ey
ey
e sana
P

&

>4
"
A
——

P

PPN

NURE G







REG/C] )
EGG-2577
A\ ‘! (

Field Lysimeter Investigations:
[Low-Level Waste Data Base
B Decvelopment Program tor
B Fiscal Year 1993

Prepared for

Division of Regulatory Applications

Office of Nuclear Regulatory Research

U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

NRC FIN Ao876

Under DOE Contract No. DE-AC07-761D01570




[Se,




CONTENTS

Vil
EXECUTIVE SUMM Y x
CRONYM N ABBREV () "
A INTk ) N ‘
k
RES] OLIDIFICATION 1
- il | N +
XA 1
i 4 | }
! }
) W ! 1
f ‘
) | 4
! 6
) f
} )
f
\ )
| ) [) Q
A ) O
" ‘\v
| i ¢ { '
| ’ | 5 )
M \ L)
(( | }
REFERE | 10

. NUREG/CR-5229




LIST OF FIGURES










EXECUTIVE SUMMARY




ACRONYMS AND ABBREVIATIONS




Field Lysimeter Investigations: Low-Level Waste Data
Base Development Program for Fiscal Year 1993

Annual Report

INTRODUCTION

A

i EPICOR-1I
| PF-24 u

NUREG/CR-5229







RESIN SOLIDIFICATION




FIELD TESTING

Materials and Methods ‘ indl 111 cen ind VES

Experiment Description

FPICOR-T

Description of Lysimeters

Description of Waste Forms

Table 1



N | i
N — - | {
g ! . + 4 4 , L~
. V/J/ P ’ //.” IS ” \3.\
/// | _— A N [‘, -~ |
~ \ | @ -l
-, nzv e — e — . /
s | e "\ P W\
N\ \ an ¥ A
P - x‘\\»\! -
| . P 7
- i ./.‘/
-l
<+ . '
e 4
R oy S ] -

- _— ~—
- ™
Tt A | T
- +~
— ~ b4
~—— - o
. F
- .
. - &
- r—

—

]

Figure




Results and Discussion




PRECIPITATION (em)

Figure 2.

TEMPERATURE ()

Figure 3.

ANL-E weather data

Field Testing

10

B 1L

sgp OCT DEC

JUL AUG NOV JAN FEB

MONTHS 16982-19982

“precipitation.

MAR

APR

MAY

JUN

30

25 'lﬂ‘ |
- |

18

a N

10 ‘
4%
~20
JUL AUG SEP ocY NOV DEC JAN FEB MAR APR MAY JUN

MONTHS 1982-1982

ANL-E weather data—air temperature.

~

NUREG/CR-5229



Figure 4




|
X
2 4
Figure 6 IRN - prtation ”
f i
}
»
N »
%
Lysimeter Soil Temperature Data. | 0 ot
!
Lysimeter Soil Moisture Data )
) | 1%




Field Testing

-
>

B I T U R
e O - N W s

TEMPERATURE (C)

- 0 e N WU e wae

0
=

T ' T y

JUL  AUG  SEP OCT NOV  DEC JAN  FEB
MONTHS 1292-19923

Figure 7. ANL-E lysimeter | soil temperature.

-
=

- - - - - - -
Lo R B
L 1 I —_— i 4

-
-

d

- By
m
o

I

]

X
>
w0

TEMPERATURE (C)
-
® o©o
" —

- N Y s vwaD
 _—. .

g i | T T 1 1

JUL - AUD  SEP  OCT NOV DEC JAN  FEB
MONTHS 1962-1893

Figure 8. ANL-E lysimeter 2 soil temperature.

NUREG/CR-5229 10

JUN



{ gure ¢

¢ igqure 10




Figure 11




Figure 13.

Figure 14.

Field Testing

32 . ~

30 A ... 779
2R H === 140

26 "\.\\/
24 N

%2 '
20 \
18 L

TEMPERATURE (T}

16 .

14 ‘a

12 _1 P i o " ", ‘."
10 \ P s

€ ‘ T : ~- -
JUL  AUG SEPT OCT NOV DEC JAN FEB MAR APR

MONTHS 1982-1883

ORNL lysimeter 3 soil temperature.

28

24
23 i
22

21 ——
20
19
18
47 of === 148
16
18
14
13 9
12
11
10

TEMPERATURE (C)

*a N ®

JuL AUG SEPT OCT NOV DEC JAN FEB MAR APR
MONTHS 18982-1882

ORNL lysimeter 4 soil temperature,

13

MAY  JUN

NUREG/CR-5229



Field Testing

a N
60 o Ny o
—— 208
s0 4 79
- 149
-~
%
S
g 40 -
§ 30
w
-
e ru™
20 v, -
\\-\.;.:‘:.- e I. .
| U T /I'.' =
s T tay ot
= N " Teaesan ~- ,_/.'
10 -t ® AN, » o ..I‘
e #hya <A,
0 .

JUL AUG  SEPT OCT NOV

DEC

JAN FEB MAR APR MAY JUN

MONTHS 1992-1903

Figure 15. ORNL lysimeter S soil temperature.

shown in Figures 16 through 25, indicate that the
lysimeter soil columns at both sites have
remained moist during the reporting period. The
probe output from the soil column of each lysime-
ter over ime (as determined by averaging the out-
puts of the three probes in each lysimeter) showed
that the variation in detected moisture among the
lysimeters at each site was relatively similar and
not excessive. There was a coefficient of variation
(CV)of 37.3% at ANL-E and 20.8% at ORNL.
The probes continue to serve their original pur-
pose of providing some mdication of lysimeter
soil moisture. As was mentioned in the section on
soil temperature, some of the probes at ANL-E
are no longer functioning. This condition was dis-
cussed in a previous report (Reference 10).

Soil moisture in the soil column of the lysi-
meters at each site 1s quantified gravimetrically
once each year (see Tables 2 and 3). Some idea of
the accuracy of the soil moisture probes can be
calculated by comparing the once-a-year gravi-
metric soil moisture data of each soil lysimeter (o
vearly averaged probe data (Table 4). Percent

NUREG/CR-5229

differences between the gravimetric data and
moisture probe data for ANL-E lysimeters range
between 6.5 and 31.1%. These values have
decreased significant!y during this reporting
period, and are well within a reasonable range
given the use of the information. As in the past,
data from the ORNL probes continue to overesti-
mate the actual percent soil moisture.

In addition to using the moisture probe and gra-
vimelric data to calculate soil moisture starting
the summer of 1991, a neutron moisture detecting
probe was used at ANL-E. Operation of the neu-
tron probe, using 1991 calibration curves, pro-
duced data that were comparable to gravimetric
overall average values within 4.8%. but underes-
timated those values (see Table 2). A new cali-
bration curve using 1992 data did not decrease
these variations, The varnability between actual
and measured moisture may be caused by the
neutron probe integrating moisture data that were
simultaneously measured both inside and outside
the lysimeter. It appears that these soils vary in
moisture content, with the outside soil being drier.
Neutron probe measurements were first made at
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Figure 24.
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By using the cumulative rainfall data from each
site since the lysimeters were placed m operation
(Figure 6), 11 is possible to calculate the approxi-
mate volume of water that has been received by
the exposed lysimeter surfaces (6,489.5 cm?),
The cumulative volume of precipitation received
by each ANL-E lysimeter was 48158 L; at
ORNL, this value was 6,739.9 L. Figures 28 and
29 show the volume of precipitation that has
passed through the lysimeters. The throughput of
precipitation 1s dependent on site conditions and
lysimeter fill material. At ANL-E, an average of
1,920.2 £ 8728 L, with a range of 29.8 to 65.2%
of total precipitation received, has passed through
the soil lysimeters, while for the control, this val-
ue was 4 829 L or 100.3% of the calculated
avarlable precipitation, For OKNL, the values
were 6,050.5 4+ 45.6 L (89.8% ) for the soil-filled
lysimeters and 6,910 L (102.5%) for the control,
Ihese data are comparable to the previous year's
data (Reference 15). Soil in the ORNL lysimeter
is more permeable than the ANL-E soils (an
observation made by comparing the control lysi-
meter at each site with that site’s soil Iysimeters,
which are shown in Figures 28 and 29). Also, the
small deviation in total yearly leachate through-
put with the ORNL soil lysimeters (0.8%) contin-
tes 1o demonstrate that these lysimeters perform
as a unit as compared to the mdividual drainage
activity of the ANL-E lysimeters.

The data for ANL-E indicate that there is an
mcreasing disparity in water balances for the
ANL-E soil lysimeters, However, a companson
of the total amount of water associated with each
of these lysimeters (water removed from the sur-
tace plus the quantity of leachate) shows that each
of the lysimeters is exposed 10 equal voiumes of
water. During the past year, each lysimeter had a
wtal of 6128 + 30.2 L (CV 4.9%) of water that
was removed as a combination of leachate and
standing water. During the previous year, this vol-
ume was 283.2 + 128 L(CV 4.5%),

The total volumes of precipitation that have
moved through the lysimeters represent an
average of 2.74 pore volumes for the ANL-E soil
fystmeters and 8.52 pore volumes {of soil lvsime-
ters at ORNL, while the controls at ANL-¥ and

Field Testing

ORNL were 10.50 and 10,72 pore volumes,
respectively. These data show that the ORNL soil
lysimeters have had an average of three times
more water pass through them as those at ANL-E.

Radionuclide Analysis. Water samples are
normally collected on a quarterly basis from
leachate collectors and moisture cups from each
of the lysimeters during the 12-month period. At
each sampling, only water from the leachate
collectors (1 L of collected quantity) and those
cups (0.1 L or the noted collected gquantity) clos-
est 10 the waste forms (cups 3) are generally ana-
lyzed for gamma-producing nuclides and the
beta-producing nuclide Sr-90. The analysis proto-
col, however, triggers the analysis of water from
additional cups in a sequential manner if nuclides
are found in a cup 3 sample. For example, when
nuclides are found in a cup 3 of a lysimeter, water
should be analyzed from cup | (directly below
cup 3). then cup 4, followed by cup 2 (see Fig-
ure | for cup placement). Because of funding lev-
els, however, it has not been possible to follow
this protocol. During the first five years of opera-
tion, water samples from only cups 3 were rou-
tinely analyzed at the sites. However, for the past
three years, water from cups | has also been
analyzed and reported. In addition, this vear,
water frem cups 2 was collected during the third
quarter for analysis at ANL-E, and cups § water
was collected during the fourth quarter for analy-
sis at ORNL (Tables 5 and 6, respectively).

Tabulated results of beta and gamma analysis
for the hiquid samples taken during the period are
found in Tables 5 and 6. Four samples were taken
at cach site during the 12-month period. The
cumulative amounts of nuclides as determined in
water samples obtained from lysimeter cups 3 and
leachate collectors for all samphing periods are dis-
played graphically in Figures 30 through 36,

As has been reported in the past (References 9.
10, 11, 12, 13, 14, 15), not all nuclides are
appearing consistently in either the water
obtained from the cups or the leachate collectors.
The nuclide that appears with the most regularity
at both sites continues to be Sr-90, Consistent,
significant, increasing occurrences of this nuclide

NUREG/CR-5229



Field Testing

LITERS
{Thousands)

Figure 28.

LITERS
(Thousands)

Figure 29.

NUREG/CR

.,
‘.
. 1
s34+ U
L3
6 L4
z,
i -
° 14 . ) 1 1 4 T 1 4
0 400 800 1200 1600 2000 2400 2800

DAYS SINCE B/1/85

ANL-E cumulative volume of leachate from lysimeters.

-

0 | T ' ' Y
0 400 800 1200 1600 2000 2400

DAYS SINCE 7/1/88

ORNL cumulative volume of leachate from lysimeters.

-5229 24

2800




PHONIP N,V

&

T 1o Oewmarvesdde st aas apdies dno aamassow ey

Field Testing

OO Y] Wk HIWERs FRY) 4

NUREG/CR-5229

nudis 73 wonrmmowey ¥

_. - 6l * 9l B 3 YL T LR == - == t T - TS Al
a - R EE - - ¥ *T F o = - . s> R - Ty
- L ¥R o = & - = ; & L - Nl |
= TR E I o - = = = = - = i el L |
- ELFEY = . VEF L = = > — = Fa g |
_
o T sl S 3 "= o] It M9 i esri L EEr $3m IFu 0 F oy > g s [ (S LS ]
: e T 9 o F Wy 9 ¥ el P o & 1 F S "o s > £ * st 1y
| ¢ F ety T o5E'9 9% F Ile QT ¥ it TF N LFE 5> 9 F s &> s> L &% F 6l 1 =y
_ - ST FOT i F ST F 80 ¥ - YR e L+ 4 " » s o6+ i t-< ™
TTF9 TF s £Fa 91 F It TER 5 > P e a = EFE 171 %8
| =
| e F WD 6T T AVRT ™ F reard P F peEE [ FHANT T A6TE GT T T 1Ee o &> @1 ¥y Ee 4] o
L F ANy $TT F reasy LIS o (Y 0L = ridne 5 & e 3 G- > &> (S 9L F 9l £ S4
: Das: A o5 TS L U S PR o Lar TRl o T 3 ® F oAl > 9l T (M o o e st T £
| 16 = sime 61 7 ] SN F kA KL = S8 K+t s ¥+ Sy i Fris I8 ¥ it & s> (3 GL*s A Ll |
_ L F et L T eyl W F a0t KT F oS g £ F £l o> &= 9 o > o ¢ F 18 | 54
“ % F s i = gis = Tt O g 4 s> > I'e ¥ 8¢ = & > 93 7 g WAy
SOF ¥t sOF N FOF LS r¥FL g > s (e & . g > b A S LS
£F W ™M ¥ LT § 52 P i 4 P > > IS RS e > e eF g0 § 4y
] tHFE0 e F LI FEF & SE ¥ ¥y > s . TEE 1 =2 $ (= L5 £ i)
w fUF£6 07 1} TFes ST F 6y £ > g I LT 59 S g IS8 {87 €0 &l ¥
:
| 16 Sang 14 Py 6 a 690 £6 Wy i Wy 620 69 chun g6 My 16 x| 690 SORRO IR
u Mdusey
| e is Wit L ] i

1)
TR0

. (£661—T661 ) 8 1ot “sapdures 2wyOR] PUR ANISIOW IOS F-INV JO SISA[RUR Runues pue B13q jo Sinsay  °G djqe] |




o
~







i Testing

|
> |
. 1 8 :
g |

“ {

D=
.
p

% % 98 5 PEBBD BBl el il i S L . B )

NCE o
Figure 30 \ i - Of ‘ ‘ —h
‘
' ;
|
a
y |
. .
L |
» . |
s
: 4
S L
L J
¥
£ .
£l
»
.
. ¥
-
=
. el o
o "
. -
» P A S i Sl anicamiyenivels
® 1 ¢ 4 B
8 2 g 168




pCi Sr-90
{AMtithons )

Figure 32.

pCi Sr-80
(Misiions )

Figure 33.

Field Testing

2.4

22
18 -

1.4 i
12 /

UN

o8 /
0.4

0.2 -

o o TSP

2 400 8oo 1200 1600 2000 2400 2800

DAYS SINCE 7/1/858

ANL-E cumulative St-90 collected in lysimeter leachate collectors,

2.0

2.8
2.4

22 lenchate coller ior

18
18
1‘ y » =

12

0.8
0.8
0.4

0.2

—aea

0 400 800 1200 1600 2000 2400 2800

DAYS SINCE  "1/85

ORNL cumulative Sr-90 cellected in lysimeter leachate collectors.

29 NUREG/CR-522

9



-
|
|

» ar Be .o &6 .l'.‘l' a8 o0 . 5 2w -
. » w» -
Figure 34

v

|
-
‘
4
> ® 0 0o 68 e A S8 0 O BB B 68 BB e e e

Figure 35




| | MIng
w
Bt el ot a R R 88 88 8 8 88 54
\ 14 B ' 8
Figure 36 ]! (
i R )
d \ { | e
4 f n ANL-| \ |
(s i I | \
. 1 f Sr-9
y n ] | I lers a
| ( RN b | ¢ | ()R NI
' [ Ol | I
‘ ! ! hat il
ORN ) t} that } "
1 ’ <
f } vun
4 (ORNI For t —— "
) I L e Q.00
ip WO 1Iers of ma
1 ANL-] { ORNI
) A . ‘ { ier and to t
p . 2 e g v i | !
) -LL. 1'___[‘--1._{, B O 4 "‘Et,f‘ 2 o T
} N
] | n ' §'f
i1 '}
N fr "
| i



















?

lfable 9 ‘

1

NUREG/CR




Figure

N s

ey

&
#
4
<
P
e
-
Ed
»
>
RS
E
e
o .
l‘d
L
—
+*
v
}




o;j‘ »
’ 4
S f o
+ 4
Figure 39 :
Major Cation and Anion Analysis
FG/CH )




Table




v

Table 11. ANL-E chemical speciation resuits from lysimeter motsture cups 1.2, 3.4, and 5, June 1993

. Cabow Asion

Sohdification Ca Na Si K Mg Cl NO; POy SOy
Sample agent (mg/L) tmg/L) (mg/L) {mg/L) (mg/L) tmg/L) (mg/L) (mg/L) (mg/L)
Lys 1-1 Cement 88 11 12 <l 53 2.0 0.32 (.94 38
Lys 1-3 45 6.6 59 <l 23 36 1.2 24 48
Lys 1-5 32 0.89 28 <1 7.8 20 44 <0.5 20
Lys 2-2 Cement 89 79 1§ <] 48 2.3 <(.1 <().5 Z7
Lys 2-3 20 0.30 23 <i 4.1 (.98 1.7 15 6.1
L 24 90 5.0 10 <l 49 2.1 0.21 <).5 36
Lys 3-1 VES 67 33 79 <l 41 i.5 44 i.6 20
Lys 3-3 83 6.0 14 <1 48 6.4 0,48 1.7 27
Lys 3-5 62 2.3 16 <1 16 1.5 1.8 1.2 26
Lys4-1 VES 75 42 I <l 47 49 0.28 <0.5 4
Lys4-3 86 54 94 <l 45 1.6 0.23 <0.5 35
Lys 4-5 86 28 95 <l 30 1.5 <0.1 <0).5 30
Lys 5-1 Cement 6.6 <0.3 74 <1 30 0.57 37 <0.5 44
Lys 5-3 83 8.5 28 36 42 1.3 43 3s 5.6
Lys 5-§ 69 <(1.3 168 <l 29 0.98 48 <15 52
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Table 12. ORNL chemical speciation results from lysimeter moisture cups 1, 3. and 5. July 1993,

Caton Anion

Sohdification Ca Na Si K Mg Ci NO; POy SOy
Sample agent (mg/L) {mg/L) img/L) {mg/L) (mg/L) (mg/L) {mg/L) {mg/L) tmg/L)
Lys 1-1 Cement 34 31 IR <l 1.3 5.3 92 <3 24
Lys 1-3 33 28 23 23 14 0.6 38 <3 I8
Lys I-5 35 0.34 19 <l 1.8 2.3 54 <3 11
Lys 2-1 Cement 41 2.2 16 <l 14 <10 25 <3 7.7
Lys 2-3 36 24 28 23 L1 1.3 i3 <3 68
Lys 2-5 99 0.78 7 <1 1.2 39 25 <3 1.6
Lys 3-1 VES 30 1.6 17 <l 0.75 1.2 13 <3 49
Lys 3-3 37 43 33 <l 1.2 46 79 <3 46
Lys 3-5 3 0.25 99 <1 2 1.7 29 <3 2
Lys 4-1 VES 87 3.7 8.2 <l 1.9 42 14 <3 17
Lys4-3 6.1 45 10 <l 098 1 24 <3 I8
Lys 4-5 1.8 0.24 9 <l 0.39 2 12 <3 34
Lys 5-1 Cement 6.3 0.23 12 <l 3 1.7 9.2 <3 7.6
Lys 5-3 13 1.7 27 2.7 50 S8 <l <3 50
Lys 5-5 13 0.28 I8 <1 33 26 11 <3 6.1
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CONCLUSIONS

Field Testing

The lvsimeter experiment during the eight
years of operation has been successful. Analyses
of data collected duning the past 96 months con-
tinue to show a pattern m nuchde availability and
movement such that the cumulative results are
beginning to provide an insight on waste {orm
pertornmance

There continues o be a greater recovery of
SE-90 in terms of guantity and percent of inven
tory thav other nuchides. Next i abundance 18
Cs- 137 followed by Sh-125 othis nuclide has not
been detected for the past 48 months ) and Co-60),
Compared 1o S-90, the occurrence of Cs-137
appears insigaicant

On a cumulative basis, a larger amount of
Sr-90 s bemg removed in leachate water from the
ORNL soil lvsimeters. This s thought to be a
result of the difference in soils as well as in envi
ronmental condinons between the two sites. Dur-
ing the past 72 months, St-90 continues (o be
tound in equal concentrations in leachate wat: s
trom the sand-filled control lyvsimeters at both
sites, with a shightly more rapid accumulation at
ORNL. which now has haa six and one half times
more of the avanlable source of Sr-90 released
than the control lysuneter at ANL-E. Such data
contimue to reinforce the assumption that the Him
g step i recerving Sr-90 in leachate water is
not release of the nuchde from the waste forms
(since S-90 18 tound in larger quantities in lea
chate water at ORNL rather than i cups), but
rather, the movement s himted by environmental
charactenistics tincluding soil and quantity of soil
water). This conclusion is supported by data from
lystmeter work at SRL and Pacific Northwest
Labotatory (PNL)2 24 SRL has found that Sr-90
will move from buried waste forms, migrate
through the soil colummn, and appear in collected
leachate water. ™ 1t is not surprising, then, that
Sr90 moves through soil in the GRNL tysime-
ters, sinee that soil onginated at SRL* On the
other hand, lysimeter work with waste forms at

PNL has shown that Sr-90 does not move in those
soils,*4

Percent recovery of Sr-90 from the ORNL cups
is the same order of magnitude for those lysime-
ters contaming the cement waste forms and one of
the two containing VES waste forms. In generai,
at ORNL, a larger percentage of Sr-90 has been
recovered from the two lysimeters containing
cement waste lorms than from those containing
VES ANL-E cumulative $r-90 data show tha
amoents of 5r-90 collected in the moisture cups
ol the two lysumeters containing VES waste
torms are larger than in those containing cement
waste forms,

Cestum- 137 agamn has been found in leachate
water from the sand-ltlied control lysimeters at
both sites tor the second year.

As a conclusion, data from the two sites have
not yel demonstrated which type of solidification
nroduct is preferable for nuclide retention. It
appears at this time that releases of Sr-90 and
Cs-137 from cement and VES are comparable but
dependent on environmental influences. These
data sull differ from those obtained at SRL. Those
data show that cement minimizes the release of
SR-90.M This mteresting difference should be
studt 4 further. Both data reported herein and
data reported by SRL and PNL agree that Cs-137
& more readily released from cement than from
VES.

On two occasions, lysimeter data have been
reviewed to determine the possibility of using
these data 1o initiate limited performance assess-
ment modeling. The results from a preliminary
evaluation that was carried out in FY-91 indicated
that in lysimeters with experimentally determined
diffusion coefficients, where there were high
enotigh leachate concentrations of nuchides for
compartson between predicted and experimental
results, a computer code could be tested. Last
year, further refinements made it possible 1o
model some of the lysimeter S$+-90 release data
using the DUST computer code. Once again. as
has been the case of others using these data, it was
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