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e will be assigned the responsnb:hty L
of taking the action required by
' .  this letter. He will receive an’
Mr. R. C. ArBO]d'd . : - Actlon ltem Notification Includirg
Senior Vice President details in the near future.

100 Interpace Parkway
Parsippany, NJ .07054

Dear Mr. Arnold: | o - Due Duge.:  MAY 30 1980

Subjeétf Evaluation of EPICOR-2 Wastes Under Projected Handling,
: Stovege, Transportation and Disposal Conditions

PR

As you know, therc are a number of alternative methods for hand]ing, storage,

'_transportat1on and disposal of the EPICOR-2 wastes. The Commission's

Memorandum and Order dated October 16, 1979, directed Metropolitan-Edison

to expeditiously construct a facility for so]1d1f1cat1on of these wastes. .
Metropolitan-Edison is presently investigating use of cement solidification.
Regardless of the means ultimately proposed by Metropolitan-Edison, it is
essential that the near term and long term performance of the resin liners
and the ion exchange resins under the conditions projected to be encountered
be analyzed and well understood. A recent letter status report from Brookhaven -.
National Laboratory (BNL) on the leachability, structural integrity and radi-
ation stability of organic ion exchange resins (copy enc]osed) notes a number -=
of concerns following preliminary analysis by BNL. -~

To assist us in understanding the performance capabilities of EPICOR-2 liners,

it is important that the NRC staff have detailed drawings and specifications
covering the fabrication, assembly and coating of the Tiners. The data shall
include, but not limited to, the shop drawings used for manufacturing the
parts, fabrication and assembly instructions, welding specifications, liner
structural and process material specifications, coating material specifications,
surface preparation and coating application procedures, quality control and
testing procedures. The only documents available to the NRC staff to date have
been essentially engineering sketches that do not indicate any liner internals
nor do they cover many of the liner aspects that could be 1mportant determ1narts
of performance for both short and long term periods. 2

With regard to the resin material, a phone conversation of May 7, 1980, between
R. McGoey (GPU) and H. Lowenberg (NRC) indicates that an approximate analysis
of resin performance under radiation conditions was carried out by your vendor,
EPICOR, last year. We understand that no documentation of that work was or is
now available, but that your staff is at this time undertaking such studies.
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It has been indicated that the analyses are to include evaluation of the resins
from the aspects of agglomeration, off gassing and ion retention capability.

We request that you expedite these assessments and include in your report con-
sideration of the concerns expressed in the BNL status report. We further
request that this assess must be provided to the NRC as soon as they are
concluded. - -

In order for the NRC staff to independently review the aspects of the EPICOR-2
liner/resin system overall performance, it is essential that the staff be pro-
vided with the detailed resin content of each liner used or projected to be
used. It is important that the information provided for each liner include,

_but not be limited to:

the quantity of each media
the composition of each media
the precise form of each media (including any pretreatment, etc.)

‘the precise method of media introduction and placement (mixed or in-
discrete layers, etc.)

an estimate of media loading with radionuclides, and

any other aspects that can affect either short or long term media
performance. _ .

He recognize that some of this information may be of a pfoprietary nature. If
this is the case, the information can be submitted under the provisions of
10CFR Part 2.709.

We would appreciate receiving the requested information by May 30, 1980, so
that the NRC staff can carry out its activities in a timely manner and that
resolution of the matter of liner/resin treatment and disposal can be planned
and finalized.  We are prepared to meet with you and your staff to discuss the
requested information in more detail, if you believe it would be helpful in
responding to this request. ’ o

- Sincerely,
X s J .
rﬁib/,/.é:ﬁfgg*“/J

2
John T. Collins
Deputy Program Director
TMI Program Office

Enclosure: Status Report from BNL
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Metropolitan Edison Company .

Mr. G. K. Hovey

Director, Unit 2
Metropolitan Edison Company
P. 0. Box 480

Middletown, PA 17057

Mr. J. J. Barton

Manager, Site Operations, Unit 2
Metropolitan Edison Company

P. 0. Box 480

Middletown, PA 17057

" Mr. R. W. Heward

Manager, Radiological Control, Unit 2
Metropolitan Edisen Company

P. 0. Box 430

iiddietown, PA " 17057

Mr. B. E]am

Manager, Plant Eng]neer1ng, Unit 2
Metropolitan Edison Company

P. 0. Box 480

Middletown, PA 17057

Mr. R. F. Wilson ,
Director, Technical Functions

Metropolitan Edison Company

P.0. Box 480

--Middletown, PA 17057

Mr. L. W. Harding
Supervisor of Licensing
Metropolitan Edison Company
P. 0. Box 480

Middletown, PA 17057

Mr. E. G. Wallace
Licensing Manager

GPU Service Corporation
100 Interpace Parkway

 Parsippany, NJ 07054

Mr. I. R.VFinfrock, Jr.
Jersey Central Power & Light Company

- Madison Avenue at Punch Bowl Road

Morristown, NJ 07950

Mr. R. W. Conrad
Pennsylvania Electric Company

. 1007 Broad Street
' Johnstown, PA. 15907

J. B. Lieberman, Esquire
Berlock, Israel, Lieberman
26 Broadway

" New York, NY 10004 .

George F. Trowbridge, Esquire

.Shaw, Pittman, Potts & Trowbridge
- 1800 M Street, N:W.

Washington, DC 20036

- Ms. Mary V. Southard, Chairperson

Citizens for a Safe Environment
P. 0. Box 405 '
Harrisburg, PA. 17108

Dr. Walter H. Jordan
681 W. Outer Drive
Oak Ridge, TN 37830

Dr. Linda W. Little
5000 Hermitage Drive.
Raleigh, NC 27612

Karin W. Carter, Esquire
505 Executive House

P. 0. Box 2357
Harrlsburg, PA 17120

Honorable Mark Cohen .
512 E-3 Main Capital Bu11d1ng
Harrisburg, PA 17120

Ellyn Weiss, Esquire -
Sheldon, Harmon, Roisman & Weiss
1725 1 Street, N.W., Suite 506
Washington, DC 20006

Mr. Steven C. Sholly
304 S. Market Street
Mechanicsburg, PA ]7055

Mr. Thomas Gerusky _
Bureau of Radiation Protection
P. 0. Box 2063

Harrisburg, PA 17120

Mr. Marvin l. Lewis
6504 Bradford Terrace
Philadelphia, PA 19149

Ms. Jane Lee

R. D. 3, Box 3521

Etters, PA 17319
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Mr. R. C. Arnold : k | 4
Metropolitan Edison Company :
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Cohen, Consumer Advocate
Department of Justice

Strawberry Square, 14th F]oor
17127

Robert L. Knupp, Esquire
Assistant Solicitor
Knupp and Andrews

P. 0. Box P

" 407 N. Front Street
;Harrisburg, PA

17108

Minnich, Chairperson
bauphin Co. cf Commissioners
Dauphin County Courthouse

Front and Market Streets
Harrisburg, PA 17101

vA
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Robert Q. Pollard
Chesapeak ‘Energy Alliance
609 Montpeliér Street
Baltimore, MD 21218

Chauncey Kepford
Judith H. Johnsrud

Environmental Coa]1tjon on huc]ear Power

433 Orlando Avenue

State College, PA 16801

Ms. Frieda Berryﬁi]], Chairperson

‘Coalition for Nuclear Power Plant

Postponement
2610 Grendon Drive
Wilmington, DE 19808

Holly S. Keck

Anti-Nuclear Group Represent1ng York
245 V. Philadelphia Street

York, PA 17404

John Levin, Esquire

Pennsylvania Public Utilities Commission
P. 0. Box 3265

Harrisburg, PA 17120

Jordon D. Cunningham; Esquire

" Fox, Farr and Cunningham

2320 M. Second Street
Harrisburg, PA 17110

Ms. Kathy McCaughin :
Three i4ile Island Alert, Inc.
23 South 21st Street ‘

Harrisburg, PA 17104
Ms. Marjorie M. Aamodt
R. D. #5 '
Coatesville, PA 19320

Ms. Karen Sheldon
Sheldon, Harmon, Roisman & Weiss
1725 1 Street, N.W., Suite 506
Washington, DC 20006

farl E. Boffan-
Dauphin County Commissioner .
Dauphin County Courthouse

" Front and Market Street
o Harrisburg, PA

17101

Government Publications Section

State of Library of Pennsylvania _

Box 1601 Education Building
Harrisburg, PA 17127

Dr. Edward 0. Swartz
Board of Supervisors -
Londonderry Township

RFD #1 Geyers Church Road
Midd]etown, PA 17057

U. S. Environmental Protect1on Agency

Region III Office
ATTN: EIS COORDINATOR

~ Curtis Building (Sixth Floor)

6th and Walnut Streets
Philadelphia, PA 19106

Dauphin County Office Emergency

Preparedness
Court House, Room 7
Front and Iarket Streets
Harrisburg, PA 17101

Department of Enviornmental Resources .

ATTN: Director, Office of

Radiological Health

~P. 0. Box 2063

Harrisburg, PA 17105
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Mr. R. C. Arnold .. 5

‘Metropolitan Edison Company

Governor's Office of State,
Planning and Development
ATTN: Coordinator, Pennsylvania

Clearinghouse
P. 0. Box 1323
Harrisburg, PA 17120

Mrs. Rhoda D. Carr
1402 Marene Drive
Harrisburg, PA 17109

Mr. Richard Roberts
The Patriot
812 Market Strest

ria pep s

Harrisburg, PA 17105

‘Mr. Robert B. Borsum

Babcock & Wilcox

Nuclear Power Generation Division
Suite 420, 7735 01d Georgetown Road
Bethesda, MD 20014 _

‘.,Ivan W. Smith, Esquire

Atomic Safety and Licensing Board
U. S. Nuclear Regulatory Commission

‘Washington, DC- 20555 -

Atomic Safety and Licensing Board Panel
U. S. Nuclear Regulatory Commission
Washington, DC 20555

Atomic Safety and Licensing Appeal Panel
U. S. Nuclear Regulatory Commission
Washington, DC 20555

Docketing and Service Section

‘U. S. Nuclear Regulatory Commission

Washington, DC 20555
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. organic resins onto inorganjc_resins.
‘higher concentrations of Cs'37 and Sr

UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D, C. 20555

MAY 3 880

MEMORANDUM FOR: Those on Attached List

~ FROM: - Robert E. Browning, Deputy Director

Division of Waste Management

SUBJECT:  TRANSMITTAL OF BNL LETTER REPORT

Attached is a letter report from Brookhaven MNational Léboratory identifying

concerns related to disposal of the first stage EPICOR-II organic resin
wastes from TMI-2. Although the letter report focuses on THI-2 waste, it
could also be applicable to some of the higher activity organic resin wastes
from other oparating nlants. Thus, in parallel with pursuing these concerns
with raspect ic TMI-Z wastes, I pelieve we should also be taking action to
alert other reactor operators to these concerns with respect to efioris

they may have underway to develop resin solidification capabilities. As a

‘possible means to cut through these concerns withlg?spect t8OTMIA2 waste,

we are pursuing the possibility of eluting the Cs and Sr”” from the

90The resulting inorganic resins with
would be handled along with the

first stage inorganic resins-from the submerged demineralizer system as

if they were high-level waste and the eluted organic resins would be handled

as low-level waste. This would essentially eliminate the need to resolve

all the concerns expressed in the attached BNL letter for TMI-2 waste but

would still leave-open questions-regarding waste from other operating-plants. - .
- I would appreciate receiving your comments as quickly as possible.

T N A —_ \

\A \y:\,’\._,\_r (C’... B/\b‘.u\\.uv‘g
Robert E. Browning, Deputy Dirtector
Division of Waste Management

Enclosure: as stated
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ADDRESSEES FOR MEMORANDUM DATED MAY oo

(_d. Collins, TMI Program Office {(w/encl)
R. Weller, TMI Program Office (w/encl)

~N Mmoo

Bangart, DSE (w/encl)

Barrett, EEB (w/encl)

Lowenberg, FCOT (w/encl)

Snyder, TMI Program Office {w/encl) -
D. Smith, WM (w/o encl) .

Arsenault, SAFER (w/o encl)

B. Martin, WM (w/o encl)

Johnson, WM (w/encl)

e



BROOKHAVEN NATIONAL LABORATORY-
~ ASSOCIATED UNIVERSITIES, INC

Upfon New York 11973

Department of Nuclear Energy : (516) 345-

May 5, 1980

Mr. Robert E. Browning’
High Leaval Waste Technical
Development Branch
Division of Waste Management
Mail Stop SS-965° : ' :
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Browning,

Enclosed is a letter report titled, "Status Report‘on Leachability,
Structura] Integrity, and Radiation Stab1]1ty of Organic Ion Exchange Resins
Solidified in Cement and Cement With Additives."

S1ncere1y,_

Dona]d G. Schwe1tze', Head
Nuclear Waste Management Division

DGS/nms

Enclosure

‘cc: F. Arsenault

- R. E. Browning

J. Davis
T. Johnson
J. C. Malaro
J. B. Martin
R. D. Smith



_STATUS REPORT ON LEACKABILITY, STRUCTURAL IMTEGRITY,
AND RADIATION STABILITY.OF ORGANIC I1ON EXCHANGE RESINS
SOLIDIFIED IN CEMENT AND CEMENT WITH ADDITIVES
 May 1980

- R. E. Bar]etta, R. E. Davis, T. E. Gangwer, N. orcos,
' D. G. Schweitzer and A. J. Weiss .

The f1rst stage Ep1cor-II resins from TMI-2 will have Cs-137 activities
(approx1nate1y 40 C1/ft3) that are about 103 times greater than the con- |
centratlon go1des (.02 to .04 Cl/ft3) for.shallow tand bur1a1 sites propoéed
in-10 CFR Part 61 and NUREG/CR-1005. The composition of waste from the TMI;Z

uxi]iary building cleanup differs in radionuciide content from the waste nor-
mally collected on spent reactor resins and is considereably more concentrated in
1socopes of cesium. The total inventory is about fifteen times the norna] al-
‘1ocation for three months operation of TMI—Z:and is equivaiant to about 20 years
productton of waste by a PiR and about five years of'nuclear‘waste productton by-
a BR. . ..

The waste considered in this report is considerably higher in inventory and
specific activity than any spent reactor resins previouély placed in shallow
land burial sites. Therefore, we have assumed that if this materjal is going
to oe considered for shallow land burial in a form solidified with cement,
leachability properties_of this type of matrix should be understood, predict-
able, and of a sufficiently low value so that the radionuclide release rate and
total release over the burial lifetime should be‘conparable to other materials
put into the shallow 1and burial sites. .Once transportation and shipping
requirements have been met and the waste forms have been buried, we believe that
a measure of the adequacy of immobilization of the radionuclides is directiy

related to the leachability from the waste form and container.
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Summary of Conclusions ‘ - } ~
~ The preliminary conclusions that were arrived at in the course of assem-

bling this report are summarized below.

1. We were not able to find any study or set of studies which was system-

atic enough and extensive enough to answer or address the questions we believe

~ are pertinent to shallow land burial for waste of the specific activity and

quantity of the first stage TMI-2 resiné,
2. We were not able to infer from_pdb]ished material that specialists in

tha Tield are aware that cesiuim and oarhaps other radionuclid

4

as ‘aopear to ba
rabid]y removed from the ion exchange resinAduring the initial stages of mixjng
with cement and water. The césium displaced from the resin appears to distrib-
ute itself approximafé]y-equa]Ty between the water and the cement.

| 3. We were not able to find leaching data on samples larger than about a
liter.. (The two types of TMI-2 containers are about 1400 liters and 4800
liters.) |

4. We do not believe adequate evidence exists that justifies predicting

- Teach rates of large samples from data on small samples.

5. Along with known dfffefences between anion and cation resins, we_be~
1ieve the swelling of the organic resins with frequent»concomitaht cracking of
the resin-cement matrix in laboratory experiments may be associated with (a)
improper resin-cement-water ratios, (b) improper curing conditions for the

matrix and (c) inadequate saturation of the resins with H20.' If so, this

_problem may be avoided.

6. Ue do not believe that there is a unique stability or integrity region
for relative compositions of resin, cement, and Hp0. Existing evidence shows

that for similar conditions the structural integrity may cepend on the type of
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resin rathef than its weight fraction. Since most of the available data deal
with mikes that tend to maximize resin bropérfions, this prob]em méy be aVoided
in mixes with gréater cement and/of Ho0 prbportions. |

7.. The liﬁe}afure‘on vermiculite and zeo]ife additions to cemeﬁt-organic
resin hixes and cement?1iquid,waste‘mixés is.pkomising but sparsé. Ball milled

vermiculite gives improved leach resistance in both cement-resin mixtures and

- cement-1iquid waste forms. European studies indicate no adverse mechanical ef-

fects on cement-resin additive mixtures. Studies on cement-liquid wastes at

vy

avannah River Laboratory showed the resulting concrete was weak.

8.v The fundamental processes causing radiation damage in resins are not |
understood.  However, resins loaded at 40 Ci/ft3 will undergo signifiéant de-"
composition. 'Thé extent of decomposition is specifchto resin type. _Pré]imf—
nafy calculations indicafe a moderate level of gas generation as a result of |
radiolysis. | V

9. Since data on small samp]es:ihdicate-that large fractions of the cesium =
can be Iéached in hundreds of days and since there do not appear to be suffi-
cient studiés on impregnétion of these systems with asphalt or po]ymefs; the
first stage TMI-2 organic resiﬁ waste may'not'be adequately .immobilized by sim-
ply ﬁixfng with cehenf and solidifying. We believe this type of waste should be

treated by thbrough]y understood more stringent waste management procedures.



1. Mechanica] Properties of Organié Ion Exchange Resin/Cement Waste .Forms

The available literature was reviewed to determine whether there were any

correlations between the preparation characteristics (i.e., water, cement ra--

“tios, resin loading, and curing procedure) and the mechanical intégrity of

resin/cement conposites. These composites have been known to exhibit poor me-

chanical strength during both preparation(l,z) and upon subsequent immérsion

of a seemihg]yrgodd coﬁpoéite in water(1Q3) as evfdénced'by swelling,

cracking, and in extreme cases, complete desintegration'of'fhe composite. . The
pagers reviewsd cover a range of 11 anion, cation, and mixed bed granular resins
(see Table 1). . The results of these_experiments, as well "as-the resin loadings
ahd'water content for experiments involving granular ipn exchange resin/cément

composites are shown in Table 2. Given the state of the art, it is possible to

draw several conclusions from these data.

1. The lack of mechanical integrity.is not a ﬁrQBTem generic to either all -
' ionAexchahge résinS'or.to'anytpartfcu]arlrésin type. Acceﬁtabie com= -~

pbsites have been produced using anion exchange resins,(z) cation
exchangevresins, and mixed bed resins.(3), Conversely, composites
made from all three types of resins have been known to exhibit poor
mechanical properties. (1) |

2. Resin loading Egﬁ_gg is nbt a particularly sensitive variable for
Toadings 1es$ thah 50 wt.% (;7 wt.% dry resin).(3)

3. Fast setting cements may'be somewhat.superior matrix materials for
grahu1ated resins thaﬁ ordinary Cement.(3) In other éxperiments
using bowdered resins,(3) it was concluded that low heat qual-

ity cement was more suitable.
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Table 1

. Resin Types Used for Preparation of Resin/Cement Composites

Amberlite IRN-150 (Mixture of IRN-77 and IRN-78). |

Amberlite IRN-77. Strong acid cation exchange resin loaded with Nat and
containing 55 wt.% water. o

‘Amberlite IRN-78. Strong'base_anion exchange resin lToaded with C1~ and

containing 60 wt.% water,
Dowex 1 x 8. Strong base anion exchange resin.

Dowex SAR. Strong base znion exchange resin, C1~ form. Resin was de-
waterad and contains anproximately 45 wi.4 water.

Amberlite-200. Strong acid cation exchange resin, Nat form resins was
dewatered and contains approximately 45 wt.% water.

Dowex 50. Cation exchange resin, HY form, saturated with water.
Dowex 21K..- Anion exchange resin, OH~ form, saturated with water.

Dowex 50 ¥-21K. Mixed bed ion exchange reéin, H*-0H- form, saturated

‘with water.

Dowex 50 W-21K. IMixed bed ion exchange resin, iWat-OH~ form saturated
with water. ‘

Diaion SKfB; Cation exchange reéin, H* form.




Table 2 -

Mechanical Properties, Resin Loadings, and
Yater Content of Resin-Cement Composites

Weight Ratio Resin Good
Cement : Resin : Added Loading Resin Type techanical Ref.
: Water - w/cb (wt.%2) (see Table 1) Integrity®  No.
18 0.9 0.9 0.9(1.4) 231 D no 2
12 0.9 0.9 0.9(1.4) 31 2 no 2
12 - 0.9 = 0.9 0.9(1.4) 31 3 yes 2
14 u u u 14.3 4 ud” 1
12 u u u 23.5 4 ud 1
12 0.25 0.4 0.4 14 4 ud 1
13 1 0.28 0.28 4 4 ud 1
12 2. 1.2 l.2(2.1) 48 5.  no 1
12 2 0.85 0.85(1.8) 52 5 - no 1
18 2 1 1(1.9) 50 6 no 1
1f u u (0.65) 14e 7 yes 3
1f u u (0.65) 14€ 8 no 3
1f u u (0.55) 148 9 no 3
1f u u  (0.65) 14-17¢ 10 no -3
19 u u (0.56) 4,38 10 yes 3
19 u u  (0.45) 4.3¢ 10 yes 3
19 u u (0.62) 5.88 10 . no 3
19 u u (0.51) 5.8¢ 10 yes 3
19 u u (0.64) 7.38 10 no 3
19 u u (0.52) - 7.3¢8 “10 yes 3
19 u u (0.67) - 8.68 10 no 3
19 u u (0.60) '8.68 10 no 3
19 u u (0.70) 10€ 10 no 3
19 u u (0.62) 10¢ 10 no 3
19 u u (0.65) 16€ 10 no 3
19 u u . (0.52) 108 10 yes 3
1h 0.7 0.4 0.4 17.6 11 ud 4

dportland Type II.

byater/cement wt. ratio, value in parentheses is ratio with total water.

sion.

dysed in leach tests, condition of specimen not given.

€Dry resin.

fportland Type 300 (NS 3050).
Sportland RHC (rapid hardening).
hportland blast furnace slag.
Uynspecified.

~ Clo cracking or swelling during incorporation curing or subsequent water ijmmer-.
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"For a part1cu1ar res1n (or res1n m1x) there ex1sts a window of water
.cement ratios within which an acceptab]e conposite may be produced.

' Water content e1ther greater or ]ess than this range produces conpos—

1tes exh1b1t1ng poor mechanical propert1es. Th1s w1ndow is not the
same for all resins or for all resins of a given type. For the gran-
ular resins which_theyAstudied, BonheVie—Svendsen,'et.a].(3) indicate
that the region 6% the water/cement ratio withtn vhich ah'acceptab1e
product is”produced is ema11; The windbw v/as éomewhat 1arger-for the
pos ce r'd re sins testead. Thus in ordar for valid cvncTU>xors to be
drawn concern1ng the mechan1ca1 propert1es of a g1ven res.n/cement

compos1te scop1ng experiments must be performed using resin or resin

- mix 1dent1ca1 to that of interest.

S1nce in a water def1c1ent env1ronnent one might expect a competition

for available water between ion exchange resins and cement, curing con- -

‘ditions and most part1cu1ar1y those re]at1ng to water availability

(1 8., hun1d1ty, amount of free stand1ng water during curing, etc.)

"~ might be expected to affect the mechanical integrﬁty of the product.

Indeed, improved strength has been noted for cement products when
curing is done in the presence of a large excess of water. 1In the
papers reviewed however, no systematic study of this vartab1e has been
undertaken, and it appears that, at best, composites were allowed to
cure in water-saturated air,(3) Thus, the effect of curing conditions

upon the mechanical strength and integrity of ion exchange resin/cement

"~ composities is unknown.
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2. Leaching 'of Organic Ton Exchange Resin/Cement Waste Form

~.

Historically, the reasons fbr‘solidification of Tow level wastes arose from
consideration of interim storage and transportation coneerns. Furthermore,
under existing 1ow_1eve1 waste regulations, ion exchange resin wastes are nor-
mally acceptable for disposal if shipped in a dewatered form.(5) ‘For these
reasons, ve believe there has been 1imited interest in detailed eharacterization
of the 1eaching of solidified resin wastes. No systematic studies of resin/
cement waste forms have been identified. Hhi]e‘the present review has identi-

Tiad several studies of resin/cement waste form, they

3K

re of limitad scope, of-

‘ten focused on a single resin or cement type or a very limited subset thereof.

There are approximate]y 20 generic types of synthetic organic ion exchange res-

ins, and literally hundreds of spec1fics brands, exhibiting property variation

" by manufacture and even production batch. (12) Leach behav1or of a resin/

cement waste fomm is_not a generic property. Leaching varies with the resin and
cement types. The leach behavior of cesium is stressed since cesium represents
the most mobile fission produet of immediate concern.

As a baseline for comparison of resin/cement waste forms, the results of‘
experiments to determine the leach behavior of unbound ion exchange resins are
shown in Figures 1, 2, 3, and 4.(6) Figures.1 and 3 indicate that‘idn ex-
change resins exhibit some retention of 137Cs and 85Sr when Teached nitn
distilled water. When ion exchange resins are leached with saltwater, the total
activity of Cs and Sr are Teached within five days. The leaching of resins in
groundwater (iigures unavailable) is intermediate to that in distilled water and
saltwater.(6) However, the Cs.release Was essentially complete after ten |

days.
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Recent scoping experiments were performed at BNL to determine if ionic spe-
cies present in-unset cement could e]ute activity from an ion exchange resin.

Rohm and Haas IRN-77 a strong acid cation resin, was loaded with approx1mate1y

1 mCi/ft3 of 137¢s (substant1a11y less than the 40 Ci/ft3 expected for the

first stage Epicor—II resins). Resin ‘water, and cement mixtures having waste
to cement wt. rat1o of 1.8 and water to cement wt. rat1o of 0.8, were prepared
with two cement types. For Portland type II cement, resin/cement samp]es were
contacted Tor 5 and GOtminutes,ethen seperated into a resjn fréction and a
cement/water fraction. Similarily for Lumnite cement, contact times were 5 and
45 minutes. - Ion ekohange resins were counted for 137¢s activity before and
after cement contact. Atter 5 minute contact, for both Portland 11 end Lumnite
cements, approximately 10% Cs activity wes eluted. NhiTe, for ?ortiaod Il oe- -
ment and 60-minutesvcontact, approximately 30% Cs was released. For tumnite
cement ano 45 minutes contact, approximately 35% of the initial Cs was released.
The maximum extent to which Cs could be replaced by the ionic species present in’

cement/water m1xture was not determ1ned However, these preliminary experiments

indicate a substantial amount of Cs was liberated from the ion exchange resin

upon mixing with cement and water. Sioce both the average ion exchange resin
site btnding eoergy and the kinetics ot elution would be more unfavorable at the-
loading expected for first stage Epicor-II resins, these results should be
viewed as conservativet

Earlier studies(G),on Portland II-cement waste form had been performed to
measure the decontahination factors for oesiom, strontium, and cobalt. Cement
samples were prepared with a water to cement wt. ratio of 1 to insure inten-

tional free standing water above cement samples. No resins were incorporated in
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these experiments.v'After a 3-day curing, sarmples of the free standing water
!&hﬁ were analyzed for.the EadioisotOpes o% interest. Decontamination factors (DF)
were»ca]cu]étedras the ratiq of radionuclide in:the initia] waste (mCi/mbL) tn
'% the radionuclide concentration innthe free'standing water (mCi/mL). The values

'reported'werev137Cs, DF = 1, 855r, DF = 11; énd 60Co; DF = 200. These

' - results indicate scant incorporation (interaction) of the Cs with the cement

?: - .

B matrix in contrast to Sr and Co. It was concluded that a mixture of resins in
£ ' ' . )

P - cement liberates a substantial fraction of cesium with an uncertain degree of

incorporation within the cement matrix. fhe vsa of addit?ves to enhance radic-
nuclide retention is discussed in the fb]]owing section.

The‘earliest examination of leaching of jon exchange resin/cement waste-
form was reported by Hofcomb.(7) This wofk predates IAEA 1ea;h testing and.
reporting COnventions; Samples were prepared with 50% Portland cement, 25%
!(*\ ; mixed resins; and 25% water by volume. The total volume, surface.to volume
ratio, and concentration of radionuclides in the_sampje were not reported.
i - Static leach tests in 3 liter of seawater were‘performed. The fraétfon pf.
- 137¢s activity leached was approximately 3-4% in one year. Another leaching
study; which also predates TAEA recommendation, on powder resin/ cement waste
| | form hésAbeen,reported by the Hanford Engineering Development Laboratory.(l)

Samples, having vo]umés of 131 cm3 and volume-to-surface ratio of 0.85 cm,

TR

were leached in 250 mL of deionized water with mechanical agitation. After 14
days, the cumulative fractions of released reported were 0.8cm for cesium and
0.1 cm for strontium.

More recently, sévera] studies on ion exchange resins/c;ment composite have
‘been reported.(3’4’8) Results representative of studies are shown in Figures

5, 6, and 7. Leaching experiments carried out in these studies conform to the

10



IAEA‘récommendation.(g) From.these studies of small samples, generally indi-
éate'thatb301to 100 percent of the fnftia] Cs is leached within 100 days. Vari-
ations can be attributed to many parameters; type of resin, type of cement, res-
in fo cement and water to cement ratios;‘lehgth of ;uring'period before 1each%ng
was initiated, and possibly the surface to volume rétio of the sample.

-"Tﬁe mechanishs of leaching afe not well understood, and hence an unambig-
uous fnterpretation of leach test results is ndtvcurfent1y possible. However,
the foliowing diffusion model has been proposed. ‘In the model, tﬁe fraction, f,

se at time, t, 1S given by

|88

rele

f=5vT | | | | - (1)

Wheré D is the diffusion coefficient, and S and V are the geometric surface and

~volume of the sample. If the model was applicable, then a plot of f versus

t1/2 vould yield a line passing through the origin. However, see Figuré 6 for
example, the model generally is not followed. During an initial period of
approximate]j 25 days, the leaching is significantly more rapid than the']atten

period, which is linear. Beyond the initial period, the leach process has been

~ described by the following equation,

f=2 /2o =2 - (2)

where o is simply the f axis intertept. The rationale often given for this ex-
pression is that after the initial period of rapid leaching dominated by a not

well understood mechanism, the leaching is diffusion controlled.

A primary goal of leach testing is to characterize what is to be expected

after disposal of a candidate waste form. Of interest here is the extension of

11



" data obtained on small laboratory samples to predict the behavior_of realis-

‘tically sized waste forms. To date, no study of a resin cement composite has

been reported which explores the functionality of fraction release and the sur=-

face to volume ratio expressed in Eqs. 1 and 2...Matsuzdru(10) ha$ reported a

study on the effect of sample dimension on the leaching. of sodium sulfate waste/
cement cbmposites. Samples having surface to volume ratios over the rangeA2.47
to 0.587 cm'lvwere_leached in accordénce with IAEA recommendations. The re-

sults could be represented by Eq. 2. Lineér.dependances on S/V were observed

ai}
>

far both the m end b; see Figure 8. rapolation'of'this data-can provide an
estimate of the release from d realistic sized waste form;_'Estfﬂates fer a 200
L drum were given in reference 10 and are reproduced here in Tab]e 3. Hhi]e
these results are not d1rect]y app11cab1e to resin/cement compos1tes sbetimen

number 8 is spectulated to be most applicable. C]ear]y, significant gaxns in

cesium retention are pred1cted for large nonol1ths. The largest sample tested

in the study was 10 cm (3.9 in.) diameter and 12 cm (4.7 in.) high. 'Given‘the
empirical nature of interpretion of leach results, it would seem important that |
this type of meaSUrement be extended to Targerkif not actual sized resin/cement

waste form.

Table 3
Isiimated fraction Jeackhed from a cement composite of 20! drum size
Specimen Leachicg parameters i Leaching fraciioa
No. m(2ay-2?) a - yr 10yr . 50yr 100yr 200 yr
w0 ' )
1 1.3x.10°¢ 4.7x10"? 7.2x107% © 1.3x10°? 2.2x10°? 3.0x10°* 4.0x10"%
2 . 7.4x10~ 8.1x10"? 2.2x10"3 5.2x10"2 1.1x107? 1.5x10"? 2.1x107?
3 1.4x10°¢ 4.7x107? 7.4x107? 1.3x10°¢ 2.4x%x10"% 3.1x])0"2 4.3%10°7 i
4 1.1x 102 1.3x10°? 3.4x10"2 7.9%10°2 1. 6x 107! 2. 2x10"? 3.1x10p°¢ ]
) 2. 4%10"* — 4.6x10"¢ 1.4{x 10" 3. 2x10"? 4.6x1072 6.5x10"? ,
6 8.6>10* — 1.6x10"3 5.2x10°? 1.2x10°2 1.6x10-2 2.2x190°?
7 1.2x197¢ 5.7x107? 1.4x10°*.  3.1x10? 6.2»10"2 8.6»10"2 1.2x 10!
8 1.9%10°* 1.1>10"2 4.7210° 1.3x10"? 2.6x10"1 3.7x10"' .5 2x10!
¥Sr
13 2.3%x1073 9.1%x10-* 5.7x10°¢ 1.6x107? 3.4x107? 1.8»10°3 €.8x10?
11 3.5x19°8 2.3x107¢ 9.0x10"¢ 2.3x10"°? 5.0x10°? 6.9x10"* 9.7x10"*
17 3.8x19°% 1.2x10°¢ S.6x10"¢ 2.4x10"? 5.3»10"? 7-4»10"2 1.0>10?
13 5.5%10"% 3.1x10°¢ 1.3x10"? 3.€x107? 7.7x107? 1.1x10"* 1.5x10"%
“Co ) ° )
2 3.1»10°¢ €.4»10"%  2.8x)0"3 7 5x15°" 1.€x310°¢ 2.2x10°*  3.6»1)°*
» 1.62107°  1.2x107 LTxI0Y L Ix107% 2.3%10°% 3.2x1D-3 g iy 15
a3 3. 4> 100 1.2x10°3 T 10°Y . 2,25 10-¢ £.7»10°¢ 6.C»10" 9. 3x10"
25 5.5~ 1677 1.5»%10°%  ).2» 168 3.5x10°% T 7.4x10°? 1.1>10¢ 1.5 10-4

12
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4, Some experimental evidence exists to suggest substantial improvement of

Inherent in scaling to a realistically sized waste fonn, is the assume

tion that the sample‘is'a structura]]j sound monolith (a waste form, absent of

any cracking which would increasé the effective surface to volume ratio). In

the’caserof resin/cement composites, large monoliths have not been demonstrated.

~ In Summary

1. The leach behavior of resin and cement waste forms depends upon resin type,

 cement type, loading (waste to cement ratio), curing, type of leachant, and
— a — e ——————— e - - E — B e o s et T .

temperature.

2. Preliminary experimental evidence suggests substantial Tiberation of cesium

—— et s e

from resin immediately after mixture with cément and probably little in-

———ray

corporation within the cement matrix.

i ¥

3. . Recent 1each'testfng of small‘samples indicates little retention of cesium:

30-100% Toss within 100 days.

radionuclide retention with increased size of waste form. However, this
has not been verifiéd for resin/cement:waste forms of realistic size.
Reduced 1eachabf1ityrmay be rea]fzed if the'wasté form éxhibits good me-
chanical integrity. |

3. Effect of Additives Incorporated In Concrete Waste Forms

A variety of addjtives have been used in the solidiffcation of radioactive
wastes in cement to élter‘properties of the resultant waste form, such as set
time, strength, swelling, and 1eachabﬁ]ity. Spent ion-exchange resins consti-
tute a major fraction of radioactive waste from nuclear reactors. Cement waste

forms containing ion-exchange resins often swell, crack, and tend to disinte-

"grate in water. Addition of vermiculite to the resin/cement mixture is reported

to reduce this tendency of the waste form to swell end crack, however, there is

13
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‘1ncorporated in jon exchange reSin/cement waste forms.

BonneVie Svendsen et a].,(3) d]SCUSSES the ieachabiiiiy of cesium from

jon. exchange re51n/cement products and the effects of additives, including

T RIRRET U e e ek g o e

"vermicuiite on the quaiity of the reSin/cenent products. High leaching of
<i ' .ﬂice51um is a main obJection against incorporation of fission product wastes in

cement, and the leaching of cesium from resin/cement products is sometimes

higher than from pure cement. with'2.5% by wt. vermiculite (particle size 30-70"

h)

L‘u

i : . N . . _:::,' - - V,\ e 1} ; -~ c: o
t mash) cesium leach coeffi en‘g in cement wersz reduced 2 to 3 orders of inagni-

- tude without impairing the mechanical properties. No resins Were’incorporated

P

in these waste forms. Similar effects were achieved for cement products with
| approximately iB%»(dny'Wt.%).new granular resins (H+-SO3‘2), 10% new‘pow—'
- dered resin (H+50H‘),.end 9%Aspent_powdered resin. The reduction oi.cesium
? (‘\ - leach rates wifhvincreasing vermicuiite'content from 2.5% to 10% cement weight
. is sﬁown in Figures 9, 10, and 11. Since vermiculite is known to have cationic%n
“adsorptive properties, it is reasonable to expect that vermiculite will aid in -

E recapturing the cesium that is released from the ion exchange resins.

et AT TR ] R N SO % s =

A Savannah River Laboratoryastudy(ll)vtested a series of sorbents for
h cesium sorpﬁion kinetics, compressive strength of concrete containing the»sof—
bent, and ieachabiiity. The best cesium sorbents, in terms of sorption kin-
. etics, were Linde AW-500 and Zeolon Zf900>out of the fq]]owing materials:
7-200, Z-500, Z-900, Linde 13-X, Linde A‘.-:-soo; Linde SK-40, Linde A4-500,

; : clinoptilolite, and vermiculite. The effect of the sorbents on the compressive

strength of concretes was measured with and without simulated sludge waste. In

- the absence of sludge, A4-500 and Z-900 had little effect on the strength of

concrete, whereas Z-200, AW-300, and vermiculite severely weakened the concrete.

S | 14
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a paucity. of infonnation availabie in the literature on the effects of additives



..

(;\.' In the bresehce of sludge, Z-900 and AW-500 actually strengthened the concrete
o while vermucilite weakened it badly. No data are available for resin/cement
waste forms. Comparative leachability of cesium from two coneretes containing 2

- wt.% of the sorbents are shown in TabTe 4._

Table 4(11)

Leaching of Concrete§

% Cesium Leachad After 23 days
Sorbent Hignh Aluminum Cement  Pczzoianic cement
AY-500 5.7 4.6
Z-900 6.0 3.9
Vermiculite 6.3 3.8
Z2-500 ' 6.5 4.5
2-200 9.1 6.5
Clinoptilolite 13.1 9.2
AY-300 17.9 9.3

On the basis of Teachability, AH-500, Z-900, and vermicu]ftevwere the best
sofbents for cesiﬁm. It has been shown_thet addifion of silicates fo cements °
reduces Tree calcium in the final brodutt, It was postulated that free calcium
in concrete,might_disp]ace cesium from ion exchange sites in the solidified ma-
teriel. However, addition of silica gel td cement containing sorbents had no
“additional effect én cesium 1eachab111ty;

Conclusion
These data suggest that if ion exchange resins are solidified in cement,

additives may reduce the potential for swelling and cracking and at the same

- time decrease the cesium 1eéchabi]ity resulting from its desorption by free

cations in the cement.



4. Radiation_StabiTity of Organic Ion Exchange Resin Systems

~.

A loading of the organic ijon excﬁangg~[esins to the 40 Ci/ft3 level will
result in total dose exposure Of,109 rads. Based on the 1iterature(12) such

a dose level will result in sighificant'détomposition of the resins. The loss

of the ability to retain radionuclides and generation of organic products, which

would be free to migrate away from the resin sites, will occur in these systems.

Resin degradat{oh procésses may continue even aftér the majority of the radia-
tion has decayed due to 1ong 1ived reactive species formed by various chemical
reactions. For example, radiaticn inducad oiidation can generate peroxide§
which will subsequently decompose and react with the resin. Production of such
strong oxidizing species could also result in cdnditidns favoring gxothennic
chemical reactions. ]
For more than three decadés there have been extensive applications of jon

exchange materials in the nuclear process industry. Process related problems of

a serious nature caused by radiation chemical changes in the ion exchange medium

‘have been mentioned occasionally in the open literature as well as in safety -

evaluation studies of radioactive material processing. The present literature
survey(lz) identified a number of reports on experimental studies relevant to
evaluating the process related properties bf organic ion exchangers. Still,
there are numerous problems associated with the radiation chemical changes of
jon éXchange materials due to radiation damage which are not properly under-
stood. Thus, in spite of the apparenf abundance Qf experimental studies, there
is no reliable information to allow one to predict the chemical effects on long

term storage of ion exchange materials with loading comparable to the first

stage TIM-2 materials.

16



Understanding the effects of radiation on ion exchange materiaTs may be im-

portant in deciding how disposal of spent resins should be carried out. From the

present survey of current knowledge on the radiation effects on both organic

~ resin and inorganic zeolite ion exchange materials, it can be-concluded that:

1. The fundamental processes involved in radiation damages to ion exchange
materials are not understood.
2. Structural and chemical constituent modifications can significant]y

change the radiation resistance of ion exchange materials.

1

-h

3. Thére have not been systanatic investigations to develop standards for
use of and loadings of ion éxéhange resins.

-4, There is a‘need to extend the radiation effect studies to investiga-
~tions of_sécondary reactions of the radiolysis products with the

materials to be used in waste disposal.

_ Gas Evolution as a Result of Irradiation

Irradiation of jon exchange resins results in evolution of gaseous prod-. .

ucts. There are only a few reported experimental studies which have attempted to

- study the nature of gaSvevolution and meke some quantitative estimates of the

gaseous product formation during the radiolysis of ion exchange resins(lz).

The main gaseous products formed during the irradiation of ion exchange resins

are hydrogen and carbon dioxide. Other gases such as carbon monoxide, oxygen,

methane, nitrogen, and oxides of nitrogen and sulfur have been identified. The

‘radiation chemical yields (G values) for the gaseous products, taken from Table

VII of reference 12, are reproduced here in Table 5. .
In cation exchange rasins, the evolution of hydrogen is a linear function
of absorbed dose. Hydrogen evolution is also shown to increase with the water

content (swelling) of the resin. Sulfur dioxide is formed by the direct action

17



of ionizing radiation on dry forms of sulfonic acid resins. In the presence of
watef,hthe S0, undergoes'secondany reactions to form acidic solutions and for

this reason, SOy is not identified during the irradiation of moist and wet

" resins. Carbon dioxide and carbon monoxide are products of irradiated resins.

Like hydrogen, the evolution of €0y and €O is quite Tinear With absorbed dose.

In‘oeneral the rad1at1on chem1ca1 y1e1d of carbon monoxide is significantly
Tess than that of carbon dioxide. | |
Based on the G values in Table 5,vwhich range for the various gasesofrom

0.001 to 2.0, the yi2ld of zas from an organic resin subj fact to 109 rad will

U2

_cofresponding]y range from .02 to 70 cm3 of gas per gram of-resin. An esti-

 mate of the corresponding gas yield from cement is 1.3 cm3 per gram of ce-

ment. (5) If one assumes a G = 0.01 for gas evolution from resins subjected to |
109 rad, then _pressures 1n_the range of 1 5 to_ 15 atmospheres wou]d be -pro-

duced in a sea]ed 4800 L (4 ft. dia. by 4 ft. high) cy]1ndr1ca1 canister coni'ﬂ'

taining solidified waste with 60 volume % resin and a void volume of from 1 to

10%. 'If the gas were COp, for example, the containef would be subjected to

the pressure.' If'on the other hand, the gas were SO0, and the void volume was
filled with water then the 9.2 moles of 502 produced would result in an
ac1d1c so]ut1on whose strength wou]d be in Lhe range of 0.07 to 0.7 M

These preliminary ca]cu]at1ons serve to illustrate that the_quant1ties'of
gases vhich could be generated are not trivial, and therefore, gas generation
warrants further consideration. |

Croanio Ion Exchange Failures

Ion exchange resin failures have been reported for systems involving ni-

tric acid. Critical ignition temperatures as low as 135°C have been reported

18



* for resins in the nitrate form with the potential of this going below.100°C for

radiation damaged resin systems. Self ignition temperatures for anion resins

depend on resin form, heating rate, resin brand, cross linkage, loading, resin

bed volume, aging and prétreatment. of particulér éohcerh to the TMI resin sys-
tehs’is the resih bed QoTume. Increasing tﬁe'geometrical dimenéions of £he
resin bed was reported_to_]ower the ignition temperature. -As pointed out in the
{Hi]es rebqrt(13) although only nifric acfd/resin sysfem have been obServedito
be.unétab1e tovdate, one'cahnot assume ahy resin system is‘safe: aTherefore,

re

oY)

.o

axperimental work to establish éafe Timits in these S before“uéing a given’
ion éxéhange systeﬁ should be consideredhmandatqry." As a ffrst step, the pre-
cautionary measures such as those listed in Table 3 of Miles' paper should be
verified for the épécific resin systems uhdef éonsidérafion.
Conc]dsion | |

Ye do not know if every onevof the many uncertainties discussed in this
rebbrt is directly or ihdirectTy related to saféty aspeéts of shallow land buri-
al; However, ve believe that the uncertainties do warrant that more stringent

waste management prbcedures be applied to the TIM-2 first stage Epicor Il

resins.
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