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STUDY ON SEEPAGE FLOW
THROUGH ROCK MASS SURROUNDING CAVERNS FOR PETROLEUM STORAGE

by H. Komada, K. Nakagawa, Y. Kitahara and M. Hayashi
Central Research Institute of Electric Power Industry

In unlined underground rock caverns, liquid petroleum and petroleum gas can be

stored by making use of natural or artificial ground water pressure. In case of apply-
ing the unlined underground storage caverns to the cracky rock mass, it seems to be
most important that the behaviour of the ground water through the rock mass surrounding
the caverns is studied in advance.

This study, therefore, discusses the following subjects concerning unlined under-

ground oil storage caverns.

1.

The numerical study on the effects of natural ground water pressure on the storage
caverns. '

In order to study the behaviour of natural ground water surrounding the caverns,
two dimensional unsteady seepage flow analyses were performed by finite element
methods.

According to the finite element analyses, in case of the caverns for heavy oil
located 40 meters below natural ground water level in the rock mass with perme-
ability of 1 x 10-% cm/sec, the ground water level fell down to less than 1/3
height of the side wall of the caverns after about 20 years since the construc-
tion of the caverns. Moreover, in the rock pillar between the adjacent caverns,
the ground water level fell down to the level of the bottom of the caverns.

Consequently, storage system using only natural ground water pressure can not
prevent the oil leakage into the rock.

The numerical study on the effects of artificial ground water pressure on the
storage caverns.

In order to study the storage system using artificial water pressure from an
array of boreholes for crude oil and liquified petroleum gas which are volatile
and necessary to be stored in larger pressure than atmospheric pressure, two
dimensional steady seepage flow analyses were carried out by finite element
methods. The results show that the caverns for crude oil and those for liquified
petroleum gas should be located about 50 meters and about 100 meters respectively
below the ground water level. These depths may be varied in some degree depend-
ing on the location of horizontal water curtains.

The allowable water leakage into the caverns should be determined by taking into
consideration following factors; the mechanical stability of excavation, the cost
of treatment of the water leakage and the cost for heating of stored fuel. The
finite element analyses show that the amount of water leakage into a cavern would
be 30 m®/hr per stored oil of 1 x 10° m® in case of the rock mass with perme-
ability of 1 x 10~% cm/sec.

Model experiment about gas leakage into the crack of rock mass.

The hydraulic conditions necessary to prevent the gas leakage were investigated
through the experiment with the acryl model of the rock mass.

According to the investigation it is possible to design the storage caverns with
smaller vertical hydraulic gradient than 1.0 proposed by B. Aberg.



