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ABSTRACT
i

The EPICOR-Il Resin / liner Investigation: Low-Level Waste Database Develop-
ment Program, ft.aded by the U.S. Nuclear Regulatory Commission, is (a) studying
the degradation effects in EPICOR-I! organic ion exchange resins caused by radia.
tion,(b) examining the adequacy of test procedures recommended in the llranch

Technical Position on Waste Forms to meet the requirements of 10 CFR 61 usin8
solidified EPICOR-!! resins, (c) obtaining performance information on solidified

EPICOR-Il ion exchange resins in a disposal environment, and (d) deterrnining the
condition of EPICOR-Illiners.

Results of the third sampling analysis of ion exchange resins from prefilters
PF-8 and PF-20 are compared with baseline data from tests performed on unlrra-
diated resins and with results from the first and second samplings to determine if
degradation has occurred because of the high internal radiat< ion dose. Results of

icomprest on tests on seven-year old waste fonns containing EPICOR-II resins
solidifis. Ith both Portland Type I-Il cement and DOW vinyl ester-styrene are
present Od compared to earlier compression test data. Results of the fifth year of
data acquisition from the fi.ld testing are also presented and discussed.
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SUMMARY

The March 28,1979 accident at Three Mile in high integrity containers at a commercial dis.
Island Unit 2 (TMI-2) released approximately posal site was confirmed.
560,000 gal of contaminated water to the.' For the second task, Resin Solidification,
Auxiliary and Fuelliandling Duildings.The water
mas decontaminated using a three-stage deminer. P nlandType1-11 cement and vinylester-styrene

atization system called EPICOR-Il containing (VES) waste forms incorporating ion exchange

organic and inorganic lon exchange media. The resin waste from EPICOR-ll prefilters were sub-

first stage of the system was designated the pre. jected to the tests specified in the " Technical Posi-

filter, and the second and third stages were called tion on Waste Fomi" issued by ihe U.S. Nuclear

demineralizers. Fifty EPICOR-il prefilters with Regulatory Commission. Waste form perform-
ance data were obtained as a result of the work.high concentrations of radionuclides were

transported to the Idaho National Engineering Seven-year old EPICOR-Il resin waste forms

Laboratory for interim storage before final dis- made with Portland Type 1-!! cement and DOW

' posal at a commercial disposal facility in the State vinyl ester-styrene were compression tested and

of Washington. Research is being conducted on the results were oompared to similar waste forms

materials from four of those EPICOR-il prefilters tested earlier in the program. Results indicated an

under three tasks of the TMI-2 EPICOR-!! Resin / increase in strength of both types of waste fo.ms

Liner Investigatiom Low-Level Waste Database with age.

Development Program. The third task Field Testing, is examining the
effect of disposal environments on solidified resin

in the first task, Resin Degradation, resin cores wastes from EPICOR -11 prefilters. The purpose

were obtained from prefilters PF-8 and PF-20 f this task, using lysimeter arrays at Oak Ridge
Nstional Laboratory and Argonne Nationalduring first, second, and third samplings using
Laboratory in lihnois,is to expose samples of sch-

special tools developed for that purpose. A series
dified non exchange resin to the actual physical,

of characterization tests was performed on the res-
ins to determine if degradation due to radiation chemical, and microbiological conditions of a dis-

,

had occurred during interim storage. Those tests p sal envir nment. The study is designed so that
c ntinuous data on nuclide release and movement,

included American Society for Testing Materials as well as environmental conditions, will be
procedures, infrared spectroscopy, gas chroma-

btamed over a 20-year period,lography, higt performance liquid chroma-
tography, scanning electron microscopy * Each month, data stored on a cassette tape are
supercritical fluids chromatography, barium chlo- retrieved from the data acquisition system and
ride precipitation, inductively coupled plasma- translated into an IBM PC-compatible disk file,
atomic emission spectroscopy, and gamma-ray At least quarterly, water is drawn from the porous
spectroscopy. Analysis comparing test results of cup soil-water samplers and the lysimeter
the first, second, and third samplings of resins leachate collection compartment. Those water
from EPICOR-il prefilters was compared with samples are analyzed for beta- and gamma-
earlier work and found to be consistent with those producing nuclides,
findings.The strong acid cation resins are experi-
encing a decn ase in total exchange capacity as the Results of the fourth year of data acquisition are
absorbed radiation dose increases.The analysis of presented in this report. These results show that
the resins from the third sampling identify that radionuclides are continuing to move from the
very significant degradation has occurred. While waste forms and through the soil column.' Also,
the organic ion exchange media (resins) from some data on waste-form performance are pres-
these EPICOR-Il prefilters have suffered ented. VES is comparabh 'o ceme- ir. retainire
significant physical changes, the contained Sr-90, unlike findings ' rom Savannah River
radionuclides remain within the resin bed. The Laboratory, whiv _or as cement tc be a better
acceptability of EPICOR-12 prefilters for disposal rettiner than VES.

iv .
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ANNUAL REPORT OF THE TMI-2 EPICOR-Il
RESIN / LINER INVESTIGATION: LOW-LEVEL WASTE

DATABASE DEVELOPMENT PROGRAM FOR
FISCAL YEAR 1990

'

INTRODUCTION

The March 28,1979 accident at Three Mile Under the EPICOR and Waste Research and

.
Island Unit 2 (TMI-2) released approximately Disposition Program, continuing research has

j 560,000 gal of contaminated water to the been conducted by EG&G Inho, Inc. (EG&G

J Auxiliary and Fuel Handling Buildings. That Idaho) on materials from those EPICOR-Il pte-
water was decontaminated using a demineral- filters IU That work is now directed by the NRC
itation system called EPICOR-!! developed by as part of the TMI-2 EPICOR-II Resin /1.iner
Epicor, Inc.* The contaminated water was cycled Investigation: 1,ow-1.evel Waste Database
through three stages of organic and ineganic ion Development Program. Studies are being con-
exchange media. The first stage of the system was ducted on organic ion exchanne resins from
designated the prefilter, and the second and third selected prefilters. The resins an i ing examined
stages were called demineralizers. After the to measure degradation and t ss are teng per-
filtration process the ion exchange media in 50 of formed to characterize solidified ion exchange
the prefilters contained radionuclides in concen- media,

trations greater than the limits for low-level
wastes. These prefilters w re transported to the This report discusses the resin degrcJation ,

Idaho National Engineering Imboratory (INEL) studies conducted on the third set of re:.in samples

for interim storage before f.nal disposal. A removed from the EPICOR-il pref, ters (PF-8

special overpack, or high-integrity container, and PF-20). The results are comp: .d with find-

was developed during that storage period for use ings from studies of the fet anJ second sam-
in disposing of the prefilters at a commercial dis- pling, as described in References 4 and 5 with
posal facility in the State of Washington. As part those of the third sampling described in
of the EPICOR and Waste Research and Reference 6. The degradation studies determine

"
- Disposition Program funded by the U.S. the acceptat ility of EPICOR-Il prefilters for dis-
- Department of Energy (DOE),46 prefilters were posal in high-integrity containers at the commer-

digmsed. Four prefilters used in the U.S. Nuclear cial disposal site at Hanford, Washington by
Regulatory Commission (NRC) studies were identifying (a) degradation effects on the ion-
stored in temporary storage casks outside the Hot exchange resins caused by contained radiation
Shop of lest Area North Building 607 and (b) possible release of contained radio.
(TAN-607) at the INEL. Those four prefilters nuclides from the ion exchange resins.

were disposed during this reporting year at the
Radioactive Waste Management Complex on the Another aspect of this program, the solidifica-

INEL Site. tion of EPICOR-Il wastes from prefilters PF-7
and PF-24 using Portland bpc l-11 cement and
vinyl ester-styrene (VES) (a proprietary solidifi-
cation agent developed and supplied by the IX)W

_,
-

Mention of specific products and/or manufactur. Chemical Company), was investigated.a.

ers in this document implies neither endorsement or
nreference nor disapproval by the U.S. Government, The formulations used for the immobilization

ir .y of its agencies, or EG&G Idaho,Inc., of the use of EPICOR-ll wastes were developed to produce
of a specific pmduct for any purpose. waste fonns meeting the regulatory requirements

1
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of 10 CFR 61," Licensing Requirements for Land microbiological environment of typical disposal
Disposal of Radioactive Waste." The NRC, in its sites in the eastern United States. 2.3 It is in-
" Technical Position on Waste Form"(TP),7 tended that the lysimeters monitor relea;e of
provides guidance to waste generators en waste nuclides from the buried waste fonns and provide

fonn test methods and acceptable results for com- data that accurately determines movement as a
pliance with the waste form requirements of function of time and environmental conditions.
10 CFR 61, in this study, EPICOR-Il waste Emphasis is placed on investigating the require-
forms were subjected to the specified test ments of 10 CFR 61. The study is designed so
p*ocedures to ensure compliance with stability that continuous data on nuclide release and move-

requirements. During this reporting period, four ment, as well as environmental conditions, will
EPICOR waste fonns were compression-tested. be obtained over a 20-year period.
The results of those tests compared to .he earlier
data indicate the waste fonn strength is increasing This report contains data from the fifth year of
with age. Solidified waste forms containing lysimeter operation, as well as cumulative data on
EPICOrt-!! ion exchange resin waste are water balance and nuclide content of water
currently being ficid-tested using lysimeters. The samples. Data for this report were retrieved from
intent of the testing is to expose waste form the data acquisition system (DAS) and from beta
samples to the physitat, chemical, and and gamma analyses of lysimeter water samples.

s
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RESIN DEGRADATION

Materials and Method 8 Columbus Laboratories and modified for use at
the INEL? The coring equipment consists of the

To develop baseline data for the resin following: (a) coring tool and shutter used for

degradation studies, unitradiated lon exchange collecting, transporting, and storing the resin

resins representative of those in the EPICOR-il core; (b) casing and shutter used for retaining the

prefilters were provided by Epico , Inc. The void space in the bed r.nd preventing collapse of

unirradiated resins were identified by functional the resin bed after removal of the coring tool; and

group, exchangeable species, and matrix (e.g., (c) vibrator tool, which drives the coring tool,

sulfonic acid, strong acid cation, and styrene). casing, and rhutters into the resin bed. NUREO/
4CR-4150 further describes the coringThey were characterited for comparison with the

irraoiated resins obtained frc n prefilters PF-8 equipment,

and PF-20. Both the unirradiated and irradiated
resins were examined, i,.ing similar techniques. Gamme Scanning, Full-length isotopic
American Society for Testing und Materials gamma scans were made of each resin core from

(ASTM) tests were used to determine moisture the first and second samplings to produce axial

content, density, salt-splitting capacity, and profiles of radionuclide distribution. Those pro-

exchange capacity.8 Vapor phase, liquid, and files were used to detennine the regions of high-

super critical fluid chromatography were used to est radionue'ide louding in the cores. Isotopte

quantitatively analyze the rinse and soak solu- spectral gamma measurements then were
tions for teachable organic compounds. Indue. obtained at locations of highest radionuclide con-

tively coupled plasma-atomic emission centration.10 The two radionuclides having mea-

spectroscopy (ICP-AES) determined sulfonic surable concentrations detected by gamma

acid groups and scanning electron microscopy spectroscopy were CS-134 and Cs-137.

detennined the physical condition of the resins.
Gamma-ray spectroscopy determined radlo- After removing the cores, full-depth gross
nuclides in equeous solutions, gamma scans were made within the resin beds of

the prefiltert. Those scans were unJ to estimate
Throughout this report, the following nomen- the total integrated do<c absorbed by the resins.

clastre applies to various sizes and configurations
of materials removed from the EPICOR-il pre. Radiation Dos'es. Gamma radiation doses
filters for examination; were calculated for the resin samples using

gamma dose measurements obtained during full-
* Resin Core-One core was removed depth, gross gamma scans within the prefilter res-

from each prefitter (PF-8 and PF-20) in beds # Measurements obtained at elevations
using coring tools. of interest were used with the methed outlined"

to calcula:e the total integrated beta-gamma radi.

Resin Samples-100-mL volumes ation dose for each resin sample. The calculated*

were removed from the resin cores. doses are given in Table 1.

Three samples (PF-8#1, PF-8#2, and .

PF-8#3) were temoved from the PF-P Sampling. At the Test Reactor Area of the
core. One sampic (PF-20) wat, INEL. each resin-filled coring tool was trans-
removed from the PF-20 core. ferred from its cask into the flot Cell for remote

remoi al of resin samples. The coring tool shutter
Coring. Resin cores were removed remotely was withdrawn to expose the layers of different
from' EPICOR-Il prefilters PF-8 and PF-20 in ion eschange media (resin). It was noted that
1983,1985, and 1989 using coring equipment some smearing of material from one layer into
based on a design developed at flattelle anott er had occurred when the shutter was <

3
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Table 1. Calculated radiation doses for EPICOR-Il irradiated renn samples

Calculated Gamma Activity Total Gamma
at Location of Sample Radiation Total Beta-Gamma

in Prefilter Dose Radiation Dose
Sample (R/ min) (rad) (rad)

PIu#1 21.2 10.5 x 107 81.5 x 10
PF-8#2- 13.5 6.7 x 107 0.9x10R

PF-8#3 19.8 9.8 x 107 1.4 x 108

PF-20 13.2 6.4 x 107 0.9 x 108

insc.**d during coring operations and withdrawn Sample Preparation. The radiation levels of
for sa.npling. That smearing required careful re- the samples were of such intensity that analytical
moval of the mixed surface material to expose work perfonned on the irradiated resins needed to
unmixed resin near the center of the core. It was be done within a hot cell environment, flowever,
the unmixed material that was the target for that would have made characterization and
collection. analysis of the samples very costly and time-

consuming. Pn:vious test; performed a' the INEL j
Resin samples were collected with a vacuum on unirradiated resins had shown that an EPICOR '

pump and a delonized water-filled, graduated resin could be stripped of 99% of its cations using
glass column.W One end of a flexible rubber a 10% hydrochloric acid solution? Based on that
tube was attached near the top of the glass column information, it was decided to strip the radio-
.and the other end to a vacuum pump outside the nuclides from the PF-8 and PF-20 resin samples.
Ilot Cell. A segment of rubber tubing was
attached from the top of the glass column to a As described in the previous section, sarnples

stain! css steel tube to form a wand. With the were removed from the coring tools and drawn
vacuum pump running, the wand was positioned into separate ion exchange columns filled with
over the target resin with a master-slave deionized water. The samples were allowed to
manipulator in such a way that resin was drawn soak 24 hours in the water-filled columns. At the
into the column. Sample sizes of 100 mL were end of that time, the deionized water used to soak

collected. Three samples were obtained from the each of the samples (PF-8#1, PF-8#2, and
PF-8 core, two styrene cation resins (PF-8# 1 and PF-8#3, and PF-20) in the separate columns was
PF-8#3) and one phenolic cation resin (PF-8#2), examined visually. Each ion exchange cobimn
A single styrene cation resin sample was obtained was reconfigured, and the deionized water was
from PIL20. The resin samples were collected removed through the shutoff valve of the column
from or near those regions of hlghest radionuclide and retained for analysis. The samples were
loading. This study is concemed with degradation rinsed two times each with deionized water,
of organie ion exchange resins; therefore, only which was added by the pump through the tubing

organic resin samples were removed from the at the top of each column. Resin samples PIL8#1
cores. No anion samples were collected from and PF-8#3 and PF-20 showed restriction to
either core because of the much lower radio- flow during this initial rinse procedure and re-
nuclide content of the anion exchange resin and quired a batch rinse with the water removed by

; low radiation dose indicated by gamma scans decanting. That deionized water also was retained
(resulting in much less degradation than in the for gas chromatography (GC) analysis and

,

! cation exchange resins.) . functional group tests.

4
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A solution of 10% hydrochloric acid was procedures * were used for the strong acid cation
pumped through each resin sample at 'a rate of- and phenolic cation exchange resins:

100 mL/ min. That 7 -.vdere contined until
= 60 sample volumeu PM4 determined to re- * The pretreatment phase of the ASTM

-- move 99% of the cus) or 6 L of acid flowed - procedure convened the ion exchange

Lthrough each rnia sample. Representative quan- resins to one 6tandard form (usually

tities of that acid rinse were collected and later the sodium form for cation resins).
| analyzed. This standard form provided a base- ;

line for other ASTM tests.

The deionized water soak and rinses, and the .* * *** " *** " "E" Y *"
hydrochloric acid rinse greatly reduced the radio- cated the porosity of the resin.The 7nuclide content of the resins. That made it possi- resin's p msiy is dependent uthe

1ble to remove the samples from the Hot Cell and am unt of eMectWe cmss4nung,
perform the analyses in a Type 11 fume hood con-

' h
taining a high-efficiency particulate air filter on p,c; helowertheeffectiv c s -

the outlet duct.~ linking. In the case of the PF-8 and
_. .

PF-20 resins, the water retention -
Characterlastion of Unirradiated and capacity is an indication of the amount .

,

Irradiated Resins. The following analytical of divinylbenzene cross-linking,
methods were used to characterize the unitra-

The backwashed and settled density - i:diated Epicor, Inc, resins (strong acid cation and - *
_

: phenolle cation) and samples from PF-8 (two test determined changes in effective -
!: strong acid cation samples and one phenolic cmss-l!nking between new and used

cation sample) and PF-20 (strong acid cation): rcsins. The density is proportional to
the amount of effective cross-linking .
in the resin.ASTM Procedsres for the Physical*

and Chemical Properties of Particulate The salt-splitting capacity test showed*
t2lon Exchange Resins the number of sulfonic acid groups

contained in a cation ion exchange
* ; : Gas, liquid, ed supercritical fluid resinEA decrease in salt-splitting

,

chromatography - capacity ' would show; a loss :of - ,

functional sulfonic _ acid- groups.
Phenolic, carboxylic acid, and phos-:*- -ICP-AES for- determination of -

. s'ulfonic acid groups p nic acid functional groups also
:will exhibit salt-splittmg capacity to

'

some degree.

Gamma-ray spectroscopy-*-

The total exchange capacity test deter-*

mined the exchange capacity of cation
Scanning electron microscopy. ion exchange resins that contain - f

*

}- functional groups in addition to, o_r
L American Society of Testing Materials' ~ different from, - sulfonic Lacid L !'

Tests. ASTM procedures were used to deter- functional groups.
mine the chemical and physical conditions of the

:ica exchange resins.mi2 Results from analysis
of the irradiated 2PICOR-II resins and the a. - The tests were performed in accordance with -

' unirradiated Iesins were compared to determine if ASTM standards; deviations are within allowable
. degradation had occurred. The following ASTM limits of those standards.

5'.
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Gas Chromatography Gas chromatography inductively Coupled Plasma - Atomic
vaporizes a liquid sample and separates it into Emission Spectroscopy for the Determl-
components by using a GC column containing a nation of Sulfur it has been shown that the
mobile phase and a stationary phase. In the case EPICOR-il catic n resins are sulfonic acid,
of the EPICOR-Il resin samples, a DB5 30-m- divinylbenzene, styrene type resins.8 The high
long Durabond column with a 1.5 microfilm internal radiation dose received by those resins
thickness from L W. Scientific was chosen for the could cause loss of the active sulfonic acid sites.
GC analysis. Any organic products in the original This would result in finding sulfate in the deion-
sample were concentrated by use of hexane. Sam- ized water soak and rinse solutions from the PF-8
pies of the soak and rinse solutions from PF-8 and PF-20 strong acid cation resins. ICP-AES is
and PF-20 were examined. an elemental technique and can detect sulfur

present in low concentrations in aqueous solu-

Liquid Chromatography. High-performance tions. This work was performed on a Perkin

liquid chromatography (HPLC) separates a liquid Elmer Plazma 11 ICP-AES using three analytical

into its compotents by means of liquid chroma. wavelengths for sulfur.

tography, partition chromatography, lon-
exchange chromatography, or exclusion Scanning Electron Woroscopy. To deter-

chromatography. This study relied on the tech- mine the physical conditions of the resin samples
fr m PF-8 and PF-20, scanning electron micro-nique of partition chromatography, an HPLC

technique in which the solute is partitioned se pe (SEM) photomicrographs were obtained of

between two immiscible solvents, one fixed and the resins at different magnifications. The photo-

the other mobile. The fixed phase was an HPLC mict graphs allowed examination of the resins
f r cracks, bead breakage, bead softening,ODS C-18 column from Waters Chroma-

tography, and the mobile phase was acetonitrile. agglomeration, and other defecn.

Aliquots of the hexane extracts of the soak and Gamma-Ray Spectroscopy. Gamma-ray
rinse solutions from PF-8 and PF-20 were in- spectroscopy determined the total amount of
Jected into a Kratos HPLC using a UV-VISIBLE

Cs-134 and Cs-137 present in the resin samples.
Detector, and HPLC chromatograms were

Samples of soak, rinse, and elution liquids were
obtamed.

measured.

Supercritical Fluid Chromatortrachy. Test Results
Supercritical Guid chromatography (SFC) raises
the mobile phase above its critical temperature Because the unitradiated resins were
and pressure. At this point, called the critical seven years old, they might have been expected
point, the mobile phase is neither a gas nor a to show some degradation. However, the unirra-
liquid. Separations are made based on the dif- diated resins showed little apparent change from
ferent solubilities of analytes by changing the previous analyses.68 The nine-year old irra-
density of the mobile phase. This techniques diated resins from PF-8 and PF-20 also would
lends itself well for thennally labile compounds have been expected to show some degradation
and larger molecular weight polymeric materials due to ;ge.0 H Since the unitradiated resins
that cannot be run using other chromatography showed no degradation because of age in this
techniques. Hexane-extracted liquid samples of study, any degradation of the irradiated resins was
soak and rinse water from the EPICOR-Il resins assumed to be from radiation damage and not
were analyzed using a 10 meter SB-Phenyl-50, from age.
100 micron ID,0.25 micron film thickness cap-
illary column. Carbon dioxide was used as the American S991ety for Testing and Materi-
mobile phase and an isothennal(100 C) pressure als Tests Results of the tests performed on irra-
program was rtm starting at 100 atm and going to diated and unitradiated resins from the third
375 atm at a rate of 5 atm/ min. sampling of PF-8 and PF-20 are listed in Table 2.

!
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Table 2. Results of ASTM tests on irradiated and imirradiated ion exchange resins-third sampling"
_

.

Resin Sample
UnirradiatedUnirradiated

Strong PF-8#1 Strong PF-8#3 Suong PF-20 Strong Phenolic PF-S#21 Strong

h Acid Cation Acid Cation Acid Canon Canon Resinh Cr.tkm
ASTM Test Parameter Acid Cation

Water retention capacity 41.48 io.89% 56.56 1 1.21 % 56.06 1.20 % 48.53 f.04% 45.36 0.97 % $2.7811.13%

Backwashed and settled 0.837 0.011 0.812 1 0.011 0.829 0.011 0.886 0.012 0.705 0.009 0.812 0.011

density (ghnL)

Salt-splitting capacity 5.21 to.% 3.78 i 0.70 3.83 0.71 4.42 i 0.87 ? 17 0.Gt 3.78 0.70

(snegigf

Totalexchange capacity 6.2810.97 3.44 i 0.53 3.64 i 0.56 4.77 0.74 4.6510.7I 3.44 i 0.52

(meq/gf
a

De errors associated with the data were experimentally octermmed - they were calculated as the first standard deviation f~xn the mecn.; a.

b. His unirradiated sample was tested at a different time than the other samples.

Measured in milliequivalents per gram of dry resin.c.

I

a
_______
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(Results from the first and second samplings tYere water samples were then extracted with hexane in
previously reponed.)O an attempt to determine if water soluble organic

molecules could be leached from the irradiated
The results of these analyses are graphically resins, in all three chromatography experiments,

presented in Figure 1. Probably the most impor- no detectable organic material was found. This
tant characteristic cf ion exchange media is total would imply that the degradation products of the
exchange capacity. This figure shows tne marked polystyrene divinylbenzene are not readily ex-
decrease in exchange capacity as the resins tractable into water. Therefore, organic decompo-
received more radiation doses. While there is sition products are expected to stay with the intact
some separation of the curves for Samples resin beads.
PF-8#1 and PF-8#3 from PF-8#2 (phenolic) and
PF-20, the No I and No. 2 sample curves are Inductively Coupled Plasma- Atomic
very close and all four exhibit common shapes. Emission Spectroscopy. Assay of the
Differences in these data were introduced during solutions collected during resin treatment clearly
measurement of radiation doses, demonstrate that sulfonic acid groups are being

lost due to irradiation of the sulfonic acid contain-
Gas, Liquid, and Supercritical Fluid ing polystyrene divinylbenze based resins (See
Chromatography. The irn diated resins were Table 3). Some sulfate also was found in the
soaked and rinsed with delonbed water. These PF-8#2 phenolic resin sample. This can be

'U
l I I I l I I

. -- - - O
O %n
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6 PF 8 No.2 Phenolic
O PF 8 N13 Gtyrene
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s
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Total t)ela and gamma radiation doso - 10' rad
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Figure 1. Change in total exchange capacity with increase in radiation dose.
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Table 3. Sulfate determined in aqueous Scanning Electron Microscopy. SEM pho-
solutions from resins by inductively tomicrographs of the unirradiated Epicor,Inc,
coupled plasma-atomic emission supplied resins were presented in two NRC re-
spectroscopy-third sampling ports.4 5 Figures 2 through 5 show examples of

resins from the third sampling of the irradiated
EPICOR-il resins. Other SEM photomicro-
graphs are present:d in Reference 6.

Resin Sample No. mg SO4_ /100 mL Sample

SEM photon &rograph of N-80 resin
PF-8#1 25

(Figure 2) shows considerable damage to the
PF-8#2 4

resin bead, it shows a concentric type of bead -

cracking not observed during the previous sam-
PF-8#3 63

plings. The photomicrograph of 'F-8#3 resin
! PF-20 37

(Figure 3) shows a different type of cracking.
Figure 3 shows two beads that have cracked. One

Untrradiate Resin 0.3
also appears to have softened and been deformed
by surrounding beads.

,

explained by the fact that this sample was taken The SEM photomicrograph of PF-20 resin
.

next to the strong acid resin. These resin samples (Figure 4) shows a cracked bead that exhibits
'

still appeared to be moist, which would allow the other damage partially hidden by an adjoining
sulfate to migrate slowly. Also, because of the bead. The SEM photomicrograph of PF-8#2
proximity of these resins in the sampling tool, a phenolic resin (Figure 5) shows one particle ob-
small amount of the strong acid cation resin was tained from the third sampling with slight
collected with the phenolic resin. cracking.
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ing a closeup of one unusually damaged bead (at 100 magnification).
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! Figure 5. SEM photomicrograph of EPICOR-Il phenolic cation resin sample PF-8#2 showing a
closeup of one cracked resin particle (at 50 magnification).

| Gamma-Ray Spectroscopy. During the Physical Observations. PF-8#1 and PF-8n3
third sampling, gamma-ray spectroscopy was resin samples both appeared dark orange to
used to determine the amount of radionuclides brown in color. The old unirradiated resin was
present in the aqueous solutions. Table 4 presents still a 'ight unber color. PF-20 resin samples also
the amount of Cs-134 and Cs-137 found in the had a significant change in color (mostly orange).

|
deionized water solutions, as well as the total When the sampling was performed, the PF-8#1

| cesium from the resin samples. and PF-8#3 resin samples also appeared to be
sticky and tenacious toward the sampling wand.

Table 4. Cesium measured in aqueous in several instances, the vacuum wand had to be

| solutions from resins-third sampling rinsed in water to clear the vacuum tube.
l -

|

Total mci /100 mL
Resin Sample Synopsis of Results. Table 5 presents results

; of the various analytical tests perfonned on the ir-
| liesin Sample No. Cs-134 Cs-137 To:al Cs radiated EPICOR-Il resin samples. It should be

| noted that results in the table are expressed in
PF-8#1 650 74,089 74,139 terms of differences between values obtained
PF-8#2 95 11,183 11.278 from tests on the irradiated EPICOR-Il resins

( PF-8#3 1141 130,242 131,383 from the first, second, and third samplings and the
PF-20 930 108,215 109,145 values obtained from tests on the unirradiated

Epicor, Inc. supplied resins.

.

0

e
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Synopsis of results from analysis of EPICOR-II irradiated resin samplesTable 5.
(first, second and third samplings)

Resin Sample

Sample PF-8#1 PF-8#2 PF-873 PF-20

Phenolic Carion Strong Acid Catson Strong Acid Cation

Analytic 4 Tec!nnque Number Strong AcidCarion

ASTM Tests

Water retentzon capacity 1.2,3 Increase /Increaseancrease Increase /mcrease/Lvresse !Co sample /IncreaseAncrease IncreaseAncreaseAncrease

Backwashed and settled density 1,2,3 Decreased)ecrease/ Decrease hse No sample /Decreaseancrease h

Salt-splitting capacity 1.2,3 h IncreaseAncrease/ Decrease
No sample / Decrease /The Decrease /No change / Decrease

Total exchange capacity 1.2.3 Decrease / Decrease / Decrease
No change / Decrease / Decrease No sample / Decrease,1;ecmte Increax/No change / Decrease

1.2 No apparern changs No apparent changes No apparent changes No apparent changes

in structure in stmeture in structure in structureInfrared 3m u-yyn

Gas, liquid and supercritical L2.3 No soluble products No soluble products No soluble products No soluble products

determined am mL-d a k. mod ak. .J

y fluid c6moidugr2phy

BaCl precipitation for 1,2 Salfonic acid groups This resin contams Sulfonic acid groups Suffonic acid groups

2 no sulfonic acid are being lost are being Imt
ae being lostsulfonic acid groups

inductively coupled plasma- 3 *iulfonic ac6%v Scme sulfonic acid
Suffonic acid groups Sulfonic acid groups

we being lost groups found are being lost are bemg lost

atomic emission sm -vyye

1 Resin bead crac)mg Damage on a few No sample No damage noted

Scannmg electron microscopy particles
observations

2 Resin bend cracking No damage noted Resin bead cracking No damage noted

Ress bend crackig Damage toone besi
3 Resin bead cracking Damage on one

| Pdle
f
|
|
1

l
I

f

.

.

I I
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Table 5. (continued)

Resin Sample

Sample PF-8#1. PF--8#2 PF-8#3 PF-20

Analpical Technique Number Strong Acid Cation Phenolic Cation Stm g AcidCstion Strong Acid Cation

Visual observations I Nothing unusual Contamination with . NoSample Nothing unusual

PF-841 resin

2 Soak :md rinse Soak and rinse Soak and rinse Soek and rinse

solutions were solutions were solutions were solutions were

a brown color a brown color a brown color a brown cokr

3 Soak and rinse Smk solution Sonk and rinse Soak and rinse

solutions were a coeM light solutxrs were a soluticas were a

light brown color brown sedsment; light brown color light bmwn color

with sediment contammanon with with sediment with sedrment

PF-8#1 resin

C
Physical utm.. dins 1 Lack of flow Nothing tmusual No Sample Nochmg unusual

during elution

2 Lack of flow Nothing unusual lack of flow Nothing unusual

during clution during elution

3 Exk of flow Nodving mmsnal 1xk of flow Lack of flow

during clution - durmgcimion demg elatum

.- - - . - - -
_ _ _ _ _ _ _ _ _ _ . 1



RESIN SOLIDIFICATION
5

Four EPICOR-II. waste forms have been Figure 10 shows the above data and previous

compression-tested. Samples with mass and compressive strergth test results (taken at ages
. contact radiation dose readings similar to those after fabrication of 1 month and 24 meaths)
tested in 1984 were used.is,i6One sampie of each relative to specimen age. All semp!s types
waste type (all organic and organic with zeolite) experienced increase in strength with age. The ;

in each binder (Portland cement and vinyl oldest cement containing organic /in nganic lon

ester-styrene) were tested. On June 28,1990, the exchange resins exhibited an unusually high

seven-year old waste forms were compression- strength, it is noted that only one specimen of
,

tested per ASTM C39, using a Tinuis Olsen each of the four types was tested and the data

60,000-lb testing machine calibrated on June 21, scatter could account for this apparent anomaly.

1990. The test results are presented in Table 6. Further testing planned over the next two years .
should clarify these results.

These waste form specimens have been stored
The specimens were tested dry using poured in shielded drums throughout the project. Dose !

epoxy leveling caps. The concrete specimens measurements indicate that the specimens have
broke in a column cracking pattern with very experienced a total gamma dose of 1.5 x 106 to |
little flaking. The VES specimens bulged in the 2.5 x 106 rad. That dose has caused serious em- I

center of the cylinders. The column breaking took brittlement of the polyethylene specimen con-
place within the bulging center area. The VES tainers, which are beginning to crack. The VES is

.

1
specimens seemed to be very ductile. The tested evidently responding to the high dose by

.

specimens are shown in Figures 6,7,8, and 9. becoming more ductile.

, ,

Table 6. Compression test results of seven-year old EPICOR-Il waste forms

1

]Raatatien at Ultimate Compress -

Materialof Contract Load Strength

Specimen Construction- (R/h) =(ib) (psi)

Cl-23 - Organic lon exchange 7 9,890 -3667

in Portland cement

C2-A7 Organic / inorganic 12 17,000- 6404

ion exchange in
,

|L Portland cement

p
'Dl-A2 Organic lon exchange 25 8,830 3364

in Dow vinyl
ester-styrene

' D2-27 Organic / inorganic lon 28 11,290 4333

exchange in Dow vinyl
!- ester-styrene

14
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FIELD TESTING

Materials and Methods Sr-90, while Type B contains about 1% Sr-90.
Of the other radionuclides in those wastes,

Field testing is described in the following Cs-137 and Cs-134 are the major constituents,

section of this report included are descriptions of with St>-125 found in trace amounts,

waste forms, lysimeters, and procedures used to
collect and analyze data. Portland Type 1-11 cement and VES were used

to solidify both types of resin wastes. Individual

Experiment Description, Solidified waste waste forms were manufactured by allowing a

fonns containing EPICOR-Il ion exchange resin mixture of solidification agent and resin waste to

waste are currently being field-tested using solidity in polyethylen- molds that were 4.8-cm

lysimeters. Lysimeter sites have been established in diameter by 10.2-cm high. Enough of the mix-

at Oak Ridge National Laboratory (ORNL) and ture was added to each vial to produce waste

Argonne National Laboratory-East (ANL-E). fonns with an average diameter of 4.8 cm and
3

Instrumentation within each of the five lysimeters height of 7.6-cm (137.5 cm ). A complete de-
at each site includes porous cup soil-water scription of waste fann manufacture is given in

samplers and soil moisture / temperature probes. Reference 15. Bench testing of similar waste

The probes are connected to an onsite DAS, forms, per the requirement of the Branch
which also collects data from a field Technical Position on Waste Fonn,is described in

meteorological station located at each site. A Refererm 10.
detailed description of the lysimeters and
their installation and data from the first four Description of Lysimeters. The lysimeters
years of operation are contained in earlier are designed as self-contained i nits that can be

reports.17.im20.21 casily disposed at the tennination of the field test
experiment. A total of ten lysimeters are used,

Description of Waste Forms, Waste forms with five placed at each field site. Each lysimeter
used in the field test are composed of solidified is a right circular cylinder (0.91 m in diameter by

EPICOR-Il prefilter resin wastes. 'l\vo waste for- 3.12 m in height) constructed of 12-gage,316 L
mulations are used in the solidification project stainless steel (Figure Il). Internally, the lysi-
(Table 7), Type A is a mixture of synthetic meter is divided into two sections, the upper
organic ion exchange resins from PF-7 (phenolic volume being 1532 L and the lower being 396 L.
cation, strong acid cation, and strong base anion A 3.8-cm Schedule 40, stainless steel pipe
resins), while Type B is a mixture of synthetic serves as an access to the lower compartment.

organic ion exchange resins from PF-20 (strong Soil, instrumentation, and waste fanns are con-

acid cation and strong base anion resins) with an tained in the upper compartment, while the lower

inorganic zeolite. Waste Type A contains 25% compartment serves as a leachate collector.

Table 7. Lysimeter waste form composition

Lysimeter Prefilter
Number Fill Material Waste Form Description Number

_

i Soil. Cement with Type A waste PF-7
2 Soil Cement with bpe B waste PF-24
3 Soil . VES with Type A waste PF-7
4 Soil VES with Type B waste PF-24
5 ANL-E Silica oxide Cement with Type A waste PF-7
5 ORNL Silica oxide Cement with Type B waste PF-24

i
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Figure 11. EPICCR-Il lysimeter vessel component locations.

Four lysimeters at each field site are filled with indigenous soil that fits the NRC criteria for the
soil; the remaining one is a control filled with an midwestern soil it is a Morley sitt loam, with the
inert silica sand.17 Two different soils were used. surface layer removed. The resulting subsurface
One was representative of Midwestem soils, the soil is a clay loam. Soil at the ORNL was not
other was intended to approximate soil found at found to be a suitable substitute fcr Bamwell soil;

Barnwell, South Carolina ANL-E used local therefore, acceptable soil was transported to the

19
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l ORNL from the Savannah River Plant adjacent to project (ANL-E, August 1,1985; ORNL, June 1,
the Bamwell facility in South Carolina. 1985) through June 1990. Much of the data is

displayed in graphic format so that information

Bach of the lysi :rs is consecutively can te correlated easily with time,

numbered I througl , with I through 4 con-
taining soil and number 5 being the sand-filled Weather Data. Precipitation, air temperature,
control. The waste form type found in each wind speed, and relative humidity, as recorded by

lysimeter is given in Table 7. the ANL-E and ORNL DAS systems during the
12-month reporting period, are presented in

Data Retrieval and Analysis, Electrical Figures 12 through 19. Total official precipitation

impulses from the environmental instruments are (measured by reference rain gauges near each

collected by, processed in, and stored by the DAS site) for the period was 100.8 cm at ANL-E and
153.3 cm at ORNL. ANL-E, for the first timefor periodic retrieval, The DAS processes input

into recognizable data using programmable steps, since 1985, was well above the normal annual

Outpui from the soil moisture probes, for rainfall of 85.2 cm,22 while ORNL was 110% of

the normal annual rainfall of 138.8 cm.23 This isexample, is processed by a polynomial equation
that was derived from laboratory calibration of the second time in four years that ORNL has

the probes.n equalled or exceeded the normal amount of
yearly precipitation. The monthly precipitation

Data output from the DAS is stored on a pauern f r yach site can be seen from the
histograms in Figures 12 and 16. Figure 20

cassette tape and, after retrieval,is translated to
shows the cumulative pattem of precipitation for

an IBM PC-compatible disk file. llard copy from
both sites since the initiation of field work, By the

these files is provided either graphically or in a
end of this reportmg penod, there had been a

printed fonnat The graphic display presents data cumulative t tal of 426,7 cm at ANL-E while
over an extended time perial. The graphic

ORNL had received a total of 631.2 cm.
9resentation was used for this repon,

A mperatum data hm NMgum W
Water from each lysimeter is drawn from

show that them wem periods oUmedng tempa-
porous cup soil-water samplers and lysimeter

tures from mid-November 1988 until near mid-leuchate collection compartments at least
APM N. In congast to prepous years, ORNLquarterly. These water samples are analyzed
expenenced a penod of freezmg temperatures

,

routinely for gamma-producing nuclides and, as from mid-November until mid-January and
required, for the beta-producing nuclide St-90, again in mid-February (Figure 17).
Water analyses are performed at ANL-E by the
Environmental Services Laboratory and at
ORNL by the Environmental Radio Analysis Lysimeter Soll Temperature Data. Soil tem-

Laboratory, Both of these laboratories have a perature and moisture sensors are physically

tiaccable quality assurance program and use located within a common housing or probe,

accepted analytical procedures for nuclide These probes are located at three elevations (149,

detemiir,ation. 77,9, and 28,8 cm, as measured from the bottom
of the soil column) within each lysimeter, The
function of these probes is to provide data on

Results and Discussion whether or not the buried waste fonns experience
freezing temperatures and if the surrounding soil

This report contains DAS data from ANL-E is moist, Because all of the soil lysimeters at each

and ORNL obtained from July 1989 through July site are exposed to the same environment, the
- 1990. In addition, information on water balance current placement of probes provides a planned
and nuclide content in soil water and leachate is a redundancy in data collection, Therefore, as long
compilation of data from the initiation of the as there are functioning probes in any of the soil

20
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1

lysimeters at each site, sufficient data to satisfy deterioration of these probes and one in ANic5 '|
- reporting criteria will be available, in addition, has been seca during this reporting period. From ;

temperature data collected during the years of past experience, it-would appear that the probes -l
-

3 extended service life of the probes will serve as a have been damaged by corrosion of the metal j

useful climatological reference for assessing parts," At the present time, a more damage-
, waste fonn perfom ance in future years, resistant replacement for these probes has not

been found. All temperature probes at ORNL still

The lysimeter soil temperature data recorded at ' appear to be functional.

; ANL-E arid ORNL during the reporting period
.

.are shown in Figures 21 through 29. Except for Lysimeter Soll Moisture Data. Data from the

. ANL-E lysimeter I;at the.149 cm elevation in . moisture probes at both ANL-E and ORNL,
.

. January and 'again in February, at no time during shown in Figures 30 through 39, indicate that the a
the reporting period was a freezing temperature lysimeter soil columns at both sites have remained

'

recorded at any depth by a functioning tempera- moist during the reporting period. The probe out-
'

ture probe within u lysimeter A direct correspon- put from the soil column of each lysimeter over d
~ dence can be seen between air temperature and time (as detennined by averaging the outputs of

y soll temperatures at both locations.- the three probes in each lysimeter) showed that the
i variation in moisture detected for the lysimeters at <

'

J As stated in past reports, there have been a each site was relatively similar and not excessive.4

_ number of temperature probe failures at'ANL-E, There was a coefficient of variation of 21'3% at'
,

g
j "During the last two reporting periods,it was ANL-E and 7.8% at ORNL The probes continue y
L obvious that the temperature probes in AN!J-4 - - to serve their orisinal purpose of providing some j

.

failed; therefore, data from these probes have not . indication of the status oflysimeter soil moisture,
"

H been included in the report..During nie 1989 re- As was mentioned in the section on soll tempera- 9

I - porting period, it appeared that the probes in ture, some of the probes at ANL-E are no longer

h ANL-3.were not functioning propedy. Further functioning.

u
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Figure 37. ORNL lysimeter 3 soil moisture.
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Figure 39. ORNL lysimeter 5 soil moisture.

Soil moisture was discussed in a previous rate of drainage cannot be restored, The present
report? Soil moisture in the soil column of conditions are now thought to be indicative of
the lysimeters at each site is quantified what would be found if a disposal trench were
gravimetrically once each year (see Tables 8 and constructed in this soil,it was decided in fiscal
9). Some idea of the accuracy of the soil moisture year 1989 that no further efforts would be made
probes can be calculated by comparing the once- to improve drainage of these lysimeters. Instead,
a-year gravimetric soil moisture data of each soil water is no longer allowed to pond on the soil sur-
lysimeter to yearly averaged probe data face. Water in excess of 2-3 cm in depth is now
(Table 10), Percent differences between the removed from the lysimeter surfaces. Total quan-
gravimetric data and probe data for ANL-E lysi- tities of water removed fro'n the three lysimeters
meters range between 28.0 and 37.6% These during the year were
values are still within a reasonable range given
the use of the information. While data from the ,
ORNL probes continue to overestimate the actual '

percent soil moisture, these data have remained
consistent year after year. * ANL 2,428 L

Soil moisture (as gravimetrica'ly detennined)
* ANL 4,210 L.

at each sampling depth has remained uniformly
consistent between intrasite lysimeters during the
past several years (Figures 40 and 41). The uni- It is apparent from data presented in Figures 40
formity of soil moisture in the ANL-E lysimeters and 41 that after initial wetting, the water storage
(Figure 40) continues to be of interest given the within the lysimeter soil columns at each of the
long-term, nonuniform decrease in water infiltra- sites appears to have remained fairly constant
tion in to ANL 1,2, and 4. Action to improve (Tables 8 and 9 and References 17,18,19,20,
drainage of these lysimeters has been taken; how- and 21). At the time of the last sampling, the aver-
ever, it has now become obvious that the initial age soil moisture of ANL-E soils was 56.1% of
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Table 8. Moisture profile of ANL-E Table 9. Moisture profile of ORNL

lysimeters 1 through 4 based on lysimeters I through 4 based on

gravimetric measurement of water gravimetric measurement of water

content * :ontent"

Moisture
Moisture

Depth (dry weight)
Depth (dry weight)

Lysimeter (cm) (9 )
Lysimeter (cm) (9)

1 (b25 15.8
1 0-41 17.4

1 25-50 16.6
1 41-62 20.8

I W 75 17.8
I 62-82 21.2

1 75-1N 18.0
1 82-107 21.4

1 100-125 17.8
1 107-133 21.9

1 125-150 18.6
1 133-153 22.6

1 153-182 23,0
2 0-25 16.0

1 182-202 23.3
2 25-50 16.7

2 50-75 17,3
2 0-41 18.5'

2 75-100 17.8
2 41-62 22.3

2 hl25 18.0
2 62-82 21.1

2 125-150 18.2
2 82-107 22.6

2 107-133 22.6
3 0-25 15.2

2 133-153 23.3
3 25-50 16.4

2 153-182 23.8
3 50-75 17.6

2 182-202 23.8
3 75-100 17.9

3 100-125 A 8.5
3 0-41 22.2

3 125-150 t 8.8
3 41-62 22.7

3 62-82 24,7
4 (b:' 15.7

3 82-107 24.9
4 25-Su 17.1

3 107-133 24.6
4 50-75 17.5

3 133-153 24.C
4 75-100 18.1

3 153-182 24.9
4 100-125 18.2

3 182-202 24,3
4 125-150 18.9

4 0-41 22.3

4 41-62 22.6
a. Samples were e llected on July 10,1989.

4 62-82 22.7

4 82-107 23.7

4 107-133 24.2 the soil moisture holding capacity (MilC). At
4 133-153 24.0 ORNL, this value was 39.2% These values have
4 153-182 23.8 remained fairly constant from year to year.,

4 182-202 23.9

By using the cumulative rainfall data from
each site since the time the lysimeters were

n. Samples were collected on July 28,1989, placed in operation (Figure 20), it is possible to
calculate the approximate volume of water that--
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Table 10. Comparison of the average percent moisture values in lysimeter soil column as determined
from probe and gravimetric data

Average Percent Average Percent
Lysimeter Moisture for Soil Moisture for Percent

tNumber Column Probes * Soil Column' Difference

ANL1 15.4+2.6 21.4 + 1.9 28.0
ANL2 14.5 I 1.7 22.2 i I,8 34.7
ANL3 16.2 I 8.5e 24.1 i 1.0 32.8
ANL4 14.6 } 1.7 23.410.7 37.6

ORNL1 39.0 + 0.6 17.441.0 124.1
ORNL2 39.6 i 0.2 17,4 i 0.8 127.6
ORNL3 34.0 i 1.7 17.4 I 1.4 95.4
ORNL4 37.2 { 3.9 17.6 { l.1 111.4

a. July 1989 through June 1990.

b. Detennined gravimetrically for July 1990,

c. Average from two probes.
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Figure 40. Moisture profile of ANL--E lysimeters I through 4 by year based on gravimetric measure-
ment of water content.
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Figure 41. Moisture profile of ORNL lysimeters I through 4 h; ur cased on gravimetric*
' measurement of water content,

has been received by the exposed lysimeter sur- c.verage 1,71 pore volumes for the ANL-E soll
2faces (6489.5 cm ). Nch ANL-E lysimeter re. lysimeters and 4.94 pore volumes for soil

ceived 2769 Lt each ORNL lysimeter received lysimeters at ORNL, while the controls at
4138 L. The volume of the precipitation that has ANL-E and ORNL were 4,70 and 7.29 pore
passed through the lysimeters can be seen in Fig- volumes, respectively,
ures 42 and 43. It has become apparent with time
that the throughput of precipitation is dependent Radionuclido Analysis. Water samples are
on site conditions and lysimeter fill material. At normally collected on a quarterly basis from
ANL-E, an average of 1214.0 + 437.2 L, with a leachate collectors and moisture cups of each of
range of 30.1 to 64.9% of total precipitation, has the lysimeters during the 12-month period. At
passed through the soil lysimeters; while for the each sampling, only water from the teachate
control, this value was 2761 L, or 99.7% of avail- collectors (1 L of collected quantity) and those
able precipitation. For ORNL, the values were cups (0.1 L or as noted of the collected quantity)
3511.5 + 21.0 L (84,8%) for the soil-filled lysi- closest to the waste forms (cup 3) are generally
meters and 4084 L (98.7%) for the control. These analyzed for gamma-producing nuclides and the
data are comparable to the previous year's data beta-producing nuclide Sr-90. The analysis pro-
(Reference 21). The ORNL lysimeter soils are tocol, however, triggers the analysis of water
more permeable than the ANL-E soils (an obser- from additional cups in a sequential manner if nu.
vation made by comparing the control lysimeter clides are found in a cup 3 sample. For example,
at each site with that site's soil lysimeters). Also, when nuclides are found in a cup 3 of a lysimeter,
the ORNL lysimeters continue to perform as a water from cup 1 (directly below cup 3), then
unit as compared to the individual drainage cup 4, followed by cup 2 should be analyzed (see
octivity of the ANL-E lysimeters. Figure 1I for cup placement). Because of funding

levels, however, it has not been possible to follow
The total volumes of precipitation that have this protocol. Rather, only water samples from

moved through the lysimeters represent an cups 3 are routinely analyzed at the sites.
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Tabulated results of beta and gamma analysis St-90 in the leachate water of the control lysi-

for the samples taken during the period are found meters for the two sites (Table 14),

in Tables 11,12, and 13. Four samples were taken

at each site during the 12 month period. The
cumulatis e amounts of nuchs as determined in

Gamma-producing nuclides continue to occur

water samples obtained from lys; meter cup 3 and
with regularity at ANL-E and are again present at
ORNL. ANL 2-3, below a cement waste form

teachate collectors for all sampling periods are
displayed graphically in Figures 44 through 52. It

containing large amounts of Cs-137, continues to
receive Cs-137 (Table 1I) with a significant

should be noted that water samples have not twen
withdrawn from ORNL cup 3-3 since the increase in the quantities of tnis nuclide

summer of 19119 due to a malfunction of that cup. appearing this year after initially peaking in the
February 1987 sample (Figure 48). Since June ofThe lack of data from this cup could give the erro.
1987, Cs-137 has been appearing in ANL S-3.

neous impression that nuclides are no longer
The quantity of this nuclide increased in each ofavailable from this source (Figure 45).
the sampling periods during the last year,23 with
an abrupt increase during the last sampling period

As has been reported in the past acui not allis
E"' " I'"I' #' * * # """"'

nuclides are appearing consistently in either the
''"" " ' . " * * E"'' b * ' "dnun to

water obtained from the cups or the teachute w no sustamed occurrma of Cs-137 m any u
,

collectors. The nuelide that appears with the most We m ac e watet DemaW amounts M
regularity at both sites continues to be St-90. s- an een c n sten % found in nur
Consistent, significant occurrences of this nu- from ORNL-5 and sporadically in the other
clide continue in all the cup 3 samples at both ORM, watus gabin 12 and 13); Meamable
ANL-E and ORNL (Figures 4' and 45). There amounts of Cs-137 began to occur m ORNL 5-3
continues to be standout amounts of St-90 re- during the May 1988 sample and have continued
trieved from cup 3 samples at both sites. Those uent smnphngs for a total of 480 pC!.in
include a cumulative total of 452,840 pCi Breakthrough of Cs-137 into the ORNL 5
from 3-3 at ANL-E (an increase of 168% over in Nownha M8,
im year)(Figure 44) and 37,286 pCi from 1-3 at acham couector occup"" occurrence in the

'""' *"" * " " "
ORNL (a 216% increase over last yeat)

n tun cup M M @..gure M Vms far, a
(Figure 45). The releases into ANL 3-3 and

I"I"I "I I p,198 pCi have passed through the lysi-ORNL l-3 continue to be steady and almost metcr (h.gure 50). There have been no occur-
" " ' " ' ' wnces of St>-125 this year (Figures 51 and 52).

During the past 12 months,leachate water
from the control lysimeters at each site have con- By using a matrix, several comparisons can be

tinued to contain amounts of Sr-90 orders of made based on the data. Such a matrix is seen in

magnitude larger than the soil lysimeters (Fig- Tabte 14, which includes intra- and intersite com-

ures 46 and 47). This is comparable to the pre- parisens. Overall, of the nuclides contained in the

vious years findings (References 18,19,20,and waste forms," there has been a greater recovery

21) and as shown above continues to be in sharp of Sr-90 in terms of quantity and percent of in-

contrast to the cup 3 data, which continue to dem- ventory than other nuclides. Cs-137 would be

onstrate that substantial amounts of Sr-90 are still followed by Sb-125 (not listed in Table 14),

being released from the waste forms in the soit ly- Coinpared to St-90, the recovery of Cs-137
simeters. The percent of total St-90 being appears insignificant but remember that it has
measured in the leachate water and cup 3 samples only been in the past two years that this nuclide

is somewhat inconsistent between the two sites has been consistently occurrmg in number 3 cups

(Table 14). This could indicate differences in at ORNL (Figure 49) and has begun to occur con-

waste form performance at the two sites. Ilow- sistently in the teachate collector of the ORNL-5

ever, there is still a comparable percent of total lysimeter (Figure 50).
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Table 11. Results of beta and gamma analysis,of ANL-E soil moisture and teachase samples, year 5

(1989 - 1990)

Concerwrzeier
| (IO/LP
'

l Sr 90Cs-IJ7Co -60

ldereificsekwi 89Oct 90 Dec 90 Mar 90 Jet 89 Oct 90 Dec 90 Mar 90 Jul 89 Oca 90 Dec 90 Mar 90 Julsarnpie
_ _ .

Lys l' <I <I <1 <1 <I <I <1 <1 <1 <1 <I <I

Lys 2 <1 <l <I <l <l <l <I <1 <I <l <1 <1

Lys 3 <l <1 <I <1 <I <l <I <I 7.910.2 2310.1 11.4 i o.2 31il

Lys 4 <1 <I <l <1 <I <I <t <I <I 13.4103 <1 <3 ,

Lys 5 <1 <1 <1 <I <l <! 2iI 4.7 1 1.6 334iI 34511 452 1 I 43211

Lys I-3* <5 <5 <5 <5 <5 <5 <5 <5 1.8E41129 4942150 2762136 176 112

Lys 2-3 <5 <5 <5 <5 %512 1563 1 55 2556 i 67 1295 i 53 1946 i 9 1564i55 2480i12 2773 i 11

Lys 3-3 <5 <5 <5 <5 <5 <5 <5 <5 7.9E5iI452 6.7E5i1343 1.0E6i1503 1.01E6i1531,

Lys 4-3 <5 <5 <5 <5 <5 <5 <5 <5 2353 1 9 4519 iI3 3321 12 2200i10-

Lys 5-3 <5 <5 <5 <5 1.9E41134 13E4150 2.IE41141 2.7E41234 9377i76 13E4 t fl0 1.0E4170 1.0tEd i72

a. Concentrationi2 sigma

b. 1-L suburnple frorn Icachase collector

Total e.J Am cup -.4 *.c size is = 0.1-Lc.
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Table 12. Results of beta and gamma arialysis of ORNL snil monture and Icachare sam. pics. year 5

(1989-I990)

Concentration"
(Pci/L)

Cs-137CO-#)
Sample

I Identification Oct 89 Jan 90 Apr 90 Ju190 Oct 89 Jan 90 Apr 90 Jul 90

( Lys1 - 1.6 4.0 0.5 5.7 <108 3.2 i 4.6 0.5 3.5 I3 4.0 40.5 37.8 0.8 i 5.9
6

Lys 2 6.2 3.8 2.7 5.7 <108 0.8 1 3.5 1.6 4.6 5.1 4.9 27.0 i S9.5 05 3.2

Lys 3 1.9 7.0 0.8 4.9 <81 0.7. 3.0 -3.2 i 7.8 03 3.8 2.7 62.9 1.l i 4.9

Lys 4 -0.5 3.2 -0.8 i 3.5 <81 1.2 7.0 03 3.2 0.8 3.0 <54 3.5 6.2

Lys 5 2.4 43 1.1 5.1 <54 2.2 43 M3 5A 37.8 5.4 <81 22 i 4.6

Lys I-3c 13.5129.7 -13.5 43.2 <54 2.7 48.7 2.7 29.7 -3.1 35.1 <54 19 35

;'; Lys 2-3 5.4 46.0 16.2 59.2 <81 46 38 2.7 i 43.2 24 3 54 <54 24 57

d 27 62.9 - - - |
Lys 3-3 46.0 56.8
Lys 4-3 --8.1 i 37.8 243 i 35.1 <54 22 103 2.7 29.7 2.7 043.7 <54 5 76 |

Le. s 5-3 8.6 23.8 13.5 32.4 <54 5.4 62 595 i 27 432 27 514 27 946181 !

I

a. Concentration 2 sigma.
|
|

b. 1-L subsample fnwn teachate collection.

Total moistme cup sampfe sire is = 0. I-Lc.

d. Sample not available.
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Table 13. Results of beta and gamma analysis of ORNL soil moisture and leachate samples, yur 5
|

(1989-1990)

!

Gmu.a.iion"
(Fti/L)

Sr-90Sb-125
i

;

Sample
Identifierion 89 Oct 90Jan 90 Apr 90 Jul 89 Oct 90Jan 90 Apr 90 Jul

Lys1 <8.1 <54 <108 <8.1 2.7129.7 33 31 48.7 i R.I 18.115.I
6

Lys 2 <5.4 <54 <108 <S.1 3.8i31 1312.54 03 i31 4.61.22

Lys 3 <10.8 <108 <108 <8.1 0.4 23 L9 i3.0 0.8 31 1.9 2.7

Lys 4 <5.4 <54 <108 <8.1 2.7 i 3 1 1.l i 3.0 2.7 3.5 43131

Lys 5 <10.8 <54 <I08 <8.1 194.6 13 3 405127 297 i 27 3.2 i 27

g Lys1-3c <54 <54 41 <108 4.064 1 2703 3.5E412703 4.0E412703 8.4E412703

Lys 2-3 <54 <81 <81 <108 4325 i 270 4325 270 7839 i 270 8920 12703

Lys 3-3 <108 - - - 2.2E4i270 - - -

Lys 4-3 <54 <54 <81 <108 621 i 13.5 703 i 23.5 183.8 1 27 297i 27

Lys 5-3 <54 <54 <81 <108 175.712L6 221.6 til 460i54 56Ri27

Concentratxms12 sigma.a.

b. I-L 6.,'.c frun leechese cdiah

Tots 1 moisture cup sample - O.I-t sample size.c.
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Figure 45. ORNL cumulative Sr-90 collected in moisture cup number 3,
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Figure 46. ANL-E cumulative St-90 collected in lysimeter teachate collectors,
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Figure 47. ORNL cumulative Sr-90 collected in lysimeter teachate collectors.
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Figure 48. ANUE cumulative Cs-137 collected in moisture cup number 3.
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Figure 49. ORNL cumulative Cs-!37 collected in moisture cup number 3.
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Figure 50. ORNL cumulative Cs-137 collected in lpimeter teachate collectors.
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Figure 51. ORNL cumulative Sb-125 collected in moisture cup number 3.

,

47

..



- - - _ . - - _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ . _ . _ . _ . _ _ . _ _ _ . . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ___

70

00 - *-*- s-.- e

-s

60 * 6eochete conector

e S

$ 40 -

h ;

k 30 -

-*-.-. *
te -

10 -

0- ;, , , , , , , , , , , , , , ,

0 800 400 000 000 1000 1800 1400 1000 1000 200e

DAYS SINCE 7/1/0D

Figure 52. ORNL cumulative Stwl25 collected in lysimeter leachate collector.

At ANI E, recovery of St-90 in cup 3 and the leachate collector. About 0.1% of the St-90 con-

leachate collectors continues to indicate a unifor- tained in ORNL-5 ha; now been recovered in

mity of waste fomt perfonnance. More St-90 is teachate from that lysimeter. Recovery of St-90

found in ANL-3 (VES waste form) than in the in the ORNL cups has been greater in those lysl.

other ANL cups but the effect appears to be mod- meters containing the cement waste forms but

crated by the distance traveled in soil from the any conclusions drawn based on those data must

waste fonn to the teachate collector. Movement be tempered with data from ANL 3-5, which
of the nuclide into the leachate of ANL-5 is much showr, greater recovery of St-90 from a VES
greater than that of the other lysimeters and thus waste fonn.

provides continued evidence of the moderating
effect of soll, Greater quantitles of Sr-90 appear On an intersite comparison it can be seen

( to be moving through the ORNL lysimeter than (Table 14) that larger quantities of Sr-90 and
the ANL-E lysimeter. Once again, there appears Cs-137 are moving in the ORNL lysimeters. Soil

to be no correlation between the type of waste type and precipitation (environmental factors)
form and the amount of nuclide r: covered in the appear to be the contro!!ing factors.
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Table 14. Comparison of total Sr-90 and Cs-137 inventory per lysimeter to total amounts in lysimeter water

Pexent Total Inventory Sr-90 x 10 Pertent Total Inventory Cs-137 x 1(f6

Moisture Cups Irac!wte Water Moisture Cups Izachate Water

Number Agent ANL ORNL ANL ORNL ANL ORNL ANL ORNL

u 1 Cement 29 205 27 235 - - - 2.0

2 Cement 70 174 49 313 0.2 - - 0.1*

3 VES 1981 5 60 64 - - - 0.7

4 VES 47 2 6 219 - - -- 0.1

5 Cement 32 6 3322 10000 10.0 0.3 - 9.0
;

|
|
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CONCLUSIONS

The INEL study of degradation of EPICOR-Il has aided in identifying the effects of degradation

organic ion exchange resins correlates with find- on release of radionuclides from the ion exchange

ings of other researchers (References 13,14,24 media. The resin bed in the higher radiation rone

25,26,27, and 28) and degradation has been is being converted to an agglomerated mass, a

identified in the EPICOR-il resins at a lower than substance with unique new nuclide retention

predicted gamma radiation dose.2nu The capabilities. It has been shown that the contained

internal radiation dose received by the organic radionuclides remain within that agglomerated

ion exchanFe resins in EPICOR-il prefilters ion exchange bed, wNeh prevents release by
PF-8 and PF-20 was sufficient to initiate degra- restricting water thro igh flow. The acceptability

dation at the time of analysis of resins from the of EPICOR-ll prefilters for disposal at a
first sampling. Degradation was continuing from commercial site is thus confirmed.

the second sampling at the time of resin analysis
and increased noticeably by the third sampling. The findings of this study can be related to

The equilibrium of the polymer structure has commercial disposal of spent ion exchange media

been shifted toward polymer breakdown, as can used in power reactors. Detennining the onset of

be seen by the further change in characteristics degradation and, later, significant loss of
between the first, second, and third analyses, exchange capacity with resultant loss ofladio-

These results indicate that the threshold dose for
nuclides provides a database useful in planning

the om et of degradation is beten 5.1 x 10' and for and regulating disposal of ion exchange

6.6 x 10 rads because of internal radiatiot., resins.7

The seven-year old waste forms fabricated
One important indicator of the capability of ion with EPICOR-il ion exchimge resins exhibited a

exchange media to retam radionuclides is the si ght inctease in ultimate compressive strength
,

total exchange capacity. The four samples with age when compared to the strength of I and
examined at the INEL exhibited different 24-month old waste forms, it appears that
reactions to radiation. PF-8#1 and PF-8#3, the strength has not been detrimented by accumu-
strong acid cation resins with the highest lated radiation dose but has increased with age,
radiation doses, showed further reduced total while one Portland cement specimen failed some-
exchange capacity. PF-20, the strong acid cation what above the expected strength, it would be
w ith the lowest radiation dose, showed a decrease anticipated that the cement specimens would
from no change, PF-8#2, the phenolic cation retain strength to a higher radiation dose than
with a similar low dose, showed further decreased VES because low-level radiation does not
capacity, Those results mdicate that the PF-8#1 adversely affect cement strength. However, the
and PF-8#3 resins and the PF-8#2 phenolle high strength exhibited by the one cement speci-
cation sample had reached a dose high enough to men is thought to be anomalous and attributed to
cause the exchange capacity to rapidly decrease, data scatter. Polyethylene specimen containers
The PF-20 resin had moderately decreased are becoming embrittled, which is a precursor to
capacity at the third sampling indicatmg further degradation of the VES and the EPICOR-Il ion
progress of degradation. Those changes agree exchange resin contained in the waste fonn speci-
with other findings.1 men. The compression tests planned over the next

These analyses have assisted in determining
the extent that organic lon exchangers are Lysimeter operation during the fifth year at

degraded by internal radiation under conditions ANL-E and ORNL has been successful,

representative of actual use and storage. Analyses of data collected during the past

Degradation of the resins has been related 60 months are continuing to show a pattern in

directly to total integrated radiation dose. This nuclide availability and movement such that the
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cumulative data are tqmning to provide signifi- leachete water in the control lysimeters et both
cant insight on waste fonn performance. sites, it continued to appear that the limited step

in receiving St-90 in the teachate is not release of
Strontium-90 is still the most prevalent nu- the nuclide from the waste fonns (since St-90 is

clide in collected liquid samples, it appeart, that found in cup 3 sarnples), but rather it is the soll
waste fomi perfonnance is similar with respect to characteristics (including soil and quantity of soil
release of Sr-90 (except for a very high release water) that limit movement,
from ANI.-3). It is also apparent that St-90 is
able to move more freely through the Savannah Data on waste fonn performance presented in
River Laboratory soil at ORNL. During the past this report continue to suggest that VES is com-
36 months Sr-90 continued to be found in parable to cement in its ability to retain Sr-90,

a.
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. - - _ . _ _ _ _ _ _ _ _ _ -
-



,
. . . ._ - _ _ _ _ _ - __ .. _ . _ .

REFERENCES

1. R. C %nitt and i1. W. Reno, Prograrn Plan of the EPICOR and 1%nte Resean h and Disposition
Prograrn of the Technical Support Rranch,liGG-TMl U521. Decesuber 1983.

2, J. W. McConnell, Jr., EPICOR-il Resin /l.iner Research Plan, liGG-TMI-6198, Marvh 1983.

3. IlGkG Idaho, Prograrn Plan of the EPICOR and 1%nte Research and Disposition Progsarn, liGG-
TMI-6521, December 1983.

4. J. W. McConnell, Jr. and R. D. Sanders, Sr., EPICOR-il Resin Degradation Results frorn First
Sainples of PT-M and PF-20, NURiiG/CR-4150,11GO-2176, May 1985.

5. R. D, Sanders, Sr. und J. W. McConnell, Jr., EPICOR-II Resin Degradation Resultsfrvin Second

Sarnples of PT-8 and PF-20, NURl!G/CR-4608,1100-2452, October 1986.

6. J. W. McConnell, Jr., D. A. Johnson, R. D. Sanders Sr., Radiation Degradation in EP/COR-Il lon
Eachange Resins, Final Report, NURl!G/CR-5594, I!GG-2603, September 1990.

7. NRC,lechnical Position on Waste Forvn. May 11, I983.

8. J. D. Doyle, J. W. McConnell, Jr., R. D. Sanders, Sr., EPICOR-Il Resin Characteri:ation and
Proposed Alethodsfor Degradation Analysis,IlGG-TMi-6489, Rev. I, June 1984.

9. 11. W. Reno, J. W. McConnell, Jr., R. C. Schmitt, EPICOR-H n e3carch and Disposition Prograne
FY-1983 AnnualReport,1.GG-2287, April !984

10. L. D. Koeppen, J. W. Rogerk, Thfi EPICOR-Il Resin Core Samples PF-S and PF-20,
Rl!-Pil-048-83, I!G&G Idaho, Inc., November 1983,

11. K. Swyler, R. lL ilatletta, R. ll. Davis. Review of Recent Studics of the Radiation induced Rehavior
oflon Eachange Media,llNi NURl!G-28682, November 1980.

12. ASTM D2187-77," Procedures for the Physleal and Chemical Properties of Particulate ton
lixchange Resins," Volume 31, American Society for Testing and Materials.

I3. K. K. S. Pillay, Radiation Ef]'ects on ton Etchangers used in Radioactive 1%ute hianagement,
Nil /RWM-80-3, Pennsylvania State University, October 1980,

14. T.11. Gangwer, M. Goldstein, K. K. S. Pillay, Radiation Effects on lon Etchange Afarerials,
ilN1-50781,1978.

15. R. M, Nielson, Jr., and J. W. McConnell, Jr., Solidification of EPICOR-il Resin Waste Forna,
GliND-INILOS$, August 1984,

16. R, M. Nielson, Jr., .md J. W. McConnell, Jr., EP/COR-H Resin Waste Form 7bsting, NURl!G/
CR-4637, I!GG-2457, October 1984.

17, R. D. Rogers, J. W. McConnell, Jr., IL C. Davis, M. W. Findlay, Field 7esting of 1%ute Fornu
Containiog EPICOR-Illon EAchange Resins Using Lysimeters, NURiiG/CR-4498,ilGG02438,
June 1986.

S2

- - _ _ _ _ _ _ _ _ _ - __- - _ _ _ - _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ - - _ _ _ _ -



18. R. D. Rogers, J. W. McConnell, Jr., M. W. Findlay, E. C. Davis, Lysitneter Datafroin EP/COR-ll
Waste Forrns-Fiscal Year 1986, EGkG-TM1-7417 October 1986.

19. R. D. Rogers, J. W. McConnell, Jr., M. W. Findlay, E. C. Davis, Lysirneter Data fiorn EP/COR-Il
Waste Forms-Fiscal Year 1987, EGO-TMI-80M, March 1988.

20. R. D. Rogers, J. W. McConnell, Jr., E. C. Davis, J. D. Jastrow, Annual Report of the TAf t-2
EPICOR-Il ResintLiner Investigation: Low-Level Waste Data Base Development Program for
Fiscal Year 1988, NUREG/CR-5229. EGG-2553, Vol.1 December 1988.

21. J. W. McConnell, Jr., R. D. Rogers, E. C. Davis, J. D. Jastrow, Annual Report of the TAf/-2
EPICOR-il ResintLiner Investigation: Low-Level Waste Data Base Development Program for,

Fiscal Year 1989, NUREG/CR-5229, EGG-2577 Vol. 2., February 1990.

22. N. W. Gokhert T. L. Duffy, and J. Sedlet Environmental Afonitoring at Argonne National
laboratory, AnnualReportfor 1982, ANL-E-83-26, Mareh 1983.

23. DGE, Environmental Afonitoring Report, United States Orpartment of Energy,0ak Ridge
Facilities, Calendar Year I983, YlUll..| 9 June 15,1984.

24. N. L Wynhoff, V. Pasupathi, Characteri:ation of EPICOR-II Prefilter Liner 3, GEND-027
April 1982.

25. J. D. Yesso, V. Pasupathi. L. Lowery. Characteri:ation of EPICOR-Il Prefilter Liner 16,
GEND-015, August 1983.

26. T. E. Gangwcr, K. K. S. Pillay, Radioactive Loading oflon Exchany Ataterials: Radiation Related
Areas of Concern BNL-NUREG-28M7, October 1980.

27. R. E. Darletta, K. J. Swyler, S. P. Chan, R. E. Davis, Solidification of frradiated EPICOR-il Waste
Products, NUREG/CR 2969, IINL-NUREG-51590, May 1983.

28. K. J. Sayler C. J. Dodge, R. Dayal, Irradiation Efects on the Storage and Disposal of Radwaste
Containing Organic lon-Exchange Afedia NUREG/CR-3383, flNL-NUREG-51691,
October 1983.

,

N

53

_ -________ _ _ . . .



-

_ . . . .
.

G av m u A vatamai w aionvo n mow i. n a f, w .in

k% ,u
.

''=1;r' ?.3,tr *~ -.

mm BIBLIOGRAPHIC OATA SHEET
NUREC/CR-5229rsu mirwe,ai , ...,,,,

2 19
a, tiitt ano saret te

EPICOR-11 Resin / Liner Investigation Low-Level Waste
Database Development Program for riscal Year 1990 'a , .3- ^tt*"O* " utt' Sat;

g ,iu

Iecember 1990Annual Report.
4. FIN ON GR ant NUMg|R

M876_
6. AUTHORi&l 6. T vrt OF a tPORT

J.W. McConne11, Jr.

R. D. Rogers Technical
D. A. Johnson 7.rimicocovtatos,. o...y

J. D.Jastrow
D. S.Wickliff

=

ye,ogu;ng o,Ro wi: A t ion . = Au a Awo Aooa t ts tu =ac o..... on - . v.s ==., . c --.c u.o. . ,...-e. r
,

idaho National Engineering laboratory
EO&O Idaho,Inc.
Idaho Falls, Idaho 83415

E
e. s og. goy Asit Atnow - 8awc Awo AnoRess an =ac. ,,,, ... . v, . . -- =ac o o"= - a ... va a-.., .. c-a .;

Division of Engineering
Office of Nuclear Regulatory Research
U.S. Regulatory Commission
Washington,D.C.20555

10 $UPr([ MENT ARY NOTE $
~

~
l1. Ae51 M AC1 (No w.ree ., won

The EPICOR-Il Resin / Liner Investigation: 14w-Level Waste Database Develcpment Program,
funded by the U.S, Nuclear Redm atory Commission, is (a) stu% .ng the degradation effects In EPICOR-Il
organic lon exchange resins comed by radiation. (b) exarnining the adequacy of test procedures recommended
in the Branch 'Itchnical Position on Waste Forms to meet the requirements of 10 CFR 61 using solidified
EPICOR-!! resins, (c) obtalning performance information on solidified EPICOR-Il ion exchange restns in a
disposal environment, and (d) detenntning the condition of EPICOR-Il liners.

Results of the third sampling analysis oflon exchange resins from prtfilters PF-8 and PF-20 are compared
with baseline data from tests performed on untrradiated resins and with results from the first and second
samplings to determine if degradation has occuntd becuse of the high intemal radiation dose, Results of
compression tests on seven-year old waste fonns containing EPICOR-Il resins solidilled with both Portland
Type 1-11 cement and DOW vinyl ester-styrene are presented and compared to earlier compression test data.
Results of the fifth year of data acquisition from the field testing are also presented and discussed.
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