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Abstract: Fluids are believed to play a major role in triggering tectonic earthquakes; reservoir induced seismicity
provides a natural laboratory in which to investigate the spatio-temporal evolution and triggering of
earthquakes caused by fluid and pore-pressure  diffusion.  Large  new  reservoirs  can  trigger  earthquakes.
This is due to either a change in stress because of the weight of water, or more commonly due to weakening
of fractures and faults under the reservoir by increased water pore pressure. Aswan reservoir started
impounding in 1964 and reached the highest water level in 1978. An earthquake of magnitude 5.3 (Ms) took
place on November 1981 along the most active part of Kalabsha fault beneath the reservoir. Seismic monitoring
of the Aswan reservoir began in July, 1982 using 13 seismic short period stations. This study presented three
clear cases of induced seismicity caused by pore pressure diffusion from Aswan reservoir to the hypocentral
depths. The first case occurred on Abu-Dirwa Fault, about 60 km south west of the High Dam. The second one
occurred in Khor El-Ramla area, about 40 km south west of the High Dam. The third case occurred at the
Spillway Fault area, about 5 km North West of the High Dam. In all these cases, the noticeable seismic activity
followed the increasing of the lake water level and occurred away from the deepest part of the lake.
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INTRODUCTION Talwani and Steve Acree [8] analyzed the field data

Until recently, it was thought that reservoir induced diffusing pore pressure plays a dual role in triggering
seismicity is triggered by the loading of a reservoir  and / seismicity by decreasing the coefficient of friction
or by the effect of pore pressure in lowering the strength between the clays in the pre-existing fractures and the
of rocks at hypocentral depths. Evans [1] suggested the rocks that enclose fractures and also by decreasing the
idea that fluid injection might be used in seismically active strength of the rocks. The effect of fluids on fault strength
areas to initiate small-scale fault movement, effectively and stability is evident in the occurrence of earthquake
releasing stress in a non-damaging manner and reducing swarms, bursts and sequences following fluid injections
the risk of a large earthquake. The pore pressure diffusion into boreholes [9, 10].
as a mechanism of stress  transmission  was  recognized Simpson et al. [11] suggested two types of seismic
[2, 3]. The pore pressure diffusion was used to explain the response, to the filling of large reservoirs as resulted from
onset time of seismicity following injection in wells at two different mechanisms, one related to rapid increases
Matsushiro [4]. Talwani [5] used the concept to account in elastic stress due to the load of the reservoir and the
for the observed time lag between lake level rise and onset other to the more gradual diffusion of water from the
of seismicity at  Clark  Hill  reservoir.  Talwani  and reservoir to the hypocentral depths. They also reported
Rastogi [6] and Talwani [7] evaluated the available that, in cases whereas there is a long delay between the
worldwide data and suggested that pore pressure filling of the reservoir and the start of increased
diffusion is preferred mechanism for reservoir induced seismicity, diffusion of pore pressure from the reservoir to
seismicity. This conclusion was based on the observation hypocentral depths may play the dominant role. Faults
of a linear growth of epicentral area with time at Lake intersecting the reservoir are usually present in these
Jocassee [5]. cases  and  may  serve  as   conduits  for  flow  away  from

of Monticello Reservoir. The result indicated that the
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Fig. 1: Synchronizing seismic activity at Abu Dirwa fault Fig. 2: Vertical cross section shows the depth
area, Khor El-Ramla area and Spillway fault area distribution  of  the  earthquakes. The open
from 1999 to 2003 associated with the seasonal circles,  open  squares  and closed circles
increasing of the lake water level in 1998, 1999, represent   earthquakes    occurred    at  Abu
2000 and 2001 which reached its maximum level Dirwa,  Khor  El-Ramla  and   Spillway
(181.6 m) in 1999. respectively.

the reservoir. This allows the influence of the reservoir Spillway fault area) has been noticed on the reservoir
water diffusion to extend to greater distances, affecting periphery during the time period from 1999 to 2003 (Fig. 1).
longer fault segments. The analytical calculations of The increasing of seismic activity was associated with the
strength changes at Monticello  reservoir,  south Carolina, seasonal increasing of the lake water level in 1998, 1999,
show that the diffusion is the predominant mechanism in 2000 and 2001 which reached its maximum level (181.6m)
triggering seismicity [12]. Fluid flow causes pore-pressure in 1999. The seismic activity occurred at these three areas
variation, alters fault strength and initiates earthquakes, is characterized by shallow depth (Fig. 2), where the depth
especially when the crust is in its  critical  state  [13]. of most events is less than 5 km. These three cases of
Maya El Hariri et al. [14] relocated precisely micro- reservoir induced seismicity triggered by pore pressure
earthquakes  induced  by  the Açu reservoir in Brazil. diffusion can be shown as follows: 
They observed a clear migration of seismicity with depth
on a single fault structure. The average rate of seismicity Abu Dirwa Fault Area: Abu-Dirwa fault is one of the
migration to increasing depth is between 15.5 and 17.5 m/d north-south fault systems of Kalabsha area. It is
and consistent with pore-pressure diffusion on a fault approximately 20 km long and located about 55 km
zone. Aswan reservoir started impounding in 1964 and southwest of the Aswan High Dam. The geological and
reached the highest water level so far in 1978 with a seismic studies carried out by Woodward-Clyde
capacity of 133.8 km , thus forming the second largest Consultants [16] showed that this fault is an active fault.3

man-made lake in the world. The filling of large Aswan The analysis of seismic data from 1992 to 2003 showed
reservoirs changes the stress regimes either by increasing few events occurred on Abu-Dirwa fault during the time
vertical stress (compression) by loading or pore pressure period extended from 1992 to 1998. The total number of
through the decrease of the effective normal stress [15]. events occurred during that period was 3 events with the
Aswan reservoir effects could accelerate the Aswan maximum magnitude of M =2.6. It has been mentioned
mainshock of 14 November 1981 (induced tectonic event). that, the lake water level was less than 180m during the

The continues monitoring of seismicity in and around period from 1992 to August 1998. The water level
Aswan reservoir since 1982 introduced three additional exceeded 180m in September 1998 and reached 180.3m on
cases of earthquakes triggered by pore pressure diffusion. November 12, 1998. The seasonal increasing of the water
A synchronizing increase of seismic activity at three level continued and exceeded 180m in 1999, 2000 and 2001.
locations   (Abu-Dirwa    fault,   Khor   El-Ramla area  and the  seismic   activity    increased    since   February  1999,

L
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Fig. 3: A closer look of the earthquakes occurred on the Fig. 5: A closer look of the earthquakes occurred at the
Abu Dirwa fault area.The continuous lines in the Khor El-Ramla area. The continuous lines in the
map refer to periphery of the Lake Nasser at two map refer to periphery of the Lake Nasser at three
different levels. The open circles are the different levels. The open circles are the
earthquake epicenters from 1999 to 2003. earthquake epicenters from 1999 to 2003.

Fig 4: The relation between the lake water level and six years from 1992 to 1997. The number of events
seismic activity occurred on Abu-Dirwa fault for occurred during these six years was 30 events and only
the time period from 1992 to 2003. one event has magnitude of 3.2. In 1999, the number of

immediately following the water level increasing in magnitude 3> M> 4. The  maximum  magnitude  was  3.9.
November 1998, which reached 181.6m in 1999 and In year 2000, there are 43 events including two events of
covered the northern end of Abu-Dirwa fault. The total magnitude 3>M>4 and one event of magnitude 4.0 felt in
number of events occurred during that period from 1999 the  High  Dam  district about 40km from the epicenter.
to 2003 was 67 events with the maximum magnitude of The increased seismicity persisted until 2002 and
M =3.0. Figure (3) shows a closer look of the earthquakes decreased again in 2003.L

occurred on Abu-Dirwa fault during the time period from The increasing of seismic activity at Khor El-Ramla
1999 to 2003. area from 1998 to 2002 has been associated with the

The seismicity persisted until October 2002  and then seasonal increasing of the lake water level in 1998, 1999,
began to decay as the water level decreased below 180m 2000 and 2001 which reached its maximum level (181.6m)
(Fig. 4). Although the seismicity is located about 7 km in 1999. This activity was concentrated in a new seismic
away from the lake periphery (Fig. 3), this study revealed spot on the lake periphery (Fig. 5). A clear correlation
a clear correlation between the lake water level and the between the lake water level and the seismic activity
seismic activity occurred on Abu-Dirwa fault for the occurred at Khor El-Ramla area from 1992 to 2003 can be
period from 1992 to 2003 (Fig. 4). shown in Figure (6).

Khor El-Ramla Area: The Khor El-Ramla area is located
to the west of the surface trace of the Khor El-Ramla fault
about 40 km southwest of the Aswan High Dam (Fig. 1).
This area is considered one of the most active areas in the
northern part of Aswan reservoir. The earthquakes
occurred in the area are characterized by shallow depths
(ranged from 1 to 5 km). The analysis of seismic data of
Khor El-Ramla area from 1992 to 2003 showed a gradual
increase in seismicity started in 1998 where 26 events
occurred with the maximum magnitude of 3.8. The
increased seismicity has followed the quiescent period for

earthquakes increased to 53 and there were six events of
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Fig. 6: The relation between the lake water level and
seismic activity occurred at Khor El-Ramla area for
the time period from 1992 to 2003.

Fig. 7: A closer look of the earthquakes occurred at the
Spillway Fault area. The continuous lines in the
map refer to periphery of the Lake Nasser at two
different levels. The open circles are the
earthquake epicenters from 1999 to 2003.

Fig. 8: The relation between the lake water level and
seismic activity occurred at Spillway Fault area for
the time period from 1992 to 2003.

Spillway Fault Area: The Spillway fault is 4 km, trends
north and is 1 km west of the High Dam in the Emergency
Spillway. The fault was mapped by the High and Aswan
Dams Authority (HADA) and Soviet geologists as a
normal fault that appears to displace the contact between
the Nubia Formation and the underlying Precambrian
crystalline rocks. The fault is shown as vertical on the
cross section, but probably dips steeply to the west [16].

Micro earthquakes activity has been abruptly noticed
at the Spillway Fault area close to the Aswan High Dam
(Fig. 7). This activity began in 1999 and continued till to
2002. In 1999 five events have been recorded with the
maximum magnitude M =2.0 on Richter scale. Eight eventsL

have been recorded during year 2000 and eleven events
during year 2002 with the maximum magnitude M = 2.0.L

The activity decreased during 2003 where three events
only occurred with the maximum magnitude M = 2.2. TheL

abruptly increasing of seismic activity at the Spillway area
from 1999 to 2002 also, has been associated with the
seasonal increasing of the lake water level in 1998, 1999,
2000 and 2001 which exceeded 180m and reached its
maximum level (181.6m) in 1999 (Fig. 8).

CONCLUSIONS

The continues monitoring of seismicity in and around
Aswan reservoir since 1982 introduced three additional
cases of earthquakes triggered by pore pressure diffusion.
A synchronizing increase of seismic activity at three
locations (Abu-Dirwa fault, Khor El-Ramla area and
Spillway fault area) has been noticed during the time
period from 1999 to 2003. The increasing seismicity at
these three locations occurred on the lake periphery
following the seasonal increasing of the lake water level
in 1998, 1999, 2000 and 2001 which exceeded 180m and
reached its maximum level (181.6m) in 1999. The
synchronizing increase of seismic activity is attributed to
the diffusion of water from the reservoir which increases
the pore pressure at the hypocentral depths. The pore
pressure reduces the coefficient of friction between the
fault walls which slide under the effect of the horizontal
tectonic stress prevailing in the area. These results reveal
that the pore pressure plays the dominant role in
triggering seismicity at Aswan reservoir area.
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