Midstream Proj ~ Downstream Project
Reservoir HWL 765.0 m 270.0 m
Reservoir LWL 747.7 m 266.7 m
 Effective reservoir capacity 335 MCM 2.0 MCM
 Firm discharge 208 m'/s 24.0 m*/s
Minimum discharge 1 m'fs -
Peak power duration 8 hours 6 hours
Maximum dlscharge 60 m’fs 96 m’/s
‘Rated intake level 7586m 268.4 m
‘Rated tail water level . - 2700 m 1 180.0m
Rated effective head 463.0m 81.0m
Installed capacity 238 MW 6TMW
Firm peak capacity’ 230 MW (8 hr) 66 MW (6 hr)
Annual enérgy 1,052 GWh 332 GWh

‘47  Preliminary Design of Main Structures
(1)  Se Kong No.4 Project

. a) 7 The prelmunary des:gn “of the- mam structures for the Se Kong No.4 PrOJect is
o camed out based on the optunum development plan descnbed in 4.6 (2).

b)  Civil Structures '

- Topographxcaﬂy around the dam sne the river is appro:umateiy 160m wide with
relatively gentle slops on each side. The. dam crést is expected to be about
900m long at HWL Consmenng this topography, a fill dam is recommended.

_ Mmmuzmg the dam volumé should be considéred to allow faster construction
~method. To meet these reqmrements a concrete facmg roekﬁli dam (CFRD) is
selected

LA deSign ﬂood of 16 400 a’fs at the dam site 1s estimated from the hydfologxcal .

: analysis. To dlseharge the flood safely, a chute type spillway is adopted at a

locatlon separate from the dam and excavated at the leﬂ bank. The spillway

: B .strueture is 136m wide and prov1des 8 séts of radlal gates. ‘The muck excavated
N 'from the splllway will be used as embankment matenal on the dam



d).

The power mtake is plannod at the rxght bank. Two lanés of 6.2 m dia.
headrace tunnels and two lanes of 5.4m dia. penstock are planned. Each
penstock is branched and connected to the four turbmes '

The topography _rewrmhends_ the adopfion of a _senﬁ-uqderground type

powerhouse.

It is necessary to construct a new road from the end of the cmstmg road to the

_dam site as an access road. A 14-1cm access road wluch requlres both

improvement and new construction has been pIanned

Generators and 'Co_mponen'ts

The output of the Se Kong No.4 powef plant is pionned to be 443 MW.

It is conditioned that 30 m3/s of river retalmng ﬂow is con51dered for the selection
of the turbme sxze

. Four turbine/generator units being 2 large Francis. tﬁrbihelgehorato.r.s'(nﬁ m/s)

. and 2 small Francls turbme/generators (60 msls) are selected in consxderatlon of

the river retaining flow. The river retaining flow i Is oqmvalent to a 50% flow '

for the small units. It should_ ‘be operate w1th_ no cavitation or vibration
problems. '

A vertical 3-phase AC synchronous generator is appropnate for dlrect connectlon

to the turbme

Conventionai switchgear is plgnnod_ at the s'wi_tchy&_rd_..

Transmission Line

A 80 km long, 230 kV, 1.cct transmlssmn lme route from the powerhouse to the
B Houaykong substanon is plannccl

Comparative studio's_of _ﬂio trans_l_nission line up'l'to the Tha: border are carried out.”

A 22 KV, 2cct transmission line is also plan‘_nool for domos‘tio.power supply.

‘_



'¢)  The salient features of the Sc Kong No.4 Project are summarized in 4.12. Outline
of the Project is shown in DWG. 14,2-1 and 14.2-2.

(2) = XeKaman No.1 Project

' 4)  The preliminary design of the main structures for the Xe¢ Kaman No.1 Project is
‘carried out based on the optimum development plan described in 4.6 (3).

- b Civil Structures

- Around the dam site, the river is approximately 60m wide with steep sloping
banks on either side with gradients of 40 to 45 degrees The site is more
suitable for a concrete dam and no specific problem with geological features are
“seen from the investigations carried out in this study.

A 143m high RCC dam (roller compacted concrete dam) with é 440m long crest
was finally selected.

- The design flood of 14,300 m%/s at the dam site is estimated from hydrological

" analysis. “To discharge the flood safely, a center overflow type spillway is

- adopted on the dam cre_St. 7 sets of large spillway gates are provided at the dam
crest to control the flood. ' ' | '

. The power mtake is planned at the left bank. Two lanes of 4.8m dla headrace
tunnels and two lanes ‘of 4.2m dla pcnstock are planned.

- In consideration of the topographic conditions, a semi- underground powerhouse
s ado'pted.- R : '

e It i8 necessary to 1mprove and/or construct an access road from Attapu Town to
~ the dam site. Iti is planned to improve 23 km of the existing road and construct
22 km of new road '

o) Generétors.and'Comppnex_its

~© ' . The output of the Xe Kaman No. | Power Plant is planned to be 256 MW.
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It is conditioned that 20 rnsls of river retaining flow i is considered for selection of

: turbmc size.

- Four turbmc/generators units (57 m's) and a Francis turbme are selected in

consideration of the river retaining flow. The river retaining flow is equwalenf
to a 35 % flow.

A vertical 3-phase AC synchronous gcnefatof is appropriate for direct connection
to the turbine. '

- Conventional switchgcdr is planned at the switchyard. -
Transmission Line

- A 140 km long, 230 kV, lecct transmission line from the ‘powerhouse to the

B.Houaykohg substation is planned.

Comparative studies of the transmission line up to the Thai border are carried out.

- A 22kV, 2 cct transmission lme from the powerhousc to Attapu Town is planned

for domestic power supply.

~ The salient features of the Xe Kaman Pro;ect are summarlzed in 4.12. Outlme of
the Project is shown in DWG 14, 3-1 and 14.3-2. .

Xe Namnoy Prpject

a)

b)

“The preliminary désign of the main étructures for the Xe Namnoy Project including
the Downstream PrOJect is carried out. based on the opt:mum dcvclopmcnt plan
- described in 4.6 (4). :

Civil Structures

b-1) Xe Namnoy Midstream Projéc_t

- Topographically around the dam Sitc, the river is abproxknately 80m wide with
gentle sloping banks on both sides. A dam, 69m high vmh a 780m iong crest is

§-26



-planned. Taking the consideration topographical/geological conditions into
consideration, a zone type rockﬁ]l dam is selected.

- Asawide dlStI'lbuthl’l of highly penneable basalt is present in the left bank at the
dam site, further investigation will be required to determine the method and area
- for the dam foundation treatment.

- A design flood of 6,000 m¥s at the dam site is estimated from hydrological

* analysis. -To discharge the flood safely, a chute type spillway is adopted at a

‘location separate from the dam and excavated at the left bank. The spillway
structure is 114m wide and 550m long.

- The power intake is’ planned at the right bank. A 9,000m long, 4.5m dia.
headrace tunnel is planned The headrace tunmel is connected to a surge tank,
penstock and the powerhouse. . '

- A semi-underground powerhouse is planned at the right bank of the Xe Namnoy
River.. ' ' ' :

- An outlet facility thh a 1 m®/s capacity is planned at the dam to discharge the

river retaining ﬂow to the downstream_area.

- 40 km of new roads leadmg to the dam site and powerhouse site are planned as

: .-access roads

b-2) Xe Pian Diversion -

- Fo make the Midstream Project a more effective development, it is planned to
. divert water from the Xe Pian River, which lies next to the Xe Namnoy River, to
the Xe Namnoy reservoir. . - '

© - Two small intake dars, 17m and 10m in heightare planned i the Xe Pian basin.

- -A 7,200m long open channel and a 900m long tunnel are planned to connect the
: Xe Plan Rwer to the Xe Namnoy TEServoir. ' .

- 6 km of rle\"-.r road is plan_x}ed for the Xe Pian Diversion work.



b-3)

7 1)

Xe Namnoy Downstream Project

- The dam site is located 4 km downstream from the junction of the Xe Namnoy
and Xe Katam rivers. SR

- The dam site is 'selectcd from a 1/10,000 scale. map. A 33m high concrete
gravity dam with a 350m long crest is planncd. '

- The design flood of 9,000 m*/s at the dam site is ¢stimated from hydrologlcal
- analysis. - The flood is dlscharged by the dam center spﬁlway

- The power'intake is planncd at the right bank; A 3,680m !ong,_ 5.8m dia.
headr‘ace_tunnel, surge tank and penstock are planned. - -

- A seml-underground typc powerhouse is planned at the nght bank of the Xe
Namnoy River. '

Generators and Coniponents
Xe Namnoy Midstream Project
- The oufput of the Xe N_amnoy Midstream power plant is planned at 238 MW,

- River retaining flow by turbiné/generator is not considered because the flow is
maintained by thec;am outlet facility. o '
N
- Two turbine/generator units are adopted takmg thelr tcchmcal rehablhty and the
-~ economical viewpoint into’ consideration.. - A}though the Pelton turbine is
applicable due to a high head, the Francis turbine is adopted because of a large
30 ms discharge for one unit and there being two units. |

-« - A vertical 3-phase AC synchronous generator is appropnate for dlrect connect:on

to the turbine.

- Conventional:swifchgear is adopted at jhe switchyard.



¢-2) Xe Namnoy Downstream Project
-" The output of the Xe Namnoy Downstream power plant is planned at 67 MW
- Two turbine/generator units are adopted. The Francis turbine was adopted in

this study. As the effective head is 81m, a Deriaz turbine which provides a
broad operation range is also applicable.

- A vertical 3-phase AC synchronous generator is appropriate for direct connection
to the turbine. -

-~ Conventional switchgear is adopted at the switchyard.
d) Transmissi_on Line
d-1) Xé Namnoy Midstream Project

- A 10 km long, 230 kv;_l cct transmission line from the powerhouse to the
- B.Houaykong Substation is planned. . . ' '

. Comparative studies of the transmission line up to the Thai border are carried out.
- A 22kV, 2 cct transmission ling is planned for domestic power supply.
" d-2) - Xe Namnoy Downstream Project - - |

- - A 10 km long, 230 kV, 1 cct transnﬁésion line from the powerhouse to the
Midstream powerhouse is planned. ' '




4.8

1)

€)

The salient features of the Projects are summarized in'4.12. Outline of the Projects
are shown in DWG. 14.4-1, 14.4-4, 14.4-7 and 14.4-9 .

Construction Plan and Schedule

Construction Plan

a)

Conditions Common to All Projects

The transportation of construction equipment and materials will be made via
 Thailand and Pakse. Paske, a center in southern Laos, is considered to be the

transportation base. National roads will be used from Pakse to as near each site

-as possible. Some part of the roads, however, may require improvement and

barges are required at the river crossing -for thc' transportation of heavy
construction equipment and generating equipment, Improvements to the local

roads leading to the sites may be required in all soctlons New roads lea.dmg _

from the end of the existing roads to the dam sites will be roqulrod

The construction plan includes preparatxon works such: as that for construction
roads and construction facilities.

The number of .monthly' Workin_g days for the open work is assumed as 20 days,
© and that for underground work assumed as 25 days. o

Construction power is supplied by diesel power plants as there arg no adequate

power stations in the vicinity of the project sites. -

The necessary concrete plants inoluding an aggregate plant will be provided.

Telecommunication facilities such as a radio communication system between the

project sites and the base camp will be required.

Other facilities such as compressed air supply, water supply, a dramage system
and a ventilation system will be required.



'b)  Construction Plan of the Main Structures for Each Project

- The construction method and:schedule for the diversion tunnel and cofferdam are

.pla.nncd for the river diversion works.

- The construction method and schedule for the dam ar¢ planned based on the

" calculated quantities of the excavation, concrete or embankment.

- The construction method and schedule for the spillway, power intake, headrace
tunnel, penstock, powerhouse and etc.  are planned.

- The. site installation schedules for the hydraulic equipment and .electro-

mechaxﬁcal equipment and transmission line are planned.
(@) ) Construction Schedule of Each .Project ‘
a). 'SeKon.g N.o.4 Project (Fig. 1521) |
f; o s .The dam .constructxon work 1s. planned as requiring approximately 8 years
including for the preparatory works such as that for roads, the river diversion and

the spillway.

-~ The waterway work and the powerhouse work .will.r'equii"c 4.5 years. These
- works will be completed-wi_t}ﬁn the dam construction work. '

- The hydraulic equipment, the elcctfo-mechaﬂcal equipment and the transmission
line will be completed within the dam construction work:

< The reservoir impounding will be retiui_r_e 8 months. ..

- The total 'éonstruction period, ‘including the running test of the power plant is

. _planned as requiring 8.3 _yéars (99 months). .
b)  Xe Kaman No.l Pro’je.ct (Fi'g. 15.22)
g The dam oonstrucuon 1s planned as requmng apprommately 5.5 years. This

: mcludes the preparatlon works such ‘as - that- for the access road and river

deersmn

s



- The waterway work and powerhouse work will be require 3.5 years. These
works will be completed within the dam construction work.

- The hydraulic and electro-mechanical equipment will be completed within the
dam construction work.

- The transmission line work is planned to require 4 years.
- The reservoir impounding will require 30 months.

-~ The total construction period, including that for the.running test of the pchr
plant is planned as requiring 6.3 years (75 months).. -

¢}  Xe Namnoy Projects (Fig, 15.4-4)
¢-1) Xe Namnoy Midstream Project

- The dam’ construction work is planned to require 4. years, including the

. preparation work such that for the access roads, the river diversion and the
spillway. o

- The waterway, 'including the headrace tunnel will roqoire 3.8 years, Completion
of this work will be delayed by the dam construction. -

- The Xe Pian diversion work and the powerhouse will be completed within the_' .
dam construction work.

- The hydraulic-and electro-mechanical oquipment and the transmission line wi_ll be

completed within the watorw_ay construction work.

- The total construction penod moludmg that for the running test of the power

plant is planned as requiring 5 years(59 months)
¢-2) Xe Namnoy Dowﬁsti‘ea__m_Project :

- The construction schedule of the Xe Namnoy Domstroam Project is planned to"
be completed within the period of the Xe Namnoy Mzdstream Propct

§-32
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- The total.constﬁnction period, including that for the running test of the power
_ plant is planned as requ_if_ing 40 months.

Construction Cost
Basic Cdnsidération

- Construction cost is estimated for the three projects carried out in the pre-feasibility
study. ' '

- The construction cost of the each projeét is roughly estimated as the stage of the pre-
feasibility study. '

- The work quantities of the major items are calculated based on the preliminary design. _

- The unit prices of the civil work are referred by the prices of similar projects in Laos
and neighboring countries. '

- The costs of the hydr_aﬁl_ic equipment, electro-mechanical equipment  and the
transmission line are estimated referring by the cost in the neighboring countries.

- The cost estimation for the p’fojecf_is based upon 1994 levels and no cost escalation is

~ considered.

- The interest durihg_construc_tion-is not included.

" Construction Cost Components

_ The construction éost_of cach project consists of the following items. The each item is .

divided into foreign currency and'local_ currency.



&)

Foreign currency (%) 1 currency (%

‘Preparatory work 0 100
Civil work S8 15
Hydraulic equipment 90 . .10
Electro-mechanical equipment : 9 10
Transmission line B 90 0
Compensation cost 0 . 100
Engineering fee %0 10
Administration cost S0 100
Contingency 90 10

Construction Cost of Each Project

1)

2)

3)

~a)  Se Kong No.4 Project

Base Case (including cost of T/L up to B. Houaykong substation)

Foreign portion ~ USS$ 542,216,000

Local Portion US$ 101,393,000

 Total C US$ 643,609,000

- Case 1 (Base case + B. Houaykong substation and 500kv T/L up to the Thai

. bor'der)' '
Foreign portion US$ 586,174,000
Local Portion ' US$107,378,000

Total :  US$ 693,552,000
Case 2 (Independent 230kv T/L up to the Thai border)

Foreignportion ~ * - US$ 583,283,000 © .

Local Portion US$ 106,986,000 -

Total US$ 690,269,000

v



b)

_c)

c-1)

Xe Karnan No.1 Project.

1)

2)

"

Base Case (including cost of T/L up to B. Houaykong substation)

Foreign portion US$ 342,443,000 -

Local Portion .- =~ US$ 61,607,000

Total : US$ 404,050,000

Case 1 (Base case + B. Houaykong substation and 500kv T/L up to the Thai .
border) ' '

Forcignpotion ~  US$ 367,861,000

Local Portion US$ 65,069,000

Total . US$ 432,930,000

Case 2 (Independént 230kv T/L up to the Thai border)

Foreignportion - . US$ 375,934,000 -

Local Portion  US$ 66,168,000
Total US$ 442,102,000

‘Xe Namnoy Projects
Xe N#mnoy Midstream Pfoject :

' Base Case (including cost of T/L up to B. Houaykong substation)

Forcign portion US$ 237,578,000 -

Local Portion - US$ 44,229,000
Total o ~ USS$ 281,807,000



c-2)

2) . Case 1 (Base casé + B. Houaykong sub_statioﬁ and 500kv T/L up to the Thai

border)
Forcignpottion USS 267,880,000
Local Portion ~ US$ 48,355,000

Total . . USS$ 316,235,000
3)  Case 2 (Independent 230kv T/L up to the Thai border)

Foreign portion US$ 262,996,000 -

Local Portion US$ 47,690,000

“Total - . US$ 310,686,000
Xe Namnoy Downstream Project |

For Xe Nammnoy Downstream Project, it will be develbped tdgethér with of after Xe

. Namnoy Midstream Project. Therefore, the construction costs in the Case 1 and 2 -

are the same as the Base case.

Foreign portion : US$-129,514,000 .

Local Portion. . US$ 21,903,000

Total - US$ 151,417,000 -

§:36
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Economic Analysis
Methodology of Economic Analysis

Bconomic analysis is to be carried out by using “with and without” method. “With”

'means the project and “Without” means an alternative power plan equipped with an

equivalent kW and kWh at Sending-out (powerhouse Exit) with those of the project. A
corhbihed cycle power plant is selected as an alternative power plant to be compared with
the relevant project in respect to evaluating the economic perfommncé of thé projects based
on the discussion with MIH. |

The economic preference of‘the project is to be valued by using the Economic Internal Rate
qf Retum (EIRR). Common conditions for economic analysis is shown in Table 17.1-1.

Economic performance of altematwe plans of transmission lme up to the Thai border are
also venﬁed for the Case 1 (allocated transmission line system) ‘and the Case 2
(independent transnnssxon lme) be_cause,the transmission ling 1r_1 the basic condition is
assumed to be constructed up to Ban Houaykong Substation. '
Se Kong No.4 -
a)' : Basu: 'Condition::s

The project consists of the following characteristics.

- Installed Capagity +==-=vr-reeeee M3MW

. - Firm Capacity =- -+ 4_06MW
- - "Sending-out Encrgy SERARARARRASS ;797.8 GWh

- Pro;cctCost 643. 61MUS$

. b)  Resuit of Economic.Analysis -

The _E__IRR_fof the basic conditions resulted in 10.81%. Since the EIRR exceeds
ARI (10%), the project is deemed to be economically feasible. - The EIRR for the
Sekong No.4, however, gives the lowest value among the three project sites (four

plans).
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(4)

(4.1)

Transmission Line up to the Thai Border -

a)  Basic Conditions

“The project consists of the following characteristics.

- Installed Capacity caus

- Firm Capacity . e '
- ‘Sending-out Energy + - -
- 'Pro:ject'C.dst e

b)  Result of Economic Analysis

The EIRR for the basic conditions resulted in 11.73%.

Seeedis 1,12_5.6(}Wh.
....... ot 404.05 MUSS

* Project is deermed to be economically feasible.

Transmission Line up to the Thai Border’

~ Case Construction Cost  EIRR (%)
Base Case 1,585 $/kW (643.6 M.US$) -10.81
Case | (Allocated) - 1,704 $/kW (691.6 M.USS$) . - 10.01
Case 2 (Independent) - | 1,700 $/kW (690.3 M.US$) 10.03 4
 Xe Kamnn No.1 Project -

The Xe Kaman No.l

Case Constructi_on_CdSt SN “EIRR:(%)
BaseCase | L,649SAW (4041MUSS) | 1178
Case 1 (Allocated) | 1,780 $/kW (4362 M.USS) 10.74
Case 2 (Independent) 1,805 $/KW (442.1 M.USS) 1057

Xe Namnoy Project

a)  Basic Conditions

‘Xe Namnoy (Midstream + Downstream) .

The project consists of the following 'chara_c':teris'tics. e

8- 38 '



- Installed Capagity «-+++++-++++++ 305 MW

- _FirmCapacity testrsaenrrerisess 206 MW
- Sending-out Energy + e rroceees -+ 1,370.2 GWh

- Project Cost e = teessneensareeres 433.22 M.US$

b)  Result of Economic Analysis

The EIRR for the basic conditions resulted in 16.67%. The Xe Namnoy (Mid +
Down) Project is expected to be good economic return.

Trm§mi§‘§ibn Line up to the Thai Border

Case . Construction Cost EIRR (%)
BaseCase - | 1464 SKW(4332MUSS) | 1667
Case | (Allocated) - |~ 1,575 $&kW (466.3M.US$) - | .. 1489
Case 2 (Independent) | 1,561 /KW (462.1 M.US$) - 1510

(4.2) Xe Namnoy (Midstream)
a)  Basic Conditions
The projéct éonsists of the following characteristics.

- Tnstalled Capagity ++#«+++++eeeres 238 MW,

- Firm Capagity s 5o verrereee 230 MW
- Se_nding-qutEnergy°'~'----‘---.---' 1,041.5 GWh

< Project Costrevee v eeereeeseree 281,81 MUSS |
b Resultof Economic Analysis

The EIRR for the:basic conditions resulted in 21 83%. The EIRR gives the highest '
value among the 'ﬂuee_ project sites: (four plans). The project can be expected

exqéi_ient return,
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1)

Transmission Line 1

Construction Cost’ |

Case _ | EIRR (%)
Base Case 1,225 $/&W (281.8 M.USS) | 2183
Case 1 (Allocated) 1,369 $/KW (314.9 M.US$) 18,18
Case 2 (Independent) | 1,351 $kKW (310.7M.US$) | ~ 1858

Financial Analysis

a)  Methodology

~ In this chapter, Debt Service Coverage Ratio. (DSC) is used as an index for judging
'ﬁnanc:lal soundness of the project. ~ Furthermore, Financial Intemal Rate of Return
(FIRRY) is also calculated to evaluate the rate of profit retum '
Accordmg to IBRD s guide line, more or equal tol.5is des:rablc as DSC value

b) Co_nditions '

Methodology of Financial Analysis and Conditions -

i) Materializing Method of the Project

Two (2) materializing methods for the projects are ’assmned'as follows.

Materialized by the Lao chvenuhent_(Case;A)

. lThe Lao Govermnent (EDL) wﬂl matenahze the pro_lcct by their own'
: ﬁnance and by official loan such as ADB's loan IBRD's loan and
OECF's loan. ‘ :

- Common conditions for financial émalysié in ca_.ée-A' is éhm in Table

18.1-1.

Materalized by BOT (Bund-opere_;te-"frmfer)_ (__(_:as_clB) ! |

- The Lao Govemment will establish the sub51d1ary (Lao PDR)
- Private compa.ny will jOlIlt the project. '

- Both parties wﬂl estabhsh the new electricity compa.ny



- Common conditions for financial analysis in Case-B is shown in Table
18.1-2:

ii) . Treatment of Transmission Line

Other addiﬁonal two (2) cases concerning the transmission line up to the Thai

border are also inc_dfporated in this chapter. Case | and Case 2 are called
“aliocated transmission line system” and “independent transmission line”
respectively. - ' '
{2)  SeKong No.4 Project -
a) ~ Basic Conditions
The project consists of following characteristics.

Installed Capacity ~=*«**-*">""" e 443 MW

- Firm Capacity *#r=r-cevversserts 406 MW
- Salable Energy-rré«écorrrrreess: 1,616.2 GWh -

Constructlon Cost ++ocrvv° sresaes 643.61 M.US$
b)  Results of Financial Analysis
Case-A

The results are shown below.

" Case- .| DSC FIRR Levelized Financial
: c Generation Cost

Base | 161 | 24.55% 56.93 $/MWh.
TCasel | 146 | 22.75% | 6133 $/MWh
| Case2 | 147 |2286% |  61.04 $MWh

DSC- and FIRR almost satlsfy the fea51ble condmons say 15 pomt for DSC and
0% for FIRR The pro;ect is expected good return. - '



Case-B

The results are shown below.

Case DS&C FIRR Levelized Financial FIRR for BOT

: o . Generation Cost Period (25 years)
Base | 085 | -985% | 78ISHMWh |  8.03%
Casel | 078 |[-1925% 8379 $/MWh - 6.88%
Case 2 0.78 | -18.26% 83428MWh [ - 6.96%

DSC and FIRR indic;itc that the project to bc:proceeded by BOT method cannot

expect financially sound and good rei%um ‘over the repayment period. The

conditions proposed by MiH does not provide project feasibility by BOT method.
(3) Xe Kaman No.1 Project

a)  Basic Conditions of Xe Kaman No.1

The project consists of following characteristics. -

- Instalied Capacity =+ :rr2r-oenr-> 256 MW
- Firn-l Capacity P LR 245 MW
- Salable Energy« -+~ SRR -+ 1,011.9 GWh

- Construction Cost =+ x2srevreerees 404.05 M.USS
b)  Resuits of Financial Analysis
Case-A

The results are shown below.

Case | DSC | FIRR | Levelized Financial | - - & . s
B S Generation Cost = |-~ \

CBase | 155 |27.49% | S495%/MWh |

Case]l | 142 |2537% | S88S$/MWh | T

Case2 | 138 | 2473% | 60.09MWh |




Even though FIRR becomes better than that of Se Kong No.}, DSC-becomes
slightly lower than that of Se Kong No.4. The projt;ct can be expected good return
for the base case.

" Case-B

The results are shown below.

Casc | DSC | FIRR | Levelized Financial FIRR for BOT
1 Generation Cost Period (25 years)
Base | 083 |-1368%| 7467$/MWh. |  797%
Case! | 076 |-3125%| 79.61$/MWh 6.83%
Case2 | 074 | N/A | 8119 $/MWh  6.48%

The conditions proposed by MIH does not provide project feaéibility by BOT
method. ' ' : '

@ Xe Namnoy Project .-

4.1) Xe Némnoy (Midstréam + Downstréam').
. a) . Basic Coriditidns':af_Xe'Namnloy (Midstream + Downstream). -

" Theproject consists of following characteristics.

- Installed Capacity «*** w305 MW

~"="Firm Capagity +*+# -0 rrereres 296 MW
- Salabic Encrgy.'- e b ha e e r.. e 1,23 1‘8 GWh .

- Construction Cost TR K 43322 M US$




b}  Results of Financial Analysis
Case-A

The results are shown below.

Case DSC FIRR Levelized Financial_
. o Generation Cost
Basc 175 | 37.28% | 4651 $/MWh
Case 1 159 | 34.12% |  50.19 $/MWh
Case 2 161 | 34.62% |  49.60 $/MWh

pSC and FIRR indicate that the project will be run ﬁnangially'sound_weil.
Case-B

‘The results are shown below.

Levelized Financiat - | ~ FIRR for BOT

Case | DSC. | FIRR :

: Generation Cost Period (25 years)
Base 093 | -6.58% | . 63.06 $/MWh 10.33%
Case 1 085 {-1331% | - 67.64 $/MWh 8.84%
Case2 | 086 |[-1206%| 66.908/MWh | 9.07%

Although DSC and FIRR have slighﬂy= improved in comparison wnh those of the
preceding two (2) project, the both indicators are still less than. feasible conditions.
FIRR for the BOT period has just cleared 10% for the ba.s.e‘_ca'sé.'._- The pf(_)ject o be
impieinented by BOT method is deemed to be _d.iﬁicﬁlt'ffom the ﬁnaﬁcial viewpoint,
especially from the short term view point. ' :

{4.2) Xe Narmnoy (Midstream ).

a) - Basic Conditions of Xe Namnoy (Mid Stream)

 The project consists of following characteristics,

- Installed Capacity =+ =+ ceees 238 MW
- Firm Capacity *++* reeseneres 230 MW
- Salable Energy- - -+~ AEEERER crveis 9363GWh



b)

- Construction Cost == +evrrerereees 281.81 M.US$
Results of Financial Analysis
Case-A

The results are show_n below.

Case - DsSC FIRR | Levelized Financial
: Generation Cost

Base | 212 [4345% | 39.86 S/MWh .
Casel | 1384 |3875% | 4471 $MWh
Case2 | 188 [3946% | 43.92$/MWh_

DSC and FIRR indicate the highest values among the three (3) project sites (four
plans). The project is ekpected excellent return. ' :

Case-B

The results are shown below.

Case | DSC |. FIRR | Levelized Financial - FIRR for BOT
o - , Generation Cost - Period (25 years)
Base | L1I | 276% | 5480 $/MWh- 13.60%
Casel | 097 | -373% 60.83 $/MWh 11.15%
Casc2 | 099 | -2.62% |- 5986%/Mwh |  1151%

Although DSC and FIRR indicate the highest. performance among the all, the both
indicators are still less than feasible conditions. It seems to be difficult to conclude
 whether the BOT method is feasible or not under the proposed conditions by MIH.
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Salient Featu_reé of _Projects

Of the results on the pre-feasibility study, salient futures of the three. projects are
summarized as follows. '

Se Kong No.4 Project {(DWGs. 14.2-1 and 14.2-2)

Number of unit

Reservoir _
 Catchment area 5,400 km?
. Annual inflow 5,72i miltionm®

High water level - EL 290.00 m o
Low water level EL 27540 m
Available depth 14.60 m _
Effective capacity 1,700 million m®
Reservoir area . - 130km” |

Dam . . :
Type . Concrete faced rockfill dam
Dam height 164 m .
Crest length 910m
Dam volume | 14,400,00_0 m3 _

.Spillway .- _
Type | - Chute type - _
Width, length, gate 136 m, 680 m, 8 sets |
Maximurh design flood 16400m¥s

' Headrace tuinel o

Diameter 6.20 m
Length 315m/365m
Number of tunnel 2lanes .

Penstock | .

© ' Diameter " 540m

Lengtﬁ _ 447 m
Number of penstock . 2 lanes, 4 branches

Powerhouse o
Type - Semi-underground type -
Width, length 0m80m

Large size 2 units-

Smali size 2 units




Turbine " ‘ Francis type =
' Large size 150 MW

o Small size 71.5 MW
Generator | 3 phase, alternative current, synchronous
* Power gencration plan 7 | |
Peak power duration 8 hours
Maximum discharge  370ms
Effective head . - 137.00 m
Installed capacity A3MW
Firm peak capacity (8 hours) 406 MW
Annual energy 1,816 GWh
Plant factor 1%
Access road . |
,Néw construction | o "~ 14 km
hﬁprovemeﬁt E _ . 14 km
' Transmission line (powerhouse-B .Houaykong substation)
C.apacity ' _ | ' 230KV, 1 cct
‘Length 80 km

s-47
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Reservoir o
Catchment area
Annual inflow
High water level
Low water level
Available depth
Effective capacity
Reservoir area

Dam

 Type
Dam height
Crest length

Dam volume

Spillway

Type |
Width, length

Maximum design flood °

Headrace tunnel

Diameter

Length

Number of tunnel
Penstock

. Diameter
Length
Numbe_r of penstock

Powerhouse
Type
Width, length
Number of unit
Turbine

Generator

Xe Kaman No.1 Project (DWGs. 14.3-1 and 14.3-2)

3,800 km? _
4,245 million m® . '
EL 260.00 m _
EL25320m
680m

1,270 million m’

193 km?

~ Concrete gravity dam
143 m

440 m
1,670,000 m*

Dam overflow type
122m,203m
14,300 m®/s

480m
315 m/322 m

2 lanes

C480m

317m

2 lanes, 4 branches

* Semi-underground type
- 18 m, 64 m

4 units

Francis type, 64 MW

" 3 phase, alternative current, synchronous

S-_4_8: : -



Power generation plan

Peak power duration - 8hours
' Maximum discharge 228 m'fs
Effective head _ 12990 m
Installed capacity 256 MW
Firm peak capacity (8 hours) 245 MW
Annual energy ' 1,137 GWh
Plant factor 51%
Access road o _
New construction 22 km
Irhprovemenf_ '. e 23km
" Transmission line(powerhouse-B.Houaykong)
Capacity o 230KV, 1 cct
Lengh 140 km




3 Xe Namnoy Project

a)  Xe Namnoy Midstream with Xe Pian Diversion (DWGs. 14.4-1 and 14.4-4)

Reservoir
Catchment area
Xe Namnoy
Xe Pian

Annual inflow
High water level
Low water level |
Available depth
Effective capacity
Reservoir atea
Dam |
Type
.Dam height
Crest length
Dam volume
Spillway
- Type
* Width; Length
Maximum design flood
Headrace tunnel
Diameter
| Length
Number of tunnel
Penstock
Diameter
Length
Number of penstock
PéWe_rhousc
Type -
‘Width, length
Number of unit -
Turbine

Generator

1,253,000 m*

531 km?
2km*
1,042 million m®
EL765.00m
El747.70m
1730m

250 million m*

21.8 km?

Rockfill dam
69 m
780 m

~ Chute type

1 lane -

114 m, 550 m
6,000 m*/s

45m
9,010 m

1 _lane

40~35m

780m

Sémi-u_nderg_round type
$m50m
2 units -

" Francis 119 MW

3 phase, alternative current, synchronous

ses0



b)

Power generation
Peak power duration
Maximum discharge
Effective head
Installed capacity

Firm peak capacity (8 hours)

Annual energy
~ Plant factor

. Access road

New construction

Improvement

- 8 hours
60 m*/s

463 m

238 MW
230 MW
1,052 Gwh
50%

26 km
34 km_ :

Transmission iine(poWefhogs_e-B.Houaykong) '

" Capacity
Length -

Xe Pian diversion scheme

| Intake dam

Type
Dam height
Diversion waterway .
Type |
- Width
Length

- Maximum diversion capacity

230kV, L cet
10 km

Concrete gravity dam -

10m

Open Channel | Tunnel
S0m 4.0m
7.2 km 900 m

20 m¥s

Xe Namnoy Downstream Project (DWGs. 14.4-7 and 14.4-9)

Reservoir - _
Catchment area S
D:rect
_ Indlrect
* Annual inflow -
High ﬁ?ater level
. - Low water level o
, 'Eﬁ‘cctwe capacnty - '.

* Reservoir area’

475 kn®

1,252km?

223 km*
2,109 million m

CEL270:00m

EL2667m

. 2 mllhon m’ (dally regulatmg)

| "'fovkm2
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Dam

Type
Dam height
Crest length

Dam volume

Spillway

Type
Width
Maximum design flood

. Headrace tunnel

Diameter

~ Length

Number of tunnel

Penstock

Diameter
Length
Number of penstock

Powerhouse

Type
- Width, length -

" Number of unit

T_urbine '

_ Generator

Power generation

Peak power generatlon

Maximum discharge

 Effective head

Instalied capamty

Firm peak capacsty (6 hours)
Annual energy

Plant factor -

Access road

New constructlon

Concrete gravity dam
an _
350m

133,200 m*

Dam overflow type

158 m
- 9,000 m/s

" 580m

3,670 m
1 lane-

560~540m
450 m

‘1 lane

Senﬂ-under'groond' type -
18.00 m, 50.00 m

.2 units .

Francis 33. SMW

3 phase alternative current, synchronous .

- 6 hoors '

96 m’fs

81 m

67 MW

66 MW
332GWh
57%

: 23km._

Transmlssmn line (powerhouse—B Houaykong substatlon)

Capacity
Length

$-52

230KV, 1cet
- 10km -



Summary of Plans proposed in Hydropower Potentlal Study

and Pre-feasmlhty Study

Pre-feasibility Study

Description: Potential Study
1. Basic conditions
Scale of topographic maps 1/50,000 - 1/10,000
Discharge data period 5 years 10 years
Reservoir operation Annual operation Carry-over operation
Peak power duration 12 hours 8 hours
2. Proposed Plans
- Se Kong No.4
Reservoir HWL _ 300 m 250 m
Effective Storage Capacity 1,287 MCM 1,700 MCM
Regulated Firm Discharge 144 - ms 143 " m/s
Maximum Discharge 288 m’/s 370 m’/s
Rated Effective Head 140 m’ 137.0 m
Installed Capacity 346 MW 443 MW
Plant Factor 63 - % 47 %
Xe Kaman No. 1, : '
Reservoir HWL 280 . 'm 260 m
Effective Storage Capagity - - 833 MCM 1,270 MCM
Regulated Firm Discharge 93 m’/s 89 m’/s
Maximum Discharge 186 omfs - 228 m*/s
Rated Effective Head 159 m 129.9 m
~ Tnstalled Capacity 255 MW 256 MW
Plant Factor 61 % 51 %
- Xe Namnoy Midstream
Reservoir HWL 760 m 765 m
Effective Storage Capacity L2550 MCM . 250 MCM
- Regulated Firm Discharge 25 - m’/s 20.8. m’fs
. Maximum Discharge 50 -~ m'fs 60 m'/s
" . Rated Effective Head 446 ' m 463.0 m
Installed Capacity 192 . MW 238 MW
Plant Factor 69 % 50 %
Xe Namnoy Downstream _ o
‘Reservoir HWL - 280 m 210 m
*_Firm Discharge 334 - m’/s 240 m’/s
- . Maximum Discharge 100 m’/s 96.0 m'/s
* Rated Effective Head 74 m 81.0 m
Installed Capaclty 63 MW 67 MW
Plant Factor 61 . _ % 57 %

" Notes:

1) Locanon of pro;ects in the potcnual study is- shown inFig.2.

.- 2) Location of projects in the pre-fea ibility study is shown in the begmmng of the Report.

§-53 "
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'CONCLUSION

Hydropower Potential Study in the Se Kong Basin

The Se Kong river is a large tributary of the Mekong River. The river otiginates in the
Annam Ranges which forms the boarder between Laos and Vietniam, flows around
southem area of Bolaven Plateau and joins the Mekong River in Cambodia. The Se Kong

" river has a catchment area of 23,350 km?® within' Laos and is 150 km long wluch prowdes

' abundant hydropower resources including six tnbutanes .

Hydropower development in the Se Kong basin is planned for two major reasons, 1) to
develop an electric power source as a part of the Southern Laos Development Program and

the (2) tenable powex _export to the nelghbormg countries.

' In the hydropower potentlal study, totally 15 development plans covered 3 plans on Se

Kong main stream, 4 plans on Xe Kaman river, 2 plans on Xenamnoy river, 3 plans on
Nam Kong river 1 plan on Xe Xou river and 2 plans on small rivers are studied and

prepared a development plan mventory

Out of the 1nventory, the followmg three pro;ects are selected as prlornty development

' prOjCCtS

- Se‘Kong No.4 Project
Xe Kaman No.1 PI’O_]eCt _'

 Xe Namnoy Mldstream Pro_]eet mcludmg Downstream Prolect

' Pre—feaéibllity ;studj}"was' carried'out_fot th_'ese three projects.

Pre-feasibility Study

Basie Dét’a ‘usea in t_he Pre-feasibility 'Study"" o

Topographle maps of 1/10 000 scale around the each dam site and a part of reservoir area

are prepared and used for the prellmmary desngn

_"Meteorologmal data a.nd hydrolooleal data ‘are prellmmary analyzed using the: records at
the exxstmg statmns and or that of the newly mstalled stattons m the study." “Monthly

B C-l '
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2.3

(D

discharge, design flood at the each project sites are analyzed and applied for pre-feasibility
design. '

Geological investigation such as a seismic prospectmg survey, core drﬂlmg works were

_ oarned out and referred to the dam. d651gn

Preliminary environmental impact survey was carried out at the threo 'selccted'projoct areas.
Current state of the project areas related natural/social environment was surveyed and

compensation costs were roughly ostlmated More deta:!ed survey w111 be required on the

Feagb;hty Study stage.
L Basic Concept for Hydropowezr Devélopment: Pl_én }

.Hydropower p[OjeCtS by constructmg a mednum to large scale hydropower project

_ prov:dmg the reservoir which is vanances seasonally and one year to the next were selected

for the main purpose of power export to the neighboring countries.

Optlmum development plan for the oach pro_;eot was selected aﬁer case study, whzch is

varied dam height (HWL), effective reservoir capacnty and etc. as parameters

Lonéidering power export 10 tho neighboring oountries a substati(m 'is p}axmed at

B Houaykong in the Bolaven Plateau and the transmission line is pIanm:d divided into two '

stage. The first stage of the transmlssmn line is. a scctron from the powerhouse to the
substation, the second stage of that is planned from the substation to the substation at Roi
Et in Thailand. Allocated transmission line from B, Houaykong substatlon to the Thai

border and mdependent transnussmn line from the powerhouse to the Thai border are also
studied as comparat_wc studies. Transmtssxon lines to Vietnam and Cambodla are

. preliminary studied its routes and capacities.

Se Kong No.4 Project

Se Kong No.4 Project is planned a dam reservoir type prowdmg a concrete faomg rockﬁll '
dam with 164 m in dam height, 910 m in dam crest length, 1 ’FOO mllhon m n effectlve
| reservoir capac1ty, and a power plant gonorates 443 ‘viW of mstalled capamty l 816 GWh_ -

of annual enérgy by 137 m of effective head.

~The powerhouse is plahned_ at the immediately.dow:}stream of t_he dam 4 ‘onits of '_Franci_s_ '
- turbines/generators (150 MW 2 unit, 71.5 MW 2 units) are planned. .~~~

: sz o
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It is conditioned .that 30 m3ls of river retaining flows considered for the turbine size

selection.

Geology in the project area is generally satisfactorily. Survey results at présent point out
no geological problem in the reservoir area, Dam site is underlain by sandstone, shale and

esitic tuff. The dam foundation is judged enough in strength, however, more detailed

‘survey will be required for the dam design on the next stage including waterway,

powerhouse and etc..

" S¢ Kong No.4 Project has 123 km?® of reservoir area which is covered by forest. In the

- reservoir area, there are small villages with 3,500 peoples lying farmland and abandon

slash-and burm agriculture. Implementing appropriate measures to alleviate impacts will

forestall the ocourrence of environmental impacts that will be hinder the project.
Total construction cost of the Se Kong No.4 project is preliminary estimated as follows:

Base - (Transmission line cost from the powerhouse to B. Houaykong
* Substation is included) -~ o ' :
. US$643,609,000 ©

" Casel " (Addition to the Base, B. Houaykong substation cost and: the
' transmission line cost up to Thai border are included by allocation)
US$693,552,000 N

Case2 {(Independent transmission line cost from the powerhouse to the Thai
*border) ' _
| US$690,269,000

Total construction period s planned 8 yearrs including preparately work such as

construction of access roads.

Result of the economic analysis and financial analysis are shown in 2.6(2), (3)

Xe Kaman No.1 Project

 Xe Kaman No.1 Project is plarined a dam reservoir type .providil.lg a conéretg .gravity dam
. with 143 m in he_igh@4(4_(‘);m_in crest length, 1,270 million- m3 in effective TESErvoir capacity,

Coee3



. and a power plant generates 256 kW of installed capacny, 1,1 38 GWh of annual energy by
129.9 m of effective head.

. The powerhouse is planned at the immediately downstream of the dam. 4 .um'is of Francis
turbine/generators (62 MW 4 units) are planned. '

2) It is conditioned that 20 m%s of river retaining flow is considered for the turbine size ‘
selection. '
(3) .- - Geology in the prbject area is generally satisfactorily. Survey results at present point out -

no geological program in the _rreserv'oir_. Dam site is mainly underlain by sandstone. Shale
~ and conglomerate are partly underlain, The dam foundation is judged enough in strength
for the concrete dam, however, more detailed survey will be required for the dam design on

the next stage including waterway, powerhouse and etc..

4 Xe Kaman No.] PrQ]ect has 193 km® of reservoir area which is covered by forest. In the
 reservoir area, there are maiy small villages with 600 peoples lying farmland and abandon
slash-and bum agriculture. Implementmg appropriate measures to allewate impacts will

forestall the occurrence of environmental impacts that will be hinder the project.

‘

(5) Total construction cost of the Xe_Kéman No.4 project is preliminary esti_mated as follov_vs: e

Base  (Transmission line cost. from the powerhouse to B. Hoi_laykong
Substation is included)
- US$404,050,000

Case 1 (Addition to the Base, B. Houaykong substation cost” and the
* transmission line cost up to Thai border are included by allocatlon)
_ US$432 930,000

Case 2 (Independent transmissidn line cost from the powerhduse'tb the Thai
border) T R
US$442 102 000

(6) Total construction period is planned 6 yearrs mcludmg preparately work such as
constmct:on of access roads

() Result of the economic analysisand financial analysis are shown in 2.6(2), (3) -~
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(1)

" Dowristream Project.

)

Xe Namnoy Project

a)

B

" Xe Namnoy project is planned as two stage development plans of Midstream Project and

Xe Namnoy Midstream Project

Xe Namnoy Midstream Project is planned a dam and waterway type providing a
rockfill dam with 60 m in height, 890 m in crest length, 250 m’ in effective reservoir -

capacity, and a power plant generates 238 MW of installed capacity, 1,052 GWh of

annual energy by 463 m of effective head. -

The powerhouse is planned at t_he”right bank ‘of Xe Namnoy river 20 km
downstream from the dam. 2 units of Francis turbine/generators (119 MW 2 units)

" are planned, and a 9.2 km of headrace tunnel is planned between the dam and the

powerthouse.
It is condltlon that 1 m /s of river retaining flow is considered to the downstream

sect1on of the dam.

Xe Namnoy. Downstream Project

Xe Namnoy Downstream Project is planned to practlcal use of generated dlscharge

of the Midstream - Project and the dlscharge of the remaining: catchment area

effectively. This project is a medium scale and is planned a dally regulatmg reservoir

“type.

A concrete gravity dam is planned at'imme_diately downstream of the confluence of

- H.Katak_Tok river with 35 m in height, 350 m in crest length. A powerhouse is

planned at the right bank of Xe Namnoy river 4 km downstream from the dam. 2
units of Francis turbine/generators (33.5 MW 2 units) are planned. The power plant -
generates 67 MW of installed eapac1ty, 332 GWh by 81 m of effective head and 96

mé/s of maximum discharge. A 3.4 km of headrace ‘tunnel is planned between the

dam and the powerhouse.

"~ At the dam site of .Xe._Nanmoy. .M'id_strearr.i Project, - sandstone, shale and basalt ai'e
_underlain. Basalt s diStribﬁted_ a_‘i lower. part than the river bed at the left bank and

~develops seams eyerall.'This- basalt has high permeability so that more detailed survey will
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(5)

be required including reservoir area. Geology at the _’wéterway and the powerhouse areas

are underlain sandstone, shale, and generally satisfactorily.

Total construction cost of the Xe Namnoy Midstream project is preliminary estimated as
follows: ' ' |

Base  (Transmission line cost from the powerhouse to B. Houaykong
Substation is included)
1JS$281,807,000

Case ] (Addition to the- Base, B. Houaykong substation cost and the
transmission line cost up to Thai border are included by allocation)
US$316,235,000 '

Case 2 - (Independent tr_ansmiésion line cost from the 'power_house to the Thai

border)
. US$310,686,000

Construction cost of the Xe Nanmoy Downstream Project is US$151,400,000.
Construction period of the Xe Namnoy Midstream Pfoject .is planned 5 years including
preparatory work such as construction of - access roads, and the. Downstream Prqect is

planned to complete within the period of the Midstream PrOJect

m’/s of river retaining flow to the downstream is considered for the Midstrea.m project

but not considered for the downstream Project because there are 1o v1llage n the sectxon

. between the dam and the. powerhouse



2.6 Summary of Each Project
Results of the pre-feasibility study for the three selected projects. are summarized as
follows. '

(1) Comparison of Technical Aspect

“Ttems Se Kong No. 4 X¥e Kaman No. 1 Xe Namnoy
Development Plan o : .
Development type . Dam reservoir type - Dam reservoir type -Dam reservoir type with Xe
- . ' Pian diversion (Mid.)
- Run of river type wath daily
regulation
Installed capacity 443 MW 256 MW -Mid, 238 MW
_ -Dowi. 67 MW
Annual energy 1,816 GWh 1,137 GWh- -Mid. 1,052 GWh
T Down. 332 GWh
Reservoir -Mid. _
| Reservoir area 128 km’ 193 km? “21.8 km?
. Effective reservoir capacit 1,700'% 10° m® 1,270 x 10° m* 250 x 10% m’

Environmental impact o . _

" Reservoirarea The greater part of the areais [ The greater part of the arcais |In the Bolaven Plateau, The

- forest. Small villagesand  |forest. Smell villagesand  |greater part of area is forest.
farmers practice slash-and burn jfarmers practice slash-and  }Small villages and farmers’
agriculture i © ¢ |burn agriculture - 'Ipractice slash-and bum

_ ' g o L agricultwe.
Resettled peoples. - 3,500 600 900 (Mid.)
(estimated) : _

Site characteristic - . o - . . .
Reservoir operation Stable power can be supplied  [Stable power can be supplied: [As vast differences in flow
C with large reservoir. with large reservoir. from dry season to fainy

' season, special attention on
reservoir operation is required
(Mid.). ' '
Effective regulation is
| expested using by reservoir
operation of Mid. reservoir
Access - National roads to Sekong |- National roads to Aftapu are}: Local road to B.Latsasin is
: B _ Town can be available 1o good condifion ik rainy. |- available throughout alt
| throughout all seasons | season. No bridge at Xe Seasons. _
- No toad from BPhonto the | Namnoy river. |- Noroad to Down, site.
dam site( 18 k) + Local road at Attapu ne E :
: bridge (3¢ Kong river)
* Local road frem Attapu to
the dam sile is very narrow
and bad. Not available in
. : | rainyseason. :
Geology - + (ood, sandstone, shale - Good, sandstone, shale, © -'|* Sandstone, basall (iigh
: ' ~ conglomerate permeability).  Special
: : attention is required for the
PR R A T R L SR | basalt distribution,
Trensmission fin¢ 1/ |80 km to BHouaykong s/s” ~ {140 km to B.Houaykong - |10 km to B.Hovaykong s/s

. 1/ Transmission ling s_des’for base case (Ré_.f'. s:.c_hm;’zxtiﬁ diagram s_h_q\gm ih_(4)). L

| _IIC-:.'.:"-

- |10 km to Mid. powerhouse




(2) Comparison of Economic Analysis Results

(a)

®)

@

Se Kong No.4 Project

Transmigsion Line up to the Thai Border © -

EIRR (%)

C-8

. Case Construction Cost
Base Case 1,585 $/kW (643.6 M.US$) 1081
Case 1 (Allocated) 1,704 $/KW (691.6 M.USS$) 1001
Case 2 (Independent) | 1,700 $/KW (690.3 M.USS) . 10.03
. Xe Kaman No.1 Projﬁct
- .Tr._ansmis'si.on Line up to the Thai Border;
.:Case ~ Construction C.ost. EIRR (%)_' _:
‘Base Case 1,649 $/AW (404.1 M.USS) | 1178
Case | {Allocated) - 1,780 $/kW (43l6_.2 M.USS) - 10,74 I
l Ca_se 2 (Independent) 1,805 $/kW (4_42;1:M.US$) _ 10.57
. Xe Namnoy Project (Mid + Down) B
Transmission Ling up to the Thai Border
Case Construction Cost EIRR (%)
Base Case - 1464 $AW (433.2M.USS) | 1667
Case I (Allocated) | 1,575 $ikW (4663M.US$) | 1489
. | Case? (Independent) | - 1,561 $AW (462.1 MUS$) |~ - 1510
- Xe Namnoy P_roj.ect (Midstrga}n)'
Transmission Line up to the Thai Border )
Case Con.stru.c:tion_Cost _ ' :EIRR (%) .|
Base Case 1,225 $AW (2818 MUSS) | 2183
Case 1 (Allocated) 1,369 $AW (314.9M.US$)- | 18,18 .
Case 2 (Independent) | 1,351 $AW 3 10:7M.US$) B R T

f i
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RECOMMENDATION

@

o

'Hydropower Potential Study in the Se Kong Basin

Hydropower potential study has been conducted toward clartfymg the overall hydropower

~ development potential in the Se Kong basin and preparmg a development plan inventory of

the basin for selecting several medium to large scale priority projects. Taking these two
purposes into account, the hydropower potential was studied so as to provide
approximately 60% of plant factor for each proyect and to maximize the total net benefit

(B-C) of the basin.

~ Although the pfoject locationts proposed in this study will remain rational as long as no

sngmﬁcant change appears in hydrological conditions from the stand point of potential -

. evaluation, different development scales will be proposed dependmg on criteria employed

such as plant factor and economic evaluation criteria of the projects.

It is nnportant for evaluatlon of the development plan inventory proposed in this study to

-understand the basae study pollcy emplOyed

The development plan inventory has been established by usmg emstmg topographlc maps
_and ‘hydrological and meteorological data in this study. Particularly, availability of the
_ hydrologwal data observed in the basin is very limited. Therefore series of the inflow data

estimated for each project site are not of acc_urate actually.

Accumulation of hydrolbgical'and meteorologieal data for a long period is important for

_ =fdc'a\,r'elopment of hydropower projects. Even the observation records of water level and
) preexpttatlon by the ordinary method which are relatively easy to be applied, will be so

valuable in the future There are several economical projects in the Se Kong basm other

- than the three proyects studled in the Pre-feasibility Study stage. It is recommended to start
S meteorologncal and hydrologlcal mvesttgatlons for these pro_;ects as soon as possible.

“The optlmum development plans of the pnonty pro;ects proposed in the Pre—feasnbthty
. Study are different from the plans in the development plan mventory This difference of

plans depends on the difference of accuracy “of basic data such as topographjc maps and

o dtscharge data and on the dlﬁ'erenee of study cntena employed

: By rewemng the dlﬂ'erence of each plan it is understood that no revise is required at this

moment on the development plan inventory. However when a sngmﬁeant change appears

- R-1 :
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in basic conditions such as accumulation of hydrological and meteorological observation

records and topographic maps or implementation’ of pnonty pro_yects it is necessary to
revise development plan of related projects in the inventory.

- Pre-feasibility Study

Cem_mon ltems for Each Project

Resulting the pre-feasibility study, three projects; Se Kong No.4, Xe Kaman No,1 and Xe

Naminoy Project, selected from the hydropower potential study are promising projects

technical and economical points of view. As for financial point of view, they are promising

projects in case of official loan conditions. However, the: financial c_ondit_io"n_ of BOT

- .. development proposed by MIH provides extremely less financial performance_ﬂian that of
. official loan case.

It is reeonunended that the Fea51b1hty Study for the each prcgect be camed out 'in future
continuousiy,

As the three projects are planned for power export purpose, transmission line systems are

-affected -by the receiving facility of the power iniport country. Therefore effective

mtematlonal power system plan including developrnent plans in other basins will be

. requlred

Meteorologlcallhydrologlcal data are not enough for the each pI’OJeCt Continual

- observation of river dlscharge rain, . evaporation and ete, are required. Especially,

observation of river discharge at the gauging station of Sekong Town, At;apu -Town,
B.Hatsaykhao, B.Fangdeng and B.Latsasin will be very im'portantﬁdata for the future study.

- As for environmental impact and compensation, mdr_e detailed sﬁrveys_ e.i'e required for the
. cach projects. Especially, the three projects are dam r_eséer#oir_- type development plans,

problem of the resettiement of inhabitants, disruption of ecosystem . will be occurred.

" Measures on 1mpacts of the river environment and the nver ut:hzatlon at the downstream.

. area of the dam and powerhouse are also 1mportant Further survey and Study will be

necessary for the problems

‘In the hydropower deveiopment p!an study, ophmum dcvelopment plan is: selected a.doptmg

§ hours of peak power duration to evaluate the value (kW vaiue) of peak supply by the
powerplant '
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Here, the 8 hours peak duration is referred Thailand's recent daily demand curve. In this
case, approximately 50 % of plant factor are obtained.

However, it is considered that a certain extent smaller instailed capacity and larger plant

factor are profitable for the generating cost of power export. On the other hand, more

larger mstalled capacuy has tendency of profitable even higher generating cost as
* adopting in Nam Ngum Power Stauon

At present, it is difficult to select the optimum deveiopment plan considering the condition -
above because the future tariff system of power export is not cleared. Re-examination of

the developmént plan considering the condition is required in future study.

Se Kong No.4 Project

Tt is recommended that the followmg topographic maps be prepared on the Feasibility
. Study Stage '

R_esf;r#bir afea :  Scale 1/10,000 (all areas except fnaps prepared by JICA) |
Damarea  : Scale 1/1,000 {including waterway and powerhouse) -

It -is recommended - that the following geologiéal investigation be carried out on the
Feasibility Study Stage. -

Location Seismig promec;ing. Test pit Core drilling
Damaxis . = = 4 x 100 =400m

_ -Waterway. ' - ' S = o S 3x30= 90m
Spillway I 1x30= 30m
Quarrysite - - 1x50= 50m
o . 1% 100 =100m .

. -Aggregate - 15km . 5x5= 25m . 5x10= 50m
. Borrow area © 15km 5x10=50m §x10= 50m

“Total 30km 75m  20holes 770m

In'the reservoir arca extended 128 km® and the'dam area inciuded related arca, more

.detailgd suﬁ'ﬁy of énvironmental _impaét_and comp_ensation will be requiréd in future.

Prior to the pro_]ect implementation, it is necessary to construct an. access road from
o B.Nava Nua to thedamsﬂe :
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-Xe Kaman No.1 Project

It is recommended that the following topographrc maps be prepared on the Feasrbrl:ty
Study Stage. . o : :

‘Reservoirarea @ Scale 1/10,000 { all areas except the maps prepared by JICA)

Damarea  : Scale 1/1,000 (including waterway, powerhouse)

It is recommended that the following geological -investigation be carried out on the
Feasibility Study Stage. '

Location Seismic prospecting | Test pit . Core driiling. '

Darm axis . - - 3%100= 300m
Waterway - - 2x30= 60m
S | - 1x50= 50m
Damrightbak - - 1x50= 50m
Quarry site - : - - 1x100= 100m
Aggregatesite  20km 5x5=25m - 5x10= 50m

Total - 20km . .25m . 13holes 610m

- In the Teservoir area extended 193 km® and the dam area included: related area, more

detailed survey of envrronmental impact and compensation will be requrred on Feasrbrhty
Study Stage '

Prior to the project implementation, it is necessary to construct and improvement as access
road from Attapu Town to the dam site, '

Xe Namnoy Project

It is recommended that the foltowmg topographrc maps be preparcd on the Fcas:bnlnty ‘
Study Stage ; : : DR

Dam site (Mid,) . Scale 1/1,000 (including powerhouse) -

Dam site (Down.) : Scale 1/1,0_00 (i_x'mmdmg po_werhou_sé)

Itis recommended that the followmg geologmal mvestlgatron be camed out on’ the '

Fcasrblhty Study Stage

e



Location Seismic prospecting Test pit Core drilling
a) Midstream Project

~ Dam axis : S - 3x30= 90m

' 2x50= 100m

1x60= 60m

Dam site (Xe Pian) - _ - 4x10= 40m

-Waterway - - 1x30= 50m

_ 2x150= 300m

Penstock & o 1.5 km - 1x50= 50m

powerhouse - ' 1x30=30m
Quarry site : - : - 1x5= S0m -

Borrow arca 1.0km 10x5=50m 3x10= 30m

b) Downstream Project

Dam axis - - 3x30=  90m
Waterway & - - 1x80= 80m
powerhouse site _ 1x50=50m
| o 1x20= 20m
Total | 25km 50m  25holes 1,040m

Espemaily, as the basalt lava is distributed at the leﬁ bank of Xe Namnoy Midstream
Project, a watcrtlghtness mcludmg dam foundatlon treatment are worry about its measures
and cost estuna_tion. More detailed geological survey will be required in future. '

3) In the reservoir extcnded 21.8 km2 and the Midstrcam dam area mcludmg related
constructlon more detaﬂed survey of environmental lmpact and compensation will be

required in future.

' Sufvey on the river retaining flow at the doxﬁnstream areas of the _Mid_stream powerhouse
and Xe Pian'intake dam will be required. |

(4) Prior to the pro_]ect unplementation 1t is . necessary to construct access roads from

B Houaykong to the Downstream PrOJect site, to the Xe Pian intake dam: site.
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1.2

introduction

' Foreword

This Study was undertaken during the period June, 1993 to March 1995 to formulate the

_Mastcr Plan Study on the Hydroeleutnc Power Development in the Se Kong Basin, Lao

PDR, as a part of the technical assistance provided by the Japan International
Coopera,tlon Agency_ (JICA). Inthe Study, a hydropower potential studies were carried

.out 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,

This Final Report compiles the results of the studies and is composed of the foli_owing three

- sets,
- Final Report
_?. S_'ummafy
- - Appendixes
: Background-

The Government of LaoP.D.R. requestcd the Govemment of Japan to assist in carrying out
a hydropower potential study and pre»feamblhty study for hydroelectric power development

-in the Se¢ Kong Basin, Hydroelectnc power development in the basm is planned for two
~ major reasons, (1).to develop an clec'mc power source as a part of the Southern Laos

L _Developmcnt Program and the (2) to enable power export 10 the nelghbonr_lg countrics.

The Government of Japan agreed to pfbvide assistance, JICA dispatched a preliminary

study team, to Lao P.D.R. headed by MrN. SHIMOMURA (then Director, Naturaf
Resources Div,, Mlmng & Industnal Pianning and Survey Dept., J ICA) in March, 1993,

-The team undertook site reconnaissance, data collectlon etc. and also held discusswn with
" Ministry of Industry an_d Handicraft (MIH) of the Lao P.DR. The Scope of Work (S/W)

for master plan study on the project was prepared, the contents finaily agreed, and duly

" signed on March 11, 1993.



In order to promote the Study contemplated in the above S/W, J ICA selected the consultant

firm and awarded the study works to the joint venture consxstmg of Electric Power
Development Co Ltd. (EPDC, leading firm), NEWJEC Inc. and PASCO Intematlonal Inc..

The study team, organized in accordance with the above 'cons.o‘ltan.cy contrect and headed
by Mr. T. TEZUKA (EPDC), immediately started study works in June 1993,

The study team first prepared an Inceptlon Report and presented the same to the MIH in
July, '1993. This Report contained the policy, method of the study, and works to be
* undertaken by the MIH and the JICA. Tn the Report, the study team divided the works into
two stages; a hydropower potehtial study stage and a pfe—feasibility study stage.

“Secondly, the study team carried out site reconnaissances, a hydropower ootentiel study to
- prepare hydropower development inventory. Then the three priority pfojects were selected
from the ‘15 projects in the inventory. These studies were reported in the Interim Report
and submitted to MIH in November 1993,

Thirdly, field ihvestigations such as hydro-meteorological survey, tOpo.gr_aphic survey by

“aerial photogfammetry, geological investigations, environmental impact survey were
carried out at the three selected pro;ect sites. Details of these field mvestlgatlons ‘Were.

reported in the Progress Report and submitted to MIH in July, 1994,

'Fin_ally',' pre~feasibility studies were catried out for the three selected projects.

The field works for the study were carried out in'oooperation with the term’s coun_terparts_

from the MIH. During this study, the s'tudy team provided:technic'al transfer to their
counterparts through the field" investigations. In the mean - time, JICA invited two
counterparts in Japan and provided technical trainings for them, The study team also held
a technical seminar at Vientian¢ in July 1994, '

All study works were completed on March, 1995,
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1.3.2
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1.3.3

1)

Objectives, Scope and Contents of Study

Objectives of Study

The objectives of this study is to prepare a master plan for hydroelectric power development
in the Se Kong Basin, and conduct pre-feasibility studies on several promising project sites

to decide the promising project site where feasibility study will be conducted in the future.

Also, during this study, technology ‘concerning hydroelectric power-development will be
transferred to Lao's counterparts.

Areas and Scope of Study

"Areas to be Stt_ndied

The catchment area of about 23,350 km® inGgeluding the Se Kong main stre'am'and.its 6

main tributaries within Laos.

To collect reference materials from government inistitutions in Lao and public institutions

_outside of Laos such as the Mekong Committes.

Scope of Studf

Hydropowc'r potential and prc-feaéib_ility study for hydroelectric power development.

Contents of Study

. Contents of the study to be performed is as follow‘s..
_ Hydropowé_r Potential Study Stage

" a) Data qulectibn’

- Collection and review of all exisﬁn’g data, reports and other relevant i_nfor_mation'
including existing hydropower development plans in the basin, -



2)

b}

c).

.d)

Site Reconnaissance

Site reconnaissance from the view-points of topography, geology, hydrology,

environment, and social and economic aspects.

Power Survey

- Study on organization of power supply mcludmg management and mstltutlon

- Study on existing power supply system, e

-~ Study on power market including power tariff structure, :
- Survey on power demand forecast including export, and role of basm in the total
power system in Laos.

- Survey on power balance including power expansion program in the basin and
neighboring area. '

Preparation of Inventory

Preparation of inventory for hydropbwer projects and studied in the previous studies

- including the alternative de\_felgjpmcnt schemes studied by use of maps in a scale of

1/50,000. The project high-light, such as reservoir capacity, main structure
dimension, maximum discharge/firm discharge, installed capacity/firn output,

. annual. energy production/firm “energy, project cost, and prelumnary €CONOmIC .

analysxs and environmental impact study are to be included in the study.
Project Identification .

Identification of relatwely high priority projects as the obJectlves of pre-feamblhty
study. ' '

Pre-feasibiiity Study Stage

Based on the results of hydropower potential study stage followmg works are to be carried:
out on the selected projects:.

a)

Topographi.c S.ilTYey

Aerial survey and photogrammetnc mappmg of scale 1/10 000 and supplemcntal
ground survey of the prOJect arca. ' S




b)

)

d)

€)

g)

h)

Geological Survey

- Seismic prospecting,

- Drilling work and permeability tests,

- Construction material survey,

- Preliminary geological and geo-technical study in the project arca.

Survey on Access to the Project Sites

- Survey on existing port,

- Survey on existing road network and conceivable transportation rbutf_:.

Hydro-meteorological Survey

- Insta!latioﬁ of hydro-meteoroldgical stations,
- Hydro-meteorological observation, .
- Hydro-meteorological studies.

Operation Study
- Review and study of the optimum power generation program,

- Relevant transmission line,

- Establishment of preliminary operation study.

- Optimization Study

Preliminary optimization studies on project sizes.

Study'on'Environmental' Impac{

- Study on natural environment,

- Study on social envirohment.
Study on Compensﬁtio_n'

Preliminai"y'l).esig_n of Main_Structu.r'e
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i Preliminary anétruction Prugram
k)  Preliminary Cost Estimate

) Preliminary Economic Analysis

m) Recommendations . ' @

Formulation of the recommendations for future works in the Feasibility study.

Field Survey

The field surveys were mainly carried out in Laos. A part of data refated Mekong River
Basin Development were collected at Mekong Committee Secretariat in- Ba.ngkok and data
related an electric power development plan in Thailand was collected at EGAT

The periods and contents of the field surveys carried out by.thc study team are as'fo'llo.ws_‘
First Field Survey 5 o S l
a) In Laos

Period: From July 6, 1993 to August 18, 1993

Contents of work:

~ Presentation of Inception Report .

- Site rccormazssancc (aerial survey in the Se Kong basin by hehcopter project
sites survey, geologxcal SUTVEY, POWET SUTVEY, ACCeSS road survey)

- Data collection '

- Technical transfer -

-~ Exchange of minutes of meeting
b}  In Thailand

Period;  From August 19, 1993 to August 25, 1993
Contents of work: -

- Data collection at Mckong Committee .

- Data collection at EGAT



(2)  Second Field Survey
a) InLaos

Period: From October 16, 1.993 to December 30, 1993
Contents of work *

" - Presentation of Interim Report
- Data collection : _
- Topographic survey (aerial photoj, continued up to February 28, 1994
- Site reconnaissance (selection of survey areas, gcdiogical reconnaissance, hydro-
meteorological survey) '
- Seismic prospecting survey
- Prepération of field investigation works
- Access road survey
- Technica! transfer

- - Exchange of minutcs of mecting

b)  In Thailand

_ Peripd: From November 28, 1993 to November 29, 1993
Contents of work : : :

- Data collection at Mekong Committee Secretariat
3) "Third Field Survey

Period: From January 18, 1994 to February 13, 1994
Contenis of Wdrk : | _ a _

- . Improvement of hydro-meteorological stations

- Advice _of hydro~rﬁctcorologicai survey |

- Data collection of hydro-meteorology

* - Technical transfer
@ Fourth Field Survey -
~ Period: From February 24, 1004 to March 2'3, 1994

Contents of work :

- Advice of édre:dri_lling_ work



- -Evaluation of core drilling work
- Geological reconnaissance
- Technical transfer

(5)  Fifth Field Survey

Period: From July 3, 1994 to July 30, 1994

Contents of work :

- Presentation of Progress Report _

- Site reconnalssance { geological survey, environmental 1mpact survey)
" - Technical seminar held by JICA study team - -

- Exchange of minutes of meeting

6) Sixth Field Survey

Penod From February 14, 1995 to February 28,1995 -
Contents of work :
- Presentation of Draft Final Report

"~ Exchange of minutes of meeting

1.5 Personnel reiated to Study

The persormel related to the study on Laos side and Thalland side, and the member of J ICA
study team are listed below. _

1)) ‘In Laos

Mr. Soulivong DARAVONG, . Minister

Mr. Khammone PHONEKEO,_ : - Vice-Minister.

Mr. Damdouane PHOMDOUANGSY,  Director of Cabinet E

Mr. Sisomphet SIMUONG, ~ Acting Director of Electncnty Department

Mr. Somboun MANOLOM = -~ - Deputy Director of Electnclty Department '
- Mr. Khiamsing NGONVORARATH, Senior Advisor 3

Mr. Somsack PHRASONTHL, -~ National Project Director

Mr. Voradeth PHONEKEO, ' Hydro Power Engmeer B



EDL

Mr. Houmphone BULIY APHOL
Mr. Khamphone SAIGNASANE,
Mr. Outhay OUDAVONG,

Mr, Hatsady SYSOURATH,

Mr. Sisanga,

HEC

Mr ‘Thongsamouth LUNAMMACHAK
Somsava.nh PHANMATHA, '

: Saykham SOUKVANHEUANG,

s Seng PANY ASIRI, |

. Thongsay INDALANGSY,

. Khaykg, ' '

. Bounmy,

Department of Geology and Mmes
Mr Phaychlth SENGMANY

General Manager

Deputy General Manager

Deputy Manager of Project Department
Manager of Economic, Planning '
Department

Mechanical Engineer, Economic, Planning
Department ' '

General Manager
Hydro Power Engincer
Civil Engineer/Survyer
Senior Hydrologist
Engineering Geologist
Geologist

‘Geophysicist

Chief of Maniagerial Division of Mineral

Resources

‘Ministry of Commumcat:on, Transport Post and Constructlon (Department of

_Commumcat:on}
M. Khamphct PHONGRATSASY,‘

Natlonai Geographu: Department

Project Manager of Bridge Management

Mr. Bouasoth SOUVANNAKOUMMANE Chief of Photogrannnetry Section

- Mr. Khamphorie AMPHAYPHONE,

- MIH Pakse Office
- Mr. Mang, -~
Mr. Thongkham,
Mr. Nouthak, ~ -

' :"'Mr-“:SOUVaI_lh?" e

'EDL Pakse Ofﬁcé |

" Mr. Singthong, "
M 'Ihongphanh

Engineer of Photogrammetry Section

Direetor

Deputy Director
Deputy Director

'Admiﬁistré,t'o'r C

Director
Deputy Director -



EDL Nam Ngum Hydropower Station
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‘Table 1.6-1  List of Data and Reports referred in the Study

" No. - -+ Title
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1 Lao P.D.R. Basic Statrstlcs about the Socio-economic Development 192, State Statistical Centre
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E 3. Lao P.D:R. Socio Economic Deveiop.ment Strategies, UNDP, Mar.1992
4 Lao P.D.R. Development Co-operation, 1991 Report, UNDP, Nov.1992 . |
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Mckong Committee, Sep. 1970
6.. Lower Mekong Water Resources Inventory, Summary of Pro;ect Possibilities, Mckong
Committee, WATCO, Sept. 1984 . '
1, Perspective for Mekong Development - Summary Report ;, Mekong Committee, 1987
8. - Feasibility Study on Xe¢ Katam Small-scale Hydroclectric Power Development Project, JICA,
- Mar. 1992 ' _ o ' ' 3
9. Six Possrblc Medium Scale Hydropower Pro;ects in the Provmce of Saravane, Champassak and
Attapu, Norpower, Feb 1991 ; S
- 10. | Power Distribution Associated with Proposed Secatam Hydropower Project, EDL/ADB Feb
P 00 o o
il. " Lao P DR Southem Area Development Master Plan - Sectorai Report Geology and Mmeral
; Rcsourees ADB/UNDP, May 1687 e
_ 12.  Sckong Province Integrated Rural Development Project Report UNDP, Feb. 1985 and May
1989 _
13, Lower Mekong Hydrologlc Yearbooks, Mekong Committee, 1980 to 1990
14, Xe Set Hydropower Project, Hydrology Design Memorandum, Norconsult, Nov. 1985
15. The Lower Mekong Basin, Suspended Sedlment Transportation Problems Mekong Commrttee
- Oct. 1992
_ 16. * "Evaluation of Sedlment Data in Lower Mekong Basm Mckong Committee, 1988
o 1.7:. . Assessment of the Magnitude and Frequency of Flood Flows, EPAFE/W MO, 1967
_ 18, - Sedrmentatlon in the Nam Ngum Resetvoir, Mekong Commrttee 0¢t.1992
19. . Basmwtde Water Quality Studres Phase I and Phase 11, Mekong Committee, Oct. 1982

20, cologrcally Sound Development of Water and Land Resources i in the Mekong Delta, Mekong
o .- Committee S : P - : ' '
2 1.~ The Review of Semmar on the Southem Forest, Lao P D. R : :
22, An Assessment of the Current Status of Kouprey and Other Wild Cattle in Southem Laos,

o Internatlonal Umon for Conservatron of Nature and Natural Resources June 1990
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23, The Environmental Impacts from the Xe Set Hydropower Project, Mekong Committee/SWECO,
1998
24, Nam Leuk Hydropower Development Project F/S Report - Environmental Impact Assessment,
ADB, Jan.1992
25.  Nam Song Diversion Project F/S Report - Environmental Impact Assessment, ADB, Jan.1992
26.  Nam Theun 1/2 Hydropower Project F/S - Initial Environmental Impact Assessment Report,
Norpower, Sep. 1992 : ' : _ ’
27.  Nam Theun 1 Hydropower Project Updating of Pre-F/S Phase I - Part I  Environment and
Resettlement Report, SWECO/HEC, Nov.1992
28.  Tat Nam Nua Small Hydropower Develépmént Project - Report on Socio-economic
Environment Assessment, Burapha Development Consultants
29.  Lao P.D.R. National Transport Study, Final Report - Appendix -, SWECO 30. Lao.P.D.R.
Irrigation Subsector Review - Final Report, ADB, May 1989
31.  Lao P.D.R. Import Tax Regulation
32, 8eDon 2 Hydropower Project F/S, Report Volume 2, Apr, 1991
32, Nam Theun 1/2 Hyﬂropower Project F/S Report, Norpower, May 1993
33, Nam Theun 2 Hydropower Project F/S Report, SMEC, Nov. 1990
34.  General Information - EGAT Power Development Plan, EGAT, Sep.1992. )
35, Power Sector in Thailand, EPDC “§
36.  Report of Study on Vietnam Power Development - A Long Term and Medium Term Plan-,
Institute of Energy Economics Japan, Jun. 1939
OTHERS
Aerophotograph of Se Kong Basin (scale 1:30,000)
2. Hydrological and metcorological data at related stations
3. Power demand and supply records in Lac P.D.R., EDL
4. Operation records of Nam Ngum Power Station, EDL
5. Description of existing power plants, transmission lines, substations and distribution lines in Lao
P.DR,EDL | o
6. Route map of existing transmission lines (including future plan), EDL 7, Long term power -
system development program, EDL o ' , S g
Location Map of EGAT Power System, EGAT |
9. Power flow diagrams and impedance diagrams, EGAT
10.  Annual gross energy-generation record, EGAT
11, Dailyload curves on peak days, EGAT.
12.  Energy import and éxpoi‘t to EDL in FY 1992, EGAT
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~ General Condition in Laos and in the Se Kong Basin

General Condition in Laos

- Geography

Laos has a land area of 236,800 km®. The country has no seaboard and is completely
enclosed by China, Myanmat, Thaxland Vietnam and Cambodia. Laos is divided into 17

provinces and a specaa.l region, _ For economic purposes, these are agam divided into (1)

~ the northem section contalmng 8 provinces and a special region centered around

Luangprabang, (2) the central section containing 5 provinces centered around capital city of
Vientiane, and (3) the southern section containing 4 provinces centered around Pakse (See
Fig. 2.1-1).

In western Laos the Mekong River ﬂows for more that 1,500 km, forming a border with

Thailand. - 8_5% of Laos lies within its basin. The main tributaries of the Mekong River

in Laos are the Nam Ou (448 km), the Nam Ngum (354 kmy), the Xe¢ Banghieng (338 km),
the Nam Tha (325 km) and the S¢ Kong (320 km).

~To fhe east, the Annam Ranges form a border with Vietnam.

' Topograp‘ucally, 80% of Laos is mountainous peaks ranging from area with 200 m-
2,800 min height. ~ The greatcr part of this area is covered with forest. Plains expand

along the Mekong River and its tributaries.  Only 8% of Laos is cultivated.

: Population

In 1993, the populatlon of Laos was 4.47 million. The northern section had 1.65 million

~ people, the central sectlon had '1.94 million, and the southern section had 0.88 million

people. The popuiatlon denSlty for all Laos is 19° persom/’km Table 2.1-1 shows the

populations and population densities of each province.

y Industry and Economy - '

' ‘While Laos is rich in natural resources such as water, forests, minerals, etc.. These.

resources have not been developed effectively.



60% of Laotian industry is agriculture with rice, com; tobaccs, suéar cane, coffee, etc.
being the main products.  Manufacturing accounts for only 16% and is represented by
timber, plywood, furniture, clothing, tobacco, -ete. with most électric power and timber -
being mainly exported to Thailand. Table 2.1-2 shows the principal cxported goods.

The gross domestlc production (GDP) of 1993 was estimated as 721,819.3 million Kip (per
plta-approx US$ 230). : .

The economic activity of Laos is expected to expand in future due to the completion of the
Mekong Friendship Bridge between Vientiane and Nonkhai (Thailand) in April, 1994,



- Table 2,1-1 Population and Population Density

Name of Area - Population L Density
( Provinces (kmz)- (Th, persons) (Personsfkm®)

L 3 Whole country . | 236,800 4474 19
1 _| Vientiane Mun. 3920 503 128
2 |Phongsaly 16270 s 9
3 |Luangnamtha 9,325 128 4
4 | Ondomxay } 15370 193 13
5 |Bokeo 6,196 106 | 17
6 |Luangprabang 16,875 7 365 ' 22
7 |Huanphanh 16,500 38 14
'8 |Xayabury 11,795 200 17
9 |Xiengkhuang 17315 196 1]
10 |Vientiane 19,990 330 17
11 |Borikhamxay 16470 155 9
12 |Khammuane - 16315 265 16
13 |Savannakhet ' 21,774 . 692 32
14 |Saravane - 10,691 '. 243 23
15 |Sekong 7,665 - 60 - 8
16| Champasack 15415 490 31
17 - |Attapu | 10,320 : 84 8
Special region 450 74 16

Source: Basic Statistics in Lao P.D.R., 1993




Table 2.1-2°  Principal Exported Goods

' Items‘ ' Unit 1993

Electric Power Mill, kWh 596
Timber | Th, | 20,1

Lumber . .Th.m" | 2612
 Plywood . Th.Sheet - | 972

' Coffes Tons | 5,489 1
Gypsun Th. tons N -100

Tin_ Tons | 60

Source: Basic Statistics in the Lao P.DR., 1993




Fig.2.1-1  Provinces of Lao RD.R.

Ol Vientiane Municipality
02 Phongsaly

03 Lu_angnorht_ho

.04  Oudomxay .

05 Bokeo

- 06 Luongprobong =
07 Huophdhh
08 Xoyaboury

09 Xiengkhuong

- IO_. Vientiane .

Boriknamxay
i 2 Khammuane
|3 Savannokhet -

~|'4- Sarovane :
15 Sekong .
16 | ‘Champasack

| 7 Attapeu
* Specidl r:eg_ion

‘_:_'ArAeo'_ ' 2_36,~:800krn2:

. Popultion: . 4,474 Thp. -
. Density ;19 P/km?

'  ' Source : Basic Statistics in ‘Lao P.D:R. (1993}
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General Condition in the Se Kong Basin and Surrounding Area
Geography

Southern Laos consist of 4 provinces; Saravane, Champasack, _Sekong and Attapu, Pakse
city is the economic and social center because the circulation of subsistence commodities

are very active with Thailand via the national road, Route 10. .

The Se¢ Kong river basin covers the Sekong, Attapu and a part of Charnpasaok provinces.
The Se Kong river originates in the Annam Ranges which has peaks rising to heighis of
1,000 m-2 ,000 m and which forms the border betwcen Laos and Vietnam. The Bolaven
Plateau is located on the west side. A mountain area with peaks rising to_ 1,200 m is
located in the south forming the border between Laos and Cambodia. The Se Kong. river
basin is 150 km wide in east/westerly direction, and 150 km- long in ‘north!s.ouﬂlcrly
direction, : '

The 9& Kong river has tnbutanes such as the Xe Kaman river, the Xe Namnoy river, the Xe
Pian river, the Nam Kong river and joins the Mekong River in Cambodia: Thc Se Kong .

' river catchment area is 29,600 km? at tho conﬂuence of the Mekong River and 10,500 km?

at Attapu

The Se Kong river basin forms V shape in the upstream mountoin,area,' a plain of 110-
150 m in the midstream area and the Bolaven Plateau. The g'reafer' part of the basin is
covered by forest and there are very few cultivated areas in the baSm There are no large
villages other than Aftapu township and Sekong township. | 'f'he' fnountain-.areeis still
present virgin forest although secondary forest ancl slash-and bum method agnculture is
prevalent throughout the area.

Located on the western side in the _basin, the Bolaven Plateau is 1,000 m-1,500 m above sea
level and forms an oval shape running 90 km in the east/westerly dircction" and, 60 km

'riort}v’southerly direction.  Many villages stand in the Piateau and products of coffe¢ and

vegetable are very aotwe due to the good chmate Many rapxds and waterfalls are present
on the upstream reaches of the trlbutarles such as the. Xe Namnoy river and the Xe Pian
river which run east of the Plateau. The eastern edge of the Plateay forms a oontmuously -
high cliff along the Se Kong river. o |
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Climate

Southern Laos is located in the Asian scasonal wind zone and being in the tropical zone it is

affects by the monsoon. Which providé a clearly distinctive rainy season (May to

-October) and a dry season (November to April).

Espet_:ially, Bolaven Plateau which lies in the basin receives heavy. precipitation with an
annual mean precipitation of approximately 3,560 mm. Lying at EL.1,000 m, this area

“also has low temperaturcs. The annual mean temperature is 19°C at Nikkom 34

meﬁebrbibgical station. At Attapu, an annual mean precipitation of 2,000 mm with an
annual mean temperature 27°C have been recorded.

Population

The Population of southern provinces is 877,000 people. ~Champasack province,
including Pakse accounts for 55% of that population. The population density of the Se
Kong river basin is very low and there are no large villages other than Sekong and Attapu -

townships. - Table 2.2-1 shows the population and area of the southern provinees,
Industry and Economy

Except for Pakse, the industry and economy acttvity in southern Laos is very low due to its
little pbpulation. Especially, the greater part' of Sekong and Attapu provinces are
dedicated to farming and forestry with very little industry, A great deal of burn and slash

agriculture is carried on the mountain areas.  Table 2.2-2 shows the data for industry and

- economy of the southern provinces, and Table 2.2-3 shows the agricultural data for the

provinces.



Table 2.2-1 Data of Southern Laos

Provinces Population. ' ' Area
(persons) (km?)

- Champasack 490,000 | - 15415
Saravane 243,000 | 10,691
Sekong 60,000 | T 7865
Aftapn 84000 | 10320

Source: Basic Statistics in the Lao P.D.R,, 1993




Table 2.2-2

Industry and Economy for the Southern Provinces (1993 Data)

N .. | Champasak| Sekong Attapu Salavan
0. Unit . \ . .
Province Province Province Province
1, |Idustry: : _
Saw mill No 19 3 2 3
Rice mill No . 836 22 28 496
Handicraft - No 3 1 2 5
Repair shop No 13 - 3 3 1
Furniture shop No - 26 3 8 0
Cloth making No 1 245 - 168 0
Electricity No 2 : 1 1 1
| Market - No 11 4 5 8
Industry production: B : : e
Timber m’ 33,620 | 4,138 6,534 20,080
Sawwood m 383 2,634 2,229 9,630 |
Clothing Sheet | . o . 1 o
Electricity kwh 192,364,235 4,536 | 5,400,000 | 1,633,000
II. | Ecomony:
'}, Apriculture production N _
Rice o . Ton 203,853 9,820 6,628 132,245 .
Upland rice “Ton 7,933 6,600 4,048 17,147
" | Lowland rice “Ton 194,426 3,150 2.563 112,743 .
Trrigated rice Ton 1,494 70 17 | - 1,755
Upland crop Ton : .
IMaize Ton 288 1,360 576
Potatoes Ton 814 |- 19,240 736 .
" | Vegetable Ton 728 | Nk
Soybeans. - Ton 267 4.7 0.2 :
Mungbeans. Ton 335 30.8 6 213
Peanut Ton 197 71 18 L
Tabacco " Ton | 294 32 56 o
Cotton Ton 18 30.8 12 150
Suger can . Ton 637 1,500 300 o
- | Coffee Ton 13,770 | 715 45 800
Tea. Ton 86 0.2 -
2. Livestock ' ' ' .
| Buffaloes head 123,342 23,010 43,000 - 74,100
Caitle head | . 126923 13,923 - 6,000 91,330
Pig “head. | 112,680 | 36,540 35,390 155,600
Goat and sheep “head 223 3,045 . 639 3,740
- | Poultry head | 1,613,620 | 143,440 2,060 532,500
|Horse . head 512 - ;

 Source: Repbrt on Env_iromnentél Impact and Compensation in the Se Kong Basin,, JICA, 1954




Table 2.2-3

Agricultural Data for the Southern Provinces

Salavan

Feature Unit Champasak Sekong Attapu

Province Provinge Province ‘Province
Ricefield
Upland nice ha 7,887 - 5,144 3,374 34,584
Lowland rice ha 4,449 1,279 950 7,750
Irrigated rice ha - 43T 20 0 450
Upland crop area :
Maize ha_ 109 1,134 443
Potatoes ha 147 2,643 368
Vegetable ha 293 7 0
Soybeans ha 309 44 1
Mungbeans ha 450 10 10 266
Peanut ha 328 8 45 B
Tabacco ha 604 44 80
Cotton - ha 30, 50 17 1,200
Sugar can ha 121 1,234 50
Coffee ha 17,239 30
Tea ha 358 1
Land use area ' -
Forest area ha 402,046 1,080,000 800,000
Current forest ha 716,922 -
Potential forest | ha 184,578 |
Other wood area _ha 163,980 55,000
Permanent agr. arca | _ha 14,520 42,000
Other non forestarea| ha. 105

Source:  Report on Environmental Impact and Compénsation in the Se Kong Basin., JICA, 1994
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