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ABSTRACT 

Acc i de n t-generated  rad i oact i ve waste at  Th ree M i le Islan d  Un i t  2 

i ncludes a v a r i ety of  h i gh and  low s pec i f i c  act i v i ty waste . Th e h i gh sp e ­

c i f i c  act i v i ty waste , part i c ularly over  o n e  m i ll i on  g allons of  c o n t am i n ate d 

water , req u i red spec i al processi ng an d  second ary waste h andli n g . Gene ral 

P u bli c Ut i l i t i es and  i ts contractors , w i t h  tech n i c al ass i stance  f rom t h e  

U . S .  Department  of  Energy , developed a z eol i te-b ased i on exch ange system 

c alled the Su bmerged  Dem i neral i zer  System to red uce  contam i n at i on lev els i n  

t h e  water t o  below allowable l i m i ts .  Test i ng an d  mod i f i cat i ons  resulted  i n 

an  operat i ng system t h at h ad s u c cessfully proce ssed  waste water  f rom t h e 

Reac tor Coolant  Bleed Tanks , t h e  Reactor B u i ld i n g B asemen t , an d  t h e  Reactor  

Coolant  System as  of  Au gust 1 982 . System des i gn obj ect i ves we re met a n d  

d econ tam i nat i on c r i ter i a est abli shed i n  1 0  C F R  2 0  were at t a i n e d . 

Add i t i on al wastes  t h at could not  be  h andled rout i nely were  gen e rate d 

b y  another  water processi ng system , c alled EP I COR II . EP I COR I I  wastes are  

d i s cussed i n  Append i x  A . 

Low spec i f i c  ac t i v i ty ( L SA ) wastes su c h  as t rash an d  res i n -bed waste 

can i sters are als o i n cluded i n  waste  h an dl i ng at Th ree M i le Islan d  Un i t  2 .  

LSA wastes are rou t i n ely h andled and  sh i pped accord i n g to  e x i s t i ng i n d ustry 

pract i ce .  Plan t  records are summar i zed  i n  Append i x  B to  prov i d e  approx i ma t e  

yearly v olumes and  c ur i e  lo ad i ngs of  low spec i f i c  ac t i v i ty was tes b e i n g 

sh i pped off t h e  I slan d  to  a c ommerc i al b u r i al s i te .  
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SUBMERGE D DEMI NERALIZ ER SYSTEM PROC ESSING 
OF TM I -2 ACCIDE NT WASTE WATER  

I NTRODUC T I O N  

R ad i oact i ve waste  h and l i n g at Th ree M i l e  I s l an d  Un i t  2 ( TM I -2 )  h a s  

req u i red  ad apt at i on and deve l opment  of  was te  proces s i n g techn o l ogy to  hand l e 

t he s pec i a l w a s t e s  generated as  a res u l t  o f t h e  March  28, 1 9 7 9 , accc i dent  

at  t h e  n u c l ear  p l an t . Th i s  report d i s c u s s e s  t h e  acc i de n t  rad i oact i ve wast e 

h and l i n g sys tem d e ve l oped s pec i f i c a l l y  for  u se a t  TM I -2 . 

Th e  report  d i s c u s ses the  Submerged Dem i nera l i z er  System ( SDS ) ,  deve l ­

o ped  t o  proces s  a c c i dent -generated water  p redom i n a n t l y  c o n t am i n ated  w i t h the  
r ad l·on u c l ,·de s  1 34 , 1 3 7 cs a n d  90sr .  C · 1 1 t 

· 
ommerc1a n u c  e ar was  e process1n g  

c ompa n i e s dev e l oped  the  SDS for Genera l P u b l i c  Ut i l i t i e s,a TM I -2 's owner, 

w i th tech n i c a l  a s s i s t ance  from U . S . Dep ar tmen t of E nergy ( DOE ) n at i on a l  

l aborator i es . The sys tem u ses  i norgan i c  zeo l i te s  t o  remove  rad i on u c l i des  

f rom t h e  c o n t am i n ated  water  and  concentrates  t h em i n  a form s u i t ab l e  for 

s afe s h i pme n t  and  d i s pos i t i on off -s i te .  

B e n e f i t s from Submerged Dem i nera l i ze r  Sys tem o perat i on s  at  TM I  i n c l u de : 

o The deve l opment  and  demo n s t rat i on o f a z eo l i te -based  i o n 

e x c h an ge sys tem for remov a l  o f rad i on uc l i des . Zeo l i tes  

perm i t  h i gher  s pec i f i c  act i v i ty was t e  l o ad i n g s - -w i thou t 

r ad i a t i on - i nd uced  d amage - - t h an d o  t h e  organ i c  i on e xch a n ge 

res i n s  now u s ed by the c ommerc i a l  l i g h t  water  reactor  

i nd u s try. 1 

a . Gen e r a l  P u b l i c  Ut i l i t i e s (uPU)  i s  t h e  p arent  c ompany of Genera l P ub l i c 
Ut i l i t i e s Nu c l e a r  Corporat i on ( GPUNC ), formed after  SDS operat i on s  were we l l  
u n derway at TM I -2 . GP UNC now s u perv i s e s  o perat i on o f  GPU's n u c l ear  f ac i l i ­
t i e s a t  TM I . A l l  references  to  the operat i n g  u t i l i ty w i l l  h e re after  u s e  t h e  
curre n t  n ame ( GPUNC) .  



1 The  deve l opment  and  demo n s t r at i on of safe hand l i n g and  d i s­

pos i t i on of h i gh l y  l o aded z eo l i te bed vesse l s .  The h a n ­

d l i n g ,  s h i pp i n g , and  d i s pos i t i o n o f  zeo l i tes  l o aded  w i t h  

l arge  q u ant i t i e s o f  rad i on uc l i des requ i red  deve l o pmen t o f 

s tate-of-the-art  techno l ogy . 

1 Decon t am i n at i on of  a l arge q u ant i ty of TMI -2 ac c i dent  w a s tes  

to w i th i n  decon t am i n at i on c r i ter i a set  forth  i n  regu l at i o n 

1 0  C FR 20 . The d econ tam i n at i on of th i s  water r e presented  a 

s i gn i f i cant  m i l e s tone  i n  t h e  c l ean u p  at the  Un i t  2 p l an t .  

1 The  av a i l ab i l i ty of h i gh l y l oaded zeo l i te i on e x c h ange  med i a  

for research and  deve l opme n t  stud i e s at DOE n at i on a l  

l aborator i es . 

Thi s  report covers  S DS h i s tory ,  dev e l opment , and  o perati o n s  t h ro u g h  

Au g u s t  1 982,  i n c l ud i n g proces s i n g of  t he  f i rst  s i x  b atches  of  Re actor  Coo l ­

ant System water and  Reactor  Coo l ant  B l eed Tank and  Reactor B u i l d i n g 

Basement  water . 

Other  GEND  reports  d i s c u s s  h a nd l i n g an d  sh i pp i n g of wastes  generated  

by  the  EPICOR I I  sys tem , an  e ar l i er rad i o ac t i ve was te  proces s i n g  sys tem 

i n s t a l l ed at  TMI -2 after  the  acc i dent . Append i x  A of t h i s  report  b r i ef l y  

di s c u s ses EP I COR I I  wastes  and  l i s ts GE ND reports  o n  EP I COR I I  was te 

managemen t .  

Th i s report a l so c onta i n s  a tab l e  on  l ow s pec i f i c  ac t i v i ty wastes , i n 

Append i x  B .  These  wastes  i n c l ude  trash  f rom th e Un i t  2 c l ean u p  and  s pen t 

organ i c  i on exchange  res i n s .  Th ese  l ow s pec if i c  act i v i ty was tes  are be i n g 

s h i pped off the  i s l an d  for  d i s po s a l  at a commerc i a l bu r i a l  s i te .  

2 



H I STORY OF SUBMERGED  DEMINERAL I ZER  SYSTEM DEV ELOPME N T  

As a res u l t  of  t he  acc i dent  at TM I -2 , GP UNC needed  to d econtam i n ate 

acc i dent -generated water wh i l e m i n i m i z i n g the  amo u n t  of  was te  s u c h  decon ­

t am i n at i on wou l d  y i e l d .  A dem i nera l i zer sys tem b ased on t he  u se of i nor­

g an i c  zeo l i te s  was c on s i dered the mos t prom i s i n g a l tern at i ve .  The sys tem 

e v e n t u a l l y d e s i gned  and  deve l oped to process  acc i dent  water i s  s u bmerged i n  

t h e  TM I -2 spent fue l poo l and i s  c a l l ed the  Submerged  Dem i nera l i zer Sys tem , 

o r  SDS . 

GP UNC  deve l o ped  the  SDS i n  consu l t at i on w i th  t h e  TM I -2 Waste  Man agement 

Techn i c a l  Ad v i s ory Gro u p  ( TAG ) , a gro u p  of  tec hn i c a l  expert s a s s emb l ed by 

t he U . S . Department of Energy ( DOE ) Techn i c a l  I n tegrat i on Off i ce at TMI -2 . 

GP UNC • s s u b contractors were Chem- Nuc l ear Sys tems , I n c . and  A l l i ed Genera l 

N u c l e ar Serv i ce s . The U . S .  DOE prov i ded techn i c a l  a s s i stance  t hrough  t he  

Oak  R i dge  Nat i ona l L aboratory ( ORNL)  and  Sav annah  R i ver Laboratory ( SRL ) .  

Th e s e  gro u p s  c omb i ned  effort s  to des i gn ,  ev a l uate , and  test  t h e  S DS , re s u l t ­

i ng i n  s u cc e s s f u l hot  operat i on s  at TM I -2 .  

GP U NC•s acc i dent  waste management  efforts  began w i th proce s s i n g of 

water i n  t h e  Un i t  2 Aux i l i ary Bu i l d i n g  Bas ement  u s i n g a sys tem c a l l ed 

E P I COR I I .  The EP I COR I I  system was d es i gned  to p u r i fy med i um-spec i f i c ­

ac t i v i ty- l ev e l  wate r . By December 1 98 1 , EP I COR I I  generated 50 pref i l ter s 

and 22 res i n  l i ners wh i l e remov i ng approx i mate l y  55 , 000 C i  from 565, 000 g a l  

of  cont am i nated  water i n  t h e  Aux i l i ary and Fue l  Hand l i ng Bu i l d i ng s . 2 

E P I COR I I  i s  now u sed i n  conj unc t i on w i th S DS o perat i on s  as  t h e  f i n a l  

po l i s h i ng uni t .  

Concept u a l  Design 

GP UNC and t h e  TM I -2 Waste Man agemen t TAG determ i ned  that  th e  

650 , 000 g a l  o f  h i gh s pec i f i c  act i v i ty water i n  t he  Reactor Bu i l d i n g Bas e ­

men t , a nd  t h e  9 0, 0 00 ga l i n  the  Reactor Coo l an t  Sys tem ( RCS) req u i red a 

d em i n era l i zer sys tem bes i des  EP I COR I I  to reconcen trate rad i o i sotopes  

re l eased  from t h e  c ore d uri ng  the  acc i dent . The system des i gn requ i rements  

were: 

3 



• A t o t a l l y  i n t e grated sys tem a s  i n dependent  as pos s i b l e  from ex i s t ­

i n g was te and off-gas  sys tems a t  TM I  

• A sys tem t h at wou l d  remove  t he  f i s s i on product s  i n  t h e  water t o 

l ev e l s  meet i n g re l e a s e  req u i reme n ts 

• A sys tem t h at wou l d  be operab l e  w i th m i n i ma l  exposure t o  o perat i n g 
personn e l  and pose  a n e g l i g i b l e  ri s k  to t h e  genera l p u b l i c  

• A sys tem t h a t  wou l d  accomp l i s h t hese  obj ect i ves  i n  a t i me l y  an d  

c o s t  effec t i ve manner . 

Te sts a nd  ana l ys e s  performed by OR NL an d  SRL s h owed t hat  t h e s e  cr i teri a 

co u l d  be met w i t h a z eo l i te-based  sys tem . 3 Personne l from both  n at i on a l  
l ab s  worked  w i th members o f  t h e  TM I -2 TAG t o d eve l op a proposed  proce s s  

f l ows heet . A l l i ed Ge nera l Nuc l ear Serv i ce s  designed  a deta i l ed proces s i n g 

s ys tem f l ows heet  for C h em- Nu c l e ar Sys tems , I n c .  b ased  on t he  TM I -2 TAG f l ow­

s heet . The re s u l t i n g sys tem was  des i gned  to  decon t am i n ate h i gh s pec i f i c  

ac t i v i ty water s o  t h a t  t h e  concen trat i on s  of  n u c l i des  ( except  tr i t i um ) wo u l d  

b e  l e s s  than  10% o f  t h e  concen trat i o n s  l i s ted  i n  10 CFR  20 for aqueou s 

e ff l uent s i n  u nre s tr i c ted are a s . { The  10 CFR  20 concentratio n s  are l i s ted  

i n  Append i x  C of  t h i s  report . ) 

Se l ec t i on o f  Ion Exc hange Med i a  

To m i n i m i ze wa s t e  prod u c t  generat i on ,  i norgan i c  ze o l i te med i a  were 

s e l ected  for u s e  i n s t e ad of t h e  organ i c  i on exchange  med i a  u s e d  i n  

E P I COR I I .  I norg an i c  z eo l i te i s  a mo l ec u l ar s i eve  materi a l  h i gh l y  s e l ec t i ve 

for e l ectro l yt i c  ab s orpt i on o f  C s  and  Sr from was te  water . 

Th ere are two ma i n  adv an t ages  of  u s i ng z eo l i tes  rather t h an org an i c  

re s i n s for i on exc h an g e  beds  at  TM I -2 . F i rs t , zeo l i tes  s how good  s t a b i l i ty 

t o  doses  of  1011 rads and  h i g her , 4 wh i l e organ i c  re s i n s are l i m i ted  t o  

i n tegrated rad i at i on doses  o f  l e s s  t h a n  108 rads before they become 
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s i gni f i c ant l y  degraded  ( Refe rence  1) . Th i s  s tab i l i ty at  h i gh doses  i s  an 
i rnport ant c r i ter i on i n  des i gni ng a sys tem to a b s o rb h i gh c onc entrat i ons of 
r ad i o i sotopes . 

Second , certa i n  k i nds  of  z eo l i tes  h av e  a s u pe r i or s e l ec t i v i ty for b oth 

c e s i um i ons ( Cs + )  and stront i um i ons ( Sr++ ) when proces s i ng water  w i t h  h i gh 
sod i um i on ( Na+ ) c oncent rat i ons . Zeo l i te s  are hyd rated  s i l i c ates  of  a l um i ­
num and c an cont a i n  e i ther  sod i um or c a l c i um o r  b o t h . The sod i um zeo l i tes  

d emons t rate  the  s u pe r i or s e l ec t i v i ty for  C s +  and S r++ . Na+ , l i k e C s +  and 

Sr++ , i s  a l so an i on i c s pec i e s  i n  aqu eo u s  so l u t i on ,  and competes  act i ve l y  

f o r  a b s o r p t i on s i te s  w i th C s+  and Sr++ i n  e i t her  o r g ani c res i n  o r c a l c i um 

z eo l i te med i a .  Sod i um zeo l i tes , by red u c i ng t h e  absorpt i on of  Na+ , red uc e 

t he tot a l  numbe r  o f  expended i on exch ange v e s se l s .  Th i s  l owers  o perat i on 

and d i s po s i t i on c o s t s . 

To c onf i rm t h e s e  two adv antages , t h e  TAG a s k ed ORNL t o  recommend wh i ch 

i on e x c h ange med i a  t o  u s e  to remove t h e  r ad i o i sotopes  C s  and Sr  from th e  

TM I -2 a c c i dent - gene rated water . O f  t h e  many zeo l i tes  and res i ns tes ted by 

ORNL , t h e  i on exch ange med i a  recommended were zeo l i te L i nde  I ons i v  I E -96a 

( forme r l y  c a l l ed AW-500 ) and res i n  HC R - S  ( DOWEX -50 b ) .  Bot h  were then u sed 

i n  f l ows heet  t e s t i ng at ORNL . Zeoli te  I E -96  was s e l ec ted for  u se  i n t he  SDS 

on  t h e  b as i s  of t h e  ORNL f l ows heet  tes t s . Later  te s t i ng s h owed t h at m i x i ng 

I E-96  w i th another  z eo l i te c a l l ed A-5 1 wou l d  i mprove  Sr  decont am i nat i on .  
Th i s m i x t u re was  e ventu a l l y  u sed i n  t h e  SDS . 

Testing of Flows heet  at  ORNL 

Th e S DS f l ows heet  for decont am i na t i on o f t h e  water  at TM I -2 was  e v a l u ­

a t e d  at  ORNL i n  a s t u dy t hat i nc l u ded f i ltrat i on t e s t s , i on exchange co l umn 

l o ad i ng t e s t s , and i on exc h ange d i s tr i b u t i on te st s . 5 Th e tes t s  were per ­

f o rmed a t  1 0 - 5 s ca l e  on z eo l i te s  and o rgani c res i ns . The t e s t s  conf i rmed 

t h at t h e  S DS f l ows heet  u s i ng zeo l i tes wo u l d  i n  fact  mee t  the des i gn objec ­

t i v e s  o f  decont am i nat i ng t he  water , s u c h  t h at i f  t h e  e ff l u ents wo u l d  b e  

a .  Tr ademark o f  Uni on Carb i de Co rporat i on ,  L i nd e  D i v i s i on .  

b .  Trademark of  Dow Chem i c al Company .  
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m i xed w i t h norma l p l ant d i sch arges  the  concentrat i on s  of n uc l i de s  ( except  

t r i t i um ) wou l d  be  l e s s  t h an 1 0% of the  concentrat i ons l i sted i n  1 0  CFR  20. 

Th e o r i g i na l  f l owsh eet  i s  s h own i n F i g u re 1 .  I n th i s  f l owsheet , t h e  

contam i nated water wou l d  be  f i l tered before  tran s fe r  i n to  t h e  i on exch ang e 

f eed tank s . The f i l tered  water  wou l d  t hen  b e  pumped through  e i t her  o r bot h  

of two du p l i c ate t ra i ns of  i on exchange bed  vesse l s . Eac h tra i n  cons i s t s  
of  a ser i es of  three v e s s e l s  cont a i n i ng z eo l i te I on s i v  I E -95 i n  t h e  N a+ 

form . The eff l uent from e i ther  t r a i n of  zeo l i te vesse l s  wou l d  then  pas s 

t h rough one  of  two d u p l i c ate  v e s se l s  c onta i n i ng an o rgan i c  c at i on exchange  

res i n ,  Na l c i te HCR-S , i n  the  H+ form . F i n a l l y ,  the  eff l uent from both  
c at i on res i n  ve s se l s  wou l d  be c ombi ned and p assed t h rough  a s i n g l e  l arge 

po l i s h i ng ves s e l  cont a i n i n g l ayers of c at i on res i n  { HCR-S , in  the  H+ form ) , 

ani on res i n  ( Na l c i te SBR , i n  t h e  OH- form ) , and m i xed res i n  { N a l c i te MR-3 , 

a 1: 1 vo l ume m i xt u re of  HCR-S and SBR ) . 

Th i s  o r i g i n a l  f l ows heet  prov i ded for  a 5 -gpm f l owrate t h ro u g h  t h e  S DS  

ve s se l s .  On the  b as i s  of  a water res i dence  t i me i n  e ach  vesse l corre s po n d ­

i ng to a f l ow r ate of  5 g pm ,  ORNL  determ i ned  that e ach  vesse l s hou l d  c o n t a i n  

8 cub i c  ft of zeo l i te .  Changeo u t  of a z eo l i te i on exchange v e s s e l was  e st i ­

m ated to be requ i red  after every 2 20 to  2 50 vesse l vo l umes of f l ow t h ro u g h  

e a c h  vess e l . Sys tem operat i n g pre s s u re w a s  set  between  80 to 1 00 ps i g  w i t h  

a des i gn pres s u re o f  1 50 p s i g ,  t h e  max i mum press u re the  p i p i n g co u l d  s afe l y  

w i ths tand . 

Laboratory-sca l e  s t ud i e s of  the  pro posed SDS process  recommended  po s s i ­

b l e  mod i f i cat i ons  to the  refe rence SDS f l ows h eet for potent i a l l y  i mprov i n g 

performance by l owe r i n g the  e xpected eff l ue n t  rad i on u c l i de concent r at i on s . 6 

Th e  most promi s i n g method  for  reduc i n g t he  C s  and Sr  concentrat i ons  b e l ow 

10-4 �C i /m l  was to ho l d  ( age ) the  zeo l i te v e s s e l  eff l uent  for at l ea s t  

2 hr  at 16 7 ° F  before p a s s i n g t h e  eff l uent  t h rough  another z eo l i te c o l umn . 

Th i s  wou l d  prov i de t i me for t h e  co l l o i d a l  ( s o l i d  form ) rad i onuc l i de  s pec i e s  

i n  the  eff l uent  t o  d i s s o l ve i n to  the  s o l u b l e  i on i c  form for remov a l  by t h e  

zeo l i te ves s e l  down s t ream . Another  s u g gested  al ternat i ve was contro l of  t h e  

p H  of  t h e  water , s i nce p H i n f l uences  t h e  s e l ect i v i ty o f certa i n  rad i o­

nu c l i des , part i c u l ar l y  t h at of  Sr . As t h e  pH i s  l owered the  c o l l o i d a l , o r 
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s o l i d ,  form o f  Sr tends  to  d i s so l ve i n t o  aqueous  so l u t i on .  Howev e r , after 
f urther  test i ng n e i t h e r  the  a g i ng p roces s n or  pH cont ro l proved nec e s s a ry 
for  overa l l SDS proc e s s  eff i c i e ncy i n  f u l l - sca l e  operat i ons at TM I . 

Dur i ng te s t i ng at  ORNL , n o i mproved  method  was  found for remov i ng t h e  
. . t . t 1 2 5 Sb d 1 06 R Th l . a n 1on1c con am1nan s ,  an u .  e on y s at1s factory method  fo r  

' 

remov i ng t hese  rad i onu c l i de s  wou l d  requ i re de i oni z i ng t h e  water by remo v i n g 

Na+ on  a c at i on exch ange res i n  pr i or to  sorpt i on of the 1 25sb an d 1 06Ru 

o n  an i oni c e x c h ange res i ns .  However , s u c h  treatment was  expected  t o g ene r­

ate re l at i ve l y  l arge  amo u n t s  of  l ow ac t i v i ty l eve l so l i d  waste . Th i s  s o l u ­

t i on wou l d  h av e  bee n  cos t l y ,  and s i nc e  i t  wou l d  not h ave added s i gn i f i c an t l y  

t o  the  sys tem's overa l l eff i c i ency i n  remov i n g t h e  trace  contam i n a n t s  1 2 5 sb 
1 06 

and Ru ,  i t  was  n o t  c ons i dered prerequ i s i te for c onstruct i on an d  o pera-

t i on of the  SDS  sys t em at  TM I . Sb and  Ru are removed  effect i v e l y  by 

t reatment of  S DS e ff l u e n t  t hrough  EP I C OR I I .  

I n c reased  Ces i um Lo ad i ng Stu d i e s 

The S DS f l ows heet  des i gn s pec i f i c at i on o r i g i na l l y  l i m i ted  each  z eo l i t e 

bed t o  1 0 , 000 C i  of  C s  a nd  Sr  before v e s s e l c h angeout  wou l d  h ave  been  

req u i red . However ,  a DOE s t u dy ( Reference  4 ) ,  comp l eted  before sys tem 

s t artu p ,  e v a l uated  t he  techni c a l  and f i nanc i a l benef i t s of l o ad i ng e ach  

v e s s e l to h i g h e r  l ev e l s of  rad i o act i v i ty .  The DOE s t u dy conc l uded  t h a t  

o pt i mum l o ad i ng f o r  e ac h  v e s s e l be  60 , 000 C i  of C s  and 2 , 0 00 C i  o f S r .  The  

DOE  s t u dy recogn i zed t h at t hese  l i ners  cou l d  techni c a l l y  h and l e  even  h i g h e r  

l eve l s  of ac t i v i ty ,  b u t  for  r e asons i nc l ud i ng safety and econom i c s , t h e  

v e s se l s  s hou l d  be  l i mited  t o  60 , 000 C i  o f  C s  and 2 , 000 C i  o f  Sr . The f l ow ­

sheet  mod i f i cat i on s  appropr i at e  for  t h e  n ew l oad i ngs  perm i tted a v o l u me t r i c  

th rou g h put  of abou t  1 500 v e s s e l vo l umes  before  c hangeou t of a v e s s e l wa s 

requ i red , a s  o pposed  t o  2 20 to 2 5 0  v e s s e l v o l umes perm i tted i n  t h e  o r i g i n a l  

f l ows h eet . The i nc reased l o ad i ng f actor  was  expected  t o  reduce  by a factor  

of  6 t h e  expected  n umber of  v e s se l s requ i red  to proce s s  t he  Reactor  B u i l d i ng 

Basemen t  water , and at t he  s ame t i me s u b s t ant i a l l y  i ncrease  the i r  res e ar c h  

a n d  deve l opment  v a l u e  t o  DOE  a s  h i gh l y  l o aded  i on exch ange med i a  v e s se l s .  
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SYSTEM DESCR I P TI O N  

G P UNC man aged  SDS construc t i on a n d  i n s t a l l at i on w i t h C at a l yt i c  I nc . ,  
t h e  c r af t  l abo r s ubcontractor . 

we re d e s i gned  by P e rmut i t  I nc .  

by Ap p l i ed En g i n e e r i n g Company 
i n s t a l l at i on .  

Many of  t he  maj o r  components  of  the  system 

and  A l l i ed Genera l N uc l ear  Serv i ces , bu i l t 

at  the i r  fac i l i t i e s ,  a n d  s h i pped  to TM I -2 fo r 

Sys tem Components  

Th e S D S  c o n s i s t s  of  t he  fo l l ow i n g  sys tems , a l l o f  wh i ch a re l oc ated i n 

o r  aro u n d  t h e  Un i t  2 A and  B s pent  fue l poo l s . 

• Feed f i l te r i n g  s ys tem 

• Feed t a n � system ,  or  " tank  farm " 

t I o n  e x c h a n ge sys tem 

• Samp l i n g and  mon i tor i n g sys t em 

• Mo n i tor  t a n k  sys tem 

• Off - g a s  a n d  l i q u i d  s e p arat i on a nd  v e n t i l at i on s ys tem . 

E ach  sys tem i s  br i ef l y  desc r i bed be l ow .  A more det a i l ed d i s c u s s i on of  sys ­

t em c ompo n e n t s  i s  av a i l abl e i n  GP UNC•s SDS  des i g n desc r i pt i on . 7 

Feed  F i l ter i ng System 

Th e feed  f i l ter i n g sys tem i nc l udes  two f i l ters : a p re - and  f i n a l  

f i l te r . As s h own  i n  F i g u re 2 , t h e  f i l ter  v e s s e l s are  2 4  i n .  i n  d i ame ter an d 

5 3 -1/2 i n .  h i g h ;  t h ey h ave  3/8 - i n . -th i c k s t a i n l e s s  s tee l wa l l s .  There are 

two types of f i l ters : ce l l u l o se  and s an d . Ce l l u l o s e  c artr i dge  f i l ters , 

m anuf a c t u re d  by t h e  Cuno  D i v i s i on of AMF , I n c . ,  were u sed  f i rs t  i n t he  SDS . 
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The  ce l l u l o s e  pref i l ter h ad 1 25� mes h  wh i l e t he  ce l l u l ose  f i na l  f i l ter 

h ad a 1 0� mes h . After  sys tem f unct i ona l s t artu p  te s t i ng ,  p rob l ems wi th  

ce l l u l o s e  f i l ters  d u r i ng dewater i ng prompted a swi tch  to s and bed  f i l ters. 

Th e  c e l l u l o s e  f i l ter  c artr i d ges in the pref i l ter  we i gh about  1 8  l b; t he  

f i n a l  f i l ter  cart r i dges  we i gh about  40  l b .  Sand i n  each  sand f i lter we i gh s  

a ppro x i mate l y  900 l b .  The f i l ter i ng sys tem f l ow r a t e  i s  nom i na l y  25 g pm 

when water  f l ows to  the  tank farm . When t h e  f i l tered  water f l ows d i rect l y  
t o  t he  i on e x c h ange v e s se l s ,  t he  flowrate  ref l ects  t he  S DS proces s  f l ow 

rate  of  5 gpm . 

Ta nk  F arm 

Th e SDS feed t ank sys tem , known as  the t ank farm ,  cons i st s  of four  

1 5 , 000 - g a l  s torage  t ank s i nterconnected in  para l l e l  w i t h  no v a l ves between 

t ank s . The fo ur  t ank s f unct i on as one 60 , 000-ga l  s torage sys tem . The t ank s 

are  p r i mar i l y  u s ed for ho l d i ng contami nated  water after i t  h a s  been f i l tered 

a nd b efore i t  i s  proces sed in the SDS i on exch ange ve s se l s .  Leve l i nd i ­

c ators  moni tor  water  l eve l s  i n  the tank s . 

I o n  E xch ange Sys tem 

Th e  i on exchange sys tem u ses  s i x  zeo l i te v e s s e l s arranged i n  two 

t r a i ns . Tr a i n  One cons i s ts of two ves se l s ,  one i n  t he  l A and one i n  th e  

1 8  pos i t i on ,  and bypass  p i p i ng ( j umpers ) i n the  l C and C at i on A pos i t i ons . 

Tra i n  Two cons i s t s  o f  four vesse l s  i n  the  2 A , 2 8 ,  2 C , and Cat i on 8 pos i ­

t i ons . F i g u re 3 s hows a c utaway v i ew o f one of t hese  v e s se l s .  They are 

5 3 - 1 /2 i n .  h i g h and 24 i n .  i n  d i ameter wi t h  3 /8 - i n . -th i ck s ta i nl es s  stee l 

wa l l s .  The se  v e s s e l s  we re des i gned to  wi t h s t and 3 50 ps i g  at 400°F  and 

h yd ro s t at i c a l l y  tes ted to 540 ps i g .  An empty v e s s e l we i gh s  abo u t  730 l b ,  

wh i c h is h e avy  eno u g h  to ens u re that a ves se l wi l l  not f l oat  e ven when 

empty . When l o aded  w i th approx i mate l y  300 l b  of  zeo l i te and s atu rated wi t h  

420 l b  o f  water , t h e  vesse l may we i gh u p to  1 500 l b .  

The i on exch ange vess e l s  were constructed  by th ree d i fferent 

u s i ng t h e  s ame des i gn . (See Append i x  D for  v esse l nomenc l at u re . )  

v e s s e l cont a i ns approx i mate l y 8 ft 3 o f  a zeo l i te m i xture  comb i ni ng 

1 1  

compani e s  

Eac h  
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L i nde  I on s i v  I E -96 w i t h L i nde  I on s i v  A-51 . I E -9 6  i s a n a l k a l i met a l  

a l um i n o -s i l i c ate  z eo l i te o f  t h e  c h abaz i te s t r u c t u re type w i th t h e  fo l l ow i n g  

chem i c a l  c ompos i t i on :  

I o n  e x c h ange  c apac i ty of I E -96  i s  2 . 0 -2 . 5  meq/gm an hydro u s . It h as  a water 

c o n t e n t  o f  1 2  t o  1 7  wt% i n  the  hyd rated  form .8 

L i nd e  I on s i v  A-51 , a h i g h - a l um i n i c  c rys t a l l i ne z eo l i te , h as t h e  

fo l l ow i n g  c ompo s i t i on :  

Io n  e x c h an ge c ap ac i ty o f  A-5 1 i s  5 . 0-5 . 5  meq/gm anhydro u s , an d  i t  h as  a 

water  c o n te n t  of  1 6  to  20 wt% , hyd rated  ( see  Reference  8 ) . The rat i o  o f  

lE-96  t o  A-5 1 u sed  i n  e ach  v esse l i s  s h own i n  Tab l e  1 .  The rat i os s e l ec ted 

for u s e  i n  e ach  v e s s e l was based  on expected  C s -to -Sr  rat i o s i n  t h e  i nf l uen t 

water . The m i x t u re s  were h omogeneous . 

TABL E  1 .  RAT I OS OF ZEOLITE I E -96 TO A-51 I N  SOS  V ESSEL S 

M i x  Rat i o  M i x  Rat i o  
V e s s e l I E -96 : A-5 1 V e s s e l I E -96:A-51 

0 1 00 1 1  3:2 020022  1 : 1 
0 1 00 1 2  3:2 020026 1 : 1 

0 1 00 1 3  3:2 020027 3:2 
0 1 00 1 4  3:2 020028 3:2 

0 1 00 1 5  2:  1 020029 3:2 
0 1 00 1 6  3:2 02003 1 3:2 

0 1 00 1 7  3:2 02003 7  1 : 1 
0 1 00 1 8  2: 1 

1 3 



Leakage Con t a i nment . To e n s u re t h at l e akage from s ubmerged c omponents  
does  not  i ntroduce  act i v i ty from t h e  proces s s treams i nt o  the  poo l water , 
S DS c omponents  are enc l osed  i n  second ary con t a i nments  i n to  wh i c h  poo l water  

i s  cont i n uou s l y  drawn . E ach cont a i nment  i s  an  u nderwater  cubi c l e  connected  
t o  a p ump i n take  man i fo l d  wh i c h ma i n t a i ns  a c on t i n uous  f l ow of appro x i mate l y 

1 0  gpm through  open i n gs  i n  each  cubi c l e . Th i s  f l ow prevents  water  t h at 

e n ters  a c ubi c l e  from retu rn i n g to the s pent  fue l poo l . The comb i ned  f l ow 

from the  ten  con t a i nment  cubi c l es i s  proces sed  through  a separate organ i c  

res i n  i on exchange  vesse l k nown as  t h e  l eakage  conta i nment  v e s se l . Fo l l ow­
i ng proces s i n g i n  the  l e ak age cont a i nment  v e s se l , the  cont a i nme n t  c ubi c l e  

f l u s h  water returns  t o  t he  s pent f ue l poo l . The organ i c  res i n  l e ak age con­

t a i nment  i on exchange ve s se l s  are s tand ard ves se l s , i dent i c a l  i n  s i ze to t h e 

S DS z eo l i te v e s se l s  ( see F i g u re 3 ) . 

Sampl i ng and  Mo n i tor i ng Sys tem 

S amp l es o f  the SDS  process  s tream c an be taken to  mon i tor p erformance  

and  e s t i mate c u r i e  l oad i n g s  on  i on exchange  beds at eac h  s tep  i n  t h e  proc­

e s s . F i gure  4 s hows where i n  the  proces s  s amp l e s  c an be t aken . Tabl e 2 

l i s ts  wh i ch eff l uent  and  i n f l uent  l i n e s  are mo n i tored at each  s amp l e  

l oc at i on .  

Th e  s amp l i n g l i ne s  are connected  t o  l ead-sh i e l ded s amp l e  g l o ve  boxes  

where  i ntermediate and  h i gh l ev e l  rad i o ac t i ve samp l e s c an be taken  fo r 

e v a l u at i ng sys tem performance . Samp l e  l i ne s  A and  C connect  to  t h e  h i g h 

rad i at i on l eve l ( h i gh rad ) f i l ter  s amp l e  g l ove  box ,  samp l e  l i n e  0 t o  t h e  

h i gh rad feed s amp l e  g l ov e  box , a n d  l i nes  F ,  G ,  and  H to t he i n termed i ate  

rad i at i on l eve l ( i n termed i ate rad ) feed s amp l e  g l ove  box . Samp l e  l i ne E 

c onnects  to bot h  t h e  i n termed i ate and  h i gh rad  feed g l ove  boxes . The  h i g h 

rad feed and  f i l ter  g l ove  boxes  h av e  more l ead  s h i e l d i n g than  t he  i n ter­

med i ate rad feed g l ove box and  a l so h ave  remote l y o perated s p i gots  f rom 

wh i ch to obt a i n s amp l e s . 
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TABLE 2 .  SAMP L E  L I NE LOCAT I ONS  A N D  WATER STREAMS MON I TORE D 

Samp l e  
Locat i on 

A 
c 
0 
E 
F 
G 
H 

Eff l ue n t  
Mon i tored  

F i l ter  u n i t s 
Tank  farm 
l A  or  2A 
l B or 2B 
l C or 2C 
Cat A or  Cat B 

I n f l uen t 
Mon i tored 

F i l ter  u n i t s  
Tank  f arm 
l A  or 2A 
l B or  2B 
l C o r  2C 
C at A or C a t  B 
Mon i to r  tan k s  

S amp l e s may a l so  be  t aken a t  t h e  Leakage  Con t a i nmen t P ump an d  t h e  

Monitor Tank  P ump Are a . These  l oc atio n s  are not part o f  t h e  proces s s tream 

and  t h u s  do  not  require s pec i a l s amp l e  boxes  to  protec t person n e l f rom h i gh 

l ev e l  rad i at i on . I n add i t i on to  l i q u id s amp l i n g, i n - l i ne radiat i on detec ­
t ors are  av ail ab l e  t o  mon i to r  S DS proces s i n g . 

Mon i tor  Tank  Sys tem 

Th e  mon i tor  t an k s  are  two 1 2 , 000 - g a l  s t a i n l es s  s tee l s torage  v e s se l s 

l ocated  i n  the  Fue l Hand l i n g Bu i l d i n g Mode l Room on  t he  305-ft e l ev at i on . 

Th e  v e s se l s are 8 f t  i n  d i ameter  a nd  32 f t  h i gh .  The  mon i tor t a n k  sys t em 

ho l d s processed  water u n t i l i t  i s  eit h e r  tran s ferred back  to  SDS  for  reproc ­

e s s i n g o r s ent  o n  t o  EP I C OR I I  for  po l is h i n g and even t u a l  storage  i n  t h e  

processed water s t orage t an k s  on  t he  i s l an d . See Figu re 5 f o r  a s c h emat i c  

o f water f l ow t h ro u g h  t he  mon i tor  t a n k s . 

Off -gas and L i quid Separat i on Sys tem 

An off-gas  a nd  l i q u i d  s e parat i on system c o l l ect s  g aseous  a n d  v aporo u s  

The off-gas  syst em i s  i l l u s t r ated  in 

at 1 00 0  ft3/m i n  moves  a i r t h r o u g h  

was tes  resu l t i n g from S D S  operat i on . 

Figure 6. A centr i fu g a l  b l ower rated  

t he sys tem . Mo i s t u re c o n d e n s ed from the  off - gas  and  l i q uid se parat i on sys ­

tem is retu rned  v i a  the  s eparator  t an k  t o  t h e  SDS tank  farm for proces s -

ing . The  s e p arator  t an k  i s  l oc ated  i n  t h e  s ur ge p i t  and  i s  covered  with a 
concrete and  l e ad s h i e l d . 
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Fig u re 5 .  F l owpath  through  t he  monitoring tank sys tem . 
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Fig u re 6 .  Off -gas  and  l iquid separation sys tem . 
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Arrangement of the  Sys tem i n  the  Spent  Fuel P oo l 

F ig u re 7 i l l u s t rates t he  arrangement  of t he  SDS  in t h e  s pent  f u e l  poo l 

as  v i ewed  from above . The  tank  farm i s  l ocated  at  the  s o u t h  end of t he  fue l 

h and l i n g b ui l d i n g  in the  A s pent  fue l poo l and  i s  covered w i th c o n c rete  

s l ab s . The f i l te r s  and zeo l i te i o n exch ange v e s se l s are l oc ated u nder  wate r 

in l e a k a ge c o n t ainment  c ub i c l es in the B s pent  f ue l poo l . These  c ubic l es 

and  t h e  exchangers  rest  on  the  poo l f l oor and  are s u p ported  a l ong  one  side 

of t h e  poo l by a s t ructura l s tee l rack . The  r ac k s  s u p port t he sys tem and 

a l s o  provide  an  operatin g p l atform from wh i c h  the connect i on s  to  the  v e s s e l s 

c an b e  made  remot e l y .  The  off-gas sys tem is mounted  on t h e  c u rb n ear  t he  

s u rge  pit area . 

Th e  d ewater i ng s tation  is an  underwater p l atform in t h e  B s pent  f ue l 

poo l c a s k  p i t  and  is used  for removin g water from expended  zeo l ite ves se l s 

a n d  fi l ters  by b l owin g nitrogen throu g h  the  v e s s e l s . Dewatered v es s e l s are 

t h e n  p l aced i n  an  underwater storage rack t h at is designed  to  hand l e  

6 0  expended v e s s e l s . This s torage capacity a l l ows SDS  proces sin g  to c on ­

tin ue w i t hout  interru ption u nt i l the expended  v e s se l s c a n  be  s hipped from 
TM I -2 .  Stored v e s s e l s  are vented throu g h  a common h e ader  connected to t he 

off- g a s  and l iq u i d  s eparat i on system . This arrangemen t  a l l ows cont i n u a l  

v en tin g  of g a s  generated in t h e  vesse l s  d u rin g storage . 

P reoperation a l  Te s t s  

Sys tem tes tin g  before S D S  operat i on s  began  i n vo l v e d  construction a n d  

f un c t ion a l  t e s t s . Construction tests  determi ned  if e ach  sys tem c omponent  

performed as  d esigned u nder norma l  operat i n g cond i t i on s . Thes e  tests  

inc l uded  c hec k s  o f  t he sys tem's integr i ty at pipin g i n terfaces a n d  we l d  

j o i n t s  and  a l s o  provided e l ec tr i c a l  cont i n u i ty a nd  component  operab i l ity 

c he c k s  for maj o r  system componen t s  s uch  as  pumps and  v a l ves . 

F u nct i on a l  tes t s were conducted once  t h e  construction tes t s  were com­

p l ete .  A tes tin g  s equence  was e stab l ished  by d i viding the SUS in to f i ve  
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f u nctio n a l  areas  o u t l ined in F i g u re 8 .  Prete s t s  mea s u red  t he  performance 

of a portio n  o f  each  funct i on a l  area before  maj or  f u n c tion a l  tes tin g  

s t arted . The f u n c tion a l  areas were as  fo l l ows : 

• Th e  off-gas  sys tem 

• The  i on exch ange  process  f l ow sys tem 

• The monitor  t ank  sys tem 

• The l e ak age  containment  sys tem 

• The d ewatering sys tem . 

E a c h  maj o r  f u n ction a l  area was  te s ted both  b e fore  an d  after t h e  f ue l 

poo l was  fil l ed and  t h e  sys tem was s ubmerged . Ho l d  poin t s  were e s t ab l ished  

to  prov i de adequ at e  review before the poo l was  fil l ed t o  e n s u re that  prefil l 

t e s tin g h ad been  s atisfactori l y  comp l eted . 

Sys tem Changes 

As a res u l t  o f preoperat i on a l  tes tin g  a n d  e ar l y  sys tem o peratio n s , 

s e v er a l  sys tem c h a n ges  were incorporated . Th e  fo l l owin g paragraphs  describ e 

t he s e  modific atio n s  a nd  t he prob l ems which  g av e  r i se t o  t hem . 

One syst em s amp l in g  l ine  ( l ine  E , see  Figure  4 ) ,  monitorin g t h e  eff l u ­

e n t  o f  t h e  f i rs t  ion exchange  bed , co u l d  po s sib l y  ob tain s amp l es t h at 

exceeded  t he  personn e l  s hie l din g  c apabil itie s o f  t h e  intermediate rad  fee d 

s amp l e  g l ove b o x  t o  which  it was  connec ted . ( This pos sibil ity exis ted 

becau s e  the fir s t  bed  is mos t  l ik e l y  to  become expended  and  permit h ig h 

activ i ty waste  t o  p a s s  t h ro u g h  i t . ) To prec l u d e  t h is poten t i a l p rob l em and  

protect  person n e l in  accord ance  with dose  red u c tio n  con s ideration s ,  GP UNC  

modif i ed t h e  s amp l in g  s tre am s o  t h at s amp l e s c ou l d  b e  t aken  from a high  rad  

feed s amp l e  g l ove box  when l eve l s  exceeded  l imit s of  the  intermed i ate  rad  

f eed  s amp l e  g l ov e  b o x . 
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A c h ange  was  made i n  t he  proced u re for  contro l l i n g contaminat i on of the 

mon i to r  t a n k s  c a u s e d  by sma l l part i c l e s of  zeo l i tes  c all ed f i nes . I n i ­

t i a l l y ,  a postf i l te r  was i n s t a l l ed i n  t h e  sys tem between  t h e  zeo l i te b ed s 

a nd  t h e  pos t p roce s s i n g mon i to r  tanks . Th i s  311 f i l ter  was  i n sta l l ed t o  

p revent  z eo l i te f i nes  re l e ased from n e w  zeo l i te b eds from exces s i ve l y  co n ­

t am i n at i n g the  mon i tor  tan k s  e a c h  t i me a n e w  bed  w a s  i n s t a l l ed .  However , 

a fter  s tart  o f h o t  o perat i on s , these  f i ne s  we re s t i l l  p a s s i n g the  f i l ter i n 
s i gn i f i c ant  q u a nt i t i e s .  The new proce d u re addres s i n g t h i s  prob l em req u i re s  

f l u s h i n g  approx i mate l y  1 000 g a l  of dem i nera l i zed  water t h ro u gh e ach n ew 

z eo l i te v e s se l . Th e  vesse l i s  then i n s t a l l ed i n t o  the SOS and a secon d 

b atch  o f  1 000 g a l  i s  f l u s hed t h rough  a n d  d i s c h arged to  t he  8 Reactor  

Coo l a n t  B l eed Ta n k , to be processed  at a l ater  d ate . Th i s  f l u s h i n g con ­

tin ues  u n t i l  s amp l i n g con f i rms t hat z eo l i te f i nes  are n o  l on ger  b e i n g  

re l eased  from t he  new zeo l i te bed . At th i s poin t , wate r pass i n g through  the 

s ys tem returns  to t h e  norma l f l ow cou rs e . 

The o r i g i n a l  flows heet recommended that  both  a cat i on exchanger  and  a 

p o l i s h i n g u n i t  be  p art of the  S DS . Th e  cat i on exch a n ger's pr i mary f u n c t i on 

was  to  remov e  any res i du a l  s tront i um f rom the  zeo l i te bed  eff l uents . How ­

e v e r , t e s ts s h owed t h at the  res i n  cat i on bed s ( HCR - S ,  H+ form ) read i ly 

absorb  s od i um i on s  f rom the  contam i n ated wate r , compet i n g d i rectly w i t h th e 

s tron t i um for  exch ange  s i tes  on  the  c at i on i c  bed . Due  to  t h e  h i gh l eve l of 

s od i um i n  t he  proc e s s  water , the cat i on exchange  beds  were expected to 

b ecome s pent  too  q u i ck l y and  wou l d  hav e req u i red frequent  rep l acement . As 

a re s u l t ,  the  c at i on vesse l was repl aced by a fourth  zeo l i te bed v e s se l . 

Th e  p o l i s h i n g u n i t ,  a l so recommended  i n  t he  o r i g i n a l  f l owsheet , was 

never  i n s t a l le d . The  u n i t  wou l d  have  req u i red changeout  after every 

2 5 , 0 00 g a l  of water ,  a freq uency whi ch  g reatly i n terru pted the  eff i c i ency 

of  t he  overa l l  system . Freq uent  c han geouts  also affected personnel expo ­

s u res a n d  r a i sed  s afety concerns . In s t a l lat i on a nd  des i gn e n g i neers  s o l ved 

t he  p ro b l em by dec i d i n g  to  u s e  the EP I COR  I I sys tem , wh i c h was a l ready i n  

place . Th i s  sys tem cou l d  not  o n l y  accompli sh  wh at the  po l i s h i n g u n i t  was 

des i g ned  t o  d o , b u t  cou l d  a l so remove the  1 2 5sb and  1 06Ru  not  read i l y  

ab s o rb ab l e  i n  t h e  S DS zeo l ite beds .  Any eff l uent  req u i r i n g poli sh i n g  was 

proc e s s ed t h r o u g h  the  EP I COR I I  system . 
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The  f i l te r s  th rough wh i c h  t h e  wate r  pas s e s  before be i n g  proce s sed i n  

the SDS  zeo l i te beds  were o r i g i nal l y  c e l l u l o s e  f i l ter s . Dur i n g t h e  dewate r ­

i n g proce s s , t h e  contam i nan t s  trapped i n  t h e  ce l l u l o s e  f i l ters  c ou l d poten­

t i al l y  be re l eased out o f  t he  f i l ter s . For  t h i s  reas o n  it  was d e c i ded  t o 

c hange  from ce l l u l o s e  to sand f i l te r s . Sand was c ho sen  as a s u b s t i tute d u e  

to i t s avai l ab i l i ty and l ower c o s t , and  t o  t h e  fac t  t hat i t  d i d  n o t  h av e  

t h e  same pote n t i al radi onuc l i de re l ease prob l em i n  dewater i n g a s  d i d  the  

ce l l u l o se  f i l te rs . 
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SYSTEM OP E RATI ON S 

Th e S DS was d e s i gned to  p roce s s  t h e  Reactor  Bui l d i n g  Bas emen t  and  

Reactor  Coo l an t  Sys tem ( RCS ) water . I t was al s o  used  t o  proce s s  c o n tam i ­

n at ed wate r  f rom t h e  Reactor  Coo l ant  B l eed  Tan k s  ( RCBT ) . I n c onjun c t i on 

w i t h  t h e  SDS , t h e  EP I COR I I  sys tem prov i des  f i na l  po l i s h i n g  for removal  o f  

t race quan t i t i e s of rad i onuc l i des . F i gure 9 s hows t h e  f i na l  f l owsheet  f o r  

t h e  S D S  proces s .  T h e  contam i nated wate r  pas s e s  th rough a p r e - and f i na l  

s an d  f i l ter  t o  remo v e  part i cul ates . F i l tered water i s  t he n  pumped t o  t he  

i on exchange  sys tem where i t  i s  proces sed  t h roug h a t rai n of  i norgan i c  

z eo l i te v e s se l s .  

Th e S DS i on e x c han ge v e s se l s  are arran ged  i n  two paral l e l  t rai n s , w i th 

two v e s s e l s  i n  Tra i n One an d four ves s e l s  i n  Tra i n Two . Trai n On e  i s  

r e s e rved  for  RCBT an d  RCS water proces s i n g .  Trai n Two i s  used  s o l e l y  f or  

Re actor  Bui l d i n g Basemen t  water  proces s i n g .  

Onc e  t h e  wate r  has pas sed  th rough  t he  i o n  e xchan g e  med i a ,  i t t rave l s  

t h roug h  the  pos tf i l ter  and on  to  moni t or i n g tan k s . Wate r  samp l e s tak e n  from 

t he s e  t an k s  h e l p determ i ne i f  the  wate r  needs  to be returned  to t he  S DS to 

b e  reproce s s ed,  s e n t  o n  to  the  EP I COR I I  sys tem for  f i na l  po l i s h i n g ,  o r  

t r a n s ferre d  e l s ewh e re ( e . g . , re turned  t o  t h e  B l eed Tan k s fo r  s to rage ) . 

I nf l u e n t  and e ff l uent  samp l e  anal ys i s  an d cont i nuo u s  i n - l i ne rad i at i o n 

mon i tor i n g are u sed  to  e s t i mate cur i e  l oad i n g s  o n  eac h  z eo l i te v e s se l . 

Actua l  c uri e l oad i ng of eac h  vesse l i s  contro l l ed by feed  batch  s i ze an d 

r e s i d e n c e  t i me .  Samp l e  connec t i on s  o n  t he  i n f l uent  and eff l uent  l i ne s  o f 

t he  two f i l t rat i on ve s se l s and on  the i nf l ue n t  and eff l ue n t  l i n e s  to  eac h 

zeoli t e  i on exchan ge bed  mon i tor S DS e ff i c i ency and  p rov i de parameters  for  

proce s s  c o n t ro l . 

S amp l e s are t ak e n  to  determ i ne rad i onuc l i de concentrat i on s  before and 

after  eac h  s tage i n  the  proces s  and to  determ i n e  i f  rad i onuc l i de break ­

t h ro u g h  has o c c u rred . " Break t h rough•• occurs when  t h e  z eo l i tes  are s pent  and  

can n o  l on ge r  remove  a part i cul ar rad i onuc l i de .  When  b reak th rough occurs 

or when  the  d e s i red cur i e  l oad i n g i s  ach i ev e d  o n t h e  f i rs t  bed  of a t rai n ,  
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the  feed f l ow to  t he  tr a i n  s tops , and the  bed i s  d i sconnected  and moved to  

t he dewater i n g s t at i on  and  then  to  the s torage rack  i n  t he  s pent  f ue l poo l 
u s i n g t h e  Fue l Han d l i n g Bu i l d i n g cran e . Down s t re am v e s se l s are a l s o  di s ­
c on ne c ted and  moved u pstre am one  pos i t i on .  A new i on exchange  v e s s e l i s  
t hen  i n s t a l l ed i n  t he  empty pos i t i on a s  t he  rep l aceme n t  v e s se l . Fo l l owi n g  
i n s t a l l at i on and  f l u s h i n g of  t h e  new i on exchange  v e s se l , t he  t reatment  o f 

t he  c on t am i n ated water  recommences . Th i s  operat i on a l  concept  of  rearran g i n g 

t h e  v e s se l s  i n s t e ad of u s i n g  a v a l v i n g system ma i n t a i n s  the  s ame f l owpath  

and e l i m i n ates  the  potent i a l  for v a l v i n g errors . I n s t a l l i n g  a new ves s e l 

a t  t h e  end  of  the  l i n e  a l so m i n i m i zes  t he  pos s i b i l i ty of an u nexpected 

r ad i on uc l i de b reak t h rough , wh i ch cou l d  poss i b l y recontam i n ate  water a l ready 

p roces s e d .  

Th e s pe n t  SDS  i on exchan gers and f i l ters rema i n  u nderwater  i n t he 

s pe n t  f u e l poo l u n t i l they are s h i pped . Spent  i on exchange  and f i l te r 

v e s se l s are  l oaded i n to a s h i e l ded transportat i on c as k  u nderwater and  t hen  

are  removed from t he  s pent  fue l poo l i n  the  cas k . Onc e  the  trans portat i o n 

c as k  i s  s ea l ed and  decontam i n ated , i t  i s  l o aded o nto  a t r a i l e r for  s h i p ­

men t . Some of  t he  S DS zeo l i te vess e l s wi l l  be  s e n t  t o  a DOE n at i on a l  

l aboratory for  d i s po s i t i on research and  deve l o pment . 

Process i ng F l owpath s 

The S DS h ad processed water from t h ree s o u rces  as  o f  Aug u s t  3 1 , 1 982 , 

t ot a l i n g about  1 , 200 , 000 g a l , and  remov i n g  appro x i mate l y  650 , 000 C i . Water 

f rom each  source  fo l l owed process  f l ow paths  wh i c h wi l l  b e  di s c u s sed be l ow . 

A l l o perat i on s  con s i s ted of  pump i n g  a b atch  of  l i q u i d  waste from t he  

source , proces s i n g i t  thro u gh the  SOS , and then  transferr i n g i t  to a rece i v ­

i n g l oc at i on . A p roces s i n g b atch i s  d ef i ned a s  t h e  cont i n uou s  proces s i n g 

of  a s t aged  amo u n t  of  water through  s pec i f i c  zeo l i te beds . I f ,  du r i n g proc ­

e s s i n g ,  a v e s s e l requ i res c h a n geou t ,  t h e  f l ow i s  s topped for  t hat  b atch  and 

the  v e s s e l c h a n geout  occurs . A new batch  n umbe r  i s  a s s i g n ed when  proce s s i n g 

r e s umes . Labe l l i n g batches  i n  th i s  way perm i t s  accu rate record k ee p i n g for 

water  decontam i n at i on an a l ys i s  and ve s se l cu r i e  l oad i n g . 
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Re actor  Coo l a n t  B l eed Tank  Water  P roce s s i n g  

Contam i n ated water  depos i ted  d u r i n g  t h e  acc i de n t  i n  the  RCBTs fo l l owe d 

t he f l owpath s hown i n  F i g u re 1 0  a s  i t  wen t  t h rough t h e  S DS . R CBT  wat e r  

f l owed thro u g h  t h e  pref i l ter  and  f i n a l  f i l te r  t o  t h e  tan k  farm where  t h e 

water was h e l d  u n t i l i t  was re ady t o  b e  processed .  A proces s b a t c h  c o n ­

t a i ned  anywhe re from 5 , 000 t o  44 , 000 g a l  d e pe n d i n g on  proces s i n g  c o n d i t i o n s . 

R C BT acc i dent  water  h e l d  i n  t h e  t ank  f arm was  proces sed t h ro u g h  

Tra i n  One  cont a i n i n g o n l y  two i on exchange  v e s se l s .  RCBT  water  was not  a s  

h i gh l y  con t am i n ated  a s  B asement  water  an d  d i d  no t  n eed t o  p a s s  t h ro u g h  f o u r  

i on exchan ge b e d s  i n  o r d e r  to  b e  decon t am i n ated . 

After p as s i n g t h rough Tra i n  One , RC BT water wen t  t o  t he  mo n i t o r  t an k s  

where i t  was e i t her  recyc l ed t o  SDS for reproces s i n g o r  sent  t o  t h e  

E P I C OR I I  po l i s h i n g d em i n e ra l i zers . S amp l i n g po i n t s  A ,  C ,  0 ,  E ,  a n d  F were  

mon i tored d u r i n g  RC BT proc e s s i n g ( s ee F i g u re 4 ) . Bot h  po i nts  C a nd  0 we re 

mon i tored b e c a u s e  t he  f i l tered  water  was h e l d  at th e  t an k  f arm , wh i c h i s 

between  these  two s amp l e  po i nt s , before i t  wen t  thro u g h  Tr a i n On e  o f  t h e  
S DS .  

Reactor  Bu i l d i ng Baseme n t  Water P roces s i ng 

Contam i n ated Basemen t  water  f l owed f rom t he Reactor Bu i l d i ng Basemen t  

t o  t h e  tan k  farm and  was he l d  t here a s  was d o n e  wi th  t h e  o r i g i n a l  RC BT 

water . l t s  f l owpath  i s  d r awn i n  F i g u re 1 1 .  Samp l e s were ob t a i ned  f rom 

po i nt s  A and C as the Ba s emen t  water  f l owed  to  the tan k farm . Aft e r  
a pprox i mate l y  50 , 000 g a l  we re s e c u red  i n  t h e  t an k  f arm s torage s y s t em ,  i o n  

exc hange  proces s i n g commenced  t h ro u g h  the  fou r i on exch ange  ves s e l s i n  

Tr a i n  Two . B a s emen t  water  h ad h i g her  ac t i v i ty t han  d i d  t he  RCBT  water  a n d  

h ad t o  meet s t r i cter  dec o n t am i n a t i on  req u i rements  bec au s e  i t  was t o  l e av e 

t he Reac tor Bu i l d i n g for  s torage . Therefore , more i on  exch ange s te p s  were  

req u i red  for  proce s s i n g t h e  b a semen t  water . 
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S i nce  four i on exchange  v e s s se l s  were used ( ve s s e l pos i t i on s  2 A  t h rough 

2C p l us po s i t i on Cat i on B ) , addi t i onal s amp l i n g l oc at i on s  were a l so  needed . 

S amp l i n g f rom l oc at i ons  0 ,  E ,  F ,  G ,  and H mon i tored eff l uent  c ondi t i on s . 

Samp l e  resul t s  were eval uated to determ i ne water  qual i ty and vesse l c u r i e 

l o ad i n g . 

On c e  t he  b at c h  water was processed i t  was h e l d  i n  t he  mon i tor  t ank  a nd 
was t hen  e i th e r  recyc l ed or  b atched th rough t he  EP I COR I I  po l i s h i n g res i n  

b eds . After EP I COR  I I  po l i s h i n g , t he  water  was s tored i n  t he  proces sed 
water  s torage  t a n k s at  TM I -2 . 

Reactor  Coo l an t  Sys tem Water P roces s i ng 

R C S  water  proces s i n g  began  after proces s i n g of acc i de n t - generated b ase­

men t  water  was c omp l ete . RCS proces s i n g uses  a " feed and b l eed" method : as 

e ac h  50 , 000 - g a l  b a t c h  of  water i s  removed  or " b l ed "  f rom t h e  RCS for  proc ­

e s s i n g , 50 ,000 g a l  o f  processed RCS water feed s b ac k  i n t o  the  RCS . Th i s  

f eed  and  b l eed met h od keeps  the  RCS  ful l and e n sures t h at t he  re ac tor c ore 

rema i n s covered . 

Th e R C S  p roces s i n g f l ow p ath  i s  s hown i n  F i gure 1 2 .  The RCS water  i s 

l et down from t he  Re actor Coo l an t  Sys tem i n to  RCBT  C .  The  water then  passe s 

t h rough t h e  f i l trat i on sys tem , bypas ses  t he  tan k  farm ,  and i s  p rocessed 

i mmedi ate l y  by t h e  Tra i n  One  i on exch angers . Un l i k e RC BT and Basemen t 

water , R C S  wat e r  undergoes n o  ho l d i ng s equences  at  the  t an k  f arm . Samp l e s 

for t h e  RCS  proces s i n g are obt a i ned from l oc at i on s  A , C , E , and F .  S i n c e  

t he wat e r  i s  n o t  h e l d  i n  t he  t an k  f arm , l oc at i on 0 i s n ot  mon i tored . 

( Samp l e s C and  0 are e s sen t i al l y  the s ame when  the  tank  farm i s  bypassed . ) 

Th e eff l ue n t  f rom Tra i n  One t hen  goes t h rough t h e  postf i l ter and o n to 

RCBT  A where i t  i s  h e l d  to be fed b ack  i n to t h e  RC S " feed and b l eed " 

p roce s s . 

Rad i at i on P rotec t i on 

Th e S OS was s pec i f i c a l l y  des i gned to  l i m i t  operat i n g personne l ex posure 

l eve l s to as l ow as reasonab l y  ach i ev ab l e  ( ALARA ) . The components  conta i n ­

i n g h i gh ac t i v i ty l eve l water were e i ther  prov i ded w i t h add i t i on a l  s h i e l d ing 
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o r  submerged  i n  t h e  s pent  fue l poo l . Sh i e l d i n g was des i gned  to  l i m i t  who l e  
b ody e x po s u re rat e s  i n  o perat i n g areas t o  ap prox i mate l y  1 mR/ h r .  I n  add i ­
t i on ,  gaseous exhaus t from components  car ry i n g  h i gh ac t i v i ty l ev e l  water  was 

r outed to  t h e  S DS o f f - gas sys tem . Component  s h i e l d i n g  an d  off-gas t reatment 

m i n i m i z ed  the poten t i a l for h i gh exposure l eve l s an d a i rborne  re l eas e s  i n  

t he work areas . 

R ad i at i on P ro t ec t i on De s i gn Fe atures  

T h e  S D S  h as i n herent  feat ures  for redu c t i on of occupat i onal  exposu res  

and e n v i ronmen ta l  re l eas e s . The SDS i s  s u bmerged  i n  t he  s pe n t  fue l poo l fo r 

s e v e ra l  r e a s on s : ( a )  to prov i de s h i e l d i n g  du r i n g o perat i on ,  ( b )  to  pe rm i t  

acc e s s  t o  t h e  sys t em du r i n g v e s s e l  chan geou t ,  ( c ) t o  m i n i m i ze t h e  pote n t i a l 

h azard f rom p o s s i b l e  acc i dents , ( d )  to use an e x i s t i n g Se i sm i c Category I 

fac i l i ty ,  and ( e )  to  prov i de temporary s h i e l ded  s torage  for  t he  used  

v e s s e l s .  

Th e  F u e l Hand l i n g Bui l d i n g ,  wh i c h h o u s e s  t he e n t i re S DS , i s a Se i sm i c  

Category I s t r u c t u re w i th  ai r han d l i n g  a nd  ven t i l at i on sys tems des i gned  to  

m i t i gat e  the  c o n s eq u e nc e s  of rad i o l o g i cal acc i de n t s . Th e  SDS  i on  e xchange  

v e s s e l s are u nder  approx i mate l y  1 6  f t  of  wat e r  i n  t he  TM I -2  B s pe n t  f ue l 

p oo l . Where  n e ce s s ary for person ne l p rotec t i on , l ead o r eq u i va l e n t  s h i e l d ­

i n g i s  prov i ded  for  p i pes , val ves , and v e s s e l s n ot  l ocated  u nderwater .  

O pe rat i n g pane l s  and i n s t rumen tat i on rack s  are l ocated away f rom poten t i al 

s ourc e s  o f  rad i at i on o r  are prov i ded wi t h  adequate  s h i e l d i n g to  meet radi o ­

l og i ca l  exposure  l i m i t s . Th e e n t i re p roce s s  i s  de s i gned  wi th approp r i ate 

p re s s u re i n d i c at o r s  and wi th  remote l y  o pe rated , val ved , qui c k -re l eas e cou­

p l i n g s  for  i n l et ,  o u t l et ,  and v ent  l i ne connect i on s . Eff l uent  f rom t h e  o ff ­

gas sys tem , t h e  sys tem wh i ch f i l ters g a s e s  generated  i n  t he  SDS proces s ,  i s  

f i l tered  and mon i tored before i t pas s e s  i n to  t h e  e x i s t i n g v en t i l at i on 

exhau s t  sys tems . 

Th e  S DS i s  equ i pped w i th  var i ou s  al arm sys tems ( Reference  7 ) ,  wh i ch 

warn  operato r s  o f  potent i al l y  hazardous cond i t i on s  dur i n g  normal ope rat i on s  

or ma i n tenan c e  ac t i v i t i e s .  The S DS i s  a l so equ i pped  w i th  four automat i c  

s h u t d own al a rm s : 
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• Off -gas  header  i nf l uent  h i gh pre s s u re mon i to r  

• I on exchange man i fo l d  genera l area  rad i at i on mon i tor 

• I on exchan ge man i fo l d  eff l uent  i n - l i n e rad i at i on mon i to r  

• Leak age con t a i nment  sys tem i nf l uent  rad i at i on mon i to r . 

Each of these  automat i c  s h u tdown a l arms can  t r i p  the  Feed I so l at i on V a l v e 

So l eno i d ,  wh i c h s tops  t he  water f l ow t h rough  the S DS , e i ther i n s t anteou s l y  

o r  after a predetem i ned  5 -t o -30 -m i n ute  t i me de l ay .  I n s tantaneo u s  c l o s u r e  

i s  affected b y  p l ac i ng t h e  11 Au to-tr i p 11 s e l ector  sw i tch  i n  t he  11 Tr i p 11 po s i ­

t i on . Otherw i s e  the  So l eno i d  deenerg i zes  and  c l oses  w i th i n  5 t o  30 m i n a s 

p reset . 

Th e SDS i s  des i gned  w i th the  p r i mary i on exchange  beds  i n  s e r i e s t o  

prec l ude break through  and  contam i n at i on of the  out l et s tream . Shou l d  a l e ak  

i n  the  sys tem occur  i n s p i te of  d es i gn s afety features , SDS equ i pme n t  i s 

operated w i t h i n  conta i nment  c u b i c l es to  prevent  contam i n at i on of the  s pe n t 

f ue l  poo l water . 

Th e S DS v e s se l s  are t r a n s ported ou t  of the  fue l poo l i n  s h i e l ded  t ran s ­

fer ca s k s . These  c as k s  are des i gned  t o  reduce  rad i at i on l eve l s t o  l e s s  t h a n  

200 mR/hr  o n  c o n t ac t , i n  accordance  w i th  t he  s h i pp i n g c r i ter i a  f o u n d  i n 

1 7 3 . 393  T i t l e  49 of the  Code of  Federa l Regu l at i ons . 

Occ upat i on a l  Dose 

Some SDS  o perat i on s  i n vo l ved  person ne l occupat i on a l  dose e x po s u re s . 

Maj or  operat i on a l  ac t i v i t i es  i n vo l v i n g s u c h  expos u res were as fo l l ows : 

• Feed t an k  f i l l i n g v a l ve  a l i gnment  

• Samp l i n g operat i on s  

• System s t a r t - u p  v a l v e a l i gnment  
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• Spe n t  v e s s e l c h angeout  

• C a s k  remov a l , decontam i nat i on , an d  s u rv ey o perat i ons  

• Sys tem ma i n ten ance 

• V e s s e l d ewater i ng .  

P rec au t i on s were t aken  to m i n i m i ze  t hese  personne l exposures . Person­

ne l s h i e l d s were tes ted before water from e ac h  source  was proce s s ed . Tes t  

r e s u l t s were we l l  w i th i n  d e s i gn c r i te r i a .  The area read i n g s  were genera l ly  

we l l  be l ow 0 . 5 mR/ h r , w i t h  an est i mated average  dose  of  0 . 1 to 0 . 2 mR/ h r . 

W hen  cert a i n i den t i f i ed h ot  s pots  re ached between 2 to 5 mR/hr  access  was  

res t r i c ted or  t h e  areas were s h i e l ded accord i n g l y .  

P rocess i ng H i s tory 

As o f  Au g u s t  3 1 , 1 982 , over  o ne m i l l i on g a l s of c ontam i nated water h ad 

been  processed  by S DS from the RC BT , the Reactor  Bu i l d i n g  Baseme n t , and th e 

R C S . Uur i n g t h i s  proces s i n g ,  overa l l system performance met t h e  d es i gn 

obj ec t i ve of  SOS , and  a l so  decon tami n ated t h e  waste water  to w i th i n  the  

l i m i t s  s pec i f i ed i n  1 0  C FR 20  ( w i th t he  excep t i on o f l i m i ts  for t r i t i um ,  

s i nce  t h e  SOS cou l d  not remove tr i t i um f rom t h e  water ) . The  compos i t i on o f  

t he c o n t am i n ated  water and  performance o f  S DS i n  treat i n g th i s  water a re 

d i s c u s sed  i n  t he  fo l l ow i n g  sect i on . 

Co n t am i n a t i on Leve l s  Before P rocess i ng 

Tab l e  3 l i s t s  the  concentrat i on s  a n d  tot a l  amounts  o f  the  s i gn i f i c ant  

rad i o i sotopes  i n  t h e  RCS and Re actor Bu i l d i n g  Basement  water before SDS  

p roces s i n g .  These  amou nts  were u s ed  i n  deve l op i n g  the  o r i g i n a l  S DS proc ­

es s i n g f l ows heet . The v a l ues  i n  the t ab l e  for t h e  R C S  water are compos i tes  

o f  ana l yt i c a l  d ata  from severa l s amp l e s a na l yzed  by  ORNL . The v a l ues  for  

t he  Basemen t  water  were o b t a i ned  from an a l yz i n g the s amp l e s that  ORNL  u se d 

i n  t h e  f l owsheet  ev a l u at i on .  
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TABLE  3 .  C OMPOS I T I ON OF C O NTAM I NATE D WATER  BEFORE S OS P ROC ESS I NG 
( V a l ues  are corrected  for rad i o act i v e decay to J u l y  1 ,  1 980 ) 

Reactor  a Re actor b 
Coo l an t  B u i l d i n g 

Sys tem Sys tem Baseme n t  
Nuc l i de (l! C i /ml ) (l! C i /ml )  

3H 0 . 1 7 1 . 0 

89 sr 5C 0 . 53 

90 sr 2 5C 2 . 3 

1 06 Ru 0 .  1 0 . 002  

1 2 5 sb 0 . 0 1  0 . 02  

1 34 c s 1 0  2 6  

1 3 7 c s 5 7  1 60 

1 44 ce 0 . 03 0 . 0005 

9 7 . 3 1  1 89 . 85 2 5  

a .  Reactor Coo l ant  Sys tem water  v o l ume i s  a pprox i mate l y  90 , 000 g a l . 

b .  Re actor  Bu i l d i n g Basement  water v o l ume i s  approx i mate l y  650 , 000 g a l . 

c .  V a l ues  v ary , probab l y  becau se  o f p rec i p i t at i on .  

The two mos t  predom i nant  r ad i on u l i de  c o n t am i nants  were 1 3 7 ce s i u m 

( h a l f - l i fe = 30 . 2  yrs ) and  90sr ( h a l f - l i fe = 2 9 . 0  yrs ) .  Bot h  t h e  RC S  a n d  

Re actor  Bu i l d i n g waters conta i n  sod i um b o r a t e  and  bor i c  ac i d  w i t h  a p H  o f 

8 . 2 i n  the  RCS  water  and  8 . 6  i n  t h e  B a semen t  wat er . An add i t i on a l  c o n t am i ­

n a n t  i s  tr i t i um ( h a l f - l i fe = 1 2 . 3 yrs ) .  Th i s  h eavy i sotope of hydrogen  was  

present  as  t r i t i ated  water  i n  m i n u t e  concentrat i on s  after proces s i n g ,  wh i ch 

neverthe l e s s  exceeded 1 0  C FR 20 concentrat i on s . Th e  t r i t i um was  n o t  remov e d 

by t h e  S DS i on exchange  proces s . I t  rema i n s i n  the  p rocessed  water  s tored  

on -s i te i n  t he  processed  water s torage  t an k s . 
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A s i g n i f i c a n t  concentrat i on o f  i n so l ub l e  s t ron t i um was  fo u n d  i n  s amp l es 

of water  t a k e n  f rom near  t he  Re actor B u i l d i n g Baseme n t  f l oor . I n a o ne­

l i ter s amp l e ,  t h e  concentrat i on of s o l i d s i n  t h e  s l u rry ( l i qu i d  p l u s so l i d s ) 
was  approx i mate l y  0 . 5 va l % ,  a s  determ i ned  by c e n t r i fu g i n g the  s l u r ry .  How ­

e ve r , b o t h  t h e  amo u n t  and  n ature o f  t h e  s o l i d  mater i a l i n  the  s l u rry s amp l e  

c a n not  b e  extrapo l ated  to  be  represen t at i ve o f  a l l s o l i d s  i n  t he  water s i nc e 

t he s amp l e  c ou l d  b e  t aken  from o n l y  o ne l oc at i on .  

The k ey c h em i c a l  and  rad i ochem i c a l  con s t i t u te n t s  i n  t h e  s o l i d s  from t h e  

b aseme n t  s amp l e  are  l i s ted i n  Tab l e  4 , a l o n g  w i th t h e  c a l c u l ated  percent age 

of  e a c h  e l eme n t  and n uc l i de i n  the  tot a l  s amp l e  ( l i q u i d  p l u s  so l i d ) t h at wa s 

i n s o l u b l e .  A l t h o u g h  Sr was  t he predom i nant  rad i on uc l i de i n t h e  s o l i d s , 92% 

o f  the Sr  i n  the t ot a l  s amp l e  was in  the  l i q u i d  p hase . Es sent i a l l y  a l l of 

t he Cs was  i n  the l i q u i d  phase . Thu s , even  i f  t hese  s o l i d s were d i s so l ved  

d u r i n g  t h e  d ec o n t am i n at i on proces s ,  the  tot a l  amo u n t  o f  rad i oact i ve mate ­

r i a l s  i n  t h e  water  wou l d  not  h ave  i n c reased  s i gn i f i c a n t l y .  The maj or i ty of 

t h e  rad i on u c l i d e  c o n t am i n ate sou rces were fou n d  as  s o l u t e  and  req u i red i o n 

e xc h a n ge met h o d s  for  effec t i ve remov a l . 

V e s s e l  P erformance and  An a l ys i s  

S DS proces s i n g c ommenced  J u l y  1 2 ,  1 98 1 . As of Au g u s t  1 982 , t he  S DS h ad 

proce s s ed 296 , 4 70 g a l  of  RCBT wate r ,  6 5 5 , 1 6 5 g a l  o f  Basement  wate r , and  

249 , 85 2  g a l  o f  R C S  water , remov i n g a tota l o f appro x i mate l y  6 50 , 000 C i  ( on  

i s l an d  a n a l ys i s ) f rom 1 , 20 1 , 487 ga l  of  proces s e d  wate r . Tab l e  5 prov i de s  

t he p rocessed  v o l ume f l ow t h rough  each  S DS v e s se l . V e s s e l 0 1 00 1 1 ,  for  

i n s t an c e , proc e s sed  a tot a l  of 2 29 , 782  ga l  o f  water  before  i t  was taken  o f f  

l i n e . 

T ab l e  6 prov i des  a proces s i n g h i story by S OS b at c h . Th i s  i s  a more 

d e t a i l ed proces s i n g h i s tory wh i c h i n c l udes  res u l t s of  water s amp l e  an a l yse s 

f o r  i n f l ue n t  a n d  eff l uent , decontam i nat i on f actors  ( OF ) , s e rv i ce d ates , and  

v e s s e l i de n t i f i c at i on n umbers and  proces s i n g pos i t i on s  d u r i n g  t he  b atch . 
As a n  e x amp l e ,  b at c h  5 , wh i ch c ommenced 9 / 2 2 /8 1 , p roces s ed a t ot a l  o f 

1 5 , 5 5 9  g a l  of  Bas emen t  water th rough Tr a i n  Two . P ref i l ter  and  f i n a l  f i l te r  
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TA B L E  4 .  SO L I D S I N  O N E - L I TE R  SAMP L E  O F  R E A C TOR B U I L D I NG BAS E M E NT WAT E R  

E l eme n t  A n a l ys i s  N u c l i d e An a l ys i s 

Co n c e n t r at i o n  P e r c e n t  b C o n c e n t r at i o n 
E l e me n t  ( g / m L  s o l i d s a ) I n s o l u b l e N u c l i d e ( � C i / m L  s o l i d s a , c ) 

C o p p e r  7 5 00 9 9  90 s r 3 8  
N i c k e l  2 5 00 >98 8 9 s r 8 . 7 
A l umi n um 1 4 5 0  

-
88 1 3 7 c s 4 . 7  

I r o n  8 5 0  8 1  1 2 5 s b 1 . 5  
S i l i c o n 6 5 0  1 0  1 44 c e 1 . 4 
C a l c i um 4 5 0  7 1 3 4 c s 0 . 8 2 

Z i n c 400 >87  1 0 6 R u  0 . 7 6 
C h l o r i n e  400 10  9 5 N b  0 . 1 4 
M a g n e s i um 1 5 0  1 0  60 co 0 . 0 7 3  

M a n g ane s e  9 0  > 6 9  5 8  c o 0 . 0 2 0  
P h o s p h o r u s 3 0  

-
2 0  1 0 3R u  0 . 0 1 0  

C h r om i u m  2 5  1 2  

P ot a s s i um 1 5  1 
C o b a l t 3 . 5  >8 
B a r i um 2 . 5  >l1 

S t r o n t i u m  2 . 5  > 1 1  
C e s i um 0 . 5  0 . 04 

a .  B a s e d  o n  v o l u me o f  s o l i d s  after  c e n t r i f u g at i o n . 

b .  P e rc e n t a g e  of e l eme n t  o r  n u c l i d e i n  t h e  t ot a l  s amp l e ( 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 .  
T h e  C a l c u l a t i o n s  a r e  b a s e d  o n  a tot a l  so l i d s  c o n t e n t  of 0 . 5  vo l i n  t h e  c e n t r i f u g e d  s amp l e .  

c .  C o n c e n t r a t i o n o n  J u l y  1 ,  1 9 80 . 

P e r c e n t b 
I n s o l u b l e 

8 
8 
0 . 04 

2 8  
9 3  

9 . 04 

6 6  
9 7  
88 

88 
66 



TAB L E  5 .  VOL UMETR I C  FLOW THROUGH SDS V ESSEL S 

Batch  Vo l umes 
Number  Proces s ed 

V e s s e l Water T,l�es  Proc e s s e d  {ga 1 } 
0 1 00 1 1 Basement 7 '  1 1  2 29 , 782 a 

0 1 00 1 2  RCBT , 4 , 9  208 , 5 1 2 a 
Basement 

0 1 00 1 3  RCBT , 4 , 1 1  406 , 008 a 
Basement 1 4 '  1 6  

0 1 00 1 4  Basement , 1 4 , 2 2  3 7 1 , 58 3  
RCS 3 3 , 34 

0 1 00 1 5  RCBT 1 , 3 , 1 2  1 90 , 5 1 8 a 

0 1 00 1 6  RCBT , 4 , 1 1  6 1 6 ,037 a 
Basement 1 4 , 22 

0 1 00 1 7  RCBT , 5 , 6 60 , 87o a 
Basement 

0 1 00 1 8  RCBT ,  1 , 3 , 1 2 , 1 3 287 , 743 
Basement 22 , 3 3  

020022  RCS 34 1 8 , 945 

020023 Basement 2 3  20 , 1 20 

020026 Basement , 1 3 , 2 3  1 1 6 , 1 70 
RCBT , RCS 33 , 34 

0200 2 7  Basement , 1 7 , 2 2 , 24 389 , 4 5 5 a 
RCB T ,  RCS 2 6 , 28 , 30 

020028 Basement 1 0 , 1 1 , 1 4 , 1 9  297 , 034 a 

020029  Basement , 20 , 24 409 , 3 7 3  
RCBT 2 6 , 28 , 30 , 3 2 

0200 3 1 RCS 3 1 , 32 9 9 , 336  

a .  Ve s sel removed  f rom serv i ce , as of  Au g u s t  1 982 . 
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TABLE  6 .  SDS BAT CH PROCESS I NG H I STOR Y ( AS OF  8 / 3 1 / 8 2 )  

P r oc e s s  
V e s s e l P o s i t  i o n  I n f l u e n t  S amp l e s ( u C i  / m l ) f:.!_f_l u e n t  Samp l e s  ( 1 0  _ -\C i LrT1_l_l_ 

B a t c h  F l ow W a t e r  F i na l  
Number Date _j9jJJ _ _  _1)'� P r e f  i I t e r  F i l te r  1 A  I B  2A 2B  2C Cat B S r  C s  Tot a l  Sr  Cs  To t a l  OF ----- - ---· - -

ij / 30 - 7 / 1 9 4 'l , 4 'l l  R C B T  F I OO()? F2000l  0 1 00 1 5  0 1 00 1 8  0 . 86 1 . 85 2 .  7 1  9 . 06 6 . \ Ll  1 5 . 1 6  1 7 8 
7 / 2 ? - 7 / 3 1  4il , 5 1  9 R C B T  F 1 0 0 0 ?  F ? 0\10 1 O l llfl l 5  0 1 00 1 8  0 . 94 l . fl4 2 .  7 8  3 . 4 5 9 . 1l 1 0  1 3 . 2fi 209 

fl / l -:� / 9  49 , 30 1  R C BT F 1 00 0 ?  F 7000 1 0 ] 0()) 5 0 10 0 1 8  0 . 44 0 . 60 1 . 04 7 . 06 8 . 180 1 5 .  ?4 57 
'l / 7 -<J / 1  5 ,  '> 2 1  R C B T  00001 ) 5  000007 0 1 00 1 7  0 1 00 1 2  0 1 00 1 3  0 1 00 1 6  0 . 1 8 0 . 4 1  0 . 65 1 1 . 5 1 1 . 2 2 0  1 2 . 1 2 5 1  

9 / 2:' - 9 / ? 5  l !J ,  5 5 9  8 ' 5 em e n t  F l OO D !  000007 0 1 00 1 7  0 1 001 2 0 1 0 0 1 1 0 1 0 0 1 6  3 . 2 3 9 1 . 00 94 . 2 3 1 5 . 00 0 . 95 2  1 5 . 95 5 , 908 
6 'l / ? 6 - 1 0 / 4  4 5 , 3 1 1 B a s �me n t  F \ fl!lll l 00000 7 0 1 00 1 7  0 1 00 1 2  0 1 00 1 3  0 1 0 0 1 6  3 . 78 1 1 2 . 0 7  1 1 5 . 85 1 2 . 60 0 . 8 7 0  1 3 . 50 8 ,  S 8 1  

7 1 0 / 4 - 1 0 / 1 8  50 , 1 68 B a s em e n t  F l OilO I 0000 0 7  0 1 0 0 1 2 0 1 0 0 1 1 0 1 0 0 1 3 0 100 1 6 3 . 9 1  1 1 2 . 5 8 1 1 6 . 4 8  1 5 . 60 1 . 0 36 1 6 . 7 0 6 ,  9 7 5  
8 l O / I R- 1 0 / 3 1  44 , 2 3 7 B a s eme n t  F 1 ()00 1 00001 ) 7  0 1 00 1 2  0 1 00 1 1  0 1 00 1 3  0 1 00 1 6  4 . 1 9 1 1 4 . 05 1 1 8 . 2 4 8 .  7 1  0 . 683 9 . 39 1 2 , 59 2  

l ll / 3 1 - 1 1 / Y 7 , 0 7 0  R C B T  F 1 000 l 000007 0 1 0 0 1 2  0 1 0 0 1 1 0 1 0 0 1 1 0 1 0 0 1 6 2 . 85 86 . 1 3 88 . 98 7 .  36 0 . 84 4  8 . 2 1 1 0 , 838 
4 0 , 646 B a s e me n t  

1 0  1 1 / 1 0- 1 1 / 1 9 4 4 . 2 1 3  B a s eme n t  F I OOO I  00000 7 0 1 00 1 1  0 1 00 1 3  020028 0 1 00 1 6  5 . 1 3  1 1 6 . 7 9 1 2 1 . 9 1  8 . 7 6 0 . 9 2 7 9 .  7 0  1 ? .  563 

� 1 1  1 1 / 2 0 - 1 1 / 2 8  4 3 , 44 8  C a s em e n t  F l 00 0 1  000007 0 1 0 0 1 1 0 10 0 1 3 0200?8 0 1 0 0 1 6  4 . 6 9 1 1 1 . 20 1 1 5 . 89 9 . 1 7 0 .  790 9 . %  l l .  636 0 1 2  1 1 / 2 R- 1 2 / 9  4 .3 , 2 4 7  K C B T  F 1 000 1 00000 7 0 1 00 1 5  0 1 00 1 8  0 . 9 2 20 . 70 2 1 . 6 2 2 2 . 50 0 . 362 26 . 1 1 ll 2 8  

1 3  1 2 / 9 - 1 2 ! 1 8  4 4 , 3 3 1  R C B T  F 1 00 0 1  000007 0 1 0 0 1 8  020026 0 . 5 9 6 . 2 3 6 . 8 3 20 . 94 0 . 5 7 6  26 . 7 0 2 , 20.· 6  
1 4 1 2 / 1 9 - 1 2 / 2 7  44 , 69 9  B a s eme n t  000002 oooooq 0 1 00 1 3  020028 0 1 00 1 6  0 1 00 1 4  2 . 66 90 . 2 4 92 . 89 8 .  3 3  1 .  4 1 4  9 .  74  9 , 5 3 7  

1 5  l :> / 2 8 - l / 4  4 3 , 2 6 9  B a s em e n t  000002 000009 0 1 00 1 3  020028 0 1 0 0 1 6 0 1 0 0 1 4  2 . 96 1 0 1 . 39 1 04 . 3 5 7 . 65 0 . 9 1 7  8 .  56 1 2 , 1 9 0  
1 6  l / 6- 1 / 1 0  2 1 , 86 7 B a seme n t  OOOfHl ? 000009 0 1 00 1 3  020028 0 1 00 1 6  0 1 00 1 4  2 .  4 9  84 . 2 5 86 . 74  7 . 3R I .  0 3 7  8 . 4 2 1 0 , 3 0? 

1 7  1 / 1 0 - 1 / 2 9  4 4 , 7 n 4  B a s eme n t  00000? 000009 020028 0 1 0 0 1 6  0 1 0 0 1 4  02002 7 3 . 02 1 0 3 . 24 1 06 . 2 7  7 . 5 7 0 . 986 8 .  5 5  1 2 , 4 2 9  
I H  1 / 3 0- 2 / 6  43 , 789 B a s eme n t  00000 ? 1)00009 020028 0 1 00 1 6  0 1 00 1 4  0 2 00 2 7  4 . 1 8 1 22 . 1 8  1 26 . 3 7 6 . 68 0 . 68 1  7 . 36 1 7 .  1 70 

1 9 2 1 7 -2 / 9  1 0 , 98'j B a s em e n t  000002 000009 020028 0 1 0 0 1 6  0 1 0 0 1 4  02002 7 4 . 80 1 2 7 . 00 1 3 1 . 80 6 . 38 0 . 604 6 . 98 1 8 , 88 3  
20 2 / 1 0 - 2 / 1 6  3 3 , 4 911 B a s eme n t  001)00 2 000009 0 1 0 0 1 6  0 1 00 1 4  0200 2 7  020029 4 . 36 1 1 7 . 4 0 1 2 1 . 76 6 . 1 5  0 .  788 6 . 94 1 7 . 54 5 

2 1  2 / 1 7 - 2 / ? 7  4 3 , 84 4  B a s eme n t  110()1 1 1)? 0000119 0 1 0 0 1 6  0 1 0 0 1 4  02002 7 020029 4 . 4 3 1 2 8 . 83 1 3 3 . 2 7  5 . 9 7 0 .  7 2 7  6 . 69 1 9 . 92 1  
21' 2 / l ? - 3 / 5 3 3 , 1 4 9  B a s eme n t  00000 ? 000009 0 1 00 1 6  0 1 00 1 4  0200 2 7  020029 4 . 7 1 1 35 . 70 1 40 . 4 1  5 . 6 7 0 . 596 6 . 2 7  2 2 , 3 9 4  



TABLE  6 .  ( Con t i nued ) 

Proc Ps s  Ve s se l P o s i t i o n  I nf l u e n t  Samp l e s ( " C i  / m l ) E f f l u P n t  S amp l e s ( 1 0
- 3  

" c  i / m l ) 

H a t c h  F l ow Wa te r F i na l  
Number DatP � � Pr e f i l te r F i l t P r  !A l B  2A 2 8  2C C a t  B Sr C s  To t a l  Sr C s  To t a l  OF ---- ----------

2 3  3 / 9- 3 / 1 2  20 , 1 20 RCBT 00000? 000009 0 1 0 0 1 8  020026 02002 3  0 . 88 1 5 . 34 1 6 . 2 2 1 3 . 6 7 1 4 . 2 3 0  2 7 . 90 5 8 1  
2 4  4 /21l- 4 i 2 9  1 0 , 90 1  RC BT IJOO!l02 000009 0?00 2 7  0200 2 9  0 . 0 6  l .  5 3  l .  5 9  7 . 5 3 0 . 9 1 0  8 . 44 188 

2 5 a 4 / 3 0-6 / 2  B a s eme n t  000002 000009 
26 5 / S - 5 / Il 1 8 , 009 RC BT UOOOOl U00002 020077 020029 0 . 06 1 . 0 1 1 . 0 7  9 . 80 l .  5 �  1 1 . 35 9 4  

2 7  5 / 2 1 - 5 / 2 9  50 , 1 5 2  RCS  unooo 1 U0000 2 0200 2 7  0200 2 9  9 . 1 5  1 0 . 4 1) 1 9 . 5 5  46 . 70 0 . 94 2  4 7 . 60 4 1 1  

23  6 / 5-6 / 1 2  5 0 , 2 4 0  RCS U0000 1 b  U00002 0200 ? 7  0200 2 9  8 .  4 3  7 . 40 1 5 . 84 4 2 . 50 0 . 88 3  5 1 . 30 309 
U 00004 

? q a 6 / 1 4 - 6 / 1 4  B a s eme n t  U00004 UOOOO ? 
30 6 / 1 9-6 / 2 5  50 , 1 24 RCS  0200JOC 020034c 0200 2 7  020029 9.  7 1  3 .  98 1 3 . 70 2 6 . 7 7  0 . 6 1 3  2 7 . 40 500 

3 1  7 ! 1 - 7 / 9  5 1 , 2 114 RCS 0 2 01)30 020034 020029 020031  8 . 03 4 . 89 1 2 . 9 2 4 1 . 80 0 . 508 4 2 . 30 3 0 5  

� 3? 7 / 1 9 - 7 / 2 6  48 , 0 5 2  RCS  1 1 20030 020034 0 2 00 2 9  0 2 00 3 1  1 0 . 26 3 .  28 1 3 . 54 3 2 . 9 3 0 . 4 66 3 3 . 40 4 0 5  
..... 

3 3  8 / 1 9- 8 / 2 4 3 2 . 7 7 4  B a s ement 0 1 0 0 1 4  0 1 0 0 1 8  020026 7 . 00 1 06 . 70 1 1 3 .  70 24 . 00 3 . 00 2 7 . 00 4 2 1 1 

34 8 / 2 7 -R / 3 0 1 8 , 9 4 5  B a s eme n t 0 1 00 1 4  0 1 00 1 8  020026 5 . 3 2 7 6 . 20 fl l . 5 2  7 . 80 2 . 80 1 0 . 1 0 80 7 1  

a .  B a t c h  2 5  a n d  2 9  we re comb i npd a f t e r  f i l t r a t i o n a n d  p r o c P s s e d  as  batchPs  33 a n d  34 . 

b .  L i nPr U 0000 1  w a s  re p l aced b y  l i n er U 00004 p a r t  way t h ro u g h  h a t c h  2 8  d u e  t o  e x c e s s i ve l y  h i gh d i f f e r e n t i a l  p r p s s u r e . 

c .  Mod i f i ed i o n-ex c h a n g e  v e s s e l  u s e d  a s  a f i l t e r .  



v e s se l s  were F l OOO l a nd  000007 res pect i ve l y .  I o n  exchange  ves se l s  were  

0 1 00 1 7 ,  0 1 00 1 2 ,  and  0 1 00 1 3  for  pos i t i on s  2 A ,  2 B ,  and  2 C  respect i ve l y .  

0 1 00 1 6  occu p i ed the  Cat i on B pos i t i on . The  average i nf l uent  r ad i oact i v i ty 

for b atch 5 was 94 . 2 3  � C i /m l  and  the  average  eff l uent  was 1 5 . 9 5  x 1 0 -3 � C i /m l  

for a tot a l  OF of  5 908 . Batch e s  2 5  an d  2 9  we re s t aged from th e  Basemen t ,  

f i l tered , and  were c omb i ned i n to batches  3 3  and 34 . 

S DS z eo l i te l i ne r  l oad i n g s  were l i m i ted  to 60 , 000 C i  of C s  a n d  2000 C i  

of Sr ( see Reference 3 ) .  Tab l e  7 prov i de s  the  spent  l i ner  c ur i e  e s t i mates  
for  C s , Sr , and  t he i r  d a u g h ter  products . The tab l e  a l so forec a s t s  c ur i e  

est i mates for l i ners  s t i l l  i n  u s e  a s  o f  Aug u s t  3 1 ,  1 982 . At n o  t i me h av e  

t he l i ner l oad i n g c r i ter i a  been  exceeded for  C s  an d  Sr . 

Des i gn object i ves  of SDS were s at i s f i ed and decontam i nat i on c r i ter i a 

s et forth  i n  1 0  CFR  20 were atta i ned . Ov e r a l l system performance  h as been  

good , w i th an  average RCS/RCBT deco n t am i n at i on factor  of  507 and  an  average  

B asement  water  decontam i n at i on f actor  of 1 3 , 248 . The  decontam i n at i on f actor  

i s  the  rat i o  of  the  rad i o n u c l i de  concentrat i on i n  the  process  feed s o l ut i o n 

t o i t s concen trat i on i n  t he  product  s o l ut i on . 

Sand  and  Ce l l u l os e  F i l ter  An a lys i s  

Th e s an d  and  ce l l u l o se  f i l ter  v e s se l s are  a part of the S OS p re- and  

f i n a l  f i l t rat i on system . The  proces s  f l ow h i story of  the  f i l ters  are fou n d  

i n  Tab l e  8 ,  wh i ch s hows t h e  tot a l  v o l umetr i c  f l ow t hrough  each  f i l te r  a s  o f  

Aug u st  3 1 , 1 982 . F i l ter  v e s s e l 000009 , f o r  i n stance , f i l tered a t ot a l  o f  

3 62 , 1 37  g a l  o f  water before i t  w a s  t aken  o ff  l i ne . 

Ce l l u l ose cartr i dge  f i l ters  were no  l on ger  used  after GP UNC d i scovered  

t h at t he  f i l ters  c ou l d  potent i a l l y  re l ease  rad i oact i ve f i l trate d u r i n g  t h e  

cart r i dge dewater i n g proces s . S a n d  f i l ters  c omposed of  v ar i ou s  g r a i n s i ze s  

as l i s ted i n  Tab l e  9 were u s ed a s  rep l acements  for the  ce l l u l o s e  f i l ters . 

Tab l e  1 0  prov i des  the rad i o i s otope on - i s l an d  anal ys i s  est i mate s o f  e ac h  

expended ce l l u l ose  or  s an d  f i l ter . 
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TABLE  7 . C UR I E  L OAD I NGS ON  SDS ZEOL I TE L I NERS  AFTER P ROC E SS I NG  
( As o f  8/3 1 /82 ) 

Cu r i e  Load i ng 

L i ner  Water  C s Tota l Tota l TRua 
Number  Type ( 1 34 , 1 37 ) Sr  C s +Sr w/ Daugh ters n C i /g 

0 1 00 1 5  R C B T  5 , 7 6 7  1 , 0 1 2 6 , 7 7 9  1 2 , 896  0 . 1 30 
0 1 00 1 7  B a semen t  30 , 3 1 2  1 , 02 1 3 1  ' 3 33 59 , 549 9 . 893E-2 

0 1 00 1 2  Ba s eme n t  57 , 1 7 6 2 , 003 59 , 1 7 9 1 1 2 , 635 0 . 244 
0 1 00 1 1 B a seme n t  44 , 3 1 7  2 , 06 1 46 , 3 78 88 , 1 58 0 . 1 78 

0 1 00 1 3  Baseme n t  49 , 28 1 1 , 9 74  5 1 ' 255  9 7 , 1 5 1 0 . 38 5  
020028  Ba seme n t  43 , 333 1 , 660 44 , 993  86 , 334 0 . 1 4 1 4  

0 1 00 1 6  Ba s emen t  5 7 , 1 5 6 1 , 869  59 , 025  1 1 2 , 6 2 2  1 . 1 3 6  
0200 2 7b B a semen t/RCS 4 , 289 5 , 096  9 , 385 1 8 , 380 

020029C R C S  1 2 , 000 
02003 1 C RC S < 3  , 000 

0 1 00 1 4C RCS  30 , 000 
0 1 00 1 8C RC S 1 2 , 000 

D20026c RC S/ RC BT  < 3 , 000 

a . To t a l  TRU  c u r i e  content  prov i ded by GP UNC . Converts  i nto  n anoc u r i e s 
per  g ram . As s ume s  338 l b  of zeo l i t e i n  each  l i n er  at  1 0% water conten t 
( dry we i gh t  b as i s ) . 

b .  02002 7  c a l c u l at i ons  are a resu l t  of o n - i s l and  a n a l ys i s  o n l y . Th ese  
e s t i mates  may v ary as  much  as ± 1 5% when compared  w i t h off - i s l and  an a l ys i s  
when  a v a i l ab l e .  A l l other  v a l ues  are t he  resu l t  of off - i s l and  ana l ys i s .  

c .  L i ners  s t i l l  i n  serv i ce at the t i me of  wr i t i n g :  e st i mated f i n a l  v a l ues . 
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TABLE  8 .  VOLUMETR I C  FLOW THROUGH SAND AN D C E L L ULOSE F I LTER S 

Batch  
F i l te r  Water  Number V o l ume Th ro u g h  

F i l ter Type Type P rocessed  ( ga l ) 
F l 0002 Ce l l u l os e  RCBT  1 - 3 1 58 , 2 7 6  

Pref i l te r  

D00005 Sand  R C BT 4 2 , 7 5 9  
P ref i l ter  

F l OOO l Ce l l u l o s e  B a semen t  5 - 1 3 3 84 , 62 7  
P ref i l te r  RC BT  

D00002 Sand  Basemen t 1 4 -23 , 2 5  3 6 2 , 2 38 
Pref i l te r  

UOOOO l Sand  RCS  27 , 28  1 04 , 635  
P ref i l te r  

U00004 Sand  R C S  29 -32 5 5 , 2 3 3  
P ref i l te r  

D20030 Sand  RCS  30 -32 1 5 3 , 88 5  
P ref i l ter  

F 2000 1 Ce l l u l os e  RCBT  1 -3 1 58 , 2 7 6  
F i n a l  f i l ter  

000007 Sand  R C BT 4 , 5 - 1 3 387 , 386 
F i n a l  f i l te r  Baseme n t  

D00009 Sand  Ba semen t  1 4 -2 3 , 2 5  3 6 2 , 1 3 7 
F i n a l  f i l ter  

U00002 Sand  RC S  2 7 -32 2 6 3 , 2 38 
F i n a l  f i l ter  
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TA B L E  9 .  SA N D  F I L T E R  C O N T E N T S  B Y  GRA I N PART I C L E  S I Z E 

P a r t i c l e  S a n d  F i l t e r  V o l u m e s i n  C u b i c F e e t a 

S i ze 
( mm ) U0000 1 U0000 2 U00004 00 0 0 0 2  00000 5 00000 7 0000 0 9  0 2 0 0 3 0  0 2 0 0 3 4  

1 . 2 0 2 2 3 0 0 0 0 3 0 

0 . 85 1 1 3 2 200  l b s 2 0 0  l b s  2 3 3 

.;:::. 0 . 4 5 6 6 3 7 . 2  7 0 0  l b s 7 0 0  l b s 7 . 2  3 6 
(.]'1 - - - - -

9 9 9 9 . 2  900 l b s 900 l b s 9 . 2  9 9 

a .  V o l u me s  a r e  i n  c u b i c  f e e t  u n l e s s  o t h e rw i s e  i n d i c a t e d . 



� 
0'\ 

TAB L E  1 0 . C E L L U L O S E  A N D  S A N D  F I L T E R  RA D I O I S O TO P E A N A L Y S I S  

E s t i m a t e d  C u r i e C o n t e n t b 
a t  S h i pme n t  

1 3 7  9 0  

Typ e a M e d � a W t  ( c l }  S r  T(t a  1 TR U C  
L i n e r  B a t c h e s  g )  ( c i ) C i ) ( n C i / gm ) 

F l 0002  c ,  P F  1 -3 8 1 6 5  5 . 3  9 . 5  2 9 . 4  4 . 8 E + 3  
F 2 000 1 c ,  F F  1 - 3  1 7 9 6 2  0 . 2  3 . 3 E - 1  1 . 0  2 .  2 E + 3  

D00005 s ,  P F  4 3 1 7 5 1 3  9 . 4  
D000 0 7  s ,  F F  4- 1 3  3 1 7 5 1 3  9 . 4  2 2 . 4  6 5 . 0  

F l 0001  c ,  P F  5 - 1 3 8 1 6 5  1 5 . 8  3 7 . 5  1 08 . 8  
D000 0 2  s ,  P F  1 4 - 2 5  4 1 9 1 1 7  3 3 0 . 2  384 . 4  1 4 6 6 . 1 2 . 7  

D00009 s ,  F F  1 4- 2 5  4 1 9 1 1 7  1 88 . 7  2 1 9 . 7  8 3 7 . 8  2 . 7  
U 0000 1 s ,  P F  2 6 - 2 8  442 2 5 0  9 . 4  3 7 . 9  98 . 2  

U 00002 s , F F  2 6- 2 9  4 4 2 2 50 1 8 . 9  7 5 . 8  1 9 6 . 3  
U 00004 s , P F  2 8 - 2 9  44 2 2 5 0  18 . 9  7 5 . 8  1 9 6 . 3  

D 2 0030 s ,  P F  3 0 - 3 5  4 42 2 50 
D 2 0 0 3 4  s , F F  3 0- 3 5  44 2 2 5 0  

a .  C :  c e l l u l o s e  f i l t e r ; S :  s a n d  f i l te r ; P F : p r e f i l t e r ; F F : f i n a l  f i l t e r . 

b .  C a l c u l a t e d  u s i n g  R e c o v e ry S u p p o r t  E ng i n e e r i n g  C a l c u l a t i o n 1 7 6 ,  8 / 2 5 / 8 2 , t o  d e t e rm i n e  1 3 7 c s l o a d i n g .  

c .  TR U n u mb e r s  g e n e r ated  u s i n g off-s i t e o r  Mo b i l e  R e s e a r c h  L a b  an a l ys i s ,  n o t  mo d i f i e d by d o s e  r a t e  from 
n o t e  b c a l c u l a t i o n .  N um b e r s  p o r t r ay 1 0 0  d e p o s i t i o n of t o t a l  TR U a c ro s s  f i l t e r  p a i r  o n  e a c h  ve s s e l . 

d .  S t i l l  i n  s e r v i c e  at  t i me o f  wr i t i n g ;  v a l u e s  n o t  av a i l a b l e .  
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APP E N D I X A 

TM I -2 EP I COR I I  WASTE MANAG EM E N T  

The EP I C O R  I I  i on exc h a n ge sys tem began  operat i n g l at e  i n  1 9 7 9  to  proc ­

e s s  t h e  c o n t am i n ated  water i n  the  Aux i l i ary an d  F u e l Hand l i n g B u i l d i n g s . 

F i g u re A- 1 s hows t h e  f l owpath of water t hrough  t h e  EP I C OR I I  sys t em . Of the  

5 0  h i g h l y  l o aded  f i rs t-s t age l i ners  ( c a l l ed p ref i l te rs ) generated  by t h e  

proces s i n g ,  two were se l ected for characte r i z at i on to  determ i n e  t he  cond i ­

t i on o f  t he  i on e x c h ange  med i a ,  any re s i d u a l  l i q u i d ,  t h e  c ompos i t i on o f con ­

t a i n e d  g a ses , a n d  t h e  cond i t i on of the  carbon  s tee l l i n e r . F i g u r e  A-2 s h ows 

a c u t away v i ew of  an  EP I C OR I I  pref i l ter  l i n er . P F - 1 6 ,  t h e  f i rs t  l i ner  

s e l ected  for c h a r acter i z at i on ,  was  sh i pped t o  Batte l l e  Co l umbu s  L aborator ­

i e s ,  a nd  t h e  e x am i n at i on comp l eted . C h aracter i z at i on o n t he  s econd  l i ner , 

P F -3 , i s  d u e  t o  be  comp l eted s hort l y .  The fo l l ow i n g  reports d i s c u s s  EP I COR 

I I  p roce s s i n g  and the efforts  to  d ate i n  c h aracter i z i n g an d  s h i pp i n g the  

EP I COR  l i ners : 

McGoey , R .  J . ,  " P roces s i n g Th ree M i l e  I s l and  Un i t  2 Acc i de n t  R ad i o ­

act i ve Wa s t e , " 88th Nat i on a l  Meet i ng of  t h e  Amer i c an  I n s t i t u t e  o f  

C h em i c a l  E n g i neers , J u ne 9 - 1 2 , 1 980 . 

B atte l l e  Co l umb u s  Laborator i e s , P re l i m i n ary Char acter i z at i on o f  

E P I COR I I  P ref i l ter  1 6  L i ner , G E N D  I NF -0 1 5 ,  November  1 98 1 . 

John  M .  Bowe r , Deve l opment  of a P rototype Ga s S amp l e r  f o r  EP I C OR I I 

P ref i l ter  L i ners , G E ND  I NF -0 2 5 , September 1 982 . 

J .  L .  Bu e l t ,  Feas i b i l i ty of V i tr i fyi ng EP I COR I I  Organ i c  Res i n s ,  

G EN D  0 1 2 , December  1 982 . 

J .  Dav i d  Yes s o , V .  P a s u path i ,  and  L ar ry Lowry , F i n a l  Character i z at i on 

o f  P F - 1 6 L i ne r , G E N D  0 1 5 ,  Aug u st  1 982 . 
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F i g u re A- 1 . F l owpath  of water through  the  TM I -2 EP I C OR I I  proces s i n g 
sys tem . 



i n .  

4- i n . b u n g  
c o n n e c t i o n  
i n  l i d  

1 . 50 i n . t y p i ca l  

l o n  e x c h a n g e  med i a  leve l  

1----- L i ft i n g  l u g  

( 1  o f  2) 

I n f l u e n t  

-9 i n .  

54 .00 i n  

I N E L-A- 1 9  907 

F i g ure  A-2 . C ro s s -sect i on a l  v i ew of a typ i c a l  EP I COR I I  l i n er . 
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APP E N D I X 8 
LOW SP EC I F I C  AC T I V I TY WAST £ 

The l ow s pec i f i c  ac t i v i ty ( L SA ) was t e  generated at  TM I -2 s i nce  t h e  

a c c i de n t  i s  r out i ne l y  s h i pped to  a commerc i a l l ow- l e v e l was te b u r i a l  s i te .  

Tab l e  B - 1  l i s t s  a ppro x i mate q u ant i t i e s of L SA was t e s  s h i pped from TM I -2 

b etween  1 9 7 9  a n d  1 982 . L SA was te i s  def i ned per  4 9  C F R  1 7 3 . 39 2  a nd i n c l udes  

c ompacted  a nd  u n compactab l e  trash , and s pen t res i n  mater i a l s .  

G P UNC  h as a d rum compactor for  v o l ume reduct i on of  TM I -2 L SA waste . 

Un c ompac t ab l e  waste  i s  genera l l y  s h i pped i n  L SA boxes . Res i n s are s h i pped  

b ot h  u n s o l i d i f i ed a n d  so l i d i f i ed i n  cement  d e pend i n g  u po n  c ur i e  l o ad i n g .  

TAB L E  B - 1 . AP P ROX I MATE Q UANTI T I ES  OF LOW SP EC I F I C  AC T I V I TY WASTES SH I P P E D  
T O  C OMMERC I AL B UR I AL S I TES 

Vo l ume 

Yea r  (f t3 ) Cu r i e  

1 9 7 9 a 20 , 600 2 7  

1 980 26 , 800 1 1 9 

1 98 1  1 4 , 800 400 

1 98 2  6 , 200 __l.f_ 
T ot a l  68 , 400 558  

a .  P o s t ac c i d e n t  wastes  o n l y . 
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AP P E N D I X  C 

1 0  CFR  20 CONC E NTRAT I ON  L I M I TS I N  WATE R  

TAB L E C - 1 .  1 0  C F R  20 CONC E NTRAT I ONS I N  WATE R  ABOV E NATURAL BACKGROUN D 

E l emen t  
( At om i c  Number ) 

An t i mony ( 5 1 ) 

Ce r i  urn ( 58 )  

Ce s i um ( 5 5 ) 

Hydrogen  ( 1 ) 

R u t hen i um ( 44 ) 

Stron t i um ( 38 )  

I sotope 

1 2 5 Sb 

1 44 ce 

1 34 c s 

1 37 c s 

3 H 

1 06Ru 

89sr 

90sr 

6 1  

Concentrat i on s  i n  
Aqueo u s  Eff l uents  i n  

Unres tr i cted  Are a s 
( 1 0 -\ C i /m l ) 

So l u b l e  I n s o l ub l e 

1 0 . 00 1 0 . 00 

1 . 00 1 . 00 

0 . 90 4 . 00 

2 . 00 4 . 00 

300 . 00 300 .00  

1 . 00 1 . 00  

0 . 30 3 . 00 

0 . 0 3  4 . 0 0  
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TAB L E  D-1 . S D S  V E S S E L  N O M E N C LATU R E  

F i r s t  N um b e r  N um b e r  
L e t t e r  D i g i t  M a d e  U se d  M a n u f ac t u r i ng C om p a n y  

D 0 1 1  4 Ap p l i e d E n g i n e e r i n g  Comp any 

F 1 2 2 A P C O  

F 2 1 1 A P C O  

D 1 8 8 P e rmu t i t  
O'l 
U"1 D 2 1 6  7 B u ff a l o T a n k  D i v i s i o n 

D 2 3 2 B u ff a l o T a n k  D i v i s i o n 

u 0 5 3 B u ff a l o T a n k D i v i s i o n 

( A P C O ) 

V e s s e l  De s c r i p t i o n a n d  U s e 

S a n d  p re- a n d  f i n a l  f i l t e r  a n d  l e a k ­
a g e  c o n t a i mme n t  v e s s e l  

Ce l l u l o s e  p r ef i l t e r  ( 1 s t po s i t i o n ) 
C e l l u l o s e  f i n a l  f i l t e r  
( 2 n d  p o s i t i o n ) 
I o n  e x c h a n g e  v e s s e l 

I o n  e x c h a n g e  v e s s e l  

I o n  E x c h a n g e  v e s s e l : 
v e s s e l s D-200 3 0 , 3 4 , 3 6  a r e  
mo d i f i e d B u f f a l o ,  w h i c h were u s e d  a s  
p r e - a n d  f i n a l  f i l t e r  s u b s t i t u t e s  

U n i v er s a l  s a n d  p r e  a n d  f i n a l  f i l t e r  
a n d  l e a k a g e  c o n t a i nme n t  v e s s e l : 
i n f l u e n t  m a n i fo l d  i s  mo d i f i e d 
e l i m i n a t i n g t h e i n t e r n a l  s t r a i n e r , 
w h i c h re s t r i c t s  s t r e am f l ow 
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