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(1) Soil Properties of Four Villages for Initial Site Selection 

 



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

 A -3  

 



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

 A -4  

 



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

 A -5  

 

 



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

 A -6  

 

Source: Agriculture and Forestry Scientific Research Institute, Lao PDR, December 2007 



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

 A -7  

(2) Soil fertilities at Phukata and Pha-Aen areas, in November 2008 

 



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

 A -8  

 



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

 A -9  

 

Source: Soil-Fertilizer-Environment Scientific Development Project, Kasetsart University, 2008 
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(1) Soil Properties of Resettlement area  

 

Source: National Agriculture and Forest Research Institute, Lao PDR, August 2011



EIA of The Nam Ngiep 1 Hydropower Project                                                                                                                                     

Draft Report:  Annex A 

  

 

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) 

 

 

 

 

                                     

                       

 

 

 

 

 

 

 

 

 

 

 

 

                 Note ;  SG : Sopyouak, NG : Namyouak 

      Source: National Agriculture and Forest Research Institute, Lao PDR, August 2011 
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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  

 

    Source: National Agriculture and Forest Research Institute, Lao PDR, August 2011 
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  Source: National Agriculture and Forest Research Institute, Lao PDR, August 2011 



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

 A -20  

 

 



 

 

 

 

 

ANNEX C 

WATER QUALITY MODELING 

ASSUMPTIONS AND RESULTS 

 

 

 

 

 

 

 



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

 C-2 

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, NEWJEC 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 

Main Reservoir 
Modeling the distribution of the water quality variables in the 

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 

Re-regulating Reservoir 

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. 
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- 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 

reservoir. 

The fine particle size distribution was assumed as 30 % for 

less than 1µm and 20 % for 1-5 µm 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.  

 

Figure C-1 Location of cross section along downstream river course 

 

 

 

 

 

 

 

 

 

 

01 

02 

03 04 

05 

07 

08 
06 

09 

10 

11 12 

13 

14 

15 
16 

17 

18 

19 
20 

21 

22 

23 24 

25 

26 

27 

28 

29 

Ban. Hajyun 
Mekong River 

Ban. Muang Mai 

0 2km 4km 



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

 C-6 

Table C-1 Average flow before and after construction  

Class- 1 Cl a s s - 2 Cl a s s - 3 Cl a s s - 4 Fl ow Ca s e

Wi t h/ wi t hout Mont hl y Be f or e  c ons t . Jan 79.1 m
3
/s 1

project Feb 66.6 m
3
/s 2

Mar 57.9 m
3
/s 3

Apr 66.6 m
3
/s 4

May 118.1 m
3
/s 5

Jun 209.6 m
3
/s 6

Jul 289.1 m
3
/s 7

Aug 327.4 m
3
/s 8

Sep 252.3 m
3
/s 9

Oct 143.9 m
3
/s 10

Nov 113.7 m
3
/s 11

Dec 92.5 m
3
/s 12

Af t e r  c ons t . Jan 126.6 m
3
/s 13

Feb 121.2 m
3
/s 14

Mar 115.0 m
3
/s 15

Apr 127.7 m
3
/s 16

May 154.6 m
3
/s 17

Jun 160.5 m
3
/s 18

Jul 189.5 m
3
/s 19

Aug 222.7 m
3
/s 20

Sep 215.5 m
3
/s 21

Oct 142.9 m
3
/s 22

Nov 122.1 m
3
/s 23

Dec 125.8 m
3
/s 24
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Figure C-2 Prediction of seasonal water levels before and after construction (at 

representative points) 
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Figure C-3 Prediction of monthly water level （Longitudinal profile of the river） 
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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 Cl as s - 2 Cl a s s - 3 Cl a s s - 4 Fl ow Cas e

Be f or e  cons t . Maximum in 10yrs 483.0 m
3
/s 25

Af t e r  cons t . Maximum in 10yrs 405.0 m
3
/s 26

De s i gn f l ood 5,210.0 m
3
/s 27

Ri pa r i an Be f or e  cons t . Minimum in 10yrs 31.4 m
3
/s 28

release Af t e r  cons t .
Mi ni mum pos s i bl e  f l ow

f or  powe r  ge ne r a t i on
40.0 m

3
/s 29

Ta r ge t  di s c ha r ge 20.0 m
3
/s 30

Gua r ant e ed f l ow 7.5 m
3
/s 31

Non- r e l e a s e 0.0 m
3
/s 0

Wi t h/ wi t hout

t he  da m

Ma xi mum

 5.5 ㎥/s 
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Figure C-4 Prediction of water levels for maximum and minimum flow (longitudinal 

profile of the river） 
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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 Cl a s s - 2 Cl a s s - 3 Cl as s - 4 Fl ow Ca s e

Wi t h t he  da m We ekl y WL Main P/ S Mon -  Fr i 153.3 m
3
/s 32

230m3/s Sat 150.0 m
3
/s 33

Sun 40.0 m
3
/s 34

Main P/ S Mon- Fr i 100.0 m
3
/s 35

150m3/s Sat 70.0 m
3
/s 36

Sun 40.0 m
3
/s 37

Main P/ S Mon -  Fr i 40.0 m
3
/s 38

60m3/s Sat 20.0 m
3
/s 39

Sun 20.0 m
3
/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
1
, changes of DO concentration downstream 

from the dam were computed with the following re-aeration equation: 

( )

A

b
fK

DODOSK
dt

dDO

airair

air

=

−=

 

 

 

where fair 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 

                                                                 

 

 

1
 Non-uniform analysis is discussed in section 2.1.1 above. 

DOS = saturated dissolved oxygen concentration (mg/l) 

DO = dissolved oxygen concentration (mg/l) 

Kair = rate constant (hr
-1

) 

fair = transfer velocity (m/hr) ( = 0.03m/hour) 

b = water surface width (m) 

A = cross sectional area of flow (m
2
) 

c as e 40

135

140

145

150

155

160

165

0 10000 20000 30000 40000

dis tanc e  from c ros s  s e c tion  No1(km)

m

after construct ion bed



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

 C-17 

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). 

March

0

2

4

6

8

10

010,00020,00030,00040,000

distance from the Mekong(m)

D
O

(m
g
/

l)

calculated observed（1999）

Init ial
Verify

J une

0

2

4

6

8

10

010,00020,00030,00040,000

distance from the Mekong(m)

D
O

(m
g
/

l)

calculated observed（1999）

Init ial Verify

September

0

2

4

6

8

10

010,00020,00030,00040,000

distance from the Mekong(m)

D
O

(m
g
/

l)

calculated observed（1999）

Init ial
Verify

 
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 analysis
2
, water temperature change in the 

downstream river was computed with the following equation: 

Qn＝Q0＋ΣQi 

Ln＝T0・Q0＋ΣTi・Qi＋｛φ0・t0／（ρ・Cw・H）｝・Qn 

Tn＝Ln／Qn 

 

where, 

Qn； flow at a given point Q0；flow from upstream （discharged water from the dam） Qi；flow from 

a tributary 

Ln； heat quantity at a given point T0；water temperature from upstream （water temperature of 

discharged water from the dam） Ti； water temperature from a tributary 

Tn； water temperature at a given point t0；time of flow  

φ； heat balance on water surface ρ； density Cw； specific heat H； average water depth 

 

Heat balance on water surface (φ) can be represented as follows: 

 φ＝φ0－（φe＋φc）－φra 

 φ0＝（1－0.06）φs 

 φe＋φc＝（0.000308＋0.000185W）（Es－Ea）（595.4－0.54ts＋ts）×1000 

 φra＝0.97×1.1171×10
-6（Ts

4
-0.937×10-5Ta

6（1+0.17C
2）） 

 Es＝（0.00045ts
3＋0.00363ts

2＋0.39626ts＋4.4711）E 

 Ea＝（0.00045ta
3＋0.00363ta

2＋0.39626ta＋4.4711）E 

 where 

 φs； amount of solar radiation（kcal/m
2
/day） W； wind velocity （m/s） 

ts； water temperature on surface（℃） ta； temperature（℃） Ts；ts+273.16（K） 

Ta；ta＋273.16（K） 

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

                                                                 

 

 

2
 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. 

 

 

 

 

  

The monthly average temperature in Vientiane                                The monthly average solar radiation at Dam site 

 

 

 

 

 

 

The monthly average wind speed in Vientiane                           The monthly average relative humidity in Vientiane 

 

 

 

 

 

The monthly average cloud coverage speed in Nong Khai          The monthly average sunshine duration in Vientiane 

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: 

( ){ }nkSS dfd −−= 11  （Savinov's equation） 

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

(cal/cm
2
/day) 

n= cloud cover (0-1) 

k = constant (0.33 at latitude 20 degrees north) 

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 

(1) 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.  

• 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 

construction 
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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; 

• 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 
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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 

coefficient 

1/day 0.1~1 0.5  

 Photosynthesis by 

benthic algae 

mg O2/µ g-chl.a 0.063 

~0.2 

0.1  

 Consuming rate by 

the decay of the 

organic materials 

mg O2/mg 

COD 
.
 day 

0.01~0.1 0.03 Similar meteorological 

conditions in Japan 

 Consuming rate by 

the decompositions 

at the bottom 

g O2/m
2 .

 day 0.01~3.2 1.2 Organic matter content: 

2.75% (Ban Hat Gniun) 

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/l, but it is not likely that the discharged DO 

would be less than 2mg/l. 
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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 μm 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 1μm and 20% which are 1-5μm conservatively. 
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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 Ngiep1 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.  



 

 

 

 

 

 

 

ANNEX E 

PUBLIC CONSULTATION 

1 Village Level 

2 District Level 

3 Provincial Level 
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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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2.4 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 
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2.7 Xieng Khoung Province (Thaviang sub-district, Thathom District) 

 

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

• Introduce to the background of project and its impacts • Propose the resettlement sites • Compile the comments and opinion and their attitudes on t he 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 

• The policy of Bolikhamxay Province want villagers of both Ban Hatsaykham and 
Ban Hat Gniun are stay together. • Representatives of Ban Hatsaykham agree with resettlement plan. Nevertheless, 
they request to improve the livelihood and appropriate to the compensation. • Ban Hat Gniun agrees to relocate of Ban Hatsaykham for stay together. • 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) 

 

Lao People’s Democratic Republic 

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

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) Majority of the villagers agreed to have the resettlement site nearby their 
village, Ban Pha-Ane. 

2) 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. 

3) 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. 

4) 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. 

5) 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) 

 

Lao People’s Democratic Republic 

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

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) Agreed to have the affected people of the NNHP1 resettled to the area 
within the vicinity of the village; 

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

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

4) 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; 

5) 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, 

6) 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) 

 

Lao People’s Democratic Republic 

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

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: 

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

• Occupational training and village fund; 

• Expand the land for animal husbandry and agriculture; 

• Establish a local design irrigational system; and, 

• Build access road and allays of the village. 
4) Into Ban Hat Gniun, the Project should build the followings: 

• 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; 

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

• Market and bus station; 

• Village office; 

• Village meeting hall; 

• Health centre; and, 

• Electricity and clean water. 
5) The villages downstream of the Project should receive the followings: 

• Sufficient clean water supply; 
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• Erosion protection of the river bank; 

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

• 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) 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; 

2) 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 ; 

3) 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; 

4) 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; 

5) 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; 

6) 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; 

7) 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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2.4 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: 

• Ban Pou 

• Ban Hatsamkhone 

• Ban Phiengta 

• Ban Nakang 
Area of which having in-directed impact: 

• Ban Xiengkhong 

• Ban Viengthong 

• Ban Nasong 

• 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.e. 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) 

 

Lao People’s Democratic Republic 

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

Peace Independence Democracy Unity Prosperity 

Led by T an 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 c ash 
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. 

 

 




