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STUDIES ON ULTRA-MICROEARTHQUAKES IN
FRACTURED ROCK FORMATIONS FOLLOWING
RESERVOIR IMPOUNDING

B.N.P.Agarwal*, U.A.Kulkarni*, P.D.Gosavi* and S.K.Guha*
INTRODUCTION

It is well known that during the Jast few decades since the classical case history of
reservoir induced seismicity at Lake Mead, U.S.A., there have been about two dozen
cases uptil now (Rothe’, 1970; Proc. COSERI, 1973; Guba et al, 1974), wherein signi-
ficant seismic activities followed reservoir impounding. Though, in most cases, largest
carthquakes observed following reservoir impounding were below magnitude 4.5, in few
cases such as at Koyna. Kariba, Kremasta and Lake Mead, the magnitudes of largest
earthquakes recorded were higher, even upto 6.5 (Koyna earthquake of 10.12.1967).
It is evident from the above case histories that the number of reservoirs exhibiting seismic
activities following impounding is insignificant compared to their total number as such.
It is quite possible that seismic activities at much lower levei could be more prevalent
than observed so far and had escaped detection due to lack of close and proper instru-
mental observations pear reservoirs. In a programme mitiated immediately after the
Koyna earhquake of December 10, 1967 to investigate existence of such low level seismic
activities atvarious virgin reservoir sites in the Deccan trap region, seismographs suitable
to record ultra-microearthqukes down to magnitude —2.0 were installed near some newly
impounded reservoirs. Though a few of ths reservoirs did not show even ultra-micro-
earthquake activity, Mula rescrvoir situated in Deccan Trap region exhibited ultra-micro-
earthquake activity significantly and the same did fluctuate with water level variations in
the virgin reservoir.

SEISMOLOGICAL STUDIES

The Mula dam (19°22’ N, 74°37 E)- with the reservoir situated in the Deccan
Trap area of the peninsular India, was impounded in 1972 monsoon season for the first
time. Basalt lava beds in the area are known to be horizontally disposed like most other
areas of Deccan Trap region. Immediately after the impounding of the reservoir in 1972,
a long crack (400 m) was observed along the right bank of the reservoir about a kilometre
upstream of the dam (Fig.1). Subsequent studies (Karmarkar, 1973) have confirmed
that the crack was an old one and could not have been formed subsequent to impounding.
Recent photogeological studies have also confirmed this crack to beonly a partofa
much clongated fracture zone along the course of the Mula river. In fact these photo-
geological studies have indicated other similar fracture zones throughout Deccan trap
region specially on the Western side of continental divide. Significance of these fractures
specially with respect to post-trap tectonic activities in the area is yetto be fully evalua-
ted. But their predominantly north-south trends (Das and Ray, 1973; Karmarkar, 1973)
and enhanced density along the west coast seem to be significant. Incidentally, western
coastal strip of Maharashtra is moderately active as cvident from geographical distribu-
tions of historical and recent earthquakes in the area. Thus, directions and density of
these fracture zones in the trap region seem to be tectonically significant. But the area
in the vicinity of the Mula river basin had not experienced any known earhquake activity
in the historical period.- TN
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Fig. 1. Showing location of crack and seismograph station
upstream of the Mula Dam, Maharashtra,

Fig, 2, Microseismograph assembly for detecting and recording ultra-microearthquakes,
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also corporated from large b-values vide Fig. §. According to following equation of
Brune (1970)

. a = i T - %
(cffective stress) (tectonic stress) (frictional stress),

areas having low tectonic stress (o) could be easily susceptible. to seismic activity follow-
ing impounding or pressurisation. From the geographic distributions of reservoirs
exhibiting seismic activities in India (Guha et al., 1974) where low.. tectonic stress (c,)
provails, it is also confirmed that similar changes in effective stress (0} in the area brought
about by water impounding could be probabls mechanism for triggering such seismic
activity, ’ ' '

From the case histories of about a dozen reservoirs including that of Mula in India
in respect of their seismic activities subsequent to impounding, change in effective
stress (g) and stress concemtration around sharp geometry in- shallow underground
geological structures such as faults, fractures, shear zone etc. might be causative factors
In initiating seismic activity, yet the exact mechanism specially for initiating. the intense
Tescrvoir seismic activity could not be isolated. In this connection, it is very pertinent
to mention that available measurements in tunnels, underground power houses, adits,
etc. along the marginal areas of the peninsular India indicate rather low tectonic stress,
compressionral upto 50 bars or so. Thus, the sensitiveness of reservoirs situated in
areas having low tectonic stress field could indicate dominant influence of prevailing low
tectonic stress (a,) in triggering off seismic activities.
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APPENDIX
NOTATIONS

Nu = Number of Earthquakes of Magnitude M
M = Magnitude of Earthquake

a,b = Constants
- o = Effective Stress

o, = Tectonic Stress

ot = Frictional Stress



