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Superheated Steam in Hydrothermal Area

Kyozo KIKKAWA
Geophysical Research Station, Kyoto University

Observations of natural steam have often shown temperatures higher than 100°C at
the orifices of fumaroles or bored wells in various hydrothermal areas. This steam is
called superheated steam. Thermodynamic condition of the natural steam has often been
assumed as reversible adiabatic change in the course of the flow in a subsurface layer
or hored well. This shows the conservation of entropy and possibly leads to an incorrect
conclusion that the superheated steam cannot originate from saturated steam with liquid
thermal water but from originally superheated steam.

It is, however, found that deep bored wells in such areas discharge the thermal
water of sodium chloride type which is considered as the most possible origin of sub-
surface steam. Dynamic condition of the subsurface flow of steam is generally treated
in a form similar to Darcy’s equation, in which the velocity is proportional to the pres-
sure gradient. This condition essentially founds on the equilibrium of the forces includ-
ing the friction of flow and is contradictory to the conservation of entropy. Darcy’s
equation is then possible to be transformed to the thermodynamic condition of the con-
servation of enthalpy. The highest value of enthalpy of the steam in the state of
equilibrium with deep thermal water is 669.7 cal/g at 240°C. It corresponds to that of the
superheated steam of 163°C at the pressure of 1 atm. This temperature is expected to
be the highest value of the natural steam which ascends from the region of thermal
water to the ground surface. Such a high temperature has not been noted prior to this
report.
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