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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 investigatirig chemical and 
physical conditions for organic ion exchange resins contained in several BPI COR-II pre
filters. Those prefilters were used during cleanup of contaminated water from the 1b.ree 
Mile Island Nuclear Power Statioo after the March 1979 accident. The worlc was perfonned 
by EG&G Idaho, Inc. at the Idaho Engineering Laboratory. This is the final report of this 
task 8nd summarizes 1esults and analyses of three samplings of ion exchange resins from 
prefilters P� and -20; Results are compared with baseline data from tests performed on 
unirradi;Jed resins supplied by Epicor, Inc. to de tennille the extent ofdegradation due to the 
high internal 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-U Resin/Liner Investigation. 



SUMMARY 

The March 28, 1979 a'.;cident at 1bree Mile Island 
Unit 2 released approximately 560,000 gal of contami
nated wat

'
er to t he Auxiliary and Fuel Handling 

Buildings. The water was decontaminated using a 
three-stage demineralization system called EPICOR
Il, containing organic 'md inorganic ion exchange me
dia; The first stage was designated the prefilter, and the 
second and third stages were called demineralizers. 
Fifty EPICOR--II prefilters with high concentrations 
of radionuclides were transported to the Idaho 
National Engineering Laboratory (lNEL) for interim 
storage before final disposal at the commercial dis
posal facility in the State of Washington. During the 
imerim storage period at INEL, research was con
ducted on materials from those BPI COR-II prefilters. 
This study addresses the condition of the organic ion 
exchange resins in those prefilters. 

Resin cores were obtained from prefilters PF-8 and 
-20 during a first, second, and third sampling using 
special tools developed for that purpose. Removal of 
samples from the coring tools and preparation of those 
samples are discussed. A series of characteri7nlion 
tests were perfonned on th�� resins to detennine if deg
radation due to radiation had occurred during interim 
storage. Those tests included American Society for 
T�sting Materials (ASTM) procedures, infrared 
spectroscopy, gas chromatography, high perfonnance 
liquid chromatography, scanning electron microscopy, 

v 

supercritical fltlid� chromatograph, bari�m chloride 
precipitation, inductively coupled plasma -- atomic 
emission spectroscopy, and gamma-ray spectroscopy. 
Details of test methodologies and results are desc1ibed. 

Analysis comparing test results of the first, second, 
and t.hird samplings of resins from EPICOR-11 pre
filters PF-8 and -20 and unimtdiated resins obtained 
from Bpicor, Inc" show that resin degradation is conM 
tinuing in the EPICOR-ll resins examined. The mech
anism of degradation in those EPICOR-ll 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 OtotaJ exchm1ge 
capacity as the absorbed radiation dose increases. TI1e 
phenolic cation resins (phenol-fonnaldehyde 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 BPICOR-ll preftlters have suffered significant 
physical changes1 it is shown that the contained radio- · 
nuclides remain within the resin bed. The acce!)tability 
of EPICOR-11 prefllters for disposal in high integrity 
containers at a commercial disposal site is confinned. 



Ill ll1 1 1 IJ d1 

CONTENTS 

ABSTRACT . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iii 

SUMMA.RY . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .  1 • • • • • • • • • • • • • • •  
,
. • • • • • • • • • v 

ACRONYMS· . . . . . . . . . . . . . . . .  ' . .  · . . . . . . .  · . . · . . . . . . . . ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ix 

INTRODUCTION ......... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . · . . . . . . . . . . . . . . . . . . . . . . . . . 1 

MATERIAl.S AND ME'I'HODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ·. . . . . . . . . . . . . . . . . 2 

EPICQR..;.JlPrefilters . . . . · . . . . . . . . . . . . . . . . . . . . · . . .  ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Coring . . . . . . . • . . . . . . .  ·:· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . � . . ,... . . . . . . . . . . . . . . . . . . 2 

Meas•tnng Radiation Doses in the Resin Beds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

Gamma-Scanning of Resin·Cores . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . .  I . . . . . . . . . . . .  4 

Sampling· .................. .' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I • • • • • • • • • • 6 

Sample Preparation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

Characterization ofUnirradiated and Irradiated Resins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

AS'fM 1"ests ........................... ; . . . . . . . . . .  ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
Infrared Spectroscopy ................................... , . . . . . . . . . . . .  ; . . . . . . . . . 12 
Gas Chronaatography . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
Liquid Olromatography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . J. 4 
Supercritical Fluid Chromatograph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . · . . . . . . . 14 
Barium Chloride Precipitation for Detennination Sulfonic Acid Groups...... . . . . . . . . . . . . . 14 
Inductive Coupled Plasma-Atomic Emission Spectroscopy for the Detennination 
of Sulfur (ICP-AES) , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . •. . . . . . . 14 
Scanning Electron Microscopy . . . . . . . . . . . . . . . . . . . . . . . . .  , ................ .' . . . . . . . . . 14 
Gan1ma-R ay Spectroscopy . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 

RBSl/LTS AND IN'fERPRETATION . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . 16 

ASTMTests ...... , ' , . . . . .  . .. . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 

Infrared Spectroscopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

Gas, Liquid, and Supercritical Fluids Chromatography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

Detellllination of Sulfate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 

Scanning Electron Microscopy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 

Grunma-:Ray Spectroscope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 

Physicnl Observations . . . . . . • . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  • . . . 29 

I I I I I II " I 'II I I , ,, I , .. ,, • � I I ,.. 'I 'II I I II I I 'I � II I I ,, I ' M ' �I I , 'II �I' 

vi 

", I� '' ''II' '' '1111 



�I I 

Synopsis of Results , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · . .  · . . . . . . . . . . . . . . . . . . . . 29 

DISCUSSION AND CONCLUSIONS . . . •, .. : . . . . . . . . . . . .. . . . . . . . .  I • • .. • • • • .. .. .. .. .. • • • • • . . 32 

REFERENCES . . . . . . . .  I .  I ••• ·� ••• ,• •• •, ••••• • •••••••••••• ••••••••••••••••••••••••••••••••••• 35 

FIGURES 

1. Schematic (isometric and fulJ section) of an BPICOR-II prefilter 1 •••••••• · •••••••••• , :. • • • • • • 3 

2. Results of full-depth gross gamma measurements taken insjde the hole created i� the resin 
bed by the coring ofEPICOR-11 prefilter PF-8 during second sru:npting . . . . . . . . . . . . . . . . . . . . . . . 4 

3, Results of full-depth gross gamma me&Surements taken inside the hole created in the resin bed 
by the coring of BPI COR-II prefilter PF·-20 during second sampling . . . . . . . . . . . . . . . . . . . . , . . . . .. 5 

4. Results of isotopic spectral measuf(\rnents of the resin cbre from EPICOR-·ll preftlter PF-20 
during second. sampling at an elevation of 29.25 in. (locati()n of highest radioactivity) . . . . . . . . . . . . 6 

5. Isotopic (Cs.:..13 7) gamma-scan over the length of the resin core from EPICOR-11 prefilter 
PF-8, showing locations where the resin samples were removed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

I• 
6. Isotopic (Cs-137) gamma-scan over the length of the resin core from EPICOR-11 prefilter 

PF-20, showing locations where the resin samples were removed . . , . . . . . . . , . . . . . . . . . . . . . . . . . 7 

7. Photograph of resin cores with shutters removed from EPICOR-11 prefilters PF-20, 
(upper sample) and PF'-8 (lower sample)· ...... , ..... , .... , ...... , ... , ............ , . . . . . . 8 

�. Schematic of apparatus used to collect resin samp'fes from the coring tools . . . , , . . . . . . . . . . . . . . . . 9 

9. Schematic of apparatus used to clute radionuclides from there sin s�ples .... , ..... , . , . . . . . . . . . 10 

10. Schematic of shmdard ASTM apparatus used for pretreatment of resins and backwashed and 
settled density test ...... , . . . . . .  , . . . . : ....................... , ............ , . . . . . . . . . . 11 

11. Schematic of standard ASTM apparatus for detennining salt splitting and total exchange 
capacities ... , . . , . . . . . . . . . . . .  , . . , . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . 13 

12. Change in total exchange capacity with increase in radiation dose . . . .  , ..... , ...... , , . , . . . . . . . 21 

13. SEM photomicrograph of unirradiated Epicor, Inc. strong acid cation resin at 12 magnification . . . . . 23 

14. SEM photomicrograph of EPICO.R-II strong acid cation resin sample PF-20 at 
20 magnification . , ........ , .......... , ............................. , ..... , .. , . . . . . . . 24 

15. SEM photomicrograph of EPICOR-11 strong acid cation resin sample PF-20, showing a 
closeup of a damaged resin bead at 100 magnification . .  , ................ , .............. , . . 24 

16. SEM photomicrograph of EPICOR-II strong acid cation resin sample PF-8#1 at 
15 magnification, showing numerous damaged resin beads . . . , .. , .. , ........................ , 25 

17.  SEM photomicrograph of EPICOR-II strong acid cation resin sample PF-8#1 at 
l 00 magnification� showing a typical resin bead fracture . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . 25 

vii 



:I I II 

18. SEM photomicrograph of EPICOR-11 strong acid C4ltion resin sample PF-8# 1, showing 

II , 

a closeup of one unusually damnged bead at 100 magnification , . . . . . . . . , . . . . . . . . . I , • • • • •  I .  • • 26 

19. SEM photomicrograph of EPICOR-11 strong acid (,::ation resin smnple PFs#3, at 
15 n1agnificati'on , . . . . .  · . . . .  I • • • • • • • • • • • • • • • •  , • • • • • •  , • • • • • , • • • • • •  , • • • • • • • • • • • • • • • • • • • • 26 

20. SEM photomicrograph of EPICOR--11 strong acid cut ion resin smnplc PF8#3 showing orte resin · 

bead which appears to have softened �nd dimpled at 100 mugnificntion . .. . . . . . . . . . . . .... , . . . . . 27 

21. SEM photomicrograph of unirrndiated Epicor, Inc. pheholic cation resin at 100 magnification . , . . . . 27 

22. SEM phowmicrograph of BPICOR-II phenolic cation resin sample PF8#2 at 18 magnification 28 

2.3. S.EM photomicrograph of EPICOR-11 phenolic cation resin sample PF8#2, showing a closeup 
of one cracked resin particle at 50 magnification . . . , ......... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 

TABLES 

1. Calculated radiation doses to resins from EPICOR-11 prefilters PF-8 and --20 ............ , . , I • • • 5 

2. · Radioactivity of resin sm�, rin11e, and acid composite samples in first, second, and third 
samplings ............... , , .... , ...... , ..... , .. , . , ....... , .......... , . . . . . . . . . . . . . 16 

3. Results of ASTM tests on irradiated and unirradia�ed ion exchoogc resins-third sampling . . . . . . . . . 1 � 

4. ASTM test parameter changes of PF-8 and ...:20 strong acid cation resins versus unirrndiatcd 
Epicor, Inc., strong acid cation resin (first, second, and third samplings) . , ...... , . . . . . . . . . . . . . . 19 

5. Sulfate determined in aqueous solutionlil from resins by inductively coupled plasma-atomic 
emission spectroscopy-third sampling . . . . . .  , . . . . . . . .  , , . . . . . . . . . . . . . . . . . . . . . . . . . .  , . , . . . 22 

6. Cesium measured in aqueous solution from resins-third sampling , . . . . . . . . . . . . . . . . . . . . . . . . . . 29 

7, Synopsis of results from analysis of EPICOR-Il irradiated resin smnples PF-8# 1, PF-IJ#2, 
PF-8#3, and PF-20 from the fust, second, and third stunplings .............. , . . . . . . . . . . . . . . . 30 

viii 

dl Iii II � I I II ' � I 



ACRONYMS 

ASTM American Society of Testing Materials INEL 

BCL Battelle Coiumbus Laboratories IR 

'BNL Brookhaven NatiomD Laboratory 
NRC 

DOE Department of Energy 
SEM 

GC Gas chromatography 

SFC 
HPLC High perfomuncc liquid chromatography 

ICP-AES Inductively Coupled Pl:tSill<I-Atumic TEC 

Emission Spectroscopy for the Detenni-
nation of Sui fur TRA 

ix 

• I I \1� I\ \\ I I \I I I \ "'1 "' 11 

Idaho N ational.Engincering Labomtory 

Infrared spectroscopy 

Nuclear Regulatory Commission 

Scruming electron microscope 

Super critical fluid chromatograph 

Total exchange capacity 

Test Reactor Area 

I 
I 

I 

��II I I\\ 11 I I II 
I 

I I� I I 11111 , II 



RADIATION DEGRADATION IN EPICO·R-IIION 
EXCHANGE RESINS, FINAL· REPO .RT 

INTRODUCTION 

The March 28, 1979 accidetlt at Three Mile Island 
Unit 2 released approximately 560,000 gal of con
taminated water· to the Auxiliary and Fuel Handling 
Buildings. That water wus decontaminated using a de
mineralization system crllled EPICOR-11 developed 
by Epicor, Inc. The contaminuted water was cycled 
through three stages of organic and inorganic ion ex
change media. The fil'st stage of the system was desig
nated the prefilter, and the second and third stages 
were called demineralizcrs. After the filtration pro
cetJs, the ion exchange media in 50 of the prefihers 
contained radionuclides in concentration<; greater than 
those established for disposal of simUar materials as 
low-level wastes. 'I110se prefilters were transpc;n1ed to 
the ldaho National Engineering Laboratory (INEL) for 
interim stomge before final disposal. A special over
pack, or high-integrity container, was developed 
during that storage period for usc in disposing of the 
pre filters. 

During the interim storage period at INBL, continu
ing research was conducted by EG&G Idaho, Inc., on 
materials from those· BPICOa-II pre filters, under the 
EPICOR and Waste Research and Disposition Pro
gram funded by the U.S. Depar·tment of Energy 
(DOE). That work now is directed by the U.S. Nucl�ar 

Regulatory Commission (NRC) as part of the Low.
Levcl Waste Data Base Dcvelopment-EPICOR-11 
Resin/Liner Investigation Prognmi. Studies are being 
conducted on: (a) organic ion exchange resins from 
selected prefilters and (b) corrosion-resistant behavior 
of the phenolic-coated steel walls of the prefilter 
liners. The resins are being examined to measure 
degradation and tests arc being pcrfonned to chan1c� 
terize solidified ion exchange media. The degradation 
studies are directed to determining the acceptability of 

EPICOR-11 p refilters for disposal in high integrity 

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

Degradation st udies traditionally have been con
ducted using resins irradiated by external sources, sucfl 
as a reactor core or Co-60.2 The gamma dose, p.-o
vided by an external source, simulates a dose that 
would be received from 11\dionuclidcs retained on the 
resin matrix by ion exchange sites. Modes of degrada� 
tion do not dlffer between external and internal radi
ation; but Reference 2 states that internal radiation 
causes more extensive dmnage than external radiation, 
presumably from such sources a.<; short-range, high
energy beta radiation. The organic resin ofEPICOR-11 
prcfilters had been contained in liners for approxi� 
matcly nine years and experienced internal radiation 
doses above 107 rad. 

This report discusses the resin dcgrndation studies 
conducted on the third samples of organic iora ex
change resins removed from the EPICOR-Il 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 BPI COR 
and Waste Research 'md Disposition Program, 46 pre
filters were disposed of at a commercial disposal 
facility. Four prcfiltcrs 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. TI1e third sampling will be the final cxrunina
tion of this study. TI1e rcm1uning four prcfilters were 
disposed at the Radionctive Waste Mam\gcment 
Complex, the INEL disposal facility. 5,6 

• 1[1 ' I � II �I I 



. MATERIALS AND METHODS 

EPICOR-11. Prefilters 

BPICQR.,...II prefilter liners are 4-ft-diameter by 
4-ft-high cy linders with 1/4-in.-thick bottoms 
(Figure 1). The liners are of welded construction using 

· ASTM Type A-36 carbon steel. The internal and ex
ternal surfaces are painted with Phenoline8 386 coat
ing. Each liner contains about 30 ft of ion exchange 
media. Several types of media·(i.e" cation, anion, 

·mixed bed, and/or zeoli�e) were pla�d in each Hner in 
layers. Of the preJilters received at INEL, 39 contained 
both organic ion exchange resins and inorganic zeolite; 
ll contained organic resins only. During the .filtration 
process, a perforated, four-branch int1uent manifold

. 

distributed contaminated water over the ion exchange 
media, while the effluent was drawn off from the bot· 
tom of the prefilter through a porous, multibranched 
return manifold. Both manifolds arc 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, thro ugh which ion 
exchange media were loaded into the liner. Removal of 
resins from the pref i l ter also was accomplished 
through that. manway, using coring tools. 

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

• Resin Core--one core removed from e ach 
prefilter PF--8 lmd -20, using coring tools 

• Resin Samples-1 00-mL volumes of n�sin 
removed from the cores [three samples from 
PF-8 (designnted PF-8# 1, PF-8#2, and 
PF-8# 3 )  and one from PF-20 (designated 
PF--20)] 

.. Aliquots-small quant ities obtained from the 
resin samples. 

To develop baseline data for resin degradation 
studi es, unirradiated ion exchange resins rcpre .. 
sentative of those in the pre filters were obtained from 
Epicor, Inc. The unirntdiatcd resins \l'ere identified by 
functional group, exchangeable species, and matrix 
(e.g., sulfonic acid , strong acid cation, and styrene). 
They were chnracte rized for comparison wit.h the 
resins from PF-8 and-20. Studies at Brookhaven 

a. Trnde name of the Carboline Company 

2 

Nation�ll 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 the irradiated aud unirradiated resins were ex
amined using similar techniques. The resins were pre
treated so as to put the resins in a standard form for 
comparison purposes. 'Then, ASTM tests were used to 
determioo t.�xchange capucity, density, and moisture 
conten t.8 Infra red spectroscopy (IR) was used to 
identify functional groups (e.g., sulfonic acid 

l ' 

I 
p lCnoltc, and quatemary ammonium) and matrix ma-
terial (styre ne and phen ol). Vapor phase chroma
tograp� was used to 1malyzc the rinse, soak, and .acid 
rinse solutions from the ASTM tests qualitatively for 
styrene, diviny�benze ne , or other soluble organic 
specit"s. Higtr.�performance liquid chromatography 
was used to look for other possible soluble organic 
products . The third sampling included super-critical 
fluid chromatography, which should allow the de" 
tection of macro molecules (fragments of the resin 
polymer). Inductive coupled plasma-atomic emission 
spectroscopy was used for determining sulfonic acid 
groups an d scanning electron microscopy for deter
mining the physical condition of the resins. Gamma-, 
ray spectroscopy was uncd to detennine radi(lnuclides 
in aqueous solution() from the third smnpling. 

Coring 

Resin cores were removed remotely from prefilters 
PF-·8 and -20 during the third coring in 1989, using 
corin g equipment based on a design developed at 
Battelle Columbus Laboratories (BCL) and modified 
for use at the 1NEL.9 PF-8 (containing orga..rlic resinq) 
and PF-20 (containing organic resins and zeoHte) were 
selected for the resin degradation studies because they 
are highly loaded representatives ( 1,400 and 2,000 Ci, 
respectively) dfthc two types ofEPICOR-II pre filters . 

Water was added to the top of the pre filter beds during 
coring to provide lubrication for the coring tools, 
which would not enter the beds more than n few inches 
without it. Between 25 and 50 gal of water were added 
to e�ch bed during coring operations. The coring 
equipment was described in Reference 3 .  

The resin core contained layers of ion exchange me
dia in the srune rela tive positions us in the prdilter bed. 
The void in the coring tool above the UJJpcr 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 BPI COR-II prefilter. 
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' '  
and transported from .the TAN-607 Hot Shop to a hot 
cell at the Test Reactor A�eu (TRA) for gnrnmu
scunnihg and re moval of resin samples. 

Measuring Radiation Doses in  
the Resin Beds 

Ful1-dcpth gross gamma scans were made in the ' 
prefilter resin beds after removing cores during cuch of  
t.he three samplings. Those scans Were used to  est1mate 
the total integrated radiation dose absorbed' by the res
in s. Measurements were made with a Victoreen Model 
510 roentgen mte meter, which used ru1 air-equivalent 
ionization chamber radiation detector (Model 607) and 
associated curre nt measu rlng 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 gmnma sctm measurements made' during inser
tion al1d retraction of the detector at each location dur
ing the: second sampling are given in ·Figures 2 imd 3. 
Radiation measurements m ade at the elevations of in
terest were used with the calculations of maximum 

• Average 

cumulative dm.:csn to estimate the total integrated beta 
dose. The caJculatcd beta dose and the rnetL.'lUred gam� 
ma dose for cuch resin stunple location arc listed in 
Table 1. As wo uld be expected, the total doses arc in
creasing with time. TI1ese final total doses .  have been 
udjusted from previous vtuues upon inclusion ofth� in� 
form at ion obtained during tl1e third sampling. There . 
has been no appreciable shift in these curves toward 
the bottom of the bed which ind ic'nt es little or no 
movement of radionuclidcs tluough the beds. 

Gamma-scanni ng of Resi n 
Cores 

The full-length res in cores from PF-8 and -20 first 
and second samplings were scanned in t.hc coring tool 
using a Ge(Li) gamma-ray detector (with associated 
electronics and a 0.5-iu.-widc by 1 ,()-...in,..:..high colH� 
mator) to detertnine ax.ial gross gamma activity versus 

a. D. E. Martz, Calculated Curt1Ulativc Radiation 
Doses to EPICOR Prefiltel' Resins, private communi
cation, EO&G Idaho, Inc., April 19S5, 

IS 8720 

Figure 2. Results of full-depth gross gamma measurements takc!l inside the hole creatt!d in the res in bed by the 
coring o fEPICOR-ll prefilter PF-8 during second sampling. 
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Figure 3. Re.�nlts of full--<-tepth gross gamma measurements taken inside the hole created in the resin bed by the 
coring of EPICOR-II prefilter PF-20 during second sampling. 

Table 1. . Calculated radiation doses to resins from EPICOR-II pre filters PF-8 and -20 

Date Prefilter Measured Activity 
Removed at Location of 

from Service Date Resin Sample in Prefilter 
Sample· atTMI-2 Cored (R/min) 

PF-8#1 18 Dec 79 4 Oct 83 23.7 

PF-8#2 18 Dec 79 4 Oct 83 15.4 

PF-20 13 March 80 11 Oct 83 20.0 

PF-�#1 18 Dec 79 10 Oct 85 21.4 

PF-8#2 18 Dec 79 10 Oct 85 15.2 

PF-8#3 18 Dec 79 10 Oct 85 20.3 

P!L20 13 March 80 14 Oct 85 14.0 

PF-8#1 18 Dec 79 ?5 May 89 21.28 

PF-8#2 18 Dec 79 25M.ay 89 13.58 

PF-8#3 18 Dec 79 25 May 89 19.88 
PF-20 13 March 80 ?.1 May 89 13.28 

a. Calculated from first and second sampling data. 

5 

Total Gamma 
Radiation Dose 

(rad) 

4.7 X 107 
3.1 X 107 
3.8 X 107 

6.5 X 107 
4.6 X 107 
6.3 X 107 
4.9 X 107 

10.5 X 107 
6.7 X 107 
9.8 X 107 
6.4 X 107 

Total Beta 
Radiation Dose 

(rad) 

1.8 X }Q7 
1.2 X 107 
1.3 x to7 

2.5 X 107 
1 .8 X 107 
2.4 X 107 
1.1 x ro7 

4.0 X 107 
2.6 X 107 
3.7 X 107 
2.3 X 107 

Total 
Radiation Dose 

(rad) 

6.6 X 107 
4.3 X 107 
5.1xl07 

9.0 X 107 
6.4 X 107 
8.8 X 107 
6.6 x 107 

14.5 X 107 
9.2 X 107 

13.5 X 107 
8.7 x 107 

,_ 
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length of the core. 10 The axial locations of highest ra
dionuclide activity for the resin cores were detetmined 
using those scans·. Then, isotopic spectral measure
ments were made at the locations of highest actlvif.y 
during the first sampling from PF-20, as sbown in 
Figure 4. There were two radionuclides having mea
surable concentrationc; detected by the gamma spectral 
scans, Cs-134 and Cs-137. It is noted that antimony 
has been found in these resinc;, but was not seen in the · 

spectral scan (Figure 4) due to masking by facility 
background count. Based on that infonnation from the 
first sampling, hwtopic gamma-ray intensities for 
Cs-134 and Cs-137 were measured as a function of 
distance along the resin cores. The results for Cs-13 7 
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
e ver, it is noted that 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 zeolite 
contained by far the highest concentration of radionu- . 
elides and thus produced an integrated dose much 
higher th an 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 ' 

lo the degradation of organic ion exchange resins; 
therefore, only organic resin samples were removed . · 

from the cores. 
· 

·�ampl i ng 

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

The resin samples were obtained from the cores, 
us in g a vacuum pu m1> and partially water-filled 
graduated glass column (See Figure 8). One end of a 
flexible rubber tube was attached 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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Figure 4. Results of isotopic spectral measurements of the resin core from EPICOR-H prefilter PF-20 during 
first sampling at an elevation of 29.25 in. (location of highest radioactivity). 
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Figure 5. Isotopic (Cs-1.37) gamma-scan over the length of the resin core from EPICOR-II prefilter PF--8, 
showing locations where the resin samples were removed. 
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Figure· 6. Isotopic (Cs-137) gamma--scan over the .length of the resin core from EPICOR-II prefilter PF-20, 
showing locations where the resin samples were removed. 
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Figure 7. Photograph of resin cores with shutters removed from EPICOR-11 prefilters PF-20 (upper sample) 
and PF-8 (lower sample) . 
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Figure ·8. Schematic of apparatus used to collect resin sam ples from the coring tools . 

rupber tubing was attached from the top of the glass 
column to a stainless steel tube to form a wand (Fig
ure 8). With the vacuum pump operating, the wand 
was positioned with a master-slave m anipulator over 
the target resin in such a way that the resin was drawn 
into the wand, thence into the column. S am ple s izes of 
1 00 mL were collected. Three samples were collected 
from the PF-8 core, two styrene cation resin (PF-8# 1 
and PF-8#3) and one phenolic cation resin (PF-8#2). 
A sample of styrene cation ,resin was collected fTom 
PF-20. N o  ani on resin sampl e 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) . 

Sam ple Preparation 

The radiation levels in the PF-8 and -20 sam ples 
were of such intensity that work performed on those 
resins would have to have been done wi thin a hot cell 
environment. That type of environment would hav e  
made the characterizat i on and · analysis o f  the resin 
sam ples very costly and time · consuming. It had been 
shown by tests perform ed at INEL on unirradiated 
resins that an Epicor, Inc. , resin c�·�Jd be stripped of 
99% of its cations , using a l O% hydrochloric . acid so-

9 

J ution. a B ased on that information, the radionuclides 
( ::ati ons) were elut ed from the PF-8 and -20 resin 
sam ples. This technique is based on normal resin in
dustry regeneration procedures and will not contribute 
to degradation of the ion exchange resins. 

As described in the previous section , samples were 
removed from the coring tools, drawn into a 1 in.-dia. 
by l 8-i � .-high i on exchange column containing 
50 mL of deionized water (see Figure 8), and allowed 
to stand 24 hours ;n the water-filled qolunm. Each ion 
exchange column then was reconfigu�d, as shown in 
Fi gure 9. The d is t i lled water s oak was rem oved 
through the shutoff valve at the bottom of the column 
and retained for g as ,  liquid and supercritical fluid 
chrom atography analysis. The v arious chromatog
ra phy techniq ues were u sed for determining t he 
presence of soluble organic resin degradation prr d
ucts. The deionized water soak was analyzed for the 
presence of any functional group components, such as 
sulfonic acid,  which had been dissociated f10m the 
resin. All resin samples were rinsed two times with de
ionized water, which was added by the pump through 

a. R. D. Sanders, Bench Study of Batch Elution of 
Cation Resins, private communication, EG&G Idaho, 
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. It was very difficult 
to get any kind of reasonable flow through the columns 
containing samples PF-8#1 ,  PF-·8#3 , and PF-20 so 
these three samples were rinsed out of the columns and . 
rinsed with deionized water. The re,sulting solution 
was decanted off of the resin samples. The resins sam
ples were then returned to their respective ion ex
change columns. The decant solutions were saved for 
soluble organic and functional group analysis. The de
ionized water rinse also was saved for chromatography 
analysis and functional group tests. 

A solution of 1 0% hydrochloric acid was pumped 
through each resin sample at a rate of 1 00 mL/min, 
using the configuration shown in Figure 9. That proce
dure continued until 60 sample volumes (the amount 
determined to remove 99% of the cations) or 6 L of 
acid were pumped through the resins. Representative 
quantities of that acid rinse were collected for l ater 
chromatography and functional group analysis. 

The deionized water soak, deionized water rinse , 
decant rinses, and hydrochloric acid rinse reduced the 
radionuclide contetit of the resinc;; and made it possible 
to remove the samples from the hot cell and perfom1 
the analyses in a Type 11 fume hood equipped with a 
high-efficiency particulate air filter on the outlet duct . 

1 0  

Each o f  the liquid samples w as  monitored for radio
act iv ity upon rem oval from the hot cel l .  Those 
measurements were used to maintain radiological con
trol and a! so as an indication of resin degradation. 

Characterization of Unirradiated 
and Irradiated Resins 

Several analytical methods are needed t o  charac .. 
terize a specific ion exchange resin. Those methods in
clude the following: 

• ASTM Procedures for t he Phys ical and 
ChemJ.cal Properties of Particulate Ion Ex� 
change Resins 1 1  

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

• Gas chromatography 

• Liquid chromatography 

• Supcrcritical fluid chrom atography (third 
sampling only) 

• Barium chloride precipitation for determina
tion of sulfonic acid groups (first and second 
sampling) 



• Inductively coupled plasma-atomic emission 
spectroscopy for the determi nat ion  o f  
sulfonic .acid groups (third sarnpling) 

• Gamma-ray spectroscopy (third sampling) 

• Scanning electron microscopy. 

The above analytical methods were used to charac
terize the srunples from PF-8 (strong acid cation and 

· phenoli c  cation) and PF-20 (strong acid cation) tUld 
the unirradiated Epicor, Inc. , resins (strong acid cation 
and phenolic cation). 

ASTM Tests. ASTM procedures wem used to deter
m ine cher.1ical and physical conditions of the ion ex
change resins.  Results from analysi s  ot i rradiated 
resins ( from the first ,  second, and third samplings) 
were compared with results from unin·adiated resins to 
cletcnninc if degradatior. had occurred. Those results 
are presented in the "Resuh':i and Intctprctation" sec
tion of this rep01t. The following ASTM tests11 were 

a. TI1c tests were preformed i n  accordance with the 
ASTM standards and deviations are within allowable 
l imits of those standards . 

Pump 
su pply 

r Flexible 
latex 
t u bing 1/ 4 l n. --

Flow 
__... 

Backwash 
In let --..... 

used for the strong acid cation and phenolic cation ex
change rcsirw: 

• Pretreatment (ASTM 02 1 87-77 Method A) 

• Water retention capacity (ASTM 02187-77 
Method B )  

• B ackwashed and s e t t led dens it y  (ASTM 
02187--77 �1ethod C) 

• S alt-splitting capacity ( ASTM D2 l R7-77 
Method E) 

• Total exchange capa�ity (ASTM 02 187-77 
Method F), 

Pretreatment. The pre t reatm e nt phase of t he 
A.STM procedure was used to convert ion cxcl.ange 
resins to one standard form (usually the sodium form 
for cation resins). The standard form provides a base
l i ne from w hich the other ASTM tests can he per
fo rm e d .  A n  i on exchange colum n  apparatus ( S e c  
Figure 1 0) w as  set u p  a nd  th e  resin sample added t o  the 

Ru bber 
st opper 

· .....,.___,;..Valve 

To w aste 

1 · 1 n. ·d la. g lass ion 
exchange column 

4 OZIIO 

Figure 10. 
density test. 

Schematic of standard ASTM apparatus used for pretreatment of resins and bnckwashed and settled 

1 1  



c olumn. The resin w ns buckwashed with deionil.ed 
water to remove uny extraneous particles . The resin 
was rinsed with n 1 0% hydrochloric acid solution to re· 
move tmy ex.isting cndons, converting the resin to the 
hydrogen fonn. From the hydrogen fom1 , the resin wns 
converted to the sodium form by rinsing wi th u solu
don of 1 00 g of sodium 'Chloride per titer of deionizt.'d 
water at a rate of 3 1  mL/min foi· 1 hour. The rosin was 
then in .a  standard form for analysis . 

Water R;Jtentlon Capacity. Testing of ion ex· 
change resins for water mtention capacity indicates the 
porosity of the resin. The poros ity of a resin is depen .. 
dent on the amount o f  effe ctive cl·oss-linking. The 
higher the w nter retention c npacity,  the lower the 
effective cross-linking. In the case of the PF-8 and 
-20 msins, too water retention capacity is an indicntion 
of the amount of divluylbt.mzene cross-linking for the 
strong ncid resins. Thnt relationship cannot be qunnti· 
fled because of the proprietary nature of the BPI COR
II resins . Some loss of effective cross-linking occurn 
before the release of radionuclides , l 2 The test con
sisted of dry ing known amounts of pretreated PF-8 
and -20 styrene und phenolic cation resins in an oven 
at 1 1 0 + 5°C for u m in im u m of 1 8 + 2 hours . The 
differences in weights before and nfter drying were 
used to calcu late the w ater retention capac ity. T11e test 
was perfo rm ed i n  tr ip l icnte , and the a v erage wns 
calculnted. 

Backwashed and Settled Density. The bnck
wash�d and settled density test was developed to deter
mine changes in effet:tive cross-linking between new 
and used resins. The density is directly proportional to 
the amount of effective cross-linki ng in the resin. As 
previously noted, some loss of effective cross-linking 
occurs before radtc,auclides are released (Reference 
1 2) .  The t e st  con s i sted o f  bnckwnshing a k no w n 
amount of resin witl1 deionized water for 10 min. The 
resin was allowed to settle and the volume was re
corded , Then, the density w as calculated based on a 
known weight of resin in grams to a known volume of 
water in millilltem. The test was perfonned in tripli
cate and the average was calculated. 

Salt-Splitting Capacity. The salt-RpliHing 
capacity test is designed to show only the number of 
sulfonic add groups contained in n cation i on ex
change resin . A decrease in s alt-·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 aci d ,  and phosphonic 
acid functional groups also will exhibit, to some de-

groe, salt-splitting capacity. 11te test assembly apptu·a .. 
tus is der>ictcd in Figure 1 1 .  The resin was converted to 
th� hydrogen form by flow ing 1 0% hydrochloric acid 
Holution over Ute resin at a rnte of 3 1  mL/mln.  The hy .. 
drogcn form cation resin was eluted with n 50 giL so
dium chloride solution at n rate o f 3 1  mL/rn in . The 
e l tl ted sodium chloride s olution was t i t rated w ith 
standard 0. 1 0  N sodium hydroxide solution to deteru 
mine the amount of hydrogen exchanged in the cluHon 
proce�s . The test was performed in triplicate und the 
nvernge waR calculated. 

Total Exchang� Capacity. 'l11e total exchange 
capucity test is used to detennine exchtmge capacity of 
cation ion e xch�nge res ins that contain fu nct i onal  
groups in addition to ,  or  different from, sulfonic acid 
funct ional groups . A decrease in tot al exchange caM 
pucity  indicntes the loss of functional gmups and sub
sequen t l oss of radionuclides. Different  functional 
groups include phenolic , carboxylic add , and phos
phonic acid,  The apparatus shown in Figure 1 J was 
assembled, and a 1 0% hydrochloric acid solution was 
eluted through the resin to convert it to the hydrogen 
fonn . The re�in was tnmsferred to a separate flusk con
taining 200 mL of standard 0. 1 0  N sodium hydroxide 
solution , The solution also contained 50 g of sodium 
. chloride p�t L. The resin was allowed to equilibrate in 
the solution for a minimum of 16 hours. An aliquot of  
the  solution was collected and titmted with standard 
0. 1 0  N hydrochloric acid solution . 'TI1e adsorption of 
hydrOXide ion by the resin in the presence of sodium 
chloride is pl'Oportional to the total exchange capacity. 
The test was performed in triplicate, tmd tht!. avernge 
was calculated. 

12  

Infrared Spectroscopy. In frared spt.�ctroscopy 
(IR) involves identifying the rotational and vibrational 
motion of atoms in a m olecule induced by infrured 
rndiation. The multipli city of vibrations occuning 
simultaneously produces a higWy complex absorption 
spectrum . The spectrum is uniquely characteristic of 
the functional groups comprising the mole�ules und 
the overn l l  configurati on o f  the atom s wi t hin  a 
molecule . I nfrared spectroscopy can therefore be used 
to positive ly identify a pure organic molecule , lR was 
used to dctennine if the styrene and phenolic cution 
rell.lins in PF-8 and -20 w1�re the stune ns the unirn1· 
diated styrene cation and phenolic cation resins ob· 
tained from Bpicor, Inc. IR spectra of the unirradiated 
Epicor, Inc .  resins were compared with IR spectru 
from PF-8 nnd -20 resins to detem1ine i f  any mujor 
clumges in molecular structure of the PF-8 and -20 
res i ns hnd occu rred becuuse o f  t he h i gh i n t e rnal  
radiation dose. Chnnges can be seen by n sWft in  peak 
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location or major decrease in intensi ty. A change in 
m olecu l ar s tructure would indicate sciss ion of t.he 
p o l y m e r  b a c k b o ne and e v e nt u a l  r e l e ase o f  
radionuclides .  

The resin samples were dried at  1 1  ooc to  remove 
excess moisture and ground in n porcelain mortar and 
pestle to a size of less than 80 mesh. TilCn, 10 mg uf 
re s i n  were adde d  to 1 0 0 mg of dr ied  p ot ass i u m  
bromide (KBr) and plnced in a pellet press .  A com 
pressive force w as applied to t h e  pel let p ress nod a 
p e l l e t  c on t a i n i n g  t he res i n  w as o btai n e d  for IR 
scanning. The KBr pellet was placed into the sample 
b e am o f  a Pe rk i n  El m e r  M odel  1 4 3 0  i n frare d  
spectrophotometer n.nd n n  I R  spcctnam wns obtained ,  
Results of I R  analysis arc presented J n  Referoncc;s 3 
and 4. 

Gas Chromatography. Gas chromatography (OC) 
is a tcctmiquc where volntile mixtures of compounds 
can be separated into pure compounds and detected 
separntely. This is performed by vaporizing a mixture 
in  a heated injection port and then sweeping the ga."'es 
into a OC cohun:1 by using an inert carrier gas such as 

1 3  

helium. The column is contained i n  n temperature pro .. 
grammable oven, TI»e GC column has an jnert packing 
material coated with a nonvolatile compound. The vn.r
ious components in  a mixture are separated by their 
differtmt solubilities or affinities for the coating on the 
packing material . The pure compounds are detected 
sequentially at the end of t he column.  For organic  
materials. a flame ionizution detector is typically used. 

OC columns used in the EPICOR-II resin samples 
were: 1 )  A 1/8-in.-O.D. by 6-ft-long column contain
ing 0.34% tetnmitrofluorenone as a statioruuy phase 
on Carbopack C, 2) A 1 /4-in .-O . D ,  by 6- ft-long 
column containing 1 .0% SP- 1 240DA on Supelcoport,  
and 3)  A 0.52-mm-I.D.  by 30-m-long bonded phase 
methyl phenyl silicon column (J. W. ScientH1c DB-·5). 

The aliquots chosen for OC analysis were the dis
t i lled w ater s oak and rinse solutions from the resin  
samples. All solutions from resin samples were pre
pared for analysis by extraction with n nonaqueous sol
vent of e i the r di c h l o ro m c t hu ne or hexane ,  The 
extraction allows water leachnble organic analytes to 
be extracted i nto the organic phase thus nffecting the 
separnt i on of org a n i c  m aterial  from t he h i g h l y  



radioactive aqueous solutions, Perkin Elmer sigma IB 
and liB gas chromatographs equipped with flame ion· 
ization detectors were used.  Typical OC Clhromato
grams are presented in References 3 and 4. 

Liquid Chromatog raphy. High-performance 
l iquid c hromatograph y  (HPLC) is a technique by 
which a liquid or solid organic soluble mixture is sepa .. 
111ted into its individual components by differencos in 
affinities of the components toward either the liquid 
(mobile phase) or ,the functional groups on the station
ary phase of a separator column. For the E:PICOR-11 
samples, a 1 5-cm C- 1 8  (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 .,ither dichloromethane or hexane. 
Aliquots of the extracts of the soak and rinse solutions 
from PF-8 and -20 were injected into a Krnt.os HPLC, 
using a UV-VISIBLE detector, and HPLC chJomato
grruns were obtnincd. Typical HPLC chromatograms 
are presented in References 3 and 4 .  

Superc r lt lcal Flu ids Chromatog raph.  Super
critical fluid chromatograph (SFC) was also used in 
the th ird sampling. This is a chromatogrnphy tech .. 
nique ln which the mobile phase ha.q been raised above 
i ts critical tem perature and pressure. At this point, 
called the critical point, the mobile phase is neither a 
gas nor a liquid, but has properties of each. Sepamtions 
are made based on the different solubilitiet� of analytcs 
by changing the density of the mobile phase. This tech
nique lends itself well for thermally labile compounds 
and larger molecular weight polymeric materials,  
w hich cannot be run using other chrom atography 
techniques. All solutions from resin samples were pre
pared for analysis by extraction with nonaqueous sol
vent of either dichloromethane or hexane. Extracted 
l iquid samples for the EPICOR-1 1 resi ns were 
analyzed using u 1 0-m SB-PI•enyl-50, 100 micron ID, 
0.25 micron film th.ickness capillary column.  Carbon 
dioxide was used as tho mobile phase and nn isother
mal ( 1 00°C) pressure program was run starting at 1 ()() 
atm . und going to 375 atm. at a rate of 5 atm./min. The 
results of SFC arc included in the .. Results and Inter" 
pretation" section of the report. 

Barium Chloride Pr·eolpltatlon for Determlna· 
tlon of Sulfon!c Acid Groups. It has been shown 
thut the EPICOR-I I Cl\tion rosins are sulfonic ucid, 
divinylbenzcnc, styrene type resins (Reference 8). The 
high internal radiation dose teccived by those rer.ins 
could cnuso loss of the functional group� (sulfonic 
ucid) and release of radionuclides tied to the lost. func
tional groups . The loss of functionul groups would 

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

A 25 mL aliquot was removed from each solution 
and transferred to a graduated cyl inder. Enough 
barium ch loride was added to the solution i n  the 
graduated cylinder to ensure an excess amount. The 
contents of the cylinder were agitated and allowed to 
stand a minimum of 3 min.  A portion of the solution 
from the graduated cylinder was transferred to a 1-om 
(path length) polyethylene wnple cell and placed into 
a visible spectrophotometer set at a wavelength of 420 
nan . The nbsorption values of the solution were ob
tained and compared with absorption values of stan
dard s u l fate solution s .  Results of those tests are 
reported in �eferences 3 and 4.  

Inductively Coupled Plasma - Atom ic Emlt�
slon Spectroscopy for the Determination of 
Sulfur (ICP-AES). ICP-AES was used in the third 
sumpling for the l'neasurement of lost sulfonic acid 
groups from the strong acid cation samples. ICP-AES 
is a tec hnique based on the measurem ent  of  light 
emitted from excited atoms and ions in a plasma. A so
lution to be analyzed is nebulized into the spray cham
ber of  the sample introduction system of  the ICP-AES . 
Some of this solution goes through a plasma torch 
where the sampl<� is desolvated, atomized, and (for 
some elements) ioni7.ed. Outer shell electrons aro ex
cited by the high-temperature plasma and when these 
excited atoms and ions decay back to the ground state 
electronic configuration they emit photons of radiation 
chumctoristic of the clements that are contained in the 
sample. This light is separated by wavelengths in the 
monochromator section of the instrument and detected 
by a photomultipl ier tube. The amount of light de
tected is directly proportional to the concentration of 
the analyte in the solution. 

This technique wa..q used to measure sulfur in soak, 
deionized water rinse, and elution solutions of the resin 
samples. Sulfur detected in the.qe samples will be in the 
fonn of sulfate, which originates from the loss of the 
sulfonic acid groups on the strong acid cution reslns. 
By combining the amount of sulfur found in all solu� 
tions thut contacted euch particular resin type , it is 
possible to get an idea of the total sulfonic acid group 
loss per resin sample. This infonnation is combined in 
a table in the "Results and lnterpretationu section of 
this publication. 

14 

Scanning Electron Mlcroscopy. ln order to deter
mine physical conditions of resin samples from PF-8 
and -20, scanning electron microscope (SBM) photo .. 
micrographs were obtained of the resins at different 
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magnification levels. The photomicrographs allowed 
examination of the re.�ins for cracks, bead breakage, 
bead softening, agglomeration , and S(j forth .  Most. 
types of physical damag� of the resins would not allow 
the release of radionuclides , but the extent of resin 
deg radation can be estimated.  Random specimens 
were extracted from the res.in samples after radionu .. 
elide elution, Photomicrographs were made of entire 
specimens and interesting features were examined 
more closely. The photomicrographs presented in this 
report and References 3 and 4 represent typical daJn .. 

age observe<t 

The irradiated resin samples from the third sampling 
were attached to an SEM planchet by placing a small 
aliquot of the resin beads on a wet coat of conductive 
carbon paint. This allowed for conductance of the etec .. 
trons from the samples and no gold spattering was 
found necessary (as was perfonncd with previous sam .. 

ples). SEM photomicrographs were obtalned of the 
resins and are included in this report. 

Gamma·-Ray Spectroscopy. Gamma-ray spec .. 
trosoopy was used in the third sampling to determine 
the total amount of Cs-1 34  and Cs-137 present in the 
resin samples. Gamma ray spectroscopy is based on 
the measurement of the characteristic <�nergy of the 
gamma rays produced during radloactivc decuy. Each 
isotope emits gamma rays with specific energies. By 
using a energy dispersive df}tector it is possible to 
identify the species of radioactive matcl'ial . And by 
calibration using a reproducible sample geometry, it is 
possible to pea·fonn quantitative analysis. 

An aliquot of each of the soak, rinse and elution 
samples were submitted to the Radiation Measurement 
Laboratory for counting. The results of this analysis 
are presented in the "Resul ts and lnterpretatiou" 
section of this report. 
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RESULTS .AND INTERPRETATION 

The un irmdi uted resin.'l showed no apparent change 
fnHn p re v i o u s  an a l y ses  (Re fe rences  3, 4, and 8 ) . 
Because �) f the ugc (7 years old ) of the unirradiated 
res ins , they might he expected to show �:orne degrudn
t inn due to aglug. The i rradiated resins from PF-8 and 
-20 also would be expected to show some degrudation 
due to age (9 ye urs old) ,2 • 1 2The unirrudi ntod resins 
showed l i t t le or no degradation bccuusc of ngc : th<�re
fore , in th is  study, any degi'Udation o f  the i rrndiutcd 
res i ns wus presumably from mdiution damage and not 
from other causes . Other causes of dcgrudnti on would 
be htmdllng/ mechanical damage and frcez.ing. A re
view of the l�istory of profilters PF-8 and -20 shows 
that t he i on c x.chnngc med iu  were e xposed to sub
freezing temperatu res while stored at the INEL . How
e v e r, c x a m i nut ions,  us i ng the u nirrndi ated resins to 
determ i ne freezing damage, have shown that none hus 
occurred .  Also, luuH.ll ing was held to a minimum; as a 
resu lt , damage should huve heen minimal .  

D u ring  sample preparation, the resins were soaked 
and the n rinsed in deionized water. It  was difticult  to 

produce tlow throu gh the resin columns conttlin ing 
samples of PF'-8# l ,  PF-8#3 and PF-20 during rinsing 
indicnting the extt'nt of degrudution .  Sediment layers 
were evident in those smnplcs and very low flow was 
obtainc�. Those samples were swirled · in dejonizeu 
water to ccmove sediment und improve now. Further 
indicntion of degradation was shown by the release of 
rudionucUdes to the soak and rinse water, as shown in 
Table 2. Tile more highly nuclide loaded samples from 
PF-8 show sAgnificant radioact ivity in the soak nnd 
rinse wu1ers (Table 2) .  That would not have occurred 
w ith  undegraded resins .  Some measurement differ
ences are noted between sumplings: these differences 

. were caused by d i ffere nt e l uti on and measurement 
techniques. 

The soak water from each of the .samples was brown 
in c o l o r  and s e d im e nt  w as obse rved i n  PF-R#  1 ,  
PF .... 8#3 , and PF-20 .  This sediment was obviously 
lighter than the resin as i t  floated to the surface . It is  
�1omcwhat difficult to speculate as t o  the composition 
o f  th is  materi al .  I t  i s  not  l i ke l y  t ha t  t he sedi ment 

Table 2.  R ad i oact iv i ty of resin Bonk ,  rin"ie and acid composite samples in first , second, and th i rd samplings 

PF-X#3 .. ·-24-h soak 11 

PF-�113�--R i m;ch 
PF--Ht/3---Acid compos i tcc 
PF-8# 1 - - - -2'�· -h soak11 
PF-8# 1 --R i ma.:h 
PFLH# l -Acid compos i tec 

PF--RI/2-24-·h sonk11 
pr.._g#2·-··R i nsch 
PF-8112--Add compositec 
PF-20-24-h soak11 
PF-20---RillSL'b 
PF-20 - -- Ac id Compositcl' 

First S ampling 
Measurement at Contact 

--- - ____ . __ __ J.r:�t.�.L _______ __ _ 

No resin sample 
No resi n  sample 
No resi n  sample 
1 ()()<I 
3S0 

800<1 

4S 
1 00 
80 
2d 
No sam ple 
�()d 

Second Smnpling 
Measurement at Contact 

(mR ) 

sod 
30d 

sood 
40d 
30d 

sood 

a. 24-·h soak used a total of 1 00 mL demineralized water. All 1 00 mL were counted. 

b .  Rinse USl'd a t otal  of ! 00 mL dem incral i'!.ed wuter. All 1 00 mL were counted . 

Third Sampling 
Measurement at Contact 

(mR) 
-·-·-------�-------·--·--

sou 
500, 1 300, 1 ood 
1 000, 1 40d 
3Scl 
200,5od 
2 1  O()d 
25 
1 0  
2300 
60d 
S00,4{)d 
290 

c. Acid compos i te used u tot al of 5 or 6 L of 1 0  pct'cent hydrolic acid, 200 mL wem counted in tl1c first sampl ing, 
500 m L were couut,ld i n  the secorx1 sampling, and 4000 and 2000 mL were counted in the third smnpling. 

d .  The res in sample was agitated to pror�1otc tlow of liquid through the stmlple .  

1 6  
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was dirt or particles of t.colite as those materials are 
more dense than o�gtmic resins, lt is possible that the 
sediment wus decomposed po!yrner material. Srunptes 
were taken from all d e i o n i zed water  soa k ,  rinse , 
decant , and e l ut ion solut i ons to l ook for sol u ble 
organic products.  

·
And while none were observed, h is 

possible 'hat this material was not water soluble and 
therefore not fou nd in any aqueous solutions, 

ASTM Tests 

Table 3 pres�nts results of thJ following ASTM test 
.pcrfortlled on u nirrndiated nnd irradiated resins from 
the third samp l i n g : ( a )  wate r retent ion c ap ac i t y, 

· (b) backwashrd nnd settl�d density, (c) salt-splitting 
capacity, and (d) total exchange capacity, 

The differences between ASTM tests perfonned on 
unitrad�ated Epic.:or, Inc . ,  rosins and PF-8# 1 .  PF-8#3 , 
pr.._20, strong acid cation resins and PFL8#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� 
s i ty ,  sa l t-spl i tt i n g capaci ty ,  and t otal  e x c h ange 
c apaci ty  de cre ased .  I ncre ase i n  water  re t e n t i on 
capacity indicates a loss in effective cross-linking, the 
amount of loss being depct�dent upon radiation dose 
(Reference 1 2) .  

It is also possible that water retention capacity has in
creased due to the increase in surface area caused by the 
extensive resin bead cracking observed in the electron 
photom icrographs .3 .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 radionuclldes (Reference 8). The decrease in salt
splitting c apacity ofthe irradiated resins is an indication 
of loss of functional groups, sulfonic acid, and accom .. 
panying l oss ofradionuclides (Reference 8). During the 
second sampling ,  a slight i ncrease in salt-splitting 
capacity was observed for PF-2 0 . 'rhis would indicate 
that PF-20 had reached the threshold needed for degra .. 
dation to begin during the second sampling (References 
2 and 12 ). Furthenn ore , the higher radiation doses to the 
PF-8# 1, and PF-8#3 resins were the cause for the de .. 
creases i n  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 .. 
t:Udes from the exchange sites . 

The ASTM pnrumetcrs for PF-8#2 show that dl ffcr� 
cnce s  between un i rrnd iuted and i rradi ated phenolic 
cat ion  resin snmples ure i ncre as ing, similar to the 
changes observed for the styrene cut ion rcshw . There 
has been a s tead y  i ncre ase in t he wate r re tent i on 
cnpacity, and u steady decrease in the totnl exchange 
cnpacity (Table 4). Tilis indicates thnt the resins ure de· 
grnding. One must be guarded in m aki.ug (!onclusions 
aboQt the phenol ic resins in these test� as the samples 
of PF-8#2 resins were unavoidably contaminated with 
styrene resins.  As m uch as 1 9% of the m as s  of the 
PF-8#2 sample was actually  styrene resin beads . 

· At the time of the thi rd sampling, all · o: the res ins 
wete showing signi ficam degradntion . Table 4 shows 
the amount of change of ASTM parametern hctwc�n the 
unirradiated and irradi ated resin samples , Tiris table 
was prepared to show a his tory of the three sampl ings 
and the amount of change in the degradat ion of a resin 
tyPe in telution to radiution dose. There is some di ffer� 
ence in the unirradi ated resin sample datn from the pre" 
vious two samplings compared with th� l ast sampl ing, 
Although the resin sample was 7 years old at the t i me 
of test ing , mo�t of the deviation in the analysis of the 
unirradi atcd resins is attribu ted to the fact that diffe rent 
analysts pcrfonned the work on the third sampling than 
did the first and s�cond sampling. TI1e AGTM procc" 
dure recognl:ro.:ed the fact thut m ulti-operator precision 
is less than that of the single operator, Although age may 
be a factor in part of the measurement di fference, the 
real significance between t he i rradiated and the unir� 
radiated resins is the difference in the ratio of uni r  .. 
radiated verse i rradi ated resin in any one smnpling . This 
difference is l argely due to degradation caused by rudl�  
ation damage . Because all of the irradiated resins and 

. unirradiated resins were tested at the same time, all of 
the samples were treuted identical ly. 'This helped elimi� 
nate variations caused by handling and experimental 
condition differences (e. g. humidity on the day that the 
water retention capacity was pcrfonned). 
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The resu l t s  o f  t hese ,an a l ys es a re g rap h i c a l l y 
presented 1n Figure 1 2  where the change in total ex� 
change capacity with incre ase in rad i at ion 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 m ore radiat ion doses. While 
there is some separation of the curves for Snmp les 
PF-8# 1 and #3 from Pf"-8 #2 (phenoli c) nnd l'F-20 , 
tile No, l and No . 2 sample curves are very close and 
all four exhibit common shapes. Primary differences in 
these duta were int roduce d  during m easurement of 
radiation doses listed in Table 1 .  



Table 3. Results of A.."TM tests on irradiated and unirradiated ion exchange resins-third samplin� 

Resin Sample 

Unirradiated Unirrarliated 
Strong PF-8#1 Strong PF-8#3 Strong PF-20 Strong Phenolic PF-8#2 Phenolic 

Acid Dtionb Acid Cation Acid Cation Acid Cation Cation Resin Cation 
ASTM Test Parameter ( o/c) (%) (%) (%) (%) (%) 

Wate:r retention 41.48 + 0.89 56.56 + 121 56.06 + 120 48.53 + L04 4536 + 0.97 52-78 + L13 - - -
capacity 

Backwashed and 0.837 + 0.01 1  Q 8 U  + 0.011 0.829 + 0.011  0.886 + 0.012 0.665 + 0J)09 0-105 + 0.()09 -
settled density 

(glmL) -
()0 

Salt-splitting 521 + 0.96 3.78 + 0.70 3.83 + 0.71 4_42 + 0.82 2.94 + 0.54 2-17 + 0.040 
capacity 
(meq!g)c 

Total exchange 628 + 0.97 3.44 + 0.53 3.64 + 056 4.77 + 0.74 6_42 + 0�99 4.65 + 0.72 - - - - -
capacity 
(meq!g)c 

a. The errms associated with the data were experimentally determined. They were calculated as the fust_ standard deviation from the mean. 

b. This unirradiated sample was tested at a different tline than the other sampies. 

c. Measured in milliequivalents 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 (firs� second, and 
third samplings) 

ASTM Test Parameter 

Ft;rst Sampling 

"&.timated radiation 
dc'se (Rad) 

Water retention 
capacity 

Backwashed and -
settled density 

Salt splitting capacity 

Total exchange 
capacity 

Second Sampling 

Estimated radiation 
dose (Rad) 

Vlater retention 
capacity 

Eackwashed and 
settled density 

Salt splitting capacity 

1btal exchange 
capacity 

PF-8#1 Strong 
Acid Cation 

6.6 X 107 

5% increase 

1 1 %  decrease 

8% decrease 

3% decrease 

9.0 X 107 

13% increase 

13% decrease 

5% decrease 

5% decrease 

PF-8#2 Phenolic 
Cation 

4.3 X 107 

1 %  increase 

6% decrease 

25% increase 

! % decrease 

6.4 X 107 

9% increase 

3% decrease 

23% increase 

6% decrease 

PF-8#3 Strong 
Acid Cation 

No sample 

No sampie 

No sample 

No sample 

No sample 

8.8 X 107 

17% increase 

19% decrease 

7% decrease 

2% decrease 

PF-20#� Strong 
Acid Cation-

5.1 x 1 07 

No change 

13% decrease 

?% decrease 

3% mcrease-

6.6 X 107 

7% increase 

!% decrease 

!% decrease 

No change 
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Table 4. (continued) 

ASTM Test Parame:er 

11lird Sampling 

R;timated radiation 
dose (Rad) 

\Vater retention 
capacity 

Bad .. "Washed and 
set"Jed density 

Sctlt splitting capacity 

Total exchange 
capacity 

PF-8# I Strong 
Acid Cation 

-

14.5 X 107 

36% increase 

3% decrease 

27% decrease 

45% decrease 

PF-8#2 Phenolic PF-8#3 Strong PF-20# I Strong 
Cation Acid Cation Acid Cation 

9.2 X 1 07 I3.5 X 107 8.7 X 1 07 · 

16% increase 35% increase 17% increase 

6% increase 1% decrease 6% increase 

26% decrease 26% decrease 15% d�crease 

27% decrease 42% decrease 24% decrease 
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Infrared Spectroscopy 

: The infrared spectroscopy performed in the .first and 
second sampling (References 3 and 4) was not used for 
the third sampling. Infrared spectroscopy is not a very 
sensitive technique for measuring small changes in a 
chemical speci�s. Thus the changes such as the loss of 
sulfonic acid groups, which have been mc.asured by 
other techniques to be on the order of a few percent of 
the total amount present, would not be readily apparent 
on the infrared S}X'.ctra. 

.Gas, Liquid, and · Supercrltlcal 
Flul.ds 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
n iques, but. the detection of at least ppm levels of 
organic material is within the capabilities of each of 
the tectmiques. 

All of the soak, pre-elution rinse solutions, and 
decant solutions were tested for organics by fU'St ex
tracting the aqueous solutior.s with hexanes and then 
analyzing the extracts w ith the various chroma
tography techniques. No detectable organic materials 
were observed in any of the chromatograp�y experi
ments. This is an indication that any organic degrada
tion products of the polystyrene divinylbenzene where 
not soluble in the deionized water solutions and hence 
not extracted into the hexanes. One can then make the 

· conclusion that organic decomposition products are 
expected to stay with the intact resin beads. 

Determination of Su lfate 

In the fust two samplings, a barium chloride precip
itation was performed to detennine the amount of sul
fate present in the soak solutions. In the third sampling, 
this technique was replaced with ICP-AES . Sulfur was 
found in the aqueous solutions taken from resin sam
ples (lt is assumed that all sulfur is in •he form of sul
fate). The fact that sulfates are present in ·substantial 
concentrations 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  
Thble 5 .  

The phenolic resins contain no sulfonic acid groups; 
therefore, the distilled water soak samples should 
show no sulfate (Reference 8). However, some sulfate 

. was detected in the phenolic sample, PF-8#2, because 
a small amount of strong acid cation was collected 
with the phenolic resin due to the proximity of these 
resins in the prefilter. 

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

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

All Aqueous Solutions 
From Resin Sample No. 

PF-8#1 

PF-8#2 

PF--8#3 

PF-20 

Unirradiate Resin 

22 

(Milligrams SO[ /100 mL Resin Sample) 

25 

4 

63 

37 

0.9 
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Scan n i ng Electron Microscopy 

The SEM ph o t om i c ro grap h  of the  unirradiatcd 
strong acid cation resin from Epicor, Inc. Js presented 
in Fi gure 1 3 .  Figures 1 4 und 1 '  arc photomicrographs 
of st rong acid cat ion resin from. the third sampling of 
PF-20. Figures 1 6 , 1 7 , and 1 8  arc photomicrographs of . 
strong ac id cation resin from Pf"'-8# 1 .  Figures 1 9  and 
20 arc photom i c rographs of strong acid cation resin 
from PF-8#3 . 

In compari son of Figures 14 and 15 with photomi
crographs t akcr1 fi'1Jfll the second s1m1pling (Reference 
4) a damaged bead can be observed where none were 
be fore . 11mt bead appear'S to contain a crater also. 11lis 
appe ars to corre l at e  wi th  the s i gnificant changes in  
degradati on observed this sampling . .  The strong acid 
cation resins from PF-8,  as in prior samplings, show a 
lot of be ad cmcki ng and breakagt� .  The type of break
age appears di fferent than one would expect for purely 
m echanical dam age. The photom icrographs Figures  
16  and 17 show several types of bead fracture similar 
to those set�n in previous examinations (References 3 
and 4). 111(.' photomicrograph o f  the PF-8#1 swnple i n  
Fig ure 1 8  s h o w s  conce n t ric rin g type cracking not 

seen before . The photomicrogr;,j)h of PF-8#3 in Fig
ure 1 9  exhibits a numbe r  o f  dam aged be ads. The bead 
shown in Figure 20 has been indented by sur1 ounding 
beadq indicating the bead structure has softer. edl The 
bead has also fractured . Few of th<.' resins indlcate a 
smooth surfltce break. M ost of the broken resin beads 
show a ridged surface o n  the frac ture pl ane (Fi g
ures 1 3 ,  1 7 , 1 8 ,  and 20). A number of dtunagcd bead 
fragments  can be seen i n  the various photomicro
graphs ,  It appears that t he beads fi rst  cnlck , then 
eventually fall into fragments. Most of  the dmnage to  
res in  be ads obse rved in  the  three  s am p l i n gs of  
EPICOR-II resins has been unusual and not relatable 
to nonnal physical damage associated with pump or 
vacuum transfer or other mechanical damage . 

The photomicrographs of PF,-8#2 arc less drum atlc. 
.The unirradiatcd phenolic resin is shown in Figure 2 1 .  
Figure 22 and 23 show the irradiated resin sample , One 
small crack can be observed in Figure 23 and this was 
the only crack observed in the phenolic resin sample . 

· The phenolic resins have a di fferent chemical back
bone structure than the strong acid cation resins which 
are styrene divinylbcnzcne, and tltercforc exhi bit a dlf
fcrent physical behavior. 

Figure 1 3. SEM pho tom icrograph of unirradiated Epicor, Inc. strong acid cation resin at 1 2  magnification. 

23 
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Figure 1 8 . SEM plwt (l l t l kru g rap l l  o f' EP I CC>R-- 1 1  s t rong ac 1 d  ca t i on res i n  s a 1 1 1 p l l' l ' F  · X II I show ing n c l mw u p  o f '  
one  unusual ly  d amaged 11l'ad  at  l ( l( ) l l l ll!'. l l l lknt i o n .  

rigun;; "i 9. .SEM pl lu iui l i kff,gi'ilph nf  EPl COR-l l  ;;; t rong add c:;t lon rc:� !n  :��::nplc PFH!!3, : l !  !5 magnificutl !m. 
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Figure 20.  S I ·: M p l lo t u t l l i c n ·� ·. rap l l  o l ' f 1 J I J CO I� ·· · l l  s t mng ac id  c a t i l l l l  n·s i n  sa r up l e  I ' F� ff3 showing one res i n  
be ad w h ic h  appl' ars t P I HI Vt' � ; l l l 't L' I ll'd and d i 1 1 1 p lcd  a t  1 00 t l \ H):� I l i l'i ca t t o t l .  

Figure 21 . SEM phot orn k mgraph of un inad i ntcd Ep i cm, I n c .  pheno l ic  cnt ion res i n  at 1 00 tll u gnl tknt i on .  
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Gamma--Ray Spectroscopy 

During the third sampling, gumma-ray spectra· 
scopy was used to dctcnnine the arnottnt of tndlonu .. 
elides present in various aqueous snmplcs. Slgniflcunt 
amounts of Cs-1 34  and Cs--1 37 were detected Jn the 
soak, rinse, nnd deount rinse solutions. Tuble 6 presents 
the amount of Cs-1 34, nnd -13'7 thnt were found in de· 
ionized water solu�lons, as well us the total Cesium 
loading for the resin samples. 

Physical Observations 

Physical observations during the third sampling 
were slmilur to those of the first and second samplings 
with more udvunccd signs of degradation in evidence. 
The styrene baoo rc.qins (PF-8# 1 ,  PF-8#3, and PF-20) 
all showed signs of stiokiooss und ngglomerotion more 
severe than the second sampling. Coring of the pre· 
filters was more difficult than either previous coring 
with rosins offering more resistance to the coring tool. 
Vac u um removal of samples fro m  the cores was 
impeded by plugging of the vacuum entrance of th'' 
tube by res ins (a new experience). Only by repeated 
rins ing of the wund wiUl deminerali1.cd water was it 
possible to continue tho process. With the ros in sum· 
ples in columns , flow could not be initiuted for the first 

rinse (vacuum assist wn� no help). The mtmples were 
each washed into u beaker nnd rinsed to remove a vis .. 
ible sediment. Tho sediment wns dtt.cuntt� off und tho 
xesins were then rotumod to tho <mlumns for elution . 
11te elution process WU.f:l then performed us plunned. 
PF-8# 1 and PF-8#3 both uppeurcd durk orungc to 
brown in color. The 7-ycHr�·oid unirrttd intcd resin WU8 
stlll a light umber color. PF-20 resin samples ulso hud 
a significant change in color (mm�Uy orungt�) . 

During corlng operutions , wuter wus 1 · \ded to the 
top of r-�:\ch prcfll tcr bed to uid in coring tool insertion. 
'I11at Witter run across the bed to enter previous core 
holes ruther than souk directly into the l)('d us would 
normully occur. Previous experience wi th EPICOR 
profll ters which had lower rudlution doses showod thut 
wntor would normully flow dlrl�<..dy into ttw bed . 

Synopsis of Resu lts 

Tublc 7 presen ts results of the vurlous mtnlyt icul 
tests performed on the irrad iu ted BPICOR�-·1 1  res in  
Ba�--:1plot�. I t  :,hou ld be noted thut results In the tublc ure 
expre..�scd in terms of differences in vul ues obtained 
from tostt; on the irmd iated EPICOR-1 1 rt-slns fwm the 
first, second ,  und  th ird sumpl ings versus the val ues 
obtained from tests on the un irrud lutod Eplcor, Inc.  
supplied resins. 

Table 6. Ccs\um meusured in aqueous solutions from roslns-Uti rd sampl ing 

All Aqueous Solutions 
____ Jowl mCI/100 mL R�l2P.ic 

From Re..'lin Snmple No. Cs- 1 34 Cs-· 1 37 Totul Cs ---- ---· 

PF-8# 1 650 74 ,089 74 , 1 39 

PF-8#2 95 1 1 , 1 83 1 1 ,278 

PF-8#3 1 14 1  1 30,242 1 3 ) ,383 

PF-20 930 108 ,21 5 109 , 1 45 
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Table 7a Synopsis of results from analysis ofEPICOR-II irradiated resin samples PF-8�1, PF-8#2, PF-8#3, and PF-20 from the �  second, and thin! 
samplingsa 

Analytical Technique 

ASTM Tests 

Water retention capacity 
Backwasbed and settled de.mity 
Salt-splitting capacity 
Total exchange capacity 

Infrared spectroscopy 

� Liquid  and Supercritical 
Huid Orromatograpby 

Ba02 precipitation for 
sulfonic acid groups 

Induction Coupled Plasma 
Atomic Emission Spectroscopy 

Scanning electron microscopy 
Observations 

VISUal observations 

Sampling 

1, 2, 3  
1,  2, 3 
1, 2, 3  
1, 2, 3 

1, 2 

1, 2, 3 

1, 2 

3 

1 

2 

3 

1 

PF-8#1 
Strong Acid Cation 

Incr/Incr/Incr 
Deer/Deer/Deer 
Decr/Decr/Decr 
Decr/Decr/Decr 

No apparent changes 
in structme 

No soluble produ::-!S 
determineG 

Sulfonic acid groups 
are being lost 

Sulfonic acid groups 
are being lost 

Resin bead cracking 

Resin bead cracking 

Resin bead cracking 

Nothing un&-ual 

Resm Sample 

PF-8#2 
Phenolic Cation 

Incr/fu...-r/Incr 
Decr/Decr/Decr 
Incr/Incr/Decr 
No cbange/Decr/Decr 

No apparent changes 
in structure 

No solubl...e products 
determined 

This resin contains 
no sulfonic acid 

Some sulfonic acid 
groups foond 

Damage on a few 
particles 

No damage noted 

Damage on one 
particle 

Contamination with 
PF--8#1 resin 

PF-8#3 
Strong Acid Cation 

No S31.ttple/IncrJlncr 
No sample/Decr/Incr 
No sampleiDecr/Decr 
No sample/Dec:riDecr 

No apparent changes 
in stmctme 

No soluble products 
tktemrined 

Sulfonic acid groups 
are being lost 

Sulfonic acid groups 
are being lost 

No sample 

Resin bead cracking 

Resin bead cracking 

No sample 

PF-20 
Strong Acid Cation 

IncrfT_ncrflncr 
Decr/Decr/Incr 
Decr/No cbange/Decr 
Incr/No cbange/Decr 

No apparent changes 
in stmctnre 

Sulfonic acid groops 
. are being lost 

Sulfonic acid groups 
are being lost 

No damage noted 

No damage noted 

Damage to one bead 

No�g mmsual 
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Table 7. (continued) 

PF--8#1 
Analytical Technique Sampling Strong Acid Cation 

2 Soak: and rinse 
solntions were 
a brown color 

3 Soak and rinse 
soiutions were 
light brown color 
with sediment 

Physical observations 1 Lack of flow 
during elution 

2 Lack of flow 
during elution 

3 Lack of flow 
during elution 

Resin Sample 

PF-8#2 
Phenolic Cation 

Soak and rinse 
solutions were 
a brown color 

Soak solution 
contained light 
brown sediment 
contamination with 
PF-8#1 resin 

Nothing unusual 

Nothing unusual 

Nothing unusual 

PF-8#3 
Strong Acid Cation 

Soak and rinse 
solutions were 
a brown color 

Soak and rinse 
solutions were 
light brown colO£ 
-with sediment 

_ No sampie 

Lack of flow 
during elution 

Lack of flow 
during elution 

PF-20 
Strong :Acid Calion 

Soak and rinse 
solutions were 
a brown color 

Soak and rinse 
solutions were 
light brown color 
with sediment 

Nothing unusual 

Nothing mmsual 

Lack of flow 
during elution 

a Results are expres...� as differences in values observed for irradiated EPICOR-ll resins versus uniiTadiate<i resins supplied by Epicor.. Inc.. 



DISCUSSION AN D CONCLUSIONS 

Severn! l m port l\nt  Htudies of ion exchange resins 
huvc been conducted ,  Including research by B attelle 
C o l u m b us L nb o ru t o ry ( B CL) t :\ , 1 4 B ro ok h n v c n  
N nti <Hlal Labomt o ry (BNL),7, 1 2, 1 5 , 1 6 und the I d aho 
National Englnccrln g  Lnborutory (INEL) (References 
3 and 4). The BCL work covered ch�lructerizution of 
BPI COR-I I pre fil ters PF-3 mul - 1 6: the B NL msenroh 
included mdintion e ffects on ion excluUlge resins , A 
more co mp lt� t c d iscussion of the findings of those 
resc urc hcrs is pre sented in Re fe rence 3 nnd u disM 
cussion comparing B CL und BNL results with those 
obtn incd nt I N EL is give n below, This section nlso 
compares the resu lts from the first and second surnM 
pl iug of EPI COR res i ns PF-8 and -20 with the results 
of the thi rd sampl ing . 

11w resu lts obtained by BNL and B CL agree with 
t he fi nd ings o f  the  I N E L  rese arch o f  EPI COR-1 1 
pre filters. The following items were found during the 
BNL ami BCL research whi ch speci t1c ally  relnte to the 
INEL work : 

• Most cut i on  resins show s ign i ficant dcgra· 
dat ion on l y  after they have rec<.• ived n rndi

at ion dose greate r thnn l ()R rnd. 

• The prim ary e ffec ts of radiat i on on ion ex
ch a n ge rc:-: i ns arc de gradat i o n  by loss  o f  
c l'fc t..: t i v c c ross-l i nki n g  o f  t h e  m uc ro .. 
m olecu lar s t nt ct ure ,  along with scission of 
ion exchange functional grot�ps. 

• The e xc h a nge c ap a c i t y  o f  i o n  exch nnge 
resins, in gene ral , decreases with incrensing 
rad iat ion dm:e. 

• In cation ion exchangers, initially there is ru1 
increase in functional groups capable of ex
change , as n resuH of radiation in the presence 
of a ir or m oisture ,  Those are phenol ic  and 
c a rb o x y l g ro up s p rod u ced us u re s u l t  of  
oxidation . 

• The initial increase in exchange sites tends to 
increase the total exchange capacity (TEC) of 
the re s i n . H o w e v e r, t h e accompany ing 
scission o f  exist ing e xchange groups often reM 
sult in n net decrease in TEC values. 

• In ge ne ra l , the s al t form s of ion exchange 
resins arc more resistlutt to radiation thM the 
H+ or OH- fonns .  

II I I� 

• Prolonged exposure of ion cxchnnge resins to 
rad i ati on i n fl o w i n g  ( d y n u rn i 1.1 )  s y st e m s  
causes more dmstic ctumges i n  their physical 
tuld chem ical properties ,thun ion exchunge 
resins irrndiuted in u stntic system. 

• R adiution-caused chem ical changes in ion 
exchange resins are a direct function o f  the 
total radiation dose absorbed by the resin. 

I N EL findings corre late w ith  fi ndings o f  other 
rese nrchers ;2 ,7J2, 1 5 , 1 6, ' 1 7  however, de gradut ion has 
been identi fied in the EPICOR-ll resins ut a lower 
totul i ntegrated radiution dose than observed preN 
v iously (6 x t o7 versus 1 08 rad) (References 2, 3 ,  and 
4). 

The first and second smnplings conf1m1 that degrn

dntion 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 PF-8 . TI1e 
lNEL study has shown that degmdation is occurring at 
n l o w e r  t o t n l  dose t han w a s  reported  i n e art i e r  
studies .2,7 , 1 2 The physical observations noted during 
the thi rd sampl ing of the cores arc cotnp llfable with 
those observed during the first mxl sacmxl sampl ings 
( i .e . ,  luck o f  'flow during initial e lution of the s trong 
acid cation resins). By the time of the thi rd sampling, 
no flow through th� col umns of rcsl11 was obtainable 
by nom1 ul grnvlty m eans, and the resins had to be 
rinsed in a beaker to remove the vis.ible sediment on 
the top of the column . The sediment w as dccmtted off 
a nd the res ins were returned to their i o n  exchange 
columns for elution. That pi'ocess w us successful l y  
completed o n  each resin sample . 
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The sonk and rinse solutions from tho initial elution 
of  the second �Uld thin! sampling had u brown discolor
ation (indicuting resin degrndntion) .  Thes�' arc the 
s mne effects observed in rosins of similar types when 
exposed to light for prolonged periods of time (pnrt icuN 
larly ultrn violet light). 1tte smne solutions during the 
first srunpling were colorless. It has been found (RefM 
erence 17) that the color of the soak s olution from irrnM 
dinted resins changes from pale yellow to deep tunbcr 
as the t'adiution dose increases .  TI1at ch1mge is consis N 

tent with the rulltlyticnl results from the first , second, 
and third smnpling. Also? the first , second, nnd third 
smnplings showed n pH of less tlum 3 .0. 

It is concluded from analysis of the t1rst, second, and 
third snmplings that the fol l ow in g  mechanisms o f  
de gradation ure occurri ng w i thin t he EPICOR-II  
strong acid cation n�sins : 
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• Loss of effective cross-linking (which could 
lead to eventual release of radionuclides if  
degradation progressed to  the total failure of  
the polymer structure), as sho·wn by the in
crease in water retention capacity, decrease in 
salt-splitting capacity, and decrease in back-

· washed and settled density. · 

• Loss of functi onal groups ( with accom
panying Joss of radionuclides), as indicated 
.by the increase in sulfate concentrations in 
the various soak, rinse and elution solutions 
and loss in saJt-splithug 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 �n the second sampling 
(Reference 4). nus could be caused by loss of 
effective cross-linking.  By the third sam
pling,. a substantial decrease in the TEC was 
obse:rved, inc;licating f.hat the radiation dose 
had exceeded the necessary dose for exten
sive degradation. 

• AU of the resins sampled are losing capacity 
to hold c.esium, the m ajor radioouclide found 
in the resin samples ,  as e videnced by the 
amount of cesium found in the soak and rinse 
solutions. 

It is also c oncl uded from analysis  of t he fi rst , 
second, and third samplings that the following mecha
nisms of d e gradation are occurring within  the 
EPICOR-11 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 settled density in
creased somewhat. 

• Oxidation of the polymer chain (which would 
reduce the tendency to release radionuclides), 
caused an increase in the s alt-spl i t ting 
capacity in the first and second sampling. By 
the time of the third sampling, degradation 
bad occurred to the point where substantia) 

change .capacity was observed. 

I liP!' 
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Previous resin studies show that degradation caused 
by internal radiation doses will be more severe than 
degradation caus.ed by externaJ irradiation, because of 
introduction of the radiation into the polymer structure 
(References 2, 7, 12, 1 5  and 1 6). The internal dose re
c.eived by the organic ion exchange resins in BPI COR
II prefil ters pp..:.g and -20 has bee n  s u fficient to 
produce significant degradation. The degradation at . 
the time of the first samp'Hng was measurable, The 
equilibrium of the polymer structure has been shifted 
towards polymer breakdown; this is substantiated by 
results of the second and third analysi8. 

One important indicator of the capability of i on ex
change media to retain radionuclides is total exchange 
capacity. The four sam ples e x amined in the INEL 
study exhibited different reactio:1s to radiation in the 
first and second sam p l i n g .  S amples PF-8# 1 and 
PF-8#3, strong. acid cation resins with the highest radi
ation dose, showed reduced total exchange capacity . 
S ample PF-8#2, the phenolic cation with a slightly 
lower dose , showed a decrease in the second sampling. 
PF-20, the stt;ongest 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 1 2. 
That sample exhibited a significant drop in exchange 
capacity in the third sampling. The results of the INEL 
study indicate that the threshold dose for the on�et of 
degradation due to internal radiation is between 5 . 1  x 
1 07 and 6.6 x 107 rads . By the time of the third sam
pling, all of the resin samples had demonstrated sub
stantial decrease in the totaJ exchange capacity. This 
ranged from 23% for the phenolic resin to 35% in the 
PF--20 strong acid cation resin. The strong acid cation 
re sins of PF-8 had a decrease in th'! 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 PF-8#1 , PF-8#3, and PF-20 
resin samples. The loss of sulfonic acid groups would 
lower the pH of the liquid in the surrounding ion ex
change m aterial as observed in previous samples and 
the th ird sampling (Table 6) .  The low-pH l i q u i d  
should be neutralized b y  the remaining unused ion ex
change material in the prefilters; That thesis is sup
ported by the measurement of residual water pH from 
the 50 pre filters which were stored at the INEL. Forty
six of those prefilters have been disposed at the com;. 
....., � .. ,...; � ·  ,-� ; C"n nf:'l•'l• fra r- : 1 : . , ,  "�� ... u ,.,nfJ'\·rrf \1! .• .-. h :  ...... ..... ,... " 
• • •  ...,. . ... . "'"" u a U'yvt.>u...� • " " a &� \.} • • '-' ..U  A ..t. ,u a a v a u 1  " ' "''""J&J..I.&Af, \ V I .I t  

and four have been disposed in the Radioactive Waste 



Management Complex at the INEL. The pH measut'Cw 
ments of residual water obtained more than three years 
after the pre filters were used were in t·he range of about 
5 to 8 as compared to 'less than 3 for soak and rinse sow 
lutions from resin san1ples. Those pH readings indicate 
that the acidic solution was being m odi.t1ed as it passed 
through the . cation and mixed bed resins in the lower 
regions of the pre filters. 

A thi�shold dose for degra,dation in EPICOR-11 ion 
exchange resins has been identified .by this work to be 
below (j X 1 07 rads. That value is SOmewhat leSS than in 
the l 08-rad accumulated dose limit recommended in 
the Technic ill Position on Waste Fonn . 1 8  The resin 
properties, which have changed due to degradation·, 
such as those examined by the ASTM methods, exhibit 
smal l  changes ( 1 0% or less, as seen in Tahles 3 and 4) 
at the threshold dose; while higher doses ( 1  08 rad and 
above)  have prod u ced m ore pronounced property 
changes.2. 1 5• 1 6  It can also be seen from the information 
in Tables 3 and 4 that different resins react differently 
at a s imi lar  dose ( comp aring s tyrene to phe n ol i c  
base resin). 

The re s u l t s  prod uced i n  th i s  study show that 
EPICOR resins definitely began losing .radionuclides 
below t os rads total radiation dose .  But the release of 
a nuclide by an exchange site does not ensure. that the 
nuclide will be releal\ed by the exchanger to the enviw 
ronment. The nuclide 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 docs delay the ultimate release of the nuclide . The 
second would be m ore permanent and would not easily 
re lease the nuclide. Such processes are probably occurw 
ring within the EPICOR-Il prefilters . The ion ex
change process is m ade possible by the fact that ion 
exchangers arc operated below the point where a pre
dctennj ned level of radionuclides begins appearing in 
the e ffluent (exchanger breakthrough). That process 
results in a number of free sites in the exchangers being 
available for recapture of any loose radionuclides. 

B oth ion exchange recapture and retention by the 
gelat inous agglomerated resin m ass will effectively 
hold the released radi onl) cl ides .  It  was positi vely 
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 bed�;_; and thus no nuclides elution or subse
quent movement could ·take place. In this study, only 
batch ri n s i n g  re s u l ted in nuc l ide rel e ases w here 
agglomerated res i ns pre dominated. The graphs of 

Figures 2 and 3 present gamma dose with beq location. 
These curves have remained essentially unchanged for 
shape and location within the prefilter over tbc three 
srunpJings, which indicates that the gamma-emitting 
radionuclides are not moving despite addition of water 
·during coring operations. 

These. analyses have assisted in detennining the ex
tent to which organic ion exchangers are degraded by 
internal radiation under conditions representative of 
actual use and storage. Degradation of 'the resins ha<; 
been related directly to total integrated radiation dose. 
This h�s aided in identifying the effects of degradation 
on release of radionuclides from the ion �xchange me
dia. The resin bed in the higher ra�iation zone is' being 
converted to an agglomerated mass , a substance with 
un�que new nuclide retention capabilities. It has been 
shown that the contained radionuclldes remain within 
the ion exchange bed. The acceptability of EPICOR-11 
prefilters 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 i n  this report . This 
study was restricted to only two types of strong acid 
cation resins, those with styrene and phenolic struc
tures. Studies should be performed on degradation of 
newer acrylic and styrene structured resins, both cation 
and anion, now used in n\)clear power stations with in
ternally and externally in-adiated 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 'oaded with such com
m only encountered radionucl ides as Cs- 1 37 and 
Co-60 to facilitate the st11dy of  nuclide retention. 
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An important aspect of irradiati on degradation of 
resins is gas generation, which occurs during that irra
diation. In particular the generation of hydrocarbons 
from the degradation of resins is infom1ation that can 
be used in planning for and regulating the disposal of 
long-tenn storage of ion exchange resins. TI1e studies 
of resin degradation could also incorporate measure
ment of gaS generation caused by irradiation. 
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