Unit + m"3/s-4d

VEaE T QgRET e _
Date_ _ JAN. _ FEB, MAR. APR. MAY  JUN. JuL.  AUG. SEP.  OCT. - NOV.  DEC.
TUTTUUUR 0T AT A NI YT I L9 1000 37.00 23,200 26,20 9.92

2 473 3.97  2.42 .21 8,97 10.32 L8l 1370 32.50 25.00 25.00 9.5%
3 493 4.97 242 262 4.73  9.92 12.31 1370 29.20 20.80 24.40 9.53
4 473 3.97 242 2.04 4.45 853 12.31 13,70 31.00 19,00 23.00 9.53
5 4.7%  8.97 2.42 204 5.28 9.53 11.91 14.90 34.70 19.60 22.00 8.13
6 4.73 3.97 - 2,42 LBT 501 913 11,91 20.20 9§00 18.40 21.40 . 9,13
7473 3.7 2,42 187 6.15  9.53 11,91 -16.00 44,50 17.20 -20.80 9.13
§ - 4.45 3.72 2,437 .87 6.15 Q.13 11,81 16.60 45,20 16,60 19.60 9.13
9 4.45 3.72 .42 204 5.46 8,73 1L.81 22,00 4L.50 16,00 19.00 .78
10 421 8.43 220 .24 7,08 844 1181 26,20 4150 14,80 18,41 8.
11 4.21 3.03 262 2.83 7.40- 8.78 11,81 -34.00 :38.50 14.90 17.82 8.09
12 4.21 2.83 242 2.20° 7.75 10.72 1111 37.80 37.80 14.90 18.41 8.09
13 421 2.83 2,201 242 B.447 13.5% 0.13 38,50 45.20 14.90 17.32 B.09
14 420 283 221 2,62 8.7 12.70 8.78 - 5450 40.00 2080 17.2%  7.40
15 424 2.8B3 .21 283 8.78 10,72 1.5 128,00 ' 35.50 18.40 17.47 7.40
16 32.97 2.83 2.04 2.83 9.92 11.51 13.10 58.30 28.60 17.20 [6.05 T7.40
17 3.97 2,83 2.04 3.03 11.}1 11.81 15.45 43.00 28.60 16.00 14.37 7.40
18 3.97 2,83 2.62 3.48 10.32 11,91 16.54 39.30 28.00 17.20 14.28 6.78
19 3.97 2.83 2,62 3.97 16.05 11.91 18,60 37,00 28.20 17.80 14.28 6.46
20 3.97 2.83 2.83 4.21 19.00 12,70 -19.60 $4.00 25.50 14.30 13.59 ° 5.15
21 3,97 2,83 3.72  5.0b 13.10 13.69 12,31 30.40 22.00 14.30 13.10 5.84
723,87 2.83 3.03 556 11.81 1L 11 {181 32.50 22.00 ‘54.50 1270 5.86
23 3.97 2,83 £.62 5.28 IL.91 10.92 12.31 31.80 22.00 26.80 13.40 5.23
24 3.67 2.83 2.62 5.01 13.69 12.81 13.59 29.20 21.40 26.80 1181 5.01
25 3.97 283 303 5.46 13.10 12.70 1359 34,00 22.60 26.80 IL.51 5
26 3.97 2.83 3.03 6.46 12,31 13.40 14.23 32,50 23.20 26.80 10.32 5.56
27 3.97 .62 2062 5.84 11.91 13,63 14,28 29.20 "22.00 26,80  9.92  5.84
28 3.97  2.42  2.62 5.01 9.92 14.2%3 17.28 37.80 2140 27.40° -9.92 5.84
28 3.97 242 4.45 10.72 14.23 16.84 35.50- 22.00 20,20 9.92 §.84
30 3.97 242 3.72 111 12,70 16.05 45.20 23.20 28,60 9.92 5.84
31 3,97 2. 42 1.1 i6.64 38.50 26. 80 5.58
TOTAL |131.07 88,93 78.15 104.45 291,60 339.24 415.46 1054.00 931.90 671.890 493.10 227.24
AVE. £,23  3.18 .52 3.48  S.41 15.31 13.40 34.00 -31.06 21.67 16.44 - T1.33
MAX. 5.61  3.97 3,72 6.46 19.00 14.23 {9.60 128.00 45.20 54.50 26.20 8,92
MiN. 3,87 2.42 2,04 L.B7 3.97 4.44 818 13.70 21.40 14,36 9.92 5.01
DAYS 31 28 3t 30 31 g0 . 3t 3 S 30 31
ANNUAL TOTAL 4827.0

" AHNUAL AVERAGE 13. 22
ANNUAL MaX. 128. 00
ANNUAL MIN. 1. 87
ANHUAL DAYS . 385
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: Unit : m"3/s-d
YOAR 1989 E
Date JAN.  FEB. MAR.  APR. MAY  JUN. . JUL. AGG.  SEP. _ OCT.  NOV. DEC
! 4.44 25,44 22.42 24.68 74.10
; 4.44 26.44 13.96  20.26 50.00 22.91
3 4,44 8.48 2.40 2.5% 6.43 20,126 31.40 39.58 21.87 10.63 6.75
4 4.44 1771 51,00 35.38 30.12
5 18.74 20.26 68.00 43.00 31.40
E 9.1z . 20.26 51. 00 100.00
1 _ 5.83 1T.71 14.36 32.00 B88.50
8 3.84 1.80 2.02  2.02 13,96 1771 30,40 75,04 19.74 10,24  6.43
9 6.43 15.78 31.40 38.1%6
10 11.42 68,50 28.87 T4.08
11 29.49 75.84 62.95 98.156 18.21
12 ‘ 6.13 25.26 13.09 T75.04 3404 1771
13 444 2.80 .62 7.02 22.97 22.42 - 81,00 3816 46.30 8.86 5. 54
14 13.96 21,33 43.00 50.00 24.10
1% 7.07 18.71 28.87 31.40 19. M4
16 34, 04
17 32.0%
18 - 3.94 - 2.538 .20 %.2%  8.12 15.32 18,52 60.30 33.37 17.7L B.41 5. 26
19 85. 65
20 304
21 . 25.87 43.00
22 %706 2.40 2.20 0 3,84 8.41 16.73 13.09 28.81 28.87 13.09 1.39 4.9B
28 185.00  35.38
24 67.00  28.87
25 46,00 28,87
26 7.39 20.7% 37.00
21 : 5.83 14.86 35.00 24.68 26.44 11.02 1.3% 4T
28 3.4 2,40 1,84 4.98 123.00 1871 28.87
29 20.26 18.71 28.87
30 18.21 13.96 3140
31 "3.46 2.40 1.84 4.98 22.97 15.86 28.87 3271 25.26 10.24 7.07 4. 44
TOTAL 27.38 18.85  (4.52 23.76 381.06 497.67 585,40 1074, 12 874,12 328,32 60.99 38 11
AVE. 3.9t 2.69 207 3.39 16.57 21.64 39.03 39.78 46.01 21.89 871 5.4
MAX. 4.44 3,46 . 2.40  4.98 123.00 68.50 185.00 75 04 100.00 46.30 10.63 6.7s
MIN. 3.46 2. 40 1,84 2,02 4.44 13.96 15.09 20.26 .24.88 10,24 T.07 444
DAYS - 31 28 81 30 31 30 3} 31 30 3] 30 31
ANNUAL TOTAL 3924. 30
ANNUAL - AVERAGE 17. 59
ANNUAL MAX, 185. 00
ANNUAL MIN. 1.84
ANKUAL DAYS
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Unit : m 3/s-d

YEAR 1990 - .

‘Date  JAN. FEB.  MAR.  APR. MAY  JUN.  JUL. AUG.  SEP.  OCT.  NOV.  DEC.

1 419  2.58 1.51  3.46 3.001 5,54 20.26 17.701 28.87 35.00 13.96

2

3 80. 00

4 1.64 1.68 5. 83 17. 22 43.00

5 3.923

5

i .

8 : 22.42 :

9 370 4,71 17,71 34.71 22.91

10 5.45 : 13. 52

il 1.68 3.23 6.13  11.02 13,09

12 1.84

13 5.833 B.76 - 29. 49

14 3.46 9.12

15 . 13.09 ' 34,71 1578

16 3,70 15.32

17 8.76 42.00 29.49

18 1.51 15.32

19 15. 32

10 45, 00 13,57

71 : 8. 16 ' : 36.00

22 2.80 1.51 5. 83 43.00 '

23 9.12 20. 26

24 12. 24

25 7.39 29. 49

26 3,23 5.83 S 1532

27 : 3.23

28 1.1 22,97

29

30 17. 71 13,96

31
TOTAL 14.15 5.78 20.33 12.07 0.00 91.15 132,99 198.99 113.62 316.27 102,23 27.05
AVE. 3.5 1.93 2.67 3.02 7.60 14.78  18.90 28.16 39.53 20.45 13,53
MAX. 4.19 259 470 3.7 15. 52 42.000 43.00 43.00 80.00 35.00 13.98
MiN. 2.80 1,51 1.5t 1.88 3.001 5.54 11.02 17.71 28.8% 13.52 13.09
DAYS 31 258 31 (- | 30 31 31 30 .31 30 "3
ANNUAL TOTAL 1034. 63
ANNUAL AVERAGE 14.10
ANNUAL MAX. 80.00
ANNUAL MIN. 1,51
ANNUAL DAYS . 365

AP-3-148



A3.5.2

Daity Rainfall Recowd at Nonghin Staton
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CROSS SECTION OF XE KATAM RIVER
AT BAN NONGHIN (1/3)

(10 m upstream from staff gauge)
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CROSS SECTION OF XE KATAM RIVER

AT BAN NONGHIN (1/3)

{10 m upstream from staff gauge}
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(at staff gauge)

CROSS SECTION OF XE KATAM RIVER
AT BAN NONGHIN (2/3)
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CROSS SECTION OF XE KATAM RIVER

AT BAN NONGHIN (2/3)

{at staft gauge)
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CROSS SECTION OF XE KATAM RIVER
AT BAN NONGHIN (3/3)

{10 m downstream from staff gauge)
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CROSS SECTION OF XE KATAM RIVER

AT BAN NONGHIN (3/3)

(10 m downstream from staff gauge)
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CROSS SECTION OF XE NAMNOY RIVER
AT BAN LATSASIN (2/2)

(at staff gauge)
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CROSS SECTION OF XE NAMNOY RIVER
AT BAN LATSASIN (1/2)
(15 m upstream from staff gauge)
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CROSS SECTION OF XE NAMNOY RIVER
AT BAN LATSASIN (1/2)
(16 m upstream from staff gauge)
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CROSS SECTION OF HOUAY MAKCHAN RIVER
AT NIKHON34 (1/3)

(10 m upstream from staif gauge at bridge)
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CROSS SECTION OF HOUAY MAKCHAN RIVER
AT NIKHON34 (1/3)

(10 m upsiveam from staff gauge at bridge)
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CROSS SECTION OF HOUAY MAKCHAN RIVER

AT NIKHON34 (2/3)
{at staff gauge)
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CROSS SECTION OF HOUAY MAKCHAN RIVER

AT NIKHON34 (2/3)

{at staff gauge)
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CROSS SECTION OF HOUAY MAKCHAN RIVER
AT NIKHON34 (3/3)

(10 m downstream from staff gauge)
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CROSS SECTION OF HOUAY MAKCHAN RIVER
AT NIKHON34 (3/3)

{10 m downstream from staff gauge)
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Appendix 4

A4.1 Necessity of Pond

Xe-Katam Small-scale Hydroelectric Power Station is a run-of-river, therefore

basically generating power is limited up to current stream energy at anytime.

On the other hand, power demand fluctuates from bottom load to peak load
during day. After commissioning, according to demand growth in future, this
power station will spill water in midnight as bottom load and will not

generate enough power to demand at peak load.

Provided that, spill energy can be used for peak load portion, stream energy
will be used in so high effectivity. As following daily load curve, this
power station can serve stable power tc Se Kong and Attapeu up to stream

capabilivy.

For this solution, required capacity has been calculated and examined.

Calculation conditions are shown in A4.2.

A4.2 Calculation Condition
Calculation condition are follows.
Inflow : 1.10 w’fsec equivalent value to 95% firm capacity

Spill Energy :+  Adjustment to zero

Fffective Head : Constant

Efficiency : Depend on load
Received Power : Required power for adjusting spill energy to zero
Study Team : From 1995 to the year, that expected bottom load at

midnight will exceed 1,400 kW (1.1 m3lsec equivalent power)

(1995 ~ 2006)

‘Results of these calculation are shown in Table A-4-1,

AP-4-1



A4.3 Results of Analysis

From the results of this analysis, the maximum required pond capacity is
estimated as 11,100 m® in 2000, However, after 2001 this wvalue will be
reduced, and daily load curve is calculated by estimated vaine. Therefore,

adequate capacity of this pond is recommended as 10,000 m.

Ad.4  Regulating Pond QOperation

Since above analysis was carried out based on 95Z firm capacity, it appeared
that this pond is not effective after 2001. However, at that time it will be
still effective, if the critical inflow set larger value than 1.1 m3lsec, such

as 1.5 m*fsec.

()
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Table A-4-1

Hours
Power Demand as of 1995 (KW)
Number of Operation Units
Purchase (KWh)
Inflow (Minimum Inflow) {(m~3/8)
Discharge {(m~3/8)
Surplus or Shortage {m™3/8)
Accumulation (107 3xm" 3)
Sub Total (107 3%m™3)
Required Reservoir Volume (10~ 3+xm~3)
Power Demand as of 1996 {(KWh}
Number of Operation Units
Purchase (KWh)

Inflow (Minimum Inflow) (m~3/8)

Discharge {m~3/8)
Surplus or Shortage (m™3/8)
Accumulation (107 3xm™3)
Sub Total {107 3=m™3)
Required Reservoir Volume (10~ 3+xm™3)
Power Demand as of 1997 (KWh)
Number of Operation Units
Purchase {KWh)
Inflow (Minimum Inflow) (m™3/8)
Discharge {(m~3/8)
Surplug or Shortage (m~3/8)
Accumulation (1073%2m"3)
Sub Total (1073xm"~3)
Required Reservoir Volume (10" 3xm~3)
Power Demand as of 1998 {Kwh)
Number of Operation Units
Purchase { KWh)
Inflow (Minimum Inflow) {m~3/8)
Discharge (m~3/8)
Surplus or Shortage (m~3/8)
Accumulation (107 3xm™3)
Sub Total (107 3%*m™3)
Required Reservoir Volume (10~ 3+m™3)
Power Demand as of 1999 (KWh)
Number of Operation Units
Purchase {(KWh)
Inflow (Minimum Infliow) {(m~3/8)
Discharge (m~3/8)
Surplus or Shortage (m~3/8)
Accumulation (1073%m~3)
Sub Total {(1073xm™3)

Required Reservoir Volume (10~ 3xm"3)

Calculation of Regulating Pond Capacity {1)

645

1.10
.52
0.58
12.85

722

1.10
0.58
06.52
11.24

773

1.10
0.62
0.48
9.91

827

1.10
0.66
0.44
8.65

885

1.10
0.71
0.39
7.32

645

1.10
0.52
0.58
14.95

722

1.10
0.58
0.52
13.11

773

1.10
0.62
0.48
11.64

827

1.10
0.66
0.44
10.22

885

1.10
0.71
0.39
8.73

3
645

1.10
0.52
0.58
17.05

122

1.10
0.58
0.52
14.99

773

1.10
G.62
0.48
13.37

827

1.10
0.66
0.44
11.80

885

1.10
0.71
0.39
10.13

4

671

1.10
0.54
0.56
19.07

752

1.10
0.60
G.50
16.78

804

1.10
0.64
0.46
15.01

860

1.10
0.69

0.41

13.28

921

1.10

.74
0.36
11.44

5
738

1.10
0.59
0.51
20.90

827

1.190
0.66
G.44
18.36

884

1.10
0.71
0.39
16.42

946

1.10
0.76
0.34
14.51

1013

1.10
0.81
0.29
12.48

802

1.10
0.64
0.46
22,55

898

1.10
0.72
0.38
19.73

961

1.10
0.77
0.33
17.61

1628

1.10
¢.83
0.27
15.50

1100
" 1.10
0.88

0.22
13.26

7

879
1

1.10
0.70
0.40
23.97

984
1

1.10
0.79
0.31
20.85

1053

1.10
0.84
0.26
18.53

1127

1.10
0.90
0.20
16.20

1205

.10
.97
.13
.74
.74

= e
(TS 3PS R B o BF

Inflow=1.10m"3/8

8

1674
2

1.10
0.86

0.24
24.83

1203

0.13
21.34

1288

1.10
1.03
0.07
18.77
18.77

1378

.10

.10
.19

=
O e
o
[

1474

1.10
1.18
~-¢.08
13.44

.19

9

1291
2

1,10
1.04
0.06
25.086

1446

1.10
1.16
~0.06
21.13

1547

1.10
1.24
-0.14
18.27

1655

1.10
1.33
-0.23
15,37

1771

1.10
1.42
-0.32
12.30

i0

1265
2

1.10
1.01
.09
25.37

1417

1.10
1.14
-0.04
21.00

1516

1.10
1.21
-0.11
17.85

1622

1.10
i1.30
-0.20
14.66

1736

1.10
1.39
~0.29
11.25

11

1265
2

1.10
1.01
0.09
25.68

1417

1.10
1.14
-0.04
20.87

1516

1.10
1.21
-0.11
17.44

1622

1.10
1.30

-0.20

13.94

1736

1.10
1.39
~-0.29

'10.21

12

1291
2

1.10
1.04
0.06
25.91

1446

1.10
1.16
-0.06
20.66
20.66

1547

1.10
1.24
-0.14
16.94
16.94

1655

1.10
1.33
-0.23
13.12
13.12

1771

.10
.42
.06
.06

13

808

1.10
0.65
0.45
27.54

305

1.10
0.72
0.38
22.01

968

1.10
0.78
0.32
18.11

1036

1.10
0.83
0.27
14.09

- 1109

1.10
0.89
0.21
9.82

14

952

1.10
~0.76
0.34
28.76

.10
.98
.12
.52
.92

=
B OO

1307

1.10
1.05
0.05
10.01
10.01

15

1265

1.10
1.01
0.09
29.07

1417

1.10
1.14
~-0.04
22.76

1516

1.10
1.21

-0.11

18.36

1622

1.10
1.30
-0.20
13.81

1736

1.10
1,39
-0.29
8.97

16

1291

1.10
1.04
0.06
29.30

1446

1.10
1.16
~-0.06
22.55

1547

1.10
1.24
-0.14
17.85

1655

1.10
1.33
-0.23
12.99

1771

1.10

1.42
-0.32
7.82

17

1361

1.10
1.09
0.01
29.33

1524

1.10
1.22
-0.12
22.11
22.11

1631

1.10
1.31
~0.21
17.11

1745

1.10
1.40
~0.30
11.92

1867

1.10
1.49
-0.39
6.40

18

1174

.10
.94
.16
.90
.90

[N ]
WOOOKM

1315

1.10
1.05
0.05
0.16
Start

1407

1.10
1.13
~-0.03
17.01
17.01

1506

1.10
1.21
-0.11
11.54
11.54

1611

.10
.29
71
71

19

859

1.10

0.59
0.41
1.48
Start

962

.10
LT
.33
.35

OO R

1029

1.10
0.83
Q.27
0.99
Start

1101

.10

.22
.78
.78

OCOOC O M

1178

1.10
0.94
0.186
0.56
Start
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sulation of Regulating Pond Capacity (1)

645

1.10
0.52
0.58
12.85

00
722
1.10
0.58

0.52
11.24

7173

1.10
0.62
0.48
9.91

83
827
1.10
0.66
0.44
8.65

06
885
1.10
0.71
0.39
7.32

G/

645

1.10
0.52
0.58
14.95

722

1.10
0.58
0.52
13.11

773

1.10
0.62
0.48
11.64

827

1.10
0.66
0.44
10.22

885

1.10
0.71
0.39
8.73

645

1.10
0.52
0.58
17.05

722

1.10
0.58
0.52
14.99

773

1.10
0.62
0.48
13.37

827

1.10
0.66
0.44
11.80

885

1.10
0.71
0.39
10.13

671

1.10
Gg.54
0.56
19.07

752

1.10
0.60
0.50
16.78

804

1.10
0.64
G.46
15.01

860

1.10
0.69
0.41
13.28

921

1.210
0.74
0.36
11.44

5

738
1

1.10
0.59
0.81
20.90

827

1.10
0.66
0.44
18.36

884

1.10
0.71
0.39
16.42

946

.10
.76
.34
.51

OO

1013

1.10
0.81
0.29
12.48

6

802
1

1.10

0.64

0.46
22.55

898
1

1.10
0.72
0.38
19.73

961

1.10
0.77
0.33
17.61

1028

1.10
0.83
0.27
15.50

1100

1.10
0.88
0.22
13.26

7

879
1

1.10
0.70
0.40
23.97

984

1.10
0.79
0.31
20.85

1053

1.10
0.84
0.26
18.53

1127

1.10
0.90
0.20
16.20

1205

.10
.97
.13
.74
.74

o
Wwo o=

Inflow=1.10m"3/8

8

1074
2

1.10
0.8%6
0.24
24.83

1203

[SEN]
bR OO
[

[T

1.10
1.03
0.07
18.77
18.77

1378

.10
.10
.00
.19
.19

I =
OO =

1474

1.10
1.18
-0.08
13.44

9

1291
2

1.10
1.04
0.06
25.06

1446

1.10
1.16
-0.06
21.13

1547

1.10
1.24
~0.14
18.27

1655

1.10
1.33
-0.23
15.37

1771

1.10
1.42
-0.32
12.30

10

1265
2

1.10
1.01
0.09
25,37

1417

1.10
1.14
-0.04
21.00

1516

1.10
1.21
~0.11
17.85

1622

1.10
1.30
-0.20
14.66

1736

-1.10

1.39
-0.29
11.25

11

1265
2

1.10
1.01
0.09
25.68

1417

1.10
1.14
-0.04
20.87

1516

1.10
1.21
-0.11
17.44

1622

1.10
1.30
-0.20
13.94

1736

1.10
1.39
-0(.29
10.21

12

1291
2

1.10
1.04
0.086
25.91

1446

1.10
1.16
-0.06
20.66
20.66

1547

1.10
1.24
-0.14
16.94
16.94

1655

1.10
1.33
-0.23
13.12
13.12

1771

1.10
1.42
-0.32
9.06
9.06

13

808
1

1,10
0.65
0.45
27.54

905

1.10
0.72
0.38

22.01

968

1.10
0.78
0.32
18,11

1036

1.10
0.83
0.27
14.09

1109

1.10
0.89
0.21
9.82

14

952
1

1.10
0.76
0.34
28.76

.10
.92
.18
.77
L7

=
OWLOO =

1221

1.10
0.98
0.12
14.52
14.52

1307

.10

.05
.01
.01
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15

1265
2

1.10
1.01
0.09
29.07

1417
2

1.10
1.14
-0.04
22.76

1516

1.10
1.21
-0.11
18.36

1622

1.10
1.30
-0.20
13.81

1736

1.10
1.39
-0.29
8.97

16

1291
2

1.10
1,04
0.06
29.30

1446

1.190
1.16
~-0.06
22.55

1547

1.10
1.24
-0.14

17.85

1655

1.10
1.33
~-0.23
12.99

1771

1.10
1.42
-0.32

7.82 .

17

1361
2

1.10
1.09
0.01
29.33

1524

1.10
1,22
.12
11
.11

1631

1.10
1.31
~0.21
17.11

1745

1.10
1.40
~0.30
11.92

1867

1.10
1.49

-0.39

6.40

18

1174

.10
.94
.16
.90
.90

oL ]
OO o -

1315

1.10
1.05
0.05
0.16
Start

1407

1.10
1.13

.01
.01

1506

1.10
1.21
.11
.54
.54

1611

.10
.29
.19
.71
.71

19
859

1.10
0.69
0.41
1.48
Start

962

1.190
0.717
0.33
1.35

1029

1.10
0.83
0.27
0.99
Start

1101

.10
.88
.22
.78
.78

QOO

1178

1.10
0.94
- 0.16
0.56
Start

20

832

1.10
0.67
0.43
3.05

932

.10
.79
.35
.63

NO O

997

1.10
6.80
0.30
2.08

1067

1.10
0.86
0.24
1.66

1142

1.10
0.92
0.18
1.22

21

780

1.10
0.62
0.48
4.76

874

1.10
0.70
0.40
4.07

935

1.10
0.75
0.35
3.34

1000

1.10
0.80

0.30

2.73

1070

1.10
.86
0.24
2.09

22

123

1.10
0.58
.52
6.63

810

1.10
0.65
G.45
5.69

866

1.10
0.69
0.41
4.80

927

1.10
0.74
0.36
4.02

992

1.10
0.79
0.31
3.19

23

671

1.10
0.54
0.56
8.65

752

1.10
0.60
0.50
7.49

804

1.10
0.64
0.46
6.44

860

1.10
0.69
0.41
5.50

.10

.74

o OO
3%
h

.50

24

645

1.10
06.52
0.58
10.75

722

1.10
0.58
0.52
9.36

773

0.62
0.48

827

1.10
C.66
0.44
7.07

885

1.10
0.71
0.39

5.91

Total

22573

1.10
0.75
0.35
29.90

25281

1.10
(.84
0.26
22.11

27051

1.10
.90
0.20
17.01

28945

1.10
0.97
0.13
11.54

30971

1.10
1.03
¢.07
5.71

AP-4-3

(Average)
{Average)
(Avaerage)

(Average)
{Average).
(Average)

(Average)
{Average)
{Average)

(Average}
{Average)
(Average)

{Average)
{Average)
{Average)






Table A-4-1

Power Demand as of 2000 {KiWh)
Number of Operation Units
Purchase {KWwh)
Inflow (Minimum Inflow) (m~3/8)
Discharge (m~3/8)
Surplus or Shortage (m™3/8)
Accunulation {107°3*xm™3)
Sub Total {1073%*m™3)
Required Reservoir Volume (10~ 32m™3)
Power Demand as of 2001 {KiWh)
Number of Operation Units
Purchase (KWh)
Inflow (Minimum Inflow) (m~3/8)
Discharge {m~3/8)
Surplus or Shortage {m~3/5}
Accumulation {107 3%xm™3)
Sub Total (10"3*m™3)
Regquired Reservoir Volume{10"3xm~3)
Power Demand as of 2002 (KWh)
Number of Operation Units
Purchase {KWh)
Inflow (Minimum Inflow) (rn~3/8)
Discharge (m~3/8)
Surplus or Shortage (m™3/8)
Accumulation {(10732m™3)
Sub Total {1073+%m~3)
Required Reservoir Volume (10" 3xm™3)
Power Demand as of 2003 (KWh)
Number of Operation Units
Purchase (KWh}
Inflow (Minimum Inflow) (m~3/8)
Discharge (m~3/8)
Surplus or Shortage {m™3/8)
Accumulation {1073xm"3)
Sub Total (107 3%xm"3)
Required Reservoir Volume (107 3+*m™3)
Power Demand as of 2004 { KWh)
Number of Operation Units
Purchase (KWh)
Inflow (Minimum Inflow) (m~3/8)
Discharge {m~3/8)
Surplus or Shortage . {m~3/8)
Accumulation (107 3#*m"~3)
Sub Total {107 3xm™3)

Required Reservoir Volume(10~3xm"~3)

Calculation of Regulating Pond Capacity (2)

11.10

8.25

947

1.10
0.76
0.34
5.89

1013

1.10
0.81
0.29
4,34

1084

1.10
0.87
0.23
2.99

1160

1.10
0.93
0.17
1.90

1241

1.10
1.00
0.10
0.99

947

1.10
.76
0.34
7.12

1013

1.10
0.81
0.29
5.37

1084

1.10
0.87
0.23
3.81

1160

1.10
0.93
0.17
2.51

1241

1.10

1.00

0.10

1.36

947

1.10
0.76
0.34
8.35

1013

.10
.81
-29
.40

SO O

1084

1.10
0.87
0.23
4.64

1160

1.10
0.93
0.17
3.12

1241

1.10
1.00
0.10
1.74

985

1.10
0.79
0.31
9.47

1054

1.10
0.85
0.25
7.32

1128

1.10
0.90
0.20
5.35

1207

1.10
0.97
0.13
3.60

1291

1.10
1.04
0.06
1.97

1083

1,10
0.87
0.23
10.30

1159

1.10
0.93
0.17
7.93

1240

200
1.10
0.83
0.27
6.30

1327

180
1.10
0.92
0.18
4.24

1420

1.10

1.14
~-0.04
1.83

1177

1.10
0.94
0.16
10.86

1260

.10
.01
.09
.25
.25

D00 D

1348
2
200
1.10
0.92
0.18
6.94

1442

200
1.10
1.00
0.10
4.62

1543

1.10
1.24
~-0.14
1.34

1290 1577
2 2
1.10 1.10
1.03 1.26
0.07 -0.16
11.10 10.51
11.190
1380 1688
2 2
150
1.10 1.10
1.11 1.23
-0.01 -0.13
8.23 7.75
1477 1806
2 2
200 500
1.10 1.10
1.02 1.05
0.08 0.05
7.22 7.41
7.41
1580 1932
2 2
300 700
1.10 1.10
1.03 0.99
0.07 0.11
4.88 5.28
| 5.28
1691 2068
2 2
50 1000
1.10 1.10
1.31 0.86
-0.21 0.24
0.57 1.45

1895

1.10
1.52
~0.42
9.01

2028

300
1.10
1.38

-0.28
6.73

2170

500
1.10
1.34

-0.24
6.55

2322

700
1,10
1.30

-0.20
4.57

2484

1000
1.10
1.19
-0.09
1.12

1857

1.10
1.49
-0.39
7.61

1987

300
1.10
1.35

~0.25
5.83

2126

500
1.10
1.30

-0.20
5.82

2275

700
1.10
1.26

~0.16
3.98

2434

1000
1.10
1.15
-0.05
0.94

1857 1895
2 2

40

1,10 1.10
1.49 1.49
~0.39 -0.39
6.22 4.84
1987 2028
2 2

300 300
1.10 1.10
1.35 1.38
-0.25 --0.28
4.92 3.90
2126 2170
2 2

500 500
1.10 1.10
1.30 1.34
-0.20 ~0.24
5.09 4.24
2275 2322
2 2

700 700
1.10 1.10
1.26 1.30
-0.16 -0.20
3.40 2.68
2434 2484
2 2
1000 1000
1.1¢ 1.10
1.15 1.19
-0.05 -0.09
0.77 0.44

1186

1.10
0.95
0.15
5.37

1269

1.10
1.02
0.08
4.20

1358

1.10
1.09
0.01
4.28

1453

200
1.10
1.01
0.09
3.02

1555

500
1.10
0.85

0.25

1.35

1398 1857
2 2

490

1.10 1.10
1.12 1.45
-0.02 -0.35
5.29 4,02
1496 1987
2 2
300

1.10 1.190
1.20 1.35
-0.10 -0.25
3.84 2.94
1601 2126
2 2
300 400
1.10 1.10
1.04 1.38
0.06 -0.28
4.48 3.47
1713 2275
2 2
300 700
1.10 1.10
1.13 1.26
~0.03 -0.16
2.91 2.32
1833 2434
2 2
500 1000
1.10 1.10
1.07 1.15
0.03 =0.05
1.47 1.29

1895

50
1.10
1.48

2.66

2028

300
1.10
1.38

~-0.28
1.91

2170

400
1.10
1.42

-0.32
2.32

2322

700
1.10
1.30

~0.20
1.61

2484

1000
1.10
1.19
-0.09
6.97

1998

50
1.10
1.56

1.01

2138

300
1.10
1.47

-0.37
0.58

2288

500
1.10
1.43

-0.33
1.13

2448

700
1.10
1.40

-0.30
0.53

2619

1000
1.10
1.30
-0.20

0.26

1724

i.10
1.38
~-0.28
G.00
0.00

1845

273
1.10
1.26

-0.16
¢.00
0.00

1974

250
1.10
1.38

~-0.28
0.12

2112

650
1.10
1.17

-0.07
0.27

2260

900
1.10
1.09
0.01
0.29

1260

1.10
1.01
0.09
0.32
Start

1349

1.10
1.08
0.02
0.07
Start

1443

56
.10
11

.08

1544

220
1.10
1.06
0.04
0.41

1652

400
1.10
1.00
0.10
0.64

1221

1.10
0.98
0.12
0.75

1307

1.10
1.05
0.05
0.25

1398

1.10
.12
-0.02
0.00
0.00

1496

12,
.10
.19

09

1601

155
1.190
1.16

-0.06
0.42 .



ulation of Regulating Pond Capacity (2)

.97

947

1.10
0.76
0.34
5.89

1013

1.10
0.81
0.29
4.34

1084

0.23

1160

1.10
0.93
0.17
1.90C

1241

.10
.00
.10

OO e

947

1.10
0.76
0.34
7.12

1013

1.10
0.81
.29
5.37

1084

1.10
Q.87
0.23
3.81

1160

1.10
0.93
0.17
2.51

1241

.10
.00
.10
.36

O

947

1.10
0.76
0.34
8.35

1013
2

1.10
0.81
0.29
6.40

1084

1.10
0.87
0.23
4.64

1160

1.10
0.93
0.17
3.12

1241

1.10
1.00
0.10
1.74

985

1.10

"0.79

0.31
9.47

1054

1.10
0.85
0.25
7.32

1128

1.10
0.90
0.20
5.35

1207

1.10
0.97
0.13
3.60

1291

-10
.04
.06
.97
.97

b D) e et

1083

1.10
0.87
0.23
10.30

1159

1.10
0.93
0.17
7.93

1240

200
1.10
0.83
0.27
6.30

1327

180
1.10
0.92
0.18
4.24

1420

1.10
1,14
-0.04
1.83

1177

1.10
0.94
0.16
10.86

1260
2

1.10
1.01
0.09
8.25
8.25

1348
2
200
1.10
0.92
0.18
6.94

1442

200
1.10
1.00

0.10
4.62

1543

1.10
1.24
-0.14
1.34

1

=
bt (D e

1

1
1
-0
8

1

1
1
0
7

1

i
1
0
4

1

i
Q=

290
2

.10
.03
.07
.10
.10

380
2

.10
211
.01
.23

477

2
200
.10
.02
.08
.22

580

.2
300
.10
.03
.07
.88

691
2
50
.10
.31
.21
.57

1577 1895 1857 1857 189%
2 2 2 2 2

40

1.10 1.10 1.10 1.10 1.10
1.26 1.52 1.49 1.49 1.49
-0.16 -0.42 ~0.39 -0.39 -0.39
10.51 9.01 7.61 6.22 4.84

1688 2028 1987 1987 2028
2 2 2 2 2

i50 300 300 300 300
1,10 1.10 1.10 1.10 1.10
1.23 1.38 1.35 1.35 1.38
-0.13 -0.28 ~-0.25 -0.25 -0.28
7.7 6.73 5.83 4.92 3.90

1806 2170 2126 2126 217¢
2 2 2 2 2
200 500 500 500 500
1.10 1.10 1.10 1.10 1.10
1.05 1.34 1.30 1.30 1.34
0.05 -0.24 -0.20 -0.20 -0.24
7.41 6.55 5.82 5.09 4.24
7.41

1932 2322 2275 2275 2322

2 2 2 2 2
700 700 700 700 700
1.10 1.10 1.10 1.10 1.10
0.99 1.30 1.26 1.26 1.30
G.11 -0.20 -0.16 -0.1¢ -0.20
5.28 4.57 3.98 3.40 2.68
5.28

2068 2484 2434 2434 24384

2 2 2 2 2
1000 1000 1000 1000 1000
1.10 1.10 1.10 1.10 1.10
0.86 1.19 1.15 1.15 1.19
0.24 -6.09 -0.05 ~-0.05 -0.09
1.45 1.12 0.94 0.77 0.44

1186

1.10
0.95
0.15
5.37

1269

1.10
1.02
0.08
4.20

1358

1.10
1.09
0.01
4.28

1453

200
1.10
1.01
0.09
3.02

1555
2
500
1.10
0.85
0.25
1.35

1398 1857
2 2
40
1.10 1.10
1.12 1.45
~0.02 -0.35
5.29 4.02
1496 1987
2 2
300
1.10 1.10
1.20 1.35
-0.10 -0.25
3.84 2.94
1601 2126
2 2
300 400
1.10 1.10
1.04 1.38
0.06 -0.28
4.48 3.47
1713 2275
2 2
300 700
1.10 1.10
1.13  1.26
~0.03 -0.16
2.91 2.32
1833 2434
2 2
500 1000
1.10 1.10
1.07 1.15
0.03 ~0.05
1.47 1.29

2028

300
1.10
1.38

-0.28
1.91

2170

- 400
1.10
1.42
-0.32
2.32

2322

700
1.10
1.30

-0.20
1.61

-2484
-2
1000
1.10
1.19
-0.09
0.97

1998

50
.10

.01

2138

300
1.10
1.47

-0.37
0.58

2288

500
1.10
1.43

-0.33
1.13

2448

700
1.10
1.40

-0.30
.53

2619
2

- 1000
1.10

1.30

~0.20
0.26

1724

1.10

-0.28
0.00
0.00

1845

273
1.10
1.26

-0.16
.00
0.00

1974

250
1.10
1.38

-0.28
0.12

2112

650
1.10
1.17

-0.07
0.27

2260
2
900
1.10
1.09
0.01
0.29

1260 1221 1145 1061 985
2 2 2 2 1
1.10 1.10 1.10 1.10 1.10
1.01 ©6.98 0.92 0.85 0.79
0.09 0.12 0.18 0.25 0.31
0.32 0.75 1.41 2.30 3.42

Start
1349 1307 1225 1136 1054
2 2 2 2 2
1,10 1.10 1.10 1.10 1.1o0
1.08 1.05 0.98 0.91 0.85
0.02 0.05 0.12 0.19 90.25
0.07 0.25 0.68 1.36 2.27

Start
1443 1398 1311 1215 1128
2 2 2 2 2

56 .
1.10 1.10 1.10 1.10 1.10
1.11 1.12 1.05% 0.97 0.90
-0.01 -0.02 0.05 0.13 0.20
.08 0.00 (.18 0.63 1.33
0.00 Start
1544 1496 1403 1300 1207
: 2 2 2 2 2
220 12
1.10 1.10 1.10 1.10 1.10
1.06 1.19 1,12 1.04 (.97
0.04 ~-0.09 -0.02 0.06 0.13
0.41 0.09 (0.00 0.21 0.68
0.00 SBtart
1652 1601 1501 1391 1291
2 2 "2 2 2
400 155 _

1,10 1.310 1.10 1,10 1.10
1.00 1.16 1.20 1.12 1.04
0.10 -0.06 -0.10 -0.02 0.06
0.64 0.42 0.05 0.00 0.23
0.00 Start

1013

1.10
0.81
0.29
3.30

1084

1.10
0.87
0.23
2.16

1160

1.10
0.93
0.17
1.29

1241
2

1.10
1.00
0.10
0.61

33139

180
1.10
1.10
0.00
0.00

35458

2523
1.10
1.10
0.00
0.00

37940

5006
1.10
1.10
0.00
0.00

40596

7662
1.10
1.10
0.00
0.00

43438

10505
1.10
i.10
0.00
0.00

AP~4-5

(Avarage)
(Average)
{Average)

{Bverage)
(Average)
(Average}

{Average)
(Average)
{Average)

(Average)
{(Average)
(Average)

{Average)
(Average)
{Average)






Table A-4-1 Calculation of Regulating Pond Capacity (3)

Power Demand as of 2005 {KWh)
Number of Operation Units
Purchase { KWh)
Inflow {(Minimum Inflow) {m~3/8)
Pischarge (m~3/8)
Surplus or Shortage {m~3/8)
Accumulation {107 3+m™3)
Sub Total {1073xm™3)
Required Reservoir Volume(10~3%xm™~3)
Power Demand as of 2006 {KWh)
Number of Operation Units
Purchase {KWh)
Inflow (Minimum Inflow) (m~3/8)
Discharge {m~3/8)
Surplus or Shortage (m~3/8)
Accumulation (107 3xm~3)
Sub Total {107 3+xm™3)

- Required Reservoir Volume (10~ 3xm~3)

.34

.60

1328

1.10
1.06
0.04
0.25

1421

200
1.10
0.98
0.12
0.44

1328

1.10
1.06
0.04
0.38

1421

200
1.10
0.98
0.12
0.87

1328

1.10
1.06
0.04

0.51

1421

200
1.10
0.98
6.12
1.31

1382

1.10
1.11
-0.01
0.48

1478

500
1.10
0.79
0.31
2.44

1520

500
1.10
.82
0.28
1.49

1626

1000
1.10
0.50
0.60
4.59

1651

500
1.10
0.92
0.18
2.13

1767

1000

1.10

0.62
0.48
6.33

1809

700
1.10
0.89
0.21
2.88

1936

1060
1.10
0.75
0.35
7.59

WO O

2212

1000
.10
.97
.13
.34
.34

2367

1000
1.10
1.10
0.00
7.60
7.60

2658

1000
1.10
1.33
-0.23
2.52

2844

1400
1.10
1.48
-0.38
6.25

2605

1000
1.10
1.29
~0.19
1.85

2787

1000
1.10
1.43
-0.33
5.05

2605

1000
1.10
1.29
-0.19
1.19

2787

1000
1.10
1.43
-0.33
3.86

2658

1000
1.10
1.33
~-0.23
0.36

2844

1000
1.10
1.48
-0.38
2.51

1664

1000
1.10
0.53
0.57
2,40

1780

1000
1.10
0.63
0.47
4.21

1961

900
1.10
0.85
0.25
3.30

2098

1000
1.10
0.88
0.22
5.00

2605 2658 ~ 2802 2418 1768 171
2 2 2 2 2
1600 10060 1000 1000 400 3cC
1.10 1.10 1.10 1.10 1.10 1.1
1.29 1.33 1.44 1.14 1.10 1.1
~0.19 -0.23 -0.34 -0.04 0.00 -0.C
2.63 1.81 0.57 0.44 0.45 0.-
2787 2844 2999 2588 1892 183
2 2 2 2 2
1000 1000 1000 1000 600 40
1.10 1.1C¢ 1.10 1.10 1.10 1.1
1.43 1.48 1.60 1.27 1.04 1.1
~0.33 -0.38 -0.50 -0.17 0.06 -0.0
3.81 2.45 0.66 0.04 0.27 0.0
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\
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34

.60

1328

1.10
1.06
0.04
0.25

1421

200

1.10

0.98
0.12
0.44

1328

1.10
1.06
0.04
0.38

1421

200
1.10
0.98
0.12
0.87

1328

1.10
1.06
0.04
0.51

1421

200
1.10
0.98
0.12
1.31

1382

1.10
1.11
~-0.01
0.48

1478

500
1.10
0.79
0.31
2.44

1220

500
1.10
0.82
0.28
1.49

1626

1000
1.10
0.50
0.60
4.59

1651
500

0.92

1767

1000
1.10
0.62
0.48
6.33

1809
2

700
2.88

1936

1000
1,10
0.75
0.35
7.59

2212

2
1000
1.10
0.97
0.13
3.34
3.34

2367

2
1000
.10
-10
.00
.60
.60

2N O b

2658
2
1000
1.10
1.33
-0.23
2.52

2844

1000
1.10
1.48
-0.38
6.25

2605
2
.1000
1.10
1.29
~3.19
1.85

2787

1000
1.10
1.43
-0.33
5.05

2605
2
1000
1.10
1.29
~0.19
1.19

2187

1000
1.10
1.43
-0.33
3.86

2658
2
1000
1,10
1.33
-0.23
0.36

2844

1000
1.10
1.48
-0.38
2.51

1664

1000
1.10
0.53
0.57
2.40

1780

1000
1.10
0.63
0.47
4.21

19561
2
900
1.10
0.85
0.25
3.30

2098

1000
1.10
¢.88
0.22
5.00

2605 2658 2802 2418 1768 1713 1606 1489
2 2 2 2 2 2 4
1660 1000 1000 1000 400 300 200 45
1.10 1.10 1.10 1.1i0 1.10 1.10 1.10 1.10
1.29 1.33 1.44 1.14 1.10 1.13 1.13 1.16
-0.19 -0.23 -0.34 -0.04 0.00 -0.03 -0.03 -0.06
2.63 1.81 (0.57 0.44 (.45 0.34 0.24 0.03

2787 2844 2999 2588 1892 1833 1719 1593

100C 1000 1000 1000 600 400 400 150
1.1¢6 1.10 1.1i0 1.10 1.10 1.10 1.10 1:.10
1.43 1.48 1.60 1.27 1.04 1.15 1.06 1.16
-0.33 ~0.38 -0.50 -0.17 0.06 -0.05 0.04 -0.06
3.81 2.45 0.66 0.04 0.27 0.09 0.25 0.04

1382

.10
.11
.01
.00
.00

1478

g0

.10
.11
.01
.00
.00

1328 46479

13545

1.10 1.1¢

1.06 1.10

0.04 0.00

0.13 0.00
Start

1421 49732

50 16790
1,10 1.10
1.10 1.10
.00 0.00
0.00 0.00

Start

AP-4-7

{(Average)
{Average)
({Average)

{Average)
{Average)
{Average)
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A5.1 - Stability Caleulation of Intake Dam

The stability calculation of the dam was conducted for the following two cases

concerning its overflowing section.

Water Level Casge Earthguake
1. At Design Flood Normal Condition -
2. At Normal Full Water Level Under Earthquake ¥ = 0,02 to down-

stream direction

(a) Stability Calculation

The dam stability calculation are performed concerning turn-over, slide

and bearing force.

i) Stability Study Concerning Turn-Over

Ko = ZM/EV
e =X, - (Bf2 -B)) < e, = Bf6
Where: . X, ; position at which composite force is applied
{(distance from dam axis) (m)
H distance of eccentricity (m)
B width of foundation

B, 3 distegnce from dam &8xis to upstream

foundation (m)
Middle Third (m)

ii) Stability Calculation Concerning Sliding

The stability condition against sliding dis that the
friction safety factor is &4 or more.

N = (7,B + £-3V)[H>4

Where: N ; safety factor against sliding

end of

shearing

T, 3 shearing strength between concrete and foundation
rock (tfm?)

f friction coefficient between concrete and

foundation rock

H total horizontal force acting on the dam (t)

AP-5-1



1ii)

Stability Study Concerning Bearing Force

The stability condition concerning bearing force is studied by

examining the allowable bearing force of dam and foundation rock,

P, = ZV(B(l + 6'e{R)< q,
P, = TV[B(1 + 6'¢/B)< o,
Where: Py, reaction force of foundation rock against vertical

force (t/m’)

U, allowable bearing force of foundation rock (t/m?)

AP-53-2
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(b)

Design Condition

i)

ii)

iii)

iv)

Dam Dimensions

Dam Crest Elevation EL 468.000 (m) Dam Height 6.200 (m)
Dam Foundation Elevation EL 462.000 {m} Crest Width b= 2.000 (m)
Slope of Upstream Side 1:0.00

slope of Downstream side 1:0.80

Regulating Pondage Dimensions

Design Flood Water Level WL. 472,370 (m)
Normal Full water Level WL, 469,000 (m)
Downstream Water Level (with flood desipn water level) WL

465.800 (m)

Downstream Water Level (with normal full water level) WL
462.000 (m)
Sediment Level EL 469.00 (m) Wave Height hW = 0.000 (m)

With no drain hole

Unit Weight

Concrets yc = 2.30 (t/m’)

Sediments yd = 1.20 (t/m’)

Coefficients

Sediment Pressure Coefficient Ce = 0.50
Friction Coefficient between f = 0.70

Concrete and Foundation Rock

Shearing Unit Stress of Foundation Rock To = 50.0 (tfm?)
Allowable Bearing Capacity of Foundation Rock Ra==100.0{tfm2)
Design Seismic Intensity Kh = 0.02
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(c} Calculation

i) At Design Flood (under

(1] EL 462.000 (m)

Normal Conditions)

o sl (2.80 .

Ttem v H X Y M

(t) {m) (m) (m) (m)
Dead Load 81.684 0.000 3.104 0.000 253.533
Water Pressure 12.000 45,136 3.000 2,660 156.061
Sediment Pressure 0.000 14.700 G.000 2,333 34.300
Upstream Surface Water Weight 0.000 0.000 0.000 0.000 8.000
Upstream Surface Sediment Weight 0.000 0.000 0.000 ©.000 0.000
Downstream Surface Water Weight 5.77¢6 0.000  7.307 0.000 42,203
Downstream Surface Sediment Weight 0.000  -7.220 0.000 - 1.267 -9.145
Uplift Force -40.740 0.000 3.849 0.000 -156.827
""""""""""""""" Total | s8.720 52.616 ] 320.126
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[2) EL 463.000 (m)

Item v H X Y M

(t) (m) (m) {m) (m)
Dead Load 63.468 0.000 2.857 0.000 181.336
Water Pressure 12.000 32.256 3.oo00 2.268 115.949
Sediment Pressure _ 0.000 10.800 0.000 2.000 21.600
Upstream Surface Water Weight 0.000 0.000 0.000 0,000 0.000
Upstream Surface Sediment Weight 0.000 0.600 0.000 0.000 0.000
Dovnstream Surface Water Weight 3.136 0.000 6.773 0.000 21.241
Downstream Surface  Sediment Weight 0.000 ~3.920 0.000 0.933 -3.659
Uplifte Force -29,1303 0.000 3.407 0.000 -95.843
"""""""" fotal | 49.301 42.136  236.625

{3] EL 464.000 (m)
v

Trem (t) (En @ ()
Dead Load 47.092 0.000 2,611 G.0006  122.977
Water Pressure -12.,000 26.376 3.000 1.866 85.216
Sediment Pressure 0.000  7.500 0,000 . 1.677  12.500
Upstream Burface Water Weight 0.006 ¢.000 0.000 0.0060 0.000
Upstream Surface Sediment Weight 0.000 0.000 0.000 0.000 0.000
Downstream Surface Water Weight 01,296 0.000 6.240 0.000 8.087
Dovnstream Surface' Sediment Weight 0.000 -1.620 0.000 0.600 -0.972
Uplift Force -19.466 0.000 2.936 ¢.000 -57.150
""""""""""" Total | 40.923 32.256 170.657

EL v H X Y M N B Pl P2
(m) (t) (t) (m) (m) (t-m) (my (t/m?) (t/m?)
462.00 58,720 52.161 320.126 5.452 1.292  8.688 8.320 13.632 0.483
463.00 49.301 42.136 - 236.526 4.800 1;040 9.742 7.520 11.99%4 1.118
464.00 40.923 32.256 170.657 4£.170 0.810 11.305 6.720 10.495 1.684
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ii) At Normal Full Water Level

{1] EL 462.000 (m)

{(under Earthquake)

Item v H X ¥ M
{r) {m) {m) {m) (m)
Dead Load 81.684 1.634 3.104 2.598 257.777
Water Pressure 0.000 24,180 0.000 2.279 55,097
Hydraulic Pressure 0.000 0.550 0.000 2.651 1.457
Sediment Pressure 0.000 14.700 0.000 2.333 34,300
Upstream Surface Water Weight 0.000 0.000 06.000 0.000 0.000
Upstream Surface Sediment Weight 0.000 0.000 0.000 0.000 0.000
Uplift Force -9,707 0.000 2,773 0.000 -26.920
T Total | 71,978  41.065  321.711]
[2] EL 463.000 {(m)
v H X b 4
Them (t) (m) m @ @
Dead Load 63,468 1.269 2.857 2.202 181.336.
Water Pressure 0.000 17.680 0.000 1.937 34.251
Hydraulic Pressure 0.000 0.432 0.000  2.240 0.967
Sediment Pressure 0.000 10.800 0.000 2.000 21.600
Upstream Surface Wéter Weight 0.000 0.000 0.000 0.000 0.000
Upstream Surface Sediment Weight 0.000 0.000 ©.000 0.000 0.000
Uplift Force -7.520 0.000 2.507 0.000 -18.850
————————————————————— 'IT ;;:;I_w——m““““"—" -—-55 .948 ““30 18“1-_“—_“" 222. 16.6-_-
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[3] EL 464.000 (m)

Ttem v H X Y M

(v) (m) (m) (m) (m)
bead Load : 47.092 0.942 2,611 1,798 124.670
Water Pressure 0.000 12.180 0.0G0 1.593 19.404
Hydraulic Pressure 0.000 0.323 0.000 1.828 0.590
Sediment Pressure 0.000 7.300 0,000 1.667 12.500
Upstream Surface Water Weight 0.000 0.000 0.000 0.000 ¢.000
Upstream Surface Sediment Weight 1.296 0.000 0.000 0.000 0.000
Uplift Force _ -5.600 0.000 2.240 0.000 -12,544

[T Crotal T ariae2 200005 T 1a4.620

EL v : H X Y M N B " PL B2

(m) (t) (t) (m) (m)  (t-m) (m) (t/mh)  (t/m?)

462.00 71,978 41.063 321,711 4.470 0.310 11.358 8.320 10.583 6.720
463.00 55.948 30.181 222.100 3.970 0.210 13.756 7.520 8.685 6.195
464 .00 41.492 20.945 144.620 3.485 0.125 17.429 6.720 6.866 5.483

AS5-2  Stress Analysis of Culvert

The stress is analyzed concerning the external water pressure in river flood

and internal water pressure'of the channel.
(1} AnalYSis Concerning External Water Pressure At River Flood
(a) The stress is calculated by assuming the cross section of the

channel as a rahmen structure having the skeleton given in the

figures below.
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{b) Load

The river water level of 465.7 m at the most upstream section of

the culvert, which is reached at the time of 1/200 flood with 840

e

m’fs is assumed to be the external water pressure. ' : g,

External water préssure: Wy = 0.50 tluﬁ. W, = 2.95 tlmz'

o i wn (TR L b
OSRRNES |1 . i)
: Y
™
U
w2 =2a5Tmt w3
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Dead-welght: g, = g, = 0.40 m x 2.4 tfn® = 0.96 t/m?

s = 0.50m x 2.4 t/m® = 1.20 t/m?

Reaction force: R, = 0.96 t/m* x 2.45 m x 2/2.4 m + 0.96 t/m
+ 1.20 tf? = 4.12 ¢

Earth pressure: Wy = 0.5 x 0.8 tfm® x 2.45 m = 0.98 tfm’

(Static earth pressure)
(c) Calculation Result

MOMENT DIAGRAM

>~ [

8 §

Q o

o207 tz}“ﬁx__*‘_d,,/- Z 0.€29
o
¥
Iy
9.073 p.273
3 \
m
137}
L7¢4 / \ 2,489

L5, «;\\
2 4t /’///
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Stress Calculation for Rectangular Cross Section

Cross Section No. 1. {Inside) 2. (Outgide)
M [tem] 2,31 2.46
N (el 0.00 0.00
s {t] 0.00 7.64
b [cm) 100.0 100.0
h [em] 50.0 50.0
d [cm] 43.0 43.0
ar [cm] 7.0 7.0
As [em?] 11.500 D198250 | 15.500 D22€250
As’ [cm?) 15.500 11.500
n=Es [Ec 15.00 15.00

Ec=220,000 kglcn@

P=As/(b x d) [2] 0.267 0.360
u=d-h/2 [cm] 18.000 18.000
£=M/N+u [em] 18.000 18.000
£/d 0.419 0.419
a / d 0.163 0.163
As® | As 1.348 0.742
M* =M+ N oxou [tem] 2.308 2.457
X [em] 9.996 11.458
c 8.278 7.437
S 27.331 20.472
Z 1.096 1.107
o, (ke fem?] 10.3 9.9
a, [keg/cm?] 511.7 408.1
o'y [kg/cm?] 46.5 57.7
T (kg /cm?] 0.00 1.97
Ta (kg{em?] 0.00 1.78
Cea (kg/cm?) 70.0 70.0
0. [kg/cm?] 1,800.0 1,800.0
To [kg/cm?] 4.00 4.00

Note: The negative sign of o
of o', signifies tension. «r, signifies the average unit shearing

stress.

s

signifies compression.
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(2) Analysis for Internal Pressure
(2)-1 Check of Stress in Lining Concrete of Culvert
* The calculation is performed by assuming the culvert to be a

cylindrical culvert having internal diameter of 2 m and concrete

thickness of 0.4 m.

* The circumferential stress o of a cylindrical culvert having internal
diameter of ¥ and concrete thickness of 8 is expressed by the

‘following equation.

2
g =L (1 + g2 1%_] {kg/cm?)
N

Here, the internal water pressure is:
470 - 461.5 + 1.63 = 10.13 m/m* = 1.013 kg/cm®

{static pressure)(water hammer)}

Letting y be the distance from the center of the cylinder to the

cross section to be analyzed {(m), and

_Y¥it® _1+0.40
¥ i3

P =1.40

The stress o; on the internal surface of concrete is, as y = vy;,

L1.40%7 +3

E T =3.,08 kg/cm?

= P 2y =
g, = —F— {1+ }=pP
1 p2_1 P

The stress 8, on the outside surface of concrete is, as y = y; + 8,

4



P 2 .
G, = — {1+1) =1.0136% —2 . =211 kg/cm?
2 1.40% -1 g

p*-1
The allowable tensile stress can be regarded as o, = 10 kg/cm® when
concrete vich in cement is placed at the site and sufficiently
compacted.

Therefore, it is safe with o, , < 10 kg /cm?

Reinforcing steel bars of 19 mm diameter will be placed
circumferentially in double layer on the imside and outside surface
with 25 cm intervals, to improve strength and prevent crack.

The effect of reinforcement per 1 cm isg:

r=__98 . 40

= = =0.303
§+8a,, A40+8x1l.46

il

Ao, = 0.303 x 3,08 = 0.933 kg/cm’

<d,, 10kg/ cm?

Ao, = 0.303 x 2.11 = 0.639 kg/cm?

(2)-2 Check of Stress Based on Assumption that All Water Pressure is
Borne by Steel Reinforcing Bars
Phe steel reinforcing bars are regarded as thin cylinders to calculate

the stress of steel bars, o, (kg/em?),

o

= B
TF:

o

P: internal water pressure, 1.013 kg
D: inside diameter to steel bars, 214 cm
t:

thickness of thin plate equivalent to bar cross section (cm)

2.865 cm?x4

Assuming the steel bar of 19@250, 100 cm

=0.1146 cm®/cm

_ 1,013 x214

Therefore, o, 530 1136

=946 kg/cm? < 0., = 1,800 kg/cm?

AP-5-12
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A5.3  Stress Analysis of Internai Water Pressure of Headrace Tunnel

The analysis of the stress caused by the tunnel internal water pressure has

been performed by Ott-Frey-Bear's equation,

The water pressure at the most downstream part of the lined section of the

tunnel, where the internal pressure (static pressure plus water hammer

pressure) becomes maximum, of P = 2,439 kg/cm2 was used to calculated the
tensile stress of the reinforcing steel bars. In the analysis, the following

Figure has been utilized.

When thé steel reinforcing bars, D19, are installed with interval of 30 cm,
the amount of steel bars in the circumferential direction

Fe = 0.0055 cm/cm

(Fe/D) x 10° = (0;0955I200} x 10% = 0.4775

where D = internal diameter of 200 cm.

* Assuming the modulus of elasticity of the survounding rocks, Er, to be
10,000 kg[émz.
The unit stress of the steel bar, ce = 200 kg/cm?

o,

%
¥
e

Therefore, the unit stress of the real steel bars;

G = 200 x 2.439 = 488 kgfem? < o, = 1,800 kgfom?

® Er = 30,000 kgfcm®? --> o, = 80 kg/cm? _
» o, = 80 x 2.439 = 195 kg/cm? < o, = 1,800 kg/em?
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AS5.4 Bearing Capacity of Penstock Foundation

According to the penetration test of (III-2), the N-value down the depth of

2.3 m is from 5 to 18, and its average value is 11.

In the construction work, the talus pile will be excavated and removed for the

depth below this range, the penetock is installed on a2 continuous concrete

foundation, and soil will be filled back on the penstock for a depth of more

than 1 m. Therefore, the foundation will be installed at depth which is more

AP-5-14
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than 2 m below the ground surface. The ultimate bearing capacity of
continuous footing, q4, is given by the following equation according to

Terzaki and Peck.

Q= By N+ Doy Ny

o = coefficient determined by the geometry of the loading surface
of the foundation; 0.5 for continuous foundation
= width of footing; 1.5 m

unit weight of soil; 1.8 t/m’

o B
il

. = setting depth of footing;'z.s m

For the value of N = 11, N, = 7, Nq = 10 (with internal friction angle of 307}

ig obtained from the Related Graph (Omission).

From these values, we obtain the ultimate bearing capacity of approximately
55 t/m?. Taking a safety factor of 3, the allowable bearing capacity is 18
t/m?. In this case, the load on the foundation is no more than 5 t/m%, and

sufficient safety is assured.
A5.5 Calculation of FRP Pipe Strength
(a) Load

i) Maximum design head = High water level 469.0 m + Flood water level

1.0 m - Minimum elevation of penstock 305.2 m = 164.8 m

Maximum water hammer head (469.0 + 1.0 - water turbine nozzle
center elevation 306.7 m) x 0.1 = 16,3 m

Maximum design head = 181.1 m

ii) Earﬁh cover: First Stage: 1.0 m, Latter Stage: 1.2 m or more
_ (refer to *1)
1ii) Bulldozer load: 3 ton class, 1 bulldozer
iv) Weight of unit volume of earth: 0.0018 kg/cm®

v) Passive earth pressure resistance coefficient: 14 kgfcm?
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*1. (Reference)

Earth Gover on the Buried Section

It is possible that the ground water level rises to the ground surface due to
very heavy rain. The pipe must be buried in such a depth that the pipe dces

not float up when the ground water rises. The minimum earth cover, H (m),

with which the FRP pipe does not fleat up, is calculated by the following

equation.
2
. D
s-41 -2 1y
HETEDC' { (Dc)}p
4 w
S safety factor of 1.2
D,: pipe outside diameter; 0.936 and 1.1l44 m

D: pipe inside diameter; 0.9 m and 1.1 m
weight per unit volume of pipe material; 1.8 t/m’
W weight per unit volume of filled back earth which is
saturated; 1.8 t/m’
D=0.9m--—-->H = 0,98 m ==> 1.0 m
D=1.1m---->H~=1.19m ==> 1.2 m
(The required depth of earth cover.)

{b) Strength Calculation

i) Pipe Structure

The structure and dimensions of FRP pipe are given below.

Duter Protective Layer—m———

FRY Layer

Inner Protective Layer
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FRP Pipe- 900 18
1100 22

The pipe thickness is the value set forth in JI5 A 5350,

No marginal wall thickness is provided.
ii) Strength and Cross Section Characteristics of Pipe
ii-1 Pipe Strength
ii-1-1 Pipe Strength

The strength of the FRP layer is illustrated below.

kg fcm?
: FRP Pipe
Glassification Symbol | o cumferential Axial
{%5 : " Direction Direction
o Modulus of Elasticity Ej 181300 30510
Tensile Strength ot 3780 1641
Compression Strength ac 3333 1389
Shearing Strength T 550

ii-1-2 Allowable Stress of Pipe

The allowable stress of the FRP layer is the fracture strength of
FRP divided by the safety factor of 6.

The allowable étress values of the FRP layer is given below.
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