1OV =AY donis VWAL oY o)lads OFF 093 cl2b 5 e 5K 50 Uea

oS 3ol 3 01 1 g a5 S s O 3 U Fge 5 b siledie

6:;’" J*"f SI)

- & s 5 £s 5 3 . -8 ' . g Eas - s o !
Ol el ol (85} Ao s e G ied 09,5 0 8T (6,050 (spmdl
Ol el ol oK 58557 dunGio i poj K 5d aj}f‘)éalf.w/r

AAYTY aled Gy cAVAY sl o)

oS>

Sloged b (w2b) (gilw e ©ygot padie JuS Sy (g9) dw axlyd (5 P11 GBU (S oy oSl pols G 5
8 > JuS (59, 455 s ol Sl 86 QW) (a5 o p Sl ey ol oslatel b acal 00 i (g5
sl @355 d oSS Lo (gl 03910 53 uelS —pmge 012l I odlial L i) sladadda (p 58 g n ke ]
$o 03910 53 &5 JuS ] ) o5 B (e 8,8 8 Lo g s 2090 5 bl b ol el 5 05 (g3l o
5 45 Jae angd Cpgo d pasde (B3 D 5 Ngy i (Job b (NS axbo ©jgon wal sad gy oSS Le
5 s Slagdos ot ¢ S1; 3l adlate ol ) sl 48,5 8 il g 4328 cdlne 350 ] (g9) G Sglite sl el
e 423 70 B0 (o glite slacud ) i ey oS e @l 5 i JeloS sl gyl Sl s Cand )3 oS
Gl ol (5 39y HlaEl el 48,5515 6yl ouilyg) JuS 0)lsld hu 4 S35 43S s dalyd sl o
P E9S9e (nl 9 diwgy ()l GBI A )3 g JuS (pl (KFunS jon oloj 2 3L cage dlgn laee (Sl
JuS (Prlaw (K5uuS | glaskad > Jols gols ol oad sdabie 5o (gl JuS 53 o5 I (8L GRS o)l Wb
oS5 s ply 5035 b &8 JuS il iy S5 5l shtabsd 13 5 s a3 Aogy (6l Ltal Bl 50U (gl
Ay o (pl )0l oglS Y0 1 1S Blasl )0 5 a3 VO s )0 S o)l o) e 489 (ol e caidly doldl b
I3 eshS N L s 53 &5 o gl b Y Loy a5 b slily )3 e by S (86 QI Gy ol

435t oS 5yl ccwalS i 55 ol 58 05y 1S slaely

Mathematical modeling on the Karkheh reservoir stresses and its application
to the Dalpari fault

Hodhodi, M." and Kamalian, N.?

ph.D. Student of Geophysics, Earth Physics Department, Institute of Geophysics, University of Tehran, Iran
2Assistant Professor ,Earth Physics Department, Institute of Geophysics, University of Tehran, Iran

(Received: 22 Nov 2008 , Accepted: 12 May 2009)

Abstract

In this research, a new mathematical modeling on strength changes due to reservoir
elastic stresses across the preexisting fault plane is introduced. The method has been
applied to the Dalpari fault, which is one of the potential seismic sources in the vicinity of
the Karkheh reservoir. In this method the distribution of total stress across the fault cannot
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be determined because the initial stress is unknown; the pore pressure due to the reservoir
is also not considered. The mathematical modeling method has been explained briefly in
the following.

The lake first is divided into small rectangles of sides a and b by two sets of
orthogonal straight lines, one set conveniently east-west and the other north-south. The
mean water depth h in each rectangle with area S is estimated, and the water pressure on
the floor of the rectangle is replaced by a vertical force F = pgS h at the center of
rectangle. It is clear that rather smaller rectangles lead to more precise modeling, hence,
each rectangle with increasing h is divided into some parts. The water pressure of the lake
is simulated by a set of point forces F which applied in the -X3 direction and acting on the
rectangles. We define now a mathematical model of the single force F in the elastostatic
fields using the delta function conception: The point force F is defined as:

F=Fad(r)
The ith component of displacement at point p(x,x,,x,) due to F in the jth

direction, u’, is given by:

ul = F/Snu(Sijr‘kk - Fr’ij)
where j=3, for the water pressure of the lake, and r:((X1)2+(X2)2 +(X3)2)§is the distance

from origin to point P. The general three dimensional relationships between nine
Cartesian strain component €, and three Cartesian displacements (u,,u,,u,) are given by:

1
Eg:z(ui,j +uj,i)

These nine terms constitute the infinitesimal strain tensor, a symmetric tensor with six
independent quantities. The stress tensor is given by stress-strain relationships based on
constitutive law called Hooke's law is given by:

o; =MeE)d; + 21 g

Using the conception of the stress tensor and well-known relationships in elastostatic
theory the various stress parameters such as shear and normal stresses due to reservoir can
be determined at the point P in a plane with normal n. In this way, we would be able to
achieve the strength values due to the reservoir across the specified preexisting fault

plane. The shear stress (t,, ) and strength (S _) due to the reservoir across the preexisting

fault plane are, respectively, as follows.

T, =T,-c0s(0)
Snr = an - MGH

0 is angle measured in the preexisting fault plane between resolved shear stresses due to
reservoir and ambient causes, and it is measured from the direction of the latter
coefficient of friction along the fault plane, p is coefficient of friction across the
preexisting fault plane. The earthquakes near new reservoirs is classified into the
following three cases on the basis of positive, negative and zero values of g ; a reservoir

based on this classification may stabilize some parts and destabilize other parts of the
same nearby fault surface.
Case I: induced or reservoir assisted natural earthquakes; s > 0. This situation will

arise when 0 < 0 < 90 and the reservoir stresses have a net destabilizing influence on
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some parts of fault plane in which t_ has a suitably large component in the same

direction as initial tectonic shear stress, therefore the earthquake occurs earlier than its
natural time.

Case II: natural tectonic earthquakes despite the inhibiting influence of the new
reservoir; S < 0. This situation will arise when 90 <0 < 180 and the reservoir stresses

have a net stabilizing influence on some parts of fault plane in which a component of t_

acts opposite to initial tectonic shear stress, therefore the earthquake occurs later than its
natural time.
Case III: natural tectonic earthquakes with no influence of the reservoir; s = 0. The

reservoir exerts neither a stabilizing nor a destabilizing influence on the fault plane. The
earthquake occurs neither hindered nor assisted by the reservoir; its occurrence time is the
same as the natural time. Hence there is again a natural earthquake near the reservoir.

We have applied these concepts to the Karkheh reservoir and discussed fault stability
analysis on the Dalpari fault plane. For this, we identify the strength equation as the main
operational relation and list here the inputs required for its evaluation. Firstly, the location
and orientation of the segment of the Dalpari fault in the vicinity of the reservoir should
be specified. An estimate of the coefficient of friction, Poisson's ratio, shear and Young's
modulus in the crustal rocks beneath and around the reservoir should be available also.
Secondly, we should specify the direction of resolved shear stress on the fault due to
ambient crustal stresses. If the fault plane solution for the earthquake is available, or can
be modeled, then the direction of slip on the chosen nodal plane may be taken as the
estimate of the desired shear stress direction. Thirdly, we should have estimates based on
computations of the elastic stresses due to the Karkheh reservoir on the Dalpari fault
plane. It is observed that in the Zagros high angle reverse faults (dips>30) appeared to be
more common than low angle trust (dips<30); there is a peak in the distribution in the
range 30-60 and very few nodal plane dips corresponding to low angle thrusts which
would plot in the ranges 0-30 and 60-90. It is observed that in this region the seismogenic
depths vary from 4 to 20 km, with typical uncertainties being + 4 km. As a result, due to
unavailable valuable information needed about the Dalpari fault plane parameters, we
have considered different dips between 15° to 60° and the maximum depth 15 km for
analysis.

The Karkheh reservoir is situated on the hillwall part of the Dalpari fault. Based on the
analysis it is observed that the reservoir may exert a stabilizing influence and delay the
time of earthquake occurrence associated with this segment. These observations are in
agreement with the theoretical stress analysis due to the reservoir in this segment. This
results in a more crustal stability at all dips of the surface segment of the Dalpari fault.
The possibility of induced earthquake may occur at the 15° dip of the hidden segment of
this fault and at depths shallower than 2.5 kilometer, which continues until nearby down
the dam site. In this segment the maximum reservoir induced strength in the direction of
the slip vector fault is estimated about 0.12 bar at a depth of ~1 kilometer.

Key words: Reservoir Induced Seismicity, Coloumb stress, Stability fault, Karkheh Dam
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