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NOTICE

This report was prepared as an account of work sponsored by
the United States Government. Neither the United Stites nor the
United States Nuclear Regulato~ Commission, nor any of their
employees, nor any of their contractors, subcontractors, or their
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ABSTRACT

A review of the results of recent experiments on the effects of radiation
on ion exchange media is presented. The results described include pH changes.
gas generation. agglomeration of organic ion exchange resins and corrosion of
mild steel in contact with ion exchange media.
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REVIEW OF RECENT STUDIES OF THE

RADIATION INDUCED BEHAVIOR OF ION EXCHANGE MEDIA

1. INTRODUCTION
Ion exchange materials are conventionally used to decontaminate water con-

taining radionuclides. However, in ~he presence of ionizing radiation at high
total absorbed dose (in excess of 10 rad), these organic ion exchange resins
are known to undergo radiation damage. The previous work and some issues of the
concerns for the short term storage of organic ion exchange resins containinghigh loadings of radionuclides based upon earlier literature were discussed in
"Status Report on the Leachabil1 ty, Structural Integrity, and Radiation
Stability of Organic Ion Exchange Resins Solidified in Cement and Cement WithAdditives.u(l) It was concluded in this report that the fundamental processes
causing resin degradation are not understood and that the extent of radiationdamage is specific to resin type. .-..-_. - ." .

Detailed information regarding radiation damage to ion exchange media per-
tinent to the conditions expected during the storage of ion exchange media waste
generated in the auxiliary building (AFHB) cleanup activities at TMI-II is un-
available. Consequently, several scoping studies have been perfonned to esti-
mate the magnitude of these problems. This work was conduct~d byR. C. Me Farland at Georgia Institute of Technology (GIT),(2) K.K.S. Pillay at
Pennsyl vania State University (PSU)(3,4), and by the Division of Nuclear Waste
Management at Brookhaven National Laborato~ (BNL). Much of this work was per-
formed using material typical of ion exchange media used in the nuclear industry
since the identity of the actual ion exchange materials used in the EPICOR-II
demineralizing system is not available at this time due to the vendor's concern
over its proprieta~ nature. In the studies reviewed here, the investigatorsused external irradiation to simulate the radiation dose that is received by ion
exchange media internally loaded with radionuclides. Differences in the radia-
tion damage to ion exchange media h.v~ been observed in some cases for external
as opposed to internal irradiat10n.(5) While external irradiation simulates
the most significant radiation effects, external irradiation does not simulate
.the actual radiation processes that occcur with internal loading. This report
is a review of the results of these scoping studies. We have arranged the body
of the report, sections 2, 3, and 4, by the laboratory perfonning the work,
rather than by the category of experiments even though similar or related ex-
periments have been performed by more than one 1nstitutione The summe~ of re-
sults, section 5, groups the data by categories of experiments.

Figure 1.1 shows several estimated cumulative absorbed dose curves forEpicor-II ion exchange media as used in the 1MI-!I AFHB cleanup versus time.
The bases of this figure are the results of the dose rate calculations outlinedin the appendix of this report. These calculations assume that I total of 1300
curies of activity are uniformly distributed throughout the entire ion exchangebed volume (case a), one-half the bed volume (clse b). and one-fourth the bedvolume (case c). Within the considered volume, .11 of the beta particle energy
is assumed to be deposited, while tissue equivalency is assumed for gamma ray
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attenuation. If the more conservative approach of total gamml nw absorption
was assumed, the total cumulative absorbed dose would increase ~ approximately
a factor of two in comparison with the results given in Figure 1.1. Also, re-
gions of high localized activity would result in a substantial increase in the
cumulative dose delivered to these regions. The figure is included to allow 'the
reader to make qualitative comparisons of delivered dose in the experimental
work to a time frame.

time (years)
"Figure 1.1 Esti~ted cumulative dose to Epicor-II ion exchange media waste as

generated in the TMI-Il AFHB cleanup vs time based on calculations
of Appendix A.a- 40 C1'ft-3; b- 80 Ci'ft-3; c- 160 Ci'ft-3•

2



2. EXPER1t'ENTS PERFORMED AT GIT
The purpose of the experiments performed at GIT was to -determine the pres-sure buildup and gas composition as a function of gamma dose in burial canis-

ters" of(iQn exchange media planned to be used in the nU-II reactor buildingcleanup. 2} This .task was divided into two separate sets of experiments:
pressurization and gas content. It should be noted that for the data in these
experiments. experimental errors were not given. and these experiments were not
orginally p1annedi n connection wi th the TMI-I I AFHB cleanup.

2G1 Pressurization Experiments
The pressurization experiments were conducted on a cation ion exchange res-

in. an anion ion exchange resin. and activated charcoal irradiated in separate
stainless steel capsules. The cation resin used was Dow HRC-S. and the anionresin used was Dow SBR-ON. These resins were converted to the sodium and borate
forms respectively using a sodium borate solution (concentration and volume un-
spec;fied) •. The act iva..,tedcharcoal was a1so treated with thesodi um borate so-
lution. After this pretreatment, the samples were dewatered by pulling air
through the column for two minutes. T~e samples were then placed in the irradi-ation capsules. A.' maximum of 66.79 em of sample was placed in each capsule.This gave a void volume above the resin of about 10.33 cm3 (13.4').

The capsules were then irradiated using a 60Co gamma-ray source having a
flux of approximately 5 x 106 rad/hr. The maximum cumulative doses were ap-
proximately 2.5 x 109 rad for the cation resin, 8 x 108 rad for the anionresin. and 5 x 109 rad for the activated charcoal. During the irradiation,air cooling was supplied to maintain the sample temperature between 30 °C to
45 °C.

In all cases, an apparent threshol d for the onset of pressuri zation coul d
be observed. Threshold values are given in Table 2Gl. Both the cation and
anion resins showed a linear increase in pressure with increasing dose above thethresho 1d dose. The 51 ope of this dose dependence was 0.083 psi/M rad for the
cation res;n (maximum dose of approximately 3 x 109 rad) ,nd 0.27 psi/M rad
for the anion resin (maximum dose of approximately 8 x 108 rad)G The acti-
vated charcoal showed a rather different dose dependence. Above the threshold
dose. the pressure rose rather rapidly to a maximum of about 5 psi at
1 x 109 radG Above 1 x 109 rads, the pressure remained slightly below thispeak value.

3



Tlble 2.1
, IThreshold Doses Observed Dur1nQ

GIT Pressurization Experi~nts(2J

Material

Dow HRC-S
Dow SBR-ONActivated charcoal

Cumulative Dose
(rad)

2.2 Gas Content ExperiMents
The composit10n of rldiolytically generated gas IS a function of dose was

determined for the Dow HRC-S Ind the Dow SBR-ON resin.: The resins were Igain
pretreated with s()diullborate. The samples were loaded into stainless steel
capsules with a total volume of 18.9 cc. 'A single SUlPle was run at each dose.
(The dose rate was approx1.ately 4.8 x 106 rid/hr.) After irradiation. thesa~le tubes were attached to In evacuated volUMe whic~ contained a septum
through which samples were withdrawn for gas chromatographic analysis.

A total of five gases were identified as cation r~s1n degradation products:
hydrogen. methane. ethane. propane. and butane. For the In;on resin, hydrogen,
methane. ethane. and propane were observed'. In Idditicn. trices of an un-identified hydrocarbon gas were detected 1nthe high dose anion capsule. It was
speculated by Mc Far1andthat this gas was a branched chain and/or unsaturated
compound. Significant aMOunts of amines were' not detected in either the cation
or anion res,in experi!Rents. .

:1

The production of hydrogen, lllethane.ethane. prop_net Ind butane (cation
resin) was plotted versus total gUN dose. For HZ Ind CH4. the productionwith dose appeared to be roughly linear for both cation Ind anion resins. While
for the other gases. the dependence waslIIOrecomplex. The IMxilllUlftvolurnesof
gas generated per' gr. of resin estiNtedfrcn Figures, 10 through 14 of refer-
ence 2 are given in Table 2.2.

4
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Table 2.2

Maximum Gas Production Observed Du~ing
Gas Generation Experiments at GITtZ)

Gas

'I

HZ"

CH4
CZ~6

~
C3HS
C4~10

Resina

cation
anion
cation
anion
cation
anion
cation
anion
cation

Amount of Gas
ni./g

2.0 x 10-1
2.2 x.10-1
2.1 x 10-2
7.4 x 10-2
2.8 x 10-3
1.3 x 10•.3
6.4 x 10"S
3.8 x 10-5
1.5 x 10-5

Dose. (rad)

2.3 Agglomeration::
-;1

acationresin DowHRC-S and anion
resin Dow SBR-ON.

..,! .
Although' experiments were not. specifically des i gned.to: provi de any ; nfonna-

tion on a991orneration. the followi ng'observations ;were reported:
'I . ..• I'.

,;

• In the high dose samples. a liqu1dphasefonned •. The'liquid
phase had.! a volume approaching 50~ of the original resin sample •.

• Trapped g~ses in this liQuid phase caused it t~ froth when the
pres!~ure ~as released. (4I '

I.
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3. EXPER1t'£NTS PERFORMED AT PSU
The object iveof the experiments perfonned at PSU was to initiate a prelim-

inary scoping study aimed primarily at demonstra~in9 speculated radiation in-
duced behavior of ion exchange media and mild st~el in contact with these media.
In this regard, four areas were selected for this inves~1gation: pH changes as
a result of irradiation, agglomeration of ion exchangers. generation of gas fromthe radiolysis of an inorganic ion exchanger, and the cbrrosion of mild carbon
steel in contacted with ion exchangers in a radiation f~eld. .
3.1 pH Changes

It ;s generally recognized(S) that the radiation effects on ion exchange
resins, as well as...radiolysis of water within the resinlmatrix, produce.a vari-et,yof products that significantly change the pH of the overall matrix. It was
speculated that mixtures of cation exchangers in the hYdrogen (~) form in
combination with the ammonium (NH4+) form might produce I a buffering action.
due to the possible availability of NH3 gas .fromthe NH4+ form of theresin. The cation exchanger Amberlite IR-120 in the H+Iform was used as the
primar~ material. A large batch of the NH4+ form of th~s resin was prepared
by mix, ng a quanttty of Amberl1 te lR-120 wi th NH40H. Layered combinations of
these two foms of the cation exchanger with stratification ratios ranging from
1:10 to 1:1 to 10:1 by weight were used to examine this potential buffering
action. "!

The initial pH and moistur.e content of the Llnirradl
l
.ated resins are given ;n

Table 3.1. Table 3.2 gives the colum loading patterns used in the buffering
experiment. specimens. Specimen containers were made ofl quartz. All specimens
were irradlated to:a total absorbed doge of 7 x 107 radlin the gamma flux of a60Co source (at approximately 1.2 x 10 R/hr). After irradiation, columnswere sectioned into approximately 2 gm samples. A10 n( volume of deionizedwater was added to each sample, and the pH of the supernate was measured. The
values of the pH are given in Table 3.3. A significant1lowering of the pH wasobserved in all cases. For samples 25 and 27, a slight!variation of pH along
the height of column was seen. I

I

The results of some additional pH measurements of irradiated ion exchange
media are presented in Table 3.4. These specimen were gamma~1rradiated to a
total dose of 4.4 x loB rad. Specimen containers for these experiments were
made of aluminum. Since aluminum is reactive in either:acid or alkaline envi~
ronments, the.observed pH values do not represent an ac~urate measure of the
irradiated specimens acidity or alkalinity.

7
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Table 3.1
Moisture Content and Initial pH( Of

Resi ns Used in PSU pH Study r
Resin (fom) Moisture I pHa

Content ('l:
Almerlite IR-120 (H+)b 39.7 I 3.4
Ani>erl1te IR-120 (NH4+) 39.4 1 8.5
Almerlite IRA-400 (Cl-)b 42.0 4.6
Zeolite (IONSIV-IE-95)b 0.0 8.0

aThe pH was Measured in the supernate of
I mixture of 2 9 of resin and 10 mlof
deionized water (pH 6.8).

bAs received from vendor.

Table. 3-.2
Loadi n9 Patterns. of Cation Exchange COll.lJmsifor Bu.ffen ng

Action Experiments(3) i
E' t

SI~le No. H+ Fam NH4+ Fonn

21 20 gms (bottom) 2 gIIS (top)
22 20 gIllS (bottom) 2 gms (top)
23 2 gifts (top) 20 fIlS (bottom)
24 2 gms (top) 20 gIIS (bottom)
25 10 91115 (bottom) 10 9BS (top)
27 10 9'Y!S ( top ) 10 galS (bottom)

B



Tlble 3.3 I

pH Values of Solutions Formed From ~rradiated Resins(3)
I,

Section SUple No.
21 22 23 24 25 27

Top
1 106 1.6 2.•2 2.1 201 1.5
2 1.6 1.6 2 .•1 2 .•1 2.0 1.5
3 1.5 105 201 2.,1 1.9 1.5
4 1,,5 1.5 2 .•2 2•.1 1.8 1•.6
5 1..5 1.•5 2 .•2 2 ..2 1.•7 1.•6
6 105 1.5 2.3 2.3 1 ..6 1.7
7 _e-~ 1.•5 2.3 2 ..3 1..6 1..8
8 1.5 1.5 2 ..3 2.3 1.6 1 ..9
9 105 1.5 2.4 2..4 1•.5 200

10 105 1.•6 2.3 2 .•5 1..5 2.1
Bottom

IThe pH was Measured in the supernatant of I mixtu~e of 2 9 of
resin and 10 iii.. of deionized wlter (pH 6.8). I

Table 3.4
pH Values of Solutions Fonned Fr' ~
Irradiation Ion Exchange MediaL JJ

I
I ,Ion Exchange pHa

. I
I

Amberlite IR-120b
AR1berl i te IRA-400b
IONSIV-IE-95c
IONSIV-IE-95 +
Alberlfte-lR-120 +
AMber11te IRA-440d

3:05
4;.6
g,oO

4'00

.The pH was IIelSured 1nthe superna:te
of a mixture of 2 9 ion exchanger and

blO lit.of deionized water (pH • 608J.As received from vendor. '
cOri p-dry •. '
dEqual weights.

9



3.2 Agglomeration'
Several colul1l'lscontaining single exchanger or layered beds of10NSIV-IE-95, Amberlite 1R-120, and Amberlite 1RA-400 w~re prepared in 2 cm diam

x 20 cm long aluminium tubes. These ion exchange colu~s were then attached to
a flow measurement system, and the flow rate of deionized water through the beds
was measured. After allowing the excess water to drainiout, the columns werecapped with end fittings (not air-tight). These columns were then exposed tothe gamma-fl ux ina 60Co facil1ty (4.5 x 106 R/hr) until the total dose re-
ceived was approximately 2.2 x 109 rad. I

After irradiation, the columns were again attaChed!to the flow measurement
device in the same way as before, and an attempt was made to measure the flow
rate through the columns. Only the column filled with teolite showed a flow.
All of the colurms containing organic exchanger showed no flow at all. Theseplugged columns were submerged in a large tank of water~ In subsequent testing
of the soaked columns flow was initiated in al' but one case (IRA-400). The
results of the flow testing are shown in Table 3.5.

Table 3~5
Flow Rates Throuah Ion Exchange CQ1~mns

Before and After 60Co 1rradiltionsl3j .
Column Weight Pre-irradiation Post-irradiation

No. Ion Exchangers Ratio flow rate (mL/min) flow ratea (ml/min)

1

2

3

4

5

6

10NS1V.•IE-95

IONSIV-IE-95 &
Amberlite lRA-120
IONSIV-IE-95 &
Amberlite lRA-400
IONSIV-IE-95 &Ant>er1ite IR-120 &Amberlite IRA-400
Amberlite IR-120
A1mer1i te IRA-400

1

1:1

1:1

1:1:1

1

1

18

16

19

12

23
7

19(without pre-treat-
ment) see footnote

13

22

11

25

could not initiate
flow

lImediatel.Y '~fter irradiatiQn, it wu not possible to get any'flow thro~gh thesystem unaer ln1tial condit1ons. Flow was 1n1t1ated by floooing the column andpossibly creati ng flow channels. '

10



3.3 Gas Generation in Inorganic Ion Exchangers

/

I
I
I

I "
Zeolite (IONSIV-IE-95) samples of varying moisture! content. some loaded

with cesium, were "exposed to 60Co gamma radiation. These samples were placed
in pyrex containers specially designed to allow subseq~~t study of gases pro-
duced within the matrix during irradiation. i

The irradiation containers. with a volume of abou~ 8 mL. were fitted with a
"break.-seal" and glass attachment to allow incorporatio1t into a vacuum 11ne for
gas analysis. Known weights of zeolite samples were placed inside these glass
containers. and they were heat-sealed at atmospheric pressure. The ratio of
zeolite column volume to the total container volume wasl about 0,,5. The samples
were then exposed to 60Co gamma radiation (at 3.9 x 1051R/hr) until a total -
dose of 1.4 x 108 'rad was reached. Following the irradiation. the pressure
was determined and the gas present in the samples was analyzed. The results are
given in Table 3.6. The variations in gas compositionsl were attributed to the
following reasons. "The we" k.nown ability of molecular sieves to adsorb signi-
ficant amount of gases and the unique ability of zeolftbs to relatively retain
large quantities of hydrogen account for the observed rltio of hydrogen and oxy-
gen in the gas phase."(3) -

Table 3.6
Gas Gonorati on in Zooli to (I~mv-'l951During Irradiation

Sa~le Pressure Gase!s (valume ~)
No. Pretreatmenta (psi abs.) HZ

I
02 N2

3Ib Drip-dry 20.3 4,,5 I 0,,5 90.7
32 Drip-dry 18.0 1,,3 32,,5 66.2
33b Drip"'dry 20.3 3.1 I 1.8 92.2

(Cs-loaded)C
34 Drip-dry 20.0 1.0 I 36.9 62.1

(Cs-loaded)C I
i35 Air-dry 13,,9 0,,9 1 29.2 69.9

36 Ai r-dry 0.6 ! 24,,1 75.4
37 Air-dry 13,,0 1..0 '33.1 66,,0

(Cs-loaded)
38 Air-dry 11.6 0.6 33,,4 66.1

(Cs-loaded)
Blank. Air-dry 13.9 20.2 79.8

(non-irradiated)

aM(Oistur.etontents for air-dry and drip-dry zeolites were 21.0~ and 33.3%by welght), respectively. ' "
bMethane (3 to 4~) was identified in addition to HZ. 02 and N2. Thesource of methane is not understood. .
'The Cs 1oadi ng on these samples was 0.6 meq/g of dry zeolite.

11
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3.4 Corrosion Studies ':
jl : ' i

In order~to ascertain the extent of radiation induced corrosion in ion ex-
changer systems, ~ta' coupon studies were condu~ted. The ion exchange mate-
rials used we,e AmberliteIR-120. Amberlite IRA-400. and IONSIY-IE-95.

Two diffJrent:types of irradiation facilities were ,employed for the corro-
si on experiments. liOnewas a 60Co ga.nma-irrad1ation factH ty. The other, a
research reactor (TRIGA-Mart 111) in the shutdown IftOdewas used IS the irradia-
tion source h~v1ng (the fission product spectrum. Both single exchanger/coupon
and layered ~d ex~hanger/coupon systems were stud1 ed.,

~ ' I

Mild ste~' coUpons Made from steel plates ident1fiecs as ASlM-I018 grade
were used in ." the corrosion stucb' experiments. Thi s ;mild steel grlde is sim.
ilar in composition to other t,ypes of cammon steel such IS ASTM-I020and
ASTM-A-36.All have a carbon content in the range of 0.20' to O.25~. Finely
polished coupQnswere prepared fram one large piece of ~tock material. Irradia-
tion experiments at tiOeo facility used coupons of size 12 mm150 mmx 3 mm.
Another set o~ 12 mm I 30 .m I 3 mmcoupons were used in irradiation experiments
using the TRIGAReseach Reactor. Blank sllltPles (un1rradiated) were prepared and
preserved un~r identical conditions. The results of the corrosion experiment
aresurrmar1zed in Table 3.7.

Il '" I

Ii '
. The coupQns frOll the blank satples showed 11ttle or no trace of rust or

corrosion efficts. ~ The irradiated lIlild steel coupons were' relM)ved from the ion
exchanger bed$ and.::were rinsed with water to remove the ,weakly attached resin
beads adhering to the surfaces. These were then photog~aphed (see reference 3)
for the purpote of!ihav1 ng a visual record. The corrosiQn 1ayers on the specimen
w~rethen car,ful1y reftlOved using'a, nylon b~sh"and, th., weight losses of the
m,ldsteel coupons "were determined. SOIWebrlef qual1tat.1ve ~scriptions of the
mild steelco&1lpons~ as they appeared before reftK>v1ngthe crust' fOI"ma:tionson
their surfaces, are .150 given in Table 3.7. [

I; ". I

il I

.11 ,",. ..,' , I

As is ev1dentifrom the description in Table 3.7, .11 of the irradiated met-
al coupons shQwed significant corrosion. Pitting. and corrosion were enhanced
where the exc~anger was directly in contact with the metal surflce.l . .

,I

;!l
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Table 3.7

Col"'l'O$lonStu~£.,.i.nts

i' '
44 IONSIY~IE.lsr: TIU",1t

Amber1itl-IR.lZOI
~rlite.llA-400

II ;!

IDose. 2 x 109r'd; "wx. 4.4 x 10' a/tlr.
bOose. 4.4 It loo;lrld; fhal. .7.6. 1~ lIhr.

II,

o-.al1~ti". Fo.tures ", Corroded
..-ta 1 Coupons.rf.ces

Spotv rusted areas wtt:taZtoltte be.ds
Itrontl~.dhor1ns.

One h.lfic",.rtd wlth Nst only. The
other half hid rust .M restn be.ds.

eo".red ,,1tt! rust tti,.,....,t. One end
h.d Whttt lpots In .ddttton to rust.

""tfoN thin 1..,.r of rut. leo crust
f••.••tttll.

••• Itlfttfiieant crust. IllIt stl"tflc.nt
pi tttnwOft lurf.COS.

eowered ~u111with blact be.ds and rust.

lriFt S~rllClS. 1.,.,')' "tstbl. rust spots
, at Ute"liS., , I

Allllst .n of the surf~ of the coupon WIS
cO¥oNCIwith • "0,., thtn '..,or of corrost on
,"duct~

IrlFt surfac.s 11k. the .rl,in.l s.-ple.
,leo Yilibl. corrosl.n prtducts or rust
spots. '

Dtstinct. !MItl,otV cratfor'llltionwi th
uoH tt i"rtteles Hh.rlftf to the corrosion
product.e ' . •

1 .
Si",iflclllt corrosion JI'Oduct bul1d.up.
Un1fOnlthrouPlout the surface.

s,ottt c.rrosioll ,roM:t bu11d-up,
espec11111 .round edits of the coupon.

Un1fo~11distrtbut.dSlrf.ce. ll1ers.of
corrosiOn products.

0.' 6;4

Z.6 1.

3.3 Z4

1.' 13

4.4 3Z

4.1 30

0 0'

0.3 Z.O

0 0

0.5 3.1

3.5 Z7

0.7 5.2

0.8 6.2

IONSIVrIE.'5 TIl""

II
I!
I!'

AMberlite IRA~lZO TIl"b
II

MIler1~te 11,.;;'400 Til GAb
iI'

Ion bCn."9t'"' Irradiation weiF? LoU
Used . F.cility , In't1~ WE. .,/e.Z

"II'

IONSJV~I£.'S 'Dco.
jl
,.

IONsnl,lE.'5/' 'Clto.
Amberlitt lR.lZ0

II . 60~erlite 11-120 Co.
I!

"ij " &n..Allberl1te IRJ,e.400 ...,.01
I'
"

JONSIV~1E.'5/ 'Oeo.
Allberlf te llA'::400

'I
IOltsnhE-.5h 6Ocoi
AMberlitt II.ltol
Allberlite 11A-400

i
IOHSJVrIE.'5 ,i 110M

II
AMb.rltte II-IZ0 none

'II '

~i
,I j,
ii '

AlDerl1UllA~oo flOfte
11,1'
'I
'l'

7

8

9

43

41

10.8

11

42

10

12

S.llple
No.
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4. EXPERH£~TSPERFORMEDAT BNL
. . Ii ..
Radiation damage studies on organic 10n exchange resins are currently under •.

way at BNL. IIUsing techniques similar to those discusse,d above, investigations
of acid product fOl"'lHtion (pH change), radiation induced corrosion, radiolytic
gas fonnatioril• and resin agglomeration are be1ng carried out. Irradiation fa-
cilities 1ncl,iude a,60Co gllPN flux and a 3 MeV,electron accelerator. The ob-
jectives of these 'experilllents are fi rst to confi nn Ind ~xtend the resul ts of
scoping studties described above, and, second, to detennine the dependence of
potenti ally s1 gni fi cant rad1lti on effects on key plral1leters such as radi at ion
dose. dose rlite. type of rad1 ation and resin loadi ng. '1"0date, measurements
have centered; Ilmost entirely on two resin types: the ~ation exchanger
AnDerl1 te IRN,i-77a"d the .C-66' n res in supp11ed to BNLby the NRC. With the
exception tha~ C-6~' is a cation exchanger, no written ~cumentation is avail.
able. !I' , 'i, I

ii ' i

The funct:ional: group on the IRN-77 resin is sulfonic acid (-S03H). This
material is supplied lnthe hydrogen fonn. To investigate the sensitivity of
radiation lnduced effects to resin 10lding. lII!asurements were carried out on
IRN-77 in the'~hydrogen fo"" (IRN-77(trt" and on slJllples, of IRN-77 which had
been converte'(i to sodiUM fo"" (IRN-77 (Na+». •

II .',
II :, .' I

Certain preHm' nary results of the. BNLlnvest1gatlonsare descr1bed briefly
1n sections 4:~.1through 4.4. It IIIJst be '~hasi%ed that these results are pre-
liminary. and!~ in severa' cases ••.• st be considered subject to confirNtion.
The Objective!!' herel15 to display early trends. !

II

4'.1 Fonnati oh of Acl des)

A.ser1es~ of s~les ~as g4111M irr~diated.to ya'r1~S doses at a dose rate of
approxlmatelYI14 x lOC R/hr. The 1rrad'ition were carrled out in vented pyrex
tubes. Following 1rrl«111t.ion, the samples were throughly mixed with deionized
water in the ratio;2 g resin to 10 IlL water. The pH Of theresultlng solution
was then measured and recorded. In1tial results are shown in Table 4.1.
Several obserVations Ire noteworth,y:

ii:

(!J Witho~t exception, for the res:in studied, the pH steadily decreased for
increasing 91'" dose. This radiat10n induced generation 'of highly
acidic conditions is in accord with prev1ous.asurements cited above.i!. ; .

, ,

• The aCidity produced is sensitive toresln chetftfcal loading. The sodium
form of IRN-77 is .uch less acidic thin the ~drogen form prior to 1rrao
diation. and this trend continues in lrradiated'samples. One sample of
C-66~ilres1n was titrated to pH 7 with NaQHprior to irradhtion. which
converted the resin to the sod1um fOrM. Follow1ng irradiation, the pH
of the titrated C-66' resin solution was substantially higher than that
of an il,untreated C-66~ resin exposed to the same gammadose.

" I1 . ,-

• In the pH experiment, the water mixed with the irradiated resins becomes
colored. The coloring darkens steadily from pale yellow to deep amber
with 1ncreas1ng absorbed dose. For equal radiat10n doses, the coloring

15



.,
was'llalways IROrepronounced for IRN-77 (H+) than for IRN-77 (lla+).
Thus, the coloring following the same qualitative trends shown in the
pH lbeasurements. .

Iii I
'I "

Table 4.1
. :1Hydrogen Ion Concentrations (as pH) of Water in Contact With

:1 ;! 1rrad1atedlon Exchange Resins:

pHa'
C-66' (Ha+)b lRN;.77 Or.)Dose (rad) "

ii-
ii

o
107 (y) ::,

1.25 x 107 (~-)
il3x107 (y)

4.6 x 107 (er)
il

108 (Y) 'i

3 x 108 (y)

109 (y)

:1 C-66'
~;

,"

ii, 4.4
2.6

2.0

1.6
1.1
0.9

7.0
•...

3.0

3.5
2.5
2.5
2.0
2.0
l.5
1..0
0.6

IRN-77 (Ha+)

6.8
4.7

3.6

2••9
2.1
1.3

',I

aMe~su~ed i n~fsupernate ofa lIIixture of 2'g of res fn and 10 iii.. of
delon, zed water. ,;
bTitrated tO~1pH 7!;with NaOHprior to irradiation. •

I I
-L, 'I ' _ -. " _ , :

h

"
4.2 Agglomeration

I! I

ij II, , . :

Only qualitative results (visual observations) are presently available.
ForIRN-77 (~a+) ,,: IRN-77 (H+), and C-66' resins, irradiation to doses of ap-
proximately loB rid did not produce Iny severe IgglOMeration. The.ajar visi-
ble effect w.~s that the resins became progressively IROrecolored. At 3 x 108
rad, a defin,'te stickiness was observable in 1'1 three resin types. The lRN-77
(H+) seemed most affected. At 109 rid, the IRN 77 (H+) had a gu~ ap-
pearance. The IRW-77 (Na+) was silllilarly IgglO11erated~ The C..•66' restn al-
though quite!1 sticky, was somewhat less agglonerated than IRW-77 (H+). When
water was added to 11' these resins UO:2 by weight), the santples IIdeagglom-
erated". The lRN-77 (H+) fanned a gel-11ke solution.. :Again, the C-66~ resi n
seemed more &urable.

:1

4 .•3 Corrosi ~ln
!I!

Corrosfbn behavior of mild steel and stainless steel (304) in irradiated
IRN-77 (H+) ,II IRN-77 (Na+) and C-66' resfns hiS been studfed. Coupons were

Ii
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"

Ii 'i .. :
int>edded in resfnii'samples prior to g&nna f.rradiation. :Tbesamples were then
irradiated t9 various doses. Subsequently, the ~oupons were removed and com-
pared with similar coupons which had been emedded in resins, but which received
no irradiation. Again, at this point, only qualitative results are available.
These are described below:

II' ,
• For ~i1 d ~tee', corrosion was increased by irr~1ation. IRN-77 (H+)

and t-66~~res; ns appear morecorroslve than IRN-17 (Na+).
'Ii . . '

• Corrpsion'is greater fgr samples;rradiated to ,3 x 108 radthan for
those i rradi ated to 10 rad. The corrosion time for dose of 108 rad
is approximately one day and three days at 3 x jl08 rad dose.

I! :

• Thus Ii far,': (3 days corrosfon time, 3 x 108 rad) :rldiltion enhanced cor-
rosion has not been observed for stainless steel.

II ;

4.4 Fast El~ctron Irradiations

severalil sampies of IRN-77 (H+) were irradiated with 2.2 MeVelectrons.
Both pH meas~rements in vented contai ners and gas evolUtion measurements in
closed containers have been carried out. In the gas evolution measurements, the
pressure wasll,monitored while the irradiation progressed. The calculated dose
based on beam current and energy loss data was approxi.tely 1 x 108 rad per
hour in the press~rization measurements and 5x 107 rad per hour in the pH
studies. Results;!to date indicate: . ,

'ii'
ij 11 • - • • !• The measured pH in the electron irradiat,on measurements so far agree

reasonably well with the expected gama 1rradfat10n at the same total
dosell.(c.f!, Table 4.1). This suggests that the pHchange is not par~
ti cu;~arly;; sensitive to dose rate, and that electrons and ganna rays are
sens:~bly equivalent on a per rad basis. !

~ !: '

• At an absorbed dose of approximately 3xl08 rad, In overpressure of
abou,t 3 psi was produced in the closed containe'l' experiment. We are
pres~ntly; detennining the plenum volume; it is :estimated at ,least 500,.
The ~, ope, of the pressure versus dose curve appears so far to be
closely proportional to radi ation dose rate. This was detenn1 ned by
changing the beam current during frradiation. While monitoring the
overPressure. This .appears to bean extremely\:useful techniqueo
Hydrpgen and methane were 1dentifiedas gaseou radiolysis productso

17
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5. SUM~RYOFIIIRESU4TS

The work ~rfomed at GIT. PSU. and BNLdescMbedpret/iously within this
report fall into four categor1es: pH change •. gas"generat~on. agglO11erltion, and
corrosion of metals lin contact with irradiated ion exchange lIedia. The results
by category are summarized below.

!~ 'j

w .

No Itternptllwas made to interpret the results of these: experiments. This
review is not intended to imply agreement w1th. or reject~on of, the interpre-
tations and conclusions given in the documents reviewed. i

Ii " .
;1

5.1 pH Changes
!l' i

• For rAdiation doses of about 107 rad and above, .11 pH
changes wete observed by PSU and BNLto be substantial with
respect to~the pH of the un1rrad1ated starting materials
with ~he exception of IRA-400. . i

• The wAter added to irradiated resins, to perform pH measure-
ments II at BNLwas observed at to become colored" I The coloring
darkens steadily (from pale yellow to deep ame,.) with increasing

Ii' " " • 'dose. ,I. ,.

!I J '." -I

• Layered combinati ons of theH+ and NH4+fonis of! the IR-120
catio~ resins with stratification ratios ranging: frClll 1:10 to 1:1 7
to 10~1 byjweight were examined at PSU. All samples ..received 7 x 10
rad total a,bsorbed dose. After irradiationallhyered. speciEns
had'O,w pH

fl
values (l.5t02.5). ,Somespecimens showed allOdest

varia~ion QfpH 11ongthe 'bed length. ,Based 'upon this experillent,
the hydrogen form of IR-120 15 estimated to have: a final pH of 1.5,
whilell'the ArmIOniated fonn is estimated to hive I' final pH of 2.4.

, ,

• AtPSU, thJIRA-400 anion resin was irradiated to 4,,4 x 108 rad,.
and h,d a measured final pH identical to that of the unirradiated
starting material.

• Simi1!r pH;changes were observed at .BNLfor theIRN ...77 fi+ fo1'll
catioq exchange resins to those changes observed: at PSU fo~ the
IR-

S
12qH+ fonn at similar total acculOOlated, tOta~ dose of about

lOrado These irradiations were carried out 1n~a 60 Co 'gama
flux,,;11 Several samples of resins irradiated at BNLto 109 rad
showe~ pH ~alu~s of about 1.0. Samples of the IRN-77 Na+ form
excha~ger exam, ned atBNLshowed pH values consistently higher
(lessllacidic) than the IRN-77 H+ form. :

i/ ~ . !.

• The electron irradiations of resins at BNl...which were about ten
timesilhigher in dose rate than the 60Co irradiations5 showed
similar pH"changes in the resins to those pH changes observed for
gallll'li'11'irradi ated res in. .

Ii •
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5.3

..
. ,

.,

The PSU study indicated that the final pH of the gallinairra-
diated zeolite increased from 8.0 to 9.0. The total dose
for ~he zeolite specimen was 4.4 x 108 rad •

.5.2 Gas Gene~atioh
!I

• In the GIT study, significant quantities of gas were generated
during irradiation of resins. Gas analysis identified the fol-
lowipg components: hydrogen, methane, ethane,: propane, andbutane. An apparent threshold for the onset of pressurization
varied from about 5 x 107 to 8 x 107 .rad of cumulative dosefor the various organic ion exchange media tested.

I! ; I

il .! I• At PSU, pressure changes indicating generatiQQ of gases wereobserved for the irradiated zeolite U.4 x l~rad dose).
II . .,
'I ' .:• At B~L, gas generation was also observed 1n th~ electron

irradiated resin experiments. Hydrogen and me~hane were identi-
fied~'as g~seous radiolysis products. '

'I!; I

• GIT reported a liquid which frothed upon release of pressurewhic~ had~developedinthe sample container dur:-ingthe course
of t~e irradiation. This observation suggests ,significant
amouits or dissolved gas are present in the liquid.

it _ i!"Ag910mer~tion
. ~I' ,. . . i .'• Agglomeration of the resins was observedatGIT, PSU, and BNL.

., ;,.' - _"." IAn attempt was made at PSU to evaluate" the degtee of agglomera-
tion IIby .~asuri ngthe flow rate of water th~o~gh column~ of .packed ,on exchangers before and after receW1 "'9 gamma ,rrad,a-tionJ At 'a dose of 2~2'x 109 rad, both the IR~120 cation
(hyd~ogen ':tom) and the IRA-400 anion resins had agglomeratedto the degree that no flow of water could be observed.
Irradiated zeolite specimens did not agglomerate.

~' . '
I' " I

• In t~e experiments at BNL, the addition of water was observedto "deaggl'omerate" irradiated resins.II .

• Geordia Teich reported a solid-liquid phase separation. Signifi-
cant Ilquantitesof liquid were released from the irradiated resin
rnatri:ix•

5.4 Corrosion
II

• Corrosion studies of metal coupons en'bedded ;nres;ns wereperfonnediat PSU. Irradiations were carried out in a gamma
flux '(e1th~r.60co or the mixed ganrna..ray spect~um of theTRIGAi-MARK III reactor in the shutdown mode). :SubstantialradiaJtion :1nduced pit-type corrosion was observed for mil d
steelllcoupons in all organic resin tyPes, as well as thezeoli[te tested at doses from 4.4 to 108 to 2 x il09 rado

1/ ;,
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!; ,-• Recent wort It BNLon corros ion of sta1 nless steel iaDedded
in ~~ins indicated no corrosionl~ the end of I three day
exper1Dlent used to obtain I 3x lots rid. dose. '

i! i: " i

,
..~

.1
I
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APPENIOXA

. ., "
This appehdix outlines the method used to calculate ,the cumulative absorbed

dose as a function of time. The results of these calculations were displayed in
Fi gure 1. L !i

Table A.l!i1ist~ the radionuclides which were considered, as we" as rele-
vant quantities of activity and pertinent decay properties. The selection of
these radionuclides"and of the relative amounts was base4 upon an analysis of
the influent t9 a P4rticular TMI/EPICOR-ll prefilter (fI6). This information
was obtained at a meeting held at the TMlsiteonOctobet 20, 1980. The curies
of an isotope were scaled such that a hypothetical liner 'would contain approxi-
mately 1300 total curies.

I',

Table A.l

tl12
(yr)

A
(yr-l}

!

Nuclides and Relevant Decay Data Used in
Calculation of Dose Rates !

I

EC : , rC
MeV (~ad/em2hr-lnCi -1)

::Totalb
;:Curies
"

II

Radionuclid~a
t
"

895r II 65 5.0 0.138 0,.583 noY dI~

(\ 90~r I~ 25 0.025 28 0.200 noY
19 y)e , (95) (.0073) (0.931) (noY )" 'I

34Cs II 200 0.33 2.1 0.152 8.7it.
Ii'

137Cs Ii "1000 0.023 30 0.195 3,,3
",II

aThe~e ra~iQisotope accounted for approximately 99% of [the total
radloact 1Vlty., i

bNonnalized to approximately 1300 total curies.
cReferenc:e 6~ l' . •
dLess than 0~01~ of 895r decays with the releose of a garrma ray; for
the purpose Itof cal culation thi s mode was neglected.: ' ,

!Daughter ofj:90$r~ for the purpose of calculation. gOY ',was assumed
to aec~ coincldent with pareht decay.

II I

il

'II

Ii ,~ '
The remaining information (geometry, activity densities, etc.) used in the

calculations is given in Table A.2.Threecaseswere considered. In each case,
the total act;v; ty is assumed to be unifonnly di stributed throughout the volume
of a cylinder. II The':radius of a'1 cylinders is 60 em, while the heights are 80,
40, and 20 em. II For :!these assumed geometries, the bulkaativity densities are
40, 80. and 16q Ci/ft3, respectively. .

. The dose 4elivered by beta decay was caleu1a~ed from th~~following equa-
t1ons. The initial ',beta dose rate of the ithradlonuclide, D1• is:

• S II
0i II A Ci1i
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Table A.2

Assumed Geometr,y. Geometric Correction. and
Activity Densities Used in Calculation

Case
a b c

"

radius
,I

60 60 60(em) ::
height (cm)ii 80 40 20
g (em- f) 216 206 180
volume (ft3) 32.5 16.3 8.13

(cm3) 9.2xl05 4.6xl05 2.3xl05

activi ty de~sity " (mCi/cm3)
89Sr ,I • 0.07 0.14 0.28
9°ir 0.027 0.054 0.11 '
13"Cs 0.22 0~44 0.88
137Cs 1.1 2.2 ' 4.4

~;

Ii
.!~_ - - I

Ci is the activity :idensity of the1th radionuc1ide. E; ~s the average .!leta
energy and A is a proportionality constant. WhenCi 1s1n Ci/cm3 and Ei
is in MeV. A equalS 2.1 x 103 rad cm3 MeVhr-1nCi-1 andiOi is obtained
in rad per~hrJ The total absorbed beta dose due to the dec~ of the ith radio-
nuclide. D,(.). is"

II "

b~x ~.76 x 103 hr.yr-lD~(i&» = _,1'__ ,, _
, Ai

il'
'I

where Ai is the de~ay constant of the 1th radionuclide 1n years-I. The beta
dose absorbed 'ilat a~y time may then be cal cul ated by

D~(t) = q~(""):;(l_e-Ai t).

The dosJ deli:vered by gall1l11decay was estimated f~oin the fo1'1owing equa-
tions. The ga'mma dose rate is

.y !!

Di == Ci qg
'I "

where fi is ttle gamma ra.y constant of the ith radi onuclide and 9 is a geomet-
ric factor, w~ich assumes tisslJe equivalency. r i has the units
rad cm2mCi-1hn-1• V has the un,t em- •

il

'i ' i

The values of ::g given in Table A.2 were estimated from the values of 9
given in Refe~ence 12. Extrapolation of 9 for a cyHnde11' of radius. r, of 60 cm
was acc()mp1is~ed by, least square fitting the published data to the fom

"

g2. B mr + ,ib.
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The total gar&na absorbed dose, Die.) ,1 s
hI x ~.76.x 103 hr.yr-1oY(-) = .•..'1 ••••, . _, A;

and the cumul'iat;ve: gall111adose was obtained from
i! 'i

Ol(t) I: ito?,(.)': u - e->.;t).
"j

fThe totalcum'ulative absorbed dose for all nuclei ~nd both decay types was
obtained fro~ the ~ollowing .equation,

O(t) =I:!!(of(~) + 07(m»)(1 _ e-Ait).
1! '

This equatio~i is pJotted in Figure 1.1 as a function of! time for each of the
three 1oadi.ng1s. !

"
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