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Various methods were evaluated t o  remove t h e  r e s i n  and d e b r i s  f rom t h e  makeup 

and p u r i f i c a t i o n  demineral i z e r s .  There a r e  two p r e f e r r e d  concepts. The 

e x i s t i n g  waste d i sposa l  system should be u t i l i z e d  i f  some contaminat ion o f  

c u r r e n t l y  c lean l i n e s  i s  acceptable. A s k i d  mounted, temporary, upf low/  

downflow system should be u t i l i z e d  i f  t h e  deminera l i zers  and associated p i p i n g  

are t o  be cleaned t o  the maximum e x t e n t  p r a c t i c a b l e  w i t h  minimum contaminat ion 

o f  t h e  e x i s t i n g  system. Both methods p rov ide  f o r  removal o f  complex organ ic  

compounds from the  e f f l u e n t  and e l u t i o n  o f  Cesium f rom t h e  r e s i n .  The r e s i n  

and deb r i s  w i l l  be d i l u t e d  w i t h  concrete t o  be disposed o f  i n  accordance w i t h  

10CFR61 b u r i a l  1  i m i t s .  



1.0 INTRODUCTION 

1.1 OB JECTI VE 

This  s tudy  evaluates op t i ons  f o r  removing r e s i n s ,  f u e l ,  and d e b r i s  f rom t h e  

p ressu r i zed  water make-up and p u r i f i c a t i o n  deminera l i zers  MU-K-1A and - lB. 

The method o f  remova 1  must accompl i sh t h e  f 01 low ing  f u n c t i o n s  : 

1. Remove complex organ ic  compounds f rom the  demi n e r a l  i z e r  p r i o r  t o  r e 1  eas i  ng 

t h e  e f f l u e n t  t o  t h e  submerged demine ra l i ze r  system. 

2 .  E l u t e  o r  r i n s e  t h e  1 3 7 ~ s  f rom t h e  demine ra l i ze r  and i t s  con ten ts  t o  

min imize t h e  a c t i v i t y  o f  t h e  waste p roduc ts  p r i o r  t o  t h e i r  removal. 

3. M in imize  f u e l  f i n e  contaminat ion  o f  t h e  SDS p r e f i l t e r s .  

4. Remove, package and d ispose o f  t h e  demine ra l i ze r  con ten ts  as comnerc ia l  

wastes. 

5. F lush  t h e  system. 

Various approaches have been considered f o r  r e s i n  removal as descr ibed i n  

Reference 1. Numerous a c t i v i t i e s  d i r e c t e d  a t  assessing t h e  conten ts  o f  t h e  

demine ra l i ze r  r e s u l t e d  i n  t h e  est imates shown i n  Table 1. Los Alamos N a t i o n a l  

Labora tory  has made independent f u e l  assessments o f  t h e  demine ra l i ze rs  and 

concluded t h a t  t h e  maximum conta ined i n  "Au i s  15.5 I b s  and i n  "BM i s  1.6 Ibs .  

Apparent ly  shr inkage of t h e  r e s i n  bed has occurred. The shr inkage observed i s  

approx imate ly  t h a t  produced i n  P a c i f i c  Northwest Labo ra to ry  (PNL) experiments 

a t  1.7 x  lo9 rads,  i .e. -56%. V i sua l  observa t ions  by  GPU have shown t h a t  

t he  "A"  demine ra l i ze r  con ta ins  a  d r y  caked r e s i n  and d e b r i s  bed w h i l e  t h e  "B" 

demine ra l i ze r  i s  approx imate ly  h a l f - f u l l  o f  h i g h l y  r a d i o a c t i v e  water,  r e s i n  

and debr is .  



TABLE 1 

ESTIMATED DEMINERALIZER LOADINGS 
BASED UPON MID-OCTOBER 1982 CHARACTERIZATIONS 

AND APRIL 1983 SAMPLING OPEKATIONS 

I n i t i a l  A V e s s e l  B Vessel 

1. Res in  

Volume, f t 3 50 22 2 2 

Weight, I b  2,139 1,025 1,025 

137~s ,  c i  0 3,500 7,000 

2. L i q u i d  
I 

volume, ft' 44 

Weight, I b  - 2,746 

3. Deb r i s  

Core Debr is ,  l b  

i37~s, c i  
134~s .  c i  
l o 6 ~ u ,  c i  
144~e,  C i  

lZ5sb,  C i  

TRU, C i  

4. Gas 

Volume, ft 3 

l'emp, Oi- 

Pressure, p s i g  

( a )  a a c t i v i t y  o n l y  



A s tudy by Westinghouse Hanford evaluated i n t e g r a t e d  doses a t  c e r t a i n  equipment 

l o c a t i o n s  w i t h i n  t h e  I1Al1 demine ra l i ze r  c u b i c l e .  Resu l ts  o f  t h i s  e v a l u a t i o n  are  

shown i n  Table 2. O f  p a r t i c u l a r  concern f o r  r e s i n  removal were the  c o n d i t i o n  

o f  t h e  va lves associated w i t h  t h e  r e s i n  f i l l  and s l u i c e  l i n e s .  The t a b l e  shows 

t h a t  dose r a t e s  have no t  reached t h e  range where o p e r a t i o n  would be a f fec ted .  

Dose r a t e s  were es t imated  f rom r a d i a t i o n  surveys and ex t rapo la ted  back t o  t h e  

acc ident  based on GPU est imates o f  i s o t o p i c  concent ra t ions  t o  e s t a b l i s h  i n t e -  

g ra ted  doses. If, as est imated,  t h e  "B" c u b i c l e  con ta ins  t w i c e  t h e  a c t i v i t y  

i n  approx imate ly  t he  same 1  ocat ion,  i n t e g r a t e d  doses w i  11 approach t w i c e  t h e  

va luc  shown f o r  t h e  I1A1' c u b i c l e .  Sampling crper-aliur~s ,111 April 1983 demon- 

s t r a t e d  t h a t  t h e  r e s i n  f i l l  l i n e  va lves  i n  b o t h  c u b i c l e s  would open u s i n g  

normal c o n t r o l s .  

The amount o f  deb r i s  i n  t h e  l i n e s  l ead ing  t o  each demine ra l i ze r  i s  somewhat' 

unce r ta in .  Letdown f l o w  has been c i r c u l a t e d  subsequent t o  t h e  acc ident  t h r o u g h .  

t h e  l i n e  which bypasses t h e  demine ra l i ze rs  and t h e i r  i n l e t  f i l t e r s .  F lush ing  

ope ra t i ons  were performed i n  October 1980. However, t he  makeup and p u r i f i c a -  

t i o n  f i  l t e r s  and demine ra l i ze rs  have been i s o l a t e d  f o r  an extended p e r i o d  o f  

t ime. Resin sampling ope ra t i ons  conducted i n  March and A p r i l ,  1983, through 

t h e  r e s i n  f i  11 l i n e s ,  removed s tand ing  water.  Gas sampl ing opera t ions  o f  bo th  

deminera l i zers  were conducted i n  February 1983, u s i n g  t h e  normal i n l e t  and 

o u t l e t  l i n e s .  The demine ra l i ze rs  were subsequent ly  purged w i t h  n i t r o g e n .  Gas 

genera t ion  rate'.measurements a re  planned t o  be measured i n  t h e  near f u t u r e .  

1.3 SCOPE 

Various op t i ons  f o r  removal o f  r e s i n  and d e b r i s  a re  i d e n t i f i e d  i n  t h i s  s tudy.  

The t h r e e  op t i ons  which were considered t o  b e s t  meet t h e  t e c h n i c a l  o b j e c t i v e s  

are evaluated i n  d e t a i l .  Each o p t i o n  i nc ludes  design, f a b r i c a t i o n  and i n s t a l -  

l a t i o n  of  equipment; t r a i n i n g  and opera t ion ;  and packaging, sh ipp ing  and 

d l sposa l  . 



TABLE 2 

COMPONENT STATUS - "A" CUBICLE 

"A" CUBICLE INTEGRATED 
CURRENT DOSE DOSE, 

E q u i p m e n t  # USE RATE, R/HR 1 0 7  RADS PROGNOSIS 

MU-111A, GRINNEL RESIN F I L L  VALVE 5 1 0  8.3 NORDELL DIAPHRAGM 
PROBABLY USABLE 

MU-RSA, CROSBY PRESSURE RELIEF 4 0 0  6 .6  METAL OR BUNA-N 
SEAT - ACCtIJIHBLt 

MU-V1116A, VELAN GAS VENT 5 3 0  8 .7  PROBABLY ACCEPTABLE 

MU- 217A, VELAN GAS VENT 5 1 0  8.3 PROBABLY ACCEPTABLE 

MU-V192A, VELAN L I Q U I D  SAMPLE TAP 5 0 0  8.1 PROBABLY ACCEPTABLE 

MU-V194B, VELAN AP L i n e  

MU-V194A, VELAN AP L i n e  

6 5 0  10.5 PROBABLY ACCEPTABLE 

2 5 0  4.2 PROBABLY ACCEPTABLE 

MU-V193A, VELAN L I Q U I D  SAMPLE TAP 3 0  0 5 .1  PROBABLY ACCEPTABLE 

MU-V108A, GRINNEL RESIN SLUICE 6 5 0  10.5 PROBABLY ACCEPTABLE 

MU-V238A, GRINNEL RESIN SLUICE 

MU-V240A, VELAN DRAIN L I N E  

6 0 0  9.9 PROBABLY ACCEPTABLE 

3 0 0  5 .1  PROBABLY ACCEPTABLE 

MU-V109A, VELAN DRAIN L I N E  30  0 5.1 P R O B A ~ ~ Y  ACCEPTABLE 

B&W MU-8 P I - 1  DIFFERENTIAL 2 0 0  3. PROBABLY ACCEPTABLE 
PRESSURE SWITCH 
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1.4 CRITERIA 

Var ious t e c h n i c a l  and non- techn ica l  c r i t e r i a  were es tab l i shed  f o r  t h e  purpose 

o f  eva lua t i ng  t h e  a1 t e r n a t i v e s .  These c r i t e r i a  a re  descr ibed below. The 

e v a l u a t i o n  o f  each a l t e r n a t i v e  has been based upon t h e  assumption t h a t  t h e  

waste w i l l  be d i l u t e d ,  where poss ib le ,  f o r  comnercial  d i sposa l  i n  accordance 

w i t h  t h e  standards es tab l i shed  by  10CFR61. 

1.4 ..l Cost 

Each a l t e r n a t i v e  has been evaluated on a  t o t a l  cos t  bas is ,  i .e., t h e  cos t  o f  

design, f a b r i c a t i o n ,  i n s t a l l a t i o n ,  implementat ion, removal, shipment and d i s -  

posal .  The est imated cos ts  o f  equipment and manpower requi rements a re  based 

upon conceptual  t e c h n i c a l  s tud ies .  Consequently, o n l y  a  r e 1  a t i v e  c o s t  

comparison i s  made. 

1.4.2 Schedule 

For t h e  purposes o f  t h i s  s tudy  it has been assumed t h a t  a l l  e f f o r t s  t o  remove 

t h e  r e s i n  and d e b r i s  w i l l  be performed on a  non - in te r fe rence  b a s i s  w i t h  o t h e r  

recove ry  e f f o r . t s .  The goa l  . i s  t o  have t h e  r e s i n  and d e b r i s  removed f rom t h e  

demi nera 1  i z e r s  by 1  a t e  1954. 

1.4.3 Space A l l o c a t i o n  

Equipment t o  remove t h e  r e s i n  and d e b r i s  must be loca ted  i n  areas where assem- 

b l y ,  ope ra t i on  and removal a c t i v i t i e s  w i l l  n o t  c o n f l i c t  w i t h  o t h e r  TMI-2 

recovery  a c t i v i t i e s .  T i e - i n  p o i n t s  and p i p i n g  runs must be access ib le .  

I n t e r i m  storage l o c a t i o n s  f o r  removed r e s i n  must be a v a i l a b l e  t o  a l l o w  

decoupl ing o f  t h e  r e s i n  removal process f rom sh ipp ing  turnaround cyc les .  



Fuel /Rad i oac t i v i t y  Remova 1  

The c a p a b i l i t y  o f  each approach t o  remote r e s i n ,  f u e l ,  and d e b r i s  f r om t h e  

makeup and p u r i f i c a t i o n  demineral  i z e r s ,  and a l s o  leave o t h e r  TMI-2 systems 

clean, i s  evaluated f o r  each approach. 

1.4.5 Technica l  and Opera t iona l  Risk 

Several  r i s k s  are i nhe ren t  i n  t h e  a l t e r n a t i v e s  t o  be evaluated:  

A. The c o n d i t i o n  o f  t h e  demine ra l i ze r  con ten ts  has been assessed b y  WHC, GPU 

and ORNL. These t e s t s  have p rov ided  much data, b u t  u n c e r t a i n t i e s  about 

r e s i n  s l u i c a b i l i t y ,  l i q u i d  o rgan ic  compound content ,  r e s i n  e l u t i o n  capa- 

b i l i t y ,  and f u e l  con ten t  cause any removal system concept t o  have some 

r i s k  o f  n o t  succeeding. 

B. Some r e q u i r e d  p l a n t  systems o r  equipment have n o t  been o p e r a t i o n a l  f o r  

over f o u r  years. These systems, i n  v a r y i n g  degrees, w i  11 have t o  be made 

ope ra t i ona l  f o r  any r e s i n  removal system t o  operate e f f e c t i v e l y .  

Exposure ( Man-Rem) 

Exposure can occur du r i ng  equipment i n s t a l l a t i o n ,  ope ra t i on  o r  equipment 

removal. A l though r a d i a t i o n  surveys o f  each t i e - i n  p o i n t  have no t  been spec i -  

f i c a l l y  made, genera l  area surveys have been u t i l i z e d  t o  p i c k  t i e - i n  l o c a t i o n s  

w i t h  low exposure. A l l  o f  t he  systems under c o n s i d e r a t i o n  would be sh ie lded  

t o  a l l o w  r o u t i n e  access d u r i n g  opera t ion .  Therefore t h e  degree o f  exposure i s  

p r i m a r i l y  d i c t a t e d  by t h e  amount o f  temporary p i p i n g  and equipment which must 

be subsequent ly  d  isassembled and prepared f o r  d i sposa l .  Exact Man-Rem values 

have no t  been ca l cu la ted ,  bu t  r e l a t i v e  exposure amounts can be assessed. 



1.5 APPROACH 

There are va r i ous  approaches t o  t h e  r e s i n  and d e b r i s  removal problem, w i t h  

a l t e r n a t i v e  methods o f  accompl ishing each approach. The th ree  most p rom is ing  

approaches are l i s t e d  below: 

Approach A I n s t a l l  a  hydro-mechanical dev ice  i n t o  t h e  demine ra l i ze r  th rough 

t h e  r e s i n  f i l l  l i n e .  Remove t h e  conten ts  t o  a  con ta ine r  f o r  

dewater ing and subsequent shipment. 

Approach B U t i l i z e  t h e  e x i s t i n g  waste d i sposa l  system by s l u i c i n g  t h e  

demine ra l i ze r  con ten ts  t o  t h e  spent  r e s i n  s to rage tank  WDS-T-1B 

and then t r a n s f e r r i n g  the  conten ts  t o  a  p o r t a b l e  c o n c r e t i n g  

system. 

Approach C I n s t a l l  a  temporary p rocess ing  system which w i  11 c a r e f u l l y  con- 

t r o l  each removal ope ra t i on .  Resin and d e b r i s  a re  removed t o  

an i n t e r i m  storage c o n t a i n e r  then subsequent ly  t r a n s f e r r e d  t o  a  

p o r t a b l e  c o n c r e t i  ng system. 



SECTION 2.0 

2.0 RECOMMENDATION 

Two methods o f  removing r e s i n  and d e b r i s  f r om t h e  make-up and p u r i f i c a t i o n  

deminera l i zers  are considered t o  be p r e f e r r e d  concepts. The e x i s t i n g  waste 

d i sposa l  system should be u t i l i z e d  if some contaminat ion o f  c u r r e n t l y  c l e a n  

l i n e s  i s  acceptable. A s k i d  mounted, temporary, up f  low/downf low system shou ld  

be u t i l i z e d  i f  t h e  demine ra l i ze rs  and associated p i p i n g  are t o  be cleaned t o  

t he  maximum e x t e n t  p r a c t i c a b l e  w i t h  minimum contaminat ion  o f  t h e  e x i s t i n g  

system. Both o f  these recomnended a l t e r n a t i v e s  w i  11 accomplish t h e  f u n c t i o n s  

l i s t e d  i n  Sec t ion  1.1. U t i l i z a t i o n  o f  t h e  e x i s t i n g  system can be accomplished 

a t  a low r e l a t i v e  cost  and t h e  s h o r t e s t  schedule w h i l e  c l ean ing  t o  t h e  maximum 

e x t e n t  p r a c t i c a b l e  w i t h  t h e  temporary upflow/downflow system i s  more expensive 

and has a longer  schedule. Both o f  these methods r e q u i r e  t h e  ope ra t i on  o f  

e x i s t i n g  va lves and c o n t r o l  systems. The cos ts  t o  make these o p e r a t i o n a l  have 

n o t  been considered s ince  it i s  assumed t h a t  these cos ts  would be i n c u r r e d  as 

a p a r t  o f  o t h e r  normal TMI-2 recovery  e f f o r t s .  

Table 3 p rov ides  a comparison o f  a l l  considered approaches aga ins t  t h e  c r i t e r i a  

descr ibed i n  Sec t ion  1.4. 



TABLE 3 

EVALUATION SUMMARY 

Wechanical 
Tank Remova 1 

Chemi ca 1 
Treatment 

Hydro/ 
Kechan ica l  

E x i s t i n g  
System 

COST SCHEDULE 

Highest .  Need Grea te r  than 
t o  r e p l a c e  tanks.  24 MOS 

H igh  

Low 

Grea te r  than 
24 NOS 

12-15 MOS 
t o  Resin 
Remova 1 

LOW t o  9-12 MOS 
Med i um t o  Resin Remova- 

S k i d  Mountsd High 
Upf low/ 
Downf 1 ow 

15-18 MOS 
t o  Resin Removal 

SPACE FUEL/RADIOACTIVITY 
ALLOCATION REMOVAL 

No I n t e r i m  
Storage Ava i 1 . 

Not Eva luated May Leave Some 
Debr i s  i n  Tanks 

Equipment i n  H i t / M i s s  System 
Hays Gas Anal. w i  11 leave some 
Rm. (305'  E lev . )  d e b r i s  i n  tanks.  

P a r t i c l e  S ize  
L i m i t e d  

P o r t a b l e .  W i  11 c l e a n  tanks.  
Concrete Syst  . Drop-Out i n  Dead 
i n  Model Rm Legs W i l l  Cause 
(305'  E lev . )  Hot Spots i n  

C u r r e n t l y  Clean 
P i p i n g  

S k i d  i n  Hays Gas Best :  W i l l  Clean 
Anal. Rm (305 Tanks and S l u i c e  
E lev . )  o r  Outs ide L ine.  May Clean 
Make-Up Pump Rm I n l e t  and L a t e r a l s  
(280'6" Elev.) .  
P o r t a b l e  Concrete 
Syst. i n  Model Rm 
(305' E lev . )  

TECHNICAL/ 
OPERATIONAL RISK 

Very High. May 
Not Be Able t o  
Get Tanks O f f  
I s l a n d  

Very High . 
Complex Tem- 
p e r a t u r e  and 
Chemical 
Con t r o  1 s 

Requires design, 
f a b r i c a t i o n  and 
t e s t  o f  new 
equipment . 

Some chance o f  
p l u g g i n g  s l u i c e  
l i n e .  H igh 
t e c h n i c a l  r i s k  
f o r  TRU measure 
dev i ce . 
Low o p e r a t i o n a l  
r i s k  i f  s l u i c -  
ab le .  H igh 
t e c h n i c a l  r i s k  
f o r  TRU measure 
device.  

EXPOSURE 

Very High 

Moderate 

Moderate 

Lowest i f  
l i q u i d  a c t i v i t y  
reduced o r  1 o c a l  
s h i e l d i n g  added 
i n  access areas.  

Moderate. Long 
Runs o f  Contam- 
i n a t e d  P i p e  
Require D i s p o s a l  



SECTION 3.0 

EVALUATION 

Various approaches t o  r e s i n  removal were evaluated b y  West inghouse Hanford Co. 

An overview i s  g iven  o f  t h e  approaches which were judged t o  be unacceptable 

d u r i n g  t h e  i n i t i a l  conceptual  des ign s tud ies .  A more d e t a i l e d  e v a l u a t i o n  i s  

presented o f  t h e  t h r e e  approaches d iscussed i n  Sec t i on  2.0. 

3.1 PHYSICAL TANK REMOVAL 

Remova1,of t h e  demine ra l i ze r  tanks  i n  sh ie lded  con ta ine rs  was eva lua ted  b u t  

was e l i m i n a t e d  e a r l y  i n  t h e  design process. The h i g h  r a d i a t i o n  dose r a t e s  i n  

t h e  demine ra l i ze r  c u b i c l e  would make access p o s s i b l e  o n l y  by  remote means. 

Pipes would have t o  be severed and capped, w a l l s  penetrated,  s h i e l d i n g  and 

t r a n s p o r t a t i o n  devices designed, f a b r i c a t e d  and tes ted .  It was concluded t h a t  

personnel exposures would be h i g h  and b u i l d i n g  ope ra t i ons  seve re l y  r e s t r i c t e d  

because o f  t h e  h i g h  p o t e n t i a l  f o r  contaminat ion.  

Costs would be h igh  s ince  tank replacement and s i g n i f i c a n t  b u i l d i n g  mod i f i ca -  

t i o n  would be requ i red .  A s p e c i a l  i n t e r i m  storage area would have t o  be con- 

s t r u c t e d  o n - s i t e  because o f  the  h i g h  a c t i v i t y  1  evels .  T r a n s p o r t a t i o n  o f f - s i t e  

i s  p robab ly  n o t  p o s s i b l e  w i t h o u t  reduc ing  t h e  a c t i v i t y  o f  t h e  demine ra l i ze r  

contents.  The s i g n i f i c a n c e  o f  these problems l e d  t o  t h e  conc lus ion  t h a t  

removal i s  n o t  t e c h n i c a l l y  v i a b l e .  

3.2 IN-SITU TREATMENT 

Four areas o f  i n - s i t u  t rea tment  were considered:  d i s s o l u t i o n ;  s o l i d i f i c a t i o n ;  

ac id  d iges t i on ;  and chemical o x i d a t i o n / d i s s o l u t i o n .  O f  these, chemical 

o x i d a t i o n / d i s s o l u t i o n  was deternlined t o  be  t h e  most f e a s i b l e .  

Labora tory  sca le  t e s t s  showed t h a t  the  most p romis ing  r e s i n  o x i d a t i o n /  

d isso  l u t i o n  process was t h e  i r on -ca ta  l yzed , hydrogen pe rox ide  system. The 



hydrogen pe rox ide  reverses  t h e  po l ymer i c  process and breaks up t h e  c ross-  

l inkages  t h a t  l i n k  t h e  r e s i n  monomers together .  Resin r e a c t i o n  parameters 

determine t h e  amount o f  degradat ion t h a t  occurs. Resin may mere ly  be degraded 

t o  f i n e  pumpable s o l i d s  o r  t h e  r e s i n  may be degraded t o  polymer chains smal l  

enough t o  comple te ly  d i s s o l v e  i n  t h e  ' r e a c t i o n  media. Several  WHC l a b  t e s t s  

were r u n  w i t h  encouraging r e s u l t s .  The r e s i n  was r a p i d l y  degraded a t  reason- 

ab le  temperatures (< - 9 0 ' ~ )  and concen t ra t i ons  ('< - 15% H202). The r a t e  appeared 

t o  be c o n t r o l l a b l e  by  man ipu la t i ng  temperature and concent ra t ion .  However, 

t h i s  system may have d i f f i c u l t i e s  c o n v e r t i n g  mel ted o r  char red  r e s i n  because 

o f  t h e  r e a c t i o n  mechanisms. . I 

Use o f  concentrated sodium h y p o c h l o r i t e  s o l u t i o n  (12-15% c h l o r i n e )  was a l s o  

i nves t i ga ted .  Sodium h y p o c h l o r i t e  appa ren t l y  breaks up monomer chains as w e l l  

as c ross- l inkages .  I t  w i l l  a lso  r e a c t  w i t h  carbonized r e s i n  (e lementa l  c a r -  

bon). However, t h e  o v e r a l l  r e a c t i o n  r a t e  f o r  t he  sodium h y p o c h l o r i t e  system 

was s u b s t a n t i a l l y  s lower than f o r  t h e  corresponding hydrogen p e r i o x i d e  system. 

I f  t h e  r e s i n  i s  considered f u l l y  degr,aded and carbonized, then a  h i g h  tempera- 

t u r e  d i s s o l u t i o n  such as s u l f u r i c - n i t r i c  a c i d  a t  about 2 5 0 ' ~  (480 '~ )  i s  

p re fe r red .  I f  t h i s  seems too  d i f f i c u l t  then the  low temperature sodium hypo- 

c h l o r i t e  d i s s o l u t i o n  should be considered w i t h  p r o v i s i o n  f o r  l e n g t h l y  d i g e s t i o n  

tirnes and l o t s  o f  l i q u i d  reac tan t .  

The r e s u l t s  o f  t h e  r e s i n  c h a r a c t e r i z a t i o n  program i n d i c a t e d  t h a t  t h e  demin- 

e r a l i z e r  contents would most l i k e l y  be s l u i c a b l e .  Also, t h e r e  was a  major  

concern t h a t  l i q u i d  wastes would n o t  be compat ib le  w i t h  SDS. Therefore,  t h i s  

approach was n o t  g iven  f u r t h e r  cons ide ra t i on .  

3.3 HYDROMECHANICAL SYSTEM 

The hydro~nechan i c a l  system prov ides  f o r  t h e  removal o f  complex o rgan i c  com- 

pounds f rom the  demine ra l i ze r  e f f l u e n t  p r i o r  t o  sending t h e  e f f l u e n t  t o  t h e  

SDS and EPICOR-I1 water  t rea tment  systems. The hydromechanical removal system 

a l s o  p rov ides  f o r  e l u t i o n  o f  t h e  r e s i n  bed w i t h  chemicals and processed water 



t o  remove 1 3 7 ~ s  p r i o r  t o  t r a n s f e r r i n g  t h e  r e s i n  and d e b r i s  t o  t h e  sh ipp ing  

conta iners .  The concept uses a  h i g h  v e l o c i t y  water stream t o  breakup t h e  r e s i n  

bed. A s u c t i o n  hose i s  used t o  remove t h e  r e s i n  and deb r i s .  Waste i s  shipped 

i n  a  dewatered form. F i n a l  steps i n  t h e  process a re  a  f l u s h i n g  o p e r a t i o n  w i t h  

a  h i g h  pressure water  lance  and a  r i n s i n g  ope ra t i on  w i t h  deminera l i zed  water  

t o  wash r e s i d u a l  r e s i n  and d e b r i s  from the  i n t e r i o r  su r face  o f  t h e  demin- 

e r a l i z e r  vessel .  The i n d i v i d u a l  s teps  o f  t h e  process are  as f o l l o w s :  

3.3.1 Removal Procedure 
- 

Step 1. Remove Complex Compounds and Cesium (See F igu re  1 )  

Water i s  added t o  t h e  demine ra l i ze r  and a  n i t r o g e n  sparge i s  i n i t i a t e d  t o  

break-up t h e  r e s i n  bed. Water c o n t a i n i n g  e luen ts  i s  added t o  t h e  deminera l -  

i z e r .  A f t e r  t h e  bed has s e t t l e d ,  l i q u i d  i s  removed ve ry  s l o w l y  ( l e s s  than 

5 gpm) through t h e  s u c t i o n  hose and pumped th rough t h e  sh ipp ing  c o n t a i n e r  and 

charcoal  f i l t e r .  The charcoal  f i l t e r  w i l l  cap tu re  any complex o rgan i c  com- 

pounds p r i o r  t o  t h e  e f f l u e n t  being sen t  t o  t h e  r e a c t o r  c o o l a n t  b leed hold-up 

tanks f o r  subsequent p rocess ing  by  SDS and EPICOR 11. The f i l l ,  sparge, and 

d r a i n  sequence i s  repeated u n t i l  no f u r t h e r  r e d u c t i o n  i n  gamna r a d i a t i o n  i s  

noted i n  t h e  deminera l i zers .  

Step 2. Remove Resin and Debr is  (See F igu re  2 )  

A water lance  and the  s u c t i o n  hose are in .ser ted t o  t h e  su r face  o f  t h e  r e s i n  

bed. The bed i s  a g i t a t e d  b y  t h e  h i g h  pressure  (approx. 1000 p s i )  water  lance  

and n i t r o g e n  sparg ing.  Resin and d e b r i s  a r e  removed through the  s u c t i o n  hose 

i n t o  t h e  sh ipp ing  con ta ine r .  A 10 mic ron  f i l t e r  separates t h e  r e s i n  f rom t h e  

e f f l u e n t  which f l o w s  through t h e  charcoa l  bed c o n t a i n i n g  a  1 micron  f i l t e r .  

The lance and suc t i on  hose are moved about u n t i  1  no f u r t h e r  r e s i n  and d e b r i s  

are observed i n  t h e  removal l i n e .  Deminera l i zer  tank i n t e r i o r  c l e a n l i n e s s  i s  

v i s u a l l y  checked w i t h  f i b e r  o p t i c s  equipment. 
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Step 3. Final Flush of Demineralizer (See Figure ,3) 

By inserting the suction hose to  the bottom of the tank while rais ing and 

lowering the water lance, the walls of the demineralizer can be cleaned. The 

success of t h i s  operation can be verified by use of the  f i b e r  optics.  

Step 4. Shipping Container Change-out 

Since the demineralizer contents exceed the  volume of the  shipping container 
(modified SDS l i n e r ) ,  several shipping containers will be required fo r  each 
demineralizer. When the shipping container i s  found to  be f u l l ,  i t  will  be 
backflushed with nitrogen, a check will be made on resin level,  and then an 
empty container will be instal led.  

This procedure i s  based upon the assumption tha t  the resin i s  shipped for  dis-  
posal in a dewatered s ta te .  The resin could a l so  be sol idif ied in concrete by 

u t i l iza t ion  of the systems described l a t e r  in t h i s  study. 

3.3.2 Advantages and D i sadvan taqes 

The hydromechanical system has the following advantages and disadvantages: 

Advantages 

1. The required equipment (including temporary piping) i s  minimal; therefore,  
cost i s  re la t ive ly  low. 

2. Equipment i s  small in s i ze ;  therefore,  a l l  items could be 'located in the  

Hays gas anal.yzer room without removing knock out walls and instrumenta- 
t ion. The a b i l i t y  to  place a l l  process equipment in the  Hays gas analyzer 
room eliminates possible interference with other clean-up operations a t  
TMI-2. 

3. Tie-in points to existing piping system are readi ly accessible. 
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Disadvantages 

1. System opera tors  cannot see t h e  r e s i n  bed o r  t h e  p o s i t i o n  of t h e  lance. 

The process w i l l  be very  t ime consuming ( h i t  and miss)  w i t h  regard  t o  

r e s i n  and deb r i s  removal. A F iberscope w i l l  be r e q u i r e d  t o  i nspec t  t h e  

i n t e r i o r  o f  t he  deminera l i zer  v i s u a l l y  t o  determine progress o f  clean-up 

opera t ion .  

2. Resin and deb r i s  cannot be removed f rom t h e  3- inch diameter r e s i n  o u t l e t  

1 i ne a t  bottom o f  demi ne ra l  i z e r .  

3. Water l e v e l  o r  water volume i n v e n t o r y  system must be employed t o  assure 

t h a t  deminera l i zer  i s  n o t  o v e r f i l l e d  w i t h  r e s u l t a n t  s p i l l  o f  contaminated 

water  o u t  t h e  r e s i n  f i l l  l i n e .  

4. Requires use o f  e x i s t i n g  vent  l i n e s  f rom t o p  o f  deminera1"'izers t o  vent  

cover gas. The valves i n  these vent  l i n e s  may no t  be operable. 

5. There i s  a r i s k  t h a t  t h e  lance cou ld  ge t  hung-up and be imposs ib le  t o  

remove. 

Based upon t h e  above d iscuss ion  and t h e  GPU experiences d u r i n g  r e s i n  sampling, 

t h i s  approach i s  n o t  considered acceptable.  

3.4 TEMPORARY UPFLOW/DOWN FLOW REMOVAL SYSTEM 

The temporary upflow/downflow method o f  r e s i n  and deb r i s  removal i s  accomp- 

l i s h e d  i n  t h r e e  phases. Phase I prov ides  f o r  t h e  removal o f  complex o rgan ic  

compounds and cesium. Dur ing Phase I 1  t h e  r e s i n  and deb r i s  a re  removed t o  a 

t r a n s f e r  con ta ine r .  The r e s i n  and d e b r i s  are mixed w i t h  concrete f o r  sh ipp ing  

and d i sposa l  i n  Phase 111. The temporary upflow/downflow removal system pro-  

v ides f o r  c o n t r o l  o f  each aspect o f  t h e  removal process w i t h  a minimum con- 

taminat ion  o f  e x i s t i n g  TMI-2 p ip ing .  



3.4.1 Phase I (See Figure 4) 

Complex organic compounds and cesium are removed from each demineralizer by the 
addition of water (and chemicals, i f  necessary) through the normal out le t .  The 
resin bed i s  agitated by a nitrogen sparge. After the bed has se t t led  the 

water i s  removed, f i l t e r e d ,  and sent t o  the reactor coolant bleed hold-up tank. 

The water addition, agi ta t ion,  s e t t l i n g  and removal s teps are repeated unt i l  
the organic compounds and cesium are removed. All flows during t h i s  phase are 
a t  less  than 5 gpm to.minimize any carry-over of resin and debris. Should any 

carry-over occur, i t  will be captured by a 1 micron f i l t e r  and subsequently 
back-flushed into the demineralizer. 

3.4.2 Phase I1 (See Figures 5 & 6)  

Upon completion of Phase I ,  res in and debris removal can be in i t i a t ed .  The 
equipment to  accomplish th i s  phase can be located in the Hays gas analyzer 
room (305' elev .) or outside the make-up pump room (280'6" elev .). 

The recirculat ion pump i s  s tar ted t o  establ ish a f a s t  (120 gpm) flow r a t e  i n  

an upward direction through the de'mineralizer. Some resin and debris will  
overflow into the resin f i 11 1 i ne ( t e s t s  indicate approximately 700% expansion 
of resi.n bed). Resin and 1 arge par t ic les  of debris that  overflow w i  11 be 

collected in the resin t ransfer  container which includes built-in 100 mesh 
(150 micron) screen to re ta in  resin beads. Most debris (including fuel f ines )  
will s e t t l e  to  bottom of the resin t ransfer  container. Some fuel f ines  and 
debris smaller than 150 microns will  pass through the 100 mesh screen and will  
be recirculated through the demineralizer. This process continues unt i l  gamna 
radiation levels in the demineralizer cubicle s t ab i l i ze ,  which indicates that  
no additional resin i s  being transferred from the demi neral izer .  The remaining 
resin and debris must be removed by downflow. 

Downflow i s  in i t i a t ed  by lowering the water level in the 300 gallon surge tank. 

Water i s  then injected into the bottom of the demineralizer through the normal 

outline 1 ine" to  create a s lur ry  in the demineralizer. In paral le l  with t h i s  
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s tep ,  f a s t  upflow i s  in i t ia ted  to  c lear  the resin s lu ice  l ine  of res in  and 

debris upstream of valves MU-V108 and MU-V-238. Upflow and injection of demin- 
eralized water i s  secured when the water level in the surge tank approaches the 

high 1 eve1 a1 arm point. Imnedi a te ly  thereaf ter  f a s t  downfl ow i s  in i  t i  ated by 
changing valve positions and res ta r t ing  the recirculation pump. Fast downflow 
recirculation i s  continued until  a l l  resin and debris have been sluiced from 

the demi neral i zer. 

3.4.3 Phase I11 

When suf f ic ien t  resin and debris have been accumulated in the resin t ransfer  
container a recirculat ing s lurry i s  established between the temporary 'con- 
creting s ta t ion  in the model room (305' elev.) and the t ransfer  container (see 

Figure 7 ) .  The resin and debris are then transferred into the concreting con- 
ta iner  unt i l  e i ther  2200 Curies of a c t i v i t y  are accumulated or suf f ic ien t  
1 4 4 ~ e  to indicate that  the 100 nCi TRU/g 1 imit has been reached. The resin 

and debris are then dewatered and so l id i f ied  i n  concrete. Based upon the non- 

TRU ac t iv i ty  shown in Table 1, i t  i s  estimated that  6 l i ne r s  of approximately. 

60 cu. f t .  can accommodate the waste from both demineralizers. If  r insing or 
eluting the resin/debris bed i s  e f fec t ive ,  the number of containers could 
decrease. If shipment must be made t o  U .  S. Ecology, whose requirements are  
more s t r ingent  than 10CFR61, the number of containers may increase to  as many 

as 48. As each l iner  i s  so l id i f jed ,  i t  can be placed in an interim storage 
area, thus decoupling the resin removal process from the two week shipping 
cycl e . 

A GPU proposed al ternat ive 'concept (Figure 8 )  fo r  concreting the res in  and 
debris in 55 gallon drums and the loading s ta t ion  could be located a t  the 

north end of the 280' '6" level.  The recirculat ing s lu r ry  would be established 
between the t ransfer  container and the concreting s ta t ion .  A batch of s lur ry  
would be added to the conical shaped tank and allowed to s e t t l e .  Liquid would 

then be decanted from the solids.  This batching would be continued unt i l  the 
cone was f i l l e d  with sol ids  a t  which time the curie  and TRU content would be 

measured. Assurances would be made tha t  the end product would be within 
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10CFR61 l im i t s  pr.ior t o  re leas ing t h e  contents t o  the  55 gallon drum. Sol idi -  

f i c a t i on  would take place in the 55 gallon drum and t he  s o l i d i f i e d  waste would 
be placed in an interim storage area.  Approximately 50 drums are  required t o  
accommodate the  non-TRU a c t i v i t y  shown i n  Table 1. This could increase  t o  
about 390 drums i f  U .  S. Ecology l icense  l im i t s  f o r  TRU are  applied. 

3.4.4 Advantaqes and Disadvantages 

The temporary upflow/downflow system has the  following advantages and d i s -  

advantages: 

Advantages 

1. Allows control led t r ans f e r  of r e s i n  and debris  during f a s t  upflow. 

2. Minimizes r i sk  of plugging t he  r e s in  s l u i c e  l i ne  during f a s t  downflow. 

3. Does not contaminate t he  Waste Disposal System and assures the  c leanes t  
pl ant  condition of demi neral i z e r s  and associ ated p i  ping. 

Disadvantages 

1. New piping, tanks and associated equipment require  design, f ab r i ca t i on ,  
and t e s t i n g  which r e s u l t s  in  an extended schedule. 

b 

2. Rela t ively  high cos t s .  

3.  Removal of temporary piping and equipment has some Man-Rem exposure r i sk .  

4. The res in  and debr is  a re  assumed t o  be s lu icab le .  

5. A TRU measurement system must be des i gned , f abri cated , and t e s t ed .  



3.5 USE OF EXISTING SYSTEMS 

The demineralizer resin and debris can be removed u t i l iz ing  the ex is t ing  sys- 

tems f o r  resin sluicing. and so l id i f ica t ion .  This process again' consists of 
three phases with Phase I and I11 being as described previously in Section 3.4. 
Once cesium and complex organics have been removed, the resin and debris are 
sluiced to  the spent resin storage tank. The resin and debris can then be 
transferred in a s lur ry  . t o  a temporary concreting s tat ion in the model room a t  
the 305' elev. 

3.5.1 Removal Procedure (See Fiqure 9 )  

When the cesium and complex organics have been removed from the resin and 
debris,  they can be sluiced to  the . spent  resin storage tank as follows: 

Add n i trogen and demi nera 1 ized water to  demi neral izer  through the normal out 1 e t  
l ine to  generate a resin s lurry.  Then add demineralized water to  the  demin- 
e ra l i ze r  through the s luice l ine using the exis t ing connection to  the s lu ice  
l ine header. This will unpack resin in the  resin s lu ice  l ine upstream of 
valves MU-V108 and MU-V238. Monitor the pressure increase in the demineral izer  

unti 1 -  i t  reaches approximately 75 psig. Then secure the  water to  the  s lu i ce  
l ine and open the i n l e t  valve to  the spent resin storage tank WDS-T-1B. 
Attempt to  maintain 75 psig in the  demineralizer by th ro t t l i ng  nitrogen and 
demineralizer water valves. If the pressure goes to zero, the contents have 
been transferred to  the spent resin storage tank. If  the  pressure remains 
constant with MU-V114 and MU-V-292 shut and the s lu ice  l ine valves open, the 
s lu ice  1 i.ne i s  plugged. The estimated quantity of demineralized wate'r required 
to  s lu i ce . r e s in  and debris from each demineralizer i s  1200 gallons. 

Once the resin and debris are in the spent resin storage tank they can be 

transferred to  the concreting s tat ion.  Generate a s lur ry  by adding demineral- 
ized water and adding nitrogen. Vent gas -from spent resin storage tank t o  
waste gas system. Add water a t  a r a t e  of 50 gpm f o r  20 minutes (1000 gallons).  
The spent resin storage tank wi 11 now contain approximately 2200 gallons of 



MU-K-IAIBI 

- 
h A - MU-'1108 WDS-V125 

"" 
MU-V238 #L4 

? 'I  'Kq WATER WDS-V6OA 

1 
USE OF EXISTJNG-SYSTEM 
WITH A CONCRETE TYPE CONTAINER' 

v TO WASTE - 
GAS 

J. . : 

SYSTEM 1, 
SPENT RESIN 
STORAGE TANK 

WDS-T-1B 

WDS-V53 , 

WDS-.Vn 

SPENT RESIN 
TRANSFER PUMP - HEDL 8304-336.2 

FIGURE 9. Use  o f  E x i s t i n g  S y s t e m  



water (capacity i s  3861 gallons).  Continue to  sparge with nitrogen t o  maintain 

s lurry and then pump the s l u r r y  to  the temporary concreting  stem located in 
the model room through the existing piping intended for  t h i s  purpose. The 
so l id i f ica t ion .  process i s  as described in Section 3.4. 

3.5.2 Advantages and Disadvantages 

Uti l izat ion of the exis t ing systems has the following advantages and 

disadvantages : 

Advantages 
d 

1. Has the shortest  schedule for  resin removal. 

2. Ut i l izes  many normal TMI-2 procedures f o r  resin removal. 

3. Relatively low cost .  

D i s  advan t aqes 

1. Contaminates exis t ing clean piping, tanks and equipment. 

2. Assumes resin and debris are s luicable .  

3. Greater r isk of plugging s lu ice  l ine  since a l l  contents are removed a t  

once. 

4. A TRU measurement system must be designed, fabricated, and tested.  
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