Environmental Impact Assessment

Project Number: 41924
May 2014
Document Stage: Final

Nam Ngiep 1 Hydropower Project
(Lao People’s Democratic Repubilic)

Appendix G: Results of Soil Analysis, Water Quality
Modelling Assumption and Results, and Public
Consultation Results

Prepared by Nam Ngiep Power Company Ltd. with assistance from ERM-Siam Co., Ltd. and
Environmental Research Institute, Chulalongkorn University for the Asian Development Bank.
This is an updated version of the draft originally posted in January 2012 available on
http://www.adb.org/projects/documents/nam-ngiep-1-hydropower-project-results-eia

The final report is a document of the borrower. The views expressed herein do not necessarily
represent those of ADB's Board of Directors, Management, or staff, and may be preliminary in
nature. Your attention is directed to the “Terms of Use” section of this website.

In preparing any country program or strategy, financing any project, or by making any
designation of or reference to a particular territory or geographic area in this document, the
Asian Development Bank does not intend to make any judgments as to the legal or other status
of any territory or area.



Appendix G

NNP1 Results of Analysis



Appendix G1

Results of Soil Analysis
(Prepared by ERIC)



ANNEX A

RESULTS OF SOIL ANALYSIS

FOR ORIGINAL PROPOSED
RESTTLEMENT SITES




EIA of The Nam Ngiep 1 Hydropower Project

Draft Report: Annex A

(1)

Soil Properties of Four Villages for Initial Site Selection
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Mo[ No Safl pH % Nitragen N Phosphorus Potassium % [wFing] % | % [ Tex- mag!100g of soi
Lab| Profie Linit HO[ kel | om | %N [ NH, | N0, [ %P.0:| P-ppm | %K.0] K-ppm | Coarse| Sand| Clay | sit | wre [Ga7 |Ma” [ K | Na® [ cec
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No| Mo Sail pH % Mitragen N Potassium % [%Fine] % | % | Tex meq/100g of soil
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Ne| No Sol pH % N N Phos Polassium | % [%Fine] % | % | Tex mag/ 100g of sol
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Total | ppm | ppm | Tol | P-Avail| K Tot| K Avall| Sand
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No| Na Soil pH % Hitrogen N Phas Potassiem % |%Fing] % | % | Tex meq/100g of soil
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Total | ppm | ppm | Tot | P-Avail| K Tot| K Avail] Sand
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Source: Agriculture and Forestry Scientific Research Institute, Lao PDR, December 2007
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2) Soil fertilities at Phukata and Pha-Aen areas, in November 2008
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(1) Soil Properties of Resettlement area
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surasuelo Usgaiiueto vegaBuato
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setriiuhuede nelnh gae Uati anggto
gm‘unﬁﬂmmh‘!ﬁﬁu nednh use Uald
Budtsduzeslogmunfiqu 1 shwou 24 Sodm

NN | Nolab. | Profile | Layer Date pH oM NH," NOy P10 CEC Exchangoabie cation|meg/100g) BS
H0 KC % ppm ppm % crmolkg ca” Mg K Na* =
1 3178 | Hy P01 | 015 [ 18201 4.4 3.83 20| 17.50 7.00 0.04 5.32 1.12 0.92 0.05 0.18 42.72"
F] 3179 | Hy P01 | 1546 | 1@i7/2011 4.03 a7 129 1| 14.00 5.60 0.03 0,58 0.12 0.66 0.02 017 10.27
3 3180 | Hy P01 | 46-77 | ar/2001 [F] 379 105 J| 1750 10.50 0.02 9.48 0.28 0.84 0.02 0.28 15.03
4 3181 | HyPO1 | 77-110 | 18772011 4.3 3.78 75 14.00 7.00 0.02 7.28 0.28 076 0.01 0.29 1a_§
5 3182 | HyPOZ | 0-14 | 18772011 4.2 3.69 7223 16.10 7.70 0.04 11.58 0.158 0.76 0.07 0.24 0.
6 3183 | Hy POZ | 1441 | 1@i72011 4.2 3.8 168 | 1780 10.50 0.03 14 .08 0.12 0.52 0.04 0.24 8,49
7 3184 | Hy POZ | 4168 | 1@r/2011 416 383 114 ] [ 21.00 12.60 0.03 13.68 0.16 0.56 0.04 022 | 7.14
[] 3185 | Hy P02 | 68-110] 18772011 a3 388 N 16.80 7.00 0.03 9 88 152 348 022 0.22 55,02
] 3186 | Hy P03 | 0-16 | 1672011 429 375 CZ2S 1400 7.00 0.03 688 0.2 0.72 05 0.25 17.76
10 | 3187 | Hy P03 | 16-52 | 1672011 431 385 ] 143 (| 1400 6.30 0.03 4.38 0.04 1.16 02 0.27 EENT
11 | 3188 | Hy P03 | 52-73 | 172011 4.35 380 1705 [T 1820 B.40 0.03 7.78 0.08 28 0.02 0.15 30.15
12 | 3188 | Hy P03 | 73-120 | 172011 442 3809 [N &/ 21.00 10.50 0.03 678 0.12 0.76 0.02 0.20 16,20
13 | 3150 | HyPO4 | 0-16 | 18772011 445 76 A 10.50 7.00 0.03 6.38 0.35 0.88 0.08 022 2428
14 | 3191 | Hy P04 | 16-57 | 1872011 4.35 B3 J1656 | 10.50 6.30 0.03 508 0.16 1.36 0.04 0.15 28 55
15 | 3182 | Hy P04 | 57-83 | 1072011 444 BB [ 130 /| 1050 4.90 0.02 538 0.2 1.04 0.06 0.15 602
16 | 3193 | Hy P04 | B3-120| 19772011 45 389 100~ 14.00 7.00 002 | 618 0.12 1.16 0.06 0.15 4.08
17 364 P05 | D-14 | 1972011 4.43 3.99 2. 17.50 7.00 0.04 T.28 1.12 16 023 017 10.25
18 | 3185 | Hy P05 | 1449 | 1&/7/2011 4.43 362 143 | | 1400 560 0,03 372 032 1.48 0.19 0.15 57.38
I Hy POS | 49-74 | 18/7/2011 4.43 3.8 102 | | 15.40 6.30 0.03 12.38 0.44 2.36 0.07 0.13 24.24
20 | 3187 | Hy 74-190 | 18772011 4.56 362 108, 21.00 10,50 0.03 6.3 0.56 1.24 0.08 0.22 3298
21 3198 | HyPOB | 0-15 | 207/2011 456 374 241 1| 2240 11.90 0.05 10.28 1.2 3.36 0.07 0.18 46.82
2 | A Hy POB | 1566 | 2007/2011 443 3.78 2.05 10.50 7.00 0.05 10.18 0.28 18 0.04 0.25 23.29
23 | 3200 | HyFOB | 6687 | 20172011 239 3.83 1.58 11.90 560 0.04 972 0.16 152 0.04 0.29 20.64
24 | 3201 | Hy POB | B7-120] 20/7/2011 4.38 385 1.51 10,50 7.00 0.05 7.98 0.04 1.52 0.05 0.29 2377
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Source: National Agriculture and Forest Research Institute, Lao PDR, August 2011
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Sl paricle zise(hydromater) Textura
NN No.Lab, Profile Layer Date
Sand % clay % silt % class
1 3178 Hy PO1 0-15 18172011 6148 13.24 25.28 5L
2 3178 Hy P01 15-46 1872011 67 .48 15.24 27.28 sSL
3 3180 Hy P01 a6-77 TR0 5848 17.24 23.28 5L
4 ae Hy FO1 T7-110 19772011 55 48 17.24 27.2B 5L
S 3182 Hy P02 0-14 19712011 51.48 15.24 33.28 L
g 3183 Hy P02 14-41 19702011 5348 17.24 29.28 sL
7 3184 Hy P02 41-88 | 19miz0n 51.48 19,24 2028 (i
g 3185 Hy PD2 GB-110 1972011 49,48 21.24 29,28 L
9 3186 Hy PO2 0-16 19712011 5348 11.24 3528 SL
10 3187 Hy P03 16-52 1972011 4048 18.24 31.28 L
11 3188 Hy P03 52-73 1972011 47,48 21.24 s L
12 31689 Hy PR3 73120 19/7/2011 45.48 23.24 31.28 L
13 3190 Hy PO4 016 18/72011 5148 1524 33.28 L
14 319 Hy P04 16-67 18172011 4948 17.24 33.28 L
18 3182 Hy P04 57-83 191712011 4348 23.24 3328 L
16 3193 Hy PD4 83-120 19/7/2011 4548 25.24 2928 L
17 3194 Hy PDS 0-14 1972011 4748 11.24 41.28 0
18 3195 Hy POS 14-49 172011 4348 2124 35.28 L
19 3196 Hy POS 49-74 180772011 49.48 25.24 25.28 SCL
20 3197 Hy P05 T4-110 19772011 39.48 27.24 3328 CL
21 3198 Hy POB 0-15 200712011 41.48 2124 37.28 L
22 3199 Hy PO& 15-66 200712011 35.48 23.24 41.28 ¥
24 3200 Hy PO& EB-87 20020 i7.48 25.24 3raa 1
24 3201 Hy P0G 8r-120 200712011 3348 27.24 3oz cL
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Source: National Agriculture and Forest Research Institute, Lao PDR, August 2011
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(2)Soil Properties of Two Villages (Ban Sopyouak, Ban Namyouak)
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Budt=fuzestagnauuiqu 1 shuou 8 fadag

pH oM NHS | NOy | PO, | CEC Exchangeable cation(meg/100g) BS

N/N |No.Lab) Profie | Layer Date

H.0 KCi % malkg | malkg % |emolkg| ca® | Mg™? K’ Na' %

3308 5G-1 0-10 | 2e/72011 4.4 4.04 1.49 14.00 560 0.054 15.04 1.36 0.64 0.02 0.10 14.10

-

3309 5G-1 | 30-40 | 26/7/2011 4.36 3.99 0.92 15.40 7.00 0.065 312 0.96 0.84 0.01 012 £1.81

3310 | sG-1 |60-70] 2672011 | 434 | 409 | 0.52 | 1050 | 350 | oose | 652 | 036 | o084 | 003 | 0.07 | 19.87

3311 5G-1 | 80-90 | 26712011 4.09 3.98 0.62 11,80 4.90 0.063 2.80 0.78 0.64 0.02 0.09 53,69

3312 | nG-1 | 0-10 | 2672014 | 444 | 389 | 1.10 | 1750 | 1050 | oose | 3686 | 076 | 064 | 001 | 063 | 3.9

3313 NG-1 | 30-40 | 26/712011 4.2 4.06 1.02 20.30 11.20 | 0.063 15.32 0.36 1.24 0.03 0.09 1118

3314 | NG-1 | 60-70 | 2672011 4,14 4.03 0.65 14.00 5.60 0.064 | 23.80 0,56 .64 0.02 0.01 5.18

| =~ & | & W] R

3315 | NG-1 | 80-90 | 26/712011 | 4.39 412 0.69 | 10.50 3.50 p.osg | 22.16 0.36 0.64 0.03 0.07 4.95

Note ; SG : Sopyouak, NG : Namyouak
Source: National Agriculture and Forest Research Institute, Lao PDR, August 2011
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Soil paricle zise(hydrometer) Texture
R R e aser e Sand % clay % slit % class
1 3308 5G-1 0-10 26712011 52.76 23.96 23,28 SCL
22 3308 5G-1 30-40 26712011 66.76 21.96 11.28 3CL
3 3310 5G-1 60-70 260712011 44,76 35.96 19.28 CL
4 3311 SG-1 80-80 26712011 60.76 27.96 11.28 SCL
5 3312 NG-1 0-10 26/7/2011 72.76 15.96 11.28 Sl
& 3313 MWNG-1 30-40 26/712011 48.76 29.96 21.28 sSCL
7 3314 NG-1 60-70 26/TI2011 64.76 2756 7.28 SCL
8 3315 NG-1 80-90 26/TI2011 46.76 3396 19.28 SCl
ﬁazﬁj%@uﬁué-::l-‘umuu‘ﬁéfﬁﬁuﬂu%ﬂﬁ gae Ut fiovbamoegaud 96U
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M g i,
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Note ; SG : Sopyouak, NG : Namyouak
Source: National Agriculture and Forest Research Institute, Lao PDR, August 2011
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3) Soil Properties of Left bank at downstream of re-regulation dam
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pH oM P,Os Exchangeable cation{meg/100g)

MM Mo.Lab. | Profile Layer Date o e i % e V" ” =
1 3316 MN-1 0-18 241712011 4.27 4.0 11.68 0.054 0.36 1.04 0.03 0.01

2 3317 NN-1 18-40 | 24/7/2011 4.19 3.98 12.20 | 0.043 0.16 0.84 0.02 0.10

3 3318 NN-1 40-78 | 24/7/2011 423 4.04 10.22 | 0.046 0.16 0.64 0.02 0.05

4 3319 NN-1 | 78-125 | 24/7/2011 4.04 4.02 7.89 0.041 0.36 0.64 0.02 0.07

Source: National Agriculture and Forest Research Institute, Lao PDR, August 2011
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Soil paricle zise(hydrometer) Texture
MN/N Neo.Lab. Profile Layer Date

Sand % clay % silt % class
1 3316 MNN-1 0-18 24712011 56.76 17.96 25.28 SL
2 3317 NMN-1 18-40 24/712011 5276 23.96 23.28 SCL
3 3318 WM-1 40-78 24712011 48.76 29.96 21.28 ScL
4 33149 NMN-1 78-125 24712011 46.76 27.96 2528 SGLE
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Source: National Agriculture and Forest Research Institute, Lao PDR, August 2011
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WATER QUALITY MODELING
ASSUMPTIONS AND RESULTS

The EIA study for the NNHP1 project was conducted by EGAT and ERIC. The NEWJEC, an
international engineering firm based in Japan, carried out water quality simulations. This
included making quantitative predictions of water quality in the main reservoir, as well as

along the Nam Ngiep River downstream of the re-regulating dam, in response to requests
from EGAT and ERIC.

The analysis of water quality for the EIA study utilized a numerical simulation model to
predict water quality after reservoir creation. In order to model this data, NEWIJEC tested the
assumptions on a number of reservoirs in Japan. The initial assumptions were verified and
calibrated by actual monitoring data. Several assumptions and data input are summarized
below.

1 ASSUMPTIONS FOR DEVELOPING THE WATER QUALITY
MODEL

1.1 STRUCTURE OF THE MODEL
The water quality model for the Nam Ngiep 1 Project was composed of the following three

sections: main reservoir, re-regulation reservoir, downstream river.

Although the accuracy of the one-dimensional model is empirically sufficient for water
quality prediction, the two-dimensional water quality model was adopted for the main
reservoir because the reservoir of the main dam is quite long and topographically complicated
in vertical and longitudinal direction.

One-dimensional models were applied to assess the water quality of the re-regulation
reservoir and the downstream river.

1.2 MAJOR FEATURES OF MODEL

Modeling the distribution of the water quality variables in the

Main Reservoir

reservoir
- Type Vertical two-dimensional model
- Governing equations Continuity equation;

Momentum equation;

Conservation of heat;

Conservation of water quality concentrations;

Equations for some components of the dissolved oxygen
budget

- Predicted values Temperature; Suspended Solid; Dissolved Oxygen
Settlement of the suspended solid and organic materials
according to the hydraulic retention time, considering re-
aeration from the atmosphere, heat transfer to and from the
atmosphere.

Re-regulating Reservoir

C-2



EIA of The Nam Ngiep 1 Hydropower Project

Draft Report: Annex C

- Type

One-dimensional model

- Predicted values

Temperature; Dissolved Oxygen

(Suspended solid (SS) was not predicted conclusively
because SS would be trapped and settled in the main
reservoir and SS concentration would decrease)

Downstream River

Modeling the transport of water quality variables along the
river reaches

- Type

One-dimensional model

- Predicted values

Temperature; Dissolved Oxygen
(Suspended solid was not predicted)

1.3 DATA PREPARATION

Geometric data

Topographic maps of reservoirs and downstream river

Meteorological data

- Temperature, humidity, wind speed: observed data in
Vientiane (MRC)

- Solar radiation: estimated from observed cloud coverage in
Nongkhai (Thailand) and Savionv’s equation

Stream inflows to the
impounded area

- Calculated using Tank Model method (see EIA 5.1.11
Hydrology)

- Tributary inflows: Stream inflows from nine major
tributaries downstream of the re-regulating dam, were
calculated in consideration for basin area of each tributary

Water level

- Main dam: water-surface elevation estimated by reservoir
operation model

- Mekong River: observed value at Paksan

- Downstream zone: estimated by non-uniform analysis

Quality of water coming into the main reservoir

- Water temperature

The correlating equation was derived from water temperature
at the Nam Ngiep River (observed by KANSAI in 2011) and
air temperature in Vientiane (MRC). Temperature of
inflowing water was calculated from the correlating equation,
using the air temperature in Vientiane.

- Dissolved oxygen

DO is oxygen that is fully mixed and saturated in the
inflowing water into the reservoir. DO of water coming from
tributaries downstream of the re-regulating dam was
correlated considering for observed DO (JICA).

- Suspended solids

SS was estimated by the correlating equation, which was
derived from measured data of SS (JICA) and inflow into the
TeServoir.

The fine particle size distribution was assumed as 30 % for
less than 1pm and 20 % for 1-5 pum of suspended load.
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1.4 OTHER MODEL PARAMETERS & ASSUMPTION

Parameters were given with reference to a number of data sources. Similar cases of dam
projects were studied in consideration of meteorology factors including the Nam Theun 2
project, and average values widely used in prediction computation were adopted.

Dispersion coefficient - Longitudinal dispersion coefficient
- Vertical dispersion coefficient
Solar radiation - Light absorption rate at the water surface

- Light reflection at the water surface

- Light attenuation factor

Dissolved oxygen - Re-aeration coefficient

- Photosynthesis by benthic algae

- Oxygen consuming rate by decay of organic material

- Oxygen consuming rate by the decomposition at the
bottom

1.5 CALIBRATION

Water dynamics as well as a distribution of water quality variables are modeled in the
simulation of the main reservoir. Calibration of the two-dimensional model was carried out
based on a review of literature regarding the simulation of the existing dam reservoir in
Japan. Parameters were based on values which used in dam projects situated in similar
meteorological conditions including the adjacent Nam Theun 2 project and average values
which widely used in prediction computation in Japan.

Simulation of normal dam operation was carried out based on eight years (1991-1998) of
hydraulic data; any effects of initial impoundment were not considered. Calculation was
conducted on a daily interval.

The outflow from the reservoir of the main dam was used as an input variable for the
downstream models (re-regulation dam and river downstream). Parameters were set based on
the simulation of the existing dam reservoirs. Calibration of the change in water temperature
along the downstream course of the river was conducted using observed data.

2 RESULT OF THE WATER QUALITY MODEL

2.1 WATER LEVEL FLUCTUATION AND WATER QUALITY ON
THE DOWNSTREAM RIVER

2.1.1 PREDICTION OF WATER LEVEL FLUCTUATION WITH NON-UNIFORM
FLOW ANALYSIS

Non-uniform flow analysis was adapted to estimate various water level fluctuations along the
downstream river stretching from the dam site to the Mekong. Two scenarios — without the
dam (“before construction”) and with the dam (“after construction”) — were analyzed. In the
computation, water level is set as a boundary condition.
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2.1.1.1 Monthly fluctuation

Water level of the river, again looking from the dam site to the Mekong, is computed for each
month at the five sites that major tributaries and Mekong River are jointed (Figure C-1). The

charts in Figure C-3 show the water level under both scenarios at varying distances from
cross-section no. 1.

0 2m  4km
| IS EE—

Figure C-1 Location of cross section along downstream river course
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Table C-1 Average flow before and after construction
Class—1 Class—2 Class—3 Class—4 Flow Case
With/without Monthly [Before const. Jan 79.1 m’/s 1
project Feb 66.6 m’/s 2
Mar 57.9 m’/s 3
Apr 66.6 m’/s 4
May 118.1 m/s 5
Jun 209.6 m’/s 6
Jul 289.1 m%/s 7
Aug 327.4 m%/s 8
Sep 252.3 m’/s 9
Oct 143.9 m%/s 10
Nov 113.7 m’/s 11
Dec 92.5 m%/s 12
After const. Jan 126.6 m’/s 13
Feb 121.2 m%s 14
Mar 115.0 m%/s 15
Apr 127.7 m%/s 16
May 154.6 m’/s 17
Jun 160.5 m’/s 18
Jul 189.5 m’/s 19
Aug 222.7 m¥/s 20
Sep 215.5 m’/s 21
Oct 142.9 m’/s 22
Nov 122.1 m’/s 23
Dec 125.8 m¥/s 24
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Cross Section No2
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Figure C-2  Prediction of seasonal water levels before and after construction (at

representative points)
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2.1.1.2 Maximum and minimum flows

The maximum and minimum flows under two conditions — without the dam (“before
construction”) and with the dam (“after construction) — are shown in Table C-2 below. For
each case listed, Figure C-4 includes graphs of predicted water levels at maximum and

minimum flow.

Table C-2 Study cases for maximum and minimum flows

Class—1 Class—2 Class—3 Class—4 Flow Case
Before const.| Maximum in 10yrs 483.0 m’/s 25

Maximum |After const.| Maximum in 10yrs 405.0 m%/s 26

Design flood 5,210.0 m’/s 27

With/without | Riparian Pefore const.| Minimum in 10yrs 31.4 m’/s 28
the dam release  |After const. I\f/l(l)ilzgeio’:;ziztigw 40.0 m*/s 29
Target discharge 20.0 m’/s 30

Guaranteed flow 5.5 m/s 31

Non-release 0.0 m%/s 0
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2.1.1.3 Weekly water level

Differences in water level on a weekly basis, as caused by the operation of the re-regulation
dam, are computed under both scenarios (i.e., with the dam and without the dam).

Table C-3 Study cases for weekly water level fluctuation

Class—1 Class—2 Class—3 Class—4 Flow Case
With the dam [ Weekly WL Main P/S Mon - Fri 153.3 m’/s 32
230m3/s Sat 150.0 m’/s 33
Sun 40.0 m’/s 34
Main P/S Mon—Fri 100.0 m%/s 35
150m3/s Sat 70.0 m’/s 36
Sun 40.0 m’/s 37
Main P/S Mon - Fri 40.0 m’/s 38
60m3/s Sat 20.0 m’/s 39
Sun 20.0 m’/s 40
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Figure C-5  Prediction of water levels for weekly water level fluctuation (longitudinal
profile of the river)

2.1.2 PREDICTION OF DISSOLVED OXYGEN ALONG THE DOWNSTREAM
RIVER COURSE

Based on the results of the non-uniform analysis', changes of DO concentration downstream
from the dam were computed with the following re-aeration equation:

dDO
dt - Kair (DOS - DO) DOS = saturated dissolved oxygen concentration (mg/1)
- b DO = dissolved oxygen concentration (mg/1)
K
air fair Z

K, = rate constant (hr")
f,; = transfer velocity (m/hr) ( = 0.03m/hour)
b = water surface width (m)

. 2
A = cross sectional area of flow (m”)

where f,;; represents the speed at which a front of oxygen penetrates through the water depth.
The stronger the mixing processes are, then the higher this value will be. Typical values are
in the range 0.03 - 0.1m/hour.

There are observatory data of DO in the downstream river (No.1 point: Ban Hajyun,
No.15 point: Ban Muong Mai) which were measured in 1999 by the JICA study team. This
observed data was used for calibration of the applied model. In order to check the accuracy of

! Non-uniform analysis is discussed in section 2.1.1 above.
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the prediction model for Do along the downstream river, the observed DO at Ban Hajyun (No.
1) was used as the initial value. The prediction model was deemed to be appropriate by

comparing the estimated DO with observed DO at Ban Muong Mai (No. 15).
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Figure C-6 DO of the downstream river (before dam construction)

Seasonal changes of DO concentration are shown in the following figures C-7.
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Figure C-7 Seasonal changes of DO
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In the following figures, DO concentrations subject to distance from the dam (‘“‘after
construction”) are compared to natural DO concentrations in the river (“before construction™).
The Do concentration increases gradually as the water flows further downstream.
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Figure C-8  Prediction of DO changes per month (longitudinal profile of the river)
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2.1.3 PREDICTION OF DOWNSTREAM WATER TEMPERATURE

Based on the results of the non-uniform analysisz, water temperature change in the
downstream river was computed with the following equation:

Q=Q+XQ
L=To* QT2T - Q+t {do-t (p-Cy-H } -Q,
TH:LH/QH

where,

Q, ; flow at a given point  Qy ; flow from upstream (discharged water from the dam)  Q; ; flow from
a tributary

L, ; heat quantity at a given point T, ; water temperature from upstream (water temperature of
discharged water from the dam) T, ; water temperature from a tributary

T, ; water temperature at a given point t, ; time of flow

¢ ; heat balance on water surface o ; density C, ; specific heat H ; average water depth

Heat balance on water surface ( ¢ ) can be represented as follows:
0=00— (Pt o) —ra
o= (1—0.06) ¢,
9. To.= (0.000308+0.000185W) (E,—E,) (595.4—0.54t,+t) x1000
9=0.97x1.1171x10° (T,*-0.937x10-5T,° (1+0.17C*) )
E,= (0.00045t.’+0.00363t,>+0.39626t,+4.4711) E
E,= (0.00045t,’+0.00363t,+0.39626t,+4.4711) E
where
@, ; amount of solar radiation (kcal/m*day) W ; wind velocity (m/s)

t, ; water temperature on surface ("C) t,; temperature ("C) T, ; t4+273.16 (K)
T, ; t,+273.16 (K)

C; cloud amount (0~1) E ; relative humidity (0~1)

? Non-uniform analysis is discussed in section 2.1.1 above.
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All necessary data for the computation were given on a monthly basis as shown in the following
figures.
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Figure C-9  Meteorological data for the computation
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The following figures show the temperature of downstream river before and after

construction .
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Figure C-10  Temperature of downstream river before and after construction
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Figure C-11  Prediction of water temperature per month (longitudinal profile of river)

2.2 COMPUTATION OF WATER TEMPERATURE

2.2.1 REVISION OF SOLAR RADIATION

The EIA project team could not obtain any observation data for the solar radiation in Laos.
The monthly average solar radiation data which was dependent on latitude under the
condition of sunny days all year round was revised by incorporating the parameter of monthly
average cloud cover measured from 2005 to 2008 in Nongkhai, Thailand. The average solar
radiation was computed by using the following equation:

Sar =

S, =S, - (1—k)n}

(cal/cmzlday)

n= cloud cover (0-1)

k = constant (0.33 at latitude 20 degrees north)

(Savinov's equation)

Total solar radiation into horizontal plane on a sunny day without a cloud

The following figure shows the estimated amount of solar radiation.
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Figure C-12 Estimated solar radiation
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2.2.2 RESULT OF COMPUTATION OF WATER TEMPERATURE

The simulation modeled the water temperature in the Nam Ngiep reservoir as well as the
discharged water for the eight year period extending from 1991 — 1998. Inflow water
temperature was estimated by using a correlation equation between air temperature and
observed data of water temperature. The daytime water temperature at the dam site was
observed in 2011.

2.2.2.1 Water temperature in the reservoir

Monthly water temperatures at the reservoir and the inflow are shown below in Figure C-13.
The following characteristics are noted:

° the average water temperature of reservoir surface at the dam site shows the
lowest value (25.9 degrees Celsius) in January and the highest value (30.1
degrees Celsius) in May;

° the difference in the water surface temperature between the upper end of the

reservoir and the dam site is relatively large, meaning that water temperature
rises mainly due to heat flux by sunlight while the water flows down through
the reservoir.
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Figure C-13 Computation result of water temperature in the reservoir
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2.2.2.2 Water temperature of discharged water
Monthly average water temperatures of natural inflow, discharged water and the surface
water just upstream from the dam are shown in Figure C-14. It is important to note that:

° the temperature of the discharged water tends to be higher than that of inflow;

° the temperature of the discharged water tends to be lower than that of reservoir
surface water at the dam site from February to November, and these two
temperatures tend to be at the same level in January and December.
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Figure C-14 Comparison of water temperature for inflow and outflow

2.2.2.3 Change of water temperature along the downstream river course

(D) Verification of prediction model

There are observatory data of water temperature in the downstream river (No.1 point: Ban

Hajyun, No.15 point: Ban Muong Mai) which were measured in 1999 by the JICA study
team. This observed data was used for calibration of the applied model.

In order to check the accuracy of the prediction model for water temperature along the
downstream river, the observed water temperature at Ban Hajyun (No. 1) was used as the
initial value. The prediction model was deemed to be appropriate by comparing the estimated
water temperature with observed temperature at Ban Muong Mai (No. 15).
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Figure C-15 Water temperature of the downstream river (before dam construction)

(2) Change of water temperature in the downstream river before and after dam construction

Calculation of water temperature in the downstream river for two scenarios — without the dam
(“before construction”) and with the dam (“after construction”) — was performed using
monthly data such as discharged water and solar radiation.

° Water temperature slightly changes as the water flows downstream.
° water temperature in the downstream river displays seasonal variations.
o The difference of temperature before and after construction decreases as the

water flows downstream.
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Figure C-16 Prediction of water temperature changes per month (longitudinal profile of
river)
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Figure C-17 Prediction of water temperature of downstream river before and after dam
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2.3 WATER QUALITY OF THE RESERVOIR

2.3.1 WATER TEMPERATURE

By using meteorological data available in and around the site (see Table C-4), the water
temperature in the reservoir was modeled over the eight year period from 1991 — 1998.
Vertical distribution of the water temperature in the reservoir and temperature of the water
that is discharged through the spillway and powerhouse (“outflow”) were computed
chronologically (see Figure C-18).

Monthly average water temperature of the natural inflow and the discharged water can be
seen in Figure C-19, noting that:

° Thermocline would be formed around EL. 250 meters and maintained for
eight years;
° the temperature of the discharged water would tend to be higher than that of

natural inflow;

o part of the reason that the discharged water rises to a higher temperature than
in the inflow is because discharged water around the power intake mixes with
the warmer surface waters.

Table C-4 Parameters for the computation of temperature distribution

Adopted Range
Light absorption rate at the surface 0.5 0.3~0.6
Light reflection at the surface 0. 06 0.03~0.07
Solar radiation 1.5 0.3~1.5
Light attenuation factor 0.01 0.001~0.01

(1. 50+0. 01C,) (C, ; Chlorophyll-a concentration)

Ax ; Size of the longitudinal block

Longitudinal C=5.0 D.=CX A (n®/day) C=1~10
Dz=aexp (-bR,) tc
Dispersion coefficient a=10"° R; ; Richardson’ s number
Vertical b=0.5 |a=10°~10"
e=10"  [b=0.5

c=0~10""
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Figure C-19 Water temperature of inflow and outflow per month
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Figure C-20 Water temperature distribution of the reservoir at the dam site
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2.3.2 DISSOLVED OXYGEN (DO)

Concentration prediction of DO was performed with the parameters shown in Table C-5. The
values are based upon consideration of typical meteorological values from similar dam
projects, from adjacent projects such as Nam Theun 2, and from average values widely used
in prediction computation.

Table C-5 Parameters of DO prediction
Range | Adopted Ref
DO | Re-aeration 1/day 0.1~1 0.5
coefficient
Photosynthesis by mg O,/p g-chl.a | 0.063 0.1
benthic algae ~0.2
Consuming rate by mg O,/mg 0.01~0.1 0.03 Similar meteorological
the decay of the COD ' day conditions in Japan
organic materials
Consuming rate by g Oy/m” day | 0.01~3.2 1.2 Organic matter content:
the decompositions 2.75% (Ban Hat Gniun)
at the bottom Recovery period:
7 years
Same calculation as
Nam Theun 2

DO concentration in the reservoir’s outflow was compared to the DO concentration of
natural inflow over the eight year period spanning 1991 — 1998 (see Figure C-22)., These
results were averaged across all years; Figure C-21 shows the resulting graph of average
monthly DO. Figure C-23 shows how DO concentration varies depending on the water depth
at the reservoir site.

The result of the computation provides the following major characteristics.

° Discharged DO has a significant tendency to be lower than inflow DO. The
predicted range of discharged DO would vary from 3.5 to 7.9mg/l through the
year. DO concentration at a level deeper than the sill of the power intake
would possibly be less than 2mg/1, but it is not likely that the discharged DO
would be less than 2mg/I.
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Figure C-21 Comparison of inflow and discharged DO per month
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Figure C-23 DO concentration variations by depth of the dam

2.3.3 SUSPENDED SOLIDS (SS)

SS concentration of the water flowing into the reservoir (“inflow”) and the outflow was
computed for the eight years spanning 1991-1998, the result of which is shown in Figure C-
24. Additionally, Figure C-25 shows how turbidity varies depending on the water depth at the
reservoir site.

Results to be noted include:
° discharged SS would be largely lower than inflow SS since most turbidity
would be trapped and settled in the reservoir;

° any phenomenon of long-term turbidity was not predicted over the eight years
used for computation.

One of the assumptions is that particles with a size of SS less than 10 u m would be
suspended and maintained in the reservoir, of which less than a few would cause long-term
turbidity over a period of a few months.

In this computation, the fine particle size distribution at the site is assumed as 30%
particles which are less than 1 x m and 20% which are 1-5 1 m conservatively.
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1386
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Figure C-25 SS concentration in depth at the dam site
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3 CONCLUSION OF THE WATER QUALITY MODEL

3.1 WATER TEMPERATURE

3.1.1 DAYTIME WATER TEMPERATURE IN THE RESERVOIR

The simulation of water temperature in the Nam Ngiepl reservoir and its discharge was
carried out based on the hydraulic data over an eight year period (1991-1998).

The average daytime water temperature at the reservoir surface close the dam was the
lowest (25.9 °C) in January while the highest (30.1 °C) in May (Figure C- 13). The water
surface temperature was relatively higher than the inflow temperature due to heat flux by
sunlight while the water flows down through the reservoir. The thermocline zone was
predicted to form around EL. 250 m and it may affect the water quality for an eight year
maintenance period.

3.1.2 DAYTIME TEMPERATURE OF DISCHARGED WATER

The temperature of discharged water tends to be higher than that of natural inflow for the
same period (Figure C- 14). The temperature of the discharged water tends to be lower than
that of reservoir surface water close the dam.

3.1.3 DAYTIME WATER TEMPERATURE OF DOWNSTREAM

The water temperatures of the downstream river before and after dam construction were
significantly different. The average temperature downstream after dam construction would be
about 4 °C higher than before dam construction (Figure C- 16).

The temperature of discharged water changes as the water flows along the downstream
river course and gradually approaches the temperature of water before construction.

3.2 DISSOLVED OXYGEN

Concentration prediction of DO changes based upon whether or not the project is carried out.
The prediction of DO concentration in the reservoir compared to the DO concentration of
natural inflow and was based on data from the eight years spanning 1991-1998. The
computation results show that the DO in the discharged water has a significant tendency
which is lower than that of inflow. The predicted range of the DO in the discharge varies
from 3.5 mg/L to 7.9 mg/L throughout the year (Figure C- 22).

Although the DO concentration at a water depth which is deeper than the sill level of
power intake is possibly less than 2mg/L., it is not likely that the DO in the discharged water
be less than 2 mg/L. (Figure C- 23).

DO concentration of discharged water from the re-regulating dam is over 6mg/L
throughout most of the year. The DO concentration increases gradually while the water flows
downstream.
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3.3 SUSPENDED SOLIDS

The computation of SS concentration of the reservoir was conducted based on the hydraulic
data over an eight year period (1991-1998). The results showed that the SS in the discharged
water is lower than the SS of inflow since most SS would be settled in the reservoir.

The SS concentration was computed and the results showed only about 10 mg/L to 20
mg/L. of SS in the discharged water headed downstream (Figure C- 25) which is less than
one-tenth of that in the water before construction.
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1 VILLAGE LEVEL
1.1 Bolikhamxay Province (Ban Hat Gniun, Bolikhan District)

Minute of Public Consultation at Village Level on October 29, 2007
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1.2 Vientiane Province (Ban Sopyouak, Hom District)

Minute of Public Consultation at Village Level on October 31, 2007
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1.3 Vientiane Province (Ban Pha-an, Hom District)

Minute of Public Consultation at Village Level on November 15, 2008
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1.4 Vientiane Province (Ban Phukatha, Hom District)

Minute of Public Consultation at Village Level on November 15, 2008
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2 DISTRICT LEVEL
2.1 Bolikhamxay Province (Bolikhan District)

Minute of the First Public Consultation at District Level on January 16, 2008
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2.2 Bolikhamxay Province (Bolikhan District)

Minute of the Second Public Consultation at District Level on June 12, 2008
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2.3 Vientiane Province (Hom District)

Minute of the First Public Consultation at District Level on January 18, 2008
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Vientiane Province (Hom District)

Minute of the Second Public Consultation at District Level on June 9, 2008
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2.5  Vientaine Province (Hom District)

Minute of the Third Public Consultation at District Level on November 5, 2008
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2.6 Xieng Khoung Province (Thaviang sub-district, Thathom District)

Minute of the First Public Consultation at District Level on February 21, 2008

EMNREUESOUVEN IOULEIBURID
Huduu envano deeaiiveln envway Someurnmrosy

LRIYR|IR]
tlimantmy
Yesnaue: au':mﬂwﬁﬁmﬁ_uu

Dothifinnegtiugy

dsmunegegl:; gy Ui Busedy, rhusnmuiingeos,
taeaiinies, (5acDegatny

) & o ~
ThuDULIEEnSY 1o neingnuniensoul; 82 fu,

wen@asou: SeSammeRoFuana 4 siny
segfiarinfiagdanaunen)e)sean)
muuunqnmmunhmmhuwggiﬂjmﬂ
naunusiygL tae Dusueoge))eany
wequnneint-tit degose)eom
fisynayEunetaneunf use SycooSeiueny
Bt MMUTITRIRNeULETO I TR 4 By
nted e So Lo tm 4 v
Huanesamnucitygeausag e tny

O e = @ ot A Wk

- meusdineestudeudoudymuiod 13 sjtny
11, (i38oflne NCC

-
=]

R 9.00

iy pufiy Guue¥y, shuenuiinesos, eenlinddes, Saleynintow,

depunetegutaonmodlonn srRe Tanaipeuom  pudoneunagi
) i I’ o 0 v

wamwiioeey st 210 Tousswsvingaunndsigeushyusinodnes iy

nufiummGaud cae Soding 13 minuluienganumeagg tae adseandiy 2

tlutﬂﬂﬁ:}lmﬁ‘

E-21



EIA of The Nam Ngiep 1 Hydropower Project

Draft Report: Annex E

oot tiEyBunediotoefiy 1 4 Gl
1, Onuf
2. dmummosnuansy
& ﬁ"mm‘pm
4. duutin
teniftG¥ntunsiivndaud 9 Ao
1, dmugpeiy
2. dwaygne)
3. tmuumEnae
4, UTILMEY
5. dmuloiuee
6. thudy
7. Moy
8. dlanlszy
8 faunhden

santiy sey Buseely Suuegs, owpledSEo NCC Ydseofinanudiity
wiesslemrny,  DoanupuBunmuEnaniBunefivomsesueninndnme

win SyudiosduBidtuaniulniinjoestovnummudmiiu;

diuffefinauynily
4 t"uﬁaﬁ'i:nuz;nﬁﬂj
. dorlinifednt if
I & =
. DouReyn, oulmvmnn
. S (oae)
6. umagmhunmany
7. 656250 ey Someusn Euhin

B LM

B. ﬁnumﬁ?ﬂuﬁnmn
e
9. munmSaytusw das Su

uanfwhuﬁj’:ﬁauﬁmmﬁjmnmmm. mudieyfivBunefi oae

FnpeopyinBarunniinluiSiovesudnstcy  ioandaseoauuntiey  taw

miynnudngEey.

E-22



EIA of The Nam Ngiep 1 Hydropower Project Draft Report: Annex E

sanfly, mey oty ey, rhosnaulingess,  aeedindes, 34
ileymuining,  vsnmunegtsguidiatuninfmonushiivgegnmionsme
Sprwty suy @10 e todousgafiowtalfaniing 13 midaensuahiio
@i teoTicinegegudiotuniinensn o  Whasmdions
qu&nnﬂajiuﬁuLﬁ’ﬂuﬁm. 2008.

wanteneveniiodivlficinessey.
1. vy (eesmoutin, ddaumeg 3 aoy sviD 4 Huma:
v IO EIST ST
»  ulunustnaooin
« mmuBentuf
.« FunmudnenSgiBuiiednranuniehy
2. gaadauhi
o menfoamuindgusenas
« Sodudiafungey
3. unadmuTuanng
= I 2 meuGatinfunsiiv aodiulnudndawm lagmusaune
goumBacuotady, rmuBudng, mufinen cae naudtgea
mnaeythetuniesidn,
o HuenmtsutnuinfmduandninosentuguE ot Tasud
nefivsanlngn.

4. mt‘ruﬁ:iuﬂihﬁﬁmﬂ‘]jn‘l:ﬁumu‘ifpmﬁum‘tutsm.nu:mﬂlﬁinﬁ
oEs mnﬁﬂuinmﬁuutﬁuﬁmaﬁw:u‘iﬁum:}n‘lumn’mu':.

5. wealinfioud: fmvelinuéndne mirmufiocmgueney nddle
Ermrgnﬂq'muﬁﬁugwuqm?ﬂﬁiﬂuﬁjmtﬁunﬁw.

6.t yuiiy Buusty, nhusmulineeos, wetdingdes, (et
dsmunegdegy  hdudurudensuntibodiueessegaBulurmuln
dneNody ae nmufidntosany: (Sume, tzysju, anatas, deynau
o, taidl, Whseenn gev S0,

E-23



EIA of The Nam Ngiep 1 Hydropower Project Draft Report: Annex E

oew: ednmulunuode sefieqtdvedonpued niohSoeeyehiingy
unedingl 2004 ﬁnﬂmjﬁ:a}nu;ﬂmw “SedounmuEniSufoliy Bquneudon
osverhuenmuBaul Suneoy, Buley uas ﬁnﬁ'ﬂj}ﬂiﬂ]tﬁwwm
senmy, Toneditneso,  lomsunlogmusaumolumomenmundesiiv
a‘:‘w"ﬁﬂm{nﬂ:ﬁauﬁﬁﬁﬂmﬂaﬁu (e uugnummﬂu:mﬁmﬂﬂug, ﬂigmz
v, Bigd, sequfity waw Eﬁjmﬁ-\uﬂﬁm. aliumadiyniaa, neegusstdnh
|E'!Eiumr'njjﬁlimjﬂnﬁﬂiu‘lﬁnu:mﬁ%ﬂa;ﬂagﬂuﬁjﬁuﬁnumﬁﬁnﬂjmgﬂ&
weagtufudty enuaitelufiodi

neugutaon T 12:00, ios figeen, Hineno, tay tiuE
fuue®y, shusnauiineeos, taendingles, :qvuﬂajg wnioy, ttdnjoléay
andiEngouvegy was faododifideydiunagnn.

2]y, Huilt 21.02.2008

oo =
tsidequn o

iy Booey

E-24



EIA of The Nam Ngiep 1 Hydropower Project Draft Report: Annex E

2.7  Xieng Khoung Province (Thaviang sub-district, Thathom District)

Minute of the Second Public Consultation at District Level on July 2, 2008

aMarLeEn tsgamtietn dsenuans
#uslume tansean teeafiv=To envanu Someurniosu

TRIJEIIEDT]
i Dayma o
degnmuiuiioneuneoniag

Dotiuiin
neguegunoonauiigunedivmiiny

(monefio-HE0 cae Squondeu

neegunoonsBudymeiivsndnuronsfiouishiy cas BuooSau
yantagnifidng @y taiinfge, ’inﬁug:znm:‘jj. (Heagitiuy, arajgyieans,
fiyfiul 2 ey Havfio 2008 ewlfmmududemmusagnn maglly guandn, sey
ineniintiagmalng aae demeudoufiBrsosvinueaimmnnTEaYREY,
1Dy wae DuetsiuBunefody ow, Gwemeniu ney, Emupyen o
fnniingiinijodiey; omgingandSdaiitnan, tEagauaoy Hoplln 27 hau @iy
3 1w :nn-]Llsqu%grﬁ:ﬂmanuﬁuﬁnﬁqﬁuﬁﬁuﬁ:

i, neyegupsel mmm logmmusosmsdommetnonveesy 4 Owi
goud, SuwmoRiuney, N Eas dmaninyBTinGunviusn
1njﬂwuﬁﬁﬂgnﬂﬂu1mﬂnuﬁq|u1mﬁu 320 wlio, cruchiomnd 1920 &y
S 0710712006

2, O, dumnenuesy, Grumpgen wee S GEGuneiin
Togmuning@ey tadmnfy) Ly oDl Rgiomsumtagmu firgatunenitng
anaTifian 4 ity

- ﬁl‘hﬂnjgnﬂuﬁuiﬂnniﬂuﬁawmﬁﬁumuﬁnnﬂ:ﬁu' Tows, #y, 1w
oy, ienssurmuBosen IRcosstinum i EnSunsiio

o fveufinfevenn (Wil destosfionenDodo 10-15 Rolhun
ETE AT

E-25



EIA of The Nam Ngiep 1 Hydropower Project Draft Report: Annex E

o fEvBuRstamusEmUNOn) tas semunoiendhfil, W, Wl
il e Goumn dandouneyunia huamednu.

o EmBuermeeoTuconuing, eumutonsana 4-6 abe, Yondu
andy maouEn lHedaein

o svmumormmngtainty 4 Sautdifio

« fmpBosunfyuesmunoiataun@urutatd, g
GAL OTUnIORTLEEL,

o TEEnEiEEThEanaj e 15 njjusudisudougusmey
rucuofuiiuny  cey  maegmossinlhcnenesaneniugsy
Teyrmunmiduu 7- 8.0,

. ﬁﬁng‘!ags_]uﬁmrﬁuﬁwu 1 uniﬁnnﬁanqﬂmmwinmtﬁuz
tew, 513. neonl GEs enestumuioseutiqudauliomsumen
tha]9,

v DnSuSuBenBu, Ry ulionsnh, nrmd)yiioynt, agnesiiuTdicn 4
fiuy dnu, Srumnamnuaey, Grumjinn ke dumnfing, HéEy
Eumﬁu’tmm'gm'lngnunirﬁnjtﬁmf:amlnuﬁﬂt:

o GoamunmeemuidafirussSoiitnudfoudmony  THhisiugs
Sudaunmuunidinilieflng mdfownuduGy, euamsmnijeeyiisy
fiu

o iieibumuligraubinmEnmumenffoutmom,  sumdThnmlag
mudpnoonnauinnSnnumeuffoulueotiol  oee  Gyeawiu
Tt

. na:mﬁ‘!ﬁmﬂ:15mm‘rﬁﬂ-_|£eu‘mﬁ-mﬁq}u drywp=UanauSaiiuni
LnimednuunTy.

3 iﬁmﬂﬁ'liﬂi*iﬂjﬂﬂ"ﬁ“fﬁﬂ'lﬂn'lni 2 Baqiifigdin, YEEURMLI oG UG, nequy
gmuﬂﬁngnfmuﬁﬁwuuﬁiﬁmﬁq 3 @R aLsteRmgm
mglnjnuﬂkqhmnﬁﬁ!uﬂmuﬁulnuﬁg. FUDL T Hmu EnsDEEL
umﬂujﬂuﬂﬁrJ:,rl'1uﬁiﬂlﬁuimﬁﬁuﬁﬂuuuﬂmn&ﬂﬂjﬁu. fufiu, Yo
muﬁi-tjlgau'tmi!ﬂu‘iq]‘u wﬁmamagﬁﬁmumw&mnﬂﬁuﬂnuuﬂ

E-26



EIA of The Nam Ngiep 1 Hydropower Project Draft Report: Annex E

wREALTUERY: oY, O, CEENERNY, faleie 1 20 (MeLODEHTST L)
k |45 7 v MM LU (&

= i ';. - -
FL LUNIOTMRUCT H LR ICI-F E

- Talal" -
o T J008, 5T
b b
B R LA L " -
TuSunT
- = X, E .
BT it 1i I~TER Rl L B
LT T i
[ HiEEa Nl !
|
L]
.
}
el LA

E-27



EIA of The Nam Ngiep 1 Hydropower Project Draft Report: Annex E

3 PROVINCE LEVEL
3.1 Bolikhamxay Province (Pakxan District)

Minute of Public Consultation at Provincial Level on April 22. 2008
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3.2 Vientiane Province (Viengkham District)

Minute of Public Consultation at Provincial Level on April 28, 2008
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3.3  Xieng Khouang Province (Phonsavanh District)

Minute of Public Consultation at Provincial Level on April 24, 2008
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PUBLIC CONSULTATION

1 Village Level
2 District Level

3 Provincial Level

(In English Version)
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1 VILLAGE LEVEL
1.1 Bolikhamxay Province (Ban Hat Gniun, Bolikhan District)

Minute of Public Consultation at Village Level on October 29, 2007

Lao People's Democratic Republic
Peace Independence Democracy Unity Prosperity

1) The objectives of the meeting are to:

e Introduce to the background of project and its impacts

e Propose the resettlement sites

e Compile the comments and opinion and their attitudes onthe Nam Ngiep 1
project.

2) Participants

There are 50 participants attended this consultation meeting consisting of:
12 participants represented from Hatsaykham village

18 participants represented from Hat Gniun village

participants represented from Bolikhan district

participants represented WREA Bolikhamxay province

participants represented from EGAT, Thailand

participants represented from ERIC, Thailand

participants represented from Energy Promotion Dept.

participants represented from NCC Consultants

3) Summary of decisions

e The policy of Bolikhamxay Province want villagers of both Ban Hatsaykham and
Ban Hat Gniun are stay together.

e Representatives of Ban Hatsaykham agree with resettlement plan. Nevertheless,
they request to improve the livelihood and appropriate to the compensation.

e Ban Hat Gniun agrees to relocate of Ban Hatsaykham for stay together.

e Consultant reports all of suggestions to developer for continue level.

Ban Hat Gniun, October 29, 2007
Phuvieng Piakaew

Village Headman

(Signed and Sealed)
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1.2 Vientiane Province (Ban Sopyouak, Hom District)

Minute of Public Consultation at Village Level on October 31, 2007

Lao People's Democratic Republic
Peace Independence Democracy Unity Prosperity

1) Ban Namyouak

I.  Most of villagers do not relocated to Ban Pha-an, Ban Phukatha and Xiengsian-
Xienglue area. But, developer provide the new resettlement site, villagers agree to
relocate.

II.  Developer must compensate for affected people. Then, the people will be
provided the residences by themselves.
2) Ban Sopyouak
I.  One household agree with resettlement plan of project

II.  Most of villagers do not relocated to Bolikhamxay Province, Ban Pha-an and Ban
Phukatha.

III.  Refer to II, develop provide the new resettlement site. Then, the villagers request
to visit the site. Whenever the new site is satisfied, villagers agree to relocate to
the resettlement site.

3) Ban Sopphouan

Developer must compensate to affected people. Then, the people will be provided the
residences by themselves.
4) Ban Houaypamom

The people in Ban Houaypamom suggest that the residences are located at a higher
level than floodwater. Productive lands are moved to Samtoey area.
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1.3 Vientiane Province (Ban Pha-an, Hom District)

Minute of Public Consultation at Village Level on November 15, 2008

Lao People’s Democratic Republic
Peace Independence Democracy Unity Prosperity

Minutes of meeting
The public consultation meeting of Ban Pha-Ane

on hosting the resettlement of the Nam Ngiep 1 Hydropower Project

Date of Meeting: November 15, 2008

The meeting started at 9:00 at the Pha-Ane Elementary School, Ban Pha-Ane, Hom
District, and Vientiane Province. Led by Tan Son Pedvee, chief of Pha-an village, there were
63 attendees. Among those were the deputy chief of the village, alliances, women union,
board of the village, villagers and the consultants.

The purpose of the meeting was to conduct initial socio and economics data survey and to
consult regarding hosting the resettlement of the Nam Ngiep 1 Hydropower Project; Ban
Houypamom, Ban Sopphuane, Ban Sopyouak (Ban Nhong) and Ban Namyouak.

The meeting had agreed on the following:

1)
2)

3)

4)

S)

Majority of the villagers agreed to have the resettlement site nearby their
village, Ban Pha-Ane.
It was suggested that the regulation 09/ of the integration of small

sized villages into a larger one should be followed. Consequently, the
village name of Ban Pha-Ane should remain the same.

There should be development of infrastructure of the village: school,
health center, road, electricity, clean water, village office, market, bus
station, irrigation system etc. The livelihood of the community should also
be elevated. On the other hand, housing, land clearance and productive
land for the newcomers will be under responsibility of the project. In those
regards, the host community will not request for any.

There should be land survey and land allocation to reflect actual
circumstances. The boundary between Ban Pha-Ane and Ban Phukata
should be clearly determined.

The conservation of the aquatic life and wildlife should be promoted.

The meeting was ended at 11:30.

Signature and Seal

Son Pedvee

Chief of Pha-Ane Village

Date November 15, 2008
Sangkhom Singharaj

Recorder
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1.4 Vientiane Province (Ban Phukatha, Hom District)

Minute of Public Consultation at Village Level on November 15, 2008

Lao People’s Democratic Republic
Peace Independence Democracy Unity Prosperity

Minutes of meeting
The public consultation meeting of Ban Phukata

on hosting the resettlement of the Nam Ngiep 1 Hydropower Project

Date of Meeting: November 15, 2008

The meeting started at 9:00 at the village hall of Ban Phukata. Led by Tan Ye Pao Song, chief
of Phukata village of Hom District, there were 63 attendees and 10 of those were women.
Among those were the deputy chief of the village, alliances, women union, board of the
village, villagers and the consultants.

The meeting agreed on the following:

1)
2)
3)

4)

5)

6)

Agreed to have the affected people of the NNHPI1 resettled to the area
within the vicinity of the village;

Agreed to share the land for housing and land for agricultural purpose to
the newcomers up to the capacity of the available space;

Requested the Project to adhere to agreements at earlier meetings at village
and district levels;

The host village would like to have the right to use or share the
infrastructures with the resettlers i.e. road, electricity, water supply,
school, health center, village office, village hall, market, bus station etc.
and to have the opportunities to attend the vocational training that may
have;

Would like the resettlers to be integrated into the present village, Ban
Phukata, as a single community, along with the policy of Lao PDR that
encourages the integration of small villages into larger ones; and,

There must be unity, no division and respect honor among the villagers in
the new community; the hosts and the newcomers.

The meeting was ended at 12:00.

Signature and Seal
Yea Pao Song

Chief of Phukata Village

Date November 15, 2008

Panya Srimongkol

Recorder
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2 DISTRICT LEVEL

2.1 Bolikhamxay Province (Bolikhan District)

Minute of the Second Public Consultation at District Level on June 12, 2008

Lao People’s Democratic Republic
Peace Independence Democracy Unity Prosperity

Led by T an Vongsay Thongsayinthipanya, deputy chief of Hom district and Tan
Khampasong Vongtana, head of WRE provincial office of Vientiane province, the meeting
comprised of relevant district authorities and representatives of the direct and indirect
affected villages, and the consultants. In total there were 31 people in which 2 of those was
women.

Summary of decisions:

1) After extensive consultation, representatives from both Hat Gniun unit and
Hatsaykham unit of Ban Hat Gniun all agreed to have the Hatsaykham unit
relocated closer to the Hat Gniun proximity.

2) The resettlement and compensation of Hatsaykham unit must be inline with the
regulation number 192 of the Prime Minister Office issued on July 7, 2006.

3) Into Ban Hat Gniun, the Project should develop the followings:

e Run the livelihood restoration program and support their basic life
support i.e. food, for the affected people for 8§ years;

e  Occupational training and village fund;
e  Expand the land for animal husbandry and agriculture;
e  Establish a local design irrigational system; and,
e  Build access road and allays of the village.
4) Into Ban Hat Gniun, the Project should build the followings:

e Housing for the directed affected people based on agreement of the people
and the resettlement committee. The housing should retain identity of the
affected people;

e A nursery school, primary school and secondary school as of the standard
of Ministry of Education;

e Market and bus station;
e Village office;
e Village meeting hall;
e Health centre; and,
e FElectricity and clean water.
5) The villages downstream of the Project should receive the followings:

e Sufficient clean water supply;
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e FErosion protection of the river bank;

e Occupational training i.e. agriculture, animal husbandry, handicraft etc;
and,

e The Project must warranty and compensate for either short-term or long-
term damage if any from water releasing from the Project.
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2.2 Vientiane Province (Hom District)

Minute of the Second Public Consultation at District Level on June 9, 2008

Lao People’s Democratic Republic

Peace Independence Democracy Unity Prosperity

On June 09, Led by Tan Suna Pabeyyang, deputy chief of Hom district and Tan Kamlar
Sengwong, deputy head of Vientiane provincial office, Tan Kamphua Pangpanhuk, head of
WRE provincial office of Vientiane province, the meeting comprised of relevant district
authorities and representatives of 4 affected villages: Ban Namyouak, Ban Sopyouak, Ban
Sopphuane and Ban Houaypamom; and the consultants. In total there were 28 people in
which 1 of those was woman.

Summary of decisions:

1)

2)

3)

4)

5)

6)

7)

The resettlement site for the 4 affected villages: Ban Namyouak, Ban Sopyouak,
Ban Sopphuane and Ban Houaypamom, of the Nam Ngiep 1 Hydropower Project
will be in the area of Pha Aend, Nam Pung and Phu Kata. The area also links with
Nam Thouay and Ban Nongkao area;

The project must provide infrastructure i.e. school, health center, market, clean
water supply, electricity, village office and meeting hall to be inline with the
economic and social development plan of the district ;

The project must set up oc cupational training i.e. handicraft, animal husbandry,
laboring skill and tourism etc., to improve livelihood of the affected people step
by step;

The meeting urged the setting up of relevant committee to educate the affected
people to understand the economic and social development plan of GOL toward
the plan to eradicate poverty by the year 2020;

The meeting suggested the province and the government of Lao PDR to revise and
stop any project in the future plan that should have severe negative impacts to the
resettlement site indicated above;

The meeting would like the developer to arrange a site visit upon other
resettlement sites i.e. Nam Ngum 2 or Nam Theun 2 for the representatives of the
affected people of the Project;

The meeting encouraged the Project to conduct the resettlement and compensation
in line with the policy and regulation number 192 of Prime Minister Office issued
on July 07, 2006.

Hom District, June 9, 2008

Tan Suna Pabeyyang
Chief of Hom district
(Signed and Sealed)
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2.3 Vientaine Province (Hom District)

Minute of the Third Public Consultation at District Level on November 5, 2008

Lao People’s Democratic Republic
Peace Independence Democracy Unity Prosperity

Minutes of meeting
The Public Consultation Meeting at District Level
on Hosting the Resettlement of the Nam Ngiep 1 Hydropower Project
Date of Meeting: November 4, 2008
Venue: Hom District’s Meeting Hall

Leader: Mr. Vonsamai Lengsongpao, Chief of Hom District and Secretary of the Party
at District level

Attendee: Related GoL authorities at District level, representatives of Ban Phukata and
Ban Pha-an, chief of Ban Phukata and Chief of Ban Pha-an, a representative of
EGAT and the consultants. 32 people in total

Purpose of the meeting: To consult the host communities of the resettlement of the Nam
Ngiep 1 Hydropower Project
The meeting started at 09:00
The meeting agreed on the following:

Representatives of both villages agreed to have the 4 a ffected villages of Hom
District: Ban Houypamom, Ban Sopphuane, Ban Sopyouak (Ban Nhong) and Ban
Namyouak, to move in the vicinity of their villages: Ban Pha-an and Ban Phukata.

1) It was suggested that the regulation 09/ of the integration of small sized

villages into a larger one should be followed. Consequently, those resettled
villages should be integrated into the host communities, and the name of the
present villages will remain the same.

2) The host community should have the right to use the basic public infrastructure
that built into the resettlement. Accordingly, the project should responsible for
housing and productive land of the newcomers. In these regards, the host
community will not request for any.

3) There should be land survey and land allocation to reflect actual circumstances.
The boundary between Ban Pha-Ane and Ban Phukata should be clearly
determined.

4) The conservation of the aquatic life and wildlife should be promoted.

5) The meeting was concluded at 12:00.
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24

Xieng Khoung Province (Thaviang sub-district, Thathom District)

Minute of the First Public Consultation at District Level on February 21, 2008

Lao People’s Democratic Republic
Peace Independence Democracy Unity Prosperity

Participants

The Chief of Thathom District

Representatives from affected villages of Thathom District, 13 Villages
Deputy of the Administrative Office of Xiengkhouang Province
Department of Industry and Commerce, Xiengkhouang Province
Department of Energy and Mines, Xiengkhouang Province
Department of Agriculture and Forestry, Xiengkhouang Province
Water Resource and Environmental Agency, Xiengkhouang Province
Official Authorities nearby Thathom District

Lao Holding State Enterprise, 4 people

Electric Generating Authority of Thailand, 4 people

The National Consulting Company of Lao PDR

Total 78 people

Minutes:

1)

09.00 AM, an opening speech by Tan Bounphan Phommachan — chief of Thathom

Distirct: The policy of the government of Lao PDR (GOL) on Lao economy and its relation
to the Nam Ngiep 1 H ydropower Project were explained, NNHP1 has both positive and
negative impacts to villages in Thaviang Sub-district list as following:

Area of which having directed impact:

e Ban Pou

e Ban Hatsamkhone
e Ban Phiengta

e Ban Nakang

Area of which having in-directed impact:

e Ban Xiengkhong
e Ban Viengthong
e Ban Nasong

e Ban Nasay
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Ban Phonengeng
Ban Phonehom
Ban Nahong
Ban Dong

Ban Namlong

2) Mr. Somsavanh Panmatha, a representative of the consultants on the Environmental
and Social Impact Assessment, presented an overview of the project. The impacts of NNHP1
to the area of Thathom District, especially, the following:

Agriculture land,
Housing area,

Forest area,

Vegetable or fruit trees,
Fisheries,

Sources of income,
Way of life or culture,
Historical places,

Archeological area

Afterward, plan for mitigation measure and affected asset redress are discussed. Significant
activities before and after construction of the project were consulted. Certain issue, i.c. a
possible plan for setting up the National Biodiversity Conservation Area (NCBA) in the
watershed was informed.

3) Discussion and concerns from the participants:

The secretary at the unit level of The Party. Chief of Ban Hatsamkhone proposed
4 issues: the compensation for affected assets; result of the survey for the potential
resettlement site; selection of the resettlement site and the plan for occupation; life
skills training for local labors

A representative of Ban Pou: the replacement of the to be inundated agricultural
land; possibility of the facility to support dry-season rice cultivation

Chief of Ban Nakang: there are 2 households will be directly affected, what can be
done to support the move of the household; transportation, demolishing of the
house and supporting of utilities for the village?; someone who is not directly
affected by the Project does not want to move out

The secretary at unit level of The Party, Ban Phiengta: there will be can
inundation of the access road to agricultural land, proposed the Project to build a
small bridge.

The secretary at unit level of The Party, Ban Pou: If there are resettlement and
agricultural or asset compensation, will the same consultants conduct the study.

Tan Counphan Phommachan, chief of the Thathom District, supported the voices
of the villagers. He assured the public that if there is the resettlement, these
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facilitees; access roads, school, community health center, village office,
electricity, clean water and etc. will be put into consider.

4) Replying to the above concerns, by the consultants and Thathom Districts: Criteria of
the compensation will be based on the “Regulation of the Resettlement and Compensation”
issued by GOL. Practically, there will be a compensation committee comprise of
representative at village level, district level, provincial level and related praties to finalize the
criteria to be used. Moreover, the project developer is considering possible options to avoid
any damage and avoid the need to resettle. For example, building a dike or barrage to block
the water out of agricultural land consideration. All the proposed concerns will be recorded
and proposed to the developers and concerned parties. At the next public consultation
meeting at provincial level, these will also be discussed.

5) The meeting came to conclusion at 12:00 AM. Tan Bounphan Phommachan, chief of
Thatom District gave a closing speech.

Thaviang, February 21, 2008
Bouanphan Phommachan

Chief of Thathom District
(Signed and Sealed)
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2.5 Xieng Khoung Province (Thaviang sub-district, Thathom District)

Minute of the Second Public Consultation at District Level on July 2, 2008

Lao People’s Democratic Republic
Peace Independence Democracy Unity Prosperity

Led by Tan Thongpheng Oonyahuk, duputy chief of Thathom district and Tan Thoumma
Xalermxay, head of WRE provincial office at Xieng Khouang, the meeting comprised of
relevant district authorities and representatives of 4 a ffected villages: Ban Pou, Ban
Hatsamkhone, Ban Piengta and Ban Nakang; and the consultants. In total there were 27
people in which 3 of those were women.

1) The meeting encouraged the Project to compensate the affected people resulting from
the flooding at 320 m inline with the regulation 193/ Prime Minister Office
(announced July, 07, 2006)

2) The affected villages; Ban Pou, Ban Hatsamkhone, Ban Piengta and Ban Nakang,
proposed the Project to consider building the following infrastructure or activities for

them:

Primary schools including their necessary components i.e. desks, chairs,
blackboards and teaching materials

A secondary school including its necessary components i.e. desks, chairs,
blackboards and teaching materials

Natural water pipe system with about 10-15 distributing unit in each village

Small or medium size local designed irrigation systems together with
irrigation canals at Nam Pou, Nam Lae, Nam Bung, Nam Sai and Houay Kaba

Bridges over Nam Ngiep with the size that able to support the farming hand
tractors for Ban Piengta and Ban Hatsamkhone

A 15 bed health center for Thaviang Sub-district and provide medical supplies
for 8 years

Improve allay ways of each village into 4-6 meters width ways with gravel or
laterite covered

Extend the existing electrical grid to cover every household of the villages

Compensate the lost of productive lands either by land for land, or by cash
according to the current market price

There is high possibility of flooding in some area outside the Project’s
pegging. The Project should revisit and conduct additional survey in Tung Lae
and Tung Kai

Proposed the Project to support resettlement of Ban Nakang (currently under
relocated by GOL government)

Set up oc cupational training i.e. handicraft, animal husbandry etc., set up
village fund for the affected villages
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3) The meeting proposed the setting up of a committee comprises of 3 di strict
representatives, 7 sub-district representatives in order to oversee the proposal above
and looking after the implementation of those. The project must provide the
committee with an office in Thaviang also office supplies i.e. desks, chairs, storage
shelves, a set of computer and printer, communication device and a motorcycle.

The description above concludes the proposals of the Project affected people in Thathom
district. It was declared as a reference for consideration of the GOL at the next level and the
developers to review, then, make decision and set up plans for the affected area.
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