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ABSTRACT. We present an evidence of reservoir induced controlling influence of water level periodic changes
in Enguri high dam reservoir on regional seismic activity. Data sets of water level daily variations in the Enguri
high dam reservoir and the seismic data sets recorded by the local network have been analyzed. Monthly frequency

of earthquake occurrence has been calculated.

According to our results decrease in daily seismic energy release around Enguri high dam during water level
periodic variation can be assumed as a control of seismic activity. This controlling influence may be explained as a
result of phase synchronization of complex seismic process with small periodic changes in the reservoir water level.

© 2007 Bull. Georg. Natl. Acad. Sci.
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In the present study the possible control of water
level variation of the dynamics of local seismic activity
in a large reservoir is investigated. Large reservoirs, es-
pecially those located in seismically active zones, are often
considered as a source of triggered or induced earth-
quakes [1-5]. Therefore, the scientific and practical im-
portance of possible mechanisms related to the influence
of high dam water reservoirs on earthquakes in the sur-
rounding territory is well acknowledged [1-6]. Since the
middle of the past century reservoir-induced seismicity
has been observed at many reservoirs and their geologi-
cal, hydrological and physical features remain the sub-
ject of intense investigations.

During impoundment or after it with several months
delay (years) the number and magnitude of earthquakes
around the reservoir significantly increases. This increase
is related to the complex impact of the water lake on the
earth’s crust under the reservoir and is explained by the

changes in the ambient stress condition due to the load
of the water or, respectively, to the increase of interstitial
pore pressure in the rock matrix beneath the reservoir
due to downward percolation of fluid [3, 7, 8]. It is also
known that reservoir-induced seismicity decreases after
several years down to the basic level of local seismic
activity, when lesser earthquakes occur with lower mag-
nitudes.

At present, many aspects of reservoir-induced seis-
micity become understandable [3, 4]. At the same time
the decrease of seismic activity following the initial in-
crease is still an open problem.

In the present study we investigated the influence of
the water level variations (Fig. 1a) at the Enguri reservoir
on the daily release of regional seismic energy (Fig. 1b).

As it follows from Figs. 1a and 1b, the daily emission
of seismic energy at first increases under the influence of
the Enguri reservoir. This increase of regional seismic ac-
tivity during the first 3200-3400 days coincides with the
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Fig. 1. a) Record of the daily water level in the lake of Enguri dam from 1975 to 1993, b) Log of normalized daily released seismic

energy.

period of impoundment and reservoir filling. This is in good
agreement with other observations [3, 4] and represents a
clear example of reservoir induced seismicity.

Commonly, the initial period of increase is followed
by a period when seismic activity gradually decreases [3,
8]. In the case of the Enguri reservoir the amount of daily
released seismic energy and number of earthquakes de-
creases even to a smaller absolute level than that before
impoundment (Fig. 1b). As is evident from Fig. 1, this
decrease coincides with the interval of (seasonal) peri-
odic changes of water level.

In order to test the reliability of this assumption we
proceed from the analysis of the dependence of earth-
quakes monthly distribution on reservoir water level (Fig.
2). Here the monthly frequency of earthquake occurrence

Bull. Georg. Natl. Acad. Sci. vol. 175, no 2, 2007

(MFEO) was calculated as a ratio of the monthly number
of earthquakes that occurred during the last 8 years of
water level periodic variation, normalized to the total
amount of earthquakes for the same period. Similar cal-
culation was carried out for the first five years of obser-
vation, when seismicity was not influenced by water level
variation. As it follows from Fig. 2, when water level varia-
tion is periodic, earthquake occurrence appears unimodally
distributed with maximal frequency of earthquakes oc-
curring at reservoir discharge periods. At the same time
without reservoir influence, the distribution of earth-
quakes was almost uniform. This means that the dynam-
ics of water level variation may indeed affect local en-
ergy release.

Thus, the results of the present investigation, to-
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Fig. 2. Monthly frequency of earthquake occurrence before (open circles thin line) and during water level periodic variation (dark
circles bold line).

gether with earlier findings on the synchronizing influ-  sidered as evidence of the controlling influence of reser-
ence of reservoir water level variation [9], may be con-  voir on related regional seismic activity.
3gmgobogs

6809'2153(3'53015 6‘539'{’35"0) 6&5305)(063&3;{)0
663@)0»301)-3%;«33&8;20 debggnﬁ)o Bao'lsa-aﬁ)o 353(4)60015
dmséﬁmggo

3 bao'aoda*, . 5*2](30'3309‘20*, . ?(,03.)‘50'3309‘20*, 6. J9 60)3.)*, 9- 33(3.)(4)083*,
0). 389:’063**’ o. 3 3.5(4).5'830Q0*

*

d. boosl ggmaobozol 0blboddo, mdogrobo
3g9@gdools 9360, d. berosl ggmgobozols oblbBodydo, mdoemolbo

sk

15&.5&0.)'30 3°BBOQ3Q0‘3 s'abmlsbe.%ols 6.33Q3600) 3.55306(')63&35'\00 [y d.bQ‘:]ﬁo lsaolsa'ﬂﬁm b{]éo{imboh
dmséﬁ)mgols aahodgaagmboh Bodombo 358'35)3315015 \3,’3‘5931;.3033’30 V‘erols Qmsols 3360mQﬂQo G3QOQ36015
‘1533.)3;3350% 3.)6.);200)15;].

HHB%QOQ 0556 358'360'5 33QQ:)30 do’a‘bg:)ol) Vﬂo;:)lsoeb;j'ao Vﬁg‘:ol& Qmsols 3(')33QQQO'360 G3QOQ36015.)
Qb de.)gm'aﬁo 1530133'360 {]BaQoB aaﬁaamaom F).)Vatfmgo 8m6.>0383250. 6‘3300’39\"09\" oﬂsb 306015835).)0).)
30033@0)30'360 1505'30(4)3.

Bull. Georg. Natl. Acad. Sci. vol. 175, no 2, 2007



80 Vakhtang Abashidze, Thea Khutsishvili, Zurab Javakhishvili, Natalya Zhukova,

dorgge Bgrgag8by 3gebrmdom gbigbom, Hmd grggrmrmorti gsdmagelggmgbyme byoldgho gbgfaeol
G3QOQ36.§ 358'ﬂt¢)ols aoQQogo db'abg:’ols oﬁ)aagoz; Vﬁbml&éeé{;’ao VﬂQO]} Qmsols 335)0mg‘39’20 03Q°Q36°1‘
Qﬁ)ml& 'aaodgab.) 6.)51‘)0;2'2152 055315 6('760760 e JQQ'Z]&’O 13301)32]60 .)2](503('13013 'aalsbdgmm dml;éﬁ)mg)o.

REFERENCES

1. D. W. Simpson. (1986), Ann. Rev. Earth Planet. Sci., 14: 21-42.

2. H. K. Gupta. (1992), Reservoir induced seismicity, developments in geotechnical engineering, Elsevier.

3. P. Talwani. (1997), Pure and Appl. Geophys., 150: 473-492.

4. C.I Trifu (Ed). (2002), The mechanism of induced seismicity. 623p; Special Volume, Pure & Applied Geophysics, 159.
5. M. Assumpseo, V.I. Marza, L.V. Barros, C.N. Chimpliganond, J.E.P. Soares, J.M. Carvalho, D. Caixeta, A. Amorim, E.

Cabral. (2002), Pure Appl. Geophys., 159: 597-617.

. D. Simpson, W. Leith, C. Scholz. (1988), Bulletin of Seis. Soc. America, 78, 2025-2040.

. M. Saar, M. Manga. (2003), Earth and Planetary Sci. Letts. 214.

. A.F. Nascimento, PA. Cowie, R.J Lunn., G. Pearce. (2004), Geophys. J. Int., 158, 1041-1052.

. J. Peinke, T. Matcharashvili, T. Chelidze, J. Gogiashvili, A. Nawroth, O. Lursmanashvili, Z. Javakhishvili. (2006), Physics
of the Earth and Planetary Interiors, 156/1-2: 130-142.

O 0 3 N

Received December, 2006

Bull. Georg. Natl. Acad. Sci. vol. 175, no 2, 2007





