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Genetic Classification Symbol No. Main Facies New No. Main Facies

Aeolian-Diluvial-Proluvial Formation Vdp QIV ①~1a Sandy Loam and Loam ① Sandy Loam and Loam

Eluvial and Deluvial Sediments ed QIV 2a Gravel ② Surface Gravel

Proluvial-Alluvial Sediments ｐa QIV ② Gravel  Moraine　Deposits

Upper Volcanogenic Formations βQIII ④ Welded Tuff ④ Welded Tuff

Middle Volcanogenic Formations βQII ⑤ Lava ⑤ Lava　（North bank)

Lower
middle

Lacustrine-alluvial-proluvial Sediments lap QI-II ⑥ Loamy Sand and Loam ⑥ Loamy Sand and Loam

Alluvial-proluvial Sediments ap QI ⑦-7a Sand - Loamy Sand

Lacustrine-alluvial-proluvial Sediments lap QI ⑧ Loamy Sand and Loam

Volcanogenic Formations βQ ⑨ Lithoidal Pumices ⑨ Lithoidal Pumices

Volcanogenic Formations βQI ⑩ Welded Tuff ⑩ Welded Tuff

Volcanogenic Formations ⑪ Volcanic Breccia (Scoria) Volcanic Breccia (Scoria)

Alluvia deposits ⑫ Gravel Pyroclasic flow deposits

Volcanogenic Scoria Formation ⑬ Lava ⑬ Lava　（South bank)

Volcanogenic Formations ⑭ Volcanic Breccia ⑭ Volcanic Breccia 

Volcanogenic Formations αN II ⑮ Lava ⑮ Lava

Volcanogenic Formations αN I ⑰ Dacites ⑰ Dacites

Sarmation Sediments (Hrazdan Suite) ⑱ Sandstone, Clay, Marls ⑱ Sandstone, Clay, Marls
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                                       No.2                  :         

Field moisture Spe. gravity
Wf (%) (-37mm) Bulk density absorption (%) fine (%) sand (%) gravel (%) Dmax(t/m3) Wopt(%)

TP-1 5.97 2.69 2.34 1.87 5.00 23.26 71.74 1.95 11.0
TP-4 7.04 2.57 2.34 1.67 7.88 22.78 69.34 1.73 14.6
TP-14 9.50 2.59 2.25 2.52 10.20 24.98 64.82 1.77 16.0
TP-15 11.48 2.53 2.17 1.91 11.50 23.38 65.13 1.65 17.2
TP-16 7.81 2.64 2.35 1.68 6.87 23.99 69.14 1.95 12.7

pit No.
Spe. Gravity/absorption praticle size distribution Compaction test

         4-2                                                         
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           No.1-                                                    
                                    No.2,                               
                                    No.2-         :                    
                                                   : 

                                                    :               ,        
                                                                :     
                                                                     
                    ,                                       :         
                                                                      
                                                                       , 
                                            ,                            
            : 

                                                             , 
                                  -     ,                                    
                                                    :         ,    -    
                                                                        : 

                                  

                                                                  
                          . 

 )                                                  -    ,                  
                                          )                )        
                               :  

 )                                             -    ,                  
                                          )              )                 
                                                N1   N2-         :     
                        )              ,  )                   )         
                  ,                       (2)                 (           
           -  ): 

                                                                     
                                      ,                         (7) 
           (“ )”-   “ )”),                            ,               -        
                                                : 

                                                       

                                                                          
               -          -           :                                    
                   -          -        -            -     -        -  
      : 

                                                         
    -          -        -        :                             -       , 
                         ,                                               
             :     -                                                         
                    :     -                                                
                                                 :  



         ,     
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   -                                                            
        ,                                                              
     :    -                                                 :        
                              ,        ,                     -    :  

    -       -                                                      
                                   ,                                      
                         :                                           
                                              -        :             ,    
    -                                                                   
                   :    -                                                     
                                       :  

                      

   -                                                         
           ,                               ,                          , 
                                                   ,       :    -      
                                                   :                  
                  ,     -             1.01        /  ³                         
11.52     /  ³                             -  :  

            ,    -             11.00        /  ³                             
                           :                               ,            , 
               :               ,                 -                   -   
                                                   :  

       -                                                                    
            50        / ³                               :         , 
                     -                                                       
                    :  

                       (        )          

                                                                    
          :                                                            -  
                                 ,                                  
         :      -                                                      
   -                                      ,                                  
                        -        :      -                                
               ,                                     ,                 , 
    :                                                                   
                                    :  

                
                                                                       
                 ,                              40%-   50%-              
               ,                                                          
            ,                                :               -            , 
              -                                 : 
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                                 :                                       
                                                                      
                       . 

1)                                          /       ,            
                                                , 

2)                     ,                                  ,           
                                         , 

3)                                                               
                 -                                     , 

4)          ,                                                         ,     
                                  (                                
              )                                           , 

5)                                                : 

4-5                                                    

                                               

                                                              
                                                            
                     

1)                                            
2)                
3)          /                           (                                , 

                                                 ,             
            ,                                    ,                 
                                    ,       )  

                                                                

                                                                         
                                  ,               ,                         
                                                                
                 16,849   13,574                                         
              4 5    /                                                        
                   80%   



         ,     

      -28  

              
         4-3                                

               

«      » «        » «          » «   »        

    

  

(  ) 

(%) 

    

  

(  ) 

(%) 

    

  

(  ) 

    

  

(  ) 

(%) 

    

  

(  ) 

(%) 

    

  

(  ) 

1.             

           

 (               

       ) 

2,427.9 53.8 1,738.9 48.2 2,797.1 63.1 5,236.9 51.4 12,200.8 53.6

(1

) 

        

       

(    

          , 

2013   ) 

1,050.6 23.3 915.0 25.4 2,161.0 48.7 5,093.0 49.9 9,219.6 40.5

(2

) 

           

       
1,377.3 30.5 823.9 22.8 636.1 14.3 143.9 1.4 2,981.2 13.1

2                

       
2,084.6 46.2 1,869.6 51.8 1,637.9 36.9 4,961.1 48.6 10,553.2 46.4

                

       
4,512.5 100.0 3,608.5 100.0 4,435.0 100.0 10,198.0 100.0 22,754.0 100.0

              

                           
                                                                    
                                                                 ,     
                           0 97        

                                                                    ,   
                                                               
                                                                              
                           ,                                      
                                                                   
          ,          ,                                                , 
                                                                     
                                                                     
             

«          »   «   »    -                                          
           ,     «      »   «       »    -                 

                                                      

                                                                      
                                                              55 8        
                                                 `        25 9              
                                                                        
                                                                   
                                                                ,     
                                      21%              

                                                            5 81 
   /                 5 81-       4                                    
           (15-64        )                  ,                            
                                                    1                  
                                          ,                     
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                                      2014                               
5,979 1      ,                                  4,103 1                       
                    «          »    -              ,                       
«      »   «       »    -         

                
                                                                    
          ,                                              ,       
                                                                  , 
                                            ,                           
                                                                     
                                  ,                                      
                                                                           
                                                        

       
                             «                                      » 
                                            «                 »   
«            ,                                                         
       »  «      »   «       »    -                                    
       «                    »,                                             
                   

                                                      
                                    ,                                      
                ,                                                       
                                                                     
                                                               
                                   ,                                   
                                          ,                              
                                                                    ,    
                                                         
                                                           

                              

                                     27                         8,500-9,000 
                                         ,         2010-2014           
                                   8,713   :                                
                  ,                    ,       ,                              
           : 27                                                           
                                                 ,                        
                                                                         : 
                                                                    : 27 
                                                                     
                                  ,                                     
                          :  

2014 .             13,574                                      4,749- ,     35%   



         ,     

      -30  

                                     :                                    
                          27              :  

                                     

                                               -               ,         
                      ,                                    :             
                     -                                         :        
              ,                             ,                          :      
       ,                                                           
                                                  :         
                                                                    
             ,                                                              
                          : 

                                        
 
                    
                                                                
                                                    82%   61% 
                                                            ,         
                                                   ,                    : 
                                                                       
     ,                                                         
                                            :                     
         ,                     ,                                      
                                        20-35%:                  
                ,                                                      
                                                                 
                                        ,                                    
                                                                     

                                          ,                   
                                                                    ,        
                                                         :                   
                                                                 : 

                                                ,                        , 
           ,         ,           ,                       ,           
                                    :      ,                            
                                                       :  

                                  
                                               ,                     
                                           :                          
                                                         ,            
                                                                  
                                         :                        
                         ,                                               
                ,                                                  
               :                                                     
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              :  

                       
                                                                          
          :                                                         
                                        ,                            
                                                                    
                     

          
                                   95 %                                 , 
                            : «          »   «   »    -                
                                                                        
          :                                                               
              ,                                                             
                      : 

                                       

                                                                 
                                            ,             
                                                      :                 , 
                                                       :               
                                                                 
                                                 :             
                                                               20-30 %       
             :                                                                
                                                   :                      
                                                                      
                                       

                              

                                                                         
                                                                   
                                                            ,                
                    

                     

2011                                                                
                             ,                                            
                                                                   
                                                                    40% 
          ,                                                             
                                                                
                        ,                                    ,        
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           ,    -       
                        
               
                         
                        
                  
                         
                   

1)                            
2)                                                    
3)                      
4)                                        

     4-10-                                                             
                                        

4-6                                                         

                       

                                                            . 

         4-4                         

No.                               

1               13.3 %

                       

          

2                 11.0 %

3                              

          

4.1 %

4                             6.0 %           

5      (                ) 10.24 %                    

6                  5.0 %              

7                          (1 US dollar = 486.99                 

8                          (1 US dollar = 113.65      -               

   -  

 
                                  

                                                                      
                                                                 
                             :                                             
                                                                      
                                                               : 
                                                                       
                            

 

   4-10                                   
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                                                          -                 
                                                           80%-             
                                                       :            
                               2,000  /    ,       ,           
                                                                     
20,000 /                                                                  , 
                                              :                   
                                 ,                                       
85%-          :                                                       
           :                                      50           ,              
                               400,000      :                          
                                 :       ,                             
                      ,                                            
                                                                  
                       

                    

                          ,                    ,                         , 
                         :                                                
                    : 

          ,             ,          
                                                                   
              ,                                                  ,         
                 :                                                   , 
                        :                                           
                                                                       : 
                                                                          
            ,                                                         : 
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5.                                             

5-1                                            

                                                                         
                  

«                                                           »          
                   2014 .-                  ,                                    
                  ,                                                      
                                   (     )                     
                                                                  
                              (  )                                        
                                                (              )               
                                                                   /     
                                    ,                                 
                       ,                               

                               

                                                               ,               
     ,                                                                   , 
                         ,                                    
                                                    ,                  
                                                                       
                  ,                       800                       , 
                                                                         ,     
                               600                         
                                                ,                        
            ,              «                                            
               »  

                                                                  
           

                                                                  
            ,                                                       
             ,                                                         , 
                                             ,                            
          ,                          ” -”              ,                 
(                                                                      , 
                                  ,                                      ) 
                               “ ”                             
                                                              
                                                                     
                         

                                                

                                       
                                            819.36                         
       ,                                                                  
               ,                                                   ,      
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                    ,                  ,                          , 
                                                                        
                                            ,                      
                                                                 
                                    

                                       
                                                            
                                         ,                       
                                             ,      -                    
                                                                  
                                                                        
              

                                                                     
                (              ),                                            
                                                                              
        ,                                                   ,        
                                                                          , 
                                                        ,                
                                            

                                            103    .  3                 , 
                                                 ,                              
                                                                         
                                                                        
                          ,       ,                              14  ,   
              ,                                                           , 
                                          ,       ,                    
                                     4  -     

                                                                      . 1) 
            , 2)                3)                                              
      ,                                      -                            
                                                                            
                                                                        
                                                                          
                                                                       
                                                                           
                                               ,                        
                                 ,                                       
         ,                                                             
                                                   3    ,               
                        ,                                                 
                 ,                                                      
                           

                                                          2-                 



         ,     

      -36  

                                                                   , 
                                                          ,         , 
                                                                                  

                                                                   
                  ,       ,                        ,    
                                         2013 .-                 1,875    .  3 
     ,                                       103    .  3                    
                                                                         500 
   .                    ,                                                   
                           7,800    .                             
                                       27    .     -  ,                      
                                                    0.35%-               , 
                                                         

          

                                                                ,     
        ,                  ,                                      ,     
                                                                          , 
                                                                       
              ,                                                               
                                                                        
        ,                    ,                                         
                                      

                        

                                                                    
                                                                          
                                                                     
                                                             -          
                                                                   
                                                                - ,    -       
         -                                                      
            ,        -                                               
                                                                    -   

                 

    -                                                       
                                                                           
                                                                     
                                         ,                           ,             
                                                                          
                                                                 
                 

                  

                                                                      
      ,                                                                  
                                             2015             20-   
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                                   -                                
                                                                        
                                           

5-2                                    

                                                     

                                                       ,                
                                                                   
                                       ,                       
                          2-                                              
                  ,                                                         
                              ,                                         

                                

                                  /     .4.12-                            ,     
                                                                (   ) 
                     ,                                               
                               /     .4.12-                                  
               . 

                                                                       , 
                                                                   

                       -                                    
                                                                  ,        
                                                                      

                     ,                                            
                         

                       

           ,                                ,       -          
                               2016 .                                 
                              5-1-   ,                             75        
                            (    )          418                         
(   )  

         5-1                  

              
            

                                         

1.                     

1-1.    (               

                     ) 
0 0 0 0 0 0

1-2.    (                

                     ) 
0 0 0 0 0 0

1-3.    (           ) 0 0 0 0 0 0

1-4.    (               

                     ) 
0 0 0 0 0 0

1-5.    (                

                     ) 
0 0 0 0 0 0

1-6.    (           ) 0 0 0 0 0 0

1-7.                           0 0 0 0 0 0
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                       , 

                          

             

        (1) 0 0 0 0 0 0

2.                 -      

2-1.                      

       1 
- 60 60 - 340 340

    1)               - 7 7 - 44 44

  2)                - 53 53 - 296 296

2-2.                 15 - 15 78 - 78

    1)               12 - 12 64 - 64

  2)                3 - 3 14 - 14

2-3.               * - - - - - -

        (2) 15 60 75 78 340 418

         15 60 75 78 340 418

       .                       , 2016 .              

     .                                      
     

                              5-2-   ,                                  
819.36     ,                                  .  )        ,  )                ) 
          

         5-2                                                

                  
      

       (  ) 

1)       2 54.49

2)           77 738.94

3)        25 25.93

       104 819.36

       .                       , 2016 .              

           ,       -                                                       
                                . 1)                                
           , 2)                                                   3) 
                                                                    
                                            “1.                        
                    ”,       ,              ,                                
        -                                                 

                           

                                                /     .4.12-                      
             ,       ,                     -                        
            ,                                   ,                   
         5-3-     

         5-3                             
                                             

1.                                   .          
      (                     ,         

        ) + 15%
- 

2.                                                 -

                                                           
1                                                                    ,                   53         

                             ,             ,                                         53            ,     

      -                       ,                                                        5.59    

        ,             ,                                                              296    
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3.                                                       ,                
     

4.                
        - 

               
                                   

              
5.               1.      6                            

2.                                                            
6.         
                    

1.            .        
            .                  (    
                 ,               
      ) + 15% 

2.                  .               
                            
                   

3.           .                       
                                    
             ,                     

    

- 

 
                           

                                             -                    
                                     ,                                      
                                                           ,   -    
                                                                      
        . 1)                         , 2)                     ,   3)        
                                                               -    
                                                              

                        

              -                                                   
        -        -                                        -  
          ,                                                    
                      -                                        
                                -                                     
                   -                                                 
                        -                                             
                                                                    
                                                                        
                        -                         -                     
                                                                        
   -                            

                    

                                       14                                 
                                                                        
           ,                                                         
              

                                                                         
                                                                       
   -                                                  ,                   
                     ,                                                     



         ,     

      -40  

                                

             ,                                                     
          437,720,390      (    898,828          )                         
                                                                       
                                                                 
                                                            5,668,306,790 
     (    11,639,473          ): 

                                        

                                                              `        
                           :                                       -    
                                                                         
                             . 

                                                                   
    ; 

                             ;  
                         ;   
    -                                        

 
                                   /                             
                     ,                                   ,            
                           ,                         ,                    
                                       - :                              
                               

                  

     -       -                                                                
                                                                 , 
                                                                           
             2015 .-             20-                                    
                                                                         
         ,                                                               
2015 .           5-                                                        
                                                                         
                                                                     
                             , 2015 .            23-           
                                                                       
                                                            

                                                                      
                             ,                                       2016 . 
                                                                  
                                              ,                       
                        ,                                                 
                ,                                                        
                            ,                                    ,                
                                                      ,         
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5-3                         

  -                       ,                                         
          :                                                         -  
                       (UNFCCC)              1993 .        ,             
                ` 2002 .                                            ` 
                                          I-                              
                             :                                      -  
                                 (   )                               
                    (   )      :                                     
                                              ,                         
                                                       : 2010 .-   
                                                                     
                                                            :     
                                                                      
                                           (  )                
              : 2015 .               -                                
                                  (INDC)`          UNFCCC- :         , 
                                                                          
                                  ,                       
      -                    :  

                                                                         : 
                                                                     
                                                 ,                   , 
       ,                   ,                                   :        
                                                                   
                          :          -      20%-                  
                  ,                                                      
                                         75-80%- :          ,   -3-    
        ,                                                      
                          ,                                            
                           :  

                          

                                      ,                            
                                                          :       
                                                                           
                                      :                             
                                 (   )                     16,575.02 
t-CO2/    :  

                                     

                                                                          
                                     ,               ,                  
                                                      ,       ,              
           :                                                             
                                                    :            
                                                                       
                                                :                    
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                                               : 
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6.                                                   

6-1                      

                             

         6-1  2022                                                 

    

                (        )

            
              

            

   - 

     

         

/       /  

  

            
    - 

     

«      » 156 491 64 18 51 758 481 2,019

«       » 77 137 85 8 165 302 851 1,625

«       

   » 

724 274 160 88 1,701 32 148 3,127

«   » 944 550 292 737 1,725 527 801 5,576

         

       

       

1,901 1,452 601 851 3,642 1,619 2,281 12,347

 
                                   

         6-2                                     

No.            

    (     /  )

      

     
        

               

(   ) 

1     3.6 3.8 0.2 

2    2.7 3.4 0.7 

3          (     ) 2.4 2.6 0.2 

4       11.3 11.5 0.2 

5        36.3 41.8 5.5 

6            47.7 50.4 2.7 

7            100.0 100.0 0.0 

8              38.4 42.0 3.6 

9              80.0 80.0 0.0 

10      49.8 53.7 3.9 

11         38.9 41.4 2.5 

12      29.7 32.6 2.9 

13       42.7 45.3 2.6 

14     11.2 13.5 2.3 

15     7.1 7.6 0.5 

16     7.7 8.9 1.2 

 
                                                   

                                                                       
              6-3              

         6-3                                                            

                                 

1              

                          

                         

                      

                                                        

                                         ,                     , 

                       ,                         ,                  

                          

                                                      

                                                             

2                           

                        

                          

                                                   

                         

          /                                      

3                                                        
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       /                       

                                                  ,   

                     

4                        

                           

                        

                              (            ,       

                  ) 

                                                        

      

                                              

5                

                          

         (                   

               )  

                                              

                                                      

                                             

                       

6                                                  

                                 

                                       

                                                     

           

7                             

    

                                                         

                                                    

                                                

                                                    

           

                                                     

                                    

                            /                       

                                                   

      ,           /                                     

                                                 

                                                  

                                  

                                                     

                                                   

                                                    

                          

 
                   

                                                                      
                                                      -               
                             

1.                                                    

2.                                               

3.                                                               

                  

4.                                                                   

                                   

5.                                                    

 

 



                                                                      

  -45                                   

6-2              

                                    

                                :                                            
                       :                                       
                                                                         
                                                                     
                                                  :               , 
                                                                             
       ,                                                                    
            :     

                                                  -               
               :                                                        : 
                                                                      ,     
                                                       :   

                                  

                                                                        
12,357   :                                              .                 
      1,000 -1,300 ,                      800 -1,300 :                       , 1,000  
                                                                      : 
                    -   ,                                               , 
                               :                      –    ,       
                           ,                                :              
                       ,                                               
                 :  

                                                                      ,     
                                                                ,      ,   
2007 .                                                      : 

                                                                     
           50%   75%                : 75%                                  
                                               ,                     
                         :                12,347                 
          154.2      ³,                                           46.8%-   :   

                       

                   -                                                      

                                            `                    

                 :                                                   

                         ,                                         : 

              ,                                                        

22.0 3/                                         80%      :  

                            `                                            , 

                                                                     

                                     :                                  
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                                        2013 - : 2013 .-                   

                                     75%                             : 

                                                               
                        94      ³:                   12,347             
                                                :      -                 
                                            1                            2   

                                 :         -                             
                                                      3                     
           2                                      

                                  

                                                          6-4-      
         6-5-     

         6-4                                                   

         

          

                              

                 

      

  

      

    

        

       1 

        

        
      

      

    

     
φ= 

1.60(1.6  ), 

1.72(1.94  )) 1.11 *- 9.00  3/  

*)                    

       0.39 3/   

     

        L= 

4.70=1.16(     

          )+ 

3.54(       ) 

 

        

       2 

        

            

      

      

      
B=          4.00 

2.20 - 13.00  3/  
     

        
L= 0.33 

 

      

      

    

      

       1 

       

                 

      

    

     
φ= 1.20 

0.22 - 2.33  3/  
     

        
L= 0.73 

 

      

       2 

       

           
      

        

      

    

     
φ= 1.72  

0.16 - 12.82  3/  (        

        ) 

              13.7  3/  

(             ) 

     

        
L= 

4.70(       )+

0.5(     )  

 

 
         6-5                                     

         

          
                                             

     -        

       

・  14  17- ,  28-  32- , 64-  69- ,  85-  93- , 

  94-      96- .   96-      97- ,   101-      105             

          (L=2.7  ) 

・                                                 

     

       

        

        2-   

    ,  

  -     219 

・  10-  188-             (L=17.8  )

・                                              

2                      ,         188-                            

                                  (φ400  )   10-             

                (φ1,000  )   13-     

         /  ・        

         /  ・       

         /  1 ・        

         /  2 ・        

            

      ,   -   

  120 

・  -  23-             (L=2.3  )

・                                                 /    

                                      

・ 1                       

           

           , 

  120-      

・  123-  234-             (L=12.1  )

・                                                 /    
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・ 22              , 1                       2              

           

             , 

  -     130 

・  69-  126-             (L=5.4  ) (            0.3   

            ) 

・                                                 /    

                                      

・ 17             2                     

   -    

      ,   -   

  118 

・  -  31- ,  62-  70- ,  82-  112-         

          (L=6.9  ) 

・                                                 /    

                                      

・ 16                          

           

    

               

       

・                        

              

      ,   -   

  104 

・  6-  104-             (L=9.8  )

・                                                            

・                                                (  76-     104) 

・ 39                 2                                 

        

       

・                                         

・                                                              

 
6-3                 

                                             

                                                                  

                                                                             , 
                                             :                               
                          ,                                       
                                                                 : 

                                                                          , 
                 A-                                        : 

 

    -A:                                                                  
                                              ,                  
                    : 

     -B:                                          ,                    
            :  

                                                                

                ,                                                   
                                                                 
                                                        :                  
                                                                        
                                           :         ,          
                             (2)         ,         -A-                    
                             (             6-6- ): 
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    -A:                ,                                                  
                             : 

    -B:                                                                , 
                                                                        
                                  : 

 

         6-6                                                                                     

                          

                                           

1)                       ,                                           
                   ,                                                
                                                                        
                                                : 

2)                                         “2-D               ”   “3-D     
      ”: 2-D                            ,                              
                 , 1985 .,                                           : 
                                           2-D        : 3-D        
                                                                  
                  :  

3)                                                                      
                                                                         
  :                                                                
                                 :  

4)                                                                        , 
     ,          ,                                                   : 
                                                             
                                                          .  

(USD)

(Million USD)

89,853,972

87.8 89.9
Total

87,768,086Direct
Construction

Cost

Dam Height 25.55m 27.55m

Reservoir Area 7.96km2 5.42km2

Reservoir
Properties

Reservoir Capacity 94 MCM Same as on the left

LWL EL. 1290m Same as on the left

FWL EL. 1305m EL. 1307m

Plan A Plan　B

900ha 600ha

Outline

Anti-Infiltration Works
(Reservoir Bottom)

Anti-Infiltration Works
(Slope)

Dam

Dam

Dam

Anti-Infiltration Works
(Reservoir Bottom)
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( 
3/  )

      

      

      

         

          
94      3 

        
(%/  )

      

( 
3/  )

      

      

      

          

         94 

     3 

        
(%/  )

         

    
45,900 100% 0.049 29,599 100% 0.031

      52,196 114% 0.056 34,614 117% 0.037

         

    
43,190 94% 0.046 28,809 97% 0.031

     49,712 108% 0.053 33,908 115% 0.036

600   

         

         

         

        

       

        

              

                 94        

                      

                  

                          

              

                

900   

Zone 1

Zone 2

Zone 3

Existing Dam No. 2

Existing Dam No. 1

Zone 1

Zone 2

Zone 3

Existing Dam No. 2

Existing Dam No. 1

         1    kv = 8.3 x 10-6   / , t 1= 15   ~ 40    (      10   : kv = 4.3 x 10-4   / ) 

         6    kv = 7.5 x 10-6   / , t 6= 15   ~ 90    (t1+t6 = 30   ~ 110  ) 

5)          6-7-                                                       
                                                        900          
                   600             ,                           :           
                ,       ,             ,     ,          ,                       
                             ,                                     
                        94                                              
       0.05%/  -  ,                                                
                   :                                                   
                                             :         ,          
                                                                  
    -                                     : 
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 900         600         

     .      1-                                       2-     3-             :                

                                       3-         (263   ): 
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                      ,                                               (－) 
           , 30                 (1983~2012)                             445 
  /    ,                ,                                      10 /            
                 :                   ,                    3               
     ,   3                      :                                     
                                                                           
1-100              :                                 ,             
                                           ,                           
                             :                                              
                     ,                                  :  

                                              
                       /                                               
                               -                               , 
                                               /               
                                                                 :  

                                                     
                    
                                          
                                      1)                          2) 
                                     , 3)                (      )        
             , 4)                               , 5)                        , 
6)                                                           ,   7) 
                                                :          7              
                                                             4)-   7)        
                                                                          
        :  

                                                                      
                        /            
                      
                          
        `               
         
                      
               
           
                     
       :           
       ,                 
              «                                    0.05 %-           »:     
                                                  :            , 94   .  3 
                                                                    47,000 
 3  ,                                                        
         /                      10    15                                       
          .    

                                                                      
                 

 

Reservoir model
Allowable Q

(m3/day/m2)
H

(m)
A

(m2)
k

(cm/sec)
k

(m/day)
L

(cm)
0.005 10.0 1.0 5.E-05 4.E-02 8640.0
0.005 10.0 1.0 5.E-06 4.E-03 864.0
0.005 10.0 1.0 5.E-07 4.E-04 86.4
0.005 10.0 1.0 5.E-08 4.E-05 8.6
0.005 10.0 1.0 5.E-09 4.E-06 0.9
0.0075 15.0 1.0 5.E-05 4.E-02 8640.0
0.0075 15.0 1.0 5.E-06 4.E-03 864.0
0.0075 15.0 1.0 5.E-07 4.E-04 86.4
0.0075 15.0 1.0 5.E-08 4.E-05 8.6
0.0075 15.0 1.0 5.E-09 4.E-06 0.9

A=9,400,000 m2
Av. Depth=10m

A=6,267,000 m2
Av. Depth=15m

       6-8                                           
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         6-9                                     /                                 /              

                

                             (  / )        

               5×10-9 
         

        

              

7.7×10-7 - 3.9×10-8,                

           /                      

                             

               

               

         

7.0×10-6 - 4.6×10-7,                 
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                 /

                         (  / ) 
          

            9  / 5×10-9               (6   ×2)

             86.4  / 5×10-7 90  

         

                 
86.4    / 5×10-7 90    

               

                   

               

            ; 45  ,            ;      

             ; 5×10-7  / ,  =45   5×10-7  / ,  =45   

              ; 5×10-9  / ,  =0.6   5×10-7  / ,  =60   

        ; 105   >86.4    

 
                                             
                
              
        
          
       ,       
                
             
               
                
        
                
         
                
      -       
            : 
         
         
                
                                                                  /   
                                             :  

                                                                         
                                     :       ,                          
                                                                    
                          

                                             

                                                                  

Item

Method item cost

Bottom 12.6 $/m2 A B C Total

Bottom 10 5 3 18

North 22.4 $/m2 North 5 5 3 13

South 5 5 3 13

South 24.1 $/m2

Bottom 18.3 $/m2 A B C Total

Bottom 5 10 7 22

North 28.1 $/m2 North 3 10 7 20

South 3 10 7 20

South 30.4  $/m2

Bottom 15.3 $/m2 A B C Total

Bottom 8 10 7 25

North 15.3 $/m2 North 9 10 7 26

South 9 10 7 26

South 15.3 $/m2

Bottom 14.5 $/m2 A B C Total

Bottom 9 8 10 27

North 14.5 $/m2 North 10 8 10 28

South 10 8 10 28

South 14.5 $/m2

Mistake in connection
works of bentonite
sheets can be covered
by the continuous layer
of soil-cement.
Incomplete
imperviousness of soil-
cement can be covered
by the low permeability
of bentonite sheet.

adopted due to economy
and reliability

The additional work
of fixing the sheet
by driving concrete
nails
Fewer occurrence
of wind
interruptions

Bentonite sheet

B. Construction work

Frequent
interruptions by
strong wind

Soil-cement
with a
sandwiched
bentonite sheet

k=5×10-7
t=45 cm
Bentonite
sheet 1

Lack of curing brings
the compacted body
incomplete
imperviousness.

No problem

Design
(k: cm/sec)

k=5×10-9
t=6 mm

Judgment

k=5×10-7
t=90 cm

Bentonite-soil
mixture

k=5×10-7
t=90 cm

Soil-cement

C. Reliability
A. Construction cost

Low because of
easiness of connection
works done hurriedly in
the strong wind
condition

No problem

Complete enclosure is
needed; if not,
compscted body of
bentonite- soil mixture
loses its component.
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[                /                    ]                            
               ,                                              
                 ,                                                        
              /          (20 / )                                            
                      :                                   ,          
                                                   -                            :  

[                            ]                                            
S.M.B                                                           : 20 /        
               3.7                          (                -                
     -             )           0.85                        :   

[                                                       ]             
       , H1/3=0.85                      0-1 % (KD=3.2)                      
                              0.057          / 3,                        40    , 
                           :  

[                                         /                               ] 
                                                            
                   Ⅳ -10.01.01-2006,                                
                                                  79    :                   
79  -             80  - ,                                               
                                                                  : 
 
[                                          ] 
                   .                                                
                   40  -      ,                                    50%-    
       80                           :          ,                          
       50                                              :        `             ,    
                               80  -   30-                    
      /                                                                     
       ,                                                               
          :  

                              .                                     
                       , 1951 .                                               
                                                                  
                                         140       -                      
                                         :                     
                                              /            ,          
                                                                          
                                                                             
                                      : 
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        -                   .                                             , 
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                      ,                                       ,         
                      /                                                     
                                                    : 
 
[                                                                ] 

 
                              
                                       ,                         
                       25                                                 
             :                                                     25   
                   
            
                      
                  
              :     
                      
             30   
                         
                     
                                   :                                       
                                               :  

                                                   
                                                       ,                   
                                ,                                          , 
                                 ,                                       
                                 E.L.1,307.00  : 

                                     
                                                                      
                                                                     
                           :                                   
              =                                     +                    
                        : 

= E.L. 1,307.0 + 0.55 
= EL. 1,307.55 

 . 6-12                                          
Slope

Wave action Wave action Wave action Wave action
Protection work hard not hard not hard hard
Rock rip rap work not work work not work work not work work not work
Cobble-gravel rip rap not work work work work work work not work work
Soil-cement work work work work work work work work

Cobble-gravel rip rap
(due to economy)

Soil-cement Soil-cementAdoption
Cobble-gravel rip rap

(due to economy)

North slope

Freezing-
thawing

South slope

Freezing-
thawing

Dam No.1

Freezing-
thawing

Dam No.2

Freezing-
thawing
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          No.1- ,          No.2-       ,                    ,            
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1)                                                               
           ,                                                     ,   

2)                                                                        
(                                            )                          
                                             : 

                                                 ,                           
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                    (                                      ) 
                                                                        , 
                                                                   
                    :  

                                                                         
                       13.7 3/                        :                ,       
      ,                                          ,                       , 
                          6-3-   ,                                           
                                   6-4-   :                               
      ,                                         6-4-                         
                             : 
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Discharged from Yeghvard Reservoir (m3/s)

Acceptable Discharge

Maximum Discharge
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*                         
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12.82 

12.82 
12.72 

12.72 

12.70 

12.70 

12.70 

12.58 

12.58 

12.58 

12.70 
12.70 
12.70 

12.19 
12.19 
12.19 

12.00 

1288 

1290 

1292 

1294 

1296 

1298 

1300 

1302 

1304 

1306 

11.0 11.5 12.0 12.5 13.0 13.5 14.0 

W
at

er
 L

ev
el

Volume can be discharged from Yeghvard Reservoir (m3/s)
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6-4                            

              

              4                                                          
            6-13-   :                                         «               
                                 »            

         6-13.               

 
                            

                                                                 
                            :                            4       :            
                                                          
                                                 ,                  : 
                              7       ,                          6-6 –   : 

(           

     ) 

(           

     ) 

(           

     ) 

(           

     ) 

(           

     ) 

(           

     ) 

80.6 66.8 111.8 73.6 83.3 67.6 78.3 66.2 78.3 75.1 0 0.0 

6.8 5.6 6.8 4.5 6.8 5.5 6.8 5.7 6.8 6.5 0 0.0 

17.6 14.6 17.6 11.6 17.6 14.3 17.6 14.9 17.6 16.9 0 0.0 

15.6 12.9 15.6 10.3 15.6 12.7 15.6 13.2 1.6 1.5 14.0 100.0 

120.6 100 151.8 100 123.3 100 118.3 100 104.3 100 14.0 100.0 

13.3% 16 20.2 16.4 15.7 13.9 1.9

136.6 172.0 139.7 134.0 118.2 15.9 

11.0% 15.0 18.9 15.4 14.7 13.0 1.7 

151.6 190.9 155.1 148.7 131.2 17.6 

4.1% 6.2 7.8 6.4 6.1 5.4 0.7 

37.2 46.9 38.2 36.5 32.3 4.3 

157.8 198.7 161.5 154.8 136.6 18.3 

6.0% 9.5 　 11.9 　 9.7 　 9.3 　 8.2 　 1.1 　 

167.3 　 210.6 　 171.2 　 164.1 　 144.8 　 19.4 　 

10.24% 17.1 21.6 17.5 16.8 14.8 2.0 

5.0% 8.4 　 10.5 　 8.6 　 8.2 　 7.2 　 1.0 　 

25.5 32.1 26.1 25.0 22.0 3.0 

192.8 242.7 197.3 189.1 166.8 22.4 

20% 38.6 48.5 39.5 37.8 33.4 4.5 

231.4 291.2 236.8 226.9 200.2 26.9 
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1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd

     -      

 .     1) 
6.00 7.00 13.0 13.0 13.0 13.0 8.00 8.00 8.00 5.00 5.00 5.00 0.00 0.00 0.00 0.00 0.00 0.00

     -       

.      2) 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

         . 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

         . 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

             

     
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

      1 2.33 2.27 2.22 2.22 2.11 1.83 1.72 0.33 0.22 0.22 1.05 0.44 0.00 0.00 0.00 0.00 0.00 0.00

      2 0.56 0.55 0.54 0.54 0.51 0.44 0.42 0.08 0.05 0.05 0.25 0.11 0.00 0.00 0.00 0.00 0.00 0.00

      3 6.61 6.88 6.74 5.94 5.68 5.13 3.36 2.39 3.33 3.03 0.59 0.25 0.00 0.00 0.00 0.00 0.00 0.00

          

         
9.50 9.70 9.50 8.70 8.30 7.40 5.50 2.80 3.60 3.30 1.90 0.80 0.00 0.00 0.00 0.00 0.00 0.00
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