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ABSTRACT

The EPICOR-!I Resin/Liner Investigation: Low-Level Waste Databiuse Develop
ment Program, fuaded by the U.S. Nuclear Regulatory Commission, is (a) studlying
the degradation effects in EPICOR-I] Organic 1on exchange resins caused by rachia
tion, (b) examining the adequacy of test procedures recommended in the Branch
Technical Position on Waste Forms to meet the requirements of 10 CFR 61 using

solidified EPICOR-II resins, (¢) obtaining performance informatior d

" ¢ {ifip
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EPICOR-II ion exchange resins in & disposal environment, and ‘d) detern g the
condition of EPICOR-II liners

Results of the third sampling analysis of ion exchange resins from prefilters
PF-8 and PF-20 are compared with baseline data from tests performed on unirra
diated resins and with results from the first and second samplings to determine if
degradation has occurred because of the high intemal radiation dose. Results of
compression tests on seven-year old waste forms containing EPICOR-II resins
solidifi=”  th both Portland Type [-II cement and DOW viny! ester-siyrene are
present * .ad compared to earlier compression test data. Results of the fifth year of
data acquisition from the fi.ld testing are also presented and discussed




SUMMARY

I'he March 28, 1979 accident at Three Mile

Island Unit 2 (TMI-2) released approximately
560,000 gal of contaminated walter to the
Auxiliary and Yuel Handling Buildings. The water
as decontaminated using a three-stage deminer
alization system called EPICOR-II containing
organic and tnorganic ion exchange media. The
first stage of the system was designated the pre
filter, and the secnd and third stuges were called
demineralizers. Fifty EPICOR-I1 prefilters with
high concentrations of radionuclides were
transported to the Idaho National Engineering
Laboratory for interim storage before final dis
posal at a commercial disposal faci!ity in the dtate
of Washington. Research is being conducted on
maierials from four of those EPICOR-11 prefilte
under three tasks of the TMI-2 EPICOR -1 Resin
Liner Investigation: Low-Level Waste Database

Development Program

In the first (ask, Resin Degradation, resin cores
were obtained from prefilters PF-8 and PF-20
during first, second, and third samplings using
special tools deveioped tor that purpose. A series
of characterization tests was performed on the res
ins to determine if degradation due to radiation
had occurred during interim storage. These tests
included American Society for Testing Materials
procedures, infrared spectroscopy, gas chroma
tography, high performance lLiquid chroma
tography, scanning electren microscopy
supercritival fluids chromatography, barium chlo
ride precipitation, inductively coupled plasma
AtomiIc emission spectroscopy, and gamma-ray
spectroscopy. Analysis comparing test results of
the first, second, and third samplings of resins
from EPICOR-II prefiliers was compared with
carlier work and found to be consistent with those
findings. The strong acid cation resing are experi
encing a decrease in total exchange capacity as the
absorbed radiation dose increases. The analysis of
the rosins from the third sampiing identify that
very significant degradation has occurred. While

the organic ion exchange media (resins) from

these EPICOR-11 prefilters have suffered
significant physical changes, the contained

radionuclides remain within the resin bed. The

acceptability of EPFICOR -1 prefilters for disposa
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AnNNUAL REPORT OF THE TMI-2 EPICOR-II
RESIN/L'NER INVESTIGATION: LOW-LEVEL WASTE
DATABASE DEVELOPMENT PROGRAM FOR
FISCAL YEAR 1990

INTRODUCTION

I'he March 2, 1979 accident at Three Mile
Island Unit 2 (TMI1-2) released approximately )§ n Program, continuir esearch ha
("lli_(hivb“: of contaminated water to the | ed DY t { EG&G
Auxiliary and Fuel Hand ing “L‘.Wl"‘a‘\ at \N on malerid ron 4! EPICOR H,'
water was decontaminated using a demineral . \ ted he NR(
ization system called EPICOR-IT developed by
Epicor, Inc* The contaminated water was cycled
through three stages of organic and inc “ganic 1or
exchange media. The first stage of the system wa
designated the prefilter, and the second and third
stages were called demineralizers. After the
filtration process, the ion exchange media in 50 of
the prefilters contained radionuclides in concen
trations greater than the limits for low-lovel
wastes. Those prefilters w re transported to the
[daho National Engineering | boratory (INEL)
for interim storage before t nal disposal. A
special overpack, or high-integrity container
was developed curing that storage penod for use
in disposing of the prefilters at a commercial dis
posal facility in the State of Washington. As part the third
of the EPICOR and Waste Research and nee 0. The degradation studi

PICOR 11 pret

Disposition Program funded by the U.§ the acceptability of

Depariment of Energy (DOE), 46 prefilters were

dic~osed. Four prefilters used in the U.S. Nuclear
Regulatory Commission (NRC) studies were
stored in temporary storage casks outside the Hot
Shop of Test Area North Building 607
(TAN-607) at the INEL. Those four prefilters
were disposed during this reporting year at the
Radioactive Waste Management Complex on the
INEL Site

8. Mention of specific products and/or manutac

ers (n this document implies neither endorsemen

nreference nor disappr 'y the U5, Lrovernn

of 115 agencies, or EO&G [daho, In it the

of a specitiK [5"1‘..’ il purpose
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microbiological environment of typical disposa
sites in the eastern United States "1t is 1n

tended that the lysimeters monitor release of
nuclides from the bunied waste forms and provide
data that accurately determines movement as a
function of time and environmental conditions
Emphasis is placed on investigating the require
ments of 10 CFR 61. The study

{0

that continuous data on nuclide release and move

1§ designed S

ment, a5 well as environmental conditions, wil
he obtained over a 20-year penod

I'his report contains data from the fifth year ol
lysimeter operation, as well as cumulat
water balance and nuclide content of water
samples. Data for this report were retneved from
the data acquisition system (DAS) and from beta

and gamma analyses of lysimeter water samples




Materlals and Methods
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RESIN DEGRADATION

unbus Laboratories and modified tor use at
the INEL.” The coring equipment consists of the
wing g) coring tool and shutter used for

lecting, transporting. and storing the resin

¢ (b ng and shutter used for retaining the
void space | | preventing collapse of
he 1 hed | of the coring tool, and
vibrator to which drives the coring tool
and =hutters int bed. NUREG
CR-4150" further describes the

COring

Gamme Scanning. Full-length isotopic
gamma scans were made of each resin core fron
and second samplings to produce axial

profiles of radionuclide distribution. Those pro

>
7

mine the regions of high
est radionucide loading in the cores, [sotopi
spectral gamma measurements then were

t locations of highest radionuclide con

centration The two radionuclides having mea
urable neentrations detected by gamma

spectroscopy were Cs-134 and Cy-13

ing the cores, full-depth gross

gammu scuans were made within the resin beds of

the prefilter:. Those scans were ut_J L0 estimate
the total int

egrated dose absorbed by the resing

Radiation Doges. Gamma radiation doses

44

were calculated tor the resin \MhN(“- Using

gamma dose measurements obtained during tull

depth, gross gamima scans within the prefilter res

in beds.* Measurements obtained at elevations
of interest were used with the meth-d outlined

ade the total integrated beta-gamma rad
ation dose for each resin sample. The calculated

joses are given in Table |

Samaling. At the Test Reactor Area of the
INEL  each resin-tilled 1t

n-tilled conng tool was trans

ym its cask into the Hot Cell for remote

emot al of resin sampies. The coring tool shutter
W\ i thdrawn to expose the lavers of ditterent
cchange media (resin), It was noted that

me smearing of maternal trom one iayer into

\ ! had « rred when the shutler was

<
¢




Table 1. Caloulated radiation doses for EPICOR-II irraciated rec.n sumples
Calculated Gamma Activity Total Gamma
at Location of Sample Radiation Total Bews-Gamma
in Prefilter Dose Radiation Dose

Sample (R/min) __(rad) _ (rad)
PFE-4#] 21.2 10,5 x 107 1.5 x 108
PFE-8#2 13.5 6.7 x 107 0.9 x 10¥
PF-8#3 19.8 9.8 x 107 1.4 x10%
PF-20 13.2 6.4 x 107 0.9 x 108

inse*~d during coring operations and withdrawn
for se.apling. That smearing required careful re-
moval of the mixed surface material to expose
unmixed resin near the center of the core. It was
the unmixed material that was the target for
collection.

Resin samples were coliected with a vacuum
pump and a deionized water-filled, graduated
glass column.**® One end of & flexible rubber
tube was attached near the top of the glass column
and the other end to a vacuum pump outside the
Hot Cell. A segment of rubber tubing was
attached from the top of the giass column to a
stain’ess steel tube to form a wand. With the
vacuum pump running, the wand was positioned
over the target resin with a master-slave
manipulator in such 8 way that cesin was drawn
into the column. fample sizes of 100 mL were
coliected. Three samples were obtained from the
PF-8 core, two styrene cation resins (PF-8#1 and
PE-8#3) and one phenolic cation resin (PF-8#2).
A single styrene cation resin sample was obtained
from PE-20. The resin samples were collected
from or niear those regions of highest radionuclide
loading. This study is concerned with degradation
of organiv ion exchange resins; therefore, only
organic resin samples were removed from the
cores. No anion samples were collected from
either core because ¢f the much lower radio-
nuclide content of the anion exchange resin and
low radiation dose indicated by gamma scans
(resulting in much less degradation than in the
cation exchar.ge resins.)

Sample Preparation. The radiation levels o
the samples were of such intensity that analytical
work performed on the irradiated resins needed to
be done within a hot cell environment, However,
that would have made characterization and
analysis of the samples very costly and time-
consuming. Previous test. performed a° the INEL
on unirradiaied resins had shown that an EPICOR
resin could be stripped of 99% of its cations using
a 10% hydrochloric acid solution.® Based on that
information, it was decided to strip the radio-
nuclides from the PF-8 and PF-20 resin samples.

As described in the previous section, samples
were removad from the coring tools and drawn
into separate ion exchange columns filled with
deionized water. The samples were allowed to
soak 24 hours in the water-filied columns. At the
end of that time, the deionized water used to soak
each of the samples (PF-8#1, PF-8#2, and
PF-§#3, and PF-20) in the separate columns was
examined visually. Each ion exchange column
was reconfigured, and the deionized water was
removed through the shuteff valve of the column
and retained for analysis. Tiie samples were
rinsed two times each with deionized water,
which was added by the pump through the tubing
at the top of each column. Resin samples PF-8#1
and PF-8#3 and PF-20 showed restriction to
flow during this initial rinse procedure and re-
quired a batch rinse with the water removed by
decanting. That deionized water also was retained
for gas chromatography (GC) analysis and
functional group tests.




A solution of 10% hydrochloric acid was
pumped through each resin sample at a rate of
100 mL/min. That edree contineed until
60 sampie volumes v determined to re
move 9% of the ¢.  ms) or & L of acid flowed
through each resi:; sample. Representative quan
tities of that acid rinse were collected and later
analyzed

The deionizec water soak and rinses, and the
hydrochloric acid rinse greatly reduced the radio
nuclide content of the resins. That made it possi
ble to remove the samples from the Hot Cell and
perform the analyses in a Type II fume hood con
taining a high-efficiency particulate air filter on
the outlet duct

Characterizaticn of Unirradiated end
irradiated Resins. The following analytical
meihods were used to characterize the unirra
diated Epicor, Inc, resins (strong acid cation and
phenolic cation) and samples from PF-8 (two
strong acid cation samples and one phenolic
cation sample) and PF-20 (strong acid cation)

ASTM Procedures for the Physical
and Chemical Properties of Particulate
lon Exchange Resins '

Gas, liquid, s0d supercritical fluid
chromatography

ICP~-AES for determination of
sulfonic acid groups

Gamma-ray spectroscopy

Scanning electron microscopy

American Soclety of Testing Materials
Tests. ASTM procedures were used to deter
mine the chemical and physical conditions of the
icn exchange resins. 4% '2 Results from analysis

procedures* were used for the strong acid cation

and phenolic cation exchange resins

The pretreatruent phase of the ASTM
procedure converted the 1on exchange
resins to one standard form (usually

rm for cation resins)
I'his standard forin provided a base

line for other ASTM tests

The water retention capacity test indi

| thi porosity of the resit The
resin’'s porosity s dependent Ou the
amount of effective cross~linking
'he higher the water retention
capacity, the lower the effective cross
linking. In the case of the PF-8 and
PF-20 resins, the water retention
capacity is an indication of the amount

of divinylbenzene cross-linking

e backwashed and settled density
test determined changes in effective
cross-unking between new and used
iestns. The density 1s proportional to
the amount of effective cross—linking

in the resin

[he salt-splitting capacity test showed
the number of sulfonic acid groups
contained in a cation 1on exchange
resin. A decrease in salt=splitting
capacity would show a loss oi
functional sultfonic acid groups
Phenolic, carboxylic acid, and phos
phornic acid functional groups also
will exhibit salt-splitting capacity to

some degree

The total exc hange capacity test deter
mined the exchange capacity of cation
1on exchange resins that contain
functional groups in addition to, or
different from

functiona! groups

of the irradiated ZPICOR-1I resins and the a. The tests were performed
unirradiated resins were compared to determine i ASTM standards; dey
degradation had occrrred. The following ASTM limits of those standard

anon
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(Results from the first and second samplings
previously reported A

The results of these analyses are graphica
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exchange capacity. This figure shows the marke
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Table 3. Sulfate determined in agueous Scanning Electron Microscopy. SEM pho

solutions from resins by inductively tomicrographs of the unirradiated | picor, Ing

coupled plasma-atomic er | pplied resins were presented 1n two NRC re
spectroscopy-=third sampling ports.*” Figures 2 through 5§ show examples of
O e e ettt e s 4 resins from the third sampling of the irradiated
EPICOR-1I resins, Other SEM photomicro
graphs are presentad in Reference 6
Resin Sample No mg S )ml S e

vhotor nh af P | rogis
PE.R# ] I'h \?\!‘ 10LOMICTORraj PF-%#1 re

PF-8#2 R

f IRUre 2) shows cOns e ".‘b' { ~‘.i‘.”r.(;"2' 1O [‘il

resin bead. It shows a concentric type ot head

cracking not observed during the previous sam

PH--8#3 63 I ’ - \
Mings ne 1otomICrograph ot p-X#3 re
PF-20 1 | ny ne p m praj res i
fl}‘\h’\' 1) shows & A‘.'“'J'("‘KI\;H,’w?\'Ll\:r}_'

Figure 3 shows two beads that have cracked. Ong

Unirradiate Resin 0.3

also appears to have softened and been deformed

by surrounding bead:

explained by the tact that this sample was taken 'he SEM photomicrograph of PF-20 resin
next 1o the strong acid resin. These resin samples Figure 4) shows a cracked bead that exhibits
still appeared to be moist, which would allow the other damage partiaily hidden by an adjoining

sulfate to migrate § wly. Alsa. because of the bead. The SEM ;\?u LOMICTogt inh of PF-&#2

proximity of these resins in the sampling tooi, a phenolic resin (Figure 5) shows one particle ob

small amount of the strong ac:d cation resin was tained from the third sampling with shight

henol

coliected with the p

Figure 2. SEM photomicrograph of EPICOR-II strong acid cation resin sample f~>m PF-8#1 show

t a C1OSCL Ul € unusu y CIRUTE a adl (¢ i WA NHNCAl
iNg a closeug ne unusually da ed be it 100 ma A




Figure 3. SEM photomicrograph of EPICOR-II strong acid cation resin sample PF-8#3 showing
only one resin bead, which appears to have softened and dimpled (at 100 magnification)

Figure 4. SEM photomicrograph of EPICOR-1I strong acid cation resin sample PF-20 showing a
closeup of a damaged resin bead (at 100 magnification)
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Figure 5.

SEM photomicrograph of EPICOR-II phenolic cation resin sample Pi--8#2 showing a

closeup of one cracked resin particle (at 50 magnification)

Gamma-Ray Spectroscopy. During the
third sampling, gamma-ray spectroscopy was
used to determine the amount o1 radionuclides
present in the agqueous solutions, Table 4 presents
the amount of Cs~134 and Cs-137 found in the
deionized water solutions, as well as the tota)
cesium from the resin samples

Table 4. Cesium measured in aqueous
soluticns from resins-third sampling

Total mCi/100 ml
__Resin Sample

Resin Sample No, Cs-134  Cs-137

Total Cs

PF-841 650 74,089  74.139
PF-8#2 95 11,183 11,278
PF-8#3 [ 141 130,242 131,383
PE-20 030 108,215 109,145

Physical Observations. PF-8#] and PF-8#3
resin samples both appeared dark orange te
brown in color, The old unirradiated resin was
still a tight amber color. PF-20 resin samples also
had a significant change in color (mostly orange)
When the sampling was performed, the PF-8#)
and PF-8#3 resin samples also appeared to be
sticky and tenacious toward the sampling wand
In several instances, the vacuum wand had to be
rinsed in water to clear the vacuum tube

Synopsis of Results. Table 5 presents results
of the various analytical tests performed on the ir-
radiated EPICOR-II resin samples. It should be
noted that results in the table are expressed in
terms of ditferences between values obtained
from tests on the irradiated EPICOR-II resins
from the first, second, and third samplings and the
values obtained irom tests on the unirradiated
Epicor, Inc. supplied resins



Synopsis of results from analys:

(first, second and thir¢ samplinzs)

s of EPICOR 11 irradiated resin samples

Sampic
Analyncdd Techmque Number

ASTHM Tests

Water retention (apacity
RBackwashed and settled density
Salt-spluning capac:ty

Total exchange capacity

Infrared spectroscopy

Gas. hgund and supercntical

flnnd chromatography

BaCl, precipstation for

sulfonic acid groups

Inductively coupled piasma

eTmSSHON Spex TrOSCOpPY

Scanning electron mCroscopy

ohservanons

PF-8#%1

Strong Acid Canon

Increase/Increase/Increase

Decrease/Decrease/Decrease
Decrease/Decrease/Decrease
Decrease/Decrease/Decrease

No apparent chanz=s

m structure

No soluble products

determmed

S alifomc acid groups
ae being lost

sulfomic acy ¢ "aps

e bemng losi

Resin bead crach mg

Resmn bead cracking

Resin bead crackng

Resin Sample

PF 582
Phenolic Canon

Increase/increase/Increase
Decrease/Decrease/Decrease
increase/Increasc/Decrease

No change/Decrease/Decrease

No apparent changes

I structure

No solubie products
determined

This resmn contams

no sulfomc acd

S¢ me suifomc acyd

groups found

Damage on 2 few

particles
No Carnage noted

Damage on onc
party ie

PF-8%2
Strong Acid Caton

N7 sample/Increase/Increase

rio sample/Decrease/increase

No sample/Decreas: T e 1R

No sampie/Decrez

No spparent changes

n strocture

No soluble products

determmed

Salformc acd groups
are bemg lost

Suifonic acd groups

are beng lost

No sampie

Resin bead «

Resm head «

PF-20
Strong Acid ( “atwn

increase/Increase/Increase
Decrease/Decrease/Increase
Decrease/No change/Decrease
Increase/No change/Decrease

No apparent changes
mn structure

No solnhic P’""'Jﬂ*

determned

Sulfonc acid groups
ave beng bost

Saiforac acyd groeps

are bemg lost

No damage noted

No damage noted

Damage to one bead
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Table 5. (continued)

Resin Sample
PF-_8#1 PF-8#2 PF-R83 PF-20
_ Amnalncal Technique Number Strong Acid Cation Phenolic Cation Stre..2 Acid Cation Stong Acid Cation
Visual observanons Nothing unusual Comtammation with No Sample Nothing vnusual
PF-&#1 resin
a brown color a hrown color a hrown color a brown color
solutions were 2 conruned higit solutiors were a solutiogs were a
with sediment contarmmanion with with sediment with sediment
PF-8#1 resm
Phys:cal observations fack of flow Nothing unusual No Sampic Nothing unusual
durmng elution
Lack of flow Nothing unusnal Lack of flow Nothng unusual
Lack of flow Nothmg onusual Lack of flow Lack of flow




RESIN SOLIDIFICATION

Four EPICOR-II waste forms have been
compression-tested. Samples with mass and
contact radiation dose readings similar to those
tested in 1984 were used.'*'® One samp.e of each
waste type (all organic and organic with zeclite)
in each binder (Portland cement &nd vinyl
ester-styrene) were tested. On June 28, 1990, the
seven-year old waste forms were compression—
tested per ASTM C36, using a Tinuis Olsen
60,000--1b testing machine calibrated on June 21,
1990. The test results are presented in Table 6.

The specimens were tested dry using poured
epoxy leveling caps. The concrete specimens
broke in a column cracking pattern with very
little flaking. The VES specimens bulged in the
center of the cylinders. The column breaking took
place within the bulging center area. The VES
specimens seemed to be very ductile. The tested
specimens are shown in Figures 6, 7, 8, and 9.

Figure 10 shows the above data and previous
compressive streqgth test results (taken at (ges
after fabrication of 1 month and 24 mcaths)
relative to specimen age. All sempl. types
experienced increase in strength with age. The
oldest cement containing organic/in *vganic ion
exchange resins exhibited an unusually high
strength. It is noted that only one specimen of
each of the four types was tested and the data
scatter could account for this apparent anomaly.
Further testing planned over the next two years
should clarify these results.

These waste form specimens have been stored
in shielded drums throughout the project. Dose
measurements indicate that the specimens have
experienced a tota! gamma dose of 1.5 x 10° to
2.5 x 10° rad. That dose has caused serious em-
brittlement of the polyethylene specimen con-
tainers, which are beginning to crack. The VES is
evidently responding to the high dose by
becoming more ductile.

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

Material of
Specimen Construction
Ci-23 Organic ion exchange
in Portiand cement
C2-A7 Organic/inorganic
ion exchange in
Portland cement
D1-A2 Organic ion exchange
in Dow vinyl
ester-styrene
D2-27 Organic/inorganic ion
exchange in Dow viryl
ester-styrene

Raaiaticn at Ultimate Compress
Contract Load Strength
(R/h) (Ib) (psi)

7 9,890 3667
12 17,000 6404
25 8,830 3364
28 11,290 4333

14
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FIELD TESTING

Materiais and Methods Sr-90, while Type B co bout 1% Sr-90
Of the ot! { | those wastes
"L‘llt\' g | jesceribed in fol Wit ( and ¢ ¢ i 10 U tuents
SeChion of this repont Included ar fescnptio Ol with 5b > 10 | tra d
Wil form \ net ind proced séd |
1€ g analy e Port [ype 1=l cem d VES were used
to solidity both typ ! Wil individual
Experiment Description. Solidified waste forms w ’ red by wing a
forms containing EPICOR-I1 1on exchang \ nhcation agent and nwa {
Iysimelter Lysimeter sit nave Hee tablished ] r by <m gt Enoug [ th A
at Oak Ri ‘,;'t Nationa! Laboratory (ORNL) and ture was ad cach vial {0 | uce waste
Argonne National Laboratory-t ANL-} 1ort witl averag \! erof 48 ¢m and
Instrumentation withu wWch Of the five lysimet height of O y/.aen A HTIPIC (4[4
at each site includ [ 1 water seription of ! form 1 tactu given
samplers and sotl moisture/temperature probe Ref |5. Bench testing of ar waste
['he prob nected to an onsite DAS forn per the requirement of the Branch
vhich ai ; lata 1 a f lech i P n on Waste Forn jescribed in
meteoroiogical stat cated at eacl \ Relerer {
detatied descriy ) { \ neter {
their installation and data from the first fou Description of Lysimeters. The lysimeters
ears of opera 1€ it | el are designed as sell contained 1S that can be
repors " istly disposed at the termination ¢t the field test
experiment A Lotd flen lysimelte al used
Description of Waste Forms. W fort with five placed at each field site. Each lysimeter
used in the field test are composed solidified is & right circular eylinde Y1 m in diameter by
EPICOR-II prefilter resin wastes, Two waste o .12 mn height) constructed of | gage, 316 1
mulations are used 1n the sohdification project tainies ¢ t gul ernally, the 1ysi
lable 7). Type A 15 a mixture of synthel ' ! jivided W tions, the uppet
Organic 10n exchange resins iron Pl ph \ IIMe g 1332 L and th wer bemng Y6 1
caton, strong acid catio and Mg Dase anio \ 8 n, Scheduie 4 S niess steel pipe
resins), while Type B 1s & mixture of syntheti I'Ves as an access to th wer compartment
organic ion exchange resins from PE-2( ne D01 rumentation, and waste rorms are ¢on
acid cation base anion resins) with an tained Iin the uppe mpartment, while the 10wei
Inorganic iste Type A contains 25 ympartment serves as a leachate collector
Table 7. Lysimeter waste form compositiot
Lysimeter Prefilter
Number Fill Materia Waste Form Descrniptio Numbet
D cement witt :\ 13 ‘\ wd P} ¥
, Cement with Type B wasl PF-24
) VES with Type A wa Pt
) S0 VES w fype B wa PF-24
S ANL-} S a oxid Cem ¥ith Type A wa PF-7
5 ORN N xid Cen { B wi P24
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lysimeter vessel component locations

that fits the NRC criteria for the
midwestern soil. It is a Morley silt loam, with the

|d site are filled indigenous soil

soil; the remaining one 1s a control filled with an

inert silica sand.'’ Two different soils were used surface layer removed. The result

Ing subsurtace
Soil at the ORNL was not

be a suitable substitute ¢

One was representative of Midwestern soils, the SOL1L 1S a Clay loam
\“'\i‘&'.‘: W ““

Barnwe

imate soil found at

South Carolina. ANL-E used local

intended Lo apoi Bamwell soil;

was transported to the

found to

therefore, acceptabie sol




ORNL from the Savannah River Plant adjacent K«

the Barnwell facility in South Carolina

Each of the lysi

numbered | throug!

nsecutively

through 4 cor

tatning soil and number v

being the sand-filled
control. The waste fo ' nd 1n eact

lysimeter is given in Tabie

Oata Retrieval and Analysis, Electrical
impulses from the environmental instruments ar
collected by, processed in, and stored by the DAS
he DAS processes input

tor periodic retrieval

into recognizable data using programmabie steps
QOutpu. fron ¢ moisture nrobes, for
example, is processed by a polynomial equation

that was derived from laboratory calibration of

Data output from the DAS is stored on a
cassette tape and, after retrieval, i1s transiated to
an IBM PC-compatible disk file. Hard copy trom
these files i1s provided either graphically or in a
printed format. The graphic display presents data
over an extended time penyd. The graphic
rresentation was used 1or this

repon

Water {1 lysimeter is drawn fron

parous cup or samplers and tysimeter
leachate collection compartments at least
quarterly, These water samples are analyzed
routinely for gamma-producing nuclides an, as
required, 1or the beta-producing nuclide Sr-90
Water analyses are performed at ANL-~E by the
Environmental Services Laboratory and at
ORNL by the Environmental Radic Analysis
Laboratory. Both of these laboratories have a
traceable quality ogram and use
accepted analyti

determiu@ation
Results and Discussion

ANL-t

obtained from July 1989 through July

I'his report contains DAS data from
and ORNI
1990, In addition, information on water balance

|

and nuchide content in soil water and leachate 1s a

| rom the nit

project ANI August 1, 1985; ORNI
1985) through June 1990, Much of the
in graphic tormat so tha

can be correlated easily with Limie

Weather Data. Precipi

wind speed, and relative humidity, as re
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equ

vearly precipila
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ORNL had received

Air temperature data from ANI
show that there were penods of tre
tures from mid-November 1988
April 1990, In contrast to previou
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& period ot freez
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from mid=November unt

again in mid-February (Figure 17
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Figure 12. ANL-E weather data-precipitation.
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Figure 20. ANL-E and ORNL cumulative precipitation.

lysimeters at each site, sufficient data to satisfy
reporting criteria will be available. In addition,

temperature data collected during the years of

extended service life of the probes will serve as a
useful climatoiogical reference for assessing
waste form perforn.ance in future years.

The lysimeter soil temperature data recorded at
ANL-E and ORML during the reporting period
are shown in Figures 21 through 29. Except for
ANL-E lysimeter | at the 149 cm elevation in
January and again in February, at no time during
the reporting period was a freezing temperature
recorded at any depth by a functioning tempera-
ture probe within a lysimeter. A direct correspon-
dence can be seen between air temperature and
soil temperatures at both locations.

As stated in past reports, there have been a
number of temperature probe failures at ANL-E.
During the last two reporting periods, it was
obvious that the temperature probes in ANL -4
failed; therefore, data from these probes have not
been included in the report. During e 1989 re-
porting period, it appeared that (he probes in
ANL-3 were not functioning proper.v. Further

25

deterioration of these probes and one in ANL-S
has been seen during this reporting period. From
past experience, it would appear that the probes
have been damaged by corrosion of the metal
parts.'” At the present time, a more damage -
resistant replacement for these probes has not
been found. All temperature probes at ORNL still
appear to be functional.

Lysimeter Soll Moisture Data. Data trom the
moisture probes at both ANL~E and ORNL,
shown in Figures 30 through 39, indicate that the
lysimeter soil columns at both sites have remained
moist during the reporting period. The probe out-
put from the soil column of each lysimeter over
time (as determined by averaging the outputs of
the three probes in each lysimeter) showed that the
variation in moisture detected for the lysimeters at
each site was relatively similar and not excessive.
There was a coefficient of variation of 21.3% at
ANL-E and 7.8% at ORNL. The probes continue
te serve their onzinal purpose of providing some
indication of the status of lysimeter soil moisture.
As was mentioned in the section on soil tempera-
ture, some of the probes ot ANL-E are no longer
functioning.
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Soil moisture was discussed in & previous rate of drainage cannot be restored. The present
repot 501l moisture in the soil ¢column of coenditions are now thought to be indicative of
the lysimeters at each site 1s quantified what would be found if a disposal trench were
gravimetrically once each year (see Tables 8 and constructed in this soil. It was decided in fiscal
' 9), Some 1dea of the accuracy of the soll moisture year 1989 that no further efforts would be made
probes can be calculated by comparing the once to improve drainage of these lysimeters. Instead,
a-yeqr gravimetric soil moisture data of each soi water i no longer allowed to pond on the soil sur
lysimeter to yearly averaged probe data face. Water in excess of 2-3 cm in depth is now
Table 10), Percent differences between the removed from the lysimeter surfaces. Total quan
gravimetric data and probe data for ANL-E lys tities of water removed from the three lysimeters
meters range between 28.0 and 37.6%, These during the year were
values are stili within a reasonable range giver
“ the use of the information. While data from the L el
AR ORNL probes continue to overestimate the actua " ANL 1,431 1
percent soil moisture, these data have remained
consistent year after year . ANL 2,428 1
o011 moisture (as gravimetrica''y aeterminec M ANL 4 2101
at each samptng depth has remained unitormiy
consistent between intrasite lysimeteis during the
past several years (Figures 40 and 41). The uni [t is apparent from data presented in Figures 40
formity of soil moisture in the ANL~E lysimeters and 41 that after initial wetting. the waier storage
Figure 4 ontinues to be of interest given the within the lysimeter soil columns at each of the
long=term, nonuniform decrease in water infiltra sites appears to have remained fairly constant
tion in to ANI 2, and 4. Action to improve lables 8 and 9 and References 17, 18, 19, 20,
drainage of these lysimeters has been taken; how and 21). At the time of the last sampling, the aver
1 ever, it has now become obvious that the initial age soil moisture of ANL-E soils was 56.1% of
o
.

o
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Table 11. Resultc of beta and gamma analys of ANI__F soil moisture and leachac samples, year 5

(1989 . 199
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Tab‘e 13 Results of beta and gamma analvsis of OR NI wonl muwmstre and leachate \_‘Jl}!!\‘;‘\ vear S

{ 19R9._ 1))

Sampie
}nﬁfﬁ\ltf;l I'wm e };'v" ) ”‘{"

fys1® < =4 1R
< R

113 -3

i

Ny

Concentratsom ¥ 7 ssgma

1 1 swhcampie freen loachate coflechon

Tzl mewstarr con sampide = 0 1 I sampie sire




L A ! !
|
i |
|
|
|
’
401¢ - |
o3 ‘
L o |
-
5% 30 ¢
1 J |
| |
) .
|
-y |
ol l
|
|
oL s

P A = S e o SR

. ]
( got 40¢ T 00 100¢ 1200 1401 180¢ 1000 2000
DAYE BINCE 8 1/88
Figure 44, ANL-E cumulative SR-90 collected in moisture cup number J
1 ;
v |
e |
e l
v |
lw ] 1 '
{ TR g
O
! |‘ !
o y |
o}' .
"
¢ 14
kh,)
)
’
\
e
| . d s 4
¢’
v
“ . ’ .
J
x - . s L
[ S PP PPN P~ st " S R S S S ——
400 600 oo 1000 120¢ 1400 L 1 180¢ 2000

DAYBSINCE 7/1/885

Figure 45



srm o

\
o e o T S B TR B NI B Y Ny SE e Whn Wy G S S—
0 to0 ADQ f00 Bot 100¢ 12014 140¢ 190¢ 180¢

(

2000

DAYB BINCE B/ 1/ 08

Figure 46 NL-I nula SN Vit r leachat

P

S+
Thousands
-

¢ $00 400 01 80¢C 1004 8¢ 1400 160¢ 18000 200¢

Figure 47. ORNL cumulative $1-90 ted in lysimeter leachat




"

OSSR S—" - S ey e Iy v
420 00 200 1000 1200 146¢ 1800

CAYRBINCE B/ 108

L R00 1800 1001

E cumulative Cs~137 collected in moisture cujy

o e« s e i e

»”
b g e el A 1 e A A A < el W e e
o0 1000 1200 1400 1600 1800

¢ ko0 400 $00
DAYS BINCE 7/1/08

maoisture

F‘QUVO 49. ORNL cumulative Cs~'37 collected it




o B

100¢ 18

DAYS BINCE 71

Figure 50




ROC

1000

————— ———— A $6 § S g o g g ,_._...-,.J

1200 800 1800 000

1400

DAYBBINCE 7/ 1/08
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cled

\; { and thu
ontinues to indicate a unitor
performance More Sr<90 is

VES waste forn

ups but the effect appears to be mod

than in the

other AN

srated by the distance traveled in soil from the

forn

(o the leachate collector. Movement

nuclide into the leachate of ANL -5 15 much
sreater than that of the other lysimeters and thus
continued evidence of the moderating

sotl, Greuter quantities of Sr-'A) appear

be moving through the ORNL lysimeter than
E lyvsimeter, Once again, there

the

the amount of nuclide r2

appears

rrelation betweer type of waste

overed in the

lysimeter lsachate collector

leachate collector. About 0.1% of the St
tained "<‘)R\l 5 ha

leachate from that lysimeter. Recovery of Sr-9%0

) con
now been recovered in

in the ORNL cups has been greater in those lysi

meters containing the cement waste forms bul
any conclusions drawn based on those data must
be tempered with data from ANL 3-8, which
shows greater recovery of S§r<90 from a VES

waste fom

On an intersite comparison it can be seen
(Table 14) that larger quantities of Sr=90 and
Cs~137 are moving in the ORNL lysimeters. Soil
type and precipitation (ens ironmental factors)

appear to be the contro!'ing factors




Table 14 ¢ omparson of total S

790 and ( mventowy per [vsameter o et 3l armewings m Ty e teT woater

Percent Tonad fovergory Se 90 « 10

Precent Toal inventony

Morsture (ups 1 cachzte Water Morsture Cups | cachate
I vumeter Sohdifving
S e ORNI RN ANI NI

{ Pt
{ 2t
VES

VES




CONCLUSIONS

§ 5\ ! i f W 3
} y e . | )
§ f 5 ' ) by
1 )
! bl ' | '
} »
| .
\ Cly ) !
! ) ) ’
\
) \ EPICUK~1
PL - o \ )
\ ' } ] }
M i
| ’
) :
: ! i } ; L
b } b § | )
| ) \ \ i A
1! )
) i >
Fane ) 1 1 WA ' ' m ™ ) Wl
) ) rthatr b 4 ) Ty 5
by ! A :
A ! ! |
by ) it | : thit " ‘
‘ ; { ) " 1
I't ' ) [ ) th 131 i
' Lol §
{ ’ ’ b b 4 i )
! { e Wiw A \
AR ’ bye | f internal radiation
{ fa)l
) \ o
’ f 1) A ’
My ) A \ ) \ hibit
} vith EPLCO} | \ \ U
) ’ { rint rad ! . t)
. : ) } )
| el ) P ) ' 1 | } th ' ’ \ ! t) |
W 5 ! b
\ ' { at ) | exhinited I [ ' thaut
‘ '
wdiatio Rl and PE-R¥ ‘ b} } } '
1} )
ni restt W | i ) i ) ) { v Y §
1 1 | T 1 11
ra Wit urined . ) ™ tland y \ {1
: { b
t rad ) |
A } h W A \ ) 105 i 5\ } } i WA |
} )
’ n)
fr : b pe. PF-K# the ph ‘4 high Y hi
4 ot b
with ar low do showed { it | Cast . 5 3 . " -
VES i W , (
3 \ \ ] 108 res \ ate that the ‘P ¥ | ’ t ' 1 ! H \ th
! ThA \ } 10% ‘
' ' i LT nt
at PEAS#3 ¢ i ! Pl Hel } " 1 «hik ) h %
’ b " }
) n had reache 1I0S€C NIE cn : | \ by \ ! huted 1
\ ! X Ohia { \DAC T i ral vy t W ;
Ol ALY } ‘ oy - | b \ 3 ! : ‘
! ! A 1 ’ 1, s ! ' A s
4 I'he Pl ere ) { va b : bt shic! Dred "
: ' ) b ived \ . furth . " . :
{ \ | o 3 ¢ s . } VIS ,b!( 5;} | y
'
{ raclat } } t ree
- M1 gis L asl ! i \ : : x '} ge 1 tain \ W as fovrm ,"
th } {
‘ A ) | ! b " I'h ! \ he nex
b ] | treandd
\ { \ ren
hese analy have a ' §
i | fifr) )
i X1 ihi nea £ X! ger re (Y ’ . y s
A NI | 3 N
raded } " v rad L {er nd \ AN { ORNI
M ¢
' I ! | \ ? ‘ ] : AN - .
\ } ICLUE
\ f b
» | ' ] 3 T 13 » {
Leg a ¢ ¢ ¢
111 \ cgrated rad ) ; \ \ \




paning (o provide s leachate water in the control lysimeters at both

Orm performance ites. It continued to appear that the limited step

i receiving Sr-% in the leachate is not release of
the most prevaient nu

the nuchde from the waste forms (sinee Sr-90 s
les. It appears that found in cuy

Y samples), but rather it 15 the soil

WiLh respect | charactensucs (inciuding soiul and quantity of soil

water) that Limit movement

Data on waste form performance presented in
this report continue to suggest that VES is con
parable Lo cement in its ability to retain Sr-90
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The EPICOR~II Resin/Liner Investigation: Low-Level Waste Databage Development Program

funded by the U.S. Nuglear Remuatory Commission, is (a) stus, .ng the degradation effects in EPICOR -1
organic lon exchange resing caused by radiation, (b) examnining the adeguacy of (st procedures recommen
in the Braneh Technical Position on Waste Forms to meet the requirements of 10 CFR 61 using solidified
EPICOR-II resing, (¢) obtaining performance information on solidified EPICOR-1 ion exchange resing i
disposal environment, and () determining the condition of EPICOR-1I liner

compression tests on seven-vear old waste forms containing EPICOR-1] reging solidified with both Portla

lype 1=11 cement and DOW vinyl ester-styrene are presented and compared 1o earlier compression (est d

et et i e S e

Gal

Results of the third sampling anely f lon exchange resins from prefilters PF-8 and PE-20 are compared
with baseline data from u pert { on unirradiated resing and with results from the first and second
samplings to determine if degradation has ocourred becuuse of the high intemal radiation dose, Resulls of

K

. " » 5 : . 1 ’ ) ’ B 1 v ' . Y " 1 H ¢ o7}
! Results of the fifth year of date acquisition from the field westing are alse presented and discussed
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