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Brookhaven National Laboratory, in order to provide technical assistance to the NRC,
has measured a number of physical and chemical characteristics of soils from two
currently operating commercial radioactive waste disposal sites; one at Barnwell,
SC, and the other near Richland, WA. Soil samples believed to be representative of
the soil that will contact the buried waste were collected and analyzed. Earth
resistivities (field measuranents), from both sites, supply information to identify
variations in subsurface material. Barnwell soil resistivities (laboratory measure-
ments) range from 3.6 x 105 ohm-cm to 8.9 x 1Q4 ohm-cm. Soil resistivities of
the Hanford sample vary from 3.0 x 105 ohm-cm to 6.6 x 10^ ohm-cm. The Barnwell
and Hanford soil pH ranges from 4.8 to 5.4 and from 4.0 to 7.2, respectively. The
pH of a 1:2 mixture of soil to 0.01 M CaCl2 resulted in a pH for the Barnwell sam-
ples of 3.9 _+ 0.1 and for the Hanford samples of 7.4 +_ 0.2. These values are com-
parable to the pH measurements of the water extract of the soils used for the analy-
ses of soluble ion content of the soils. The exchange acidity of the soils was
found to be approximately 7 mg-eq per 100 g of dry soil for clay material from
Barnwell, whereas the Hanford soils showed an alkaline reaction. Aqueous extracts
of saturated pastes were used to determine the concentrations of the following ions:
Ca2+, Mg2+, K+, Na+, HCO3-, SO/f, and Cl". The sulfide content of
each of the soils was measured in a 1:2.5 mixture of soil to an antioxidant buffer
solution. The concentrations of soluble ions found in the soils from both sites are
consistent with the high resistivities.
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Materials commonly used fo r the containment and the so l i d i f i ca t i on of
radioactive waste are subject to degradation by underground corrosion. To es-
timate the period of containment of radioactive waste buried in a steel drum
or a metallic high in tegr i ty container, one must consider the soi l chemistry
of the trench mater ia l . The underground corrosion of metals has been studied
extensively by the National Bureau of Standards^' and is generally s i te
speci f ic. Metals typ ica l ly corrode by an electrochemical processs although
some chemical species are aggressive toward certain materials. This can re-
su l t in the loss of the s tab i l i t y of the waste container. Therefore, data
necessary to estimate toe corrosiv i ty of soils specif ic to shallow land burial
sites have been obtained and are presented here.

To provide information which w i l l aid in assessing the effect of a burial
environment on the performance of a waste form or a high in tegr i ty container,
3NL has made f i e l d measurements at and collected so i l samples from two opera-
t ing commerical bur ia l s i tes. One s i te is operated by Chem-Nuclear Systems,
Inc. and is located at Barnwell, S.C. The other operated by U.S. Ecology is
on the Hanford reservation near Richland, WA. I t was intended that the sam-
ples collected and analyzed be representative of the soi l material that w i l l
contact the buried waste.

Soils at the Barnwell s i te are composed of sandy dense clay beneath a
layer of s i l t y coarse sand. On excavating a trench, the s i l t y coarse sand is
f i r s t stripped from the area and p i led for later use as backf i l l mater ial .
The rest of the so i l taken from a trench is sandy dense clay, making up the
trench wa l l . The depth of a trench is about 20 to 25 f t . I t was not possible
to sample in an open trench at Barnwell; therefore, so i l core samples were re-
moved from an undisturbed area of the Barnwell disposal s i t e . I t i s expected
that the analysis of these samples coupled with the analysis of the samples of
clay material and back f i l l so i l provide representative data for the s i t e .

The soi ls a t the Hanford s i te are sands, s i l t s , and gravels. Sampling
was done in Trench 8, the currently open trench. This trench is approximately
50 f t deep. Samples were col lected in t r i p l i ca te from what appeared to be
four di f ferent so i l types along the trench wall and from the trench f loo r .
Samples .were also collected from several locations on a p i le of back f i l l mate-
r i a l adjacent to the trench.

*Work carried out under the auspices of the U.S. Nuclear Regulatory
Commission.



Earth resist iv i t ies were measured in the f ie ld using the four electrode
Wenner method. At Barnwell, the apparent resist ivi ty was measured over an
area which was being bui l t up with the sandy dense clay removed during trench
excavation elsewhere. A trench w i l l be dug in this area after allowing a num-
ber of years for the graded earth to sett le. Resistivity data from Hanford
were measured on an area between the open trench from which soil was sampled,
and a closed trench, which was f i l l e d and capped. Additionally, resist iv i ty
data were collected over a closed trench at the Hanford site.

Resistivities were measured on f ie ld moist soil samples and on water
saturated samples using a Miller soil box. Soil resist iv i t ies of saturated
samples are most often used to estimate soil corrosivity. Based on a soil
resist ivity classification referenced to the corrosion of steel pipe(2) ^ e
resis i t iv i t ies of the Barnwell soils indicate a very mildly corrosive soil
(>104 ohm-cm). Similarly, the Hanford soils are mildly corrosive (5000 to
lQ4 ohm-cm) as per the soil resist iv i ty data. However, the occurrence of
saturated soils at Hanford is highly unlikely.

Soil acidity correlates with the corrosivity of the soil and was measured
by a number of methods. In situ pH measurements were made near the sampling
locations. The Hanford soils have pHs in the range from 4.0 to 7.2 whereas,
the Barnwell samples measured pHs ranging from 4.8 to 5.4. The hydrogen ion
activity was also determined by measuring the pH of a 1:2 mixture of soil to a
0.01 M CaCl? solution. Barnwell soils resulted in pH = 3.9 +^0.1 and
Hanford soils measured pH = 7.4 + 0.2. The pHs of the water extracts of the
soils used for the determination of soluble ion content were comparable. The
total acidities of the soils were determined via a modified t i t rat ion method.
An alkaline reaction was observed with the Hanford soils and the sand from
Barnwell. The exchange acidity of the Barnwell clay was approximately 7 mg-eq
per 100 g of dry so i l .

The soluble ion content of the soil samples were determined by preparing
a water extract of the soils and performing a quantitative analysis for the
desired species on the extracts. Saturated pastes were used to prepare the
extracts and the concentrations of the following ions were determined: Ca+2,
Mg , K , Na , HCO 3~, S04~, and Cl" . Sulfide ions present in the soil were
extracted into an antioxidant buffer solution. The sulfide ion concentration
was then measured with a sulfide selective electrode using the method of stan-
dard addition. The low concentrations of soluble ions found in soils from
both sites are consistent with the high soil res ist iv i t ies.
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