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Unit Cost

(USD)

Amount

(USD)

Unit Cost

(USD)

Amount

(USD)

Core 281,000 m3 × 4.56 = 1,281,360 295,000 m3 × 4.56 = 1,345,200

Filter 25,000 m3 × 11.52 = 288,000 24,000 m3 × 12.12 = 290,880

Slope protection (Soil Cement) 36,000 m3 × 33.14 = 1,193,040 35,000 m3 × 33.86 = 1,185,100

Sand-and-Gravel 528,000 m3 × 4.91 = 2,592,480 596,000 m3 × 5.56 = 3,313,760

Sand-and-Gravel (Dam Crest) 5,200 m3 × 4.91 = 25,532 3,700 m3 × 5.56 = 20,572

Scoria（Dam Crest) 850 m3 × 4.91 = 4,174 620 m3 × 5.56 = 3,447

Counter Weight 47,000 m3 × 3.83 = 180,010 59,000 m3 × 3.83 = 225,970

47,000 m3 × 3.98 = 187,060 43,000 m3 × 3.98 = 171,140

Core 247,000 m3 × 4.56 = 1,126,320 153,000 m3 × 4.56 = 697,680

Filter 26,000 m3 × 11.52 = 299,520 14,000 m3 × 12.12 = 169,680

Slope protection (Cobble and Gravel) 43,000 m3 × 4.74 = 203,820 24,000 m3 × 5.39 = 129,360

Sand-and-Gravel 62,000 m3 × 4.91 = 304,420 50,000 m3 × 5.56 = 278,000

Sand-and-Gravel (Dam Crest) 14,000 m3 × 4.91 = 68,740 5,000 m3 × 5.56 = 27,800

Scoria（Dam Crest) 2,000 m3 × 4.91 = 9,820 830 m3 × 5.56 = 4,615

40,000 m3 × 3.98 = 159,200 23,000 m3 × 3.98 = 91,540

Core 561,000 m3 × 4.56 = 2,558,160

Filter 54,000 m3 × 12.12 = 654,480

Slope protection (Cobble and Gravel) 90,000 m3 × 5.39 = 485,100

Sand-and-Gravel 1,166,000 m3 × 5.56 = 6,482,960

Sand-and-Gravel (Dam Crest) 18,000 m3 × 5.56 = 100,080

Scoria（Dam Crest) 3,000 m3 × 5.56 = 16,680

107,000 m3 × 3.98 = 425,860

Core 1,009,000 m3 × 4.56 = 4,601,040

Filter 91,000 m3 × 12.12 = 1,102,920

Slope protection (Soil Cement) 130,000 m3 × 33.86 = 4,401,800

Sand-and-Gravel 2,758,000 m3 × 5.56 = 15,334,480

Sand-and-Gravel (Dam Crest) 17,000 m3 × 5.56 = 94,520

Scoria（Dam Crest) 2,800 m3 × 5.56 = 15,568

Counter Weight 129,000 m3 × 3.83 = 494,070

190,000 m3 × 3.98 = 756,200

37,000 m3 × 33.14 = 1,226,180

807,000 m2 × 14.31 = 11,548,170

22,000 m3 × 33.14 = 729,080

354,000 m2 × 14.31 = 5,065,740

4,282,000 m2 × 14.31 = 61,275,420 3,101,000 m2 × 14.31 = 44,375,310

(USD)

(Million USD)

Small dike (Soil Cement)

Slope Protection with anti-infiltration capacity

Sub-Total 5,794,820

South

Slope

Anti-infiltratio

works

Reservoir Bottom

94 MCM Same as on the left

Small dike (Soil Cement)

Slope Protection with anti-infiltration capacity

Sub-Total 12,774,350

No.1

No.2

North

South

Dam

North

Slope

87,768,086 89,853,972

87.8 89.9
T otal

26,800,598

Filling

Stripping

Sub-Total 10,723,320

Filling

Stripping

Sub-Total

1,398,675

Filling

Stripping

Sub-Total 5,751,656 6,556,069

Filling

Stripping

Sub-Total 2,171,840

Plan A Plan　B

900ha 600ha

5.42km2

EL. 1290m Same as on the left
EL. 1305m EL. 1307m

Outline

Quantity Quantity

Direct

Construction

Cost

Items

Reservoir

Properties

Reservoir Capacity

LWL

FWL

Dam Height

Reservoir Area

25.55m 27.55m

7.96km2

Anti-Infiltration Works
(Reservoir Bottom)

Anti-Infiltration Works
(Slope)

Dam

Dam

Dam

Anti-Infiltration Works
(Reservoir Bottom)
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EL. 1304 m Contor Line

Dam Axis of Northen 

Embankment  of 600 ha Plan

EL. 1304 m Contor Line

(Periphery of Reservoir 
of 900 ha Plan)

Dam Axis of Northen 
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20 5.1E-04 4.3E-04 20 1.6E-03 1.2E-03 28 3.1E-04 2.1E-04 - - -

        46 1.6E-05 8.3E-06 41 1.0E-04 4.9E-05 - - - 6 1.7E-05 9.7E-06

     - - - - - - - - - 34 2.0E-04 7.1E-05

⑥             /               57 4.5E-05 7.5E-06 50 2.9E-04 3.2E-05 - - - 6 1.2E-05 1.1E-05
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③ ③              - - - 19 5.0E-03 1.5E-03

④ ④                     13 1.2E-04 1.7E-05 12 5.4E-04 2.3E-04 - - - 60 4.7E-03 8.9E-04

⑤ ⑤             5 1.1E-05 4.2E-06 4 2.7E-04 2.2E-04 - - - 14 8.0E-03 5.4E-04

⑦     ,                 - - - 23 3.1E-03 1.4E-03
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                :   

     D=Cd・A・y・u2/(2g) 

              D;               (  -   ) 

      Cd;                    , Cd=2                     

      A;                           ( 2) 

      y;                    (  / 3), y=1.0   / 3,                        

      u;                      

      g;                       ( / 2), g=9.8  / 2 

 

 

 

         6-5-4.1                                                               

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
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               45   ,                    
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                                   :                              
                                             6-5-6-                
                          :  

       N1,                                                

       N2,                          -                     

                                                                         
       6-5-4.2-   :  

( )                                              

         6-5-4.5-                                                
              ,   «                                                 » 
                                                           :  
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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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(4)                                                             
              

               «                                                  » 
                                                                         
                                                               
                  ,                   ,                                  
                                                   :             ,        
                                                                     
                                                  :  

( )        

              (2)                                                       
                                       

 i)                 /                                               
                            
 ii)      ,                                        /                        
            :  

(b)                                                      

                                                                          
         6-5-4.6-   :                                             ,       
                     ,                                          
         :               ,             6-5-4.7-   6-5-4.8-                  
                                   /                                 
                                  :   
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(1)                 
            (3     ) 

1)                             
                                  
                  

                          
                                    
                -                 
                              
                             
                        
(                        3 
         ): TP-60-                                        ,                    
                               (         A):               ,         
                     -                                                  :  

2)                               (3     ) 

100  x 100                                                             : 
                                   1.5   ,            15,000 3 (=100  x 100  x 1.5 ) 
                                                      :                       
                                                                    
     :  

3)                 (3     ) 

                                     30  x 30                 , 2.5  
             1:6.0                                   (        -B):        
        (             )                                       ,         
                                `                                
                       5%:                                             
                                                                        : 

 

 

 

 

    -B                    

(2)                                       (1     ) 

1)         

                                                            
                            10%                     «                   
       »                                      (                     
     )                                                            :  

               

100  

   .        

             

30  

1.5  

2.5  
1:6.0 

             

                    

             .      

   -A                               
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2)                                                                 
                  (1     ) 

     (3)                                          ,                      
                    ,               ,                    ,           
              ,                                                     :  

3)                                                  (1     ) 

                                                 :                      
                                                              
                                            :                      
                                 :                   pH               
     ,                                     ,                               
     :                                           Ph                   
       :                                                          
                       : 

4)                                                 (1     ) 

                      ,            ,                         
                                                                     
            :                                      ,                   
     ,                                             ,                   
                           (5)                   ,              
                                (5)          :  

5)                                                                     
       

                                                                          
       ,                                                                 
                        (3)                    10%                 
                                                                           
                    :     (7)               (28)                          
                                    :  

6)                                                                      

                                                                  ,        
                                                                        
            ,                                                 
                        ,                                      
         :  

7)                                   

i)                 11                        
ii)                    4      (15   x 3     , 20   x 2     , 25   x 2        30   x 2 
    ) 

iii)                                  4      (4         + 2            , 6 
        +2            , 8         + 2               10         + 2    
        ) 
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    -C                              (                                       ) 

vi)                  (                                                    ) 

8)                                      

i)                                                                  
                              ,                                          
                                                                       
                                                                        : 

ii)                                                                   
                                   

iii)        7                  28               ,                        
                                                                 : 
                                                                      
                                     ,                       
                                            : 

9)                                

                                                     n x 10-7  /  - n x 10-8   / : 

(3)                                  (3     ) 

1)         

                  «                                                      
    »                                                         (3)       

2)                           

i)                                                                          

ii)                                                                       
                      ,                                                    
                                                                
                                                       

iii)                                                                    

Layer's thickness 15cm⇒ 4/2times 6/2times 8/2times

Layer's thickness 20cm⇒ 4/2times 6/2times 8/2times

Layer's thickness 25cm⇒ 6/2times 8/2times 10/2times

Layer's thickness 30cm⇒ 6/2times 8/2times 10/2times

3m 

2.5m 
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                                      :  

vi)                       40                                                     
                                      :  

v)        28                                                     
                                                                   
                                                         ,            
                                                             
                                     1                               
                          600  2-                                               
                        ,             . 
                         
                                              
                         : 

vi)                                                                    
                                                                           

vii)                          -                                                
                                                            ,               
                                                                        
                      

viii)       (2)                                                        ,     
                                                                   
                             ,                                           ,     
    

3)                                      

-                                                      n x 10-7  /  - n x 10-8 
  / : 
-                                                             
                   : 
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QN :                  N                ( 3) 
AH/2 :                         H/2-                                 ( 2) 
HN :                                  N                ( ) 
EN :              N                ( ) 
k :                                                        (  / ) 
hH/2 :                                  H/2-                                 ( ) 
b :                                            ( ) 
PH/2 :                           H/2-                                 ( 2) 

 

( )                     ,                                                   
                       

                                            ,                                 
        :                                                      ,    
                                                                         : 

i)                                              

         6-5-4.9-                                                        
                  :               ,                                         
      : 

         6-5-4.10                                      

                

                              

                              

                                 

        

                                                       

                                                 

                          

                                

               

                                                         ,   

                    ,                                          

           ,                 ,                                   , 

                  ,       :  

                                  

                              

                     

                                 ,                         

           ,                                                  ,   

                                                             : 

 

ii)                                                         

                                                                   
                                       550  :         ,               
                                                                       
                                      : 

I)                                                         1               
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