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RADIONUCLIDE MIGRATION: LABORATORY EXPERIMENTS WITH ISOLATED FRACTURES
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ABSTRACT

Laboratory experiments examining flow and element
migration in rocks containing isolated fractures have
been initiated at the Los Alamos National Lboratory
Techniques are being developed to establish simple
fracture flow systems which are appropriate to models
using analytical solutions to the matrix diffusion - flow
equations, such as those of I. Neretnieks [1]. These
experiments are intended to be intermediate steps toward
larger scale field experiments where it may become more
difficult to establish and control the parameters
important to nuclide migration in fractured media.

Laboratory experiments have been run on fractures
ranging in size from 1 to 20 cm in length. The hydraulic
flow in these fractures was studied to provide the effec-
tive pertures. The flows established in these fracture
systems are similar to those in the granite fracture flow
experiments of Witherspoon et al. [2]. Traced solutions
containting Sr and were flowed through fractures
in Climax Stock granite a welded tuff (Bullfrog and
Tram members, Yucca Mountain, evada Test Site). The
results of the elutions tough granite agree with the
matrix diffusion calculations based on independent
measurements of Kd. The results of the elutions through
tuff, owever, agree only if the Kd values used in the
calculations are lower than the K values measured using
a batch technique. This trend has been previously observed
in chromatographic column experiments with tuff.

INTRODUCTION

The study of fracture flow and element transport through flow in fractures
is essential to provide a complete understanding of the geologic barriers sur-
rounding a nuclear waste repository. The ability to correctly model radio-
nuclide transport in fractured systems is necessary to the performance assess-
ment of a repository. Fracture flow is an important transport mechanism be-
cause fluid velocities in fractures can be many orders of magnitude greater
than the fluid velocity in the porous matrix. This is especially true of
crystalline rock such as granite.

There are many chemical and physical processes which can affect the trans-
port of radionuclides by flow in fractures. The principal processes studied
in the experiments to be discussed are sorption and diffusion into the rock
matrix. These experiments are part of a program to examine the mechanisms
contributing to the retardation of radionuclides in flow through fractures.
The objectives of the program are to test existing theoretical model; and to
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perform laboratory experiments with rock samples of varying size to see if
the results o sll scale laboratory can be extrapolated to
the field.

The elution as observed in flow through fractured
Climax Stock (CS) granite and through to tuff taken from cores from
the US C drillhole at the Nevada Test Site. The tuff samples, G-2335 and

are welded tuffs from the Bullfrog and Tram members, respectively.
The breakthrough curves were compared with the curves predicted by the

analytic solution to flow through a one-dimensional racture coupled to
into the matrix [1]. The fracture volume and the fracture aperture,

in particular, were determined using Darcy's 1aw The experiments on
Climax Stock Granite we performed on small cores under confining pressure
to simulate depth and to close the fracture. The tuff samples ere not
placed under confining pressure because the samples were found to eal under
Moderate pressure (1000 PSI), whereupon the fracture permeability was reduced
to the same magnitude as the matrix permeability.

The flow through the fracture was straight flow enabling direct comapari-
son with the one-dimensional calculations.

Fluid Flow Through a Sinle Fracture
The flow of fluid through a fracture can be described by te Darcy equa-

tion or cubic law

L = the length of the fracture,
W = the width of the fracture,
p = the density of the fluid,
g = the gravitational constant, and
p = the viscosity of the fluid.

The validity of Eq. () has been demonstrated by Witherspoon et al. 2.
fracture a correction factor is required to correct for the effect

of surface roughness on the flow. A factor f as defined by
et al. and inserted into the equation as follows.

Values of f varied from 1.04 to 1.21 in a granite fracture ith straight flow.
rather than 1.21, however, would result in only a 7 error

in the aerture.
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Radionuclide Transport by Flow Through A Single Fracture
The transport of radionuclides by flow through a single fracture has been

solved analytically for a one-dimensional fracture ith matrix diffusion by
1. Neretnieks and is described in detail in Reference 1. This odel does not
include velocity dispersion but should serve well as first approximation to
the experiment and as a benchmark for numerical code development. The effect
of matrix porosity on the transport of radionuclides as clearly demonstrated
by Neretnieks.

Apertures of Granite Fractures Under Stress
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The solution to these equations with the appropriate boundary and initial
conditions for a concentration step of duration is

The breakthrough curves were calculated using the matrix diffusion model.
Tables II and III list some of the values used as input to the model. Host of
these values were based on previous measurements 5,6 with crushed rock nd
solid r k cores. The breakthrough curves for granite Core 1 were calculated
using parameters able I, which are based on our earlier data 11.
The of the matrix in the core used was not actually determined, and

was chosen as a nominal value. The range of values of porosities
determined for Climax Stock granite varies from 0.0015 to 0.008. Another
parameter that has not been determined for the particular granite core used is
the constrictivity-tortuosity term which was somewhat arbitrarily taken
as 0.1. The breakthrough curves were calculated for two porosities, 0.001
and 0.005, which served to illustrate the dramatic dependence on porosity.
The breakthrough curves along with results of the experiment are shown in
Figs. and 2. Fig. 3 shows the calculated curve for a 20 ml pulse of activ-
ity along with the experimental results.

The lution curves for tuff core G1-2335 ere calculated using the para-
meters in Table III, which were based on measurements from the same core. The
constrictivity-tortuosity term as again taken to be 0.1. This assump-
tion is supported by a measurement on a sample from G-2290, which gave a
value of 0.098 for a/

The elution curve shown in Fig. 4 was calculated using the from batch
measurements and an elution curve with the adjusted to fit the experimental
breakthrough is shown in Fig. 5.

Discussion
The results of the fracture flow experiments with Climax stock granite

are in good agreement with the calculations using the analytic model previ-
ously described. These first experiments show that for some simple cations
the transport of radionuclides by fracture flow can be predicted with
reasonable accuracy by a matrix diffusion model. The hydraulic measurements
on the stressed granite fractures ave results similar to the measurements by
Witherspoon et al. The tuff sples were not run under stress because it was
found that the fracture closed, under moderate pressure, to a point where the
permeability of the fracture as approximately equal to that of the matrix.
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Fig. 5. Elution of a slug of 8 5Sr through a tuff (G1-2335) fracture.
The was adjusted to fit the breakthrough. The solid line is a theoretical

curve and the points represent experimental data.

The results of the fracture for experiments with tuff samples from G1-2335
and G-2840 were not in agreement with the calculation if values deter-
mined from batch experiments were used (see Fig. 4). The values which gave
a best fit to the breakthrough portion of the strontium elution were
and 16 ml/g for G1-2335 and G1-2840, respectively. The batch measurements
yielded 148 ml/g and 160 ml/g for G1-2335 and G-2840, rspectively. A
general trend which has been observed in sorption experiments on tuff is that
batch measurements yield values that are 3 to 5 times larger than thed
values that are determined by column experiments. These experiments arc con-
sistent with that trend. In addition, the shape of the lution calculated for
the tuffs is not in agreement with te observed elution. The activity desorbs
more slowly than one would expect for reversible, diffusion-controlled sorp-
tion. This observation is also consistent with previous measurements of sorp-
tion on tuff. In general the values determined by desorbing activity from
tuff are considerably larger than those determined from the sorption process.
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