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SUMMARY

This report describes equipment and procedures developed for measuring

the sorption distribution coefficient, I;d, f selected radionuclides using
site specific soils and trench waters from low-level radioactive wa'te dis-s

posal sites. Batch experiments were conducted under anoxic and oxic conditions
with soil and trench water from the West Valley, New York, disposal site.

Variations in f:d as a result of changes in pH, aeration, and water to soil
ratio are reported.
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I. INTRODUCTION

The ultimate container for long-tenn storage of low-level radioactive
wastes buried in shallow land disposal sites is the geologic media of the

disposal site. The cardboard boxes, plastic bags, steel drums and concrete

casks in which the wastes are presentij buried will eventually deteriorate

due to weathering and corrosion. Isolation of the buried radionuclides for
long periods of time will depend i ron several factors, such as the stability
of the geologic environment, the hydrological conditions at the site, and
interactions of the radionuclides with the geologic mecia. Retention of
radionuclides by geologic media is summarized by the concVy used term
" sorption" The mechanisms by which sorption takes place depends upon the
chemical and physical interactions between the geologic media and the matrices
containing the radionuclides. Materials in the geologic media,such as soil,
clay, and rock are camplex mixtures of minerals and organic matter Trench

waters at the shallow land disposal sites are complex solutions containing a

variety of dissolved components which can influence radionuclide sorption
reactions. Evaluation of the interactions of these matcrials is essential
to the understanding of sorption mechcnisms and for predicting radionuclide
behavior in these environments.

To evaluate the potential for radionuclide migration, one of the

parameters that must be quantified is th :istribution of the radionuclides

between the complex solid and liquid phases. This distribution is ex-

pressed as an experimentally determined oistribution coefficient, K , or
d

each element of interest. The K p raneter, which is includcd in all ground-
d

water solute transport modeis, is generally detemined by batch and column
methods. These batch and column experiments will be conducted using site
specific soils and trench waters from the low-level radioactive waste dis-

posal sites. Column studies will be conducted by passing trench water
through representative cores obtained from the burial sites and mapping the
resultant radionuclide distribution along the lengths of the cores. These

data will be compared to the distribution cf radionuclides in cores taken

from beneath the burial trenches at the disposcl sites.

G,j _
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In this study, the K f a radionuclide is defined as the ratio of specific
d

activity in the soil to specific activity in the water efter the two phases

have been in contact for a given length of time.

_ SoiQctjvity/ Weight of Soil (3)K, = L1 quid Activity / Volume of L1 quid
L

Theoretically, K the value of his ratio when a state of equilMum edsts
d

hetween the two phases However, if the contact timo is long enough to approach
equilibriu , the reasured K will be a good approximation of t e theoreticalh

d

value. K is deacndent upon the conditions of the system, including temperature,
d

pH, chemical potential, dis;olved anions and caticns, soil exchange capacity,
surface area of the soil, and the ratio of solid to liquid phases.

Sorption studies have generally been performed under oxic conditions.
When sorption was studied under both oxic and anoxic conditions, the results

r plutonium differed by as ruch as an order of magnitude.(l)

Reducing conditions exist in the trenches at low-level disposal sites
due to microbiological degradation of buried organic wastes. As a result, the

Eh and dissolved oxygen in trench waters are low. In order to measure K under
d

conditions similar to those existing at the disposal sites, batch experiments

were performed in an anoxic environment usinn actual trench water and unweathered

soil from the sites.

^h
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I' EXPERIMENTAL (G.G. Galdi, R.F. Pietrzak, A.J. Weiss)

The procedure for collecting trench ater under anoxic conditions was
described in a previous report.( ) The trench waters were stored at approx -

Umately J C in the glass collection bottles shown in Figure 1. Figure 2 shows

the manifold that was constructed to perform a series of anoxic operations
with trench water. These operations include: (a) filtration, (b) dilution,

(c) pH adjustment, (d) addition of specific radionuclides, and (e) transfer
to reaction vessel containing soil. The activity remaining in the liquid

phase af ter nixing with the soil is deternined by gamma-ray spectroscopy
using a Ge(Li) detector.

A. Materials

1 Anoxic Trench Water

The K data presented ir, this report were obtained with trench
d

water (WV-37) collected November 1977 from Trench 5 at the West
Valley, New York, disposal site shown in Figure 3.(3) Some analytical

data for this water sample arq given in Table 1. Additional analyses,

including dissolved organic compounds, are in progress and will be
presented in a subsequent report.

2. Soil

Ur. weathered till from test hole A2, collected by the U.S. Geolo-
gical Survey in the summer of 1975 at the West Valley, New York,
disposal site, was used in these experiments. Test hole A2 is lo-
cated adjacent to and east of Trench 2 as shown in Figure 3.
Mineralogical and chemical data of representative samples of un-
weathered till are given in Tables 2 and 3.(4) A sample of core
A2 from a depth of 34.8 to 35.1 feet was ground in a ball mill,

and a 100-200 nesh (149 -74 , ) fraction was isolated for these
2experiments. The surface area of this fraction is 10.9 n /gm

based on the CET method using a Quantisorb Surface Area Analyzer.(5,6)

i - o,
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3. Tracer Solution

A carrier-free solution containing s 50 i.Ci/ml each of commercially
85 60obtained S r, 134,137Cs, and Co in 0.5M hcl was used to spike

the filtered trench wa ter. A 0.1 ml aliquot of tracer solution in

110 ml of trench water contributes 1 5x10- mmoles of H+ per ml of
trench water.

B. Equipment

1. Fil tration System

Trench water samples are filtered anoxically as described in a
previous report. (2) A schematic diagram of the filtration system
is shown in Figure 4, and a breakdown of the filter unit is shown

in Figure 5. Trench water is transferred from the collection bottle
to the filter unit through 3/8" i.d. Tygon tubing, ano filtered
through a 142 nn diameter, 0.1 micron cellulose membrane. All fil-

ter body surfaces that come in contact with the trench water are

coated with Teflon.

2. Sample Preparation Manifold

The primary function of the sample preparation manifold is to
preoare the filtered trench water for the K experiment and to

d

transfer measured amounts of the water to reaction vessels containing
soil. A schematic diagram of the manifold is shown in Figure 6.
The valve operations to perfonn various manifold manipulations are
indicated in the diagram. Three types of valves on the manifold

are u:ed to route the trench water: (a) two position / double function
valves (?CV, RVV), (b) two position / triple function valves (SV, FV,

SIV), and (c) a six position / single function valve (DV). All tubing
and valve surfaces of the sample preparation manifold shown in
Figure 7 are Teflon.

The manipulations required to prepare a samp'e for a K mea s u m-
d

ment are described in Tables 4 and 5. Tab!- 4 gives sequential
operations for replacing air with nitrogen in various sections of

d

/
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the apparatus, and Table 5 shows the positions of controls on the
manifold for manipulating the filtered trench water. These mani-

pulations include: (a) diverting water to the probe chamber shown
in Figure 8 where pH, Eh and temperature a'.~e measured, (b) fi' ling
the mixing reservoirs where pH adjustments, dilutions, and tracer

radionuclide additions are made, and (c) transferring 14.6 ml of
water from a mixing reservoir to a reaction vessel containing
0.75 gm of soil,

3. Reaction Vessels

a. Disposable Glass Tubes:

Commercially available 20 ml glass tubes that are sealed
with screw cap septa (Figure 9) were used in some K xperi-

d
ments. Approximately 21 of the original radioactivity in

the solution was adsorbed onto the " .cainer wall, and in

at vroximately 100 of the experiments, the tubes failed ':0
,

mailtain an anoxic condition. Failure to maintain an anoxic

concition is easily seen by the presence of a brown Fe(OH)3
precipitate.

b. Teflan Bottles:
Tef' on bottles were machined from TFF rod and crimp-sealed

wit i Teflon-lined flat rubber septa (Figure 10). These
bot.tles were found to adscrb less than 0.1. of the radio-

actriity and are ideally suited for K xperiments, especially
d

where the K is large and little of the initial activity
d

remains in solution. The failure rate for maintaining anoxic
conditions was high. This pi uiem was resclved by constructing
Teflon bottles with both septum and 0-ring seals (Figure 11)
and working in an inert atnosphere glove box. The single
seal Teflor, bottles can be used ir. K xperiments where

d
anoxic conditions are not required and where the problem of
wali adsorption is to be avoided.

:) Ii~ ' l ' . - /I
,
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4. Sample Mixing Tumbler

The samples are mixed by tumbling the reaction vessels on a ball
mill roller. A plastic chamber designed to maintain an inert atnos-
phere around the sample bottles during the equilibration process is

shown in Figure 12. Inert gas is passed through the chamber to in-
sure an anoxic environment in the reaction vessel in the event of
an improper seal in the reaction vessel, When anoxic conditions are
not requi red, m ,ing is effected by packing t'le reaction vessels in

an appropriate Container and tumbling on a bc 'l mill roller.

5. Counting Shield

Af ter equilibration, the ligt :'i phase is separated from the solid

phase by centrifugation at 3,000 rpm for 20 minutes and analyzed with

a Ge(Li) counting system The reaction vessel is counted in a colli-

mated lead shi ld shown in Figures 10 and 13, were the soll in the
bottom oc the vessel is below the circular window facing the detector
Thus, approximately three "ches of lead is oetween the soil and the

detector, and as such tne octector sees the gamma radiation from the
liquid phase with an insignificant contribution from the soil. This

counting configuration eliminates opening the reaction vessel to
separate the liquid from the soil and enables repeated shaking and
counting of the same sampi to u termine the optimum mixing time to

approach equi 1ibrium.

The small fraction of radiation fren the soil that penetrates the

shield becomes significant when the K s m y large. In W s case,
d

the centrifuged sample is opened in an inert atmosphere glove box to
separate the liquid from the soil before counting.

C. Procedure

Soil sainples are added to the reaction vessels which are crimp sealed
and connected to the K anif ld. Air in the manifold, filtration unit,

d

probe chamber, and vessels is replaced with inert gas by alternately
evacuating and refilling with inert gas at least six times. This

,o
O

.

C'o
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prevents iron hydroxide from precipitating during the equilibration
period. The procedure is sumnarized in the operation sequence chart

shown in Table 4. The chart is read ft e left to right and from top

line down. The filtration apparatus is purged with inert gas prior
to purging the manifold. Filtered trench water is passed through

the probe chamber where pH, Eh, and temperature are measured. The

filtrate is then collected in four of the mixing reservoirs which

may contain radionuclide spike, acid, base, or deionized water.
Measured volumes of a modified trench water are transferred to an.

empty control vessel and to each of two reaction vessels containing
soil. The transfer lines are then washed with water fecm the fif th
mixing reservoir. Thus, four variations Jf a single trench water

can be studied in one run. Tne manipula. ions to accomplish these

tasks are shown in Table S. The reaction vessels containing soil

and trench water are removed from the manifold and mixed in the tum-
bling apparatus for a known length of time. After cent-:fugation,

the samples are analyzed by garca-ray spectroscopy using a Ge(Li)

detector. Samples are countcd long enough to accumulate 10,000 counts

in each gamma-ray peak, or for a maximum of 1,000 minutes, whichever

is reached first. Af ter counting is completed, the final pH and Eh
of the water is creasured in an inert atmosphere glove box.

S<jl
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III. RESULTS

Measured K values were found to depend upon experimental conditions
d

such as (a) environment (anoxic or oxic), (b) water / soil ratio, and (c) solu-
tion acidity. These results were obtained by equilibrating trenc h water

(WV-37) from Trench 5 with unweathered till (WV-A2) for 18 hours. Anoxic

experiments were conducted in Teflon reaction vessels; and oxic experiment.
were conducted in glass reaction vessels.

A. Effect of Environment on Kd .

Kd sorption coefficients given in Table 6 were measured with the
following water samples:

(1) Anoxic trench water
(2) 1:10 dilution of anoxic trench water

(3) Trench water exposed to air from which the Fe(OH)3 precipitate
was filtered out.

(4) Deionized water (oxic)

Sorption of carrier free radionuclides from deionized water

(m 5x10~4 M hcl) was very large. The K is reported as greater than
d

the measured value due to the low residual activity in the water phase,
and because of possible contribution of counts from the soil, as dis-
cussed earlier. A more accurate measurement is obtained by counting
the separated water phase for a longer time. Radionuclides in anr.xic
trench water showed the least sorption on soil. The Kg value from a
1:10 dilution of trench water is intermediate between trench water and
deionized water. One possible explanation is that the trench water con-
tains dissolved components which are ir, competition viith the soil for
the radionuclic Diluted trench water will have less of these com-
pnnents, which may be complexing agents or other organic species iden-
tified in trench waters from the disposal sites.( )

B. Effect of Water / Soil Ratio on Kd
,_

When varying amounts of soil were equilibrated with a fixed volume
of :noxic trench water for 18 hours, the Kd values were not constant.

60Co, 8ESr, and Cs
37The change in Kd versus water / soil ratio for

-8-



are shown in Figures 14,15, and 16, respectively. The straight

nd water / soil ratio re-line logarithmic relationship between Kd
sembles the Freundlichadsorption isotherm for sorption of solutes
from solution ento solids. No explanation is given at this time

60for the exceptional behavior of Co in deionized water (Figure 14).
60 I 'lThe K 's for Co and Cs from i:10 diluted anoxic trenchd

5' water are shown for a water / soil ratio of 20. Kd values for Sr

as a function of water / soil ratio with anoxic trench water were not
obtained in this series.*

C. Variation of Kd with Solution Acidity

When small amounts of acid or base were added to a trench water-
soil mixture, th: pH remained constant at 6.4, indicating a highly

60
buffered system. However, under the same conditions the Kd Of Co,

134,137
Sr, and Cs did change as shown in Figure 17. It is evident

that 5x10- croles/ml of H+ in the spike solution is sufficient to
significantly affect the K . Consequently, spike solutions are nowd

prepared so that a maximum of lx10-4 nroles/ml of H+ 1s added to
trench water,

s

e
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IV. CONCLUSION

Sorption studio, for predictir migration of radionuclides in the

geophysical environment should b. mrt ormed under anoxic conditions if data
that are representa tive of '. reno conditions a re to be btained. Unweathered

till f ro::1 t ne '.. > olley, New York, disposal site is a strong adsorber of

radlonuclides. T here Tay be dissolved components in the trench water competing

with the soil for radionuclides. Although changes in trench water acidity
"

may not appreciably af fect the pH, it can be significant in the sorptien of

radionuclides. *

Finally, cur preliminary results do not indicat- a limiting value

of Ed with decreasing water to soil ratic. This seems to imply that it is

necessary to obtain chromatographic Ed values from soil cores and trench
,; iter under ' ield condi tions. The batch method nevertheless provides a

rapid method for determining relative V values of a group of radionuclidesd

under the wo experimental conditions, and for studying neneral properties
of trench water-soil systems at the disposal sites.

-
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TABLE __1

Physical and Chemical Data for Trench Water WV-37 (Trench 5) Collected
frnm_ West Vallev, New York, Disposal Site November 1977*

Field Measurements Organic Componerts

0pH at 10.8 C 7.1 DOC (mg/l) 5560

Eh(mv)** 240

Specific canductance 7,200
(micromhcs/cm at 250C)

Cations (mg/l) Anions (ma/l)

Barium 45 Chloride 840

Calcium 300 Nitrate 0.1<

Cesium 0.5 Nitrite 2.9

Cobalt 0.02 Silica 13

Iron 260 Sul fa te 5<

Magnesium 140

Potassium 340

Sodium 1600

Strontium 3.3

* This is a partial characterization cf trench water WV37.
Additional analyses are in progress.

** Eh rocasured in the field against the Ag/tsaCl reference electrode was
corrected to the Normal Hydrogen Electrode at 10.80C.

,, :|'

r

(
,
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TABLE 2

Mineral Composition of Unweathered Till fro
West Valley, New York, Disposal Site 1975t*,p>

.

Fraction _ %

' 62p) 12.7Sand -

Silt (2-62u) 47.6

Clay (<2a) 39.8

100.1

Cation Exchange Capacity: 10 + 4 meg /1009
_

* *

Clay Fraction (<2u) Silt Fraction (<62p)

Illite Mica

Chlorite Chlorite

Quartz K-Feldspar

Plagioclase

Calcite

Dolomite

Illite

* Qualitative mineral 'u ntification from x-ray crystollography

- of powdered silt anu c ay fractions.

7 'l O
..
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TABLE 3

Chemical Analysis of Unweathered Till from West Valley,
_

New York, Dispocal Site 1975(4)

Cornound * %
.

SiO 58.4
2

TiO 0.E6
.2

Al 0 14.623

Fe 0 2.123

Fe0 3.1

MnD 0.07

Mg0 2.8

Ca0 5.2

Na 0 0.71
2

K0 3.3
2

H 0+ 3.1
2

CO 6.4
2

* Powdered till was fused with lithium metaborate and dissolved in
dilute nitric acid. Metal deteminations were made by atomic
absorption spectroscopy.

,,

'.
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_ TABLE 4

Operations Sequence to Replace Air in the Kd Manifold with Nitrogen

Oi!JEC T I V E urlI'All N Sf']PiNr[

A. Preliminary rurge of All I inns

inc luriiny i i l tra t ion !ini t , > ,j Nn i . Il*N Vol y f s limui %H ,* t t_ ui l p Al l N ; M! n >L ',
f old, and Probe Chamner wi * h Nit rogen

f.I C _1 GFC.? GFC_1 NV slV RJV-1 RVV-? EVV.3 TV_3
11 . 1 Evatuate Reaction v'es se l s r R

.."A roll bPlV k,3f"""Close Close Close Ilypiss l\il l fill fill fill lf
____.___ __________________________________ \ \ |{ _ || || V,y

GEC 1 TV-1
I B.2 Purge Practien Vessels with Nitrogen I';"' n W- Ffil N, flush

[ _
First 5e

1 1 TV-2
GTC-1 IJ C ? Gi( _1 Ss IV SIV lif_? 'W Cell A; pl y VarunmC.l Ivacuate Measured Volume Chamber Ayg y
flose (loso rinse Rypiss f'111 fill open var

...._____________._________________________ t s i

I

IV} ell
7C.2 Purge Menured volumo r.Mmber with GIC_?

f l o ', h
Nitregen Dron + -

Iirst

DV TV_1GTC 1 CfC_2 GIC_3 SV ,/ f ell Waste Appl y Va c uu,nD.l Evacuate Mixing Peservoirs nnj g
Close C'nse CloseiByliss ggyj ,g'

C_ n ____.____________________________..________ \
_

I~I1 0.2 Purge Mix ing Reservoir s wi t h IV-13 "P"" fril- -)Wasto N,Ilush
''

Nitrogen

j [ac
'

first

( .
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TABLE 5

Control Positions for Manipulating Trench Water in the Sample Prer.,aration Manifold

iUNCT10N (uNIrot FosIi[ urn

I

Lic-1 i'C V _S V GIC-1 GIC-2 IV [W LFL-3 '_l V LIC-2 3G Vi

__
_

_

5 / q
Clear Str eam open \ ope. open waste open open '/

byp)t s 2 E- Ni r

1

[
VMea sure pu, E h, It ii:pe ra t ure opt >n oj,er: operi waste open open

i T- - A t,ypa ; s
w
w 1 r

/\ /g fill Mining Reservoir open open open ( ell open 0; enj
T

fill fill

r\
r

Mix Sainple in Reservoir close open oper. \tell open
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TABLE 6

Kd Sorption Coef ficient of Trench Water and Soil
from West Volley, New York, Disposal Site

-
K

d

Liquid Phase Container Sr-85 Cs-134 Cs-137 Co-60

Anoxic Trench Water Teflon 11 1 1 30 a 28 2 4 22 1

Glass --- 39 2 34 3 9! 1

Anoxic Trench Water Teflon 8 1 121 3 120 8 116 2 12
1:10 dilution

Air Exposed & Filtered Glass --- 22 ! 1 23 t 2 29 3

Trench Water

Deionized Water Glass 20 > 1800 > 1800 > 900
(5x10-4 M HNO )3

Trench Water: WV-37, Trench 5

Solid Phase: WV-A2, Unweathered T111

Water / Soil Ratio: 20
Equilibration Ti.ne: 18 hours
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e
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