o s t u l a t e d  acc iden ts  a r e  n o t  inc luded .  
(b )50-y r  committed dose e q u i v a l e n t  t o  t h e  lung ,  f o r  t h e  t o t a l  p o p u l a t i o n  w i t h i n  an 80-km r a d i u s  o f  t h e  s i t e .  
( c )neg .  = n e g l i g i b l e .  R a d i a t i o n  doses t o  t h e  p u b l i c  f rom normal c o n t i n u i n g  care  a c t i v i t i e s  a re  n o t  analyzed 

i n  d e t a i l ,  b u t  a r e  expected t o  be s i g n i f i c a n t l y  sma l le r  than those f rom decommissioning opera t ions .  



Less t han  10 1 os t - t ime  i n j u r i e s  f rom i n d u s t r i a l  - type  acc iden ts  a r e  

p r e d i c t e d  t o  occur  d u r i n g  t he  decommissioning e f f o r t ,  w i t h  one a d d i t i o n a l  

i n j u r y  p r e d i c t e d  t o  r e s u l t  f rom t r a n s p o r t a t i o n  opera t ions .  E s s e n t i a l l y  no 

f a t a l i t i e s  a r e  p r e d i c t e d  t o  occur  as a r e s u l t  o f  decommissioning opera t ions ,  

i n c l u d i n g  t r a n s p o r t a t i o n .  

2.12 COMPARISON WITH OTHER STUDIES 

A rev iew  o f  f o u r  s t u d i e s  on decommissioning o f  BWR power s t a t i o n s  ( two 

from Germany, t h e  1976 AIF s tudy,  and a 1977 ana l ys i s  by t h e  Washington P u b l i c  

Power Supply System) shows t h a t  i t  i s  ext remely  d i f f i c u l t  t o  compare these 

s tud ies  because t h e  l e v e l  o f  d e t a i l  and t h e  bas i c  assumptions vary  markedly 

between them. The c o s t  est imates f o r  immediate dismant lement f rom these s tud ies  

range f rom $31 m i l l i o n  t o  $100 m i l  1 i o n  i n  1978 do1 l a r s ,  w i t h  t h e  two German 

s tud ies  e s t i n i a t i  ng t he  h i g h e s t  cos t s .  

FACILITATION OF DECOMMISSIONING 

A number o f  techniques f o r  f a c i l i t a t i n g  decommissioning a r e  presented 

and examined f o r  t h e i r  impact  on c o s t  and occupat iona l  r a d i a t i o n  dose du r i ng  

r e a c t o r  ope ra t i on  and maintenance, as w e l l  as du r i ng  immediate dismant lement.  

I t  i s  concluded t h a t  t he  techniques t h a t  a re  most b e n e f i c i a l  a r e  those t h a t  

reduce c o s t  and r a d i a t i o n  dose d u r i n g  opera t ions  and maintenance, s i n c e  many 

more o p p o r t u n i t i e s  f o r  reduc ing  c o s t  and dose occur over  t h e  ope ra t i ng  l i f e  

o f  t he  p l a n t  than  occur  d u r i n g  decommissioning. 

2.14 IMPACTS OF ALTERNATE STUDY BASES 

Analyses o f  t h e  s e n s i t i v i t y  of c o s t  and r a d i a t i o n  dose t o  such f a c t o r s  as 

p l a n t  s i z e ,  r a d i a t i o n  dose r a t e ,  d isposa l  - s i  t e  charges, e t c . ,  a r e  developed 

and presented. 

Sca l i ng  f a c t o r s  a r e  developed f o r  use i n  es t ima t i ng  cos ts  and occupat iona l  

r a d i a t i o n  dose f o r  decommissioning BWR power s t a t i o n s  whose s i zes  a r e  smal l e r  

than  t he  re fe rence  BWR. An o v e r a l l  s c a l i n g  f a c t o r  (OSF) i s  de r i ved  t h a t  i s  

a f u n c t i o n  o f  t h e  p l a n t  power r a t i n g  (PPR) i n  thermal megawatts: 



OSF = 0.324 + (2.035 x IO-~)PPR 

The p roduc t  o f  t h i s  s c a l i n g  f a c t o r  (eva lua ted  f o r  t h e  power r a t i n g  o f  t h e  

sma l l e r  p l a n t )  and t h e  c o s t  f o r  decommissioning t h e  re fe rence  BWR y i e l d s  

a reasonable es t ima te  o f  t h e  c o s t  f o r  decommissioning t h e  sma l l e r  p l a n t .  

If t h e  r a d i a t i o n  dose r a t e s  throughout  t h e  re fe rence  p l a n t  a r e  t h r e e  

t imes  g r e a t e r  than  assumed i n  t h i s  s tudy,  occupat iona l  r a d i a t i o n  doses a re  

es t imated  t o  more than double, and t he  c o s t  o f  immediate dismantlement and 

entombment, i f  accomplished i n  t h e  same manner as be fo re ,  i s  es t imated  t o  

inc rease  by over  $6 m i l l  i on .  A more ex tens i ve  chemical decontaminat ion pro-  

gram would min imize t h e  impact o f  h i ghe r  i n i t i a l  r a d i a t i o n  dose r a t e s  f rom 

p i  p i n g  and equipment . . 
The t o t a l  decommissioning c o s t  i s  n o t  ve ry  s e n s i t i v e  t o  d isposa l  r a t e s  

a t  a sha l low- land  b u r i a l  f a c i l i t y  o r  a t  a deep geo log ic  waste s to rage  f a c i l i t y .  

Doubl ing t h e  b u r i a l  ground charges i s  es t imated  t o  inc rease  t he  t o t a l  decom- 

m iss ion ing  c o s t  by l e s s  than  9%, and t r i p l i n g  t h e  deep geo log ic  d isposa l  charges 

i s  es t imated  t o  inc rease  t h e  t o t a l  decommissioning c o s t  by about 6%. 

The impact o f  t h e  d i f f e r e n t  containment s t r u c t u r e  designs (Mark I, 11, and 

111) on decommissioning cos t s  i s  es t imated  t o  be i n s i g n i f i c a n t .  

2.15 CONCLUSIONS AND RECOMMENDATIONS 

Decommissioning o f  a l a r g e  BWR power s t a t i o n  i s  t e c h n i c a l l y  f e a s i b l e  w i t h  

present-day technology. Fu r the r  development o f  spec ia l  equipment such as t h e  

plasma-arc t o r ch ,  t h e  a r c  saw, and s o p h i s t i c a t e d  remote-handl ing equipment 

cou ld  l e a d  t o  r educ t i ons  i n  bo th  c o s t  and occupat ional  r a d i a t i o n  exposure. 

E x i s t i n g  r e g u l a t i o n s  appear t o  cover decommissioning. However, some 

m o d i f i c a t i o n s  and/or a d d i t i o n s  t h a t  speak s p e c i f i c a l l y  t o  t he  requirements 

f o r  decommissioning would be h e l p f u l .  C e n t r a l i z a t i o n  o r  an index ing  o f  

r e g u l a t i o n s  t h a t  app ly  t o  decommissioning would a l s o  be h e l p f u l .  

The es t imated  occupat iona l  r a d i a t i o n  dose r e s u l t i n g  f rom decommissioning 

i s ,  a t  most, r ough l y  equ i va len t  t o  t h e  dose r e s u l t i n g  f rom about t h r e e  o r  f o u r  

t y p i c a l  r e f u e l i n g  and maintenance outages, and thus does n o t  appear t o  be 



p r o h i b i t i v e l y  l a r g e .  The #impact o f  decommissioning on t h e  s a f e t y  o f  t h e  p u b l i c  

i s  smal l ,  w i t h  no s i g n i f i c a n t  r i s k  t o  t h e  p u b l i c  i d e n t i f i e d .  

To p u t  t h e  va r i ous  decommissioning a1 t e r n a t i v e s  i n  perspec t i ve ,  i t  i s  

use fu l  t o  examine t h e  es t imated  cos t s  and occupat ional  r a d i a t i o n  doses assoc ia ted  - 

w i t h  ach iev ing  u n r e s t r i c t e d  re l ease  o f  t h e  f a c i l i t y  and t he  s i t e .  For  t h e  

sa fe  s to rage  and entombment a l t e r n a t i v e s ,  i t  i s  assumed t h a t  t h e  re l ease  takes 

p lace  about  100 years  a f t e r  f i n a l  r e a c t o r  shutdown, The es t imated  c o s t  and 

r a d i a t i o n  dose f o r  each a1 t e r n a t i v e  i s  g i ven  i n  Table 2.15-1. From t h e  t a b l e  

i t  i s  seen t h a t  immediate dismant lement cos t s  t h e  l e a s t  b u t  r e s u l t s  i n  t h e  

g r e a t e s t  r a d i a t i o n  dose. Passive sa fe  s to rage  w i t h  de fe r red  dismantlement 

has a  s i g n i f i c a n t l y  h i ghe r  c o s t  b u t  a  much reduced r a d i a t i o n  dose. N e i t h e r  o f  

t h e  entombment scenar ios  i s  a  s i g n i f i c a n t  improvement over  immediate d ismant le-  

ment. The c o s t  o f  hav ing  t h e  p rope r t y  unava i l ab le  f o r  u n r e s t r i c t e d  use f o r  

100 yea rs  i s  n o t  i n c l u d e d  i n  these comparisons, s i nce  t h e  complex i t y  o f  e s t i -  

mat ing t ha$  c o s t  i s  beyond t h e  scope o f  t h i s  s tudy.  

TABLE 2.15-1. Comparison o f  Costs and Rad ia t i on  Doses f o r  Decommissioning 
t h e  Reference BWR Via t h e  Various A l t e r n a t i v e s  

Decommissioning Cost Occupat ional  Rad 'a t ion  
A1 t e r n a t i  ve (mi 11 ions,  1978 do1 1  a r s )  Dose (man-rem) l a )  

Immedi a t e  43.6 
D i  sniantl ement 

Passive Safe 5 5 . 0 ( ~ " )  
Storage 

Entombment 
(Scenar io  1  ) 44 
(Scenar io  2 )  %59(byc)  

(a)Doses i n c l  ude decommissioning and t r a n s p o r t a t i o n  workers.  
(b )Cos t  i n c l u d e s  maintenance and su rve i  11 ance f o r  100 years .  
( c )Cos t  i nc l udes  dismantlement a f t e r  100 years.  
(d)No d i  smantl ement assumed. 

The acceptabi  1  i ty o f  d isposa l  o f  h i g h l y  a c t i v a t e d  and/or long-1 i v e d  r a d i o -  

a c t i v e  m a t e r i a l s  by b u r i a l  i n  a  sha l low- land  b u r i a l  f a c i l i t y  i s  under cons ider-  

a t i o n  by t h e  NRC and needs t o  be determined. I f  placement o f  these m a t e r i a l s  



i n  a  deep geologic  d isposal  f a c i l i t y  s i m i l a r  t o  t h a t  pos tu la ted  f o r  h igh- leve l  

r a d i o a c t i v e  wastes i s  requ i red  i n  t he  fu tu re ,  decommissioning cos ts  w i l l  be 

increased by about $1 m i l l i o n .  

I f  the  b u l k  o f  t he  nonact ivated, contaminated s t a i n l e s s  s tee l  and non- 

fe r rous  metals can be decontaminated t o  l e v e l s  s u f f i c i e n t l y  low t o  permi t  unre- 

s t r i  c ted  use, a d d i t i o n a l  savings can be r e a l  i zed. However, t he  appropr iate 

d e f i n i t i o n s  of t h e  amount o f  r a d i o a c t i v i t y  t h a t  would be permi t ted on such 

ma te r ia l  s  when re1  eased f o r  u n r e s t r i c t e d  use a re  n o t  p resent ly  avai 1  able. 

Cer ta in  types o f  data usefu l  t o  decommissioning analyses are  essen t i a l  l y  

nonex is ten t  a t  t h i s  t ime. Measurements on a c t i v a t e d  s t a i n l e s s  s t e e l  t h a t  has 

been i r r a d i a t e d  f o r  an extended pe r iod  o f  t ime (> I0  years)  t o  determine the  

growth o f  such long-1 i v e d  rad ionuc l  ides  as 59~i and 9 4 ~ b  would be valuable 

f o r  con f i rma t ion  o f  ca l cu la t i ons .  S i m i l a r l y ,  measurements o f  the  growth o f  

rad ionuc l ides  i n  i r r a d i a t e d  concrete would be h e l p f u l  i n  eva lua t ing  the  rad ia-  

t i o n  dose r a t e s  t h a t  might  be encountered from the  a c t i v a t e d  reac to r  sh ie ld .  

I n  p a r t i c u l a r ,  t h e  l e v e l s  o f  1 5 ' ~ u  and 1 5 4 ~ u  r e s u l t i n g  from t r a c e  amounts o f  

europium present i n  t he  concrete are  important  c o n t r i b u t o r s  t o  the  t o t a l  rad ia-  

t i o n  dose r a t e  f rom the  concrete. I n  add i t ion ,  s tud ies  t o  determine the  ac tua l  

l e v e l s  o f  r a d i o a c t i v i t y  on t h e  s o i l  surfaces surrounding opera t ing  reac to r  

f a c i l i t i e s  would he lp  t o  charac ter ize  i n  a  r e a l i s t i c  manner the  res idua l  rad io-  

a c t i v i t y  t h a t  might  be present  a f t e r  40 years o f  operat ion,  and would he lp  t o  

q u a n t i f y  the  decontamination e f f o r t  t h a t  might  be requ i red  t o  re lease the s i t e  

f o r  u n r e s t r i c t e d  use. Selected research programs i n  these areas a re  i n  progress, 

sponsored by the  NRC. 

Careful  a t t e n t i o n  du r ing  the  design and cons t ruc t i on  phase o f  a  reac to r  

p r o j e c t  t o  s i m p l i f y  t he  problems o f  eventual decommissioning would be e f f e c t i v e  

i n  reducing decommissioning costs and occupational r a d i a t i o n  exposure. 



CHAPTER 3  

STUDY APPROACH AND BASES 

This  chapter con ta ins  a  d e s c r i p t i o n  o f  t he  approach taken and the  major 

bases f o r  t h e  r e s u l t s  i n  t h i s  study. It should be recognized t h a t  the  study 

r e s u l t s  a re  s p e c i f i c  t o  t h i s  approach and t o  these major bases, and any a p p l i -  

c a t i o n  o f  d i f f e r e n t  approaches o r  bases could lead  t o  s i g n i f i c a n t l y  d i f f e r e n t  

r e s u l t s  . 

3.1 STUDY APPROACH 

The i n i t i a l  e f f o r t  i s  t o  develop a  p l a n  w i t h  which t o  accomplish the  

o b j e c t i v e  o f  t h i s  study, which i s  t o  p rov ide  an ana l ys i s  of t he  technology, 

s a f e t y  and costs o f  decommissioning a  re fe rence BWR power s t a t i o n  a t  the  end 

o f  i t s  opera t ing  1  i f e .  The p l a n  i s  developed by a  team o f  key personnel 

w i t h  expe r t i se  i n  t h e  pr imary areas o f  i n t e r e s t  i n  t h e  study. The areas of 

expe r t i se  i nc lude  nuclear  r e a c t o r  s t a t i o n  design and operat ion,  decommissioning 

techniques, chemical decontamination, r a d i o l o g i c a l  and chemical t o x i c a n t  regu la-  

t i o n s ,  r a d i o l o g i c a l  and i n d u s t r i a l  s a f e t y  analyses, hea l t h  physics, and cos t -  

b e n e f i t  es t ima t i ng  and analyses. The study i s  then c a r r i e d  o u t  by t he  same 

s t a f f  o r  by s t a f f  w i t h  s i m i l a r  backgrounds. 

The f i r s t  s tep  i n  conduct ing t h e  study i s  t o  s e l e c t  the  reference 

f a c i l i t y  and t o  cha rac te r i ze  i t  i n  s u f f i c i e n t  depth t o  perform an engineer ing 

and s a f e t y  ana l ys i s  o f  i t s  decommissioning. An e x i s t i n g  p l a n t  i s  se lec ted  

as the  reference f o r  t h i s  ana lys is .  The re fe rence f a c i l i t y  i s  p laced on a  

gener ic  s i t e ,  which i s  a l s o  being used i n  s i m i l a r  and r e l a t e d  s tud ies  o f  

o t h e r  f u e l  c y c l e  f a c i l i t i e s .  A d e t a i l e d  d e s c r i p t i o n  o f  the  se lec ted  f a c i l i t y  

i s  compiled, i n c l u d i n g  i n fo rma t i on  on p l a n t  equipment and ma te r i a l  s izes ,  

volumes and weights.  Predecommissioning cond i t ions  f o r  t h e  p l a n t  and s i t e  

a re  def ined,  i n c l u d i n g  res idua l  rad ionuc l  i d e  i nven to r i es  , r a d i a t i o n  dose ra tes ,  

and r a d i o a c t i v e  contaminat ion 1  eve1 s  . 
The f e a s i b l e  decommissioning modes ( i  .e., dismantlement, var ious forms 

o f  sa fe  storage, and entombment) and t h e i r  s i t e- use  1  i m i t a t i o n s  f o l  lowing 



decommissioning ( i  .e., r e s t r i c t e d  use and u n r e s t r i c t e d  use) are  i d e n t i f i e d .  

Related regu la to ry  guidance i s  reviewed, sumnarized, and used as an a i d  and 

basis i n  t h e  study. 

Methods f o r  nuclear  f a c i  1 i t y  decommissioning are determined. The methods 

s p e c i f i e d  i n  t h i s  study are  selected on the  basis o f  engineering judgement, 

wh i l e  main ta in ing  a balance o f  sa fe ty  and cost .  For each o f  t he  se lec ted 

decommi ss ion i  ng modes, tasks and task schedules are developed t o  conceptual l y  

decommission the  reference f a c i l i t y  by us ing the  methods spec i f ied .  

Safety analyses a re  performed f o r  each o f  t h e  selected decommissioning 

modes. These analyses inc lude r a d i o l o g i c a l  and chemical exposures t o  the  

workers and the  pub1 i c  from normal decomni ss ion i  ng operat ions and from 

p o t e n t i a l  accidents. Nonradio logical  i n d u s t r i a l  accidents t o  workers are 

a l so  estimated. The sa fe ty  analyses use es tab l ished data and methodology 

t o  est imate t h e  re lease mechanisms, d ispers ion,  and pathways and exposure 

modes o f  t he  released mater ia ls .  

Costs of decommissioning are est imated f o r  labor ,  mater ia ls ,  equipment, 

packaging, t ranspor ta t i on ,  disposal , and, where appl icable,  cont inu ing care. 

The es t imat ion  data used i n  t h i s  study a re  i d e n t i c a l ,  i n s o f a r  as possib le,  

t o  those used i n  a. previous pressur ized water reac to r  decommissioning study. (1 1 
This provides a basis f o r  comparison o f  t h e  two studies.  

A l te rna t i ves  f o r  f i nanc ing  decommissioning are  examined and compared using 

the  costs from t h i s  study. 

The pr imary emphasis and f i r s t  t h r u s t  o f  t h i s  study i s  on the  immediate 

dismantlement mode o f  decormissioning; the  safe-storage and entombment analyses 

are, i n  nature, outgrowths o f  t he  dismantlement analys is ,  i n  t h a t  they r e l y  

l a r g e l y  on data generated f o r  dismantlement. For dismantlement, once the  

reference f a c i l  i t y  i s  def ined i n  s u f f i c i e n t  d e t a i l  ( i n c l u d i n g  the  r a d i a t i o n  

dose ra tes  and radionucl  i d e  i nven to r ies  a t  f i n a l  shutdown) and the  rad ioac t i ve -  

ma te r ia l  packaging and disposal requirements are  defined, the  ana lys is  proceeds 

i n  t h e  f o l l o w i n g  general manner: 

1 . Define t h e  decontamination, packaging , and sec t ion ing requirements f o r  each 

piece o f  contaminated equipment o r  mater i  a1 . 



2. Determine t h e  amenabde method and r e s u l t a n t  t ime  o f  sec t i on ing .  

3. Spec i f y  t h e  s t a f f  r e q u i r e d  t o  per fo rm t h e  tasks.  

4. Determine t h e  schedule and sequence o f  t h e  tasks.  

5. Ca lcu la te  t h e  r e s u l t a n t  cos t s  and assess t h e  s a f e t y  o f  t h e  tasks.  

Fol  l ow ing  comple t ion  o f  t h e  dismantlement ana l ys i s ,  t h e  analyses f o r  t h e  o t h e r  

two decommissioning modes a r e  undertaken. 

3.2 STUDY BASES 

The s tudy  i s  in tended t o  p rov ide  decommissioning i n f o r m a t i o n  use fu l  t o  

r e g u l a t o r s ,  des igners,  and ope ra to r s  o f  BWRs. The 's tudy  bases a re  e s t a b l i s h e d  

f o r  a l l  aspects o f  t h e  s t u l y - t o - e r t s u r e i k t t t  t h e  s t u d y  o b j e c t i v e  i s  achieved. 

The s tudy  bases have major  impacts on t h e  issues o f  decommissioning sa fe t y ,  

cos t ,  and t ime.  Many aspects o f  decommissioning may change, depending on 

each s p e c i f i c  f a c i l i t y  design, shutdown cond i t i ons ,  and r e s i d u a l  con tamina t ion  

l e v e l s .  The bases used i n  t h i s  s tudy  must t h e r e f o r e  be c a r e f u l l y  examined 

be fo re  t h e  r e s u l t s  can be a p p l i e d  t o  a  d i f f e r e n t  f a c i l i t y .  These s tudy  

bases a re :  

1. The s tudy  must y i e l d  r e a l i s t i c  and up- to- date r e s u l t s .  Th i s  p r imary  

bas i s  i s  a  r e q u i s i t e  t o  meet ing t h e  o b j e c t i v e s  o f  t h e  study, and pro-  

v ides  t h e  foundat ion  f o r  most o f  t h e  o t h e r  bases. 

2. The s tudy  i s  conducted w i t h i n  t h e  framework o f  t h e  e x i s t i n g  

r e g u l a t i o n s  and r e g u l a t o r y  guidance. No assumptions a r e  made rega rd ing  

what f u t u r e  r e g u l a t o r y  requi rements o r  guidance migh t  be. It i s  recog- 

n i z e d  t h a t  f u t u r e  r e g u l a t o r y  cons ide ra t i ons  cou ld  have s i g n i f i c a n t  impacts 

on t h e  r e s u l t s  o f  t h i s  study. 

3. The s tudy  eva lua tes  an e x i s t i n g  s i n g l e - r e a c t o r  f a c i l i t y .  Th i s  i s  r e q u i r e d  

t o  meet t h e  s tudy  o b j e c t i v e s  and t h e  p r imary  bas i s  s t a t e d  e a r l i e r .  The 

f a c i l i t y  se lec ted  as t h e  re fe rence  f o r  s tudy,  t h e  WPPSS Nuclear P r o j e c t  

No. 2, s a t i s f i e s  t h i s  c o n d i t i o n ,  s i nce  i t  i s  a  s i n g l e - r e a c t o r  power 

s t a t i o n  and i s  b a s i c a l l y  t y p i c a l  o f  t h e  c u r r e n t  genera t ion  o f  BWR s t a t i o n s .  

(Decommissioning a  mu1 t i p l e - r e a c t o r  s i t e  may be q u i t e  d i f f e r e n t .  ) 



The p l a n t  operates f o r  30 e f f e c t i v e  fu l l - power  years. 

The est imated r a d i a t i o n  dose ra tes  throughout t he  s t a t i o n  are  based on 

measured data from opera t ing  r e a c t o r  s ta t i ons .  These data a re  measured 

du r ing  r e f u e l i n g  and/or maintenance outages. 

Current and proven decommissioning technology and techniques are  used. 

Where developmental techniques a re  c a l l e d  f o r  i n  t h i s  study, they a re  

i n  an advanced s t a t e  o f  development and are  be l ieved t o  be ready f o r  

the  s p e c i f i c  a p p l i c a t i o n .  

The f i n a n c i n g  f o r  decommissioning a c t i v i t i e s  i s  a v a i l a b l e  as necessary 

t o  complete the  planned a c t i v i t i e s  w i thou t  f i s c a l  cons t ra in t .  Various 

funding op t i ons  a re  ava i l ab le ,  b u t  the  appropr ia te  method should be 

chosen p r i o r  t o  p l a n t  opera t ion  t o  permi t  the a c q u i s i t i o n  o f  s u f f i c i e n t  

funds before  o r  du r ing  decommissioning . 
A nuclear  waste d isposal  f a c i l i t y  i s  i n  operat ion.  The ex is tence o f  an 

operable d isposal  f a c i l i t y  i s  r e q u i s i t e  t o  most decomniissioning modes. 

For decommissioning a c t i v i t i e s  immediately f o l l o w i n g  p l a n t  shutdown, 

t he  s t a f f  i s  drawn l a r g e l y  from the  opera t ing  personnel o f  t he  s t a t i o n ,  

who a re  very  f a m i l i a r  w i t h  the  f a c i l i t y  and i t s  systems. 

A1 1 ma te r ia l s  whose r a d i o a c t i v i t y  exceed u n r e s t r i c t e d  re1 ease l e v e l s  a re  

removed from the  s i t e  before the  s i t e  i s  released f o r  u n r e s t r i c t e d  use. 

The performance o f  decommissioning a c t i v i t i e s  i s  re1 a t i v e l y  t roub le- f ree .  

No schedul ing o r  cos t  allowances a re  made f o r  unforeseen events t h a t  

might  impede the  conduct o f  the  work, o the r  than f o r  t he  unavoidable 

i n e f f i c i e n c i e s  associated w i t h  r a d i a t i o n  work. This  assumption may 

l ead  t o  o p t i m i s t i c  r e s u l t s ,  b u t  i s  be l ieved t o  be achievable 

w i t h  good p lann ing  and preparat ion.  

Decommissioning r a d i a t i o n  p r o t e c t i o n  phi losophies and.techniques 

conform t o  t h e  p r i n c i p l e  o f  keeping occupational r a d i a t i o n  doses 

As Low As i s Reasonably Achievabl e (ALARA) . - -  - - - 

Costs a r e  i n  1978 do1 l a r s .  



From these major study bases, more specific bases and assumptions are derived 
for  specific study areas. These specific bases and assumptions are presented 
in the i r  respective report sections. 

Some plausible alternatives to  these major study bases are also analyzed 
for  the i r  impacts on decommissioning costs and radiation doses. The f ive 
"a1 ternative study bases" analyzed are:  1 ) different  BWR plant s izes ,  

2 )  increased radiation dose rates ,  3 )  different  contractual arrangements, 
4 )  increased nuclear waste disposal charges, and 5) different  BWR containment 
designs . 
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CHAPTER 4 

DECOMMISSIONING: ALTERNATIVES, CONSIDERATIONS 

AND EXPERIENCE 

Once a nuc lear  r e a c t o r  reaches the  end o f  i t s  use fu l  l i f e ,  i t  must be 

decommissioned ( i  .e., r e t i r e d  f rom se rv i ce  i n  a c o n d i t i o n  such t h a t  r i s k  t o  t he  

p u b l i c  i s  w i t h i n  acceptable bounds). A number o f  cond i t i ons  s a t i s f y  t he  requ i re-  

ments o f  decommissioning. These cond i t i ons  range f rom minimal cleanup and 

subsequent phys ica l  s e c u r i t y  under appropr ia te  l i c e n s i n g  r e s t r i c t i o n s ,  t o  com- 

p l e t e  cleanup and removal o f  a l l  r a d i o a c t i v i t y  and re lease o f  t h e  p l a n t  from 

a l l  l i c e n s i n g  r e s t r i c t i o n s .  This  chapter  deals w i t h  t he  a l t e r n a t i v e s  and t h e  

cons idera t ions  f o r  decommissioning, as we1 1 as w i t h  t h e  experience f rom pas t  

decommissionings. 

4.1 ALTERNATIVES FOR DECOMMISSIONING 

Three a l t e r n a t i v e s  can be used f o r  decomniissioning r e a c t o r  f a c i l i t i e s :  

dismantlement, sa fe  storage, and entombment. Dismantlement, e i t h e r  immediate 

o r  a f t e r  an extended sa fe  s torage per iod,  permi ts  t e rm ina t i on  o f  t he  owner's 

f a c i l i t y  opera t ing  l i cense ,  w h i l e  sa fe  s torage and entombment r e q u i r e  the  

cont inuance o f  an amended vers ion  o f  t he  l i c e n s e  and are  n o t  necessar i l y  com- 

p l  e t e  modes. (The amended opera t ing  1 icense, a1 1 owi ng the  1 i censee t o  possess 

b u t  n o t  operate t he  f a c i l i t y ,  i s  termed a "possession-only" 1 icense. ) A 

summary o f  t h e  c h a r a c t e r i s t i c s  o f  each o f  these a l t e r n a t i v e s  i s  presented i n  

Table 4.1-1. Each o f  these a l t e r n a t i v e s ,  as app l i ed  t o  t he  reference BWR, i s  

de f ined  and discussed i n  t h i s  sec t ion .  

4.1 .1 Dismantlement 

Dismantlement i s  t he  removal f rom the  s i t e  o f  a l l  ma te r i a l s  having 

r a d i o a c t i v i t y  l e v e l s  g rea te r  than pe rm i t t ed  f o r  u n r e s t r i c t e d  use o f  t he  prop- 

e r t y .  Therefore, under present  r e g u l a t o r y  requirements, dismantlement i s  t he  

o n l y  decommissioning a l t e r n a t i v e  t h a t  a l lows te rm ina t i on  o f  the  f a c i l i t y  opera- 

t i n g  1 icense i n  a f i n i t e  t ime per iod.  Demol i t ion and removal o f  t he  s t r u c t u r e  

f o l l o w i n g  dismantlement i s  a t  t h e  o p t i o n  o f  t h e  owner and l o c a l  government 

agencies ( n o t  t he  NRC). Dismantlement o f  the  re fe rence BWR requ i res  removal 



TABLE 4.1-1. Cha rac te r i s t i cs  o f  t h e  Various Deconimissioning 
A1 t e r n a t i  ves 

A1 t e r n a  ti ve F a c i l i t y  S ta tus  

Dismantlement P l a n t  Equipment - removed i f  r a d i o a c t i v e  
Con t inu inq  Care S t a f f  - none 
S e c u r i t y  - none 
Envi ronmenta l  M o n i t o r i n g  - none 
R a d i o a c t i v i t y  - removed 
S u r v e i l l a n c e  - none 
S t r u c t u r e s  - removal o p t i o n a l  
F a c i l i t y  Opera t ing  L icense - t e r m i n a t e d  

Safe Storage 

Custodi  a1 P l a n t  Equipment - some o p e r a t i n g  
Cont inu ing  Care S t a f f  - some r e q u i r e d  
S e c u r i t y  - con t inuous  
Envi ronmenta l  M o n i t o r i n g  - con t inuous  
R a d i o a c t i v i t y  - c o n f i n e d  
Surve i  1  l a n c e  - con t inuous  
S t r u c t u r e s  - i n t a c t  
F a c i l i t y  Opera t ing  L icense - amended 

v e r s i o n  ( " possess ion- on ly" )  ma in ta ined  

Passive 

Hardened 

P l a n t  Equipment - none o p e r a t i n g  
C o n t i n u i n g  Care S t a f f  - r o u t i n e  

p e r i o d i c  i n s p e c t i o n s  
S e c u r i t y  - remote a1 arms 
Envi ronmenta l  M o n i t o r i n g  - r o u t i n e  

p e r i o d i c  
R a d i o a c t i v i t y  - imnobi l ized/somet imes 

sea led  
S u r v e i l l a n c e  - p e r i o d i c  
S t r u c t u r e s  - i n t a c t  
Fracil i t y  Opera t ing  L icense - amended 

v e r s i o n  ("possession- only"  ) ma in ta ined  

P l a n t  Equipment - none o p e r a t i n g  
Cont inu ing  Care S t a f f  - none on s i t e  
S e c u r i t y  - temporary hardened b a r r i e r s ;  

fenc ing  and pos t ing ;  remote a larms 
Environmental M o n i t o r i n g  - i n f r e q u e n t  
R a d i o a c t i v i t y  - sea led  i n  hardened 

s t r u c t u r e s  
S u r v e i l l a n c e  - i n f r e q u e n t  
S t r u c t u r e s  - p a r t i a l  removal o p t i o n a l  
F a c i l i t y  Opera t ing  L icense - amended 

v e r s i o n  ( " possess ion- on ly" )  ma in ta ined  

Entombment P l a n t  Equipment - none o p e r a t i n g  
Cont inu ing  Care S t a f f  - none on s i t e  
S e c u r i t y  - hardened b a r r i e r ;  f e n c i n g  

and p o s t i n g  
Envi ronmenta l  M o n i t o r i n g  - i n f r e q u e n t  
R a d i o a c t i v i t y  - sea led  i n  mono1 i t h i c  

s t r u c t u r e  
S u r v e i l l a n c e  - i n f r e q u e n t  
S t r u c t u r e s  - p a r t i a l  removal o p t i o n a l  
F a c i l i t y  Opera t ing  L icense - amended 

v e r s i o n  ( " possess ion- on ly" )  ma in ta ined  

Pl a n t / S i  t e  Use 

P l a n t  - U n r e s t r i c t e d  
S i t e  - U n r e s t r i c t e d  

P l a n t  - R e s t r i c t e d  
S i t e  - R e s t r i c t e d  

P l a n t  - R e s t r i c t e d ,  
S i t e  - R e s t r i c t e d ,  

some u n r e s t r i c t e d  
(a) 

P l a n t  - R e s t r i c t e d ,  
some u n r e s t r i c t e d ( a )  

S i t e  - R e s t r i c t e d ,  
some u n r e s t r i c t e d ( a )  

P l a n t  - R e s t r i c t e d ,  
some u n r e s t r i c t e d  ( a )  

S i t e  - R e s t r i c t e d ,  
some u n r e s t r i c t e d  ( a )  

( a ) I m p l i e s  a  r e l e a s e  o f  parit o f  t h e  s i t e  o r  t h e  f a c i l i t y  f o r  u n r e s t r i c t e d  use, w h i l e  main- 
t a i n i n g  c o n t r o l  o f  t h e  l i c e n s e d  p o r t i o n  t h a t  c o n t a i n s  r a d i o a c t i v e  m a t e r i a l s  above 
r e 1  easabl e  1 eve1 s  . 



of a l l  equipment, s t ruc tures ,  and s i t e  materials t ha t  a re  radioactively a c t i -  

vated o r  contaminated t o  l eve l s  greater  than acceptable residual contamination 

1 eve1 s . 
Dismantlement can occur immediately fol  lowing f ina l  reactor shutdown, or  

i t  can be deferred t o  a l a t e r  date in  order to  a1 low some decay of radioact ivi ty .  

The l a t t e r  a l t e rna t ive  requires a period of continuing care pr ior  to  dismantle- 

ment. 

Immediate dismantlement meets the requirements f o r  termination of the 

f a c i l i t y  operating l icense  and renders the BWR f a c i l i t y  and s i t e  available fo r  

unres t r ic ted use within a f i n i t e  period of time following f ina l  reactor shut- 

down. In t h i s  decommissioning mode, large  commitments of money ( i n  a re la t ive ly  

shor t  time frame), personnel radiat ion exposure, and disposal s i t e  space a re  

made i n  exchange fo r  prompt ava i l ab i l i t y  of the f a c i l i t y  and s i t e  f o r  other 

purposes. Additional considerations include the elimination of continuing 

secur i ty ,  maintenance, and surveil  1 ance requirements ( i .  e . ,  continuing care 

fo r  safe  storage o r  entombment), and the ava i l ab i l i t y  of the f a c i l i t y  opera- 

t ions  s t a f f  to  form a decommissioning work force t ha t  i s  highly knowledgeable 

about the  f a c i l i t y .  

Deferred dismantlement includes whatever actions are  required a t  the end 

of a period of continuing care t o  terminate the l i censee ' s  possession-only 

l icense  and to  re lease  the property fo r  unrestr icted use. Some disassembly 

and disposal of activated components a re  s t i l l  required, b u t  the personnel 

radiat ion exposure and the disposal- s i te  space requirements a re  potent ia l ly  

great ly  diminished. Deferred dismantlement cannot, however, rely on the 

f a c i l i t y  operations s t a f f  f o r  personnel famil iar  w i t h  the f a c i l i t y .  Deferred 
dismantlement corresponds t o  "Stage 3 Decommissioning" in Internattonal Atomic 

Energy Agency l i t e r a t u r e .  ( 2 )  

4.1.2 Safe Storage 

Safe storage comprises those a c t i v i t i e s  required to  prepare and maintain 

the reference BWR property i n  a condition t ha t  places the r i sk  to  the public 

within acceptable bounds and safely s to res  the property fo r  as long as 

desired t o  allow decay of some of the onsi te  radioact iv i ty .  Safe storage 



cons is ts  o f  a  pe r iod  o f  f a c i l i t y  and s i t e  preparat ion,  fo l lowed by a  pe r iod  o f  

con t i nu ing  care t h a t  encompasses secu r i t y ,  surve i l lance,  and maintenance. 

Since ma te r ia l s  having r a d i o a c t i v i t y  1  eve1 s  above u n r e s t r i c t e d  re1 ease l e v e l s  

a re  s t i l l  ons i t e ,  t he  possession-only l i c e n s e  remains i n  f o rce  throughout the  

safe storage per iod.  

Three ca tegor ies  o f  sa fe  storage are  possib le:  

8 Custodial  sa fe  storage - minimum cleanup and decontamination i s  made and 

prevent ive  maintenance on l i f e  support and p r o t e c t i o n  systems i s  performed 

t o  prepare the  f a c i l i t y .  The cont inu ing  care pe r iod  requ i res  f u l l - t i m e ,  

ons i te ,  s u r v e i l l a n c e  crews t o  main ta in  the  s t r u c t u r e  and opera t ing  equip- 

ment and the  s e c u r i t y  o f  the  proper ty .  Custodial  sa fe  storage i s  s i m i l a r  

t o  "Stage 1  Decommissioning" i n  Reference 2 and t o  the "layaway" mode 

def ined i n  a  prev ious NRC decommissioning study. ( 3  

8 Passive sa fe  storage - comprehensive cleanup and decontamination s u f f i c i e n t  

t o  a l l o w  shutdown o f  a l l  p l a n t  systems and i n s t a l l a t i o n  o f  s t rong s e c u r i t y  

b a r r i e r s  and remotely monitored e l e c t r o n i c  su rve i l l ance  systems c o n s t i t u t e  

the  f a c i l i t y  preparat ions.  The con t i nu ing  care requirements i nc lude  niainte- 

nance of s t r u c t u r a l  i n t e g r i t y  and prevent ion  o f  i n t r u s i o n  i n t o  the  f a c i l i t y .  

Passive safe storage i s  c a l l e d  "mothbal l ing"  i n  Reference 1  and " p r o t e c t i v e  

storage" i n  Reference 3. 

Hardened sa fe  storage - f a c i l i t y  preparat ions i nc lude  the  comprehensive 

cleanup and decontamination o f  the  f a c i l i t y  i n  order  t o  shut  down a l l  

p l a n t  systems, t he  cons t ruc t i on  o f  temporary hardened b a r r i e r s  around 

areas con ta in ing  s i g n i f i c a n t  q u a n t i t i e s  o f  res idua l  r a d i o a c t i v i t y ,  and 

the  i n s t a l l a t i o n  o f  remotely monitored e l e c t r o n i c  su rve i l l ance  systems. 

The requirements dur ing  the cont inu ing  care per iod  inc lude maintenance 

o f  the  b a r r i e r s  and prevent ion o f  a c t i v i t i e s  designed t o  penetrate the  

b a r r i e r s .  Hardened safe storage i s  comparable t o  "Stage 2 Decommissioning" 

i n  Reference 2. 

A l l  ca tegor ies  of sa fe  storage a re  open-ended, and some p o s i t i v e  a c t i o n  

i s  requ i red  a t  t he  conclus ion o f  the  pe r iod  o f  cont inu ing  care t o  re lease 

the  proper ty  f o r  u n r e s t r i c t e d  use and terminate the  possession-only 1  icense. 



Depending on t h e  f a c i l i t s  and i t s  opera t ing  h i s t o r y ,  t he  necessary a c t i o n  

can range f rom a  r a d i a t i o n  survey ( t o  show t h a t  r a d i o a c t i v i t y  has decayed t o  

acceptable l e v e l s )  t o  dismantlement and removal o f  res idua l  r a d i o a c t i v e  mate- 

r i a l  s. These 1  a t t e r  act ions,  whatever t h e i r  scale, c o n s t i t u t e  de fer red  

dismantlement. 

Safe storage s a t i s f i e s  the  requirements f o r  p r o t e c t i o n  o f  the  p u b l i c  

w h i l e  minimizing, i n  var ious degrees, t he  i n i t i a l  commi tments o f  t ime, money, 

occupational r a d i a t i o n  exposure, and waste d isposal  space. This advantage 

i s  o f f s e t  somewhat by the  need t o  main ta in  the  possession-only l i c e n s e  and by 

the  associated r e s t r i c t i o n s  placed on the  use o f  t he  proper ty .  This  approach 

requ i res  cont inu ing  phys ica l  s e c u r i t y  and su rve i l l ance  o f  s t r u c t u r a l  i n t e g r i t y  

s u f f i c i e n t  t o  ensure p u b l i c  p ro tec t ion .  

The commitments t h a t  determine the  k i n d  o f  p repara t ion  and the  k i n d  and 

l e n g t h  o f  ,the cont inu ing  care per iod  vary  a t  t he  choice o f  the  f a c i l i t y  owner 

( w i t h  approval o f  the  NRC), and i n v o l v e  considerat ions o f  r a d i a t i o n  dose and 

economic t rade- of fs .  The dec i s ion  t o  chemical ly  decontaminate the  contaminated 

p i p i n g  systems dur ing  the  preparatory pe r iod  depends l a r g e l y  on the  cos t  and 

a n t i c i p a t e d  l eng th  o f  the  con t i nu ing  care per iod.  Since the  p r i n c i p a l  cause o f  

h igh  r a d i a t i o n  dose r a t e s  i n  a  BWR du r ing  and s h o r t l y  a f t e r  reac to r  opera t ion  

i s  6 0 ~ o ,  a  chemical decontamination t h a t  achi eves a  f i nal r a d i o a c t i v i  ty 1  evel 

o f  one- tenth the  o r i g i n a l  1  evel (decontamination f a c t o r  o f  10) i s  equ iva len t  

t o  a  con t i nu ing  care (decay) per iod  o f  approximately 17.5 years. S i m i l a r l y ,  

a  50-year pe r iod  o f  con t i nu ing  care makes poss ib le  a  l a r g e  reduct ion  i n  person- 

nel  exposure and a  s i g n i f i c a n t  decrease i n  the  need f o r  remote o r  sh ie lded 

operat ions w h i l e  making the  proper ty  a v a i l a b l e  f o r  u n r e s t r i c t e d  use. I n  addi-  

t i o n ,  much of t he  r a d i o a c t i v e  contaminat ion i n  the  f a c i l i t y  w i l l  decay t o  

re1  easable 1  eve1 s  du r ing  a  1  engthy ( > l  - 1 O-year) con t i nu ing  care period, thus 

g r e a t l y  reducing the  volume o f  ma te r i a l  r e q u i r i n g  d isposal  and p e r m i t t i n g  

recyc le  of va luab le  ma te r i a l  s  back i n t o  commercial channels. 

To te rminate  the  possession-only l i cense,  even a f t e r  a  con t i nu ing  care 

pe r iod  o f  more than 100 years, a l l  o r i g i n a l l y  contaminated systems may r e q u i r e  

d ismant l ing  t o  demonstrate t h e i r  r e l e a s a b i l  i ty .  I n  add i t ion ,  i t  i s  a n t i c i p a t e d  



t h a t  t h e  r e a c t o r  vessel  i n t e r n a l s  w i l l  have t o  be removed, packaged and t r ans-  

po r ted  t o  a  r e g u l a t e d  d isposa l  s i t e  because o f  59~i and 9 4 ~ b .  

4.1 . 3  Entombment 

Entombment i s  t h e  encasement o f  nonre leasable r a d i o a c t i v e  m a t e r i a l s  i n  

a  m o n o l i t h i c  s t r u c t u r e  o f  concre te  o r  o t h e r  s t r u c t u r a l  m a t e r i a l .  The s t r u c t u r e  

should be s u f f i c i e n t l y  s t r o n g  and l o n g - l i v e d  t o  ensure r e t e n t i o n  o f  t h e  r a d i o -  

a c t i v i t y  u n t i l  i t  has decayed t o  l e v e l s  t h a t  pe rm i t  u n r e s t r i c t e d  re l ease  o f  

t h e  s i t e .  Depending on t h e  approach taken, t he  entombment p e r i o d  can range f rom 

about 100 years  t o  many thousands o f  years .  

Entombment i s  s i m i l a r  i n  na tu re  t o  sa fe  s to rage  i n  t h a t  i t  a l s o  c o n s i s t s  

o f  a  p e r i o d  o f  f a c i l i t y  and s i t e  p repa ra t i on ,  f o l l o w e d  by a  p e r i o d  o f  c o n t i n -  

u i n g  care  t h a t  i n c l  udes s e c u r i t y  , s u r v e i  11 ance, and maintenance a c t i v i t i e s .  

Entombment a l s o  r e q u i r e s  a  possession-only l i c e n s e  t o  remain i n  f o r ce .  The 

f a c i l i t y  and s i t e  p repa ra t i ons  i n c l u d e  comprehensive cleanup and decontaminat ion 

o u t s i d e  o f  and conf inement o f  nonre leasable m a t e r i a l s  w i t h i n  t h e  m o n o l i t h i c  

s t r u c t u r e .  Cont inu ing  care  a c t i v i t i e s  a r e  min imal .  

Two approaches t o  entombment a r e  poss ib l e :  1 )  t he  r e a c t o r  vessel  

i n t e r n a l s ,  which hav'e ext remely  l o n g- l i v e d  r a d i o a c t i v i t y ,  a r e  removed and 

shipped t o  a  nuc lea r  waste depos i to ry ,  and 2)  t h e  r e a c t o r  vessel  i n t e r n a l s  a r e  

l e f t  i n  p lace .  I n  each case, as much o f  t h e  r a d i o a c t i v e  equipment o u t s i d e  

Pr imary Containment as p o s s i b l e  i s  conso l i da ted  and entombed w i t h i n .  I n  t h e  

f i r s t  case, because o f  t h e  r e l a t i v e l y  s h o r t  h a l f - l i v e s  o f  t h e  entombed r a d i o -  

a c t i v i t y ,  i t  may be poss ib le ,  w i t h o u t  d i sman t l i ng  t h e  s t r u c t u r e ,  t o  t e rm ina te  

t h e  possess ion- only  l i c e n s e  and re l ease  t h e  entombment s t r u c t u r e  f o r  unre-  

s t r i c t e d  use a f t e r  a  c o n t i n u i n g  care  p e r i o d  o f  about 110 years.  (However, 

p resen t  r e g u l a t i o n s  and r e g u l a t o r y  guidance do n o t  a l l o w  such a c t i o n  w i t h o u t  

a  comprehensive survey t o  e s t a b l i s h  t h a t  r a d i o a c t i v e  contaminat ion i s  w i t h i n  

acceptable re l ease  1  i m i  t s .  ) I n  t h e  second case, e x i s t i n g  r e g u l a t i o n s  r e q u i r e  

t h e  possession-only 1  i cense  t o  remain i n  f o r c e  f o r  an i n d e f i n i t e  p e r i o d  o f  

c o n t i n u i n g  care, un less  t h e  r e a c t o r  vessel  i n t e r n a l  s  a r e  removed. 

When i t  becomes d e s i r a b l e  t o  t e rm ina te  t h e  possession-only l i c e n s e  f o r  

t h e  entombment mode o f  decommissioning, d i sman t l i ng  o f  t h e  entombment s t r u c -  

t u r e  may be r e q u i r e d  i n  t h e  f i r s t  entombment approach and - i s  r e q u i r e d  i n  t h e  



second approach. Th i s  represen ts  a  t ask  t h a t  i s  ext remely  more d i f f i c u l t  

than  d i s m a n t l i n g  t h e  unentombed f a c i l i t y ,  s i nce  t he  entombment s t r u c t u r e  i s  

b u i l t  t o  endure f o r  a  l o n g  p e r i o d  o f  t ime.  Therefore,  t h e  second approach t o  

entombment, and perhaps t h e  f i r s t  approach a lso ,  must be viewed as an a lmost  

i r r e v e r s a b l e  commitment t o  long- te rm maintenance o f  t h e  possession-only 

l i cense .  However, dismantlement o f  t he  entombment s t r u c t u r e  i s  n o t  imposs ib le ,  

o n l y  ve ry  d i f f i c u l t .  

4.2 CONSIDERATIONS FOR DECOMMISSIONING 

Many cons ide ra t i ons  must be taken i n t o  account i n  choosing t he  app rop r i a te  

decommissioning mode f o r  t h e  s p e c i f i c  s i t u a t i o n .  Whi le n o t  p u r p o r t i n g  t o  be 

a  complete o r  p r i o r i t i z e d  d i scuss ion  o f  a l l  these cons idera t ions ,  t h i s  s e c t i o n  

dea ls  w i t h  many o f  them i n  qua1 i t a t i v e  terms accord ing  t o  t he  f o l l o w i n g  broad 

ca tego r i es :  economic, l i c e n s i n g ,  s o c i e t a l ,  sa fe t y ,  and schedule. It must be 

recognized t h a t  these ca tego r i es  a re  h i g h l y  i n t e r r e l a t e d ,  b u t  t h e  i n t e r r e l a -  

t i o n s h i p s  a re  o n l y  a l l u d e d  t o  i n  t h i s  sec t i on .  

4.2.1 Economic 

Whi le s a f e t y  d u r i n g  decommissioning i s  t he  p r i n c i p a l  concern o f  t h e  NRC, 

economic mat te rs  a re  p robab ly  t h e  foremost cons ide ra t i on  t o  s tockholders  ( i f  

a  p r i v a t e  u t i l i t y ) ,  customers, u t i l i t y  managements, and u t i l i t y  r a t e  commissions. 

The f o l l o w i n g  f a c t o r s  t h a t  c o n t r o l  t h e  economy o f  decommissioning a r e  discussed: 

p rope r t y  u t i l i z a t i o n  p o t e n t i a l  

s t a f f i n g  

r a d i o a c t i v e  m a t e r i a l  d i s p o s i t i o n  

waste d isposa l  capabi 1  i t i e s  

p l ann ing  and p repa ra t i on  requi rements 

t a x a t i o n  

l i c e n s e  and insurance fees 

f und ing  a v a i l a b i l i t y .  

4.2.1.1 Proper ty  U t i l i z a t i o n  P o t e n t i a l  

The p o t e n t i a l  use o f  t h e  deac t i va ted  p l a n t  i s  a  p r i n c i p a l  economic 

concern. The s i t e  i s  c e r t i f i e d  f o r  i n d u s t r i a l  purposes, and t he  s t r u c t u r e s  



and systems a r e  l i c e n s e d  f o r  nuc lea r  power p roduc t ion .  As such, they  

rep resen t  a  s i g n i f i c a n t  investment  i n  t ime  and money. Al though r e t r o f i t t i n g  

o f  some a u x i l i a r y  systems may be necessary t o  meet t he  e x t a n t  l i c e n s i n g  

requi rements,  r e f u r b i s h i n g  o f  t h e  p r imary  systems t o  meet code requi rements 

cou ld  f a c i l i t a t e  t h e  r e a c t i v a t i o n  o f  t h e  f a c i l i t y  f o r  power p roduc t ion .  

However, i f  r e a c t i v a t i o n  i s  n o t  d e s i r a b l e  o r  i s  n o t  poss ib l e ,  use o f  t h e  

p r o p e r t y  f o r  o t h e r  purposes should be s tud ied .  The r e s u l t s  cou ld  d i c t a t e  t h e  

mode o f  decommi s s i  on i  ng. 

4.2.1.2 S t a f f i n g  

A  s u f f i c i e n t  number o f  p r o p e r l y  t r a i n e d  and s k i l l e d  personnel i s  a  s i g n i -  

f i c a n t  c o s t  f a c t o r  i n  decommissioning. For decommissioning a c t i v i t i e s  t h a t  

commence immediate ly  f o l l o w i n g  f i n a l  r e a c t o r  shutdown, i t  i s  d e s i r a b l e  t o  draw 

t h e  personnel f r om t h e  ranks o f  t h e  p l a n t  ope ra t i ng  s t a f f .  These personnel 

a r e  ve ry  f a m i l  i a r  w i t h  t h e  s t r u c t u r e s ,  systems, r a d i a t i o n  work procedures, and 

s p e c i f i c  areas o f  r a d i a t i o n  exposure p o t e n t i a l .  S p e c i f i c a l l y ,  supe rv i so ry  

personnel,  h e a l t h  phys ics  personnel,  maintenance c r a f t  personnel,  and personnel 

t r a i n e d  i n  conven t iona l  decontaminat ion methods and i n  t h e  o p e r a t i o n  o f  t h e  

systems r e q u i r e d  d u r i n g  deconimissioning ( r e f e r  t o  Table 9.1-2) should be 

r e c r u i t e d  p r i o r  t o  p l a n t  shutdown. The superv iso ry  personnel (see Sec t ion  9.1 - 5 )  

a r e  l a r g e l y  r espons ib l e  f o r  f o r m u l a t i n g  t h e  p lans  and making t h e  p repa ra t i ons  

f o r  decommissioning, and, t he re fo re ,  should be a v a i l a b l e  t o  beg in  these d u t i e s  

approx imate ly  2 years  be fo re  p l a n t  shutdown. The o t h e r  personnel should be 

a v a i l a b l e  as necessary t o  augment t h e  p l ann ing  and p r e p a r a t i o n  e f f o r t ,  t o  

become t r a i n e d  i n  t h e  ope ra t i on  o f  any spec ia l  decommissioning equipment, and, 

then, t o  implement t h e  p lans.  

Some o f  t h e  o p e r a t i n g  p l a n t  s t a f f  may n o t  wish t o  be i n v o l v e d  i n  t h e  

decommissioning e f f o r t .  It i s  then  necessary t o  f i l l  vacant  p o s i t i o n s  f rom 

elsewhere w i t h i n  t h e  company o r  f rom o u t s i d e  l a b o r  pools .  Hopefu l l y ,  t h e  

l o c a l  j o b  market can supply  any r e q u i r e d  o u t s i d e  people; b u t  t h i s  may n o t  be 

t h e  case and i m p o r t a t i o n  then  becomes necessary. These k inds  o f  personnel 

may r e q u i r e  t r a i n i n g  i n  r a d i a t i o n  work procedures as w e l l  as i n  spec ia l  

equipment ope ra t i on ,  which becomes an added expense. 



For decommissioning ac t iv i t i e s  tha t  are performed a f t e r  a significant 
length of time following shutdown, personnel must be selected from elsewhere 

within the company or from the outside labor pool. Again, training becomes 

a cost factor.  A1 ternatively,  the job could be contracted with a firm that  

specializes in decommissioning work. 

4.2.1.3 Radioactive Material Disposition 

Several factors pertaining to  radioactive material disposition help 
determine the cost of decommissioning. These are the amounts and kinds of 

radioactive materials on the property when decommissioning ac t iv i t i e s  are to  

proceed, and the existing regulatory requirements concerning personnel radia- 

tion exposure, unrestricted re1 ease l eve1 s ,  and radioactive material hand1 i ng 

and disposal. These factors direct ly  affect  the following aspects: decontami- 

nation and decommissioning procedures, packaging and transportation procedures, 

and time requirements for  implementation. These aspects, in t u r n ,  help deter- 

mine the kind, number, u t i l  ization, and efficiency of s ta f f  personnel. 

Waste Disposal Capabi 1 i t i e s  

A current major concern of nuclear f a c i l i t y  owners i s  the avai labi l i ty  

of nuclear waste disposal s i t e s . ( 4 )  The mode of decommissioning i s  largely 

determined by the existence of an available nuclear waste disposal s i t e  of 

suff ic ient  s ize to  handle the associated wastes. The disposal requirements 

for  the highly radioactive and long-lived components in and around the reactor 

vessel are,  as ye t ,  not clearly defined as to whether shallow-land burial i s  

acceptable or deep geologic storage i s  required. 

Another area of concern in th i s  respect i s  the location and accessability 
of an operable nuclear disposal s i t e .  The cost of shipping the decommission- 

ing wastes to  the disposal s i t e  i s  determined in part by the distance traveled 

and i n  part by the requirements that are  imposed by the s tates  through which 
the radioactive materials must t ravel .  

A1 though federal agencies dominate the regulatory process in the ship- 

ment of radioactive materials, s t a t e  highway departments regulate gross vehicle 

weights and dimensions, as well as some other aspects of radioactive shipments. 

Currently, about half of the s ta tes  have adopted the DOT Hazardous Materials 

Regulations to  cover in t ras ta te  radioactive material shipments. I n  addition, 



severa l  s t a t e s  have adopted o r  proposed a d d i t i o n a l  r e g u l a t i o n s  f o r  o t h e r  

aspects o f  r a d i o a c t i v e  m a t e r i a l  shipments. (5y6) These aspects i n c l u d e :  

spec ia l  r o u t i n g  

advance n o t i f i c a t i o n  f o r  shipments o f  l a r g e  q u a n t i t i e s  

s t a t e  i nspec t i ons  o f  some types 

p r o h i  b i t i o n  o f  c e r t a i n  types 

p r i o r  approval  

requi rements o f  exc lus ive- use  v e h i c l e s  

use o f  p i l o t  v e h i c l e s  

speed r e s t r i c t i o n s  

s p e c i f i c  hours o f  movement 

accompaniment o f  a1 1  s h i  pments by r a d i a t i o n  mon i t o r i ng  personnel . 
The v a r i a t i o n  o f  r e g u l a t i o n s  between ad jacen t  s t a t e s  o f t e n  r e q u i r e s  spec ia l  

cons ide ra t i ons  f o r  i n t e r s t a t e  shipments. 

There i s  a  p o t e n t i a l  c o n f l i c t  between some o f  t he  proposed s t a t e  laws and 

t h e  p r o v i s i o n s  o f  t h e  Nat iona l  T ranspo r ta t i on  Ac t  o f  1974 ( P u b l i c  Law 93-633, 

s igned i n  1975) .  Th i s  law p roh i  b i t s  t he  s t a t e s  f rom adopt ing  laws o r  r egu la-  

t i o n s  more s t r i n g e n

t  

than f ede ra l  r e g u l a t i o n s  un less s t a t e  r e g u l a t i o n s  improve 

t r a n s p o r t a t i o n  sa fe t y .  t ven  i n  t h i s  case, such r u l e s  can be adopted o n l y  i f  

they  do n o t  unreasonably burden commerce. 

4.2.1.5 P lanning and Prepara t ion  Requirements 

The c o s t  o f  p repa r i ng  t h e  d e t a i l e d  decommissioning p lans,  t e c h n i c a l  

s p e c i f i c a t i o n s ,  s a f e t y  analyses, and documentation may be d i f f e r e n t  f o r  each 

o f  t h e  decommissioning modes and should be considered. For example, a  compre- 

hensive dismant lement p l a n  i s  r e q u i r e d  f o r  dismant lement and entombment, b u t  

f o r  sa fe  s to rage  p repara t ions ,  a  l e s s  comprehensive i n i t i a l  p l a n  i s  acceptable.  

For eventual  dismantlement, a  complete dismantlement p l an  would be r e q u i r e d  

a t  t h a t  t ime.  

4.2.1.6 Taxa t ion  

A  t a c t o r  t h a t  cou ld  have cons iderab le  i n f l u e n c e  on t h e  cho ice  o f  mode and 

t i m e  frame f o r  decommissioning i s  t h e  way t h a t  t he  f a c i l i t y  i s  viewed by t h e  

l o c a l  t a x i n g  a u t h o r i t i e s  f o r  p rope r t y  t a x  purposes. For example, i t  i s  



p o s s i b l e  t h a t  t he  p l a n t  i n  s a f e  s to rage  o r  entombment cou ld  be taxed a t  one 

o f  the  f o l l o w i n g  va lues:  1  ) an ope ra t i ng  p l a n t ,  2 )  unimproved land,  o r  3 )  

t h e  l and  and s t r u c t u r e s  minus t he  expected a d d i t i o n a l  decommissioning costs  

( s i n c e  t he  r e t i r e d  p l a n t  i s  a  nega t i ve  asse t ) .  The f i r s t  a1 t e r n a t i v e  (which 

i s  u n l i k e l y )  would f o r c e  immediate dismantlement o f  the  p l a n t ,  s i nce  the 

accumulated t a x  cos ts  would, i n  a  few years,  exceed t he  c o s t  o f  dismantlement. 

The t h i r d  approach would reduce the  taxes t o  a  ve ry  nominal amount, s i nce  the  

a d d i t i o n a l  decommissioning cos ts  cou ld  exceed the  va lue  o f  the  l and  and s t r u c-  

tu res .  I n  p r a c t i c e ,  t he  t a x  r a t e  w i l l  be nego t i a ted  between the  l o c a l  t ax  

assessor and t he  p l a n t  owner. I t  w i l l  l i k e l y  be based on a  combinat ion o f  the  

second and t h i r d  s i t u a t i o n s  g i ven  above, w i t h  the  l a n d  ou t s i de  t h e  exc lus ion  

area assessed a t  a  va lue  comparable w i t h  ad jacen t  s i m i l a r  p rope r t y  and the  

p r o p e r t y  w i t h i n  t he  exc lus ion  area assessed a t  e s s e n t i a l l y  zero va lue.  Since 

t h e  o u t e r  area o f  t he  s i t e  may be u n r e s t r i c t e d  i n  use once the  r e a c t o r  has been 

decommissioned, i t  may be p u t  t o  p roduc t i ve  use t o  pay i t s  p rope r t y  taxes.  

4.2.1 .7 License and Insurance Fees 

Other economic f a c t o r s  t h a t  cou ld  have a  r o l e  i n  determin ing t he  deconi- 

m i ss i on ing  mode a r e  t he  cos ts  o f  l i c e n s i n g  and the  cos ts  o f  nuc lear  l i a b i l i t y  

insurance. Both, as p r e s e n t l y  app l ied ,  r e q u i r e  a  s i g n i f i c a n t  i n i t i a l  o u t l a y  

and then d im in i sh  as t he  amount o f  r e s i d u a l  r a d i o a c t i v i t y  i s  reduced. 

L i cens ing  fees a r e  r e q u i r e d  f o r  amending t he  f a c i l i t y  ope ra t i ng  l i c e n s e  

t o  a  possession-only l i cense ,  which a l lows  possession b u t  n o t  ope ra t i on  o f  

t h e  f a c i l i t y .  Therea f te r ,  i n s p e c t i o n  fees a re  l e v i e d  based on the NRC inspec-  

t i o n  requirements.  Presen t l y ,  w h i l e  any spent  f u e l  remains on the s i t e ,  safe-  

guards i nspec t i ons  must con t i nue  as du r i ng  opera t ion .  I n  a d d i t i o n ,  annual 

heal  t h y  s a f e t y  and environmental  i nspec t i ons  niust con t inue  u n t i l  the  possession- 

o n l y  l i c e n s e  i s  terminated.  

The c o s t  o f  nuc lear  l i a b i l i t y  insurance depends on the  l e v e l  o f  coverage 

r e q u i r e d  by NRC as p r o o f  o f  f i n a n c i a l  p r o t e c t i o n  du r i ng  decomn~issioning. I f  

t h e  l e v e l  must remain t he  same regard less  o f  the  p l a n t  c o n d i t i o n  (which i s  

u n l i k e l y )  , t i m e l y  t e rn i i na t i on  o f  the  possession-only 1  icense i s  mandatory. 



4.2.1.8 Funding A v a i l a b i l i t y  

As w i t h  a l l  p r o j e c t s ,  t h e r e  a r e  c e r t a i n  f i x e d  cos t s  d u r i n g  decommissioning 

t h a t  c o n t i n u e  once t he  p r o j e c t  begins,  regard less  o f  t h e  a c t i v i t y  towards 

p r o j e c t  comple t ion  ( i . e . ,  s a l a r i e s ,  se rv ices ,  u t i l i t i e s ,  and maintenance). 

I f  i n s u f f i c i e n t  f und ing  de lays decommissioning a c t i v i t i e s ,  these f i x e d  cos ts ,  

p l u s  t h e  e f f e c t  o f  i n f l a t i o n  over  t h e  de lay  per iod ,  inc rease  t h e  o v e r a l l  decom- 

m iss ion ing  cos t .  Therefore,  i t  i s  impo r tan t  t h a t  s u f f i c i e n t  funds a r e  a v a i l a b l e  

t o  complete t h e  planned decommissioning a c t i v i t i e s  as scheduled. 

4.2.2 L i c e n s i n g  

L i cens ing  i n  t h e  nuc lea r  i n d u s t r y  i s  b a s i c a l l y  a  ques t i on  o f  respons i-  

b i l i t y  f o r  t h e  p r o t e c t i o n  o f  t he  workers and t he  p u b l i c  f rom undue exposure 

t o  r e g u l a t e d  r a d i o a c t i v e  m a t e r i a l s .  I n  t h i s  respect ,  an o r g a n i z a t i o n  i s  

l i c e n s a b l e  o n l y  as i t  can demonstrate a  con t inued  a b i l i t y  and w i l l i n g n e s s  t o  

ab ide by t h e  l i c e n s e  requi rements imposed by t h e  NRC. Once t h e  l i c e n s e  i s  

granted, t h e  l i c e n s e e  agrees t o  accept  t h e  assoc ia ted  r e s p o n s i b i l i t i e s  u n t i l  

such t ime  as t h e  l i c e n s e  i s  te rmina ted  ( o r  t r a n s f e r r e d  t o  another  l i c e n s e d  

o rgan i za t i on ,  as a l lowed by l aw) .  

Termina t ion  o f  a  possess ion- only  1  i cense  (amended 'opera t ing  1  i cense)  i s  

c o n d i t i o n a l  on t h e  dismant lement and p roper  d isposa l  o f  nonre l  easabl e  r a d i o -  

a c t i v e  m a t e r i a l s .  Whi le  t h e  h i g h  occupat iona l  exposure f rom immediate d i s -  

mantlement i s  undes i rab le ,  t h e  requi rements and r e s p o n s i b i l i t i e s  o f  m a i n t a i n i n g  

t h e  l i c e n s e  may overshadow t h e  exposure aspect  and make dismant lement expedi-  

en t .  The dynamic na tu re  o f  government r e g u l a t i o n  may a l s o  make t e r m i n a t i o n  

o f  t h e  1  i cense  d e s i r a b l e .  

Another aspec t  o f  l i c e n s i n g  t h a t  must be cons idered i s  t h e  l i c e n s e  dura-  

t i o n  and t h e  l i c e n s e  renewal process and cos t .  L icenses a r e  p r e s e n t l y  s u b j e c t  

t o  a  40-year t ime  l i m i t ,  a t  which t ime  they  must be renewed. The renewal 

r ev i ew  requi rements comprise f i n a n c i a l ,  sa fe t y ,  and environmental  cons idera-  

t i o n s  s i m i l a r  t o  those f o r  a  l i c e n s e  amendment s i t u a t i o n .  The cos t s  o f  docu- 

ment ing these cons ide ra t i ons  and t h e  NRC rev iew cos t s  f o r  each r e q u i r e d  l i c e n s e  

renewal must be taken i n t o  account when choosing t he  app rop r i a te  decommis- 

s i o n i n g  mode. 



4.2.3 Societal 

Another consideration i s  that  of public acceptance of the long-term 
presence of r e t i  red faci 1 i t i  es . There i s  a reasonable probabi 1 i ty that  once 
the plant i s  no longer providing tax revenue and payroll to the community, 
the public may view the structures as an eyesore, a perceived hazard, or ,  a t  
the l eas t ,  an unproductive use of an otherwise useful s i t e .  Thus, pressures 

may mount for  the removal of the ret i red structures.  While i t  i s  beyond the 
scope of th i s  study to evaluate the likelihood of th i s  concern, the plant 
owner should sample local pub1 i c  opinion on th i s  question well i n  advance of 
set t ing his plans for  decommissioning. 

In the same vein, the NRC presently desires to minimize the number of s i t e s  

permanently committed to the containment of radioactive materials. Dismantle- 
ment and disposal of the reactor vessel internals i s  the only method whereby 
th i s  desire can be fu l f i l l ed  for  the reference BWR, even i n  the long run. 
Existing rkgulations a1 low the various modes of decommissioning that  are 
detailed in Section 4.1. B u t  regulations are dynamic in nature and are subject 
to societal pressures; and, even though new regulations or changes to  present 
regulations may never forbid the use of a particular decommissioning mode, 
they could discourage or make impractical the use thereof. 

4.2.4 Safety 

Radiological, industr ia l ,  and environmental safety play an important role 
in decommissioning. Each i s  regulated by the federal government or the s t a t e  
government, or both, to  provide the amount of protection from hazards that  i s  
deemed necessary. The selected decommissioning approach should provide the 
required safety for  the workers and the public, and should have minimal adverse 

impact on the environment. 

4.2.4.1 Radiological Safety 

In decommissioning a BWR, 6 0 ~ o  i s  the prime contributor to  the total  
accumulated occupational radiation dose. I t  appears as activated corrosion 
product contamination i n  and on equipment and structural surfaces and as an 

activation product in structural materials ' in and around the reactor vessel. 

Each decommissioning mode resul ts  in a different  accumulated occupational 
dose because of different  exposure requirements. 



Dose r a t e s  throughout  t h e  p l a n t ,  l a r g e l y  determined by t he  amount and 

decay o f  6 0 ~ o ,  decay t o  approx imate ly  10% o f  the  o r i g i n a l  shutdown va lues 

a f t e r  about  17.5 years  i n  shutdown and 1  % a f t e r  about 35 years,  assuming no 

decontaminat ion.  Therefore,  d e f e r r i n g  t h e  major  decommissioning a c t i v i t y  by 

even 17.5 years  produces a  s i g n i f i c a n t  p o t e n t i a l  decrease i n  accumulated 

occupat iona l  dose. Th i s  depends, o f  course, on t he  r e q u i r e d  decommissioning 

a c t i v i t i e s  p r i o r  t o  t h a t  p o i n t  i n  t ime and those necessary t o  complete t h e  

l i c e n s e- t e r m i n a t i o n  process. R e l a t i v e l y  l i t t l e  r e d u c t i o n  i n  t o t a l  accumulated 

occupat iona l  r a d i a t i o n  dose i s  assumed t o  r e s u l t  f rom d e f e r r i n g  dismant lement 

beyond 30 years  a f t e r  p l a c i n g  a  p ressur ized  water  r e a c t o r  i n  pass ive  sa fe  

s torage.  ('I T h i s  i s  a l s o  assumed t o  be t h e  case f o r  a  BWR. 

4.2.4.2 I n d u s t r i a l  Sa fe ty  

Hazardous s i t u a t i o n s  w i t h  t he  p o t e n t i a l  f o r  occupat iona l  i n j u r i e s  and 

f a t a l i t i e s  w i l l  a r i s e  d u r i n g  normal a c t i v i t i e s  o f  each decommissioning mode. 

The q u a n t i t y  and s e v e r i t y  o f  occurrences assoc ia ted  w i t h  a  g iven  decommission- 

i n g  mode depend on t h e  k inds  o f  a c t i v i t i e s  performed and t he  manpower and 

t ime  requi rements f o r  t h a t  mode. As w i t h  every i n d u s t r i a l  opera t ion ,  p roper  

i n d u s t r i a l  s a f e t y  p r a c t i c e s  du r i ng  decommissioning wi 11 min imize acc iden ts .  

4.2.4.3 Environmental  Sa fe tv  

Many o f  t h e  environmental  e f f e c t s  o f  p l a n t  ope ra t i on  w i l l  a l s o  be e v i d e n t  

d u r i n g  decommissioning, b u t  i n  most cases a t  g r e a t l y  d im in ished  l e v e l s .  The 

env i ronmenta l  e f f e c t s  t h a t  p e r t a i n  t o  decommissioning a r e  r a d i a t i o n  exposure 

(a l r eady  d iscussed) ,  1  i q u i d  and a i r b o r n e  r a d i o a c t i v e  re lease,  and s o l  i d  rad-  

waste d i sposa l .  No thermal d ischarge  i s  r e q u i r e d  d u r i n g  decommissioning except,  

perhaps, t h a t  assoc ia ted  w i t h  ope ra t i on  o f  an a u x i l i a r y  b o i l e r .  

A t  f i n a l  shutdown o f  t h e  re fe rence  BWR, l a r g e  volumes o f  wa te r  r e q u i r i n g  

d isposa l  d u r i n g  any decommissioning mode a re  s c a t t e r e d  throughout  t h e  p l a n t .  

Some o f  these volumes a r e  i n  presumably noncontaminated systems and, a f t e r  

sampling, can be re l eased  d i r e c t l y  t o  t he  r i v e r  v i a  t he  blowdown l i n e .  Others,  

n o t a b l y  those con ta ined  i n  t he  spent f u e l  pool ,  the  r e a c t o r  vessel ,  t he  sup- 

p ress ion  chamber, t h e  condensate s to rage  tanks, and the  condenser h o t w e l l ,  a r e  

contaminated i n  v a r y i n g  degrees and may r e q u i r e  process ing through t h e  l i q u i d  



radwaste system p r i o r  t o  discharge. A l toge ther ,  these volumes o f  water  

r ep resen t  a l a r g e  d ischarge  t o  t h e  environment, b u t  a r e  o n l y  about 0.3% o f  

t h e  normal annual ope ra t i ng  p l a n t  d ischarge.  

A i rborne  r a d i o a c t i v e  re1  eases t h a t  r e s u l  t f rom normal decommissioning 

a c t i v i t i e s  a r e  smal l  i n  comparison t o  normal p l a n t  opera t ion .  (') Among the  
- va r i ous  decommissioning modes, sa fe  s to rage  re leases  t h e  l e a s t  amount o f  a i r -  

borne r a d i o a c t i v i t y .  

Dismantlement generates l a r g e  amounts o f  s o l i d  r a d i o a c t i v e  wastes t h a t  

r e q u i r e  d isposa l  o f f  s i t e .  Entombment produces 1 ess a1 though t h e  entombed 

s t r u c t u r e  becomes a waste d isposa l  s i t e ,  and sa fe  s to rage  i n c l u d i n g  de fe r red  

dismantlement, t h e  l e a s t .  The major  environmental  impact o f  s o l i d  r a d i o a c t i v e  

waste d isposa l  i s  t h e  l and  area t h a t  must be committed t o  t h i s  a c t i v i t y .  I n  

a d d i t i o n ,  sh ipp ing  these wastes t o  t h e  d isposa l  s i t e  produces t h e  normal t r ans-  

p o r t a t i o n  no ises,  exhaust fumes, e t c .  Therefore,  t he  more wastes, t h e  g rea te r  

impact.  

4.2.5 Schedule 

A l a r g e  percentage o f  t h e  f a c i l i t y  decommissioning c o s t  i s  a f i x e d  l e v e l  

o f  expend i tu re  t h a t  i s  assoc ia ted  w i t h  t h e  t ime  span o f  t he  work r a t h e r  than 

t h e  s p e c i f i c  tasks.  Therefore,  t h e  optimum schedule f o r  any decommissioning 

mode i s  one where t h e  t o t a l  t ime  i n v o l v e d  i s  t h e  t ime  r e q u i r e d  t o  e f f i c i e n t l y  

complete t h e  l onges t  sequence o f  tasks.  Th is  d i c t a t e s  t he  necessary l e n g t h  

o f  t ime  ( t h e  c r i t i c a l  pa th )  t o  complete t he  e n t i r e  job,  and a l l  o t h e r  work 

should be completed w i t h i n  t h i s  t ime  span. An optimum-sized, w e l l - t r a i n e d  

s t a f f  i s  e s s e n t i a l  : t o o  many o r  t o o  few people, as we1 1 as under t ra ined  

people, hamper t h e  e f f i c i e n t  complet ion o f  t h e  work, thus i nc reas ing  bo th  t he  

t o t a l  c o s t  and t h e  t o t a l  accuniulated occupat ional  r a d i a t i o n  exposure. As 

p r e v i o u s l y  discussed, i n s u f f i c i e n t  fund ing  t o  complete t h e  work w i t h i n  t he  

c r i t i c a l  - path t ime  span a1 so d r i v e s  these t o t a l s  upward. 

Th i s  s e c t i o n  con ta ins  a rev iew o f  t h e  exper ience i n  decommissioning o f  

nuc lear  f a c i l i t i e s .  Because o f  t h e  many d i f f e r e n c e s  i n  t he  decommissioned 

f a c i l i t i e s ,  e x t r a p o l a t i o n  o f  t h e  cos t s  f o r  decommissioning these f a c i l i t i e s  



to large commercial reactors is considered to be generally unreliable. Many 

of the reactors that have been decommissioned were involved in the U.S. AEC 

power demonstration program and were operated only for short periods of time. 

The primary value of past decommissioning experience is in identification of 

the methods and technologies of decommissioning. 

The decommissioning of nuclear facil ities is a relatively we1 1 -developed 

technology. In the United States, the term "decommissioning" conventionally 

means to retire safely from active service. Historically, decommissioning of 

most nuclear facilities did not result in terminal conditions. In fact, the 

safe storage and entombment approaches that have been used are recognized as 

nonterminal. Current NRC decommissioning philosophy promotes a decommissioning 

approach that ends in the termination of the facility's nuclear license and the 

release of the property for unrestricted use within a finite period of time. 

Past decommissionings of nuclear facilities have been accomplished by 

dismantlement, safe storage, entombment, or a combination of these a1 terna- 

tives. To date, alternative selection has been based primarily on cost. In 

addition, the selected approach to decommissioning provided for protection of 

the workers and the public and for minimal adverse impacts on the environment. 

4.3.1 Nucl ear Reactor Decommissioning Experience 

Nuclear reactors for power demonstration, mi 1 i tary , and research appl i - 
cations have been safely decommissioned using a variety of decommissioning 

approaches, and without undue risk to personnel or to the environment. It 

is the conclusion of this report that similar methods can be safely and 

successfully applied to a large commercial BWR power plant. 

Between 1960 and mid-1976, a total of 65 nuclear reactors were or were 

scheduled to be decommissioned. (8) Of these, five were nuclear power plants, 

four were demonstration nuclear power plants, six were licensed test reactors, 

28 were research reactors, and 22 were critical facilities. Of the 50 licensed 

research reactors and critical facilities decommissioned or scheduled to be 

decommissioned by mid-1976, all but four had been or will be totally dismantled, 

with their licenses terminated. The remaining four will retain a possession- 

only license for an indefinite period in safe storage. 



I n fo rma t i on  on pas t  nuc lear  r e a c t o r  decommissionings i s  presented i n  

Table 4.3-1. Descr ip t ions  o f  some o f  t h e  more s i g n i f i c a n t  r e a c t o r  decommis- 

s i o n i n g ~  f o l l o w .  Most o f  these desc r i p t i ons  are  f rom Reference 9. 

4.3.1.1 Carol i n a - V i r g i n i a  Tube Reactor (CVTR) , 
Parr, South Carol i n a  

The CVTR was a  65-MWt, heavy-water cooled and moderated, pressure tube 

reac to r .  The dec i s ion  t o  decommission the  p l a n t  was made i n  1967 a f t e r  

4 years o f  experimental  operat ion.  The p lan  adopted was t o  deac t i va te  t he  

r e a c t o r  by t he  passive sa fe  s torage mode, surrender t h e  AEC ope ra t i ng  l i cense,  

and use t h e  Containment B u i l d i n g  and Reactor B u i l d i n g  f o r  l ong  term storage o f  

remaining r a d i o a c t i v e  m a t e r i a l s  under a  byproduct 1i.cense issued by the  s t a t e  

o f  South Caro l ina.  

A l l  f u e l  and heavy water were shipped o f f s i t e .  The f a c i l i t y  l i c e n s e  was 

changed f rom ope ra t i on  s t a t u s  t o  possession-only s ta tus ,  and an a u t h o r i z a t i o n  

was ob ta ingd f rom the  AEC t o  decommission the  f a c i l i t y .  The f a c i l i t y  l i c e n s e  

was replaced by the  byproduct l i c e n s e  on complet ion o f  bo th  t he  a c t i v e  decom- 

miss ion ing  and an AEC inspec t ion .  Remaining r a d i o a c t i v e  ma te r i a l s  were s tored,  

where possib le,  i n  t h e i r  normal ope ra t i ng  p o s i t i o n .  The c o n t r o l  r o d  d r i v e  

system was deact ivated.  Voids con ta in ing  r a d i o a c t i v e  ma te r i a l s  were sealed, 

and access hatches t o  t he  Containment B u i l d i n g  were b o l t e d  shut  so t h a t  spec ia l  

equipment was requ i red  t o  open them. A  double s e c u r i t y  b a r r i e r  was placed 

around a l l  areas con ta in ing  r a d i o a c t i v e  ma te r i a l .  

The dec i s ion  t o  decommission the  r e a c t o r  w i t h  minimum d ismant l ing  and 

removal o f  r a d i o a c t i v e  m a t e r i a l s  meant subs tan t i a l  cost- savings and minimum 

r a d i a t i o n  exposure t o  p l a n t  personnel du r i ng  the  opera t ion .  

Decommissioning o f  t he  CVTR i s  f u r t h e r  descr ibed i n  Reference 10. 

4.3.1.2 Hallam Nuclear Power F a c i l i t y ,  

Hallam. Nebraska 

The Hallam F a c i l i t y  was l oca ted  a t  t he  Sheldon S t a t i o n  o f  the  Consumers' 

Pub l i c  Power D i s t r i c t .  It f i r s t  became opera t iona l  i n  1963. The sodium- 

cooled, graphite-moderated r e a c t o r  produced 256 MWt .  It was r e t i r e d  from 

se rv i ce  i n  1966, and the  r e a c t o r  entombment was completed i n  1969. 



TABLE 4.3-1. Information on Past  Nuclear Reactor Decornmissionings 

F a c i l i t y  Name and L o c a t i o n  

HRE-1 (Homogeneous Reac to r  
Expe r imen t ) ,  Oak Ridge,  TN 

HRE-2 (Homogeneous Reac to r  
Expe r imen t ) ,  Oak Ridge, TN 

Reac to r  T rpe  - 

F l u i d - f u e l  

Power 
R a i i n g ( a )  

I MWt 

.I MWt 

1  MWt 

10 MWt 

Type of  
Decommissioning L i c e n s e  S ta tus  

M o n i t o r i n g  
System 

Safe S to rage  
Measures 

Year 
Decomnissioned 

1954 

1954 

1955 

1964 

1965-1971 

O the r  
I n f o r m a t i o n  -- 

Dismant led 

D isman t led  

ARE ( A i r c r a f t  Reac to r  E x p e r i -  
men t ) ,  Oak Ridge,  I N  

D isman t led  

PM-2A ( P o r t a b l e  Medium Power 
P l a n t ) ,  Greenland 

Han fo rd  P r o d u c t i o n  Reactors,  
R i ch land ,  WA 

PWR D isman t led  

G r a p h i t e  
moderated,  wa te r  
c o o l e d  

C u s t o d i a l  Safe 
S to rage  (Lay-  
away),  4 - S tand-  
by, 4 - R e t i r e d  

Cont inuous 
s u r v e i l l a n c e  
by DOE 

Cont inuous 
maintenance by  
DOE 

One p lanned  f o r  
d i s m a n t l i n g  

CVTR ( C a r o l i n a  V i r g i n i a  Tube 
Reac to r ) ,  Pa r r ,  SC 

Pressu re  tube ,  
heavy wa te r  
c o o l e d  and 
moderated 

G r a p h i t e  modera 
t e d ,  sodium 
c o o l e d  

Organ ic  c o o l e d  
and moderated 

65 MWt Pass i ve  Safe 
S to rage  
( m o t h b a l l e d )  

Byproduct  
~ t a t e ( c )  

P e r i o d i c  
s u r v e i l l a n c e  

Welded c l o s u r e ,  
l ocked  doo rs ,  
s e c u r i  t y  f ence  

Ha l l am Nuc lea r  Power 
F a c i l i t y ,  Hal lam NB 

Entombed Opera t i ng  
a u t h o r i z a t i o n  
t e r m i n a t e d  

O p e r a t i n g  
a u t h o r i z a t i o n  
t e r m l n a t e d  

O p e r a t i n g  
a ~ t h o r i z a t i o n  
t e r m i n a t e d  

P e n o d i c  
s u r v e i l l a n c e  
by  DOE 

P e r i o d i c  
s u r v e i l l a n ~ e  
by DOE 

P e r i o d i c  
s u r v e i l l a n c e  
by DOE 

Welded c l o s u r e ,  
c o n c r e t e  cove r ,  
wea the rp roo fed  

Welded c l o s u r e ,  
c o n c r e t e  cove r ,  
wa te rp roo fed  

Welded c l o s u r e ,  
c o n c r e t e  cove r ,  
s e c u r i t y  fence 

Decornniss ioning 
t o o k  3  y e a r s  

Piqua Nuc lea r  Power 
F a c i l i t y ,  Piqua,  OH 

45 MWt Entombed Decommissioning 
took  3  Years 

BONUS ( B o i i i n o  Nuc lea r  BUR w i t h  n u c l e a r  
supe rhea t i ng  

50 MWt Entombed 
Superhea te r  Power S ta-  
t i o n ,  Ricon,  PR 

Wa l te r  Reed Research Reactor .  
washington,  OC 

Pathfinder, Sioux F a l l s ,  SD 

A 1  Kodel L-54, 
honlogeneous f u e l  

BUR w i t h  n u c l e a r  
supe rhea t i ng  

50 k d t  

190 MWt Pass i ve  Safe 
S to rage  (moth-  
b a l l e d )  w l t h  
steam p l a n t  
c o n v e r s i o n  

P a r t i a l l y  
D i sman t led  

Byproduct  
N R C ~ C )  

Cont inuous 
s e c u r r t  
f o r c e ( e i  

Welded c l o s u r e ,  
S e c u r i t y  fence 

Decommissioning 
c o s t  S3.7M 

BSW, Lynchburg,  VA 6  MWt Cont inuous 
s e c u r i t y  
f o r c e  

Locked doo rs ,  
s e c u r i t y  fence 

EBR-1 (Expe r imen ta l  Fast  L i q u i d  me ta l  
B reeder  R e a c t o r ) ,  c o o l e d  
S c o t t s v i l l e .  I D  

- Deac t i va ted .  
decontaminated.  
conve r ted  f o r  
p u b l i c  access 

23 MWt Pass l ve  Safe 
S to rage  
( m o t h b a l l e d )  

20 MWt Pass l ve  Safe 
S to rage  
( m o t h b a l l e d )  

58 MWt D lsman t led  w l t h  
steam p l a n t  
c o n v e r s i o n  

1973 Ded ica ted  a  
N a t i o n a l  Monu- 
ment i n  1966 

S a f t o n  Nuc lea r  Expe r imen ta l  PWR 
F a c i l i t y ,  Saxton,  PA 

Posr s  i o n  I n t r u s i o n  Welded c l o s u r e ,  1'31; Decommissioning 
on l yT fS  alarms l o c k e d  doo rs ,  c o s t  62.5M 

s e c u r i t y  f ence  

Byp roduc t  l n t r u s ~ o n  Welded c l o s u r p ,  1973 
S t a t e  a larms l ocked  doo rs ,  

s e c u r i t y  fence 

SEFOR (Southwest  Expe r imen ta l  Sodium coo led ,  
Fas t  Oxide Reac to r ) .  f a s t  
S t r i c k l e r ,  AR 

E l k  R i v e r  Reac to r ,  BWR w i t h  f o s s i l  
E l k  R ~ v e r .  MN superheating 

~ e r r n ~ n a t e d ( ~ )  Not  Not  r e q u i r e d  I 9 7 4  Decommissioning 
r e q u l  r e d  c o s t  S6.15M; 

t o o k  3 yea rs  

(a)Power r a t i n g s  a r e  g i v e n  i n  t he rmd l  megawatts (MWt) o r  k : l o w a t t s ( k W t ) .  
(b )Dash  i n d i c a t e s  i n f o r m a t i o n  i s  u n a v a i l a b l e  f rom t h e  l i t e r a t u r e  s t u d i e s  o r  i s  n o t  a p p l i c a b l e .  
(:)Byproduct l i c e n s e s  may be e i t h e r  " Byp roduc t  HRC' i ssued  i n  accordance w i t h  10 CFR P a r t  30 o r  "Byproduct  S t a t e ' '  i s sued  by  an 

agreement s t a t e  i n  accordance w i t h  a u t h o r i t y  g r a n t e d  by 10 CFR P a r t  150.  
( d ) F i r s t  t o  be p l a c e d  i n  p a s s i v e  safe s t o r a g e  ( m o t h b a l l e d ) ;  p rov ided  s i g n i f i c a n t  expe r ience  i n  deve lop ing  c r i t e r i a  and methods.  
( e ) I m p l i e s  t h e  a v a i l a b i l i t y  o f  o t h e r  o n s i t e  s e c u r i t y  f o r c e s  n o t  s p e c i f i c a l l y  a s s o c i a t e d  w i t h  t h e  decommissioned f a c i l i t y .  Had 

such n o t  been a v a i l a b l e ,  NRC may have r e q u i r e d  o t h e r  c o n t r o l  measures. 
( f ) T i t l e  10 CFR P a r t  50 550.82 p r o v i d e s  t h e  r u l e s  by wh ich  a  l i c e n s e e  m y  amend h ~ s  o p e r a t i n g  l i c e n s e  t o  a  possess ion- on ly  l i c e n s e  

Once t h i s  p o s s e s s ~ o n - o n l y  l i c e n s e  i s  i ssued ,  r e a c t o r  o p e r a t i o n  i s  n o t  p e r m i t t e d .  
(g )The  s i t e  i s  t h e  f i r s t  decommissioned comnerc ia l  r e a c t o r  t o  be approved by t h e  government f o r  u n r e s t r i c t e d  use.  



TABLE 4.3-1. ( c o n t ' d )  

F a c i l i t y  Name and Loca t ion  

ASTR (Aerospace Test 
Reactor) ,  U.S. A i r  Force, 
NARF, F t .  Worth, TX 

GTR (Ground Test Reactor) ,  
U.S. A i r  Force, NARF, 
F t .  Worth, TX 

RTA ( R e a c t i v i t y  Test 
Assen~bly),  U.S. A i r  Force, 
NARF, F t .  Worth, TX 

FERMI 1, Monroe Co. MI 

Reactor T y ~ e  
Power 

Ra t ing  

10 MWt 

Type of 
Decommissioning 

Dismant led 

License S ta tus  
Mon i to r ing  

System 
Safe Storage 

Measures 
Year Other 

Decomnissioned I n f o r m a t i o n  

1974 

Dismant led 

Dismantled 

Sodium cooled, 
f a s t  

200 MWt Passive Safe 
Storage (moth- 
b a l l e d )  w i t h  
steam p l a n t  
convers ion  

Dismant led 

Continuous 
s e c u r i t y  
fo rce  

Locked doors, 
s e c u r i t y  fence 

Possession 
o n l y  

1975 Decomnissioning 
cos t  $6.951.1 

PM-3A ( P o r t a b l e  Medium Power 
P l a n t ) ,  A n t a r c t i c a  

PWR 9  MWt 

Zero 
Power 

5 MWt 

17 MWt 

100 KWt 

115 MWt 

50 MWt 

HTR (Hanford Test Reactor) ,  
Richland, WA 

IRL (industrial Reactor 
Labora to r ies  I n c .  Research 
Reac to r ) .  P la insboro .  NJ 

GE EVESR, Alameda Co., CA 

Graphi te 
moderated 

Pool 

Dismantled 1977 Decommissioning 
cos t  SC.18M 

P a r t i a l l y -  
d ismant led  

U n r e s t r i c t e d  
use 

1977 Decomnissioning 
cos t  $ I N ;  took 
2 years 

BWR w i t h  nuc lear  
superheat ing 

Passive Safe 
Storage 
(mothba l led )  

Passive Safe 
Storage 
(mothba l led )  

Passive Safe 
Storage 
(mothba l led )  

Passive Safe 

Possession 
o n l y  

Continuous 
s e c u r i t y  
fo rce  

Continuous 
s e c u r i t y  
fo rce  

Continuous 
s e c u r i t y  
fo rce  

Continuous 
s e c u r i t y  
fo rce  

Locked doors. 
s e c u r i t y  fence 

NASA Plumbrook, Sandusky, OH L i g h t  water Possession 
o n l y  

Locked doors,  
s e c u r i t y  fence 

Peach Bottom 1, 
York Co., PA 

Gas cooled, 
g r a p h i t e  
moderated 

BWR 

Possession 
o n l y  

Not y e t  estab-  
l i s h e d  

VBWR ( V a l l e c i t o s  B o i l i n g  
Water Reactor) ,  
Alameda Co., CA 

Possession 
on1 y 

Locked doors,  
s e c u r i t y  fence Storage (moth- 

b a l l e d )  w i t h  
steam p l a n t  
conversion 

Westinghouse Test Reactor, 
Waltz M i l l s ,  PA 

Tank 60 MWt 

30 MWt 

Passive Safe 
Storage 
(mothba l led )  

Possession 
o n l y  

Continuous 
s e c u r i t y  
fo rce  

Locked doors,  
s e c u r i t y  fence 

SRE (Sodium Reat to r  
Experiment). 
i a n t a  Susana, CA 

Graphi te 
moderated, 
sodium 

Passive Safe 
Storage (moth- 
b a l l e d  - 1967) 
d ismant l i ng  
s t a r t e d  1976 

D ismant l i ng  Decommissioning 
i n  progress cos ts  expected 

t o  be SlOM 



A l l  f u e l  and b u l k  sodium were removed f rom the  s i t e .  Residual  sodium 

was rendered i n e r t ,  and a l l  r a d i o a c t i v e  res idues  were removed t o  a f e d e r a l  

r e p o s i t o r y .  Heat exchangers were d ismant led  and removed. Rad ioac t i ve  compo- 

nents  and m a t e r i a l s  remain ing o n s i t e  were sealed i n  underground v a u l t s  su r-  

rounding t h e  r e a c t o r  vessel .  Two 12.5-mm-thick s t e e l  p l a t e s  were welded over  

t h e  r e a c t o r  area, a l l  pene t ra t i ons  t o  t he  underground v a u l t s  were seal  welded, 

and t h e  e n t i r e  area was covered w i t h  l a y e r s  o f  t a r ,  ear th ,  and p l a s t i c  f i l m .  

No spec ia l  techniques o r  equipment were developed f o r  t h i s  ope ra t i on .  

Residual  sodium was rendered pass ive  by purg ing  w i t h  a gaseous n i t rogen- steam 

m ix tu re .  Normal ope ra t i ona l  procedures were used f o r  t h e  removal o f  a l l  

r a d i o a c t i v e  m a t e r i a l  s. 

A t o t a l  o f  300,000 C i  o f  r a d i o a c t i v i t y ,  ma in ly  assoc ia ted  w i t h  t h e  

r e a c t o r  vessel  and i n t e r n a l s ,  was sealed i n  t h e  r e a c t o r  and underground v a u l t s .  

The b u l k  sodium removed f rom the  p r ima ry  c i r c u i t  was s l i g h t l y  r a d i o a c t i v e  

( 7  C i  i n  t h e  250,000-kg shipment) .  A spec ia l  sodium-cleaning f a c i l i t y  was 

e rec ted  f o r  t h e  decontaminat ion o f  system components. The s i t e  i s  p e r i o d i c a l l y  

inspec ted  by S t a t e  o f  Nebraska a u t h o r i t i e s .  I n  a d d i t i o n  t o  be ing  arch ived,  

drawings, r e p o r t s ,  analyses and photographs r e l a t i n g  t o  t h e  b u r i e d  s t r u c t u r e s  

were encapsulated and p laced w i t h i n  t h e  s t r u c t u r e  i n  two l o c a t i o n s .  

A d d i t i o n a l  d e t a i l s  on t h e  r e t i r e m e n t  o f  t he  Hal lam f a c i l i t y  a r e  r e p o r t e d  

i n  References 11, 12, and 13. 

4.3.1.3 P i  qua Nuclear  Power Fac i  1 i ty  , 
Piqua, Ohio 

The Piqua F a c i l i t y ,  an o rgan i c  cooled, o rgan ic  moderated, 45-MWt power 

reac to r ,  was shu t  down i n  1966 and entombed i n  1969. The Piqua s i t e  was 

purchased by t h e  f e d e r a l  government and leased t o  t he  City o f  Piqua. The 

decommissioning a c t i v i t i e s  were undertaken by City o f  Piqua personnel,  w i t h  

eng ineer ing  and sa fe ty  suppor t  f rom Atomics I n t e r n a t i o n a l .  Consu l t i ng  was 

p rov ided  by B a t t e l l e  Memorial I n s t i t u t e .  

A r e a c t o r  r e t i r e m e n t  p lan,  i n c l u d i n g  work s p e c i f i c a t i o n s  and d e t a i l e d  

procedures, was prepared. A s a f e t y  a n a l y s i s  and s tudy e v a l u a t i o n  o f  r e s i d u a l  

r ad ionuc l i des  were conducted and repor ted .  



Reactor core components, f u e l ,  and o ther  r a d i o a c t i v e  ma te r ia l s  were ship-  

ped t o  a fede ra l  r e p o s i t o r y  us ing  normal procedures. The organic coo lan t  was 

inc inera ted .  Contaminated p i p i n g  and equipment i n s i d e  the  Reactor B u i l d i n g  

were removed o r  decontaminated, and the  above-ground p o r t i o n  o f  the  Reactor 

B u i l d i n g  was converted t o  a warehouse. The reac to r  vessel,  thermal sh ie ld ,  

g r i d  p la tes ,  and support b a r r e l s  remained i n  p lace  below grade; t he  vessel was 

f i l l e d  w i t h  sand and seal welded, and a l l  penetrat ions i n t o  the  reac to r  com- 

p lex  were plugged. The below-ground complex was then sealed w i t h  a waterproof  

b a r r i e r  and concrete cover. The development o f  spec ia l  equipment o r  techniques 

was n o t  requ i red .  

The t o t a l  r a d i o a c t i v i t y  sealed i n  t he  f a c i l i t y  was 260,000 C i .  I n  addi-  

t i o n  t o  being archived, d e t a i l e d  records o f  a l l  operat ions were dup l i ca ted  

and placed i n  sealed metal boxes a t  the  s i t e .  

Cost est imates o r  ac tua l  cos t  t o t a l s  were n o t  a v a i l a b l e  from the  l i t e r a -  

t u r e  studied.  More d e t a i l  on the  Piqua decommissioning can be found i n  

References 12 and 14. 

4.3.1.4 Boi 1 i ng Nuclear Superheater (BONUS) Power Stat ion,  

Ricon, Puerto Rico 

BONUS was a 50-MWt BWR w i t h  nuclear  superheat. The reac to r  ceased opera- 

t i o n  i n  1967, and the  opera t ing  c o n t r a c t  was terminated a year  l a t e r .  The 

reac to r  was entombed i n  1970. I nc reas ing l y  s t r i n g e n t  AEC design c r i t e r i a  

i n v o l v i n g  expensive r e t r o - f i t t i n g ,  poor economics, low a v a i l a b i l i t y ,  and change 

i n  emphasis away from the  superheat program l e d  t o  the  dec is ion  t o  decommission. 

The u t i l i t y ,  t he  Puerto Rico Water Resources Author i ty ,  was t o  conver t  the  

decommissioned p l a n t  t o  an e x h i b i t i o n  open t o  the  p u b l i c  f o r  a maximum o f  

5 years. The u t i l i t y  was respons ib le  f o r  implementing decommissioning, pre-  

par ing  documents, and schedul ing and c a r r y i n g  o u t  the  operat ions. Control  o f  

t he  program was achieved i n  accordance w i t h  program s p e c i f i c a t i o n s  and d e t a i l e d  

procedures. A l l  a c t i v i t i e s  except cons t ruc t ion  o f  the  entombment s t r u c t u r e  

were al lowed t o  be implemented before issuance o f  the  AEC d ismant l ing  order .  

The work was d i v ided  i n t o  f o u r  phases: 



I n i t i a l  r a d i a t i o n  survey; sampl ing o f  se lec ted  p l a n t  equipment and p ip i ng ;  

sh ipp ing  o f  spare unused fue l  assemblies; removal o f  spent f u e l  f rom 

r e a c t o r  vessel ;  permanent d i s a b l i n g  o f  c o n t r o l  r o d  d r i v e  mechanism. 

Shipp ing o f  spent  f u e l ,  r a d i o a c t i v e  sources and wastes; decontaminat ion; 

p r e p a r a t i o n  f o r  entombment. 

Cons t ruc t i on  o f  entombment s t r u c t u r e .  

P repa ra t i on  o f  documentation f o r  t r a n s f e r  o f  l i cense ;  handing f a c i l i t y  

over  f o r  e x h i b i t i o n  purposes. 

A r a d i o l o g i c a l  s a f e t y  a n a l y s i s  was conducted t o  a s s i s t  i n  t he  des ign  o f  

t h e  entombment s t r u c t u r e .  The i n i t i a l  entombed r a d i o a c t i v i t y  t o t a l  was 

approx imate ly  50,000 C i .  The dose r a t e  a t  t he  sur face  o f  t he  entombment 

s t r u c t u r e  was n o t  t o  exceed 0.4 mR/hr a t  1  cm, except  f o r  p e r m i s s i b l e  h o t  spots  

up t o  1  mR/hr as l o n g  as an average su r f ace  r a d i a t i o n  l e v e l  o f  0.2 mR/hr was 

n o t  exceeded. 

A hazard assessment was made o f  t h e  entombed p l a n t  f o r  a  p o s t u l a t e d  

des ign- basis  acc iden t  (severe earthquake f o l  lowed by t i d a l  wave f l o o d ) .  Even 

on t h e  bas i s  o f  t h e  most p e s s i m i s t i c  assumptions i t  was c a l c u l a t e d  t h a t  such 

an acc iden t  would n o t  r e s u l t  i n  unacceptable r a d i a t i o n  doses. 

The deconimi s s i o n i  ng aspects o f  t he  BONUS f a c i  1  i t y  a r e  f u r t h e r  descr ibed  

i n  Reference 15. 

4.3.1.5 Wal te r  Reed Research Reactor, 

Washington, DC 

The Wal te r  Reed Research Reactor was d ismant led i n  1971. The f a c i l i t y  

was an Atomics I n t e r n a t i o n a l  Model L-54 homogeneous-fuel r e a c t o r  hav ing a  

maximum o p e r a t i n g  power o f  50 kWt. The r e a c t o r  was surrounded by a  f o u r - s t o r y  

research i n s t i t u t e  and was housed 20 f t  below ground w i t h  o n l y  l i m i t e d  access 

v i a  e l eva to r s .  Heavy du t y  cranes and equipment cou ld  n o t  be used. 

The aqueous and s o l i d  f u e l  was removed i n  spec ia l  con ta ine rs .  Recombiner 

u n i t  wa te r  and decontaminat ion s o l u t i o n s  were s o l  i d i f i e d  i n  vermicu l  i t e  and 

shipped i n  sh ie l ded  s t a i n l e s s  s t e e l  drums. 



A Darda r o c k s p l i t t e r  was used t o  demol ish t h e  t h i c k ,  dense-concrete 

b i o l o g i c a l  s h i e l d .  ( I 6 )  Th i s  t o o l  i s  a h y d r a u l i c  dev ice  t h a t ,  when i n s e r t e d  

i n t o  d r i l l e d  ho les,  generates ve ry  h i g h  l a t e r a l  pressures t o  e s t a b l i s h  f r a c t u r e  

p lanes.  Convent ional  road- sur face breakers were then used t o  separate t he  

concrete.  Normal research  i n s t i t u t e  opera t ions  con t inued  a lmost  un in te r rup ted  

d u r i n g  dismant lement and decontaminat ion. Rad ioac t i ve  m a t e r i a l s  were removed 

a t  n i g h t  and on weekends. 

No i n f o r m a t i o n  i s  a v a i l a b l e  on cos t s  o r  on r a d i o l o g i c a l  exper ience. A 

b r i e f  rev iew o f  t h e  r e a c t o r  dismant lement i s  g i ven  i n  Reference 17. 

4.3.1.6 Pa th f i nde r ,  Sioux F a l l s ,  

South Dakota 

Pa th f i nde r  was a 66-MWe BWR w i t h  i n t e g r a l  nuc lea r  superheater t h a t  was 

p laced i n  pass ive safe s torage.  The r e a c t o r  was shu t  down i n  1967, and t he  

p l a n t  was conver ted t o  convent ional  ope ra t i on  us ing  t h r e e  f o s s i l - f u e l e d  

b o i l e r s .  The ope ra t i ng  1 icense was e v e n t u a l l y  rep laced  by a P a r t  30 byproduct  

l i cense .  The convers ion o f  t h e  t u r b i n e  c y c l e  equipment was t h e  major a c t i v i t y  

r epo r ted  i n  open l i t e r a t u r e .  ( I 8 )  P i p i n g  and t u r b i n e  components were decon- 

taminated d u r i n g  t he  convers ion process. Decontamination f l u i d s  were p laced 
3 i n  b a r r e l s ,  s o l i d i f i e d ,  and shipped f o r  b u r i a l .  Over 300 0.2-m b a r r e l s  o f  

s o l i d i f i e d  waste were removed f rom t h e  s i t e .  To ta l  decommissioning and con- 

v e r s i o n  was es t imated  t o  be $3.7 m i l l i o n .  

4.3.1.7 Saxton Nucl ear  Experimental  Fac i  1  i ty, 

Saxton, Pennsylvania 

The Saxton p l a n t  was a 23.5-MWt p ro to t ype  p ressu r i zed  water  r e a c t o r  t h a t  

supp l i ed  steam t o  an e x i s t i n g  10-MWe turbo- generator .  The r e a c t o r  was l o c a t e d  

i n  t h e  Saxton Steam Generat ing S t a t i o n  o f  t h e  Pennsylvania E l e c t r i c  Company 

and was operated by t h e  Saxton Nuclear Experimental  Corpora t ion  (SNEC). 

Decommissioning was accomplished by p l a c i n g  t h e  f a c i l i t y  i n  pass ive  sa fe  

storage. SNEC was respons ib l e  f o r  a l l  decommissioning a c t i v i t i e s ,  i n c l u d i n g  

those o f  con t rac to r s .  These a c t i v i t i e s  were c a r r i e d  o u t  i n  accordance w i t h  

w r i t t e n  procedures 3pproved by SNEC. Decommissioning was completed du r i ng  

1973. 



P r i o r  t o  decommissioning, an ex tens ive  p lann ing  program was c a r r i e d  o u t  

which inc luded:  

per forming an assessment t o  determine the  optimum way o f  decommissioning 

t h e  p l a n t  

p repar ing  t h e  decomniissioning p lan  

l i c e n s i n g  t h e  p l a n  w i t h  the  AEC. 

Add i t i ona l  i n fo rma t i on  o f  the  p lann ing  and l i c e n s i n g  f o r  t he  Saxton 

f a c i l i t y  i s  g iven  i n  References 19 and 20. 

4.3.1.8 Experimental Breeder Reactor-1 (EBR-1) 

Idaho Nat ional  Engineering Laboratory,  

S c o t t s v i l l e ,  Idaho 

EBR-1 was t h e  wor ld ' s  f i r s t  source o f  nuc lear  e l e c t r i c i t y ,  f i r s t  demon- 

s t r a t e d  i n  1951. Th is  f a s t  breeder r e a c t o r  used a sodium-potassium coo lan t .  

EBR-1 s u f f e r e d  a core  meltdown acc ident  i n  1955. It was even tua l l y  decided 

t o  make EBR-1 t h e  s i t e  o f  a Nat ional  H i s t o r i c  Monument, and ceremonies took 

p lace  i n  1966. Pub l i c  access cou ld  n o t  be permi t ted  because o f  r a d i o a c t i v e  

contaminat ion and hazardous accumulations o f  NaK. Steps t o  c o r r e c t  t h i s  s i t u -  

a t i o n  were taken i n  1973 when a decontaminat ion and decommissioning program 

was performed. The program p lan  was performed and completed by A e r o j e t  Nuclear 

Company, a s s i s t e d  by A l l i e d  Chemical Corporat ion and Argonne Nat iona l  Labora- 

t o r y .  

I n fo rma t i on  regard ing  the  d e a c t i v a t i o n  steps i s  g iven i n  Reference 21. 

4.3.1.9 E l k  R i ve r  Reactor, 

E l  k River ,  Minnesota 

The E l k  R iver  Reactor was a 58-MWt, i n d i r e c t - c y c l e ,  na tu ra l  - c i r c u l a t i o n  

BWR, b u i l t  under a USAEC c o n t r a c t  and operated by the  Un i ted  Power Assoc ia t ion  

(UPA). It was shut  down i n  1968 a f t e r  4 years o f  commercial operat ion.  UPA 

waived i t s  o p t i o n  t o  purchase the  p lan t ,  and agreement was even tua l l y  reached 

between the  AEC and the  UPA t o  d ismant le  t he  p l a n t  and r e s t o r e  the  s i t e  as 

n e a r l y  as poss ib le  t o  i t s  o r i g i n a l  cond i t i on .  



The decommissioning program was c a r r i e d  o u t  i n  th ree  phases: planning, 

dismantl  ing, and f i n a l  s i t e  c losure.  

Dismantl ing was c a r r i e d  ou t  i n  th ree  over lapping stages: 

removal o f  t he  most h i g h l y  r a d i o a c t i v e  components (e .g., r eac to r  i n t e r n a l  s  

and pressure vessel ) 

removal o f  systems and equipment ou ts ide  the b i o l o g i c a l  s h i e l d  t h a t  

contained 1 ow-1 eve1 contaminat ion 

removal o f  noncontaminated s t ruc tu res .  

It was decided t o  use plasma-arc c u t t i n g  under water t o  dismantle the 

i nne r  thermal s h i e l d  and oxyacetylene c u t t i n g  i n  a i r  t o  d ismant le the ou ter  

thermal s h i e l d  and the  r e a c t o r  vessel.  Plasma-arc c u t t i n g  was n o t  used on the 

ou te r  thermal s h i e l d  because the h igh  temperatures would have vaporized the  

l ead  1 i n e r .  A f u l l  t e s t  development program was c a r r i e d  ou t  on the c u t t i n g  

processes. A manipulator  f o r  remote handl ing o f  the  c u t t i n g  torches was 

developed. 

For t he  removal o f  concrete, convent ional d r i l l i n g  methods were f e a s i b l e  

up t o  a depth o f  0.6 m, b u t  were uneconomical because o f  the t ime element 

involved.  Contro l  l e d  use o f  explos ives (0.7-kg maximum dynamite charges) was 

successful  i n  s a f e l y  removing the b i o l o g i c a l  sh ie ld ,  w i t h  no re lease o f  rad io-  

a c t i v e  contaminat ion. Charge s i z e  was l i m i t e d  because the  Reactor B u i l d i n g  

was l oca ted  c lose  t o  an opera t ing  e l e c t r i c a l  generat ing f a c i l  i ty. 

The t o t a l  p r o j e c t  cos t  i n c l u d i n g  techn ica l  support serv ices was 

$6.1 5 m i l l  i on .  The h ighes t  c o n s t i  t u t e n t s  o f  costs were ma te r ia l  disposal 

($1.25 m i l  1  i on ) ,  removal and d isposal  o f  the b i o - s h i e l d  ($1.23 m i l  1  i on ) ,  and 

removal and d isposal  o f  the  r e a c t o r  vessel ($1 -06 m i  11 i o n ) .  

The decommissioning a c t i v i t i e s  are  f u r t h e r  described i n  References 22 

and 23. 



4.3.1.10 Peach Bottom 1. 

York County, Pennsylvania 

Peach Bottom 1, a  40-MWe, h i g h  temperature gas-cooled r e a c t o r ,  was shu t  

down i n  1974 a f t e r  7  years  o f  commercial opera t ion .  The d e c i s i o n  t o  decommis- 

s i o n  was made because o f  t h e  h i g h  c o s t  o f  m o d i f i c a t i o n s  r e q u i r e d  t o  meet more 

s t r i n g e n t  s a f e t y  c r i t e r i a .  

A f u l l  e v a l u a t i o n  o f  t h e  i m p l i c a t i o n s  o f  decommissioning as regards 

schedule, s a f e t y ,  cos ts ,  and l i c e n s i n g  was c a r r i e d  o u t  by t h e  u t i l i t y ,  

P h i l a d e l p h i a  E l e c t r i c  Company, and t h e  SUNTAC Nuclear  Corporat ion.  Several 

decolnmissioning a l t e r n a t i v e s  were cons idered i n  l i g h t  o f  t h e  f o l l o w i n g :  

c u r r e n t  s t a t e  and f ede ra l  l i c e n s i n g  problems 

p o s s i b l e  changes i n  r e g u l a t i o n s  

l i c e n s i n g  o b l i g a t i o n s  throughout  t h e  l i f e  o f  each o p t i o n  

c o s t  o f  d i sposa l  o f  r a d i o a c t i v e  m a t e r i a l s  

c o s t  o f  p repa r i ng  t h e  d e t a i l e d  decommissioning p lan,  t e c h n i c a l  s p e c i f i -  

c a t i o n s ,  s a f e t y  a n a l y s i s  r e p o r t ,  and environmental  r e p o r t  f o r  each o p t i o n  

decontaminat ion requi rements f o r  each o p t i o n  

schedule cons ide ra t i ons  i n f l u e n c i n g  t h e  a v a i l a b i l i t y  o f  ope ra t i ng  s t a f f .  

The r e s u l t i n g  decommissioning p l a n  conta ined manpower d e t a i l s ,  schedules 

o f  a c t i v i t i e s ,  s a f e t y  analyses, proposed s u r v e i l l a n c e  program, and p r o j e c t e d  

f i n a l  f a c i  1  i ty  s t a t u s .  

The o p t i o n  chosen f o r  Peach Bottom 1  was pass ive s a f e  s to rage .  F a c i l i t y  

p repa ra t i ons  took  24 months and i nvo l ved  reduc ing  t h e  c o n t r o l l e d  access area 

t o  i n c l u d e  o n l y  t h e  Reactor Containment B u i l d i n g .  No s i g n i f i c a n t  d i s m a n t l i n g  

o f  t h i s  b u i l d i n g  t ook  p l ace  d u r i n g  t h e  p repa ra t i ons  f o r  sa fe  s torage.  Fuel  

hand l i ng  equipment was d isab led ,  decontaminated, and s t o r e d  i n  p lace.  A l l  

pene t ra t i ons  i n t o  t h e  containment were c u t  and capped o u t s i d e  t h e  containment 

w a l l .  A  f i l t e r e d  ven t  was i n s t a l l e d  t o  p reven t  any p ressure  b u i l d - u p  i n  t h e  

b u i l d i n g .  



No special techniques or equipment were required for the preparations. 

Normal procedures were used to remove fuel and radioactive materials. 

Although final costs for the decommissioning of Peach Bottom 1 are not 
available, the estimated cost obtained from the pre-decomniissioning evaluation 

was just over $2 niill ion at 1974 prices for the passive safe storage decommis- 

sioning option, including preparation, continuing care period, and subsequent 

disposal of radioactive materials. 

It was reported that no modifications to the original Peach Bottom 1 

design would have made decommissioning significantly easier, and it was also 

felt that this was probably true of large power reactors being constructed at 

the time. (24) The cost of any radical changes would be significant, and, in 
any case, existing design features were inherently beneficial when the passive 

safe storage option was selected. 

4.3.1.11 Sodium Reactor Experiment (SRE) , 
Santa Susana. ~alifornia(~~) 

The SRE was a 20-MWt, sodium-cooled, graphite-moderated thermal reactor 

located on a site about 45 km from the center of Los Angeles. It was the 

first nuclear reactor in the U.S. to produce power for supply to a comniercial 

power grid. It was operated from 1957 to 1964, when nuclear operations ceased 

and the fuel was removed. Decommissioning began in 1968, with the plant being 

placed in passive safe storage. Preparations included decontamination of the 

operating areas, removal of unnecessary equipment and secondary heat transfer 

sodiuni, and storage of the primary sodium coolant. Periodic maintenance and 

surveillance programs were established. 

In 1974, planning and preparation for dismantlement began with the estab- 

lishment of a staff organization to prepare the program plans. The following 

philosophy guided this effort: nuclear facility dismantling requires engin- 

eering, technology, expertise, and control equivalent to that for a construc- 

tion project and, in fact, requires more care, skill, and creativity to mini- 

mize the effects of radiation and other hazardous agents. 

A major tooling and technique development program was initiated in 1975. 

The development program culminated in techniques for alcohol reaction of sodium 



under w e l l - c o n t r o l l e d  cond i t ions ,  design and f a b r i c a t i o n  o f  a remotely operated 

and progran~mable p o l a r  manipulator  equipped w i t h  a p l  asma-arc c u t t i n g  to rch ,  

techniques f o r  e x p l o s i v e l y  c u t t i n g  component p ip ing ,  and techniques f o r  remov- 

i n g  a l l  contaminated and a c t i v a t e d  components w h i l e  p reserv ing  the  Reactor 

B u i l d i n g  and some f a c i l i t y  support  systems. Per iphera l  and noncontaminated 

suppor t  systems were removed i n  p a r a l l e l  w i t h  the  t o o l i n g  and technique devel-  

opment work. 

The dismantlement a c t i v i t i e s  began i n  1976 and proceeded i n  t he  f o l l o w i n g  

order :  

8 removal o f  pr imary sodium 

removal o f  i n t e r n a l l y  contaminated a u x i l i a r y  equipment w i t h o u t  d i s s e c t i o n  

8 underwater, exp los ive  c u t t i n g  o f  vessel i n t e r n a l s  and p i p i n g  connect ions 

underwater, plasma-arc segmenting o f  t he  vessel and thermal 1 i n e r  

8 i n - a i r ,  remote c u t t i n g  o f  thermal r i n g s  us ing  oxyacetylene to rch .  

Yet t o  be completed are  the  removal o f  f u e l  storage c e l l s ,  wash c e l l s ,  

r e a c t o r  vessel b i o l o g i c a l  s h i e l d  and c a v i t y  l i n e r ,  and contaminated s o i l ;  t he  

decontaminat ion o f  t h e  remaining s t ruc tu res ;  and the r e s t o r a t i o n  o f  t he  s i t e  

and s t r u c t u r e s  t o  meet phys ica l  s a f e t y  requirements. 

Through mid-1978, the  dismantlement o f  the  SRE requ i red  about $9 m i l l  i o n  
3 (about $1.5 m i l l  i o n  f o r  development), approximately 3,060 m o f  b u r i a l  space, 

and about 63 man-rem o f  exposure. 

The d i sman t l i ng  o f  t he  SRE i s  scheduled t o  be completed i n  1979 a t  an 

expected t o t a l  c o s t  o f  about $10 m i l  1 i on .  (26) 

4.3.1 .12 Other Nuclear Reactor Deconimi s s i o n i  ng Experience 

Three Oak Ridge Nat iona l  Laboratory (ORNL) reac to rs  were d ismant led i n  

1954 and 1955. (27)  These were Homogeneous Reactor Experiments (HRE-1 and 

HRE-2 r e a c t o r s )  and t h e  A i r c r a f t  Reactor Experiment (ARE r e a c t o r ) .  

Some o f  t h e  Hanford Product ion Reactors have been r e t i r e d . ( 2 8 )  The 

r e a c t o r  s t r u c t u r e s  were considered t o  be adequate t o  s a f e l y  con ta in  t h e  r a d i o -  

a c t i v e  m a t e r i a l  i nven to ry .  Fuel was removed, c a v i t i e s  were dr ied ,  f u e l  tubes 



were capped, and the  c o n t ~ o l  rods were disconnected. Routine su rve i l l ance  has 

been provided. One o f  t he  r e t i r e d  reac tors  i s  scheduled f o r  dismantlement. (29) 

Two nuclear  power p l a n t s  unique t o  m i l i t a r y  u t i l i z a t i o n  were the  U.S. 

Army's PM-2A and t h e  U.S. Navy's PM-3A. The PM-2A was a 1.5-MWe power reac to r  

system i n s t a l l e d  a t  Camp Century, Northern Greenland. It was completely d i s -  

mantled and removed from i t s  s i t e  i n  1964. (30) The complete removal o f  t he  

PM-3A, a 9.4-MWt u n i t  fo rmer ly  loca ted  a t  McMurdo Sta t ion ,  Antarc t ica ,  took 

about 2 years and was completed i n  e a r l y  1975. 

The SL-1 Reactor a t  t he  Idaho Nat ional  Engineering Laboratory was com- 

p l e t e l y  dismantled f o l l o w i n g  an accident  i n  1961. (31) High r a d i a t i o n  f i e l d s  

and wide-spread contaminat ion complicated the operat ion.  The reac to r  and the  

b u i l d i n g  were completely demolished, and the  r a d i o a c t i v e  wastes were t r a n s f e r -  

red  t o  a l o c a l  b u r i a l  ground. 

4.3.2 Decommissioning H i s t o r y  o f  Nonreactor Nuclear F a c i l i t i e s  

Many o the r  nuclear  f a c i l i t i e s  i n  the  U.S., ranging i n  s i z e  from one-room 

experimental  l a b o r a t o r i e s  t o  p ro to type f u e l  reprocessing p lan ts ,  have been 

s a f e l y  decommissioned. A p a r t i a l  l i s t i n g  o f  some o f  these f a c i l i t i e s  i s  g iven 

i n  Table 4.3-2. I n  many cases, the  precaut ions and c o n t r o l s  necessary f o r  

dea l i ng  w i t h  plutonium, polonium, and radium had t o  be considered. It should 

be noted t h a t  these considerat ions are  n o t  normal ly  re levan t  t o  decommissioning 

nuc lear  reac tors .  From the  v a r i e t y  o f  f a c i l i t i e s  shown i n  Table 4.3-2, i t  i s  

ev iden t  t h a t  t he  tee-nology and expe r t i se  t o  decommission any type o f  nuclear  

f a c i l i t y  has been e f f e c t i v e l y  and s a f e l y  demonstrated. 

4.3.3 Lessons From Past Decorr~missionings 

Past decommissionings have demonstrated some o f  the aspects o f  the 

p r a c t i c a l i t y  and a c c e p t a b i l i t y  o f  the  var ious decommissioning approaches. 

The necessary technology n o t  on l y  e x i s t s ,  b u t  has been s a f e l y  and success fu l l y  

app l i ed  numerous times t o  a wide v a r i e t y  o f  nuclear  i n s t a l l a t i o n s .  Because 

o f  the  unique s izes,  l oca t i ons ,  and cond i t ions  under which pas t  decommission- 

i n g ~  took place, no two had i d e n t i c a l  problems o r  cond i t ions .  However, the  

bas ic  approach t o  any mode o f  decommissioning remains v i r t u a l l y  unchanged 



TABLE 4.3-2. Nonreactor Nuclear F a c i l i t y  Decommissioning In fo rma t i on  

F a c i l i t y  

Polonium-210 F a c i l i t i e s  
(Un i t s  I 1 1  & I V )  

Cave Faci  1 i ty  
(Radium-226 and 
Actinium-227 
Processing Faci  1 i t y )  

SM Faci  1 i ty  (Space 
Programs Plutonium-238 
Faci  1 i t y  ) 

Plutonium F i l t e r  F a c i l -  
i t y  ( B u i l d i n g  12) 

Year Type o f  
Locat ion Decommissioned Decommissioning Reference 

M i  anii s burg, OH 1950 P a r t i a l  Disman- 32 
t lement;  decon- 
taminated t o  
re1 ease 1 eve1 s 

Miamisburg, OH 1967 P a r t i a l  Entomb- 3 2 
ment , remainder 
decontaminated 
t o  re lease  l e v e l s  

Miamisburg, OH 1972 Decontaminated 3 2 
and placed i n  
Passive Safe 
Storage (moth- 
b a l l e d )  a w a i t i n g  
f i n a l  d i s p o s i -  
t i o n  by DOE 
( f o r m e r l y  ERDA) 

Los Alamos, NM 1973 Dismantled 3 3 

Laboratory f o r  Plutonium Richland, WA 1974 Dismantled 34 
C r i t i c a l i t y  Stud ies  
(P-11 ) 

P l u t o n i u m P h y s i c s S t u d y  LosAlamos,NM 1975 Dismantled 3 5 
B u i l d i n g  No. 21 

( i  .e., ga ther ing  the  manpower, per forming the  p lanning and prepara t ion ,  and 

imp1 ementi ng t h e  des i red  decommissioning opera t ions)  . Th is  fundamental course 

o f  events v a r i e s  o n l y  i n  t h e  numerous p l a n t - s p e c i f i c  re f inements app l i ed  t o  

t h e  var ious  stages o f  decommissioning. The area o f  g rea tes t  chal lenge l i e s  

i n  improving j o b- s p e c i f i c  technology, such as remote c u t t i n g  equipment and 

decontaminat ion techniques. 

Past decommissionings have l e d  t o  more c a r e f u l  cons idera t ion  o f  t he  soc io-  

economic impacts on the  l o c a l  conmiunities, t he  phys ica l  impacts on the  env i ron-  

ment, and t h e  f a c i l i t y  des ign impacts on the  f a c i l i t a t i o n  o f  decommissioning. 

Improvements i n  decommissioning techniques wi 11 occur; Witness the  

development and p r a c t i c a l  use of plasma-arc c u t t i n g  techniques and the  irnprove- 

ments i n  exp los i ve  techniques employed du r i ng  the  dismantlement o f  t he  

E l k  R i ve r  Reactor and the  Sodium Reactor Experiment. These and o t h e r  t echn i -  

ques can be expected t o  be f u r t h e r  improved, d i r e c t l y  impact ing decommissioning 

cos ts  . 



4.3.4 Ongoing Experience 

Radiat ion f i e l d  bu i ldup e f f e c t s  on personnel exposure are  a recognized 

problem area t h a t  can impede opera t iona l  maintenance and i nspec t i on  and can 

impact decommissioning operat ions.  E f f o r t s  c u r r e n t l y  i n  progress t o  reduce 

r a d i a t i o n  l e v e l  bu i ldup i nc lude  methods f o r  reduc t ion  o f  cor ros ion  product  

formation i n  the reac to r  pr imary system, methods f o r  c o s t - e f f e c t i v e  pr imary 

system decontamination, more e f f e c t i v e  f i l t e r  and p u r i f i c a t i o n  systems, and 

mod i f i ca t i ons  t o  opera t iona l  techniques t h a t  have a d i r e c t  i n f l uence  on rad ia-  

t i o n  f i e l d s .  The gather ing o f  a v a i l a b l e  data i s  under way t o  a l l ow  assessment 

o f  t h e  o v e r a l l  ex ten t  and seriousness o f  the problem across the i ndus t r y .  (36) 

Ongoing i n d u s t r i a l  programs concerning r a d i a t i o n  exposure c o n t r o l  and 

decommissioning inc lude:  

concentrated chemical decontamination a t  Dresden 1 (BWR w i t h  steam 

generator) 

@ d i l u t e  o n- l i n e  chemical decontamination a t  Dresden 2 o r  Quad C i t i e s  1 

and 2 (BWRs) 

@ steam generator replacement programs a t  Surry and Turkey Po in t  (PWRs) 

steam generator chemical decontamination a t  I nd ian  Po in t  1 (PWR) . 
When completed, these programs w i  11 y i e l d  s i g n i f i c a n t  i n fo rma t ion  on 

decomnii s s i o n i  ng (e. g. , chemical decontamination methods, steam generator 

removal technology, and associated exposure reduct ion  techniques).  

During reac to r  operat ions, the  r a d i a t i o n  l e v e l s  i n  many areas are  domi- 

nated by r a d i a t i o n  from i n t e r n a l l y  contaminated p i p i n g  and equipment, and 

minimal e f f o r t s ,  i f  any, a re  made t o  keep s t r u c t u r a l  sur face contaminat ion 

cleaned up. A f t e r  40 years o f  operat ion, these areas may have f a i r l y  h igh  

r a d i a t i o n  l e v e l s .  For example, a t  Dresden 1 i t  i s  purpor ted tha t ,  al though 

chemical decontamination o f  t he  t e s t  loop was e f f e c t i v e ,  considerable rad ia-  

t i o n  l e v e l s  were s t i l l  present  as sur face contaminat ion on f l o o r s  and sur-  

rounding s t ruc tu res  f o l l o w i n g  t h a t  e f f o r t .  This  sur face contaminat ion was 

q u i t e  h igh  (%I R/hr), b u t  p r i o r  t o  loop decontamination i t  was n o t  c o n t r o l l i n g .  



This  phenomenon may we l l  be encountered i n  BWR decommissioning and may have an 

e f f e c t  on the  occupational exposures and on the  volumes o f  waste f o r  d isposal .  

A U.S. Department o f  Energy (DOE), fo rmer ly  ERDA, program i s  e s t a b l i s h i n g  

methods, costs, and p r i o r i t i e s  f o r  the decommissioning o f  r e t i r e d ,  contaminated 

DOE f a c i l i t i e s  a t  Hanford. (37y38) Ac t i ve  programs are  under way a t  Hanford 

t o  demonstrate the  techniques f o r  dismantl  i n g  and consol i d a t i n g  contaminated 

equipment and f a c i l i t i e s .  (39) 

I n  March 1975, t he  Peach Bottom End-of- Li fe Program, cosponsored by DOE 

and EPRI ,  was i n i t i a t e d .  The prime o b j e c t i v e  o f  the program i s  t o  v a l i d a t e  

s p e c i f i c  reac to r  design codes by comparison w i t h  ac tua l  measurements a t  

Peach Bottom 1. Such e n d - o f - l i f e  research programs, when app rop r ia te l y  

c o r r e l a t e d  w i t h  decommissioning planning, can s i g n i f i c a n t l y  advance nuclear  

p l a n t  design and f u e l  development technology. (40) 

The NRC i s  c u r r e n t l y  sponsoring several P a c i f i c  Northwest Laboratory 

research p r o j e c t s  t h a t  deal w i t h  the  f o l l o w i n g  aspects o f  decommissioning: 

l o n g- l i v e d  a c t i v a t i o n  products i n  r e a c t o r  cons t ruc t i on  ma te r ia l s  (41 

c h a r a c t e r i s t i c  rad ionuc l i de  contaminat ion throughout LWR power s t a t i o n s  

decontamination as a precursor  t o  decommissioning. 
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CHAPTER 5 

REGULATORY CONSIDERATIONS FOR DECOMMISSIONING 

I n  decommi ss ion ing  , the  1 icensee must be aware o f  appl i cab1 e regu la to ry  

requirements. Th is  chapter i d e n t i f i e s  and discusses e x i s t i n g  regu la t ions ,  

guides, and standards t h a t  apply t o  decommissioning the  reference BWR. 

The presenta t ion  i s  according t o  the  fo l low ing phases o f  decommissioning: 

p lanning and preparat ion,  a c t i v e  decommissioning, and cont inu ing  care. The 

conclusions o f  t h i s  chapter f o l l o w  t h i s  presentat ion.  

Regulat ions and gu ide l ines  i n  t h i s  area are  dygamic. Nat ional  p o l i c y  

r e l a t i n g  t o  decommissioning o f  LWR fue l - cyc le  f a c i l i t i e s  i s  changing, and 

new regu la t i ons  a re  forthcoming. For example, the  U.S. Nuclear Regulatory 

Commission ,(NRC) i s  consider ing the  development o f  a more e x p l i c i t  o v e r a l l  

p o l i c y  for~decomrnissioning nuclear  f a c i l i t i e s .  I n  add i t ion ,  i t  has issued 

a p lan  f o r  developing f o u r  i tems r e l a t e d  t o  decommissioning: 1 ) a general 

decommi ss ion ing  po l  i cy ,  2) t he  appropr ia te  changes i n  regu la t ions  , 3 )  t he  

d e t a i l e d  i n fo rma t ion  needed f o r  use i n  decommissioning decis ions,  and 4 )  guid-  

ance f o r  t he  f a c i l i t a t i o n  o f  decommissioning.(2) The in fo rmat ion  found i n  t h i s  

chapter r e f l e c t s  the  cu r ren t  s ta tus  o f  federa l  regu la t i ons  and gu ide l ines  t h a t  

can be app l ied  t o  decommissioning the  reference BWR. A comprehensive review 

and ana lys is  o f  c u r r e n t  regu la t i ons  r e l a t e d  t o  decommissioning o f  commercial 

nuclear  f a c i l i t i e s  i s  g iven i n  Reference 3. 

5.1 PLANNING AND PREPARATION 

During t h e  p lanning and prepara t ion  phase o f  decommissioning p r i o r  t o  

f i n a l  shutdown, t h e  l icensee,  w i t h  NRC approval, decides on and plans how 

t o  accomplish t h e  f i n a l  d i s p o s i t i o n  o f  the  p lan t .  A f t e r  choosing the  appro- 

p r i a t e  decommissioning mode, the  l i censee ' s  major preparatory e f f o r t  i s  t o  

p rov ide  t h e  necessary documentation fo r  amending the  f a c i  1  i t y  opera t ing  

l i c e n s e  t o  a "possession-only" l i c e n s e  (and renewing the  l i cense )  and, if 

required,  f o r  ob ta in ing  an NRC d ismant l ing  order .  



This section discusses the regulat ions and regulatory guides t ha t  per ta in  

t o  the  planning and preparation phase of decomnissioning, i n  the  following 

sequence: l icensing,  l icensing and insurance cos t s ,  and f inancia l  qua l i f i ca t ion .  

5.1.1 Licensing 

The f a c i l i t y  operating l icense  i s  regulated by 10 CFR Part  5 0 , ' ~ )  Licensing 

of Production and Ut i l i za t ion  F a c i l i t i e s .  In 10 CFR 50.51, ( b )  "Duration of 

License, Renewal," the  operating l icense  i s  permitted t o  be val id  f o r  a maximum 

of 40 years .  Upon expira t ion,  the  l icense  may be e i t h e r  renewed o r  terminated. 

The requirements t h a t  must be met t o  terminate the operating 1 icense a r e  

presented i n  10 CFR 50.82, "Application f o r  Termination of Licenses." . . 

Regulatory Guide 1 .86 , (C)  Termination of Operating Licenses f o r  Nuclear Reactors, 

amplifies 10 CFR 50.82 and describes the  acceptable decommissioning a l t e rna t i ve s ,  

as well as the  methods f o r  sa t i s fy ing  10 CFR 50.82. Regulatory Guide 1.86 

spec i f i es  the  procedures and the documentation requirements f o r  amending the  

f a c i l i t y  operating l i cense  t o  a possession-only l icense  and f o r  obtaining a 

dismantling order.  In addit ion,  i t  de l ineates  the app l i c ab i l i t y  of the  

possession-only l i cense  and the dismantling order t o  the  various decommissioning 

modes, the  survei l lance  and secur i ty  requirements i f  the f ina l  decommissioning 

s t a t u s  requires a possession-only l i cense ,  and the  procedures f o r  terminating 

the  l icense .  

The possession-only l icense  allows the l icensee t o  possess, b u t  not operate,  

the  f a c i l i t y .  I t  permits unloading, s to r ing ,  and subsequent shipping of the  

spent reactor  f u e l ,  as  well as the  minor work associated with preparation 

f o r  custodial s a f e  storage o r  passive sa fe  storage. I t  i s  the governing 

l icense  i n  a l l  decommissioning modes, but a dismantling order i s  a l so  required 

in  the  case of dismantlement o r  preparations f o r  hardened sa fe  s torage o r  

entombment. The possession-only l icense ,  o r  an agreement-state byproduct 

l icense ,  remains i n  force during the  continuing care period of s a f e  s torage 

o r  entombment, and must be renewed every 40 years.  

(a)Acronym f o r  U.S. Code of Federal Regulations, T i t l e  10, Part  50 ( t y p i c a l ) .  
(b)Acronym f o r  Section 50.51 of 10 CFR Part  50 ( t yp i ca l ) .  
'c)Regulatory Guides in  t h i s  appendix r e f e r  t o  those issued by NRC. 



The possession-only l i c e n s e  de le tes  t he  t echn i ca l  s p e c i f i c a t i o n s  rega rd ing  

p l a n t  ope ra t i on  (and assoc ia ted  s u r v e i  1  lance  requi rements)  t h a t  a r e  n o t  

a p p l i c a b l e  t o  decommissioning, b u t  ma in ta ins  those t h a t  a r e  necessary t o  

ensure p r o t e c t i o n  o f  t h e  workers and t h e  p u b l i c  d u r i n g  decommissioning. It 

a l s o  con ta ins  t he  a u t h o r i t y  t o  possess and handle byproduct  m a t e r i a l ,  source 

m a t e r i a l ,  and spec ia l  nuc lear  m a t e r i a l  as governed by 10 CFR P a r t  30, Rules 

o f  General A p p l i c a b i l i t y  t o  L i cens ing  of Byproduct M a t e r i a l ,  10 CFR P a r t  40, 

L i cens ing  o f  Source M a t e r i a l ,  and 10 CFR P a r t  70, Specia l  Nuclear M a t e r i a l .  

I n  r eques t i ng  t o  amend a  f a c i l i t y  ope ra t i ng  l i c e n s e  t o  a  possession- 

o n l y  l i cense ,  t he  l i censee  must p rov ide  t h e  f o l l o w i n g  i n fo rma t i on ,  as s p e c i f i e d  

by Regulatory  Guide 1  .86 : 

a  d e s c r i p t i o n  o f  t he  c u r r e n t  s t a t u s  o f  t h e  f a c i l i t y  

e an i nven to ry  o f  t h e  r a d i o a c t i v e  m a t e r i a l s  and t h e i r  l o c a t i o n  

i n  t he  f a c i l i t y  

a  d e s c r i p t i o n  o f  t he  decommissioning a c t i v i t i e s  t o  be performed 

e a  d e s c r i p t i o n  o f  measures t o  be taken t o  p reven t  c r i t i c a l i t y  o r  

r e a c t i v i t y  changes and t o  min imize re1  eases o f  r a d i o a c t i v i t y  f rom 

t h e  f a c i l i t y  

any proposed changes t o  t h e  t echn i ca l  s p e c i f i c a t i o n s  t h a t  r e f l e c t  

t h e  possession-only f a c i l i t y  s t a t u s  and t h e  decommissioning a c t i v i t i e s  

t o  be performed 

a  s a f e t y  a n a l y s i s  o f  bo th  t he  a c t i v i t i e s  t o  be accomplished and t he  

proposed changes t o  t he  t echn i ca l  s p e c i f i c a t i o n s .  

Th i s  i n f o r m a t i o n  becomes t he  decommissioning p l an  f o r  c u s t o d i a l  sa fe  s to rage  

o r  pass ive sa fe  storage. 

I f  major  p l a n t  changes a r e  planned (as i s  t h e  case w i t h  p repara t ions  f o r  

hardened sa fe  s torage,  w i t h  p repara t ions  f o r  entombment, o r  w i t h  dismant lement) ,  

an NRC d i sman t l i ng  o rde r  i s  r e q u i r e d  t o  proceed. The reques t  f o r  a  d i sman t l i ng  

o r d e r  must be accompanied by a  dismantlement p l an  t h a t  inc ludes ,  b u t  i s  n o t  



l i m i t e d  t o ,  t h e  f o l l o w i n g  i n fo rma t i on ,  as s p e c i f i e d  by 10 CFR 50.82 and 

c l a r i f i e d  i n  Regu la to ry  Guide 1.86: 

a  d e s c r i p t i o n  o f  t h e  u l t i m a t e  s t a t u s  o f  t he  p l a n t  

a  d e s c r i p t i o n  o f  t h e  d ismant l  i ng a c t i v i t i e s ,  i n c l u d i n g  r a d i o a c t i v e  

waste d isposa l  and s i t e  decontaminat ion, and t h e  assoc ia ted  env i ron-  

mental and s a f e t y  p recau t ions  

e a  s a f e t y  a n a l y s i s  o f  t h e  d i s m a n t l i n g  a c t i v i t i e s ,  i n c l u d i n g  any 

e f f l u e n t s  t h a t  may be re leased  

a  s a f e t y  a n a l y s i s  o f  t h e  p l a n t  i n  i t s  u l t i m a t e  s ta tus .  

Regulatory  Guide 1.70, Standard Format and Content o f  Sa fe t y  Ana lys is  

Reports f o r  Nuclear  Power P lan ts ,  Regulatory  Guide 4.2, P repa ra t i on  o f  Env i ron-  

mental Reports f o r  Nuclear  Power P lan ts ,  and References 4 and 5  may be o f  

i n t e r e s t  t o  t h e  l i c e n s e e  du r i ng  p repa ra t i on  o f  t h e  l i c e n s e  amendment reques t  

and t h e  dismant lement p lan.  

I f  l i c e n s e  e x p i r a t i o n  i s  imminent, a  reques t  f o r  renewal should be 

submi t ted  w i t h  t h e  amendment a p p l i c a t i o n .  The renewal process d e f i n e d  

by 10 CFR 50.51 i s  n o t  s p e c i f i c  as t o  procedura l  and documentat ional  r e q u i r e -  

ments. However, t h e  l i c e n s e  renewal reques t  w i l l  presumably r e q u i r e  t h e  

same rev iew  process and, thus, t h e  same i n f o r m a t i o n a l  i n p u t  as t h e  l i c e n s e  

amendment appl  i c a t i  on. Hence, a  combined 1  i cense amendment and 1  i cense 

renewal r eques t  i s  bo th  c o s t  and t ime  e f f e c t i v e .  

The f o l  1  owing subsect ions deal  w i t h  t h e  r e g u l a t i o n s  and regu l  a t o r y  guides 

t h a t  p e r t a i n  t o  t h e  docunientat ional  requirements o f  a  l i c e n s e  amendment 

reques t  o r  a  dismant lement p lan.  

5.1.1.1 Rad ioac t i ve  Waste Handl ing Plan 

Regardless o f  t h e  decommissioning mode, r a d i o a c t i v e  waste wi 11 be 

accumulated, t r ea ted ,  packaged, s to red ,  and t r anspo r ted  t o  a  d isposa l  s i t e .  

Small q u a n t i t i e s  o f  r a d i o a c t i v e  1  i q u i d  o r  gaseous e f f l u e n t s  may be re leased  

a t  t h e  s i t e ,  i n  accordance w i t h  e x i s t i n g  regu la t i ons .  Regulat ions d e f i n i n g  



the requirements f o r  protecting the public and the decommissioning workers 

during such a c t i v i t i e s  a r e  found in 10 CFR Part 50, Licensing of Production and 

Ut i l i za t ion  F a c i l i t i e s ,  10 CFR Part 20, Standards f o r  Protection Against Radiation, 

and 10 CFR Part  71, Packaging of Radioactive Materials f o r  Transport and Trans- 

portat ion of Radioactive Material Under Certain Conditions. Means f o r  complying 

I w i t h  these regulat ions must be defined in the  l icense  amendment request o r  the 

dismantlement plan. These a r e  the same requirements t h a t  the l icensee must 
address in his applicat ion t o  construct .and operate a BWR. 

5.1 . l .  2 Qua1,i ty  Assurance P1 an 

As par t  of the  l icense  amendment request or  the dismantlement plan, qual i ty  

assurance of the decommissioning a c t i v i t i e s  should be addressed ".. . t o  prevent 

o r  mit igate the  consequences of postulated accidents t h a t  could cause undue 

r i s k  t o  the  health and sa fe ty  of the  public," as  s t a ted  i n  10 CFR Part 50, 

Appendix B y  "Qua1 i t y  Assurance Cr i t e r i a  f o r  Nuclear Power Plants and Fuel 

ReprocessiRg Plants."  The requirements in Appendix B pertain t o  such topics  

as  design, purchasing, and fabr ica t ion,  b u t  do not spec i f i ca l ly  address 

decommissioning. Additional guidance i s  a l so  found in the NRC's Standard Review 

Plan, Section 17.1, **Qua1 i ty  Assurance During the  Operating and in 

Regulatory Guide 1.143, Design Guidance f o r  Radioactive Waste Management 

Systems, St ructures ,  and Components Ins ta l led  in  Light-Water-cooled Nuclear 

Power Plants. The pr inciples  and objectives of such guidance should be 

applied t o  a l l  decommissioning a c t i v i t i e s .  

5.1.1.3 Securi tv and Safeauards Plans 

Securi ty and safeguards plans should be par t  of the l icense  amendment 

request o r  the dismantlement plan. Although secur i ty  and safeguards during 

decommissioning a r e  not spec i f i ca l ly  addressed in  the regulat ions,  the 

i n t en t  of the  regulat ions f o r  operating plants remains the same during decom- 

missioning, insofar  as  they apply. These subjects  a re  discussed in 10 CFR 

50.34 ( c )  , "Physical Security Plan," Regulatory Guide 1 .17, Protection of 

Nuclear Power Plants Against Industr ial  Sabotage, and 10 CFR Part 73, Physical 

Protection of Plants and Materi a1 s . 



5.1 .l. 4 Environmental  P l  ans 

The env i ronmenta l  i n f o r m a t i o n  t h a t  i s  supp l i ed  w i t h  t h e  l i c e n s e  amendment 

reques t  o r  t h e  dismant lement p l an  should s a t i s f y  t h e  requirements o f  10 CFR 

P a r t  51 , L i cens ing  and Regulatory  Pol i c y  and Procedure f o r  Environmental  

P ro tec t i on ,  and t h e  i n t e n t  o f  Sec t ion  51.21, " A p p l i c a n t ' s  Environmental  

Report  - Opera t ing  L icense Stage. " It s t a t e s  i n  10 CFR 51.5(b) ( 7 )  t h a t  1  icense ' 1 

amendments o r  d i s m a n t l i n g  o rders  a u t h o r i z i n g  decommissioning may o r  may n o t  

r e q u i r e  an NRC environmental  impact statement.  I f  judged t h a t  such i s  n o t  

requ i red ,  a  nega t i ve  d e c l a r a t i o n  and an environmental  impact app ra i sa l  must i 
( 4  be prepared by t h e  NRC i n  accordance w i t h  10 CFR 51.7 and 10 CFR 51 .50(d ) .  

5.1.2 L i cens ing  and Insurance Costs 

Other cons ide ra t i ons  o f  s i g n i f i c a n t  concern, ma in ly  t o  t h e  l i censee ,  

a r e  t he  c o s t  o f  l i c e n s i n g  fees and t h e  c o s t  o f  t h e  insurance t h a t  i s  r e q u i r e d  

d u r i n g  decommissioning. These cos ts  a re  d i c t a t e d  by t h e  t ype  and q u a n t i t y  

o f  r a d i o a c t i v e  and/or  spec ia l  nuc lea r  m a t e r i a l s  invo lved ,  t h e  t ype  o f  ope ra t i on  

be ing  conducted, and, co r respond ing ly ,  t he  t ype  o f  l i c e n s e .  

L i cens ing  fees a r e  addressed i n  10 CFR P a r t  170. The schedule o f  fees 

f o r  f a c i l i t y  o p e r a t i n g  l i c e n s e  amendments and renewals i s  l i s t e d  i n  10 CFR 170.22. 

The schedule o f  fees f o r  r o u t i n e  i nspec t i ons  a re  l i s t e d  i n  10 CFR 170.23 and 

10 CFR 170.24. 

The f i n a n c i a l  p r o t e c t i o n  requirements d u r i n g  p l a n t  ope ra t i on  a re  g iven  

i n  10 CFR P a r t  140. The l e v e l s  o f  p r o t e c t i o n  r e q u i r e d  du r i ng  decommissioning 

a re  n o t  s p e c i f i c a l l y  de f ined .  

5.1.3 F inanc ia l  Q u a l i f i c a t i o n  

The f i n a n c i a l  q u a l i f i c a t i o n  o f  t h e  l i c e n s e e  i s  an impo r tan t  area con- 

s ide red  by t h e  NRC d u r i n g  t h e  rev iew o f  an ope ra t i ng  l i c e n s e  a p p l i c a t i o n  and 

each yea r  t h e r e a f t e r .  Regulat ions cover ing  t h i s  area a re  found i n  10 CFR 50 .33( f )  

and Appendix C o f  o f  10 CFR P a r t  50. Both address t he  necess i t y  o f  s u f f i c i e n t  

funds t o  opera te  t h e  f a c i l i t y  " ... f o r  t h e  p e r i o d  o f  t h e  l i c e n s e  o r  f o r  5  years ,  

(a)A nega t i ve  d e c l a r a t i o n  i s  a  document prepared by t h e  NRC t h a t  s t a t e s  t h a t  
i t  has decided n o t  t o  prepare an environmental  impact s ta tement  f o r  
a  p a r t i c u l a r  ac t i on ,  and t h a t  an environmental  impact app ra i sa l  s e t t i n g  
f o r t h  t h e  bas i s  f o r  t h a t  de te rm ina t i on  i s  a v a i l a b l e  f o r  p u b l i c  record .  



whichever i s  g rea te r ,  p l u s  t h e  es t imated  c o s t  o f  permanent ly s h u t t i n g  t he  

f a c i l i t y  down and m a i n t a i n i n g  i t  i n  a  sa fe  c o n d i t i o n . "  However, n e i t h e r  

s p e c i f i c a l l y  addresses decommissioning o f  t h e  f a c i l i t y .  Appendix F o f  10 CFR 

P a r t  50, a l though in tended s p e c i f i c a l l y  f o r  f u e l  reprocess ing  p l an t s ,  s t a t e s  

t h a t  t h e  l i c e n s e  a p p l i c a t i o n  s h a l l  i n c l u d e  i n f o r m a t i o n  showing t h a t  t he  a p p l i c a n t  

i s  f i n a n c i a l l y  q u a l i f i e d  "... t o  p rov ide  f o r  t he  removal and d isposa l  o f  
I 

r a d i o a c t i v e  wastes, d u r i n g  ope ra t i on  and upon decommissioning o f  t h e  f a c i l i t y . "  

5.2 ACTIVE DECOMMISSIONING 
1 -  

A c t i v e  decommissioning begins immediate ly  f o l l o w i n g  f i n a l  p l a n t  shutdown, 

and c o n s i s t s  o f  e i t h e r  dismantlement, p repa ra t i ons  f o r  sa fe  storage, o r  

p repa ra t i ons  f o r  entombment. Th i s  s e c t i o n  d iscusses t h e  regu la t i ons ,  r e g u l a t o r y  

guides, and n a t i o n a l  standards t h a t  app ly  t o  t h e  bas i c  aspects o f  a c t i v e  

decommissioning o f  t h e  re fe rence  BWR. Most o f  these bas i c  aspects a r e  s i m i l a r  

i n  na tu re  t o  many o f  p l a n t  opera t ion ;  and t h e  r e g u l a t o r y  c o n t r o l s  and n a t i o n a l  

standards t h a t  govern p l a n t  ope ra t i on  o f  these aspects a l s o  app ly  t o  a c t i v e  

decommissioning, a l though ve ry  few o f  them s p e c i f i c a l l y  ment ion decomniissioning 

a c t i v i t i e s .  The bas ic  areas o f  a c t i v e  decommissioning are:  1  i cens ing ,  

occupat iona l  r a d i a t i o n  sa fe ty ,  p u b l i c  r a d i a t i o n  sa fe t y ,  spec ia l  nuc lea r  

m a t e r i a l  handl ing,  r a d i o a c t i v e  waste handl ing,  i n d u s t r i a l  sa fe t y ,  and l i c e n s e  

t e r m i n a t i o n  and f a c i l i t y  re lease .  

5.2.1 L i c e n s i n g  

The possession-only l i c e n s e  i s  r egu la ted  g e n e r a l l y  by 10 CFR P a r t  50, 

L i cens ing  o f  Produc t ion  and U t i l i z a t i o n  F a c i l i t i e s  and s p e c i f i c a l l y  by 

10 CFR 50.82, " A p p l i c a t i o n  f o r  Terminat ion o f  Licenses."  Fu r the r  guidance 

on t h e  general  l i m i t a t i o n s  o f  t h e  possession-only l i c e n s e  i s  g iven  i n  

Regulatory  Guide 1.86, Terminat ion of Operat ing Licenses f o r  Nuclear Reactors. 

S i t u a t i o n s  t h a t  exceed t h e  l i m i t a t i o n s  o f  t h e  possession-only l i c e n s e  

may a r i s e  d u r i n g  t h e  course o f  a c t i v e  decommissioning. (Regulatory  Guide 

1.86 r e f e r s  t o  these s i t u a t i o n s  as " un re la ted  s a f e t y  quest ions.  " )  Th is  

t ype  o f  s i t u a t i o n  i s  r e g u l a t e d  by 10 CFR 50.59, "Changes, Tests and 

Experiments." 



5.2.2 Occupat ional  Rad ia t i on  Sa fe ty  

Because o f  t h e  h i g h l y  r a d i o a c t i v e  m a t e r i a l s  and contaminated work l o c a t i o n s  

i n  t h e  re fe rence  BWR d u r i n g  a c t i v e  decommissioning, occupat iona l  r a d i a t i o n  

exposure c o n t r o l  i s  o f  major  importance. Occupat ional  r a d i a t i o n  s a f e t y  i s  

r egu la ted  by 10  CFR P a r t  20, Standards f o r  P r o t e c t i o n  Aga ins t  Rad ia t i on .  
I 

The maximum p e r m i s s i b l e  l i m i t s  f o r  occupat iona l  r a d i a t i o n  exposure a r e  pre-  

sented i n  10 CFR 20.101, "Exposure o f  I n d i v i d u a l s  t o  Rad ia t i on  i n  R e s t r i c t e d  

Areas, and 10 CFR 20.103, "Exposure o f  I n d i v i d u a l s  t o  Concentrat ions o f  Radio- 
1 

I 
a c t i v e  M a t e r i a l s  i n  A i r  i n  R e s t r i c t e d  Areas." However, these l i m i t s  a re  

tempered by  t h e  o p e r a t i n g  ph i losophy  o f  - -  As Low - As i s  - Reasonably - Achievable 

(ALARA) as exp la i ned  i n  10 CFR 20.1 ( c )  . Th i s  ph i  1  osophy i s  descr ibed  i n  

Regulatory  Guide 8.8, I n fo rma t i on  Relevant t o  Ensur ing t h a t  Occupat ional  

Rad ia t i on  Exposure a t  Nuclear Power S t a t i o n s  w i l l  be As Low As Reasonably 

Achievable,  and i n  Regulatory  Guide 8.10, Operat ing Phi losophy For Ma in ta i n i ng  

Occupat ional  Rad ia t i on  Exposure As Low As I s  Reasonably Achievable.  

A d d i t i o n a l  i n f o r m a t i o n  on how t o  comply w i t h  t he  ALARA concept can be 

found i n  t h e  NRC Standard Review Plan, Sec t ion  12.1, "Assur ing That  

Occupat ional  Rad ia t i on  Exposures Are As Low As I s  Reasonably Achi evabl  e. I I ( ~ )  

Besides 10 CFR P a r t  20 and Regulatory  Guide 8.8 some o f  t h e  more r e l e v a n t  

r e g u l a t i o n s  and guidance c i t e d  i n  Sec t ion  12.1 a re  g i ven  below: 

a 10 CFR P a r t  19, Not ices,  I n s t r u c t i o n s  and Reports t o  Workers; I nspec t i ons  

a Regu la to ry  Guide 1.8, Personnel S e l e c t i o n  and T r a i n i n g  

a Regu la to ry  Guide 1.16, Repor t ing  o f  Operat ing I n f o r m a t i o n  

e Regu la to ry  Guide 1.39, Housekeeping Requirements f o r  Water Cooled 

Nuclear  Power P l  an ts  

a Regu la to ry  Guide 8.2, Guide f o r  A d m i n i s t r a t i v e  P rac t i ces  i n  Rad ia t i on  

M o n i t o r i n g  

a Regulatory  Guide 8.3, F i l m  Badge Performance C r i t e r i a  

a Regulatory  Guide 8.6, Standard Tes t  Procedures f o r  G-M Counters 



Regulatory  Guide 8.7, D i r e c t  Reading and I n d i r e c t  Reading Pocket 

Dosimeters 

Regulatory  Guide 8.9, Acceptable Concepts, Models, Equat ions and 

Assumptions f o r  a  Bioassay Program 

ANSI N13.12, Contro l  o f  Rad ioac t i ve  Sur face Contaminat ion o f  
I Ma te r i  a1 , Equi pment and Fac i  1  i t i e s  t o  be Re1 eased f o r  Uncontro l  1  ed 
I .  Use, American Nat iona l  Standards I n s t i t u t e  (Publ ished f o r  n a t i o n a l  t r i a l  

I and use i n  1978) 

I .  ANSI N18.9-1972, A d m i n i s t r a t i v e  Contro l  s  f o r  Nuclear  Power P lants ,  

American Nat iona l  Standards I n s t i t u t e  ( 1  972) 

ANSI 288.20-1969, Procedures f o r  Resp i ra to r y  P ro tec t i on ,  American 

Nat iona l  Standards I n s t i t u t e  ( 1  969) 

USBM-23, Resp i ra to ry  P r o t e c t i v e  Serv ices f o r  Use i n  Atmospheres Conta in ing  

Rad ioac t i ve  Ma te r i a l s ,  U.S. Bureau o f  Mines (1973).  

5.2.3 Pub1 i c  Rad ia t i on  Sa fe ty  

P u b l i c  r a d i a t i o n  exposure t h a t  r e s u l t s  f rom decommissioning t h e  re fe rence  

BWR must a l s o  comply w i t h  10 CFR P a r t  20. The maximum p u b l i c  exposure l i m i t s  

f o r  ex te rna l  exposure a r e  s p e c i f i e d  i n  10 CFR 20.105, "Permiss ib le  Levels  

c f  Rad ia t i on  i n  U n r e s t r i c t e d  Areas." L i m i t s  f o r  i n t e r n a l  exposure pathways 

a r e  g iven  i n  10 CFR 20.106 " R a d i o a c t i v i t y  i n  E f f l u e n t s  t o  U n r e s t r i c t e d  Areas." 

As i n  t h e  case o f  occupat iona l  exposure, 10 CFR 20.1 ( c )  r e q u i r e s  a p p l i c a t i o n  

o f  t h e  ALARA p r i n c i p l e  t o  t h e  c o n t r o l  o f  p u b l i c  r a d i a t i o n  exposures and 

re leases  o f  r a d i o a c t i v e  m a t e r i a l s  t o  t h e  env i rons .  Appendix I o f  10 CFR 

Pa r t  50 p rov ides  numerical  guides f o r  e s t a b l i s h i n g  des ign o b j e c t i v e s  and 

l i m i t i n g  c o n d i t i o n s  o f  ope ra t i on  i n  o r d e r  t o  meet t h e  ALARA c r i t e r i o n  f o r  

r a d i o a c t i v e  m a t e r i a l s  i n  e f f l u e n t s  f rom ope ra t i ng  1  i gh t - wa te r  r eac to r s .  (A1 though 

Appendix I a p p l i e s  s p e c i f i c a l l y  t o  gaseous and l i q u i d  e f f l u e n t s  f rom an ope ra t i ng  

l i g h t - w a t e r  r eac to r ,  t h e  possession-only l i c e n s e  w i l l  undoubtedly r e q u i r e  

adherence d u r i n g  decommissioning . ) 
The Environmental P r o t e c t i o n  Agency (EPA) i s  i n  t he  process o f  assuming 

t he  l e a d  r o l e  i n  r e g u l a t i n g  p u b l i c  r a d i a t i o n  exposure. The EPA p u b l i c  r a d i a t i o n  



exposure l imi ts ,  defined in 4.0 C F R  Part 190, Environmental Radiation Protection 

Standards for  Nuclear Power Operations, are  now in effect .  

As presently writ ten,  the E P A  1 imits apply to uranium fuel -cycle 

operations tha t  direct ly  support the production of e l ec t r i c i ty ,  b u t  not to  

waste management. Limits for  waste management are being developed and may well 

apply t o  decommissioning. When in e f fec t ,  the EPA l imits ,  which are more I 

r es t r ic t ive  for  d i rec t  external exposure than those in 10 C F R  20.105, will . I  

govern a l l  aspects of public radiation exposure. (The appropriate sections 
I 

of 10 C F R  Part 20 are  being revised to re f lec t  t h i s .  ) However, since I 
Appendix I of 10 C F R  Part 50 i s  more r e s t r i c t ive  than 40 C F R  Part 190 for  

internal exposure from light-water reactors effluents,  Appendix I will 

guide th i s  aspect for  light-water reactors. 

5.2.4 Special Nuclear Materials Handl ing 

Safeguards and security precautions must continue a f t e r  plant shutdown 

until a l l  special nuclear materials that  come under regulatory control are 

removed from the plant. Regulations defining the required precautions are 

found in 10 C F R  Part 70, Special Nuclear Materials, and 10 C F R  Part 73, 

Physical Protection of Plant Materials. The highly radioactive nature of 

the remaining special nuclear material ( i  . e . ,  irradiated fuel ) makes i t s  

thef t  very unlikely. The principal concern i s  to protect against acts of 

sabotage tha t  could endanger the safety of the work force and the public. 

As the final step in disposing of the fuel ,  a final cumulative Material 

Unaccounted For (MUF) value must be establ ished. This i s  generally not too 

d i f f i c u l t ,  since i t  i s  based on  a piece count of the fuel rods. Likely sources 

of MUF a t  a BWR are  misplaced fuel rods and pel le ts  l o s t  from severely damaged 

fuel rods, a1 1 of which will most probably be found as the spent fuel pool 

i s  emptied. 

5.2.5 Radioactive Waste Handl ing 

The decommissioning of a BWR en ta i l s  the disposal of radioactive materials. 

L i t t l e  guidance currently exis ts  on the final disposition of the highly 

radioactive reactor vessel components and other highly contaminated pieces 

of equipment. Shallow-land burial of these "high-level" wastes i s  currently 



be ing  reviewed. A  rev iew o f  t h e  r e g u l a t i o n s  t h a t  p e r t a i n  t o  t h e  l i c e n s i n g  

and o p e r a t i o n  o f  r a d i o a c t i v e  waste d isposa l  f a c i l i t i e s  i s  n o t  i n  t h e  scope 

o f  t h i s  s tudy.  Reference 6  discusses t h i s  m a t t e r  i n  d e t a i l .  

Regulat ions t h a t  govern t h e  packaging and t r a n s p o r t  o f  r a d i o a c t i v e  

m a t e r i a l s  a r e  designed t o  p reven t  t h e  d i spe rsa l  o f  r a d i o a c t i v i t y  t o  t h e  

I 
- env i rons  and t o  p r o t e c t  t h e  p u b l i c  and t h e  t r a n s p o r t a t i o n  workers du r i ng  

I .  shipment. There i s  some over1 appi  ng o f  f ede ra l  responsi  b i  1 i ty  f o r  r e g u l a t i n g  

I 
t h e  sa fe  packaging and t r a n s p o r t  o f  r a d i o a c t i v e  m a t e r i a l s .  Th i s  r e s p o n s i b i l i t y  

1 .  1  i e s  p r i m a r i l y  w i t h  t h e  Department o f  T ranspo r ta t i on  (DOT) and seconda r i l y  w i t h  

t h e  NRC. A  "Memorandum o f  Understanding" between DOT and NRC, s igned i n  1966 

and r e v i s e d  i n  1973, c a l l s  f o r  coopera t ion  and de l i nea tes  t he  r e s p o n s i b i l i t i e s  

o f  each agency. ( 7 )  

The DOT i s  r espons ib l e  f o r  s a f e t y  standards govern ing packaging and sh ipp ing  

con ta ine rs  and f o r  t h e i r  l a b e l i n g ,  c l a s s i f i c a t i o n , ,  and marking. The NRC develops 

performance standards and rev iews designs f o r  Type B, f i s s i l e ,  and l a r g e - q u a n t i t y  

packages. The DOT r e q u i r e s  NRC approval  t o  use these packages. (8)  The DOT a l s o  

implements s a f e t y  standards f o r  t h e  mechanical c o n d i t i o n  o f  c a r r i e r  equipment 

and f o r  t h e  q u a l i f i c a t i o n s  o f  c a r r i e r  personnel.  The Federal A v i a t i o n  Admini-  

s t r a t i o n  (FAA), t h e  I n t e r s t a t e  Commerce Commission (ICC) , and t h e  U.S. Coast 

Guard a l s o  exe rc i se  some r e g u l a t o r y  a u t h o r i t y  over  t h e  shipment o f  r a d i o a c t i v e  

mater i  a1 s  . 
The f o l l o w i n g  f ede ra l  r e g u l a t i o n s  a r e  a p p l i c a b l e  t o  t h e  packaging and 

t r a n s p o r t  o f  r a d i o a c t i v e  m a t e r i a l s :  

e 10 CFR P a r t  71 - NRC r e g u l a t i o n s  f o r  packaging and shipment o f  r a d i o a c t i v e  

m a t e r i a l s  

10 CFR P a r t  73 - NRC r e g u l a t i o n s  f o r  t he  p r o t e c t i o n  o f  spec ia l  nuc lea r  

m a t e r i a l  i n  t r a n s i t  

14 CFR P a r t  102 - FAA r e g u l a t i o n s  f o r  shipment of r a d i o a c t i v e  m a t e r i a l s  

by a i r  

47 CFR Pa r t s  146 and 149 - U.S. Coast Guard Regulat ions g ~ v e r n i n g  

t h e  shipment o f  r a d i o a c t i v e  m a t e r i a l s  by water  



49 CFR Parts 170 to 199 - DOT regulations regarding the transport 

of hazardous materials. 

The U.S. Department of Energy (formerly E R D A )  has prepared a more detailed 

review of the regulations pertaining to  the transport of radioactive material. ( 9 )  - 

5.2.6 Industrial Safety 
1 

During active decommissioning of a BWR, industrial safety ( i  . e . ,  not related . i 
to  radiation safety)  and occupational work conditions are  regulated by the 

I 
Occupational Safety and Health Administration of the U.S. Department of Labor 1 

I 

under 29 CFR Parts 1900 to end. 

5.2.7 License Termination and Facili ty Release 

One of the goals of decommissioning the reference BWR i s  to terminate 

the license and release the plant for  unrestricted use. To do t h i s ,  the 

residual radioactive contamination must be a t  an acceptable level for  pub1 i c  

protection. Several attempts have been made to  define the acceptable residual 

radioactive contamination levels for  unrestricted use of materials, b u t  no a l l -  

encompassing regulatory position i s  available. Because of t h i s ,  Chapter 8 of 

th i s  report presents a suggested methodology for  determining acceptable levels 

for  unrestricted release of the reference BWR. 

Guidance on acceptable residual contamination 1 eve1 s i s  found in 

Regulatory Guide 1.86 and the proposed ANSI Standard N13.12, Control of Radio- 

active Surface Contamination on Materials, Equipment and Fac i l i t ies  to  be 

Released for  Uncontrolled Use. Additional guidance can be inferred from 

information developed for  plutonium in s o i l s . ( l o y l ' )  The EPA i s  in the 

process of f inal iz ing i t s  guidance on the environmental l imits  for  unrestricted 

use of so i l s  contaminated with transuranium elements. ( 1 2 )  

Termination of the possession-only license i s  regulated by 10 CFR 50.82, 

with guidance on procedural matters presented in Regulatory Guide 1.86. 

5.3 CONTINUING CARE 

Continuing c i r e  deals with surveillance and maintenance of the plant 

in a safe storage mode or  in entombment. Primary concerns during t h i s  

period are  for  public and occupational safety and for  licensing. 



5.3.1 Pub1 i c  and Occupational Safety 

Requirements f o r  public and occupational sa fe ty  during the  continuing 

care  phase of decommissioning remain ident ica l  t o  those during ac t ive  

decommissioning (see  Sections 5.2.2 and 5.2.3). The requirements i n  t h i s  

area a r e  speci f ied  by the  possession-only l icense ,  which l i ke ly  wil l  not be 

I changed f o r  continuing care. 

I 5.3.2 Licensing 

I The NRC possession-only l icense ,  which i s  regulated by 10 CFR Part 50 
I .  remains in  force during continuing care (see  Regulatory Guide 1.86). Alter-  

nat ively ,  the  NRC's regulatory author i ty  f o r  the  continuing care s i tua t ion  can 

be relinquished t o  an agreement s t a t e  under 10 CFR.Part 150, Exemptions and 

Continued Regulatory Authority i n  Agreement S ta tes  Under Section 274. Section 

274(b) of the  Atomic Energy Act of 1954, as  amended, requires agreement 

s t a t e  programs t o  be compatible with NRC regulat ions.  The NRC requires t h a t  

agreement s t a t e  programs r e f l e c t  the  NRC's lead i n  the area of decommissioning. 

The l icense  and premises can be t ransferred t o  another organization 

t h a t  wil l  provide continuing care services .  I f  the other organization i s  

already licensed t o  handle radioactive mater ia ls ,  procedures f o r  l icense  

t r an s f e r  t h a t  a r e  given i n  Regulatory Guide 1.86 can be used; i f  not, 

10 CFR 50.80, "Transfer of Licenses," regulates the  t r ans fe r .  

A maximum l icense  duration of 40 years i s  speci f ied  by 10 CFR 50.51, 

"Duration of License, Renewal." License renewal i s  a l so  regulated by 10 CFR 

50.51 , a1 though no renewal procedure i s  s t i  pul ated. 

Regulatory Guide 1.86 and 10 CFR 50.82 present the  guidance and regula- 

t ions  f o r  terminating the l icense  a t  the  end of the  continuing care period. 

In most cases,  some dismantlement wi l l  be required t o  ensure t h a t  the  contami- 

nation l eve l s  i n  the  plant  a r e  a t  o r  below acceptable residual contamination 

levels .  The regulatory requirements discussed i n  Section 5.2 of t h i s  chapter 

wil l  apply in  these cases. A dismantling order,  discussed i n  Section 5.1.1 

of this chapter ,  i s  a l so  required i n  these cases. 



5.4 CONCLUSIONS 

Th i s  r ev i ew  o f  e x i s t i n g  r e g u l a t i o n s  and g u i d e l i n e s  shows t h a t ,  i n  genera l ,  

r e g u l a t i o n s  a r e  i n  p l ace  t o  cover t h e  s u b j e c t  o f  decommissioning o f  t h e  r e f e r -  

ence BWR. I n  some cases ( s e c u r i t y ,  safeguards, qual  i t y  assurance),  the  

e x i s t i n g  r e g u l a t i o n s  do n o t  speak s p e c i f i c a l l y  t o  t he  ques t i on  o f  decommissioning, 

b u t  they  can r e a d i l y  be i n t e r p r e t e d  as be ing  a p p l i c a b l e .  I 
. I 

The f o l l o w i n g  suggest ions a re  made f o r  improv ing p resen t  r e g u l a t i o n s :  
1 

e C e n t r a l i z e  o r  p rov ide  an index  f o r  a l l  r e g u l a t i o n s  t h a t  p e r t a i n  t o  1 
decommissioning. 

Mod i fy  t h e  e x i s t i n g  r e g u l a t i o n s  t h a t  app ly  t o  decommissioning t o  

i n c l u d e  re fe rence  t o  such a p p l i c a t i o n .  

C l e a r l y  d e f i n e  t h e  f i n a n c i a l  qual  i f i c a t i o n s  and r e s p o n s i b i l i t i e s  o f  

t h e  l i c e n s e e  f o r  decommissioning. 

Spec i f y  which o f  t h e  e x i s t i n g  r e g u l a t i o n s  t h a t  govern pub1 i c  r a d i a t i o n  

dose t ake  precedence du r i ng  t h e  decommissioning o f  a  l i g h t - w a t e r  r e a c t o r .  

More c l e a r l y  d e f i n e  " h igh- leve l  waste" ( w i t h  r espec t  t o  t h e  h i g h l y  

r a d i o a c t i v e  r e a c t o r  vessel  components) and t h e  assoc ia ted  d isposa l  

r e q u i  rements . 
Prov ide  a  common, i d e n t i f i a b l e  source o f  acceptable r e s i d u a l  r a d i o a c t i v e  

con tamina t ion  1 eve1 s  f o r  u n r e s t r i c t e d  re1  ease o f  m a t e r i a l s  , s t r u c t u r e s ,  

and s i t e s .  

Spec i f y  t h e  l i c e n s e  renewal requirements f o r  and d u r i n g  decommissioning. 

Other i tems t h a t  need cons ide ra t i on  a re :  

decommissioning f a c i l i t a t i o n  

decommissioning p lans  p r i o r  t o  p l a n t  c o n s t r u c t i o n  

general  decommissioning ph i losophy.  ( 2  
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CHAPTER 6 

FINANCING OF DECOMMISSIONING 

Th i s  chap te r  discusses a l t e r n a t i v e  approaches t o  p r o v i d i n g  funds f o r  
I decommissioning a BWR power s t a t i o n .  Only a1 t e r n a t i v e  f i n a n c i a l  mechanisms 
1 .  f o r  ensur ing  t h e  a v a i l a b i l i t y  o f  adequate funds a r e  discussed. L e g a l - i n s t i t u t i o n a l  

I i ssues  (e.g., who should c o l l e c t  t h e  funds and how t h e  funds should be admin is te red)  

1 -  a r e  o u t s i d e  t h e  scope o f  t h e  s tudy  and a r e  n o t  considered. The d i scuss ion  i n  

t h i s  chap te r  i s  q u a l i t a t i v e  i n  nature,  and numerical  examples a r e  r e l e g a t e d  

t o  Appendix A. 

A t  t h e  p resen t  t ime, t h e  f ede ra l  government has very  l i t t l e  d i r e c t  

invo lvement  i n  decommissioning f i n a n c i n g  cons ide ra t i ons .  NRC r e g u l a t i o n s  

s imp ly  r e q u i r e  t h e  a p p l i c a n t  f o r  an ope ra t i ng  l i c e n s e  t o  demonstrate t h e  f i n a n-  

c i a l  resources t o  cover t h e  es t imated  cos ts  o f  bo th  ope ra t i ng  and permanent ly 

s h u t t i n g  down t h e  f a c i l i t y .  ) However t h e  importance o f  f i n a n c i a l  assurance 

f o r  decommissioning was r e c e n t l y  recognized by t h e  Congress o f  t h e  Uni,ted S ta tes  

i n  t h e  Uranium M i l l  T a i l i n g s  Cont ro l  Ac t  o f  1978. ( 2 )  Th i s  a c t  amends t h e  

Atomic Energy Ac t  o f  1954, p r o v i d i n g  e x p l i c i t  a u t h o r i t y  f o r  NRC t o  r e q u i r e  an 

adequate bond, su re ty ,  o r  o t h e r  f i n a n c i a l  arrangement by uranium m i l l  l i censees  

t o  ensure s i t e  c leanup and rec lamat ion  p r i o r  t o  1  icense t e rm ina t i on .  Fur ther-  

more, NRC i s  cons ide r i ng  f i n a n c i a l  requirements w i t h i n  t he  broader con tex t  o f  

an o v e r a l l  r e e v a l u a t i o n  o f  i t s  p o l i c i e s  on decommissioning nuc lear  f a c i l i t i e s .  ( 3 )  

6.1 -NEED FOR ASSURANCE OF DECOMMISSIONING FUNDS 

Both f ede ra l  and s t a t e  governments have t he  r e s p o n s i b i l i t y  t o  p r o t e c t  t h e  

h e a l t h  and s a f e t y  o f  t h e i r  c i t i z e n s .  I n  connect ion w i t h  t h i s  r e s p o n s i b i l i t y ,  

a  s t a t e  i n  which a nuc lea r  power p l a n t  i s  l o c a t e d  has severa l  f i n a n c i a l  concerns. 

I t  i s  concerned w i t h  t h e  u t i l i t y  hav ing s u f f i c i e n t  funds t o  decommission t he  

p l a n t  a f t e r  shutdown and t h e  a v a i l a b i l i t y  o f  funds f o r  unexpected cont ingencies 

du r i ng  bo th  p l a n t  o p e r a t i o n  and p l a n t  decommissioning. I f  t h e  u t i l i t y  d e f a u l t s  

o r  goes bankrupt,  t h e  s t a t e  may have t o  assume f i n a n c i a l  r e s p o n s i b i l i t y  f o r  

decommissioning. 



Two f a c t o r s  combine t o  p rov ide  a reasonably  h i g h  degree o f  c e r t a i n t y  t h a t  

a u t i l i t y  w i l l  be f i n a n c i a l l y  capable of  decommissioning a nuc lea r  power p l a n t .  

U t i l i t i e s  g e n e r a l l y  have s i g n i f i c a n t  asse ts  and, because o f  t h e i r  r egu la ted  

monopoly s t a t u s ,  a r e  a1 lowed t o  recover  t h e i r  expenses and earn a reasonable 

r e t u r n  on t h e i r  c a p i t a l  investment .  Moreover, p u b l i c  i n t e r e s t  cons ide ra t i ons  

r e l a t i n g  t o  u t i l i t i e s  e s s e n t i a l  se rv i ces  t o  s o c i e t y  suggest t h a t  a u t i l i t y  1 
- i 

would n o t  be a l lowed t o  become i n s o l v e n t  except  i n  ve ry  r a r e  ins tances .  For 

c e r t a i n  non- investor-owned u t i l i t i e s  w i t h  t h e  a b i l i t y  t o  r a i s e  funds through 1 

taxes ( e  .g . , c e r t a i n  mun ic ipa l  u t i  1 i t i e s ) ,  t h e  argument a g a i n s t  i n s o l  vency i s - 1  
e s p e c i a l l y  conv inc ing .  Nevertheless, some form o f  f i n a n c i a l  assurance f o r  

decommissioning may be d e s i r a b l e .  F i r s t ,  s i nce  most nuc lea r  power p l a n t s  a re  

expected t o  opera te  30 t o  40 years  and u l t i m a t e  decommissioning may be delayed 

50 t o  100 yea rs  f o l l o w i n g  f i n a l  shutdown, p r e d i c t i n g  t h e  f i n a n c i a l  s t a b i l i t y  

o f  t h e  u t i l i t y  i n v o l v e d  i s  u n c e r t a i n  a t  bes t .  Second, t h e  u t i l i t y  may postpone 

decommissioning because i t  has no d i r e c t  economic i n c e n t i v e  t o  decommission a 

shutdown p l a n t .  F i n a l l y ,  a severe acc iden t  such as occurred a t  Three M i l e  

I s l a n d  Generat ing S t a t i o n  I 1  i n  March, 1979, may f i n a n c i a l l y  c r i p p l e  even a 

l a r g e ,  w e l l - i n s u r e d  u t i l i t y .  For these reasons, t h e r e  i s  a need t o  t ake  s teps 

t o  ensure t h e  a v a i l a b i l i t y  o f  funds f o r  decommissioning. 

6.2 ALTERNATIVE APPROACHES FOR PROVIDING DECOMMISSIONING FUNDS 

Ensur ing t h e  a v a i l a b i l i t y  o f  funds f o r  decomniissioning a f t e r  a nuc lea r  

power p l a n t  has ceased t o  produce any revenue should be addressed p r i o r  t o  

p l a n t  s t a r t u p .  The eventual  c o s t  o f  decommissioning should be cons idered as 

much a p a r t  o f  nuc lea r  power genera t ion  cos ts  as i s  t he  c o s t  o f  f u e l ,  and 

decommissioning c o s t s  should be borne e q u i t a b l y  by t h e  consumers o f  t he  power 

produced d u r i n g  p l a n t  opera t ion .  

NRC i s  cons ide r i ng  f i v e  c r i t e r i a  t o  eva lua te  t he  r e l a t i v e  e f f e c t i v e n e s s  

o f  a l t e r n a t i v e  decommissioning f i n a n c i n g  methods. ( 4 )  These c r i t e r i a  are:  

1. t h e  degree o f  decommissioning assurance provided; 

2. t h e  c o s t  o f  p r o v i d i n g  t h e  assurance; 

3. t h e  e x t e n t  t o  which t h e  consumers o f  t h e  p l a n t ' s  power e q u i t a b l y  share 

t h e  cos t s  o f  decommissioning; 



4. t h e  f l e x i b i l i t y  t o  respond t o  changes i n  i n f l a t i o n  and i n t e r e s t  r a tes ,  

r e a c t o r  l i f e ,  and es t imated  decommissioning cos ts ;  and 

5. t h e  a b i l i t y  t o  accommodate d i f f e r e n t  ownership and j u r i s d i c t i o n a l  

arrangements. 

I ' 

C r i t e r i o n  1  i s  cons idered most impor tan t ;  c r i t e r i a  2 and 3 a r e  nex t  i n  

I - importance; and c r i t e r i a  4 and 5  must be met f o r  a  f i n a n c i n g  a l t e r n a t i v e  t o  

r e c e i v e  f u r t h e r  cons ide ra t i on .  ( 4 )  
I 
I * 

There a r e  t h r e e  p r i n c i p a l  f i n a n c i n g  a l t e r n a t i v e s  f o r  decommissioning a  

nuc lear  power s t a t i o n  t h a t  s a t i s f y  t h e  above c r i t e r i a  t o  va ry i ng  degrees: 
I 

a  p repa id  decommissioning reserve  c o n t r o l l e d  by an ou t s i de  e n t i t y  

an i n t e r n a l  decommissioning reserve,  e i t h e r  funded o r  unfunded 

a  funded reserve  o r  s i n k i n g  fund c o n t r o l l e d  by an ou t s i de  e n t i t y .  

Combinations o f  these a l t e r n a t i v e s  can a l s o  be used. These a l t e r n a t i v e s  a r e  

discussed i n  t h e  f o l l o w i n g  subsect ions.  A f o u r t h  a l t e r n a t i v e ,  payment o f  

decommissioning cos ts  f rom u t i l i t y  revenues when t h e  funds a r e  requ i red ,  

i s  cons idered i n  l e s s  d e t a i l  because i t  f a i l s  t o  meet c r i t e r i a  1  and 3. 

Other a l t e r n a t i v e s ,  such as bonding o r  insurance pools ,  a re  cons idered 

b r i e f l y ,  p r i n c i p a l l y  i n  regard  t o  decommissioning a f t e r  a  premature shutdown. 

6.2.1 Prepaid Decommissioning Reserve 

Th i s  a l t e r n a t i v e  i nvo l ves  payment o f  t h e  t o t a l  expected decommissioning 

c o s t  ( i n  y e a r - o f - s t a r t u p  d o l l a r s )  t o  an ou t s i de  e n t i t y  p r i o r  t o  t he  s t a r t  o f  

opera t ions  a t  t h e  nuc lea r  power p l a n t .  The funds remain complete ly  ou t s i de  

t h e  c o n t r o l  o f  t h e  u t i l i t y  d u r i n g  t h e  ope ra t i ng  l i f e t i m e  o f  t he  p l a n t .  The 

o u t s i d e  e n t i t y  i n v e s t s  and manages t he  funds u n t i l  needed f o r  decommissioning. 

No s t a t e s  a r e  known t o  use t h i s  f i n a n c i n g  approach a t  t h e  present;  

I d e a l l y ,  t h e  o u t s i d e  e n t i t y  would be an agency o f  t h e  s t a t e .  Th i s  

arrangement n o t  o n l y  p rov ides  s t a b i l i t y  i n  t h e  ca re  and management o f  t h e  funds 

b u t  cou ld  a l s o  p rov ide  a  s i g n i f i c a n t  t a x  advantage. The I n t e r n a l  Revenue 

Serv ice  (IRS) does n o t  t a x  income acc ru ing  t o  t h e  government o f  any p o l i t i c a l  

s u b d i v i s i o n  o f  t h e  U.S. ( 5 )  A s t a t e  agency migh t  t h e r e f o r e  be a b l e  t o  i n v e s t  

t h e  deconimissioning proceeds i n  h i g h- y i e l d i n g  t r e a s u r y  b i l l s  o r  i n  secure 



industrial bonds without tax l i a b i l i t y  for  the interest  earned. Historically,  

t h i s  type of investment has yielded a real return of 1 to  3% per year ( i  .e., 
a return of 1 t o  3% per year greater than the rate  of inf la t ion) .  A1 though th i s  
return has not been obtainable a t  certain times i n  recent years, there i s  
s t i l l  a strong likelihood tha t  a s t a t e  agency not subject to  federal taxes can 
invest the funds so the ra te  of growth of the decommissioning reserve a t  leas t  
matches the r a t e  of decommissioning cost escalation due to inf lat ion.  

For federal income tax purposes, i t  i s  unlikely that  the money paid to  the 
outside en t i ty  by an investor-owned u t i l i t y  can be treated as expenses in the 
year of payment since the payment i s  actually a prepaid expense. The IRS 

generally requires payments of th i s  type to  be capitalized and amortized i n  

the same way as i s  the capital cost of the plant. Thus, the decommissioning 
cost prepayment and the plant capital cost would be included in the ra te  base, 
and capital recovery would be accompl ished via normal depreciation accounting 
methods. 

The prepayment financing a1 ternative meets the five selection c r i t e r i a  
reasonably well. Of the three discussed financing a1 ternatives,  t h i s  a1 ternative 
provides the greatest  assurance that  decommissioning funds will be available. 

If the fund i s  not subject to  federal taxes, the return realized could exceed 

the u t i l i t y ' s  af ter- tax cost of capi tal ,  suggesting that  the consumer may benefit 
more by having the funds in an outside escrow account than by having the funds 
reinvested i n  the u t i l i t y ' s  capital structure.  This approach i s  equitable to 
e l ec t r i c i ty  consumers because the revenues to recover the prepaid expense are  
collected over the en t i r e  operating 1 i f e  of the plant. The prepaid financing 
approach seems t o  sa t i s fy  cr i ter ion 5 and can sa t i s fy  cr i ter ion 4 as long as the 
responsible regulatory agency has the power to d i rec t  the u t i l i t y  to  make future 
payments t o  the fund i f  estimated decommissioning costs escalate f a s t e r  than 
the fund's return on investment. 

6.2.2 Internal Unfunded Decommissioning Reserve 

An internal unfunded decommissioning reserve i s  the approach most prevalent 
i n  s t a t e s  w i t h  nuclear power plants. The most common procedure i s  t o  add the 

estimated cost of decommissioning as a negative salvage value to  the original 



c o s t  o f  t h e  p l a n t .  Each year,  t he  u t i l i t y  c r e d i t s  an unfunded reserve f o r  

decommissioning f rom opera t ing  revenues. A t  t he  end o f  t he  p l a n t ' s  ope ra t i ng  

1 i f e ,  t h e  t o t a l  accumulated negat ive  salvage value dep rec ia t i on  i s  t o  equal 

t h e  est imated c o s t  o f  decommissioning ( i n  yea r- o f - s ta r tup  do1 1 a r s )  . 
For investor-owned u t i l i t i e s ,  t he  recovery o f  f u t u r e  decommissioning 

1 - expenses i s  compl icated by federa l  t a x  regu la t i ons .  Revenues c o l l e c t e d  f o r  t h e  
I decommissioning reserve  are  considered as taxab le  income. ( 6 )  However, t he  

expense o f  decommissioning i s  p resen t l y  n o t  deduc t i b le  u n t i l  i t  i s  i ncu r red  

! ; ( i  .e., a f t e r  p l a n t  shutdown). (7) Conceptual l y  , the  revenue requirements f o r  

t h i s  f i nanc ing  approach can be s e t  so t h e  sum o f  t he  a f t e r - t a x  revenues each 
t 

year,  compounded a t  t h e  u t i l i t y ' s  a f t e r - t a x  cos t  o f  c a p i t a l ,  prov ide the  

requ i red  a f t e r - t a x  decommissioning funds. 

The c h i e f  disadvantage o f  t he  i n t e r n a l  decommissioning reserve i s  t h e  

r e l a t i v e  l a c k  o f  decommissioning assurance as compared t o  t he  o t h e r  two 

f i n a n c i n g  opt ions,  p a r t i c u l a r l y  w i t h  respec t  t o  premature decommissioning. 

From a c o s t  and e q u i t y  standpoint,  i t  i s  d i f f i c u l t  t o  genera l i ze  conclus ions 

s ince  t h e  ana l ys i s  i s  q u i t e  dependent both on tax ing  and account ing p rac t i ces  

and on f i n a n c i a l  assumptions. A p r i n c i p a l  advantage o f  t h i s  approach i s  t h a t  

i t  f i t s  e a s i l y  i n t o  e x i s t i n g  rate-making p rac t i ces  and does no t  r e q u i r e  a new 

e n t i t y  t o  oversee o r  manage the  decommissioning funds. 

6.2.3 S ink ing  Fund Payment t o  an Outside Escrow Account 

Under t h i s  f i ngnc ing  opt ion,  t he  u t i l i t y  makes p e r i o d i c  payments t o  an 

ou ts ide  escrow account, where t h e  funds a re  inves ted  i n  s e c u r i t i e s  u n t i l  they 

a re  needed f o r  decommissioning. A t  l e a s t  one s ta te ,  Pennsylvania, has 

adopted t h i s  f i n a n c i n g  method. 

I f  t h e  escrow account i s  managed by a s t a t e  agency, there  i s  a good 

p o s s i b i l i t y  t h a t  t h e  income generated by the  escrow account w i l l  no t  be sub jec t  

t o  federa l  income taxes. It may a l s o  be poss ib le  t o  s t r u c t u r e  the  account so 

an i nvestor-owned u t i  1 i t y  ' s payments can be made from untaxed revenue. (4 )  I f  

t h e  escrow payment i s  n o t  taxed, t h e  u t i l i t y ' s  annual revenue requirement i s  

s imply equal t o  t h e  annual payment. 



T h i s  approach seems t o  s a t i s f y  a l l  f i v e  e v a l u a t i o n  c r i t e r i a  reasonably  

w e l l .  It p rov ides  t h e  f l e x i b i l i t y  needed t o  meet c r i t e r i a  4 and 5. It prov ides  

reasonable assurance o f  t h e  a v a i l a b i l i t y  o f  deconimissioning funds, w i t h  t h e  

p r i n c i p a l  r i s k  be ing  t h a t  a  p l a n t  may be shutdown premature ly  be fo re  adequate 

funds a r e  c o l l e c t e d .  Th i s  approach i s  reasonably  equ i t ab le ,  and payments t o  

t h e  fund  can f l u c t u a t e  w i t h  i n f l a t i o n  so consumers a re  pay ing  f o r  decommission- * 1 
i n g  i n  d o l l a r s  o f  cons tan t  purchas ing power. The r e l a t i v e  c o s t  o f  t h i s  1 
a l t e r n a t i v e  i s  s u b j e c t  t o  assumptions on tax ,  account ing, and f i n a n c i a l  

p r a c t i c e s .  

6.2.4 Payment f r om Revenue when Needed 1 

Under t h i s  op t i on ,  t h e  u t i l i t y  takes no a c t i o i u n t i l  t he  funds a r e  needed 

f o r  decommissioning. A t  t h a t  t ime, t h e  decommissioning cos ts  a r e  p a i d  o u t  

o f  c u r r e n t  revenues. The cos ts  a r e  an a l l owab le  expense, thus no income 

taxes a r e  p a i d  on t h a t  p o r t i o n  o f  t h e  revenue. Exac t l y  how t h i s  approach 

would be handled w i t h  regard  t o  t h e  u t i l i t y ' s  r a t e  s t r u c t u r e  i s  unc lea r .  

Th i s  o p t i o n  has t h e  same disadvantage as t h e  i n t e r n a l  reserve  op t i on ,  a 

r e l a t i v e  l a c k  of assurance t h a t  the  funds w i l l  be a v a i l a b l e .  I t  has the  

a d d i t i o n a l  d isadvantage t h a t  the  cos ts  w i l l  be borne by people who do n o t  

b e n e f i t  f rom t h e  p l a n t ' s  ope ra t i on .  

6.3 FINANCIAL P R O V I S I O N S  FOR PREMATURE PLANT SHUTDOWN 

With t h e  l a s t  t h r e e  fund ing  a l t e r n a t i v e s ,  t h e r e  i s  a  r' isk t h a t  s u f f i c i e n t  

funds w i l l  n o t  be a v a i l a b l e  t o  pay f o r  decommissioning i f  the  nuc lear  power 

p l a n t  i s  shutdown premature ly .  I f  t h e  u t i l i t y  i s  f i n a n c i a l l y  unable t o  

p rov ide  t h e  funds needed f o r  decommissioning, t he  s t a t e  o r  f ede ra l  government 

may have t o  pay f o r  these a c t i v i t i e s .  Several  op t i ons  a re  a v a i l a b l e  t o  reduce 

t h i s  r i s k  o f  u n a v a i l a b i l i t y  o f  funds i n  t h e  event  o f  premature shutdown. These 

i n c l u d e  one o r  niore o f  t h e  f o l l o w i n g :  

a  l a r g e  i n i t i a l  payment t o  a  s i n k i n g  fund p r i o r  t o  p l a n t  s t a r t u p  

h i ghe r  p e r - u n i t  payments ( i n  cons tan t- va lue  d o l l a r s )  t o  a  s i n k i n g  fund  

d u r i n g  t h e  e a r l y  years  o f  p l a n t  o p e r a t i o n  



a  s u r e t y  bond posted by t h e  u t i l i t y  

a  decommissioning assurance insurance poo l .  

These r i s k - r e d u c i n g  op t i ons  a r e  discussed i n  t he  f o l l o w i n g  subsect ions.  

6.3.1 Large I n i t i a l  Payment 

I ' 
A  l a r g e  i n i t i a l  cash payment i s  made t o  t h e  s i n k i n g  fund p r i o r  t o  p l a n t  

1 .  s t a r t u p .  The s i z e  of  t h e  payment i s  f l e x i b l e  and depends on a  number o f  f a c t o r s ,  

i n c l u d i n g  t h e  f i n a n c i a l  resources o f  t he  u t i  1  i ty, the  probabi 1  i t y  o f  premature 

I ., shutdown, t h e  e x t e n t  o f  a n t i c i p a t e d  f und ing  problems, and the  a n t i c i p a t e d  

ope ra t i ng  l i f e  o f  t h e  f a c i l i t y .  An i n i t i a l  payment o f  about 10 t o  20% o f  t he  

I t o t a l  es t imated  decommissioning cos t s  ( i n  y e a r - o f - s t a r t u p  d o l l a r s )  m igh t  be 

requ i red .  

The p r i n c i p a l  advantage o f  t h i s  o p t i o n  i s  t he  increased assurance i t  

prov ides  f o r  meet ing decommissioning cos ts .  The p r i n c i p a l  disadvantage i s  t h e  

p o s s i b i l i t y  o f  f i n a n c i a l  hardsh ip  on t he  u t i l i t y ,  as under the  prepayment 

fund ing  a1 t e r n a t i v e .  A l e s s e r  disadvantage i s  the  p o t e n t i a l  f o r  i n e q u i t a b l e  

d i s t r i b u t i o n  o f  decommissioning cos ts  among the  power consumers. 

6.3.2 Hiaher  I n i t i a l  S ink ina  Fund Pavments 

For t h i s  op t i on ,  payments t o  t h e  s i n k i n g  fund ( i n  constant- va lue d o l l a r s )  

a r e  i n i t i a l l y  h i ghe r  than  t h e  average u n i t  c o s t  and then d e c l i n e  w i t h  t ime.  

The p r e c i s e  s l i d i n g  sca le  i s  determined by t he  s t a t e  u t i l i t y  commission and t h e  

u t i l i t y .  One poss ib l e  approach i s  t o  ma in ta i n  f i x e d  payments i n  nominal d o l l a r s  

over  t h e  l i f e t i m e  of t h e  f a c i l i t y ,  w i t h  the  payments based on cos ts  es t imated  

i n  yea r  of decommissioning d o l l a r s .  Th i s  o p t i o n  can be combined w i t h  t he  l a r g e -  

i n i  t i a l - payment  op t i on .  

The advantages and disadvantages o f  t h i s  o p t i o n  a re  comparable t o  those 

o f  t h e  1 a r g e- i n i  t i a l  -payment o p t i o n .  Th i s  o p t i o n ' s  main advantage i s  t h e  

added assurance t h a t  adequate funds a r e  a v a i l a b l e  f o r  decommissioning i n  t he  

event  o f  premature shutdown. A disadvantage i s  t h a t  power consumers d u r i n g  

t h e  e a r l y  years  w i l l  pay a  d i s p r o p o r t i o n a t e  share o f  t h e  decommissioning 

expenses. 



6.3.3 Surety Bond 

This o p t i o n  requ i res  the  u t i l i t y  t o  pos t  sure ty  bond (performance bond). 

The main problem w i t h  t h i s  i s  t h e  d i f f i c u l t y  o f  ob ta in ing  a  long- term conmit- 

nient o f  t h i s  magnitude from a  sure ty  company. I f  a  u t i l i t y  i s  somehow ab le  t o  

ob ta in  a  bond, i t  may have t o  p rov ide  100% c o l l a t e r a l .  (8)  Another problem i s  

t he  cos t  o f  a  bond, which i s  l i k e l y  1  t o  2% per year  o f  the guaranteed amount. (9 )  I 
This represents a  s i g n i f i c a n t  cos t  burden on the power consumers. I 

A sure ty  bond has two advantages. F i r s t ,  i t  i s  p o t e n t i a l l y  manageable 

( l e s s  burdensome) f o r  a  small company t h a t  i s  unable t o  make a  l a r g e  i n i t i a l  

cash payment. Second, i t  d i s t r i b u t e s  decommissioning costs t o  the  power con- I 

sumers more e q u i t a b l y  than a  l a r g e  i n i t i a l  cash payment. 

6.3.4 Insurance Pool 

This  o p t i o n  f o r  ensur ing adequate premature decommissioning funding requ i res  

u t i  1  i t i e s  (and operators of  o ther  nuclear  f u e l  -cyc l  e  f a c i  1  i t i e s )  t o  make pay- 

ments i n t o  a  decommissioning assurance pool.  The pool i s  o b l i g a t e d  t o  pay f o r  

a  decommissioning a  f a c i l i t y  i f  the  opera tor  de fau l t s .  One problem w i t h  t h i s  

o p t i o n  i s  t h e  s e t t i n g  o f  appropr ia te  premiums. To e s t a b l i s h  premiums, the  

pool admin i s t ra to r  i s  requ i red  t o  est imate the  l i k e l i h o o d  o f  nonperformance 

o r  p a r t i a l  performance and the  magnitude o f  the  fund requ i red  t o  o f f s e t  

a n t i c i p a t e d  funding s h o r t f a l l s .  Another problem i s  the p r o b a b i l i t y  t h a t  a  

decommissioning assurance pool might  have t o  be es tab l ished by the. federa l  

government, r e q u i r i n g  congressional ac t i on .  

6.4 PROVISIONS FOR CONTINGENCY COSTS 

Th is  sec t i on  prov ides a  b r i e f  d iscussion o f  t he  issues associated w i t h  

cont ingency cos t  p r o t e c t i o n  f o r  nuclear  power p l a n t  decommissioning. Contingency 

cos ts  here do n o t  r e f e r  t o  o rd ina ry  cos t  overruns i ncu r red  du r ing  decommission- 

ing ,  which can be handled by b u i l d i n g  a  reasonable contingency f a c t o r  i n t o  the  

s ink ing  fund payments. Rather, t he  concern i s  w i t h  unexpected fac to rs ,  such as 

c o r r e c t i v e  a c t i o n  needed f o r  unexpected rad ionuc l i de  releases o r  unant ic ipa ted  

requirements caused by changing regu la t ions ,  o r  by unant ic ipa ted  r a t e s  o f  

i n f l a t i o n .  



The important issue is who should bear the risk if decommissioning costs 
exceed available trust funds. This issue should be covered by the nuclear 
license or by the contract agreement used in setting up the decommissioning 
fund. In general, however, it is appropriate that the utility bear the overrun, 
primarily because it benefitted from plant operation and has ul timate respon- 

I ‘ sibility for decommissioning regardless of the existence of a trust fund to 

1 .  cover the decommissioning costs. Moreover, the utility will want to complete 
decommissioning to mitigate future liability. If a sufficient trust fund is 

not available, the utility still has decommissioning responsibility, regardless 

of the cost. 
1 .  

If the utility is financially incapacitated at the time of the decommission- 

ing cost overruns, the burden of these excess costs may fall to the state and/or 
federal government. This possibility should encourage regulatory agencies to 

be diligent in licensing and in monitoring nuclear plants to correct operating 
practices that may aggravate decommissioning problems, as well as to prevent 

changing regulations that may cause exhorbi tant decommissioning cost overruns. 
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CHAPTER 7  

CHARACTERISTICS OF THE REFERENCE BWR POWER STATION 

T h i s  chap te r  con ta ins  a  b r i e f  d e s c r i p t i o n  o f  t he  c h a r a c t e r i s t i c s  o f  the  

I 
re ference BWR power s t a t i o n ,  summarizing t he  d e t a i l e d  i n f o r m a t i o n  con ta ined  i n  

I Appendices B through E i n  Volume 2. Inc luded  a r e  d e s c r i p t i o n s  o f  bo th  t he  

re fe rence  s i t e  and t h e  re fe rence  f a c i l i t y .  A lso  i nc l uded  a r e  est imates o f  t h e  

I : r a d i a t i o n  dose r a t e s  and sur face  contaminat ion l e v e l s ,  t h e  r a d i o n u c l i d e  inven-  

t o r i e s ,  and t h e  chemical i n v e n t o r y  a t  t h e  s t a t i o n  a t  t h e  t-ime o f  f i n a l  r e a c t o r  

1 shutdown. The i n f o r m a t i o n  presented i s  t y p i c a l  o f  l a rge ,  present- generat ion,  

BWR power s t a t i o n s .  

7.1 THE REFERENCE SITE 

A r e fe rence  s i t e ,  descr ibed  b r i e f l y  i n  t h i s  sec t i on ,  i s  used i n  assessing 

t h e  p u b l i c  s a f e t y  e f f e c t s  o f  decommissioning a  BWR by var ious  a l t e r n a t i v e  

methods. The c h a r a c t e r i s t i c s  o f  t he  re fe rence  s i t e  a r e  r e p r e s e n t a t i v e  o f  

e x i s t i n g  and p o t e n t i a l  nuc lea r  r e a c t o r  s i t e s  i n  the  midwestern o r  m idd le  south-  

eas te rn  Un i ted  States.  The d e t a i l e d  i n f o r m a t i o n  suppo r t i ng  t h i s  abbrev ia ted  

s i t e  d e s c r i p t i o n  i s  found i n  Appendix B  i n  Volume 2, which i s  developed f rom 

i n f o r m a t i o n  con ta ined  i n  References 1  and 2. 

I n d i v i d u a l  f ea tu res  o f  t h i s  r e fe rence  s i t e  vary  f rom those o f  any s p e c i f i c  

BWR s i t e .  However, i t  i s  be l i eved  t h a t  use o f  a  r e fe rence  s i t e  r a t h e r  than any 

s p e c i f i c  s i t e  r e s u l t s  i n  a  more meaningful  o v e r a l l  a n a l y s i s  o f  p o t e n t i a l  impacts 

assoc ia ted  w i t h  decommissioning nuc lear  power f a c i l i t i e s .  S i t e - s p e c i f i c  assess- 

ments w i l l  be r e q u i r e d  f o r  t h e  s a f e t y  a n a l y s i s  and t h e  environmental  r e p o r t  

submi t ted  w i t h  t h e  reques t  f o r  l i c e n s e  amendment p r i o r  t o  a c t i v e l y  decommis- 

s i o n i n g  a  s p e c i f i c  f a c i l i t y .  ( 3  

The 4.7-km' r e fe rence  s i t e  i s  a  r e c t a n g l e  2  km by 2.35 km i n  dimension, 

w i t h  a  r i v e r  o f  moderate s i t e  runn ing  through one corner .  The p l a n t  f a c i l i -  
2 t i e s  a r e  l o c a t e d  i n s i d e  a  0.12-km fenced p o r t i o n  o f  t h e  s i t e .  The minimum 

d i s tance  f rom t h e  p o i n t  o f  p l a n t  a i r b o r n e  re leases  t o  t h e  o u t e r  s i t e  boundary 

i s  1  km. 



The re ference s i t e  i s  loca ted  i n  a  r u r a l  area w i t h  a  r e l a t i v e l y  low 

popu la t ion  dens i t y .  About 80% o f  the  l and  i n  the  v i c i n i t y  o f  the  s i t e  i s  

farmed. High popu la t ion  d e n s i t i e s  a re  l oca ted  a t  d is tances o f  10 t o  80 km, 

and g radua l l y  reducing popu la t ion  dens i t i es  are  encountered o u t  t o  180 km. The 

c l o s e s t  moderately l a r g e  c i t y ,  popu la t ion  40,000, i s  about 30 km d i s t a n t .  The 

nearest  l a r g e  c i t y ,  w i t h  1.8 m i l l i o n  i nhab i tan ts ,  i s  about 50 km away. The 1 
t o t a l  popu la t ion  i n  a  rad ius  o f  80 km i s  3.52 m i l l i o n .  1 

The c l ima te  a t  t h e  s i t e  i s  t y p i c a l  f o r  i n t e r n a l  con t i nen ta l  areas, w i t h  

wide temperature v a r i a t i o n s  and moderate p r e c i p i t a t i o n .  Meteorology informa- 

t i o n  used i n  t h i s  study i s  averaged from 16 nuclear  reac to r  s i t e s ,  w i t h  an 
3  1 

annual average atmospheric d i spe rs ion  f a c t o r  (;lo1) o f  about 5  x  sec/m 

a t  t he  c l o s e s t  s i t e  boundary. 

I n  t h i s  study, the  reference s i t e  i s  assumed t o  be s l i g h t l y  contaminated 

w i t h  r a d i o a c t i v e  ma te r ia l  as a  r e s u l t  o f  depos i t i on  from n,ormal opera t ing  

e f f l u e n t s  over  a  30-EFPY p l a n t  opera t ing  l i f e .  It i s  f u r t h e r  assumed t h a t  any 

acc identa l  re1  ease o f  r a d i o a c t i v e  ma te r ia l  du r ing  opera t ion  i s  cleaned up 

immediately f o l l o w i n g  the  event. Estimates o f  the  maximum contaminat ion 

l e v e l s  on the  reference s i t e  a t  p l a n t  shutdown are  given i n  Sect ion 7.4. 

7.2 THE REFERENCE FACILITY 

The re ference nuc lear  power p l a n t  i n  t h i s  study i s  a  3320-MWt' (1155-MWe) 

b o i l i n g  water r e a c t o r  (BWR) being b u i l t  by the  Washington Pub l i c  Power Supply 

System (WPPSS). The p l a n t  i s  designated as the WPPSS Nuclear P r o j e c t  No. 2  

(WNP-2) and i s  l oca ted  near Richland, Washington. It i s  o f  t he  BWR/5 c lass  

and the  Mark- I1 containment design, and i s  expected t o  s t a r t  opera t ion  i n  1982. 

The p r i n c i p a l  p l a n t  systems and s t ruc tu res  are  described b r i e f l y  i n  t h i s  

sec t ion .  More d e t a i l e d  i n fo rma t ion  i s  found i n  Appendix C i n  Volume 2, which 

i s  p r i m a r i l y  based on the WPPSS Nuclear P r o j e c t  No. 2  F ina l  Safety Ana lys is  

Report. ( 4  

7.2.1 Nuclear Power Generation System 

The nuclear  power generat ion system o f  t he  reference BWR i s  i l l u s t r a t e d  

i n  F igure  7.2-1. The p r i n c i p a l  components and systems o f  i n t e r e s t  a re  the  



FIGURE 7.2-1. Nuclear Power Generation System 

reac to r  vessel (conta in ing  the  nuclear  core and steam generat ion equipment), 

the  r e a c t o r  water r e c i r c u l a t i o n  system, and the  power conversion system. 

7.2.1.1 Reactor Vessel and I n t e r n a l s  

The reac to r  vessel i s  a r i g h t  c i r c u l a r  c y l i n d e r  w i t h  a permanently 

attached hemispheric bottom and a reniovable hemispheric top, as i l l u s t r a t e d  

i n  F igure  7.2-2. The vessel i s  made o f  carbon s tee l  about 0.171 m t h i c k ,  w i t h  

the  i n s i d e  c l a d  w i t h  s t a i n l e s s  s tee l  about 3 mm t h i c k .  The approximate dimen- 

s ions o f  t he  vessel a re  22.2 m i n  he igh t  and 6.7 m i n  ou te r  diameter. The 

mass o f  t he  vessel i s  nea r l y  750 Mg empty. 

The major r e a c t o r  i n t e r n a l  coniponents are  the  core ( f u e l ,  f l o w  channels, 

c o n t r o l  rods, and ins t rumenta t ion) ,  the core support s t r u c t u r e  ( i n c l u d i n g  the  

core shroud, t op  f u e l  guide, and core support p l a t e ) ,  the  shroud head and steam 

separator  assembly, t he  steam d rye r  assembly, the  j e t  pumps, the feedwater 

spargers, and the  core spray l i n e s .  
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FIGURE 7 .2- 2.  Reactor Vessel and Internals 

7.2.1 . 2  Reactor Water Reci rcul ation System 

The reactor water recirculation system, shown in Figure 7.2-3, has two 

loops external t o  the reactor vessel b u t  inside the primary containment ves- 

se l .  Each loop contains a pump, two motor-operated isolation valves, and 

one hydraulically operated flow-control valve. Each loop supplies reactor 



FIGURE 7.2-3. Reactor Water R e c i r c u l a t i o n  System 

water t o  t e n  j e t  pumps l o c a t e d  i n s i d e  t h e  r e a c t o r  vessel i n  t h e  annu la r  r e g i o n  

between t h e  core  shroud and t h e  vessel w a l l  ( r e f e r  t o  F igure  7.2-2). 

7.2.1.3 Power Conversion System 

The power convers ion system conver ts  t h e  usable energy f rom t h e  steam 

produced i n  t h e  r e a c t o r  vessel  t o  e l e c t r i c i t y ,  condenses t he  steam, and heats  



the condensate and pumps i t  back to  the reactor as feedwater. The system, 
shown i n  Figure 7.2-4, consists of a large steam turbine and generator, 
moisture separator-reheaters, a single-pass condenser, motor-driven condensate 

and condensate booster pumps, a fu l l  -flow condensate demineral izer  system, 

turbine-driven feedwater pumps, and s ix  stages of feedwater heating. 

FIGURE 7.2-4. Power Conversion System 

7.2.2 Plant Structures 

The arrangement of the structures on the reference BWR plant s i t e  i s  i l l u s -  
t rated i n  Figure 7.2-5. The structures of primary in teres t  during decommis- 

sioning are the Reactor Building, the Turbine Generator Building, and the 

Radwaste and Control Building. These buildings contain radioactive materials 
that  require special handling during decommissioning. The other structures,  
i f  removed, are conventional ly demo1 i shed. 
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FIGURE 7.2-5. S i t e  Layout o f  t he  Reference BWR Power P lan t  

The b u i l d i n g s  i n  t h e  main complex are i n  c lose  p rox im i t y  t o  each other ,  

b u t  a re  p h y s i c a l l y  separate from one another both above and below grade. 

7 .2 .2 .1  Reactor B u i l d i n g  

The Reactor Bu i ld ing ,  con ta in ing  the  nuclear  steam supply system and i t s  

a u x i l i a r i e s ,  i s  constructed o f  r e i n f o r c e d  concrete capped by metal s i d i n g  and 

r o o f i n g  supported by s t r u c t u r a l  s t e e l .  As shown i n  F igure 7.2-6, the  b u i l d i n g  

surrounds the  pr imary containment vessel, a f ree- standing s tee l  pressure ves- 

se l .  The maximum e x t e r i o r  dimensions of t he  Reactor B u i l d i n g  are 41.9 m by 

52.9 m i n  plan, 70.2 m above grade, and 10.6 m below grade t o  the  bottom o f  

the foundat ion mat. 
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FIGURE 7.2-6.  Reac to r  Bu i ld ing  

7 .2 .2 .2  Turb ine  Genera to r  Bu i ld ing  

The Turb ine  Genera to r  Bu i ld ing  c o n t a i n s  t h e  power convers ion  sys tem equ ip-  

ment and a u x i l i a r i e s .  I t  i s  c o n s t r u c t e d  o f  r e i n f o r c e d  c o n c r e t e  capped by 

s t e e l - s u p p o r t e d  metal  s i d i n g  and r o o f i n g ,  and i s  approx imate ly  58.8 ti, by 91.4 m 
i n  p lan  and 42.5 rn high .  There  a r e  two f l o o r s  above t h e  ground f l o o r .  Two 



s tee l  tanks f o r  condensate storage are  loca ted w i t h i n  a re in fo rced  concrete 

d i ke  j u s t  ou ts ide  the  b u i l d i n g .  

7.2.2.3 Radwaste and Control  Bui 1 d ing  

The Radwaste and Contro l  B u i l d i n g  houses, among o the r  systems, the  con- 

denser o f f  gas t reatment  system, the  r a d i o a c t i v e  l i q u i d  and s o l i d  waste systems, 

I t he  condensate demineral izer  system, the  reac to r  water cleanup demineral izer  
I system, and the  f u e l  pool coo l i ng  and cleanup demineral izer  system. The 

I b u i l d i n g  i s  constructed o f  r e i n f o r c e d  concrete and metal- sided and - roofed 
I .  s t r u c t u r a l  s tee l ,  w i t h  two f u l l  f l o o r s  and one p a r t i a l  f l o o r  above the  ground 

I f l o o r .  It i s  approximately 63.7 m by 48.8 m i n  p lan  and 32 m i n  o v e r a l l  
I 

he ight .  

7.2.2.4 Other S t ruc tures  

The remaining b u i l d i n g s  o f  the  reference BWR s i t e  complex, described 

b r i e f l y  here, a re  assumed i n  t h i s  study t o  be uncontaminated w i t h  r a d i o a c t i v e  

ma te r ia l  . 

Diesel Generator Bu i ld ing .  The Diesel Generator B u i l d i n g  conta ins the  

emergency-power d iese l  generators and t h e i r  associated equipment. It i s  con- 

s t ruc ted  o f  re in fo rced  concrete and i s  approximately 48.5 m by 24.4 m i n  p lan  

and 13.4 m i n  he igh t .  It has one complete f l o o r  above the  ground f l o o r ,  w i t h  

a p a r t i a l  f l o o r  above t h a t .  

Serv ice Bu i ld ing .  The Serv ice Bu i l d ing  houses the  main p l a n t  adminis t ra-  

t i v e  o f f i c e s ,  t he  main machine shop, and the  makeup water treatment system. 

It conta ins two s t o r i e s  above grade and a p a r t i a l  substructure.  The b u i l d i n g  

i s  about 25 m by 52 m i n  p lan  adjacent  t o  t he  Turbine Generator B u i l d i n g  and 

about 18 m by 32 m adjacent  t o  t h e  Reactor Bu i ld ing ,  and i s  approximately 10 m 

h igh  above grade w i t h  a 6-m substructure.  It i s  constructed o f  precast  con- 

c r e t e  above grade and re in fo rced  concrete below grade. 

Cool ing Tower Complex. The s i x  coo l i ng  towers are  o f  t he  c i r c u l a r ,  

mechanical- draf t  design. Each has s i x  fans on top, i s  18.3 m h igh  and 61.0 m 

i n  diameter, and i s  made l a r g e l y  o f  precast  concrete modules on a re in fo rced  

concrete basin. 



The C i r c u l a t i n g  Water Pumphouse i s  a  s ing le- s tory ,  steel- framed s t r u c t u r e  

above ground w i t h  a  re in fo rced  concrete substructure.  It i s  19 m by 40 m i n  

l a t e r a l  dimension, 12 m above and 9  m below grade. The two e l e c t r i c a l  b u i l d -  
, 

ings a re  s ing le- s to ry ,  steel- framed bu i l d ings ,  each 12 m by 15 m i n  p lan  

and 5  m i n  he igh t .  

Spray Pond Complex. The two spray ponds are  73-m by 74-m by 4.6-m-deep 

r e i n f o r c e d  concrete basins. Each i s  constructed i n t e g r a l l y  w i t h  a  Standby 

Service Water Pumphouse, which i s  l i k e w i s e  made o f  r e i n f o r c e d  concrete. Each 

pumphouse i s  9.5 m by 18.3 m i n  p lan  and 9.8 m high, w i t h  an 8.5-ni-deep pump 

chamber be1 ow. 
1 

Makeup Water Pumphouse. The Makeup Water Pumphouse, constructed o f  r e i n -  

fo rced concrete, i s  l oca ted  on the  bank o f  the  r i v e r  t h a t  runs through a  corner 

o f  the  s i t e .  The b u i l d i n g  conta ins a  pump p i t  subs t ruc ture  6.7 rn square i n s i d e  I 

i n  p lan  and 12.7 m i n  depth, w i t h  a  supers t ruc ture  approximately 23.5 m by 

11.0 m i n s i d e  and 5.2 m from the  opera t ing  f l o o r  t o  t he  top  o f  t he  r o o f  s lab.  

O f f i c e  Bu i l d ing .  The O f f i c e  B u i l d i n g  i s  a  s t r u c t u r a l  s t e e l  b u i l d i n g  w i t h  

i n s u l a t e d  metal s i d i n g  and a  concrete s lab  f l o o r .  It i s  approximately 20 m by 

30 m i n  p lan  and 5  m h igh  a t  the r o o f  crown. 

Warehouse. The Warehouse i s  s i m i l a r  t o  the  o f f i c e  b u i l d i n g  i n  construc-  

t i o n ,  and i s  approximately 30 m by 60 m i n  p lan  and 5  m h igh  a t  t h e  r o o f  

crown. 

Guard House. The Guard House i s  constructed o f  r e i n f o r c e d  concrete below 

grade and a  precas t  concrete e x t e r i o r  above grade. The subs t ruc ture  i s  7.6 m 

by 23 m i n  p lan  and 5 m deep. The superst ructure,  approximately 15 m by 23 m 

i n  p lan  and 5 m i n  height ,  houses a  c e n t r a l  su rve i l l ance  complex surrounded 

on a l l  s ides by r e i n f o r c e d  concrete w a l l s  and slabs. This  i n t e r i o r  s t r u c t u r e  

i s  7.6 m by 10.1 m i n s i d e  i n  p lan.  

Gas B o t t l e  Storage Bu i ld ing .  The Gas B o t t l e  Storage B u i l d i n g  i s  a  precast  

concrete s t r u c t u r e  w i t h  a  re in fo rced  concrete foundat ion and f l o o r  s lab,  and i s  

rec tangu lar  i n  p lan  (9  m by 8  m) and i n  e l e v a t i o n  (4 m above grade). The f l o o r  

i s  approximately 1  m above grade, a t  the  same he igh t  as a  4-m-square concrete 

load ing  dock ad jo in ing  t h e  b u i l d i n g .  



1 7.3 RADIATION DOSE RATE AND CONCRETE SURFACE CONTAMINATION DATA 

The r a d i a t i o n  dose r a t e  i n  any s p e c i f i c  area a f f e c t s  t h e  p lann ing  o f  

decommissioning work w i t h  r espec t  t o  temporary s h i e l d i n g ,  work sequences, 

decontaminat ion, and r a d i a t i o n  exposure. Once these f a c t o r s  have been s tud ied  

t o  determine t h e  most e f f i c i e n t  work sequence, i t  i s  p o s s i b l e  t o  es t ima te  t he  

I .  - 
r a d i a t i o n  exposure t ime  and t he  r e s u l t a n t  occupat iona l  dose f o r  each task .  

It i s  necessary t o  l i m i t  i n d i v i d u a l  exposures i n  h i g h  r a d i a t i o n  areas t o  a l l o w  

I e f f e c t i v e  use o f  personnel i n  bo th  h i g h  and low dose r a t e  areas. 

1 .  The degree t o  which concre te  sur faces a re  contaminated determines how much 

! su r f ace  r e q u i r e s  removal and how much contaminated concre te  rubb le  r e q u i r e s  

d isposa l  . 
T h i s  s e c t i o n  presents  summaries o f  da ta  presented i n  Appendix D i n  Volume 2 

concern ing r a d i a t i o n  dose r a t e s  and concrete su r f ace  contaminat ion f o r  t he  

re fe rence  BWR a t  f i n a l  shutdown, except  the  dose r a t e s  f rom the  a c t i v a t e d  com- 

ponents i n  and around t he  r e a c t o r  vessel  which a re  summarized i n  Sec t ion  7.4. 

7.3.1 Est imated Rad ia t i on  Dose Rates a t  Shutdown 

Measured shutdown r a d i a t i o n  dose r a t e  da ta  were ob ta ined  f rom seven opera- 

t i o n a l  BWRs, t h r e e  d u a l - u n i t  p l a n t s  and one s i n g l e - u n i t  p l a n t .  These p l a n t s  a r e  

Dresden U n i t s  2 and 3 and Quad C i t i e s  U n i t s  1 and 2 operated by Commonwealth 

Edison Company, Peachbottom U n i t s  2 and 3 operated by Ph i l ade lph ia  E l e c t r i c  

Company, and M o n t i c e l l o  operated by Nor thern  S ta tes  Power Company. A t  t he  

t ime  o f  t h e  measurements, t h e  r e a c t o r s  had operated commerc ia l ly  f o r  f rom 

3 t o  8 years .  Ac tua l  da ta  on t h e  sources o f  r a d i a t i o n  and corresponding dose 

r a t e s  were p rov ided  by t h e  h e a l t h  phys ics personnel a t  a l l  f o u r  s i t e s .  Compo- 

s i t e s  a r e  c rea ted  f rom these da ta  and a r e  used as r a d i a t i o n  dose r a t e s  i n  t h e  

re fe rence  BWR a t  f i n a l  shutdown. Typ i ca l  samples o f  t h e  composite r a d i a t i o n  

dose r a t e s  a r e  shown i n  Table 7.3-1. D e t a i l e d  l i s t s  o f  these r a d i a t i o n  dose 

r a t e s  a r e  con ta ined  i n  F igures  D. l -1 through D. l- 7 i n  Appendix D. 

7.3.2 Est imated Concrete Sur face Contaminat ion Leve ls  a t  Shutdown 

Measured concre te  su r f ace  contaminat ion l e v e l  da ta  were ob ta ined  f rom the  

same f o u r  ope ra t i ona l  BWR s i t e s  as were t he  dose r a t e  data.  Typ i ca l  samples o f  



TABLE 7-3-7, Typ i ca l  Rad ia t i on  Dose Rates i n  t h e  
Reference BWR a t  ~hu tdown(a )  

Equipment 
Key  umber(^) Loca t ion  

Type o f  
~ e a s u r e m e n t ' ~ )  

Measured 

Reactor Bldg.,Elev. 128.7 m through 152.7 m 

4 Low-Pressure Core Spray Pump 
5 High-pressure Core Spray Pump 
8 Residual Heat Removal Pump 

Contact 
Contact 
General Area 

33 Reactor Water R e c i r c u l a t i o n  Pump 
35 Drywel l  Equipment Hatch 
40 Main Steam Tunnel 

Contact 
General Area 
General Area 

Reactor Bldg., Elev. 159.1 m through 185.0 m 

1 Reactor Vessel (near the  feedwater nozzles)  
47 Reactor Water Cleanup Pumps 
54 Residual Heat Removal Heat Exchanger P i p i n g  

Contact 
Contact 
Contact 

6 1 Regenerative Heat Exchanger 
6 1 Regenerative Heat Exchanger 
6 3 Reactor Well  Pool Cav i t y  

Contact 
General Area 
Contact 

Turb ine Generator Bldg., Elev. 134.4 m (grade) 

Main Condenser 
Steani J e t  A i r  E j e c t o r  Condenser 
Condensate Storage Tanks 

Contact 
Contact 
General Area 

Turbine Generator Bldg., E lev.  143.6 m 

General Area 
Contact 
General Area 

201 Turbine 
252 High-pressure Feedwater Heaters and P ip ing  
26 3 Mo is tu re  Separator Dra in  Tank 

Turbine Generator Bldg., E lev.  152.7 m 

202 Main Steam and Feedwater Pipe Chase 
253 Low-Pressure Feedwater Heaters 
270 Mo is tu re  Separator Reheater 

General Area 
Contact 
General Area 

Radwaste and Contro l  Bldg., Elev. 133.2 m 
through 142.3 m 

300 F l o o r  Drain C o l l e c t o r  Tank 
300 F l o o r  Dra in  C o l l e c t o r  Tank 
305 Spent Resin Tank 

Contact 
General Area 
General Area 

306 Waste Sludge Phase Separator Tank 
31 1 Decontamination So lu t ion  Concentrator Waste 

Tank 
409 Radwaste Cen t r i fuge  Rooa~ 

General Area 
General Area 

General Area 

Radwaste and Contro l  Bldg., Elev. 148.4 m 
through 160.0 m 

443 Waste Demineral i z e r  Pumps 
443 Waste Demineral i z e r  P ip ing  
447 Decontamination S o l u t i o n  Concentrator 

contact '  
Contact 
Contact 

(a)More d e t a i l e d  l i s t s  o f  dose r a t e s  a re  g iven i n  F igures D . l -1  through 0.1-7 i n  Appendix D. 
(b)See Sect ion C.2 o f  Appendix C i n  Volume 2. 
(c)General Area r e f e r s  t o  the  r a d i a t i o n  f i e l d  i n  a room o r  area, no t  s p e c i f i c a l l y  from one d i s c r e t e  

source o r  d i r e c t i o n ,  a l though a s p e c i f i c  source may be t h e  so le  c o n t r i b u t o r  t o  the  r a d i a t i o n  
measurement. 
Contact means t h e  c l o s e s t  approach t o  a sur face (a sur face dose r a t e )  . inc luding the  necessary 
geometry and source s i z e  co r rec t ions  done i n  the  f i e l d  by the  h e a l t h  p h y s i c i s t .  



composites o f  these data are  1 i s t e d  i n  Table 7.3-2 (see nex t  page). More 

d e t a i l e d  l i s t s  o f  measured concrete sur face contaminat ion data are  provided i n  

Figures D.2-1 through D.2-7 i n  Appendix D. 

7.3.3 Contaminated Concrete Rubble Volumes Removed During 

Immediate Dismantlement 

The volumes o f  contaminated concrete rubb le  est imated removed dur ing  imme- 

d i a t e  dismantlement o f  the  reference BWR are  summarized i n  Table 7.3-3 f o r  the  

Reactor B u i l d i n g  (ou ts ide  Primary Containment), the  Primary Containment, the 

Turbine Generator Bu i ld ing ,  and the Radwaste and Control  Bu i ld ing .  The maximum 

measured contaminat ion l e v e l  i n  each l o c a t i o n  i s  a l so  displayed. These quant i-  

t i e s  a r e  der ived from data g iven i n  Figures D.2-1 through D.2-7. 

TABLE 7.3-3. Contaminated Concrete Rubble Volumes Removed During 
Immediate Dismantlement o f  the  Reference B W R ( ~ )  

Maximum Measured 
Contamination ~ e v e l  s ( c )  

(cpm/100 cm2) 

Reactor > 5 0 0 k ( ~ )  

Primary Containment 2 OOOk 

Turbine Generator B u i l d i n g  lOOk 

Radwaste and Cont ro l  B u i l d i n g  300k 

To ta l  Rubble Volume 

Estimated Tota 
Rubble Volumesld) 

(m3) 

(a)More d e t a i  1 ed 1 i s t s  o f  contaminated concrete rubb le  volumes are  provided 
i n  Figures D.2-1 through D.2-7 i n  Appendix D. 

(b)Other b u i l d i n g s  and f a c i l i t i e s  on t h e  re ference BUR s i t e  a r e  assumed t o  have 
no contaminat ion.  

(c)Measurements taken du r i ng  maintenance outages a t  ope ra t i ng  BWRs. 
(d)Based on a contaminat ion th ickness o f  0.051 m. 
(e) Inc ludes a l l  areas o f  t h e  Reactor u i l d i n g  except i n s i d e  Primary Containment. 9 ( f )500k stands f o r  500,000 cpm/100 cm ( t y p i c a l  ). 

7.4 RADIONUCLIDE INVENTORIES 

The rad ionuc l i de  i nven to r i es  a t  the  t ime o f  f i n a l  reac to r  shutdown 

(excluding the  i r r a d i a t e d  spent f u e l  ) a re  o f  two types : 1 ) neut ron- ac t i  vated 

components i n  and surrounding the  reac to r  core, and 2) sur face contaminat ion 

from f i s s i o n  products and a c t i v a t e d  cor ros ion  products deposited i n s i d e  c e r t a i n  



TABLE 7.3-2. Typ ica l  Measured Concrete Surface Contamination 
Levels i n  the Reference BWR a t  ~hu tdown(a )  

Measured 
Associated Contamination 
Equipment ~ e v e l ( c )  
Key   umber'^) Loca t ion  ( cpm/ 1 00 CIII ) 

Reactor Bldg., E lev.  128.7 m through 
152.7 m 

Suppression Chamber 
Reactor Water R e c i r c u l a t i o n  Pump Area 

(Drywel l  F l o o r )  
Orywell  Personnel Lock Room 

Orywell  Equipment Hatch Room 
Main Steam Tunnel 
CRD Repair Room, Elev.  152.7 m 

Reactor Bldg., E lev.  159.1 m through 
185.0 m 

Contro l  Rod Dr ive  Module Areas 
Reactor Water Cleanup Pump Rooms 
Reactor Water Cleanup Regenerative 

and Non-Regenerative HX Room 

Turbine Generator Bldg., Elev. 134.4 
(grade) 

Main Condenser Area 
Reactor Feedwater Pump Rooms 
C a t a l y t i c  Recombiner Room 

Turbine Generator Bldg., E lev.  143.6 m 

252 High-pressure Feedwater Heater Area 
253 Low-Pressure Feedwater Heater Area 
258 Turbine By-Pass Valve Assembly Area 

0.2-20k 
1->500k 

F loor  - 7-77k 
Walls - 4-8k 

Turbine Generator Bldq., E lev.  152.7 m 

201 Turbine Area 0.1-0.4k 
270 Mo is tu re  Separator Reheater Area 0.1-1 .Ok 

Radwaste and Contro l  Bldg., E lev.  133.2 m 
through 142.3 1 

302 Condensate Phase Separator Tank Area 
360 S o l i d  Radwaste Storage Area 
379 S o l i d  Radwaste Hopper Mixer  Room 

407 Equipment Removal Plugs and F i l t e r  0.2-6.2k 
Oemineral izer Removal Room (Elev.  154.5 r n )  

408 Concentrator Waste Measuring Tank Room 80k 
432 Cleanup Hold Pump Areas, Valve and Pump Rooms 2.8-10k 

433 Fuel Pool Hold Pump Rooms 
N A Hot Machine Shop (Elev.  148.4 m) 

(a)Hore d e t a i l e d  l i s t s  o f  measured concrete sur face contaminat ion data a r e  prov ided 
i n  F igures D.2-1 through D.2-7 i n  Appendix 0. 

(b)Nurnbers used i n  F igures D.2-1 through D.2-7 t o  i d e n t i f y  the  l o c a t i o n  o f  concrete 
su r face  contaminat ion.  

(c)Composi t e  o f  measurements taken dur ing  main enance outages a t  opera t ing  BWRs. ! .  (d)0.3-2.5k stands f o r  300 t o  2,500 cpm/100 cm ( t y p i c a l ) .  
(e )  I n d i c a t e s  " no t  ava i lab le . , '  



piping and equipment systems, on some structural surfaces, and on the s i t e .  

This section presents a summary of the information contained in Appendix E in 

Volume 2 .  

Details of the calculational methods used for  estimating the radionuclide 

inventories a t  the reference BWR are presented in Appendix E .  I t  should be 
recognized tha t  the radionuclide inventories are calculated based on current 

operational data applied to  the reference plant, and are not direct ly  applicable 

I to  any specif ic  operating BWR. Prior to decommissioning a BWR, s i te- specif ic  
I .  measurements of the mixtures and levels of radionuclides present are required. 

I A total  of s ix  reference radionuclide inventories are characterized for  

1 
t h i s  study. These inventories are used to help estimate the total  radioactivity 

present a t  the s i t e ,  the disposal requirements and costs ,  and the impact of 
I decommissioning operations on public safety. They are also used to demonstrate 

the suggested method01 ogy for  determining acceptable residual radioactive 

contamination levels. 

7.4.1 Neutron-Activated Components 

Radioactive material i s  produced in the structural components i n  and 

around the reactor vessel because of interactions with neutrons produced in 

the reactor fuel during operation. Three basic types of materials are used 

in and around the reactor vessel : stainless  steel (type 304), carbon steel 

(type SA 533), and reinforced concrete. This subsection contains summaries 

of the radionuclide inventories for ,  the total  radioactivity in ,  and selected 
dose rates  for  the neutron-activated components. 

7.4.1.1 Radionuclide Inventories i n  Neutron-Activated Materials 

The radionuclide inventories calculated for  the neutron-activated materials 

a t  f inal reactor shutdown are presented as follows: Table 7.4-1 for  s ta inless  

steel (reference radionuclide inventory I ) ,  Table 7.4-2 for carbon steel ( re fer-  

ence radionucl ide inventory 2 ) ,  and Tab1 e 7.4-3 for  reinforced concrete 

(reference radionucl ide inventory 3 ) .  Reference radionucl ide inventory 3 accounts 

for  the radionuclides both in the concrete and in the carbon-steel reinforcing 

material in the sacr i f ic ia l  shield. 



TABLE 7.4-1,. Reference Radionucl ide Inventory 
Neutron-Activated Stainless Steel 1 ; )  

R a d i o a c t i v i t y  
Concen t ra t ion  F r a c t i o n a l  

a t  Shutdown R a d i o a c t i v i t y  
Radionucl i de ( ~ i  /m3) a t  Shutdown 

T o t a l s  2.85 x  l o 6  1.00 

( a ) C a l c u l a t e d  a t  t h e  i n n e r  s u r f a c e  o f  t h e  
304 s t a i n l e s s  s t e e l  co re  shroud, a t  t h e  
a x i a l  midplane o f  t h e  f u e l  zone, f o r  30 
EFPY o f  opera t ion ;  these data a r e  a  
summary o f  t h e  da ta  presented i n  
Table E . l -1  i n  Appendix E .  10 ( b ) I n d i c a t e s  a  va lue  o f  l e s s  than  1  .OO x  10- . 



TABLE 7.4-2. Reference Radionuc l ide I nven to ry  2, 
Neut ron- Ac t i va ted  Carbon S tee l  ( a )  

Radionucl i d e  

T o t a l s  

R a d i o a c t i v i t y  
Concentrat ion 
a t  Shutdown 

(Ci/m3) 

F r a c t i o n a l  
R a d i o a c t i v i t y  

a t  Shutdown 

(a )Ca l cu la ted  a t  t h e  i n n e r  su r f ace  o f  t h e  
SA 533 carbon s t e e l  r e a c t o r  vessel ,  a t  
t h e  a x i a l  midplane o f  t h e  f u e l  zone, f o r  
30 EFPY o f  opera t ion ;  these da ta  a re  
a  summary o f  t h e  da ta  presented i n  
Table E. l- 2 i n  Appendix E. 



TABLE 7.4-3. Reference Radionucl i d e  Inv n o ry  3, 
Neutron-Activated Concrete Pa j 

R a d i o a c t i v i t y  
Concen t ra t ion  
a t  Shutdown 

(Ci  /m3) 

F r a c t i o n a l  
R a d i o a c t i v i t y  

a t  Shutdown Rad ionuc l ide  

109m 
1 0 9 3  

l lOm 
Ag 

1  1  OAg 
151 
152:: 

5 4 ~ u  1  66mH0 

T o t a l s  

( a ) C a l c u l a t e d  a t  t h e  i n n e r  s u r f a c e  o f  t h e  
concre te  p o r t i o n  o f  t h e  s a c r i f i c i a l  s h i e l d ,  
a t  t h e  a x i a l  midplane o f  t h e  f u e l  zone, f o r  
30 EFPY o f  opera t ion ;  these data a r e  a  
summary o f  t h e  da ta  i n  Table E . l - 3  i n  
Appendix E .  

(b)Due l a r g e l y  t o  s t r u c t u r a l  s t e e l  i n  t h e  
s a c r i f i c i a l  s h i e l d .  



These i nven to r i es  are  ca l cu la ted  us ing  the  thermal neutrons f l u x  d i s t r i -  

b u t i o n  a t  t he  a x i a l  midplane o f  the  f u e l  zone f o r  30 EFPY o f  operat ion.  They 

a re  designed t o  represent  maximum values o f  the  neutron- induced r a d i o a c t i v i t y  

- present  a t  the  reference BWR a t  f i n a l  shutdown. Thus, the  r a d i m c t i v i t y  

concentrat ions l i s t e d  i n  Tables 7.4-1 through 7.4-3 are  the  niaximum concentra- 

I 
- t i o n s  used i n  t h i s  study. 

1 .  The ca l cu la ted  bui ldups o f  se lected rad ionuc l ides  i n  the core shroud are  

I i l l u s t r a t e d  i n  F igure  7.4-1, w i t h  the  concentrat ion o f  each rad ionuc l i de  

I normal ized t o  u n i t y  a t  30 EFPY. As might  be expected, the  shor ter- 1 i ved  

I rad ionuc l  ides, such as 5 5 ~ e  and 6 0 ~ o ,  reach an equi 1 i b r i  um concentrat ion a f t e r  
I about 23 years, w h i l e  the  concentrat ions o f  the l ong- l i ved  radionucl ides,  such 
1 as 59~i and 9 4 ~ b ,  increase almost l i n e a r l y  w i t h  increased i r r a d i a t i o n  t ime. 

TIME, EFPY 

FIGURE 7.4-1. Calculated Bui ldup o f  Selected A c t i v a t i o n  Products i n  
the Core Shroud as a Funct ion o f  Time a t  F u l l  Power 



For perspect ive,  t h e  E l k  River  Reactor had operated f o r  about 2.5 EFPY 

when i t  was dismantled. Based on the  ca l cu la t i ons  f o r  t h i s  study, t he  l e v e l s  

o f  t h e  l o n g- l i v e d  rad ionuc l ides  a t  E l k  R iver  were l ess  than 10% o f  those t h a t  

w i l l  be present i n  the  reference BWR a f t e r  30 EFPY. The s h o r t e r - l i v e d  rad io-  

nucl ides, 1 i ke 5 5 ~ e  and 6 0 ~ o ,  probably reached 50% o r  l ess  o f  t h e i r  30-EFPY 

values a t  E l k  River .  

7.4.1.2 To ta l  Rad ioac t i v i t y  i n  Neutron-Activated Components 

The t o t a l  r a d i o a c t i v i t y  i n  neutron-act ivated components i s  summarized i n  

Table 7.4-4. R a d i o a c t i v i t y  t o t a l s  i n  the  reac to r  vessel and i t s  i n t e r n a l  

components range from about 0.5 C i  i n  a s i n g l e  con t ro l  rod  guide tube t o  about 

6.3 m i l l i o n  C i  i n  the  core shroud. The s a c r i f i c i a l  . sh ie ld  i s  ca l cu la ted  t o  

TABLE 7.4-4. Estimated Tota l  R a d i o a c t i v i t  i n  Y 1 Neutron-Activated Components a 

Est imated 
A c t i v a t e d  R a d i o a c t i v i t y  per  Est imated To ta l  

Component ( q u a n t i t y  ) Volume (m3) Component ( C i )  R a d i o a c t i v i t y  ( C i )  

Core Shroud ( 1 )  3.75 6 6.30 x l o 3  6 6.30 x l o 4  
J e t  Pump Assembly (10)  0.076 2.00 x 10 2.00 x 10 

Reactor Vessel ( 1  ) 
Cladding 
She l l  Wall 

S a c r i f i c i a l  S h i e l d  ( 1 )  
I nne r  S h e l l  2.19 2 1.03 x l o o  
Re in forced Concrete Region 73.30 3.47 x l o 1  1.66 x 10' 
Outer S h e l l  6.22 5.39 x 10 

Steam Separator Assembly (1  ) 
Shroud Head P l a t e  0.841 3 8.65 x l o 2  
Steam Separator R isers  0.376 9.52 x 10 9.60 x l o 3  

Top Fuel Guide (1  ) 0.310 4 3.01 x l o o  4 3.01 x l o 2  
O r i f i c e d  Fuel  Support (193) 0.0036 3.63 x l o 2  7.01 x l o 2  
Core Support  P l a t e  (1  ) 2.54 6.50 x 10 6.50 x 10 

Inco re  Ins t rument  S t r i n g s  (55)  0.00026 2 1.99 x l o 2  4 1.10 x l o 5  
Cont ro l  Rod (185) 0.0019 9.61 x 10 1.78 x l o 1  
Cont ro l  Rod Guide Tube (185) 0.0024 5.12 x 10- 9.47 x 10 
T o t a l  6.55 x 106 

(a)These data  a r e  sumnarized from Table E. l- 6 i n  Appendix E. 



conta in  about 166 C i ,  and the t o t a l  rad ionuc l ide  inventory  i n  a l l  neutron- 

a c t i v a t e d  components o f  t he  reference BWR i s  about 6.6 m i l l i o n  C i .  The a c t i -  

vated p o r t i o n  o f  the  core shroud conta ins about 96% o f  the  t o t a l  r a d i o a c t i v i t y  

i n  t he  neut ron- ac t iva ted  components. 

7.4.1.3 Dose Rates f o r  Selected Neutron-Act ivated Components 

The r a d i a t i o n  dose ra tes  from neut ron- ac t i  vated components are  o f  concern 

i n  determin ing waste t r a n s p o r t a t i o n  and disposal requirements. Computed dose 

r a t e s  f o r  se lected components a t  the  t ime o f  f i n a l  reac to r  shutdown are  pre- 

sented i n  Table 7.4-5. Only those rad ionuc l ides  i n  reference rad ionuc l ide  

i nven to r i es  1, 2, and 3 t h a t  s i g n i f i c a n t l y  c o n t r i b u t e  t o  the dose ra tes  ( e i t h e r  

a t  shutdown o r  a f t e r  a  long decay t ime) a re  inc luded.  

TABLE 7.4-5. Calculated Radiat ion Dose Rates from Selected 
Neutron-Acti vated Reference BWR ~omponents(a) 

Calculated Dose Rate from Selected Radionuclides (Rlhr)  
6UCo ( g a m )  94Nb ( g a m )  55Fe (10, g a m ) ( b )  59Ni (10, g a m ) ( b l  10BAg ( g a m )  152Eu ( g a m )  154Eu [gamnal 

Core Shroud 
Inner  Surface 1.2 l o 5  7 10:; 8 x 10:: 
Outer Surface 3 . 3  l o4  2 10 1 x 10 

Reactor Vessel 
Inner Surface 1.4 x 10' 1 x 3  2 --- --- --- 
Outer Surface 1.4 x 10- I  4 x lo"  1 x lo-6 7 x lo -8  --- --- --- 

S a c r i f i c i a l  Shie ld 
Inner Surface 3.2 x 10-I --- 
Outer Surface 9 x 10-4 --- 

(a)Calculated a t  a distance o f  10 mn from the surface o f  the ac t i va ted  component, a t  the ax ia l  midplane of the fuel zone, and a t  f i n a l  
reactor  shutdown; these data are i den t i ca l  t o  those presented i n  Table E.l-7 i n  Appendix E. 

(b ) lB  means " inner  bremsstrahlung." 
( c ) l nd i ca tes  the quan t i t y  was not  ca lcu lated.  

The t ime dependence o f  r a d i o a c t i v i t y  concentrat ions and dose ra tes  o f  

se lec ted  rad ionuc l ides  i s  shown i n  F igure 7.4-2. The data are those ca l cu la ted  

f o r  t he  core shroud. The decay r a t e  o f  63~i cont ro l s  the  reduct ion  o f  the  

t o t a l  r a d i o a c t i v i t y  present  a f t e r  the  f i r s t  10 years; however, the  decay r a t e  

o f  6 0 ~ o  con t ro l s  t he  reduct ion  o f  the  r a d i a t i o n  dose r a t e  f o r  the  f i r s t  70 

years. A f t e r  t h a t  t ime, t he  dose r a t e  i s  i nc reas ing l y  dominated by 9 4 ~ b .  The 

dose r a t e  i s  the  s i g n i f i c a n t  f a c t o r  i n  decommissioning work, s ince i t  d i r e c t l y  

a f f e c t s  occupational r a d i a t i o n  exposure and has a  s t rong i n f l uence  on work plans 

and methods. 
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FIGURE 7.4-2. Time Dependence o f  R a d i o a c t i v i t y  and Dose Rate 
i n  t he  Neutron-Act ivated Core Shroud 

7.4.2 Surface Contamination 
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Both a c t i v a t e d  co r ros ion  products (from s t r u c t u r a l  m a t e r i a l s  i n  con tac t  

10-1 

w i t h  t he  r e a c t o r  water)  and f i s s i o n  products ( f r om leak ing  f u e l )  c o n t r i b u t e  t o  

t h e  rad ionuc l i de  mix tu res  and l e v e l s  o f  sur face  contaminat ion. This  subsect ion 

conta ins  summaries o f  t he  rad ionuc l i de  i nven to r i es  and depos i t ions  o f  both 

i n t e r n a l  sur face  contaminat ion i n  p i p i n g  and equipment and ex te rna l  sur face  

contaminat ion i n s i d e  t h e  re fe rence BWR and on the  surrounding s i t e .  



7.4.2.1 Internal Surface Contamination 

Specific al loys used i n  the s t ruc tura l  components of the reactor coolant 

system play a major ro le  i n  the composition of the internal  surface contamina- 

t ion .  The act ivated corrosion product 6 0 ~ o  i s  dominant in a BWR because of 

the abundance of i t s  parent in s t ructural  materials ,  i t s  large-formation cross 

I sect ion,  i t s  energetic decay, and i t s  re la t ive ly  long decay half-1 i f e .  

I Cobalt-58 i s  only a minor source of radiat ion in a BWR, while in a PWR i t  i s  

I a s ign i f ican t  contributor to  the shutdown radiation levels .  ( 5 )  Depending on 
I 

1 
the type of condenser tubes and condensate polishing system used, 6 5 ~ n  could 

f 
be an isotope of concern. 

I Mobile f i s s ion  products from leaking reactor fuel a l so  contribute t o  the 
I in ternal  surface contamination. Their concentrations a re  d i rec t ly  re la ted to  

1 the  number of leaking fuel elements in the reactor core and thus wi l l  change 

during plant  operation. 

I t  i s  not within the scope of t h i s  study to  f u l l y  invest igate  the complex 

mechanisms t ha t  influence the deposition of activated corrosion products and 

f i s s i on  products on the in ternal  surfaces of BWR equipment and piping; nor i s  

i t  within the  study scope to  predict  with any cer ta in ty  the radionuclide mix- 

tu r e  present on piping surfaces a t  the  time of reactor shutdown. After a 

review of l i t e r a t u r e  on the subject ,  the composition of internal  surface con- 

tamination assumed in  t h i s  study i s  based on the radionuclides found in a BWR 

s 1 udge sample. ( 6 )  This composi t i  on i s  used as reference radionucl i  de inventory 

4 and i s  summarized in  Table 7.4-6. Reference radionuclide inventory 4 contains 

representative levels  of both activated corrosion products and f i s s ion  products 

present in the reactor water systems. 

7.4.2.2 External Surface Contamination in  the Reference BWR 

The mixtures of radionuclides found on external s t ruc tura l  surfaces in the 

reference BWR i s  calculated based on an accumulation of the radionuclides present 

in  the reactor water on a surface over the 30 EFPY plant  l i f e . ( 7 )  The resul t ing 

mixture accounts f o r  both continuous accumulation and radioactive decay. 

External surface radioactive contamination a t  shutdown i s  characterized by 

reference radionuclide inventory 5, which i s  shown i n  Table 7.4-7. 



TABLE 7.4-6.. Reference Radionucl ide Inventory 4 
BWR Internal  Surface ~on tamina t ion ta )  

F r a c t i o n a l  
R a d i o a c t i v i t y  

Radionuc l ide a t  Shutdown 

51 
54Cr 2.1 x 10:: 

59: 
3.9 x 10 
2.5 x lo - '  

;;co 9.3 

65;: 4.7 6.1 x 10 - I  

95 
9gzr 4.0 x 

103:; 4 .0  2.3 x 

2.8 x 
1.9 x lo - '  
3.4 x 10-2 

141 
144;: 8.1 3 .0  x x 

T o t a l  1 .O 

(a)Based on a BUR s ludge 
sample a n a l y s i s  g i ven  i n  
Reference 6. These data  
a r e  a s u m r y  o f  t h e  data  
presented i n  Table  E.2-1 
i n  Appendix E. 

T A B L E  7 .4- 7.  Reference Radionuclide Inventory 5, 
BWR Structural  Surface External Contamination 

Radionucl i d e ( l )  

103 
106;; 

l a n ~ g  

143 
147; 

Total 

F r a c t i o n a l  
R a d i o a c t i v i t y  

a t  Shutdown 

(a)Radionuc l  i des  w i t h  ha l f - 1  i v e s  
g r e a t e r  than 8 days and s h o r t -  
l i v e d  daughters  o f  l o n g - l i v e d  
Parents a r e  i nc l uded ;  these 
data  a re  a s u m r y  o f  t he  data  
presented i n  Table  E.2-9 i n  
Appendix E.  



7.4.2.3 External  Surface Contamination on the S i t e  

Radionucl ides a re  assumed t o  be deposited on the reference s i t e  as a r e s u l t  

o f  normal BWR opera t ion  over 30 EFPY o f  serv ice .  Accidenta l  releases are  n o t  

expected t o  s i g n i f i c a n t l y  increase the r a d i o a c t i v i t y  present  on the reference 

s i t e ,  and a re  n o t  considered i n  t h i s  ana lys is .  Annual a i rborne rad ionuc l ide  

re leases from operat ing BWRs vary w ide l y  and a re  dependent on such p l a n t  

f a c t o r s  as s ize ,  opera t ing  cond i t ions ,  and gaseous radwaste systems. For t h i s  

study, t he  a i rbo rne  releases a re  based on releases repor ted  from 23 operat ing 

BWRs f o r  1975. (8) Because f u e l  f a i l u r e s  were h igher  dur ing  t h i s  per iod  than a t  

present,  these values may produce an overest imate o f  normal releases expected 

over a p l a n t ' s  operat ing l i f e .  Ground deposi t ions on the  s i t e  are est imated 

as described i n  Appendix E. The rad ionuc l ide  deposi t ions on the reference BWR 

s i t e  a t  shutdown f o l l o w i n g  normal BWR opera t ion  f o r  30 EFPY are  l i s t e d  i n  

Table 7.4-8 as reference rad ionuc l  i d e  inventory  6. 

Table 7.4-8. Reference 
Reference 

Radionucl ide 

Z:cr 

59;; 

g c o  

65:: 

:z~r 

90;' 

::~r 

106: 

1 l h  
1 24Ag 
125:: 

131 
133; 

34cs 

Total 

Radionucl ide Inventory  6, 
BWR S i t e  Surface Contamination (a 1 

Deposited 
Radioactivit 

a t  Shutdownlb) 
(~ci /m2)  

(a)Based on 1975 reoorted a i r -  
borne radionuclide releases 
from 23 operating BVRs (Refe- 
rence 8); these data are  a 
sumnary o f  data presented i n  
Table E.2-12 i n  Appendix E. 

(b)Based on 30 EFW o f  operation. 



7.4.2.4 Surface Contamination Deposi t ion i n  the  Reference BWR 

The sur face  contaminat ion depos i t i on  i n  t he  reference BWR i s  based on dose 

r a t e  i n fo rma t i on  from opera t ing  BWRs, which i s  summarized i n  Sec t ion  7.3. The 

dose r a t e s  used t o  determine r a d i o a c t i v i t y  depos i t ions  both on i n t e r n a l  p i p i n g  

sur faces and b u i l d i n g  s t r u c t u r a l  surfaces as w e l l  as t he  ca l cu la ted  r a d i o a c t i v i t y  

depos i t i on  l e v e l s  and the  associated reference rad ionuc l i de  i n v e n t o r i e s  are 

l i s t e d  i n  Table 7.4-9. The geometries, ma te r i a l  thicknesses, and r a d i a t i o n  

s h i e l d i n g  models used t o  c a l c u l a t e  these r a d i o a c t i v i t y  depos i t ions  are  discussed 

i n  d e t a i l  i n  Sec t ion  E.2 o f  Appendix E. 

TABLE 7.4-9. Sumniary o f  Surface Contamination Deposi t ion Data (a>  

R a d i o a c t i v i t y  Reference 
D e ~ o s i t i o n  Radionucl i d e  

Dose Rate Level Inventory  
Category (mR/hr)(a) (ci./m2) (b )  Number 

I n t e r n a l  Surfaces 
P i  p ing 

Reactor Water 2 7.0 x l o 1  0 1.1 x 4 
SteamIAi r 7.0 x l o 1  5.0 x 4 
Condensate 5.0 x 10 5.0 x 10 4 

Equipment 
Reactor Water 1.0 x 10 4 3.6 x 10-I  

-3 (b)  
4 

SteamIAi r 5.0 x 10 4 
Turbine 5.0 IO-~(C) 4 

Condensate 5.0 x 10 -2(b) 4 
Condenser/Feedwater 

Heaters 5.0 IO-~(C) 4 
Concentrated Waste 

Tanks 5.0 x 4 

External  Surfaces 
Low-Level Contamina- 

t i o n  1.0 x 10 2.5 x 5 
Hi gh-Level Contamina- 

t i o n  1.0 x 10 2 ( d )  2.5 x 5 

(a)From in forn ia t ion  support ing and presented i n  Tables E.2-4, E.2-6 
and E.2-10 i n  Appendix E. 

(b)Assumed the  same as f o r  the  corresponding p ip ing.  
(c)The t u r b i n e  and the condenserlfeedwater heaters are assumed t o  be 

a f a c t o r  o f  10 l ess  contaminated than the s teamla i r  and condensate 
p ip ing ,  respec t i ve l y ;  the  concentrated waste tanks are assumed t o  
be a f a c t o r  o f  100 more contaminated than the condensate p ip ing .  

(d)The assumed dose r a t e  1 m i n  a i r  from the surface.  



The e s t i m a t e d  r a d i o a c t i v i t y  d e p o s i t i o n s  , both on i n t e r n a l  p i p i n g  and 

equipment s u r f a c e s  and on e x t e r n a l  s t r u c t u r a l  s u r f a c e s  i n  t h e  r e f e r e n c e  BWR, 
3 a r e  summarized i n  Tab le  7.4-10. A t o t a l  o f  8 . 5  x 10 C i  o f  r e f e r e n c e  r a d i o-  

n u c l i d e  i n v e n t o r y  4 is e s t i m a t e d  t o  be p r e s e n t  on i n t e r n a l  p i p i n g  and equipment 

s u r f a c e s .  For e x t e r n a l  s t r u c t u r a l  s u r f a c e s ,  a t o t a l  o f  a b o u t  110 C i  o f  r e f e r -  
- ence  r a d i o n u c l i d e  i n v e n t o r y  5 is  e s t i m a t e d  t o  be p r e s e n t .  F u r t h e r  d e t a i l s  on 

t h e  e s t i m a t e d  con tamina t ion  by s p e c i f i c  equipment i tems and b u i l d i n g  l o c a t i o n  

a r e  g iven  i n  S e c t i o n  E.2. 

TABLE 7.4-10. Summary o f  S u r f a c e  Contami,nation 
i n  t h e  Reference  B W R ( ~ )  

Est imated 
To ta l  Deposi ted  

Category S u r f a c e  ~ a d i o a c t i v i  ty 
Bui 1 d ing  Area (m2) ( c i  

I n t e r n a l  S u r f a c e s  

P i  ping 3 .4  l o 4  2.2 10 3 

Equi pment 

Reac to r  Bui 1 d ing 8 . 6  x l o 3  1 . 9  x 10 3 

Turb ine  Genera to r  Bu i ld ing  2.0 l o 5  1 . 2  10 3 

Radwaste and Control  Bu i ld ing  1 .4  x l o 3  3.2 x l o 3  

S u b t o t a l ,  I n t e r n a l  S u r f a c e s  8 .5  l ~ ~ ( ~ )  

External  S u r f a c e s  

Reac to r  Bui 1 d ing  5.2 l o 3  7 . 4  lo1 

Turb ine  Genera to r  Bu i ld ing  1 .9  l o 3  4 . 4  l o o  

Radwaste and Control  Bu i ld ing  2.0 l o 3  3.6 l o 1  
? I - \  

S u b t o t a l ,  Ex te rna l  S u r f a c e s  1.1 x 
9 

Tota l  8 . 6  x l o 3  

(a)Based on i n f o r m a t i o n  p r e s e n t e d  i n  Tab les  E.2-5 and E.2-10 
i n  Appendix E .  

( b ) I n t e r n a l  s u r f a c e  r a d i o a c t i v i t y  is  d e f i n e d  a s  r e f e r e n c e  
r a d i o n u c l i d e  i n v e n t o r y  4.  

( c ) E x t e r n a l  s t r u c t u r a l  s u r f a c e  r a d i o a c t i v i t y  i s  d e f i n e d  a s  
r e f e r e n c e  r a d i o n u c l i d e  i n v e n t o r y  5. 



The reduc t i on  of t he  dose r a t e  w i t h  t ime because o f  r a d i o a c t i v e  decay of 

a  m ix tu re  o f  a c t i v a t e d  cor ros ion  products and f i s s i o n  products i s  shown i n  

F igure 7.4-3. I n  t he  f igure,  the t o t a l  dose r a t e  i s  normal ized t o  u n i t y  a t  

shutdown and i s  based on reference rad ionuc l i de  inventory  4. The a c t i v a t e d  

cor ros ion  product  6 0 ~ o  c o n t r o l s  the  dose r a t e  o f  the mix ture  u n t i l  about 50 

years a f t e r  f i n a l  shutdown, when 1 3 7 ~ s  begins t o  dominate. Dose r a t e s  f rom 

p ip ing ,  equipment, and s t r u c t u r a l  sur faces are  a  s i g n i f i c a n t  f a c t o r  i n  p lanning 

decommissioning operat ions.  As shown i n  the  f i g u r e ,  the dose r a t e  f rom the  

m ix tu re  of rad ionuc l ides  i n  reference inventory  4  i s  reduced by about a  f a c t o r  

o f  100 a t  about 30 years a f t e r  shutdown. 

0 10 20 30. 40 50 60 70 80 90 100 110 

YEARS AFTER REACTOR SHUTDWN 

FIGURE 7.4-3. Radioact ive Decay o f  Deposited 
I n t e r n a l  Surface Contamination 



7.5 CHEMICAL INVENTORY 

The expected annual chemical usage dur ing  opera t ion  o f  the  reference BWR 

i s  shown i n  Table 7.5-1. A noniinal 3-.month i n v e n t o r y -o f  chemicals i s  kept on 

hand. Most o f  these chemicals a re  assumed t o  be used o r  removed p r i o r  t o  

decommissioning and, f o r  t h i s  study, the  inventory  o f  these chemicals a t  the  

s t a r t  o f  decommissioning i s  assumed t o  be l i m i t e d  t o  res idua ls  i n  vessels and 

p ip ing .  

TABLE 7.5-1. Expected Annual Chemical Usage During 
Reference BWR Operation 

Expected Annual 
Chemical Usage (kg)  Purpose 

S u l f u r i c  Ac id  2.2 x l o 5  t o  4.5 x l o 5  Control  o f  pH i n  coo l i ng  water and 
regenerat ion o f  makeup water demin- 
era1 i z e r  

Chl o r i  ne 3.2 l o 4  Prevent ion o f  b i o l o g i c a l  growth 

Sodi um Hydroxide 1.8 l o 3  Makeup water demineral izer  regenera- 
t i o n  

A1 um 2.6 x 10 '  C l a r i f i c a t i o n  o f  pr imary makeup water 
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CHAPTER 8 

SUGGESTED METHODOLOGY FOR DETERMINING 

ACCEPTABLE RESIDUAL RADIOACTIVE CONTAMINATION 

LEVELS FOR THE DECOMMISSIONED BWR 

T h i s  chap te r  con ta ins  a d i scuss ion  o f  a  suggested methodology f o r  d e t e r -  

n i in ing acceptable l e v e l s  o f  r e s i d u a l  r a d i o a c t i v e  con tamina t ion  f o r  decommissioned 

nuc lea r  f a c i l i t i e s .  A demonstrat ion o f  t h i s  methodology, us ing  t he  re fe rence  

r a d i o n u c l i d e  i n v e n t o r i e s  and re fe rence  s i t e  assoc ia ted  w i t h  t h e  re fe rence  BWR, 

i s  a1 so presented. 

D e t a i l e d  i n f o r m a t i o n  about t he  m i x t u r e  o f  r ad ionuc l i des  found i n  t h e  

re fe rence  BWR f a c i l i t y  and on i t s  s i t e  p r i o r  t o  decommissioning i s  con ta ined  

i n  Appendix E. Desc r i p t i ons  o f  t he  re fe rence  s i t e  and f a c i l i t y  a r e  presented 

i n  Appendices B and C, r e s p e c t i v e l y .  D iscuss ion o f  t he  r a d i a t i o n  dose models 

and parameters used t o  determine acceptable r a d i o a c t i v e  contaminat ion l e v e l s  

i s  presented i n  Appendix F. 

8.1 TECHNICAL APPROACH 

The u l t i m a t e  d i s p o s i t i o n  o f  a  decommissioned nuc lea r  f a c i l i t y  and i t s  

surrounding s i t e  depends on t h e  degree and type o f  r a d i o a c t i v e  contaminat ion 

present .  Examinat ion o f  e x i s t i n g  gu ide l i nes  and r e g u l a t i o n s  shows a need 

f o r  a  genera l  method o f  d e r i v i n g  acceptable l e v e l s  o f  r a d i o a c t i v e  contamina- 

t i o n  t o  pe rm i t  t h e  u n r e s t r i c t e d  re l ease  o f  any decommissioned nuc lear  f a c i l i t y  

o r  s i t e .  ( I )  Cu r ren t l y ,  some guidance e x i s t s  t h a t  de f i nes  l e v e l s  o f  r ad io-  

a c t i v e  sur face  con tamina t ion  t h a t  a r e  a c c e ~ t a b l e  t o  t he  U .S. Nuclear Requl a- - 
t o r y  Commission (NRC) f o r  t h e  t e r m i n a t i o n  o f  ope ra t i ng  1 icenses. ( 2 y 3 )  Other 

guidance addresses s p e c i f i c  types o f  nuc lea r  f a c i l i t i e s  o r  acc iden t  s i t u a t i o n s  

i n v o l v i n g  r a d i o a c t i v i t y .  (4-9) 

None of these g u i d e l i n e s  a r e  f l e x i b l e  enough t o  accommodate t h e  

va r i ous  r a d i o n u c l i d e  m ix tu res  o r  s i t e - s p e c i f i c  f e a t u r e s  found a t  each unique 

nuc lea r  f a c i l i t y .  Th i s  suggests t h a t  t he  methodology used t o  c a l c u l a t e  t h e  

acceptable 1 eve1 s  o f  r e s i d u a l  r a d i o a c t i v e  contami n a t i o n  a t  decommi ss'ioned 



nuc lear  f a c i  1  i t i e s  should 'be based on a general concept capable o f  accommoda- 

t i n g  these unique rad ionuc l i de  mixtures and s i t e - s p e c i f i c  features.  One such 

general concept i s  t o  compare es tab l ished annual dose l i m i t s  w i t h  ca l cu la ted  

annual doses t o  members o f  the p u b l i c  t o  determine acceptable r a d i o a c t i v e  

contaminat ion l e v e l s .  The contaminat ion l e v e l s  der ived from a maximum annual 

dose concept take  i n t o  account the  exposure o f  i n d i v i d u a l s  t o  contaminat ion 

remaining a t  a decommissioned f a c i l i t y  o r  on i t s  s i t e  f o l l o w i n g  u n r e s t r i c t e d  

re1  ease. 

8.1 .1 Termi no1 ogy and Def i n i  ti ons 

The f o l l o w i n g  terminology and d e f i n i t i o n s  a re  used i n  developing a metho- 

dology f o r  determin ing acceptable res idua l  r a d i o a c t i v e  contaminat ion l e v e l s  

based on annual dose: 

Organs, o f  Reference. The organs o f  the  human body f o r  which r a d i a t i o n  

doses are-ca lcu la ted .  For t h i s  study, the  organs o f  reference a re  the  t o t a l  

body, lungs, bone, and thy ro id .  The t o t a l  body i s  the head and t runk  o f  the  

human body and inc ludes  a c t i v e  blood- forming organs, eye lenses, and gonads. 

Exposure Pathways. The p o t e n t i a l  rou tes  by which people may be exposed 

t o  rad ionuc l  i des  o r  r a d i a t i o n .  Radiat ion exposure pathways i n  the  environment 

t h a t  a re  considered i n  t h i s  study are: ex terna l  exposure t o  contaminat ion 

deposi ted on the  ground, i nges t i on  o f  food products con ta in ing  rad ionuc l ides ,  

and i n h a l a t i o n  o f  a i rbo rne  rad ionuc l ides .  Radiat ion exposure pathways i n s i d e  

the  BWR f a c i l i t y  are:  ex te rna l  exposure from contaminated o r  a c t i v a t e d  room 

surfaces o r  equipment and i n h a l a t i o n  o f  a i rborne rad ionuc l ides .  External  

exposure from a i rbo rne  rad ionuc l ides  ( a i r  submersion) i s  n o t  considered, s ince 

prev ious decommissioning s tud ies  have shown t h i s  exposure pathway t o  be i n s i g -  

n i f i c a n t  compared t o  the  others. ( l , l o Y 1 l )  

Decay Periods. The mix tures  o f  rad ionuc l ides  i n  the res idua l  i nven to r i es  

are  cons tan t l y  changing because o f  r a d i o a c t i v e  decay, r e s u l t i n g  i n  annual doses 

t h a t  vary  w i t h  t ime. This  t ime dependence i s  demonstrated by c a l c u l a t i n g  

the  doses a t  shutdown and a t  10, 30, 50, and 100 years a f t e r  shutdown o f  t he  

reference BWR. 



Maximum-Exposed I n d i v i d u a l .  The i n d i v i d u a l  who receives the  maximum 

r a d i a t i o n  dose t o  an organ o f  reference. The maximum-exposed i n d i v i d u a l  i s  

assumed t o  res ide  a t  t h e  l o c a t i o n  o f  t he  h ighest  a i rborne rad ionuc l ide  concen- 

t r a t i o n .  Maximized exposure pathway parameters are used. 

Annual Dose. The r a d i a t i o n  dose equ iva lent  ca lcu la ted dur ing  any year 

f o l l o w i n g  t h e  s t a r t  o f  continuous exposure. It i s  the  sum o f  the dose received 

by an organ o f  reference dur ing  t h e  year o f  i n t e r e s t  from a l l  exposure path- 

ways and t h e  dose received dur ing  t h a t  year  from rad ionuc l ides  deposited i n  

the  organ o f  reference dur ing  the  previous years. 

Maximum Annual Dose. The l a r g e s t  o f  the  annual doses ca lcu la ted t o  

occur du r ing  t h e  50 years f o l l o w i n g  the  s t a r t  o f  continuous exposure. 

Add i t iona l  terminology, r a d i a t i o n  dose models and parameters, and der iva-  

t i o n s  o f  t h e  equations used t o  determine the  annual dose are contained i n  

Appendix F o f  Volume 2. 

Def i  n i  ti on o f  Use Categories 

During the  p lanning stages o f  decommissioning, a  v a r i e t y  o f  f u t u r e  uses 

f o r  t h e  BWR f a c i l i t y  and/or s i t e  can be considered. These f u t u r e  uses f a l l  i n t o  

two general categor ies : 

Res t r i c ted  Use - permi ts  a c t i v i t i e s  a t  the  decommissioned BWR w i t h i n  a  

nuclear-1 icense r e s t r i c t i o n .  Since t h i s  category requ i res  a  cont inuat ion  

o f  a  nuclear  1  icense, the  res idua l  rad ioac t i ve  contaminat ion l e v e l s  may 

be s i m i l a r  t o  those found a t  o ther  l i censed operat ing nuclear  f a c i l i t i e s .  

Therefore, p u b l i c  and occupational exposure are c o n t r o l l e d  by the  r e s t r i c  

t i o n s  imposed by the  nuclear  1  icense. 

Unres t r i c ted  Use - permits, w i thou t  l i cense  r e s t r i c t i o n s ,  p u b l i c  use o f  

the  released po r t i ons  o f  t he  decomniissioned BWR. For t h i s  study, t he  

p o t e n t i a l  exposure t o  members o f  t he  p u b l i c  from res idua l  rad ioac t i ve  

contaminat ion i s  assumed 1  i m i  t ed  t o  an annual dose o f '  50 mrem t o  t h e  

maximum-exposed i n d i v i d u a l .  I n  general, decommissioning the  reference 

s i t e  may r e s u l t  i n  r e t u r n  o f  t he  land t o  p u b l i c  use. 



No at tempt i s  made t o  de f i ne  a l l  o f  the  poss ib le  s p e c i f i c  uses t h a t  may 8 

f a l l  i n t o  these general categor ies.  Continuing care i s  requ i red  t o  enforce the  

1 icense r e s t r i c t i o n s  o f  the r e s t r i c t e d  use category f o r  the t ime pe r iod  involved.  
I 

The u n r e s t r i c t e d  use category i s  the o n l y  one f o r  which example accept- 

ab le  res idua l  contaminat ion l e v e l  s a re  ca l cu la ted  i n  t h i s  study. Acceptable 

contaminat ion l e v e l s  a re  ca l cu la ted  f o r  1 ) a reference room w i t h i n  the  f a c i l i t y  i 
4 

and 2) on the  re ference s i t e .  As a demonstration o f  the  methodology, the s i t e  I 
i s  assumed t o  be used f o r  farming a c t i v i t i e s  a f t e r  decommissioning. 1 

i 

8.1.3 Acceptable Radioact ive Contamination Level Methodology I 

Determinat ion o f  acceptable r a d i o a c t i v e  contaminat ion l e v e l s  f o r  the  I 
I 

re ference BWR i s  necessar i l y  l i n k e d  w i t h  o ther  decommissioning cons idera t ions .  
B 

The r e l a t i o n s h i p  o f  these l e v e l s  t o  both gener ic  and s i t e - s p e c i f i c  s tud ies  i s  

shown i n  F igure  8.1-1. I 
Acceptable r a d i o a c t i v e  contaminat ion l e v e l s  a re  ca l cu la ted  us ing  a pre-  

v i o u s l y  developed methodology, together  w i  t h  the reference rad ionuc l  i d e  

i nven to r i es ,  t he  f a c i  1 i t y  design, and the  s i t e  parameters discussed i n  d e t a i  1 

i n  the  appendices. The methodology f o r  determining acceptable r a d i o a c t i v e  

contaminat ion l e v e l s  i s  based on the assumption t h a t  an annual r a d i a t i o n  dose 

1 i m i  t i s  es tab l  ished f o r  decommissioned nuclear  f a c i  1 i t i e s .  Cur ren t ly ,  there  

are  no unique regu la t i ons  o r  s p e c i f i c  guidance on acceptable annual r a d i a t i o n  

doses t o  i n d i v i d u a l s  working i n  the decommissioned f a c i l i t y  o r  l i v i n g  on the 

decommissioned s i t e .  Guidance t h a t  could be i n t e r p r e t e d  as recommending annual 

r a d i a t i o n  dose l i m i t s  f o r  decommissioned p rope r t i es  inc ludes :  

Recommendations o f  the I n t e r n a t i o n a l  Commission on Rad io log ica l  P ro tec t i on  

(ICRP), P u b l i c a t i o n  9. (1 2 )  

Surgeon General ' s  Guide1 ines  (DHEW) . (13) 

Appendix I o f  10 CFR 50, Guides f o r  Design Object ives f o r  Light-Water- 

Cooled Nuclear Power Reactors (NRC) . 4, 

Proposed Federal Guidance f o r  the Environmental L i m i t s  o f  Transuranium 

Elements (EPA) . (15) 

40 CFR 190, Environmental Rad ia t ion  P ro tec t i on  Standards f o r  Normal 
I . . * \  

Operations o f  A c t i v i t i e s  i n  the Uranium Fuel Cycle (EPA). \ l b )  
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None o f  t h i s  guidance, w r i t t e n  t o  provide l i m i t s  f o r  operat ing nuclear  

f a c i l i t i e s ,  s p e c i f i c a l l y  addresses decon~ iss ioned  nuclear  f a c i l i t i e s  o r  s i t e s .  

However, t h i s  guidance suggests annual t o t a l  body r a d i a t i o n  dose l i m i t s  ranging 

from 3 t o  500 mrem/yr. (1 ) 

It i s  beyond the  scope o f  t h i s  study t o  recommend annual r a d i a t i o n  dose 

1  i m i  t s  f o r  pub1 i c exposure t o  r a d i o a c t i v e  mater ia ls .  Instead, acceptable 

res idua l  rad ioac t i ve  contaminat ion l e v e l s  a re  ca lcu la ted f o r  a  s i n g l e  assumed 

annual r a d i a t i o n  dose l i m i t  o f  50 mrem/yr. The s e l e c t i o n  o f  t h i s  assumed 

l i m i t  i s  no t  intended, nor should i t  be i n f e r r e d  as a  recommendation f o r  

r e s t r i c t i n g  p u b l i c  r a d i a t i o n  exposure from decommissioned nuclear  f a c i l i t i e s .  

Corresponding l e v e l s  f o r  any other  r a d i a t i o n  dose l i m i t  can be found through 

d i r e c t  r a t i o .  I t  i s  a l so  assumed t h a t  any annual dose l i m i t  es tab l ished f o r  

decommissioning app l i es  t o  the  maximum annual dose t o  any organ o f  reference, 

thus ensuripg t h a t  app l icab le  regu la to ry  l i m i t s  on annual r a d i a t i o n  dose w i l l  

n o t  be excgeded. 

The methodology f o r  determining rad ioac t i ve  contamination l eve ls ,  based 

on annual r a d i a t i o n  dose, i s  i l l u s t r a t e d  i n  F igure 8.1-2 and i s  b r i e f l y  

discussed be1 ow: 

Ca lcu la t i on  o f  the  Maximum Annual Radiat ion Dose f o r  t he  Use Category 

Selected 

For t h i s  study, the  maximum annual r a d i a t i o n  dose dur ing  50 years o f  

continuous exposure a f t e r  decommissioning i s  ca lcu la ted using the  dose models 

discussed i n  Appendix F. Charac te r i s t i c  rad ionuc l ide  inventor ies  a t  t he  

reference BWR, used i n  the  ca l cu la t i ons ,  are presented i n  Appendix E. Maximum 

annual r a d i a t i o n  doses are  ca lcu la ted f o r  the  decay per iods o f  i n t e r e s t  t o  

i l l u s t r a t e  the  t ime dependence o f  t he  rad ionuc l ide  inventor ies .  S i t e- s p e c i f i c  

exposure pathway parameters, def ined f o r  t he  reference s i t e  i n  Appendix B, 

a re  used i n  these dose ca lcu la t i ons .  A f t e r  decommissioning u n r e s t r i c t e d  use 

o f  t he  f a c i l i t y  and s i t e  i s  assumed. 

Comparison o f  the  Maximum Annual Dose t o  the  Annual Dose L i m i t  

For t h i s  study, s ince assumed o r  ca l cu la ted  1 eve1 s  o f  contaminat ion a re  

used, no d i r e c t  comparison i s  made. Rather, t he  q u a n t i t i e s  o f  t he  rad ionuc l i de  
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Residual Radioact ive Contamination Levels 

i nven to r ies  corresponding t o  a dose o f  50 mrem/yr are ca lcu la ted t o  demonstrate 

the  suggested methodology both f o r  the f a c i l i t y  and f o r  the s i t e .  I n  s i t e -  

s p e c i f i c  s tudies t h a t  use measured r a d i o a c t i v i t y  l e v e l s  t h i s  step can be used 

as a dec is ion  p o i n t  t o  determine the  need f o r  f u r t h e r  decontamination e f f o r t s .  

Ca lcu la t i on  o f  Acceptable Levels Based on the  Assumed Dose L i m i t  

The acceptable rad ioac t i ve  contamination l e v e l s  i n  the  decomnissioned 

reference BWR f a c i l i t y  and on i t s  s i t e  are  ca lcu la ted and presented i n  the next  

sect ion.  These reported l e v e l s  are determined by se lec t i ng  the  l a r g e s t  ca l-  

cu la ted organ dose der ived from a l l  exposure pathways. Acceptable contaminat ion 
2 l e v e l s  are  repor ted  i n  u n i t s  o f  p C i / m  o f  sur face area. 

8.2 EXAMPLE CALCULATIONS OF ACCEPTABLE RADIOACTIVE CONTAMINATION LEVELS FOR 

THE DECOMMISSIONED REFERENCE BWR 

The methodology f o r  developing acceptable contaminat ion l e v e l s  i s  bes t  

demonstrated by c a l c u l a t i n g  example l e v e l s  f o r  t he  reference BWR f a c i l i t y  

and i t s  s i t e .  



8.2.1 Acceptable Residual  Rad ioac t i ve  Contaminat ion Levels  i n  t he  Reference 

BWR Fac i  1  i ty 

Example acceptable r a d i o a c t i v e  con tamina t ion  l e v e l s  f o r  t he  decommissioned 

re fe rence  BWR f a c i l i t y  a r e  c a l c u l a t e d  f o r  t he  su r f ace  con tamina t ion  cha rac te r i zed  

by re fe rence  r a d i o n u c l i d e  i n v e n t o r y  5, us i ng  t he  methodology presented i n  Appen- 

d i x  F. Contaminat ion i s  assumed t o  accumulate on a su r f ace  f o r  the  e n t i r e  30 

e f f e c t i v e  f u l l  -power years  (EFPY) o f  BWR ope ra t i ng  1 i f e  as a r e s u l t  o f  a  postu-  

l a t e d  r e a c t o r  wa te r  leak .  The q u a n t i t y  o f  su r f ace  con tamina t ion  i n  t h e  re fe rence  

BWR i s  d i f f i c u l t  t o  p r e d i c t ,  s i nce  i t  i s  s p e c i f i c  t o  each BWR, and i s  b e s t  

determined by measurement on a case-by-case bas i s  a t  t he  t ime  o f  shutdown. 
2 Therefore,  su r f ace  con tamina t ion  l e v e l s  a r e  normal ized t o  1  uCi/m a t  shutdown. 

To per fo rm t h e  c a l c u l a t i o n s ,  i t  i s  necessary t o  p r e d i c t  t he  i s o t o p i c  compos i t ion  

o f  t h i s  contaminat ion.  The ac tua l  r a d i o a c t i v i t y  1  eve1 s  and i s o t o p i c  composi t ion 

a t  t h e  f a c i l i t y  a r e  impo r tan t  i n  de te rmin ing  t h e  degree o f  decontaminat ion 

requ i red ;  however, o n l y  t he  i s o t o p i c  composi t ion i s  necessary t o  determine the  

acceptable r a d i o a c t i v e  contaminat ion l e v e l s .  

The r e s i d u a l  r a d i o a c t i v e  contaminat ion l e v e l s  p resen t  d u r i n g  decommission- 

i n g  a r e  assumed t o  be a p p r o p r i a t e l y  moni tored and s u i t a b l y  recorded. The decom- 

m iss ion ing  ope ra t i ons  discussed i n  Chapter 9 and Appendix I a r e  designed t o  

remove su r f ace  r a d i o a c t i v e  contaminat ion u n t i l  t he  r e s i d u a l  l e v e l s  a r e  acceptable 

f o r  u n r e s t r i c t e d  use. These acceptable contaminat ion l e v e l s  f o r  t he  f a c i l i t y  

a r e  d e r i v e d  here  based on r a d i o a c t i v e  sur face  contaminat ion,  w i t h  t h e  assumption 

t h a t  a l l  v o l u m e t r i c  wastes generated d u r i n g  decommissioning a re  d isposed o f  

as r a d i o a c t i v e  wastes. 

Acceptable r a d i o a c t i v e  contaminat ion l e v e l s  i n  t he  re fe rence  BWR f a c i l i t y  

a r e  c a l c u l a t e d  based on re fe rence  room model, as discussed i n  Sec t ion  F.3.1 
2 o f  Volume 2. The room i s  assumed t o  have a f l o o r  su r f ace  area o f  154 m and 

w a l l s  3 m h igh .  A u n i f o r m  d e p o s i t i o n  o f  r a d i o a c t i v e  con tamina t ion  i s  assumed 

t o  be p resen t  on a l l  o f  i t s  su r faces  ( i .e., t he  f l o o r ,  w a l l s ,  and c e i l i n g ) .  

For  t h e  maximum annual dose c a l c u l a t i o n s ,  a i r b o r n e  r a d i o n u c l i d e  concent ra t ions  

i n  t h e  BWR f a c i l i t y  a r e  c a l c u l a t e d  us ing  a cons tan t  resuspension f a c t o r  o f  

5  x 10-6 m-l , as d iscussed i n  Sec t ion  F.3. Resu l ts  of ac tua l  measurements 



o f  a i rborne rad ionuc l i de  concentrat ions i n  decommissioned f a c i l i t i e s  could 

a l  t e r  the a1 lowable contaminat ion l e v e l s  ca l cu la ted  here. 

The maximum annual doses t o  workers i n  the decommissioned BWR f a c i l i t y  

a f t e r  i t  i s  released f o r  u n r e s t r i c t e d  use, are ca l cu la ted  us ing a 40-hour work 

week o f  cont inu ing  exposure f o r  50 years. Calculated maximum annual doses f o r  

t he  decay per iods o f  i n t e r e s t  a re  shown i n  Table F.4-1. Calculated doses t o  

se lec ted  organs o f  reference f o r  i n h a l a t i o n  and ex terna l  exposure pathways a re  

1 i s t e d  f o r  radionucl  ides t h a t  c o n t r i b u t e  a t  l e a s t  0.5% t o  the  organ dose. 

I nges t i on  pathways f o r  workers i n  the decommissioned BWR f a c i l i t y  are assumed 

t o  be non-existent.  

Acceptable r a d i o a c t i v e  contaminat ion l e v e l s  f o r  t he  most r e s t r i c t i v e  

organs o f  reference a re  nex t  ca l cu la ted  f o r  a maximum annual dose o f  50 mrem 
2 per  year.  These l e v e l s  a re  expressed i n  u n i t s  o f  microcur ies per  ni2 (uCi/m ), 

and a re  shown f o r  the  decay times o f  i n t e r e s t  i n  Table 8.2-1. 

TABLE 8.2-1 . Example Acceptabl e Residual Radioact ive 
Contamination Levels f o r  I ns ide  the  
Reference B w R ( ~ )  

Time Exposure Domi nan t 
Begins L i m i t i n g  Radionucl ide 

Organ o f  Cont r ibu tor  Acceptable Residual Co tami na t i on  
'Years aftgr Reference Shutdown) - To Dose 9 Levels (uCi/m ) 

o Lungs 6 0 ~ o  

10 Lungs 6 0 ~ o  

30 Lungs 3 7 ~ s / 6 0 ~ o  

50 Bone 3 7 ~ s  

100 Bone 3 7 ~ s  

(a)Corresponding t o  the  annual dose o f  50 rnreni/yr. 
(b)The t ime t h a t  continuous exposure begins. 

External  exposure i s  the  dominant exposure pathway a t  a l l  decay times, w i t h  

o n l y  a small c o n t r i b u t i o n  from inha la t i on .  However, i t  i s  the  i n h a l a t i o n  

c o n t r i b u t i o n  t o  the  t o t a l  r a d i a t i o n  dose t h a t  determines the most r e s t r i c t i v e  



organ of reference. A t  shutdown and 10 years a f te r ,  the acceptable rad ioact ive 

contamination l eve l s  are con t ro l led  by the dose from 6 0 ~ o  t o  the lungs. A t  

longer decay times a f t e r  shutdown, the acceptable contamination l eve l s  become 

dominated by the dose t o  bone from 137~s  and i t s  shor t - l i ved  daughter 137mBa 

The change i n  the acceptable rad ioact ive contamination leve l  w i t h  time r e f 1  ects 

the change i n  the residual  mixture w i t h  time, because o f  rad ioact ive decay. 

Since external exposure from contaminated room surfaces i s  the dominant exposure 

pathway, and since the higher-energy gammas from 6 0 ~ o  are more penetrat ing than 

e i t he r  the beta from 137~s o r  the lower-energy gamma from i t s  daughter 137m~a, 

the acceptable contamination leve l  o f  the mixture i s  more r e s t r i c t i v e  a t  shorter  

decay times, when 6 0 ~ o  i s  present i n  r e l a t i v e l y  la rger  quant i t ies .  

8.2.2 Acceptable Residual Radioactive Contamination Levels on the 

Reference BWR S i t e  

Informat ion about the nature and mixture o f  radionucl ides present on the 

BWR s i t e  as a r e s u l t  o f  30 EFPY o f  operation i s  based on reported atmospheric 

r a d i o a c t i v i t y  re1 eases from 23 operating BWR power plants.  ( I 7 )  The radio-  

nuc l ide inventory f o r  the s i t e  i s  shown as reference radionucl ide inventory 6 

i n  Table E.2-10 o f  Volume 2. The rad ioact ive contamination leve l  present on 

the s i t e  i s  ca lcu la ted using the dry  deposi t ion model discussed i n  Section E.2.3.1. 

Careful accounting o f  rad ioact ive decay and daughter-product ingrowth i s  performed 

t o  obta in  the radionucl ide mixtures present a t  the various decay periods a f t e r  

p l an t  shutdown. 

Airborne concentrations o f  r ad i  onucl ides i n  the envi ronment are cal  cu l  ated 

using the time-dependent resuspension f ac to r  discussed i n  Section F.3.2 o f  

Volume 2. At  p l an t  shutdown, the radionucl ides are assumed t o  be mixed i n  

s o i l  t o  a depth o f  10 mn, w i t h  no mechanical mixing o r  weathering e f fec ts .  

A f t e r  decomnissioning, the s i t e  i s  assumed t o  be used f o r  farming, and plowing 

i s  assumed t o  mix the rad ioact ive contamination t o  a depth o f  0.15 m. A dry  
2 s o i l  "surface-density" f ac to r  o f  224 kg/m mixed t o  a depth o f  0.15 m, i s  used 

t o  determine the s o i l  r a d i o a c t i v i t y  concentration. It should be noted t h a t  

the rad ioact ive contamination leve ls  defined f o r  the s i t e  i n  Table E.2-10 are 

probably higher than those t h a t  might be encountered a t  an actual  BWR. This 



i s  p r i m a r i l y  because no c r e d i t  i s  taken f o r  weathering e f f e c t s  on the  rad io-  

a c t i v e  contamination, e i t h e r  dur ing  the  BWR opera t ing  l i f e  o r  dur ing  the  decay 

per iods f o l l o w i n g  shutdown. For s p e c i f i c  s i t e s ,  comprehensive measurements 

w i l l  be necessary a t  shutdown t o  charac ter ize  the q u a n t i t y  and mix ture  o f  the  

deposited r a d i o a c t i v e  contamination. 

Maximum annual doses ca l cu la ted  f o r  reference rad ionuc l i de  inventory  

6 a re  l i s t e d  i n  Table F.4-2 a t  t he  decay times o f  i n t e r e s t  f o r  each o f  f o u r  

organs o f  reference. This  t a b l e  conta ins the ca l cu la ted  doses f o r  each exposure 

pathway, w i t h  l i s t i n g s  o f  those rad ionuc l ides  c o n t r i b u t i n g  0.5% o r  more t o  the  

annual dose t o  any organ. Calculated res idua l  rad ioac t i ve  contaminat ion l e v e l s  

on the  decommissioned BWR s i t e  f o r  the  organs o f  reference, corresponding t o  

an annual dose l i m i t  o f  50 mrem, a re  l i s t e d  i n  Table 8.2-2. 

TABLE 8.2-2. Example Residual Radioa t i v e  Contamination Levels f o r  the F 1 Decommissioned BWR S i t e  a 

Time Exposure Dominant Acceptable Residual Acceptable S o i l  
Begins Radionucl ide R ~ d i o a c t i v e  Surface Contamination Levels 

(Years a f t e r  Maxi u Organ of Con t r ibu to rs  Contamination Levels  Mixed t o  10 mn Mixed t o  0.15 m 
Shutdown) (b )  YearTcT Reference TO Dose ( p ~ i / m 2 )  (pCi /g)  (pCi /g)  

To ta l  Body 

Bone 

Lungs 

Thy ro id  

To ta l  Body 

Bone 

Lungs 

Thy ro id  

30 20 To ta l  Body 'OSr + D 0.41 28 1.8 

2 1 Bone ' O S ~  + D 0.11 7.4 0.48 

1 Lung 1 3 7 ~ ~  + 0 9.1 610 40 

1 Thy ro id  1 3 7 ~ s  + D 9.1 61 0 40 

50 20 To ta l  Body ''~r + D 

2 1 Bone ''~r + D 

1 Lung 1 3 7 ~ s  + D 

1 Thyro id  1 3 7 ~ s  + D 

100 20  ~ o t a l  ~ o d y  ' O S ~  + D 

21 Bone ''~r + D 

1 Lung 1 3 7 ~ s  + D 

1 Thy ro id  1 3 7 ~ s  + D 

(a)Corresponding t o  an annual dose of 50 mremlyr t o  s p e c i f i c  organs o f  re ference.  
(b)The t ime  t h a t  cont inuous exposure begins. 
(c)The y e a r  i n  which the maximum annual dose occurs f o l l o w i n g  the s t a r t  of continuous 

exposure. 
( d ) +  D means p lus  daughters. 



For each decay t ime shown i n  Table 8.2-2, the most r e s t r i c t i v e  contaminat ion 

l e v e l  r e s u l t s  from the  annual dose t o  bone 21 years a f t e r  the  s t a r t  o f  con- 

t inuous exposure. This  dose i s  c o n t r o l l e d  by ' O S ~  and i t s  daughter 'OY i n  

the  rad ionuc l i de  mixture,  which are  accumulated i n  the body by i n g e s t i o n  o f  

si te-grown farm products. A summary of the  acceptable res idua l  r a d i o a c t i v e  

contaminat ion l e v e l s ,  based on the  dose t o  bone, i s  l i s t e d  i n  Table 8.2-3. 

TABLE 8.2-3. Example Acceptable Residual Radioact ive Contamination 
Levels f o r  t he  Decommissioned BWR ~i t e ( a )  

Time Exposure Acceptable Residual Acceptable S o i l  
Begins Radioact ive Surface Contamination Levels 

(Years a f t e r  Contamination Levels Mixed t o  10 mrn Mixed t o  0.15 m 
Shutdown) (b )  ( p ~ i / m 2 )  ( c )  ( ~ c i / g )  (pCi/g) 

(a)Corresponding t o  an annual dose o f  50 mrem/yr t o  the bone. 
(b)The t ime t h a t  continuous exposure begins. 
(c)Based on ex te rna l  exposure from contaminated ground and on i n t e r n a l  

exposure f rom i n g e s t i o n  and i nha la t i on ,  as discussed i n  Appendix F. 

8.2.3 Acceptable Radioact ive Contamination Levels on BWR Equipment 

A recent  s tudy describes a gener ic  methodology f o r  es t ima t ing  p o t e n t i a l  

r a d i a t i o n  doses t o  man from r e c y c l i n g  r a d i o a c t i v e l y  contaminated metals  

reclaimed du r ing  decommissioning nuclear  f a c i l i t i e s .  (18) The methodology i s  

demonstrated f o r  27 rad ionuc l ides  from s i x  recyc le  pathways w i t h  a contami- 

na t i on  1 eve1 o f  10 pCi/g. The r e s u l t s  i n  Reference 18 a re  f o r  a gener ic  case 

and several  key assumptions are  made t o  ob ta in  r a d i a t i o n  dose est imates t o  

exposed popu la t ion  groups. However, t he  methodology presented i n  Reference 18 

should be use fu l  i n  determining acceptable r a d i o a c t i v e  contaminat ion l e v e l s  

f o r  decommissioned BWR equipment. 



I: Release o f  much o f  t he  non-act ivated BWR equipment a f t e r  decontamination 

cou ld  be covered by standards developed by the A N S I  Committee N13.12. (') The 

complex i t ies  o f  decontaminating equipment f o r  pub1 i c  re1 ease are  great  and a re  
t 

b r i e f l y  discussed i n  Appendix N o f  Volume 2. Because decommissioning an ac tua l  

BWR requ i res  spec ia l  procedures t o  re lease equipment on a piece-by-piece basis ,  

c no f u r t h e r  e f f o r t  i s  made i n  t h i s  r e p o r t  t o  analyze equipment-release cond i t ions .  

8.3 EXISTING GUIDANCE ON RESIDUAL RADIOACTIVE CONTAMINATION 

E x i s t i n g  guidance on acceptable rad ioac t i ve  contaminat ion l e v e l s  f o r  

u n r e s t r i c t e d  re lease o f  decommissioned nuclear  f a c i  1 i t i e s  i s  found i n  

Regulatory Guide 1.86") and the  d r a f t  ANSI Standard N13.12. ('I The l e v e l s  

r e f l e c t e d  i n  these standards are  l i s t e d  i n 'Tab les  8.3-1 and 8.3-2. The l e v e l s  

shown i n  Tables 8.3-1 and 8.3-2 a re  based on ins t rumenta t ion  c a p a b i l i t i e s  f o r  

general categor ies o f  rad ionuc l  ides, whi 1 e the  1 eve1 s developed i n  t h i s  study 

TABLE 8.3-1 . Regulatory Guide 1.86 Acceptable Surface contaminat ion Level s ( 2  

2 3 5 ~ ,  2 3 8 ~  and assoc ia ted U-nat, 
decay products 5 000 dpm r/100 cm

2 
15 000 dpm -,/I00 cm2 

1 000 dpm ( / l o 0  cm 2 

Transuranics,  2 2 6 ~ a ,  228~a ,  2 3 0 ~ h  

228Th, 23lPa, 227,-+c, 1251 12gI 100 dpm/ 100 cm2 300 dpm/100 cm2 20 dpm/100 cm2 

Beta-gamna e m i t t e r s  (nuc l ides  w i t h  
decay modes o t h e r  than alpha emis- 
s i o n  o r  spontaneous f i s s i o n )  except 
9 0 ~ r  and o thers  noted above 5 000 dpm .- , / I 0 0  cm2 15 000 dpm .- , / I 0 0  cm2 1 000 dpm I.-: / 100 cm 2 

(a)Where surface contaminat ion  by both  alpha-  and beta-ganma-emitt ing nuc l i des  e x i s t s ,  t he  l i m i t s  estab-  
l i s h e d  f o r  alpha-  and beta-gamma-emitting nuc l ides  apply independent ly.  

(b)Used i n  t h i s  t ab le ,  dpnl ( d i s i n t e g r a t i o n s  per  minute)  means the  r a t e  o f  emission by r a d i o a c t i v e  
m a t e r i a l  as determined by c o r r e c t i n g  t he  counts per minute observed by an app rop r i a te  de tec to r  f o r  
background, e f f i c i e n c y .  and geometric f a c t o r s  assoc ia ted w i t h  t he  ins t rumenta  ion .  

(c)Measurements o f  average contaminant should n o t  be averaged over  more than 1 mI: For ob jec t s  o f  
l e s s  surface area, t he  average should be de r i ved  f o r  each ob jec t .  

2 (d)The maximum contaminat ion  l e v e l  a p p l i e s  t o  an area o f  n o t  more than 100 cm . 
(e)The amount o f  reri~ovable r a d i o a c t i v e  ma te r i a l  per  100 cm2 o f  su r face  area should be determined by 

w ip ing  t h a t  area w i t h  d ry  f i l t e r  o r  s o f t  absorbent paper, app l y i ng  moderate pressure, and assessing 
the  amount o f  r a d i o a c t i v e  m a t e r i a l  on the  wipe w i t h  an app rop r i a te  ins t rument  o f  known e f f i c i e n c y .  
When removable contaminat ion  on ob jec t s  o f  l e s s  sur face area i s  determined, t h e  p e r t i n e n t  l e v e l s  
should be reduced p r o p o r t i o n a l l y  and the  e n t i r e  sur face wiped. 



TABLE 8.3-2. A N S I  N13.12 Surface Contamination L i m i t s  (9) 

A c t i v i t y  L i m i t  
(dpm/100 cm2) 

Radionucl i de (a )  To ta l  Removabl e 

Group 1: 

i l uc l i de  f o r  w i c h  the  nonoccupational MPC,(~) i s  9 Nondetectabl e ( d l  20 
2 x 0-13 C i l m  o r  l e s s  r f o r  which t h e  nonoccupational 9 MPCJc) i s  2 x 10-7 C i / m  o r  l ess ;  inc ludes Ac-227; 
Am-241, -242111, -243; Cf-249, -250, -251, -252; Cm-243, 
-244, -245, -246, -247, -248; 1-125, 1-129; Np-237; 
Pa-231; Pb-210; Pu-238, -239, -240, -242, -244; Ra-226, 
-228; Th-228, -230. 

Group 2: , . 
Those nuc l i des  n o t  i n  Gro p 1 f o r  which the  nonoccupation- Nondet c ab le  Y 

( B , Y ) ' ~ '  200 
a1 MPCa i s  1 x 10-12 C i l m  o r  f o r  which the  nonoccupation- 2 000 Far 
a1 MPCw i s  1 x 10-6 ~ i / m 3  o r  less ;  inc ludes Es-254; 
Fm-256; 1-126, -131, -133; Po-210; Ra-223; Sr-90; Th-232; 
U-232. 

Group 3: 

Those nuc l i des  n o t  i n  Group 1 o r  Group 2. 

(a)Values presented here a re  obta ined f rom 10 CFR P a r t  20. The most l i m i t i n g  o f  a l l  g iven 
MPC values (e. g., s o l u b l e  vs. i n s o l u b l e )  a r e  t o  be used. I n  the  event o f  t h e  occurrence 
o f  mix tures  o f  rad ionuc l ides,  t he  f r a c t i o n  con t r i bu ted  by each c o n s t i t u e n t  o f  i t s  own 
l i m i t  s h a l l  be determined and t h e  sum o f  t he  f r a c t i o n s  must be l e s s  than 1. 

(b)MPC : maximum perm iss ib le  concent ra t ion  i n  a i r  app l i cab le  t o  cont inuous exposure o f  
memters o f  t he  p u b l i c  as pub l ished by o r  de r i ved  f rom an a u t h o r i t a t i v e  source such as 
NCRP., ICRP o r  NRC (10 CFR P a r t  20 Appendix B Table 2, Column 1 ) .  

(c)HPCw: maximum perm iss ib le  concent ra t ion  i n  water appl i c a b l e  t o  members o f  t h e  pub1 i c .  
(d)The ins t rument  u t i l i z e d  f o r  t h i s  measurement s h a l l  be ca l cu la ted  t o  measure a t  l e a s t  

100 pCi o f  any Group-1 contaminants u n i f o r m l y  spread over 100 cm2. 
(e)The ins t rument  u t i l i z e d  f o r  t h i s  measurement s h a l l  be c a l i b r a t e d  t o  measure a t  l e a s t  

1 nCi o f  any Group-2 beta o r  gamna contaminants un i fo rm ly  spread over  an area equ iva len t  
t o  the  s e n s i t i v e  area o f  t he  de tec to r .  NOTE: D i r e c t  survey f o r  uncond i t iona l  re lease  
should be performed i n  areas where t h e  background i s  < I00 c/m. When the  survey must be 
performed i n  a background exceeding 100 c/m, i t  may bZ necessary t o  use t h e  i n d i r e c t  
survey method t o  p rov ide  the  a d d i t i o n a l  s e n s i t i v i t y  requ i red.  

us ing the  pathways ana lys is  approach are  based on an assumed maximum annual 

dose o f  50 mrem. Using the maximum annual dose as the general basis  f o r  de ter-  

min ing acceptable r a d i o a c t i v e  contaminat ion 1  evels  permi ts  the necessary f l e x i -  

b i l i t y  f o r  cons ider ing  the  var ious rad ionuc l ide  mixtures expected a t  decommissioned 

nuclear  f a c i  1  i t i e s .  



8.4 SUMMARY OF EXAMPLE ACCEPTABLE CONTAMINATION LEVELS 

The ca l cu la ted  acceptable l e v e l s  o f  r a d i o a c t i v i t y  repor ted  i n  Tables 8.2-2 

and 8.2-3 a re  summarized i n  Table 8.4-1. I n  t h i s  t ab le ,  the acceptable res idua l  

r a d i o a c t i v i t y  l e v e l s  f o r  the  f a c i  1 i ty  are  charac ter ized as sur face contaminat ion. 

For t he  s i t e ,  the  sur face contaminat ion values are  presented along w i t h  mass 

contaminat ion values , i n  u n i t s  o f  r a d i o a c t i v i t y  per  u n i t  mass. The conversion 

from sur face t o  mass contaminat ion u n i t s  i s  done assuming t h a t  the contami- 

na t i on  i s  mixed i n  s o i l  t o  a depth o f  10 mm before plowing and t o  a depth of 

0.15 m a f t e r .  

TABLE 8.4-1. Sumary o f  the  Calculated Acceptable Residual 
Radioact ive Contamination Levels f o r  t he  
Reference BWR F a c i l i t y  and S i t e  

Acceptable Residual Contamination Leve ls  
Time Exposure Corresponding t o  an Annual Dose o f  50 mremlyr 

Begins Surface Soi 1 Contamination 
(Years a f ks r  L i m i t i n g  contaminat ion  f l i xed t o  10 mn Mixed t o  0.15 m 
Shutdown Organs (pCi lm2) ( p c i l g )  (pCi /g )  

BWR F a c i l i t y  (b )  0 Lungs 5.5 x 10-I  --- --- 
100 Bone 8.2 x l o - '  --- --- 

BWR S i t e  0 Bone 1.7 x lo- '  1.1 x 10 1 7 .3  x 10- I  

100 Bone 1.2 x 10-I  8.0 x l o 0  5.3 x 10- I  

(a)The t ime t h a t  cont inuous exposure begins. 
( b ) I n  t h e  f a c i l i t y ,  a de te rm ina t i on  o f  acceptab le  su r face  r a d i o a c t i v e  contaminat ion  

l e v e l s ,  based on t h e  m i x t u r e  o f  the  rad ionuc l i des ,  i s  assumed t o  be used t o  he lp  
determine the  necessary decommissioning procedures. 

I n  summary, i n  the BWR f a c i l i t y ,  the acceptable contaminat ion l e v e l s  

a re  dominated by ex te rna l  exposure: from 6 0 ~ o  a t  s h o r t  decay times and from 

1 3 7 ~ s  and i t s  daughter 137m~a  a t  longer  decay times. The acceptable contami- 

n a t i o n  l e v e l s  increase w i t h  t ime as the c o n t r i b u t i o n  o f  6 0 ~ o  decreases (because 

o f  r a d i o a c t i v e  decay) r e l a t i v e  t o  the c o n t r i b u t i o n  of the  l onge r- l i ved  and 

l e s s  r a d i o t o x i c  1 3 7 ~ s  and i t s  daughter 137m~a. On the  s i t e ,  the acceptable 

contaminat ion l e v e l s  a r e  dominated by the dose t o  bone from and i t s  

shor t- 1 i v e d  daughter 'OY. The dominant exposure pathway i s  the i n g e s t i o n  

o f  si te-grown farm products. The acceptable r a d i o a c t i v e  contaminat ion l e v e l  



decreases with time, re f l ec t ing  the radioactive decay of short- l ived f i s s i on  

products in  the  i n i t i a l  radionucl ide mixtures. 

RADIATION DETECTION CAPABILITIES 

Federal regulat ions require environmental monitoring of LWR nuclear power 
I 

s ta t ions  f o r  rad ioac t iv i ty  released during normal operations. ( I 9 )  Other I 

regul a t ions (20)  require t h a t  a 1 i  censee conduct surveys of radia t ion 1 eve1 s I 

I 
o r  concentrations of radioactive contaminants t o  ensure compliance w i t h  10 CFR I 

Part 20 l im i t s .  Specif ica l ly ,  Paragraph 20.1 ( c )  of 10 C F R  Part  20 s t a t e s  t h a t  
every reasonable e f f o r t  should be made by the  l icensee t o  maintain radia t ion I 

exposure "as 1 ow a s  reasonably achievable. " Guidance on environmental sam- I 

pling techniques t o  help meet these regulat ions i s  found in Regulatory 
~ u i  des , (" -23) and i n procedures developed by the DOE Environmental Measure- 

ments Laboratory. (24) 

To ensure compliance with these regulat ions,  personnel a t  operating BWRs 

routinely monitor both e f f luen t  and environmental levels  of rad ioac t iv i ty .  

W i t h  the existence of annually recorded monitoring data and es tabl ished sampling 

and 1 aboratory measurement techniques, the  abi 1 i ty  a1 ready ex i s t s  t o  iden t i fy  

radioactive species and t o  ver i fy  the  radioactive contamination levels  t h a t  

correspond t o  the  calculated acceptable contamination levels  l i s t e d  i n  

Tables 8.2-1 and 8.2-2. A general discussion of environmental regulat ions o r  

guidance and def in i t ion  of the Lower L i m i t  of Detection ( L L D )  f o r  common labor- 
atory methods i s  presented i n  t h i s  section.  The laboratory methods discussed 

can be used t o  analyze samples from e i t h e r  the BWR f a c i l i t y  o r  i t s  s i t e .  

The L L D  i s  defined i n  Regulatory Guide 4.16 as being the smallest  con- 

centrat ion of radioactive material in a sample t ha t  has a 95% probabi l i ty  of 

being detected above the system background. ( 2 5 )  For a pa r t i cu la r  counting 

system, the  L L D  i s  mathematically expressed by: 

L L D  = 
4.66 Sb 

3.7 x 104 E V Y exp ( - A  ~ t )  



where : 

LLD t h e  lower  l i m i t  o f  de tec t i on ,  pCi/mR 

4.66 a f a c t o r  r e l a t i n g  t h e  95% conf idence l i m i t  o f  a  one-sided 

conf idence f a c t o r  f o r  measurements where t h e  background 

coun t ing  t ime  equals t he  sample coun t i ng  t ime  

Sb t h e  s tandard d e v i a t i o n  o f  t h e  ins t rument  background coun t ing  

r a t e ,  counts/second 

3.7 x  l o 4  e t h e  number o f  d i s i n t e g r a t i o n s  per  second pe r  pCi 

E t h e  d e t e c t o r  coun t ing  e f f i c i e n c y ,  counts observed per  

d i s i n t e g r a t i o n  

V t h e  sample volume, mR 

Y t h e  f r a c t i o n a l  rad iochemica l  y i e l d ;  o n l y  a p p l i e s  when a 

rad iochemica l  sepa ra t i on  i s  performed on t h e  sample 

X t h e  r a d i o a c t i v e  decay cons tan t  f o r  t h e  p a r t i c u l a r  r ad ionuc l i de ,  

seconds" 

A t  t h e  t ime  elapsed between sample c o l l e c t i o n  and coun t ing .  

The va lues o f  these parameters should be based on t h e  ac tua l  charac te r-  

i s t i c s  o f  t h e  system used, n o t  on t h e o r e t i c a l l y  p r e d i c t e d  values. 

The LLD v a r i e s  w i t h  t h e  t ype  o f  i ns t rumen ta t i on  used, t h e  m i x t u r e  o f  

r ad ionuc l  i des  i n  the  sample, the  coun t ing  t ime se lec ted ,  t he  sample s i ze ,  and 

t h e  coun t i ng  geometry. Using sodium i o d i d e  (Na I )  de tec to r s ,  t h e  LLD l e v e l s  

f o r  samples c o n t a i n i n g  s i n g l e  o r  s imple parent- daughter  r a d i  onucl  i d e  p a i r s  

a r e  l i s t e d  i n  Table 8.5-1, ( 2 3 )  t oge the r  w i t h  the  example acceptable r e s i d u a l  

s o i  1  con tamina t ion  1 eve1 s  f o r  r e fe rence  rad ionuc l  i de i n v e n t o r y  6 (contamina- 

t i o n  mixed i n  t h e  t o p  10 mm o f  s o i l ) .  Comparison of t he  values i n  the l a s t  

two columns of t h e  t a b l e  shows t h a t  o n l y  6 0 ~ o ,  90~ r ,  and 1 3 7 ~ s  cou ld  be r e a d i l y  

de tec tab le  u s i n g  NaI d e t e c t o r  systems. Laboratory  a n a l y s i s  w i t h  more sens i-  

t i v e  equipment would be necessary t o  determine t h e  r e l a t i v e  r a d i o a c t i v i t y  o f  

t h e  o t h e r  r ad ionuc l i des  f o r  use i n  t h e  pathways a n a l y s i s .  



TABLE 8.5-1. Comparison,of Lower L i m i t s  o f  Detec t ion  f o r  NaI Systems w i t h  
Calcu lated Example Acceptable Residual S o i l  Contamination 
Levels  , f o r  Selected Radionucl ides  ( a )  

Example Acceptable ( c )  
Lower L i m i t  o f  Detec t ion  (b  Residual Soi 1  

Water Vegetat ion Soi 1  Contamination Level 
Ana lys is  ( p C i / ~ )  (pCi/kg, Wet) (pCi/kg, Dry) (pCi/kg, Dry) 

3~ (HTO) 300 3 0 0 ' ~ )  --- ( e  1 --- ( f )  

5 4 ~ n  15 150 5 0 40 
58 3 GOco 15 150 5 0 540 

6 5 ~ n  3 0 300 100 3.2 
8gSr(c) 10 10 150 120 
9OSr(c) 2 2 3 0 2 800 

9 5 ~ r - ~ b  10 150 100 0.75 

0 6 ~ u - ~ h  10 150 100 7.8 
12gI(c) 2 10 --- ( e  1 --- ( f )  

1311(c) 0.4 2 - - - ( e )  5.2 
134,137cs 15 150 100 4 000 

4 0 ~ a - ~ a  15 150 100 34 
" ( c )  2 50 3 0 - - - ( f )  

Pu-A1 pha 0.01 5 1 --- ( f )  

(a )Th is  t a b l e  i s  based on s i m i l a r  values g iven i n  Regulatory Guide 4.8, (23) 
w i t h  adjustments and a d d i t i o n s  r e f l e c t i n g  c u r r e n t  experience a t  a  
commercial r a d i o a n a l y t i c a l  l abo ra to ry .  

(b)The normal L we L i m i t  o f  Detec t ion  i s  de f ined  i n  HASL 300, Appendix D 
(Rev. 8/74), ?241 a t  t h e  95% conf idence l e v e l .  The LLD f o r  rad ionuc l i des  
analyzed by gamma spectrometry v a r i e s  according t o  t he  number o f  r a d i o -  
nuc l i des  encountered i n  environmental samples. 

(c)Assumed dose 1 i m i t  i s  50 mrem/yr, contaminat ion mixed w i t h  t o p  10 mm o f  
s o i l .  

( d ) A f t e r  chemical e x t r a c t i o n .  
(e ) Ind i ca tes  t h a t  no data Ps a v a i l a b l e  f o r  these rad ionuc l ides  i n  d r y  s o i l  

sampl es . 
( f )  I nd i ca tes  t h a t  t h e  rad ionuc l  i d e  i s  n o t  inc luded i n  re fe rence rad ionuc l  i d e  

i nven to ry  6. 



I t  should be noted t h a t  the LLDs f o r  mixtures of rad ionuc l ides  (as postu- 

1  a ted  f o r  re fe rence r a d i  onucl i d e  i nven to ry  6) would be expected t o  be s i g n i  f i - 
c a n t l y  h igher  than those l i s t e d  i n  Table 8.5-1 due t o  poss ib le  i n te r fe rences  

between gamma rays o f  s i m i l a r  energy. Thus, q u a n t i t a t i v e  measurements a t  

these concentrat ions are  f a r  more d i f f i c u l t .  

To overcome the  i n t e r f e r e n c e  problem i t  may be necessary t o  u t i l i z e  more 

s o p h i s t i c a t e d  de tec to rs  such as germanium-li thium (Ge[Li]) semiconductors. 

Typ ica l  values o f  the  LLD f o r  a  Ge(La) de tec t i on  system are  g iven i n  Table 8.5-2, 

toge ther  w i t h  example acceptable res idua l  s o i  1  contaminat ion l e v e l s  (contami na- 

t i o n  mixed i n  the  t o p  10 mm o f  s o i l ) .  The LLD values g iven are f o r  samples 

c o n s i s t i n g  o f  a i r  f i l t e r s  con ta in ing  mixtures o f  f i s s i o n  products. The sample 

pos tu la ted  f o r  the  acceptable res idua l  l e v e l  values has a  volume of s o i l  50 mm 

i n  diameter and 25 mm t h i c k .  Comparison o f  the LLDs w i t h  the example acceptable 

60 1 3 7 ~ s )  can res idua l  l e v e l s  i n  Table 8.5-2 shows t h a t  few rad ionuc l ides  ( Co, 

be successful  l y  measured a t  * leve ls  corresponding t o  a  dose o f  50 mrem/yr t o  t h e  

maximum-exposed i n d i v i d u a l .  However, i f  the  r e l a t i v e  composit ion o f  t he  mix- 

t u r e  o f  rad ionuc l ides  can be s a t i s f a c t o r i l y  determined by c a r e f u l  l abo ra to ry  

means, and i f  t h i s  m ix tu re  i s  constant  a t  a l l  l oca t i ons ,  the  two rad ionuc l i des  

t h a t  can be measured a t  t he  example acceptable l e v e l  can serve t o  mon i to r  com- 

p l i a n c e  w i t h  t he  50 mrern/yr dose l i m i t a t i o n .  



TABLE 8.5-2. Comparison o f  Lower L i m i t s  o f  De tec t i on  f o r  a Typ i ca l  Ge(L i )  
System w i t h  Cal c u l  a ted  Exampl e Acceptable Residual  Sgi 1 
Contaminat ion Levels,  f o r  a M i x t u r e  o f  F i s s i o n  Products 

Radionuc l ide  

7 ~ e  

5 4 ~ n  

Example Acceptab le  
Residual  S o i l  

Contaminat ion  Le e l  
dpm/sampl e ( a l c  Y 

---  ( d l  

Example Acceptab le  
Residual  S o i l  

Ge(Li  ) LLD Contaminat ion  Leve l  
Radionucl  i d e  dpm/sample(a,b) dpm/sampl e (a  ,c) 

06R" 
\ 

68 0.75 

l Z 5 s b  
I 

2 1 0.0030 
131 I 7 0.51 

I 

1 

g7cs 7 390 1 

4 0 ~ a  5 3.3 

141 ce 5 0.084 
I 

4 4 ~ e  2 4 0.24 

1 4 7 ~ d  5 9 --- I 

(a)The sample was i n  a 50-mn-diameter by 25-mn-deep sample-holder.  
( b )Fa r  a d e t e c t o r  e f f i c i e n c y  o f  1.2% f o r  1 3 7 ~ s  and a c o u n t i n g  t ime  o f  1000 m inu tes .  
(c)Assumed dose l i m i t  i s  50 mrem/yr, con tam ina t i on  mixed w i t h  t o p  10 mm o f  s o i l .  
( d ) I n d i c a t e s  t h a t  t h e  r a d i o n u c l i d e  i s  n o t  i n c l u d e d  i n  r e f e r e n c e  r a d i o n u c l i d e  i n v e n t o r y  6.  
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CHAPTER 9 

DECOMMISSIONING ACTIVITIES AND MANPOWER REQUIREMENTS 

This chapter conta ins i n fo rma t ion  concerning the a c t i v i t i e s  and manpower 

requirements f o r  the th ree  d i f f e r e n t  approaches t o  decommissioning the r e f e r -  

ence BWR: 1 ) immediate dismantlement, 2) passive safe storage, and 3 )  entomb- 

ment. In fo rmat ion  on defer red  dismantlement i s  a l so  included. The in fo rmat ion  

presented here i s  a summary o f  the  appropr ia te  sect ions o f  Appendices H y  I ,  J 

and K i n  Volume 2, which, respect ive ly ,  conta in  the gener ic  decommissioning 

in format ion and the  d e t a i l s  f o r  the th ree  decommissioning modes. The th ree  

modes are  described and discussed i n  more d e t a i l  i n  Chapter 4. 

9.1 IMMEDIATE DISMANTLEMENT ACTIVITIES AND MANPOWER REQUIREMENTS 

Immediate dismantlement i s  the decommissioning mode t h a t  leads t o  the 

e a r l i e s t  te rminat ion  o f  the u t i l i t y ' s  nuclear  l i cense.  Compared t o  the o ther  

two decommissioning modes, immediate dismantlement r e s u l t s  i n  a greater  occu- 

pa t i ona l  r a d i a t i o n  dose and a greater  cos t  i n  the f i r s t  few years a f t e r  f i n a l  

r e a c t o r  shutdown. Planning and prepara t ion  a c t i v i t i e s ,  dismantlement a c t i v i -  

t i e s ,  and the  schedule and manpower requirements f o r  immediate dismantlement 

a re  presented i n  t h i s  sect ion.  

9.1 .1 Planning and Preparat ion A c t i v i t i e s  

Immediate dismantlement o f  the reference BWR i s  a complex undertaking, 

and i t s  success depends g r e a t l y  on good planning and complet ion o f  preparatory 

work before f i n a l  reac to r  shutdown. Planning and prepara t ion  f o r  immediate 

dismantlement i s  accomplished dur ing the 2 years p r i o r  t o  f i n a l  reac to r  

shutdown. 

Planning and prepara t ion  a c t i v i t i e s  i nc lude  the f o l l o w i n g  : 

s a t i s f y i n g  regu la to ry  requirements 

ga ther ing  and analyz ing data 

developing d e t a i l e d  work plans and procedures 



designing, procuring, and test ing special equipment 

selecting and training s t a f f  
selecting speci a1 ty contractors 

removing accumulated spent fuel and unneeded spent fuel storage racks 
instal  1 ing additional HEPA f i l t e r s .  

These ac t iv i t i e s  a re  discussed in the following subsections. 

9.1 .1 .I Satisfying Regulatory Requirements , 
I 

The current s ta tus  of NRC regulatory requirements i s  presented i n  Chapter 5. 1 

Activit ies undertaken to  sa t i s fy  these regulatory requirements are described i n  
I 

t h i s  subsection. 
I 

The major requirements are: 1 )  providing the necessary documentation fo r  
amending the f a c i l i t y  operating license to  "possession-only" s ta tus  and 
2) obtaining an NRC dismantling order. 

In requesting an amended license, the licensee must provide: 

a description of the current f a c i l i t y  s ta tus  

an inventory of the onsite radioactive materials 

a description of the proposed decommissioning ac t iv i t i e s  

a description of the proposed measures to  prevent c r i t i c a l i t y  and to  

minimize radioactive re1 eases 

any proposed changes to  the technical specifications (e.g., deletion of 

specifications relat ing solely to  plant operation) 

safety analyses of both the proposed ac t iv i t i e s  and the proposed specif i-  

cation changes. 

An NRC dismantling order i s  required for  immediate dismantlement. The 

request for  such an order must include a dismantlement plan providing: 

* a description of the ultimate f a c i l i t y  s ta tus  

a description of the dismantl ing ac t iv i t i e s  (including radioactive mate- 

r i a l  disposal and s i t e  decontamination) and the associated environmental 

and safety precautions 



a sa fe ty  ana lys is  o f  t h e  dismantlement and any r e s u l t a n t  releases 

a sa fe ty  ana lys is  o f  t he  p l a n t  i n  i t s  u l t i m a t e  s ta tus .  

I n  a d d i t i o n  t o  the  aforementiorled documentation, the  1 icensee must submit a 

r a d i o a c t i v e  waste hand1 i ng plan, a qua1 i ty assurance plan, an environmental 

repo r t ,  and s e c u r i t y  and safeguards plans. Updated i n fo rma t ion  concerning 

the  f i n a n c i a l  q u a l i f i c a t i o n  o f  the  l i censee may a l so  be requ i red  (see Sect ion 

5.1 o f  Chapter 5 f o r  f u r t h e r  d e t a i l s ) .  

9.1.1.2 Gathering and Analyzing Data 

A l a r g e  body o f  data i s  gathered and analyzed du r ing  the  p lanning and 

prepara t ion  phase o f  decommissioning. These data he lp  s a t i s f y  the  regu la to ry  

requirements discussed i n  the  previous subsection, p a r t i c u l a r l y  the  inventory  

o f  r a d i o a c t i v e  ma te r ia l s  and the  var ious sa fe ty  analyses. I n  add i t i on ,  they 

prov ide  t h e  bases f o r  p lanning the  decommissioning tasks and f o r  se lec t i ng  

the  appropr ia te  methods and equipment. 

Inc luded i n  t h i s  a c t i v i t y  i s  a comprehensive survey o f  r a d i a t i o n  dose 

r a t e s  and contaminat ion l e v e l s  i n  t he  f a c i l i t y .  This  survey, taken a f t e r  

f i n a l  r e a c t o r  shutdown, provides in fo rmat ion  f o r  deternii n i  ng decontamination 

and temporary s h i e l d i n g  requirements. It a l so  prov ides i n i t i a l  data on rad ia-  

t i o n  dose r a t e s  l i k e l y  t o  be encountered du r ing  the  var ious decommissioning 

tasks. 

9.1 .l. 3 Developing Detai  1 ed Work P l  ans and Procedures 

De ta i l ed  work plans and procedures are  developed based on the  in fo rmat ion  

gathered du r ing  data gather ing and r e s u l t a n t  analyses and provided t o  the NRC 

w i t h  t h e  l i c e n s e  amendment and d ismant l ing  order  requests. These d e t a i l e d  

plans and procedures con ta in  a l l  the  i n fo rma t ion  requ i red  t o  a c t u a l l y  ca r r y  

ou t  t h e  decommissioning tasks. They address the  f o l l o w i n g  i tems: 

decommissioning methods 

a schedules and sequences o f  events 

r a d i o a c t i v e  waste management 

contaminat ion c o n t r o l  



radiological and industrial safety 

equipment requirements. 

Qua1 i ty assurance, security , and environmental constraints are a1 so considered. 

The plans and procedures cover a l l  aspects of the decommissioning project. 

9.1.1.4 Designing, Procuring, and Testing Special Equipment 

Any special equipment required to  complete the decommissioning project 
i s  identified during planning and preparation. Designs and specifications are 
prepared fo r  each item required. When the item i s  procured, i t  i s  inspected 
to  verify tha t  i t  meets specifications and complies w i t h  applicable QA and 
safety requirements. I t  i s  then tested to  ensure that  i t  performs as required. 
The test ing also serves to  t r a in  personnel in the use of the equipment and to  
provide pertinent data on i t s  operation. 

9.1.1.5 Selecting and Training Staff 

A t  the s t a r t  of planning and preparation, a decommissioning organization i s  
created within the u t i l i t y .  Staffing requirements are ident i f ied,  and c r i t i ca l  
positions are  f i l l e d  w i t h  key engineering and operating personnel. The personnel 
are trained as required to  f u l f i l l  t he i r  roles in the organization; special 
emphasis i s  given to  the use of new and unique equipment and procedures. Organi- 
zation of the decommissioning s t a f f  i s  discussed i n  detail  l a t e r  i n  t h i s  section. 

9.1.1.6 Selecting Specialty Contractors I 

During planning and preparation, the decommissioning planning s t a f f  identi-  
f i e s  and selects  the specialty contractors required to decommission the f a c i l i t y .  
These contractors perform unique services outside of the expertise or capabili ty i 
of the u t i l i t y  s t a f f .  After the needs are identified,  contractors are  invited 
to  bid on the required work packages. Contractual agreements are  concluded 

prior to  the s t a r t  of the actual decommissioning, i f  possible, t o  ensure the 
uninterrupted completion of the project. Specialty contractor requirements 

are also discussed l a t e r  in th i s  section. 



9.1 .l. 7 Removing Accumulated Spent Fuel and Unneeded Spent Fuel Storage 

Racks 

Any spent f u e l  s tored from previous r e f u e l i n g  a c t i v i t i e s  i s  removed from 

t h e  spent f u e l  storage pool and shipped t o  a repos i to ry .  I n  add i t i on ,  f o r  

immediate dismantlement, the spent f u e l  storage racks i n  excess o f  those 

requ i red  fo r  f i n a l  reac to r  de fue l i ng  are removed and shipped o f f s i t e .  By 
removing these excess i tems p r i o r  t o  the  s t a r t  o f  the  ac tua l  decommissioning, 

e x t r a  space i s  made a v a i l a b l e  i n  the spent f u e l  storage pool f o r  i n t e r i m  s t o r -  

age and packaging o f  a c t i v a t e d  ma te r ia l s  removed from the  reac to r  vessel.  

9.1.1.8 I n s t a l  1 i n g  Add i t iona l  HEPA F i l t e r s  

P r i o r  t o  t he  s t a r t  o f  t he  ac tua l  decommissioning tasks, HEPA f i l t e r s  a re  

i n s t a l l e d  outboard o f  t h e  blowers i n  the  HVAC exhaust systems o f  t he  Reactor 

B u i l d i n g  and t h e  Turbine Generator Bu i l d ing .  (The Radwaste and Contro l  B u i l d i n g  

HVAC system i s  a l ready equipped w i t h  HEPA f i l t e r s -,  see Sect ion C.4.3 o f  Appen- 

d i x  C i n  Volume 2) .  These f i l t e r s  a re  i n s t a l l e d  t o  lessen the  atmospheric 

re lease o f  a i rborne r a d i o a c t i v i t y  generated du r ing  immediate dismantlement, 

because many o f  t he  .tasks are  expected t o  generate a i rborne contaminat ion 

t h a t  exceeds t h a t  produced dur ing  normal p l a n t  operat ion.  

9.1.2 Immediate Dismantlement A c t i v i t i e s  

The a c t i v i t i e s  and requirements f o r  immediate dismantlement o f  t he  r e f e r -  

ence BWR are  discussed i n  t h i s  subsection, i nc lud ing  decontamination, disassembly 

and disposal , qua1 i t y  assurance, environmental survei  11 ance, speci a1 t y  contrac-  

to rs ,  and essent i  a1 systems and serv ices . 
9.1.2.1 Decontamination 

A t  f i n a l  r e a c t o r  shutdown, s i g n i f i c a n t  r a d i o a c t i v e  contaminat ion i s  present 

on the  surfaces o f  process systems and equipment . Decontamination i s  necessary 

t o  remove t h e  bu lk  o f  t h i s  r a d i o a c t i v e  contaminat ion f rom selected systems 

and components. The ob jec t i ves  o f  t he  decontamination e f f o r t  a re  twofo ld :  

f i r s t ,  t o  reduce the  r a d i a t i o n  l e v e l s  throughout the  f a c i l i t y  i n  o rder  t o  

m i  nimi ze personnel exposure dur ing  disassembly ; and second, t o  attempt t o  



c lean  as much m a t e r i a l  as p o s s i b l e  t o  u n r e s t r i c t e d  1 eve1 s, thereby p e r m i t t i n g  

sa lvage o f  va luab le  m a t e r i a l  and reduc ing  t h e  q u a n t i t i e s  o f  m a t e r i a l  t h a t  must 

be packages and shipped t o  a d isposa l  s i t e .  

I n  t h i s  study, however, f o r  severa l  reasons, no c r e d i t  i s  taken f o r  the 

p o t e n t i a l  e f fec t i veness  o f  t h e  decontaminat ion e f f o r t  i n  ach iev ing  reduc t ions  

of  t h e  r a d i o a c t i v e  con tamina t ion  t o  l e v e l s  t h a t  permi t  u n r e s t r i c t e d  re l ease  

of  t h e  m a t e r i a l .  F i r s t ,  t h e  e f f e c t i v e n e s s  o f  t he  methods has no t  been demon- 

s t r a t e d  f o r  t h e  t ype  o f  l a rge- sca le  a p p l i c a t i o n  pos tu l a ted  here. Second, t he  

l e v e l s  o f  r e s i d u a l  r a d i o a c t i v i t y  t h a t  a r e  pe rm i t t ed  on m a t e r i a l  t h a t  i s  

r e t u r n e d  t o  t h e  commercial stream a re  n o t  def ined by any r e g u l a t i o n .  Th i rd ,  

depending on t h e  acceptable 1 i m i  t s  o f  r e s i d u a l  r a d i o a c t i v i t y ,  t h e  cos t s  o f  

adequate r a d i a t i o n  surveys and p o s s i b l e  repeated c lean ings  t o  ach ieve re l eas -  

a b i l i t y  may be g r e a t e r  than  t h e  salvage va lue  o f  the  re leased  m a t e r i a l .  

The two methods used f o r  system decontaminat ion o f  t he  re fe rence  BWR are :  

chemical decontaminat ion ( r e c i r c u l a t o r y  and s ing le- pass methods) 

water  j e t  contaminat ion.  

Decontaminat ion methods a r e  discussed i n  d e t a i l  i n  Sec t ion  G . l  o f  Appendix G 

i n  Volume 2 .  The advantages and disadvantages o f  chemical decontaminat ion 

methods t h a t  can be used f o r  decontaminat ing t h e  re fe rence  BWR a r e  shown i n  

Table G. l- 1 i n  Appendix G. For  systems t o  be decontaminated by r e c i r c u l a t i o n  

o f  t h e  decontaminat ing s o l u t i o n  through t he  system, a 5 wt% EDTA/ci t rox so lu-  

t i o n  i s  assumed used. A 10 wt% phosphor ic  a c i d  s o l u t i o n  i s  assumed used on 

those systems t o  be decontaminated by a s i n g l e  pass o f  t h e  decontaminat ing 

s o l u t i o n .  Systems t o  be chem ica l l y  decontaminated a re  se lec ted  on t he  f o l l o w -  

i n g  bases i n  descending o rde r  o f  importance: 

e expected c o n t a c t  r a d i a t i o n  dose r a t e  a f t e r  d r a i n i n g  (systems o r  components 

w i t h  expected dose r a t e s  o f  <15 mR/hr a r e  n o t  cons idered)  

a f l o w  c a p a b i l i t i e s  

e o p e r a t i o n a l  hea t i ng  c a p a b i l i t i e s  

e s i z e .  



Three ca tegor ies  o f  systems and components i n  t he  reference BWR t h a t  a re  

se lec ted  f o r  chemical decontamination are: 1 ) s i x  r e a c t o r  p i  p ing  systems, 

r e c i r c u l a t o r y  (some w i t h  jumpers); 2)  the  th ree  contaminated d r a i n  p i p i n g  

systems, single-pass; and 3)  t he  l i q u i d  and s o l i d  radwaste processing systenls, 

r e c i  r c u l  a t o r y  (us ing  mobi 1 e chemical decontamination u n i t s )  . 
The s i x  reac to r  p i p i n g  systems t o  be decontaminated inc lude the  reac to r  

water r e c i r c u l a t i o n  system, t h e  reac to r  water cleanup system, the  res idua l  

heat  removal system, the  low-pressure core spray system, and the  f u e l  pool 

coo l i ng  and cleanup system. The th ree  contaminated d r a i n  p i p i n g  systems 

inc lude  the  miscellaneous waste ( rad ioac t i ve )  system, the  equipment d r a i n  

( r a d i o a c t i v e )  system, and t h e  f l o o r  d r a i n  ( r a d i o a c t i v e )  system. The 1 i q u i d  

radwaste processing systems are  extensions o f  t he  d r a i n  systems and have 

i d e n t i c a l  names, and t h e  so l  i d  radwaste system i s  termed the  process waste 

( r a d i  oac t i vp )  system. 

Before dismantlement, t he  water j e t  i s  used t o  decontaminate the  fo l l ow ing :  

suppression pool 

a reac to r  we1 1 pool 

d rye r  and steam separator storage pool 

spent f u e l  storage pool 

i n t e r n a l  surfaces o f  t he  condensate storage tanks 

i n t e r n a l  surfaces o f  t he  main condenser 

ex terna l  surfaces o f  t he  contaminated components i n  the  l i q u i d  and 

s o l i d  radwaste system. 

I n  general, w a t e r - j e t  decontamination proceeds concur ren t ly  w i t h  d r a i n i n g  the  

contaminated water from tanks and pools. 

9.1 .2.2 D i  sassembly and Disposal 

Disassembly o f  t he  reference BWR i s  s t a r t e d  a f t e r  the  reac to r  i s  defueled, 

systems and components are  decontaminated, and temporary s h i e l d i n g  i s  i n s t a l l e d  

where a comprehensive r a d i a t i o n  survey i nd i ca tes  the  need. 



The exac t  component removal sequence w i t h i n  a  g iven system o r  l o c a l i t y  i s  

d i c t a t e d  by t h e  component's accessi  b i  1  i t y  and the  a n t i c i p a t e d  personnel exposures . 

du r i ng  removal. When poss ib le ,  i tems t h a t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  

general l e v e l  o f  exposure i n  t h e  work area are  e i t h e r  removed f i r s t  o r  a re  

t empora r i l y  sh ie lded w h i l e  t he  work goes on. Systems are  unbol ted a t  f langes 

when poss ib le  and c u t  i n t o  manageable sect ions,  us ing  an app rop r i a te  c u t t i n g  

device ( p l  asma-arc to rch ,  a rc  saw, oxyacetylene to rch ,  o r  power hack saw). 

P i  p ing  i s  c u t  i n t o  1  engths compati b l e  w i t h  standard sh ipp ing  boxes. S i m i l a r l y ,  

tanks and pool l i n e r s  a re  c u t  i n t o  p l a t e  segments a p p r o p r i a t e l y  s ized.  I n  

t h i s  study, a l l  i n i t i a l l y  contaminated m a t e r i a l s  a re  assumed t o  remain contami- 

nated t o  g rea te r  than u n r e s t r i c t e d  use l e v e l s ,  even a f t e r  decontamination, and 

are packaged f o r  d isposa l  as r a d i o a c t i v e  waste. 

Packaging o f  r a d i o a c t i v e  ma te r i a l s  f o r  d isposal  i s  accomplished i n  accor- 

dance w i t h  DOT r e g u l a t i o n s  publ ished i n  49 CFR Parts  173 through 178, and w i t h  

NRC regu la t i ons  pub l i shed i n  10 CFR Par t  71 and Regulatory Guide 7.1. Containers 

a re  l i n e d  w i t h  s h i e l d i n g  ma te r i a l  when necessary t o  reduce sur face  dose r a t e s  

t o  acceptable l e v e l s .  Some i tems such as heat exchangers may have openings 

welded shut  and shipped us ing  the  o u t e r  s h e l l  o f  the  exchanger as the  conta iner .  

Shipping o f  packaged contaminated ma te r i a l s  from the  f a c i l i t y  t o  a  waste 

b u r i a l  s i t e  i s  accomplished us ing  t r u c k i n g  companies t h a t  s p e c i a l i z e  i n  t rans-  

p o r t i n g  spec ia l  ma te r i a l s .  The volume o f  ma te r i a l s  t o  be t ranspor ted  and the  

number o f  shipments requ i red  are est imated i n  Sect ion 1.3 o f  Appendix I. 

The r e a c t o r  vessel i n t e r n a l s  a re  removed from the  r e a c t o r  vessel w i t h  t h e  

vessel and t h e  r e a c t o r  w e l l  f i l l e d  w i t h  water. Components welded i n  p lace  i n  

t he  r e a c t o r  vessel a re  c u t  loose us ing  an underwater plasma-arc to rch .  These 

components a re  moved under water f rom t h e  vessel t o  t he  d r y e r  and separator  

s torage pool .  There they  are  c u t  ( w i t h  a  plasma-arc t o r c h  o r  an a r c  saw) 

i n t o  pieces t h a t  f i t  i n t o  DOT-approved sh ipp ing  conta iners f o r  t r a n s p o r t  t o  

t h e  d isposal  s i t e .  The neut ron- ac t iva ted  components a re  p laced i n  83 sh ie lded 

sh ipp ing  conta iners  and the  contaminated ma te r i a l s  a re  packaged i n  standard 

sh ipp ing  boxes, 1.2 m x  1.2 m x  2.4 m, o r  i n  s p e c i a l l y  made boxes. The plasma- 

a rc  t o r c h  t h a t  i s  used t o  c u t  the  core shroud i n t o  packageable-height r i n g s  i s  

guided by a  remote ly  c o n t r o l l e d  manipulator  i n s t a l l e d  i n  t h e  r e a c t o r  vessel.  



The r e a c t o r  vessel  i s  remote ly  c u t  i n t o  r i n g s  f o r  removal t o  t h e  d r ye r  

and separa to r  s to rage  poo l .  C i r cumfe ren t i a l  c u t s  o f  t h e  vessel  w a l l  a re  made 

i n  a i r  w i t h  an oxyacety lene t o r c h  guided by the  manipu la tor .  Whi le a  r i n g  i s  

be ing  c u t  f rom t h e  vessel ,  t h e  vessel  i s  f i l l e d  w i t h  water  t o  a  l e v e l  j u s t  

below t h e  c i r c u m f e r e n t i a l  c u t  l i n e .  The r i n g s  a r e  sec t ioned  under water  i n  t h e  

d r y e r  and separa to r  s to rage  pool  i n t o  p ieces t h a t  f i t  i n t o  app rop r i a te  sh ipp ing  

con ta ine rs .  

Small contaminated equipment i s  removed and packed i n  s tandard sh ipp ing  

boxes. Large contaminated equipment hav ing no ex te rna l  smearable contaminat ion 

i s  sealed by we ld ing  s t e e l  p l a t e s  over  a l l  openings. Such equipment i s  then 

shipped t o  a  b u r i a l  ground, us i ng  t h e  o u t e r  s h e l l  as t he  packaging. Contami- 

nated equipment t h a t  i s  t o o  l a r g e  t o  be shipped as a u n i t  i s  c u t  up e i t h e r  

i n t o  segments t h a t  w i l l  f i t  i n t o  s tandard sh ipp ing  boxes o r  i n t o  segments t h a t  

can be sealed w i t h  welded s t e e l  p l a t e s .  

Contaminated concre te  i s  removed us ing  a concrete s p a l l e r ,  which i s  

assumed t o  remove a sur face  l a y e r  about 50 mm t h i c k .  The rubb le  i s  packaged 

i n  s tandard sh ipp ing  boxes f o r  d isposa l .  

Techniques f o r  disassembly o f  t h e  re fe rence  BWR a r e  descr ibed  g e n e r i c a l l y  

i n  Appendix G. A d e t a i l e d  d i scuss ion  o f  t he  dismantlement o f  t h e  re fe rence  

BWR i s  g i ven  i n  Sec t ion  1.1 o f  Appendix I .  

9.1 .2.3 Qua1 i ty  Assurance 

An ex tens i ve  q u a l i t y  assurance program i s  c a r r i e d  on throughout  t he  

decommissioning e f f o r t  t o  assure t h a t  a l l  a p p l i c a b l e  r e g u l a t i o n s  a re  met, t o  

assure t h a t  t h e  work i s  performed accord ing t o  p lan,  t o  assure t h a t  t he  work 

does n o t  endanger p u b l i c  sa fe t y ,  and t o  assure t he  s a f e t y  o f  the  decommission- 

i n g  s t a f f .  

Dur ing t h e  2-year p e r i o d  p r i o r  t o  shutdown, QA personnel a re  a c t i v e  i n  

t h e  f o l l o w i n g  areas: 

r ev i ew ing  decommissioning p lans  f o r  q u a l i t y  assurance involvement 

p repar ing  i n s p e c t i o n / t e s t  procedures as work p lans a r e  developed 



rev iewing designs o f  t e s t  equipment f o r  q u a l i t y  i n p u t  

e orde r ing  any i nspec t i on / tes t  equipment requ i red  t o  perform the  q u a l i t y  

assurance/qual i t y  c o n t r o l  f u n c t i o n  

r e c e i  v i  ng procured equi pment and v e r i  f y i  ng acceptance 

a q u a l i f y i n g  supp l i e rs  f o r  f a b r i c a t i o n  o f  rad ioac t i ve  sh ipp ing  conta iners  

prepar ing i n s p e c t i o n / t e s t  procedures t o  be imposed on cont rac tors  

p repar ing  i nspec t i on  plans f o r  shipment o f  r a d i o a c t i v e  mater ia ls ,  conta in-  

ers,  t rucks ,  e t c .  

a f i n a l i z i n g  t h e  formal q u a l i t y  assurance plan. 

The QA e f f o r t s  du r ing  the  ac tua l  dismantlement per iod  i nc lude  the  

f o l  lowing: 

performing QA func t i ons  f o r  procurements 

a q u a l i f y i n g  supp l i e rs  

a u d i t i n g  a l l  p r o j e c t  a c t i v i t i e s  

mon i to r ing  worker performance f o r  compliance w i t h  work procedures 

a v e r i f y i n g  compliance o f  r a d i o a c t i v e  shipments w i t h  appropr ia te  procedures 

and regu la t i ons  

per forming dimensional, v i sua l ,  nondestruct ive examinations o r  o the r  

requ i red  i nspec t i on  serv ices t o  assure compliance w i t h  work plans 

a main ta in ing  audi t a b l e  f i l e s  on the  QA a u d i t s  

a prepar ing a  f i n a l  r e p o r t  on o v e r a l l  performance o f  t he  dismantlement 

program w i t h  regard t o  the  QA func t i on .  

More d e t a i l s  o f  t he  a n t i c i p a t e d  elements o f  an appropr ia te  q u a l i t y  

assurance program f o r  t h e  dismantlement e f f o r t  are given i n  Sect ion 6.5 o f  

Appendix G. 



9.1 .2.4 Envi ronmenta,l Survei 11 ance 

An abbrev iated ve rs ion  o f  t h e  environmental mon i to r ing  program c a r r i e d  on 

du r i ng  p l a n t  opera t ion  i s  cont inued du r i ng  the  dismantlement per iod.  The pur-  

pose o f  t h e  program i s  t o  i d e n t i f y  and q u a n t i f y  any re leases o f  r a d i o a c t i v i t y  

t o  t h e  surrounding areas r e s u l t i n g  f rom t h e  dismantlement a c t i v i t i e s .  The 

proposed program, d e t a i l e d  i n  Sec t ion  6.6 o f  Appendix G, i s  s u f f i c i e n t  t o  

pe rm i t  eva lua t i on  o f  any s i g n i f i c a n t  re leases.  For emergency s i t u a t i o n s  i n v o l v -  

i n g  re leases f rom events such as f i r e s  o r  ma l ic ious  ac t s  t h a t  may necess i ta te  

prompt emergency a c t i o n  t o  minimize t h e  r i s k  t o  t h e  p u b l i c ,  a d d i t i o n a l  s h o r t  

term s u r v e i l l a n c e  e f f o r t s  a re  requ i red .  

A f t e r  dismantlement i s  complete, a  reduced 1-year fo l low- up program o f  

environmental  moni t o r i  ng i s  c a r r i e d  o u t  by t he  same o rgan i za t i on  t h a t  performed 

t h e  e a r l i e r  program. 

9.1.2.5 Spec ia l t y  Contractors 

Dur ing decommissioning, s p e c i a l t y  con t rac to rs  a re  employed t o  p rov ide  

serv ices  beyond t h e  c a p a b i l i t y  o f  t h e  u t i l i t y ' s  decommissioning s t a f f .  Use 

o f  these con t rac to rs  increases t h e  o v e r a l l  cos t- e f fec t i veness  o f  t h e  p r o j e c t  

by improving t h e  e f f i c i e n c y  o f  s p e c i a l t y  operat ions and reducing the  need f o r  

spec ia l i zed  s t a f f  t r a i n i n g .  I n  add i t i on ,  spec ia l i zed  experience gained from 

s i m i l a r  p r o j e c t s  i s  d i r e c t l y  app l i ed  t o  t he  decommissioning by these cont rac to rs ,  

thus reducing t h e  mistakes and wasted e f f o r t  i nhe ren t  i n  learn-as-you-go 

s i t u a t i o n s .  

The s p e c i a l t y  con t rac to rs  used du r i ng  immediate dismantlement o f  t he  

re fe rence BWR are: 

environmental moni t o r i  ng speci a1 i s t s  , f o r  imp1 ementi ng the  env i  ronniental 

s u r v e i l l a n c e  program discussed p rev ious l y  

exp los ive  s p e c i a l i s t s ,  f o r  breaking up the  s a c r i f i c i a l  s h i e l d  

hau l i ng  cont rac to rs ,  f o r  t r a n s p o r t  o f  packaged r a d i o a c t i v e  ma te r i a l s  t o  

a  d isposal  s i t e  



temporary radwaste hand l i ng  and s o l i d i f i c a t i o n  support ,  f o r  radwaste 

hand l i ng  and f i n a l  c leanup a f t e r  t h e  i n s t a l l e d  radwaste hand l i ng  systems 

a r e  decontaminated. 

I f  f o l l o w i n g  dismant lement t h e  f a c i l i t y  i s  demolished and t h e  s i t e  i s  res to red ,  

d e m o l i t i o n  and landscaping c o n t r a c t o r s  a r e  a l s o  requ i red .  

9.1.2.6 Essen t i a l  Svstems and Serv ices 

A l l  o r  p a r t s  o f  c e r t a i n  f a c i l i t y  systems and se rv i ces  must remain i n  p l ace  

and i n  s e r v i c e  u n t i l  a l l  r a d i o a c t i v e  m a t e r i a l  i s  e i t h e r  removed f rom t h e  

f a c i l i t y  o r  secured on t h e  s i t e ,  t o  p reven t  t he  re l ease  o f  s i g n i f i c a n t  q u a n t i t i e s  

o f  r ad ionuc l  i des  ( o r  o t h e r  hazardous m a t e r i a l s )  t o  t he  environment.  Some 

systems and se rv i ces  a r e  r e q u i r e d  f o r  c leanup and disassembly a c t i v i t i e s .  

Other systems p rov ide  personnel h e a l t h  and s a f e t y  p r o t e c t i o n .  The r e q u i r e d  

systems and se rv i ces  a r e  1 i s t e d  i n  Table 9.1-1, t oge the r  w i t h  t h e  j u s t i f i c a t i o n  

f o r  r e t a i n i n g  each. 

As dismant lement i s  completed i n  areas w i t h i n  t he  f a c i l i t y ,  t h e  e s s e n t i a l  

systems and se rv i ces  i n  these areas a r e  deac t i va ted  and, i f  contaminated, 

removed as requ i red .  Continuous s e r v i c e  t o  t h e  remain ing work areas i s  

ma in ta ined  as l o n g  as necessary. 

9.1.3 Immediate Dismantlement Schedule 

The schedule and sequence o f  immediate dismantlement tasks  i s  shown i n  

F igure  9.1-1. D e t a i l e d  schedules and manpower es t imates  f o r  t h e  immediate 

dismant lement o f  each o f  t h e  t h r e e  b u i l d i n g s  a r e  presented i n  Sec t i on  1.2 o f  

Appendix I i n  Volume 2. I n i t i a l  p l ann ing  f o r  dismantlement o f  t h e  re fe rence  

BWR begins about  2 years  be fo re  f i n a l  shutdown o f  t h e  r e a c t o r ,  as d iscussed 

p r e v i o u s l y  i n  Sec t ion  9.1.1 and shown i n  F igu re  9.1-1. 

A f t e r  f i n a l  shutdown, t h e  r e a c t o r  i s  defue led.  The spent  f u e l  i s  shipped 

t o  an o f f s i t e  r e s p o s i t o r y  a f t e r  an i n i t i a l  120-day c o o l i n g  pe r i od .  I n i t i a l l y ,  

e f f o r t s  a r e  d i r e c t e d  a t  d r a i n i n g  contaminated systems. Dismantlement begins 

w i t h  removal o f  t h e  r e a c t o r  vessel  i n t e r n a l s ,  removal o f  t h e  Reactor B u i l d i n g  

p i  p ing, and removal o f  t h e  t u r b i n e .  Dismantlement o f  equipment i n  t he  Radwaste 

and Cont ro l  B u i l d i n g  i s  delayed u n t i l  n e a r l y  a l l  o f  t he  contaminated water  



TABLE 9.1-1. Systems and Services Required During Immediate Dismantlement 

System o r  Service ~ u s t i f i c a t i o n  

El e c t r i  ca l  Power 

HVAC Systems 

Condensate Supply System 

P l  an t  Makeup ldater Treatment 
Sys tem 

F i r e  P ro tec t i on  System 

Compressed Ai  r Systems 
( c o n t r o l  and serv ice)  

Communications Systems 

Rad ia t ion  Moni tor ing Systems 

. Radwaste Systems 

Fuel Pool Cool ing and 
C l  eanup System 

Reactor Bui 1  d ing  Closed 
Cool i ng Water System 

P lant  Service Water System 

A u x i l i a r y  B o i l e r  

Chemi ca l  Feed System 

Fuel O i l  System 

Securi ty Sys tems 

Operat ion o f  e l e c t r i c a l  equipment i n c l u d i n g  
HVAC, l i g h t i n g ,  and r a d i a t i o n  mon i to r ing  

V e n t i l a t i o n  and r a d i o a c t i v e  contaminat ion 
confinement 

Water supply t o  spent f u e l  pool and radwaste 
systems 

Decontamination, cleanup, f i r e  p ro tec t ion ,  
and potable water 

Heal th and sa fe ty  

Operat ion o f  pneumatic con t ro l s  and too l s ;  
personnel f r e s h ,  a i  r supply 

F a c i l i t a t e  and coordinate decommissioning 
a c t i v i t i e s  

Personnel sa fe ty  considerat ions 

Treatment o f  r a d i o a c t i v e  l i q u i d s  and s o l i d s  

Cleanup and coo l i ng  o f  water i n  spent f u e l  
s torage pool wh i l e  spent f u e l  i s  there; i n  
r e a c t o r  we l l  and d rye r  and separator pool 
dur ing  de fue l ing  and reac to r  vesse l / in te rna ls  
removal 

Secondary coo l ing  o f  o ther  systems 

A i r  compressor coo l i ng  

HVAC heat ing  and radwaste concentrat ion 

Radwaste handl ing and water deminera l i za t ion  

A u x i l i a r y  b o i l e r  opera t ion  

Pub l ic  sa fe ty  and p l a n t  p r o t e c t i o n  consider-  
a t i ons  
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from t h e  o the r  b u i l d i n g s  has been processed. As shown i n  F igure 9.1-1, imme- 

d i a t e  dismantlement o f  the  reference BWR i s  completed i n  42 months. 

9.1.4 Irr~medi a te  Dismantlement S t a f f  Requi rements 

I n  t h i s  subsection, t he  o rgan iza t i on  o f  t he  decommissioning s t a f f  and the  

types and numbers o f  decommissioning workers needed f o r  immediate dismantlement 

a re  discussed. 

9.1.4.1 Organizat ion o f  t he  Decommissioning S t a f f  

The decommissioning s t a f f  f o r  t he  reference BWR i s  organized as shown i n  

F igure 9.1 -2. Two main and th ree  auxi 1  i a r y  para1 l e l  branches r e p o r t  t o  a  

decomniissioning superintendent.  The opera t iona l  branch, under a  decommissioning 

engineer, ,plans and performs the  ac tua l  decommissioning tasks. The sa fe ty  

branch, under a  hea l th  and sa fe ty  superv isor ,  plans and conducts both rad io-  

1  og i  ca l  and i n d u s t r i  a1 sa fe ty  programs. The auxi 1  i a r y  branches hand1 e  s e c u r i t y  , 
f i n a n c i a l ,  and qua1 i t y  assurance mat ters.  

The pr imary decommissioning a c t i v i t i e s  are  performed on a  two- sh i f t ,  

5-day-per-week basis.  However, support a c t i v i t i e s  ( i  .e., system decontamination 

and dra in ing ,  spent - fue l /ac t iva ted  ma te r ia l  shipping, radwaste system opera t ion  

and s e c u r i t y  f unc t i ons )  a re  c a r r i e d  ou t  on a  th ree- sh i f t ,  around- the-clock, 

7-day-per-week basis .  I n  add i t ion ,  t he  main con t ro l  room i s  manned f u l l  t ime 

f o r  opera t ion  o f  t he  essen t i a l  systems and serv ices.  

The bas ic  working u n i t  i s  t he  s h i f t ,  which i s  supervised by a  s h i f t  

engineer. The crew on each s h i f t  inc ludes  : a crew leader  ( t y p i c a l l y  a reac to r  

opera tor ) ,  u t i  1  i ty operators, and 1  aborers, p l  us craftsmen (e. g. , we1 ders, 

p i  p e f i  t t e r s ,  e l e c t r i c i a n s ,  and a i r - b a l  ance techn ic ians)  and hea l th  physics 

technic ians assigned as needed. Craftsmen and hea l th  physics techn ic ians  

on t h e  support crews r e p o r t  d i r e c t l y  t o  the  crew leaders because, on the  t h i r d  

s h i f t  and on weekends, these crew leaders are  the  on ly  superv isory personnel 

on p l a n t .  Craftsmen and hea l th  physics techn ic ians  assigned t o  the  r e g u l a r  

decommissioning crews r e p o r t  t o  t he  c r a f t s  superv isor  and the sen ior  hea l th  

physics techn ic ian  on t h e  s h i f t ,  r espec t i ve l y .  
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FIGURE 9.1-2. Ueconmissioning Staff Organization 

Detailed knowledge of and familiarity with the reference BWR increases 
the effectiveness of the decommissioning staff. Consequently, staff positions 
are fill with facility operations and maintenance personnel to the maximum 
extent possible. Specialty contractors and consultants are hired as needed 

to assist in areas outside the staff's expertise or capability. 

This discussion is limited to the decommissioning staff, and does not 

include utility staff members involved in predecommissioning activities prior 

to final plant shutdown. 

Key decommissioning staff members perform the functions described in the 

following subsections. 



Decommissioning Superintendent. D i r e c t l y  respons ib le  t o  corporate manage- 

ment, t he  superintendent coord inates and oversees a l l  decommissioning a c t i v i t i e s .  

He d i r e c t s  the  decommissioning engineer and t h e  hea l th  and sa fe ty  supervisor,  

as w e l l  as secur i ty ,  q u a l i t y  assurance, and cont rac ts  and accounting, t o  ensure 

the  sa fe ty  and cos t- e f fec t iveness  o f  t h e  decommissioning p ro jec t .  He provides 

necessary l i a i s o n  w i t h  regu la to ry  agencies and u t i l i t y  management. 

Decommissioning Engineer. This person supervises the  decommissioning 

support personnel and a s s i s t s  the decommissioning superintendent i n  develop- 

i n g  d e t a i l e d  work procedures. He w r i t e s  s p e c i f i c a t i o n s  f o r  spec ia l  equip- 

ment and t o o l s  t h a t  must be procured o r  f ab r i ca ted .  He a l so  prepares repo r t s  

requested by the decommissioning engineer. 

S h i f t  Engineer. Responsible f o r  c a r r y i n g  ou t  t he  ac tua l  decommissioning 

work du r ing  a s h i f t ,  t h i s  person supervises the  crew leader and c r a f t  superv isor .  

He repo r t s  t o  the  decommissioning engineer. As he supervises the  day-to-day 

performance o f  t he  s h i f t ,  he recommends changes i n  procedures and schedules t o  

improve t h e  sa fe ty  and/or cos t  e f fec t iveness  o f  t he  p r o j e c t ,  

Crew Leader. Report ing t o  the  s h i f t  engineer, t h i s  i n d i v i d u a l  d i r e c t s  

the  work crews i n  the  performance o f  t he  actual  decommissioning tasks. 

C r a f t  Supervisor.  This  person i s  responsib le f o r  maintenance o f  essen t i a l  

p l a n t  equipment and serv ices,  as w e l l  as f o r  ass igning c r a f t  l a b o r  t o  p a r t i c u l a r  

decommissioning tasks. He i n s t r u c t s  craftsmen i n  t h e i r  assigned tasks and 

ensures the  avai  1 ab i  1 i ty o f  requ i red  t o o l s  and suppl i es .  

Secu r i t y  Supervisor. This  person i s  responsib le f o r  s i t e  s e c u r i t y  du r ing  

decommissioning. He supervises the  s e c u r i t y  personnel and, i f  necessary, pro-  

v ides l i a i s o n  w i t h  o f f s i t e  c i v i l  a u t h o r i t i e s .  The s e c u r i t y  s h i f t  superv isor  

d i r e c t s  s h i f t  a c t i v i t i e s .  

Contracts and Accounting S p e c i a l i s t .  As an experienced accountant, t h i s  

i n d i v i d u a l  i s  responsib le f o r  t he  f i n a n c i a l  aspects o f  t he  p r o j e c t .  He prepares 

procurement documents and cont rac ts  and, w i t h  approval from the  decommissioning 

superintendent and t h e  decommissioning engineer, disburses funds. He mainta ins 

up- to-date fi nanci a1 accounts and provides the  decommi s s i o n i  ng superintendent 

w i t h  regu la r  summary reoor ts .  



Heal th and Safety Supervisor.  This  person ( t y p i c a l l y  a sen io r  h e a l t h  

p h y s i c i s t )  recommends and enforces s a f e t y  po l  i c y ,  both r a d i o l o g i c a l  and indus-  

t r i a l .  He advises t h e  decommissioning superintendent on a l l  s a f e t y  mat ters.  
I 

He mainta ins t h e  occupational r a d i a t i o n  exposure records, and a1 so develops 

and implements t h e  environmental survey ( v i a  a s p e c i a l t y  c o n t r a c t o r )  and t h e  

emergency preparedness programs. He supervises and i s  ass i s ted  by t h e  indus-  

t r i a l  sa fe t y  s p e c i a l i s t  and t h e  h e a l t h  p h y s i c i s t .  

Heal th Phys i c i s t .  Responsible f o r  ensur ing compliance w i t h  r a d i a t i o n  

work procedures, t h i s  i n d i v i d u a l  d i r e c t s  t h e  a c t i v i t i e s  o f  t h e  h e a l t h  physics 

technic ians,  who moni to r  a1 1 decommissioning a c t i v i t i e s ,  measure and record  

on- the- job r a d i a t i o n  dose in fo rmat ion ,  and operate the  p l a n t  l abo ra to ry  f a c i l i -  

t i e s ,  i n c l u d i n g  sampling and ana lys is .  

The sen ior  hea l th  physics techn ic ian  assigns and t r a i n s  the  o thers  on 

the  s h i f t .  

Q u a l i t y  Assurance Supervisor.  This  person i s  responsib le f o r  p repar ing  

the  q u a l i t y  assurance p lan  f o r  decommissioning and works w i t h  t h e  decommission- 

i n g  engineer t o  implement i t .  To ensure the  independence o f  t h e  q u a l i t y  assur- 

ance program, he repo r t s  d i r e c t l y  t o  corporate headquarters. He supervises a 

q u a l i t y  assurance u n i t ,  which mainta ins a u d i t -  and job-performance records 

and v e r i f i e s  t h a t  es tab l  i shed sa fe ty  rev iew procedures a re  f o l l  owed. (See 

Sect ion 6.5 o f  Appendix G f o r  f u r t h e r  d iscussion o f  qual i t y  assurance func t ions .  ) 

Safety Review Committee. Thi  s committee advi ses corporate management ( t h e  

u t i l  i t y ' s  nuc lear  a c t i v i t i e s  d i r e c t o r )  and the  decommissioning super intendent  

on sa fe ty- re la ted  matters. It has s i x  v o t i n g  members: two from corpora te  

headquarters and f o u r  independent consul tants.  The decommissioning super in-  

tendent, t he  qual i ty assurance superv isor ,  t he  decommissioning engineer, and 

the  hea l th  and s a f e t y  superv isor  a re  nonvot ing members. Resolut ion o f  a l l  

issues requ i res  agreement by a m a j o r i t y  o f  t he  consul tants.  The committee 

meets about once a month dur ing  a c t i v e  decommissioning. The decommissioning 

superintendent implements t h e  comniittee's decis ions.  



9.1.4.2 Immediate Dismantlement Manpower 

Based on t he  schedule f o r  d i sman t l i ng  the  va r i ous  systems and the  e s t i -  

mated dose t o  acconipl ish each task,  t he  types and number o f  decommissioning 

workers needed t o  complete the  rad ia t i on- zone  work i n  the  a l l o t t e d  t ime and 

w i t h i n  t h e  assumed r a d i a t i o n  dose l i m i t s  a r e  determined. Whole-body r a d i a -  

t i o n  doses t o  t h e  decommissioning workers a r e  l i m i t e d  i n  accordance w i t h  

10 CFR 20.101. The superv iso rs ,  u t i l i t y  operators ,  and h e a l t h  phys ics 

t echn i c i ans  a r e  assumed t o  be long- t ime r a d i a t i o n  workers whose annual expos- 

u r e  i s  l i m i t e d  t o  5  rem pe r  yea r  by t he  formula 5(N-18) o f  10 CFR 20.101 ( b ) ( 2 ) .  

The craf tsmen and l abo re rs  a r e  assumed t o  have had l i t t l e  p r i o r  r a d i a t i o n  

exposure and, t he re fo re ,  under 10 CFR 20.101 ( b ) ( l )  and ( 2 )  may rece i ve  up t o  

3  rem p e r  quar te r ,  w i t h i n  t he  l i m i t a t i o n  o f  t he  formula 5(N-18). I n  those 

ins tances  where manpower es t imates  f o r  p h y s i c a l l y  accompl ish ing a  task r e s u l t  

i n  an average dose f o r  each person i n  excess o f  t h e  l i m i t s  above, a d d i t i o n a l  

manpower i s  assigned t o  the  tasks t o  keep t he  occupat iona l  dose below the  s e t  

l i m i t s .  I n  t he  manpower t a b l e s  f o l l o w i n g ,  t he  manpower shown i s  adequate 

bo th  t o  accomplish the  task  and t o  meet t he  occupat iona l  dose l i m i t s .  

I n  Table 9.1-2, the  es t imated  number o f  decomniissioning workers o f  each 

t ype  i s  shown f o r  each nionth o f  the  immediate dismantlement e f f o r t .  A t o t a l  

o f  about 4000 man-months o f  "hands-on" e f f o r t  i s  r equ i red .  

S t a f f  l a b o r  requirements f o r  immediate dismantlement o f  the  re fe rence  

BWR a r e  g i ven  i n  Table 9.1-3. The requirements a r e  g i v e n  i n  equ i va len t  

man-years f o r  t he  2 years  be fo re  and t he  4 years  f o l l o w i n g  f i n a l  r e a c t o r  shut-  
\ 

down and i n c l u d e  t he  management and suppor t  s t a f f ,  as w e l l  as t he  decomrnission- 

i n g  workers.  A  t o t a l  e f f o r t  o f  j u s t  over  600 man-years i s  est imated f o r  

complet ion o f  immediate dismantlement. 

9.2 PASSIVE SAFE STORAGE ACTIVITIES AND MANPOWER REQUIREMENTS 

The pass ive s a f e  s to rage  approach t o  decommissioning s a t i s f i e s  t he  r e q u i r e -  

ments f o r  p r o t e c t i o n  o f  t he  p u b l i c ,  w h i l e  m in im iz ing ,  i n  va r ious  degrees, t he  

i n i  ti a1 commitments o f  t ime,  money, occupat ional  r a d i a t i o n  dose, and nuc lear  

waste r e p o s i t o r y  space. Th is  advantage i s  o f f s e t  somewhat by t he  need t o  main- 

t a i n  t h e  nuc lear  l i cense ,  by t h e  assoc ia ted  r e s t r i c t i o n s  p laced on the  use o f  



TABLE 9.1-2. Overa l l  Decommissioning Worker Requirements f o r  Immediate Dismantl ement o f  the  Reference BWR 

TABLE 9.1-2. Overa l l  Decommissioning 
Worker Requirements f o r  
Immediate ' ~ i  smantl ement 
o f  t h e  Reference BWR 

SUMMARWMANPOWER 

LABOR GRADE 

SHIFT ENGINEER 

CREW LEADER 

UTI LITY OPERATOR 

LABORER 

CRAFT SUPERVISOR 

CRAFTSMAN 

SENIOR HEALTH PHYSICS TECHNICIAN 

HEALTH PHYSICS TECHNICIAN 

TOTAL 

SUMMARY MAN-MONTHS PER WORKING MONTH 

TOTAL MIM 

84,O 

338.1 

1265.4 

651,O 

82.0 

998,O 

94.0 

532.4 

4044.9 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2  

6.2 1 2 . 7  14 .8  1 4 . 8  1 4 , 8  14 .8  1 4 , 9  1 0 , 6  1 2 . 7  1 9 , l  1 9 , l  14.8 14.8 14 .8  17 17 1 0 . 6  1 2 , 7  1 4 , 8  10 .4  10 .4  8 , 3  2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 - 

3 5 . 1  41 ,4  53.9 53.9 5 3 , 9  5 3 , 9  49.6 34.8 40.4 5 1 , 8  52.7 47.9 51 ,9  51.9 54.2 50.2 2 8 , 8  38.4 45.9 50.2 52.2 43.4 32 24 14 14 1 3  12 12 1 0  10 1 0  10 10 10 10 10 12 12 2 2 - 

- 4 16 1 6  16 1 6  16 12 1 5  11 10 22 24 24 24 12 12 14 1 3  12 20 22 24 36 38 30 22 1 5  11 8 12 12 12 12 12 12 12 20 20 4 8 - 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 -  

12 1 8  28 28 28 28 28 20 1 8  1 3  14 34 44 44 40 28 28 33 29 28 36 36 52 48 46 31 32 27 23 16 10 10 10 10 10 10 10 10 10 10 8 - 

6 4 2 2 2 2 2 2 2 2 2 2 2 2 2 2 4 2 2 2 2 2 2 2 2 2 3 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2  

18 .2  14.3 12 .4  1 2 , 4  1 2 , 4  1 2 , 4  1 2 . 5  6 , 2  8 . 3  1 5 , 3  1 6 , 7  12.4 12.4 12 .4  14.5 1 4 , 6  10.2 1 2 , 3  12 .4  1 2 , 4  12.4 1 0 . 3  22 22 20 1 5  1 5  1 3  1 3  12 13  1 3  13  13  1 3  1 3  1 3  1 3  13  2 2 2 

8 1 , 5  9 8 , 4  131.1 131,1131,1131.1 127 8 9 , 6  100.4 116.2 118.5 137 -1 153.1 153.1 155,7127.8 97.6 116,4 121 -1 119 137 126 138 138 126 9 8  9 1  75 67 55 5 3  53 53 53 53 53 53 63 63 26 28 6 

41 1 3 42  2 4 5 38 39 6 40 8 7 9 34 10 35 11 36 37 12 13 14 15 16 19 17 20 18 21 22 23 24 2 5 . 2 6  28 27 29 32 33 30 31 



TABLE 9.1-3. S t a f f  Labor Requirements f o r  Immediate Dismantlement 

Time Re la t i ve  t o  F ina l  Reactor Shutdown (year)  
-2 -1 1 2 3 4 

Annual Staff ~ a b o r e q u u i r e m e n t  Iman-years)(a) 

Tota l  S t a f f  
Labor Required 

(man-years) P o s i t i o n  

Management and Support S t a f f  

Decomnissioning Superintendent 
Secretary 
Clerk 

Decomnissioning Engineer 
Ass is tan t  Decomnissioning Engineer 
Radioactive Shipment Special i s t  

Procurement S p e c i a l i s t  
Tool C r i b  Attendant 
Control Room  pera at or'^) 
Secur i t y  Supervisor 
Secur i t y  S h i f t  Super i s o r ( d )  
Secur i t y  Patrolman(dY 
Contracts and Accounting S p e c i a l i s t  

Heal th  and Safety Supervisor 
Heal th  P h y s i c i s t  
P ro tec t i ve  Equipment Attendant 
I n d u s t r i a l  Gafety S p e c i a l i s t  

Qual i t y  Auurance Supervisor 
Q u a l i t y  Assurance Engineer 
Qual i t y  Assurance Technician 
Consultant (Safety  Review) 

Subtotals, Management and Support S t a f f  

Decomnissioning 

S h i f t  Engineer 
Crew Leader(f) 

U t i l i t y  
Laborer 
C r a f t  Supervisor 

Craftsman 
Senior Heal th  Physics Technician 
Heal th  Physics ~ e c h n i c i a n ( h 1  

Subtotals, Decomnissioning Workers 

To ta ls  

(a)Rounded t o  the next  h igher  0.1 man-year. 
(b) Inc ludes an a d d i t i o n a l  4 months f o l l o w i n g  a c t i v e  decomnissioning i n  order  t o  complete the documentation 

and o the r  unspec i f i ed  l i c e n s e  and c o n t r a c t  te rm ina t ion  requirements. 
(c)Based on one operator  per  s h i f t  i n  the c o n t r o l  room, three s h i f t s  per day, 7 days per  week. 
(d)Based on 10 CFR Par t  73 and in fo rmat ion  obta ined from Washington Publ ic  Power Supply System; inc ludes 

both response and access-control personnel on a t h r e e - s h i f t ,  7-day-week basi's. 
(e)Requirements du r ing  the 4 years f o l l o w i n g  reac to r  shutdown are based on Table 1.2-2, unless otherwise 

noted; i n d i v i d u a l  man-month requirements i n  Table 1.2-2 are rounded t o  the next  h igher  1.0 man-month 
i n  c a l c u l a t i n g  these requirements. 

(f)Based on a constant  l oad ing  o f  15 people through month 19 f o l l o w i n g  reac to r  shutdown, w i t h  add i t i ona l  
personnel added as requ i red  t o  meet schedule demands dur ing t h a t  period, and d im in ish ing  the rea f te r  as 
the schedule a1 lows. 

(g)Based on a constant  l oad ing  o f  55 people through month 21 f o l l o w i n g  reac to r  shutdown, d im in ish ing  as 
the schedule a l lows,  except du r ing  months 30 through 37 when 12 t r a i n e d  personnel are maintained t o  
meet the  requirements du r ing  months 38 and 39. 

(h)Based on a constant  l oad ing  of 13 people through month 39 fo l l ow ing  reac to r  shutdown, w i t h  add i t i ona l  
personnel added as requ i red  t o  meet schedule demands dur ing t h a t  per iod.  



the property, and by the need fo r  eventual dismantlement of the f a c i l i t y .  

After an i n i t i a l  preparatory period following plant  shutdown, t h i s  mode 

requires continuing physical secur i ty  and survei 1 lance (continuing ca re )  of 

s t ruc tura l  i n t eg r i t y  to  ensure pub1 i c  protection.  Planning and preparation 

a c t i v i t i e s  , passive s a f e  storage preparations a c t i v i t i e s ,  schedule and man- 

power est imates,  and continuing care a c t i v i t i e s  and requirements fo r  the re f-  

erence BWR a re  discussed in the following subsections. 

Deferred dismantlement a t  the end of the continuing care period i s  discus- 

sed in  Section 9.4. 

9.2.1 Planning and Preparation Act ivi t ies  

Successful implementation of passive s a f e  storage f o r  the reference BWR 

i s  dependent both on good planning and on completion of preparatory work before 

f ina l  reactor shutdown. Planning and preparation fo r  passive sa fe  storage i s  

assumed accomplished during the 18 months pr ior  to f ina l  reactor  shutdown. 

The planning and preparation a c t i v i t i e s  f o r  passive s a f e  s torage,  with 

one exception, a r e  essen t ia l ly  the same as  those described i n  Section 9.1.1 
f o r  immediate dismantlement and a re  not discussed fu r ther  here. The one 

exception i s  t h a t  a l l  of the spent fuel  storage racks a re  l e f t  i n t a c t  and 

in-place f o r  the duration of the continuing care period. 

9.2.2 Passive Safe Storage Preparations Act ivi t ies  

The a c t i v i t i e s  and requirements t o  prepare the reference BWR fo r  passive 

sa fe  storage include: 

decontamination and immobilizing contamination 
systems deactivation and isola t ion of contaminated areas 

reduction of p lant  exclusion area 

qua l i ty  assurance 

environmental survei 1 lance 

o special  ty  contractors 

essent ia l  systems and services.  

These a r e  discussed in  the following subsections. 



9.2.2.1 Decontamination and Immobi 1 i z i  ng Contamination 

A t  f i n a l  r e a c t o r  shutdown, s i g n i f i c a n t  r a d i o a c t i v e  contaminat ion i s  present  

on the sur faces o f  process systems and equipment. Decontamination i s  r e l i e d  

upon t o  remove the bu l k  o f  t h i s  r a d i o a c t i v e  contaminat ion from selected systems 

and components. The ob jec t ives  o f  the  decontamination e f f o r t  a re  t o  reduce the 

r a d i a t i o n  l e v e l s  and t o  immobi 1 i ze r a d i o a c t i v e  contaminat ion throughout the 

f a c i l i t y  i n  order  t o  minimize personnel exposure du r ing  subsequent decommission- 

i n g  tasks and l a t e r  dur ing  cont inu ing  care a c t i v i t i e s .  

Decontamination o f  Process Systems. Two process system decontamination 

methods a re  used: chemical decontamination and w a t e r - j e t  c leaning. The decon- 

tami n a t i  on a c t i v i t i e s  requ i red  f o r  passive sa fe  storage are  i d e n t i c a l  t o  those 

f o r  immediate dismantlement, which are  discussed i n  Sect ion 9.1.2.1 

A1 though a1 1 the  decontamination a c t i v i t i e s  s p e c i f i e d  f o r  immediate d i s -  

mantl  ement a re  assumed f o r  passive sa fe  storage prepara t i  ans i n the i  r e n t i  r e t y  , 
some o f  the  wa te r- je t  c leaning tasks and some equipment decontamination tasks 

may o r  may n o t  be performed, a t  the d i s c r e t i o n  o f  the f a c i l i t y  owner. I n  addi-  

t i o n ,  t he  t o t a l  volume o f  r a d i o a c t i v e l y  contaminated water t h a t  i s  generated 

f rom miscellaneous sources over the a c t i v e  decommissioning per iod  i s  reduced 

because the t ime pe r iod  i s  less .  A lesser  volume o f  contaminated water means 

t h a t  l ess  r a d i o a c t i v e  i o n  exchange res ins  are  produced, thus decreasing the 

d isposal  costs . 
Decontamination o f  V e n t i l a t i o n  Systems. The exhaust ductwork from the 

Reactor B u i l d i n g  ( i n c l u d i n g  Primary Containment), the Turbine Generator Bu i l d ing ,  

and the Radwaste and Contro l  B u i l d i n g  i s  decontaminated as requi red.  Decon- 

taminat ion procedures used dur ing  p l a n t  operat ions a re  genera l l y  fo l lowed.  

I t  i s  expected t h a t  the  decontamination e f f o r t  w i l l  cons i s t  p r i m a r i l y  o f  h o t  

water f lushes t o  remove d i r t  and grease. Chemical so lu t i ons  may be used i f  

there  i s  s i g n i f i c a n t  bu i l dup  o f  contamination. The f i r s t  stage o f  the HEPA 

f i  1 t e r s  i s  replaced dur ing  these operat ions, where necessary. Subsequent 

stages o f  HEPA f i l t e r s  a re  replaced on ly  i f  replacement i s  requ i red  due t o  

damage o r  high-pressure drop. 



Decontamination and I s o l a t i o n  o f  the Reactor Refuel ing Pools. A f te r  the 

f u e l  i s  removed, the reac to r  vessel i s  secured us ing normal procedures. The 

reac to r  w e l l  pool c a v i t y  and the dryer  and separator s torage pool c a v i t y  a r e  

d r a i  ned and decontami na ted. 

The reac to r  w e l l  pool i s  i s o l a t e d  by i n s t a l l i n g  the e x i s t i n g  concrete 

cover blocks; thus, no f u r t h e r  decommissioning o f  t h a t  pool i s  requ i red .  I 

The d rye r  and separator  s torage pool c a v i t y  i s  i s o l a t e d  by i n s t a l  1  i n g  a welded, I 

1 

carbon s t e e l  cover over the c a v i t y  area. I n  add i t ion ,  a HEPA- f i l tered vent  1 

pipe, i n t e g r a l  t o  the welded cover, i s  provided t o  a l l ow  f o r  changes i n  a i r  

pressure and temperature. 
I 

A f t e r  the  l a s t  f u e l  shipment has l e f t  the s i t e ,  the spent f u e l  s torage 1 
pool c a v i t y  i s  d ra ined and decontaminated. The c a v i t y  i s  i s o l a t e d  i n  a manner 1 

s i m i l a r  t o  t h a t  descr ibed above f o r  the  d rye r  and separator s torage pool c a v i t y .  I 

Mechanical Decontamination and F i x i n g  o f  Residual Contamination. Mechanical 

decontamination o f  s t r u c t u r e s  i s  c a r r i e d  o u t  on ly  i n  areas, such as hal lways and 

c o r r i d o r s ,  t h a t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  the r a d i a t i o n  doses t o  surve i  1 lance 

and maintenance personnel. D r i l l i n g  and s p a l l i n g  o r  jackhammering a r e  used. 

The contaminated ma te r ia l s  t h a t  a re  removed a re  packaged and e i t h e r  shipped t o  

a b u r i a l  s i t e  o r  placed i n  one o f  the areas t h a t  i s  i s o l a t e d  p r i o r  t o  the con- 

t i n u i n g  care per iod.  Combustible ma te r i a l s  a re  packaged and shipped o f f s i t e  

f o r  d isposal .  

Some res idua l  amounts o f  low- leve l  contaminat ion may be present  i n  areas 

ou ts ide  the  i s o l a t e d  areas. These areas t y p i c a l l y  conta in  amounts o f  rad io-  

a c t i v i t y  t h a t  do n o t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  occupational r a d i a t i o n  dose 

ra tes  i n  the f a c i l i t y .  This contaminat ion i s  immobi l ized by cover ing i t  w i t h  

p a i n t  o r  o ther  p r o t e c t i v e  coat ings t o  prevent  the contaminat ion from becoming 

a i rborne.  

9.2.2.2 Systems Deact iva t ion  and I s o l a t i o n  o f  Contaminated Areas 

Only essen t i a l  sa fe t y  systems such as r a d i a t i o n  de tec t i on  alarms, s e c u r i t y  

monitors, and f i r e  de tec t i on  and po r tab le  f i r e  f i g h t i n g  equipment remain i n  

opera t ion  dur ing  passive safe s to rage. .  A l l  o ther  equipment and systems a r e  



placed i n  a c o n d i t i o n  t h a t  provides maximum s a f e t y  w i t h  minimum maintenance. 

Whenever poss ib le ,  equipment i s  l e f t  i n  a c o n d i t i o n  t h a t  permi ts  l a t e r  salvage. 

Por t ions  o f  t he  f a c i  1  i t y  con ta in ing  s i g n i f i c a n t  amounts o f  r a d i o a c t i v i t y  

a r e  i s o l a t e d  from t repass ing  by tamper-proof b a r r i e r s .  I n d i r e c t  access routes,  

however u n l i k e l y ,  a re  a l s o  sealed. Such rou tes  may inc lude,  b u t  a re  n o t  l i m -  

i t e d  to ,  access through l a r g e  vessels,  tanks, o r  large-diameter  pipes t h a t  

cou ld  a l l o w  such trespass, w i l l f u l  o r  otherwise. 

A pressure-equal i z a t i o n  1 i ne i s  prov ided between the  ou ts ide  environment 

and the  i n t e r i o r s  o f  the Reactor Bu i l d i ng ,  the Turbine Generator Bu i l d i ng ,  and 

the  Radwaste and Contro l  Bu i l d i ng .  The pipes used f o r  t h i s  purpose are  pro-  

v ided w i t h  rep1 aceable abso lu te  f i  1 t e r s .  The 1 i nes prevent  pressure d i f f e r e n -  

t i a l s  caused by changes i n  temperature and atmospheric pressure from developing 

between the  i n s i d e  and the  ou ts ide  o f  sealed areas. 

9.2.2.3 Reduction o f  P l a n t  Exc lus ion Area 

I n  a d d i t i o n  t o  the  above a c t i v i t i e s ,  the  exc lus ion  area surrounding the  

p l a n t  i s  reduced t o  a minimum s ize ,  as depic ted i n  F igure  9.2-1. The s t ruc tu res  

and s i t e  surfaces ou ts ide  o f  t he  new exc lus ion  area b u t  w i t h i n  the prev ious 

s i t e  per imeter  fence a re  assumed t o  be surveyed and re leased f o r  u n r e s t r i c t e d  

use w i t h o u t  f u r t h e r  e f f o r t .  

The f i n a l  p l a n t  c o n d i t i o n  proceeding i n t o  con t i nu ing  care  i s  one w i t h  the 

t ranspo r tab le  r a d i o a c t i v i t y  e i t h e r  removed o r  immobi l ized, b u t  w i t h  s i g n i f i c a n t  

q u a n t i t i e s  (mi 11 ions  o f  c u r i e s )  o f  f i x e d  r a d i o a c t i v i t y  remaining i n  the pr imary 

containment vessel (see F igure  7.2-6 i n  Chapter 7 ) .  

9.2.2.4 Q u a l i t y  Assurance 

An extensive q u a l i t y  assurance program i s  c a r r i e d  on throughout the decom- 

miss ion ing  e f f o r t  t o  assure t h a t  a l l  app l i cab le  regu la t i ons  a re  met, t o  assure 

t h a t  the  work i s  performed according t o  p lan,  t o  assure t h a t  the work does n o t  

endanger p u b l i c  sa fe ty ,  and t o  assure the  s a f e t y  o f  the  decommissioning s t a f f .  

The q u a l i t y  assurance program f o r  passive sa fe  s torage i s  e s s e n t i a l l y  the same 

as t h a t  f o r  immediate dismantlement, which i s  descr ibed i n  Sect ion 9.1.2.3. 
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FIGURE 9.2-1. P l o t  Plan o f  t he  Exclus ion Area f o r  Passive Safe Storage 

9.2.2.5 Environmental Su rve i l l ance  

The requ i red  l e v e l s  o f  environmental s u r v e i l l a n c e  du r i ng  the  prepara t ions  

f o r  pass ive sa fe  s torage d i f f e r  from those dur ing  con t i nu ing  care. An abbrev ia ted  

vers ion  o f  the  environmental mon i to r ing  program c a r r i e d  on du r i ng  p l a n t  opera t ion  

i s  cont inued du r i ng  the  preparat ions f o r  pass ive sa fe  s torage.  This program i s  

t he  same as t h a t  f o r  immediate dismantlement (see Sect ion 9.1.2.4). 

9.2.2.6 S p e c i a l t y  Contractors 

As w i  t h  immediate dismantlement , spec ia l  t y  con t rac to rs  a re  r e q u i r e d  bo th  

f o r  p repara t ions  f o r  pass ive sa fe  s torage and f o r  continui'ng care. 

The s p e c i a l t y  con t rac to rs  requ i red  du r i ng  preparat ions f o r  pass ive sa fe  

s torage o f  t he  re fe rence BWR are:  



environmental moni tor i  ng special i s t s  , for  imp1 ementi ng the environmental 

survei 11 ance program d i  scussed previously. 

hauling contractors, for  transport of packaged radioactive materials to 

a disposal s i t e  

temporary radwaste handling and sol idif icat ion support, for  radwaste 

handling and f inal  cleanup a f t e r  the installed radwaste handling systems 
are  decon tami na ted . 
commercial securi ty agency, fo r  i ns t a l l  i ng , operati ng , and mai ntai n i  ng 

electronic survei 11 ance sys tems . 
9.2.2.7 Essential Systems and Services 

The required systems and services for  preparations for  passive safe storage 
d i f f e r  from those required for  continuing care. Specific systems and services 
must remain i n  service unti 1 radioactive and/or contaminated materials are  
decontaminated, fixed in place, or removed from the f a c i l i t y ,  to prevent the 
re1 ease of s ignif icant  quantit ies of radionucl ides or other hazardous materials 
t o  the environment. The systems and services required for  preparations for  
passive safe storage are  the same as those required for  immediate dismantlement, 
which are  discussed i n  Section 9.1.2.6. 

9.2.3 Passive Safe Storage Schedule 

The schedule and sequence of passive safe storage decommissioning tasks i s  

shown in Figure 9.2-2. Further schedule detai ls  a re  presented i n  Section J .4 
of Appendix J .  In i t i a l  planning for  passive safe storage of the reference BWR 

begins about 18 months before f inal  shutdown. 

After final shutdown, the reactor i s  defueled. The spent fuel i s  shipped 
to  an o f f s i t e  location a f t e r  an i n i t i a l  120-day cooling period. In i t ia l  
e f for t s  are  directed a t  draining contaminated systems. Decommissioning act ivi-  
t i e s  i n  the Radwaste and Control Building are  delayed until nearly a l l  of the 

contaminated water from the other buildings has been processed. As shown in 
Figure 9.2-2, preparations for  passive safe storage are  completed in about 

30 months. 
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FIGURE 9.2-2. Task Schedule and Sequence of Preparations for  
Passive Safe Storage 



9.2.4 Pasive Safe Storage Preparations Staff  Requirements 

The organization and functions of the passive s a f e  storage decomnissi oni ng 
s t a f f  a r e  the same as  those f o r  immediate dismantlement, as discussed i n  

Section 9.1.4.1. 

Estimates of manpower requirements a r e  based on the preparations fo r  
passive sa fe  storage schedule and take i n to  account both radiat ion dose 
1 i m i  t s  and manpower 1 imi t s  needed to  complete the individual tasks .  The e s t i  - 
mated number of decommissioning workers in each category i s  shown fo r  each 
month of preparations f o r  passive sa fe  storage a t  the bottom of Figure 9.2-2. 
A t o t a l  of about 1700 man-months of "hands-on" e f f o r t  is required. This t o t a l ,  
however, does not include extra manpower t ha t  i s  ma'intained during ce r ta in  
periods t o  meet f luctuat ing peak demands. 

The to ta l  s t a f f  labor requirements f o r  preparations f o r  passive sa fe  
storage of the reference BWR a r e  given in  Table 9.2-1. The requirements a r e  
given i n  equivalent  man-years f o r  the 2 years before and the 3 years following 
f ina l  reactor  shutdown, and include the management and support s t a f f  as well as  
the  decommissioning workers. A to ta l  e f f o r t  of approximately 385 man-years i s  
estimated f o r  completion of preparations f o r  passive sa fe  storage.  

9.2.5 Continuing Care Act ivi t ies  and Requirements 

Act iv i t i es  a t  the reference BWR s i t e  during the continuing care period 
t h a t  follows placing the f a c i l i t y  in  passive sa fe  storage include routine 
inspection,  preventive and correct ive  maintenance on safe ty  systems, and a 
regular program of radiat ion and envi ronmental moni t o r i  ng . Action i s  i n i t i a t e d  
immediately t o  cor rec t  any unusual o r  potent ia l ly  unsafe condition detected 
during the surveil  lance program. In addit ion to  the routine tasks ,  a compre- 
hensive inspection of the fac i  1 i ty i s  performed annually by qua1 i f i e d  t h i r d -  

party inspectors.  Because of the massive construction of the main building 
s t ruc tures ,  deter iora t ion of the buildings su f f i c i en t  to  require major repairs  
i s  considered unlikely.  

The continuing care  period l a s t s  unt i l  f ina l  disposit ion of the f a c i l i t y  

i s  made. The length of t h i s  period i s  determined by a cost-benefi t  analysis  



TABLE 9.2-1. S t a f f  Labor Requirements f o r  Preparat ions f o r  
Passive Safe Storage 

Time Re la t i ve  t o  F inal  Reactor Shutdown (year) 
2 1 1 2 3 - 

Annual SM ~ a b o ~ u i r e m ~ e  man-years)iaJ 

Tota l  S t a f f  
Labor Required 

(man-years) P o s i t i o n  

Management and Support S t a f f  

Decomiss ioning Superintendent 
Secretary 
C le rk  

Decomiss ioning Engineer 
Assis tant  Decomiss ioning Engineer 
Radioactive Shipment S p e c i a l i s t  

Procurement Special i s t  
Tool C r i b  Attendant 
C'ntrol Room  pera at or'^) 
Secur i ty  Supervisor 
Secur i ty  S h i f t  ~ u p e r v i s o r ( ~ )  
Secur i ty  ~a t ro lman(d)  
Contracts and Accounting S p e c i a l i s t  

Heal th and Safety Supervisor 
Heal th Phys ic i s t  
P ro tec t i ve  Equipment Attendant 
I n d u s t r i a l  Safety S p e c i a l i s t  

Q u a l i t y  Assurance Supervisor 
Q u a l i t y  Assurance Engineer 
Q u a l i t y  Assurance Technician 
Consultant (Safety Review) 

Subtotals, Management and Support S t a f f  

Decomiss ioning 

S h i f t  Engineer 
Crew ~ e a d e r ( f )  

U t i l i t y  
Laborer 
C r a f t  Supervisor 

Craftsman 
Senior Heal th Physics Technician 
Heal th Physics ~ e c h n i c i a n ( h 1  

Subtotals, Decomnissioning Workers 

To ta ls  

(a)Rounded t o  the next  h igher  0.1 man-year. 
(b)  Includes an add i t i ona l  4 months fo l lowing a c t i v e  decomnissioning i n  order  t o  complete the  documentation 

and o ther  unspeci f ied l i c e n s e  and con t rac t  terminat ion requirements. 
(c)Based on one operator  per s h i f t  i n  the con t ro l  room, three s h i f t s  per day, 7 days per week. 
(d)Based on 10 CFR P a r t  73 and information obtained from Washington Publ ic  Power Supply System; inc ludes 

both response and access con t rq l  personnel on a th ree- sh i f t ,  7-day-week basis. 
(e)Requirements dur ing the  3 years fo l lowing f i n a l  reac to r  shutdown are based on Figure 5.4-1, unless 

otherwise noted; i n d i v i d u a l  man-month requirements i n  Figure 5.4-1 a re  rounded t o  the next  h igher  
1 .0 man-month .in c a l c u l a t i n g  these requirements. 

(f)Based on .a constant loading of 15 people tlirough month 22 fo l lowing reac to r  shutdown, w i t h  add i t i ona l  
personnel added as requi red t o  meet schedule demands dur ing t h a t  period, and d imin ish ing therea f te r  as 
the  schedule a1 lows. 

(g)Based on constant loadings of 45 people through month 12 f o l l o w i n g  f i n a l  reac to r  shutdown and 35 people 
from month 13 through month 23, and d imin ish ing therea f te r  as the schedule al lows. 

(h)Based on a constant loading o f  13 people through month 18 fo l low ing  reac to r  shutdown, w i t h  add i t i ona l  
personnel added as requi red t o  meet schedule demands dur ing t h a t  period, and d imin ish ing therea f te r  as 
the  schedule a l lows except d l ~ r i n g  months 29 and 30 when 10 t ra ined  people a re  requi red t o  meet the  
schedule requirements. 



t h a t  balances the costs o f  surve i  11 ance and maintenance agai ns t the decreased 

dismantlement costs and land use values, as w e l l  as by s o c i e t a l  o r  regu la to ry  

issues . 
9.2.5.1 Q u a l i t y  Assurance 

A modest q u a l i t y  assurance program i s  a n t i c i p a t e d  t o  be c a r r i e d  on through- 

o u t  the  cont inu ing  care pe r iod  t o  assure t h a t  the s u r v e i l  lance, secu r i t y ,  and 

maintenance work does n o t  endanger p u b l i c  sa fe ty  o r  the sa fe ty  o f  the cont inu ing  

care s t a f f .  This  program a l s o  assures t h a t  a l l  app l i cab le  q u a l i t y  assurance, 

qua1 i t y  c o n t r o l  , and record-keepi ng regu la t ions  and requirements are  met. 

9.2.5.2 Environmental Survei 1 lance 

An abbreviated vers ion  o f  the  environmental mon i to r ing  program conducted 

du r ing  p l a n t  opera t ion  i s  c a r r i e d  o u t  du r ing  cont inu ing  care. The purpose o f  

t h i s  program i s  t o  i d e n t i f y  and q u a n t i f y  releases o f  r a d i o a c t i v i t y  t o  the 

environment. Detai  1  s  o f  t h i s  program, i n c l u d i n g  the a n t i c i p a t e d  requirements , 
are  discussed i n  Sect ion 6.6 o f  Appendix G.  

9.2.5.3 Secu r i t y  

The p r o t e c t i o n  o f  the  pub l i c ,  p r i n c i p a l l y  aga ins t  the  consequences o f  

t h e i r  own act ions,  i s  an impor tan t  dimension o f  the  s e c u r i t y  program dur ing  the 

con t i nu ing  care per iod  o f  passive sa fe  storage. Conventional s e c u r i t y  de tec t i on  

and n o t i f i c a t i o n  systems normal ly  used t o  p r o t e c t  the u t i l i t y  aga ins t  l oss  o r  

damage are  augmented by aud ib le  alarms. These alarms, s t r a t e g i c a l  l y  loca ted 

outs ide  secured r a d i a t i o n  zones, l o u d l y  warn an i n t r u d e r  o f  h i s  p o t e n t i a l  danger. 

S i l e n t  sensors simultaneously a l e r t  o f f s i t e  s e c u r i t y  personnel. 

Physical s e c u r i t y  t o  prevent  inadver ten t  r a d i a t i o n  exposure o f  cont inu ing  

care personnel i s  prov ided by mu1 t i p l e - l o c k e d  b a r r i e r s .  The presence o f  these 

b a r r i e r s  makes unauthorized e n t r y  i n  t o  areas where r a d i a t i o n  o r  contaminat ion 

i s  present  extremely d i f f i c u l t .  Locks on the gates i n  the fence around the 

f a c i l i t y  p rov ide  the f i r s t  l i n e  o f  secu r i t y .  f h e  fence i s  maintained i n  good 

condi ti on throughout the cont inu ing  care per iod.  Faci 1 i t y  s e c u r i t y  i s  mai n- 

ta ined a t  a l l  t imes by i n t r u s i o n  alarms and h igh- secu r i t y  locks on e x t e r i o r  

doors. I n t rus ion ,  f i r e ,  and r a d i a t i o ~  de tec t i on  systems a re  remotely monitored 



by an o f f s i  t e  commercial secur i  t y  agency. Secur i ty  agency personnel respond 

immediately o r  summon assis tance as necessary, depending on the  s i t u a t i o n  

i n d i c a t e d  by the  de tec t i on  system alarms. 

Routine p a t r o l  checks by o n s i t e  guards a r e  no t  considered t o  be cos t-  

e f f e c t i v e .  By con t rac t i ng  f o r  the serv ices o f  a  reputab le  p r i v a t e  s e c u r i t y  

agency, t he  f a c i l i t y  owner i s  assured o f  adequate su rve i l l ance  and prompt 

response t o  alarms w i t h o u t  over loading the  l o c a l  law enforcement u n i t .  L i a i s o n  

w i t h  l o c a l  law enforcment agencies i s  maintained and t h e i r  ass is tance c a l l e d  

f o r  on l y  when necessary. 

A representa t ive ,  who i s  responsib le f o r  c o n t r o l l i n g  au thor ized access 

i n t o  and movement w i t h i n  the f a c i l i t y ,  i s  designated by the  u t i l i t y  (see 

Sect ion 9.2.5.5). 

9.2.5.4 Essent ia l  Systems and Services Requirements 

Systems and serv ices  requ i red  du r ing  cont inu ing  care a re  l i s t e d  i n  Table 

J  .2-2 i n  Appendix J, together  w i t h  the j u s t i f i c a t i o n  f o r  r e t a i n i n g  each. 

9.2.5.5 Cont inuing Care S t a f f  Requirements 

The s t a f f  o rgan iza t i on  shown i n  F igure  9.2-3 takes over the  surve i l lance,  

maintenance, and s e c u r i t y  tasks f o r  the  du ra t i on  o f  the cont inu ing  care per iod .  

The s u r v e i l l a n c e  and maintenance i s  supervised by one pa r t - t ime  employee known 

as the  s u r v e i l l a n c e  and maintenance representa t ive .  I n  a d d i t i o n  t o  c o n t r o l l i n g  

au thor ized access i n t o  and movement w i t h i n  the f a c i l i t y ,  he i s  charged w i t h  the 

responsi b i  1  i ti es o f  appropr ia te  ac t ions  and n o t i f i c a t i o n s  raga rd i  ng breaches o f  

secu r i t y ,  upkeep o f  p l a n t  surve i  1  lance and maintenance prograiljs, and adminis t r a -  

t i v e  r e p o r t i n g  o f  these events as requ i red  by s t a t e  and federa l  r+r.qulations. 

ENTOMBMENT ACTIVITIES AND MANPOWER REQUIREMENTS 

The entombment mode o f  decommissioning may r e q u i r e  c o n t i n u a t i t ~ n  ~f the  

u t i  1  i t y  ' s  possession-only 1  icense i n  pe rpe tu i t y ,  unless the long-1 i v e d  rad io-  * 
a c t i v i t y  i s  removed i n i t i a l l y  o r  the  entombment s t r u c t u r e  i s  reopened and the  

ma te r ia l s  s to red  i n s i d e  a r e  surveyed and re leased o r  shipped t o  a  d isposal  

s i t e .  I n  t h e  f i r s t  few years a f t e r  f i n a l  reac to r  shutdown, entombment r e s u l t s  

i n  occupational r a d i a t i o n  exposures and costs s i g n i f i c a n t l y  g rea te r  than 
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mantlement. Planning and preparat ion,  entombment a c t i v i t i e s ,  and the schedules 

and manpower requirements f o r  entombment o f  t he  re fe rence BWR are  discussed i n  

the  f o l l o w i n g  subsect ions. 
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Entombment o f  t he  re fe rence BWR i s  a complex under tak ing and, consequently, 

t h e  success o f  t he  p r o j e c t  i s  g r e a t l y  dependent upon good p lanning and upon 

complet ion o f  p repara tory  work be fore  f i n a l  r eac to r  shutdown. Planning and 

RAD IATION AND 
ENV l RONMENTAL 
SURVE ILLANCE 

(SPECIALTY CONTRACTOR 1 

p repa ra t i on  f o r  entombment i s  assumed accomplished du r i ng  the  2 years p r i o r  t o  

f i na 1 r e a c t o r  shutdown . 
The p lanning and prepara t ion  a c t i v i t i e s  f o r  entombment a re  e s s e n t i a l l y  the 

same as those descr ibed i n  Sect ion 9.1.1 f o r  immediate dismantlement and are  

n o t  discussed f u r t h e r  here. 



9.3.2 Entombment A c t i v i t i e s  

The major a c t i v i t i e s  and requirements t o  accomplish entombment o f  the  

reference BWR are: 

decontaminat ion 

prepara t ion  o f  the entombment s t r u c t u r e  

disassembly and d i s p o s i t i o n  o f  r a d i o a c t i v e  ma te r ia l s  

q u a l i t y  assurance 

environmental s u r v e i l l a n c e  

spec ia l  ty con t rac to rs  

essen t i a l  systems and serv ices.  

These a c t i v i t i e s  a r e  discussed i n  the  f o l  lowing subsections. 

9.3.2.1 Decontamination 

A t  f i n a l  r e a c t o r  shutdown, s i g n i f i c a n t  r a d i o a c t i v e  contaminat ion i s  present  

on the  surfaces o f  process systems and equipment. Decontamination i s  r e l i e d  

upon t o  remove the bu l k  o f  t h i s  r a d i o a c t i v e  contaminat ion from se lec ted  systems 

and components. The o b j e c t i v e  o f  the decontamination e f f o r t  du r ing  entombment 

i s  t o  reduce the r a d i a t i o n  l e v e l s  throughout the f a c i l i t y  i n  o rder  t o  minimize 

personnel exposure du r ing  subsequent tasks. Two system decontamination methods 

a re  used: chemical decontamination and w a t e r - j e t  c leaning.  

The decontamination a c t i v i t i e s  requ i red  f o r  entombment a r e  i d e n t i c a l  t o  

those f o r  immediate dismantlement, as discussed i n  Sect ion 9.1.2.1, and a re  n o t  

discussed f u r t h e r  here. 

9.3.2.2 Prepara t ion  o f  the  Entombment S t ruc tu re  

The pos tu la ted  entombment s t r u c t u r e  f o r  the reference BWR i s  the  s t e e l  

pr imary containment vessel enclosed w i t h  t h e  concrete b i o l o g i c a l  sh ie ld ,  both 

o f  which r e s t  on the Reactor B u i l d i n g  foundat ion mat. A l l  penet ra t ions  through 

the  vessel and the s h i e l d  a re  sealed. I n s i d e  the vessel, p la tes  a r e  welded 

over the  equipment and personnel access openings and the s tub  ends o f  c u t - o f f  

p ip ing .  Openings i n  the b i o l o g i c a l  s h i e l d  a re  then f i l l e d  w i t h  r e i n f o r c e d  

concrete. F i n a l l y ,  the  removable concrete Primary Containment head p lugs a re  

grouted i n  place. I n  add i t ion ,  new hatches are  c u t  through the  d rywe l l  f l o o r  



t o  f a c i l i t a t e  the placement of radioactive materials i n  the wetwell. All of 
t h i s  work i s  carried out concurrently w i t h  the placement of radioactive materials 
inside the structure.  Preparation of the entombment structure i s  discussed i n  

detai l  in Seection K.1.2 of Appendix K (Volume 2 ) .  

To provide a secondary barrier around the entombment s t ructure,  the Reactor 
Building i s  assumed to be l e f t  standing and i s  sealed to prevent unauthorized 
access a f t e r  the entombment structure i s  f i l l e d  and sealed. The steam tunnel 
and railroad tunnel are  sealed w i t h  reinforced concrete. All b u t  one of the 
external building doors a re  welded shut; the remaining door i s  locked and f i t t e d  
w i t h  an intrusion-alarm device. Additional intrusion alarms and other surveil-  
lance equipment are  instal  led in s t rategic  locations throughout the bui  1 ding. 

9.3.2.3 Disassembly and Disposition of Radioactive Materials 

Two entombment scenarios, both using the entombment structure described 
above, are  considered in th is  study. In scenario 1 ,  the neutron-activated 
reactor vessel internals are  removed and shipped o f f s i t e  for  disposal. In 

scenario 2, the reactor vessel internals are l e f t  i n  place. In both scenarios, 
as much as possible of the radioactive material in the plant i s  placed w i t h i n  

the entombment structure.  However, there i s  insuff ic ient  room i n  the entombment 

structure for  a l l  contaminated materials, so both scenarios require some waste 
to  be packaged and shipped o f f s i t e  for  disposal. 

The disassembly and disposition of materials i s  carried out in the same 
manner as that  described fo r  immediate dismantlement (see Section 9.1.2.2) with 
two exceptions: 1 ) only part  of the radioactive materials resulting from 
entombment require o f f s i t e  disposal, and 2 )  only a minor amount of disassembly 
work i s  carried out inside the primary containment vessel. 

The f i r s t  exception i s  described previously and i s  not discussed further 
here. Additional detai 1 s concerning the entombment structure ' s  capacity for  
waste and the amount of material assumed to be shipped o f f s i t e  are  presented 

in Sections K.1.3 and K.3.1 of Appendix K .  

The second exception resul ts  from the use of the primary containment vessel 

as the entombment structure.  Radioactive materials a1 ready present i n  the vessel 
do not require disassen~bly and removal . However, some disassembly i s  performed. 



Short lengths of the piping penetrating the vessel are  removed to allow seal-  

welding of the penetrations a t  the vessel wall. In addition, wetwell downcomer 

pipes and some f loor  gratings and associated framework are  removed to f a c i l i t a t e  

placement of contaminated materials inside the structure and to  a1 low more 

ef f ic ien t  use of the s t ruc ture ' s  internal volume. 

Di sassembly techniques a re  described generically in Appendix G .  A detai 1 ed 

discussion of entombment i s  presented in Section K.l of Appendix K .  

9.3.2.4 Quality Assurance 

An extensive quality assurance program i s  carried on throughout the 

decommissioning e f fo r t ,  to  ensure that  a l l  applicable regulations are  met, that  

the work i s  performed according to plan, and that  the work does not endanger 

the safety of the public or of the decommissioning s t a f f .  The quality assurance 

program for  entombment i s  essentially the same as that  for  immediate dismantle- 

ment, as described in Section 9.1.2.3. A more detailed review of the anticipated 

elements of an appropriate quality assurance program f o r  entombment i s  given in  

Section 6.5 of Appendix G .  

9.3.2.5 Environmental Surveillance 

A n  abbreviated version of the environmental monitoring program carried 

on during plant operation i s  continued during the entombment period. This 

program i s  the same as tha t  for  immediate dismantlement (see Section 9.1.2.4). 

Details of the program' are discussed in Section 6.6 of Appendix G .  

9.3.2.6 Specialty Contractors 

The specialty contractors required during entombment of the reference BWR 

are: 

environmental monitoring spec ia l i s t s ,  fo r  implementing the environmental 

survei 1 lance program previously discussed 

haul i ng contractors, for  transport of packaged radioactive materi a1 s to 

a disposal s i t e  

temporary radwaste handl i ng and sol id i f  ication support, for  radwas t e  

handl i ng and f inal  cleanup a f t e r  the instal  1 ed radwas t e  handl i ng systems 

a re  decontami na ted . 



If, f o l l o w i n g  entombment,, excess f a c i l i t y  s t r u c t u r e s  a r e  demo1 ished  and t he  

s i t e  res to red ,  d e m o l i t i o n  and landscaping c o n t r a c t o r s  a r e  a l s o  requ i red .  

9.3.2.7 Essen t i a l  Systems and Serv ices 

A1 1  o r  p a r t s  o f  c e r t a i n  f a c i l i t y  systems and se rv i ces  must remain i n  p l ace  

and i n  s e r v i c e  u n t i l  a l l  r a d i o a c t i v e  m a t e r i a l  i s  e i t h e r  removed f rom the  f a c i -  

li ty o r  secured on t he  s i t e ,  t o  p reven t  t he  re l ease  o f  s i g n i f i c a n t  q u a n t i t i e s  

o f  r ad ionuc l  i des  ( o r  o t h e r  hazardous m a t e r i a l s )  t o  t h e  environment.  Some sys tems 

and se rv i ces  a r e  r e q u i r e d  f o r  c leanup and disassembly a c t i v i t i e s ,  and o the rs  

p rov ide  personnel h e a l t h  and s a f e t y  p r o t e c t i o n .  The systems and se rv i ces  

e s s e n t i a l  f o r  entombment a r e  t he  same as those g i ven  i n  Sec t i on  9.1.2.6 f o r  

immediate dismantlement. 

9.3.3 Entombment Schedule 

The schedule and sequence o f  scenar io- 1 entombment tasks i s  shown i n  

F i g u r e  9.3-1. F u r t h e r  schedule d e t a i l s  a r e  presented i n  Sec t ion  K.2 o f  

Appendix K. The schedule f o r  scenar io- 2 entombment i s  t he  same except  f o r  t he  

d e l e t i o n  o f  t h r e e  tasks i n  t he  Reactor B u i l d i n g :  1 )  remove d r y e r  and separator ,  

2) remove r e a c t o r  vessel  i n t e r n a l s ,  and 3 )  s h i p  a c t i v a t e d  components. These 

d e l e t i o n s  do n o t  a f f e c t  the  o t h e r  tasks o r  t he  o v e r a l l  l e n g t h  o f  the  schedule 

because they a r e  n o t  c r i t i c a l  pa th  i tems.  

P lann ing  and p r e p a r a t i o n  (see Sec t ion  9.3.1 ) begins about  2 years  be fo re  

f i n a l  shutdown o f  t h e  r e a c t o r .  A f t e r  f i n a l  shutdown, the  r e a c t o r  i s  d i sab led  

and de fue led  as r e q u i r e d  t o  o b t a i n  a  possession-only l i c e n s e .  The spent  f u e l  

i s  shipped t o  an o f f s i  t e  l o c a t i o n  a f t e r  an i n i t i a l  120-day c o o l i n g  pe r i od .  

I n i  t i a l  e f f o r t s  a r e  d i r e c t e d  a t  d r a i  n i  ng contaminated systems, and equipment 

disassembly begins w i t h  removal o f  t he  r e a c t o r  vessel  i n t e r n a l s  and removal o f  

t h e  t u r b i n e .  Disassembly o f  equipment i ~ 1  the  Radwaste and Contro l  B u i l d i n g  i s  

delayed u n t i l  n e a r l y  a l l  o f  t he  contaminated water  f rom the  o t h e r  b u i l d i n g s  has 

been processed. As i n d i c a t e d  i n  F igu re  9.3-1, entombment i s  completed i n  about  

47 months. 
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9.3.4 Entombment S t a f f  Requirements 

The organi  z a t i o n  o f  t he  entombment decommissioning s t a f f  and the func t ions  

o f  the  var ious  s t a f f  members a re  the same as those f o r  immediate dismantlement, 

as shown i n  F igure  9.1-2 and discussed i n  Sect ion 9.1.4.1. 

Estimates o f  manpower requirements a re  based on the  entombment schedule 

and take i n t o  account both r a d i a t i o n  exposure l i m i t s  and ac tua l  manpower needed 

t o  complete t he  i n d i v i d u a l  tasks.  The est imated number o f  decommissioning workers 

o f  each category i s  shown f o r  each month o f  entombment a t  the  bottom o f  

F igu re  9.3-1. A t o t a l  o f  about 4000 man-months o f  "hands-on" e f f o r t  i s  requ i red .  

Th is  t o t a l ,  however, does n o t  i nc lude  the  e x t r a  manpower mainta ined dur ing  cer-  

t a i n  per iods o f  t ime t o  meet peak demands l a t e r  i n  the  p r o j e c t .  

To ta l  s t a f f  l a b o r  requirements f o r  scenario-1 entombment o f  the  re fe rence 

BWR a r e  g iven i n  Table 9.3-1. The requirements a re  g iven i n  equ i va len t  man-years 

f o r  t he  2 years be fore  and the  4 years f o l l o w i n g  f i n a l  r e a c t o r  shutdown, and 

i n c l u d e  the  management and suppor t  s t a f f  as w e l l  as the  decommissioning workers. 

A t o t a l  e f f o r t  o f  about 630 man-years i s  est imated f o r  complet ion o f  scenar io  1. 

For scenario-2 entombment, the  t o t a l  s t a f f  l abo r  requirement i s  j u s t  over 

590 man-years . 
The manpower requirements f o r  entombment are discussed i n  d e t a i l  i n  

Sec t ion  K.2 o f  Appendix K. 

9.4 DEFERRED DISMANTLEMENT ACTIVITIES AND MANPOWER REQUIREMENTS 

Deferred dismantlement achieves the  degree o f  decontaminat ion necessary f o r  

t e rm ina t i on  o f  t he  possession-only l i c e n s e  f o r  t he  re fe rence BWR a f t e r  some 

pe r i od  o f  sa fe  s torage o r  entombment. The f a c i l i t y  and s i t e  must be shown t o  

have res idua l  r a d i o a c t i v i t y  l e v e l s  low enough t o  pe rm i t  u n r e s t r i c t e d  use. 

The same bas ic  operat ions are  assumed performed du r i ng  de fe r red  d ismant le-  

ment as a re  performed du r i ng  immediate dismantlement. The. r e a c t o r  vessel 

i n t e r n a l  s have s u f f i c i e n t l y  h igh  r a d i a t i o n  dose r a t e s  t o  r e q u i r e  disassembly and 

sec t i on ing  under water, even a f t e r  a 100-year decay per iod,  due t o  the  presence o f  

9 4 ~ b .  Thus, t h e  same semi-remote c u t t i n g  techniques a r e  employed. S i m i l a r l y ,  

po r t i ons  o f  t h e  r e a c t o r  vessel may be s u f f i c i e n t l y  r a d i o a c t i v e  t o  r e q u i r e  



TABLE 9.3-1. S t a f f  Labor Requirements f o r  Scenario-1 Entombment 

Time Relat ive t o  F inal  Reactor Shutdown (year)  Tota l  S t a f f  
2 1 1 2 3 4 .  - - - -  Labor Requi red 

P o s i t i o n  Annual S t a f f  Labor Requirement lman-years) la l  (man-years) 

Management and Support S t a f f  

Decomnissioning Superintendent 0.3 1.0 1.0 1.0 1.0 1 . ~ ( ~ )  5.5 
Secretary 1.0 2.0 3.0 3.0 3.0 14.4 
Clerk 0 1 .O 2.0 2.0 2.0 0.9 7.9 

Decomni ss ion i  ng Engineer 1.0 1.0 1.0 1 .O 1 .O 
Assis tant  Decomnissioning Engineer 1.0 1.0 1.0 1.0 1 .O 
Radioactive Shipment S p e c i a l i s t  0 1.0 1 .O 1.0 1 .O 

Procurement S p e c i a l i s t  
Tool Cr ib  Attendant 
Control Room  pera at or'^) 
Secur i ty  Supervisor 0 0 1.0 1.0 1.0 
Secur i ty  S h i f t  Sup r i ~ o r ( ~ )  0 0 5.0 5.0 5.0 
s e c u r i t y  ~ a t r o l m a n f ~ y  0 0 39.0 28.0 13.0 
Contracts and Accounting S p e c i a l i s t  0.3 1.0 1.0 1.0 1.0 

Heal th and Safety Supervisor 1.0 1.0 1.0 1.0 1.0 
Heal th Phys ic i s t  0 0.5 1.0 1.0 1 .O 
P ro tec t i ve  Equipment Attendant 0 0 2.0 2.0 2.0 
I n d u s t r i a l  Safety S p e c i a l i s t  0.3 1 .O 1 .O 1.0 1 .O 

Q u a l i t y  Assurance Supervisor 
Oual i t v  Assurance Enqineer 
~ u a l i 6  Assurance ~ e c h n i c i a n  0 0.5 4.0 4.0 4.0 
Consultant (Safety Review) 0.5 0.5 0.5 0.5 0.5 - - - - -  
Subtotals, Management and Support S t a f f  6.5 15.5 74.5 63.5 48.5 

Decomnissioning 

S h i f t  Engin e 
Crew Leader? 

U t i  1 i t y  operator(gl 
Laborer 
C r a f t  Supervisor 

Craftsman 0 10.0 17.1 36.0 25.1 
Senior Heal th Physics Tec n c l a n  0 1.0 2.4 2.3 2.0 
Health Physics ?echn ic ian lh i  ' - - - - -  o 3.0 13.9 13.6 12.0 

Subtotals, Oecomnissioninq Workers 1.0 20.3 111.0 130.6 72.3 - - - - -  

Totals  7.5 35.8 185.5 194.1 120.8 

(a)Rounded t o  the  next  h igher  0.1 man-year. 
(b) Inc ludes 4 add i t i ona l  months f o l l o w i n g  a c t i v e  decomnissioning i n  order  t o  complete the  documentation 

and o ther  unspeci f ied l i c e n s e  and con t rac t  te rm ina t ion  requirements; shown as p a r t  o f  t h e  f o u r t h  
year, even though i t  extends 2.5 months i n t o  the f i f t h  year. 

(c)Based on one operator  per  s h i f t  i n  the  con t ro l  room, th ree  s h i f t s  per day, 7 days per week. 
(d)Based on 10 CFR Par t  73 and in format ion obtained from Washington P u b l i c  Power Supply System; inc ludes 

both response and access-control personnel on a th ree- sh i f t ,  7-day-week basis .  
(e)Requirements dur ing  the 4 years fo l lowing reac to r  shutdown are based on manpower values i n  F igure K.2-1, 

unless otherwise noted; i n d i v i d u a l  man-month requirements i n  the f i g u r e  are rounded t o  the  next  h igher  
1.0 man-month i n  c a l c u l a t i n g  these requirements. 

(f)Based on a constant loading of 11 people through month 21 fo l lowiny!  reac to r  shutdown, w i t h  a d d i t i o n a l  
personnel added as requi red t o  meet schedule demands dur ing  t h a t  per iod,  and d im in ish ing  t h e r e a f t e r  
as the  schedule a l lows.  

(g)Based on a constant  loading of 52 people through month 21 fo l low ing  reac to r  shutdown, d im in ish ing  
t h e r e a f t e r  as the  schedule a l lows except dur ing months 29 through 37 when 14 t ra ined  personnel a r e  
maintained t o  meet the requirements dur ing months 38 through 40. 

(h)Based on a constant loading o f  12 people through month 40 f o l l o w i n g  reac to r  shutdown, w i t h  a d d i t i o n a l  
personnel added as requi red t o  meet schedule demands dur ing  t h a t  period. 



sectioning using semi-remote equipment, especially for  decay periods of 50 
years or less .  Portions of the concrete i n  the biological shield will remain 
radioactive for  long periods of time, due to the presence of activated trace 

elements, such as and 1 5 4 ~ u ,  and will have to be removed for  packaging 
and burial .  The radioactive corrosion products on the inner surfaces of the 

piping, tanks, e tc . ,  consist mostly of 6 0 ~ o .  Even though these systems are  

chemically decontaminated during preparations for  passive safe storage, i t  i s  

unlikely tha t  the residual radioactivity will decay to  levels tha t  permit 
unrestricted use before 50 years have elapsed. All of the systems have to be 

disassembled to  make measurements on the in te r ior  surfaces of the systems to 
determine whether the material can be released or must be buried, regardless 
of the length of the safe  storage period. 

Operations such as reactor defueling and shipment of spent fue l ,  chemical 
decontamination of the f lu id  systems, and removal of radioactive wastes such as 
cartridge f i l t e r s ,  ion exchange resins,  and evaporator bottoms liquids a re  per- 
formed during preparations fo r  safe storage and are not required during deferred 
dismantlement. These ac t iv i t i e s  are  replaced by extensive training and 
familiarization of the decommissioning s ta f f  w i t h  the f a c i l i t y ,  since the s ta f f  

cannot be made up  of personnel from the operations s t a f f  a f t e r  an extended 

period of passive safe storage. Additional e f for t  i s  required to  restore the 
services needed for  dismantlement throughout the s tat ion and to remove the 
the various locks, welded closures, and barricades tha t  were instal led to 
secure the s tat ion during preparations for  passive safe storage. 

In view of the above considerations, i t  i s  reasonable to assume that  
a work force of the same s i ze  as uti l ized for  immediate dismantlement i s  
required for  deferred dismantlement, and over approximately the same period 
of time. Other assumptions made i n  this  study w i t h  regard to  deferred dis- 
mantl ement are: 

If  dismantlement i s  performed sooner than 50 years a f t e r  reactor shutdown, 

a l l  of the systems and materials are  s t i l l  too radioactive to be released 
fo r  unrestricted use. The same volumes of material must be removed and 

transported to  a burial s i t e .  



After 50 years of passive safe  storage, the only contamination remaining 

in the f a c i l i t y  i s  the accumulation of f iss ion products on the surfaces 
of isolated, shielded ce l l s  (ion exchange vaul ts) .  The amount of contami- 

3 nated material for  disposal i s  reduced to 150 m or less .  The activated . 
corrosion products in the piping systems and on the nonactivated components 
decay suff ic ient ly  to permit unrestricted use of those materials. 

9.4.1 Work Schedule Estimates 

Since the same basic e f for t s  a re  required to  dismantle a plant regardless 

of when the dismantlement takes place, the work schedules presented i n  

Figure 9.1 -1 fo r  immediate dismantlement are  assumed to be valid.  Operations 
such as reactor defuel i ng , fuel shipment, and chemical decontamination are  

replaced by familiarization and orientation of the work force with the f a c i l i t y ,  

by training, and by restoring essential services and unsecuring the faci 1 i ty . 
9.4.2 Deferred Dismantlement Staff Requirements 

The management and support s t a f f  requirements a re  the same fo r  deferred 
dismantlement as they are for  immediate dismantlement. However, fewer decom- 
missioning workers a re  required for  deferred dismantlement than for  immediate 
dismantlement, since the radiation dose rates are lower when dismantlement i s  
deferred. Since the occupational radiation dose i s  lower because of radioactive 
decay, the extra workers needed to meet the occupational dose l imits during 
immediate dismantlement are not needed for  deferred dismantlement. 



CHAPTER 10 

DECOMMISSIONING COSTS 

The cos ts  f o r  accomplishing the  decommissioning o f  the reference BWR by 

immediate dismantlement, passive sa fe  storage, and entombment a re  developed i n  

d e t a i l  i n  Appendices I, J, and K i n  Volume 2 ,  respec t i ve l y .  They are  summarized 

i n  the  f o l  lowing sect ions.  

The p r i n c i p a l  assumptions made i n  the generat ion o f  c o s t  est imates f o r  the 

decommi s s i o n i  ng o f  the  reference BWR are:  

a The decommissioning s t a f f  i s  drawn from the  techn ica l  and operat ions s t a f f s  

o f  the  p l a n t  t o  the  maximum ex ten t  poss ib le .  Thus, a l l  support serv ices  

and the  pa r t - t ime  assis tance o f  many p l a n t  s t a f f  members can be u t i l i z e d  

du r ing  the p lanning and prepara t ion  per iod,  w i  t h  on l y  nominal cos ts  t o  

the  decommissioning program. 

The possession-only l i cense  i s  i n  p lace by f i n a l  r e a c t o r  shutdown, per-  

mi tti ng decommissioning a c t i v i t i e s  t o  begin promptly.  

Chemical decontamination o f  the se lec ted  systems and equipment permi ts  

the  decommissioning s t a f f  t o  work i n  d i r e c t  con tac t  w i t h  these systems. 

Pool l i n e r s  and most p i p i n g  and equipment i n  the  Reactor Bu i l d ing ,  

t he  Turbine Generator Bu i ld ing ,  and the radwaste area a re  contaminated 

and r e q u i r e  packaging f o r  shipment t o  a b u r i a l  s i t e .  

Costs a re  based on e a r l y  1978 p r i c e s  and wage ra tes .  

10.1 COSTS FOR IMMEDIATE DISMANTLEMENT 

The est imated c o s t  f o r  immediate dismantlement of the reference BWR, 

i n c l u d i n g  a 25% contingency, i s  $43.6 m i l l i o n ,  as summarized i n  Table 10.1-1. 

D e t a i l s  o f  the  development o f  these costs a re  discussed i n  Sect ion 1.3 o f  

Appendix I. 

Other poss ib le  immediate dismantlement requirements ( i  .e., spent f u e l  

shipment, f a c i  li t y  demo1 i t i o n  and s i t e  r e s t o r a t i o n ,  deep geologic  d isposal  of 



TABLE 10.1-1. Summary o f  Estimated Costs f o r  Immediate Dismantlement 

Estimated C s t  
Cost Category ( $  m i l l  ions)?a,g) Percent Tota l  cTf 

Disposal o f  Radioact ive Mater i  a1 s 
Neutron-Act i  vated Mate r ia l  s 2.300 
Contaminated Mater 4.909 
Radioact ive Wastes 1.469 

To ta l  Disposal Costs 8.678 24.9 

S t a f f  Labor 
Energy 
Special Tools and Equipment 

M i  s c e l l  aneous Suppl i e  
s p e c i a l t y  Contractors fe)  
Nuclear Insurance 
License Fees 

Subtota l  

Contingency (25%) 

Tota l ,  Imnediate Dismantlement Costs 

Other Possible Costs 

Spent Fuel Shipment 
Faci 1 i t y  Demo1 i t i o n  and S i t e  Restorat ion 
Deep Geologic Disposal o f  H igh ly  Ac t i va-  

ted  Ma te r i a l s  
Fuel Channel Disposal 

Subtota l  

Contingency (25%) 

Tota l ,  Other Poss ib le  Costs 

(a)Costs ad justed t o  e a r l y  1978. 
(b)The number o f  s i g n i f i c a n t  f i gu res  shown i s  f o r  computational completeness 

and does n o t  imply  accuracy t o  t h e  nearest $1000. 
( c )  I nd i v i dua l  l y  rounded t o  the  nearest 0.1 %. 
(d) Inc ludes both wet so l  i d  wastes and d r y  so l  i d  wastes. 
(e) Inc ludes explosives, temporary radwaste, and environmental rnoni t o r i  ng 

serv ices.  
(f)Does n o t  inc lude  costs  f o r  handl ing a t  the  reac to r  o r  costs f o r  handl ing 

and storage a t  the  repos i to ry ;  i f  required, shipment by spec ia l  t r a i n  costs  
an add i t i ona l  est imated $2.451 m i l  1 ion,  maximum. 

(g)Incremental  cos t  i n  a d d i t i o n  t o  the  cos t  f o r  shal low- land d isposal  o f  
these mate r ia l s ;  t he  maximum add i t i ona l  cos t  f o r  shipment by spec ia l  t r a i n  
i s  est imated a t  $1.254 m i l l i o n .  

(h)Al  t e rna te  deep geologic d isposal  costs  an est imated $1.047 mi 11 ion; 
shipment by spec ia l  t r a i n  t o  t he  deep geologic disposal f a c i l i t y  increases 
t h i s  c o s t  by an est imated maximum cos t  o f  $0.456 m i l l i o n .  



h i g h l y  a c t i v a t e d  mater ia ls ,  and f u e l  channel d isposa l )  are est imated t o  cos t  

about $23 m i l l i o n ,  i n c l u d i n g  a  25% contingency. 

10.1.1 Costs f o r  Disposal o f  Radioact ive Ma te r ia l s  

Three types o f  r a d i o a c t i v e  ma te r ia l s  i n  the reference BWR t h a t  requ i re  

d isposal  a re  1  ) neutron- act ivated mater ia ls ,  2)  contaminated ma te r ia l s  , and 

3 )  r a d i o a c t i v e  wastes. The t o t a l  cos t  f o r  d isposal  o f  these ma te r ia l s  i s  

about $8.7 m i l l i o n  and i s  approximately 25% o f  t he  t o t a l  immediate dismantle-  

ment cost .  The d isposal  cos t  inc ludes the conta iner ,  t r anspor ta t i on ,  and 

b u r i a l  cos ts  b u t  n o t  the  d i r e c t  l abo r  costs f o r  removing and packaging the 

mater ia ls .  

The neutron- act ivated ma te r ia l s  a re  contained i n  the  reac to r  vessel , the 

vessel i n t e r n a l  s, and the s a c r i f i c i a l  sh ie ld ,  and a re  loca ted i n s i d e  Primary 

Containment. D e t a i l s  o f  the d isposal  o f  the  neutron- act ivated ma te r ia l s  a re  

g iven i n  Table 1.3-3 i n  Appendix I. The t o t a l  r a d i o a c t i v i t y  est imated t o  be 

present  i n  the  neutron-act ivated ma te r ia l s  i s  approximately 6.6 m i l l i o n  cu r ies .  

The packaged ma te r ia l s  r e q u i r e  an est imated 317 overweight t ruck  shipments and 
3  occupy 228 m o f  space i n  a  shal low- land b u r i a l  f a c i l i t y .  The t o t a l  est imated 

c o s t  f o r  d isposal  o f  the  neutron-act ivated ma te r ia l s  i n  a  shal low- land b u r i a l  

f a c i l i t y  i s  about $2.3 m i l l i o n .  

Contaminated m a t e r i a l s  i n  the reference BWR are  assumed t o  inc lude much 

of the  p i p i n g  and equipment loca ted  i n  the  Reactor Bui ld ing/Pr imary Containment, 

the Turbine Generator Bu i l d ing ,  and the  Radwaste and Control  Bu i ld ing .  I n  

add i t i on ,  many concrete surfaces i n  these th ree  b u i l d i n g s  are  assumed t o  be 

contaminated, thus r e q u i r i n g  sur face removal t o  a  depth o f  about 0.05 m. Break- 

downs o f  the  d isposal  cos ts  f o r  contaminated ma te r ia l s  are g iven i n  Table 1.3-4 

i n  Appendix I. Approximately 8600 c u r i e s  (see Sect ion E.2 o f  Appendix E i n  

Volume 2)  o f  r a d i o a c t i v i t y  a re  removed w i t h  the contaminated ma te r ia l s .  These 

ma te r ia l s  r e q u i r e  an est imated 806 t r u c k  shipments t o  and an est imated 17,219 m 3  

o f  space ( i n c l u d i n g  the  disposable conta iners,  as requ i red )  a t  a  shal low- land 

b u r i a l  s i t e .  The t o t a l  d isposal  cos t  f o r  contaminated ma te r ia l s  from the 

reference BWR i s  about $4.91 m i l l  ton. 

Twenty la rge ,  contaminated heat exchangers i n  the  reference BWR r e q u i r e  

spec ia l  segmenting f o r  sh ipping and b u r i a l .  These are  the two RHR heat 



exchangers i n  t he  Reactor Bui 1 d ing  and the  14 low-pressure feedwater heaters, 1 
the  two moisture separator  reheaters, and the  two high-pressure feedwater 

heaters i n  t he  Turbine Generator Bu i ld ing .  To comply both w i t h  overweight 

sh ipp ing  l i m i t s  us ing  standard vehic les and w i t h  b u r i a l  s i t e  hand l ing  c a p a b i l i t i e s ,  
- 

these heat  exchangers r e q u i r e  segmenting i n t o  4, 42, 26, and 8 i n d i v i d u a l l y  

contained packages, respec t i ve l y ,  as shown i n  Table 1.3-4 i n  Appendix I. I 

A savings can be made i f  the  e l e c t r o p o l i s h i n g  decontamination system i s  1 

3 
successful  i n  c lean ing  s t a i n l e s s  s tee l  and carbon s tee l  components t o  unre- I 

s t r i c t e d  use l eve l s ,  thus p e r m i t t i n g  salvage and sa le  o f  the  decontaminated . I 

mater i  a1 . About 400 Mg o f  s t a i n l e s s  s t e e l  and 4300 Mg o f  carbon s tee l  are 1 
p o t e n t i a l l y  salvageable. Using salvage values o f  $0.60 per  kg f o r  s t a i n l e s s  . 
s t e e l  and $0.20 per  kg f o r  carbon s t e e l  and the  avoided d isposal  cos t  o f  

$0.38 per kg, salvage o f  t he  contaminated s t a i n l e s s  s tee l  and carbon s tee l  p ipe  
I 
I 

and equipmpnt g ives a p o t e n t i a l  saving o f  $2.9 m i l l i o n .  

Radioact ive wastes generated du r ing  dismantlement o f  the  reference BWR are  

categor ized as e i t h e r  wet s o l i d  waste o r  d ry  s o l i d  waste. 

Wet s o l i d  wastes r e s u l t  from the  processing o f  chemical decontamination 

so lu t i ons  and contaminated water volumes. These wastes i nc lude  concent ra tor  

bottoms, f i l t e r  sludges, and spent demineral izer  res ins, .as w e l l  as n e u t r a l i z e d  

chemical s o l u t i o n s  from decontamination o f  the  contaminated d r a i n  systems. 

Wet s o l i d  wastes a re  assumed t o  be mixed w i t h  a cement s o l i d i f y i n g  agent and 

encapsulated i n  a s tee l  cask l i n e r  p r i o r  t o  being shipped t o  a shal low- land 

b u r i a l  f a c i l i t y .  The d isposal  cos t  data f o r  wet s o l i d  wastes generated du r ing  

immediate dismantlement a re  contained i n  Table H.5-10 i n  Appendix H (Volume 2) .  
3 An est imated 286 t r u c k  shipments and 816 m o f  b u r i a l  space are  requ i red  t o  

dispose o f  the  wet so l  i d  wastes, a t  a t o t a l  cos t  o f  $1,073,400. 

Dry so l  i d  wastes i nc lude  discarded, contaminated ma te r ia l s  such as p l a s t i c  

sheeting, rags, and ant icontaminat ion  c l o t h i n g .  They are  expected t o  occur as a 

r e s u l t  o f  most o f  the  tasks s p e c i f i e d  i n  Sect ion 1.2 o f  Appendix I and are  

est imated on a taskwise basis .  The d ry  s o l i d  wastes are  compacted as much as 

poss ib le  t o  reduce t h e i r  volume. About 31% o f  the  d ry  s o l i d  waste i s  assumed 

t o  r e q u i r e  s h i e l d i n g  du r ing  shipment, w i t h  the  remainder shipped unshielded i n  



c losed t rucks .  An est imated 86 overweight t r u c k  shipments (72 sh ie lded and 

14 unshielded) a re  requ i red  t o  t r a n s p o r t  t he  compacted, packaged, d r y  so l  i d  

wastes t o  a  shal low- land b u r i a l  f a c i l i t y ,  where they occupy an est imated 678 m 3  

o f  space. The t o t a l  d isposal  cos t  f o r  t he  d r y  s o l i d  wastes from immediate d i s -  

mantlement i s  est imated a t  $395,650. 

10.1.2 Costs f o r  S t a f f  Labor 

The cos ts  f o r  s t a f f  l a b o r  du r i ng  immediate dismantlement are shown i n  

d e t a i l  i n  Table 1.3-6 i n  Appendix I. More than 50% o f  t he  t o t a l  immediate d i s -  

mantlement c o s t  i s  associated w i t h  t he  s t a f f  l a b o r  requirements. A t o t a l  s t a f f  

l a b o r  c o s t  o f  about $17.6 m i l l i o n  i s  est imated f o r  immediate dismantlement o f  

t h e  re fe rence BWR. Spec ia l t y  c o n t r a c t o r  l a b o r  i s  n o t  inc luded i n  t h i s  t o t a l .  

The dedicated manpower cos ts  f o r  t he  immediate dismantlement tasks are g iven 

i n  Table 1.3-7 i n  Appendix I. These cos ts  a re  a t t r i b u t e d  t o  manpower t h a t  i s  

s p e c i f i c a l l y  assigned t o  t he  tasks and do no t  i nc lude  e i t h e r  nondedicated per-  

sonnel o r  management and suppor t  s t a f f  (see Figure H.l-1 i n  Appendix H ) .  

10.1 .3 Costs f o r  Energy 

The cos ts  f o r  energy du r i ng  immediate dismantlement a re  presented i n  

Table 1.3-8 i n  Appendix I, together  w i t h  t he  est imated usage o f  bo th  e l e c t r i c i t y  

and f u e l  o i l .  The usage o f  bo th  energy forms i s  est imated based on a  d e t a i l e d  

ana l ys i s  o f  t he  requirements f o r  t he  essen t i a l  systems and serv ices  and the  

immediate dismantlement tasks and schedule, presented i n  Table 9.1-1 and 

F igure  9.1-1 i n  Chapter 9, r espec t i ve l y .  

A t o t a l  o f  106,400 MWh o f  e l e c t r i c i t y ,  c o s t i n g  $1,590,000, and 14,570 m3 

o f  f u e l  o i l ,  c o s t i n g  $1,923,290, a re  est imated t o  be used du r i ng  immediate d i s -  

mantlement. The t o t a l  c o s t  f o r  energy i s  about $3.5 m i l l i o n  and represents 

about 10% o f  t he  t o t a l  immediate dismantlement cost .  

10.1.4 Costs f o r  S ~ e c i a l  Tools and Eau i~men t  

The est imated cos ts  f o r  t he  spec ia l  t o o l s  and equipment t h a t  a re  requ i red  

f o r  inmiediate dismantlement o f  t he  re fe rence BWR are  presented i n  Table 1.3-9 

i n  Appendix I. The est imated t o t a l  c o s t  f o r  spec ia l  t o o l s  and equipment i s  



approximately $2.0 mil l ion,  which i s  approximately 6% of the t o t a l  immediate 

dismantlement cos t .  

10.1 .5 Costs f o r  M i  s ce l l  aneous Suppl i e s  

A va r ie ty  of supplies a r e  used during immediate dismantlement. These 

incl ude expendable g lass- f i  ber and HEPA f i  1 t e r s ,  an t i  contami nation clothing,  

cl  eani ng and contamination control suppl i e s  , expendable hand tool s ,  cu t t ing  and 

welding suppl ies ,  decontamination chemicals, and f i l t e r /deminera l i ze r  res ins .  

The estimated cos t s  f o r  these items a r e  given i n  Table 1.3-10 i n  Appendix I .  

The t o t a l  estimated cos t  f o r  miscellaneous supplies during immediate dismantle- 

ment of the  reference BWR i s  about $1.9 mill ion and represents about 5% of the  

t o t a l  immediate dismantlement cos t .  

10.1.6 Costs f o r  Special ty Contractors 

The estimated cos t s  f o r  spec ia l ty  contractors a re  given i n  Table I .3-11 i n  

Appendix I .  As discussed i n  Section H.3 of Appendix H ,  these spec ia l ty  contrac- 

t o r s  perform explosives work, temporary radwaste handling, and environmental 

monitoring. The costs  f o r  a hauling contractor  a r e  not shown i n  t h i s  t ab le ,  

but a r e  shown as " t ranspor ta t ion costs"  in  Section I .3.1 of Appendix I f o r  

disposal of radioact ive  wastes. 

The t o t a l  cos t  f o r  specia l ty  contractors  during immediate dismantlement, 

excluding the  hauling contractor ,  i s  $356,000, which i s  about 1% of the  t o t a l  

imnediate dismantlement cos t .  

10.1 .7 Costs f o r  Nuclear Insurance 

The cos t s  f o r  nuclear l i a b i l i t y  insurance during immediate dismantlement 

a r e  estimated f o r  an assumed policy l im i t  of $125 mill ion carr ied  through the  

dismantlement period. The t o t a l  estimated cos t  f o r  nuclear insurance i s  

$800,000, which represents about 2.3% of the to ta l  immediate dismantlement cos t .  

10.1.8 Costs f o r  Licensing Fees 

The fees  charged f o r  l icensing services performed by the NRC a r e  delineated 

i n  10 CFR Par t  170. The costs  f o r  l icensing fees  during immediate dismantle- 

ment of the  reference BWR a re  shown i n  Table 1.3-13 in Appendix I .  The t o t a l  



cost for  licensing services i s  $50,800, which i s  approximately 0.1% of the total  

imnediate dismantlement cost. 

10.1.9 Other Possible Costs 

Four additional categories of costs could figure into the total  immediate 

dismantlement cost,  depending on how they are  classif ied.  In th is  study, these 

cost categories are presented separately, since they cannot be clearly identified 

as belonging to immediate dismantlement. The tasks tha t  require these costs 

are  : 

shipment of the spent reactor fuel to  an o f f s i t e  repository 

demolition of the structures and restoration of the s i t e  

a l ternat ive disposal of the highly activated materials in a deep geologic 

disposal faci 1 i ty  

disposal of the fuel channels. 

Since the ultimate disposition of the spent reactor fuel i s  not known, i t  

i s  assumed i n  t h i s  study that  the 764 fuel assemblies from the final ,reactor 

core load are shipped by rai  1 , together with the i r  fuel channels, to  a repository 

located 24.00 km from the reference BWR. The total  estimated cost for  shipping 

the spent fuel and channels to  the repository i s  $3,788,000. This does not 

include e i ther  handling costs a t  the reactor or  handling and storage costs a t  

the repository. 

The costs for  demolishing the decontaminated and uncontaminated structures 

of the reference BWR are summarized in Table L.3-1 in Appendix L (Volume 2 ) .  

The total  cost of $1 3,244,000 (without contingency) incl udes labor, suppl ies ,  

overheads, and prof i t ,  b u t  not extraordinary insurance premium, bonding, or 
s t a t e  sales  tax. Details of cost estimates for  th i s  task are given in 

Section L.3 of Appendix L .  

The estimated disposal cost for  the neutron-activated materials given in 

Table 10.1-1 i s  based on the assumption that  a l l  of these materials are placed 

in a shallow-land disposal s i t e .  If  the amount of radioactivity in these 

neutron-activated materials i s  suff ic ient ly  great for  them to be classif ied as 

intermediate-level wastes, they would have to  be placed in a deep-geologic 



disposal  f a c i l i t y .  The incremental cos t  f o r  d isposing o f  these m a t e r i a l s  i n  a 

deep geologic  d isposal  f a c i  1  i ty  i s  $848,360 greater  than the  shal low- land b u r i a l  

cos t .  

The assumption t h a t  the f u e l  channels a re  shipped and s to red  w i t h  the  

spent f u e l  i s  based on p r a c t i c a l i t y  r a t h e r  than on present  p rac t i ce .  Therefore, 

an ana lys i s  i s  needed t o  determine the  a l t e r n a t i v e  costs f o r  d ispos ing  o f  the 

f u e l  channels e i t h e r  i n  a shal low- land d isposal  f a c i l i t y  o r  i n  a deep-geologic 

d isposal  f a c i l i t y .  The est imated cos ts  f o r  d isposal  o f  the  f u e l  channels a re  

$617,000 f o r  shal low- land b u r i a l  d isposal  and $1,047,000 f o r  deep geologic  

d isposal  . 

10.2 COSTS FOR PREPARATIONS FOR PASSIVE SAFE STORAGE 

The est imated c o s t  f o r  preparat ions f o r  passive sa fe  storage, i n c l u d i n g  

a 25% contingency, i s  $21.29 m i l l i o n ,  as summarized i n  Table 10.2-1. D e t a i l s  

o f  the  development o f  these cos ts  a re  g iven i n  Sect ion 5.5 o f  Appendix J  

(Volume 2). 

A poss ib le  cos t  f o r  preparat ions f o r  passive safe storage--spent f u e l  

shipment-- is est imated t o  cos t  about $3.79 m i l l i o n ,  n o t  i n c l u d i n g  a 25% con- 

t ingency.  I f  spec ia l  t r a i n s  are  requi red,  an a d d i t i o n a l  c o s t  o f  $2,451,000 i s  

necessary f o r  43 single-cask shipments (see Sect ion M.4.2 o f  Appendix M ) .  The 

use o f  more than one cask per  shipment decreases t h i s  cos t  i n  p ropo r t i on  t o  

the  number o f  casks per  t r a i n .  

10.2.1 Costs f o r  Disposal o f  Radioact ive Ma te r ia l s  

Both wet s o l i d  wastes and d ry  s o l i d  wastes r e q u i r e  d isposal  du r ing  

preparat ions f o r  passive safe storage. The t o t a l  cos t  f o r  d isposal  o f  these 

m a t e r i a l s  i s  about $1.2 m i l l i o n  and i s  approximately 7% o f  the preparat ions 

cos t .  The d isposal  cos t  inc ludes the conta iner ,  t r anspor ta t i on ,  and b u r i a l  

cos ts ,  bu t  does n o t  i nc lude  the  d i r e c t  l abo r  costs f o r  removing and packaging 

these ma te r ia l s .  

10.2.2 Costs f o r  S t a f f  Labor 

The cos ts  f o r  s t a f f  l abo r  dur ing  preparat ions f o r  passive safe storage are  

shown i n  d e t a i l  i n  Table 5.5-4 i n  Appendix J. More than 65% o f  the c o s t  f o r  



TABLE 10.2-1. Summary o f  the  Estimated Costs f o r  the  
Preparat ions f o r  Passive Safe Storage 

Estimated C s t s  
c o s t  Category ($  mi l l i ons)?a ,b)  PercenIcYf TO t a  1 

Disposal o f  Radioact ive Mat 
r i a l s  (Radioact ive Wastes f a )  1.216 

S t a f f  Labor 11.254 
Energy 2.122 

Specia l  Tools and Equipment 
M i  sce l  1 aneous Suppl i e s  
Spec ia l t y  ~ o n t r a c t o r s ( e )  

Nuclear Insurance 0.500 2.9 
License Fees 0.038 0.2 

Subtota l  17.038 100.0 

Contingency (25%) 4.260 

To ta l ,  Preparat ions f o r  Passive 
Safe Storage Costs 21.298 

Other Possi b l  e Costs 

Spent Fuel Shipment 3. 788( f )  
Fuel Channel Disposal 0 . 6 1 7 ' ~ )  

Subto ta l  4.405 

Cont i  ngency (25%) 1 . I01 

To ta l  , Other Poss ib le  Costs 5.506 

(a)Costs ad jus ted  t o  e a r l y  1978. 
(b)The number o f  s i g n i f i c a n t  f i g u r e s  shown i s  f o r  computational completeness 

and does n o t  imp ly  accuracy t o  t h e  nearest  $1000. 
( c )  I n d i v i d u a l  l y  rounded t o  t h e  nearest  0.1 %. 
(d )  I n c l  udes bo th  wet so l  i d  wastes and d r y  so l  i d  wastes. 
(e )  I n c l  udes temporary radwaste, environmental mon i to r ing  serv ices,  and 

s e c u r i t y  preparat ions.  
( f )  If requi red,  shipment by spec ia l  t r a i n  would c o s t  an 'add i t iona l  est imated 

$2.451 m i l  1 ion ,  maximum. 
(g)Deep geo log ic  d isposal  ($1.047 m i  11 i o n )  and use o f  specia l  t r a i n s  ($0.456 

m i l l i o n )  cou ld  add $1.5 m i l l i o n  t o  t h i s  est imated cos t .  



preparat ions f o r  passive safe storage i s  associated w i t h  s t a f f  labor .  A 

t o t a l  s t a f f  l a b o r  cos t  o f  about $11.2 m i l  1  i o n  i s  estimated f o r  prepar ing the  

reference BWR f o r  passive safe storage. Spec ia l ty  cont rac tor  l abo r  i s  n o t  

inc luded i n  t h i s  t o t a l  . 
10.2.3 Costs f o r  Energy 

The costs f o r  energy dur ing  preparat ions f o r  passive safe storage are  

presented i n  Table 3.5-5 i n  Appendix J, together  w i t h  the  est imated usage o f  

both e l e c t r i c i t y  and f u e l  o i l .  The usage o f  both energy forms i s  est imated 

based on a d e t a i l e d  ana lys is  o f  the requirements f o r  the essent ia l  systems 

and serv ices and on the  tasks and schedule fo r  preparat ions f o r  passive safe 

storage, presented i n  Table 9.1-1 and Figure 9.2-2 i n  Chapter 9, respec t i ve l y .  

A t o t a l  o f  76,510 MWh o f  e l e c t r i c i t y ,  cos t i ng  $1,147,650, and 7385 mJ o f  

f u e l  o i l ,  cos t i ng  $974,820, i s  estimated t o  be used. The t o t a l  c o s t  f o r  energy 

i s  about $2.1 m i l l i o n ,  which i s  about 13% o f  the  t o t a l  cos t  o f  preparat ions 

f o r  passive safe storage. 

10.2.4 Costs f o r  Special  Tools and Equipment 

The est imated costs f o r  t he  specia l  t o o l s  and equipment t h a t  a re  requ i red  

f o r  prepar ing the  reference BWR f o r  passive safe storage a re  presented i n  

Table 5.5-6 i n  Appendix J. The estimated t o t a l  cos t  f o r  specia l  t o o l s  and 

equipment i s  approximately $0.35 m i  11 ion, which represents approximately 2% o f  

t h e  t o t a l  c o s t  f o r  preparat ions f o r  passive safe storage. 

1 0.2.5 Costs f o r  M i  scel  1 aneous Suppl i es 

A v a r i e t y  o f  suppl ies are  used dur ing  preparat ions f o r  passive safe 

storage. These inc lude  expendable g l  a s s- f i  ber and HEPA f i 1 te rs ,  ant icontami na- 

t i o n  c lo th ing ,  c leaning and contamination con t ro l  suppl ies, expendable hand 

too l s ,  c u t t i n g  and welding suppl ies, decontamination chemicals, and f i l t e r /  

demineral izer  res ins .  The estimated costs f o r  these items are  g iven i n  

Table 3.5-7 i n  Appendix J. The t o t a l  estimated cos t  f o r  miscellaneous supp l ies  

i s  over $1.3 m i l l  i o n  and represents about 8% o f  the  t o t a l  preparat ions f o r  

passive safe storage cost .  



10.2.6 Costs f o r  Special ty Contractors 

The estimated costs  f o r  specia l ty  contractors a r e  given i n  Table 5.5-8, 

Appendix J .  As discussed i n  Section H.3 of Appendix H y  these specia l ty  

contractors perform temporary radwaste handl ing and environmental monitoring . 
The cos t s  f o r  a hauling contractor a r e  not shown i n  Table 5.5-8, b u t  a r e  shown 

as  " t ranspor ta t ion costs"  in Section J .  5.1 .1 f o r  disposal of radioactive 

wastes . 
The to ta l  cos t  f o r  specia l ty  contractors,  excluding the haul i ng contractor ,  

i s  approximately $195,500, which is  1 . l %  of the to ta l  cos t  f o r  preparations f o r  

passive s a f e  storage.  

10.2.7 Costs f o r  Nuclear Insurance 

The costs  f o r  nuclear l i a b i l i t y  insurance during preparations f o r  passive 

s a f e  storage a r e  estimated f o r  an assumed policy l i m i t  of $125 mill ion carr ied  

through the  ac t ive  decommissioning period. The to ta l  estimated cost  f o r  nuclear 

insurance is  $0.5 mill ion, which represents approximately 3% of the  t o t a l  cos t  

f o r  preparations f o r  passive s a f e  storage. 

The estimated cos t  f o r  nuclear l i a b i l i t y  insurance f o r  the reference BWR 

during the continping care period i s  $2500 per year. 

10.2.8 Costs f o r  Licensing Fees 

The fees  charged f o r  l icensing services performed by the NRC a r e  delineated 

i n  10 CFR Par t  170.(') The to ta l  cos t  f o r  1 icensing f ee s  i s  estimated t o  be 

$37,850, which is  approximately 0.2% of the to ta l  cos t  f o r  preparations fo r  

passive s a f e  storage.  

10.2.9 Other Possible Costs 

Other possible cos ts  a r e  discussed i n  de ta i l  i n  Section 10.1.9; however, 

only the costs  associated w i t h  spent fuel shipment and fuel  channel disposal 

a r e  applicable t o  the  t o t a l  cos t  analys is  during preparations f o r  passive 

sa fe  storage. The cos t s  f o r  spent fuel  shipment a r e  the same as those f o r  

immediate dismantlement. The spent fuel shipment cos t  of $3,788,000 (without 

contingency) does not include e i t he r  handl ing costs  a t  the reactor  o r  handling 

and storage costs  a t  the repository.  



i 
Disposal o f  t he  f u e l  bundle channels might  have t o  be accomplished indepen- 

den t l y  from disposal o f  the f u e l  bundles themselves. Bu r ia l  o f  the  f u e l  

channels i n  a shal low- land disposal f a c i l i t y  i s  estimated t o  c o s t  about 

1 
$617,000. Deep geologic disposal o f  the  f u e l  channels i s  est imated t o  add 1 
about $430,000, and shipment by spec ia l  t r a i n  could add about $456,000. 

10.2.10 Costs f o r  Continuing Care I 

The est imated annual costs f o r  cont inu ing care o f  the  reference BWR w h i l e  

i n  passive sa fe  storage are  developed i n  Sect ion 5.5.2 o f  Appendix J and are  4 

summarized i n  Table 5.5-1 1. The t o t a l  annual cos t  i s  est imated t o  be $75,000. 
I 

S t a f f  l a b o r  accounts f o r  about 76% o f  the  t o t a l ,  w i t h  allowances f o r  repa i r s  

and u t i l i t i e s  and serv ices c o n t r i b u t i n g  about 17%. Nuclear insurance (4%), 1 
. I 

equipment and suppl ies (2%),  and l i c e n s e  fees (1%) c o n s t i t u t e  the balance o f  

t he  annual cost .  1 

10.3 COSTS FOR ENTOMBMENT 

The est imated costs f o r  entombment o f  the  reference BWR, developed i n  

d e t a i l  i n  Sect ion K.3 o f  Appendix K (Volume 2),  are summarized i n  Table 10.3-1. 

Costs are  shown f o r  the  two entombment scenarios considered i n  t h i s  study. The 

costs are  grouped i n  categories cons is ten t  w i t h  those used f o r  immediate d i s -  

mantlement and passive safe storage costs. Entombment scenario 1 ( h i g h l y  a c t i  - 
vated r e a c t o r  vessel i n t e r n a l s  removed) i s  estimated t o  cos t  about $40.6 m i l l i o n ;  

entombment scenario 2 ( h i g h l y  ac t i va ted  reac to r  vessel i n t e r n a l  s  remain in- p lace)  

i s  est imated t o  cos t  about 14% less,  o r  about $35.0 m i l l i o n .  Annual cont inu ing 

care costs a re  est imated a t  about $40,000. Other poss ib le  costs are  est imated 

a t  about $16.2 m i l l i o n  f o r  scenario 1 and about $15.6 m i l l i o n  f o r  scenario 2. 

The t o t a l  costs i nc lude  a 25% contingency a1 lowance. 

10.3.1 Costs f o r  Disposal o f  Radioact ive Ma te r ia l  

For disposal o f  rad ioac t i ve  mater ia ls ,  costs are inc luded fo r  d isposal  o f  

neutron-act ivated mater ia ls ,  contaminated mater ia ls  , and rad ioac t i ve  (wet 

so l  i d  and d r y  s o l i d )  wastes. For entombment scenario 1, these d isposal  costs 

con t r i bu te  7.4%, 5.7%, and 4.5% o f  the  t o t a l  entombment costs, respect ive ly ;  

rad ioac t i ve  ma te r ia l s  disposal t o t a l s  about $5.7 m i l  l i o n  (17.6% o f  the t o t a l  

entombment cos ts ) .  Entombment scenario 2 involves no o f f s i  t e  d isposal  o f  



TABLE 10.3-1. Summary o f  Estimated Costs f o r  Entombment 

Entombment Scenario 1 Enton~bment Scenario 2 
Estimated o t s  f Estimated Co t s  

cost Category ($,iiiOn:)ta.b) ' E ? c ?  ($mi l l j ons ) fa .b )  p ? ~ E ~ ~ c ? f  

Disposal o f  Radioactive Materials 
Neutron-Activated Materials 
Contaminated Mater 
Radioactive Wastes 

Total Disposal Costs 

S t a f f  Labor 
Energy 
Special Tools and Equipment 

Miscellaneous Suppl i e  
Specialty Contractorsfe) 
Nuclear Insurance 
License Fees 

Subtotals 

Contingencies (25%) 

Totals, Entombment Costs 

Annual Continuing Care Costs 

Other Possible Costs 

Spent Fuel Shipment 
F a c i l i t y  Demolition and S i t e  ~ e s t o r a t i o n ( ~ )  
Deep Geological Disposal o f  Highly Activated Materials 
Fuel Channel Disposal 

Subtotals 

Contingencies (25%) 

Totals, Other Possible Costs 

(a)Costs adjusted t o  ear l y  1978. 
(Emerrumber o f  s i g n i f i c a n t  f igures shown i s  f o r  computational completeness and does not imply accuracy t o  the 

nearest $1 000. 
(c ) Ind iv idua l l y  rounded t o  the nearest 0.1%. 
(d)Includes both wet s o l i d  wastes and dry s o l i d  wastes. 
(e) Includes temporary radwaste and environmental monitoring services. 
( f ) I f  required, shipment by special t r a i n  costs an estimated addi t ional  $2.451 mi l l i on ,  maximum. 
(g)Does not  include demolit ion o f  the Reactor Bui ld ing o r  the Guardhouse. 
(h)Incremental cost i n  addi t ion t o  the cost f o r  shallow-land bur ia l  o f  these materials; the maximum addi t ional  cost 

f o r  shipment by special t r a i n  i s  estimated a t  $1.254 mi l l i on .  
( i  )A1 ternate deep geologic disposal costs an estimated $1.047 m i l l  ion; shipment by special t r a i n  t o  the deep 

geologic disposal f a c i l i t y  increases t h i s  cost by an estimated maximum o f  $0.456 m i l l i o n .  



I 

neutron-activated materials  . Therefore, scenario-2 disposal cos t s  include 

just the  cos t s  f o r  disposal of contaminated material s and radioactive wastes 

(7.1% and 5.3% of the  t o t a l  entombment cos t s ,  respect ively) ;  t o t a l  disposal 
i 

cos t s  a r e  just under $3.5 mil 1 ion (about 12.4% of the to ta l  entombment co s t s ) .  

As discussed i n  Section 10.1 f o r  immediate dismantlement, s i gn i f i c an t  cos t  

savings could be real  i zed by e l  ectropol i sh i  ng stain1 ess s t e e l  components t o  a1 low 

re1 ease and salvage. I 

t 

10.3.2 Costs f o r  Staff  Labor 

S ta f f  labor cos t s  include both the  management and support s t a f f  and the  I 
decommissioning workers and cover the planning and preparation period as  well . I 

a s  the  years of a c t i ve  decornmi ssioni  ng. However, special ty  contractor  1 abor i s  
not included i n  this category. S ta f f  labor is estimated t o  co s t  about $18.1 mill ion 

I 
(55.7% of the  t o t a l )  f o r  scenario 1 and about $17.0 mill ion (60.8% of the  t o t a l )  

I 

f o r  scenario 2. 

10.3.3 Costs f o r  Energy 

Energy cos t s  include the costs  f o r  e l e c t r i c i t y  and fuel o i l  consumed 

during decommissio~~ing. As shown in Table K.3-6 i n  Appendix K, about 123,500 MWh 
3 of e l e c t r i c i t y  and about 14,600 rn of fuel  o i l  a r e  estimated t o  be consumed, 

f o r  a t o t a l  co s t  of about $3.8 mill ion.  This amounts t o  11.6% of the t o t a l  cos t  
f o r  scenario 1 and 13.5% of the  t o t a l  f o r  scenario 2. 

Costs f o r  Special Tools and Equipment 

The cos t s  f o r  special tools  and equipment cover development, procurement, 

and t es t ing  of a l l  special tools  and equipment required t o  carry  out  the  entomb- 

ment project .  The t o t a l  cos t  f o r  this category i s  estimated t o  be just over 

$2.0 mil 1 ion f o r  scenario 1 and about $870,000 f o r  scenario 2; this represents 

6.2% and 3.1% of the  t o t a l  entombment cos ts  f o r  scenario 1 and scenario 2,  

respectively.  

10.3.5 Costs f o r  Miscel laneous Suppl i e s  

Items such as  disposable protective clothing,  decontamination chemicals, 

decontamination agents, rags, mops, p l a s t i c  bags and sheeting,  glass- f iber  and 

HEPA f i l t e r s ,  ion exchange res ins ,  and expendable tools  a r e  grouped together 



as miscellaneous supplies. The total  cost for  miscellaneous supplies i s  

estimated to be about $1.9 million, which i s  about 5.7% of the total  cost for  

scenario 1 or about 6.6% of the total  for  scenario 2. 

10.3.6 Costs for  S ~ e c i a l t v  Contractors 

Specialty contractors provide temporary radwaste processing and environ- 

mental monitoring during entombment a t  an estimated cost of about $170,000. 

This accounts for  0.5% and 0.6% of the total  cost for  scenario 1 and scenario 2 ,  

respectively. 

10.3.7 Costs for  Nuclear ~nsurance and Licensing Fees 

Nuclear insurance and license fees,  estimated to cost about $800,000 and 

about $39,000, respectively, make u p  the balance of the entombment costs,  

representing 2.6% to 3.0% of the to t a l .  

Costs for Continuing Care 

Continuing care, involving surveil lance and maintenance of the entombment 

structure,  i s  estimated to cost about $40,000 annually. Thus, a continuing care 

period of 100 years adds about $4.0 mill ion to the cost of decommissioning the 

reference BWR. In addition, deferred dismantlement of the entombment structure 

may be required before continuing care can be discontinued and the possession- 

only license terminated; th is  could also add significantly to the overall 

decommissioning cost. 

10.3.9 Other Possible Costs 

The other possible costs shown a t  the bottom of Table 10.3-1 are calculated 

in the same way as those for  immediate dismantlement, which are discussed in 

Section 90.1. The costs for  spent fuel shipment and fuel channel disposal are  

the same as those given for  immediate dismantlement. The cost for  f a c i l i t y  

demol i tion and s i t e  restoration af te r  entombment i s  considerably 1 ess than 

that  a f t e r  immediate dismantlement, because the Reactor Building and the Guard- 

house are  not demol ished. The incremental cost of deep geologic disposal of 

highly activated materials versus shallow-land burial i s  s l ight ly different  

than that  for  immediate dismantlement, because of differences in the way these 

materials are shielded for  transport to shallow-land burial .  This l a s t  cost 



applies only to  entombment scenario 1,  as a1 1 activated materials are  assumed 
to be l e f t  in  the entombment structure for  scenario 2. 1 

I 

10.4 COSTS FOR DEFERRED DISMANTLEMENT 

The estimated costs for  deferred dismantlement of the reference BWR a t  
various times a f t e r  shutdown are given in Table 10.4-1. Details of these cost 

estimates are  given in Section 5.7 of Appendix J (Volume 2) .  I t  i s  assumed 

that  the management and support s t a f f  i s  the same for  deferred dismantlement 
as i t  i s  for  immediate dismantlement. However, fewer decomnissioning workers 

are required for  deferred dismantlement than are  required fo r  immediate dis- 
mantlement, since the radiation dose rates  are  lower when dismantlement i s  
deferred. 

TABLE 10.4-1. Estimated Deferred Dismantlement Costs (a 

Dismantlement Costs ($ mil 1 ions) (b 

Cost Category 

Disposal of Radioactive Materials 

Neutron-Activated Material s 
Contaminated Materials 
Radioactive Wastes 
Staff Labor 
Energy 
Special Tools and Equipment 
Mi scel 1 aneous Suppl i es 
Specialty Contractors 
Nuclear Insurance 

License Fees 

Subtotal 
Contingency (25%) 

Total s 

- -  - - - .  
~i smantl ement ~ e i e r r e d  

10 and 30 Years 50 Years 100 Years 

(a)From Table 5.7-2 i n  Appendix J .  
(b) In constant 1978 do1 la rs .  



The t o t a l  decommissioning c o s t  f o r  passive safe storage combined w i t h  

de fer red  dismantlement a f t e r  10, 30, 50, and 100 years i s  g iven i n  Table 10.4-2. 

The t o t a l  decommissioning c o s t  i s  the sum o f  the  costs f o r  preparat ions f o r  

passive sa fe  storage, c o n t i  nu i  ng care, and dismantlement. I n  constant  do1 l a r s  , 
the  c o s t  f o r  decommissioning the reference BWR by passive safe storage fo l lowed 

by deferred dismantlement i s  more expensive than the $43.6 m i l  l i o n  c o s t  f o r  

immediate dismantlement. 

TABLE 10.4-2. Tota l  Decommissioning Costs f o r  Passive Safe Storage 
w i t h  Deferred Dismantlement 

Dismantlement Decommissioning Costs ( $  m i l l  i o n s ) ( a  'b) 
Deferred Preparat ions f o r  Deferred 
(Years) Passive Safe Storage COntinyirg Care c Dismantlement Tota l  

(a )  Inc ludes 25% contingency. 
(b )  I n  constant  1978 d o l l a r s .  
(c)The cont inu ing  care pe r iod  extends from the t ime o f  complet ion o f  the 

preparat ions f o r  safe storage, 2 years, u n t i l  the  s t a r t  o f  de fer red  
d i  sniantl ement. 
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I CHAPTER 11 

DECOMMISSIONING SAFETY 
t 

Occupational, publ i c ,  and t ranspor ta t i on  sa fe ty  impacts from decommission- 

i n g  the  reference BWR nuclear  power s t a t i o n  are summarized i n  t h i s  chapter. 

Decommissioning sa fe ty  impacts inc lude:  1  ) the  r a d i a t i o n  doses t o  and indus- 

t r i a l  acc idents i n v o l v i n g  decommissioning workers dur ing  performance o f  a c t i v e  

decomnii ssioning, 2 )  r a d i a t i o n  doses t o  the  publ i c  from r o u t i n e  o r  accidenta l  

atmospheric releases of r a d i o a c t i v i t y  dur ing  a c t i v e  decommissioning, and 3) t he  

r a d i a t i o n  doses t o  the  t ranspor ta t i on  workers and the  p u b l i c  dur ing  shipment o f  

r a d i o a c t i v e  ma te r ia l s  from the s i t e .  A conservat ive approach, us ing parameters 

t h a t  tend t o  maximize the  consequences, i s  used t o  evaluate the  sa fe ty  impacts 

o f  each decommissioning task. The eva luat ion  uses cu r ren t  ana lys is  data and 

method01 ogy . 
The eva luat ion  o f  decommissioning sa fe ty  i s  d i v ided  i n t o  three pa r t s :  

occupational safety,  publ i c  safety,  and t ranspor ta t i on  sa fe ty .  Radiat ion doses 

t o  and i n d u s t r i a l  accidents i n v o l v i n g  decommissioning workers are estimated 

using in fo rmat ion  about the  expected r a d i a t i o n  dose ra tes  discussed i n  Chapter 7 

and t h e  manpower requirements presented i n  Appendices I ,  J, and K o f  Volume 2 

f o r  t h e  th ree  modes o f  decommissioning the  reference BWR. Radiat ion doses t o  

the  p u b l i c  du r ing  decommissioning are determined using the  r o u t i n e  and acc i-  

denta l  atmospheric re lease scenarios presented i n  Appendix N o f  Volume 2 and 

the  r a d i a t i o n  dose methodology presented i n  Appendix F o f  Volume 2. Radiat ion 

doses t o  t ranspor ta t i on  workers and t o  the  p u b l i c  along the  t ranspor t  rou te  are 

based on the  rad ioac t i ve  mater ia l  shipment requirements o f  each decommissioning 

mode and on the  permiss ib le  r a d i a t i o n  exposure ra tes  f o r  shipments o f  rad ioac t i ve  

mater ia l  . 
A d e t a i l e d  p r o b a b i l i s t i c  ana lys is  o f  pos tu la ted accident  scenarios dur ing  

decommissioning i s  n o t  w i t h i n  the  scope o f  t h i s  study. However, se lected 

accidents are considered t h a t  can a f f e c t  both decommissioning workers and the 

p u b l i c  dur ing  decommissioning and t ranspor ta t i on  tasks. 



The est imated t o t a l  occupat ional r a d i a t i o n  doses are: 1845 man-rem f o r  

i m e d i a t e  dismantlement, 375 man-rem f o r  preparat ions f o r  passive sa fe  storage, 

1684 man-rem f o r  entombment scenar io 1,and 1573 man-rem f o r  entombment 

scenar io 2. Radiat ion doses f o r  deferred dismantlement a re  based on those 

f o r  immediate dismantlement, cor rec ted  f o r  6 0 ~ o  decay du r ing  the  sa fe  storage 

per iod.  Values range from 495 man-rem a f t e r  10 years t o  l e s s  than 1  man-rem 

a f t e r  100 years. The occupational doses a re  cor rec ted  f o r  r a d i o a c t i v e  decay 

assuming t h a t  6 0 ~ o  c o n t r o l s  the  decay o f  t he  ex terna l  r a d i a t i o n  dose r a t e ,  

us ing the  t ime a f t e r  shutdown a t  which each task i s  h a l f  completed (t imewise) 

and t h e  decay h a l f - 1  i f e  o f  6 0 ~ o .  

Pub l i c  r a d i a t i o n  doses a re  ca l cu la ted  f o r  both the  maximum-exposed i n d i v i -  

dual and the  popu la t ion  r e s i d i n g  w i t h i n  80 km o f  the s i t e  us ing the  c a l c u l a t e d  

atmospheric re leases.  For t he  maximum-exposed i n d i v i d u a l ,  t he  f i f t y - y e a r  com- 

m i t t e d  r a d i a t i o n  dose equ iva len ts  t o  the  lung ( i n  rem) from r o u t i n e  re leases 

du r ing  the  decommissioning modes are: 4.1 x  f o r  immediate dismantlement, 

3.1 x  f o r  preparat ions f o r  passive safe storage, and 3.8 x f o r  entomb- 

ment scenar io 1. Entombment scenar io 2, w i t h  fewer operat ions than scenar io 1, 

i s  n o t  analyzed. For t he  populat ion,  s i m i l a r  doses ( i n  man-rem) are:  

5 x  1 0 - ~ ,  3  x  and 4  x  lo- '  f o r  the th ree  decommissioning modes, respec- 

t i v e l y .  

The pos tu la ted  acc ident  t h a t  r e s u l t s  i n  the l a r g e s t  re lease o f  rad io-  

a c t i v i t y  i s  an explos ion o f  1  i q u i f i e d  propane gas (LPG) dur ing  contaminated 

concrete rubb le  removal. LPG i s  assumed t o  be the  f u e l  f o r  the  f ron t- end loader  

used t o  gather  t he  rubb le  f o r  packaging. The f i f t y - y e a r  committed r a d i a t i o n  

dose equ iva len t  t o  t he  lung o f  the  maximum-exposed i n d i v i d u a l  from t h i s  

acc ident  i s  c a l c u l a t e d  t o  be 1.5 x  rem. 

These p u b l i c  r a d i a t i o n  doses are  comparable w i t h  o r  l e s s  than those calcu-  

l a t e d  f o r  s i m i l a r  tasks a t  an opera t ing  BWR power s t a t i o n .  This  i s  because 

o f  1  ) t he  reduced i nven to r i es  o f  rad ionuc l  ides  a f t e r  t he  reac to r  f u e l  has been 

shipped and a f t e r  chemical decontamination, 2) the  c a r e f u l l y  designed procedures 

t h a t  minimize atmospheric release, 3) t he  use o f  e x i s t i n g  process and HVAC 

systems t o  ensure proper a i r  f lows i n  i s o l a t e d  work areas. 



Transpor ta t ion  of r a d i o a c t i v e  ma te r i a l s  r e s u l t s  i n  ex te rna l  r a d i a t i o n  
doses t o  t h e  t r a n s p o r t a t i o n  workers and t o  t he  p u b l i c  along the  t r a n s p o r t a t i o n  

rou te .  For r a i l  shipment o f  spent r e a c t o r  f u e l ,  t he  ex te rna l  dose t o  t he  r a i l  

t r a n s p o r t a t i o n  workers i s  c a l c u l a t e d  t o  be 5.4 man-rem and the  ex te rna l  dose 

t o  t h e  popu la t i on  i s  c a l c u l a t e d  t o  be 0.46 man-rem. The shipment o f  spent 

r e a c t o r  fue l  i s  assumed t o  r e s u l t  i n  t h e  same r a d i a t i o n  doses f o r  a l l  th ree  

decommissioning modes considered. Ex terna l  r a d i a t i o n  doses ( i n  man-rem) t o  

t r u c k  t r a n s p o r t a t i o n  workers du r i ng  r a d i o a c t i v e  waste shipments a re  ca l cu la ted  

t o  be: 110 f o r  immediate dismantlement, 22 f o r  preparat ions f o r  passive sa fe  

storage, 69 f o r  entombment scenar io  1, and 51 f o r  entombment scenar io  2. For 

t h e  populat ion,  corresponding doses ( i n  man-rem) are: 10, 2.2, 6.7, and 4.9. 

For de fer red  dismantlement, t he  immediate dismantlement doses are  reduced i n  

p ropo r t i on  t o  t he  decay o f  6 0 ~ o  dur ing  the  sa fe  s torage per iod .  

11.1 TECHNICAL APPROACHES 

The s a f e t y  eva lua t i on  i s  d i v i d e d  i n t o  two areas o f  i n t e r e s t :  r a d i o l o g i c a l  

sa fe ty  and nonrad io log ica l  sa fe ty .  Rad io log ica l  s a f e t y  i s  evaluated us ing  a  

t h ree- pa r t  t echn i ca l  approach. F i r s t ,  a  d e s c r i p t i o n  o f  the  reference f a c i l i t y  

i s  developed (see Chapter 7 ) .  Second, t h e  rad ionuc l  i d e  i n v e n t o r i e s  and e x t e r -  

n a l  dose r a t e s  w i t h i n  t h e  f a c i l i t y  a re  charac ter ized  and q u a n t i f i e d  ( a l s o  see 

Chapter 7 ) .  F i n a l  l y  , re ference decommissioning tasks are  de f ined  f o r  each 

mode t o  pe rm i t  c a l c u l a t i o n  o f  r a d i a t i o n  exposures (discussed i n  Appendices I, 

J ,  K, and N ) .  The non rad io log i ca l  s a f e t y  eva lua t i on  i s  based on i n d u s t r i a l  

and t r a n s p o r t a t i o n  acc idents t h a t  r e s u l t  i n  i n j u r i e s  o r  f a t a l i t i e s .  The techn i-  

c a l  approach i s  d i v i d e d  i n t o  two pa r t s .  F i r s t ,  t he  t o t a l  l a b o r  requirements 

f o r  each decommissioning mode are analyzed and d i v i d e d  i n t o  categor ies o f  e f f o r t  

(discussed i n  Appendices I, J, and K) ;  second, i n j u r i e s  and f a t a l i t i e s  are 

ca l cu la ted  based on s t a t i s t i c a l  i n fo rma t i on  from t h e  l i t e r a t u r e  on acc ident  

f requencies f o r  t h e  d i f f e r e n t  ca tegor ies  o f  e f f o r t .  

Key assumptions a re  made du r i ng  the  s a f e t y  eva lua t i on  t o  coord inate t he  

p a r t s  o f  each o f  t he  techn i ca l  approaches. Some o f  t he  major assumptions are: 



1. The q u a n t i t i e s ,  mix tu res  of rad ionuc l ides ,  and ex terna l  dose r a t e s  are  

t y p i c a l  of  those found a t  an opera t ing  BUR, as discussed i n  Chapter 7. 

The re ference rad ionuc l i de  mix tures  a t  the  t ime o f  f i n a l  shutdown o f  

t h e  reference BWR a re  mixtures t h a t  character ize:  s t a i n l e s s  s t e e l  
a c t i v a t i o n  products, carbon s t e e l  a c t i v a t i o n  products, r e i n f o r c e d  concrete 

a c t i v a t i o n  products, i n t e r n a l  sur face contamination, and s t r u c t u r a l  sur face - 

ex te rna l  contaminat ion. 

2. The p l a n t  equipment areas are  kept  r e l a t i v e l y  f r e e  o f  r a d i o a c t i v e  contami- 

n a t i o n  du r ing  the  opera t ing  l i f e t i m e  t o  permi t  opera t iona l  maintenance. 

As a  r e s u l t ,  expected r a d i o a c t i v e  contaminat ion l e v e l s  a re  genera l l y  

modest and a re  reasonably cons i s ten t  w i t h  the q u a l i t y  o f  opera t ion  expected 

i n  modern commercial nucl  ear power p lan ts .  

3.  Accidents t h a t  occur dur ing  p l a n t  opera t ion  are r e l a t i v e l y  minor w i t h  

respect  t o  r a d i o a c t i v e  contaminat ion o f  normal ly  c lean surfaces. Any 

major contami n a t i o n  episodes are c l  eaned up inlmedi a t e l y  f o l  1  owing t h e  

event. 

4. Rad ia t ion  p r o t e c t i o n  techniques app l i ed  conform t o  the p r i n c i p l e  o f  

keeping occupational r a d i a t i o n  dose as low .as reasonably achievable (ALARA) . 
5. A l l  r a d i o a c t i v e  wastes shipped o f f s i t e  a re  shipped i n  accordance w i t h  

Department o f  Transpor ta t ion  regu la t ions .  Spent reac to r  f u e l  i s  shipped 

2400 km by r a i l  t o  a  r e p o s i t o r y  and rad ioac t i ve  wastes a re  shipped 800 km 

by t r u c k  t o  a  shal low- land b u r i a l  ground. 

6. The l a r g e s t  p o t e n t i a l  r a d i o l o g i c a l  consequence o f  a  given decommissioning 

task  i s  associated w i t h  per forming t h a t  operat ion i n  the  area w i t h  the  

1  arges t  i nventory o f  r a d i  onucl ides  . 

7. The maximum re lease from a  s p e c i f i c  decommissioning task app l i es  t o  t h a t  

t ask  whenever i t  i s  used i n  the  f a c i l i t y .  I n  performing the dose ca l cu la-  

t i o n s  f o r  re leases o f  rad ionuc l ides  from r o u t i n e  tasks, the  est imated 

t o t a l  re leases f o r  t he  e n t i r e  decommissioning pe r iod  are re leased a t  a  

un i fo rm r a t e  dur ing  a  1-year per iod.  



8. A l l  atmospheric releases conta in  the  rad ionuc l ide  mixtures t h a t  a re  pre- 

sent  a t  p l a n t  shutdown, w i t h  no c r e d i t  taken f o r  r a d i o a c t i v e  decay. 

(Radionucl ide re leases dur ing  de fer red  dismantlement a f t e r  a  per iod  o f  

cont inu ing  care are  n o t  ca l cu la ted  i n  t h i s  ana lys is . )  

9. The atmospheric re lease o f  rad ionuc l ides  i s  the  on l y  source of r a d i a t i o n  

t o  t h e  p u b l i c  from r o u t i n e  decommissioning. ( A l l  l i q u i d  releases are  

assumed t o  be w i t h i n  the  l i m i t s  es tab l ished f o r  an opera t ing  BWR, and they 

are  n o t  f u r t h e r  analyzed i n  t h i s  study.) 

10. A  contaminat ion c o n t r o l  envelope has a  t ransmiss ion f a c t o r  o f  5 x  

through the  f i l t e r e d  exhaust and a  leakage o f  lo%, which i s  used as a  

maximized value t o  account f o r  r o u t i n e  ruptures o r  f a i l u r e s  of the  contami- 

n a t i o n  c o n t r o l  envelope. 

Other s p e c i f i c  assumptions used i n  c a l c u l a t i n g  the occupational doses are  

found i n  Appendices I ,  J y  and K. A complete d iscussion o f  the assumptions 

and methods used f o r  the  p u b l i c  and t ranspor ta t i on  r a d i a t i o n  dose c a l c u l a t i o n s  

i s  found i n  Appendix N. 

OCCUPATIONAL SAFETY OF DECOMMISSIONING THE REFERENCE BWR 

Occupational s a f e t y  f o r  immediate dismantlement, passive safe storage, and 

entombment i s  evaluated both f o r  r a d i a t i o n  exposure and f o r  nonrad io log ica l  

i n d u s t r i a l  acc idents.  

Estimates o f  occupat ional r a d i a t i o n  doses are based on the pos tu la ted  

r a d i a t i o n  dose ra tes  i n  var ious areas o f  the  reference BWR and on the  est imated 

s t a f f  l abo r  requ i red  t o  coniplete the  decommissioning work. Summaries of the 

d e t a i l e d  i n fo rma t ion  g iven i n  Appendices I ,  J, and K a re  given i n  t h i s  sec t ion .  

This  sec t i on  a l s o  presents est imates o f  worker i n j u r i e s  and f a t a l i t i e s  r e s u l t i n g  

from decommissioning the  reference BWR. These i n d u s t r i a l  accidents est imates 

are  based on nuclear  i n d u s t r y  experience. 

11.2.1 Occupational Radiat ion Dose from Decon~missioning A c t i v i t i e s  

Summaries o f  t he  est imated occupational r a d i a t i o n  doses f o r  immediate 

dismantlement, preparat ions f o r  passive safe storage, and scenario-1 entombment 



a r e  g i v e n  i n  Tables 11.2-1, 11.2-2, and 11.2-3, r e s p e c t i v e l y .  These t a b l e s  

c o n t a i n  l i s t i n g s  of  t h e  decommissioning t asks  and t h e  assoc ia ted  es t imated  

t o t a l  man-hours o f  exposure t o  r a d i a t i o n  and es t imated  t o t a l  ex te rna l  r a d i a t i o n  

doses. Entombment scenar io  2, which i s  a  l e s s e r  e f f o r t  t h a r s c e n a r i o  1, i s  

n o t  analyzed i n  d e t a i l .  An es t imate  o f  t h e  r a d i a t i o n  dose f o r  scenar io  2  i s  

ob ta ined  by s u b t r a c t i n g  t h e  doses f o r  those a c t i v i t i e s  n o t  performed f rom t h e  

t o t a l  dose f o r  scenar io  1. 

The r a d i a t i o n  doses t o  decomnissioning workers a re  c a l c u l a t e d  as t h e  p ro-  

duc t  o f  t h e  es t imated  r a d i a t i o n  zone manpower requirements and t h e  r a d i a t i o n  

dose r a t e s  p o s t u l a t e d  f o r  each s p e c i f i c  decommissioning task .  The occupat iona l  

dose es t imates  a r e  based on t h e  f o l l o w i n g  bas i c  assumptions: 1 )  personnel 

exposure t o  r a d i a t i o n  w h i l e  accompl ish ing a  t ask  i s  min imized by us ing  temporary 

s h i e l d i n g  and remote hand1 i n g  techniques and by s t a y i n g  o u t  o f  r a d i a t i o n  f i e l d s  

when n o t  a c t i v e l y  p a r t i c i p a t i n g  i n  t h e  work, 2 )  t h e  chemical decontaminat ion 

campaign i s  reasonably  successfu l ,  reduc ing  a l l  r a d i a t i o n  dose r a t e s  f rom p i p i n g  

and equipment by  a t  l e a s t  a  f a c t o r  o f  10, 3 )  c a r e f u l ,  prompt account ing  o f  

r a d i a t i o n  doses i s  ma in ta ined  t o  r a p i d l y  i d e n t i f y  jobs  t h a t  a r e  caus ing excess ive 

dose accumulat ions so t h a t  c o r r e c t i v e  a c t i o n  can be taken, and 4 )  6 0 ~ o  i s  t h e  

dominant r a d i o a c t i v e  species.  

The r a d i o a c t i v e  m a t e r i a l s  t h a t  a r e  t h e  source o f  t h e  r a d i a t i o n  dose r a t e  

decay th roughout  t h e  decommissioning pe r i od .  Therefore,  t h e  es t imated  t o t a l  

occupat iona l  r a d i a t i o n  dose f o r  each t a s k  i s  co r rec ted  f o r  r a d i o a c t i v e  decay 

between t h e  t ime  o f  f i n a l  r e a c t o r  shutdown and t h e  t ime  a t  which t h e  t a s k  i s  

one-ha1 f completed, us i ng  t h e  ha1 f - 1  i f e  o f  6 0 ~ o .  

For immediate dismant lement o f  t h e  re fe rence  BWR, t h e  es t imated  t o t a l  

occupat iona l  r a d i a t i o n  dose i s  1845 man-rem. Dismantlement a c t i v i t i e s  i n  t h e  

Reactor B u i l d i n g /  Pr imary Containment a r e  t h e  main c o n t r i b u t o r s  t o  t h i s  t o t a l .  

The f o u r  general  dismant lement a c t i v i t i e s  f o r  t h e  re fe rence  BWR t h a t  r e s u l t  

i n  t h e  h i g h e s t  doses, i n  descending o rde r  o f  dose c o n t r i b u t i o n ,  a re :  1 )  removal 

o f  t h e  p i p i n g  and equipment f rom t h e  Reactor Bui  l d i ng /P r ima ry  containment, 

2)  removal o f  t h e  p i p i n g  and equipment from t h e  Radwaste and Cont ro l  B u i l d i n g ,  

3)  removal o f  t h e  p i p i n g  and equipment f rom t h e  Turb ine Generator B u i l d i n g ,  

and 4)  removal and shipment o f  t he  r e a c t o r  vessel  and i n t e r n a l s .  



TABLE 11.2-1. Summary o f  Estimated Oc u a t i o n a l  Radiat ion Doses f o r  tP Immediate Dismantlement a 

Task Tota ls  
Corrected 

Dose Decay Dose 
(man-rem)  actor'^) iman-rem)(c' 

Exposure 
(man-hr) 

Location 
Tack  

Reactor Bui ld inq/Pr imary Containment 

1. I n s t a l l  HEPA F i l t e r s  
2.  Comprehensive Radiation Survey 
3. Discharge and Shlp Fuel 

4. Remove Dryer and Separator 
5. Dra in Suppression Pool t o  Radwaste; 

Water-Jet Clean 
6. Remove Reactor Vessel I n te rna l s  

7. Ship Act ivated Reactor Vessel I n te rna l s  
Segments 

8. Dra in Reactor Well Pool t o  Radwaste; 
Water-Jet Clean 

9. Chemical Decon Reactor Water Reci rcu la-  
t i o n  and Cleanup Systems 

10. Clean Up, Stage, and Shie ld Hot Spots 
i n  Primary Containment 

11. Enlarge Suppression Chamber Access 
12. Remove Reactor Vessel 

13. Ship Act ivated Reactor Vessel Segments 
14. Remove Primdry Containment Pip ing and 

Equi p e n t  
15. Remove S a c r i f i c i a l  Shie ld and Radial 

Beams 

16. Remove Contaminated Concrete from 
Primary Containment 

17. Remove HVAC and E l e c t r i c a l  Systems from 
Primary Containment 

18. Drain Contaminated Systems t o  Radwaste 

19. Chemical Decon Residual Heat Removal, 
Low- and High-Pressure Core Spray 
Systems 

20. Remove Reactor Bu i l d ing  Pip ing 
21. Drain Dryer  and Separator Pool t o  Rad- 

Waste; Water-Jet Clean 

22. Chemical Decon Drain Systems 
23. D ra in  Spent Fuel Pool t o  Radwaste; 

Water-Jet Clean 
24. Chemical Decon Fuel Pool Cooling and 

Cleanup System 
25. Removc Reactor Bu i l d ing  Equipment 

26. Remove L iners from Spent Fuel Pool, 
Reactor Well, and Dryer and 
Separator Pool 

27. Remove Reactor Bu i l d ing  Contaminated 
Concrete 

28. Remove HVAC and E l e c t r i c a l  Systems from 
Reactor Bu i l d ing  

29. F ina l  Radiat ion Survey 

Subtotals, Reactor ~ u i l d i n g ( ~ ' ~ )  



TABLE 11.2-1 . Summary o f  Estimated Occu a t i o n a l  Radiat ion Doses f o r  
Immediate ~ ismant lement (a  7 (contd) 

Task Totals 
Corrected 

Location Exposure Dose Decay Dose 
Task (man-hr) (man-ren)  actor'^) ~man- rem) (~ )  

Turbine Generator Bui ld ing 

1. I n s t a l l  HEPA F i l t e r s  9 2 9 5  9.295 1.000 9.295 
2. Comprehensive Radiation Survey 100 0.200 0.995 0.199 
3. Clean Up and Stage 870 0.870 0.984 0.856 

4. Remove Turbine 4 632 8.857 0.952 8.432 
5. Orain Contaminated System t o  Radwaste; 

Water-Jet Clean condensate Storage 
Tanks 64 0.064 0.921 0.059 

6. Remove Condenser 21 517 40.050 0.867 34.723 

7. Orain Condenser t o  Radwaste; Water-Jet 
Clean 12 0.012 0.872 0.010 

8. Chemical Oecon Drain System 381 0.381 0.855 0.326 
9. Remove Pip ing 20865 125.190 0.835 104.534 

10. Remove Equipment 8 2 6 7  41.335 0.781 32.283 
11. Remove Contaminated Concrete 2 5 4 3  2.543 0.762 1.938 
12. Remove HVAC and E lec t r i ca l  System 571 0.571 0.744 0.425 
13. Final  Radiation Survey - -  50 0.050 0.746 0.037 

Subtotals Tur ine  Generator 
Bui ld in i (c ,d?'  - -  69 167 229 193 

Radwaste and Control Bui ld ing 

1. Comprehensive Radiation Survey 
2. General Cleanup 
3. Chemical Oecon Orain System 

4. Chemical Oecon Equipnent; Water-Jet 
Clean 450 22.615 0.797 18.024 

5. Remove Piping 39 622 330.774 0.752 248.742 
6. I n s t a l  1 Temporary Radwaste System 44 0.088 0.786 0.069 

7. Remove ~quipment 18 567 355.398 0.685 243.448 
8. Remove Contaminated Concrete 4 020 12.126 0.659 7.991 
9. Remove Miscellaneous Steel Structures 679 1.358 0.648 0.880 

10. Remove HVAC and E lec t r i ca l  Systems 2 6 8 9  10.629 0.642 6.824 
11. Final  Radiation Survey 80 0.080 0.635 - -  0.051 

Subtotals Ra aste and Control 
B ~ i l d i n i ( ~ . a  - -  66 985 737 5 30 

Anc i l l a r ies  

1. Operate Radvaste Systems 446 23.525 0.886 20.843 
2. Routine Radiation Surveys 1 950 7.950 0.799 6.352 
3. Package Dry Sol d Wastes 2 200 48.562 0.799 38.801 
4. Miscel laneous(ef - - -- -- 165 --  

Subtotals, ~ n c i l l a r i e s ( ~ ' ~ )  -- 4 616 80 231 

Totals (from a l l  l oca t ions ) (c )  261 960 2 077 1 845 

(a)Taken from Table 1.4-1 i n  A pendix I i n  Volume 2. 
(b)Based on the h a l f - l i f e  of 6gCo; calculated a t  the midpoint of the task t imel ines shown i n  

Figure 9.1-1 i n  Chapter 9. 
(c)The number o f  s i g n i f i c a n t  f igures shown i s  f o r  computational convenience apd does not  imply 

precis ion o f  t h a t  degree. 
(d)Oose t o t a l s  are rounded t o  the nearest whole number. 
(e)Consists of an allowance of up t o  1 rem per year for  selected management and support 

s taf f  whose rad ia t ion  doses are not  spec i f i ca l l y  estimated,together w i th  an allowance 
of 5% o f  the t o t a l  e x p l i c i t l y  estimated task rad ia t ion  dose, t o  account f o r  any omissions 
and uncerta int ies i n  the analyses. 



TABLE 11.2-2. Summary o f  Est imated Occupat ional  Rad ia t i on  Doses f o r  
Prepara t ions  f o r  Passive Safe s to rage(a)  

Task To ta l s  
Corrected 

Dose 
(man-rem) '~)  

Locat ion 
Task 

Exposure Dose Decay 
(man-rem) (man-hr)  actor'^) 

Reactor Bu i l d i ng fP r ima ry  Containment 

1. I n s t a l l  HEPA F i l t e r s  
2. Comprehensive Rad ia t i on  Survey 
3. Discharge and Ship Fuel 
4. D ra in  Suppression Pool t o  Radwaste; 

Water-Jet Clean 

5. D ra in  Reactor Well Pool t o  Radwaste; 
Water-Jet Clean 

6.  Chemical Decon Reactor Water Rec i rcu la-  
t i o n  and Cleanup Systems 

7 .  Clean Up, Stage and Sh ie l d  Hot Spots 

8. D ra in  Contaminated Systems t o  Radwaste 
9. Chemical Decon Residual Heat Removal, 

Low- and High-Pressure Core Spray 
Systems 

10. D ra in  Dryer  and Separator Pool t o  Rad- 
waste; Water-Jet Clean 

11. Chemical Decon D ra in  Systems 
12. D ra in  Spent Fuel Pool t o  Radwaste; 

Water-Jet Clean 
13. Chemical Decon Fuel Pool Cool ing and 

Cleanup System 

14. Cover and Seal Spent Fuel Pool and Dryer  
and Separator Storage Pool 

15. Seal Equipment and Personnel Hatches 
i n t o  P r i m r y  Containment 

16. Decontaminate HVAC E l e c t r i c a l  Misce l-  
laneous Stee l  S t ruc tu res  and Equipment 
and Concrete; Apply P r o t e c t i v e  P a i n t  

17. I s o l a t e  and Seal Equipment, P ip ing,  
Rooms, Stack HVAC Ducts, R a i l  Tunnel 
and Steam Tunnel 

18. Seal Drywel l  Top Head and Unneeded 
Reactor B u i l d i n g  Doors 

19. l h s t a l l  HEPA-Fil tered Vents 

20. Deact ivate  Unnecessary U t i l i t i e s  
21. I n s t a l l  I n t r us i on ,  Rad ia t i on  Mon i t o r i ng  

and F i r e  A l a n  Systems 
22. F i na l  Rad ia t i on  Survey 

Subtota ls ,  Reactor ~ u i l d i n g ' ~ ' ~ )  



TABLE 11.2-2. Summary o f  Estimated Occupational Rad'a i o n  Doses f o r  1 j Preparat ions f o r  Passive Safe Storage a (contd)  

Task Totals 
Corrected 

Dose Decay Dose 
(man-rem)  actor'^) (man-rem)(c) 

Exposure 
(man-hr) 

Location - .  

Turbine Generator Bui ld inq 

1. I n s t a l l  HEPA F i l t e r s  
2. Comprehensive Radiation Survey 
3. General Cleanup 
4. Drain Contaminated Systems t o  Radwaste; 

Water-Jet Clean Condensate Storage 
Tanks 

5. Drain Condenser t o  Radwaste; Water-Jet 
Clean 

6. Chemical Oecon Drain Systems 
7. Decontaminate HVAC E lec t r i ca l  Miscel- 

laneous Steel Structures and Equipment 
and Concrete; Apply Protect ive Paint 

8. I so la te  and Seal Equipment, Piping, 
Rooms, Stack and HVAC Ducts 

9. I n s t a l l  HEPA-Filtered Vents 
10. Deactivate Unnecessary U t i l i t i e s  

11. I n s t a l l  Int rusion,  Radiation Monitoring 
and F i re  Alarm Systems 

12. Final  Radiation Survey 

Subtotals, Tur ine  Generator 
Buildinq(c,d?. 

Rahraste and Control Bui ld inq 

1. Comprehensive Radiation Survey 
2. General Cleanup 
3. Decontaminate Equ'ipment External Sur- 

faces; Apply Protect ive Paint 

4. Decontaminate E lec t r i ca l  Equipment, 
Miscellaneous Steel Structures, and 
HVAC; Apply Protect ive Paint 

5. Decontaminate Concrete; Apply Protect ive 
Paint 

6. Chemical Decon Drain Systems 

7. Ins ta l  1 Temporary Rahraste System 
8. Chemical Oecon Equipment 
9. Ins ta l  1 HEPA-Fi 1 tered Vents 

10. Deactivate Unnecessarv Eauicinent and - , .  
U t i l i t i e s  

11. I so la te  and Seal Equipment and Areas 
12. I n s t a l l  Instrusion,  Radiation Monitoring 

and F i r e  Alarm Systems 
13. Final  Radiation Survey 

Subtotals Ra aste and Control 
B u i l d i n l ( c . 8  

S i te  and Support F a c i l i t i e s  

1. F inal  Radiation Survey 

Subtotals, S i te  and Support 
~ a c i l i t i e s ( c 4 )  

A n c i l l i a r i e s  

1. Operate Radwaste Systems 
2. Routine Radiation Surveys 
3. Package Dry S l i d  Wastes 
4. Miscel laneous?e) 

Subtotals, ~ n c i l  lar ies(c 'd)  

Totals (from a l l  locat ions)(c)  

- 

(a)Taken from Table J.6-1 i n  A pendix J i n  Volume 2.  
(b)Based on the  h a l f - l i f e  o f  6gCo; calculated a t  the midpoint of the task t imel ines shown i n  

Figure 
(c)The nunber o f  s i g n i f i c a n t  f igures i s  for  computational convenicence and does not  

imply precis ion of t h a t  degree. 
(d)Dose t o t a l s  are rounded t o  the nearest whole number. 
(e)Consists of an allarance o f  up t o  1 rem per year f o r  selected management and support 

staff whose rad ia t ion  doses are not  s p e c i f i c a l l y  estimated.together w i th  an al larance 
of 52 of the t o t a l  e x p l i c i t l y  estimated task rad ia t ion  dose, t o  account f o r  any oniissions 
and uncerta int ies i n  the analyses. 



TABLE 11.2-3. Summary o f  Est imated c  upat iona l  Rad ia t ion  Doses f o r  
Scenario-1 Entombment f a ?  

Task Tota ls-  -- 
Corrected 

Dose 
(man-rem)(c) 

Locat ion 
Task 

-- 

Reactor Bu i ld ingJPr imary  Containment 

1. I n s t a l l  HEPA F i l t e r s  
2. Comprehensive Rad ia t i on  Survey 
3. Discharge and Ship Fuel 

*4. Ren~ove Dryer  and Separator 
5. D ra in  Suppression Pool t o  Radwaste; 

Water-Jet Clean 
*6. Remove Reactor Vessel I n t e r n a l s  

*7. Ship Ac t i va ted  Reactor Vessel I n t e r n a l s  
Segments 

8 .  Cut Suppression Pool Downcomers and 
Brac ing 

9. Chemical Decon Residual Heat Removal, 
Low- and High-Pressure Core Spray 
Systems 

10. D ra in  Contaminated Systems t o  Radwaste 
11. D ra in  Reactor Well Pool t o  Radwaste; 

Water-Jet Clean 
12. Clean Up, Stage, and Sh ie l d  Hot Spots 

i n  Primary Containment 

13. Chemical Decon Reactor Water Rec i rcu la-  
t i o n  and Cleanup Systen~s 

14. Dra in  Dryer  and Separator Pool t o  Rad- 
waste; Water-Jet Clean 

15. Cut Suppression Chamber Accesses Through 
Orywel l  F l oo r  ( 2 )  

16. Chemical Decon D ra in  Syste~iis 
17. Cut Primary Containment P ip i ng  Penetra- 

t i o n s  and Seal 
18. Cut Orywell  Bel lows Access Openings 

Exposure 
(man-hr) 

Dose Decay 
(man-rem)  actor'^) 

19. Remove Reactor B u i l d i n g  P ip i ng  
20. D ra in  Soent Fuel Pool t o  Radwaste: 

b l a t e r h e t  Clean 
21. Chemical Oecon Fuel Pool Cool ina and 

Cleanup System 

22. R ~ M v ~  L ine rs  from Spent Fuel Pool and 
Dryer  and Separator Pool 

23. Resiove Reactor B u i l d i n g  Equipment 
24. Seal Equipment and Personnel Hatch 

Openings i n t o  Primary Containment 

25. Remove Reactor B u i l d i n g  Contaminated 
Concrete 

26. Seal R a i l  Tunnel, Steam Tunnel, and 
B i o l o g i c a l  Sh ie l d  Penet ra t ions 

27.  Seal Drywel l  Top Head and Reactor 
B u i l d i n g  Externa l  Doors 

28. Remove HVAC and Disab le  Crane 
29. F i na l  Rad ia t i on  Survey 
30. I n s t a l l  Secu r i t v  and Su rve i l l ance  

Mon i t o r i ng  ~ G i p m e n t ;  Disconnect 
Unnecessary U t i l i t i e s  

Sub to ta l s ,  Reactor ~ u i l d i n ~ ' ~ ' ~ '  

These tasks de le ted  f o r  entombment scenar io  2. 



TABLE 11.2-3. Summary of Estimated Occupational Radiation Doses for 
Scenario-1 ~ntombment(a) (contd) 

Task T o t a l s  
C o r r e c t e d  

L o c a t i o n  Exposure Dose Decay Dose 
Task (man-hr) (man-rem)  actor'^' (man- rem)(c )  

T u r b i n e  G e n e r a t o r  B u i l d i n g  

1. I n s t a l l  HEPA F i l t e r s  
2. Comprehensive R a d i a t i o n  Survey  
3 .  C lean  Up and Stage 

4. D r a i n  Contamina ted  Systems t o  Radwaste; 
W a t e r - J e t  Clean Condensate S t o r a q e  
Tanks 

5. Remove T u r b i n e  
6. Remove P i p i n g  

7. Remove Condenser 
8.  D r a i n  Condenser t o  Radwaste; I !a te r -Je t  

C lean  
9 .  Chemical  Decon D r a i n  Systems 

10. Remove Equipn,ent 
11 .  Remove Contaminated Concre te  
1 2 .  Remove HVAC and E l e c t r i c a l  Syster is 
13. F i n a l  R a d i a t i o n  Survey -p 

S u b t o t a l s ,  T I A ~  i n e  Genera to r  
B u i l d i n g ( c , d y '  

Radwaste and C o n t r o l  B u i l d i n g  

1. Comprehensive R a d i a t i o n  Survey 
2 .  General  Cleanup 
3. Chemical  Decon D r a i n  Systems 

4. Chemical  Decon Equipment;  Water- Je t  
C lean  

5. I n s t a l l  Temporary Radwaste System 
6. Rewove P i p i n g  

7. .Remove Equipment 
8. Remove Contamina ted  Concre te  
9 .  Remove M i s c e l l a n e o u s  Fletal  S t r u c t u r e s  

10 .  Remove HVAC and E l e c t r i c a l  Sys ten ;~  2  689 10.629 0.631 6 .707  
11 .  F i n a l  R a d i a t i o n  Survey _ _ _  . 80 0 . 0 8 0  0.624 0 .050  

- 

S u b t o t a l s ,  Radwaste and C o n t r o l  
B u i l g i n g ( c . d )  - 66 985 737 

A n c i l l a r i e s  _ ~ -  

I. Opera te  Radwaste Systems 466 23.525 0 .901  21.196 
2 .  R o u t i n e  K a d i a t i o n  Surveys 2 300 9.377 0.779 7.305 
3. Package Dry  S  l i d  Wastes 2 200 48.562 0 .784  38.073 
4 .   isc cell ane.ous?e ) . . - - -- - - ~ -- 

- - - - 1 3 -  

S u b t o t a l s ,  ~ n c i i l a r i e s ( ~ ' ~ ) ~  ----p 4 9 6 6  .81- - -- -- 2 3 0  

T o t a l s  ( f ron l  a l l  l o c a t i o n s ) ( c )  236 905 1  914 1 664 

(a )Taken f r o m  T a b l e  K.4-1 i n  A  p e n d i x  K  i n  Volume 2. 
(b )Based on  t h e  h a l f - l i f e  o f  6 1 ~ 0 ;  c a l c u l a t e d  a t  t h e  m i d p o i n t  o f  t h e  t a s k  t i o l e l i n e s  shown i n  

F i g u r e  9 .3 -1  i n  Chapter  9 .  
(c )The number o f  s i g n i f i c a n t  f i g u r e s  shown i s  f o r  c o m p u t a t i o n a l  conven ience  and does n o t  i n i p l y  

accuracy  t o  t h e  n e a r e s t  s i l l  i fen. 
(d)Dose t o t a l s  a r e  rounded t o  t h e  n e a r e s t  n:an-ren. 
( e ) C o n s i s t s  o f  an a l lowance o f  up  t o  1 reln p e r  y e a r  f o r  s e l e c t e d  managelnent and s u p p o r t  s t a f f  

whose r a d i a t i o n  doses a r e  n o t  s p e c i f i c a l l y  e s t i n i a t e d , t o g e t h e r  w i t h  an  a l l o w a n c e  o f  5 o f  
t h e  t o t a l  e x p l i c i t l y  e s t i m a t e d  t a s k  r a d i a t i o n  dose, t o  account  f o r  any o i l l i ss ions  and 
u n c e r t a i n t i e s  i n  t h e  a n a l y s e s .  



The e s t i m a t e d  t o t a l  o c c u p a t i o n a l  r a d i a t i o n  dose f o r  p r e p a r a t i o n s  f o r  pas- 

s i v e  s a f e  s t o r a g e  o f  t h e  r e f e r e n c e  BWR i s  375 man-rem. 

The e s t i m a t e d  t o t a l  o c c u p a t i o n a l  r a d i a t i o n  dose f o r  scenar io- 1  entombment 

o f  t h e  r e f e r e n c e  BWR i s  1684 man-rem and f o r  s c e n a r i o - 2  entombment, 1573 man-rem. 

The average q u a r t e r l y  r a d i a t i o n  doses t o  decommissioning worke rs  f o r  

immediate d ismant lement ,  p r e p a r a t i o n s  f o r  p a s s i v e  s a f e  s t o r a g e ,  and entombment 

a r e  e s t i m a t e d  i n  Tab le  11.2-4. These q u a r t e r l y  average doses a r e  based on t h e  

accumula ted o c c u p a t i o n a l  doses, a f t e r  c o r r e c t i o n  f o r  r a d i o a c t i v e  decay. 

TABLE 11.2-4. E s t i m a t e d  Q u a r t e r l y  Occupa t iona l  R a d i a t i o n  Doses f r o m  t h e  
Var ious  Decommissioni ng  A1 t e r n a t i v e s  

T o t a l  Dose Hands-on Workers ( a )  A1 1 Decommissioning Workers 
f o r  Mode T o t a l  Work Time Average Dose T o t a l  Work Time Average Dose 

Decomi  s s i o n i  ng Mode (man-rem) (man-years) ( r e m l q u a r t e r )  (man-years) ( r e m l q u a r t e r )  

Immediate Dismantlement 1 895(b 'C)  2 7 0 ' ~ )  1 .7 3 8 0 ' ~ )  1 . 2  

Prepara t ions  f o r  
Passive Safe Storage 375(e)  1 3 0 ' ~ )  0 .7 2 1 0 ( ~ )  0.5 

Entombment (Scenar io  1 )  1  684(g)  2 8 0 ' ~ )  1 .5 3 8 0 ' ~ )  1.1 

(Scenar io  2)  1  573(g )  2 4 0 ' ~ )  1 .6 3 4 0 ' ~  ) 1 . 2  

(a ) Inc ludes  u t i l i t y  opera to rs ,  l a b o r e r s ,  and craf tsmen.  
(b)Based on Table 1.4-1 i n  Appendix I. 
( c ) A l l  va lues rounded t o  two s i g n i f i c a n t  f i g u r e s .  
(d)Based on Table 1.2-3. 
(e)Based on Table 5.6-1 i n  Appendix J. 
(f)Based on Table 5.4-1. 
(g)Based on Table K.4-1 i n  Appendix K. 
(h)Based .on Table K.2-2. 
( i )Based on Sec t ion  K.2.2 i n  Appendix K. 

The s u r v e i l l a n c e  and maintenance s t a f f  i s  exposed t o  t h e  r e s i d u a l  r a d i a t i o n  

l e v e l s  p r e s e n t  i n  t h e  r e f e r e n c e  BWR d u r i n g  t h e  c o n t i n u i n g  c a r e  p e r i o d .  D u r i n g  

t h i s  p e r i o d ,  t h e  r a d i a t i o n  l e v e l s  c o n t i n u a l l y  d e c l i n e  by  r a d i o a c t i v e  decay. 

The dominant  i s o t o p e  d u r i n g  c o n t i n u i n g  c a r e  i s  a g a i n  assumed t o  be 6 0 ~ o .  

Tab le  11.2-5 l i s t s  a  summary o f  t h e  man-hours o f  l a b o r  and man-rem o f  occupa- 

t i o n a l  r a d i a t i o n  dose accumula ted f o r  c o n t i n u i n g  c a r e  p e r i o d s  o f  10, 30, 50, 

and 100 y e a r s .  The m a j o r i t y  o f  t h e  o c c u p a t i o n a l  dose i s  accumulated d u r i n g  

t h e  f i r s t  30 y e a r s  o f  c o n t i n u i n g  c a r e .  



TABLE 11.2-5, Summary of the Estimated Occupational 
Radiation Dose f o r  Continuing Care 

Time After Accumulated Accumulated 
Final Shutdown Exposure Radiation o e 

(years ) (man-hours) (man-rem) ?a j  

(a)The faci  1 i ty  radiat ion 1 eve1 s a re  
assumed t o  decay a t  a r a t e  governed 
by the  ha l f - l i f e  of 6 0 ~ 0 .  

The estimated external occupational radiat ion doses fo r  decommissioning 

the  reference BWR a re  summarized in  Table 11.2-6. The to ta l  occupational dose 

f o r  immediate dismantlement i s  given, and a breakdown of safe  storage and 

deferred dismantlement in to  preparations f o r  safe  storage,  continuing care,  

and deferred dismantlement i s  presented. Occupational radiat ion doses f o r  

deferred dismantlement a r e  calculated by reducing the immediate dismantlement 

doses in proportion t o  the  decay of 6 0 ~ o  over the time period of i n t e r e s t .  Thus, 

i f  a given task performed immediately a f t e r  shutdown caused a radiat ion dose 
proportional t o  the  amount of radioactive material present, N o ,  t h a t  same task 

performed t years l a t e r  during deferred dismantlement would cause a dose 

proportional t o  the  amount of radioactive material present a t  t ha t  time, 

N ( t )  = ~ ~ e - ' ~ ,  where i i s  the decay constant fo r  6 0 ~ o  in years.  This i s  a 

conservative assumption since the radiat ion levels  a t  reactor shutdown a re  

control led by radionucl ides with half- l ives  shor ter  than tha t  of 6 0 ~ o .  The 

decline i n  the radiat ion dose ra te  from the decay of residual radioactive 

contamination i s  controlled by 6 0 ~ o  unti l  about 60 years a f t e r  reactor shutdown, 

as shown in Figure 7.4-3 in Chapter 7. Reducing the immediate dismantlement 

occupational radia t ion doses by the normalized dose r a t e  from the t o t a l  dose 

curve of Figure 7.4-3 i s  necessari ly based on the assumption t h a t  the decommis- 

sioning operations a r e  performed the same way a t  each time period. For times 

of 30 years o r  longer a f t e r  shutdown, preparations fo r  passive sa fe  storage 



TABLE 11.2-6. Est imated Occupat ional  Rad ia t i on  Dose f rom 
Various Dismantlement A l t e r n a t i v e s  

Years 
A f t e r  Occupat ional  Rad ia t i on  Dose (man-rem) 

Reactor Immediate Preparat i .ons f o r  Cont i  nu inq  Defe r red  
Shutdown Dismantlement pass ive Safe Storage 

- 
Care Dismantlement To ta l s  

c o n t r i b u t e s  most o f  t h e  t o t a l  occupat iona l  r a d i a t i o n  dose accuniul a ted  du r i ng  

t h e  t o t a l  decommissioning program o f  sa fe  s to rage  w i t h  de fe r red  dismantlement. 

The es t imates  o f  t h e  occupat ional  r a d i a t i o n  dose a re  s e n s i t i v e  t o  manage- 

ment ph i losophy  and t o  t h e  decommissioning methods used. A d m i n i s t r a t i v e  c o n t r o l s  

a r e  assumed t o  be i n  p l ace  t h a t  keen r a d i a t i o n  records f o r  each i n d i v i d u a l  and 

ensure t h a t  no one worker  exceeds recommended l i m i t s .  Est imates con ta ined  i n  

Table 11.2-6 a r e  based on decommissioning methods t h a t  use s h i e l d i n g  devices 

and h i g h l y  t r a i n e d  techn ic ians .  D i f f e r e n t  bas i c  assumptions, decomniissioning 

procedures, o r  inc reased  manpower may change these occupat iona l  r a d i a t i o n  dose 

es t imates  s i g n i f i c a n t l y .  

11.2.2 I n d u s t r i a l  Sa fe t y  

I n j u r i e s  and f a t a l i t i e s  can r e s u l t  among decommissioning workers because 

of  i ndus tri a1 acc iden ts ,  b u t  p roper  management and s a f e t y  p r a c t i c e s  can min imize 

t h e  occurrence o f  such acc iden ts .  Est imates o f  i n j u r i e s  and f a t a l i t i e s  du r i ng  

d e c ~ m m i s ' s i o n i n ~  a r e  based on da ta  c o l l e c t e d  by t h e  U.S. AEC f o r  t he  p e r i o d  

1943-1970.(' ) Table 11.2-7 l i s t s  t h e  es t imated  worker i n j u r i e s  and f a t a l i t i e s  

f o r  t h e  t h r e e  decommissioning modes cons idered i n  t h i s  s tudy.  The work cate-  

go r i es  shown i n  t h e  t a b l e  d i v i d e  t h e  t o t a l  e f f o r t  i n t o  t h r e e  ca tego r i es  of 

acc iden t  p o t e n t i a l  .(') As shown i n  t h e  t ab le ,  about 7 l o s t - t i m e  i n j u r i e s  

cou ld  r e s u l t  d u r i n g  immediate dismantlement, about 3 d u r i n g  p repara t ions  f o r  



TABLE 11 .2- 7.  Estimated Occupational Los ime Injuries and Fata l i t ies  from 
Decommissioning Operations t.3 

Frequency Immediate P repa ra t i ons  f o r  Entombment 
( ~ c c i d e n t s / l 0 6  m a n - h r ~ ) ' ~ )  Dismantlement Pass ive Safe Storage Scenar io  1  

Lost-Time Lost-Time Lost-Time Lost-Time 
I n j u r i e s  F a t a l i t i e s  man-hrs(c) I n j u r i e s  F a t a l i t i e s  man-hrs I n j u r i e s  F a t a l i t i e s  man-hrs(e) I n j u r i e s  F a t a l i t i e s  Category o f  E f f o r t  

Heavy ~ o n s t r u c t i o n ( ~ )  10 4.2 x  l o - 2  3.4 x  105 3.4 1 .4  10-2 N / A ( ~ )  N/A N/A 3.0 x  105 3.0 1.3 x 

L i g h t  C o n s t r u c t i o n  5.4 3 . 0 ~ 1 0 - 2  4 . 2 ~ 1 0 5  2.3 1 . 3 ~ 1 0 - 2  4 . 0 ~ 1 0 5  2.2 1 . 2 ~ 1 0 - 2 4 . 6 ~ 1 0 5  2 .5  1 . 4 ~ 1 0 - 2  

Ope ra t i ona l  Support  2.1 2.3 x  10-2 4.7 x  105 0.98 1 . 1 , ~  10-2 3.5 x  105 0.74 8.0 x  5.0 x  105 l.0 1.2 x 10-2 

T o t a l s  1.2 x  l o 6  6.7 3 .8  x  l o a 2  7.5 x  l o 5  2.9 2.0 x  10-2 1.3 x  106 6.5 3.9 x 10-2 

(a )Es t ima tes  o f  man-hours, i n j u r i e s ,  and f a t a l i t i e s  a re  rounded t o  two s i g n i f i c a n t  f i g u r e s .  
( b )Los t - t ime  i n j u r i e s  and f a t a l i t y  f requences a re  from Reference 1 .  
( c )Es t ima tes  o f  man-hours o f  heavy c o n s t r u c t i o n  a re  based on i n fo rma t i on  i n  Tab le  1.2-1 i n  Appendix I. Est imates o f  man-hours o f  l i g h t  c o n s t r u c t i o n  

and o p e r a t i o n a l  suppo r t  a re  based on i n f o r m a t i o n  i n  Tab le  1.2-3. 
( d )Es t ima tes  o f  man-hours o f  1  i g h t  c o n s t r u c t i o n  and ope ra t i ona l  suppor t  a re  based on i n f o r m a t i o n  i n  Tab le  5.4-1 i n  Appendix J. No heavy c o n s t r u c t i o n  

t asks  a r e  performed d u r i n g  p repa ra t i ons  f o r  pass ive sa fe  s torage.  
( e )Es t ima tes  o f  man-hours o f  heavy c o n s t r u c t i o n  a re  based on i n f o r m a t i o n  i n  Tab le  K.2-1 i n  Appendix K .  Es t imates o f  man-hours o f  l i g h t  c o n s t r u c t i o n  

and o p e r a t i o n a l  suppo r t  a re  based on i n f o r m a t i o n  i n  Table K.2-2. 
j f )Heavy c o n s t r u c t i o n  i n v o l v e s  d e m o l i t i o n  tasks such as removal o f  p i p i n g ,  equipment, and concre te .  

4 

4 
(q)N/A = Not A p p l i c a b l e .  

I 
4 

m 



pass ive  sa fe  s torage,  and about 6 d u r i n g  entombment scenar io  1. Less than 1  

death t o  decommissioning workers i s  c a l c u l a t e d  t o  occur  d u r i n g  any o f  t h e  

t h r e e  modes. 

Est imates o f  t h e  number o f  i n j u r i e s  and f a t a l i t i e s  t h a t  cou ld  occur  among 

t h e  maintenance and s u r v e i l l a n c e  s t a f f  d u r i n g  va r i ous  p e r i o d  o f  c o n t i n u i n g  

ca re  a r e  l i s t e d  i n  Table  11.2-8. As shown i n  t h i s  t a b l e ,  l e s s  than 1  i n j u r y  

and much l e s s  than 1 death a r e  c a l c u l a t e d  t o  occur  d u r i n g  100 years  o f  

c o n t i n u i n g  care.  

11.3 PUBLIC SAFETY ASPECTS OF DECOMMISSIONING THE REFERENCE BWR 

The consequences o f  atmospher ic re leases  o f  r a d i o a c t i v i t y  d u r i n g  r o u t i n e  

BWR decommissioning tasks  a re  determined by c a l c u l a t i n g  r a d i a t i o n  doses t o  

t h e  maximum-exposed i n d i v i d u a l  and t o  t he  popu la t i on  r e s i d i n g  w i t h i n  80 km o f  

t h e  s i t e .  Rad ia t i on  exposure pathways cons idered f o r  r o u t i n e  atmospher ic re leases  

a re  d i r e c t  e x t e r n a l  exposure, i n h a l a t i o n ,  and i n g e s t i o n  o f  food  p roduc ts .  The 

consequences o f  p o s t u l a t e d  acc iden ts  a re  determined by c a l c u l a t i n g  i n h a l a t i o n  

r a d i a t i o n  doses t o  t h e  maximum-exposed i n d i v i d u a l .  The r a d i a t i o n  dose. c a l  c u l  a- 

t i o n s  f o r  bo th  t h e  r o u t i n e  and acc i den ta l  re leases  use t he  environmental  i n f o r -  

mat ion d iscussed i t 1  Appendix B and t h e  r a d i a t i o n  dose models and parameters d i s -  

cussed i n  Appendix F. 

D e t a i l s  o f  t h e  atmopsher ic r e l ease  c a l c u l a t i o n s  and l i s t i n g s  o f  decommis- 

s i o n i n g  mode- , b u i l d i n g -  , and t a s k - s p e c i f i c  r a d i a t i o n  doses a re  found i n  

Appendix N. These c a l c u l a t i o n s  use c u r r e n t  data and methodology t o  q u a n t i f y  

t h e  atmospher ic re leases  and o b t a i n  r e s u l t s  t h a t  a r e  u s e f u l  i n  comparing t h e  

a l t e r n a t i v e  decommissioning tasks  and modes d iscussed i n  t h i s  s tudy.  The f o l -  

l ow ing  s e c t i o n s  c o n t a i n  summaries o f  t he  c a l c u l a t e d  r a d i a t i o n  doses t o  t h e  p u b l i c  

d u r i n g  immediate dismant lement,  p repa ra t i ons  f o r  pass ive  sa fe  s torage,  and 

entombment o f  t h e  r e fe rence  BWR. 

11.3.1 P u b l i c  Rad ia t i on  Doses f rom Rout ine Decommissioning Tasks 

Loss o f  conf inement o f  r a d i o a c t i v e  m a t e r i a l s  r e s u l t i n g  i n  pub1 i c  r a d i a t i o n  

exposure i s  a p r ima ry  s a f e t y  concern d u r i n g  decommissioning. The atmospher ic 

re leases  o f  r a d i o a c t i v i t y  d u r i n g  decommissioning a re  c a l c u l a t e d  ( i n  Appendix N 



TABLE 11.2-8. Est imated Lost-Time I n j u r i e s  and F a t a l i t i e s  t o  Decommiss'o i n g  
Workers from Cont inu ing  Care Dur ing  Passive Safe Storage 1 aQ 

Frequency 
(~ccidents/l06 man-hrs)(c) 

Estimated Lost-Time 10-Years 30-Years 50-Years 100-Years 
Task man-hrs/year(b) Injuries Fatalities Injuries Fatalities Injuries Fatalities Injuries Fatalities Injuries Fatalities 

Survei 1 lance 2 400 2.1 2.3 x 5.0 x 5.5 x 1.5 x 10-I 1.6 x 2.5 x 10-I 2.8 x 5.0 x 10-I 5.5 x 

Maintenance 200 5.4 3.0 x lo-' 1.1 x 6.0 x 3.3 x lo-' 1.8 x 5.5 x lo-' 3.0 x 1.1 x 10-I 6.0 x 

Accumulated 
Totals 2 600 6.1 x 6.1 x 1.8 x 10-I 1.8 x 3.0 x 10-I 3.1 x 6.1 x 10-I 6.1 x 

(a)Estimates of man-hours, injuries, and fatalities are rounded to two significant figures. 
(b)Labor estimates during continuing care are from Table J.4-2 in Appendix J. 
(c)Lost-time and fatality frequencies are from Reference 1. 



of Volume 2 )  t o  be s m a l l e r  than t h e  annual re leases  f rom ope ra t i ng  BWR power 

s t a t i o n s .  ( 3 )  Th i s  i s  because o f  t h e  removal of t h e  r e a c t o r  f u e l ,  t h e  use o f  

chemical contaminat ion,  t h e  use o f  procedures t h a t  a re  c a r e f u l l y  designed t o  

min imize atmospheric re leases,  t h e  use o f  e x i s t i n g  HVAC systems, and t he  add i-  

t i o n  o f  HEPA- f i l te red  v e n t i l a t i o n  systems t o  ensure p roper  a i r  f l o w  i n  i s o l a t e d  

work areas. 

The p r imary  sources o f  r a d i o a c t i v e  e f f l u e n t s  f rom r o u t i n e  decommissioning 

tasks  are:  r a d i o a c t i v e  l i q u i d  aeroso ls  du r i ng  chemical decontaminat ion, 

vapor ized  r a d i o a c t i v e  meta l  du r i ng  equipment o r  p i p i n g  removal, and r a d i o a c t i v e  

concre te  dus t  d u r i n g  concre te  removal. Equipment, p i p i ng ,  and concrete removal 

tasks  a r e  kep t  t o  a  miniumum d u r i n g  p repara t ions  f o r  pass ive sa fe  s torage.  

A  complete d iscuss ion  o f  methods used t o  c a l c u l a t e  atmospheric re leases  

d u r i n g  decommissioning i s  con ta ined  i n  Appendix N. The atmospheric re leases  

a r e  c a l c u l a t e d  f o r  tasks  d u r i n g  immediate dismantlement, p repara t ions  f o r  pass ive 

s a f e  s torage,  and entombment. Decommissioning tasks  a re  cons idered i n  t h r e e  

major  b u i  1  d ings : t h e  Reactor Bui  1  d i ng  , t h e  Turb ine Generator Bui  1  d ing,  and 

t h e  Radwaste and Cont ro l  B u i l d i n g .  The atmospheric re leases f o r  each t ask  a r e  

assoc ia ted  w i t h  s p e c i f i c  re fe rence  rad ionuc l  i d e  i n v e n t o r i e s  (developed i n  

Chapter 7) t o  p e r m i t  accura te  r a d i a t i o n  dose c a l  c u l a t i o n s .  

Tables 11.3-1 and 11.3-2 c o n t a i n  summaries o f  t h e  c a l c u l a t e d  r a d i a t i o n  

doses t o  t h e  maximum-exposed i n d i v i d u a l  and t o  t he  popu la t i on  r e s i d i n g  w i t h i n  

80 km of t h e  re fe rence  BWR s i t e .  These r a d i a t i o n  doses use t he  c a l c u l a t e d  

atmospheric re leases  f o r  each task ,  mode, and b u i l d i n g .  The r a d i a t i o n  doses 

1  i s t e d  i n  Tables 11.3-1 and 11 -3-2 a r e  t h e  f i r s t - y e a r  dose and f i f t y - y e a r  com- 

m i t t e d  r a d i a t i o n  dose equ i va len t  t o  t o t a l  body and lung.  The c a l c u l a t e d  doses 

f o r  immediate dismantlement and entombment a re  q u i t e  s i m i l a r ,  w h i l e  t h e  doses 

f o r  p repa ra t i ons  f o r  pass ive  s a f e  s to rage  a re  about 10 t o  100 t imes lower .  

These r a d i a t i o n  doses a r e  ext remely  smal l  by comparison t o  t he  range o f  annual 

r a d i a t i o n  dose t o  an i n d i v i d u a l  f rom n a t u r a l  background i n .  t h e  Un i t ed  S ta tes  

( f r om 80 t o  170 mrem p e r  y e a r ) .  ( 4 )  These c a l c u l a t e d  r a d i a t i o n  doses a re  a l s o  

sma l l e r  than t h e  a l l owab le  r a d i a t i o n  doses t o  t he  pub1 i c  f rom ope ra t i ng  LWR 

f a c i l i t i e s  s e t  f o r t h  i n  Appendix I o f  10 CFR 50. ( 5 )  



TABLE 11.3-1 . Summary o f  Calculated Radiat ion Doses t o  the  
Maximum-Exposed I n d i v i d u a l  from Atmospheric 
Re1 eases o f  Radi onucl ides  During ~ o u t i  ne 
Decommissioning Tasks 

F i  f ty-Year Commi t t e d  Dose 

Immediate Dismantlement 

Primary Containment 

Reactor B u i l d i n g  

Turbine Generator 
Bui 1 d ing  

Radwaste and Contro l  
Bui 1 d ing  

Tota l  s 

Preparat ions f o r  Passive 
Safe Storage 

Reactor B u i l d i n g  

Turbine Generator 
B u i l d i n g  

Radwaste and Control  
Bui 1 d ing  

Tota l  s 

Entombment Scenario 1 

Primary Containment 

Reactor Bui 1 d ing  

Turbine Generator 
Bui 1 d i  ng 

Radwaste and Contro l  
Bui 1 d ing  

Tota l  s 

F i  r s  t-Year Dose (rem) Equivalent  (rem) 
Tota l  Bodv Luna Tota l  Bodv Luna 



TABLE 11.3-2. Summary o f  Ca l cu la ted  Rad ia t i on  Doses t o  t h e  
Popu la t ion  f rom Atmospheric Releases o f  
Radio u  1  i des  Dur ing Rout ine Decommissioning 
Tasks ?a! 

F i  f t y - Yea r  Committed Dose 
F i  r s  t-Year  Dose (man-rem) ~ ~ u i v a l  e n t  (man-rem) 

ModeIBui ld ing To ta l  Body Lung To ta l  Body Lung 

Immediate Disn~ant lement 

Pr imary Containment 4  Z ~ I O - ~  5 x 1 0 - 4  8 x  

Reactor B u i l d i n g  6 x  3 x 1 0 - 3  l x l ~ - 3  1 x  

Turb ine  Generator 
Bui  1  d i n g  3  Z ~ I O - ~  3 x 1 0 - 4  5 

Radwaste and 
Cont ro l  Bui 1  d i n g  1  7 1  3  x  -- 

Tota l  s  2  1  3  5  x  

Prepara t ions  f o r  
Passive Safe Storage 

Reactor Bui 1 d i n g  9  x  3 x i ~ - 5  Z ~ I O - ~  1  

Turb ine Generator 
Bui 1  d i n g  4  x  2  5  8 x  

Radwaste and 
Contro l  Bui  1  d i n g  2  Z ~ I O - ~  2  

To ta l  s 2  I ~ I O - ~  Z ~ I O - ~  3  

Entombment Scenario 1  

Pr imary Containment 9  5 x ~ ~ - 4  9 x 1 ~ - 5  2  

Reactor B u i l d i n g  2  4 x 1 0 - 3  ~ ~ 1 0 ' ~  8  x  

Turb ine Generator 
Bui  1  d i n g  3  Z ~ I O - ~  3 x 1 0 - 4  5 

Radwaste and 
Cont ro l  B u i l d i n g  1  7 1  3  x  

To ta l  s  2  I ~ I O - ~  2 , 1 0 - ~  4  x  l o - *  

( a ) A l l  c a l c u l a t e d  doses a r e  rounded t o  one s i g n i f i c a n t  f i g u r e ,  and a r e  f o r  t h e  
popu la t i on  o f  3.5 m i l l i o n  people r e s i d i n g  w i t h i n  an 80-km r a d i u s  o f  t h e  s i t e .  



The r e l e a s e  of  r ad ionuc l i des  d u r i n g  c o n t i n u i n g  care  i s  expected t o  be 

n e g l i g i b l e  compared t o  t h e  re l ease  d u r i n g  p repara t ions  f o r  pass ive  s a f e  s torage.  

Th i s  i s  because of  t h e  rugged c o n s t r u c t i o n  o f  t he  BWR f a c i l i t y ,  t h e  e r e c t i o n  

o f  r i g i d  b a r r i e r s  p reven t i ng  m i g r a t i o n  o f  r ad ionuc l i des ,  and t h e  l i m i t e d  human 

c o n t a c t  d u r i n g  s u r v e i l l a n c e  and maintenance opera t ions .  Thus, no p u b l i c  r a d i a -  

t i o n  doses a r e  c a l c u l a t e d  f o r  c o n t i n u i n g  care. S i m i l a r l y ,  s i n c e  t h e  c a l c u l a t e d  

r a d i a t i o n  doses f o r  immediate dismant lement a r e  smal l ,  and s i nce  t h e  r a d i o a c t i v i t y  

l e v e l s  a r e  s i g n i f i c a n t l y  reduced by  r a d i o a c t i v e  decay d u r i n g  c o n t i n u i n g  care, 

p u b l i c  r a d i a t i o n  doses f o r  de fe r red  dismant lement a re  expected t o  be i n s i g n i -  

f i c a n t  and a re  n o t  ca l cu la ted .  

11.3.2 P u b l i c  Rad ia t i on  Doses f rom Pos tu la ted  Acc idents  Dur ing  Decommissioning 

The consequences of  p o s t u l a t e d  decommissioning acc iden ts  t h a t  r e s u l t  i n  

atmospheric r e l eases  o f  r a d i o a c t i v i t y  a r e  determined by c a l c u l a t i n g  t h e  

i n h a l a t i o n  dose t o  t h e  maximum-exposed i n d i v i d u a l .  Immediate dismant lement 

tasks  a r e  analyzed, and p o s t u l a t e d  acc iden ts  a re  d iscussed i n  Sec t i on  N.2 .2  o f  

Appendix N. Us ing eng ineer ing  judgment, a  general  es t ima te  o f  t h e  f requency 

of occurrence o f  t h e  l e v e l  o f  atmospheric r e l ease  i s  made f o r  each acc iden t .  

The f requency o f  occurrence i s  judged t o  be " h igh"  i f  the  occurrence o f  a  r e l ease  

o f  s i m i l a r  magnitude p e r  yea r  i s  g r e a t e r  than 1 0 - ~ ,  "medium" i f  between lo - '  
and and " low"  i f  l e s s  than Whi le  i t  i s  beyond t h e  scope o f  t h i s  

s tudy  t o  eva lua te  every  p o t e n t i a l  acc iden t  f o r  each decommissioning mode, an 

a t tempt  i s  made t o  i d e n t i f y  t h e  most s i g n i f i c a n t  p o t e n t i a l  acc iden ts  assoc ia ted  

w i t h  immediate dismant lement tasks.  Acc idents  d u r i n g  p repara t ions  f o r  pass ive  

s a f e  s to rage  and entombment a r e  determined by d i r e c t  comparison w i t h  immediate 

dismantlement, w i t h  no a t tempt  a t  f u r t h e r  ana l ys i s .  Thus, severa l  o f  t h e  

acc iden ts  p o s t u l a t e d  f o r  immediate dismant lement do n o t  app ly  t o  t he  o t h e r  two 

modes, s i n c e  t hey  do n o t  i n v o l v e  t h e  removal o f  a c t i v a t e d  concre te  o r  components. 

A summary o f  t h e  p o s t u l a t e d  acc iden ts  cons idered i n  t h i s  s tudy  i s  g i ven  i n  

Table 11.3-3. These acc iden ts  a re  l i s t e d  i n  o r d e r  o f  decreas ing magnitude of 

atmospheric re lease .  F i r s t - y e a r  r a d i a t i o n  doses and f i f t y - y e a r  committed r a d i -  

a t i o n  dose equ i va len t s  a r e  l i s t e d  f o r  t h e  l u n g  o f  the  maximum-exposed i n d i v i d u a l .  

The acc iden t  t h a t  i s  p o s t u l a t e d  t o  r e s u l t  i n  the  l a r g e s t  atmospheric r e l ease  o f  
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r a d i o a c t i v i t y  i s  t h e  exp los i on  of 1  i q u i d  pet ro leum gas (LPG) l eaked  f rom a  f r o n t -  / 

end l oade r .  T h i s  acc i den t  i s  assumed t o  occur  i n  t he  v e n t i l a t i o n  duc t  w i t h  

enough f o r c e  t o  cause f a i l u r e  o f  t h e  HEPA f i l t e r  system. I t  i s  c a l c u l a t e d  t h a t  

8.6 x  c u r i e s  o f  r e f e rence  r a d i o n u c l i d e  i n v e n t o r y  3 cou ld  be re leased .  The 

f requency o f  occurrence o f  t h i s  acc i den t  w i t h  t h i s  magnitude o f  r e l ease  i s  

judged t o  be low. T r a n s p o r t a t i o n  acc iden ts ,  which a re  i n c l u d e d  i n  Table  11.3-3 

f o r  comparison purposes, a re  d iscussed i n  Sec t i on  11.4. 

11.4 TRANSPORTATION SAFETY 

Spent r e a c t o r  f u e l  and r a d i o a c t i v e  wastes c o l l e c t e d  d u r i n g  decommissioning. 

a re  assumed t o  be sh ipped o f f s i t e  as p a r t  o f  p lanned decommissioning tasks .  

Spent f u e l  i s  assumed t o  be sh ipped by r a i l  i n  an IF-300 sh ipp ing  cask t o  a  

r e p o s i t o r y  l o c a t e d  2400 km away. Rad ioac t i ve  waste m a t e r i a l s  a r e  assumed t o  

be sh ipped by  t r u c k  t o  a  d isposa l  s i t e  800 km away. The method used t o  es t imate  

r a d i a t i o n  doses t o  t r a n s p o r t a t i o n  workers and t o  members o f  t h e  p u b l i c  a long  

t h e  t r a n s p o r t a t i o n  r o u t e  i s  based on i n f o r m a t i o n  i n  Reference 6. The d iscus-  

s i o n  o f  t r a n s p o r t a t i o n  acc iden ts  r e s u l t i n g  i n  atmospher ic re leases  o f  r a d i o -  

a c t i v i t y  i s  based on t h e  methods con ta ined  i n  Reference 7. The f o l l o w i n g  sub- 

sec t i ons  c o n t a i n  a  summary o f  t h e  r a d i a t i o n  dose c a l c u l a t i o n s  d iscussed i n  

Sec t i on  N.5 o f  Appendix N, as w e l l  as es t imates  o f  c a s u a l t i e s  r e s u l t i n g  f rom 

t r a f f i c  acc i den t s  d u r i n g  decommissioning t r a n s p o r t a t i o n  tasks .  R a d i a t i o n  doses 

rece i ved  by workers un load ing  t h e  r a d i o a c t i v e  m a t e r i a l s  a t  a  r e p o s i t o r y  o r  d i s -  

posal  s i t e  a r e  n o t  es t imated  i n  t h i s  s tudy,  s i nce  they  a re  assumed t o  occur  a t  

a  separate  1  icensed f a c i l i t y .  

11.4.1 Rad ia t i on  Doses f rom Rout ine  Decomniissioning T r a n s p o r t a t i o n  Tasks 

Department o f  T r a n s p o r t a t i o n  (DOT) r e g u l a t i o n s ( * )  s e t  t h e  f o l  l ow ing  exposure 

1  in i i  t s  f o r  shipments o f  r a d i o a c t i v e  m a t e r i a l  : 

1000 mR/hr a t  1  ni f rom t h e  e x t e r n a l  su r face  o f  any package t r a n s p o r t e d  

i n  a c l osed  v e h i c l e  

200 mR/hr a t  t h e  e x t e r n a l  su r f ace  o f  t h e  v e h i c l e  



l O m R / h r a t a n y p o i n t  2 m f r o m t h e  v e h i c l e  

2 mR/hr a t  any norma l l y  occupied p o s i t i o n  i n  t h e  v e h i c l e .  

Each shipment i s  assumed t o  c o n t a i n  enough r a d i o a c t i v e  m a t e r i a l  ( e i t h e r  spent 

f u e l  o r  waste) t o  r e s u l t  i n  t h e  maximum exposure r a t e s  a l lowed by t h e  above 

r e g u l a t i o n s .  

The es t imated  r a d i a t i o n  doses f rom r a i l  shipment o f  spent f u e l  a r e  l i s t e d  

i n  Table 11.4-1. Fo r t y- th ree  shipments o f  spent f u e l  a r e  requ i red .  Each t r a i n  

i s  assumed t o  t r a n s p o r t  o n l y  one cask. The es t imated  r a d i a t i o n  doses f rom 

43 t r a i n  shipments o f  spent f u e l  a re :  5.4 man-rem t o  t r a i n  brakemen and 

0.46 man-rem t o  t h e  p u b l i c  a long  t h e  t r a n s p o r t a t i o n  rou te .  These doses a re  

assumed t o  be i d e n t i c a l  f o r  t h e  t h r e e  decommissioning modes cons idered i n  t h i s  

study. 

Rad ioac t i ve  waste shipment requirements f o r  t h e  t h r e e  decommissioning modes 

a r e  d iscussed i n  Chapter 9. The number o f  shipments r e q u i r e d  a re :  1495 f o r  

immediate dismantlement, 318 f o r  p repara t ions  f o r  pass ive sa fe  s torage,  985 

f o r  entombment scenar io  1, and 728 f o r  entombment scenar io  2. The c a l c u l a t e d  

r a d i a t i o n  doses f rom r o u t i n e  waste t r a n s p o r t a t i o n  tasks a r e  1 i sted  i n   able 11.4-2. 

TABLE 11.4-1. Ca lcu la ted  Radi t i o n  Dose from R a i l  T ranspor t  
o f  Spent Fuel ( a  7 

Rad ia t i on  Dose Per To ta l  R a d i a t i  n 
Group Shipment (man-rem) Dose (man-rem) ?b 

T r a i n  Brakemen 0.12 

To ta l  Occupa- 
t i o n a l  

On1 ookers 0.005 

General Pub1 i c 0.006 

To ta l  Publ i c  

( a ) A l l  doses a r e  rounded t o  two s i g n i f i c a n t  f i g u r e s .  
(b)Based on a t o t a l  o f  43 shipments o f  2400 km each. 



TABLE 11.4-2. Calculated Radiat ion Dose from Routine Radioact ive Waste 
Transpo'rtation 

Rad ia t ion  Dose T o t a l  Popu la t ion  

Immediate Di smantl ement 

Truck Dr i ve rs  

Garagemen 

To ta l  T ranspo r ta t i on  Worker Dose 

On1 ookers 

General Pu b l  i c 

To ta l  Pub l i c  Dose 

Preparat ions f o r  Passive Safe Storage 

Truck D r i v e r s  

Garagemen 

To ta l  T rgnspo r ta t i on  Worker Dose 

Onlookers 

General Publ i c  

To ta l  Pub l i c  Dose 

Entombment 

(Scenario 1  ) 

Truck Dr i ve rs  

Garagemen 

To ta l  Transpor ta t ion  Worker Dose 

On1 ookers 

General Publ i c  

To ta l  Pub l i c  Dose 

(Scenario 2)  

Truck Dr i ve rs  

Garagemen 

To ta l  Transpor ta t ion  Worker Dose 

On1 ookers 

General Publ i c 

Tota l  Pub l i c  Dose 

Number o f  Dose per. Gro p  
per (man-rem) pmF:f Shipments (man-rem) ( b  7 

(a)Based on one-way t r i p s  o f  800 km. 
( b ) A l l  doses a re  rounded t o  two s i g n i f i c a n t  f i g u r e s .  



The l a r g e s t  c a l c u l a t e d  doses occur  f o r  imme,diate dismantlement, s i nce  t h i s  

mode r e q u i r e s  more waste shipments than t he  o t h e r  two decomniissioning modes. 

Doses o f  110 man-rem t o  t r a n s p o r t a t i o n  workers and 10 man-rem t o  t he  p u b l i c  a r e  

c a l c u l a t e d  t o  r e s u l t .  S i m i l a r  doses f o r  p repara t ions  f o r  pass ive sa fe  s torage 

and entombment scenar io  1  a r e  about 20% and 70%, r e s p e c t i v e l y ,  o f  t h e  doses 

c a l c u l a t e d  f o r  immediate dismantlement. 

11.4.2 Rad ia t i on  Doses f rom Pos tu la ted  T ranspo r ta t i on  Acc idents  

T ranspo r ta t i on  acc iden ts  have a  wide range o f  s e v e r i t i e s .  Most acc iden ts  

occur  a t  low v e h i c l e  speeds and have r e l a t i v e l y  minor  consequences. I n  genera l ,  

as speed increases,  acc iden t  s e v e r i t y  a l s o  increases.  However, acc iden t  sever-  

i t y  i s  n o t  a  f u n c t i o n  o f  v e h i c l e  speed on l y .  Other f a c t o r s  such as t h e  t ype  o f  

acc iden t ,  t h e  k i n d  o f  equipment invo lved ,  and t he  l o c a t i o n  o f  t h e  acc iden t  can 

have an impo r tan t  bear ing  on acc iden t  s e v e r i t y .  

Furthermore, damage t o  a  package i n  a  t r a n s p o r t a t i o n  acc iden t  i s  n o t  

d i r e c t l y  r e l a t e d  t o  acc iden t  s e v e r i t y .  I n  a  s e r i e s  o f  acc iden ts  o f  t h e  same 

s e v e r i t y ,  o r  i n  a  s i n g l e  acc iden t  i n v o l v i n g  a  number o f  packages, damage t o  

packages may va ry  f rom none t o  ex tens ive .  I n  r e l a t i v e l y  minor  acc idents ,  

se r i ous  damage t o  packages can occur  f rom impacts on sharp ob jec t s  o r  f rom 

be ing  s t r u c k  by o t h e r  cargo. Conversely, even i n  very  severe acc idents ,  

damage t o  packages may be min imal .  

P r o b a b i l i t i e s  o f  r a i l  and t r u c k  acc iden ts  and t h e  c a l c u l a t i o n  o f  a i r bo rne  

concent ra t ions  o f  r a d i o a c t i v i t y  f rom such acc iden ts  a re  d iscussed i n  Sec t ion  N.5  

o f  Appendix N. Most o f  t h e  i n f o r m a t i o n  about moderate and severe acc iden ts  

i s  ob ta ined  f rom Reference 9. The r a d i o a c t i v e  m a t e r i a l s  t h a t  a re  t r anspo r ted  

i n  Type B packages (spen t  f u e l  and t h e  h i g h l y  a c t i v a t e d  r e a c t o r  i n t e r n a l s  and 

pressure vesse ls )  a r e  i n  s o l i d ,  noncombust ib le forms t h a t  a r e  n o t  l i k e l y  t o  

become a i r b o r n e  i n  an acc iden t .  Therefore,  no acc iden t  a n a l y s i s  o f  Type B 

packages i s  considered. Instead,  two more r e a l i s t i c  acc iden ts  i n v o l v i n g  com- 

b u s t i b l e  r a d i o a c t i v e  wastes i n  Type A packages a re  de f ined .  Both, however, 

a r e  judged t o  have a  low frequency o f  occurrence. The c a l c u l a t e d  r a d i a t i o n  

doses t o  t h e  l u n g  o f  t h e  maximum-exposed i n d i v i d u a l ,  r e s u l t i n g  f rom these a c c i -  

dents  a r e  shown i n  Table 11.3-3. These t r a n s p o r t a t i o n  acc iden ts  a re  ranked 

w i t h  t h e  o t h e r  p o s t u l a t e d  decommissioning acc iden ts  by o rde r  o f  magnitude o f  

atmospheric re lease .  
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The severe t r a n s p o r t a t i o n  acc iden t  i s  assumed t o  i n v o l v e  r u p t u r e  and f i r e  

i n  40 waste con ta iners ,  each c o n t a i n i n g  1  c u r i e  o f  re fe rence  i n v e n t o r y  5 .  The 

t o t a l  atmospheric r e1  ease i s  0.02 c u r i e  and t h e  f i f t y - y e a r  committed r a d i a t i o n  

dose e q u i v a l e n t  t o  t h e  1  ung o f  t h e  maximum-exposed i n d i v i d u a l  i s  c a l c u l a t e d  t o  

be 0.09 rem. For t h e  minor  acc iden t ,  o n l y  one package i s  assumed t o  r u p t u r e  

and burn. I n  t h i s  case, t he  f i f t y - y e a r  committed r a d i a t i o n  dose e q u i v a l e n t  t o  

t h e  l u n g  o f  t h e  maximum-exposed i n d i v i d u a l  i s  c a l c u l a t e d  t o  be about  0.002 rem. 

Casual t i e s  f r om T r a f f i c  Acc idents  

As w i t h  any t r a n s p o r t a t i o n  task,  a  c e r t a i n  p o t e n t i a l  f o r  acc iden ta l  i n j u r y  

o r  death e x i s t s  f rom t r a f f i c  acc iden ts  d u r i n g  decommissioning t asks .  ( 6 )  A sum- 

mary o f  t h e  c a s u a l t i e s  c a l c u l a t e d  t o  r e s u l t  d u r i n g  t he  t r a n s p o r t a t i o n  tasks  

cons idered i n  t h i s  s tudy  i s  shown i n  Table 11.4-3. As shown i n  t h i s  t ab le ,  

about  0.05 i n j u r i e s  and 0.004 f a t a l i t i e s  a re  est imated f o r  the  43 r a i l  shipments 

o f  spent f u e l .  The number o f  c a s u a l t i e s  c a l c u l a t e d  f o r  each decommissioning 

mode i s  based on t h e  t o t a l  number o f  waste shipments r e q u i r e d  f o r  each mode. 

The 1  a rges t  number o f  casual t i e s  i s  c a l c u l a t e d  f o r  immediate dismantlement, 

s i nce  t h i s  mode r e q u i r e s  more waste shipments than t he  o t h e r  two deconimissioning 

modes. About 1.2 i n j u r i e s  and 0.072 f a t a l i t i e s  a re  c a l c u l a t e d  t o  r e s u l t .  S i m i l a r  

c a s u a l t i e s  f o r  p repa ra t i ons  f o r  pass ive sa fe  s to rage  and entombment scenar io  1  

a re  about 20% and 70%, r e s p e c t i v e l y ,  o f  t h e  c a l c u l a t e d  immediate dismant lement 

casual t i e s  . 



TABLE 11.4-3. Estimated Casualties from Decommissioning Transportation Accidents ( a )  

Acc iden t  Frequency To ta l  
(Acc iden ts  p e r  I n j u r i e s  Fara l  i r i e s  K i lomete rs  T r a n s p o r t a t i o n  casual  t i e s ( b )  

T r a n s p o r t a t i o n  Task Veh ic le  K i l o ~ n e r e r )  Per Acc iden t  Per Acc iden t  (Round T r i p s )  I n j u r i e s  F a t a l i t i e s  

. 

Spent Fuel 

  ruck(^) 
Immediate Dismantlement 

P r e p a r a t i o n s  f o r  Passive Safe Storage 1.0 x l o - 6  0.51 0.03 5.1 x 10 0.26 

Entombment Scenar io 1  ( e )  1.0 x l o - 6  0.51 0.03 1.6 x 10 ti 0.80 

( a ) A c c i d e n t  f r e q u e n c i e s  a r e  f rom Reference 6. 
(b)Casual  t y  e s t i m a t e s  a r e  rounded t o  two s i g n i f i c a n t  f i g u r e s .  
(c)Assuminy one spent  f u e l  cask per  t r a i n ,  43 shipments, and a  4800-km r o u n d t r i p  d is tance .  
(d)Assuminy t r u c k  t r a n s p o r t a t i o n  d i s t a n c e  o f  1000 kni r o u n d t r i p  t o  t h e  b u r i a l  ground and 1495 t r i p s  f o r  immediate d ismant lement ,  

318 f o r  p r e p a r a t i o n s  f o r  passive sa fe  storage,  and 985 f o r  entombment scenar io  1. 
( e ) C a s u a l t i e s  f o r  entombment scenar io  2 a re  l e s s ,  by a  f a c t o r  o f  728/985. 
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CHAPTER 12 

COMPARISONS WITH OTHER STUDIES 

Th is  chap te r  presents  comparisons o f  t h i s  s tudy  w i t h  severa l  pas t  s t ud ies  

on decommissioning commercial nuc lea r  power reac to r s .  

Four s t u d i e s  t h a t  i nc l uded  analyses o f  t h e  decommissioning o f  b o i l i n g  wate r  

r e a c t o r  (BWR) nuc lear  power p l a n t s  have been publ i shed  i n  t h e  l a s t  f o u r  years .  

The f i r s t  study, by a work ing group o f  t he  Assoc ia t i on  o f  German E l e c t r i c  Com- 

panies, Vere in igung Deutscher E l e k t r i z i t a t s w e r k e  (VDEW), was pub l i shed  i n  

summary form i n  June 1976, w i t h  an Eng l i sh  t r a n s l a t i o n  a year  l a t e r .  The 

second study, a l s o  f rom Germany, performed f o r  t he  Corr~mission o f  t h e  European 

Communities (ECC) by Nukl ear- Ingen ieur- Serv ice  GmbH (NIS) , was publ  i shed i n  

November 1 976. ( 2 )  A t h i r d  study, performed f o r  t h e  Atomic I n d u s t r i a l  Forum 

(A IF)  by t h e  Nuclear Energy Serv ices D i v i s i o n  o f  Automation I n d u s t r i e s ,  I n c .  

(NES) , was pub1 i shed i n  November 1976. ( 3 )  The f o u r t h  decommissioning study, 

a s e c t i o n  i n  a comparat ive s tudy  o f  coa l  and nuc lea r  genera t ing  op t ions ,  was 

completed by t h e  Washington Pub1 i c  Power Supply System (WPPSS) i n  June 1977. ( 4  

A companion s tudy t o  t h i s  BWR decommissioning study, pub l i shed  i n  June 1978 

w i t h  an addendum i n  August 1979 by P a c i f i c  Northwest Labora to ry  (PNL) f o r  t he  

Nuclear  Regu la to ry  Commission (NRC) , developed d e t a i  1 ed analyses o f  t he  decom- 

m i  s s i on ing  o f  a p ressur ized  water  r e a c t o r  (PWR) nuc lea r  power p l  an t .  ( k 6 )  

The m o t i v a t i o n  f o r  making these s tud ies  was var ied ;  thus, t h e i r  conc lus ions  

r e f l e c t  t he  spec ia l  sponsor i n t e r e s t s  and t he  s t u d i e s '  o b j e c t i v e s .  

12.1 COMPARISON OF THIS STUDY WITH OTHER BWR STUDIES 

I n  t h e  f o l l o w i n g  subsect ions, each o f  t he  o t h e r  BWR s tud ies  i s  descr ibed  

b r i e f l y .  D iscuss ions o f  t h e  r e s u l t s  o f  these s tud ies  and some comparisons 

w i t h  t h e  r e s u l  t s  o f  t h i s  s tudy  f o l  low t h e  d e s c r i p t i o n s .  



12.1.1 Reference 1  : VDEW Study 

D. Brosche and J. Essman, "On t h e  Decommissioning o f  Nuclear  Power Sta- 
t i ons , "  Atom und Strom, Volume 22, No. 3, pp. 81-87, (May/June 1976).  

Th i s  paper i s  a  summary o f  an i n t e r n a l  r e p o r t  (which i s  i n  German and i s  

n o t  r e a d i l y  a v a i l a b l e )  t i t l e d  "Study on t h e  Decommissioning o f  Nuclear  Power 

S ta t i ons . "  The p r i n c i p a l  m o t i v a t i o n  ' f o r  t h e  s tudy  was t o  be sure t h a t  t h e  

cu r ren t - gene ra t i on  nuc lea r  s t a t i o n s  met t h e  requi rements o f  C r i t e r i o n  2.10 o f  

t h e  Sa fe t y  C r i t e r i o n  f o r  nuc lea r  power s t a t i o n s ,  es tab l i shed  by t h e  Federal  

Government o f  Germany i n  1974. Th i s  c r i t e r i o n  s t a t e s :  "Nuclear power s t a t i o n s  

must be cons t ruc ted  i n  such a  way t h a t  t hey  can be decommissioned w i t h  con t inued  

observance o f  t h e  r a d i a t i o n  s a f e t y  r e g u l a t i o n s .  A  p l a n  must be made f o r  t h e  

d i s m a n t l i n g  o f  t h e  power s t a t i o n  a f t e r  f i n a l  decommissioning, which w i l l  comply 

w i t h  t h e  r a d i a t i o n  s a f e t y  r e g u l a t i o n s .  I '  P r i m a r i l y ,  t h e  s tudy  examined 1  i g h t  

water  r eac to r s ,  b u t  spec i  a1 p rob l  ems re1  a t  i ng t o  h i  gh temperature r e a c t o r s  were 

a l s o  examined. The purpose o f  t h e  s tudy was t o  show t h a t  C r i t e r i o n  2.10 cou ld  

be s a t i s f i e d  u s i n g  t h e  present-day technology on t h e  p resen t  des igns.  A lso,  

t h e  c o s t s  f o r  decommissioning were considered, s i nce  these cos t s  must be 

i n c l u d e d  i n  t h e  power genera t ion  cos t s  i n  o r d e r  t o  generate reserves  t o  pay 

f o r  decommissioning. 

An a n a l y s i s  es t imated  t h e  i n v e n t o r y  o f  r a d i o a c t i v e  m a t e r i a l s  t h a t  would 

be p resen t  i n  neu t ron- ac t i va ted  components a f t e r  40 years  o f  o p e r a t i o n  a t  

an assumed 80% load '  f a c t o r .  D e t a i l e d  work p lans were fo rmu la ted  f o r  two decom- 

m iss ion ing  a l t e r n a t i v e s :  dismantlement, and s a f e  s torage.  Decontaminat ion 

methods, dismant lement equipment and techniques, and t r a n s p o r t  and s to rage  of 

r a d i o a c t i v e  m a t e r i a l s  were examined. Only t h e  a n a l y s i s  t o t a l s  a r e  a v a i l a b l e  

i n  t h e  surrlnlary pub l i shed  i n  t h e  open l i t e r a t u r e ;  t he re fo re ,  a  d e t a i l e d  compari-  

son o f  t h e  assumptions and c o n d i t i o n s  u n d e r l y i n g  these analyses w i t h  those  o f  

o t h e r  analyses i s  n o t  poss ib l e .  However, a  few impo r tan t  p o i n t s  i d e n t i f i e d  

f rom t h e  paper a re :  

The i n v e n t o r y  o f  r ad ionuc l i des  was based on e x t r a p o l a t i o n  f rom a  sma l l e r  

(250-MWe BWR) r e a c t o r ,  a  procedure t h a t  can l ead  t o  s i g n i f i c a n t  over-  

e s t i m a t i o n  o f  t h e  i nven to ry .  



I t  was assumed t h a t  t he  spent f u e l  and r a d i o a c t i v e  ope ra t i ng  wastes had 

been removed f rom the  s i t e  be fo re  decommissioning work was s t a r t e d .  

The c o s t  es t ima te  was based on t he  summing o f  i n d i v i d u a l  es t imates  r a t h e r  

than e x t r a p o l a t i n g  f rom prev ious  exper ience. 

A l l  r a d i o a c t i v e  components were c u t  i n t o  p ieces t h a t  would f i t  i n t o  

s tandard waste d isposa l  drums f o r  eventua l  d isposa l ,  an ope ra t i on  t h a t  

would r e q u i r e  a  s i g n i f i c a n t  l e v e l  o f  e f f o r t .  

12.1.2 Reference 2: E C C- N I S  Study 

R. Bardtenschlager ,  D. Bo t t ge r ,  A .  Gasch and N.  Majohr, "Decommissioning 
o f  L ight-Water  Reactor Nuclear  Power P lants ,"  Nuclear  Engineer ing and 
Design, Vol. 45, pp. 1-51, Nor th-Hol land Pub l i sh ing  Company, 1978. 

The pub l i shed  a b s t r a c t  o f  t h i s  paper f o l l o w s :  

"Th is  s tudy  dea ls  w i t h  t h e  t echn i ca l  and economic quest ions posed by t h e  
decommissioning o f  l i g h t - w a t e r  r e a c t o r  nuc lea r  power p l a n t s  o f  t he  900-1300 
MWe c lass ,  account be ing  taken o f  t h e  d i s t i n c t i o n s  between b o i l i n g -  and pres-  
sur i zed- water  r eac to r s .  Poss ib le  decommissioning a l t e r n a t i v e s  and t he  d isposa l  
o r  conf inement o f  a c t i v i t y  a r e  discussed. I t  emerges f rom t h e  d i scuss ion  t h a t  
decommissioning, and even t o t a l  dismantlement o f  these nuc lea r  power p l a n t s  i s  
i n  p r i n c i p l e  f e a s i b l e .  

"The a c t i v i t y  i nven to ry ,  one yea r  a f t e r  shutdown, i s  c a l c u l a t e d  t o  be 
about 3  x  107 C i  f o r  t h e  BWR and 4  x  l o 6  C i  f o r  t he  PWR; 40 years a f t e r  shut-  
down these f i g u r e s  a r e  reduced t o  2  x  106 and 4  x  l o 5  C i ,  r e s p e c t i v e l y .  

"The decommissioning cos t s  t o  be expected a r e  a l s o  est imated.  Th i s  e s t i -  
mate serves as t h e  bas i s  f o r  an economic comparison by t h e  p resen t  wor th  method. 
The economic comparison shows t h a t  t o t a l  dismantlement a f t e r  a c o o l i n g  t ime o f  
one yea r  i s  more than f o u r  t imes as expensive as i n t e r i m  conf inement f o l l owed  
by t o t a l  dismantlement [ a f t e r  a] w a i t i n g  p e r i o d  o f  40 years.  The p resen t  worths 
f o r  immediate t o t a l  d ismant lement a re  es t imated  DM 200 m i l l i o n  f o r  t he  BWR and 
DM 170 m i l l i o n  f o r  t h e  PWR; f o r  t h e  o t h e r  a l t e r n a t i v e ,  t hey  a r e  p u t  a t  DM 45 
m i l l i o n  f o r  t h e  BWR and DM 42 m i l l i o n  f o r  t h e  PWR. 

" A  s t i l l - o p e n  ques t i on  i s  posed by t h e  f i n a l  s to rage  o f  t h e  l a r g e  quan t i -  
t i e s  o f  bu l ky  r a d i o a c t i v e  waste a r i s i n g  i n  p a r t i a l  o r  t o t a l  dismantlement. 
S ince no d e c i s i o n  on t he  s to rage  method has y e t  been taken, d isposa l  i n  casks 
i s  s t i p u l a t e d  as a  boundary c o n d i t i o n  i n  t h e  es t i n i a t i on  o f  t h e  costs ,  a l though 
t h i s  i s  an u n r e a l i s t i c  assumption. I t  i s  t o  be presumed t h a t  t he  cos t s  o f  d i s -  
posal  can be reduced g iven  app rop r i a te  f i n a l  s to rage ."  



This  study presents d e t a i l e d  bases f o r  t he  analyses and eva luat ions  made. 

Sequences o f  operat ions and costs were developed f o r  th ree decommissioning 

a1 te rna t i ves :  immediate dismantlement, p a r t i a l  dismantlement w i t h  sa fe  

storage, and safe storage w i t h  defer red dismantlement. 

I n  general, cos t  est imates were conservat ive, us ing u p p e r - l i m i t  cond i t ions .  _ 
Radiat ion dose ra tes  were est imated using standard c a l c u l a t i o n a l  methods. The 

d e t a i  1 ed c a l  c u l  a t i  on performed t o  est imate t h e  inventory  o f  neutron a c t i v a t e d  

mater ia l  was modeled a f t e r  a 1200-MWe BWR, KRB 11, a t  Gundremmingen. Several 

assumptions used i n  t h i s  study are: 

A l l  o f  t h e  spent f u e l  and rad ioac t i ve  operat ing wastes are  removed from 

the  s i t e  before decommissioning i s  s tar ted .  

The r e a c t o r  pressure vessel i n  the  BWR p l a n t  i s  lowered i n  t h e  conta in-  

ment f o r  secure res idua l  confinement (entombment). 

Par t  o f  t h e  BWR t u r b i n e  i s  n o t  decontaminated. 

A l l  r a d i o a c t i v e  ma te r ia l  i s  c u t  i n t o  pieces t h a t  w i l l  f i t  i n  200- t o  

400-R drums. 

12.1.3 Reference 3: AIF-NES Study 

W.  J. Manion and T. S. LaGuardia, An Engineering Evaluat ion o f  Nuclear 
Power Reactor Decommissioning A l te rnat ives ,  AIFINESP-009, Atomic Indus- 
tri a1 Forum, Inc .  , November 1976. 

This study r e p o r t s  d e t a i l e d  analyses o f  t he  costs, occupational r a d i a t i o n  

exposure, and r a d i o a c t i v e  mater ia l  volumes f o r  disposal t h a t  r e s u l t  from the  

decomniissioning o f  th ree generic reac to r  types: PWR, BWR, and HTGR. Three 

basic approaches t o  decommissioning were examined: immediate dismantlement, 

hardened safe  storage (entombment), and cus tod ia l  safe storage (mothbal l  i n g )  . 
The l a t t e r  two approaches were a l so  examined when terminated by defer red d i s -  

mantlement. 

Since t h e  reac tors  s tud ied were gener ic  r a t h e r  than s p e c i f i c ,  design and 

s i t e - s p e c i f i c  d e t a i l s  could no t  be t rea ted  f u l l y .  Rather, those items t h a t  

were l i k e l y  t o  be s i g n i f i c a n t l y  in f luenced by design and s i t e  d i f f e rences  were 

i d e n t i f i e d  f o r  f u t u r e  considerat ion.  



D e t a i l e d  work d e s c r i p t i o n s  f o r  t he  tasks  necessary t o  accompl ish t h e  

decommissioning were developed. From these desc r i p t i ons ,  manpower, occupat iona l  

r a d i a t i o n  exposure, and r a d i o a c t i v e  m a t e r i a l  d isposa l  volumes were est imated. 

Ca l cu la t i ons  were made t o  es t imate  t h e  i n v e n t o r i e s  o f  r ad ionuc l  i des  t h a t  

would be p resen t  a t  t h e  r e a c t o r  f a c i l i t i e s  a t  shutdown and a t  va r i ous  t imes 

t h e r e a f t e r .  Rad ia t i on  dose r a t e  es t imates  were made f o r  a c t i v a t e d  components 

f rom t h e  r e a c t o r  vessel a t  years  a f t e r  shutdown. The conc lus ion  f rom t h i s  

a n a l y s i s  was t h a t  some o f  t h e  vessel  components would remain s u f f i c i e n t l y  r a d i o -  

a c t i v e  t o  p rec lude  permanent entombment. 

Est imates o f  a i r b o r n e  r a d i o n u c l i d e  re leases  t o  t h e  environment r e s u l t i n g  

f rom decommissioning ope ra t i ons  were a l s o  made, t oge the r  w i t h  es t imates  o f  t h e  

r a d i a t i o n  doses t o  t h e  pub1 i c  r e s u l t i n g  from t r a n s p o r t  o f  r a d i o a c t i v e  m a t e r i a l  s  

t o  d isposa l  s i t e s .  

12.1.4 Reference 4: WPPSS Study 

W. C. Wolkenhauer, Comparative Study o f  Coal and Nuclear  Generat ing Opt ions 
f o r  t h e  P a c i f i c  Northwest,  Vol. 111, Ana l ys i s  o f  t h e  Nuclear  Opt ion, 
Sec t ion  7, Decommissioning o f  Nuclear  Power P lan ts ,  Washington P u b l i c  Power 
Supply system, June 1977. 

Th i s  s tudy  i nc l udes  a  s e c t i o n  on t h e  decommissioning o f  nuc lea r  power 

p l a n t s .  The a n a l y s i s  i s  based on a  s tudy by an eng ineer ing  consu l t an t  f i r m  

t h a t  developed c o s t  p r o j e c t i o n s  f o r  dismantlement and entombment o f  bo th  an 

1100-MWe BWR and an 1100-MWe PWR. Cost es t imates  were based on t h e  cos t s  

i n c u r r e d  i n  decommissioning t h e  BONUS and E l k  R i v e r  r eac to r s .  Where a d d i t i o n a l  

da ta  were needed t hey  were ob ta ined  f rom " B u i l d i n g  Cons t ruc t i on  Cost Data 1972," 

Robert  Snow Means Company, Inc. ,  and f rom "Manual o f  I n d u s t r i a l  Cons t ruc t i on  

Es t ima t i ng  and Engineer ing Standards," Richardson Engineer ing Serv ices.  The 

c o s t  es t imates  were n o t  s i t e - s p e c i f i c .  I t  was assumed i n  t he  s tudy  t h a t  t h e  

u t i l i t y  would a c t  as t h e  pr ime c o n t r a c t o r  f o r  decommissioning. Cost develop-  

ment d e t a i l s  were n o t  inc luded .  



12.1.5 D iscuss ion  o f  BWR Decommissioning Study Resu l ts  

A l l  o f  t h e  BWR s t u d i e s  conclude t h a t  decommissioning o f  a l a r g e  BWR can 

be accompl ished us ing  present-day technology.  Improvements i n  t o o l s  and tech-  

n iques w i l l  r e s u l t  i n  reduced r a d i a t i o n  exposure and lower  cos t s  as decommis- 

s i o n i n g  exper ience i s  gained. A l l  o f  t h e  s tud ies  recogn ize  t h a t  c o n s i d e r a t i o n  

o f  decommissioning problems by t h e  r e a c t o r  des igners would s i m p l i f y  some o f  t h e  

decommissioning opera t ions .  

D i f f e rences  i n  approach between these s tud ies  a r e  g r e a t  enough t o  make 

d e t a i l e d  comparisons imposs ib le .  A t o t a l  c o s t  f o r  immediate dismant lement i s  

g i ven  i n  each s tudy.  The t o t a l  cos ts  d i f f e r ,  b u t  t h e  reasons f o r  t h e  d i f f e r -  

ences a r e  n o t  r e a d i l y  apparent.  The d e t a i l s  o f  t h e  c o s t  es t imates  a r e  i nc l uded  

o n l y  i n  t h e  AIF-NES s tudy  and i n  t h i s  (NRC-PNL) s tudy.  

The es t imated  q u a n t i t i e s  o f  neu t ron  a c t i v a t i o n  p roduc ts  i n  r e a c t o r  

s t r u c t u r a l  components a t  t h e  end o f  p l a n t  operation a r e  shown i n  Table 12.1 -1. 

These es t imates  a r e  s e n s i t i v e  t o  severa l  parameters: t h e  compos i t ion  o f  t h e  

r e a c t o r  s t r u c t u r a l  m a t e r i a l s ,  t h e  mass and s p a t i a l  arrangement o f  t h e  s t r u c t u r a l  

components, t h e  i n t e n s i t y  and d i s t r i b u t i o n  o f  t h e  thermal neu t ron  f l u x ,  t h e  

neu t ron  cap tu re  c ross  sec t i ons  o f  t h e  s t r u c t u r a l  m a t e r i a l s ,  and t h e  h a l f - l i v e s  

o f  t h e  neu t ron  a c t i v a t i o n  products .  The impact o f  t he  d i f f e r e n c e s  i n  es t imated  

r a d i o n u c l i d e  i n v e n t o r i e s  on t h e  decommissioning e f f o r t  and c o s t  i s  n o t  g rea t ,  

because much o f  t h e  m a t e r i a l  i s  so r a d i o a c t i v e  t h a t  d i f f e r e n c e s  as g r e a t  as a 

f a c t o r  o f  10 do n o t  a f f e c t  t h e  b a s i c  work procedures employed i n  removing t h e  

m a t e r i a l .  The p r i n c i p a l  impacts a r e  t h e  cos ts  o f  packaging, t r a n s p o r t a t i o n ,  

and c u r i e  surcharges a t  t h e  b u r i a l  s i t e .  

Est imates o f  occupat iona l  r a d i a t i o n  dose f o r  immediate dismant lement o f  

a BWR a r e  g i ven  i n  t h e  AIF-NES study (550 man-rem) and i n  t h i s  NRC-PNL s tudy  

(1845 man-rem). These es t imates  a r e  based on d e t a i l e d  es t imates  o f  man- 

hours o f  work and assoc ia ted  r a d i a t i o n  dose r a t e s .  The d i f f e r e n c e s  between 

t h e  AIF-NES and NRC-PNL s tud ies  r e f l e c t  d i f f e r e n t  l e v e l s  o f  opt imism f o r  t h e  

e f f e c t i v e n e s s  o f  chemical decontaminat ion, d i f f e r e n t  approaches t o  some o f  t h e  

dismant lement tasks,  and d i f f e r e n t  schedules f o r  per fo rming  t h e  work. 



TABLE 12.1-1. Est imated I n v e n t o r i e s  o f  Neu t ron- Ac t i va t i on  Products 
i n  a  Shutdown BWR 

Estimated 
Inventory  Time A f t e r  

Study (Ci ) Shutdown ( y r )  Basis o f  Est imate 

VDEW 6.6 x  l o 7  1  Ex t rapo la t ion  from c a l c u l a t i o n  
f o r  small r eac to r .  

E C C- N I S  2.9 l o 7  1  De ta i led  c a l c u l a t i o n  f o r  KRB-11- 
type r eac to r .  

AIF-NES 1.3 x  10 6  0  De ta i led  ca l cu l a t i ons  f o r  gen- 
e r i c  BWR. 

WPPSS No Est imate -- -- 

NRC-PNL (This  Study) 6.6 x  l o 6  0 De ta i led  ca l cu l a t i ons  f o r  r e f -  
erence WNP-2 BWR. 

The t o t a l  es t imated  cos t s  f o r  immediate dismant lement,  which a re  g iven  

i n  t h e  va r i ous  BWR decommissioning s tud ies ,  a r e  shown i n  Table  12.1-2. S ince  

t h e  es t ima ted  cos t s  i n  t h e  d i f f e r e n t  s t u d i e s  were made i n  d i f f e r e n t  years ,  

e s c a l a t i o n  f a c t o r s  a r e  suggested t o  norma l i ze  t h e  c o s t s  t o  1978. 

TABLE 12.1-2. Est imated C s t s  f o r  Immediate Dismantlement o f  a  
Large B W R ( ~  7 

Repor ted Cost  Year o f  Suggested Est imated Cos 
Study ($  M i l l i o n s )  Es t imate  E s c a l a t i o n  Fac to r  ( $  M i l l i o n s ) t b )  

VDEW 

ECC-NIS 

AIF-NES 

WPPSS 19 1972 1.65 

NRC-PNL ( T h i s  S tudy)  1978") 1  .O 

( a ) A l l  c o s t s  a r e  rounded t o  two s i g n i f i c a n t  f i g u r e s .  
(b)Costs  i n c l u d e  demo1 i t i o n  o f  t h e  decontaminated s t r u c t u r e s  and sh ipment  o f  

spen t  f u e l .  
(c)The NRC-PNL s tudy  uses t h e  same c o s t  f a c t o r s  as t he  NRC-PNL PWR s tudy .  ( 5 )  



The es t imated  cos t s ,  i n  Table 12.1-2 v a r y  by as much as a f a c t o r  o f  3. 

Since t h e  German s t u d i e s  do n o t  i n c l u d e  d e t a i l s  f o r  t h e  development o f  e s t i -  

mated cos ts ,  i t  i s  n o t  p o s s i b l e  t o  t o t a l l y  e x p l a i n  why t h e  es t imates  i n  these 

s tud ies  a r e  s i g n i f i c a n t l y  g r e a t e r  than  those made i n  t h e  Un i t ed  S ta tes .  How- 

ever,  t h e  more massive containment s t r u c t u r e s  o f  t he  German r e a c t o r s  and t h e  

need t o  c u t  a l l  r a d i o a c t i v e  m a t e r i a l s  i n t o  p ieces smal l  enough t o  be packaged 

i n  200- t o  400-R b u r i a l  drums p a r t i a l l y  e x p l a i n  t h e  g r e a t e r  c o s t  es t imates .  

It i s  apparent  f rom t h e  comparison o f  these s tud ies  t h a t  a r e a l i s t i c  e s t i -  

mate o f  t h e  c o s t  f o r  immediate dismant lement can be developed o n l y  by a d e t a i l e d  

a n a l y s i s  o f  t h e  p l a n t  be ing  considered. Th i s  i s  t r u e  s i nce  des ign d i f f e r e n c e s  

between p l a n t s  s i g n i f i c a n t l y  a f f e c t  t h e  cos t s  o f  t h e i r  decommissioning. 

12.2 COMPARISON OF THIS STUDY WITH THE NRC-PNL PWR STUDY 

Another s tudy  o f  i n t e res t - - one  t h a t  i s  r e l a t e d  b u t  n o t  d i r e c t l y  comparable 

t o  t h i s  BWR s t u d y- - i s  t h e  NRC-PNL PWR decommissioning study. (5,6) 

12.2.1 References 5 and 6: NRC-PNL PWR Study 

R. I. Smith, G. J. Konzek, and W. E. Kennedy, Jr . ,  Technology, Sa fe t y  and 
Costs o f  Decommissioning A Reference Pressur ized  Water Reactor Power 
S ta t i on ,  NUREG/CR-0130, Prepared by P a c i f i c  Northwest Labora to ry  f o r  U.S. 
Nuclear  Regulatory  Commission, J u l y  1978. 

R. I .  Smith and L. M. Po lentz ,  Technology, Sa fe ty  and Costs o f  Decommis- 
s i o n i n g  a Reference Pressur ized  Water Reactor Power S t a t i o n  - Addendum, 
NUREGICR-0130, Sec t i on  4, Prepared by P a c i f i c  Northwest Labora to ry  f o r  
U.S. Nuclear  Regulatory  Commission, August 1979. 

Th i s  s tudy  analyzes t h e  technology, sa fe t y ,  and cos t s  o f  decommissioning 

an 1175-MWe reference-PWR power s t a t i o n ,  us i ng  each o f  t h r e e  modes: immedi- 

a t e  dismant lement,  sa fe  s to rage  w i t h  de fe r red  dismantlement, and entombment. 

Decommissioning o f  a PWR was found t o  be t e c h n i c a l l y  f e a s i b l e  w i t h  p resen t-  

day technology.  I t  was pos tu l a ted  i n  t h i s  s tudy  t h a t  f u r t h e r  development o f  

spec ia l  equipment c o u l d  reduce cos t s  and occupat ional  r a d i a t i o n  doses. 



Estimates of accumulated occupational radiation dose from decommissioning 
a PWR were over 1200 man-rem for  immediate dismantlement, over 400 man-rem 
for  placing the f a c i l i t y  in safe storage, about 760 man-rem for  entombment 
with the reactor vessel internals l e f t  in place, and about 850 man-rem for 

entombment with the reactor vessel internals removed. The radiation dose 
associated with deferred dismantlement was found t o  depend on when dismantle- 
ment took place; a relat ively small reduction in accuniulated occupational radi- 
ation dose was estimated t o  resul t  from deferring dismantlement beyond 30 
years, with vir tual ly  no further reduction resulting from deferment beyond 
50 years. 

The PWR study also estimated the radiation doses received by the transpor- 

tation workers and the general public as a resul t  of transporting spent fuel 
and radioactive materials to disposal s i t e s .  The combined estimated radiation 
doses for  these people were 125 man-rem for  immediate dismantlement, 1 7  man-rem 
for  safe storage preparations, and 20 man-rem and 25 man-rem, respectively, 

for entombment with and without the reactor vessel internals.  

All costs given in the PWR study were in terms of 1978 dollars,  with 25% 
contingencies included. The estimated costs for  decommissioning a PWR by 

immediate dismantlement, by safe storage, and by entombment are summarized in 
Table 12.2-1. 

The cost for  continuing care during the period of safe storage was e s t i -  

mated to be about $80,000 per year (including a 25% contingency). 

The costs for  deferred dismantlement, s tar t ing a f t e r  intervals of 30, 50, 
and 100 years a f t e r  final reactor shutdown, were estimated ( in  constant 1978 
dol lars)  t o  be about $26 mil 1 ion, $20 mill ion, and $20 mil 1 ion, respectively. 
The lesser  costs a f t e r  the longer intervals resul t  from having less  contamina- 
ted material for  packaging, shipment, and burial due to  decay of the radio- 
nucl ides . 



TABLE 12.2-1. Decommissioning Costs f o r  t h e  Reference PWR 
( m i l l  i ons  o f  do1 l a r s ) ( a )  

Cost I tem 

A c t i v a t e d  Ma te r i a l  Disposal  
Contaminated Ma te r i a l  Disposal  
Rad ioact ive  Waste Disposal  

S t a f f  Labor 
E l e c t r i c  Power 
Equipment 

Suppl i e s  
Nuclear Insurance 
Cont rac tor  Services 

Secu r i t y  and Su rve i l l ance  
Entombment B a r r i e r  I n s t a l l a t i o n  

Subto ta ls  

Con t i ngenc ies (25%)  

To ta l s  

Other P o t e n t i a l  Costs 

Fuel Shipment 

Non-Radioactive Demol i t ion  

Immediate 
Dismantlement 

Decommissioning Mode 
Entombment Entombment 

Safe Storage (w / In te rna l  s )  ( I n t e r n a l  s  Removed) 

-- ( b )  -- 2.498 
-- 0.472 0.472 

0.544 0.693 0.693 

(a)Number of  s i g n i f i c a n t  f i g u r e s  shown i s  f o r  computat ional  completeness and does no t  imp ly  
accuracy t o  t he  neares t  one thousand d o l l a r s .  

( b ) I n d i c a t e s  no t  requ i red  f o r  t h i s  decommissioning mode. 
(c)Annual s u r v e i l l a n c e  and maintenance cos t  of  $64,000 f o r  50 years.  
(d)Annual surve i  1  lance o f  $35,000 f o r  100 years.  

12.2.2 Comparison o f  Resul ts  

Summary es t imates  f o r  t h e  immediate dismantlement o f  the  re fe rence  PWR and 

t h e  re fe rence  BWR a r e  g iven  i n  Table 12.2-2. A l though bo th  s tud ies  were made 

by t h e  same o rgan i za t i on ,  most o f  t he  c o n t r i b u t o r s  t o  t h e  BWR study were n o t  

i n v o l v e d  i n  t he  PWR study. Th i s  r e s u l t e d  i n  some d i f f e r e n c e s  i n  assumptions 

and analyses. 

The c a l c u l a t e d  r a d i o a c t i v i t y  i n  t h e  neu t ron- ac t i va ted  m a t e r i a l s  i n  and 

sur round ing  t h e  r e a c t o r  vessel o f  t he  re fe rence  BWR a t  shutdown i s  38% g r e a t e r  

than t h a t  c a l c u l a t e d  f o r  t he  re fe rence  PWR. For bo th  r e a c t o r s ,  t h e  core  shroud 

con ta ins  more r a d i o a c t i v i t y  than a l l  o t h e r  neu t ron- ac t i va ted  components combined 

The g r e a t e r  q u a n t i t y  o f  c a l c u l a t e d  r a d i o a c t i v i t y  f o r  t he  re fe rence  BWR can be 

a t t r i b u t e d  t o  i t s  more massive core  shroud, which i s  about 2.4 t imes t h e  mass 



TABLE 12.2-2. Summary I n f o r m a t i o n  f o r  Immediate D ismant lement  
o f  t h e  Reference PWR and t h e  Reference BWR 

Category  PWR BWR 

N e u t r o n - A c t i v a t i o n  P roduc ts  a t  Shutdown ( C i )  4.8 x  10 6 ( a )  6.6 x  10 6 ( b )  

Occupa t iona l  Dose (man-rem) 1  2 0 0 ( ~ )  1  

D ismant lement  Cost  ( $  m i l  l i o n )  ( 4  31 ( f )  44 ( g  ) 

(a)From T a b l e  7.3-2, Reference 5. 
(b)From T a b l e  7.4-4, Chapter  7. 
(c )Fron i  T a b l e  11.3-1, Reference 5. 
(d )From T a b l e  11.2-1, Chapter  11. 
( e ) E a r l y  1978 do1 l a r s .  
( f ) F r o m  T a b l e  12.2-1. 
(g )From T a b l e  10.1-1, Chapter  10. 

o f  t h e  r e f e r e n c e  PWR c o r e  shroud.  The e s t i m a t e d  t o t a l  r a d i o a c t i v i t y  i n  t h e  

BWR c o r e  sh roud  i s  abou t  2.1 t imes  t h e  c o n t e n t  i n  t h e  PWR c o r e  shroud.  

The e s t i m a t e d  o c c u p a t i o n a l  r a d i a t i o n  doses f o r  immediate d i sman t lemen t  o f  

t h e  r e f e r e n c e  PWR and t h e  r e f e r e n c e  BWR a r e  1200 man-rem and 1845 man-rem, respec-  

t i v e l y .  The l a r g e r  o c c u p a t i o n a l  dose f o r  t h e  d ismant lement  o f  t h e  BWR i s  p r i n c i -  

p a l l y  due t o  t h e  dose a s s o c i a t e d  w i t h  removing and s h i p p i n g  t h e  t u r b i n e ,  t h e  main  

condenser,  t h e  feedwate r  h e a t e r s ,  and o t h e r  process equipment and p i p i n g  i n  t h e  

T u r b i n e  Genera to r  B u i l d i n g  . Equipment p e r f o r n i i n g  s i m i  l a r  f u n c t i o n s  i n  t h e  PWR 

was assumed t o  be uncontaminated.  The r a d i a t i o n  dose accumula ted d u r i n g  disman- 

t l e m e n t  o f  t h e  T u r b i n e  Genera to r  B u i l d i n g  o f  t h e  r e f e r e n c e  BWR i s  p a r t i a l l y  o f f -  

s e t  b y  t h e  r a d i a t i o n  dose accumulated d u r i n g  d ismant lement  o f  t h e  p r e s s u r i z e r  

and steam g e n e r a t o r s  i n  t h e  r e f e r e n c e  PWR. 

The e s t i m a t e d  c o s t s  f o r  immediate d ismant lement  o f  t h e  r e f e r e n c e  BWR a r e  

s i g n i f i c a n t l y  g r e a t e r  t han  those  f o r  t h e  r e f e r e n c e  PWR. About 8 5 % . o f  t h e  

d i f f e r e n c e  i s  due t o  t h e  g r e a t e r  c o s t  f o r  s t a f f  l a b o r  i n  t h e  BWR s t u d y .  

I n  t h e  PWR s tudy ,  i t  was assumed t h a t  a1 1  o f  t h e  decomn~iss ion ing worke rs  

c o u l d  r e c e i v e  r a d i a t i o n  doses o f  up t o  3 reni p e r  q u a r t e r .  No a t t e m p t  was made 

on a  task- by- task  b a s i s  t o  a d j u s t  the s t a f f  s i z e  o r  manpower l o a d i n g s  i f  t h e  

average r a d i a t i o n  dose t o  t h e  hands-on worke rs  d i d  n o t  exceed 3 rem p e r  

q u a r t e r .  



I n  t h i s  BWR study,  however, i t  i s  assumed t h a t  t h e  superv iso rs ,  u t i l i t y  

opera to rs ,  and h e a l t h  phys ics  t echn i c i ans  a r e  long- t ime r a d i a t i o n  workers  whose 

annual exposure i s  l i m i t e d  t o  5 rem p e r  yea r  by t h e  fo rmu la  5(N-18) g i ven  i n  

10 CFR 20.101 ( b )  ( 2 ) .  The craf tsmen and t h e  l a b o r e r s  a re  assumed t o  have had 

l i t t l e  p rev ious  r a d i a t i o n  exposure and can r e c e i v e  r a d i a t i o n  doses o f  up t o  

3  rem p e r  q u a r t e r  ( w i t h i n  t h e  cons tan t  o f  t h e  5(N-18) fo rmu la ) .  As a r e s u l t ,  

manpower requi rements f o r  t h i s  BWR s tudy  a r e  es t imated  n o t  o n l y  on t h e  bas i s  o f  

t he  number o f  workers needed t o  p h y s i c a l l y  accompl ish t h e  work, b u t  a l s o  on 

t h e  bas i s  o f  p r o v i d i n g  enough workers t o  assure compliance w i t h  t h e  assumed 

r a d i a t i o n  dose l i m i t s  o u t l i n e d  above. Th i s  a n a l y s i s  bas i s  necess i t a tes  t h e  

employment o f  a  s i g n i f i c a n t l y  l a r g e r  work f o r c e  f o r  dismant lement o f  t h e  BWR 

than  would have been t h e  case under t h e  s t r a i g h t  3- rem-per-quarter bas i s  

assumed f o r  t h e  PWR study.  I t  i s  es t imated  t h a t  t h e  s t a f f  l a b o r  cos t s  f o r  

dismant lement o f  t h e  re fe rence  BWR would be reduced by about $7 m i l l i o n  i f  a l l  

o f  t h e  workers were p e r m i t t e d  t o  r e c e i v e  a r a d i a t i o n  dose o f  up t o  3  rem pe r  

qua r te r .  
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CHAPTER 13 

CONSIDERATIONS FOR DECOMMISSIONING FACILITATION 

The h ighe r  c o s t  o f  decommissioning nuc lear  power p l a n t s  r e l a t i v e  t o  non- 

nuc lear  power p l a n t s  r e s u l t s  f rom t h e  r a d i a t i o n  dose r a t e s  t h a t  r e q u i r e  remote 

opera t ions ,  contaminat ion c o n t r o l ,  r a d i o l o g i c a l  s u r v e i l l a n c e ,  and r a d i o l o g i c a l  

p r o t e c t i o n ;  t h e  i n e f f i c i e n c i e s  i n  us ing  decommissioning personnel because o f  

these r a d i a t i o n  dose ra tes ;  t h e  l a r g e  volumes o f  r a d i o a c t i v e  waste t h a t  r e q u i r e  

speci  a1 hand1 i ng, packaging, and d isposa l  ; and t h e  massive concrete and s t e e l  

s t r u c t u r e s  t h a t  r e q u i r e  spec ia l  d i sman t l i ng  techniques. 

Experience has shown t h a t  s teps can be taken t o  min imize t he  e f f e c t  o f  

these circumstances d u r i n g  decommissioning o r ,  s t a t e d  another way, t o  f a c i l i t a t e  

decommissioning. Some o f  these s teps must be taken e a r l y  i n  t h e  des ign o f  a 

b o i  1 i ng water  r e a c t o r  (BWR) , whi 1 e o the rs  may be. taken d u r i n g  i t s  ope ra t i ng  

1 i f e t i m e  o r  even d u r i n g  decommissioning. To be e f f e c t i v e ,  a f a c i  1 i t a t i o n  

technique must reduce t h e  r a d i a t i o n  dose and/or t h e  volume o f  r a d i o a c t i v e  waste 

d u r i n g  decommissioning, a t  a reasonable c o s t  and w i t h o u t  adverse ly  impac t ing  

t h e  normal ope ra t i on  o f  t h e  f a c i l i t y .  I d e a l l y ,  an e f f e c t i v e  technique w i l l  

p rov ide  s i m i l a r  b e n e f i t s  d u r i n g  t h e  BWR's ope ra t i ng  years.  Decommissioning 

f a c i l i t a t i o n  techniques have been descr ibed  f o r  l i g h t  water  r e a c t o r s  i n  general  

and f o r  p ressur ized  water  r e a c t o r s  i n  p a r t i c u l a r  i n  References 1 apd 2, respec- 

t i v e l y .  Techniques discussed i n  Reference 1 t h a t  m igh t  f a c i l i t a t e  t h e  decom- 

m iss ion ing  of  a BWR a r e  summarizea i n  t h i s  chapter .  

13.1 DECOMMISSIONING FACILITATION ISSUES - 

This  s e c t i o n  con ta ins  a d i scuss ion  o f  t he  r e g u l a t o r y  requirements as w e l l  

as t h e  p o t e n t i a l  r a d i a t i o n  dose reduc t i on ,  cos t ,  and c o s t - b e n e f i t  cons idera t ions  

o f  decommissioning f a c i l i t a t i o n  techniques. 

13.1 .1 Reaul a t o r v  Reauirements 

Regulatory  requi rements p e r t i n e n t  t o  decommissioning a r e  discussed i n  

Chapter 5 of t h i s  s tudy  and a l s o  i n  Reference 3. Regulatory  requirements 



r e l a t e d  t o  the  f a c i l i t a t i o n  o f  decommissioning f o r  nuclear  power p l a n t s  a re  

non-exis tent .  However, 10 CFR Par t  50, App. F.4 s ta tes :  " A  design o b j e c t i v e  

f o r  f u e l  reprocessing p lan ts  s h a l l  be t o  f a c i  1 i t a t e  decontamination and removal 

o f  a l l  s i g n i f i c a n t  r a d i o a c t i v e  wastes a t  t he  t ime the  f a c i l i t y  i s  permanently 

decommissioned." The i n t e n t  o f  t h i s  r e g u l a t i o n  can l o g i c a l l y  be extended t o  

BWRs. Also, NRC Regulatory Guide 8.8, In fo rmat ion  Relevant t o  Ensuring t h a t  

Occupational Rad ia t ion  Exposures a t  Nuclear Power Sta t ions  W i l l  Be As Low As I s  

Reasonably Achievable p o i n t s  ou t  t h a t  "Design concepts and s t a t i o n  fea tures  

should r e f l e c t  cons idera t ion  of t he  a c t i v i t i e s  o f  s t a t i o n  personnel (such 

as . . . decontamination and decommissioning) t h a t  might  be a n t i c i p a t e d  and t h a t  

might  l ead  t o  personnel exposure t o  subs tan t i a l  sources o f  rad ia t i on . "  

I n  summary, t h e  ava i  1 able regu l  a to ry  guidance i nd i ca tes  tha t ,  t o  f a c i  1 i t a t e  

decommissioning, e a r l y  a t t e n t i o n  should be g iven t o  the  f o l l o w i n g :  design, 

l o c a t i o n ,  a c c e s s i b i l i t y ,  and s h i e l d i n g  o f  equipment and components; adequate 

record keeping; cons t ruc t i on  ma te r ia l s  and t h e i r  f i n i s h i n g ;  decontamination 

techniques; and spec ia l  dismantl  i n g  too l s ,  techniques, and equipment. 

13.1.2 Rad ia t ion  Dose Reduction Considerat ions 

The reduc t i on  o f  occupat ional r a d i a t i o n  doses t o  a p r a c t i c a l  minimum i s  

an impor tan t  cons idera t ion  du r ing  decommissioning, j u s t  as i t  i s  du r ing  p l a n t  

operat ion.  The standard r a d i a t i o n  c o n t r o l  techniques o f  t ime, d is tance,  and 

s h i e l d i n g  a r e  used du r ing  decommissioning. I n  add i t ion ,  the safe storage decom- 

miss ion ing  mode can i t s e l f  be considered a decommissioning f a c i l i t a t i o n  techn i-  

que i n  t h a t  i t  al lows t ime f o r  r a d i o a c t i v i t y  decay, thereby reducing p o t e n t i a l  

r a d i a t i o n  dose t o  decommissioning personnel. Another decommission f a c i l i t a t i o n  

technique i s  t o  concentrate r a d i a t i o n  sources i n  one p lace f o r  eas ie r  s h i e l d i n g  

o r  remote handl ing. However, i t  should be recognized t h a t  r a d i o a c t i v i t y  i s  no t  

reduced o r  e l im ina ted by t h i s  technique, b u t  i s  merely rearranged f o r  more con- 

ven ien t  handl ing.  

It i s  a l so  important  t o  recognize where the  greates t  oppor tun i t i es  f o r  

saving r a d i a t i o n  dose e x i s t .  Tables 11.2-1, 11.3-1, 11.3-2, 11.4-1, and 11.4-2 

i n  Chapter 11 show the  occupational and p u b l i c  r a d i a t i o n  doses f o r  immediate 

dismantlement of t he  reference BWR. The combined occupational and p u b l i c  



r a d i a t i o n  dose from immedjate dismantlement a c t i v i t i e s  i s  about 1970 man-rem. 

I f  a decommissioning f a c i l i t a t i o n  technique saves r a d i a t i o n  dose du r ing  opera- 

t i o n  as we l l  as du r ing  decommissioning o f  t he  BWR, the  o v e r a l l  b e n e f i t  becomes 

much greater .  Recent data i n d i c a t e  t h a t  the  average annual occupat ional rad ia-  

t i o n  dose i ncu r red  i n  opera t ing  BWRs i n  1976 was 550 man-rem and t h a t  t h i s  dose 

i s  inc reas ing . (4y5)  Thus, over  a 30-year p l a n t  opera t ing  period, the  t o t a l  

accumulated occupational dose could conserva t ive ly  amount t o  16,500 man-rem. 

No est imates o f  r a d i a t i o n  dose reduc t i on  are  g iven i n  t h i s  chapter (see 

Reference 1 f o r  t h i s  i n fo rma t ion ) .  However, the  d iscussion o f  a s p e c i f i c  

decommissioning f a c i l i t a t i o n  technique i nd i ca tes  whether o r  n o t  a saving i n  

opera t iona l  r a d i a t i o n  dose, i n  a d d i t i o n  t o  the  reduct ion  i n  decommissioning 

dose, might  be expected from the  technique's  use. 

13.1.3 Cost Considerat ions 

Most decommissioning f a c i  1  i t a t i o n  techniques have a c a p i t a l  cos t  and an 

opera t ing-cos t  associated w i t h  them. Cost savings may r e s u l t ,  however, f rom 

increased e f f i c i e n c i e s  i n  decommissioning o r  from reduced volumes o f  rad io-  

a c t i v e  ma te r ia l s  r e q u i r i n g  d isposal .  Most impor tan t ly ,  i f  the  technique reduces 

the  l e n g t h  o f  outages du r ing  the  BWR opera t ing  l i f e  and the  u t i l i t y  purchases 

l e s s  replacement power from outs ide  i t s  own system, then f o r  the  reference BWR, 

nea r l y  $500,000 ( i n  1978 d o l l a r s )  w i l l  be saved each a d d i t i o n a l  day the p l a n t  

remains i n  operat ion.  These savings, i n  many cases, w i l l  repay the  cos t  o f  

t he  f a c i l  i t a t i o n  technique. 

13.1.4 Cost-Benefi t Considerat ions 

One method o f  s t a t i n g  a decommissioning f a c i l i t a t i o n  cos t  b e n e f i t  i s  t o  

s t a t e  the  cos t  per  occupational man-rem saved. Such cos t  b e n e f i t s  have been 

ca l cu la ted  fo r  a PWR and l i e  i n  a range o f  no cos t  t o  several m i l l i o n  d o l l a r s  

per  man-rem saved. These c a l c u l a t i o n s  are  n o t  repeated here. The reader 

i s  r e f e r r e d  t o  Reference 1 f o r  a more complete d iscussion.  

DECOMMISSIONING FACILITATION TECHNIQUES 

This sec t i on  presents a d iscussion o f  poss ib le  decommissioning f a c i l i t a -  

t i o n  techniques. Table 13.2-1 summarizes these techniques. Most techniques 



TABLE 13.2-1. Summary o f  Poss ib le  Decommissioning F a c i l i t a t i o n  Techniques 

F a c i l i t a t i o n  
Technique Per iod  ~ m p l e m e n t a t i o n ' ~ )  

Improved Docum- 
e n t a t i o n  

Improved Access 

D i f f e r e n t  Mate- 
r i a l s  i n  
Reactor  Ves- 
s e l  I n t e r n a l s  

Concrete Protec-  
t i o n  

Improved Sh ie ld -  
i ng 

Pipe S h i e l d i n g  
Sh ie lded  V e h i c l e  

I n c i n e r a t i o n  

E l e c t r o p o l  i s h i n g  
and V i b r a t o r y  
F i n i s h i n g  

Remote-Contro l led 
Equipment 

Occupat ional  R a d i a t i o n  Dose Reduct ion 
Dur ing  Dur ing  

Opera t ion  D e c o ~ i s s i o n i n g  

Yes Yes 

Yes 

Yes 

Yes 

Yes 

No Yes 

Yes 
Yes 

Yes 

Yes 

Yes 
Yes 

Yes 

Yes 

Yes Yes 

U n i t  Cost-Benef i t ( b )  

(do1 l a r s  man-rem saved) 

T 

(a)C i n d i c a t e s  imp lementa t ion  d u r i n g  the  des ign  phase, b e f o r e  c o n s t r u c t i o n ;  D i n d i c a t e s  delayed implemen- 
t a t i o n .  

(b)From Reference 1, Table 2.5-1; T = thousands, 0 = ze ro .  

should be implemented i n  t he  p l a n t  des ign phase be fo re  c o n s t r u c t i o n  begins, 

b u t  some may be de layed u n t i l  a f t e r  p l a n t  s t a r t up ,  b u t  p r i o r  t o  decommissioning. 

Table 13.2-1 a l s o  shows whether o r  n o t  a r a d i a t i o n  dose sav ing  i s  expected 

d u r i n g  o p e r a t i o n  as w e l l  as du r i ng  p l a n t  decommissioning. I n  a d d i t i o n ,  i t  

shows a general  range o f  c o s t  pe r  man-rem saved, n o t  i n c l u d i n g  any sav ings f rom 

t h e  avoidance o f  purchas ing replacement power d u r i n g  t he  p l a n t  o p e r a t i n g  l i f e .  

13.2.1 Improved Documentation 

Improved documentation i nc l udes  complete and accura te  a s - b u i l t  drawings, 

c o n s t r u c t i o n  photographs, and maintenance records and photographs; s c a l e  models 

and mock-ups; and p l a i n l y  and p r o p e r l y  l a b e l e d  equipment and p i p i n g .  These 

records  should emphasize component and equipment l o c a t i o n s ,  m a t e r i a l s  o f  con- 

s t r u c t i o n ,  concre te  pours,  concre te  pene t ra t i ons ,  and t he  l o c a t i o n  o f  r e i n f o r c -  

i n g  s t e e l  embedded i n  concrete.  Maintenance records  can be u s e f u l  t o  i n d i c a t e  

such t h i n g s  as improved methods of  equipment removal, s h i e l d i n g ,  and decontami- 

n a t i o n .  B e n e f i t s  accrue, d u r i n g  bo th  o p e r a t i o n  and decommissioning because o f  



b e t t e r  p l ann ing  poss i  b i  1 i t i e s ;  b e t t e r  in formed (and, t he re fo re ,  more e f f i c i e n t )  

personnel;  and o p p o r t u n i t i e s  f o r  d r y  runs on mock-ups, r e s u l t i n g  i n  improved 

performance o f  p a r t i c u l a r  tasks .  Improved documentation i s  impor tan t  f o r  

d e f e r r e d  dismantlement, s i nce  i t  i s  u n l i k e l y  t h a t  t he  ope ra t i ng  s t a f f  w i l l  be 

a v a i l a b l e  f o r  consul t a t i o n .  

13.2.2 Iniproved Access t o  Contaminated Equipment 

Access t o  contaminated equipment i s  improved by t h e  i n s t a l l a t i o n  o f  

removabl e r o o f  panel s, removable w a l l  panel s , o r  w ide r  1 a b y r i n t h  openings 

( t h i s  a l t e r n a t i v e  has a l r eady  been implemented t o  a l a r g e  e x t e n t  i n  t he  r e f e r -  

ence BWR) . Improved access simp1 i f i e s  removal o f  contaminated equipment f o r  

maintenance o r  replacement d u r i n g  p l a n t  opera t ion ,  as w e l l  as f o r  d isposa l  d u r i n g  

decommissioning. Candidate equipment f o r  such t rea tment  i n c l u d e  contaminated 

tanks, deminera l i ze rs ,  f i l t e r s ,  heat  exchangers, and pumps. Occupat ional  r a d i a -  

t i o n  dose would be reduced d u r i n g  maintenance and d u r i n g  decommissioning because 

these components cou ld  be removed o r  se rv i ced  more r a p i d l y  o r  cou ld  be remote ly  

handled more e a s i l y  than would o therw ise  be t h e  case. 

13.2.3 D i  f f e r e n t  Ma te r i  a1 s i n  t h e  Reactor Vessel I n t e r n a l  s 

Removal o f  5 9 ~ o  f rom o r  s u b s t i t u t i o n  o f  z i r c a l o y  f o r  t h e  s t a i n l e s s  s t e e l  

used i n  t he  r e a c t o r  vessel i n t e r n a l s  e l i m i n a t e s  t h e  p roduc t i on  o f  6 0 ~ o  as a 

n e u t r o n - a c t i v a t i o n  p roduc t  and g r e a t l y  reduces t h e  r a d i o a c t i v i t y  o f  t h e  r e a c t o r  

vessel  i n t e r n a l s  f o l l o w i n g  ope ra t i on .  Measurements made d u r i n g  t he  dismantlement 

o f  t h e  E l k  R i v e r  Reactor showed a t e n - f o l d  d i f f e r e n c e  i n  r a d i a t i o n  dose r a t e  

between an upper core  shroud assembly o f  s t a i n l e s s  s t e e l  and a lower  core shroud 

assembly o f  z i r c a l o y ,  bo th  o f  which were i n  s i m i l a r  neu t ron  f l u x  environments.  ( 6 )  

I n  a d d i t i o n  t o  reduc ing  r a d i o a c t i v i t y  i n  t he  r e a c t o r  vessel  i n t e r n a l s ,  t h i s  

technique reduces 6 0 ~ o  as a co r ros ion  p roduc t  i n  p l a n t  contaminat ion.  

The b e n e f i t  t o  ope ra t i on  as w e l l  as t o  decomniissioning i s  s u b s t a n t i a l l y  

reduced r a d i a t i o n  dose r a t e s  t o  t he  workers. I n  implement ing t h i s  technique, 

ca re  must be taken f o r  neu t ron  phys ics cons ide ra t i ons  i n  t h e  des ign o f  t h e  

vessel i n t e r n a l s  t o  ensure t h a t  t h e  r e a c t o r  performance i s  n o t  adverse ly  

a f f e c t e d  and t h a t  t h e  neut rons do n o t  cause inc reased  a c t i v a t i o n  i n  a l e s s  

d e s i r a b l e  area elsewhere. 



13.2.4 P ro tec t i on  o f  Concrete from Contamination 

A cos t- e f fec t ive  method o f  p r o t e c t i n g  concrete surfaces from s p i l l s ,  seep- 

age, and leaks  of r a d i o a c t i v e  1  i q u i d s  i s  t he  a p p l i c a t i o n  o f  an epoxy coat ing.  (1 )  

During dismantlement, contaminated concrete surfaces must be s p a l l e d  and removed 

t o  reduce t h e  contaminat ion t o  acceptable l e v e l s .  I f  the  concrete sur faces are 

pro tec ted  w i t h  an epoxy coat ing  and the  coa t i ng  i s  kept  i n t a c t  du r ing  the  l i f e  

o f  t he  p l a n t ,  r a d i o a c t i v e  contaminat ion may be e a s i l y  removed d u r i n g  opera- 

t i o n ,  thus decreasing the  associated r a d i a t i o n  dose. The advantages i n  decom- 

miss ioning are:  l e s s  occupational r a d i a t i o n  dose i s  received du r ing  concrete 

decontamination; most costs o f  concrete removal, handl ing, and d isposal  a re  

avoided; and l e s s  d isposal  space i s  requi red.  

13.2.5 Improved S h i e l d i n g  

The use o f  improved s h i e l d i n g  reduces r a d i a t i o n  dose t o  maintenance o r  

decomnissioning personnel and, a t  t he  same time, permi ts  quasi hands-on work. 

Two poss ib le  a l t e r n a t i v e s  are: 1 )  p ipe  sh ie ld ing ,  and 2 )  a se l f- conta ined 

sh ie lded veh ic le  w i t h  manipulator  arms. 

Present ly ,  p i p i n g  i n  power reac to rs  i s  o n l y  i nsu la ted  t o  maintai 'n thermal 

e f f i c i e n c y .  Lead s h i e l d i n g  w i t h  an i n s u l a t i o n  gap would prov ide  both r a d i a t i o n  

and thermal sh ie ld ing .  However, t h i s  would r e q u i r e  s t ronger  p ipe  supports.  

Pipe s h i e l d i n g  would reduce background r a d i a t i o n  near valves and pumps, which 

r e q u i r e  much maintenance i n  an opera t ing  p lan t ,  and thus b e n e f i t  opera t ion  as 

we1 1  as decommissioning. 

Por tab le  sh ie lds  a re  used t o  p rov ide  temporary working areas i n  h igh  rad ia-  

t i o n  f i e l d s .  However, a  s ing le- p lace s h i e l d  does no t  p rov ide  s u f f i c i e n t  protec-  

t i o n  aga ins t  r e f l e c t e d  r a d i a t i o n .  A sh ie lded veh ic le  equipped w i t h  manipulator  

arms, capable o f  per forming func t ions  s i m i l a r  t o  remote manipulators i n  h o t  

c e l l s ,  could be used. Such a  veh ic le  would prov ide the  requ i red  p r o t e c t i o n  

du r ing  both maintenance and decommissioning a c t i v i t i e s .  The veh ic le  should be 

f i t t e d  w i t h  t r a c k  and should conta in  i t s  own 1  i fe-support systems. Fai 1  - sa fe  

power suppl ies are  requ i red  t o  ensure t h a t  t he  o?erator  can always s a f e l y  leave 

h igh  r a d i a t i o n  areas. Such a  veh ic le  would permi t  maintenance o r  decommissioning 

tasks t o  be c a r r i e d  o u t  i n  h igher  r a d i a t i o n  f i e l d s ,  f o r  longer  per iods  o f  t ime, 



and by fewer workers than a re  otherwise possib le.  On the  o ther  hand, f o r  

maneuverabi 1  i t y  , t h i  s  veh?cl e  may r e q u i r e  1  arger  work areas and greater  d is tances 

between components. 

13.2.6 I n c i n e r a t i o n  o f  Combustible Dry S o l i d  Wastes 

I f  compaction i s  possib le,  d ry  s o l i d  wastes can be reduced i n  volume by a  

fac to r  o f  approximately 5. I n c i n e r a t i o n  can reduce the  volume o f  combust ible 

m a t e r i a l s  by an a d d i t i o n a l  f a c t o r  o f  5. A  so l  ids-burning f a c i l i t y  inc ludes 

a  feed preparer,  an i n c i n e r a t o r  f i r e d  by a v a i l a b l e  f u e l  ( i  .e., o i l  o r  gas), an 

a f te rburner ,  a  heat exchanger/economi zer, a  f i 1 t e r  cha in  ( i  . e. , bag and HEPA) , 
a stack w i t h  o f f- gas  mon i to r ing  c a p a b i l i t y ,  and ash c o l l e c t i o n  and packaging 

f a c i l i t i e s .  Extensive o f f- gas  t reatment  i s  n o t  usua l l y  necessary because o f  

t he  low s p e c i f i c  a c t i v i t y  o f  and the  absence o f  h i g h l y  t o x i c  cons t i t uen ts  i n  

the contaminated waste. 

The agvantages o f  an i n c i n e r a t o r  are: 1  ) a  reduc t i on  i n  the  volume o f  

ma te r i a l  t h a t  must be packaged and disposed o f  du r ing  both opera t ion  and 

decommissioning , and 2 )  a s l  i ght  reduc t ion  i n  occupational and pub1 i c  r a d i a t i o n  

dose due t o  e f f i c i e n c i e s  i n  handl ing and t ranspor t i ng  the  wastes. 

13.2.7 E lec t ropo l  i s h i n g  and V ib ra to ry  F i n i s h i n g  

E lec t ropo l i sh ing  i s  an e x c e l l e n t  method o f  prepar ing smooth m e t a l l i c  

surfaces t o  which r a d i o a c t i v e  deposi ts  do n o t  adhere we l l ,  and a l so  o f  removing 

contaminat ion from metal surfaces. ( 7 )  E lec t ropo l  i s h i  ng removes sur face 1 ayers 

o f  t he  metal,  thereby both p o l i s h i n g  the  metal and removing undesi rable over- 

l y i n g  coat ings.  I n - s i t u  a p p l i c a t i o n  o f  e l e c t r o p o l i s h i n g  can be made i n  many 

s i t u a t i o n s ,  both du r ing  a  reac to r  outage and du r ing  decommissioning. E lec t ro -  

p o l i s h i n g  i s  described i n  g reater  d e t a i l  i n  Appendix G i n  Volume 2. V ib ra to ry  

f i n i s h i n g  has proven t o  be an e x c e l l e n t  way f o r  removing sur face contaminat ion 

f rom non-metal l ic  ob jec ts  and f o r  prepar ing m e t a l l i c  ob jec ts  f o r  e l e c t r o p o l i s h -  

i ng. ( 7 )  

13.2.8 Remote-Controlled Eau i~ment  

The performance o f  r a d i a t i o n  surveys, simp1 e  r o u t i  ne maintenance, and 

v i sua l  examination i n  areas o f  medium t o  h igh  r a d i a t i o n  dose r a t e  causes i n e f -  

f i c i e n t  use of personnel because o f  l i m i t e d  residence t ime i n  these areas. 



The use of remote-controlled equipment to perform these functions would reduce 

personnel dose and provide more ef f ic ien t  use of personnel. 

To be re l iab le ,  a remote-control unit that  i s  capable of carrying out 

these tasks must require l i t t l e  maintenance, be reasonably compact and inex- 

pensive, be readily decontami nab1 e ,  and be mobi 1 e (both operating unit  and 

control console). Many non-nuclear jobs require a unit that  could maneuver 

in limited space, operate in a range of temperatures and in hazardous locations 

(e .g . ,  in l i t t l e  or no oxygen or under water), and perform boring jobs. I n  

addition to  these requirements, nuclear work requires operation in radiation 

f i e lds .  Reliabili ty of such a unit i s  especially important, since a breakdown 

in service could not only delay a key operation, b u t  could also compound the 

s i tuat ion by requiring removal and repair of the uni t ,  thus increasing the 

radiation dose to personnel. 

A general-service, remote-control unit might contain a manipulator, a TV 

camera, a radiation monitoring device, and a hoist with an extendable mast. I t  

could perform radiation surveys and normal inspections, place shielding, move 

and/or l i f t  small objects ( i . e . ,  drums, liquid f i l t e r s ) ,  operate valves, make 

connections, and tighten nuts. 
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CHAPTER 14 

IMPACTS OF ALTERNATE STUDY BASES 

The r e s u l t s  presented p r e v i o u s l y  i n  t h i s  r e p o r t  a r e  based on t he  char-  

a c t e r i s t i c s  o f  t h e  re fe rence  BWR and on t h e  c o n d i t i o n s  pos tu l a ted  t o  e x i s t  i n  

t h a t  p l a n t  a t  t h e  end o f  i t s  ope ra t i ng  l i f e .  I n  t h i s  chapter ,  t h e  impacts 

on c o s t  and/or r a d i a t i o n  dose o f  d i f f e r e n t  s i z e  p l an t s ,  increased r a d i a t i o n  

dose ra tes ,  d i f f e r e n t  c o n t r a c t u a l  arrangements, inc reased  waste d isposa l  

charges, and d i f f e r e n t  p l a n t  designs a r e  examined. D e t a i l s  o f  t he  analyses 

o f  these a l t e r n a t e  s tudy  bases a r e  presented i n  Appendix 0 i n  Volume 2. 

14.1 ESTIMATED COSTS AND RADIATION DOSES AS A  FUNCTION OF PLANT SIZE 

To o b t a i n  r e l a t i v e  c o s t  and r a d i a t i o n  dose es t imates  f o r  decommissioning, 

s i  x  a d d i t i o n a l  BWR s t a t i o n s  a r e  examined by compari ng t h e i  r major components 

w i t h  t h e  same o r  s i m i l a r  coniponents a t  t h e  re fe rence  BWR. The p l a n t s  

examined, Vermont Yankee (1  593 MWt) , Oyster  Creek (1600 MWt) , Mont ice l  l o  

(1670 MWt), Cooper (2381 MWt), Dresden 2 o r  3  (2527 MWt), and Peach ~ o t t o r n  2  

o r  3 (3293 MWt), t oge the r  w i t h  t h e  re fe rence  p l a n t  (3320 MWt), span t h e  

range o f  commercial BWR power s t a t i o n s  i n  serv ice .  The p l a n t s  a r e  q u i t e  

s i m i l a r ,  d i f f e r i n g  p r i n c i p a l l y  i n  r e a c t o r  containment design. 

For each p l a n t ,  i n d i v i d u a l  c o s t  es t imates  f o r  decommissioning a r e  

developed f o r  each o f  t he  niajor components r e l a t i v e  t o  t h e  same components 

f rom t h e  re fe rence  BWR. These es t imates  a r e  f i t t e d  w i t h  a  s imp le  a l g e b r a i c  

express ion  as a  f u n c t i o n  o f  t h e  thermal capac i t y  o f  t h e  p l a n t  t o  pe rm i t  

i n t e r p o l a t i o n  t o  p l a n t  s i zes  o t h e r  than  those s tud ied .  A  composite 

c o s t  es t ima te  i s  developed f o r  each p l a n t  t h a t  i s  weighted over  a l l  o f  

t h e  ma jo r  components, and these composite es t imates  a r e  a l s o  f i t t e d  w i t h  

a s imp le  a l g e b r a i c  express ion  as a  f u n c t i o n  o f  t h e  p l a n t  power r a t i n g  

(PPR) i n  thermal megawatts t o  o b t a i n  an o v e r a l l  s c a l i n g  f a c t o r  (OSF). 

Th i s  l a t t e r  express ion i s :  

OSF = 0.324 + (2.035 x  PPR. 



S i m i l a r  c o s t  analyses a re  made f o r  p repara t ions  f o r  pass ive  s a f e  

s torage,  entombment, and de fe r red  dismantlement. P u b l i c  and occupat iona l  

r a d i a t i o n  dose es t imates  assoc ia ted  w i t h  t he  var ious  decommissioning 

a c t i o n s  a re  a l s o  examined f o r  t h e i r  v a r i a t i o n  w i t h  p l a n t  s i ze .  I n  a d d i t i o n ,  

. t h e  e f f e c t  o f  p l a n t  s i z e  on d e m o l i t i o n  cos t s  i s  examined. The r e s u l t s  o f  

these analyses a r e  summarized i n  Table 14.1-1. 

TABLE 14.1-1. Scal i n g  Re la t i onsh ips  f o r  Decommissioning 

cos ts  ( a )  

Immediate Dismantlement 

Prepara t ions  f o r  Passive Safe 
Storage 

Cont inu ing  Care f o r  Passive Safe 
Storage 

Deferred Di smantl ement a f t e r  
Passive Safe Storage 

(up t o  30 yea rs )  

( a f t e r  50 years  ) 

( a f t e r  100 Years) 

Entombment w l i n t e r n a l s  

w/o i n t e r n a l  s  

F a c i l i t y  Demo l i t i on  

Rad ia t i on  Dose ( d )  

Rad ia t i on  Workers 

General Pub1 i c 

$43.550 M ( ~ )  x OSF 

$21.298 M x  OSF 

$ 0.075 M x  n  (years o f  s t o rage )  

$35.493 M x OSF 

$26.348 M x OSF 

$26.348 M x OSF 

$34.964 M x OSF + $0.04 M x  n  ( yea rs )  

$40.581 M x OSF + $0.04 M x  n  ( yea rs )  

$10.584 M + $1.131 x M x  ( P P R ) ( C )  

+ $9.957 x M x  ( P P R ) " ~  

Reference Worker Dose x  OSF 

Reference P u b l i c  Dose x OSF 

(a)Costs  do n o t  i n c l u d e  spent f u e l  shipment; f a c i l i t y  demo1 i t i o n  c o s t  
i s  shown e x p l i c i t l y ;  cos ts  i n  e a r l y  1978 d o l l a r s .  

(b)M = m i l l i o n .  
(c)PPR = p l a n t  power r a t i n g  i n  thermal megawatts. 
(d)The re fe rence  dose i s  t h e  dose es t imated  f o r  a  g i ven  decommissioning 

a c t i o n  a t  t h e  re fe rence  BWR, as g i ven  i n  Chapter 11. 

The r e l a t i o n s h i p s  g i ven  i n  Table 14.1-1 a re  eva lua ted  f o r  severa l  o f  

t h e  p l a n t s  cons idered  i n  t h i s  chap te r  and t he  r e s u l t s  o f  these eva lua t i ons  



a re  presented i n  Table  14.1-2. Each decommissioning s t e p  i s  presented 

sepa ra te l y .  To determine t h e  t o t a l  c o s t  and occupa t iona l  r a d i a t i o n  dose 

r e s u l t i n g  f rom d e f e r r i n g  dismant lement f o r  30 years ,  i t  i s  necessary t o  

add t h e  va lues f rom each s tep  ( i . e . ,  p repa ra t i ons  f o r  pass ive  sa fe  s to rage  

p l u s  s a f e  s to rage  f o r  30 yea rs  p l u s  d e f e r r e d  dismant lement a f t e r  30 y e a r s ) .  

D e t a i l s  o f  these analyses a re  g i ven  i n  Sec t i on  0.1 o f  Appendix 0. 

TABLE 14.1-2. Est imated Costs/Occupat io a  Rad ia t i on  Doses f o r  Decommissioning ---- 
D i f f e r e n t  S ize  BWR P lan t s  y a j  

S t a t i o n  
-- - -- - 
Vermont Yan-k~e Cooper YNp-2 

Power R a t i n g  ( t h e r m a l  megawat ts )  

O v e r a l l  Sca l  i ng F a c t o r  (OSF[PPRI)) 

11:imediate D ismant lement  ( S  m i l l i o n s )  

( inan-rem) 

Entombment: ( b )  

w l i n t e r n a l s  ( $  i n i l l i o n s )  

P r e p a r a t i o n s  f o r  P a s s i v e  
Sa fe  S t o r a g e  

Sa fe  S t o r a g e :  

f o r  30 y e a r s  

f o r  50 y e a r s  

f o r  100 y e a r s  

D e f e r r e d  D ismant lement :  

a f t e r  30 y e a r s  

a f t e r  50 y e a r s  

a f t e r  100 y e a r s  

(man- reni) 

( $  m i l l  i o n s )  

(man-rem) 

( $  m i l l i o n s )  

(man-retll) 

( S  m i l l i o n s )  

(man- rem) 

( $  m i l l i o n s )  

( i i ian-rem) 

( S  ~niil 1 i o n s )  

(man-reni) 

( 5  1 i i i l 1  i o n s )  

(nian-rem) 

( $  m i l l i o n s )  

(man- reln) 

( 5  m i l  1  i o n s )  

(man-rem) 

F a c i l i t y  D e m o l i t i o n  ( 9  m i l l i o n s )  

( a ) C o s t s  do n o t  i n c l u d e  s p e n t  f u e l  d i s p o s a l .  
(b)Entombment c o s t s  do n o t  i n c l u d e  c o n t i n u i n g  c a r e  c o s t s  ($0 .04  M l y r ) .  



14.2 IMPACT OF INCREASED RADIATION DOSE RATES 

The r a d i a t i o n  dose r a t e  data g iven i n  Chapter 7 and Appendix D were 

obta ined f rom p l a n t s  t h a t  had been opera t ing  f o r  6 years o r  l e s s  and may 

n o t  be rep resen ta t i ve  o f  cond i t ions  i n  p l a n t s  a f t e r  30 t o  40 years o f  

operat ion.  For t h i s  analys is ,  an increase o f  a  f a c t o r  o f  t h ree  i n  the  rad ia-  

t i o n  dose r a t e s  from deposited a c t i v a t e d  co r ros ion  products i n  the var ious 

f l u i d  systems i s  pos tu la ted  as a  reasonable upper-bound c o n d i t i o n  t h a t  cou ld  

be to1  era ted  f o r  cont inued p l a n t  operat ion.  

I f  no ac t i ons  were taken t o  reduce r a d i a t i o n  exposure, t he  accumulated 

occupational r a d i a t i o n  dose f o r  decommissioning workers dur ing  immediate 

dismantlement would be increased by over a  f a c t o r  o f  two, from 1845 man-rem 

t o  4573 man-rem; du r ing  preparat ions f o r  passive safe storage, from 375 man- 

rem t o  759 man-rem; and du r ing  entombment (scenar io-1) ,  from 1684 man-rem t o  

4154 man-rem. Add i t iona l  s t a f f  would have t o  be h i r e d  t o  keep the  i n d i v i d u a l  

worker dose w i t h i n  a l lowab le  l i m i t s  du r ing  immediate dismantlement and entomb- 

ment, a t  an a d d i t i o n a l  c o s t  o f  about $6 m i l l i o n .  No s i g n i f i c a n t  increase i n  

cos t  i s  pos tu la ted  f o r  prepar ing the  reference BWR f o r  passive sa fe  storage. 

It i s  concluded t h a t  t he  bes t  way t o  handle the problem o f  increased 

r a d i a t i o n  dose r a t e s  from the  a c t i v a t e d  co r ros ion  products deposited through- 

o u t  t he  var ious  f l u i d  systems i s  t o  increase the  e f fec t iveness  o f  the  

chemical decontamination program. For the  decontamination technique 

pos tu la ted  i n  t h i s  study, i t  i s  est imated t h a t  inc reas ing  the  c i r c u l a t i o n  

t ime o f  t he  s o l u t i o n  about 50% would reduce the  res idua l  r a d i o a c t i v i t y  

by about a  fac to r  of three, thus achiev ing the  same dose r a t e  cond i t i ons  

assumed i n  the  base ana lys is .  The small incremental cos t  o f  the  extended 

c i r c u l a t i o n  t ime would be due t o  add i t i ona l  e l e c t r i c  power and s t a f f  labor .  

This  approach would a l so  be most cons i s ten t  w i t h  the p r i n c i p l e s  o f  ALARA, 

s ince  the  occupat ional  r a d i a t i o n  dose associated w i t h  extending the  

c i r c u l a t i o n  t ime o f  t he  decontamination s o l u t i o n  i s  r e l a t i v e l y  smal l .  

D e t a i l s  o f  t h i s  ana lys i s  a re  g iven i n  Sect ion 0.2 o f  Appendix 0. 



14.3 SENSITIVITY OF DECOMMISSIONING COSTS TO CONTRACTUAL ARRANGEMENTS 

The p a r t i c u l a r  c o n t r a c t u a l  arrangements made can a f f e c t  t h e  t o t a l  

c o s t  o f  decommissioning t h e  re fe rence  BWR. A l i k e l y  con t rac tua l  arrangement 

. i s  pos tu l a ted  and t h e  cos t s  eva luated,  r e l a t i v e  t o  t h e  base case eva lua ted  

i n  t h i s  study. The arrangement analyzed i s  f o r  t h e  u t i l i t y  t o  employ 

. c o n t r a c t o r s  t o  p rov ide  t h e  b u l k  o f  t h e  decommissioning e f f o r t ,  w h i l e  r e t a i n i n g  

c e r t a i n  overv iew and c o n t r o l  f unc t i ons .  Under t h i s  arrangement, t he  c o s t  

o f  immediate dismantlement ( n o t  i n c l u d i n g  spent f u e l  d isposa l  o r  f a c i l  i t y  

d e m o l i t i o n )  i s  increased by about 31%, froni  $44 m i l l i o n  t o  $54 m i l l i o n .  

D e t a i l s  o f  t h i s  a n a l y s i s  a r e  g iven  i n  Sec t ion  0.3 o f  Appendix 0. 

14.4 SENSITIVITY OF DECOMMISSIONING COSTS TO WASTE DISPOSAL CHARGES 

The impact o f  increases i n  d isposa l  charges a t  a  shal low- land b u r i a l  

ground and a t  a  deep geo iog ic  r e p o s i t o r y  on t h e  t o t a l  c o s t  o f  decommissioning 

t h e  re fe rence  BWR i s  examined. It i s  concluded t h a t  a doub l ing  o f  t h e  

b u r i a l  ground charges would r e s u l t  i n  an inc rease  o f  l e s s  than 9% i n  t h e  

o v e r a l l  c o s t  o f  immediate dismantlement. For t h e  r e l a t i v e l y  small volume 
3  ( ~ 8 9  ni ) o f  h i g h l y  a c t i v a t e d  m a t e r i a l  pos tu l a ted  f o r  deep geo log ic  d i s -  

3  3 posal , a  t r i p 1  i n g  o f  t h e  emplacement charges ( f r om $7 ,I 00/m t o  $21,00O/m ) 

would inc rease  t h e  t o t a l  dismantlement c o s t  by about 6%, o r  $2 m i l l i o n .  

However, i f  a l l  o f  t h e  r a d i o a c t i v e  waste f rom immediate dismantlement 
3  (~18 ,876  m  ) i s  p laced  i n  a  deep geo log ic  r e p o s i t o r y ,  t h e  t o t a l  d isposa l  

c o s t  cou ld  exceed $212 m i l l  i on .  Thus, t h e r e  i s  a  s t r o n g  i n c e n t i v e  t o  

min imize t h e  volume o f  m a t e r i a l  t h a t  i s  disposed o f  by t h i s  method. D e t a i l s  

o f  t h i s  a n a l y s i s  a r e  g iven  i n  Sec t ion  0.4 o f  Appendix 0. 

14.5 SENSITIVITY OF DECOMMISSIONING COSTS TO PLANT DESIGN 

The p r i n c i p a l  des ign d i f f e r e n c e s  among BWR power p l a n t s  a re  i n  t he  

containment s t r u c t u r e  and t h e  pressure suppression system. Three des igns 

(Mark I ,  Mark 11, and Mark 111) a r e  examined t o  determine t h e  e f f e c t  o f  

t h e  d i f f e r e n c e s  i n  p l a n t  des ign on decommissioning cos ts .  It i s  concluded 

t h a t  t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  t he  c o s t  o f  d i sman t l i ng  a  BWR 

containment s t r u c t u r e ,  whether o f  a  Mark I, Mark 11, o r  Mark I 1 1  design. 

D e t a i l s  o f  t h e  a n a l y s i s  a r e  g i ven  i n  Sec t ion  0.5 o f  Appendix 0. 



CHAPTER 15 

GLOSSARY 

Abbreviat ions,  acronyms, symbols, terms, and d e f i n i t i o n s  used i n  t h i s  
- s tudy and d i r e c t l y  r e l a t e d  t o  BWR decommissioning work and associated tech-  

nology a re  de f ined and expla ined i n  t h i s  chapter.  The chapter i s  d i v ided  i n t o  

two par ts .  The f i r s t  conta ins abbreviat ions,  acronyms, and symbols, and the  

second contains terms and d e f i n i t i o n s  ( i n c l u d i n g  those used i n  a spec ia l  sense 

f o r  t h i s  study).  Common terms covered adequately i n  standard d i c t i o n a r i e s  are  

n o t  inc luded.  

15.1 ABBREVIATIONS, ACRONYMS, AND SYMBOLS 

Abbreviat ions and Acronyms 

AEC Atomic Energy Commission 

AL ARA As Low As Reasonably Achievable (a )  

ANSI 

BWR 

C FR 

C i 

c pni 

American Nat ional  Standards I n s t i t u t e  

Boi 1 i ng Water Reactor 

Code o f  Federal ~ e ~ u l  a t i o n s ( a )  

Cur ie (a )  

Counts Per Minute (a, Count Rate) 

CS Carbon Steel  

D F Decontamination Factor (a )  

DOE Department o f  Energy 

DOT 

dpm 

Department o f  Transpor ta t ion  

D is in teg ra t i ons  Per Minute (a, D i s i n t e g r a t i o n  Rate) 

E C E lec t ron  Capture (a )  

(a)See Sect ion 15.2 f o r  a d d i t i o n a l  in format ion o r  explanat ion.  



EFPY 

E PA 

E P R I  

E RDA 

F SAR 

Ge(Li ) 

GVW 

HEPA 

H P 

HVAC 

I B 

I CRP 

L LD 

LWR 

mR 

mrad 

mrem 

MU F 

MWDIMTU 

MWe 

MW t 

Na I 

N RC 

NSSS 

E f f e c t i v e  F u l l  Power Year(s) 

Environmental P ro tec t i on  Agency 

E l e c t r i c  Power Research I n s t i t u t e  

Energy Research and Development Adnii n i  s t r a t i  on 

F i n a l  Safety Analys is  Report 

Germanium-Lithium (detec tors )  

Gross Veh ic le  Weight 

H igh- Ef f i c iency  P a r t i c u l a t e  A i r  ( f i l t e r s )  

Heal th 

Heating, V e n t i l a t i o n  and A i r  Cond i t ion ing  

Inner  Bremss t r a h l  ung (a  

I n t e r n a t i o n a l  Commission on Rad io log ica l  P ro tec t i on  

Lower L i m i t  o f  Detec t ion  

L i g h t  Water Reactor 

M i  11 i roentgen, see a1 so R (Roentgen) 

M i l l i r a d ,  see a l so  rad  

M i l  l i rem,  see a l so  rem 

Mate r ia l  Unaccounted For 

Thermal Megawatt Day per  M e t r i c  Ton of Uranium 

Megawatts, e l e c t r i c  - 

Megawatts, thermal 

Sodium Iod ide  (de tec to rs )  

Nuclear Regulatory Commission 

Nuclear Steam Supply System (a 

(a)See Sect ion 15.2 f o r  a d d i t i o n a l  i n fo rma t ion  o r  explanat ion.  



OSF 

PWR 

Q A  

Q c 

R 

r a d  ( a )  

rem ( a )  

SF 

SNM 

SS 

Symbols 

a 

Overa l l  Sca l i ng  Fac to r  

Pressur ized  Water Reactor 

Qual  i ty Assurance 

Qual  i ty  Cont ro l  

Roentgen ( a )  

Rad ia t i on  Absorbed Dose 

Roentgen Equ i va len t  Man 

Scal i ng Fac to r  

Speci a1 Nuclear  Ma te r i  a1 ( a )  

S t a i n l e s s  S tee l  

Alpha Rad ia t i on  (a )  

Beta Rad ia t i on  ( a  1 

Gamma ~ a d i a t i  on (a )  

3 Chi, Concent ra t ion  (Ci/m ) 

Released Q u a n t i t y  o f  Rad ioac t i ve  M a t e r i a l  ( C i  ) 

Re1 ease Rate o f  Rad ioac t i ve  M a t e r i a l  ( C i l s e c )  

Chi -bar /Q prime, normal ized average a i r  concen t ra t i on  
( ~ i / m 3  per  Ci /sec re1  eased, a l s o  w r i t t e n  sec/m3). 
A lso  c a l l e d  t he  annual average atmospheric d i l u t i o n  
f a c t o r .  

(a)See Sec t ion  15.2 f o r  a d d i t i o n a l  i n f o r m a t i o n  o r  exp lana t ion .  
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15.2 GLOSSARY DEFINITIONS 

Abnormal Env i  ronmental  
Occurrence: 

Absorbed Dose: 

Acceptable Residual  
*Radioact ive 
Contaminat ion Leve ls :  

A c t i v i t y :  

A i  rborne  Rad ioac t i ve  
M a t e r i a l  : 

A i rborne  Release: 

ALARA : 

Alpha Decay: 

A1 pha Emi t t e r :  

A1 pha P a r t i c l e :  

Atmospheric Release: 

An event  t h a t  1 )  r e s u l t s  i n  noncompliance w i t h ,  o r  i s  
i n  v i o l a t i o n  o f ,  an environmental  t e c h n i c a l  s p e c i f i  - 
ca t i on ,  o r  2) r e s u l t s  i n  u n c o n t r o l l e d  o r  unplanned 
re leases  o f  chemical ,  r a d i o a c t i v e ,  o r  o t h e r  d ischarges 
i n  excess o f  f e d e r a l ,  s t a t e ,  o r  l o c a l  r e g u l a t i o n s .  
(See Technica l  S p e c i f i c a t i o n s .  ) 

The amount o f  energy impar ted by i o n i  z i  ng r a d i a t i o n  
t o  a  u n i t  mass o f  i r r a d i a t e d  m a t e r i a l  a t  t h e  p l ace  o f  
i n t e r e s t .  A lso  known as dose o r  dosage, i t  i s  d e f i n e d  
i n  terms o f  rems o r  rads.  

Those l e v e l s  o f  r a d i o a c t i v e  con tamina t ion  remain ing 
a t  a  decomniissioned f a c i l i t y  o r  on i t s  s i t e  t h a t  a r e  
acceptable t o  t he  NRC f o r  t e r m i n a t i o n  o f  t h e  f a c i l i t y  
ope ra t i ng  l i c e n s e  and u n r e s t r i c t e d  re l ease  o f  t h e  s i t e .  

Sometimes used f o r  t he  term " r a d i o a c t i v i t y .  " (See 
R a d i o a c t i v i t y .  ) 

Rad ioac t i ve  p a r t i c u l a t e s ,  m i s t s ,  fumes, and/or gases 
i n  a i r .  

The amount o f  a  m a t e r i a l  o f  i n t e r e s t  d ispersed  i n t o  
t he  a i r  i n s i d e  a b u i l d i n g .  

An ope ra t i ng  ph i losophy  t o  ma in ta i n  worker  exposure 
t o  i o n i z i n g  r a d i a t i o n  - -  As Low - As i s  - Reasonably 
Achievable.  - 

Rad ioac t i ve  decay i n  which an a lpha p a r t i c l e  i s  
emi t ted.  Th i s  t r a n s f o r m a t i  on 1 owers t h e  atomic num- 
be r  o f  t he  decaying nucleus by two and i t s  mass nuni- 
b e r  by f o u r .  

A r ad ionuc l  i d e  t h a t  c h a r a c t e r i s t i c a l  l y  undergoes 
t r ans fo rma t i on  by emission o f  a1 pha p a r t i c l e s .  

A pos i  t i v e l y  charged p a r t i c l e  emi t t e d  by c e r t a i n  
r a d i o a c t i v e  m a t e r i a l s .  Made up o f  two neut rons and 
two protons,  i t  i s  i d e n t i c a l  t o  t he  nucleus o f  a  
he l i um atom. It i s  t he  l e a s t  p e n e t r a t i n g  of t h e  
t h ree  common types o f  r a d i a t i o n  (a lpha,  beta,  and 
gamma) em i t t ed  by r a d i o a c t i v e  ma te r i  a1 . 

The amount o f  a  m a t e r i a l  of i n t e r e s t  r e l eased  t o  t he  
atmosphere. 



OSF 

PWR 

Q A 

QC 

R 

r a d  (a  

rem ( a )  

SF 

SNM 

Symbols 

Ove ra l l  Sca l i ng  Fac to r  

Pressur ized  Water Reactor 

Qual  i ty  Assurance 

Qual i ty  Cont ro l  

Roentgen ( a )  

Rad ia t i on  Absorbed Dose 

Roentgen Equ i va len t  Man 

Sca 1 i ng Fac to r  

Specia l  Nuc lear  M a t e r i a l  ( a )  

S t a i n l e s s  S tee l  

A1 pha ~ a d i a t i o n ' ~ )  

Beta Rad ia t i on  ( a >  

Gamma Rad ia t i on  ( a )  

Chi, Concent ra t ion  (c i /m3)  

Released Q u a n t i t y  o f  Rad ioac t i ve  M a t e r i a l  (C i  ) 

Release Rate o f  Rad ioac t i ve  M a t e r i a l  (Ci /sec)  

Chi -bar /Q prime, normal ized average a i r  concen t ra t i on  
( ~ i  /m3 per  Ci /sec re1  eased, a1 so w r i t t e n  sec/m3). 
A lso  c a l  l e d  t h e  annual average atmospheric d i l u t i o n  
f a c t o r .  

(a)See Sec t ion  15.2 f o r  a d d i t i o n a l  i n f o r m a t i o n  o r  exp lana t ion .  
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15.2 GLOSSARY DEFINITIONS 

Abnormal Environmental  An event  t h a t  1  ) r e s u l t s  i n  noncompliance w i  t h y  o r  i s  
Occurrence: i n  v i o l a t i o n  o f ,  an environmental  t e c h n i c a l  s p e c i f i -  

ca t i on ,  o r  2 )  r e s u l t s  i n  u n c o n t r o l l e d  o r  unplanned 
re leases  o f  chemical ,  r a d i o a c t i v e ,  o r  o t h e r  d ischarges 
i n  excess o f  f e d e r a l ,  s t a t e ,  o r  l o c a l  r e g u l a t i o n s .  
(See Techni c a l  S p e c i f i c a t i o n s  . ) 

Absorbed Dose: 

Acceptable Residual  
Rad ioac t i ve  
Con tami na ti on Level  

A c t i v i t y :  

The amount o f  energy impar ted by i o n i z i n g  r a d i a t i o n  
t o  a  u n i t  mass o f  i r r a d i a t e d  m a t e r i a l  a t  t h e  p l ace  o f  
i n t e r e s t .  A lso  known as dose o r  dosage, i t  i s  d e f i n e d  
i n  terms o f  rems o r  rads.  

Those l e v e l s  o f  r a d i o a c t i v e  con tamina t ion  remain ing 
a t  a  decommissioned f a c i l i t y  o r  on i t s  s i t e  t h a t  a r e  

s :  acceptable t o  t he  NRC f o r  t e r m i n a t i o n  o f  t h e  f a c i l i t y  
ope ra t i ng  l i c e n s e  and u n r e s t r i c t e d  re l ease  o f  t h e  s i t e .  

Sometimes used f o r  t he  term " r a d i o a c t i v i t y .  " (See 
R a d i o a c t i v i t y .  ) 

A i r bo rne  Rad ioac t i ve  Rad ioac t i ve  p a r t i c u l a t e s  , m i s t s  , fumes, and/or gases 
M a t e r i a l  : i n  a i r .  

A i rborne  Release: The amount of a  m a t e r i a l  of i n t e r e s t  d ispersed  i n t o  
t he  a i r  i n s i d e  a  b u i l d i n g .  

ALARA : 

A1 pha Decay: 

A1 pha Emi t t e r  : 

Alpha P a r t i c l e :  

An ope ra t i ng  ph i losophy  t o  ma in ta i n  worker  exposure 
t o  i o n i z i n g  r a d i a t i o n  - As Cow - As i s  Reasonably 
Achievable.  - 

Rad ioac t i ve  decay i n  which an a lpha p a r t i c l e  i s  
emi t ted .  Th is  t r ans fo rma t i on  lowers t h e  atomic num- 
ber  o f  the  decaying nucleus by two and i t s  mass num- 
b e r  by f o u r .  

A r ad ionuc l  i de t h a t  c h a r a c t e r i s  t i c a l  l y  undergoes 
t r ans fo rma t i on  by emission o f  a1 pha p a r t i c l e s .  

A p o s i t i v e l y  charged p a r t i c l e  e m i t t e d  by c e r t a i n  
r a d i o a c t i v e  m a t e r i a l s .  Made up o f  two neut rons and 
two protons,  i t  i s  i d e n t i c a l  t o  t h e  nucleus o f  a  
he l ium atom. I t  i s  t h e  l e a s t  p e n e t r a t i n g  o f  t h e  
t h r e e  common types o f  r a d i a t i o n  (a1 pha, beta,  and 
gamma) em i t t ed  by r a d i o a c t i v e  m a t e r i a l .  

Atmospheric Release: The amount o f  a  m a t e r i a l  of i n t e r e s t  r e l eased  t o  t he  
atmosphere. 



Anticontamination 
Clothing: 

Atomic Number ( Z )  : 

Background: 

Beta Decay: 

Beta Emitter : 

Beta Par t ic le :  

Special clothing worn i n  a radioactively contaminated 
area t o  prevent personal contamination. 

The number of protons in the nucleus of an atom; a lso  
the  posi t ive  charge of the  nucleus. Each chemical 
element has i t s  characte.r ist ic atomic number, and the 
atomic numbers of the known elements (both natural 
and man-made) form a complete se r ies  from 1 (hydrogen) 
through 105 (hahnium) . 
Radiation originating from sources other than the 
source of i n t e r e s t  ( i  .e . ,  the  nuclear p lant) .  Back- 
ground radiation incl udes natural radiat ion (e .  g. ,  
cosmic rays and radiation from naturally radioactive 
elements) as  well as  man-made radiation (e .g . ,  f a l l o u t  
from atmospheric weapons t e s t i ng ) .  

Radioactive decay i n  which a beta pa r t i c l e  i s  emitted. 
T h i s  transformation changes only the  atomic number 
of the  nucleus, ra is ing or  lowering Z by one f o r  
emission of a negative o r  posi t ive  beta pa r t i c l e ,  
respectively.  

A radionuclide t ha t  charac te r i s t i ca l ly  undergoes 
transformation by emission of beta par t i c les .  

An e lect ron,  of e i t he r  posi t ive  o r  negative charge, 
emitted by an atomic nucleus i n  a nuclear transforma- 
t ion.  

Burial Ground: An area spec i f ica l ly  designated fo r  shallow subsurface 
disposal of so l id  radioactive wastes t o  temporarily 
i so l a t e  the  waste from man's environment. 

B u r n u p ,  Specific The t o t a l  energy released per uni t  mass of a nuclear 
fue l .  I t  i s  commonly expressed i n  megawatt-days per 
ton. 

Byproduct Material : Any radioactive material (except source material and 
special nuclear material ) obtained incidental l y  
during the  production or  use of source or  special 
nuclear material .  

Capacity Factor: The r a t i o  of the e l e c t r i c i t y  actual ly  produced by a 
nuclear power plant  t o  the e l e c t r i c i t y  t ha t  would be 
produced i f  the  reactor operated continuously a t  
design capaci ty  . 



Cask: 

Cask L ine r :  

Chemical L i m i t s :  

Code o f  Federal 
Regulat ions (CFR) : 

Contact Maintenance: 

Contamination: 

A t i g h t l y  seal ing,  heav i l y  shielded, reusable sh ipp ing  
conta iner  f o r  r a d i o a c t i v e  mater ia ls .  

A t i g h t l y  seal ing,  disposable metal conta iner  used 
i n s i d e  a cask f o r  sh ipp ing  r a d i o a c t i v e  ma te r ia l s .  

Maximum chemical concentrat ions o r  q u a n t i t i e s  imposed 
upon gaseous o r  l i q u i d  e f f l u e n t s  discharged f rom a 
f a c i l i t y  t o  the  environment, and cons i s ten t  w i t h  known 
a i r -  and wa te r- qua l i t y  standards. 

A c o d i f i c a t i o n  o f  the  general r u l e s  by the  execut ive  
departments and agencies o f  the  federa l  government. 
The Code i s  d i v ided  i n t o  50 T i t l e s  t h a t  represent  
broad areas sub jec t  t o  federa l  regu la t i on .  Each 
T i t l e  i s  d i v ided  i n t o  Chapters t h a t  u s u a l l y  bear t he  
name o f  the  i s s u i n g  agency. Each Chapter i s  f u r t h e r  
subdivided i n t o  Par ts  cover ing s p e c i f i c  r e g u l a t o r y  
areas. 

"Hands-on" maintenance, o r  maintenance performed by 
d i r e c t  contac t  o f  personnel w i t h  the  equipment. 
Typ i ca l l y ,  most nonradioact ive maintenance i s  contact  
maintenance. 

Undesired (e. g. , r a d i o a c t i v e  o r  hazardous) m a t e r i a l  
t h a t  i s  1) deposited on the  surfaces o f ,  o r  i n t e r n a l l y  
ingra ined i n t o ,  s t ruc tu res  o r  equipment, o r  2) mixed 
w i t h  another ma te r i a l .  

Cont inuing Care Period: The su rve i l l ance  and maintenance phase o f  sa fe  storage 
o r  entombment, w i t h  the  f a c i  1 i t y  secured aga ins t  
i n t r u s i o n .  

Count Rate: 

Curie: 

The measured r a t e  o f  the  de tec t i on  o f  i o n i z i n g  events 
us ing  a s p e c i f i c  r a d i a t i o n  de tec t i on  device. 

A u n i t  o f  r a d i o a c t i v i t y ,  abbreviated C i  . One c u r i e  
equals 3.7 x 1010 nuclear  t ransformat ions per  second. 
Several f r a c t i o n s  o f  the  c u r i e  a re  i n  common usage: 

M i l l  i c u r i e ,  abbrevia ed mCi . One-thousandth 4 o f  a c u r i e  (3.7 x 10 d /s ) .  

M ic rocur ie ,  abbreviated pCi. One- mi l l ion th  o f  a 
c u r i e  (3.7 x 104 d /s ) .  

Nanocurie, abbreviated nCi . One-bi 11 i o n t h  o f  a 
c u r i e  (37 d/s) . 



Picocur ie,  abbreviated pCi ( replaces the  term 
puCi  ) . One-mil 1  i o n t h  o f  a mic rocur ie  (0.037 d/s) . 

Decay, Radioact ive: A spontaneous nuclear t rans format ion  i n  which charged 
p a r t i c l e s  and/or gamma r a d i a t i o n  a re  emitted. 

Decommissioning: The measures taken f o l l o w i n g  a nuclear  f a c i l  i t y ' s  
opera t ing  l i f e  t o  ensure the  p r o t e c t i o n  o f  the  p u b l i c  
f rom any res idua l  r a d i o a c t i v i t y  o r  o the r  hazards pre- 
sent  i n  t he  f a c i l i t y .  

Decontami na t i on  : 

Decontamination 
Agents : 

Decontamination 
Factor (DF) : 

Deep Geologic 
Disposal : 

De minimus Level : 

Design Basis 
Accident: 

Discount Rate: 

D is in teg ra t i on ,  
Nucl ear: 

D i s in teg ra t i on  
Rate: 

Those a c t i v i t i e s  employed t o  reduce the  l e v e l s  o f  
contaminat ion i n  o r  on s t ruc tures ,  equipment, and 
ma te r ia l s .  

Chemical o r  c leansing ma te r ia l s  used t o  e f f e c t  
decontamination. 

The r a t i o  o f  t he  i n i t i a l  amount ( i  .e., concentrat ion 
o r  q u a n t i t y )  o f  an undesired mater ia l  t o  the  f i n a l  
amount r e s u l t i n g  from a treatment process. 

Placement o f  rad ioac t i ve  ma te r ia l s  i n  s t a b l e  geologic  
formations f a r  beneath the  e a r t h ' s  surface, t o  i s o l a t e  
them from man ' s  environment. 

That l e v e l  o f  contaminat ion acceptable f o r  unre- 
s t r i c t e d  pub1 i c  use or ,  access. 

A pos tu la ted  accident  bel ieved t o  have the  most severe 
expected impacts on a f a c i l i t y .  It i s  used as the  
basis  f o r  design and sa fe ty  ana lys is .  

The r a t e  of r e t u r n  on c a p i t a l  t h a t  could be r e a l i z e d  
i n  a l t e r n a t i v e  investments i f  the money were n o t  
committed t o  the  p lan  being evaluated (i .e., t he  
oppor tun i t y  cos t  o f  a1 t e r n a t i  ve investments) , equi va- 
l e n t  t o  t he  weighted average cos t  o f  c a p i t a l .  

The spontaneous ( rad ioac t i ve )  t rans format ion  o f  an 
atom o f  one element t o  t h a t  o f  another, character ized 
by a d e f i n i t e  h a l f - l i f e  and the  emission o f  p a r t i c l e s  
o r  r a d i a t i o n  from the  nucleus o f  the  f i r s t  element. 

The r a t e  a t  which d i s i n t e g r a t i o n s  (i .e., nuclear  
t ransformat ions)  occur, i n  events per  u n i t  t ime (e.g., 
d i s i n t e g r a t i o n s  per  minute [dpm]) . 



D i  smantl ement: 

Dispersion: 

Disposal : 

Dose, Absorbed: 

Dose, Equivalent :  

Dose, Occupational : 

Those ac t ions  requ i red  t o  disassemble and remove 
s u f f i c i e n t  rad ioac t i ve  o r  contaminated ma te r ia l  from 
a  f a c i l i t y  t o  permi t  re lease o f  t he  proper ty  f o r  
u n r e s t r i c t e d  use. 

A process of mix ing  one mater ia l  w i t h i n  a  l a r g e r  
q u a n t i t y  o f  another, causing the  f i r s t  ma te r i a l  t o  
be d i  1  u ted  ( i  . e. , reduced i n  concent ra t ion) .  For 
example, ma te r i a l  released t o  the  atmosphere i s  d i s -  
persed i n  (mixed w i t h )  a i r ,  reducing the  re leased 
ma te r ia l  ' s  concent ra t ion  w i t h  d is tance from the  source. 

The d i s p o s i t i o n  o f  ma te r i a l s  w i t h  the  i n t e n t  t h a t  they 
w i l l  no t  en te r  man's environment i n  s u f f i c i e n t  amounts 
t o  cause a  s i g n i f i c a n t  heal t h  hazard. 

See Absorbed Dose. 

Expresses the  amount o f  i o n i z i n g  r a d i a t i o n  t h a t  i s  
e f f e c t i v e  i n  t he  human body, i n  u n i t s  o f  rems. 
Modi fy ing f a c t o r s  associated w i t h  human t i s s u e  and 
body are  taken i n t o  account. Equivalent  dose i s  the  
product o f  absorbed dose, a  q u a l i t y  f a c t o r ,  and a  
d i s t r i b u t i o n  f a c t o r .  Referred t o  as Dose i n  t h i s  
study . 
An i n d i v i d u a l  ' s  exposure t o  i o n i z i n g  r a d i a t i o n  (above 
background) as a  r e s u l t  o f  h i s  employment, expressed 
i n  rems. 

Dose, Radiat ion: As commonly used, the  q u a n t i t y  o f  r a d i a t i o n  absorbed 
i n  a  u n i t  mass o f  a  medium, f requen t l y  a  human organ, 
expersed i n  rems. 

Dose Rate: 

Dosimeter: 

The r a d i a t i o n  dose de l i ve red  per  u n i t  t ime, expressed 
i n  u n i t s  o f  rems per  hour. 

A device, such as a  f i l m  badge o r  an i o n i z a t i o n  cham- 
ber, t h a t  measures r a d i a t i o n  dose. 

E lec t ron  Capture ( E C ) :  The capture o f  an o r b i t a l  e l e c t r o n  by the  r a d i o a c t i v e  
nucleus o f  an atom. This t rans format ion  decreases 
the  atomic number o f  the  nucleus by one. 

Entombment: The encasement o f  r a d i o a c t i v e  ma te r ia l s  i n  concrete o r  
o the r  s t r u c t u r a l  ma te r i a l  s u f f i c i e n t l y  s t rong and 
s t r u c t u r a l l y  l ong- l i ved  t o  ensure r e t e n t i o n  o f  the  
r a d i o a c t i v i t y  u n t i l  i t  has decayed t o  l e v e l s  t h a t  
permi t  uncondi t ional  re lease o f  the  s i t e .  



Envi ronmental 
Survei 11 ance: 

Exposure : 

F a c i l i t y :  

F iss ion:  

F i ss ion  Products: 

Food Chain: 

Fuel Assembly: 

Fuel Cycle: 

A program t o  moni tor  the  impact o f  discharges from 
i n d u s t r i a l  operat ions on the  surrounding region. As 
used i n  t h i s  study, i t  i s  the  program t o  moni tor  the  
ex ten t  and consequences o f  releases o f  r a d i o a c t i v i t y  
o r  chemicals from the  nuc lea r  power p lan t .  

A measure o f  t he  i o n i z a t i o n  produced i n  a i r  by x o r  
gamma r a d i a t i o n .  It i s  t he  sum o f  the  e l e c t r i c a l  
charges on a l l  ions  o f  one s ign  produced i n  a i r  when 
a l l  e lec t rons  1 i berated by photons i n  a volume e le-  
ment o f  a i r  a re  completely stopped i n  a i r ,  d i v i d e d  
by the  mass o f  t he  a i r  i n  the  volume element. The 
spec ia l  u n i t  o f  exposure i s  the  roentgen. (See 
Roentgen. ) 

The physical  complex o f  b u i l d i n g s  and equipment on a 
p l a n t  s i t e .  

The s p l i t t i n g  o f  a heavy atomic nucleus i n t o  two o r  
more nea r l y  equal p a r t s  (nucl ides  o f  1 i g h t e r  elements), 
accompanied by the  re lease o f  a r e l a t i v e l y  l a r g e  
amount o f  energy and (genera l l y )  one o r  more neutrons. 
F i ss ion  can occur spontaneously, bu t  usua l l y  i t  i s  
caused by nuclear  absorpton o f  gamma rays, neutrons, 
o r  o the r  p a r t i c l e s .  

The 1 i g h t e r  atomic nucl  ides  ( f i s s i o n  fragments) formed 
by the  f i s s i o n  o f  heavy atoms. It a l so  r e f e r s  t o  the  
nucl  ides  formed by the  f i s s i o n  fragments ' r a d i o a c t i v e  
decay. 

The pathways by which any ma te r ia l  (such as rad io-  
a c t i v e  mater i  a1 ) passes through the  environment 
through e d i b l e  p lan ts  and/or animals t o  man. 

A bundle o f  f u e l  rods (tubes con ta in ing  nuclear  f u e l )  
housed i n  a f i x e d  geometry i n  a metal channel. 
During operat ion,  water c i r c u l a t e d  through the  assembly 
i s  heated by the  nuclear  r e a c t i o n  t o  produce steam. 

The se r ies  o f  steps invo lved i n  supply ing f u e l  f o r  
nuclear  power reac tors  and handl ing the  spent f u e l  
and the  resu l  t a n t  r a d i o a c t i v e  wastes, i n c l  ud i  ng 
t ranspor ta t i on .  

Head end: Mining, m i l l i n g ,  enrichment, 
and f a b r i c a t i o n  o f  f u e l .  

Back end: Inc ludes reactors,  spent f u e l  storage, 
spent f u e l  reprocessing, mixed-oxide 
f u e l  f a b r i c a t i o n ,  and waste management. 



Gamma Rays: 

Gaseous: 

Greenhouse: 

Ha l f - L i f e ,  
B i  01 og i  ca l  : 

H a l f - L i f e ,  
E f f e c t i v e :  

Ha l f- L i fe ,  
Radioact ive: 

Heal th Phys i c i s t :  

Heal th Physics: 

High-Level Waste: 

Hot Spot: 

Short-wavelength electromagnetic r a d i a t i o n .  Gamma 
r a d i a t i o n  f requen t l y  accompanies a1 pha and beta I 

emissions and always accompanies f i s s i o n .  Gamma 
rays  a re  very pene t ra t i ng  and are bes t  stopped o r  
sh ie lded agai -nst by dense ma te r ia l s  such as l e a d  o r  
uranium. The rays are  s i m i l a r  t o  x- rays, b u t  a re  
nuclear  i n  o r i g i n ,  i .e. ,  they o r i g i n a t e  from w i t h i n  
the  nucleus o f  the  atom. 

Mater ia l  i n  the  vapor o r  gaseous s ta te ,  b u t  can 
i nc lude  ent ra ined l i q u i d s  and s o l i d s .  

I n  nuclear  terms, a temporary s t ruc tu re ,  f requen t l y  
constructed o f  wood and p l a s t i c ,  used t o  p rov ide  a 
confinement b a r r i e r  between a r a d i o a c t i v e  work area 
and a nonradioact ive area. 

The t ime requ i red  f o r  a b i o l o g i c a l  system (such as a 
man o r  animal) t o  e l im ina te ,  by na tu ra l  processes, 
h a l f  the  amount o f  a substance (such as a rad io-  
a c t i v e  m a t e r i a l )  t h a t  i t  has absorbed. 

The t ime requ i red  f o r  r a d i o a c t i v i t y  conta ined i n  a 
b i o l o g i c a l  system (such as a man o r  animal) t o  be reduced 
by h a l f  as a combined r e s u l t  o f  r a d i o a c t i v e  decay and 
b i o l o g i c a l  e l  im ina t ion .  

The t ime i n  which h a l f  the  atoms o f  a p a r t i c u l a r  
r a d i o a c t i v e  substance d i s i n t e g r a t e  t o  another 
form. Each rad ionuc l i de  has a unique h a l f - l i f e .  
Measured h a l f - l i v e s  vary from m i l l i o n t h s  o f  a 
second t o  b i l l i o n s  o f  years. 

A person t r a i n e d  t o  perform r a d i a t i o n  surveys, over-  
see r a d i a t i o n  monitor ing, est imate the  degree o f  
r a d i a t i o n  hazard, and advise on opera t ing  procedures 
f o r  min imiz ing  r a d i a t i o n  exposures. 

The science concerned w i t h  recogn i t ion ,  evaluat ion,  
and c o n t r o l  o f  h e a l t h  hazards from i o n i z i n g  r a d i a t i o n .  

Radioact ive waste from the  f i r s t - c y c l e  so l ven t  ex t rac-  
t i o n  ( o r  equ iva len t )  du r ing  spent nuclear  f u e l  repro-  
cessing. Also app l i ed  t o  o the r  concentrated wastes 
o f  var ious o r i g i n s .  

An area o f  r a d i o a c t i v e  contaminat ion o f  h igher  than 
average concentrat ion.  



Immobi l izat ion:  

I nne r  Bremsstrahlung: 

I n t r u s i o n  Alarm: 

Ion  Exchange: 

Licensed Ma te r ia l  : 

L i q u i d  Radioact ive 
Waste : 

Long-Lived Nucl ides': 

Low-Level Waste : 

Mass Number (A) : 

Maximum-Exposed 
I n d i v i d u a l  : 

Treatment and/or emplacement o f  ma te r i a l s  (e. g. , 
r a d i o a c t i v e  contaminat ion) so as t o  impede t h e i r  move- 
ment. 

Secondary electromagnetic r a d i a t i o n  produced by 
decc le ra t i on  o f  charged p a r t i c l e s  passing through 
mat ter .  

A  s e c u r i t y  device t h a t  detects i n t r u s i o n  i n t o  a 
p ro tec ted  area and i n i t i a t e s  a  v i s i b l e  and/or aud ib le  
alarm s igna l .  

A chemical process i n v o l v i n g  the  s e l e c t i v e  adsorpt ion 
(and subsequent desorpt ion)  o f  c e r t a i n  chemical ions  
i n  a  s o l u t i o n  on t o  a  s o l i d  mater ia l ,  usua l l y  a  p l a s t i c  
o r  r e s i n .  The process i s  used t o  separate containments 
from process streams, p u r i f y i n g  them f o r  reuse o r  
d isposal  . 
Source mater ia l ,  spec ia l  nuclear  mater ia l ,  o r  bypro- 
duc t  ma te r i a l  received, possessed, used, o r  t rans-  
f e r r e d  under a  l i c e n s e  ' issued by the NRC. 

Sol u t ions ,  suspensions, and mobi le s l  udges contami - 
nated w i t h  r a d i o a c t i v e  ma te r ia l s .  

For t h i s  study, r a d i o a c t i v e  isotopes w i t h  l ong  h a l f -  
l i v e s ,  t y p i c a l l y  taken. t o  be greater  than about 10 
years. Most nuc l ides  o f  i n t e r e s t  t o  waste manage- 
ment have h a l f - l i v e s  on the  order  o f  one year  t o  
m i l l i o n s  o f  years. 

Wastes conta in ing  low b u t  no t  hazardous q u a n t i t i e s  
o f  radionucl  ides  and r e q u i r i n g  l i t t l e  o r  no b i o l o g i -  
c a l  sh ie ld ing ;  low- level  wastes genera l l y  conta in  no 
more than 10 nanocuries o f  t ransuran ic  ma te r i a l  per  
gram o f  waste. 

Used as a  u n i t  measure o f  popu la t ion  r a d i a t i o n  dose, 
ca l cu la ted  by summing the  dose equ iva len t  i n  rem 
rece ived by each person i n  the  populat ion.  Also, i t  
i s  used as the  absorbed dose o f  one rem by one person, 
w i t h  no r a t e  o f  exposure imp l ied .  

The number o f  nucleons (protons and neutrons) i n  the  
nucleus o f  a  g iven atom. 

The hypothet ica l  member o f  the  pub1 i c  who receives the 
maximum r a d i a t i o n  dose t o  an organ o f  reference.  For 
t he  common case where exposure from a i rborne rad io-  
a i rbo rne  rad ionuc l i de  concentrat ion and eats food 
grown a t  t h a t  l o c a t i o n .  



Megawatt Day per 
Metric Ton: 

Monitoring: 

Normal Operating 
Conditions: 

Nuclear Reaction: 

Nuclear Steam 
Supply Sys tem: 

Nucl ide: 

Offsite: 

Onsi te :  

Operable: 

Overpack: 

Package: 

A unit  for  expressing the thermal output obtained per 
u n i t  mass of nuclear fuel.  

Making measurements or observations so as to  recognize 
the s tatus  or adequacy of ,  or s ignif icant  changes in, 
conditions or performance of a f a c i l i t y  or  area. 

Operation (including s tar tup,  shutdown, and mainte- 
nance) of systems within the normal range of appli- 
cab1 e parameters. 

A reaction involving a change in an atomic nucleus, 
such as f iss ion,  fusion, par t ic le  capture, or  radio- 
active decay. 

A contractual term designating those components of 
the nuclear power plant furnished by the nuclear 
steam supply system supplier. Generally includes 
those systems most closely associated with the 
reactor vessel, designed to contain or  be i n  contact 
with the water coming from or going to  the reactor 
core. The nuclear steam supply system i n  a BWR 
i ncl udes : 

reactor vessel 
reactor vessel internal s 
reactor core 
neutron monitoring system 
reactor water recirculation system 
control rod drive system 
residual heat removal system 
emergency core cooling systems. 

See Radionuclide. 

Beyond the boundary l ine marking the l imits  of plant 
property. 

W i t h i n  the boundary 1 ine marking the 1 imits of plant 
property. 

Capable of performing the required function. 

Secondary (or additional) external containment or 
cushioning for  packaged nuclear waste tha t  exceeds 
certain 1 imits imposed by regulation. 

The packaging plus the contents of radioactive 
materials. 



Packaging: The assembly of radioactive material i n  one o r  more 
containers and other components as necessary t o  ensure 
compliance w i t h  applicable regulations.  

Possessi on-only A n  amended operating l icense issued by NRC to a 
License: nuclear f a c i l i t y  owner e n t i t l i n g  the licensee t o  own 

b u t  not operate the f a c i l i t y .  

Power Reactor: A nuclear reactor  used t o  provide steam f o r  e l ec t r i c a l  
power generation. 

Present Value of The present value of a fu tu re  stream of costs  is  the  
Money: present investment necessary t o  secure o r  y ie ld  the 

fu ture  stream of payments, w i t h  compound in t e r e s t  a t  
a given discount o r  i n t e r e s t  r a t e .  Inf la t ion can be 
taken i n to  account i n . t h i s  calculat ion.  

Protective Survey: 

Qual i t y  Assurance: 

Qual i t y  Control : 

Rad : 

Radiation: 

Radiation Area: 

See Radiation Survey. 

The systematic actions necessary t o  provide adequate 
confidence t h a t  1) a material ,  component, system, process, 
o r  faci  1 i t y  performs s a t i s f a c t o r i l y  o r  as planned 
in  service,  o r  2) t h a t  work i s  performed according t o  
plan. 

The qua l i ty  assurance actions t h a t  control the  a t t r i -  
butes of the  materi a1 , process, component, system, 
f a c i l i t y ,  o r  work i n  accordance w i t h  predetermined 
qua1 i t y  requirements. 

The un i t  of absorbed dose. The energy imparted 
by ionizing radiat ion t o  a unit.mass of i r rad ia ted  
material a t  the  place of i n t e r e s t .  One rad equals 
0.01 joules/kilogram. 

1) The emission and propagation of radiant  energy: 
f o r  instance,  the  emission and propagation of e lect ro-  
magnetic waves o r  protons. 2 )  The energy propagated 
through space o r  through a material medium: f o r  
example, energy i n  the form of alpha, beta, and garrlnia 
emissions from radioactive nuclei .  

Any area,  accessible t o  personnel, i n  which there 
ex i s t s  radiat ion a t  such levels  t ha t  a major portion 
of the body could receive a dose i n  excess of 5 
millirem i n  any one hour, o r  a dose i n  excess of 100 
mil 1 irem i n  any 5 consecutive days. (See 10 CFR 
20.202. ) 



Radiat ion Leakage A l l  r a d i a t i o n  coming from a  source housing except 
( D i r e c t )  : the  usefu l  beam. 

Radiat ion, Scattered: Radiat ion t h a t  has deviated i n  d i r e c t i o n  du r ing  i t s  
passage through a  substance. It may a l so  be modi f ied  
by a  decrease i n  energy. 

Radiat ion, Stray:  The sum o f  leakage and scat te red r a d i a t i o n ;  a l so  
c a l l e d  "shine."  

Radiat ion Survey: An eva luat ion  o f  r a d i a t i o n  and associated hazards 
i n c i d e n t a l  t o  the  product ion, use, o r  ex is tence o f  
rad ioac t i ve  mater ia ls .  It normal ly  inc ludes a  physi-  
ca l  survey o f  t he  arra,ngement and use o f  equipment and 
measurements o f  t he  r a d i a t i o n  dose ra tes  under 
expected cond i t ions  o f  use. Also c a l l e d  p r o t e c t i v e  
survey. 

Radioact ive Ma te r ia l :  Any mater ia l  o r  combination o f  ma te r ia l s  t h a t  spon- 
taneously emits i o n i z i n g  r a d i a t i o n  and has a  s p e c i f i c  
a c t i v i t y  i n  excess o f  0.002 microcur ies per  gram o f  
ma te r ia l .  (See 49 CFR 173.389(e). ) 

Radioact ive Ser ies:  

Rad ioac t i v i t y :  

Rad ioac t i v i t y ,  
A r t i  f i c i  a1 : 

Rad ioac t i v i t y ,  
Induced : 

Rad ioac t i v i t y ,  
!<B t u r a l  : 

A  succession o f  nucl ides,  each o f  which transforms by 
r a d i o a c t i v e  d i s i n t e g r a t i o n  i n t o  the  next  u n t i l  a  
s t a b l e  nonradioact ive nuc l i de  r e s u l t s .  The f i r s t  
member i s  c a l l e d  the  "parent," the  intermediate mem- 
bers are  c a l l e d  "daughters," and the  f i n a l  s tab le  
member i s  c a l  l e d  the  "end product.  " 

The proper ty  o f  c e r t a i n  nuc l ides  o f  spontaneously 
t ransforming t o  o ther  nuc l ides  by e m i t t i n g  p a r t i c l e s  
and/or gamma r a d i a t i o n .  Also used t o  descr ibe the  
number o f  nuclear  t ransformat ions occur r ing  i n  a  given 
q u a n t i t y  o f  ma te r ia l  per u n i t  t ime. Often shortened 
t o  " a c t i v i t y .  " 

Man-made r a d i o a c t i v i t y  produced by p a r t i c l e  bombard- 
ment o r  electromagnetic i r r a d i a t i o n ,  as opposed t o  
na tu ra l  r a d i o a c t i v i t y  . 
R a d i o a c t i v i t y  produced i n  a  substance a f t e r  bombard- 
ment w i t h  neutrons o r  o ther  p a r t i c l e s .  The r e s u l t i n g  
r a d i o a c t i v i t y  i s  " natura l  r a d i o a c 2 i v i t y "  i f  formed by 
nuclear  reac t ions  occur r ing  i n  nature and " a r t i f i c i a l  
r a d i o a c t i v i t y "  i f  the  reac t ions  a re  caused by man. 

R a d i o a c t i v i t y  exh ib i ted  by more than f i f t y  n a t u r a l l y  
occur r ing  rad ionuc l  ides. 



Radio logical  
Protect ion:  

Radionucl i de: 

Regulatory 
Guides: 

Rem : 

Remote Maintenance: 

Report ing Levels: 

Pro tec t ion  against  t he  e f f e c t s  o f  i n t e r n a l  and 
ex terna l  human exposure t o  i o n i z i n g  r a d i a t i o n  and 
rad ioac t i ve  mater ia ls .  

An atom t h a t  decays rad ioac t i ve l y .  Each radionucl  i d e  
decays w i t h  a  c h a r a c t e r i s t i c  h a l f - l i f e .  

Documents t h a t  describe and make pub1 i c l y  ava i l ab le  
methods acceptable t o  the  NRC s t a f f  f o r  implementing 
s p e c i f i c  pa r t s  o f  t he  NRC's regulat ions,  t o  de l ineate  
techniques used by the  s t a f f  i n  eva luat ing  s p e c i f i c  
problems o r  postu lated accidents, o r  t o  provide o ther  
guidance t o  appl i can ts  f o r  nuclear  operat ions. Guides 
are n o t  subs t i t u tes  f o r  regu la t ions ,  and compliance 
w i t h  them i s  no t  e x p l i c i t l y  required. Methods and 
so lu t i ons  d i f f e r e n t  from those s e t  o u t  i n  the  guides 
may be acceptable i f  they provide a  basis f o r  the  
f i nd ings  r e q u i s i t e  t o  the  issuance o r  continuance o f  
a  permi t  o r  1  icense by the  NRC. (Government agencies 
o ther  than the  NRC have regu la to ry  guides pe r ta in ing  
t o  non-nucl ear  matters. ) 

A  u n i t  o f  r a d i a t i o n  dose equivalent .  The dose equiva- 
l e n t  i n  rems i s  numer ical ly  equal t o  the  absorbed dose 
i n  rads m u l t i p l i e d  by the  q u a l i t y  fac tor ,  the  d i s t r i -  
bu t ion  fac to r ,  and any o ther  necessary modi fy ing 
fac to rs .  

Maintenance by remote means, i - e . ,  t he  human i s  
separated by a  sh ie ld ing  wa l l  from the  i t em being 
maintained. Used i n  the  nuclear  i ndus t ry  t o  reduce 
the  occupational r a d i a t i o n  doses t o  maintenance 
personnel. 

Those l e v e l s  o r  parameters c a l l e d  o u t  i n  the  environ- 
mental techn ica l  spec i f i ca t i ons ,  t he  d ismant l ing  
order, and/or the  possession-only l i cense  t h a t  do 
no t  l i m i t  decommissioning a c t i v i t i e s ,  bu t  t h a t  may 
i n d i c a t e  a  measurable impact on the  environment. 

Repository (Federal ) : A s i t e  owned and operated by the  federal  government 
f o r  long- term storage o r  disposal o f  rad ioac t i ve  
mater ia ls .  

Rest r ic ted  Area: Any area t o  which access i s  c o n t r o l l e d  f o r  p ro tec t i on  
o f  i n d i v i d u a l s  from exposure t o  i o n i z i n g  r a d i a t i o n  
and rad ioac t i ve  mater ia ls .  



Roentgen (R) : 

Safe Storage: 

Shield: 

Short-Li ved 
Radi onucl ides : 

Shutdown: 

Si te :  

Sol id  Radioactive 
Waste: 

So l id i f i ca t ion :  

Source Material: 

Speci a1 Nucl ea r  
Materi a1 (SNM) : 

The u n i t  of exposure t o  ionizi,ng radiat ion.  I t  i s  
t h a t  amount of gamna o r  x-rays required t o  produce 
ions carrying one e l ec t ro s t a t i c  u n i t  of e l ec t r i c a l  
charge ( e i t he r  posi t ive  o r  negative) i n  one cubic 
centimeter of dry a i r  under standard conditions. One 
roentgen equals 2.58 x 10-4 coulomb per kilogram of 
a i r .  (See a l so  Exposure. ) 

Those actions required t o  place and maintain a nuclear 
f a c i l i t y  i n  such a condition t h a t  r i sk  t o  the  public 
i s  within acceptable bounds, so the  f a c i l i t y  can be 
safe ly  stored f o r  the  time desired. 

A body of material used t o  reduce the  passage of 
ionizing radiat ion.  A shie ld  may be designated 
according t o  what i t  i s  intended t o  absorb (as  a 
gamma-ray shie ld  o r  neutron sh i e ld ) ,  o r  according t o  
the  kind of protection i t  i s  intended t o  give (as  a 
background, biological ,  o r  thermal sh ie ld ) .  A shie ld  
may be required t o  protect  personnel o r  t o  reduce 
radiat ion enough t o  allow use of counting instruments. 

For t h i s  study, those radioactive isotopes w i t h  half-  
l i ve s  l e s s  than about 10 years. 

The time during which a f a c i l i t y  i s  not i n  productive 
operation. 

The geographic area upon which the  f a c i l i t y  i s  located, 
subject  t o  controlled public access by the  f a c i l i t y  
1 icensee (includes the  r e s t r i c t ed  area as designated 
i n  the  NRC 1 i cense) . 
Radioactive waste material t h a t  i s  e s sen t i a l l y  so l id  
and dry, b u t  may contain sorbed radioactive f l u id s  
i n  su f f i c i en t l y  small amounts as  t o  be immobile. 

Conversion of radioactive wastes (gases o r  1 iquids) 
t o  dry, s t ab l e  so l ids .  

Thorium, natural o r  depleted uranium, o r  any cornbina- 
t ion thereof. Source material does not include 
special nuclear material.  (See 10 CFR 40.4(h) .) 

Plutonium, 2 3 3 ~ ~  uranium containing more than the  
natural abundance of 2 3 5 ~ ,  o r  any material a r t i f i -  
c i a l l y  enriched with the foregoing substances. SNM 
does n o t  include source material .  (See 10 CFR 40.4( i )  .) 



Surface Contamination: The depos i t ion  and attachment o f  rad ioac t i ve  mater ia ls  
t o  a surface. Also, t he  r e s u l t i n g  deposits.  

Survei l lance:  

Technical 
Spec i f i ca t ions  : 

Track D r i l l :  

Those a c t i v i t i e s  necessary t o  ensure t h a t  t he  s i t e  
remains i n  a safe cond i t i on  ( inc ludes pe r iod i c  
inspect ion  and moni tor ing o f  the  s i t e ,  maintenance 
o f  b a r r i e r s  prevent ing access t o  rad ioac t i ve  ma te r ia l s  
remaining on the  s i t e ,  and prevent ion o f  a c t i v i t i e s  
t h a t  might impa i r  these b a r r i e r s ) .  

Requirements and 1 i m i  t s  encompassing environmental 
and nuclear  sa fe ty  t h a t  a re  s i m p l i f i e d  t o  f a c i l i t a t e  
use by p l a n t  operat ion and maintenance personnel. 
They are prepared i n  accordance w i t h  the  requirements 
o f  10 CFR 50.36, and are  incorporated i n t o  the  opera- 
t i n g  and/or possession-only l i cense  issued by the  NRC 

A se l  f- propel  1 ed, a i  r-operated d r i l l  r i g  w i t h  an 
extendable boom capable o f  d r i l l i n g  20-m-deep v e r t i c a l  
holes i n  concrete. 

Waste ~anagement: The p lanning and execution o f  essent ia l  func t ions  
r e l a t i n g  t o  rad ioac t i ve  wastes, i nc lud ing  treatment, 
packaging , i n t e r i m  storage, t ranspor ta t ion ,  and 
disposal.  

Waste, Radioactive: Equipment and mater ia ls  ( from nuclear operat ions)  
t h a t  are rad ioac t i ve  and have no f u r t h e r  use. A1 so 
c a l l e d  radwaste. 

X- Ray: A penet ra t ing  form o f  electromagnetic r a d i a t i o n  
emi t ted  e i t h e r  when the  i nne r  o r b i t a l  e lectrons o f  
an exc i ted  atom r e t u r n  t o  t h e i r  normal s t a t e  
( c h a r a c t e r i s t i c  x- rays) o r  when a metal t a r g e t  i s  
bombarded w i t h  high-speed electrons.  X-rays are 
always nonnuclear i n  o r i g i n  ( i  .e., they o r i g i n a t e  
ex terna l  t o  the  nucleus o f  the  atom). 
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