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GROUNDWATER STREAM SIMULATION EXPERIMENTS FOR THE EVALUATION OF THE
SAFETY OF PROPOSED NUCLEAR WASTE REPOSITORIES

MARTIN 6. SEITZ
Chemical Engineering Division, Argonne National Laboratory, Argonne,
IL. 60439

The potential for radionuclide migration by groundwater flow from
a breached nuclear-waste repository depends on the leaching process and
on chemical changes that might occur as the radionuclides move away
from the repository [1]. Therefore, migration involves the interactions
of leached species with repository components (canister, engineered
barrier, etc.) in the radiation and thermal gradients centered on the
solid waste. Rather than trying to predict what the important interac-
tions are and then to study them individually, we attempt to consider all
potential interactions using experiments that integrate repository
components to simulate a groundwater stream that infiltrates a breached
repository. An experimental arrangement containing the major components
of a waste repository is depicted in Fig. 1. Several experiments to
investigate specific repository interactions have been run to date with
different portions of the apparatus shown in the figure.
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Fig. 1 . Schematic of a groundwater stream simulation experiment

An experiment performed with a nuclear waste solid and one rock core
is described in this paper. The nuclear waste solid consisted of a
borosil icate glass containing a formulated nuclear waste and was the
source of leached radionuclides. The waste so l id , in contact with
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aqueous solution, was maintained at 99°C for the duration of the experiment.
The rock core (2.20-cm diameter by 4.45 cm long) of Precambrian granite
contained a natural fissure that extended through i t s length; the core
served as the adsorption medium for the leached radionuclides. The
fissure gap was determined to be 7.1 ym based from pressure drop data
using the cubic law of viscous flow in fractures.

An aqueous solution used in the experiment was formed by reacting
weathered granite (saprolite) with water and contained 12 mg/L total
dissolved solids with calcium, magnesium and sodium being the dominant
cations. Dissolved oxygen was excluded from the solution (calculated
pressure of oxygen of ^2 x 10"78 Pa by reaction with chromous
chloride) [ 2 ] . During the experiment, the aqueous solution flowed over
the waste solid and through the rock fissure at a rate of 0.017 mL per
minute corresponding to 23 m/y l inear flow (Darcy velocity) at the face
of the rock core.

The solution exiting the rock core was sampled in ^120 mL fractions
unt i l 710 mL of solution was collected (^30 days). Solution that contacted
the waste solid but not the rock was also sampled; then the experiment was
terminated. Analyses of the solutions indicate that most (>99-S) of the
leached cesium was retained on the surfaces of the rock fissure and that
•\>50" of the leached neptunium passed through the rock fissure. Analyses
of the experimental tubing and rock-fissure surfaces indicated that
Plutonium was leached but did not move from the v ic in i ty of the waste sol id .

The results indicate the great difference in migration character-
is t ics that can be expected for the different radionuclides. The absence
of any movement of plutonium from the immediate proximity of the waste
form suggests that i ts behavior is controlled by very low solubi l i ty
rather than by adsorption processes. The oehavior of cesium is consistent,
in a broad sense, with that predicted from results of simple adsorption
experiments. Neptunium appears to migrate as the oxidized species,
NpO2+, [3] suggesting that neptunium retained i ts oxidized state
upon entering the groundwater of low oxidation potential after being
leached from the solid waste.

Based on experiments performed to date, the stream-simulation method-
ology is a promising approach to studying the potential of nuclides to
migrate from a breached repository. The results can supplement f i e ld tests
or be used as ver i f icat ion for computer models because parameters (flow
path, flow rate, thermal gradient, radiation f i e l d , etc.) are known unequiv-
ocally. Experimental results may be used directly in a licensing process
and may be more convincing to some people than results of computer models.
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