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EVALUATION OF THE SUBMERGED DEMINERALIZER SYSTEF” (SDS) 

LEVEL WATER AT THE THREE MILE ISLAND 
U N I T  2 NUCLEAR POWER STATION 

FLOWSHEET FOR DECONTAMINATION OF HIGH-ACTIVITY- 

D. 0. Campbell 
E. D. C o l l i n s  
L. J .  King 
J .  B. Knauer 

ABSTRACT 

The Submerged Demi n e r a l  i zer  System (SDS) f 1 owsheet f o r  decontamina- 

t i o n  o f  t h e  h i g h - a c t i v i t y - l e v e l  water a t  t h e  Three M i l e  I s l a n d  U n i t  2 

Nuclear  Power S t a t i o n  was evaluated a t  Oak Ridge Nat iona l  Labora tory  i n  

a s tudy t h a t  i n c l u d e d  f i l t r a t i o n  t e s t s ,  i o n  exchange column t e s t s ,  and i o n  

exchange d i s t r i b u t i o n  t e s t s .  The contaminated waters,  the  SDS f lowsheet ,  

and t h e  exper iments made are described. The exper imenta l  r e s u l t s  were 

used t o  p r e d i c t  t h e  SDS performance and t o  i n d i c a t e  p o t e n t i a l  improvements. 
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1. INTRODUCTION 

The Submerged Demi ne ra l  i zer  System (SDS) f 1 owsheet f o r  decon- 

t ami na t  i on o f  t h e  h i  gh-act i v i  t y - l  eve1 water (HALW) a t  t he  Three M i  1 e 

I s l a n d  U n i t  2 (TMI-2) Nuclear  Power S t a t i o n  was eva lua ted  a t  Oak Ridge 

Na t iona l  Labora to ry  (ORNL) i n  a s tudy t h d t  i nc luded  f i l t r a t i o n  t e s t s ,  i o n  

exchange column l o a d i n g  t e s t s ,  and i o n  exchange d i s t r i b u t i o n  t e s t s .  The 

HALW a t  T M I - 2  i n c l u d e s  approx imate ly  2650 in3 (700,000 g a l )  o f  contaminated 

water  i n  t h e  f l o o r  o f  t h e  Reactor Containment B u i l d i n g  (CB) and approx i -  

mate ly  340 m3 (90,000 g a l )  o f  c i r c u l a t i n g  c o o l i n g  water t h a t  remains 

i n t h e  c l  osed-1 oop Reactor Pr imary Cool ant  System (RCS) . 
Three l - L  samples o f  contaminated water were taken f rom t h e  bot tom o f  

t h e  CB d u r i n g  November and December o f  1979 and were shipped t o  ORNL 

f o r  use i n  t h e  SDS eva lua t - ion  t e s t s .  These t e s t s  were made d u r i n g  the  

p e r i o d  January-Apr i  1 1980. P re l  i in i  nary  r e s u l t s  were repo r ted  i n  a se r ies  

o f  monthly l e t t e r s  f rom R .  E. Brooksbank o f  ORNL t o  R. F. Wilson, D i r e c t o r  

of TMI-2 Recovery f o r  General Pub1 i c  U t i 1  i t i e s  (GPIJ) . Summary r e s u l t s  

were presented t o  the  TMI-2’ Technical Adv isory  Group on A p r i l  21, 1980, 

and t o  t h e  TMI-2 Recovery s t a f f  on A p r i l  28. 

The process t o  be used i n  the  SDS f o r  decontaminat ion o f  the  I-IALW 

was developed d u r i n g  mid-1979, f o l l o w i n g  analyses and t e s t i n g  o f  samples 

o f  RCS water which were taken w i t h i n  a few weeks a f t e r  t he  acc ident .  

Samples o f  CB water  were not  a v a i l a b l e  u n t i l  an access probe was i n s t a l l e d  

i n  August. The R C S  water samples were analyzed a t  ORNL d u r i n g  May and 

June, and some o f  t h e  RCS watet- was used f o r  d i s t r i b u t i o n  ixasurements w i t h  

a v a r i e t y  o f  s o l i d  sorbents  t o  determine t h e  most favo rab le  t ype  o f  sor-  

bent  f o r  t h e  decontaminat ion process. Also, small-column l o a d i n g  t e s t s  



were made using synthetic feed solutions traced with ei ther  89Sr or 137Cs 

t o  determine the potential performance of ion exchange co1 umns  containing 

selected sorbents. The zeol i t e  chabazite was selected as the appropriate 

sorbent t h a t  was commercially available and had a history o f  successful, 

1 arge-scal e usage. 

On the basis o f  results from these t e s t s ,  ORNL and  Savannah River 

Laboratory personnel worked with members o f  the Technical Advisory Group 

t o  develop a proposed flowsheet. Then a processing system (the SOS) was 

designed by A1 1 i ed General Nucl ear Services ( AGNS) 

Systems, Inc. (CNSI), the prime contractor for fabrication, instal la t ion,  

and operation of the process equipment. The SDS was designed t o  decon- 

taminate the HALW so t h a t ,  when mixed with normal plant discharges, the 

concentrations of a l l  nuclides (except t r i t ium) would be <Io% o f  the con- 

centrations l i s t ed  in 10 CFR 2 0 . 2 ~ ~  

1 for Chem-Nucl ear 

The f i r s t  samples o f  CB water analyzed a t  ORNL were obtained in 

August 1979. Following the analyses, some of the water was used t o  make 

additional ion exchange distribution measurements. The resul ts  o f  those 

measurements indicated the presence o f  recalcitrant species of both  stron- 

tium and cesium a t  estimated concentrations of 0.08% and 0.04% respec- 

t ively.  I n  e f fec t ,  these species appeared to  l imit  the decontamination 

available with the proposed SDS flowsheet t o  factors of approximately 

1200 for strontium and 2400 for  cesium. In  addition, the sample taken 

from near the CB floor contained a significant volume of flocculent 

solids.  This introduced the possibil i ty t h a t  the f i l t e r s  specified f o r  

use in the proposed SDS might be inadequate for removing th i s  type of 

sol id material. 
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Based on t h e  p o t e n t i a l  d i f f i c u l t i e s  suggested by t h e  presence o f  

t h e  s o l i d s  and r e c a l c i t r a n t  species, ORNL recommended t h a t  f i l t r a t i o n  

and i o n  exchange column t e s t s  be made us ing  ac tua l  water samples taken 

f rom near t h e  CB f l o o r  f o r  eva lua t i on  o f  t h e  SDS process and f o r  t h e  deve- 

lopment o f  p o t e n t i a l  process improvements ( m o d i f i c a t i o n s ) .  I n  a d d i t i o n ,  

t h e  NRC requested t h a t  GPU p rov ide  process e v a l u a t i o n  data f o r  use i n  a 

s a f e t y  eva lua t i on ,  

The exper imenta l  program t h a t  i s  t h e  sub jec t  o f  t h i s  r e p o r t  r e s u l t e d  

f rom an agreement between GPU and DOE. The t e c h n i c a l  scope was decided 

th rough c o n s u l t a t i o n  among GPU, ORNL, and t h e  TMI-2 Technica l  Adv isory  

Group. The r e p o r t  inc ludes  d e s c r i p t i o n s  o f  t h e  contaminated waters, t he  

SDS process f lowsheet ,  and t h e  experinients t h a t  were performed. The 

exper imenta l  r e s u l t s  were used t o  p r e d i c t  SDS process performance and 

t o  i n d i c a t e  p o t e n t i a l  improvements. 

2. ANALYSES OF THE CONTAMINATED WATERS 

The concen t ra t i ons  and t o t a l  amounts o f  t h e  cheriiical and rad iochemi-  

c a l  components i n  t h e  RCS water and the  CB water which are most s i g n i f i -  

can t  r e l a t i v e  t o  t h e  performance o f  t he  SDS system are l i s t e d  i n  Table 1. 

The values i n  t h e  t a b l e  f o r  t h e  RCS water are composites o f  a n a l y t i c a l  data 

f o r  t h e  samples t h a t  were taken e a r l i e r .  

represent  t h e  analyses o f  t he  1-1- sarnyles t h a t  were used f o r  t h e  f lowsheet  

eva lua t i on .  A l s o  l i s t e d  i n  t h e  t a b l e  a re  t h e  " r e l a t i v e  i n g e s t i o n  hazards" 

o f  t h e  dominant r a d i  onucl i des .  The re1  a t i  ve i n g e s t i  on hazard is d e f i  ned 

h e r e i n  as t h e  r a t i o  o f  t h e  concen t ra t i on  o f  a rad ionuc l  i d e  i n  t h e  con- 

taminated  water  t o  t h e  Concent ra t ion  g iven i n  10 CFR 20, Appendix 6,  Table 

The values for  the CB water 
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Tab le  1. Compos i t ion  o f  c o n t a m i n a t e d  w a t e r  

( V a l u e s  are  c o r r e c t e d  for  r a d i o a c t i v e  decay t o  J u l y  1, 1980.) 

R e a c t o r  Conta inment  
cool a n t  b u i l d i n g  
sys tem water Total 

Volume 

Sodi um 

Boron 

Cesi  um 

S t r o n t i u m  

Nuc l  i de 

3 H  

8 9 ~ r  

9 0 ~ r  

Io6Ru 

1z5Sb 

134cs 

137Cs 

1 4 4 ~ e  

90,000 g a l  

1350 ppm 

3870 ppm 

1.5 ppni 

(0.05 ppm 

Re1 a t i  ve 

(N i /mL) hazarda 
Conc. i n g e s t i o n  

0.17 60 

5b 2,000,000 

25b 80,000,000 

0.1 10,000 

0.01 100 

10 1,000,ooo 

57 3,000,000 

0.03 2,000 

J00,OOQ g a l  

1200 ppm 

2000 pprn 

0.8 pprn 

0.1 pprn 

Re1 a t  i ve 

haz a r d a  
Conc. i n g e s t  i o n  

(pC i / m t  ) 

790,000 g a l  

3600 k g  

38,000 k g  
( a s  H3B03) 

2.6 k g  

0.3 k g  

T o t a l  
( C i  1 

1 .o 300 

0.53 200,000 

2.3 8,000,000 

0.002 200 

0.02 200 

26 3,000,000 

160 8,000,000 

0.0005 50 

2,500 

3,000 

14,000 

40 

50 

67,000 

410,000 

10 

a 
Expressed as m u l t i p l e s  o f  t h e  c o n c e n t r a t i o n s  l i s t e d  i n  10 CFR 20, 

Values vary, p r o b a b l y  because o f  p r e c i p i t a t i o n .  

Appendix B ,  T a b l e  11, Column 2. 
b 
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11, Column 2, f o r  t h a t  rad ionuc l i de .  Al though t h e  10 CFR 20 con- 

c e n t r a t  i o n s  do not  represent  s p e c i f i c a t i o n s  f o r  di  scharge o f  these post-  

acc iden t  waters f rom TMI-2, t h e  r e l a t i v e  hazards art? use fu l  f o r  t he  design 

and eval  uat  i o n  o f  proposed water t reatment processes. The re1 a t i  ve hazard 

o f  a r a d i o n u c l i d e  i n d i c a t e s  the  numerical value by which the concen t ra t i on  

o f  t he  r a d i o n u c l i d e  must be reduced, e i t h e r  by processing o r  by d i l u t i o n .  

The r e d u c t i o n  by process i  ng i s  expressed as the  decontarni nat  i on f a c t o r  

(DF), which i s  t h e  r a t i o  o f  t he  concen t ra t i on  o f  a n u c l i d e  i n  the process 

feed s o l u t i o n  t o  i t s  concen t ra t i on  i n  the product s o l u t i o n .  

Both  waters c o n t a i n  sodium bora te  and b o r i c  acid;  t h e  pH i s  8.2 i n  

t h e  RCS water and 8.6 i n  the  CB water. O f  t he  rad ionuc l  ides now present , 

cesium and s t r o n t i u m  w i l l  r e q u i r e  t h e  most decontamination. I n  a d d i t i o n  

t o  cesium and s t ron t i um,  one o f  t h e  important r a d i o a c t i v e  contaminants 

p resent  i n  t h e  waters i s  t r i t i u m  ( h a l f - l i f e  = 12.3 y ) .  

o f  hydrogen i s  present as t r i t i a t e d  water i n  concen t ra t i ons  t h a t  are 

minute bu t  are s t i l l  more than the  10 CFR 20 concen t ra t i ons  The t r i t i u m  

wi l l  nat be removed by the SDS process and will probably be handled by 

d i l u t i o n  w i t h  uncontaminated water a f t e r  the o t h e r  r a d i o a c t  ve m a t e r i a l s  

have been removed. 

T h i s  heavy isotope 

The radiocesium iso topes  i n  both bodies o f  contaminated water are 

by f a r  t h e  predominant sources o f  gamma a c t i v i t y .  U n t i l  t he  cesium con- 

c e n t r a t i o n s  have been reduced by several  o rders  of magnitude, the. decon- 

tami n a t  i on process equipment must be both sh ie lded  and operated remotely 

t o  prevent excessive exposure t o  ope ra t i ng  personnel . 
The sample analyses have i n d i c a t e d  t h a t  t he  concen t ra t i on  o f  90Sr i n  

t h e  RCS water inc reased f r o m  0.04 t o  7 uCi/mk d u r i n g  the f i r s t  month 
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following the accident and then increased further to  abou t  25 uCi/mL.4 

This behavior i s  in contrast t o  the concentrations of cesium and tr i t ium 

which have decreased in a manner consistent with observed leakage rates of 

the contaminated water from the RCS ( and  with dilution by makeup water). 

The increased strontium concentration may have been due t o  continued 

leaching o f  exposed fuel ; however, i t  i s  mre likely t h a t  t h i s  increase 

has been caused by redissolution of a precipitated strontium form, such as 

strontium sulfate .  Whatever the cause, the practical implication is t h a t  

additional stront i um may appear duri ng the decont ami n a t  i an process. 

A s ignificant concentration of strontium has been found in an  insol- 

uble form in samples o f  water taken from the bot tom o f  the Containment 

Building. 

( 1  iquid pl us sol ids)  was approximately 8.5 vol X ,  as determined by cen- 

tr ifugation; however, both the amount and nature of the solid material in 

the slurry sample may not be representative of the total  solids within the 

building since the sample could be taken from only one location. 

extrapolation o f  the d a t a  regarding the solids i s  very uncertain. 

In each l-L sample, the cancentration of solids in the slurry 

T h u s  

T h e  key chemical and radiochemical constituents i n  the solids are 

l i s t ed  in Table 2 ,  along with the calculated percentage o f  each element 

and nuclide in the total  sample (l iquid plus s o l i d )  t h a t  was insoluble. 

Although the strontium was the predominant radionucl ide in the sol ids ,  92% 

of the strontium in the total  sample was in the liquid phase. Essentially 

a l l  o f  the cesium was in the liquid phase. Thus, even i f  these solids are 

di ssol ved duri n g  the decontami n a t  i on process the total  amount of radi oac- 

t i v e  materials in the water would not increase significantly.  
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T a b l e  2. S o l i d s  i n  o n e - l i t e r  samples o f  Conta inment  B u i l d i n g  w a t e r  

Conc. 
( g h l .  % 

Element  s o l  i dsa) i nso l  u h l  eb 

Copper 
N i c k e l  
A1 umi num 
I ron  
S i l i c o n  
C a l c i u m  
Z i n c  
C h l o r i n e  
Magnesi urn 
S u l f u r  
Manganese 
S i  1 v c r  
Cadrni urn 
T i n  
I n d i  urn 
Phosphorus 
Chromi urn 
Uranium 
P o t  d s  s i u in 

Lead 
Y tt r i  uiii 
Z i r c o n i u m  
C o b a l t  
Bar ium 
S t r o n i i  um 
Ces i urn 

7500 
2500 
1450 

850 
650 
450 
400 
400 
150 
100 

90 
55 
55 
40 
30 
30 
25 
20 
15 
10 
9 
7 
3.5 
2.5 
2.5 
0.5 

99 
> 98 

88 
8 1  
10 

7 
- >87 

10 
10 
d 

>69 
d 
d 
d 
d 

20 
12 
d 
1 
d 
d 
d 

>8  

- 

- 

- >ii 
- >11 

0.04 

I 

Conc. 
( p C i  /mb % 

N u c l i d e  s o l i d s a S c )  i n s o l u b l e b  

38 
8.7 
4.7 
1.5 
1.4 
0.82 
0.76 
0.23 
0.14 
0.077 
0.07 3 
0.030 
0.027 
0.020 
0.010 

8 
8 
0.04 

28 
93 

0.04 
66 

d 
97 

d 
88 

d 
d 

88 
66 

aBased on volume o f  s o l i d s  a f t e r  c e n t r i f u g a t i o n .  
bPercentage o f  e lement  o r  n u c l i d e  i n  t o t a l  sample ( l i q u i d  p l u s  s o l i d )  t h a t  

i s  i n s o l u b l e .  C a l c u l a t i o n  based on t o t a l  s o l i d s  c o n t e n t  o f  0.5% (vo lume) 
i n  c e n t r i f u g e d  sample. 

C C o n c e n t r a t i o n  on J u l y  1, 1980. 
dNot measured i n  water .  
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3.  DESCRIPTION OF THE SUBMERGED D E M I N E R A L I Z E R  SYSTEM 

The flowsheet evaluated herein (Fig. 1) was t h a t  designed by RGNS for 

the SDS. I n  t h i s  flowsheet, the contaminated water i s  c lar i f ied  by 

f i l t r a t i o n  (using a 75-um-rated pref i l te r  and a 10-urn rated final f i l t e r )  

during t ransfer  into the ion exchange feed t a n k s .  The clar i f ied water i s  

pumped t h r o u g h  e i ther  or b o t h  of two duplicate t ra ins  of ion exchange 

columns. Each t ra in  consists a f  a series of three columns containing 

zeol i te  (Linde Ionsiv IE-95, formerly called AN-500, in the Na+ forin). 

The effluent from ei ther  t r a i n  o f  zeolite columns i s  passed t h r o u g h  either 

of two duplicate columns containing an organic cation exchange resin 

(Nalcite HCR-S, i n i t i a l l y  i n  the HS form). 

from both cation resin columns i s  combined and passed through a single 

large polishing column containing layers o f  cation resin ( H C R - S ,  i n i t i a l l y  

in the H+ form), anion resin (Nalcite SBR, i n i t i a l l y  in the OH- form), and 

mixed resin (Nalcite MR-3, a 1:1 volume mixture of HCR-S and SBR). 

Finally, the effluent water 

The ion exchange columns are of modular design and can be mved 

easily.  The zeol i te  and cation resin columns are o f  the same size 

although the volume of cation resin to  be used i s  only one-half o f  the 

volume of zeol i te  t h a t  will be used in each column. 

The operating procedure provides t h a t  200 bed volumes of water will be 

passed t h r o u g h  each zeolite column while it i s  in the f i r s t  position. A t  

tha t  time, the column containing the loaded zeolite will be removed from 

the system, the other zeolite columns will be moved forward one position 

(countercurrent t o  the water flow), and a new zeolite column will be 

instal led in the third position. In th i s  manner, the zeol i te  columns 
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w i l l  sorb most o f  t h e  cesium w h i l e  i n  t h e  f i r s t  p o s i t i o n ,  and w h i l e  

i n  t h e  second and t h i r d  p o s i t i o n s  w i l l  p rov ide  t h e  necessary res idence 

t i m e  t o  a l l o w  t h e  s t r o n t i u m  t o  be sorbed. The c a t i o n  r e s i n  columns and 

t h e  p o l i s h i n g  column w i l l  be changed when i n - l i n e  mon i to rs  o r  p e r i o d i c  

sample analyses i n d i c a t e  t h a t  a bed has become loaded. 

4. FILTRATION 

4.1 Est imated Amount and Character  of S o l i d s  , , d t e r i a l  

A l l  f o u r  samples o f  water taken f rom t h e  bottom o f  the  containment 

B u i l d i n g  conta ined f l o c c u l e n t  sol i d s ;  t h e  amounts a f t e r  s e t t l i n g  and 

c e n t r i f u g i n g  are shown i n  Table 3. I f  such s o l i d s  are present i n  a s i g n i -  

f i c a n t  amount i n  t h e  CB water and i f  the water i s  not c l a r i f i e d  

adequately,  t h e  s o l i d s  cou ld  r e s t r i c t  o r  b lock  t h e  f l o w  o f  water through 

t h e  i o n  exchange columns. The u n c e r t a i n t y  i s ,  o f  course, whether the  

amount and n a t u r e  o f  t h e  sol i d s  i n  t h e  samples are r e p r e s e n t a t i v e  o f  t h e  

t o t a l  w i t h i n  t h e  b u i l d i n g .  Thus t h e  amount present  i n  t h e  Containment 

B u i l d i n g  i s  h i g h l y  c o n j e c t u r a l  and can o n l y  be rough ly  est imated. 

The sample taken i n  August conta ined a s i g n i f i c a n t l y  l a r g e r  

c o n c e n t r a t i o n  o f  s o l i d s ,  probably  because (1) i t  was the  f i r s t  sample 

t a k e n  a t  t h e  sample probe l o c a t i o n ,  ( 2 )  t h e  water ( s l u r r y )  was not  

a g i t a t e d  b e f o r e  sampling, and (3)  o n l y  a small  volume was taken. The 

t h r e e  l a r g e  samples a l l  con ta ined a s o l i d s  c o n c e n t r a t i o n  o f  approx imate ly  

0.5% a f t e r  c e n t r i f u g i n g .  These samples can represent  no rare than t h e  

bot tom few inches i n  t h e  b u i l d i n g  ( a  t o t a l  volume of  about 75  t o  150 m3, or 
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T a b l e  3. Samples taken f r o m  t h e  b o t t o m  o f  t h e  Conta inment  B u i l d i n g  

..I.I.. 

Sample d e s i g n a t i o n  Bot tom RB Sump 1 RB Sump 2 RB Sump 3 
... _.-_I-.......... ..__..__ - 

Date  t a k e n  8/79 11/15/79 12/5/79 12/5/79 

Unagi t a t e d  A g i t a t e d  U n a g i t a t e d  Ag i t a t e d  TY Pe 

Volume ( L )  0.03 1.05 1.15 1.15 

Sol i d s  c o n t e n t ,  
v o l  I 

S e t t l e d  10 1 .o 2.0 Not w a s .  

C e n t r i f u g e d  4 0.5 0.5 ~ 0 . 5  

20,000 t o  40,000 gal) .  On t h i s  basis, the total  volume o f  solids i s  es t i -  

mated ( a t  0.5% concentration) t o  be approximately 0.4 t o  0.8 m3, or  100 t o  

200 gal (equivalent t o  centrifuged sol ids) .  

have indicated the presence o f  a similar amount. 

Other iwthods o f  estimation 

The solid materials present i n  the samples are precipitates (probably 

hydroxides) o f  primarily copper, aluminum, nickel, and i ron ,  as shown in 

Table 2.  

precipitate) t o  be present in the i r  chemically reduced s ta tes  (cuprous and 

ferrous).  

i s  significant t o  note t h a t  the bulk o f  the solids ( a l l  t h a t  i s  visible t o  

the naked eye) can be dissolved by the addition of enough acid t o  lower 

the pH t o  3 .  However, such an acidification could be detrimental t o  the 

subsequent ion exchange operations and,  thus, has not yet been considered 

as  a process option. 

The copper and iron were observed (by the color of the 

The predominant radioactive nuclide in the solids i s  90Sr. I t  
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Sedimentation t e s t s  indicated t h a t  the bulk of the solids was heavy 

enough t o  s e t t l e  within 30 t o  60 min; however, a visible haze remained in 

the supernate for 10 t o  20 h.  

in the Containment Building floor could be decanted from near the surface,’  

the solids would n o t  be encountered in the SDS until the building i s  

nearly empty. 

(18-in.-diam) uptake l ine in the building sump. Even t h o u g h  t h i s  i s  a 

re la t ively large pipe, the liquid velocity, approximately 38 cm/min (15 

in./min) a t  a flow rate of 60 L/nin (15 gal /nin) , will be fast  enough t o  

cause t ransfer  of a significant fraction of any so l id s  within the pipe. 

These resul ts  indicate t h a t ,  i f  the water 

However, plans are t o  pump the water through the 46-cm-diam 

4.2 Fi l t ra t ion Tests 

The t o t a l  solids content in the three 1-L samples was not large 

enough for extensive f i l t r a t i o n  tes t s .  Thus a synthetic slurry was for- 

mulated t o  the same chemical composition as the actual slurry and was used 

t o  evaluate a variety of f i l t e r  media and f i l t r a t ion  methods, 

taken t o  ensure t h a t  the chemically reduced s ta tes  were maintained and 

t h a t  the synthetic slurry was formulated i n  such a way t h a t  the se t t l ing  

character is t ics  were similar t o  those observed for the actual slurry. 

Care was 

Scouting t e s t s  were made f i r s t  using glass f r i t  f i l t e r s .  The 

resu l t s ,  summarized in Table 4 ,  showed t h a t ,  the coarse f i l t e r  (40 t o  60- 

um pore s ize)  did not remove the solids e f f ic ien t ly  unless i t  was pre- 

coated with a f i l t e r  aid. 

d i d  remove the sol i d s  b u t  only a t  a slow flow rate.  

was precoated with a diatomaceous earth f i l t e r  a i d ,  the solids-removal 

efficiency and flow rate  were satisfactory.  

of the two grades of f i l t e r  a i d  t h a t  were examined are shown in Table 5 .  

The medium grade f i l t e r  (10 t o  15-~~um pore size) 

When ei ther  f i l t e r  

The ranges in par t ic le  sizes 



1 4  

Table 4. F i l t r a t i o n  scout ing t e s t s  using syn the t i c  
IMI s l u r r y  and g l a s s  f r i t  f i l t e r s  

Fi 1 t e r  type (m 1 r a t e  o f  f i l t r a t e d  

--I 

Pore s i z e  F1 ow Re1 a t i  ve tu rb i  di t y  

_I- ."_ 

Coarse 40-60 Fast  46 

Medi urn 10-15 s1 ow 2.5 

F i n e  4-5.5 s1 ow 2.1 

Coarse ( precoatedb)  -- Fas t  3.3 

Medium (precoatedb)  -- Fast  1.2 

aRela t ive  tu rb id i ty - -o f  mixed, syn the t i c  s l u r r y  

bApproxiinately O.6-crn th ickness  of Cel i t e  535. 

50 and l abora t6 ry  denii- 
ne ra l i zed  water = 0.15. A t  t u r b i d i t i e s  below about 3 ,  the s o l i d s  pre- 
s en t  are not e a s i l y  seen by t h e  human eye. 

Table 5. Diatornaceous ea r th  f i l t e r  a ids  

.II_ ._. 

Par t  i cl e 
s i z e  
(urn) 

Typical ana lys i s  

S t a n d a r d  Super-Cel C e l i t e  535 
( w t  -- %)  

<2 l o  .0 -- 
2-4 

4-6 

6-8 

8-10 

10-20 

17 .O 

24 .O 

16 .O 

9 .o 
15 .O 

3 .O 

3 "0 

6.5 

10 .o 
37.5 

26 .O 

14 -0 

20-40 

40-60 

4.5 

4.5 
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The S tanda rd  Super Cel (with a particle-size range predominantly <10 urn) 

was found to  cause slow flow rates and a high pressure d r o p ,  while the 

Celite 535 (with a size range predominantly between 10 and 60 um) was 

found t o  give good performance. 

Quantitative loading d a t a  were obtained using the synthetic-slurry 

and sintered-metal f i l t e r s  (Matt Metallurgical Corporation) having 5-, l o - ,  

20-, and 40-vm r a t i n g s .  The experimental equipment arrangement i s  shown 

in Fig. 2. The mixed slurry was pumped either upflow t h r o u g h  the f i l t e r  

housing (with the f i l t e r  located i n  the t o p  of the housing) or downflow 

(with the f i l t e r  a t  the bottom of the housing), and the t e s t s  were te r -  

minated when the pressure drop exceeded 240 k P a  (35 ps i ) .  

of the f i l t r a t e  solution was compared t o  the turbidity of the feed slurry 

t o  provide a measure of the f i l t r a t ion  efficiency. 

used, 150 t o  500 mL/s-m* (0.22 t o  0.74 gal/min-ftz), the holdup time in 

the t e s t  f i l t e r  housing was similar t o  t h a t  in the SDS f i l t e r  housing. 

The turbidity 

A t  the flow rates 

Results o f  the f i l t r a t ion  t e s t s ,  summarized in Table 6 ,  indicate t h a t  

(1) the use o f  a f i l t e r  a i d  will be necessary to achieve a satisfactory 

f i l t r a t i o n  efficiency, and ( 2 )  the use of a downward direction of f l o w ,  

with the f i l t e r  located a t  the bottom of the housing, will be necessary to  

maintain an adequate covering o f  the f i l t e r  surface with f i l t e r  aid, espe- 

c i a l ly  during operations in which i t  i s  necessary t o  stop and s t a r t  the 

flow. Use o f  a 40-,um-rated f i l t e r ,  covered by several inches o f  Celite 

535, gave the best results.  

The pref i l ter-f inal-f i l ter  technique currently planned for SOS opera- 

t ions has been evaluated in large-scale t e s t s  a t  AGNS5 while u s i n g  a 
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Table 6 .  Filter loading tests using synthetic slurrya 

Filter Filter 
rating Flow rate 1 oadi ngb Filtrate turbidity' (%) 
(um) (gal /min-ftz) (in.) Avera ge E O T ~  

5 0.22 0.59 0.8 93.5 

20 0.22 1.06 49.8 73.9 

40 0.22 1.22e 37.5 84.1 

20 0.22 1.06 

20 0.45 0.59 

20 0.74 0.31 

49.8 

63.8 

69.1 

73.9 

82.1 

86.1 

0.12-in. filter aid -- upward f l o w  

5 0.22 0.51 0.5 0.2 

20 0.22 0.59 0.5 1 .o 
40 0.22 0.94 1.5 2.4 

10 

20 

40 

20 

40 

0.74 0.16 9.3 

0.74 0.28 4.1 

0.74 0.28 22.6 

17 .O 

5.5 

28.3 

1.5-in. filter aid -- downward f'low 
0.22 1.65 0.4 0.2 

0.22 1.50@ 0.7 0.2 

40 0.74 3.03 0.4 0.3 
"Synthetic slurry contained 1.0% (volume) solids. 
bcalculated averag2 depth o f  solids on filter (volume of so l ids ,  in.3, per 

CFiltrate turbidity i n  % o f  feed slurry turbidity. 
dEnd o f  lest. 
eTest-terminated before AP reached 35 psi. 

filter area, in. ) .  



synthetic slurry similar in composition t o  t h a t  used a t  O R N L .  The results 

o f  the AGNS study indicated t h a t  70% of the suspended solids would be 

removed by the pref i l ter-f inal-f i l ter  technique and t h a t  the f i l t r a t e  con- 

tained very fine suspended solids. This procedure may be acceptable i f  

the f ine suspended solids do not plug the f i r s t  zeoli te bed during i t s  

intended l i f e  [processing sf 200 bed volumes o r  a total  o f  45 m3 (12,000 

gal)  o f  water]. However, the precoated, downward-flaw f i l t e r ,  shown to 

give optimum resul ts  in th i s  study, should be considered i f  f i l t r a t ion  or 

column plugging d i f f icu l t ies  are encountered in SDS operations. 

5. ION EXCHANGE COLUMN TESTS 

I n  the in i t i a l  ion exchange t e s t s ,  the SDS flowsheet was divided into 

five parts ( t e s t s  TMI-1x1 through TMI-1x5) in order to  measure the con- 

centrations of the various radionuclides in several of the column effluent 

streams. 

zeol i te  columns was made. An outline o f  t h e  t e s t s  and the time intervals 

involved are shown i n  Fig. 3 .  The in i t i a l  zeoli te ion exchange column 

loadings (1x1 and 1x6) were done in a shielded, manipulator-operated hot 

ce l l .  

radionuclides (primarily cesium) was removed, the water was transferred 

t o  a laboratory hood where the -remaining t e s t s  (1x2 t h r o u g h  1x5)  were 

made e 

Subsequently, a t e s t  (TMI-1x6) o f  only the series of three 

Following these t e s t s ,  in which the bulk o f  t he  garma-emitting 
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CONTAINMENT 

t.. -1x2- 4 
22 23 

ZEOLITE ZEOLITE MU-3 

LABORATORY HOOD 

CLARIFICATION 
(LIGHT 

CENTA i FUGAT ION 1 

HOT CELL 

50 mL EFFLUENT FRACTIONS TED SEQUENTIALLY TO SUBSEQUENT COLLMN 

CO N TA INM EN T 

t--------- IX6 - - ---I + 
(DECANT) 

CLARIFICATION 

ZEOLITE ZEOLITE ZEOLITE 

I 
------7 HOT CELL 

Fig. 3 .  Out l i ne  o f  i o n  exchange colunin t e s t s  performed. 
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5.1 Experimental Equi pment 

The feed reservoir used in the ion exchange column t e s t s  consisted 

of a Marriotti Bottle, which provided a constant Read pressure for 

gravity flow o f  the feed t h r o u g h  the resin bed. The column effluent 

flow rate  was controlled with a flow-metering teflon stopcock t o  

within 13% of the desired value. In a l l  of the ion exchange column 

t e s t s ,  the liquid flow rates were set to provide the same resin con- 

t ac t  times as those intended for full-scale operations. 

Small glass ion exchange columns, such as t h a t  i l lus t ra ted  in 

F i g .  4 ,  were used. 

t h a t  could be used with the flow control methods available t o  provide 

a bed residence time similar t o  t h a t  intended for the SDS beds (12  min). 

The column diameter was sized so t h a t  the ra t io  of column diameter t o  

zeol i t e  pa r t  i cl e di ameter, 

50-niesh zeol i te ,  was large enough t o  prevent flow channeling.6 The diame- 

t e r s  of the zeolite and cation resin colutnns were 11.6 mm, those of the 

cation and anion beds of the polishing column were 28 m, and t h a t  o f  the 

mixed resin bed was 15 mm. 

The zeolite bed volume of 2 mL was the minimum 

hi le  using commercially available, 20 t o  

5.2 Experimental Procedure 

The sorbents and conditions used during each t e s t  run are sum- 

marized in Table 7 .  Prior t o  1x1, a 2-L volume o f  Containment 

Building water was clar i f ied by means o f  a " l ight"  centFifugation ( t o  

simulate a r o u g h i n g  f i l t r a t i o n ) .  The clar i f ied feed, pepresentiny 

1000 bed volumes based on the volume of each zeolite bed, was passed 
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F i g .  4. Schematic diagram o f  column used i n  t es t  ruin TMI-1x1. 
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t h r o u g h  the f i r s t  zeol i te  column a t  a flow rate of 8 mL/h (residence 

time of 15 min). 

planned for the SDS zeol i t e  beds (12  min) , b u t  the difference was n o t  

considered to  be significant.  Also, the t h r o u g h p u t  was much larger 

t h a n  the 200 bed volumes intended for the SDS columns, b u t  the larger 

t h r o u g h p u t  was useful for the determination o f  the sorption behavior of 

the various radionuclides, especially cesium and strontium. The column 

effluent was collected in 50-mL fract ions,  and 10-mL samples were taken 

from selected fractions for chemical and radiochemical analyses. 

T h i s  was a s l ight ly  longer residence time t h a n  i s  

Fraction numbers 1 t o  28 (a  total  of 1300 m l ,  o r  650 bed volumes, 

a f t e r  removing samples) were transferred from the hot cell t o  a laboratory 

hood; s ta r t ing  about 4 weeks l a t e r ,  the fractions were fed sequentially 

( t o  simulate a continuous flow) t h r o u g h  the second and t h i r d  zeoli te 

columns ( t e s t  1x2).  The effluent from the third zeol i te  column was 

collected in 50-mL f ract ions,  which ( a f t e r  the sampling of selected 

fract ions)  were fed sequentially t o  the cation column in t e s t  1x3. 

similar procedure was used in t e s t s  1x4 and 1x5. The bed residence times 

during t e s t s  1x2 t h r o u g h  1x5 were the same as those intended f o r  actual 

SDS operation. 

A 

In  the continuous-flow t e s t  o f  the series of three zeolite columns 

with no time delays ( t e s t  r u n  IX6), 400 mL of Containment Building water 

(200 bed volumes based on each zeolite bed) was c la r i f ied  by means o f  

se t t l i ng  and decantation. This water was passed t h r o u g h  the three columns 

a t  a rate of 10 m L / h  (12-min residence time for each zeolite bed o r  36 

min for a l l  three) .  The effluent water was collected i n  50-mL fract ions,  

and a l l  were sampled. 
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The 10-mL samples taken from selected col imn eff 1 irent Tract ions 

during the t e s t s  were analyzed by gross beta and gama counting, gamma 

spectrometry, and radiochemical methods ( R C A )  fo r  89Sr and 90Sr. 

fractions also were analyzed for chemical elements by spark source 

mass spectrometry. l'4easurement.s o f  pH ( a  nondestructive analysis) 

were made direct ly  on selected 50-mL f ract ions,  All o f  the loaded 

sorbents, except the f i r s t  zeoli te beds of t e s t s  1x1 and 1x6, were 

analyzed by gamma-spectrometry . 

Certain 

5.3 Experimental Results and Discussion 

Certain analytical constraints were imposed by the nature of these 

experiments. F i r s t ,  the volumes of the sample aliquots were limited. 

Second, the counting rates were a t  very low levels f o r  many o f  the 

radionucl ides, and the presence of comparatively h i g h  concentrations of  

certain constituents, especially 1*5Sb, interferred with the detection of 

other radionuclides. 

ses were reported with large degrees of uncertdinty (d-10 t o  30%) and with 

relat ively large l imits of detection. These analytical effects  must be 

considered when iriaking any interpretation o f  the radionuclide con- 

centrations given here. Complete sets o f  the measured radionuclide and 

cherni cal concent rations in the  vari ous col umn cf f 1 uent streams and sol id 

wastes a re  given in Tables A - 1  t h r o u g h  A - 1 1  o f  the Appendix. 

As a result of these constraints,  many o f  the analy- 

The concentrat ions of the pr-edomi n a n t  radi onucl ides present in the 

Containment Building water and the relative hazards, based on 10 CFR 20, 

are given in Table 1. The relative ingestion hazards represent the factor 

by whi ch the r a d i  onucl i de cancent rations exceed the concent r a t  i ons g i  ven 
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by 10 CFR 20 and are the c r i t e r i a  used herein t o  evaluate the performance 

of the SDS sorbents. The largest decontamination (and/or  dilution) fac- 

tors (>8  x 10 ) will be required for 6 and 137Cs. 

The DFs obtained in the co?umn t e s t s  have been expressed herein in 

several different ways, which are summarized in Table 8. Instantaneous DFs, 

re la t ive  t o  concentrations i n  the CB water, are shown as functions o f  the 

volume of water processed for cesium and strontium, the two major 

contaminants, and for antimony and ruthenium, two of the minor 

contaminants, in Figs. 5 and 6 ,  respectively. The DFs for cesium and 

strontium, expressed i n  other ways, are shown in F igs .  A - l  t o  A-6 of the 

Appendix . 
The presence of a non-ionic species o f  cesium in the effluent from 

the f i r s t  zeol i te  column was suspected because the DF was essentially 

constant  a t  104 throughout  the t e s t  ( a  to ta l  of lQOO bed volumes was 

passed t h r o u g h  the f i r s t  column) 

the column, shown in Fig. 7 ,  indicated t h a t  the bottom half o f  the column 

was not loaded. The gamma profile was substantiated by solidifying the 

column with epoxy resin,  cutting the column into five sections, and 

assaying each section by gama counting. The resul ts  of the section 

counting are shown in Fig. 8. 

and because a gamma profile of 

Since the cesium contained i n  the effluent from the f i r s t  zeoli te 

column was suspected of being non-ionic, the relat ively large DF ( a b o u t  

400) obtained in the second and third zeolite columns ( t e s t  1x2) was n o t  

expected. In the sequence of t e s t s ,  a 4-week period ensued af te r  the 

water was passed through the f i r s t  zeoli te column ( t e s t  run 1x1) and 

before i t  was passed t h r o u g h  the second and third zeol i te  columns (1x2). 



Table 8. Expression of DFs obtained i n  ion exchange column t e s t s  

Representing Re1 a t  i ve t o  Shown i n  
DF type concentrat ions in:  concent r a t ions  i n  : f i g u r e  numbers 

Instantaneous Col umn e f f  1 uent streams CB water 5 and 6 

Instantaneous Col umn e f f luen t  streams Col umnb feed stream A - 1  and A-2  

Cumulative Accum. column e f f l u e n t s  CB w a t e r  A-3 and 4-4 

Cumul a t i  vs A-5 and A-6 Accuro. col umn eff'l uenta rlccum. col .b  feed s t r e a n  

a 
Equivalent t o  accuinulated product water ,  if no f u r t h e r  t reatment  was made. 

Column contained two z e o l i t e  beds i n  t e s t  1x2 and a ca t ion  and i n  anion bed in t e s t  1x4. 
b 
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Fig. 5. 
effluent streams. 
concentrations i n  column effluents re la t ive t o  concentrations i n  CB water.) 

Cesium and strontium decontamination factors for column 
(Decontamination factors calculated from instantaneous 
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Fig. 6. 
effluent streams. 
concentrations in column effluents relative to concentrations i n  CB water.) 

Antimony and ruthenium decontamination factors for column 
(Decontamination factors calculated f r o m  instantaneous 
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BED LENGTH, rnm 

Fig. 7 .  Cesium-137 activity profi le  o f  TMI-1x1 test columri (2.0 mL o f  
Ionsiv IE-95 zeolite resin).  
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ORNL D w ~  E10-658R 

RESIN BED SOCIOIFIEO WITH EPOXY RESIN AND SECTIQNE[> 
INTO 5 EOUAL PAH1-S 

COLUMN SECTION = 3.8 mm 

TOP ZEOLITE BED LENGTH = 19mm .... . . . . . ... 

1 I SECTION # 3 I 

BED LENGTH, mrn 

Fig,  8. Cesium-137 a c t i v i t y  i n  sec t ions  o f  TMI-1x1 t e s t  column. 
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This time interval was necessary so t h a t  the effluent water fractions from 

1x1 could be transferred from the ho t  cell  and into a laboratory hood, for 

assembly o f  equipment in the hood, and for analyses of the many samples. 

During the time period between t e s t s  1x4. and 1x2, non-ionic species pre- 

sent i n  the f i r s t  colunin effluent could have been transformed into 

exchangeable species; therefore, the DF measured for the three columns 

might have been lower i f  the water had been passed continuously t h r o u g h  a 

ser ies  of three zeolite columns w i t h  no time delay. Th i s  possibil i ty was 

investigated by running another t e s t  (1x6)  in which the contaminat,ed water 

was passed continuously t h r o u g h  a series of three zeolite columns. The 

resu'its o f  t h i s  t e s t  (shown as dotted l ines OR the DF curves on Fig. 5 )  

confirmed t h a t  the time delay (aging) period between t e s t s  1x1 and 1x2 

resulted in higher DFs for b o t h  cesium and strontium, and t h a t  the effect  

was more pronounced for  cesium t h a n  for strontium. 

Figures 5 and 6 show t h a t  the organic cation bed ( t e s t  1x3) had no 

e f fec t  on the effluent from the third zeolite bed, except for strontium 

removal a f te r  a t h r o u g h p u t  o f  approximately 400 bed volumes (based on each 

zeol i te  bed). This i s ,  o f  course, beyond the region of interest  for the 

intended SDS operation. 

anion beds of the polishing column ( t e s t  1x4) and was only s l ight ly  im- 

proved (by less t h a n  a factor of 2 )  in the mixed resin bed ( t e s t  1x5). 

The strontium DF was s l ight ly  improved in b o t h  the eationlanion beds (1x4) 

and the mixed resin bed (1x5).  

The DF for cesium was not improved in the cation/ 

During the f i r s t  pa r t  of t e s t  1x4, b o t h  1Z5Sb and ICl6Ru were removed 

from the water by the anion resin bed, as i l lus t ra ted  i n  Fig. 6. During 

t h i s  period of operation, the replacement of Na+ ions with H" ions i n  the 
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preceding c a t i o n  r e s i n  bed had lowered the  ptl o f  t h e  water e n t e r i n g  the  

an ion  r e s i n  bed and apparent ly  had made it e f f e c t i v e  f o r  s o r p t i o n  o f  t he  

antimony and ruthenium. 

a l s o  have shown t h i s  e f f e c t  (see Sect. 6.3.1); t h a t  i s ,  as the  pH was 

lowered f rom 8.6 t o  7.3 t o  6 * 4  by means o f  a pret reatment  w i t h  a c a t i o n  

exchange r e s i n ,  t h e  Kd f o r  l Z 5 S b  on the  anion r e s i n  (bora te  form) was 

inc reased f rom 40 t o  200 t o  1500. 

r e d u c t i o n  o f  t h e  bora te  i o n  content  by convers ion o f  t he  sodium bora te  t o  

weakly i o n i z e d  b o r i c  ac id .  Th is  i s ,  e s s e n t i a l l y ,  a d e i o n i z a t i o n  o f  t h e  

water  ( t h e  b a r i c  a c i d  i s  not  removed). 

Subsequent d i s t r i b u t i o n  c o e f f i c i e n t  (Kd) t e s t s  

Th is  e f f e c t  i s  apparent ly  due t o  a 

The elemental  chemical composi t ions o f  t he  CB water and several  o f  

t h e  e f f l u e n t  f r a c t i o n s  f rom the  column t e s t s  were obta ined by spark soiirce 

mass spectrometry and are g iven i n  Tables A-8 t o  A-10 o f  t he  Appendix. O f  

t h e  27 elements measured, very  few were af fected i n  t he  SDS process. The 

no tab le  except ions inc luded rubidium, which was t h e  on ly  element removed 

w i t h  the  cesium and s t ron t i um i n  t h e  z e o l i t e  beds, and t h e  p e r i o d i c  removal 

o f  sodium and boron as they were exchanged w i t h  the  hydrogen ions o f  t he  

c a t i o n  r e s i n  and t h e  hydrox ide ions  of t he  anion r e s i n ,  r e s p e c t i v e l y ,  i n  

t h e  i n i t i a l  per iods  o f  t e s t s  1x3, 1x4, and 1x5. 

These column t e s t s  demonstrated t h a t  r e l a t i v e l y  l a r g e  DFs can be 

ob ta ined f o r  cesium and s t ron t i um by means o f  z e o l i t e  i o n  exchange, and 

t h a t  t h e  DFs were no t  improved s i g n i f i c a n t l y  by t h e  use o f  o rgan ic  ca t ion  

and anion exchange res ins .  

and l a r g e r  f r a c t i o n s  o f  t h e  i n i t i a l l y  minor contaminants were not removed 

by t h e  combinat ion o f  sorbents planned for use i n  t h e  SDS. As a r e s u l t ,  

severa l  rad ionuc l i des  are expected t o  be present i n  the  e f f l u e n t  f rom the  

SDS i n  concent ra t ions  rang ing  f rom 10-2 t o  10-4 ,uci/mL. 

Small f r a c t i o n s  o f  t he  cesium and s t r o n t i u m  
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5.4 Problem Areas 

The presence of poorly sorbed radionucl ides and recalcitrant species 

o f  radionuclides t h a t  are usually sorbed l imits the decontamination t h a t  

can be obtained by ion exchange. Additional cycles of ion exchange would 

be completely ineffective unless the chemical nature o f  these materials i s  

changed. The "problem" materials t h a t  are encountered are l ikely t o  be 

one o f  the three types described as follows. 

5.4.1 Poorly sorbed radionuclides 

Certain radionuclides behave in a straightforward manner i n  terms o f  

chemistry, b u t  t he i r  properties are such t h a t  they are n o t  readily 

removed from the water. In some casesg chemical adjustments can be made 

t o  obtain a more favorable distribution behavior. A radionuclide o f  this 

type, in the case of  the CB water, i s  125Sbe The removal o f  125Sb d u r i n g  

the early p a r t  o f  t e s t  runs 1x4 and 1x5 i s  an example o f  the effect  o f  a 

chemical adjustment, although the adjustment was not done purposely i n  

t h i s  case. 

5.4.2 Recalcitrant species 

Most of the cesium and strontium i n  the CB water i s  ionic and i s  

readily sorbed by appropriate cation exchangers. However, small fractions 

(approximately 0.01% of the cesium and 0.1% of the strontium) are present 

in forms t h a t  are not readily exchangeable and do not revert promptly to 

(or are not  in equilibrium with) the normal ionic form. 

the cesium and strontium t h a t  were not sorbed i n  the t e s t s  may have been 

For example, 
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adsorbed onto  some other material w ich i s  insoluble. I f  th i s  i s  -the 

case, some way must be found either t o  remove the insoluble material or to 

remove the cesium and strontium from i t .  

5.4.3 Hydrolyzed and insoluble species 

Several radioactive elements present in small amounts were not  

removed effectively by the S I X  sorbents. These include Ru, Ce, Co, 

Nb, and Zr, a l l  of which appeared t o  be relatively insoluble, as shown in 

Table 2. Some o f  these eleinents might be dissolved and made exchangeable 

i f  the pH of the water (8.6) i s  reduced substantially. 

elements are present as colloids,  they might be removed by coagulation i f  

If the insoluble 

the zeta potential o f  the water i s  minimized. Removal of such materials 

i s  accompl ished in some cases by completely demineral i z i n g  the water and 

passing i t  t h r o u g h  layers of different ion exchange resins in order t o  

ra ise  and lower the pH of the water repeatedly w h i l e  presenting different 

surface properties t o  the water. 

6 .  ION EXCHANGE DISTKIEUTION MEASUREMENTS 

A few distribution experiments were made t o  interpret  the behavior o f  

the radionucl ides t h a t  had not been removed by the SDS sorbents and t o  

indicate possible methods for improving the performance of the SDS. I n  

these experiments, fraction numbers 29-39 of the effluent water from tes t  

r u n  1x1 were used. The cesium concentrations in these fractions had been 

reduced in the column t e s t s  by a factor o f  about 104, b u t  the other 

radionuclide concentrations, including those o f  the strontium isotopes, 

had not been reduced significantly.  The resins tested were as follows: 
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Ionsiv IE-95 (AW-500) zeol i te ;  HCR-S and IRC-50 cation resins; and SBR, 

Dowex 2 ,  and Ionac A-580 anion resins. Reagent-grade n i t r i c ,  boric, 

oxalic, formic, and aminoacetic acids and D-fructose were used for  m a k i n g  

pH adjustments. 

6.1 Experimental Equipment 

Resin weights were obtained t o  within tO.01 g using a Satorius 1202MP 

balance. A Beckman Expandomatic SS-2 pH meter was used t o  obtain pH 

measurements on feed and raffinate solutions. 

were carried o u t  in Pyrex glassware, with phase mixing provided 

by a wrist-action shaker. 

a Gilson K5000 automatic micropipette. 

The batch equilibrations 

Feed and sample volumes were measured with 

6.2 Experimental Procedure 

The resin was converted t o  the desired ionic form and then a i r  dried 

and wei ghed i n tared gl assware. Fol1 owing the des i red pret reament ( pH 

adjustment, addition of complexing agent, etc.)  of the feed water, the 

proper volume was combined with the resin,  and the phases were mixed for  

24 h. The result ing supernate was removed from the resin and submitted 

for  gamma scan and radiostrontium analyses, 

Feed pH adjustments were made (1) by the addition o f  n i t r i c ,  

formic, oxalic, or aminoacetic acids; ( 2 )  by cation exchange u s i n g  HCR-S 

o r  IRC-50 resin;  or ( 3 )  by the addition o f  D-fructose, as  a complexing 

agent. I n  a l l  cases, additions were made while monitoring the feed pH 

and were discontinued when the desired pH was reached. Other feed 
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m o d i f i c a t i o n s  i n c l u d e d  (1) f i l t r a t i o n  through a 0.1-prn M i l l i p o r e  f i l t e r  

and (2 )  a d d i t i o n  o f  1 and 10 ppm o f  lanthanum as La(N03)3* 

Some o f  t h e  anion r e s i n s  were conver ted t o  t h e  bora te  form by suc- 

cess ive  washes w i t h  0.7 M H3B03 b e f o r e  t h e  d i s t r i b u t i o n  iieasurements 

were made. The r e s i n  was washed u n t i l  t h e  pH s f  the wash s o l u t i o n  

reached t h a t  o f  t h e  b o r i c  a c i d  (pl4 3,3). 

water  t o  remove excess b a r i c  a c i d  and then a i r  d r i e d  pr io r  t o  weighing. 

The r e s i n s  were washed w i t h  

6.3 Experimental Resu l ts  and Giscuss ion 

6.3.1 Removal o f  Iz5Sb 

Strong-base anion r e s i n  (SBR) i n  bo th  the  hydrox ide and bora te  forms 

removed lZ5Sb, b u t  t h e  Kds were undes i rab ly  small  ( i n  t h e  range 2 1  t o  44), 

as shown i n  Table 9 .  Ruthenium was a l s o  removed, b u t  t o  an even smal le r  

e x t e n t .  

th rough an anion exchange column a f t e r  o n l y  a few bed volumes (as observed 

i n  coluiiin t e s t s  1x4 and 1x5).  A l o a d i n g  c a p a c i t y  o f  several  hundred bed 

volumes p r i o r  t o  breakthrough would be r e q u i r e d  f o r  an acceptable process. 

The s i g n i f i c a n c e  o f  t h e  low Kd i s  t h a t  antimony would break 

Antimony probably  e x i s t s  i n  the? water as a m i x t u r e  o f  n e u t r a l  and 

a n i o n i c  oxy-species t h a t  are i n  e q u i l i b r i u m  w i t h  each o ther .  

Kd w i t h  t h e  CB water, as p r e s e n t l y  c o n s t i t u t e d ,  i s  undes i rab ly  smal l ,  

methods f a r  improv ing t h e  Kd were i n v e s t i g a t e d .  I n  general ,  these methods 

i n v o l v e d  var ious  ways o f  reducing t h e  c o n c e n t r a t i o n  o r  changing t h e  nature 

o f  t h e  competing anions. The competing anion i n  t h e  CB water i s  borate,  

which i s  a t  a c o n c e n t r a t i o n  equ iva len t  t o  t h a t  o f  the  

t h e  boron i s  present  as weakly ion ized,  o r  e s s e n t i a l l y  n e u t r a l g  b o r i c  

a c i d ) .  The b o r a t e  can be removed d i t -ec t l y  by anion exchange, b u t  this  

Since t h e  

Na+ i o n  (most o f  
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would r equ i r e  removal of the bor ic  acid as  well ; t h e r e f o r e ,  a very l a r g e  

amount o f  r e s i n  would be required because o f  the l a rge  amount o f  bar i c  

a c i d  present. 

Borate ions a l s o  can be removed i n d i r e c t l y ,  by t r e a t i n g  the wate r  with 

The r e s i n  would remove H+-form ca t ion  exchange resin (HCR-S o r  IRC-50). 

the Nat ions froiii the water,  rep lac ing  them w i t h  W+ i ons ,  which, in  t u r n ,  

would react with bora te  ions (HzBO3-) t o  Form neutral  bor ic  ac id  (H3603). 

Resin-H f Na+ +- H2BO3- IC- Resin-Na f H3B03 . 
The bora te  ion concent ra t ion  i s  r e l a t e d  t o  the acidity (pH) by 

10 H" I- W2BO3- , K = 5.8 x 10- 

From th is  r e l a t i o n s h i p ,  the following equation can be der ived:  

I n  the CB water,  t he  concent ra t ions  a r e ,  approxiinately, 0.185 - M t o t a l  

boron, 0.052 - M Na", 0.052 - M H2B03-, and 0.122 - M neut ra l  H3003 (0.185 - 
0.052 = 0.122 I M neutral  113B03). T h u s ,  the pll should be approximately 8.8, 

which i s  in agreement with the measurements. As the bora te  ions are  con- 

ver ted  t o  bor ic  a c i d  by H'-form r e s i n ,  the bora te  ion concent ra t ion  i s  

given approximately by the equation 

Thus, t o  reduce the borate  ion concentrat ion by a f a c t o r  o f  100, one 

must increase  the hydrogen ion concentrat ion by a f a c t o r  of 100, o r  
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decrease the pH by 2. T h i s ,  in t u r n ,  should increase the Kd for  anti-  

mony with anion exchange resin by a factor of approximately loos 
Several t e s t s  were made in which the NaS ions were removed by means of 

e i ther  HCR-S or IRC-50 resin (Hs-fsrrn). 

contacted with SBR, large K ~ s  for antimony were achieved, as shown in 

Table 10. 

measured by the pH, as indicated. 

inversely proportional t o  the borate ion concentration, i t  should be 

direct ly  proportional t o  the He concentration. After addition o f  suf- 

f i c i en t  cation resin t o  reduce the pH from 8.7  t o  the range 6 t o  7 ,  the 

Kd was found to  be 

When the result ing solution was 

The extent o f  removal of the Na* i ons  (and the borate ions) i s  

Since the Kd fo r  antimony should be 

T h u s ,  the Kd i s  approximately 1200 a t  pH 6.5 and 2500 a t  pW 6.2. 

These KdS are in a practical range for a sorption process and indi- 

cate that antimony can be removed from the water by a simple nlodification 

o f  the SDS flowsheet. 

the zeol i te  columns would be greatly increased in size t o  obtain suf- 

f ic ien t  capacity t o  remove Na+ ions from the water and convert the borate 

ions t o  boric acid. 

anion exchange column (SBR) t o  remove the antimony. 

tained in the range o f  6 t o  6.5 in the anion column, although a lower pH 

mi g h t  be accept ab1 e. 

Essentially, the cation exchange column following 

The resulting water, a t  a pW (6, would flow t o  an 

The pH would be main- 

The penalty for t h i s  modification would be the increased volume of 

re la t ively low-activity-level waste (the cation exchange resin) .  

example, 2650 m3 (700,000 g a l )  o f  CB water a t  1200 ppm Nae would require 

For 
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about 76 m3 (20,000 gal)  of HCR-S, or 38 m3 (10,000 gal)  of IRC-50 resin. 

A carboxylate resin (such as IRC-50) would probably be used because o f  i t s  

higher volumetric capacity, and i t  might be followed by a small amount of 

HCR-S in order t o  obtain a lower pH. 

This modification appears t o  offer a practical way t o  remove a 

substantial fraction of the antimony (probably >99%). 

moval of the Na+ ions, b u t  not the boron, from the water. As a resul t ,  

the pH i s  reduced. Since the ionic concentration o f  the water i s  greatly 

reduced, t h i s  could be considered a deionization, b u t  not a demineraliza- 

t i o n .  A side effect  of the lower pH might be t h a t  the problem of recal- 

c i t r an t  cesium and strontium, as discussed ea r l i e r ,  would be alleviated.  

I t  depends on re- 

Two other approaches for reducing the borate ion concentration also 

were tested.  

moves borate ion and substi tutes for it the anion of the acid used. If the 

acid anion has a weaker a f f in i ty  for the resin t h a n  the borate anion ( less  

effect ive competition for  the resin s i t e s ) ,  then the Kd o f  antimony should 

i ncrease. Several aci ds were tested incl udi ng  formic , oxal i c , and amino- 

acet ic ;  however, opt imum conditions were not attained and l i t t l e  success was 

achieved, as shown in Table 11. There i s  s t i l l  some possibil i ty t h a t  th i s  

approach might enhance antimony removal, b u t  t h i s  was not pursued. 

After the feed pH was adjusted with aminoacetic acid, several anion 

The Kd for  1*5Sb 

Simple acidification t o  reduce the pH t o  approximately 6 re- 

resins were compared with SBR, as  shown in Table 12. 

obtained with SBR was greater t h a n  that  obtained with the other anion 

resins. 

The other a l ternat ive i s  selective complexation o f  borate t o  form a 

different  anion t h a t  might not compete with antimony as effectively for 
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Table 12.  Comparison of other anion resins with SBR 

Test 3-2A Test 3-2B Test 3-2C 

Resin 
I n i t i a l  form 
Weight, g 

Treatment 

Volume, ml. 

Feed source 

SBR 
~ 2 ~ 0 3 -  
1 .o 

IX1-32,37,38,39 
pH adjusted to  7.9 

with aminoacetic acid 
10 

Dowex-2 Ionac A580 
H2B03- 
1 .o 

Same as i n  3-2A Same as i n  3-2A 
Same as in 3-2A Same as i n  3-2A 

IO 10 

P w 
Conc. (uCi/mt) Conc. o f  Conc. o f  

supernate supernate 
b C i / m L )  Kd 

~ 

Key radionuclides Feed Adj. feed Supernate Kd ( PCi  /mi 1 Kd - 
9% 2.4 2.0 1.6 2.2 1.8 1.1 1.9 0.5 

106Ru 1.5E-3 Y.5E-4 - <3.OE-4 222 - (3.2E-4 L19 - <3.5E-4 217 
125Sb 2.8E-2 1.9E-2 3.4E-3 45 1.4E-2 3.5 5.5 1.2E-2 

137cs 5.7E-3 3.8E-3 3.7E-3 0.3 3.5E-3 0.9 3.5E-3 0.9 

PH 8.6 7.9 7.7 7.4 5.3 
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r e s i n  s i t e s .  

carbohydrates.  Among these, D - f r u c t o s e  i s  outs tanding,  and t e s t s  were made 

w i t h  i t ,  as shown i n  Table 13. The pH was r e a d i l y  decreased i n t o  t h e  

Many polyhydroxy conponds compl ex borate,  i n c l  u d i  ng 

d e s i r e d  ranges i n d i c a t i n g  t h a t  t h e  complex i a n  was formed. However, the  

Kd o f  antimony was no t  increased, suggest ing t h a t  t h e  complex anion i t s e l f  

competes e f f e c t i v e l y  w i t h  antimony f o r  t h e  r e s i n  s i t e s .  

Cornpl e t e  demi n e r a l  i zat  i on (removal o f  bo t  t i  Na+ i ons and b o r i c  a c i d  

species)  p r i o r  t o  an ion exchange permi ts  e f f e c t i v e  removal o f  antimony, 

b u t  i s  accompanied by t h e  generat ion o f  a very l a r g e  volume o f  w a s t e  

r e s i n .  Th is  procedure was not  t e s t e d  per se,  b u t  i t  has been accomplished 

d u r i n g  a t  l e a s t  p a r t  o f  t h e  E p i c o r - I 1  pracessing. Since d e i o n i z a t i o n  

w i t h o u t  b o r i c  a c i d  removal permi ts  e f f e c t i v e  removal o f  antimony, demin- 

e r a l i z a t i o n  o f f e r s  no advantage. 

6.3.2 R e c a l c i t r a n t  species 

Several  d i f f e r e n t  r e s i n s  and water pret reatments were t e s t e d  us ing  

aged 1x1 e f f l u e n t  s o l u t i o n .  Most experiments i n v o l v e d  two successive 24-h 

e q u i l i b r a t i o n s  - t h e  f i r s t  w i t h  20 mL o f  water and 2 g o f  r e s i n  and t h e  

second w i t h  10 mL o f  t h e  water f rom t h e  f i r s t  e x t r a c t i o n  e q u i l i b r a t e d  w i t h  

1 g o f  new r e s i n .  

o f  t h e  problem. 

L a t e r  t e s t s  were designed t o  s tudy p a r t i c u l a r  aspects 

S t rong-ac id  r e s i n  (HCR-S, i n  t h e  H' form) reduced cesium by a f a c t o r  >700, 

t o  a c o n c e n t r a t i o n  near 10-5 .uci/mL (below t h e  10 CFR 20 concent ra t  i on ) ,  as 

shown i n  Table 14. T h i s  removal o f  cesium was no t  expected; i t  apparent ly  

occurred because most o f  the r e c a l c i t r a n t  cesium species was conver ted t o  

ion ic ,  cesium duri'ng t h e  aging t i m e  a f t e r  t e s t  1x1 was completed. The 
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Resin 
I n i t i a l  f o rm 
Weight, g 

Treatment 

Volume, mL 

Feed source 

Key r a d i  onucl  i d e s  

9 0 ~ r  

Io6Ru 

125Sb 

137CS 

PH 

Table 13. E f f e c t s  o f  bo ra te  complexat ion by D- f ruc tose  

lest 3-3A Tes t  3-3B 

SBR I 

1 .o 
H2ROJ 

IX1-32,37,38,39 
A d d i t i o n  o f  450 mg 

o f  0 - f r u c t o s e  
10 

Conc. (uCi/rnL) 
Feed Adj. feed Supernate Kd - I_- - 

2.4 2.5 2.0 2.2 

1.5E-3 9.2E-4 I <3.5E-4 216 

2.SE-2 2.7E-2 l.lE-2 25 

5.7E-3 5-4E-3 5.4E-3 -- 
8.6 6.55 7.4 

IXl-32,37,38,39 
A d d i t i o n  o f  600 mg 

sf D- f ruc tose  
10 

- Conc fuCi/mL) 
Adj. feed Supernate - 

2.5 2.2 

1 .OE-3 - <4.1E-4 

2.7E-2 1 s2E-2 

5.4E-3 5-2E-3 

6.15 7 .Q 

Kd 
I__ 

1.1 

>I5 

12 

0.4 

- 
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r e s i n  a l s o  a c i d  f i e d  t h e  s o l u t i o n  t o  a pH near 2; t h i s  ac 

coupled w i t h  t h e  2-d con tac t  t ime, c o u l d  have enhanced the  

an e x t r a c t a b l e  species. 

d i f i c a t  i o n ,  

convers ion  t o  

The s t rong -ac id  r e s i n  a l s o  reduced t h e  s t r o n t i u m  concen t ra t i on  t o  a 

l e v e l  lower than t h e  values ob ta ined i n  column t e s t s  1x1, 1x2, 1x3, and 

1x6. Th is  suggests t h a t  t h e  a c i d i f i c a t i o n  inc reased t h e  f r a c t i o n  o f  

s t r o n t i u m  t h a t  was exchangeable. Aging a?so increased t h e  e x t r a c t a b l e  

s t r o n t i u m  by a small amount, as shown by t h e  column t e s t s .  S t ron t i um con- 

c e n t r a t i o n s  of approx imate ly  2 x 

about a f a c t o r  o f  10 lower  than t h e  r e s u l t s  ob ta ined i n  t e s t  1x6. This  

r e d u c t i o n  i n  t h e  amount o f  r e c a l c i t r a n t  s t r o n t i u m  was s i g n i f i c a n t ,  b u t  was 

much sma l le r  than t h a t  f o r  cesium. 

b i n a t i o n  of methods (p robab ly  i n v o l v i n g  pH adjustment,  aging, and p o s s i b l y  

hea t ing )  can be found t h a t  w i l l  r e s u l t  i n  b e t t e r  s t r o n t i u m  removal. 

However, such c o n d i t i o n s  can not  be de f i ned  on the  bas i s  o f  e x i s t i n g  data. 

yCi/mL were obtained; these were 

The r e s u l t s  suggest t h a t  some com- 

Weak-acid r e s i n  (IRC-50) was g e n e r a l l y  s i m i l a r  t o  HCR-S, b u t  somewhat 

less e f f e c t i v e ,  w i t h  respec t  t o  a d d i t i o n a l  removal o f  bo th  cesium and 

s t ron t i um,  as shown i n  Table 14. 

t i o n  t o  approx imate ly  5, compared t o  a pH near 2 f o r  s t rong -ac id  r e s i n  

(HCR-S). 

s t r o n t i u m  may be r e l a t e d  t o  t h e  lower a c i d i t y  ( h i g h e r  pH), s ince a h ighe r  

a c i d i t y  ( l o w e r  pH) would be expected t o  s o l u b i l i z e  some i n s o l u b l e  m a t e r i a l  

and a i d  i n  deso rp t i on  of adsorbed ions. I n  both t h e  weak.- and s t rong -ac id  

r e s i n  t e s t s ,  an excess o f  r e s i n  was used, and t h e  s o l u t i o n  was e f f e c t i v e l y  

de ion i zed  (sodium ions  were removed and bo ra te  ions were conver ted  most ly  

t o  n e u t r a l  b o r i c  ac id ) .  

Th is  r e s i n  reduced the  pti o f  t h e  so lu-  

The decreased e f f e c t i v e n e s s  for removing r e c a l c i t r a n t  cesium and 
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Two modifications of the feed were tested for their  effect  on exchange 

with strong-acid resin. 

pH 2.5 resulted i n  a solution pH <2 af te r  equilibration with the resin. 

This high acidity caused a somewhat lower Kd for  both cesium and 

strontium, as  shown in Table 15,  because of the increased competition for 

resin s i t e s .  However, the amount o f  recalcitrant cesium and strontium 

(which could not be removed by ion exchange) was essentially the same as 

t h a t  f o r  similar experiments lprithout, preacidification. The effect  o f  time 

a t  the lower pH was not tested.  

Preacidification of the feed with n i t r i c  acid t o  

Additions of small amounts of lanthanum (1 and 10 ppm) t o  the feed 

sol uti on prior t o  ion exchange treatment appeared t o  have no si gni f icant 

e f fec t ,  as shown in Table 15. 

radioactivity was adsorbed on surfaces, the addition o f  lanthanum enhanced 

the release of radionuclides from the surfaces t o  the solution (the 

1 a n t h a n u m  adsorbs more strongly, displacing the elements prevjously 

adsorbed). I n  this t e s t ,  however, no improvement was observed. 

In other si tuations,7 i n  which trace 

Fi l t ra t ion o f  the 1x1 effluent solution th rough  a 0.1-jm Millipore 

f i l t e r  prior t o  the distribution measurements d i d  not improve cesium and 

strontium removal. I n  fact ,  t h i s  procedure may have reduced the amount of 

strontium t h a t  was removed, as shown in Table 16 .  If the recalcitrant 

species were associated with particulates t h a t  could be removed by such 

f i  1 trat i on ,  the combi ned treatment of f i 1 t rat  i on fol 1 owed by ion exchange 

should reduce these contaminants t o  much lower concentrations t h a n  ion 

exchange alone. No such improvement was observed. I t  i s  concl tided t h a t  

i f  the recalcitrant species are associated with particulates,  the par- 

t i c l e s  will pass t h r o u g h  a 0.1-pm f i l t e r .  
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Table 16. Effect of feed f i l t r a t i o n  t h r o u g h  0.1-pm Millipore 

_l_l__.... _I--.-... ~ I--._.....- 

Res i n 
I n i t i a l  form 
Weight, g 

Treatment 

Volume, mL 

Feed source 

Key radi onucl ides 

9 0 ~ r  

106Ru 

125Sb 

137cs 

PH 

~ . -  Test 1-1 ...... 

HCR-S 
H+ 
2 .o 

1x1-29 
None 

20 

Conc. (uCi/& 
Feed Supernate 

l . lE -3  8.9E-4 

2.OE-2 ?.IF-2 

4.1E-3 2.4E-5 

8.5 2.3 

Kd 

150,000 

2.8 

--  

1,600 

HCR-S 
H+ 
2 .o 

1x1-31 
Feed f i l t e r e d  t h r o u g h  

0 . l - u m  Mil 1 i porea 
20 

.._ Conc. ( I rC i /mL)  
FeedD Supernate Kd 

2.7 2.6E-4 100,000 

7.6E-4 5.4E-4 4.0 

2.OE-2 2.1E-2 -- 

3.8E-3 3.8E-5 2,000 

8.5 2.5 

a 

b 
F i l t e r  read >5 x l o 4  cpm beta and 150 mR/h g a m a  a t  0.5 i n .  

Before f i l t r a t i o n .  
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somewhat imprecise because o f  the 
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6 . 3 . 3  Hydrolyzed and insoluble species 

Several metals (Ce, Co, Zr, Nb, e t c . ) ,  t h a t  can not be effectively 

removed in the SDS process were not studied expl ic i t ly .  

expected t o  hydrolyze and exist  as hydrous oxides or  in association with 

other insoluble material. 

t i c l e s  are present, 

These metals are 

I t  i s  also possible t h a t  some colloidal par- 

Two ser ies  o f  ultracentrifuge t e s t s  were made with the 1x5 column 

effluent solution. The effluent, water was subjected t o  48,000 g for 3 h 

other, The resul ts  were 

t i e s  of the radionuclides o f  

isotopes, notably 125%. The 

resul ts  suggested t h a t  the following fractions o f  the ac t iv i t i e s  were 

removed from the water and deposited i n  the centrifuge cones: 

ruthenium - 30 t o  35%; niobium - 25%; cerium, cobalt, cesium - 10 t o  20%; 

antimony - <0.3%. Identical centrifuge cones, which were similarly 

exposed t o  the same water b u t  not centrifuged, did not retain significant 

ac t iv i ty ;  thus, the radioactivity retained in the cones was the result  o f  

the centrifugation and not merely adsorption. 

strontium, 

These results clearly show t h a t  a substantial fraction o f  the radio- 

ac t iv i ty  o f  the ion exchange effluent solutions i s  present in a form t h a t  

can be removed from the water by extreme centrifugation. 

colloidal materia? appears t o  ex is t ,  and the associated radionuclides 

apparently are not i n  r a p i d  equilibrium w i t h  ionic species. However, 

the exact nature o f  the material i s  not known. 

Thus, 
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7.  EXPECTED PERFORMANCE OF THE SUBMERGED DEMINERALIZER SYSTEM 

Based on the resul ts  of the column t e s t s ,  the expected concentrations 

o f  radionuclides in the decontaminated effluent stream from the SDS af te r  

treatment of CB water were estimated and are shown in Table 1 7 .  The total 

volume of product water accumulated a f te r  200 bed volumes o f  t h r o u g h p u t  

(based on the resin volume in each zeolite bed) i s  expected t o  have 90Sr 

and 137Cs concentrations t h a t  are sl ightly lower t h a n  the instantaneous 

concentrations in the product stream. These total  product-water con- 

centrations are estimated t o  be 1.0 x 10-3 uCi/mi o f  9%- (3300 times 

greater t h a n  the 10 CFR 20 concentration) and 1.2 x 10-3 MCi/ml of 137Cs 

( G O  times greater t h a n  the 10 CFR 20 concentration). 

The projections shown in Table 17  are based on the most pessimistic 

t e s t  resul ts  - the zeolite effluent concentration from t e s t  1x6 a f t e r  200 

bed volumes and an  additional DF of 2 f o r  a l l  nuclides except 125Sb in the 

cation, anion, and mixed resin beds downstream of the t h i r d  zeoli te 

column. 

form cation resin has been converted t o  the Na" form, b u t  t h i s  effect will 

n o t  be s ignif icant ,  overall . T h u s ,  the most concentrated radi oact i ve com- 

ponent in the effluent from the polishing bed, other t h a n  tr i t ium, will be 

lZ5Sb; however, i n  terms o f  the relative haza rd ,  90Sr will be the major 

concern and will be the key factor for determining the amount of dilution 

that  will be required, in order t o  meet the 10 CFR 20 concentrations. 

The 1Z5Sb also will be removed i n i t i a l l y ,  until a l l  of the ti*- 

The expected concentrations o f  key radionuclides in the solid wastes 

(loaded sorbents and f i l t e r  solids,  not including f i l t e r  aid) f r o m  SDS 

operations are shown in Table 18. The zeolite beds, when removed From the 



Tab1 e 17. Expected a c t i  v i  t y  concentrat  i onsa i n  SDS process streams 
a f t e r  200 bed volumes t h r o u g h  each z e o l i t e  bed 

(Based on continuous f low t h r o u g h  three zeol i t e  col umns) 

a Feed and e f f l u e n t  concen t r a t ions ,  uCi/mL 
Pol i sh i  na 

Nucl i de 

- 
Zeol i t e  columns Cation column Prod.  Conc. 

Feed F i  1 ter  First Second T h i r d  column (prod.) x 10 CFR 20b 

3H 

6OCO 

8 9 ~ r  

9 0 ~ r  

95Nb 

103Ru 

106Ru 

125Sb 

134cs 

137cs 

144ce 

1 .o 
C 

5.3E-ld 

2.29d 

C 

C 

C 

C 

2.62E+1 

1.56E+2 

C 

1 .o 
C 

5 .2E-ld 

2.26d 

C 

C 

C 

C 

2.62E+1 

1.56E+2 

C 

1 .o 
6E-5 

6.6E-3 

3.2E-2 

1.9E-5 

2.9E-5 

2.4E-3 

1.9E-2 

2.4E-3 

1.4E-2 

4.7E-4 

1 .o 
6E-5 

6E-4 

2 . a ~ - 3  

1 *OE-5 

2.4E-5 

2 .OE-3 

1.9E-2 

5.3E-4 

3.3E-3 

4.7E-4 

1 .O 

6E-5 

5.9E-4 

2.7E-3 

1 .OE-5 

2.4E-5 

2.OE-3 

1.9E-2 

5.OE-4 

3.1E-3 

4.7E-4 

1 .o 
6E-5 

5.2E-4 

2.4E-3 

1 .OE-5 

2.4E-5 

2.OE-3 

1.9E-2 

5.OE-4 

3.lE-3 

4.7E-4 

1 .o 
6E-5 

3.OE-4 

1.4E-3 

1 .OE-5 

1.2E-5 

1 .OE-3 

1.9E-2' 

2.5E-4 

1.6E-3 

2.4E-4 

330 

0.1 

100 

4500 

0.1 

0.2 

100 

200 

30 

80 

25 

a I n  j C i / m L  as  of Ju ly  1, 1980. 
bFlult iples o f  concentrat ions l i s t e d  i n  10 CFR 20, Appendix B ,  Table 11, Column 2. 
CMot detected 
dDifferences i n  st ront ium concentrat ions between feed and f i l t e r  e f f l u e n t  based on e s t ima te  o f  590 g a l  

eConcentration lower i n i t i a l l y  ( u n t i l  ca t ion  beds become loaded w i t h  sodium). 
of sol ids  i n  700,000 ga l  o f  water. 

ur 
w 



Table 18. Expected activity concentrationsa in SDS s o l i d  wastes 
after 200 bed volumes through each zeol i te bed 

a Concentrat i o m ,  aCi /%L 
Key $ F i  1 tere Cat i on Po i s h i n  e,. 

radionuclides sol ids First Second ? h i  rd bed Cat i orl Anion  Mixed 

9%- 3.8E+1 5Et2  5 5E-2 <1 E- 1 <2E-1 <4E-1 <3E-2 

1 0 6 ~ ~  7.6E-9 1 E - 1  5.4E-2 3.3E-2 1.2E-2 1 .BE-3 4.4E-2 5.OE-6 

125sb 1.5 5E-2 3.8E-2 2.3E-2 5.OE-3 1.1E-l 3.95-3 7.2E-2 

134Cs 8.2E-1 5.2E+3 4.9E-2 5.3E-2 <2E-4 <3E-5 <9E-5 1.3E-5 

137c5 4.7 3.1E+4 2.9E-1 3.OE-1 3.5E-4 1.2E-5 6.YE-5 6.4E-5 

a 
I n  uCi/mL as  o f  J u l y  1, 1980. 

cn 
P 
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f i r s t  p o s i t i o n ,  w i l l  c o n t a i n  most o f  t h e  a c t i v i t y .  

p r o f i l e  shown i n  F ig .  7, t h e  a c t i v i t y  w i l l  be present  predominant ly  i n  t h e  

upper one- four th  o f  t h e  bed. 

be about f o u r  t imes g r e a t e r  than the  average concent ra t ions  shown here 

(e.g., approx imate ly  1.2 x IO5 pCi/mL o f  137Cs3. 

Based on t h e  l o a d i n g  

Therefore,  t h e  maximum concent ra t ions  w i l l  

8. IMPLICATIONS FOR CLEANUP 

8.1 Containment B u i l d i n g  Water 

The data ob ta ined permi ts  a reasonable d e f i n i t i o n  o f  t h e  minimum per- 

formance t o  be expected f rom t h e  SDS system and f rom a m o d i f i c a t i o n  i n  t h e  

f lowsheet  so as t o  remove 125Sb. 

H+-form c a t i o n  r e s i n  t o  complete ly  remove t h e  Naf i o n s  f rom the water and 

conver t  t h e  b o r a t e  i o n s  t o  weakly i o n i z e d  b o r i c  a c i d  p r i o r  t o  anion 

exchange, t h e  125Sb c o n c e n t r a t i o n  can be reduced by a f a c t o r  o f  a t  l e a s t  

100. 

l i m i t  o f  10 C i  may be a p p l i e d  t o  storage of t h e  decontaminated water,  a t  

l e a s t  a f i v e f o l d  r e d u c t i o n  o f  t h e  125Sb may be necessary. 

If t h e  SDS i s  m o d i f i e d  by us ing  enough 

Since t h e  t o t a l  amount o f  lZ5Sb present  i s  approx imate ly  50 C i  and a 

The pr imary  problem i n  o b t a i n i n g  f u r t h e r  decontaminat ion o f  the  water 

f r o m  s t r o n t i u m  and cesium i s  assoc iated w i t h  r e c a l c i t r a n t  species, and t h e  

a b i l i t y  t o  overcome t h e  problem i s  l i m i t e d  by an inadequate understanding 

o f  t h e  b a s i c  n a t u r e  o f  these species. 

t rea tment  were ob ta ined d u r i n g  t h e  t e s t s  (e.g., t h e  a d d i t i o n a l  DFs 

o b t a i n e d  a f t e r  ag ing  between t e s t s  1x1 and 1x2). 

d e f i n i t i v e  i n f o r m a t i o n  that  t h e  problem o f  t h e  r e c a l c i t r a n t  species can be 

s u b s t a n t i a l l y  a l l e v i a t e d ,  and t h e r e  i s  no f i r m  technology on which a 

s u p e r i o r  i on  exchange process can be based. 

Some i n d i c a t i o n s  o f  a p p r o p r i a t e  

However, t h e r e  i s  no 
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I t  i s  l ikely t h a t  aging of the decontaminated water, especially a t  

the o p t i m u m  pH and possibly a t  an elevated temperature, will permit further 

decontarrii n a t  i on,  a1 t h o u g h  there are no d a t a  t o  support thi s supposi t -i on 

other than the chance observations made during th i s  study. I t  should be 

clearly understood t h a t  i f  the processed water i s  immediately r u n  t h rough  

the SDS process for a second time, there will be very l i t t l e  additional 

decontamination. If a substantial additional DF i s  t o  be achieved, the 

nature of the recalcitrant cesium and strontium species will have t o  be 

changed. Thi s general area represents the primary remaining uncertainty. 

8.2 Reactor Primary Coolant System Water 

The RCS i s  a recirculating loop t h a t  can not be drained because i t  

must  always contain a substantial volume o f  water in order t o  cover the 

core. Thus, the RCS water m u s t  be decontaminated in a recirculation or 

by-pass mode, as opposed t o  once-through operation. Also, the boric acid 

and sodium borate concentrations i n  the RCS must be held constant t o  

prevent c r i t i c a l i t y  and t o  maintain the pH a t  a suff ic ient ly  high level t o  

prevent corrosion. 

of the minor Contaminants, 125Sb and 106Ru, can not be considered until 

a f te r  the fuel has been removed from the reactor. The objective of using 

the SDS to  t r ea t  the RCS water will be t o  decrease the concentrations o f  

cesium and strontium, which, in turn, will reduce exposure t o  personnel 

during fuel removal oper-ations. Only the zeolite columns in the SDS will 

be needed for this purpose because zeolite will sorb the bulk o f  the 

cesium and strontium without affecting the b o r i c  acid and sodium borate 

concentrations. 

Thus modi fyi ng the SDS t o  reduce the concent rat i ons 

The time required t o  process the RCS water can be reduced 
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by increasing the amount of zeoli te i n  the SDS; this can be done by 

replacing the cation column w i t h  a fourth zeolite column. 

I n  the recirculating nude, only one theoretical stage o f  separation i s  

possible for each batch o f  zeolite used, and this can be obtained only i f  

the throughput volume is large enough t o  b r i n g  the batch of zeoli te i n t o  

equilibrium with the water in the ent i re  RCS. 

vol ume of zeol i t e  used (and hence the vol ume o f  radioactive waste 

generated), the t h r o u g h p u t  of each column i n  each position should be a t  

l eas t  1000 bed volumes; a f t e r  b e i n g  moved t h r o u g h  a l l  four positions, 

each column will have accumulated a total  t h r o u g h p u t  o f  4000 bed volumes, 

which i s  equivalent t o  2.7 volumes o f  the RCS. 

I n  order t o  minimize the 

8.3 Waste Volumes 

A comparative estimation o f  the volume of waste (sorbents or evapora- 

tor concentrates) result ing direct ly  from the processing o f  the CB water 

i s  summarized i n  Table 19 for  several possible processing approaches. The 

modified SDS system (Case 2 )  would generate approximately 2.5 times as 

much waste sorbents as the basic SDS system (Case 1) because o f  the larger 

volume o f  cation resin required t o  remove the Nat ions. Elution and rege- 

neration o f  this resin (Case 3) would offer no appreciable advantage in 

terms of waste volume; the disadvantages o f  regeneration would be the 

a d d i t i o n a l  equi pment and operational requi rements . Evaporat i on of the 

zeol i te  column effluent (Case 4 )  would  provide effective removal o f  

non-ionic species o f  the radionuclides. 

production of a much larger volume of waste because of the large amount of 

boric acid t h a t  would be included i n  the evaporator concentrate. 

A negative effect  would be the 
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Tab le  19. E s t i m a t e d  waste volumesa g e n e r a t e d  d u r i n g  t h e  p r o c e s s i n g  o f  
t h e  Conta inment  B u i l d i n g  water  a t  TMI-2 u s i n g  t h e  SDS system 

Vol ume 
( g a l  ) 

-_l-l____- 

Case 
1 B a s i c  SDS f l o w s h e e t  

Z e o l i t e  ( c o n t a i n i n g  ces ium and 
s t r o n t i u m )  

C a t i o n  r e s i n  
Mixed r e s i n  

T o t a l  

2 SDS, m o d i f i e d  f o r  12sSb removal 

Z e o l i t e  ( c o n t a i n i n g  cesium and 
some s t r o n t i u m )  

C a t i o n  r e s i n  (IRC-50, c o n t a i n i n g  
sodium and most o f  s t r o n t i u m )  

An ion  r e s i n  ( c o n t a i n i n g  1Z5Sb) 
T o t a l  

3 

4 

Same as Case 2 e x c e p t  i n c l u d e s  e l u t i o n  
o f  IRC-50 r e s i n  and e v a p o r a t i o n  o f  e l u a t e  
t o  22% s o l  i d s  

Z e o l i t e  ( c o n t a i n i n g  ces ium and some 
s t r o n t i  urn) 

Ani  on r e s i n  ( c o n t a i  n i  n 125Sb) 

sodium and most o f  s t r o n t i  urn) 
E v a p o r a t o r  c o n c e n t r a t e  % ( c o n t a i n i n g  

T o t a l  

B a s i c  SDS ( z e o l i t e  columns o n l y )  p l u s  
e v a p o r a t i o n  o f  zeo l  i t e  e f f  1 uen t  

Z e o l i t e  ( c o n t a i n i n g  ces ium and some 
s t ron t - i um)  

E v a p o r a t o r  c o n c e n t r a t e C  [ c o n t a i n i n g  
r e m a i n i n g  r a d i o n u c l i d e s  ( e x c e p t  
t r i t i u m ) ,  sodium, and b o r i c  a c i d ]  

T o t a l  

3,500 
1,000 

500 
5,000 

1,000 

10,500 

1,000 
1,500 

9,500 m 

1,000 

aVol ume o f  dewatered s o r b e n t s  o r  e v a p o r a t o r  c o n c e n t r a t e s  f r o m  t r e a t i n g  
700,000 g a l  of CB water .  Waste s o l i d i f i c a t i o n  w i l l  i n c r e a s e  t h e s e  
volumes by f a c t o r s  t h a t  depend on waste form. 

bEvapora ted  t o  22% sodium s u l f a t e .  
CEvaporated t o  10 t o  12% b o r i c  ac id .  
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of the RCS water 

ons of additiona 

also will generate a minimum of 

waste. 

9. CONCLUSIONS AND RECOMMENDATIONS 

Samples taken from the floor of the Containment Building have con- 

tained solids t h a t  are precipitates (probably hydroxides) of, primarily, 

C u ,  N i ,  Al, and Fe and contain a significant concentration o f  

radiostrontium. The volume of solids in the building i s  highly 

conjectural ; however, estimates indicate a volume o f  several hundred 

gallons. If the water i s  not c lar i f ied adequately, these solids could 

r e s t r i c t  or block the flow of water through the ion exchange columns. 

Fi l t ra t ion t e s t s  indicated t h a t  the best resul ts  can be achieved by using 

a downward flow t h r o u g h  a f i l t e r  housing in which sintered-metal f i l t e r s  

rated a t  40 wn are located a t  the bottom and are covered by several inches 

of Celite 535 ( o r  equivalent) diatomaceous-earth f i l t e r  a i d .  If f i l t r a -  

t ion d i f f i cu l t i e s  or restr ic ted flows are encountered with the current SDS 

f i l t e r s ,  use o f  the precoated, downward-flow f i l t e r  should be considered. 

The ion exchange column t e s t s  showed t h a t  cesium can be removed from 

the CB water by a factor o f  IO4 fo r  a t  least  1000 bed volumes. 

ing procedure planned for the SDS (using three zeol i te  beds in series and 

moving the beds countercurrent t o  the water flow af te r  every 200 bed vo7- 

umes of t h r o u g h p u t )  will make possible a DF o f  103 for  strontium. 

l i t t l e  decontamination, i f  any, will be obtained in e i ther  the organic 

cation resin column or  in the polishing column. The primary radionuclide 

in the SDS eff luent  wi l l  be 125Sb, with a concentration o f  2 x 10-2 ACi/mL. 

However, the primary hazard remaining in the effluent will be 90Sr,  w i t h  a 

The operat- 

Very 
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r e s  

sns 
ns because o f  compe t i t i on  by bora te  i o n  f o r  t h e  exchange s 

can be m o d i f i e d  t o  enhance the  removal o f  125Sb by passing 

concen t ra t i on  4500 t imes g r e a t e r  than the  concen t ra t i on  l i s t e d  i n  

10 CFR 20, 

d i  1 u ted  w i t h  r o u t i n e  p l a n t  discharges. 

I f  d ischarge l i m i t s  are es tab l i shed,  t h e  SDS e f f l u e n t  cou ld  be 

The 125Sb was found t o  be an ion i c  b u t  p o o r l y  sorbed by t h e  SDS an ion 

tes .  The 

the  z e o l i t e  

column e f f l u e n t  stream through a l a r g e  bed o f  c a t i o n  r e s i n  t o  remove the  

sodium ions  and then pass ing t h e  stream th rough an anion r e s i n  bed t o  sorb 

t h e  lZ5Sb. 

r e l a t i v e l y  h igh  c a p a c i t y  f o r  sodium, and SBR i s  t h e  b e s t  anion r e s i n .  

T h i s  m o d i f i c a t i o n  o f  t h e  SDS w i l l  generate approx imate ly  2.5 t imes as milch 

s o l i d  wastes f ro i i i  CB water as t h e  bas ic  SDS f lowsheet .  

Amber l i t e  IRC-50 i s  the best  c a t i o n  r e s i n  because o f  i t s  

The remain ing  s t r o n t i u m  and cesium are r e c a l c i t r a n t  species which 

cannot be removed by i o n  exchange unless t h e i r  chemical na ture  i s  changed. 

Simply r e c y c l i n g  t h e  e f f l u e n t  stream th rough the  SDS column will  no t  

remove these species. 

be changed by a l t e r i n g  t h e  c o n d i t i o n s  o f  time, temperature, o r  pH; 

however, t h i s  i s  an area o f  u n c e r t a i n t y  t h a t  should be s tud ied  i f  f u r t h e r  

work i s  done. 

The na ture  o f  t he  r e c a l c i t r a n t  species may p o s s i b l y  



61 

10. REFERENCES 

1. R. R. Reust, CNSI/TMI Water Cleanup System Process Description, 
AGNS Draft  Report, A1 1 ied-General Nuclear Services (August 1979) .  

2. Letter from B. C. Rusche t o  R .  C. Arnold, "Submerged Demineralizer 
System Progress Review by the TMI Technical Advisory Group," dated 
May 27, 1980. 

3. Ti t le  10,  Code of Federal Regulations, P a r t  20, Appendix B ,  Table 11, 
Column 2. 

4.  W. N ,  Bishop, D. A. Nit t i ,  N. P. Jacob, and J .  A. Daniel, "Fission 
Product Release from the Fuel Following the TMI-2 Accident ," Proceed- 
ings  o f  the 1980 ANS/ENS Topical Meeting, Thermal Reactor Safety, 
American Nuclear Society, Knoxville, Tenn., April 1980. 

5. J .  D. Logue, Load Test o f  the CNSI-TMI F i l t e r  Elements, Allied-General 
Nuclear Services Report to  Chemical Nuclear Services, Inc., TMI-I1 
Recovery Project, Project No. 3009 (March 1980). 

6 .  John H. Perry, Ed., Perry's Chemical Engineers' Handbook, 4th Edition, 
p.  5-47, McGraw-Hill , New York, 1963. 

7. R. V .  McCord and B. L. Corbett, High Flux Isot  e Quarterly Report, 
July,  August, and September o f  1967, ORNL/TM-2 8 (November 1967) .  





63 

11. APPENDIX 





65 

ORNL Dwg $0-12716 
105 1 

104 
0 0 

I I I I I I I I I I I I I 1 
100 200 300 400 500 600 700 
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Fig .  A-1. Instantaneous 137Cs DFs f o r  each t e s t  run. (Decontarnina- 
t i o n  f a c t o r s  c a l c u l a t e d  from instantaneous concen t ra t i ons  i n  t e s t  run  
e f f l u e n t s  r e l a t i v e  t o  concent ra t ions  i n  t e s t  run  feeds.) 



(BASED ON ON€ ZEOLITE BED) 

F i g .  A-2. Instantaneous DFs for each t e s t  rtin. (Decontamina- 
tion factors calculated from instantaneous concentrations i n  t e s t  r u n  e f -  
fluents re la t ive t o  concentrations i n  t e s t  r u n  feeds.) 
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F i g .  A-3. Cumulative 137Cs DFs for column effluent streams. (Decon- 
tamination factors calculated from concentrations i n  accumulated column 
eff luents  re la t ive t o  concentrations i n  CB water.) 
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Fig.  A-4.  Cunirilative 90%- DFs f o r  column effluent streams. (Decon- 
tami nation factors call C U I  ated from concentrations in accumulated col uiiin 
effluents re la t ive t o  concentrations in CB water.) 
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(BASED ON ONE ZEOLITE BED) 

F ig .  A-5. Cumulative 137Cs DFs for each test run. (Decontamination 
factors calculated from concentrations in accumulated test run effluents 
relative to concentrations in cumulative test run feeds.) 
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F i g .  A-6. Cumulative 90Sr DFs f a r  each t e s t  run. (Decontaminat ion 
f a c t o r s  c a l c u l a t e d  from concent ra t ions  i n  accumulated t e s t  r u n  e f f l u e n t s  
r e 1  a t  i ve t o  concent ra t ions  i n  cumul a t  i ve t e s t  r u n  feeds. 
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Table A-2. Measured radioact ivi tya and pH f r .  Test TMI-1x1 ( f i r s t  z e o l i t e  bed)  

0 25 50 100 150 200 300 400 500 600 700 800 900 975 Bed volumes 
Sample No., 1x1- Feed 1 2 4 6 8 12 16 20 24 28 32 36 39 

b 

8.6 

1.81E8 

9.05E7 
- 

6.17 
2.26 

8.6 
l.15E5 
5.20E4 

8.5 
1.30E5 
1.57E4 

8.6 
1.30E6 
1.71E4 

8.5 
7.47E6 
1.77E4 
4.5E-5 
1.9E-2 
6.9E-3 
5.!E-5 
i.3E-4 
2.EE-4 
3.OE-3 
1.6E-2 
1.4E-3 
7.7E-3 
4.9E-4 

8.6 - 
1 .61 E6 2.23E6 
2.32E4 1.87E4 
- 7.1E-4 

7.9E-2 6.2E-1 
3.2E-2 2.3E-1 
- - 

8.6 

3.59E5 
1.71E4 
- 

1.8 
6.6E-1 

8.6 
5.85E6 
1.67E4 
3.2E-4 
3.3 
1 . 2  
- 

1.6E-4 
3.4E-4 
2.1 E-3 
2.OE-2 
3.0:-3 
I .  2E-2 

- 

7.35E6 
1.55E4 

8.6 
9.09E6 
I .  69E4 

- 

9.14E5 
1 .57E4 

- 

9.65E6 
1.70E4 

8.6 
3.80E6 
1.84E4 

- 

4.5 
1.6 
- 

I .0E-4 
2. SE-4 
1.3E-3 

2.OE-2 
6.3E-4 
4.OE-3 
I 

- 
5.0 
1.9 

- 

5.4 
2.0 

- 

5.4 
2 . 0  

7.9E-3 
2.9E-3 
- 

6.9E-3 
2.5E-3 

7.6E-3 
2.8E-3 

6.0 

2.2 

- - 
4.2E-4 4.1E-4 
3.4E-3 3.OE-3 
2.3E-2 2.2E-2 
2.8E-3 4.5E-3 
1.4E-2 7.9E-2 
l. 'lE-3 - 

- 

3. Si-4 
1.8E-3 
2.1E-2 
1.8E-3 
8.1 E-3 
- 

- 
2.6E-4 
8.lE-4 
1.7E-2 
8.3E-4 
3.7E-3 

- 

I .8E-4 
<6E-4 
1.9E-2 
6.6E-4 
3.2E-3 

- 
1.7E-4 
'l.lE-3 
2.OE-2 
5.1E-? 
2.9E-3 

4.4E-4 
3.OE-3 
2.1 E-2 
1.6E-3 
7.5E-3 

4.8E-4 
3.2E-3 
2.2E-2 
2.OE-3 
8.9:-3 

7 .8E-4 
1.3E-3 
2.OE-2 
9.OE-4 
4.2i-3 

- 

3.4E-3 
2.UE-2 
1.5E-2 
7.2E-2 

- 

3.10E1 
1.55E2 
- 

a A I I  values except gross B and gross y a r e  as o f  January 2 ,  1980. 
bBased on bed volume o f  2 m i .  
P 

"Strontium determinations by RCA; other nuclides determined by y-scan. 



Tab le  A-3. Measured r a d i o a c t i v i t y a  and DH in Test  TMI-1x2 (second and t h i r d  z e o l i t e  beds) 

25 50 100 200 300 400 500 61 5 Bed volumes 
Sample No., 1x2- ? 2 4 8 12 16 20 25 

b 

PH 
Gross 8 ,  cpm/mL 
Gross y, cpm/mL 

8.6 8.6 8.6 
8.56E3 7.42E4 1.29E4 
4.38E3 6.78E3 6.96E3 
- 5.4E-5 6.2E-5 
- 4.9E-5 3.8E-5 

4.46E-4 9.08E-4 1.33E-3 
1.97E-4 4.02E-4 5.70E-4 

12.70E-5 
8.10E-5 
8.65E-4 
1.32E-2 

55.76E-4 
<5.4E-5 
<3.2€-5 
<? ,40E-4 

2.7OE-5 
2.51 E-4 
1.24E-3 
2.27 E-2 

s5.14E-4 
<3.7BE-5 
<3.24€-5 

3.78E-4 

7.3E-5 
2.51 E-4 
1 .40E-3 
2. WE-2 

s5.7 4E-4 
<4.05E-5 
4.32E-5 
4.05E-4 

8.6 8.6 
4.25E4 1.88E5 
7.19E3 7.78E3 
5.4E-5 6.2E-5 
3.5E-5 4.3E-5 
1.47E-3 1.29E-3 
6.24E-4 5.5lE-4 

N o t  Detected - 
5.66E-5 5.95E-5 
2.19E-4 1.59E-4 
1 .27E-3 1.24E-3 
? .99E-2 2.10E-2 

S5.40E-4 54.59E-4 
1 .62E-5 <3.78E-5 
4.60E-5 <2.16€-5 
3.78E-4 1 .8!?E-4 

8.6 8.6 
3.94E5 5.97E5 
8.19E3 8.86E3 

6.76E-5 4.6E-5 
4.9E-5 4.05E-5 
1.68E-3 4.15E-3 
7.27E-4 1 .80E-3 

- 
8.79E5 
9.96E3 
4.32E-5 
4.32E-5 
5.37E-2 
2.33E-2 

3.5lE-5 
2.46E-4 
l . l l E - 3  
2.17E-2 

55.40E-4 
<4.05E-5 
c2.7 6E-5 

3.78E-4 

4.32E-5 
2.30E-4 
1.27E-3 
2.31 E-2 

16.49E-4 
55.68E-5 
C3.78E-5 

7.68E-4 

1.76E-5 
1.7OE-4 
1,05E-3 
2.22E-2 
5.00E-4 

55.40E-5 
S4.86E-5 
2.35E-4 

A11 values except  gross B and gross y a r e  as o f  January 2 ,  1980. 
Based on bed volume o f  one z e o l i t e  bed ( 2  mL). 
S t ron t ium and t e l l u r i u m  determinat ions  by RCA; a l l  o t h e r s  by y-scan. 

a 



Table A-4. Measured radioact ivi tya and pH i n  Test TMI-1x3 (HCR-S bed)  

25 50 130 150 250 350 450 550 570 3ed vo:unes 
Sample No., IX3- 1 2 4 6 13 14 18 22 23 

FH 2. a a. 2 8.4 8.5 8.5 8. E 8.6 8.6 8.6 

Gross 8, cpm/mL 6.86E3 1.46E4 1.66E4 2.21E4 8.80E4 2.53E5 4.21E5 5.67E5 5.32E5 
Gross y, cprn/mL 3.70E3 6.67E3 7.00E3 7.02E3 7.36E3 7.38E3 5.22E3 8.99E3 9.03E3 

b 

5 8 ~ 3 ,  pci / m i  2.36E-5 4.30E-5 6.iIE-5 5.9E-5 5.95E-5 7.64E-5 5.  55E-5 5.68E-5 5.95E-5 

6 0 ~ o ,  pCi/rni  1.52E-4 3.2OE-5 4. 6E-5 4 . l i - 5  4.05E-5 4.32E-5 3.76E-5 3.5iE-5 3.78E-5 
89sr,c gc i  / mL 2.76E-4 8.27E-4 7.21 E-3 1.18E-3 1.15E-3 1.09E-3 1.24E-3 I .  35E-3 i .39E-3 
9 3 ~ r , c  u C j / m L  1.19E-4 3.52E-4 5. i6E-4 5.OSE-4 5.01 E-4 4.71E-4 5.39E-4 5.87E-4 6.05E-4 

-4 
95~r ,  +ci/in: Not Detected - 

O 3 R ~  VCi / mL 7.03E-5 2.05E-5 2.32E-4 2.38E-4 2.03E-4 2 . 2 4 i - 4  2.08E-4 1.57E-4 -i.97€-4 
95Nb, i i C i / r n L  9.46E-5 4 . x - 5  7.3E-5 7.OE-5 5.14E-5 3.78E-5 6.49E-5 2.70E-5 1.89E-5 

'*%u, p c j / c i  3.73E-4 1.Q8E-3 1.30E-3 1.32E-3 1. QSE-3 9 .  I6E-3 1.16E-3 j.l;E-3 5.19E-4 

Iz5Sb, p C i / m i  1.16E-2 2.18E-2 2.13E-2 2.l4E-2 2.23E-2 2.26E-2 2.ldE-2 2.23E-2 2. i8E-2 

1 2 9 m ~ e , c  sCi/mL 53.51 E-4 54.05E-4 S5.4OE-4 54.55E-4 55.14E-4 s5.95E-4 25.40E-4 56.76E-4 4.92E-4 

' 3 4 ~ s ,  p C i /  m i  < I .  19E-5 4 . 1  'I E-6 <1.35E-5 <3.78€-5 <4.05E-5 <4.GSE-5 SI .  35E-5 51.35E-5 S4.6QE-5 

'137cs, p c j /  mL <3.57 E-5 <2.54E-5 <5.14E-5 <3.24E-5 <3.78€-5 c5.55E-5 s4.35E-5 54.60E-5 25.14E-5 

1 4 4 ~ e ,  pCi/ i:;~ 5.49E-5 2.43E-4 3.78E-4 3.24:-4 3.57E-4 <4.86E-4 i .57E-4 1 .40E-4 51 .62E-4 

a A 1 9  values except gross B and gross y are  as o f  January 2 ,  7980. 
b3ased on bed volume o f  one z e o l i t e  bed (2 mL). 
'Strontium and tellurium determined by RCA; othec nuclides by y-scan. 



Table 4-5. Measured radioact ivi tya i n  Test TMI-1x4 (second HCR-S and SBR bed) 

25 50 I00 150 250 375 500 520 b Bed volumes 
Sampl e No. , IX4- 1 2 4 6 10 15 20 21 

PH 
Gross 6,  cpm/mL 

Gross y, cpm/mL 

2.02E3 
55 
55.41 E-6 
C5.41E-6 
55.40E-5 
52.70E-5 

65.41:-6 
51 .62E-4 
58.11 E-6 
(3.30E-5 
1.03E-5 
5.51 E-5 
Sl.08E-4 

Not Meastired 

7.70E2 1.04E3 7.93E3 1.55E4 1 .78E4 I .  82E4 1.71E4 
58 3.8OE1 3.79E3 7.62E3 7.56E3 6.12E3 6.18~3 

- - - I I 55.41 E-6 55.95E-6 
53.24E-6 (4.05E-6 51.08E-5 
15.4OE-5 52.70E-4 5.08~4 4.57E-4 5.40E-4 5.08E-4 5.32E-4 
52.70E-5 Sl.08E-4 I .94E-4 1.73E-4 2.05E-4 1.94E-4 2.03E-4 

3.78:-5 25.14E-5 52.70E-5 i2.70E-5 51.35E-5 
58.11E-6 4.35E-5 1.05E-4 I .  49E-4 1 .35E-4 3.57 E-4 1 .40E-4 
51.59E-4 2.03E-4 5.94E-4 4.32E-4 4.59E-4 2.97E-4 2.43E-4 
58.11E-6 1.8lE-5 1.72E-3 3.35E-2 3.51 E-2 2.89E-2 2.94E-2 
28.11E-5 s3.51E-5 57.00E-3 12.27E-3 61.89E-3 52.65E-3 51.84E-3 

- - - - 

- - 

- - - - 1 .65E-5 SI .08E-6 1.35E-5 
5.68E-5 51.89E-6 4.86E-5 51.32E-5 Sl.14E-5 7.57E-5 51 .35E-5 

- - - - 58.1 1 E-5 s7.03E-5 I .  43E-4 

All values except gross B and gross y a r e  as  o f  January 2 ,  1980. 

S t r o n t i u m  and tellurium determinations by RCA; others  by y-scan. 

a 

bBased on bed volume o f  one zeolite bed ( 2  mL). 
C 



Table A-6. Measured radioactivitya arid pH .in Test TMI-1x5 (mixed resin bed) 

Bed volumesb 25 50 100 1 50 200 300 400 475 
Sample No., 1x5- 1 2 4 5 8 12 76 19 

pH 

Gross 8, cpm/ml 

Gross y, cpm/mL 

5.0 
3.5E1 

55 

58. i 1 E-6 
58. 17 E-3 

12.7CE-5 
5.4.08E-5 
51.62E-5 
54.66E-5 
51.62E-5 
*2.16E-4 

6.76E-6 
I .  35E-5 

Q.70E- 5 

5.5 4.6 3.8 3.5 
1.05E2 1.10E3 1.16E4 1.52E4 
7.2 2.94E2 5.12E3 7.56E3 

Not Detected ____ 
- 18.1 i 5-6  8.1:€-6 - 

15.4CE-5 1.65E-4 4.68E-4 3.40E-4 
Q. 70E-5 6.22E-5 1.78E-4 :. 30E-4 
51.35E-5 2.43E-5 - - 

2.16E-5 5.68E-5 7.57E-5 1.1lE-4 
9.4%-5 2.35E-4 4.86E-4 3.51 E-4 

3.62E-2 52. I6E-5 1.19E-3 2.76E-2 

’2.70E-4 ‘2.43E-4 1 .78 i -3  1 .46 i -3  
1.89E-5 Sl,35E-5 ‘7.84E-5 56.49E-5 
3 . 5 l i - 5  51.62E-5 8.17 E-6 8.11 E-6 
2.70E-5 9.19E-5 2.62E-4 51.35E-4 

7.gC 8.8 8.8 

1.45E4 1.59E4 1.58E4 
6.84E3 6.72E3 6.53E3 

- 

2.57i-4 
9.73E-5 
- 

I .  24E-4 
3. BE-4 
3.19E-2 
7.03E-3 

55.40E-5 
58.1 1 E-6 

51. 30E-4 

- 
2.54E-4 
: . i iE-4  
- 

1.32E-4 
4.32E-4 
3.’4E-2 
7.11E-3 

‘5.68E-5 
7.62E-5 
1.38E-4 

- 

2.46E-4 
9.46E-5 
- 

2.65E-4 
4.86E-4 
2.92E-2 
1 .08E-3 

55.68E-5 

58.1 1 E-6 
2.65E-4 

‘All values except gross 6 and gross y are as o f  January 2, 5980. 
bBased on bed volume o f  one zeolite bed ( 2  mL). 
‘Sample No. i o ,  taken a f t e r  250 bed volumes. 
dStcontiurn and tellurium determined by RCA; others by y-scan. 



. 

Table A-7. Measured radioact ivi tya and pH in  Test TMI-1x6 ( three  zeol i te  beds) 

0 25 50 75 100 125 150 175 200 b Bed volumes 
Sample No., 1x6- Feed 1 2 3 4 5 6 7 8 

PH 
Gross 8, cpm/mL 

Gross y, cpm/mL 

5 8 ~ 0 ,  vCi/mL 

6 0 ~ o ,  i,ci / m L  

8.6 
1.74E8 
9.16E7 
7.38E-2 
2.70E-2 
8.49 
3.32 
1.24E-1 
8.65E-1 
1,14 
4.86E-2 
5.78E-1 
3.40E1 
1.65E2 
7.84E-1 

8.6 
3.24E5 
5.58E3 
3.24E-5 
2.24E- 5 
2.62E-3 
1.03E-3 
6.4YE-5 
2.03E-4 
8,65E-4 
4.86E-5 
1.81E-2 
1.30E-4 
9.08E-4 
2.16E-4 

8.6 
5.44E5 
9.33E3 
5.14E-5 
4.32E-5 
4.22E-3 
7.65E-3 
7.76E-4 
3.78E-4 
1.46E-3 
2.97E-5 
2.73E-2 
3.08E-4 
1 .57E-3 
4.32E-4 

8 .6  
5.97E5 
9.94E3 
4.32E-5 
4.32E-5 
5.76E-3 
2.24E-3 
2.19E-4 
5.94E-4 
1.51 E-3 
6.22E-5 
2.89E-2 
4.59E-4 
2.17E-3 
5.67E-4 

8.6 
7.04E5 
1.00E4 
6.76E-5 
4.32E-5 
5.58E-3 
2.16E-3 
2.00E-4 
3.78E-4 
1.76E-3 
1.03E-4 
2.89E-2 
4.49E-4 
2.42E-3 
5.49E-4 

3.6 
7.17E5 
1.05E4 
7.30E-5 
4.32E-5 
5.24E-3 
2.0%-3 
1 .89E-4 
4.86E-4 
7.97E-3 
7 .  fiGE-4 
2.86E-2 
5.14E-4 
2.62E-3 
5.67E-4 

8.6 
7.55E5 
1.05E4 
2.43E-5 
4.37E-5 
5.14E-3 
2.00E-3 
2.81E-4 
6.76E-4 
2.35E-3 
7.57E-5 
2.86E-2 
6.30E-4 
3.08E-3 
6.22E-4 

8.6 
7.65E5 
l . lOE4 
5.14E-5 
5.40E-5 
5.54E-3 
2.16E-3 
1.86E-4 
4.59E-4 
2.08E-3 
9.73E-5 
2.92E-2 
6.3OE-4 
3.3OE-3 
5.76E-4 

8.6 
7.70E5 
1.06E4 
8.11 E-5 
5.68E-5 
6.92E-3 
2.7OE-3 q 

2.17E-4 
5.40E-4 
1.9tE-3 
8.71E-5 
2.92E-2 
5.92E-4 
3.11E-3 
7.30E-4 

-4 

aA1l volumes except gross 13 and gross y are as o f  January 2 ,  1980. 
bBased on bed volume o f  one zeolite bed ( 2  m i ) .  
‘Strontiuiii determinations by RCA; other nuc l  ides determined by y-scan. 
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Table A-9. Elemental analyses i n  Tests TF4I-IX2, TMI-1x3, TMI-1x4, and TMI-IX5a 

Test 1x2 1x3 I X4 I X5 
Bed volumes 25 30 0 61 5 25 250 570 25 250 500 25 200 475 b 

Sample No., IX 2- 1 2-12 2-25 3-1 3-1 0 3-23 4-1 4-10 4-20 5-1 5-8 5-19 

C ?H 
Elements, pg/mL 

A1 umi n u m  
Boron 
Barium 
Calcium 
Cadmi um 
Chlorine 
Cobalt 
Chromium 
Ces i um 
Copper 
I ran 
Indium 
Potassi urn 
Magnesiuia 
Manganese 
Mo 7 ybd en urn 
Nickel 
Phosphorus 
Rub7 d i  urn 
Si1 icon 
Si lver  
Sodi urn 
SUI fur  
S t  ront i urn 
Yt t r  i urn 
Zinc 
Zirconium 

8.6 

0.3 
700 
0.04 
20 
50.05 
10 
so. 02 
0.1 

0.05 
0.2 
so. 01 
0 . 5  
20 
0.01 
1 
0.05 
0.1 

30 
1 
21 000 
5 
io .  02 
so. 2 
0.07 - 

8.6 

0.7 
1000 
0.04 
70 
SO. 06 
6 
0.05 
0.2 

0.06 
0.2 
so. 01 
1 
i o  
0.02 
2 
0.09 
0.2 

20 
50.06 
%loo0 
20 
0.03 
so, 2 
0.09 - 

8.6 

1 
300 
so. 2 
10 
so. 4 
5 
10.1 
1 

0.4 
0.5 
so. 1 
1 
5 
<o. 1 
2 
0.3 
0 .3  

30 
SO. 3 
.“300 
20 
0.2 
SO, 5 
0.2 
so. 5 

2.9 

0.2 
300 
0.05 
8 
50.04 
8 
so. 02 
0.2  

0.04 
0.6 
so. 02 
0 ,5  
0.3 
0. 02 
1 
0.07 
0.1 

30 
0.07 
s200 
6 
io. 02 
50-  1 
0.07 
- 

8.5 

1 
300 
SO. 03 
7 
SO. 2 
5 
so, 02 
SO.  05 

0.2 
0.8 
SO. 04 
1 
5 
0.07 
2 
0.2 
0.2 

20 
co. 2 

20 
0.2 
$1 
0.2 

’L1000 

- 

8.6 

2 
1000 
io. 3 
10 
so, 7 
20 
0.3 
2 

0.5 
0.9 
10.2 
1 
20 
0.3 
4 
0.7 
1 

20 
50.2 
a1 000 
30 
0.3 
s0.5 
0 . 5  
50.4 

- 

0.5 
1000 
0.5 
50 

5 

0.3 

s0.2 
0.7 

2 
SO.  5 

- 

- 

- 

- 
- 

50.3 
0.2  

40 

a1 00 
7 

1 
0,3 

- 

- 

- 

- 

1 
1000 

50 

20 

1 

- 
- 

- 

2 

5 
10 

- 

- 
- 
0.6 
0.3 

50 

%loo0 
20 

2 
10.5 

- 

- 

- 

- 

0.4 
1000 

4 

5 

0.1 

50.1 
3 

0.5 
50.5 

- 
- 

- 

- 

- 
- 

SO. 3 
0.1 

40 

sl000 
19 

0.4 
1 

- 

- 

- 

5.0 

0.5 
20 

5 

5 

1 

so. 1 
0.3 

0.4 
50.5  

- 

- 

- 

- 

- 
- 

so. 2 
0.2 

50 

70 
7 

- 

- 
- 

so. 1 
- 

3.5 

0.5 
1000 

IO 

10 

0.3 

- 
- 

- 

- 
2 

0.7 
S l  

- 

- 
- 

1 
0.1 

10 

-1 00 
10 

- 

- 
- 

so. 2 
- 

8.8 

0.6 
1000 

7 

7 

0.2 

so. 3 

- 
- 

- 

- 
so. 1 
0.2 

40 
- 

-1 000 
10 

1 
so. 2 

- 

aTMI-IX2 - second and t h i r d  z e o l i t e  beds; TMI-1x3 - HCR-S bed; 

bBased on the volume o f  one z e o l i t e  bed ( 2  mL). 
‘Oetermi ned by spark source mass spectrographic analysis .  

TMI-1x4 - second HCR-S and SBR bed; TMI-1x5 - mixed resin bed. 
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Table A-10. Elemental analyses in Test PMI-1x6 (three zeolite beds) 

Bed volumesa 0 25 100 200 
Sample No. Feed 1x6-1 1x6-4 I X6-8 

PH 
Elements,b ug/rnL 
A1 urni nurn 
Boron 
Barium 
Cal ci urn 
Cadrni urn 
Chlorine 
Cobalt 
Chrorni urn 
Cesi urn 
Copper 
Iron 
Indium 
Po tass i um 
Maynesi urn 
Man ga ne se 
Mo 1 y bd en urn 
Nickel 
Phosphorus 
Rubidium 
Silicon 
Si 1 ver 
Sodi urn 
Sul fur 
S tront i um 
Yttrium 
Zinc 
Zirconium 

8.6 8.6 8.6 8.6 

1 0.7 1 1 
2500 ~ 3 0 0  1.500 1.500 
- <o. 1 __ <0.5 
30 10 10 20 

Not Detected _............__I . 
...... 10 10 5 

C 0 . 2  
1 1 1 1 
0.8 
0.5 
1 

7 1 5 1 
7 20 30 10 
50.2 

.- <2 __ <3 - <3 
- <o. 3 ... <0.2 - <0.3  - <0.2 
0.6 0.3  0.7 0.3 
0.6 
30 50 70 50 
- <3 <4 <1 

'1 000 c300 c500 G500 
- 20 20 20 
- <o. 1 _. <o. 2 - <0.3  

2 5 
.- <o. 3 0.5 0.7 1 

- __ - - 

- ...... - 

- <0.5 - <O. 5 - 
0.6 0.7 0.8 
..._ Not Detected ........ ........... 

- ...... 

- 

.... ̂ - ...... 

I_ - 

Not Detected _ _____ 

aBased on volume o f  one zeolite bed (2 mL) . 
bDetermined by spark-source mass spectrographic analysis. 
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Table A-11. Assay o f  loaded sorbents by gamma spectrometrya 

(values corrected for radioactive decay t o  Jan. 2, 1980) 

Test I x2 I X3 I X4 
Bed 2nd zeolite 3rd zeolite HCR-S HCR-S SB R 

I X5 I X6 
MR-3 2nd zeolite 3rd zeolite 

Bed volume, mL 2.0 2.0 1 .o 7.7 7.7 4.4 2.0 2.0 

total L I C i  

- 4 . 1  E-3 
<1.4E-2 
- <5.4E-3 

12.7E-2 

5.7E-2 
1.8E-1 

- <5.4E-2 
1.4E-1 

- 

1 .4E+3 
- - 

- 

- <8.7E-1 
3.1 
1.5E+l 
1.6E-1 

1.OE-3 
1.7E-3 
7.2E-3 
1 .2E+2 
1.2E-2 

2.OE-2 
9.3E-2 

3.8E-3 
1 .3E-1 
- <3.2E-2 
7.3E-4 
2.2E-3 
4.1E-2 

- 

- 

1.6E-4 
7.8E-4 
6.OE-4 

1.8E-3 

3.7E-3 
1.7E-2 
3.8E-4 
- <2.4E-4 
8.2E-2 

- <5.4E-3 
- <1 .9E-4 
3.5E-4 
8.5E-3 

<l .9E+2 - 

- 

9.5E-4 
6.8E-3 
4.3E-3 

1.8E-3 
9.6E-4 
5.OE-3 
2.OE-2 
3.4E-4 

5.3E-2 

- <l .7E-4 
9.6E-5 
l.lE-2 

- C3.5 

- 

- 

1.9E-4 
4.9E-2 
2.1 E-2 

5.9E-3 
5.7E-3 
8.9E-2 
4.8E-1 
7.3E-4 

9.9E-1 

- <€I. 7E-4 
5.3E-4 
2.1E-2 

- ~7.2 

- 

- 

2.5E-4 
3.OE-4 
1-7E-4 

3.4E-4 
1.5E-4 
8.6E-4 
3.7E-5 
4.4E-5 

1.5E-2 

6.4E-5 
2.8E-4 
3.OE-4 

- 4.4 

- 

- 

- 
1.6E-3 

3.3E-2 
3.OE-2 

1.5E-1 
9.5E-3 

8.5E-2 

1.2E-1 
5.8E-1 
5.7E-2 

- 

- 

- 

- 

- 
1.5i-3 

2.1E-2 
2.OE-2 

9.5E-2 
2.9E-2 

6.7E-2 

1.3E-1 
6.OE-1 
3.8E-2 

- 

- 

- 

- 

aFirst zeolite beds o f  Tests 1x1 and 1x6 were not assayed. 
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