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gests that reservoir area litholo
estimate the likelihood of RTS or

r.eget'VOiI'B where RTS does take place'
1ithology may impact on how long after

|  INTRODUCTION

Macroseismic ear thquake activity
following reservoir impoundment has been
documented at many reservoirs worldwide.
This phenomenon, which we refer to as
Reservoir Triggered Seismicity (RTS), is
defined as the demonstratable temporal or
gpatial association of macroseismicity
with reservoir impoundment or water level
fluctuations. Further, post-impoundment
levels of seismicity in the immediate
vicinity of the reservoir must exceed
pre-impoundment levels. RTS was first
reported following the impoundment of
Lake Meade in the 1930's (Carder, 1945),
and while very few cases of RTS have been
associated with damage, at over a dozen
reservoirs the largest triggered
equaled or exceeded

The _Ilrmst RTS event to date is the

o magnitude 6.3 earthquake that occurred at
hm Dam, in western India. This event
. ~ Tesulted in the loss of over 200 lives in

to the dam and

~ yillages (Gupta and

wvestigators have searched
P TS with reservoir
 local geologY,

BY can not be u

its maximum magnitude,

empirical data suggests that local

impoundment
events OCCuUrl. This observation suggests SN SALSE sad largast WIS

possibly be used to better define a "window of RTS risk”
{mpounded reservoirs, when seismic monitoring would be

temporal characteristics of

Oury & Petel' Hﬂnsen

iriggered Seismicity (RTS)

sed as a predictive tool to
However , at

that reservoir lithology could

at new or recently
mOosSt appropriate.

W

date, a significant correlation of RTS
has been found only for reservoir depth
and reservoir volume, with a higher rate
of RTS occurrence found for reservoirs
greater than 80 to 90 meters in depth
and/or those with capacities exceeding
7,000 to 10,000 million cubic meters.

As shown on Figure 1, of the
approximately 250 reservoirs greater than
9 meters in depth and/or exceeding
10 ,000 million cubic meters capacity, 30
(more than 1 in 10) are associated with
RTS. In contrast, the 7 cases of RIS
associated with reservoirs shallower than
90 meters, or less than 10 000 million
cubic meters represent less than 1/10 of
1 percent of the total number of
reservoirs in this category. Clearly,
reservoir depth and volume seem tO have a
significant impact on the likelihood of
RTS. However, while deep and large
reservoirs appear to be more likely to be
associated with RTS, the largest RTS
event to date occurred at a reservoir
that is considered neither very deep OT

very large (Koyna, qumber 20, Figure 1).
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! gince thie rate of diffusion of  pore
preﬁﬁure 18 diT?CFlb’ rqelated Lo the
effective Perm?abllltyr of the materiaglg
béneﬂth and ad jacent to the teservoir, {
45 reasonable to suspect that variationg
gt rock types (with ‘ their ds8sociated
11 fferences in effect{ve Peérmeability)
Sautd be reflected in %he temporal
Characteristicq of relservu_lr tt‘iggered
seismicity. To te&:t this hypothesis
information regardlng,tfma local lithﬁlﬂgy
e data on the t ime of reservoir

impoundment, the time of first RTS event

the

time of maximum RTS

event was

ompiled for 37 worldwide cases of RTS.
;he information included in Table 1 was

Jerived primarily from Gupta and Rastogi

(1976) Packer et al.  (1979), Perman et
lJ (1983), Amick and Snider (1985),
%bé;gco Services Inc. (1985), and Gupta
(1985) .

As noted previously, reported cases of
RTS were included in our study if there
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was

Mmacroseismic R

n Timing of

temporal and/ or spatial association
?f Mmacroseismicity with reservoir
ImMpoundment or water level fluctuations
and  where POSt~impoundment levels of
Seigmicity ln the immediate vicinity of
the reservoir exceed pre~impoundment
levels. Based on available site specific
g?mlogic information, the predominant
lithology 1in the epicentral reglon at
each reservoir associated with

1S5 was characterized as:

« carbonate
clastice

« Volecanic
metamorphic/ erystalline

Where

more than one rock type was
present in the region, the reservoir area
Lithology was characterized by the rock

type present in the RTS epicentral area.
In cases where this could not be
determined the reservoir area lithology

was characterized as the most common rock
type present.
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3 Impact of Reservoir Lithﬂlogy

.y Temporal Patterns of R7g Activity

shown on Figure 2, 4. teservoirg
characterized as carbonate, the

Cime
dela}’ between impoundment and the first
RTS event was found to be E€nerally lessg

‘han one Yyear. This is

Consistent wWith
he karstic nature of n

any limestones,

~ toning for rapid pore Pressure
diffusion.
similar lag times between impoundment
4 the first RIS event were determined
?zr reservolrs characterized by volcanie

.d clastic lithologies (Figure 8F T
?5 gignificant to note that at reservoirg
-haracterized as carbonate, Volcanic or
-jastics the time lag between lmpoundment

and the first RIS event was in po case
greater than three years,

characterized as metamorphic/crystallipe
was found to be slightly 1longer. The

the first RTS event at reservoirs
characterized by metamorphic/crystalline
lithologies was found to exceed 3 years.
In about one third of the cases the time
lag between impoundment and the first RTS
event was found to be greater than three
years (Figure 2). The observed delays
are consistent with the characteristic

permeabilities of these lithologies
(Figure 3).

A similar correlation appears to exist
between lithology and the time delay
between impoundment and the maximum RTS
event. At reservoirs characterized by

Carhonate,
lithologies

Volcanic, or clastic
the mean

= and the mnm:
found te. b aAXimum RTS event was

an 3 years and in only

he time delay found to
years,

CoOntrast, at
characterized

Crystalline
was found to
at other reservo

time delay between

reservoirs
by metamor phic or
lithologies the time

greater than 5 years,

3.2 Magnitude of Largest RTS Earthquake

A comparison of' lithology vs magnitude of
largest RTS earthquake is presented on
Figure 5, As shown, magnitude 6 or
greater RTS ear thquakes have been
associated with ‘each of the four main
lithologic types, rurther . smaller
magnitude earthquakes are also associated
with each reservoir type. These
observations suggest that lithology does
not play a role in the magnitude of RTS.

Rather, since induced changes in stress
associated with reservoirs are small when

compared to tectonic stress, the
magnitude of an earthquake triggered by a
reservoir 1is more likely related to 1)
the level of stress prior to impoundment,
2) the mechanical properties of the zone
of weakness, 3) the size and location of
the zone of weakness, and 4) the areal
extent of the stress change brought about
by the reservoir.

10°
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ldentified in close proximity

A DiscuﬁﬂiOH

while paracterization of reservoir

1ith010g}’ ®OEe8 not appear to be usgef _{'“ﬂr‘l
a predictive _ tOLll to estimate Ul asg
Iikel ihood of RTS or its m'a 2 the
magﬂi tude ’ t he data Presented b l;l}’ﬂl;lm
paper suggest that reservoir 1jgpe;, Sy
wnich can be used as a general indicaeyq
of reservolr area P"?_meab”ity, “Tight t;:n
uSEd toO dEfiHE the windnw of RTS ' I"igk’i
gt new O recently impounded reservoirs
s geismic monitoring would pe moq;

benefic'ial and appropriate.

For example, 1in the case of g3 reservoir
Charactefize‘d by carbonate, clastic or
wlcanic lithologies, if RTS activity ig
o OCCUT, the empirical data presented
here suggests that initial RTS wilj} mos t

1{kely occur within one vyear following
jmpoundment ang at the latest within
three years after impoundment. This
constitutes the period when seismic

monitoring would be most appropriate. TIf
1o activity has been observed by the end

of the third Yyear, the likelihood of RTS

OCCurring in the fu ture becomes
decreasingly low, suggesting that
continued seismic monitoring may be

inappropriate.

If, on the other hand, RTS was observed

during the first three years following
impoundment, continued seismic monitoring
might Dbe in order. However, the
empirical data presented here indicates
that the maximum RTS event could be
expected to occur within > years
following impoundment, suggesting that

reduced levels of seismic monitoring may
be acceptable beyond that time.

Conversely, for reservoirs impounded 1in
metamorphic or crystalline litholo gies,
initial RTS in not necessarily expected
to occur within the first Yyear following
impoundment. Unfortunately, the absence
of RTS during the first three Yyears

following impoundment provides no
dssurance that RTS will not begin at SOIS
later date. In addition, the largest RIS

€vent has occurred at several reservolirs
MOore than 5 years following {mpoundment .
Bsstnentiy. for wery large of cec’

re
feservoirs or reservolrs whe
Pre~existing zones of weakness

Seismic monitoring should be

1 i __“11 beyond the 5 year period.
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