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ABSTRACT

The Low-Level Waste Data Base Development—EPICOR--11 Resin/Liner Investigation
Program funded by the U.S. Nuclear Regulatory Commission is investigating chemical and
physical conditions for organic ion exchange resins contained in several EPICOR-1I pre-
filiers. Those prefiliers were used during cleanup of contaminated water from the Three
Mile Island Nuclear Power Station after the March 1979 accident. The work was performed
by EG&G Idaho, Inc. at the 1daho Engineering Laboratory. Thiis is the final repon of this
task and summarizes results and analyses of three samplings of ion exchange resins from
prefiliers PR-8 and -20. Results are compared with baseline data from tests performed on
unirradiated resins supplied by Epicor, Inc. to determine the extent of degradation due 10 the
high intemal radiation dose received by the organic resins. Results also are compared with
those of other researchers.

FIN No. A6876—Low-Level Waste Data Base Development—
EPICOR-I1I Resin/Liner Investigation.
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SUMMARY

The March 28, 1979 acaident at Three Mile Island
Unit 2 released approximaiely $60,000 gal of contami-
nated water to the Auxiliary and Fuel Handling
Buildings. The water was decontaminated using a
three-stage demineralization system called EPICOR-
11, containing organic and inorganic ion exchange me-
dia. The first stage was designated the prefilier, and the
second and third stages were called demineralizers.
Fifty EPICOR-II prefilters with high concentrations
of radionuclides were transported 1o the Idaho
National Engineering Laboratory (INEL) for interim
storage before final disposal at the commercial dis-
posal facility in the State of Washington. During the
interim storage period ai INEL, research was con-
ducted on matenals from those EPICOR-II prefilters.
This study addresses the condition of the organic ion
exchange resins in those prefilters.

Resin cores were obtained from prefilters PR-8 and
~20 durning a first, second, and third sampling using
special tools developed for that purpose. Removal of
samples from the corii.g tools and preparation of those
samples are discussed. A senes of characterization
tests were performed on the resins to determine if deg-
radation due to racdiation had occurred during interim
storage. Those tests included American Society for
Testing Materials (ASTM) procedures, infrared
spectroscopy, gas chromatography, high performance
liquid chromatography, scanning electron microscopy,

supercritical fluids chromatograph, barium chloride
precipitation, inductively coupled plasma - atomic
emission spectroscopy, and gamma-ray Spectroscopy.
Details of test methodologies and results are described.

Analysis comparing test results of the first, second,
and third samplings of resins from EPICOR-II pre-
fillers PF-8 and -20 and unirradiated resins obtained
from Epicor, Inc., show that resin degradation is con-
tinuing in the EPICOR-1I resins examined. The mech-
anism of degradation in those EPICOR-1! prefilters is
compared with earlier work and found to be consistent
with those findings. The strong acid cation resins
(divinylbenzene, polystyrene based structure) are
losing effective cross-linking and functional groups,
as well as experiencing a decrease in total exchange
capacity as the absorbed radiation dose increases. The
phenolic cation resins (phenol-formaldehyde based
structure) show a loss of effective cross-linking and
oxidation of the polymer chain. The analysis of the
resins from the third sampling identify that very sig-
nificant degradation has occurred.

While the organic ion exchange media (resins) from
these EPICOR-II prefilters have suffered significant
physical changes, it is shown that the contained radio-
nuclides remain within the resin bed. The acceptability
of EPICOR-II prefilters for disposal in high integnty
containers at a commercial disposal site is confirmed.
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RADIATION DEGRADATION IN EPICOR-II ION
EXCHANGE RESINS, FINAL REPORT

INTRODUCTION

The March 28, 1979 accident at Three Mile Island
Uit 2 released approximately 560,000 gal of con-
taminated waier 1o the Auxiliary and Fuel Handling
Buildings. That water was decontaminated using a de-
mineralization system called EPICOR-I1 developed
by Bpicor, Inc. The contaminated water was cycled
through three stages of organic and inotganic ion ex-
change media. The first stage of the system was desig-
nated the prefilter, and the second and third stages
were called demineralizers. After the filtration pro-
cess, the ion exchange media in 50 of the prefilters
contained radionuclides in concentrations greater than
those established for disposal of similar materials as
low-level wastes. Those prefilters were transported to
the Idaho National Engineering Laboratory (INEL) for
interim storage before final disposal. A special over-
pack, or high-integrity container, was developed
during that storage period for use in disposing of the
prefilters.

During the interim storage period at INEL, continu-
ing research was conducted by EG&G Idaho, Inc., on
materials from those EPICOR-II prefilters, under the
EPICOR and Waste Research and Disposition Pro-
gram funded by the U.S. Department of Energy
(DOE). That work now is directed by the U.S. Nuclear
Regulatory Commission (NRC) as part of the Low-
Level Waste Data Base Development-EPICOR-I1
Resin/Liner Investigation Program. Studies are being
conducted on: (a) organic ion exchange resins from
selected prefiliers and (b) corrosion-resistant behavior
of the rhenolic—coned steel walls of the prefilter
liners.' The resins are being examined to measure
degradation and tests are being performed to charac-
terize solidified ion exchange media. The degradation
studies are directed to determining the acceptability of
EPICOR-II prefilters for disposal in high integrity

containers at the commercial disposal site at Hanford,
Washington, by identifying; (a) degradation effects on
the ion-exchange resins caused by contained radiation
(b) and possible release of contained radionuclides
from the ion exchange resins,

Degradation studies traditionally have been con-
ducted using resins irradiated by external sources, such
as a reactor core or Co-60.2 The gamma dose, pro-
vided by an external source, simulates a dose that
would be received from radionuclides retained on the
resin matrix by ion exchange sites. Modes of degrada-
tion do not differ between extemal and internal radi-
ation; but Reference 2 states that internal radiation
causes more extensive damage than extemal radiation,
presumably from such sources as shon-range, high-
energy beta radiation. The organic resin of EPICOR--11
prefiliers had been contained in liners for approxi-
mately nine years and experienced intemnal radiation
doses above 107 rad.

This report discusses the resin degradation studies
conducted on the third samples of organic ion ex-
change resins removed from the EPICOR-I1 prefilters
(PF-8 and ~20) and compares results with findings
from studies of the first and second sampling, as de-
scribed in References 3 and 4. As part of the EPICOR
and Waste Research and Disposition Program, 46 pre-
filters were disposed of at a commercial disposal
facility. Four prefilters used in the NRC studies were
stored in temporary storage casks outside the Hot Shop
of Test Area North Building 607 (TAN-607) at the
INEL. The third sampling will be the final examina-
tion of this study. The remaining four prefilters were
disposed at the Radioactive Waste Management
Complex, the INEL disposal facility, 36



MATERIALS AND METHODS

EPICOR- Prefilters

EPICOR-II prefilter liners are 4-fi-diameter by
4-fi-high cylinders with |1/4-in ~thick bottoms
(Figure 1). The liners are of welded construction using
ASTM Type A-36 carbon steel. The iniemal and ex-
ternal surfaces are painted with Phenoline®* 386 coat-
ing. Bach liner contains about 30 ft of ion exchange
media. Several types of media (i.e., cation, anion,
mixed bed, and/or zeolite) were placed in each liner in
layers. Of the prefilters received at INEL., 39 contained
both organic ion exchange resins and inorganic zeolite;
11 contained organic resins only. During the filtration
process, a perforated, four-branch influent manifold
distributed contaminated water over the ion exchange
media, while the cffluent was drawr off from the bot-
tom of the prefilter through a porous, multibranched
return manifold. Both manifolds are piped to a man-
ifold plate on top of the liner. A vent port and adaptors
for liquid-level detectors also are located on the man-
ifold plate. A manway is located beside the manifold
plate on the top of the liner, through which ion
exchange media were loaded into the liner. Removal of
resins from the prefilter also was accomplished
through that manway, using conng tools.

Throughout this report, the following nomenclature
applies to various sizes and configurations of materials
removed from EPICOR-II prefilters for examination:

e Resin Core—one core removed from each
prefilter PF-8 and -20, using coring tools

Resin Samples—100-mL volumes of resin
removed from the cores [three samples from
PF-8 (designated PF-8#1, PF-8#2, and
PF-8#3) and one from PF-20 (designated
PE-20))

Aliquots—small quantities obtained from the
resin samples.

To develop baseline data for resin degradation
studies, unirradiated ion exchange resins repre-
sentative of those in the prefiliers were obtained from
Epicor, Inc. The unirradiated resins were identified by
functional group, exchangeable species, and matrix
(e.g., sulfonic acid, strong acid cation, and styrene).
They were characterized for comparison with the
resins from PF-8 and-20. Studies at Brookhaven

a. Trade name of the Carboline Company

National Laboratory in New York, confirmed that this
comparative method was best suited to the analysis of
the EPICOR-II ion exchange materials (Reference 7).
Both e irradiated and unirradiated resins were ex-
amined using similar techniques. The resins were pre-
treated 50 as to put the resins in a standard form for
comparison purposes. Then, ASTM iests were used 10
determine exchange capacity, density, and moisture
content.® Infrared spectroscopy (IR) was used to
identify functional groups (e.g., sulfonic acid,
phenolic, and quaternary ammonium) and matrix ma-
terial (styrene and phenol). Vapor phase chroma-
tograph was used to analyze the rinse, soak, and acid
rinse solutions from the ASTM tests qualitatively for
styrene, divinylbenzene, or other soluble organic
species. High-performance liquid chromatography
was nsed 1o look for other possible soluble organic
products. The third sampling included super-critical
fluid chromatography, which should allow the de-
tection of macro molecules (fragmenis of the resin
polymer). Inductive coupled plasma-atomic emission
spectroscopy was used for determining sulfonic acid
groups and scanning electron microscopy for deter-
mining the physical condition of the resins. Gamma-
ray spectroscopy was used to determine radionuclides
in agueous solutions from the third sampling.

Coring

Resin cores were removed remotely from prefilters
PR-8 and -20 during the third coring in 1989, using
coring equipment based on a design developed at
Battelle Columbus Laboratories (BCL,), and modified
for use at the INEL. ¥ PR-8 (containing organic resins)
and PR-20 (containing organic resins and zeolite) were
selected for the resin degradation studies because they
are highly loaded representatives (1,400 and 2,000 Ci,
respectively) of the two types of EPICOR-II prefilters.
Water was added to the top of the prefilter beds during
coring to provide lubrication for the coring toois,
which would not enter the beds more than a few inches
without it. Between 25 and 50 gal of water were added
to each bed during coring operations. The coring
equipment was described in Reference 3.

The resin core contained layers of ion exchange me-
dia in the same relative positions as in the prefilter bed.
The void in the coring tool above the upper level of the
resin was filled with unirradiated zeolite before lower-
ing the tool to the horizontal position. The zeolite filler
prevented shifting of the resin during transport. The
coring tools were placed horizontally in separate casks
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Figure 1. Schematic (isometric and full section) of an EPICOR-II prefilter




and transponed from the TAN-607 Hot Shop 10 a hot
cell at the Test Reactor Area (TRA) for gamma~
scanring and removal of resin samples

Measuring Radiation Doses in
the Resin Beds

Full-depth gross gamma scans were made in the
prefilier resin beds after removing cores during each of
tire three samplings. Those scans were used {0 estimate
the total integrated radiation dose absorbed by the res-
ins. Measurements were made with a Victoreen Model
510 roentgen rate meter, which used an air-equivalent
ionization chamber radiation: detector (Madel 607) and
associated current measuring electrometer. The task
was accomplished by remotely lowering the radiation
detector down the 2-by-3-in. holes created in the resin
beds during the coring process. The averages of the
actual gamma scan measurements made during inser-
tion and retraction of the detector at each location dur-
ing the second sampling are given in Figures 2 and 3,
Radiation measurements made at the elevations of in-
terest were used with the calculations of maximum

24

cumulative doses® to estimate the total inte grated beta
dose. The calculaied beta dose and the measured gam-
ma dose for each resin sample location are listed in
Table 1. As would be expected, the total doses are in-
creasing with time, These final total doses have been
adjusted from previous values upon inclusion of the in-
formation obtained during the third sampling. There
has been no appreciable shift in these curves toward
the bottom of the bed which indicates little or no
movement of radionuclides through the beds.

Gammea-Scanning of Resin
Cores

The full-length resin cores from PF-8 and ~20 first
and second samplings were scanned in the coring tool
using a Ge(Li) gamma-ray detector (with associated
electronics and a 0.5-in.-wide by 1.0-in-high colli-
mator) to determine axial gross gamma activity versus

a. D. E. Manz, Calculated Cumulative Radiation
Doses to EPICOR Prefilier Resins, private commun:-
cution, EG&G Idaho, Inc., April 1985

@ Average

L

Approximate top of resin bed

| ! |
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Distarica above liner bottom (in.)

e 8720

Figure 2. Results of full-depth gross gamma measurements taken inside the hole created in the resin bed by the
conng of EPICOR-II prefilier PE-8 dunng second sampling
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Figure 3. Results of fuli-depth gross gamma measurements take. inside the hole created in the resin bed by the
conng of EPICOR-II prefilter PR-20 during second sampling.

Table 1. Calculated radiation doses (o resins from EPICOR-II prefilters PF-8 and -20

Date Prefilter Measured Activity
Removed at Location of Total Gamma Total Beta Tota!

from Service Date Resin  Sample in Prefilter  Radiation Dose Radiation Dose Radiation Dose
Sample @TMI-2  Cored (R/min) (rad) (rad) (rad)

PR-8#1 18Dec79 4 Oct 83 237 4.7x107 1.8x107
PR-8#2 18Dec79 4 0ct 83 154 3.1x107 1.2x107 43x107
PR-20 13 March 80 1! Oct 83 20.0 38x107 13x107 5.1x107

PF-8#!1 18 Dec79 10 Oct 85 214 6.5x 107 25x 107 9.0x 107
PR-8#2 18 Dec 79 10 Oct 85 15.2 46x 107 1.8x107 6.4x107
PR-8&3 18 Dec79 10 Oct 85 203 6.3x 107 24x107 §8x107
PR-20 13 March 80 14 Oct 8S 14.0 49x 107 1.7 x 107 6.6x 107

PF-8#1 18 Dec 79 25 May 89 21.2¢ 105 x 107 40x 107 14.5 x 107
PF-8#2 18 Dec 79 25 May &9 13.5° 6.7x 107 26x107 9.2x 107
PR-8#3 18 Dec 79 25 May 89 19.8° 98x 107 3.7x 107 13.5x 107
PF-20 13 March 80 31 May 89 13.2¢ 64x 107 23x 107 8.7x107

6.6x107

a. Calculated from first and second sampling data.

-




length of the core. ' The axial locations of highest ra-
dionuchide activity for the resin cores were determined
using those scans. Then, isotopic spectral measure-
ments were made at the locations of highest activity
during the first samphing from PFE-20, as shown in
Figure 4. There were two radionuclides having mea-
surable concentrations detected by the gamma spectral
scans, Cs-134 and Cs-137. It is noted that antimony
has been found in these resins, but was not seen in the
spectral scan (Figure 4) due to masking by facility
background count. Based on that information from the
first sampling, isotopic gamma-ray intensities for
Cs-134 and Cs-137 were measured as a function of
distance along the resin cores. The results for Cs~137
are shown in Figures 5 and 6 for PF-8 and -20 respec-
tively. The resin samples were collected from or near
those regions of highest radionuclide loading. How-
ever, it is noted thai the PF-20 sample was not
collected from the region in the organic resin of
highest radionuclide loading (near the bottom of the
core), but rather the sample was removed from the
resin adjacent to the zeolite. In that prefilter, the 2eolite
contained by far the highest concentration of radionu-
clides and thus produced an integrated dose much
highier than that seen at the bottom of the resin core
(see Figure 6). Because zeolites have not been used in
routine ion exchange service at commercial nuclear
power plants, the scope of this study has been limited
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to the degradation of organic ion exchange resins;
therefore, only organic resin samples were removed
from the cores

Sampling

At TRA, each resin-filled coring tool was trans-
ferred from its cask into the hot cell for remote re-
moval of resin samples. The shutier of the coring tool
was withdrawn to expose the ion exchange media
(resin). The cores of PF-8 and ~20 with shutters re-
moved are pictured in Figure 7. Composite figures of
the cores showing ion exchange inedia layers were
shown in Reference 3 and 4. It should be noted that
some smearing of material from one layer into another
occurred when each shutter was inserted and with-
drawn. That smearing required careful removal of the
mixed surface material 10 expose unmixed resin near
the center of the core, for the unmixed material was the
target for collection.

The resin samples were obtained from the cores,
using a vacuum pump and partially water-filled
graduated glass column (See Figure 8). One end of a
flexible rubber tube was atiached near the top of the
glass column and the other end was connected to a
vacuum pump outside the hot cell. A segment of
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Results of isotopic spectral measurements of the resin core from EPICOR-II prefilter PF-20 during
first sampling at an elevation of 29.25 in. (location of highest radioactivity)
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Figure 6. Isotopic (Cs-137) gamma-scan over the length of the resin core from EPICOR-11 prefilter PE-20.
showing locations where the resin samples were removed




Figure 7. Photograph of resin cores with shutters removed from EPICOR-II prefilters PR-20 (upper sample)
and PE-8 (lower sample)
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Figure 8. Schematic of apparatus used 1o collect resin samples from the coring tools.

rubber tubing was attached from the top of the glass
column to a stainless steel tube to form a wand (Fig-
ure §). With the vacuum pump operating, the wand
was positioned with a master-slave manipulator over
the target resin in such a way that the resin was drawn
1nto the wand, thence into the column. Sampie sizes of
100 mL were coliected. Three samples were collected
from the PE-¥ core, two styrene cation resin (PF-8#1
and PF-E#3) and one phenolic cation resin (PR-8#2).
A sample of styrene cation resin was collected from
PF-20. No anion resin sample was collected from
either core because of the lower radionuclide content
of the anion exchange resin and the lower radiation
dose as shown in Figures 2 and 3 (resulting in much
less degradation than in the cation exchange resins).

Sample Preparation

The radiation levels in the PF-8 and -20 samples
were of such intensity that work performed on those
resins would have to have been done within a hot cell
environment. That type of environment would have
made the characterization and analysis of the resin
sampies very costly and ime consuming. It had been
shown by tests performed ai INEL on unirradiated
resins that an Epicor, Inc., resin could be siripped of
99% of uts cations, using a 10% hydrochloric acid so-

lution * Based on that information, the radionuclides
(cations) were eluted from the PF-8 and ~20 resin
samples. This technique 1s based on normal resin in-
dustry regeneration procedures and will noi contribute
to degradation of the 10n exchange resins.

As described in the previous section, samples were
removed from the conng tools, drawn ito a ! in~dia.
by 18~in.~high ion exchange column containing
50 mL of deionized water (see Figure 8), and allowed
to stand 24 hours in the water-filled column. Each ion
exchange colwnn then was , a8 shown in
Figure 9. The distilled water soak was removed
through the shutoff valve at the bottom of the column
and retaincd for gas, liquid and supercritical fluid
chromatography analysis. The various chromatog-
raphy techniques were used for determining the
presence of soluble organic resin degradation prod-
ucts. The deionized water soak was analyzed for the
presence of any functional group components, such as
sulfonic acid, which had been dissociated from the
resin. All resin samples were rinsed two times with de-
onized water, which was added by the pump through

a R D. Sanders, Bench Study of Bach Elution of
Cation Resins, private communication, EG&G Idaho,
Inc.
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Figure 9. Schematic of apparatus used to elute radionuchides from the resin samples.

the tubing at the top of the column. It was very difficult
10 get any kind of reasonable flow through the columns
containing samples PF-8#1, PF-§#3 and PF-20 so
these three samples were nnsed out of the columns and
rinsed with deionized water. The resulting solution
was decanted off of the resin samples. The resins sam-
ples were then returned o their respective 1on ex-
change columns. The decani solutions were saved for
soluble organic and functional group analysis. The de-
«onized water rinse also was saved for chromatography
analysis and functional group tests.

A solution of 10% hydrochloric acid was pumped
through each resin sample at a rate of 100 mL/min,
using the configuration shown in Figure 9. That proce-
dure continued until 60 sample volumes (the amount
determined 10 remove 99% of the cations) or 6 L of
acid were pumped through the resins. Representative
quantities of that acid nnse were collected for later
chromatography a:.xd functional group analysis.

The deionized water soak, detonized water rinse,
decant nnses, and hydrochlonc acid nnse reduced the
radionuclide content of the resins and made it possible
10 remove the samples from the hot cell and perform
the analyses in a Type I fume hood equipped with a
high-¢fficiency particulate air filter on the outlet duct.

Each of the liquid samples was monitored for radio-
activity upon removal from the hot cell. Those
measurements were used (o maintan radiological con-
trol and also as an indication of resin degradation.

Characterization of Unirradiated
and Irradiated Resins
Several analytical methods are needed to charac-

tenze a specific ion exchange resin. Those methods in-
clude the following:

¢ ASTM Procedures for the Physical and
Chemical rties of Particulate lon Ex-
change Resins''

¢ Infrared spectroscopy (used in the first and
second samplings)

¢  Gas chromatography

¢ Liquid chromatography

e Supercritical fluid chromatography (third
sampling only)

¢ Barium chlonde precipitation for determina-
tion of sulfonic acid groups (first and second
sampling)

10



¢ Inducuvely coupled plasma-atomic emission
spectroscopy for the determination of
sulforuc ackd groups (thurd semplang )

¢ Gamma ray spoctroscopy (third sampling)

¢ Scanmng eloctron microscopy.

The above analytical methods were used 10 charac-
terize the samples from PF-8 (strong acid cation and
phenolic cation) and PE-20 (strong acid cation) and
the unirradiated Epicor, Ing., resing (strong acid cation
and phenolic cation).

ASTM Tests. ASTM procedures were used 10 deter-
mine chemical and physical condiions of the ion ex-
change resins. Results from analysis of irradiated
resins (from the first, second, and third samplings)
were compared with results from unirradiated resins to
determune if degradation had occurred. Those results
are presented in the “Results and Interpretabon’’ sec-
tion of this report. The following ASTM tests* were

A The tests were preformed in accordance with the
ASTM standards and deviations are within allowable
limits of those standards.

Flexible
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Wbing V4 10, eeea

Pump Masterfiex vartable

supply speed pump
Backwash
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used for the strong acd cation and phenolic cation ex-
change resins:

¢ Pretreatment (ASTM D2187-77 Method A)

¢ Water retention capacity (ASTM D2187-77
Method B)

o  Backwashed and settled deusity (ASTM
D2187-77 Method C)

o Sal-splitting capacity (ASTM D2187-77
Method E)

¢ Towl exchange capacity (ASTM D2187-77
Method F).

Pretreatment The pretreatment phase of the
ASTM procedure was used 10 conven ion exchange
resins to one standard form (usually the sodium form
for cation resins). The standard form provides a base-
line from which the other ASTM tests can be per-
formed. Anion exchange column apparatus (See
Figure 10) was set up and the resin sample added 1o the

e 1210+l lass loOn
exchange column

Glass frit

To waste

Figure 10. Schematc of standard ASTM apparatus used for pretreatment of resins and backwashed and settled

density test.



column. The resin was backwashed with deionized
waler 10 remove any extraneous parucles. The resin
was ninsed with & 1 0% hydrochlonc acid solution to re-
mMove any existing cations, converung the resin to the
hydrogen form. From the hydrogen form, the resin was
converted 10 the sodium form by nnsing with a solu-
tion of 100 g of sodium chlonde per liter of deionized
water ot a rate of 31 mL/mis for | hour. The resin was
then in o standard form for analysis.

Water Retention Capacity Tesuog of on ex-
change resins for water retention capacity indicates the
porosity of the resin. The porosity of a resin is depen-
dent on the amount of effective cross—linking. The
higher the water retention capacity, the lower the
effective cross-linking. In the case of the PF-8 and
-20 resins, the water retention capacity is an indication
of the amount of divinylbenzene cross—linking for the
strong acd resins. That relationship cannot be quant-
fied because of the propnietary nature of the EPICOR -
11 resins. Some loss of effective cross-linking occurs
before the release of radionuclides.'? The test con-
sisted of drying known amounts of pretreated PF-8
and -20 styrene and phenolic cation resins in an oven
at 110 + 5°C for a minimum of 18 + 2 hours. The
differences in weights before and afier drying were
used to caicuiate the water retention capacity. The test
was performed in triplicate, and the average was
caloulated.

Backwashed and Settied Density. The bu k.
washed and settled density test was developed to dedor-
mine changes in effective cross-linking between ne w
and used resins. The density is directly proportional 10
the amount of effective cross-linking in the resin. A
previously noted, some loss of effective cross-linking
occurs before radionuclides are released (Reference
12). The test consisted of backwashing a known
amount of resin with deionized water for 10 min. The
resin was allowed to settle and the volume was re-
corded, Then, the density was calculated based on a
known weight of resin in grams 10 a known volume of
water in milliliters. The test was performed i tnipli-
cate and the average was calculated.

Salt-8plitting Capacity. The salt-splitting
capacity test is designed to show only the number of
sulfonic acid groups contained in a cation ion ex-
change resin. A decrease in sait-splitting capacity
would show a loss of functional sulfonic acid groups.
The loss of sulfonic acid groups would allow the re-
lease of those radionuclides tied to those functional
groups. Phenolic, carboxylic acid, and phosphonic
acid functional groups also will exhibit, to some de-

gree, sali-spliting capacity The test assembly appara-
ts is depicted in Figure 11. The resin was convened 1o
the hydrogen form by flowing 10% bydrochlonc acd
solution over the resin at a rate of 3! mL/min. The hy-
drogen form cation resin was eluted with a 50 g/ so-
dium chlonde solution at a rate of 31 mL/min. The
cluted sodium chloride solution was titrated with
standard 0.10 N sodium hydroxide solution to deter-
mine the amount of bydrogen exchanged in the elution
process. The west was performed in triplicate and the
average was calculated.

Total Exchange Capacity. The ol exchange

capacity test is used to determine exchange capacity of
cation ion exchange resins that contain functional

groups in addition to, or different from, sulfonic acvd
functional groups. A decrease in toia! exchange ca-
pacity indicates the Joss of functional groups and sub-
sequent loss of radionuclides. Different functional
groups include phenolic, carboxylic acid, and phios-
phonic acid, The apparatus shown in Figure 11 was
assembled, and a 10% bydrochlonc acid solution was
eluted through the resin to convert it to the hydrogen
form. The resin was transferred 1o a separate flask con-
taining 200 mL of standard 0.10 N sodium hydroxide
solution, The solution also contained S0 g of sodium
chlonde per L. The resin was allowed to equilibrate in
the solution for a minimum of 16 hours. An aliguot of
the solution was collected and titraied with standard
0.10 N hydrochloric acid solution. The adsorption of
hydroxide ion by the resin in the presence of sodium
chiloride is proporuonal to the total exchange capacity
The test was performed in triplicate, and the average
was calculated.

Infrared Spectroscopy. Infrared spectroscopy
(IR) involves identifying the rotational and vibratonal
moaon of atoms in a molecule induced by infrared
radiation. The multiplicity of vibrations occurring
simultaneously produces a highly complex absorption
spectrum. The spectrum is uniquely charactenstic of
the functional groups comprising the molecules and
the overall configuration of the atoms within a
molecule. Infrared spectroscopy can therefore be used
1o positively identify a pure organic molecule, IR was
used (0 determine if the styrene and phenolic cation
resins in PF-8 and ~-20 were the same as the unirma-
diated styrene cation and phenolic cation resins ob-
tained from Epicor, Inc. [R spectra of the unirradiated
Epicor, Inc. resins were compared with IR spectra
from PR-& and -20 resins to determine if any inajor
changes in molecular structure of the PF-8 and -20
resins had occurred because of the high internal
radiation dose. Changes can be seen by a shift in peak

12
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Figure 11, Schematic of standard ASTM apparatus for determining salt splitting and total exchange

capabilities.

location or major decrease in intensity. A change in
molecular structure would indicate scission of the
polymer backbone and eventual release of
radionuclides.

The resin samples were dried at 110°C to remove
excess moisture and ground in a porcelain mortar and
pestle 10 a size of less than 80 mesh. Then, 10 mg of
resin were added to 100 mg of dried potassium
bromide (KBr) and placed in a pellet press. A com-
pressive force was applied to the pellet press and a
pellet containing the resin was obtained for IR
scanning. The KBr pellet was placed into the sample
beam of a Perkin Elmer Model 1430 infrared
spectrophotometer and an IR spectrum was obtained.
Results of IR analysis are presented in References 3
and 4.

Gas Chromatography. Gas chromatography (GC)
15 a technique where volatile mixtures of compounds
can be separated into pure compounds and detected
separately. This is performed by vaporizing a mixture
in a heated injection port and then sweeping the gases
into a GC column by using an iner carner gas such as

helium. The column is contained in a temperature pre-
grammable oven. The GC column has an inert packing
material coated with a nonvolatile compound. The var-
10us components in a mixture are separated by their
different solubilities or affinities for the coating on the
packing material. The pure compounds are detected
sequentially at the end of the column. For organic
materials, « flame ionization detector is typically used.

GC columns used in the EPICOR-I! resin samples
were. 1) A 1/8-in ~0.D. by 6-fi-long column contain-
ing 0.34% tetranitrofluorenone as a stationary phase
on Carbopack C, 2) A 1/4-in.-0.D. by 6-fi-long
column containing 1.0% SP-1240DA on Supelcopon,
and 3) A 0.52-mm-1.D. by 30-m-long bonded phase
methyl phenyl silicon column (J. W. Scientific DB--5).

The aliquots chosen for GC analysis were the dis-
tilled water soak and rinse solutions from the resin
samples. All solutions from resin samples were pre-
pared for analysis by extraction with a nonaqueous sol-
vent of either dichloromethane or hexane. The
extraction allows water leachable organic analytes 10
be extracted into the organic phase thus affecting the
separation of organic material from the highly

13



radioactive aqueous solutions. Perkir Elmer sigma [B
and [1B gas chromatographs equipped with flame ion-
ization detectors were used. Typical GC chromato-
grams wre presented in Referonces 3 and 4.

Liquid Chromatography. High-performance
ltqpid chromulomphy (HPLC) is # technique by

(maobile phase) or the functional groups on the station-
ary phase of a separator column. For the EPICOR-1]
samples, & 15-cm C-18 (octadecyldimethylsilyl)
column was used. The mobile phase was a mixture of
acetonitrile and water. All solutions from resin sam-
ples were prepared for analysis by extraction with non-
aqueous solvent of either dichloromethane or hexane.
Aliquots of the ertracts of the soak and rinse solutions
from PF-8 and -20 were injected into & Kratos HPLC,
using 8 UV-VISIBLE detector, and HPLC chromato-
grams were obtained. Typical HPLC chromatograms
are presonted in References 3 and 4.

Supercritical Fluids Chromatograph. Super-
critical fluid chromatograph (SFC) was also used in
the third sampling. This is & chromatography tech-
nique in which the mobile phase has boen raised above
iis critical temperature and pressure. At this point,
called the critical point, the mobile phase is neither &
gas nor # liguid, but has properties of each. Separations
are made based on the different solubilities of analyies
by changing the density of the mobile phase. This tech-
nique lends itsell well for thermally labile compounds
and larger molecular weight polymeric materials,
which cannot be run using other chromatography
technigues. All solutions from resin samples were pre-
pared for analysis by extraction with nonaqueous sol-
vent of either dichloromethane or hexane. Extracted
liquid samples for the EPICOR-II resins were
anglyzed using a 10-m SB-Phenyl-50, 100 micron ID,
0.25 micron film thickness capillary column. Carbon
dioxide was used as the mobile phase and an isother-
mal (100°C) pressure program was run starting at 100
atm. and going 10 375 atm. at & rate of § atm /min, The
results of SFC are included in the “Results and Inter-
pretation” section of the report,

Barium Chioride Precipitation for Determina-
tion of Sultonic Acld Groups. It has been shown
that the EPICOR-II cation resins are sulfonic acid,
divinylbonzene, styrens type resins (Reference 8). The
high internal radiation dose received by those resins
could cause loss of the functional groups (sulfonic
acid) and release of radionuclides tied to the lost func-
tional groups. The loss of functional groups would

cause an increase in the sulfaie concentration of the de-
ionized water soak and rinse solutions taken from sam-
ples PF-8 and -20 strong acid cation resins.

A 25 mL aliguot was removed from each solution
and transferred 10 a graduated cylinder. Enough
barium chloride was added to the solution in the
graduated cylinder 10 ensure an excess amount. The
contents of the cylinder were agitated and allowed 10
stand & minimum of 3 min, A portion of the solution
from the graduated cylinder was transferred 10 & 1-cm
(path length) polyethylene sample cell and placed into
a visible spectrophotometer set at 8 wavelength of 420
nm. The absorption values of the solution were ob-
tained and compared with absorption values of stan-
dard sulfate solutions. Results of those tests are
reported in References 3 and 4.

Inductively Coupled Plasma - Atomic Emie-
sion Spectroscopy for the Determination of
Sultur (ICP-AES). ICP-AES was used in the third
sampling for the measurement of lost sulfonic acid
groups from the strong acid cation samples. ICP-AES
is & technique based on the measurement of light
emitted from excited atoms and ions in & plasma. A so-
lution 1 be analyzed is nobulized into the spray cham-
ber of the sample introduction sysiem of the ICP-AES.
Some of this solution goes through & plasma torch
where the sample is desolvated, atemized, and (for
some elements) ionized. Outer shell electrons are ex-
cited by the high-temperature plasma and when these
excited atoms and ions decay back 1o the ground state
electronic configuration they emit phot2ns of radiation
chanactenstic of the elements that are contained in the
sample. This light is separaied by wavelengths in the
monochrorator section of the instrument and detecied
by a photomultiplier tube. The amount of light de-
tected is directly proportional o the concentration of
the analyte in the solution.

This technique was used 10 measure sulfur in soak,
deionizad water rinse, and elution solutions of the resin
samples. Sulfur detected in these samples will be in the
form of sulfate, which ariginates from the loss of the
sulfonic acid groups on (the strong acid cation iesins.
By combining the amount of sulfur found in all solu-
tions that contacted each particular resin type, 1 is
possibie 1o get an idea of the wotal sulfonic acid group
loss per resin sample. This information is combined in
a table in the “Results and Interpretation” section of

Scanning Electran Microscopy. In order 1o deter-
mine physi~ui conditions of resin samples from PF-8

and -20, scanning electron microscope (SEM) photo-
micrographs were obtained of the resins at different
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magnification levels. The photemicrographs allowead
examination of the resing for cimcks, boad breakage,
bead sofiening, agglomeration, and so forth. Most
types of physical damage of the resins would et allow
the release of radionuclides, but the exient of resin
degradation can be estimated. Random spocimens
; were eatrected from the resin samples afier rediony-
‘) clide elution. Photemicrographs were made of entire
i specimens and interesting features were examined

more closely. The photomicrographs presentad in this
ropazt and References 3 and 4 repweeent typical dem-
age observed.

The irradisied resin semples from the third sampling
were attached 10 an SEM planchei by placing a amall
aliquot of the resin beads ¢n & wet coat of conductive
cerbon paint. This allowed for conductance of the eloc-
trons from the samples and ro gold spaitering was
found nocessery (as was performed with previous sam-

15

ples). SEM photomicrographs were obiained of the
resing and are included in this repon.

WWMMNMMwm
the total amount of Cs-134 and Cs-137 presant in the
rosin samples. Gemma ray spectroscopy is based on
the measurement of the characieristic energy of the
gumma rays produced during radicsctive decay. Eech
isotope emits gamma rays with specific encrgies. By
using a energy dispersive deiector it is possible o
identify the species of radioactive material. And by
calibration using & regroducible sample gocmetry, it is
possible o perform guantitative analysis.

An aliguot of esch of the soak, rinse and elution
samples were submitied 0 the Radiation Measurement
Laboratory for counting. The resulis of this analysis
are presented in the “Results and Interpretation”
saction of this repon.



RESULTS AND INTERPRETATION

The unirradiated resins showed no apparent change
from previous analyses (References 3, 4, and §).
Because of the age (7 years old) of the unirradiated
resins, they might be expected 1o show some degrada-
tion due to aging. The irrzdiated resins from PF-8 and
=20 also would be eqwc\od»nbowmdem
due 16 age (9 years old).>'*The unirradiated resins
showed little or no degradation because of age. there-
fore, in this study, any degradation of the irradiated
resins was presumably from radiation damage and not
from other causes. Other causes of degradation would
be handling/ mechamica! damage and freezng. A re-
view of the tustory of prefilters PF-8 and -20 shows
that the ion exchange media were exposed to sub-
freezing temperatures while stored at the INEL. How-
ever, examinations, using the unirradiated resins to
determine freezing damage, have shown that none has
occurred. Also, handling was held 10 a minimum; as a
result, damage should have been minimal.

During sample preparation, the resins were soaked
and then ninsed 1n deionized water. It was difficult 1o

produce flow through the resin columns contaiming
samples of PF-8#1, PF-8#3 and PF-20 dunng rinsing
indicating the extent of degradation Sediment layers
were evident in those samples and very low flow was
obtained. Those sampies were swirled in deionized
water 10 remove sediment and improve flow. Further
indication of degradation was shown by the release of
radionuclides to the soak and ninse water, as shown in
Table 2. The more highly nuclide loaded samples from
PF-8 show significant radioactivity in the soak and
rinse waters (Table 2). That would not have occurred
with undegraded resins. Some measurement differ-
ences are noted between samplings, these differences
were caused by different elution and measurement

techniques.

The soak water from each of the samples was brown
in color and sediment was observed in PF-8#1,
PF-8#3, and PF-20. This sediment was obviously
lighter than the resin as it floated to the surface. It is
somewhat difficult to speculate as 10 the composition
of this material. It is not likely that the sediment

Table 2. Radioactivity of resin soak, nnse and acid composite samples in first, second, and third samplings

Furst Sampling Second Sampling Third Sampling
Measurement at Contact Measurement at Contact ~ Measurement at Contact
Sample ~  (mR) (mR) (mR)

PF-8#3-—24-h soak* No resin sample 504 504
PF-8#3—Rinse® No resin sample 304 500,1300,100¢
PE-8#3-Aad composite® No resin sample 5004 1000,1404
PR-8#1—24-b soak* 1004 40 354
PF-8#1—Rinse" 359 304 200,504
PF-8#1—Acid composite* B¢ 5004 21004
PF-8#2--24-h soak* 45 5 25
PF-8#2-Rinse® 100 6 10
PF-8#2-—~A0id composate 80 a5 2300
PF-20—24-h soak® 2¢ 284 604
PE-20—Rinse® No sample 15¢ 500 40¢
PF-20-—Acid Composite* 804 354 200

a. 24-h soak used a total of 100 mL demineralized water. All 100 mL were counted

b, Rins: used a total of 100 mL demineralized water. All 100 mL were counted.

¢ Aad composite used a total of 5 or 6 L of 10 percent bydrolic acid, 200 mL. were counted in the first sampling,
S00 mL were counted in the second sampling, and 4000 and 2000 mL were counted in the third sampling.

d. The resain sample was agitated 1o promote flow of iquid through the sample.
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was dirt or particles of zeolite as those matenals are
more dense than organic rexins. It is possible thai the
sediment was decomposed polymer matenal Samples
were taken from all deionized water soak, rinse,
decant, and elution solutions to look for soluble
organic products. And while none were observed, it is
possible that this material was not waler soluble and
therefore not found in any aqueous solutions.

ASTM Tests

Table 3 presents results of the following ASTM test
performed on unirradiated and irradiated resins from
the third sampling: (a) water retention capacity,
(b) backwashed and settied density, (¢) salt-splitting

capacity, and (d) total exchange capacity.

The differences between ASTM tests performed on
unirradiated Epicor, Inc., resins and PF-8#1, PR-8#3,
PF-20, srong acid cation resins and PF-8#2 phenolic
resin from the third sampling are presented in Table 4.
The differences were calculated using measured data
shown in Table 3. The results show that resin samples
receiving more radiation dose exhibit greater changes
in measured properties. Water retention capacities in-
creased with dose; while backwashed and settled den-
sity, salt-splitting capacity, and total exchange
capacity decreased. Increase in water retention
capacity indicates a loss in effective cross-linking, the
amount of loss being dependent upon radiation dose
(Reference 12).

Itis also possible that water retention capacity has in-
creased due (o the increase in surface area caused by the
exiensive resin bead cracking observed in the eiectron
photomicrographs *4 A decrease in backwash and
settled density also is an indirect indication of loss of
effective cross-linking, which can lead to eventual loss
of radionuchides (Reference 8). The decrease in sali-
splitting capacity of the irradiated resins is an indication
of loss of functional groups, sulfonic acid, and accom-
panying loss of radionuclides {Reference 8). During the
second sampling, a slight increase in salt-splitting
caracity was observed for PR-20. This would indicate
toat PE-20 had reached the threshold needed for degra-
dation to begin during the second sampling (References
2and 12). Furthermore, the higher radiation doses to the
PF-8#1, and PR-8#3 resins were the cause for the de-
creases in total exchange capacities as the radiation
damage exceeds the contribution from oxidation. It was
found in the review of Reference 2 that oxidation of the
polymer chain will cause an initial increase in total ex-
change capacity followed by a decrease as the radiation
damage exceeds that contribution. The decrease in total
exchange capacity should result in the loss of radionu-
clides from the exchange sites.

The ASTM parameters for PF-8#2 show that differ-
ences between unirradiated and irradiated phenolic
cation resin samples are increasing, similar to the
changes observed for the styrene cation resins. There
has been a steady increase in the water retention
capacity, and a steady decrease in the total exchange
capacity (Tatde 4). This indicates that the resins are de-
grading. One must be guarded in making conclusions
about the phenolic resins in these tests as the samples
of PF-8#2 resins were unavoidably contaminated with
styrene resing. As much as 19% of the mass of the
PF-&#2 sample was actually styrene resin beads.

At the time of the third sampling, all of the resins
were showing significant degradation. Table 4 shows
the amount of change of ASTM parameters between the
unirradiated and irradiated resin samples. This table
was prepared to show a history of the three samplings
and the amount of change in the degradation of a resin
type in relation to radiation dose. There is some differ-
ence in the unirradiated resin sample data from the pre-
vious two samplings compaied with the last sampling.
Although the resin sample was 7 years old at the time
of testing, most of the deviation in the analysis of the
unirradiated resins is attributed to the fact that different
analysts performed the work on the third sampling than
did the first and second sampling. The ASTM proce-
dure recognized the fact that mulii-operator precision
is Jess than that of the single operator. Although age may
be a factor in part of the measurement difference, the
real significance between the irradiated and the unir-
radiated resins is the difference in the ratic of wnir.
radiated verse irradiated resin in any one sampling. This
difference is largely due to degradation caused by radi-
ation damage. Because all of the irradiated resins and
unirradiated resins were tested at the same time, all of
the samples were treated identically. This helped elimi-
nate vaniations caused by handling and experimental
condition differences (e.g. humidity on the day that the
water retention capacity was performed).

The results of these analyses are graphically
presented in Figure 12 where the change in total ex-
change capacity with increase in radiation dose is
presented. Probably the most important characteristic
of ion exchange media is total exchange capacity. This
figure shows the marked decrease in exchange capac-
ity as the resins received more radiation doses. While
there is some separation of the curves for Samples
PF-8#]1 and #3 from PF-8 #2 (phenolic) and PF-20,
the No. | and No. 2 sample curves are very close and
all four exhibit common shapes. Primary differences in
these data were introduced during measurement of
radiation doses listed in Table 1.



Table 3. Results of ASTM tests on irradiated and unirradiated ton exchange resins—third sampling®

Resin Sample R v, T
Strong PF-8#1 Strong PF-843 Strong PF-20 Strong Phenolic PF-2#2 Phenolic
Acid Cation® Acid Cation Acid Cation Acid Cation Caton Kesin Canon

ASTM Test Parameter (%) (%) (%) (%) (%) (%)
Water retention 4148 + 689 56.56 + 121 56.06 + 120 4853 + 104 4536 + 0.97 5278 + 13
capacity
Backwashed and 0837 + 0011 0812 + 0911 0.829 + 0.011 0.386 + 0012 0.665 + 0.009 0.7¢5 + 0.009
settled density
(g/mL)
Sah-sphtting 521 + 096 378 + 070 g3 + 0N 442 + OR2 294 + 054 217 + 0040
capacity
(meg/g)*
Total exchange 628 + 097 344 + 053 364 + 056 477 + 074 642 + 09 465 + 02
capacity
(meg/g)

a. The errors associated with the data were experimentally determined. They were calcelated as che first standard deviation from the mean.

b. This unirradiated sample was tested at a different tme than the other samples.

<. Measured in milhequivalents per gram of dry resin.
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Table 4. ASTM test parameter changes of PF-8 and —20 strong acid cation resins versus unirradiated Epicor. Inc . strong acid cation resin (first, second, and

third samphings)
PF-8#1 Strong PF-8#2 Phenclic PF-3#3 Swrong PF-20#1 Strong

ASTM Test Parameter Acd Cation Cation Acvd Cabon aavd Canon
First Samphing
Estimated radiation 66 x 107 43 x 1 No sample 51 x 10’
dose (Rad)
Water retention 5% mncrease 1% ncrease No sample Mo change
capacity
Backwashed and 11% decrease 6% decrease No sample 13% decrease
settied density
Salt splitting capacity 8% decrease 25% increase No sampie 7% decrease
Total exchange 3% decrease 1% decrease No sample 3% mcrease
capacity
Estimated raciation 90 x 107 64 x 107 88 x 107 66 x 107
dose (Rad)
Water retention 13% increase 9% increase 17% increase 7% increase
capactty
Backwashed and 13% decrease 3% decrease 19% decrease 1% decrease
settled density
Salt sphitting capacity 5% decrease 23% increase 7% decrease 1% decrease
Total exchange 5% decrease 6% decrease 2% decrease No change
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Table 4. (continued)

ASTM Test Parameter

Back washed and
settled density

Salt sphitting capacity
Toal_exduige

1% decrease

27% decrease

45% decrease

PF-8#2 Phenolic

92 x 107
16% increase
6% mcrease

26% decrease

27% decrease

135 x 107

3I5% mncrease

1% decrease

26% decrease
42% decrease

PF-20#1 Strong
Acd Cation

87 x 107

17% increase
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Figure 12. Change in total exchange capacity with increase in radiation dose.



Infrared Spectroscopy

The infrared spectroscopy in the first and
second sampling (References 3 and 4) was not used for
the third sampling. Infrared spectroscopy is not & very
sensitive wochnique for measuring small changes in 8
chemical species. Thus the changes such as the loss of
sulfonic acid groups, which have been measured by
other wechniques 10 be on the order of 8 few percent of

the wial amount present, would not be readily apparent
on the infrared spectra.

Gas, Liquid, and Supercritical
Flulds Chromatography

All the chromatography methods are accepted
techniques for detection and analysis of organic
materials. Each of the techniques have strengths and
weaknesses, but when combined, as was done for these
resin analyses, they become a very powerful set of
techniques that could detect most organic material
present. The sensitivities vary for each of the tech-
niques, but the detection of at least ppm levels of
organic material is within the capabilities of each of
the techniques.

All of the soak, pre~elution rinse solutions, and
decant solutions were tested for organics by first ex-
tracting the aqueous solutions with hexancs and then
analyzing the extracts with the various chroma-
tography techniques. No detectable organic materials
were observed in any of the chromatography experi-
menits. This is &n indication that anv arganic degrada-
tion proctucts of the polystyrene divinylbenzene where
not sol uble in the deionized water solutions and hence
not ¢'.tracted into the hexanes. One can then make the
con lusion that organic decomposition products are
e pecied 1o stay with the intact resin beads.

Determination of Sulfate

In the first two samplings, & barium chloride precip-
itation was performed 10 determine the amount of sul-
fute present in the soak solutions. In the third sampling,
this technique was replaced with ICP-AES . Sulfur was
found in the agueous solutions taken from resin sam-
ples (it is assumed that al! sulfur is in the form of sul-
fate). The fact that sulfates are present in substantial
concettrations demonstrates that the strong acid cation
resins are losing functional groups that are responsible
for holding radionuclides on the resins. The results of
the ICP-AES analysis for sulfur is presented in
Table 5.

The phenolic resins contain no sulfoni acid groups;
therefore, the distilled water soak samples should
show no sulfate (Reference 8). However, some sulfate
was dotecied in the phenolic sample, PF-8#2, because
& small amount of strong acid cation was collected
with the phenolic resin due 1o the proximity of these
resins in the prefilier.

1t is difficult 1o determine any trend in sulfonic acid
group loss from previous samplings because the actual
conditions under which the samples were obtained
changed significantly from the first 1o the third sam-
pling. For example, during processing of the third sam-
pling, it was very difficult 1o get any of the soak water
through the column when the columns flowed rela-
tively well in the first sampling. Also, water added o
the prefilter beds during resin coring could have dis-
placed some sulfates. The total sulfur lost from the
resins was dotermined in the third sampling by sum-
ming up all of the sulfur present from all of the soak,
rinse, and elution solution ICP-AES analyses.
Measurements of pH were taken of all solutions and in
all cases they were less than 3.

“able 5. Sulfawe determined in agueous solutions from resins by inductively coupled plasma-atomic emission

spectroscopy, third sampling

All Aqueous Solutions
From Resin Sample No.

PE-8#1

PF-8#2

PF-8#3

PF-20
Unirradiate Resin

(Milligrams SO} /100 mL Resin Sample)
25

4

63

LY
09
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Scanning Electron Microscopy

The SEM photomicrograph of the unirradiated
strong acid catton resin from Epicor, Inc., is presented
in Figure 13 Figures 14 and |5 are photomicrographs
of strong acid caton resin from the third sampling of
PFE-20. Figures 16, 17, and 18 are photomicrographs of
strong ackd cation resin from PE-8#1. Figures 19 and
20 are photomicrographs of strong acid cation resin
from PF-§#3

In companson of Figures 14 and 15 with photomi-
crographs taken from the second sampling (Reference
4) a damaged bead can be observed where none were
before. That bead appears 10 contain a crater also. This
appears to correlate with the significant changes in
degradation observed this sampling. The strong acid
cation resins from PF-K, as in pnor samplings, show a
lot of bead cracking and breakage. The type of break-
age appears different than one would expect for purely
mechanical damage. The photomicrographs Figures
16 and 17 show several types of bead fracture similar
to those seen in previous examinations (References 3
and 4). The photomicrograph of the PE-8#1 sample in
Figure 1% shows concentnc ring type cracking not

seen before. The phatomicrograph of PF-8¢3 in Fig-
ure 19 exhibits a number of damaged beads. The bead
shown n Figure 20 has been indented by surrounding
beads indicating the bead structure has sofiened. The
bead has also fractured. Few of the resins indicate a
smooth surface break. Most of the braken resin beads
show a ridged surface on the fracture plane (Fig-
ures 13, 17, 18, and 20). A number of Jamaged bead
fragments can be seen in the various photomicro-
graphs. 1t appears that the beads first crack, then
evergually fall into fragments. Most of the damage to
resin beads observed in the three samplings of
EPICOR-II resins has been unusual and rot relatable
to normal physical damage associated with pump or
vecuum transfer or other mechanical damage.

The phoromicrographs of PF-8#2 are less dramatic.
The unirradiated phenolic resin is shown in Figure 21,
Figure 22 and 23 show the irradisted resin sample. One
small crack can be chserved in Figure 23 and this was
the only crack observed in the phenclic resin sample.
The phenolic resins have a difierent chemical back-
boee structure than the strong acid cation resins which
are styrene divinylbenzene, and therefore exhibit a dif-
ferent physical behavior.

Figure 13.

23

SEM photomicrograph of unirradiated Epicor, Inc. strong acid cation resin at |12 magnification.



Figure 14. SEM photomicrograph of EPICOR-II strong acid cation resin sample PF-20 at 20 magnification.

Figure 15. SEM photomicrograph of EPICOR-1I strong acid cation resin sample PR-20, showing a closeup of
a damaged resin bead at 100 magmfication



Figure 16. SEM photomicrograph of EPICOR-II strong acid cation resin sample PF-8#1 at 15 magnification,
showing numerous damaged resin beads.

Figuid 17. SEM photomicrograph of EPICOR-II strong acid cation resin sample PR-8#1 at 100 magnification
showing a typical resin bead fracture
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Figure 18. SEM photomicrograph of EPICOR-1 strong acid cation resin sample PR-841 showing s closeup of
one unusually damaged bead at 100 magnification

Figure 12. SEM photomicrograph of EPICOR-II strong acid cation resin sample PFR#3, at 15 maguification.



Figure 20. SEM photomicrograph of EPICOR-II streng acid cation resin sample PFB#3 showing one resin
bead which appears (o have sofiened and dimpled at 100 magnification

Figure 21. SEM photomicrograph of unirradiated Epicor, Inc. phenolic cation resin at 100 magnification.
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Figure 22. SEM photemicrograph of EPICOR-II phenclic cation resin sample PRE&2 at 18 magrification.

Figure 23. SEM photomicrograph of EPICOR-II pbenolic cation resin sample PFB#2, showing a closeup of
one cracked resin particle at S0 magnification.



During the third sampling, gamma-ray spectro-
300py was used 10 determine the amount of redicny-
clidies present in various agquecus sssnples. Significant
amounts of Co-134 and Co-137 were dotocizd in the
soak, rinee, and docant rinee sclutions. Teble 6 presenis
the emount of Co-134, and - 137 that were found in do-
tonized water soiutions, s well as the wial Cegium
loeding for the regin esmples.

Physisal Obsen

Physical observations during the third sampling
wure similer 1o those of the first and eecond samplings
with more advenced signs of degradation in evidonce.
The siyrene base resing (PR-841, FR-843, sad PF-20)
&l showed signs of stickiness and agglomerstion more
severe than the sacond seanpling. Coring of the pre-
filers was more difficult than eithar previcus caring
with resins offering mare registance 1o the coning teol.
VYacuum removal of samples from the cores was
impeded by plugging of the vecuum entrance of the
e by resins (s new exporionce). Cnly by repeaisd
rinsing of the wand with demineralized water was it
possible to continue the process. With the resin sam-
ples in columns, flow could not be initisted for the first

AUORS

ring? (vecuum sesist was no help). The sample. were
each washad im0 o boaker and rinsed 10 remove o -
ible sodiment. The sodiment was decanted off and the
resing were then raturned 0 the columns for elution.
The elution process was then parformed as plenned.
PF-801 and PF-8#3 both appeared dark orange 10
brown in coky. The 7-yesr—old unirradiated resin was
still & light amber cokor. PF-20 resin semples aleo had
a significent chenge in color (mostly crange).

During coring opsiations, water was added 10 the
wp of each prefilier bed 1o aid in coning tool insertion.
That water ran gcross the bod 10 onler previous oure
hoies rather than soak directly into the bod as would
normally coour. Previous experience with EPICOR
prafiliers which had lower rediation doses showed that
waier would normaily fiow directly into the bed.

Tebie 7 presents results of the various anaiytica!
tests performed on the irradiated EPICOR-II resin
samples. It should be notod that results in the tble are
expreaeed in terms of differences in values obteined
from iests on the irradisted EPICOR -11 resins from the
first, second, and third samplings versus the values
obtained from tests on the unirradiated Epicor, Inc.
supplied resins.

Taple 8. Cesium measured in aqueous solutions from resins—third sampling

Total mCi/100 mi Resin Sample

All Aqueous Solutions
From Resin Sample No,

PE-841

FrE-802
PE.-8#3
PF-20

Cs-137
74 089
11,183

Toial Cs

130,242
108,215




Resin Sowple

LS
Phennd:

Sosk and ninse
solunons were
hght brown: color
with sediment

Lack of flow
duning elution
Lacx of flow
Survyg elution

Lack of flow
during elution

Soak zrd inse
solutions =
= Mown codex

-

contaned hght

brown sediment
rTy b

Nothrg wnmsual

Nothang snucual

PF_a8"
_TEtRg Acka Cation

‘sz and nnse
solutions were
2 Prose —oiee
Sosk and rinse
solutions ==ve

hight brown color
with sechment

No sampie

Lack of fioe
dunng elishion

Lack of flow
dunng etution

P20
Siremin Agd Caveny

Soak and nnse
solirmr ms wore
2 brevan onior

ok ared rinse
SOVEONS Were
=il sedrment

Nothing umsee!

Nothing wrmsual

dunng elutior

a. Resalts age exproseed as diiferences 1 values oheerved for wradiated EPICOR -] resins versus amrradiated resins suppiced by Epicor, Inc.




e Loss of effective cross-dinking (which could
lead 10 eventual release of redionuchdes if
de gradation progressed to the wotal failvre of
the polymer structure), as shown by the in-
crease in water retention capacity, decrease in
salt-soliting capacity, s decrease in back-
washed and settled density

o Loss of functional groups (with accom-
panying loss of radioneclides), as indicaied
by the increzse in sulfate concentrations in
the vanous soak, 1inse end elution solutions
and 1oss in sal-splitting capacity.

* Resins fron: PR 20 srowed an initial increase
in TEC dusing 0w 1ira sampling due 1o oxi-
dation of the polymer chain before onset of
degradation (Fefurence 3). The TBC then: de-
creased to no change in the second sampling
(Reference 4). Thus could be caused by lass of
effective cross—linking. By the third sam-
pling, a substantial decrease in the TEC was
observed, indicating that the sadiation dose
had exceeded the necessary dose for exten-
nive degradation,

@ 2\ of the resins sampled are losing capacity
1 hold cesium, the major redionuchide found
12 he resin samples, as evidenced by the
at o unt of cesium found in the sosk and rinse
S0FI0NS.

It is alse concluded from analysis of the first.
second, aind a4 samplings that the following mecha-
nisms of degradation are occurring within the
EPICOR-I! pherolic cation resins:

*  Loss of effective cross-linking (which has
led 10 ihe \oss of radionuclides), this was ex-
pected do= the increase in the water retention
capacity aru! the decrease in the backwashed
and settied density. During the third sam-
pling, the backwashed and settled density in-
creased somewhat,

¢ Oxidation of the polymer chain (which would
reduce the tendency to release radicnuclides),
caused an increase in the salt-splitting
capacity in the finst and second sampling By
the ume of the third sampling, degradation
had occurred to the point where substantial
decrease in salt split ing capacity and total ex-
change capacity was observed
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Previous resin siudies show that de gradation caused
by internal radiation doses will be more severe than
degradanon caused by external wrradiation, because of
wtroducton of the radisticn into the polymer structure
(References 2, 7, 12, 15 and 16). The internal dose re-
ceived by the organic ion exchange resins in EPICOR -
I prefiiters PF-8 and -20 has been sufficient to
produce significamt degradation. The degradation st
the tme of the first sampling was measurable, The
equilibrium of the polymer structure has been i fied
towards polymer breakdown: this is substantigied by
resulis of the socond and third analysis.

One important indicator of the capability of ion cx-
change media to retain radionuclides is 1otal exchange
capacity. The four samples examined in the INEL
study exhibited different reactions to radiation in the
first and second sampling. Samples PF-841 and
PF-843, strong acid cation resins with the highest radi-
sion dose, showed reduced total exchenge capacity.
Sample PF-842, the phenolic cation with a slightly
lower dose, showed a decrease in the second sampling.
PE-20, tie strongest acid cation with tie lowest dose,
showed an increase in the first sampling, and dropped
back to the capacity of the unirradiated resin in the
second serapling. This indicates the onset of degrada-
ton that is consisient with findings of Reference 12.
That sample exhibited a significant drop in exchange
capacity in the third sampling. The results of the INEL
siudy indicate that the threshoid dose for the onset of
degmdan‘on due i0 intemnal radiation is betwaen 5.1 x
107 and 6.6 x 107 rads. By the time of the third sam-
pling, all of the resin samples had demonstraied sub-
stantial decresse in the total exchange capacity. This
ranged from 23% for the phenotic resin 10 35% in the
PF-20 strong acid cation wesin. The strong acid cation
resins of PF-8 had a decrease in the total exchange
capacity of about 43%. These changes are graphically
itustraied in Figure 12 where sample PF-20 initially
increased 10 exchange capacity while other samples
showed decreases as indicated by the negative percent
change in the curves

The rsdiation degradation was also seen as the loss
of sulfonic acid groups in PR-8#1, PR-8#3, and PR-20
resin samples. The loss of sulfonic acid groups would
lower the pH of the liquid in the surrounding ion ex-
change material as ahserved in previous samples and
the third sampling (Table 6). The low-pH liquid
should be neutralized by the remaining unused ion ex-
change material in the prefiliers. That thesis is sup-
ported by the measurement of residual water pH from
the 50 prefiliers which were stored at the INEL. Forty-
six of those prefilters have been disposed at the com-
mercial disposal facility near Hanford, Washington,
and four have been disposed in the Radioactive Waste
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Gamma-Ray Speziroscopy

During the thiré sampling, gamma-ray spestro-
scopy was used 10 deaceraine the arnount of radiony-
clides presen in various agueous samples. Significant
amounts of Cs- (34 and Ce-137 were detected in the
soak, rinse, nd deca«: ringe soduzions. Table 6 presonts
the amount ¢of Cs- 134, and - 137 that were found in do-
ionized wawr lutions, as well &s the towl Cesiom
loading [n the mein samples.

Physical Observations

Physical observations during the third sampling
were simder 10 these of the first and second samplings
witk mare advanced signs of degracation in evidence.
The styrene base restn: (PR-8#1, PFR-8#3, and PF-20)
ail showed signs of suckiness an¢ agglomeration more
severe than the socond sempling. Coring of the pre-
fillers was more difficult than either previous coring
with resins offering maore resistance 1o the coring 100ol.
Vecuum removal of samples from the cores was
impeded by plugging of the vacuum entrance of the
tube by resins (a new experionce). Only by repeated
rinsing of the wand with demineralized water was it
possible to continue the process. With the resin sam-
ples in columns, flow could rat be initiated for the first

rinse (vacuum ass:st was no help). The sataples were
cuch washed into = besker and rinsed o remove 8 vis-
ible, sediment. T sedimont was decanted off and the
resins were then seturned 1 the columns for elution.
The elution process was then performed as planned.
PF-8#1 and PF-5#3 both appearcd dark orange to
browt: in color. The 7~year-cid unirradiated resin was
still & light embey color. PF--20 resin samples also had
4 significant change in color (mostly orange).

During coring upurations, water was added 1o ihe
wp of each prefilier bed to #id in caring Lol insertion.
That witier ran acrose the bed 1o enter previous core
holes rather than soak directly into the bec: as would
normally accur. Previous experience witt EPFICOR
prefilters which had lower radiation -foses showed that
water would normally flow directly into the bed.

Synopsis of Results

Table 7 presents results of the various analyticai
tests performed on the irradiated EPICOR-II resin
samples. It should be noved tha: results in 'he table are
expressed in terms of differerces in values obtained
from tests on the irmadiated E2COR -l rest as from the
first, second, and third samplings versus the values
obtained from tesis on the unirradisted Lipicor, Inc.
supplied resins.

Table 6. Cesium measured in aguoous solutions from resins--third samling

Total mCi2100 mi. Resin Sample
All Aqueous Solutians
From Resin Sample 140. Cs-134 LCs-137 Total Ts
PF-8#1 650 74,089 %1%
PF-8#2 95 11,183 11.278
PF-8#2 1141 130,242 131,383
PF-20 930 108,215 109,145




Table 7. Synopsis of results from analysis of EPICOR-II irradiaiad resin samples PF-221, PF-8#2, PF-8#3, and PF-20

samplings®

Analytical Techmgue

ASTM Tests

Water retention capacity
Backwashed and settled de asity
Sal—sphiting capacity

Total exchange capacity

infrared spectroscopy
Gas, Liguid and Supercritical
Fluid Chromatography

BaCl, precipitanion for
sulfonic acid groups

induction Coupled Plasma —
Atomic Emission Spectroscopy

Scanning electron microscopy
Observations

Samphing

Resmn Sample

PF-8#1
Strong Acyd Cation

PF-8#2
Phenolic Cation

PF-8#3
< -ong Acid Cation

No sample/incr/Incr
No sample/Decr/incr
No sample/Dece/Decr
No sample/Dect/Decr

ﬂowd\mges
mn structure

No soluble products
determmed

Sulfonic 2cid groups
are being lost

Sulfenic acud groups
are being lost

No sampie
Resin bead cracking
Resin bead cracking

No sample

from the first, second, and third
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Table 7. (comtinued)

Resin Sample
PF-8#1 PF-8#2 PF-8#3 PF-20
2 Soak and nnse Soak and ninse Soak and ninse Soak and rinse
solutions were solutions were solutions were solutions were
a brown color a brown color a brown color 2 brown color
3 Sodmdmse Soak solution Soak and ninse Scdndme
hg!nbmwnoo!or bhrown sediment hgnbvmcolor l*llmcda
PF-8#1 resin
Physical observations 1 Lack of flow Nothirig unusual No sample Nothing unesseal
during elution
2 Lack of flow Nothing unusual Lack of flow Nothing unusual
3 Lack of flow Nothing unusual Lack of flow Lackoflo-

a RemmmemmedudiﬁemhvﬂneswforhndiaedEP!COR-!lmsinsmmﬁnMdmﬁnswliedbyEpio«.kx.




DISCUSSION AND CONCLUSIONS

Several important studies of ion exchange resins
have been conducted, including research by Baticlle
Columbus Laboratory (BCL)'* Brookhaven
National Laboratory (BNL),”'215.16 and the 1daho
Nationa! Engineering Laboratory (INEL) (References
3 and 4). The BCL work covered characierization of
EPICOR-I1 prefilters PF-3 and - 16; the BNL research
included radiation effects on ion exchange resins. A
more complete discussion of the findings of those
researchers is presented in Reference 3 and a dis-
cussion comparing BCL and BNL results with those
obtained at INEL is given below. This section also
compares the results from the first and second sam-
pling of EPICOR resins PE-8 and -20 with the results
of the third sampling.

The results obtained by BNL and BCL agree with
the findings of the INEL research of EPICOR--11
prefiliers. The following items were found dunng the
BNL and BCL research which specifically relate to the
INEL work:

e Most cation resins show significant degra-
dation only after they have received a radi-
ation dose greater than 10 rad.

e The pnimary effects of radiation on ion ex-
change resins are degradation by loss of
effective cross-linking of the macro-
molecular structure, along with scission of
ion exchange functional groups.

e The exchange capacity of ion exchange
resins, in general, decreases with increasing
rodiation dose.

e In cation ion exchangers, initially there is an
increase in functional groups capabie of ex-
change, as a result of radiation in the presence
of air or moisture, Those are phenolic and
carboxyl groups produced as a result of
oxidation.

e The initia) increase in exchange sites tends to
increase the total exchange capacity (TEC) of
the resin. However, the accompanying
scission of existing exchange groups often re-
sult in a net decrease in TEC values.

e In general, the salt forms of ion exchange
resins are more resistant to radiation than the
H* or OH" forms.

¢  Prolonged exposure of ion exchange resins 10
radiation inflowing (dynamic) systems
causes more drastic changes in their physical
and chemical properties than ion exchange
resins rraciated in a static system.

¢ Radiation-caused chemical changes in ion
exchange resins are a direct function of the
total radiation dose absorbed by the resin.

INEL findings correlate with findings of other
researchers; 2712151617 however, degradation has
been identified in the EPICOR-II resins at a lower
total integrated radiation dose than observed pre-
viously (6 x 107 versus 10® rad) (References 2, 3, and
4).

The first and second samplings confirm that degra-
dation in the PF-8 and 20 strong acid cation resins
has occurred. The onset of degradation has also been
confirmed in the phenolic cation resins of PR-8. The
INEL study has shown that degradation is occurring at
a lower total dose than was reported in earlier
studies.>7!2 The physical observations noted during
the third sampling of the cores are comparable with
those observed during the first and second samplings
(i.e., lack of flow during initial elution of the strong
acid cation resins). By the time of the third sampling,
no flow through the columns of resin was obtainable
by normal gravity means, and the resins had to be
rinsed in a beaker (0 remove the visible sediment on
the top of the column. The sediment was decanted off
and the resins were returned to their ion exchange
columns for elution. That process was successfully
completed on each resin sainple.

The soak and rinse solutions from the initial elution
of the second and third sampling had a brown discolor-
ation (indicating resin degradation). These are the
same effects observed in resins of similar types when
exposed to light for prolonged periods of time (particu-
larly ultra violet light). The same solutions during the
first sampling were colorless. It has been found (Ref-
erence 17) that the color of the soak solution from irra-
diated resins changes from pale yellow to deep amber
as the radiation dose increases. That change is consis-
tent with the analytical results from the first, second,
and third sampling. Also, the first, second, and third
samplings showed a pH of less thao 3.0.

1t is concluded from analysis of the first, second, and
third samplings that the following mechanisms of
degradation are occurring within the EPICOR-II
strong acid cation resins:
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¢  Loss of effective cross-linking (which could
lead 10 eventual release of radionuchdes if
de gradation progressed to the total failure of
the polymer structure), as shown by the in-
crease in water retention capacity, decrease in
sali-splitting capacity, and decrease in back-
washed and settled density.

¢ Loss of functional groups (with accom
panying loss of radionuclides), as indicated
by the increase in sulfate concentrations in
the various soak, rinse and elution solutions

and loss in salt-gplitting capacity.

*  Resins from PF-20 showed an initial increase
in TEC during the first sampling due to oxi-
dation of the polymer chain before onset of
degradation (Reference 3). The TEC then de-
creased to no change in the second sampling
(Reference 4). This could be caused by loss of
effective cross~linking. By the third sam-
pling, a substantial decrease in the TEC was
observed, indicating that the radiation dose
had exceeded the necessary dose for exten-
sive degradation,

*  All of the resins sampled are losing capacity
to hold cesium, the major radionuclide found
in the resin samples, as evidenced by the
amount of cesium found in the soak and rinse
solutions.

It is also concluded from analysis of the first,
second. and third samplings that the following niecha-
nisms of degradation are occurring within the
EPICCR-II phenolic cation resins:

* Loss of effective cross—linking (which has
led to the loss of radionuclides), this was ex-
pected due the increase in the water retention
capacity and the decrease in the backwashed
and settled density. During the third sam-
pling, the backwashed and settied density in-
creased somewhat.

¢ Oxidation of the polymer chain (which would
reduce the tendency to release radionuclides),
caused an increase in the salt-splitting
capacity in the first and second sampling. By
the time of the third sampling, degradation
had occurred to the point where substantial
decrease in salt splitting capacity and totai ex-
change capacity was observed.
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Previous resin studies show that de gradation caused
by internal radiation doses wili be more severe than
degradation caused by extemal irradiation, because of
introduction of the radiation into the polymer structure
(References 2, 7, 12, 15 and 16). The internal dose re-
ceived by the organic ion exchange resins in EPICOR-
11 prefilters PF-8 and -20 has been sufficient to
produce significant degradation. The degradation at
the time of the first sampling was measurable, The
equilibrium of the polymer structure has been shified
towards polymer breakdown, this is substantiated by
results of the second and third analysis.

One important indicator of the capability of ion ex-
change media to retain radionuclides is total exchange
capacity. The four samples examined in the INEL
study exhibited different reactions to radiation in the
first and second sampling. Samples PF-§#1 and
PF-8#3, strong acid cation resins with the highest radi-
ation dose, showed reduced total exchange capacity.
Sample PF-8#2, the phenolic cation with a slightly
lower dose, showed a decrease in the second sampling.
PE-20, the strongest acid cation with the lowest dose,
showed an increase in the first sampling, and dropped
back to the capacity of the unirradiated resin in the
second sampling. This indicates the onset of degrada-
tion that is consistent with findings of Reference 12.
That sample exhibited a significant drop in exchange
capagcity in the third sampling. The results of the INEL
study indicate that the threshold dose for the onset of
degndation due to internal radiation is between 5.1 x
107 and 6.6 x 107 rads. By the time of the third sam-
pling, ali of the resin samples had demonstrated sub-
stantial decrease in the total exchange capacity. This
ranged from 23% for the phenolic resin to 35% in the
PF-20 strong acid cation resin. The strong acid cation
resins of PF-8 had a decrease in the total exchange
capacity of about 43%. These changes are graphically
illustrated in Figure 12 where sample PF-20 initially
increased in exchange capacity while other samples
showed decreases as indicated by the negative percent
change in the curves.

The radiation degradation was also seen as the loss
of sulfonic acid groups in PR-8#1, PR-8#3, and PF-20
resin samples. The loss of sulfonic acid groups would
lower the pH of the liquid i the surrounding ion ex-
change material as observed in previous samples and
the third sampling (Table 6). The low-pH liquid
should be neutralized by the remaining unused ion ex-
change material in the prefilters. That thesis is sup-
poried by the measurement of residual water pH from
the 50 prefilters which were stored at the INEL. Forty~
six of those prefilters have been disposed at the com-
mercial disposal facility near Hanford, Washington,
and four have been disposed in the Radioa~’ ¢ Waste



Management Complex at the INEL. The pH measure-
ments of residual water obtained more than three years
after the prefiliers were used were in the range of about
510 8 as compared 1o less than 3 for soak and rinse so-
lutions from resin samples. Those pH readings indicate
that the acidic solution was being modified as it passed
through the cation and mixed bed resins in the lower
regions of the prefiliers.

A threshold dose for degradation in EPICOR-II ion
exchange resins has been identified by this work to be
below 6 x 107 rads. That value is somewhat less than in
the 10%-rad accumulated dose limit recommended in
the Technical Position on Waste Form.'® The resin
properties, which have changed due to degradation,
such as ihose examined by the ASTM methods, exhibit
small changes (10% or less, as seen in Tables 3 and 4)
at the threshold dose; while higher doses (10 rad and
above) have produced more pronounced property
changes > '5.1¢ It can also be seen from the information
in Tables 3 and 4 that different resins react differently
at a similar dose (comparing styrene to phenolic
base resin).

The results produced in this study show that
EPICOR resins definitely began losing radionuclides
below 10¥ rads total radiation dose. But the release of
a nuclide by an exchange site does not ensure that the
nuclide will be released by the exchanger to the envi-
ronment. The nuciide could be picked up on another
site or held by the agglomerated resins. The first would
be a temporary condition until a higher dose is reached,
but does delay the ultimate release of the nuclide. The
second would be more permanent and would not easily
release the nuclide. Such processes are probably occur-
ring within the EPICOR-1I prefiliers. The ion ex-
change process is made possible by the fact that ion
exchangers are operated below the point where a pre-
determined level of radionuclides begins appearing in
the effluent (exchanger breakthrough). That process
results in a number of free sites in the exchangers being
available for recapture of any loose radionuclides.

Both ion exchange recapture and retention by the
gelatinous agglomerated resin mass will effectively
hold the released radionuclides. It was positively
shown during column elution attempts in both this
study and the one conducted in Reference 2, that water
flow could not be initiated through the degraded ion
exchange beds and thus no nuclides elution or subse-
quent movement could take place. In this study, only
batch rinsing resulted in nuclide releases where
agglomerated resins predominated. The graphs of

Figures 2 and 3 present gamma dose with bed location.
These curves have remained essentially unchanged for
shape and location withun the prefilter over the three
samplings, which indicates that the gamma-emittng
radionuclides are not moving despite addition of water
during coring operations.

These analyses have assisted in determining the ex-
tent 1o which organic ion exchangers are degraded by
intemnal radiation under conditions representative of
actual use and storage. Degradation of the resins has
been related directly 1o total integrated radiation dose.
This has aided in identifying the effects of degradation
on release of radionuclides from the ion exchange me-
dia. The resin bed in the higher radiation zone is being
converted to an agglomerated mass, a substance with
unique new nuclide retention capabilities. It has been
shown that the contained radionuclides remain within
the ion exchange bed. The acceptability of EPICOR-II
prefiliers for disposal in high integrity containers at a
commercial disposal site is thus confirmed.

No further examinations were planned for PF-8 and
~20 resins and all sample materials and those prefilters
have been disposed. However, the authors recommend
that certain other studies of ion exchange resins be un-
dertaken to examine aspects of resins degradation not
included in the work discussed in this report. This
study was resiricted to only two types of strong acid
cation resins, those with styrene and phenolic struc-
tures. Studies should be performed on degradation of
rewer acrylic and styrene structured resins, boih cation
and anion, now used in nuclear power stations with in-
termally and extemally irradiated samples having vari-
ous radiation doses applied to samples of each resin
type. The conduct of tests within the proper test matrix
would provide data for determining thresholds of deg-
radation for those resins. Laboratory scale leaching of
those irradiated resins could be used to further identify
the part that bed agglomeration plays in retaining ra-
dionuclides. Resins would be loaded with such com-
monly encountered radionuclides as Cs-137 and
Co-60 to facilitate the study of nuclide retention.

An important aspect of irradiation degradation of
resins is gas generation, which occurs during that irra-
diation. In particular the generation of hydrocarbons
from the degradation of resins is information that can
be used in planning for and regulating the disposal of
long-term storage of ion exchange resins. The studies
of resin degradation could also incorporate measure-
ment of gas generation caused by irradiation.
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