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reflected in how well the experimental data fits an isothemm. The technique
of graphical presentation of experimental sorption data to evaluate the fit to
mathematical isothe.m relationships may be useful for several reasons:

o The sorption behavior of the radionculides over a range of experiment-
al parameters cen be easily seen,

e Abrupt changes in the sorption behavior can be interpreted as changes
in the mechanisms which keep radionuclides in solution.

e Appropriate conditions and data for modeling calculations and further
experimental work can be selected.

2.2 Experimental

Hydrochloric acid solutions of 80rq, B5sp, 24lan, and 137,134cs
were evaporated to dryness., The radionuclide salts were dissolved in filtered
Barnwell trench water. The isotope concentrations in the resultant solution
were approximately 0.2 uCi/mL. The chemical compositions of the trench 6Dl
and 25-21-D1 waters used in this study, are given in Table 2.1. The initial
radionuclide concentrations of the experimental solutions were determined, in
triplicate, on aliquots of spiked trench water,

The sediment used in this study was a silty sand from the Hawthorne
Formation at the Barnwell site sampled by J. Cahill (U.S. Geological Survey)
fram a depth corresponding to the trench bottoms. The characteristics of the
sediment are given in Table 2,2.






Table 2.2

Characteristics of the Hawthorne Sediment
from the Barnwell Disposal Site?

Sand:silt:clay 75:10:15
Surface Area (m2/g) 0.2-13
Cation Exchange Capacity 6.0
(meq/100 g)
Organic carbon (wt %) 0.03
Extractable Iron (wt %) 0.2-0.3
Carbonate (wt %) 0.0
Mineral Content
Quartz 85%
Mica 5-10%
Kaolinite 5-10%
Feldspar 2%
Goethite <5%
Hematite <5%
Heavy Minerals <2%

AYeTss and Colombo (1980).

Batch Sorption Method

Increasing amounts of sediment relative to a fixed volume of water
(20-mL) were used so that the solution to soil ratio ranged fram 20/1 to less
than 5/1. Experimental controls consisted of aliquots of spiked trench water
added to empty Teflon containers. The controls and samples were tumbled for
three months to establish equilibrium. Periodically the samples were centri-
fuged to separate the water and sediment phases. The radionuclide activity in
the water phase was measured on a Ge(Li) detector to determine when steady-
state concentrations of the radionuclides in solution were achieved, When a
steady state had been established, the samples were centrifuged and disas-
sembled. The liquid phase of each sample or control was filtered through a
0.45 um membrane filter., The acidified aliquots were counted on a Ge(Li)
detector to determine the activity of each radionuclide in solution.

2.3 Results and Discussions

The relative concentration of radionuclide sorbed on the solid phase was
calculated from the relationship:

- Af . 1
s=50--A0—E 1 (4)
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Figure 2.3 85Sr sorption from Barnwell trench sump 6D1
water on Hawthorne sediment, The solid line
represents the least squares linear regression,
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Figure 2.4 13%Cs sorption from Barnwell trench sump 6D1

water on Hawthorne sediment. The solid line
represents the least squares linear regression.
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Figure 2.5 134Cs sorption from Barnwell trench sump 25-21-D1

water on Hawthorne sediment, The solid line represents

the least squares linear regression.
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Figure 2.6, 137Cs sorption fram Barnwell trench sump 6D1 water on

Figqure 2.7

Hawthorne sediment. The solid line represents the least
squares linear regression,
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137¢cs sorption from Barnwell trench sump 25-21-D1 water on
Hawthorne sediment, The solid line represents the least
squares linear regression.
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Table 2.3

Linear Sorption Isothermm Representation of Radionuclide Sorption Data
for Barnwell Trench Sump 6D1 Water and Hawthorne Sediment

Slone correlation
[sotope Interceptd Kqg (mL/g) Coefficient
241pmb 0.008 1600 0.89
85¢r n.008 13 0.99
i34c 0.06 496 0.98
137¢s 0.06 486 0.97
60cob 0.02 13 0.99

4Theoretical intercept =0,
bThe greatest c<olution/soil data point was neglected
in the linear regression analysis.

Table 2.4

Linear Sorption Isothem Representation of Radionuclide Sorption Data
for Barnwell Trench Sump 25/21-D1 Water and Hawthorne Sediment

Slope Correlation
Isotope Interceptd Kq (mL/q) Coef ficient
241 b 0.1 36 0.79
134c 0.07 64 0.99
137¢s 0.06 65 0.99
60¢oc -0,03 21 0.81

dTheoretical intercept = 0.

DThe two greatest solution/soil ratio data points wsere
neglected in the lnear regression analysis.

CThe three lowest solution/soil ratio data points were
neglected in the linear regression analysis.

15



Table 2.5

Comparison of Batch, Column Loop and Isothemm K4 for
Barnwell Trench Sump 6D1 Water and Hawthorne Sediment

Kq (mL/q)
Batchd Column Loop® Isot herm
Isotope (mL/g) (mL/q) (mL/q)
241py 1150 »1200¢ 1600
855, 14 35 13
134¢¢ 670 960 496
137¢s 670 960 486
60co 18 11004 13

aTrench 601 water (collected May 1980).

Synthetlc 601 water and repacked Hawthorne sediment with

a solution/soil ratio of 15:1 (Pietrzak et al., 1982).
CBecause the activity in solution was only slightly above
background, an accurate Kq could not be calculated.

dA synthetic water was used in the column loop experiment,
The presence of natural or synthetic complexing agents

may account for the lower sorption results obtained by the
batch and isotherm methods where the actual trench 601
water was used (Means et al., 1976).

Figure. 2,4-2.7 show sorption isotherms for 134Cs and 137Cs, As
expected, the 1 38¢s and 137¢s sorption coefficients are very similar

(Tables 2.4 and 2.5). The Cs K4 values are approximately 490 mL/g for 6D1
water and 65 mL/g for 25/21-D1 water. Sokol (1970) reported 137¢s Kqg's of
140 to 630 mL/g on silty sandstone which is comparable to the results for
Barnwell materials., Table 3.5 shows results based on different methods. The
values range from 490 mL/g for the sorption isothermm method to 960 mL/g for
the column loop method.

60co sorption data are presented in Figures 2.8 and 2.9. Only minimum
values of 13 mL/q and 2?1 mL/g were calculated for the distribution coefficient
from the linear isothem using the intemediate Co concentration cata points
(Tables 2.3 and 2.4). As indicated by the anomalous data points in Figures
2.8 and 2.9, the sorption relationship does not hold at low and high Co con-
centrations. Cobalt exhibits a rather complex sorption behavior. The soil
camponents, Fez03 (Gonzalez and Gomez, 1964) and iilite (Friend 1963,
Sorathesn et al., 1960) have been shown to have a strong affinity for cobalt.
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Between the solution pH of 6 to 9, cobalt sorption increase- due to the for-
mation of cobalt colloids (Sorathesn et al., 1960) and hydrolysis of Co*2
(Tewari et al., 1973). Cobalt is also relatively easily complexed by natural
organics (Duquid, 1976; Means et al., 1976). As showr in Table 2.5, the
60Co Kq values based on the batch and isotherm methods are camparable.
However, the result, based on the column loop method where a synthetic water
simulating Barnwell trench 6D1 water was used, was two orders of magnitude
larger. The decreased sorption for the batch and isotherm method may be due
to the presence of complexing agents in the natural trench water.
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Table 3.1

Energies of the Gamma Photons Used
for Gamma Ray Analysis of the Radionuclides

Giamma Ray

Radionuclide Energy (keV)

241pan 59
60co 1173, 1333
134¢¢ 605, 796
137¢s 662
855 514

3.3 Experimental Procedures

The experiments were conducted in controlled environment chambers that
were described in a previous report (Pietrzak et al,, 1982). Trench water
(about 650 mL) was anaerobically transferred from a collection bottle into a
nitrogen-flushed, controlled-environment chamber containing a combination pH,
a double-junction reference, and two platinum (one platinum for the carrier-
free WVB experiment) electrodes (Weiss and Colombo, 1980)., The water was
stirred continuously., The pH and Eh were monitored throughout the experiment.
An initial sample was removed through the septum, filtered through a 0,45 um
membrane (Gelman Acrodisc), and analyzed for alkalinity, ferrous iron, total
iron, and background radionuclide activities, The alkalinity, ferrous iron
and total iron (colorimetric) were detemined using procedures described pre-
viously (Weiss and Colombo, 1980).

A known aliquot of a mixed spike, containing ¥Ci amounts of each radio-
nuclide, was added and the purge gas was stopped. The contents of the chamber
slowly oxidized as air leaked into the chamber, resulting in a reddish-brown
precipitate, Samples were removed periodically, filtered through 0.45 ¥m
membranes, and analyzed for radionuclides and ferrous and total iron., Total
iron was detemined in the filtrates fram the carrier-free WV8 experiment us-
ing atomic absorption spectroscopy. Yields for ferrous and total iron were
calculated from comparisons with the initial (pre-spiked) sample. Yields for
Am, Co, Cs, and Sr were calculated from comparison with the reference ali-
quots of a mixed spike after correcting for any background nuclides detected
in the initial sample. Cesium yields are means of yields determined from the
net counts for the 605, 662, and 796 keV gamma ray peaks, Cobalt yields are
means of yields calculated from the net counts for the 1173 and 1333 keV
gamma-ray peaks.

The experiment was temminated when the total iron, radionuclide activ-
ities, Eh, and pH reached steady-state conditions. The contents of the
chamber were filtered through a 0.45vm membrane filter and air dried. The
precipitate was dissolved, analyzed for total iron by atomic absorption, and
counted for specific gamma emitters,
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Figure 3.2 Changes in the pH, Eh and metal concentrations as a function
of time during the oxidation of trench 8 water from the
West Valley disposal site.
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4,2.2 Leachant

A synthetic trench water simulating the composition of Barnwell trench
601 water will be used (Table 4,1). Preliminary experiments will be performed
to determine what flow ratels) will produce a uniform unsaturated continuous
flow condition in the column without channeling or void formation through the
sediment,

Table 4.1

Composition of Synthetic Barnwell Trench Waterd

Concentration Concentration

Cations mmo 1es /L Anions mmo les /L
Na* 1.34 HCO3-1 1.10

K+ 0.075 $04-2 0.48
Nui* 0.26 c1-1 0.38
ca*2 0.35 NO3-1 0.30

Mg*2 0.060

Mn +2 0.013

Si0p = 0.12 mmoles/LD

4The composition simulates water from trench sump
6D1 at Barnwell (Czyscinski and Weiss, 1981). The
pH of the solution is adjusted to 6.0 with hydro-
chloric acid.

bAdded as sodium metasilicate NapSi03+9Hp0,

4,2.3 Sediment

Sediment collected from the Hawthorne formation at the Barnwell site.

4.3 Apparatus

A column to hold the waste form and sediment will be constructed fram
polyethylene gallon jugs (15 cm in diameter by 30 cm in height). The waste
form will be surrounded by 5 cm of sediment on each side. A plastic frit will
be used to retain the sediment., Packing of the sediment in the column is
critical to obtaining reproducible data. A fixed weight of sediment for each
column will be uniformly packed with a plastic rod to a predetermined mark, A
constant supply of leachant water will be available from a reservoir (see
Figure 4,1). The metering plug in the leachant water reservoir will maintain
continuous flow to assure unsaturated capillary flow through the sediment
column,
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Figure 4.1 Apparatus for continuous capillary water flow leaching
of solidified waste forms,



4.4 |Leaching Procedure

The waste forms will be leached by allowing the leachant to percolate
downward through the sediment at a continuous rate to simulate flow througn
the unsaturated zone. The activity in the eluate solutions will be deter-
mined using a Ge(Li) detector., Experiments will be conducted in triplicate
for periods of 2, 4, 6 and 8 weeks.

The initial activity in the waste forms will be obtained by counting a
sample of the radionuclide solution used to prepare the forms. At the ter-
mination of the experiment the activity remaining in the waste form will be
determined by gamma counting a representative sample of the leached waste
form. Based on the total activity measured in the eluate during the length of
the experiment and the initial and residual activities in the waste form, the
total amount of activity in the sediment will be determined.

4.5 Data Analyses

The data will be presented as the radionuclide fraction released vs time
in a manner similar to the [AEA leaching procedure,
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