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Lonsiderab ® work on trace metal camplexes with EDTA, NTA*, and
nTPA** in soil ervironments has been performed by workers concerned with
plant nutritior (keddy and Patrick, i977; Sommers and Lindsay, 1979; Nowell
and Lindsay, 1969; 1972, Lindsay, 1979). Much of tnis work has direct bearing
on the behavior of similar canplexes in disposal trench enviromments, The
controlled environment studies (Reddy and Patrick, 1977) are of particular
interest in this respect, In these studies, the anoxic pore water-soil regime
nf waterlogged soils was simulated in a laboratory-scale controlled environ-
ment chamber, Copper and zinc camplexes (with EDTA and DTPA) were introduced
and the amount of metal remaining in solution monitored as a function of time,
Miltiple experiments were performed at constant Eh conditions which ranged
from well oxidized (+ 500 mv) to strongly reduced (-200 mv)., Under reducing
conditions, the metals were rapidly removed from solution. The authors main-
tain that sulfide ion generated in the anoxic water regime precipitated the
trench metals as sulfides.

These experiments suggest that in disposal trenches where strongly
anoxic water is present (such as those at the Maxey Flats and West Valley,
disposal sites), the chemical enviroment may be capable of removing some
radioisotopes from solution by this precipitation mechanism., For these experi-
ments, 9Co or 65Zn in the farm of a complex was added to the anoxic
water, and the amount of cobalt in solution monitored as a function of time,
for constant Fh and pH conditions corresponding to those in the actual dis-
posal trenches, Cobalt wa, selected because it is a radioisotope common in
tae disposal trenches (Weiss and Colambo, 1980; Czyscinski and Weiss, 1981),
and likely to be strongly complexed with organic chelating agents. Cobalt
camplexes of EDTA, NTA, and DTPA were studied by the methods of Reddy «.d
Patrick (1977) to see if they are removed from solution, In addition, 657n-
FNTA was used to study the complex stability under the reducing conditions in
our experimental chamber,

If results similar to those published (Reddy and Patrick, 1977) are
observed, it would indicate that the strongly reducing, anoxic water regimes
developed in some disposal sites can act to remove cobalt from organic com-
plexes, and thereby help to prevent the enhanced migration due to complexing.

1.2.3 Oxidation of Disposal Trench Waters

The total radionuclide retention capacity of the geochemical system is
the sum of all the wechanisms which can prevent radionuclide migration from
disposal trenchec. Sorption processes include the relatively rapid and re-
versible jon exchange at the surface of minerals and the relatively slow ir-
reversible diffusion of ions into mineral martices (Freeze and Cherry, 1979;
Forstner and Wittmann, 1979), However, for the anoxic, chemically reducing

.:NTA - Nitrilotriacetic acid.
DTPA - NDiethylenetriamine pentaacetic acid.












2. EXPERIMENTAL

2.1 Trench Water Source Term Investigations at the Barnwell Site -
Strontium and Plutonium Analyses

Waters from the trenches were analyzed for their dissolved radio-
nuclides after filtration through a 0.45 um membrane filter. Radio-
chemical measurements are made on an acidified aliquot of the filtrate,
Strontium-90 is determined by radiochemically separating strontium from the
trench water sample and counting the in-growth of yttrium-90 with a low-level
beta counter, Plutonium isotopes are radiochemically separated from other
alpha emitting radionuclides by anion exchange chromatography and electro-
plated onto a counting disc. Plutonium isotopes on the disc are measured by
alpha spectroscopy with a surface barrier silicon detector.

2.2 Radionuclide Analysis of Sediment Cores from Beneath Disposal Trenches at
the Barnwell Site

Gamma-ray spectra [Ge(Li) detector] of the sealed, wet, whole, approxi-
mately 30-cm-long, sediment core sections were taken to determine and identify
gamma emitting radionuclides present, Gross gamma-ray spectra of the sealed
whole core sections showed only a very small concentration of 60co at the
top of the trench 2 core, Any plan to separate the pore water and sediment to
determine the radionuclide phase distributions would be futile. Hopefully,
more sensitive and detailed analysis would supply positive results even if at
low activity levels, FEarlier plans by Czyscinski and Weiss (1981), to deter-
mine the mineral radionuclide associations were abandoned. Most radionuclides
did not reach even the top sediment core sections in appreciable concen-
trations,

After the preliminary gamma-ray scan, the sediment core sections were sub-
divided into small cylinders, approximately 2.5 cm in diameter by 5 c¢m in
length, The cylinders were kept in preweighed glass weighing bottles equipped
with a ground glass 1id to retain the moisture,

A detailed description of the distillation apparatus and procedure used
to determine the tritium content of the pore water has been described earlier
(Czyscinski and Weiss, 1981)., Briefiy water was vacuum distilled from the
core plugs. The tritium activity of the distillate was detemined by liquid
scintillation counting, The sediment cores were completely dried and used for
subsequent anal yses.

After the pore water was removed by distillation, the cylindrical plugs
were gamma-ray counted on a Ge(Li) detector. A detailed description of the
calibration standards and the gamma ray analysis will be given in a subsequent
report,

*905r and 238,239,240p, analyses were performed by EAL Laboratories,
Richmnd, California,






Table 2.1

Characterization Data for Solid and Liquid Phases
Used in Batch Sorption Experiments - Barnwell Disposal Site

Soil Phase Liquid Phase
Silty-Sand Trench Water-6D1
(Hawthorne Formation) (mg/L)
Sand:silt:clay 75:10:15 Titration Alkalinity 86
(as CaC03)
Surface Area - (m2/g) n.3-13 Chloride 13.3
Cation Exchange Capacity 6.0 Sulfate 44.5
(meq/100 g)
Organic carbon (wt %) 0.03 Calcium 14
Extractable Iron (wt %) N.2-0.3 Magnesium 1.4
Carbonate (wt %) 0.0 Potassium 3.0
Mineral Content Sodium 28
Nuartz B85% Iron <1
Mica 5-10% pH 6.1
Kaolinite 5-10% Ehyug (mV) +350
Feldspar <2%
Goethite <5%
Hematite <5%
Heavy Minerals <2%

The batch experiments were set up with a variable solution/soil ratio
ranging from zi/1 to less than 5/1. As mentioned earlier, one of the reasons
for performing these experiments is to compare the results of batch and column
experiments, B8y increasing the amount of soil relative to water in the batch
tests, it may be possible to extrapolate any trend observed in the results to
the solution/soil ratio to be expected in a column experiment, In this way, a
prediction for the column test can be derived from batch test results, The
solution/soil ratio of 20/1 was included so that results of the Barnwell batch
studies can be campared against the anoxic water batch tests performed with
Maxey Flats and West Valley trench waters and soils which were performed for
this solution/soil ratio by (Weiss and Colombo, 1980). The isotopes used were
the same as used for previous sorption experiments; namely, H0Co, 85sr,
137cs, 138cs, 241an, and 152y, and their concentrations are the same
in all the samples.

After the samples were prepared, they were monitored periodically
(gamma counting of the liquid phase) during the 119-day contact time. At the
end of this period, the majority of the samples had reached steady-state con-
ditions. The sample containers were then disassembled for final counting of
the separated liquid phases.
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Figure 2.1 Schematic diagram of the recirculating “loop" apparatus.

Water flow through the column was characterized by measuring the rates at
which tritiated water moved through the system. Approximately 0.1 uCi of
tritiated water (0.1 mL) was injected into the water stream through the en-
trance port just beneath the column., Contamination of the water reservoir was
avoided by conrecting the column outlet stream directly to a waste bottle. By
means of a l-mL hypodermic syringe, water samples (0.1 mL) were removed peri-
odically from the column outl2t sampling port. The samples were then added to
10 mL of Instagel liquid scintillation cocktail and counted in a LSC system
for 10 minutes (Searle Analyzer 92 Liquid Scintillation Counter).

The lsotoges selected were those used in previous batch experiments;
namely, 5 4,137¢s, 281am and 152gy, The radioisotope-
column-type comb1nat10ns used were as follows:

1. 152ey alone - repacked core material;

2, 281pm, 85sp, 134,137¢s and 60Co - repacked core material;

3. 281pn, B5sp, 134,137Cs and 50Co - intact core material.
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purpose of this experiment is to test a procedure proposed for maintaining
water conditions that simulate the disposal trench environment,

Samples representative of the sediment at the Maxey Flats site were sup-
plied by the United States Geological Survey. Unweathered Nancy Shale was
obtained from trench 46 at an approximate depth of 20 feet, The chemical and
physical characteristics of the Nancy Shale were reported earlier (Czyscinski
and Weiss, 1981).

A detailed description of the improved experimental apparatus and sample
preparation procedures for working with anoxic waters was reported earlier
(Czyscinski and Weiss, 1981). Briefly, the procedure is as follows: spiked
trench waters are prepared by evaporating radionuclide tracer solutions to
dryness, converting the tracers to chloride salts by evaporation with hydro-
chloric acid, and dissolving the dry salts in the trench waters, The spiked
trench water is added to shale chips in Teflon containers. Containers without
shale chips are used for control solutions., All sample handling procedures
involving anoxic waters are performed under an inert atmosphere., The sealed
containers are tumbled on a ball mill, which disaggregates the solids and
equilibrates the two phases. The samples are periodically counted by gamma-
ray spectroscopy to monitor the progress of the experiment., Radionuclide
activity in solution is measured while shielding the solid phase from the
Ge(Li) detector. When the concentration of radionuclides in solution remains
nearly constant, the experiment is terminated. At the end of each test, the
experimental solutions are processed by (1) centrifuging the samples, (2)
filtering the liquid phase through 0.2 um filters, and (3) counting an acidi-
fied aliquot of the liquid phase to detemine the amount of radionuclide in
solution, These steps avoid interference from radionuclides sorbed on the
solid phase. The amount of radionuclides initially in solution are detemmined
from acidified control samples.

For this series of tests, five sample sets were prepared. FEach sample
set was prepared using a trench water spiked with 152ey . or a_mixture from
the following group of radionuclides: <241am, 85se, 134cs, 137¢s, and
60Co, Aliquots (10 mL) of each solution were used to detemine the initial
radionuclide concentrations (samples 1SC and 2SC). Control samples (1AC and
2AC) of the spiked trench waters (20-mL) were kept in Teflon containers and
treated in the same manner as the K4 samples. These spiked, anoxic solu-
tions, without shale, were prepared to evaluate the degree of wall adsorption
of radionuclides., Samples for sorption determinations contained 20 mL of
spiked anoxic trench water and varying amounts of shale so that the solution
to solid ratio (mL/g) varied from approximately 3 to 26.

Containers containing trench water and shale samples for sorption deter-
minations (tumbled in an argon atmosphere) were periodically monitored to mea-
sure the radionuclide content remaining in solution. When steady-state con-
centrations of the radionuclides in solution were reached, the samples were
disassembled in a glove box flushed with ultrahigh purity argon, and the pH,
Eh, and activity of each sample solution were measured.
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Figure 2.2 (a) Schematic drawing of the controlled-enviromment apparatus used for the stability
experiments and, (b) top view of the controlled-environment chamber.



Table 2.4

Chemical Composition of Synthetic Trench Waterd

Concentration Concentration
Cations mmo les /L Anions mmo les /L
Na* 35.0 HCO;~ 35.0
K+ 4,0 1= 10
Ca*? 1.0 50g-2 20,5
Mg*2 22.5

aSimilar to the composition of Maxey Flats trench
32 water,

The solid phase is Nancy Shale from the Maxey Flats disposal site., The
shale is disaggregated by ultrasonic agitation., Nancy Shale is an illitic
shale with small amounts of quartz, feldspars, and kaolinite and is approxi-
mately half silt and half clay in particle size distribution, Characteriza-
tion data for the shale was reported earlier (Czyscinski and Weiss, 1981).

Fquimolar solutions approximately 2 x 102 M of cobaltous chloride and
NTA, DPTA or EDTA was prepared and spiked with tracer 6nCoClz. An aliquot
of a spiked solution was added to the controlled environment chamber such that
the initial Co complex concentration in the chamber was approximately 10-4
mol/L. Also, a zinc sulfate-65Zn-ENnTA solution was used as the radionuclide
spike in an experiment similar to the Co-complex experiment,

One liter of synthetic trench water, 25 g of disaggregated shale, and
approximately 10 g of clam meat (organic source for bacterial degradation) are
placed in the chamber., The lid is sealed onto the chamber with silicone seal-
ant and the electrodes are fitted into their ports, Nitrogen gas is bubbled
through the solution in the chamber to purge oxygen from the system, The Eh,
pH, and sulfide electrodes are monitored while anoxic conditions develop from
bacterial degradation of the organic material. The pH is maintained at 7.0 +
0.2 by adding IN HpS04. Most experiments are run at the lowest redox con-
ditions, as indicated by the Eh and sulfide electrodes, that are established
by the soil-water system, When the desired redox conditions are stabilized, a
small aliquot of a tagged stock solution is added through the septum port to
give the initial concentrations listed in Table 2.5. The solution is sampied
within a couple of minutes and thereafter periodically. The samples are fil-
tered through disposable 0,45 um filter assemblies (Gelman Acrodisc) to remove
particulate material. The dissolved radionuclide concentrations are deter-
mined by gamma-ray counting of the filtrates. Aliguots of the tagged stock
solutions are counted as references,
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electrodes, Measurements of pH were made either in the field or in the lab-
oratory. In the laboratory, all waters were filtered by an anaerobic filtra-
tion procedure and measurements for pH and alkalinities were performed imme-
diately. The anaerobic filtration procedure and analytical procedures were
described earlier by Weiss and Celombo (1980). Portions of the filtrates were
acidified with nitric acid and analyzed for total dissolved iron by atomic
absorption,

Aliquots were removed from the anaerobic and aerobic sample bottles,
placed in beakers, and stirred with a magnetic stirrer for several hours. A
reddi sh-brown precipitate appeared in the beakers., Oxidation was complete
when no more precipitate appeared in the supernates and the Eh values stabil-
ized, The supernates were filtered through .45 um filter assemblies (Gelman
Acrodisc) and analyzed for pH, Eh, and alkalinities.

2.8 Chemical Changes and Radionuclide Scavenging During the Oxidation of a
Tren.h Water

The slow oxidation of a selected trench water was carried out in a con-
trolled environment chamber described in Section 2.6 and illustrated in Figure
2.4

The trench water selection for this experiment was based on two con-
siderations, namely the chemical camposition of the water and the availability
of sufficient quantity for the experiment, WYater collected from trench 8 at
the West Valley disposal site was used because it is representative of anoxic
trench waters with a high content of dissolved ferrous iron. Analytical data
for this sample was reported previously (Weiss and Colambo, 1980). Trench
water was transferred anoxically from a collection bottle into the controlled
environment chamber that had been purged with nitrogen gas<, After the Eh and
pH of solutions remained essentiilly constant a mixed radioisotope solution
(spike) containing 241am, 85sr, 37c, and 50Co was added to the
trench water, The flow of nitrogen gas 1nto th> chamber was then stopped.
This al lowed oxidation of trench water to take place at a slow rate as air
entered the chamber by leaking past the seals around probes and the chamber
lid. Changes in Eh and pH were monitored by probes in the chamber.

Two-mL aliquots were removed periodically and filtered through a 0.45
um filter membrane (Gelman Acrodisc). The filtrates were acidified with con-
centrated HNO3 and counted to monitor changes in radioisotope activities. A
125 cm3 closed-end, coaxial lithium-drifted germanium detector was used for
measuring radionuclide activity. Eh and pH of solution was measured at each
sampling period, The experiment was continued until radioisotope activities,
Eh and pH had reached steady-state levels,

At the temination of the experiment the contents of the chamber were
filtered through a tared 0.45 um membrane filter (millipore). The solution
was acidified with concentrated HNO3 and preserved for analysis. The
filters were dried, weighed and dissolved in concentrated HN0O3. The residue
fram the filter was dissolved in 2.5 mL of concentrated HC1. Solid residues

20






3. RESULTS AND DISCUSSION

3.1 Trench Water Source Term Investigation at the Barnwell Disposal Site

Results of the radiochemical analyses are presented in Table 3,1 along
with data from a previous sampling trip in March 1979,

Table 3.1

Concentration of Dissolved Radionuclides
in Trench Water Samoles From the Barnwell Site,?
{pCi/L (22 -3)1°

Radionruclide Date Trench 30) Trench 502 Trench 6D1 Trench 8D2
Gross alpha 3/79 <l1.4 £l <1.4 E1 1.6 £1 (65) <9 EO
5/80 C C 1.5 €1 (67) ¢
Gross beta  3/79 <2.8 El 4.1 £2 (B.3) <2.8 El 7.9 €2 (6.6)
5/80 c c <3.6 1 ¢
Tritium 3/79 1.2 E4 (6.5) 9.9 £6 (<1) 5.7 ES (<1) 4.8 E8 (<))
5/80 c & 6.1 E5 (13) C
60cq 3/719 «<2.2 €1 3E2 (18) <2.2 £l 2.6 E1 (69)
5/80 [ - <2.7 El [
134, 3/79 <2.1 €1 <2.4 £ €2.2 £l 2.2 £l
5/80 ¢ c <2.1 01 c
137¢ 3/79 <2.3 £l 1.6 €2 (18) «<z.2 €1 €2.5 £}
5/80 - £ <2.2 £} c
238p,d 3/79 e 1.4 £0 (56) e 1.9 €0 (40)
5/80 & c €3.6 £-1 -
239,240p,,d 3/79 e 2.8 -1 e 4.6 E-1(110)
d 5/80 c [ <2.8 E-1 c
905, 3/19 e 2 £1 (10) e 3.7 £1 (18)
5/80 4 c <4,3 £0 (4
Radionuc 1ide Date Yren(h 803 Trench 13D4 Trench 1805 Trench 25/21D1
Gross alpha 3/79 C c < <1.4 £1
5/80 1.1 E) 8.8 E0 {100) <B.5 EO 1.0 £1 (90)
Gross beta 3/79 3 g 4 1.0 £2 (27)
5/80 9.6 E2 (4.8) <3.6 El €3.6 £1 €3.6 E1
Tritium 3/7% c c c 3.7 €5 (<1)
5/80 7.8 EB (<1) <7.3 E2 <1.1 €2 2.2 £5 (8.3)
60co 3/79 ¢ ¢ ¢ 2.2 £l
5/B0 3.7 E2 (9.4) N.D. <2.4 £1 <2.8 £l
138, 3/79 ¢ ¢ ¢ 2.2 £1
5/80 3.4 £1 (24) N.D. 2.3 €1 2.4 £1
137¢c 3/79 ¢ ¢ ¢ 2.5 E1
5/80 5.1 E2 (7.4) N.D. 2.1 f1 <2.% £l
238p,d 3/79 < ¢ ¢ 4.6 £0 (18)
5/80 5.6 E-1 (80) 7.4 E-1 (80) <3.6 E-1 4.6 E0 (20)
239,240p, 3/79 ¢ c ¢ <2.8 -1
5/80 <2.8 El 9.3 £-1 (30) <¢2.8 £-1 2.8 £-1 (114)
905rd 3/79 ¢ c ¢ 9.3 €0 (78)
S/B0 4.8 E1 (10) <4.6 EO .5 (0 4.6 €0

‘Saﬂples were filtered tnrough a 0,45 um Millipore filter,
Bhumber fn () = +2 c% counting uncertainty,

CNot sampled on this date.

danalyses performed by EAL Laboratories,
€Analysis not perforred,
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The most abundant of the observed radionuclides was tritium. The highest
concentrations of 238py and 90Sr were observed in trench 25/21 D1 and
trench 803, respectively, In general, except for tritium, radionuclide
concentrations in the Barnwell trench water samples are exceedingly small and
often undetectable.

3.2 Radionuclide Profiles of Sediment Cores From Beneath Trenches at the
Barnwell Site

The source of radionuclides is the waste emplaced in the trenches. Water
accumulates in the trenches due to rainfall infiltration. Accumulated water
stays in the trenches long enough to leach the waste and deveiop high tritium
concentrations, The concentration of dissolved radionulides in the trench
water, from trenches 5, 7, and 8 above the sediment cores, were reported ear-
lier (Weiss and Colombo; 1980, Czyscinski and Weiss, 1981), and are shown in
Table 3.1. It has not been possible tc collect water from trench 2. The
concentration of the nonsorptive isotope tritium would be the maximum concen-
tration expected in the pore water of sediments directly below the disposal
trench, The tritium concentration in the trench waters are high relative to
environmental levels observed in rainwater (NCRP, 1975; Freeze and Cherry,
1979). The concentrations of 137Cs, 60co, 90Sr and 238py are not much
greater than those observed for fallout from nuclear weapon testing (Eisenbad,
1973). This situation is characteristic of all the trench waters that have
been analyzed from Barnwell (Weiss and Colombo, 1980; Czyscinski and Weiss,
1981).

3.2.1 Tritium

The tritium content of the sediment pore water as a function of depth
has been reported earlier (Czyscinski and Weiss, 1981), but is given here for
sake of completeness, Figure 3.1, along with core bulk densities and moisture
contents, The sediment cores are uniform in texture throughout their length
(coarse sands) and show no significant changes in bulk densities or meisture
contents, Fiqures 3.2 and 3,3.

The maximum pore water tritium concentrations are similar to those ob-
served in the trench waters (Figure 3.1 and Table 3.1). The tritium distri-
bution in the sediment core exhibits a minimum at approximately ten meters fol-
lowed by an increase in tritium concentrations with increasing depth., This
profile may represent diluted trench water moving downward through the unsatu-
rated sediment. Rainfall in the southeastern United States is the heaviest in
the late winter and early spring months., Rainwater infiltrates the trench
caps, briefly accumlates in the trenches, and subsequently migrates downward
through the sediment toward the underlying water table,

Based on a nyuraulis ronductivity of 10-5 /s, water will migrate
approximately three meters in one ;o«r neriod uncer <iturated flow conditions
and less under unsaturated flow conditions ('aw 1970), The distance between
the tritium maximum in trench 8 core and the lower maximum in trench 2 core is
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approximately three meters, a distance roughly equal to one years migration
distance, if the two maxima represent yearly high water accumulations. For
trenches 5 and 7, the distance between high tritium levels are approximately
three and two meters respectively, Both distances are within the expected
range based on hydraulic conductivity measurements,
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Figure 3.3 Moisture content profiles of Barnwell trench cores.




3.2.2 Gamma Ray Spectra

Preliminary results for gamma-ray spectroscopy showed that ©0Co was
present throughout the entire length of the core taken from beneath trench 2
at the Barnwell site. The qualitative results showed that the highest concen-
trations are present in the uppermost 30 cm section of the core, Quantitative
results will be reported later,

3.2.3 Gross Alpha and Beta Activity

The results for gross alpha and beta activities in trench core sedi-
ments are shown in Tables 3.2, 3.3, 3.4, 3.5, and 3.6. An uncontaminated
sediment core had an average gross beta activity of 8 pCi/g with a 6% 2 sigma
counting uncertainty and * gross alpha activity of 1.4 pCi/g with a 15% 2
sigma counting uncertainty for a 1000 minute counting period. Only the core
from beneath trench 2 showed gross activities significantly above the levels
in the uncontaminated samples., The activity is restricted to the uppermost 30
cn of the core, at a vertical distance of approximately 8,75 meters below the
land surface., Count rates slightly higher than background were also found in
two places in the cores from trench 7 and trench 8, The gross activity in
most segments of these cores probably represent statistical fluctuations at
background activity levels in the sandy sediments,
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Table 3.2

Gross Alpha and Beta Activities i1n a Sediment Core
Fram Trench 22 at the Barnwe!) Site
(10 minute count)

Gross Betab Gross Alphat
Depth Activity Activity
(m) [pCi/g(s2 ~2))9 [pCi/gls2 %))9

8.76-8.8] 94(12) <1ne

8.81-8,86 141(10) 30(80)
K.86-8,92 97(12) <10
9.02-9,04 29(24 <10
9.04.65.09 18(34 <10
9.09-9.14 axes) <10
9.20-9,2% < <10
9.25-9.30 4 <10
9.30-9.35% 6(80) <10
9.45-9.49 4 <10
9.49.9,52 10{44) <10
9.52-9.56 <4 <10
9.56-9.60 « <10
9.70-9.74 5(86) <10
9.78.9.78 11{50) <10

9.78-9.83 27(28) 24(88)
9.83-9.91 5(88) <10
§.91-9.94 11(50) <10
9.94-10.01 9(50) <1n
10.01-10.03 16(76) <10
10,11-10.16 4 <10
10,16-10,22 13(50) <10
10,22-10.29 9(60) <10
10.36-10.41 4 <10
10,41-10.4%6 15(32) <1n
10,46-10,52 15232 <10
10,52-10.67 1(60 <10
10.67-10,72 <4 <10
10,72-10.17 14(42) <10
10,77-10,82 7580 <10
10.92-10.87 8(66 <10
10.97-11.02 7(66) <10
11.02-11.12 7(66) <10
11.12-11.18 4 <10
11.18-11.23 4(%6) <10
11.23-11.28 6%71) <10
11.28-11.34 E(686) <10
11.34-11.40 10(54) <10
11.59-11.67 10{52) <10

11.67-11.74 13(84) 24(8R)
11.78-11.79 12(48) <10
11.79-11.84 11(48) <10

2Trench botton 8.0 meters,

biounting time = 10 m, * efficiency = 38,08 , transmission factor = 0.8,
Clounting time = 10 r,2 efficiency = 23.8% , trasnsmission factor = 0.1,
Anyrber 1n { ) = & 2 °% counting uncertainty,

€hetection 1imit ¥ « 3° counting uncertainty,
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Table 3.3

Gross Alpha and Beta Activities in a Sediment Core
From Trench 23 at the Barnwell Site
(1000 minute count)

Gross Betab Gross AlphaC
Depth Activity Activity
(m) (pCi/g(+2 o%)1d [pCi/g(s2 o%)]
8.76-8,81 100(1) 12(13)
8.81-8.86 150(1) 18(11)
8.86-8,92 99(1) 15(11)
9.02-9.04 26(2) 20(10)
9.04-9,09 11(5) 11(15)
9.09-9,14 8(6) 10(16)

aTrench bottom 8.0 meters.,

DCounting time = 1000 m, & efficiency = 38.0% ,
transmission factor = 0.8,

CCounting time = 1000 m, « efficiency = 23.8% ,
transmission factor = 0,1,

dNumber in ( ) = + 2 9% counting uncertainty,
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Table 3.4

Gross Alpha and Beta Activities in a Sediment Core
From Trench 82 at the Barnwell Site

(10 minute count)

Gross Betab Gross AlphaC
Depth Activity Activity
(m) [pCi/g(+2 o%)1d [pCi/g(+2 o%)1d

8.80.8,87 6(64) <10@
8.87-8,93 6(70) <10
8.93-8.99 <4 <10
8.99-9,07 5(89) <10
9,07-9.14 <4 <10
9.14-9,22 <4 <10
9,22-9.30 <4 <10
9,30-9,35 7 33{ <10
9.35-9,40 771 <10
9,40-9,45 <4 <10
9.45-9,50 <A <10
9,50-9,55 9(62) <10
9.55-9.60 8(64) <10
9.60-9,66 7(68) <10
9.66-9,72 9(18) <10
9.72-9,79 <4 36(25)
9,79-9,85 7(60) 20(97)
9.85-9,9] 10(48) <10
9.91-9,98 9(45) 24(87)
9,98-10,06 9(54 <10
10,06-10.14 7 63; 20(97)
10.14-10.21 12(39) 24(87)
10.21-10,27 4(56) <10
10.27-10.33 4(43) <10
10.33-10,40 4(68) <10
10,40-10.,46 5(78) <10
10,46-10,52 10(55) <10
10.52-10.57 15(37) 36(25)
10.57-10.62 18(31) 28(79)
10.62-10.67 14(38) 24(87)
10.67-10.72 10(51) 28(74)
10.72-10.77 8(61) 28(79)
10.77-10.82 5(76) <10

aTrench bottom
bCounting time = 10 m, & efficiency = 38,0% ,

8

= transmission factor = 0.8,
CCounting time = 10 m, o efficiency = 23.8% , oks

t

transmission factor =
dNumber in ( ) 2 ©% counting uncertainty,
eDetect ion limi + 30 counting uncertainty,

+
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Table 3.%

Gross Alpha and Beta Activities ir A Sediment Core
From Trench 52 at the Barnwell Site
(10 minute count)

Gross Betabd Gross Alphat
liepth Activity Activity
(m) [pCi/g(s2 c%))d [pCi/g(s2 c3) )8

8.43.5.46 6062) <10¢
B.46-8,50 «@ <10)
8.50-8.53 7(60) <10
B.56.8.6. 5(65) a0
B.62-8,66 <« <10
B.66-8,71 4(89) 28(79)
8.86-8,9] 5(70) 20(97)
8.90.8,94 187 <10
B,98.8,98 #(50 Qa0
8.98.9,02 8(50) <10
9.02-9,06 5(67) <10
9.06-9,10 9(37) ztslr
9.10-9,14 6056) 20(s’
9,37.9,40 «“t <10
9.40. 9,44 4 20(97)
9.48.9,47 <« 24(87)
9.60-9.¢3 «“ <10
9.63.9.67 <« 24{07
9.67-9,71 <« 24(8?7
9.71-9,7% 9(56) <10
10.16-10,20 7(66) <10
10,20-10,2% <4 <10
10,25-10.30 6(76 <10
10.30-10,38 876 20(97)
10,46-10,48 9(57) <10
10 18-10,50 9(56) <10
10,50-10,52 6(72) <10
10,52-10.54 669 <10
10,72-10,76 13(81 <10
10,76-10.81 8(59 a0
10,81-10,86 9(5% 24(87)
10,86-10,90 11(54) 20(97)
10,95.10,99 16(57) <10
10,99-11.08 :1553 20&;7
11.08-11.08 12{48 2¢(87
11.12-11.18 B(74 24(87)
11.18-11.23 14(43 <10
11,23-11.28 7(81) <10
11.35-11,43 861) a0
11.63-11,88 10&50 Qa0
11,48-11,53 8(54 24(87)

o

d,

Tronch bottom
Plenting ti-e
mting ti-e

£.0 meters,
*» 10m, £ efficiency = 38,05 ,
= 10m, aefficiency » 23.8% ,

wer in ( ) = ¢ 2 0% counting uyncertainty,

€letection limit ¥ ¢ 37 counting uncertainty,
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Gross Alpha and Keta Activities in a Sedirent Core

Table 3.6

From Trench 78 st the Barnwell Site
(10 minute count)

[pCisg(s2 =319

Gross Betab
Depth Activity
(m) [pC1/g(s2 %) )9

B.B9.8,64 4
8.94.8.99 18(28)
8.99.9.04 (‘
9.04.9,09 <4
9.068-9.14 6(66)
9.14.9.19 7(68)
9.19.9,2% <«
9.2%-9.31 <
9.31-9.38 15(68)
9.38.9.45 8l48)
9.45-9,50 7(58)
$.50-9.56 4
9.56-9,62 <t
9.62-9,68 9(48)
9.68-9.74
9.70-9.80 6(80
9,.80-9.90 9(53
9.90-10,0] 6(62)
10.01-10.11 $(73)
10.i1-10,20 B(523)
10,20-10,28 6(74
10.28-10.36 9(57)
10.41-10.47 B(57)
10.47-10,53 13(46)
10,53-10,60 12(44)
10,60-10.66 (712
10,66-10,72 5$!S§
10.72-10.76 B(65
10,76-10.80 7(62)
10,80-10,84 #(58)
10,84.10,89 17(72)
10,89-10.93 5(7
10.93-10.97 16 402
11.02-11.05 10(%9
11.05-11,08 16(38)
11.08-11,12 7(46)
11.12-11.15% 10(56)
11.15-11,18 12(46)
11.18-11.23 12(48)
11.23-11.28 11(50)
11.28-11.33 9(62)
11.33-11.38 11(54)
11.38-11.43 6(71)
11.43-11.48 7063
11,48-11.%3 S(8%
11.53-11.58 44(20)
11.58-11.,63 10(48)
11.63-11.68 9(50)
11.68-11.76 10(5%)

3Trench bottom B.0 meters,

Dlounting time = 10 m, £ efficiency = 38,08 ,
Clounting time = 10 m, 3 efficrency = 23.7P% ,
Onder 4n ( ) » + 208 counting uncertainty,
®letection Timit = ¢ 37 counting uncertainty,
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Gross Alphat
ketivity

<1oe
<10
24(R7)

<10
26(79)
<10
<10
<10
<10
24(87)
<10
28(79)
<10
<10
20(97)
<10
<10
<10
<10
20(97)
<10
<10

<10
20(97)
<10
<10
<10
<10
<10
<10

e

trans=ission factor = 0,8,
transrission factor = 0.1,















The length of time required to achieve a steady state for sorption was
evaluated by determining the concentration of radionuclides remaining in solu-
tion.

These time studies, shown in Figures 3.4-3.8, indicate no significant
changes in sorption for contact times in excess of two months (after correc-
tion for decay). Due to malfunctions of the counting equipment, no measure-
ments were obtained during the early period of the experiment, Steady-state
conditions may have been reached in much less than two months, particularly
for 85S¢ and OCO; the isotopes which showed the most rapid equilibration
time in experiments using the anoxic trench waters as discussed (Weiss and
Colombo, 1980).

The relative behavior of the isotopes was consistent for all the sam-
ples; americium showed the highest sorption followed by cesium, with strontium
and cobalt showing essentially the same results. The typical pattern is shown
in Figure 3.9.

CONTACT TIME 119 days
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Figure 3,9 Batch sorption test results - R4 vs time -
Barnwell trench 6D1 water and Hawthorne sediment,
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Figure 3.11 Batch sorption test results - 85Sr K4 vs solution/soil
ratio Barnwell trench 6D1 water and Hawthorne sediment.
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Figure 3,12 Batch sorption test results - 134¢¢ Kq vs solutio: ’soil
ratio - Barnwell trench 6D1 water and Hawthorne s diment.
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Using the strontium and cobalt results to predict Kq resultc for the
flow-through column experiments is relatively straightforward, in that an ex-
trapolation is made to the appropriate solution/soil ratio. In these cases, a
Kq value of approximately 12 and 15 mL/g would be expected for cobalt and
strontium, respectively, for column experiments under equivalent conditions,
Predictions for cesium and americium behavior are not as straightforward.

3.3.2 Recirculating Water "Loop" System Sorption Results for Barnwell
Synthetic Trench Water and Hawthorne Sediment

Flow Rates - The appearance of a pulse of tritiated water in the column
effluent was used to measure the rate at which the water front moves through
the column, Since water movement is controiled by the pumping rate through
the column, volume flow rates were measured for a series of settings on the
Manostat pump (see Figure 3.15). Spikes of tritiated wacer were introduced
into the column and the count rates in the effluent monitored with time for a
series of different flow rates. A plot of the travel time of the tritium peak
through the column as a function of the water flow rates is shown in Figure
3.16, where the count rate for each sample is displayed as a percent of the
maximum count rate observed.

% of tritium maximum = sample count rate x 100
maximum count rate nbserved
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Figure 3.15 Calibration of peristaltic pump for flow rate setting vs
observed volume flow rate.
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Kq = radionuclide sorption coefficient (mL/g)
o = bulk density (g/cm3)
£ = porosity.
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Figure 3.17 Column flow rates vs tritium maximum-travel time.

The flow rate variations indicate that sorption coefficients are more
accurately determined by treating the loop experiment as a batch test and
making calculations from measurements of radioisotope concentrations in the
ligquid resevoir after steady-state conditions have developed.

Radionuclide Sorption Results - Results for the loop tests using re-
packed and intact core material are shown in Figures 3.18-3,20. As men-
tioned above, three detemminations were performed, two deteminations using
repacked core material with 192Ey and the isotope mix, and one using an
undisturbed core and the isotope mix.

After 10 days, 1526y concentrations in the water reached nearly gon-
stant levels (Figure 3.18). For the experiment with the isotope mix, 241pm
showed a similar rapid sorption onto the core material, with the concentration
in the liquid immediately dropping to levels below the detection limit

(Figure 3.19).
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Figure 3.20 Percent of initial count rate vs time (radioisotope mix) intact
column (1-1/4-in, diam. x 0.5 in. - Hawthorne formation, silty
sand) and synthetic Barnwell trench water (6D1)-recirculating
water flow.,

The 85Sr activity in solution remained at a constant level, as did
134cs and 137cs, However, ©0Co continued to be removed from solution
through a longer time interval. For 855r and 134’137Cs, the rapid attain-
ment of steady-state conditions indicates that their behavior is governed by
simple ion exchange processes in the soil, in agreement with the results of
systematic studies of Sr and Cs sorgtlon on minerals (Meyer, 1980). Ion ex-
change processes may also control 2Ey behavior, but steady-state cendi-
tions are established in a ionger time span suggesting that the sorp*ion may
involve more than ion exchange equilibria. Slower surface adsorption kinetics
or solution redox changes may also be involved.

The third column (intact sediment and the isotope mix) showed similar
qualitative behavior for the rad1onuclldes SFlgure 3.20). In this case, the
relatively slower sorption of 24 Am and Cs may be due to the pres-
ence of small fractures in the core or channel1ng along the column sides,
which ef fectively decrease the water-soil contact time for each cycle through
the column,

Assuming the radionuclide concentrations in the column effluent at
steady-state conditions are equivalent to liquid phase concentrations in batch
tests, sorption coefficients can be calculated for these loop tests, Table
3.8 shows the "loop" column coefficients compared with batch coefficients re-
ported previously. The coefficients for batch determinations are for a
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solution/soil ratio of 15:1, equivalent to the ratio for the loop detemina-
tion. For strontium and cesium, coefficients agree within a factor of 3, Due
to low conc trat1oni in solution, accurate values for the sorption coeffi-
cients of 2 Am and 152Fy cannot be obtained., The poor agreement for

cobalt is unexpected and not easily explained, During batch deteminations,
changes may occur in the liquid phase resulting in a very different chemical
reqgime than that in the loop system which may in turn affect the cobalt be-
havior.

Table 3.8

Comparison of Batch and Column Loop Kq for
Barnwell Trench 6D1 Water and Hawthorne Sediment

Isotope Batch Kga Column Loop K4P

(mL/g (mL/q)
241 pm 1150 »1200d
85¢p 14 35
134¢4 670 960
137¢s 670 960
60co 18 1100
152¢ 37¢ »1200d

aTrench 6D1 water (collected May 1980).
bSynthetic 601 water and repacked
Hawthorne sandy silt-solution/soil
ratio 15:1.
CContainer wall sorption effects
hgve not been fully investigated for
2y,
dBecause the activity in solution was
only slightly above background, an
accurate Kq could not be calculated.

Vine et al, (1980) reported some comparative data for Sr and Cs sorp-
tion coefficients determined by loop and batch sorption techniques using
crushed tuff as the sclid phase. For Sr, the batch technique showed generally
higher results while cesium showed genera]ly greater sorption in the loop
determination. More detailed comparisons are not possible without
cons iderably more experimental data.

3.3.3 Sorption of Radionuclides From Trench Waters From Maxey Flats

Results for each trench water are given in the following sections,
Since leakage of air into the sample containers could destroy the anoxic char-
acter of the soluti. ., the changes in pH and Eh were measured for each sample,
As a result, some change in Eh might be expected.
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Table 3.9

pH and Eh of laxey Flats Trench 19S5 Anoxic Water
With 152fy Before anc After the Experiment

pH Eh(my)@
Sample Before After Before After
1scb 7.10 o -87 ok
2sC 7.10 - -87 —
1ACC 7.10 8.09 -87 +308
2AC 7.10 7.90 -87 +297
1d 7.10 7.58 -87 +37
2 7.10 7.59 -87 +84
3 7.10 7.48 -87 -60
4 7.10 7.44 -87 +18
5 7.10 7.42 -87 +95
f 7.10 7.43 -87 w)
Fielde 6.70 o +57 o
Labf 6.90 e +25 -
Air OxidizedY 8,52 —— +397 —ew

aEh(mV) is the potential for a platinum electrode relative to a normal
hydrogen reference electrcde at 25°C,

bsamples 1SC and 2SC are solutions of spiked anoxic trench water acidified
with 6M HC1 to serve as preserved experimental controls to detemmine initial
radionuclide concentration.

CSamples 1AC and 2AC are spiked anoxic trench weters alone. They were
equilibrated along with the shale-water solutiuns prepared for sorption
deteminations to estimate radionuclide adsorption on container walls.

dsamples 1-6 are shale and spiked anoxic trench water equilibrated for the
sorption detemmination.

€"Field" sample - measurements were made while sampling the trench water at
Maxey Flats, KY.

friab" sample - unspiked anoxic trench water.

YAnoxic water exposed to air until ferric oxyhydroxide has precipitated
completely,
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Table 3.11

Isotopic Kq and Solution/Solid Ratios
of Maxey Flats Trench 19S5 Anoxic Waters

Solution/Soil Kq ‘mL/g)

Sample (mL/g) 134¢s 137¢¢ 60co 152gy
1 26.1 380 340 2t 1.1 E4
2 6.68 2770 16004 23 1.1/ E4
3 4,40 2600 2500 12 1.4 E4
4 3.34 2400 2100 4.5 1.4 E4
5 2.86 3300 3000 10 0.4 E4
6 2.94 1000 1400 Bed b

aThe large difference between the Ky result for 134Cs and 137Cs
cannot be accounted for at this time,
bsample lost.

3.3.3.2 Trench 27 Water

The pH and Eh results for Maxey Flats trench 27 water are given in
Table 3,12. The control samples without shale could not be kept in an anoxic
condition for the duration of the experiment probably due to insufficient
microbial activity and air leakage into the containers. The samples which
contained spiked anoxic trench 27 water and shale had pH and Eh values which
differed from the original field and laboratory measurements. However, four
of these samples remained in the reducing region relative to air-exposed
samples of the same trench water. The remaining two samples had pH and Eh
values which were midway between the initial solution values and those for an
air-oxidized sample of the same trench water. Some radionuclides may have
copreci 1tated due to oxidation of this ferrous iron-rich water (1400 mg/L Fe,
39 [Fe*?/ Fe*3]) and subsequent precipitation of ferric hydroxide as a
reddish-brown precipitate was found in these samples. This appears to be
strongly reflected in the 60co results (Table 3,13) where two of the 60co
results are unusually high, However, the samples with the highest Eh do not
correspond to those with the largest 60¢co Kq results. The results for
281pn, B5sp, and 134,137Cs do not appear to be affected by changes in
the solution Eh. Results for other radionuclides were not strongly affect-
ed by pH and Eh changes dur!n? the expemmenti There may be a cystematic de-
crease in sorption for the 241am and 137Cs, but the data are
inadequate for a clear evaluat1on. D1fferences between 134Cs and 137Cs
Kq results are a measure of the experimental error characteristic of the
test procedure and ranged from 2 to 6%.
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Table 3.12

pH and Eh of Maxey Flats, KY, Trench 27 Anoxic Water With
855r,134, 137cs . and 60Co Before and After the Experiment

pH Eh(my)a

Sample Be fore After Before After
15cb 6.63 O -24 -
25C 6.63 e -24 .
1ACC 6.63 2.43 -24 +518
2AC 6.63 2.62 -24 +487
14 6.63 5.88 -24 +108
2 6.63 5,22 -24 +172
3 6.63 6.24 -24 +102
4 6.63 5.93 -24 +87
5 6.63 3.64 -24 +317h
6 6.63 3.87 -24 +317h

Field® 5,90 . +140 RER

Labf 6.60 ann +17 ain

Air Oxidizedd 2.97 — +557 wwe

dth(mV) is the potential for a platinum electrode immersed in the specimen
relative to a nomal hydrogen reference electrode at 25°C.

bSamples 1SC and 2SC are solutions of spiked anoxic trench water acidified
with 6M HC1 to serve as preserved experimental controls to detemmine initial
radionuclide concentration,

CSamples 1AC and 2AC are spiked anoxic trench waters alone. They were
equilibrated along with the shale-water solutions prepared for sorption
determinations to estimate radionuclide adsorption on container walls.

dsamples 1-6 are shale and spiked anoxic trench water equilibrated for the
sorption detemination.

€'Field" sample -- measurements were made while sampling the trench water at
Maxey Flats, KY.

fulab™ sample -- unspiked anoxic trench water.

YAnoxic water exposed to air until ferric oxyhydroxide has precipitated
completely.

MA reddish-brown precipitate was found in samples 5 and 6.
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Table 3.13

Isotopic Kq and Solution/Solid Ratios
of Maxey Flats Trench 27 - Anoxic Waters

Solution/Soil Kqg (mL/g)

Sample (mL/9) 281pn  B5gp  134¢g  137¢s 60go
1 19.8 200 <0.1 560 550 3
2 9,94 160 2.6 430 440 27002
3 6.58 350 0.75 600 570 13
4 4,99 63 1.2 730 720 130004
5 4,02 91 0.15 160 150 N.54
6 333 6.9 <0.1 190 180 0.62

4The reason for the anamalously high results of the second and
fourth samples were not definitely identified.

3.3.3.3 txperimental Trench T-2E Water

The pH and Eh results for experimental trench T-2E water are given in
Tables 3.14 and 3.15. Bacterial processes caused a lowering of the Eh of the
trench water during storage because the Eh values of the initial solution used
to prepare samples for Kq detemmination was much lower than those observed
in the field. The initial Eh value could not be maintained probably due to
air leakages into the containers, The final Eh results ranged from below
those observed in the field to near that observed for an air oxidized sample.
Coprecipitation of radionuclides probably did not occur since the reddish
brown precipitate of ferric oxyhydroxide was not observed when the samples
were disassembled in an argon-filled glove box. The sorption results are er-
ratic and show no systematic trend with variationg in the iolution to solid
ratio (Table 3.16). The difference between the 134cs and 137¢s Kd
results are a measure of experimental errors characteristic of the test
procedure. The errors had an average value of 22%.
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Table 3.14

gH and Eh of Maxey Flats Trench T-2f Anoxic Water With
37¢s, and 50Co Before and After the Experiment

pH Eh(my)a

Sample Before After Before After
1scb 7.18 ot -128 it
25C 7.18 ot -128 -
1ACC 7.18 7.32 -128 +287
2AC 7.18 7.31 -128 ol

1d 7.18 7.14 -128 +263

2 7.18 7.45 -128 +364

3 7.18 7.13 -128 +369

4 7.18 7.09 -128 +71

5 7.18 7.13 -128 +252

" 7.18 7.24 -128 +155
Field® 6.6 6.6 +270 -
Labf 5.5 5.5 +270 -
Air Oxidizedd 7.47 7.47 +403 -

A4tEh(mV) is the potential for a platinum electrode relative to a normal
hydrogen reference electrode at 25°C.

bSamples 1SC and 2SC are solutions of spiked anoxic trench water acidified
with 6M HC1 to serve as preserved experimental controls to detemine initial
radionuclide concentra“ion,

CSamples 1AC and 2AC are spiked anoxic trench waters alone. They were
equilibrated along with the shale-water solutions prepared for sorption
determminations to estimate radionuclide adsorption on container walls.

dSamples 1-6 are shale and spiked anoxic trench water equilibrated for the
sorption detemmination.

€"Field" sample - measurements were made while sampling the trench water at
Maxey Flats, KY.

fulab" sample - unspiked anoxic trench water.

9Anoxic water exposed to air until ferric oxyhydroxide has precipitated
completely,
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Table 3.15

pH and Eh of Maxey Flats Trench T-2E Anoxic Water
With 152y Before and After the Experiment

pH En(my)a

Sample Before After Before After
15cb 7.20 ave -103 -
2sC 7.20 g -103 il
1ACC 7.20 7.64 -103 +296

2AC 7.20 7.59 -103 +302

14 7.20 7.20 -103 +318

2 7.20 7.31 -103 +318

3 7.20 7.31 -103 +319

4 7.20 8.08 -103 +352

5 7.20 7.75 -103 +345

6 7.20 7.56 -103 +346
Field® 6.60 i -103 e
Labf 5.50 o +270 s
Air Oxidized9 7.97 e +403 S

dth(mV) is the potential for a platinum electrode relative to a normal
hydrogen reference electrode at 25°C.

bsamples 1SC and 2SC are solutions of spiked anoxic trench water acidified
with 6M HCl to serve as preserved experimental controls to detemmine initial
radionuclide concentration.

CSamples 1AC and 2AC are spiked anoxic trench waters alone. They were
equilibrated along with the shale-water solutions prepared for sorption
determinations to estimate radionuclide adsorption on container walls.

dsamples 1-6 are shale and spiked anoxic trench water equilibrated for the
sorption detemnination.

e'Field" sample -- measurements were made while sampling the trench water at
Maxey Flats, KY,

frLab" sample -- unspiked anoxic trench water,

JAnoxic water exposed to air until ferric oxyhydroxide has precipitated
completely.
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Table 3.16

Isotopic Kq and Solution/Solid Ratios
of Maxey Flats Trench T-2E - Anoxic Waters

Solution/Solid Kq (mL/q)

Sample  (mL/q) 85sr  134cs  137cs  60co  152gy
1 25.5 67 1300 870 130 1.7 E5
2 6.68 65 2800 1300 330 3.6 E4
3 4,44 4.0 600 540 230 2.6 E4
4 3.34 3.6 4100 4200 .1 3.1 E4
5 3.84 2.7 660 620 270 2.1 E4
6 2.50 2.7 1500 1500 150 1.6 E4

3.4 Stability of Organo-Radionuclide Complexes in Anoxic Water-Soil Regimes -
Controlled Environment Experiments

Synthetic trench water was used in the experiments because the trace
organic, cobalt, and zinc concentrations in disposal trench waters are poorly
known, The synthetic trench water avoids complications arising fram reactions
of the metals with unknown compounds in disposal trench waters. Maxey Flats
trench 32 was selected because characterization data is available and field
measurements detected sulfide (Czyscinski and Weiss, 1981). Also, laboratory
Eh-pH measurements confirm that the water is in equilibrium with iron sul fide
(Czyscinski and Weiss, 1981).

The behavior of complexed metals as a function of time are shown in
Figure 3.21. The CoEDTA chelate is stable in the more oxidizing experiment
(0 mV, NHE). The CoEDTA systems shows very small gradual decreases in metal
concentration, The CoEDTA (-250 mV, NHE) and CoNTA systems show initial rapid
decreases in metal concentrations followed by an asymptotic approach to
steady-state conditions. The ZnEDTA system shows a rapid initial decrease in
metal concentration, there is a slower decrease to undetectable levels of
soluble metal. In the reducing systems, the order of stability of the cobalt
complexes is DTPA > EDTA > NTA, The order correlates with the stability con-
stants found in Table 3.18.

These experiments do not show the sharp decreases in trace metal concen-
trations observed by Reddy and Patrick (1977) for EDTA and DTPA chelates of
copper and zinc under high-sulfide, low-redox conditions in their flooded soil
systems., These metals were not removed from solution in their experiments
under oxidized (-500 mV, NHE) conditions and they propose that the sul fide
ions, generated in the anoxic water systems, precipitates trace metal sul-
fides. Calculations indicate that our solutions are not saturated with CoS.
These calculations are based on soluble metal concentrations determined from
stability constants, the sulfide ion concentration, and the metal sulfide
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solubility products (Table 3.17). Sulfide ion concentrations were detemmined
from the sulfide electrode measurements, The sulfide electrode was calibrat-
ed by the procedure of Berner (1963). These calculations are limited by the
reliability of the constants and the absence of competing reactions in the
solutions.
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Figure 3.21 Percent metal in solution vs time for Co and In chelate
stability experiments. The Eh for the experiments are
approximately -200 mV, NHE for ZnDPTA, CoNTA, CoDTPA, and
-250 mV, NHE for CoEDTA, except where indicated. The pH was
maintained at approximately 7.
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Table 3.17

Chelate Stability Constants and Sulfide Solubility Products?

logkg P logKg, 1€ pKspd
MHL ML

CO NTA 1008 o COS 2004‘24.7
Co ENTA 19.2 15.6 InS 22-26
Co DTPA 24,1 22.8

In ENTA 19.4 15.9 Cu$S 35.2-37.4
Zn DTPA - 23.9

Cu EDTA 21.7 18.8

Cu DTPA 26,2 21.4

a indsay, 1979, Andereqq, 1977, Sillen and Martell, 1964 and 1951.
bkn ' stability constant for protonated ligand species at 0.1

‘ ionic strength,
ko | = stability constant for the dissociated ligand at 0.1

: ionic strengtn,

szp = solubility product at zero ionic strength,

Since the CoENTA chelate is stable in the more oxidizing experiment,
the decreased metal concentrations in the low redox systems can be attributed
to processes arising fram the reducing enviromment. The metals are probably
not sorbed on the soil or container walls since less cobalt sorp under reduc-
ing conditions than under oxidizing conditions in a Nancy Shale-trench water-
EDTA system, Other chemical reactions probably compete with the sulfide pre-
cipitation reactions and metal chelate stability, since the stability con-
stants and solubility products for cobalt and zinc are very similar., However,
the reported values are not accurate and may explain the experimental differ-
ences.

Manganous compounds in soils become soluble when soil systems are re-
duced and the manganous ions compete for chelating ligands (Lindsay, 1979).
Figure 3.22 shows the results from adding MnCl, to the reducing CoENTA sys-
tem, The data is nomalized to the time the manganese salt is added. A small
decrease (approx. 15%) in the cobalt concentration is observed,
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Figure 3.22 Percent cobalt in solutior vs time for CoEDTA experiment
after addition of MnCl, under reducing conditions. The pH
was maintained at approximately 7.0.

3.5 Retention Mechanisms in Disposal Trench Environments

3.5.1 pH, Eh, and Alkalinity Changes During Trench Water Oxidation

The pH, Eh and titration alkalinities of these waters were measured
when they were collected (Czyscinski and Weiss, 1981). Table 3.18 shows the
values for pH, Eh, and titration alkalinities before and after complete oxi-
dation, along with the initial total dissolved iron contents.

For the majority of trench waters, oxidation resulted in a pH increase,
the notable exception being the water from Maxey Flats, disposal trench 27
which contains very high dissolved total iron concentrations. Slight de-
creases in pH were also observed for the Maxey Flats trenches 33L4 and 33L18.
These trenches are not representative, however, in that cement was used as a
solidification agent in trench 33L4 (trench water pH = 11.6) and urea formal-
dehyde in trench 33L18 (trench water pH = 2.4). The pH changes observed are a
result of two competing processes, (1) the loss of CO, resulting from ex-
posure of the waters to tne low partial pressure of CSQ in open air and (2)
the ferrous iron oxidation and pracipitation reactions. These two processes
are discussed below.

59



During the development of an anoxic water regime, bacterial degradation
processes liberate carbon dioxide which raises the Pgp, of pore water
microenvironment (Stumm and Morgan, 1970). Waters undérgoing these processes
are observed to show a pH decrease relative to their initial pH (Gardner,
1971). Upon exposure to air, the pH of raturally occurring anoxic waters
normally rises, as a result of COp loss and subsequent adjustments of the
chemical system (Czyscinski, 1975;.

The original mechanism which would decrease the pH is the oxidation of
dissol ved ferrous iron. According to the following generalized equations
(Stuum and Morgan, 1970; Singer and Morris, 1969),

Fe*t? + 1/4 0p + H* < Fe*3 + 1/2 Hp0
Fet3 + 3Hp0 2 Fe(OH)3 + 3H*,

for each equivalent of ferrous iron oxidized and precipitated, two equivalents
of hydrogen ion are released. However, the resulting acidity can be neutral-
ized by the pore water alkalinity., Assuming that all the dissolved iron is in
the ferrous state and available for oxidation and precipitation, some simple
calculations show the relative magnitude of acid generation due to oxidation
of Fe*? versus the trench water buffering capacity due to its alkalinity.
Table 3.18 shows some representative trench waters and the meq/L of H* which
could be generated fron ferrous iron oxidation, and the meq/L of neutralizing
capacity available from the titration alkalinit:y,

Trench water pH changes resulting from oxidation are easily interpreted
in terms of these competing mechanisms, For waters with high dissolved iron
and alkalinity (MF-19S, WvV-5,8,4 for example), the buffering capacity avail-
able is well in excess of that required to neutralize the H' liberated dur-
ing iron oxidation. The exception is Maxey Flats trench 27, where the acidity
generated by iron oxidation is well in excess of the buffering capacity. Con-
sequently, when this water is oxidized, a sharp pH drop results. In the waters
relatively low in dissolved iron (MF-IT 5, 4 and MF-32 for example) but with
high alkalinity, exposure to air results in a release of excess Pgg,, de-
veloped due to bacterial processes and a subsequent pH rise, Naturglly occur-
ring anoxic waters show this behavior, as mentioned previously.
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Table 3,18

Chamica)l Changes, Acid (H*) Generating Potenttal of Ferrous lons, and
Buffering Capacities (Alkal!inities 1n Trench Waters - Befure and After Oxidation)

Titration Alkalinity

Trench Nate H Eh(mV , NHE Tota! Fe H* (meq/L

Water Collected Before After  Before ter (mg/L) (meq/L) “Before 4 After
MF-195@ 5/718 6.9 8.52 30 400 115 8.2 18 17
MF-195 11/79 7.2b 8.59 60 390 60 4.3 18 1
Mi-27 /18 6.6 3.0% 20 560 1150 82.4 6.6 .-
MF.27 10/79 5.9 2.97 140 550 1400 100, 6.0 -
ME.32 11/719 5.6 8.97 -60) 370 0.4 <, 1 KR ) 42
ME-3314 /18 12.1 11.6 <10 190 0.3 <0, ! 2 2.
ME-33L18 5/78 2.4 &2l §2n 610 194¢ 0 0 0
MF-1T-2 10/79 5.5 7.97 270 400 1.6 0.1 6.0 1.4
MF.1T-3 10/79 6.80 8,05 s 420 1.2 0.1 9.0 1.4
MF-|T-4 10/79 7.2b 8.05 - 390 0.5 <0.1 6.0 | P%
MF.1T-5 10/79 7.50 B.11 .- a1n 0.2 <0,1 6.4 P
M owell UBLIA /18 6.6 7.8% 210 440 <0.1 0,1 1.0 1.0
MF wWell UBIA 11779 6,40 7.68 ave 420 <0.1 <n,1 0,6 0.9
Wy-3d 10/78 7.3 8,12 0 400 56 4.0 35 42
Wyt 10/78 6.5 7.84 50 420 150 11. 160 9.4
WV-h 117117 1.1 1.78 240 330 260 19, 20 24
Wi-5 10/78 6.7 7,37 an 410 540 19, 46 33
Wy-H 1/n 6.7 8.01 90 400 130 9.3 41 29
Wi-H 10/78 5.9 8.19 =10 400 130 9.3 40 i1
W9 11/77 7.3 H.65 10 M0 2 5.2 30 28
Wy 10/78 6.7 .47 20 390 57 4.1 32 23

OMF « Maxey Flats disposal site,

Py = No field measuroments were made, Measuranents were made tmmediately after anaerabic filtration,
Clron exists as Fe'd,

Wy - West vallet disposal site,

3.5.2 Chemical Changes and Radionuclide Scavenging During the Oxidation of a
Trench Water

Preliminary results of the oxidation experiment are shown in Figures
3.23 and 3.24., Analysis of the amount of radionuclides removed from solution
by coprecipitation are in progress. However, the redox data is worthy of some

comment.

During the course of the oxidation process the Eh, pH, and iron content
in solution were monitored. Precipitation of ferric oxyhydroxides began with-
in one hour after the beginning of the experiment and continued for ninety-six
hours. The rate of change of the measured Eh was relatively slow until the
total iron content dropped below approximately 25 mg/L, after which the Eh
electrode readings increased at a more rapid rate. The relatively slow redox
change observed during oxidation may be due to the consumption of oxygen by
the kinetically rapid ferrous iron oxidation reaction. When the dissolved
ferrous iron concentration is high, oxygen diffusing into the water is rapidly
scavenged, thereby preserving the oxygen depleted environment. As the dis-
solved iron content decreases, the capacity of this process also decreases, to
the point where oxygen diffuses into the water at a faster rate than it can be
consumed by the ferrous iron oxidation process, and the redox conditions be-

cane rapidly more oxidizing.
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4, CONCLUSIONS

4,1 Trench Water and Sediment Analyses

Radionuclide concentrations in Barnwell trench waters are low relative to
those for Maxey Flats (Table 2,2, Czyscinski and Weiss 1981) and West Valley
trench waters (Table 5,30, Weiss and Colambo 1980), Tritium concentrations
are high compared to the gross alpha and beta activity levels but still orders
of magnitude lower than those observed at Maxey Flats and West Valley. Low
radionuclide activities are found at Barnwell because water does not accumu-
late in the burial trenches due to the relatively more permeahble sediments,

Tritiated water was found in all the sediment cores from beneath the
Barnwell site disposal trenches. The maximum tritium concentrations are
similar to those found in the trench waters, A minimum in the tritium con-
centrations, 10 meters beneath the burial trenches, may represent a profile of
diluted trench water moving downward through the unsaturated sediment, Only
the sediment core from beneath Barnwell trench 2 showed significant radio-
nuclide activities,

Significant qross alpha and beta activities were restricted to the upper-
most 30 cm of the Barnwell trench 2 core. This uppermost part of the Barnwell

trench ? 3ore contained detectable concentrations of 90Sr and
238,239,2

4.? Radionuclide Sorption

Results for batch Kq with materials from Barnwell appear to be depen-
dent on the ratio of soil and sclution for some isotopes. The observed Ky
behavior for 85Sr is linear and nearly constant., However, the results for

1Am are clearly nonlinear. In the range of soil/solution ratios appropri-
ate for an intact core of Barnwell Hawthorne sediment saturated with solution,
the data is nearly linear but sharply dependent on the soil/solution ratio.
The observation for 241Am could be an artifact of the experimental method
and needs to be further investigated.

Strontium and cesium sorption coefficients detemined with a recirculat-
ing water "loop" column experiment agreed within a fagtor of 3 for materials
from the Barnwell disposal site. Poor agreement for OCo cannot be easily
explained by the authors,

A procedure for measuring radionuclide sorption coefficients for anoxic
trench waters was tested using materials frum the Maxey Flats site, The
experimental procedure appears capable of maintaining anaerobic conditions
during most of the detemminations., However, the K4 results were erratic and
showed no systematic trend with variations in the solution/solid ratio or the
fCh of solution, In addition, observations on the oxidation of a West Valley
trench 8 water sample, suggest that changes in the Eh of solution may be
insensitive to significant changes in the iron content, Significant ferric
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