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effects occurs. These effects include gas genara-
ABSTRACT

tion, pH changes, agglomeration of ion exchoge

The leachabilty of Cs and Sr from cement solidi- media, and accelerated corrosion of mild steel in

fled ion exchange media clataed to be representative contact with the ton exchange media. Although tiese

of the E pico r-Il pref 11ters (D-a%) is presented. studies were performed at high dose rates with ion

The Cs and Sr release is significantly lower than exchangers which may or may not be representative of

that typically observed for organic ion exchange those in the first stage Epicor-II liners, ttese

res in/ cement composites. The ef fect of radiation up results raise serious questions regarding the sh:rt-

7 Cy upon the leachability and and long-tera behavior of the ton exchange media.to a total dose of 10
mechanical integrity (as maseured by MCC-11) of D-

als/ cement composites has been investigated. No All of these studies, however, have considered the
effects Of radiation on unsolidified ion exchagedeleterio9s effects were found.
resins. While the effects are pertinent to the

short-tera storage of s pe nt , Epicor-II pref 11ters.
they would not be relevant to the conditions of tis-

INTRODUCTION
posal of these liners in commercial shallow- and

During the accident at Three Mile Island Unit 2, burial since solidification of the contents of the
several hundrwi thousand gallons of contaminated pref 11cers was mandated by the U.S. Nuclear Regtla-

water were released to the auxiliary and fuel han- tory Commission.* One management option which was

dling building.II) This water was decontaminated considered by General Public Utilities (CPU) for the

using a demineralisation system Epicor-II. Most of prefilter wastes was cement solidification. A resin

the scivity was localized on the first-stage liner solidification test program was unde rtak en by

f (prefilter) of this system. Each 1,2-a-diameter x Hittman Nuclear and Development Corporation uider

| L2-a-high cylindrical prefilter contains typically contract to CPU (5) in order to define the opt:. sue

4.4 x 1013 to 4.8 x 1013 Bq of activity. This is formulation, or range of formulations necessary to

not di s tribut ed uniformly through the prefilter. solidify the pref 11ter material with cement. It was

f
Rather, the asjority of the activity in the liner is however beyond the scope of this program to detersine

localis ed in a narrow ba nd within the cylind rical the effects of radiation upon the solididifica. ion

liner. The exact width of this band is not known at process. In particular, three questions were not

present. Using an assumed thickness of this layer, addressed:

Swyler et al.(2) have estimated that the total ab-
sorbed dose to portions of the pref 11ter media could 1. Ves it possible to solidify in cement iot az-|

reach 10 cy in as little as 2 years. A dose of change material which had recieved a utal6

go 107
Cy in this concentrated layer could be achieved dos e in the ra nge of 106 Cy using a

107
formuistion developed using unirradiated ionin approutaately 30 years.
exchange mediaf

Recent studies of radiation damage to organic ion
enchange media (2,3,4) indica t e that, for a total

to 107 Cy, a variety ofdose in the range of 106
* Agreement to accept these wastes for treatment
and/or disposal by the U.S. Department of trargy"Jork carried out under the auspices of the U. S.
has recently rendered such requirements moot.

Nuclear Regulatory Cec 21ssion.
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2 What was the effect of radiation upon the irradiated af ter f abrication. Tuo doses, 106 cy |
I

1eachab111ty of ion exchange media solidified and 107 Cy, were selected to bound short- and long-

tern conditions. All irradiations were carried outusing cement?
60 o gamma pool at a dose rate of betweenin BNL's C

4 Cy/h. In addition to ir- .

3. What was the effect of radiation uran the 2.9 x 104 to 5.2 x 10
mechanical integrity of ion exchange media radiated composites and unirradiated composites, con-

,

__

solidified using cementf taining irradiated D-uiz, D9 mix / cement composites

were also fabricated from unitradiated D-six and

These questions cannot be addressed generically, how- tested as such as controls.

ever. Barletta et al.(6) have indicated that,
based upon a survey of the literature, the properties All composites were fabricated using Fortland Type

of composite containing organic ion exchange resin I cement according to the formulation recommended by

solidified using cement depended quite strongly upon CPU. The composites contained D-aix, water, cement,

the particular resins being solidified. It was thus and sodium metasilicate (Metso) in the weight ratio

the ef fects of radiattom from resin / cement of 350:153:514:51. For D-mix which had been irradi-
felt that

composites would also very with resin type especially
sted to 107 Cy, approximately 111 more water had to

since the ef f ects of radiation upon unsolidified ion be added to obtain a solidified, monolithic product.

exchange resin also show this dependence. We have. Samples were f abricated in cylindrical containers to

therefore, attempted to address these questions with produce a composite with nominal dimensions of 4.6 cm

respect to the solidification of a single six of ton diameter by 5.1 cm high. Prior to either iesch test-

exchange media (D-mix) claimed by Epicor, Inc. to be ing or mechanical integrity testing, samples were
cured for nine days followed by storage and/or irra-

ragesentative of the Epicor-11 pref 11ter experience.
Further, since the results cf our study were intended diation for ten days.

to compliment those of the resin solidification test
program conducted by CPU, we selected a formulation

1.each tests were conducted for a total of 30 days

for D-alm solidificatica recommended as a result of
using a modified 1AEA leach test (0). The leachate

The 1. pact of irradiation upon solidi- used was detonized water at room temperature. i.each-
that program.

fication itself, in addition to the properties of ir- ste was collected at 4 hours after the start of the

radia ted D-six, has been di scus sed elsewhere.(7) test, af ter each successive 24-hour period during the

only the effect of radiation upon the teachability first 2 weeks except for weekends and holidays, and

and mechanical integrity of D-six/ cement composites twice per week for the following 2 weeks. The vol-
une of the leachate was approximatcly 10 times the

will be discussed here.
surf ace ans of the composites (1160 nJ.). Each leach

test was run using 3 replicate samples.

E1FERIMENTAL Mechanical integrity was tested by measuring the

All ion exchange media used in this study were suP" f racture tensile strength of the composite according

plied by Epicor, Inc. Prior to solidification all to procedures set forth in MCC-11.(9) Samples for

f
material was chemically depleted to simulate average mechanical integrity tests were prepared by coring

| sodium and baron loadings of Epicou-11 pref 11ters the solidified forms with an air-cooled diamond-e!!ed

(3.2 kg of Na/m3 and 9.6 kg of 9/m ). In ad di- coring drill, 12.3 mm 1.D. This was followed by3

tion, the D-six was further depleted with nonradio- cutting the cores with an 150"ET Low-Speed Saw
to simuiste a loading of 5x equipped with a 11-4244 diamond wafering bla de to

active CsC1 and SrC12
137Cs) and 1 x 1012 sq/,1 form disks with a nominal thickness of 6 mm. Each

1013 ag/m3 (as
(., 90st). For D-utz used in leachability expe ri- f orm was cored to give suf ficient material to probce

ments, the too exchange medius was also loaded with five samples per form. The fracture tecstle

137Cs and 85 r to a level of 1.5 x 10' and 1.0 strength T,(MPa) for each sample was calculated fram
$

the maximum load, F,(N) by the following expressiansa 10' Bq/g cf Muiz, respectively.

T = 2F/sdeD-six/c e me nt composites were either prepared using
irradiated ion exchage media or the camposite was

a
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f .__ _ . .where d is the s pe cimen diameter (mm) and t the
specimen thickness (mm).
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RESULTS AND DISCUSSION J a
*

E
,y, 4

~ " " ' The results of the lasch tests are presented graph- k - ,

ically in Figures 1 through 4. Further, the average ;a"
,

fcumulative fraction relrased normalized by the vol-
une to surface area ratio (V/S) is given in Table 1.

Unitradiated D-six/ cement compasites indicate Cs and g
*

as as ma ma ma sie ma naSe release is as such as a factor of 30 times lower *M
than that reported in the literature (10,11,12) go,
resin / cement composites. There are two possible ex-

planations for this behavior. The first is the pos-
sible presence of reo11tes in the D-mix. The ~J-mix

is claimed by Epicor to be repr6aentative of the Figure 1 Average cumulativa fraction release
137Cs(C.F.lt.) normalized by V/S forfirst-stage Epicor-11 pref 11ters. If this is true,

release in detonized water for D-sia/an:t since some of the pref 11ters are known to contain
zeolites, one may speculate that realites are also cement composites in which the D-mix

was irradiated prior to solidificat'.on.
present in the D-mix. Barletta et al..(6) go a

- unirradiated D-six; o - D-six ir-review of the literature in resin / cement composites.
radiated to a total dose of 106 Cy,

have concluded that teolites such as Zealon Z-900 and
A - D-mix irradiated to a total dose ofLinde AW-500 may reduce the cesium leachsbility of

resin-cement composites. Recent experimente(13) on 107 Cy.

the Cs and Sr leechability from 1RN-77/ cement compos-

ites, shown in Figures 5 and 6, tend to corroborate _ _ . _ .

this explanation. With respect to the release of Sr,
these experiments, however, irdicate that the lowered !
Sr release cannot be explained by the possible pres-

ence of neolites in the D-sin. A second explanation [. , ,

*also of fered in Reference 6 is the presence of sili-
cates (Metso) in the composite. The data given in f

*

,

Figures 5 and 6 do not support this hypothesis. $ a

M a
lg*.

The ef fect of irradiation upon the Cs and Sr re- g
-g . .. . . R *.

*
,

.a .

lease frcus D-six/ cement composites is such less pro- a

gMI ~~~*

found than the lowered release observed for these
element s in the unitradiated composites discussed

I f*

above. Composites fabricated from D-six which had ,, ,, , , , ,, ,, ., ,,

# I""' N'I'I
been irradiated prior to fabrication showed only
slight increases in the Cs and Sr releases. Cos-

pcsites irradiated after fabrication showed a slight Figure 2 Average cumulative fraction rele.'se
(C.F.R.) normalised by V/S f or 85 rS

decrease in the Ce release upon irradiation and a
release in detonized water for D-m'.z/slight increase in Sr release,
cement composites in which the D-sis
was irradiated prior to solidificar_on.
O unirradiated D-=ts; o - D-=1= ir-

6radiated to a total dose of 10 Cy;

A -D-mix irradiated to a total dosa of
107 Cy.
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-

(C.F.R.) normalised by V/S for 85 r -S

release in groundwater for D-mix /
cement composites in which the D-six
wee irradiated prior to solidification.

- untrradiated D-mis; o - D-aim ir-
6 Cygradiated to a total dose of 10

A - D-sis irradiated to a total dose of
107 Cy.
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lease in groundwater for D-six/ cement com-

posites in which the D-min was irradiated
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f ysis of Irradiated Ion Exchange Materials, Final.,

,, *W Research Report,* Project A60-611, 1981.^^*
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! [4] K. K. 5. FILLAY, " Radiation Effects on ton Ex-8
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' NE/RWM-80-3, 1980.

[5] HITTMAN NUCIJ.AR AND DEVELOPMENT CORPORATION,

Figure 6 Average cumulative fraction release * Resin Solidification Test Prograa," E-114-D-
85 Sr 001, August 1980.(C.F.R.) normalized by V/S for

release from IRN-77/ cement composites

leached in deionised water at roca [6] R. E. BARLETTA, R. E. DAVIS, T. E. CANCJER,

temperature. N. MORCOS, D. C. SCHWEITZER, and A. J. VEISS.

" Status Report on I.eachability, Structural
Integrity and Radiation Stability of Organic

The mechanical integrity as measured by the average Ion Exchange Resine Solidified in Cement and

f actor tensite strength (T) of these composites are Cement With Additives," BNL-NUREC-28286,1981.

also listed in Table 1. Within the variation of the

measurement, no deleterious ef fects were observed in
the mechanical integrity of D-ain/ cement composites

as a result of irradiation.

CONCLUSIONS

As a result of these expertasets it can be conclud-
ed that radiation has no deleterious ef fects upon the

Cs or Sr leachability or mechanical integrity of D-

alx/ cement composites. Further, the Cs and Sr leach-
ability of unirradiated composites is significantly
lower than that typically seen for resin / cement com-
posites. This is apparently due to the components of
the proprietary alz.
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ABSTRACT effects occurs. These ef fects include gas genara-

tion, pH changes, agglomeration of ion eschange

The leachabilty of Cs and $r from cement solidi- media, and accelerated corrosion of mild steel in

fled ion exchange media clataed to be representative contact with the ion exchange media. Although tiese

of the E picor-II pref 11ters (D-eN) is presented. studies were performed at high dose rates with ion

The Cs and Sr release is significantly lower than exchangers which may or may not be representative of

that typically cheerved for organic ton exchange those in the first stage Epicor-II liners, t'.. e e

resin / cement composites . The ef fect of radiation up results raise serious questions regarding the shtet-

7 Cy upon the leachability and and long-term behavior of the ion exchange media.to a total dose of 10
mechanical integrity (as measured by MCC-11) of D-

alx/ cement composites has been investigated. No All of these studies, however, have considered the

deleterious ef fects were found. effects of radiation on unsolidified ion exchange

resins. While the effects are pertinent to the

short-term storage of s pe n t, Epicor-II pref 11 tars,

I'iTRODUCTION they would not be relevant to the conditions of fis-r

posal of these liners in commercial shallow *and

During the accident at Three Mile Island Unit 2, burial since solidification of the contents of the

several hunjred thousand gallons of contaminated pref 11ters was mandated by the U.S. Nuclear Regda-

water were released to the aux 111ery and fuel han- tory Commission.* One management option which was

dling building.(I) This water was decontaminated considered by Ceneral Public Utilities (CPU) for the

using a desineraliastion system, Epicor-II. Most of pref 11ter westes was cement solidification. A risin

the acivity was localized on the first-stage liner solidification test program was undertaken by

(pref 11ter) of this system. Each 1J-a-diameter x Hittman Nuclear and Development Corporation uide r

L2-a-high cylindrical pref 11ter contains typically contract to CPU (5) in order to define the optaua
|

|
4.4 a 1013 to 4.8 x 1013 Bq of setivity. This is formulation, or range of formuistions neces sa ry to

not di s tribut ed uniformly t hrou gh the prefilter. solidify the pref 11ter material with cement. It was

Rather, the majority of the activity in the liner is however beyond the scope of this program to determine

localis ed in a narrow ba nd within the cylindrical the effects of radiation upo n the solididifica:!on

| liner. The exact width of this band is not known at process. In particular, three questions were not

present. Using an assumed thickness of this layer, addressed

| Svyler et al.(2) have estimated that the total ab-

|
sorbed dose to portions of the prefilter media could 1. Was it possible to solidify in cement tot ex-

Cy in as little as 2 years. A dose of change material which had recieved a tital| reach 106
to 107107 Cy in this concentrated layer could be achieved dos e in the range of 106 Cy usirs a

formulation developed using unirradiated ionin approximately 30 years.
exchange media?

Recent stufies of radiation damage to organic too

l media (2.3.') indicate that, for a totalenchange

dose in the range c4 106 to 107 Cy, a variety of
* Agreement to accept these wastes for treatment

" Work carried out under the auspices of the U. S. and/or disporal by the U.S. Department of Erargy

Wclear Regulat3 y Cocai ssion. has recently rendered such requirements moot.
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2. What was the effect of radiation upon the irradiated after fabrication. Two doses, 106 cy

leachabiltty of ion exchange media solidified and 107 Cy, were selected to bound short- and long+

term conditions. All irradiations were carried outusing cementf
60 o gamma pool at a dose rate of betweenCin BNL's

4 Cy/h. In addition to tr-
3. What was the effect of radiation upon the 2.9 x 104 to 5.2 x 10

mechanical integrity of ics exchange media radiated composites and unirradiated composites, con-
,

_ _ ,

solidified using cementf talning irradiated D-mix, D9ala/ cement composites

were also fabricated from unirradiated D-sis and

These questions cannot be addressed generically, how- tested as such as controla.

ever. Barletta et al.(6) have indicated that,
based upon a survey of the literature, the properties All camposites were fabricated using fortland Type

of composite containing organic ton exchange resia
1 cement according to the formulation recommended by

CPU. The composites contained P-mis, water, ces,ent,solidified using cement depended quite strongly upon
It was thus and sodium metas111cate (Metso) in the weight ratto

the particular resine being solidified.
the ef fects of radiation f rom resin / cement of 350:153:514:51. For D-mix which had been irradi-

felt that sted to 107 Cy, approximately 111 more water had to
composites would also vary with resin type especially
sf ace the ef fects of radiation upon unsolidified ion be added to obtain a solidified, sonolithic product.

We have, Samples were fabricated in cylindrical conteiners to
exchange resin also show this dependence.
therefore, attempted to address these questions with produce a composite with nominal dimensions of 4.6 cm

respect to the solidification of a single six of ton diameter by 5.1 cm high. Prior to either leech test-

exchange media (D-mix) claimed by Epicor, Inc. to be ing or me chanical integrity testing, samples were
cured for nine days followed by storage and/or irra-

representative of the Epicor-11 prefilter experience.
Further, since the results of our study were intended distion for ten days.

to compliment those of the resin solidification test
selected a formulation 1.each tests were conducted for a total of 30 days

program conducted by CPU, we
result of using a modified 1AEA leech test (8). The leachate

f or D-six solidification recommended as a Leach-
The impact of irradiation upon solidi- used was detonized water at room temperature.

that program.

fication itself, in addition to the properties of 1 7 ate cas collected at 4 hours af ter the start of the

radiat ed D-sis, has been discussed elsewhere.(7) test, af ter each successive 24-hour period during the

only the effect of radiation upon the leachability first 2 weeks except f or weekenda and holidays, and

and mechanical integrity of D-mix / cement composites twice per week for the following 2 weeks. The vol-
une of the leachate was approximately 10 times the

will be discussed here.
surf ace area of the composites (1160 mL). Each leach
test was run using 3 replicate samples.

EXPERIMENTAL Mechanical integrity was tested by measuring the

All ion exchange media used in this study were sup- f racture tensile strength of the composite accott.ing

plied by Epicor, Inc. Prior to solidification all to procedures set forth in MCC-11.(9) Samplee for

material was chemically depleted to simulate average mechanical integrity tests were prepared by coring

sodium and boron loadings of Epicor-II prefilters the solidified f orms with an air-cooled diamond-e!aed

(3.2 kg of Na/m3 a nd 9.6 kg of B/m ). In addi- coring drill, 12.3 mm 1.D. This was followet by3

nonradio- cutting the cores with en 150 MET Low-Speed Sawtion, the D-six was f urther depleted with
active Ceci and SrC12 to simulate a loading of 5m equipped with a 11-4244 diamond waf ering blade to

C form disks with a nominal thickness of 6 sue. Each137 s) and 1 x 1013 Sq/m31013 Bq/m3 (as
90 r). For D-six used in teachability expe ri- f orm was cored to give suf ficient material to prv. ace

(as 3

meats, the ion enchange mediusi was also loaded with five samples per form. The fracture tensile

10' and 1.0 streugth, 7,(MPa) for each sample was calculated frac137 s a nd 85sr to a level of 1.5 xC
the maximum load, F,(N) by the following expressian:a 10 Bq/g of D-six, respectively,4

T = 2F/edtD-six/ cement composites were either prepared using
irra'tated ion excharge media or the composite was

S

" b - 7g ,
,_,q q
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where d is the specimen di ame t e r (se) a nd t the
specimen thickness (as).
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RESUI.TS AND DISCUSSION J '
a

E .
*

.2 a
' '

~~ ~~ The results of the teach tests are presented graph- h, ,
-a

"teolly in Figures 1 through 4. Further, the average *
. ,

cumulative fraction released normalised by the vol- 3SI
uma to surface area ratio (V/S) is given in Table 1.
Unteradiated D, nix / cement composites indicate Ca and g

*
u u na e ma se ma naSr release is as much as a factor of 30 times lower

than that reported in the 11te ra tu r,(10,11,12) for
resta/ cement composites. There are two possible ex-

planations for this behavior. The first is the pos-
sible presence of neolites in the D-six. The D-sis

is clatsed by Epicor to be representative of the Figure 1 Average cumulative fraction release
137Cs(C.F.R.) normalized by V/S forfirst-stage Epicor-II pref 11ters. If this is true.

release in detonited water for D-aiz/and since some of the pref 11ters are known to contain
seo11tes, one may s pecula te that realites are also cement composites in which the D-six

was irradiated prior to solidification.present in the D,al a . Barletta et al..(6) in a
review of the literature to resin / cement composites. - untreadiated D-six; o - D-six it-

have concluded that geolites such as teolon 2-900 and radiated to a total dose of 106 Cy,

t.inde AW-500 may reduce the cesius leachability of & - D-sia irradiated to a total dose of
107restn-cement composites. Recent experimente(I3) Cy.on

the Ca and Sr teachability from IRN-77/ cement compos-

ites, ahon in Figures 5 and 6, tend to corroborate
_ _ _ _ _ _ . .

this explanation. With respect to the release of Sr.
theos experimente, however, indicate that the lowered !
Sr release cannot be explained by the possible pres-

ence of soo11tes in the D-sis. A second explanation [ , ,

*
also offered in Keference 6 is the presence of alli-

.

cates (Meteo) in the compos 1* e. The data given in g, ,

l Figures 5 and 6 do not support this hypothesis. [ a

! w a

&
Yt.e effect of irradiation upon the Co a nd Sr re- ag

-
,

lease f ras D,ata/ cement composites is much less pro- .. 4. . 3 " *'

gMI*

found than the lowered release obse rved for these
elesen. In the unit radia t ed c amposites discussed I [*
sbove. Composites fabricated f rom D-eiz which had , , ,, . me m.

e tune Haye
been irradiated prior to fabrication s howed only

'

slight increases in the Cs and Sr releases. Coa-

posites irradiated af ter fabrication showed a slight Figure 2 Aeerage cumulative fraction rele.,se
(C.F.R.) normalised by V/S for 85Stdecrease in the Ce release u pon irradiation and a

release in detonized water for D-ais/sitght increase in $r release.
cenent composites in which the D-mis
was irradiated prior to solidifice_'_on.

O u=1rradiated D-=1=: o - D-=1= :r-
6

|
radiated to a total dose of 10 Cy;

& -D-min irradisted to a total dose of
107

|
Cy.
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Figere 3 Average cumulative fraction release

-

(C.F.R.) normalized by V/S for 85 r - -

S

release in groundwater for D-sis /
cement composites in which the D-six
was irradiated prior to solidification.
O-untreadiatedD-st= o - D-six tr-

6radiated to a total dose of 10 Cyg
a - D-mix irradiated to a total dose of
101 Cy.
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Figure 4 Average cumulative fraction 137 e release teacted in detonized water at roomC

(C.F.R.) normalised by V/S for I37 Cs re" temperature.

lease in groundwater for D-mis / cement com- ,

posites in which the D-six was irradiated
prior to solidification. C-unirradiated

.

D-sis; o-D-sis irradiated to a total dose
iof 106 cy; t.-D-sis irradiated to a total

I '
dose of 107 Cy.
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- ysis of Irradiated Ion Exchange Materials, Finalm
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Research Report," Froject A60-611, 1981,'''
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!x [4] K. K. S. FILIAY, * Radiation Ef fects on Ion Ex-!
e, se u u me as me m e

tme (d.y.) changers Used in Radioactive Waste Management,*
*

NE/RWM-80-3, 1930.

[5] HITTMAF NUCLEAR AS"J DEVE1.0FMENT COR.FORAT10N,

Figure 6 Average cumulative fraction releans " Resin Solidification Test Program," E-114-D-
85 Sr 001, August 1980.(C.F.R.) normalized by V/S for

release from 171-77/ cement composites

leached in detonised water at room [6] 1. E. RARLETTA, R. E. DAVIS, T. E. CANCWER,

t empe rature. N. MORCX)S, D. C. SCHWEITZER, and A. J. WEISS,

" Status Report on teachability, Structural

Integrity and Radiation Stability of Organic

The mechanical integrity as measured by the average Ion Exchange Resine Solidified in Cement and
f actor tensile strength (T) of these ccapo sites are Cement With Additives," BNL-NUREC-28286,198:.

also listed in Table 1. Within the variation of the

seasurement, no deleterious effects were observed in
the mechanical integrity of D-sis / cement composites

as a result of irradiation.

CONCLUSIONS

As a result of these experiments it can be conclud-
ed that radiation has no deleterious ef fects upon the

Cs or Sr teactsability or mechanical integrity of D-

als/ cement composites. Farther, the Cs and Sr teach-
ability of unirradiated composites is significantly
louer than that typicelly seen for resin / cement cas-
posites. This is apparently due to the components of
the proprietary afx.
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