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The problem of induced seismicity related with @pien of reservoirs is essential
in geophysics and earthquake engineering, espedi@ll the reservoirs, which are
constructed in seismically active regions. As thwle territory of Armenia is situated
in very high seismoactive zone seismic risk assessif dams is very important task
for Armenia. We have collected and analyzed the dat the current reservoir's and
dam’s situation and then pointed out the main factioat determine the risk’s levels.

Our investigations, performed for the three mostggeous homeland large dams,
are based on the main principles of total risk ysial for dams, presented in the
recommendations of International Committee of Ldbgens (ICOLD). In this paper it
has been also shown, that the number of microesaies increase after reservoir
operation, causing changes of seismic regime ierokd regions.
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Introduction

As it is known quick growth of the nhumber of natuaad technogeneous
catastrophes has been noticed in recent yearssaadesult a population and
economic losses in many countries and society, dneggl become more
vulnerable to natural disasters.

The incidents at dams may happen due to seepdgaridation, body and
abutment area, internal erosion of piping, overtogpdam slumping, slides,
construction drawbacks, problems at downstream noe;maintence of de-
mands of exploration notes and earthquake impadcbdihg and Dam Failure,
1996).

Most of 83 dams (large and small) in Armenia ateased in highland
areas of 1500-3000m altitude. The majority of daans embankment ones.
Armenian dams are mostly situated in an area wgh litologic, tectonic and
geomorphologic heterogeneities (Khondkaryan, 1988gsyan, 2008).

Armenian Upland is one of the most active segmehslpine-Himalayan
seismic belt, which is related to the collision eaf Arabian-Eurasian plates.
This region is seismically very active.

According to the new seismic zonation map of tmattey of Armenia the
level of seismic hazard is evaluated with expegtedind accelerations of up to
0.5g and which is corresponding to 9-10 seismicaictp on MSK-64 scale.
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However, almost all dams were mostly designed spoeding to seismic
hazard level of 7-8 on the MSK-64 scale.

Today it is generally accepted that significaneresir-triggered earthqua-
kes can only occur in regions with high tectoniesses in the earth crust, i.e.
the causative fault that can produce an earthquadleady in near failure
conditions, so that added gravity stresses and pa®sure propagation due to
reservoir impounding and can trigger the seismiergy release (ICOLD,
2003).

According to ICOLD Bulletin 72 for sites in hazatcthss IV (PGA>0.25¢g
and active fault closer then 10 km from site) sefgaconsideration of MDE
(Maximum Design Earthquake) OBE (Operating Basistitemake) and RIE
(Reservoir Induced Earthquake) are required (ICGRD2005).

For this task the following groups of factors aiscdssed: (1) geological
and structural factors; (2) factors resulted froamdsite (3) flooding. A risk-
analyzing method identifies the weak element omelats of a complex dam
system. Safety can be increased by means of imp@veof these elements.

This paper outlines the main principles of totakranalysis of dams based
on the recommendations of International Committekasge Dams (ICOLD),
discussed some issues of conventional methodsraradiuces the results of a
study which was performed for the three large ddmsArmenia: Azat,
Akhuryan and Tolors.

1.Seismic activity around reservoirs area

Comparison of the pre-impounding and the post-imping seismic acti-
vity is necessary in order to resolve the anthrepay seismicity from back-
ground activity. The main difference between a masetriggered earthquake
and a natural earthquake is that the reservoigdrigd earthquake has a rela-
tively high likelihood of occurring within the fitdew years after impounding
of the reservoir or when the reservoir level hashed its maximum elevation.
These earthquakes have often a shallow focus aidegpicenters are relatively
close to the dam sites or the reservoir (Ibrahi®®91 Torcal, 2005). After dam
construction the filling of the reservoir creategravity stress field, which is
immediately added to the pre-existing tectonic sstes. The field of pore
pressures follows, propagating in depth, graduddlgrease the initial effective
stresses due to the action of the primary tectetness field and of the added
weight of water in the reservoir (ICOLD 72, 200%ALD, 2003). In our
studies we observed data which had been recordéguhvwi0 km and 50 km
regions around the reservoirs site during instrualgreriod (since 1962) using
a new homogenized catalogue (with magnitude Ml)ebasn the National
Earthquake Catalogue created in the National SufgeySeismic Protection
(NSSP, www.nssp-gov.am), International Seismolddgiemter Catalogue (ISC,
http:/www.isc.ac.uk/) and Catalogue of the Insétwf Geological Sciences
(IGS).
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1.1Reservoir AZAT

The Azat reservoir is built on the Azat River.dtdituated in Ararat region
in the central part of Armenia. The Azat dam is anttment earthfill dam. Dam
height is 76m. The reservoir impounding startedl96. It is used for irrigation
purposes. The downstream population is about 8®@sand. The design seis-
mic resistance of the dam is 1=8 in MSK scale. Adowg to the new seismic
hazard map the territory of reservoir is locatedhia zone with amax=0.4g
(1>9).

The study area is characterized as a very actigengeregion,due to Gar-
ni-Elpin and Yerevan active faults. Azat dam ighe area where two historical
strong earthquakes occurred: the Dvin earthqual®®® M=6.8 and the Garni
earthquake in 1979, M=7.0 (Karakhanyan, 2008).

For the pre-impounding period the mean number athgaakes with
M>3.5 per year occurring inside a 50 km radial za&m®& events. The yearly
average number of earthquakes that take place glihi@ post-impounding
period is 33 events (six of them with M>4.0). ItsBown, that the number of
microearthquakes increased after its operationsisguchanges of a seismic
regime in observed region (Fig. 1).
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Figure 1.The time histogram of earthquakesin afelnd around the Azat reservoir site.

1.2 Reservoir TOLORS

The Tolors reservoir is built on the Sisian Rivitris situated in Syuniq
region in the southern part of Armenia. The Toldasn is rock fill dam with a
central clay core. Dam height is 69 m. The reserimpounding started in
1974. The downstream population is about 15 thalisdhe design seismic
resistance of the dam is I=8 in MSK scale. Accagdimthe new seismic hazard
map the territory of reservoir is located in th@eavith amax=0.4g ¥9).

Tolors dam is in the area where two historicalrggrearthquakes occurred:
the Syuniq earthquake in 1407, M=6.5 and the Zangearthquake in 1931,
M=6.3.The largest earthquake recorded in the ingnial period was Zangezur
Il earthquake in 1968 with magnitude M=4.9.

For the pre-impounding period, the mean numberaothguakes per year
occurring inside a 50 km radial zone is 2 evenk® Yearly average number of
earthquakes that take place during the post-imgagnderiod is 14 events.
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During only one decade after the impounding of theervoir several events
with M>3.5 occurred. The largest one occurred iB2L%vith M=4.2. After

impounding of reservoir in study area the numbemifroeathquakes increased
(fig.2), but with four years delay after impoundiexplained by the fact that the

seismicity in this area is mainly associated witbrep pressure diffusion
(Sargsyan, 2009).

Numberof EQs
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Figure 2.The time histogram of earthquakes in &felam around the Tolors reservoir site.

1.3 Reservoir AKHURYAN

The Akhurian reservoir is situated in Shirak regiorthe northern part of
Armenia. The Akhuryan dam is gravity dam which lheig 59m. The reservoir
impounding started in 1982. The downstream popanat about 100 thousand.
The design seismic resistance of the dam is 33K scale. According to the

new seismic hazard map the territory of reserwilocated in the zone with
amax=0.4g {9).

Numberof ECs

Figure 3.The time histogram of earthquakes in 88ekm around the Akhuryan reservoir site.

The main faults in study area are the followinghaAkyan, Pambak-Sevan,
Jeltochenrensk and Spitak. In this area occurredLéminakan earthquake in
1926, M=6.0 and during instrumental period the datgSpitak earthquake in
1988, M=7.0. For the pre-impounding period the meamber of earthquakes
per year occurring inside a 50km radial zone i®dénts. After impounding of
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reservoir in study area the number of microeathgsiaincreased: average
number per year is 37 (fig.3).

2.Seismic Risk Assessment of Azat, Akhuryan and Tarls dams

As the whole territory of Armenia is situated inryehigh seismoactive
zone, the seismic risk assessment of dams is wgsnt and important.The
main principles of total risk analysis of dams &sé&d on the recommendations
of International Committee of Large Dams (ICOLDjsalissed some issue of
conventional methods and introduces the resultsa oftudy, which was
performed for the Azat, Akhuryan and Toloros dams.

The total (potential) risk associated with dams sists of structural
components and socio-economic components. Thetwtallccomponents of
potential risk depend mostly on storage capacity @mthe height of the dam,
as the potential downstream consequences are fim@irto the mentioned
values. Socio-economic risk can be expressed lmn@der of the persons, who
need to be evacuated in the case of danger andotant@al downstream
damage. It is possible to rate the total risk byigiveng the mentioned
components associating the larger weighting fatbothe dams with larger
storages and entailing larger potential downstrdamage (ICOLD 72, 2005,
ICOLD, 2003).

The following table 1 is convenient to rate the&k rassociated with dams.
Four risk factors are separately weighted as lowdemate high or extreme
ones:

Tablel. Risk factors: weighting pointes

Risk factor | Extreme | High | Moderate | Low
Contribution to risk: weighting points

Capacity >120 (6) 120-1 (4) 1-0.1 (2) <0.1 (0)
Height >45 (6) 45-30 (4) 30-15 (2) <15 (0)
Evacuation >1000 (12) | 1000-100 (8)| 100-1 (4) None (0
requirements

(number of

peoples)

Potential High (12) Moderate (8) | Low (4) None (0)
downstream

demange

The weighting points of each of the 4 factors, shhamthe parentheses in
the table 1, are summed to provide the total askdr as

Total risk factor = capacity + height +number ofopke+ downstream
damage.

The risk class of the dam based on the total askof as followed (ICOLD
72, 2005, ICOLD, 2003).

34



Table 2. Classification of total risk of dams

Total Risk Factor Risk class
(0-6) Low

(7-18) Moderate
(19-30) High
(31-36) Extreme

In the case of the possible disasters at resenbiis necessary to do the
following special calculations:
» the determination of the amount of peoples, whalrteebe evacuated
in the case of danger;
» the assessment of possible economic damages (igs|dionstructions,
roads, bridges and others).

Table 3.Risk factors and corresponding weightingesfor the Azat, Akhuryan,

Tolors dams

Contribution Values| Risk | The |Risk|Value§ Risk | The |Risk|Values| Risk | The [Risk
to Risk factor |weight|clasg factor |weight|clasg factor |weight|clasg
(weighting valueg valueg valueg

points)

Azat Tolors Akhuryan

Capacity, 70 High 4 96 High 4 525| Extrerme 6

km®

Height, m 76 | Extreme 6 69 | Extreme¢ 6 59 | Extrem¢ 6
Evacuation| 82.200| Extreme 12 15 00QExtremg 12 100000Extremg 12

No of

persons

living
downstreant

Potential |ExtremgExtremg 12 High | Extreme¢ 8 High | Extreme¢ 12
Downstrean|

damage
|Tota| Risk| |Extremq 34 ||v | | High | 30 |||| | |Extremq 36 ||v |

There are the different methods for solution of tiwticed tasks. For
example, we used the “Volna-2” special calculafoogram for the assessment
of the results of the failures of the dams and mitsedownstream damages. As
it is shown in Table 3 the total risks for Azat,|ds and Akhuryan dams
depended on the structural components and socimeuoal components
having high-risk values.

3.Summary and conclusion

Sudden failure of a dam are result of earthqua&strdying of dams follo-
wed by inundation of population in downstream arfesces to pay special
attention to the seismicity of the region the ddmit in. Many of the large and
small dams in Armenia are located in zones of lsiglsmicity. It is shown that
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the number of microearthquakes increase aftempigsation causing changes of
seismic regime in the observed region. In gendra, clear that a relationship
exists between seismicity and reservoir water |lewlich probably modifies
the pre-exiting tectonic stress field and pore gwess, but no specific mecha-
nism for the induced seismicity has yet been idieqti

According to the definition by International Comsien of Large Dams
(ICOLD), the dams with heights more than 15 megard reservoirs with more
than 3 million cubic meter water capacity, are dde®d as the large and are
high risk objects.

Taking into account the high population densityAinmenia and the fact
that residential areas exist downstream from mdnthese reservoirs, makes
the ensuring of reservoirs safety an urgent is3le main reasons of the
incidents on the dams in the world are based otattleof information by the
experts on regular monitoring of the dam’s currrathnical parameters and
some special characteristics of its condition.

Emerging from the fact that the earthquakes cabegiredicted in the near
future, the most appropriate approach is the assggsof the dam risk will be
to allow then install the special water alarm systeat the most dangerous
dams. In this case a large number of people thatidee saved from flooding
caused by possible failure of a dam and econonmitadas will be decreased.
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UG3UURPY *6dhUP &4 UGBUUDRY (YhUYP FLUZUSNRUL
2U8UUSULP NNT cUzUANr04YNN, QL UULULUESE ZUUUL

L. U. Uupquyui
Udthnthnid

Qpudpwpubph owhwgnpsdwdp wwydwbwynpyws hwpnigdus
ubjudhynipyutip, tpljpuphghuyh b hudkubpuyght ukjuuninghugh Yu-
punpwgnyt fjuinhpubphg E, hwnjuybu wt opudpwputph hwdwnp,
npnbp Jupnigqué bkt pwpdp ubjudwwljnhy opowtubpnid: Lwuh np
Zujuwunnwth nwpwspp qpbipt wdpnnempjudp quuynud k pupdnp ubju-
uhly Junwbgh gnuinid, wwwndwupubph ubjudhl rhuljh quwhwwnnudp
o Juplnp juughp E: Uktp hwduwpl) b JEpnistp Gup ubkpluyghu
opudpwputph b wuwujuwputph YEpwpkpu) ndjuivtpp, wjunthtnb
ptpk] Bup wytt hhdtwlwb gnpénuubkpp, npnup npnonid Eu nhuljh dw-
Juppulp: Uju wphwnwipnmid dbp Ynndhg punpdus 22 tpkp wdk-
twjunonp opudpupbph hudwp Junupdt) b iphy phuljh qguhwnnod
hhdtudtny Ivnpgnp NMwundupubph Uhowqqujhtt Yndhwnth (ICOLD)
wnwowplnipnitubph b ywhwueubph Ypu: 8nyg E wnpdus twl, np
niunidtwuhpynn opwdpwptbph nmwpwsputipnmd opudpwuphubph sw-
hwgnpénidhg htinn nhnynud E pnyy) Epjpuowupdtph putujujui we,
npp pipnud £ wju oppwtittpnid utjuhly ntidhuh thnthnpunipjut:

OIIEHKA CEUCMHUYHOCTHU U CEHCMHUYECKOI'O PUCKA JIJIS
HEKOTOPBIX 9KCIUITYATUPYEMBIX BOJJOXPAHUJINIIL
APMEHNMH

JI.C. CapkucsiH

Pesrome

[IpoGnema HaBeACHHOM CEMICMUYHOCTH, CBSI3aHHOM C SKCILTyaTaIluei BOJ0-
XpaHWJIMI, UMEEeT BaXKHOE 3HaueHWe B reodusmke M WH)KEHEPHOW celicMo-
JIOTUHM, OCOOEHHO MAJISl TUIOTHH, KOTOPBIE CTPOSITCA B CEHCMHYECKH aKTUBHBIX
obmactax. [lockonmpKy Bca TeppuTopus ApPMEHWH pacToOjiOXKeHa B 30HE BHI-
COKOW CEHCMOaKTUBHOCTH, OIIEHKA CEHCMHYECKOTO PHCKA IUIOTUH SBISCTCS
OJTHOM M3 BaXXHBIX 3a7a4. Mbl coOpalii ¥ MPOAHATU3UPOBAIN JAaHHBIE O TEKY-
IEM COCTOSHHWH BOJOXPAHWIUI M IJIOTHH, a 3aTeM yKa3aJiu OCHOBHBIC (ak-
TOPBI, OTIPEACTISIONINE YPOBHH PHCKA.

Hamm uccnemoBanusi, MpoBeIEHHBIE [UISI TPEX CAMBIX OMACHBIX TUIOTHH,
OCHOBaHBI Ha MPUHIMIIAX OOIIEro aHajau3a PUCKOB JJIS TUIOTHH, TpeACTaBIIeH-
HBIX B PEKOMEHAANUAX MEXIyHapOJHOTO KOMHUTETa KpPYIHBIX IDIOTHH
(ICOLD). B stoii paboTe Takke MOKa3aHO, YTO KOJUYECTBO MUKPO3EMIICTPS-
CCHMII BO3pacTaeT IIOCIC HAMOJHEHUU pe3epByapa, BBI3BIBAS H3MCHCHHS
CEHCMUYIECKOTO PeKUMa B HAOIOTaEMBIX 00JIaCTSX.
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