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®

Operation Plan of Reservoir and Power Plant
Basic Conditions for Reservoir Operatio'n Pian

Reservoir Operation Conditions provided by Hydrological Characteristics of the Basin

" Rivers in areas affected by Asian tropical monsoons generally have vast differences in flow

_ volumes from the dry. season to the rainy season, and there are also significant differences

from one year to the next. As outlined in chapter 9, the Se Kong Basin has typical
characteristics of the basins in Asian tropical climate. In order to take full advantage of
the hydmpowér potentials of a river with wide variances in flow volumes, it is necessary to
fabricate an enough-_storagé capacity of reservoir and regulate the natural inflow.

* The necessary storage capacity of reservoir will naturally vary with the level of the flow
~ volume variance of the river. According to the mass-curve analysis on 10 years inflow
~data estimated in Chapter 9 for each project site, it is expected that a. reservoir storage

" capacity which is -able to _regulate varing inflow volume over several years (carry over

reservoir operation) provides an efficient reservoir operation. = Therefore, in the project

scale. optumfatlon study in Chapter 13, the carry over operation rule is applied for the '

detcrmmanon of effective storage capacity of the reservmrs

- Reservoir Operation Conditions for Power Export

Since the main purpose of the hydropower development in the Se Kong Basin is electric

. power export, it is necessary to study power plant operation plan according to conditions

required for electricity export.

. Electric powér export from Laos to Thailand is already taking place at the Nam Ngum and

Xe Set hydropower plants, The Xe Set. hydropower plant is a run-off-river type and
therefore depends on the level of daily discharge, and production capacity drops off

- drastically in the dry season.  For thig. reason, the Xe Set -hydropower plant cannot be

= :rehed ypon as a steady source of power supply:.- -During the rainy-season, in contrast,

mcreased output is treated as secondary output and therefore exporl; electric price has been

- set at a Tow level

On. the other hand, the Nam Ngum hydropower plant has a iarge-scale reservoir allowmg o

g for year-round moderatxon of flow voiumes and thercfore it is treated as a reliable source of -

- elcctnc power even for the power system of 'I'halland Hcre clecmc prices are dctermmed'
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by demand times. The price of electricity at peak demand time is about 2.2 times of the
price of off-peak time. However, the péak time lasts only for three hours, and therefore
the amount of energy supply during peak hours does not account for a large percent of the -
whole amount of energy exported '

In this connecticn, in the study of hydropower development in the Se Kong Basin, the

“priorityis given to securing a sufficient reservoir capacity which guarantees stable encrgy

supply and to minimizing unit energy producnon cost per kWh for detcnnmation of

optimum operatlon plan of each project.

- Reservoir Operation Conditions for Domestic Power Supply

‘ In southern Laos, the region earmarked for domestic power supply in this study, demand is

far below the output potential of the three priority projects being planned in the Se Kong

* Basin, In fact, two of the proposed projects, the Se Kong No. 4 and the Xe Kaman No. 1
~ projects will be-able to satisfy total regional domestic power demand even during the dry

season.. The Xe Namnoy project; with its low flow levels duﬁng the dry season, requires a
reservoir for annual wide flow regulation in order to secure stablc energy supply. Given

the low level of local demand this project will easily be able to satlsfy the demand of the

entire southern rcglon with & rclatwc!y small reservoir,

According to the conditions above, requirement for domestic power supply does not provide

any resirictions on reservoir operation plan'of each project. In this connection, ahy -

condition' for domestic power supply is not considered in the opurmzatlon study on’

: dcvelopmcnt scale.

Basic Conditions for Power Plant Operation Plan

Power Plant Operation Conditions for Power Expoﬁ-='

' As outﬁned in 12.1.1, the practical turget of energy export by hydropower deveiopment in

the Se Kong Basin is Thailand for the time bemg Acoordmgly, thc opcratlon plan is.
stuclied assummg the energy export to Thailand. -

Looking at changes in the demand load curve of Thalland‘s power system in recent years s
dramatlc changes commensurate to economic growth are occumng due to°. mcreascd.-

daytime power demand from mdustrles and offices.: The pattern of Thaxland‘s power

_ _dcmand 1is sh;ﬁmg from a mghttlme-peak to'a daytlmc-peak year by yca,r “In tl__ns
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connection, it is expected that increase of the demand load factor will continue for a while
and the peak time will become longer. Further, Thailand has a development plan of a
pumped storage hydropower plant to meet demand in peak hours.

In consideration of the above conditions, even for a reservoir type hydropower project, it is
not appropriate to establish an operation ptan for peak power supply in case of a project for
power export to Thailand. In view of the recent daily load curve of Thailand, peak power
duration of 8 hours is applied in the pI’O_]eCt scale optimization study.

Po.wer Plant Operation Conditions for Domestic Power Supply

. To summarize the current power supply system of the four southern provinces in Loas, the

system centering on Pakse City has achicved 24 hours power supply by the Xe Sct (45
MW) and Seclabam (5 MW) hydropower plants. However, in other areas including

. Attapu Town and Sekong Town, electricity is being supplied only for 3 hours of hghtmg at
- nighttime by mdependent diesel gcnerators and- mml i-hydropower plants

The projects selected for the pre-feasibility study are of large-scale projects in the Se Kong
‘Basin. - They will provide an- unportant contribution to the electricity supply for thc

southem region of Loas. When these projects are implemented and the isolated power

. gystems mentioned above are linked to an integrated transmission system, 24-hour- |
- electricity supply for those isolated aréas will -become possible. When this 1§ achieved,

latent demand for electric power will drive up electricity co_nsumption in this region,

For domestic power supply from the Se Kong Basin, it is possible to apply the 24-hour

operation. - However, since domestic demand in this: region is extremely small compared to

the output potential of 2 large- -scale hydropower project, any generatmg unit strictly for

domestxc purposes will be both 1nePﬁc1cnt and uneconom1ca1

‘The exisﬁhg Xe Sct= and SelaBam power '-planf are runéoﬁ‘ river hydropower' plants which
- operate 24 ‘hours a day.: ‘They are able to meet domestic off-peak demand. - However,

when, supply capability beoomes insufficient during the dnest months and when off- -peak

s dcma.nd grows n southem Laos ini the future, it will be better to develop additional
. fesources. to. moet ‘domestic dcmand However e,ven without dovelopment of -additional -
- E.domest:u: resources it 1s possrble to contmuc the current convcntlon of unportmg electric

- power from Tha:land to meet domesuc supply shortages
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On the other hand for peak power supply, medium to large-scale projects in the Se Kong
Basin will piay an important role in satisfying domestic demand.  For. this reason, it is
required to establish a configuration of power generating units of each project applying

operation conditions for securing a level of poWer system rciiability.
Considering all of the above situations, the following conditions are applied to the power -
plant operation plan of three projects selécted in the Se Kong Basin for pre—feasxblhty
study; ' ‘

a)  Small-scale generator units for domestic supply will not be installed;

b)  Transformers for connecting local power system to supply domestic power demand
will be installed in addition to the main transformer. .

¢) - Full day (24 hours) operation including off-peak hours is not applied as a condition

of plant operation based on the assumption. that the domestic power demand is

supplied by entire power system of the southern region.

d) . In consideration of power supply stability for‘dcjmestic power demand during peak
hours, each project has a configuration of at least two generating units.

Power Plant Operation Conditions for Maintaining the Downstream River Functions

"In consideration of the effects on the natural and social envircnment, it is necessary to

maintain river flow conditions of project downstrcam in which fish and other. organisms can
live. Itis also necessary to maintain water levels sufficient for shipping, irrigation, fishing
and other soc:al actmtxcs These factors of river mamtenance shall provide condltlons for

power plant operation of hydropower dcvelopment project.,

~ Regarding the actual levels and conditions of river flow to be discharged to do’vms'.tre.am' :

detailed condmons shall be determined-on.a pro;cct-by projectbased on an’ cnwronmcntal

.impact assessment. - However, since such dctalied assessment has not been carried out the

operation conditions to be applied are not clear at present time, :In this stud_y. in pnncl_ple,
a condition that at least two-thirds of monthly mean dischargé during the'driest -month

should be mamtamed at the pro_;ect downstream throughout a day (24 hours) for

mamtammg river functions i is apphecl for powcr plant operatlon of each projcct
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Based on this condition, the hydrologiéal data for 10 years estimated in Chapter 9 provide
levels of river flow to be maintained in downstream of projects. Regarding the method of
releasing the discharges shown below, it is necessary to consider the conditions of cach
project individually. Chapter 13 addresses this issue.

Monthly Mean Discharge for
Catchment . Discharge of Maintaining
Project . Area Driest Month River Functions
SeKongNo.4 5,400 km® 45 m/s 30 m’/s
Xe Kaman No. 1 3,800 km® 30 m’/s 20 m*/s
Xe Namnoy Midstream 531 km' 1.5ms 1.0 m/s
Xe Namnoy Downstream 1,252 km* 5.0 m’/s 3.8 mfs
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13.  Selection of Optimum Development Plan
13.1  Basic Policy for Optimization Study

In this section, the basic policies on the following items are determined for the optimization

study on each development project.

- Basic data for the study
- Reservoir eperation conditions
- Power plant opefation conditions
- Conditions for comtrucﬁon cost estimation

- Conditions for prbject evaluation

The above conditions are determined based on the conditions regarding the reservoir
operation plan and power generation operation plan described in Chapter 12 '

1) Basic Data

a) - Topographic Maps

- 1/10, 000 scale topographlc maps developed in this master plan study, are used for
the studics on the layout of major prqect structures.

For the Se Kong No.4 and Xe¢ Kaman No.1 Pro_|ccts however the reservoir area-
'storage volume curves estimated based on 1/5{) 000 scale maps are used in the
: optumzatlo_n study.. - These - storage. volume. curves 'may be used because the
*reservoirs of the two projects are extremely large and the reservoir storage volumes
- plaee no constraints on'the power plant operatio_h of the respective project.

" b) ‘Hy'dro'li)gi.cal andMeteorole_gicel Data -

The followmg hydrologlcal and meteorological data, Whlch were estimated for cach -
: pro_|ect in Chapter 9, are used in the study,

L Reservou mﬂow monthly dlscharge data ofa 10-year penod from August 1984

1o July; 1994

- Evaporanon monthly reservmr surface evaporanon
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- Design flood: ~estimated design flood discharge at each dam site
- Secdiment volume: accumulated sediment volume for 100 years

() Rescrvoir Opevation Conditions '

a) Reservoir Operation Rule

Since a seriés of discharge data for a 10-year period are évailable for each project, a
reservoir operation rule which regulates a series. of reservoir. inflow over years
(carry-over operation)is applied for the reservoir type projects. . For the regulaﬁon
pond type projects, the daily regulation rule is applied. | L

b) Effective Storage Capacity and Firm Discharge

Firm. diséharge is' determined for a effective sforage cap_écity by the mass-curve
caloulation with a series of inflow data for a 10-year period.

The firm discharge is used as the standard of minimum release from the reservoir in

the calcuiation of the reservoir operation in the estimation of energy generation of

each project.
In this study, 90% is applied as the firm discharge dependability. .
¢)  Outflow for Downstream

- The full day (24 hours) outflow discharge through the dam outlet or turbine is set, in
prmczp]e as a condition on the reservoir operation in ordcr to maintain the original
" river function downstream of the project.. - In this study, 2/3 -of the ongmal mean
flow of the dricst month at a project site is applied as the full day outflow discharge
‘as described in Chapter 12, This_outﬂqw.is sﬁppliéd_ as a part.of the firm diséharge.

(3)- - -Power Plant Operation Conditions"
a) ~ Peak Power Duration

As descnbed in Chapter 12, 8 hours is apphed as'a pea.k power duratlon for”“
reservoir type pro;ects : -

'}15‘2f'



- b)

Peak. powef duration of the regulation pond type project (Xe Namnoy Downstream
Project) is determined by the optimization study.

Conditions of Outflow through the Turbine

Where the full day outflow condition set in (2) ¢) above is released through the
turbine, that condition is applied for power plant operation.

@) Conditions of Construction Cost Estimation

a)

b

c) ’

Total Construction Cost Configuration

- The total construction cost applied to the optimization study includes the costs of

breparatory works (includes construction road), civil works, hydraulic mechanical
equipment, electro-mechanical equipment, physical .contin.gencies, compensation,
engineering fees and administration. = The constructioh'oos_t of the trénsmissic_)n line
is excluded. '

Estimation of Work Quantities

For civil structures and hydraulic mechanical equipment, work gquantities are
estimated based on the pnnaple parameters of each structure deterrruned with
if 10 000 scale topographxcal maps.

For thé electro-xﬁecharﬁcal equipment the number and capacities of units and the
turbine types-are determined based on the maxunum dlscharge rated effective head,

. and power plant operation conditions.

For the construction road, an access road leading from an existing main road to the

* project site is counted based on the study in 8.5, Chﬁpter 8.

Uhit Costs of each Work:

For civil works and hydrauhc mechamcal equxpment the unit costs listed in Table
13 1- 1 are used mthe study

For electro-mechamcal equ:pment the cost is cstunated by mdlwduai study based on

*unit conﬁguratlon and turbmc type

13 .3, .:-"', L
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d)

e)

Compensation Cost

For compensation cost, the cost estimated in 11.3, Chapter 11, based on the results
of _environmental'surveys performed in this Master Plan Study is used in the study.

Others

For other items, the costs are estimated by emp]oﬁng constant rates as follows;

- Physical contingency: 10% of civil works cost

- Engineering fee; 5% of costs of civil works and hydro and electro-
: _ mechanical works

- Adrﬁinistration cost: -~ 5% of costs of civil works and hydro and electro-
' 'mechamcal works

Economic Evaluation Index

Regarding the economic evaluation of each case in the project' scale optimization study, as

the major purpose of the project development is energy export, unit energy cost per kWh
(C/E), which is caloulated by dmdmg annual cost (C) by annual energy (E) is used as the
primary index.

In addltlon to the C/E the benefit cost ratio (B/C), net bcncﬁt {B-C) and umt construction
cost per kW are calculated and correctly employed.

a)

Y

* Annual cost (C) and arihual beheﬁt (B) are calcu!ated.aé follows;

Annual Cost (C) :

The annual cost of the project is calculated by multiplying the annual cost rate with
the total construction cost. . In this study, an annual cost rate of 11% is applied,
based on the conditions shown in Table 13.1-2.- . - '

Annual Benefit (B) -

An altemnative thermal plant method is appliéd' for the calculation ‘of the annuai
benefit of the project. - The unit benefits listed below are .galcul_ated as shown in

13-4




Table 131 2, employing a gas combined cycle power plant as the alternative
thermal plant.

- Unitbenefitper kW: 135 USS/KW
- Unit benefit per kWh: 19,20 US$/MWh

The annual benefit of a project is calculated by multiplying the above unit benefits
to a 90% dependable peak power output (kW) and to the annual energy (kWh) at the
generating end respectively, calculated by reservoir operation and power generation

simulation respectively
The optimization studies on each project are conducted by applying the above

conditions. The contents of the optumzatlon studies on the Se Kong No.4, Xe
Kaman No.1, and Xe Namnoy Projects are shown in the following sections.
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Table 13.1-1  Project Cost Parameters for Optirﬂiiation Study

Unit: US$

Item | Description Umt ' Unli_tggate
Excavation : Earth (Open) m’ '
| Rock (Open) m
~ Tunnel - | m> 50
Shaft m® 100
Underground cmt 50 -
Embankmernt ' Dam (Xe Namnoy Mid.) m’
. o ' Dam (Others) m 6
_ Others m _
Concrete B Dam m® 100
Facing m’ 270
Structure m* 150
Lining ma. ~ 200
Base m’ 150
Backfill m* 150
. Reinforcement Bar t . 900
Hydro-mechanical Equipment  Gates t 5,000
| ' Penstock t 4,000
Trashrack t 5,000
Construction Road - Plain (unpaved) km 50,000
Mountainous (unpaved) 'km 70,000 X
_ , Improvement . km 30,000
Concrete Bridge We=7m L=25m m 5,000
W=7mL=40m m 8,000
W=7mL=80m m 11,000
W;?rn,L%130m ' m

9,000
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Table 13.1-2 Project Evaluation Paréietérsnfor'Optilization'Study

Description Conditions of - Conditions of
Alternative Thermal  Hydropower Projects

(1y . Planf Type : -. Gas Combined Cycle Hydropower Plant

(2) Plant Capﬁcify SR | _ 1 . by case

(3) - Plant Factor _ . S . 40.0% _ by case

(4)  Annual Energy Production k¥h - - 3468 by case

(5) . lovestment Cost . $/kW e 172.5 § , by case

(6) Plant Service Life years 25 : 50

(1) Construction Period  years ' 3 .- by case

(8) Diéﬁpﬁut Rate R X 1008 N 10,08

(9) Capital Recovery Factor % . 11. 0% : 10. 1%

(10) Average 0 & M Cost Rate & - 2.5% 0. 9%

(11) Fueal Cost -~ = -+~ §/MBtu 2,427 o -

(12). Fuel Heat Rate .. - Btu/kWh - 7535.2 o -
 Fixed Cost _ " - ' ‘ : ' ' o

(13) Capital Cost o $/kW  85.10 ) . Dby case

(14) 0 & M Cost - $/kW 19.31 by case

(15) ‘Total Fixed Cost ! - $/kW 10442 .+ . by case.

: Annual Coat Rate . ... % - C13.8% 11. 0%

Variable Cost - - SRR ST '
(18) Energy Cost .- $/MWh - 18. 43 L -
Adjuétment Factor -

e o KN K¥h . kW KWh
(17)  Scheduled Qutage Rate ~ - 0.173 0. 000 0.020 - 0.000
(18) Forced Outage Rate - 0.090 . -6.000 - - 0.005 - 0.000
(19) Station Service Rate - 0.050  0.050 0.003 ~  0.003

(200 Transmission Line Loss - 0. 020 0. 010 0.030 0.015

-(21) - Adjustment Factor ~ -~ - ' - 1,389 - 1.061 . 1,059 1. 018

' (22) .Net Adjustment.Factor. . - ' N - 1.293  1.042
- of ﬂydropower_Plant' o

- S S S $/KW $/M¥h

(23) Unit Benefit . - . - - 134.97 18.20

of Hydropower Plant

137



13.2
13.2.1

M

@

Optimization Study of the Se Kong No.4 Project

Selection of the Basic Project Layout (Fig. '13.2-1)

Dam Site Selection

Using 1/50,000 scale topographic maps, the dam site of the Se Kong No.4 Projeet:s'eleeted -

in the study on the development plan inventory in Chapter 7, is located at-where the Se

Kong River flows onto the plam lymg north to south along the eastern 51de of the Bolaven

Plateau. At this site, the riverbed elevation site is apprommately EL l40m and the

catchment area is 5,400 km’. 'The river gradlent of the area upstream from this site is -

gentle until the site with a riverbed elevation of approximately EL. 300m, whleh is the

downstream of the Se¢ Kong No_.§ pro_].ect site. A large reservoir could be constructed in

this area. -

From reviewing the above dam site using the 1/ 10,000 seale.topographic maps developed
in this Master Plan Study, it is confirmed that due to the topographic conditions of the -

canyon and the elevations of the right and left banks along the river there are. o

appropnate dam sites other than that descnbed above The geology of the darn site is .
mainly composed of sedimentary rocks such as sandstone and conglomerate stone w1th a
pamal distribution of limestone. A massive outcrop of hard sandstone is observed on the
riverbed. Geologlcal investigations show no serious geologlcal problems for. the dam's

construction.

| According to the above conditions, the dam site of the Se Kong No 4 PrOJect is selected at

the site shown in Flg 13.2-1.

: Here a saddle is located upstream in the left bank water shade of the reservonr ':Ihe-.
1/ 10 000 scale map confirms that the bottom elevation of thlS saddle is approximately S
EL.340m, so that no problem in the reservoir's watertlght mtegnty is expected when the - |

reservoir HWL is EL.300m or lower

Type of Dam '

Regarding the dam type it is expected that a eoncrete gravity or rockﬂ]l dam. mll be :
applicable to the topographlc and geological conditions of the' site. Accordmg to the -
1/ 10 000 scale maps, however, the dam becomes ven_/ large thh a helght of l70m and a_.
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crest length of 960m for a reservoir HWL of EL.300m Therefore, a rockfill dam is

advantageous in terms of its construction cost.

In the case of a rockfill dam, however, the procurement of construction materials presents

a problem because the dam volume is very large. Especially in the case of the impervious

. clay core. type, due to the geological conditions around the dam site, some difficulty is

expected in obtaining materials for the Hnpervious core:

 To overcome this problem, it is possible to employ a concrete or asphalt surface wall

rockfitl dam. ‘The type of impervious wall or core is studied in the preliminary design
stage. At this stage however, the concrete facing type is temporanly selected for the

~ optimization study.

Layéut of Waterway and Powerhouse

* The river gradient is gentle in the downstream section of the Se Kong No.4 dam site, and a

= .head cannot be expected to be developed by the waterway. Accordingly, other than the

13.2.2
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dam type scheme no alternative development scheme is available for the Se Kong No.4

PrOJect Its powerhouse site is selected munedlately downstream from the dam site.

’I‘here are no geological constraints on construéting the major structures around the dam

‘site. - From the study of the structure layout, using 1/10,000 scalc maps, a layout of an

intake, headrace tunnel, open penstock and powerhouse is selected on and in the right bank
side, as shown in Fig 13.2-1. . An optimization study on project scale is carried out based
on this layout. - ' '

Basic Conditions for Optimization Study

Reservoir Operation Conditions .

a)  Reservoir Operation Rule

For the reservoir bperation; the carry-over type operation rule is applied as described
in13.1, | S |



b)  Effective Storage Capacity

Fig, 13.2-2 shows the reservoir area-storage volume cuﬁe at the Se Kong No.4 dam
site as s'electéd in 13.2.1. The gross storage volume at an HWL of EL:300m is
estimated to be 7,776 MCM. This volume is extremely iarge'against the mean
annual inflow volume of 5,721 MCM at the dam site as estimated in Chapter 9.
Even in the case of a lower HWL, a sufficient effective storage volume is ,a{failable

after considering the sediment volume and water depth for the installation of thie
intake. ‘

Therefore, a limitation of effective storage volume provides no constraints on
reservoir operation, The optimum effective storage volume is- determined by
comparative study in 13.2.3.

¢)  Firm Discharge
Fig. 13.2:3 shows the mass curve of the reservoir inflow volume for a 10-year

“period. Fig. 13.2-4 shows the relationship bétween the effective storage capacity and
firm discharge calculated by applying carry-over reservoir operation to the inflow -

mass curve above.

From this it is seen that the incremental amount of firm discharge becomes small at
“around 1,100 MCM of the eﬂ'eét_ive storage capacity, which is approximatély'?.()% :
~of ih_e annual inflow volume, although due to the application of carry-c_)vér operation,
the firm discharge increases gradually with larger effective storage éapacities;_

d)  Discharge for Maintaining River Function
In the case of the Se Kong No4 Prd_ject, which is. a:dam type, 'the_ré. is no river -

section where the discharge is not supplied to the river.  Accordingly, no conditions

are set on the reservoir operation.

2) Power Plant Operation Conditions - -
ﬁ) Peak Power Buration

- As stated in 13.1, the peak power duration is set at 8 hours.
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Disoharge for Maintaining River Function

The Se Kong No.4 Project, which has a large reservoir, stores almost ali the inflow
and, except for the spitled flood, the outflow is discharged only through the turbine.
Accordingly, if power generation is stopped during the off peak hours, no discharge
is supplied to the downstream

There are social activities such as navigation and fishing downstream from the dam
site. In order to maintain the river function for these activities, a condition is set on

the reservoir operation in order to supply a certain discharge to the downstream.

. For this discharge, 30 m’/s is applicd, following the condition deterrained in 13.1.

Maximum Discharge for Power Generation

Maximum discha:ge (Qmax) is set by the following formula by applying the above

conditions;
Qmax = (Qf - 30) x 24/8 + 30 (m’/s)
Turbine/Generator Conﬁguration

If the full day cutflow determmed in b) abové is rcleased directly from the dam

_ outlet the !oss of energy- gencratlon becomes largc {herefore partial power:

: generatton is applied by this outflow volume during the off peak hours, supplying

downstream discharge through the turbine.

In this case a configuration of power units able to achicve th:s operat1on 1s required.
.. ‘At this optmuzatmn study stage a uniformed capacity is apphed for all units of each

case, setting the maximum d:scharge per unit at 90 m’/s against the full da.y outflow

of 30 mfs and takmg into account that the minimum dlscharge for partial operation

is, in general approx;mately 30% of the maximum dlscharge in the case of a Francis
turbine, '



3

Conditions for Construction Cost Estimation

a)

b)

Access Road

Regarding the route for the transportation of construction material a_ﬁd equipment to

~ the Se Kong No.4 project site, as described in 8.5, Chapter 8, a national road is

available from the border with Thailand. This road runs through Pakse to Ban

_ Phon which is-located approximately 10 km north of Sekong Town. Some '

improvement works_are required -for this road. Therefore, the dedicated access.

-road for the Se Kong No.4 Project.is-an. approxjmatcly 14 km section leading from

Ban Phon to the project site,  The construction of a new road or the reconstruction

of the existing road are required for this section,

At this stage, the cost of the above works for the 18 km section is counted in the

project construction cost.  The constant access road cost is applied for each case of

" project scale.

Compensation Cost

The compensation costs by reservoir HWLs estimated based on the compensation

survey in this Master Plan Study are as shown below: .

-HWL (m) Compenéation Cost (MUSE)

280 4,57
300. AT

320 Cam

As shown above, there are only minirmal differences in compensation costs between
some HWLs Therefore, a constant compensatlon cost: is apphed for each case of
HWL. In this study, 472 M.USS, the compensatmn cost- where the HWL is

- EL. 300 m, is apphed in pro_|ect cost estlmatlon

13.2.3 Selection of Optimum Development Scale

In this section, the _opt_imum'_d_evcbpment séale of the Se Kong No.4 Project is determined. E
based on the basic layout selected in 13.2.1 and the basic conditionsrclariﬁed'm 13.2.2.

" To dctcrmme the optimum development scalc comparative studies are perfo:med with

vaned Ieservoir HWLS and effective reservoir capac:t;es
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Study on Reservoir HWL

"As described in 13.2:2 (1), the raean annual inflow volume for 10 years at Lhe Se Kong

No.4 dam site'is estimated at 5,720 MCM, and annual wide flow regulation is achieved
when the effective reservoir capacity is 20% or .more of the annual inflow volume.
Coneemmg this condition, a sufficient gross reservoir storage volume is available at a
reservoir HWL of arounid EL.300m for the Se Kong No.4 Project, as shown in Fig. 13. 2-2.

Therefore, there are no constramts on settmg an approprlate effectlve reservoir capacity.

In this eonnectlon, a eomparatwe study on reservoir HWLs is first made with the
conditions of a constant peak power duration of 8 hours and a constant effective reservoir
capacity of 1,700 MCM, which is 30% of the mean annual inflow volume. This effective

~ reservoir capacity pr’ov‘ides a firm discharge of 143 m3ls for all cases.

The study is made by varymg the HWLs from EL. 260m to EL. 320m with the above
conditions, This comparatlve study shows an HWL:-of EL. 290m provides the best
performance in unit energy cost, unit censtructlon cost per kW, and B/C respectively, as
shown in Table 13.2-1. Accordingly, EL. 290m is selected as the optimum HWL for the
Se Kong No.4 Project. '

Study on Effective Reservoir Capacity

‘With ah HWL:'o'f 'EL.290m, a second comparative study is then made on the cffective
' reservmr capac1ty by varying its ratio to the miearnt annual inflow volume to be 25, 30, 35,

40 and 45%, respectwely These cases provides firm discharges of 137, 143, 149, 155,
and 161 m’/s, respectively, as shown in Fig. 13.2-4. Accordingly also, the maximur
discharge prov;ded w_lth the peak power duration of 8 hours varies in each case.

' "'I'his eomparatlve study shows that an effective Teservoir capacity of 30% of the mean
‘annual inflow volume (Ve =1,700 MCM) prowdes the best performance in unit energy

cost although the case of 35% prov;des slightly better perfonnance in B/C, respectively, as
shown in Table 13.2-2: Accordingly, 1,700 MCM s selected as the optimum éffective

reserv01r capaelty of the Se Kong No.4 Project. In this case, the reservoir storage volume

under the low water level {LWL) is 4, 699 MCM prcmdmg suf’ﬁment room agamst an
' _ estxmated reservonr sedJment volume of 226 MCM
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(K} Optimum Development Scale

According to the above comparative studies on reservoir HWLs and effective storage

capacities, the optimum development scale of the Se 'Kong No.4 Project is determined as

- the plan below.

Reservoir HWL
.Reservoir LWL

Eﬁecti\;'e Storage Capacity

Firm Discharge

Minimum Outfiow (through Turbmc)
Peak Power Duration

Maximum Discharge

Rated Intake Water Level (TWL)

 Rated Tail Water Level (TWL)

Rated Effective Head (He)
Instalied Capacity o
Dependab}e Peak Capacity
Annual Energy

13.2.4 Remarks on the Development Plan

2900 m

2754 m
1,700 MCM
‘ _143 m*/s
30 m¥s
8 . hours.
370 ms
285.1 m
1450 m
137.0 m
43 MW
406 - MW

- 1,816 GWh

The above development plan is proposed as the optimum plan of the Se Kong No.4 Project
based on the technical studies with the data and il_lforrnatiqn presently available. _",iS_'t_:vcral

remarks requiring clarification in further stages are, however, indicated as follows; -

a)  Technical Matters

Although there are no speciﬁc geological problems, becaﬁ_se the__dam._,is.,qu_i_té large,

investigations regarding the quantity 6f_ dam 'constru_ction mgtc;ﬁalé are rcquil_'éd_.-

_b) Envi_ronmgﬁtal_lmpac_;t Is_St_u_t_s -

The appropnate mltigatlon measures’ for an estxmatcd 3 600 pcop]e requmng . '

resettlement should be carefully. studied

Investagatmns and studies on the pro;ect 1mpact on the ecology are required because '

' the 1nundatlon arca would be wide at approxxmately 130 km2

e




¢}  Others |

A possibility of coal mining development is reported in the reservoir area. If this is
clarified, adjustment or the priority of the development plans should be discussed:




Table 13.2-1 Study on Reservoir HWL (Se Kong No.4)

Description . Unit Case-l Case-2 - Case-3-. Case4 Case-5 Casc-6 Case-7
Reservoir HWL - m - 260.0 270.0 280.0 290.0 3000  310.0 320.0
Dam Crest Length m 810 850 895 925 960 995 1,030
Dam Height m 130 140 150 160 170 180 190
Reservoir Arca km? 82 103 i14 130 145 1604 1805
Gross Storage Capa. MCM 3,217 4,142 5,180 6399 7,776 9305 11,035
Sediment Capa. MCM 226 226 226 226 226 226 226
Net Storage Capa. MCM 1,700~ 1,700 1,700 1,700 1,700 l,_’_700- 1700
Reservoir LWL m - 2339 - 2496 2629 2754 2874 2988 3102
Firm Discharge m’/s 143 143 143 143 143 143 143
River Maint.Release m?/s 0 0 0 0 0 0 0
Base Power Discharge =~ m*/s 30° 30 30 30 30 30 30
Max. Power Discharge  m?/s 370 370 370 370 370 370 370
Rated IWL m 2513 2632 2743 2851 2958 3063 3167
Rated TWL - Tm 145.0 1450 . 1450 1450 1450 1450 1450
Gross Head ‘m 1063 1182 1293 1401 1508 1613 1717
Effective Head m ©103.1 1150 . 1261 1370 1476 1581 1686
Installed Capacity MW 336 374 409 443 4T 510 543
Annual Inflow CMCM 572 5121 5721 5,721 0 5,721 5,721 5,721 -
Annual Evaporation MCM 70 87 105 119 134 149 167
Annual Dam Outflow MCM 152 113 78 26 21 - 21 21
Annual Turbine Out. MCM 5500 5522 5538 5,577 5,567 5,551 5,533
Firm Peak Capacity MW 287 331 366 406 428 463 501
Annual Energy GWh 1,358 © 1,522 1,660 1,816 1934 = 2,066 2,246
Plant Factor % 46 46 46 47 46 46 47
Construction Cost MUSS 4935 5381 - 5862 6344. 6865. 7419 8008
Annual Cost M.US$ 543 592 645 698 755 816 88l
Annual Benefit M.US$ 648 738 813 897 - 949 1022 - 1107
Unit Energy Cost $/MWh 40.0 339 388 i84 390 39.5 1392
B-C - M.USS C105 0 146 16.9 19.9 194 206 - 226
B/C - ' 1.19 1.25 1.26 £.29 126 -1.25 1.26.
Const.Cost/kW - M.US$ 1,468 1,440 1,434 1,432 1,440 1,455 - 1475 '

Selocted Case B o | A
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Table 13.2-2 Study on Effective Storage Capacity (Se Kong No.4)

Description - ‘ Unit Case-1 Case-2 Case-3 Case-4 Case-5
Regulation Ratio % 25 30 35 40 45
Reservoir HWL m 290.0  290.0 290.0 290.0 290.0
Dam Crest Length m 925 925 925 925 925
Dam Height m 160 160 160 160 160
Reservoir Area km? 130 130 130 130 130
Gross Storage Capa. MCM 6,399 . 6,399 6,399 6,399 6,399
Sediment Capa. _ MCM 226 226 226 26 - 226
Net Storage Capa. MCM 1,410 = 1,700 1,980 2,260 2,550
Reservoir LWL \ m 278.1 275.4 272.7 2700 - 2669
Firm Discharge m¥/s 137 143 - 149 155 161
River Maint.Release - = m’/s 0 0 Q 0 0
Base Power Discharge mY/s 30 30 - 30 30 30
Max. Power Discharge - mYs 352 370 388 406 424

~ Rated IWL : m 286.0 285.1 284.2 2833 2823
Rated TWL - m 145.0 145.0 145.0 1450 . 1450
Gross Head ‘m 141.0 140.1 139.2 138.3 1373
Effective Head m 137.9 137.0 136.1 135.3 1343
Installed Capacity MW 424 443 462 480 498

. Annual Inflow ' MCM 5,721 5721 5,721 5,721 5,721
Annual Evaporation MCM 120 e - 117 115 113
‘Apnual Dam Qutflow - MCM 80 26 16 0 0
‘Annual Turbine Out. MCM - 5,522 5,577 5,588 5,606 5,608
Firm Peak Capacity MW 377- 406 418 423 427
Annual Energy ~ Gwh 1,781 1,816 1,818 1,807 1,794
Plant Factor _ % 48 . 47 45 43 41
Construction Cost - M.US$ 630.8 634.7 645.8 653.2 660.5

. Annual Cost -~ M.USS$. 69.4 69.8 710 . 718 72.7
Annual Benefit M.US$ 85.0 89.7 91.4 918 . 921

~ Unit Energy Cost $MWh - 390 38.4 39.1 398 . 405

- B-C . - M.US$ 15.7 19.9 20.4 20.0 19.5
B/IC - P w123 128 0 129 1.28 127
Const.Cost/kW S MUSS . 1487 1,432 1,399 1,361 1,327

SelectedCase - S .
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Fig. 13.2-2  Area and Storagé Capacity Curve of Se Kong No. 4 Reservoir
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Fig. 13.2-4 Fiﬁn Discharges provided by Se Kong No. 4 Reservoir
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13.3

13.3.1

1)

Optimization Study of the Xe Kaman No. 1 Project
Selection of Basic Project Layout (Fig. 13.3-1)
Dam Site Sel_ecti_on '

Using 1/50,000 scale topographic maps, the dam site of the Xe Kaman No.l Project
selected in the study on the development plan inventory in Chapter 7, is located
apprommately 12 km upstream from where the Xe Kaman river flows onto the plam lying -
north to south along the east 31de of the Bolaven Plateau. At this site, the riverbed
elevation is approximately EL.120m and the catchment area is 3,800 km®. The river

gradient of the upstream area from this site is gentle until where the riverbed elevation is

- approximately EL.280m, and where the dam site of the Xe Kaman No.2 Project is located.

A iarge reservoir could be established in t}us area.

)

Using the 1/10,000 scale topographié rhaps dc_vcloped in this' Master Plafl Study, fe-\f;ie_\vs

" of the above dam site confirm that with a reservoir HWL of EL.280m, which is of the -

inventory plan, the above dam site is the most ap'prbpriate due to the topogfaphic
conditions of the canyon and the elevation of the left and right banks along the river.,

The geology of the dam site is mainly composed of unweéthered shale s_for'ie. The right

* bank forms a steep cliff with outcrops. The left bank is also relativeiy steep and covered

by thin weathered layer. Geologxcal mvestxgahons at the site show no serious geological '
problems agamst dam construction. Although a hmestone distribution whxch cannot be
judged by the information presently available, is seen around the upstream end of the |
reservoir. It may, however, prowde no crmcai problcms regarding the watemght integrity

of the reservoxr

- According to the conditions given above, the dam site of the Xe Kaman No.1 Project is
* selected at the site shown in Fig, 13.3-1. '

. Type of Dam

According to the-1/10,000 scale topographic maps, with a reservoir HWL of EL. 280m, the
height and the crest 1eng1h of the dam would be 170m and 540m respectively. - Regardmg
the dam type, it is expected that any types would be sultable to meet the geologlcal
conditions of the site. - For the selection of a dam type, however, there are certam'_ '
conditions to be met such as the availability of construction- mat_enals;and the layout of the
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13.3.2

1)

dam and splllway with regard to a small valley lymg just downstream of the dam axis in
the left bank snde

. In the case of a rockfill type dam with an impervious clay core, some difficulty is expected
" in the availability of the materials for the core. - The concrete facing type or asphalt facmg

type are also apphcab]e Even in these cases, however, the crest length and volume of the
dam would be larger because the dam axis must have some upstream offset in 1ts layout
from the narrowest section to avoid the valley lying downstream. In the case of a
concréte dam, however, although the procurement of cement may be a problem, there are
no constraints on the layout of the dam.

As stated above there are many factors in the selection of a dam type for the Xe Kaman
No.1 pro;ect The optimum dam type is selected in the preliminary- design stage in
Chapter 14. = At this stage, however, the concrete gravity type is tcmporanly selected for
the study on the optimum project scale.

Waterway and Powerhouse Layout

The m?cr gmdient is gentle in the downstream section of the Xe Kaman No.] dam site and
cannot be expectcd to develop a head by the waterway. Accordmgly, other than the dam
type scheme, no alternative development scheme is available for the X¢ Kaman No.1
Project. :Its-powerhouse site is selected just downstream of the dam site.

There are no geological constraints on situating the major_struétures around the dam site.
Using 1/10,000 scale- maps and assuming a concretc gravity dam type, the study on the
layout of structures, and the layout of the intake, headrace tunnel, open penstock and
powerhouse are selected on and in the left bank; as shown in Fig. 13.3-1. An

optumzatxon study on prOJect scale is carried out based on this layout
Basic Cbnditio'ns' for Optimization S_tudy :

Reservoir Operation Conditions

2 Re‘sefvpif Operation Rule

Regarding the reServo‘_ii‘ operation, the carry-over type operation rule is applied as
described in13:1. - o ,

Co13e2s



b)  Effective Storage Capacity

Fig. 13.3-2 shows the reservoir area-storage volume curve at the Xe Kaman No.1
“dam site selected in 13.3.1. " The:gross storage volume at an HWL of EL280m is
estimated to be 16,208 MCM. . This volume is extremely large agamst 4 mean-
annual inflow volume of 4,245 MCM at the dam site as estimated in Chapter 9.
Even in the case of 2 lower HWL, sufficient effective storage i'ol_umc_is available

after considering the sediment volume and water depth for the. installation of the
intake. '

Therefore, a limitation on the effective stdrage volume. provides no constraints on
-reservoir operation.  The opnmmn effective storage volume is determmed by
comparatwe study in 13.3.3.

¢) Firm Disc.harge
Fig. 13.3-3 shows the mass curve of the reservoir inflow volume for a 10-year. -

period. Fig. 13.3-4 shows the relationship between the effective storage capacity
and firm dlscharge calculated by applymg CarTy-Over Ieservoir- operatxon to the

above inflow mass curve. -

From this it is seen that the incremental amount of the firm. diséharge becomes smali
" at around an effective storage capacity of approximately 20% of the armual inflow

volume, although the firm dlscharge graduaily increases wnh the. largcr cﬁ'ectlve
: storage capacitics because carry-over operation is apphed

' d) . Discharge for Maintaining River Function
In case_qf the Xe Kaman No.l Project, which is a dam fype projeét, there are no

river sections where the discharge is not-supplied to the river. . Accordingly, no .

conditions are set on reservoir operation.

3 Power Plant Operation Conditioi_ls -
a) - Peak Power Duration

As described in 13.1, peak po_wér duration is setat 8 hours,. -
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b)

d)

Discharge for Maintaining River Function

The Xe Kaman No.1 Project, which has a large reservoir, stores almost all the
inflow.” Except for spilled flood, the outflow is only discharged through the turbine.
Accordingly, if power generation is stopped during the off-peak hours, no discharge
is sﬁpplied to the downstream. . |

There are social activities such as navigation and fishing in the downstream area of

the - Xe¢ I_(arhan River. To maintain -the river function for these activities, a
. condition is set on the reservoir operation to supply a certain discharge to the

. downstream. -

Following the conditions determined in 13.1, 20 m’/s is applicd for this discharge. 7
Maximum Diéchai‘ge for Power Generation -

Applying the above conditions, the maximum discharge _(Q_n;lax) is -set by. the
following formula; ' ' - :

Qmax = (QF - 20) x 24/8 + 20 - (m’/s)
Turbine/Generator Unit Conﬁghration:
If the full day outflow determined in b) above is released directly from the dam
outlet, the loss ‘of energy generation become !arge Theréfore partial power

generation is applied by this outflow volume during the off-peak hours, supplymg

downstream discharge through the turbine.

- In this case, a cohﬁg’ur‘ation. of power units able to achieve this operation is required,
At this optiJiﬁZation study stage, a uniformed capacity is applied for all units of each
case by settmg the max1mum dlbcharge per unit at 60 m *s agamst the full day

outﬂow of 20 m *s, taking into accountthat the minimum discharge for partial

_ Operatmn is generally appr0x1mately 30% of the maximum discharge in the case of -
 the Francis turbme ' '
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Conditions of Construction Cost Estimation -

2)

b}

Access Road

Regarding the route for the transportation of construction ‘materials and equipment
to the Xe Kaman No.1 Project site, as described in 8.5, Chapter 8, a routc lying to

the north of the Bolaven Plateau and passing Sekong Town and Attapu Town is seen

as the most practical. For this rcute, national roads are available from the border

- with Thailand to Sekong Town, although some imrovement work is required.

There is also a national road improvement plan from Sekong Town to Attapu Town.
T’herefore,'me dedicated access road for the Xe Kaman No.1 ijécf is-a section of
approxjmately 50 km running from Attapu Town to the project site. A new road or
the r_econstruétion of the existing road are required for this section. o

At this stage, the cost of the above works for the 50 km section is counted in the
project construction cost.  The constant access road cost is applied for each case of

* project scale.

Compensation Cost

The compensation costs by reservoir HWLs estimated based on the cbmpensatioﬁ N
survey in this Master Plan Study are shown below; ‘

HWL{m[ | Comps ion-Co

260 090
280 090 .

300 050 -

~"As shown above, there are only mmunal, negligible diﬁ'erc‘hces_ in the comp_ensation

costs between some HWLs Therefore, the constant compensation cost is applied
for each HWL. In this study, a'constaﬁt'compe_nsatién' cost ‘of 0.90 M.US$ is
applicd in the project cost estimation. R S

13.3.3 Selection of Optimum Development Scale

In this section, the _optimﬁm develop'ment scale of the Xe Kaman No,l: Projéct is

determined based on the basic layout selected in 13,31 and the basic conditions clariﬁed in

C13.28.
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2)

133.2. To determine the optimum development scale, comparative studies are performed

By varying the reservoir HWLSs and effective reservoir capacities.
Study on Reservoir HWL |

As deseribed in 13.3.2 (1), the mean annual inflow vblumc_ for 10 ycars.at the Xe Kaman
No.l dam site is e.étimated to be 4,245 MCM, and annual wide flow regulation is achieved
when the cﬁbctivé reservoir capacity is 20% or more of the annual inflow volume. In this
situation, an adequate gross reservoir storage volume is available at a reservoir HWL of
approximately EL.280m for the Xe Kaman No.l Project, as shown in Fig. 13.3-2, and

there are no constraints on setting an appropriate effoctive reservoir capacity.

In this connection, a comparatwc study on reservoir HWLs is made first under the
conditions of an 8-hour constant peak power duration and a constant eﬁ'ectwe reservoir
capacity of 1,270 MCM which is 30% of the mean annual inflow volume This effectwe

reservoir capacity prov;des a firm discharge of 89 m’/s in all cases.

The study is made by varying the HWLs from EL.250m to EL.280m with the above
condltlons From this oomparatwe study, an HWL of EL. 260m is seen to provide the
best performanoe in unit energy cost, unit construction cost per kW, and B/C respectively
as shown in Table 13.3-1, Accordingly, EL.260m is selected as.the optun:um_f-_{WL for
the Xe Kaman No.1 Project. ' :

.- Study on Effectivg Reservoir Capacity'

_ Wlth an HWL of EL 260m, a second comparative study is then ma.de on the e&"ectwe

reservoir capacity by varying its ratio to the mean annual inflow volume to be 20, 23, 30,
35, and 40%, respectively. These cases provide firm dlscharges of 83, 86, 69, 92, and

195 m’/s, _respecnv__t_:ly‘ as _s}_;own in Fig. 13.3- 4. Accordingly, the maximum discharge
~ provided with a peak power duration of 8 hours varies in each case. '

This comparatlvc study shows that an cffectwe reservoir CapaCIty of 30% of the mean
annual inflow. voiumc (Ve = 1,270 MCM) prowdcs the best performance in unit energy

'. cost, although the cases of 35% and 40% prowde slightly better performances in B/C, as
. shown in Table 13, 3-2, Accordingly, 1,270 MCM 1s selected as the: optimum eﬁ'cc.tlve

rescrvmr ‘capacity of the Xe Kaman No. 1 Project. “In this case, the reservoir storage

. volume under the low water level (LWL) is 10,791 MCM, thereby providing adequate

o room agamst an estimated rcscr_vmr sc_:dl_mcnt volume of 160 MCM, at a negligible level,



(3) Optim'um Development Scale

According to the above comparative studies on reservoir HWLs and effective storage
capacities, the optimum development scalc of the Xe Kaman No.1 ‘Project is determined as -

the plan below.

Reservoir HWL 260.0 m
‘Reservoir LWL 2532 m
Effective Storage Capa01ty 1,270 ~MCM -
Firm Discharge ' 80 m'fs
Minimim Outflow (through Turbine) 20 mifs
Peak Power Duration 8  hours
Maximum Discharge _ 228 m¥s
Rated Intake Water Level (IWL) - 2577 m
‘Rated Tail Water Level (TWL) . 125.0 m
Rated Effective Head (He) 1299 m
Installed Capacity ' 256 MW
Dependable Peak Capacny 245 MW

' Annual Energy 1,137 GWh

13.3.4 Remarks dn Development Plan

The above development plan is pfoposed as the optimum 'p]an of the Xe Kaman No.l
Project, based on the technical studies with the data and information presently avallablc

Several remarks to be clanﬁcd in further stages, howcver are md:cated as follows

_.a)

Technical Matters

Although no specific geological problems is observed in the dam site, there are
alternative dam types from the viewpoint of the topograpluc condltmns at ‘the site

*and the avallablhty of construct;on matenais

Investigatxon and study is also requlred on the dxstnbutmn of luncstone in the

upstream area of the reservonr in order to conﬁnn the watertlght mtegnty of the '

I'@SEI'VOII’
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b)

Environmental Impact Issues

. Although the number of‘ people who would require resettlement is estimated as
' approx:matcly 600, fewer than those related to the Se Kong No.4 Pro_‘ecL further
' mvestlgatxon and studies on the unpact to the natural environmental are requlred

because of the extremely wide inundation area which would be approx1mately
193 km’.

) '._13}:,_31



Table 13.3-1 Study on Reservoir HWL (Xe Kaman No.1)

Description - -

* Unit.

Case-1

Case-2

- Case-3

Selected Case

Case4-

Reservoir HWL m 250.0 2600 2700 280.0
Dam Crest Length m 410 440 480 540
Dam Height m 140 150 160 170
Reservoir Area km? 177 o193 210 222
Gross Storage Capa. MCM 10,195 - 12,061 14,074 16,208
Sediment Capa. MCM 160 160 160 . 160

- Net Storage Capa. MCM 1,270 1,270 1270 . 1,270
Reservoir LWL m 2425 253.2 2637 274.0.
Firm Discharge m/s 89 89 89  89
River Maint Release m*/s -0 -0 0 0
Base Power Discharge m?fs - 20 20 20 20
‘Max. Power Discharge m’/s - 228 228 228 228
Rated IWL m - 2475 - 2577 2619 278.0
Rated TWL ‘m 125.0 125.0 125.0 125.0
Gross Head m 1225 1327 142.9 153.0
Effective Head m 1197 1299 . 140.1 150.2
Installed Capacity - MW 236 256 - 276 29

" Annual Inflow MCM 4245 4245 4245 4245
Annual Evaporation MCM 188 207 224 1239
Annual Dam Outflow MCM 335 316 299 284
Annual Turbine Out. MCM ©3,722 3,722 3,722 37220
Firm Peak Capacity MW 24 245 265 . 286
Annual Energy GWh 1,045 1,137 1,227 1,318
Plant Factor % 51 - 5] 51 51
Construction Cost. M.US$ 3611 3877 - 4241 - 4703

~ Annual Cost M.US$ 397 426 . 46.6 - 517
Annual Benefit M.US$ 50.4 34.9 594 63.9
Unit Energy Cost $/MWh 38.0. 375 380 39.2
B-C ‘ - M.US$ 10.6 12.3 128 122
B/C _ - 127 1.29 127 124
Const.Cost/kW TM.USS$ 1,531 1,514 1,536 . 1,589

~ * .
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Table 13.3-2 Study on Effective Storage Capacity (Xe Kaman No.1)

Description Unit Case-l  Case2 Case-3 Casc-4 Case-5

‘Reguration Ratio % 20 25 30 35 40
Reservoir HWL m 260.0 260.0 260.0 260.0 260.0
Dam Crest Length m © 440 440 440 440 440
Dam Height m 150 150 150 150 150
Reservoir Area km?® 193 193 193 193 ‘193
Gross Storage Capa. MCM 12,061 12,061 12,061 12,061 12,061
Sediment Capa. MCM 160 - 160 160 160 160
- Net Storage Capa. MCM 850 1,060 1,270 1,490 1,700
Reservoir LWL © m 2555 . 2543 253.2 252.0 250.9
Firm Discharge mfs 83 86 89 92 95
River Maint Release T om¥s 0 -0 0 0 o
Base Power Discharge - ms - 20 20 29 20 20
Max. Power Discharge ms 209 220 228 236 245
Rated IWL B m 258.5 258.1 2577 257.3 257.0
Rated TWL m C 1250 1250 125.0 125.0 125.0
Gross Head m 1335 133.1 1327 132.3 132.0
Effective Head: m 1306 1303 129.9 129.6 129.2
Installed Capacity MW 236 - 248 256 . 265 273
 Annual Inflow - MCM 4,245 4,245 4,245 4245 4245
'Annual Evaporation "~ MCM 208 . 207 206 205 204
Annual Dam Outflow - MCM 485 377 317 261 324
Annual Turbine Out. MCM 3552 3,661 3,722 3,780 . 3,718
Firm Peak Capacity MW 229 238 245 252 . 258
Annual Energy : GWh . 1,095 1,124 1,137 1,149 1,139
Plant Factor o % 53 . 52 51 50 - 48
Construction Cost . M.USS$ 379.6 384.2 387.7 392.5 396.9
Annual Cost . M.US$ 418 423 N6 432 437
~ Annual Benefit ' M.US$ 519 .~ 537 54.9 560 567
~ Unit Energy Cost $/MWh 381 376 375 376 383
BC . S MUS$ 101 115 123 129 131
B/C . N 124 127 129 1.30 1.30
Const.Cost/kW . MUSS 1,606 1,552 1,512 1482 1452
Selected Case - ' : S
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Fig. 13.3-2 Area and Storage Capacity Curve of Xe Kaman No. 1 Reservoir
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Fig. 13.34  Firm Discharges provided by Xe Kaman No. 1 Reservoir
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13.4

13.4.1
m

(L1)

Optimization Study. of the Xe Namnoy Project

The Xe Namnoy river forms a rapids in its midstream section between the sites with
riverbed elevations of approximately 700m and 200m. A hydropower project could be

~ proposed in thig section using the head of approximately 500m available here. In the

development plan inventory, the Xe Nam'noy-Project_ was proposed using this head as a two
stage development scheme which combines the Xe Namnoy Midstream and Downstream

: Projects. In this Chapter, study on the optimum development plan is cor;dpcted, based on

this development scheme.

Selection of Basic Project Layout (Figs. 13.4-1, 2, 3 and 4)

Selection of Layout for the Xe Namnoy Midstream Project (Figs. 13.4-1 and 2)

Dam Site Selection_

Using 1/50,000 scale topographic maps, the dam site of the Xe Namnoy Midstream Project
selected in the study on the development plan inventory in Chapter 7, is locatod upstream
from where the Xe Namnoy River becomes a rapids, located in the mldstream sectlon of
the river. At this site, the riverbed elevation is- approximately EL._720m and t_he
catchmcnf afea is 531 km®, The upstream secﬁon of the Xe Namnoy river flows th:ough

an area wh1ch presents gentle terram " The river gradient of this section is gentle and a

TESEIVOIT provndmg an adequate storage volume for annual wide ﬂow regulatlon could be

developed in the upstream section,

Usmg the 1/10,000 scalc topographic. maps developed in thls Master Plan Study, rewews .

© of the above dam site conﬁrm that with a reservoir HWL of EL. 760m whlch is of the

inventory plan the above dam site is the most appropriate for the topographlc conditions of

~ the site such as the width. of the valley and the elevations’ of the left and right banks along |

the river, and for the layout of the m;a_ke and headrace tunnel

The geology of the dam sxte is composed mamly of sedlmentary rock such as sandstone and_
conglomerate. Hard masswc sandstone lies on. the nverbed ' However hlghly -.
permeable basalt is distributed on the sedlmentary rocks in the area from the rwerbed to
the left bank. This geologlcal condltlon presents a problem in the watertlght integrity of - |
the reservoir for the dam construction. Regardmg this, according to- goologlcal studies,
the range of the basalt dlstributlon is limited fo an area with a pIams topography at the left

-bank and the watemght mtegnty ‘of the basalt could be unprovod by groutmg m the sectlon-'f .

13240 "




1.2)

(1.3)

of the dam axis.  Other than these, no serious geological problems are seen to prohibit

dam construction.

According to the conditions described above, to minimize the dam volume, the dam site of
the Xe Namnoy Midstream Project is selected at the site shown in Fig. 13.4-1. In
addition, the downstream axis plan shown in Fig. 13.4-1, indicated by a broken line, could
be proposed as an alternative site. According to geological studies, however, the wider
distribution of high permeable basalt in that area is seen to provide disadvantage to this
alternative. Also, this alternative plan would require the inundation of almost all the
village area of Ban Latsasin. ‘In view. of -these factors, this alternative dam site is

© cancelled.

Type of Dam

For the dam type of the Xe Namnoy Mldstream Pro_lect a rock.ﬁll type is consndered the

most appropnate due the topographlcal conditions which include a wide valley

' 'Accordmg to the 1/10, 000 scale topographlc maps, in the case of a reservoir HWL of |

EL.760m, the dam would be 55m high with a 740m long crest.  In the case of a roekflll
dam, the avanlablhty of construction materials should be conmdered In this regard,

eonmdenng the site's geology and the size of the dam, it is expected that clay matenals for

the unpemous core are available around the site. The type of impervious core will be '

‘studied again in the preliminary design. stage in Chapter 14. At this stage, however, a

rockflll dam with a central impervious clay core: is temporanly selected for the study on

optimum project scale.

Wat_er\lvay.anc_l Powerhouse Layout (Fig. 13.4-1)

* The . layout of the waterway and powerhouse. of the Xe¢ Namnoy Midstream project is
- ‘studied using 1/10,000 topographlc maps to utilize the available head as efﬁcwntly as
posmble and by taking the topograplnc oondmons which provnde possible construction sites
- of headrace tunnel, penstock and powerhouse into oon31derat10n From this, the layout
~ ‘shown i in Flg 13.4-11i is selected based on the topographic condition of the waterway route .
- and- the river gradlent dlstnbunon In thlS layout, the mtake site is selected in the right
- bank tnbutary located unmednately upstream from the dam. site.:” The powerhouse site is
.-selected at the right’ bank of the site thh a nverbed elevat:on of EL 265m The intake

- and powerhouse are connected by a headrace tunnel. :
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)

Considering the layout of the Xe Namnoy Downstrcam Project, there is no appropriate
alternative layout. In this stége, an optimization study on project scale is conducted based
on the above layout plan. -

Layout of Diversion Scheme from Neighboring Rivers (Figs. 13.4-2 and 3)

The Xe Namnoy Midstream Projeot in the development plan inventory is planned to

' mcorporatc & river diversion scheme to divert water from the Xe Pian River located west of
‘the Xe¢ Namnoy River. In this stage, the layout of the diversion scheme is studied usmg

1/10,000 topographic maps. The study shows, as seen in Fig. 13.4-2, that a layout with
two intake weirs on the Xe Pian mainstream and the Houa),r Liang River, a tributary, and a
diversion channel connecting these intake weirs and the reservoir of the Xe’ Namnoy
Midstream Project is selected, being the éame as the plan in the developiment plan inventory.
As no other appropriate alternative layout is available, study on the optlmum prOJect scale |
of the X6 Namnoy Midstream Pro;cct is conducted based on the above layout. .

In addition to the diversion scheme from the Xe Pian River, a diversion soheme from the
Hohay Makchan'rivor, which is a tributary flowing into tho Xe Namnoy river downstream
from the Midstream dam site, has been studied with a diversion _schexﬁe through the Houay
Liang River. - However, as scen in Fig, 13.4- 3 this scheme requires a rathier large'volume

" of open channei works due to the relationship betwcen the riverbed elevations of both the .

Houay Makchan and Houay Liang  rivers. “Thesé works could - provide -certain
enwronmental 1mpacts around the site-and downstream.  Taking these conditions mto

' account the diversion scheme from the Houay . Makchan R_wcr is’ not apphed in the

developmient of the Xe Namnoy Midstream Pr0_|ect

Selection of Layout for the Xe Namnoy Downstream Project (Fig, 13.4-.4)-,_ :

. The Xe 'Namnoy Downstream Project in the development plan inventory as propoé.ed in

~‘Chapter 7, is planined to utilize the head avmlable downstream from the powerhouse of the -
Xe Namnoy Mldstream Project. on the rapxd section of the Xe. Namnoy nvor It bemg
- difficult to construct a dam- with a large reservoir due to. the topographic oondltlons of the

project site, this prO_]eCt is planned as a regulation pond type project. Thc catchment area '

“of the Downstream Project, however, is 1,475 km? including 223 km2 of indirect basm'
B -prowded by the Xe: Pian River diversion scheme As apprommately 50% of the total ' ,:
- catchment area is shared by that of Midstream Pro;ect 754 m? (mcludmg the Xe Plan '
, basm) more than 50% of mﬂow volume is shared by tho dlscharge regu!ated by the

: ..._.1.3..4?-.. G
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reservoir of the Midstream Project. This inflow provides the capability of stable power

generation without a lerge reservoir for the Downstréam Project.

Considering the above characteristics, the layout of the Xe Namnoy Downstream Project is
studied below. ' '

Dam Site Selection (Fig. 13.4-4)

" The dam site of the Xe Namnoy Downstream Project is selected in the section downstream

from the confluence of the Houay Katak Tok River which flows into the Xe Namnoy
mainstream 1 km downstream from the powerhouse site of the Midstream Project as
proposed in the development plan inventory, in order to utilize the discharge from the
Houay Katak Tok river basin. Using 1/10,000 scale topographic maps and based on this
layout as shown in Fig. 13.4-4, the study shows that the site with a riverbed elevation of
approxjmately 245m which provides' the minimum sized dam due to the topography, is
selected as the dam site of the Downstream’ Project In this case, a regulating reservmr
with a storage capacity for daily ﬂow regulation is available between the dam site and the
powerhouse site of the Mldstream Pro_]ect ' - -

| _ Regardmg the dam type, a concrete grawty type is se}ected due to the size of the dam and

the ﬂood d:scharge

'Waterwa'y' afld Powerho'u’se Layout (Fig_.- 13;4—4)

_The layout of the waterway and powerhouse of the. Downstream Project is selected to
“utilize the: head available in the rapids’ dovmstream frorit the dam site as’ eﬁ”ectwely as
; poss1bie Usmg l/lO 000 scale topographm maps, the study shows that the layout shown

in Fig, 13.4-4 is selected for the Downstream Project. In this Jayout, the powerhouse site

' is seiected at the left bank of the site with a riverbed elevation of 180m. The headrace
o tunnel mute is selected along the left bank of the Xe Namnoy River to connect the intake at -

o the dam sxte w1th the powerhouse



13.4.2 Basic Conditions for Optimization Study

4

(1.1)

Reservoir Operation Conditions

Xe Namnoy Midstream Project

a)

b)

Reservoir Operation Rule

- Regarding the reservoir operation of the Xe Namnoy Midstream Project which is a
- reservoir type project, the carry—over type operation rule 1s applied, as descnbed in
- 13.1.

Effective St_orage Capacity

Fig. 13 4-5 shows the reservoir area—storage volume curve at the Xe Namnoy de- :

stream dam site selected in 13.4. 1

The reservoir storage volume at_e water 'level_. estimated with 1/ 10,000 scale

topographic maps is slightly smaller than that estimated with the 1/50,000 scale

maps apphed in the study of the deve!opment plan mventory This new curve

provides a gross storage volume of 237 MCM at a reservoir. HWL of EL 760m

against an annual reservoir inflow volume of 761 MCM (excludmg chv_ersmn

volume from the Xe Pian river). _The;efore, the available effective storage capacity

(annual regulation ra_tio) is limited to approximately 20% of the annual inflow = -

volume, taking the reservoir sediment volume of 23 MCM and water depth required
for instaliation of the intake into consideration._ The annual regulation ratio against

the inflow volume, including diversion flow from the Xe Pian River becomes less. -

However, as the Xe Namnoy Midstream 'Project is a dam and: Wallterway. type the

* head created by the height of the da.m is only approxunate]y 40m agamst the gross '

head of 475m. Therefore, the effect of reservoir drawdown is mmlmal for power
gencration. :

Taking the above conditions and the- conditio'hs of firm discharge described beloﬁr

into ‘account, the maximum effective storage capaclty physmally avaulable for each_ :' _

case is applied in the study of the Xe Namnoy Mldstream Pro_;ect
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‘c)

-9

Firm Discharge

Fig. 13.4-6 shows the mass curve of reservoir inflow volume for 10 years. Fig.

'13.4-7 shows the relationship between the effective storage capacity and the firm

discharge calculated by applying carry-over reservoir operation to the above inflow
mass curve. From this it is seen that the available firm discharge becomes
mcreasmgly larger until around an effective storage capacity of 230- MCM, bemg

approximately 30% of the annual inflow volume.

In the comparative study on effective reservoir capacitics, the firm discharges for

cach capacity is applied in setting the maximum discharge of each case.
Diséharge for Maintaining River Function
In the case of the Xe Namnoy Midstream Project Whlch is a dam and waterway type,

a river section where the d:scharge is not supplied to the river will be provided in the
20 km section between the dam and powerhouse. It is, therefore, necessary to

supply a dxscharge to maintain the river function of this section.

For this ‘discharge, a d:rect release of 1.0 m3/s from the dam outiet is applied,

: followmg the condition determined in 13.1. ThlS dlscharge amount - is provtdod
- froma part of th_é regulotéd firm c_lischarge.

 The amount of released dlschargc determined above is small. However, there is

almost no water usage from the mainstream of the Xe Namnoy River at Ban

- Latsasin located munedlatcly downstream from the Midstream dam site. Thus, no
- serious probiem is expected Also, as the Houay Makchan River flows into the

mainstream 3 km downstrea.m from the M1dstream dam site, river flow is supplied

: for the downstream from the conﬂuence

Regardmg the river maintenance dlscharge for the downstream area from the mtake

on the Xe Pian Rwer apprommately 1.0 m¥/s of that chscharge is required if the

B condition determmed in 13 lis apphed -However, as there are very few domiciles

n the downstream areéa, no condltlons of: river mamtaimng discha:ge is set on the Xe

: P:a.n Diversion Scheme in this study -1t does appear necessary, however that this
' matter be re—studxed i further stages mcludmg the aspect of potentlal impacts upon '

the natural enwronment

C1Beas
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Xe Namnoy Downstream Project

a)

b)

¢)

o

Rcservoir.()peration Rule -

Due to its characteristics, the Xe Namnoy Downstream Project is planned as a
regulation:pond type. - Accordingly, a daily flow rcgulatton but not an annual ﬂow
regulation is applied as the operation conditon.

Effective Storage Capacity

The effective storage capacity is provided within a range _réduited for the daily
regulation. - - ' '

Fig. 13.4-8 shows the reservoir area-storage volume curve at the Xe Namnoy Down-

“stream dam site selected in 13.4.1.

Inflow Data

The reservoir inflow volume of the Xe Namnoy Downsfrcam Project consists of the

* . total outflow. of the Midstream Project including the outflows from the turbine, dam

outlet and splllway, and the natural discharge from the sub -basin whxch congists the
downstream areas of the M1dstream Project and the Houay Katak Tok Project.’
Here, it is assumed that all the reservoir inflow of the Houay Katak Tok Project is
diverted to the mainstream of the Se Kong Rlver

Accordingly, the. resorvoir inﬂow data of the Do.wmstr.eam Project is calculated

“based on the natural djsoharge data of the sub-basin estimated in Chapter 9, and the
. -calculation results of the reservoir and power plant. operatlon of the Midstream
Project. '

Firm Disch'arge'.- i

: The firm dlscharge of the Xe Narrmoy Downstream Prq;ect is calculatod based on

the mﬂow data as a mean inflow of the driest month w:thout regulatlon of the mﬂow .

13-46




)

(2.1)

" Discharge for Maintaining River Function

In the case of the Xe Namnoy Downstream Project, which is a dam and waterway
type, a river section where the discharge is not supplied to the river will be provided
in the 4 km section between the dam and the. powerhouse. As there are no river.
usage activities in this section which forms a rapids, a plan without discharge for
maintaining river function for this section is not applied in this study. |

" Power Plant Qperation Conditions

Xe Namnoy Midstream Project

"

b} -

Q.

)

Peak Power Duration
As described in 13.1, peak power duration is set at 8 hours.
Discharge for Maintaining River Function _

In the case of the Xe Namnoy Midstream Pro;ect Y m’/s of the dxscharge for

— downstream water supply dctcmuned in item d) of (1.1) is released dlrcctly from the
dam out_}ct consuming a part of the firm discharge.

Maximum Discharge for Power. Generation

- Applymg the conditions of the firm discharge and the dtscharge for mmntammg river

functions dctermmed above the maximum discharge (Qmax) is set by the fo]lowmg '

.fonnu_la.

| Qmarx=(Qf-l.'0)x_2.4f8 .'(r:n3_fs)_‘ o

" Turbine/Generator Unit Configuration

-~ In case of Xe Namnoy Mldstream Pro_lect the dlscharge for thc river section
o ,.,between the dam and powerhouse sites is releaswcd directory from thc dam outlet.
: Also since the dlscharge for power generatlon is relcased dlrcctly into the regulation

-~ pond of the: Downstream Pro_;ect there i is no constramts on power plant operation for

downstrea_m river use.

: | 13 :;47..:__ .



In this connecnon there are no particular constraints on the conﬁguratlon of the

- power units. The configuration is set based only on the maximum discharge

* determined by the above formula and applying the conditions pr_owded in 131,

(2.2) = Xe Namnoy Downstream Project -

a)

b)

d)

Peak Power Duration

As the Xe Namnoy Downstream Project is 2 daily r_egdlation type developed for
peak power supply, peak power durations are applied by individual cases, depending
on the ratio of maximum diséharge against the firm discharge in the calculation of"
project benefit for economic evaluation.

Discharge for Maintaining River Function

If power. geﬂeration is stopped during the off-peak hours, no dischafgc is supplied to
the approximately 20 km section from the powerhouse site to the confluence with the
mainstream of the Se Kong River. - However, it is expected that there will b'e no -

significant impact even without a contmuous supply of discharge as there are no.

large vﬂlagcs and almost no ‘river usage activities in this section, and also because

the river gradient is ‘gentle and the - river is wide here exoept for some. parts.
Thcrefore 10 cond:t:on of full day discharge through the turbine is set in this study.
It does appear necessary, however that this matter be rc-studaed in further stages
Maximum Discharge

In the case of the Xe Namnoy Downstream Project, the optimum maximum
dtschdrge (Qmax) 1s not determmed by firm dlscharge and peak power duration, but _
by comparatwe study

Turbine/Genér.ator_Unit Conﬁgil'rati'bn co

In the case of the Xe Namnoy Downstrcam Pro;ect as the dlscharge for mamtalmng

7 the original nver function is ot applied and as there are no operatlonal constramts

on discharge through the turbme ‘power - unit- conﬁguratlon is set. based on the
maxlmum discharge of each case and based on the conditions prowded in 13 1.
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&)

Conditions for Construction Cost Estimation

a).

b)

Access Road

Regarding the route for the transportation of the construction materials and |
equipment to thc Xe Namnoy Midstream and Downstream project sites, as stated in
8.5, Chapter 8, a road for vehicle trafﬁc is available until Ban Latsasin located

* downstream from the Midstream dam site, although this road does require some
renovation work. Therefore, the dedicated access road for the Xe Namnoy Project
" is a section approxmtatcly 57 km long overall including the sections from Ban

" Latsasin to the construction site of the major structures of the Midstream and

Downstream Projects. Of these sections, the construction of 41 km of new road

and the'reconstruction' cf 16 km of cxist'mg road is required.

* At this stage as the two project sites are located in close prox;mlty, the cost of the
' ~ above works for the 57 km section is-counted in the project construction cost of the

Mtdstream Project. The constant access road cost is apph_ed for each case of

project scale.

E Compénsation"Cost

_The compensatlon costs of the Xe Namnoy Midstream Pro_lect by reservoir HWLs

estimated based on the compensation survey in thlS Master Pian Study, are shown

_ below; -

HWL (m) = Compensation Cost (M.US$)

0 09
760 15

S0 18

" In the case of the Xe Namnoy Mldstrcam Prolcct the compensatxon cost of a case
_ w1th the nearest reservmr HWL is apphed for each study case.

: For the Downstream PrOJcct the compcnsatlon cost is neglected as no-reason for
o compensatlon is cxpected o
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13.4.3 Selection of Optimum Development Scale -

6]

In'this section, the optimum development scale of the Xe Namnoy Project eonsisting_ of the
Midstream and Downstream Projects is determined bascd on the basic layout selected in
13.4.1 and the basic conditions clarified in 13.4.2,

Study on the Reservoir HWL of the Xe Namnoy Midstream Projee_t

In the case of the Xe Namnoy Midstream Project, attention should be paid to assure that a

sufficient effective reserifeir storage: capacity is available in view of the topographic

conditions of the dam site and upstream area and the hydrological charactenstlcs with a

Iargc scasonal inflow gap. - As described in 13.4.2, as this project is a dam and waterway

type, the ratio of reservoir drawdown against the gross head is smail, The gross storage

' capauty of the reservoir is also smali Accordingly, the effective storage capacity of the
‘reservoir is set at-the maximum capacity -physically avallable in’ each case of reservoir

- HWL. (Therefore no comparative studies on the effective reservoir capacitles as a

parameter-are conducted in this study )

The siudies are conducted for those cases without and with the Xe Pian diversion scheme

(for a case with a maximum diversion capacity of 15 m’ *fs) respecuvely, varylng HWLs of

EL.750, 755, 760, 765, and 770m with the abovc conditions.. Here for the case w1th the
Xe Plau dlversmn scheme the reservoir I—IWL is himited at EL. 765m or less due to the

" riverbed clevation at the intake site of the Xe Pian ijer. :

As shown in Table 13.4-1 (1/2), thls comparative study shows that an HWL of EL. 76(}m ﬁ_

provides the best perfonnance in unit energy cost and B/C in the case without the Xe Pian
diversion scheme. For the case with the Xe Pian dwersmn scheme, as shown in Table
13 4-1 (2/2), although a reservmr HWL of EL.760m provides the best performance in unit
encrgy cost, the HWL of 765m provides the best performance in B/C and B-C respeetlvely
and provides the better performance in B/C and B-C than the performance pr0v1ded by the

best case of the without Xe¢- Pian diversion scheme

- The Xe Namnoy Midstream Project provides a signiﬁeamly lower level of unit energ'y; cost

of approximately 30 US$/MWh, than provided by the Se Kong No.4 and Xe Kaman No 1

Projeets Accordingly, EL.765m is selected as the optlmum HWL of the Xe Narnnoy i
Midstream Project, giving priority to the casc with Xe Plan dwersmn scheme and to tbe ‘

B/C and B-C indexes in this stady. -

o
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-Study on the Maximum Capacity of the Xe Pian Diversion Scheme

In addition to the above study, a comparative study on the maximum diversion capacity of
the Xe Pian diversion schdme is conducted by varying the maximum capagities to be 10, 15,
20, and 25 m'/s respectively for the case with a reservoir HWL of EL.765m. '

From this, as shown in Table 13.4-2, no significant difference is seen between the cases
with maximum diversion capacities of 13, 20, and 25 m’/s in their economic performance.
The case with a maximum diversion capacity of 20 m*/s which provides slightly better
performance in B/C among the cases is selected as the optimum case. |

Here, it should be remarked that the discharge data of the Xc Pian River is less reliable.
Further, the di.scharge calculation with monthly inflow data is applied in this study due to
the lack of daily data observed in the basin, although a calculation with daily inflow data is
required.because_tl'\e diversion scheme is planned as a run-of-river type. . (In this study,
adjustment' is made-on the monthly inflow' data based on the relationship between the
monthly volume of di\ferted_djscharge estimated with daily discharge data available for two

years.and the monthly mean inflow volume.)
Development Scale of the Xe Namnoy Down_stream' Project
The .study on the optimum development plan of the Xe Na.timoy Downstream Project is

conducted based on the ‘study results of the Midstream Project which provides the
following conditions for the Downstream Project; '

'a) InflowData

" Reservoir inflow is célcu}aied with the operation condition of thé Midstream Project

" determined in the previous section (2).

“b) Firm I_)ischarge

The _ﬁrmfdischar’ge of the Downstream Proje(_:t_i's'.'éalcillatcd to be 24 m’/s as the

- mean inflow of the driest _mdnth’ based on the_abo’vé inflow data.



(3.1}

(3.2)

¢)  Effective Storage Capacity

“ Based on the ‘above firm discharge including allowance, t_he' ceffective storage
- capacity for daily inflow regulation is set at 2.0 MCM. .

Reservoir HWL

The studiés are conducted for those cases with peak power duration of 6 hours varying the

'HWLS to be EL.265, 270; 275, and 280m with the above conditions. This comparative

study shows, as seen in Table 13.4-3, an HWL of EL.270m provides the best performance

in unit energy cost and B/C in the independent evaluation of the DoWnstream'Project.

“Evaluation is' also made on the 0verau performance of both- the . Midstream and

Downstream Projects as one project. - From this it is seen that the HWLs of EL.265m and

© 270m- provide almost the same econornic_ performance as shown in Table 13.4-4.  The

HWL of EL.270m, which has an advantage in the amount of energy generation is selected
as the optinum reservoir HWL of the Downstream Project in this study.

Here, the tail water level (TWL) of the Midstream Project. is varied_depeﬂding-on the
reservoir HWLs of the Downstream Project with the condition that the minimum TWL is . -
EL.270m due to the riverbed elevation of the pow_erhduse site of the Midstream Project.

Maximum Discharge

In addition to the above study, a comparative study on the maximum .djsch_a;r'ge' is
conducted by varying the maximum discharges to be 2.4, 3, 4, 5, and 6. times .the firm
disché.rge of 24 m 3fs respectively for the case with a reservoir HWL of EL 270m. In-thc
evaluation of this comparatwe study, different peak power durations are applied for each

- case based on the ratios of maximum discharge against the firm discharge (10, 8, 6, 4.8, - -

and 4 hours for each case respectively).

From this it is seen that a maximum discharge of 5 times the ﬁrm discharge (peak power

" duration is 4.8 hours) provides the best performance in B/C as shown in Tabile 13.4-3.

However, it also provides the second highest unit energy cost of all the cases. On the
other hand, although the maximum discharge of 3 times the ﬁrm dlscharge (peak power_

- duration is 8 hours) provides the best performance in unit energy cost, it provxddes aB/C -

less than 1.0. Accordingly, this case is not sclected as an optimum scale. In this study,

‘the maximum discharge of 4 times the firm discharge (peak poiyer duration is 6 hours) ~
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