
OAK 
RIDGE 
NATIONAL 
LABORATORY 

Llq 1 CARBIDE 

OPERATED BY 
UNION CARBIDE CORPORATION 
FOR THE UNITED STATES ., - 

DEPARTMENT OF ENERGY :?;j!!;$+. .:. , . . , . . -  -,- . , '- L - -  - . - - -  .- . ,.; >. is , y:--5-- ; ;,;., N - ' : ' .  .:?.:it: - 11.1- 
- -<-..L 1 - $-!, +-:;%- , ,:: 7 

.ZT. $ . .; ,;*=..--+ -C I r. .&&&*& ,A. 8 

Post-Accident Cleanup of 
Radioactivity at the Three Mile 
Island Nuclear Power Station 

R. E. Brooksbank 
W. J. Armento 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



Printed in the United States of America. Available from 
National Technical Information Service 

U.S. Department of Commerce 
5285 Port Royal Road, Springfield, Virginia 221 61 

NTIS price codes-Printed Copy: A04 Microfiche A01 
< 

This report was prepared as an account of work sponsored by an agency of the 
United StatesGovernment. Neither the United States nor any agency thereof, nor 
any of their employees, makes any warranty, expressed or implied, or assumes 
any legal liability or responsibility for any third party's use or the results of such 
use of any information, apparatus, product or process disclosed in this report, or 
represents that its use by such third party would not infringe privately owned 
rights. 



Contract  No. W-7405-eng-26 

CHEMICAL TECHNOLOGY DIVISION 

POST-ACCIDENT CLEANUP OF RADIOACTIVITY AT THE 

THREE MILE ISLAND NUCLEAR POWER STATION 

Compiled by: 

E. Brooksbank 
J. Armento 

Con t r i bu to rs  : 

~ - 

DISCLAIMER 

Neilher the Uniled L a l S  Gwernmenl mr env agenw thereof. nor snv of.!heir employeer. makerany 
warranly. BIPrgl Or implied. 0s amme any lcwl liability or rwn r i b i l i t y  for $he amraw.  
mmpleienerr. or ussfulnar o f  any inlormation. apparalul. product. or pro- d i u l o d ,  or 
reprents  lhsr ill u s  vould not infringe ~ i va re l v  owned rights Reference herein lo  any rpmilic 
mmmercial pmduct. proceu, or rervice by tredo Mme. tmdemark. manufacturer. or orherwire. doer 
no1 necRsrily mnrli lvle or imply its endorremen!. remmmcndallon. or favoring by the united 
S l o l ~  Governmen1 or anv agenw thereof. The view end opinions of authors exprared herein do not 
necewily S ~ B I C O ~  reflect thore of the Uniled Stater Government or nnv arencv thermf 

I '  . " ~, 

0. Campbell 1--. . _ *- -- 

E. D. ~ o l i i n s  
F. E. Har r ing ton  
L. J. King 
J., R. P a r r o t t ,  S r .  
W.  A. Shannon 
J. W .  Snider 

DaLe Pu b l  i s tied : February 1980 

NOTICE This document contains information of a preliminary nature. 
I t  is subject to revision or correction and therefore does not represent a 
final report. 

OAK RIDGE NATIONAL LABORATORY 
Gak Ridge, Tennessee 37830 

operated by 
UNION CARBIDE CORPORATION 

f o r  t h e  
DEPARTMENT OF ENERGY 



THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 



CONTENTS 

Page 
. . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ABSTRACT 1 

. . . . . . . . . . . . . . . . . . . . . . . . . .  1 . INTRODUCTION 2 

2.1 Status of the Off-Gas System Following . .  the Accident . . .  3 
2.2 Modifications to the Off-Gas System . . . . .  ; . . . . .  4 
2.3 .Res u.lts . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . 4 

3 . CONTAMINATED WATER TREAINENT . . . . . . . . . . . . .  : . . . . . . . .  8 
. . . . . . . .  3.1 Status of TMI Water Following the Accident' 8 

. . . . . . . . . . .  3.2 Treatment of Low-Activi ty-Level Water 11 
. . . . .  3.3 Treatment of Intermediate-Activity-Level' Water 13 

. . . . . . . . .  3.3.1 Quantity and characteristics . ; 13 
. . . . . . . . . . . . .  3.3.2 Processing justification . . 13 

. . . . . . . . . . . . . . . . .  3.3.3 Process descri pti on 15 
. . . . . . . . .  3.3.4 Process environmental assessment 17 

. . . . . . . . . . .  3.4 Treatment of High-Activity-Level Water 18 

. . . . . . . . . . .  3.4.1 Quantity and characteristics 18 
. . . . . . . . .  3.4.2 Necessity for emergency tankage 18 . . . . . . . . . . . . .  3.4.3 Processing justification 21 . . . . . . . . . . . . . .  3.4.4 Flowsheet development 23 

. . . . . .  3.4.5 Process design objectives and criteria 23 . . . . . . . . . .  3.4.6 System and process description 29 

. . . . . . . . . . . . . . .  4 . RADIOACTIVE SOLID WASTE HANDLING 38 

. . . . . . . . . . . . .  4.1 Quantities and Characteristics 38 
4.2 Solid Waste Shipments and Container Information . . . . .  39 

4.2.1 Transportation equipment availability for . . . . . . . . . . . . . . . . . . . . . .  shipment 39 

. . . . . . . .  4.3 Sol id Waste Storage Facil ity Installation 41 

. . . . . . .  4.3.1 Interim solid waste staging facility 41 
. . . . . . . . . . .  4.3.2 Solid waste staging facility 41 

. . . . . . . . . . . . . . . . . . .  5 . FACILITY DECONTAMINATION 42 

. . . . . . . . . . . . . . . .  5.1 Diesel Generator Building 42 
5.2 Auxiliary Building and Fuel Handllny Building . . . . . .  43 

. . . . . . . . . . .  5.3 Containtnent Facility Recommissioning 45 



Page 

. . . . . . .  5.3.1 Status of containment and components 45 
5.3.2 Major construction. services. and equipment 

requirements for decontamination . . . . . . . . . .  46 
5.3.3 Containment reentry and decontamination . . . . .  48 
5.3.4 Reactor coolant system cleanup . . . . . . . . . .  53 

. . . . . . . .  5.3.5 Reconstruction and recommissioning 53 
5.3.6. Wastes generated from decontamination . . . . . .  54 

. . . . . . . . . . . . . . . . . . .  5.4 Costs and Schedules 54 

6 CONCLUSIONS 56 . . . . . . . . . . . . . . . . . . . . . . . . .  . 
. . . . . . . . . . . . . . . . . . . . .  6.1 Contaminated Air 56 . . . . . . . . . . . . . . . . . . .  6.7 Contaminated Water 56 

. . . . . . . . . . . . .  6.2.1 Low-activity-level water 56 
6.2.2 Intermediate-activi ty-level water . . . . . . . .  56 

. . . . . . . . . . . . .  6.2.3 High-activity-level water 56 

. . . . . . . . . . . . . . . . .  6.3 Radioactive Solid Waste 57 
. . . . . . . . . . . . . . . .  6.4 Facility Decontamination 57 

. . . . . . . . . . . . . . . . . . . . .  6.5 Recommissioning 58 



POST-ACCIDENT CLEANUP OF RADIOACTIVITY AT THE 

THREE MILE ISLAND NUCLEAR POWER STATION 

Compi 1  ed by: 

R. E. Brooksbank 
W. 3. Armento 

: ABSTRACT 

a he t e c h n i c a l  s t a f f  o f  t h e  Pres ident 's 'Commiss ion on 

t h e  Acc iden t  a t  Three M i l e  I s l a n d  (TMI) requested t h a t  Oak 

Ridge ~ a t i o n a l  " ~ a b o r a t o r ~  (ORNL) prepare documentation con- 

cerned w i t h  t h e  cleanup o f  r a d i 0 a c t i v i . t ~  on t h e  Three M i l e  

I s l a n d  s i t e  f o l l o w i n g  t h e  March 28, 1979 acc iden t .  Th i s  

r e p o r t  i s  a  comp i l a t i on  o f  data generated by ORNL s t a f f  

members, and i t  represen ts  t h e  s t a t u s  o f  t h e  s i t e  as o f  

September 7, 1979. 

T h e ' o b j e c t i v e  o f  t h i s  r e p o r t  i s  t o  p rov ide  i n f o r m a t i o n  

i n  a summarized form, which w i l l  be of d i r ec t .  ~ ~ s e f u l n e s s  t o  

t h e  commissioners. The i n f o r m a t i o n  con ta ined  h e r e i n  i nc l udes  

d i scuss ion  o f  o n - s i t e  ass i s tance  and accomplishments f o l l o w -  

i n g  t h e  acc iden t ,  f l owsheet  de-velopment f o r  t h e  TMI recovery  

team (by  t h e  Techni 'cal Adv,isory Group), and t h e  numerous 

r e p o r t s  a l r eady  generated on t h e  TMI cleanup and recovery.  



1. INTRODUCTION 

Th is  document conta ins  i n fo rma t ion  s p e c i f i c a l l y  requested by the  

t e c h n i c a l  s t a f f  o f  t h e  P res iden t ' s  Commission on the  Accident a t  Three 

M i l e  I s 1  and (TMI) . Oak Ridge Nat ional  Laboratory (ORNL) was i n s t r u c t e d  

t o  generate documents concerned w i t h  two areas: ins t rumenta t ion  diagnos- 

t i c s  and t h e  t rea tment  o f  r a d i o a c t i v e  wastes and l i q u i d  e f f l u e n t s  stem- 

ming f rom the  accident .  This  r e p o r t  responds t o  t h e  l a t t e r  category. 

The th ree  pr imary  concerns t o  be addressed i n  t h i s  r ~ p n r ~  itrp: 

1 .  The d i s t r i b u t i s n  o f  r a d i o a c t i v i t y  i n  t h c  a i r  and watcr fo l low. ing 

t h e  accident ,  i o d i n e  and xenon being o f  pr imary i n te res t ;  

2. The decontaminat ion and immodi'l i z a t i o n  o f  rad ionuc l  ides from the  

r a d i o a c t i v e  a i r  and water conta ined w i t h i n  TMI. 

3. The t reatment  o f  gaseous, l i q u i d ,  and s o l i d  wastes a t  TMI. 

These concerns a r e  discussed i n  Sects. 2, 3, and 4, respec t i ve l y ,  

As t h e  r e s u l t  o f  t h e  acc ident  a t  t h e  Three M i l e  Tsland Nuclear 

Power S ta t i on ,  U n i t  2  Reactor (TMI-Z), r a d i o a c t i v i t y  was found i n  o r  on 

several  m a t e r i a l  s  ex te rna l  t o  the  r e a c t o r  i , t s e l  f. .Radioactive contami na- 

t i o n  l e v e l s  were es tab l i shed  i n  the  off-gases, water, and on t h e  surfaces 

o f  a f f e c t e d  f a c i l i t i e s  and miscel laneous ma te r ia l s .  I n  o rder  t o  address 

t h e  problems. and s t a t u s  o f  t h e  cleanup operat ions necessary t o  r e s t o r e  

t h e  s l t e  t o  i t s  normal cond i t i on ,  t h i s  r e p o r t  has been d i v i d e d  i n t o  f o u r  

major  sec t ions :  ( 1 )  contaminated a i r  handl ing, ( 2 )  contaminated water 

handl ing,  ( 3 )  s o l  i d s  handl i n g  , and (4 )  f a c i l i t y  decontamination. Because 

l i m i t e d  i n fo rma t ion  e x i s t s  on t h e  exact  c o n d i t i o n  o f  t he  r e a c t o r  conta in -  

ment s t ruc tu re ,  t h e  l a s t  sec t i on  addresses the  problems inherent  i n  recom- 
1  m iss ion inq  the  r e a c t o r  based on a recent  s t ~ l d y  c n n d ~ ~ c t ~ r i  hy Bechtel . 

Members o f  t h c  ORNL ~ t a f f  cont inue t o  p rov ide  assis tance l l i d l  is 

requested. The areas o f  waste management i n  which ORNL remains a c t i v e  

a r e  a n a l y t i c a l  chemis t ry  support and f lowsheet  development f o r  t reatment  

o f  r a d i o a c t i v e  water. The development o f  s u i t a b l e  f lowsheets f o r  t h e  

decontaminat ion and d isposa l  of h i g h - a c t i v i t y - l e v e l  water, which i s  an 

i n t e g r a l  p a r t  o f  TMI's present  recovery e f f o r t ,  has been b r i e f l y  covered 

i n  t h i s  r e p o r t  as a  means o f  p rov id ing  c o n t i n u i t y  t o  t h e  i n p u t  o f  informa- 

t i o n  t o  t h e  Commission. Also, R. E. Brooksbank serves  as a  member o f  t he  

Technical Advisory Group (TAG) t o  t h e  Waste Management Group (WMG) a t  TMI. 



2. CONTAMINATED A I R  HANDLING 

The t o t a l  r e l ease  o f  r a d i o a c t i v i t y  t o  t h e  environment th roughout  t h e  

acc iden t  p e r i o d  has been e s t a b l i s h e d  as 13 t o  16 C i  o f  and 2.4 

m i l l i o n  t o  13 m i l l i o n  C i  o f  nob le  gases.. 3 - 6 y *  The a i r  pathway f o r  r e l ease  

o f  t h i s '  r a d i o a c t i v i t y  was f rom t h e  f u e l  t o  t h e  p r ima ry  coo lan t ,  which 

l a t e r  c a r r i e d  some o f  i't t o  t h e  water  o u t s i d e  t h e  p r imary  loop.  Th i s  

r a d i o a c t i v i t y  was then  v o l a t i l i z e d  f rom t h i s  wate r  i n t o  t h e  gaseous 

atmosphere i n  c o n t a c t  w i t h  t h e  water  (Containment Bui  1  d ing,  A u x i l  i a r y  

B u i l d i n g ,  and c e r t a i n  t anks )  and f i n a l l y  vented, a long  w i t h  t h e  o t h e r  

gases, t o  t h e  p l a n t  o f f - g a s  t rea tment  t r a i n s .  Under t h e  c o n d i t i o n s  o f  

t h e  acc iden t ,  n e a r l y  a l l  o f  t h e  i o d i n e  would be expected t o  be d i s s o l v e d  

i n ,  and t o  be c a r r i e d  w i t h ,  t h e  p r ima ry  coo lan t .  A  v e r y  smal l  f r a c t i o n  

o f  t h e  i o d i n e  would v o l a t i l i z e  i n t o  t h e  gas phases above these l i q u i d s ;  

i n  c o n t r a s t ,  a  l a r g e  f r a c t i o n  of  t h e  xenon would be p resen t  i n  t h e  gas 

volumes. W i t h i n  t h e  o f f - g a s  t r a i n s ,  charcoal  t r a p p i n g  of  t h e  i so topes  

o f  i o d i n e  u s u a l l y  i s  e f f e c t i v e  f o r  removal; however, no p r o t e c t i o n  i s  

a f f o r d e d  i n  t h e  t r a i n s  f o r  noble-gas removal. 

2.1 S ta tus  o f  t h e  Off-Gas System Fo l l ow ing  t h e  Acc iden t  c . .  .. 

An assessment o f  t he  c o n d i t i o n s  o f  t h e  off-gas hand l i ng  and t r e a t -  

ment system f o r  t h e  r e a c t o r  and suppor t  b u i l d i n g s  began s h o r t l y  a f t e r  t h e  

acc iden t  and i s  s t i l l  -in progress.  The immediate problem f o l l o w i n g  t h e  

acc iden t  was re l ease  o f  i o d i n e  and nob le  gases i n  excess o f  r e l e a s e  

s p e c i f i c a t i o n s  f o r  normal opera t ions .  Because I o d i n e  has a  more p ro -  

nounced e f f e c t  on t h e  h e a l t h  and w e l f a r e  o f  t h e  downstream popu la t i on ,  

se r i ous  a t t e n t i o n  was g i ven  t o  t h e  e f f e c t i v e n e s s  o f  t h e  charcoal  t r a p s  

designed t o  remove t h i s  i so tope .  Both downstream and upstream samples 

o f  t h e  charcoal  t r a p s  con ta ined  i n  t h e  A u x i l i a r y  2  and Fuel Handl ing 

B u i l d i n g s ,  through which a l l  gaseous re leases  f rom TMI-2 emanated, i n d i -  

ca ted  t h a t  t h e  t r a p s  were i n e f f e ~ t i v e ~ ' ~  f o r  removal o f  i o d ~ n e .  Problems 

i n h e r e n t  i n  e s t a b l i s h i n g  t h e  e f f e c t i v e n e s s  o f  t h e  o f f - gas  removal systems 
I 

x 
The b u l k  o f  t h e  env i ronmenta l  r e l ease  o f  TMI-2 acc iden t -evo lved  r a d i o -  
a c t i v i t y .  was r e s t r i c t e d  t o  t h e  s i r  pathway. An a d d i t i o n a l  es t imated  
0.24 C i  o f  1311 was re l eased  t o  t h e  Susquehanna R i v e r  between March 28 
and A p r i l  30, 1979. (Data i s  based on a  GPU assessment o f  o f f - s i t e  
doses--see P i ck  and Lowe and Gor r i c k ,  D r a f t  Assessment o f  O f f - S i t e  Doses, 
TDR-TMI-116, J u l y  31, 1979). 



i n v o l v e d  t h e  h igh  r a d i a t i o n  l e v e l s  surrounding both the  mon i to r ing  equip- 

ment and t h e  t r a p s  themselves. '  F igure  1  shows a  schematic representa t ion  

.of  t h e  o f f -gas  system immediately f o l l o w i n g  the  accident .  

2.2 M o d i f i c a t i o n s  t o  the Off-Gas System 

Resu l ts  o f  t h e  t e s t s  conducted on the i o d i n e  t rapp ing  e f f i c i e n c y  

o f  t h e  charcoal u n i t s  w i t h i n  the  A u x i l i a r y  2  and Fuel Handling Bu i l d ings  

i n d i c a t e d  t h a t  a l l  t he  t r a p s  should be replaced. Therefore, a  t o t a l  o f  

300 t r a p s  were changed (180 i n  the  A u x i l i a r y  B u i l d i n g  and 120 i n  the  Fuel 

Handl ing B u i l d i n g )  throughout  t he  pe r iod  A p r i l  20 t o  May 3. 

Because the  r e a c t o r  system was n o t  y e t  s t a b i l i z e d  from t h e  standpoint  

o f  t h e  n a t u r a l  convect ion c o o l i n g  mode and the  pr imary loop conta ined an 

es t imated 6 m i l l i o n  C i  of iod ine ,  t he  dec is ion  was made t o  prov ide  the  

e x i s t i n g  o f f -gas  t r a i n s  w i t h  a  supplemental system. Th is  system, which 

conta ined f o u r  t r a i n s  t o t a l i n g  a  t reatment  capac i t y  o f  100,000 cfm, was 

l o c a t e d  i n  Pasco, Washington. It was f lown t o  t h e  TMI-2 s i t e  f o r  i n -  

s t a l l a t i o n  on t h e  A u x i l i a r y  2  B u i l d i n g  r o o f  and was placed onstream on 

May 3, 1979. Cur ren t ly ,  t h r e e  o f  t h e  four t r a i n s  are  i n  opera t ion .  3  

F igure  2  summarizes, i n  schematic fashion,  t he  o v e r a l l  mod i f i ca t i ons  made 

t o  the  o f f -gas  system. An a d d i t i o n a l  mod i f i ca t i on ,  shown on the  f i g u r e ,  

i s  t h e  capping o f  t he  s tack  vent;  t h i s  prov ided an added margin o f  ' sa fe ty .  

I n  a d d i t i o n  t o  t h e  m o d i f i c a t i o n s  out1 ined, t h e  f l o o r  areas suspected 

t o  be contaminated by iod ine-conta in ing  s o l u t i o n  were f requent ly  wet w i t h  

sodium t h i o s u l f a t e  i n  an at tempt t o  decrease the  l e v e l  o f  i o d i n e  a c t i v i t y  

i n  t he  A u x i l i a r y  B u i l d i n g  atmosphere (and thus reduce t h e  i od ine  re lease) .  

2.3 Resul ts  

The ac t ions  discussed above, a long w i t h  a  major e f f o r t  t o  minimize 

t r a n s f e r  and/or leakage o f  s o l u t i o n s  con ta in ing  i o d i n e  and noble gases, 

l e d  t o  a  steady decrease i n  i o d i n e  re lease'  (F ig.  3 ) .  The most s i g n i f i -  

can t  reduc t ions  were achieved when the  e x i s t i n g  charcoal adsorbers were 

changed, when the  new charcoal t reatment  system became opera t i ve  , and 

when t h e  p l a n t  s tack  was capped. The l e v e l  o f  1 3 1 ~  re lease va r ied  from 

0.05 t o  2  Ci/day, which exceeded the  techn ica l  s p e c i f i c a t i o n  q u a r t e r l y  

average re lease r a t e  1  i m i t  o f  0.002 ~ i / d a y . ~  When t h e  new s e t  of, adsorb- 

e r s  was p u t  i n t o  opera t ion  i n  May 3, t h e  131 I re lease r a t e  dropped t o  

approximate ly  1  pCi/day. 
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3. CONTAMINATED WATER TREATMENT 

Contaminated water was continually being generated a t  TMI following 

t he  accident  because of leakage through pump sea l s ,  flushing of sampling 

systems, and f lushing of contaminated f l o o r  areas.  The major concern 

r e l a t i v e  t o  t h i s  water was t h a t  t he  quant i ty  t o  be accumulated might 

exceed t he  s torage capacity.  There was a l s o  concern t h a t  the  water 

level  in the  Containment Building might r i s e  high enough t o  render in- 

operat ive  some v i t a l  instruments. The eventual need t o  t r e a t  a l l  of the 

l i qu id s ,  including t he  primary coolant and a l l  decontamination so lu t ions ,  

was considered throughout the  planning f o r  water hand1 i r ~ y .  

3.1 Sta tus  of TMI Water Following the  Accident 

The s t a t u s  of t he  l iqu id  handling systems a s  uf April 1 ,  1979, 2 

i s  shown in Fig. 4 ;  t h e  locations of per t inent  areas  a r e  designated 

in Fig. 5.- The primary reac to r  coolant  loop contained 87,000 gal of 

highly radioact ive  coolant  w i t h  an Iodine-131 inventory of about 

6,000,000 Ci. In addi t ion,  the  Reactor Containment Building was e s t i -  

mated t o  contain about 225,000 gal of water which had been contaminated 

by a l a rge  volume of t he  radioac'tive reactor  coolant. Some Instruments 

were inoperative,  probably because they were submerged. The tanks in 

the  Unit 2 Auxiliary Building were becoming f u l l ,  and f l oo r  areas had 

become flooded with water t h a t  had overflowed or  leaked from the  tanks. 

Port ions of t h i s  water were contaminated t o  varying degrees by water 

t h a t  had been t rans fe r red  from the  Containment Building sump before the  

Containment B u i  1 ding had been is01 a ted,  and subsequently had been t rans -  

f e r r ed  within t he  Auxiliary Building system during post-accident opera- 

t i ons .  The U n i t  2 Reactor Building went i n to  containment approximately 

4 h r  a f t e r  the accident  and has remained in t h i s  s t a t e  ever since.  

The Unit 1 Reactor, which had been shut down f o r  refuel ing p r i o r  t o  , 

t h e  accident ,  was being brought up t o  operating temperature by the reactor  

coolant  pump energy input p r io r  t o  going c r i t i c a l .  The avai lable  tankage 

within t he  U n i t  1 Auxiliary Building was becoming f i l l e d  with water due 

t o  normal leaks from Unit 1 water (very l i t t l e  TMI-2 post-accident water 

entered the  Unit 1 Auxiliary Building). 
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None-of  t he  U n i t  2 water cou ld  be t rea ted .  The U n i t  2 r e a c t o r  coo l -  

an t  letdown stream cou ld  n o t  be t r e a t e d  because o f  mechanical problems i n  

the U n i t  2  r e a c t o r  coo lan t  letdown evaporator.  E a r l i e r ,  t he  o the r  l i q u i d .  

wastes o r i g i n a t i n g  i n  U n i t  2 were normal ly  t r e a t e d  i n  t he  U n i t  1  m i s c e l l a -  

neous waste evaporator, which was ou t  o f  se rv i ce  because a  deminera l i zer  

bed was being changed. I n  any case, the  t r a n s f e r  o f  U n i t . 2  post-event 

water t o  t he  U n i t  1  A u x i l i a r y  B u i l d i n g  was considered t o  be undesi rable,  - 

and o n l y  a  minor amount o f  M I - 2  post-acc ident  water was t r a n s f e r r e d  t o  

U n i t  1  systems. 

Water i nven to r i es  i n  both the  A u x i l i a r y  Bu i l d ings  were increas.ing. There 

was an urgent  need f o r  a d d i t i o n a l  s torage.and/or  water t reatment  f a c i l i t i e s .  

3.2 Treatment o f  L O W - ~ c t i v i  t y - ~ e v e l  Water j! . 

Low-act iv i  t y -1  eve1 water (LALW) was o r i g i n a l  l y  de f  lned as a1 1  water 

from U n i t  1  and any pre-event water, as conf irmed by ana lys is ,  i n  U n i t  2. 

However, when ana lys is  o f  the  U n i t  2  water revealed t h a t  some U n i t  2 pos t -  

event water had i n a d v e r t e n t l y  been t rans fer red  i n t o  t h e  U n i t  1  A u x i l i a r y  

B u i l d i n g  vessels, t h e  . d e f i n i t i o n  o f  LALW was mod i f i ed  t o  i nc lude  any water 

t h a t  had an 13' I a c t i v i t y  of l e s s  than 0.1 p C i / m l  and conta ined no a c t i -  

nides. 

A cle~iiirrer.dl i ~ e r  system (F ig .  6 )  c o n s i s t i n g  o f  a  f i l t e r  fo l lowed by 

a  mixed-bed demineral izer  f o r  a c t i v i t y  removal was s e t  up on t h e  west s ide  

o f  t h e  U n i t  1  Fuel Handling B u i l d i n g  t o  process U n i t  1  LALW. This system 

was r e f e r r e d  t o  as Epicor-1 ( i n i t i a l l y  Cap-Gun-1) because i t  was being 

operated by Capolupo & Gundal, Inc .  Two 2Q.O-ga l  Ha l i bu r ton  tanks were 

a v a i l a b l e  f o r  t h e  decontamination water. The f i r s t - p a s s  decontaminated 

water went i n t o  one Ha l i bu r ton  tank and was sampled. I f  the  water had 

n o t  been decontaminated s u f f i c i e n t l y  t o  permi t  re lease i n  one t reatment  

cyc le,  the  f i l t e r  and mixed deminera l i zer  beds were changed and a  second 

decontamination run  war made. The second-pass decontaminated water was 

rou ted  t o  t h e  second 20,000-gal Ha l i bu r ton  tank. 

The f i r s t  batch o f  water t r e a t e d  by t h i s  system requ i red  two passes 

t o  meet t he  techn ica l  spec i f i ca t i ons  f o r  re lease t o  t h e  Susquehanna River ,  

A1 1  subsequent batches requ i red  two cyc les  . o f  t reatment .  The f i r s t  batch 

of water t h a t  was success fu l l y  t r e a t e d  was re leased t o  t h e  Susquehanna . . 
R iver  beginning on the  n i g h t  of A p r i l  11, 1979. By June 6, a  t o t a l  of 

103,500 gal  o f  water had been t r e a t e d  and released t o  t h e  r i v e r .  
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3.3 Treatment o f  I n te rmed ia te -Ac t i v i t y -Leve l  Water 

As t h e  r e s u l t  o f  t h e  acc ident ,  a  s i g n i f i c a n t  q u a n t i t y  o f  r a d i o a c t i v e  

water was generated and c o l l e c t e d  i n  t h e  U n i t  2  A u x i l i a r y  B u i l d i n g  tank-  

age. For t h e  most p a r t ,  t h i s  s o l u t i o n  can .be cha rac te r i zed  as i n t e r -  

med ia te -ac t i v i  t y - l e v e l  water (IALW) , which can be de f i ned  as water con- 

t a i n i n g  13'1 and 1 3 7 ~ s  a t  concent ra t ions  g rea te r  than 1  uCi/ml bu t  l e s s  

than 100 uCi/ml. 

3.3.1 Q u a n t i t y  and c h a r a c t e r i s t i c s  

The wastewater i n  t h i s  category was produced f rom t h e  f o l l o w i n g  f o u r  

sources: ( 1  ) an i nven to ry  of wastewater (130,000 ga l  ) t h a t  e x i s t e d  i n  

t h e  U n i t  2  A u x i l i a r y  B u i l d i n g  tankage p r i o r  - t o  t h e  acc ident ;  ( 2 )  contami- 

nated water from t h e  Reactor Containment B u i l d i n g  sump t h a t  had been 

t r a n s f e r r e d  t o  t h e  Auxi 1  i a r y  Bui l 'd ing and c o l  l e c t e d  i n  var ious  tanks 

(4200 g a l )  du r i ng  t h e e a r l y  phases o f  t h e  acc ident ;  ( 3 )  letdown water 

from t h e  r e a c t o r  coo lan t  system, which r e s u l t e d  i n  a  n e t  increase i n  t h e  

inventory ;  and ( 4 )  normal leakage f rom system components i n  t h e  Aux i l  i a r y  

Bu i l d i ng .  

As can be seen from Table 1, t h e  t o t a l  volume conta ined i n  t h e  Aux- 

il ia ' ry  B u i l d i n g  tanltagc i s  appronimatc1.y 279,000 ga l  .' Table 1  a1 so g ives  

t h e  concent ra t ions  o f . t h e  p r i n c i p a l  r ad ionuc l i des  present  i n  t h e  var ious  

s o l u t i o n s  conta ined i n  t he  tanks. 

3.3.2 Processing j u s t i f i c a t i o n  

Although t h e  A u x i l i a r y  B u i l d i n g  i s  o f  s u f f i c i e n t l y  h igh  i n t e g r i t y  

t h a t  contaminated water can be p o s i t i v e l y  c o n t r o l l e d  f o r  an i n d e f i n i t e  

per iod,  t he re  a re  severa l  s i g n i f i c a n t  reasons why t h e  decontaminat ion o f  

t h i s  water i s  b e n e f i c i a l .  Most impor tan t l y ,  t h e  r a d i o a c t i v i t y  i n  t h e  

water s to red  i n  t h e  A u x i l i a r y  B u i l d i n g  must be p o t e n t i a l l y  mobi le.  The 
contaminated water i s  p r e s e n t l y  secure, b u t  i t  represents g rea te r  v u l -  

n e r a b i l i t y  t o  re lease  i n  i t s  present  form. A d d i t i o n a l l y ,  t h e  wastewater 

i n  t h e  A u x i l i a r y  B u i l d i n g  cont inues t o  be a  source o f  exposure t o  per -  

sonnel needing e n t r y  i n t o  t h e  A u x i l i a r y  Bu i l d i ng .  The cont inued sa fe  

shutdown o f  TMI-2 depends on t h e  o p e r a b i l i t y  o f  o r i g i n a l  p l a n t  equipment 

l o c a t e d  i n  the Auxi ' l ' ia ry  B u i l d i n g  and t h e  use o f  a d d i t i o n a l  equipment 



Ta3le 1. Vol ~ m e s  o f  so l  u t i o n  and concentrat ions o f  p r i n c i p a l  nuc l  i des  
i n  A u x i l i a r y  B u i l d i n g  tanks 

Tank 

Concentrat ions o f  pr in- . ipa l  nuc l  idesa (lICi/ml ) 
3 4 ~ s  3 6 ~ s  3 7 ~ s  4 0 ~ a  3~ 

Reactor coo lan t  
b leed tank A 

Reactor cool  amt 
b-iced tank 8 

Reactor coo l  a n t  
b leed tank  C 

N e u t r a l i z e r  tank  A 8,780 0.15 0.56 0.01 2.5 ' 0.01 - 

N e u t r a l i z e r  tank  B' 8,780 0.18 0.72 0.02 3.3 0.03 - 

Mist. waste holdup, Aux - i l i a r y  
B u i l d i n g  su.qp and tank, misc. 
sumps 13., 500 1 .O  2.4 0.08 10.1 0.80 0.98 

. Waste evaporator  condensate, 
contaminated d r a i n  tanks 1 6,,.200 4 0 - I  < lo - '  - 

Tote 1 

a 
Corrected f o r  r a d i o a c t i v ?  decay t o  June 15, 1979. 



being i n s t a l l e d  i n  t h e  course o f  complet ing t h e  mod i f i ca t i ons  now i n  prog- 

ress. The survei lqance and personnel exposures associated w i t h  these 

processing ac t i ons  a r e  compared favo rab l y  w i t h  r a d i a t i o n  l e v e l s  associated 

w i t h  the  s to red l i q u i d .  

The removal o f  t h e  s to red  contaminated water w i l l  a l s o  prov ide  addi -  

t i o n a l  b e n e f i t  t o  t h e  sur face decontamination e f f o r t  c u r r e n t l y  under way 

i n t h e A u x i l i a r y B u i l d i n g - - n o w p r e c l u d e d b y h i g h r a d i a t i o n ' l e v e l s .  

3.3.3 Process d e s c r i p t i o n  

The process t o  be employed f o r  t he  t reatment  o f  t h e  IALW i s  an exten- 

s ion  o f  t h a t  used f o r  low- leve l  water decontamination (Ep ico r - I )  and i s  

based on e x i s t i n g  commercial technology c u r r e n t l y  i n  p r a c t i c e  a t  numerous 

nuc lear  power p lan ts .  This  process, designated as Epicor-11, uses a  

l i q u i d  radwaste processing system supp l ied  by Epicor,  Inc., and i s  

designed t o  decontaminate r a d i o a c t i v e  water conta ined i n  t h e  Auxi 1  i a r y  . 

B u i l d i n g  tanks v i a  f i l t r a t i o n  and i o n  exchange. 

A s i m p l i f i e d  schematic f l o w  diagram o f  t h e  Ep ico r - I1  system i s  pre- 
% 

sented i n  Fig. 7. Contaminated water i s  pumped from t h e  miscel laneous 

waste holdup tank  i n  t h e  A u x i l i a r y  B u i l d i n g  t o  a  p r e f i l t e r  i n  t he  process 

which removes p a r t i c u l a t e  r a d i o a c t i v e  m a t e r i a l s  and suspended s o l i d s .  

Th is  p r e f i l t e r  a l s o  conta ins a  c a t i o n  exchange r e s i n  which i s  h i g h l y  

e f f e c t i v e  f o r  removing r e s i n  and o the r  c a t i o n i c  rad ionuc l ides  from the  

water (removal e f f i c i e n c y ,  approximately 90%). Fol lowing the  p r e f i l t e r ,  

t h e  s o l u t i o n  i s  passed through two demineral izers placed i n  ser ies .  The 

f i r s t  deminera l i zer  a l s o  conta ins c a t i o n  r e s i n  which f u r t h e r  decontami- 

nates the  s o l u t i o n  from cat ion-sorb ing  nucl ides.  The second deminera l i zer  

conta ins  mixed res ins  ( c a t i o n  and anion)  which are  e f f i c i e n t  f o r  both 

c a t i o n i c  and an ion i c  radionucl ides,  i n c l u d i n g  cesium and iod ine .  Should 

ana lys i s  i n d i c a t e  t h a t  t he  rad ionuc l  i d e  content  of t h i s  water i s  above 

s p e c i f i c a t i o n s ,  the  water can be t r a n s f e r r e d  t o  an o f f - s p e c i f i c a t i o n  

vessel (95,000 ga l  ) f o r  rework. A f t e r  proc.essing, the  water i s  c o l -  

l e c t e d  i n  a c lean water - rece iv ing  tank  which has a  capac i ty  o f  133,000 

gal .  Product water below t h e  predetermined l i m i t s  contained i n  t h e  

p l a n t ' s  t echn ica l  ~ ~ p e c i f i c a t i o n s  w i l l  be t r a n s f e r r e d  t o  t h e  TMI-1 o r  2 

l i q u i d  waste management system t o  be he ld  f o r  u l t i m a t e  d i s p o s i t i o n .  
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Thus f a r ,  no dec i s i on  has been made o f  t h e  u l t i m a t e  d i s p o s i t i o n  o f  t h i s  

water ( t o  t h e  Susq'uehanna. River ,  f o r  example) because o f  p o l i t i c a l  con- 

cerns. 

The E p i c o r - I 1  processing o f  t he  IALW w i l l  be done i n  t h e  Chemical 

Cleaning Bu i l d i ng ,  which has been mod i f i ed  t o  ensure t h e  s a f e t y  o f  

workers and t h e  general  p u b l i c  as t he  r e s u l t  o f  more s t r i n g e n t  r a d i a -  

t i o n  c o n t r o l s .  B a s i c a l l y ,  t h e  m o d i f i c a t i o n s  t o  t h i s  b u i l d i n g  were made 

i n  t h e  general  area o f  r a d i o a c t i v e  m a t e r i a l  containment. The Chemical 

Cleaning B u i l d i n g  has been converted i n t o  a 1 ow-leakage. confinement area 

and has been equipped w i t h  an exhaust system t o  ma in ta in  t he  b u i l d i n g  

a t  a negat ive  pressure. HEPA and charcoal systems have been prov ided 

on t h e  v e n t i l a t i o n  system, which w i l l  d ischarge through a l o c a l i z e d  

stack. A l l  e f f l u e n t s  from t h e  process w i l l  be subjected t o  both gaseous 

and l i q u i d  re lease mon i to r ing .  Th,e processing system w i l l  be operated 

e n t i r e l y  by remote means, except f o r  i n f r e q u e n t  tasks such as sampling 

and chemical add i t i ons .  A l l  remote system operat ions are  c o n t r o l l e d  

f rom the  TV Mon i to r  Contro l  Bu i l d i ng ,  w h i c h  i s  l oca ted  'ad jacent  t o  t h e  

Process Bu i l d i ng .  The remote t r a n s f e r  o f  spent f i l t e r s  and r e s i n s  from 

t h i s  p o s i t i o n  i n  t h e  Processing B u i l d i n g  i n t o  sh ie lded casks f o r  removal 

t o  t h e  s o l i d s  s tag ing  area can be accomplished and has been incorpora ted  

i n t o  t h e  design. 

3.3.4 Process environmental assessment 

The Nuclear Regulatory Commission (NRC) has r e c e n t l y  submit ted an 
7 

environmental  assessment' o,F Llie Ep.icor-I1 pr60cess f o r  comment. The 

a l t e r n a t i v e s  t o  processing t h e  IALW i n  E p i c o r - I 1  were addressed i n  t h i s  

assessment. The a1 t e r n a t i v e s  inc luded ( 1  ) t r a n s p o r t  o f  t h e  1 i q u i d  o f f -  

s i t e ,  ( 2 )  cont inued storage o f  l i q u i d  i n  t h e  TMI-2 A u x i l i a r y  B u i l d i n g  

tanks, and ( 3 )  processing t h e  l i q u i d  as out1 ined  i n  t h e  Ep i co r - I 1  process. 
.I 

The o v e r a l l  conclus ion,  based on the  assessment, i s  as f o l l o w s :  
I 

We have determined, based on t h i s  assessment, t h a t  t h e  proposed 
use o f  EPICOR-I1 f o r  t h e  processing o f  contaminated waste from 
the  TMI U n i t  2 a u x i l i a r y  b u i l d i n g  w i l l  n o t  s i g n i f i c a n t l y  a f f e c t  
t h e  q u a l i t y  o f  t h e  human environment. Therefore, t he  Commission 
has determined t h a t  an environmental  impact statement need,not  be 
prepared, and t h a t ,  pursuant t o  10 CFR 51.5(c), issuance o f  a 
negat ive  d e c l a r a t i o n  t o  t h i s  e f f e c t  i s  appropr ia te .  



3.4 Treatment o f  H i  gh-Act i v i  ty-Level  Water 

The l a r g e s t  volume o f  water generated from the  accident  can be 

regarded as h i g h - a c t i v i t y - l e v e l  water (HALW), which may be def ined 

as water  w i t h ' a  rad ionuc l i de  concent ra t ion  i n  excess o f  100 uCi/ml 

based on the  1 3 7 ~ s  content .  

3.4.1 Q u a n t i t y  and c h a r a c t e r i s t i c s  

Water i n  t h i s  category i s  p r i m a r i l y  from two major sources. The 

f i r s t  source (90,000 g a l )  4s the  water conta ined i n  t he  pr imary loop 

coo lan t  c i r c u i t  which i s  used t o  main ta in  the  r e a c t o r  i n  a sa fe  condi- 

t i o n  by removing h e a t . i n  a na tu ra l  convect ion mode. The second source 

(540,000 ga l  ) inc ludes  (1  ) the  water -conta ined i n  t h e  reaceor conta!nment 

s t r u c t u r e  which r e s u l t e d  f rom the  re lease o f  water from the  pr imary coo l -  

i n g  c i r c u i t  du r i ng  t h e  e a r l y  phase o f  t he  accident ,  ( 2 )  the  volume c f  

l i q u i d  t r a n s f e r r e d  i n t o  t h e  b u i l d i n g  through the  containment spray system, 

and ( 3 )  a l a r g e  volume o f  water which was re leased through miscel laneous 

. equipment (pump seals, space coolers,  e t c . )  du r ing  the  post-acc ident  

per iod.  Depending on t h e  f i s s i o n  product  removal e f f i c i e n c y  o f  t h e  Epicor-  

I 1  t reatment  system, t h e  water  i n  t h e  th ree  r e a c t o r  coo lan t  Bleed tanks 

may be processed l a t e r ,  i f  necessary, i n  t h i s  system. Table 2 o u t l i n e s  

the  volumes o f  s o l u t i o n  and conccntrat ionS o f  ehe primary radlur luc l  

conta ined i n  t h i s  m a t e r i a l .  

I n  a 'dd i t ion  t o  t h e  increased r a d i o a c t i v i t y  conta ined i n  t h i s  water, 

t h e  i o n i c  contaminat ion mandates t h a t  the  water be g iven spec ia l  t reatment.  

The major  i o n i c  c o n s t i t u e n t  i s  boron, present  a t  l e v e l s  up t o  approximately 

2600 ppm, which i s  used as a neutron poison i n  the  coo lan t  c i r c u i t .  I n  

a d d i t i o n  t o  t h i s  element, sodium i s  a l s o  present  as t h e  r e s u l t  o f  spray 

a c t i v a t i o n  w i t h  NaOH s o l u t i o n .  Table 3 presents s i g n i f i c a n t  i n fo rma t ion  

r e l a t e d  t o  t h e  chemical and i o n i c  c h a r a c t e r i s t i c s  o f  t h e  HALW s o l u t i o n .  

3.4.2 Necessi ty  f o r  emergency tankage 

.Soon a f t e r  t he  accident ,  i t  was recognized t h a t  a d d i t i o n a l  tankage 

would be requ i red  t o  rece i ve  t h e  HALW accumulating i n  t he  Reactor Contain- 

ment Bu i l d ing .  There was considerable concern t h a t  t h e  water l e v e l  i n  t he  



Table 2. Volumes o f  s o l u t i o n  and concen t ra t i ons  o f  p r i n c i p a l  n u c l i d e s  
con ta ined  i n  h i g h - a c t i v i  t y - l e v e l  wa te r  and p r e c i  pi t a t e a  

 prima^ Reactor Containment Bui  1 d i  ngC 
1 oop To P M i  dd l  e Bottom 

Volume, ga l  90,000 - - 540,000 - 
Radionuc l ide con ten t  o f  water,  p C i / m l  

1 3 7 C ~  90-1 10 176 179 174 
1 3 4 C ~  18-22 40 40 40 
9 0 S r  17-1 9 2.7 2.9 2.8 
Byst- 305-330 4 3 4 1 4 2 
1291 

9 0. 07gd 0. 080d 0 . 0 7 6 ~  
1 3 1 1  0.5-0.6 0.012 0.012 0.013 
140Ba/140La 4- 5 0.09 0.078 0.14 

H 1.03 1.05 1.01 
Gross cx 3.4 + 1.6e 1.2 + 1.3e 5.4 + 2 . 0 ~  

I ,  * 

Rad ionuc l ide  con ten t  o f  p r e c i p i t a t e ,  pCi/ml 
(on t o t a l  ml o f  bottom sample)f,g 

95Nb 0.13 
95Z r  0.05 
lo3Ru 0.06 
1 3-9mTe 0.40(+0.17) 
1 3 1  I 0.013 

34Cs 0.015 
137Cs 0.064(+0.020) 
140Ba/140La 0.04/0.11 
89+90sr 2.78 (one 

sample o n l y )  

. .. - -.-- - - 

a ~ a d i o n u c l i d e  con ten t  o f  su r f ace  depos i t  on pa in ted  s t e e l  p lug ,  p C i :  

b ~ s  o f  J u l y  17, 1979. 

'AS o f  August 28, 1979. Samples f rom t o p  and middle- -1  i g h t  y e l l o w  s o l u t i o n ;  
sample f rom bot tom--greenish w i t h  d i r t y  green p r e c i p i t a t e .  A l l  samples have 
a s i m i l a r  r a d i a t i o n  l e v e l  ; pH i s  8.1 (as measured i n  t h e  t o p  sample). 

d ~ n i  t s  a r e  ug/ml . 
e U n i t s  a r e  dpm/ml . 
f ~ v e r a g e  of two samples. 

g ~ s  o f  August 29, 1979. 



Table 3. Chemical and i o n i c  c h a r a c t e r i s t i c s  o f  h igh-  
a c t i v i  t y - l e v e l  waste s o l u t i o n  and p r e c i p i t a t e  

Containment vessel 1 i q u i d  (pool ) 
E l  emen t TOP M i  dd l  e Bottom 

Sample concent ra t ion ,  vg/ml (ppm) 

3 3 3 

0.6 1 .I 1.8 

4 4 4 

1.6 b 1.6 b b 
1.4, . 

1080 1200 1200 

50.2 so. 2 3 

Sol i d s  from bottom sample,' vg/rnl 
(ml o f  t o t a l  bottom sample) 

0.16 

54, 

7 

a ~ i  ss ion  product. 
7 

b ~ j ;  ~ 9 %  L i .  
C 

ppb, not vg/ml . 
/ 



building might r i s e  high enough t o  flood and thereby prevent operation 
of some of the vi tal  instruments tha t  monitor and control the reactor. 
These instruments had not been designed for  operation in a host i le  

environment of high radiation f ie lds  and submergence i n  liquids. Sub- 
sequently, a tank farm was designed and instal led i n  the fuel storage 
pool A contained in the U n i t  2 Fuel Handling Building. The original 
scheduled time fo r  this project was 90 days; however, some acceleration 
of the schedule was required when the leakage ra t e  increased and i t  

appeared tha t  50,000 gal of primary coolant might have to  be trans- 
ferred t o  one of the primary coolant bleed tanks. B u t ,  two major leaks 
were repaired, and th i s  t ransfer  of primary coolant was deemed unnecessary. 

The design of the tank farm incorporated s ix  tanks with a to ta l  capac- 
i t y  of 110,000 gal. Two 25,000-gal tanks were instal led near the bottom of 
the pool and connected t o  each other w i t h  a standpipe fo r  which devices were 
t o  be designed l a t e r  for  sampling and solution transfer.  Figure 8 i s  a 
photograph of these tanks taken during instal la t ion i n  the fuel storage 
pool. Four 15,000-gal tanks, instal  1 ed above the 25,000-gal vessels , were 
connected t o  a second standpipe. Shielding fo r  a1 1 vessels was provided 
by instal l ing concrete slabs on the top of the pool structure. An inde- 

pendent off-gas treatment system was also i n s t a l l ~ d  on top  of the tanks t o  
decontaminate any gaseous effluent tha t  might be evolved during tank opera- 
t i  ons. 

Fortunately, the tank farm system was not needed for  i t s  original 
purpose. T h i s  e l  iminated the potential risk of transferring additional 
liquid ouL of the Containment Building ( in to  the tank farm) and, thereby, 
increasing the inventory of iodine in a s t ructure external t o  the reactor 
system. The decision had been made no t  t o  disturb the solution in con- 
tainment so the &day 13'1 could decay t o  safe l imits  (see Sect. 3.4 .3) .  

The tank farm will be ut i l ized as  an integral part  of the HALW t r ea t -  
ment system. 

3.4.3 Processing just i f icat ion 

In order t o  proceed with the recovery of the reactor system, the l iquid 
being held i n  the Containment Building w i  11 require removal and treatment. 

Currently, this liquid i s  standing a t  a depth of approximately 7-1/2 t o  8 f t  



PHOTO 8-3925-40 

Fig. 8. Tank farm in the Tf.41-2 fuel storage pool during installation. 



and i s  covering several components, inc lud ing instruments. A1 though the 

leakage o f  water i n t o  the  containment area has been minimized, the pos- 

s i b i l i t y  f o r  increased leakage continues t o  ex is t .  I n  the ea r l y  phases 

o f  the accident, the water i n  containment had 13'1 concentrations e s t i -  

mated t o  be o f  the order o f  l o 4  p C i / m l .  Because of t h i s  fac tor ,  every 

e f f o r t  was made t o  avoid d is tu rb ing  t h i s  so lu t ion  u n t i l  the rad io iod ine 

had been allowed t o  decay. Figure 9 shows the f i s s i o n  product decay 

curves, based on the  analysis o f  primary coolant, f o r  the rad ioact ive 

nucl ides t ha t  were o f  greatest  concern w i t h  regard t o  treatment o f  the 

so lu t ion  and ind icates the most des i rab le  processing period. 

3.4.4 F l  owsheet devel opmen t 

Because o f  the'unique nature o f  the water t o  be decontaminated, cer- 

t a i n  phases o f  the  development of a flowsheet were required. The f i r s t  

phase o f  the flowsheet development work involved the se lec t ion o f  a s u i t -  

able exchange medium f o r  the  processing o f  t h i s  solut ion.  L imi ted samples 
2 o f  actual  TMI primary loop water were tes ted i n  an ORNL hot  c e l l  t o  estab- 

l i s h  the charac te r i s t i cs  o f  sorbents bel ieved t o  be se lec t i ve  f o r  the pre- 

dominant 134-1 37cs and 89-90~r isotopes. A t o t a l  o f  seven mater ia ls,  both 

organic and inorganic i on  exchange sorbents, were tes ted (Table 4). 

Results from these tesLs establ ished t h a t  one o f  the zeo l i tes ,  AW-500 (an 

inorganic exchanger), was h i gh l y  se lec t i ve  f o r  the cesium isotopes under 

t he  condi t ions p reva i l i ng  a t  TMI and t h a t  Dow HCR-S, an organic resin,  

would be su i tab le  f o r  se lec t ion o f  the stront ium isotopes. Fol lowing 

these studies, a ser ies o f  small -scale column runs was made t o  versify the 

number o f  column volumes t h a t  could be expected from the various sorbents 

using so lu t ions adjusted t o  TMI1s water condit ions. Informat ion r e s u l t i n g  

from these studies was then appl ied t o  a "scale-up" computer program a t  

the Savannah River Laboratory t o  provide informat ion on design o f  the i on  

exchange columns. P e r l  inent informat ion y ie lded  by these studies i s  pre- 

sented i n  Figs. 10 and 11. 

3.4.5 Process design ob ject ives and c r i t e r i a  8 

Chem-Nucl ear Systems, Incorporated (CNSI ) , was awarded a cont ract  from 

the  General Pub1 i c  U t i  1 i t i e s  Services Corporation t o  provide a f l  owsheet f o r  
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Fig. 9. FSssion product decay i n  the TMI-2 primary loop. 
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Table 4. Distribution coefficients (Kd) for primary coolant 



I3'Cs TRACER (125 fi  Ci/liter) 
SOLUTION 4000 ppm No 
RESIDErJ2E TIME: 4 minutes 
COLUMN L/O - 31.0/9.2 = 3.5 
- 2 5 "  C 

ORNL Dwg 79-13595 

COLUMN VOLUMES 

Fig. 10. Small-co-umn ioading t e s t s  o f  ion exchange materials  , 

with synthet ic  TMI-2 pr'mary loop water and 13?Cs t r ace r .  
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W 
!Z e9S7 TRACER (125 r Ci/ liter) 
J 
0 

SOLUTION: 4 0 0 0  ppm No 
- J - RESIDENCE TIME: l minute 

COLUMN L/D = 31.8/9.2 = 3.5 
-25OC 

I 200  4 0 0  . 600 8130 1000 1200 1400 1600 I800  
COLUMN VOLUMES 

Fig. 11. Small-volume loading t e s t s  of ion exchange materials  
with synthet ic  TMI-2 primary loop water and 89Sr t r ace r .  



t h e  t r ea tmen t  o f  HALW. CNSI then  employed A l l i ed -Genera l  Nuclear  Serv ices 

t o  a s s i s t - t h e m  i n  t h e  des ign o f  a  s u i t a b l e  system. 

A  s e r i e s  o f  des ign o b j e c t i v e s  was d r a f t e d  t o  p r o v i d e  a  system t h a t  

1. was t o t a l l y  i n t e g r a t e d  and as independent as p o s s i b l e  f rom 

e x i s t i n g  waste and o f f - g a s  systems a t  TMI, 

2. c o u l d  remove t he  f i s s i o n  p roduc ts  i n  t he  water  t o  a  l e v e l  t h a t '  

would meet des ignated TMI  r e l ease  requi rements,  

3 .  c o u l d  be operated w i t h  a  minimum o f  exposure t o  personnel and a  

n e g l i g i b l e  r i s k  t o  t h e  genera l  p u b l i c ,  and 

4. would accompl i sh these  o b j e c t i v e s  i n  a t i m e l y  and cost.-effec,t- ive 

manner. 

The f o l l o w i n g  des ign concepts were used i n  o r d e r  t o  accompl ish these 

o b j e c t i v e s :  

1. CNSI has des ignated an i o n  exchange system f o r  t h e  removal o f  

r a d i o n u c l i d e s  f rom t h e  water.  

2. The i o n  exchange columns a r e  t o  be l o c a t e d  underwater i n  t h e  spent  

f u e l  pool ,  which w i l l  p rov ide  f o r  containment and personnel s h i e l d -  

i ng .  

3 ,  To t h e  e x t e n t  poss ib l e ,  a l l -we lded  s t a i n l e s s  s t e e l  c o n s t r u c t i o n  i s  

s p e c i f i e d  t o  m i n i ~ i i i z e  t h e  p o t e n t i a l  f o r  leakage. 

4. Lead o r  c q u i v a l c n t  s h i e l d i n y  i s  pr.~rvicllir.l f u r  p ipes ,  va lves,  and 

vesse ls  (excep t  those  1  ocated underwater)  t h a t  cou ld  carr.y con- 

tamina ted  water .  

5. Contaminated water  f rom the  containment. slrmp i s  t o  be f i l t e r e d ,  

co l l e c t e d  i n  one n f  t.wn hatch tanks,  sampled, and thcn  pl~mperl 

. con t i nuous l y  t o  t h e  i o n  exchanqe system. 

6. Two p a r a l l e l  f i l t e r s  and i o n  exchange systems a r e  t o  be used t o  

p rov lde  c a p a c i t y  and t o  ensure cont inuous opera t ion .  

1. Continuous e f f l u e n t  m o n i t o r i n g  systems a re  t o  be p rov ided  t o  ensure 

adequate c o n t r o l  o f  t h e  ope ra t i on .  

8. The v a l v i n g  systems a r e  t o  be designed t o  m in im ize  t h e  impact o f  

o p e r a t o r  error. 
9. The system i s  t o  be designed f o r  a  minimum of 2 years  of se rv i ce .  



3.4.6 System and process d e s c r i p t i o n  

The conceptual system design cons i s t s  o f  t h e  f o l l o w i n g  elements: 

1. a feed f i l t e r i n g  system; 

2. four  feed tanks w i t h  independent mix ing,  sampllng, l e v e l -  

measuring, and feed-pumping capabi 1 i ty; 

3. two p a r a l l e l  pr imary i o n  exchange t r a i n s ,  each comprised o f  
3 t h ree  7 - f t  beds o f  z e o l i t e  exchange media; 

4. two para1 l e l  i o n  exchange beds con ta in ing .  organic  c a t i o n  r e s i n  * 
f o r  removal o f  s t ron t ium;  

5. a cont inuous mon i to r i ng  system and sampler system f o r  c o n t r o l  o f  

bed 1 oading ; ' 

6. a secondary containment system f o r  t h e  f i l t e r s ,  pr imary and 

c a t i o n  beds, and r a d i a t i o n  s h i e l d i n g  f o r  p ip ing ,  valves, sam- 

p l  e r s  , and mon i to rs  ; 

7. a carbon-cat ion " f i l t e r "  bed f o r  removal o f  t r a c e  f i s s i o n  products;  

8. a mixed-res in i o n  exchange p o l i s h i n g  bed f o r  removal o f  t r a c e  f i s -  

s i o n  products t h a t  are n o t  t rapped on t h e  pr imary o r  c a t i o n  beds; 
3 9. a 1 9 5 - f t  i o n  exchange bed f o r  removal o f  boron (should t h i s  be 

requ i red)  ; 

10. two mon i to r i ng  tanks f o r  c o l l e c t i n g  and sampling t h e  t r e a t e d  water 

p r i o r  t o  d ischarge and storage; 

11. an o f f -gas  system f o r  t r e a t i n g  and f i l t e r i n g  gases and a i r  f rom 

t h e  system; 

12. associated p i p i r ~ y ,  vd lv i i r y  , and structural supports r e q u i r e d  f o r  

placement o f  t h e  system components; and 

13. a u x i l i a r y  systems, i n c l u d i n g  underwater i o n  exchange column s t o r -  

age, a column dewater ing system, a system f o r  s o l i d i f y i n g  t h e  

r e s i n  beds w i t h  concrete, and a n a l y t i c a l  equipment. 

Feed f i l t e r i n g  system. This  system cons i s t s  o f  two p a r a l l e l  under- 

water f i l t e r  u n i t s .  Each u n i t  i s  a c l u s t e r  o f  5-v c a r t r i d g e  f i l t e r s  pro-  

t ec ted  by pe r fo ra ted  metal  screens and conta ined i n  a 24-in.-diam x 54- in . -  

l ong  column. I n l e t ,  o u t l e t ,  and vent  connect ions a re  made w i t h  Hansen 

qu ick - re lease valved coup l ings  which a r e  remote ly  operated from t h e  t o p  

* 
About 90 t o  95% o f  t h e  s t ron t i um and e s s e n t i a l l y  a l l  o f  t h e  cesium w i l l  be 
loaded on the  z e o l i t e .  



o f  t h e  pool.  A gamma moni tor ,  l oca ted  i n  a  d ry  we1 1  adjacent  t o  the  

f i l t e r s ,  and i n l e t  and o u t l e t  pressure gauges a r e  prov ided t o  mon i to r  

and c o n t r o l  s o l i d s  loading.  Load 1  i m i t s  w i l l  be based on a v a i l a b l e  

system pressure and/or t h e  sur face dose l i m i t  f o r  t he  f i l t e r  cask. The 

capac i t y  o f  each f i l t e r  i s  about 15 gprn. Feed w i l l  be pumped from the  

r e a c t o r  containment sump, through t h e  f i l t e r s ,  and i n t o  the  feed tanks 

on a  batch basis.  

Feed tank  system. Th is  system cons i s t s  o f  f o u r  o f  the  15,000-gal 

tanks l oca ted  i n  t h e  emergency tank farm. Each tank w i l l  have an a i r -  

l i f t  system f o r  c i r c u l a t i n g  t h e  feed s o l u t i o n  and for r a i s i n g  i t  t o  a 

small pump head tank  (approximate ly  8 i n .  diam x13 ft long ) .  A sampler 

w i l l  be prov ided on each tank  t o  permi t  c h a r a c t e r i z a t i o n  o f  t he  feed 

p r i o r  t o  sending i t  t o  the  i o n  exchange system. Level-measurement i n -  
struments a r e  a l s o  provided. Feed w i l l  be pumped t o  t h e  i o n  exchange 

columns us ing  one o f  two seal - less,  magnet ica l l y  coupled pumps r a t e d  a t  

approximate ly  15 gprn each. The samplers, headpots, and pumps w i l l  be 

l oca ted  i n  a  sh ie lded enclosure. 

Primary i o n  exchange columns. Th i s  system cons i s t s  o f  s i x  under- 
3 water columns (24 i n .  diam x  54 i n .  long) ,  each con ta in ing  7 f t o f  

Linde AW-500 z e o l i t e  res in .  I n l e t ,  o u t l e t ,  and vent connect ions a re  

made w i t h  remotely  operated Wansen coup1 ings  ( s i m i l a r  t o  t he  f i l t e r  con- 

nec t i ons ) .  The beds are  arranged i n  two p a r a l l e l  t r a i n s  of t h ree  each, 

w i t h  p i p i n g  and va lves  prov ided t o  operate e i t h e r  t r a i n  i n d i v i d u a l l y  o r  

bo th  t r a i n s  simultaneously. Loadirlg w i l l  be c o n t r o l l e d  by feed ba tch  

s ize,  ope ra t i ng  t ime, e f f l u e n t  sample analyses, and cont inuous moni tor ing.  

Flowmeters a r e  prov ided f o r  t h e  t o t a l  feed stream and the  i n d i v i d u a l  feed 

streams t o  t h e  two p a r a l l e l  t r a i n s .  The maximum load inq  per  column w i l l  
be 65,000 C i  (cask 1  i m i t ) .  These columns are  expected t o  remove g rea te r  

than 99% o f  t h e  cesium and 90 t o  95% o f  t he  s t ron t i um from the  water. 

When t h e  des i red  bed load ing  i s  achieved on the  f i r s t  bed o f  t he  t r a i n ,  

t h e  f l o w  t o  the  t r a i n  w i l l  be stopped. The t r e a t e d  water w i l l  then be 

d isp laced w i t h  f r e s h  water ( through t h e  downstream beds), and the  f i r s t  

bed w i l l  be disconnected and moved t o  the  storage rack  us ing  the  pool area 

crane. The second bed w i l l  be disconnected, moved t o  t h e  f i r s t  pos i t i on ,  

and reconnected. Likewise, t h e  t h i r d  bed w i l l  be moved t o  the  second 



pos i t i on ,  and f i n a l l y  a  f resh  bed w i l l  be placed i n  t he  t h i r d  p o s i t i o n .  

( ~ o t e :  This approach i s  considered t o  be super io r  t o  a  va l v ing  man i fo ld  

which would permi t  r e r o u t i n g  o f  t he  streams because i t  minimizes the  

p o t e n t i a l  o f  a  ser ious  operator  va l v ing  e r r o r .  A va lve  swi tch ing  approach 

was considered; however, a  v a l v i n g  e r r o r  cou ld  r e s u l t  i n  t o t a l l y  bypassing 

the  pr imary beds. The c u r r e n t  design prevents t h i s  from occur r ing . )  

Cat ion columns. Two a d d i t i o n a l  underwater columns ( o f  t he  same s i z e  

and type as the  pr imary columns) a re  l oca ted  immediately downstream. These 

columns a re  loaded w i t h  o rgan ic  c a t i o n  r e s i n  (probably Dow HCR-S) f o r  r e -  

moval o f  res idua l  s t ront ium. Column load ing  w i l l  be l i m i t e d  t o  75 C i  o f  

s t ron t ium based on pr imary column e f f l u e n t  mon i to r ing  and ana lys is .  The 

columns are7arranged t o  be operated s i n g l y  o r  s imul taneously i n  p a r a l l e l .  

The c u r i e  l i m i t  i s  based on r e s t r i c t i n g  t h e  i n t e g r a t e d  r a d i a t i o n  dose t o  
8 the  r e s i n  t o  l e s s  than 10 rads. 

Sampling and monito-ring system. As p rev ious l y  described, t h e  f e e d .  

w i l l  be c o l l e c t e d  i n  batches, sampled and analyzed, and fed  cont inuous ly  

t o  t h e  i o n  exchange system. Sampling l i n e s  a r e  prov ided on the  e f f l u e n t  

streams o f  each o f  the  pr imary beds and c a t i o n  beds. A cont inuous sample 

f l o w  from each opera t ing  bed e f f l u e n t  w i l l  be passed through a  beta sc in -  

t i l l a t i o n  moni tor .  A gamma moni to r  i s  l oca ted  on the  pr imary e f f l u e n t  

l i n e ,  and a  l o c a l  area r a d i a t i o n  mon i to r  i s  loca ted  near t he  va lve  box. 

Each o f  t h e  moni tors w i l l  have an a larm system and a  h igh - rad ia t i on  t r i p  

p o i n t  which w i l l  c lose  an automatic va lve  o f  t he  main feed l i n e ,  thereby 

stopping the  opera t ion  i n  case of a  l eak  o r  a  ser ious breakthrough. 

Shielded samplers a re  a l so  prov ided t o  permi t  sampl i n g  a t  any t ime. Con- 

t inuous sample e f f l u e n t  i s  rou ted  t o  the  o f f -gas  separator  tank. 

, Containment and sh ie ld ing .  The f i l t e r s ,  pr i t l lary beds, c a t i o n  beds, 

and t h e i r  associated remote connectors and f l e x i b l e  l i n e s  are  conta ined 

i n  submerged boxes designed t o  con f i ne  any contaminated leakage. Each box 

i s  connected t o  a  pump mani fo ld,  and a cont inuous f l o w  of about 10 gpm i s  

maintained through each box. The containment pump e f f l u e n t  i s  discharged 

t o  an a d d i t i o n a l  mixed-bed r e s i n  column and i s  re leased back i n t o  the  pool.  

A  la rge ,  sh ie lded box i s  prov ided f o r  t he  var ious  valves and p i p i n g  which 

. a re  requ i red  f o r  feeding, f l ush ing ,  and vent ing  the  columns. Th is  box w i l l  



be lokated on the edge of the pool, with shielded l ines  entering and 

exiting the box from the bottom. Valves will be operated manually 

,using extension handles that  penetrate the top of the box. The 
valves will a l so  be serviced from the top of the box. A separate 

shielded box will be provided for  the column samplers. All l ines  which 

are  normally radioactive, or could potentially be radioactive, are  to  be 

shielded. Shielding will be designed to l imit  the operator dose t o  1 

mrem/hr a t  contact. Wherever possible, pipe runs wil-1 be located under- 
water t o  minimize the need f o r  lead shielding. 

3 "Fl l te r"  bed. This i s  a 10-ft ion exchange bed containing carbon -.... " .--....-... -.. . .,., ..., ---. 

and cation resin.  This bed i s  intended to  remove t race f iss ion products 

from the water. Load control will be based on the cation eff luent  moni- 

t o r  and the column radiation level. 
3 Mixed-resin polishing systern. This system consists of a 195-ft bed 

of mixed anion and cation resins enclosed in a special shielded cask. 

This uni t ,  which i s  also intended to  remove t race f iss ion products from 

the cation ef f luent ,  will be located above the water. ~ o a d  control will 

be based on the cation effluent analysis and the radiation level a t  the 

surface of the container. 

B-oron- removal bed. If desired, a 195-ft3 resin bed, enclosed in a 
shielded cask, i s  provided for boron relnoval . Effluent 5d111ple ar~alys is 

and surface radiation level monitoring will be used to  control loading. 

Monitoring tank system. Two monitoring tanks of about 20,000-gal 

capacity will be provided for  collecting and sampling the treated water 

prior to  disposal. The tanks will be provided with mixing, level-measur- 

ing, and sampling systems, in addition t o  t ransfer  pumps. Piping will 

a l so  be provided fo r  recycle of the treated water in the event tha t  i t  

does not meet disposal specifications. 
Off-gas system. The feed tanks, valve boxes, monitoring tanks, and 

column vents a re  connected to  th i s  system. The system consists of a sepa- 

rator  tank (which a lso  serves as a sampler eff luent  col lector  and valve-box 

drain tank) ,  an e l ec t r i c  off-gas heater, a roughing f i l t e r ,  a charcoal bed 

fo r  iodine retention, two absolute ( H E P A )  f i l t e r s ,  and a centrifugal blower. 

The discharge of t h i s  blower will be monitored and routed to  the reactor 

vent system. A pressure. control system i s  provided for  the blower t o  



r e g u l a t e  ven t  system pressure.  The sepa ra to r  tank,  which w i l l  be l o c a t e d  

i n  t h e  surge p i t  and covered w i t h  a  concre te  s h i e l d ,  i s  equipped w i t h  an 

a u t o m a t i c - l e v e l - c o n t r o l l e d  pump r o u t e d  back t o  one o f  t h e  feed tanks.  

P i p i n g  and equipment arrangement. The feed  pumps, feed  samplers, 

and head po t s  w i l l  be l o c a t e d  i n  sh ie l ded  enc losures d i r e c t l y  over  t h e  

tank  farm area. As p r e v i o u s l y  descr ibed,  t h e  f i l t e r s ,  p r ima ry  beds, and 

c a t i o n  beds a re  t o  be l o c a t e d  underwater i n  spec ia l  containment boxes. 

These boxes and columns a r e  t o  be suppo.rted a long  one s i d e  of  t h e  pool  

on a  s t r u c t u r a l  s t e e l  r ack  which hangs f rom t h e  edge o f  t h e  poo l .  Th i s  

rack,  which a l s o  serves t o  suppor t  t h e  system, w i l l  i n c l u d e  an o p e r a t i n g  

p l a t f o rm  f rom which t h e  remote connectors  a r e  t o  be handled. 

; A u x i l i a r y  systems. A  s to rage  rack ,  s i z e d  t o  handle t h e  p r o j e c t e d  

number o f  f i l t e r s  and i o n  exchange beds r e q u i r e d  t o  t r e a t  t h e  containment 

sump water,  w i l l  be prov ided.  A  spec ia l  r a c k  w i l l  serve t o  d i s p l a c e  t h e  

water  f rom t h e  columns and f i l t e r s  and t o  d r y  them p r i o r  t o  l o a d i n g  

i n t o  t h e  t r a n s f e r  cask. ' Th i s  r ack  w i l l  be l o c a t e d  i n  t h e  cask l o a d i n g  

pool .  A  system f o r  s o l i d i f y i n g  t h e  f i l t e r s  and i o n  exchange columns w i t h  

concre te  w i  11 a l s o  be p rov ided .  An a d d i t i o n a l  system w i  11 be i n c l u d e d  f o r  

ana l yz i ng  feed  and e f f l u e n t  samples. 'Gamma and be ta  p r o p o r t i o n a l  coun te rs  

and t h e  necessary equipment f o r  boron and sodium a n a l y s i s  w i l l  be p rov ided  

as a  minimum. 

F igures  12-1 5 show d e t a i l s  of t h e  1  i q u i d  waste (HALW) decontaminat ion 

system. (The HALW t rea tment  system . i s  i n  no way r e l a t e d  t o  e i t h e r  E p i c o r - I  
o r  Epicor-11.)  



ORNL 0wq 79 -15885R  

FEED 11 
FROM TMI I' 

1 

15,000-go0 FEED TANKS !1; PUMP 

i 4 
TMI (=).eCNSI 

_J --- 

TO 
5 

CLEAN 
STORAGE EXCHANGERS 

Fig. 12. Liquid waste decontamination flowsheet. 



O R N L  D W C  79-15887Rl 

F i g .  13. :Feed system detai ls .  



ORNL Dwg 79-15884R 

EFFLUENT 
FROM ION 
EXCHANGE 

TRAIN I [I* VENT OFF-GAS TO . 

I SYSTEM 

25,000 
go1 

Ly 
SPARGER ., .- - - 

AIR 

FEED TANK 
RECYCLE 

t- EFFLUENT 
STORAGE 

F ig .  14. Mon i to r  tank  details. 



ORNL Cwg 79-15886Rl  

F FILTERS H HEPA R ROUGHING FILTER 
M MANIFOLD P PUMP f l  p MONITOR 
S SAMPLER W WASTE E EXHAUST BLOWER 

- 
TRAIN I ON 
v - 

EXCHANGERS 

Fig. 15. Layout of 1 iquid waste decontamination equipment.' 



4. RADIOACTIVE SOLID WASTE HANDLING 

Considerable q u a n t i t i e s  o f  s o l i d  m a t e r i a l s  w i l l  be generated as decon- 

taminat ion  o f  t he  TMI-2 s i t e  and equipment proceeds. Because some exper i -  

ence r e l a t i v e  t o  t h e  decontaminat ion o f  the  a f f e c t e d  systems i s  a v a i l a b l e  

and decontaminat ion i s  c u r r e n t l y  i n  progress a t  t he  s i t e ,  t h i s  sec t i on  

addresses t h e  genera t ion  o f  s o l i d  wastes ex te rna l  t o  the  r e a c t o r  and the  

Containment B u i l  d ing.  Est imated q u a n t i t i e s  o f  so l  i d  waste t o  be generated 

f rom t h i s  phase o f  t he  recovery program i s  presented i n  Sect. 5.3.6. 

4.1 Quan t i t i es  and Charac te r i s t i cs  

Sul I d  rna ter la l  s generated a t  1 ~ M 1  w i  11 be composed o f  p r o t e c t i v e  c l o t h -  

ing- , - t rash,  s o l i d i f i e d  decontaminat ion so lu t i ons ,  dewatered res ins ,  d i a t b -  
1 

maceous ear th ,  charcoal ,  and f i l t e r  ca r t r i dges .  I n  o rder  t o  p r o t e c t  t h e  

environment and workers from the  r a d i a t i o n  and contaminat ion conta ined on 

these ma te r ia l s ,  t h i s  m a t e r i a l  w i l l  be packaged i n  conta iners  o f  var ious  
3 d e s c r i p t i o n s  such as 55-gal drums, 4 x 4 x 8 f t  boxes, 1 8 0 - f t  r e s i n  l i n e s  

o r  can is te rs ,  and r e s i n  column she l l s .  
9 An est imated volume of 60,000 t o  70,000 ft3 o f  s o l i d  waste i s  expected 

t o  be generated and shipped over  the  nex t  24 months as a r e s u l t  o f  t he  de- 

contaminat ion of t h e  A u x i l i a r y  and Fuel Handl ing Bu i l d ings  and t h e  t reatment  

of var ious  contaminated 1 igu ids .  

One o f  t he  pr imary  sources o f  s o l i d  wastes w i l l  be the  var ious  sorbents 

used t o  concentrate and c o l l e c t  t he  f i s s i o n  products r e s u l t i n g  f rom the  

e x i s t i n g  and proposed water-treatment system. These ma te r ia l s ,  predominant- 

l y  organic and i no rgan ic  exchangers, a r e  conta ined i n  m i l d  and s t a i n l e s s  

s t e e l  conta iners  ( l i n e r s  o r  can i s te rs ) .  To date, o n l y  t h e  water i n  A u x i l -  

i a r y  B u i l d i n g  1, which conta ined a small q u a n t i t y  af post.-accident water, 

has been t r e a t e d  ( E p i c o r - I )  . Thus, t he  o n l y  e x i s t i n g  experience regarding 

,the s o r p t i o n  e f f  l c l e n c y  o f  the  r e s i n s  i s  p r e l  i r r~ inary  l abo ra to ry  data. How- 

ever,  t h e f  t reatment  of t h a t  103,500 ga l  of water by t h e  Ep ico r - I  system i s  

a good bas is  f o r  cha rac te r i z i ng  these res ins .  Table 5 presents an o v e r a l l  

summary o f  t h e  c h a r a c t e r i s t i c s  o f  t h i s  type o f  s o l i d  waste. 

A t o t a l  o f  200 s o l i d  waste shipments i s  p ro jec ted .  About 75 w i l l  con- 

s i s t  o f  r e s i n  from spent i o n  exchange beds, and about 125 w i l l  c o n s i s t  o f  

o t h e r  waste i n c l u d i n g  p r o t e c t i v e  c l o t h i n g  and o the r  miscel laneous s o l i d  

waste generated from cleanup and decontamination a c t i v i t i e s .  



Table 5. C h a r a c t e r i s t i c s  o f  i o n  exchange c a n i s t e r s  r e s u l t i n g  

from t h e  t reatment  o f  l o w - a c t i v i t y - l e v e l  water i n   pico or-I~ 

Resin Vol ume Bed 
c a n i s t e r  t r e a t e d  Feed Iod ine  r a d i a t i o n  

No. (ga l  ) ( t o t a l  C i )  (C i  ) l e v e l  ( ~ / h r ) ~  

a ~ a t - a  taken from 

b  by June 6) .  . 
Maximum contac t  

re f .  10 ( t rea tment  began A p r i l  11 and water was re leased 

readings a t  sur face o f  con ta iner ,  u s u a l l y  on upper sur face.  

4.2 S o l i d  Waste Shipments and Container I n fo rma t i on  

Shipments o f  t he  s o l i d  waste from TMI w i l l  be sent  t o  t he  commercial 

b u r i a l  ground s i t e  t h a t  i s  l oca ted  i n  Richland, Washington, and i s  operated 

by the  Nuclear Engineering corpora t ion .  Shipments o f f - s i  t e  a re  being han- 

. d l e d  by CNSI -under c o n t r a c t  t o  t he  General Pub l i c  U t i l i t i e s  Serv ices Corpo- 

r a t i o n .  Shipments w i l l  be made i n  e x i s t i n g  l i censed  packaging systems f o r  

m a t e r i a l s  o f  t h i s  type. A breakdown o f  t h e  number o f  shipments c u r r e n t l y  

requ i red  f o r  m a t e r i a l  a l ready  generated on t h e  s i t e  and t h a t  p ro jec ted  f o r  

t he  nex t  24 months i s  presented i n  Table 6. 

4.2.1 -.- T ranspo r ta t i on  --. -- equipment -- .-. . ..-~-.--.- ava,i . l a b i  l'i,t.y...f?r. ~hilpment 

Many o f  t h e  so l  i d  waste m a t e r i a l s  a re  packaged i n  55-gal drums o r  

wooden boxes. These conta iners  have ex te rna l  r a d i a t i o n  l e v e l s  which would 

permi t  them t o  be shipped i n  r e g u l a r  v a y o r  on f l a t b e d  t r a i l e r s .  A 

sh ie lded van w i t h  a  capac i t y  of 26,000 1b o f  payload may be used t o  accommo- 

da te  55-gal drums o r  o t h e r  con ta iners  w i t h  r a d i a t i o n  l e v e l s  up t o  1  R/hr. 

Seven 14-195* casks a re  p r e s e n t l y  a v a i l a b l e ;  t h ree  a d d i t i o n a l  casks 

a re  now being f a b r i c a t e d  and a re  scheduled f o r  complet ion by October 1979. 

These casks a r e  designed and l i censed  t o  rece i ve  h ighe r - rad ia t i on - l eve l  

*Cask designat ion.  The f i r s t  p a r t  o f  t h e - d e s i g n a t i o n  ( i . e . ,  14) i n d i c a t e s  , 

t h e  number o f  55-gal drums t h e  cask w i l l  hold, w h i l e  t h e  second number i n -  
d i ca tes  t h e  t o t a l  cub ic  f ee t  o f  spzce a v a i l a b l e  i n s i d e  t h e  cask. These a r e  
CNSI designat ions.  
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Table 6. Shipments r e q u i r e d  f o r  each category o f  waste from T M I ~  

Pro jec ted  
Shi pments shipments f o r  

I t em requ i red 24-month pe r iod  

Compacted waste (55-gal drums) 
Noncompacted waste (4 x 4 x 4 f t  boxes) } 125 2 per  month 

S o l i d i f i e d  decontaminat ion s o l u t i o n s  
55-gal drums b 1 per  year  
100 - f t 3  1 i n e r s  1 per  week 
180 - f t 3  l i n e r s  3 per  year  

Dewatered r e s i n s  
I8U-f t l i ners  
10- t o  180 - f t 3  1 i n e r s  

Charcoal f i  1 t e r s  
180-f t 3  1 i ners 

7 5 
2 per  week 

a ~ a t a  taken' from r e f .  11. 
b ~ n c l  uded i n  compacted waste category, n o t  broken down b.y category. 

s o l i d  ma te r i a l s .  These casks ( t o t a l  o f  10) can t r a n s p o r t  308 55-gal drums 

.or '4576 f t 3  o f  s o l i d  waste a t  any g iven time.* However, the  waste must 

have concent ra t ions  t h a t  a re  l e s s  than l o w - s p e c i f i c - a c t i v i  t y  (LSA) l e v e l s ,  

o r  'less than o r  cqual t o  t h c  Typc A q u a n t i t i e s  l i m i t  p a r t  o f  t h c  NRC li- 
censes governing t h e  use o f  such casks. 

For shipments o f  r a d i o a c t i v e  m a t e r i a l s  i n  excess o f  Type A q u a n t i t i e s  

and/or LSA values, t he  f o l l o w i n g  i nven to ry  o f  casks i s  a v a i l a b l e  from CNSI: 

Cask des igna t i on  No. assembled Keiilaliks 

4-85 1 ... 

8-120 , 1 1. i n  f a h r i c a t i n n  

*Data supp l ied  by CNSI .I2 



Shipping casks o r i g i n a l l y  designed as spent f u e l  casks a r e  a l s o  a v a i l -  

ab le  as g iven below: 

Cask des ignat ion  No. assembl ed 

6-4 1 

Remarks 

6 i n  f a b r i c a t i o n  

4.3 S o l i d  Waste Storage F a c i l i t y  I n s t a l l a t i o n  

Because t h e  generat ion o f  s o l i d  waste a t  TMI w i l l  n o t  keep pace w i t h  

the  shipment o f  wastes o f f - s i t e ,  s o l i d  s tag ing  areas a re  requ i red  f o r  safe- 

t y  reasons. Informati-on concerned w i t h  the  design and i n s t a l l a t i o n  o f  these 

systems i s  presented below. 

4.3.1 I n t e r i m  s o l i d  waste s tag ing  f a c i l i t y  3 

A f a c i l i t y  t o  conta in  the  dewatered r a d i o a c t i v e  r e s i n  generated f rom 

the  t reatment  o f  low- leve l  ( ,Epicor-I)  and i n te rmed ia te - l eve l  (Epicor-11) 

wastes i s  requ i red  u n t i l  these wastes can be shipped t o  a b u r i a l  s i t e .  

Th is  f a c i l i t y  w i l l  serve as an i n t e r i m  s tag ing  area u n t i l  a more permanent 

f a c i 1 . i t y  i s  constructed. This  f a c i l i t y ,  which i s  p resen t l y  under construe'- 

t i o n ,  has been designed w i t h  s i x teen  5-ft-di:arn c e l l s  arsd twelve 04-in. 

c e l l s  t o  rece i ve  the  4- by 6 - f t  and 6- by 6 - f t  r e s i n  l i n e r s .  Th is  s t r u c t u r e  

i s  i n s t a l l e d  w i t h i n  the  U n i t  2 c o o l i n g  towers d e s a l t i n g  basin, b a c k f i l l e d  

fo r  sh ie ld ing ,  and capped w i t h  3 - f t  concrete plugs. Contact r a d i a t i o n  read- 

ings  a re  expected t o  be l e s s  than 5 mR/hr a t  t he  sur face o f  t h e  f a c i l i t y .  

4.3.2 S o l i d  waste s tag ing  f a c i l i t y 3  

This f a c i l i t y ,  c u r r e n t l y  i n  t he .des ign  stage, has been reviewed and 

approved by Me t ropo l i t an  Edison and t h e  NRC. It i s  designed i n  a modul.ar 

fashion. Each module cons i s t s  o f  60 x 84-in. -diam c e l l s  embedded i n  con- 

c r e t e  and.capped w i t h  3 - f t - t h i c k  concrete plugs. Each c e l l  has a d r a i n  

l i n e  t o  a sump t o  c o l l e c t  any leakage from t h e  l i n e r s  i n s t a l l e d  i n  t h e  c e l l s .  

The proposed design meets t h e  seismic requirements o f  t h e  NRC Regul.atory 

Guide 1.143. 



5. FACILITY DECONTAMINATION 

Several major facilities on the TMI site were contaminated with 

radioactive materials as the result of the accident. These facilities, 

supporting Unit-2 Reactor, included the Diesel Generator Building, the 

Auxi 1 iary Bui 1di ng , the Fuel Hand1 i ng Bui lding, and the Reactor Contain- 
ment Building. Experience related to the decontamination efforts neces- 

sary to restore the first three facilities is presented in this report. 

. Because the exact nature of the conditions within the reactor containment 

is not known and because no,reentry into the building has been made at 
this time, information presented in t h i s  report concerning the decontami- 

nation of the last facility is based on a recent planning study. 1 

i 
5.1 Diesel Generator Building 

On . ~ ~ r i l  10, 1979, contamination of the surfaces of the Diesel Gener- 

ator Building at the 305- arid 280-ft levels was confirmed as the result 

of a release of liquid from equipment and components within the building. 

The transferable contamination levels on the affected surfaces ranged from 
2 1000 to 112,000 dpm/100 cm . Airborne activity within the contaminated 

area, determined with a high volume air sampling device, was about 1.5 x 

'10'~ wCi/cc. The highest radiatibn level within the area was fdund to be 

around the sump pump (100 m~/hr) serving t h i s  facility. Ry the time the 

contamination was noted, Westinghouse Nuclear Services Division had a1 ready 

begun construction of an emergency decay-heat removal system within the 

b.ui lding. Subsequently, Westinghouse engaged VIKEM Corporation, a 

commercial decontamination firm, to decontaminate the faci 1 itv in order 
to proceed with the installation of the decay-heat removal system. 

Although this radioactive spill may be regarded as a "minor occurrence" 

when compared with other TMI-2 facilities affected by the accident, the 

experience gained from the decontamination exercise was useful in provid- 
ing information for subsequent decontamination of the other TMI-2 facili- 
ties. Information obtained from this decontamination effort (1 ) increased 
understanding of the removal efficiency of the contamination with different 

chemical decontaminants, (2) improved development of personnel exposure 

and contamination procedures, and (3) increased understanding of the waste -. 
handling methods required. 



5; 2 A u x i l i a r y  B u i l d i n g  and Fuel Hand1 i n g  Bu i l d i ngs  

Decontamination n f  t h e  s l~ r faces  w i t h i n  t he  Auxi 1 i a r y  and Fuel Hand- 

l i n g  B u i l d i n g s  was i n i t i a t e d  s h o r t l y  a f t e r  t h e  acc ident  t o  a l l o w  normal 

opera t ion  o f  t h e  necessary equipment w i t h i n  t h e  b u i l d i n g s  and t o  a l l o w  

m o d i f i c a t i o n s  t o  proceed on c e r t a i n  equipment. Cu r ren t l y ,  decontami- 

t i o n  e f f o r t s  i n  these f a c i l i t i e s  a re  progress ing s a t i s f a c t o r i l y ,  and 

decontaminat ion o f  a1 1 open areas ( c o r r i d o r s ,  s t a i r w e l l  s, e t c .  ) i s  80% 

complete. Equipment c u h i c l e  decontaminat ion i s  60% complete. 

I n i t i a l  cond i t i ons  w i t h i n  t h e  A u x i l i a r y  B u i l d i n g  ( r e f e r  t o  F ig .  16) 

a re  presented i n  Table 7. 

Table 7. I n i t i a l  c o n d i t i o n  o f  A u x i l i a r y  B u i l d i n g  13 

Su r f  ace Rad ia t ion  A i rborne  
E l  e v a t i  on contaminat i  n 1 eve1 s I 2  a c t i v i t y  9 ( f t , )  (dpm/100 cm ) ' (R/hr)  (uCi /cc)  

As o f  September 7, 1979, a l l  areas on t h e  328- and 305 - f t  l e v e l s  
2 o f  t he  A u x i l i a r y  B u i l d i n g  were read ing  l e s s  than 5000 dpm/100 cm w i t h  

t h e  except ion  o f  s i x  c u b i c l e  areas. The 281 - f t  l e v e l  was l e s s  than 
2 10,000 dpm/100 cm except f o r  s i x  equipment cub i c les .  Two-thirds o f  

t h e  access ib le  areas i n  t h e  Fuel Handl ing B u i l d i n g  were read ing  l e s s  
2 than 50,000 dpm/100 cm . Rad ia t ion  l e v e l s  i n  t h e  general  background 

area are  now l e s s  than 1 mR/hr, except i n  t h e  i s o l a t e d  tank  areas and 

va l ve  a l l e y s .  A t  present,  no tank  o r  i n t e r n a l  p i p i n g  decontaminat ion 

has been accomplished. Th is  e f f o r t  w i l l  be scheduled when t h e  d e t a i l s  

o f  water processing have been f i n a l i z e d .  

The decontaminat ion i s  being accompl i shed i n  accordance w i t h  an 

approved decontaminat ion p lan.  I n  general  , t h i s  plan14 descr ibes a 

mu1 t i s t a g e  e f f o r t  t h a t  reduces contaminat ion l e v e l s  w i t h  a f i n a l  goal 
2 

o f  l e s s  than 1000 dpm/100 cm and r e d u c t i o n  t o  normal design r a d i a t i o n  

l e v e l s .  



Fig. 16. Auxiliary Building layout. 



Some o f  t he  techniques and methods being employed i n  t h e  decontami- 

n a t i o n  program. i nc lude  

1. appl i c a t i o n  o f  var ious  decontaminat ion s o l u t i o n s  (such as Radiac 

wash), 

2. wet and d r y  vacuum methods, 

3. mus l in  wipes, 

4. s t r i p p a b l e / p r o t e c t i v e  coa t i ng  a p p l i c a t i o n ,  

5. e l e c t r o p n l i s h  c leaning,  

6. u l t r a s o n i c  c leaning,  

7. hydro- layer  a p p l i c a t i o n ,  and 

8. steam c leaning.  

The decontaminat ion e f f o r t  i s  be ing supervised by e'xperienced, qua1 i - 
f i e d  personnel. The work i s  performed b y  vo lun tee r  u t i ' l i t y  personnel f rom 

t h e  GPU system. P r i o r  t o  being assigned t o  a decontaminat ion team, t h e  

u t i l i t y  personnel a r e  requ i red  t o  p a r t i c i p a t e  i n  a decontaminat ion and 

i n d o c t r i n a t i o n  t r a i n i n g  program.  his program i s  p r i m a r i l y  aimed toward 

t h e  aspects o f  personnel sa fe ty ,  cross-contaminat ion, and s p e c i f i c  decon- 

tamina t ion  techniques. 

5.3 Containrrlent F a c i l i t y  Recommissioning 

1 B a s i c a l l y ,  t h e  p lann ing  study f o r  recomml s s i o n i r ~ y  ,the containment 

f a c i l i t y  i n d i c a t e s  t h a t  TMI-2 cou ld  be ope ra t i ona l  42 months a f t e r  i n i t i a l  

r e e n t r y  and a f t e r  expendi ture o f  about $250 m i l l  i o n  t o  300 m i l l  i on .  The 

stepwise ,plan f o r  t h i s  recommissioning i s  discussed below. 

5.3.1 Status o f  containment and components 

Current  s t a t u s  has been i n t e r p o l a t e d  from l i q u i d  samples, containment 

atmosphere sarnpl es, and d i r e c t  r a d i  a t i .on  mon i to r i ng  o f  t h e  r e a c t o r  coo l  an t  

system (RCS) . The t h r e e  types o f  r a d i a t i o n / r a d i o a c t i v i  t y  sources a re  de- 

sc r ibed  as a i rborne,  general  p la teou t ,  and containment sump p la teou t .  

A l l  r e s u l t s  i n d i c a t e  t h a t  ex tens ive  damage t o  t h e  t o p  o f  t h e  fue l  

assemblies i n  t h e  core  occurred du r i ng  t h e  l o s s  o f  water  coo lan t  when t h e .  

f u e l  rods were exposed t o  excess ive ly  h igh  temperatures. S i g n i f i c a n t  f r a c -  

t i o n s  o f  t he  f u e l  ( co re )  r a d i o i s o t o p i c  i n v e n t o r y  were re leased t o  t h e  



pr imary (RCS) coo lan t  and, there fore ,  t o  t he  containment sump. The noble 

gases and i o d i n e  were re leased t o  t h e  gas phase, bu t  t h e  emergency sodium 

hydroxide (NaOH) spray washed most o f  t he  i od ine  i n t o  the  1 i q u i d  phase. 

Suggested e f f e c t s  from va ry ing  o r  unusual cond i t i ons  have l e d  t o  

i n t e r p r e t a t i o n  of component cond i t ions .  Loca l ized temperature f l u c t u a -  

t i o n s  have probably produced minimal e f f e c t s ;  a t  most, some i s o l a t e d  dam- 

age may have occurred t o  some i n d i v i d u a l  instruments, f i t t i n g s ,  o r  seals. . 
[Serv ice cond i t i ons  f o r  t h e  u n i t  ( du r ing  about 1 year  o f  normal operat ions)  

were c e r t a i n l y  nondamaging.] The hypothesized h y d r n g ~ n  burning and/or 

exp los i  on coul  d have produced much more damaging, though l o c a l  ized, e r f e c t s  

nn t h e  cor~ta inment  s t r u c t u r e ,  RCY, and components. Resul ts  o r  l t ~ i s  damage 

can o n l y  be ascer ta ined when t h e  f a c i l i t y  i s  reentered. 

The exp los ion  (deduced from a pressure surge w i t h i n  the  f a c i l i t y )  

triggered t h e  bas ic  (NaOH) spray system; a p o t e n t i a l  consequence o f  the 

spray i s  cor ros ion ,  e s p e c i a l l y  of carbon-steel components. Other unusual 

cond i t i ons  i nc lude  excessive r a d i a t i o n  from t h e  massive r a d i o a c t i v e  con- 

taminat ion  i n  t h e  containment f a c i l i t y  ( thus  decreasing the  e f f e c t i v e  

remaining l i f e t i m e  and reducing the  r e l i a b i l i t y  o f  equipment, containment 

coat ings,  o rgan ic  seals, e t c . )  and f lood ing  ( t h e  s t r u c t u r e  waq ~ ~ n a f f e c t e d  

b u t  t he  equipment m igh t  show degradat ion, especi a1 l y  ins t rumenta t ion  and 

e l e c t r i c a l  components). The stat.us o f  major equipment i s  nuw being evalu- 
a t e d  by B&W (The Babcock & W i 1 cox Co. ) . 

The f u t u r e  s t a t u s  i s  dependent on the  u n c e r t a i n t i e s  o f  c u r r e n t  equip- 

ment and s t r u c t u r e  cond i t ions .  I n  add i t i on ,  decontamination procedures 

and m a t e r i a l s  w i l l  f u r t h e r  a f f e c t  equipment and components. One ohject ' ive 

o f  t he  decontaminat ion program i s  t o  minimize cor ros ion ,  which i s  expected 

t o  be more r a p i d  f o r  carbon-steel components. Corros ion i s  a1 so apparent ly  

acce lera ted  by p a r t i  a1 (as opposed t o  complete) submersion, atmospheric 

humidi ty ,  and repeated cycles o f  we t t i ng  and  dry ing .  

5.3.2 Major  cons t ruc t ion ,  serv ices,  and equipment requirements f o r  
decontaminat ion 

The major  envirnnmental requircment du r ing  the  decontamination and 

r e e n t r y  p e r i o d  i s  t o  prevent  t h e  spread o f  contaminat ion. The most impor- 

t a n t  sources o f  p o t e n t i a l l y  hazardous r a d i o a c t i v i t y  a re  a i rborne ma te r ia l s  

and t r a n s f e r a b l e  sur face contaminat ion. 



To prevent the spread of radioactive contamination, a Containment 

Service Building (CSB) will be built around the reactor equipment hatch 

as a contamination control envelope. There are four parts to the CSB: 

(1) a containment service area (a staging area for decontamination and 

equipment access), (2) a personnel access facility and change house, 

(3) a high-level radwaste staging area (for temporary storage of rad- 

waste, especially high level, prior to shipment), and (4) a dry-cleaning 
facility (for decontamination or work clothing). 

For support of remote and hands-on decontamination with containment, 

many services and much equipment must be installed for temporary use in 

the Containment Decontarninati on Service System (CDSS) . The CDSS system 

includes the' following: ' 

1. equipment for remote decontamination spray and chemical addi- 

tion (includes remote 1 iquid and remote saturated-steam del ivery 
equ i pmen t ) ; 

2. the Containment Ventilation and Filtration System (for control 

of pressure, temperature, and humidity within the containment 

atmosphere) ; 

3.  the Containment Temporary Lighting and Power System (for com- 

munications and control and monitoring containment) ; 

4. the Containment and Service Building Breathing-Air System (to 

supply 'air for personnel entering contaminated areas); 
5. a television systel~l (for remote monitoring and recording of 

operations and for training of working personnel ) ; 

6. the Contalnment Vacuum System (for vacuum cleanup of solids and 

1 iquids); 
7. a system for decontamination steam supply (to supply saturated 

steam for both nonspraying remote and local hands-on decontami- 

nation) ; 

8. the Containment Chemical Supply System (for mixing and delivering 

chemical s to remote and t~ands=on decontamination equi pment.) ; 

9. the Containment Decontamination Water Supply and Recycle System 

(includes tanks for storage and supply, del ivery equipment for 

remote and hands-on decontamination, and piping for recycle to 

and Trom the radwaste storage faci 1 i ty) ; 



10. p r o v i s i o n s  f o r  equi pment decontamination i n  t he  CSB (ou ts ide  

containment t o  prevent  t he  spread o f  contaminat ion and t o  

c o l l e c t  and dispose o f  decontamination s o l u t i o n s ) ;  

11. t h e  Containment Communications System;. 

12. t he  Containment Radiat ion and R a d i o a c t i v i t y  Mon i to r i ng  Program 

( i nc ludes  p rov i s ions  f o r  warning o f  p o t e n t i a l  c r i t i c a l  i t y )  ; and 

13. t he  CSB Heating and V e n t i l a t i o n  Systems ( f o r  the  c o n t r o l  o f  . 

pressure and temperature i n  and the  removal o f  a i rbo rne  con- 

taminat  i o n  from the  CSB atmosphere). 

5.3.3 Containment r e e n t r y  and decontamination 

Reduction o f  background r a d i a t i o n  l e v e l s  i n  t he  containment f a c i l i t y  

i s  requ i  red-before  personnel w i  11 be a1 1 owed t o  reenter .  I n i t i a l  removal 

o f  a i rbo rne  r a d i o a c t i v i t y  w i l l  be accomplished hy atmospheric f i l t r a t i o n  

and gas purge. Re-entrainment o f  a i rbo rne  p a r t i c u l a t e  dur iny  the  decon- 

taminat ion  program i s  i n e v i t a b l e ,  b u t  constant  v i g i l a n c e  and continuous , 

f i l t r a t i o n  o f  t h e  CSB and containment atmospheres w i l l  minimize personnel 

exposure. 

I n i t i a l  remote water spray and f l u s h  cyc les  should remove rnuch o f  

t h e  d i s s o l v a b l e  p la teou t ,  e s p e c i a l l y  from the  containment sump. Even 

w i t h  e f f i c i e n t  and e f f e c t i v e  remote decontamination, t he re  w i l l  be hot  
spots under the  steam generators, I n  t he  sump, and i n  puddles (because 

t h e  f l o o r  i s  n o t  p e r f e c t l y  f l a t ) .  I n  add i t i on ,  i t  has been assumed t h a t  

up t o  1% of t h e  spent fuel  was degraded and i s  now l y i n g  on top  o f  t h e  

steam-generator tube sheets. 

The f i v e  ma,ior phases o f  t h e  containment d ~ c o n t a m i n a t i o n  e f f o r t  are 
discussed below. 

Remote containment decontamination. Since i n i t i a l  r a d i a t i o n  surveys 

i n d i c a t e  t h a t  r e e n t r y  of personnel would r e s u l t  i n  unacceptable r a d i a t i n n  

exposures, an e f f o r t  t o  decontaminate the  f a c i l i t y  remotely before reen t r y  

may be i n i t i a t e d .  The ob jec t i ves  o f  t h i s  e f f o r t  a r e  t o  reduce t r a n s f e r -  

a b l e  contaminat ion and t o  reduce the  r a d i a t i o n  f i e l d s  w i t h i n  containment. 

Inherent  goals i nc lude  rnaxlmization o f  decontamination e f fec t i veness  and - 
m in im iza t i on  o f  c o r r o s i v e  ac t i on ,  radwaste chemical processing, and rad-  

waste vol  umes. 



Remote decontaminat ion makes use o f  t he  containment spray system, 

which can contac t  about 60% o f  t h e  exposed area. The l i q u i d s  t o  be 

sprayed a re  deionized water, steam (a l lowed t o  condense on sur faces) ,  

detergent  so lu t i ons ,  and chemical so lu t i ons .  Chemicals w i l l  be used 

o n l y  as a  l a s t  r e s o r t  s ince  they  w i l l  be de t r imen ta l  t o  t he  radwaste 

cleanup systems; some o f  t h e  chemicals are a l s o  e i t h e r  flammable o r  t o o  

cor ros ive .  The sprays a re  expected t o  d i sso l ve  o r  d is lodge contamina- 

t i o n  and then t o  move i t  t o  t h e  containment sump where t h e  m a t e r i a l  w i l l  

be f lushed t o  t h e  radwaste system. The decontaminat ion f a c t o r  i s  expected 

t o  be between 800 and 80,000. 

The l a s t  s o l u t i o n  t o  be sprayed and f l ushed  w i l l  be water t h a t  con- 

t a i n s  co r ros ion  i n h i b i t o r s .  The s o l u t i o n  w i l l  be a l lowed t o  f l o o d  the  

b u i l d i n g  t o  a  depth o f  severa l  f ee t .  The s o l u t i o n  w i l l  serve as a  r a d i a -  

t i o n  s h i e l d  aga ins t  remaining p l a t e o u t  and ho t  spots. A f t e r  t he  l a s t  

spraying, t he  containment atmosphere w i l l  be cond i t i oned  t o  remove t r i t i u m  

( 3 ~ )  i n  l i q u i d  3 ~ 2 0  humid i ty  form and t o  reduce the  ambient temperature. 

Containment atmosphere purge and f i l t r a t i o n .  The two major  sources 

o f  a i rbo rne  r a d i o a c t i v i t y  a re  from t h e  RCS; they  a re  the  gases (by t h e  end 
3  o f  t h e  year ,  they  w i l l  p r i m a r i l y  be 85~ r ,  a  noble gas, and H as hydrogen) 

and t h e  suspended p a r t i c u l a t e  ( f rom i n i t i a l  core  RCS re lease and from remote 

decontaminat ion resuspension).  The o b j e c t i v e s  o f  t h i s  e f f o r t  are p r i m a r i l y  

d i r e c t e d  toward min imiz ing  t h e  t h r e a t  and impact on p u b l i c  h e a l t h  and s a f e t y  

and min imiz ing  on-s i  t e  operator /worker  exposures. A1 1  re leases (purges) o f  

gas w i l l  comply w i t h  re lease techn i ca l  s p e c i f i c a t i o n s .  Timely cleanup i s  

requ i red  t o  minimize impact on t h e  decontaminat ion schedule. 

A l t e r n a t i v e s  t o  t h e  atmospheric purge were studied;  t h e  gas con ta in -  
3 i n g  8 5 ~ r  and H cou ld  have been compressed and s to red  as a  p ressur ized  gas 

o r  t r e a t e d  c r y o g e n i c a l l y  and s to red  as a  very  low-temperature l i q u i d .  I n  

e i t h e r  case, an acc identa l  re lease o f  most o f  t h e  m a t e r i a l  cou ld  l e a d  t o  

an uncont ro l led ,  hazdr-dous s i t u a t i o n .  Gas purge can be r e a d i  1.y c o n t r o l  l e d  

over  e n t i r e l y  d i f f e r e n t  meteoro log ica l  cond i t i ons .  Based on t h e  maximum 

permiss ib le  concent ra t ion  [ found i n  t h e  Code o f  Federal Regulat ions (10 CFK 

50, Appendix I)], t h e  purge of t h e  8 5 ~ r  w i l l  take  about 2  months. T r i t i u m  

has a  much h ighe r  permiss ib le  re lease r a t e  associated w i t h  i t ;  thus, 8 5 ~ r  

i s  t he  c o n t r o l l i n g  i so tope f o r  atmospheric re lease.  



The atmospheric cleanup, by f i  1 t r a t i on  and purge, must be completed 
before personnel can reenter containment. The f i na l  f i  1 t r a t i on  cycle 

p r io r  t o  reentry  wi l l  be r u n  a f t e r  remote decontamination has been com- 
p l  eted. 

I n i t i a l  reentry .  Two types of reentry have been proposed. I f  
radia t ion l eve l s  a r e  too high f o r  i n i t i a l  reentry by personnel, a re-  
motely contrdi led mechanical vehicle ( robot)  wil l  reenter  f i r s t .  The 

robotic u n i t  can be made avai lable  almost immediately upon demand. The 
robot would map B-y radia t ion f i e l d s  extensively,  carry  a portable t e l e -  
viston f o r  remote visual assessment of the  containment, and t a k e  smear 

samples of the  contamination. Later, the  robot could be used f o r  l imited 
decontamination. I 

If t he  radia t ion leve l s  a r e  humanly to le rab le ,  personnel will reenter  
containment. In addit ion t o  sa fe  radia t ion exposure f o r  workers, other 
c r i t e r i a  would a l s o  have t o  be met. Explosive gas mixtures (mainly hydro- 
gen i n  a i r )  would have t o  be absent,  and a i r  and sump sample analyses would 
have t o  show r e l a t i v e l y  low rad ioac t iv i ty  levels .  Avoiding both the  spread 
of contamination t o  t h e  CSB o r  another entry  point and the  re lease  of a i r -  
borne a c t i v i t y  from containment a r e  of primary concern. (The CSB will  
not necessari ly be complete; reentry could be made from the  control room 
through another temporary contamination control envelope. ) 

G~r~era l  h e a l t h  physics plant  pr-ucedures have a1 ready been establ  ished. 
Before personnel reen te r  containment, spec i f i c  health physics decontami- 
nation procedures wil l  have t o  be developed. The length of time personnel 
a r e  allowed t o  remain ins ide  containtilent i s  a d i r ec t  f~rnct ion of t h c  

radia t ion levels .  The foremost objectives of personnel who reenter  a r e  
(1 ) t o  develop a R-y radia t ion f i c l d  survey, ir~clueling average radiat ion 
l eve l s  and posit ion and radia t ion levels  of hot spots ;  ( 2 )  t o  v isual ly  
assess  t he  s t a t u s  of containment and  the  systems required t o  support i t ;  
(3 )  t o  take smear samples of contamination, including the  hot spots. 
Other object ives ,  which will  be conducted behind shielding and a f t e r  fu r -  
t he r  decontamination, wil l  include (1 ) de ta i l ed  radia t ion a n d  contamina- 

t ion  survey maps; ( 2 )  i n s t a l  1 a t ion of t e lev i s ion ,  1 igh t s ,  and radiation 
monitors; and (3 )  de ta i l ed  containment and equipment damage assessments 



( f o r  components, such as i ns t rumen ta t i on  and e l e c t r i c a l  power supply,  

and f o r  s t ruc tu res ,  such as f l o o r s ,  vents, sh ie ld ing ,  e l e v a t o r  sha f t ,  

e t c .  ) .  

Hands-on decontamination. Hea l th  physics procedures w i l l  cover 

personnel suppor t  a c t i v i t i e s ,  p r o t e c t i v e  c l o t h i n g ,  and r e s p i r a t o r y  

p ro tec t i on ,  as w e l l  as e n t r y  i n t o  and e x i t  f rom containment, contamina- 

t i o n  c o n t r o l ,  personal equipment decontaminat ion, and personnel ,exposures. 

Gross decontaminat ion w i l l  be accomplished a t  r e l a t i v e l y  long  range 

(up t o  50 f e e t ) ,  w i t h  f i r e -hose  sprays o f  de tergent  s o l u t i o n  ( d e l i v e r y  

o f  1 i q u i d  through the  F i r e  P r o t e c t i o n  System). Radioact ive m a t e r i a l s  - 

w i l l  have t o  be washed away q u i c k l y  t o  min imize exposures. The l a r g e s t  

. problem f a c i n g  work crews w i l l  be decontaminat ion of t h e  Containment 

B u i l d i n g  Dome. 

Deta i  1 ed decontamination, f rom c lose  range, wi 11 be accompl ished 

w i t h  a wet, low-pressure steam spray con ta in ing  detergent .  Hot-spot 

decontaminat ion w i l l  r e q u i r e  scrubbing, surveying a f t e r  each cyc le ,  and 

f i x i n g  i f  removal i s  i n s u f f i c i e n t .  Some m a t e r i a l s  (such as i n s u l a t i o n ,  

broken o r  damaged epoxy and p l a s t i c  coa t ings ,  e tc .  ) w i  11 have t o  be com- 

p l e t e l y  removed. Once areas and equipment have been decontaminated, they  

should be complete ly  covered t o  prevent. recontaminat ion froin u t h e r  areas. 

Most equipment w i l l  be p a r t i a l l y  o r  complete ly  decontaminated w i t h  

a , f l ush  and steam cyc le .  Equipment t h a t  i s  t o  be replaced w i l l  o n l y  be 

p a r t i a l l y  decontaminated t o  t h e  p o i n t  where i t  can be handled by personnel 

Temporary s h i e l  d ing  w i l l  p rov ide  f o r  reduc t i on  o f  personnel exposllres, 

e s p e c i a l l y  rrum hot  spots o r  f rom equipment t h a t  cannot be cleaned. 

P ro tec t i on  o f  essen t i a l  equiptnent and systems. Equipment and systems 

may be e s s e n t i a l  f o r  two reasons: ( 1 )  t h e  need f o r  cont inued sa fe  shutdown 

o f  TMI-2 and (2 )  t h e  requirement f o r  containment decontamination. 

Safe shutdown o f  TMI-2 requ i res  t h e  t o t a l  i n t e g r i t y  o f  t he  p r i  - 
mary system f o r  reac tor -core  heat  removal. The steam genera tor (s )  

rernave(s) heat by n a t u r a l  c i r c u l a t i o n  i n  a water- o r  steamlwater- 

c o o l i n g  mode. The decay heat from t h e  r e a c t o r  core i s  removed by 

n a t u r a l l y  c i r c u l a t i n g  r e a c t o r  vessel water, which passes through t h e  

decay-heat-rernoval cool  ers.  



Cruc ia l  i ns t rumen ta t i on  i s  l i s t e d  as fo l l ows :  t he  nuc lear  

mon i to rs ,  t h e  steam-generator l i q u i d - l e v e l  and temperature i n d i -  

ca to rs ,  t h e  i n -co re  thermocouples, the  reactor-vessel  pressure 

and temperature i n d i c a t o r s ,  and the  p ressu r i ze r  temperature i n d i -  

ca to rs .  ~ n s t r u m e n t a t i o n  power suppl ies,  connectors, and s igna l  

cables are  e s s e n t i a l .  Pressur izer  heaters, heater  cables, and 

p r e s s u r e - r e l i e f - v a l v e  power cables and connectors a re  c r i t i c a l .  

Motor-operated valves i n  t h e  pr imary system a re  a l s o  needed.. 

Mechanical equipment r e q u i  red i nc lude  pressure boundary compo- 

nents, letdown and makeup systems, sampling systems, p ressu r i ze r  

pressure r e l i e f  va lves,  i n s u l a t i o n ,  RCS p ip ing ,  t h e  r e a c t o r  vessel,  

t h e  decay-heat-removal system, and containment p i p i n g  and valves. 

The containment e leva to r ,  cranes, 1 i g h t i n g ,  a i r  coo lers ,  and 

e l e c t r i c a l  power system a r e  considered essen t i a l  t o  containment 

decontamination. 

P ro tec t i on  f o r  equipment and systems du r ing  remote decontami- 

n a t i o n  w i l l  be prov ided by the  proper s e l e c t i o n  and use o f  spray 

chemicals so as t o  minimize cor ros ion .  The most s i g n i f i c a n t  e f f e c t  

w i l l  be equipment o p e r a b i l i t y ,  e s p e c i a l l y  i n  c l c c t r i c a l  components. 

The most s e n s i t i v e  i tems w i l l  be instruments, cables, and connectors. 

The tld~ht-dou3 condit56ns t u  IIP t?~pec ted  have a l ready  existed s i ~ i c e  

t h e  accident ;  t he re fo re ,  t he  added e f f e c t s  from remote decontamina- 

t i o n  are expected t o  be minimal.  A cont ingency p lan  i s  needed i n  

t h e  event of f a i l u r e  of one o r  more major pieces o f  equipment o r  

systems. 

For hands-on decontamination, p r o t e c t i o n  w i l l  be e f f e c t e d  by 

a d m i n i s t r a t i v e  c o n t r o l  through p rev ious l y  developed and approved 

p r o c e d ~ ~ r e s ,  which w i l l  be s u i t e d  d i r e c t l y  t o  i n d i v i d u a l  component 

needs. Physical  p r o t e c t  i o n  f o r  i tems w i  11 be imp1 erner~ted. 

Long-term wet layup f o r  t h e  steam generators and a u x i l i a r y  

support systems i s  being considered. The water w i l l  meet chemical 

requirements, and p e r i o d i c a l  chemical adjusl;n~ents w i  11 be made. 



5.3.4 Reactor coolant system cleanup 

There is very little definitive information available about the 

current RCS status. For purposes of this study, it has been assumed 

that the reactor pressure vessel , primary 1 oop pi ping, reactor-cool ant 
pump casings, steam generators, and pressurizer will not be replaced. 

In addition, it has been assumed that the nuclear steam supply system 

(NSSS) supports, bolts, studs, and embeds for major corr~ponents wi 11 be 
reused. 

Steps for the RCS cleanup are as follows: 

1. removal of the reactor vessel head (likely to require shield- 

ing); 
2. core inspection, which includes addition of special instrumen- 

tation, television cameras, and videotape systems; 
3 .  removal of (spent) fuel ; which will require special tooling, fuel- 

pool modifications , and speci a1 procedures and equipment for 
shipment and disposal of the fuel (fuel and debris will be put 

into shipping cans and sent to a fuel processing facility or to 
a storage repository); 

4. removal of the reactor vessel internals; and 

5. decontamination of reactor vessel and its inLermrlals. 

The reactor vessel head will be replaced after cleaning the debris from 

the steam generators. The primary system will be chemically flushed. 

Any conlponents or reactor internal s wi 11 either be refurbi shed or rep1 aced. 

Steam-generator tubes and tubesheets will be repaired, and RCS pump mntors 
will be rewound or discarded. 

5.3.5 Reconstruction and recommissioning 

The major underlying assumption is that there will be no political 

or legal problems associated with the analysis, safety assessment, and 

relicensing of TMI-2. 

Major steps include procurement of tooling and inspection equipment, 

field inspection, testing, and reconstruction. Within the realm of recon- 

struction, the following activities will be accomplished: refurbishment 

and reinstallation of the RCS components, reinstallation of the containment 



air coolers and duct work, instal lation of electrical equipment (wire, 

cables, conduit, lighting, motors, penetrations, instrumentation, and 

communications), inspection and repair. or replacement of mechanical 

equipment, reinstallation of insulation, surface preparation and recoat 

of containment, and replacement of spent-fuel storage racks. Major 

equipment to be refurbished, or replaced if necessary, would include 

reactor cool ant pumps and impel 1 ers , reactor internal s, reactor pres- 
sure vessel head, control rods and drives, pressurizer safety and 

relief valves, incore instrumentation, arid fuel handling machines. 

Potential modifications would be inc'l uded in t h e  recor~s~l;r~uction, 

Recommissioning consists of field inspection., testing and analysis, 

safety assessment, and re1 icens,lr~y. 

5.3.6 Wastes generated from decontamination 

The liquid wastes to be processed during the decontamination pro- 

gram come from the remote decontamindtion and reentry (up to 3 million 

gal ) , hands-on decontamination (approximately 1 mil 1 4on gal ) , and RCS 
cleanup (approximately 3 mill ion gal). A total of up to 9 mill ion gal 

of radioactive 1 iquid waste may have to be processed and converted into 
sol id waste for disposal . 

Cleanup o f  the  reactor fuel drld debris will rcsult in transuranic 
(TRU) high-level waste (HLW), which wlll have to be processed in order 

to recover unspent fuel value or permanently stored in a federally 

approved repository. 

Sol id waste wi 1 1  be produced from plastic sheeting, paper, clothing, 
mops, filters, masks and mask canisters, smears and samples, rags, too1 S, 
drums, air cylinders and tanks, carts, vacuum cleaners, lights, cables, 

piping, hoses, etc. Compactible waste will be packed into 55-gal drums. 

Uther waste will be packed into othcr drnull~s, s i z e  p~rmitting, About 
3 400,000 ft of dry, compacted waste is expected to be generated from 

decontamination and equipment discards. 

5.4 Costs and Schedules 

Based on previously discussed assumptions, the cost of TMI-2 cleanup 

is estimated to be: 15 - 



Subto ta l  $236,000,000 

Contingency (33%) 79,000,000 

To ta l  $31 5,000,000 

A reasonable date f o r  r e e n t r y  o f  t h e  containment f a c i l i t y  cou ld  be December 

1979. Commercial ope ra t i on  o f  TMI-2 i s  p ro jec ted  t o  be 42 months a f t e r  t h e  

t ime o f  containment reen t r y .  The major  assumption i s  t h a t  no p o l i t i c a l  o r  

l e g a l  problems w i l l  de lay  t h e  schedule o r  add t o  t he  cos t .  Th i s  c o s t  and 

schedule cover t o t a l  re furb ishment  and r e t u r n  t o  se rv i ce  f o r  TMI-2. 



6. CONCLUSIONS 

6.1 Contaminated Ai r . 
Release of radioactivity to the environment as a result. of the acci- * 

dent in TMI-2 was 1 imited to the atmosphere. The nobie gas release, 

primarily isotopes of xenon, total led between 2.4 mil 1 ion and 13 mi 11 ion 
Ci. Only a very small fraction of the iodine in-core inventory was 

released to the atmosphere (13 to 16 Ci). 

The successful retention of core-released iodine, dissolved in the 
reactur coolant ( a  1 imited amount in the Auxll iary Build irlg water), is 

attributed to replacement of the charcval fil tcr traps over the 2-week 

period from April 20 to May 3, addition of a supplemental off-gas fil- 

tration system, and capping of the exhaust stack. 

6.2 Contaminated Water 

6.2.1 Low-activity-level water 

From April 11 through June 6, 103,500 gal of slightly contaminated 

LALW was treated by the Epicor-I process. The treated water was subse- 

quently released to the Susquehanna River. 

6.2.2 Intermediate-activity-level water 

There is approximately 279,0110 gal of IALW currer~lly in storage. 

Although secure in storage, the IALW represents a potentially mobile 

source of radioactivity; therefore, this water should be processed. 

Annther advantage to be gained from processing the IALW is the resul- 

tant lower expusures to personnel who must work in  the Unit 2 A ~ r x i l  iar.y 

Bu.1 ld i~rg .  Processing wi 1 1  be accompl ished using the Epicor-I I process. 
Because NRC has evaluated the Epicor-I1 process and concluded t h a t  

it will not affect the qua1 ity of the human environment, an Fnvironmental 

Impact Statement need not be prepared. [Keferer~ce f o r  this decision is 
10 CFR 51.5(c).] I 

High-act ivi~ty-level water ..,., ..- 

The HALW, from the primary cool ant loop and reactor containment, 

requires special treatment because of its high radioactivity levels and 

- * 
Some radioactivity (0.24 Ci 13'1) was released to the Susquehanna River. 



excessive i o n i c  content ,  e s p e c i a l l y  bora te  and sodium. I f  t h e  r e a c t o r  

system i s  t o  be recovered, t h e  HALW must be processed. CNSI, w i t h  t h e  

a i d  o f  A l l i e d - ~ e n e r a l  Nuclear Services, has developed. a process f lowsheet  

t h a t  takes i n t o  account t h e  unique na tu re  o f  t h e  f l u i d .  Process t e s t s ,  

based on t h e  ac tua l  HALW, were conducted i n  an ORNL ho t  c e l l .  

6.3 Rad ioac t ive  S o l i d  Waste 

3 Over t h e  nex t  24 months, approx imate ly  60,000 t o  70,000 ft o f  

so l . id  waste w i l l  be generated from t h e  t reatment  o f  l i q u i d  wastes and 

decontaminat ion o f  b u i l d i n g s  ( n o t  i n c l u d i n g  t h e  Containment B u i l d i n g ) .  

A pr imary sou rce 'o f  waste w i l l  he sorbents, both i no rgan i c  and organic ,  

which remove t h e  f i s s i o n  products f rom contaminated water.  

A so l id -waste  s tag ing  area w i l l  be r e q u i r e d  as a b u f f e r  zone be- 

tween waste generat ion o n - s i t e  and waste shipment t o  b u r i a l  s i t e ( s ) .  

A temporary ' i n t e r i m  storage f a c i l i t y  i s  under cons t ruc t i on ,  and a more 

permanent one i s  i n  t h e  f i n a l  stages o f  design. 

6.4 F a c i l i t y  Decontamination 

Since the  exact  na tu re  o f  c o n d i t i o n s  w i t h i n  containment i s  unknown 

and no r e e n t r y  has y e t  been attempted, t h e  i n fo rma t i on  conta ined i n  t h i s  

r e p o r t  on the  f a c i l i t y  decontaminat ion and recovery i s  n o t  f ' inal and 

cou ld  change. Samples o f  contaminat ion and r a d i a t i o n  surveys have pro-  

v ided most o f  t h e  a v a i l a b l e  i n fo rma t i on .  Valuable experience has been 

gained d u r i n g  decontaminat ion o f  t h e  D iese l  Generator, A u x i l i a r y ,  and 

Fuel Handl ing Bu i ld ings .  

Reduction o f  t h e  containnlent r a d i a t i o n  l e v e l s  i s  r e q u i r e d  be fore  

people w i l l  be a l lowed t o  reenter .  Remote decontaminat ion should reduce 

contaminat ion and t h e  r e s u l t i n g  r a d i a t i o n  f i e l d  t o  t h e  l e v e l  whereby 

personnel can begin hands-on decontaminat ion. 

The containment atmosphere must be t r e a t e d  be fo re  i n i t i a l  r e e n t r y  
3 3 3 * t o  remove t r i t i u m  ( H, probably  i n  t h e  form o f  H2 and H20 ) and 85~r .  

The bes t  method f o r  c o n t r o l  o f  t h i s  p o t e n t i a l  l y  hazardous concen t ra t i on  

* 
The normal molecular  t r i t i u m - b e a r i n g  compound w i l l  a c t u a l l y  con ta in  one 
atom of triti m and one atom o f  normal hydrogen; thus, t h e  compounds w i l l  Y be 3 ~ - 1 ~  and H - 0 - 1 ~ .  Th i s  i s  due t o  t h e  overwhelming m a j o r i t y  o f  normal 
atoms ( 1 ~ )  over  t r i t i u m  atoms ( 3 ~ ) .  



o f  r a d i o a c t i v i t y  i s  f i  1 t r a t i o n  and c_ontrol l e d  re l ease  t o  t h e  atmosphere 

o v e r  about a 2-month pe r i od .  A l l  re leases  w i l l  comply w i t h  r e l ease  

t e c h n i c a l  s p e c i f i c a t i o n s  (10 CFR 50, Appendix I ) .  

Equipment and systems must be p r o t e c t e d  f o r  con t inued  sa fe  shu t -  

down o f  TMI-2 and conta inment  decontaminat ion.  P r o t e c t i o n  w i l l  be 

accompl ished by p rope r  s e l e c t i o n  and use o f  chemicals,  a d m i n i s t r a t i v e  

c o n t r o l  th rough  p r e v i o u s l y  approved procedures, phys i ca l  cover ings ,  and 

long- te rm wet - layup  f o r  ma jo r  components (such as t h e  steam gene ra to r s ) .  

6.5 Recommissioning 

The ma jo r  u n d e r l y i n g  i i s s ~ l ~ ~ l g t i o n  i s  t h a t  there w i l l  be no p o l i t i c a l  

o r  1 egal  problems assoc ia ted  w i t h  r e fu rb i shmen t  and re1  i c e n s i n g  TMI-2, 

and t h a t  no p o l i t i c a l  o r  l e g a l  problems w i l l  de lay  t h e  schedule o r  add 

t o  t h e  cos t .  

A t o t a l  o f  9 m i l l i o n  ga l  o f  r a d i o a c t i v e  l i q u i d  waste may have t o  be 

processed and conver ted  i n t o  s o l i d  waste f o r  disposal :  About 400,000 
3 f t  o f  d ry ,  compacted waste i s  expected t o  be generated from decontami- 

n a t i o n  and equipment d iscards .  

Commercial o p e r a t i o n  o f  TMI-2 c o u l d  resume as soon as 42 months 

a f t e r  r e e n t r y .  Cost i s  es t imated  t o  be between approx imate ly  $250 

m i l l i o n  t o  $300 m i l l i o n .  
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