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Although the corrosion and scaling problems associated with handling
geothermal fluids are well known, the effects of hydrothermal reactions
are often overlooked in geothermal reservoir modeling. Water-rock chemistry
can be expected to affect the evolution of a reservoir in at least three
ways: (a) the thermodynamic properties of water are affected by the dis-
solved solids - this is especially important in two-phase regimes, (b) the
porosity and permeability change with time due to dissolving and precipita-
tion as well as due to the volume change associated with alteration, and
(c) the heats of reaction may contribute directly to the energy production.

Table 1 summarizes the important hydrothermal reactions in a granitic
source rock together with the heats of reaction and associated volume
changes. Note that the available chemical energy is comparable to the
thermal energy while the associated volume changes are an order of magni-
tude larger than those due to thermal contraction.

Although significant chemical energy exists, it cannot always be
extracted. One of the first questions we addressed was the delineation
of reservoir conditions under which one could expect to extract significant
chemical heat. For the case of dissolving-precipitation reactions, a com-

arison of thermal energy with chemical energy leads to a simple relation
etween solubility and heat of reaction for a given ratio of chemical to
thermal energy extracted. Because the rate of dissolving is controlled
by the solubility at the outlet temperature, the resulting relation is
independent of aII crack and flow parameters. In the case of quartz, the
solubility at 300 ¢ is too low for chemical heat to make a contribution -
thermal energy 1is extracted far faster than chemical in all cases.

In the case of alteration reactions, however, the reaction rate is
not limited by solubility and, depending on the alteration rate, significant
chemical energy may be extracted. We have delineated the combinations of
flow parameters, crack parameters, heats of reaction and alteration rates
for which chemical energy associated with the alteration may be extracted.
One of the objectives of our =xperimental program is to determine alteration
rates in typical reservoir rocks, and thus assess the importance of such
reactions to the total thermal regime.

The changes in porosity and permeability associated with both dis-
solving and alteration reactions are easily incorporated into the standard
finite difference schemes commonly used in numerical reservoir modeling.

Our approach to the inclusion of such effects will be discussed.
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