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ABSTRACT

The Field Lysimeter Investigations: Low-Level Waste Data Base Development
Program, funded by the U.S. Nuclear Regulatory Commission, is (a) studying the
degradation effects in EPICOR -1 organic ion—-exchange resins caused by
radiation, (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 -1 resins, (¢) obtaining performance information on
solidified EPICOR-I1 1on-exchange resins in a disposal enviropment, and (d)
determining the condition of EPFCOR -1 Liners.

Results of the sixth year of data acquisition from the field testing are presented
and discussed. During the continuing iield testing, both Portland Type 111 cement
and Dow vinyl ester-styrene waste forms are being tested in lysimeter arrays
located at Argonne National Laboratory (ANL~E) in ['linois and Oak Ridge
National Laboratory (ORNL). The study is designed to provide continuous data on
nuclide release and movement, as well as environmental conditions, over a
20-year period.

FIN No. A6876-—Field Lysimeter Investigations:
Low-Level Waste Data Base Development Program
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Field Lysimeter Investigations: Low-level Waste
Data Base Development Program for IFiscal Year
1991
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INTRODUCTION

The March 28, 1979 accident at Three Mile
Istand Unit 2 (TML-2) released approxi
mately 360,000 gal of contaminated water 1o the
Auxihary and Fuel Handhing duwildings. The water
was decontamminated using a demineralization sys-
tem called EPICOR 11 developed by Epicor, Tne *
The contaminated water was ¢ycled through three
stages of organic and inorganic won-exchange
media. The first stage of the system was desig
nated the prefilter, and the second and third stages
were called demmuneralizers. After the filtration
process, the wn-exchange media in S0 of the pre-
fillers contained radionuchdes in concentrations
greater than the limits for low-level wastes. These
prefilters were transported 1o the Jdaho National
Eng cering Laboratory (INEL} for interim
starage before final disposal. A special overpack,
or high-integnty container, wis developed dunng
that storage peried for use in disposing of the
prefilters at a commercial disposal facility in the
State of Washington. As part of the EPICOR and
Waste Research and Disposition Program funded
by the US. Department of Energy (DOE), 46 pre-
filters were disposed. Four prefilters used in U S
Nuclear Regulatory Commission (NRC) studies
were stored in temporary storage casks cutside the
Hot Shop of Test Area North Building 607
(TAN-607) at the INEL. Those four prefilters
were disposed duning this reporung year at the
Radioactive Waste Management Complex on the
INEL Site.

Under the EPICOR and Waste Research and
Disposition Program, continuing researcl, has
been conducted by EG&G Idaho, Inc. (EG&G
Idaho) on materials from those EPICOR-11
prefiliers. "= That work is now directsd by the
NRC as part of the Field Lysimeter Investiga-
tons: Low-Level Waste Data Base Develcpment
Program. Studies are being conducted on organic
ion-exchange resins from selected prefi'ers

" — e et e S e

# Mention of specific products and/or manutactur-
e in this document implies neither cadotsement o
preference nor disapproval by the U S, Government,
an’ of its agencies, or BEG&G Tdaho, Inc., of the use
of u specific product for any purpose

The resins were being examined to measure
degradation, and tests are being performed to
charactenize sohdified won-exchange media.

The resalts of resin degradation from studies of
the first and second sampling, as described in
Reterences 4 and 8 - _re compared with those of
the third sampling described in Reference 6. The
degradation studies determined the acceptability
of EPICOR-H prefilters for disposal i high-
integrity comtainers al the commercial disposal
site at Hanford, Washington by identifying
() degradaton effects on the won-exchange res-
ins caused by contimned radiation and (h) the pos-
sible release of contained radionuclides from
1on-¢+ change resins, Those studies are complete
and are not ceponed here.

Another aspect of this program was
mvestigated-—the sohdification of EPICOR-11
wastes from prefilters PF-7 and PF-24 using
Portland Type 1-11 cement and vinyl ester-
styrene (VES) (a proprietary sohdification agent
developed and supplied by the DOW Chemical
Company 5.

The formulations used for the immobilization
of EPICOR 11 wastes were developed to produce
waste forms meeting the regulatory reguirements
of T0CFR 61, “Lacencing Requires ents for Land
Disposal of Radioactive Waste.™ The NRC, in ‘18
“Technical Position on Waste Form" (T¢),]
provides guidance 1o waste generators on wisle
form test methods and acceptable results for
comphance with the waste form requirements of
1O CFR 61. In this study, EPICOR-1I waste
forms are annually subjected to the specified
compression-test procedures to ensure com-
pliance with stability requirements. During
this reporting period. no waste forms were
compression-tested, However, the carlier data
indicate that the waste form strength is increasing
with age.

Salidified waste forms contamning EPICOR-1]
ion-exchange resin waste are currently being
field-tested using iysimeters. The intent of the
testing is 10 expose waste-form samples to the



physical, chemical, and microbiological envi-
ronment of typical disposal sites in the eastern
United States." " 1t is intended that the lysime-
ters monitor release of nuchides trom the buned
waste forms and provide data that accurately
determine movement as a function of time and
environmental conditions, Emphasis is placed on
nvestigating the requirements of 10CFR 61 The
study 18 designed so that continuous data on

auchide release and movement, as well as envi-
ronmental conditions, will be obtained over a
20-year period.

This report contains data from the sixth year of
Iy simeter operation, as well as cumulative data on
witer dalance and nuclide contemt of water
sumples. Data for this report were retrieved from
the data acquisition system (DAS) and from beta
and gamma analyses of lysimeter water samples.
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FIELD TESTING

Materials and Methods

Experiment Description. Solidificd waue
forms contaming EPICOR 11 1on-¢schange resin
waste are currently being hield-tested using
lysimeters. Lysimeter sites have been established
at Oak Ridge National Laboratory (ORNL) and
Argonne Nationa! Laboratory-East (ANL-E).
Instrumetitation within each of the five lysimeters
at each site includes porous cup soil-water
samplers and soil moisture/temperature probes
The probes are connected to an onsite DAS, which
also collects data from a field meteorological
station located at each site. A detailed description
of ro lysimeters and their installation and data
from the first four years of operation are con-
tained in earlier Npﬂﬂh.""'m 11313

Descripticn of Waste Forms, Wai e forms
used in the field test are composed ol solidified
EPICOR-11 prefilier resin wastes. Two waste for-
mulations are used in the solidification project
(Table 1) Type A is a mixture of synthetic organic
jon-exchange resins from PE-7 (phenolic cation,
strong acid cation, and strong base anion resins),
while Type B 15 a mixture of synthetic organic
ion-¢ _change resins from PF-20 (strong acid
cation and strong base anion resins) with an inor-
ganic « olite. Waste Type A contains 25% Sr-90),
while ype B contains about 1% Sr-90, Of 2.

other « iotiuclides in those wastes, Cs-137 and

Table *  Lysimeter waste form composition.

Ca- 134 are the major constituents, with Sh- 125
found in trace amounts

Portland Type 1-11 cement and VES were used
1o solidity both types of resin wastes. Individual
waste forms were manulactured by allowing 4
mixture of sohdification agent and resin waste 1o
solidify in polyethylene molds that were 4 8 cm in
diameter by 10.2 em high. Enough of the mixture
was added 10 each vial to produce waste forms
with an average diameter of 4.4 cm und a height of
7 6-¢m (1375 cm™). A complete description of
waste form manufacture 1s given in Reference 14,
Bench testing of similar waste forms, per the
requirement of the Branch Technical Position on
Waste Form, 1s described in Reference 15,

Description of Lysimeters. 1he Iysimeciers
are designed as sell- contained units that can be
casily disposed at the termination of the field test
experiment. A total of ten lysimeters are used,
with five placed at each field site. Each lysimeter
is a nght caircular cylinder (0.91 m in diameter by
112 moin height) constructed of 12-gauge, 3161
stainless steel (Figure 1), Internally, the lysimeter
is divided into two sections, the upper volume
being 1532 L and the lower being 396 L. A
A.8-om, Schedule 40 stainless steel pipe serves as
an access 1o the lower compartment. Soil, instru-
mentation, and waste forms are contained in the
upper compartment, while the lower compart-
ment serves as a leachate collector.

Lysimets

numer Fill material
1 Saoil

2 Soil

3 Sail

4 Sail

5 ANL-E Silica oxide
S ORNL Sitica oxide

Prefilter
Waste form description_ number
Cement with Type A waste PF-7
Cemont with Type B wasie PF-24
VES with Type A waste PF-7
VES with Type B wasie PE-24
Cement with Type A waste PF-7
Cement with Type B waste PF-24
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Four lysimeters at each field site are filled with
soil; the remaining one is & contrul filled with an
inert silica sand.* Two different soils were used
One was representative of Midwestern soils, the
other was intended 10 approximate soil found at
Barnwell, South Carolina. ANL-E used local
indigenous soil that fits the NRC critenia tor the
midwestern sonl. 1t is a Morley silt loam with the
surface layer removed. The resulting subsurface
soil 1s & clay loam. Soil at the ORNL was not
found 10 be a suttable substitute for Bamwell sonl;
therefore, scceptable soil was transported to the
ORNL from the Savannah River Plant adjacent 1o
the Bamwell facitity m South Carolina.

Each of the lysimeters is consecutively
numbered 1 throvgh 3, with | through 4 con-
taining soil and number S being the sand-filled
control. The waste form type found in each
lysimeter is given in Table 1.

Data Retrieval and Analysis. I lcoinical
impulses from the environmental instruments are
callected by, progessed in, and stored by the DAS
for periodic retrieval. The DAS processes input
into recognizable data using programmable steps.
Output from the soil moisture probes, for
example, 15 processed by a polynomial equation
that was dertved from laborgtory calibration of
the probes.*

Data output from the DAS is stored on a
cassette tape and, after retrieval, is translated 10
an IBM PC-compatible disk file. Hard copy from
these files is provided either graphically or in a
printed format. The graphic display presents data
over an extended time period. The graphic
presentation was used for this report,

Water from ea. h lysimeter is drawn from
porous cup soil-wate: samplers and lysimeter lea-
chate collection compartments at least guarnicrly,
These water samples are analyzed routinely for
gamma-producing nuchdes and, as required, for
the beta-producing nuclide St-90. Water analyses
are performed at ANL-E by the Environmental
Services Laboratory and at ORNL by the Environ-
mental Radio Analysis Laboratory. Both of these

laboratories have a traceable guality assurance
program and use accepted analytical procedures
for nuchide deterimination,

Results and Discussion

This report comtains DAS data from ANL-E
and ORNL otdained from July 1990 through July
1991 In addition, information on water balance
and nuchde conten in soil water and leachate 18 a
compilation of data fram the initiation of the
project (ANL-E, August |, 1985, ORNL, June 1,
19K8) through June 1991, Many of the data are
displayed in graphic format +  chat information
can be correlated easily with time.

Weather Data. Precipitation, wir temperature,
wind speed, and relative humidity, as recorded by
the ANL-E and ORNL data acquisition systems
during the 12-month reporting period, are
presented in Figures 2 through 9. In October 1990,
the anemometer at ANL-E ceased normal opera-
ton (Figure 4),. The cause was due 1o niechanical
failure. Total official precipitation (measured by
refcrence rain gauges near each site ) for the period
was 106.2 em at ANL-E and 149 ] ¢m at ORNL
ANL-E, for the second consecutive year since
19KS, was well above the normal annual ramfall of
882 cm,'” while ORNL continued 10 be near the
normal annual rainfall of 138 8 cm '™ This is the
third time in the past five years that ORNL has
equalled or exceeded the normal amount of yearly
precipitation. The monthly precipitation pattern
i agh site can be seen from the histograms in
Figures & and & Figure 10 shows the cumulative
pattern of precipitation for both sites since the ini-
tiation of field work, By the end of this reporting
period, there had veen & cumulative total of S31.8
em @t ANL-E while ORNL had received a total
of 786.X cm.

Air temperature data from ANL-E {Figure 3)
show that there were periods of freezing
temperatures from December 1990 until the first
part of March 1991, For the second year, ORNL
experienced periods of freezing lemperatures
from mid-November until mid-February
(Figure 7).
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Lysimeter Soil Tempe rature Déta. Soil i

perature and moistor - yensars are physically
locatea witmin 4 common housing o1 probe

These probes are located t three elevations (149,
779, und 2K & ¢m, 7 measurad from the hottom
of the s/l culumn) within 24¢h Lysimater. “he
function o these probes s to provide aata on
whether or not the buried waste forms expenence
treczing temperatures and i f the surrunding sol
15 moist. Bocause dl of the soil lysimeters a cach
vite are exposed (0 the same environment, the
varren, placement of probes provides a planed
sadundancy n dair collection. Therefore, as lon,

as there Lre fusetiomug probes in any of the soil
ysima terd an eah site, suffivient daia 10 satisfy
reporting rteria vil! bo availal de.

The lysimeter soil temperature Jdara recorded at
ANL-E and ORNL during the reporting period
are shown in Figures 11 through 19 At no time
during the reporting period was a freezing
temperature recorded by a functioning tem-
perature probe at the depth of the buried waste
forms within a lysimeter. A direct correspondence
can be seen between air temperature and soil
temperatures at both locations.

(o Lated in pust reposte, there have been
number of temperiture probe failues st ANL-E.
During the lasi three reporting periods, it was
obvious that all the temperature probes in ANL -4
and one in ANL-2 had faded; therefory, data from
these probes ave not bven included in the repon.
During he 19891990 reporting period, it
appeared that the probes in ANL-3 were not
functioning properly, Further deterioration of
thes probes and one 11 ANL -3 Fas been seen dui -
ing thas reporting period. o past expenence, it
waould appear that the orobes have been damaged
by corrosion of the metal parts.'" At the present
hime, a more damage-resistant replacement for
these probes has not been found. Erratic behavior
of some ORNL probes was seen during this
ieporting period. 1t has not been determined if this
was due 10 the probes or faulty recording by the
DAS.

Lysireter Soil Moisture Data. Duta from the
maoisture probes at both ANL-E and ORNL,
shown in Figures 20 throug® 29, mdicate that the
lysimeter soil columns at both sites have remained
maist during the reporting period. The probe
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output from the soil column of cach lysimeter
over time (as determined by averaging the out-
puts of the three probes in each lysimeter) showed
that the *ariaticn in mosture detected tor the lysi-
meters at cach site was relatively similar and not
excessive. There was a coeflicient of variation of
37.4% at ANL-F and 19.6% at ORNL. The
probes continue to serve their onginal purpose of
providing some indication of the status of lysime-
ter soil moisture. As was mentioned in the section
on soil temperature, some of the probes at ANI-E
are no loreer functioning. This condition was dis-
cussed in a previous report. '

Soil moisture in the soil column of the lysime-
ters at cach site is quantified gravimetrically once
cach year (see Tables 2 and 3) Some idea of the
accuracy of the soil moisture probes can be caleu-
lated by comparing the once-a-year gravimetnic
sotl moisture data of each soil lysimeter 1o yearly
averaged probe data (Table 4). Percent
differences between the gravimetric data and
probe data for ANL-E lysimeters range between
3.2 und 19.2%, These values are still within a rea-
sonuble range given the use of the information.

Ld

While data from the ORNL probes continue to
overestiate the actual percent soil moisture,
these data bave remained consistent year after
vear.

In addition 10 using the probe and gravimetric
data 1o calculate soil moisture during the summer
of 1991, 4 neutron moistuie detecting probe was
used at ANL-E. Operation of the neutron probe
using initial calibration curves produced data that
was comparable to gravimetric values (see
Table 2). A new calibration curve will be caleu-
lated, and it is expected that the neutron probe
data will fit more closely with gravimetric
measurements

Sail moisture (as gravimetrically determined)
at each sampling depth has remained uniformly
consistent between intrasite lysimeters during the
past several years (Figures 30 and 21). The
uniformity of soil moisture in the ANL-E lysime-
ters (Figure 30) continues to be of interest given
the long-term, nonuniform decrease 'n water
infittration into ANL-1, 2, 4, and now 3 as well as
the drying of the surface soil horizon due 1o the

23



.

Table 2. Moisture profile of ANL F Table 3.  Moisture profile of ORNL

lysimeters | through 4 based on gravimetric lysimeters | thrugh 4 based on gravimetric
measurement of water content measurement of water content *
% Moisture (dry weight) % Moisture
Depth Neutroa Depth (dry weight)
Lysimeter _(om)  Gravimewic  probe  Lysimeter (cm) gravimetnc
| 0-4] 1.0 | (28 150
| 41-62 149 14.5 | 25-50 16.2
1 62-%2 179 179 | $0-78 17.1
| K2-107 19.1 | 75-100 181
] H7-133 19.0 1 100-128 17.¢
| 133153 204 20 | 125-150 154
1 153182 214
! 182-202 218 228 . 0-258 15,1
2 25-50 16.4
2 G-41 1.2 2 §0-75 16.9
2 41-62 1.3 17.5 2 75-100 167
P 62-K2 144 203 2 100-125 178
b K2-107 187 d 125150 184
2 107133 19.7
2 133153 20,0 226 A 0-25 15.4
2 153182 3l 3 25-50 15K
3 182-202 206 235 3 50-75 169
3 75100 16,9
i 0-41 12.3 3 100-125 17.2
3 4162 15.5 19.) 3 125-150 181
i f2-82 208 230
3 82-107 218 4 0-25 15.0
3 107-133 20.2 ) 25-50 189
3 133153 206 2314 4 S0-75 16.6
3 153182 19.6 Kl 75100 17.1
3 182-202 2.l 24.2 4 100128 17.7
4 125-150 I3
L} 0-4] 13.0
4 4162 17.6 19.)
R} 62-K2 204 214
4 82-107 413 a. Samples were collected on August §, 1991
R 107133 218
4 133153 b K| 228
4 153182 227
4 182-202 28 2\2

a. Sampies were coliected on July 16, 199,
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ment of waler content

ek of summer precipitation, AcLon 1o mprove
dramnage ol th se lysimeters has been taken
however, it is obvious that iitial drasnage rates
cannot be restored. Ohservations of surrounding
indigenous soils have contirmed that this sod) has
a low permeatility. Therefore, the present con
ditions are now thought 1o be indicative of what
would be found it a disposal trench were
constructed in the same soil. It was decided 1n
FY 1989 that no further efforts would be made 10
improve draingge of these lysimeters. Instead
water 1s no longer allowed 1o pond on the soil
surface, Water in excess of 2- 3 om i depth is now
removed from the lysimeter surfaces. Total quan
tities of water removed from the three lysimeters
during the yvear were

. ANL 1. 3951
. ANL 2 3631
. ANL 3,741

. ANL 44,2731

| through 4 by vear based on gravimetric measure

It is apparent from data presented in Figures 30
andd 31 that ater inual wetting, the water storage
within the deeper horizons of the lysimeter soil
columns at each of the sites appears 10 have
remained farrly constant (see Tables 2 and 3 and
References 8.9, 10, 11, 12, and 13). However, due
(o a lack of summer precipitation, there was @
decrease in quantity of water stored in the ANL-|
tysimeters. At the time of the 1991 saniphing, the
average soil moisture of ANL-E soils had
decreased from S6. 1% 10 45 8% of the soil
maoisture holdmg capacity iMHC ) while at ORNI
this value remained approximately the same
9. 26 for 1990 and 3K8.0% for 1991, These values

have remained fairly constant from vear to veat

By using the cumulative raintal! data from each
site sinee the time the lvsimeters were placed in
operation (Figure 10), 1t is possible to calculaie
the approximate volume of water that has beei
received ’*_\ the ¢X ""\L'li fvsimeter surfaces
(6489 5 e ). The cumitative volume of precip

tation received by ¢ach ANL-E Ivsimeter was
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‘Table 5. Results of beta and gamma analysis of ANL soil moisture and leachate samples, vear 6 (1990 - 1991 ;.

Concentration
(pCi/Ly*
Co-60 Cs-137 . T Sr-90 gl
Sample

dentification  Nov Apr July Nov Apr July Nov Apr July
Lys 1® <20 <0 <20 <15 <15 <15 <l <1 <l
Lys 2 <40 <20 <40 <35 <15 <35 <1 <1 <1
Lys 3 <4 <40 <20 <35 <35 <15 3921 43+ 1 »t2
Lvs 4 <20 <40 <40 <15 <35 <35 <1 <] 59+ 4
Ivs 5 <20 <40 <20 <15 <35 <5 565 + 4 661+ 4 576 + 8
Lvs 1-3¢ <30 <20 <20 <20 <i$ 272 + 60 7732 £+ 4 7892 + 4i 4055 + 31
Lys2-3 <50 <20 <40 322 + 4) 184 + 26 509 + 60 3320 + 27 3767 + 37 4169 ¢+ 36
Lys 3-3 <50 <40 <406 <50 <35 232 + 90 R6ES + 3340 10E6 + 3161 S8FS + 2871
Lys 43 <50 <0 <20 <50 <15 <15 7144 + 47 9046 + S3 1.1E4 + SR
Lys 5-3 <50 <40 <40  23E4 + 1318 39FE4 + 2498  S6E4 - 2480 1.1E4 + 216 L1ES = 177 1.7E4 + 197
Lys 1-1¢ <50 <40 <20 50 <35 <15 <10 <10 NAY
Lys 2-1 <30 <20 20 <20 <15 <15 <10 <10 <o
Lys 3-1 <S50 <40 <) <50 <35 <35 570 = 12 1350 + 23 876 + 7
Lys 4-1 <30 <20 <20 <20 <15 <15 <10 <0 <10
Lvs 5-1 <30 <40 <4 <220 <35 <35 KOR + 17 621 + 15 91 + 7
s Concentration + 2 sigma
b, 1-1 subsample from leachate collector
¢ Total moisture cup sample size is = 0.1-1..
d. Sample not available for analysis.
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Table 6. (conunued).

Concentration®
® e (Pei/l)
Sh-125 Sr-90
Sample .
identification Nov 90  Apr9l ~ Jun91 Nov 90  Apr 91  Jun 91
Lys -3 - - —_ 9.2F4 £ 2703 7.0E4 £2703 K. 1E4 £ 2700
Lys2-3 — —- - 1.0E4 + 270 8920 £+ 270 1.OE4 £ 270
Lys 3-3 - — - 1.0ES + 2703 9.5E4 £ 2703 1.4ES £ 2700
lvs4-3 — — -— 622154 311227 1485 + 54
Lys 5-3 - — - 73054 351127 L.1E4 £ 270
Lys -1° —- — — 784 £ 27 1135+ 54 1701 £ 81
_ys 21 — — — 124+49 2795 164.7 £ 27
Lys 3-1 — —_— — 1.1+76 3IR+70 E6+%4
Lvs 4-1 —- — - 100+89 114+ 100 57+84
Lys 5-1 - — - 2704243 405+ i35 64K+ 162

a.  Concentration ¥ 2 sigma,

b, 1-L subsample from leachate collection.

¢ Total mowsture cup sample = 0.1-1. sample size.

d.  Sample not availabie.
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Figure 42. ORNL cumulative Sb-125 collected in lysimeter leachate coliector,

of magnitude larger than the soil lysimeters
(Figures 36 and 37). Tins is comparable 10 the
previous year's findings (References 9, 10, 11,12,
and 13). In the soni-filled lysimeters, there were
intersite-comparable cumulative amounts of
$1-90 in cups from lysimeters ANL-E 1,2 and 4
and ORNL 1, 2, and 3 (Table 7). For leachates in-
tersite~comparable quantities of Sr-90 were
found in ANL-E 1, 2. and 4 (same as cups) and
ORNL 1,2, and 4 (Table 7). Except for ANL-E |
and 2 and ORNL 3, there was an increase in the
wotal cumulative quaatity of Sr-90 released in the
ieachate water (Tables § & 6). It was noted that
the leachate water from ANL-E 4 received a
748% increase in Sr-90 over that of last year For
the URNL lysimeters 1. 2, and 4, the total amount
of the nuclide released in leachate water was
comparable to or greater than that in the cups.
These datr fotlow a trend seen in some of last
year's data and make it appear that a pulse of
Sr-90 could be moving through the soil columns
of the ORNL lysimeters.

The percent of total Sr-9* being measured in
the leachate water and cup 3 continues to be
somewhat inconsistent between the two sites
(Table 7). Perhaps this represents a difference m
how the environment at the two sites atfects the
movement of Sr-90 being released from the waste
forms, This difference is also seen when the per-
cent of total Sr-90 found in the leachate water
from the two control lysimeters is examined. The
percent passing through the ORNL control has
increased to four times that of ANL (Table 7).

Gamma-producing nuchdes continue to occur
with regularity at ANL-E and are again present at
ORNL. ANL 2-3, below a cement waste form
containing large amounts of Cs—137, continues (o
receive Cs—137 (Table 5), with another significant
increase in the quantities of this nuclide appearing
again this year (Figure 38). Cesium~137 began
appearing in ANL 5-3 in 1987, The quantity of
this nuclide has increased in each of the sampling
periods since that time,"> with abrupt increases
during the last two years (Figure 38). There
continues to be no sustained occurrence of Cs—137
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in any of he ANL leachate water. Detectable
amounts of Cs=137 have been consistently found
in water from ORNL-S and sporadically in the
Gther ORNL waters though not during this
sampling period (Figure 40 and Table 6), Measur-
able amounts of Cs-137 began 1o occur in
ORNL 5-3 during the May 1988 sample and
have continued in subsequent samplings for a
total of 1095 pCi (128% increase over last year).
Breakthrough of Cs-137 into the ORNL § lea-
chate collector occurred in November 1988,
some seven months after its occurrence in the
moisture cup ORNL 5-3 (Figure 40). Thus far, a
total of 203,677 pCt have passed through the lysi-
meter. It should be noted that the rate of Cs-137
occurrence in both OPNL 5§ leachate water and
cup 3 bas increased significantly during the past
12 months.

In addition 10 finding Cs-137 in water from
ORNL, both Cs-137 and Sr-90 have been
discovered for the first time at the surface of
ORNL-5 1ill material. Radionuclide activity was
detected during a routine gamma survey of the
lysimeter surfaces. More activity was found near
the center than at the edges. Core samples were
obtained from 0 1o 2.5 em and from 2.5 to 5 ¢m
depths at the lysimeter center, for analysis of Cs
and Sr-90. Results showed thai there was
1,760 pCi Cs~137, 10 pCi Cs-134, and 0.5 pCi
Sr-90 per gram of sand in the 0 to 2.5 ¢m depth
core and 306 pCi Cs-137, 3 pCi Cs-134, and
0.1 pCi $r-90 in the 2.5 10 § cm core material.
There are two possibilites why those nuclides are
present ai these locations: (a) the contamination
was the resuli of radionuclide~loss during instal-
lation of the waste forms; (b) there has been an
upward migration from the buried waste torms.
The first possibility seems remnote, however, since
no nuclides were found in a survey after waste
form installation and there appears to be no mech-
Lnism to initiate the second phenomena of upward
movement (1.¢., transpiration or evaporgton ' The
contamination appears to decrease w.th depth.
Several factors seem 1o contradict upward move-
ment. During the reporting period, 100% of the
precipitation was recovered in the leachate
collevtor, Experience has also shown that the sand
used wn the control lysimeters has little or no
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water retention capability. The sand also has no
capillary structure 1o draw radionuclide con-
taining salts upward.

There have been no occurrences of Sh-125
again this year. This is the second year in a row
that Sh-125 has not been found in ORNL §
leachate water, and the third year for its absence
in ORNL cup 5-3.

By using a matrix, several cotapanisons can be
made based on the data. Such a matrix is seen in
Table 7, which provides intra— and intersite data.
Overall, of the nuclides contained in the waste
forms.® there has been a greater recovery of
Sr-90 in terms of quantity and percent of inven-
tory than other nuclides, Next would be Cs-137
followed by Sb-125 (not listed in Table 7).
Compared 1o Sr-90, the recovery of Cs-137
appears insignificant. There have been occur-
rences of Cs—-137 in cups 3 of the ORNL soil lysi-
meters during the past two years, but none this
year. However, this nuclide has been consisiently
occurring in ORNL. 5--3 (Figure 39) and in the
leachate collecter of the ORNL-S lysimeter
(Figure 40). Cesium-137 has also occurred in the
moisttre cups of ANL 2 and § but not in the lea-
chate wane.. Mare "5-137 has pessed through the
ORNL. lysimeters than those at ANL.

At ANL-E, a comparison of $r-90 occurrence
incup 3 and the leachate collectors (Table 7) indi-
cates the beginning of an independence of waste
formi performance This behavior might be
influenced by the amount of water passing
through the ANL-E lysimeters (Figure 32).
However, a lack in uniformity 1s also seen with
the OR L data (Table ) and these lysimeters
have very uniform water movement (Figure 33),

More Sr-90 continues to be found in
ANL-3-3 and now ANL-4-3 (VES waste forms)
than in the other ANL cups 3 (Table 7). As was
noted last year the effect appears 1o be moderated
oy the distance traveled in soil from the waste
form to the leachate collector. Movement of the
nuclide into the leachaie of ANL-5 is much greai-
er than that of the ather lysimeters, thus providing
continued evidence of the moderating effect of
soil. Greater quantities of Sr-90 appear to be
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moving through the ORNL lysimeter in compari -
son 1o the ANL-E lysimeter. Once again, there
appears 1o be no correlation between the type of
waste form and the amount of nuchde recovered
in the leachate collector. Abuut 0.025% of the
Sr-90 contained in ORNL-S has now been
re covered in leachate from that lvsimeter, Recov-
ery of Sr-90 in the ORNL cups is now about the
same for those lysimeters containing the cement
waste forms and one of the two contuining VES
waste forms, These data together with those from
ANL continue to indicate that cement and VES
have comparable reicases.

On an intersite comparison, it can be seen that
larger quantities of Sr-90 and Cs- 117 ave moving
in the ORNL lysimeters (Table 7). Soil type und
precipitation (environmental factors) appear to be
the controiling factors.

Use of Lysimeter Data for Performance
Assessment. A past evaluation has shown that
data obtained from the operation of the lysimeters
does have a relationship with performance
assessment code parame.ers,!? The operational
lysimeters provide continuous data from the
near-tield (that area comprised of the waste form
and surrounding soil) that directly relates to
waste form stability. Tt was found hat informa-
tion obtained from the data includes the mass bal-
ance of released constituents, solubility of
radionuclides in a site-specific geochemical sys-
tem, as wel! as an indication of the retardation or
dispersion of released constituents during trans-
port to the far-field. Also, soll-pore wate: chem-
istry (radioactive and inorganic constiteeis), soil
mineraogy, soil water/mineral mass ratio, net
infiltration rate, soil profile moisture and temper-
ature, porosity, hydraulic condu tivity, and
dispersiveness are being or could be extracted
from ly<meter output. Such data are invaluabie
as ippuls into process leve: and performance
#s essment codes since they represent a field data
set that contains complete information that
charactenizes environmental, hydrogeological,
geochemical, and waste form effects.
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During this reporting peniod, the collected Lysi-
meter data were used as inputs for the computer
code MIXBATH. '® Use of this model is intended
to pred ¢t the release of nuclides from & waste
form in a fwled container surrounded by a porous
medium contaiming a solute. The solute is treated
as a well-stirred fluid (.e.. a mixing bathy, and
solute concentration is calculated using a mass
balance that depends on the solute flow rate, the
amount of partitioning between the porous me-
dium and solute, the size of the mixing bath, the
radinactive decay rate, and the rate of nuclide
release from the waste form. Modeling of the
wasle form is accomplished using a one-
dimensional finite difference model. MIXBATH
has the capability 10 simultaneously consider
three waste form release mechamsms: ditfusion,
dissolution, and surface rinse limited by
partitioning.

Releases of Cs-137 and Sr-90 from 1, wasw
forms were mode ed. The most appropriate
release process was considered to be diffusion
from a cylinder (the shape of the wasie forms).
The waste furm diffusion coetficients for C.-137
were available from data in reference 15 while
those for St-90 were ohtained based on measure-
ments of similar waste forms of equal size.'?
Calculations for the mass balance of the solute
concentration required a Daicy velocity
(volurmretnc flow rate per area), which could not
be calculated from the available data. These data
were estimated from lysimeter leachate collector
analytical data.'® Soil/water distribution coeffi-
cients vere estimated from previous published
work 2" Tables 8, 9, and 10 lict the values used for
the most important parameters. These include the
soil/water partition coefficierts (Kg) and decay
constants, the diffusion coeffic.ents (1 fer eech
waste form and isotope, and the Darcy velooines
of the soils. The Kg values used were assumed 10
fall between the upper and lower boundacies tor
the mode! parameters in soils (Table X). With the
Unimin sand, the best curve fit was obtained using
an assumed Ky = 0. it should be noted that the
VES waste form diffusion coefficient for Sr-90
listed in Table 9 is approximately six orders of
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Tab'e 10. Darcy vewocities of soils used in lysimeters

Lysimeter
no.

B e e

_ Darey velacity (em/s)

__ANL __ORNL
042 & 1077 307 x 10
1.10 ~ 10-® 330 x40
1658 x 10 312 x Jre
1.34 x 100 116« 100
259 x 100 160 « 00

magnitude larger than that for Cs-137. The cause
for this discrepancy is the use of a literature value
for the Sr-90 and a bench leach test value for
Cs-137. This highlights the necessity of using
waste-form-specific parameternic values,

Results of this preliminary lysimeter perfor-
manc: essessment modeling produced data for
which the parametric information available was
broad encugh for accurate predictions. Of course,
there were also data it which predicted and mea-
sured values were i poor agreement. Such (iffer-
ences appeared 1o be the result of a lack of
waste~form-specitic diffusion coetficient data,
together with the low cumulative conceiitrahon
of r..clides in some of the lysimeter leachate
waters. Figure 43 shows plots of predicted and
measured Sr-90 cumulative activity versus time
for ORNL 5. Two predictions are shown using
ditfusion coefficients of 4 x 10717 cm?/s and § x
101 em?/s. With the latter, the MIXBATH pre-
diction and measured values agree within one
order of megnitude. Releases of this magnitude
appear to be consistent with those measured
during other work using these waste forms.'S Use
of the diffusion coefficient of 4 x 10710 cm?/s
gave results that were five orders of magnitude
greater than actual values. These data indicate
that the determination and use of waste-form-—
specific diffusion coefficients for model input 15
important.

The results as shown in Figure 43 iadicated
that there is msufficient cumulative radionuchide
activity as of this reporting period for code val-
wation, However, there were sufficient data to
show similarities between the predicted and
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measured curves. These plols appear 1o be typical
of the predictions made about Sr-90 release from
hoth coment and VES waste forms. Strontium-90
diffusion coefficients used for prediction gre
probably much greater than actual values. Data
from the lysimeter project have indicated thi * for
VES, Cs=137 and Sr-90 diffusica coetficients
are probably of the same order of magnitude.

Data from a comparison of cumulative Cs-137
activity from ORNL-3 appears to give a reason-
able prediction (Figure 44). This demonstrates
how the measured value of the diffusion coefii-
cient and close approximations of the partition
voefticient (Table 8) can significantly increase
the accuracy of the prediction. From these data
and those from Sr<Q0, it appears that MIXBATH
performed adequinety for the purposes of this
preliminary performance assessment, It helped
identify those areas in which additional data
(diffusivity vaiues, soil Kg values, and soil
hydraulic properties) will be required in order to
use the lysimeter data effectively in performance
assessment modeling.

One other fact that the model has <chown is that
data on this project have not been gathered for a
significantly loag peviod of time to provide indi-
cations of fuwre trends. It is projected that sev-
eral more years of data collection will be required
tor development of a satisfactory data basv. This
concusion is strengthened when there is a com-
parison of nuclide releases between the sotl and
sand-filled controls. It is apparemt from the low
activity present in leachate waters collected from
the soil lysimeter as compared 1o waters collected
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frean 1he sand lysicaeter that ine muin body of

activity bas not yet migrated to tne bottom af the
il lysimeter and could require yous 1. G oso.

Ma,or Cation and Aniun Anaivsis. A cloar
nderstanding of the factors that influence move-
merni of radionuclides. *hrough the lysimeter soils
 not avatlable in the literatuee. A preliminary
effort was initiated »* ORNL 10 1988 and at
ANL-E in 1991 to analyre water samples
obtained from maoisture cups for some major cat-
wn and anion species. i is anticipa.ed that such
data could prvs ve useful as a first indicadion of de-
teaoration of wasre—for, solidifying macenial. It
vould also indicate the presence of major wons,
which could enhancye radionuctide transport by
either furming soluble complex formations with
radionuclides {e g., Sr- 90 (HCOw); - an elecin-
cally 1 eatral dissoived species] or by cansing
movement 8s & iesult of compettion with radio-
nuchaes for the limated number of soil exchange
sites (e.g.. K* versus Cs*). These data, together
~ith futire analysis of the m neralog cal compo
sitton of the lysimeter soul, « ould be used © de-

R RN R IR TN T ErrT EE R P RS

velop equilibriusy peochemical modeling, which
could in turn be used to Cilculate thie concentra-
ton of vanous radionuchde complexas in the soil
solution,

A portion of the water obtained at ORNL and
ANL~E during one summer sampling period in
1991 was anatyzed for the major 1onic species
tisted it Tuble L1, The justification for the chaice
of ions & also provided in the table. At ANL-E,
cups ! and Y were sampled on lysimeter 1; cups 1,
3, and S ou lysimeters 3 and S; and cups 2 and 3
on lysimeters 2 and 4 (becanse cups 1| were
moperative in those lysimeters). Cups 1 and 3
wier samples were sampled in 1991 at ORNL.
Data from ANL-E in 1991 and ORNL in 198K
showed that jonic concentrations in the soil water
were noc introduced by the precipitation (see
Reference 12 and Table 12). It appears that the
waste forms could have been an influencing fac-
icr either s the soarce of 10ns or possibly by
causing replacement of jons from the surrounding
sot! such as the exchange of soil calcium for
released cesium (see Tables 12 and 13 and

Table 11. lonic species analyzed for in lysimeter moisture cup water sataples

lonic

_Species B Justification s

Na* Indicator of weathering reactions if Na-feldspars are present,

My Forras complexes with bicarbonate and carbonate.

Ca™ In the absence of calcium minerals this may be an indicator of cement breakdown.
Forms complexes with bicarbe = and carbonate. An indicator of St behavior.

K* Indicator of weathering reactions if K-feldspars or illite are present. Competes with
Cs for exchange sites.

HiS104 Indicator of weathering reactions. Conce wrations of dissolved silica above
saturation with guartz may indicate weathering of tae zeolite.

A kalinity Bicarbonate and carbonate form comnplexes swith Ca, Mg, Sr. Typically the major
anion in soil solutions.

S04+ Second most abundant anion in soil waters. Forms complexes with most cations,

PO Complex forming anion. Sorbs on iron oxide surfaces. Indicator of Sb behavior.

NOy Neaded for charge balance calculation.

2
Cl Needed (or charge balance calculation.
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Figures 45, 46, 47, and 4%). It appears that the
cement and VES waste forms performed sim-
ilarly at both sites. With u few exceptions, the
ORNL 1991 cation data (Table 13 and Figure 47)
closely resemble those of 1988 and 1989, How-
ever, the 1989 and 1991 amon concentrations
(Table 13 and Figure 48) were considerably
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decreased from 1988 and actually showed little of
the cup-to—cup varigbility found in 195K,
ANL-E 1991 data are similar, in most cases, 10
ORNL 1991 data when compared in Figures 45,
46,47, and 45, While these early data are interesi-
ing. no corre fation can be made with radionuclide
movemen! as yet.

; Lysimeter 1 Lysirmeter 2 Lysimeter 3 Lysimeter 4 Lysimeter §
Species Cement Cement VES VES Cement
100 T T n o T T [ u T T
80 _.\ P S| | e e
J 80 - -
Ca §
40 - -
20 - .
| l ..——-.-—-"
o 5
20 /I I——' -~
>
Na é 10 b= e
A \
0 -
- A
s B — G
) 3 — -—
20 Q\‘ ...-—-—. . . /
0
4
K é 2 -
[ e— e —‘———j PPN W S—. Lf ———®
60 =
? ‘O et —
Mg
20 I~ .
o | | 1 ] e iy | 1 e ——
1 3 5 2 3 8 1 3 5 2 3 5 1 3 5
Cup no. Cup no. Cup no. Cup no Cup no.
291 0042

Figure 45. Results of chemical speciation at ANL-E-cations.
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Lysimeter 1 Lysimeter 1 Lysimeter 1 Lysimater 1 Lysimeter 1
Species Cement Cement VES VES Cement
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Figure 47. Results of chemical speciation at ORNL-cations
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CONCLUSIONS

Resin Solidification

No new conclusions were generated for com-
pression testing under resin solidification,

Field T:sting

Lysimeter operation during the sixth year al
ANL-E and ORNL has been successful
Analyses of data collected during the past
72 months are continuing to show a pattern in
nuclide availability and movement such that the
cumulative data are beginning to provide msight
on waste form performance.

There has been a greater recovery of Sr-90 in
terms of quandty and percent of inventory than
other nuclides. Next in abundance is Cs-137 fol-
lowed by Sb-125. Compared to Sr-90, the occur-
rence of Cs—137 appears insignificant. There
have been accurrences of Cs-137 in the moisture
cups of the ORNL during the past two years, but
none this year. Cesium-137 has been found in the
moistare cup of ANL 2 but not in any leachate
waters. More of this nuciide has been collected in
leachate water at ORNL than at ANL.

On a cumulative basis, more Sr-90 is being
removed from the ORNL lysimeters. This could
be a result of the different environmental condi-
tion: of the two sites. During the past 48 months,
Sr=90 continues to be found in higher concentra-
tions in leachate water from the control lysime-
ters at both sites, with more found at ORNL.
These data continue to reinforce the assumption
that the limiting step in receiving Sr-90 in the lea-
chate is not release of the nuchide from the wasts
forms (since Sr-90 is found in cup 3 samples), but
rather it is the soil characteristics (including soil
and quantity of soil water) that limit movement.

Recovery of Sr-90 from the ORNL cups is now
about the same order of magnitude for those lysi-
meters contain‘ng the cement waste forms and one
of the two containing VES waste forms. In gener-
al. more cumulative nuclides have been recovered
from the two lysimeters containing cement waste

S0

forms than from those contaiming VES. ANL cu-
mulative Sr-90 data also show that comparable
amounts of the nuclide have been collected in the
moisture cups of lysimeters containing cement
waste forias and one of those with VES. However,
water from one lysimeter containing VES has had
an arder of magnitude more cumulative Sr-90
than the other VES or cement containing lysime-
ters. Cesium-137 has only occurred with consis-
tency in the leachate water of ORNL. Cumulative
quantities, while minimal, are comparable for al!
sotl lysimeters. As a conclusion, data from the two
sites cannot be used 10 conclusively demonstrate
which type of waste form is preferable for nucliie
retention. It appears that at this tune that releases
of Sr-90 and Cs-137 from cement and VES are
comparable.

It was possible to initiate hmited performance
assessment modeling. In lysimeters with expen-
mentally determined diffusion coefficients, where
there were higirenough leachate coneentrations of
nuclides for comparison between piedicted and
experimental results, the computer code MIX-
BATH was used to predict the observed leachate
concentrations of Cs~137 within one order of
magnitude. * *"XBATH worked well as a first
approximation quring performance assessment of
the EPICOR 11 waste forms. MIXBATH was also
successfully used in estimating releases of Sr-90
from EPICOR -1l waste forms using estmated dif-
fusion coefficient values for Sr-90.

Results of the modeling effort showed that there
is not yet enough long term EPICOR-II lysimeter
data on which 10 base the validity of transport
models. It clearly demonstrated several miore
years of data collection will be necessary 1o ac-
complich this task. Also, to limit model/prediction
uncertainties, several parameters need to be mea-
sured in the laboratory. The most important in-
clude the soil partition coefficients and
waste—form-specific diffusion coetficients. For
more detailed modeling, soil flow parameters,
such as hydraulic cronductivity (as a tunction of
moisture content) and longitudinal and transverse
dispersivity need to be known.
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