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Abstract - Large dams built on the seismically active area have a high-risk potential for downstream life and property. Active faults, 

which are located close to dam sites, can induce to damaging deformation of the embankment as well as on instability of the 

embankment and strength loss of foundation materials. Case studies about the seismic performance of dams under major earthquakes 

are available in the literature. There are so many dams, which are under the threat of near energy sources in Turkey. Most of them has 

been located in the Northern part of Mid-Anatolia, Turkey. These are Almus, Atakoy, Boztepe, Camlıgöze, Degirmendere, Golova, 

Kilıçkaya, Koyulhisar, Sureyyabey, Tepekisla, Ulukoy, Vezirkopru, Yassical, Yedikir, and Ziyaret dams having a structural height 

between 20 and 134 m.  These dams are very close to the North Anatolian Fault, which is famous structural feature that produces 

deathful earthquake.  In otherword, these dams are located on or near active faults (less than 10 km).  It means that all of them are 

under near-field motion.  The total risk analyses depending on the seismic hazard rating of dam site and risk rating of the structure have 

concluded that most of them, which are under near source effect of the North Anatolian Fault Zone, generally have high-risk class. The 

author thinks the fact that these dams must be analyzed with high priority and redesigned to increase the safety of the embankments and 

their appurtenant structures, if necessary.  

 

Keywords: Earthquake, dam, Safety evaluation, Seismic hazard, Total risk,  

 

 

1. Introduction 
Safety evaluation for large dams, which are under near source effect, is an important aspect in dam engineering.   Case 

studies about the seismic performance of dams under major earthquakes are available in the literature.  The earthquakes 

can result damages and failures on dams and their appurtenant structures. There is another fact that dams with large 

reservoirs also trigger earthquake.  The results can be more severe if dams are located on or near active fault zones, which 

are under the influence of more than one energy source.   

Earthquake effect on dams depends on dam types. Dam scientists stated that safety concerns for embankment dams 

subjected to earthquakes involve either the loss of stability due to a loss of strength of the embankment and foundation 

materials or excessive deformations such as slumping, settlement, cracking and planer or rotational slope failures [1]. 

According to Jansen [2], safety requirements for concrete dams subjected to dynamic loadings should involve evaluation of 

the overall stability of the structure, such as verifying its ability to resist induced lateral forces and moments and preventing 

excessive cracking of the concrete. 

   In this paper, the seismic hazard and total risk analyses for fifteen large dams located on or near the North Anatolian 

Fault, are briefly given and their results are comparatively discussed according to new seismic design criteria adopted in 

Turkey [3]. Some of them has relatively low height and are not on the main rivers of the basin. However, there are high 

dam with huge reservoirs, which affect all dams in the cascade system of main rivers of the basin.   Table 1 introduces the 

physical properties of dams considered for this study. The author states that the existing large dams, which pose a distance 

less than 10 km to the NAFZ within the Yesilirmak basin, was selected for the study.  In fact, there are more than fifty 

large dams in the basin. 
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Table 1: Physical properties of dams considered in the study. 

 

 

# 

 

Dam 

Province  

River 

 

Aim 

(*) 

Height 

from 

river 

bed 

(m) 

 

Completed 

Year 

 

Type 

(**) 

Volume of 

embankment 

(m
3
) 

X1000 

Volume 

of 

reservoir 

(hm
3
) 

1 Almus Tokat Yesilirmak I+F+E 78 1966 EF 3 405 950 

2 Atakoy Tokat Yesilirmak E 22 1977 EF 600 2.8 

3 Boztepe Tokat Boztepe I 27 1983 EF 1 150 14.2 

4 Camlıgoze Sivas Kelkit E 32 1998 RF 2 200 59.0 

5 Degirmendere Amasya Degirmendere D 53 2012 RF 1 568 35.0 

6 Golova Sivas Cobanli I 22 1990 EF 1 300 65.0 

7 Kilickaya Sivas Kelkit E+F+I 103 1990 RF 7 000 1 400 

8 Koyulhisar (***) Sivas Kelkit E 20 2009 CG - - 

9 Sureyyabey Yozgat Cekerek E+F+I 103 2013 RF 7 500 1 310 

10 Tepekisla Tokat Kelkit E 50 2015 RF+CG 750 33.0 

11 Ulukoy Amasya Derebey I 28  1983 EF 1 131 3.65 

12 Vezirkopru Samsun Istavloz I 75 2005 RF 2 570 51.47 

13 Yassical Amasya Yassical I 30 2004 RF 200 0.49 

14 Yedikir Amasya Tersakan I 28 1985 EF 1 630 60.30 

15 Ziyaret Amasya Ziyaret I 55 2005 RF 300 1.75 

 
   (* ) E = Energy   I = Irrigation  F= Flood control 

  (**) EF =Earthfill  RF = Rockfill  CG = Concrete Gravity 

(***) RPP = River Power Plant 

 

2. Material and Methodology 
Seismic study includes deterministic and probabilistic seismic hazard analyses for the dams considered for this study.  

The deterministic seismic hazard analysis considers a seismic scenario that includes a four-step process. It is a very simple 

procedure and gives rational solutions for large dams because it provides a straightforward framework for the evaluation of 

the worst ground motions. Krinitzsky [4] states that deterministic seismic hazard analysis considers geology and seismic 

history to identify earthquake sources and to interpret the strongest earthquake with regardless of time. The probabilistic 

seismic hazard analysis is widely used and considers uncertainties in size, location and recurrence rate of earthquakes.  

Kramer [5] states that the probabilistic seismic hazard analysis provides a framework in which uncertainties can be 

identified and combined in a rational manner to provide a more complete picture of the seismic hazard. 

        Due to the unavailability of strong motion records, various attenuation relationships were adopted to calculate the 

peak ground acceleration (PGA) acting on dam sites.  For this study five separate predictive relationships for horizontal 

peak ground acceleration were considered [6, 7, 8, 9, 10].  For the hazard analysis of dam sites, all possible seismic sources 

were identified and their potential was evaluated in detail, as based on the guidelines given by Fraser and Howard [11] and 

the unified seismic hazard modelling for Mediterranean region introduced by Jiminez et al [12].  The data instrumentally 

recorded earthquakes for Turkey and vicinity collected by the National Disaster Organization were considered as a basis 

for the seismic hazard analyses. The earthquakes that occurred within the last 100 years were used for estimating seismic 

parameters. Throughout the study, seismic zones and earthquakes within the area having a radius of 100 km around the 

dam site were considered.  

ICOLD [13] recently defined the Maximum Credible Earthquake (MCE) and the Safety Evaluation Earthquake (SEE).  

In this study, earthquake definitions given by FEMA [14] were considered. Most of large dams in Turkey were analyzed 

by using these definitions [15]-[34].  
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Total risk factor of dams can be quantified by various methods. One of them, recommended by ICOLD [36], considers 

the seismic hazard of the dam site and the risk rating of the structure separately.  DSİ Specification considers the ICOLD 

method for total risk of dams [3]. Another of total risk classification is Bureau method, which considers various risk factors 

and weighting points to quantify the total risk factor (TRF) of any dam. Bureau states that TRF depends on the dam type, 

age, size, downstream risk and vulnerability, which based on the seismic hazard of the site [37]. 

           

3. Seismic Hazard Analyses 
Tosun [38, 39] states that the investigation area has a very complex geology and also a very active seismicity (Fig.1). 

The geological setting and the data used in the analysis are based on study of Bozkurt [40].  Dam locations are very close 

to the North-Anatolian Fault Zone (NAFZ), which is a large transform fault between the Eurasian and Anatolian plates 

sliding past each other.  Main segment of the fault was developed in early Pliocene.  The NAFZ, which is famous structural 

feature that produces deathful earthquake, has well developed surface expressions and geological features along its offsets. 

The NAFZ extends from east Turkey to north Greece. It has a length more than 1500 km and a wide shear zone along its 

alignment and moves to west with a rate of 24 mm per year 

 
 

Fig. 1: Neotectonics of Turkey and the study area [40]. 

     

In Turkey, a seismo-tectonic map was released to public by National Geological Survey [41].  According to this map, 

all existing dams considered for this study are under near-field motion. Fig.2 shows the location of dams considered for 

this study on the updated active fault of Turkey.  ICOLD [13] defined the near-field motion, which is ground motion 

recorded in the vicinity of a fault.   In this specification, a correlation between radius of near field area and earthquake 

magnitude is suggested as based on the cases on West United States.  Author established limits of near-field motion for the 

investigation area.  According to this model, the maximum magnitude of the earthquakes is same for major dams (Mw = 

7.4) and the minimal distance to fault segment is between 0.58 and 9.90 km (Table 3).  However, the major segments of 

NAFZ cut some embankments and reservoirs for the dams in context of this study. 

Study area 
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Fig. 2: The dams located on the active fault map of Turkey (Active faults-yellow color: earthquake surface 

  fracture, red color: Holocene fault, purple color: Quaternary fault, black color: possible Quaternary fault). 

 

The deterministic analyses indicate that peak ground acceleration (PGA) values ranges from 0.160g to 0.514g at the 

50
th
 percentile and from 0.398g to 0.847g at the 84

th
 percentile given in Table 2.  The probabilistic hazard analyses give 

PGA values within a narrow range.  the MDE values are between 0.316g and 0.575g, while the OBE values ranges from 

0.193g to 0.318g.  According to the DSI guidelines, designers have to use the PGA values at the 84
th
 percentile for the 

dams having high and extremely high hazard classes, when considered deterministic approach.  
 

4. Total Risk Analyses 
According to DSI Guidelines three dams (Atakoy, Yassical and Ziyaret) are categorized in the risk class of II with 

moderate risk ratio, while five dams (Boztepe, Degirmendere, Golova, Koyulhisar and Yedikir) are in the risk class of III 

with a high-risk ratio. The rest are seven dams (Almus, Camligoze, Kilickaya, Sureyyabey, Tepekisla, Ulukoy and 

Vezirkopru), which are classified into the risk class of IV with extremely high-risk ratio (Table 3).    Following Bureau's 

method, all large dams with exception of two dams (Yassical and Ziyaret)  are classified in risk class III with a high-risk 

ratio. The author thinks that the results obtained from Bureau method is more rational than those estimated by the DSI 

guidelines. 

 

5. Discussion 
   Earthquake safety of dams requires more comprehensive seismic studies for understanding the seismic behavior of 

dams subjected to severe earthquakes. It is a well-known phenomenon that earthquakes can result damages and failures for 

dams and their appurtenant structures. There is another fact that dams with large reservoirs also trigger earthquake [42].  

Results can be more severe if dams are located on or near active fault zones, which are under the influence of more than 

one energy source.  Therefore, the dams located on and close to the NAFZ can result to danger conditions for public safety. 

As discussed throughout this study, the dams are under near-field motion, and most of them are also under threat of more 

than one energy sources.   
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Table 3: Results of seismic hazard analysis (*). 

 

 

# 

 

Dam 

Deterministic Method * Probabilistic Method ** 

Mmax Rmin Mean PGA  

+ 50 % 

Mean PGA 

 + 84 % 

OBE 

in g 

MDE 

in g 

SEE   

 in g 

1 Almus 7.4 9.80 0.302 0.497 0.256 0.380 0.575 

2 Atakoy 7.4 9.00 0.312 0.514 0.244 0.359 0.541 

3 Boztepe 6.6 9.08 0.235 0.398 0.236 0.352 0.533 

4 Camlıgoze 7.4 2.99 0.467 0.771 0.230 0.358 0.562 

5 Degirmendere 7.0 1.89 0.407 0.681 0.263 0.393 0.611 

6 Golova 7.4 2.51 0.477 0.789 0.256 0.383 0.580 

7 Kılıckaya 7.4 7.81 0.354 0.583 0.193 0.295 0.453 

8 Koyulhisar  7.4 1.30 0.501 0.827 0.243 0.384 0.609 

9 Sureyyabey 6.7 9.21 0.240 0.404 0.209 0.322 0.499 

10 Tepekisla 7.4 1.46 0.493 0.814 0.211 0.316 0.483 

11 Ulukoy 7.4 0.58 0.514 0.847 0.381 0.575 0.885 

12 Vezirkopru 7.4 2.60 0.474 0.782 0.380 0.561 0.848 

13 Yassical 6.8 9.90 0.160 0.267 0.274 0.401 0.599 

14 Yedikır 7.0 0.94 0.445 0.743 0.259 0.414 0.676 

15 Ziyaret 6.8 5.45 0.326 0.548 0.266 0.399 0.615 

 (*) Note: Mmax = Maximum earthquake magnitude in Mw, Rmin = Minimum distance to fault segment, Mean PGA + 50% = Mean Peak 

Ground Acceleration at the 50
th

 percentile, Mean PGA + 84% = Mean Peak Ground Acceleration at the  84
th

  percentile, OBE= 

Operational Based Earthquake, MDE = Maximum Design Earthquake, SEE = Safety Evaluation Earthquake 

 

 

Table 3: The results of total risk analysis. 

 

 

# 

 

Dam 

 

PGA 

 in g 

 

Mmax 

Hazard Analysis Total Risk (ICOLD,1989) Total Risk (Bureau, 2003) 

Class Hazard Ratio Risk 

factor 

Risk 

class 

Risk ratio Risk 

factor 

Risk 

class 

Risk  

ratio 

1 Almus 0.302 7.4 IV Extremely  high 36 IV Very high 229.0 III High 

2 Atakoy 0.312 7.4 IV Extremely  high 18 II Moderate 129.5 III High 

3 Boztepe 0.235 6.6 II Moderate 22 III High 151.3 III High 

4 Camligoze 0.467 7.4 IV Extremely  high 32 IV Very high 164.8 III High 

5 Degirmendere 0.407 7.0 IV Extremely  high 22 III High 151.3 III High 

6 Golova 0.477 7.4 IV Extremely high 30 III High 218.7 III High 

7 Kilickaya 0.354 7.4 IV Extremely high 36 IV Very high 168.7 III High 

8 Koyuhisar 0.501 7.4 IV Extremely high 26 III High 138.4 III High 

9 Sureyyabey 0.240 6.7 II Moderate 36 IV Very high 144.3 III High 

10 Tepekisla 0.493 7.4 IV Extremely high 34 IV Very high 161.1 III High 

11 Ulukoy 0.514 7.4 IV Extremely high 22 IV High 129.5 III High 

12 Vezirkopru 0.474 7.4 IV Extremely high 34 IV Very high 160.4 III High 

13 Yassical 0.160 6.8 II Moderate 12 II Moderate 63.8 II Moderate 

14 Yedikir 0.445 7.4 IV Extremely high 30 III High 217.6 III High 

15 Ziyaret 0.326 6.8 IV Extremely high 18 II Moderate 78.1 II Moderate 
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Throughout this study, the seismic hazard analyses were performed for fifteen dams which are under threat of the 

North Anatolian Fault and its secondary segments. The deterministic analyses indicate that peak ground acceleration 

(PGA) change with a wide range (from 0.160g to 0.514g at the 50
th
 percentile and from 0.398g to 0.847g at the 84

th
 

percentile) . The probabilistic hazard analyses introduce PGA values within a relatively narrow range (the MDE values are 

between 0.316g and 0.575g, and the OBE values are between 0.193g to 0.318g).  The maximum values obtained from 

deterministic hazard analysis belongs to the dam embankment cut by an active fault.   For example, the embankment of 

Ulukoy dam and the reservoirs of Yedikir and Kilickaya dams are cut by the main segments of NAFZ. Fig.3 shows the 

location of Ulukoy dam’s embankment under which an active fault (the main segment of NAFZ) is passing.  For the most 

critical dams in Yesilirmak basin, detail deformation and stress analyses should be performed and also liquefaction 

susceptibility should be clarified for the foundation and embankment materials as considering actual data [43, 44]. 

 

 
 

Fig. 3: The location of Ulukoy dam on active fault map (yellow line represents the main segment of NAFZ). 
 

7. Conclusion 
The investigation area is located around NAFZ at mid-Anatolia of Turkey.  In this study, fifteen dams having a 

hydraulic height between 20 and 103 m, namely Almus, Atakoy, Boztepe, Camlıgoze, Degirmendere, Golova, Kilickaya, 

Koyulhisar, Sureyyabey, Tepekisla, Ulukoy, Vezirkopru, Yassical, Yedikır and Ziyaret dams, were considered.  These 

dams are very close to the main zone of NAFZ or its segments.  The seismic hazard analyses have indicated that peak 

ground acceleration changes within a wide range (0.570 g and 0.859 g) for the fifteen dam sites of this region. The TRF 

data range from 84.16 to 229.0 based on the Bureau method. This means that all dams with exception of two small ones are 

classified into the risk-class of III. In other words, eighty-seven percent of dams are identified as a risk class of III with 

high risk ratio.  Especially, Almus, Kilickaya, Süreyyabey and Vezirkopru dams are the critical structures for public safety 

of downstream life and for overall stability of cascade system in Yesilirmak basin. The embankment of Ulukoy dam and 

the reservoirs of Yedikir and Kilickaya dams are cut by the main segments of NAFZ.  The Almus dam, which has 45-years 

old, is most critical structure between the dams located on Yesilirmak basin at mid-Anatolia, Turkey.  The maximum TFR 

value belongs to this dam.  Therefore, the dams, which are under near-field motion of the North Anatolian Fault Zone, 

must be analyzed with high priority under a well-defined dam safety program and re-designed to increase the safety of the 

embankments and their appurtenant structures, if necessary.   
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