Part 6-2 Appendix 5

Appendix 5 Sample Specifications

Appendix 5-1  Specifications for Socioeconomic Survey in Rural Areasin Myanmar
Appendix 5-2  Technical Specifications for Discharge Measurement and Test Pitting
Appendix 5-3  Technical Specifications for Topographic Survey

Appendix 5-4  Specifications of Civil Works

Appendix 5-5  Hydromechanical Works

Appendix 5-6  Electromechanical Works

Appendix 5-7 Specification of Distribution Lines

The specifications above are included in the Database on CD.
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Appendix 6 Sampleof Cost Estimate for

Nam Lan Hydropower Project



Part 6-2 Appendix 6

Appendix 6 Sample of Cost Estimate for Nam L an Hydropower Project

1US$=  ¥135
NK's Estimate Contractor's Estimate
No. Work Item unit Qty unit price | Amount | unit price [ Amount Note

(Usy) (Usy) (Usy) (Usy)

1. |Civil Works
1.1|Preparatory works L.S.
(1) Mobilization/Demobilizatior 124,900
(2) Base camp 2,225
(3) Power supply 1,250
(4) Water supply 1,200
(5) Access road 4,860
Sub-total 1 20% 74,651 134,435
1.2|Diversion Weir
Excavation-commor m3 550 1.50 825 1.18 649
Excavation-w/rock m3 50 4.00 200 4.78 239
Wet rubble masonry m2 70 20.00 1,400 1.38 97,
Structural concrete m3 52 120.00 6,240 57.78 3,005
Lean concrete m3 10 100.00 1,000 37.90 379
Reinforcing bar ton 21 600.00 1,260 550.00 1,155| 40 kg/m3
Form work m2 90 12.00 1,080 7.78 700
Others % 20% 2,401 30% 1,867
Sub-total 14,406 8,090
1.3|Diversion Channel
Excavation-commor m3 1,790 1.50 2,685 1.18] 2,112
Backfill m3 330 3.00 990 1.18 389(1.36 m2 x 242.4 m =330 m3
Structural concrete m3 273 120.00 32,760 57.78 15,774
Lean concrete m3 31 100.00 3,100 37.90 1,175
Reinforcing bar ton 27.3 600.00 16,380 550.00 15,015| 100kg/m3
Form work m2 1,190 12.00] 14,280 7.78 9,258
Others % 20% 14,039 30% 13,117
Sub-total 84,234 56,841
1.4|Head Pond
Excavation-commor m3 12,600 1.50 18,900 1.18] 14,868|Common 15,750 m3 x 80 % =12,600 m3
Excavation-w/rock m3 3,150 4.00 12,600 4.78 15,057|W/rock 15,750 m3 x 20 % = 3,150 m3
Wet rubble masonry m2 3,510 20.00 70,200 1.38] 4,844
Structural concrete m3 202 120.00 24,240 57.78 11,672|Inlet + Sand drain + Spillway
Lean concrete m3 13 100.00 1,300 37.90 493|Leveling concrete
Reinforcing bar ton 11.2 600.00 6,720 550.00 6,160( 50kg/m3 for Inlet & Sand drain, 100 kg/m3 for Spil
Form work m2 350 12.00 4,200 7.78 2,723
Others % 10% 13,816 30% 16,745
Sub-total 151,976 72,561
1.5|Penstock
Clearing and strippinc m2 800, 0.50 400 0.22 176|Area 80m x 10m = 800m2 (bush only’
Excavation-commor m3 1,370 1.50 2,055 1.18] 1,617|2,280m3 x 60% = 1,370 m3
Excavation-w/rock m3 910 4.00 3,640 4.78 4,350(2,800m3 x 40% = 910 m3
Wet rubble masonry m2 210 20.00 4,200 1.38] 290
Structural concrete m3 211 120.00 25,320 57.78 12,192|Anchor + Saddle + Drain
Lean concrete m3 10 100.00 1,000 37.90 379
Reinforcing bar ton 12.9 600.00 7,728 550.00 7,084[50kg/m3 for structural concrete
Form work m2 840 12.00 10,080 7.78 6,535|Anchor + Saddle + Drain
Others % 20% 10,885 30% 9,787
Sub-total 65,308 42,409
1.6|Power house
Excavation-commor m3 700 1.50 1,050 1.18 826|1,000 m3 x 0.7 = 700m3
Excavation-w/rock m3 300 4.00 1,200 4.78 1,434{1,000 m3 x 0.3 = 300m3
Backfill m3 100 3.00 300, 1.18 118
Gravel surfacing m3 30 20.00 600 10.60 318|300 m2 x 0.1 =30 m3
Wet rubble masonry m2 230 20.00 4,600 1.38 317,
Structural concrete m3 126 120.00 15,120 57.78 7,280
Lean concrete m3 12 100.00 1,200 37.90 455
Reinforcing bar ton 12.6 600.00 7,560 550.00 6,930(100kg/m3 for structural concrete
Form work m2 440 12.00] 5,280 7.78 3,423
Other works % 30% 11,073 50% 10,551 |Architectural, electric works, etc.
Sub-total 47,983 31,653
1.7|Tailrace
Excavation-commor m3 500 1.50] 750 1.18] 590
Wet rubble masonry m2 430 20.00 8,600 1.38 593
9,350 1183
Total of Civil Works 447,908 347,171
2. [Steel Penstock ton 29| 1,000.00 29,000
3. [Gateand trashracks ton 3] 1,000.00 3,000
4. [Turbine& Generator L.S 359,770 48,569,000/ 135 = $ 359,770
5. [Transformer and Switchgears L.S 126,000 15,150,000/ 120 = $ 126,000
6. [Distribution Lines km 192,000 $192,000
7. [Contingency % 0 0
GRAND TOTAL 1,157,678
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Calculations for Earth VVolume

Earth Volume(2/10)

Part 6-2 Appendix 6

Diversion Channel Head Pond Penstock
No]Point x (M) [AM) |Aym?) [V(m®) No. |Point x (M[AMY) [Age(md)|V(m®) No. |Point x (M) [AMD) [Axdm®) [V(m?)
0|BP+1.3 6.89 0[STA-1015 0.0 0[STA+10 311
3.70 6.80| 2547 15 65.9 98.9 10.0 293 2934
1|BP+5 6.89 1]sTA-100 131.8 1|stA+20 27.6
5.00 6.25|  31.24 10.0 137.8| 1,3783 10.0 204 2045
2|BP+10 5.61 2|sTA-90 1438 2|sTA+30 13.3
10.00 478 4784 10.0 1471 1,4713 10.0 127 1271
3|BP+20 3.96 3|STA-80 150.4 3|STA+40 12.1
10.00 498  49.80 10.0 152.4| 15236 10.0 1100 1103
4|BP+30 6.00 4|STA-70 154.3 4|STA+50 10.0
10.00 783 7835 10.0 155.6| 1,555.5 10.0 1.1 1114
5|BP+40 9.67 5|STA-60 156.8 5|STA+60 12.3
10.00 10.67| 106.67 10.0 157.9| 15786 10.0 127 1266
6|BP+50 11.67 6|STA-50 158.9 6|STA+70 13.0
10.00 12.30| 123.05 10.0 1545 15446 10.0 117 1169
7|BP+60 12.94 7|sTA-40 150.0 7|sTA+80 10.4
10.00 11.36| 113.59 10.0 1430 1,429.6 10.0 9.9 99.0
8|BP+70 9.78 8|STA-30 135.9 8|sTA+90 9.4
10.00 958  95.82 10.0 140.6| 1,406.3 10.0 9.9 99.2
9|BP+80 9.39 9|STA-20 145.3 9|sTA+100 10.4
10.00 729  72.86) 10.0 139.4| 1,393.9 10.0 9.7 96.9
10|BP+90 5.18 10[STA-10 1334 10|STA+110 9.0
10.00 439 4389 10.0 127.0 1,269.8 10.0 105 1049
11|BP+100 359 11STA-C 1205 11|sTA+120 12.0
10.00 293 2935 10.0 75.8| 7582 10.0 1.8 117.9
12|BP+110 2.28 12|STA+10 311 12|STA+130 11.6
10.00 12.08| 120.78 TOTAL VOLUME 15,408.5 10.0 123 1229
13|BP+120 21.88 13|STA+140 13.0
10.00 1367| 136.67| Tailrace 10.0 136| 136.2
14|BP+130 5.45 14|STA+150 14.3
10.00 8.88 88.79| [No.|Point x (M)[AM?) [Azmd)|V(m®) 10.0 163 1631
15|BP+140 12.30 o|sTA+186.5 10.4 15|STA+160 18.4
10.00 836/ 83.63 35 95 333 10.0 168 1684
16/BP+150 4.42 1|sTA+190 8.7 16|STA+170 15.3
10.00 390 3899 10.0 6.3 63.0 TOTAL VOLUME 2,1985
17|BP+160 3.38 2|sTA+200 39
10.00 364/  36.35 10.0 41 41.2| Powerhouse
18|BP+170 3.89 3|STA+210 43
10.00 420 419 10.0 45 44.5] |No.|Point x (M) [AM)) [Aym®) [V(m®)
19|BP+180 450 4|STA+220 46 0|sTA+170 711
10.00 482 4816 10.0 46 459 35 720 2519
20|BP+190 5.14 5|STA+230 46 1|sta+1735 72.9
10.00 523  52.30) 10.0 47 47.2 40 742  297.0
21|BP+200 5.32 6|STA+240 49 2|sTA+1775 75.6
10.00 6.20|  61.98 10.0 46 459 40 66.7| 266.8
22|BP+210 7.07 7|sTA+250 43 3|STA+1815 57.8
10.00 7.76| 7758 10.0 48 48.0 5.0 346 1729
23|BP+220 8.44 8|STA+260 5.3 4|STA+186.5 114
10.00 887|  88.69 10.0 46 458 TOTAL VOLUME 988.6
24|BP+230 9.29 9|sTA+270 39
10.00 9.29 92.94 10.0 38 37.6] Diversion Weir
25|BP+240 9.29 0.00] | 10|sTA+280 36
TOTAL VOLUME 1,790.00 5.0 1.8 9.1} |No.|Point x (m) |A(m2) Aqe(m?) |V(m3)
11|STA+285 0.0 1]- 315 164 164 515§
TOTAL VOLUME 461.6
Pond Sand Drain Channel
No.|Point x (m) [A(m*) [ALdm®) |V (m’)
1}- 350 82 82| 2885
[roTAL EARTH VOLUME 21,6514 m |

Nippon Koei/IEEJ

Volume 6
Appendices to Manuals

AG-2

Study on Introduction of Renewable Energies
in Rural Areas in MYANMAR



Calculations for Earth VVolume

Earth Volume(3/10)

Part 6-2 Appendix 6

Diversion Channel Head Pond Penstock
No. |Paint x (M) [AM) |Andmd)|V(m®) No. |Point x (M) [AM?  |Agmd) [V(m®) No. |Point x (M) |AM?)  |Aqdmd)|V(m®)
0[BP+1.3 7 0[STA-101.5 0 0[STA+10 32
4 7 26 2 66 99 10 30 300
1|BP+5 7 1]sTA-100 132 1|stA+20 28
5 7 33 10 138| 1,380 10 21| 210
2|BP+10 6 2|sTA-90 144 2|sTA+30 14
10 5 50, 10 148 1,475 10 14| 135
3|BP+20 4 3|STA-80 151, 3|STA+40 13
10 6 55 10 153| 1,530 10 12| 115
4|BP+30 7 4|STA-70 155 4|STA+50 10
10 9 85 10 156| 1,560 10 12| 115
5|BP+40 10 5|STA-60 157 5|STA+60 13
10 1| 110 10 158| 1,580 10 14| 135
6|BP+50 12 6|STA-50 159 6|STA+70 14
10 13| 125 10 155 1,550 10 13| 125
7|BP+60 13 7|sTA-40 151, 7|sTA+80 11
10 12| 115 10 144 1,435 10 11| 105
8|BP+70 10 8|STA-30 136 8|STA+90 10
10 10 100 10 141 1,410 10 11| 105
9|BP+80 10 9|STA-20 146 9|sTA+100 11
10 8 80, 10 140 1,400 10 10 100
10|BP+90 6 10[STA-10 134 10]STA+110 9
10 5 50, 10 128| 1,275 10 11| 105
11|BP+100 4 11STA-C 121 11|STA+120 12
10 4 35 10 77 765 10 12| 120
12|BP+110 3 12]STA+10 32 12]STA+130 12
10 13| 125 TOTAL VOLUME 15,459 10 13| 125
13|BP+120 22 TOTAL VOLUME round up 15,460 13|STA+140 13
10 14| 140 10 14| 140
14|BP+130 6 Tailrace 14|STA+150 15
10 10 95 10 17| 170
15|BP+140 13 No. [Point x (M) [AM?  |Ag(md) [V(m®) 15|STA+160 19
10 9 90, O[STA+186.5 11 10 18| 175
16|BP+150 5 4 10 35 16|STA+170 16
10 5 45 1|sTA+190 9 TOTAL VOLUME 2,280
17|BP+160 4 10 7 65 TOTAL VOLUME round up 2,280
10 4 40 2|sTA+200 4
18|BP+170 4 10 5 45|  Powerhouse
10 5 45 3lsTA+210 5
19|BP+180 5 10 5 50| |No. |Point x (M) |AM?) |Aqdmd)|V(m®)
10 6 55 4|STA+220 5 O[STA+170 72
20|BP+190 6 10 5 50 4 73| 254
10 6 60 5|STA+230 5 1|sTA+1735 73
21|BP+200 6 10 5 50 4 75| 298
10 7 70 6|STA+240 5 2|sTAa+1775 76
22|BP+210 8 10 5 50 4 67| 268
10 9 85 7|sTA+250 5 3|sTA+1815 58
23|BP+220 9 10 6 55 5 35 175
10 10 95 8|STA+260 6 4|STA+186.5 12
24|BP+230 10 10 5 50 TOTAL VOLUME 995
10 10 100 9|sTA+270 4 TOTAL VOLUME round up 1,000
25|BP+240 10 10 4 40
TOTAL VOLUME 1,790 10|STA+280 4 Diversion Weir
TOTAL VOLUME round up 1,790 5 2 10)
11|sTA+285 0 No. |Point x (M) |AM?)  |ALm?)|V(m®)
TOTAL VOLUME 500 1]- 32 17 17l 534
TOTAL VOLUME round up 50 TOTAL VOLUME round up 600
Pond Sand Drain Channel
No. |Point x () [A(M?) A (m?)|V(m?)
1]- 350 82 82 290
[ToTAL EARTH VOLUME 21,920 m |
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Concrete (4/10)
Concrete Works
Structural Concrete

Part 6-2 Appendix 6

1. Diversion Weir m
(1) Base Slab below EL.690.0 m

V1=12x(7.0+65)x35x05 = 11.9
(2) weir

V2=12x(1.0+226)x1.8x4.0= 118
(3) Pier between Weir and River Outlet

V3={15x17+1/2x(1.5+241)x1.3+3.0x0.5} x05= 33
(4) Skimar wall

V4=(25x05+0.7x0.5) x 1.0 16
(5) Bridge Slab above Spillway

V5=15x4.0x05= 3.0
(6) Both Abutments

V6={15x17+1/2x(1.5+241)x1.3+3.0x05} x (225+0.75)/2x 2 = 19.8

Total 52.0
2. Diversion Channel
(1) BP~(BP+3.0m)

V1=(1.8x20-12x14+0.15x0.15)x 3.0 = 5.9
(2 (BP+3.0m)~(BP+5.0m)

V2=(18x21-10x14)x20= 4.8
(3) (BP + 5.0m) ~ (BP + 242.409 m)

V3=(1.6x13-1.0x1.0+0.15x 0.15) x 237.409 = 261.8

Total 273.0
3. Power Intake

V1=12x(54+109) x55x4.0= 179.3

V2=-(149x05+25x28+14x12)x30= -28.2

V3=-(43x24+06x16+0.6x4.2)x06= -8.2

V4=-08"xn/4x15= 07

Total 143
4. Sand Drain

V1=(20x12-06°xn/4)x11.3= 24.0

V2=(18x16-15x1.0)x48= 6.7

V3=(21x21-15x15x20+21x21x0.3= 5.7

Total 37

o,

Diversion Channel

[= .

- -
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Part 6-2 Appendix 6

Concrete (5/10
5. Spillway m?
V1=12x{(26x1.3-20x1.0)+(1.6x1.3-1.0x1.0)} x5.0= 6.2
V2=(16x13-1.0x1.0)x(9.0+54)= 15.6
Total 22
6. Penstock
(1) Anchor block No.1 by CAD 24.0
(2) Anchor block No.2 by CAD 24.0
(3) Anchor block No.3 by CAD 20.0
(4) Anchor block No.4 by CAD 17.0
(5) Anchor block No.5
V ={20x1732+ 1/2x (2.0 + 3.0) x 0.866 + 3.0 x 1.202} x 2.2
-(0.82xp/4x1.0+042xp/4x3553x%x2) = 19.0
Total 104
7. Penstock Saddle Pier
(1) Type-A:09x1=0.9 (by CAD) 0.9
(2) Type-B:1.52x 7=10.7 (by CAD) 10.7
(3) Type-C:1.58x6=9.5 (by CAD) 9.5
(4) Type-D:1.23x9=11.1 (by CAD) 111
Total 33
8. Penstock Drain Ditches
V1=(0.6x0.55-0.3x0.40)x 175mx 2 = 74
9. Power houseyard
(1) Drain ditch
V1=(0.6x0.55-0.3x0.40) x 42m = 8.9
(2) Drain pit
V2=(09x09x12-0.6x0.6x1.0)x 3pcs= 1.9
11
10. Power house
(1) Floor Slab
V1=134x6.4x055+25x11x045x2+23x1.0x0.15
-04x02x16.7-07x0.65x055x2-0.72xn/4Xx055x 2= 47.8
(2) Side Walls above EL. 621.150
V2=02x(134x2+60x2)x1.7= 13.2
(3) Draft Tube Pit
V3=40x43x04+43x31x04+40x31x04x2
+1/2x0.15x0.15x 32.1 = 225
Total 84
11. Transformer Foundation
V=42x3.0x055-03x02x45= 7
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Concrete (6/10

Part 6-2 Appendix 6

12. Tailrace m?
V1=1/2x{(39x43-31x35)+(3.3x23-25x15}x24 = 11.8
V2= (33x23-25x15x24 = 9.3
V3=(135x33-1/2x27x135)x04x%x2= 2.2
Total 24 ) i
GRAND TOTAL OF STRUCTURAL CONCRETE 864.0 x
| = '
¥ 1 .'\.. -
t=. - T
Lean Concrete
1. Lean Concrete around Underpass for Irrigatior
V=(20x20-11%xn/4)x3.0 10
2. Leveling Concretefor Diversion Channel
V =17x0.05x2424= 21
3. Leveling Concretefor Drain Ditches of Penstock & Power house
(1) Penstock drain
V1=06x0.05x175x2= 10.5
(2) Sand drain channel
V2=16x0.05x48= 0.4
(3) Powerhouse drain
V3=0.6x0.05x42= 13
Total 13
4. Leveling Cocncrete for Power house
(1) Floor slab including draft tube pit
V1=134x6.4x0.1= 8.6
(2) Transformer foundation
V2=42x30x0.1= 13
(3) Tailrace
V3=12x(45+25)x24x01+25x24x%x0.1= 15
Total 12
GRAND TOTAL OF LEAN CONCRETE 56
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Reinforcing Bars

Re-Bar(7/10)

Part 6-2 Appendix 6

1. Diversion Weir ton

52 m3 x 40kg/m3=2.08t 21
2. Diversion Channel

273 m3 x 100 kg/m3=14.3t 27.3
3. Power Intake

143 m3 x 50kg/m3=7.2t 7.2
4, Sand Drain

37m3 x 50kg/m3=19t 19
5. Spillway

22m3 x 100kg/m3=2.2t 22
6. Penstock

104 m3 x 40kg/m3=4.2t 42
7. Penstock Saddle Pier

33m3 x 40kg/m3=1.4t 14
8. Penstock Drain Ditch

74m3 x 100kg/m3=7.4t 74
9. Power houseyard

11 m3 x 100kg/m3=1.1t 11
10. Power house

84 m3 x 100 kg/m3=8.4t 84
11. Transformer Foundation

7m3 x 100 kg/m3=0.7t 0.7
12. Tailrace

24m3 x 100kg/m3=2.4t 24

Total 66.3
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Form (8/10) Part 6-2 Appendix 6
Form Works
1. Diversion Welir m’ L
(1) Front surface ; - -
Al= 10x4-35x1.75-40x12-10x10 = 281 LA, :
(2) Rear surface [ "’ z : fit] 3
A2=(10x17-12x0.6-40x12) = |t
+1/2x (8.8+7.5)x 1.3x 1.221 1 e ot F e TEg
+1/2x(75+65)x1.0-10x1.0= 30.5 r el £ £
. |
(3) Spillway side walls & bridge . Wl | f i
A3=(15x12+05x20)x2+40x15= 11.6 BET b
(4) River outlet
A4={10x12+12x(L.0+191)x13+25x05+1.0x05x2+1.0x1.0| 10.7
(5) Gate slat, etc. oo ' . -
A5=(1.0x2+03x2)x05+05x15x2= 2.8 ) 1 | 1
Total 90.0 L cmaresm ]
AR W
: L Tk .:-._.'."
2. Diversion Channel L ) . o ' o
()BP~ (BP +3.0m) -
Al=(20x2+14x2+12)x3.0+(20x18-14x12)= 26.0 L
(2) (BP+3.0m) ~ (BP+5.0m) R -
A2=(21x2+14x2+1.0)x20+(21x1.8-14x10)= 18.4 e - =T i—
(3) (BP + 5.0m) ~ (BP + 242.409 m) Diversion Channel
A2=(13x2+1.0x2)x 237409+ (1.3x 1.6- 1.0x 1.0) x 24 = 1,118.1
(4) Underpass for Irrigation
A4=(20x20-1.2°x7/4)x2+20x30x2= 18.0
Total 1,190
3. Power Intake ot - g |
Al=12x (54+10.9)x55x 2 89.7 T, - ;
- - - (N ¥
A2=12x2x30+(1.49x05+25x28+12x14)x2+1.01x3.0= 29.1 L T_ ks
A3=(24x43+06x1.1+0.6x49)x2+0.6x49%x2+24x0.6+0.6x1| 359 k
Total 160 : e
- e g
E S " HE
4. Sand Drain f
Al=12x11+20x12= 15.6 tene A .
Al=(18x48+15x48) x2+18x16x2= 375 '
A3=(21x23+15x20)x4= 314
Total 90
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Form (9/10)

Part 6-2 Appendix 6

5. Spillway m?
Al=(13+10)x194x2+(1.3x16-10x10)x2= 91.4
Total 100

6. Penstock
(1) Anchor block No.1
Al=30x40x2+3.0x20x2+20x2= 40.0
(2) Anchor block No.2 by CAD
A2=30x40x2+3.0x20x2+18x2= 39.6
(3) Anchor block No.3 by CAD
A3=33x35x2+33x20x2+29x2= 42.1
(4) Anchor block No.4 by CAD
A4=29x35x2+29x20x2+12x2= 34.3
(5) Anchor block No.5
A5=22x(38x2+20)= 21.2
Total 180

7. Penstock Saddle Pier
A=(12x15x2+05x15x2)x23 117.3
Total 120

8. Penstock Drain Ditches
A=(045x2+03x2)x175mx2 +(0.6x0.45-0.3x0.3)x 18x2= 540

9. Power houseyard
(1) Drain ditch
Al=(045x2+0.3x2)x42+(0.6x0.45-0.3x0.3) x6= 64.1
(2) Drain pit
A2=(09x12x4+0.6x1.0x4)x3pcs= 20.2

0

10. Power house

(1) Floor Slab

Al=(134+64)x2x05+(25+1.1)x2x045+ (1.0+ 23+ 1.0)x 0.15

+02x2x20+0.7x0.65x055%x4+0.7x nx0.55x%x 2= 35.1
(2) Side Walls above EL. 621.150
A2=(134x2+60x2)x17x2= 132.0
(3) Draft Tube Pit
A3=36x31x2+35x31+3.6x35+40x35x2+35x43= 88.9
Total 260
11. Transformer Foundation
A=(42+30x2)x055+02x2x6= 10
12. Tailrace
Al=1/2x(3.3+39+25+31)x2x26+1/2x(35+15)x24 66.1
+(3.3+25)x2x20+15x24 =
A2=50x33-27x135-15x25+1/2x(0.6+3.3)x1.35= 11.8
Total 80
GRANDTOTAL OF FORM WORK 2,910
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Wet Rubble Masonry

Wet Masonry (10/10)

Part 6-2 Appendix 6

1. Diversion Weir m?
34mx(65mx2+35mx2) = 68.0
Total 70

2. Head Pond
(1) Sidewalls
V1=34mx(25m+100mx 2) + /2 x (3.4 + 5.4) x (10.6 + 9.4)

+54x50x2= 907.0
(2) Bottom
V2=1/2x (25.0m + 26.5m) x 100m + 5.0x 5.0 = 2,600.0
Total 3,510

3. Penstock
55mx 13.5m+4.4mx 11lm= 122.7

4. Sand Drain Channel
(2.12m x 2 + 1.0m) x 26.5m = 85.9
Total 210

5. Power house
Projected area
(15+23+27+ 18+ 38+ 37) =158 m2
158 m2 x 1.414 = 223.4 m2 230

6. Tailrace

STA. x (m)  length(m)

186.500 3.500 8.000 26.1

190.000 10.000 6.900 55.5

200.000 10.000 4,200 41.0

230.000 10.000 4.300 435

240.000 10.000 4.400 42.3

250.000 10.000 4.050 43.8

260.000 10.000 4.700 42.8

270.000 10.000 3.850 37.3

280.000 3.500 3.600 125

283.500 3.500

97.000 4289 430

GRAND TOTAL OF WET RUBBLE MASONRY 4,450
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Part 6-2 Appendix 7

Appendix 7 Principal Dimensions of Turbines*

Turbine Efficiency

1 Impulse Turbine

1.0 : . ﬂd_-ﬁ{f_ . o _'_“_‘—'-—h-_h
5 ! //ff: / -\"\_ : ' |
: " ; '\ nozzle \'2 nozzle - ‘ ‘ o
. - : ; i RN
(T |
] . 20 30 40 B =1 T Bl -1 10a

Discharge ) (%)
Source: See the footnote on Page A7-1. N

Figurel RelativeEfficiency of Impulse Turbine

Tablel Maximum Efficiency of Impulse Turbine (N max)

(%)
Turbine Turgo
Output Pelton Impulse
(kW) n=18.3 | n=20.1 | n=22.0 | n=60
100 82.1 81.8 81.5 80.5
200 83 82.7 82.3 81.3
400 83.8 83.5 83.1 82
600 84.3 83.9 83.6 82.4
800 84.6 84.3 83.9 82.6
1,000 84.9 84.6 84.2 82.9
2,000 85.7 85.4 84.9 83.7
2,500 85.9 85.7 85.2 83.9

Source: See the footnote on Page A7-1.

n Cn mex

*1: Source from “Technical Guideline for Plan and Design of Steel Structures (Part of Small Hydroelectric Power

Generation), Ministry of Agriculture, Forestry and Fisheries, Japan”.
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Clossflow Turbine

Efficiency Curve
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Figure2 Efficiency Curve of Clossflow Turbine
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1/3 guide vane and 2/3 guide vane are shown in the efficiency Curve. Guide vane efficiency
depends on discharge change as shown in the Figure 3. Two guide vanes of 1/3 and 2/3 of
runner width are fabricated. The conditions of the efficiency shown in the figure are as
follows: 1) when discharge is small, 1/3 guide vane is applied, 2) when the discharge is larger
than 1/3 of the total discharge, 2/3 guide vane is applied, and 3) when the discharge increases
further than 2/3 of the total discharge, both 1/3 and 2/3 guide vanes are applied.

Two separated guide vanes are applied when ns with total turbine output is more than 100.
]
-

T T2/3 Guidevan HH- 3 |
1/3 CGiuidevane :
|- PO - e
a0 e - = m——
- i - [ 0 -
Relative : ) '
I:H_:;ﬁéj:}ﬂﬁ'j ol 13+235 Guidevane
*""3- Ciuidevane ar'u.,
- 113 Guidevane
0, E
- "HEEE TEHECIE
i (] H H ﬂ 50 & T B 50 100

Discharge (%a)

Source: See the footnote on Page A7-1.

Figure3 Characteristics of Crossflow Turbine
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Figure4 Charagteristics of Clossflow Turbine on Head Change
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Tubular Turbine

a. Efficiency Curve

17/ 77 max
1.0

| 4
/;" /|
. !f' Movable nmner vane,

0.6 7 movable guidevane
__ Movable tunner vane,
stable puidevane
_ Stable runner vane,

. | TT T movable guidevane
v 20 a0 40 50 60 70 B0 80 100
Source: See the footnote on Page A7-1. Disch arge (%)

(a) Discharge Change Characteristics

N max :
0 ma lea}c}

H :Effective head
Hmax ‘Max. effeicive head
0.9 n ‘Turbine efficiency
‘ | i 1 max :Max. turbine
; efficiency
i . | Qmax :Max. discharge
! i () 7 max: Discharge of each
0.8 head where
| Discharge at max. efficiency max. efficiency

| - li take place

0.7 ” r 20 &0 g L0g
Source: See the footnote on Page A7-1. H/Hmax(% |
(b) Head Change Characteristics
Figure7 Efficiency Curve of Tubular Turbine
Table2 Efficiency of Tubular Turbine
Maximum efficiency 1,
Turbine Specific speed (m-kW)
output
500 700 900

2000 88.9 88.1 86.1

1500 88.6 87.8 85.8

1000 88.1 87.3 85.3

500 87.3 86.5 84.5

100 85.3 84.5 83.5

Source: See the footnote on Page A7-1.
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(3) Francis Turbine

a. Efficiency Turbine

Part 6-2 Appendix 7
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Source: See the footnote on Page A7-1.

Figure5 Efficiency Curve of Francis Turbine
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b. Runaway Speed and Discharge Change

Part 6-2 Appendix 7

The ratio of runaway speed (Nr) and rated speed of rotation (Ng); Nr/Ng depends on specific

speed as shown in Figure 6. The higher specific speed is, the higher reactive speed would be.

Figure 6 also describes the ratio of discharge at rated revolution speed (Qp) against discharge at

reactive speed; Qr/Qo.

In the range where specific speed is high, Qr/Qpincreases and reaches

up to 1.1.  When specific speed is less than 200 m-kW, Qr<Qg<1, that is, turbine discharge at

reactive speed would be smaller than that of rated speed.

When speed change is large with low specific speed, discharge changes at sudden shut down

and pressure highly increases, which should be noted.

1.5

NEMO 1

2.0

- Ratio of runaway speed

Z== Ratio of discharge during| 1-2
runaway speed

F 1.1

F1.0

P g8

9.7

0.6

0.5

FO.4

{Note) & Max. discharpe

Discharpe at ns

Qu # Qo

#a 1 Rated revolution speed
ny 1 Runaway speed

ns {m-k'W)

Source: See the footnote on Page A7-1.
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Turbine Efficiency
Pelton Turbine
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Figure8 Runner Diameter and Revolution Speed of Pelton Turbine
note:
1. Symbols in the figure are as follows:
E 1.0 -500
Model number  Runner pitch circle diameter (m)  Revolution speed (min™)
Model C D E
Standard n, 18.3 20.1 22.0
2. Turbine output is as reference.
Nippon Koei / IEEJ A7-7 The Study on Introduction of Renewable Energies
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Bearing
center

Model D, D, A B C Ds H1 H2 \ L
C 1000 | 1285 | 1700 | 785 | 3950 [ 525 | 1320 | 2200 | 1120 | 820
D 1000 | 1310 | 1760 | 830 525 590 | 1390 | 2300 | 1250 | 890
E 1000 | 1340 | 1820 | 880 660 660 | 1480 | 2500 | 1400 | 990

Source: See the footnote on Page A7-1.

Notel: D; shows runner pitch circle diameter

Note 2: This table is when D; = 1000 mm. When D; is other than 1000 mm, divert with ratio of
D;.

Note 3: Dimension of H, is when the angle of nozzle and horizontal surface 8 = 40° with a
servomotor.

Note 4: Dimension of H3 is 1500~1800 mm with no relation to turbine type.

Figure9 Dimension of Pelton Turbine
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Turgo Impulse Turbine
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e A7-1.

Figure1l0 Runner Diameter and Revolution Speed of Turgo Impulse Turbine
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D
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dafiacabacananmade
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G
(Unit:mm
Rgnner B C D E - B.end tube
Diameter diameter
300 1300 1100 1800 1500 1000 550 1000 250
330 1400 1200 2000 1500 1100 550 1000 300
360 1400 1200 2000 1500 1100 550 1000 350
400 2100 1350 2200 1800 1200 600 1300 400
440 2100 1350 2200 1800 1200 600 1300 450
480 2200 1400 2300 1900 1200 650 1400 500
530 2600 1700 2800 2400 1300 780 1700 550
580 2600 1900 3000 2600 1400 780 1800 550
640 2900 2000 3200 2800 1500 860 1900 750
710 3100 2300 3400 3200 1800 1000 2200 800
780 3400 2600 3800 3500 1900 1100 2500 850
860 3800 2800 4000 4000 2100 1150 2800 900

940 4300 3400 4500 4100 2200 1200 2900 1000
1040 4600 3400 5200 4500 2400 1400 3200 1100
1140 5000 3600 5500 4900 2700 1500 3400 1200

Source: See the 1ootnote on Fage A/-T.

Table3 Outline Dimension of Turgo Impulse Turbine
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3 Cross Flow Turbine
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Source: See the footnote on Page A7-1.

Note 1: This is standard for outline design.

Note 2: For detailed design, appropriate spec should be determined according to turbine range.

Figure1l0 Runner Diameter and Revolution Speed of Cross Flow Turbine
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Runner Unit
outer |Effeictive
diameter | head (m) A B C R L D H E z Y X w
(m)

60 400 300 570 520 410 250 460 500 420 250 720 380
40 400 300 570 570 460 350 460 500 420 250 720 500

315 20 460 300 570 650 540 450 460 500 420 250 720 690
15 650 300 570 730 620 550 460 500 420 250 720 850
10 980 300 570 900 790 700 550 500 500 250 720 1190
60 500 380 690 600 470 350 550 500 490 280 860 450
40 500 380 690 660 530 450 550 500 490 280 860 560
400 20 500 380 690 730 600 550 550 500 490 280 860 710
15 830 380 690 890 760 700 550 500 490 280 860 1020
10 1160 380 690 1110 990 850 630 500 570 280 860 1450
60 630 470 820 760 600 450 630 500 550 330 1020 520
40 630 470 820 810 650 550 630 500 550 330 1020 630
500 20 660 470 820 920 760 700 630 500 550 330 1020 850
15 990 470 820 1120 960 850 630 500 550 330 1020 1240
10 1530 470 820 1410 1250 1100 760 500 680 330 1020 1800
60 790 600 1000 1010 790 550 690 600 590 390 1240 580
40 790 600 1000 1030 810 700 690 600 590 390 1240 740
630 20 790 600 1000 1120 900 850 690 600 590 390 1240 1020

15 1310 600 1000 1370 1150 1100 760 600 660 390 1240 1510
10 1860 600 1000 1730 1510 1350 910 600 810 390 1240 2200
60 1000 760 1240 1080 830 700 850 600 720 460 1510 650
40 1000 760 1240 1190 940 850 850 600 720 460 1510 890
800 20 1000 760 1240 1400 1150 1050 850 600 720 460 1510 1200
15 1550 760 1240 1670 1420 1350 910 600 780 460 1510 1720
10 2270 760 1240 2080 1830 1700 1100 600 970 460 1510 2590
40 1250 950 1500 1360 1080 1000 950 600 780 550 1840 950
1000 20 1250 950 1500 1710 1390 1350 950 600 780 550 1840 1470
15 1730 950 1500 1980 1660 1700 1100 600 930 550 1840 2000

Source: See the footnote on Page A7-1.
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Figure1l Outer Dimension of Clossflow Turbine
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Francis Turbine

a. Dimension of Francis Turbine
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Source: See the footnote on Page A7-1.
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Figure12 Runner Diameter and Revolution Speed of Francis Turbine
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Mark | g C D E F G H I J K L
Outer \ 05| 266 236 209 186 165 146 130 115 102 90 80
dimensio
D1 1000 [ 1000 [ 1000 | 1000 | 1000 | 1000 | 1000 | 1000 [ 1000 [ 1000 | 1000
A 2880 | 2620 [ 2420 [ 2220 | 2060 | 1960 | 1820 | 1710 [ 0640 [ 1560 [ 1450
B 2600 [ 2390 [ 2210 [ 2040 | 1920 | 1830 | 1710 | 1600 [ 1540 [ 1470 | 1430
C 2320 | 2160 [ 2010 [ 1850 | 1740 | 1670 | 1560 | 1470 | 1420 [ 1360 | 1320
D 2000 | 1860 | 1730 [ 1610 | 1520 | 1470 | 1380 [ 1300 | 1270 | 1220 | 1190
R 2090 | 1880 | 1730 [ 1630 | 1530 | 1460 | 1390 [ 1290 | 1250 | 1200 [ 1180

Ds 1630 1500 1350 1230 1110 1010 930 840 770 720 700
1800 1630 1550 1490 1410 1360 1310 1260 1230 1200 1180

—

H 7100 6800 6480 5970 5540 5140 4810 4520 4350 4040 3830
J 3280 3130 2910 2600 2540 2440 2160 2030 1850 1740 1640
CL 3600 3500 3460 3390 3340 3290 3250 3200 3180 3160 3160
Dd 2730 2640 2510 2320 2150 1990 1870 1750 1690 1570 1360
0.93 1.07 1.03 1.06 1.02 1.00 0.97 0.99 0.95 0.90 0.90

note: |

1.39 1.36 1.36 1.36 1.27 1.27 0.18 1.18 1.11 1.05 1.00

Source: See the footnote on Page A7-1. I | :

e |
- | 1 1

Figure13 Dimension of Francis Turbine
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b. Specific Speed of Francis Turbine

Specific speed ns of Francis turbine is limited against head (JEC-15). When horizontal axis
unit is planned, it is advisable that smaller ns is applied, cavitations coefficient is relatively
small, turbine and generator is installed upper than tail water level, and they are not soaked into
water during inspection. Figure 15 shows ng limits when horizontal axis unit against head is

applied and general cavitations coefficient 0 against N,

Effective
head H (m)
| 4030
q-"'ff
zuﬂ- J:=ﬂﬂ5‘{ fg }1.5 020
2 \aadhy 114
/—" Cavitation
p Coeff. o
_ 20000
\_ " =H+zo o0
N S " 4010
}\_ —IN - -WEC=181 ). _ 5l pan

go | /| 0.08
’ \
/s '

/ ' IS Jo0s

60 - y, |

50 |- / Horizontal <4005

_// unit p, =4 \
-1 0.0 4

40 ‘.\
| (1973
30 1 d Wi |
100 (1501 200 300
Source: See the footnote on Page A7-1. _— hpemﬁc Spﬁt}d ns(m=kW)

Note: for example, ns is 197 m-kW at effective head 100 m in JEC-151. For horizontal axis
type, nNs would be 150 m-kW. When ngis 150 m-kW, o would be 0.092 as indicated

by the right vertical axis.

Figurel4 ngand o of FrancisTurbine
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S-shaped Tubular Turbine
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(e) Runrer vane 4 pieces Discharg Q (m*S)
Figure1l5 S-shaped Tubular Turbine
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D, A B C D E F G H

1000 1200 2400 2400 1400 2100 6500 3600 3300
1120 1350 2700 2700 1570 2250 7300 4050 3650
1250 1500 3000 3000 1750 2400 8100 4500( 4000
1400 1680 3360 3360 1960 2600 9100 5050] 4450
1600 1920 3840 3840 2240 2800 10400 5750 5000
1800 2160 4320 4320 2520 3050] 11700 6500 5550
2000 2400 4800 4800 2800 3300] 13000 7200 6100
2240 2690 5380 5380 3130 3600] 15200 8050 6800

Source: See the footnote on Page A7-1.

(unit; mm)
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i ‘ " Pressure oil
| introduction wnit
(b) Ground plan
Figure16 S-shaped Tubular Turbine Dimension
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Valve Turbine
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Source: See the footnote on Page A7-1.

Figure17 Runner Diameter of Bulb Turbine

Nippon Koei / IEEJ A7- 1 8 The Study on Introduction of Renewable Energies
Volume 6 in Rural Areas in Myanmar
Appendices to Manuals



Part 6-2 Appendix 7
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Figure18 Runner Diameter of Bulb Turbine (with Gear System)
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(unit: mm)
D, A B C D E F G
1000 1500 2000 2500 2000 4500 4800 2400
1120 1680 2240 2800 2240 5050 5400 2700
1250 1870 2500 3150 2500 5600 6000 3000
1400 2100 2800 3500 2800 6300 6700 3360
1600 2400 3200 4000 3200 7200 7700 3840
1800 2700 3600 4500 3600 8100 8650 4320
2000 3000 4000 5000 4000 9000 9600 4800
2240 3350 4500 5600 4500 | 10100 [ 10700 | 5380
Source: See the footnote on Page A7-1.
5 1.5D £ 18D

(b} Cross section

Note: at least 500 mm have to be secured since open type sucks air if water head of head pond is less than

500 mm.

Nippon Koei / IEEJ
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Figure19 Dimension of Bulb Turbine
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3. Supplement Units

Inlet Valve

a. Butterfly Valve, Double Leaves Valve

Lz L1 W
Diameter D 350] 400 450] 500] 600] 700] 800] 900] 1000 1100 1200 1300 1400 1500
W 350 350 350 400 400 400] 450] 450] s00] 500] 600[ 600] 650] 650
H 325 350 375| 400 450 s00] s50] 600] 650] 700] 750] 800| 850 900
H, 600 650] 650] 680| 750| 00| 00| 870 950 1050 1050 1150 1150] 1200
L, 900 950] 1000 | 1050 1150 | 1250 | 1300 [ 1400 [ 1500 [ 1600 [ 1700 [ 1750 | 1800 | 1900
L 310] 400] 430 460] s530] 00| 650 720] 780[ 850[ 920[ 980 1040] 1100
R 380 400 450 450 s80| 600] 600] 650] 700] 800] 800[ 850] 850 900
Base load 0.65] 0.80] 1.10] 1251 1.80] 2.15] 2.50] 2.90] 3.65] 4.85] 5.65[ 6.90] 8.10] 9.25

Note : Outline base load is assumed (valve weight + water weight in the valve) x 1.2

Source: See the footnote on Page A7-1.

Figure 20 Dimension of Butterfly Valve and Double L eaves Valve and Base L oad (Electric
Valve)
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Diameter D 1600{ 1700{ 1800] 1900| 2000[ 2100f 2200 2300] 2400] 2500] 2600 2700 2800] 2900] 3000| 3100
Y 700] 700] 700{ 700] 900f 900] 900f 900] 900f 1050| 1050 1050] 1050f 1050| 1200 1200
H 1900{ 1950{ 2000] 2000| 2000[ 2500f 2500 2500 2500] 3000] 3000 3000 3000] 3000] 3000| 3000
H, 1050{ 1100f 1150] 1200| 1250| 1300f 1350f 1400] 1500] 1550] 1600 1670f 1750] 1800] 1850| 1900
L, 1450 1500] 1550 1600| 1650] 1700] 1750] 1800 1900 2000] 2100| 2160| 2250f 2330| 2400]| 2460
L, 1220| 1280] 1340 1400| 1460] 1520] 1600| 1660 1720 1780] 1840| 1900| 1970 2030 2100 2160
R 700] 750] 800 830f &50] 1000]| 1050] 1050f 1070 1200 1200] 1230| 1230| 1250 1250 1270
Base load 10.1f 12.7] 14.8] 16.8] 19.6] 22.3| 24.5] 26.1] 28.9] 32.0| 34.3| 37.2| 40.2] 43.1] 47.4] 493

Diameter D 3200( 3300f 3400] 3500] 3600] 3700] 3800 3900 4000] 4100| 4200| 4300] 4400] 4500

Y 1200{ 1200{ 1200] 1400| 1400| 1400] 1400 1400]| 1400]| 1400| 1400 1400f 1400] 1400
H 3100 3100 3100 3100] 3100] 3100 3100 3100 3300] 3300| 3300f 3300f 3300] 3300
H, 1950 2000{ 2050] 2100| 2200[ 2260| 2350 2400| 2450| 2500| 2570| 2630| 2700] 2750
L, 2530[ 2590{ 2650] 2720] 2770] 2830| 2880 2920| 3000] 3080| 3160| 3250f 3320] 3370
L, 2220( 2280f 2340] 2400] 2460] 2530] 2600 2660| 2720| 2780 2840| 2910] 2970] 3040
R 1300{ 1300f 1330] 1330| 1350| 1350] 1370 1370| 1400| 1400| 1420| 1420] 1440] 1440
Base load 51.8] 55.6] 58.7] 63.6 67] 70.9] 74.3] 782 82.2| 85.2| 88.7] 92.8] 98.2]101.8

Source: See the footnote on Page A7-1.

Figure2l Dimension and BaseLoad of Butterfly Valve and Double L eaves Valve (Oil

Pressure Type)
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—D—
[

J _5-"'

For middle pressure For high pressure

(a)Middle pressure H 100

Diameter D 350 400 450 500 600 700 800 900 1000 1100 1200
w 430 470 500 530 560 610 690 740 770 800 820
H 270 300 330 400 450 500 550 600 650 720 780
H1 1750 1990 2120 2340 2810 3180 3740 4120 4520 4950 5400
L1 480 480 510 510 570 570 630 720 720 820 820
L2 445 445 445 445 465 465 510 575 575 670 670
Base load 0.85 1.1 13.5 1.75 2.6 3.35 5.1 6.5 8.4 11.1 14.1
) High Pressure  H 100
Diameter D 600 700 800 900 1000
w 1280 1390 1500 1610 1720
H 620 670 720 770 820
H, 2360 2780 3200 3600 4060
Base load 5.9 8.9 12.8 16.9 21.7

Note: Base load is assumed to be (valve weight + water weight inside valve) x 1.2

Source: See the footnote on Page A7-1.

Figure 22 Dimension and Base L oad of Sluice Valve
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Electric Servomotor

. & i) i
‘ =l — &
H A
Capacity of <600 601 1000
servomotor (kgf m)
A (mm) 350 450
B (mm) 600 850
H (mm) 1500 1800
Weight (t) 0.2 0.3

note: Operation power of servomotor is not included in the weight

Source: See the footnote on Page A7-1.

Figure 23 Dimension of Electric Servomotor

Table3 Capacity of Servomotor

KW /H <200 201 450
Capacity of
servomotor (kgf m) 0 600 601 1000

Source: See the footnote on Page A7-1.
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3 Gear System

a. Crossflow Turbine

Turbine
revolution|SOHz 125 ] 141 [ 159 | 179 | 200 | 222 | 250 | 282 | 317 | 357 | 400 | 446 | 500
speed
Gear ratio 8 7.1 63 ] 5.6 5 4.5 4 3551315 28 | 251224 2
Range of turbine output
2000 1100
1100 750
750 600
600 500
500 400
400 320
320 250
250 220
220 180
180 150
150 120
120 100
100 85
85 70
70 55
55
X o L 1
o = T ‘ =
I Z -
5:‘} /f:l:')- .  — - _1 —
- '-\:-:—:,- L ) D 1 ] —— e —
/1 -
H
| ¢ | & T J
[ r ] ' i | |
] ] ] I |
I
N M

Source: See the footnote on Page A7-1.

Figure24 External Form of Gear System for Crossflow Turbine
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Table4 Dimension and Weight of Gear System for Crossflow Turbine

H|x|z|N|Mm|L|B]| c [Weih
Frame
660] 2160] 1370 1930] 800| 1525 745 52
530| 1890] 1135] 1660] 800| 1525] 635 45
530] 1790| 1130| 1590 660| 1355 620 3.0
430] 1570] 925[ 1370] 660 1365 530 28
430[ 1440 910 1260] s60| 1145] 510 1.7
350| 1260 755| 1080] 560| 1145] 435 15
350] 1160] 750| 1000] 490 965| 410 1.0
280] 1020 615] 860] 490| 965 355|Depend| 0.9
280 960| 610| 820] 410| 830 355[on 0.6
240 860 530 720] 410] 830| 300|Table4 | 05
240 780 530| 640| 320 745 300 0.4
190|650 440 s10[ 300 630 260 0.3
660| 2160| 1370| 1930] 800| 1530| 745 6.0
530| 1890| 1125 1660] 800| 1590 635 5.0
430[ 1570] 925| 1370| 660 1325 530 3.0
350| 1260] 755 1080 560| 1095 435 2.0
280] 1020] 615] 860] 490] 930| 355 1.0

Source: See the footnote on Page A7-1.

Table5 Center Distance of Gear System for Crossflow Turbine
Gear|
fatio 8.0 7.1 6.3 5.6 5.0 4.5 4.0 3.55 3.15 2.8 2.5 2.2 2.0
Frame
5953 ] 605.5] 6158 | 626.0 | 6414 | 6568 | 677.4| 697.9 | 7184 [ 744.1 -
4762 | 484.4| 492.6| 5029 | 513.2| 5234 | 538.8 | 5542 | 574.7] 595.5| 6158
4762 | 48441 492.6| 500.8 | 513.2| 525.5| 541.9 | 5583 [ 574.7[ 5953 -
3572 3633 | 394.1| 4023 | 4105 418.7| 431.0 | 4433 ] 459.8 [ 4762 [ 492.6
3572 | 3633 [ 369.5| 375.6| 384.9| 394.1 | 406.4| 418.7| 431.0| 4464 -
- - 295.6 | 301.7| 307.9| 314.0| 3233 | 332.5| 3448 | 3572 369.5
297.6 | 302.8| 307.9| 313.0] 320.7 | 3284 | 338.7| 3489 | 359.2| 372.0 -
- - 2463 | 2514 | 256.6 [ 261.7 [ 2694 | 277.1 | 287.4 | 297.6| 307.1
238.1 | 2422 | 2463 | 2504 | 262.7 [ 2709 | 279.2 | 2874 ] 297.6 - -
- - 197.1 | 201.2 | 2053 | 2094 | 215.5] 221.7| 229.9| 238.1 | 2463
197.1 [ 201.2 [ 205.3 | 209.4 | 2155| 221.7| 229.9| 238.1 | 246.3
- - - 1509 | 153.9] 157.0] 161.6| 1663 [ 1724 | 178.6 | 184.7
882.6 | 898.0 - - - - - - - -
882.6 | 898.0
7184 | 7312
5542 | 564.5
442.0 | 449.0
Source: See the footnote on Page A7-1.
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b. S-shaped Tubular
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Table6 Selection Table of Gear System for S-shaped Tubular Turbine

Turbimne 60Hz 144 160 180 203 229 257 288 321
revolution
cneed 50Hz 150 167 188 211 238 268 300 335
Turbine output) o id 5.0 45 40 3.55 3.15 28 25 2.24
range kw
2100 1100 ) ) 3) @)
1100 540 5) (©6) ) (8) ) (10) (1)
540 320 (12) (13) (14) (15) (16) (17) (18) (19)
320 (20) 1) 22) (23) (24) (25) (26)

Source: See the footnote on Page A7-1.

Pressure oil
introduction unit

gayal

4

Figure25 External Shape of Gear System for S-shaped Tubular Turbine
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Table7 Dimension and Weight of Gear System for S-shaped Tubular

Fram gl x| z| ~|Mm|L]| 1] B]| ¢ [Weih
0 830 | 2400 | 1470 | 800 | 1460 | 1410] 800 | 370 | 1275| 9.8
Q) 770 | 2300 [ 1350 | 800 | 1460 | 1410 | 800 | 370 | 1220] 8.7
3) 720 | 2200 | 1260 | 800 | 1460 | 1400 | 800 | 370 | 1170] 7.6
@) 680 | 2100 [ 1170 | 800 | 1460 | 1400 | 800 | 370 | 1125| 6.6
(5) 880 | 2350 [ 1600 | 650 | 1240|1230 800 | 340 | 1205] 8.5
(6) 820 [ 2200 [ 1470 | 650 | 1240] 1230| 800 | 340 [1135] 7.6
@ 760 | 2100 | 1340 | 650 | 1240|1230 | 800 | 340 | 1065| 6.7
) 700 | 2000 [ 1220 650 | 1240 [ 1220 | 800 | 340 | 1005| 5.9
) 650 | 1900 | 1130 | 650 | 1240|1220 | 800 | 340 | 965 | 5.2

(10) 600 [ 1800) 1040 650 | 1240 1210 800 | 340 | 925 4.5
(11) 560 | 1700 ] 960 | 650 [ 1240] 1210 800 | 340 [ 885 3.8
(12) 800 | 2050 | 1450 | 550 | 1000 1030| 800 | 310 | 1010| 5.9
(13) 740 [ 1950) 1330 550 | 1000 | 1030 800 | 310 | 955 5.1
(14) 680 [ 1850 ) 1210 550 | 1000 | 1010 800 | 310 | 900 | 4.4
(15) 630 [ 1750 1110 550 | 1000 | 1010 800 | 310 | 840 3.7
(16) 580 | 1650 1010 | 550 | 1000 | 990 | 800 | 310 [ 790 32
a7 550 | 1550 950 [ 550 | 1000 990 | 800 | 310 | 760 | 2.8
(18) 510 | 1500 870 | 550 | 1000 970 [ 800 | 310 [ 730 | 2.5
(19) 480 | 1450 810 | 550 | 1000| 970 | 800 [ 310 | 700 [ 2.3
(20) 670 | 1800 ) 1210 500 | 900 | 880 | 800 | 300 | 855 3.7
(21) 620 [ 1700 ) 1110 | 500 | 900 | 870 | 800 | 300 | 805 3.2
(22) 580 | 1600 ] 1020 | 500 [ 900 | 870 [ 800 | 300 [ 755 2.8
(23) 540 | 1500 ] 940 | 500 [ 900 | 860 [ 800 | 300 [ 715 24
(24) 510 | 1450 880 | 500 [ 900 | 860 [ 800 | 300 [ 685 2.2
(25) 480 | 1400 | 820 | 500 | 900 [ 850 | 800 [ 300 | 650 2

(26) 450 | 1350 760 | 500 | 900 | 850 | 800 | 300 | 625 1.8

Source: See the footnote on Page A7-1.
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