
, 

I 



~__  ~~~~ ~~~~~ 

This ropol i  w%. prep::::? 2s an account of v:t::k spot?r:!d by  an agency o! the 
U n i t  ed Stat c s G ove r n 1-8 ien t N 
tPs:s'\f, nor any of thsir ofiployees. m a k w  anv 1 y express or i i . i i p , d  or 
ass i i rnc  ~ n y  logal liability or responsibility for tht: x c u r a c y ,  compl-.tc?:'ss. or 

InforR-tntton. appaidiuj. prodi ic l  3r  process disclosed n r  
isews-!c! not infringe p::vats!yo-r:sd rights Reference horein 
n-te,cial product, piocess. or service by trade name !c?c 

irianufacturcr, or e t h e w c e  does not rocsssarily constitute or i ~ p . ' i /  I s 
sndorsel i imt.  rccommendatiori. or favoring by t h e  United Stat?.: Govern*llsnt or 

!sof  I hc '::rl"~. q'7d opinions of authors nxp lehed  her-.::: 30 no! 
necessarily statc or reflect thva i  of the l in i tod  S!stesGovc:nment or ai?y ngcz::y 
thereaf 

e: !he U nitnd Statesr;ovc::i.<l 



ORNL- 5 6 18 
D i s t .  Category UC-70 

C o n t r a c t  N o .  W-7405-eng-26 
n /  

CHEMI CaL TECHNOLOGY D I V I S I O N  

NUCLEAR FUEL AND WASTE PROGRAMS 

Liquid  and G a s  System O p e r a t i o n s  
( A c t i v i t y  No .  AR 05 10  05 K; 189 N o .  ONL-WNO1) 

AN EVALUATION OF THE LOW-LEVEL WASTE TREATMENT PLANT 

AT OAK RIDGE NATIONAL LABORATORY, AND SUGGESTED 

CHANGES I N  THE DESIGN AND OPERATION 

..> 
I 

J .  M. C h i l t o n  

Date Published - March 1980 

OAK RIDGE NATIONAL LABORATORY 
Oak R i d g e ,  Tennessee 37830 

operated by 
UNION CARBIDE CORPORATION 

for the  
DEPARTMENT OF ENERGY 





iii 

TABLE OF CONTENTS 

Page 

Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

1 . Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

1.1 Development of the SP-IX Process . . . . . . . . . . . . . .  2 
1.2 Description of the LLWT Plant . . . . . . . . . . . . . . . .  4 
1.3 Current Operation of the LLWT Plant . . . . . . . . . . . . .  5 

2 . Analysis of Operation . . . . . . . . . . . . . . . . . . . . . .  7 

2.1 Composition of the Waste Stream . . . . . . . . . . . . . . .  8 
2.2 Head-End Treatment . . . . . . . . . . . . . . . . . . . . .  8 

2.3 Precipitator -Clarifier -Filter . . . . . . . . . . . . . .  9 

2.4 Ion Exchange . . . . . . . . . . . . . . . . . . . . . . . .  9 

2.4.1 Description of Resin . . . . . . . . . . . . . . . . .  9 

2.4.2 Effect of pH . . . . . . . . . . . . . . . . . . . . .  10 

2.4.3 Capacity and Distribution Coefficients . . . . . . . .  1.1 
2.4.4 Resin Stability . . . . . . . . . . . . . . . . . . .  12 
2.4.5 Channeling of the Beds . . . . . . . . . . . . . . . .  13 
2.4.6 Regeneration . . . . . . . . . . . . . . . . . . . . .  14 

2.5 Radioactivity Detectors . . . . . . . . . . . . . . . . . . .  15 
2.6 Decontamination Efficiency . . . . . . . . . . . . . . . . .  15 

3 . Recommendations . . . . . . . . . . . . . . . . . . . . . . . . .  16 

3.1 Equipment . . . . . . . . . . . . . . . . . . . . . . . . . .  16 

3.2 Operation . . . . . . . . . . . . . . . . . . . . . . . . . .  17 

. . . . . . . . . . . . . . . . . . . . . . . . .  4 . Acknowledgments 18 

5 . References . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.8 

6 . Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 





AN EVALUATION OF THE LOW-LEVEL WASTE TREATMENT PLANT 
AT OAK RIDGE NATIONAL LABORATORY, AND SUGGESTED 

CHANGES IN THE D E S I G N  AND OPERATION 

J. M. Chilton 

ABSTMCT 

The operat ion of the  Low-Level Waste Treatment (LLWT) P lan t  
w a s  monitored c r i t i c a l l y  f o r  one month fox two reasons: t o  de te r -  
mine  the  cause of infrequent  per iods when the  p r e c i p i t a t i o n - f i l -  
t r a t i o n  s t e p  f a i l e d  t o  remove the  normal amount of hardness and 
t o  suggest any changes t h a t  might improve the  operat ion.  A l l  
s t eps  i n  the  process  wexe evaluated t o  determine whether modifi- 
ca t ions  would be b e n e f i c i a l .  

During the  experimental per iod ,  each of t he  t h r e e  r e s i n  
beds loaded with Duoli te  CS-100 r e s i n  was taken through one 
loading-elut ion cycle .  Numerous samples were taken and analyzed 
i n  addi t ion  t o  the  rout ine  a n a l y t i c a l  da ta .  The  primary radio-  
a c t i v i t y  i n  t h i s  waste i s  9 0 S ~  and 137Cs, and, under optimum 
condi t ions ,  t h e  p l a n t  discharges about 0.015 dpm/ml of 90Sr and 
0.06 dpm/ml o f  l37Cs. Laboratory s tud ie s  measured the  capaci ty  
of t he  CS-100 r e s i n  f o r  these  elements under a v a r i e t y  of condi- 
t i ons .  

Although no s t ront ium breakthrough was noted, the  r e s u l t s  
showed t h a t  cesium broke through each of the  beds a f t e r  the  
passage of about 550 bed volumes. Development work €or  t h i s  
process had ind ica ted  a usefu l  capac i ty  of about 2000 bed volume5, 
however, and the  p l a n t  has rou t ine ly  operated using t h i s  value.  
Samples of r e s i n  taken from each of t h e  beds showed t h a t  t he  
s t a t i c  volumetric d i s t r i b u t i o n  c o e f f i c i e n t  (DC) f o r  cesium had 
dropped from 3900 €or new r e s i n  t o  about 475 f o r  used r e s i n .  
Also, the  DC f o r  s t ront ium dropped f r o m  20,000 t o  about 5500. 
The optimum loading of cesium was found a t  p H  11.9. Because 
of i n s u f f i c i e n t  d a t a ,  no c lear -cu t  cause could be es tab l i shed  
f o r  t h e  occasional  incomplete calcium p r e c i p i t a t i o n .  Even 
using exhausted r e s i n ,  however, the  e x i t  stream is  below the  
permissible  concentrat ion f o r  a l l  radionucl ides  i n  publ ic  
streams. 

Recommendations from t h i s  s tudy a r e  (1) immediate replace-  
ment of a l l  t h r e e  r e s i n  columns, (2) re loca t ion  of t he  pH-  
sensing e l ec t rode  i n  t he  p r e c i p i t a t i o n  s t e p ,  ( 3 )  use of a more 
d i l u t e  c a u s t i c  so lu t ion  f o r  regenera t ion ,  ( 4 )  i n s t i t u t i o n  of 
a sampling rou t ine  t o  determine more promptly the  breakthrough 
of cesium from the  r e s i n ,  and (5)  r e loca t ion  and poss ib l e  
modification of the  gamma de tec to r  i n  t he  e x i t  stream. Other 
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t o p i c s  r e l a t e d  t o  t h e  p l a n t  operat ion and suggested f o r  f u r t h e r  
study a r e  (1) more thorough chemical analyses  of t h e  feed stream 
during per iods of incomplete calcium p r e c i p i t a t i o n ,  ( 2 )  d e t a i l e d  
recording of t h e  cesium I-oading of  one column t o  determine t h e  
p a t t e r n  of degeneration, ( 3 )  determina.tion of poss ib l e  channel- 
i n g  i n  -the beds by appropriate  sampling of t h e  r e s i n  a t  var ious 
p o s i t i o n s ,  ( 4 )  using new r e s i n ,  determi.nation of whether o r  no t  
t h e  gamrna d e t e c t o r  on IAe e x t e r i o r  of t he  bed w i l l  follow a 
loading band, and (5 )  poss ib l e  modif icat ions i n  t h e  e l u t i o n  
procedure. 

1. INTRODUCTION 

Since March 1976,  t h e  low-level aqueous waste c o l l e c t e d  from va r ious  

l o c a t i o n s  a t  Oak Ridge National Laboratory (ORNL) has  been processed i n  a 

p l a n t  t h a t  uses  a scavenging-precipitation-ion exchange (SP-IX) f 1.0w 

s h e e t  developed a t  ORNL. 1-5 Before March, w a s t e  was t r e a t e d  by a l i m e -  

soda-clay proccss ,  which removed a f r a c t i o n  of t h e  radionucl ides  ( e .g . ,  

6 2 %  of %he "Sr) b u t  n e c e s s i t a t e d  f u r t h e r  d i l u t i o n  i n  White O a k  Creek and 

the  Clinch River to meet environmental s tandards.  A t  t h e  r eques t  of t h e  

Operations Divis ion,  a det-ailed s tudy of t h e  p l a n t ' s  operat ion w a s  c a r r i e d  

o u t  i n  February arid March of 1978. The primary o b j e c t i v e  w a s  t o  suggest 

changes i n  t h e  p l a n t  design o r  operational-  ,procedure t h a t  might improve 

performance; t h i s  o b j e c t i v e  w a s  accomplished when s e v e r a l  recommendations 

w e r e  r e f e r r e d  t o  t h e  Operations Division. A secondary o b j e c t i v e ,  which 

w a s  only p a r t i a l l y  a t t a i n e d ,  w a s  t o  discover  t h e  cause of b r i e f ,  i n f r equen t  

periods when t h e  p r e c i p i t a t i o n  s tep  performed less s a t i s f a c t o r i l y  than 

norma 1 . 

1.1 Development of t h e  SP-IX Process 

A s  e a r l y  a s  1961 laboratory-scale  work began i n  o rde r  t o  f i n d  a method 

of decontaminating low-level w a s t e  t h a t  w a s  more e f f i c i e n t  than t h e  lime-- 

soda process  then i n  use.  Several  types of ion exchange r e s i n  were evaluated,  

and a flow s h e e t  was developed using Duoli te  CS-100 r e s i n , '  which i s  a 

weak-acid carboxylic-pheno1.i.c r e s i n  with a high cesium and s t ront ium 
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capac i ty .  

can be regenerated with 0.5 I M HNO 

This  r e s i n  is highly r e s i s t a n t  t o  swel l ing  and shr inking  and 

3-  

The feed is made 0.01 - M in NaOH and f i l t e r e d  be fo re  going t o  the  ion 

exchange column. This  s t e p  p r e c i p i t a t e s  most of t he  calcium and magnesium 

and c a r r i e s  down d i r t ,  a lgae ,  and a s u b s t a n t i a l  p a r t  of the  r a d i o a c t i v i t y ;  

it a l s o  r a i s e s  t h e  p H  t o  t h e  optimum l e v e l  f o r  cesium loading on t h e  sodium- 

form r e s i n .  

The procedure w a s  demonstrated with a 1.25-  by 15.25-cm columnf using 

85Sr, and l4 lCe .  Cesium breakthrough 
137cs 

a s y n t h e t i c  feed conta in ing  

(1%) occurred a t  1600 t o  1900 bed volumes. Ext rapola t ion  of t hese  d a t a  t o  

50% breakthrough y ie lded  a volumetr ic  d i s t r i b u t i o n  c o e f f i c i e n t  (De) of 

3200 t o  3800. 

I t  was noted t h a t  n i t r i c  ac id  g r e a t e r  than 1 - M w i l l  a t t a c k  the  r e s i n ,  

a s  w i l l  0.5 - M ac id  a f t e r  two months of contac t .  

breakthrough occurred a t  1150 bed volumes, though the  extrapol.ation t o  50% 

breakthrough w a s  e s s e n t i a l l y  t h e  same. 

I n  t h i s  ca se ,  1% cesium 

The process  w a s  then sca led  up t o  a semipi lo t  demonstration. Some 

changes were made and a 3 - l i t e r  bed of r e s i n  was used. Sodium hydroxide 

w a s  added t o  a d j u s t  t h e  pH t o  11.7,and 5 ppm i r o n  as f e r rous  s u l f a t e  was 

added simultaneously.  This improved p r e c i p i t a t i o n  s t e p  removed 1 t o  10% 

of t h e  cesium, 30 t o  70% of t h e  s t ront ium,  70 t o  90% of the  ruthenium and 

c o b a l t ,  and more than 70% of the  r a r e  e a r t h s .  Phosphate i n  t h e  feed 

increased  the  number of water-hardness ions  t h a t  remained i n  solution a f t e r  

p r e c i p i t a t i o n ;  3 ppm phosphate l e f t  60 t o  70 ppm CaC03, while  1 t o  3 ppm 

CaCO were Lef t  when no phosphate was p re sen t .  The add i t ion  of sodium 

carbonate  during t h e  head-end t reatment  overcame phosphate 's  effect.,  bu t  

r a i s i n g  t h e  t o t a l  sodium concent ra t ion  from 0.01 5 t o  0 .02  - M reduced the  

cesium breakthrough po in t  from 1800 t o  1000 bed volumes. Strontium break- 

through began a t  about  3000 bed volumes. 

3 

The use of a d d i t i o n a l  resins with the  Duol i te  CS-100 was i nves t iga t ed .  

A bed of Amberlite IRC-50 could be used before  t h e  CS-100 t o  remove calcium, 

magnesium, and s t ront ium,  and thus  t o  extend t h e  capac i ty  of the  CS-100 

r e s i n .  An anion exchange r e s i n  i n  t h e  hydroxide form could remove, t o  
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below de tec t ion  l i m i t s  I any remaining ruthenium arid coba l t  pass in9  through 

t h e  ca t ion  bed. 

The process  was next  demonstrated on a p i l o t - p l a n t  s c a l e ,  using a c t u a l  

O m L  low-level wastewater as feed.  Eleven cyc les  of t he  loading-elut ion-  

regenerati-on were c a r r i e d  ou t  on a bed of 106 liters of r e s i n ;  t h i s  bed 

had a height /diameter  r a t i o  o f  8.25:1 and t h e  flow rate proposed f o r  a f u l l -  

s c a l e  plant: (37.5 l i t e r s / m i n  through the  25-cm column). Three runs were 

a l s o  made i n  a column with a r a t i o  of 2 : 1 ,  us ing the  same volume of r e s i n .  

N o  d iEferences could be a t t r i b u t e d  -to t h e  d i f f e r e n t  geometries.  

Much of the  work i n  t h i s  p i lo t . -p lan t  s tudy centered on improving the  

p r e c i p i t a t i o n - f i l t r a t i o n  s t e p .  A process  used i n  municipal water-supply 

p l a n t s  and composed o f a  f l a s h  mixer, a coagulat ion tank,  a s ludge b lanket  

c l a r i f i e r ,  and an a n t h r a c i t e  bed f i l t e r  w a s  modified,  causing a reduct ion 

of hardness i n  t h e  c l a r i f i e r  e f f l u e n t  from 8 t o  1 4  ppm t o  1 t o  3 ppm. 

S tudies  of t h e  e f f e c t  of hexametaphosphate i n  t he  feed ind ica ted  no 

adverse e f f e c t s  up t o  2 ppm, and i n  the  range of 2 t o  4 ppm the  add i t ion  

of 0.005 M Na,CO ensured adequate hardness removal. A s  p rev ious ly  ind i -  

ca t ed ,  however, t h e  a d d i t i o n a l  sodium i n  t h e  feed reduced t h e  e f f e c t i v e  

capac i ty  of tihe ion exchange column by 50%. 

2 3  - 

1.2 Descript ion of t he  LLWT P l a n t  

The t o t a l  t rea tment  p l a n t  c o n s i s t s  o f :  (1) the  equa l i za t ion  bas in ;  

( 2 )  t h e  feed system, Building 3518; (3)  process  equipment, Bui lding 3544; 

( 4 )  t h e  sludge disposal. bas in ;  and (5 )  radioact ive-wastc  t r a n s f e r  p ip ing .  

The first- t h r e e  components a r e  loca ted  i n  the  main ORNL a r e a ,  t he  s ludge 

d i sposa l  bas in  i s  loca ted  a t  Bur i a l  Ground N o .  5 about 1 .0  km south of  t he  

processing p l a n t ,  and the  waste t r a n s f e r  p ip ing  connects t he  processing 

p l a n t  with the  d i sposa l  bas in  and the  ORNL Intermediate-Level Waste System. 

The Equal izat ion bas in  has ex i s t ed  f o r  a number of yea r s  and has a 

capac i ty  of 3.8 x 106  l i . tcrs of low-level waste ( < l . O  p C i / l i t e r )  , which 

i s  essentially 'Os, and 137Cs- 

sometimes p resen t .  

Smaller q u a n t i t i e s  of s°Co and l5'Eu a r e  



Feed is pumped continuously from the basin through pipes, pumps, and 

valves located in Building 3518. Only minor modifications were made to 

this equipment to convert it from the previously used lime-soda process. 

Feed is pumped at a selected rate, usually between 175 and 375 liters/min, 

into the processing plant in Building 3544. 

This building is divided into a control room, a chemical makeup area, 

and a shielded area containing regeneration-solution tanks, three ion 

exchange columns, an evaporator, a concentrated-waste tank, an acid off- 

gas scrubber, and pumps. The head-end treatment equipment, the sludge 

holdup and transfer system, and a concrete clearwell about 7 x 7 x 2 m are 

located on a concrete pad outside the building. 

The sludge that is generated in the precipitator-clarifier is periodi- 

cally pumped to the sludge disposal basin as a slurry containing 2 to 4 wt % 

solids. 

The line connecting the process building to the sludge disposal basin 

is constructed of 2-in. schedule 80, unplasticized PVC pipe and i s  laid 

underground. The concentrated liquid waste from ion exchange regeneration, 

evaporation, and neutralization is pumped through an underground pipeline 

constructed of l-%-in. schedule 40, type 304L stainless steel to the exist- 

ing intermediate-level waste collection system. 

1.3 Current Operation of the LLWT Plant 

The LLWT Plant has been in continuous operation for about two years 

at an average flow rate of 300 litcrs/min. Occasionally, feed has been 

processed as fast as 565 liters/min. At no time has the plant effluent 

exceeded the maximum permissible concentration for wat-er in public streams 

(MPG) (Appendix, Table 2). 

750 liters/min but has never operated at this rate. 

The plant is designed for a maximum flow o f  

The feed from the equalization basin is continually mixed with concen- 

trated sodium hydroxide solution to give a p H  of 11.8 and with a copperas 

(FcSO ) solution to give 5 ppm iron. Tbe hydroxide addition rate is controlled 

by an electrode downstream from the addition point in the feed. The fe r rous  
4 
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so lu t ion  r a t e  is con t ro l l ed  by the  s e t t i n g  on t h e  feed pump. The feed 

then flows through a s t a t i c  pi-pe-mixer. Coagulation of the p r e c i p i t a t e  

i n t o  l a r g e r  p a r t i c l e s  occurs  i n  the  f l o c c u l a t o r  s e c t i o n  of t he  

t . a t :o r -c la r i f ie r ,  where t h e  mixture i s  gent ly  a g i t a t e d  a s  it flows down t o  

t:he bottom. The f l o c  e n t e r s  t he  bottom of the  c l a r i f i e r  s e c t i o n ,  where 

sepa ra t ion  i s  achieved by upflow of t h e  mixture through a s ludge b l anke t ,  

which c o n s i s t s  of f l u i d i z e d  p a r t i c l e s  t h a t  t r a p  the  f l o c  and cont inue the  

p r e c i p i t a t i o n  r e a c t i o n s  by c r y s t a l  growth. These p a r t i - c l e s  agglomerate 

and s e t t l e  t o  form a s l u r r y  i n  t he  bottom of the  ves se l .  This ac t ion  

scavenges r ad ionuc l ides ,  d i r t  p a r t i c l e s ,  and a lgae ,  a s  wel l  a s  most of t he  

hardness ,  from t h e  waste stream. 

p rec ip i -  

The s l u r r y  is p e r i o d i c a l l y  pumped Lo an a g i t a t e d  23 ,000- l i te r  sludge 

holding tank dnd then t o  the  s ludge d i sposa l  b a s i n ,  a s  necessary.  This 

s t e p  removes from one-half t o  two-thirds of t h e  t o t a l  r a d i o a c t i v i t y  i n  the  

stream. The proper opera t ion  of t h e  c l a r i f i e r  s e c t i o n  i s  monitored by 

t u r b i d i t y  ana lyses  of samples taken a t  appropr ia te  p o i n t s  i n  t h e  stream. 

The e f f l u e n t  from t h e  c l a r i f i e r  overflows t o  a 25 ,000- l i t e r  surge t a n k  

and then i s  pumped through one of two pressure- type po l i sh ing  f i l t e r s  con- 

t a i n i n g  a bed of 0.6 t o  0.8-nun a n t h r a c i t e .  When p res su re  drop inc reases  

5 t o  6 p s i ,  t he  flow i s  switched t o  the  okher bed and the  f i r s t  one i s  

backwashed. Backwashing i s  done a t  2000 l i t e r s /min  f o r  10 min with water 

from the  cl.earwel1. The bed i s  then rewashed a t  650 l i t e r s /min  f o r  3 m i n ,  

a f t e r  which t h e  wash s o l u t i o n  is pumped back t o  the  equa l i za t ion  bas in .  

From the  f i l t e r ,  -tihe stream, which now usua1.l.y has l e s s  than 5 ppm 

hardness ,  passes  downflow through one or  more o f  . three ion exchange columns 

conta in ing  1275  l i t e r s  of sodium-form Duoli te  CS-100 r e s i n .  The beds are 

used consecuti-vely; a switch i s  made a f t e r  t he  passage of about 2000 bed 

volumes of feed. 'The maximum flow r a t e  through a bed i s  380 li t .ers/min, 

but two beds may be operated s imultaneously,  i n  p a r a l l e l .  A movable be ta -  

gamma probe i s  mounted on the  e x t e r i o r  of each column. I n  t h e  p i l o t - p l a n t  

development of the  process ,  it was found tihat such a probe could he used 

t o  follow a band o f  maximum a c t i v i t y  from top  t o  bottom a s  t h e  column was 

used and t h u s  t o  p r e d i c t  breakthrough of rad ionucl ides .  Since t h e  readings 

from these  probes i n  p l a n t  opera t ion  have never been of va lue ,  t h e i r  use 

has  been discont inued.  
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To r egene ra t e  a r e s i n  bed, t h e  column is  e l u t e d  upflow with t w o  batches 

( f i v e  bed volumes each) of 0.50 n i t r i c  a c i d .  The first batch removes most 

of  t h e  r a d i o a c t i v i t y  and hardness and i s  then concentrated by evaporat ion,  

n e u t r a l i z e d  with sodium hydroxide, and s e n t  t o  t h e  Intermediate-Level Waste 

Treatment P l a n t .  The second batch i s  s t o r e d  and used as t h e  f i r s t  batch for  

t h e  nex t  e l u t i o n .  Af t e r  a water r i n s e ,  t h e  r e s i n  is  reconverted t o  a sodium 

form by pass ing  20 bed volumes of 0 .1  - M NaOH upflow through t h e  bed. 

c a u s t i c  and water washes are s e n t  back t o  t h e  e q u a l i z a t i o n  bas in .  

The 

A f t e r  l eav ing  t h e  ion  exchange bed, t h e  s t ream passes  over  a beta-gamma 

probe and i n t o  t h e  f i r s t  compartment of t h e  clearwell. The readings from 

t h i s  monitor apparent ly  cannot be c o r r e l e a t e d  with any v a r i a b l e  i n  t h e  

process  and are t h e r e f o r e  gene ra l ly  ignored. 

The clearwell, which con ta ins  80,000 l i ters,  i s  divided i n t o  two sec- 

t i o n s  by an overflow w e i r .  Water i n  t h e  f i r s t  s e c t i o n ,  which holds  two- 

t h i r d s  of  t h e  volume, backwashes t h e  f i l t e r s  and makes up the  0 .1  I M NaOH 

f o r  r e s i n  regenerat ion.  A t  t h e  w e i r ,  where a pH e l e c t r o d e  continuously 

measures t h e  p H ,  s u l f u r i c  a c i d  i s  added t o  reduce t h e  pH t o  7 .0 .  The waste 

then flows i n t o  White Oak Creek. 

2 .  ANALYSIS OF OPERATION 

During t h e  four-week experimental pe r iod ,  t h e  p l a n t  w a s  operatzed i n  

t h e  r o u t i n e  manner. Along with the  usual  w a t e r  sampl.es, however, a d d i t i o n a l  

samples w e r e  taken from s e v e r a l  p o i n t s  i n  the  stream. Also, samples of 

r e s i n  w e r e  removed from each bed and subjected t o  va r ious  t es t s  i n  the labo- 

r a t o r y .  The beta-gamma monitors on t h e  e x t e r i o r  of  t h e  ion exchange columns 

scanned them every 8 h r ,  and t h e  r e s u l t s  were recorded. During one per iod ,  

which occurred several months a f t e r  the experimental run,  a malfunction was 

noted i n  which excessive hardness w a s  pas s ing  throuyh t h e  scavcnger-precipi-  

t a t o r ,  and samples of the p l a n t  feed (from t h e  equa l i za t ion  bas in )  were then 

t aken  and thoroughly analyzed €or i o n i c  c o n s t i t u e n t s .  
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2 . 1  Composition of t h e  Waste Stream 

The compositions of t h e  waste stream i n  previous y e a r s ,  during t h e  

experimental program, and during the  "high-hardness" per iod , can be compared 

(Appendix, Table 1). Although t h e  composj.t:ions a r e  f o r  t h e  most p a r t  s i m i -  

l a r ,  some d i f f e r e n c e s  can be noted t h a t  poss ib ly  infl-uence t h e  p l a n t ' s  

behavior e 

1. The pH (and t h e  t o t a l  a l k a l i n i t y )  l e v e l s  a r e  h ighe r  than they 
were previously.  The r e l a t i o n  between t o t a l  hardness,  pH, and 
carbonate-bicarbonate content j-s shown i n  t h e  Appendix, Fig.  I ;  
no v a r i a b l e  i n  t h e  p l a n t  operat ion could be a - t t r i b u t e d  t o  t h i s  
r e l a t i o n s h i p .  I t  can be assumed -t:hat t h e  w a s t e s  e n t e r i n g  t h e  
bas in  do no t  contain as much f r e e  a c i d  as they formerly d id .  

2 .  The t o t a l  s o l i d s  content  i s  somewhat higher than it w a s  formerly 
and w a s  e s p e c i a l l y  high during t h e  "high-hardness" per iod.  Most 
of t h i s  i nc rease  w a s  due t o  n i t r a t e  s a l t s .  Whether or  n o t  t h i s  
i nc rease  has any inf luence on t h e  poor performance of t he  pre- 
c i p i t a t o r - c l a r i f i e r  i.s unce r t a in .  

3. The phosphate l e v e l  was below 1 .0  ppm during t h e  experimental 
run b u t  was 1 . 6  ppm during t h e  "high-hardness" per iod.  The labo- 
r a t o r y  development s t u d i e s  ind ica t ed  t h a t  hardness p r e c i p i t a t i o n  
would begin t o  be incomplete a t  l e v e l s  above 1 . 0  pprn b u t  that: 
about 2 . 5  ppm phosphate w a s  required t o  leave 50 ppm hardness i n  
s o l u t i o n . 2  The additlion of Na2CO3 i n  'che head-end t r ea tmen t ,  
though e f f e c t i v e  a t  ensuring adequa-t:e hardness removal i n  the 
l abora to ry  s t u d i e s ,  w a s  unsuccessful i n  t h e  p l - a n t .  Further  
experimental work w i l l  be r equ i r ed  t o  c l a r i f y  t h i s  r e l a t - ionsh ip .  

2 . 2  Head-End Treatment 

During t h e  experimental  program, no changes w e r e  made i n  t h e  routi-ne 

head-end treat-men-t: of t he  feed.  Ferrous s u l f a t e  was added t o  g ive  5 pprn 

i r o n ,  and concentrated sodium hydroxide s o l u t i o n  was added a t  a ra te  con-- 

t r o l l e d  by a p:I e l ec t rode  s e t  a t  pH 11.8 and loca ted  immediately downstream 

f r o m  the n ix ing  point- A de t a i l ed  d e s c r i p t i o n  of t h i s  p a r t  of t he  process 

i s  qiven i n  t h e  p i l o t - - p l a n t  development r e p o r t .  
3 

The c a u s t i c  add i t ion  se rves  two purposes: f i r s t ,  t o  p r e c i p i t a t e  most 

of t h e  hardness along with some of t h e  r a d i o a c t i v i t y ,  and second, t o  ra ise  

t h e  pI1 Lo t h e  o p t ; - m u m  l e v e l  f o r  cesium loading on t h e  CS-1-00 r e s i n .  I n  
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this study, laboratory measurements showed that the DC for cesium was 

almost constant between pH 11.7 and 11.9 but decreased at higher and 

lower values. During this experimental period, the pH of the effluent 

from the resin beds (L-4)  ranged from 11.1 to 11.6, with an average of 

11.3. These values can be assumed for the feed solution to the columns 

(L-3). It is suggested that the pH-controlling electrode be moved in 

order to maintain the L-3 stream at pH 11.85 or that a second caustic 

addition be made at this point. 

2.3 Precipitator -Clarifier -Filter 

During the experimental run, no attempt was made to modify anything 

in this section of the plant. Operation of the sludge blanket, as shown 

by turbidity samples taken at appropriate points, was normal during this 

period. On the later occasion of the hardness breakthrough, the samples 

still indicated satisfactory performance. If a malfunction should exist 

in this part of the plant, it must be detected and analyzed by an engineer- 

ing group familiar with the equipment. 

2.4 Ion Exchange 

The heart of this process is the use of an ion exchange resin that 

removes the cesium and strontium activity remaining after the precipitation- 

filtration. During this program, column feed values ranged from 7 to 30 

dpm/ml for 'OS, and from 5.2 to 11.0 dpm/ml for C s .  The ion exchange 

step satisfactorily removed the strontium to less than 0.06 dpm/rnl but 

removed cesium to less than 1 dpm/ml only during the first 500 to 600 bed 

volumes of feed during each cycle. These strontium and cesium values are 

shown graphically in the Appendix (Figs. 2 and 3 ,  respectively), and the 

numerical data are presented there as well (Table 2 ) .  

I. 37 

2.4.1 Description of resin 

The most satisfactory ion exchange resin for loading cesium in the 

presence of relatively large amounts of sodium is Duolite CS-100. A detailed 
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tabulat.j.on of t h e  p r o p e r t i e s  of t h i s  r e s i n ,  which contains  both carboxyl ic  

and phenol ic  r e a c t i o n  groups, is  provided by t h e  manufacturer, Diamond 

Shamrock Chemical Company.' I n  t h e  sodium form i n  0 .01  M I sodium hydroxide, 

a l l  d i v a l e n t  i ons  (calcium, magnesium, s t ront ium, e t c . )  w i l l  load s t r o n g l y  

on both r eac t ion  sites. Cesium w i l l  load on t h e  phenol ic  groups, though 

n o t  as s t rongly.  

which .j.s an advantage i n  t h e  s e l e c t i o n  of m a t e r i a l s  of cons t ruc t ion .  The 

r e s i n  i s  furnished as porous granules  of 0 .3  to  1 . 3  mm, and i t s  t o t a l  i o n i c  

capacitiy i s  a minimum of 1 .0  e q u i v / l i t e r .  

This r e s i n  can be regenerated with 0.5 - M n i t r i c  a c i d ,  

Another xadionuclide p re sen t  i n  t h e  waste stream is  6oCo,  a f r a c t i o n  

of which does not  behave as a d i v a l e n t  c a t i o n .  From 1 5  t o  40% of t h e  6oCo 

w a s  removed i n  t h e  p r e c i p i t a t i o n  s t e p ,  b u t  e s s e n t i a l l y  none w a s  removed by 

t h e  r e s i n  (Appendix, Fig.  2 ) .  Previous development work showed that 6oCo 
2 

could be 1-oaded on an anion r e s i n  i n  t h e  hydroxide form. 

2 . 4 . 2  E f f e c t  of pH 

The so rp t ion  of  cesium ions  on t h e  sodium-form CS-100 r e s i n  occurs 

only at p H  levels  high enough t o  i o n i z e  t h e  phenolic groups. I n  t h e  i n i t i a l  

development of t h i s  process ,  values  ranging from p H  11 .7  t o  1 2 . 0  were used 

by d i f f e r e n t  i n v e s t i g a t o r s ,  and a l l  were apparent1.y success fu l .  T o  de t e r -  

mine t h e  optimum p H ,  s t a t i c  DFs w e r e  e s t a b l i s h e d  fox cesium on unused r e s i n  

as  a func t ion  of pI-1, with a constant  sodium content: of  0 .01 - M. Normalizing 

t h e  value a t  p H  11.9, t h e  following r e s u l t s  w e r e  obtained: 

DC 

pH (%) 

11.5 60 
11.6 83 
1 1 . 7  87 
11.8 90 
11.9 100 
1 2 . 0  94 
1 2 . 1  84 

The DCs decrease with inc reas ing  sodium concentrat ion i n  t h e  feed when 

h e l d  at. a constant  p H ,  b u t  t h i s  f a c t o r  has n o t  been evaluated q u a n t i t a t i v e l y .  
2 
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During t h e  experimental  run,  t h e  NaOH t h a t  was added r e s u l t e d  i n  a sodium 

concentrat ion of 0.006 t o  0.008 2. 
was 0.003 M ,  so t h e  t o t a l  was 0.009 t o  0.011. M ,  which i s  probably no t  

excessive.  

The sodium content  i n  t h e  p l a n t  feed 

- - 

2 .4 .3  Capacity and d i s t r i b u t i o n  c o e f f i c i e n t s  

The manufacturer of t h e  Duoli te  CS-100 r e s i n  s ta tes  t h a t  t h e  t o t a l  

i o n i c  capac i ty  i s  a t  least  1 . 0  e q u i v / l i t e r ,  a value t h a t  w a s  confirmed i n  

t h e  l abora to ry ,  using d i l u t e  calcium s o l u t i o n s  and new r e s i n .  For a speci-  

f i c  set  of cond i t ions ,  however, t h e r e  i s  a constant  r a t i o  between t h e  amount 

of an ion sorbed on a s p e c i f i e d  amount of r e s i n  and t h e  i o n i c  concentrat ion 

i n  t h e  s o l u t i o n  a t  equi l ibr ium. For d i l u t e  s o l u t i o n s  of an i o n ,  t h i s  f a c t  

w i l l  l i m i t  t h e  volume of feed be fo re  t h e  t o t a l  capac i ty  of t h e  bed i s  

reached. I f  t h e  D F  is  expressed i n  volume u n i t s ,  breakthrough w i l l  occur 

when t h e  number of bed volumes of feed equals  t h e  DC. I n  p r a c t i c e ,  t r u e  

equi l ibr ium i n  flowing streams i s  never reached and breakthrough occurs a t  

a lower feed volume. In  some cases  it is  u s e f u l  t o  know whether the r e s i n  

capac i ty  o r  t h e  DC of t h e  ion i n  ques t ion  l i m i t s  t h e  loadiny. Mathemati- 

c a l l y ,  i t  can be shown t h a t  a t  s a t u r a t i o n ,  bed volumes of feed x ppm con- 

c e n t r a t i o n  = 1000 x equ iva len t  weight x capac i ty  per l i t e r .  The values  t o  

t h e  r i g h t  of t h e  equal  s i g n  are cons t an t s ,  so t h e r e  i s  a maximum value of 

t h e  average ppm concentrat ion above which s a t u r a t i o n  w i l l  limit t h e  loadincj 

and below which the  DC w i l l  determine the  l i m i t .  When t h e  C S - 1 0 0  r e s i n  i s  

used, t h e  concentrat ion f o r  t h e  calcium ion  i s  about 2 .5  ppm CaCO The 

weight concentrat ion f o r  t h e  cesium ion i s  so s m a l l  t h a t  t h e  DC is t h e  

c o n t r o l l i n g  f a c t o r ,  and for new r e s i n ,  t h e  e f f e c t i v e  DC f o r  cesium under 

t h e s e  condi t ions i s  2000 t o  2500. Therefore,  cesium breakthxough w i l l  

begin when about 2000 bed volumes oE feed have been passed. The calcium 

i n  t h e  feed, however, which has a higher  DC (by a f a c t o r  of about 5 )  

w i l l  s a t u r a t e  r e a c t i o n  s i tes  and thus  decrease t h e  e f f e c t i v e  volume of thc 

r e s i n  bed. A c a l c u l a t i o n  of the amount of feed t h a t  can be loaded f o r  

maximum cesium r e t e n t i o n  must t h e r e f o r e  consider  both t h e  DC for the cesium 

and the  t o t a l  amount of hardness loaded f o r  t he  bed. For t h i s  p l a n t ,  

which has  a bed volume of 1250 l i t e rs ,  an equat ion such as  t h e  followiny 

could be  used for new r e s i n :  

3' 



-- 5 Maximum loading ( l i t e r s )  2000 (1250 _- 2.0 x 10 X l i t e rs  passed 

x ppm ha rdness ) .  

2.4.4 Resin s t a b i l i t y  

I n  t h e  development work f o r  t h i s  p rocess ,  t h e  l i m i t i n g  number of bed 

volumes of feed t h a t  could be processed w a s  va r ious ly  r epor t ed  as 1600 t o  

1900, 1500 t o  2000, 2000, 3 r 4  and more than 2000.5 On t h e  b a s i s  of t h i s  

p r i o r  experience,  t h e  p l a n t  roi-itinely passes  about 2000 bed volumes pe r  

cycle .  During t h e  experimental program, a n a l y s i s  of t he  d a i l y  ion  ex- 

change e f f l u e n t  sarnpks (L-4) showed t h a t  cetjium breaktl-irough began at 

500 t o  600 bed volumes, as is shown i n  t h e  Appendix (F igs .  3A-C) . This 

w a s  t h e  39th loading-elution-regenerating cyc le  f o r  each bed. The obvious 

expl.anal:ion i s  t h a t  t h e  DC of t he  r e s i n  f o r  t h e  cesium had decreased from 

t h e  2000 value t o  a value of about 550. To confirm t h i s ,  s m a l l  samples of 

r e s i n  were removed from each r e s i n  bed and t h e  s t a t i c  DCs f o r  cesium and 

s t r o n t i u n  were measured i n  the  l abora to ry  and t h e i r  values  compared with 

those obtained f o r  new r e s i n  under t h e  same condi t ions.  On new r e s i n ,  t h e  

s t ront ium DC value w a s  about 20 ,000 ,  and the  cesium DC value w a s  about 3900. 

Since -the previous experimental development work ind ica t ed  a use fu l  capa- 

c i t y  of about 2000 bed volumes f o r  cesium loading,  t h e  DCs urider t hese  condi- 

t i o n s  are about one-half of t h e  equi l ibr ium val-ues. The s t a t i c  DC for  

cesium o.n t h e  used r e s i n  samples averaged 546, o r  14% of t h e  new resi .n,  and 

t h e  s t a t i c  DC €or s.trontium averaged 5500, o r  27.5% of t h e  o r i g i n a l .  A l -  

though these val-ues a r e  no t  p r e c i s e  because oE the e r r o r  involved i n  ac- 

c u r a t e l y  measuring s m a l l  volumes of r e s i n ,  t h e  r e s i n  unquestionably had 

degenerated. 

use,  so an e f f o r t  w a s  made t o  f i n d  information on t h i s  p a r t i c l a r  one. The 

manufacturer had no d a t a  on t h i s  s u b j e c t  ( p r i v a t e  communj.cat:ion). In  the  

p r i o r  development work, a maximilin of I1 runs w a s  made on one bed, and no 

decrease i n  1oad.i.ng was noted. 

l 2 

I t  i s  known t h a t  a l l  r e s i n s  w i l l  d e t e r i o r a t e  with continued 

Carboxylic r e s i n s  a r e  more s e n s i t i v e  t o  r a d i a t i o n  damage than are 
8 

s u l f o n i c  r e s i n s ;  a r a d i a t i o n  dose of about 10 

is  rpquired f o r  a s i g n i f i c a n t  loss  i n  capaci ty .7  

maxi.mirrc dose received by these  beds i n d i c a t e  an upper l i m i t  of about l o 4  rad.  

r a d ,  compared with l o 9  r a d ,  

Liberal. e s t ima tes  of t he  
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Addit ional ly ,  DCs of res in  samples taken from t h e  tops  of t h e  columns, 

which r ece ive  t h e  m o s t  r a d i a t i o n ,  were not  s i y n i f i c a n t l y  d i f f e r e n t  from 

those  of samples taken from t h e  bottom. 

During t h e  previous developmental programs, evidence showed t h a t  
1 

t h i s  r e s i n  is s e n s i t i v e  t o  n i t r i c  a c i d  concentrat ions g r e a t e r  than 1.0 M .  

For t h i s  reason, e l a b o r a t e  precaut ions are taken t o  make t h e  e l u t i o n  a c i d  

exac t ly  0.5 - M and t o  leave it i n  t h e  beds no longer than necessary.  

- 

I n  l abora to ry  s t u d i e s  d u p l i c a t i n g  t h e  elut ion-regenerat ion cyc le ,  it- 

w a s  noted t h a t  t h e  g r e a t e s t  appearance of a "color  throw," o r  a brown co lo r  

i n  t h e  e f f l u e n t ,  occurred during t h e  hydroxide regenerat ion s t e p  r a t h e r  

than during t h e  a c i d  e l u t i o n  s t e p .  Samples of new resin w e r e  allowed t o  

s t and  i n  s o l u t i o n s  of 0.5 - M n i t r i c  a c i d ,  0.01 I M sodium hydroxide, and 

0 .1  - M sodium hydroxide. 

19 days,  and t h e  cesium and s t ron t ium D C s ,  given as percentages,  were 

determined and compared with those f o r  un t r ea t ed  r e s i n .  

The samples w e r e  removed a f t e r  90 h r  and a f t e r  

0 .01  M NaOH 0 .1  M NaOH 
I - 0.5 M HNO 

3 
- 

Cesium 

90 h r  
1 9  days 

Strontium 

90 h r  
19 days 

88 LO4 5 1  
85 88 54  

84 
106 

101 
a9 

44 
78 

These r e s u l t s  i n d i c a t e  t h a t  t h e  c a u s t i c  used f o r  regenerat ion (0.1 - M) i s  

more d e l e t e r i o u s  than t h e  n i t r i c  ac id .  Fu r the r  l abora to ry  work w i l l  be 

r equ i r ed  t o  develop t h e  optimum e lu t ion - regene ra t ion  cycle .  

2.4.5 Channeling of the beds 

The CS-100 r e s i n  i s  composed of granules ,  n o t  s p h e r i c a l  p a r t i c l e s ,  

and so tends to  agglomerate with downflow of t h e  feed.  I n  severe cases, 

t h i s  could lead t o  channeling and thus  cause a lowered bed capaci ty .  Resin 

samples w e r e  withdrawn from va r ious  p o s i t i o n s  i n  each bed - some a f t e r  

loading and s o m e  a f t e r  regenerat ion.  These samples were analyzed fo r  i o n i c  



14 

c o n s t i t u e n t s  by spectrographic  and neutron-act ivat ion methods. The r e s u l t s  

were e r ra t ic ,  and it w a s  impossible t o  draw d e f i n i t e  conclusi.ons. Tho. 

l e v e l  of t h e  d i v a l e n t  and t r i v a l e n t  i o n s ,  however, tended to  be higher  i n  

samples from the  bottiom of t h e  columns than from elsewhere, i n d i c a t i n g  

channel. flow i n  e i t h e r  t h e  loading o r  t he  e l u t i o n l o r  both. During t h e  

e l u t i o n  cycle  of one COLUNI, t h e  behavior of the r e s i n  was vi-sual ly  observed 

through a window loca ted  midway down the  s i d e  of t h e  column. During the  up- 

flow of t h e  n i t r i c  a c i d  the  r e s i n  p a r t i c l e s  were f l u i d i z e d ,  b u t  how f a r  h t o  

the column they w e r e  f l u i d i z e d  could not  be determined. 

2.4.6 I Regeneration -- 

A s  s t a t e d  before ,  a bed i s  e l u t e d  and regenerated a t  t h e  end of each 

cycle  by backwashing with t e n  bed volumes of 0.5 - M n i t r i c  ac id  followed hy 

20 bed volumes of 0 .1  - M sodium hydroxide. 

i n  t h e  experimental runs,  t h e  ac id  e l u t i o n  reinoved t h e  loaded r a d i o a c t i v i t y  

s a t i s f a c t o r i l y ;  t he  a c t i v i t y  i n  t h e  n in th  or t e n t h  bed volume was l e s s  than 

1% of t;iic. peak a c t i v i t y .  It can be  assumed tha t  t h e  regenerat ion t o  the  

sodium form w a s  complete s i n c e  a 100% excess of  sodium hydroxide was used. 

Tlie fol.lowing l e v e l s  of  a c t i v i t y ,  given i n  d p m / m l ,  occurred i n  the second 

and e i g h t h  bed volumes: 

I n  the t h r e e  e l u t i o n s  c a r r i e d  o u t  

Column 
c 
I 

3 - A 
___.I.- Elut ion Volume - 

90sr 

2d 

8 th  

137cs 

2a 

8 th  

4 
2.89 x 10  

4 
2.04 x 10  

3 
7.3s x 10  

676 247 251  

3 
1.94 x 10 

3 1.09 x 10 3 
2 . 4 3  x 10 

16.6 18.6 22.3 
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2. 5 Radioac t iv i ty  Detec tors  

A beta-gamma probe t h a t  can be moved t o  any des i r ed  e l eva t ion  is loca- 

t e d  on t h e  e x t e r i o r  wal l  of each r e s i n  column i n  the  p l a n t .  The t o t a l  

counts  a r e  recorded on a s t r i p  c h a r t  i n  t he  c o n t r o l  room. I n  t he  p i l o t -  

p l a n t  development of t h i s  process ,  a band of maximum a c t i v i t y  moved from 
3 t h e  t o p  t o  the  bottom of t h e  r e s i n  bed dur ing  t h e  loading cyc le .  I t  was 

thought t h a t  t he  cesium breakthrough p o i n t  could be a n t i c i p a t e d  by follow- 

i n g  t h e  movement of such a band i n  the  p l a n t  beds. Af te r  t h e  p l a n t  began 

ope ra t ion ,  however, a l l  a t tempts  to  use these  d e t e c t o r s  for  t h i s  purpose 

were unsuccessful  and were abandoned. During t h e  experimental  runs ,  read- 

ings  were taken every 8 h r  a t  30-cm i n t e r v a l s  on t h e  column i n  use. U p  t o  

t h e  time of t he  cesium breakthrough (500 bed volumes),  values  from t h e  lower 

half ,  of t h e  beds increased  gradual ly ;  no changes were sharp enough t o  be 

of value i n  p r e d i c t i n g  breakthrough. Data from each bed a r e  shown graphi- 

c a l l y  i n  t h e  Appendix [Figs.  3(a) -(c) 1. Another beta-gamma probe, which a l s o  

records  on a c h a r t  i n  t h e  con t ro l  room,is loca ted  i n  t h e  resin-column e x i t  

s t ream leading  to  the  c l ea rwe l l .  Small f l u c t u a t i o n s  i n  t h i s  p robe ' s  read- 

ings  were noted from time t o  t i m e ,  b u t  they could not  be c o r r e l a t e d  with 

any o t h e r  v a r i a b l e  i n  t h e  opera t ion .  With c e r t a i n  changes i n  t h e  design 

and loca t ion  of t h e s e  probes, they may prove va luable  i n  p l a n t  opera t ion  

(Sec t .  3 ) .  

2 . 6  Decontamination Ef f i c i ency  

This p l a n t  is  s p e c i f i c a l l y  designed f o r  removing two i so topes ,  ' '5, 

and 137Cs. When t h e  ion  exchange columns perform c o r r e c t l y  , t h e  e f f l u e n t  

s t ream w i l l  conta in  less than 0 . 1  dpm/ml f o r  each of these  rad ionucl ides .  

This value i s  e s s e n t i a l l y  independent of t h e  concent ra t ion  i n  t he  i n l e t  

s t r e a m ;  henct?, r e s u l t s  expressed as decontamination f a c t o r s  a r e  not  mean- 

i n g f u l .  I t  i s  perhaps m o r e  meaningful t o  express  concent ra t ions  i n  terms 

of f r a c t i o n s  of the MPC . 
exceeded 9% and averaged 4% of the MPC-- dur ing  the experimental. rcins 

8 
The ' O S r  content  of t h e  p l a n t  e f f l u e n t  never 

W 

W 

(Appendix, Table 2 ) .  The 137Cs l e v e l  va r i ed  f r o m  0.13% of the MpC at 
W 

the  begiiinirig of each cyc le  t o  32% of t h e  MPC a t  t h e  end of the C-column run.  
W 
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Two o the r  radionucl ides ,  6oCo and I5%u, can usua l ly  be de t ec t ed  i n  

these  streams. During tihe expesirnental runs , the  c o b a l t  and europium 

l e v e l s  i n  the  p l a n t  feed never exceeded 1 .4% of t he  MPC and t h e  europium 

concentrat ion i n  t h e  p l a n t  e f f l u e n t  never exceeded 1% of t h e  NPC . The 

p r e c i p i t a t i o n - f i l t r a t i o n  s t e p  removed 1 3  t o  38% of t h e  c o b a l t ,  b u t  t he  

r e s i n  columns d i d  no t  remove any more. Previous i n v e s t i g a t i o n s  have shown 

t h a t  some of t h e  coba3.1: i s  i n  an an ion ic  complex. Decontamination l e v e l s  

throughout t h e  p l a n t  are shown in t h e  Appendix (Table 2 and Fig.  2 ) .  

W '  

w 

3 .  RECOL4MENDATIONS 

A s  a rr.sult-_ of t h i s  experimental per iod of p l a n t  ope ra t ion ,  s e v e r a l  

recommendal-ions have been made t o  t h e  Operations Division. Some of these  

suggest ions a r e  semiexperimental, and t h e i r  worth would have t o  be evaluated 

a f t e r  implementing them. 

3.1 Equipment 

To d a t e ,  t h e  cause of b r i e f ,  i n f r equen t  per iods when t h e  l ~ e v e l  of 

hardness passing through the  c l a r i f i e r  is  unusually high has no t  been d i s -  

covered. I f  f u r t h e r  analyses  of t h e  chemistry of the p l a n t  feed cannot 

p inpo in t  t he  cause,  an engineering group should i n s p e c t  the ope ra t ion  of 

the prec ip i - t a to r  , s.l.udge b l anke t  , c l a r i f i e r  , and f i l t e r .  

A s  in the  p i l o t - p l a n t  work, a h i g h - a c t i v i t y  band could probably be 

followed down a column during cesium loading i n  t h e  p l a n t .  A s h i e l d  could 

be f i t t e d  around t h e  gamma d e t e c t o r s  so t h a t  only a col l imated beam coning 

d i r e c t l y  out: of t h e  resin bed wou1.d be r e g i s t e r e d .  

?nough i.mprovemcnt , a f i l t e r  c i r c u i t  o r  a gan~ma--pulse-l?eiglrlt iiiialyzer 

colild be used t o  detecr. only t h e  0.662-M?'J gamma :zneryy assoc ia t ed  with 

I E  t h i s  does n o t  provide 

t h e  137cY. 

Actually , 37Cs which has a 30-year h a l - f - l i f e ,  undergoes beta decay 

and becomes metastable Ba, which e m i t s  t h e  0.662-MeV gamma ray with a 1.37 

2.6-min hal-E-life. The CS-100 r e s i n  loads a l l  d i v a l e n t  i ons  ( inc lud ing  



17 

barium) very s t rong ly  even when t h e  cesium i s  not  loading.  Therefore ,  t h e  

e f f l u e n t  from t h e  r e s i n  columns w i l l  show no 0.662-MeV a c t i v i t y  immediately, 

r e g a r d l e s s  of t h e  137Cs l e v e l .  This  a c t i v i t y  w i l l  grow i n  with the  2.6- 

min h a l f - l i f e .  For t h i s  reason,  t he  gamma d e t e c t o r  i n  the  L-4 stream 

should be r e loca ted  so t h a t  a 25- t o  30-min de lay  occurs  a f t e r  t he  s t ream 

leaves  t h e  r e s i n  bed. 

3.2 Operation 

I n  t h e  p r e c i p i t a t i o n  s t e p ,  sodium hydroxide is  continuous1.y added t o  

t h e  flowing feed stream as a concentrated (50%) s o l u t i o n .  This has two 

disadvantages:  t he  pump ope ra t e s  near  i t s  lowest r a t e ,  making p r e c i s e  con- 

t ro l  d i f f i c u l t ,  and t h e  feed l i n e  can become blocked by p r e c i p i t a t i o n  i n  

co ld  weather. The 50% s o l u t i o n  should be d i l u t e d  to  about 20%. 

A s  s t a t e d  be fo re ,  t he  optimum p H  for cesium loading is  about 11.9.  

During the  experimental  runs ,  t he  p H  of t h e  feed en te r ing  the  columns was 

only about 11.3. This decrease i n  b a s i c i t y  is  due t o  t h e  loss of hydroxide 

i n  the  p r e c i p i t a t i o n  s t e p .  A pH e lec t rode  should be pu t  i n  t he  L-3 st ream, 

and e i t h e r  t he  o r i g i n a l  p r e c i p i t a t i o n  stream o r  sodium hydroxide add i t ion  

i n  L-3 should be c o n t r o l l e d  t o  keep the  p H  a t  11.85. 

The c u r r e n t  mode of opera t ion  i s  t o  pass  2000 bed volumes of feed 

through each bed before  switching t o  another  bed. Because a d d i t i o n a l  i n -  

formation about t h e  t r u e  capac i ty  of  t h e  beds f o r  cesium a s  a func t ion  of 

age, number of cyc le s ,  e t c . ,  is lacking ,  t he  2000 bed volumes should be 

changed t o  2000 "unloaded bed volumes.'' The volume of t h e  bed t h a t  i s  

"loaded" ( i . e . ,  s a t u r a t e d  with hardness ions )  can be ca l cu la t ed  f o r  each 

run from t h e  hardness  ana lyses  on t h e  L-3 stream. Thus, f o r  t h i s  r e s i n :  

r e s i n  loaded ( l i t e r s )  = 2 x 10 C l i t e r s  f ed  x ppm hardness .  
-5 

The p l a n t  e f f l u e n t  (L-4) should be sampled a t  l e a s t  once a day, and 

p re fe rab ly  once every 8 h r ,  and i t s  137Cs content  should be promptly 

analyzed. When t h i s  value exceeds 1 .0  dpm/ml, a new column should be 

s t a r t e d .  
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Laboratory-scale work should he continued i n  o rde r  t o  at tempt  t o  

reso lve  remaining unknowns. 

of new r e s i n  and t h e  f a c t o r s  t h a t  cause them t o  d e t e r i o r a t e .  Fur ther  work 

in ight  be done t o  eva lua te  t h e  p o s s i b i l i t y  of using o t h e r  r e s i n s  i n  an al-  

t e r n a t e  flow shee t .  

Chief among these  a r e  t h e  DCs and capacities 
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6. APPENDIX 
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T a b l e  1. Analyses of O W L  low-level waste 

(Values are in ppm unless otherwise indicated) 
I 

ORNL/TM-5444, Experimental r u n ,  
June 1976 Feb.-Mar. 1978 July 1978 

_I__ 

a 
Total hardness 

Calcium hardness 

T o t a l  alkalinity 

C a1 c i um 

Magne s ium 

a 

a 

90sL- 

137cs 
S o  di um 

Ur an i um 

Copper 

Aluminum 

Si 1 icon 

Iron 

Nickel 

Chromium 

Dissolved carbon dioxide 
a 

Bicarbonate 

Carbonate 

Pho spha t-e 

Oxalate 

Sulfate 

F I uor id e 

N i t.r a t e 

Chloride- 

Total s o l i d s  

P H  

a 

100-120 

60-85 

80-95 

20-30 

2-10 

25-30 

<0.01 

0.05 

0.01 

2.6 

0.1 

0.03 

0.05 

10 

50-80 

<1 

0.83-3.3 

12 

7 

26 

5 

180 

7-8 

38-160 149 

108-298 200 

39.5 

7.9 

59-220 dpm/ml 

11 

5.25-12.0 dpm/ml 

0.03 

0.06 

b.d.1. 
b 

0.8 

b.d.3.. 

<0. 05 

b 

22-258 

26-1 36 

0.11-0.18 1.6 

c0.1 

28-34 33 

1.05 

19-27 142 

8.1-11.7 13.0 

130-406 461 

8.55-10.45 

G r o s s  f3 1.8 x l oe4  pCi/ml 19-89 c p m / m l  (av. 50) 

a 
. . .- 

AS ppm CaCO3. 

bBelow detection limit:. 
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T a b l e  2. Radionuclides in plant streams 

Radionuclides (average dpm/ml) 

137ce 6oco 154Eu 

E B ~  59 

21.6 b L- 3 

Column A, Feb. 10 t o  Feb. 1 7  

L-4c 

Minimum 

Maximum 

E B ~  

L- 4c 

b 
L- 3 

Minimum 

Maxi mum 

0.04 
-- 
0.06 

6.25 

5.80 

3.09 

0.056 

6.07 

1.2 

0.97 

0.89 

-- 
1.03 

Column B ,  Feb. 17 to Feb. 26 

2 20 5.25 1.3 

7.4 5.22 0.8 

0.02 3.11 0.79 

-- 0.09 -- 
0.04 8.24 0.98 

Column C, Feb. 26 to Mar. 9 

EBa 140 12 .0  1.5 

30.5 11.0 1.3 L- 3 

L-4c 0.015 9.87 1 .13  

Minimum -- 0.07 -- 
Maximum 0.04 14.3 1.68 

b 

0.6 

-... 
0 . 4 1  

-- 
0.45 

-- 
0 . 3 2  

-- 

0.41  

-- 

0.5 

0.34 

-- 

0 .41  

0.67 44 111 44 d 

a 

bPrecipitator-filter effluent - feed to resin column. 
Equalization basin -plant feed. 

C 
Plant output. 

Maximum permissible concentration in water in public  streams. 
d 
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Fig. 1. Composition of plant feed (equalization basin). 
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Fig. 2. Radiochemical analyses .  
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F i g .  3(a) . Externa l  radiat ion f r o m  r e s i n  bed A. 
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Fig.  3 ( c ) .  External  r a d i a t i o n  from r e s i n  bed C. 
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