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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, 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
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Table C-1 Average flow before and after construction

Cla㼟㼟-1 Class-2 Class-3 Class-4 Flow Case

With/without Monthly Before const. 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

After const. 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

Cla㼟㼟-1 Class-2 Class-3 Class-4 Flow Case

Before const. Maximum in 10yrs 483.0 m
3
/s 25

After const. Maximum in 10yrs 405.0 m
3
/s 26

Design flood 5,210.0 m
3
/s 27

Riparian Before const. Minimum in 10yrs 31.4 m
3
/s 28

release After const.

Minimum possible flow

for power generation

40.0 m
3
/s 29

Target discharge 20.0 m
3
/s 30

Guaranteed flow 7.5 m
3
/s 31

Non-release 0.0 m
3
/s 0

With/without

the dam

Maximum

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

Cla㼟㼟-1 Class-2 Class-3 Class-4 Flow Case

With the dam Weekly WL Main P/㻿 Mon - Fri 153.3 m
3
/s 32

230m3/s 㻿a㼠 150.0 m
3
/s 33

Sun 40.0 m
3
/s 34

Main P/㻿 Mon-Fri 100.0 m
3
/s 35

150m3/s 㻿a㼠 70.0 m
3
/s 36

Sun 40.0 m
3
/s 37

Main P/㻿 Mon - Fri 40.0 m
3
/s 38

60m3/s 㻿a㼠 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
)
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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



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

C-19

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 Qi

Ln T0 Q0 Ti Qi 0 t0 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

heat balance on water surface density Cw specific heat H average water depth

Heat balance on water surface ( ) 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

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

1.5 0.3 1.5

0.001 0.01

(1.50+0.01C
p
) C

p
Chlorophyll-a concentration

Longitudinal C=5.0

x Size of the longitudinal block

D
x
=C x

2

(m

2

/day) C=1 10

Vertical

a=10

-5

b=0.5

c=10

-7

Dz=aexp (-bR
i
)+c

R
i

Richardson's number

a=10

-6

10

-3

b=0.5

c=0 10

-3

Dispersion coefficient

0.01
Light attenuation factor

Solar radiation
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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-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 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 m and 20% which are 1-5 m 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.
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