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W. I). Bond, .J. B g  Knauer, and 1,. J. King 

A process  w a s  developed for removing radiocesium from t h e  two 
makeup and p u r i f i c a t i o n  demine ra l i ze r s  a t  1-2 which had been 
h igh ly  contaminated as a result o f  the acc iden t  i n  1979. Process  
cond i t ions  were e s t a b l i s h e d  i n  hot -ce l l  experiments u s ing  r e l a -  
t i v e l y  small s a m p l e s  of the contaminated and degraded resins from 
t h e  TML-2 dein lnera l izers  

The process  w a s  designed t o  e l u t e  the radLocesium from t h e  
demine ra l i ze r  r e s i n s  and then r e so rb  i t  anto t h e  z e o l i t e  i o n  
exchangers conta ined  i n  t h e  Submerged Demineralizer System (SDS). 
It w a s  a l s o  r equ i r ed  t o  l i m i t  t h e  maximum cesium actffv-ities i n  
t h e  r e s i n  e l u a t e s  (SDS feeds) BO t h a t  t h e  r a d i a t i o n  f i e l d  
sur rounding  t h e  p i p e l i n e s  would not be excess ive .  The process  
c o n s i s t e d  of 1 7  s t a g e s  o f  batch  e l u t i o n .  I n  t h e  i n i t i a l  s t a g e ,  
t h e  r e s i n  w a s  contac ted  wi th  0,18 b a r i c  a c i d .  Subsequent 
stages sub jec t ed  the  r e s i n  to inrreas2ng concen t r a t ions  of sodium 
i n  NaH2B03-8$303 s o l u t l m  ( t o t a l  boron = 0.35 I M; and 1 
hydroxide in t h e  ffnal s t a g e s ) .  

sodium 

Simulated SDS tests w i t h  small zeolite beds ( 2  I&) showed 
t h a t  t he  e l u a t e s  w e r e  compatible wi th  SDS process ing .  Cesium w a s  
e f f e c t i v e l y  sorbed ~ ~ 9 . ~ ~ ~ > ~  and be erformance w a s  una f fec t ed  by 
t h e  presence of r e l a t l v e l y  small q u a n t i t i e s  of s o l u b l e  o rgan ic  
r e s i n  deg rada t ioa  products  ( lo0  ts 200 ppm t o t a l  C> i n  t h e  e l u a t e s .  
A t t e m p t s  t o  remove the  s o l u b l e  o rgan ic  compounds by s o r p t i o n  on 
cha rcoa l  were unsuccess fu l ,  G l a r i f i r a t i o n  tests on ehe e l u a t e s  
showed t h a t  t h e  s m a l l  q u a n t i t y  of suspended p a r t i c u l a t e s  i n  t h e  
e l u a t e s  could be eEfectFve1-y removed by g r a v i t y  s e t t l i n g  and then  
filtration through a f i l t e r  d i s k  ( s t a i n l e s s  s t e e l )  having a 1Q-um 
r a t i n g .  The f i n a l  f i l t r a t t c s n  p o l i s h  of t h e  e l u a t e s  avoids  t h e  
unnecessary i n t r o d u c t i o n  of fine p a r t i c u l a t e  ma t t e r  t o  t h e  SDS 
and subsequent water management systems, However, i t  was also 
shown t h a t  u n f i l t e r e d  e l u a t e s  could be processed i n  s imula ted  SDS 
tests without any s i g n i f i c a n t  e f f e c t  performance. A l s o  
inc luded  i n  t h i s  r e p o r t  are r ad ionuc l ide ,  e lementa l ,  and f iss i le  
i s o t o p i c  ana lyses  of t h e  deminpra l izer  samples, which m y  be of 
i n t e r e s t  t o  i n v e s t i g a t o r s  c~otiCernt?d w i t h  the phenomenological 
a s p e c t s  of t h e  TMI-2 acc iden t .  

1 
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1 .  INTRODUCTION 

The primary goals of this investfgation were to develop and to test an 

elution process flowsheet f o r  the removal of the cesium activity from the 

two makeup and purification demineralizers (DA and DS> at the Three Nile 

Lsland Nuclear Power Station, Unit 2 (TMI-2). Process developmeratal. 

studies were conducted using rather small. samples (up t o  48 mL) of the 

demineralizer resins. An additional objective in this investigation was 

tu provide certain analyses on the demineralizer, samples that are of 

interest tu other studies that are primarily concerned with the phenomeno- 

logical aspects of the TMI-2 accident on March 28, 1979. Quantitative 

analyses were performed to determine the radionuclides and chemical con- 

taminants in the resin and liquid phases o f  the demineralizers samples. 

Physical damage to the resin particles as a result of the accident was 

also qualitatively assessed by visual microscopy. 

A s  a consequence of the accident at TMP-2, the two demineralizers in 

the water makeup and purification system were severely contaminated with 

fission product radionuclides. The resin beds in the demineralizers were 

significantly degraded both radiolytically and thermally by the decay of 

most o f  the radionuclides during the time period since the accident. The 

principal gama-emitting radionuclides remaining on the resin beds when 
demineralizer cleanup actlvltfes began were the r e l a t i v e l y  long-lived 

(tl/2 - 30.1 y )  and 134Cs (tlk - 2-06 y). 
present investigation, nondestructive assay (NDA) methods had been 

employed to estimate the quantity of cesium activity and material content 

of each demineralizer (Table 1). Comparison of the postaccident resin-bed 
volumes with that of preaccident volumes showed that severe shrinkage 

(-55%) of the resin beds had occurred and indicated that the  beds had been 

significantly degradede It was known that the beds had not only been sub- 

jected to high radiation dosages (-lo9 rads) but also to high temperatures 

because of the radioactive decay heat. The necesstty tu isolate the demin- 

eralizers from the liquid flow at about 19 h after the accident prevented 

effeettve removal of the decay heat, and estimates1 indicate t h a t  center- 

line bed temperatures m y  have been as high as about: 540°C (1000°F). The 

demineralizers were sampled by GPU Nuclear personnel in early 1983, and it 

37Cs 

Prior to the inception of the 
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Table 1 .  E s t i m a t e d  dernlneral izcr  .areme'& load-hga based on 
DA character i : ~ t  Pons 

Load Lngs 

L i q u i d  
Volume, f t 3  
Weight, I b  

&4 
2746 

22 
1025 
3500 

270 

3 
193 

5 
95 
177 

I 6  
21 
28 

116 
0 9  

22 
1025 
9000 

540 

3 
193 

1 
19 
35 

3 
4 
5 

23 b 0,1 

a 

b ~ i p h a  activity only. 
DA and DB vessel loadings are hdent. ical ,  

-- Source: J. D .  Thompson and T. H. Oseterhoudt, TMI-2 Purification 
Demineralizer Resin S t u d ~ ,  -I-. ~ ~ ~ ~ ) - ~ ~ ~ - Q ~ ~ ,  May 1984 e 

w a s  observed that. the DA vessel cmCaFnrpd only dry, caked, resin, whereas 

liquid was sti l l  present in DE. awevear, t h e  caked bed was apparently 

deagglomerated a f t e r  water adclht io!~ and sparging so that. res fn  samples 

w e r e  obtained i n  n later sampllng e f fo r t . .  The ahsenre of l i q u i d  in the DA 

vessel i s  contrary t o  the m~ esttmate of 3 f t 3 ,  

Conceptual stud ies  lrrf the vasLous a? t c r n a t l v e  methods for cleanup of 

the demineralizers 1 indicated t l iat  the most desirable method was t o  elute 

the cesium and subsequently so rb  it an the z e o l i t e s  in the Submerged 

Demineralizer System (SDS]. 2-6 

radiation problems assoelated with the e ~ c n t u a l  removal of the degraded 

r e s i n  beds and with the  management of the resin wast.es. Since  the effects 

Thi s  concept a1 keviated the high-level 
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of tho degradation of the res-ln bed were unknown vi-th regard to the quan- 

titative elution behavior of cesbun and the quality of the eluates, this 

concept required experimental determination of 16s Feasibility and the 

developmcnt of a satisfactory cheimical flowsheet. 

A program was established in early 1983 involving the collaborative 

efforts of the Oak Ridge National 1,aboratory (ORNL), General PuhlLc 

Utilities Nuclear Corporation (GPLJ Nuclear Corporation), and ECdG/Zdaho, 

I.me./TMI (EG6G) to: (1) establish the technical feasibility of cesium 

elution, (2) develop a chemical flowsheet that met: processing requirements 

f o r  the SDS at TMI-2, and ( 3 )  clean up the demineralizers, O W L  was respon- 

sible for establishing the feasibility of cesium elution, for testing, and 

(where necessary) for modtfying the proposed flowsheet using dernineral- 

izer samples provided by GPU Nuclear. GPU Nuclear, with some assistance 

from E G G ,  was reSpQnSibk for the Installation of the process at TMP-2 

and the subsequent cleanup of the demtneralizers. It was reallzed that 

essentially complete elution o€ cesium from the degraded resins could not 

be effected. The goal in elution was t o  reduce the cesium activity t o  

values that significantly alleviated the high-level radiation problems in 

the  eventual removal of the resins from the demineralizers and subsequent 

management: of the resin wastes. 

Several requirements had to be met In  the development of a satisfactory 

process flowsheet for the elution and fixation of cesium. In elution, it 

w a s  necessary that chemical reagents be employed t h a t  were compatible with 

ionic so lu t ion  chemistry of SDS feed solutions. T h i s  requirement dictated 

that cesium elution be accomplished by displacing the cesium with sodium 

ions using sodium borate or sodium hydroxide solutions. The el.ution pro- 

cess was also required to limlt the: cesium activity in eluates to levels 

t ha t  were no greater than about 1 m C i / d  t o  avoid excessive radiation 

fields in subsequenc SDS operations, At the L-mCi/mL concentration level, 

the eluates could still be conveniently diluted to levels (-50 u C i / m L )  

that do not produce an excessive radiation field around the pipelines to 

SDS. Even with compatible ionic solution chemistry, i t  was by no means 

certain that eluates could be. satisfactorily processed in the SDS. Cesium 

loading of the  SDS zeolite beds might be seriously impaired by the pres- 

ence of resin degradation products in eluates, depending on their nature 
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and the quantity. Finely dispersed so'hfds (or colloids) from resin par- 
ticle breakage and dearadatton or from fuel  debris  ght not he readily 

separable and cause plugging of the z e o l f t e  bed, Soluble organic com- 

pounds and emulsified ails might so rb  on zeolites and F o u l  or block the 

exchange sites f o r  cesium. Batch e l u t i o n  was selected Eon cesivm removal 

rather than column elution because of the presence of finely divided 

soi.ias in the degraded resin be sa Batch c~zntar t  o eratican permits the 

use of relatively long settltng t i m e s  ka eluate clarification. The 

available free space in fhe  demineralizers limited the volume ratto of the 

liquid-to-solid phase t o  1.5 In the elution of t he  BA or DB resin. 

At the beginntng of the present work, a conceptual generic flowsheet 

study1 was already well rander w a y ,  assuming the  cesium was elutable. 

Although the development of the elution system design was the responsibil- 

ity of the Ranford Engineering and Development Laboratory (HEDL), indfvid- 

uaPs from other organizatlons (ORNL, @PUS and EG&G) pruvlded Information 

for input into the HEDL study at the meetLngs held at TFII-2. The concep- 

tual flawsheet was used as a guide for the present experimental work. A 

schematic of this conceptual flowsheet is shown in Fig. 1. After removal 

of the existing liquid in the demineralizers, cesium i s  eluted in multi- 

stage batch contacts o f  rhe resin w i t h  eluent solutions which, at that 

time, were undefined. Contact of the resin with eluent S Q ~ U ~ ~ Q I I S  i s  

accomplished by an upward flow af solution through the bed to promote 

mixing; af te r  suffickent contact ti. e, the suspended soltds are allowed 

to settle. Removal of the eluates is taten accomplished by using an eductor 

to lift the I tquid ,  which also dikures the eluates wCth process water. The 

diluted eluates are subsequently filtered through a backflushable, stain- 
less steel filter frit to remove finely d i s p e r s e d  resin and/or fuel 

debris solids, and finally treated by a charcoal bed to remove soluble or 

emulsified organic eompounde prior to SDS rocessing. It was believed 

that the charcoal bed treatment might be necessary to avoid plugging or 

fouling problems with the a e o l l t e  beds in subsequent processing €f appre- 

cliable quantities of organic ~ ~ ~ ~ c a ~ ~ d ~  (especially emulsified liquids or 

tars) were present in the f i l t e r e d  eluates. However, it turned out that 

the charcoal bed was not  necessary because the experimental studies later 

showed that only modest arnoannts of soluble organlcs (180 to 300 ppm) were 



5-18 

CME 

-I 

Fig. 1 Conceptual flowsheet f o r  demineral izer  e l u t i o n .  
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present in the elaates. These orpaniea were not: effectively removed by 

charcoal and had no effects in SDS processing. Thus, t he  charcoal bed 

treatment was eliminated From the final process flowsheet; f a r  dcmineral- 

i z e r  cleanup, 

1. 

2. 

3. 

4 .  

5 ,  

These tests w e r e  carried ou t  in separate rzmrngaigns because the DR 

sample was avajllable about: 1 year sooner than the  I N  sample (May 1983 

vs April 1984). Therefore ,  mast of 'che experi.menLal work was conducted 

using the? DB sample. Because of the prevLesas expertence with t he  DB 

s a m p l e ,  the conait-lolls for ei~tion of the  DA r ~ i n  c 0 U i a  be established 

more r a p i d l y  . 
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2.1 DESCRIPTION AND ANALYSTS OF DEMIMERBEZZERS S 

Only the samples used i n  the development of  the chemical f lowsheet  are 

descr ibed  hers, Some early samples w e r e  taken from DA and DB which were 

of insuf  f i e i e n t  amounts to be used f o r  flowsheet developmental s t u d i e s ,  

and results  of their  a n a l y s i s  are given i n  Appendix: A. 

Samples used i n  the flowsheet developmental s t u d i e s  contained hoth res in  

and l i q u i d  phases. The DA sample contained -20 mL of r e a f n  and -50 IS& of 

l i q u i d ;  t h e  DB sample contained -40 mL o f  resin and 4 0  naL of l i q u i d .  

The l i q u i d  was sepa ra t ed  f rom t h e  r e s i n  by aet t? . lng and decantatfon. Most 

of the r e s i n  s e t t l e d  very rap id ly .  The r e s i n  was then dried i n  a i r  a6 

ambient condi t ions  (25 to 3 0 ° C ) -  In some case3 ehe separraced l i q u i d  was 

f u r t h e r  c l a r i f i e d  by cen t r€ fuga t ion  before  a n a l y s i s  - The r e s i n  and l i q u i d  

were analyzed by chemical and radiochemicalT methods.. The r e s i n  was a l s o  
examined by v i s u a l  d e r o s c o p y  a t  -2OX nagnificatton t o  assess i ts  p h y s i c a l  

c h a r a c t e r i s t i c s .  

Chemdcal and rad ionucl ide  analyses of the resin and l i q u i d  phases of 

the DA and DB samples are given i n  Table  2. Only the p r i n c i p a l  cons t i t i i e i i t s  

T a b l e  2 .  Radionuclf.de and chemfcal. analyses of t h e  
deminera l izes  samples 

Ana 1 y s e s Liquida ResPn Liquid ' Resin  

Chemical, ppm 
c 
B 
Na 

U 
Pe 
C a  
Ba 

d 
4 

209 5 520 
11 28 5 

6.72 3,060 

164 
1,000 

500 
900 
<1 

4 
3 

NA 

NAC 
20 

4,900 

2,400 
2,400 

'370 
240 

29 9 000 

1,480 21,800 
101 1,458 

9 . 4 6  890 

950 
2 9 008 
8 * 500 
7, is00 

<1 
10 
15 
Nh 

N24 
(200 

<1,000 
15,000 

200 
200 

30 
(1 
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have been l i s t e d  i n  Table 2. Small  q u a n t i t i e s  (10 to 1000 ppm) of many 

o t h e r  metal c a t i o n s  were a l s o  p re sen t  i n  t h e  r e s i n  but  are not  r e l e v a n t  t o  

t h e  work r e p o r t e d  here .  The complete a n a l y s e s ,  i nc lud ing  i s o t o p i c  a s say  

of uranium and plutonium, are g iven  i n  Appendix 8 .  

Microscopic examinations revea led  t h a t  t h e  DA r e s i n  w a s  more s e v e r e l y  

damaged than  t h e  DS r e s i n  (F ig .  2) .  The DA r e s i n  conta ined  l a r g e  angular  

p a r t i c l e s  and c l u s t e r e d  r e s i n  beads i n  s i g n i r i c a n t  amounts, perhaps 5 t o  

10 vo l  % of t h e  sample. However, t h e  remainder of t h e  p a r t i c l e s  were 

c l e a r l y  d i s t i n g u i s h a b l e  as i n d i v i d u a l  r e s i n  beads, wi th  c o l o r s  ranging 

from b lack  (non t ranspa ren t )  t o  amber ( t r a n s p a r e n t ) .  The angu la r  p a r t i c l e s  

had an appearance t h a t  i s  t y p i c a l  of p y r o l y t i c  carbons de r ived  from tars, 

p i t c h e s ,  and polymeric resins.  The angular  p a r t i c l e s  were no t  observed i n  

the DB r e s i n .  

The DB r e s i n  p r i n c i p a l l y  conta ined  only r e s i n  beads t h a t  were black 

o r  amber colored. Very few bead c l u s t e r s  were observed. I n  some cases, 
p a r t i a l  s p a l l i n g  of t h e  s u r f a c e  l a y e r  of t h e  b lack  beads exposed an amber- 

colored,  t r a n s p a r e n t  i n t e r i o r .  The blackening only  appeared t o  occur t o  a 

dep th  of a few micrometers. 

L iqu ids  s e p a r a t e d  from t h e  demine ra l i ze r  samples were v i s u a l l y  of good 

c l a r i t y  but  were yellowish-brown i n  co lo r .  It is later shown i n  f u r t h e r  

lLquid c l a r i f i c a t i o n  tes ts  t h a t  t h e  s o l u t i o n s  were s l i g h t l y  t u r b i d  even 

a f t e r  a s e t t l i n g  t i m e  of 1 t o  4 d .  

2.2 RESIN ELUTION 

I n i t i a l  ba tch  equ i l ib r ium t e s t s  wi th  t h e  DB resin showed that t he  137Cs 

was e l u t a b l e  wi th  sodium ions  (Table 3). 

d i s t r i b u t i o n  c o e f f i c i e n t  (K ) va lues  on sodium c o n c e n t r a t i o n  of the  e l u e n t s  

i n d i c a t e d  tha t  i t  would be r e l a t i v e l y  e a s y  t o  develop a m u l t i s t a g e  ba tch  

e1ut i .m procedure i n  which a sodium i o n  c o n c e n t r a t i o n  g r a d i e n t  of e l u e n t s  i s  

employed t o  c o n t r o l  t h e  cesium a c t i v i t y  l e v e l s  of e l u a t e s .  Kd is de f ined  

throughout t h i s  work f o r  t h e  d i s t r i b u t i o n  of r ad ionuc l ides  as: mCi per  g 

of resinlmCi per  mt of e l u a t e .  Subsequent m u l t i s t a g e  ba t ch  e l u t i o n  tests 

showed t h a t  t h e  cesium a c t i v i t y  l e v e l s  of e l u a t e s  could be l i m i t e d  t o  t h e  

d e s i r e d  l e v e l s .  

The sha rp  dependence of 137Cs 

d 
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Table 3 .  D i s t r i b u t i o n  csefEirient (Kd! of 137Cs between t h e  DB r e s i n  and 
t h e  l i q u i d  phase fo r  e l u e n t s  nf Increas ing  sndiuxn i o n  concen t r a t ion  

(Condit ions:  20 mZ, o f  e l u e n t  contacted w L t h  0,s E: of resin f o r  30 min; 
inCtbaS s p e c i f i c  activity of resin = 21. 

Test 
~ 

1 H20 10.4 3.77 x 102 

2 0.035 - M NaH2B03 - 0.32 - M 8$303 41 .Q 5.38 x 101 

3 0 - 1  - M NaOH 53,O 3.47 x 101 

5 1 .O - Ff Ma019 98 -5  6.06 x 10-1 

4 0 3  I X Ha011 87 .3  5.68 x 10° 

Two mul t i s t age  batch elution tests were conducted wlth the DB r e s i n  

( R ~ I ~ S  ~ - 1  and ~ - 2 1 ,  and one test WPS performed w i t h  the DA r e s i n  (uun E-3) 
under conditions t h a t  i a e n t r e a i  to n E-2. Experimental  corzditiuns 

and r e s u l t s  are given i n  Tables 4 ,  5 ,  and 6 .  Run E-l cons i s t ed  of 20 

stages of batch c o n t a c t s  €n which the aod-l’um ion concentrat- ion of the  

e l u e n t  w a s  maintained constant a t  0,035 .in s t a g e s  1 t o  15 using sodium 

bora t e  s o l u t i o n s .  The sodium ion  concen t r a t ion  was increased  t o  1 2 In 
stages 16 to 20 ,  w i t h  sodium hydroxide as the e l u e n t .  Runs E-2 and E-3 

were 17-stage tests i n  which the sodium concen t r a t ion  of the  e l u e n t s  w a s  

i nc reased  more rap id ly  us ing  a three-s tep  inc rease  i n  the sodhm ion  con- 

c e n t r a t i o n .  AEter an  i n i t i a l  r i rasc of the  r e s i n  with 0.18 H3BO3 in 

stage 1, the r e s i n  w a s  e lu ted  with 0,035 eir NaH2B03-0.32 - ki 83B1)3 i n  s t a g e s  

2 and 3 ,  0.26  - M NaH2B03-0,09 - M M3B03 i n  stages 4 through 1 2 ,  and f i n a l l y ,  

1 - M NaOH i n  stages 13 through 17. Bath elution procedures gave s a t i s f a c -  

t o r y  c o n t r o l  OF the  1 3 7 ~ s  concentration of t h c  eluates. 

r a p i d l y  inc reas ing  sodium i o n  concen t r a t ion  of eluents i n  Run E-2 e l u t e d  

t h e  137C3 from t h e  DB r e a l n  ~noi-e e f f e c t i v e l y  ( 9 4  VY 9 3 % )  and requ i r ed  

  ow ever, the  more 

fewer stages (17 vs 20). Therefore, the ~ I u t i o n  condi t ions  u s e d  for Runs 

E-2 and E-3 were selected as  the elution crsnd€tions for the  demineralizer 

cleanup flowsheet a t  ~ ~ 1 - 2 .  TH~C c r a m u ~  a t i v e  percentages of 1 3 7 ~ s  e l u t i o n  

d e t e r d r i e d  for t h e  l a t t e r  stages of e l u t i o n  I n  Runs E-2 and E;-3 (Tables 5 
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'Table 5. Multistage batch elution of 137Cs from DB r e s in  in Run E-2 

(Conditions: 7.22 g of resin (-10 A); 21.8 mCi of 537Cs/g; contacted with 15 mt of eluent for 30 m i n )  

Stage 
No. a Eluent 

~~~ ~~~ ~ ~~~ 

,X of initial 
137Cs eluted Kd, mCi/g b Eluate concentration 

137Cs (rnCi/mjL) Total  C (I.rg/mL) Instan. Curnul. mCi/mL 

I 

2 

3 

4 

5 
6 

3 

a 
9 

10 

485 

200 
140 

292 
305 

260 

235 

335 

143 

128 

3.2 
4 .O 

i 1 .7  
113.8 

10.0 

7.7 

7.2 

6 .0 

4.9 

13.4 

13.6 
17.6 

29.4 
40.2 

50.2 

58 .0 
65.2 
71.2 

76.1 

17.9 

55.4 
42.8 

12.5 
11.4 

10.3 
10.5 

10.0 
9.9 

10.1 
1 9  0.405 88 3.9  80 .O ao .8 
12 0.343 88 2.8 82 .a 10.9 

1 i.l NaOH 
4 

13 
14 

0.432 

0.395 

560 4.1 86.9 6.6 

340 3.8 90.7 5.1 
15 Q .264 260 2 "5 93.2 5.6 

16 0.175 240 1.7 94.9 6.4 

3 20 0.8 95.7 9.7 1 7  0.097 

aE luen t  volumes i n  s t a g e s  7 ,  12,  and 17 were 1 4 ,  13 ,  and 13 mL, respectively. 
'~nstan. = instantaneous; cumul. = cumulative. 



(Conditions: 6.56 g of resir. (-10 d>; 5.52 m @ i  af 137Cs/g; coc tac ted  w i t h  45 mL of 
e,luera: f o r  30 rrin) 

Stage 
No. E l u e n t  

3 

2 
3 

4 

5 

6 

7 

8 
9 

90 

I1  

12 

1 3  

24 

15 

a6 
‘17 

4 .o 
5.6 
5.6 

10.4 
7.7 

5.0 

3 . 2  

2.8 

2.2 

1.6 

1.1 

3.7 
2.7 

1.8 

1.1 

0.7 

0 .5 

4 .o 
9.6 

15.2 

25.3 

33 .o 
38.0 

41.2 

44.0 

46.2 

47.7 

48.8 

44.5 

52.2 

54 .o 
55 .o 
55.7 

56.2 

54 .a 
35.7 
34.7 

16.8 
20.0 

28 .o 
41.5 

46.G 

57.2 

78.0 

111 

154 

41 .o 
59.5 

96.5 

153 
296 

“Ins tan.  = insrantaneous; cumul. = curnularive. 



and 6 )  show t h a t  l i t t l e  b e n e f i t  would be gained by c a r r y i n g  ~ i ~ t  any addi- 

t i o n a l  s t a g e s  of e l u t i o n ,  

DA and D5 r e s i n s  a f t e r  17 elution s t a g e s  were 2,4 and 0.9 mCi/g, respee- 

The r e s t d u a l  137Cs a c t t v i t i e s  remainling on t h e  

t i v e l y .  

The 137Cs w a s  c l e a r l y  mch less e l u t a b l e  from t h e  more-degraded DA 

Also ,  t h e  Kd r e s i n  than f r o m  t h e  less-degraded DB res in  (56% vs 96%). 

va lues  for the DB r e s i n  showed l i t t l e  change w i t h  t h e  same sodium concentra- 

t i o n  of the  e l u e n t ,  whereas t h e  Kd values  f a r  the  DA r e s i n  showed s i g n l f i -  

c a n t  i n c r e a s e s  (p ig .  3). 

t y p i c a l  0f degraded r e s i n s  because a v a r i e t y  of chemical sites are 

a v a i l a b l e  which have d i f f e r e n t  a f f i n t t f e s  f o r  b inding  c a t i o n s .  TQ de te r -  

mine i f  t he  large c l u s t e r e d  and carbonized p a r t l c l e s  tn the DA r e s i n  

sample conta ined  most. of t h e  une lu ted  137Cs9 t h e  e l u t e d  r e s i n  bed w a s  a i r  

dried and classified by sc reen ing  i n t o  three f r a c t i o n s  which were ana- 

lyzed .  Only -12 t o  14 particles w e r e  p re sen t  in t h e  >20r30-pm f r a c t i o n ,  

about 10 v o l  % of the bed i n  t h e  850 t o  2OOO-pm f r a c t i o n ,  arid -90 v o l  % i n  

t he  <85Q-pm f r a c t i o n .  The s p e c i f i c  a c t i v i t i e s  of 137Gs were 4 . 1 ,  4.7, and 

2.4 mCi/g f o r  t h e  >2000-, 850- to iiOOO-, and <850-pm f r a c t i o n s ,  r e s p e c t i v e l y .  

Although t h e  l a r g e r  p a r t i c l e s  are of higher s p e c i f i c  a c t i v i t y ,  most of t h e  

une lu t ed  13703 (-80%) is a s s o c i a t e d  wtth the G S O - V ~  f r a c t i o n ,  

Inc reas ing  K v a h e s  as e ~ . u t ~ o n  proceeds is d 

Organic compounds were s o l u b i l i z e d  throughout t h e  series of batch  

c o n t a c t s  (Tables 4 and 5 ;  Pig.  4 ) .  However, the carbon compounds w e r e  

Only S01Ubtlf .Zed to an extent o f  -8 of C / g  o f  res tn  i n  17 s tages  o f  

con tac t .  The t o t a l  carbon c o n c e n t r a t l a n s  of i n d i v i d u a l  ba t ch  e l u a t e s  from 

t h e  m u l t t s t a g e  t e a t  w i th  DA r e s i n  were not determined, but t h e  a n a l y s i s  o f  

DA e l u a t e  compcaslte ( see  Sec t .  2 . 3 ,  Table 1 i n d i c a t e d  no s i g n i f i c a n t  d i f -  

f e r ence  i n  d i s so lved  o r g a n i c  con ten t .  No a t t e m p t  was made to i d e n t i f y  t h e  

compounds. The higher  sodium concen t r a t ions  inc reased  the  s o l u b i l i z a t i o n  

of the o r g a n i c  compounds 

The clarity of e l u a t e s  appeared g e n e r a l l y  good by v i s u a l  obse rva t ions ,  

However, some c loud iness  was observed i n  t h e  f i r s t  stages of e l u t i o n  wi th  

t h e  DB r e s i n  and durjlng t h e  f i n a l  t rea tment  wi th  1 I M NaOH w i t h  e i t h e r  t h e  

DA o r  DB r e s i n .  The e l u a t e s  from s t a g e s  1 and 4 of t h e  DB resin elutl ion 

were f i l t e r e d  through a 0.5-ym-rated rrylarn. filter d i s k ,  and t h e  f i l t e r  w a s  

subsequent ly  scanned by y spec t roscopy (Table  7) .  Only s m a l l  q u a n t i t i e s  
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the DiR res in  in Run E-2. 
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Table 7.  Gamma scan of f i l t e r  s o l i d s  from a DB r e s i n  e luate  
I.--_.__ ~^-.--.1. 

A c t  i v  i t y 
Radionucl ide (I%¶) 

27 

310 

1.66  x 103 

2.69 x l o @  
52 

o f  r a d i o a c t i v i t y  were observed and were due principally t o  the presence of 

137Cs and much lesser a ~ ~ ~ ~ i n t s  of 12%b, lbr4Ce, and 66Cs. The observed 

a c t i v i t y  of 1 3 7 ~ s  was -0.01% t h a t  o f  t h e  f i l t e r e d  soluti.on ( 4 0 0  mq). 

A s  expected, 9 Q S r  i s  p a r t i a l l y  eli:P.ed i n  t he  m u l t i s t a g e  batch tests 

(Table 8). However, i t  i s  not  e l u t e d  as e f f e c t i v e l y  as 137Cs (F ig .  5 ) .  

 he e lu t ton  o f  9 % r  i s  not  a major concern s i n c e  the SDS system a t  T M X - ~  

i s  a l s o  designed t o  remove s t ront ium.  

from e i t h e r  t h e  DA or  DB r e s i n s .  Elution with 1 I M NaQH w a s  no t  as ef fec-  

t i v e  ~n i n c r e a s i n g  t h e  9 0 ~ r  removal as it w a s  f o r  13705 removal. 1 - M 
NaOH may have decreased the s o l u b i l i t y  of 90Sr because o f  t h e  prec ip i ta -  

tion of t h e  metal hydroxide. S ince  no differenee was observed i n  t h e  

percentage of t h e  gost- t h a t  was e l u t e d  from t h e  DA and DB r e shs ,  i t  

seems l i k e l y  t h a t  most of t h e  90Sr e l u t e d  was a s s o c i a t e d  w1.tE-n the least- 

damaged r e s i n  p a r t i c l e s  i n  t h e  DA QP DB r e s i n s .  

About 25% of  t h e  90Sr was eluted 

2.3 DECONTAMINATION FACTORS OF 137@s AND 90Sr IN ZEOLITE BED TESTS 

Decoiitanaination f a c t o r s  (DFs) €or I3’Cs and 9 Q S r  weze QeterreIned i n  

t h e  z e o l i t e  bed tests with resin eluate f eeds  and w i t h  t h e  l i q u i d  

s e p a r a t e d  from t h e  as received DA sample  t h a t  had been d i l u t e d  20:1 

with 0.18 MH3IS03 (DA l i q u i d ) .  Tests consisted of p a s s i n g  70 t o  100 bed 

volumes of feed through a 2-mL. bed o f  mixed z e o l i t e s  (60 v s l  2 Zansiv-96 
and 40 v o l  W Linde A-51). The s u p e r f i c i a l  bed residence t i m e  w a s  main- 

t a ined  cons tan t  ai  8.4 mln throughout each test  . _  a value  which is 

comparable t o  t h a t  (-10 min) used i n  SDS processing a t  TMI-2. 



Table 8 .  E l u t i o n  of 90Sr I n  the multistage batch elution tests 

I.--- ----- I_ 

Stage 
No. Elution agent 

-- I- -I.- -.-- 
1 

2 

3 

4 

5 

6 

7 

(4 

9 

10 

11 

12 

13  

14 

15 

16 

1 7  

0.135 B3B03 0.14 

0.035 - N NaliI2BB)3---0.32 _.I M N3B03 0.31 

0 e 6 9  

3 -87 

9 . 4 2  

0.26 I M NaN2B03--0.09 I M N3kE03 

10.3 

12.8 

15 -0 

1 7 , 3  

13 ,9  

20.6 

22.2 

1 M NaOH 22.5 

22.7 

22.9 

23.1 

23.3 

- 

1.05 

1.24 

1.55 

3.31 

.5 085 

8.56 

10.4 

12.8 

15.2 

17.4 

19 * 7  

21 .s 

22.1 

23.1 

24-3 

25.6 

26.7 

1400 

1500 

60 

69 

60 

7 %  

$0 

86 

85 

110 

110 

120 

570 

930 

880 

880 

850 

200 

1100 

450 

110 

7 9  

70 

94 

7 5  

74 

77 

76 

78 

270 

1 60 

130 

120 

120 
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a "Sr FROM 

5 18 15 



2 1  

R e s u l t s  of t h e  tests are shown I n  Table 9. The cumulative D P s  for 

1 3 T C s  ranged from -5 x 103 t o  3 x l o5  and f o r  90Sr from -200 t o  500. 

Ins tan taneous  DFs as a func t ion  of bed volumes of feed  are shown i n  

P igs .  6-8 .  The va lues  of t h e  DPs and t h e i r  v a r i a t i o n  wi th  the  feed con- 

c e n t r a t i o n s  of 137Cs and 9QSr  are c o n s t s t e n t  w i th  prev ious  s t u d i e s 2 ,  on 

t h e  performance of t h e  SDS z e o l i t e s .  

feed  was s l i g h t l y  improved by f i l t e r i n g  i t  wi th  a 10-tm-rated f i l t e r  f r i t  

( R u n  2-51, perhaps i n d i c a t i n g  a very s m a l l .  percentage of the  137Cs was 

a s s o c i a t e d  wi th  d i spe r sed  s o l i d s  t h a t  were p resen t .  N o  evidence of bed 

plugging w a s  noted i n  any of the tests al though t h e  feeds  for Runs 2-1, 

2-2, 2-3, and 2-4 were not f i l t e r e d ,  The z e o l i t e  bed e f f l u e n t s  conta ined  

very  low l e v e l s  of 6oCo and 125Sb a c t i v i t i e s  i n  a d d i t i o n  to t he  r e s i d u a l  

cesium and s t ron t ium a c t i v i t i e s  (Fig.  9). 

The DF of 137Cs f o r  the  DA l i q u i d  

The r e s u l t s  from Runs 2-1 and 2-2 wi th  e l u a t e  composites from t h e  DB 

r e s i n  e l u t i o n  may a l s o  i n d i c a t e  t h a t  v e r y  s m a l l  q u a n t i t i e s  of 137Cs 

(0.01%) are a s s o c i a t e d  w L t h  f i n e l y  d i spe r sed  s o l i d s  or c o l l o i d s  in those 

feeds .  The h ighe r  cumulative DF va lue  of 1.5 x 1Q5 i n  Run %-2 (Table  10) 

w a s  obtained wi th  feed t h a t  bad been previous ly  t r e a t e d  by a charcoa l  bed 

(see Sect .  3 - 4 ,   abl le 111, whereas the lower DF (1.0 x 104) was obtatned 

wi th  t h e  raw feed  i n  Run Z-1. The charcoa l  bed m y  have ac t ed  as a 

f i l t e r  OF a sorbent  f o r  t h e  f i n e l y  d i spe r sed  cesium-bearing s o l i d s  pre- 

v ious ly  descr ibed  i n  Table 7. 

2.4 SORPTION OF' SOLUBLE ORGANIC COMPOUNDS IN ZEOLITE AND IN CHARCOAL BED 
TESTS 

The s o r p t i o n  of s o l u b l e  organic  compounds from deminera l izer  r e s i n  

e l u a t e s  w a s  i n v e s t i g a t e d  i n  t h r e e  of t h e  z e o l i t e  bed tests previous ly  

desc r ibed  (Runs Z-1,  2-2, and 2-3) and i n  two charcoa l  bed tests with SK-4 

charcoa l .  Nei-tber bed material w a s  very e f f e c t i v e  f o r  removing t h e  

o rgan ic  cornpounds (Tables  10 and 11). Removals were poor even at relati- 

v e l y  low bed loadings .  No a t t e m p t  w a s  made t o  i d e n t i f y  t h e  s p e c i f i c  orga- 

n i c  compounds i n  t h e  l iquLd feeds  or those  t h a t  remained i n  the  effluents. 

* 

* 
Obtained from A l l t e c h  Assoc ia t e s ,  Applied Sc iences  Div is ion ,  

D e e r f i e l d ,  I l l i n o i s .  
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Table 11. Breakthrough of carbsii esmpoeands and beds loadings 
ill charcoal bed t e s t s  

(Conditions: Superftcisl bed residence time = 10.4 mPn; SK-4 charcoal, 
80-100 m e s h )  

2.5 

5 . 0 

7 . s  
10 .o 

12.5 

15 .o 
17.5 

20 .o 
22.5 

25 .O 

27.5 

30 .o 
32.5 

3s .o 

37.5 

40 .o 
42.5 

46 

59 

83 

85 

35 

38 35 

4 2 

46 

51 

61 

62 

75 

63 

66 

66 

69 

72 

68 

7 1  

80 75 

79 

1.7 

1.8 

0.96 

1.3 

1.4 

1 .e 

0.52 

0.51 1 .o 

1.5 

1 .9  

2 . 3  

2.6 

2.9 

3.2 

3.4 

3.7 

4 .O 

4.2 

4.5 

4 . 7 

4 . 9  

1.9 5.1" 

2 A@ 

a A 2-mL (0.91-$1 bed; feed was a composite of effluent cuts from z e o l i t e  

A 6-mT., (2.72-g) bed; f eed  w a s  a composite of e l u a t e  cuts (stages 1-12) 

Cumulative breakthroughs for Runs C-1 and C-2 were 71.1 and 59.7%, 

bed p s t  R U ~  Z-P; feed concentration = 75 wg c /~I . .  

frsmcDB r e s i n  elution, Rim E-2; Peed concentration = 145 pg c/dT,. 

respectively. 



The percentage breakthroaghs and :sed loadings  were based entirely an t o t a l  

carbon ana lyses  of feeds and eiiililuents ., N o  significant di.Eference was 

observed i n  the effectiveness of z e o l i t e  and the charcoal for removing the 

organic compounds f r o m  DB res1.m e.l.uates (compare Runs Z-1 and 2-2 in 

T a b l e  10 with Runs @-I and C-2 o f  Table 1 1 ) .  Charcoal bed t e s t s  were not  

made with the: D h  :res Fn eluates e 'YEse breakthrough c h a r a c t e r i s t i c s  fo r  car- 

bon eompotmds ds a func t ion  of bed loading in the zeolite bed tests were. 

differen' :  for the Dh and DE res in  eluate f e e d s  (Table  10). The break- 

through increased  about twofold w i t . h  i nc reas tng  zeolite bed loading w3 th 

DB resin e lua te  feeds  (Run Z-1 arid 2-21; whereas with lshe DA resin eluate 

feeds  (Run 2-31, i t  rema1.ned about cons tan t  e The breakthrough character- 

is t tcs  of the  SK-4 cliiarcraal beds with DB resl.n e lua t e  feeds were very 

similar 'io those  OR: z e o l i t e  beds. Rreakthrormgh increased  from -35% t o  

4 0 %  as t he  Eeed volu.me increased  f r o m  5 t o  40 bed volumes. No detectable 

quantity of 1 3 7 ~ s  was absorbed in the  charcoa~- bed tests, 

cefltri3tf.OKlS of feeds and e f f l n e n t s  were identical. 

 he 1 3 7 ~ s  con- 

Even when e l w t r ?  feeds  idere t r e a t e d  sequen t i a l ly  by both charcoal and 

zecali te l ~ d s ,  the net cumulative removal of carbon compounds was s t i l l  

relatively poor. The c.caiagosit-e of D resin cal.uates from Run E-B w e r e  

t r e a t e d  f i r s t  by a z e o l i t e  bed i n  Run Z-1 and. then by a charcwal bed i n  

R u ~ i  C - l ,  and the  composite of DW resFn eluates from Run E--3 w a s  t r e a t e d  

f l r s t  i n  Run c-2 w i t h  aharcoal. and then by zecsl-ite in un 2-2. The net 

cumulative breakthrough f o r  carbotz with either sequence nf the zeolite 

and charcoal bed treatmetat w a s  about 5 O X .  01) the basis of these tests and 

t h e  f a c t  t ha t  good DF values for 137Cs acid. 9asr were obtained i.n the sirnu- 

lated SDS tests without p r i o r  ck?arc:oal bed treatiinent , the charcoal bed 

t rea tment  was not included i n  the process fl.owsheet f o r  demineralizer 

cleanup at 'rk12-2. The charcoal was sfinply ineffective f o r  reniovirzg the  

organic compounds, The c ~ m p o ~ i . ~ d s ,  however, posed no detectable problems 

f os SDS process ing  1) 

Clarification sf the DA Liquid was invest j .gated by f i l t r a t i o n  and by 

settling. FiPtration tests were conducted u i th  sintered netal (s ta inless  



s t e e l )  f i l t e r  d i s k s  wi th  r a t i n g s  of 0.5 and of 10 wn a t  f i l t r a t i o n  r a t e s  of 

2.2 mL/cm2/mPn.  

system t o  be used a t  TMK-2, which a l s o  provided f o r  periodPC backflushing 

when t h e  f i l t e r  pressure  drop reached 20 p s i .  The l i q u i d  used far the 

f i l t r a t i o n  and s e t t l i n g  t e s t s  was separa ted  from L'rre DA sample a f t e r  8 h 

of s e t t l i n g  of t he  i n i t - l a l . l y  w e l l - s t i r r e d  s a m p l e  and w a s  subsequent ly  

d i l u t e d  2O:l wi th  0.18 I._ M bor ic  a c i d  (2000 ppm R ) . .  Spark source m a s s  

s p e c t r o m e t r i c  a n a l y s i s  of t h e  d i l u t e d  l i q u i d  i s  given I n  Table 12. 

This  flow rate  was the. design b a s i s  f o r  t h e  f i l t r a t i o n  

The f i l t r a t i o n  t e s t  r e s u l t s  (Table 13) showed t h a t  good c l a r i f i c a t i o n  

was obtained using e i ther  t h e  0.5- or  the lO-!.~m--ratsd f i l t e r s .  The t u r b i d i t y  

was decreased from 12.5 co -2 nephleozaaetric t u r b i d i t y  u n i t s  (NTUS) us ing  

e i t h e r  f i l t e r .  The 0.5-i1m--rated f i l t e r  plugged r a p i d l y  (16 t o  19 rain), 

whereas t h e  10-pn-rabed f i l t e r  plugged more slowly (170 m i n ) .  ' P r e s s u r e  

drop i n c r e a s e  wi th  f i l t r a t e  volume f o r  t h e  lo-pm-rated f i l t e r  i s  shown i n  

Fig.  10. Oiistrearn f i l t r a t i o n  times of 170 rnin were judged marginal f o r  

t h e  c l a r i f  i ca t  tan opera t  i ons  a t  TblI-2 wi th  backflushing and a 20- jim-rated 

f i l t e r  w a s  i n s t a l l e d  a t  T M L - ~  as an a d d i t i o n a l  precaut ion.6 

remained t o  be demonstrated i n  t h e  actual.  opera t ions  at TMI-2 t h a t  t h e  

f i - l t e r  could be s a t i s f a c t o r i l y  r e s t o r e d  by backflushing.  The volume of 

samples a v a i l a b l e  vas too s m a l l  to permit i n v e s t i g a t i o n  of fi1tc.r 

backflushing or of e x t e n s i v e  s t u d i e s  of f i l t r a t i o n .  

However, i t  

S e t t l i n g  tests (Tah1.e 14 )  showed t h a t  c l a r i f  Pca t ion  could be s i g n i f i -  

c a n t l y  improved by us lng  longer  s e t t l i n g  times, Therefore ,  r e l a t i v e l y  

long s e t t l i n g  tlmes a f t e r  batch contacts of r e s i n  and e l u e n t s  could be 

employed t o  reduce filter 1-oadings i n  e l u a t e  c l a r i f i c a t i o n s  and t o  

i n c r e a s e  l i q u i d  throughputs  be fore  filter plugging occurred. R e l a t i v e l y  

long s e t t l i n g  t i m e s  ( 2 4  t o  7 2  h) were used i n  t h e  processing of t he  e l u a t e s  

a t  m1-2*6 

An at tempt  w a s  made t o  increase t h e  s e t t l i n g  r a t e  by using f r e s h  anion 

exchange r e s i n  (Amberli te IRA-400; 20-40 mesh) as a f l o c c u l a t i o n  a-Ed i n  

one t es t .  T h i s  r e s i n  is ,  e s p e c i a l l y  s u i t e d  for s i l i c a  removal i n  water 

t reatment  o p e r a t i o n s -  However, i t  d i d  not s i g n i f i c a n t l y  improve t h e  

s e t t l i n g  ra te  u ~ i l e s s  p r o h i b i t i v e l y  l a r g e  q u a n t i t i e s  were added. :In t h a t  

t es t ,  1-g a d d i t i o n s  of the resin were made each day to t h e  same 3S-mL a l i -  

quot of l i q u i d  u n t i l  a t o t a l  of 4 g had heen aeeasmnlated. A f t e r  each 
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Table 1 2 ,  Spark source mass spectrometry analysis of the 
diluted DA l i q u i d  

Element 
Concentration 

( P P d  

B 
Ca 
Cr 
CS 
M 
Ng 
Na 
Ni 
P 
s 
s i  

-1000 
10 
0.3 
0.08 
0.7 
2 

108 
0 -2. 
0.1 

20 
( 5  - 

Table 13. Clarification t e s t s  with  a tn t e red  m e t a l .  disk filters 
using DA l i q u i d  

(Conditions: 9 .tj-mm-diam f i l t e r  disk, filtration rate = 2.2 ml/cm2/min; 
DA liquid diluted 2O:L with 0.18 - M ti1313031 

_- .- 

2 0.5 19 29 25 2.3 

3 10 170 14b 270 2 -2  

aTurbiaity OE feed  was 12 .Q NTUS ( n e p h ~ ~ o ~ ! t r i c  tutbiai t y  units). 
bFeed supply  was used ups Extrapolation of presaure-drop-vs-time 

curve  indicated t h a t  20 p s i  would be reached a f t e r  190 m i n  and a filtrate 
volume o f  -300 dae 
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Fig. 10. Pressure drop  increase in t e s t  w i t h  IO-p-rated filter d i s k .  
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Table 1 4 .  E f f e e t  of s e c t l i n g  t i m e  0x1 DA lPqriid t u r b i d i t y  

% T U s  = nephleometrlc t u r b i d i t y  u n i t s  a 

1-6 a d d l t i o n ,  the r e s i n  WAS ccmtae8ced wi th  the  l i q u i d  by shaking a t  15-min 

Lnt:ervals over a per iod  of 4 h and subsequent ly  se t t led  for 20 h. The 

r e s u l t a n t  t u r b i d i t i e s  o f  t h e  IFquid resin were 5.2, 4.4, 3.5, and 2.8 N'FUs, 

r e s p e c t i v e l y  * 

The exper imenta l  resul ts  f r o m  the  previc~easl y d e s c r i b e d  small-scale 

t e s t s  In hot ce l l s  provided the Lechn-ical bas t s  f o r  t h e  cleanup of t h e  

dern inera l lzers  at TNI-2 - 6  T ~ E  schematic process  owshe sheet is shown i n  

Pig. 11. A f t e r  t h e  reinoval of t h e  exis t ing I I q u i d  i n  the demine ra l i ze r s ,  

cesium i s  e lu ted  i n  m u l t i s t a g e  ba tch  c o n t a c t s  of the r e s i n  with t h e  e l u e n t  

s o l u t i o n s .  As e l u t i o n  pi-oceeds I the  sodium concen t r a t ions  of the eluent 

solution are inc reased  from 0 tcr  1 ( 0  to 23,000 ppm N a )  t o  f a c i l i t a t e  

e l u t i o n  of t he  rcsiduinl cesium on the  r e s i n .  L iquid- to-so l id  phase volu- 

metric r a t i o s  of -1.5 are used i n  each s t a g e ,  and t h e  r a t i o  i s  governed by 

the a v a i l a b l e  Free volume In t he  demine ra l i ze r  v s s s e l . ~ .  Batch c o n t a c t s  of 

t h e  eluent solutlsrzs wit-h the K ~ S P T I  are accomplished by up flowing t h e  

liquid i n t o  the demineral izer .  



34 

0
,
 

In
 

cn I 

n
 



35 

After the batch additions, the bed i s  allowed to settle for 24 to 7 0  h, 

Typically, 3 to 4 drums, 210 L (55 gal )  each, of eluent solution are added 

per batch contact. Eluates are withdrawn through a suction hose from a 

depth about 0.3 m (1 ft) below the liquid su r face  to ensure a g a i n s t  the 
withdrawal of any s o l i d s  that might be floaciing on &lime liquid- The ecimval 

is accomplished using elthem: an eductor  or a pump to lift ctw l.3qsa-ld. The 

eluates are then filtered through a sintered, s ta in l -esa  steel, f i l t e r  f r i t  

(20-pm rating) before being diluted w i t h  p m c e s s e d  water (800 ppm B ) ,  

t r a n s  ferxed to in-plant n e u k r a l i  ze r  tank storage, and f - lnakly  processed 

through the  existing SDS. Dilution is necessary to minimize personnel 

exposure durfng transfer through p i p i n g  t o  in-plant tanks The SDS has 

been previously 

An elution process was developed for removal of radiocesium from the 

TMI-2 deminerallzers on the basis of test resu l t s  from hot-cell experiments 

with rather small samples o f  the degraded demineralizer resins. The pro- 

cess was designed to eluite the cesium and then resorb it on the zeolites 

contained in the SDS. The e lu t tor i  conditfons were chosen so t h a t  the 

cesium activity of eluates would not prodcce excessive radiation fields 

surrounding the p ipe l ines  to the  SDS system. The process Cons is ted  of 

1 7  stages of batch elution. I n  the initial stagc, the resln Ls contacted 

with 8.18 - M B3BO3. Subsequent stages subject the r e s in  t o  increasing con- 

centrations of sodium in ~ ~ ~ ~ ~ ~ ~ - - ~ ~ ~ ~ ~ 3  schluti.ons ( t o t a l  B = 0.35 - M) and 
then sodium hydroxide in the final stages,  About 96% o f  the cesbum was 

eluted f l - o m  t he  DB resin, and alrolat 56% was c l u t c d  f rom the mort? highly 

degraded DA resin. 

Small-scale zeolite bed tests showed that &he eluates were compatible 

with SDS processing. Cesium was rffectlvely sorbed ( 9 9 e 9 9 X ) ,  and bed per- 

formance was unaffected by the presence of relatively small qhnarmtlbiea o€ 

soluble organic resin degradation products  (100 to 200 ppm total. C> i n  the 

eluates. Attempts to remove the soluble organic compounds by scarptican on 

charcoal were unsuccessful. Clarification t e s t a  nn &he eluates showed that 

the small quantity of suspended pnrtic laces in the eluates coiald be 



effectively KemOVed by gravity settling and then filtration through a 

stainless steel. filter frit having 3 10-pm rating. The final filtration 

polish of the eluates avoids the  unnecessary introduction of fine partic- 

ulate matter to the SDS and subseqlnent water wnagetnenc systems. However, 

that unftltered eluates eould be processed by sirladated 

SDS tests without any ef5ects on SDS performance. 
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APPENDIX A 

ANALYTICAL RESULTS ON EARLY SAMPLES FROM ~ E M ~ ~ ~ ~ L ~ ~ ~ ~ S  A .AND B 

Tahie A-l  gives t h e  a n a l y t i c a l  resu l t s  Eor (1) a DB sample obtained i n  

A p r i l  1983 which consfsted p r imar i ly  of a Liquid phase contatnine; very 
l i t t l e  r e s i n ,  arid ( 2 )  a s o l i d s  sample from the dry and caked r e s tn  bed in 

DA which w a s  ob ta ined  i n  Play of 1983. E l u t i o n  s t u d i e s  could not  B e  

carrjled ou t  on these  s a m p l e s  because the quantity of r e s i n  was too s m a l l ,  

However, t h e  analytical resu l t s  a re  reported here  because they may be of 

i n t e r e s t  t o  o t h e r  workers concerned with the phenomenological a spec t s  of 

t h e  TMI-2 acc iden t ,  p a r t i c u l a r l y  t h e  migratory pathways of t h e  va r ious  

f i s s i o n  product r ad ionuc l ides .  
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Table A-1. Analyses obtadned on ea r ly  DA and DB samples 

AnalysFs 

DB Sample DA Sample 
( A p r i l  1983) (May 1983) 

Liquid so.iia S o l i d  
phase phase phase 

Elemental ,  ppm 

8 

C 
Na 
Mg 
A 1  
s i  
P 

C1 
K 
Ca 
V 
C.r 
Mn 
La 
Ba 
CS 
I 
Te 
In 
Cd 
A g  
Rh 
MO 
Nib 
Zr 
S r  

so 4 

181 7 78 
2640 11,200 
14 490 

NA" 
MA 
NA 

5 " 7  

3000 
1000 
7000 
<1 
10 
<3 
0.1 
9600 
5 
3 
20 

0 . 3  
0.2 

30 

<1 
0 -2  
<I 
0.4 

< . l  
1 
1 

15 
2 20 
200 
2 .o 
7.4 
9.9  

>20D 
>10 
> 1000 
5 
50 
<S 
4 

20 
4 
50 
<0*1 
<1 
10 
-I 
40 
100 
180 
10 
300 
1000 
600 
<3 
200 
1 
500 
4 

10,000 
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Analysis 

DB Sample DA Sample 
- (April 1983) (May ll__l 1983) 

phase phase phase 
L i q  u3.d ....- Resin R e s t r x  

___ -...... ....... -. 

Rb 
A s  
Zn 
cu 
Ni 

Fe 
U 
Pu 

eo 

Fission product isotopic 
assay, at. X 

1 2 7 1  
1 2 9 1  
1 3  1Ia 

F i s s i l e  i so top lc  assay, 
at. X 

2 3 4 u  

238u 

2 3 5 ~  

2 3 6 ~  

6 
<.5 
<.2 
1 
0.5 
<.1 
10 
0.064 
Q .0007 

30 
70 

43 
0.4 
14 
42 

(10 
(10 
<a0 

0 .022  
2 -23  
0.13 
97.62 

<o .07 
87.85  
10.29 
1.79 
<O .05 

1620 
7.6 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

NA 
NA 
Nh 

0.023 
2 -46 
0,072 
97.45 

(0.05 
91 .o 
7.6 
1.4 
(0.05 

1 5  
2 
(1 
2 
100 
3 
7 00 
1250 
3520 

30 
70 

45 
0.6 
14 
0 0 

8 
84 
8 

0.021 
2.27 
0.075 
9 3 . 6 4  

(0.1 
90.52 
8 * 0 2  
1.45 
(0.2 

a NA = not analyzed. 



APPENDIX B 

ANALYTICAL RESULTS OBTAINED OM DA AND DB SAMPLES THAT WERE 
USED IN FLOWSHEET ~ ~ V E ~ O ~ ~ ~ T A T ~  STUDIES 

A l l  ana lyses  obta ined  fo r  t h e s e  samples are l i s t e d  i n  Table B-1 .  The 

i n l i t i a l  r e s u l t s  on t h e  r e s i n  phase i n  t h e  DA sample  were suspec t  i n  t h a t  

cer ta in  elements appeared unusual ly  h igh  (calcium, aluminum, etc. 1 and 

c e r t a i n  of t h e  e lementa l  a n a l y s i s  were rechecked. The r epea t  a n a l y s i s  of  

t h e  DA r e s i n s  are shown i n  paren theses  n e x t  t o  the i n i t i a l  ana lyses  va lues  

i n  Table B-1. The v a r i a n c e  i n  va lues  could be r e l a t e d  t o  t h e  d i f f i c u l t y  

of t ak ing  small a n a l y t i c a l  samples from the  bulk r e s i n  phase. The macro- 

s c o p i c  examination of the  DA resin (see Fig. 2 )  showed that t h e  r e s i n  

phase w a s  heterogeneous with regard t o  r e s i n  par t ic le  types .  L t  a l so  

a p p e a r s  t h a t  the DB l i q u i d  became contaminated w i t h  plutonium from high- 

burnup f a s t  r e a c t o r  fuel. t h a t  had p rev ious ly  been processed €n t h e  hot 

c e l l  where t h e  exper imenta l  work WRS c a r r i e d  a u t  on t h e  demine ra l i ze r  

samples .  Thus, conclus ions  should not be drawn rega rd ing  t h e  Lsotopic 

cornpositton of the DB l i q u i d  phase. The i s o t o p i c  assays o f  plutonium €n 

t h e  DB r e s i n  and t h e  DA P i q u i d  and r e s i n  phases a p p e a r  normal for 

TXR-produced plutonium. 
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Table B-1. Analytical results f o r  the DA and DB saqsles used in 
batch elution flowsheet studies 

DA 
Lfquid  Res Ln I, i qui d Resin 

Analysts phase phase phase phase 

Radionuclide, I&%& 

34cs 

OSP 
QCa 

1 3 7 ~ ~  
11.03 285 10 1 1458 
209 5520 1480 21800 
6.72 3060 9 . 4 6  890 

4.89 NAa NA 

Elemental, 

c 
18 
Na 
Mg 
A 1  
si 
P 

c1 
K 
Ca 
V 
Cr 
MI3 

La 
Ba 
cs  
Sn 
In 

SO 4 

ca 
Ag 
Rh 
Mo 
Sr 
Nb 
Z r  

164 
1000 
580 
<1 
3 
- 
- <20 
0.3 
900 

3 
3 

0.6  
0 e 3 

0.9 

<3 
I 

1.00,000 
>200 
- >lo00 
2 
70 
( 5  
(1 
15,000 
30 
4 
30 
1 
5 
5 
3 
(1 
100 
-2 
30 
60 
30 
<3 
NA 
5 
<I. 
fa 

- 
- 

- 

- 
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DB 
__I. 

DA I._ 
Lfquid Resin u q u i a  Resin 

Analysis phase phase phase phase 

15 
<1 - 

R b  
AS 
zn 
CU 0.8 
Ni 1 
CO NA 
P C  4 
Y 0.7 
U 0.19 
Pu (ppb) 1.3 

4 
I (0.5 

-1 
0.6 

10 

- <0.2 

- <0.1 

(1 
<1 
40 

.- 
- 1 7 0 ( 4 )  

1700(300) 

2400 (500 ) 
- < 2 0 ( 4 )  <1 

200 
- 
NA 
24 1 
440 

2 4 2 0 ( 2 0 0 0 )  
4600 

0.11 
0.7 

6 8 * 5  
(1200 - 

14  .o 
- (3900 

F i s $3 d on-2 r sduc t is 0 t 02 -- i c 
assa'l. at. % 

85Rb 
7Rb 

30 
70 

30 
70 

43 
<1 
13 
4 3 

49  
<1 
<1 
49 

47 
<1 
11 
41  

- 
44 
0.7 
13 
42 

0.021 
2.19 
0.072 
97.71 

0.022 
2.36 
0.070 
97.55 

0.027 
2 .S8 
O.G95 
97.56 

0.024 
2.24 
0.086 
97.64 

<0.1 
92.5 
6 . 9  
0.57 
-0.06 

I_ 

(0.1 
9: .30 
7.4 
1.3 
4 . 1  

- (0.1 
84.5 
13.8 
1 .go 

- 

- (0.2 

0.06 
90.86 
7.38 
1.49 
<o .2 - 

"NA '.- not  analyzed. 
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