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The largest magnitude of the reservoir earthquake car reach over
6. Therefore people care very mach about this kind of earthquakes. Most
of the explanalion about the cause is that stress has stored sreatly in the
underground faults, but the faults can not be offset. After the reservoir
stores water, the water will perxﬁeate into the fault, and weaken mater-
;jals at both sides of the fault.It results in that the effective pressure is
reduced or the frictional coefficient is decreased.Both of the effects lead
to the decrease of the frictional force on the fault’s surfaces,and a rapid
offset can occour,which brings about reservoir earthquake.This idea seems
to be a received viewpoint.But we think it is worth questioring. According
to the results of simulation tests, stick-slip needs enough confinimg pres-
sure.At the depth of several Km( 1-5km ) under the ground, it is a dis-
pute whether confining pressure is large enough to be the ¢onditions for
stick slip.In the shallow parts of crust because rock strength can support
its own weight, the horizontal pressure provides the normal pressure on the
vertical plames, which is the same order of magnitude with the confining
pressure.Thus al the rauge ol a few Km deep underground, the fault can
produce stick slip, which is still questioned, and that water rermeated into
the surface of the fault will result in that the stick slip is more difficult,
the garthquake can not ococcur.With the view above, we think il is quite
.Becessary to discuss further the cause of reservoir earthquakes.This paper

proposes a4 model of weakened and image foree.* This model is actually

#Image force is a concept in solid physics, introduced to study earthquake source by Guo
‘engjian in 1979, afterwards. a series of study was made by Qin Baoyan and Rong Dailu,
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another form of the combination model.In this paper, the cause of the
reservoir earthquakes discussed may be divided into two parts: the cause
for shallow small earthquakes and the cause for deep strong earthquakes,
the two are tied to each other.But our final purpose is to predict whick
kind of reservoirs may induce strong earthquakes.

1.The Cause of Small Earthquakes in Reservoir Area

As is mentioned above, al the depth of a few Km, lhe normal pressure
on fault planes can not give a definite assurance to have stick slip. So
in our opinjon, the cause of small earthquakes in reservoir area is that
water on the segment of fault makes it creep easi]y,. then produces stress
concentration at the ends of fault and causes the faull to expand to the
integral hard medium rapidly.lt is not because of the slippage of the known
fault itself.This means there are two imperative conditions for reservoir
small earthquakes to occur; one is that in reservoir area, there must be a
lot of joints or a hard rock area with many small faultsy another is that
water is very easy to permeate down.For example in the area of limestone
and the outcrop or hidden granite, there are more earthquakes to occur.
Among which, limestone is permeating condition and granite is the me-
dium condition f{or earthquake occurring. It should be pointed out that hot
water can have the materials on the known faults to be weak; which
includes the process, both of physics and chemistry. These faults are very
easy to creep and at last their ends are so expanded that earthquakes are
’triggered.So in reservoir area,if there is hot water under the ground,small
ecarthquakes are easy to occur.From this,we can impute the small shallow
earthquakes in reservoir area to the connexion each other of many small
cracks or the fault segments in hard rocks. Actually, such a viewpoint
about the cause of reservoir earthguakes is that of combination model.
Among which, the small cracks can be regarded as adjustment elements,
and the hard medium between the cracks is the accumulated elements.That
water permeates into cracks strengthens the adjusting ability of including
those of creep, stress concentration and abdication. Because, the con-
nexion of a lot of small cracks or faults one by one, many small earth-
quakes are formed.This process is on and on, ihe mass ol rock under the
reservoirs can be weakened. |

2.The Cause of Stromg Earthquakes in Reservoir Area

The cause of strong earthquakes in reservoir area, in our opinof, is
a combination model in three-dimentional space. Namely, the weakened
area of reservoir is an adjustment element, and the creep fault hidden

deeply is another adjustment element. The section between the two is a
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stress accumulation element, as is shown in Figl.
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Fig. 1a Reservoir before water storage.

Fig. 1b Reservoir after water storage.

Fig. 1a shows the situalion belore water is stored, and l'ig. 1b is that
after water is stored.The dilference belween them is as follows;

(1)In Fig. 1a, though ground surface is an adjustment element, yet
its radius of curvature is inflinity, no stress concentration can be produc-
ed.In Fig. 1b, the radius of curvature of the region weakened by waler in
reservoir is limited, so stress concentration can be produced.

(2)As to the viewpoint of image force, whether f{ree plane or soft
medium surface makes an impact on the propagation of deep faults is de-
termined by the distance between this surface and the ends of the fault.
The distance from ground surface to the hidden fault in Fir. 1a is greater
thau Fig. 1b. So the latter is of great image force, easy 'o connect the
two elements of adjustment and to trigger earthquakes. This is the main
shock of reservoir.In the [ollowing we will have a further discussion after
waler 1s stored in reservoirs. _

3.Stress Concentration Caused by the Weakened Reservoir Avea

There is a very complicated situation of underground in reservoir area,
so the shape ol weakened area is irregular very much. We can simplify it
as an hemisphere, as is shown with the dotted-line circle it Fig. 2 .Belore
watler is stored, lhere is no soft inclusion. So there is no stress concentr-
ation.But after water is stored, stress concentration is tvrned out. This
value of stress concentration can be from the result of reference( 1 ).At
the dilferent depth beneath the Lop of hemisphere the comression siress
is shown in J¥ig. 3, which is paralleled to the direction ¢f the regional
pressure ( the direction ol X in 1'ig. 2 ) .From Fig. 3, the iop of the he-

misphere, pressure stress has the greatest concentration, the value of
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Fig.2 The hemisphere approximation in the

weakened area of reservoir.
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which is about 3 times of the regional compression stress. From this top
downwards, at the depth of 2 times of radius, stress concentration dis-
appears.That is to say that at the depth of 2 times of radius of weak-
ened region, stress concentration is zero. Supposing thai the depth of this
weakened region is 5 km, the disappearance depth of stress concentration
is, of course, 10 km.As for earthquakes, shear stress value T which we

are interested in very much is;
1
=g 0x 1)

This depth of shear stress concentration is as the same as that mentioned
above.

After water is stored in reservoir, with the existence of weakened
region, the image force at the ends of hidden fault is made up of two
terms: one is Fs, the image force caused by the ground surface and another
is Fw, the image [orce caused by medium plane which once was wea-
kened in reservoir area, that is;

F=Fs+Fw (2)
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With the difference that the hidden faults are of strike slip and dip slip,
Fs and Fw are quite different.So the formula (2 )can have the iwo forms
as follows:

When the faull is of strike slip, it is

coweDE Dy .
= .1nR+ 4 Y (}lz")‘“] ) €39
When the Tault is ol dip slip, it is
L_oweDE D ( Ry = Hy )
"":1(.l—u)l<+4ﬂY Ha+Hy 4

In the {formula, R is the distance from ground >surface to ihe ends of the
fault; rythe distauce [rom the [loor of weakened region in reservoir area;
i, the shear modulus of crust medium; p,, the shear moduius of weaken-
ed medium in reservoir; and D is the amplitude of the offset of fault. [n
formula ¢ 3 Yand (1), if w,=u,, the situation is like that there is no ex-
istence of weakened region. Thus there is only the first iten to be leflt at
both sides of the [ormula, that is, the ground surface br ngs about the
image force at the ends of fault.

4.Discussion

If there is the different stiffness of medium in the deep place of un-
derground, in the same force action, some blocks move, and somec less, as
ig shown in Fig. 4 .By so doing the slippage between layers inay be brought

out.

Fig. 4 The difference of transmission force with

the difference of medium stiffaess.

ground surface

spade-like-fault

Fig. 5 ‘The spade-like~fault created by image force.

In such a case, if the fault slipping between the layers is of an angle of
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elevation, the ground surface can turn out the image force and make it
develop to the surface of ground, forming the spade-like-fault shown in
Fig. 5 .If there is a developing fault with Lorizontal slip close to weaken-
ed region of reservoir, the fault may propagate upwards by the image
force in Formula( 3 )and ( 4 ), and the earthquakes of reservoir can he

triggered . Now the reservoir carthquake is ol the fault with dip slip.
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