. N e Co B R S -i~NQL;56“;;i ?
. JAPAN INTERNATIONAL COOPERATION AGENCY (JICA) =

T

JIEN LIBRARY

NIRRT

1125173 (3]

b=







JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)

MINISTRY OF INDUSTRY AND HANDICRAFT
LAO PEOPLE'S DEMOCRATIC REPUBLIC

" MASTER PLAN STUDY
| ~ ON
" HYDROELECTRIC POWER DEVELOPMENT
N _
- THE SE KONG BASIN
®  THE LAO PEOPLE'S DEMOCRATIC REPUBLIC

_ FINAL REPORT

: MARCH; 1995

ELECTRIC POWER DEVELOPMENT CO LTD TOI(YO
_ 'NEWJEC INC., OSAKA -
: PASCO INTERNATIONAL INC TOKYO



1

o L



PREFACE

In response to a request from the Government of Lac People’s Democratic Republic (Lao P.D.R)), the
Government of Japan decided to conduct a mastcr plan study on hydroelectric power development in the
Se Kong Basin, one of the major tributary of the Mekong river, and entrusted the study to the Japan
International Cooperation Agency (JICA). '

JICA sent toLao PD.R. a study team headed by Mr.Tokuji TEZUKA of Electric Power Development
Compahy Ltd. six times during the period from June 1993 to March 1995,

The team held discussions on the project with officials concerned of the Government of Lao PDR. and
conducted field surveys at the study area. After the team returned to Japan, further studies were made
and the present report was preparcd. '

I hope that th]S report wﬂl contribute to the promotxon of the pro_]ects and the enhancement of fnendly
relation between our two countries. '

S - {wishto 'express my sincere appreciation to the officials concerned of the Government of Lao P.D.R.
for their close cooperation extended to the team.

March 1995

* Kimio FUIITA |

President
Japan International Cooperation Agency







Mr. Kimio FUJITA ' March 1995
President '

Japan International Cooperation Agency

Tokyo, .Tapan

Dear Mr. FUJITA,
Letter of Transmittal

We are pleased to submit to you a master plan study report on hydroelectric power development in the
Se Kong Basin, Lao People’ s Democratic Republic. . The report contains the conclusion and
recommendation of the authorities concerned of the Government of Japan and your Agency as well as
the formation of the above mentioned project Also included are comments made by the Ministry of
Industry and Handicraft of Lao P.D.R. during technical discussions on the draﬁ final report which

were held in Vientiane.

This report presents a hydropower potential study in the Se Kong Basin and a pre- -feasibility study for
the selected three priority prO_]GCtS out of the deve10pment plan inventory of the basin. Resulting the
pre-feasibility study, the three projects are promising projects to be developed mainly for power
export purpose frdm Lao PDR. to the neighboring countries from technical, economical and

financial point of view.

In view of the urgency of power development in L_ao P.D.R., we recommended that the Government of

Lao. P D.R. be carried out feasibility study for the projects as a top priority.

We w1sh to take this opportumty to express our sincere gratitude to your Agency, the Ministry of
Foreign Affairs and the Ministry of International Trade and Industry. We also wish to express our
~deep gratitude to the Ministry ‘of Industry and Handicraft and other authorities concerned of the
Goveinment of Lao P.DR. for the close cooperation and assistance extended to us dufing our

investigations and study.

Very truly yours,

‘Team Leader
‘Master Plan Study on Hydroelectrlc Power
Dcvelopment in the Se Kong Basin -
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Photo A-1 Se Kong River Main Stream

(1} Se Kong No. 3 Site
(View from upstream)

(2) Se Kong No. 4 Site
{View from downsiream)

(3} Se Kong No.5 Site
(View from downstream)



{1} Downstream of
Xe Kaman No.1 Site

{View from upstream)

{2} Xe Kaman No.t Site
Mid-stream Site
{view from upstream)

(3) Xe Kaman No. 2 Site
{View from downstream)

Photo A-2 Xe Kaman River (1)



Photo A-3 Xe Kaman River (2)

(1) Xe Kaman No. 3 Site
{view from downstream)

{2) Xe Kaman No. 4 Site
(View from downstream)

(3) Xe Kaman No. 4 Site
{View from downstream)



(1) Xe Namnoy Midstream Site
{View from downstream)

{2} Xe Namnoy Midstream Site
{(View from downstream)

{3) Xe Namnoy Midstream Site
{View of reservoir area)

Photo A-4 Xe Namnoy River (1)



(1) Xe Namnoy Downstream Area
(View from upstream)

(2) Xe Namnoy Downstream Site
(View from upstream)

Photo A-6 Xe Namnoy River (2)



{1) Downstream of
Xe Pian Site
(View from downstream)

(2} H. Katak Tok Site
(view from downstream)

{3) H. Katak Tok Site
{View from downstream)

Photo A-6 Xe Piah, H. Katak Tok Rivers



(1) Nam Kong No.1 Site
(View from downstream}

(2) Xe Xou Reservoir Area
{View from downstream)

Photo A-7 Nam Kong, Xe Xou Rivers



(1) Dak E Meule Site
{View from downstream}

(2) Dak E Meule Site
{View from downstream)

(3) H. Lamphan Gnai Site
(View from downstream)

Photo A-8 Dak E Meule, H. Lamphan Gnai Rivers



{1) view from Right Bank

(2) View from Upstream

{3) View from Downstream

Photo B-1 Se Kong No.4 Dam Site



(1) View from Downstream

(2) View from Upstream

Photo B-2 Xe Kaman No.1 Dam Site
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{1) View from Right Bank

(2) View from Downstream Left Bank

Photo B-3 Xe Namnoy Midstream Dam Site




Photo C-1 Metecrological Gauging'Station (Sekong Town)

(1) Rain Gauge

(2} Evapcration Pan



(1) water Level Gauging Station

(2) Gondla and Winch for
Cableway

Photo C-2 Discharge Measurement
(B. Latsasin)



Photo C-3 Field Investigation

(1) Aerial Photogrammetry

(2) Seismic Prospecting Suvey

{3) Core Drilling Wark



{1) Route 20
(at H. Champi)

{2) Route 16 B
(at Xe Khampho)

(3) Access to Se Kong No. 4
{by boat)

Photo C-4 Access Survey (1)



(1) Ferry Boat at Mekong River
{Route 13, Pakse}

(2) Ferry Boat at Xe Namnoy
River
{Route 18 A)

{3) Ferry Boat at Se Kong River
{Local road, Attapu)

Photo C-6 Access Survey (2)



{1} Small Village along
Se Kong River

{2) Small Village along
Xe Kaman River

Photo C-6 Environment (1)



(1) Sekong Town

(2) Xe Katam Fall

Photo C-7 Environment (2)



Photo C-8 Technical Transtfer
(Seminar on Hydropower Development)
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“Introduction

This Study was undertaken during the period June, 1993 to February,. 1995 to formulate
the Master Plan Study o the Hydroelectric Power Development in the Se Kong Basin, Lao
P.D.R. In the Study, a hydropower potential study in the Se Kong Basin was carried out at
first stage. Then pre-feasibility studies were carried out for the-three projects selected
from the projects in the development plan inventory.

The Study was carried out requested by the Government of Lao P.D.R.. The Scope of
- Work (S/W) for the 'Ma,ster_ Plan Study on the project was agreed, and duly signed on
March 11,1993 between Ministry of Industry and Handicraft (MIH) of the Lao P.D.R. and
Japan International Cooperation Agency (JICA). '

In order to promote the Study, JICA selected the consultant firm and awarded the study
works to the joint venture consisting of Electric Power Development Co. Lid. (EPDC,
leading firm), NEWJEC Inc. and PASCO Intemational Inc.

_ The study team, organize_d in accordance with the above consultancy contract and headed
by Mr. T. TEZUKA (EPDC), inuned:iately'started study works in June 1993,

The study team first prepared an Inception Report and presented the same to MIH in July,
1993, This Report contained the pohcy of the study, method of the study and works to be
undertaken by the MIH and JICA. In the Report the study team divided the works into
two stages; a hydropower potential study stage and a pre-feasibility study stage.

Seoondly, the study team carried out site reconnaissances, a hydropower potential study to
prepare hydropower development 1nventory Then the three pnonty projects were
selected from the 15 projects in the inventory. These studres were reporfed in the Interim
_ 'Report and submitted to MIH in November, 1993. '

) Thirdly, field mvesugatlons such as hydro meteorologrcal survey, topographlc survey by
acrial photogrammetry, geological mvestxgatlon enwronmental impact survey were carried
out at the three selected project sites. Detalls of these field mvestlgatlons were reported in
the Progress Report and submltted to MIH in July, 1994,

Final_ly,' pre-feasibility studies 'were.carried out fo_r.t_he three selected projeots.'



The field works for the study werc carried out in cooperation with the_tcam's-couhtcrparts
from the MIH. During this study, the study team provided technical transfer to their
counterparts- through the field - investigations. In the ‘mean time, JICA invited two
counterparts in Japan and provided technical training for them, '

The study team also held a technical seminar at Vientiane in July 1994.

All works were completed in March, 1995,
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Po_\#er Survey

Present Situation of E!ect.ric Power lndustry'

Most of clectric utilities in Laos are being operated under state or public managcmcrlt.

The greater part of them is run by Elcetricite du Laos (EDL). EDL is now under the
control of Ministry of Industry and Handicraft(MIH) which is its supervisory office and
conducts integrated management including power generation, transmission and distribution,
and electricity export to Thailand.

The total generating capacity in Laos is 210 MW as of 1994 and about 94 % of them are
hydroelectric generating equipment.  Main power plants include the Num Ngum
hydroelectric power plant (150 MW) and Xe Sct hydroelectric power plant (45 MW).

As for main power system, Nam Ngum power plant and Vientiane system, Xe Set power
plant and the southern system and Thakhek and Savanakhet system where electric power is
supplied from Thailand are operated respectively in an isolated system.

Development Plan and Power Export

According to the latest estimate by EDL, the demand for electric power in Laos is 195
GWh in 1993, 398 GWh in 2000 and 502 GWh in 2003. When only domestic demand

‘considered, the’ existing faéilities_ are capable of satisfying that demand despite power
export to Thailand.

On thé other hand, the demand for electric power in Thailand, is increasing by 8% to 9%.
Sub_scduently, Thailand’s eﬁpectations of Laos for the supply of electric power has
increased. On June 1993, both countries agreed thét 1,500 MW of the power are to be
supply to Thailand by year 2000, Furthermore, more power supply will be expected after '
year 2000, Recentl_y', investigatiorls and construction of the llydroelectric power.projects.

for the p_ower e_ﬁport to Thailand have been expanded by the private investors.

In Laos clcctnc power development plan is not basma!ly l1nked to domestic demand alone.
The majorlty of the natlons power is exported Assummg construcnon is carried out as
scheduled in the plan the total capacity will amount to 2, 255 MW (8,451 GWh annual
power generauon) in 2000, 6 279MW (30 797 GWh annual power generatlon) in 2010



{4) The Se Kong river basin provides abundant hydropower resources. - Therefore, the basin
is taken notice of the hydro- electric power devclopment area for the purpose of power
export to the neighboring countries. .
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3.2

1)-

Results of Hydropower Potential Study i'n the Se Kong Basin

Field Survey

JICA study team visited Laos six times to carry out the field survey. The surveys were
carried out at Vieﬁtian_e and in the Se Kong basin. Meeting with MIH, data collection,
report of the results of the field investigation works to MIH and ete: were carried out at

Vientiane.  Overall site survey by helicopter, topographic' survey and geological

- reconnaissance at the accesmblc sites were cartied out in the Se Kong basin. . Furthermore,

meteorological observation stations and water leve! gaugmg stations around the basin were

unproved and advised observation techno!ogy by the study team.

On the other hand, the study team visited Mekong Comm1ttec Secretariat in Bangkok and
EGAT for data collectlon : .

'Se’léc’tion of:D'eveiop'm'ent Pians

Basic Conditions for the Hydropower Potential Study

- The Study co_vers all the Se Kong river basin of which 1ocated_wiﬂﬁn the Lao territory.

e -~ The Study covers hydropower ‘development projects to be dcveloped mainly for the

 energy export to thc nelghbonng countries..

- The Study covers Hydropower development projects to be proposed as a medium to
large scale ones with an installed capacity of 10 MW or more.. -

. - The developmeﬁt plan inventéry is produced with a purpose to evaluate basin’s

hydropower potential' by proposmg a combmatlon of prolect layouts which prowdes
- maximum net beneﬁt N

However, development plaﬁs of each project are studied as independent projects but

not as series of incorporated projects.

5' - o Dcvclopmcnt acales (msta,lled capacmes) of each pro;ect are s0 dctcrmmed to provide

“a plant factor of approxlmately 60%.



)
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)

Basic Data aj)plied in the Study .

- The Study was conducted mainly by using 1/50,000 scaled topographic maps which
are the largest maps in the existing maps.

- Currently, very little hydrological data is available in the Se Kong basin. It is,

therefore, impossible to acquire precise flow data of specific sites throughout the %
broad reaches in the Se Kong basin.” In this study, monthly flow data for the five

years from August 1988 to July 1993 at Attapu gaugmg sta‘uon were app]:ed

Locatlon of the observation stations are shown in Fig. 5.2- 1.

Review of Development Plans of the Previous Study
Prior to the inventory sfucly, the development plan of the Se Kong basin proposed by the

Mekong Committes in 1984, and the development plan of the Xe Namnoy river pfoposcd
in the study of Xe Katam Small-Scalc Hydroelectric Power Developmcnt Project reported

by JICA in 1992 were rewewed

Study of Development Plan Inventory :

After reviewed the development plans proposed in the previous studies, 15 development.

plans which cover the most part of hydropoyver potential in the Se Kong basin were
selected as follows, Location of each development plan is shown in Fig. 7_.341.

Se Kong river main stream ) _' - 3plans -

 Xe Kaman river including tributaries 4 plans
Xe Namnoy river mcludmg Xe Pian river 2.plans
Nam Kong rver . S 3 p_la_n.s S
Xe Xouriver - .. . lplan
Nam Ermun river _ © lplan | _
Houay Lamphan Gnai river ' " lplan

.Preparation of Development Inventory 3 Lo N S R ‘

Each development plans. Wfare studled on the some cases taking 'into con_sideration the

basin’s conditions of topography, geology, environmental im‘pn,ct:_'and dﬂ}g} site conditions, -

The development inventory in the Se Kong 'basin was prepared as shown 'in Table 732, -
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Selection of Projects to be subjected to Pre-feasibility Study
Evaluation Indexes for Project Ranking .

15 plans (projects) jisted in the development inventory were ranked based on the following
indexes. : '

- Development scale (MW)
- Annual encrgy production (kWh)

"2 Construction cost including transmission line -
7. Net benefit (B-C) - '
- Cost benefit ratio (B/C)-

- Generation cost (US$/kWh)
- Construction cost per kW

~ From the resﬁlts of ranking study, 5 candidate priority development projects were selected

as shown in Table 7.4-2.

- Selection of Projects to be Subject to Pre-feasibility Study -

~ Judging from the detailed consideration, the following 3 projects were selected as the

projects to be subjected to Pre-feasibility Study.

-+ Se Kong No.4 Project
-~ Xe Kaman No.1 Project: -

- Xe Namnoy Project (including Midstream and Downstream projects)



4, Results of Pre-feasibility Study
4.1 Field Investigation Works

To perform the pre-feasibility study, the following ﬁeld.invest'igation works were carried
-~ out at the 3 selected project sites.

1) Topographic Survey

Topographic maps were made out by the aerial photogrammetric survey. The aerial
photographs were taken at all reservoir area of the thrée. selected sites. Using the
photographs, topographic maps of 1/10,000 scale were -prcparc"c'i for the prc-feas'ibility
study purpose. Mapping area and quantity are as follows. | ' -

Se Kong No.4 : 80 km? for dam site and a part of reservoir area
Xe KamanNo.l ;80 kn? for dam site and a part of reservoir area _
Xe Nammnoy © 170 km?® for all project area including the reservoir areas, of

Midstream and Downstream projects and the. area of Xe Pian

Diversion scheme
(2) Seismic Prospecting Survey

Seismic prospecting Surﬁreys were carried out along the -dam axises at the selected dam
sites as follows. ' , :

Se Kong No.4 1,000 m (1 line) -
" XeKamanNo.l 1,000 m (2 lines)
Xe Namnoy Midstream 1,000 m (1 line) -

(3  Core Drilling

Core drilling works were carried out along the daaﬁ axises at the selected dam sites as

follows.
Se Kong No .4 : 260 m {3 holes)’
Xe Kaman No.| : 260 m (3 holes)
Xe Namnoy Midstream 380 m (6 holes)
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Survey on Environmental Impact and Compensation

At the selected 3 project sites, environmental impact and compensation were preliminary

surveyed. On the environmental impact survey, current status, environmental impacts

‘and their mxugatlon measures were surveyed On the compensation survey, compensation

cost _for the relocation of inhabitants and inundation of the forest caused by the dam
construction was preliminary surveyed, Furthermore, surveys needed in future were also
studied.

_ Access Survey

.Currerit status of access to the selected project sites such as ports, airports, existing roads

were surveyed by the field reconnaissance.
Meteorclogy and Hydrology

Using the data obtained at the.cxist'ing observation stations and at the stations néwly
installed in the hydropowér potential study stage, monthly discharge, probable flood,
evaporation and sedimentation at Se Kong No.4, .Xe Kaman No:1 and Xe Namnoy projects
were: analyzed respectiv'ely' Bécause of short ter'm' records of the stations, data for the

: analysxs include some estlmated data.. Revxcw of the analysis, thcrefore will be required
, adclmg the data which are contmuousiy observed in future -

. The m’onfhljé dischargc at the dam sites’ of the. projects were calculated from those of

nearby stations in proportmn to the catchment arca. Because of the short term records of

‘the stations, monthly discharge was extended to 10- -year period from August 1984 to July

1994 using the rcgresslor_x c_:orrelatx_on with the discharge data of the nearby basin,

a) . --Monthly Dishharge at Se Kong Nod4

- Ten (10) years monthly dlscharge at Se Kong Town was ﬁrstly estimated by

- regression’ correlatlon study with the. daily -discharge calculated from the observed
- waler level at the stauons of Sekong ‘Town, Attapu Town, and Xe ‘Done River.
- Then the. monthly dlscharge of Se Kong No.4 was calculated in proportion to thc'
 catchment areas of Sekong Town and the Se Kong No4 dam site.
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b)

¢)

d)

€)

Monthly Discharge at Xe Kaman No.1:

Ten (10) years' monthly oischarge at B.Fangdeng was firstly estimated by regression
oorrolatlon'study with the daily discharge calculated-from the observed water level at

- the stations at B.Fangdeng, B.Hatsaykhao and- Attapu. - Then the monthlja discharge

of Xe Kaman No.! was caloulated in proportion to the catchment areas of

‘B.Fangdeng and the Xe Kaman No.1 dam site.

Monthly Discharge at Xe Namnoy Midstream

Ten (10) years' monthly discharge at B.Latsasin was firstly calculated from the

" observed water level at the B.Latsasin station, partly supplementing it by using the

data at the Xe Sct and B.Fangdeng stations. - Then the monthly discharge of Xe
Namnoy Midstream was calculated in proportion to the catchment areas of the
B .Latsasin pauging station and Xe Namnoy Midstream dam site: -

~ Monthly Discharge at Xe -Namhoy..Downst_ream .

" The available dlscharge at the Xe Nanmnoy Downstream da.m site consists of the. |
: discharge from the downstream drainage area of Xe Namnoy Midstream and Houay

Katak Tok (Houay Ho) dan sites as well as from the Xe Katam basin and the power
discharge rel_oased ﬁom_ the Midstream power plant. The monthly dxschargo of the
downstream droinage area was estimated from the data extended over 10 years__of
the stations at B.Latsasin and B.Nonghin in proportion to the catchment arcas o

Monthly Discharge at Xe Pian Diversion
Ten (10) years' monthly discharge was estimated from the extended 10 years data of

the B.Nonghin station on the Xe Kaman river, which:has the basm adjacent to the

basin of the Xe Paan river, in proportion to the catchmcnt areas.

The design’ floods of the each pTO_]eCt are esumatcd by using the data in. Laos and

‘neighboring countnes and Creager Curve which envelopes PMF at the sumlar pro_|eot _

The de&gn floods at dam site of each prOJect are estlmated as follows

SeKongNod4 = 16,400 ms

XeKamanNol = 14,300 m¥/s

Xe Namnoy Midstream - 6,000 m*/s

g 10
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Xe Namnoy Downstream 9,000 m/s

Geology of Each Project Site

Se Kong No.d Project

a)

b)

Y

| _:a).:..

- Mountain of sdrhe 500 m in clevation was cut by the S¢ Kong river at Se Kong No.4

dam site. - At the dam site, river bed is at elevation of 140 m and around 100 m

wide. The valley is about 900 m wide at the high water level of the reservoir.

The slopc qfthe both banks is reiatively gentle.

The dam site is underlain by sandstone shale: and andesitic tuff. Sandstone and
shale are distributed on the river bed upstream of  dam. axis. Tuff layer. _
accompanied by tuff breccia and limestone blocks are distributed on both banks of
the dam site and river bed downstream of the dam axis. Tuff layers are overlain by

conglomerate. 'The recent river deposits are inferred to be 10 m deep in maximum

" from abundant outerops of tuff ‘on the river bed downstream of the dam axis.

Surface deposits such as talus deposits and recent river deposits are thin.  This dam

site will not prowde any serious geotechmcal problems, because of shallow surface .

deposits and weathenng and Iumted limestone d:stnbutxon

- Upstream reservoir area is characterized by narrow valley and steep slopes. While,
" in midstream and downstream of the réservoir- area, vailey are widened and with

gentle slop&s There is no dlstmct landslldc topography, large scale slope failure.
The reservoir area is - mainly - underlain by shale and ‘sandstone. . Limestone

.. distribution i is Judged from topography to be so limited and discontinuous that it will

not catse any problem on reservoir watertightness. Coal seams- distributed in the
vicinity of B. Chakeui are reported but details are unknown.

Lo It seems . like that- the reservoir- area has few probiems-_dn stability for the
> surréunding_slop¢3'and,watertighmess.-- '

_ Xe-Kama'n No.1 Project_' '

’I'he da.m s:te is 1ocated on the second downstreamost gorge of Xe Kaman river.
vaer bed is at elevatlon of about 130 m, and 80 m wide. Valley is about 500 m .

~ wide at t_he h:gh_water level of the reservoir. The slopes below an elevation of



b)

some 240 m have an average gfédient 40° on the left bank and 50° on the right bank.
The slopes above that elevation are gentle.. '

The dam site is underlain by sandstone and intercalating conglomerate and shale.
“Sandstone is fresh and medium to coarse grained and some times get coarser to

conglomerate.  Talus deposits are limited on the upper. slope of the damsite.
Recent river deposits are inferred to be some 5 m th.tck by the outcrops on the niver
bed at the dam site,

Vallcys are generally NArTOW and V shaped in the upstream reservo:r area, some

basin separated by short gorge appear in the downstream rescrvmr area Any
_ distinct landslide topographxes and large slope failures are not observed. - Close to
the backwater of the reservoir, high white cliffs are continued a.long the Xe Kaman -

river and seems to be composed by hmestone but typxcai karst topogmphles are not
found.

Geology in the Teservoir- area is underlain mainly by sandstone and shaie It seams
that the reservoir area is gcnerally watemght '

3) Xe Namnoy Midstream Project - |

&

b)

c)

Midstream dam site is located on the Bolaven Plateau where. elevation of the
mountains are about 800 m and that of Xe Namnoy river is from 700 to 720 m.
The valleys of that river system are shallow but hrge in density. At the dam site,
river bed is about 80 m wide and the width of the valley at high water level is about
900 m. Xe Namnoy river has many rapids and waterfalls between 650 m in
clevation 4 km of downstream of the dam site and 300 m in elevation near the
junction of Xe Katam rivef where about 2 km upst're'ém. of the power station site.

The dam site-is underlain by sandstone,. shale and basalt - Sandstone énd shale'

distribute on the river bed, right bank and upper slope on the Ieﬁ bank. Basalt is
distributed on the left bank its bottom is lower than recent river bed. Thl_s basalt is

characterized by cooling joinits and porous in some horizons: . Lower. part of the -
‘basalt shows low ground water level and high penneablhty Talus dcp031ts recent

river deposxts are thm and lmuted in dlstnbutlon

"I'he reservoir area. covers upstream of- Xe Namnoy river and surrounded by the -
gentle mountains of 1,000 m in elevation, - Basalt is lmuted to the NACTOW area near

s-12
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" the dam site. The basalt at the dam site will be treated so as to stop the leakage
from the reservoir to downstream. Then the watertightness of the reservoir will be
achieved. ' '

d)  The headrace tunnel route is located on the right bank of Xe Namnoy river. The
tunnel will penetrate same sandstone and shale that is distributed-at the dam site.
Both sandstone and shale are supposed to be massive and fresh.

[Environmental Impact and Compensation

Outline

Preliminary field surveys on environrnéntai' impact and compensatioﬁ ‘were carried out
from November, 1993 to March, 1994 by the Hydropower Engineering Consultants (HEC)
entrusted | ICA study team.

- These surveys were mainly for the collection of data. Some surveys were done in the field

including interviews with local authorities and residcnts.. ‘The data of these field surveys
was prepared by the HEC in its "Report on Environmental Impact and Compensation”.

Summary of Environmental Impact Survey

As this is-a prelﬁﬂhary.survcjr at thc'pre-feasibility study stage, it d'(_)es‘ not’ adequately

determine the current status of the environment, for which reason some matters must wait

- until future sutveys. Hovtever,‘ an overall consideration on the basis-of the results of_ the

survey together with other information to date suggests that implementing éppropriate :
measures to alleviate impacts will forestall the occurrence of environmental impacts that

S would hinder these prolects

The major items 'of the survey:résults and the surveys needed in the future are summarized

“below;

R _ai_) Impacts on Local SOC!etleS, Inhabitants and - Agr:culture by Submersion

Relocation
v Thc populatlon in the reservou area is estimated at apprommately 3,600 people at

' Se Kong No4, 600 people at Xe Kaman No.l and 900 people at Xe Namnoy
: :-"Mldstream The greatest unpact by these prq]ects on the mhabltants and Iocal_- :
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socictics will be the submersion of their dwellings, settlements, farmlands and other
elements of their livelihood, and the relocation of these.

Almost all the inhabitants of the reservoir areas arc minoritiés who practice slash-
and-burn agriculture, and who still pursue a traditional llfestyle They also prefer

_ lmng in smali, dispersed settiements.

On the other hand, while the govemment‘s scheme to move these people is to

encourage them to cultivate low lying farmland. and -abandon. slash-and burn
agriculture, any attempt to follow this scheme would mean that, in order to ensure
the investment, the resettlement areas would have to be large intensive settlements
located on flatlands. In view of this, it is antlclpated that the resettled people's

- lifestyles will change con31derab1y

It will be necessary to conduct on-site surveys of the.reservoir areas and their
peripheries to check the mhabitants awareneSs and desires With regard to

- resettlement  and othe. matters. - Consxderatlon is also needed to -ensure the

resettlement plan lesscns thc burden on the inhabitants as much as possible.
Infectious Water Area
Construction of a dam reservoir could rcsulf in water-related epidemics through the

creation. of new stagnant water areas that would serve as a habitat for mosquitoes

and -other disease vectors. With this, different a living: environment and various

- other attendant changes will plac_e_a large mental burden on the resett_led people.

- Detailed surveys on the state of health and hygiene of the people in_ﬂ)c project areas,

and on matters including past instances of epidemics will be necessary in the future.
Also, countermeasures such as those for the prevention of epidemics, the

mamtenance of hygiene. and adequatc guldance for the constructlon personnel will be

very neccssary

Impact of Dam. Construction on Water Transp_or_t’a.tio_n,.Water-Arei_n.U_tilization
and Fishing o R AR

* Water transportation is the only means of transportatlon hnkmg the scttlements :
- upstream from the project location with either Sckong Town or. Attapu Town, whlch
: constltute the pnmary part of the- downstrcam areas. As a large populatlon in the -

Cs-l4




. upstream area will remain in-place after - project completion, upstream to
'downstream trmsportat:on will continue to be of great importance and the

construction of a dam will hinder such movement. An alternative means of
transportation witl have to provided.

" The construction of these hydropower projects offers hope of favorable effects,

especially wherein that in the downstream regions the river flow will increase in the

" dry season, and that less flooding will occur in the rainy season.  On the other hand,

* during peak use when daily plant operationi and shut down are repeated, it is possible

thiat rising downstream water levels during operation start-up and output changes
will present danger to people in boats, who are fishing, bathing, doing laundry, and
the like. The requisite future surveys and studies may indicate a need for measures

'~ to deal with this situation, such as instailing chscharge wammg devices to be

- activated when danger is antlmpated

e

It is po_ssible that changes engendered by dam construction, such as in flow
characteristics including water depths and current velocity, as well as in water
quality, bottom material, and the like, will affect the aquatic organisms, '

“'While it is difficult to clear]y predict'what those impacts will be, for migratory fish

the dam-will affect spawning- by hindering the passage of fish which presently

"traver_se the rivers. The project may, therefore, bring about a decline in their
" numbers.- It is also reported that, although rarely, local inhabitants see river

dolphihs in the Se Kong River. On.the other hand, in the case of the Nam Ngum,

~the dam constructxon would greatiy increase the number of fish mhabltmg the

reservoir area..

- More detailed surveys will be needed on the current state of fish stocks together with
_ careful assessment of the total project impact in the future. '

: Imﬁacts on Fau_mi -

STtis reponed that many spec:es of meplaceable ammals mcludmg those rarely seen
“and’ those” seen only- in the past, exnst in the project areas. ‘Conceivable project

o unpacts on animals mclude the. submcrsmn of forest lands Whlch provide habitats
o : _-'and food and the blockage of mlgratory routes by the reservoirs. 1t would perhaps

be eﬂ'ectlve to prowdc wildlifé protection areas on the penphenes of the reservoirs in

g ordcr to compensate for the submerston of Such habltats

815
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‘More detailed surveys will be needed to determine the current state of flora and
- fauna and the existence of 1rreplaceable species.

e)  Impacts on the h:ter-basin Diversion and River Ffiow Decrease

The Se Kong No.d, Xe Kaman No.1 and Xe Namnoy projects will decrease the
downstream river water by peak power generation for a limited time in the dry
season. Xe Pian river also decrease at the downstream from the intake dam, by the
- Xe Pian Diversion plan Therefore, each project are considered a constant river
flow drscharge throughout a day (24 hours) to the downstrwn from the dam or
.powerhouse '

e will be necessary to conduct de_taiied.eurvey_s and investigations concerning these
potential problems and institute, in accordance with the need, remedial measures
. such as releasing the _amount of water nwded as the water flow to maintain the river.

Summary of Compcnsation.

Compensataon for submerged dwellings, farmland and other assets would consist in

oﬂ‘enng resettled: people compensation "in  kin " at their new' locations, One group

resettlement plan with-one resettlement area per one project was pia.nned.

Compensation  costs were calculated aecordmg to the . followmg guldelmes and
precondrtlons '

. Land in new settlements would be prowded free of charge by the govemment

- One (1) ha of land would be prepared as the property of each household. _

-~ An average per-household budget of 750,000 k1p ‘would be set amde as living costs
and food aid for the first two years after resettlement. =

- The. following basic infrastructures would _b_e built. ' Although-apparently the

settlements within the reservoir areas have almost no mfrastructurwsuch as this,

_ items would be obnstructed.because the settlement-areas will belarge eﬁle to-group
. location, and because rt would provide the inhabitants an ihcenti\'fé to resetﬂe -
Mecting halls, temples, schools, medrcal care facilities, govemnent ofﬁces markets
wells; electnc power, lrngatron equlpment roads (unpaved)

s-16
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‘ Re\"i_e_w of Eleotric Powe_r I_)_e_velophent Programs |

The 'compensaiion costs estimated above are approximations only and include many

assumptions. They will have to be reassessed after conducting surveys of the populations,

 assets (including houses and farmland), social capital, type of ethnic groups and other

matters regarding all the settlements in and around the reservoir arcas, and surveys
covering the perceptions, hopes, and other feelings, of the inhabitants concerning
resettlement, as well as after incorporating the opinions of the central and local govemnment
authorities. |

At present, only those settlements lying within the. reservoir areas are planned for
relocation.  However, future surveys of inter-settlement interchanges and other
circumstances within thesc areas may indicate the need to relocate the peripheral
resettlements as well.

Operation Plan .

- In the operation plan, a review of the electric power development programs, transmission

line plan, and operation plan of the reservoir and power plant facility are studied.

- Laos is blesscd w1th man) tnbutanes 1o the Mekong River, offenng plentiful
hydropower potontial However, as populatlon is low and domestic industrial

- structure is mamly defined by pnmary mdustnos domestic. demand for electric power
is far below the supply potential. - S

- Medium and large hydroolectno powcr prOJects in Laos are not developed solely for

o domestlc supply, but with export to neighboring countries as their primary purpose.

And, some areas around Laos have a Iarge and rapidly increasing electric power

~ demand. - Taking advantage of these conditions, future strategy for economic growth
- of Laos will o_entof on the development of domestlo hydfopower potentials for expoft.

- - For the hydropower dévelopmerlt in the Se’Kong River Basin, clarification as source of
'dom_estio_ electricity supply and that as electric power export are studied.

’_I'rpnsmissioli'l'.ino Plan

o Current status of transnussmn line expanswn plan in Laos 1s studled

- Electnc power generated at the projects in tho Se Kong basm will be connected to the

B Houaykong substation located i in the Bolaven Plateau From this substation, the

- _' S 17
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electric power will be transmitted to the neighboring countries by an intemaﬁonal
power system, ' o B

- Comparative studies of the transmission lme cost up to the Thai border are camed out
as follows:

Case 1: Allocated transmission ling

Case 2: Independent transmission line

.- Transmission line routes for each project and an iernational hnkage line plan are

prellmmary studied. -
Operation Plan of Reservoir and Power Plant

- To guarantee stable supply, hydroelectric power .developmcnts' in _fhe Se Kong basin

will require a holding reservoir. ~ Also, in the plan of operation, it is necessary to place.

high emphasis on minimizing the unit cost of electric power production, -

- Rivers in areas aﬁ'eCted by Asian tropical morisooﬁs generally have vaet diﬁ'erenc'es in

flow volumes from the dry to rainy seasons, and there are also sxgmﬁcant differences -

from one year to the next. In order to take full advanta.gc of the hydropower
potentials of a nver with wide variances in its flow volumes, it is necessary to fabricate
_an enough storage capaclty of' Teservoir and thus regulate the natural mﬂow

- The hydropower development plan carried out in the prc-feas:blhty study is referred
the recent daily demand load curve of Thailand. Peak power duration of 8 hours is
 applied in the project scale optimization study. ‘ '

- In consideration of the effects on the environment it is Necessary to-maintain a river

flow to the downstream of the dam: - In this study, in pnnc:ple a condition that two-
thirds of monthly mean dlscharge during the driest month should be mamtamed at the

pro_]ect downstream throughout a day (24 hours) for mamtammg rivers functions is

apphed power plant operatlon of each prOJect N

| Seleetio_n of Opt'imum D‘évé.lopr'hent' Piai"t .

An optlmum development study 1s camed out for thc three selected pro_;ects in the

| hydropower potentlai study The followmg basxc condltlons are appl:ed in the selectlon of _

the optlmum development plan f

§-18-
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Basic Data

- 1/10,000 scale and 1/50,000 scale topographic maps are used in the study.
- Estimated monthly discharge of the 10-year period, 1984-94 are used.
- Reservoir evaporation, design flood, reservoir sedimentation are calculated and
used as basic data.
Reservoir Operation Rule
. A reservoir operation rule which regulates a series of reservoir inflow over.years
_ (carry-ovéf' operation) is applied for reservoir type projects. - '

- Firm discharge is determined for an effective storage capacity by the mass curve
calculation with series of inflow data for a 10-year period. - '

_ Power Plant Operation Condition

- 8 hours is apphed asa peak power duration for reservonr type pro;ects

- Asarule, two-thlrds of the river flow dunng the driest month is conchuoned to be

maintained as the river retaining ﬂow.

Condiﬁoﬁé for Estimation of Constfuction CoSt

- Costé “of the ipreparatory 'works civil works, hydraulic equipment, electro-
mechanical equlpment compensatlon engmeermg fees, administration and etc.
are estlmated but the transmission line cost is not mcluded in this study.

- Prelxmmary work quantities and umt pnces ate apphed in this study
Ecbnomic Evaluation Index

In the economic evaluation, -energy cost per kWh (E/C) which is calculatcd
dmdmg annual cost (C) by annual energy (E), is used as the primary index.

- Addnt:on to the (EfC) benefit cost ratio (B/C), net beneﬁt (B-C) and unit

construction cost per kW are calculated and correctly employed
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Se Kong No.4 Project

a)

b)

- Selection of Basic Project Layout

. The dam site of the Se Kong Nod4 Project selécted” in the study of the

development plan inventory is. reviewed and selected, using 1/ 10,000 scale
topographic maps. '

- A concrete faced rockfill dam is tentatively selected, taking into consideration the

topography and dam scale.

- As _for layout- of the waterway and powerhouse, the power intake is planned at

the right bank with the powerhouse doivnstrcaxn:from the dam and connccted by
a headrace tunnel and penstock.

Selection of Optimum Dévelopment Plan
The following optimum de\}elopment plan of the Se Kong No.4 Project is selected
after the case study, which is a change in the high water level and rescfvoir'capacity,

based on the basic conditions and the layout described above. -

Reservoir HWL . . . 2900m

Reservoir LWL o 2754m.
Effective storage c.apacity. . - 1,700 MCM
Firm discharge . | 143 ms
Minimum outflow .30 mgls
Peak power duration . 8hours
Maximum 'djécharge . 370mlfs
Rz’ited intake water level 285.0m

' Rated tail water level .~ S 1450m

' Rated effective head : | 137.0m
Installed capacity MW
Firm_p«_eak cdpacity ) 406 MW |

"'Annualencrgy o © 1,816 GWh



(3) - Xe Kaman No.1 Project
~a)  Selection of Basic Project Layout

. The dam site of the Xe Kaman No.1 Project is selected using 1/10,000 scale
topographic maps.

< A concrete gravity dam is selected taking into consideration the topography of
. dam SIte and the prevalent geoiogy -

. For the waterway and powerhouse, the power intake is planned at the left bank
w1th the powerhouse bemg downstream from the dam and connected by a
headrace tunnel and penstock '

by .S_election of Optimum Plan-
“Thé following .optimum development plan of the Xe Kaman No.1 Project is selected |

- after the _oas_f: study, which is a change in the high water level and reservoir capacity,
based on the basic condition and the layout described above.

Reservoit HWL 260.0m

Reservoir LWL 253.2m
R Effective reservoir capacity 1,270 MCM.
Firm discharge : 89 m/s
Minimum outflow - | 20 m'/s
Peak power duration , 8 hours
. ‘Maximum dJscharge . 7 ' 228 m3/s
“R_ated_mtake water level - 0 2577m _
Rated_tail water 'le'v_el . o 1250m
Rated effectivehead -~ . . 1299m
~ Installed capacity o 256 MW
Flrm peai' capamty 245 MW
Annualenergy A 1',_137 GWh

OIS -XeNa'mno'y Pl_'ojec_t |

o The Xc Namnoy RlVC[' has many rapxds in its nndstream section and presents potential for '
» a hzgh head hydropower development plan by usmg the head of approxsmately 500m. In



the development plan inventory, the Xe Na_mnoy Project was proposed as a two stage
development plan which incorporates the Midstream Project and Downstream Project. '

a)  Selection of Basic Project Layout

a-1) Xe Namnoy Midstream Project

- The dam site of the Xe Namnoy Mldstream ijoct solectod in the inventory is
reviewed with alternative sites, using a- 1/10, 000 scale map and a more suitable
- site is selected, taking the topography and geology into consideration.

- A zone type rockﬁll dam is selected i accord with the topographlo conditions at
the site.

- The Midstream Project is planned as the Xe Pian Diversion to.increase the watet
from Xe Pian River basin. Two intake dams on the Xe Pian River basinand a
diversion channel connecting the intake dams and tho Xe Namnoy Mldstream.

_ reservoir are planned.

- The power intake is selected in the right bank tributary located immediately

upstream of the dam site. The powerhouse site is selected at the right bank of g’
" the Xe Namnoy River. - The intake and powerhouéo are connected by a headrace
tunnel, " N

a-2) Xe Namnoy Downstream Project

- Tl'.le'dam site of the Xe Namnoy Downstream Project..is selecto'd'at downstream
"~ of the powerhouse of the destrcam PrOJect whnch is located lmmodlately
downstream at the confluence of the Houay Katak Tok River.

=~ The dam is planned as a regulating pond with dally ﬂow regulatlon
= A concrete grawty dam is selected takmg mto consxderatlon the topography, dam
scale and design flood.

b)  Selection of Optimum Development Plan.-

The following optimum developniont' plans of the Xo Namnoy Project are selected

based on the basic condmons and layout descnbod above For the- Xe Namnoy

Mldstream Project, a oomparatwo study is also carnod out w1th and w:thout the Xe
. Pian diversion. ' :
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