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A questionnaire on the use of ion exchange resins in nuclear power plants was 
sent to all operating reactors in the U . S .  
of the 48 utilities approached. 
of radionuclides held by the resins, and the effects of its radiation on the 
resins both during operation and after removal from service. Relevant inforraa- 
tion from the questionnaires is summarized and discussed. Available literature 
on the effects of ionizing radiation on organic ion exchange resins has been 
reviewed. 
the technical rationale is given to support NRC'S draft branch technical 
position on a maximum permissible radionuclide loading. It is considered 
advisable to formulate the rule in terms of a delivered dose rather than a 
curie loading. 
while it is large enough that a measurable amount of damage will be done to 
the resin, it is small enough that the damage will be negligible at a power 
plant or disposal site. 
could use to qualify a specific resin for service at a higher dose than 
permitted by the general rule. 

Responses were received from 23 
Information was sought concerning the amounts 

On the basis of published data on damage to resins by radiation, 

A maximum permissible dose of 108 rad is chosen because, 

A test procedure has been written which a generator 

. 
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PERMISSIBLE RADIONUCLIDE LOADING FOR 
ORGANIC I O N  EXCHANGE RESINS FROM NUCLEAR POWER PLANTS 

1. INTRODUCTION 

Organic ion  exchange r e s i n s  a re  used i n  nuclear  power p l a n t s  t o  c o n t r o l  
t h e  pu r i ty  of such l i q u i d  streams as the  primary coolan t ,  t u r b i n e  condensate, 
water i n  t h e  spent  f u e l  s to rage  pools ,  and the  l i q u i d  radwaste r e s u l t i n g  from 
a l l  phases of p l an t  operat ion.  I n  the  process,  t h e  resins pick up r ad ioac t ive  
i o n i c  spec ie s  and p a r t i c u l a t e  matter. The amount of r a d i o a c t i v i t y  can be rela- 
t i v e l y  l a r g e ,  p a r t i c u l a r l y  f o r  resins used t o  treat the  primary coolan t .  

A l l  organic  molecules, inc luding  those c o n s t i t u t i n g  i o n  exchange r e s i n s ,  
undergo decomposition when exposed t o  ion iz ing  r a d i a t i o n .  Therefore ,  t h e  
resins used i n  power p l a n t s  could be s i g n i f i c a n t l y  degraded i f  they picked up 
s u f f i c i e n t  a c t i v i t y  before  being removed from s e r v i c e ,  s i n c e  degradat ion can 
occur long a f t e r  removal from s e r v i c e .  

I n  order  t o  ob ta in  information regarding t h e  magnitude of such r a d i a t i o n  
damage received i n  a c t u a l  power p l an t  p r a c t i c e ,  a ques t ionnai re  on r e s i n  usage 
w a s  s e n t  to  a l l  t h e  opera t ing  l i g h t  water power r eac to r s  i n  the  U.S. 

This  ques t ionnai re  d i f f e red  from those  used i n  previous surveys(1,2) i n  
focusing more on d i sposa l  methods and p rac t i ces  than on opera t ing  condi t ions  
and procedures.  For purposes of the  present  r epor t ,  in format ion  w a s  sought 
p a r t i c u l a r l y  on the  l e v e l s  of r a d i o a c t i v i t y  t o  which the  r e s i n s  are exposed 
during opera t ion ,  and t h e  c u r i e  loadings on the  spent  r e s i n s  which are shipped 
f o r  d i sposa l .  The r e s u l t s  of t h e  survey responses are reviewed i n  t h e  next 
sect ion  of the  repor t .  

Information on the  e f f e c t s  of ion iz ing  r a d i a t i o n  on ion  exchange mate- 
r i a l s  publ ished up t o  about 1964 i s  given i n  a book by Egorov and 
N o ~ i k o v . ( ~ )  
Europe, but t h e r e  are  gaps i n  t h e  coverage of papers published i n  t h e  West. 
These gaps were f i l l e d  and t h e  subjec t  brought up t o  date t o  approximately t h e  
end of 1977, i n  a comprehensive review by Gangwer, Goldstein and P i l l ay . (4 )  
More recent  d a t a  of p a r t i c u l a r  i n t e r e s t  i n  t h e  eva lua t ion  of e f f e c t s  of high 
r a d i a t i o n  doses t o  r e s i n s  used f o r  nuc lear  waste d i sposa l  have been obtained 
from work done i n  connection w i t h  t h e  TMI-I1 a u x i l i a r y  bu i ld ing  (AFHB) cleanup 
a c t i v i t i e s .  
TMI, using high i n t e g r a l   dose^.(^'^) 
i n  a r ecen t  BNL repor t (8)  and w i l l  be discussed i n  Sec t ion  3.2.4. 

The book covers most of the  work done i n  Russia  and Eas te rn  

Severa l  s t u d i e s  were done on r e s i n s  similar t o  those employed a t  
Results of t hese  s t u d i e s  were reviewed 

There is  wide v a r i a t i o n  i n  r e s i s t a n c e  t o  r a d i a t i o n  of t h e  many organic  
c a t i o n  and anion exchange resins ava i l ab le  commercially. However, t h e r e  ap- 
pears  to be s u f f i c i e n t  s i m i l a r i t y  i n  behavior among t h e  r e l a t i v e l y  few d i f f e r -  
e n t  nuc lear  grade resins of each class ( c a t i o n  and anion)  p re sen t ly  used i n  
nuc lear  power p l an t s  t h a t  a reasonable  assessment can be made of a maximum 

1 



acceptable  r a d i a t i o n  dose f o r  t hese  resins as a class. On t he  b a s i s  of the 
da t a  t h a t  have been publ ished,  NRC has recommended i n  a d r a f t  branch t e c h n i c a l  
p o s i t i o n ( 9 )  t h a t  resins should not be loaded t o  bulk s p e c i f i c  a c t i v i t i e s  
g r e a t e r  than 10 C i / f t 3 ,  which i s  approximately equivalent  t o  a dose of 
108 rad f o r  long-term decay of Cs-137 and Sr-90. 
waste generator  wishes t o  load r e s i n s  t o  a higher l e v e l  than 10  C i / f t 3  (and 
thus  subject  them t o  a long-term dose g r e a t e r  than lo8 r ad )  NRC would re- 
q u i r e  demonstration t h a t  t h e  r e s i n  proposed f o r  u s e  w i l l  not undergo 
s i g n i f i c a n t  r a d i a t i o n  degradat ion a t  the higher  loading. 

I n  the event t h a t  the 

The purpose of t h i s  r epor t  i s  twofold. F i r s t ,  i t  p resen t s  the t echn ica l  
Second, s i n c e  t h e  maximum r a t i o n a l e  i n  support  of t h e  maximum loading l i m i t .  

loading c r i t e r i o n  i s  t o  a c e r t a i n  ex ten t  based on generic  a n a l y s i s  of radia- 
t i o n  e f f e c t s  on organic  ion  exchange media, an attempt i s  made t o  de f ine  a 
test  f o r  u se  on a case-by-case basis t o  determine whether,  f o r  a given r e s i n ,  
a h ighe r  t o t a l  dose than lo8 rad might be acceptable .  The d i scuss ion  i n  
t h i s  r e p o r t  relies mainly upon e f f e c t s  observed f o r  u n s o l i d i f i e d  resins. 
Thus, by and l a r g e ,  t h e  impact of s o l i d i f i c a t i o n  upon t h e  maximum loading 
l i m i t  was f e l t  t o  be ou t s ide  the  scope of t h i s  study. There i s  l imi t ed  evi- 
dence which i n d i c a t e s  t h a t  cement s o l i d i f i c a t i o n  of organic ion  exchange media 
may m i t i g a t e  the  d e l e t e r i o u s  e f f e c t s  seen upon i r r a d i a t i o n  of u n s o l i d i f i e d  
r e s i n s .  I f  t h i s  indeed should prove t o  be t h e  case, then a reasonable  maximum 
acceptable  loading l i m i t  f o r  s o l i d i f i e d  r e s i n  waste may w e l l  be d i f f e r e n t  than 
f o r  u n s o l i d i f i e d  r e s i n  waste. Since i n s u f f i c i e n t  da t a  ex i s t  t o  make t h i s  as- 
sessment, however, recommendations f o r  f u t u r e  work i n  t h i s  area have been 
included . 
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2. RESPONSES TO SURVEY QUESTIONNAIRE 

The q u e s t i o n n a i r e  on usage of ion exchange r e s i n s  was s e n t  t o  48  U . S .  
u t i l i t i e s  operat ing 65 nuc lea r  power p l an t s .  Responses were r e tu rned  by 23 
c m p a n i e s ,  giving data f o r  3 4  u n i t s ,  and information w a s  o k a i n e d  by telephone 
from two o the r  companies. A copy of t h e  ques t ionna i r e  i s  reproduced i n  Appen- 
d i x  A, a long with t a b l e s  summarizing t h e  answers t o  ques t ions  which were of 
p a r t i c u l a r  i n t e r e s t  f o r  t h i s  r e p o r t .  Copies of most of t h e  completed 
ques t ionna i r e s  which were returned are  included i n  an appendix t o  a r epor t  on 
high i n t e g r i t y  containers* t o  be published soon. 

2.1 Resin Use and Operating Conditions 

Relevant information on t h e s e  t o p i c s  as  gathered from t h e  survey re- 
sponses i s  summarized below. 

2.1.1 Kinds of Resin 

(a )  It appears t h a t  inorganic  ion  exchangers are not used i n  commercial 
nuclear  power p l a n t s  on a r o u t i n e  basis .  ALL responses t o  t h e  sur- 
vey ques t ion  on use of inorganic  r e s i n s  were negat ive.  

( b )  The most f r equen t ly  used organic r e s i n s  were s t rong a c i d  c a t i o n  ex- 
changers (wi th  s u l f o n i c  a c i d  f u n c t i o n a l  groups) ,  and s t rong  base 
anion exchangers (wi th  quaternary ammonium f u n c t i o n a l  groups).  It 
appears  t o  be t h e  p r a c t i c e  throughout t h e  i n d u s t r y  t o  use nuc lea r  
grade r e s i n s .  A few p l a n t s  d i d  not r epor t  t h e  s p e c i f i c  r e s i n s  used, 
but t h e  remainder i n d i c a t e d  use of nuclear  grade only. ( A  descrip- 
t i o n  of nuc lea r  grade resins i s  g iven  i n  Sect ion 3.2.5.) For t h e  
beds used t o  c l ean  primary coolant ( t hose  of most i n t e r e s t  t o  t h i s  
r epor t  because of t h e  higher  r a d i a t i o n  doses they r e c e i v e ) ,  t h e  
ma jo r i ty  of r e a c t o r s  u se  mixed bed r e s i n s ,  with c a t i o n :  anion r a t i o s  
usua l ly  1:1, though a number use  sepa ra t e  c a t i o n  and/or  anion beds 
as w e l l  a s  t h e  mixed beds. 

2.1.2 Type of Operation 

A l l  PWRs responding ;o t h e  ques t ionna i r e  used deep beds containing 
bead-type r e s i n .  I n  g e n e r a l ,  BWRs used powdered r e s i n s  i n  t h e  so-called 
"Powdex" type of ope ra t ion  f o r  r e a c t o r  coolant  cleanup, a l though two of t h e  
n ine  respondents used deep bed operat ion.  

*P. L. P i c i u l o ,  "Technical Considerations f o r  High I n t e g r i t y  Containers f o r  
t h e  Disposal of Radioactive Ion Exchange Resin Waste," Dra f t  Report, 
BNL-NUREG-30404, December 1981. 
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2.1.3 TemDerature 

The va r ious  demine ra l i ze r  systems i n  t h e  p l a n t s  o p e r a t e  a t  reported temp- 
e r a t u r e s  of 75 t o  150OF. Operating temperatures f o r  t h e  coolant  cleanup 
beds are gene ra l ly  100-120°F, with none reported over 140°F (60oC). 

2.1.4 Criteria f o r  Resin Replacement 

Almost all t h e  PWR's responding u s e  too great a drop i n  decontamination 
f a c t o r  (DF) as t h e  p r i n c i p a l  c r i t e r i o n  f o r  r ep lac ing  r e s i n  i n  t h e  c o o l a n t '  
cleanup bed. (DF is defined as the  r a t i o  of r a d i o a c t i v i t y  i n  the  i n f l u e n t  t o  
t h a t  i n  t h e  e f f l u e n t ) .  The r e s u l t s  of Cla rk ' s  survey(2)  are e s s e n t i a l l y  t h e  
same. I n  t h a t  survey on ly  one  PWR (Maine Yankee) o u t  of t h i r t e e n  responding 
used something o the r  than low DF as t h e  main c r i t e r i o n .  That except ion was 
t h e  use of " L i  breakthrough or high r a d i a t i o n  (100-300 R/h e x t e r n a l  t o  ves- 
sel) ."  It should be noted t h a t  i n  the  present  survey Maine Yankee r e p o r t s  
using only low DF. 

BWR's use mainly undesirably high pressure drop ac ross  t h e  bed and unde- 
s i r a b l y  high c o n d u c t i v i t i e s  of t h e  e f f l u e n t .  
t h e  main c r i t e r i o n .  Th i s  is  c o n s i s t e n t  w i t h  t h e . r e s u l t s  of C la rk ' s  survey 
where only one p l an t  (Lacrosse) used low DF as i t s  replacement c r i t e r i o n .  

None r epor t ed  using low DF as 

2.1.5 R e l a t i v e  Radiat ion Exposures and Evidence of Radiat ion Damage 

Along with t h e  r eques t  f o r  information on c r i te r ia  f o r  r e s i n  replacement, 
we asked f o r  t h e  gamma-radiation f i e l d  a t  t he  su r face  of r e s i n  bed v e s s e l s ,  
and f o r  any evidence of r a d i a t i o n  damage t o  the  r e s i n s .  Values f o r  t h e  radia-  
t i o n  f i e l d s  were reported by seve ra l  p l a n t s  and a re  given i n  Table 2.1. 

It  i s  obvious t h a t  a t  t h e  p l a n t s  supplying t h e s e  data, t h e  primary cool- 
a n t  cleanup beds generate  a r a d i a t i o n  f i e l d  many times g r e a t e r  than t h a t  of 
t h e  beds i n  t h e  o t h e r  demineral izer  systems. One would assume t h a t  t h i s  s i t u -  
a t i o n  holds  f o r  a l l  p l a n t s .  This is expected s i n c e  the  primary coolant  con- 
t i nuous ly  flows through the high neutron f l u x  of t he  r eac to r .  

None of t he  p l a n t s  responding t o  the  survey reported any evidence of ra- 
d i a t i o n  damage t o  t h e  r e s i n s .  This is  not s u r p r i s i n g  s i n c e  spent  r e s i n s  are 
not  stored f o r  a long t i m e  a f t e r  being taken out  of service.  I n  some p lan t s ,  
spent  r e s i n s  are shipped f o r  d i s p o s a l  without s t o r a g e ,  and t h e  longes t  s t o r a g e  
per iod seems to be about a year .  Since the h a l f - l i v e s  of t h e  dominant radio- 
nuc l ides  (RNs) with which t h e  spent  r e s i n s  are loaded (CO-60 and Cs-137) are  
5.3 and 30 years  r e s p e c t i v e l y ,  only a small f r a c t i o n  of t he  t o t a l  dose even- 
t u a l l y  deposi ted w i l l  be received before shipment. It is i n t e r e s t i n g  t h a t  one 
p l a n t  (Duane Arnold) reported r e l a t i v e l y  r ap id  gas pressure buildup i n  t h e i r  
drums of dewatered r e s i n s .  This w a s  due t o  b a c t e r i a l  a c t i o n  r a t h e r  than radi-  
a t i o n  damage, s i n c e  a d d i t i o n  of formaldehyde, a biocide,  could c o n t r o l  t he  
s i t u a t i o n .  To avoid t h e  problem, they now s o l i d i f y  a l l  t h e i r  spent  r e s i n s  
w i t h  cement and s h i p  w i t h i n  a s h o r t  period be fo re  any gas  which might eventu- 
a l l y  form can b u i l d  up appreciably.  
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Table 2.1 

Radiat ion F i e l d s  a t  t h e  Surface of Resin Bed Vessels 

F i e l d  (R/h) a t  Bed i n :  

Primary C ond ens a t  e 
P lan t  Coolant or Boron Recycle Radwas t e Fuel  Pool 

BWR s 
Dresden 
Peach Bottom 

50-200 --- 1-5 10-100 
0.3-0.6 7-12 

PWR's 
Beaver Valley <500 --- 
Donald C. Cook 500 0.5 
Maine Yankee 500-1000 --- 
Yankee Rowe 5-100 
Zion 100 1 

- 

--- 

-e- 

35 

<3 
5 1 

--- - 

2.2 A c t i v i t y  Levels and P r i n c i p a l  RNs i n  Liquid Streams 

Questions were asked i n  t h e  survey regarding t h e  g ross  a- and 8 ,  y- 
a c t i v i t i e s  i n  t h e  l i q u i d  streams before and a f t e r  t h e  va r ious  r e s i n  beds. 
w a s  a l s o  requested t h a t  t he  p r i n c i p a l  RNs i n  those streams be i d e n t i f i e d .  
number of p l a n t s  (8) d id  not respond t o  t h e s e  ques t ions ,  but most (15) gave 
d a t a  on g ross  B,y-activity and some s e n t  copies  of a n a l y t i c a l  r e s u l t s  giving a 
breakdown according t o  i n d i v i d u a l  RN. A summary of t he  d a t a  on gross 6 ,  y- 
a c t i v i t y  i n  t h e  d i f f e r e n t  l i q u i d  streams is presented i n  Table 2 .2 .  
p r i n c i p a l  RNs i n  t h e  r e a c t o r  coolant  are l i s t e d  i n  Table 2.3 f o r  those reac- 
t o r s  responding t o  t h a t  quest ion.  Amounts of t h e  ind iv idua l  RNs are given i n  
o rde r  of decreasing a c t i v i t y  level i n  Tables 2.4-2.8 f o r  t h e  p l a n t s  which sen t  
d e t a i l e d  ana lys i s  sheets. The actual s h e e t s  are reproduced i n  Tables B-1 to 
B-4 of Appendix B. It should be noted t h a t  one of t h e  a n a l y s i s  records s e n t  
(S t .  Lucie  P l a n t ,  Unit 1) w a s  a copy of Addendum I1 t o  Table 31 of C la rk ' s  
1978 r e p o r t ,  (2) but t h e  remainder were obtained during r ecen t  operat ions.  

It 
A 

The 

Table 2.2 i n d i c a t e s  t h a t  a c t i v i t y  levels i n  t h e  va r ious  l i q u i d  streams do 
not vary widely from p l a n t  t o  p l a n t ,  o r  from BWR t o  PWR. In gene ra l ,  t h e  lev- 
e l s  i n  t h e  r e a c t o r  coolant  are considerably above those  in t h e  o t h e r  streams, 
as would be expected. 
a c t i v i t y  l e v e l s  shows t h a t ,  i n  r e a c t o r  coo lan t ,  t h e  short- l ived i s o t o p e s  
(mostly f i s s i o n  products and not n e c e s s a r i l y  in t r u e  s o l u t i o n )  c o n t r i b u t e  es- 
s e n t i a l l y  a l l  t h e  r a d i o a c t i v i t y ,  wh i l e  t h e  long-lived f i s s i o n  and a c t i v a t i o n  
products (Cs-137 and (20-60) g e n e r a l l y  c o n t r i b u t e  much less than 1%. Clark 's  
survey(2) obtained d e t a i l e d  RN analyses  from two BWR's and f o u r  PWR's, a l l  

From Tables 2.4-2.8, t h e  breakdown i n t o  ind iv idua l  RN 
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of them d i f f e r e n t  from our responding p l a n t s  except f o r  Donald C .  Cook and t h e  
aforementioned S t .  Lucie. The information obtained w a s  very similar i n  ex ten t  
and s i g n i f i c a n c e  t o  t h a t  from t h e  present  survey. 

In t he  present  survey, a s  in Clark ' s ,  t h e - d e t a i l e d  ana lyses  show a con- 
s i d e r a b l e  v a r i a t i o n  i n  the  list of i so topes  monitored a t  t h e  d i f f e r e n t  p l an t s .  
Discussions wi th  r ep resen ta t ives  of t he  p l a n t s  i n d i c a t e  t h a t  t h e r e  is, in 
f a c t ,  a wide v a r i a t i o n  i n  the  proport ions of t h e  va r ious  RNs found i n  t h e  
coolant  of d i f f e r e n t  r eac to r s .  This  v a r i a t i o n  i s  f i r s t  of a l l  due t o  the  
r e l a t i v e  amounts of f i s s i o n  products compared t o  a c t i v a t i o n  products ,  which i n  
t u r n  depend on a number of f a c t o r s  such as ex ten t  of f u e l  leaks,  age of t h e  
r e a c t o r ,  and opera t ing  power l e v e l .  D i s t r ibu t ion  of t h e  more prominent RNs a t  
a given r e a c t o r  can change wi th  time a l s o ,  depending on r e a c t o r  operat ing 
condi t ions ,  development of f u e l  leaks ,  and chemical t reatment  of t he  coolant .  
A s  an example of t h i s  las t  e f f e c t ,  a d d i t i o n  t o  the  coolant  of hydrogen perox- 
i d e  (which has  been done a t  a number of p l a n t s )  causes r e l e a s e  of cobal t  from 
t h e  su r face  of r e a c t o r  components in contact  wi th  the  coolant .  Thus, a f t e r  
such t reatment ,  very l a rge  inc reases  in t h e  l e v e l s  of Co-58 and Co-60 in t he  
coolant  w i l l  occur. 

In a d d i t i o n  t o  a c t u a l  d i f f e rences  in RN d i s t r i b u t i o n  a t  d i f f e r e n t  reac- 
t o r s ,  t h e r e  i s  a d i f f e rence  in those RNs repor ted ,  because of s p e c i f i c  a n a l y t i -  
c a l  methods used. All p l a n t s  appear t o  use y-spectroscopy f o r  a n a l y s i s .  Some 
p l a n t s  record a l l  RNs d e f i n i t e l y  i d e n t i f i a b l e .  
s e t s  of RNs a s  determined by t he  computer sof tware provided by t he  vendor of 
t h e i r  a n a l y t i c a l  equipment. Their  computer programs, a f t e r  r epor t ing  amounts 
of t h e  RNs being monitored, give the  energ ies  and count r a t e s  of a l l  o the r  
y-peaks observed. Thus, i f  any new RN shows up or an unusual i nc rease  i s  
noted in any peak, a p p r o p r i a t e  add i t ions  can be made t o  t h e  a n a l y t i c a l  proce- 
du re  t o  keep t r a c k  of t h e  s i t u a t i o n .  

Others  monitor only c e r t a i n  

The r e s u l t s  repor ted  by Dresden and S t .  Lucie are t h e  most ex tens ive ,  and 
in terms of r e l a t i v e  concent ra t ions ,  a r e  in reasonable agreement f o r  those  RNs 
common t o  both p l a n t s .  The apparent  discrepancy in t he  d i s t i h t i o n  of iod ine  
i so topes  ( r e v e r s a l  of 1-133 and -134 abundances, and t h e  high 1-131 l e v e l  a t  
S t .  Lucie) is probably ind ica t ive .  of release of t h e  longer-l ived i so topes  (131 
and 133) i n  a r e a c t o r  t r i p  a t  S t .  Lucie s h o r t l y  before  ana lys i s .  The o the r  
p l a n t s  r e p o r t  mainly iod ine  and noble  gas i so topes  f o r  t h e i r  p r i n c i p a l  con- 
t r i b u t o r s  t o  the  g ross  B,y-activity,  and amounts of t hese  i so topes  are consis- 
t e n t  with those  repor ted  by Dresden and S t .  Lucie. 

A point  t o  no te  regarding t h e  r e l a t i v e l y  shor t - l ived  i so topes  is t h a t  
during r e a c t o r  opera t ion  they w i l l  r ap id ly  bui ld  up  t o  s teady  s t a t e  s a t u r a t i o n  
l e v e l s  on t he  r e s i n  beds and w i l l  t hus  c o n s t i t u t e  cons tan t  dose rate r a d i a t i o n  
sources ,  assuming cons tan t  r eac to r  power. They could t h e r e f o r e  d e l i v e r  a s ig-  
n i f i c a n t  r a d i a t i o n  dose t o  the  r e s i n s  if t he  beds w e r e  kept  in service f o r  
per iods of s eve ra l  months. The magnitude of t h i s  e f f e c t  is discussed in de- 
t a i l  i n  a later s e c t i o n  (3.5). 
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Table 2 . 2  

Concent ra t ion  of RNs i n  Feeds 
t o  D i f f e r e n t  Deminera l izer  Res in  Beds 

P lanr  

Gross & , ? A c t i v i t y  (uCl /mL)  i n :  
Pr imary Condensate or 
Coolant  Boron Recycle  Raduas te  Fuel  Pool  

Bh'R's 
Dresdsen 1 0.001 0.001 
Edwln  I. Hatch 0.1 0.001 
K i l l s t o n e  0.1-1 0.01 0.0001-0.00', 
Peach B o t t a n  0.05-0.2 0.0001-0.005 

Ph'R's - Beaver Val ley  0.5 0.5 0.01 0.001 
Doaald C. Cook 0.19 0.19 0.001r 
Fort Calhoun 1.9 0.02 
Kewaunee 0.1 0.01 0.005 0.01 
S t .  Lucie  1.78 0.06 0.002 
Zion 0.05-0.5 0.005-0.5 0.001 

a F r o a  p r e s e n t  survey .  
noble  g a s  i s o t o p e s .  

I n  C l a r k ' s  1978 s u m e y ,  t h e  v a l u e  vas 2.7, n e g l e c t i n g  

Table  2.3 

P r i n c i p a l  Radionucl ides  i n  Primary Coolant 

P l a n t  P r i n c i p a l  Radionucl ides  

BUR'S 
c o o p e r  CO-58.60; cr-si; nn-54; sr-92; r c - 9 9 ~  Ag-ilom; ~ ~ - 6 s .  
Dresden Tc-1 01 ,104, 1-1 32.133,134,13S; Ba-139.141; Sr-91.92 ; 

Cs-137,138; C0-60. 
D u n e  Arnold C r S 1 ;  Wn-54; C0-58,60; P e S 9 ;  Na-24. 
H i  1 l s t o n e  CO-60; Cs-136.137; Fe-55; Mu-54. 

PUB'. 
Fort Calhoun 
Donald C. Cook 
Kemunee 
Maine Yankee 
P o i n t  Beach 

S t .  Lucle  

Yankee Rove 

Zion , 

I-131,132.133.134,135; CS-138; CO-58; -54. 
CS-138. Rb88.89. Na-24, 1-131.133; Y-88; Ma-56. 
Na-26; F-18. 
Co-58.60; Ha-54; i s o t o p e s  of i o d i n e ,  cesium, and rubidium. 
1-131.132.133,134,135; CS-137,138; Rb-88; P-18; Na-24; 
Co-60. 
1-1 31,132,133,134,135; Rb-88;  no-99; Ca-137.138; Te-132; 
Y-91; co-60. 
Cs-138; I-131,132,133,134,135; 88-139; Na-24; h - 5 4 ;  St-75; 
Co-58; Nb95. 
Co-58.60; Cr-51; C~-134.137,138; Ba-140; Ho-99; 2 ~ 6 5 ;  
1-132. 
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Tablt  2.4 

Concentrations of Radionuclides I n  Reactor Coolant at 
Dresden U n i t  3 on July 21, 1981 

Isotope UClImL Isotope UCilmL 

Tc-101 4.6 E-1 Na-24 .4.2 E-3 
I -134 4.4 E-1 Cr-51 2.4 E-3 
Tc-104 4.2 E-1 c o d 0  1.3 E-3 
Ba-141 1.8 E-1 Pe-59 5.9 E-4 
Ba-139 1.7 E-1 nn-54 4.4 E-4 
1-135 1.4 E-1 AB-76 3.4 E-4 
1-132 1.3 E-1 Ce-141 2.9 E-4 
SI-92 8.6 E-2 Ru-103 2.7 E-4 
Cs-138 6.9 E-2 co-58 2.6 E-4 
Tc-99n 6.5 E-2 -95 1.6 E 4  
1-133 5.7 E-2 Cs-136 1.5 E-4 
SI-91 3.2 E-2 Z r 9 5  1.5 E-4 
n0-w 9.5 E-3 Zn-65 7.3 E-5 
Ba,La-140 6.3 E-3 Sb-124 6.5 E-5 
Np-239 b.0 E-3 Cs-137 1.8 E-5 
1-131 5.1 E-3 Ag-11010 7.7 E-6 

Table 2.5 

Concentrations of Radiomcades  i n  Reactor Coolant 
a t  S t .  Lucie; Data Compiled f o r  Clark 's  Report(Z) i n  1978. 

~ ~ ~ ~ 

Isotope UCiImL I s o t  ope uci/mI. 

Xe-133 2.49 E+l Rb-89 8.80 E-3 
Xe-135 1.64 E+l Bl-84 6.40 E-3 
1-133 7.81 E-1 co-58 6.40 E-3 
1-132 5.48 E-1 C r 5 l  5.20 E-3 
1-135 3.72 E-1 le-129 3.50 E-3 
m-88 3.59 E-1 Cs-136 3.50 E-3 
Rb-88 3.52 E-1 Te-134 3.06 E-3 
n0-99 2.80 E-1 Be-140 8.43 E 4  
Kr-851 2.05 E-1 La-140 8.07 E-4 
Xe-l3lm 2.04 E-1 R-143 8.06 E 4  
1-132 1.50 E-1 Co-60 7.16 E 4  
8-3 1.47 E-1 Sr-89 6.99 E-4 
K r 8 5  1.27 E-1 Ct-140 5.70 E-4 
Kr-87 1.12 E-1 Ru-103 5.70 E 4  
C8-138 9.52 E-2 Sr-91 4.91 E 4  
1-134 8.56 E-2 I-90 1.41 E-4 
Xe-138 4.97 E-2 tal-54 3.79 E-5 
1-132 4.55 E-2 Sl-90 3.60 E-5 
Ce-137 4.42 E-2 Ru-106 3.42 E-5 

Cm-134 1.38 E-2 Zr-95 1.29 E 4  
Y-91 1.53 E-2 P-59 2.94 1-5 
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Table 2.6 

Concentrations of Radionuclides i n  Reactor Coolant 
a t  Donald C. Cook Unit 1. 

I so tope  FrCi lmL 

Xe-133 
Xe-135 
03-138 
Rb-88 
Na-24 
1-1 31 
Kr-85m 
Xe-l33m 
Kr-88 
Kr-87 
1-133 
Y-8 8 
Rb-89 
Mn-54 
Ar-4 1 

1.56 E-1 
6.49 E-2 
3.60 E-2 
1.53 E-2 
8.93 E-3 
8.17 E-3 
8.01 E-3 
6.30 E-3 
5.07 E-3 
4.95 E-3 
3.93 E-3 
3.82 E-3 
3.35 E-3 
1.98 E-3 
1.89 E-3 

Table 2.7 

Concentrations of Radionuclides in Reactor Coolant 
a t  For t  Calhoun on August 17 ,  1981 

I so tope  V C i l m L  

Xe-133 
Xe-135 
Cs-138 
1-1 33 
1-132 
1-1 34 
1-131 
Co-58 
Mn-54 
Ce-141 
Nb-95 

9.70 E-1 
1.96 E-1 
1.28 E-1 
8.07 E-2 
7.52 E-2 
6.15 E-2 

1.56 *E-2 
7.19 E-3 
'7.09 E-3 
4.37 E-3 

5.12 E-2 
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Table 2.8 

Concentrations of Radionuclides i n  Reactor Coolant 
a t  Point Beach Unit 1 on January 20,  1981 

Isotope P C i / m L  I s o t  ope uci/mL 

1-134 4.54 E-1 1-131 3.10 E-2 

CS-138 2.78 E-1 Na-24 7.49 E-3 
2.66 E-1 Kr-85 6.09 E-3 1-135 

1-1 32 2.11 E-1 Mo-99 1.96 E-3 

Kr-88 1.52 E-1 Te-132 8.74 E-4 
Xe-138 1.37 E-1 Xe-13 3m 1.71 E-4 
Xe-133 1.34 E-1 La-1 40 1.58 E-4 
Xe-135m 9.26 E-2 CS-136 1.16 E-4 
Kr-85m 9.22 E-2 CO-58 9.58 E-5 
F-18 6.94 E-2 CO-60 2.13 E-5 
Kr-87 5.26 E-2 Mn- 5 4 3.10 E-6 

Fe-59 3.04 E-6 

Xe-135 3.,29 E-1 Ar-4 1 8.83 E-3 

R b 8 8  2.17 E-1 CS-137 2.81 E-3 

1-133 1.01 E-1 CS-134 1.36 E-3 

2.3 A c t i v i t y  Loading and P r i n c i p a l  RNs on Resins f o r  Disposal  

The SUNeys by Lin(1) and Clark(2)  d e a l t  mainly with performance of 
r e s i n s  i n  t r e a t i n g  l i q u i d  streams under nuclear  power p l a n t  operat ing condi- 
t i o n s .  Our primary i n t e r e s t  i s  i n  t h e  e f f e c t s  of r a d i a t i o n  both on r e s i n  per- 
formance and on p r o p e r t i e s  of t h e  r e s i n s  a f t e r  they leave t h e  p l a n t s  f o r  f i n a l  
d i sposa l .  While w e  asked f o r  a c t i v i t y  levels i n  t h e  l i q u i d  streams, a s  d id  
Lin and Clark, we asked as w e l l  f o r  t h e  a c t i v i t y  loadings on spent  r e s i n s  f o r  
d i sposa l ,  which they  d i d  not .  
ject w a s  c o i n c i d e n t a l ,  and t h e r e  i s  no s e c t i o n  i n  t h e i r  r e p o r t s  comparable t o  
t h i s  one. 

Thus any information they obtained on t h i s  sub- 

Table 2.9 summarizes information on t h e  loadings of t h o s e  r e s i n s  with t h e  
h ighes t  a c t i v i t y  l e v e l s  i n  t h e  p l a n t s  l i s t e d .  
RNs on t h e  r e s i n s  as  given by t hose  p l a n t s  answering t h e  p e r t i n e n t  quest ion.  
Tables 2.11-2.16 p resen t  a n a l y t i c a l  r e s u l t s  from s i x  p l a n t s  which s e n t  de- 
t a i l e d  a n a l y s i s  s h e e t s  giving a breakdown i n t o  i n d i v i d u a l  RNs on t h e  r e s i n s .  
These l a t te r  t a b l e s  r e f e r  t o  r e a c t o r  coolant cleanup r e s i n s ,  s o  i t  i s  l i k e l y  
t h a t  t h e  data i n  Table 2.9 r e f e r  t o  similar r e s i n s .  The a c t u a l  a n a l y t i c a l  
s h e e t s  are reproduced i n  Table C-1 t o  C-8 of Appendix C. 

Table 2.10 l ists  t h e  p r i n c i p a l  

Perhaps t h e  most s t r i k i n g  th ing  about t h e  data i n  Table 2.9 i s  t h e  l a rge  
v a r i a b i l i t y  between t h e  d i f f e r e n t  p l a n t s ,  both BWRs and PWRs. 
both maximum and t y p i c a l ,  show more than a hundredfold v a r i a t i o n  (maximum 
loading from 0 .3  t o  60 C i / f t 3  and t y p i c a l  loadings from <0.1 t o  

The loadings,  
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30 C i / f t 3 ) .  
from l a r g e l y  a c t i v a t i o n  products (Co-60, Mn-54, e t c . )  t o  l a r g e l y  f i s s i o n  prod- 
u c t s  (Cs-134,137) (see Tables A.2 and A.3). 

Also, t h e  d i s t r i b u t i o n  of t he  r e l a t i v e l y  long-lived RNs v a r i e s  

Table 2.9 

Typical  and Maximum A c t i v i t y  Loading 

P l a n t  

Typical  Loadings Maximum Maximum 
on Spent Coolant Loading on Loading on 

Resin Sh i  ped a Bed 
C i l f  t 3  s Cleanup Resin 

C i l f  t 3  C i l f  t 

BWR's 
Dresden 
Duane Arnold 
Edwin I. Hatch 
Nine Mile Po in t  
Peach Bottom 
Vermont Yankee 

PWR'S 
Beaver Val ley 
Donald C. Cook 
Joseph M. Fa r l ey  
Maine Yankee 
Po in t  Beach 
P r a i r i e  I s l a n d  
S t .  Lucie 
Tro Jan 
Yankee Rowe 
Zion 

4-5 
-0.6 

3-30 
1 
0.1 
2-4 

5 
n r  

<o. 1 
-1 
0.1-1 
n r  
n r  

n r  
-2 

1-5 

iaa  ia 
0.15 1.55 

60a 60 
n rb  n r  

10 10 
maximum t h i s  year ,  0.3 

10 
6.4 
3 

125C 
33 
1 
6 
5.4 
3 

30 

14.8 
17 

7 
n r  

2 
6 
5.4 

20 
40 

s l i g h t l y  >33 

agefore s o l i d i f i c a t i o n .  
bnr - no response. 

t l y  Co-58 (71-day h a l f - l i f e ) .  
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Table 2.10 

P r inc ipa l  Radionuclides on Resinsa 

P lan t  P r  i n c i  p a l  Radio nu c li de s 

BWRs 
Dresden Co-58,60; Mn-54; Cs-134,137. 
Edwin I. Hatch Cs-134,137; Zn-65; CO-60. 
Peach Bottom Zn-65; Co-58,60; Cs-134,137; Cr-51; 1-131; Mn-54. 
Vermont Yankee Cs-134,137; Zn-65; Co-58,60; Zr-95; Mn-54. 

- 

PWRS 
Donald C. Cook Co-58,60; Cs-134,137; Mn-54; Sb-124. 
Joseph M. Far ley  Co-58,60; Mn-54; Cs-137; H-3. 
Maine Yankee Co-58,60; Mn-54; Cs-134,137; Sr-89,90. 
Point  Beach Co-58,60; Cs-134,137; Sb-125; Ru-106; Mn-54; Cr-51. 
Tro Jan Co-58,60; Cs-134,137; Mn-54; Ce-144; Zn-65; Nb-95; 

Sb-125; Sr-90. 

a Usually coolant cleanup r e s i n ,  but  not always spec i f i ed .  

Table 2.11 

Levels of Radionuclides on Res in  f o r  
Shipment a t  Donald C. Cook on June 21, 1981 

Iso tope  pci/mLa 

CO-58 

CS-137 
Sb-124 
CS-134 
Mn-5 4 
1-131 
Nb-95 
CO-57 

CO-60 
1.55 E-1 

1.44 E-2 
8.88 E-3 
8.87 E-3 
8.03 E-3 
3.43 E-3 
1.04 E-3 
7.03 E-4 

5.48 E-2 

a1 C i / f t 3  = 35.3 pci/mL. 
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, 

Some f i s s i o n  and a c t i v a t i o n  products  can be present  a t  r e l a t i v e l y  high 
percentages a t  one p l a n t ,  but n o t  a t  o thers .  For example, t h e  a c t i v a t i o n  
product Zn-65 i s  t h e  predominant a c t i v a t i o n  product a t  two p l a n t s ,  i n  one of 
which (E. I. Hatch, Table 2.12) f i s s i o n  products  c o n s t i t u t e  t h e  bulk of t h e  
a c t i v i t y ,  and i n  t h e  o the r  (Peach Bottom, Table 2.13) a c t i v a t i o n  products  pre- 
dominate. I n  most o ther  p l a n t s  (Tables A-1 and A-2) Zn-65 i s  no t  mentioned. 
Although Co-58 i s  normally present  i n  smaller amounts than Co-60, i t  exceeds 
Co-60 a t  Donald C. Cook (Table 2.11) by a f a c t o r  of 3, and a t  Maine Yankee 
(Table 2.13) by a f a c t o r  of nea r ly  20. I n  t h e  case of f i s s i o n  products,  
Ce-144 i s  an  example of one t h a t  i s  present  i n  a n  amount comparable t o  Cs-134 
and Cs-137 a t  Trojan (Table 2.15) tut i s  not s i g n i f i c a n t  a t  most o the r  p l an t s .  

Table 2.12 

Levels of Radionuclides on Unit  1 
Coolant Cleanup Resin a t  E. I. Hatch. 

I so tope  u c i l g  

CS-137 7.57 E+2 
cs-134 5.46 E+2 
Zn-6 5 1.28 E+2 
Co-60 3.01 E+1 

Table 2.13 

Levels of Radionuclides on Resin f o r  
Shipment a t  Maine Yankee on March 11, 1980 

Iso tope  I I C i l g  

Co-58 1.70 E+2 
cs-137 2.11 E+1 
CS-134 1.11 E+1 
Co-60 9.76 E 0 
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Table 2.14 

Levels of Radionuclides on Resin 
f o r  Shipment a t  Peach Bottom 

Iso tope  uti/ g 

From Analysis 

Zn-65 2.45 E 0 
CO-60 6.64 E-1 
CS-1 37 4.06 E-1 
CS-134 2.86 E-1 
Cr-  5 1 2.06 E-1 
1-131 1.27 E-1 
Co-58 1.05 E-1 
La-140 2.60 E-2 
Mn-54 1.10 E-2 

Estimated (pure 6-emitters) 
Sr-90 4.06 E-3 
Fe-55 7.64 E-1 
Ni-63 5.98 E-1 

Table .2.15 

Levels of Radionuclides on Resin 
From Trojan on May 14, 1981 

I so tope  Ilci/s 
~~ 

CO-60 
cs-137 
CS-134 
Mn-54 
CO-58 
Ce-144 
Ru-106 
Sb-125 
Cr-51  
Zn-65 
CO-57 
Fe-59 
A g - l l h  
Nb-95 
S b-124 
Ce-141 

4.57 E+1 
1.26 E+1 
5.13 E 0 
2.78 E 0 
5.32 E-1 
3.49 E-1 
1.95 E-1 
1.65 E-1 

6.71 E-2 
6.07 E-2 
5.87 E-2 
4.04 E-2 

1.78 E-2 
1.26 E-2 

1.21 E-1 

2.26 E-2 
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Table 2.16 

Levels of Radionuclides on Reactor Cleanup Resin 
a t  Vermont Yankee 

I so tope  u c i l g  

CS-137 
CO-60 
Zn-65 
CS-1 34 
Zr-95 
Mn-54 
C 0-5 8 
1-131 
Tc-99m 

4.84 E+1 
3.05 E+1 
2.03 E+1 
1.78 E+1 
1.11 E+1 
5.98 E 0 
5.88 E 0 
5.35 E-1 
4.19 E-1 

perat i  Var i a t ions  of t h i s  na tu re  are expected due t o  d i f f e r e n t  condi- 
t i o n s  a t  d i f f e r e n t  p l a n t s ,  and t h e  long term r a d i a t i o n  doses de l ive red  t o  the  
r e s i n s  by a l l  of t h e s e  o the r  RNs i s  small (due t o  t h e i r  s h o r t e r  h a l f - l i v e s )  
r e l a t i v e  t o  t h e  dose from CO-60 and Cs-137. What i s  perhaps unexpected i s  t h e  
a b s o l u t e  magnitude of some of t h e  maximum loadings r epor t ed ,  higher  than 
30 C i / f t 3  a t  3 of t h e  16 p l a n t s .  A f o u r t h  p l a n t ,  Maine Yankee, r epor t ed  
125 C i / f t 3  f o r  t h e  maximum load ing 'on  a r e s i n  f o r  d i sposa l ,  but t h i s  turned 
out t o  be due l a r g e l y  t o  Co-58" *ich has a h a l f - l i f e  of only 71 days and 
would thus  r e q u i r e  much higher  loadings t o  cause s i g n i f i c a n t  r a d i a t i o n  damage. 

E. I. Hatch r epor t ed  t h e  h ighes t  loading of r a d i o a c t i v i t y  with a ha l f -  
That loading ( 6 0  C i / f t 3 )  was composed l a r g e l y  of Cs-137 and l i f e  >5 yea r s .  

w a s  t h e r e f o r e  comparable t o  t h a t  encountered on a r e s i n  p r e f i l t e r  used i n  t h e  
AFHB cleanup a t  "MI-II.(8) 
40 C i / f t 3 ,  assuming uniform loading, and w a s  considered t o  be loaded t o  a 
h ighe r  than d e s i r a b l e  l e v e l  i n  terms of then-known power p l a n t  p r a c t i c e ,  and 
from t h e  point  of view of r a d i a t i o n  damage t o  t h e  resin.  The maximum loading 
on waste shipped from E. I. Hatch,would have been <60 C i / f t 3  because of d i -  
l u t i o n  when t h e  r e s i n  was s o l i d i f i e d .  They s h i p - o n l y  100 f t 3 / y r  of coolant  
cleanup r e s i n  f o r  each r e a c t o r ,  &t 15,000 ft31(year, f o r  each r e a c t o r ,  of 
t h e i r  o t h e r  r e s i n s ,  which are  loaded t o  only 0.015-0.25 C i / f t3 .  
plant ,%could use  many more t i m e s  t h e  amount of c,oolant cleanup r e s i n  than they 
p resen t ly  use  , ( thereby considerably reducing t h e i r  loadings)' without apprecia- 
bly increasing. t h e i r  t o t a l  r e s i n  use.  
long-term dose t t h e i r  r e s i n s  mig6t. -6 , t 6  mix t h e  coolant  cleanup r e s i n s  with 
some of the. othe r e s i n s  before s o l i d i f y i n g .  

The la t ter  was loaded t o  approximately 

Thus t h i s  

Another ' a ccep tab le  way of reducing 
A .  

L *. 
1 I I  

1' _ I I  * - *  

"D. R. MacKenzie and K. J. Swyler, ,Memo-to F i l e ,  March 1, 1982, "Report of 
T r i p  t o  Maine Yankee Atomic Power P l a n t ,  February 23, 1982." 
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The o t h e r  two p l a n t s  r epor t ing  loadings >30 C i / f t 3  are Zion and Point  
Beach, with 40 and approximately 33 Ci/f t3 r e s p e c t i v e l y  f o r  maximum loading 
on a bed. Since Zion s o l i d i f i e s  f o r  shipment, t h e i r  maximum loading on 
shipped waste would have been less than t h e  r epor t ed  30 C i / f t 3  reported as 
maximum. A l l  t h e  o the r  p l a n t s  r epor t  10 o r  fewer C i / f t 3  as t h e  maximum 
loading on a r e s i n  shipped t o  date .  
of 18 is f o r  t h e  r e s i n  before  d i l u t i o n  by s o l i d i f i c a t i o n .  Duane Arnold re- 
ported a maximum of 0.15 C i / f t 3  wi th  an annual shipment of 6000 f t 3  and 
Peach Bottom 0.3 C i / f t3 .  
1-10 ~ i / f t 3  range. 

This includes Dresden, s i n c e  t h e i r  value 

The o the r s  ( 9  ou t  of 15) were a l l  i n  the  

The maximum values  r epor t ed  were o f t e n  termed unusually high f o r  t h e  par- 
t i c u l a r  p l a n t ,  o r  were s a i d  t o  r e f e r  t o  a one-time shipment. 
1-10 C i / f t 3  is more t y p i c a l  of t h e  loadings encountered i n  p r a c t i c e ,  e.g., 7 
out  of t he  1 2  p l a n t s  f o r  which information is a v a i l a b l e  gave f i g u r e s  i n  t h i s  
range (Table 2.9). Four p l a n t s  have t y p i c a l  loadings t h a t  are even lower, and 
even E. I. Hatch, t h e  only 

cial r e a c t o r s  t y p i c a l l y  s h i p  coolant  cleanup r e s i n  i n  t h e  range of 
1-10 C i / f t 3  o r  less, but occasional ly  a few may s i g n i f i c a n t l y  exceed 

Indeed, 

l a n t  r epor t ing  >10 Ci./ft3 f o r  normal shipment 
gives  a range of 3-30 C i / f t  s . It can be concluded, t hen ,  t h a t  U.S. commer- 

10 C i / f t3 .  

2.4 Sr-90 i n  Power P l a n t  Wastes 

For r o u t i n e  a n a l y s i s  most power p l a n t s  determine t h e  B,y-activity i n  
l i q u i d  and r e s i n  samples by y-counting, o f t e n  wi th  energy a n a l y s i s  t o  i d e n t i f y  
and measure t h e  i n d i v i d u a l  RNs (see, f o r  example, Tables  2.11 - 2.15). This 
counting technique is very convenient,  and p a r t i c u l a r l y  s u i t e d  t o  r o u t i n e  an- 
a l y s i s .  However, i t  completely misses t h e  pure B-emitter Sr-90 (29 y r  half-  
l i f e )  and i t s  shor t - l i ved  daughter (2.7 day h a l f - l i f e )  Y-90, an almost pure 
B-emitter. Because of i t s  high 6-energy (2.28 MeV maximum energy) ,  Y-90 is 
r e spons ib l e  f o r  most of t h e  r a d i a t i o n  damage, t o x i c i t y ,  etc. from t h e  Sr,Y-90 
couple when they are i n  s e c u l a r  equilibrium; 
l i v e r s  approximately twice t h e  long-term dose d e l i v e r e d  by Cs-137. 
e s s e n t i a l  t o  know t h e  Sr-90 loading on a r e s i n  i n  o rde r  accu ra t e ly  t o  d e t e r  
mine long-term dose. 

Curie  f o r  c u r i e ,  Sr,Y-90 de- 
It is t hus  

I n  t h e  responses t o  our  ques t ionna i r e ,  t h r e e  p l a n t s  mentioned Sr-90 - 
Trojan and Maine Yankee list i t  as one 

Trojan submitted a n  
Trojan,  Peach Bottom and Maine Yankee. 
of t h e  p r i n c i p a l  RNs on spent  r e s i n  (see Table 2.10). 
a n a l y s i s  done i n  J u l y  1981 by Science Applicat ions,  I n c . ,  which found 
0.32 p C i  Sr-90/g i n  a r e s i n  sample containing 12.6 V C i  Cs-l37/g. 
content  t hus  amounted t o  2.5% of t h e  Cs-137 i n  t h e  sample. 
from Peach Bottom gave an est imated value f o r  Sr-90 exac t ly  1% of t h a t  f o r  
Cs-137. When asked about t h i s ,  personnel a t  Peach Bottom s t a t e d  t h a t  they 
analyzed samples p e r i o d i c a l l y  f o r  Sr-90, and t h e  amount has never exceeded 1% 
of the  Cs-137 p resen t .  They, t h e r e f o r e ,  use t h a t  value r o u t i n e l y  as a conser- 
vative estimate which they are confident  w i l l  not  be exceeded. 
quirements, as  a r e s u l t  of t h i s  kind of experience,  f o r  deal ing w i t h  a maximum 
loading r egu la t ion ,  are discussed i n  Sec t ion  3.4.3. 

The Sr-90 
Ana ly t i ca l  r e s u l t s  

Poss ib l e  re- 
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2.5 TRU IsotoDes on SDent Resins 

The ques t ionna i r e  requested information on a -ac t iv i ty  i n  t h e  l i q u i d  
streams and on spent  r e s in .  Most respondents e i t h e r  d i d  not  answer these  
quest ions (11) o r  ind ica t ed  t h a t  any a -ac t iv i ty  was below minimum d e t e c t a b l e  
l e v e l s  (8). 
r e s i n s ,  Kewaunee, Mil ls tone,  Maine Yankee and Trojan. 

Four p l a n t s  had measurable amounts of a - a c t i v i t y  a s soc ia t ed  with 

Kewaunee and Mi l l s tone  reported concentrat ions i n  t h e  l i q u i d  streams t o  
be less than t h e  minimum d e t e c t a b l e ,  and noted t h a t  t he  a - a c t i v i t y  on t h e i r  
r e s i n s  was <10 nCi/g. Maine Yankee gave <1 v C i / m L  for t h e  a -ac t iv i ty  asso- 
c i a t e d  with r e s ins .  Since 1 v C i / m L  is many t i m e s  h igher  than t h e  10 nCi/g TRU 
l i m i t ,  personnel a t  Maine Yankee were questioned about t h e i r  response. They 
s t a t e d  t h a t  our ques t ionna i r e  asked f o r  vCi/mL, and they gave t h e  value "<l" 
t o  i n d i c a t e  t h a t  t h e i r  a c t i v i t y  was not i n  t h e  pCi/mL range. I n  f a c t ,  i t  w a s  
ba re ly  d e t e c t a b l e  and l e v e l s  were w e l l  below 10 nCi/g on a l l  r e s i n s  shipped 
f o r  d i sposa l .  

Trojan s e n t  a copy of a t y p i c a l  recent  a n a l y s i s ,  which is reproduced in 
Appendix D as Table D-1. 
nCi/g. Since t h e  concen t r a t ion  of TRU i so topes  on t h e  r e s i n  sample w a s  ap- 
proximately 14 nCi/g, t he  r e s i n  would be t e c h n i c a l l y  TRU waste, being above 
t h e  10 nCi/g TRU l i m i t .  Trojan disposes of i t s  spent  resins by s o l i d i f i c a -  
t i o n ,  so t h a t  f o r  t h i s  p a r t i c u l a r  batch,  i t s  a - a c t i v i t y  a f t e r  s o l i d i f i c a t i o n  
w a s  4.6 nCi/g of s o l i d  waste, w e l l  below t h e  TRU l i m i t .  
r e s i n  wastes have had no t r o u b l e  meeting t h e  requirements of non-TRU waste. 

The d a t a  are presented i n  Table 2.17 i n  terms of 

So f a r  a l l  t h e i r  

Table 2.17 

Alpha Emitting Nuclide Levels on a F i l t e r  and a Resin Sample a t  Trojan 

Nuc l i d e s  
Amount on f i l t e r  Concentration on Resin 

nCi To ta l  nCi/g 

Pu-239,240 
Pu-238 
Am-24 1 
~ ~ 2 4 2 , 2 4 3  
Cm-244 

1.31 
0.58 ' 
0.015 
0.051 
0.004 

. .  

11.4 
3.0 
0.060 
0.073 
0.006 

On t h e  b a s i s  of t he  responses t o  t h e  survey, i t  can be concluded t h a t  
l e v e l s  of TRU i so topes  on spent  resins from commercial r e a c t o r s  are very low, 
e i t h e r  below 10 nCi/g of r e s i n ,  o r  of such a value t h a t  t h e  l e v e l  i n  t h e  f i n a l  
waste form can e a s i l y  be  kep t  below 10 nCi/g so t h a t  t h e  waste does not con- 
s t i t u t e  TRU waste. Such l e v e l s  of a - ac t iv i ty  produce r a d i a t i o n  doses t o  t h e  
r e s i n  t h a t  cause i n s i g n i f i c a n t  amounts of damage. 
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2.6 Disposal Information 

2.6.1 Methods 

The p l a n t s  responding t o  the  ques t iona i r e  used a wide range of d i sposa l  
methods, from shipping dewatered r e s i n  i n  conta iners  of approximately 6 f t 3  
(55-gal drums) t o  200 f t 3  (steel l i n e r s ) ,  t o  s o l i d i f y i n g  i n  55-gal drums and 
l a r g e r  steel  conta iner .  Severa l  p l a n t s  cont rac ted  out  a l l  t h e i r  r e s i n  d is -  
posal  t o  commercial f i rms ,  which normally s o l i d i f y ,  so  presumably t h e  r e s i n s  
from these  p l a n t s  are being s o l i d i f i e d .  
planned t o  use  H I C ' s  f o r  disposing of dewatered r e s i n .  The p l an t s  which d id  
t h e i r  own s o l i d i f i c a t i o n  genera l ly  used cement. 

A f a i r  p ropor t ion  ind ica ted  they 

The s o l i d i f i c a t i o n  opt ion  i s  u s e f u l  f o r  p l a n t s  where a c t i v i t y  l e v e l s  
are high ( e i t h e r  8 ,  y ,  a s  considered i n  Sec t ion  2.3, o r  a ,  as considered i n  
Sec t ion  2.5). The d i l u t i o n  occurr ing during s o l i d i f i c a t i o n  makes t h e  r e s u l t -  
a n t  waste less of an exposure r i s k  f o r  workers i f  f3,y-activity i s  involved, o r  
can keep t h e  f i n a l  product from being c l a s sed  as TRU waste i f  a - ac t iv i ty  i s  
t h e  l imi t ing  f a c t o r .  This  i dea  should not be ca r r i ed  t o o  f a r ,  but t h e  pub- 
l i s h e d  information i n d i c a t e s  t h a t  composites of r e s i n  with cement, f o r  ex- 
ample ,  do not s u f f e r  a n  

50% r e s i n  by volume would r equ i r e  a Cs-137 loading i n  t h e  range of 30- 
40 C i / f t 3  on the  o r i g i n a l  r e s i n ,  depending on t h e  s i z e  and shape of t h e  com-, 
p o s i t e  w a s t e  form. 

d e l e t e r i o u s  a f f e c t s  from i r r a d i a t i o n  t o  doses of be- 
tween lo8 and lo9  rad.(  < Doses of lo8 rad t o  a composite containing 

2.6.2 Amounts 

There is  a very  wide v a r i a t i o n  i n  amounts of spent  r e s i n  shipped annu- 
a l l y  per  r e a c t o r .  The values  repor ted  i n  t h e  survey are given i n  Tables A . l  
and A.2. BWRs i n  genera l  repor t  shipping t e n  o r  more t i m e s  as much 'as PWRs, 
Amounts from BWRs ranged from 1,000 t o  25,000 f t 3 ,  except f o r  Dresden which 
repor ted  only 300 f t 3 .  
only Zion r epor t ing  an  amount (5 ,000 . to  10,000 f t 3 )  t y p i c a l  of a BWR. 
those shipping waste w i t h  radionucl ide loadings of 10 Ci/f  t3 o r  g r e a t e r ,  
s e v e r a l  p l a n t s  had low t o t a l  shipments, inc luding  Dresden, t h e  only BWR re- 
por t ing  a low amount shipped. 
amounts. It has a l r eady  been mentioned (Sec t ion  2.3) t h a t  Edwin I. Hatch re- 
ported shipping 100 f t 3 / y r  of r e a c t o r  coolant  cleanup r e s i n  out  of a t o t a l  
annual shipment of 15,000 f t 3 .  
Yankee (BWR) reported shipping seve ra l  thousand f t 3  annual ly .  
g ive  a breakdown t o  i n d i c a t e  t h e  amount of coolan t  cleanup r e s i n  shipped. 

For PWRs, amounts were mostly 100 t o  300 f t 3 ,  wi th  
Of 

The remaining t h r e e  p l a n t s  shipped l a r g e  

Two o the r  p l a n t s ,  Zion (PWR) and Vermont 
They d id  not 
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3. SELECTION OF A MAXIMUM PERMISSIBLE LOADING 

NRC i n  a r ecen t  d r a f t  branch t echn ica l  p o s i t i o n  (BTP) f o r  guidance t o  
waste gene ra to r s  proposed s e t t i n g  a maximum of 10 C i / f t 3  f o r  t he  RN loading 
on organic  i o n  exchange resins being shipped f o r  d i sposa l .  A t  t h i s  loading of 
Cs-137, a long-term dose of approximately lo8 rad would be de l ive red  t o  t h e  
r e s i n .  I n  t h i s  s e c t i o n ,  t h e  r a t i o n a l e  f o r  choosing 10 C i / f t 3  maximum load- 
ing  is  examined, and i t  i s  concluded t h a t  i t  i s  d e s i r a b l e  f o r  r e l a t i v e l y  long- 
l i v e d  RNs such as Cs-137 and Sr-90. However, because of t h e  v a r i a t i o n  i n  
d i s i n t e g r a t i o n  energy and h a l f - l i f e  (and t h e r e f o r e  i n  t o t a l  dose de l ive red )  of 
t h e  RNs found on waste resins i n  p r a c t i c e ,  t h e  108 rad t o t a l  dose l i m i t  i s  
considered a more appropr i a t e  b a s i s  f o r  a gu ide l ine .  

3.1 Need f o r  a Loading L i m i t  

Ion exchange r e s i n s  s u f f e r  degradation on exposure t o  s u f f i c i e n t l y  high 
doses of r a d i a t i o n .  Such degradat ion r e s u l t s  from damage t o  t h e  polymer 
s t r u c t u r a l  framework and removal of func t iona l  groups by r a d i a t i o n  decomposi- 
t i o n  r e a c t i o n s .  The former causes formation of hydrogen and o t h e r  gases.  The 
la t te r  can cause not  only gas formation, but l o s s  of exchange capac i ty ,  and 
changes i n  pH which might enhance corrosion of metal con ta ine r s .  
l y t i c  decomposition of t h e  water remaining i n  dewatered r e s i n s  produces gas ,  
as w e l l  as r e a c t i v e  r a d i c a l s  capable of a t t ack ing  t h e  polymer s t r u c t u r e  and 
f u n c t i o n a l  groups. These e f f e c t s  should obviously be avoided i n  wastes f o r  
consignment t o  a b u r i a l  s i t e ,  hence the  need f o r  an upper loading l i m i t  below 
which t h e i r  magnitude w i l l  be i n s i g n i f i c a n t .  

Also radio- 

It must be r e a l i z e d  t h a t  e f f e c t s  due t o  loading with t h e  RNs commonly en- 
countered a t  power p l a n t s  w i l l  take a r e l a t i v e l y  long t i m e  t o  show up a t  real- 
i s t i c  loading l e v e l s ,  i .e.,  a t  l e v e l s  low enough t o  permit normal handling and 
not lead t o  problems w i t h  worker exposure during handling. The spent  r e s i n s  
are not  s t o r e d  f o r  long periods (maximum about a yea r ,  and sometimes not a t  
a l l )  a t  nuclear  power p l a n t s .  Therefore,  t h e  t o t a l  absorbed dose w i l l  not be 
l a r g e ,  and poss ib l e  damage w i l l  not ye t  be apparent ,  before  t h e  r e s i n s  are 
shipped f o r  d i sposa l .  It i s  only a f t e r  a per iod of many years t h a t  t o t a l  dose 
to the r e s i n s  w i l l  reach the  stage where r a d i a t i o n  damage would be obvious, i n  
o t h e r  words, long a f t e r  t he  resins have been deposited a t  t h e  b u r i a l  s i te .  I n  
the  case of CO-60, for example, i n  one year  only 12% of t h e  eventual  t o t a l  
dose w i l l  be de l ive red ,  while f o r  Cs-137 t h e  amount w i l l  be only 2.4%, and 
even f o r  CO-60 i t  w i l l  t ake  over 5 years  t o  reach 50% of the  eventual  t o t a l  
dose. 

3 . 2  L i t e r a t u r e  Information on Radiat ion Damage 

On the  basis of information i n  t h e  l i t e r a t u r e  survey of Gangwer, 
Goldstein and P i l l a y ,  (4) polymerization-type r e s i n s  appa ren t ly  are supe r io r  
t o  condensation-type resins i n  terms of chemical, mechanical and thermal prop- 
er t ies ,  although t h e i r  r a d i a t i o n  s t a b i l i t y  i s  no t  as g r e a t .  I n  d i scuss ions  
wi th  nuclear  power p l a n t  personnel during p r e p a r a t i o n  of our ques t ionna i r e ,  
t h e  point  w a s  made t h a t  u t i l i t i e s  choose r e s i n s  f o r  p l a n t  operat ions t h a t  w i l l  
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provide them wi th  maximum use ,  o r  s e r v i c e  t i m e .  That means presumably, t h a t  
t h e i r  choice would normally be polymerization-type wi th  i t s  b e t t e r  chemical, 
mechanical, and thermal p r o p e r t i e s .  Radiat ion s t a b i l i t y  is not an important 
f a c t o r  during s e r v i c e  so i t  w i l l  not be t h e  c r i t e r i o n  on which t h e  choice is 
based. 

The r e s u l t s  of t h e  survey confirm t h i s ,  and w e  conclude t h a t  t h e  r e s i n s  
used throughout t h e  nuclear  power indus t ry  are t h e  s t r o n g  a c i d  c a t i o n  ex- 
changers (with s u l f o n i c  ac id  f u n c t i o n a l  groups) and t h e  s t rong base anion ex- 
changers (with quaternary ammonium i o n  f u n c t i o n a l  groups).  Extent of cross- 
l i nk ing  of t h e  polystyrene w i t h  divinylbenzene (DVB) i n  c a t i o n  exchangers 
v a r i e s  from 4-16% i n  commercially a v a i l a b l e  r e s i n s ,  and t h e  power p l a n t s  ap- 
pear  t o  u s e  mainly 8 o r  10% cross-linked material. For purposes of t h i s  re- 
p o r t  then, t h e s e  p a r t i c u l a r  r e s i n s  are t h e  ones f o r  which information on radi-  
a t i o n  damage is most d e s i r e d ,  and t h e  ones which must be considered t h e  most 
important i n  determining a maximum loading requirement. 

3.2.1 General P r i n c i p l e s  

Exact mechanisms t o  exp la in  the  i n t e r a c t i o n  of r a d i a t i o n  wi th  d i f f e r e n t  
types of organic ion  exchange resins have not been determined, due i n  l a r g e  
p a r t  t o  t he  g r e a t  complexity of t h e  polymer systems.(4) 
q u a l i t a t i v e  way, the  k inds  of chemical bonds at tacked and the  r e l a t i v e  degrees 
t o  which d i f f e r e n t  types of chemical r e a c t i o n s  occur are known. Also, physi- 
cal and chemical changes as a r e s u l t  of i r r a d i a t i o n  of t h e  r e s i n s  are reason- 
ably w e l l  known i n  terms of changes i n  r e s i n  p rope r t i e s .  

However, i n  a 

The p r i n c i p a l  types of bonds a t t acked  i n  t h e  r e s i n  molecules are: t h e  
C-C bonds i n  t h e  polymer s t r u c t u r a l  framework, t h e  bonds l i n k i n g  t h e  func- 
t i o n a l  groups t o  t h e  carbon framework, and t h e  C-H bonds. The bonds l i n k i n g  
func t iona l  groups t o  carbon atoms are t h e  most s u s c e p t i b l e  t o  breakage. 
Sc i s s ion  of these  bonds l eads  t o  l o s s  of exchange capaci ty .  Sc i s s ion  of C-C 
bonds l e a d s  t o  degradat ion of t h e  polymer chains  and t o  breakage of cross- 
l i n k s ,  thereby p a r t i a l l y  breaking down t h e  three-dimensional s t r u c t u r a l  net-  
work. All t h e s e  processes are d e s t r u c t i v e  of t h e  r e s i n  molecules, leading t o  
undesirable  changes i n  p rope r t i e s .  Sc i s s ion  of C-H bonds l e a d s  t o  formation 
of hydrogen gas  (not  d e s t r u c t i v e  i n  i t s e l f )  and t o  a c e r t a i n  amount of c r o s s  
l i n k i n g  ( c o n s t r u c t i v e  r a t h e r  than d e s t r u c t i v e ) .  
m i t i g a t e s  t o  some e x t e n t  t h e  damage done by o t h e r  processes ,  bu t  t h e  o v e r a l l  
e f f e c t  of r a d i a t i o n  i s  d e t e r i o r a t i o n  of t h e  r e s i n .  This i s  p a r t i c u l a r l y  t r u e  
i n  the  presence of water and a i r ,  when ox ida t ive  processes a l s o  occur. 

This  l a t te r  process  t h e r e f o r e  

Some of t h e  p r o p e r t i e s  a n d ' t h e  d i f f e r e n c e s  i n  s u s c e p t i b i l i t y  of t h e  
d i f f e r e n t  types of r e s i n s  are noted below. These are, however, broad gen- 
e r a l i z a t i o n s ,  and t h e r e  w i l l  undoubtedly be exceptions.  

1. Most c a t i o n  exchangers begin t o  show s i g n i f i c a n t  damage a t  a dose 
8 of around 10 r ad ,  while  most anion exchangers are damaged 

no t i ceab ly  a t  a somewhat lower dose. The one type of r e s i n  w i t h  a 
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much g r e a t e r  r a d i a t i o n  r e s i s t a n c e  ( an  anion exchanger w i t h  py r id ine  
groups i n  t h e  s t r u c t u r a l  framework) i s  not  used by power p l a n t s  as 
f a r  as is known. 

2. The e f f e c t s  of r a d i a t i o n  which are of most concern t o  d i sposa l  of 
spent  r e s i n s  are: 
enhancement of co r ros ion  of metals i n  con tac t  w i t h  t h e  r e s i n s ,  and, 
t o  a lesser e x t e n t ,  l o s s  of exchange capaci ty .  

gas generat ion,  changes i n  pH, agglomeration, 

3. Larger changes i n  p rope r t i e s  (up t o  a f a c t o r  of f i v e  g r e a t e r )  are 
observed when r e s i n s  are i r r a d i a t e d  i n  t h e  presence of water than 
when they are i r r a d i a t e d  dry. The s t a b i l i t i e s  of t h e  polystyrene- 
divinylbenzene resins i r r a d i a t e d  ' i n  t h e  presence of water show t h e  
fol lowing order :  

py r id ine  based anion exchanger > nuclear  s u l f o n i c  and 
carboxyl ic  c a t i o n  exchanger >weak base anion ex- 
changers of t h e  primary, secondary, and t e r t i a r y  type 
> s t rong  base anion exchanger of t h e  quaternary am- 
monium type. 

4. I n  gene ra l ,  t h e  sa l t  forms of both c a t i o n  and anion exchangers are 
more r e s i s t a n t  t o  r a d i a t i o n  than a r e  the  H+ and OH' forms. 

5. There appears t o  be no d i f f e r e n c e  i n  i r r a d i a t i o n  e f f e c t s  between 
the  d i f f e r e n t  types of l o w  LET* r a d i a t i o n  sources (X-rays, 
y-rays, f a s t  e l e c t r o n s ,  and B-part ic les)  as regards e i t h e r  d i f f e r -  
ences i n  t h e  na tu re  of t he  r a d i a t i o n  (wave vs p a r t i c l e )  o r  whether 
t h e  i r r a d i a t i o n  i s  i n t e r n a l  o r  ex te rna l  ( 6 - p a r t i c l e  v s  t h e  
remainder). 

3.2.2 E f f e c t  on Exchanae CaDacitv 

The exchange capac i ty  of a r e s i n  is a measure of t he  e x t e n t  t o  which i t  
can remove ions  from s o l u t i o n ,  and i s  expressed as m i l l i e q u i v a l e n t s  per  gram 
of r e s i n .  For t h e  s t rong  a c i d  c a t i o n  exchanger of most i n t e r e s t  t o  t h i s  re- 
p o r t ,  abso rp t ion  o f ' r ad ia t ion -causes  cleavage of sulfonic. 'acid groups. The 
r e s u l t  i s  formation of. SO2 and consequent 'loss I of-  ,the exchange capac i ty  
which t h e  SOgH'-.groups had provided. In t h e  presence of oxidants ,  some 
carboxyl ic  aciil and phenolic OH groups w i l l  be formed, and a t  low doses t o t a l  
exchange capacaty (TEC):.due t o  these  groups p l u s  t h e  s u l f o n i c  a c i d  groups may 
inc rease  s l i g h t l y .  -However, a t  higher'dosesi, t h e  n e t  r e s u l t  is o v e r a l l  l o s s  
of mc. 

Although t h e  qua l i t a ' t i ve  p i c t u r e  .seems clear ,  experimental  r e s u l t s  have 
not  gene ra l ly  y i e lded  q u a n t i t a t i v e  i n t e r p r e t a t i o n  of t h e  da t a  so as t o  enable  

7 .  1 . .  * LET, or i i n e a r -  energy' t r a n s f e r ,  r e f e r s  t o  t h e  hens i ty  of energy depos i t i on  
along a p a r t i c l e  path.  
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d i f f e rences  between t h e  r e s u l t s  of d i f f e r e n t  s t u d i e s  t o  be explained. ( 4 )  
For example, s e v e r a l  workers found t h a t  r a d i a t i o n  r e s i s t a n c e ,  as measured by 
l o s s  of TEC, increased w i t h  increasi degree of cross-l inkage of the s t a r t i n g  

r a d i a t i o n  s t a b i l i t y  of t h e  r e s i n  KU-2--again measured by TEC--going from 8% t o  
24% cross-linkage. 

material. However, Tulupov e t  a l . (  18 reported no s i g n i f i c a n t  change i n  

Resu l t s  of a s t u d y ( l l )  of t h e  e f f e c t  of cross-l inkage of Dowex 50 on 
l o s s  of s u l f o n i c  ac id  groups are summarized i n  Table 3.1. This shows t h e  
v a r i a t i o n  i n  G-value f o r  l o s s  of SO3H' groups w i t h  dose f o r  four  degrees 
of cross-l inkage from 4% t o  16%. 
cals o r  molecules formed o r  decomposed pe r  100 e V  absorbed.) 
b i l i t y  i nc reases  ( i .e. ,  G-value f o r  - loss of SO3H' decreases)  from 4% 
cross-linkage t o  12% and then decreases a t  16%, except f o r  t h e  h ighes t  dose of 
nea r ly  109 rad.  
dose. 

(G-value i s ' d e f i n e d  as the  number of radi-  
The r e s i n  sta- 

For any degree of cross-l inkage, t h e  G-value decreases  w i t h  

Table 3.1 

G-Value f o r  Loss of Sulfonic  Acid Groups as a Function 
of Dose f o r  Dowex 50 of Various Cross-Linkages(12) 

G-value, Number of SO3H' Groups/100 e V  

Dose Dowex bowex Dowex Dowex 
( r a d )  50 x 4 50 x 8 50 x 12 50 x 16 

2.2 x 108 3.2 2.0 1.5 2.4 
4.7 x 108 1.7 1 e 3  1.3 1.5 
8.6 x 108 1.4 1.1 1.0 1.0 

The po in t  t h a t  is of concern t o  t h i s  r e p o r t ,  however, is t h e  high 
G-values observed f o r  a l l  t h e  cross-linkages a t  t h e  lowest dose of 2 x 108 
rad. Another, perhaps s impler ,  way of expressing t h e  e x t e n t  of t h i s  r a d i a t i o n  
damage is t o  present  i t  i n  terms of percent  l o s s  of exchange capaci ty .  Re- 
s u l t s  of s eve ra l  s t u d i e s  using Dowex 50, Amberlite IR-100, and Dowex 5aJ 
showed t h a t  a t  a dose of lo8  rad approximately 5-10% of t h e  exchange capac- 
i t y  w a s  iost.(12-14) 

Anion exchangers a l s o  lose capaci ty  on i r r a d i a t i o n .  An e f f e c t  somewhat 
analogous t o  t h a t  occurr ing wi th  c a t i o n  r e s i n s  is observed wi th  s t r o n g  base 
anion exchangers, i n  t h a t  a t  low doses TEC is l o s t  only slowly because some of 
t h e  quaternary ammonium groups a t t acked  are converted t o  weakly b a s i c  amino 
groups. However, w i th  inc reas ing  dose n e t  TEC decreases.  As w i t h  c a t i o n  ex- 
changers, presence of water and salts  exerts a f a i r l y  l a r g e  e f f e c t ,  but again 
t h e  spread i n  experimental r e s u l t s  is too g r e a t  t o  permit s a t i s f a c t o r y  i n t e r -  
p r e t a t i o n  of t h e  observed e f f e c t s .  
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G-values f o r  l o s s  of anion exchange capac i ty  are found l a r g e l y  i n  the  
They are comparable t o ,  but gene ra l ly  higher  than, Russian l i t e r a t u r e .  (4) 

those f o r  t h e  s t rong  a c i d  c a t i o n  resins. I n  terms of percentage l o s s  of ex- 
change capac i ty  on i r r a d i a t i o n ,  Kazanjian et  al.(15) wi th  the  s t rong  base 
anion r e s i n  Dowex-1 found decreases  i n  capac i ty  of w e l l  over 10% a t  108 rad.  
I n  f a c t ,  t he  decrease normally was considerably g r e a t e r  than t h a t ,  and about 
double t h a t  observed f o r  Dowex 50 s t rong  ac id  c a t i o n  exchanger. Thus, over- 
a l l ,  i t  must be concluded t h a t  both anion and c a t i o n  exchangers are q u i t e  
s u s c e p t i b l e  t o  r a d i a t i o n  damage as indica ted  by l o s s  of exchange capac i ty .  

3.2.3 Gas Generation 

Somewhat l e s s  work has been reported on gas gene ra t ion  during r e s i n  ir- 
Most of t he  r e s u l t s  repor ted  r a d i a t i o n  than on the  l o s s  of exchange capac i ty .  

a r e  f o r  c a t i o n  excha e r ~ . ( ~ )  
Kazan j i a n  and H o r r e l 2 l 8 )  have made q u a n t i t a t i v e  determinat ions of t h e  
d i f f e r e n t  gaseous products  formed during r a d i o l y s i s .  
s u l t s  f o r  anion exchange r e s i n s ,  those of Kazanjian(15) g ive  q u a n t i t a t i v e  
estimates of t he  gaseous products.  

I n  p a r t i c u l a r ,  Mohorcic e t  al.(16s17) and 

Of t h e  few published re- 

The p r i n c i p a l  gases  formed during i r r a d i a t i o n  of r e s i n s  are hydrogen 
Other gases  reported t o  be formed from c a t i o n  exchange and carbon dioxide.  

resins are CO, S02,  0 2 ,  and CH4, and from anion  exchangers, CO, N 2 ,  
"3, N20, and NO. 
g iven i n  Table 3.2. The G-values are not iceably  much smaller than  those f o r  
l o s s  of exchange capac i ty ,  except  f o r  samples immersed i n  water o r  7 M "03. 
For c a t i o n  exchangers i n w a t e r ,  G(H2) i s  between 1 and 2 and G(C02) is 
0.4. 
G-values f o r  formation of hydrogen are 0.1 o r  less, and those  f o r  t he  o t h e r  
gases  cons iderably  lower. 
i s  not r e a d i l y  exp la inab le  by a n  obvious f a c t o r  such as s o l u b i l i t y  of SO2 i n  
t h e  water of t he  r e s i n  matrix.  Yields  of t he  o the r  gases  normally are smaller 
when the  r e s i n s  are i r r a d i a t e d  dry. I r r a d i a t i o n  of c a t i o n  r e s i n  i n  t h e  sal t  
form (Na+ and Li+) d id  not  seem t o  make an  apprec iab le  d i f f e r e n c e ,  except 
f o r  t he  L i +  form i n  t h e  dry state,  where the  G-values obtained f o r  a l l  gases  
except SO2 w e r e  l o w e r  than under any other conditions. 

The amounts of H2,  C02 ,  anh CO formed by r a d i o l y s i s  are a l l  ap- 

G-values f o r  formation of s e v e r a l  of t h e  gases  are 

For anion exchange r e s i n  i n  7 M "03, G(C02) is 0.6. I n  genera l ,  

There is  a very wide v a r i a t i o n  i n  G(SO2), which 

proximately l i n e a r  w i t h  dose t o  t o t a l  doses >lo8 rad.  
u re  3.1 f o r  H2 product ion from 10% cross- l inked Dowex 50W c a t i o n  res- 
i n . ( l 6 )  
s e v e r a l  of t h e  p l o t s  i n  F igure  11 of Gangwer, Golds te in ,  and P i l l a ~ ( ~ )  are 
i n c o r r e c t l y  reproduced from t h e  o r i g i n a l .  
somewhat less s t a b l e  than the  H+ form when swollen wi th  water, but  s l i g h t l y  
more s t a b l e  when immersed in water. 
convenient ly  p l o t t e d  on the  same graph because t h e  y i e l d s  are so much higher .  

This  i s  shown i n  Fig- 

The data f o r  t h i s  f i g u r e  are taken d i r e c t l y  from Reference 16 s i n c e  

The L i +  form w a s  found t o  be 

The data f o r  immersion i n  water cannot be 

There is an  extremely l a r g e  d i f f e rence  repor ted  i n  H2 y i e l d  ( f a c t o r  
of 100 - Table 3.2 and Figure 3 . l )  'between the  L i +  form dry and swollen. 
This  d i f f e r e n c e  is d i f f i c u l t  t o  understand, f o r  one t h i n g  because the  d i f f e r -  
ence between t h e  H+ form dry and swollen is roughly a f a c t o r  of 3. Such a 
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magnitude i s  not unexpected i n  view of t h e  a d d i t i o n a l  H2 product ion from 
r a d i o l y s i s  of t h e  water i n  t h e  matrix of t h e  swollen r e s i n .  
r e p o r t  of extreme suppression of H2 product ion i n  t h e  dry Li+ form thus  
appears  t o  be suspec t ,  e s p e c i a l l y  s i n c e  Li+  do,es not  suppress  H2 produc- 
t.ion i n  the  moist  r e s i n ,  and t h e  y i e l d s  of t he  o t h e r  gases  are not g r e a t l y  
d i f f e r e n t  between t h e  L i+  form dry  and swollen. 
lous r e s u l t ,  t h e  data repor ted  seem q u i t e  acceptab le .  

This  publ ished 

Aside from t h i s  one anoma- 

Table 3.2 

G-Value8 f o r  Caaecue Product Formation During the 
Radiation Decoopoattion of Ion Exchange Beainea 

I_________---- 

I r r ad ia t ion  
Resin Ionic Form Condl t i on  C(H2) c(s02)b C(CO2) WCO) Pcf. No. 

---- - -- ~ 

Air-dry and 
19 - - Doucx 5 m  x 4 II+, Ne+ 0.1 N ( H C 1 )  0.1 -- 

Dower 5oV x 10 II+ Dry 0.026 0.o07 0.035 . 0.009 1 7  

1 7  Zeo-lbrb 215b H+ Dry 0.051 0.001 0.019 - 
Uowex 5051 x 10 II+ 12-47% w a t e r  0.04 to -0.14 -0.023 -0.022 18 

Dower SOU x 10 ~ i +  i Dry 0.001 0.26 0.01 0.002 17 
0.12 

Dovex 5oW Y 10 L i +  Swollen 0.11 0.5 0.008 0.020 17 

Dowex SOU x 10 Il+ Suo 1 Len 0.095 0.006 0.019 0.027 1 7  

Zeo-Karb 21SC H+ Suo 1 lea 0.12 0.005 0.046 0.005 17 

Immersed in 
17 Zeo-l(arb 215C H+ water 1.7 0.002 0.43 - 

Dower sw x 10 H+ water 1.7 -- 0.41 -- 
DOVBX 5W x 10 Li+ water 1.3 - 0.41 - 
Dovex 1 x 4 ~ 0 3 -  N r-dry 0.09 - - 
Power 1 x 4 NOj- In 7N HN03 0.02 - 0.6 - 

Itmereed in 
17 

Immersed in 
17 

0.002 16 

16 - ---- 
aTakrtn f r m  Table V I 1  of Geiigwr. Goldstein and P i l k y . ( 4 )  

bc-values for  the lowest s b o r b d  doee. 
CCondeneation-type resin. 

Note tha t  i n  C.wmr e t  ai . ,  t h e  Qt. of l l n e  6 have k e n  i nco r rec t ly  reproduced from the  or ig ina l .  

-____- 
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3.2.4 Work Related t o  TMI-I1 Cleanup 

Recent ~ o r k ( ~ ' ~ )  i n  connection w i t h  t h e  TMI-I1 cleanup program has 
been mentioned i n  the  in t roduc t ion .  This  work has provided u s e f u l  information 
on the  e f f e c t s  of r a d i a t i o n  t o  t o t a l  doses > lo9  rad on va r ious  p rope r t i e s  of 
t h e  r e s i n  types used by the  nuc lear  power indus t ry .  
capac i ty  has not been inves t iga t ed ,  but  gas  gene ra t ion ,  change i n  pH, and 
s e v e r a l  o the r  chemical and phys ica l  p rope r t i e s  have been s tud ied .  

The e f f e c t  on exchange 

3.2.4.1 Gas Generation 

I n  d iscuss ion  of gas genera t ion  dur ing  i r r a d i a t i o n ,  i t  should be 
pointed out  t h a t ,  while  t h e r e  is a ne t  formation of gaseous products ,  t h e r e  is 
a cons iderable  decrease i n  the  amount of any oxygen present .  According t o  
work a t  BNL(5) on e f f e c t s  of i r r a d i a t i o n  on the  r e s i n s  used i n  the  cleanup 
of TMI-I1 contaminated water, t h i s  oxygen dep le t ion  is q u i t e  r ap id  i n  t h e  
earlier s t ages .  Thus i n  the  experimental  a i r  i r r a d i a t i o n s  of t he  p ropr i e t a ry  
formulat ion given t h e  name D-mix, both by i t s e l f  and incorpora ted  i n  a s o l i d i -  
f i e d  form wi th  cement, a n  i n t i t i a l  p re s su re  decrease w a s  observed. Although 
t h e  gas over t h e  sample w a s  no t  analyzed during t h i s  per iod ,  almost no oxygen 
w a s  l e f t  a t  the  end of t he  i r r a d i a t i o n s ,  and oxygen consumption presumably was 
respons ib le  f o r  t he  i n i t i a l  p ressure  drop. This  e f f e c t  was not  observed i n  
t h e  earlier work reviewed by G a n g w e r  e t  a1.,(4) and of course it would not 
occur i n  i r r a d i a t i o n s  i n  vacuum o r  under an  i n e r t  gas cover. However, genera- 
t i o n  of oxygen is not repored f o r  c a t i o n  exchange r e s i n s  by most workers, and 
not a t  a l l  f o r  an ion  exchange r e s i n s ,  and t h i s  l ack  of oxygen product ion i s  
compatible w i t h  t h e  oxygen dep le t ion  observed i n  BNL's i r r a d i a t i o n  i n  t h e  
presence of a i r .  

I n  t h e  TMI-11 r e l a t e d  work, gas genera t ion  w a s  s tud ied  a t  BNL(5,8) 
and by M ~ F a r l a n d . ( ~ r l g )  
i r r a d i a t i o n  of t he  nuc lear  grade c a t i o n  exchanger IRN-77. 
i nd iv idua l  gas  y i e l d s  w a s  c a r r i e d  out. I n  t h e  experiments descr ibed  i n  t h e  
last paragraph i n  which oxygen dep le t ion  was observed, BNL measured t h e  
amounts of H2, cH4 and C02 formed.(li) 
f o r  comparative purposes only,  s i n c e  t h e  r e s i n  i r r a d i a t e d  w a s  a p ropr i e t a ry  
formulat ion.  
and t h e  anion exchanger Dow SBR-OH, B03-3 form, t o  h i  h doses i n  an ex- 

i n c o r r e c t l y  converted t o  moles ( o r  volumes) because of i naccura t e  e s t ima t ion  
of void space i n  t h e  experimental  systems. 
terminat ion of t he  void space and co r rec t ion  of t h e  volumes produced a t  STP. 

Hydrogen and methane were observed by BNL(8) on 
No special s tudy  of 

The va lues  obtained were u s e f u l  

McFarland i r r a d i a t e d  t h e  c a t i o n  exchanger Dow HCR-S, N a +  form, 

periment where bui ldup of gas  pressure  w a s  followed.( f 9, P re s su res  were 

Subsequent work(6) enabled de- 

The p res su re  p l o t s  are repor ted  i n  F igures  7 and 8 of Reference 6. 
The data f o r  both resins below 1.6 x lo9  rad are p l o t t e d  on one diagram i n  
Figure 3.2. 
as were those of earlier workers,  t h e r e  are d e f i n i t e  i nc reases  i n  t h e  s lopes  
as one goes t o  higher  dose. 
rate of gas  product ion s e v e r a l  t i m e s  t h a t  of t h e  c a t i o n  exchanger (about  8 
times when the  l a r g e r  void volume i n  the  anion capsules  is taken i n t o  

Although t h e s e  yield-dose curves of McFarland are nea r ly  l i n e a r ,  

The da ta  show t h a t  t he  anion exchanger e x h i b i t s  a 
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account) .  
5 x lo7 rad.  
Gangwer ,  Golds te in ,  and P i l l a y ,  ( 4 )  and, i n  f a c t ,  McFarland's p l o t s  of yield-  
dose curves f o r  hydrogen and methane do not  show a threshold .  The ' threshold 
f o r  p re s su re  bui ldup i s  most l i k e l y  due t o  the  oxygen dep le t ion  e f f e c t  ob- 
served by BNL, and i t  is s i g n i f i c a n t  i n  t h i s  regard t h a t  pressures  i n  t h e  BNL 
experiments,  a f t e r  t h e i r  i n i t i a l  decrease,  re turned  t o  t h e i r  o r i g i n a l  values  
and began t o  inc rease  a t  a dose i n  t h e  v i c i n i t y  of 5 x lo7 rad .  

Both p l o t s  i n d i c a t e  a threshold  f o r  gas  product ion somewhere around 
This  is cont rary  t o  t h e  r e s u l t s  i n  t h e  l i t e r a t u r e  reviewed by 
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The gas  i n  McFarland's experiments w a s  analyzed a t  t h e  end of t he  ir- 
r a d i a t i o n s .  
ported,4in Table 5 of Reference 6. 
in Table 3. '3  were taken from t h e  'same source,  but a d j u s t e d  downward t o  the  
same dose (7.9 x lo8 r ad )  as  t h e  anion r e s i n  had' received.  ' For t h e  ad jus t -  
ment, t h e  a c t u a l  experimental  curve of pressure vs dose given i n  Figure 3 . 2  . 
was used. The d i s t r i b u t i o n  of gases  f o r  t h e  two r e s i n s  is s i k l a r ,  but  t h e  
o v e r a l l  amounts a re  much g r e a t e r  f o r  t h e  anion resin--almost a f a c t o r  of e i g h t  
f o r  t o t a l  g a s -  

In Table 3 . 3 ,  r e s u l t s  are  given f o r  t h e  anion exchanger as re- 
The r e s u l t s  given. f o r  t h e  c a t i o n  exchanger 

Tsble 3 . 3  

Yields of Product Casesa Or- 7 .9  x lo8 rad Irradi8tion of 
Deustered Cation and Anion Exchsnge Remin 

Can Volulm, cc /g  Peein 
I 

h a i n  Total Cas " 2 

Cation - Ns+ form 

Anion - 803-3 form 
of DoU HCR-S 1 .7  0.70 0.21 0.25 0.03 0.18 0.02 0.09 

of DOU SBR-OH 12.6 6.8 1.1 1.3 0.81 0.56 0.68 - 0.68 

amte taken  fran Table 5 of Reference  7 .  Yield8 for cecioo exchsnger estimated f r a  thome,at 2.5.109 rsd 
u s i n g  actual  y i e l d - d o s e  p lot  o f  Figure 3 . 2 ,  and aesulning the esme proportion of i n d i v i d u a l  8a.O.. 

_- 

The G-values f o r  t o t a l  gas  are a l s o  given i n  Table 3 . 3 .  They a g r e e  
reasonably w e l l  wi th  t h e  r e s u l t s  of work r epor t ed  i n  t h e  l a s t  s e c t i o n  ( 3 . 2 . 3 ) .  
The G-value f o r  H2 production f o r  t h e  anion exchanger a t  lo8 rad (0.15) is 
about double t h a t  of K a z a n j i a n ' ~ ( ~ ~ )  f o r  dry Dowex-1, which is a reasonable 
d i f f e r e n c e  k t w e e n  moist  and dry r e s i n s .  The r e s u l t  f o r  t h e  c a t i o n  exchanger 
is c l o s e  t o  t h a t  f o r  Mohorcic's(16) dry Dowex SOW i n  t h e  H+ form, and much 
lower than t h a t  f o r  t h e  swollen Dowex 50W i n  t h e  H+ form. 
t o  McFarland's r e s i n  being i n  t h e  Na+ form and/or d i f f e r e n c e s  i n  t h e  amount 
of water p re sen t  in t h e  r e s i n s  i n  t h e  two s t u d i e s .  

This  could be due 

3 . 2 . 4 . 2  Changes in Appearance 

Seve ra l  e f f e c t s  have k e n  observed, such a s  swe l l ing  and agglomera- 
t i o n ,  which are probably p a r t l y  physical  and p a r t l y  chemical i n  na tu re .  
Swelling w a s  s t u d i e d  by a number of workers, and t h e i r  work reviewed by 
Gangwer e t  Swelling and sh r ink ing  e f f e c t s  are  ks t  observed in irra- 
d i a t i o n  of r e s i n s  immersed i n  aqueous media--often swel l ing occurs  up t o  mod- 
e r a t e l y  high doses ( 3 - 4  x lo8 r a d ) ,  and a t  s t i l l  h ighe r  doses t h e  r e s i n  w i l l  
sh r ink .  The e f f e c t  would probably no t  be of s i g n i f i c a n c e  f o r  dewatered r e s i n s  
a t  doses somewhat higher  than lo8 rad,  s i n c e  t h e r e  would k no source of 
water f o r  t h e  r e s i n s  t o  t ake  up. However, a t  h ighe r  doses,  some of t h e  water 
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i n  t h e  r e s i n s  would p r e s u m b l y  be re leased because of shrinkage, and could be 
a problem f o r  metal con ta ine r s  i f  i t  were corrosive.  

Agglomeration has  been examined i n  i r r a d i a t i o n  s t u d i e s  c a r r i e d  out a t  
BNL(8) wi th  Amberlite IRN-77 i n  both H+ and Na+ forms 
t i v e  observat ions could be made. 
determine i n  a q u a n t i t a t i v e  manner t h e  change i n  e x t e n t  of agglomeration w i t h  
absorbed dose. The use of a penetrometer t o  d e t e c t  d i f f e rences  i n  depth of 
pene t r a t ion  of r e s i n  samples receiving d i f f e r e n t  doses d i d  not prove s a t i s f a c -  
t o r y  due t o  i n a b i l i t y  t o  c o n t r o l  o the r  f a c t o r s  which a f f e c t e d  t h e  packing. 
Attempts t o  c o r r e l a t e  absorbed dose wi th  t h e  water p res su res  required t o  move 
the  r e s i n s  when being s l u i c e d ,  l ikewise yielded no q u a n t i t a t i v e  measure of t h e  
agglomeration e f f e c t  . 
v a t i o n s  were as follows: 
3 x lo8 r a d ,  a d e f i n i t e  s t i c k i n e s s  w a s  otserved f o r  both t h e  H+and t h e  
Na+ forms, with the  H+ form more a f f e c t e d .  
"gummy" appearance-  The e f f e c t  should not be d e l e t e r i o u s  i n  i t s e l f ,  bu t  i s  an 
i n d i c a t i o n  t h a t  damage t o  the  r e s i n  has occurred. 

but  only q u a l i t a -  
More r e c e n t l y ,  BNL($) has attempted t o  

With t h e  IRN-77 c a t i o n  r e s i n ,  (8) q u a l i t a t i v e  o b e r -  
A t  lo8 r ad ,  agglomeration was no t  apprec i ab le .  

A t  lo9 rad,  both forms had a 

A t  

Other i n d i c a t i o n s  of t h i s  kind are  t h e  darkening of c o l o r  with in-  
c r eas ing  dose and phys ica l  breaking of r e s i n  beads. 
ported t h e  rog res s ive  darkening of t he  c a t i o n  exchanger IRN-77, and 

Beads of t he  l a t te r  r e s i n  
are  descr ibed as s l i g h t l y  darkened a t  lo8 r ad ,  and dark black a f t e r  doses i n  
t h e  range 1 t o  5 x lo9  rad.  
t o  t u r n  s l i g h l y  brown, but  appa ren t ly  n o t  very dark even a t  lo9 rad. 
of both t h e  anion and t h e  ca t ion  r e s i n  broke a p a r t  phys i ca l ly ,  a s  seen by 
microscopic observation. ( 6 )  
creasing dose, and w a s  more s e r i o u s  f o r  t h e  anion than t h e  ca t ion  r e s i n .  
F rac tu r ing  was observed with t h e  anion beads a t  lo8 rad,  but not  u n t i l  3 x 
lo8 rad f o r  t h e  ca t ion  r e s i n .  

3.2.4.3 E f f e c t  on pH and Container Corrosion 

The BNL work(8) re- 

McFarland( d did  l ikewise f o r  HCR-S ca t ion  r e s i n .  

Beads of the anion r e s i n  SBR-OH were observed 
Beads 

The ex ten t  of breakage inc reased  with in-  

I r r a d i a t i o n  of a ca t ion  exchange r e s i n  i n  t h e  H+ form w i l l  cause 
loss of SO3" functional. groups and formarion of SO2 gas. 
water i s  p resen t ,  His03 w i l l  form and d i s s o c i a t e  t o sg ive  hydrogen, Msul-  
f i t e  and s u l f i t e  i o n s  accord ing  t o  t h e  r e l a t i o n s  g'oveming'' t h e  r e spec t ive  
i o n i z a t i o n  rconstanfis. In an ,oxidizing -medium, a certa-in amount of s u l f u r i c  
a c i d  should a l s o  be formed.. In  any case, t h e  w a t e r  p re sen t  w i l l  become more 
a c i d i c  as i r r a d i a t i o n  proceeds. I f  t h e ' r e s i n  i s  i n  a sal t  form r a t h e r  than 
the  H+ form,?'acid w i l l d s t i l l  produced on i r r a d i a t i o n ,  but t h e  c a t i o n  w i l l  
act l i k e  a. h f f e r  i n  t h a t  some of i t  w i l l  be replaced by H+ from s o l u t i o n  so 
t h a t  t h e  s o l u t i o n  w i l l  be less a c i d i c  than one a s s o c i a t e d  with an i r r a d i a t e d  

A s  long a s  

. '  r e s i n  i n  ' the €I+ form': . . . t  

. .  . 
These e f f e c t s  have k e n  observed i n  experimental  measurements made a t  

BNL(8) and by P i l l a y  a t  Penn S ta t e . (8 )  
t h e  nuc lea r  grade c a t i o n  exchange r e s i n  IRN-77 i n  t h e  H+ and Na+ forms are 
presented i n  Table 3.4. 

Resu l t s  of i r r a d i a t i o n  a t  BNL of 
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Table 3.4 

pH of Water i n  Contact With 
I r r a d i a t e d  Cation Exchange Resin IRN-77 

0 
107 
1.25 x 10 
3 107 
4.6 107 
108 
3 x 108 
109 

,7 

~ 

3.5 6.8 
2 -5 4.7 
2.5 
2 .o 3.6 
2.0 
1.5 2.9 
1.0 2.1 
0 e6 1.3 

Very high a c i d i t i e s  were observed f o r  t h e  H+ form, and only a 
l i t t l e  lower f o r  t he  Na+ form, a t  doses >lo8 rad.  
duced by the  H+ form w a s  e s s e n t i a l l y  l inear  w i t h  dose. 

The amount of ac id  pro- 

Resu l t s  f o r  anion r e s i n s  irradiated by Pi l lay( ' )  and McFarland(6) 
show much smaller changes, a l though n e i t h e r  of them used t h e  OH' form of t h e  
r e s i n .  
found i t  had t h e  same pH (4.6) a t  t h e  end of t he  i r r a d i a t i o n  as a t  the  begin- 
ning. McFarland wi th  Dow SBR-OH r e s i n  i n  the  bo ra t e  form observed a decrease 
of about 1 pH u n i t  a t  around pH 8, on going from lo8 rad t o  lo9  rad .  

P i l l a y  i r r a d i a t e d  IRA-400 i n  the  C1' form t o  4.4 x lo8 rad ,  and 

Because of poss ib l e  undes i rab le  r e s u l t s  from cor ros ion  damage t o  
metal con ta ine r s  of h ighly  loaded r e s i n s ,  a cons iderable  e f f o r t  has been put 
i n t o  cor ros ion  s t u d i e s  a t  BNL,(5,8) by P i l l a ~ ( ~ )  a t  Penn S t a t e ,  and by 
Marek and Rinker(6) a t  Georgia I n s t i t u t e  of Technology. 
used w a s  t o  i r r a d i a t e  r e s i n s  t o  var ious  doses i n  contac t  w i th  metal  specimens, 
p a r t i c u l a r l y  mild and s t a i n l e s s  steels, then examine t h e  specimens, determine 
weight loss, etc.  A l l  t h r e e  groups worked w i t h  c a t i o n  resins; P i l l a y  and 
Marek and Rinker a l s o  used anion r e s ins .  With t h e  c a t i o n  r e s i n s ,  apprecia-  
b le  cor ros ion  of s t a i n l e s s  steels w a s  observed only a t  doses much >lo8  r ad ,  
whereas mild steel w a s  a f f e c t e d  more severely.  The e f f e c t s  p a r a l l e l l e d  t h e  pH 
changes observed on i r r a d i a t i o n  of the  r e s i n ,  as would be expected. P i l l a y  
found a c e r t a i n  amount of cor ros ion  of mild steel  wi th  h i s  anion r e s i n ,  pre- 
sumably a t  least  p a r t l y  because it w a s  i n  t h e  Cl'.form wi th  a pH of 4.6. 
Marek and Rinker found no sign of cor ros ion  on any s t a i n l e s s  steel  samples, 
even a t  the  h ighes t  dose of lo9 r ad ,  a g a i n  presumably p a r t l y  because of pH, 
but t h i s  t i m e  a pH > 7. 

The genera l  method 
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3.2.5 Nuclear Grade Resins  

Most of t he  work reviewed by Gangwer e t  w a s  done wi th  ordinary 
commercially a v a i l a b l e  r e s i n s ,  whereas the  BNL work and McParland's s tudy  de- 
s c r ibed  i n  the  last s e c t i o n  (3.2.4) used nuc lear  grade r e s i n s .  The l a t t e r  
were used because of t h e  wish t o  keep experimental  condi t ions  as c lose  t o  
p l a n t  condi t ions  as poss ib l e ,  and nuc lear  grade r e s i n s  appear t o  k used by 
most, i f  no t  a l l ,  nuc lear  power p l a n t s  ( see  Sect ion 2.1.1). The ques t ion  then 
arises as t o  how Comparable a r e  experimental  r e s u l t s  obtained wi th  these  d i f -  
f e r e n t  grades of r e s i n s .  

We have been unable t o  f i n d  publ ished information on comparison of 
r a d i a t i o n  e f f e c t s  i n  nuc lea r  and non-nuclear  grades of t he  same r e s i n .  How- 
eve r ,  a good i n d i c a t i o n  of how comparable they w i l l  be should be gained by 
cons ider ing  t h e  known d i f f e rences  between them. These d i f f e rences ,  which a r e  
not  l a rge  i n  any case, are found mainly i n  t h e  l e v e l s  of impur i t i e s  and the  
uniformity of bead s i z e .  Nuclear grade r e s i n s  are t y p i c a l l y  l imi t ed  t o  0.5% 
f i n e s  smaller than 50 mesh and a s i m i l a r l y  low percentage g r e a t e r  than 16 
mesh. A f t e r  t he  polymerization s t e p  i n  t h e  manufacturing process ,  t h e  mate- 
r i a l  is t r e a t e d  t o  remove water-soluble organic  compounds t o  a very l o w  l e v e l .  
Inorganic  i m p u r i t i e s  are kept  low by special t rea tment  during t h e  manufactur- 
i n g  process.  For Amberlite r e s i n s ,  t hese  l e v e l s  are: <200 ppm i r o n ,  < lo0  ppm 
copper,  and <lo0 ppm heavy metals. 

These p a r t i c u l a r  s p e c i f i c a t i o n s  are aimed a t  achieving good opera t ing  
parameters (e.g., low pressure  drop) and maintaining t h e  q u a l i t y  of t h e  water 
i n  the  l i q u i d  streams which have t o  be processed a t  nuc lea r  p l a n t s .  The most 
important cons idera t ion  is t o  minimize cor ros ion  of t h e  r e a c t o r  and tu rb ine  
systems and r a d i a t i o n  r e s i s t a n c e  would only be a cons idera t ion  a t  a l l  if, f o r  
some reason, i t  turned  out t o  be poor f o r  nuc lear  grade ma te r i a l s .  Apparent- 
l y ,  i t  has  been assumed t h a t  t h e r e  should be l i t t l e  d i f f e rence  k tween  nuclear  
and non-nuclear grades of t he  same resin, and t h e r e  seems t o  k no evidence t o  
doubt t h a t  assumption. 

Nuclear grade r e s i n s  under i r r a d i a t i o n  would perhaps g ive  s l i g h t l y  
smaller amounts of gas  and o the r  decomposition products  due to t h e i r  smaller 
con ten t s  of so lub le  organic  impur i t i e s .  
t e n t s  are q u i t e  low for both grades ,  so t h e  e f f e c t  could no t  k l a rge .  
case, small (and t h e r e f o r e  so lub le )  organic  molecules are produced i n  both 
grades of resin by t h e  a c t i o n  of r a d i a t i o n .  
t ies,  i n  c a t i o n  resins. t h e  s a l t  forms wi th  iron and copper a s . t h e  bound ca- 
t i o n s  have been empi r i ca l ly  found t o  be much more s t a b l e  t o  r a d i a t i o n  than the  
H+ f o n d 4 )  I n  any even t ,  t h e  nuc lea r  
grade wi th  i t s  lower i r o n  and copper . impur i t i e s  would pro tab ly  be s l i g h t l y  
less s t a b l e .  However, aga in  t h e  d i f f e rence  would be very  s l i g h t  because t h e  
impuri ty  l e v e l s  are low i n  both grades.  On balance, then ,  i t  appears  t h a t  
t h e r e  should be very  l i t t l e  d i f f e rence  between nuc lea r  and non-nuclear grades 
of t h e  same r e s i n  i n  terms of t h e i r  r e s i s t a n c e  t o  r a d i a t i o n . ,  

However, t h e  organic  impuri ty  con- 
I n  any 

As regards  t h e  inorganic  impuri- 

The reason f o r  t h i s  was not  given.  
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3.3 Choice of a Maximum Loading L i m i t  - .  

3.3.1 Basic Considerat ions 

NRC has  taken t h e  pos i t i on  ( i n  a d r a f t  BTP of October 30, 1981) t h a t  
r e s i n s  f o r  d i sposa l  should not  undergo degradation. 
organic  ion  exchange media would most c e r t a i n l y  complicate  t h e  e f f e c t i v e  
management of t hese  wastes, as descr ibed above. However, w e  consider  i t  ' f a i r  
t o  permi t  a small amount of degradat ion o r  damage i f  such damage w i l l  pose no 
problem t o  t h e  b u r i a l  s i t e  o r  t h e  genera l  environment. 

Extensive degradation of 

Any dose of r a d i a t i o n  w i l l  cause some damage t o  an ion  exchange r e s in .  
Very small amounts ,of damage w i l l  be undetec tab le 'and  obviously of no s i g n i f i -  
cance from a regula tory  po in t  of view. What i s  requi red  i s  i d e n t i f i c a t i o n  of 
a degree of damage which has  a high p robab i l i t y  of causing small but s i g n i f i -  
cant  d e t e r i o r a t i o n  i n  performance 'and/or s i g n i f i c a n t  r i s k  t o  t h e  publ ic  h e a l t h  
and s a f e t y .  Radia t ion  damage i s  always measured i n  terms of t h e  dose received 
by t h e  material damaged. Thus, i n  t h i s  s e c t i o n ,  t h e  ques t ion  i s  considered of 
what - dose resins should be-permit ted t o  rece ive  i n  order  not  t o  exceed t h e  de- 
gree  of damage described-above. 
Technical P o s i t i o n  in terms of a c u r i e  loading ( C i / f t 3  of r e s i n )  o r  a - dose 
de l ivered  t o  t h e  r e s i n  i s  discussed i n  a l a te r  s e c t i o n  (3.4). 

The ques t ion  of whether t o  couch t h e  Branch 

We have taken t h e  pos i t i on  (Sec t ion  3.2.5) t h a t  t h e r e  i s  l i t t l e  d i f f e r -  
ence i n  r a d i a t i o n  s t a b i l i t y  between nuclear  and non-nuclear grades of t h e  same 
r e s i n  type. Accordingly, information from t h e  l i t e r a t u r e  on non-nuclear grade 
resins w i l l  be used along wi th  more recent  r e s u l t s  of work on nuclear  grade 
r e s i n s  i n  order  t o  a r r i v e  a t  a pos i t i on  on a maximum al lowable dose t o  power 
p l an t  resins f o r  d i sposa l  (which w i l l  probably be  only nuc lea r  grade).  

Another p o i n t  which must be kep t  i n  mind is t h a t  t h e  resins of most 
concern, i .e.,  those  used f o r  r e a c t o r  coolant  cleanup and which thus  accumu- 
la te  the  h ighes t  RN loadings,  are most l i k e l y  t o  be mixed c a t i o n  and anion,  i n  
t h e  H+ and OH' forms. 
mixed bed r e s i n .  
n a i r e  w a s  a 1:l r a t i o  and t h i s  w i l l  be taken as t h e  s tandard.  
of resins considered are t h e  s t rong  base anion and s t rong  a c i d  c a t i o n  poly- 
merizat ion types.  

They may be mixed by t h e  use r ,  o r  purchased as 
The usua l  mixture a t  the  p l a n t s  responding t o  our question- 

The only types 

d i t i o n  
a l .  ( 4 )  
r e s i n s  

3.3.2 

resins 

A f i n a l  requirement f o r  u se  of information from t h e  l i t e r a t u r e  is t h a t  
t h i s  information p e r t a i n  t o  resins wi th  a similar water conten t  t o  those dis-  
posed of by power p l an t s .  
have almost no f r e e  water i n  t h e  conta iner  when shipped. 

The lat ter are r e f e r r e d  t o  as dewatered, and should 
A corresponding con- 

f o r  r e s i n s  used i n  t h e  experimental  work reviewed by Gangwer et  
is termed "mist" o r  "swollen." Data obtained w i t h  d ry  resins and 
immersed i n  water cannot be considered acceptab le  f o r  present  purposes. 

Minimum Dele te r ious  Changes i n  P rope r t i e s  

We f e e l  t h a t  i t  may be reasonable t o  permit a small degree of damage t o  
f o r  d i sposa l ;  f o r  example, t h e  amount t h a t  would be caused by t h e  dose 
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a t  which damage could j u s t  be p o s i t i v e l y  i d e n t i f i e d .  However, a t  t h a t  dose 
some o t h e r  property might be degraded t o  a g r e a t e r  e x t e n t ,  perhaps too  g r e a t  
t o  k considered permiss ib le .  Thus, t h e  dose l i m i t  may have t o  be determined 
by t h e  e f f e c t  on t h e  property most s e n s i t i v e  t o  r a d i a t i o n  damage. Whether o r  
no t  t h i s  w i l l .  k necessary w i l l  depend on whether t he  d e t e r i o r a t i o n  i n  t h a t  
p roper ty  is capable of causing s i g n i f i c a n t  increased  r i s k  t o  t h e  pub l i c ,  i n -  
cluding opera tors  a t ' d i s p o s a l  sites. 
a f f e c t e d  by r a d i a t i o n  are considered i n  the  above contex t .  

In  t h i s  s e c t i o n  t h e  d i f f e r e n t  p rope r t i e s  

3.3.2.1 Gas Generation 

The d i f f e r e n c e s  between McFarland's gas y i e l d s  and those  found i n  t h e  
e a r l i e r  L i t e r a t u r e  have k e n  discussed Sec t ion  3.2 .4 .1) .  The G-values calcu- 
l a t e d  f r &  McFarland's data a t  7.9 x 10 rad were 0.09 and 0.69 f o r  ca t ion  
and an ion  exchanger,  r e spec t ive ly .  These va lues  are 0.04 and 0.28 when calcu- 
l a t e d  a t  10' rad,  which are somewhat lower than previous l i t e r a t u r e  va lues .  
Since McFarland i r r a d i a t e d  h i s  r e s i n s  i n  a dewatered s t a t e ,  using a dewatering 
procedure s i m i l a r  t o  t h a t  used i n  power p l a n t s ,  and s i n c e  his experimental  gas 
handling and measuring equipment w a s  express ly  designed f o r  t hese  experiments,  
we  f e e l  t h a t  h i s  r e s u l t s  must be given g r e a t  weight. However, t he  conserva- 
t i v e  pos i t i on  r equ i r e s  cons idera t ion  of the  da ta  i n d i c a t i n g  t h e  g r e a t e s t  dam- 
age i f  t h e  experimental  work cannot be f a u l t e d .  Thus, we have averaged the  
r e s u l t s  from McFarland's experiments wi th  the  h igher  va lues  of Mohorcic(16) 
on ca t ion  r e s i n  and Kazanjian(15) on a n i o n . r e s i n ,  a s  given i n  Sec t ion  3.2.3, 
f o r  purposes of c a l c u l a t i n g  gas  formi t ion  from r e p r e s e n t a t i v e  power p l a n t  res- 
i n  a t  two r e p r e s e n t a t i v e  doses. McFarland's experimental  data a s  given i n  
Table 3 .3  and t h e  p l o t s  of Figure 3.2 a r e  used i n  t h i s  c a l c u l a t i o n .  

Q 

A t  a dose of lo8 rad ,  McFarland's t o t a l  gas production f o r  a 1:l 
ca t ion :  an ion  mixture amounts t o  1.6 x 10'' moles/g of r e s i n ,  while a t  a 
dose of 2 x lo8 rad i t  is 5 .4  x moles/g of r e s i n .  This  does not in- 
c lude  any co r rec t ion  f o r  d i f f e rence  between H+ and Na' form, s ince  
Mohorcic did not o b e r v e  an apprec iab le  d i f f e rence  between the  J3+ and L i +  
forms of Dowex 50W f o r  moist r e s i n .  Nor is it  poss ib le  t o  apply a co r rec t ion  
t o  t h e  r e s u l t s  f o r  anion exchanger s i n c e  t h e r e  is no information on i r r a d i a -  
tion of borate  form versus  OH- form- Kazanjian's result of 8.9 x 
moles/g for,Dowex-1, ca l cu la t ed  from G-values g iven  i n  Table 3.2,  must be ad- 
j u s t ed  upward t o  account f o r  t h e  d i f f e rence  between moist ,and dry r e s i n ,  and 
t o  convert  f r a n  H2 production t o  t o t a i ' g a s  production. 
f a c t o r - o f  1.8 is used,  based, on ,McFar land ' s . resu l t s ,  and f o r  t h e  former, a 
f a c t o r  of 2 i s  judged reasonable lased on comparison w i t h  McFar land ' s . resu l t s  
f o r  moist anion r e s i n .  Mohorcic!s' r e s u l t  (Figure 3.1) has t o  be ad jus t ed  only 
f o r  the 'd l f ' i e rence  between ' total  gas  and H2 production,.which i s  taken as a 
f a c t o r  o f  2;a'on t h e  basis of McFarland's r e s u l t s . ,  @zanj ian?s  r e s u l t  f o r  
an ion  r e s i n  i?. 3.6 x ,10-5,moles/g of ;esin,  and Mohorcic's value f o r  ca t ion  
r e s i n  is 2.*2,x 
the  value, taken is- 2'.9,-x 

IO8 rad,  t h e  va lue  f o r  Mohorcic and Kazanjian i s  assumed t o  double t o  5 .8  x 
10'' moles/g of r e s i n  on the  basis  of t he  l i n e a r  i nc rease  of y i e l d  with dose 

For t h e  latter, a 

moles/g of -  r e s i n .  Thus, . f o r  a *1 ca t ion :  .anion mixture,  
The avera  e of t h i s  r e s u l t  wi th  t h a t  moleslg. 

of McFarland i s - 2 . 2  x lo" moles/g of r e s i n  a t  10 fi rad. For 2 , x  
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obtained by Mohorcic. The average of t h i s  value w i t h  McFarland's then kcomes 
5 . 6  x moles/g of r e s i n  f o r  a dose of 2 x lo8 rad.  

Assuming a sea l ed  con ta ine r ,  f i l l e d  wi th  dewatered r e s i n  t o  90% of 
capac i ty ,  a r e s i n  dens i ty  of 1 g/mL and a void volume of 50% i n  t h e  r e s i n ,  ap- 
proximately 1.05 atmosphere of excess p re s su re  would bui ld  up a t  2 x lo8 rad 
based on the  a b w e  average t o t a l  gas  y i e l d  value.  In  o t h e r  words, t h e  volume 
of a d d i t i o n a l  gas produced would be somewhat g r e a t e r  than t h e  void volume of 
t h e  f i l l e d  con ta ine r .  A t  lo8  rad t h e  excess  p re s su re  h i l d  up would be 0 . 4 3  
atmosphere. Although 1 . 0 5  atmosphere excess  p re s su re  would probably n o t  dam- 
age the  con ta ine r ,  whether steel l i n e r  o r  high i n t e g r i t y  polyethylene,  t h e  
lower value would be p re fe rab le  from t h e  point  of view of conservatism. Also, 
s i n c e  gas  p re s su re  from b a c t e r i a l  degradation may bu i ld  up i n  a sealed con- 
t a i n e r ,  as reported by t h e  Duane Arnold power p l an t  (Sect ion 2 . 1 . 5 ) ,  i t  i s  
p a r t i c u l a r l y  important not  t o  generate  apprec i ab le  amounts of g a s  by any o t h e r  
means. 
maximum loading based on gas  gene ra t ion .  

3 . 3 . 2 . 2  Changes in Appearance 

This  ' leads t o  t h e  choice of lo8 rad as the  dose t o  be permitted f o r  

A s  pointed out i n  Sect ion 3 . 2 . 4 . 2 ,  t h e  changes i n  appearance ( s w e l l -  
ing, darkening, agglomeration, and f r a c t u r i n g  of r e s i n  beads) do no t  i n  them- 
s e l v e s  c o n s t i t u t e  e f f e c t s  which w i l l  produce a dangerous s i t u a t i o n ,  but  indi-  
cate t h a t  t h e  r e s i n s  have been a l t e r e d ,  and have t h e r e f o r e  undergone r a d i a t i o n  
damage. 
could release water and t h e r e f o r e  should be avoided. Other changes i n  appear- 
ance become no t i ceab le  i n  t h e  v i c i n i t y  of lo8 rad.  
r e s i n  beads was observed by McFarland a t  lo8 r ad  but c a t i o n  r e s i n  beads d i d  
not show t h e  e f f e c t  u n t i l  3 x lo8 r ad .  
cat ion/anion mixture (Sect ion 3 . 3 . 1 ) ,  t h e  lower dose must be chosen. It can 
be concluded then  t h a t  t h e  r a d i a t i o n  damage ind ica t ed  by t h e s e  appearance 
changes i s  small, but d e f i n i t e  a t  lo8 rad.  
mum permissible  dose ind ica t ed  by t hese  e f f e c t s .  

Resin shrinkage, occurring a t  doses much g r e a t e r  than 108 r a d ,  

F rac tu r ing  of anion 

Since our reference r e s i n  i s  a 1:l 

Therefore lo8 r a d  is  t h e  maxi- 

3 . 3 . 2 . 3  Exchange Capacity 

This property i s  r e l a t i v e l y  s e n s i t i v e  t o  r a d i a t i o n .  For r e s i n s  irra- 
d i a t e d  t o  lo8 r ad  under t h e  moisture condi t ions of dewatered spent  r e s i n ,  
loss of exchange capaci ty  i s  reported (Sect ion 3 . 2 . 2 )  as 5-10% f o r  c a t i o n  
exchangers and double t h a t  amount f o r  anion exchangers. Quan t i t a t ive  data  are 
not a v a i l a b l e  f o r  r e l evan t  r e s i n s  a t  doses much below t h i s ,  but i t  seems clear 
t h a t  d e t e c t a b l e  loss of exchange capac i ty  would occur a t  ha l f  t h e  dose, o r  5 x 
lo7 rad,  and p r o h b l y  even lower. 
s e l f  does n o t  c o n s i s t i t u t e  a hazard t o  personnel o r  cause damage t o  con- 
t a i n e r s .  The r e s i n  damage i t  rep resen t s  i s  removal of t h e  func t iona l  groups, 
a process which does n o t  damage t h e  s t r u c t u r a l  framework of t h e  r e s i n .  Thus, 
i t  i s  f e l t  t h a t  it i s  not  appropr i a t e  t o  u s e  i t  as t h e  hs is  f o r  e s t a b l i s h i n g  
a l imi t ing  r a d i a t i o n  dose. 

However, loss of exchange capaci ty  i n  it- 

34 



3.3.2.4 pH and Corrosion 

served a t  q u i t e  low doses - lo7 rad o r  less (Table 3.4). 
c l o s e l y  t o  l o s s  from t h e  r e s i n  of SO+- func t iona l  groups. 
i n  t h e  salt  form on t h e  o ther  hand, have shown only small changes a t  doses up 
t o  lo9  rad. 
show g r e a t e r  changes, w i th  an inc rease  i n  b a s i c i t y ,  due t o  genera t ion  of NH3 
and amines. We have found no information on i r r a d i a t i o n  of mixed c a t i o n  and 
anion r e s i n s ,  but  changes i n  pH of t h e  mixtures could be much less than those 
seen  f o r  c a t i o n  r e s i n s  a lone ,  due t o  takeup of SO3H' by t h e  anion r e s i n  
and n e u t r a l i z a t i o n  of a c i d  by r e l eased  OH'. 

pH changes i n  c a t i o n  resins i n  both the  H+ and s a l t  forms a r e  ob- 
They are l inked  

Anion r e s i n s  

It would be expected t h a t  anion r e s i n s  i n  t h e  OH' form would 

It appears  t h a t  p red ic t ing  damage t o  mixed r e s i n s  by pH change on 
i r r a d i a t i o n  would be very unce r t a in ,  i n  t h a t  very  l a r g e  doses might show 
l i t t l e  o r  no pH change. This  i n  i t s e l f  is enough t o  negate  i t s  usefu lness  as 
a basis f o r  s e t t i n g  a dose l i m i t  f o r  resins. I n  a d d i t i o n ,  even i f  p red ic t ion  
were reasonably c e r t a i n ,  t he  type of damage measured by pH change is l a r g e l y  
l o s s  of func t iona l  groups, and not damage t o  the  s t r u c t u r a l  framework of t he  
resin. F i n a l l y ,  cu r ren t  experience a t  nuclear  power p l a n t s  i n d i c a t e s  a wide 
range of pH va lues  (2-9) is t o  be expected i n  undamaged spen t  r e s i n .  Thus, as  
wi th  exchange capac i ty ,  we f e e l  t h a t  pH change would not be appropr i a t e  as a 
b a s i s  f o r  e s t a b l i s h i n g  a maximum permissible  dose. These foregoing reasons 
a l s o  apply t o  co r ros ion  e f f e c t s ,  s i n c e  cor ros ion  is d i r e c t l y  l inked  t o  pH. 

3.3.3 Dose Rate E f f e c t s  

The g r e a t e s t  d i f f e r e n c e  between the  experiments from which our  radia-  
t i o n  damage information has been obtained and t h e  a c t u a l  long term i r r a d i a t i o n  
of spent  power p l a n t  r e s i n s  l i e s  i n  t h e  d i f f e r e n t  dose rates i n  the  two t y p e s  
of s i t u a t i o n s .  A t y p i c a l  dose r a t e  i n  the  experimental  work is LO6 rad/h;  
i t  can vary from somewhat lower t o  lo7 rad/h o r  h igher .  
t h e  o the r  hand, is subjec ted  t o  a dose rate s e v e r a l  o rders  of magnitude less. 
For example, r e s i n  loaded wi th  CO-60 (5.3 y r  h a l f - l i f e )  i n  an amount which 
would d e l i v e r  a t o t a l  dose of LO8 rad  would be i r r a d i a t e d  a t  considerably 
less than lo3 rad/h. 
because of t he  latter 's 30 year  h a l f - l i f e ,  t h e  dose rate would be l i t t l e  more 
than 100 rad/h. 

The spent  r e s i n ,  on 

For t h e  s a m e  to ta l  dose and Cs-137 as the  source,  

- 1  . 
The d i f f e r e n c e s  i n  r a d i a t i o n  e f f e c t s  which might r e s u l t  from such l a r g e  

d i f f e r e n c e s  i n  dose rate are not known. 
t h a t  r a d i a t i o n  a t  low dose rates (103-104 rad/h)  can cause much more dam- 
age t o  polyethylene and.polyviny1 ch lo r ide  than t h e  same t o t a l  dose a t  t h e  
dose ra tes 'normal l  used i n  acce le ra t ed  tests ( 106-107 rad/h) .  
chanism proposed(2t;) involves  peroxide formation and subsequent thermal de- 
composition, and it  is not clear t h a t  such a mechanism would be 'ope ra t ive  wi th  
t h e  l a rge ly ' a romat i c  s t r u c t u r e s  of i on  e x c h a a e  resins. 
t h i s  work on a l i p h a t i c  polymers, t he re  remains t h e  cavea t  t h a t  an  inc rease  i n  
damage t o  i o n  exchange resins might r e s u l t  from t h e  low dose rates encoun- 
t e r e d  i n  practice. 

Recent work a t  Sandia(20) has shown 

The me- 

However i n  l i g h t  of 

There is evidence (e.g., Swyler e t  a1.(8))  t h a t  dose 
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r a t e  v a r i a t i o n s  of a f a c t o r  of 10 have no e f f e c t  on pH changes due t o  i r r a d i a -  
t i on .  
wi th  spent  resins t h a t  no ex t r apo la t ion  can be made t o  the  lat ter:  

However, t h e  dose rates used a r e  so much h igher  than those  occurr ing 

I n t u i t i v e l y ,  one could argue t h a t  i n  the  spent  r e s i n  s i t u a t i o n ,  damage, 
is done so slowly t h a t  some of i t  w i l l  have an opportuni ty  t o  be repa i red  
(e.g.,, long-lived r a d i c a l s  may be  ab le  t o  recbmbine). 
not  apply t o  processes  l i k e  H2 formation, where the  in te rmedia te  H r a d i c a l  
(H atom) is very r e a c t i v e  and shor t - l ived .  
drogen bui ldup p a r t i c u l a r l y ,  could however, be inf luenced  by t h e  long t i m e  
frame d i c t a t e d  by a low dose r a t e .  Over a per iod of many years ,  as  g a s  pres- 
s u r e  b u i l t  up, un le s s  t h e  metal conta iner  were p e r f e c t l y  sea l ed ,  o r  i f  t h e  
con ta ine r  were p l a s t i c ,  t h e  gas  would gradual ly  escape through small l eaks  o r  
by d i f f u s i o n  through t h e  plast ic .  
i n  the  case  of a l i m i t i n g  dose t o  be s e t  on the  basis of gas  genera t ion .  
There is -some m i t i g a t i n g  inf luence  i n  o the r  damage e f f e c t s  a s  w e l l  (such as 
t h a t  causing con ta ine r  cor ros ion) ,  because of t he  long t i m e  over  which the  
r a d i a t i o n  damage products which cause o r  enhance t h e  e f f e c t  are formed. 

3.3.4 S e l e c t i o n  of t h e  Maximum Dose 

This  would obviously 

G a s  bui ldup i n  a conta iner ,  hy- 

This would c o n s t i t u t e  a mi t iga t ing  e f f e c t  

. A r a t i o n a l e  f o r  t he  choice of a maximum al lowable dose t o  spent  r e s i n s  
from nuc lea r  power p l an t s  has  been given i n  Sec t ion .  3.3.1. 
t he  doses a s s o c i a t e d  wi th> the  d i f f e r e n t  e f f e c t s  caused by Fapia t ion  were 
examined, and t h e  doses i d e n t i f i e d  a t  which sma l l ' bu t  d e t e c t a b l e  degrees of 
damage r e s u l t e d .  
experimental ly  observed e f f e c t s  of r a d i a t i o n  on r e s i n s  of t h e  same types as 
those used a t  nuc lear  power p l a n t s ,  i n  view of poss ib l e  m i t i g a t i n g  f a c t o r s  
such as the  very low dose rates involved i n  long- t e rm>i r r ad ia t ion ,  and tak ing  
i n t o  account t he  u n c e r t a i n t i e s  involved i n  determining a c t u a l  r e s i n  loadings  
a t  the  p l a n t s ,  a maximum dose which power p l a n t  res id  should r ece ive  is 
considered t o  be lo8  rad.  

In Sectton 3.3.2 

On the  bas i s  of a l l  t h e  information reviewed regarding the  

It may be f e l t  t h a t  a maximum permiss ib le  dose of lo8 rad is too  con- 
s e r v a t i v e ,  and indeed,  because of u n c e r t a i n t i e s  i n  measuring some of t he  radia-  
t i o n  e f f e c t s ,  a reasonable  case can probably be made'for s e t t i n g  t h e  l i m i t  a t  
some higher  va lue ,  such as 2 x 108 rad. .However, i t  should be noted t h a t ,  
i n  p r a c t i c e ,  determinat ion of t h e  RN loadings of l a r g e  batches of used power, 
p l an t  resins i s  r a t h e r  imprecise due t o  problems i n  obta in ing  r ep resen ta t ive  
samples. 
cise. It is no t , i nconce ivab le  t h a t  a ca l cu la t ed  dose might be a f a c t o r  of 2 
g r e a t e r  o r  less than t h a t  which the  r e s i n  would a c t u a l l y  r ece ive ,  so  t h a t  i n  
a n  extreme case a batch might rece ive  2 x lo8 rad when inaccura t e  a n a l y s i s  
i nd ica t ed  i t  should r ece ive  only the  l i m i t i n g  dose of lo8 rad.  
s idered  t h a t  an  adequate margin of ' sa fe ty  'would e x i s t  f o r  resins inadve r t en t ly  
loaded so as t o  r ece ive  a t o t a l  dose of 2 x lo8 rad. It seems clear, how- ' 
eve r ,  t h a t  a 108 rad r egu la to ry  l i m i t  is  not too  .conservat ive in view of t he  
inherent  imprecis ion in determining r e s in  loadings  encountered i n  a c t u a l  p l an t  
experience.  

Thus, dose c a l c u l a t i o n s  based on such samples w i l l  a l s o  be impre- 

It is con- , 
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3.4 

3.4.1 Technical Basis 

Regulatory Use of Delivered Dose 

We f e e l  t h a t  NRC's  branch t echn ica l  p o s i t i o n  (BTP) should be s t a t e d  i n  
terms of a de l ive red  dose r a t h e r  than a c u r i e  loading. It i s  t e c h n i c a l l y  i m -  
p r e c i s e  t o  re la te  ex ten t  of damage t o  c u r i e  loading, s i n c e ,  f o r  a given c u r i e  
loading, d i f f e r e n t  RNs ( o r  d i f f e r e n t  mixtures of RNs) can cause widely d i f f e r -  
e n t  degrees of damage. Our power p l a n t  survey showed t h a t  t h e  RNs on r e s i n s  
f o r  d i s p o s a l  vary from l a r g e l y  a c t i v a t i o n  products t o  l a r g e l y  f i s s i o n  prod- 
u c t s .  
f i s s i o n  products.  
l i v e r e d  by Co-60 t o  a t y p i c a l  100 f t 3  batch of r e s i n  would be approximately 
6.4 x lo7 rad depending on the  exact shape of t h e  r e s i n  container .  For t h e  
same uniform loading of Cs-137 on a bed of t he  same geometry, t h e  dose de- 
l i v e r e d  would be 1.3 x lo8 rad. 
t r i b u t e  much t o  t h e  t o t a l  a c t i v i t y  i n  power p l a n t  wastes, but  i t  should be 
noted t h a t ,  a t  a loading of 10 C i / f t 3 ,  a t o t a l  dose of 2.6 x lo8 rad would 
be expected. 

CO-60 i s  t h e  c o n t r o l l i n g  RN f o r  a c t i v a t i o n  products,  and Cs-137 f o r  
For a uniform loading of 10 C i / f t 3 ,  t h e  t o t a l  dose de- 

The Sr,Y-90 couple does not  appear t o  con- 

3.4.2 Ca lcu la t ion  of T o t a l  Dose 

Use of a c u r i e  l e v e l  t o  a s s ign  a value f o r  maximum loading might be 
permissible  i f  c a l c u l a t i o n  of t o t a l  dose from a given loading of RNs w a s  
extremely d i f f i c u l t  o r  sub jec t  t o  l a r g e  e r r o r .  However, n e i t h e r  is  t h e  case. 
Swyler, Barlet ta ,  and Davis(8) desc r ibe  a method of c a l c u l a t i n g  t h e  dose, 
e i t h e r  a t  any t i m e  a f t e r  loading o r  a f t e r  t o t a l  decay, from B,y-emitting RNs. 
A f u l l  development of t h e  equations i s  given i n  t h e  appendix t o  t h e i r  re- 
port . (8)  
t i a l l y  exac t ,  s i n c e  t h e  B-particle range is  so s h o r t  t h a t  >99% of t h e  t o t a l  
B-energy i s  absorbed i n  t h e  r e s i n  bed and t h e  average B-energies are accu- 
r a t e l y  known f o r  t h e  i so topes  involved. For y-energy depos i t i on ,  e s t ima t ion  
of t h e  abso rp t ion  of t h e  y-rays i n  the  resin-water system i s  required.  Values 
of t h e  gamma ray cons t an t ,  r ,  are given f o r  a number of common RNs a s s o c i a t e d  
w i t h  t h e  nuc lea r  f u e l  cycle  i n  t h e  "Radiological Heal th  Handbook. 
Assuming t i s sue  equivalency f o r  t h e  r e s in -wa te r  system, Swyler e t  a l .  (8) 
ca lcu la t ed  t h e  geometry f a c t o r ,  g, given by Hine and Brownell(22) as a func- 
t i o n  of bed geometry.. Estimation of involves  t h e  g r e a t e s t  unce r t a in ty  i n  
t h e  y-dose c a l c u l a t i o n ,  but  i t  i s  w e l l  w i t h i n  t h e  l i m i t s  t h a t  would be re- 
qu i r ed  f o r  normal r e p o r t i n g  of loadings t o  b u r i a l  s i tes.  

For depos i t i on  of B-energy, t h e  c a l c u l a t i o n  can be made essen- 

The c a l c u l a t i o n s  are not  d i f f i c u l t  and could be done r o u t i n e l y  by t h e  
generator .  I n d i c a t i o n s  from t h e  survey are t h a t  some gene ra to r s  use calcula-  
t i o n s  based on r a d i a t i o n  f i e l d  (similar t o  dose rate) t o  determine t h e i r  r e s i n  
loadings.  Such c a l c u l a t i o n s  have similar requirements and assumptions t o  
those involved i n  t h e  c a l c u l a t i o n  of Swyler et al .  
QD the lat ter.  has been w r i t t e n  and i s  g iven  i n  Appendix E. 

A computer program based 
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3.4.3 Sr-90 Reporting Requirements 

The r e s u l t s  of our power p l a n t  survey ind ica t ed  t h a t  r a t h e r  small 
amounts of Sr-90 are present  i n  t h e i r  r e s i n  wastes. Only 3 p l a n t s  reported i t  
i n  t h e i r  l i s t  of p r i n c i p a l  RNs on dewatered r e s i n  and only two gave a value 
f o r  i t s  l e v e l  on spent  r e s i n .  One of t he  l a t te r  p l a n t s  r o u t i n e l y  used a value 
of 1% of the  Cs-137 l e v e l ,  s i n c e  pe r iod ic  analyses  had never given a higher  
r e s u l t .  The o t h e r  p l a n t  s e n t  a recent  a n a l y s i s  showing the  Sr-90 content  of 
t h e  r e s i n  as 2.5% t h a t  of Cs-137. Based on these  r e s u l t s  and on phone calls 
t o  several o t h e r  p l a n t s ,  i t  appears t h a t  Sr-90 levels i n  t h e  l i q u i d  streams 
and on t h e  spent  r e s i n s  are i n  general  much lower than Cs-137 l e v e l s .  I n  such 
cases, it would t h e r e f o r e  not  need t o  be considered f o r  c a l c u l a t i n g  long-term 
dose t o  t h e  r e s i n s ,  p a r t i c u l a r l y  i f  a c t i v a t i o n  products  c o n s t i t u t e  t h e  bulk of 
t h e  a c t i v i t y  disposed of .  However, due t o  t h e  high dose from t h e  Sr,Y-90 cou- 
p l e  compared w i t h  t h a t  from t h e  o the r  major con t r ibu to r s ,  (twice t h a t  of 
Cs-137 and f o u r  t i m e s  t h a t  of Co-60 f o r  l a r g e  volumes of resin--see Sect ion 
3.4.1) w e  f e e l  i t  is prudent t o  r e q u i r e  t h a t  gene ra to r s  r e p o r t  Sr-90 l e v e l s  on 
t h e i r  coolant  cleanup r e s i n s  t o  d i sposa l  sites. 
i t l y  i nc lude  Sr,Y-90 c o n t r i b u t i o n  i n  t h e i r  t o t a l  dose c a l c u l a t i o n .  

3.5 Recommendations f o r  Addit ional  Research* 

Fur the r ,  they should expl ic-  

It has been pointed o d 4 )  that  there i s  a c e r t a i n  lack of agreement, 
as w e l l  as a l a c k  of q u a n t i t a t i v e  da t a ,  i n  t h e  published l i t e r a t u r e  on radia- 
t i o n  e f f e c t s  i n  organic i o n  exchange resins. T h i s  is p a r t i c u l a r l y  true f o r  
anion r e s i n s .  
permissible  dose t o  r e s i n s  being disposed of by n u c l e a r  power p l a n t s ,  w e  had 
t o  make s e v e r a l  ex t r apo la t ions  from one form of r e s i n  t o  another  (e.g., L i +  
form t o  H+ form), and from dry t o  moist r e s i n ,  because t h e  required d a t a  
were not a v a i l a b l e .  I n  order  t o  avoid u n c e r t a i n t i e s  of t h i s  kind, a s a t i s f a c -  
t o r y  d a t a  base should be developed, p a r t i c u l a r l y  f o r  r e s i n s  of t h e  types used 
i n  power p l a n t s .  The following recommendations f o r  a d d i t i o n a l  r e sea rch ,  if 
implemented, would provide much of t he  information needed. It should be noted 
t h a t  moisture content  is c r i t i c a l  t o  the  r e s u l t s  obtained. Thus, i n  a l l  t h e  
experimental  work suggested below, t h e  water content  of t h e  r e s i n  samples must 
be accu ra t e ly  known. 

I n  a t tempting t o  a r r i v e  a t  a q u a n t i t a t i v e  value f o r  maximum 

o To permit u s e  of information from earlier l i t e r a t u r e  obtained w i t h  
non-nuclear grade r e s i n s ,  a check should be made comparing samples  of 
nuclear  grade and non-nuclear grade of t h e  same r e s i n ,  both anion and 
cat ion.  P r o p e r t i e s  t o  be used f o r  comparison are gas  gene ra t ion  
(p re fe rab ly  i n d i v i d u a l  gases ) ,  changes of pH, and l o s s  of exchange 

*Since t h i s  r e p o r t  was published in d r a f t  form (BNL-NUREG-30668, January 
1982) experimental work has been performed a t  BNL i n  most of t h e  areas sug- 
gested. Resu l t s  are given i n  t h e  q u a r t e r l y  progress r e p o r t s ,  "Characteri- 
z a t i o n  of TMI-Type Wastes and So l id  Products," BNL-"REG-51499, A p r i l  1982, 
BNL-NUREG-31413, June 1982, and BNL-NUREG-31568, J u l y  1982. 
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capaci ty .  Dewatered resins should be used, a t  least  i n  t h e  H+ and 
OH- forms and absorbed doses should be adequately d i s t r i b u t e d  over 
t h e  range lo7  rad t o  a t  least 2 t o  3 x 108 r ad .  

0 Continuing from t h i s  po in t  w i t h  nuclear grade r e s i n s  only, t h e  same 
p r o p e r t i e s  should be determined f o r  sa l t  forms, such as l i t h i a t e d  and 
borated,  which are used i n  power p l an t s .  
watered r e s i n s  should be t e s t e d ,  i n  both t h e  sa l t  forms and the H+ 
and OH' forms. 

Both dry r e s i n s  and de- 

0 There i s  almost no information on i r r a d i a t i o n  of mixed anion and ca- 
t i o n  r e s i n s .  This  s i t u a t i o n  should be remedied i n  o rde r  t o  provide 
data r e l a t i n g  t o  t h e  condi t ions i n  a c t u a l  p l a n t  use. I r r a d i a t i o n s  
should be c a r r i e d  ou t ,  over t h e  same dose range as before ,  on samples 
of 1:l anion: c a t i o n  r e s i n  mixtures i n  t h e  H+/OH' form and i n  both 
t h e  dry and dewatered s ta te .  The dewatered samples should be t e s t e d  
f o r  pH change i n  p a r t i c u l a r .  It is thought t h a t  gas  gene ra t ion  from 
mixed r e s i n s  should be t h e  sum of t h e  amounts generated from t h e  ca- 
t i o n  and an ion  r e s i n  i r r a d i a t e d  s e p a r a t e l y ,  and t h i s  po in t  should be 
checked. 

3.6 Dose From Short-Lived R N s  During P lan t  Operation 

3.6.1 P o t e n t i a l  f o r  Damage 

The p o s s i b i l i t y  t h a t  decay of t he  sho r t - l i ved  RNs on r e s i n s  i n  deminer- 
a l i z e r  systems during r e a c t o r  operat ion could d e l i v e r  a s i g n i f i c a n t  dose t o  
t h e  r e s i n s  w a s  pointed out  i n  Sec t ion  2 .2 .  I n  t h a t  s e c t i o n ,  a n a l y t i c a l  re- 
s u l t s  provided by s e v e r a l  power p l a n t s  f o r  t h e i r  r e a c t o r  coolant  were given 
(Tables 2 .4 -2 .8 )  along with d a t a  on g ross  B ,  y-ac t iv i ty  i n  t h e  feed t o  t h e  
coolant  cleanup demineral izers  (Table 2 . 2 ) .  

The analyses  i n d i c a t e  t h a t  r e a c t o r  coolant  r o u t i n e l y  con ta ins  r e l a t i v e -  
l y  high a c t i v i t y  l e v e l s  of short- l ived RNs ( s e v e r a l  days o r  less) and low 
levels of t h e  longer-l ived i s o t o p e s  (such as CO-60 and Cs-137, w i t h  ha l f -  
l i v e s ,  r e s p e c t i v e l y  of 5.3 and 30 years).whic'h make up the bulk of the  a c t i v -  
i t y  on spent  r e s i n  f o r  d i sposa l .  The high o v e r a l l  DFs reported f o r  g ross  6,y- 
a c t i v i t y  a c r o s s  t h e  beds [which a g r e e  wi th  those given by L i n ( l ) ]  show t h a t  
wh i l e  t h e  beds are i n  service, they are con t inua l ly  r ece iv ing  a n  apprec i ab le  
r a d i a t i o n  dose from t h e  sho r t - l i ved  nuc l ides ,  s i n c e  t h e  a c t i v i t y  loadings are 
of t h e  o rde r  of 1 m C i / m L  of r e s i n  (28  Ci / f t3 ) .  

3 .6 .2  Dose Determinations and Relevance t o  a Maximum Loading Rule 

I n  o rde r  to: determine whether such a dose would c o n t r i b u t e  important ly  
t o  t h e  o v e r a l l  dose even tua l ly  received by the  r e s i n ,  c a l c u l a t i o n  of i t s  mag- 
n i tude  a t  Dresden'Unit 2 was c a r r i e d  ou t ,  based on t h e  extensive a n a l y t i c a l  
d a t a  and information on p l a n t  ope ra t ion  suppl ied i n  t h e i r  response t o  t h e  
ques t ionna i r e  and by subsequent telephone contact .  Of t h e  RNs they monitor 
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(see Table 2.4), t hose  t h a t  d e l i v e r  t h e  bulk of t h e  short-term dose are 
I-131,132,133,134,135, Ba,La-140, Cs-138, Na-24, Fe-59, Zr-95, Ba-139, Tc-104, 
and Ce-141. The i r  mean l ives  range from less than a n  hour t o  3 months. 

Since i n  5 mean l i v e s  an i so tope  w i l l  bu i ld  up t o  w i t h i n  1% of i t s  
s a t u r a t i o n  l e v e l  on a f r e s h  bed, those i so topes  w i t h  mean l ives  of 20 days o r  
less w i l l  reach t h e i r  s a t u r a t i o n  l e v e l s  i n  4 months o r  less. From t h e  t i m e  
they reach s a t u r a t i o n ,  t h e i r  rates of decay a r e ' e q u a l  t o  t h e i r ' r a t e s  of build- 
up on t h e  r e s i n ,  assuming constant  coolant  flow ra te  through the  bed-"and con- 
s t a n t  r e a c t o r  power. Thus, they d e l i v e r  a continuous dose t o  t h e  r e s i n  a l l  
t he  t i m e  t he  bed is i n  service. Af t e r  t h e  bed i s  removed from service and t h e  
RNs decay, t h e  dose from t h e i r  decay w i l l  e x a c t l y  compensate f o r  t h e  d e f i c i t  
i n  dose during buildup, before  s a t u r a t i o n  is reached. Hence, t h e  t o t a l  dose 
de l ive red  by t h e  sho r t - l i ved  i so topes  is simply t h e  dose rate a t  s a t u r a t i o n  
mul t ip l i ed  by t h e  t i m e  t h e  bed is i n  s e rv i ce .  

For i so topes  of s l i g h t l y  longe r  mean l i f e  ( T )  which do not q u i t e  reach 
s a t u r a t i o n  i n  6 months, t h e  dose de l ive red  by decay a f t e r  removal of t h e  bed 
from service w i l l  not be q u i t e  enough t o  Compensate f o r ' t h e  d i f f e r e n c e  between 
a c t u a l  and s a t u r a t i o n  l e v e l s  during buildup. 
l i f e  90 days ( 6  months Z 2.r) t he  e r r o r  involved i n  assuming complete compensa- 
t i o n  i s  only about 1%. Thus, Zr-95 (T = 94 days) and Co-58 (T = 102 days) can 
be included i n  t h e  c a l c u l a t i o n s  w i t h  in t roduc t ion  of an i n s i g n i f i c a n t  e r r o r  i n  
t h e  t o t a l  dose from a l l  short- l ived i so topes .  

However, f o r  an i s o t o p e  of mean 

I n  Appendix F, c a l c u l a t i o n s  are given f o r  t h e  B-dose from Ba-140 using 
t h e  above t reatment  and a t reatment  based'on t h e  method of Swyler e t  a1.(8) 
described i n  s e c t i o n  3.4.2, which gives  t h e  same r e s u l t .  This  second treat- 
ment is used t o  determine t h e  y-dose from Ba-140. The sum of t h e  B- and y- 
doses from Ba-140 is c a l c u l a t e d  as 1.3 x lo6 rad.  
ods t o  t h e  o t h e r  short- l ived i so topes  l i s t e d  above- l eads  t o  a t o t a l  de l ive red  
dose of 6.4 x l o 6  rad i n  6. months of ope ra t ion  ( p l u s  subsequent decay t i m e ) .  

This c a l c u l a t e d  dose is an underestimate f o r  s e v e r a l  reasons.  There are 
a number of f i s s i o n  product i so topes  of high f i s s i o n  y i e l d  (e.g., Rb-88,89, 
Y-92,93,94, Ba-142, Te-133,134) which w i l l  probably a l s o  be p re sen t  but which 
are not measured by t h e  a n a l y t i c a l  methods employed by t h i s  p a r t i c u l a r  p l an t .  
Also, i n  t h e  c a l c u l a t i o n  dose is assumed t o  be equa l ly  d i s t r i b u t e d  between 
water and res in i n  t h e  bed. This  is a good approximation f o r  y-dose, b u t  
6-dose w i l l  be g r e a t e r  t o  t h e  r e s in .  
del ivered a t  Dresden by a l l  short- l ived i so topes  is most l i k e l y  <lo7 rad.  
The Dresden s i t u a t i o n  is probably average, s i n c e  t h e  f i s s i o n  proxuct a c t i v i t y  
i n  t h e  coolant  comes from uranium "plated out" on core s u r f a c e s  r a t h e r  t han  
from f u e l  element leaks.  Some p l a n t s  have lower a c t i v i t i e s  in t h e  coolant  
and/or change beds* more f r equen t ly  so t h a t  t h e i r  resins receive a lower 
dose. 

Applying t h e  same meth- 

A real is t ic  estimate of t h e  t o t a l  dose 

Other p l a n t s  ope ra t e  from t i m e  t o  t i m e  w i t h  s l i g h t  f u e l  l eaks ,  so t h a t  

Bed" as used he re  inc ludes  powdered demineral izers .  *I. 
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f i s s i o n  product concentrat ions i n  t h e  coolant  could be higher ,  but  t h e i r  cool- 
a n t  cleanup beds* may have much s h o r t e r  s e r v i c e  times than -Dresden's, and 
thus  r a d i a t i o n  dose t o  the  r e s i n  during bed ope ra t ion  probably w i l l  be compar- 
a b l e  t o  Dresden's o r  - <lo7 rad. 

We conclude t h a t  i c  is un l ike ly  f o r  any power p l a n t s  t o  produce waste 
r e s i n s  receiving a dose from short- l ived i so topes  much >lo7  r ad ,  o r  10% of 
the  lo8 rad suggested as t h e  maximum permissible  l i m i t .  
source,  t he re f  o r e ,  would normally c o n t r i b u t e  an amount which would be w i t h i n  
t h e  limits of e r r o r  for.  e s t ima t ing  a dose of t h e  o rde r  of l o 8  rad. 
s i g n i f i c a n c e  of t h i s  "ex t r a"  dose, however, is .  t h a t  i t  supports  a conserva- 
t i v e  p o s i t i o n  f o r  s e t t i n g  a maximum permissible  dose from4ong-lived RNs, 
s i n c e  a n  appreciable  u n c e r t a i n  c o n t r i b u t i o n  t o  t o t a l  dose w i l l  always occur 
from short-liGed RNs, and perhaps from o the r  sources  of r a d i a t i o n  w e  have not 
considered. 

3.7 S o l i d i f i e d  Resins 

Dose from t h i s  

The 

It is beyond t h e  scope of t h i s  r epor t  t o  consider  dose l i m i t s  f o r  s o l i d i -  
f i e d  r e s i n s .  However, i t  is appropr i a t e  t o  draw a t t e n t i o n  t o  r ecen t  s t u d i e s  
of r a d i a t i o n  damage t o  cement-resin composites which i n d i c a t e  a high degree of 
s t a b i l i t y  f o r  c e r t a i n  s o l i d i f i e d  r e s i n  forms.(5) I n  view of such r e s u l t s ,  a 
dose l i m i t  of t h e  o rde r  of l o9  r ad  t o  t h e  r e s i n  might be considered f o r  
s u i t a b l e  s o l i d i f i e d  forms which could lead t o  s i g n i f i c a n t  waste volume reduc- 
t i o n  of b e n e f i t  t o  both t h e  generator  and t h e  d i sposa l  s i te .  The r e s u l t s  of 
t hese  experiments and recommendations f o r  a d d i t i o n a l  r e sea rch  in t h i s  area are 
discussed below. 

3.7.1 Experimental Resu l t s  of Radiat ion Damage S tud ie s  

The manner in which p o p e r t i e s  of EPICOR-I1 type ion  exchange media 
changed, w i th  r a d i a t i o n  exposure has r e c e n t l y  been inves t iga t ed .  (5) The ma- 
t e r i a l  s tud ied  was a p ropr i e t a ry  mixture c a l l e d  D-mix, c o n s i s t i n g  mainly of 
organic r e s i n s  and claimed by t h e  vendor t o  be r e p r e s e n t a t i v e  of t h e  Epicor-I1 
f i r s t - s t a g e  l i n e r  material. I r r a d i a t i o n s  of D-mix a lone  were c a r r i e d  out  t o  
determine its effect on gas generation, agglomeration, pH,  and corrosion of 
p o t e n t i a l  con ta ine r  materi-als. A number of i - r r ad ia t ions  of. D-rnix s o l i d i f i e d  
wi th  cement were a l s o  c a r r i e d  ou t ,  and t h e  r e s u l t s  of the t e s t i n g  done on 
t h e s e  composites as they re la te  t o  the  matter of a maximum permissible  load- 
ing,  are summarized below., ,- 

0 Leachab i l i t y  of s o l i d i f i e d  D-mix/cembnt composites w a s  n o t  increased 
by i r r a d i a t i o n  t o  a t o t a l  dose of 109 rad. 

0 No d e l e t e r i o u s  e f f e c t s  t o  t h e  mechanical i n t e g r i t y  of t h e  composites 
were observed, as measured'by t e n s i l e  s p l i t t i n g  s t r eng th .  

Bed" as used he re  inc ludes  powdered demineral izers .  * .. 
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0 There w a s  no measurable co r ros ion  of s t a i n l e s s  steel e i t h e r  w i t h  
D-mix alone o r  w i th  composites a t  any dose. 

0 No unambiguous evidence of r a d i a t i o n  enhancement of mild s t ee l  cor- 
ro s ion  w a s  found f o r  samples i n  contact  w i t h  D-mix/cement composites 
a t  a t o t a l  dose of lo9 rad.  
corrosion observed w i t h  D-mix alone,  which w a s  no t i ceab le  a t  
lo8 rad. 

This is  in c o n t r a s t  t o  t he  enhanced 

0 The major gas  produced as a r e s u l t  of i r r a d i a t i o n  of t he  composites 
was hydrogen. 
p o s i t e s ,  whereas apprec i ab le  q u a n t i t i e s  were generated i n  D-mix 
alone. 

Very l i t t l e  C02 o r  methane were formed i n  t h e  com- 

0 As descr ibed i n  Sect ion 3.2.4.1, w i t h  both D-mix alone and D-mix/ 
cement composites, a marked decrease i n  oxygen content of t h e  
atmosphere i n  sealed containers  upon i r r a d i a t i o n  w a s  observed 
( n e a r l y  complete dep le t ion  i n  t h e  case of t h e  composites). 

3.7.2 Conclusions Regarding Maximum Loading 

From t h e  r e s u l t s  given above, i t  can be concluded t h a t  mechanical in- 
t e g r i t y  and l e a c h a b i l i t y  of the D-mix/cement composites are not affected by 
i r r a d i a t i o n  t o  a t o t a l  dose of lo9 rad.  There may be a s l i g h t  enhancement 
of cor ros ion  of m i l d  s teel  a t  the higher  doses, but t h i s  i s  not d e f i n i t e .  
Thus,.from t h e  p o i n t  of view of t h e s e  p r o p e r t i e s ,  t h e  composite waste form 
could be used f o r  i nco rpora t ion  of D-mix which would d e l i v e r  such doses. 
Gases such as C02 and l i g h t  hydrocarbons are formed i n  only small amounts, 
suggesting t h a t  degradat ion of t h e  organic r e s i n s  p re sen t  i n  D-mix may be less 
ex tens ive  upon s o l i d i f i c a t i o n  w i t h  cement. However, gas  gene ra t ion  (mostly 
hydrogen) i s  s t i l l  appreciable  from t h e  composites. Based on a l l  t h e s e  re- 
s u l t s  w i t h  t h e  s i n g l e  material, D-mix, i t  appears t h a t  s o l i d i f y i n g  r e s i n s  w i t h  
cement would permit  a loading which would i v e  a dose t o  t h e  r e s i n ,  i f  not 
s o l i d i f i e d ,  of considerably higher  than loB rad,  and perhaps as high as 
lo9  rad.  
Chemical Company's v i n y l  es ter-s tyrene 
using both BWR and PWR r e s i n  w a s t e ~ . ( ~ ~ Y  However, i n s u f f i c i e n t  d a t a  are 
p resen t ly  a v a i l a b l e  on which t o  base a recommendation t o  permit higher  doses 
such as lo9 rad t o  composites, and i n  t h e  next s e c t i o n  suggest ions are given 
f o r  experiments which could generate  t h e  r equ i r ed  data .  

1 

2 

A similar conclusion is reached f o r  r e s i n s  s o l i d i f i e d  i n  Dow 
olymer according t o  a s tudy by Dow 
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3.7.3 Recommendations f o r  Addi t iona l  Research* 

The p r i n c i p a l  requirements t o  be m e t  by a d d i t i o n a l  research  are t o  gen- 
erate r e s u l t s  w i th  material t h a t  is  not  p ropr i e t a ry ,  and t o  broaden t h e  in fo r -  
mation base w i t h  r e spec t  t o  both resins and s o l i d i f i c a t i o n  agents .  
c i f i c  sugges t ions  are: 

Some spe- 

e Cement composites should be prepared and t e s t e d  using commercially 
a v a i l a b l e ,  non-proprietary,  an ion  and c a t i o n  exchangers, individu-  
a l l y  and i n  a 1:l mixture. Nuclear grade r e s i n s  should be used. 

The u n s o l i d i f i e d  r e s i n s  should be t e s t e d  a t  least f o r  gas genera- 
t i o n ,  t o  provide a r e fe rence  poin t  f o r  compar isonwi th  the  
composites. 

0 A range of s o l i d i f i c a t i o n  agents  c o n s i s t e n t  w i th  those c u r r e n t l y  i n  
use a t  nuc lear  power p l a n t s  should be t e s t e d .  An organic  ma te r i a l  
such as Dow v i n y l  es te r -s tyrene  polymer should be compared wi th  
inorganic  s o l i d i f i c a t i o n  agents  such as cement and cement -s i l ica te  
mixtures .  

e The residwaste composites should be t e s t e d  a t  l e a s t  f o r  gas genera- 
t i o n ,  changes in l e a c h a b i l i t y ,  and mechanical s t a b i l i t y ,  t o  t o t a l  
doses of lo9 rad.  
used should be those descr ibed in t h e  d r a f t  Branch Technical  
Posit ion. 

Leachab i l i t y  and mechanical s t a b i l i t y  tests 

"Since t h i s  r e p o r t  w a s  publ ished i n  draf t form (BNL-NUREG-30668, January 
1982), experimental  work has been i n i t i a t e d  a t  BNL i n  t h e  f i r s t  area 
recommended, and work i n  a d d i t i o n a l  areas is planned. Prel iminary r e s u l t s  
are given i n  t h e  q u a r t e r l y  progress  r e p o r t ,  "Charac te r iza t ion  of TMI-Type 
Wastes and S o l i d  Products ,"  BNL-NUREG-31568, J u l y  1982. 
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4. TEST FOR PERMITTING EXCEPTIONS TO THE GENERIC RULE 

There i s  a p o s s i b i l i t y  t h a t  a gene ra to r  may wish t o  use  a r e s i n ,  o r  r e s i n  
mixture,  which it claims can be loaded t o  a l e v e l  h ighe r  than t h a t  allowed by 
t h e  BTP, without r e s u l t i n g  i n  degradation. Examples e x i s t  of r e s i n s  which have 
considera.bly g r e a t e r  r a d i a t i o n  s t a b i l i t y  than those p r e s e n t l y  i n  gene ra l  use,  
p a r t i c u l a r l y  the  anion r e s i n s  with py r id ine  u n i t s  i n  t h e i r  s t r u c t u r a l  framework. 
NRC's  d r a f t  BTP r e q u i r e s  t h a t  a gene ra to r  wishing t o  load a r e s i n  t o  some h ighe r  
l e v e l  t han  permit ted by t h e  r u l e  must demonstrate t h a t  t h e  r e s i n  w i l l  not under- 
go degradation a t  t h a t  loading l eve l .  

In developing a s u i t a b l e  test t o  provide t h i s  demonstration, s e v e r a l  condi- 
t i o n s  should k m e t :  

1. The tes t  method should adequately s imulate  t h e  chemical and radio- 
l o g i c a l  cond i t ions  which would be encountered in ac tua  1 practice.  

2. The t e s t  should be reasonably simple and c o n s i s t e n t  with the  types of 
operat ion and experimental  eqdpment required t o  o k a i n  a c c u r a t e  re- 
s u l t s .  S impl i c i ty ,  however, cannot be considered a' l i m i t i n g  f a c t o r ,  
s ince  t h i s  would k a "one t i m e  only" t e s t ,  and not a r o u t i n e  
procedure. 

4.1 Adequate Simulation of Conditions Expected i n  P r a c t i c e  

4.1.1 Use of Chemical Solut ions 

It has  been argued t h a t  t h e  e f f e c t s  of r a d i a t i o n  on r e s i n s ,  e i t h e r  i n  
water o r  containing water, can be produced by t r e a t i n g  them with chemical solu-  
t i o n s ,  p a r t i c u l a r l y  s o l u t i o n s  of H202. It is undoubtedly f a i r  t o  say t h a t  
some of t he  e f f e c t s  of r a d i a t i o n  w i l l  k produced by such s o l u t i o n s ,  s i n c e  
H202 is i n e v i t a b l y  formed by r a d i o l y s i s  of water. However, i t  would be a 
g ross  o v e r s i m p l i f i c a t i o n  t o  c o n t e n d ' t h a t  t h i s  o r  any o t h e r  chemical can ade- 
qua te ly  s imula t e  exposure t o  r a d i a t i o n  a t  t h e  doses r equ i r ed  i n  a t es t .  

I n  t h e  f i r s t  place, €I202 cannot cause i o n i z a t i o n .  - A s i d e  from t h i s  
obvious d i f f e r e n c e ,  in f a c t  because of i t ,  a l a rge  chemical discrepancy a l s o  
exists. Ion iz ing  r a d i a t i o n  produces r e l a t i v e l y  high concen t r a t ions  of very 
r e a c t i v e  r a d i c a l s  (e.g., H e ,  H O * ,  and H02*) as  w e l l  as H202, by 
radiolysis . 'of  t h e  water i n s i d e  t h e  r e s i n  beads. A l l  t h e s e  s p e c i e s  are thus  a b l e  
t o  a t t a c k  a l l  p a r t s  of t h e  r e s i n  s t r u c t u r e  throughout t h e  bead. 
dewatered..resin t r e a t e d  with H202 s o l u t i o n ,  on t h e  o the r  hand, t h e  r a d i c a l s  
w i l l ano t  & presen t  a t  a l l  and t h e  !€I202 w i l l  k a b l e  t o  a t t a c k  only t h e  
o u t e r  bead su r face  u n t i l .  d i f fusioi i  i n t o  tlie i n t e r i o r '  cAn take place.  
important clierniial species which is missing from t h e  chemical H202 system is 
hydrogen gas which. is produced from both r e s i n  and water by r a d i a t i o n .  

I n  t h e  case of 

Another 

I .  
I . .  

A marked 'difference between t h e  * r a d i a t i o n  and pu re ly  chemical systems is 
t h e  manner of a t t a c k  on t h e  organic r e s i n .  None of t h e  chemical bonds i n  t h e  
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r e s i n  polymer molecules are immune t o  r a d i a t i o n .  Most of t h e  r a d i a t i o n  damage 
begins with d i r e c t  s c i s s i o n  of C-C and C-H bonds, and t h e  C-S and C-N bonds t o  
t h e  func t iona l  groups, t o  form f r e e  r a d i c a l s  of a l l  s i z e s ,  from H atoms t o  radi-  
cals of "molecular" weights of many thousands. These r a d i c a l s  are then ava i l -  
a b l e  f o r  r e a c t i o n s  w i t h  each o t h e r  and w i t h  a l l  t h e  mobile spec ie s  (H202 and 
r a d i c a l s )  formed from water r a d i o l y s i s .  I n  t h e  H202 chemical system, t h e r e  
i s  apparent ly  a c e r t a i n  amount of C-C bond a t t a c k ,  p a r t i c u l a r l y  when i r o n  and/or 
copper ions  are present  t o  act as c a t a l y s t s ,  but t h i s  a t t a c k  i s  slow, with rela- 
t i v e l y  low H202 concentrat ions.  H202 a t t a c k s  C-H bonds i n  ox ida t ion  re- 
a c t i o n s ,  whereas i n  r a d i a t i o n  systems a b s t r a c t i o n  of H atoms by Heradicals  t o  
form H2 i s  a major c o n t r i b u t o r  t o  the  o v e r a l l  r e a c t i o n .  

It must t h e r e f o r e  be concluded t h a t  use of chemical s o l u t i o n s  cannot ade- 
qua te ly  s imula t e  t h e  chemical condi t ions,  l e t  a lone t h e  r a d i o l o g i c a l  condi t ions,  
s p e c i f i e d  i n  t h e  d r a f t  BTP. 

4.1.2 Use of Radiat ion 

From t h e  foregoing d i scuss ion  i t  becomes obvious t h a t  t he  only way t o  
s imula t e  r a d i o l o g i c a l  cond i t ions ,  which w i l l  i n  t h e  process  s imulate  chemical 
cond i t ions ,  i s  t o  i r r a d i a t e  t h e  t es t  sample w i t h  r a d i a t i o n  of low LET similar t o  
t h e  B,y- i r radiat ion given by radionucl ides  t o  spent  r e s i n s  i n  practice. This  
can s t i l l  only s i m u l a t e  a c t u a l  r a d i a t i o n  condi t ions,  not  reproduce them. The re  
i s  no way t o  reproduce t h e  low dose rates t o  r e s i n s  a t  b u r i a l  sites without 
carrying out  experimental  i r r a d i a t i o n s  f o r  many years .  Th i s  m a t t e r  of dose ra te  
d i f f e r e n c e s  has been discussed a t  l eng th  i n  Sec t ion  3 . 3 . 3 .  

4.2 Choice of I r r a d i a t i o n  Method 

I r r a d i a t i o n  can be c a r r i e d  out  e i t h e r  i n t e r n a l l y ,  by adding B,y-radio- 
a c t i v i t y  t o  t h e  r e s i n  sample, or e x t e r n a l l y ,  by providing t h e  r a d i a t i o n  dose 
from an e x t e r n a l  source such as an e l e c t r o n  a c c e l e r a t o r  o r  a n  X-ray or y-source. 
Nuclear r e a c t o r  i r r a d i a t i o n  i s  not s u i t a b l e  because t h e  r a d i a t i o n  provided has  a 
l a r g e  component of high LET r a d i a t i o n ,  i .e . ,  e n e r g e t i c  protons produced by 
c o l l i s i o n  of f a s t  neutrons w i t h  hydrogen atoms i n  water and r e s i n .  Determina- 
t i o n  of absorbed dose i n  r e a c t o r  i r r a d i a t i o n s  is  a l s o  extremely d i f f i c u l t .  

4.2.1 I n t e r n a l  I r r a d i a t i o n  

I n t e r n a l  i r r a d i a t i o n  would most c l o s e l y  s imula t e  spen t  r e s i n  condi t ions.  
It could be c a r r i e d  out  by loading a r e s i n  sample w i t h  t h e  appropr i a t e  amount of 
a r e l a t i v e l y  s h o r t  h a l f - l i f e  i so tope  t o  g i v e , t h e  r e s i n  t h e  r equ i r ed  dose upon 
e s s e n t i a l l y  complete decay. The h a l f - l i f e  would have to be s h o r t  so t h a t  t he  
r a d i o a c t i v i t y  on t h e  res in  sample could decay e s s e n t i a l l y  completely (a t  least 
10 h a l f - l i v e s )  be fo re  t h e  r e s i n  was t e s t e d ,  and so t h a t  t h e  t o t a l  t i m e  for t h e  
whole procedure was kept reasonable. A pure B-emitter would be p re fe rab le  f o r  
t h i s , -  since t o t a l  dose could be determined q u i t e  accu ra t e ly .  Est imat ion of t h e  
y-dose from a B,y-emitter would be s u b j e c t  t o  apprec i ab le  e r r o r  f o r  a small gam- 
ple .  However, t h e r e  is  a major disadvantage t o  u s e  of i n t e r n a l  r a d i a t i o n ,  even 
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assuming a n  appropr i a t e  RN source could be found, and t h a t  is t h e  complexity of 
working a t  least behind s h i e l d i n g ,  and perhaps i n  a hot  ce l l ,  coupled wi th  asso- 
c i a t e d  worker exposure. 

4.2.2 Ex te rna l  I r r a d i a t i o n  

External  i r r a d i a t i o n  has seve ra l  advantages over i n t e r n a l .  One is t h a t  
dosimetry can be made q u i t e  accu ra t e ,  and dose rates under va r ious  condi t ions 
are determined r e g u l a r l y  a t  most e l e c t r o n  a c c e l e r a t o r s ,  and y-ray and X-ray ir- 
r a d i a t o r s .  Another is t h a t  i r r a d i a t i o n s  can be c a r r i e d  out  w i t h  e s s e n t i a l l y  no 
exposure t o  personnel.  S t i l l  another  i s  t h a t  t h e r e  would be no r a d i o a c t i v i t y  i n  
t h e  sample, whereas using an i n t e r n a l  source,  t h e r e  might be r e s i d u a l  radioac- 
t i v i t y  in t h e  sample ( e i t h e r  from t h e  source i so tope  o r  a n  impuri ty)  when t h e  
sample w a s  being t e s t e d .  From t h e  t e c h n i c a l  point  of view, e x t e r n a l  i r r a d i a -  
t i o n  appears t o  be t h e  p re fe r r ed  method. Also, i t  is  f e l t  t h a t  such an i r r a d i -  
a t i o n  would be easier t o  monitor by a r egu la to ry  agency, and would l i k e l y  be 
p re fe r r ed  by a power p l a n t ,  s i n c e  service i r r a d i a t i o n s  can r e a d i l y  be  arranged 
and are not expensive. 

Regarding t h e  choice between f a s t  e l e c t r o n  i r r a d i a t i o n  and X-ray o r  
y - i r r ad ia t ion ,  i t  is concluded t h a t  X-ray o r  y - i r r a d i a t i o n  is pre fe rab le .  For 
e l e c t r o n  i r r a d i a t i o n ,  t h e  sample geometry would be c r u c i a l  i f  anything l i k e  a 
uniform i r r a d i a t i o n  dose were t o  be achieved. The i r r a d i a t i o n  c e l l  would a l s o  
have t o  have a t h i n  window t o  permit t he  e l e c t r o n  beam t o  reach t h e  sample. 
Nei ther  of t hese  c o n s t r a i n t s  a p p l i e s  t o  X-ray and y - i r r ad ia t ion .  With both 
types a small sample w i l l  o b t a i n  a uniform r a d i a t i o n  dose, and t h e  c e l l  wa l l  
thickness  and c e l l  cons t ruc t ion  are not c r i t i c a l .  

4.3 S u i t a b l e  P r o p e r t i e s  on Which t o  Base a T e s t  

An e s s e n t i a l  c r i t e r i o n  f o r  choosing a property of t he  r e s i n  as a basis f o r  
a damage test is t h a t  t h e  property must be one which would be possessed by any 
conceivable organic  i o n  exchange r e s i n  t h a t  a gene ra to r  might propose as a can- 
d ida t e .  
groups, i t  w i l l  gene ra t e  gas  due t o  abso rp t ion  of r a d i a t i o n ,  and w i l l  l o s e  func- 
t i o n a l  groups, and thus  exchange capacity. I t  may o r  may not  possess t h e  o t h e r  
p r o p e r t i e s  which w e  have evaluated. 
low i n  terms of t h e  e s s e n t i a l  c r i t e r i o n  and o t h e r  bases f o r  judging s u i t a b i l i t y .  

4.3.1 Changes i n  Appearance 

Since any r e s i n  proposed w i l l  be organic  and w i l l  con ta in  f u n c t i o n a l  

The va r ious  p r o p e r t i e s  are considered be- 

A s  pointed out i n  Sec t ions  3.2.4.2, most changes i n  appearance, such as 
darkening of c o l o r ,  bead f r a c t u r i n g ,  and aggl’omeration, have been r e l a t e d  t o  
r a d i a t i o n  dose i n  only a. q u a l i t a t i v e  way, because!.of i n a b i l i t y  t o  make quant i -  
t a t i v e  determinat ions of t h e  e f f e c t .  I n  t h e  case of swelling, where quan t i t a -  
t i v e  determinat ions ‘can ,be made, t h e  degree of swe l l ing  i s - a  func t ion  both of 
percent cross-lfnki!ng and of t h e  concentrat ion of t h e  f u n c t i o n a l  groups, which 
are hydrophylic. 
vary i n  a complex way so t h a t  swelling.may occur a t  low dose and t h e  e f f e c t  

Under A r r a d i a t i o n , ’ t h e  cross- l inking and exchange capac i ty  
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r eve r se  a t  h ighe r  doses. Thus, depending on t h e  r e s i n ,  f o r  a given dose one 
might observe swel l ing,  no change, o r  shrinkage. 

The f i r s t  t h r e e  e f f e c t s  can be ru l ed  out as t h e  basis f o r  a tes t  because 
of t h e  present  i n a h i l i t y  t o  make q u a n t i t a t i v e  determinat ions of t h e i r  magnitude. 
Swelling would no t  n e c e s s a r i l y  meet t h e  e s s e n t i a l  c r i t e r i o n ,  although i t  i s  d i f -  
f i c u l t  t o  envis ion a n  organic r e s i n  t h a t  would not  e x h i b i t  some s o r t  of swelling 
e f f e c t .  In  any case, it i s  judged not  t o  be a good property.  on which t o  base a 
test  because of t h e  d i f f i c u l t y  i n  knowing what level of r e s i n  damage goes along 
with what degree of volume change and t h e r e f o r e  what t h e  allowable l e v e l  should 
be. With f p r t h e r  work and a b e t t e r  understanding of t h e  f a c t o r s  inf luencing 
t h i s  property,  a s u i t a b l e  t es t  could probably be developed. However, on t h e  , 

basis of t h e  infonnat ion i n  t h e  l i t e r a t u r e ,  i t  i s  not p re sen t ly  acceptable .  

4 . 3 . 2  pH Change and Enhancement of Corrosion 

pH change cannot be considered -a s u i t a b l e  e f f e c t  on which t o  tase a tes t  
f o r  reasons similar t o  those applying t o  r e s i n  swel l ing,  i.e., i n a b i l i t y  t o  know 
a t  what l e v e l  t o  se t  t h e  allowable l i m i t .  The usua l  p r a c t i c e  i n  power p l a n t s  i s  
t o  use a mixed bed of c a t i o n  and anion r e s i n s ,  gene ra l ly  1:l cation:anion, f o r  
coolant  cleanup. I r r a d i a t i o n  of such a mixture  appears t o  give only sml l  pH 
changes a f t e r  q u i t e  l a rge  doses, although f a i r l y  l a rge  changes occur with s t rong  
acid cat ion.exchangers  a lone.  Thus considerable  damage could be done t o  a r e s i n  
mixture before a properly measurable change i n  pH occurred (giving t h e  i l l u s i o n  
of g r e a t  s t a b i l i t y )  because t h e  e f f e c t  i s  not a d d i t i v e ,  i .e. ,  t h e  pH change of 
t h e  mixture i s  no t  t h e  sum of t h e  changes f o r  c a t i o n  and anion exchangers 
s e p a r a t e l y  . 

Since enhancement of corrosion depends on pH, t h e  conclusion must be t h a t  
t h i s  e f f e c t  cannot be t h e  basis  f o r  a test as  long as pH change i s  considered 
unsu i t ab le .  I n  any case, because of t h e  n a t u r e  of t h e  corrosion process ,  en- 
hancement of co r ros ion  appears t o  be t h e  least s t r a igh t fo rward  property t o  apply 
i n  a q u a n t i t a t i v e  manner, a s i d e  e n t i r e l y  from any u n c e r t a i n t i e s  regarding pH 
changes 

4 . 3 . 3  Exchange Capacity 

It has a l r e a d y  been pointed out t h a t  exchange capac i ty  meets t h e  essen- 
t i a l  c r i t e r i o n  of being a p p l i c a b l e  t o  any p o t e n t i a l  r e s i n  candidate.  It i s  a 
d i r e c t  measure of t h e  number of f u n c t i o n a l  groups p re sen t ,  and loss of func- 
t i o n a l  groups cause loss of exchange capaci ty .  It w a s  not deemed a p p r o p r i a t e  t o  
base a maximum al lowable dose on the. behavior of t h i s  property,  i n  t h a t  t h e  l o s s  
of f u n c t i o n a l  groups does not, r ep resen t  damage t o  t h e  s t r u c t u r a l  framework of 
t h e  r e s i n  (Sec t ion  3 . 3 . 2 . 4 ) .  This ,  of course,  has  no  bearing on i t s  use i n  a 
s tandard test. Such a test$ should be completely s u i t a b l e  f o r  t h i s  purpose i n  
terms both of d i r e c t  r e l a t i o n s h i p  between dose and measured e f f e c t ,  and of s i m -  
p l i c i t y  i n  t h e  procedure. In t h i s  connection f o r  example, only simple w e t  
chemical methods would be required,  and samples could probably be i r r a d i a t e d  i n  
a i r .  We f e e l ,  however, t h a t  a test more c l o s e l y  r e l a t e d  t o  degradation of r e s i n  
s t r u c t u r e  would be more appropr i a t e ,  i f  a s u i t a b l e  one is a v a i l a b l e .  
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4.3.4 Gas Generation 

Gas gene ra t ion  a l s o  s a t i s f i e s  t he  e s s e n t i a l  c r i t e r i o n ,  i n  t h a t  any con- 
ce ivab le  candidate  r e s i n  w i l l  generate  gas when i r r a d i a t e d .  
always be generated,  and methane a l s o  seems to  be formed from both c a t i o n  and 
anion r e s i n s ,  though i n  much smaller amounts. 
both types of r e s i n .  There seems t o  be no purpose in basing a test on measure- 
ment of only one gas ,  s i n c e  t h a t  would r e q u i r e  a n a l y s i s ,  an e x t r a  s t e p  with 
a d d i t i o n a l  chance of introducing e r r o r s  i n t o  t h e  measurement. Thus, from t h e  
po in t  of view of both s i m p l i c i t y  and accuracy, t o t a l  gas  should be measured. 

Hydrogen w i l l  

C02 and CO are a l s o  formed from 

The formation of both t o t a l  gas and t h e  major c o n s t i t u e n t s  (H2, C02, 
CO) has been found t o  be reasonalby l i n e a r  w i t h  dose (Sec t ion  3.2.3 and Figure 
3.1), although McFarland i n  r ecen t  work has reported evidence of a dose 
th re sho ld  i n  t h e  formati'on of t o t a l  gas,  and a s l i g h t  i nc rease  i n  t h e  s lope  of 
t h e  yield-dose curve with inc reas ing  dose (Sec t ion  3.2.4.1 and Figure 3.2). 
This  does not a f f e c t  t h e  choice of g a s  gene ra t ion  f o r  purposes of a test ,  s i n c e  
a l i m i t i n g  value f o r  a l lowable gas production can s t i l l  be se t  when the  
production rate d e p a r t s  s l i g h t l y  from l i n e a r i t y .  Also t h e r e  i s  no problem wi th  
use of a mixture of anion and c a t i o n  r e s i n s ,  s i n c e  t h e  gas production of t h e  
mixture i s  t h e  sum of t h e  amounts produced from i r r a d i a t i o n  of t he  ind iv idua l  
r e s i n s .  

I n  terms of s i m p l i c i t y  of measurement, gas gene ra t ion  should a l s o  be 
s u i t a b l e .  Measurement of the amount of g a s  produced, although r equ i r ing  only 
s tandard high vacuum equipment, w i l l  demand considerable  care in making t h e  ex- 
perimental  observat ions.  ' This  i s  not judged t o  be a d i f f i c u l t  requirement t o  
meet, and from a l l  po in t s  of view, gas generat ion i s  f e l t  t o  be completely s u i t -  
a b l e  as t h e  basis f o r  a s tandard test .  

4.3.5 F i n a l  Choice of Measurment t o  be Used 

From t h e  foregoing d i scuss ion  of s u i t a b i l i t y  of t he  va r ious  p r o p e r t i e s  
a f f e c t e d  by r a d i a t i o n ,  t h e  choice of property on which t o  base a test narrows 
down t o  exchange capac i ty  and gas generat ion.  Since i t  i s  f e l t  t h a t  exchange 
capac i ty  should be t h e  basis only if no o t h e r  property is s u i t a b l e ,  and gas  
gene ra t ion  i s  judgea completely s u i t a b l e ,  we recommend t h a t  measurement of gas 
generated be used i n  t h e  s tandard t e s t ' f o r  p e h i t t i n g  except ions t o  t h e  maximum 
loading r u l e .  

4.4 Development of t h e  T e s t  

A number of f a c t o r s  must be taken i n t o  account i n  developing a test proce- 
dure of t h i s  na tu re .  I n  t h e  following s e c t i o n  w e  d i scuss  t h o s e  w e  f e e l  are 
e i t h e r  c r i t i ca l ,  o r  a t  least important. 

4.4.1 S p e c i f i c  Requirements 

1. 'An important requirement is t h a t  t h e  r e s i n  be I r r a d i a t e d  dry. 
requirement has a two-fold purpose. '  F i r s t ,  i t  provides a known 

This 
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standard form f o r  t h e  s t a r t i n g  material without  having t o  comply w i t h  
t h e  requirement of some a r b i t r a r y  water con ten t ,  and second, i t  
avoids complications from formation of g a s  by r a d i o l y s i s  of water. 

2.  I n  c o n n e c t i o n w i t h  a s tandard form, a f u r t h e r  requirement i s  t h a t  
r e s i n s  t o  be t e s t e d  must be i n  t h e  H+/OH- form r a t h e r  than i n  
salt  form, s i n c e  t h e r e  can be considerable  v a r i a t i o n  i n  gas  y i e l d s  
between d i f f e r e n t  forms. 

3 .  I n  order  t o  avoid poss ib l e  i n t e r a c t i o n  o f  t h e  r e s i n  sample w i t h  metal 
i n  a metal i r r a d i a t i o n  cel l ,  t h e  sample must be contained i n  a g l a s s  
o r  qua r t z  holder  i n s i d e  t h e  cell .  
avoids t h e  problem. 

Use of a Pyrex i r r a d i a t i o n  ce l l  

4. Sample s i z e  must be l a r g e  enough t o  produce an a,ccurately measurable 
amount of gas a t  t h e  r a d i a t i o n  dose t h e  r e s i n  i s  designed t o  accept  
without degradation. Some r e p r e s e n t a t i v e  f i g u r e s  are considerd i n  
t h e  next s e c t i o n  (4.4.2) which d e a l s  w i t h  t h e  allowable l i m i t  f o r  gas 
production. 

5. The r a d i a t i o n  source must be e i t h e r  a n  X-ray o r  y-source t o  provide 
s u f f i c i e n t l y  pene t r a t ing  r ad ia t ion .  With a f a s t  e l e c t r o n  source,  a 
t h i n  window would be required to permit t h e  electrons.  t o  reach the 
sample. This  poses problems i n  ce l l  c o n s t r u c t i o n  and i n  ca r ry ing  out  
t h e  i r r a d i a t i o n  in such a way as t o  provide a reasonably uniform dose 
t o  t h e  sample, e s p e c i a l l y  s i n c e  t h e  sample must be reasonably l a rge .  
The t h i n  window, p a r t i c u l a r l y  i f  of l a r g e  area, would be a p o t e n t i a l  
problem i n  terms of rup tu re  under vacuum o r  above atmospheric pres- 
sure .  With X-ray o r  y - i r r ad ia t ion ,  sample geometry and s i z e ,  and 
ce l l  cons t ruc t ion  are not problems. 

4.4.2 L i m i t  f o r  Acceptable Amount of Gas Generation During T e s t  

The maximum amount of gas which can be generated by a candidate  r e s i n  

8 
being proposed f o r  except ion t o  the  maximum loading r u l e ,  has  t o  be based on t h e  
amount considered normal f o r  a dose of 10 rad t o  t h e  t y p i c a l  nuclear  grade 
r e s i n s  used by power p l a n t s .  
i n  t he  H+/OH- form as t y p i c a l l y  used f o r  r e a c t o r  coolant  cleanup. 

The reference r e s i n  i s  a 1:1 cat ion:anion mixture 

The only s tudy on i r r a d i a t i o n  of c a t i o n  r e s ins lwh ich  produced quan t i t a -  
t i v e  data on gas  gene ra t ion  from dry r e s i n  in t h e  H+ form appears  t o  be t h a t  
of Mohorcic and Kramer. 
10'6 moles/g of r e s i n  a t  lo8 r ad ,  with CO and CO2 c o n t r i b u t i n g  another  
3.5 x 
10-5 molesly. The SO2 value seems high i n  r e l a t i o n  t o  H2 y i e l d ,  s i n c e  
McFarland( reported only a very small amount of SO2 from h i s  dewatered o r  
moist - c a t i o n  - - . . - r e s i n .  - However, in McFarland's experiments, SO2 may have been 
r e t a ined  in s o l u t i o n  i n  t h e  water in t he  r e s i n  matrix. Mohorcic i r r a d i a t e d  h i s  
dry r e s i n  i n  a n  evacuated g l a s s  v i a l ,  t h e  condi t ions t o  be used i n  our test ,  
which should have allowed SO2 t o  be l i b e r a t e d .  

Their  value f o r  H2 product ion w a s  2.2 x 

moles/g, f o r  a t o t a l  of 1.3 x moles/g, and SO2 7.1 x 

H e  a l s o  analyzed t h e  generated 
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gases  by mass spectrometer,  and i t  is d i f f i c u l t  t o  see how he could confuse mass 
peaks from SO2 wi th  those  of t h e  o t h e r  gases. For these  reasons,  w e  f e e l  t h a t  
h i s  gas  y i e l d s  f o r  t h a t  p a r t i c u l a r  r e s i n  (Dowex 5oW) must be accepted, and w e  
t h e r e f o r e  t ake  t h e  value of 1.3 x lod5 moles/g of r e s i n  as the  t o t a l  gas y i e l d  
f o r  a r e fe rence  c a t i o n  r e s i n  i n  t h e  H+ form. 

For t h e  anion r e s i n ,  t h e  r e s u l t s  of Kazan i a n  and Horrel(15)  g ive  a 
value of 9.3 x 
t h e  n i t r a t e  (NO3') form. 

moist  Dow SBR-OH i n  t h e  bo ra t e  form, and shows about t he  expected d i f f e r e n c e  
between moist and d ry  r e s i n .  Accordingly, Kazanjian's va lue  is considered 
accep tab le .  There is so l i t t l e  q u a n t i t a t i v e  information a v a i l a b l e  on anion 
r e s i n s  t h a t  i t  is no t  clear what t o  expect f o r  t h e  d i f f e r e n c e  between dry OH- 
and dry NOg' forms. 
sence of d e f i n i t e  evidence t o  t h a t  e f f e c t ,  w e  f e e l  t h e  same value should be used 
f o r  t he  d ry  OH' form as f o r  t h e  dry NOg'. 
t o  t o t a l  
1.7 x lo-! moles of gas/g of r e s i n  f o r  a reference anion r e s i n  i n  t h e  OH' 
form. 

moles of H2/g of r e s i n  a t  lod r ad  f o r  dry Dowex-1 i n  
This compares w i t h  McFarland's va lues  of 1.5 x 

moles of H2/g and 2.8 x moles of t o t a l  gas/g f o r  dewatered o r  

The salt form is perhaps more s t a b l e ,  but  in t h e  ab- 

Then, using t h e  r a t i o  of H2 
as of 0.54 obtained by McFarland l eads  t o  a value f o r  t o t a l  gas of 

Based on t h e  above y i e l d  values  chosen f o r  t he  r e fe rence  i n d i v i d u a l  anion 

The f i g u r e  is bound 
and c a t i o n  resins t h e  t o t a l  gas y i e l d  f o r  t h e  r e fe rence  1:l anion: c a t i o n  mix- 
t u r e  is 1.5 x 
t o  be somewhat a r b i t r a r y ,  due t o  t h e  u n c e r t a i n t i e s  of s e v e r a l  of t h e  assump- 
t i o n s ,  but is c e r t a i n l y  i n  t h e  r i g h t  range. I n  terms of volume a t  STP, t h i s  
value would be 0.3 cc of gas/g of r e s i n .  

moles of gas/g of r e s i n  a t  lo8 rad.  

4.4.3 T e s t  Procedure 

1. SamDle I r r a d i a t i o n  Cells 

The i r r a d i a t i o n  cells can be constructed from Pyrex tubing of appropr i a t e  
diameter. They must be 1arge.enough t o  hold approximately 20 cm samples of 
r e s i n s ,  but t o t a l  void volume must be kep t  low so t h a t  t h e  pressure of gas  pro- 
duced can be measured as accurately as possible .  A side arm containing a break 
seal must be a t t ached  above t h e  l e v e l  t o  which t h e  ce l l  w i l l  be f i l l e d  w i t h  
sample. This  w i l l  be used f o r  connecting t h e  ce l l  t o  t h e  gas  measuring system 
a f t e r  i r r a d i a t i o n .  The t u b u l a t i o n  a t  t h e  top,of t h e  c e l l  should be of appro- 
p r i a t e  diameter f o r  a t t a c h i n g  t o  a vacuum system and f o r  making a c o n s t r i c t i o n  
f o r  s e a l i n g  o f f  t h e  evacuated cel l .  Pyrex i r r a d i a t i o n  cel ls  of t h i s  type have 
r e c e n t l y  been described. * 

Metal i r r a d i a t i o n  ce l l s  can be used, but r e q u i r e  special-  p a r t s ,  such as 
a l l  metal valves  and f i t t i n g s ,  s i n c e  no organic gaskets ,  O - r i n g s ,  valve pack- 
ings ,  etc.,  can be placed i n  t h e  i r r a d i a t i o n  f i e l d .  Radiat ion damage t o  t h e  

K. J. Swyler and R. E. Barletta, " I r r a d i a t i o n  of Z e o l i t e  Ion-Exchange Media," 
Draf t  Report, BNL-NU&G-30631, December 1981. ' 

* 
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. 

organic components could cause loss of vacuum by l eak ing  a t  t h e  doses to .which 
t h e  r e s i n  samples are t o  be i r r a d i a t e d .  I f  metal cells  are used, t he  r e s i n  Sam- 
p l e s  should be placed i n  g l a s s  o r  qua r t z  l i ne r s  i n s i d e  t h e  ce l l s  t o  avoid i n t e r -  
a c t i o n  of r e s i n  w i t h  t h e  metal. The s t e p s  of t h e  procedures are w r i t t e n  i n  
terms of g l a s s  cel ls .  I f  metal cells are used t h e  s t e p s  w i l l  be e s s e n t i a l l y  t h e  
same, except t h a t  metal valves  w i l l  be used i n  p l ace  of g l a s s  break seals and 
seals a t  c o n s t r i c t i o n s .  

2. 

a. 

b. 

C. 

d. 

e. 

f. 

g* 

3. 

Sample P repa ra t ion  

The r e s i n  must be i n  t h e  H+ form i f  c a t i o n  exchanger, OH- form i f  
anion exchanger, o r  H+/OH- form i f  mixed c a t i o d a n i o n .  - 
Thoroughly dry t h e  r e s i n  by hea t ing  i t  a t  llOOC f o r  24 hours. 

Weigh ou t ,  i n  a d ry  atmosphere, s i x  samples of approximately 10 g 
each and p l a c e  each sample i n  a s e p a r a t e  Pyrex sample i r r a d i a t i o n  
con ta ine r .  

A l t e r n a t i v e l y ,  i n  p l ace  of s t e p s  b and c,  s i x  samples of undried 
r e s i n  can be taken, of such a s i z e  t h a t  when dry,  they w i l l  weigh 
approximately 10 g each. Place each i n  a sepa ra t e ,  weighed Pyrex 
i r r a d i a t i o n  ce l l  and dry as i n  step b. Weigh the cells again to 
determine t h e  weights of dry re'sin. 

Attach t h e  Pyrex cel l  t o  a g l a s s  vacuum system capable of use  f o r  
volume c a l i b r a t i o n  ( t h e  gas  measurement system would be appropr i a t e ) ,  
and c o n s t r i c t  t h e  connecting tubu la t ion  so t h a t  i t  can be s e a l e d  
under vacuum. 

Evacuate the  c e l l  and determine i t s  void volume up t o  t h e  cons t r i c -  
t i o n  us ing  dry N2 o r  o the r  i n e r t  gas. 

Outgas t h e  sample and seal off  t he  ce l l ,  under vacuum, a t  t h e  
c o n s t r i c t i o n .  

I r r a d i a t i o n  

P lace  t h e  i r r a d i a t i o n  ce l l  i n  a p o s i t i o n  i n  t h e  X-ray o r  gamma-ray irra- 
d i a t i o n  f a c i l i t y  where t h e  dose has  been accu ra t e ly  determined, and l eave  it 
u n t i l  t h e  des i r ed  dose has been reached.. Three samples are t o  he i r r a d i a t e d  t o  
lo8 rad t o t a l  dose,  and t h r e e  samples t o  t h e  dose t h e  generator  wishes t o  u s e  
t o  q u a l i f y  h i s  r e s i n  f o r  a n  exception. An empty sample ce l l  f o r  u s e  as a blank 
is a l s o  t o  be i r r a d i a t e d  t o  t h e  higher  dose. 
t o  108 rad is t o  provide comparison w i t h  o t h e r  r e s i n s ,  and t o  provide a fur- 
t h e r  measure of confidence i n  t h e  r e s u l t s  a t  t h e  h ighe r  dose. 

The purpose of i r r a d i a t i n g  samples 

4. Measurement of Gas Produced 

a. The gas measurement system must con ta in  a c a l i b r a t e d  volume, which 
includes t h e  p re s su re  measuring device,  similar i n  magnitude t o  t h a t  
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of t h e  void volume of t h e  samples. The p res su re  measuring device 
could he a mercury manometer with a d j u s t a b l e  l e v e l  on t h e  gas 
measuring s i d e  t o  permit t h e  volume t o  k kep t  constant .  Other 
accep tab le  pressure measuring devices inc lude  a small volume metal 
vacuum guage o r  p re s su re  t ransducer ,  reading i n  mm. 

b. A f t e r  i r r a d i a t i o n ,  a t t a c h  t h e  s i d e  arm of t h e  sample ( o r  blank) i r ra-  
d i a t i o n  c e l l  t o  t h e  gas  measurement system with breaker i n  place.  

Evacuate throughly and check f o r  leaks.  When t h e  whole system is 
sound and evacuated, break t h e  break seal and measure t h e  p re s su re  i n  
mm i n  t h e  whole system ( i r r a d i a t i o n  c e l l  p lus  gas  measuring system). 

c. 

d. Ca lcu la t e  t h e  s p e c i f i c  amount of gas generated during i r r a d i a t i o n  of 
t h e  r e s i n  according t o  the  formula 

('m +'e) ps 273 
760 Ts 

- . - . -  
"R ' G  - 

where VG is t h e  volume of g a s  produced a t  STP per g of d ry  r e s i n .  

VM i s  t h e  volume of t h e  measuring system 

Vc is t h e  void volume of t h e  i r r a d i a t i o n  c e l l  

m~ is t h e  weight of dry r e s i n  

Ps is t h e  pressure i n  mm i n  t h e  whole system 

Ts is t h e  temperature of t h e  system i n  K. 

e. In  o rde r  t o  q u a l i f y  t h e  r e s i n  f o r  use a t  t h e  h ighe r  dose used i n  t h e  
test i r r a d a t i o n ,  t h e  value of VG must no t  exceed 0.3 cc of gas  a t  
STP/g of dry  r e s i n .  





5. SUMMARY AND CONCLUSIONS 

5.1 Power P lan t  Survey 

The r e s i n  usage ques t ionna i r e  was returned by 23 power p l an t s .  The 
p r i n c i p a l  r e s u l t s  of i n t e r e s t  t o  t h i s  r epor t  a r e  given below under s e v e r a l  
appropr i a t e  heading s . 

1. Resin Usage 

0 No p l a n t s  reported use  of inorganic  ion  exchangers. 

0 Strong a c i d  ca t ion  r e s i n s  and s t rong  bsse anion r e s i n s  of t he  
polymerizat ion type are t h e  kinds i n  gene ra l  use. 

Nuclear grade r e s i n s  were used by most of those  p l a n t s  responding. 

The r e s i n s  used f o r  cleanup of r e a c t o r  coolan t  by most p l a n t s  were 
mixed anion and ca t ion ,  u sua l ly  i n  a 1:l r a t i o ,  and i n  the  
H+/OH- form. 

No evidence of r a d i a t i o n  damage t o  t h e  r e s i n s  was repor ted .  

0 

a 

2. Radioac t iv i ty  i n  Liquid Streams 

0 

0 

e 

0 

3.  RN 

0 

The h ighes t  r a d i o a c t i v i t y  l e v e l s  i n  l i q u i d  streams were repor ted  
i n  t h e  r e a c t o r  coolant  and boron recyc le .  
h igher  than those  i n  l i q u i d  radwaste and i n  t h e  streams from spent  

They were 10-100 times 

f u e l  pools .  

E s s e n t i a l l y  a l l  t h e  a c t i v i t y  i n  t h e  r e a c t o r  coolant  is due t o  
shor t - l ived  RNs. 
u c t s ,  Cs-134, Cs-137 and CO-60, are  present  a t  very  low 
concent ra t ions .  

The longer l i ved  f i s s i o n  and a c t i v a t i o n  prod- 

There w a s  considera,ble v a r i a t i o n  i n  t h e  coolan t  RNs repor ted  from 
d i f f e r e n t  p l an t s ,  however noble gas isotopes and 1-132 through 
135 almost always con t r ibu te  the  bulk of t h e  a c t i v i t y .  

Levels of a c t i v i t y  i n  t h e  coolant  a t  s e v e r a l  p l a n t s  were high 
enough t h a t  a s i g n i f i c a n t  dose could be del ivered  t o  t h e  coolant  
c leanup r e s i n  from s teady-s ta te  concent ra t ions  of t he  shor t - l ived  
RNs sorbed o r  trapped by t h e  bed. 

Loadings on Resins f o r  Disposal 

Spent r e s i n  from coolant  cleanup g e n e r a l l y  had much h igher  RN 
loadings than r e s i n s  from o the r  deminera l izer  systems. 
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There was a wide v a r i a t i o n  in t h e  RN loadings on coolant  cleanup 
r e s i n  repor ted  by t h e  d i f f e r e n t  p l a n t s .  Typical  loadings ranged 
f r a n  0.1 t o  30 C i / f t 3 ,  while maximum loadings ranged from 0.3 t o  
60 C i / f t 3  of i so topes  with h a l f - l i v e s  longer  than 5 years .  Both 
BWRs and PWRs showed t h i s  v a r i a t i o n .  The BWR range f o r  maximum 
loading w a s  0.3 t o  60 C i / f t 3  and t h e  PWR range w a s  1 t o  
40 Ci / f t3 .  

p Five of t h e  repor t ing  p l a n t s  have shipped r e s i n s  loaded t o  >10 
C i / f t 3  and s e v e r a l  o the r s  have produced spent  r e s i n  loaded t o  
>10 C i / f t 3 .  Typica l  loadings were s a i d  t o  k less than maximum. 
Three of t h e  p l a n t s  r epor t ing  loadings >10 C i / f t 3  on spent  r e s i n  
s o l i d i f y  before shipping,  so t he  c u r i e  l e v e l  of t h e i r  shipped 
waste form would be less than that on t h e  spent  r e s i n  i t s e l f .  

0 The d i s t r i b u t i o n  of t h e  r e l a t i v e l y  long-lived RNs var i ed  from >90% 
a c t i v a t i o n  products  (CO-60, Mn-54, etc.) a t  some plants t o  >90% 
f i s s i o n  products (Cs-134, 137) a t  o the r  p l a n t s .  

0 Sr-90 appears  t o  be a minor c o n s t i t u e n t  of t h e  RNs on spent  res- 
i n s .  It was mentioned by only  t h r e e  p l a n t s  as being present .  
Only one p l a n t  gave an a n a l y t i c a l  r e s u l t ,  and t h a t  w a s  2.5% of t h e  
Cs-137. Personnel contacted a t  o the r  p l a n t s  stated tha t  t h e i r  
Sr-90 was low; a t  one p l an t  i t  had never  been as h igh  as 1% of t h e  
Cs-137. 

0 Severa l  p l a n t s  reported TRU i so topes  on spent  r e s i n s ,  and a t  a l l  
One p l a n t  gave ana- but one t h e  l e v e l  w a s  s a i d  t o  be <10 nCi/g.  

l y t i c a l  r e s u l t s  showing 11.4 nCi/g,  bt s i n c e  they s o l i d i f i e d  
t h e i r  r e s i n ,  t h e  f i n a l  waste form contained <10 nCi/g and w a s  t hus  
not TRU waste. 

4 .  Shipment of Spent Resin 

0 Amounts shipped vary widely, being g e n e r a l l y  much h igher  f o r  BWRs 
than f o r  PWRs. The former u s u a l l y  repor ted  annual  shipments of 
mny  thousand f t 3 / r e a c t o r  and t h e  lat ter only several hundred 
f t 3 / r e a c t o r  

a The p lan t  r epor t ing  t h e  h ighes t  maximum loading on a spent  r e s i n  
(60 C i / f t 3 )  shipped 15,000 f t 3  t o t a l ,  of which only 100 f t 3  
w a s  t h e  high l e v e l  coolant  c lean  up r e s i n .  

4 Most of t h e  p l a n t s  r epor t ing  s h i p  dewatered r e s i n ,  but s i x  re- 
ported using s o l i d i f i c a t i o n  and one shipped i n  both dewatered and 
s o l i d  form. Severa l  of those p l a n t s  shipping l a rge  amounts so- 
l i d i  f i ed  t hem - 
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5.2 Published Informati& on Radiation Damage t o  Resins 

Experimental r e s u l t s  from t h e  l i t e r a t u r e  on t h e  e f f e c t s  of ion iz ing  
r a d i a t i o n  on organic  ion exchange r e s i n s  were examined i n  an e f f o r t  t o  ob ta in  
t h e  information required t o  e s t a b l i s h  a maximum permiss ib le  loading f o r  t h e  
r e s i n s  disposed of by nuclear  power p l an t s .  Only s t rong  base anion r e s i n s  and 
s t rong  a c i d  c a t i o n  r e s i n s  of t h e  polylnerization type w e r e  considered. The 
p r i n c i p a l  areas of i n t e r e s t  w e r e  gas generat ion,  loss of -exchange capac i ty ,  
changes i n  pH, phys ica l  damage t o  r e s i n  k a d s  ( i -e . ,  f ragmenta t ion) ,  changes 
i n  flow p r o p e r t i e s  (i.e., agglomeration),  and enhanced cor ros ion  of metals in 
contac t  wi th  i r r a d i a t e d  r e s ins .  The earlier l i t e r a t u r e  reviewed by Gangwer, 
Golds te in ,  and P i l l a ~ ~ ( ~ )  covers  mostly t h e  f i r s t  t h r e e  areas. 
~ o r k ( ~ - ~ )  i n  connection w i t h  t h e  program t o  c lean  up t h e  contaminated water 
a t  TMI-I1 d e a l s  with a l l  t h e  areas except loss of exchange capac i ty .  From 
both the  earlier work and t h e  recent  work, more information is a v a i l a b l e  on 
ca t ion  than on anion r e s i n s ,  lmt f o r  both types a broader data base would be 
h e l p f u l  f o r  our purpose- 
s u i t a b l e  data base are given in Sect ion 3.5. Information from t h e  l i t e r a t u r e  
of importance t o  t h i s  r epor t  is summarized below. 

Recent 

Recommendations f o r  research  needed t o  provide a 

0 Changes in appearance such as f r ac tu r ing 'o f  r e s i n  k a d s  and agglomera- 
t i o n  have no t  been q u a n t i t a t i v e l y  measured, lmt q u a l i t a t i v e l y  they 
serve  as i n d i c a t o r s  of r e s i n  damage. These changes and darkening of 
co lo r  become no t i ceab le  i n  t h e  v i c i n i t y  of lo8 rad.  

0 Radiat ion damage t o  r e s i n s  r e s u l t s  i n  e i t h e r  loss of f u n c t i o n a l  groups 
o r  breaking of bonds in t he  s t r u c t u r a l  framework of t he  r e s i n  polymer. 

0 Removal of func t iona l  groups by r a d i a t i o n  causes loss of exchange 
capac i ty ,  formation of gas (SO2 from c a t i o n  r e s i n s  and n i t rogen-  
containing gases  from anion  r e s i n s ) ,  and changes i n  pH. The lat ter 
are marked in ca t ion  r e s i n s  i n  t h e  H+ form, kt may be r a t h e r  small 
in anion r e s i n s .  No information could k found on e f f e c t s  in mixed 
r e s i n s .  

0 Both pH change and loss of exchange capac i ty  can be measured i n  ca t ion  
r e s i n s  a t  r a d i a t i o n  doses w e l l  below IO8 r a d ,  and o f t en  as  low a s  
k07 rad.  

~ 0 Damage t o  tlie polymer s t r u c t u r a l  framework l eads  t o  changes in t h e  
degree- of cross-l inkage and t o  genera t ion  of gases ,  p a r t i c u l a r l y  H2, 
CO and' C02, and CH4, from both ca t ion  and anion r ekns ' .  

0 '  Although - i r r a d i a t i o n  of r e s i n  'leads t o  n e t  formation of gaseous 
products,  t he re '  is marked deple t ion  of any oxygen present  during t h e  
i r r a d i a t i o n  - - & .  

0  as generzition in genera l  i s - g r e a t e r  from anion thgn from ca t ion  
r e s i n s .  H2 seems always t o  k formed in t h e  l a r g e s t  amount. Some 
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of t h i s  H2 is a r e s u l t  of r a d i o l y s i s  of water in t he  r e s i n  matrix i n  
moist r e s i n s ,  but i n  dry resins i t  obviously must come from t h e  r e s i n  
i t s e l f .  

e Gas gene ra t ion  lends i t s e l f  t o  a c c u r a t e  measurement and should thus  be 
a good monitor of r a d i a t i o n  damage. Resu l t s  in t h e  l i t e r a t u r e  show 
some apparent  c o n f l i c t ,  bu t  t h i s  is l i k e l y  a t  least p a r t l y  due t o  Lack 
of a s u f f i c i e n t  data base t o  cover a l l  t h e  forms of t h e  r e s i n s  f o r  
which information is requi red  (e.g., a c i d / b a s e  forms, sa l t  forms,' d ry ,  
dewatered o r  moist ,  e t c ) .  

0 Resu l t s  of i n v e s t i g a t i o n s  repor ted  i n  t h e  l i t e r a t u r e  support  a n e a r l y  
l i n e a r  i nc rease  i n  gas  genera t ion  w i t h  dose,  wi th  measurable amounts 
produced w e l l  below lo8 rad. 
apparent  t h re sho ld  f o r  g a s  production from both c a t i o n  and anion r e s i n  
of about 5 x lo7 rad ,  but t h a t  has  no t  been confirmed. 

One r ecen t  i n v e s t i g a t i o n ( 6 )  found a n  

5.3 Maximum Permiss ib le  Dose 

NRC's d r a f t  BTP sugges t ing  a maximum permiss ib le  loading of 10 C i / f t 3  
on spent  power p l a n t  r e s i n s  f o r  d i sposa l  po in ted  out  t h a t  such a loading of 
Cs-137 would d e l i v e r  a t o t a l  dose of about lo8  r ad  t o  t h e  r e s i n .  
t h a t  a rule on maximum loading should  be given i n  terms of dose r a t h e r  than  
c u r i e  l eve l ,  s i n c e  damage i s  a func t ion  of dose, but t h e  dose w i l l  vary 
g r e a t l y  f o r  t h e  same c u r i e  l e v e l  depending on the  RN or mixture  of RNs in- 
volved. For t h e  longer-l ived RNs on t h e  power p l a n t  spent  r e s i n s ,  CO-60 and 
Cs-137, t h e  maximum long-term doses t o  r e s i n  from 10 C i / f t 3  loadings  would 
be 6.4 x lo7 rad  and 1.3 x lo8 r ad ,  r e spec t ive ly .  

W e  f e e l  

Maximum doses can be 
r e a d i l y  c a l c u l a t e d  from t h e  c u r i e  loadings by a method ou t l ined  by Swyler e t  
a l .  ( 8 )  

In a r r i v i n g  a t  a maximum al lowable dose, t h e  r e fe rence  r e s i n ,  on t h e  
basis of power p l a n t  usa e ,  was chosen t o  be a 1:l cat ion:anion mixture  of 

bead f r a c t u r i n g  and agglomeration become no t i ceab le  a t  a dose of around 
lo8 rad  t o  r e s i n  i n  t h e  r e fe rence  state. 
e f f e c t s  a maximum permiss ib le  dose would then  be lo8 rad.  
capac i ty  and pH change are f e l t  no t  t o  be appropr i a t e  e f f e c t s  on which t o  base 
a r u l e .  Gas gene ra t ion ,  on t h e  o the r  hand is considered a s u i t a b l e  property 
€or  t h i s  urpose. The re ference  r e s i n  mixture is es t imated  t o  genera te  about 
2.7 x lo-! moles of gas /g  of r e s i n  a t  lo8 rad t o t a l  dose. Th i s  is a mea- 
s u r a b l e  amount, ht when generated over a per iod of many y e a r s  i n  a burial 
s i t e  would p resen t  no s i g n i f i c a n t  hazard t o  t h e  gene ra l  pub l i c .  
be conserva t ive ,  and t o  avoid  h igher  genera t ion  rates which could be hazardous 
i n  the  short-term due t o  hydrogen formation during handl ing a t  power p l a n t  o r  
h r i a l  s i te ,  a maximum permiss ib le  dose has  been chosen as  lo8 rad.  

dewatered r e s i n  i n  t h e  J$ /OH- form. Changes of appearance such as  co lo r ,  

On t h e  bas i s  of these q u a l i t a t i v e  
Loss of exchange 

However, t o  

The fol lowing p o i n t s  are re l even t  t o  t h e  usage and t rea tment  of r e a c t o r  
coolan t  c leanup r e s i n s .  
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e Sr-90 appears  not l i k e l y  t o  k found on t h e s e  r e s i n s  t o  t h e  e x t e n t  of 
more than a few percent of t h e  Cs-137 a c t i v i t y .  However, s i n c e  t h e  
Sr,Y-90 couple d e l i v e r s  a dose per c u r i e  double t h a t  of Cs-137 and 
fou r  t i m e s  t h a t  of Co-60, power p l a n t s  should analyze t h e i r  coolant  
cleanup r e s i n s  (and any o t h e r  high-level r e s i n s )  f o r  Sr-90 and r epor t  
t h e  amount with the  o the r  RNs. Fur the r ,  t h e  c o n t r i b u t i o n  from Sr ,  
Y-90 should k e x p l i c i t y  included i n  dose c a l c u l a t i o n s .  

0 Short-l ived RNs i n  t h e  r e a c t o r  coolant can bui ld  up s teady s t a t e  satu-  
r a t i o n  l e v e l s  on t h e  coolant cleanup r e s i n s  high enough t o  give t h e  
r e s i n  a dose approaching lo7 rad i n  s i x  months of continuous opera- 
t i o n .  This i s  probably less than t h e  u n c e r t a i n t y  with which p l a n t s  
w i l l  k a b l e  t o  estimate long term doses of 108 r a d ,  so is not a 
determining f a c t o r  i n  s e t t i n g  a maximum dose l i m i t .  However, it is an 
i n d i c a t i o n  t h a t  t h e  l i m i t  of lo8 rad lased on long l i ved  i so topes  
is n o t  t o o  conservat ive,  s i n c e  the  r e s i n  o b t a i n s  doses from o the r  
sources.  

0 F i n a l l y ,  l imi t ed  information a v a i l a b l e  i n  t h e  l i t e r a t u r e ( 5 )  suggests  
a h ighe r  maximum loading f o r  s o l i d i f i e d  r e s i n s  might be poss ib l e .  A l -  
though such higher  loadings might improve economics through volume re- 
duct ion,  more extensive research is necessary t o  e s t a b l i s h  a techni-  
cal hasis t o  a l low such loadings.  Recommendations f o r  t h a t  research 
are included i n  Sect ion 3.7.3. 

5.4 Development of T e s t  Procedure f o r  Exceptions t o  t h e  Maximun Dose Rule 

A test procedure has  been w r i t t e n  (Sect ion 4.4.3) based on gas  generat ion 
from a dry r e s i n .  The reference r e s i n  used f o r  e s t ima t ing  t h e  amount of g a s  
generat ion t o  be permitted i n  t h e  test  i r r a d i a t i o n  is a 1:l ca t ion :  anion mix- 
t u r e  i n  t h e  H+/OH' form. 
such a r e s i n  mixture a t  a t o t a l  dose of 108 rad was 0.3 cc of gas a t  STP/g 
of d ry  r e s i n .  

The amount of g a s  es t imated t o  k formed from 

Measurement of changes i n  exchange capaci ty  may also k s u i t a b l e  as t h e  
basis f o r  a test .  The test would involve only simple w e t  chemical methods, 
and irradiations could probably be carried out i n  a i r  rather than in vacuum a s  
r equ i r ed  f o r  t h e  gas  generat ion tes t .  

Some of t h e  data r equ i r ed  f o r  e s t ima t ing  t h e  amount of gas t o  be per- 
mit ted i n  t h e  test ,  and a l s o  t h e  maximum t o t a l  dose t o  k permitted i n  r e s i n s  
f o r  d i sposa l ,  were no t  a v a i l a b l e  i n  t h e  l i t e r a t u r e  and had t o  be ex t r apo la t ed  
from r e s u l t s  o k a i n e d  wi th  r e s i n s  of ano the r  form o r  d i f f e r e n t  water content.  
Information on anion r e s i n s  is p a r t i c u l a r l y  l imited.  To remedy t h i s  situa- 
t i o n ,  recomnaendations are given i n  Section 3.5 f o r  a d d i t i o n a l  research needed 
t o  provide an adequate data base. 
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APPENDIX A 

1.  Blank Copy of Questionnaire of Ion Exchange Resin Usage i n  Nuclear Power 
Plants 

2. Suuumry of Responses of Particular Interest  t o  t h i s  Report. (The re- 
sponses obtained from some of the power plants have been supplemented by 
information obtained by telephone contact with plant personnel.)  
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SURVEY OF ION EXCHANGE RESIN USAGE I N  NUCLEAR POWER PLANTS 

Nuclear Waste Managcirnt 1) Iv ls lon 

Upton, Ncw York 11973 
Urookha ven Na t i ona 1 Laboratory 

1. P lan t  name 
Un i t ( s )/Type 
U t  I 1  i ty Company 

2. Deminera l izer  system: 

3. Type o f  operat ion:  
Deep bed, Pwdex, etc. 
(Speci fy canb ina t lons)  

4. t y p e  o f  bed: 
Cation. anion, mixed 
I f  mixed, s t r a t i f i e d  o r  homogeneous beds? 

X c a t i o n / %  anion 
Bed dimensions 
Volume o f  r e s i n  I n  bed 

5. Resin($) i d e n t i f i c d t f o n :  
Manu facturer/Vendor 
Tradename( s ) 
Ion i c  form used i n  bed 

(e.g., I I t .  OH-, Li+ ,  etc.) 

6. Do you use any inorgan ic  i o n  exchange res ins?  
(Please s p e c i f y )  

7. Do r e s i n s  received from manufacturer/vendor 
c o n t a i n  any f rees tand ing  l i q u i d s ?  

Condensate o r  
Boron Recycle Reactor Coolant Radwaste Fuel Pool Ottirr 
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8. Char&ter ls t i cs .o f  I n f l u e n t :  
Flow r a t 0  (gpm) 
Temp (OF) 

Pressure (pslg) 
PHG . ' ..-*- 

Conduct1 v i  ty (unho/cm) 
-' Gross a a c t l v i t y ;  (uCi/RL) 

Gross 0,r a c t l v i t y  (vCi/mL) 
P r l  n c l  pa l  r a d i  onuc l l  des (VCI /A) 

(Attach l l s t - i f f  ava i l ab le ) '  

To ta l  suspendedbsollds (ppb) 
Contsmlnants: 

I *  * _. . r  

Chemical specles (e.g., C1-, S i l l C a ,  etc.) 
Ot'her m a t e r i a l s  (e.g, detergents, oil, etc.) 

, 
9. C h a r a c t e r i s t l c s  of e f f l u e n t :  

Flow r a t e  (gpm) 
T ~ D  (OF) . .  . 
PH 
Pressure (ps ig )  4 

Conductlvl  ty (vmho/cm) 
Gross a a c t i v i t y  (vCi/mL) 
Gross 0,r a c t i v l t y  (riCi/niL) 
P r i n c i p a l  radlonucl  ides  (uCi/mL) 

(Attach l i s t  i f  a v a i l a b l e )  . ' * /  I * . L .  

Totb l  susbended sol i 'ds (ppb) 
Contaminants: 

* I  

t Chemica1:specles (e;g., C1'; s i l i c a ,  etc.) 
Other m a t e r i a l s  (e.g., detergents, oil, etc.) 

10. Resln replac&nt:.  
C r i t e r i a  f o r  replacement (AP, conduct iv i t y ,  etc. 

Dose r a t e  a t  'surface o f  bed vessel (R/hr) 
Evidence o f  r a d l a t l o n  damage 

[Speci fy ,value (s )I 

(e. g. ,' aggl omerat i on, gas generat ion, 
c o l o r  changes, etc.) 
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11. Spent r e s i n  h o l d i n g  tank(s ) :  
Number o f  tanks 
vu I Ullln 
Physical  s t r u c t u r e  (e.g., con ica l  bottom, etc.) 
Special features (e.9.. n i t r o g e n  purging, etc.) 
Mechanical p r o p e r t i e s  (e.g., pressure 1 i m i  t, etc.) 
Const ruc t ion  mater ia l  (e.g., s t a f n l e s s  s tee l ,  etc.) 
Are res ins  from d i f f e r e n t  beds mixed o r  s to red  separately? 

Maximum t ime r e s i n  s to red  here  
I f  mixed, s p e d  f y  combinations 

12. C h a r a c t e r i s t i c s  o f  water i n  spent r e s i n  h o l d i n g  tank: 
PH 
Conduct I v f  ty (mho/cm) 
Gross a a c t i v i t y  (&i/mL) 
Gross.6, y a c t i v i t y  (Zl/mL) 
P r i n c i p a l  rad ionuc l ides  (uCi/mL) 
( A t  tach 1 1 s t  1 f ava I 1  ab le)  
To ta l  suspended s o l i d s  (ppb) 
Contaminants: 

Chemical species (e.g., C1-, s i l i c a ,  etc.) 
Other m a t e r i a l s  (e.g., detergents, 011, etc.) 

13. Dewatering in fo rmat ion :  
Process (e.g., c e n t r i f u g a t i o n ,  etc.) 
Are res ins  dewatered i n  conta iner  used f o r  disposal? 
Any problems? 

14. Dewatered res in :  
Gross a a c t i v i t y  (uCf/mL) 
Gross 6 ,  y a c t i v i t y  (pCi/mL) 
Annual volume of r e s i n  f o r  d isposa l  

15. Conta iner  used f o r  dlsposal  o f  dewatered res ins :  
Manu f a c t  urer/Vendor 
Dimensions 
Vol u rn  
Physical s t r u c t u r e  (e.g., con ica l  bottom, etc.) 
Special features (e.g., underdrain, etc.) 
Const ruc t ion  m a t e r i a l  e.g., s t a i n l e s s  s tee l ,  etc. 
Mechanfcal p r o p e r t i e s  1e.g.. pressure l i m i t s ,  etc.  
Volume o f  r e s i n  i n  c o n t a i n e r  
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16. Do you p l a n  t o  use a h l g h  i n t e g r i t y  contalner I n  the  f u t u r e ?  

17. For n o n - s o l l d l f l e d  res lns  s to red  on s i te :  
Average t o t a l  volume stored 
Average storage t ime 
Locat ion  and condi t l ons  (Indoor/outdoor, temperature range, etc.)  

18. Dur.lng storage on s l t e ,  a re  conta lners  checked p e r l o d l c a l l y  f o r  changes In :  
Freestandlng l l q u i d  (volumc, pll, e t c ) ?  
Gross a a c t i v l t y ?  
Gross 8,r a c t i v i t y ?  
Tempera t u  re? 
Pressure? 
Conta iner  l n t e g r l t y  (e.g., leakage, corroslon, etc.)? 

Which .of t h e  above changes ( o r  any others) a r e  a t t r i b u t e d  t o  r a d l a t l o n  damage? 
(Speci fy any values determlned.) 

m 19. P r l o r  t o  shlpment, a r e  containers wlth n o n - s o l l d i f i e d  res ins  checked f o r  changes In :  
Freestandlag l l q u l d  (volume, pH, etc.) 
Gross a a c t l v l t y ?  
Gross 6,r a c t i v i t y ?  
Temperature? 
Pressure? 
Contafner i n t e g r i t y  (e.g., leakage, corrosion, etc.)? 

Which o f  the  above changes ( o r  any others) a re  a t t r l b u t e d  t o  r a d i a t i o n  damage? 
(Spec i fy  any values determined.) 

20. E s t l n a t e  thb.maximum a c t l v l t y  ( C l / f t 3 )  on spent r e s i n  I n  a l i n e r  shlpped t o  date, 

21. Est l tnate t h e  maxlmum a c t l v l t y  ( C l / f t f )  on spent r e s i n  I n  a bed t o  date. 

22. Do any o f  t h e  res lns  r e c e i v e  r a d l a t l o n  from an e x t e r n a l  source? (Please specffy.) 
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23. F i n a l  disposal s i ta (s ) :  o Barnwell, SC 0 Reatty,  NV 0 Ihnford, WA 

24. Name and telephone number o f  person t o  whom questions can be addressed. 

25. Addit lonal comments on experience w i t h  ion exchange resins regarding: the dralnable l i q u i d s  and r a d i a t i o n  damage t o  the resins. 
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Table A . l  

Summary o f  Per t inent  Resul ts  From Survey o f  Organic I o n  Exchange Resin Usage by LWRs 
-I--__ ____ ---- 

Dose Rate 
Type o f  Resin A c t i v i t y  i n  P r i  n c i  pa l  a t  Surface C r i t e r i a  

Used f o r  Treat ing Type o f  Coolant Mater Radionuclides o f  Bed Vesselb t o r  Resin 
Reactor Cooldnt Operation uCi/mL i n  Coolanta R/h Rep1 d L C l l l C f l t  

? ,, 1 

I- - . -- - . - - . ------_ 
BURS 
Brown's Fer ry  
- 

Mixed, 1:l 
cat ion:  anion 
H + , O H -  form 

Mixed 
cat ion:  an ion 

Mixed, 2:3 
cdt ion:  anion 

litD OH-.form 

Powdex 

Powdex 

Deep Bed 

Powdex 

Powdex 

Powdex 

Deep Bed 

Powdex 

Powdex 

Powdex 

Deep Bed 

Deep Bed 

Deep Bed 

no t  answered n o t  answered ' n o t  ava i lab le  conduct iv i  ty  
>0.1 i'lntlo 

Cooper 0.1 i n  e f f l u e n t  Co-56.60; Cr-51; 
Mn-54; 9 -92 ;  Tc-99m; 
Ag-lib; Zn-65 

Ba-139,140,141; Sr-91, 

no t  ava i 1 able 

1-131.132,133,134,135; 50-200 

92; Cs-138; Mo-99; 
Tc-101,104 

Cr-51: Mn-54: Co-58, not  aval labe 

conduct i v i  t y  
JP, o r  &day 
serv i  ce 

Si02 0.3 ppm 

. .  

Dresden 1 i n  i n f l u e n t  
0.1 I n  e f f l u e n t  

Duane Arnold Mixed 2:3 
cat ion:  anion 

Mixed 1 : l .  
cat ion:  anion 

n o t  answered 
60; Fe-59; Na-24 

no t  answered Edwln 1. Hatch 0.1 i n  i n f l u e n t  
0.001-0.01 i n  
e f f l u e n t  

no t  answered 

not  answered conduct iv i  ty  o r  
7-day serv ice 

James A. F l t z p a t t i c k  

M i l l s t o n e  

a\ 
\o 

Mixed 1:l 
cat ion:  anion 

Mixed 2:3 
cat ion:  anion 

no t  answered I l lgh Si02 
conduct i v 1 t y  

" p  > 30 ps i  
C1-  r a w v d l  
CdpdC f t y  

2 weeks serv lce  

not  answered 

no t  known 0.1-1 i n  i n f l u e n t  
10-4 i n  e f f l u e n t  

CO-60; CS-134,137; 
Fe-55; Mn-54 

M o n t i c e l l o  Mixed 1:l 
cat ion:  anion 

Mixed 1:l 
cat ion:  anion 

H + ,  011- 

n o t  answered n o t  answered n o t  answered 

Peach Bottom 0.05-2 i n  i n f l u e n t  n o t  answered 7-12 ( f u e l  pool )  .'ap * 25 P S l  
coriduz t i v 1 ty 

conduc t i v l  t y  Vermont Yankee Mixed not  answered no t  answered not able t o  
answer 

PWRs 
Beaver Val ley 

Cal v e r t  C11 ffr 

Mixed 

Mixed 1:l 
cat ion :  anion 

Mixed 1:l 
cat ion:  anion 

H+. DH- 

0.5 i n  i n f l u e n t  

not  answered 

Co-60, CS-137 

no t  answered 

<500 - 
not answered 

low OF 

F o r t  Cal houn 1.9 i n  i n f l u e n t  I-131,132,133,134, 
135; CS-138; CO-58 
Mn-54 

low DF not answered 



Table A . l ,  Continued 

Sununary of P e r t i n e n t  Resul ts  Fran Survey o f  Organic Ion Exchange Resin Usage by LWRs 
--.--.- - 

Dose Rate 
Type o f  Resin A c t i v i t y  i n  P r i n c l p a l  a t  Surface C r i t e r i a  

f o r  Resin 
Rep1 acrinrnt 

Used f o r  Trea t ing  Type o f  Coolant Water Radi onucl i  des o f  Bed Vesselb 
Reactor Coolant Operation PCijmL i n  Coolanta R/h 

.-- 
Donald C. Cook 

Joseph M. Far ley  

Kewaunee 

Maine Yankee 

Pol n t  Beach 

4 
0 '  

P r a i r i e  I s l a n d  

S t .  Luc ie  

Tro jan  

Yankee-Roue 

Z ion  

Mixed 
cat ion:  anion 

Mixed 3:2:3 
cat ion:  anion: 
l i t h f a t e d  

Mixed 1:l 
ca t ion :  anion 
p l u s  separate 
c a t i o n  and anlon 

Mixed 1:l 
cat ion:  anion 
H+. OH- 

Mixed. c a t i o n  
and anlon 

Mixed 1:l 
ca t ion ,  anlon 

Mixed 2 : l  
ca t ion :  an ion 

Cat ion and Mixed 
L i t ,  H+, and OH- 

Mixed 2:3 
cat ion:  an ion 

L i t ,  OH- 

H+, OH- 

H+, OH- 

Mixed, 1: 1 
ca t ion :  an ion 
L i t ,  OH- 

Deep Bed 

Oeep Bed 

Deep Bed 

Oeep Bed 

Oeep Bed 

Deep Bed 

Deep Bed 

Oeep Bed 

Deep Bed 

Deep Bed 

0.2 i n  i n f l u e n t  
0.02 i n  e f f l u e n t  

n o t  answered 

0.1 i n  i n f l u e n t ,  
0.02 i n  e f f l u e n t  

1 i n  i n f l u e n t  

0.3 I n  i n f l u e n t  

no t  answered 

1.74 I n  i n f l u e n t  

2-100 

1 i n  l n f l u e n t  
0.01 i n  e f f l u e n t  

0.05-0.5 I n  
i n f l u e n t ;  0.001 
i n  e f f l u e n t  

CS-138; Rb-88,89; 
Na-24; I-131,133; 
Y-88; Mn-54 

n o t  answered 

Na-24, F-18 

Co-58,60; Mn-54; 
iod ines,  cesiums, 
and Nb id iums 

I-131,132,133,134, 
135; CS-138; Rb-88; 
F-18; Na-24 

no t  answered 

1-131,132,133.134, 
135; Rb-88; Mo-99; 
Cs-138; Te-132; Y-91 

not  answered 

CS-138; 1-131.132. 
133,134,135; Ea-139; 
Na-24; Mn-54; Se-75; 

Co-58.60; Cr-51; 
Cs-134,138; Ba-140; 
140-99; Zn-65; 1-132 

CO-58; Nb-95 

500 

n o t  able t o  
measure 

500-1000 

not  answered 

no t  answered 

not  answered 

no t  answered 

5-100 

\loo 

Replace a t  each 
operating cyc le  

Low OF 

DF < 1.0 

Low OF 

Low DF 

LOW OF 

Low DF 

AP 

Low DF 

apr inc ipa l  RNs l i s t e d  i n  approximate order  of abundance by element. 

bOn bed f o r  t r e a t f n g  r e a c t o r  coo lan t  unless spec i f ied  otherwise. 

Where there i s  more than one isotope o f  the same element, they are l f s t e d  
together  f o r  convenience, a l though one o r  more isotopes may be ou t  o f  order  i n  terms of abundance. 

--- 



v 
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Table A.2 

Summary o f  Per t inent  Resul ts  Fran Survey o f  Organic I o n  Exchange Resin Usage by LWRs 
- --- -----___-_____ 

Evidence of A c t i v i t y  on  P r i  nc i  pal Method 

Damage ,,Ci/mla Dewatered Resinalb D i  sposal 
Radi a t ion  Dewatered Resin Radionuclides on o f  

.---------------_ _-________ -_-___.I-- 

BWRs 
BGoYn' s Ferry  

Cooper 

Dresden 

Duane Arnold 

Edwln I. Hatch 

James A. F i t z p a t r i c k  

M i  11 stone 

Monttcel l o  

Peach Bot tan 

Vermont Yankee 

PWRs 
Beaver Va l ley  

Ca lver t  C l l f f s  

F o r t  Cal houn 

none 

none 

none 

none 

not answered 

not  answered 

none 

n o t  answered 

none 

no t  answered 

none 

n o t  answered 

n o t  answered 

2.5 

0.1 

not  known 

maximum 85 

100- 1000 

1 t o  6 
\ 

2 t o  20 

140 

Co-58.60; Mn-54 

n o t  answered 

CS-134.137 

Cs-134,137; Zn-65; 
CO-58.60 

dewatered r e s i n  

s o l i d l f i c a t l o n  
i n  concrete 

so l  i d i  f i c a t l o n  
i n  concrete 

H i  ttman sol i d i  f l -  
c a t i o n  system 

sol  1 d i  f l c a  t i o n  

dewatered r e s i n  

dewatered res t  n 

so l  1 d i  f l c a t t o n  
I n  cement 

Zn-65; Co-58.60 dewatered r e s i n  
Cs-134.137; Cr-51; 
1-131; Mn-54 

Co-58,60; Zr-95; Hn-54 
Cs-134,137; 211-65; dewa te red  res 1 n 

CO-58.60; CS-1  34,137 ; 
1-131; Mn-54; Fe-59 

dewatered r e s i n  

dewatered r e s i n  

dewatered r e s l n  



Table A.2, Continued 

Summary o f  P e r t i n e n t  Resul ts  Fran Survey o f  Organic Ion Exchange Resin Usage by LWRs 
_ _ _ _ _ I - _ _ _ _ _ . _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ - _ _ _ _ - - - - -  - ------ -- 

Evidence of  A c t i v i t y  on P r  i nci pal Method 
Rad1 a t i o n  Dewatered Resin Radionuclides on o f  

Damage u CiImLa Dewatered Resi nas Disposal 

PWRs, Continued 
Donald C. Cook 

Joseph M. Far ley 

Kewaunee 

Maine Yankee 

P o i n t  Beach 

P r a i r i e  I s l a n d  

S t .  Luc ie  

Tro jan  

none 

none 

none 

none 

none 

not  answered 

not  answered 

not  answered 

Yankee-Roue 

Z ion  

none 

none 

50 

1 t o  100 

1000 t o  50OOc 

2 t o  10 

up to 140 

35 

t y p i c a l  0.1-5 
up t o  50 

C0-58,60; CS-134.137 
Mn-54; Sb-124 

Co- 58.60; Mn-54 ; 
CS-137; H-3 

Co-58.60; Mn-54; 
Cs-134,137; Sr-89.90 

Sb-125; Ru-106; Mn-54 
CO-58.60; CS-134 ,137 

Cr-51 

CO-58.60; CS-134,137 
Mn-54; Ce-144 

Co-58.60; Mn-54; 
CS-134,137; 1-131; 
C r - 5 1  

dewatered r e s i n  

dewatered r e s i n  

s o l  i d i  f 1 c a t  i o n  

dewatered r e s i n  

dewatered r e s i n  

dewatered r e s i n  

dewatered res 1 n 

dewatered res 1 n 

dewatered r e s i n  

and s o l i d i f i c a t i o n  

s o l i d i  f i c a t i o n  

a I n  general, on r e s i n  from r e a c t o r  coolant  cleanup. 
bpr inc ipa l  RNs l i s t e d  I n  approximate order  of abundance by element. Where there  I s  more than one isotope 

cLargely Co-58 ( h a l f - l i f e  o f  71 days). 

o f  the same element. they a r e  l i s t e d  together  f o r  convenlence, a l though one or more isotopes may be out  of 
order i n  terms o f  abundance. 

-___ 



Table A.3 

Summary o f  Per t inent  Resul ts  From Survey of Organic I o n  Exchange Resin Usage by LYRs 

Maxlmum A c t l v l t y  Maximum A c t i v i t y  Resin Shipped 
on Resin on Spent Resin Annually per 

Reactor Disposal Shipped t o  Date i n  a Bed 
Container C i j f t 3  C i I f t 3  f t 3  

Other 
Comments 

_I-__ 

BUR'S 
Brown's Fer ry  carbon s t e e l  3.7 beds n o t  used 10,000 

Cooper 55-gal drum 2 beds not  used 1,200 

160 f t 3  low on precoats 

Dresden 

Duane Arnold 

Edwin I. Hatch 

55-gal drum 18 (be fore  18 
so l  i d i  f i c a t i o n  

"-600 l i n e r ,  0.15 
85 f t 3  

1.55 

55-gal drum 60 (be fore  60 
s o l i d i f i c a t i o n )  

J a w s  A. F i t z p a t r l c k  Chem-Nuclear - 85 f t3 h igh  den- 
Lo s i t y  po lyethy lene 

M i l l s t o n e  $hem-Nuclear 

Mont ice l  l o  

, 195 f t 3  
2 .91  

Peach Bottom 55-gal 17H Steel Maxtmum t h i s  year 

Vermont Yankee Brennan Weldment d o  
Drum 0.3 

170 f t 3  and 70 f t 3  

PWRs 
Deaver Val ley Chem-Nuclear s tee l  

25 f t 3 .  

Ca lver t  C l i f f s  H i  ttman 
170 f t 3  

23 

-1 0 

14.8 

300 

6,000 

15,000 

1.000 

5,000 

25,000 

6,200 

a c t l v i t y  on r e s i n  75% a c t i v d t t o n  
products 

gas pressure developed froiii 
bacter id1 decuiiporl t i on ,  b u t  
no t  froin r a d l d t l u n  dd~idqt !  

ship on ly  100 f t j / y r  o f  
redc tor  coolant C 1 L ' J I I U i J  reb in .  
90L F P  on cooldnt  c l c ~ i i u p  r c L l n  

a c t i v i t y  on r e s i n  But a c t i v a t i o n  

a c t i v a t i o n  products; f l s s i o n  

products 

products ~ 1 : l  on r e s i n  



I 

Table A.3. Cont i rued 

Sunnay o f  P e r t l n e n t  Resul ts Fran Survey o f  Organlc I o n  Exchange Resln Usage by LyRs 

Haxlmum Act1 v i  ty Haxllnum A c t i v l t y  Resln Shipped 
on Resln on Spent Resin Annually per 

ReacSor Dlsposal Shlpped to Date i n  a Bgd 
Contal ner C l / f t J  C i / f t  f t  

Other 
Comments 

F o r t  Cal houn 

Donald C. Cook 

Joseph U. Farley 

Kewaunee 

Maine Yankee 

2 P o i n t  Beach 

P r a i r l e  I s land  

St.  Lucle 

Tra jan  

Y anltee-Roue 

ZIon 

CNSI 
126 ft3 

HN-100. HN-ZOO, 
"-600 l l n e r s  

H I  ttman 

n o t  answered 

Chen-Nu l e a r  l l n e r  

Chen-Nuclea 
58 6 85 f t  

Hlttman and 
Chen-Nuc l e a r  
80 f t 3  

85 6 200 f t 3  

80. 85, 170 ft3 

126 f t  5 

5 

Chem-Nuclear 

Nuclea Packaging 
50 f t  s 

carbon s tee l  
80 f t 3  c y l i n d e r  

2.1 

6.4 

e 3  

"129  

33.1 

1 

" 6  

5.4 

no t  answered 

17 

7 

1500 R/h Idlstance 

no t  much >33 

no t  spec1 f 1 edl 

2 

s 6  

5.4 

3 20 

30 (be fore  40 
so l i d1  f t c a t l o n )  

100 

300 

300 

150 

200 

500-1000 

"850 

1.350 

. 80-160 

5-10,000 

r c t l v l t y  on r e s i n  801 
a c t l v a t l o n  products 

a c t i v i t y  on r e s l n  mostly 
ac t  l v r  t l o n  p r o b c  t s  

mximum loadlng was unusually hlgh; 
a c t i v i t y  on r e s i n  90% a c t l v a t l o n  
products 

beta a c t i v i t y  on r e s l n  80% 
a c t  i v i  a t  1 on products ; a1 pha 
a c t i v l t y  on r e s i n  sometimes 
>10 nCl/g, b u t  a f t e r  s o l l d i f l c a t l o n  
always 4 0  nCl/g 

products 

products 

a c t i v i t y  on r e s l n  90% f i s s i o n  

a c t i v i t y  on r e s l n t  most ly a c t l v a t l o n  

aLargely Co-58 I ha1 f-11 f e  o f  71 days). 
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Table B . l  

Data Sheet From Dresden U n i t  3 

SWPLE SOURCE _O3H?/O Sample T i m e  W 7 -  Hut 

BATCH I Sample Date 2ITULRI Hwe 

.2lEAM FLOW CU Fla, r \nelysi -s completion Date ~ T N L ~ /  
,r3( m CFH OFF VS SAT 
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Table  B.2 

~. 
' t .. . .- 

Data Suppl ied by St. L u c i e  
Copy o f  Addendum I 1  t o  T a b l e  31 of C l a r k ' s  1978 Repor t (2 )  

1.47 (-1) 
6.40(-3) 
2.05 (-1). 
1.11 (-1) 
1.11 (-1) 
3.19 (-1) 
3.11 ( - I )  
8.80(-3) 
6.99 (-4) 
3.60 (-5) 
1.41 (-4) 
4.91 (-4) 
1.53 (-1) 
1.80 (-1) 
5.70(-4) 
3.42 (-9 
3.50(-3) 
9.95 (-9) 
J.48(-1) 
1.01 ( - I )  
4.5s (-2) 
1.50 (-1) 
7.81 (-1) 
2.49 (tl) 
3.06 (-3) 
8.56 (-2) 
1.38 (-2) 
3.72 (-1) 
1.64 (t1) 
3.10 (-3) 
4.42(-1) 
4.97 (-1) 
9.51 (-1) 
8.43 (-4) 
8.07 (-4) 
8.06 (-4) 
5.10 (-4) 
7.16 (-4) 
294 4 - S )  
6.40 (- 3) 
3.79 (4) 
5.10 (-3) 
1.291-6) 

w;*L 
D O L  
Dc 
DG 
Dc 
Dc 
DS 
DS 
DS 
DS 
C 
DS 
C'  
DS 
C 
C 
DS 
DS 
DS 
DG 
DS 

DS 
Dc 
DS 
DS 

DSIC 
DS 
Dc 

DStC 
DG 
DG 

. DS 
DSIC 

C 
C 
C 

DSIC 
C 

DSIC 
DSIC 
DSIC 

C 

?S 

1.47 (-1) 
0 
0 

6.10(-2) 
0 
0 
0 
0 

6.18 (-6) 
3.60 (-I) 
1.36 (4) 

0 
1.38 (-1) 
3.00 (-2) 
4.87 (-5) 
3.36 (-6) 

0 
0 

1.51 (-4) 
6.07 (-1) 
6.91 (-4) 

0 

3.81 (*I) 
0 
0 

6.25 (-1) 

1.37 (-1) 
7.35 (-14) 

1.20 (-3 
0 

4.41 (-1) 
0 
0 

J.18 (-6) 
1.9s (-6) 
5.1 1 (-5) 
JJ7  ( -5)  
7.14 (-5) 
236 (-6) 
S.89 (-4) 
3.11 (-6) 
4.19(-4) 
1.17 (-7) 

DC+L 

ffi 

DS 
M 
C 

C 
DS 
C 
C 

DO 
Dc 
DS 

DS 
Dc 

DSIC 
DS 

DS*C 
DS*C 

DStC 
C 
C 
C 

DS*C 
C 

D S I C  
DSIC 
DSIC 

c .  

1.47(-1) 
0 
0 

0 
0 
0 
0 

6.lO(-1) 

6.1Ut-6) 
3.60 (-7) 
1.36 (-5) 

0 
1.38 (-2) 
3.00 (-1) 
4.87(-$) 
3.36 (-6) 

0 
1.52 (-4) 
6.07 (-1) 
6.91 (-4) 

6.2s (-7) 
0 

3.82 (*I) 
0 
0 

1.31 (-1) 
7.35 (-14) 

0 
2.20 (-3) 
4.41 (-1) 

0 
0 

J.18(-6) 
1.95 (-6) 
S.11 (-5) 
5.57 (-5) 
7.14 (4) 
2-56 (-6) 
S.89 (4) 
3.72 (-6) 
4.19 (-4) 
1.17 (-7) 

DC+L 

DG 

DS 
DS 
C 

C 
DS 
C 
C 

DS 
Dc 
DS 

DS 
ffi 

DSIC 
DS 

DS*C 
DSIC 

DS IC 
C 
C 
C 

DSIC 
C 

DS+C 
DSIC 
DSIC 

C 

5.29 (-3) 
0 
0 
0 
0 
0 
0 
0 

3.41  (-8) 
1.44 ( -9 )  
3.87 (-10) 

8.19(-1) 
8.11 (-7) 
2.37 (-8) 
4.01 (-9) 

0 

0 
0 

0 

0 

0 
0 
0 

0 
0 

5.74 (-6) 

1.71 (-1) 

1.43(-7) 

1.84 (-6) 

5.81(-8) 
6.67 (-6) 

0 
0 

1.37 ( - 8 )  
9.42(-10) 
1.39 (-0 
6.31 ( -8 )  
1.01 (-7) 
1.33 (-9) 
3.91 (-7) 
4.30 (-9) 
1.6s (-7) 

0 

DC*L 

DS 
DS 
C 

c 
DS 
C 
c 

DS 

DS 

DS 

DSIC 

DSIC 
DSIC 

DSIC a 
C 
C 
C 

DSIC 
C 

DS+C 
DSIC 
DSIC 
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Table B.3 

Data Sheet From Donald C. Cook Unit 1 

LIST OF RADIONUCLIDES 

SPENT FUEL PIT 
CS - 134 3.590 E-4 
CS - 137 1.234 E-3 
CO - 58 1.184 E-3 
CO - 60 3.975 E-3 

U-1 REACTOR COOLANT CRUD 
I - 131 9.061 E-5 
Cr - 51 8.781 E-5 
I - 133 7.951 E-5 
CS - 134 1.297 E-5 
Ag - llOm 4.589 E-5 
Zr - 95 1.398 E-5 
Nb - 95 2.759 E-5 
CO - 58 2.466 E-4 
Mn - 54 1.695 E-5 
CO - 60 6.940 E-5 

U-1 REACTOR COOLANT 
I - 131 
Xe - 133 
Kr - 85m 
Kr - 88 
Xe - 133m 
Xe - 135 
Kr - 87 

Mn - 54 

CS - 138 
I - 133 

Y - 88 
Rb - 88 
Rb - 89 
Ar - 41 
Na - 24 

8.170 E-3 
1.564 E-1 
8.013 E-3 
5.068 E-3 
6.299 E-3 
6.486 E-2 
4.979 E-3 
3.603 E-2 
3.926 E-3 
1.978 E-3 
3.820 E-3 
1.527 E-2 
3.348 E-3 
1.895 E-3 
8.929 E-3 

U-1 Primary Water Storage Tank 
No Activity Detected 

Steam Generator Blowdown Flash Tank 
No Activity Detected 
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,,C i / m l  
,,Ci/ml 
,,C i /ml 
,Ci / m l  

,,Ci /cc 
,,Ci/cc 
,,Ci /cc 
,,Ci /cc 
,,Ci/cc 
,,ci /cc 
J i /cc  
,,,Ci/cc 
,,,Ci/cc 
,,Ci/cc 

,,C i /ml 
,,C i / m l  
,,C i / m l  
,,C i / m l  
, ,Ci /ml  
,,ei/ml 
,Ji/ml 
,,Ci/ml 
Ji/ml 
UC i / m l  
, ,Ci /ml  
Ji/ml 
,,C i / m l  
,,C i / m l  
,.,C i / m l  



Table B.4 

Data Sheet From F o r t  Calhoun 

FORT CALHOUN STATION COPPD1 

R A D I O N U C L I D E  ~ N ~ ~ Y S I U  R E P O R T  

NUCLIDE ncTIuirv IN UC~OH,  
DECAY 

HEASURED ERROR CORRECTED ERROR 

E-133 9.70E-01 t-6.94E-03 9*74E-01 +-6.97E-03 
co-SI n~ncs. 24~-04 HDA<S.26E-O4 
MO-99 HDA<4*69E-04 HDA(4.72E-04 140.51 
CE-141 7.09E-03 t-2.30E-04 7.09E-03 t-2.30E-04 
SN-117M HDAC5.21E-04 flDA(S.22E-M 158.40 
XE-135 1.96E-01 t-1.39E-OS 2.07E-01 t-1.46E-03. 
CR-SI HDA<6*11€-OS HDAC6.1lE-03 320.03 

497.08 
1-131 5.12E-02 t-4*32E-04 5.13E-02 t4.33E-01 
RU-103 HDA<7.62E-OI HDM7.62E-04 
1-13a 8.07~02 +-1.12~-0t 8.2~~42 t-LlSE-03 
~n-140  H D A < ~ . ~ ~ E - o ~  H D A ~ . ~ J E - O ~  
~8-137 ~DA<I.~OE-O~ WDA<I.~M-O~ 

756 72 ZR-95 MDA<l .%E-01 HDA<l.SlE-O3 
NB-03 4.37E-03 t-2rS7E-01 4.37E-03 t-2.57E-01 
CS-134 MDACl.04E-03 MDA<1*04E-01 
co-58 1.SbE-02 t-4.18E-04 1.568-02 t-4elBE-04 
MN-SI 7.19E-03 t-3.79E-04 7.19E-03 t-3*79E-04 

1-132 954.60 01 
667.70 0. 
772.70 0. 

ics-138 1.28E-01 t-2rlJE-03 3.OlE-01 t-4.98E-03 1009*70 0. 
4422.70 0. 
1435.70 0. 

CB-136 HDACl.22E-01 tfDAC1.22E-01 1048.10 
FE-59 HDA<l.79Ea HDACl,8OE-Ot 1099.22 
ZN-6S MDA<lrPlE-O~ HDA<l e91E-01 1115.51 
1-13s 9e44E-02 t-le9SE4a 1.01E-01 t-2.10E-OI 1260.50 0. 

1131.10 0. 
co-60 H D M ~  . 4 9 ~ 4  HDA<9* 49E-04 1332.4a 
LA-140 HDAC9.74E-W HDAC9eBSE-M 1591.49 
88-124 HDAC2*18E* ~DA<Z.~EE-O~ 1691 e 0 0  

STANDARD DEVIATION 0. 

ERROR OUOTATIOW nt 1.00 SIOM 
HDA CONFIDENCE LEVa AT 90.0s 
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Tab le  8.5 

Data Sheet From P o i n t  Beach U n i t  1 

UNIT 1 RERCTOR CUOLRNT EBAR CRLCULATIM 

ALL AVERAGE RND TOTAL ENER6IES LISTED RS M N  I 

ISOTOPE 

1-131 
1-132 
1-133 
1-134 
1-13s + 

XE-133 
KR8W 
XE133H 
KR-88 
XE-135 
KR-87 
FIR41 
KR-85 
F135ll 
3I 138 
F-le 
no-99 
e-134 
-1-137 
CS-138 
a-38 
-0 
m-24 
mi-SI 
TE-13e 
FE-53 
U-140 
u-136 
RB-8a 

BETFI 

0.1970 
0.4480 
0.4230 
0.4550 
0.3080 

0.1150 
0.2330 
0.0000 
0.3410 
0.3220 
1 . 0500 
0.40- 
0.2230 
0.0000 
0.8000 

0,3800 
0.1660 

1.1300 
0.0231 
8.1090 
0.4630 
0. 00Q2 
0.1000 
0.1260 
0.39?@ 
0.1390 
1.6100 

0.2120 

e. 1730 

6AMI?R 

0.3710 
2.4000 
0.4770 
1 . 9400 
1.7800 

0.0300 
0-  1510 
0.0325 
1 . 7400 
0.2464 
1.3700 
1.2770 
0.002t 
0.4220 
2.8700 

0,9910 
0.1370 
1.5900 
0.5630 
2.0800 
0.9770 
,2.5100 
4.1230 
0.8350 
0.2160 
1.4900 
e. 1200 
2.2300 
0.5700 

CE 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0280 
0.0000 
0.2100 
0.0000 
0.0000 
-0. 0000 
0.000Q 
8.0000 
0.0974- 
0. 0000 

0.0000 
0.0000 
0.0000 
& O n 0  
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0477 
0.0000 
0.0000 
0.0000 
0: 0000 

TOT= GAS C M C E P I T M T I M  <uCI/cQ 8 

ICII is MINUTE DECAY. CUCI~CQ 8 
TOTAL MCR LIOUID CWCMTRRTIOW cucr/cc) 8 

mixa HCFI LIQ. FCT./ICM ACT, 8 

EX 

0.5680 

0.9000 
2.3950 

2.8480 

EL 0880 

0.1730 
0.3840 
0.242s 
2.0810 
0.5680 
2.4200 
1.6810 
0.2251 
O.Sl94 
3; 6700 

1 I 2030 
0.5170 
.lo7560 
0.8090 
3.2100 
1.00w 
2.6150 

0.8359 
0- 3637 
1.3160 

4. 5860 

&SI70 
2.3690 
2.1800- 

RI (uc10cQ 

3- 10000000E-02 
2. 11 000000E-01 

4-S4000000E-01 
2. 010OOOOOE-01 

2.660 00 0 00E-01 

1 - 3400000OE-Q1 
9 . Z  0 0 0 0 0 E-02 
1.7100000OE-04 
1 . 52 0 0 0 0 0 OE-01 
3 . 29 0 0 0 0 OOE-Ql 
5.26000000E-02 
8 .830  00 OOOE-03 
6.0900000OE-03 
9.26 0 0 0 0 0 E-bt 
1.37OOOOOOE-01 

6,940OOOOOE-02 
1.96 00 0 0 0 0E-m 
1 . 36000000E-@ 
2.8 1 0000 00E-03 
2-78 QOOOOOE-01 
9.58 0 0 0 0 0 OE- 05 
2.13000000E-QS 
7.490 OOOOOE-03 
3.1 OOOOQOOE-G6 
8.74 0 0 0 0 0 OE- M 
3.0400000QE-06 
1 . 58 0 DO 0 OQE-M 
1.16Q000QOE-M 
2.17OOOOOOE-01 

1.004491 OOE+QQ 
1.74229124E+OO 
2.0791 
0.8380 

E I A I  

0.0176 
0.6009 
0.1809 
1.0873 
0.5554 

0. 0232 
0 .0354  
0.0000 
0.3163 
0.1869 
0.1273 
0.0148 
0.0014 

0. SO20 

0.0835 
0.0010 
0.002+ 
8 .0023  
0.8924 
0.0001 
0. OOOI 
0.0343 
0.0000 
0 .0003  
0 .0000 
0.0004 
0.0003 
0.4731 

0. 0 4 8 1  

T O T m  EBRRI CSUH EIAI>/<GRS~Xl-+ )(CA LIQ-RCT. E X C o  IODINE= 1,7340 

TECH SPEC COOWCT ACTIVITY LIIlIT: <10O/EBRR) <CI/p13) - 57.66% 
PERCENT OF TECH SPEC ALUIWANCE PRESENTLY CINCLo IODINES)8 4.7630 
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APPENDIX c 

ANALYTICAL, DATA SHEETS FOR RADIONUCLIDE LOADINGS ON 
SPENT R E S I N  FROM REACTOR COOLANT CLEANUP 

' -. 
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Table . .  C.l 

Data Sheet From Donald C .  Cook 

'ZS UEiGHTED DECAY TIHE TO BE UsUC 
-sawLE DATE 21. 6 81- 
IS 21 JUNI 
SAHPLE TIME 0928 
DATE fiNALYZED 21 6 - 8 1  
IS 21 JUNt 1981 CORRECT ? YES 
TIME ANALYZED 1123 
IdECAY TIHE: 115.00 HIEN 
REGIOd: 1 
GEOHETRY: 10 
KEV wnmau: 2 
# O F  SIGMA UNlTSt.. 2. 
$ O F  SHOOTHS: 2 
DEhD TIME ( X ) ?  5 

1981 COFE'REC-. ? YES 

ANALYZ MULTIPLETS? 
SAZPLE I D t C O N R G :  SPENF-RESIN TANK 

Unit 1 

rfu 

-46353-R - 
S&MPLED BY: BS 
CINALYZED BY: ERS 
RX POWER(RCS SMPLES ONLY): NA 

ISOTOPE ACT 1c)I TY 

cc1-.47 
1-1z: 
CS- 134 
SE-124 
CS-137 
NB-95 
co-59 
"-54 
co-sc\ 
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Table  C.2 

Loading C a l c u l a t i o n  From Donald C. Cook U n i t  1 

E X F O S U ~  Contrfhctian [cl = Frcctton o f  total concentratlon [a) x r/lO @): 

Exposure a t  1 mter from I00 m l  sample = - - -  .otbS 
~ Whr. 

i f  reading -en a t  3 ft.. R/hr a t  1 Eeter - Rfhr a t  3 ft. x ,836 

,030 x .E36 

(E) kestn v o l ~  ftctor 9 f$ :n cask x 25.2 
D (9s’ x 283.2 

m. 1969 (d) 
Exposure a t 1  meter x res ln  volunt f i x t a r  (d) (A) Total act tv i ty  i n  resfn - Total exposure contribution (e) 

y x  
Approved by 
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Table C.3 

Data Sheet Fran E. 1:Hatch Unit 1 

Sumnlary o f  Ana1vsi: i  ~ 

CONCEHTRHTIONS 

Selected Nuclides 
Xt-133 80.49 
Ce-146 
le-13lrn 
Hp-238 
Ce-144 
MoTc-99m 
Ce-141 
Kr-85n 

- CS-136 
Kr-88 
11-19? 
Xe - 13br 
X I - :  35 
le-134 
Cr-51 
La-140 
1-131 
Sn-113 
t r -88  
Kr-87 
Sb-125 
Zn-69M 
0 - 1 3 8  
Y-187 
Y-87 
1-133 
Ba- 140 
CS-134 
Cs-137 
Ce-144 
Zr-95 
Nb-'.*S 
Co-58 
Hn-54 
Fe-59 
Zn-65 
Ha-22 
A r  -4 1 
CO-68 
CU-64 
Ha-24 
Sr-92 
H 4 -65 
K-42 
BaL i- 140 
rc-104 
Sb-124 
nn-56 

9s. 30 
182.28 
119.80 
133.50 
140.50 
145.40 
151.00 
17'..70 
1 .  ;. 10 
-18.28 
i 33.18 
249.60 
278.10 
320.10 
328.80 
364.50 
391.71 
392.80 
402.70 
427.90 
438.70 
462.58 
479.50 
484.80 
529.90 
537.40 
603.87 
660.75 
696.58 
756.90 
765.80 
810.60 
834.80 

1899.30 
1 1 14.52 
1274.55 
1293.60 
1331.57 
1345.90 
1368.55 
1386.00 
1461.70 
1524.70 
1596.20 
1676.70 
1691.00 
101 1. 00 

9.819E-01 
6.523€+03 
4.671€+00 
?.482E+01 

4.6816-01 
8.368E-01 
1.078E*88 
3.532€+00 
4.165E+00 
7 .7  13E-01 
6.7556+00 
9.454E-01 
2.036E+82 
7.101E+00 
3.657E+00 
9. S96E-01 
1.30iE+00 
8.609E-01 
1.715E+81 
2.918€+88 
1 . 1 2 1 ~ + 0 e  

3. S70E+00 

6.31 56+02 
3.629E+00 
9.036E-01 I. 0 0 7 ~ + 0 e  
3 . 2 9 2 ~ + 0 e  
3. e w ~ + e e  
3.667E+00 
3.93 1 E+01 
1.021E+00 
5.787E-01 
6.472E-01 
5.846E-01 
7.469E-01 
2.954E+00 
2.841E-01 
1.394€+80 
9.911E-01 
7.039e+01 
6.146E-01 
8.577E-81 
2.392E+00 
1.261 E+80 
1.828E-81 
1.900€+83 
2.592E-01 
8.759E-01 

1. 156E+00 
7.984€+03 
5.-19E+00 
9; 159E+01 
4.:376€+00 
5. G96E-01 
1.1134E+00 
1.:3146+00 
4. :30SE+00 
5.895E+00 
9.4SlE-01 
8.2896+00 
1. 149E+00 
2. J 6 9 E + 0 Z  
8.687E+00 
4.490E+00 
1. L80E+00 
1. !596€+00 
1.860€+80 
2.1398E+01 
3.576€+80 
1. :372E+00 
7. -49E+02 
4.430€+00 
1.114E+00 
1.233E+00 
4.8 19E+00 
2.235€+00 
2.344E+00 
4.760E+01 
1.265€+00 
7.171E-01 
7. '3S6E - 0 1 
7.618E-01 
9.222E-01 
2. :360E+00 
3.574E-01 
1.804E+00 
7.166E-01 
8. !320E+01 
6.878E-01 
1.108E+00 
3.250E+00 
1. J92E+00 
2.135E-01 
1. '91E+03 
3.127E-01 s. 4 15E-01 

L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L P  
L L D  
L L D  
L L D  

37.38 Pleasured 
51.78 Measured 

L L D  
L L 'D 
L L D  
L L D  

- 0  L L D  
L L D  

8.70 Measured 
L L D  
L L D  

L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  
L L D  

2.06 llearured 
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Table C.4 

Data Sheet Fran Maine Yankee 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PlHINE Y;?JKEE ATOMIC FQWER CONPANV 
EADIOCHEN Lfie RESULTS 

~O~\GURATION:  0 .  o i o o g  eu,d  
:Arn/LED CY: 3 

ariA1-wm ev: LRCH 
DATE: i /U rSe  TIRE: 3 Mtxw 6 0  

DHTE: 3/11/s8 TIRE: 1700 ........................................................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

GFtMMA SPECTROGRAPHIC ANALYSIS 

CWNNEL fiFER ENERGY ISOTOPES 

. . . . . . . . .  . .  

895. 
350. 

'3497. 
963.. 
1246. 
578. 

16075. 
390. 
362 
163. 

47. 54 

SI¶.. 25 
685.89 
662 06 
796.39 
81F 24 
1173. 94 
1233. 17 . 
146l.  61 

84.57 

............................ 

CO-S8 
CS-134 
C5-137 
CS-134, W - 4  
CO-SE, M 
03-60, k7-8i 
ccJ-t;u. -3 
K-40 

. . . . . . . . . . . .  

EGD I ONUCL I GE AfJHLYS IS 

I SOTOPE ACTIVITY 

f-312 -z.Tt34E=ol-uC,. . -. -7 - - .  
rtC .OL?-- co-58 ' 1. 70E+OW U V  +- I. 10 X 

CS-134 i. 11E-81 UC/ +- 7. 03 X 
'3-I37 2 . l l E - 0 1  U V  +- 4.47 X 
co-68 9. ?<E-02 l J r l  +- 6. 79 X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ISOTOPE THEOFETICRL RERSURED DIFFERENCE 

F-18 311.08 51F 28 8. 28 
CO-** 810.60 81% 24 0 .  64 
CS-134 735. 81 796. 39 0. 58 
cs-I37 * 66l-64 662 06 0. 42 
co-69 . 1322 50 1332. if  0. 67 

F.ESULTS F:E'*.'IEblE@ UV . . . .  :. . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Table C.5 

Data Sheet From Peach Bottom 

IDENTIFIED PEW m T 1  

w a r n  ENERGY NET AREA BKQ) 
KRI .CW cpn - 

a-51 
W-Js 
m-!w 
W-60 

ZN-65 
1-131 
CS-134 

C S Y 1 3 7  
LA-140 

320.37 
83S.10 
810.90 
1173039 
I332 -85 
1115.47 
364.66 
604 -78 
795.99 
802.27 
1365 61 
661 e 5 2  
481.10 
1596 095 

3.70E 01 
7 2% - 00 
7017E Ql 
3.1SE 02 
2 . 7 6 E  0 2  
6.1OE 02 
1 .&E 0 2  
2.86E 02 
1.6CJE 02 
7.73E 00 
Y.1SE 00 
2.92E 02 
1.16E 01 
0.54E 00 

1.32E 02 
6.94E 01 
8.2BE 01 
2 . 8 5 E  01 
9000E 00 
6.90E 0% 
1.SbE 02 
1.4W 02 
1.6rJE 02 
7.10E 0 1  
S.20E 00 
1.18E uz 
9.00E 01 
2.05E 00 
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x ERR 

14.8 
52.7 
6.8 
1.9 
2.0 
1.1 
4.2 
2.7 

' 4.3 
SO e 3  
24.2 
2.5 
37.7 
14.0 

COKHECTU) 
UC/UNSl 

2 060E-01 
1 097E-02 
1,0526-01 
6.644E-01 
6.658E-01 
2.454E 00 
1 'L67E-01 
2 85%-U 1 
2 *571E-Ol 
1.198t-01 
3 7 1 DE-0 1 
4 062E-U 1 
2 . 15s-02 
2. JWE-02 

CORMCTED 
uc/sr?pI- 
1 121E-02 
5.9/1E-U4 
5 726E-03 
3.61SE-UP 
3.623E-02 
1 3SE-U 1 
6 tJY9E-83 
1 rS'4E-02 
1 399E-02 
6.517E-U3 
2 019E-02 
2.21UE-UZ 
1.. 1736-03 
1.414E-U3 



Table C.6 

Data Sheet f o r  Resin Shipment, Peach Bottom 

=SIN S W H E N T  HEMRT SUMARYt 

N U C U E  

ai-si 
hN-54 
W-Sa 
-60 
2N-65 
1-131 
CS-134 
CS-137 
-140 

(EST) SR-90 
<EST) FE-55 
<EST) N I - 6 3  

TRANSPORT 
GROUP 

i 
2 
3 

5 
6 

1-6 

UC/GRM 

2.060E-01 
1 O97E-02 
1 0.52E-0 1 
4.444E-01 
2.454E 00 
1 267€-01 
2 0 85%-01 
4 062E-01 
2 e 599E-02 

4 042E-03 
7.640E-01 
5 979E-01 

TOTAL 
U W G M  

0.000E-01 
4 062E-03 
1 . 4 8 s  00 
4.164€ 00 
0 000E-01 
0.000E-01 

Se651E 00 

m H u n  

4.021€ 0i 
2.142E 00 
2.055E 01 
1.297E 02 
4./90E 02 
2.473E 01 
5.L81E Oh 
7*931€ 01 
S * O X E -  00 

7.K-01 
l*.S 02 
1.z a2 

TOTAL 
HWDRun 

0 0k-01 

TFiANSFOKT 
GROUP- 

4 
4 
4 
3 
4 
3 
3 
3 
4 

2 
4 
4 

Z r n A  
LInIl 

0 . 0 0  

TYPE B 
x 

0.02 
0.00 
0.01 
0.06 
0.2t 
0.01 
0.03 
0.04 
0.00 

0.00 
0*07 
0.06 

X TYPE B 
U t U T  

0.00 

LSA H E A l  FLUX 
WCIT/DX x 

' 0 . 0 7  
0.00 
0.04 
0 .22  
0 .t12 
0.04 
0.10 
0.14 
0.01 

x LSII 

0.00 
7.X-01 1 .Jp 0.00 0 ;oe 
2.9E 02  9.65 0.14 0.49 
8.1E 02 4.06 0 -41 1.39 
0.0E-01 0.0 0.0 NL 
0.0E-01 0 .0  0.0 NL 

%.I€ 03 15.3 0.6- 2.0 

WUIHUH NUHBER OF WUHS AUOMED1 6 180 NL 

NOTE 8 
NL - NO L I M I T  EXISTS 
Ns - NO SIUPnLNT-hLLObEDr EXCEEDS LIHITS 
P%).%L - NU)4KR TO LfficE TO FRINf 

I . .  
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Table  C . 7  

Data  Sheet From T r o j a n  

June 12, 1981 
P. 0. ON19425 

GWNA EMITTING NLKLIDES 

The - number i n d i c a t e s  the sample number W e  have des igna ted  that 
The r e s u l t s  of t h e ' q a m  a c t i v i t y  on particular sample for our records. 

the tw fil ters (9363F) are expressed in terms of total  microcuries, Ih. 
results of the g- a c t i v i t y  on the r e s i n  (93631) are expressed in terms 
of rr5crocuries per gram. The weight of the r e s i n  is 2.1oE-01 grams. Re- 
s u l t s  are decay c o r r e c t e d  to 5/14/01 a t  1200 hours.  

u 1  I) 

Nuclide 

cr-51 
nn-54 

Fe-59 
co-57 
CO-58 

Co-60 

&-65 

Nb-95 

Ru-106 

Ag-11- 

-124 

Sb-125 
CS-134 

CS-137 

Ba-140 

C.-141 

Ce-144 

936,Y 

y C i / t o t a l  

<2.22(-3) 
4.64i. 16 (-2) 

el.371-3) 

1.W .29(-3) - 2.3& 113(-2) 

6-04? .06 (-1) 

7-44? 2. SO (-3) 

5.152.92(-3) 

<5.00(-3) 

3.38): .88(-3) 

<7.52(-4) 

2. OW. 16 (-2) 
2.522.09(-2) 

6.7e.ie(-a 

9. eof 3.7 (-4) 

el .  02 (-4) 

3.17i.20(-2) 

9 36 31 

uCi/gram 

<1.21(-1) 
2.7Ei. lO(0) 

<5. 87 (-2) 

6.07f2.4 (-2) 

5.32i. 871-1) 
4.  S7i. OO(1) 

<6.71(-2) 

<2.26(-2) 

< l .  95 (-1)- 

4.04 (-2) 

<l. 78 (-2) 

<1.65(-1) 

5 .12 .17  (0) 

1.262.01 (1) 
1 

C1.32t-2) 

3.4921.9(-1) 
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Table C.8 

Data Sheet From Vermont Yankee 

1. T o t a l  V o l u m e  of R e s i n  shipped (1980) - 6200 cu f t .  
2. Isotopic from Low Level s h i p m e n t  ( C o n d e n s a t e  D e m i n s / R a d w a s t e )  

CS-134 7.02E-1 & C i / g m  
CS-137 2.27EW C i / p  
CO-58 7.40E-2 & C i  / g i ~  
Mn-54 1.28E-1 A C i / p  
Zn-65 4.61E-1~ C i / g m  
CO-60 9.24E-1 A Ci/gm 

Total A c t i v i t y  - 8780 mCi 
3. Isotopic from H i g h  level s h i p m e n t  ( R e a c t o r  C l e a n u p s )  

Tc-99m 4.19E-1 A C i / g m  
1-131 5.35E-1 A C i / p  
CS-134 1.78E+l P C i / p  
CS-137 4.84E+1 7cC C i / p  
Zr-95 1.11E+1 P Ci/gm 
CO-58 5.88E+O f i  Ci/gm 
Mn-54 5.98EM A C i / p  
Zn-65 2.03E+1 A C i / g m  
CO-60 3.05E+1 C i / g m  

T o t a l  A c t i v i t y  - 127.6  C u r i e s  
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APPENDIX D 

ANALYTICAL DATA SHEET FOR LOADING OF TRANSURANIC NUCLIDES ON 
SPENT.REACTOR COOLANT CLEANUP RESIN 
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Table D . l  

Data S h e e t  From Tro jan  

JlmC 12, 1981 
P. 0. t~i9425 

ALPHA NUCLIDES 

Results of 9363P are expressed in terms of microcuries per saqle. 
Results of 93638 are expressed in term of microcuries per gram. 
is  decay corrected to 4-01-81,at 1200 hours. 

Activity 

SAI : 
Nuclides 

239.240- 

38P" 

241- 

242,243- 

244- 

Results 

93633 

mnc. (VCi total) 

1.3U. 09 (-3) 

5.04f .41(-4) 

1.5E .21(-5) 

5.122.44 (-5) 

3.94fl. 07 ( -6)  

92 

9 36 3R 

Conc. (YCi/oran) 

1.142.06 (-2) 

2.96f. 15 (-3) 

5.972.99 (-5) 

7.32fl. 2 (-5) 

5.7723.08 (-61 



APPENDIX E 

COMPUTER PROGRAM FOR CALCULATING DOSE DELIVERED TO 
ORGANIC I O N  EXCHANGE RESIN BEDS BY DIFFERENT RADIONUCLIDE LOADINGS 

The program was w r i t t e n  f o r  i n t e r a c t i v e  use i n  INTERCOM subsystem o f  t h e  
CDC 6600-15 canputer  a t  Brookhaven Nat ional  Laboratory .  
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APPENDIX E ,  C o n t i n u e d  

COMPUTER PROGRAM FOR CALCULATING DOSE DELIVERED TO 
ORGANIC I O N  EXCHANGE R E S I N  BEDS BY D I F F E R E N T  RADIONUCLIDE LOADINGS 
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APPENDIX F 

DETERMINATION OF DOSE DELIVERED BY SHORT-LIVED RADIONUCLIDES TO 
REACTOR COOLANT CLEANUP RESIN AT DRESDEN NUCLEAR POWER STATION, UNIT 3 

The dose del ivered.  by t he  beta and gamma emissions of a representa t ive  
short- l ived radionucl ide,  Ba-140, t o  the  r e s i n  i n  t h e  r eac to r  coolant cleanup 
bed a t  Dresden, is ca lcu la t ed  below. The ca l cu la t ions  are t h e  same f o r  o ther  
short- l ived i so topes  except that the  nuclear  cons tan ts  f o r  each s p e c i f i c  iso- 
tope must be used i n  ca l cu la t ing  i t s  de l ivered  dose. 

I The treatment  used here  is based on the  buildup on the  r e s i n  bed of 
steady-state  s a t u r a t i o n  l eve l s  of the  i so topes  k i n g  removed from t h e  coolant 
stream. These l e v e l s  are r eached . ( to  wi th in  1%) i n  f i v e  mean-lives, and from 
t h a t  t i m e  on, t h e i r  rates of decay are equal  t o  t h e i r  rates of h i l d u p  on the  
resin, assuming constant  coolant flow rate through the  bed. Thus, they de- 
l i v e r  a continuous dose (and a t  constant  dose rate as long a s  the  r eac to r  
power is cons tan t )  to t h e  r e s i n  a l l  t h e  t i m e  t he  bed is i n  se rv ice .  Af te r  the  
bed is removed from se rv ice  and t h e  RNs decay, t h e  dose from t h e i r  decay will 
exac t ly  compensate f o r  t h e  d e f i c i t  i n  dose during buildup, before sa tu ra t ion  
is reached. Hence, t h e  t o t a l  dose del ivered by t h e  short- l ived i so topes  is 
simply the  dose rate a t  s a t u r a t i o n  mul t ip l i ed  by t h e  t i m e  t h e  bed is i n  
se rv ice .  

~ 

The c u r i e  amount, C i ,  of an i so tope  on t h e x e s i n  bed a t  i t s  steady- 
state s a t u r a t i o n  value is given by 

C i  = A i  F e r q  

where A i  is the  a c t i v i t y  l e v e l  of t he  i t h  i so tope  i n  Ci /mL;  
F is coolant  flow r a t e  through the  bed i n  mL/min; 
er is  o v e r a l l  e f f i c i ency  of a c t i v i t y  removal by t he  bed; 
T i  i s  the  mean-life of t he  i t h  isotope i n  minutes. 

For the Dresden coolant cleanup system, e, = 0.9 (using t h e  reported 
Taking o v e r a l l  decontamination f a c t o r  of 10) and F is 2.27 x lo6 mL/min. 

Ba-140 as  an example of a s p e c i f i c  i so tope  removed from t h e  coolant ,  C i  can 
be obtained using t h e  mean l i f e  of Ba-140 of 2.86 x lo4 min and i t s  
concentrat ion i n  the  coolant of 6.3 x Ci/mL. 

C ~ ~ - 1 4 0  = 370 C i  

For B-decay, >99% of the  8-particle energy is absorbed by t h e  bed. Thus, B t he  dose rate t o  the  r e s i n ,  R i ,  i n  rad/h from B-decay of t he  i t h  i so tope  is 
o k a i n e d  from the equation 
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B C. D Ei 
1 

RB = 100% 

where C i  is t h e  number of c u r i e s  of t h e  i t h  i so tope  on t h e  bed 
D is d i s i n t e g r a t i o n s / h / C i  = 1.33 x 
E i  i s  the  average @-energy of t h e  i t h  i so tope  in e r g s ;  
9 is t h e  mass in g of t h e  r e s i n  bed, inc luding  water. 

d/h; B 
This  is 5.0 x 

106 g ,  assuming an  o v e r a l l  dens i ty  of 1 g/mL. 

For Ba-140, Ci = 370 C i ,  and Ei = 6.4 x e r g ,  so t h a t  
Ru-140 = 63 rad /h ,  and in a six-month operat ing pe r iod  ( p l u s  t i m e  f o r  com- 
p l e t e  decay of Ba-140) t h e  t o t a l  dose from B-particles de l ive red  by Ba-140 
w i l l  be 2.7 x lo5  rad .  

This  r e s u l t  is t h e  same as t h a t  obtained us ing  a t rea tment  based on t h e  
method of Swyler et  a ~ ( ~ )  f o r  c a l c u l a t i o n  of absorbed &dose due t o  com- 
p l e t e  r ad ioac t ive  decay of a n  i so tope .  This  t rea tment  uses  t h e  f a c t  t h a t  a 
s p e c i f i c  amount of an i so tope  t rapped  by t h e  r e s i n  in u n i t  t i m e  w i l l  d e l i v e r ,  
during i t s  decay, a n  absorbed dose ca l cu la t ed  by t h e  method of Swyler e t  a l .  
The t o t a l  B-dose de l ive red  during t h e  opera t ing  per iod  of the  r e s i n  bed w i l l  
then  be just t h i s  amount m u l t i p l i e d  by t h e  t o t a l  t i m e  t h e  ked is kept  in 
se rv ice .  

For B-dose de te rmina t ion ,  which is s t r a igh t fo rward  wi th  r e spec t  t o  energy 
absorp t ion  ( e s s e n t i a l l y  a l l  t h e  B-particle energy is absorbed in t h e  r e s i n  
bed), e i t h e r  t rea tment  may be used. The same is true for determinat ion of 
Y-dose, ht t h e  latter r equ i r e s  e s t ima t ion  of t h e  e x t e n t  of y-ray abso rp t ion  
in t he  r e s i n  bed. Since absorp t ion  c o e f f i c i e n t s  and geometry f a c t o r  are a l -  
ready inc luded  in t h e  c a l c u l a t i o n  of Swyler e t  a l . ,  i t  is convenient t o  use  
t h a t  method f o r  determinat ion of t h e  y-dose, keeping in mind t h a t  t h e  calcu-  
l a t i o n  g ives  t h e  maximum dose, due t o  assumption of uniform loading. 

Using t h e  n o t a t i o n  of Swyler e t  a l ,  t h e  t o t a l  y-dose de l ivered  by a n  
i so tope  in six months, D l ( t o t a l ) ,  is given by 

Dl( to ta1)  = Dl(m) x 2.63 x lo5  minutes in six months 

Cirig x 8 . 7 6  x 10 3 h yr-’ 

A. and D i ( m )  = 
1 

where C i  is t h e  a c t i v i t y  d e n s i t y  of t h e  i t h  i s o t o p e  in m C i / c m 3 ;  

is t h e  gamma cons tan t  f o r  t h e  i t h  i so tope ;  
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- g is a geometric fac tor  

A i  is the decay constant of the i t h  isotope i n  yr- l .  

For the dimensions of Dresden's coolant cleanup bed 2 = 270 c m .  For 
Ba-140, Ci = 2 .6  x 10-6 mCi/cm3, Ti = 12.4 and yi = 19.8 yr- l .  
Thus, the  y-dose delivered by Ba-140 i n  six months is calculated t o  be 10.1 x 
lo5  rad, and the t o t a l  dose, both B and y is 12.8 x l o 5  rad, or -1.3 x 
lo6 rad. 
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