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LEACH BEHAVIOR AND MECHANICAL-INTEGRITY STUDIES OF IRRADIATED EPICORf'LL WASTE PRODUCTS
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ABSTRACT

The leachabilty of Cs and Sr from cement solidi-
fied ion exchange media claimed to be representative
of the Epicor~Il prefilterz (D-m'x) 1is presented.
The Cs and Sr release is significantly lower than
that typically observed for organic ilon exchange
The effect of radiation up
to a total dose of 107 Gy upon the leachability and
mechanical integrity (as measured by MCC-11) of D=
No

resin/cement composites.

mix/cement composites has been investigated.

deleterious effects were faund.

INTRODUCTION

During the accident at Three Mile Island Unit 2,
several hundred thousand gallons of contaminated
vater vere rezleased ta the auxiliary and fuel han-
dling building.(1)

using a demineralization system, Epicor-II.

Thig water wvas decontaminated
Most of
the acivity vas localized on the first-stage liner
(prefilter) of this system. Each 12-m-diameter x
12~z-high cylirdrical prefilter contains typically
4.4 x 1013 to 4.8 x 1013 Bq of acrivity. This is
not distributed uniformly through the prefilrer.
Rather, the majority of the activity in the liner 1is
localized in a narrov band within the cylindrical
The exact width of this band is not known at

Using an assumed thickness of this layer,
Swyler et 21.{2) have estimated that the total ab~
sorbed dose to portions of the prefilter media could
reach 106 Gy in as little as 2 years. A dose of
107 Gy in this concentrated layer could be achieved
in approxfmarely 30 years.

linper.

present.

Recent studies of radiation damsge ro organic ion
exchange ned1a(2:3:4) gndicate thue, for a total
dose in the range of 106 to 107 Gy, a variety of

*Work carried ocut under the auspices of the U. S.
Nuclear Regularory Cocaission.
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effects occurs. These effects include gas gentra-

tion, pR changes, agglomeration of ion exchunge

media, and accelerated corrosion of wild steel in
contact with the lon exchange wmedia. Although tiege
atudies were performed at high dose ratea with ion
exchangers vhich may or may not be representative of

those in the first stage Epicor-I1 1liners,

tiege
resulzs raise serious questions regarding the shrt—

and long-term “zhavior of the ion exchange media.

All of these studies, however, have considered the
effects of radiation on unsolidified ion exchinge
reains. While the effects are pertinent to the
short-term storage of spent, Epicor-II prefilters,
they would not be relevant to the conditions of tig-
posal of thesc liners in commercial sahallow-land
burial aince solidification of the contents of the
prefilters wvas mandated by the U.S5. Nuclear Regila-
tory Commission.* One management option which wag
considered by General Public Utilities (GPU) for the
prefilter vaates vas cement solidification.

golidification

A rwain

test oprogram was undertaken by
Hittman Nuclear and Development Corporation under
contract to GFU(5) in order to define the optizum
formulation, or range of fcimulations necessarr to
solidify the prefilter material with cement. It vaa
hovever beyond the scope of this program to deternine
the effects of radiation upon the solididifice:ion
process.

In particular, three queations wvere not

addressed:

1. Was 1t possible to solidify in cement ior ex~
change meterial vhich had recieved a tital
dose in the range of 106 pa 107 Gy usimg a
formularfon developed uaing unirradiated fon
exchange medial

'Agteaunt to accept these vaates for treatment
and/or disposal by the U.S. Department of Zuexgy
has recently rendered guch requiresents moot. A
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2, What was the effect of radiation upon the
leachability of ion exchange wmedia solidified

using cement?

3. What wvas the effect of radiation upon the
wechanical integrity of ion exchange media
solidified using cement?

These questions caunot be addressed generically, how-
ever. Barletta et al.{6) have indicated that,
based upon a survey of the literature, the properties
of composite containing organic 1on exchange resin
solidified using cement depended quite strongly upon
the particular resins being aolidified. It was thus
felt that the effects of radiation from resin/cement
conposites would also vary with resin type especially
since the effectt of radiation upon unsolidified ion
exchange regin algo show this dependence. We have,
therefore, attempted to addregs these questions with
respect to the solidification of a single mix of iom
exchange wedia (D-mix) chimed by Epicor, Inc. to be
representative of the Epicor-Il prefilter experience.
Further, since the results of our study were intended
to compliment thogse of the resin solidification test
program counductad by GPU, we selected a formulation
for D-mix solidification recommended aa a result of
that progrsm. The impact of irradiation upon solidi-
fication itself, in addition to the propcrties of ir-
radisted D-mix, has been discussed elsewhere.(7)
Only the effect of radiation upon the leachability
and mechanical integrity of D-mix/cement composites
will be diacussed here.

EXPERIMENTAL

All fon exchange media used in this study wvere aup~
plied by Epicor, Inec. Prior to solidificatrion all
material vas chemically depleted to simulate average
sodiun and boron loadings of Epicor-II prefilters
(3.2 kg of Na/m3 and 9.5 kg of B/a3). In addi-
tion, the D-uix was further deplered with nonradio-
active Cs¢Cl and SrCl; to siamulate a loading of 5 =x
1013 Bq/u? (as 13%ce) and 1 x 1012 pq/ed
(as 905r). For D—mix used in leschability experi~
ments, the ion exchange medius was also loadeld with
137¢s and 855r to a lzvel of 1.5 x 10% and 1.0
x 10% Bq/g of D-naix, respectively.

D-aniz/cezent composites were either prepared using
irradiated ion exchange media or the couposite was

irradiated after fabrication. Two doses, 106 Gy
and 107 Gy, wsre selected to bound short- and long-
term conditions. All irradiations were carried out
in BNL's 60Co gamma pool at & dosa rate of between
2.9 x 104 to 5.2 x 10% Gy/h. = 1Id addition to ir~
radiated composites end unirradiated compoaites, con~
taining irradiated D-mix, D—q!.xlceﬁent composites
were also fabricated from unirradiated D-mix and

tested as such as controls.

All composites were fabricated using Portland Type
I cement according to the formulation recommended by
GPU. The composites contained D-mix, water, cement,
and sodium metasilicate (Metso) in the weight ratio
of 350:153:514:51. For D-mix which had been irrali-
ated to 107 Gy, approximstely 112 more water had to
be added to obtain a golidified, monolithie product.
Samples were fabricated in cylindrizal containers to
produce 8 composite with nominal dimensions of 4.6
diameter by 5.1 em high. Prior to either leach test-
ing or mechanical integrity testing, samples vere
cured for nine days followed by storage and/or irra-
diation for ten days.

Leach tests were conducted for a total of 30 fays
using & modified IAEA leach test(8). T leachare
used was delonized vater at room temperature. Leach=
ate was collected at & hours after the atart of the
test, after each successive 24-hour period during the
first 2 weeks except faor veekends and holidays, and
twice per week for the following 2 weeks. The wol-
upe of the leachate was approximately 10 times the
surface area of the cowpoaites (1160 mL). Each leach

tesz was tun using 3 replicate sauples.

Hechanical integrity wvas tested by messuring the
fracture tensile strength of the composite accordinog
to procedureg se¢ forth in scc-11. (%) Sanples for
mechanical integrity tests were prepared by corl
the solidified forma vith an air-cooled diamond-ciged
coring drill, 12.3 ma I.D. This was followel by
cutting the cores with an ISOMET Low-Speed Saw
equipped with a 11-4244 dignond wafering blsde to
form diaks with a nominal thickness of 6 m. Yach
forn waw cored to give sufficient material to profuce
five saoples per form. The fracture tersile
strength, T,(MPa) for each sazple was calculated ‘roa
the waxioum load, P, (N) by the following expressiza:

T = 2P/wdt
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where d is the specimen diemater (ow) and t the
specimen thickness (mm).

RESULTS AND DISCUSSION

The results of the leach tests are presented graph—
ically in Pigures 1 through 4. Further, the average
cumulative fraction released normalized by the vol-
ume to surface area ratio (V/S) is given in Table 1.
Unirradiated D-mix/cement composites indicate Cs and
Sr releage is as ouch as a factor of 30 times lower
than that reported in the literature(i0:11,12) gor
resin/cement composites. There are two possible ex—
planations for this behavior. The firat is the pos—
sible presence of zeolites in the D-mix. The D-mix
is claimed by Epicor to be representative of the
first-atage Epicor~II1 prefilters. If this is true,
and since some of the prefilters are known to contain
zeolites, one may speculate that zeolites are also
present in the D-mix. Barletta et al..(s) in a
reviev of the literature in resin/ cement composites,
have concluded that zeolites auch as Zeolon Z~900 and
Linde AY-500 may reduce the cesfum leachability of
resin-cesent compogites. Recent experimenn(u) on
the Cs snd Sr leachability from IRN~77/cement compos-—
ites, shown in Figures 5 and 6, tend to corroborate
this explsnation. With respect to the release of Sr,
these experiments, however, indicate that the lovered
Sr release cannot be explained by the possible pres=~
ence of zeolites in the D~mix. A second explanation
also offered in Reference 6 1s the presence of sili-
cates (Metso) in the composite. The data given in
Figures 5 and 6 do not support this hypothesis.

The effrct of Irradfation upon the Ca and Sr re-
lease froz D-mix/cement composites is much less pro-
found than the lovered relesse observed for these
elements in the unirradiated composites discussed
sbove. Cemposites fabrizated from D-mix which had
been irradiated prior to fabrication showed only
slight increases in the Cs and Sr releases. Com-
posites irradifated after fabricstion shoved a slight
decresse in the Cs release upon irradiation and s
slight incresse in Sr release.

ao4

CFR X V/3 (cm)
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Figure 1 Average cumulative fraction release

(C.F.R.) normalized by V/S for 137¢s
releage in deionized water for D-miz/
cement composites in which the D-mix
wag irradiated prior to molidificatianm.
[0~ unirradiated D-mix; o - D-mix ir=
radiated to a total dose of 106 Gy,

A - D-mix irrczdiated to a total dost of
107 gy.
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Figure 2 Average cumulative fraction release

(C.P.R.) noraalized by V/S for 95sr
relesse in defonized water for D-m'z/
cement composites in which the Dem'x
was irradiated prior to solidificazon.
[J- unirradiated D-aiz; o - D-nix =
radisted to a total dose of 108 Gy:

4 -D-mix irradiated to & total dos: of
107 Gy-
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Figure 3 Average cumulative fraction release
(C.F-R.) normalized by ¥/S for Z3sr
release in groundwater for D-mix/
cement composites in which the D-mix
was firradiated prior to solidification.
D- unirradiated D-mix; o - D-mix Lir~
radiated to a total dose of 106 Gy;
A - D-mix irradiated to a total dose of
107 Gy.
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Figure 4 Average cusmulative fraction 137¢cg relenge
(C.P.R.) normalized by V/5 fu: 137cg re=
lease in groundwater for D-mix/cecent com-
posites in which the D-mix wvas irradiated
prior to solidification. []- unirradiated
D-nix; o-D-mix irradiated to a total dose

of 106 Gy; 4-D-mix irradisted to a total
dosz of 107 Gy.
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Tabla 1

Rezults of Lasch and Hechaotcsl Integrity Tests on
D-Mix/Cemant Composites

Ave. Cumulstive
Fraction Relesged®

x v/3 3 103 (cw)

CFR X V/8 {cm)
9

Doss k4
Sampla Preparation ©y) 137¢, LTS ()
Uairradiated o 2.1 +0a2 0.79 + 0.07 1.2 = 0.3
Duix {rradiated prier 0h 2.1 +0.3 0.65 + 0.05 1.2 ~ 0.2
to fabricatios = - -
D-alx trrediated prior 107 3.4 + 0.3 1.9 + 0. 1.0 =~ 0.3
to fabricatiem - = -
Solid irrediated aftar 104 0.93 + 0.1t 0.98 + 0.41 led = 0.3
Fabrication - -
Solid irradisted aftar 107 1.18 # 0.03 1.71 + 0.3 1.4 + 0.3
fabrisction - = -
$Dafoniced vatar leachate, )0 day laseh test at room temparaturs.
-
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Figure 5 Average cumulative fraction release
(C.F.R.) normalized by V/S for 137cs

relesse from IRN=77/cement cooposites

leached in deionized wvater at rooa

temperature.
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Figure 6 Average cumulative fraction release
(C.F.R.) normalized by V/S for 85 sr
relezre from IRN-77/cemant composites
leached in deionized water at room
temperasture.

The mechanical irntegrity as measured by the average
factor tensile acrength (T) of these composites are
also listed in Table 1. Within the variation of the
measurement, no deleterious effects vere observed in
the mechanical integrity of D-mix/cement composites
as a result of irradiation.

CONCLUSIONS

As a result of these experiments it can be conclud-
ed that radiation has no deleterfous effects upon the
Cs or Sr leachability or mechanical integrity of D-
mix/cement composites. FPurther, the Cs and Sr leach-
ability of unirradiated composites is aignificantly
lower than that typically seen for resin/cement cam-
posites. This is opparently due to the components of
the proprietary mix.
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