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ABSTRACT 

As part of the o ve rall TMI-2 Informat i on and Exam i nat i on Program, 

EPICOR II Prefi lter Li ner  16 was exam i ned to p rov i de i nformati on to ai d i n  

the d e velopme nt of technology f o r  safely p rocess i n g  h i ghly loaded i on­

exchange med i a. T he charactP. r i zat i on prog ram i ncluded sampli ng and analy­

ses of the liner contents, i nclud i ng i on-exchange med i a ,  l i q u i ds and gases, 

as well as exam i nat i ons of the l i ner i nter i or and exterior. T h i s  report 

d eta i ls the handli n g  of the l i n e r ,  sampli ng and analys i s  of the contents , 

and the exam i nat i ons of the l i ner. 
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CHARACTERIZATlO� OF EPICOR II PREFILTER 16 LIN�R 

I NTRODUCTION 

T he Department of E nergy i s  conduct i ng a TMI - 2  I nformat i on and Exam i n a ­

t i on Program to  g a i n i nformat i on t hat w i l l  be of  gener i c  benef i t  t o  the 

safety of a l l l i ght-water reactors and to a i d  i n  acc i dent cleanup and decon­

t ami nat i on of  other c i v i l i an nuc l ear p l ans . As part of t h i s program ,  

E P I COR II Pref i l ter L i ner 1 6  ( PF- 1 6 )  was  exam i ned at  Batte l l e  Co l umbu s  

Laborator i es ( BCL) to  a i d  i n  t he deve l opment o f  techno l ogy f o r  safe l y  proc­

ess i ng contam i n ated i on-exchange medi a and to g a i n  i nf ormat i on on the she l f  

l i fe of t hese med i a  and l i ners . 

Among the events t hat occurred d ur i ng ana i mmedi ate ly  fo l l ow i ng t he 

March 1 979 acc i dent at TM I -2 was the transfer of more than 500 , 000 g a l  of 

c ontam i n ated water to t he Aux i l i ary ana Fue l Handl i ng bu i l d i ngs . The p r i n­

c i pa l  sources of t h i s  water were the makeup and l et down pur i f i c at i on system 

and the  cont a i nment b u i l di ng s ump . One of t he ear l y  t asks  i n  t he recovery 

operat i on was process i ng t h i s  water . 

T he contami nated water was processed t hrough an i on-exchange system 

des i gnated E P I COR I I .  The contam i n ated water pas ses through  t hree stages  

of  i on-exchange med i a . The f irst i s  des i gnated t he pref i lter and the 

second and t h i rd stages are c a l l ed the dem i nera l izers . A cr0ss- sectiona l  

v i ew of a typ i ca l  E P I COR I I  l i ner i s  s hown i n  F i gure 1 .  Dur�ng operat i on ,  

the majori ty of the act i v i ty i s  depo s i ted i n  the f i rst  stage pref i l ters . 

T he E P I CO R  I I  pref i l ter l i ner is a 5-ft- h i gh r i g ht c i rcu l ar cyl i n der  

4 ft  i n  diameter,  conta i n i ng �30 f t
3 

of i on-exch ange media . The wall s 

and top are 1 /4 i n .  t hick and the  bottom i s  1 / 2 to 5/8 i n .  t h i ck . T he 

l i ner i s  f abri cated of A36 carbon stee l and i s  of we l ded construct i on .  T h e  

inter i or surf aces o f  the l i ner are coated w i t h  Pheno l i ne 368 to retard 

corros i on .  E P I CO R  I I  l i ners are  be l i eved to cont a i n  zeo l i tes and t hree 

types of organic i on-exch an ge medi a--cat i on ,  anion , and  mi xed bed. 

However ,  the act u a l  composit i on of the med i a  as  we l l  a s  addi t i on a l  aetail s 

c oncern i ng the  internal  structure of t he l i ners i s  con s i dered propr i etary 

and not ava i 1abl e for th i s  document . 

1 
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F i gure 1 .  C ross-sect i on a l  v i ew of a typ i c a l  E P I COR I I  l i ne r .  
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T he l i ner  s e l ected for  c haracter i z at i on i s  EPI COR I I  Pref i l ter  L iner  1 6  

(PF - 1 6) .  Schemat i c  vi ews showi ng the conf i gu rat i on of the l i ner  l i ft i ng 

l ugs  and penetrat i on p l ugs  are p resented i n  F i gure 2 .  T h i s  l i ne r  was i n  

servi ce  du r i ng March 3 and 4 ,  1 980 , and proces sed a tot a l  of 8 , 2 50 g a l  of 

water  removed f rom Reactor Coo l ant  B l eed Tank  A. On  the  bas i s  of an a l yses  

of  the  i nf l uent  water ,  i t  was  est i mated that the cu r i e  l oad i ng of PF- 1 6  wa s 

� 1 2 50 Ci of  m i xeo f i s s i on product s .  A summary of t h e  c hem i c a l  and rad i o­

c h em i c a l  a n a l yses of t he i nf l uent  water i s  presented i n  Tab l e  1 .  F rom an 

i nspec t i on of t he rad i ochemi stry dat a ,  i t  i s  c l ear that  t he p r i mary n uc l i d e  

(�80% o f  the tot a l  act i vi ty )  was 1 37c s .  Dur i ng f i na l  operat i on s  by 

Gener a l  Pub l i c  U ti l i ty Nuc l ear  Corporati on  ( GPUNC) personne l ,  an eff l uent  

pH of  2.79 was  measured . 

T he PF -1 6 characte r i z at i on i nc l udes rece i pt of  the l i ne r ,  i n-ce l l  exam­

i nat i ons , s amp l i ng and ana l ys i s  of  l i ner  contents ,  and s h i pment of  the l i n e r  

t o  the I daho Nat i on a l  E n g i neer i ng L aboratory { INEL ) .  

' ,  ' ...... / 
........ - _,_, 

....... _____ _ 

A B 
1. Inlet 
2. Outlet 
3. Vent 
4. Conductivity probe 

INEL22428 

F i gure 2 .  Schemat i c s  show i ng {a ) o r i entat i on of PF- 1 6  l i f t i ng l ugs  and 

{b ) con f i gu r at i on of PF- 1 6  penet r at i on p l ugs.  
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TABLE 1 .  CHEMI STRY AND RAD IOCHEM ISTRY OF PF-1 6 I NFLUENT WATER 

Chemi st ry 

p H  

Condur.t i vi ty 

Boron 

Sod i um 

R adiochem i stry 

Gros s By 

Gross  a 

137c s  

l 34c s 

1 4 0La 

1 40sa 

1 3 1 I 

5 8c o  

60co  

89,  90sr  

4 

7 .93  

1 200 J.lmho/cm 

1 34 1 .7 ppm 

220 ppm 

(J.I C i /m1 ) 

4 .01 E+·1 

5 . 89 E-4  

3 .1 76 E +l 

6 .068 E +O 

<2 .01 6  E - 1  

<1 .4 E - 1  

<5.908 E - 2  

<8 . 55  E - 2  

<7 .27  E - 3  

"'1 .43 E +O 



SAFETY  ANALY�IS 

T he B CL Operati ona l  Practi ce c a l l s  for revi ew and approva l of certa i n  

operati ons by the Rad i o l og i cal  S�fety Com�i ttee {RS C) , an independent g roup 

of B CL staff members . Ope rati ons  or experiments th at are judged to be off­

norma l or pose un i que operati on a l  prob l ems are revi ewed by th i s  comm i ttee . 

I n  accordance w i th th i s  practi ce, a detai l ed descr i pti on of the operati on s  

as soc i ated w i th the rece i pt,  hand l i ng, and exam i nati on o f  the PF- 16 l i n er  

was s ubmitted to the RSC for  revi ew and approval . T h i s  document addres sed 

the potenti a l  h az ards as soc i ated with each of the major operation s and  

d ef i ned p rocedures an�  adm i n i strati ve steps to b e  taken to m i n im i ze the 

probab i l i ty of prob l ems or  the i r  consequences . 

I t  was p resumed that a combusti b l e  gas m i xtu re mi ght have been gener­

ated i ns i de the l i ner  dur i ng s torage at TMI , the resul t of rad i ati on- i nduced 

d egradati on of the res i n s and the rad i o lysis of the contami n ated wate r .  I t  

was a l so conservati ve l y  assumed that the gas mixture coul d combust  i f  

ign i ted by sparks  generated under  appropr i ate cond i ti ons  duri ng  gas  sam­

p l i ng operati ons . However , i n  subsequent commun i c ati ons from E G &G/T IO ,  BCL 

was i nformed that the l iner wou l d  le vented ( vent p l ug removed for >l h)  

p r i or to s h i pment f rom TM I and ,  therefore , woul d not conta i n  combus ti b l e  

gas m i xtures  a t  the time o f  arr i val  a t  BCL .  I t  was f urther assumea that 

the gas  s amp l i ng operati ons  coul d be performed w i th i �  two weeks  of the date 

of l i ne r  venti ng and sti l l  be be l ow the l ower f l ammab i l i ty l im i t. T h i s  

i nformati on  was presented to the �SC. 

Anothe r  h az ard assoc i ated with the l i ner  handli ng ope rati ons was expo­

s ure of operati ng personne l to excess i ve amounts of rad i ation . I t  was 

pointed out th� the use of a transfer dev i ce d uring cask un l oad i ng ope ra­

ti ons woul d s i gnif i cantl y reduce personne l exposure . I n  add i ti on ,  conti n u­

o us mon i tor1ng  of  the r ad i ati on l evel s i n  the work area by the Health 

P hys i c s  staff woul d prov i de i nformati on to fu rther reauce personne l 

exposure to r ad i ati on. 

B ased on  a rev i ew of the i nformati on presented , the RSC approved all  

operati ons  i nvo l v i ng rece i pt, hand l i ng ,  exam i nati on, and s torage of the 

l i ner. 
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L I NER PRE PARAT ION  AND S H I PMENT  

On the  bas i s  of a Brook h aven Nat i on a l  L aboratory ( BNL ) report 1 con­

c e rn i ng the  effects of raa i at i on on i on-exchange res i ns ,  i t  was be l i eved 

that res i n  aegradat i on h ad ,  t hrough  rad i o lys i s ,  produced combust i b l e  gases  

with i n  the l i ner .  A GPU combust i bl e  gas  source term eva l uat i on 2 i nd i ­

c ated t h at the preaomi nant combustibl e spec i es present �aul d be hyd rogen ,  

wi t h  the  worst -case concentrat i on o f  the  oraer o f  1 3  vo l ume %. Because  the 

l ower combus t i b l e  l i m i t  of hyd rogen i s  4 vo l ume% , i t  was felt t hat venti ng 

the  l i ner  pr i or to  s h i pment was ntcessary to  m i n i mi ze haza  Js . I t  was con­

c l u aea by EG&G I d aho that vent i ng the  l i ner and s h i pment to BCL w i t h i n  

15 d ays  o f  recapp i ng the vent penetrat i on wou l d  ensu re that hyd rogen gener­

atea d u r i ng tran s i t  wou l d  not resu l t  i n  a combust i b l e  conf i gurat i on .  based 

on  GPU ' s  worst -case combust i b l e  source term , i t  was con c l uded that the 

hya rogen generat i on i n  1 5  d ays wou l d  not l ead to a l eve l i n  tXcess  of 

0 .54 vo l ume % .  T h i s  va l ue  i s  we l l  be l ow the l ower flammab l e  l i m i t  and 

makes  the r i sk of combustion dur i n g  s h i pment neg l i g i b l e  ( see Reference 2 ) . 

O n  May 16, 1 98 1 , the l i ner was vented at TM I i n  the Chem i c a l  C l ean i ng 

B u i l d i ng .  At 2 :00 p . m .  on May 1 6 ,  1 98 1 , the line r vent p l ug was part i a l ly 

removed {u nscrewed four  t urns ) .  At th i s  t i me c combust i b l e  m i xt•we of g as 

was de tected and pe rson ne l  were evacu ated f rom the  area around the  l i ner. 

The detect i on of a combu st i b l e  gas mi xture cont i nued for  �s h .  The  vent  

p l u g  was  comp l et e l y  removed at  5 :30  a.m .  on May 1 7 , 1 981, a�a a new  p l us 

i nserted at 6:45. Attempts  to remove the eff l uent p l ug were unsuccessfu l .  

The l i ner  was l oaded i nto the  l ecd/ stAe l  t ransfer dev i ce for s ubse­

quent t ransfer i nto  Cask CNS 8- 1 20 ( ATCOR LL-50- 1 00 )  l eased from Chern 

N uc l ea r ,  I nc .  T he cask , a l i censed Type B,  meets a l l  app l i �ab l e  Department 

o f  T ransportat i on ( DOT) and Nuc l ear Reg u l atory Comm i s s i on {NR C )  require ­

ment s .  T he c ask  s h i e l d i ng coos i sts  of two l �yers of stee l , each � 1  i n .  

t h i c k , s eparated by 3-l / 2  i n .  o f  l ead . The cask  l i d ana  gasket  are des i gned 

to w i t h st and  0.5 atmospheres of i ntern a l  �ressure .  The  actua l transfer 

o c c urred o n  May 1 7 ,  1 9 81 , and subsequent s h i pment of the  l i ner  ana cask to  

BCL occurred on  May 1 9 ,  1 981 . 
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TRANSFER/STORAGE DE V I CE 

A transfer and s to rage dev i ce was des i gned at BCL and fabr i cated by 

l oc a l  contractJrs to la ) transfer the l i ne r  f rom the sh i pp i ng cask  i nto the 

h ot c e l l ana (b) prov i de a s h i e l ded storage conta i ner  for  the 24-month 

s to rage and mon i tor i ng of the l i ner  outs i de of the hot ce l l .  

The  transfer/ s torage dev i ce i s  a cy l i nd r i c a l  lead-ste e l  s h i e l d  w i th 

removab l e  top and bottom sh i e l d i ng cover  p l ates . The des i gn of the dev i c e  

was b ased o n  s h i e l d i ng c a l cu l ati ons made w i th the objecti ve o f  a max i mum 

oute r  s u rf ace rad i ati on  read i ng of �so mR/ h .  The i nner and outer  wa l l s  

of  the cy l i nd r i ca l  body a re s tee l . T he 3- i n .  space between these two con­

centr i c  stee l cy l i nders is  f i l l ed w i th l ead . T he l ead pro v i des the maj or i ty 

o f  the s h i e l d i ng,  and the s te e l  p ro v i des  the necessary s tructu r a l  s trength.  

The  i nner  and  s i de s u rf aces of  the top and  bottom p l ates are  1 /4-i n.  th i c k  

s tee l and the outer  s u rf ace is l / 2-i n .  th i ck s tee l . A 2-i n .  space between 

the i nner  and outer surfaces i n  each of the cover p l ates i s  f i ll ed w i th 

2 i n .  of  l ead . As i �  t he case �f the ma i n  body, the l ead prov i des the 

p r i mary s h i eloi ng and the steel pro�ides the s tructu r a l  strength . T he 

o ve ra l l h e i ght, not i nc l ua i ng l ifti ng  l ugs,  i s  67-l / 2  i n . ,  the i n s i de 

d i ameter i s  54 i n . ,  and the outs ide di ameter i s  62 i n .  The  transfer dev i c e  

i s  shown i n  F i gu re 3. 

B efore the PF -1 6 l i ner  arr i ved a t  BCL,  the transfer/ s torage dev i ce was  

tested u s i ng a dummy l i ner  to ensure  the dev i ce wou l d  f u ncti on prope r l y . 

F i gu re 4 s hows the dev i ce resti n g  on  top of the s h i pp i ng cask  conta i n i ng 

the l i ner .  
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Figure 3 .  BCL designea l iner t ransfer/storage device . 

8 



Figure 4. Transfer/storage device rest ing on top of the shipp ing cask. 

9 



L I NER R E CE I PT AT LABORATORY  AND TRANSFER INTO HOT CELL 

Li ner  PF- 1 6 wa� rec e i ved May 1 9 , 1 98 1 , at Batte l l es Nuc l ear Center , 

Wes t  Jefferson , Oh i o .  Pre l i m i n ary rad i at i on and smear  s urveys were con­

ducted by BCL Hea l t h  Phys i c s  pe rsonne l .  Pre l im i nary read i ngs were taken 

before the  ra i n  s h i e l d  was removed and wh i l e the cask  was on thP tra i l er . 

T h e  max i mum rad i at i on read i ng at  the cask  surface was 7 mR/h {ay ) and the  

read i ng s  f e l l  to a maxi mum of  3.5 mR /h(ay ) in the  vert i c a l  p l ane at  the  

t ra i l er edge  nearest the cask.  The  rad i at i on read i ng at the truck cab was 

< 2  mR/h {ay ) .  The smear su rvey i nd i cated the  contami nat i on l eve l s  were we l l  

be l ow t h e  2200 dpm/ 1 00 cm2{sy ) ana 220 dpm/ 1 00 cm2 ( a) l i m i t s . a These read i ng s  

represent p r i ma r i l y  t h e  rad i at i on and contam i nat i on o f  t h e  c ask  s i des  and 

were the b as i s  for accept i ng the  sh i pment . The  l ow-boy tra i l er was backed 

i nto the Hot L aboratory bu i l d i ng truck dock  area and the  tractor was 

uncoup l ed .  

T he cas k  ra i n  s h ie l d  was removed the next d ay� May 20 ,  1 98 1 , and the  

t i edown bars detached . I t  was  �ound that the ra i n  sh i e l d  b i nders were not 

t i ght  and the  ra i n  shi e l d  was s l i gh t l y  off center .  A l so ,  t he cask t i edowns 

were l oose  and cou l d  be  moved sli ght l y  by h and . After removal  of the ra i n  

s h i e l d  and  t i edowns , more deta i l e d  rad i at i on and smear su rveys were con­

ducte d  by the BCL Hea l th Phys i cs personne l . A max i mum rad i at i on read i ng of 

70 mR/h {ay ) was reg i stered at the cask  l i d .  The smear s urvey y i e l ded a con­

tam i n at i on l eve l ot < 200 dpm/1 00 cm2 ( ay )  and <4  dpm/1 00 cm2 ( a) .  After com­

p l et i ng the  su rveys , the cask  was removed from the  tra i l er u s i ng a 50-ton 

c rane . 

. TM A bubb l e  so l ut i on {Snoop ) was app l i eo aroun d  e ac h  of the s i x  cask  

l i a p l ug s  and  no l eakage of  gas  from t he cask  was d etected . A gas  samp 1i n g  

c h amber  h ad been constructed u s i ng t h e  c a s k  d raw i ngs . b T h i s  c h amber wa s 

des i gned to mate w i t h  t he top of the  c a sk . However,  t he cask  l i d  p l ugs hao  

a .  49-CFR , 1 73 . 3 93 ( j ) . 

b .  ATCOR I nc .  l042-DQ02 l ,  Rev .  C, and 1 042-B-0005 .  
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r a i sed, 1-1/4 i n. s q uare , ma l e  f i tt i ngs  rather than t he dr i l l ed ho l es and 

h andl es  shown i n  the reference a raw i ng s ;  therefore , a new chamber hand l e  

h aa t o  be fab r i cated. 

lhe s amp l i ng c h amber was then attachea over one of t he cask  l ia p l ugs , 

the c h amber was evac uated , the p l ug was l oosened , and the  i nternal a i r  was 

s amp l ed.  An area gas moni tor was operated du r i ng the s amp l i ny operat i on ;  

no re l ease of act i v i ty was observed and no act i v i ty was detec t ab l e  from 

wi thi n the s amp l e  bu l b .  Therefore, the s amp l e  c h amber was removed and the  

cask  p l ug removed complete ly .  A radi at i on and  contam i nat i on s urvey was  con­

d uctea . The rad i at i on read i ng s  were > 500 R /h i n s i de the  p l ug ho l e  near 

t he l i ne r ,  1 00 R/h insi de t he p l ug ho l e  about 2 ft  above the  l i ne r ,  50 R /h 

at the top of the cask  p l ug  ho l e ,  and 2 R /h at 3 f t  above the c ask  p l u g  

h o l e .  A smear taken from i ns i de  t he p l ug ho l e  exh i b i ted contam i nat i on of 

<500 dpm/1 00 cm2 ( ay ) .  The c ask  dra i n  p l ug was removea and found  to be  d ry 

and c l ean. The dra i n  and cask  l i d p l ug s  were re i n serted ana  t i ghtened, 

Because t here was no detectab l e  press ure ( detect i on l i m i t  = ±0 . 2 5 ps i )  or  

r aJioact i ve a i r  i n  the c a s k. >urg i ng was not requ i red . 

Fo l l ow i ng the rad i o l og i c a l  �·1rveys , succeea i ng operat i ons  were remova l 

ot  t he c as k  l i d ,  ana preparati on of  the  l i ner  for  tran sfer i nto th�  hot 

ce l l .  Du r i ng these operat i ons , rad i at i on f rom the cask  was cont i nuou s l y  

monitored by the  BCL Hea l t h  Phys i c s  personne l .  The c a s k  l i a  was  r a i sed 

a bout 6 i n .  and a radi at i on read i ng of about 1 90 R /h was obt a i ned i n  the  

open i ng between the cask  boay and  the  r a i sed l i d near the outs i de eage of 

the c a s k .  A read i ng was t aken to a eterm i ne the  rad i at i on stream i ng d i rectly  

f rom the  l i ner t hrough  the open i ng between the  cask  body and l i d .  The  

mon i tor was  r a i sed ana l owered at  a d i s t ance of  about 2 f t  f rom the c as k . 

A m ax i mum read i ng of 200 R /h was obt a i ned at a h e i gh t  ot about 2 ft  above 

t he top edge of t he cask body . W i th t he cask l i d f u l l y removed, the  rad i a­

t i on  l eve l 2 ft  a bove the  top of the  cask  center l i ne was  a l so 200 R/h .  

A contac t  radi at i on read i ng at the  s i de of the cask  a few i nches  be l ow t h e  

top w a s  o n l y  2 00 mR /h . 

The  trans fer/storage dev i ce was  u sed for  the  t ransfer of the  c a s k  i nto 

the  hot ce l l. U s i ng the adaptor p l ate to di s tr i bu te the we i gh t  around the 
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c as k  top open i ng ,  the transfer/storage dev i ce was pos i t i oned on top of t he 

cas k  tsee F i gure 4 ) . Rad i at i on read i ngs were taken w i th the dev i ce on top 

of  the cas k ,  and before the  li ner was ra i 5ea i nto the aev i ce .  W i th the 

dev i ce top s h i e1a in  p l ace ,  the max i mum rao i at i on through the sh i eld was 

1 00 to 1 50 mR/h . A contact rad i at i on readi ng at the  mat i ng surface ot the 

tran s f e r/storage dev i ce and the cask was 10  to 20  R /h .  The  rad i at i on read ­

i ng fell  to 2 R/h at a di stance of 1 ft f rom the  cask  i n  the same hor i zontal 

p l ane at the top of the cask .  T he dev i ce top s h i eld was removea and the 

r a o i at i on readi ng at the open top ( about 7 tt  above the unsh i eldea li ner ) 

was 50 R/ h .  The li ner was then ra i sed i nto the  transfer/storage aev i ce ,  

p roperly pos i t i oned, locked i nto place , and  t he dev i ce cover s h i ela 

i n st alled . T he contact rad i at i on readings were genera l ly l to 1 . 5  R/h , 

w i th a max i mu m  of 2 R/h through the dev i ce top shield. The tran sfer/stor­

age aev i ce ,  wi th  the l i ner  i n s i de ,  was then li fted f rom the cask and the 

bottom s h i eld attached . The contact rad i at i on through the s i de of  t he 

transfer/ storage dev i ce ,  w i th the li ner i ns i de ,  was 35 mR/h near the top , 

1 50 rtlk/h about h alf t he way aown , ana 20 mR/h near t he bottom . The  maxi mum 

contact radi at i on read i ng was 1 50 mR/h through the side . T he contact 

r aa i at i on reaa i ng through t he bottom s h i eld was 50 mR /h . 

After remov i ng the li ner f rom the cas k ,  the dunnage was removed , raa i a­

t i on ana smear  surveys were conducted, the  cask  l i d  was i n stall ed , and the 

cas k  was prepared for s h i pment . 

The heavy element hot cell was p repared to accept the  l i ner  by c l ean­

i ng and remov i ng the ce l l  ce i li ng plates . The dev i ce was wrapped i n  po ly­

ethy l ene , t he bottom s h i ela removed , and  t he t ran sf er/storage dev i ce w i th 

t he l1ner i n s i de l owered  i nto the cell u s i ng a 50-ton crane . The  l i ner  was 

u n l atched ana the  dev i ce was removed f rom the  hot ce l l .  The hot ce l l  

ce i l i ng p l ates were t hen replaced .  The  l i ne r  was rai sed us i ng the i n-ce l l ,  

5-ton c rane , and p l aced i n  a po l yethylene bag to prevent u nnecessary 

contam i n at i on of the l i ner  surface. 
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GAS SAI"lPL I NG AND ANALYSIS 

One of the ear ly  tasks  fo l l ow i ng the transfer of the l i ner i nto the 

h ot ce l l  was to obtai n a samp l e  of gas  from the t ree space above the i on­

exchange med i a .  T h i s was accomp l i shed on May 29 , 1 98 1 . The genera l  

approach was  f i rst to aff i x  a sampl i ng chamber (see F i gure 5 )  to the top of 

the l i ner u s i ng an e l ectromagnet i c  c l amp i ng dev i ce .  T he chamber was then  

e v acuated and the  l i ner p l ug removed u s i ng a T - bar wrench penet rat i ng t he 

s amp l i ng c h amber through an e l astomer seal. T he chamber was f i tted w i t h  a 

v acuum/p ressure g auge c a l i brated i n  i nches of mercury and readab l e  to 

w i thin 0.5 i n .  of merc ury .  Wh i l e the vent p lug  was be i ng removed ,  the 

v acuum/pressure g auge was be i ng continuou s ly mon i tored . As t he gas  was 

F i gure 5 .  Gas samp l i ng dev i ce .  
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r e l eased i nto the e vacu ated s ampl i ng c h amber, the gauge i nd i c ated that the 

i ntern a l  pre s s u re a i u  not exceea atmospher i c  pre s s u re .  After the chambe r 

h ad fi l l ed,  an e v acu ated one-l i ter  gas  bottl e th at was  cou p l ed to the sys­

tem w�s opened to c o l l ec t  a sampl e .  Fo l l ow i ng the f i rs t  s ampl e co l l ec ­

t i o n ,  the vent p l ug  was c l osed , ana the c h amber e vacu ated before another 

one- h a l f- l i te r  s ampl e was c o l l ected . 

T he gas  sampl es were s u bm i tted for  ana lys i s  u s i ng mass  s pectrometry 

fo l l owed by gas  chromatog raphy .  T he one - l i ter  s ampl e i s  des i gnated Sampl e  

and  the 500-m l s ampl e i s  d e s i gnated S ampl e 2 .  The resu l ts of the a n a l yses  

are  shown in Tab l e  2 ,  wh ich  c l ear l y  indicate the gas is h ig h l y  enrichea in 

TABLE 2. PF- 1 6  GAS ANALYS I S  

Vo l ume Percent  

Li ght F racti on 

C arbon d i ox i de 
A rgon 
CJxygen 
N i trogen 
Ca rbon monox i de 
Hydrogen 

Meth ane 
Ethyl ene  and acteyl ene  
Ethane 
Propy l ene 
Propane 

I s o- butane 
N-butane 
hydrogen s uf l i ae 
Carbony l s u l f i de 
S u l fu r  d i ox i de 
Unknown compound s 

S ampl e 

5 . 52 ± 0 . 06 
0 . 96 ± 0 . 05 
0 . 20 ± 0 . 02 
80 . 6  ± 0.4 

o. 2 ± 0.02 
1 2.4 ± 0.2 

500 ± 2. 5 
0.7 ± 0.1 
42 ± 4 

0 .  l 
6 ± l 

0.6± 0.1 
o. l 

20 
1 0  
1 0  
20 

a .  Not subjected to oeta i l ed ana l ys i s. 

b. Inc l udes Co. 
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Sampl e 2
a 

5 . 27 ± 0 . 06 
0 . 96 ± 0.05 
0.30 ± 0 . 05 

81 .2b ± 0.5 

1 2.2 ± 0.02 

Vo l ume ( ppm ) 

Heavy F racti on  

0 . 30 ± 0.03  
0.94 ± 0.05 
20.2 ± 0.� 

78 ± 0.4 
0.004 ± 0.001 

0.5 ± 0.05 

45 ± 5 
o. l 

4 ± l 
o .  l 

l ± 0.2 

0.4 ± o. 1 
0. 1 

20 
1 0  
1 0  
20  



hyd rogen and carbon d i ox i de wh i l e depl eted i n  oxygen as  comparea to a i r .  

T he s ampl es a l so exh i b i t  sl i ghtly  h i gher  concentrati ons of n i trogen and 

c arbon monox i de than i s  expected i n  air. Severa l hydrocarbons were 

observed i n  sma l l qu anti ti es , the most abundant concen trati on be i ng 500-ppm 

meth ane . T he 500-m l  s ampl e was a n a lyzea u s i ng on l y  mass  s pectrometry and 

not subJected to the s ame aeta i l ed ana l ys i s  as the pr i mary sampl e .  

I t  was specu l ated that a gas  l ayer i ng effect m i gh t  h ave resu l tea i n  a 

concentrati on of  a heavy combusti b l e  gas  near the bottom o f  the l i ner .  A 
g as s ampl e was drawn f rom the bottom of the effluent tube on �u ne 2 ,  1 981 . 

T h e  resu l ts of the ana l ys i s  ( de s i g nated as  heavy t ract i on ) are s hown i n  

T ab l e  2 .  T he compos i ti on appears to be very c l ose  to that of a i r ,  w i th no 

i nd i c ati on of a l arge concentrati on of any heavy gases . However ,  the 

eff l uent pl ug  h ad been removed for  �7 h before an a ttempt was  made to d raw 

a heavy gas  s ampl e .  I n  add i t i on ,  attempts h ad been made d ur i ng thi s 7 - h  

per i od to obta i n  a l i qu i d  sampl e .  T hu s ,  there may h ave been cons i derab l e  

m i x i ng of any gas  f r acti ons or i g i n a l ly  i n  the eff l uent tube wi th the c e l l 

a i r .  
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GAS GENERAT ION RATES  

I n  order  to better def i ne the gas environment ana the rate of evo l u ­

ti on or dep l eti on of gases,  a gas generati on rate exper iment { l i m i ted to the 

g ases l i stea  i n  T ab l e  3 )  was des i gned . The l i ner vent p l ug was repl aced 

w i th a pl ug  f i tted w i th a samp l i ng va l ve and a press urP. gauge . Al l other  

penetrati on p l ugs  were l eft i n  p l ace . T he rema i n s  of  the manway cover gas­

ket were l i bera l l y  coated w i th s i l i cone rubber cement, and  the cover 

secured i n  p l ace w i th the l i ner cl ampi ng  r i ng .  Immed i ate l y  fo l l ow i ng the 

sea l i n g ,  a base l i ne gas sampl e was drawn to prov i de a bas i s  for the eva l u a ­

ti on of  sub sequent s amp l e s .  A tota l o f  f i ve gas s amp l es were d rawn du r i ng 

the reporti ng per i od .  A l l the sampl es were subjected to mass spectro­

s copi c a n a l ys i s , w i th the l ast three samp l es a l so be i ng ana l yzed on a gas 

ch romatograph to determi ne the carbon monox i de content. The resu l ts of the 

ana l yses are s hown i n  Tabl e 3 .  

TABLE 3 .  PF-1 6 GAS GENERAT I ON RATES 
(vo l ume% ) 

Days af ter  C l os u re 

Component B a se l i ne 4 1 1  1 7  

Nz 7 8 . a 79 . a 7 9 . 6  80 . 4  

Hz < 0 .  1 <0 . 1 0 . 3  0 . 3  

Oz 20 . 9  1 9 . 8  1 8 . 6  1 7 . 6  

COz 0 . 08 0 . 25 0 . 43 0 . 62 

A r  0 . 9 7  0 . 96 1 . 02 

co 0 . 07 0 . 08 

a .  I nc l uaes Co . 

2 1  25  Unce rta i nty ·--

80. 8 80 . 9  ±0 . 2  

0 . 3  0 . 4  ±0 . 08 

1 7 . 2  1 6 . 7  ±0 . 2  

0 . 76 0 . 84 ±0 . 05 

1 . 0 1  1 .03 ±0 . 03 

o. 1 2  o .  1 2  ±0 . 02 

I t  i s  cl ear  f rom i n specti on of the data that the percent oxygen con­

ten t  of  the gas i s  decreas i n g  wh i l e a l l the other  components appear to 

be  i ncreas i ng i n  concentrati on . I t  shou l d  be noted that the argon/n i tro­

gen  rati o i s  rema i n i ng con s tant w i th i n  the l i m i ts of the exper imenta l  

16 



uncert a i nty . T h i s  i nd i cates t hat the n i trogen i s  be i ng ne i ther generated 

nor consumed , t hough th i s  does n ot preclude the poss i b i li ty ot a leak i n  

the li ner . 

T he dec i s i on was made , i n  consultat i on w i t h  E G&G I d aho and GPU Nuclear 

personnel, to postpone a leak check of the li ner unt i l  the i n i t i al gas  data 
were obta i ned . T h i s  dec i s i on was due to the ext reme i nterest i n  the  d ata  

and due  to the  change in  gas  compos i t i on observed in  the sample drawn four  

d ays after t he c l osure of  t he li ner .  I t  was felt that t h i s  change i n  com�o­

s i t i on was an i nd i cat i on t hat the li ner was well sealed . T he ori g i n al pre s ­

s ure g auge cou la i ndic ate only pos i t i ve relat i ve pressures t o  atmosphere . 

Dur i ng the course of the experiment, no pressure change was observed . 

As t he oxygen deplet i on i na i cated that t here m i ght be a negat i ve re l a­

t i ve pressure i n  the  l i ner,  a pressure transducer capab l e  of meas ur i ng 

± 1 5  ps i g  was i nsta l l ed on  the  atmosphere s i de of t he s amp l i ng va l ve so 

t h at the i nternal gas compos i t i on and press ure woul d �ot be d i sturbed . T he 

press ure chec k  i nd i cated there was no press ure d i fferent i a l between the 

l i ner i nter i or and t he atmosphere to w i t h i n  0.1 ps i .  Fo l l ow i ng t he pres­

s ure chec k ,  the  l i ner was to be l eak tested us i ng a press ure dec ay method 

w i th h e l i um as  t he pressur i zing gas . T he general approach ot  t h i s  method 

i s  to press ur i ze t he l i ner to a g iven pre s s ure and observe the press ure 

decay for a period of t ime . Once the l i ner vo l ume is determined,  the l eak 

rate c an be c a l cul ated f rom the decay rate . When  L i ne r  PF-16 was tested, 

i t  was found t hat i t  h ad a s uff i c i ent ly  h igh  l eak r ate so that it woul d not 

h o l d  pressure once the g as supp ly  was removed . I t  was est i mated that the  

l eak  r ate was >1 ft3/min at  STP .  I t  i s  poss i b l e ,  however, t hat t h i s  

l eak  d id not occur until the  l i ner was pressurized . 

Al t houg h ,  due to the  high  l eak rate , the  gas  data shown  in T ab l e  3 can­

n ot be used to determi ne any q uantitative gas generation  informat i on ,  i t  

c l early  demonstrates t hat t here are processes  occurring within the  l i ne r  

t hat are caus i ng a dep l e t i on o f  OA ·�en and a generation  of hydrogen .  If one  

con s i ders that a l eak n1ay h ave been  present , the c hanging  gas concentratio n  

i s  s omewhat s urpris i ng a n d  ir•dicates t he processes , particul arly o xygen  

a ep l et i on ,  are quite rap i d .  I t  i s  a l so i nteresti�g t o  note  t h at the  l in e r  

h ad been e xposed to an essentia l l y  i nf i n ite s upp l y  �f oxygen tor approxi­

mate l y  s i x  months  pri or to  c l osure and the oxygen dep l et i ng processes  had  

not  exhaus ted themsel ves.  
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V I SUAL EXAM I NAT ION  

V i s u a l  exami n ations  we re pe rformed on the l i ner ' s  i nter i or and  exte r i or 

s u rf acec. T�e extern a l  v i s u a l  exam i nati on was performed by botl1 v i ew i ng the 

l i n e r  d i rectl y through  the c e l l w i ndow and th rough  the i n-ce l l TV  camera 

w i th an out-of -ce l l mon i tor. 

T he l i ner  l i fti ng bar  was attached to the l i fti ng l ug s  and  to the 

5-ton , i n-ce l l c rane hook . lhe l i ner was pos i ti oned i n  f ront of the c e l l 

w i ndow . T he i n-ce l l T V  camera was pos i ti onea w i th the man i pu l ator . The 

l i ner was then  ra i sed in  front of the ce l l  w i ndow and v i sual l y  exam i ned 

throu gh  the w i n aow and on the TV  mon i to r .  Af ter the f i rs t  pas s ,  the l i ner  

was l owered , rotated 90  deg rees ,  and  exam i ned aga i n .  A tota l of s i x  pas ses  

were maae . I n  genera l , the l i ner  appeared c l ean and i n  good cond i ti on .  

Paint on the surface was i ntact  except on the bottom r i m  where a few rust 

s po ts ( l /2 to 1 i n . i n  d i amete r )  were observed . Some s u rface scratches  on 

the l i ner  s�e l l ,  though pa i nted over , were c l e ar ly  v i s i b l e  but appeared to 

b e  s u perfi ci al. T he top of the l i ner was exam i ned w i th the TV camera .  lhe 

p l u g s  and the manway cover were i n  good cond i ti on .  The  pl ug  that was  

remo �ed and replaced at TMI could eas ily be iaentified. In addition to 
the three pl u g s ,  the top a l so contai1ed the conducti v i ty probe . A l l o f  

the )perations involving exterior visual examination were videot�ped with 

verb1l comments by the s taf f perform i ng the exam i n ati on . 

T he l i ner  i nterna l  exam i nati on was i n i ti a l l y  performed manua l l y  u s i ng 

a f i bPr opti c s  v i ewer . Appare�tly ,  the f i ber bund l e  was d amaged by the h i gn 

rad i ati on  f i e l d  and  f u rther exami nati on was no l onger pos s i b l e .  lhe i nte­

r i or of the l i ne r  was exam i ned u s i ng an  i n-ce l l lV camera . The manway cove r 

was  removed ana the camera was pos i ti oned i ns i de the l i ner and  panned to 

view the  ent i re i nner  s urface . A l l of tr.e internal e xam i n at i on was 

v i deotaped for permanent record . 

T he u nders i de of the manway cover  was  heav i ly  rusted , w i th b l ack 

depo s i ts on t h e  s urf ace .  Th i s  s urf ace h a d  rot been sea l ed w i t h  a protect i ve 

coa t i ng a s  h ad the  rest of the liner inter i or .  T h e  under s u rf ace of the 

cover was  wet when the  l i ner was first op�ned9 appa rently  as  a res u l t  of 
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condensati on ot water vapor f rom w i th i n  the l i ne r .  I t  wou l a  be expected 

that the conaens ati on f rom l i qu i a  sp l as h i ng onto the cover  du r i ng operati on  

of the EPlCUR I I  system wou l d  l ead to some c0rrosi on of the uncoated 

s urface .  

F i gure 6 show� the unders i de of the manway cover . T he corros i on of 

the cover may be cl ear ly  seen. A l thoug h  i t  i s  not appropr i ate to draw any 

d ef i n i te concl us i on s  con ce rn i ng the cond i ti on of  the cover, severa l 

observati ons were made: 

figure 6. Corroded undersi de ot manway cover. 
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• T he corros i on depos its on the cover are redd i sh- brown , i nd i cati ng 

the presence of oxygen , l ead i ng to Feo2 

• Gener a l  corros i on i s  presen t 

• T he pi tti ng does not appear severe, but there i s  c l ear ly  some 

pi tti ng present 

• T he amount of pi tti ng cannot be determi ned w i thout chem i c a l  

desca l i ng 

• t>'teta l l ogra�'h i c  exam i n ati on of the pi ts wou l d  be neces sary i n  

order to determ i ne the pi t depth and , consequent ly ,  the l i ke l i ­

hood that the cover i nteg r i ty has  been damaged 

• Round areas are observed , perhaps i nd i cat i ng that H2o had 

condensed and rema i ned on the cover 

• Barnac l e- l i ke depos i ts h ave b u i l t  upon the bung  c l osur� and 

s urround i ng are a .  

S ome o f  the p rotect i ve coati ng o n  the manway cover l i p appeared to h ave 

pee l ed oft and rust  spots ( l /4 �o l /2 i n .  i n  d i amete r )  were observed i n  t h i s 

a re a .  F i gure 7 s hows the appearanc� o f  the area  where the coati ng had 

pee l ed off . T he protect i ve coat i ng on the i nner 3'Ur-fdce of the l i ner  

appeared to be b l i stered ; however , i t  seemed i ntact, w i th on ly  occas i on a l  

rust  spots {�l /8 i n .  i n  d i ameter ) .  

One sma l l area {�4 x 4 i n . ) of the l i ner  i nter i or surface appe ared 

to be uncoated and covered w i th rust. a T he unders i de of the l i ner top 

p l ate appeared to be i n  good cond i ti on ,  w i th re l at i ve l y  l es s  b l i s te r i ng of 

the protect i ve coati ng tha� the l i ner  interna l  s u rface . T he top of the 

res i n  s u rf ace was  d ark , c ru s ty ,  c racked , and caked wi th  wh i te mater i a l  

a .  Th i s  area was purpose ly  scraped , pri or to l i ner use  i n  the EPICOR II 
system ,  to prov i de a better  g round for the conduc t i v i ty probe . 
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RlJst spots 

Coated area 

Rust stain 

C9198 -0.5X 

F i gure 7.  Corroded area on  manway cover l i p where protect i ve 
coat i ng was pee l ed of f .  

be l i eved to be bor i c  ac i d  depos i ts ( see Fi gures  8 and 9 ) . T he port i on s  of 

t he i nf l uent and effluent p i pes and other braces t hat cou l d  be seen showed 

no v i s i b l e  ev i dence of corros i on .  The areas around the welds  j o i n i ng the 

top p l ate to the  s hell, and t he she l l ax i al we l d ,  showed no v i s i ble 

corros i on .  

A sma l l s t a i nless  steel spade was usea t o  remove a port i on of the  i on­

exchange med i a  in  contact w i th the l i ner so that the l i ner i on-exchange 

med i a  i nterface area could be exami ned . ·No v i s i b l e  corros i on of the  l i ner  

surf ace was  e v i dent . F i gure 1 0  shows the area of t he l i ner  that was i n  

contact w i th the i on-exchange med i a . 

C9201 

F i g u re 8.  Appearance of the top of the  res i n  bed . 
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C9200 

F i gure 9 .  

C9199 

Crack 

White deposits 

...• 

-2X 

1op of t he res i n  bed show i ng wh i te patchy depos i ts .  

-0.5X 

Tool used to scrape 
resin away 

Liner inner surface 
initially in contact 
with the resin 

Figure 10. Appearance of the liner interior in contact with the resin. 
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!UN -EXCHANGE MED IA  SAMPL I NG AND E XAM I NAT I ON 

An attempt to  remove a core s amp l e  of i on -exc h ange med i a  was made 

us i ng a techn i que based on an ASTM procedure {02687- 7 7), but due to the con­

s i stency of the meai a bed , a core s amp l e  cou l d  not be  obt a i ned . A new cor­

i ng dev i ce was constructed that cons i sted of a 2- i n .  I D  Luc i te tube wi t h  a 

p l ast i c  b asket-type retai ner and a stai n l es s  s tee l cutt i ng t i p .  T he cor i ng 

dev i ce was i nserted i nto the med i a  bed as c l ose to the  center l i ne as was 

p ract i cal . A 2 . 5- i n .  I D  L uc i te c a i sson t u be was i nserted to encase  t he 

s amp l e  tube so  that when the  s amp l e  was wi t hdrawn t he med i a  bed wou l d  not 

c o l l apse . T he c a i s son tube a l so a l l owed i nsert i on of a probe to determ i ne 

the  i ntern a l  dose rate  profil e .  

T he redes i gned cor i ng dev i ce performed sat i s f actor i l y  when tested i n  a 

wet ,  compacted s and p i l e ;  however , i t  was found that  the  behav i or of the  

cor i ng dev i ce i n  the  i on-exchange med i a i ts e l f  was qu i te u n l i ke t h at i n  the  

s and , and  a comp l ete core coul a not  be obtained . The  cutt i ng t i p  separated 

f rom the  Luc i te tube as a consequence of the  force needed to  s eat the s am­

p l i ng tube and the core ho l e  c a i s son tube .  The  b asket retai ner and the bot ­

tom 3 i n .  of t he core s amp l e  were l os t .  I t  i s  suspected t h at o n e  of t he 

reasons for l os s  of the  bottom of the core s amp l e  i s  that t here i s  an accu ­

mu l at i on o f  l i qu i d  at  t he bottom o f  the  l i ner ,  resu l t i ng i n  a l i qu i d/ res i n  

mi x h av i ng a soupy con s i stency . Such a m i x  cou l d  not be reta i ned wi t hout a 

pos i t i ve c l osure at t he bottom of the  s amp l i ng t u be . 

Us i ng the hot ce l l  stereom i c roscope at  �30X magn i f i cat i on , a pre l im­

i nary v i sual exam i n at i on of the  core s amp l e  was maae wi t h  i on -exchange med i a  

remai n i ng encased wi t h i n  the  s amp l i ng tube . Some general observat i on s  may 

be  made concern i ng t he med i a  bed . T he tot a l  l ength of t he act u a l  core 

s amp l e  i s  � 1 6  i n .  The  total depth of the bed i s  �3 1 i n . , and the  

s horter core s amp l e  may be an i nd i c at i on ot compact i on d u r i ng  s amp l i ng ,  or  

f a i l ure to c o l l ect a comp l ete core samp l e .  Approx i mate l y  3 i n .  of  med i a  

were c l ear l y  l os t ,  but t h i s  does not account f r-1 a l l t h e  l ength  ai f ference 

f rom the f u l l 3 1  i n .  of penetrat i on .  
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Three we l l  def i ned reg i on s  were observed i n  the core . T he top reg i on 

(Reg i on I )  appeared to con s i st of l i ght-co l orea, free-f l owi ng ,  dry, granu­

l ar ,  i rregu l ar shaped part i c l es .  T h i s  haa a l ength of �5 i n .  A photo­

m i crograph of t h i s  mate r i a l  i s  s hown i n  F i gure 1 1 . 

Figure 1 1 .  Photomicrograph of core samp l e ,  Region I. 

R eg i on II was �s in . l ong and con s i sted pr i mar i ly of regu l ar- s h aped , 

spher i c a l  part i c l es t hat appeared t ran s l ucent . A few b :·oken p art i c l es were 

observed . There was some observed m i x i ng with the top l ayer ,  and the mo i s ­

t ure content increased wi t h  i ncreas i ng dept h .  However , no  rea l difference 

i n  co l or or s h ade was observed . Near the bottom of this reg i on ,  there 

a ppearea to be some m i x i ng ,  w i th  occas i on a l  opaqu e ,  spher i c a l  part i c l es .  

Figure 12 i s  a photom i crograph of this reg i on .  

R egion III appeared extreme ly mo i st and con s i sted of both opaque and 

tran s l ucent part i c l e s ,  wi th  t he opaque part i c l es const i tut i ng approx i mate ly  

h a l f  of t he p a rt i c l es .  There was some appearance of agg l omerat i on ,  but 

that  may be an art i fact resu l t i ng f rom the h i gh mo i st ure and the part i c l es 

adherin g  to  t h e  s ide of t he tube . The l ength of t h i s  region  was 3 i n., but  

appare n t l y  some of the  c ore bottom h ad been l ost  dur i ng samp l i ng .  A con­

t ac t  pH  of Reg i on III mate r i a l  was made u s ing pH p aper , wh i c h  exh i b i ted an  

approx imate pH  of 2. The  photom i crograph of th i s  regi on i s  shown in 

Fig u re 13. 
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F i gure 12. Photom i crograph of core s amp l e ,  Reg i on I I. 

F i gure 1 3. Photom i c rograph of core samp l e ,  Re9i on I I I. 
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The  gene r a l  observation made on the basis of examinations of the bu l k  

m ate ria l is th at the ion-exchange media do not exhibit any evidence of 
s ignif ic ant  degrad ation . 

T he materia l  f rom the core s ampl e was removed f rom the s ampl ing tube 

to a l l ow chemic a l  a n a l yses and detail ed microscopic examination . Each of 

the two distinct organic l ayers  was removed f rom the tube in two separate 

segmen ts- -bottom and top. These correspond to Regions II and III of the 

core . Region I was removed as  one segmen t, a s  it was  dry and f ree-f l owing 

ana bel ieved to be thorou gh l y  mixed by previous hand l ing  of the core s am­

p l e .  Some meo i a  s ampl es were removed f rom each of t he segmen ts for rrli cro­

�copi c examin ation . Larger subsampl es were removed for radiochemic a l  and 

c hem i c al c h aracterizations . 

26 



MICROSCOPiC E XAM I �AT I ON OF I ON-EXCHANGE ME D I A  

Samp l es o f  i on-exchange med i a  from L i ner  PF- 1 6  were exam i ned by scan­

ning e l ectron m icroscopy. The p r i mary object i ve of the exami nation  was to 

determi ne the i nteg r i ty of the i on-exc hange med i a  and to character i ze the 

extent 0f rad i ati on i nd uced degraaati o n .  

Parti c l es o f  the i on-exc hange med i a  were ext rac ted f rom each  o f  the 

f i ve segments of core and s e l ected for  exami nati on ; one segment f rom 

Region I, two t rom Reg i on II, two f rom Reg i on III. The part i c l e s  were then  

mounted on  a graph i te cyl i nder u s i ng a grap h i te paste .  The mounts  were 

then coated w i t h  a t h i n  f i l m  of c arbon to prov i de an e l ectr i c a l l y  conduc ­

t i ve surf ace . T he spec i mens were exam i ned at var i ous  magn i f i cat i ons  st art­

i ng at 20X . Se l ected part i c l es f rom each segment were subjected to a 

s em i quant i t at i ve ana l ys i s  u s i ng t he E nergy D i spers i on Ana l ys i s  X-ray ( EDAX ) 

attac hed to t he scann i ng e l ectron m i c rosope . 

Reg i on III, Bottom Segment 

F i gure 14 s hows the t yp i c a l  appearance of t he i on-exchange part i c l es 

f rom t h i s  segment . Most of t he parti c l es appear spher i c a l . Occas i on a l l y ,  

c rack i ng ana spa l l i ng o f  t he surf ace  l ayer was observed . F i gures  1 5  and 1 6  

s how examp l es of surface defect s .  E DAX ana lys i s  of t he part i c l e  s hown i n  

F i gure 1 6  i nd i c ated s u l phur a s  the  o n l y  detectab l e  e l ement [e l ements  of 

atom i c  numbers be l ow sod i um ( 1 1 ), i nc l ud i ng c arbon and hydrogen ,  are not 

d etec tab l e  w i t h  t he E DAX system]. F i gure 1 7  s hows t he X- ray s pectrum 

obt a i ned on t h i s  part i c l e .  

Region I ll, Top Segment 

P a rt i c l es �n t h i s  segment were a l l spher i c a l , w i t h  l i tt l e  or no  ev i ­

dence of surf ace defects.  F i gure 1 8  s hows t he appearance of  t he p art i c l e  

m agn i f i ed 20X. F i gure 1 9  s hows one of the part i c l es a t  a h i g her magn i f i c a­

ti on , 1 30 X .  E DAX ana l ys i s  showed predom i nantl y s u l phur. w i th very sma l l 

a mount s of  c a l c i um and �ron . 
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F i gure 14 . SEM p hotograph of ion-exchange med i a , Region III, bottom 
segment , 20X .  

XX 

F i gure 15. SEM photograph detail ing surface defects  i n  media part i c l e ,  
Region III, bottom segment , 130X .  

28 



F i gure 16 . SEM photograph s howing s urface defects  of media part i c l e ,  
Reg i on Ill, bottom segment ,  220X. 
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F i gure 1 7 .  EDAX scan o f  med ia part i c l e  from Reg i on Ill, bottom segment . 

29 



F i gure 1 8. SEM photograph of i on-exchange med i a  part i c l es ,  
Reg i on I I I, top segment , 20X . 

Wii���� 19. SEM photograph of med i a  part i cle , Reg i on III, top segment 130X. 
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Regi on  I I, Bottom Segment 

The  part i c l es i n  th i s  segment were a l so spher i c a l  and,  ag a i n ,  no s u r ­

f ace d efects  were e v i dent . F i gures 20 and 2 1  s how the  typ i c a l  appearance 

of the part i c l e s .  X-ray a n a l ys i s of one of the p art i c l e s  s howed a re l a -

t i vel y s ma l l er amount of s u l phur . 

i n  add i t i on to c a l ci um and i ron . 

obta i ned on t h i s  p art i c l e .  

A s ma l l amount of potas s i um was  observed 

F i gure 22 s hows t he X- ray spectrum  

Regi on II, Top Segment  

The  part i c l e s  i n  t h i s  segment were ac i c u l ar w i t h  roug h  "rock l i ke" s u r­

f aces . F i g ure 2 3  s hows the  appearance of t he part i c l e  at 20X . A h i gher 

magn i f i c at i on v i ew ( 1 30X ) i s  s hown i n  F i gure 24. lhe s u rf aces , when exam­

i ned at h i g her  magn i f i c at i on ,  showed t he p resence of c ru s ty d epos i t s .  

An a l ys i s  of t he depos i t s  s howed hi g h  concentrat i on s  of c a l c i um and i ron . 

F i g u re 25 s hows t he X-ray s pectrum obt a i ned . E l e ments  of mas s  numbers 

be l ow potas s i um cou l d  not be detected bec ause of the  rad i at i on l ev e l  of the 

p art i c l es .  

F i g u re 20 . SEM p hotograph of i on-exchange med i a, Region  I I, 
bottom segment , 20X. 
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F i gure 2 1 .  SEM p hotograph of med i a  part i c l e ,  Reg i on I I, 
bottom segment 130X. 
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F i g u re 22 . EDAX scan  of med i a  partic l e  from Reg i on II, bottom seg ment . 
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F i gure 2 3 .  SEM photograph of medi a part i c l es ,  Reg i on II, top segment 20X . 

Figure 24. SEM photograph of media parti�le, Region I I ,  top segment 1 30X. 
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F i gure 2 5 .  EDAX scan o t  med i a  p art i c l e  f rom Reg i on I I ,  top segment . 

_Regi on I 

T he p art i c l es i n  t h i s  segment were very s i mi l ar to t hose i n  t he p re­

v i ou s  segment . F i gure 26  s hows the appearance of the part i c l e .  F i g u re 2 7 

s h ows the  p resence of depos i ts on the  s u rf ace of t he part i c l e .  X - ray ana l ­

ys i s  of the  s urface showed re l at i ve l y  l es s  ca l c i um and more i ron . S ma l l 

a mounts  of t i t an i um were observed , as we l l  as  potas s i um as  seen i n  the  p ar­

t i c l es f ro m  Reg i on I I ,  bottom segment . None of the part i c l e s  appeared to 

h ave been affected s i gn i f i cant l y  by rad i at i on .  

I n  summary , deteri orat i on of the i on-exchange mea i a  due to rad i at i on 

e xp o s u re appears to be  mi n i ma l . �urf ace crack i ng and spa l l i ng were 

o b s e rved on ly i n  one segment , the bottom l ayer of the core samp l e .  As t h i s  

i s  t h e  reg i on t he f art hest  f rom t he h i ghest act i v i ty l oad i ng ,  i t  i s  l i ke l y  
L 

t h a t  t h e  observed degradat i on i s  an effect of the h i gh mo i sture con�ent of 

t he reg i on or  c hemi c a l  attack . 
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F i gure 2 6 .  SEM p hotograph of med i a , Reg i on I, 65X . 

F i gure 2 7 .  SEM photoqraph of meo i a ,  part i c l e ,  Reg i on I ,  455X. 
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RES I DUAL L I QU I D  SAMPL I � G  AND ANALYSES 

Upon remova l  of the  l i ner  manway cover, some d rop l et s  of l i qu i d  were 

observed on  the cover • s  i nter i or surface . The tot a l  vo l ume of l i qu i d  pres­

ent was est i mated to be no g reater than  10 ml  and was presumed to be conden­

s at i on t ram vapors i ns i de t he l i ne r .  As t he p resence of t he l i qu i a  was not 

. ant i c i pated , no  prov i s i ons  had been made to a l l ow i ts cc 1 l ect i on before 

e v aporat i on .  A str i p  of pH paper was i nserted i nto t he ce l l  to prev i ae a 

crude determ i n at i on of the l i qu i d  p H .  A l though an accurate  determ i nat i on  

was not poss i b l e ,  t he l i qu i d  appeared to h ave a pH of between 2 and  3 .  

The presence of l i qu i d  d rop l ets w i th a p H  of 2 t o  3 on the manway cover 

ra i sed ques t i on s  concern i ng the  nature of t he l i qu i d and t he vapor/gas 

env i ronment w i th i n  t he l i ner .  I t  was  not  c l ear whether the l ow pH l i qu i d  

was the resu l t  of condensat i on of a l ow pH vapor or  condensat i on ot water 

vapor w i th a d i s so l ut i on of depos i ts or  corros i on products from the surface 

of the manway cover.  To reso l ve t hese quest i on s ,  a sta i n l e s s  stee l w i t •,ess  

p l ate was  i nsta l l ed in  the l i ner to co l l ect condensat i on .  Several  m i l .  i ­

l i ters of condensate were c o l l ected i n  t h i s  manner .  T he measured pH of t h i s  

l i qu i d  was 5 . 3 . O n  th i s  bas i s ,  i t  was conc l uded that t he l ow p H  observed 

e ar l i er was due to the condensed l i qu i d  d i s so l v i ng e i t her  corros i on proa ucts 

or mater i a l s s p l ashed onto t he cover d ur i ng operat i on of the l i ner  or i t s 

· h and l i ng .  

Fo l l ow i ng gas  s amp l i ng ,  the  l i ner eff l uent p l ug was removea t o  a l l ow 

an exam i nat i on for the presence of l i qu i d .  T he p l ug cou l d  not be  removed 

u s i ng a T-bar wrench , but was removed u s i ng a 1 000 ft- l b  i mpact wrench w i th 

no damage to the p l ug threads or the l i ner.  An attempt was made to s amp l e  

f or l i qu i d  i n  accordance w i th t he app l i cab l e  BCL procedure . A st i ff meta l  

rod w i th stri ps o f  p H  paper attached was i nserted i nto  the  eff l uent t ube  t o  

d etect t he l eve l and approx i mate p H  o f  any res i du a l  l i qu i d .  Due t o  bends 

i n  the tube,  i t  was not poss i b l e  to i n sert the rod more than about 2- 1 /2 ft . 

I n  order to n egot i ate t he tube bends , a l ength ot po lypropy l ene t ub i ng was 

i n serted i nto the tube  and connected to an  evacuated co l l ect i on f l as k .  A 

l ength of �5- l /2 ft  of tub i ng was i nserted w i t h  re l at i ve ease before an 

obv ious  barr i e r  was encountered . The va l ve to t he evacuated co l l ect i on 

36 



f l ask  was opened but  no s amp l e  obt a i ned . W i th the t ubi n g  rema i n i ng i n  

p l ace , t he v a l ve between t he c o l l ec t i on f l ask  and t he v acuum pump was  opened 

for  s e vera l m i nutes  to a l l ow any l i qu i ds to be c o l l ec ted throug h  asp i rat i on .  

Aga i n ,  no  l i q u i d  was  obt a i ned . The t ubi ng  was w i tha rawn ana exam i ned for  

t he pre sence of  mo i st u re .  No mo i st u re was detected . I t  was then conc l uded 

t hat i n s uf f i c i ent  f ree l i qu i d  was  a v a i l abl e i n  the  eff l uent  man i fo l d  to be 

detec ted u s i ng t h i s  techn i qu e .  

After t h e  f i rst  c o re s amp l e  was t ak en , a l i qu i d  s amp l e  w a s  obt a i ned 

f rom the bottom of  the c a i s soned ho l e .  A l /4- i n .  I D  met a l  t ube w i t h  a 

s creen cover i ng t he top was connected to  an e v acu ated co l l ect i on vesse l , 

u s i ng a l ength of po lypropy l ene tub i n g .  A tot a l  vo l ume of �sao m l  of 

l i q u i d  was co l l ected . The l i q u i d  was obta i ned w i t h  re l at i ve ease and i t  i s  

su spected that severa l l i ters of l i qu i d  may rema i n  at the  bottom of t he 

l i ne r .  

T h e  l i qu i d s amp l e  w a s  c l ear and co l or l e s s ,  w i t h  a sma l l quan t i ty of 

s o l i d  mater i a l  present . P r i or to ana l ys i s ,  the l i qu i d  was f i l tered through 

a 0 . 2  �m pore s i ze f i l ter i n  order to remove s uspended materi a l s .  Spec i ­

mens of t he l i q u i d  s amp l e  were drawn and s u bj ected to chem i c a l  and rad i o­

c hem i c a l  an a l ys i s .  The l i qu i d  was ana lyzed for cat i on content u s i ng a n  

i nduct i ve l y  coup l ed argon p l asma spectroscopy techn i qu e ,  and f o r  an i on con­

tent u s i ng i on chromatography .  An i on se l ect i ve e l ectrode techn i que  was 

u sed to  determi ne the  NH4 content . An i nd i cator of the ami ne content was 

obta i ned by a tot a l  Kj e l dah l n i t rogen measu rement .  Measurements were a l so 

made for the tota l  organ i c  carbon content , the l i qu i d  p H ,  ac i d i ty ,  conduc ­

t i v i ty ,  and tot a l  res i du e  upon evaporat i on .  Rad i oc hem i c a l  ana l yses  i nc l uded 

gamma spectroscopy, gross  a l pha ,  gross  beta-gamma , 89 , 90sr ,  Pu and U by 

a l ph a  spectroscopy .  T he resu l ts of t hese ana l yses are presented i n  

Tab l e s  4 and 5 .  

I nspect i on of t he d at a  i nd i cates t hat the water has  l ow i on content . 

The 30 �mho/em conduct i v i ty i s  i nd i cdt i ve of re l at i ve ly c l ean water . No  

s i gn i f i cant concentrat i on of  corros i on products has  been found  and there i s  

no  e v i dence of l arge concentrat i on s  of i on -exchange med i a  degrad at i on 

3 7  

l 
i 

l 
I 
j � 
t 



T AB L E  4. R E S I �UAL L I QU I D  CHEM I STRY ANAL Y S I S  

pH  
Conduct i v i ty 
Ac i ct i ty 
Tota l rc � i a ue upon evaporat i on 

Soa i u m 
I ron 
Phosphoru s  
Z i nc 
fvlagnes i urn 
C a l c i um 
A l u minum  
Boron 

NH4 
s o4 
N03 
C h l ori ne 
Tot a l  organ i c  ( arbon 
T o t a l  k j e l d ah l n i trogen ( TKN ) 

5 . 3  ± 0 . 1 at 2 7 ° C  
30 � mho/em  a t  2 7 ° C  
1 . 2 meq/ ml a t  pH  7 . 0  
3 .  1 ± 0 .  1 mg/ m  1 

-�( P_,_Pb ) __ 

<2000 
34 

< 1 1 0 
88 

<20  
1 00 
1 1 0 

1 . 1 2  E+6 

( �g/ml ) 

0 . 8  
5 . 2  

< 0 . 3  
3 

6 1  
0 . 48 

TABLE  5 .  RES I DUAL L I QU I D  RAD I OCHEMI STRY ANALYSI S 
( u C i / ml )  

Gros s  beta/gamma 1 .  7 7  ± O . O l E-2  

G ro s s  a l pha  5 . 9  ± O . O l E- 4  

89 , 90sr  5 . 2  ± 0 .  l E-4 

1 25s b  7 . 94 ± 0 . 42E-4 

l 34c s  1 .  3 2  ± 0 . 02E-3  

l 3 7c s  1 . 308 ± 0 . 005E-2  

2 38 , 238, 240p u < 1 . 0 E-4  

2 3Bu < 1 . 0 E - 4  
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prouucts . T he o n l y  s i g n i f i c ant chem i c a l  spec i e s i n  the l i qu i d  was the  

1 . 1 2 x 1 0
6 ppb  of boron wh i c h i s  not eff ect i ve l y  removed by t he 

i on-exchange med i a .  

I n i t i a l l y ,  there had been some concern that the  res i du a l  l i qu i d  m i ght 

present a corros i ve en v i ronment  at the bottom of the l i ne r ,  as  the pH of  

t he l i q u i d s  c o l l ected d u r i ng f i n a l  process i ng of PF- 1 6  was  found  to be  2 . 79 .  

The observed re s i du a l  l i qu i d  pH o f  5 . 3  ( weak ac i d ) i nd i cates that  the  

m ater i a l s  i n  the  l i ner prov i de a buffe r i ng act i on f or the  l i qu i d .  Th i s  weak 

ac i d  wou l d  not be expected to present a corros i on h a z ard to the l i ner  stee l . 

I t  i s  c l e ar f rom a d i rect compar i son of the  i nf l uent l i q u i d  ana lys i s  

ana the  res i du a l  l i qu i d  ana l ys i s  that there i s  no  s i gnf i cant re l ease  of the  

r ad i onuc l i des  from the  res i n  mat r i x  i nto the  res i d u a l  l i qu i d .  The res i du a l  

l i qu i d  has  three orders o f  mag n i tude l es s  act i v i ty than the i nf l uent . T h i s  

compares we l l w i th the  decontam i nat i on f actors expected f o r  an i on exch anger 

t hat h as proces sed 3 x l 04i of l i qu i d .  W hen  i t  i s  f u rther cons i aered 

t hat t he l i ner  current l y  cont a i n s  � 1250 C i  of act i v i ty ,  i t  i s  apparent 

t h at no  s i gn i f i c ant  re l ease of rad i onuc l i de s  has occurred . 
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DETERM I NAT ION OF MED I A  p H  

Med i a  samp l es were obtai ned from each o f  t he d i s t i nct l ayers o t  med i a  

i n  the core s amp l e .  A 2-g spec i men of each samp l e  was removed and m i xed 

w i th 10 m l  of d e i on i zed water ( pH = 6 . 40 ) . T he pH of e ach so l ut i on was 

determi ned u s i ng a d i g i t a l  pH meter w i th  a comb i nat i on probe c a l i brated 

aga i n st cert i f i ed buffer s o l ut i on s .  The measurements were conducted i n  dup­

l i c ate for each of the three observab l e  l ayers . T he observed pH v a l ues are 

s hown i n  Tab l e  6 .  

The  tota l absorbed dose for t he PF- 16 res i ns i s  l i ke l y  to be about 

107 raas at the po i nt of max imum dose . As the i dent i ty of t he mater i a l s 

used i n  L i ner PF- 16 i s  con s i dered propri et ary and not reve a l ed for the pur­

p ose of t h i s  work , i t  i s  not poss i b l e  to quant i fy any pH c h anges resu l t i ng 

from i rrad i at i on .  The i n i t i a l pH depends on both the type of res i n  ( chem i ­

c a l  form )  and i ts i on i c  form, so i t  i s  not feas i b l e  to assume any g i ven pH 

for compar i son s .  

TABLE 6 .  E P l COR I I L I NER PF- 16 MEDIA pH  VALUES 

L ayer Med i a  Samp l e  pH 

Bottom Organ i c  1 2 . 25 ± 0 . 05 
2 2 . 22 ± 0 . 05 

M i dd l e  Organ i c  1 3 . 05 ± 0 . 05 
2 3 . 16 ± 0 . 05 

Top I norgan i c  1 8 . 20 ± 0 . 05 
2 8 . 22 ± 0 . 05 
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M ED I A  �:.'HER CuNTEN T 

The  water or mo i s ture content ot an organ i c  i on-exchange med i um v ar i e s 

d i rect ly  wi th  t he poros i ty of the res i n  bead , wh i c h i s  i tse l f  i nverse l y  

re l ated to t he degree o f  c ros s- l i n k i ng .  Gamma i rrad i at i on of an i on­

exchange res i n  i s  known to resu l t  in  both  enhanced cross- l i nk i ng and  degra­

d at i on of t he i on-exchange mater i a l s ,  t he predomi nant effect be i ng a 

f unct i on of the tot a l  dose . The measurement of the water content and com­

p ar i son w i th the  water content ot the  u n i rrad i ated materi a l  p rov i des an 

i nd i cat i on of the extent of rad i at i on damage and wh i ch of the two effec t s  

p redom i n ates . Expe r i ments conducted at the Departmen t  of E nergy ' s  Rocky 

F l ats p l ant
3

'
4 

i nd i cated an  i ncrease i n  the  wate r content of both cat i on 

and an i on res i ns that were i rrad i ated i n  seven normal  n i tr i c  ac i d  ( 7N HN0
3
) . 

Approx i mate l y  1 0-g samp l es were d rawn from each  of the three  d i st i nc t  

l ayers o f  i on exc h ange med i a  observed i n  t he core samp l e .  T he water content 

measurements were conducted i n  dup l i cate . The spec imens were a l l owed to a i r  

d ry ana t hen accu rate l y  we i ghed . They were t hen p l aced i n  a d ry i ng oven at  

l l 0 °C  for � 1 6  h .  T hey were then  a l l owed to coo l and  were rewe i g hed . The 

percent water content i s  ca l cu l ated f rom the  d i fference between the  grams 

of a i r-d r i ed mater i a l  and the grams of the oven-dr i ed materi a l d i v i ded by 

g rams of the  a i r- d r i ed mater i a l . The c a l cu l ated mo i sture contents of the  

med i a  s amp l es are shown i n  Tab l e  7 .  I n  order to  araw any conc l us i on s  con­

cern i ng the  rad i at i on i nduced degradat i on or c h ange i n  cross- l i nk i ng ,  i t  

wou l d  be neces sary to compare t hese resu l ts w i th those for u n i rrad i ated 

m ater i a l s .  As the  mater i a l s  u sed i n  EP ICOR I I  L i ner  PF- 1 6  are con s i dered 

p rop r i etary ,  t hese v a l ues are not ava i l ab l e .  
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TABLE  7 .  1 0�-EXCHANGE MEDIA  WATER CONTENT 

Core 
Regi on Med i a  

Bottom Organ i c  

M i dd l e  Organ i c  

l op I norgan i c  

W ater 
Co?i}nt a 

1 5 . 0  
1 4 . 7 

9 . 3 
9 . 2  

6 . 7  
7 . a  

a .  Percent water content = grams a i r  d r i ed - grams oven d r i ed .  
grams a i r  d r i ed 
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EPI COR I I  I NTERNAL DOSE RAT E 

After remova l of the  manway cove r ,  a s i n g l e  core ho l e  was made i n  the  

PF- 1 6  l i ner res i n  bed , wh i c h  u t i l i zes a trans port p l ast i c  tube to ma i nta i n 

an  und i stu rbed res i n  bed outs i de the core ho l e .  L i t h i um f l uo r i de ( L i F )  

thermo l um i nescent dos i meters ( T Lus ) were used  a s  the gamma dose i nd i cators . 

T he TLDs  were p l aced at l - i n .  i nterva l s  a l on g  � 3 0  i n .  of a wooden  h o l der . 

A p l as t i c s he ath  was used to protect t he TLU c ards f rom contam i n at i on wh i l e 

i n  ce l l  and a l l owed the c ards to be read i mmed i at e l y  upon  remova l  f rom the  

hot c e l l .  

T h e  g amma p rof i l i ng p roced ure u s i ng Tlus  i nc l uded an  i n i t i a l  c a l i bra­

t i on of  the  re ader i nstrument by  p l ac i ng severa l Tlus i n  a k nown gamma f i e l d  

f or vary i n g  p e r i od s . T he TLDs were t hen  p l acea i n  the reader u n i t  and  a 

curve of aose versus TLD  read i ng ( i n cou l ombs ) was constructed . A s i ng l e  

c ard was  put  i nto the  ce l l  to the  l eve l of the  top of the  res i n  bed and 

i mmed i ate l y  brought  out to determ i ne t he dose a TLD ch i p  wou l d  be exposed 

to d u r i n g  the  l oad i ng and u n l oad i ng operat i on .  T h i s c h i p  rece i ved � 1  rem 

dose . 

F i f teen c ards conta i n i ng two c h i ps on each card at  a spac i ng of 1 i n .  

were taped to a wooden ho l der . A p l ast i c  sheath was used to cover the  

h o l der  and  c aras . The ho l der  was p l aced i n  ce l l  and  i nto t he c a i sson  unt i l 

the  h o l der  rested on the res i n  at the bottom of t he c a i sson . The  h o l der  was  

l eft  i n  the  c a i sson for 1 h and t hen removed f rom t he ce l l .  Because t h i s  

measured o n l y  the g amm a ,  the  sh i e l d i ng f rom the p l ast i c  was m i n i m a l . T h e  

T LDs  were removed a n d  counted . The resu l ts are shown i n  T ab l e  8 ,  and a p l ot 

i s  shown i n  F i gure 28 .  

It  was notea t hat the  g amma dose  decreased rather  smoot h ly f rom a re l a­

t i ve l y  l eve l p l ateau between 33  and 23  i n .  to a m i n i mum at 8 i n .  f rom the  

l i ner  bottom . The dose r i ses aga i n  to the  l as t  read i �g taken at the  4 i n .  

l eve l . The  smooth change i s  expected s i nce each TLD i s  bombarded  by raa i a­

t i on  f rom a l l d i rect i on s  and the  rad i at i on f i e l d  i s  a smoot h  graa i ent f rom 

the  h i gh l eve l s  at the  top of the  l i ner  to l ower l eve l s  at the  bottom of t h e  

l i ne r .  The r i se seen a t  t he bottom of t he l i ne r  w a s  n o t  expected s i nce 
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TABLE  8 .  PF - 1 6  I NTERNAL GAMMA DO�E , F i RST MEASUREMENT 

D i st ance From L i ner Bottom Dose 
( i n .  ) ( rem ) 

4 6 1 8 
5 535 
6 344 
7 2 7 5  
8 253  
9 280 

1 0  330 
1 1  389 
1 2  475  
1 3  499 
1 4  565  
1 5  566 

1 6  674  
1 7  683 
1 8  758 
1 9  7 7 7  
20 828 
2 1  854 

22 933 
2 3  1 067 
24 1 073  
2 5  1 068 
26 1 05 5  

2 7  1 0 1 8  
28 1 039  
29  9 7 1  
30 1 005  
3 1  1 065 
32 999 
33 984 
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F i gure 28 . I ntern a l  dose rate prof i l e ,  f i rst measurement . 

INEL 2 2430 

n e i t her  t he d i rect probe ax i a l prof i l e  nor the  ax i a l gamma scan taken out­

s i de the l i ner showed a h i gher act i v i ty at the  bottom of the l i ne r .  

To  ver i fy t he f i rst prof i l e ,  a second set of 1 5  T LDs were i nserted i nto 

the l i ner c a i s son for 1 h .  The resu l ts of t h i s  second test are g i ven  i n  

T a b l e  9 and p l otted i n  F i gure 2 9 .  As can be seen , both p l ots  ( see 

F i gures 28 and 2 9 )  show a r i se at the l ower end of the l i ner .  It  i s  fe l t  

t hat t he bottom TLD i s  part i a l ly  i mbedded i n  the  res i n  at the  open end of 

the  c a i s son and the c l ose prox im i ty of t he l ower two TLDs ( bottom 4 i n . ) 
c au s ed t hese  to rece i ve a h i gher dose . Once the  d i stance f rom the  exposed 

res i n s  reached about 4 i n . , the rad i at i on cont r i bu t i on was primar i ly f rom 

t he res i n s  s u rrou nd i ng the  c a i s son . Therefore , i t  i s  fe l t  t hat the  

i ncreased dose  observed f rom the TLDs i s  geometr i c  or re l ated to the  d i s ­

t ance f rom the  res i n s ,  and i n  rea l i ty the  dose rate at t he l ower ena of t he 

res i n  l i ner  i s  re l at i ve l y  constant  at about 300 rem/ h .  
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TABLE 9 .  PF- 1 6  I NTERNAL GAMMA DOSE , SECOND MEASUREMENT 

D i st ance F rom L i ner  Bottom 
( i n .  ) 

4 
5 
6 
7 
8 
9 

1 0  
1 1 
1 2  
1 3  
1 4  
1 5  

1 6  
1 7  
1 8  
1 9  
20 
2 1  

22  
23  
24  
2 5  
2 6  
2 7  

28  
29  
30  
3 1  
32  
33  

46 

Dose 
( rem ) 

5 5 6  
439 
32 7 
2 70 
288 
280 

3 1 5  
3 74 
45 1 
4 7 1  
5 74 
5 7 9  

6 9 7  
7 5 7  
733 
757  
830 
880 

974  
1 088 
1 1 03 
1 1 33 
1 098 
1 06 7  

1 065 
1 066 
1 040  
1 02 9  
1 05 2  
1 024 

-� ��- �- - - �� � ----



-c ..c:: 
a: 
Q.l 

-

� 
Q.l rn 0 
Cl 

1 200�------------------------------------------,---------. 

1 000 

800 -
� 

Top of media bel 

- 3C.5 in. from 

liner bottom 

O L---�-L-L�����������������7-� 0 2 4 6 8 1 : 1 2  1 4  1 6  1 8  20 2 2  24 26 28 30 
Distance from liner bottom (in.) 

F i gure 2 9 .  I ntern a l  dose rate prof i l e ,  seconc meas urement .  
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E XTERNAL GAMMA SCANS 

E xtern a l  gamma scans  of the l i ner  were performed to determi ne  the re l a­

t i ve depos i t i on s  of gamma-em i tt i ng ��ad i onuc l i des . F i rst the l i ner was pos i ­

t i oned i n  f ront of the i n -ce l l s l i t c o l l i mator conta i n i ng a hor i zonta l  

Ge ( L i ) detecto r .  T he i n strumentat i on was  c a l i brated to  detect 1 37c s  gamm a 

act i v i ty ,  u s i ng a m i xed rad i oact i ve s tanaard . 

T he l i ner  was moved vert i c a l ly  i n  f ront of the s l i t  co l l i mator u s i n g 

the i n -ce l l c rane , and an ax i a l prof i l e  of 1 37c s  act i v i ty was obta i ned . 

1 h i s  d ata  was then used to get t he ga i n  and span , ana to c hart the speed of 

the i nstrumentat i o n .  W i th the i nstruments approp r i ate ly  adj u sted , a tot a l  

o f  e i ght ax i a l gamma act i v i ty p rof i l es were obta i ned , a l ong  w i th az i mutha l  

or i entat i on s .  The scans  for  the e i ght or i entat i on s  were i dent i ca l  w i th i n  

t he uncert a i nty of the techn i que . 

To  obta i n  the ax i a l po s i t i on a l ong the  l ength of the  l i ner ,  a gamma 

source was p l aced at the bottom of the l i ner d u r i ng scann i ng .  I n  add i t i on ,  

t he l oc at i on ot the top of the i on-exchange med i a  bed was measured w i th 

respect to the top of the l i ne r .  

F i gu re 3 0  s hows a typ i ca l  gamma act i v i ty p rof i l e  a l ong t h e  l ength of 

t he l i ner .  Gamma spectroscopy performed at the l oc at i on of the peak act i v­

i ty showed that >90% of the gamma act i v i ty i s  1 37c s  and 1 34cs . T h e  

gamma scans  a l s o showeG that most  o f  t h e  act i v i ty i s  concentrated i n  t h e  top 

3 to 6 i n .  of the i on-exch ange mea i a  bed . T he peak at the bottom of the 

l i ner  was c ausea by a gamma sou rce attached to the  outs i de of the l i ner  for 

ax i a l l i ner  pos i t i on reference , and i s  not i nd i cat i ve of any act i v i ty i n  

t h e  med i a  bed . 
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E X T ER NAL RAD IAT ION  L E VE L  PROF I L E  

O n l y l im i ted i nformat i �n had been ava i l ab l e  concern i ng t he rad i at i on 

dose  l eve l s  at contact w i t h  L i ner  PF- 1 6 .  Such i nformat i on was of i nterest 

t or s afe  hand l i ng of the  l i ners and deve l opment of h i gh i nteg r i ty conta i ner 

tec h n o l ogy . 

A p rof i l e  of the  g amma dose  rate was determi ned by me as ur i ng the  dose 

rate at i nterva l s  of 3 i n .  a l ong the ax i s  of the l i ne r ,  u s i ng an i on ­

c hamber p robe . T h i s w a s  accomp l i shed by secu r i ng a raa i at i on l eve l  p robe 

i n  a f i xed pos i t i on and mov i ng the l i ner  vert i c a l l y ,  us i ng an i n-ce l l crane . 

The  p robe u sed was  the Tech n i ca l  Assoc i ates Mod e l  C PMU  H i gh Range Under­

water Mon i tor w i t h a h i g h range probe . C a l i brat i on of the i n strument was  

p ro v i ded by t he manuf acturer  and veri f i ed by BCL personne l . The p rof i l e  was  

me asured at  contact , 1 and 3 ft f rom the l i ner s urface . The res u l ts of the 

p rof i l e are shown i n  Tab l e  1 0 .  The ce l l  b ackground rad i at i on l eve l at the 

l oc at i on of  the prof i l e  measurement was  between 30  and 60 R/ h ,  depend i ng 

u pon  the  exact l ocat i on be i ng measured . I t  s hou l d  be noted t h at the l i ner  

i ts e l f  may have cont r i buted to the background , as  it  cou l d  not be 

c omp l et e l y  removed f rom the  ce l l  for t h i s  me asuremen t .  

I n s pec t i on  o f  the data  revea l s  h i gher l eve l rad i at i on read i ng s  at cer­

t a i n  pos i t i on s ,  at 1 ana 3 ft,  t han observed at contact . I t  i s  su spected 

t h at th i s  anom a l y  may be due to ref l ec t i on of l i ner  gamma rad i at i on from the  

h ot c e l l w a l l s .  Such  ref l ect i on may contr i bute to any of the  v a l ues 

observed , due  to  the p rox i m i ty of the wa l l s ,  and i s  not neces s a r i l y  u n i form . 

l t  i s  f u rther recogn i zed t h at t here i s  an apparent i ncon s i stency between the 

i ntern a l  and extern a l  dose  read i ng .  However , i t  was not feas i b l e  w i th i n  the  

s cope  of t hese  measu rements  to des i gn a measurement system t hat wou l d  com­

p l ete l y  e l i m i nate  ref l ected rad i at i on ;  the  n umbers shou l d ,  therefore , be  

c on s i ae red approx i mate . 
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TABLE  1 0 .  L I NER RAD I AT I ON L E VEL  PROF I L E  

R ad i at i on Leve l 
( R )  

D i st ance F rom Top of L i ner  
( i n .  ) Contact  1 ft  3 ft 

0 590 620 400 
3 720 740 4 1 0 
6 960 890 4 1 0  
9 1 400 1 000 4 1 0  

1 2  1 600 1 000 3 7 0  

1 5  1 900 1 000 240 
1 8  2 1 00 1 000 300 
2 1  2600 950 280 
24 2800 780 250  
2 7  2300 680 240 

30 1 1 00 6 1 0  230 
33  620 550 220  
36  350  460 2 1 0  
39  200 380 200 
42 1 40 3 1 0  1 80 

45  1 1 0 250  1 80 
48 90 2 1 0 1 60 
5 1  60 1 70 1 50 
53 50 1 50 1 4 0  
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L I NER TEMPERATURE PHUF I L E  

A temperature p rof i l e of the i on-exc h ange med i a  was determ i ned a s  c l ose  

to the l i ner  center l i ne as pract i c a l . A meta l  tube  was  i n serted at a po i n t  

near  t h e  center l i n e ,  pos i t i on i ng i t  such that i t  wou l d  not str i ke the eff l u ­

ent tube or the under-dra i n  system .  The tube was a l l owed to rema i n  i n  p l ace  

l ong  enough to ach i eve therma l equ i l i br i um w i th the med i a  bed . A chrome l ­

a l ume l t hermocoup l e  was i n serted i nto the tube , pos i t i oned at the p roper 

p reae termi nea aepth , a l l owed to reach therma l equ i l i br i um ,  and the tempera­

ture rec orded . T h i s process was repeated t or a tot a l  of 10 pos i t i ons . The 

res u l t s of t h i s  me asurement are s hown i n  Tab l e  1 1 .  The measurements 

i na i cate no s i gn i f i cant temperature d i fferences between med i a  strata . 

TABLE  1 1 .  L I NER TEMPERATURE PROF I L E a 

D i stance f rom Top 
of t•led i a t3ed 

( i n . ) 

2 9  
2 3  
1 5  
1 3  
1 1  

9 
7 
5 
3 
1 

a .  Ce l l amb i ent temperature i s  73 . 8°F . 
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72 . 0  
72 . 4  
73 . 2  
73 . 7  
73 . 9  

74 . 0  
74 . 0  
74 . 0  
73 . 7  
73 . 4  
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ION-EXCHANGE MED I A  RAD I OCHEM I STRY  

I on-exchange mea i a  from each of  the segments removed f rom the  core 

samp l e  were thorou gh ly  b l enaed to produce a homogeneous  mi xture . Samp l e s  

o f  the  med i a  were removed f rom each of the segments correspona i ng to a 

g i ven i dent i f i ab l e  reg i on of i on-exchange med i a .  These were t hen b l ended 

together to form a s i ng l e  s amp l e  for each reg i on .  T he rad i ochem i c a l  ana l ­

yses were carr i ed out on the b l ended s amp l es ,  w i th a l l an a l yses be i ng con­

d ucted i n  d up l i cate . T he i n i t i a l phases of the  ana lyses were conducted i n  

a sma l l hot c e l l due to the i r  h i gh gamma act i v i ty .  

T he des i red approach was to as h  the organ i c  i on-exc h ange med i a  and 

then t ake the rad i onuc l i des  in  the so l ut i on t hrough a pyro s u l fate fus i on . 

I t  was found , however, t hat t he med i a  d i d  not ash  s uff i c i ent ly  to  enab l e  

fus i on .  The ana l yt i c a l  procedure was then mod i f i ed to subst i tute an ac i d  

l each f or the  ash i ng ana f u s i on .  T he l each i ng con s i sted ot heat i ng � 1 0  g 

of i on-exchange med i a  i n  a n i tr i c  ac i d  and hydroch l or i c  ac i d  m i xture at a 

temperature j ust  be l ow bo i l i ng for a per i od of 8 h .  

A s amp l e  of the  l each ate was removed f rom t h i s  s o l ut i on ,  d i l uted , and 

transferred out of the hot ce l l for gamma spectroscop i c  ana lys i s .  I n  oroer 

to  remove t he rema i nder of t he l eachate from t he hot ce l l  for ana l yses , i t  

was nece s sary to f i rst  reduce the act i v i ty by remov i ng 1 37c s  and 1 34cs . 

T h i s  was accomp l i s hed by prec i p i tat i ng the ces i um w i t h  s i l i cotungst i c  ac i d .  

F o l l ow i ng the prec i p i tat i on ,  these samp l es were a l so removed f rom the hot 

c e l l for t he rema i nder of the ana l yt i c a l  work . 

The  l each ate was ana l yzed for the content of 238 • 239 • 240Pu , and f o r  

t he content o f  238u b y  i on exc hange s eparat i on fo l l owed by a l pha  spectro­

scopy . The stront i um ana l ys i s  was carri ed out u s i ng a n i trat i on techn i que • 

For e ach reg i on of i on-exch ange med i a ,  � 1 0-g  s amp l es were removed for 

ana lys i s .  T hese  s amp l es were l eached i n  the n i tr i c  ac i d/ hydroc h l or i c  ac i d  

so l ut i on s .  F o l l ow i ng the ces i um remova l  and transfer f rom t h e  hot c e l l ,  

the  l eachates f rom these s amp l e s  were s p l i t  i nto two port i on s .  One port i on 

was used for the s tront i um ana l ys i s ,  t he second for the uran i um-p l uton i um 
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a n a lyses . The res u l t s of  a l l the ana l yses are s umma r i zea i n  T ab l e  1 2 .  The  

a n a lyses  s how that  80% of the  observed gamma-em i tt i ng rad i onuc l i ae s  are  i n  

Reg i on I of the core samp l e .  W h i l e  Reg i on s  I I  and I I I  cont a i n  �20 % of  

t he g amma act i v i ty i n  near ly  equa l p roport i on s ,  these  v a l ues may not be 

i nd i c at i ve of the d i st r i but i on of act i v i ty w i th i n  the l i ner ,  s i nce  t here 

h ad been some degree of m i x i ng between the l ayers  d u r i ng  t he cor i ng opera­

t i on . T h i s  appeared to be part i c u l ar ly  true  between Reg i on s  I and I I ,  

a l though  s ome of the i norgan i c  med i a  f rom Reg i on I were a l so observed i n  

Reg i on I I I  as we l l .  T he d i str i but i on of the  p l uton i um and  uran i um was  more 

u n i form w i t h i n  the bed ; � 50% of the act i v i ty i n  Reg i on I ana t he rema i nder 

d i s t r i buted equ a l ly  between the other two reg i on s .  T he u ran i um act i v i ty 

was l es s  than the m i n i mum detectab l e  l i mi ts  i n  a l l three l �yers . The 
8 9 • 90s r  content was d i s t r i buted re l at i ve ly  u n i form through the med i a ,  

w i th  Reg i on l hav i ng s l i gh t l y  more act i v i ty than the others . 

O n  the  b as i s  of t hese a n a l yses , i t  appears t h at Reg i on I ( t he i nor­

g an i c  l ayer )  has been qu i te effect i ve i n  remov i ng the ces i um f rom t he con­

t am i n ated wate r ;  howeve r ,  the st ront i um has  been  l es s  effect i ve ly  removed 

by t h a t reg i on and has  been u n i f orml y  d i st r i buted t h roughout the med i a .  

S i m i l ar ly ,  the  p l uton i um has  not been a s  eff i c i en t l y  removed by the  

i norgan i c  med i a  and  has  
·
a l so been d i st r i buted t hroughout the other  two 

r eg i on s .  

TAB L E  1 2 .  RAD I ONUCL I DE CONTENT OF E P I COR PF - 1 6  ION-EXCHANGE MED I A  
( C i /g )  

Reg i on s  

I I I I I I 
2 3 9 , 240 , 242pu 3 .  1 ± 0 . 3E - 1 0  1 . 1  ± 0 .  l E - 1 0  1 . 2 ± 0 .  l E- 1 0  235� < 5  E - 1 2  < 5  E - 1 2  < 5  E - 1 2  
89 , Os r  l .  6 ± 0 .  l E -6  1 . 4 ± 0 .  l E - 6  9 . 9  ± 0 . 2E - 7 
1 3 7c s  4 . 9  ± 0 . 4E - 3  7 . 3  ± 1 .  5E - 4  5 . 5  ± 0 . 9E-4 
l 34cs  6 . 4  ± 0 . 4E-4  1 . 3  ± 0 . 2E-4  4 . 4  ± 0 . 8E - 5  
60c o  4 . 8  ± l .  7£-6  1 . 4 ± 0 . 2 E - 6  5 . 5  ± 1 .  4E- 7 

. .  
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L I NER PRE PARAT I ON ANU S h i PM E N T  FkUM BAT T E L L E  

F o l l ow i n g  the  comp l e t i on of the PF- 1 6  exam i n at i o n ,  t he  l i ner  was 

s e a l ea ,  aecontam i n atea , ana  s h i pped f rom B atte l l e  C o l umbus  L aborato r i e s  to 

the I d aho Nat i on a l  Eng i neer i ng L aboratory . 

As  the i n i t i a l  c l osure of the manway open i ng cover d i d  not p rov i de a 

suff i c i ent se a l , the or i g i n a l  cover was removed and rep l aced w i th anothe r 

cover  f i tted w i th a new but precomp res sed g a s ket . T he l i ner manway exten­

s i on was t horou g h ly c l eaned to remove a l l corros i on and sc a l i ng .  The  g a s ­

k et w a s  coa�ea w i th s i l i cone rubber cement a n d  s ecu red i n  p l ace u s i ng a 

c l amp i ng r i ng .  T he cement was a l l owed to  c ure for 24 h ,  and the l i ner l eak  

tes ted , u s i ng h e l i um g as and  a press ure decay techn i que . Some sma l l l ea k s  

were i mmed i ate l y  detected and corrected . Further test i ng reve a l ed a l ea k  

resu l t i ng i n  a press u re d rop o f  0 . 0 1 ps i / h f rom an i nt i a l p res sure of 

1 . 5 p s i g .  A l l the l i ner penetra t i ons were tested u s i ng a l i qu i d  l eak detec ­

tor  ( Sn oopT� ) ,  but no  f u rther l eaks  cou l d  be found . I t  was conc l uded that  

i t  wou l d  not  be pract i c a l  to attempt to make the l i ner more l eak  t i g ht . 

T he l i ner  was purged w i t h n i trogen gas  to  remove any combus t i b l e  g ases 

f rom the  l i ner p r i or to s h i pment . T h i s  was accomp l i s hed by f l ow i ng 

�200 ft3 of d ry n i t rogen g a s  i nto the l i ner t hrough  the  vent penetrat i on 

and out  the  eff l uent penetrat i on .  T h i s  f orced t he g a s  t hrough  the med i a  bed 

and the under-ara i n  system i nto the eff l uent l i ne .  The  purge was comp l eted 

at  9 : 00 a . m .  March 25,  1 982 . 

T he l i ner was decontam i n ated i n  t he hot c e l l ,  u s i ng p re s s u r i zed w ater ,  

soap  s o l ut i ons , ana  me thano l .  Fo l l ow i ng the c l ean i ng ,  t he l i ner  s urfaces 

were s meared to  determ i ne t he l eve l s of t ransferab l e  contam i n at i on .  A l l 

s urf aces were we l l  be l ow the  l i m i ts ot 2 50 dpm/ 1 00 cm2 (a ) and 

1 0 , 000 dpm/ 1 00 cm2 ( ay ) . a 

a .  Rad i o act i ve Contam i n at i on C ontrol Program ,  S af ety Manua l  5040 , E G&G Idaho ,  
I nc . ,  January 30 ,  1 978 .  
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T he l i ner was covered w i t h  p l ast i c  s heets to avo i d  add i t i on a l  contam i n­

at i on and was transferred f rom the hot ce l l us i ng the B a tte l l e  des i gnea 

t ransfer/ s torage dev i ce .  T he transfer  was comp l eted March 2 6 ,  1 982 . 

T he s h i pp i ng c ask , CNS 8- 1 20 ,  l eased from Chern Nuc l ear,  I nc . , was  

rece i ved at batte l l es Hot L aboratory on  March 29 ,  1 982 . The  cask  exte r i o r  

was  s u rveyed f o r  res i d u a l  act i v i ty ,  wh i c h was found to  b e  we l l  be l ow the  

l i m i ts  ot  220 dpm/ 100 cm2 ( a )  and  2200 dpm/ 1 00 cm2 ( ay ) . a Fo l l ow i ng the  

survey s ,  t he c ask  was un l oaded f rom the  tra i l e r and t he cover removed . Smear 

su rveys revea l ed the  act i v i ty i n s i de the cask  was we l l  be l ow the l i m i t s . 

T he cask  was prepared for  s h i pment by i n sert i ng t he wooden dunnage and by 

f i tt i ng the  t r ansf er/s torage dev i ce support r i ng to the cask . P r i o r  to i t s 

i n sert i on ,  the dunnage was p a i nted w i t h  epoxy to fac i l i t ate decontam i n at i on .  

Met a l  fac i ngs  were a l s o removed i n  order t o  avo i d  met a l -to-me t a l  abras i on of 

t he l i ne r .  

The  l i ner w a s  t ran sferred i nto the C 3 S k  o n  March 30 ,  1 982 . After t he l i d 

was  secured , the cask  was purged w i t h �300 ft3 of d ry n i t rogen . T he g a s  

i n  t he cask  w a s  s amp l ed a n a  ana l yzed to  ensure t he purge w a s  comp l ete . 

The  cask  was l oaded onto the t ra i l er ,  rad i at i on surveys comp l eted , and 

t he t r a i l er removed f rom t he Hot L aboratory t ruck l oaa i ng are a .  T he s h i pment 

departed Batte l l e  at 6 : 35 a . m . , Apr i l 6,  1 982 . 

a .  49- CFR , 1 73 . 393 ( j ) .  
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