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ABSTRACTi
'

'

,

. The Low-Level Waste Data Base Developmens-EPICOR-Il Resia/LinerInvestigation '- '
,,

Program funded by the U.S. Nuclear Regulatory Commission is investigating chemical and '
physical conditions for organic ion enchange resins contained in several EPICOR-Il pie-

1,
'

Sitrs 'Ihose pseShers wore used dunas cleanup of contaminated water from the 'Three - .c
1 Mile Island Nuclear Power Station aSer the March 1979 accident.*Ihe wodt was performed, a
by EG&O Idaho, Inc. at the Idaho Engmeering laboratory. 'Ihis is the final repost of this ,

task and sununarises resuhs and analyses of thsee samplings ofion exchange resins from
pseShers PF-8 and -20. Results ase composed with baseline data from tests performed on -
uninradiated resins supplied by Epicor, lac. to decennine the extent of degradation due to the !

. high intemal radiation dose received by the organic rosas. Results also are compared with !
those of other researchers. ,
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' SUMMARY- !.

. The March 28,1979 accident at Three Mile Island supercritical fluids chromatograph, barium chloride "
i

| Unit 2 released approximately 560,000 gal of contami. - precipitation, inductively coupled plasma - atomic L
nated water io the Auxiliary and Fuel Handling emission spectroscopy, and gamma-ray spectroscopy.
Buildings. The water was decontaminated using a ' Details of test methodologies and results are described.~
three-stage demineralization system called EPICOR-

. .

11, containing organic and inorganic ion exchange me. - , | Analysis comparing test results of the first, second,' .

?p dia. De rust stage was designated the prefilter, and the J and third samplings .of resins from EPICOR-Il pre..
second and third stages were called demineralizers. filters PF-8 and -20 and unirradiated resins obtained
Fifty EPICOR-Il prefilters with high concentrations + ' fmm Epicor, Inc., show that resin degradation is con-
of radionuclides were transported to the Idaho : . tinuing in the EPICOR-Il resins examinedj he mech-
National Engineering Laboratory (INEL) for interim anism of degradation in those EPICOR ,Il prefilters is
storage before final disposal at the commercial disi - compared with earlier work and found to be consistent
posal facility in the State of Washington. During the 'with those findings. De strong acid cation resins' ,

interim storage' period at INEL, research was cone (divinylbenzene, polystyrene based structure) are . i
ducted on materials from those EPICOR-Il prefilters, losing effective cross-linking' and functional groups,1 i
This study addresses the condition of the organic lon ' as well as' experiencing a decrease in total exchangef Eq
exchange resins in those prefilters. , capacity as the absorbed radiation dose increases.'he . 1

..
phenolic cation resins (phenol-formaldehyde based '

- Resia cores were obtained from prefilters PF-8 and - structure) show a loss of effective cross-linking and 1

-20 during a first, second, and third sampling using- oxidation of the polymer chain. The analysis of thei
'

special tools developed for that purpose. Removal oil resins from the third sampling identify that very sig-f
samples from the coring tools and preparation of those . nificant degradation has occurred.

.. ,.

,

samples are discussed. A series of characterization .,;. . .
, 1.

tests were performed on the resins to detennine if deg. . While the organic ion exchange media (resins) from -
radation due to radiation had occurred during interim ' ' these EPICOR-II prefilters have ' suffered significant - >

storage. Those tests included American Society for ! physical changes,it is shown that the contained radio-1
Testing Materials (ASTM) procedures, infrared nuclides remain within the resin bed. %e acceptability . ;
spectroscopy, gas chromatography, high performance . lof EPICOR-Il prefilters for disposal in'high integrity = |

liquid chromatography, scarming electron microscopy, containess at a commercial disposal site is confirmed.:

,

;
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RADIATION DEGRADATION IN EPICOR-ll ION
EXCHANGE RESINS, FINAL REPORT a

INTRODUCTION - A

!

1he March 28,1979 accident at Three Mile Island containers at the commercial disposal site at Hanford, . j
Unit 2 released approximately 560,000 gal of con.L Washington, by identifying; (a) degradation effects on
taminated water to the Auxiliary and Pool Handling - the lorrexchange resinc caused by contained radiatice' .
Buildings.1 hat water was decontaminated using a de ' ;

. b) and possible release of contained radionuclides ;(
mineralir.ation system called EPICOR-II developed | from theion exchange resins. '

L by Epicor, Inc. The contaminated water was cycled '
,

s
,

i
through three stages of organic and inonganic ion exi
change media. The first stage of the system was desig- Depaddon s udies traditionally have been con f
noted the prefilter, and the second and third stages 1 indyextanal ,such i!

as a reactor core or Co-60.2 The gamma dose, pro-were called demineralizers. After the filtration pro '
ceas, the ion exchange media in 50 of the prefilters : vided by an external source, simulates a dose thati . '

contained radionuclides in concentrations greater than ! would be received from radionuclides retained on the : r

those established for disposal of similar materials as ' e matrix bylon ex% ska Mhf depadan !

low-level wastes. Those prefilters were transported to tion do not differ between extemal and intemal radi. '

the Idaho National Engineering Laboratory (INEL) for ation; but Reference 2 states that internal radiation |
' j<

inserim storage before final disposal. A special over- causes more extensive damage than extemal radiation,

pack, or high-integrity container, was developed penumably from such m a hge, high-
,

during that storage period for use in disposing of the . energy beta radiation.The organic resin ofEPICOR-II
4

Pre p n. ' prefilters had been contained in liners for approxi- ''

mately nine years and experienced internal radiation -

During the interim storage period at INEL, contino- des he W ad. ,

ing research was conducted by EG&G Idaho,Inc., on -
materials from those EPICOR-II prefilters, under the This report discusses the resin degradation studies +

, , , . , ,

EPICOR and Waste Research and Disposition ProJ conducted on the third samples 'of organic son ex-
gram funded by the U.S. Department of Energy - change resins removed from the EPICOR-Il prefilters .
(DOE).'Ihat work now is directed by the U.S, Nuclear (PF-8 and -20) and compves results with findings -
Regulatory Commission (NRC) as part of the Low- from studies of the first and second sampling, as de. t

,

Level Waste Data Base Development-EPICOR-Il scribed in References 3 and 4. As part of the EPICOR s
Resirvliner Investigation Program. Studies are being 'and Waste Research and Disposition Program,46 pre-:
conducted on: (a) organic lon exchange resins from filters were disposed of at a commercial disposalJ
selected prefilters and (b) corrosion-resistant behavior > facility. Four prefilters used in the NRC studies were

of the pThe resins are being examined to measurehenolic-coated steel walls of the prefilterstored in temporary storage casks outside the Hot Shop'

liners. of Test Area North Building 607 (TAN-607) at the |
degradation and tests are being performed to charac- INEL The third sampling will be the final examina :'

terize solidified ion exchange media. The degradation : tion of this study. The remaining four prefilters were ;
studies are directed to determining the acceptability of disposed at the Radioactive Waste Management -
EPICOR-II prefilters for disposal in high integrity Complex, the INEL disposal facility 5.6

.

,

P

: ,
'

.|' l

!
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1

I
| iMATERIALS AND METHODS

EPICOR-41 Profilters Naional Laboratory in New York, confirmed that this
comparative method was best suited to the analysis of
6e EPICOR-H ion exchange madals (Refmed)c

EPICOR-Il prefilter liners are 4-ft-diameter by. BothGe irradiated and unirradiated resins were ex '4-ft-high cylinders with 1/4-in.-thick bottoms asnkd using sirnHar wchniquesh msms wm pm-
(Figure 1).De liners are of welded construction using twawd so as to pm me mains in a standard fonn fw -
ASTM Type A-36 carbon steel. The intemal and ex- canpansepurp sesDn, ASW was wm used to
temal surfaces are painted with Phenoline' 386 coat; &wnn exchange capachy, &ndy, and mokum {ing. Each liner contains about 30 ft of ion exchange content, infrared spectroscopy (IR) was used to - a
media. Several types of media (i.e., cation, anion, idenMy funcdonal groups (e.g., sulfonic acid, '

mixed bed, and/or zeolite) were placed in each liner in - P enok, and quatemary anninonium) and maMx ma< jh
layers. Of the preGlters received at INEL,39 contained terial (styrene and phenol). Vapor phase chroma - qboth organic ion exchange resins and inorganic zeolite; logr8P was used to analym the rinse, soak, and acid -h
11 contained organic resins only, During the filtration rinse solutions from the AS'IM tests qualitatively for j
process, a perforated, four-branch influent manifold . styrene, divinylbenzene, or other soluble organic _ q
distributed contaminated water over the ion exchange _

species. High-performance liquid chromatography _media, while the effluent was drawn off from the bot-
was used to look for other possible soluble organic :

tom of the prefilter through a porous, muhibranched Products, The third sampling included super-critical- ;retum manifold Both manifolds are piped to a man. fluid chromatography, which should allow the de - i

ifold plate on top of the liner. A vent port ami adaptors
ucdon of snacq anoteciales @agnants of me main |for liquid-level detecton also are located on the man-
Polymer). Inductive coupled plasma-atomic emission 3ifold plate. A manway is located beside the manifold . + Mopy was used fa dNennining sulfonic aciL |plate on the top of the liner, through which ion groups and scanning electron microscopy for deter a

exchange media were loaded into the liner, Removal of
mining the physical condition of the resins. Gamma . jresins from the prefilter also was accomplished
ray 8Pectmscopy was used to determine radionuclides ;

through that manway, using coring tools,
in aqueous solutions from the third sampling. -J

hroughout this report, the following nomenclature j

applies to various sizes and configurations of materials Cor{ng j

removed from EPICOR-Il prefilters for examination: j
Resin cores were removed remotely from prefilters ' j{e Resin Core-one core removed from each PIL8 and -20 during the third coring in 1989, using ,

prefilter PF-8 and -20, using coring tools coring equipment based on a design developed at 3
ane unbus Mwatwies (BW and modiGed i

Resin Samples-104-mL volumes of resine

(w use at he % rung orga(nic resins and zeolite) were -
E8 conWngwganicmins)

removed from the cores [three samples from
andPIL20(contai

.

PF-8 (designated PF-8#1, PN8#2, and selected for the resin degradation studies because they
PF-8#3) and one from PF20 (designated are highly loaded representatives (1,400 and 2,000 Ci,
PF-20)] respectively) of the tw| types of EPICOR-II prefilters.o

.
Water was added to the top of the prefilter beds during

Aliquots-small quantities obtained from the coring to provide lubrication for the coring tools,'. i
*

resin samples, which would not enter the beds more than a few inches '
without it.Between 25 and 50 gal of water were added =

To develop baseline data for resin degradation to each bed during coring operations. The coring '
studies, unitradiated ion exchange resins repre- equipment was described in Reference 3.

- |sentative of those in the prefihers were obtained from
Epicor,Inc.The unirradiated resins were identified by !

functional group, cxchangeable species, and matrix The resin core contained layers ofion exchange me-

(e.g., sulfonic acid, strong acid cation, and styrene). dia in the same relative positions as in the prefilter bed.

They were characterized for comparison with the ne void in the coring tool above the upper level of the
resin was filled with unirradiated zeolite before lower-resins from PF-8 and-20. Studies at Brookhaven
ing the tool to the horizontal position. The zeolite filler !

prevented shifting of the resin during transport. De 1

a. Trade name of the Carboline Company coring tools were placed horizontally in separate casks
'

2
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s' and transponed from the TAN-607 Hot Shop to a hot cumulative doses to estimale the totalintegrated beta
cell at the Test Reactor Area (TRA) for gamma- dose.The calculated beta dose and the measured gam.-

acanning and removal of resin samples. : ma dose for each resin sample location are listed in
Table 1.' As would be expected, the total doses are in-
creasing with time. *Ihese final total doses have teen

-Measuring R8diation Doses in adjusted from previous values upon inclusion of the in-

th Rosin Ms f rmati n btained during the third sampling. 'Ihere :
has been no appreciable shift in these curves toward
the bottom of the bed which indicates little or no -

' movement of radionuclides through the beds,
Full-depth gross gamma scans were made in the .

prefiher resin beds after removing cores during each of
the three samplings.Those scans were used to estimate : G8mm8--SC8Dning Of Rosin -
the totalintegrated radiation dose absorbed by the res . Corgg_
ins. Measurements were made with a Victoiren Model
510 roentgen rate meter, which used an air-equivalent The full-length resin cores from PF-8 and-20 first
lonir.ation chamber radiatior. detector (Model 607) and . and second samplings were scanned in the coring tool-
associated current measuring electrometer. The task : using a Ge(LI) gamma-ray detector (whh associated

- was accomplished by remotely lowering the radiation electronics and a 0.5-in.-wide by 1.0-in.-high colli.
detector down the 2-by-3-in. holes created in the resm mator) to determine axial gross gamma activity versus ;
beds during the coring process. The averages of the
actual gamma scan measurements made during inser.
tion and tetraction of the detector at each location dur. ,

,

d

;

ing the second sampling are given in Figures 2 and 3.' a. D. E.' Martr., Calculated Cumulative Radiation -

Radiation measusements made at the elevations ofin 1 Doses to EPICOR Psefiher Resins, private communi- $]
terest were used with the calculations of maximum; cation, EG&G Idaho,Inc., April 1985.'
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Figure 2. Results of full-depth gross gamma measurements taken inside the hole created in the resin bed by the
coring of EPICOR-Il prefilter PF-8 during second sampling.
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Table 1. Calculated radiation doses to resins from EPICOR-Il prefilters PF-8 and -201 I

;

Date Prefilter Measured Activity.
. l

.

*

Removed
. at Location of Tbtal Gamma '. TotalBeta : Total ]from Service Date Resin Sample in Prefilter Radiation Dose - Radiation Dose Radiation Dose - ;

.

Sample at TM1-2 __ Cosed (R/ min) . (rad) ' (rad) (rad)

P N 8#1 18 Dec 79 4 Oct 83 23.7 4.7 x 107 1.8 'x 107 6.6 x 107
P N8#2 18 Dec 79 4 Oct 83 15.4 3.1 x 107 1.2 x 107 - 743 x 10 '
PF-20 13 March 80 11 Oct 83 -20.0 3.8 x 107 - 13 x 10 ' 5.1 x 1077

PF-8#1 18 Dec 79 10 Oct 85 21.4 6.5 x 107 ' 2.5 x 107 9.0 x 107
'

PF-8#2 18 Dec 79 10 Oct 85. 15.2 4.6 x 107 1.8 x 107 6.4 x 107
PF-8#3 18 Dec 79 10 Oct 85 203 63 x 107 2.4 x 107 8.8 x 107
P N20- 13 March 80 14 Oct 85 14.0 4.9 x 107 1,7 x 107 6.6 x 107

PF-8#1 18 Dec 79 25 May 89 21.2* 10.5 x 107 4.0 x 107 14.5 x 107
PN8#2 18 Dec 79 25 May 89 13.5* 6.7 x 107 2.6 x 107 9.2 x 107
PF-8#3 18 Dec 79 25 May 89 19.8* 9.8 x 107 3.7 x 107 13.5 x 107 -

PF-20 13 March 80 31 May 89 13.2* 6.4 x 107 23 x 107 8.7 x 107

a. Calculated from first and second sampling data.

,
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length of the core.30 The axiallocations of highest ra- to the degradation of organic lon exchange resins;;
dionuclide activity for the resin cores were determined - : therefore, only organic resin samples were removed

using those scans. Then, isotopic spectral measure- from the cores.
- ments were made at the locations of highest activity
during the first sampling from PF-20, as shown in gggg
Figure 4. There were two radionuclides having mea-
surable concentrations detected by the gamma spectral
scans, Cs-134 and Cs-137, it is noted that antimony At TRA, each resin-filled coring tool was trans-

has been found in these resins, but was not seen in the ferred from its cask into the hot cell for remote re-

spectral scan (Figure 4) due to masking by facility moval of resin samples. The shutter of the coring tool

background count. Based on that information from the was withdrawn to expose the ion exchange media-

first sampling, isotopic gamma-ray intensities for (resin). The cores of PF-8 and -20 with shutters re. ..

Cs-134 and Cs-137 were measured as a function of .
moved are pictured in Figure 7. Composite figures of

distance along the resin cores, The results for Os-137. the cores showing ion exchange media layers were
shown in Reference 3 and 4. It should be noted that *are shown in Figures 5 and 6 for PF-8 and -20 respec. , ;

tively %c resin samples were collected from or near some smearing of material from one layer into another ' ~;
occurred when each shutter was inserted and with .- ;those regions of highest radionuclide loading. How.

ever, it is noted that the PF-20 sample was not drawn. %at smearing required careful removal of the i

collected from the region in the organic resin of ; mixed surface material to expose unmixed resin near.

highest radionuclide loading (near the bottom of the ' the center of the core, for the unmixed material was the

core), but rather the sample was removed from the target for collection.-

resin adjacent to the zeolite. In that prefilter, the :colite - .
.

1

contained by far the highest concentration of radionu 7 The resin samples were' obtained from the cores, j
'

clides and thus produced an integrated dose much L . using a vacuum pump and partially water-filled
higher than that seen at the bottom of the resin core - graduated glass column (See Figure 8). One end of a
(see Figure 6). Because teolites have not been used in - ficxible rubber tube was attached near the top of the <

routine ion exchange service at commercial nuclear ' glass column and the other end was connected to a
power plants, the scope of this study has been limited vacuum pump outside the hot cell. A segment of

-i
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_
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Figure 8. Schematic of apparatus used to collect resin samples from the coring tools.

rubber tubing was attached from the top of the glass lution.* Based on that information, the radionuclides i
column to a stainless steel tube to form a wand (Fig- (cations) were eluted from the PF-8 and -20 resin
ute 8). With the vacuum pump operating, the wand samples. his technique is based on nonnal resin in.
was positioned with a master-slave manipulator over dustry regeneration procedures and will not contribute
the target resin in such a way that tic resin was drawn to degradation of the ion excharnge resins.
into the wand, thence into the column. Sample sizes of

)
I 100 mL were collected. %:ve samples weir collected As described in the previous section, samples were

,I
from the PF-8 core,Iwo styrene cation resin (PF-8#1 removed from the coring tools, drawn into a 1 in.-dia. !
and PF-8#3) and one phenolic cation resin (PF-8#2), by 18-in.-high ion exchange column containing
A sample of styrene cation resin was collected from 50 mL of deionized water (see Figure 8), and allowed = i

| PF-20. No anion resin sample was collected from to stand 24 hours in the water-filled column. Each ion |
either core tecause of the lower radionuclide content exchange column then was reconfigured, as shown in

'

of the anion exchange resin and the lower radiation Figure 9. The distilled water soak was removed |
i

dose as shown in Figures 2 and 3 (resuhing in much through the shutoff valve at the bottom of the column ' )
less degradation than in the cation exchange resins), and retained for gas, liquid and supercritical fluid i

chromatography analysis. The various chromatog.
raphy techniques were used for determining the iSample Preparation presence or soiubie organic resin degradadon prod. .

ucts. The deionized water soak was analyzed for the |
The radiation levels in the PF-8 and -20 samples presence of any functional group cornponents, such as .j

were of such intensity that work performed on those sulfonic acid, which had been dissociated from the

resins would have to have been done within a hot cell ''8In. All resin samples were rinsed two times with de- j
environment. That type of environment would have noruzed water, which was added by the pump through

.
t

made the characterization and analysis of the resin
samples very costly and time consuming. It had been
shown by tests performed at INEL on unirradiated a. R. D. Sanders, Bench Study of Batch Elution of
resins that an Epicor, Inc., resin could be stripped of CationResins,privatecommunication,EG&Oldaho, . ;

| 99% of its cations, using a 10% hydrochloric acid so- Inc.
|

| 'j
'

9

|
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F6guro 9. Schematic of apparatus used to elute radionuclides from the resin samples. !

tie tubing at the top of the column. It was very difficult Each of the liquid samples was monitored for radio- i

to get any kind of reasonable flow through the columns activity upon removal from the hot cell. Those [

contmining samples PF-8#1, PF-8#3, and PN20 so measurements were used to maintain radiological con-
,

these three samples were rinsed out of the columns and trol and also as an indication of resin degradation. |
rinsed with deionized water. The resulting solution
was decanted off of the resin samples. %c resins sam. CharacterlEst|On Of Unirradiated !

;

j ples were then returned to their respective ion ex- and Irradiated Resins-
change columns. The decant solutions were saved for
soluble organic and functional group analysis.De de* Several analytical methods are needed to charac-
tonized water rinne also was saved for chromatography serire a specific ion exchange resin. none methods in-
analysis and funcuonal group tests. clude the following:

ASTM Procedures for the Physical and*
A solution of 10% hydrochton.c acid was guimged Chemical Pranerties of Particulate ion Ex-

.

through each resin sample at a rate of 100 mL/ min' Tic Resins
( using the configuration shown in Figure 9. nat proce-

j dure continued until 60 sample volumes (the amount infrared spectroscopy (used in the first ande

determined to remove 99% of the cations) or 6 L of second senplings) -
acid were pumped through the resins. Representative
quantities of that acid rinse were collected for later Gas chromatography*

chromatography a.id functional group analysis.
Liquid chromatography*

Supercritical fluid chromatography (third !The deionized water soak, deionized water rinse. *
decant rinses, and hydrochloric acid rinse reduced the sampling only)
radionuclide coment of the resirs and made it possible ,

to remove the samples from the hot cell and perform ' Barium chloride precipitation for determina- . f*

i the analyses in a 'Iype 11 fume hood equipped with a tion of sulfonic acid groups (first and accond

high-efficiency particulate air filter on the outlet duct, sampling)
'

,

10

.

,

-. - -.- - - . .- --- -- .. . --



. ._ _

!

Inductively coupled plasma-atomic emission used for the strong acid cation and phenolic cation ex. fe

spectroscopy for the determination of change resins: !

sulforse acid groups (third sunpling) ;

* ~

Gammatsy spoetrtscopy (third sampling) j
e

.

Water retention capacity (ASTM D2187-77Scanning electron microscopy, **

Method B) ;

The above analytical methods were used to charac- !,
terire the samples from PF-8 (strong acid cation and Backwashed and settled density (ASTM ie
phenolic cation) ard PF-20 (strong acid cation) and

D2187-77 Method C) I
the unirradiated Epicot, Inc., resins (strong acid cation |
N'" I * **d ")'

Salt-splitting capacity (ASTM D2187-77 [*

ASTM Tests. ASTM procedures were used to deter. Method E)
'

mine chemical and physical conditions of the ion ex. ;

change resins. Results from analysis of irradiated Total exdiange capacity (ASTM D2187-77.. Ie
resins (from the first, accond, and third samplings) Method F). I
were compared with results froen unirradiated resins to , t

detennine if degradstion had occurred. Those results IPretreetment. The pretreatment phase of the
are presented in the "Resuhs and Interpretation" sec- ASTM procedure was used to convert ion exchange
tion of this report. The following ASTM tests * were resins to one standard form (usually the sodium form

i

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

ASTM standards ard deviations are within allowable ' formed. An ion exchange column apparatus (See ;
limits of those standards. Figure 10) was set up and the resin sample added to the

.

Elution
- . Inlet '

_ ,

Rubber

y,_y,,,,. |
' ' ' ' ' ' 's..

s -
'

To waste >

'
| i
! Mexible

lates
tubing il4 in. -

-=--- 1.In..dla. glass lon
'

exchange column
,,,

Flow N -

%

..,

-Q- E i

| Pump Masterflex verlable
supply speed pump [-.--- otass frit

'

Backwash ..,
Inlet ----*- g ,

] To waste

4 sees -

| Figure 10. Schematic of starxlard ASTM apparatus used for pretreatment of resins and backwashed and settled |
density test.
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?.

i

| *

colman. %e resin was backwashed with deionized g=e, sak-splitting capacity. he test assembly appara- j

water to remove any extraneous particles. De resin tus is depiaed in Phgwe !!. ne resin was converted to [
; was rinsed with a 10% hydrochloric acid solution to re- the hydrogen fonn by flowing 10% hydrochloric acid :
,

| nove any existing cations, converting the resin to the solution over the resin W a rate of 31 mUmin. De hy. ;

hydrogen form. From the hydrogen form, the resin was drogen form cation resin was eluted with a 50 g/L so- }
;

convened to the sodium form by rinsing with a solu- dium chloride solution at a rate of 31 ml/ min. The !

tion of 100 g of sodium chloride per liter of deionized cluted sodium chloride solution was titrated with |
water at a rate of 31 mIJmin for I hour. ne resin was standard 0.10 N sodium hydroxide solution to deter.

,

thenin a stardard form for analysis. mine the amodt of bydropn ex&anpd in the clution
pmcess. The test was performed in triplicate ami the
''''**''''#

Wakr Metention Capselty. Testing of ion ex.
change resins for wster setention capacity indicates the
porosity of the resia. De porosity of a resin is depen- 7,get greinenge Capac#y. De total exchange
dent on the amount of e(feetive cross-linidng. The capacity test is used to determine exchange capacity of

,higher the water retention capacity, the lower the cation ion exchange resins that contain functional -
effective cross-linking, in the case of the PF-8 and . groups in addition to, or diNennt from, sulfonic acid

-j

-20 mains, the water netention capacity is an indication functional groups. A decrease in total exchange ca- {of the amount of divinylbenzene cross-linking for the pacity indicates the loss of functional groups and sub. -

strong acid resins. %at relationship cannot be quanti- sequent loss of radionuclides. Different functional
fled because of the proprietary netwe of the EPICOR- groups include phenolic, carboxylic acid, and phos- !

j II seeins. Some loss of effective cross-linking occurs phonic acid, The apparatus shown in Figure 11 was
| before the release of radionuclides.12The test c n- assembled, and a 10% bydmchloric acid solution was
'

sisted of drying known amounts of pretreated PF-8 eluted through the resin to convert it to the hydrogen l
i and -20 styrene and phenolic cation resins in an oven form. ne resin was transioned to a separate flank con- '

at i10 + 5'C for a minimum of I8 + 2 hours. The taining 200 mL of standard 0.10 N nodium hydroxide-

differeices in weights before and after drying wem solution, De solution also contasied 50 g of sodium i'

used to calculate the water retention capacity, %c test chloride per 1, De resin was allowed to equilibrate in
was performed in triplicate, and the average was the solution for a inialmum of 16 hours. An aliquot of ;
calculated. the solution was collected and titrated with standard

| 0.10 N hydrochloric acid solutiott he adsorp6on of
;

'

Sackneehed and Sehd M. De bad- hydro'iide ion by the resin in the psesence of sodium

washed and settled density test wan developed to deter- chloride is propordonal to the total exchange capacity. ]
mine changes in effective cross-linking between new e test was performed in inplicate, and the average I

.

g g* i
and used resins. De density is duectly proponianal to

{the amount of effective cross-linking in the tenirL As
|

previously noted, some loss of effective cross-linking
occurs before radionuclides are released (Reference

intrared Spectroscopy, Infrared spectroecopy

12), The test consisted of backwashing a known (IR) involves identifying the rotational ami vibrational

amount of resin with deionized water for 10 min. The
motion of atoms in a molecule induced by infrared

resin was allowed to settle and the volume was re- radiation. The multiplicity of vibrations occurring

corded, nen, the density was calculated based on a ly odes dighly complex *sorpdon

known weight of msin in grams to a known volume of spectrum. The spectrum is uniquely characteristic of

water in milliliters. The test Was performed in tripli- the functional groups comprising the molecules and |

case and the average was calculated.
the overall configuration of the atoms within a !
molecule. Infrared spectroscopy can therefore be used |

to positively idemify a pure organic molecule,IR was - :
'

self-spitfting Capacity. The salt-splitting used to determine if the styrene and phenolic cation
capacity test is designed to show only the number of resins in PF-8 and -20 were the same as the unitra. ;

sulfonic acid groups contained in a cation ion ex- diated styrene cation and phenolic cation resins ob- 1

change resin. A decrease in sall-splitting capacity tained from Epicor,Inc. IR spectra of the unitradiated
would show a loss of functional sulfonic acid groups. Epicor, Inc. resins were compared with IR spectra j
De loss of sulfonic acid groups would allow the re- from PILS and -20 resins to detennine if any major |

lease of those radionuclides tied to those functional changes in molecular structure of the PF-8 and -20
groups. Phenolic, carboxylic acid, and phosphonic resins had occurred because of the high internal
acid functional groups also will exhibit, to some de- radiation dose. Changes can be seen by a shift in peak

12
i
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Figure 11. Schematic of standard ASTM apparatus for determining salt splitting and total exchange
capabilities.

location or major decrease in intensity. A change in helium. 'the column is contained in a temperature pre-
molecular structure would indicate scission of the grammable oven. '!he GC column has an insert pading
polymer backbone and eventual release of material coated with a nonvolatile compound.The var.
radionuclides. ious components in a mixture are separated by their -

different solubilities or afnnities for the coating on the

The resin samples were dried at il0*C to remove pac ng ma al. pure compwn s are deuced

excess moisture and ground in a poreclain mortar and mquentinHy at W end ofik cohnnn. For organic
m8krial8 * Ran oniE8tiondeWClor18tyP aHyund.kpestle to a sire of less than 80 mesh. Then,10 mg of ,

resin were added to 100 mg of dried potassium
bromide (KBr) and placed in a pellet press. A com. OC columns used in the EPICOR-il iesin samples

wem 1) A l/8-in.-O.D. by 6-A-long column contain-
pressive force was applied to the pellet press and a
pellet containing the resin was obtained for IR ing 0.34% tetranitronuorenone as a stationary phase i

j scanning. The KBr pellet was placed into the sample
on Carbopack C,2) A I/4-in.-O.D. by 6-ft-long

. beam of a Perkin Elmer Model I430 infrared column containing 1.0% SP-1240DA on Supelcoport,

l spectrophotometer and an IR spectrum was obtained.
and 3) A 0.52wnm-1.D. by 30-m-long bonded phase

L Results of IR analysis are presented in References 3
methyl phenyl silicon column (J. W, Scientinc DB-5).

and 4.
The aliquois chosen for GC analysis were the dis-

! titled water soak and rinse solutions from the resin
Gas Chrometography. Gas chromatography (GC) samples. All solutions from resin samples were pre.
is a technique where volatile mixtures of compounds pared for analysis by extraction with a nnnaqueous sol-
can be separated into pure compounds and detected . vent of either dichloromethane or hexane. The
separately,1his is performed by vaporir.ing a mixture extraction allows water leachable organic analytes to
in a heated injectinn port and then sweeping the gases be extracted into the organic phase thus affecting the

j into a OC column by using an iner: carrier gas such as separation of organic material from the highly. i

13
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) radioactive aqueous solutions. Pekin Elmer sigma 18 cause an incsease in the sultam concentadon of the de- t

i and113 gas Gui "W aquipped with flame non- ionised water soak and rinse saludons taken imm sem-

3
instion detectors were used. Typical OC chmmato- pies PF-4 and -20 soong acid cadon resins,
grams are presented in References 3 and 4.

A 25 mL aliquot was mnoved from each saludon

Llquid Chromet00rephy. High-performance and transferred to a graduated cylinder. Enough - ,
4

barium chloride was added to the solution in the (i liquid chromatography (HPLC) is a technique by
which a liquid or solid o'Sanic soluble mixture is sepa- graduated cylinder to ensure an excess amount. De {

rated into its individual components by differences in contents d de cylinder wem agined and albmed to !

afnnides W de compononu wwsd daher de Hquid stand a minimum of 3 min. A portion c(the soludon j

(mobile phase) or the functional groups on the stadon. I'O'n de gradamed cylinder wm transformd to a lam {

ary phase of a separmor column. Por the EPICOR-!! (pas leng6) pdyetyleen maple cell and pleosd imo j'

samples, a 154m C-18 (octodecyldimethylsilyl) a visible m - r : set aa wawlageof 420 ;i

column was used. De mobile phase was a mixture of nm. De abaptim valum W de admin wm ok
t acetonitrile and water. All solutions from resin sam, mind and comped wie absmpdm value of sun- t

dard sulfate solutions. Results of those tests are - )! pies were prepared for analysis by assacdon with non,
aqueous solvent of either dichloromethane or hexane, reponedin References 3 and4 {

iAliquois of the ertracts of the soak and rinse solutions
from PF-4 and -20 were lejected into a Kratos HPLC, inductively Coupled Plaeme - Alemte Smle- |
using a UV-VISIBLE detector, and HP14 chromato, slon Spectroscopy Mhe DelennineHon of - ,

Sulfur (ICP-ASS). ICP-AES was used in the third| grams were obtained. Typical HPLC de "w".s
: are presemed in References 3 and 4. sampling for the measurement of lost sulfonic acid |

groups imm the strong send cadon samples. ICP-ABS i
'

is a technique based on the measurement of light :
Supercritical Fluide Chromatograph Super- emitted from excited atoms and ions in a plasma. A so- )
critical fluid chromatograph (SPC) was also used in lution to be analysed is nebulined into the spray cham-

I

the third sampling. This is a chromatography tech- be d de ample imrodedon sysem W h ICP-ABS. i
nique in which the mobile phase has been raised above Some of this solution goes through a plasma torch :,

I its critical temperature and pressure. At this point, where the sample is desolvated, stomised, and (for
'

called the critical point, the mobile phase is neither a
some denema) bdaal. Qumr sheH obcuens em ens

gas nor a liquid, but has properties of each. Separations cited by the high-temperature plasma and when these *

are made based on the different solubilities of analyes exclied atoms and ions decay back to the ground state - ,

by changing the density of the mobile phase. %is tech- durode codigurmion dry ant pWp's dradiadon
3nique lends itself well for thermally labile compounds chameteristic of the elements that are contained in the

and larger molecular weight polymeric materials, amph.nis Hght is apumed by wavdages b dm
' I

;

which cannot be run using other chromatography ,,oeg,, mor ssdon d de hauumat and domend
techniques. All soludons imm resin samples were p* by a photomultiplier tube. The amount of light de-
pared for analysis by extraction with nonaqueous sol- aced is direcdy prepardonal e de conomunion d i

vent of either dichloromethane or hexane. Extracted gg ,,3y, g g,,g,g,' ;

liquid samples for the EPICOR-!! resins were i

analyzed using a 10-m SB-Phonyl-50,100 micron ID, This technique was used to measure sulfur in soak,
0.25 micron film thickness capillary column. Carbon deionized was rina, and dudon adadons d du resh
dion!de was used as the mobile phase and an isother- samples. Sulfur detected in these samples will be in the

'

mal (100*C) pressure program was run starting at 100 form M suWme, which originates imm the loss of the j
atm. and going to 375 atm. m a rate of 5 atm/ min.The sdfonc sid groups on me suong wid cadon tuins.

'

resuhs of SPC are included in the "Results and Inter * By combining the amount of sulfur found in all solu-
*

pretation"secdon d the repwt. tions that contacted each particular resin type, it is 1

possible to get an idea of the total sulfonic acid group i

Sertum Chloride Precipitetton for Determine- loss per resin sample. His information is combined in j
Hon of Suttonic Acid Groups. It has been shown a table in the "Results and lmerpretation" section of
that the EPICOR-!! cation resins are sulfonic acid, this publication.
divinylbenzene, styrene type resins (Reference 8). The
high intemal radiation done received by those resins Scanning Electran I lloroscopy. In order to deter- i

could cause loss of the functional groups (sulfonic mine physi ~.1 conditions of resin samples from PF-4

acid) and release of radionuclides tied to the lost func. and -20, scanning electron microscope (SEM) photo-
tional groups. The loss of functional groups would micrographs were obtained of the resins at different

14
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magni &miina levels. De M% allowed pies). SEM W'%.,,l.; were obtained of the - ,

eneminadan of the resins for cracks, head bseakage, mains and me includedin cds sport.
bend softening, agglomeradon, and so forth Most,

types of physical damage of the resias would not allow Gemme4ey Spectroscopy. Oamma-ray spec.
the release of radionuclides, but the salent of resin eroscopy was used in the third sampling to doestmine
degradation can be estimated. Random specimens the toent new==' of Co-1M and Co-137 prenant in the

'

were entracted from the resin samples aber radions- resin samples. Osnma rey spectroscopy is based on
clide slution. photomicrographs were made of ends the sneasurement of the characteriode energy of the
specimens and interesdag features were omsnined gemena rays produced during redinactive decay Each

I more closely.De F= '=w' peessated in this isotope ernits gamma rays with specific energies. By
report and References 3 and 4 apresent typical dam- using a energy dispersive detector it is possible to
age observed. identify the species of radioacdve inaeerial. And by

calibradon using a 4 ' '" semplegeometry, itis
.

possible to perfona quantiassive analysis.
De irradiaind resin samples imm ihe dded sampling1

4
were attached to an SEM planchet by placing a unau An aliquot of each of the soak, rinse and eludon
aliquot of she resin heads on a wet coat of conducdve samples were subadaed to the Radianon Measurement
carbon paint. Dis allowed for conducenace of she eloc- Laboratory for counting. De results of eds analysis
trens from the samples and no gold spottering was are presented in the "Results and laterpretation"
found necessary (as was perfonned wkh previous sam. section of this repost.

I

'

L

L
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RESULTS ANDINTERPRETATION ,

he uninadiated resim showed no apparent change produce flow through the resin columns containing ,

from previous analyses (Refetences 3,4 and 8), samples of PFL8#1, PF-8#3 and PF-20 during rinaios
'

'

Because of the age (7 years old) of the unirradiated indicating the extent of degradation. Sediment layers }
tcsins, they might be expected to show some degrada- were evident in those samples and very low flow was
tion due to aging. %e irradiated resins from PF-8 and obtained. Those samples were swirled in deionized j
~20 also would be expected to show some degradation water to remove sediment and improve flow. Further i

due to age (9 years old).2.14he unirradiated resins indication of degradation was shown by the release of I

showed little or no degradation because of age; there- radionuclides to the soak and rinse water, as shown in I

fore,in this study, any degradation of the irradiated Thble 2. De more highly nuclide loaded samples from )
resins was presumably from radiation damage and not PF-8 show significant radioactivity in the soak and j
from other causes. Other causes of degradation would rinse waters (Table 2). nat would not have occurred |

be luuxiling/ mechanical damage and freezing. A re- with undegraded resins. Some measurement differ. |
view of the history of prefilters PF-8 and-20 shows ences are noted between samplings; these differences i

that the ion exchange media were exposed to sub- were caused by different elution and measurement
freezing temperatures while stored at the INEL How- techniques,
ever, examinations, using the unirradiated resins to
detemiire freezing damage, have shown that rume has - De soak water frorn each of the samples was brown j
occurred. Also, handling was held to a minimum; as a in color and sediment was observed in PF-8#1 ,

result, damage should have been minimal. PFL8#3. and PF-20. His sediment was obviously (

lighter than the resin as it floated to the surface. It is |
During sample preparation, the resins were soaked somewhat difficuh to speculate as to the composition '

arxl then rinsed in deionized water, it was difficult to of this material,it is not likely that the sediment
!

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

i

First Sampling Second Sampling Third Sampling
Measurement at Contact . Measurement at Contact Measurenwnt at Contact i

Sampic (mR) (mR) (mR) '
*

PIL8#3-24-h soak * No resin sample 50d 50d
d '

No resin sampic 30dPIL8#3-Rinsed 500,1300,100 _
PIL8#3-.-Acid composite' No resin sample -500d 1000,140d

PIL8#l-24-h soak * 100d 40d 35d

PF-8#1-Rinsch 35d 30d 200,50d

PF-8#1-Acid composite' 800d 500d 2100d *

PF-8#2-24-h soak * 45 5 25
PF-8#2-Rinseb 100 6 10:

PF-20-24-h soaka 2d 25d
~ 2300PIL8#2-Acid composite' 80 35
6(PI

8No sample 15d 500,4(1PIL20-Rinseb
PIL20-Acid Composite * 80d 35d 290

e

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

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

i

I

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

d. Tte resin sample was agitated to promote flow ofliquid through the sample.

16 i
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was dirt or particles of acclite as those mMerials are The ASTM parameters for PF-8#2 show that differ- !
Imose dense than organic resins. It is possible that the ences between unirradiated and irradiated phenolic

medament was decomposed polymer material. Samples cation resin sampics are increasing, similar to the . i

were taken from all deionized water soak, rinse, changes observed for the styrere cation resins 'Ihere t

i decant, and elution solutions to look for soluble has been a steady increase in the water retention .
{

organic products. And while none were observed,it is capacity, and a steady decrease in the total exchange j

possible that this material was not water soluble and capacity (Table 4). This indicates that the resins are de- ,

therefore not found in any aqueous solutions, grading. One must be guarded in making conclusions
,

about the phenolic resins in these tests as the samples

| ASTM Tests of PF-8#2 resins were unavoidabiy coniaminaied with :
styrene resins. As much as 19% of the mass of the i

Table 3 preseras results of the following ASTM test PF-8#2 sample was actually styrene resin beads; j

perfonned on unirradiated and irradiated resins from
the third sampling:(a) water retention capacity, !

L (b)backwashed and settled density (c) salt-splitting At the time of the third sampling, all of the resins |

| capacity, and (d) total exchange capacity. were showing significant degradation. Thble 4 shows '

the amount of chwge of ASTM parameters between the
i 1he diNerefres between ASTM testa performed on unirradiated and irradiated resin samples. This table

'

unitradiated Epicor, Inc., resins and PF8#1, PF-8#3, . was p= pared to show a history of the three samplings
PF-20, strong acid cation resins and PF8#2 phenolic and the amount of change in the degradation of a resin

resin from the third sampling are presented in Table 4. type in relation to radiation dose.There is some differ.
The diffesences were calculated using measured data . ence in the ururradiated resin sample data from the pre.

shown in Table 3. The results show that resin samples vious two samplings compaied with the last sampling.' ;
'

receiving more radiation dose exhibit greater changes Although the resin sample was 7 years old at the time
in measured properties. Water retention capacities in. of testing, most of the deviation in the analysis of the
creased with dose; while backwasted and settled den. unitradiated resins is attributed to the fact that different
sity, sall-splitting capacity, and total exchange analysts performed the work on the third sampling shan
capacity decreased increase in water retention did the first and second sampling. The ASTM proce. - ,

capacity indicates a loss in e ffective cross-linking, the dure recognized the fact that multi-operator precision
amount ofloss being dependent upon radiation dose is less than that of the single operator. Although age msy I

(Reference 12). be a factor in part of the measurement difference, the
real significance between the irradiated and tie unir-

It is also possible that water retention capacity has in- radiated resins is the difference in the ratio of unir-
creased due to the increanc in surface area caused by the radiated verse irradiated resinin any one sampling.This ;

extensive resin bend cracking observed in the electron difference is largely due to degradation caused by radi. ,

photomicrographs.M A decrease in backwash and ation damage. Because all of the irradiated resins and (
settled density also is an indirect indication of loss of unitradiated resins were tested at the same time, all of ' '

efrective cross-linking, which can lead to eventualloss the samples were treated identically.This helped climi.
,

of radionuclides (Reference 8). The decrease in salt- nate variations caused by handling and experimental
'

splitting capacity of the irradiated resins is an indication condition differences (e.g. humidity on the day that the .

of loss of functional groups, sulfonic acid, and accom- water retention capacity was performed). . i

panying loss of radionuclides (Reference 8). During the
second sampling, a slight increase in salt-splitting
emcity was observed for PN20. This would indicate The results of these analyses are graphicall) .

Gat PF-20 had reached the threshold needed for de gra- presented in Figure 12 where the change in total ex-
dation to begin during the second sampling (References change capacity with increase in radiation dose is -
2 and 12). Furtherm ore, the higher radiation dones to the presented. Probably the most important characteristic
PF-8#1, and PF-8#3 resins were the cause for the de- ofion exchange media is total exchange capacity. This ;

creases in total exchange capacities as the radiation figure shows the marked decrease in exchange capac.
damage exceeds the contribution from oxidation. lt was ity as the resins received more radiation doses. While
found in the review of Re ference 2 that oxidation of the there is some separation of the curves for Samples;
polymer chain will cause an initial increase in total ex- PF-8#1 and #3 from PF-8 #2 (phenolic) and PF-20,
change capacity followed by a decrease as the radiation the No. I and No. 2 sample curves are very close and ;

(- damage exceeds that contribution. The decrease in total all four exhibit common shapes. Primary differences in
'

exchange capacity should result in the loss of radionu. these data were introduced during measurement of -
clides from the exchange sites. radiation doseslisted in Table 1.

.. !
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Table 3. Resuks of ASTM tests on irradiated and unirradiased ion exchange m. C./semphng"

Resin Sample

Unirradiated UnirradM
Strong PM#15trong PF-8#3 5trong FF-20 Strong Phenohe PF-8#2 Phenohc

Acid Cationb Acid Cation Acid Cation Acid Canon Canon Ecsin Canon i

ASTM Test Parameter ( %) (%) (%) (%) (%) (%)

Water retention 41.48 _+ 0.89 56.56 _+ 1.21 56.06 _+ 1.20 48.53 _+ 1.04 45.36 _+ 0.97 52.78 _+ 1.13.

capacny
_

Backwashed and 0.837 _+ 0.011 ' 0.812 _+ 0.011 0.829 _+ 0.011 0.886 _+ 0.012 0.665 _+ 0.009 0.705 _+ 0.009

(g/mL)
E '

Sak-splitting 5.21 + 0.96 ' 3.78 + 0.70 3.83 + 0.71 4.42 + 0.82 2.94 + 0.54 2.17 + 0.080 ,

capacay !

(meq/gf.

Totalexchange 6.28 + 0.97 3.44 + 0.53 3.64 + 0.56 4.77 + 0.74 6.42 + 0.99 - 4.65 + 0.72
capacay

_

(meq/gf

5 i

a. ne errors associaeed with the data werew. .~. -y Dey were calculated as the first standant deviation from the mean.

b.This omrradiated sample was tested at a different time than the other samples.

c. Measured in milliequivalents per gram of dry resin. . :

,

w

i
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Tatdo 4. ASTM test p- .a. changes of PF-8 and -20 strong acid cation resins versus unstrachased Epicor.Inc., strong acid cation resin (first.second, and
third samplings)

PF-8#1 Strong PIW Phenclic PF-8#3 Strong PF-20#1 Strong
,

ASTM Test Parameter Acid Cation Cation Acid Cation acid Catmn
,

First Sampling

7
Estimated radiation 6.6 x 10 4.3 x 1077 No sample 5.1 x 10
dose (Rad)

Water retention 5% increase 1% increase No sample No change

capacity
,

Backwashed and ll% decrease 6% decrease Nosample 13% decrease

settled density

Salt splitting capacity 8% decrease 25% increase No sampic 7% decrease
~

c
Totalexchange 3% decrease 1% decrease No sampic 3% increase

capacity

D'..
Second Sampling .

7 7 7 7
Estimated radiation 9.0 x 10 6.4 x 10 8.8 x 10 6.6 x 10

dose (Rad)
!

Water reternion 13% increase 9% increase 17% increase . 7% increase

capacity

Backwashed and 13% decrease 3% decrease 19% decrease 1% decrease

settled density

Sak splitting capacity 5% decrease 23% increase 7% decrease 1 % decrease

Totalexchange 5% decrease 6% decrease 2% decrease Nochange

capacity
I

i

|

1
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| Tatde 4. (continued)

PF-8#1 Strong FF-8#2 Phenolic PF-8#3 Strong PF-20#I Strong
ASTM Test Parameter Acid Cation Cation Acid Cation Acid Cation

j. Third Sampling

Estimated radiation 143 x 107 9.2 x 107 7135 x 10 ' 8.7 x 107
dose (Rad)

Water retention 36% increase 16% increase 35% increase 17%increme
capacity

Backwashed and 3% decrease 6% increase - 1% decease 6% increase
7 settled density

Sak splitting capacity 27% decrease 26% decrease 26% decrease 15% decrease

Totalexchange . 45% decrease 27% decrease 42% decrease 24% decreasey

capacky

.

a

w

"w
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infrared Spectroscopy Determination of SuNate

'n De infreed spectroscopy performed in the first and in the first Iwo samplings, a barium chloride precip-'

second sampling (Refesences 3 and 4) was not used for halon was puformed to determine the amount of sul-
the third sampling. Infrared spaceoscopy is not a very fase present in the soak soludons. In the third sampling,
sensitive technique for measuring sman changes in a this technique was replaced with lCP-AES. Sulfw was
chemical species. Dus the changes such as the loss of found in the aqueous solutions taken from resin aam-
sulfonic acid groups, which have been measwed bY pies (it is assuned that all sulfw is in the form of sul-
other techniques to be on the order of a few percent of fase). De fact that sulfsses are present in substantial
the total amount present, would not be readily apparent concordradoes demonstrates that the strong acid cedon
on theinfrared spectra- resins are losing functional groups that se responsible

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

we 5.Fluids Chromatography

. All the chromatography methods are accepted De phemlic resins catain no sulfonic acid grups;

techniques for detection and analysis of organic therefore, the distilled water soak samples should

: muerials. Each of die Walques have seengths and show no sulfate (Reference 8). However, some sulfate

weaknesses,but when combined, as was done for these . was detected in the phenolic sample, PF-8#2, because

resin analyses, they become a very powerful set of a small amount of strong acid cation was collected

techniques that could detect most organic material with the phenolic resin due to the proximity of these

present. The sensitivities very for each of the tech. resinsin the preniter.

! niques, but the detection of at least ppm levels of
| organic material is within the capabilities of each of it is difficult to determine any trend in sulfonic acid

the techniques, group loss from previous samplings because the actual -
conditions under which the samples were obtained

All of the soak, pre-elution rinse solutions, and changed significantly from the first to the third sem-
decant solutions were tested for organics by flest ex. pling. For example, during processing of the third sam-
tracting the aqueous solutions with hexanos and then pling,it was very difficult to get any of the soak water
analyzing the extracts with the various chromai through the column when the columns flowed rela-
tography techniques. No detectable organic materials tively well in the first sampling. Also, water added to
were observed in any of the cis - "M,y experi- the prefiher beds during resin coring could have dis-
monts. nis is an indicadon that any (vgenic degrada- placed some sulfates. De total sulfur lost from the
tion products of the polystyrene divinylbenzene where resins was determined in the third sampling by sum-
not sobble in the deionized water saludans and hence ming up all of the sulfw present from all of the soak,
not e .tracted into the hexanes. One can then make the rinse, and clution solution ICP-AES analyses -
coNlusion that organic decomposition products are Measwoments of pH were taken of all solutlores and in
erpected to stay with the intact resin heads, allcases they wereless than 3.

' able 8. Sulfate determined in aqueous solutions from resins by inductively coupled plasma-atomic emission
spectroscopy, third sampling

All Aqueous Solutions
From Resin Sample No. (Milligrams SOP /100 mL Resin Sample)

,

PF-8#1 25

PF-8#2 4

PF-8#3 63

PF-20 37

Unitradute Resin 0,9

22
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Scanning Electron Microscopy taen befae. N P aamicrosraP of PF-8#3 in Fig- |h h

we 19 exhibits a number of damaged beads. The bead
shown in Figure 20 has been indented by surrounding !

The SEM photomicrograph of the unirradiated beads indicating the bead structure has softened. Die Istrong acid cation resin from Epicor,Inc.,is presented tead has also fractmed. Few of the resins indicate a
in Figure 13. Figures 14 and 15 are photomicmgraphs smooth surface break. Most of the broken resin beads
of strong acid cation resin from tie third sampling of show a ridged surface on the fracture plane (Fig- |
PN20. Figures 16,17, and 18 are photomicrographs of uses 13,17,18, and 20). A number of damaged tend

'

strong acid cation resin from PF-8#1. Figures 19 and fragments can be seen in the various photomicro- |
20 are photomicrographs of strong acid cation resin graphs. It appears that the beads first crack, then ;

imen PF-8#3. eventually fall into fragments. Most of the damage to ]
resin beads observed in the three samplings of J

In companson of Figures 14 and l$ with photomi. EPICOR-II resins has teen unusual and not relatable l

crograplu taken frorn de second sampling (Reference to normal physkal damage associated with pump or |
4) a damaged bead can te observed where tunne were vacuum transfer or other mechanical damage. I

before. Diat bend appears to contain a crater also. This
appears to correlate with the significant changes in ;

degradation observed this sampling. The strong acid The photomicrographs of PF-8#2 are less dramatic. I

cation resias from PF8, as in prior samplings, show a The unstradiased phenolic resin is shown in Figwe 21.
lot of bead cracking and breakage. The type of tweak- Figure 22 and 23 show the irradiated resin sample. One
age appears different than one would expect for purely small crack can be observed in Figure 23 and this was
mechanical damage. The pixitomicrographs Figures the only crack observed in the phenolic resin aample.
16 and 17 show several types of bead fracture similar The phenolic resins have a different chemical back-

, to those seen in previous examinations (References 3 bone atmeture than the strong acid cation resins which

| arul 4) The photomicrograph of the PF-8#1 sample in are styrene divinylbensene, and therefose exhibit a dif-
Figure 18 shows concentric ring type cracking not ferent physical behavior.

~

':|cp yp. , , [ \

_

| y . . --

E ~
-

. q

. Q"
-

[ -
~

- r
'

,

5 . ."4

.
'!~ - 'j' ^

.
.- ': - - i

'

; ' ... N ,- ; . g , J,a. ..y'

Y N [ g ,~ K'. ~ : .
9

I. ~ ght g} ..

~~

- ~ - . W , w y

| i
~

~f
'

...

~ A &;L 3 ] e / ; 9~ ' w -ye -

.

. . , .a .

. . ,.

|
|

Figure 13. SEM photornicrograph of unitradiated Epicor, Inc. strong acid cation resin at 12 magni 6 cation.
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Figure 15. SEM photomicrograph of EPICOR-Il strong acid cation resin sample PF-20, showing a closeup of
a damaged resin bead at 100 magnification.
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showing rmmerous damaged resin beads.
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one unusually damaged bead at 100 magnification.
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Figure 20. SEM photomicrograph of EPICOR-II strong acid cation resin sample PPB #3 showing one sesin
bead which appears to have softened and dimpled at 100 magnification.
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Figure 21. SEM photomicrograph of unirradiated Epicor, Inc. phenolic cation resin at 100 magnification.
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Figure 22. SEM photomicrograph of EPICOR-Il phenolic cation main sample PP8#2 at 18 magnifwation.
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Figure 23. SEM photomicrograph of EPICOR-Il phenolic cation resin sample PF8#2, showing a closeup of
one cracked resin particle at 50 magnification.
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gggggga R5,gy y rinne (vacuan assist was no help). The anmplac wme
each washed isso a boeker and rinsed to remove a *is-
ible sediment. The sediment was decanted off and 96.During the third sampling, gesuna-ray spectro.
resins wme then returned to the columns for elution.scopy was und a dormine es annum of radiono-
1he slution process was then performed as planned.

clides present in various aqueous semples. Significaat PF-8#1 and PF-4#3 both appeared dark orange to
amounts of Co-lM and Co-137 were detected in the brown la color. The 7-year-old unirrahated resin was :
sank, rinse, and decent rinae soludons.1hble 6 presents adH a Eght unbw color. PF-20 resin @ also hM
the amount of Cs-134, and -137 that were found in de-

a significam change in color (moody wage).ionised water solutions, as well as the total Cesium
loading fw he ruin samples.

During caring operations, water was added to the
top of each profilter bed to and in coring tool insertion.

Physical Observations that war ran across me bed io man previon core
holes rather than soak directly into the bed as would -

Physical observadons during the third sampling ammaHy mur. Mm ex@nce wie MN>

wwe simuer io mose of me firm and moond mapiings 8"fuins which ied iown radiadon does sewed ont
wie mese Mvance signs Wdegradadon in evidence, weder would normally flow duecdy into the bed.

The styrene base resins (PP-4#1, PF-4#3, and PF-20) l
au showed sigmof -.daggimnm. don mom Synopsis of Results
=vm. man me second ampung. Coring of om pm. 1
(Diers was more difficult than either previous caring Table 7 presents results of the various analytical
with resins offering more resistance to the coring tool, tests performed on the irradiated EPICOR-Il resin
Vacuum removal of samples from the cores was samples. It should be noted that reauks in the table are

_

impeded by plugging of Om vacuum entrance of the expressed in terms of differences in values obtained =

tube by resins (a new experience). Only by repeated from tests on the irradiated EPICOR-ll resins from the
rinsing of the wand with domineratined water was it first, second, and third samplings versus the values 4
possible to continue the process. Wit the resin sam- obtained from tests on the unitradiated Epicor,Inc,
pies in columns, flow could not be initiated for the first supplied resins. *=

TatWe 6. Cesium measured in aqueous solutions from resins-third sampling
-

1btalmCi/100 mL Resin Sample
All Aqueous Solutions ;

From Resin Sample No. Cs-134 Cs-137 lbtalCs _i

PF-8#1 650 74,089 74,139 ;
=i

PF-8#2 95 11,183 11,278 E
PF.8#3 1141 130,242 131,383

mPF-20 930 108,215 109,145

m
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Tet:40 7. (coetased)

E*"" M
. . _ m

PF-88I I"t-382 PF-883 PF-20
AnrJyticalTed.@ Samp6ng Seong Acid Canon Pheneck O-e_s . 3rcay Acie canon Strosag Acid Casm -

2 Soek and rira Seek and sinne sesit and rinse Seek and rinse
schinenswere schnions were- solumens wese sehrhus wese

'

a brotenccior ::teown co8ce ahrc:* d a a brown color

3 Soak and rinse Soeksolumes Seek and rinse Seek and rinse -
solenonswere contasnedlight solueens wese . solvimweve
light brewn color brown sedanent Egle brown color liqtte brown color
with sedenent contannnamon with we sedanent with sedenent

3%881 vesin

Physicalobservations I Lack of flow Nothngtunusual Nosasnple Nottung unuserj
dunns etuaan

w
~

2 Lack of flow Nottungunusual Ladtoffkre Noetung unusual

%ehmen dunneehmen

-3 Ladt of flow Nothingunusunt ~ Lack of flow LadtofSow -
',

dunng elumen dunngesunon dunng clunos 1

y| a. Results are expres~.ed as differences in vahses ateerved for irradiated EPICOR-II resins versus unstradiased sesins supplief by Epcor. lac.
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Imes of effecsive esoes-4mking (which could ' Pavious main studies show that degradation caused*

lead to eventual selease of radionuclides if , by intemal radiation doses will be more sevene than
degradation pwg- 2 to the total faihne of degradation caused by extemal irradiation, because of -
the polymer structure), as shown by the in- introduction of the radiation into the polymet structure>

I~
crease in weer setention capacity, decienne in (References 2,7,12,15 and 16). The intemal done re-
salt-soli' ting capacky, ased decsease in back- ceived by the organic ion exchange resins in EPICOR-
wan&d and settid density. II Prefilters PF-8 and -20 has been sufficient to

produce signincant degradation. The degradation at

Loss of functional groups (with accom- the time of the first sampling was measurable Thee

panyirg loss of radionuclides), as indicated equilibriwn of the polymer simcture has been shined

by the increase in unifate concentrations in . towards polysner breakdown diis is submamind by

the various soak, tinse and elution solutions suuhs dhe secod ad tied umlysis<

andlasin sah-spuaing capacky.
One lenponent indicator of the capability ofion ex-

.. charge media to istain radionuclides is total exchange
Resins from Pit-20 sowed an initial increase 'capac)ty. The four samples examined in the INBL 'a

in TEC during t:w arm sampling due to oxi . study exhibited diffesem reactions to radiation in the
dation of the polymer chain befose onset of _ first and second sampling. Samples PF-pl and -
degradation (P.eference 3). The TBC then de- PF-M3, strong acid cation sesins with the highest radi. -

. creased to no dange in the second sampling ation dose, showed reduced total exchange capacity.
(Reference 4).This could be caused by loss of Sample PF-M2, the phenolic cation with a slightly

'

effective cross-linking. By the third sam. lowerdose, showed a decease in the second sampling. ,

piirg, a substantial decrease in the TEC was PF-20, the strongest acid caion with the lowest dose .
observed, indicating that the radiation dose showed an incsease in the Arst sampling, and dropped
had exceeded the necessary done for exten- back to the capacity of the unitradiated resin in the
alve degradation. accond sampling. This indicates the onset of degrada-

tion that is consistent with Andings of Refennce 12.

O! of the resins sampled are losing capacity That sample exhibited a signiAcent drop in exchange*

n hold cesium, the major radionuclide found capacky in the third sampling.The results of the INEL
~

in the resin samples, as evidenced by the My indicae em h ernbid de fw de mut M
wuunt of cesium found in the soak and n,nse degradation due to haemal redation is between 5.1 x

1* * I'"'' 10 and 6.6 x 10 rads. By the time of the third sam- d
pling, all of the sesin aamples had demonstrued sub-

. _ stantial decrease in the total exchange capacity. This
it is mise of neluded from analysis of the first, ranged from 23% for the phenolic iesin to 35% in the

second, and Wad samplings that the following mecha. PF-20 strong scid cation sein. The strong acid cation -
nisms of degradation are occurring within the ' resins of PF-8 had a decrease in the total exchange.
EPICOR-Il pher olic cation resini: capacity of about 43% 'Ihese changes are graphically

illustnted in Figuse 12 where sample PF-20 initially
Loss of c!fective cross-linking (which has incmased b exchange capachy wh omer sarnghse

led to Ac 6oss of radionuclides), this was ex. showed decmans as indicaid by de negabe pacet
pected due the increase in the water retention changein Llw cums,

capacity mi the decrease in the backwashed
and settled sensity. During the third sam- mim degmdsde was also seen as dw lon .

'" 8'"P' I" ''"pling, the bakwashed and settled density in- '

8*8in 88mP es. The loss of sulfonic acid groups wcaildlcod hm'
lower the pH of the liquid in the surroundmg ion ex. ,
change material as observed in psevious samples and

Oxidation of tle polymer chain (which would the thitd sampling (Table 6). The low-pH liquid
*

reduce the tendency to nelease radionuchdes), should be neutralized by the remaining unused ion ex.
caused an increase in the sall-splitting change materialin the prelihers.1 hat thesis is sup-
capacity in the lisst and second sampling. By ported by the measurement of residual water pH from
the time of the third sampling, degradation the 50 prefihers which were stored at the INEL. Forty-
had occurred to tie point where substantial six of those prefilters have been disposed at the com-
deciease in salt split;ing capacity and total ex- mercial disposal facility near Hanford, Washington,
ctange capacity was observed. and four have been disposed in the Radioactive Waste

33
i

y
~



_ _ .

. -

.

*

REFERENCES
1.

J. W. McConnell, Jr., EPICOR-flResin/UnerResearch Plan, EGG-TMI-6198, March 1983.
2.

K. K, S. Pillay, Radiation Effects on ton Exchangers Used in Radioactive Waste Management, NE/
RWM-843, Pennsylvania State University, October 1980.

3.
J. W. McConnell, Jr., atul R. D. Sanders, St., EPICOR-ilResin Degradation Resultsfrom First Resin Samples
ofPF-8 andPF-20, NUREG/CR-4150, EGG-2176 May 1985.

4.
R. D. Sanders, Sr., and J. W. McConnell, Sr., EPICOR-ilResin Degradation Resultsfrom Second Sampling .
of PF-8 and PF-20, NUREG/CR-4608, EGG-2452, October 1986.

5.
Program Plan of the EPICOR and Waste and Disposition Program, EGO-TMl-652l, Revised Decembet1983.

<

6.
J. W. McCosmell, Jt., R. S. Lynch, and M. J. Tynde, Commercial Disposal ofliigh Integrity Containers '
(IllCs) Containing EPICOR-il Prepitersfrom Three Mile island, GEND-048, September 1985. ,

7.
K. J. Swylet, C. J. Dodge, R. Dayal, lrradiation 5ffects on the Storage and Disposal ofRadwaste Containing
Organiclon-EtchanprMedia,NUREG/CR-3383,BNI-NUREG-51691 October 1983.

8.
J. D. Doy1c, J. W. McConnell, Jr., R. D. Sanders St., EPICOR-il Resin Characteritation and Proposed
Methodsfor Degradation Analysis, EGG-TMI-6489, Rev.1, June 1984.

9.
II. W. Reno, J. W. McConnell, Jr., R. C. Schmitt. EPICOR-11 Research and Dispostrion Program: FY-1983 ~
Annualkeport, EGG-2287 April 1984.

10.
L. D. Kocpren and J. W. Rogers. TMI EPICOR-Il Resin Core Samples PF-8 and PF-20. RS-PB-048-83,EG&G Idaho,Inc., November 1983.

11.
ASTM D2187-17 Standard Test Methodsfor Physical and Chemical Properties of Particulate lon-EnchangeResins 31.

12.
T. E. Gangwet M. Goldstein, and K. K. S. Pillay, Radiation Efects on Jon Exchange Material, BNI-50781

.

April 1978.

13.
N. L. WynholT and V. Pasupathi, Characterization of EPICOR-Il PreAlter Uner J. GEND-027,~ April 1982

,

14.
J D. Yesso, V, Pasupaald, L. Lowery, Characteritation of EPICOR-il Prep!ter Liner 16, GEND-015,August 1983.

15.
T. E. Gangwer and K. K. S. Pillay, Radioactive Loading flon Etchange Materials: Radiation RelatedAreas
of Concern, BNicNUREG-28647, October 1980,

16.
R. E. Barletta, K. J. Swyler, S. F. Chan, R. E. Davis, Solidipcation ofirradiated EPICOR-il Waste Pimlatts,
NUREG/CR 2969, BN1-NUREG-51590, May 1983.

17.
K. Swyler, R. E. Barletta, R. E. Davis, Review ofkecent Studies of the Radiation induced behavior oflonEtchangeMedia, BN1-NUREG-28682 November 1980.

18.
United States Nuclear Regulatory Commission, TechnicalPosition on Waste Form, May 11,1983.H

r

J

35

_ . . . ..

.. . -

-
- ' ~''

' '' ' ~ ~ ' ~ ' ''' ''
'

i



-- - - - . .-. -_. .- . - . . . - . - . - .---- - -- - - . . - . _ - - . . - - - - .

'

]
.

:
3

G3fp;72 E5y SptCtrO900py~ rinae (vacumn assist was no help); ne sarg*s were ,

each washed into e boeker and rinsed to remove a vis- ;

ible medinwat. De sediment was decanted off and the - +

During the third suspling, samma-ray spectro- ndas wue ten etwnd m er columns for chaion.
scopy was taed to 4torraine the arnount of radions- %e shalon prteers was then performed as planned. 'I
clides preamt in varkms aqueous samples. Significant - PF-8#1 and PF-883 bot appeared dark orange to I
amounts of Cs-134 sad Cs-137 were deacted in the luown in color. The 7-year-old uninadised resin was - |
soak, rinse,and&mtrinsear&ia= Table 6prenants mill a Eght unbor colm. PF-20 resin samples also had,

; the amount of Cbl34, ami-137 that were found in do- a significant change la color (mostly crange). ;
- ionised water notations, as well as the total Centum
I icading fw he mein sunples. During coring opwations, water was added to the

top of serAi profittar bed to and in ceing tool insertion. -i
Phyalcal Observations net waar ran acrom me bed io ener previan com ,

. holes ralhar than soak directly into the bed as would ,

Phyalcal observations during the third sampling - numaHy eccur, as ex@c wh NR j

| were sirrdlar to those of the first and second ansplings
poman that !
waar would nermally flow directly into the bed. $

w 2 more Wyanod signs d degrdadon in evidence.'

-

De styrene base resins (PF-881, PF-4#3, and PF-20) >;

Mwsig of.m i6.ggiammakmme. Synopsis of Results:m ,

nevere than the second sampling. Coring of the pro --
.. .

filters was more difficult than either previous coring . Table 7 presents results of the various analytical
with resins offering more resisance to the coring tool, tests performed on the irradiated EPICOR-Il resin j

'

Vacuum removal of samples from the cores was samples. It should be noted tha: results in1hc table are 1

impeded by plugging of the vacomo entrance of the expressed in terms of differorces in values obtained -

tule by resins (a new experience). On?y by repeated imm tests on the irradiated E*)COR-il redas from the i

rinsing of the wand with domineralised water was k first, second, and third sampilags versus the values ' .I
possible to continue the pro:ess. With the resin esm- obtained from tes:s on the unirradiated llpicor,Inc. -

;

pies in columns, flow could not be initiated for the first supplied resins.' ?

TatWe 6. Cesium naassed in aguuous solutions from resins 41rd sampling |
l

Tbtal mci /100 r,d, Resin Sampic ' '1
*

All Aqueoua Solutions j

I' rom Resin SampleJg. Cs-134 C6-137 _Tb_tal Q ]
,n

'
i PF-8#1 650 ;74,089' ' 'M,139
f

PF-8#2 95 11,183- 11,278

i

PF-S#3 1141 130,242 131,383 )

PF-70 930 108,215 109,145
_
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Table 7. Synopsis of resuhs from analysis of EPICOR-II irradist-d resin samples PfM#1, Pf4#2, PF-8#3, and PF-20 from the first, second, and thini
emmljngS*

Resin Sample

PF-8#1 PF-8#2 PF-883 PF-20

AnalyticalTechmque Sampling - Strong Acid Cation Phenohc Cation 5 wg Acid Cation ~ _ Strong Acid Canon

i

ASTM Tests

Waterreferaron capacity 1,2,3 Incr/IncrMacr incr/Incr/Incr No sample /incr/Incr incr/Incr/Incr -

Backwashed and settled damity 1,2,3 Decr/Decr/Dect Decr/Dec:/Dect Nosample/Decr/Incr . Dect/Dec / fact

Salt-splitting capacity 1,2,3 Decr/Decr/Dect Incr/Incr/Dect No sample /Decs/Decr . Decr/Nochange/Dect

Totalexchange capacity 1,2,3 Decr/Decr/Dect . Nochange/Decr/Dect . Nosample/Decs/Dect Incr/No diange/Dect -

- Infrared wi,aopy 1,2 No apparent changes No apparent dianges .No appesent c%snges No appasess changes
4

in structure in structure in structose in strocane

Gas, Liquid and Supercritical 1,2,3 No soluble products No soluble products No soluble products No soluble products

determined - determined - determined decennenedm
_ Fluid Chromatography

2 PftC8P tation for .
1,2 ~ Suffonic acid groups "Ihis resin contaus ' Sulfonic acid groups Suffesuc acid groupe

iBaCl
sulfonic acid groups are beinglost .. no sulfonic acid ase beinglost - are beinglost

Induction Coupled Plasma- 3 :. Salfonic acid groups Some sulfonic acid - Sulfonic acid groups Sulfonic acid groups

Atomic Emission Spew %y - are being lost ~ groups found :- see beinglost ase beinglost -

Scanning electron mki%f I ; Resinbead cracking Damage on a few No sample No damage noted

Observations
- particles

2- Resinbead crackmg No damagenoted Resin beadcracking No damage nosed

:3 - Resinbendcrackmg Damage on one - Resin bead cradtang Damage to one head .

-particle -
_

-

~ PI M #1 resin

-. - -. - - - - -_-- _ _ _ _ - .-_ - _ - _
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' TatWe 7. : (continued)
_

,

i

Resin Sansple

PF-8#1. PF-8#2 PF-883 PF--20 .
. AnalyticalTechnique - Sampling Strong Acid Canon Phenohc Canon Strong Acid Canon Strong Acid Canoni

2 '' Soak and ir nse . Soak and rinse " - Soak mi rinse ' Soak and rinse
'

solanons were solenens wese , solanons wese solumonswese -
a brown color a brown color a brown color.' a brown color|-

3 Soak and rinse .- Soak solution Soak and rinse . ' Soek and rinse
solutions were . containedlight - solanons were solenons wese
light brown color . brown sedunent : light brown color -
with scd_..;;;; - contaminanon with - with sedunent

'

Hght brown color:

with sedunem
PF-8#1 resin

.

Physicalobservations 1 Lack of flow ~

Nothingunusual i Nosample Nothing eneseal
during elution -

'

'

-

w
- . . -

-

_ 2 Lack of flow -
~

Netheng unusual - Lack of flow.. Nothsngunusual ;
:

during elation : denngeiwien
_

3 . lack of flow ~ Nottung unusual - Lack of flow ' : Lack of Sow -
donng elation donngelution - denngclunon

.- .

~

a. Results are expressed as differences in values obsbrved for irradiated EPICOR-II resins versus unirradiated resins supplied by Epcor,Inc.
.
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DISCUSSION AND CONCLUSIONS- :

Prolonged exposwe of ion exchange resins to -)Several important studies of ion exchange resins ; e-

have been conducted, including research by Battelle i radiation inflowing (dynamic) systems . :|
~ Columbus Laboratory-(BCL)l3 34 Brookhaven = , causes more drastic changes in their physical ,

V National Laboratory (BNL),712.15,16 and the Idaho and chemical properties than ion exchangey ;

National Engineering Laboratory (INEL)(References resins irradiated in a static system. >

3 arul 4). The BCL work covered characterization of
Radiation-caused chemical changes in ionEPICOR-il pre filters PF-3 and -16; the BNL research +

included radiation effects on ion exchange resins. A exchange resins are a direct function of the -)
more complete discussion of the findings of those total radistion dose absorbed by the resin.' 'l

researchers is presented in Reference 3 and a' dis- 5|
2

INEL findin s correlate with findings of other - ;cussion comparing BCL and BNL results with those researchers;2,7.g2.15,16,17 however, degradation has-obtained at INEL is given below. This section also -
e
'

compares the results from the first and second sam. been identified in the EPICOR-!! resins at a lower
pling of EPICOR resins PF-8 and-20 with the results ' - total integrated radiation dose than observed pre. j

7 8
' of the third sampling / _ viously (6 x 10 versus 10 rad)(References 2,3, and 1 j

' 4). ) a- y
'Ihe results obtained by BNL and BCL agree with = . - - .. . -

- >

e The nrst and acced sampHugs cenrm that degra- ,,the findings of the INEL research of EPICOR-Il dation in the PF-8 and -20 strong' acid cation resins - y!prefilters. The following items wen found during the has occuned. The onset of_degradatim has also been < >
-

BNL and BCL research which specifically relate to die
cafinned in the phmolic cation resins of PF-8. 'the

INEL work: INEL study has shown that degradation is occurring at - .4

.
'a lower total dose than was reported in earlier

. -Most cation resins show significant degra. studies 2,7,12 The physical observations noted during- 1

Idanon only after they have received a radi. . the third sampling of the cores are comparable with .
ation dose greater than 10srad. diose observed during the first and second samplings ,

(i.e., lack of flow during laitial clution of the strong . ;

The primary effects of radiation on ion ex* acid cation resins), By the time of the third s unpling,e

change resins are degradation by loss of no flow through the columns of resin was obtainable 4
efrective cross-linking of the macro i by normal gravity means, and the resins had to be. t

molecular structure, along with scission of rinsed in a beaker to remove the visible sediment on - d

ion exchange functional groups. the top of the' column.The sedunent was decanted off-
and the resins were returned to their ion exchange

The exchange capacity ofion exchange columns for elution. That process was successfully ' qe

resins, in general, decreases with increasing completed on each resin sample,'

rtdiation dose. . .
- .

d
t

The soak and rinse solutions from the initial clution
of the seced and third sarnpling had a brown discolor.' '

In cation ion exchangers, initially there is an ation (indicating resin degradation). These are the -
e

increase in functional groups capable of ex- sarne effects observed in resins of sinnuar types when -
change, as a result of radiation in the presence

' KPosedtoqsht forprolongedperiodsof time (particu.*
of air or moisture,Those are phenotic and:
carboxyl groups produced as a result of' Arst sampung wem colorlessdt has bem fand (Ref.

-]larly ultra violet light).'Ihe same solutions during the

oxidsion'
crence 17) that the color of the soak solution from irra-
diated resins changes from pale yellow to deep amber

The initial increase in exchange sites tends to as the radiation dose increases. 'Ihat change is consis;.
'

increase the total exchange capacity (TEC) of
. tent with the analytical results from the first, second, /

-

the resin. However, the accompanying and third sampling. Also, the first', second, and third
scission of existmg exchange groups often re- samplings showed a pH 'ofless than 3.0. y
sult in a net decrease inTEC values,

it is concluded from analysis of the first, second, and

In general, the salt forms of ion exchange - third samplings that the following mechanisms of*

resins are more resistant to radiation than the degradation are occurring within the EPICOR-il
11+ or OH- forms. strong acid cation resins:

.(.
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loss of effective cmss-linking (which could ' Previous resin studies show'that degradation causede:

-lead to eventual release of radionuchdes if : by intemal radiation doses will be more severe than
,

- degradation progressed to the total failure of -- degradation caused by extemal irradiation, because of -
the polymer structure), as shown by the in. introduction of the radizion into the polymer structure

. . crease in weer retention capacity, decrease in (References 2,7,12,15 and 16). The intemal dose re. i

sall-splitting capacity, and decrease in back. - ceived by the organic ion exchange resins in EPICOR- ;

l washed and settled density. 11 Prefilters PF-8 and -20 has been sufficient to ;

produce signincant degradation. The degradation at -. -(
the time of the first sampling was measurable. The JLoss of functional groups (with accom'*
equilibrium of the polymer stmeture has been shihed | ,

j ' panymg loss of radionuclides), as mdicated - q,,,g, pg ,,,r breakdom, mis is subaded by jy
| by the increase in sulfate concentrations in

resuhs of he secoM W siM analysiv .ithe various soak, rinse and clusion solutions

| and loss in sah-splitting capacity,
.One important indicator of the capability ofion'ex. -

change media to setsin radionuclides is total exchange i

* Resins from PF-20 showed an initial increase capacity. The four samples examined in the INEL : j
. in TEC during the Erst sampling due to oxi . study exhibited different reactions to radiation in the _ l

dation of the polymer chain before onset of first and second sampling, Samples PF-8#1 and ;,

degradation (Reference 3). 'the TBC then de. PF-8#3, strong acid cation resins with the highest radi-
creased to no change in the second sampling . ation dose, showed reduced total exchange capacity. . ::
(Reference 4).This could be caused by loss of - Sample PF-8#2, the phenolic cation with a slightly ;
eifective cross-linking. By the third sam- lower dose, showed a decrease in the second sampling.
pling, a substantial decrease in the TBC was PF-20, the strongest acid cation with the lowest dose,;
observed, indicating that the radiation dose | showed an increase in the first sampling, and dropped <
had exceeded the necessary dose for exten- :back to the capacity of the unirradiated resin in the j
sive degradation, second sampling. This indicates the onset of degrada .-

tion that is consistent with Sadings of Reference 12.

All of the resins sampled are losing capacity
ht sampic exhibited a signincant drop in exchange

'* ,

capacity in the third sampling. The results of the INEL .z

to hold cesium, the major radionuclide found WWy iMim em he treshdd dow fo@ oma (
in the resin samples, as evidenced by the
amount of cesium found in the soak and nnse degradation due to intemal radiation is between 5.1 x ..

7
soludons, 10 and 6.6 x 10 rads.'By the time of the third sam.' . tI

pling, all of the resin samples had demonstrated sub-
stantial decrease in the total exchange capacity. This s

It is also concluded from analysis of the first, ranged from 23% for the phenolic resin to 35% in the L,

[ second, and third samplings that the following neccha- PF-20 strong acid cation resin. The strong acid cation '
nisms of degradation are occurring within the , resins of PF-8 had a decrease in the total exchange '

' '

EPICOR-Il phenolic cation resins: capacity of about 435 '!hese changes are graplucally :
illustrated in Figure 12 where sample PF-20 initially,;

Loss of effective cross-linking (which has increased in exchange capacity while other samples*

led to the loss of radionuclides), this was ex- wed decreases as inhny me neguive percent :

pected due the increase in the water retenuon ange n tk curves?

i capacity and the decrease in the backwashed
,

and settled density. During the third sam. The radiation degradation was also seen as the loss J

pling, the backwashed and settled density in. sul nic acid groups in PF-8#1, PF-8#3, and PF-20 .

crmd somewhm. resin samples. 'Ihe loss of sulfonic acid groups would
.

lower the pH of the liquid in the surroundmg ion ex. ;<

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

.

reduce the tendency to release radionuclides), should be neutralized by the remaining unused ion ex.
caused an increase in the sall-splitting change material in the prefilters. That thesis' is sup.

'

u capacity in the flist and second sampling. By ported by the measurement of residual water pH from ;

the time of the third sampling, degradation the 50 prefilters which were stored at the INEL Forty---
had occurred to the point where substantial six of those prefilters have been disposed at the coni. '
decrease in salt splitting capacity and total ex. mercial disposal facility 'near Hanford, Washington,'

~

change capacity was observed. and four have been disposed in the Radioel e Waste
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Management Complex at the INEL The pH measure- - L Figures 2 and 3 pienent gamma dose with bed location.L i

ments of residual water obtained more than three years ? Dese curves have remained essentially uncha,ri for : 4

after the prefihers were used were in the range of about : shape and location within the prefdter over the three - j

,

5 to 8 as compared to less than 3 for soak and rinse so- samplings, which indicates that the gamma-emitting
'

| - lutions from resin samples.Those pH readings indicate ' radioseclides are not moving despite addition of water ~ ;

that the acidic solution was being modified as it passed during coring operahans. ;

- through the cation and mixed bed resins in the lower {
? - regions of the prefihers. Dese analyses have assisted in determining the exi

tent to.which organic ion exchangers are degraded by . ;

|'. A threshold dose for degradation in EPICOR-Il ion intemal radiation under conditions representative of .
exchange resins has been identified by this work to be actual use and storage. Degradation of the resins has I

7below 6 x 10 rads. Wat value is somewhat less than in been related directly to total lategrated radiation dose.

[ the 10 -rad accumulated dose limit recommended in - his has aided in identifying the effects of degradation . 1
8

L the Technical Position on Waste Form.as The resin on nelease of radionuclides from the ion exchange me. : J

L- properties, which have changed due to degradation, dia. De resin bed in the higher radiation zone is being
E such as those examined by the ASTM methods, exhibit converted to an agglomerated mass,' a substance with : -]
L small changes (10% or less, as seen in Tables 3 and 4) unique new nuclide retention capabilities, it has been }

8 :,- at the threshold dose; while higher doses (10 rad and shown that the contained radionuclides remain within
above) have roduced more pronounced property : the ion exchange bed.De acceptability of EPICOR-II'' ,

,

p

L
changes.2.ts,ipIt can also be seen from the information

.

prefihers for disposal in high integrity coatainers at a
in Tables 3 and 4 that different resins seact differently commercial disposal site is thus confirmed. >

at a similar dose (comparing styrene to phenolic -
base resin).

'

No further examinations weie planned for PF-8 ' nd *a

-20 :esins and all sample materials and those prefikers '
'

The results produced in this study show that

|
EPICOR resins definitely began losing radionuclides have been disposed. However, the authors recommend -

8 . that certain other studies ofion exchange resins be un- '
below 10 rads total radiation dose. But the release of

dertaken to examine aspects of resins degradation not.
|

a nuclide by an exchange site does not ensure that the
,

!
nuclide will be released by the exchanger to the envi, included in the work discussed in this report. This t

|
ronment. De nuclide could be picked up on another study was restricted to only two types of strong acid

site or held by the agglomerated resins. %e first would .
cation sesins, those with styrene and phenolic struc. ,

be a temporary condition until a higher dose is reached,
tures. Studies should be performed on degradation of 3

- but does delay the ultimate release of the nuclide.The r, ewer acrylic and styrene structured resins, both cation -

second would be more permanent and would not easily
and anion, now used in nuclear power stations with in- +

release the nuclide. Such processes are probably occur- temally and extemally irradiated samples having vari. '

ring within the EPICOR-ll prefilters. The ion ex- ous radiation doses applied to samples of each resin
!

change process is made possible by the fact that ion. . type.he conduct of tests _within the proper test matrix

exchangers are operated below the poim where a pre- would provide [ data for determining thresholds of deg.
radation for those resins. Laboratory scale leaching of - i

determined level of radionuclides begins appearing in
those irradiated resins could be used to further identify ,

the effluent (exchanger breakthrough). That process

j ' resuhs in a number of free sites in the exchangers being the part that bed agglomeration plays in retaining ra-
dionuclides. Resins would be loaded with such com. -

| available for recapture of any loose radionuclides,
monly encountered radionuclides as Cs-137 and

'

Co-60 to facilitate the study of nuclide retention. r
Both ion exchange recapture and retention by the

gelatinous agglomerated resin mass will effectively .
. . . . . .

hold the released radionuclides,it was positively An important aspect of irradiation degradation of
shown during column clution attempts in both this resins is gas generation, which occurs during that irra;

study and the one conducted in Reference 2, that water diation. In particular the generation of hydrocarbons e

flow could not be initiated through the degraded ion from the degradation of resins is information that.can
exchange beds and thus no nuclides clution or subse- be used in planning for and regulating the disposal of q

quent movement could take place. In this study, only long-term storage ofion exchange resins.The studies
batch rinsing resulted in nuclide releases where of resin degradation could also incorporate measure.
agglomerated resins predominated. The graphs of ment of gas generation caused by irradiation.

L

34 1

l
..:,

L . . - . _ a .



j>,

.

l

~ REFERENCES

1. J. W. McConnell,'Jr., EP/COR-Il Resin / Liner Research Plan, EGO-TM1-6198, March 1983. .'l
!
+

2. K. K. S. Pillay, Radiation Effects on ion Exchangers Used in Radioactive Waste Management, NBf ' -[

RWM-80-3, Pennsylvania State University, October 1980. 4}
i

!
..

. . . .

1
3. J. W. McConnell, Jr.. and R. D. Sanders, St., EPICOR.-IlResin Degradation Resultsfrom First Rcsin Samples

ofPF-3 and PF-20, NUREG/CR-4150, EGG-2176, May 1985.
4

'

i: 4. R. D. Sanders, Sr.. and J. W. McConnell, St., EPICOR-ilResin Degradation Resultsfrom Second Sampling <

ofPT-6 and PF-20 NUREG/CR-4608, EGG-2452, October 1986.
,

5. . Program Plan of the EPICOR and Waste'and Disposition Program, EGO-TM1-652i, Revised December..
1983.

'
;'

6. J. W. McConnell,3r., R. S. Lynch, and M. J. Tyacke, Commercial Disposal ofliigh Integrity Containers '
>

(HICs) Containing EPICOR-il Prefiltersfrom Three Mile Island, GEND-048, September 1985. -

7. K. J. Swyles, C. J. Dodge,'R. Dayal, lrradiation Effects on the Storage and DisposalofRadwaste Containing ; ;
Organic lon-Exchange Media, NUREG/CR-3383, BNL-NUREG-51691, October '1983. . '

8. J. D. Doyle, J. W. McConnell, Jr., R. D. Sanders, Sr., EPICOR-il Resin Characterization and Proposed * .

Methodsfor Degradation Analysis, EGG-TMl-6489, Rev.1, June 1984. :

9. H. W. Reno,'J. W. McConnell, Jr., R. C. Schmitt, EPICOR-ll Research and Disposition Program: FY-1983)
AnnualReport, EGG-2287, April 1984.

ql0. L D. Kocpren atal J. W. Rogers, TM1 EPICOR-11 Resin Core Samples PF-8 and PF-20. RE-PB+M8-83, qEG&G Idaho,Inc., November 1983.

I1. ASTM D2l87-77, Standard l'st Methodsfor Physical and Chemical Properties of Particulate lon-;e
Exchange Resins.31, p1 ,

'

J
%1

12. T. E. Gangwet, M. Gokistein, and K. K. S. Pillay, Radiation Egects on ton Exchange Material, BNL-50781, .
April 1978. ' W

13. N. L. WynhofT and V. Pasupathi, Characterisation ofEPICOR-il Prefilter Liner 3, GEND-027, April 1982. ?,

14 J. D. Yesso, V. Pasupathi, L. Lowery, Characterization of EPICOR-Il Prh1 Iter Liner 16, GEND-Ol5,i '

August 1983.
,

15. T. E. Gangwet and K. K. S. Pillay, Radioactive Loading oflon Erchange Materials: Radiation RelatedAreas I
ofConcern,BNirNUREG-28647 October 1980. y

16. R. E. Batletta, K. J. Swyler, S. P. Chan, R. E. Davis, Solidification offrradiatedEPICOR-1t Waste Pralucts,
NUREG/CR 2%9, BNI-NUREG-51590, May 1983.'

17. K. Swyler, R. E. Barletta, R. E. Davis, Review of Recent Studies of the Radiation Induced Behavior oflon 0
Erchange Media, BNL-NUREG-28682, Novembet 1980.

I8. United States Nuclear Regulatory Commission, TechnicalPosition on Waste Form, May 11,' 1983. (

h
I

-)
i

|

35 U

1 ;|



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

Mte F*au 335 U.S feucLE AR .1EQULATORY c0MMisst0N 1. R Escar t:uustt a <
i.'d ner, 0"Cf "*.*4.*.'UdF "" *3 oi.3 o BIBLIOGRAPHIC DATA SHEET

is= im,,wrM,u .a ,,,,,. s NURBOKR-5594-
2. title ANO EusTITLE EOO-2603

Part=riaR Degradation in EPKX)R-II lon Exchange Rains, Final Repert '_ . oan rep Ruustisuto .
uo r via.

September p ~1990
4. PIN OR GR ANT NVMsER _

Anau
5. AUTHORtS3 6. TYPE OF REPORT

J. W. McConnell,Jr. Technical -
,

D. A. Johnson i. PE Rico covtREo s,.e ee , .

R. D. Sanders, Sr.

, ..

s. P.E.MPORMING.ORG.A.NIZ ATION - N AME AND A00R Ess gu mac. ,wer ome.a. ornr e er meen. u.i mwe, A,.,y ce . eaa nwa s everess;ue enne. ,m,,
.. .. - .

Idaho National Engineering Laboratory
EO&Oidaho,Inc.
P.O. Box 1625
u_u r._iu u_ ou,e

~

e. SPONSORING ORGAhl2ATION - NAME AND ADORE 55 in anc.ww wee as ese.e5 #e.a,=w,.prewe mac om on<e w aw, u.x mwn, mee w cm 1e*0 n.a hng ese%ss) '

Division of Engineering
Omce of NuclearRegulatory Research
U. S. Regulatory Commission

i

Wa Ma-enn DE 20955
10. SUPPLEME NT ARY NOTES

|

t 1. ASSTR ACT 1200 <e er nas

.'j
De Low-l.4 vel Waste Data Base Developmen6--EPICOR-Il Resin / Liner Investigation Prograrn -!
funded by the U.S. Nuclear Regulatory Commission is investigating chemical and physical

. 4

conditions for organic lon exchange resins contained in several EPICOR-II prefilters. Those prefiltersj .;
were used during cleanup of contaminated water from the Bree Mile Island Nuclear Power Station -

i
after the March,1979 accident. De work was performed by EO&O Idaho,Inc. at the Idaho ,

. i
Engineering Laboratory. This is the final report of this task and summarizes results and analyses of three ,

.

samplings ofion exchange resins from preAlters PF-8 and-20. Results are compared with baseline . j
data from tests performed ois unirradiated resins supplied by Epicor,Inc. to detemnine the extent of . !
degradation due to the high intemal radiation dose received by the organic resins. Resulb also are

3compared with those of other researchers.
}
!

!

12. KE Y YrQROS/QESCR:P TORS ttese weres eesarese au, n mou ssemra.i m me.my rae nsore.# . ta.avai g g g astNr .]
L resin degradation 1

organic " * * c u a ' " '" ^ '^ " "
lon exchange ''*'* Unclassified '

|

U"""tlhelassified !

IS. NUMSER OF PAGE5 i
i

16 PRICE

.i
^

i mmc fomm 339 (2496

:



, y i i T,' ? ,Ou .-,,'M g Ush 7i
4 , ..

' i
,* , . . - ., _ . , - ' ' i L [b

. - - - -

t
. 7 . ,- ,.

'h iQ ~ U:s, ; > ih |j\'n y yi D

(fSud Mip (Q@' 'y$g@6(t! M: ''|$h
Q' J , $~s

PP '.4.,ii N Jy Ri a f 1
f'; . 9 ' "x . ?. . . ' sF|4QT||t, . "

y(
L} yk- lO i.&s i

.,;

b.d W' WW-|U ns j ki\ :)3'* ) Q?
M. yf' . ' ,p .iji ' * % I ? ? -WU ^ ,

sn '^&( ',%gN,M,' 9
' i " y.O +Afi ' F - 4 .nt -

..

- " ' "L ^
.. y

'M WVt, : 'j + +
r

Ap~?&me&%w'ydn mm' ' ' ' ' ' -
,

e m**n a' c w,. ' q). ' omm w . m m.,,

w WQ1Q M : s 1 ;; l ?&r*; Q U 1, %w . "O ' ' 'yQ Li '

R t. WOR.WM UNITED STATESi %n i
t ,\ n

. M i~ iV' liFN sgoum '; auf :1s-

,7 i% 4C'UCLEAR,RE2ULATSRYKMMISSCN W ' gwg : 1
3

"si 4-1

M#k$p @% ym ,,: WASHINGTON, D.C,20566h~ o *w, g@-- (@W V Q ;eJ M% n, ,W
, ,

* w
|d w -

, -- ph m.m mgg ;t .

kh. h heCN BUSINES$1. ' ' S ncM [ m3y k
,ln d!A(M/.m.,P.ENALT,Y FOR PRIVATE USEi n00.= , ' ' 'A+_C. ,@A @x AW ' 99 A A ' ' W ;", T , * N 4 '

3

top m u& g -a~
-

, d pf
, g.- ,

' o',

'" h [ i,d .h i$ y [,* Ni !_p( 3~, , , [g ..j h. L ( PL 4

o u m .- ,.jh ;[{|n 't
'

i;Lp
- e & *

, ,

g -p o,s
3 g. -

s

.

y/ , pe-
ap . i : . ,

, np , p < r,v, - y,

y +.. vmd : .- - w ,i , v. "1) , .4 y .w ~ ,,, .
- . , e a,,., a . >t.,m n- s , ig,y,

{S mnr}9]34y&
4 3.,g.n ;;ge,4. .

Q%q & JMP. ( 'jf' 12055513N,31
.,.

ph1 1AN1RWs
,

Wg Ag/g}N 4
y, e . 3;

'

US NRC-0ADM
4

" Y 'r' > DIV FOIA r, PUBLICATIONS SVCS', p ,e, , .".
;; r t Y2 TPS PDR-NUPEG QQ*W @@ dg _ i ep*

, ,

}Q+g' %' ' {' "yp
' ' 223k ,'

, ' ,, ' . .j# | h5SHINGTON DC 20555''
4 4

~%nc s. .n e wz y a ).v...

, n .~
4. a.

'fk+

,
. p+m ~ A t . ;v ~p:, r

. w ~. ,n ,v p p 'c
,

q.pQ yy K,-j: 1 p gg,-),< , +i , j ,'
8., u , .n , .- .

'p3
f@m

t i >

: p' y[g .. j].y%;.:; s ,- e'r -a{ s4., ,- , , , , . , ,
>7

4 . ,
-

y
,

-

'

,r ? / .. * t;o g r u t -nM..,1 5 ,g e s,

a 4 4. f.. g
,j: P3;p . , La

,* ' .
'

4 . E 2

;a.A , ,

.' ', 5[',ii [i
'

J M ;p. . ,' . p ' W P ( m6q$,.%,

' ''- } ,f , .(' f y,1 s
- j 1, ; 1 y

p . ..g
, [ , ' , , jv..- t{ ,

h .A W..~
L.,;

. .m tHg , <4
, o .

i s , ~a M,'s P ,' S"AL i e m 9. .- ,2, ''g ' N
n ,,

! W, %' . ; r ;,;. , f <
g~~ ~, p ' A g%m .;pWa@;.% ?w 4;4 .

'

i Mj g y +.6; o t

g [ J[s,P d'$Q. y g
< y f m.A +,, , ' '@p ' ' 7. y,o~- '

4
-

,, ,
4 ,

m. / ; s
w< u . w w.3tyc,.

. m.~s i . . . . s, < t .. . .d- n < , . y a ,a
,3,

.s e.u .pp , q ,tp7, - ,,a ,

9;n,i: q q s % /g g%al@n d'.M,,w{,J N n)..
, . ,p r s ),

. , y
, a g> .- '

i,

, , . .
5 s . e.

..o. i . . 9 n . p ' n 3 , m!. m
4 mw~,u,.s 1 . . .

lvit. J r e ( ~.q g 3 . . ; y. .H 4g . p o q
- .; g ,

-

,
;f , gpr - M, c -.jy,

' W
i mr

c, ' d+q,.fvm n, g@ [
. .i

c....c
*4

.

' v' t ; , p-
-

p ;;p p1 , . mpegg ggg gw,- m;, w a -,

+s e , y\ @y amsn&gw u% {
nw.s ;

3| ' ,H ? ? /p ,s | p[
-n ,, .

ffWQ { |
tht!

& $ $ f +i, W ' k {Q Q +& N W R. ~g;
i

'o f .R my, q uet , ,

d' '

| b_ i H

$ h.M, mM. %m, . t
g,

,

N j\ !ji d-[/~[ .h.O uM''''''' n% ,JYi
- - --

,. ..

%c%, y, U. t. i k. j >l ' ;f 1 1
y ,~ io

' '' rI

a <.5..
v [&. i $ m

y,
v,is e. e..;[n w jK m$

i+, % ;m , ,1

.kr ,g|:[d > '' l .h y. 'Y , %'h j' '' *y| f4

,3

< . m.e m,.
' . @ #

,

' 'a . m . s0, gnx .
g . ".x.' N h: O!$ ;- LN ' 06 < s 3M !

^Q] , Y.f, ~ t > |: |y *s+!etUM:'
4 ey.i . 9 Fw mpx;, vip' q . -- +yy e, ;q .; < S ; . Wt ,- - \ .,?\ t 1

'. 3gJs ! ; g;,. , ,v ,-w +
ip %w@M y v { 1

- v- c . r, ,
g,

''k %! 4 Cs, yi l. 1: M
,,'W-W %, 'N yam !a @ Qf.; n. , '.Qp4tg;M .O.c W.p;,j (( ;'f.g> 3

:. . Q N , - V.. ?TS :'#. a.6,
. l,' ' ' , '

s.s, , g . . . ,

' p > . .; e.
-

<.s..

p3ij,y, @,.
.

e m,, ,g;.) . ;.;4
f'y( yg -

1 ..

7

J. ,
~ ;,

n,. , w,
y.. ; ; t , j ,ty,, i,. j yv

I

c
-

,

;.c

s6- 'a3

. i
#

3A
e ,. |. q 1> >*

: ..,i
:m , cv

,s <
- e g

s e y[s ,,,i*',
t

s .,scAu.,', g~I h 4 '( ,i
.

J

.

'i
' ).' 5. ;i@ , f: j i.h

*.
'g

;
, f p G' y' , h-j

-].
-

{ f
'5

t w . c% n.y, .. (
; N ' ','a%,@.,' , oW $n ' 1,| , , / [ iT[.g s W- ;

,,. m
10; i '!'"'

, . 3. .,1 -sol r. .,E, ,

s,

' 9UiH?p p.'2g ) ?y
.

n s (y
;s : . ys 7~ 3 y;,, . :,

-

1 y J.,,v't i Nc|. ', '

IL o .

r , , . . 3

-

u.
- 9M ; m. , y. 2.y p m; . y s m. t b,y g, ,J c:|p y/ p.g., .,

s
.

q .t N,ot. 7,
e .;}i 1 pp .s - , s

,y'-,
r

,

3 . hg m< >

p1 .r, ,. 7> n . ; M. ,
n. n) .., .a. .y t ;,%< . . ,pmm wy. ; m, m,

q: ,1,. ; v w n. s .-p..- W i. z. !,~, , . .
D w, ., V y,. p.s1' 4 -e g 4 :

i,
. . . .

e u . b:O. ,. . g e t n (; , s

|hh h(- j . , ' h. g; oh h. , *,;(
,

5
it 3m ;# .P:Jt a 4 3 o 5 4r i

w w$M;.gs.s ec'f; , ;h ' M,[ [l[
i 3 .,

}M, Mf ():b i' 9i *
.

f

s4 . 3.M9a gw%u e ,OgdW W W dw@ p , m:mt An h wpse w;y';; !w s mu - s JA m,4 >, ~ >n ., . -

3
. :;. i N^ !

M .:
o ,

,, l . ;M N ~ > ' ' rW' 4

h h w/ ? 4 0 P
JR m ,y y Q;p"3p QQp pg: .N ' _ ' i ;;| 5 > q, e @; . ; r d .

,5 1

g ' '

m "i. ''
.s

2 d,
'

,
.

~ (. u . ys W,.Q
' '

.

.w , A - p. y a. ,u -
-37 i- m s,

N| '4 -

*a. m .. .idi ,[ l i
w n[v' % ' U ff 4

' i f p ' ,' ^( {e -
fC+i ^^

;i .. *

( >. .u, .m ;
,

w, a: -'' c
t

c:Q c
.3M'. . ,y

,; 'sc, ?. _ . }s J a.2 ,c u a

w~ M :. " 's, s r,-

[),g '' dl ! C'y;s*. I(' * #U f
? , m'

*r? .y, ', g,,... - i

ent :n u- N3. . . &'" ' , <' >o- ,

||<> -t~ ' ' " i s

( ' i , : . .-s,. ( :)./

m)d,1 . , L |.i g
;

% . e(o4,% e ;~-44 , . ' ,i.$, ,r j . .(
t !14 ivi ;

.g ( g, #
4,

i j'|* ,l I -'3 4 r d G
. ,

; j ; i. 9, #.'fim _. q n: %. - ..,. i. . , , ,e

,. , d ;i ''4 .og
' I[s' i

, g .- l
i, y. m. y,m - (j,t _ M's

^3 jft ,
, .Sy<

. ,. . mm y -

, ,. , _ , . . .

>h. . { I \ |''
'

};''f -Iy ,,
'

'h
i .M. , 4

<

. ' .. ,
g;. , ,

4 1, n 4

3 .c. s s in
!.h f' I ',

, a v .n r
I / k', (;.,a s1,

- y
. .

,

, s . ? W NE P 3 y; i . 4

. ==
*

eg' n , . 3,o, . r m. . O r,- q;;m, . .o 3 ~b7q p; ,so s %g
s ; m , .,

4 ,,.,p
(' :' f j y [, T", '!p . ' i;i
~33:s j ,s ,3 ,q$ ,- ' .

3 ,

'. f 1
# ~. 9h #d

4 /
f j ,

J, - ao 3 .

I,.
. .. 5 6) 4, a . . .u.;

>i g g... 1

.#
I *

'l,- m, ,. 4 *( 4 ' \.o - q l w| . -

, ,
,-

.

.

f . , ,(.1"; ;
A ' hi' *, ' . - . . } .| r - 'y 4 >g'

-

,4

.' ' 3 c |. . F. s gM b. 4 ,M 7
,y

e y, s o_-~ , ,

.i.$ <

M. V E' d b.4
O

't
* ' v in i i

s .. a o,. v s n. . 7 m<, o.o. , o i 4 .-

f j QOf , ' i g.
-

i <), . . . , . . , ~,'e 4i dj . t= j
'

.,,ips,s; t p: q
.

t .: i:; ..t
v g(;Ni - 5, g

, , , 3,.

(' 5 O ity j/j* i'*e - ; i

#

M.)
* *

,

s
t_

:: W ~ >,2'
~wp :n .)s

, , , .

, ,

' 6'h,3, 1 ' ' '

U ; ' , :,, f + '

* ik '!
.

N ;[:
A. i :

.f .I a, L L
,

m:

i )3 R .
g ,: ywyt. -

.
t i, ,., re i..- g'

.j, ';

.i '
'

)i . y,
k ' '

s

+js- m.,
;

>

: ;-
: i i .u ,

j 3(
'

/ '. ; p

, . . , , f .6{g i, 3 '# 17j-

t,'
' ,b. { } ['

-

8 k' e<
, n .. 3r

,
7

4

,,

a -

,

;o ,

I ..dp ' f N.I . h ,4i

< < '

33

|0 U ,' '' r, ,r,, T #
, ,

4fr. , N /(
4

1
,

t- - 'l' )
*

,.

'
%~,

I
. ,,

J., N ir f !

g f :. '| ',4 .
' . , i

-
, *

3 ,, e, , . W %m sa
. . . ,

. > v, f d;q.-

.

,0
. -

s.m, p:
.. ,

+r,,-: 1s-.
t ' s. .

>

;s- s- t . $ ,eu(x 3M.,.;s.
' dq ss pa1 JM. . .h; p i , . rm@ ,,

> e oc

n ' :s,n,,i-,f*@,p
.

?
3mA. ,.n.ah,

>

s. , : ''.g O'.h. J .;,Q~ i
- @ag@s @'

,, , ,

|M, .W. i, ; m 2
, m

, a, 3 ,(
"ti p -p

, .t en .'3.
:

,

y, a@y%
> 6 i 4 W - ti

, C 2 ,.s-Fa u t ;,'$ ) i g ,m , .., - . , | 1-gJ n . i y. , n; <n .% -.# 4 4 a ,,
1 0x. - .~ q , .,3 + M,3Ja,

. >cw n e . 2.~. - - . . . . - o 4n s.


