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ABSTRACT

TI_ Low-Level Waste Data Base Development_EPICOR-lI Resil_Liner Investigation

Program funded by the U.S. Nuclear Regulatory Commission is investigating chemical and
physical conditions for organic iota exchange resins contained ha several EPICOR-II pre-
filters. Those prefilters 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 Idaho Engineering Laboratory. This is the final report of this
task and summarizes zesults and analyses of three samplings of ion exchange resins from
prefilters PF-.8 and -20. Results are compared with baseline data from tests performed on
unirradiz..ted resins supplied by Epieor, Inc. to determine the extent of degradation due to the
high intemal radiation dose received by the organic resins. Results also are compaied with
those of other researchers.

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



SUMMARY '

TheMarch 28, 1979 a_cidentat Three Mile Island supercritical fluids chromatograph, barium chloride
Unit 2releasedapproximately 560,000 ga]ofcontami- precipitation, inductively coupled plasma - atomic
nated water to the Auxiliary and Fuel Handling emissionSpectroscopy,andgamma-ray spectroscopy.
Buildings. The water was decontaminated using a Details of testmethodologiesandresultsaredescribed.
three-slagedemineralization systemc',dledEPICOR-
1], containingorganicand inorganicionexchangeme- Analysis comparing testresultsof the first,second,
dia. The first stage was designated the prefilter, and the and third samplings of resins from EPICOR-II pre-
second and third Stages were called demineralizers, filters PF-8 and -20 and unimldiated resins obtained

Fifty EPICOR-II prefilters with tfigh concentrations from Epicor, Inc., show that resin degradation is con-
of radionuclides were transported to the Idaho tinuing in the EPICOR-II resins examined. The mech-
National Engineering Laboratory (INEL,) for interim anism of degradation in those EPICOR-II prefilters is
storage before final disposal at the commercial dis- compared with earlier work and found to be consistent
posal facility in the State of Washington. During the with those findings. The strong acid cation resins
interim storage period at INEL, research was con- (divinylbenzene, polystyrene based structure) are
ducted on materials from those EPICOR-II prefilters, losing effective cross-linking and functional groups,
This study addresses the condition of the organic ion as well as experiencing a decrease in total exchange
exchange resins in those prefilters, capacity as the absorbed radiation dose mcrea.ses. The

phenolic cation resins (phenol-formaldehyde based
Resin cores were obtained from prefilters PF-8 and structure) show a loss of effective cross-linking and

-20 during a first, second, and third sampling using oxidation of the polymer chain. The analysis of the
special tools developed for that purpose. Removal of resins from the third sampling identify that very sig-
samples from the coring tools ,andpreparation of those nificant degradation has occurred.
samples are discussed. A series of characterization
tests were performed on the resins to determine if deg- While the organic ion exchange media (resins) from
radation due to radiation had occurred during interim these EPICOR-II pref'flters have suffered significant
storage. Those tests included American Society for physical changes, it is shown that the contained radio-
Testing Materials (ASTtvl) procedures, infrared nuclides remain within the resin bed. The ac_ptability
spectroscopy, gas chromatography, high performance of EPICOR-II prefflters for disposal in high integrity
liquid chromatography, sc_ng electron microscopy, 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 Ishmd containers at tile commercial disposal site at Hanford,
Unit 2 released approximately 560,000 gal of con- Washington, by identifying; (a) degradation effects on
taminated wate _'to tile Auxiliary and Fuel Handling the iorv-exchtmge resins caumd by contained radiation
Buildings. That water was decontaminated using a de- (b) and possible release of contained radionuclides
mineralization system called EPICOR-II developed from the ion exchange resins.
by Epicor, Inc. The contaminated water was cycled

through three stages of organic and inorganic ion ex- Degradation studies traditionally have been con-
change media. The fit_t stage of the system was desig-
nated the prefilter, and the second and third stages ducted using resins irradiated by external sources, such

as a reactor core or Co-60. 2 The gamma dose, pro-
were called demineralizers. After the filtration pro- vided by an external source, simulates a dose that
ce_s, the ion exchange media in 50 of tile prefihers would be received from radionuclides retained on the

contained radionuclides in concentrations greater than resin matrix by ion exchange sites. Modes of degrada-
those established for disposal of similar materials as tion do not differ between external ,and internal radi-
_ow-level wastes, Those prefiiters were transported to
the Idaho National Engineering Laboratory (INEL) for ation; but Reference 2 states that internal radiation
interim storage before final disposal, A special over- causes more extensive dlumage than external radiation,
pack, or high-integrity container, was developed presumably from such sources as short-range, high-
during that storage period for use in disposing of the energy beta radiation. The organic resin of EPICOR-II

prefilters had been contained in liners for approxi-
prefilters, mately nine years and experienced internal radiation

doses above 107 rad.
During the interim storage period at INEL, continu-

ing research was conducted by EG&G Idaho, Inc., on
materials from those EPICOR-tI prefilters, under the This report discu,_ses the resin degradation studies
EPICOR and Waste Research ,and Disposition Pro, conducted on the third samples of organic ion ex-
gram funded by the U.S. Department of Energy change resins removed from the EPICOR-II prefilters
(DOE). That work now is directed by the U,S. Nuclear (PF-8 and -20) and compares results with findings
Regulatory Commission (NRC) as part of the Low- from studies of the first and .second sampling, as de-
Level Waste Data Base Development-EPICOR-ll scribed in References 3 and 4. As pan of the EPICOR
Resin/Liner Investigation Prograni. Studies are being and Waste Research _mdDisposition Program, 46 pre-
conducted on: (a) organic ion exchange resins from filters were disposed of at a commercial disposal
selected prefilters and (b) corrosion-resistant behavior facility. Four prefilters u_d in the NRC studies were
of the phenolic-coated steel walls of' the prefilter stored in temporary storage casks outside tl_ Hot Shop
liners. ]The resins are being examined to measure of Test Area North Building 607 (TAN--607) at the
degradation 'and tests are being performed to charac- INEL. The ttfird sampling will be the final examina-
terize solidified ion exchange media. The degradation rien of this study. The rem_drfing four prefilters were
studies are directed to determining the acceptability of disposed at the Radioactive Waste Mauagement
EPICOR-II prefilters for disposal in high integrity Complex, the INEL disposal hmility, 5,6

il l
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MATERIALS AND METHODS

J EPICOR-II Prefilters Nation!d Laboratory in New York, confirmed that thiscomparative method was best suited to the analysis of

EPICOR-II prefilter liners are 4-ft-diameter by the EPICOR-II ion exchange materials (Reference 7).
4-ft-high cylinders with l/4,in.-thick bottoms Both the irradiated and unirradlated resins were ex-
(Figure 1). The liners are of welded construction using aminod using similar techniques, The resins were pre-
ASTM Type A-36 carbon steel. The internal and ex- treated so as to put the resins in a standard form for
temal surfaces are painted with Phenoline" 386 coat- comparison purposes, Then, ASTM tests were used to
ing. Each liner contains about 30 ft of ion exchange determim exchange capacity, density, and moisture

media. Several types of media (i.e., cation, anion, content, 8 Infrared spectroscopy (IR) was used to
" ' mixed bed, and/or zeolite) wereplaced in each liner in identify functional groups (e. g,, sulfonic acid,
+ layers, Of the prefilters received at INEL, 39 contained phenolic, and quaternary ammonium) and matrix ma-

both organlc ion exchange resins and inorganic zeolite; terial (styrene and phenol). Vapor phase chroma-
11 contained organic resins only. During the filtration tograph was used to analyze the rinse, soak, and acid
process, a perforated, four-branch influent manifold rinse solutions from ihe ASTM tests qualitatively for

' distributed contaminated water over the ion exchange styrene, divinylbenzene, or other soluble organic
media, while the effluent was drawn off from the bor- species. High-performance liquid chromatography
tom of the prefilter through a porous, multibranched was used to look for other possible soluble organic
return manifold. Both manifolds are piped to a man- products. '/'he third sampling included super--critical
ifold plate on top of the liner. A vent port and ,adaptors fluid chromatography, which should allow the de-

tection of macro molecules (fragments of the resinfor liquid-level detectors also are located on the man+.
ifold plate. A manway is located beside the manifold polymer). Inductive coupled plasma-atomic emission
plate on the top of the liner, through which ion spectroscopy was used for determining sulfonic acid
exchange media were loaded into the liner, Removal of groups and scanning electron microscopy for deter-
resins from the prefilter also was accomplished mining the physical condition of the resins, Gamma-
through that manway, using coring tools, ray spectroscopy was u_ed to determine radionuclides

in aqueous solutions from the third sampling,

Throughout this report, the following nomenclature

applies to various sizes and configurations of materials Coring
removed from EPICOR-II prefilters for examination:

Resin cores were removed remotely from prefilters• Resin Core--one core removed from each
PF-..8 and -20 during the third coring in 1989, using

prefilter PF-8 _md-20, using coring tools
coring equipment based on a design developed at
Battelle Columbus Laboratories (BCL) and modified

• Resin Samples--10ft-mL volumes of re.sin for use at the INEL. 9 PF-8 (containing organic resins)
removed from the cores [three samples from and PF--20 (contairflng organic resins and zeolite)were
PF-8(designatedPF-8#1 PF-8#2, and' mlected for the.resin degradation studies because they
PF-8#3) and one from PF-20 (designated are.highly loaded represet,tatives (1,400 and 2,000 Ci,
PF-20)] respectively) of the two types oi"EPICOR-II prefllters,

Water was added to the top of ttle prefllter beds during
. Aliquots--small quantities obtained front the coring to provide lubrication for the coring tools,

resin samples, which would not enter the beds more than a tbw inches

without it. Between 25 and 50 gal of water were added
To develop baseline data for resin degradation to each bed during coring operations. The coring

studies, unirradiated ion exchange resins repre., equipment was described in Reference 3,
sentative of those in the prefilters were obtained from
Epicor, Inc. The unirradiated resins were identified by

functional group, exct!angeable species, and matrix The resin core contained layers of ion exch,'mge me-
(e.g., sulfonic acid, strong acid cation, ,and styrene), dia in the s,'une relative positions as irl the prefilter bed.

: They were characterized for comparison with the The void in the coring tool above the upper level of the
resins from PF-8 and-20. Studies at Brookhaven resinwas filled with unirmdiated zeolite before lower-

ing tile tool to the horizontM position, The zeolite filler
prevented shifting of the resin during transport. The

a. Trade name Of the Carboline Company coring tools were placed horizontally in separate casks
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and transported from the TAN-607 Hot Shop to a hot cumuhttive doses" to estimate tile total Integrated hela
cell at the Test Reactor Area (TRA) for gamma- dose, The c_dculated beta (lose ar_l lhc measured gain.
sclmning arid remowd of resin samples, ma dose tbr each resin stunple location are listed in

Table 1, As would be expected, the totld doses are in.
creasing with time, These final toUd doses have been

Measuring Radiation Doses in adjusted from previous vtdues upon inclusion of the in-

the Resin Beds formation obtained during the third samplhag, There
has been no appreciable shift in these curves toward
the bottom of the bed which indicates little or no

Full-depth gross gamma scans were made in the ' movement of radionuclides through the beds,
prefilte r resin beds after removing cores during each of
the three samplings, Those scans Were used to estimate Gamma--Scanning of Resin
the tor'al integrated radiation dose absorbed by the res- Cores
ins, Measurements were made with a Victoreen Model

510 roentgen rate meter, which used an air-.equiv_dent The fuU-length resin cores from PF-8 and -20 fi_t
ionization chamber radiation detector (Model 607) lind and second samplings were scanned in the coring teel
associated current measuring electrometer, The task using a Ge(Li) gamma-ray detector (with associated
was accomplished by remotely lowering the radiation electronics and a 0,5-il_,-wide by 1,0--.,in,-high colli.-
detector down th6 2-by-3-in, holes created in the resin

beds during the coring process, The averages of the mater) to detenuine axial gross gamma activity versus
actu_d gamma sclm measurements made' during inser.
don and retraction of the detector at each location dur.

ing the second sampling are given in Figures 2 _md3, it, D, E, Martz, Calculated Cumulative Radiation
.1Radiatior_ measurements ntade at the elevations of in. Doses to EP1COR Prefilter Resins, private ccmmum-

terest were used with the calculalions o1'maximum cation, EG&G Idaho, Inc,, April 1985,
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Figure 2. Results oi' full--depth gross gamma measurements taken inside the hole created iu the resin }_d by the
coring of EPICOR-II prefilter PF-8 during second sampUng,
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Table 1. Calculated radiation doses to resins from F,PICOR-II prefilters PF-8 and -20

Date Prefilter * Measured Activity

Removed at Location of Total Gamma Total Beta Total
from Service Date Resin Sample in Prefilter Radiation Dose Radiation Dose Radiation Dose

Sample at TMI-2 Cored (R/min) (rad) (rad) (rad)

PF---8#1 18Dec 79 4 Oct 83 23.7 4.7x 107 1.8x107 6.6x 107
PF--8#2 18 Dec 79 4 Oct 83 15.4 3.1 x 107 1.2 x 107 4.3 x 107
PF-20 13 March 80 11 Oct 83 20,0 3.8 x 107 1.3 x 107 5.1 x 107

PF---8#1 18 Dec 79 10 Oct 85 21.4 6.5 x 107 2.5 x 107 9.0 x 107
PF--8#2 18 Dec 79 10 Oct 85 15.2 4.6 x 107 1.8 x 107 6.4 x 107
PF--8#3 18 Dec 79 10 Oct 85 20.3 6.3 x 107 2.4 x 107 8.8 x 107
PF'--20 13 March 80 14 Oct 85 14.0 4.9 x 107 1.7 x 107 6.6 x 107

PF---8#1 18 Dec 79 25 May 89 21.2 a 10.5 x 107 4.0 x 107 14.5 x 107
PF-8#2 18 Dec 79 25 May 89 13.5 a 6.7 x 107 2.6 x 107 9.2 x 107
PF--8#3 18 Dec 79 25 May 89 19.8 a 9.8 x 107 3.7 x 107 13.5 x 107
PF---20 13 March 80 31 May 89 13.2 a 6.4 x 107 2.3 x 107 8.7 x 107

a. Calculated from first and second sampling data.



length of the core. !° The axial locations of highest ra- to the degradation of organic ion exchange resins;
dionuclide activity for the resin cores were detezmined, therefore, only organic resin samples were removed

using those scans. Then, isotopic spectral measure- from the cores.
ments were made at the locations of highest activity

during the first sampling from PF-20, as shown in Sampling
Figure 4. There were two radionuclides having mea-
surable concentrations detected by the gamma spectral
scans, Cs-134 and Cs-137. lt is noted that antimony At TRA, each resin-filled coring tool Was trans-
has been found in these resins, but was not seen in the ferred from its cask into the hot cell for remote re-

spectral scan (Figure 4) due to masking by facility moval of resin samples. The shutter of_he coring tool
background count. Based on that information from the was withdrawn to expose the ion exchange media
first sampling, isotopic gamma-ray intensities for (resin). The cores of PF-8 and -20 with shutters re-
Cs-134 and Cs-137 were measured as a function of moved are pictured in Figure 7. Composite figures of

' distance along the resin cores. The results for Cs-137 the cores showing ion exchange media layers were
are shown in Figures 5 and 6 for PF-8 and-20 respec- shown in Reference 3 and 4. lt should be noted that
tively. The resin samples were collected from or near some smearing of material from one layer into another
those regions of tlighest radionuclide loading. How- occurred when each shutter was inserted and with-
ever, it is noted that the PF-20 sample was not drawn. That smearing required careful removal of the
collected from the region in the organic resin of mixed surface material to expose unmixed resin near
highest radionuclide loading (near the bottom of the the center of the core, for the unmixed'material was the
core), but rather the sample Was removed from the target inr collection.
resin adjacent to the zeolite. In that prefilter, the zeolite
contained by far the highest concentration of radionu- The resin samples were obtained from the cores,
clides and thus produced an integrated dose much using a vacuum pump and partially water-filled
higher than that seen at the bottom of the resincore graduated glass column (See Figure 8). One end of a
(see Figure 6). Because zeolites have not been used in flexible rubber tube was attached near the top of the
routine ion exchange Service at commercial nuclear glass column and the other end was connected to a

power plants, the scope of this study has been limited _ vacuum pump outside the hot cell. A segment of
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g_: Figure 4. 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 7. Photograph of resin cores with shutters removed from EPICOR-II prefilters PF--20(upper sample)
and PF-8 (lowersample).
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Figure ,8. Schematic of apparatus used to collect resin sanlples from the coring tools.

rubber tubing was attached from gle top of the glass lution, a Based on that information, tile radionuclides
column to a stainless steel tube to form a wand (Fig- (zations) were eluted from the PF-8 and -20 resin

ure 8). With the vacuum pump operating, the wand sample s. This technique is based ota normal resin in-
was positioned with a master-slave manipulator over dustry regeneration procedures and will not contribute
the target resin in such a way that the resin was drawn to degradation of the ion exchange resins.
into the wand, thence into the column. Sample sizes of
'100 mL were collected. Three samples were collected As described in the previous section, samples were
from the PF-8 core, two styrene cation resin (PF-8#1 removed from the coring tools, drawn into a 1 in.--dia.
and PF-8#3) mad one.phenolic cation resin (PF---8#2). by 18-in.-high ion exchange column containing
A sample of styrene cation resin was collected ft'ore 50 mL of deionized water (see Figure 8), and allowed
PF-20. No anion resin sample was collected from to stand 24 hours in the water-filled column. Each ion
either core because of the lower radionuclide content exchange column then was reconfigured, as shown in

of the anion exchange resin and the lower radiation Figure 9. The distilled water soak was removed
dose as shown in Figures 2 and 3 (resulting in much through the shutoff valve at the bottom of the column
less degradation than in the cation exchmage resins), and retained for gas, liquid and supercritical fluid

chromategraphy analysis. The vm'ious chromatog-
raphy techniques were used for determining the

Sample Preparation presence Of soluble organic resin degradation pr, d.
ucts. The deionized water soak was analyzed for the

The radiation levels in the PF-8 and -20 samples presence of any functional group components, such as
were of such intensity that work performed on those sulfonic acid, which had been dissociated from the
resins would have to have been done within a hot cell resin. Ali resin samples were rinsed two times with de-

environment, That type of environment would have ionized water, which was added by the pump through
made the characterization andanalysis of the resin
samples very costly and timeconsuming, lt had been
shown by tests performed at INEL on unirradiated a. R, D. Sanders, Bench Study of Batch Elution of
resins that an Epicor, Inc., resin cg,!d be stripped of Cation Resins, private communication, EG&Gldaho,
99% of its cations, using a 10% hydrochloric acid so- Inc.
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Figure 9. Schematic of apparatus used to elute radionuclides from the resin sample,

the tubing atthe top of the column, lt was very difficult Each of the liquid samples was monitored for radio-
to get any kind of reasonable flow through the columns activity upon removal from the hot cell. Those
containing samples PF-8#1, PF-.8#3, and PF-20 so measurements were used to mainttdn radiological con-
these three samples were rinsed out of the columns and trol and also ,as an indication of resin degradation.
rinsed with deionized water, The re,suiting solution
was decantedoff of the resin samples,Tt_eresinssam- Characterization of Unirradiated
pies were then returned to their respective ion ex- and Irradiated Resins
change columns. The decant solutions were saved for
soluble organic and functional group analysis. The de- Several analytical methods are needed to charac-
ionized water rinse also was saved for chromatography terize a specific ion exchange resin. Those methods in-
analysis and functional group tests, elude the following:

• ASTM Procedures for the Physical and

- A solution of 10% hydrochloric acid was pumped Chemical Properties of Particulate Ion Ex.
through each resin sample at a rate of 100 mL/min, ch,'mge Resins I1
using the configuration shown in Figure 9. That proce-
dure continued until 60 sample volumes (the amount • Infrared spectroscopy (used in the first and
determined to remove 99% of the cations) or 6 L of second samplings)
acid were pumped through the resins. Representative
quantities of that acid rinse were collected for later • Gas ch,'omatography
chromatography and functional group analysis.

® Liquid chromatography

The deionized water soak, deionlzed water rinse, • Supercritical fluid chromatography (third
decant rinses, and hydrochloric acid rinse reduced the sampling only)
radionuclide content of the resins and made it possible
to remove the samples from the hot cell and perform • Barium chloride precipitation for determina-
the ,analyses in a Type I1 fume hood equipped with a tion of sulfonic acid groups (first and second
high--efficiency paniculate air filter on the outlet duct. sampling)



• IndUctively coupled plasma--atomic emission used for the strong acid cation and phenolic cation ex-
spectroscopy for thedetermination of change resins:

sulfonic acid groups (third sanipling)
• Pretreatment (ASTM D2187-77 Method A)

• Gamma-ray spectroscopy (third sampling)

• Scanning electron microscopy, * Water retention capacity (ASTM D2187-77
Method B)

The above analytical methods were used to charac-
terize the samples from PF-8 (strong acid cation _md • Backwashed and settled density (ASTM
phenolic cation) and PF-20 (strong acid cation) and D2187--,77 Method C)
the unirradiated Eptcor, Inc,, resins (strong acid cation
and phenolic cation),

• Salt-splitting capacity (ASTM D2187-77
ASTM Tests. ASTM procedures were used to deter- Method E)
mine chemical and physical conditions of the ion ex-

change resins, Results from analysis ot: irradiated • Total exchange capacity (ASTM D2187-77
resins (from the first, secodd, and third samplings) Method F),
were compared with results ti'om unirradiated resins to

determine if degradation had occurred, Those results Pretreatmant, The pretreatment phase of the
are presented in the "Results and Interpretation" sec- ASTM procedure was used to convert ion exchange
tion of this repom The following ASTM test@ were resins to one standard form (usually the sodium form

for cation resins), The standard form provides a base.
, a, The tests were preformed in accordance with the line from which the other ASTM tests can be per-

ASTM standards and deviations are witlfin allowable formed, An ion exchange column apparatus (See
limits of those standards, _ Figure 10) was set up and the resin sample added to the
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Figure 10. Schematic of standard ASTM apparatus used for pretreatment of resins and backwashed and settled
density test.
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column, The resin was backwashed with deionized g_e, salt.splitting capacity, The test assembly at)Pm'a.
water to remove any extraneous particles, The resin tus is depicted in Figure 11. Tile resin was converted to
was rinsed with a 10% hydrochloric acid solution to re- the hydrogen form by flowing 10% hydrochloric actd
move any ex.isting cations, converting the resin to the ,,_olutlonover tile resin at a rate of 31 mL/nfln, The hy-
hydrogen fonl_, From thehydrogen feint, the resin was drogctl form cation resin was eluted with a 50 g/L so-
converted to ihe sodium form by rinsing with a solu- dtum chloride solution wt a rate of 31 mL/rain, The

: don of 100 g of sodtum chloride per liter ofdelonized eluted sodium chloride solution was titrated with
water wta rate of 31 mL/rain for I hour, The resin was standard 0,10 N sodium hydroxide solution to deter-
then in a standard form for analysis, mine the amount of hydrogen exchanged in the elutton

process The test was performed in triplicate and the
average was calculated,

Water Fh)tentlon Capacity, Testing of ion ex-
change resin,s tbr water retention capacity indicates the

porosity of the resin. The porosity of a resin is depen. Total Exchange Capacity, 'Ille total exch_mge
dent on the amount of effective cross-linking, The capacity test is used to determine exchange capacity of
higher the water retention capacity, the lower the cation ion exchange resins that contain functional
eftbcttve cr0ss-iinking, In the case of the PF--8 and groups in addition to, or dtffel'eat ft'ota, sulfonic acid
-20 n_sins, the,,water retention capacity is an indication functional groups, A decrease in tottd exchange en-
of the amount of divinylbenzene cross-linking for the paclty indicates the loss of functional groups and sub-
strong acid resins, That relationship cannot be quantt- sequent loss of radionuclides, Different functional
fled because of the proprietary nature of the EPICOR- groups include phenolic, carboxylic acid, and phos-
II resins, Some loss of effective cross-linking occura phonic acid, The apparatus shown in Figure 11 was
before the release of radionuclides, 12The test con- assembled, and a 10% hydrochloric acid solution wl_,;
sisted of drying known amounts of pretreated PF-8 eluted through the resin to convert it to the hydrogen
and -20 styrene and phenolic cation resins in an oven form. The resin was transferred to a separate flask con-
at 110 + 5°C for a minimum of 18 + 2 hours, The t_dning 200 mL of standard 0,10 N sodium hydroxide
differe_es in weights before and afi-er drying were solution, The solution also contained 50 g of sodium
used to calculate the w_ter retention capacity, The test chloride pel L, The resin was allowed to equilibrate in
was performed in triplicate, and the average was the solution for a mi_num of 16 hours, An aliquot of
calculated, the solution was collected and titrated with standard

0,10 N hydrochloric acid solution, The adsoq_tion ot'

Backwashed and Settled Density, The back- hydro-'xide ion by the resin in the presence of sodium
washed and settled density test was developed to deter- chloride is proportional to the total exchange capacity,

The test was r,efformed in triplicate, mid th r averagemine changes in effet:tlve cross-linklng between new was calcuhtted,
and used reshas, The density is directly proportional to
the amount of effective cross-linking tn the resin, As

- previously noted, some loss of effective cross-linking
occurs before radionuclides are released (Reference Infrared Spectroscopy, Infrared spectroscopy
12), The test consisted of backwashing a known (lR) involves klentifying the rotational aIK.!vibrational
amount of resin with deionized water for 10 rain, The motion of atoms in a molecule induced by infrared

radiation, Tile multiplicity of vibrations occun'ingresin was allowed to settle and the volume was re-

corded, Then, the density was calculated based on a simultaneously produces a highly complex absorption
known weight of resin in grams to a known volume of spectrum, The spectrum is uniquely characteristic of
water in milliliters, The test was performed in trlpli- the functional groups comprising the molecules and
Cdte and the average was calculated, the overall configuration of the atoms within a

_, molectfle, Infrared spectroscopy can therefore be used
- to positively identify a pure organic molecule, lR was

Salt-Splitting Capacity, The salt-splitting used to determine if the styrene and phenolic cation
capaci .ty test is designed to show only the number of re_ins in PF-8 and -20 w(_re the same as the tmirra-
sulfonic acid groups contained in a cation ion ox- dinted styrene cation and phenolic cation resins ob-
change resin, A decrease in salt-splitting capacity rained from Epicor, Inc, IR spectra of the unirradiated
would show a loss of functional sulfonic acid groups, Epicor, Inc, resins were compared with IR spectra
The loss of sulfonic acid groups would allow the re- from PF--8 and -20 resins to determine if any major
lease of those radionuclides tied to those functional changes in molecular structure of the PFr8 and -20J

groups, Phenolic, carboxylic acid, and phosphonic resins had occurred because of the high internal
acid fimctional groups also will exhibit, to some de- radiation dose, Clmnges can be seen by a shift in peak

|

12



"_%

/"
; ..0.r.,or,,.no.

',,,. ,./

Valve ------_:=_ Rubber

stopper

Rlterfunnel

Rubber stopper--------=,--" ,e,,l-

J

volumetrlo

.... flask

40291

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

location or major decrease in intensity, A change in helium. The column is contained in a temperature pro.,
molecular structure would indicate scission of the grammable oven, Tlm GC column has an inert packing
polymer backbone and eventual release of material coated with a nonvolatile compound, Thevar-
radionuclides, ieus components in a mixture are separated by their

different solubilities or affinities for the coating on the

The resin sitmples were dried at 110°C to remove packing material, The pure compounds are detected
excess moisture and ground in a porcelain mortar and sequentially at the end of the column, For organic
pestle to a size of less than 80 mesh, 'I'tten, 10 mg of materials, a flame ionization detector is typically used,

resin were added to 100 nlg of dried potassium GC columns used in the EPICOR-II resin samples
bromide (KBr) =m(lplaced in a pellet press, A com- were: 1) A l/8-in,-O,D, by 6-ft-long column cent=dh.
pressive force was applied to the pellet press and a ing 0,34% tetrmdtrofluorenone as a statlonm,/phasepellet containing tile resin was obtained for IR

on Carbopack C, 2) A l/4-in,-O,D, by 6-ft-long
scanning, The KBr pellet was placed into the sample column containing 1,0% SP-1240DA on Sui)elcoport,beam of a Perkin Elmer Model 1430 infrared

and 3) A 0,52-mm-I,D, by 30-m-long bonded phase
spectropt_otometer a,nd an IR spectrum was obtained, methyl phenyl silicon column (J, W, Scientific DB-.5),
Results of IR analysis tire presented in References 3

and 4, The aliquots chosen for GC analysis were tile dis.
tilled water soak arid rinse solutions from tile resin

Gas Chromatography, Gas chromatography (Ge) samples, Ali solutions firom resin samples were pre.
is a tectmique where volatile mixtures of compounds pared for analysis by extraction wifll anonaqueous sol.
can be separated into pure compounds and detected vent of either dichloromethane or hexane, The
separately, This is perfom_ed by vaporizing a mixture extraction aUows water leachable orgtuflc analytes to
in a heated injection port and then sweeping the gases be extracted into the organic ptulse thus affecting the
into a GC colum:a by using an inert carrier gas such as separation of organic material from the highly

j



radioactiveaqueoussolutlons_PerktnElmersigma IB causean increaseirtfilesulfateconcentrationof the de-
and lIB gas chromatographsequippedwith flame Ion- ionized waters_akandrinsesolutions taken fromsam-
ization detectors were used, Typical GC (:hromato- pies PF-8 and -20 strongacidcation resins,
gramsarepresentedin References 3 and4,

A 25 mL aliquot was removed from each solution

LiquidChromatography. High-performance and transferred to a graduated cylinder, Enough
liquid chromatography (HPLC) is a technique by barium chloride was added to the solution in the
whicha liquidorsolidorganicsolublemixtureis sepa- graduatedcylinderto ensurean excess amount,The
ratedinto its Individual componentsby differencesin contents of the cylinderwereagitated and allowed to
affinities of the components toward either the liquid stand a minimum of 3 min, A portion of the solution

' (mobile phase) ortho functionalgroups on tl_ station- from the graduatedcyUndorwas transferredto a 1-sm
I ary phase of a separatorcolumn, For the EPICOR-II (pathlength) polyethylene_ple coliand placed into

samples, a 15-cre C- 18 (octadecyldimethylsilyl) avisible spectrophotometersetata wavelengthof 420column wasused, The mobile phasewas a mixtureof nra, The absorption values of the solution woreob-

I acetonitrile and water, Ali ,solutionsfrom resin sam- talned and comparedwith absorption values of start.
pies werepreparedforanalysisbyextractionwithnon- dard sulfate solutions, Results of those tests are

reportedin References3 and4,, aqueous solvent of oithordichloromethaneor l_xane,
l Aliquots of the extracts of the soak and rinse solutions

i fromPF-8and-20 wereinjectedintoaKratosHPLC, inductively Coupled Plasma - Atomic Emla-
, using a UV-VISIBLE detector,and HPLCchJ'omato- Slot| Spectroscopy for the Determination of

gramswereobtained.TypicalHPLCchromatograms Sulfur (ICP-AES). ICP-AES wasused in the third
are presentedIn References 3 and 4, sampling for the measurement of lost sulfonic acid

groups from the strong acidcation samples,ICP-AES
is a technique based on the measurement of light

Supercrlt Ical Fluids Chromatograph, Super- emittedfromexcitedatomsandionsina plasma,A so-
critical fluid chromatograph (SFC) was also used in iutionto be analyzed is nebulized into the spraychain.
the third sampling, This is a chromatography tech. berofthe sample introductionsystemortho ICP-AES,

I ntque in which the mobilephasehas been raised above Some of this solution goes through a plasma torch
its critical temperature and pressure, At this point, where the sample ts desolvated, atomized, and (for
called the critical point, the mobile phase is neither a some elements) ionizzd, Outer shell electrons are ox-
gas nor a liquid,but has properties of each,Separations cited by the high-temperature plasma and when these
are madebasedon the differentsolubtlttiet;of analytes excited atoms and ions decay back to the ground state
by chtmglngthe densityof the mobile phase,This tech- electronic configurationthey emitphotonsof radiation
niquelends itself well for thermally labile compounds characteristicof the elements that are containedin the
and larger molecular weight polymeric materials, sample,"rhi_light ts separated by wavelengths in the
which cannot be run using other chromatography monochromatorsectionof the instrumentandd_tected
techniques,Ali solutions from resin sampleswere pre- by a photomultiplier tube, The amount of light de-
pared for analysis by extraction with nonaqueous sol- tected is directly proportional to the concentration of
vent of either dichloromethane or hexane, Extracted the analyte in the solution,
liquid samples for the EPICOR-II resins were

analyzedusing a 10-m SB-Phenyl-50, 100micron ID, This technique was u_d to measure sulfur in soak,
0,25 micron film thickness capillary column, Carbon deionizedwater rinse,andelutionsolutionsof theresin
dioxide was used as th_ mobile phase and an isother- samples,Sulfur detectedtn these samples will be tn the
real (IO0°C)pressure program was run starting at 100 form of sulfate, which originates from the loss of the
atm,and going to375 atm,ata rate of 5 atm,/mtn,The sulfonic acid groups onthe strong acid cation resins,

' results of SFC are included tn the "Results and Inter. By combining the amount of sulfur found in ali solu-
pretatton" section of the report, tions that contacted each particular resin type, it is

possible to get an klea of the total sulfonic acid group
Barium Chloride Precipitation for Determlna- loss per resir_sample,This information is combined in
tlon ct Sulfongc Acid Groups. lt has been shown a table in the "Results and Interpretation" section of
that the EPICOR-II cation rcstns are sulfonic acid, thts publication.
divinylbenzene, styrene typeresins (Reference8),The
high internal radiation dose _ec_tvedby those re,,:tns Scanning Elsctron Microscopy, In ordertodeter.
could cause loss of the functional groups (sulfonic mine phystcal conditions of resin samples from PF-8
ackl)and releaseof radionuclidestied to the lost func- and -20, scanning electron microscope (SEM) photo-
ttonal groups, The loss of functional groups would micrographs were obtained of the resins at different

J4
I



magnificationlevels, The photomicrographsallowed pies), SEM photomicrographswere obtained of the
examinationof the resinsfor oraoks,bead breakage, resinsandare includedin this report,
bead softening, agglomeration, and so forth, Most
typesof physicaldamageof the resinswouldnotallow Gamma-Ray Spectr0s¢opy, Gamma-ray spec.
the release of radionuclides, but the extent of resin tzoscopywas used in the third samplingto determine
degradation can be estimated. Random specimens the totalamountof Cs-134 andCs-137 presentin the
were extra, tedfrom the resin samples afterradionu- resin samples, Gammaray spectroscopyis based on
elide elution, Photomicrographswere madeof entire the measurement of the characteristicenergy of the
sp_tmens and interesting features were examined gammaraysproducedduringradioactivedecay,Each
moreclosely,The photomicrographspresented in this Isotopeemits gammarays with specific energies, By
reportandReferences3 and4 representtypicaldam- using a energy dispersive d_tector it is possible to
age observed, identify the species of radioactive material, And by

calibrationusing a reproduciblesamplegeometry,it is
possible to performquantitativeanalysis,

The irradiatedresinsamples fromthe thirdsampling
were attached to an SEM planchet by placing a small An aliquot of each of rite soak, rinsc and elution
aliquotof the resin beads on a wet coat of conductive samplesweresubmittedto theRadiation Measurement
carbonpaint.This allowedforconductance of the elec- Laboratory for counting, The resultsof this analysis
irons from the samples and no gold spattering was are presented in the "Results and Interpretation"
found necessary(aswas performedwithprevioussam- sectionof this report,

|
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RESULTS ,AND INTERPRETATION

The tmirradiated resi_t,_showed no apparent chtmge produce tlow through tile resin colunms containing
from l_revtous analyses (References 3, 4, and 8), s_unples of PF--8#1, PF--8#3 arKlPF-20 during rinsing
Because of tile age (7 years old) of the unirradtated indicating tile extent of degradation, Sediment layers

, resins, they might be eXlyected to slmw some degrada- were evident in ttmse samples and very low flow was
tton due to agi=lg,The irradiated resins from PtX-8 and obtained, Those samples were swirled' in delontzed
-20 also would be expected to show some degradation water to remove sediment anti improve flow, Further
title to agl: (9 years old),2,12The unirradtated resins indication of degradation was shown by the release of
showed little or no degradation because of age; the,re- radionuclides to the soak and rinse water, as ,shown in
fore, in this study, any degradation of the irradiated Table 2, The morehlghly nuclkte loaded samples from
resins wits presumably from radiation damage trod not PF-8 show significtmt radioactivity tn the soak =rod
from other causes, Other causes of de.gradation would rinse waters Cl'able 2), Tha_ would not have occurred
be tumdltng/mechanical d_mutge and freezing, A re- with undegraded resins, Some measurement differ- '
view of the history of preffiters PF-8 and -20 shows ences are noted between sumpltngs; these differences
that the ion ox.change media were exposed to sub- were caused by different elution and measurement
freezing temperatures while stored tit the INEL, I-._ow- techniques,
ever, examinations, using the untrradiated resins to
determilve l'reczing damage, have shown that none has The soak water from each of the stunples was brown
occurred, Also,, handling was tleld to a minimtmv, as a in color and sediment was observed in PF-8# 1,
result, damage should have been minimal, PF-8#3, and PF-20, This sediment was obviously

lighter than the resin as it floated to the surface, lt is
, During sample preparation, the resins were soaked somewhat difficult to speculate as to the composition

and Ihetl rinsed in deionized water, lt was_difficult to of this material, lt is not likely that the sediment

Table 2. Radioactivity oi' resin soak, rinse and acid composite s,'unples in first, second, anti third samplings
ii i,

First Sampling Second Stunpling Third Sampling
Mett,mrement at Contact Measurement at Contact Measurement at Contact

......................S!!.l!!_lt_....................................... (r_llR.).............. (mR) (mR)

PF-8#3 .... 24-hsoak a No resin smnple 50d 50d
5 00dPF-8#3---Ritlse b No resin sample 30d .00,1300,1

PF--8#3---Acid composite c No resin sample 500 d 1000,140 d
PF-8#1 .....24-.-hsoak a 100d 40 d 35d

PF-8# I--Rin;;c b 35d 30d 200,50 d
PFr-8# 1_/\citl composite c 800_1 5000 2100d

PlZ--8#2_24-h soak _ ,45 5 25
PF,-8#2 .... l_,inseb 100 6 10

PF-8#2---Acid composite c 80 35 2300
PF-20_24-h soak _ 2d 25d 60 '-t

PF-20---Rinsc b No sample 15d 500,40 d
PF-20 .....Acid Composite c 8()d 35d 290

a. 24-.h soak used a total ell00 mL demineralized water, Ali 100 mL were counted,

b, Rinsc used a total of !00 mi., demtnerali'z_ed water, Ali 100 mL were counted,

c, Acid composite used a total of 5 or 6 L of 10 percent hydrolic acid, 200 rnL ware counted in the first sampling,
500 mL were counted in the secoiKt sampling, and 4000 and 2000 mL were counted in file third s_unpling,

d, The resin sample was agitated to promote flow of liquid through the san_ple,



was dirt or particles of zeolite as those materials are The ASTM parameters for PF--8#2 show that differ.
more dense than orglmlc resins, lt is possible that the ences between unirradlated and irradiated plienolic
sediment was decomposed polymer material, Samples ' cation 'resin samples are increasing, similar to the
were taken from ali detonized water soak, rinse, changes observed for the styrene cation resins', There
decant, and elution solutions to look for soluble has been a steady increase tri the water retetatlon
organic products. And while none were observed, it is capacity, and a steady decrease in tile 10tal exch,'mge
possible that this material was not water soluble and capacity (Table 4), This indicates that the resins are de-
therefore not found in any aqueous solutions, grading, One must be, guarded in makhig conclusions

about the phenolic resins in these tests as the samples
A_TM Tests of PF--8#2 resins were unavoidably contaminated with

styrene resins, As much as 19% of the mass of the

Table 3 presents results of thz following ASTM test PF-8#2 smnple was actually styrene resin beads,
performed on unirradiated and irradiated resins from
the third sampling: ta) water retention capacity,
(b) backwastled and settled density, tc) salt-splittlng At the time of the third sampling, ali o,' the resins
capacity, and td) total exchange capacity, were showing significmlt degradation, Table 4 shows

the amount of change of ASTM parameters between the
The differences between ASTM tests performed on uairradiated and irradiated resin samples, This table

mdrrad,_ated Epicor, Inc,, resins and PF-8#1, PF--8#3, was prepared to stlow a history of the three sampltng_

PF'--20, strong acid cation resins and PF-8#2 phenolic and the amount of change in the degradation of a resin
resin from the third sampling are presented in Table 4, type in lelation tOradiation dose, There ix some differ-
The differences were calculated using measured data ence in the unirradiated resin sample data from the pre.
shown in Table 3, The results show that resin smnples vious two smnplings compared with the last sampling,
receiving more radiation dose exhibit greater changes Although the resin sample was 7 years old at the time
in measured properties, Water retention capacities in- of' testing, most 0f the deviation irl the analysis of the
creased with dose; while backwashed and settled den- unirradiated resins is attributed to the fact that different

sity, salt-splitting capacity, and total exchange analysts performed the work onthe third sampling than
capacity decreased, Increase in water retention did the first and second sampling, The ASTM procc.
capacity indicates a loss in effective cross-llnking, the dure recognized the fact that multi-operator precision
anlount of loss being dependent upon radiation dose is less than that of the single operator, Although age may
(Reference 12), be a factor in part of the measuremem difference, the

real significance between the irradiated and the unir.
lt is also possible that water retention capacity has in- radiated resins is the difference in the ratio of unir.

creased due to the increase in surface area caused by the radiated verse irradiated resin in any one smnpling, This
extensive resin bead cracking observed in the electron difference is largely due to degradation caused by radi.
photomicrographs, 3'4 A decrease in backwash and ation damage, Because ali of the irradiated resins and
settled density also is an indirect indication of loss of unirradiated resins were tested at tile same time, ali of
effective cross-linking, which can lead to eventual loss the samples were treated identically, This helped elimi.
of radionuclides (Reference 8), The decrease in salt- nate variations caused by handling and experimental
splitting capacity of the irradiated resins is an indication condition differences (e,g, humidity on the day that the
of loss of functional groups, sulfonic acid, and accom- water retention capacity was performed),
partying loss of radionuclides (Reference 8), During the
second sampling, a slight increase in salt-splitting
capacity was observed for PF--20,'rlais would indicate The results of these analyses are graphically
that PF--20 had reached the threshold needed for degra- presented in Figure 12 where the change in total ex-
dation to begin during the second sampling(References change capacity with increase in radiation dose is
2 and 12), Furthermore, the higherradiationdoses to the presented, Probably the mosl important characteristic
PF.-8#1, and PF--8#3 resins were the cause for the de- of ion exchtmge media is total exchtmge capacity, This
creases in total exchange capacities as the radiation figure shows the marked decrease in exchange capac-
damage exceeds lhc contribution from oxidation, lt was ity as the resins received more radiation doses, While

foundin the review of Reference 2that oxidationofthe there is some separation of the curves for Samples
polymer chain will cause an initial increase in total ex- PF-8#1 and #3 from PF-8 #2 (phenolic) and I.'F-20,
change capacity followed by adecrease as the radiation the No, 1 and No, 2 sample curves are very close and
damage exceeds that contribution, The decrease in total ali four exhibit common shapes, Primary differences in
exchange capacity should result in the loss of radionu- these d_ta were introduced during measurement of
chides from the exchange sites, radiation doses listed in 'Fable 1,
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Infrared Spectroscopy + Determination of Sulfate

The infraredspectroscopyperformedin the.firstand In the iu'sttwo samplings,abariumchlorideprecip-
secondsampling(Refe_nces 3and4) wasnotusedfor itationwas performedto determinetheamountof sul-
the thirdsampling.Infraredspectroscopyis nota very fatepresentinthesoaksolutions.In the thirdsampling,
sensitive techniquefor measuringsmall changes in a thistechniquewasreplacedwithICP-AES,Sulfurwas
chemical species.Thus thechangessuch asthe loss of foundin the aqueoussolutions takenfrom resin sam-
sulfonic acid groups,which have been me_asuredby pies (it is assumedthatali sulfuris in ,he formof sul-
other techniquestobe on the orderof a few percentof fate). The fact that sulfatesarepresentin substantial
the totalamountpresent,wouldnotbe readilyapparent concentrationsdemonstratesthatthe strongacidcation
on the infrared spectra, resins are losing functional groups thatare responsible

for holding radionuclides on the resins, The results of
Gas, Liquid, and, Supercritical r the ICP-AES analysis for sulfur is presented in

Fluids Chromatography Table5,

Ali the chromatography methods are accepted The phenolic resinscontain no sulfonicacid groups;
techniques for detection and analysis of organic therefore, the distilled water soak samples should
materials. Each of the techniques have strengths and show no sulfate (Reference 8). However,some sulfate
weaknesses, butwhen combined, aswas done for these was detected in the phenolic sample, PF-8#2, because
resin analyses, they become a very powerful set of a small amount of strong acid cation was coll_ted
techniques that could detect most organic material with the phenolic resin due to the proximity of these
present. The sensitivities vary for each of the tech- resins in the prefilter.
niques, but,the detection of at least ppm levels of
organic material is within the capabilities of each of lt ksdifficult to determineany trend insulfonic acid
the tectmiques, group loss from previoussamplings because the actual

conditions under which '+hesamples were obtained
Ali of the soak, pre--elution rinse solutions, and changed significantly from the first to the third stun-

decant solutions were tested for organics by fh'st ex- piing. For example, duringprocessingof the thirdsam-
tracting the aqueous solutiors with hexanes and then piing, it was very difficult toget any of the soak water
analyzing the extracts with the various chroma- through the column when the columns flowed rela-
tography techniques.No detectable organic materials lively well in the first sampling. Also, water added to
were observed in any of the chromatography experi- the prefilter beds during resin coring could have dis-
ments.This is an indicationthat any organicdegrade- placed some sulfates. The total sulfur lost from the
tion products of the polystyrene divinylbenzene where resins was determined in the third sampling by sum-
not soluble in the deionized water solutions and hence ming up ali of the sulfur present from ali of the soak,
not extracted into the hexenes. One can then make the rinse, and elution solution ICP-AES analyses,
conclusion that organic decomposition products are Measuremenls of pH were takenof ali solutions and in
expected to stay with the intact resinbeads, ali cases they were less than 3.

Table 5. Sulfate determined in aqueous solutions tom resins by inductively coupled plasma-atomic emission
spectroscopy,third sampling

Ali Aqueous Solutions
FromResinSampleNo. (Milligrams SO_/100 mL Resin Sample)

PF-8#1 25

PF-8#2 4

PF--8#3 63

PF-20 37

Unirradiat_Resin 0.9



Scanning Electron Microscopy seenbefore,Tile photomicrogr;q)hof PF-8#3 in Fig-
ure 19 exhibits a number of damaged beads, The bead
shown in Figure 20 has been indented by sun ounding

Tile SEM ptlotomicrogral)h of the unirradiated beads indicating tile bead structure has sofleted, The
strong acid cation resin t'rom Epicor, Inc,,.is presented bead has also fractured, Few oi" the resins indicate a
in Figure 13, Figures i4 and 15 are photomicrographs smooth surface break. Most of the broken resin beads

of strong acid cation resin from the third sampling of show a ridged surface on the fracture plane (Fig-
PF--20, Figures 16, 17, and 18 are photonflcrographs of ures 13, 17, 18, and 20).A number of d=unaged bead
strong acid cation resin from PF,-.-8#1,Figures 19 and fragments can be seen in the various photomicro-
20 are photomicrographs of strong acid cation resin graphs, lt appears that the beads first crack, then
t_romPF-8#3. eventually fall into fragments, Most of the diunage to

resin beads observed in the three samplings of
In comparison of Figures 1,4and 15 with photomi- EPICOR-II resins has been unusual and not relatable

crograpl_,_taken l'r,gm the second simapling (Reference to normal physical damage associated with pump or
4) a damaged bead can be observed where none were vacuum transfer or other mechanical damage,
before. That bead appeat.'s to contain a crater _dso. This
appears to correlate with the significant changes in
degradation observed this sampling. The strong acid The photomicrographs of PF,-8#2 are less dramatic.
cation resins from PF-8, as in prior samplings, show a The unirradiated phenolic resin is shown in Figure 21.
lot of bead c_:lcking and breakage. The type of break- Figure 22 oJld23 show the irradiated resin sample, One
age appears different ltlan one would expect for purely small crack c,'mbe observed in Figure 23 and this was
mechanical damage. The photomicrographs Figures the only crack observed in the phenolic resin sample,
16 and 17 show several types of bead fracture similar The phenolic resirhs have a different chemical back-
to those seen it_ previous examinations (References 3 bone structure than the strong acid cation resins which
and 4). The photomicrograph of the PF--8#1 sample in ,arestyrene divinylbenzene, ,'rodflierefore exhibit adif-
Figure 18 shows co_centric ring type cracking not ferent physical behavior,

Figure 13. SEM photomicrograph of unh'radiated Epicor, Inc. strong acid cation resin at 12 magnification.
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Sneotroeoonv rinsc(vacuumassistwa_ nohelp), The sampleswereGamma..Ray each washed into a beakerandrinsedto reroove a vis-
ibis sedtmenLThe sedimentwas decante_toff and the

. During the third sampling, gamma-ray spectre, xesinswore than retume,d to the c'olumnsfor t_iution,
scopy was used to determinethe amountof radionu. The elution process was then lmrform_l as planned,
elides presentin variousaqu0oussamples,Significant PF-8# 1 and PF-8#3 both appeared darkorange to
amounts of Cs--134and Cs,-137 wore detected in the brown in color,The 7-year-old unlrracttat_lrosinwas
soak, rl_e, and decantrinse solutions, Table6 presents still a light amber color, PF-20 rosin_unpk_salso had
the amount of Cs-134, and-137 that worefound hlde- a significant _hange in _olor (mostlyorange),
ionized water solutions, as well as the total Cesium

loadingfor the resinsamples, During coring oi_rattons, water was i lded to file
top of e,ach preftlt_rbed toaid Int_orlngt¢×_linsertion,

Physical Observations 'Ileal water ran across the bed to enter previous core
holes rather than soak directly into the bc_das would

Physical observations during the third sampling normaUyoccur, Previous expt_rlcncewith EPICOR
weresimilarto those of the first andsecond samplings profllterswhichhadlowerradiationclosesshowed that
with more advtmcedsigns of degradationin evidence, waterwould normallyflow dlrecdy Into theb_t,
The styreneba_ re_,_lns(PF--8#1, PF--8#3,andPF-20)
ali showed signsof ntlcklnossandagglomerationmore Synopsis of Resu Its

i severe than the second sampling. Coring of thepre,
filters was mor_ difficult than either previous coring Table 7 presents results of the various analytical
with resins offeringmore resist|co to the coring teel, tests performed on the irradiated EPICOR-.II resin
Vacuum removal of samples from the cores was sa,'np!er,lt :,houldleenoted that results in the table are
impeded by plugging of the vacuum entrance of tht_ expressed tn tern'tsof differences In values obtained
tube by resins (a new exl_rlence), Only by repe_ted from test,,,.'on the irmcliatedEPICOR-II resins from the
rtnstng of the wand with demlnexaliTzdwater was it first, seconcl, and thircl samplings versus the values
possible to conttnue the process, With the resin _m- obtained from tests on the tmtrracllated Eplcor, Inc,
pies tncolumns, flowcouldnot be Initiated for thefirst suppliedresins,

Table 6, Cesium me,asurt_din aqueous solutions from resins-third _unpltng

lm Total mCi/lO0 ml.,Resin Sample
Ali Aqueous Solutions

From ResinSamp!.eNo,, C...=_13....._4 Cs-....___13._._7 "lbtal____Cs

PF-81t1 650 "74,089 74,139

PF-8#2 95 11,183 11,2'78

,-j ,PF-8#3 1141 130,242 131,.,83

PF-20 930 108,215 1(19,145

I
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DISCUSSION AND CONCLUSIONS

SeveralImporttmtstudlcsofionexchangercslns ® Prolongt_dexposureoi'ioncxchtmgcresinsto
l_ttvcbeencomiucted,includingresearchby Battelle radiationInflowing(dynamic)systems
Columbus Laboratory (BCL) 13,14Brookllavcn causesmercdrasticchtmgcsintheirphyslcal

NttflotmlLaboratory(BNL),7,12,1s,16andtheIdaho toldchcmlcalpropcrtlcs_thanionexchange

National Engineering Laboratory (INEL) (References resins irradiated in a static systt_m,
3 and 4), The BCL work covered characterization of

EPICOR-II prcfilters PF-3 mid-161 the BNL msearoh • Radiation-caused chemical changes tn Ion
Included radtattoll effects on ten exchtmge resins, A exclumgc resins arc a direct function of the
more complete discussion of the findings of those total radiation dose absorbed by the resin,

' researchers is presented in Reference 3 and a dis-
[ cusston comparing BCL and BNL results with those INEL findings correlate with findings of other
! obtained at INEL is given below, This section also researchers; 2,7,12,1_,163"/however, degradation has
' compares the results from the first and second sam- tmen identified in the EPICOR-II resins at a lower

plhlg of EPICOR rc:dns PF-8 and -20 with file results total integrated radiation dose than observed pre-
of the third sampling, vlously (6 x 107 versus 1()t_rad) (Rctbrcnces 2, 3, and

4),

The results obttoncd by BNL and BCL agree with
the findings of the INEL research of EPICOR-II The first and second s_u'npltngs confim_ that dcgra-
prcfiltct,'s, The following items were found during file darien in the PF-8 and -20 strong acid cation resins
BNL and BCL, t,esearch which spcciflc_dly relate to the has occurred, The onset of degradation has also been

confirmed in the phenolic cation resins of PF-8, The
INEl.. work: INEL Study has shown that degradation is occurring at

a lower total dose than was reported in earlier

• Most cation resins show significant dcgra- studies, 2,7,12The phystctd observations noted during
datiot_ ollly after they have received a radi- the third sampling of the cores arc comparable with
ation dose greater than 1(# rad. those observed during the first tuld second samplhags

(i,e,, lack of flow during inititd elution of the strong
• The primary effects of radiation on ion ex- acid cation resins), By the time of fl_ethird sampling,

change rcsitls are degradation by loss of no flow through the columns of resin was obtainable
effective cross-linking of the macro., by nomtal gravity means, and the resins had to be
molccttlnr structure, along with scission of rinsed in a beaker to remove the visible sediment on

ion exchange functional grouPs, the top of file column. "l'tle sediment was dectmted off
and the resins were returned to their ion exchange

• The exchange capacity of ion exchange columns for elution, That process was successfully
resins, in general, decreases with increashlg completed on each resin stunple,
radiation dose,

' The soak lind rinsc solutions from the itfitial elution

• In cation ion exchangers, intthdly there is tm of the second lind third samplhag had a brown discolor-
increase in functional groups capable of ex- ation (indicating resin dcgradl_tion), These are the
change, as a result of radiation in the presence stone effects observed in resins of similar types when
of air or moisture, Those are phenolic and exposed to light for prolonged periods of time (parlicu-
carboxyl groups produced as a result of larly ultra violet light). The s_m'Lesolutions during the
oxidation, first sampling were colorless, lt has been found (Ref-

erence 1'7)that the color of the soak solution from irra-
diated resins changes from pale yellow to deep _maber

• The initial increase in exchange sites tends to as the radiation dose increases, That change is consis-
increase the total cxch_mgecapacity (TEC) of tent wifll tile antdyticld results from the first, second,
the resin, However, the accompanying and third smupling, Also, the first, second, and third
sctsslou oi'existing exchange groups often rc- samplings showed a pH of less thtm 3.0,

, suit in a net decrease in TEC values,

lt is concluded from analysis of the first, second, and
• In general, the salt forms of ion exchange third samplings that the following mcctlanisms of

resins arc more rcststmll to radiation than the degradation arc occurring within the EPICOR-II
H+ or OH- forms, strong ackl cation resins:
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* Loss of effective cross-linking (which could Previous resin studies show that degradation caused
. lead to eventual release of radionuclides if by internal radiation doses will be more severe than '

.... degradation progressed to the total failure of degradation caused by external irradiation, because of
the polymer Structure), as shown by the in- introduction of the radiation into the polymer structure
crease in water retention capacity, decrease in (References 2, 7, 12, 15 and 16). The internal dose re-
salt-splitting capacity, and decrease in back- ceived by the organic ion exchange resins in EP1COR-
washed and settled density. II prefilters PF:,8 and -20 has been sufficient to

produce Significant degradation. The degradation at
the time of the first sampling was measurable, The

, Loss of functional groups (with accom- equilibrium of the polymer structure has been shifted
panying loss of radionuclides), as indicated towards polymer breakdown; this is substantiated by
by the increase in sulfate concentrations in results of the second and third analysis.
the various soak, rinse and elution solutions

and loss in salt-splim,g capacity. One important indicator of the capability of ion ex-
change media to retain radionuclides is total exchange

, Resins from PF-.20 showed an initial increase capacity. The four samples examined in the INEL

in TEC durh_g the first sampling due to oxi- study exhibited different reactions to radiation in the
dation of the polymer chain before onset of first and second sampling. Samples PF-8#1 and
degradation (Reference 3). The TEC then de- PF--8#3, strong acid cation resins with the highest radi-
creased to no change in the second sampling ation dose, showed reduced total exchange capacity.
(Reference 4). This could be caused by loss of Sample PF-8#2, the phenolic cation with a slightly
effective cross-linking. By the third sam- lowerdose, showed a decrease in the second sampling.
piing, a substantial decrease in the TEC was PF-20, the strongest acid cation with the lowest dose,
observed, indicating that the radiation dose showed an increase in the first sampling, and dropped
had exceeded the necessary dose for exten- back to the capaciiy of the unirradiate:l resin in the
sive degradation, second sampling. This indicates the onset of degrada-

tion that is consistent with findings of Reference 12.
That sample exhibited a signific,'mt drop in exchange

, Ali Of the resins sampled are losing capacity capacity in the thirdsampling. The results of the INEL
to hold cesium, the major radionuclide found study indicate that the threshold dose tbr the onset of
in the resin samples, as evidenced by the degradation due to internal radiation is between 5.1 x
amount of cesium found in the soak and rinse 107 and 616 x 107 rads. By the time of the third sam-
solutions, piing, ali of the resin samples had demonstrated sub-

stantial decrease in the total exchange capacity. This
lt is also concluded from analysis of the first, ranged from 23% for the phenolic resin to 35% in the

second, and third samplings that the followhag mecha- PF-20 strong acid cation resin, The strong acid cation
nisms of degradation are occurring within the resins of PF-8 had a decrease in the total exchange
EPICOR-II phenolic cation resins: capacity of about 43%. These changes are graphically

illustrated in Figure 12 where sample PF-20 initially
increased in exchange capacity while other samples. Loss of effective cross....linking (which has
showed decreases as indicated by the negative percen_led to the loss of radionuclides), this was ex-

pecteddue the increase in the water retention change in the curves.

capacity and the decrease in the backwashed The radiation degradation was also seen as the loss
and settled density. During the third sam- of sulfonic acid groups in PF-8#1, PF-8#3, and PF--20
piing, the backwashed and settled density in- resin samples. The loss of sulfonic acid groups would
creased somewhat, lower the pH of the liquid in the surrounding ion ex-

change material as observed in previous samples and
. Oxidation of the polymer chain (which would the third sampling (Table 6). The low-pH liquid

reduce the tendency to release radionuclides), should beneutralized by the remaining unused ion ex-

caused an increase in the salt-splitting change material in the prefilters. That thesis is sup-
capacity in the first and second sampling, By ported by the me_urement of residual water pH from
the time of the third sampling, degradation the 50 prefilters which were stored at the INEL. Forty-
had occurred to the point where substantial six of those prefilters have been disposed at the com,

change capacity was observed, and four have been disposed in the Radioactive Waste
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Management Complex at the INEL, The pI-I measure- Figures 2 and 3 present gaJnma dose with bed location.
ments of residual water obtained more than three years These curves have remained essentially unch_mged for
after the prefilters were used were in the range of about shape and location within the prefilter over the three
5 to 8 as compared to less than 3 ibr soak and rinse so- samplings, which indicates that the gamma-emitting
lutions from resin san lples. Those pH readings indicate radionuclides are not moving despite addition of water
that the acidic solution was being modified as it passed during coring operations.
through the cation and mixed bed resins in the lower

regions of the prefilters. , These analyses have assisted in determining the ex-
tent to which organic ion exchangers are degraded by

A thieshold close for degradation in EPICOR-II ion internal radiation under conditions ret'Jresentative of
exchange resins has been identified .by this work to be actual use and storage. Degradation of the resins has
below 6 x 107 rads. That value is somewhat less than in been related directly to total integrated radiation dose,
the 108-rad accumulated dose limit recommended in This has aided in identifying the effects of degradation
lhe Technical Position on Waste Form. 18The resin on release of radionuclides from the ion exchange me-
properties, which have changed due to degradation, dta. The resin bed in the higher radiation zone isbeing
such as those examined by the ASTM methods, exhibit converted to an agglomerated mass, a substance with
small changes (10% or less, as seen in Tables 3 and 4) unique new nuclide retention capabilities, lt has been
at the threshold dose; while higher doses (108 radand shown that the contained radionuclides remain within

above) have produced more pronounced property the ion exchange bed. The acceptability ol'EPICf3R-II
changes.2,15,16 lt can also be seen from the information prefilters for disposal in high integrity containers at a
in Tables 3 and 4 that different resins react differently commercial disposal site is thus confirmed.
ata similar dose (comparing styrene to phenolic
base resin).

No further examinations were plam_ed for PF-8 and

The results produced in this study show that -20 resins and ali sample materials and those prefilters
EPICOR resins definitely beg,'m losing radionuclides have been disposed. However, the authors recommend
below 108 rads total radiation dose. But the release of that certain other studies of ion exchange resins be un-.

a nuclide by an exchange site does not ensure that the dertaken to examine ,aspects Of resins degradation not
nuclide will be released by the exchanger to tbe envi- included in the work discussed in this report. This
ronment. The nuclide could be picked up on another study was restricted to only two types of strong acid
site or held by the agglomerated resins, The first would cation resins, those with styrene and phenolic struc-
be a temporary condition until a higher dose is reached, tures. Studies should be performed on degradation of
but does delay the Ultimate release of the nuclide. The newer acrylic and styrene structured resins, both cation
second would be more permanent and would not easily and anion, now used in nuclear power stations with in-
rele,xse the nuclide. Such processes are probably occur- ternaUy and externally in'adiated samples having vari-

ous radiation doses applied to samples of each resinring within the EPICOR'II prefilters. The ion ex-
change process is made possible by the fact that ion type..The conduct of tests within the proper test matrix
exchangers are operated below the point where a pre- would provide data for determining thresholds of deg-
determined level of radionuclides begins appearing in radation for those resins. Laboratory sc,'de leaching of
the effluent (exchanger breakthrough). That process those irradiated resins could be used to further identify
results in a number of free sites in the exchangers being the part that bed agglomeration plays in retaining ra-
available for recapture of any loose radionuclides, dionuclides. Resins would be loaded with such com-

monly encountered radionuclides as Cs-137 and

Both ion exchange recapture and retention by the Co-60 to facilitate the study of nuclide retention.
gelatinous agglomerated resin mass will effectively
hold the released radionuclides, lt was positively An important aspect of irradiation degradation of
shown during column elution attempts in both this resins is gas generation, which occurs during that irra-
study and the one conducted in Reference 2, that water diation. In particular the generation of hydrocarbons
flow could not be initiated through the degraded ion from the degradation of resins is information that can
exch,'mge beds ,and thus no nuclides elution or subse- be used in planning for and regulating the disposal of
quent movement could take place. In this study, only long-term storage of ion exchange resins. The studies
batch rinsing resulted in nuclide releases where of resin degradation could also incorporate measure-
agglomerated resins predominated. The grapl!s of ment of gas generation caused by irradiation.
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