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Study on Groundwater Flow around unlined Rock Caverns

by Means of Green's Identity Formula

by Hironobu Momota and Futoshi Kuskumoto
(Shimizu Construction Co., Ltd.)

In underground unlined rock caverns, an oil material can be stored by the aid of
natural or artificial groundwater pressure around the caverns. The groundwater in the
bedrock plays a role of prevention of both gas leakage from caverns and mixture of
0il between two caverns. In analysis, the former can be checked by vertical hydraulic
gradient (Io) and the latter can be checked by horizontal hydraulic gradient (Ip)
around caverns. In order to solve these phenomenan in seepage problem, a method of
numerical analysis using boundary integral (Green's Identity Formula) have been pro-
posed instead of FEM, because FEM is somewhat complicated in mathematical and com-—
putational technique.

In this paper, the effects of artificial groundwater on the oil-strage caverns
with an array of boreholes for water supply were estimated by two dimensional steady
seepage analysis using Green's Identity Formula.

As the result of analysis, conclusions are as follows.
(1) The vertical hydraulic gradient (Io) decreases with the increase in number of
caverns (N), but it nealy constant in case of N > 5,

(2) Among changes of the distance between two caverns (S), the distance from cavern
to horizontal boreholes (L) and the difference of potential head between cavern
and boreholes (&h), changes of L and Ah are more effective to Io than that of S.

(3) Even in case of the flow between two caverns without boreholes, where one cavern
is empty and another is full, prevention of mixture of oil between two caverns is
possible if nessary condition for S, L and Ah are ensured.

(4) The calculation for sixteen caverns with only horizontal boreholds show that the

discharge and hydraulic gradient by means of Green's Identity Formula agree well
to those by FEM.
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