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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asus axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAD Cepusicbly 2bliviMu dcypranvinviy Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRaHuscul Jcypranovl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwviioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei meH canacwin Ycvinaovl. KP YFA Xabapnapeo.
Teonocus scone mexunuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyi 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2e0n02usi JHeaHe MexXHUKAIbIK
EbLIBLIMOAD OOULIHUWA KOHMEHMKe adanoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCEeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY NO 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue2o coobuecmsa.
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Abstract. Determination of Neotectonics activity rate imperative in dams and
related structures studies. The results of Neotectonics and active tectonics investigation
along with the results of seism tectonics studies have an essential role in the selection
of the dam site, type, details of design and dam construction and related structures.
Generally, morphotectonic Indexes are significant tools for identifying and determining
the level of tectonic activity, especially around the river drainage basin. Thus, tectonic
active areas can be reasonably identified and distinguished from areas with lower
activity, using the said indexes. By determining the rate of tectonic activities, the
results can be used in the design of the dam body and other structures. According to
the investigation conducted on morphotectonic Indexes around the river drainage basin
and site of “Behjatabad Dam” in Qazvin province, especially Index of relative active
tectonic, it was determined that reservoir area and construction site of the dam and other
related structures are located in a region with a very high tectonic activity. According to
the conducted studies about this dam, the relative activity factor (Laf) for the area
of Behjatabad dam is equal to 1.38, which in terms of tectonic activity rate is in an
area with very high activity. Based on the tectonic seismic studies in the area of this
dam, there is possibility of earthquakes with a magnitude greater than 7 Richter
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during the useful life of the dam (100 years), which is in accordance with the study
of morphotectonic indexes. The vertical and horizontal acceleration values for the
design surfaces are equal to 0.34 and 0.48.

Keywords: neotectonics, morphotectonic indexes, dam, river drainage basin,
active tectonic, seismotectonic, credible earthquake
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AnHoTanuss. HeoTeKTOHHMKAJBIK OCICeHAUTIKTIH IKbUIIAM/IBIFBIH aHBIKTAY
OereTTep MEH OHBIMEH OAMIAHBICTBI KYPBUIBICTAPIBI 3EPTTEYAIH MAaHBI3IbI KE3CHI
OoubIn TaObUTaABI. HeoTekToHKa MEeH OelICeH Il TEKTOHUKAHEI 3€PTTEY HOTIKENIepi
CEHCMOTEKTOHUKANIBIK Talfay AepeKTepiMeH Oipre OereTTiH OpHallaCKaH JKEepiH,
OHBIH TYPiH, JU3aiH EPEKIICTIKTEPIH JKOHE KYPBUIBIC MapaMeTpIICpiH TaHayna
mientymn pen  atkapaabl. Mop(OTEKTOHUKAIBIK HMHACKCTED TEKTOHHUKAIBIK
OeNCeHmiTiK JCHIeiiH aHBIKTAy[blH KoHE OaramayiblH, ocipece ©3¢H
OacceliHaepinAe THIMII Kypaibl peTiHAe KbI3MET eTeni. MyHmal WHIEKCTepIi
KOJJIaHy TEKTOHUKAIBIK OEJCEHMTIK alfMaKTapblH CEHIMII TypJe aHBIKTayFa
JKOHE onapipl a3 OeliceHAl alMakTapJaH axpIpaTyFa MyMKIiHAIK Oeperi. ©3eH
OacceliHiHAE JKOHE CaJBICTBIPMAlbl TEKTOHHUKAJBIK OEJCEHITIK MHICKCIH Koca
anranna, bexmkaraban 6eretinid (Ka3BuH MpOBUHIUACH ) yUaCKECiH/IE )KYPTi3iiareH
MOP(HOTEKTOHUKAIBIK KOPCETKIIITEPIi 3ePTTEyre ColKeC, Cy KOWMACHIHBIH ayTaHbl
MeH OOreTTiH TYPFBI3BUIFAH Kepi TeKTOHWKAJBIK OEJICEHILIIr jKOoFapbl aliMaKka
Karajapl. berer almarbl YIIIH CaNBICTBIpMaibl OEICeHIUNK KOA(PPHUIMEHTI
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(Laf) 1,38 xypaiinpl, Oys1 eTe »)OoFaphl TEKTOHUKAJBIK O€JICEeHITIri O6ap aiiMakka
coiikec keneni. CeliCMOTEKTOHHMKAIIBIK 3epTTEyNiep HerTi3iHae OereT aiiMarbiHIa
KYPBUIBICTBIH Taiimanany mepaimi immiage (100 xbut) Puxrep mkanacer OoibrHIIA
MarHATy/lachl 7-JIGH acaThlH Kep CUIKIHICI OONybl MYMKIH €KEHMIri aHBIKTaJIIbI,
OyJ1 MOP(OTEKTOHUKAIIBIK KOPCETKIIITEP Il Tallay HOTHKEIEPiHe COMKeC Kemel.
EcenTenren Tik yxoHE KOIJCHEH YACYIepaiH MoHepi colikecinmie 0,34 xone 0,48
KYpanabl.

Tyiiin ce3nep: HEOTEeKTOHUKA, MOPPOTEKTOHUKAIIBIK KOPCETKIIITEP, 0OTET, 03¢H
Oaccelini, OeJIceH Il TEKTOHHUKA, CEHCMOTEKTOHNKA, TEKTOHUKAJIBIK OeICEeHIIIIK
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AnHoTanus. OnpeneneHue CKOPOCTH HEOTEKTOHNYECKON aKTUBHOCTH SIBJISIETCS
BOXHBIM 3TAallOM NPU HM3YYCHUH IUIOTHH W CBSI3aHHBIX C HHUMH COOPY)KCHHH.
Pesynbrarsl nccnenoBaHU HEOTEKTOHUKH M aKTUBHOM TEKTOHUKH, COBMECTHO C
JAHHBIMU CEHCMOTEKTOHMYECKOTO aHAJIN3a, UTPAIOT KIIOYEBYIO POJIb P BEIOOpPE
MECTOTIOJIOKEHUS TJIOTHHBI, €€ THUMa, MPOEKTHBIX OCOOCHHOCTEH M MapameTpoB
crpoutenscTBa.  Mop(]oTeKTOHHUECKHE  WHAEKCHl  cayXaT  3(PQeKTUBHBIM
WHCTPYMEHTOM JUIS BBISBJICHUSI M OLIEHKH YPOBHSI TEKTOHMYECKOM AaKTHBHOCTH,
0COOCHHO B Tpenenax pedHblx OacceiiHoB. lcmonp3oBaHue TakuX HHICKCOB
MO3BOJISICT HAAEKHO ONPEEIIATh 30HbI TEKTOHMYECKOM aKTUBHOCTH M OTJIMYATh UX
OT MEHEe aKTUBHBIX y4acTKOB. COINIaCHO MCCIIEIOBAaHUIO MOP(POTEKTOHUYECKHX
nokasaresnei, nmpoBenéHHOMY B OacceliHe pekd W Ha ydyacTke bexiukarabamckoit
ioTuHb! (mpoBuHIMA Ka3BuH), BKITIOUasi HHAEKC OTHOCUTENIBHON TEKTOHUYECKON
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AKTUBHOCTH, YCTAHOBIICGHO, YTO pAlOH BOJOXPAaHWJIHINA W MECTO BO3BEICHUS
IJIOTUHBI OTHOCSTCA K 30HE C BBICOKOH TEKTOHUYECKOW aKTHBHOCTBIO.
KoaddpunmenT orHocuTenbHo# aktuBHOCTH (Laf) 1 pafioHa IuIOTHHEI cOCTaBIIsSET
1,38, 9TO COOTBETCTBYET OOJIACTH C OYEHB BBICOKON TEKTOHUYECKON aKTHBHOCTBIO.
Ha ocHOBe CefiCMOTEKTOHMYECKHX WCCICIOBAaHUN BBISBICHO, YTO B Tpeaeiax
paiioHa TUTOTHHBI BO3MOXKHO BO3HWKHOBEHHE 3eMIIETPSICEHUH MarHUTYIou Oojee
7 mo mkaine Puxrtepa B TedyeHHE cpoka 3KcIuryarauuu coopyxenus (100 mer),
YTO COTJIACYeTCsl C pe3yJbTaTaMH aHalln3a MOP(OTEKTOHMYECKHX IMOKa3aTesei.
3HaueHus1 PaCYETHBIX BEPTUKAIBHOTO U TOPU3OHTATBHOTO YCKOPEHUI COCTABIISIOT
0,34 1 0,48 COOTBETCTBECHHO.

KaroueBble cJjioBa: HEOTEKTOHWKA, MOP(OTEKTOHHUYECKHE TI0Ka3aTellH,
TUIOTHHA, PEUHOM OacceiiH, aKTHBHAS TEKTOHHKA, CEHCMOTEKTOHHMKA, TEKTOHHYECKast
AKTHBHOCTD

Introduction

Neotectonics and dams is of great importance that the International Commission
of Large Dams (ICOLD) has dedicated the bulletin No. 112 (1998) to this matter. In
the process of dam construction studies, the survey of active tectonic is usually
undertaken within the scope of seismotectonic studies and taken little heed to
morphotectonic indexes separately and decisively. However, in the same bulletin
(Chapter 3) it is mentioned that the study of morphotectonic is also important and
is considered as an auxiliary tool. Seismic studies basically lead to the extraction
of earth acceleration coefficients, which are used directly in design as a major
parameter, but the morphotectonic indexes simply express the activity or inactivity
of tectonic in an area.

Therefore, during the tectonic studies of a dam site in order to carry out
structural design more accurately, the results of Neotectonics studies that can be
feasible by examining the aforementioned indicators, should be used in accordance
with seismic data.In recent years, morphotectonic indexes, as Keller and Pinter
(2002) and Lone (2017) have stated, have been an important tool for identifying
and determining the amount of tectonic activity in the study area. By using these
indicators, active tectonic can be distinguished from areas with less activity. Since
any tectonic motion with any rate affects the earth's Landscapes surface, therefore
the study of effects on the landscapes that can be identified by the morphotectonic
indexes!', can show the movements and even the extent of these tectonic movements.
Morphometry and morphotectonic properties are important in geomorphology are
important in geomorphology, which provide considerable information about the
subsurface topography and earth surface structure (Barman, et al 2021). As several
studies suggest, the analysis of morphotectonic indexes enables a reliable assessment of

""The indexes are: SL: (Stream Length Gradient Index), VT: (ratio of valley-floor with to valley height),
Af: (Asymmetry factor), BS: (Drainage Basin shape Raito), T: (Transverse topographic symmetry factor),
Smf: (Mountain front sinuosity), S: (River sinuosity index), He: (Hypsometric curve), Hi: (Hypsometric
integral).
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tectonic activity intensity and distribution across a landscape. In particular, such indexes
are crucial in regions like the Behjatabad Dam basin, where drainage patterns and
landform evolution are shaped by both lithological composition and ongoing tectonic
processes (Bhatt et al., 2020). In this context GIS enhances morphotectonic studies by
integrating and analyzing these indices, providing a comprehensive understanding of
tectonic activity across the basin (Giri, et.al, 2020).

Therefore, in dam construction studies, the study of morphotectonic indexes,
along with studies of other sectors, will determine the active areas of tectonic and
their activity rates with higher accuracy. Ultimately, this leads to the design and
construction (Execution) of more stable structures in more suitable construction
sites. Therefore, in this circumstance, the structure and site will be designed and
executed in safer conditions. In regions where active tectonism influences landscape
features, geomorphometric analysis of drainage networks can reveal significant
anomalies. For instance, higher-altitude watersheds often exhibit variations in
morphometric indices, a phenomenon that can be attributed to the tectonic activity
in the region. This highlights the critical role of tectonic processes in shaping the
evolution and characteristics of river basins (Sajjadi, et.al, 2020).

In the following, according to the above explanations as an example, the method
of evaluating this index, especially in a schematic and visual way, is presented in
the area of "Behjatabad Dam" river basin.??

The method of carrying out this study is as follows: firstly, the area of the
river drainage basin and its axis and reservoir are carefully identified and found
on the maps. Secondly, at the same time as seismic studies, the investigation of
morphotectonic indexes is done. If the study of morphotectonic indexes shows the
high tectonic activity in the area of the dam and its reservoir, the designs will be
based on the results of the morphotectonic indexes even if the seismicity indexes
show a low rate. In this article, the morphotectonic indexes along with the summary
of conducted seismic studies and the results have been presented.

1- Specifications of Behjatabad project

The construction site was selected for the construction of the Behjatabad
Reservoir Dam with a longitude of 50° 20" east and 36° 10" north latitudes, in the
northwestern part of Iran, in Qazvin province and at a distance of 23 Km northwest
of Abyek city (northeast of Qazvin province). And 2.5 Km upstream of Behjatabad
village, is located on a river with same name. (Figure 1).

22 Usually, elevation levels that is base of this study is provided from topographic maps scaled 1:50000
and “Dem 45m” maps of river drainage basin from United States Geological Survey (USGS) website. In this
study Global Mapper software has been used for data analysis.
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Figure 1- Geographical location of Behjatabad dam

For the purpose of regulate and control the floods and runoffs of this basin to
provide part of the drinking water required of Abyek city an earth dam with a clay
core having an approximate height of 48 m, from the bed has been designed for
implementation in the aforementioned construction site. (Figure 2) The access road
to the dam site is accessible through the Tehran-Qazvin highway. In order to reach
the dam construction area, on the Tehran-Qazvin highway, after passing
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Figure 2- Plan & Profile of the Behjatabad Dam
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Abyek city and about 35 Km from Qazvin city, an asphalt road branches off
the highway, which is the access road to Behjatabad village. (Figure 1) shows the
location of the Behjatabad Reservoir Dam.

(Figure 3) shows the area of the dam river drainage basin on the main faults of
the basin are identified (Golabtounchi 2013)°.

Pt Sl Svam - Canal

Figure 3- The dam and the main faults in this basin

2- An abstract of general geology of Behjatabad dam area

The area of the Behjatabad Dam project is located in the Central Alborz Geological
Unit in terms of the Geological division of Iran. The valleys within the river drainage
basin of Behjatabad Dam are generally V-shaped. In the construction site of Behjatabad
dam, the valley where the dam is located is almost V-shaped too.

The direction of the river is in the northeast-southwest direction. The mountains
of the dam river drainage basin have a general northwest-southeast trend. The
geometric characteristics of Behjatabad Dam River drainage basin are presented
in (Table 1).

The bedrock of the Behjatabad Dam construction site is composed of "Andesite"
and "Eocene Andesite Basalts" belonging to the Karaj Formation. The color of these
rocks is mostly gray. The porphyry texture of these stones is well recognizable in hand
specimens. The outcrops of the foundation stone can be seen on all right and left sides
of the dam axis up to the MASL of 1438.
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Quaternary deposits within the dam axis and related structures of Behjatabad include
alluvial terraces, slope debris and river alluvium. The oldest part of the Quaternary
deposits in the area of Behjatabad Dam is composed of alluvial terraces mostly fine-
grained alluvial deposits, which are shown on the Geological map of the dam axis marked
Qt (Figure 3). The alluvial terrace of the left side of the dam, which is approximately
1438 m, from the level of the dam crown, from a geotechnical perspective is very
important in sustainability analysis and dam foundation waterproofing. The maximum
depth of these sediments in this faction, according to the excavations, reaches about
40 m, (Figure 4).

Table 1- Geometric characteristics of river drainage basin

The height of the dam from the | The width of the Basin area Minimum height
bed (m) valley floor (m) (Km?) (m)
48 25 51 1414
Maximum height Average height Main Branch length Basin width
(m) (m) (Km) (Km)
2638 1934 15 5/3

Figure 4- Geological map of Behjatabad dam area and related structures

4- Investigation of morphotectonic indexes (analysis method)

In the following, the results of the survey of morphotectonic indexes in the river
drainage basin of Behjatabad Dam are presented.

4-1- Stream length gradient index (SI)

This index is used to determine local gradients (ﬂl H }r A I_) along a river in a
specific area or specific cross section (L). In this case, the local gradient or the ratio
of the difference in height at a given specific cross section (AH) to the difference in
horizontal distance at that cross section (AL), according to the length of the river
from the central point of the measured section to the river headwaters or the place
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of river division from the beginning of the river drainage basin (L) is determined as
the stream length gradient index (SL) (Figure 5).

According to the above explanations, the determination of this index is
obtained from the following equation (Keller 1980)':

SL= LY==
AL

(Figure 5) also shows an assessment of this index for the Behjatabad Dam River
drainage basin, for example.

(Table 3) shows the results of the calculations related to the SL index in the
Behjatabad Dam basin, along with the evaluation of the tectonic activity class
according to the contents of (Table 2). Also, the longitudinal profile of the river is
presented for performing the calculations present in (Figure 6). Based on the above
explanations and the contents of (Table 3), the SL index for the Behjatabad Dam
River drainage basin shows the semi-active tectonic activity rate.

Table 2- Determining the rate of tectonic activities in relation to the amount of SL (Hamdouni et
al, 2008)°

Gross amount The rate of Tectonic activity
>500 active
300-500 Semi-active
<300 Inactive

1600

Dam site SL-Le(AH/AL).  SL-13000x (71/2000) = 462

Figure - 5 Schematic view of the components of SL index in the river drainage basin
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Table 3- Index calculations SL in the main gully of river drainage basin

Min Height (li/Ine)lx AH (m) AL (m) L (m) SL Activity class
2029 2115 86 2000 1000 43 3
1919 2029 110 2000 3000 165 3
1825 1919 94 2000 5000 235 3
1731 1825 94 2000 7000 329 2
1608 1731 123 2000 9000 554 1
1523 1608 85 2000 11000 468 2
1452 1523 71 2000 13000 462 2

From Bos: 455493 506, 4006615 151 To Pos. 663 594, 3001937067

15km S0km 75km 100%km 125km 15.23 k|

Figure 6- Longitudinal River used in index calculation of SL

4-2 The ratio of valley-floor width to valley height (Vf)

This index was first introduced by Bull (1978)° based on the following equation.

(1) Vf=2Vfw/[(Eld-Esc) + (Erd-Esc)]

In the above equation, Vfw: width of valley floor, Eld: height of the left side
of the valley, Erd: height of the right side of the valley, Esc: average height of
the valley floor. Since valleys are generally V-shaped or U-shaped, the ratio of
the width of the valley floor to the height can vary, and this may be related to the
tectonic activity and the high altitude of the area due to these movements. Also,
(Figure 7) shows how to evaluate this index, for example, in the river drainage
basin of Behjatabad Dam.

In (Table 5), based on the evaluation method mentioned above, the results
of the study of the ratio of valley-floor width to the valley height of Vf in the
river drainage basin of Behjatabad Dam are presented. Considering the Vf index
numbers and the shape of the valley where the river passes and the construction of
Behjatabad dam site, which is V-shaped, it can be stated that the low value of this
index for Behjatabad dam indicates the active tectonic of this basin.
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Table 4. The amount of tectonic activity according to the amount of Vf

the amount of Vf Tectonic condition
Less than 1 active
1to 2 Semi-active
2< Inactive

VF=2Vtw/ [(Eld-Esc)+(Erd-Esc)]
VF=2*88/[(2087-1774)+(2090-1774)]=0.28

Figure 7- Evaluation of the ratio of the width of the valley floor to the height in the river
drainage basin

Table 5- The results of the study in valley floor width ratio to its width (V)

r]?:r:egn Section number Efl;th Frlg F;S XTE‘)V VI | Activity class
The beginning of the basin | 2438 2250 (2211 |99 0.74 |1

Behjatabad | Middle section 2090 2087 | 1774 |88 028 |1
The axis of the dam 1440 1436 |1422 |25 1.56 |2

4-3- Basin asymmetry factor (Af)

The asymmetry factor can be used in the Dam River drainage basin scale. In
this case, examining the geometric shape of the streams network (gullies) in the
basin is the basis for determining this index and proportionally examining the
rate of tectonic activity. In areas with high tectonic activity rates, asymmetry in
the geometry of gullies as well as the river drainage basin can be traceable and
identifiable. Therefore, by using this index, the deviation and asymmetry due to
tectonic activities in the river drainage basin can be identified. The basin asymmetry
factor (Af) is defined as the following equation according to Keller (1980) proposal:

In this equation:

£100 (<)

Ar: The area of the basin to the right of the river (Km?).

At: The total area of the river (Km?).

It is important to note that basically using this indicator in basins where the rock
type is almost the same will provide better and more appropriate results. (Figure 8)
illustrates the evaluation of the mentioned index for the sample.
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Considering that Af = 50 is the criterion for the symmetry of the basin,
so determining the rate of tectonic activities related to the value of the Af-50
relationship according to the work of Hamdouni et al (2008)° is as described in
(Table 6). (Table 7) shows the results of the study of the asymmetry factor of the
basin for the Behjatabad dam basin based on the criteria set out in (Table 6).

Based on the above results, it can be stated that the impact of the tectonic forces
on the Behjatabad Dam basin is almost estimated high. In this dam, the number of
symmetry index greater than 50 or in other words, Af-50 = 15 shows that the rise
and tilt index of the basin is to the right.

AF=100 (Ar/At)

AL~ 100x (33/51) = 650

Figure 8- Evaluation of asymmetry factor in the river drainage basin

Table 6- Criteria for determining the rate of tectonic activities in relation to the amount obtained
from the relation Af-50

Af-50 Rate of Tectonic condition
>15 active

7-15 Semi-active

<7 Inactive

Table 7- Results from the survey of the drainage basin asymmetry factor (Af)
Design name | At (Km?) Ar (Km?) AF [AF-50] Activity class
Behjatabad 51 33 65 15 1

4-4- Drainage Basin Shape ratio (BS)

The shape of the river drainage basin or drainage basin of the study area can
also be a tool for evaluating tectonic activities. Basins that are tectonically active,
usually have an elongated shape. Reducing the rate of tectonically activity and
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subsequently stopping the rate of uplift and thus overcoming erosive processes,
causes the shape of the basin to gradually become circular over time, the index of
the basin shape decreased based on following equation:

(2) BS=BL/BW

In this equation, BL is the length of the river drainage basin, which is calculated
from the outlet of the basin (the location of dam’s construction) to the end of the
river drainage basin (place of entry into the river drainage basin of the dam). BW is
the width of the river drainage basin in the widest part.

In Behjatabad dam, this index is equal to 2.8, which indicates that the number
of tectonic movements in the river drainage basin of this dam is active, or in
other words, the high activity of tectonic factors in this basin. In (Figure 9), the
evaluation of this index for the Behjatabad Dam River drainage basin has been
done for example.

The results of the study of the shape index for the Behjatabad dam drainage
basin are listed in (Table 8).

Legend

sty Water distribution line

.~ River Main Line

= The middle line of the pipe
Dam Site

Figure 9- Evaluation of Drainage Basin Shape ratio (BS)

Table 8- Results from the survey of the Drainage Basin Shape ratio (Bs)
Design name Bw (Km) BL (Km) Bs Activity class
Behjatabad 53 15 2.8 1

4-5- Transverse topographic symmetry factor (T)
By this index, it is possible to evaluate the asymmetry of the basin and finally
the active or inactive area of the project area. This index is calculated from the
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relation

T4

in \%ich:

DA: The distance of the middle line of the river drainage basin to the main gully.

Dd: The distance between the middle basin of the river drainage basin and the
boundary.

The numerical value of the index is between 0 and 1. In (Table 9), a criterion can
be proposed for evaluating the inverse topographic symmetry index in terms of the
rate of tectonic activities.

(Figure 10) shows how to calculate this index for example within the river
drainage basin of Behjatabad Dam.

In order to calculate the symmetric topographic symmetry index (T) of the
basin, 10 sections on the basin (from the top of the basin to the dam structure) were
identified and the values of each of them were calculated based on the above relation
and listed in (Table 10). Also, the average of the obtained results is mentioned as the
index indicating the basin in the previous table. According to the numbers obtained
for index T for Behjatabad Dam basin, which indicates that the Neotectonics is
semi-active in this basin.

Table 9- Tectonic activity rate according to the amount (Golabtounchi 2023)

Activity Class the amount of T | Tectonic Activity rate
3 0 Inactive
2 0-0.5 Semi-active (moderate activity)
1 05-1 Active

Legend

s, Water distribution line

“—~ River Main Line

~—— The middle line of the pipe
Dam Site

Figure 10- Reversal of symmetric topography symmetry index in river drainage basin
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Table 10- Results from the inverse topographic symmetry index (T)

Evaluated sections D, D, T Activity class

1 775 1055 73/0 1

2 940 1375 68/0 1

3 730 2435 30/0 2

4 300 2555 12/0 2

5 1220 2465 5/0 1

6 435 2330 19/0 2

7 260 2635 10/0 2

8 520 2570 20/0 2

9 485 2315 21/0 2

10 370 3000 12/0 2
Average 604 2273 27/0 2

4-6- River Sinuosity Index (S)
The River Sinuosity Index can be measured based on the

g_¢

equa:c'ion (Ramasht et al. 2012)"".
In the above equation, C: the length of the river and V: the length of the valley in
a straight line. The higher S values, the closer river is to equilibrium, and therefore
the lower rate of tectonic activity in the area, and conversely, the smaller S, the
higher rate of tectonic activity in the area.
State to evaluate the above mentioned for the Behjatabad Dam River drainage
basin is shown in Figure 10. Also, the results of the review and evaluation of this

index are listed in (Table 11).

Considering the S index number for Behjatabad River, it can be concluded that
the rate of tectonic activities of this basin is high.

S=15128/14993=1.00 s

Figure 11- Evaluation of river sinuosity index in Behjatabad Dam River drainage basin
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Table 11- Results from the River Curve Index (S)
Design name C \Y S | Activity class
Behjatabad 15128 14993 1 1

4-7- Mountain Front Sinuosity factor (smf)

This index is basically marked with a smf sign and is calculated based on the
following formula: Smf=Lmf/Ls

In the above equation, Lmf: the length of the mountain front at the point of
mountain collision with the plain and Ls: the direct length of the mountain front.

Based on the above equation, the lower Smf rate, the more active tectonic forces
are in the study area, or in other words, the more active area in terms of the rate of
tectonic activity.

In order to get better results in calculating and determining the Mountain Front
Sinuosity factor, the use of aerial and satellite images is preferable to topographic
maps. It is worth mentioning that when examining this index, whenever Smf =1,
it indicates a completely active tectonic structure. (Table 12) presents the criteria
for measuring the rate of tectonic activities in relation to the smf index based on
the work of Hamdouni et al. (2008)° quoted by Karami (2012)"" (Figure 12). also
shows the smf rating in the Behjatabad Dam area. Also, the results of the study of
the Mountain Front Curve (Smf) in the area of Behjatabad Dam Basin are presented
in (Table 13). Based on the results of this table, the Behjatabad dam basin shows an
almost high rate of tectonic activities.

Table 12- Tectonic activity rate measurement criterion in relation to the smf index

Index value smf Tectonic Activity rate
<I.1 Inactive

1.1-1.5 Semi-active

>1.5 active

Figure 12- Evaluation of the sinuously (meander) index of the mountain front
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Table 13- Results from the Mountain Front Twist Index Smf in the basin

Design name Ls Lmf Smf Activity class
Behjatabad 1/5 8/5 1/1 1

4-8- Basin hypsometric curve index (HC) and hypsometric integral (Hi)

. .. h a i
In the calculation of this index — and L are measured from topographic maps.
In these calculations, “H” is the height of the basin, which is obtained from the
difference between the maximum and minimum heights in the basin. And “A” is

the total area of the basin. The numerical value of % ratio is variable between 0 and
1. Three stages of youth, middle or adulthood for hypsometric curves has been
designated by Strahler.

It is worth mentioning that hypsometric curves are usually plotted on the

vertical axis based on the L ratio and % ratio on the horizontal axis. Analyzing
these curves is one way to identify the rate of tectonic activity. These analyses are
usually conducted by calculating the integral of the area under the curves, called the
hypsometric integral index, or Hi.

For this purpose, the following equation can be used:

_ Hint—Hmin

Hi=

In thisHé?ﬁe;tli-Igﬁl:l H max: Maximum height H, min: Minimum height and Hint is
the average height of the basin. It should be noted that these heights can be easily
and simply extracted from the topographic maps of the river drainage basin or study
area.

The result of the hypsometric integral index in Behjatabad Dam basin is
calculated based on the above interface and its result is listed in (Table 14). Based
on the results, the Hi class index shows a high rate of activity for the Behjatabad
Dam basin.

Table 14- Results from the hypsometric integral index Hi

Design name max min And Hi Activity class

Behjatabad 2638 1414 1934 0/4 1

5- Index of relative active tectonic (Iat:)

The index of relative active tectonic (Iat) is obtained by averaging the class of
tectonic decay index. Then the total number of classes is divided by the number of
indicators. The lat index is calculated from the following formula.

-1

lat=-

n
In this equation, the sum of the both morphotectonic indexes classes and the
number of indicators is examined. To classify this index, the following categories
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are suggested according to the work of Hamdouni et al. (Hamdouni et al, 2008)° in
(Table 15).

The results of the study and calculations related to the relative index of active
tectonic (Iat) are listed in (Table 16). Based on these results, the Behjatabad Dam
basin with an lat index of 1.38 is in terms of the standard of tectonic activity rates
in a region with very high activity or a very active land construction rate region.

Table 15- Criteria for the rate of tectonic activities in relation to the index lat (Hamdouni et al,
2008)

Level lat Tectonic activity rate
1-15 Very active
1.5-2 active
2-25 medium
>2.5 Inactive

Table 16- Results from the scrutiny of Iat and tectonic rate in Basin Studies

Design name | SI Vvt |Af |Bs |T Smf S Hi |[Tat |Tectonic Activity rate
Behjatabad |2 1 1 1 |2 1 1 2 | 1/38 | Very active

6- The Study of Seismotectonic

In Behjatabad dam project, the studies have been done on active faults until 50
Km radius. 25 active and seismic faults have been identified in this area. The results
of the study regarding all 25 faults in the area of this dam are presented in Table
17. Also, the map of the historical earthquakes’ epicenter and the map of recorded
epicenters by seismometer along with active faults until 150 Km of the dam site has
been shown respectively in figure 14 and 15.

Figure 14. The map of recorded
| epicenters by scismometer along
‘with active faults until 150 km of the
Behjatabad dam site
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Figure 13,14- the map of the historical earthquakes epicenter and recorded epicenters

In Figure 16, all the mentioned fractures have been shown on the Quick Bird
satellite image. It is worth mentioning that according to numerous field surveys in
the area of the dam site and its surroundings, no structural connection between these
fractures and the Abyek fault (the closest fault to the dam site) has been observed,
and therefore the mentioned fractures will probably not have seismic activity.
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Figure 15- Distribution map of auxiliary faults in the area
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6-1- Estimations of parameters with seismicity coefficients in the studied
dams

The studied results are presented in Table 18. Generally, Behjatabad Dam is in
a high seismic activity condition in terms of both seismicity and the rhythm of the
annual event.

Table 17- The results of calculation of Gutenberg-Richter seismic coefficients in Behjatabad Dam

Correlation coefficient Standard Error Seismicity Coefficients
Study Plan
R SE b a
0.94 0.40 0.4 38 Behjatabad

6-2- the study of the return period index of earthquake magnitudes

Commonly, two methods are mostly used for the return period of earthquake
magnitude. These methods include the Gutenberg-Richter (1956)* elementary
method and the more advanced Kijko-Sellul (1989,1992)!415 method. The results
of this study and calculations are presented in Table 19.

Based on these results, there is possibility of earthquakes with a magnitude
greater than 7 Richter in Behjatabad Dam in the return period of 100 years
(equivalent to the useful life of the dam).

Table 18- The results of the Gutenberg Richter (1956)% and Kijko-Sellul (1989)'* methods for the
return period of various magnitude

Magnitude of Behjatabad Dam Return Period Method
(Year)
7.6 75
>8 175 . N
= 175 Gutenberg-Richter (1956)
>8 975
6.6 75
7.0 175 . 14
= 175 Kijko-Sellul (1989)
7.4 975

6-3- Acceleration calculations at different design levels

The maximum horizontal and vertical acceleration values at different design
levels for Behjatabad Dam are presented in Table 20. It is worth mentioning that in
the mentioned plan, the most important seismic source or sources that play the main
role in determining the values of the ground movement parameters, especially the
calculation of the maximum acceleration values are the Abyek, Taleghan, North
Qazvin, and Qeshlaq faults respectively with lengths of 49, 81, 76 and 33 Km and
the distance from the dam site is 2, 10, 15 and 17 Km and magnitude scales (MS),
6.5, 6.8, 6.8 and 6.2 are the most important seismic sources and create the most
acceleration at the dam site.
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Table 19- The results of calculation of proposed maximum acceleration for the earthquake and
different design levels

Behjatabad Dam Calculation Return Probable Seismic Design
. . Method Period Earthquake Level
Horizontal Vertical
(Year)
0.23 0.21 probabilistic 500 DBE DBL
0.37 0.23 probabilistic 2000 MDE MDL
0.48 0.34 deterministic 10000 MCE MCL

According to the aforementioned paragraph, the maximum magnitude scale
(Ms): 7.4 is reasonable for the largest possible earthquake in the studied area in
connection with the activity of a bedrock fault.

Therefore, given conducted studies, it is clear that the Behjatabad dam area is
very active in terms of tectonics, and the structures in this area should be designed
and analyzed more sensitively.

Conclusion. Morphotectonic Indexes can have an appropriate role as an
important tool in assessing and determining the rate of tectonic activity within the
river drainage basin of the dam and the associated structures. Since the results of
examining these indicators and analyzing these results have a significant impact
on the dam site and design of the required structures in this site. Therefore, these
results should be considered in the structural design of dams.

It is worth mentioning that the results of assessing morphotectonic indexes in
dam construction areas could be taken as a very suitable complement and verifier
for seismotectonic investigations results.

25 active and seismic faults have been detected within 50 Km of Behjatabad
dam. Among them, the four faults consisting of Abyek (2 Km), Taleghan (10 Km),
Qazvin (15 Km) and Qeshlaq (17 Km) are very important. The magnitude of
earthquakes that these faults can cause is 6.5, 6.8, 6.8 and 6.2 Richter respectively.
According to the calculations, the largest possible earthquake in Behjatabad dam
site has a magnitude of 7.4 Richter.

The evaluation and analysis of morphotectonic indexes and the relative index of
active earth tectonic (Iat) in the Behjatabad Dam River Basin indicate high level of
tectonic activities.

In other words, the river drainage basin area and the construction site of
Behjatabad dam is located in an area with a very active tectonic rate. Thus, high
tectonic activities shall be taken into account in the design of Behjatabad Dam and
the related structures.

The studied morphotectonic indexes for Behjatabad dam are Hi, S, smf, T, BS,
Af, Vfand Sl respectively with the values of 2, 1, 1, 2, 1, 1, 1 and 2 and the Iat index
is equal to 1.38 which indicates the high rate of tectonic activities in this region.

Based on this issue, you should be accepting the designs for the maximum
credible earthquake) MCE (And in terms of maximum vertical and horizontal
acceleration at the maximum credible level) MCL (To be done.
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Therefore, in applying different seismic levels, the impact of morphotectonic
indexes should be considered. For example, in an area that has little seismic
data or existing data shows low seismotectonic activity, but the calculation of
morphotectonic indexes indicates high tectonic activity, the results of these
indicators should be given more importance and related dams and structures should
be designed based on high seismic parameters.
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