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Abstract  
 

Agricultural and rural projects become important depending upon the rapidly increasing world 

population. In spite of arable land existence in Turkey, agricultural activities are not economic due to the 

lack of irrigation. Contribution to agricultural economy of the small dams constructed for agricultural 

irrigation is considerably crucial. In some cases, Natural Structural Materials (NSM) utilized in small 

dams planned for irrigation purpose are taken from arable lands and usable agricultural areas are 

destroyed. For this reason, optimisation of NSM planned to use in these types small dams is very 

important with regard to the economic, agricultural and construction stage convenience. This study 

includes engineering parameters analysis of NSM necessary for Kütahya, Pazarlar, Orhanlar Small Dam 

and decision of bod type selection. In this study, engineering approach the optimisation processes of the 

dams which requires big amount of NSM is explained. Within the context of this study, desk, field and 

laboratory works have been performed. The representative samples handled from field are tested in the 

laboratory and usability of the NSM area is determined. Accordingly, dam body type is optimized 

regarding to distance, quantity and quality of NSM. 
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1. Introduction 

 

Dams make a significant contribution to the national economy, in terms of energy, potable water 

supply, agricultural irrigation, flood protection and many more. In some cases, the natural structural 

materials utilized in dams cause important destruction of arable soils especially for dams 

constructed for agricultural irrigation.  For this reason optimisation of Natural Structural Materials 

(NSM) is crucial in context of economy, environment, agricultural benefits and reducing the 

construction stage potential transportation problems. Usability of available geological materials in 

a dam as a NSM is studied from different perspectives by many researchers [1, 2, 3, 4, 5, 6, and 7].  

 

Study area is located in Aegean Region in which the climate has a semi-arid continental climate 

with hot, dry summers and cold, snowy winters. Water supply to 593 ha of agricultural area which 

cannot be irrigated is planned as the construction benefit of Orhanlar Dam. The dam and reservoir 

area is identified in 1/25000 scaled Kütahya K22-a1 topographic map prepared by National 

Mapping Agency of Turkey. Transport to the dam axis from Kütahya city is accessed by 131 km 

mailto:mccanoglu@sinop.edu.tr
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of asphalt and 3.5 km of dusty road (fig.1). Transport to the dam axis during rainy season is difficult 

and risky. For this reason, access road to the dam axis must be renewed for the construction stage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Location map of the study area 

 

Within the context of this study, office works, field works and laboratory works have been 

performed. Office works includes, literature review and identification of potential NSM areas from 

the aerial photos. For literature review engineering reports are also analysed such as the reports of 

SuYapı [8].Within the field observations, the potential NSM areas are qualitatively and 

quantitatively evaluated. As the final stage, the samples handled from the NSM investigation pits 

were analysed in laboratory in order to determine the engineering characteristics and usability of 

NSM.  

Laboratory tests performed on the soil samples taken from the impermeable material sites are, 

moisture content, specific gravity, Atterberg limits, sieve analysis and determination of the soil 

class based on the unified soil classification system, pin hole test, standard proctor test, unconfined 

compression test, triaxial compression test and swelling test. The tests realized on the samples from 

permeable material sites are, relative density, matric suction test, ratio of fine material, 

determination of clay pellets, Los Angeles abrasion tests, shear box test, sieve analysis and 

determination of the soil class based on the unified soil classification system, modified proctor test, 

alkali silica reactivity test and organic matter content test. According to [1, 2, 3, 4, 5, 6, 7] 

mineralogical structure of the permeable NSM can be changed by the alteration of hydro 

geochemical processes. In this case, acidity of NSM is changed and cannot be utilized as aggregate 

material. For this reason alkali silicate reactivity test is crucial for the use of the NSM in concrete 

aggregate. Finally, as the laboratory tests performed on the rock material are, specific gravity, 

porosity, uniaxial compressive strength, determination of strength loss after freezing etc. The 

results of these laboratory tests are interpreted according to the criteria and the risks in case of limit 

excess proposed by [2]. 
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2. Geological Setting of the Study Area 

 

Geological units in the study area and its near environ pertain to Mesozoic and Cenozoic Eras. The 

rocks observed are in the range of Cretaceous and Quaternary (Fig. 2). Nethermost Cretaceous aged 

Dağardı Melange (Kdm) is covered up with lower-middle Miocene aged volcanic units (Mv). 

Quaternary units such as Alluvium (Qal) and Slope Debris (Qym) draw nigh discordantly the older 

units. Geological map of the study area and its near environ is shown on figure 2.  

 

 

 

 

 

 

 

 

Figure 2. General geological map of the study area and its near environ 

1.1 Mesozoic  

Dağardı Melange (Kdm) 

The geological unit defined as Dağardı melange exposed over large areas in Aegean Region. This 

unit is investigated by many researchers and aged as Cretaceous. In the study area peridotite type 

rocks which pertain to Dağardı Melange are observed. According to [9] Neogene units overly 

Dağardı Melange discordantly. 

1.2 Cenozoic  

Miocene Volcanics (Mv) 

In the study area Miocene constitutes dacite, riodacite, andesite, agglomerates, tuffs and 

volcanoclastics. The unit is generally basaltic and locally rhyolitic. The tuffs are loose and contain 

ignimbrites. This unit is transitive with Miocene Flysch unit and discordant with Quaternary Units 

[10].  

1.3 Quaternary  
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Alluvium (Qal) 

Alluviums are observed along the main river (Koyulduk) of the project area. Clay, silt, sand and 

gravel sized sediments are observed in the river bed. Based upon the field observations the 

thickness of alluviums is up to 4.5 m and the width can be reached also 4.5m. 

Slope Debris (Qym) 

Slope debris is consist of gravel and clay sized material as a result of bedrock disintegration. 

Thickness can be reached up to 2.5m based on the field observations.  

 

3. NSM Investigations 

For the NSM investigations, distance to dam axis, material quality and quantity are considered. In 

this context, 2 impermeable (C and D impermeable NSM areas), 1 permeable (E permeable NSM 

areas) and 1 rock NSM areas are investigated (fig. 3). Within the scope of NSM investigations trial 

pits are opened in order to determine the net quantity of the NSM and laboratory tests have been 

performed on the samples gathered from these trial pits to specify the usability of NSM in terms of 

engineering properties.  

5 trial pit in C impermeable NSM area, 10 trial pit in D impermeable NSM area, 8 trial pit in E 

permeable NSM area, total 23 trial pits are opened. From rock (Kaya-1 NSM area) NSM area intact 

rock samples are taken to perform the necessary laboratory tests. 

In the current situation, considering the impermeable, permeable and rock NSM quantities and the 

transportation costs, the most economic and suitable dam body type is “clay cored rock filled dam”. 

The optimization table showing the routing, NSM area (m2), material quantity and the geological 

origin of NSM is presented below (table 1). 

 

Table 1. NSM optimization table 

NSM Area 

Name 
Routing Conditions 

Distance 

To Dam 

Body  

(m) 

NSM 

Area  

(m²) 

NSM Quantity (Approximately) (m3) 

Geological Origin 

Of The Material Impermeable 

Material 

Permeable 

Material 

Rock 

Material 

C Impermeable 
Material Area 

Dusty Road (3326 m) 
Asphalt Road (3549 m) 

6 875 12 500 15 000     
Disintegrated from 

Dağardı Melange  D Impermeable 
Material Area 

Dusty Road (3334 m) 
Asphalt Road (1900 m) 

5 234 75 500 219 000     

E Permeable 

Material Area 

Dusty Road (2840 m) 

Asphalt Road (1950 m) 
4 790 109 000   272 000   

Alluviums of 

Koyulduk River 

Kaya-1 Rock 
Material Area 

Dusty Road (4365 m) 
Asphalt Road (1950 m) 

6315 500 000     >1 000 000 
Upper Miocene 
Aged Rhyolites 

   TOTAL  234 000 272 000 >1 000 000   
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The NSM needed for the construction of Orhanlar Dam is 51776 m3 impermeable material, 27000 

m3 permeable material and 223027m3 rock material.  

 

 

 

 

 

 

 

Figure 3. NSM areas locations map. 

4. Investigations in NSM Areas 

4.1 A Impermeable NSM Area  

5 trial pits have been opened in C impermeable NSM area. Depth of these trial pits changes between 

1.70 m - 3.50 m.  Soil samples are taken from C-301, C-302, C-303, C-304, C-305 numbered trial 

pits. The samples taken from the C-301, C-302, C-303 and C305 numbered trial pits are CL and 

C-304 is SC based on the unified soil classification system (table 2). 

Table 2. Laboratory test results of C impermeable NSM area 

 

 

 

 

After stripping 30 cm of organic soil, 15 000 m3 impermeable NSM can be utilized in Orhanlar 

Dam with the 2.00 m of exploitation depth. Mean granulometric percentage of the material taken 

from A impermeable NSM is %13.8 gravel, %30.4 sand and %55.8 fine material (clay and silt). 

Grain size distribution chart is shown on figure 4.  
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Figure 4. Grain size distribution of C impermeable NSM 

4.2 D Impermeable NSM Area  

10 trial pits have been opened in D impermeable NSM area. Depth of these trial pits changes 

between 1.20 m - 4.10 m.  Soil samples are taken from D-401, D-402, D-403, D-404, D-405, D-

406, D-407, D-408, and D-409 numbered trial pits. Due to the lack of suitable material and in 

exploitable depth, D-410 numbered trial pit and its near environ is ignored. Sample taken from D-

401 is CH, D-402, D-405, D-406, D-408 are CL, D-403, D-407, and D-409 are SC based on the 

unified soil classification system (table 3). 

Table 3. Laboratory test results of B impermeable NSM area 

 

 

 

 

After stripping 30 cm of organic soil, 219000 m3 impermeable NSM can be utilized in Orhanlar 

Dam with the 3.50 m of exploitation depth. Mean granulometric percentage of the material taken 

from B impermeable NSM is %8.6 gravel, %27.6 sand and %63.8 fine material (clay and silt). 

Grain size distribution chart is shown on figure 5.  
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Figure 5. Grain size distribution of D impermeable NSM 

 

4.3 E Permeable NSM Area  

8 trial pits have been opened in E permeable NSM area. Depth of these trial pits changes between 

2.00 m - 3.60 m.  Soil samples are taken from E-501, E-502, E-503, E-504, E-505, E-506, E-507 

and E-508 numbered trial pits. Sample taken from E-501 is GM, E-502 is SP-SM, E-503 and E-

505 are GP, E-504 and E-508 are GW-GM, E-506 GP-GM and E-507 is GW based on the unified 

soil classification system (table 4). 

Table 4. Laboratory test results of E permeable NSM area 
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After stripping 10 cm of organic soil, 272000 m3 permeable NSM can be utilized in Orhanlar Dam 

with the 2.70 m of exploitation depth. Mean granulometric percentage of the material taken from 

C permeable NSM is %52.0 gravel, %42.1 sand and %5.9 fine material (clay and silt). Grain size 

distribution chart is shown on figure 6. 

 

 

 

 

 

 

 

Figure 6. Grain size distribution of C permeable NSM 

 

4.4 Rock NSM Area  

Intact rock sample is taken from Rock NSM area, in order to analyse the usability as a rock fill 

material in Orhanlar Dam. Laboratory test results performed on the intact rock sample are within 

tolerable limits (table 6). With regard to the quantity also Rock NSM area provides sufficient rock 

material. More than 1 000 000 m3 rock  NSM can be utilized in Orhanlar Dam with the 20 m of 

exploitation depth. Transportation from Rock NSM area to Orhanlar Dam axis is planned to realize 

with 6.3 km of existing road. 

Table 6. Laboratory test results of Kaya-1 rock NSM area 
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5. Results and Conclusions 

Agricultural and rural projects become important depending upon the rapidly increasing world 

population. In spite of arable land existence in Turkey, agricultural activities are not economic due 

to the lack of irrigation. Contribution to agricultural economy of the small dams constructed for 

agricultural irrigation is crucial.  

The most important factor for the decision of dam body type during planning stage is NSM 

possibility and usability. For this reason, NSM potentialities are analysed in the near environ of 

Orhanlar Dam axis and suitable dam body optimization have been performed. In this context, 

Orhanlar Dam is planned to construct as “clay cored rock filled dam” with the height of 33.20 m.  
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