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Table 1 Specification of Ultrasonic Flow Meter

H H A =S
A UFP-10
UEE TOKIMEC
JHIE x5 B MEtE T B8 iR UKk, )IK, K7 E)
[k EZ300 ~ 5,000 mm. KRAEEEE R o —H / M8 8
FA =T 7L, FFFA— VTRV LY
EEHES R SECENEEDO106%, il >EE NEEDS5AE
Bl 5 & 1.5~100 mm  ($fEF O5E)
e 7 05 L AR 2 5
B ERE L +1.0 % RD
I E i TR -20 m/s ~ +20 m/s
FH05 Z W,V IE (BEEe o r—FE AR L D)
EIR 11~30VDC (BIRT X7 X —HDH0FyT U —I2k5D)
N7 ) — P UERN VEREH: 7.5Hr
WHEE ) #).3W
fof FH i 0 -10 ~ 50°C
fof P Y0 2 40 <90%
G- 1.3 kg
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Table

Dimension Check of Measured Penstock and Applied Input Data for Ultrasonic Flow Meter

Item Unit Old Laxapana Old Laxapana Polpitiya New Laxapana Remarks
Unit 1 Unit 4 Unit Unit
Test date 2004.8.4 2004.8.6 2004.8.12 2004.8.18
Pipe type Steel pipe Steel pipe Steel pipe Steel pipe
Outer diameter: D mm 989.3 963.5 2062.9 1565.4
Pipe material Mild steel Mild steel Mild steel Mild steel
Pipe thickness mm 32.6 21.7 26.3 29
Lining of pipe interior Tar epoxy Tar epoxy Tar epoxy Tar epoxy
Lining thickness mm 0.5 0.5 0.5 0.5
Measured liquid water water water water
Sensor type Large sensor Large sensor Large sensor Large sensor
Measuring method V4 V4 V4 Z
Distance between 2 mm 504.7 466.2 947.1 741.5
sensors (upstreamside
and downstream side)
Cable length between m 10 10 10 10
sensor and flow meter
Measurement unit cubic m/s cubic nvs cubic nv/s cubic nvs
Straight pipe length m Larger than 50m Larger than 50m Larger than 50m 29m Straight pipe length satisfies test
upstreamofupper (larger than 10 (larger than 10 (larger than 10 (29/1.507=19.24, |condition of Ultrasonic flow
sensor times of pipe times of pipe times of pipe larger than 10 times [measurement
diameter) diameter) diameter) of pipe diameter)
Straight pipe length m 27.61 5.81 21.43 9.458 Straight pipe length satisfies test
downstream of lower (27.61/0.9893=27.9, | (5.81/0.9635=6.03, | (21.43/2.01=10.66, | (9.458/1.507=6.27, |condition of Ultrasonic flow
sensor larger than 5 times | larger than 5 times | larger than 5 times | larger than 5 times [measurement

of pipe diameter)

of pipe diameter)

of pipe diameter)

of pipe diameter)
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Measurement Benchmark
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350cm
I 350
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Figure 1

Measurement Benchmark for Each Unit




Table 3 Discharge Measurement and Efficiency Evaluation

PS Name: Old Laxapana Survey date: 4th August 2004
Unit Number:  Unit No.1 Weather: Rain and Cloud
Flow coefficient: Room temperature: 28 degree Celsius
Water temperature: Outside temperature: 31 degree Celsius
Item Unit _|Practice 10:05 10:15 10:25 10:35 10:45 Remarks
Generator Generator output MW 1.9 8.0 6.6 5.0 3.3 1.6 Control room
Generator reactive power M Var -1.3 -1.5 -1.6 -1.3 -1.5 -1.2 Control room
Time of 100kWh or 200kWh min sec 2 51 1 28 1 48 2 24 3 32 3 40|Cubicle room, Blue letter I00kWh
Calculated G. output MW 2.11 8.18 6.67 5.00 3.40 1.64
Generator voltage kV 10.7 10.7 10.8 10.8 10.7 10.7 Control room
Generator current A 119 428 360 272 192 102 Control room
Field winding voltage \Y 38 57 50 47 41 38 Control room
Field winding current A 167 255 226 205 177 169 Control room
Power factor (p.f.) % 82.5% 98.3% 97.2% 96.8% 91.0% 80.0%
Frequency Hz - 49.98 49.96 49.81 49.89 49.85 Control room
Coil temperature °c - 56 56 56 54 51
Turbine Rotational speed mim’" 600 600 600 600 600 600 Control room
Wicket gate opening mm - - - - - -
Needle opening #1 mm 46.0 85.0 73.0 64.0 54.5 46.0 Servomotor stroke (OMW, 3 1mm)
Needle opening #2 mm 49.0 86.0 76.0 64.5 57.0 48.0 Servomotor stroke (OMW, 34mm)
Needle opening #3 mm - - - - - -
Needle opening #4 mm - - - - - -
Deflector Opening % 16.0% 53.5% 42.5% 32.0% 24.0% 15.0% Servomotor stroke
Discharge Used flow (discharge) mls 0.829 2.511 2.116 1.649 1.194 0.744 Penstock A
Head Water level of Intake ft inch 23 9 24 1 24 1.5 24 2 24 25 24 3|Headrace
Water level of surge chamber m 9.08 9.71 9.65 9.51 9.41 9.28 Surge Chamber
Water level of tailrace (weir) m 0.29 0.56 0.51 0.43 0.35 0.26 Tailrace
Penstock pressure gauge (in) ft 1590 1550 1560 1570 1580 1590 Penstock pressure
Penstock pressure gauge (out) ft 1590 1550 1560 1570 1580 1590 Penstock pressure
Calculated Water level of intake EL.m 865.71 865.61 865.59 865.58 865.57 865.56 28064 ft
Head Water level of surge chamber EL.m 865.09 864.46 864.52 864.66 864.76 864.89 2868 ft
Turbine center EL.m 389.26 389.26 389.26 389.26 389.26 389.26 1277 1" f
Pipe loss m 1.91 17.50 12.43 7.55 3.96 1.54
Pressure head m - - - - - - -
Gross head m 475.83 475.20 475.26 475.40 475.50 475.63 Surge chamber EL- Tailrace EL
Effective head m 473.92 457.70 462.83 467.85 471.54 474.09 -
Calculated Value based on
. . N o o o o o o commissioning test.
Efficiency Generator efficiency o 92.5% 96.3% 95.9% 95.2% 94.4% 92.1% Think of less than 1% from above
value below pf90%
Turbine output MW 2.28 85 6.95 5.25 3.6 1.78 -
Turbine input MW 3.85 11.26 9.60 7.56 5.52 3.46 -
Turbine efficiency % 59.2% 75.5% 72.4% 69.4% 65.2% 51.4% -
G-T efficiency % 54.8% 72.6% 69.5% 66.1% 61.6% 47.4% -
Converted
value to the  [Effective head m - - - - - - -
specification
Discharge m3/5 - - - - - - -
Turbine output kW - - - - - - -
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Figure 2 Turbine Efficiency of Old Laxapana Unit 1
Date of the measurement: 4th Aug.2004




Table 4 Discharge Measurement and Efficiency Evaluation

PS Name: Old Laxapana Survey date: 6th August 2004
Unit Number: Unit No.4 Weather: Rain and Cloud
Flow coefficient: Room temperature: 27 degree Celsius
Water temperature: Outside temperature: 27 degree Celsius
Item Unit _|Practice 10:05 10:15 10:25 10:35 10:45 Remarks
Generator Generator output MW 12.3 12.1 9.9 7.3 5.1 2.6 Control room
Generator reactive power MVar 1.0 0.0 0.1 0.0 0.1 0.1 Control room
Time of 250kWh or 500kWh min sec 113 2 23 3 1 4 6 2 57 5 38[Cubicle room, Blue letter I00kWh
Calculated G. output MW 12.33 12.59 9.94 7.32 5.08 2.66
Generator voltage kV 11.3 11.2 11.2 11.2 11.2 11.2 Control room
Generator current A 625 622 509 374 264 137 Control room
Field winding voltage \Y 78 73 69 64 60 58 Control room
Field winding current A 359 335 317 292 278 266 Control room
Power factor (p.f.) % 99.7% 100.0% 100.0% 100.0% 100.0% 99.9%
Frequency Hz 49.98 50.08 49.87 49.99 49.88 49.88 Control room
Coil temperature °c 104 104 103 99 94 88 Max
Turbine Rotational speed mim” 499 500 498 498 498 498 Control room
Wicket gate opening mm - - - - - -
Needle opening #1 % 63.0% 62.0% 42.0% 30.0% 21.0% 12.0% Servomotor stroke
Needle opening #2 mm - - - - - - Servomotor stroke
Needle opening #3 mm - - - - - -
Needle opening #4 mm - - - - - -
Needle opening at Governor mm 184 188 219 240 255 273 Servomotor stroke(OMW, 296mm)
Deflector Opening % 68.0% 66.0% 54.0% 46.0% 40.0% 30.0% Servomotor stroke
Discharge Used flow (discharge) m/s 3.65 3.628 2.705 1.981 1.395 0.794 Penstock A
Head Water level of Intake ft inch 22 5 22 7 22 7.5 22 7.5 22 8 22  8|Headrace
Water level of surge chamber m 14.20 14.20 13.41 12.86 12.46 12.06 Surge Chamber
Water level of tailrace (weir) m 1.77 1.77 1.66 1.55 1.46 1.33 Tailrace (The wide is 3.06m)
Penstock pressure gauge (in) ft 1450 1450 1500 1520 1540 1550 Penstock pressure
Penstock pressure gauge (out) ft 1460 1460 1460 1460 1460 1460 Penstock pressure
Calculated Water level of intake EL.m | 866.11 866.06 866.05 866.05 866.04 866.04 2864 ft
Head Water level of surge chamber EL.m | 859.97 859.97 860.76 861.31 861.71 862.11 2868 ft
Turbine center EL.m | 389.26 389.26 389.26 389.26 389.26 389.26 1277' 1" ft
Pipe loss m 16.38 16.19 9.00 4.83 2.39 0.78
Pressure head m - - - - - - -
Velocity head m - - - - - - -
Gross head m__ [470.71 470.71 471.50 472.05 472.45 472.85 Surge chamber El.- Tailrace EL
Effective head m_ [454.33 454.52 462.50 467.22 470.06 472.07 -
Calculated Value based on
Efficiency  |Generator efficiency % |972% | 982% | 975% | 96.6% | 95.6% | 942% ;‘l’ﬁ:’i:‘l‘; ‘:‘:‘%h;e:t] %% from above
value below pf 90%
Turbine output MW | 12.69 12.82 10.19 7.58 5.32 2.82 -
Turbine input MW [ 16.25 16.16 12.26 9.07 6.43 3.67 -
Turbine efficiency % 78.1% 79.3% 83.1% 83.6% 82.7% 76.8% -
G-T efficiency % 75.9% 77.9% 81.1% 80.7% 79.1% 72.4% -
Converted
value to the  |Effective head m - - - - - - -
specification
Discharge m/s - - - R R R R
Turbine output kW - - - - - - -
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Figure 3 Turbine efficiency of Old Laxapana Unit 4
Date of the Measurement: 6th Aug. 2004
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Table 5 Discharge Measurement and Efficiency Evaluation

PS Name: Polpitiya Weather: Cloud
Unit Number: |2 Room temperature: 36 degree Celsius
Survey date: | 12th August 2004 Outside temperature: 32 degree Celsius
Item Unit  [Practice 10:05 10:20 1035 10:50 11:05 11:20 Remarks
Generator Generator output MW 325 37.0 29.7 22.1 15.5 6.9 4.8 Control room
Generator reactive power MvVar 10.5 0.0 -0.2 0.4 -0.3 0.3 0.4 Control room
Time of 500kWh or IMWh min sec 1 55 1 40| 205 2 49 4 1 8 27 6 10|Cubicle room, Blue letter 100kWh
Calculated G. output MW 31.30 36.00 28.80 21.30 14.94 7.10 4.86
Generator voltage kv 12.4 12.1 12.1 12.0 12.1 12.1 12.1 Control room
Generator current A 1579 1779 1424 1051 744 333 220 Control room
Field winding voltage v 76 68 60 57 53 51 49 Control room
Field winding current A 809 705 643 601 557 542 529 Control room
Power factor (p.f.) % 95.2% 100.0% 100.0% 100.0% 100.0% 99.9% 99.7%
Frequency Hz 49.95 49.96 50.11 49.79 50.03 49.88 50.08 Control room
Coil temperature °c 65 65 64 61 59 59 53 Max
Unit] Generator output MW 37.5 37.5 37.5 37.5 37.5 375 37.5
Turbine Rotational speed mim” 499 499 499 498 500 498 500 Control room
Wicket gate opening at Meter % 64% 7% 60% 47% 35% 18% 14% Servomotor stroke
Wicket gate opening at Gov. mm 206 224 200 180 160 130 125 Servomotor stroke(OMW, 102mm)
Shaft run-out /100mm 5 5 5 5 5 4 3 Vibration
Discharge Used flow (discharge) mls 14.85 17.09 13.78 10.72 7.96 4.46 3.54 Penstock
Head Water level of Intake ft inch 20 9.5 21 2.5 20 8.0 20 6.0) 19 10} 18 10 17| 9.5|Headrace
Water level of surge chamber | ftinch | 194 55| 200 o | 193 05| 1ss 0| 1s2 10| 177 10] 176  os[ouee cemoer
Water level of tailrace (weir) m 1.09 1.06 1.17 1.30 1.40 1.52 1.54 Tailrace (The width is 22ft)
Penstock pressure gauge Bar 25 24.8 25.5 26.0 26.2 26.5 26.6 Penstock pressure
Calculated Water level of intake EL.m | 376.03 375.91 376.07 376.12 376.33 376.63 376.95 1254.5/ft
Head Water level of surge chamber EL.m | 365.93 364.01 366.36 367.89 369.47 370.99 371.54 1395 ft
Water level of discharge EL.m | 111.69 111.72] 111.61 111.48 111.38 111.26 111.24 370/ ft
Pipe loss m 2.82 3.74 2.43 1.47 0.81 0.25 0.16
Pressure head m - - - - - - - -
Velocity head m - - - - - - - -
Gross head m 254.24 25229 254.75 256.41 258.09 259.73 260.30 Surge Chamber EL- Tailrace EL
Effective head m 251.42 248.55 25232 254.94 257.28 259.48 260.14 -
Discharge based on 12th data mfs
Efficiency Generator efficiency % 96.5% 96.8% 96.0% 95.0% 93.9% 92.4% 91.9% Calculated Value.
Turbine output MW | 3243 37.18 29.99 22.42 15.91 7.69 5.29 -
Turbine input MW | 36.59 41.63 34.07 26.78 20.07 11.34 9.02 -
Turbine efficiency % 88.6% 89.3% 88.0% 83.7% 79.3% 67.8% 58.6% -
G-T efficiency % 85.5% 86.5% 84.5% 79.5% 74.4% 62.6% 53.9% -
Converted
value to the  [Effective head m - - - - - - - -
specification
Discharge m/s - - - - - - - -
Turbine output kw - - - - - - - -
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Figure 4 Turbine efficiency of Poloitiya Unit 2
Date of the measurement: 12th Aug.2004
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Table 6 Discharge Measurement and Efficiency Evaluation

PS Name: New Laxapana Survey date: 18th August 2004

Unit Number: Unit No.2 Weather:

Flow coefficient: Room temperature: degree Celsius

Water temperature: Outside temperature: degree Celsius

Item Unit_|Practice 10:05 10:15 10225 10:35 10:45 Remarks

Generator Generator output MW 40.0 50.0 38.0 30.0 20.0 10.0 Control room
Generator reactive power MVar 8 0 0 0 3 0 Control room
Time of 250kWh or 500kWh min sec 127 1 10 1 30 157 3.0 6 4|Cubicle
Calculated G. output MW 41.38 51.43 40.00 30.77 20.00 9.89
Generator voltage kV 12.1 11.9 11.9 11.9 12 11.9 Control room

Control room,

Generator current 2050 2500 2000 1200 (962) (485) Caloulated value is shown in (.
Field winding voltage \ 77 80 76 72 71 60 Control room
Field winding current A 830 840 800 770 760 710 Control room
Power factor (p.f.) % 98.1% 100.0% 100.0% 100.0% 98.9% 100.0%
Frequency Hz 49.89 49.92 50.13 49.96 47.2 44.8 Control room
Coil temperature °c 52.6 55.3 53.1 50.3 50.1 50 Max

Unitl Generator output MW 40 45 45 45 45 45

Turbine Rotational speed mim” 438 439 439 439 439 440 Control room (old meter, no calibration)
Needle opening #1 mm 104 157 101 72 47 30 Servomotor stroke
Needle opening #2 mm 110 157 104 76 50 30 Servomotor stroke
Needle opening #3 mm 106 158 101 71 46 26 Servomotor stroke
Needle opening #4 mm 110 164 108 77 51 31 Servomotor stroke
Needle opening at Governor % 82.5% 92.0% 80.0% 70.0% 57.5% 46.0% Servomotor stroke(OMW, mm)
Deflector Opening % Servomotor stroke

Discharge Used flow (discharge) m/s 8.55 10.83 8.30 6.34 4.18 2.24 Penstock

Head Water level of Intake (EL) ft inch 3147 3145 10| 3146 10| 3147 1| 3147 10| 3148 4|Headrace
Water level of surge chamber ft inch 77 8 88 10 80 8 759 70 0 65 11|Surge Chamber
Water level of tailrace (weir) cm 112 127 119 106 96 86 Tailrace (The width is 3.5m)
Penstock pressure gauge (in) bar 53 52 53 54 55 56 Penstock pressure
Penstock pressure gauge (out) bar 57 57 57 57 57 57 Penstock pressure

Calculated Water level of intake EL.m [ 959.21 958.85 959.15 959.23 959.46 959.61 3149.42 ft

Head Water level of surge chamber EL..m | 952.30 948.89 951.38 952.88 954.63 955.88 3202 ft
Turbine center EL..m 384 384 384 384 384 384 384 m
Pipe loss m 11.33 18.18 10.68 6.23 2.71 0.78
Pressure head m - - - - - - -
Velocity head m - - - - - - -
Gross head m 568.30 564.89 567.38 568.88 570.63 571.88 Surge chamber El- Tailrace El
Effective head m 556.97 546.71 556.70 562.65 567.92 571.10 -

Efficiency Generator efficiency % 96.0% 96.5% 95.9% 95.1% 94.1% 92.9% Calculated Value.
Turbine output MW | 43.09 53.27 41.72 32.34 21.25 10.65 -
Turbine input MW [ 46.67 58.02 45.28 34.96 23.26 12.54 -
Turbine efficiency % 92.3% 91.8% 92.1% 92.5% 91.4% 84.9% -
G-T efficiency % 88.7% 88.6% 88.3% 88.0% 86.0% 78.9% -

Turbine Efficiency in Commissioning test %

Converted

value to the  |Effective head m - - - - - - -

specification
Discharge m/s - - - - - - -
Turbine output kW - - - - - - -

- 13-
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Table 7 Calibration of flow measurement by weir

Old Laxapana Unit 4
Date 6th Aug. 04
No. Time Unit Practice 10.05 10.15 10.25 10.35 10.45
1 Water level of weir (m) 1.77 1.77 1.66 1.55 1.46 1.33
2 Calculated discharge: Qweir [(Cubic mv/s)| 3.490 3.490 2.670 1.940 1.400 0.753
3 Discharge measured by (Cubic nv/s)|  3.650 3.628 2.705 1.981 1.395 0.794
Ultrasonic flow meter: Qflow
4 Fluctuation of Qflow Cubic nv/s | less than | less than | less than | less than | less than | less than
0.03 0.03 0.03 0.03 0.04 0.04
> |No.2/No3 0.956 0.962 0.987 0.979 1.004 0.948
4 .
35 —= N
5 '\
= 3
Q \ —e— Water level of weir (m)
a 25
E —a— Calculated discharge: Qweir (Cubic
§ 2 m/s)
s —A— Discharge measured by Ultrasonic
° s ’—‘\‘\.\ flow meter: Qflow (Cubic m/s)
=
S 1
s o
0.5
0

Practice  10.05

10.15 10.25 10.35

Time

10.45

Figure 6 Calibration of Flow Measurement by Weir
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Table 9 Discharge Measurement and Efficiency Evaluation (Head Calibration)

PS Name: Polpitiya Weather: Fair
Unit Number: 2
Survey date:  26th August 2004
Item Unit |14:50 15:20 Remarks
Generator Generator output MW 37.7 30.3 Control room
Generator reactive power MVar 0.2 -0.1 Control room, OMVar
Time of 500kWh min sec 48 1 1|Cubicle
Time of 1,000kWh min sec 1 38 2 2|Cubicle
Calculated G. output MW 37.50 29.51
Generator voltage kV 12.0 12.0 Control room
Generator current A 1811 1448 Control room
Field winding voltage \ 67 61 Control room
Field winding current A 699 642 Control room
Power factor (p.f.) % 100.0% 100.0%
Frequency Hz 50.05 50.05 Control room
Coil temperature °C 66 66 Control room, Max
Unitl Generator output MW 5.4 5.6
Turbine Rotational speed mim’ 499 499 Control room
Wicket gate opening at Meter % 2% 58% Servomotor stroke
Wicket gate opening at Gov. mm 217 197 Servomotor stroke(OMW, 102mm)
Vibration 1/100mm 5 5
Head Water level of Intake ft inch 9 9 8 6|Headrace
Water level of surge chamber ft inch 173 8 168  0|Surge chamber
Water level of tailrace (weir) m 1.51 1.64 Tailrace (The width is 22ft)
Penstock pressure gauge Bar 25.5 26.0 Penstock pressure
Pressure head Bar 24.96 25.44 Transducer
Calculated Water level of intake EL.m 379.4 379.78 1254.5 ft
Head Water level of surge chamber EL.m [ 372.26 373.99 1395 ft
Water level of discharge EL.m [ 111.268 111.138 370 ft
Pipe loss m 3.78 2.39
Velocity head m - - -
Goss head m 260.99 262.85 Surge Chamber El.- Tailrace El
Temporary effective head m 257.25 260.42 Value of Pipe loss based on 12th data
Discharge based on 12th data m/s 17.20 13.68
Effective head m 257.21 260.46
Measured head m 258.47 261.30 By transducer measurement
Difference between E. head and M. head
Difference head m -1.26 -0.84
Difference rate % -0.5% -0.3%
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Figure 7 NEW LAXAPANA Generator Output / Needle Opening
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—o— Test on 18/08/2004 - Unit 2, Gross Head 564m

—8— Test Report 1974 - Unit 1, Gross Head 568m
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1. Wimalasurendra Power Station
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Picture 3.2 Control / Protection Equipment Board

Main Control Board and Control Desk

Protection Relay of Electromagnetic Type



Auxiliary Relay in Board Renewed No Fuse Switch

Motor Control Centers for Unit 1 & 2

Battery Charger DC Auxiliary Board



Battery of Control & Communication Systems



Excitation Equipment Board Governor Control Board

Control and Power Cables



Generator and Excitation Cubicles (left side)



Battery Charger Cubicle DC Distribution Cubicle



2. Old Laxapana Power Station
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Picture 3.4 Control / Protection Equipment Board

Computer control with CRT shown on left side and
Remote control desk for New-Laxapana PS (right side)
(Old control boards <black color>)

Computer control with CRT
(Old boards <black color>)

New Control Boards of Units 1 & 2 renewed by 2003
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Control & protection relay boards of transmission line

—

CB of GEN & Tr. Aux. relay boards Ex. Cub

Line flout locator Local touch panel of T/L

Local control board
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CRT

0 s o |

e R I R I

Battery (48VDC) of communication system Battery (110VDC) of control system

Control cables in cable treating room

Control cable arrangement under floor of turbine-generator
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Operating record of Turbine-generator and Aux. Equipment

Communication Boards and it’s its battery charger

Old remote control desks installed in Old Laxapana control room

for Wimalasurendra PS for Polpitiya PS for Canyon PS
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