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(34) Turbulent flow formed under a injection well in unsaturated fractured rock and its in-
fluence on the measurement of permeability

Kunio WATANABE* and Ryoichi ASHIKAWA**

Abstract

Some artificial reservoirs are now planned to construct on the high permeable
fractured rock mass such as erupted or intrusive volcanic rock of Quaternary period.
Accurate measurement of permeability of fractured rock is indispensable in such areas
because some protection works to Tower the amount of leakage from these reservoirs must
be taken into account in the course of these plannings.

Most of permeability tests such as injection tests should be performed in situ
under the unsaturated condition as the location of groundwater table is in usual deep
in high permeable rock mass. From the reason, flow behavior of water injected in each
unsaturated fracture must be basically studied for the accurate measurement of-permea=
bility. Moreover, as pointed by many previous authors, water injected may flow under
the turbulent condition in some high permeable fractures. Consequently, the influence
of turbulence on flow resistance should be well evaluated to properly estimate the per-
meability.

In the paper, at first, the flow patterns of fluids of some different viscosities
injected under the low pressure conditions into a opened fractﬁre are experimentally
studied by the use of two fracture models. In these models, the fracture is simulated
by the interstice between two vertical flat plates. Some small thin plates are also
inserted in the model to partly decrease the permeability. From these experiments, it
was found that the injected fluids essentially flow downward by the gravity accelera-
tion and that the flow can be approximated by the one dimensional flow under the con-
dition of unit hydraulic gradient. In addition to these points, comblike pattern of
flow was generally observed below the low permeable parts.

And after, resistance values of some fluids flowing not only in these models but
also in two actual fractured rock were tried to measure with following conclusions.

(1) High viscous fluid should be used to accurately measure the permeability of unsatu-
rated high permeable fractured rock mass.

(2) The relation between resistance coefficient f and Reynolds number Re of flow in
fractured rock mass can be obtained by the successive injection tests with some
fluids of different viscosities under the constant condition of pressure.

(3) The gap width of fracture dominating the permeability near the injection well can
be estimated from the relation between f and Re.

* Dr, Engng., Faculty of Engineering, Saitama University, Urawa, Japan.
** Student, Faculty of Engineering, Saitama University, Urawa, Japan.

—165—



