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The objective this project is to support the staff analysis of geo-
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Table 1. Technetium sorption by basalt under
10x1c redox conditions at 60°ca

Initial Final concentration of Tc (mol/L)P
Bant

{(mol/L) yH (L/ kg Total

Reduced

tic groundwater GR-2, 14-¢ tact:

1
3

P
.

4Experimental conditions: anoxiec environment, =-70/+4+325 mesh
basalt crushed and stored under argon, contacted for 14 d at QU0 1
tion recovered after contact by centrifugation at 5000 ref under argon,
About 0.4 g basalt and 4 mL groundwater spilked with "'T(""" and traced
with “°®T¢0,.~ were used,

®Values of Rs and total solution concentration are averages of
three determinations. No standard deviations are shown for reduced
technetium concentration because only one solution from each

i set was
tested for reduced technetium,

Two different sets of data were used to complete this isotherm.
lThose done in this quarter have a final pH of 9.5,
have final pH values of 9.0 and 9.1. For unknown reasons, the
PHs of the two different batches of groundwater were different
the pH drops during the runs, in this case from 0.3 to 0.4 pH unit for

and those done ear] ier
Starting
+ Normally,

111 of the runs. Hence, the final PH values fall into two different

sets,
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7. GEOCHEMICAL MODELING

7.1 INTRODUCTION

Crisman and Jacobs (1982) studied the native copper deposits (~500 million
years old) in the Portage Lake Volcanics near Hancock, Michigan, as a
natural analog for the emplacement of copper canisters in the proposed

HLW repository in the basalts at the Hanford Site, Washington. Although
copper is not currently a leading candidate material for the containment
canister of HLW or spent fuel, its inherent stability under some natural
conditions makes it desirable to maintain copper as an option (BIRD 1982),
especially if it can be shown that the geochemical conditions in a repo-
sitory may encompass the thermodynamic stability field of native copper.

Crisman and Jacobs (1982) argued for significant similarity between the
geochemical conditions, and the processes contrelling them, in the basalt/
groundwater system in Michigan and those in the deep basalts at the Hanford
Site, Washington. We have evaluated the work of Crisman and Jacobs to
determine whether there is a valid analogy between the basalt /water sys-—
tems of Michigan and Washington, and if the data and interpretations of
Crisman and Jacobs provide an adequate basis for reasoning by analogy

that copper will have favorable corrosion characteristics in the deep
basalts at the danford Site. Our evaluation assessed the quality of the
data and considered alternative conceptual models for the interpretation
of the data. This was done in order to determine the validity of the
analogy and the conclusions drawn from it pertaining to the potentiali
performance of copper as a canister material,

7.2 DOE METHODOLOGY AND INFORMATION

Crisman and Jacobs (1982) collected samples of basalt and groundwaters
from the Michigan Technology University Mining Laboratory (MTUML) 1in
order to compare them with those of the Hanford Site, Washington. The
purpose of the comparison was to determine whether significant similarity
exists between the two systems. Then, by analogy to the existence of
native copper in the basalts of Michigan for over 500 million years, it
could be reasoned that copper may be stable (or at least alter only
slowly) in the basalt/groundwater system at the Hanford Site, Washington.
To establish that the analogy was valid, Crisman and Jacobs attempted to
show that similar geochemical conditions exist in the two basalt/ground-
water systems. Near-surface groundwaters were collected that seep through
a sequence of the Portage Lake Volcanics (a copper-bearing basalt unit)
in an adit of the MIUML. Changes in the water chemistry were evaluated
as a function of depth into the adit (i.e., increasing overburden) and
flow rate, and the chemistry of the waters were modeled using WATEQF
(PLUMMER 1976). Combining these relationships with published information
on the mineralogy and chemistry of the basalts, Crisman and Jacobs
suggested that the basalt effectively controls the chemistry of these
groundwaters as they flow through the basalt (~10 to 100 m in thickness).
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The primary conclusions of Crisman and Jacobs (1982) included:

1. Native copper, precipitated from hydrothermal solutions at elevated
temperatures, has undergone little alteration while in contact with
both saline and fresh groundwaters for over 500 million years.

2. The basalt in the MTUML has maintained the necessary geochemical con-
ditions through rapid equiiibration with groundwaters to allow the
copper to remain essentially unaltered for over 500 million years.
Furthermore, the chemistry of near-surface groundwaters reflects this
control of water chemistry by the basalt.

3. Enough similarity exists between the basalt/groundwater system in
Michigan and that at the Hanford Site in Washington to reason, by
analogy, that copper may be stable in the basalt /groundwater system
at Hanford and, thus, may be a potentially favorable material for the
long-term containment of HLW and spent fuel.

7.3 EVALUATION OF DOE INFORMATION

In order to evaluate the work of Crisman and Jacobs (1982), the following
activities were completed: (1) an assessment of the information reported
(CRISMAN 1982) (including data and interpretations), (2) a check on the
reported calculations by modeling the groundwater chemistry with the geo-
chemical computer code MINTEQ (FELMY 1984). (3) an analvsis of the ground-
water chemistry as a function of estimated equilibration time with the
basalt in the MIUML, and (4) an analysis of the state of redox equilibrium
and possible controls on the redox conditions in the groundwater.

7.3.1 Basalt Mineralogy and Chemistry

Crisman and Jacobs (1982) compare the mineralogy and chemistry of the
Portage Lake Volcanics to that of the Umtanum flow of the Grande Ronde
Basalt at the Hanford Site. At the time of the study, the Umtanum flow
was the reference horizon for a repository. Currently three other flows
are also being considered: Rocky Coulee, McCoy Canyon, and Cohassett
(presently the leading candidate). Although a detailed evaluation should
be accomplished before any final conclusions are drawn, differences in
the mineralogy and chemistry among these four candidate flows are not
likely to be great enough to invalidate conclusions extrapolated from

one flow to another for the purpose of such natural analog studies.

Crisman and Jacobs (1982) do not report any detailed characterization

of the samples of basalt collected from the MIUML. Rather, published
information on the mineralogy and chemistry of the Portage Lake Volcanics
is utilized. The samples collected were apparently only used to confirm
the similarity of the general mineralogic nature of the Portage Lake
Volcanics in the MI'UML and the basalts discussed in the literature
referenced by Crisman and Jacobs.

Crisman and Jacobs (1982) conclude that, despite major differences in
the mineralogy and texture between the basalts in Michigan and those of
the Hanford Site, the similarity of the bulk chemistry (CRISMAN 1982,
Table 5) establishes a good basis for reasoning by analogy. Crisman
and Jacobs state that:
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Acknowledging that overall mechanisms and details of the
chemistry may be different, it is probable that, based on
bulk rock chemistry, controls on the groundwater chemistry
in the two geohydrologic systems would be similar.

The above statement is one of the premises on which many of the conclusions
of Crisman and Jacobs (1982) were based and, therefore, should be considered
in some detail.

The chemistry of groundwaters can be influenced by:

1. the original source and nature of the water,

2. rock/water interactions, and

3. the nature and character of groundwater flow and dilution.

Reactions that generally control, or at least contribute to, the chemical
composition and speciation of waters include: precipitation, dissolution,
hydrolysis, complexation, ion exchange, adsorption, and oxidation/reduction.
Given that (1) and (3) above are fixed for a given rock/water system, it
is the interaction of groundwater with specific phases of a rock which
will predominantly influence the chemistry of the groundwater. Using
thermodynamic arguments, one would predict that two rock/water systems

of identical bulk chemical composition, under identical physicochemical
conditions, would evolve to the same equilibrium state regardless of the
phases present initially. However, this situation rarely occurs in ground-
water systems because kinetics generally dominate the behavior of low-
temperature rock/water systems. Therefore, the initial mineralogy and
texture of a rock can significantly affect the chemical characteristics

of groundwater in contact with the rock. For example, two rock/water
systems may consist of an identical quantity of silica, but if one rock
contains quartz as the silica phase and the other contains amorphous
silica, it is likely, based on kinetic arguments (RIMSTIDT 1981), that

the groundwaters present in the two systems would contain different quan-
tities of dissolved silica (higher dissolved silica in the system with
amorphous silica). As another example, two rock/water systems may con-
tain significantly different quantities of total calcium, but if both
systems have calcite present as the only calcium-bearing phase accessible
to the groundwater, it is likely that the dissolved calcium content of

the groundwaters in both systems would be identical (assuming all other
parameters are held constant). Therefore, even though the bulk chemical
composition may be similar, because the Portage Lake Volcanics and the
basalts at Hanford are vastly different in their texture and mineralogy,
the conclusion of Crisman and Jacobs (see above) would appear to lLe of
questionable validity.

Rock/water interactions may not be the sole contributor to the chemistry
of groundwaters; therefore, it is important to consider other processes.
For example, it has been suggested that the sodium-chlorine~type ground-
waters in the Grande Ronde Basalt at the Hanford Site may originate by
the mixing of shallow groundwaters (Na-HCO:; type) with saline groundwater
from a deeper source, rather than result from rock/water interactions
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