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3
Table 5.1.1
Figure 5.1.3
Table 5.1.1 Catcthment Area and Annual Precipitation of Hydropower Schemes in NNRB
Seq. | NNRB Dam Site Catchment Area Average Precipitation
No. (km?) (mm)
1 |NamNgums | = 400 | 2200 |
2 |NamNgum3 | 37169 1540
38 |NamNgum2 | S688 1766
4 |NamBak2CA=3207 | 298 0 2900 |
5 |NamBak1CA=560 | | (50 2800 |
6 |NamNgumi | | 8zr5s | 2022 |
| NamSongDiversion | 1316 3662
8 |Nambikz | 2048 2550
_____ 9 |Nambikl | 4% | 28%
10 | NamlLeuk | 2ratds | 200 ]
11 | Nam Mang 3 68+14 2700
Source: Output report on Activity 2.2: Basin Modeling
! NNBRDSP Report (2009) NN1 Completion Report (1972) 8,460km?

Temperature (Celcius Deg)
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Prepared by the Survey Team using “GIS shapefiles” obtained from National Geographic Department.
Figure 5.1.3 River Basin Boundaries and Locations of Hydropower Scheme
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Water Resources and Environmental
Administration WREA Department of Meteorology and Hydrology DMH
DMH Figure 5.1.4
2002 ADB  ADF Nam Ngum River Basin Development
Sector Project NNRBDSP Component 2 DMH
Electricité de France EdF
’ Water Resources and Environmental Administration (WREA) ‘
’ Cabinet ‘
Water Resources ) Dept. of Social-
Dept. of Water Dept. of Dept. of Meteology and Environment Lao National General Mekong Environment
Resources Environment and Hydrology Research Institute Mekong Committee| | Subregion Impact
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- . . Network and
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Source: DMH
Figure 5.1.4 Organization Chart of WREA and DMH
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Figure 5.1.5
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Data Source: NNRBDSP Component 2

Figure 5.1.5 Meteorological Stations in the Nam Ngum River Basin
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1)

1)
Table 5.1.2
Table 5.1.2 List of Rainfall Stations in Nam Ngum River Basin

S'\‘e:' Station River Name Latitude Longitude Duration of data series Manager
1 |Dam site Nam Ngum1l Nam Ngum 18.53000 102.55333|1972 to now EDL
2 |Hai Nam Ngum 18.41797 102.54995| 65 to 68,1970 to 77,1990 to now DMH
3 |Hatdokkeo 17.86000 102.59806|1985 to now MAF
4 |HinHeup Nam Lik 18.65800 102.35467|1968 to now DMH
5 |Kasy Nam Lik 19.23389 102.25306|1969 to now DMH
6 |Khoune Nam Kuang 18.93898 102.40526|2006 up to now DMH
7 INaluang Nam Ngum 18.91333 102.77833|1987 up to now DMH
8 Napheng Nam Ngum 18.32139 102.66694/2003 to now DMH
9 |Nasone 18.06667 102.96667|1966 to 76/79/82/91 to now DMH
10 |Pakkagnoung Nam Ngum 18.41767 102.55000| 65 to 68,1970 to 77,1990 to now DMH
11 |PakNgum Nam Ngum 18.17833 103.05667 DMH
12 |Phatang Nam Ngum 19.07604 102.43024|64 to 79, 1994 to 2002, 2004 DMH
13 |Phaxay Nam Ngum 19.30000 103.06000|96 to 2000 DMH
14 |PhoneHong Nam Ngum 18.46667 103.13333|1971 to now DMH
15 |Phoukoune 19.43917 102.42667]1996 to_now DMH
16 |Phoukout-Phiengluang (automatic) Nam Ngum 19.56778 103.10000/88 to now DMH
17 |Phoukout-Phiengluang (manual) Nam Ngum 19.56972 103.07250|88 to now DMH
18 |Sanakham Mekong 17.90000 101.66667|2006 to now DMH
19 |Tad Leuk Nam Leuk 18.43333 103.10000{1991 to now EDL
20 |Thalat Nam Ngum 18.51667 102.51667]1980/82/85/87 to 89, 95 to now DMH
21 |JThaNgone Nam Ngum 18.13466 102.61869|65 to 2004 DMH
22 |Vangvieng Nam Ngum 18.94278 102.44333|88 to 2007 DMH
23 |Veunekham Nam Ngum 18.18333 102.61667|1990 to 92, 94 to now DMH
24 |Xaysomboune Nam Cha 18.91556 103.09583/1987 to now DMH
25 |XiengkKhouang 19.14611 102.76167|1982 to now DMH
26 |Xiengneun 19.76028 102.18111]1998 to 2005 DMH
27

Source; NNRBDSP, Output Report on Activity 2.1: Data Base and Monitoring Network
Hatdokkeo  TadLeuk
DMH
2)
NNRBDSP  Component 2 EdF
DOE
NNRBDSP  Component2 EdF
)
1995 Lahmeyer International
Feasibility Study Nam Ngum 1 Hydropower Extension Feasibility and Engineering Study
NNRBDSP
= NNRBDSP
DMH
Table 5.1.3
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Table 5.1.3 List of Discharge and Water Level Measuring Stations

Station |River Name |Latitude |Longitude | Duration of Data Series | Manager
Discharge
(1) Dam site Nam Ngum1 Nam Ngum 18.5300000 102.5533333|88-2004 EDL
(2) HinHeup upstream Nam Lik 18.6408853 102.3171377|1987 up to now DMH
(3) HinHeup Nam Lik 18.6580000 102.3546667|1987 up to now DMH
(4) Kasy Nam Lik 19.2338889 102.2530556|1987 up to now DMH
(5) Mo Nam Mo 18.8786111 103.9202778|2006 up to now DMH
(6) Naluang Nam Ngum 18.9080000 102.7736667 (1987 - now DMH
(7) Pakkagnoung Nam Ngum 18.4176667 102.5500000| 65-68, 1970-77 90- now DMH
(8) Phoonemuang Nam Xan 18.5391667 102.9775000{2006 up to now DMH
(9) Vangvieng Nam Song 18.9427778 102.4433333|1988-95, 97-now DMH
(10) Veunkham Nam Ngum 18.1833333 102.6166667|1989 up to now DMH
(11) Vientiane-km4 Mekong 17.9308333 102.6158333 WAD
(12) Xendin Nam Ngum 18.2342885 102.5466035|2006 up to now DMH
(13) Phiengluang (Ban Leum) Nam Ngum 19.5683333 103.0713889|1986 -now DMH
Water Level
(1) Ban Nong Nam Kei 19.2513889 102.2305556 (2006 up to now DMH
(2) Done Nam Tong 18.6863889 102.1311111|2006 up to now DMH
(3) Kasy Nam Lik 19.2141667 102.2477778|1969-76, 88 => now DMH
(3) Kasy-NamKay Nam Kay 19.0861111 102.3016667/2006 up to now DMH
(4) Kasy-NamPang Nam Pang 19.1327778] 102.2405556(2006 up to now DMH
(4) KhangKhai Nam Gnuane 19.4808333 103.2494444(2005 up to now DMH
(5) Khoune Nam Kuang 18.9407727 102.5364639/2006 up to now DMH
(5) Khualek Nam Meuy 29.5183333 102.7561111|2006 up to now DMH
(6) Latbouak Nam Ngum 19.5944444 103.2447222|2006 up to now DMH
(6) Latgon Nam Kho 19.4894444 103.1158333|2006 up to now DMH
(7) Muang Fuang Nam Lik 18.7233333 102.1321667|2006 up to now DMH
(7) Nabong Nam Ngum 18.1316667 102.7927778|1982-85/95 2006-now DMH
(8) Nam Chat Nam Chat 19.4877778 102.7208333|2006 up to now DMH
(8) Nam Cheng Nam Cheng 18.4694444) 102.4630000/2006 up to now DMH
(9) Nam Mone Nam Mone 18.8563889 102.5291667(2006 up to now DMH
(9) Nam Sana Nam Sana 19.1905556 102.2405556(2006 up to now DMH
(10) PakNgum Nam Ngum 18.1788889 102.1016667 2002 up to now DMH
(10) Pakvang Nam Song 18.7038889 102.3538889|2006 up to now DMH
(11) Phiengluang (Ban Leum) Nam Ngum 19.5219444 103.0669444|96-now DMH
(11) Phonemouang Nam Xan 18.5391667 102.9725000|2006-now DMH
(12) Thalat Nam Ngum 18.5166667 102.5166667| 1966-now DMH
(12) ThaNgone Nam Ngum 18.1346553 102.6186857 |1965- now DMH
(13) Vangheua Nam Ngat 18.8466667 102.5358333|2006 up to now DMH
(13) Xay Nam Soui 19.5469444 102.9258333|2006 up to now DMH
(14) Xaysomboune Nam Cha 18.9155556 103.0819444|2006-now DMH

Source; NNRBDSP, Output Report on Activity 2.1: Data Base and Monitoring Network

NNRBDSP EdF
DOE EdF
Rating Curve

NNRBDSP
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Table 5.1.4 List of Available Discharge Data from the Past Studies

Data Reference Type of Data

Duration of Available

Data
Nam Ngum 1 Hydropower Extension Nam Ngum 1 Inflow
Feasibility and Engineering Study (1995) by Nam Leuk Diversion flow 1949 to 1994
Lahmeyer International Nam Song Diversion flow
Nam Mang 3 Hydropower Development
Feasibility Study (1994) by Lahmeyer Nam Mang 3 Inflow 1949 to 1993

International

Nam Lik Hydropower Project Feasibility
Study Report (2005) by China International ~ Nam Lik 1/2 Inflow
Water & Electric Corp.

Nam Bak 1-2 Hydro Power Project

Technical Feasibility Report Nam Bak 1-2 Inflow

1968 to 1974
1988 to 2003

1972 to 2003

SouthEast Asia Energy Limited

Table 5.1.5 List of the Operation Data Available for the Survey

Data Reference

Duration of Available Data

(1) Operation Record of NN1 Hydropower Station 1972 to 2008
(2) Operation Record of Nam Leuk Hydropower Station 2000 to 2008
(3) Operation Record of Nam Mang 3 Hydropower Station 2006 to 2008
(4) Operation Record of Nam Song Diversion 1996 to 2008
5.1.3
1)
5.1.2 NNRBDSP
Figure 5.1.6
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Location / Project

YEAR

49|50|51|52|53| 54|5556(5 9|60| 6162(63 64‘65|66‘67‘ 65‘69‘70‘ 71‘72|73‘74‘75|76‘77‘78‘79‘80‘ 81‘82|83‘84‘85|86‘87‘88‘89‘90‘91‘92|93‘94‘95‘96‘97‘98‘99‘00‘01‘02|03‘04‘05‘06‘07‘08
INNRBDSP [T T IT T I T T T T I T I T I I I T
[ Rainfall 1965 - 2008
| Discharge 1987 - 2007
[Nam Ngum 1
Rainfall

Operation Record 1972 - 2007
Inflow

o

Data 1949 - 1994
Operation Record 1972 - 2007

[Nam Ngum 2
Inflow

Data 1949 - 2008
Operation Record ~ N/A
[Nam Ngum 5

Inflow

Data N/A
Operation Record _ N/A
[Nam Lik 1/2
Inflow

Data 1968 - 2003
Operation Record _ N/A
[Nam Leuk
Inflow

Data 1949 - 1994
Operation Record 2000 - 2008
[Nam Mang 3
Inflow

Data 1949 - 1993
Operation Record ~ N/A
[Nam Bak 2
Inflow

Data 1972 - 2003
Operation Record _ N/A
Nam Song Div.
Inflow

Data 1949 - 1994
Operation Record 1996 - 2008 I
Prepared by JICA Survey team

Figure 5.1.6 Duration of Hydrological Data Available for the Survey

1995 Lahmeyer International F/S
1949 1994
1995 F/S Lahmeyer International
F/S 1949 1994

C1

1/2 IPP
1965
1995 F/S 1949

30 3

30
1965 IPP
1972

NNRBDSP 2007
2007 1972 2007 36

2

% US Army Corps of Engineers, Engineer Manual, No.1110-2-1701, Engineering and Design, Hydropower
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Table 5.1.6 Observed Rainfall Data at NN1 Hydropower Station

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
1972 0 0 50 138 106 384 275 510 198 300 15 0 1975
1973 0 0 109 15 349 224 582 389 650 15 4 0 2337
1974 2 1 25 145 229 264 431 423 202 332 72 1 2127
1975 56 28 26 45 495 686 559 717 213 249 19 0 3092
1976 0 4 0 112 384 320 260 546 185 71 7 0 1889
1977 57 0 32 123 233 152 284 480 461 38 27 0 1886
1978 0 19 42 226 704 638 702 491 388 78 7 0 3295
1979 0 4 0 117 370 286 260 536 245 10 0 0 1828
1980 0 53 20 17 721 602 | 1016 311 478 16 0 0 3233
1981 0 90 83 266 192 239 832 597 281 424 31 0 3035
1982 0 17 36 80 198 292 262 527 518 100 26 0 2056
1983 63 0 5 25 290 496 644 518 415 263 31 0 2751
1984 0 54 46 49 369 424 733 788 347 339 47 0 3196
1985 45 25 0 105 333 571 422 403 459 109 29 0 2500
1986 0 0 0 92 375 433 503 382 218 99 0 23 2125
1987 0 64 14 91 170 431 261 477 625 155 79 0 2366
1988 0 21 8 102 313 356 642 633 191 162 0 0 2428
1989 22 4 15 56 442 468 343 463 450 146 35 0 2444
1990 2 19 70 72 368 431 404 417 454 111 69 0 2416
1991 0 0 94 34 269 304 476 257 343 28 0 8 1813
1992 34 29 0 0 503 366 408 483 297 41 0 45 2205
1993 0 0 6 146 484 463 854 230 520 8 1 0 2713
1994 0 19 121 42 439 617 361 538 251 202 13 18 2620
1995 1 15 7 115 304 425 794 | 1050 295 85 0 0 3092
1996 0 32 44 276 174 409 331 408 356 129 145 0 2302
1997 1 4 50 122 121 264 827 594 449 227 0 0 2658
1998 0 1 23 47 271 353 384 663 355 87 16 0 2199
1999 6 0 61 130 496 453 323 656 532 178 6 14 2853
2000 0 6 9 158 430 538 245 633 538 22 4 0 2584
2001 1 0 274 9 350 303 508 718 480 167 4 0 2813
2002 3 4 15 54 377 353 398 576 359 168 32 38 2376
2003 5 5 28 51 242 367 344 442 487 11 1 0 1981
2004 3 47 57 173 358 317 439 441 468 10 0 2312
2005 0 31 3 47 112 589 473 468 484 11 25 0 2241
2006 0 5 65 71 338 188 598 369 306 160 0 0 2100
2007 0 26 0 44 307 255 220 416 546 204 3 0 2020

Mean

1972 - 1980 13 12 34 104 399 395 485 489 336 123 17 0 2407
1981 - 1990 13 29 28 94 305 414 505 521 396 191 35 2 2532
1991 - 2000 4 11 42 107 349 419 500 551 393 101 18 9 2504
2001 - 2007 2 17 63 64 298 339 426 490 447 104 9 5 2263

Statistics for 1972 - 2007
Mean 8 17 40 94 339 396 483 515 390 132 21 4 2441
Max 63 90 274 276 721 686 | 1016 | 1050 650 424 145 45 3295
Min 0 0 0 0 106 152 220 230 185 8 0 0 1813

STDV 18 22 51 67 143 133 207 156 129 108 30 11 427

Data source; Nam Ngum 1 Hydropower Station

1972 2007 2,441 mm
10 1972 2007 2,400 mm 2,500 mm
2001 2,263 mm
Figure 5.1.7
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Figure 5.1.7 Annual Rainfall and 5-year Moving Average
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Table 5.1.7 List of Rainfall Station Used in the Survey
Seq. ) . . . . .
NoO Station River Name Latitude Longitude Duration of data series Manager
1 |Dam site Nam Nguml Nam Ngum 18.53000 102.55333|1972 to now EDL
2 |Naluang Nam Ngum 18.91333 102.77833/1987 up to now DMH
3 |Phatang Nam Ngum 19.07604 102.43024|64 to 79, 1994 to 2002, 2004 DMH
4 |Phoukoune 19.43917 102.42667]1996 to now DMH
5 |Xaysomboune Nam Cha 18.91556 103.09583/1987 to now DMH
6 |XiengKhouang 19.14611 102.76167/1982 to now DMH
Source; NNRBDSP, Output Report on Activity 2.1: Data Base and Monitoring Network
Thiessen Figure 5.1.8
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Figure 5.1.8 Location of the Rainfall Gauging Station, Monthly Rainfall and Thiessen Polygon

Figure 5.1.8 Thiessen

Table 5.1.8 Area of Thiessen Polygon

Thiessen Polygon Area

No. | Station River Name (kmz)

1 | Dam site Nam Ngum1 Nam Ngum 1,079

2 [ Naluang Nam Ngum 2,081

3 | Phatang Nam Ngum 232

4 | Phoukoune 836

5 | Xaysomboune Nam Cha 1,560

6 | XiengKhouang 2,574
Prepared by JICA Survey Team
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Table 5.1.9
Table 5.1.9 Correlation of Rainfall Data
Station Name
iengkhouang Xaysombounel Phoukoune Naluang Phatang NN1 Hinhuep N Leuk Thangone
XiengKhouang 0.846 0.781 0.820 0.832 0.785 0772 0.799 0.716
Xaysomboune 0.846 0.861 0.941 0.922 0.914 0.876 0.899 0.845]
Phoukoune 0.781 0.861 0.834 0.866 0.809 0814 0.800 0.747
Naluang 0.820 0.941 0.834 0.892 0.862 0811 0.885 0.805
Phatang 0.832 0922 0.866 0.892 0.854 0.854 0.867 0.797
NN1 0.785 0914 0.809 0.862 0.854 0.850 0.933 0.897
Hinhuep 0.772 0.876 0.814 0.811 0.854 0.850 0.832 0.774
N Leuk 0.799 0.899 0.800 0.885 0.867 0.933 0.832 0.918
Thangone 0.716 0.845 0.747 0.805 0.797 0.897 0774 0.918
Prepared by JICA Survey team
()
Table 5.1.10
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Table 5.1.10 Correlation of Discharge Data

Station Name
Hinhuep Van Vieng Kasy Naluang NN1 NL NM3 Nam Song

Hinhuep 0.899 0.909 0.927 0.939 0.869 0.849 0917
Van Vieng 0.899 0.805 0.924 0.935 0.893 0.814 0.943
Kasy 0.909 0.805 0.889 0.858 N/A N/A 0.848
Naluang 0.927 0.924 0.889 0.973 0.840 0.840 0.951
NN1 0.939 0.935 0.858 0.973 0.849 0.875 0.970
Nam Leuk 0.869 0.893 N/A 0.840 0.849 0.802 N/A
Nam Mang 3 0.849 0.814 N/A 0.840 0.875 0.802 N/A

Nam Song 0.917 0.943 0.848 0.951 0.970 N/A N/A

Prepared by JICA Survey team

Table 5.1.10 ”N/A”

1 Hinhuep Figure
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Source: NNRBDSP, Component 2
Figure 5.1.9 Comparison of Hydrograph between Hinhuep and NN1 Hydropower Station
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(6)
Table 5.1.11
Table 5.1.11 Monthly Discharge at the Discharge Measuring Stations
Rainfall Catchment Area* Average Inflow
(mm) (km?) (m°s)
Hinhuep 1,941 5,115 221
Van Vieng 2,222 2,062 48
Kasy 2,177 374 13
Naluang 1,853 4,852 127
NN1Y 2,079 8,275 280
Nam Leuk 2,566 323 17
Nam Mang 3 2,325 116 5
Nam Song 2,229 3,082 98
1) NNIflow indicates the inflow into NN1 Rerservoir from the NN river, which exclude Nam Song and Nam
Leuk diversion flow
* Data source; NNRBDSP, Component 2
Figure 5.1.10
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Figure 5.1.10 Discharge Duration Curves
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Table 5.1.12 Runoff Coefficient of the Nam Ngum River Basin

Rainfall Runoff Height Runoff Coefficient
(mm) (mm)

Hinhuep 1,941 1,360 0.70
Van Vieng 2,222 728 0.33
Kasy 2,177 1,090 0.50
Naluang 1,853 826 0.45
NN1 2,079 1,068 0.51
Nam Leuk 2,566 1,654 0.64
Nam Mang 3 2,325 1,449 0.62
Nam Song 2,229 1,008 0.45
Average 1,148 0.53

* Data source; NNRBDSP, Component 2

1,148 mm

”Overview of the
Hydrology of the Mekong River Basin (Nov,
2005)”
1,200mm 700 mm
1,200 mm
1,148mm

) 2

SouthEast Asia Energy Limited

Table 5.1.13

Ref: Mekong River Commission(2005) “Overview of the
Hydrology of the Mekong Basin,” November 2005, pp 28-29.

Annual Runoff of the Mekong
River Basin

JICA
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Table 5.1.13 Estimated Monthly Average Discharge from Nam Ngum 2 Hydropower Station

unit : m*/s

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec | Yearly Mean
1972 203.1 213.9 223.5 224.7 101.5 166.8 229.0 391.2 433.0 272.1 202.0 198.3 238.8
1973 207.9 209.6 218.6 218.2 215.9 182.1 229.0 277.8 433.0 282.6 202.2 199.0 239.7
1974 209.1 211.7 214.3 233.2 125.4 204.8 231.2 226.8 214.7 216.5 217.8 217.8 210.2
1975 234.0 140.9 45.0 37.3 80.0 213.8 230.8 265.8 433.3 286.6 193.9 205.9 197.5
1976 208.2 203.2 220.9 232.5 159.0 207.1 226.3 216.6 216.4 204.6 209.9 214.2 210.5
1977 210.0 223.3 235.0 233.3 73.7 81.8 216.9 226.1 222.0 214.1 228.9 237.7 200.1
1978 92.5 46.8 46.7 44.1 82.7 2335 231.2 430.7 432.6 194.7 203.8 201.3 187.4
1979 211.5 213.4 223.1 224.2 213.3 209.7 225.5 224.6 209.5 216.1 218.9 219.3 217.5
1980 234.9 1415 44.9 45.9 87.6 222.4 2379 206.3 281.7 203.7 196.4 209.0 176.6
1981 211.8 214.6 216.0 233.3 140.2 2335 239.8 433.9 432.6 394.8 194.3 206.5 262.9
1982 200.8 210.1 218.5 226.4 228.1 2342 232.9 265.5 206.0 2433 202.5 206.8 2231
1983 201.0 210.0 218.4 227.4 227.8 154.6 216.9 2226 214.1 203.9 2124 218.6 210.8
1984 214.4 230.8 140.6 84.0 79.0 178.1 229.0 278.4 199.9 206.2 206.8 203.2 188.0
1985 212.9 214.8 216.5 233.8 128.3 223.6 227.6 227.0 207.7 213.8 216.2 215.2 211.3
1986 230.0 178.6 45.0 98.8 205.6 2245 240.3 206.0 212.0 213.4 208.5 225.8 190.9
1987 234.2 140.8 45.0 45.9 66.0 128.1 1447 216.2 224.8 225.8 220.9 2374 161.0
1988 92.5 47.1 46.7 45.9 110.0 87.4 152.5 226.7 230.8 226.0 237.8 48.5 129.9
1989 46.2 46.8 46.7 41.2 87.3 2335 222.2 226.0 2204 2115 2222 223.9 152.9
1990 236.5 46.8 46.7 44.1 109.5 2335 230.6 219.2 200.3 207.0 207.9 205.1 166.5
1991 216.5 221.6 225.7 106.6 53.1 188.7 226.4 227.0 212.7 2221 2285 228.9 196.4
1992 96.0 47.1 32.9 29.9 48.1 117.8 226.6 222.0 230.8 236.5 147.2 48.5 124.3
1993 46.2 46.8 34.1 0.0 108.0 225.1 238.5 270.3 209.5 2034 2139 222.5 152.3
1994 220.8 195.3 935 45.9 171.0 2335 2311 4315 433.0 272.1 203.2 207.9 2285
1995 202.3 2125 223.1 224.4 166.4 2324 215.9 271.6 433.5 194.7 203.7 200.8 232.0
1996 211.0 215.7 217.6 234.3 118.0 198.6 225.4 2453 200.2 206.4 2074 204.1 207.5
1997 215.1 219.4 224.9 157.9 96.7 169.9 2379 238.7 281.3 202.8 196.0 208.8 204.0
1998 211.3 213.7 215.7 2335 142.5 177.2 225.5 219.9 229.4 236.2 140.9 48.5 191.0
1999 32.0 0.0 37.3 45.9 1915 2335 234.8 215.0 214.6 204.9 215.0 223.3 155.0
2000 222.0 164.3 46.7 83.2 169.9 2335 2317 280.3 282.1 195.7 204.5 202.2 193.6
2001 213.2 217.1 228.4 217.0 153.2 2335 230.2 278.8 241.8 203.1 203.9 201.0 2184
2002 211.1 213.7 216.0 233.7 183.3 2245 240.6 432.1 320.2 202.8 204.1 201.1 2404
2003 211.1 213.7 216.0 233.7 109.8 177.8 2313 2195 231.0 2329 228.3 97.0 199.9
Mean 187.5 166.4 147.6 144.4 132.3 196.8 224.7 267.1 273.3 226.6 206.2 193.4 197.5
Max 236.5 230.8 235.0 234.3 228.1 2342 240.6 433.9 433.5 394.8 237.8 237.7 262.9
Min 32.0 0.0 32.9 0.0 48.1 81.8 1447 206.0 199.9 194.7 140.9 48.5 124.3
STDV 60.5 72.2 86.3 89.9 52.8 435 21.0 72.7 90.0 39.8 19.6 52.6 32.6

Source; SouthEast Asia Energy Limited

SouthEast Asia Energy Limited 2003

2007 4 SouthEast Asia Energy Limited

Figure 5.1.11
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Figure 5.1.11 Simulated Monthly Outflow from NN 2 Hydropower Station
2003
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9)
1996
6 m’/s 210
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1972 1995
Source: NN1 Hydropower Station 1995 Hinheup
Nam Song Diversion 1994
1995 Lahmeyer International F/S
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(10)
2000 60MW
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Source: JICA Survey Team
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Limited F/S (Sogreah)

1 SouthEast Asia Energy
Limited

Qintermia(t) = Qnna(t) — Quiz(t) + Evap(t)

& : Intermediate flow

thermld(t) t Nam Song%v. 0 O NN2
Qnna(t) t ¢ %
@
? ¢
@
Nam Ngum 1 Nam Leuk
Qnnz(t) t 2

Intermediate inflow

Evap(t)
Evapo(t) 1995 F/S
Evapo = k EGy — (1-C)Pym
K pan
EGn
C
Pom n m

Pan 0.7 0.52
(12)

Figure 5.1.12
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Prepared by JICA Survey team
Figure 5.1.12 Hydrograph of the Inflow into the NN1 Reservoir from year 1972 to 2007
(13) 2
2 2994 MCM
47%
Figure 5.1.13
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Figure 5.1.13 Comparison of Inflow into the NN1 Reservoir before and after NN2 Hydropower

Figure 5.1.13

Completion
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Figure 5.1.14
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Figure 5.1.14 Discharge Duration Curve before and after NN 2 Hydropower Completion

Figure 5.1.14
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(14)
NNRBDSP 900 MCM/year
Table 5.1.14
Table 5.1.14 Water Use in the NNRB
_Annual Water Use Volume ! 900 MCM / year (= 28.5 m’fs)
___________ Agricultwre 9%
___________ Uban  048%
Industrial 0.08 %
Source: NNRBDSP, Component 1, “Nam Ngum River Basin Profile”
Figure 5.1.15

Data source; NOFIP (FIPC)

Figure 5.1.15 Land Use Map in the Nam Ngum River Basin

JICA 5-22
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NNRBDSP ”Nam Ngum River Profile” 2004
Table 5.1.15 Irrigated Area in the Nam Ngum River Basin
Jurisdiction Wet Season Dry Season(Irrigated) Total irrigated

(ha) (ha)

Rice Rice Other Crops (ha) (%)
VientianeMun. | 51505 | 21,266 | 39497 | . 39497 | J 506
VientianeProv. | 44600 | 5566 | 2415 | 24155 | 09

Xiang Khouang 17,060 301 14,399 14,399 18.4

Source: NNRBDSP, Component 1, “Nam Ngum River Basin Profile”

IQQM
32.8 m%/s
ADB ”  Preparing the Cumulative Impact
Assessment for the Nam Ngum 3 Hydropower Project” ha
15,000 m¥ha 5,000 m*ha
31m’s 26 m’/s
NNRBDSP 2027 6,100 ha
4 43 m¥/s

758 m’fs =
43 m’ls + 32.8 m*/s

5.2

5.2

5.2.1

40

4 Nam Ngum River Basin Development Sector Project, “Hydrological Analysis of Development Scenarios, Nam Ngum
River Basin,” January 2008, Water Resources and Environment Administration, pp-22
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Figure 5.2.1
Mass Curve for Nam Ngum Reservoir from 1949 to 1997 (Monthly)
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Prepared by JICA Survey Team
Figure 5.2.1 Mass Curve Analysis for the NN1 Reservoir

Figure 5.2.1

95%
Figure 5.2.2 306 m*/s
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Prepared by JICA Survey Team
Figure 5.2.2 Power Discharge Duration Curve given by Mass Curve Analysis

24

JICA 5-24 22



Qp = inrm % (msls)

Q : (m*fs)
inrm . (msls)
T : (hour)
10 734.4 m*/s
24

Q, = 306E = 734.4(m%5s)

4653 mYs =117.1ms x 3+57m’fs x 2

10 269.1 m%/s
-~
Qpmax
'''''' 1
1
- 1
0
(52}
£ 1
o 1
g ! oOfirm =306 ni\/s
3 } (105 MW)
[a) 1
: Firm Discharge \
1
Prepared by JICA Survey team 24

Figure 5.2.3 Firm Discharge and Maximum Peak Discharge

5.2.2

- Unit discharge of N0.1&?2 57 m3/s
- Unit discharge of No.3, 4 & 5 117.1 m’fs
- Total discharge 465.3 m’/s
24
Figure 5.2.4 5 Figure 5.2.4
5 5 17 MW 95
59.5 MW
40 MW
40 MW
40 MW 34,5
JICA 5-25 22 1
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Figure 5.2.4 Duration Curve of NN1 HP Power Output
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Figure 5.2.5 Relation Between Expansion Capacity and Off-peak Power
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Figure 5.2.6 Operation Pattern of NN1 after Expansion with Firm Discharge (Night Peak)
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Prepared by JICA Survey team
Figure 5.2.7 Typical Operation Pattern for Night and Day time
Figure 5.2.7 40 MW
40 MW 60 MW 80 MW 120 MW Figure

5238
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Generation Pattern with Firm Discharge
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Figure 5.2.8 Operation Pattern of NN1 after Expansion with Firm Discharge
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Power output : 80 to 120 MW

Alternative Generation Pattern
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Figure 5.2.9 Operation Pattern of NN1 after Expansion for each Alternatives
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Figure 5.2.10 Expected Power Discharge in the Rainy Season
”383 m’/s” 25
Figure 5.2.11
a
0 ( 155 Mw)
I}
E
)
% (93 MW) ( 93 MW)
5 : Night
[&]
g Day time Peak Peak
Off Peak OP
18 22 24
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Figure 5.2.11 Typical Operation Pattern in Rainy Season without Expansion
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Generation Pattern
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Figure 5.2.12 Typical Operation Pattern in Rainy Season with Expansion
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5.3
531
Table 5.3.1 Principal Feature of NN1 Reservoir
Items
Catchment area 8,460 km?
Annual average 382 m?/s
inflow
Plant capacity 155 MW
Effective storage 7030 MCM
Storage area 370 km?
Dam height 75m
Dam crest length 468 m
Dam volume 360,000 m*
Figure 5.3.1
——1982 ——1983 1984 1985 ——1986 ——1987 —— 1988 ——1989
1990 1991 1992 1993 1994 1995 1996 1997
—— 1998 1999 2000 2001 2002 ——2003 —— 2004 2005
——2006 ——2007 —— Average ——100% 5%  ——50% —_—25% ——0%
215 T T
210
’é_‘ 205
g
©
z 200
—
5 |
) |
2195 ¢ ;
|
[} |
é 190 : !
: : 198 [
185 | 1 1 1e6 3
| | 194
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| | L Frequency (times)
180 | | "
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Data Source: NN-1 Hydropower Station
Figure 5.3.1 Daily Water Level Record of NN1 Reservoir (1982 - 2007)
1982 2007 206m 207m 26
777 8.2%
5 EL. 200 m
10 Table 5.3.2
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Table 5.3.2 Statistics of Water Level Record of the NN1 Reservoir

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
MEAN 206.3] 205.0] 203.6] 202.1] 201.4] 202.6] 206.0] 209.4] 210.3] 209.8] 208.9| 207.7
MAX 210.8| 209.4] 208.3] 208.1 2085 2122 212.7| 213.4) 2134 2122| 2121 211.9
MIN 202.8| 202.1] 200.2] 1986 197.6] 197.7] 199.2| 203.5| 205.3] 204.6] 203.6[ 203.2

25% 204.1] 202.8 202.2] 201.4 200.5 200.9] 204.6 207.4 208.2 208.3] 207.2 206.2]
50% 207.3] 205.4 203.9] 201.9] 201.2 202.8] 206.1 209.0] 2117 211.2) 210.1 208.9]
75% 207.6] 206.1 204.3] 202.7] 202.1 204.2] 207.1 211.7] 212.4] 211.7] 210.8 209.1]

Data Source: NN-1 Hydropower Station

1981

Table 5.3.3 Record of Maximum and Minimum Water Level of the NN1 Reservoir

Maximum Water Level (masl) Minimum Water Level (masl)

Year Reservoir Water Reservoir Water

Level Date Level Date
1981 213.16 Sep 04 201.40 May 20
1982 213.38 Sep 30 203.80 Jun 07
1983 211.54 Oct 12 201.54 Jul 13
1984 212.58 Sep 13 200.43 Jun 26
1985 209.86 Sep 25 200.16 Jun 13
1986 208.30 Sep 20 199.98 May 09
1987 208.25 Oct 23 197.61 Jul 04
1988 205.49 Oct 10 200.63 May 27
1989 208.84 Sep 28 197.92 May 16
1990 210.25 Oct 10 198.00 May 14
1991 209.15 Oct 26 200.49 Jun 25
1992 207.57 Oct 04 201.30 Jul 08
1993 211.81 Oct 05 201.51 May 22
1994 213.31 Sep 02 202.54 May 18
1995 213.60 Sep 03 202.07 Jun 07
1996 212.32 Sep 27 200.01 Jun 12
1997 212.33 Sep 28 200.65 Jun 25
1998 207.24 Sep 24 200.16 Jun 26
1999 212.61 Sep 24 200.36 May 05
2000 213.19 Sep 15 202.56 May 14
2001 212.74 Sep 23 201.01 May 20
2002 212.43 Oct 07 200.62 May 12
2003 210.40 Oct 13 198.86 Jun 21
2004 213.12 Sep 16 198.30 May 30
2005 213.47 Sep 29 197.52 Jun 02
2006 211.35 Oct 21 198.93 Jun 30
2007 210.80 Oct 22 199.34 Jun 16
2008 212.59 Sep 24 201.24 Jun 01

Source; Nam Ngum 1 Hydropower Station

9 10 5 6
2006 6 2 EL. 197.52 m

532

(1) LITHO

1990 ”Study to Improve Operation of the Nam Ngum Hydropower Station in Laos”
1995 ”Nam Ngum 1 Hydropower Station Extension Feasibility and Engineering Study”

Lahmeyer International LI —
LITHO Lahmeyer International Thermal-Hydro Optimization

JICA 5-33 22 1



LITHO Stochastic Dynamic Programming DP
Time of Day Tariff

LITHO

LITHO

Si |
= i
C,(s;) i Si
T T
C (Ei ) i
Ci—l(Si—l) i-1
LITHO C1
”Dummy
thermal plant” TOD Peak Partial Peak  Off peak
”Artificial Load Duration Curve” ALDC LITHO  ”Switching Curve”
Figure5.3.2 LITHO ”Switching Curve”
Source ; Nam Ngum 1 Hydropower Station Extension Feasibility and Engineering Study (1995)
Figure 5.3.2 Reservoir Switching Curve Produced by LITHO in 1995
LITHO ”Switching Curve”
LITHO
LITHO Switching Curve
NNRBDSP "PARSIFAL”

JICA 5-34 22 1



(2) PARSIFAL

NNRBDSP  Component 2
EdF
"PARSIFAL” (Prévision de I’Actif des Réservoirs par
Simulation Face aux ALeéas — reservoir revenue forecasting by simulation with random events)

DOE EdL
PARSIFAL
LITHO —
t t+1
t-1
Breakdown
PARSIFAL NNRBDSP
PARSIFAL PARSIFAL
Component 2
PARSIFAL 2
LITHO
DOE EdL PARSIFAL
PARSIFAL LITHO Table 5.3.4
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Table 5.3.4 Principal Features of LITHO and PARSIFAL

Method

LITHO

PARSIFAL

Optimization Method

Stochastic Dynamic Programming

Stochastic Dynamic Programming
with Linear Programming function

Peak; 18:00 — 21:30
Partial Peak; 8:00 — 18:00
Off Peak; 21:30 — 8:00

Objective Minimizing the system cost Maximizing the revenue
Hydrological data used 1949 - 1994 1987 — 2007
Tariff Structure TOD TOU

Peak; 9:00 — 22:00
Off Peak; 22:00 — 9:00

Reservoirs to be
Optimized

Maximum Number of

Not Specified

2 reservoirs in the same time

Project name

“Study to Improve Operation of the
Nam Ngum Hydropower Station
Laos”(1990)

Nam Ngum 1 Hydropower Station
Extension Feasibility and Engineering
Study (1995)

Nam Ngum River Basin
Development Sector Project (2009)

Development by

Lahmeyer International (Germany)

EDF (France)

Source: “Study to Improve Operation of the Nam Ngum Hydropower Station Laos, Final Report”, LI, 1990.
“PARSIFAL Methodological Guidelines”, EDF, 2000.

LITHO PARSIFAL

EGAT

533

TOD TOU

2.2.3

LITHO

Motor Columbus

TOD TOU

”Switching Curve”

LITHO Switching Curve 1995 TOD
TOD  Partial Peak 13.5
Motor Columbus 1984 5
DOE Motor
Columbus
Figure 5.3.3
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masl Nam Ngum Storage Statistics

24 P Motor Columbus [
¥ LITHO Switching Curve Reservoir Guide Curve

Reservoir Water Level (EL.m)

— =Sw.cunel — =Swcune?2

rule curwe lewel
Source: NN-1 Hydropower Station

Figure 5.3.3 Current Reservoir Operation Rule for NN1 Reservoir

Figure 5.3.3 Figure 5.3.4

Reservoir Water Level (EL.m)

197 Ppergtion -i---

196 + f = i t {
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
= =Sw.curwel = =Sw.cure?2 rule curve level —O0— MAX
—O0—MIN —0—25% —4A—50% ——75%

Data Source: NN-1 Hydropower Station

Figure 5.3.4 Current Reservoir Operation Rule and Actual Operation Statistics

50 % Motor Columbus

TOU PARSIFAL

5.34

Figure
535
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Figure 5.3.5 Monthly Sediment Load into the NN1 Reservoir
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Data Source: NN-1 Hydropower Station

Figure 5.3.6  Sediment Monitoring Result of the NN1 Reservoir
376 km’

5.35

IPP

1/2 Table 5.3.5
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Table 5.3.5 Principal Features of the Existing/Under Construction Hydropower Station
Considered in the Survey

Item/Project Nam Leuk Nam Mang 3 Nam Lik 1/2
Saws | Exising | Exising | | Under Construction
Main Developer China International

EdL EdL Water & Electric
_________________________________________________________________________________ Corp. |
Planned Commencement of 2000 2004 2010
_Power Generation | |
Principle Feature
Catchment area (km?) 274 65 1,993
Storage at FSL (MCM) 154 45 1,095
Average  annual  inflow
______ vew) o f o ™ A
TypeofDam Rockfill | | RCC | CFRD
______ DamHeight(m) | 45 | 22 | 14
De?elgn flood of spillway 2,100 57 2,080
______ (miys) ..\ T
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Nam Mang 3 Reseroir Operation Record

Reservoir Rule Curve for Nam Leuk Hydropower
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Table 5.4.1 Method and Conditions for the Reservoir Operation Optimization for the Selection

of Alternatives

Item Method
Purpose Maximization of export and import power revenue with minimizing electricity supply
shortage
Max (Export Power — Import Power) and Min (Demand - Supply)
Method Implicit Stochastic Optimization Method with Deterministic Dynamic Programming
Constraint Reservoir capacity, discharge capacity of turbines.

Decision variables

Discharge from NN1 hydropower station

State variables

NN1 Reservoir storage

Conditions and
assumptions

- Duration of inflow is 36 years from year 1972 to 2007

- Time Step is monthly

- Operation of at least one unit among No.3, 4, or 5 operation during off-peak hours is
mandatory required as maintenance flow

- The priority of the power demand is in the order of 1) the night peak (18:00 to 22:00),
2) day time peak (9:00 to 18:00), 3) off peak (22:00 to 9:00).

- TOU tariff structure is employed.

- Target year is 2015 for selection of alternative.

- Power demand and supply refers to the latest PDP.

Software

CSUDP® (Generalized Dynamic Programming Software)

Prepared by JICA Survey Team

DP
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2015 C1
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4 2015 12
Figure 5.4.2
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Prepared by JICA Survey Team

Figure 5.4.2 Simplified Load Curve for Modeling of Dynamic Programming

> Labadie, J.W., (2003) “Generalized dynamic programming package: CSUDP.” Documentation and user manual,
Department of Civil Engineering, Colorado State University, Fort Collins, Colorado.
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Figure 5.4.6 Study Flow of the Reservoir Optimization in the NN1 Expansion Survey
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Figure 5.4.7 Optimum Reservoir Water Level for Each Expansion Scale

80 MW 80 MW 120 MW

)
Implicit Stochastic Optimization 1SO ISO
ISO
40 MW
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Table 5.4.2 Maximum Plant Discharge and Head Loss Coefficient

. Alternative | Maximum Plant Head.L-O sS
Expansion Scale Name Discharge Coefﬂmer;t
aof a*O
(MW) (GWh)
Before Expansion (w/o NN2) 117 6.88*10°
Before Expansion (w/ NN2) 117 6.88*10°
40 MW
Al 117 6.88+10°
A4-1 117 8.95%10°
A4-3 117 9.78*10°
D2-1 117 7.52*10°
60 MW
A2 177 3.13*10°
A4-2 177 4.35%10°
Ad-4 177 4.75%10°
D2-2 177 3.04%10°
80 MW B2-1 236 1.79*10°
D2-3 236 2.90%10°
120 MW B2-2 354 0.763*10°
D2-4 354 1.27*10°
Prepared by JICA Survey Team
Table 5.4.3

Table 5.4.3 Result of Simulation: Annual Energy, Peak Energy and Off-Peak Energy

Expansion Scale Altﬁ;ﬁgve Dgg%gi?ge Annual Energy P?Aa\ljefggegy Off Peak Energy
(MW) (GWh) (GWh) (GWh)
Before Expansion (w/o NN2) 96 980 455 525
Before Expansion (w/ NN2) 111 1,068 473 595
40 MW
Al 144 1,120 573 547
Ad-1 144 1,119 572 547
A4-3 144 1,119 572 546
D2-1 144 1,120 573 547
60 MW
A2 162 1,123 616 507
A4-2 161 1121 615 506
Ad-4 161 1,120 615 506
D2-2 162 1,123 616 507
80 MW B2-1 189 1,135 642 493
D2-3 188 1,131 639 491
120 MW B2-2 227 1,140 718 422
D2-4 225 1,134 713 421
Prepared by JICA Survey Team
40 MW 52 GWh 60 MW 80 MW 120
MW
5.5 2
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Figure 5.5.1 Reservoir Optimum Operation Presented by Dynamic Programming for
without-NN2 Case
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Figure 5.5.2 Reservoir Optimum Operation Presented by Dynamic Programming for with-NN2
Case
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Figure 5.5.3 Comparison of Optimum Reservoir Operation between with and without NN2
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Prepared by NNRBDSP, Component 2, “Output Report on Activity 2.3: Reservoir Management”
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Prepared by JICA Survey Team
Figure 5.6.1 Concept of Integrated Water Resources Management to the Nam Ngum River basin
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Table 5.6.1 Method and Conditions for the Reservoir Operation Optimization for the

Economic Evaluation

Item Method
Purpose Maximization of annual energy production with securing firm power output and minimizing
energy import from EGAT
(Objective function forms as multi-objective function)
T N T
Objective function; Maximize zz Ene(n,t) - z (Demand — Supply)
t=1 n=1 t=1
Where,

Ene(n, t) Energy output of the n™ hydropower station (MWh) at the time
“7.

(Demand - Supply): Power demand shortage. It is only functioned when demand
exceeds supply (Demand > Supply). Power demand shortage is
covered by the energy imported from EGAT. Therefore, it is
equivalent to the imported energy.

T : Number of time step. (T = 432)

N : Number of hydropower station. (N = 3, i.e. NN1, Nam Mand 3,
and Nam Leuk)

Energy is calculated by the following equation.
Energy = gX Qpower X He X & Xt
Where,
g : gravity acceleration (m/s?)
Qpower : power discharge (m?/s)
He . effective head (m)
€ : combined efficiency
t . generation hour (hr)
Examined 2015, 2020, 2025
Year
Case (1) After Expansion, (2) Before Expansion w/ NN2, (3) Before Expansion w/o NN2
Method Implicit Stochastic Optimization Method with Deterministic Dynamic Programming
Constraints Reservoir capacity, discharge capacity of turbines.
Decision Discharge from NN1 hydropower station, Nam Leuk hydropower station, and Nam Mang 3
variables hydropower station
State Reservoir storage of NN1, Nam Leuk and Nam Mang 3
variables
Conditions - Duration of inflow is 36 years from year 1972 to 2007
and - Time Step is monthly

assumptions

- Irrigation demand of Nam Mang 3 should be fulfilled.

- At least one unit among No.3, 4, or 5 operation during off-peak hours is mandatory
required as maintenance flow

- The priority of the power demand is in order of 1) the night peak (18:00 to 22:00), 2) day
time peak (9:00 to 18:00), 3) off peak (22:00 to 9:00).

- TOU tariff structure is employed.

- Target year is 2015 for selection of alternative.

- Power demand and supply refers to the latest PDP.

- Power demand is divided to four blocks as exemplified in Figure 5.4.2.

- Currently power interchange capacity is 100 MW between EGAT and Laos North Central.
However, interchange over 100 MW is allowed in the model for both import and export.

Software

CSUDP (Generalized Dynamic Programming Software)

Prepared by JICA Survey Team
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Figure 5.6.2 Optimized Reservoir Operation Curve for After Expansion Case
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Figure 5.6.3 Optimized Reservoir Operation Curve for Before Expansion with NN2 Case
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Table 5.6.2 Result of Optimization for Each Case in Each Year
2015 2020 2025
with 40 Before Before with 40 Before Before with 40 Before Before
(Unit) MW Expansion |Expansion [MW Expansion |Expansion [MW Expansion |Expansion
expansion |[(w/ NN2) |(w/o NN2) |expansion |(w/ NN2) |(w/o NN2) |expansion [(w/NN2) [(w/o NN2)
(1) Nam Ngum 1, Nam Mang 3 and Nam Leuk
Average hydropower energy (GWh/year) 1,561 1,558 1,562 1,487 1,481 1,531 1,491 1,509 1,533
Revenue for domestic sale (1000 USD/year) 96,699 96,575 96,586 45,660 42,944 42,315 78,576 74,392 72,507
(2) Import from EGAT
Average import energy (GWh/year) 1,840 1,842 1,842 78 122 132 624 692 722
Average import power (MW) 327 367 368 57 78 81 242 272 278
Maximum import energy (GWh/month) 279 286 265 36 50 53 189 190 181
Maximum import power (MW) 500 569 518 224 233 249 499 518 532
Average import expense (1000 USD/year) 85,316 86,908 87,014 3,984 6,236 6,735 30,911 34,724 36,267
Revenue selling import energy to domestic| (1000 USD/year) 114,276 114,400 114,389 4,845 7,561 8,190 38,777 42,961 44,846
(3) Export to EGAT
Average export energy (GWh/year) 3 7 1,320 1,357 1,417 446 532 586
Average export power (MW) 1 3 249 255 268 131 140 152
Maximum export energy (GWh/month) 23 19 23 292 292 292 177 184 179
Maximum export power (MW) 92 100 103 565 580 580 430 464 469
Average export revenue (1000 USD/year) 118 109 237 49,924 50,475 52,557 15,998 18,919 20,821
(4) Excess charge
Average excess charge (1000 USD/year) 56,198 54,327 54,828 0 6,586 5,320 4,255
Maximum excess charge (1000 USD/year) 74,037 69,693 63,702 0 15,958 15,636 14,867
(5) Total annual revenue (1000 USD/year) 211,093 211,084 211,212 100,429 100,980 103,062 133,351 136,272 138,174
(6) Total annual expense (1000 USD/year) 141,514 141,236 141,841 3,984 6,236 6,735 37,497 40,044 40,522
(7) Annual balance (1000 USD/year) 69,579 69,848 69,371 96,445 94,744 96,327 95,854 96,228 97,652
Prepared by JICA Survey Team
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[NN1 Reservoir]

Table 5.6.3

Table 5.6.3 Monthly Average Water Level for Each Case

Jan Feb Mar Apr Ma Jun Jul Au Se Oct Nov Dec
Before Exp. w/o NN2 208.7 206.8 204.5 201.9 200.0 201.5 206.1 210.0 211.9 211.9 211.5 210.4
Before Exp. w/ NN2 210.6 209.6 208.2 206.8 205.6 205.7 207.4 209.9 211.8 211.9 211.7 211.2

Before Exp. w/o NN2

Before Exp. w/ NN2

Before Exp. w/o NN2 208.3 206.7 203.8 200.7 199.3 201.2 205.9 209.7 211.8 211.9 211.1 209.5
Before Exp. w/ NN2 210.0 209.1 207.1 205.0 203.9 204.3 206.3 209.2 211.6 211.9 211.5 210.6
After Expansion 209.4 208.4 206.1 203.3 202.3 202.7 205.0 208.4 211.3 211.9 211.2 210.0
[Nam Leuk Reservoir]

Jan Feb Mar Apr Ma Jun Jul Au Se Oct Nov Dec
Before Exp. w/o NN2 399.9 395.6 393.1 390.3 388.5 389.0 393.6 401.6 405.0 404.9 404.1 402.6
Before Exp. w/ NN2 401.0 395.9 393.8 391.5 388.6 389.2 394.6 401.6 405.0 405.0 404.3 403.5

Before Exp. w/o NN2

Before Exp. w/ NN2

Before Exp. w/o NN2 399.6 396.5 394.6 392.6 389.1 389.0 393.8 402.0 404.9 405.0 404.0 402.7
Before Exp. w/ NN2 400.1 397.1 394.9 392.6 389.2 389.7 394.6 401.7 404.8 405.1 403.8 402.7
After Expansion 400.2 396.8 394.7 392.4 389.1 389.6 394.3 401.3 404.7 405.0 404.0 402.9
[Nam Mang 3 Reservoir]
Jan Feb Mar Apr Ma Jun Jul Au SE Oct Nov Dec
Before Exp. w/o NN2 745.8 745.4 744.8 743.9 742.7 742.8 744.9 748.0 749.7 749.7 747.8 745.9
Before Exp. w/ NN2 744.6 743.6 743.3 742.7 742.1 742.4 744.6 747.9 749.9 749.9 748.5 746.3
After Expansion 743.3 742.2 741.9 741.9 741.6 742.0 743.8 747.2 749.6 749.6 747.3 744.1
Before Exp. w/o NN2 748.8 749.0 746.1 742.1 742.1 743.3 745.8 748.2 749.6 750.1 748.9 748.5
Before Exp. w/ NN2 748.4 748.5 746.0 742.0 742.3 743.7 745.5 747.6 749.5 750.1 749.3 748.2
After Expansion 749.0 749.0 746.1 742.0 742.5 744.1 745.8 747.8 749.6 750.1 749.3 748.7
Before Exp. w/o NN2 749.2 748.8 747.2 744.0 742.7 743.1 745.4 748.1 749.8 750.0 749.6 749.1
Before Exp. w/ NN2 748.6 748.2 746.9 743.7 742.6 743.1 745.5 748.1 749.7 749.9 749.4 748.4
After Expansion 748.9 748.1 746.2 743.2 742.3 742.9 745.4 747.8 749.5 749.9 749.3 748.6
Prepared by JICA Survey Team
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Reservoir Rule Curve for Nam Leuk Hydropower
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Figure 5.6.13 Current and Revised Switch Curve and Water Level for the year 2015
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Figure 5.6.14 Current and Revised Switch Curve and Water Level for the year 2020
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Figure 5.6.15 Current and Revised Switch Curve and Water Level for the year 2025
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Table 5.6.4 Calculated Annual Energy and Dependable Power

Anual Dependable Energy . o
Energy Average Energy Weekday Dependable Capacity (MW) (95%)
in Peak |in Off-Peak| . . Daytime .
Year (GWh) hours hours Night Peak peak Weekday Holiday
(Gwh) (GWh) (GWh) (GWh) ]18:00-22:00{ 9:00-18:00 | 22:00-0:00 | 0:00-9:00 | 18:00-22:00 | 9:00-18:00 | 22:00-0:00| 0:00-9:00
2015 1,009 435 574 70 70 67 67 33 31 67 34 30 30
2020 1,021 442 579 64 60 61 58 41 29 59 41 28 28
2025 1,006 428 578 66 66 63 63 30 30 63 32 29 29
Before Expansion with NN2
Anual Dependable Energy . o
Energy Average Energy Weekday Dependable Capacity (MW) (95%)
in Peak |in Off-Peak| . . Daytime .
Year (GWh) hours hours Night Peak peak Weekday Holiday
(GWh) (Gwh) (GWh) (GWh) ]18:00-22:00{ 9:00-18:00 | 22:00-0:00 | 0:00-9:00 | 18:00-22:00 | 9:00-18:00 22:00-0:00| 0:00-9:00
2015 1,068 452 616 71 65 68 62 42 41 64 55 29 29
2020 1,073 463 610 82 82 78 78 49 37 78 69 31 31
2025 1,071 455 616 79 79 76 75 37 34 76 38 31 31
After Expansion with NN2
Anual Dependable Energy . o
Energy Average Energy Weekday Dependable Capacity (MW) (95%)
in Peak |in Off-Peak| . . Daytime .
Year (GWh) hours hours Night Peak peak Weekday Holiday
(Gwh) (Gwh) (GWh) (GWh) ]18:00-22:00{ 9:00-18:00 | 22:00-0:00 | 0:00-9:00 | 18:00-22:00 | 9:00-18:00| 22:00-0:00| 0:00-9:00
2015 1,121 551 571 113 101 108 97 37 37 108 37 35 34
2020 1,145 573 572 121 112 116 108 38 37 116 39 37 37
2025 1,115 551 564 106 95 101 91 37 34 101 37 31 31
Prepared by JICA Survey Team
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“Revenue”

Revenue = (domestic sale) + (export revenue) + (import cost) — (imported energy sold to domestic
consumer) — (annual excess charge)

- (6.21 cent/kwh)
- (Peak 4.70 cent/kWh, Off peak 3.52 cent/kWh)
- (Peak 5.26 cent/kWh, 4.08 cent/kWh)

- 1.00 = 34.054
EdL
DP 2
®)
2015 2020 2025 3 After Exp.
NN2 (Before Exp. w/NN2) NN2 (Before Exp. w/o NN2)
Case 1
““07” Case 2 18

Casel Case?2

Table 5.6.5
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Table 5.6.5 Study Case for Reservoir Operation for the Revenue Maximization

Examined year
power demand

w/ Expansion or
w/o Expansion

Case 1 (Strong weight for min. import energy)
Case 2 (No weight for min. import energy)

2015 After expansion Case 1
Case 2
Before Exp. w/ NN2 Case 1
Case 2
Before Exp. w/o NN2 Case 1
Case 2
2020 After expansion Case 1
Case 2
Before Exp. w/ NN2 Case 1
Case 2
Before Exp. w/o NN2 Case 1
Case 2
2025 After expansion Case 1
Case 2
Before Exp. w/ NN2 Case 1
Case 2
Before Exp. w/o NN2 Case 1
Case 2
Prepared by JICA Survey Team
(4)
DP
2015 2020 2025
JICA 5-77 22




1) 2015

Table 5.6.6 Summary Table of Revenue Maximization Operation in the year 2015 (NN1
Reservoir Only)

2015

After Expansion

Before Exp. w/ NN2

Before Exp. w/o NN2

Case 1 Case 2 Case 1 Case 2 Case 1 Case 2

(1) Nam Ngum | Hydropower Station

Average hydropower energy (GWh/year) 1,171 1,186 1,159 1,162 1,167 1,165

Revenue for domestic sale (1000 USD/year) 72,471 71,751 71,785 71,452 71,697 71,422
(2) Import from EGAT

Average import energy (GWh/year) 1,891 1,902 1,902 1,907 1,903 1,908

Average import power (MW) 378 370 412 409 418 415

Maximum import energy (GWh/month) 284 283 292 268 274 257

Maximum import power (MW) 543 538 618 542 547 527

Average import expense (1000 USD/year) 88,987 89,249 90,835 90,904 91,144 91,203

Revenue selling import energy to domestic (1000 USD/year)| 117,423| 118,144 118,110| 118,443] 118,198 118,473
(3) Export to EGAT

Average export energy (GWhl/year) 4 31 3 12 12 14

Average export power (MW) 13 2 8 9 11

Maximum export energy (GWh/month) 15 25 10 10 11 11

Maximum export power (MW) 65 119 75 75 76 76

Average export revenue (1000 USD/year) 142 1,087 107 414 422 508
(4) Excess charge

Average excess charge (1000 USD/year) 54,794 53,562 53,824 54,588 53,003 55,526

Maximum excess charge (1000 USD/year) 69,708 71,949 68,519 65,695 58,648 59,538
(5) Total annual revenue (1000 USD/year) 190,037 190,981 190,001 190,308 190,317 190,403
(6) Total annual expense (1000 USD/year) 143,782 142,811 144,659 145,492 144,147 146,728
(7) Annual balance (1000 USD/year) 46,255 48,170 45,342 44,817 46,170 43,674

Prepared by JICA Survey Team
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Figure 5.6.16 Relation of Average Import Energy and Annual Balance in the year 2015 (NN1

Only)
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Figure 5.6.17 Reservoir Average and Standard Deviation Water Level for the year 2015 (NN1
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2) 2020

Table 5.6.7 Summary Table of Revenue Maximization Operation in the year 2020 (NN1
Reservoir Only)

After Expansion Before égz.ow/ NN2 | Before Exp. w/o NN2
Case 1 Case 2 Case 1 Case 2 Case 1 Case 2
(1) Nam Ngum | Hydropower Station
Average hydropower energy (GWhlyear) 1,057 1,187 999 1,160 973 1,164
Revenue for domestic sale (1000 USD/year) 31,553 29,632 28,206 27,460 27,530 26,706
(2) Import from EGAT
Average import energy (GWhlyear) 135 166 189 201 200 213
Average import power (MW) 81 88 101 103 105 110
Maximum import energy (GWh/month) 61 78 69 81 71 74
Maximum import power (MW) 275 310 301 310 301 310
Average import expense (1000 USD/year) 6,884 8,161 9,668 10,190 10,213 10,860
Revenue selling import energy to domestic (1000 USD/year) 8,388 10,308 11,734 12,480 12,410 13,234
(3) Export to EGAT
Average export energy (GWh/year) 1,286 1,447 1,282 1,455 1,267 1,471
Average export power (MW) 274 288 274 296 278 305
Maximum export energy (GWh/month) 280 287 254 255 253 257
Maximum export power (MW) 590 600 557 556 553
Average export revenue (1000 USD/year) 47,927 54,137 47,341 53,551 46,618 53,990
(4) Excess charge
Average excess charge (1000 USD/year) 0 0 0 0 0
Maximum excess charge (1000 USD/year) 0
(5) Total annual revenue (1000 USD/year) 87,868 94,077 87,281 93,491 86,558 93,930
(6) Total annual expense (1000 USD/year) 6,884 8,161 9,668 10,190 10,213 10,860
(7) Annual balance (1000 USD/year) 80,984 85,916 77,613 83,301 76,345 83,070
Prepared by JICA Survey Team
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Figure 5.6.18 Relation of Average Import Energy and Annual
Balance in the year 2020 (NN1 Only)
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Figure 5.6.19 Trend of the Relation of Average Import Energy and Annual Balance
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Figure 5.6.20 Reservoir Average and Standard Deviation Water Level for the year 2020 (NN1
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Table 5.6.8 Summary Table of Revenue Maximization Operation in the year 2025 (NN1

Reservoir Only)

After Expansion Before égz.Sw/ NN2 | Before Exp. w/o NN2
Case 1 Case 2 Case 1 Case 2 Case 1 Case 2
(1) Nam Ngum | Hydropower Station
Average hydropower energy (GWhlyear) 1,111 1,184 1,099 1,159 1,105 1,163
Revenue for domestic sale (1000 USD/year) 57,439 51,978 52,644 49,793 51,001 49,367
(2) Import from EGAT
Average import energy (GWhlyear) 733 821 811 856 837 863
Average import power (MW) 284 277 318 317 324 325
Maximum import energy (GWh/month) 242 210 216 213 195 188
Maximum import power (MW) 649 538 563 548 567 560
Average import expense (1000 USD/year) 36,691 40,113 40,994 42,852 42,337 43,455
Revenue selling import energy to domestic (1000 USD/year) 45,540 51,002 50,335 53,186 51,978 53,612
(3) Export to EGAT
Average export energy (GWhlyear) 515 676 581 687 613 697
Average export power (MW) 157 178 165 185 173 191
Maximum export energy (GWh/month) 183 183 156 155 157 157
Maximum export power (MW) 504 496 454 453 454 454
Average export revenue (1000 USD/year) 18,364 24,081 20,495 24,225 21,640 24,604
(4) Excess charge
Average excess charge (1000 USD/year) 6,724 4,363 6,569 4,960 6,446 4,880
Maximum excess charge (1000 USDl/year) 14,255 14,018 12,347 13,463 11,823 10,377
(5) Total annual revenue (1000 USD/year)| 121,343| 127,060 123,474| 127,205] 124,619 127,583
(6) Total annual expense (1000 USD/year) 43,415 44,476 47,563 47,812 48,783 48,335
(7) Annual balance (1000 USD/year) 77,928 82,584 75,911 79,392 75,837 79,248
Prepared by JICA Survey Team
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Figure 5.6.21 Relation of Average Import Energy and Annual Balance in the year 2025 (NN1
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Table 5.6.9 Summary Table of Revenue Maximization Operation in the year 2015 (NN1
Reservoir, Nam Mang 3, and Nam Leuk)

2015
After Expansion Before Exp. w/ NN2 | Before Exp. w/o NN2
Case 1 Case 2 Case 1 Case 2 Case 1 Case 2
(1) Nam Ngum | Hydropower Station
Average hydropower energy (GWh/year) 1,564 1,571 1,551 1,552 1,556 1,550
Revenue for domestic sale (1000 USD/year) 96,900 96,255 96,132 95,946 96,166 95,733
(2) Import from EGAT
Average import energy (GWhlyear) 1,837 1,847 1,849 1,852 1,849 1,856
Average import power (MW) 341 324 373 361 391 382
Maximum import energy (GWh/month) 282 266 289 263 270 270
Maximum import power (MW) 563 493 570 483 562 563
Average import expense (1000 USD/year) 85,408 85,451 87,332 87,070 87,984 87,954
Revenue selling import energy to domestic (1000 USD/year)| 114,075 114,720 114,843| 115,029] 114,809| 115,242
(3) Export to EGAT
Average export energy (GWhlyear) 4 21 3 7 7 8
Average export power (MW) 2 8 1 4
Maximum export energy (GWh/month) 32 39 20 25 20 26
Maximum export power (MW) 123 135 88 107 88 109
Average export revenue (1000 USD/year) 142 750 96 251 244 283
(4) Excess charge
Average excess charge (1000 USD/year) 55,422 54,204 54,544 52,910 52,908 54,890
Maximum excess charge (1000 USDl/year) 73,898 76,703 69,768 69,329 61,021 62,718
(5) Total annual revenue (1000 USD/year)| 211,117 211,725 211,071 211,226 211,219] 211,258
(6) Total annual expense (1000 USD/year)| 140,830 139,655 141,876| 139,980 140,892| 142,844
(7) Annual balance (1000 USDlyear) 70,287 72,070 69,195 71,247 70,327 68,414
Prepared by JICA Survey Team
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Figure 5.6.23 Reservoir Average and Standard Deviation Water Level for the year 2015 (NN1
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Figure 5.6.24 Reservoir Average and Standard Deviation Water Level for the year 2015 (NN1
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Table 5.6.10 Summary Table of Revenue Maximization Operation in the year 2020 (NN1

Reservoir, Nam Mang 3, and Nam Leuk)

After Expansion Before égz.ow/ NN2 | Before Exp. w/o NN2
Case 1 Case 2 Case 1 Case 2 Case 1 Case 2
(1) Nam Ngum | Hydropower Station
Average hydropower energy (GWhlyear) 1,509 1,583 1,526 1,555 1,546 1,559
Revenue for domestic sale (1000 USD/year) 45,677 42,728 43,016 41,355 42,371 40,637
(2) Import from EGAT
Average import energy (GWhlyear) 78 125 121 147 131 159
Average import power (MW) 59 75 77 79 80 83
Maximum import energy (GWh/month) 41 80 51 74 58 74
Maximum import power (MW) 207 307 242 268 263 305
Average import expense (1000 USD/year) 3,964 6,008 6,173 7,368 6,689 8,010
Revenue selling import energy to domestic (1000 USD/year) 4,828 7,777 7,489 9,150 8,134 9,868
(3) Export to EGAT
Average export energy (GWhl/year) 1,341 1,462 1,401 1,457 1,431 1,473
Average export power (MW) 265 266 276 273 291 285
Maximum export energy (GWh/month) 316 321 290 289 291 292
Maximum export power (MW) 649 633 610 589 614 591
Average export revenue (1000 USD/year) 50,722 55,970 52,161 54,716 53,121 54,942
(4) Excess charge
Average excess charge (1000 USD/year) 0 0 0
Maximum excess charge (1000 USD/year) 0 0 0 0 0 0
(5) Total annual revenue (1000 USD/year)| 101,227| 106,475 102,666| 105,221 103,626/ 105,447
(6) Total annual expense (1000 USD/year) 3,964 6,008 6,173 7,368 6,689 8,010
(7) Annual balance (1000 USD/year) 97,263| 100,467 96,493 97,853 96,937 97,437
Prepared by JICA Survey Team
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Figure 5.6.26 Reservoir Average and Standard Deviation Water Level for the year 2020 (NN1
Reservoir, Nam Mang 3, and Nam Leuk)
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Table 5.6.11 Summary Table of Revenue Maximization Operation in the year 2025 (NN1
Reservoir, Nam Mang 3, and Nam Leuk)

2025
After Expansion Before Exp. w/ NN2 | Before Exp. w/o NN2
Case 1 Case 2 Case 1 Case 2 Case 1 Case 2
(1) Nam Ngum | Hydropower Station
Average hydropower energy (GWh/year) 1,503 1,580 1,518 1,555 1,543 1,558
Revenue for domestic sale (1000 USD/year) 78,587 72,551 74,283 70,845 72,208 69,574
(2) Import from EGAT
Average import energy (GWhlyear) 624 721 694 749 727 769
Average import power (MW) 247 235 274 269 283 283
Maximum import energy (GWh/month) 206 229 198 223 190 201
Maximum import power (MW) 549 565 578 525 567 572
Average import expense (1000 USD/year) 30,926 34,603 34,800 36,942 36,501 38,284
Revenue selling import energy to domestic (1000 USD/year) 38,766 44,802 43,070 46,508 45,145 47,779
(3) Export to EGAT
Average export energy (GWhlyear) 458 632 543 635 601 659
Average export power (MW) 141 158 153 164 166 174
Maximum export energy (GWh/month) 215 212 187 184 188 186
Maximum export power (MW) 552 529 508 485 510 488
Average export revenue (1000 USD/year) 16,390 22,876 19,289 22,629 21,329 23,451
(4) Excess charge
Average excess charge (1000 USD/year) 6,598 4,071 5,216 3,975 3,977 3,515
Maximum excess charge (1000 USDl/year) 16,332 17,761 15,435 16,713 14,488 12,940
(5) Total annual revenue (1000 USD/year)| 133,743 140,229| 136,642| 139,982 138,682 140,804
(6) Total annual expense (1000 USDlyear) 37,524 38,674 40,016 40,917 40,479 41,800
(7) Annual balance (1000 USDlyear) 96,219| 101,555 96,626 99,066 98,203 99,004
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Figure 5.6.27 Reservoir Average and Standard Deviation Water Level for the year 2025 (NN1
Reservoir, Nam Mang 3, and Nam Leuk)
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Figure 5.6.28 Reservoir Average and Standard Deviation Water Level for the year 2025 (NN1
Reservoir, Nam Mang 3, and Nam Leuk)

2025 Casel Case?2

5.6.9
172
(1)
C1
172
2015 2020
5.6.7

2025
5.6.8

JICA 5-89

22
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1) 2015

Table 5.6.12 Summary Table of Revenue Maximization Operation in the year 2015 (NN1
Reservoir, Nam Mang 3, Nam Leuk and Nam Lik 1/2)

2015 (w/ NL1/2) 2015 (w/o NL1/2)

After Expansion After Expansion

Case 1 Case 2 Case 1 Case 2

(1) Nam Ngum | Hydropower Station
Average hydropower energy (GWh/year) 1,955 1,997 1,564 1,571
Revenue for domestic sale (1000 USD/year) 118,374 116,301 96,900 96,255

(2) Import from EGAT

Average import energy (GWh/year) 591 624 1,837 1,847
Average import power (MW) 191 156 341 324
Maximum import energy (GWh/month) 139 155 282 266
Maximum import power (MW) 355 382 563 493
Average import expense (1000 USD/year) 27,296 28,568 85,408 85,451

Revenue selling import energy to domestic (1000 USD/year) 36,683 38,756 114,075 114,720
(3) Export to EGAT

Average export energy (GWh/year) 49 125 4 21
Average export power (MW) 18 39 2 8
Maximum export energy (GWh/month) 119 112 32 39
Maximum export power (MW) 289 267 123 135
Average export revenue (1000 USD/year) 1,783 4,607 142 750
(4) Excess charge
Average excess charge (1000 USD/year) 18,883 16,571 55,422 54,204
Maximum excess charge (1000 USD/year) 33,038 36,091 73,898 76,703
(5) Total annual revenue (1000 USD/year) 156,841 159,665 211,117 211,725
(6) Total annual expense (1000 USD/year) 46,179 45,138 140,830 139,655
(7) Annual balance (1000 USD/year) 110,662 114,527 70,287 72,070
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Figure 5.6.29 Reservoir Average and Standard Deviation Water Level for
the year 2015 (NN1 Reservoir, Nam Mang 3, Nam Leuk and Nam Lik 1/2)
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Figure 5.6.30 Reservoir Average and Standard Deviation Water Level for the year 2015 (NN1
Reservoir, Nam Mang 3, Nam Leuk and Nam Lik 1/2)
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2) Case 1
Case 1l

2) 2020

1/2

Table 5.6.13 Summary Table of Revenue Maximization Operation in the year 2020 (NN1
Reservoir, Nam Mang 3, Nam Leuk and Nam Lik 1/2)

2020 (W/ NL1/2)

2020 (w/o NL1/2)

After Expansion

After Expansion

Case 1 Case 2

Case 1 Case 2

(1) Nam Ngum | Hydropower Station

Average hydropower energy (GWh/year) 1,921 2,045 1,509 1,583
Revenue for domestic sale (1000 USD/year) 63,588 59,220 45,677 42,728
(2) Import from EGAT
Average import energy (GWh/year) 35 105 78 125
Average import power (MW) 31 71 59 75
Maximum import energy (GWh/month) 25 73 41 80
Maximum import power (MW) 178 297 207 307
Average import expense (1000 USD/year) 1,754 4,729 3,964 6,008
Revenue selling import energy to domestic (1000 USD/year) 2,147 6,516 4,828 7,777
(3) Export to EGAT
Average export energy (GWh/year) 1,296 1,490 1,341 1,462
Average export power (MW) 233 248 265 266
Maximum export energy (GWh/month) 328 338 316 321
Maximum export power (MW) 610 660 649 633
Average export revenue (1000 USD/year) 50,116 58,343 50,722 55,970
(4) Excess charge
Average excess charge (1000 USDl/year)
Maximum excess charge (1000 USDl/year)
(5) Total annual revenue (1000 USD/year) 115,851 124,078 101,227 106,475
(6) Total annual expense (1000 USD/year) 1,754 4,729 3,964 6,008
(7) Annual balance (1000 USDl/year) 114,098 119,349 97,263 100,467
Prepared by JICA Survey Team
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Figure 5.6.31 Reservoir Average and Standard Deviation Water Level for the year 2020 (NN1
Reservoir, Nam Mang 3, Nam Leuk and Nam Lik 1/2)
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Figure 5.6.32 Reservoir Average and Standard Deviation Water Level for the year 2020 (NN1
Reservoir, Nam Mang 3, Nam Leuk and Nam Lik 1/2)
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3) 2025

Table 5.6.14 Summary Table of Revenue Maximization Operation in the year 2025(NN1
Reservoir, Nam Mang 3, Nam Leuk and Nam Lik 1/2)

2025 (w/ NL1/2)

2025 (w/o NL1/2)

After Expansion

After Expansion

Case 1 Case 2

Case 1 Case 2

(1) Nam Ngum | Hydropower Station
Average hydropower energy
Revenue for domestic sale

(2) Import from EGAT
Average import energy
Average import power
Maximum import energy
Maximum import power
Average import expense

(3) Export to EGAT
Average export energy
Average export power
Maximum export energy
Maximum export power
Average export revenue
(4) Excess charge
Average excess charge
Maximum excess charge

Revenue selling import energy to domestic

(GWh/year)
(1000 USD/year)

(GWh/year)
(MW)
(GWh/month)
(MW)
(1000 USD/year)
(1000 USD/year)

(GWh/year)
(MW)
(GWh/month)
(MW)
(1000 USD/year)

(1000 USD/year)
(1000 USD/year)

1,917 2,040
103,014 93,430

528 683
208 198
171 219
482 494

25,590 31,660
32,803 42,386

362 640
110 143
223 229
570 556

13,063 23,667

7,522 4,124
18,908 20,271

1,503 1,580
78,587 72,551

624 721
247 235
206 229
549 565

30,926 34,603
38,766 44,802

458 632
141 158
215 212
552 529

16,390 22,876

6,598 4,071
16,332 17,761

(5) Total annual revenue (1000 USD/year) 148,880 159,483 133,743 140,229
(6) Total annual expense (1000 USD/year) 33,112 35,784 37,524 38,674
(7) Annual balance (1000 USD/year) 115,768 123,700 96,219 101,555
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Figure 5.6.33 Reservoir Average and Standard Deviation Water Level for the year 2025 (NN1

Reservoir, Nam Mang 3, Nam Leuk and Nam Lik 1/2)
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Figure 5.6.34 Reservoir Average and Standard Deviation Water Level for the year 2025
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6.1

6.1.1

(1) WREA

WREA)

WREA

(The Environmental Protection Law, 1999)

ESIAD

(Prime Minister Office)
Technology, and Environment Agency: STEA)

STEA
(Department of Environment)

(Environmental and Social Impact Assessment

1999

WREA

(Water Resource and Environmental Agency:

(Science,
2007

Division : ESIAD) ESIAD 2008 8
ESIAD 6 4
ESIAD
WREA
Water Resources and Environment Administration (WREA)
[ | [ | | | |
Dept. of Water Dept. of Dept. of Water Rgsources Lao National General Enqunment and
Resources EREER Meteology and Enwronment Mekqng Mekon.g Social Impact
(DWR) (DOE) and Gydrology| | Reseatch Institute Committee Subregion Assessment
(DMH) (WERI) (LNMC) (GMS) Department (ESIAD)
[ I I I I I|
Planning Registration Division for Division for Division for Division for
and Finance and Infrastructure and Agriculture Energy Mining and
Division Information Government and Forestry Sector Industry
Division Investment Sector Sector
Source: WREA, 2009
Figure 6.1.1  Organizational Structure of WREA
WREA 2009 2 339 ESIAD 75
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2 (Social and Environmental Management Division of
DOE/MEM)

(Social and Environmental Management Division)

(Initial
Environmental and Social Examinations: IESE) (Environmental and Social Impact
Assessment (EISA) (Environmental Management and Social Plan: ESMP)
WREA ECC ( )
6
3 (Environmental Office, Technical Department of EdL)
(Electricite du Laos :EdL) (Project
Owner) (Technical Department) (Environmental Office)
EdL
Manager x 1
I
11 Deputy
Manager x 1
|
Head of E&S
Unit x2
[ : 1
. . Natural Environment Social Environment
Source: Environmental Office, EdL teamx 3 teamx 4
Figure 6.1.2 Environmental Office
6.1.2
(Law on Environmental Protection, No.02-99, 1999) (Decree
on the Implementation of the Environmental Protection Law, No.102, 2001)
WREA (Development Project Responsible Agency:
DPRA)
(Regulation on Environment Assessment in the Lao PDR,
No0.1770/STEA)
() (Draft Decree of Environment and Social Assessment) 2009 2

()

(The Law of Electricity, No. 02/97, 1997 )

! The terms “IESE”, “ESIA”, “ESMP” and “STEA” correspond to “IEE”, “EIA”, “EMP” and “WREA” respectively in Lao
PDRNOo.1770/STEA, which is being updating as a new Decree. In this document, terms for “IESE”, “ESIA”, “ESMP” and
“WREA?” is applied since those are already widely used in official documents in Lao PDR.
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(Regulation on Implementing Environmental Assessment for Electricity Project, No.447/MIH DOE, 2001)

(Environmental Management Plans for Electricity Project, No.584/MIH DOE,
2001) (Environmental Impact Assessment for Electricity
Project, N0.585/MIH DOE, 2001)

(Project Screening) (Project Description) (IESE)

(EISA) (ESMP) (Significant Environmental Impact,
SEI) (Public Involvement, PI)

(Law on Water and Water Resources, No.02/96, 1996)

(25 )
Table 6.1.1 Environmental Law and Regulation related to Expansion Project (1)
Regulations concerning Environmental Issue| Date | Descriptions concerning NN1 Expansion Project

Laws for Environment and other sector

Obligation for pollution control, protection of natural and
Law on Environment Protection April 1999]social environment, rights and duties of concerned
ministries.

Status of environment for land, water ,forest, biodiversity,
2004 |social matter. International and regional cooperation,
environmental strategy and goals for the year 2020.

Degree on the Implementation of the 2002 Obligation, general EA requirement, standard, management]
Environmental Protection Law and monitoring units, and inspection
EA process, screening, |IEE, EIA, monitoring, requirement
Regulation on Environment Assessment in the 2002 and flow of project for environment procedure.

Lao PDR, STEA (under revise and need to obtain new version to be issued
in April 2009)

The draft version submitted to Prime Minister Office. Ne
Feb 2009 |EISA/IESE criteria, format for project description, IEE, and
EMP, environmental certificate, monitoring

Categorization of forest and allowable development]

National Strategy on Environment to the years
2020 and Action plan for years 2006-2020

Draft Decree of Environment and Social
Assessment, WREA

Forestry Law May 2008 e
activities for each category
Law on Aquatic Life and Wild Animal May 2008 | Conservation of endangered species
Forestry Strategy to the Year 2020 of the Lao July 2005 Forestry classification, sustainable management, solid and
PDR water conservation, act for tree cut
Law on Agriculture Nov 1998 Agricultural activities, right of agriculture, building and

management of irrigation

Right to use water resourcee, ownership of water
Law on Water and Water Resources 2001 |resources, monitoring, and assessment and allocation off
water resources.

Use of water area land and construction land,
compensation of land losses

Land Law Oct 2003
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Table 6.1.2

Environmental Law and Regulation related to Expansion Project (2)

Regulations concerning Environmental Issue | Date

| Descriptions concerning NN1 Expansion Project

Laws and Regulation concerning Hydropower Project

Law on Electricity and Degree

Function, ownership, promotion of electricity development,

May 1997 |operations, production, import/export, and distribution of

electricity

Lao Electric Power Technical

DOE/MIH

Standards,

Safety of power structure, stability of dam, prevention of]

Feb 2004|erosion and damage of upstream and downstream

catchment

National Policy on Environmental and Social
Sustainability of the Hydropower Sector in Lao
PDR, DOE/MIH

2007

Environment assessment, watershed management and
conservation, disclosure and compliance, requirement for|
hydropower project

Environmental Management Standard for

Electricity Projects, DOE/MIH

Jun 2003

Requirement of EMP, institution and management]
arrangement, monitoring, EMP, scheduling and cost

Environmental Impact Assessment for Electricity
Projects. DOE/MIH

Oct 2001

Specific requirement for EIA such as baseline information,
alternatives, impacts, public involvement, and EMP

Regulation on Implementing Environmental

DOE/MIH

Requirement of environmental assessment according to

Assessment for Electricity Projects in Lao PDR,| Oct 2001 |project cycle, requirement for project description, |IEE, EIA,

monitoring and evaluation, award and sanctions.

Environmental Management Plans for Electricity
Projects, DOE/MIH

Categorization of hydropower for each requirement of

Oct 2001 |environmental process, procedure to implement IEE, EIA,

and SAP (social action plan)

Degree on Compensation and Resettlement of

People Affected by Development Projects 2006 |Requirement of social impact assessment
Regulations for Implementing Degree on
Compensation and Resettlement of People] 2006 |Social assessmentand compensation
affected by Development Projects
N . Impact and issues for social and environmental matter off
Guidelines for Compensating the Loss occurred 2005 [transmission lines. Guideline for compensation for
due to the Transmission Line Projects, DOE/MEM O ' P
transmision lines
Prepared by JICA Survey Team
6.1.3
(Environmental
Compliance Certificate : ECC) ECC WREA
ECC
Project Project Pre- Feasibility Detailed || CONStruction,
cycle formulation feasibility = study design operation,
study closure
Environment . I[ESE and ESIA/ESMP or Approval of ESMP .
assessment Screening [ ESMPor =» ESIA and 1% Implementation
step ToR of ESIA IESE/ESMP ESMF and monitoring

Source: Prepared from “Regulation on Environment Assessment in the Lao PDR, 2002”

Figure 6.1.3 EA Processes and Project Cycle

B JICA IESE
ESIA ECC
F/S
IESE ( EISA) EdL IESE EMP
2000 9 21 DOE IESE EMP DOE
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Table 6.1.3 Environmental Assessment Process Responsibilities

DOE/MIH
(DPRA)

- Undertake project screening to determine EA requirements.

- Reviews, requires revision, and recommends approval of IESEs with ESMP or ToR of
ESIA

- Reviews and decides on IESE ESMPs for all projects in its sector area of responsibility

- Endorses TOR for ESIA

- Concurs in consultants that are proposed to conduct IESE and EISA

- Review and endorses ESIA and ESIA’s ESMP prior to final approval by WREA

- Implements inspection, monitoring, validation and evaluation requirements

- Implements relevant public involvement requirements

- Oversees implementation of ESMPs

Project Owner
(EdL)

- Implements EA process and prepares the EA reports including

- Preparing project descriptions

- Implementing public involvement requirements

- Implementing IESE and/or EISA requirements and ESMP requirements
- Implementing monitoring and evaluation requirements

WREA

- Referring to the Regulation on Environmental Assessment in the Lao
- Issue of Environmental Compliance Certificate (ECC)

Source: Prepared by JICA Survey Team referring to Regulation on Implementing Environmental Assessment for Electricity

Projects in Lao PDR

(Environmental Management and

Monitoring Units: EMMU)

Table 6.1.4 Institutional Framework for Project Implementation
Role Organization

Project owner (PO): EdL
Development Project Responsible | Department of Electricity, Ministry of Energy and Mines
Agency (DPRA):
Environmental Management and | Environmental Office, Technical Department, EdL
Monitoring Unit for implementation:
Environmental Management and | Social and Environmental Management Division, Department
Monitoring Unit for inspection: of Electricity, Ministry of Energy and Mines
Issue of Environmental Compliance | Department of Environmental and Social Impact Assessment
Certificate (ECC): (ESIAD), Water Resources and Environment Administration

Prepared by JICA Survey Team

(N0.1770/STEA)

2009 2 1

JICA
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Development Project
Project owner (PO) (EdL) Responsible Agency WREA Implementation
(DOE/MEM)

Preparation of project N ?ssemblz Prole(i‘t tR eview Review and approval
description »| [€am and complete <—|/rejection of screening
p
screening [<30 days] [<15 days]
v

Notify ther result to PO and
EMMU [<7 days]

Screening and
Scoping
Max. 52 days

Construction
start

Non-exempt Exempt
project project

\(Preparation of draft 1, i(Reviewicomment to IESE 1__i(Review/commentto |
1

IESE TOR) i 1TOR) I 1ESE TOR)

—>|Issue ECC [<15 days] [—™

1(PO or Retain consultant:

ito conduct IESE, 90-120 !

- EMMU review IESE
|Submit IESE report |—> - Invite concerned agencies
for comment [<7 days]

Comments by concerned Receive decision and
. g .
agenies [<30days] review/comment

Record of decision on IESE Reject /retun [<10 days] |

survey: 90-120 days, process: 50 days(IESE-ESMP) for 80 days(ESIA is needec

% [<40 after IESE recieve]
S Advise for ESIA [<10 days]|
ESIA not required
ESI\‘/I'P - Prepare;TOR ESIA required Riview TOR and ask
IESE of ESIA > [“:;"drgiglts by agencies
Comments by agencies
[<15 days]
A 4
Comments and approval
of TOR [30 days after
TOR recieve]
. |Comment and Approval of Construction
1 > Esmp —>|Issue ECC [<10days] Hwith ESMP

PRI A

'Conduct ESIA and i Vite parties |

'submit full/ summary of : g8 > nvite pat 'ejlgrd

\ESIA report (6-10 mon) ! - comment [ ays]

—————————— 5~ |Rece|ve copy of ESIA| v
Comments by parties
[<30 days]

Complete ESIA review
[<60 days after receive]

|Reject Ireturn |<—

Request for

ESIA
Survey: 180-300 days, process: 60 days

) L. <
Revise ESIA [* additional studies
. - Approve ESIAand |
Receive copy of decision |« Issue ECC <
Construction
with ESMP

* The terms “IESE”, “ESIA”, “EMP”, and “STEA” corresponds to “IEE”, “EIA”, “ESMP”, and “WREA” in Lao
PDRNO0.1770/STEA. In this figure, terms for “IESE”, “ESIA”, “ESMP”  and “WREA” is applied since those are already
used in official documents in Lao PDR.
Prepared by JICA Survey Team referring to “Regulation on Implementing Environmental Assessment for Electricity Projects
in Lao PDR” and “Regulation on Environment Assessment in the Lao PDR (Lao PDRNo0.1770/STEA)”,

Figure 6.1.4 Procedure for Environmental Assessment for Hydropower Project
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EdL
1) (EdL)
(PI) (Project Description)
2) DOE (30 )
3) DOE (Exempt Project) WREA
(ECC) (IESE)
4) EdL IESE EdL
IESE DOE DOE
WREA (Record of Discussion) (40 )
5) DOE (ESIA)
DOE (ESMP) ESMP WREA ECC
(10 )
6) DOE ESIA ESIA
(Terms of Reference, TOR) ( ) WREA TOR( )
TOR (30 )
7) EdL TOR
ESIA EdL ESIA WREA WREA
(reject) (request
for additional studies) (60 )
8) ESIA WREA ECC DOE
(No.1770/STEA)
(ESMP)

(Environmental Management Plans for Electricity Project, No.584/MIH DOE, 2001)

ESMP
(i) (Ambient Monitoring):
(i) (\Validation Monitoring):
(iii) (Effectiveness Monitoring):
(iv) (Compliance Monitoring):

ESMP
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- (Public Involvement)
- (Construction Environmental Management Plan, CEMP)

(Resettlement Action Plan:RAP)

(Ethinic People Development Plan:EPDP)

6.2
6.2.1
1)
3.5 km
500 m
0.7-15
(2)
5%
11 4 Xienkouang 1,420 mm

Vangvieng 3,500 mm

IESE
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Diversion Nam
Ngum 2

Hinheup Sta.
Nam Lik 1

Sensaveng St
Thalat Sta.

Nam san

Pakkagnoung
Sta.

Nam Ngum
River

Prepared by JICA Survey Team
Figure 6.2.1 Conceptual Layout of River, Dam, and Gauging Station in NNRB

2011

1/2
3.5 km
1996
Hinheup
11 km Pakkagnoung
Hinheup Pakkagnoung
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Source: DMH
Figure 6.2.2 H-Q Curve, Rating Curve, and 10-years-Discharge at Hinheup Station
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Figure 6.2.3 H-Q Curve, Rating Curve, and 10-years-Discharge at Pakkagnoung Station
@)
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1985 (Water Quality Monitoring Network for Lower Mekong
Basin) MoAF (Department of Irrigation)
(Water Quality Laboratory)

Thalath 9

pH
(DO) COD

15

Figure 6.2.4 Location of Monitoring Station
Source: Nam Naum River Basin Profile

(4)

35 27
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Land Use Type and Areain Nam Ngum River Basin

TYPE_NGD Description Area (m2) Percentage
11 Dry Evergreen 625,130,982 3.47%
13 Mixed Deciduous 6,329,778,050 35.12%
15 Dry Dipterocarp 21,887,631 0.12%
17 Coniferious Forest 1,053,055,957 5.84%
18 |Mixed Board Leaved 65,589,323 0.36%

Coniferous
19 Forest Plantation 8,660,190 0.05%
21 Bamboo 953,578,908 5.29%
22 Unstocked Forest 4,799,335,615 26.63%
24 Ray 433,811,237 241%
31 Savannah 14,564,233 0.08%
32 Scrub 187,698,125 1.04%
41 Rice Paddy 1,393,164,959 7.73%
43 Agricultural Plantation 21,236,134 0.12%
52 Grass Land 1,411,313,424 7.83%
53 Swamp 68,022,648 0.38%
54 Urban or Built up Area 43,889,577 0.24%
61 Other land 594,090,066 3.30%

TOTAL 18,024,807,060 100.00%

Note: The area includes 10 km buffer from NNRB watershed.

Accordingly, total area does not match to the exact catchment area of NNRB.
Source: Prepared using Land Use GIS data from National Geographic Departmen
Land use data was prepared by NGD in 2003 using aerial photo observed in 1999

Figure 6.2.5 Land Use in NNRB
()
1999 2 319

(Wildlife and Aquatic Law, Article 22)
(Prohibition Category) (Management Category) (General Category)

Table 6.2.1 Numbers of Species of Wild Life in Each Category

Management | General

Category Prohibition Category Category Category

Type Nos | Major species Nos Nos
Lesser  Onehorned  Rhinoceros, Asian  Two-horned
Mammals 44 Rhinoceros, Kouprey, Asian Elephant, Wild Water Buffalo, | 15 6

Banteng, Gaur, Sunbear, etc.

Green Peafowl, Great Hornbill, Rufous-necked Hornbill,
Birds 36 Wreathed Hornbill, All species of Vulture, Crested Argus, | 22 5
White-winged Duck, etc.

Siamese Crocodile, Chinese Three Striped Box Turtle, Big

Reptiles 9 Headed Turtle., Indochinese Box Turtle, Impressed Tortoise, | 13 8
etc.
Amphibians | 1 Lao Salamader 3
. Giants Catfish, Electric Eel, Croaker, Pa leum, Tiger Perche,
Fishes 6 and Pa meo 9 18
Insects 7 5

Source: Ministry of Agriculture and Forestry

2 Wildlife in Lao PDR: 1999 Status Report, Centre for Protected Areas and Watershed Management
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2001
(Forestry Law) CITES (Convention on International Trade in Endangered Species)

Table 6.2.2 Common Plants in NNRB

Trade name Status

Bamboo shoot Very common
Bamboo cane Very common
Rattan shoot Rare
Rattan cane Rare
Beberin Rare
Broom grass Common
Peuakmeuak Rare
Dok Lao Common
Mushrooms Rare
Wild fruits Medium
Wild vegetables Medium
Source: Earth Systems Lao and NUOL, 2005

(6)

(Ministry of Agriculture and Forestry: MoAF)
Q) (Protection Forests) (i) (Conservation Forests) (iii) (Production
Forests) 3
Table 6.2.3 Purpose of the Categorized Forest
Type Purpose Area (ha)
Protection Function of protecting water resources, river banks, road sides, preventing
Forests soil erosion, protecting soil quality, strategic areas for national defense, | 4,260,792

protection from natural disasters, environmental protection, and so on.
Conservation | Purpose of conserving nature, preserving plant and animal species, forest

Forests ecosystems and other valuable sites of natural, historical, cultural, tourism, | 3,559,908
environmental, educational and scientific research experiments

Production Natural forests and planted forests classified for the utilization purpose areas

Forests for production, and wood and forest product businesses to satisfy the | 3,120,489
requirements of national socio-economic development.

Total 10,941,190

Source: Forestry Law, December 2007. Area is calculated using GIS database of MoAF (2002)
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(National
Conservation Forest Areas)
(Conservation Forest areas at
Provincial, District and Village levels)
MoAF 20
(National Biodiversity Conservation
Areas: NBCA) 2
3.4 ha
14

Figure 6.2.6 Distribution of
Forests and Protected Areas

NBCA

2000

6.2.2

1)

No GIS Name Name Area (ha)
1{Pl Phou Dene Dinh 182,034
2[Namha Nam Ha 221,031
3|Namet Nam Et 256,687
4|Pholoeuw Phou Loeu 152,180
5{Namxam Nam Xam 69,028
6[Gnot-nampo __ |[Nam Phoui 177,599
7|Pl Phou Pa Nang 67,949

P Phou Khao Khoay 179,392
Nam Kading 169,989

10|Pi Phou Hin Poun 238,162
11 Nakai-Nam Theun 355,204
12| Hn Namno 87,177
13|Phouxanghe |Phou Xang He 115,036
14[D Dong Phou Vieng | 204,945
15(Xesap Xa Sep 153,024
16 Xe Bang Nouan 129,740
17|D Dong Gua sao 93,892
18|D: Phou Xiang Thon 106,013
19(Sepian Xe Piane 259,675
20[D Dong Ampham 199,970

Source: Prepared from GIS Database of Department of Forestry, MoAF (2002)

Phou Khao Khouay

(the Nam Leuk) EdL

60 MW

EdL 1 Phou Khao Khouay

1 15 m’/s

NNRB

Hmong-Mieng

Lao-Tai

Source: Socio-Economic Atlas of the Lao PDR, 2005
Figure 6.2.7 Ethnicity Distribution around NN1
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NNRB 1965
579
3,242 23
15 31 1,652 9,561
1992 40 2,498 15,727 s
50
NNRB
Table 6.2.4 Estimated Provincial Population in NNRB
Provinces Population| Household
Xiengkouang P. 239,812 69,559
Luang Prapang P. 405,949 5,135
Vientiane P. 409,906 270,785
Vientiane M. 695,473 155,233
Bolixamxai P. 225,167 1,438
Total 1,976,307 502,150
Source: Nam Ngum River Basin Profile, WREA, June 2008
)
NNRB NNRB
20 Pal, Phoanoun, Xaisomboun, Hom, Feng,
Met 6
Source: The Geography of Poverty and Inequality
in the Lao PDR, NCCR and IFPRI, 2008
Figure 6.2.8 Poverty Rate in Lao PDR
@)
NNRB 70

(integrated fish livestock farming)

® Nam Ngum Dam After 30 Years of Operation, 2006, KRI International
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Kip NNRB 48 6.0 Kip
Table 6.2.5 Farmer’s Income of NNRB
Unit: 000 Kip
Income Cost
Province . Veg. and . Seed and . Total Farm
Grain g Meat | Fish | Forest| Others Equip| Wages | Others | .
Fruit fodder income
Vientiane M. 2,224 231 511 435 50 557 298 217 484 424 2,587
Xiengkhuang P. 3,957 976] 1,867 602 21 291 644 460 277 252 6,082
Vientiane P. 2,673 553| 1,767 811 152 752 402 166 308 369 5,464
Borikhamxay P. 2,471 934 9171 1,539 33 98 19 110 155 87 5,621
Luangprabang P. 2,376 678] 1,615 425 87 142 143 78 151 96 4,854
Average Lao PDR 3,129 694] 1,234 732 40 313 183 137 189 228 5,404
Source: Nam Ngum River Basin Profile, WREA, referring NSC, LECS3-2003,
IESE 50 km 1km 24
Vientiane Keooudom, Viengkham
Thoulakhom 3
Hom 3
94
6
No. [Village Name Latitude |Longitude |HH Population|Female nos.
1|B. Kangmuang 18.36643| 102.57216 402 3321 1588
2[B. Keun-Nua 18.37982| 102.56649 361 2020 997
3|B. Keun-Kang 18.36116| 102.57259 473 2434 1335
4|B. Boungphao 18.33459| 102.54855 349 1507 802
5[B. Hatxai 18.34005| 102.55707 222 1127 558
6[B. Nakhong 18.32055| 102.57547 140 679 354
7[B. Cheng 18.29024| 102.55956 458 2343 1130
8|B. Lingxan 18.31531| 102.55108 300 1505 742
9|B. Phonhe 18.36374| 102.57810 323 1620 849
10[B. Thaxan 18.50274| 102.51100 167 932 459
11(B. Thalat 18.51543| 102.50797 214 1194 680
12(B. Thinkeo 18.52145| 102.50801 280 1366 701
13[B. Phoukhaokham | 18.52996| 102.51068 443 2085 1064
14|B. Sengsavang 18.52064| 102.51344 299 1482 769
15|B. Pakkagnoung 18.42086| 102.54141 468 2297 1282
16(B. Thaphoxai 18.42184| 102.53665 108 516 347
17[B. Muang-Kao 18.43068| 102.53614 158 846 595
18|B. Veunsan 18.44083| 102.53437 251 1350 661
19(B. Nakhua 18.43380| 102.53248 262 1297 731
20([B. Nanin 18.45688| 102.53004 87 463 300
21|B. Hatxaykhoun 18.45727| 102.53403 54 304 232
22|(B. Pakcheng 18.40949| 102.53473 147 852 530
23(B. Donkouat 18.40301| 102.53965 176 1031 598
24[B. Thingnoung 18.36893| 102.53104 280 1439 687
25(B. Viangkham 18.36542| 102.54758 126 708 451
Total 6,548| 34,718 18,442

B. Kangmuang was not surveyed because it is included in KengKang village. Accordingly, target village number became 24.
Prepared by JICA Survey Team, using GIS Database of National Geographic Department 2005
Figure 6.2.9 Location of villages situated at the Downstream 50 km from NN1
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Table 6.2.6 Summary of Socio-economic Survey in Downstream Riverside Households

Description Qty Unit Description Qty Unit
Nos of target sample 94 Average Expenditure
Education Status Per househod 1,286,240]Kip/hh/Mo
Primary 41% Per person 242,099|Kip/per/Mo
Lower Secondary 17% Average Income
Upper Secondary 29% Per househod 3,145,063]Kip/hh/Mo
Diploma/ college 2% Per person 672,492|Kip/per/Mo
Vocational School 13% Fishery
Settlement History Fishery household 40/94 hh
Indegenous 86% Average production 5,318]kg/yr
Experience of moving 14% Ave. fish cage income 570,750,000]Kip/yr
Want permanent stay 100% Ave. other Fishery income 6,986,535 Kip/yr
Income Source Ave. Income dependency 44%
Paddy (%) 21% Riverside Gardening
Gardening (%) 21% Gardening household 67 /94 hh
Fishery (%) 16% Average production 5,6611kg/yr
Livestock (%) 10% Average income 7,856,385|Kip/yr
Gov. Official (%) 10% Ave. Income dependency 37%
Labor/ wedge (%) 15% Boat Transportation
Average HH rice consumption HH runs boat transportation 4 /94 nos
Rice consumption 116{Kg/hh/ Mo Passenger: persons 53.8]nos
Owned Vehicle(s) Passenger: car 15.0|nos
No of Motor bike 1.4|nos Passenger: Motorbike 58.0|nos
No of Car 0.3[nos Average Income 2,112,500]Kip/day
Own car 0.1fnos Ave. Income dependency 84%
No of Tractor 0.3|nos
Own tractor 0.3[nos
No of Truck 0.1]|nos

Source: Survey data conducted by SD&XP Consultants Group Survey Team

Table 6.2.7 Summary of Socio-economic Survey in Downstream Villages of Nam Ngum 1

Description Qty Unit Description Qty Unit
Demorgraphy Economic Situation (Household %)
Nos of village 24|nos Low land farming 62.0%
Nos of total household 5,800|nos Home gardenning 37.6%
Nos of total families 6,205|nos Livestock Production 49.8%
Nos of population 30,347|nos Poultry Production 88.3%
Nos of women headed household 306|nos Fish Production 6.9%
Religion Employment 34.4%
Bhuddist 99.9% Business 23.0%
Spirit believe 0.1% Handicraft 7.0%
Christian 0.0% Farm labor 13.6%
River Water Use Off-farm Labor 10.2%
General use 94.4% Economic Situation (Village nos.)
Drinking 1.5% Resettlement story 12 /24 nos
Fishing 15.7% Existence of poor hh 14 /24 nos
Boat 38.6% Existence of village forest 11/24 nos
Irrigation 31.3% Existence of spiritual forest 22 /24 nos
Riverside gardening 39.4% Existence of upland rice area 0 /24 nos
Income related gardening 26.1% Endengered fauna and flora 0/24 nos
Income related fish pond 1.1% Existence of cultural spot 0/24 nos
Infrastructure Existence of Pump for water 5/24 nos
Nos of health facility 8|nos Existence of Irrigation system 4/24 nos
Nos of primary school 30|nos Existence of water treatment 0/24 nos
Nos of lower secondary school 14]nos Boat transportation 22 /24 nos
Nos of upper secondary school 4|nos Electricity available 24 /24 nos
Nos of collage 1|nos Telephone available 24 /24 nos
Nos of temple 37|nos Paved road available 24 /24 nos
Nos of tourist spot 3|nos Earth road available 24 /24 nos
Nos of cultural spot 0fnos Farm Land Ownership
Nos of pumping station None 25.7%
Public 7|nos <5 Rai (8000 m2) 38.6%
Private 191|nos 5-10 Rai (8000-16000 m2) 30.1%
Nos of Irrigation System 7]nos 10 to 60 Rai (16000-96000 m2) 5.5%
Nos of waste water treatment 0|nos 60 Rai (>96000 m2) 0.1%
Nos of boat/ferry facility 9|nos Fishing Status
Desease nos Nos of fishing household 408|nos
Cold 1st Average fish production 277]|kg/Mon
Diarrhea 2nd Average price of fish 14,750(Kip/kg
Maralia 3rd Average distance to market 1.7]km
Dengue 4th
HIV None

Source: Survey data conducted by SD&XP Consultants Group Survey Team
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(The Vientiane Water
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Prepared by JICA Survey Team using GIS
Shapefiles obtained from Department of Irrigation
Figure 6.2.10 Location of Irrigation Intake
and Irrigated Areas in NNRB

6.3 (IESE)
6.3.1
2002 ”Regulation on Environment Assessment in Lao PDR,
STEA” (Initial Environmental and Social Examination: IESE)
(Environmental and Social Management Plan: ESMP) IESE
ESMP Datafile AppendixC-7 C-8
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Table 6.3.1 Description of Overall Environment and Social Impacts and Pollution

Preparatory Survey on Nam Ngum 1 Hydropower Station Expansion (NN1E) in Lao PDR
Environmental Checklist for Screening (with Comparison of General Hydropower Projects of Reservoir Type)

This checklist is prepared for the comparison of NN1E Project and general hydropower project with storage and install capacity around 40
MW scale.
Rating: A: Serious impact is expected. B: Some impact is expected. C: Impact is unknown. -: No impact. +: Positive impact

No. Impacts Rating for | Rating for Brief Description for NN1E
General NN1E
Project Project

1. Anti-pollution

1.1 |Air Pollution - B Limited air pollution is expected due to heavy machinery.

1.2 |Water Pollution AorB B Temporary water pollution due to concrete mixing, aggregate
collection, and excavation during construction is expected. This
would be local and small but should be minimized. Water qualit
monitoring is necessary during operation.

1.3 |Waste B B Demolished material needs disposal to adequate site.

1.4 |Soil Contamination - - No soil contamination is expected but proper insulation oil treatment]
is needed.

1.5 |Noise and Vibration AorB B Site is away from residential area. No noise and vibration problem
from site is expected to local people. Material transportation near
access road needs consideration with speed limit.

1.6 |Ground Subsidence - - No ground subsidence is excepted.

1.7 |Offensive Odor Bor- - No offensive odor is expected.

1.8 |Bottom sediment AorB - No bottom sediment change is expected since reservoir alread
exists and no change is added on reservoir condition.

1.9 |Accidents AorB B Proper safety management during expansion works needs to be|
provided at responsibility of contractor with CEMP implementation.

2. Natural Environment

2.1 |Protected area AorBor- - Protected area is not included in downstream.

2.2 [|Flora, Fauna and Biodiversity AorB - Effect on flora, fauna, nor biodiversity is not expected. Rare|
species are not reported in affected areas.

2.3 |Hydrological Situation A B River discharge will increase during peak generation hours and
decrease off-peak hours. Maintenance flow should be secured not
to disturb downstream activities such as boat and fishery.

2.4 |Topography and Geographical features A B Excavation, spill and wastage embankment give a little change to
the geographical feature but not significant.

2.5 |Landfill Site Management AorB - Amount of waste for landfill is very small.

2.6 |Soil Erosion AorB - Not expected, since the discharge increase in the project would be|
much smaller than natural flood. Flood already occurred every year|
after dam construction in 1971. Weak soil have already been
flushed away.

2.7 |Groundwater Bor- - No effect on groundwater is expected.

2.8 |Coastal Zone (Mangroves,Tidal flats, etc.) Bor- - No effect on coastal zone is expected.

2.9 |Meteorology Bor- - No effect on meteorology is expected.

2.10 |Global Warming B+ B+ It will has positive impact due to utilization of spilled water in rain
season for energy, which can save fossil fuel in EGAT in Thailand
owing to the reduction of power import from EGAT.

3. Social Environment

3.1 |Involuntary Resettlement AorB - No resettlement and compensation is needed.

3.2 |Local economy, employment, livelihood B B+ Positive impact such as creation of local employment is expected.

3.3 |Cultural heritage AorBor- - No cultural heritage is reported in affected areas.

3.4 |Landscape AorB B New powerhouse and possible downstream bed rock excavation
affects to landscape at the dam site, but this is not significant.

3.5 [Indigenous and ethnic minority Bor- - People in affected area is highly mobile and no problem on
indigenous and ethnic people is reported.

3.6 |Land use and utilization of local resources B - No land use nor change of local resources are expected.

3.7 |Social institutions and local decision- B - No social institutions will be affected.

making institutions
3.8 |Existing social infrastructures and AorB B Facility for labor coming from outside temporary used.
services Maintenance flow has to be secured not to affect Irrigation during
off-peak hours in dry season.

3.9 [Misdistribution of benefit and damage B - No misdistribution of benefit and damage is expected.

3.10 |Local conflict of interests Bor- - No local conflict is expected.

3.11 |Water Usage or Water Rights and Rights A B Minimum maintenance flow has to secure to give no affect on

of Common Irrigation and water pumping use at downstream in dry season.

3.12 |Sanitation B B Sanitation of workers during construction work needs to be properl
managed.

3.13 |Hazards (Risk) B - No hazards is expected.

Prepared by JICA Survey Team
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Figure 6.3.1 Concept of Expansion plan and Discharge from Nam Ngum 1 Power Station
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Figure 6.3.2 Affect of Water Level Fluctuation in Dry Season to Downstream People
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Table 6.3.2 Possible Negative Impact

Category Type Possible Negative Impact Stage
Social Social Labors coming from outside may affect. Security of nearby | Construction
Environment | infrastructure | villages and sanitation of workers during construction work may

have adverse impact if proper management is not held.

Water usage

In dry season, irrigation and water use at downstream of Nam
Ngum 1 will be affected if off-peak output is zero or only with
single 18 MW unit. To confirm minimum river maintenance
flow required by downstream society, at least single 40 MW
unit should be operated during off-peak time. It needs to
monitor the Nam Lik flow at the same time. In addition, rapid
water level increase during off-peak to peak time shift may
affect downstream safety of people.

Operation

Sanitation

Sanitation of workers during construction work may affect to
water quality or health condition of surrounding areas.

The expected scale of amount of workers is approx. 400 and not
quite large.

Construction

Natural
Environment

Water
pollution

It is expected that temporary water pollution occurs due to
concrete mixing, aggregate collection and washing, and
excavation works during construction. The affect is temporary
and small but should be minimized.

Construction

Hydrological
Situation

In dry season, river discharge will increase during peak
generation hours and decrease during off-peak hours. For 40
MW expansion, maximum output during peak time does not
affect to downstream. However, water decrease will affect to
downstream if zero operation or smallest operation with single
18 MW unit is conducted during off-teak time. The condition is
also affected by discharge amount of the Nam Lik River.

Operation

Landscape

Additional powerhouse slightly changes appearance of the NN1.
If optional work of river bed excavation is conducted to obtain
additional head and energy output, downstream scenery is also
slightly changed but this is not significant.

Cosntruction

Prepared by JICA Survey Team

Table 6.3.3 Possible Positive Impact

Category Type Possible Positive Impact Stage
Social Local Employment will be created by the construction works. Construction
Environment | Economy
Natural Global It will have positive impact due to utilization of spilled water for | Operation
Environment | warming additional energy of 56 GWh due to expansion, which can save

fossil fuel in the grid in Thailand owing to the reduction of
power import from Thailand.
Prepared by JICA Survey Team
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Table 6.3.4 Category and Number of the Affected
Category Amount Remarks Source
1) [Population of Nam Ngum River basin 69,559]Indirectly affected people NNRB Profile, 2009,. WREA
Riverside < 1km villages . .
2) downstream < 50 km of NN1. 24|Villages in affected area GIS database, 2007, NGD
Riverside < 1km households . NN1 Expansion IEE Socio-
3) downstream < 50 km of NN1 5,800|Households in affected area economic Interview Survey
Riverside < 1km population Lo .
4) downstream < 50 km of NN1 30,347|Population in affected area Ditto
5) |Nos of river water general users of 4) 28,648 Affected people Ditto
6) |Nos of boat transporter users of 4) 11,714 |Affected people Ditto
7) [Nos of gardening household of 3) 2,285|Affected households Ditto
8) [Nos of fishery household of 3) 400|Affected households Ditto
9) |Nos of commercial fish cage hh of 3) 64|Affected households Ditto
10)[Nos of irrigation pumping station 15|Affected infrastructure Ditto
11)]Area of irrigation in dry season (ha) 1,035|Affected infrastructure Ditto

Prepared by JICA Survey Team
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Figure 6.3.3 Affecting Water Level Fluctuation to Downstream Residents
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Figure 6.3.4 Affecting Discharge and Water Level for Increase and Decrease
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Prepared by JICA Survey Team
Figure 6.3.5 Cross Section of the Nam Ngum River from Dam Site (CR1) to 10 km
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18MW 1

40 MW

1

Table 6.3.5 Case Pattern and Discharge Condition

Description Hinheup NN1 Thalath | Total Q | WL at Pkk | CR25 level
Q m3/s Q m3/s Q m3/s Q m3/s EL.m EL.m
Catchmetn area (km2) 5030 348.6
Present condition (June 06 2009) 226.1 306.6 15.7 532.7 4.800 164.650
For water level increase in dry season
Base case current max. operation 136.7 465.3 9.5 602.00 5.059 164.909
Highest case +120 MW exp. 136.7 816.3 9.5 953.00 6.245 166.095
High case +80 MW exp. 136.7 699.3 9.5 836.00 5.869 165.719
High case + 60 MW exp. 136.7 640.8 9.5 777.50 5.675 165.525
High case + 40 MW exp. (195MW) 136.7 582.3 9.5 719.00 5.475 165.325
For water level decrease in dry season
Base 58 MW current off-peak 29.05 174.1 2.0 203.15 3.354 163.204
Base 80 MW current off-peak 29.05 234.2 2.0 263.25 3.657 163.507
Lowest case 18 MW single 29.05 57 2.0 86.05 2.655 162.505
Lowest case 40 MW single 29.05 117.1 2.0 146.15 3.038 162.888
Low case + 40 MW exp. (195MW) 29.05 582.3 2.0 611.35 5.093 164.943
* Rainy season is not assumed since peak operation is not held and water fluctuation will not affect.
Prepared by JICA Survey Team
40 MW

60 MW 80 MW 120 MW

Unit (m) Increase from Base Level (m)
EL. (m) Distance |Bed EL. |Base WL |+40MW |+60 MW [ +80 MW | +120 MW
166 10,740] 148.35] 164.91 0.42 0.62 0.81 1.19
— 10,240] 15457 164.92 0.42 0.62 0.82 1.20
164 9,740 155.09] 164.92 0.42 0.62 0.81 1.19
162 9,240] 155.81] 164.94 0.42 0.63 0.83 1.21
m N 8,740| 149.03] 164.97 0.43 0.64 0.84 1.23
160 ~ 8,240 153.35] 164.98 0.43 0.64 0.84 1.23
158 / \—’\ 7,740| 156.17] 164.97 0.43 0.63 0.83 1.22
\ 7,240 158.29|  165.00 0.44 0.64 0.85 1.24
156 —Bed EL. 6,740 159.81] 165.01 0.44 0.65 0.85 1.24
154 —Base \ /\\ 6,240 159.73] 165.03 0.44 0.65 0.85 1.25
—— +40 MW \ / \ 5740| 159.65| 165.05| 0.4 0.65 0.85 1.25
152 — +60 MW 5,240 159.97| 165.07 0.44 0.65 0.86 1.26
150 — +80 MW \ / \ 4,740 161.09] 165.10 0.44 0.65 0.86 1.25
+120 MW V \ 4530 158.81| 165.13 0.44 0.65 0.84 1.24
148 3,500 159.92] 165.17 0.44 0.65 0.85 1.25
0 2,000 4,000 6,000 8,000 10,000 12,000 3,000 161.84 165.16 0.44 0.65 0.84 1.23
Distance from Dam (m) 2,500 161.66 165.30 0.43 0.64 0.84 1.24
2,000 161.38] 165.45 0.43 0.63 0.83 1.22
Water Level Difference of Each Expansion Plan 1,500] 159.20 165.53 0.43 0.64 0.83 1.23
1,000 157.62] 165.33 0.36 0.83 1.03 1.42
Prepared by JICA Survey Team
Figure 6.3.6 Result of Non-uniform Flow Calculation: Output Increase at Peak Time
155 MW
Pakkagnoung 40 MW
195 MW 0.4-0.5m
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Unit (m) Decrease from Base 58 MW (m)
Distance sigle Single  |Full 195 Mw
fromDS ([BedEL. [18Mw [40MW |[-single 40 MW
10,740 148.35 -0.70 -0.32 2.06
10,240 15457 -0.70 -0.32 2.07
9,740 155.09| -0.70 -0.32 2.06
9,240 155.81f -0.70 -0.32 2.08
8,740 149.03 -0.71 -0.32 2.11
8,240 153.35| -0.71 -0.32 2.11
7,740 156.17 -0.71 -0.32 2.11
7,240 158.29| -0.72 -0.32 2.13
6,740 159.81 -0.72 -0.33 2.14
6,240 159.73 -0.72 -0.33 2.15
5,740 159.65 -0.73 -0.33 2.16
5,240 159.97 -0.73 -0.33 2.17
4,740 161.09 -0.74 -0.34 2.18
4,530 158.81| -0.92 -0.36 2.25
3,500 159.92  -0.93 -0.36 2.27
3,000 161.84] -0.93 -0.36 2.26
2,500 161.66] -0.65 -0.44 2.37

EL.(m)
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Figure 6.3.7 Result of Non-uniform Flow Calculation: Output Decrease at Off-Peak Time
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Figure 6.3.8 Conceptual Figure of Irrigation Pump and River Cross Section

NNRBDSP, Component 1, “Nam Ngum River Basin Profile”
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3
90 29.1 m’/s 1/2
1/2 1/2
100 MW F/S 30 MW
3
80 m’/s 10 1/2
1/2
1/2 89 km
1/2
1/2
unit: m3/s
Condition for |Discharge | Average Peak ) Distance NN1 NN1 +NL1/2 NN1 +NI-_1/2 NN1 +NI-_1/2
uniform flow  lof NLL/2 |slone operation |from Hr [Peak (8 hrs time |(10 hrs time [(12 hrs time
calculation P atNL1/2 INL1/2 Operatio |difference) |difference) [difference)
80 m3/s _|1=1/1800 10 hr 89 km 1 117 277 197 197
2 117 277 197 197
Manning coeff.| Velocity | Velocity Time to confluence | Difference 3 117 277 197 197
- m/s km/hr hrs day hrs 4 117 277 197 197
0.03 0.69 2.47 36.0 1.50 12.04 5 117 277 197 197
0.0275 0.72 2.61 34.1 1.42 10.15 6 117 277 197 197
0.025 0.77 2.76 32.2 1.34 8.23 7 117 117 197 197
8 117 117 197 197
700 9 468 468 468 548
600 10 468 468 468 548
V4 11 468 468 468 468
@ 500 —\ a 12 468 468 468 468
2 13 468 468 468 468
o 400 NN1 Peak Operation [ 14 468 468 468 468
g 300 15 468 468 468 468
El NNL +NL1/2 (10 hrs 16 468 468 468 468
8 200 |- time difference) 17 468 468 468 468
ANL L2 (s)hrs 18 582 582 582 582
100 time difference: 19 582 582 582 582
NN1 +NL1/2 (12 hrs 20 582 582 582 582
0 TR TR time difference) TR !
21 582 662 582 582
AL I I SN I NN N N N I I R R ) 22 117 197 117 117
Nam Lil 1/2 Hourly Discharge Affect on NN1 Downstream 23 117 277 197 117
24 117 277 197 117
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Figure 6.3.10 Peak Discharge Affect from Nam Lik 1/2
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Table 6.3.6 Concept of Expansion plan and Discharge from Nam Ngum 1 Power Station

. Rated Discharge | Total Output Total Rated
Unit Rated output (MW .
! utput (MW) (m?/s) (MW) Discharge (m®/s)
Unit1and 2 183 x2 57 x2
- 156.6 465.3
Unit 3, 4, and 5 400 x3 117.1x 3
Unit 6 for expansion (Option A1, A4-1, D2-1)
. . 117 196.6 582.3
(alternatives will be 40x1 =40 MW
determined later i - -
) (Option A2, A4-2, Ad-4, 175.5 216.6 640.8
D2-2) 60 x 1 = 60 MW
(Option B2-1, D2-3)
40 x 2 =80 MW 234 236.6 699.3
(Option B2-2 and B2-4)
351 276.6 816.3
60 x 2 =120 MW
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Table 6.3.7 Advantage, Disadvantage and Environmental Impact of Alternative Plans

Plan Advantage Disadvantage Environmental Impact
Al (40MW) Intake coffer construction is Land space is narrow. Affect to downstream can be mitigated in
easy. Access way to existing transformers is blocked |by selecting off-peak operation output.
Overall layout is compact. during intake construction. Conventional mitigation measurement is
Head loss in waterway is least. sufficient for construction.
A2 (60MW) Intake coffer construction is Land space is very narrow. Gardening of few riverside households
easy. Spillway wall foundation requires special slope |may be affected due to water level
Overall layout is compact. stabilization. fluctuation.
Less head loss. Existing building width is not enough. Existing |[Conventional mitigation measurement is
carne is not usable. sufficient for construction.
Roof of unit-5 bay requires replacement. Unit-5
is not operable during replacement.
A4-1 Land space is sufficient. Existing Nam Leuk GIS S/S has to be
A4-3 Intake coffer construction is relocated. - .
’ . . Affect to downstream can be mitigated in
(40MW) easy. Construction of tailrace outlet of A4-1 disturbs . :
: . . - . by selecting off-peak operation output.
Tailrace outlet of A4-3 is apart |operation of existing units 1&2. Conventional mitigation measurement is
from existing tailbay. Existing crane is not usable. Locating - ;
. . sufficient for construction.
switchyard on roof is not allowed due to lack of
safety distance below existing 115KV lines
A4-2 Land space is sufficient. Construction of tailrace outlet of A4-2 disturbs |Gardening of few riverside households
A4-4 Intake coffer construction is operation of existing units 1&2. Existing crane |may be affected due to water level
(60MW) easy. is not usable. Locating switchyard on roof is fluctuation.
Tailrace outlet pf A4-4 is apart |not allowed due to lack of safety distance Conventional mitigation measurement is
from existing tailbay. below existing 115kV lines passing over the sufficient for construction.
roof.
B2-1 Land space is sufficient. Existing Nam Leuk GIS S/S has to be Several riverside households may be
(80MW) Intake coffer construction is relocated. affected. For 120 MW, water level
B2-2 easy. Tunnel waterways are long and require steel |increase in peak time will be more than
(120MW) New powerhouse is independent]lining in full length. 1m, which may require compensation.
from existing powerhouse . 120MW case needs new 54 km long
D2-1 (40MW) [No obstructive structure in Intake tower is independent in deep reservoir |Several riverside households may be
D2-2 (60MW) |expansion area. (>30 m deep). Construction of tower without affected. For 120 MW, water level
D2-3 (80MW) |[Up to 80MW, generated power [lowering WL is very difficult. increase in peak time will be more than
D2-4 (120MW) |is transmitted through existing [120MW case needs new 54 km long 1m, which may require compensation.
T/L via exiting switchyard. transmission line. Construction scale is large and EMP
needs mitigation for especially for
tunneling work.
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Table 6.3.8 Cost for Compensation of Alternative Plans

Cost for Compensation (40 MW) Us$
Item Unit price | Unit gty (ha) | Qty (hh) Unit Coeff.] Amount | Per hh
Fish cage 10,000 0 64 |ha-hh 0 0 0
Gardening 6,000 0.6 2285}ha-hh 0 0 0
TOTAL 0
Cost for Compensation (60 MW) USs$
Item Unit price | Unit gty (ha) | Qty (hh) Unit Coeff.] Amount | Per hh
Fish cage 10,000 0.25 64 |ha-hh 0 0 0
Gardening 6,000 0.6 2285|ha-hh 0.1 822,600 360
TOTAL 822,600
Cost for Compensation (80 MW) Us$
Item Unit price | Unit gty (ha) | Qty (hh) Unit Coeff.] Amount | Per hh
Fish cage 10,000 0.25 64 |ha-hh 0.1 16,000 250
Gardening 6,000 0.6 2285|ha-hh 0.15] 1,233,900 540
TOTAL 1,249,900
Cost for Compensation (120 MW) USs$
Item Unit price | Unit gty (ha) | Qty (hh) Unit Coeff.] Amount | Per hh
Fish cage 10,000 0.25 64 |ha-hh 0.15 24,000 375
Gardening 6,000 0.6 2285|ha-hh 0.2] 1,645,200 720
TOTAL 1,669,200

* Quantity (household) was assumed from interview of 24 villages' percentage engaged for the category.

Prepared by JICA Survey Team

40 MW Al Al
56 GWh
Table 6.3.9 Advantage and Disadvantage of the Case without Expansion Project
Advantage Disadvantage
- No downstream affect will be | - No expansion will be held, and Lao PDR must import
seen. The condition is the same expensive energy at peak power in dry season from Thailand,
as present. which will be a burden of foreign currency balance of nation.
- No construction will be held EdL needs to cover the cost which may deprive other
and temporary impact due to development opportunity for poverty reduction such as rural
construction will be avoided. electrification.

- Project cost at about US$60 will | - No additional annual power output, namely 56 GWh, will not

be saved. be obtained.
- Thermal power in Thailand will be used for peak power import

to Lao PDR, which releases CO,.

Prepared by JICA Survey Team

6.3.4 (ESMP)
(1) ESMP

IESE (Environmental and Social Management Plan: ESMP)

(i)

JICA 6-34 22 1



(i)
(iii)

- 4OMW 1
18MW 1 117.1 m*/s*

- 1/2
1/2

- 80 MW 30

ESMP

2ha

* When assuming the worst case of 10 years possibility, discharge at 29.1 m%s can be added to discharge from NN1. Then,
discharge of Base Condition (present) becomes 203.2 m%s, Case-40MW is 146.2 m’/s, and Case-18MW is 86.1 ma/s.
Accordingly, 203.2-86.1=117.1m%s is needed for the Nam Lik when single 18 MW is operated.
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Table 6.3.10 Environmental Management and Mitigation Plan

| Description | Environmental Impact | Mitigation Plan | Responsibility
1. Study Stage (conducted in IESE)
Environmental Environmental Clearance Certificate must be obtained EdL
permits before starting construction.
Village consultation to all downstream 24 villages were|
Explanations to held during survey. Public Consultation was held on 16|EdL and

the Public

June 09 and consensus was obtained for
implementation.

project

consultants

2.
2

Construction Stage
.1 Anti-pollution measu

Air quality

collection

res
Dust increase on earth road| - Sprinkle water to control dust

. L . Contractor
during dry season - Minimize travel distance

L - Regular checking of engine and exhaust of machinery,
Increase of emission - . ) Contractor
and its recording and reporting

Dust increase during aggregate} Respiratory protection for workers at site Contractor

Water quality

Increase of suspended soil,
particular matter, and DO

Regular water sampling and quality analysis af
downstream of construction site. In case not acceptable|
level, find reason and trap waste water.

NN1PS/Engineer

Production of large amount of|

- Dispose of materials to approved area so as no to|

Waste demolished concrete and| .. ) Contractor
. disturb scenery and not to contaminate water.
excavated soil
. - Leakage of insulation oil and| - Capture insulation oils in barrel and use oil proof sheet]
Soil contamination . . : ] Contractor
machinery oil possibly affects. |to avoid any leakage.
Not significant since site is apart] - Instructuction to driver to comply speed limit.
Noise and vibration |from villages, but access road is| - Check proper material loading and unloading. Contractor
affected. - To use silnecer and muffler for equipment.
- Site rehabilitation with topsoil recovery, reshaping,
Management of . h L o
. Site revegetation, and remediation with site clean up work Contractor
abandoned sites P .
- Stabilization of waste disposal area
2.2 Natural Environment
Subsidence Not expected - -
Odor Not expected - -
Sediment Not expected - -
Protected areas Not expected - -
Ecosystem Not expected - -
Collapse of cut stone and . .
Topography and pse - Prevention with rock support and prompt concrete work] .
deterioration of mud stone|. ; Engineer
geology . in construction.
foundation may happen.
2.3 Social Environment
Resettleme_nt and Not expected ) )
compensation
Camping of construction worker| - Provision of proper sanitation with septic facilities.
Sanitation s health problem and disease| - Prohibition of untreated human waste to enter any|Contractor
may happen. watercourse.
Heritage Not expected - -
. . -Source workforce from qualified locals and orient]
Living and Provision of employment h : . . ) )
o . " workers on desirable working relationship with skilllContractor
livelihood opportunity (positive)
enhancement and employment program.
If optional ‘work of removingl _ Provision of explanation to villagers and tourists for the|
downstream rock shelves| ] ) ) . .
Landscape . - |meaning that the work is enhancing energy, which can|Engineer/NN1PS
conducted, minor scenery is

changed.

reduce CO2 and benefit to global environment.

Ethnic minorities and
indigenous peoples

Not expected

. Operation Phase

Water level decrease during off-

- Daily monitoring downstream water level including the|

Hydrology/ Eﬁ(aflfomfargesizns%:? on Nam Nam Lik. Avoid zero or single 18 MW operation for off-| NN1PS
Social and . - —{peak hours to keep downstream water level.
oclaland economic  water level increase duringl_ precaution to downstream communities for rapid
ezzzgggr:fzr:;’ peak operation, depending onlincreased/decrease of river water level with sign board and|NN1PS
P Nam Lik flow in dry season. public consultation. Keep present output increase rate and
Rapid water level increase from|conduyct gradual opening output as possible. NN1PS
off-peak to peak time.
4. Monitoring and Audit
Environmental audits |- Undertake third party monitoring audits WREA,
Environmental - Monitoring by EMMU for compliance of ESMP and ECC.  |NN1PS, EMMU

monitoring

NN1PS: Nam Ngum 1 Power Station. ECC: Environmental Compliance Certificate.
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Figure 6.3.11 Environmental Management Frameworks
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(6)

Table 6.3.11 Management Arrangements for ESMP of Expansion Project

Item

Management Body

Role

Remarks

1. Project Owner

EdL

Overall project management
Project financing

2. Project | Nam Nguml PS , the | Expansion project management | The Engineer will be

Management Engineer, and | at site, implementation of ESMP | selected before
environmental specialist construction.

3. Project | To be determined Works stipulated in a contract of

Contractors the expansion project

4. Environment Management Personnel

Project’s EMO

NN1 PS environment staff
and Head of Environmental
Office, EdL

Environmental monitoring
during implementation of
expansion project

DOE EMMU Social and Environmental | Environmental monitoring and
Management Division, DOE | inspection for expansion project
WREA Head of Division for Energy | Guidance for environmental

Sector, ESIAD

administration  according to
Decree, guideline, and standard.

Contractor’s To be assigned from | Compliance of environmental
environmental staff | contractor management during works at site
5. Environmental | -- Not proposed since the
Advisory Panel impact is not
significant.
6. Consultative | Steering Committee Third party’s monitoring, | Compose  of  DoOE,
committees consolidation of local opinion | NN1PS, Provincial and

during construction and
operation, and recommendation
to project

district WREA and
MoAF, and village
authorities

Prepared by JICA Survey Team

®3)

(CEMP)

(Contractor’s Environmental Management Plan: CEMP)

DOE WREA CEMP
- 16,000 30,000 m®
- 20,000 38,000 m®
- 6,000 10,000
- 76KkLx3 =22.8KkL
- 900
- 450
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ESMP

CEMP

1,200 m®
75,000 m®
15,000 m®

JICA
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Table 6.3.12 CEMP Requirement

Category Description
Public Contractors shall pay attention to the public morality of his staff and workers both on and off the site. In the
morality interests of good community relations, contractors and his personnel shall be circumspect in their dealings
with people residing near site and take steps to minimize any disturbance to them. Contractors shall arbitrate
any dispute arising between his personnel and persons in the neighborhood of the construction works.
Safety Contactor shall take all necessary precautions against risk of loss of life or of injury to any person employed

in the works, to employees of the project owner, the engineer, or to visitors having good and sufficient
reasons to be about the works. Contractors shall furthermore take all necessary precautions against damage
to the property of others located at or adjacent to the site. Contractors shall make arrangements to transport,
store, and handle explosives and fuels in a safe manner for protecting the public in accordance with the laws
and security regulations in Lao PDR.  Contractors shall obtain all necessary licenses and shall pay all
charges in respect of the same as may be necessary for the purpose of moving, storing, and handling
explosives and fuels, and shall make all applications and obtain approvals for the same from relevant
authorities of the Government of Lao PDR.

Sanitary and
Hygiene
Arrangement

Contractors shall keep the site in a clean sanitary condition. Contractors shall construct and maintain at the
site temporary toilet facilities complete with adequate toilets, urinals and hand basins, collection tanks,
sewage treatment systems and absorption trenches, for all of his personnel. Contractors shall instruct his
personnel to use only these toilet facilities. The location of these facilities and their construction shall be as
approved by the engineer and the project owner. Sewage from temporary facilities shall be disposed of in a
hygienic manner as approved. If contractors adopt untreated water supply system of the work sites, he shall
make suitable arrangements for an adequate supply of treated drinking water to be made available for his
personnel at the work sites.

Contractors shall remove all rubbish and to this end shall provide an adequate number of covered garbage
bins and containers placed at convenient points around his camp yards and work sites. Contractors shall
institute and maintain a regular garbage collection and disposal system, utilizing a covered vehicle for
collection and transport of garbage to the place of disposal. Garbage shall be disposed of by burning, by
burial or by other means approved by the engineer and the project owner.

Air,  Water,
and Soil
Conservation

Al precautions shall be taken by contractors to prevent the air, surface water and underground water, from
any kind of pollution within and adjacent to the construction site. Precautions shall also be paid to soil
erosion from any lands used or occupied by contractors for the purpose of temporary works and of the bed or
banks of any river and the deposition of excavated or eroded material in any river that may result from the
execution of works.

Contractors shall carry out proper measures to reduce dust nuisance resulting from his operations. Measures
shall include, but not be limited to, installation of dust suppression units on his equipment, watering down of
excavated material during loading operations, provision of respiratory protection such as musk for workers,
and use of water tanks and sprinkler to public roads, material collection areas, and disposal areas.

All soil conservation measures shall be carried out at the earliest possible time to ensure that required
protection is established most effectively during the progress of works.

Tree
Preservation

Due precautions shall be taken by contractors and those workers to protect trees and shrubs as far as is
practical in and adjacent to work sites. Trees shall not be cut down or removed without the approval and
contractors shall prepare necessary application for approval of tree cut.

Waster Construction waste such as demolished concrete and excavated soil shall be kept spoil bank approved by the

Material engineer. No materials from required excavations shall be removed from the site without written approval of
the engineer.

Noise Contractors shall carry out work without unreasonable noise. Compressors used on the site work shall be

Control silenced either by using full silenced models fitted with effective exhaust silences and properly lined and

sealed acoustic covers to all the design of the manufacturers of the compressor or by the use of effective
acoustic screens to enclosure the noise source. Pneumatic percussion tools used on the site shall be fitted
with silencers or other equipment shall be maintained in good and efficient working order.

Prepared by JICA Survey Team
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Table 6.3.13 Environmental and Social Monitoring Plan

Description

|Mitigation Plan

| Responsibility | Monitoring| Frequency

1. Study Stage (conducted in IEE)

Environmental

Environmental Clearance Certificate must be obtained

permits before construction. EdL ) Done
Explanation to all downstream 24 villages were held
Explanations to during survey. Public Consultation was held on 16 June]EdL and
. . . Done
the Public 09 and consensus was obtained for projectlconsultants
implementation.
2. Construction Stage
2.1 Anti-pollution measures
) Sprl_nk_le water tq control dust Contractor Contractor | Daily
- Minimize travel distance
Air quali - Regular checking of engine and exhaust off .
quality €9 ) 9 9 ) Contractor Enineer Monthly
machinery, and its recording and reporting
- Respiratory protection for workers at site Contractor Enineer Daily
- Regular water sampling and quality analysis atf
Water quality downstream of construction site. In case not acceptable] NN1PS/Engineer |EdL Monthly
level, find reason and trap waste water.
Waste - Dispose of materials to approv_ed area so as nho to| Contractor Enineer Weekly
disturb scenery and not to contaminate water.
Soil contamination - Capure _|nsu|at|on oils iin barrel and use oil proof Contractor Enineer Weekly
sheet to avoid any leakage.
- Instructuction to driver to comply speed limit.
Noise and vibration | - Check proper material loading and unloading. Contractor Enineer Weekly
- To use silnecer and muffler for equipment.
- Site rehabilitation with topsoil recovery, reshaping, N
Management of - n topsol re y ping . At finishing
. revegetation, and remediation with site clean up work |Contractor Enineer
abandoned sites P . stage
- Stabilization of waste disposal area
2.2 Natural Environment
Topography and - Prevention with rock support and prompt concrete . Before
. . Engineer EdL .
geology work in construction. construciton
2.3 Social Environment
- Provision of proper sanitation with septic facilities.
Sanitation - Prohibition of untreated human waste to enter any|Contractor Enineer Weekly
watercourse.
- -Source workforce from qualified locals and orient| Work
Living and . . . . ) ) .
livelihood, safety workers on desirable working relationship with skilllContractor Enineer commence
' enhancement and employment program. ment
- Provision of explanation to villagers and tourists for At finishin
Landscape the meaning that the work is enhancing energy, which|Engineer/NN1PS |EdL g
) . stage
can reduce CO2 and benefit to global environment.
3. Operation Phase
- Daily monitoring downstream water level including the|
Hvdrology/ Nam Lik. Avoid zero or single 18 MW operation for off{NN1PS EdL Every day
Y 9y . |peak hours to keep downstream water level.
Social and economic - - .
. - Precaution to downstream communities for rapid
environment, . - o
public safety increased/decrease of river water level with sign board
and public consultation. Keep_ present output increase|NN1PS EdL Every day
rate and conduct gradual opening output as possible.
4. Monitoring and Audit
Environmental audits |Undertake third party monitoring audits WREA, - Lyear after
construction
Environmental Monitoring by EMMU for compliance of ESMP and WREA,
ron 9 by P NN1PS, EMMU |Steering Quartely
monitoring ECC. Committee
Prepard by JICA Survey Team
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- (Ambient monitoring):

- (Validation monitoring) (Effectiveness monitoring):

- (Compliance monitoring):ESMP
WREA

EdL
DOE
WREA
3
EdL DOE WREA
WREA 1

WREA

(5) ESMP
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Table 6.3.14 Cost Estimation for Environmental Management

Description Unit price Qty Unit Amount
Detailed Design
Environmental Specialist (international) 20,000 1|P/M 20,000
Hydrologist 4,000 2|P/M 8,000
Miscellaneous expenses 14,000 1|L.S. 14,000
Subtotal 42,000
Construction
Environmental Specialist (international) 20,000 3|P/M 60,000
Environmental specialist (local) 4,000 18|P/M 72,000
Water quality Analysis 2,000 18|set 36,000
Governmental monitoring cost 1,200 12|times 14,400
Miscellaneous expenses 91,200 1]L.S. 91,200
Subtotal 273,600
Operation
Environmental Specialist 4,000 3|P/M 12,000
Hydrologist 4,000 2|P/M 8,000
Governmental monitoring cost 1,200 4|times 4,800
Environmental audit cost 5,000 1]time 5,000
Miscellaneous expenses 14900 1]L.S. 14,900
Subtotal 44,700
TOTAL 360,300
* Compensation is not included Unit:US$
* Miscellaneous expenses includes transportation, communication, reporting, etc.
Prepared by JICA Survey Team
US$0.32
US 45,000 EdL
1
Table 6.3.15 Implementation Schedule for ESMP
D e Year 1 Year 2 Year 3 Year 4 Year 5 Year 6
escnptlon 113 |5 (7 |9 |11)1 |3 |5 |7 |9 |11|1 |3 |5 |7 |9 (111 |3 |5 |7 (9 |11f1 |3 |5 (7 |9 [11]1 (3 |5 |7 |9 |11
1 |Detailed Design Stage
Hydrology data collection and analysis "
Warning sign and system study { T -
EMP revise according to detailed design [ !
2 |Construction Stage
Education of construction workers C
Water quality monitoring
Transportation inspection pppppoppppppopoppaQ
Machinary checking DopppppoppppoppaQp
Worker's camp hygine management ]
Quarry site and dumping management 1
Public health and savety management
3 |Operation Stage
Hydrology data acquisition o o
Downstream hydrology monitoring o ——
Prepared by JICA Survey Team
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2009 7 16
WREA EdL 53
JICA 6-43 22 1



1)

0.5m
0.5m

2)

05m 0.6m
(3)
(@) IESE
(2) WREA
(3) IESE

IESE
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6.4 CO,

5 g/kWh 188 g/kWh>, CO,
CO,

1969

(Clean Development Mechanism: CDM)
2007 12 ACMO0002 Version7  ”Consolidated baseline methodology for
connected electricity generation from renewable sources”

EdL EGAT
40 MW
40 MW CO;
40 MW 1120 GWh
56 GWh 40 MW
20 8 JICA
( JCA ) CO, CO,

® Dam Handbook (Dam Binran) using material of Ministry of the Environment, Japan, 1995
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(Certified Emission Reduction: CER)

20 US$/ton-CO,

EGAT
CDM EGAT CO; 0.49 ton-CO,/MWh
JICA 0.708 ton-CO,/MWh JICA
IEA 2006 EGAT
68% 18% 6 CDM
JICA ( 5%)
0.708 0.414
Table 6.4.1 Amount of Emission Reduction by NN1 Expansion Project
Country: Lao PDR (Calculation is based on data in Thailand)
Project effect: 56,000| MW h/year
3600[kJ/kWh
Conversion 41.868| TJ/ktoe
factor: 10| Tcal/ktoe
’ 860|kcal’lkwh
3.667 |t-CO2 / t-C
Electricity |Thermal [Carbon Fraction i -
. E ff t
Description Energy output Input Efficiency |Content Factor mission coeflicien
GWh Ratio ktoe % tC/TJ kg-CO2/kWh
Petroleum 8,521 6% 1965 37% 20.0 0.990 0.708
Gas 94,026 68% 18972 43% 15.3 0.995 0.474 0.556
Coal 24,927 18% 4929 43% 26.8 0.980 0.814
Other 11,268 8% 1626 60%
Total 138,742 100% 27492 43%
5% of Total 6,937 5%
Fuel cost Constrain |Installed |Load Energy Reduction |Reduction
Description Priority Capacity |factor output incapable |possible
MW % MWh MWh MWh
Petroleum 1 o] 8,521,000 6,937,100f 1,583,900
Gas 2 0| 94,026,000 6,937,100{ 87,088,900
Coal 3 0] 24,927,000] 6,937,100 17,989,900
Reduction |Reduction |Amount Thermal [Carbon Fraction Fuel Emission
Description |incapable [possible Reduction |Efficiency |[Content Factor Reduction |Reduction
MWh MWh MWh % tC/TJ ktoe ton-CO2
Petroleum 6,937,100] 1,583,900 56,000 37% 20.0 0.990 12.9 39,650
Gas 6,937,100] 87,088,900 0 43% 15.3 0.995 0.0 0
Coal 6,937,100] 17,989,900 0 43% 26.8 0.980 0.0 0
Total 39,650
20 US$/ton-CO2
Project CO2 Emission: 0 ton-CO2/year
Project Emission Reduction with grid coefficient: 31,135 ton-CO2/year 622,702 US$/year
Actual Project CO2 Reduction: 39,650 ton-CO2/year 793,001 US$/year
Prepared by JICA Survey Team
JICA 39,650 ton-COy/
31,135 -COy/

CER
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Table 6.4.2 Emission Reduction and Revenue from CER

Method JICA Method | EGAT Grid Average
CER Price US$20/ton-CO,
Emission Reduction 39,650 ton-CO,/year 31,135 ton-CO,/year
Emission Coefficient 0.708 ton-CO,/MWh 0.56 ton-CO,/MWh
Revenue from CER About 0.7 mil US$/year About 0.5 mil US$

Prepared by JICA Survey Team
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