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PREFACE

In response to a request from the Government of the Lao People‘s Democratic
Republ_ic, the Government of Japan decided to conduct the FeaSlbility Study on
~ the Nam Ngiep-1 Hydroeleetric Power Project in the Lao People's Democratic
Republic and entrusted the Study to Japan Intern'ati_onal Cooperation Agency'
o), - - o |

JICA dlspatehed a study tcam consrstmg of personnel of NIPPON KOEI Co Ltd.
' led by Mr. Ichiro ARAKI to the Lao Peoples Democratre Repubhc six times
" durmg the Study perrod between July 1998 and February 2000

The Team held drscussnons w1th the ofﬁelals concerned of the Govemment of the
- Lao Peoples Democrat1e Repubhc and conducted related ﬁeld surveys After
“returning to Japan the Team conducted further studles and complled the ﬁnal '

. results in thls report

,'I hope this report wrll contrlbute to the promotlon of the PIO_]eCt and to

= enhancement of frtendly relatlons between our two countrles .

1 wrsh to express my smcere apprecratlon to the ofﬁcrals concerned of the :
Govemment of the Lao Peoples Democraue Repubhc for thelr close c00perat10n :

L throughout the study

" February2000
oS ( V/&f//
Sl 'Klmro FUJI rA
' Presrdent

o Japan Internatronal Cooperatron Ageney



@ NIPPON KOEI CO,LTD.

GConsulting Engineers

February 2000
To. Mr. Kimio FUJITA
Prestdent
Japan International Cooperation Agency
Tokyo, Japan

Dear Sir,
Leiter of Transmittal

We are pleased to submit herewith the Final Report of Feasibility Study on the Nam Ngiep-l
Hydroelectric Power Project in the Lao People’s Democratic Republic.

Our Nippon Kosi had studied it for about 19 months from July 1998 to February 2000 under contract
with JICA.

This Final Report deals with the detailed procedure for the development scale justification of the Nam
Ngicp-1 Hydroelectric Power Project as the first stage of the Feasibility Study. This Project aims to
serve the best interests of the Lao P.D.R. by selling power to the neighboring countries through a private
enterprise based on the national power policy. Accordingly, during the Study, the environmental
impact assessment had been carried out beyond usual view points of the Study in line with JICA’s own
principles. Preciousty, in consideration of the recent worldwide criticism on dam construction, we had
tried to find a smooth way to proceed a hydropower project by focussing on environmental issues,
especially on social matters of reseftlement and opening all studied results and information to pubtic at
workshops.  We believe that it will take the first step forward a new sense of values from a former out-
and-out economic believer of project formation.

We hope this Final Report would help not only to shift smoothly to the next stage for the Feasibility
Study on the Nam Ngiep-I Hydroclectric Power Project but also to provide further similar projects with
useful information.

The Final Report consists of seven (7) volumes, Main Report, Executive Summary and five (5) volumes
of Supporting Report.  Main Report covers all the study results including the hydropower planning
procedure and the summary of natural and social environmental issues. Executive Summary presenits
main outputs of the Study. Supporting Reports give the detailed information, data and analysis (o
Main Repori, such as (i) First Environmental Impact Assessment Report, (i} Preliminary Environmental
Management/Monitoring Plan, (iii) Preliminary Resettlement Plan, (iv) Sub-Contractor’s Field
Investigation Report, and (v) Records during Field Investigations.

We wish to 1ake this opportunity to express sincere gratitude to your Agency and the Environmental
Assessimenl Committee for the Study.  We also wish to express our deep gratitude to the Government
of Lao P.D.R., the Embassy of Japan in Vientiane, the JICA Laos Office for close cooperation and
assistance extended to our Study Team during field investigations and studies in Lao P.D.R.

Sincerely yours,

Ichiro ARAKI, Team Leader

Feasibility Study on the Nam Ngiep-]
Hydroelectric Power Project
Nippon Koei Co., Lid.

Kippon Koei Co., Ltd. Consulting Administration Intemational Division
Registered in England and Japan No. $58024
Registered Office:  2-5 Kojimachi, Chiyoda-ku, Tokyo
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" FINAL REPORT (EXECUTIVE SUMMARY) ' ' . Outline

' OUTLINE OF THE STUDY

T CONCLUSIONS AND RECOMMENDATIONS

e l‘. MILLENNIUM DAM

_'__On one hand some advanced countnes lost srgmﬁeance in the dam development and on the
.7 other hand it is a fact that some developing countries need it as a tool for their national -
S development Accordingly, we had provided them not only fi nanclal aid but also the intellectual

-7 assistance to judge the priority of development from the envrronmental standpoint. = The -

v Judgements were on the basis of understandable national development policy on national
" interests from the other countnes by an effectlve uttllLatton of rtch water resources under the best
geopolrtrealadvantages B e S IR :

R As a conclusron of the above, the Study Team proposes to construct “the Mrllemnum Dam * at R

B the end of the Study. “We named a dam of the Nam Ngiep-I HEPP as “the Mtllenmum Dam” on -
P 'ground of our oath to recover “the ‘silent nvers” in the nest century, not by the reason of our
»'}if__'hmemortal to propose 1tat the end of thrs century P . s :

_r,_';',_-‘Qf___.’Iherefore in order to that the proposal of “the Mrllenmum Dam may be worthy for commg -
R ages, the detalled procedures to reaeh the conclusron vtere shown in the report heremafter :

.;-The conclusron reached both to mmtrnrzatton of envrronmentat ;mpacts at the extent and R

reahzatton of an economic-viable and financially atiractive developmcnt is the universal truth -~

' -~ for the coming hydropower development Consequently, the aiternative with FSL at EL 320m is
_proposed to select the most promtsmg development scheme for the Pro]ect P

Thts conclusron was made on the recent worldwrde crrcumstance and wrth understandmg that the o

""i'-"deVelopment ‘should be made -on the - mternattonal ‘rule ‘even in the developing countries. -

o HoWever, on the other hand there is a different recogmtton that it is still permissible greatly for .

o :“the developtng countnes to glve natronal developments the hlghest prtorlty in order to maxrmrze o

thet an beneﬁts

- _permanent structure, is determined based on the sense of value at that time. Especrally, for the :

"determmatton of the development scale

_;Therefore the extent and seopes for further mvestrgatron and study should not be lrm:ted only -
_.‘7-3'for the medrum scale development of FSL 320m - RN e

L. NICANAMNGIEP-1 HEPP .-

;The Study has not been camed out in ltne wrth the theme of chorce between “Envrronmental e
Conservation” and “Promotion of National Development” But, the same will probably come to
- the main theme by shaping up of the Project.~ The scale of the Project, whrch constructs the

Project likely to be 1mplemented by IPP the mtmmrzatton of nsks 1s a key {actor for_ -

T raam



. FINAL REPORT (EXECUTIVE SUMMARY) - Oulline

2. PROJE‘ CT FVALUA F ION

‘Today s world has been contmuously trylng to cope with t‘nem The modem crvrllzatron whrch
applied to natural science, was developed with the technology to control nature. However, in the
society of high technological principles, which is ruled by this civilization, nature phllosophy '
contrary to human is only resulted. Therefore, as an environmental destruction of present society
is led by this nature philosophy, a doubt and a regret against to this nature philosophy have led an -

. effort to create a symbrotte relationship between human and nature. - These recent tendencres
= 'reqmre us to show vanous evaluauon crltena for a da.m prOJect mtplementatlon SRR

_ Under the v1e\vpomt mentroned above the general evaluatlon to be camed out by all persons at

‘any positions under various evaluation criteria is indispensable for the dam development - .

allematives with priority on the envrronmental study. Therefore, the Study Tcam recommended -
the most aﬂractlve alternative as a conclusion of evaluation results by proposing seven (7) items

- of design cntena as shown below, wlnch are expected to ranse varrous dtscussrons among GOL SN

- JICA, village people and NGOs.

No. Bvaluauon Category Evaluahon Cntena Evaluation Results oL
Natural Exf;ll?ln l:;s::;l n(;epiﬁgthzt;l:m;l' ']mpacts on Naiura] Envn‘onment wrli beeome
1. | Envifonment g pec large as increasing dam scale, until a fatlure of the
- PRSI and artifi cial environments should R -
- | Evaluation .. envrronmental preservatton RSP A
N be preserved or improved. '
| Social . - | EC.onthe assumptton that people lmpacts on Soetal Envrronment wrll become Iarge
e g and social system surround them
2. | Environment “.- -, 14b d d - | as in¢reasing dam séale, but, Social system can be
.| Evaluation ., ~130 _shoud epreserve an kept safety by ehangmg slowly SR
SRR nnproved il
e L e E.C. on the assumptton that the i : ' . ' L :
. | Economic cconomic feasibility shall be * - Mathemaneal evaluatlon can bedone wrth ST
3. b eeonomlcal index: B/C, B-C, and EIRR; ho“ever
7| Evaluation Judged by ; avoid cost of thermal
DS Bt aA . _ only a vahdtty ofh)dropoWer can be evaluated
. : generat:on N 3
S PSR SRR | -2 C. on the assumpl[on that the '- | same as ]tem No3 however, evaluatron lS based
4 Financial ;" - benet' t by eleciricity sales shall on several assumptions such as BOOT .
" | Evaluation .- cover all mvestment underagood eomposrllon “fund procure, eleetrtelty sale cost
e s enterpnse as IPP. ‘and ¢ommencement day of commercial operahon _
| Technical *- - | 5o s o
. feat - ALarge-seale dam is techmcally restncted to =00
Evatuation Techmcal evaluatron critena t‘or a :
5. b : construct. The highest récord of dam constructlon
2 1 {Dam ; hlgh dam construcnon : |s } St]m that 1. t d st 220 D
Conslructlon) 0 projee esignis220m. . .-
o Evaluahon on B A C E C. Judged from opinion, Bvaluatlon is based on mdwrdual extent of lnterest
5. & Workshops L suggestton and questtonnalre and understandlng on pamcapants and on thelr
“ | results at EAC/Workshop s pos1t|ons o SR Lol
Eva_luan_on Q".'- ©|BC Judged from the v1ewpolm Of Ard hc in ace develo ment, jenv:ronrnent.
7. | Japan's Mekong .. | stance in offi ctal development ald . resgr.van{m lpe sse " ”.0 P ‘ l t 5 §
"~ | River Develop. Plan' of Japan ‘ P 3 Gaecntia re alua 1on e

' o Note E C meas Envrronmental Cr:tena

S The SlUd)’ Team recommended the most attractwe altematwe “the medrum-scale dam; o
R development wnth FSL 320m, as a conclusron of eva]uatlon results by proposmg seven (7) ltems D
i i of desrgn cntena as shown below : ool : S

T NICANAMNGIERIMERP o
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. o : _ L S " General Evaluation Results
No. o _ Evaluation Category - o : Medium-Scale ~ Large-Scale
' ' A S - (FSL.320m) (FSL.360m)
! Natural Environment Evaluation . - R o0 A
2 Social Environmient Gvaluation -
3 Economic Evaluation -
" 4. | Financial Evaluation .
5
6
7

Technical Evaluation{Dam Constructton)
Evaluation on EAC & Workshops -
Evaluation on Japan's Mekong River Basin De\ elopment Plan

" 8. | General Evaluation Results -

Note: . O: Recommended altemalive to develop. - i
v Al Recommended altematne not to devi elop ccm pared vuth other one. i

lolelo ol o
e lol|ololoix

- :"'_The varlous reasons that the medium- scale dam’ altcmatrve havc been selected as the most
S recommendable one by the Study Team were epttomtzed by the followrng four (4) reasons

- Evaluatton results of the social envnronmental aspccts “This alternative \Vlll save the
IR Thavlang Sub-District, where is expected of the future development due to not only a
. geographic advantage but also the recent reglonal development pro;ects for extensmn of
.~ both a nanonal hrghway and a rural electrtﬁcatton _._i_: R Y o

Evaluatton results of the preltmtnary resettlement plan Thrs altemattve wrll save the _
.- population being resettled forcrbly as less as possrble due to avordmg 1nundatton of the .-
T havrang Sub-Dlstrtct L _ : e

i (i.l.i.) - Evaluatlon results of economic and f nancral analysrs f hts altematlve wrll clear the

- critical economic index for IPP protects even the Study Team’s evaluation criteria thmks L

‘& great deal of evaluatlon results both on the socral and natural envrronrnental aspects

e Evaluatton results of General and Site Workshops This altematwe was selected under' :
7 deep: consideration of the évaluation results by local peoples and local governments o
through both General and Site Workshops durlng the ﬁeld mvesttgattons S -

S :Aceordmgly, at the followrng wo. pomts, the Nam Nglep I HEPP is expected to set as a htgh
 valuation on dam developments in the ‘world not only by peoples in Lao PDR but also by both -
- - local and international NGOs, as well as international ﬁnancmg agencies belng wrllmg to tnvest
B m posrttvely based on tne comprehensrve development mtentton : BB )

-~ a project scheme based on the BIA results at the prehmmary F/S stage of hydroelectnc
power pr_’o;ect, and R - : LEnlelpi . :

';:-s_rThe Project will save: the reservoir area of 74}<m2 the dam hetght °f 40‘“’ ‘her' -

" values at the install capacrty of 94MW the annual energy of 556GWh and B C(current '
- _value) of US$80mtl

v f_The pro;ect mtght become a pathfi nder of the advanced development procedure selectmg Lo

. construction’ cost of US$118mtl “and resettlement populatron of 3,000, instead of lost B

7 Pebruay 2000
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HYDROPOWER PLAN

' 3. OBJECTIVES OF 'IHE PROJEC]
ln fine with the Lao National Pohcy for mcrcasmg in eammg from sales of electncrty to abroad .

. by the development of abundant domestic hydroelecmc resources, The Nam Ngicp-1, HEPPis
- recommended to develop for export of clean stable and econonnc electnclty to Tha;land to meet R

the growmgdemand B R T S SR - : o

.::The Pro_|cct w1]l not only attam conventronal hydropower beneﬁts but also contrlbute to (1) =
' expansion of irrigable area around the proposed Teservoir, (11) rural electnﬁcahon, Gii)) o
. improvement of downstream river-navigation condmon and " (iv) access;bthty among ..o
_Boltkh‘tmxay Provmce, Xaysonmoun Spemal Zone and Xleng Khouang Provmce W1th a el
: transportmg system in the reservoir. - - S T : R

DEVELOPMENT TYPI:'. AND SCALE OF THE PROJECT

- The pro‘|ect development scale was opttmlzed not only takmg mto consnderatlon economlc and RN
- financial attrachveness but also makmg comprehenswe assessment of envnronmental nnpacts m_' R

- and around the Project area. ‘Negative impacts and indirect benefits, which are. difficult to Ca
' quantlfy were felatively evaluated through value _;udgement based on the specnﬁc evaluanon e
criteria. - Collateral solutions or set-off effects to the negative impacts as well as the value or o
: pomt judgements for the mdlrect beneﬂts are summarlzed n the attached tables below. s s

Quantif ed Envrronmental lmpacts

No. Natural Soc1a| Enmronmental!myacls I R e Collateral Solutton I

BE lnundauon of vrllages IR Supply of equal-scaled reSettIement facilities
(IR ©.-0 - | Monetary support such as outfit allowance for -

2. Peoples mental burden for resettlement (*l) f - | resetilement and guarantee fund for vrllager s hvmg

L -~ | after moveinent at a decént-life level for several years
3 Water Ievel ﬂuctuanon at downstream due to - | Provision of re-regulatlon pond for stablllzalion of
7"+ | discharge from poweér station - - ..o | water level ¢ St

4, ‘) Decreasing fishes at downstreamréach . - Promotion and construction of l'acrhues for t' shery

5. | River shore erosion at downstream feach 7 Rlver proteetwe works j‘ e Ry L
6. Ei':;a:;:;ests:ﬁ;&zgu&?:;y ',‘3_’_‘1_“’?" sulf‘de : Prov;sron of publlc wellslfor downstrearn wllages IR
g dDestrw.:tlon (damage_)__of peoples Producnon Compensan on an d relocanon L :

ue o construclion 7 : ;

" 8. - | Sedimentation at upstream end of réservoir ('2) Hetghtenlng river bank when actua!ly requ:red

] As the result of EIA, il was revealcd that the present infrastructures in the Project arca ar¢ not satisfactory (o the villagérs and local

’ l\'ote market is much stagnant. Judging from the above, even the scale of resettlement becone large, the consensus of the people will be
¢ positive against the resettlemnent, ifa meticulous welfare is provided to them with well-supply of Jocal electrification, medical - -

21| facitities, schools, public wells, etc., supply of equal-sized farmland, technzcal gurdancc for agnculture and stockbreedmg, kel

: provision of industrial promotion center in the réseillement land, ete, :
Note | Judging from the state of sedimentation measured for the éxisting Nam Ngum rescnon prospectne sednmcrttauort at the upslream
{*2) end ot’ the Nam N’gtep-l }IEPP reseqvoir ts decmed to beleghglble small

JICA NAM NGIEP-1 tn'zpr' B R S T
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" Interpretation for Impacts not Quantified

No. S o . Evaluation -
S Mental burden of lhe lnghland peoplc in the form of changing hvmg circumstances due to reseltlement is
L eonstdered to be set off by the contribution to the nation with the decreasing shifling eultwanon and .
N guarantee of their lives with well-supplied rescttlement facilities and support.* : :
o . | Declined CO, punﬂcatlon effect in the river basin due to vanishing forest is considered to set ofT by the
- 2. | amount of CO, emission, whlch is expected to decrease by hydropon er development instead of thermal
© 7 plant construction.

i3 Noise, dust, water polfution, etc durmg construction wnll be restncted and mlmmrzecl by applymg careful
-2+ | construction contro) in conformity with the local environmental sules and regulations in Lao PDR.
T 4 .| In the tropical country, influence of the discharge for power generation, which wﬂl negatwely aﬂ‘ect on

an adequate water tempetature for 1mgatton will be neghgtble small

o The concluston reached that the mmlmtzatlon of the enwronmental lmpacts at the extent of an |

. economic-viable and financially attractive development is the universal truth for the coming -
hydropower development Consequently, the alternative with FSL at EL.320m was selected as
.+, the most promising development scheme for the Prolect The prmelpal pro_;ect features are as
L -_-j'f'_shown m the table below ' : BN IEEE o :

R

i Proposed Prineipal P;ojeet l?e_atures'_":_;:‘,:;.:_,".-3_'-, - T

T Stuctwre [ - Parameter .-~ -~ |~ Unit__- } ~ " FSL.320m
LU e Catchment area at dam si sne e e km? - | 3,700 :
‘Annual basinrainfall 0T v T | 2470 T e

‘Annual meanpunoff -~ - T s FOY omYs ¢ | 1623
Annual mean puRoff = s oo ce PR millom® o L5118

S 4 | Average run-ofT coefficient ~~ - - =" -~ . T 10.56
Reservoir = . . | Probable max. flood, PMF -~ "~ o -~ - |- - m¥fs | 15,900 -
e .| Mean annual sediment flow - - o | Ukm’lyr 4134

Reservoir areaat FSL o Wb ool s kmt o 1739 0

“ TGross & effective storage volume 7~ - 7} o 10°m® t | 2,279, 1,779
Min. operation Ievel (MOL) Cocoorm o0 ) s Elm | 284 T R
Draw-down 7= " Coet o | e P36 T e

{Damtype oo . TCRRD
Dam helght&crest length Do e om0 | 157,524 e e
Damvolume = . - e oo s |0 10%mE 0 169 e T
L Damcres_tlevel Ve e e | st Elame v 1328
ooty - |Selveyeretlovel T T Bln 13065
N4y % [Designfloodeapaclty .~ - | -k |8730(Q lOOOOyr)
' Designdischarge. ~ -~ oo ons - | ocomds o j22000

Watemay e

Headraeetunneldtameter&length St g e 190, 420 L S
| Powerhouse type & size " Soreew | Surface type | LS8mxW3TmxHS8m

oo | Design flood discharge iy m'/s . 45]9(Q IOGyT)
| powies Plamt © - | Rated head | L e e b e 1318 .
T L T)tpeofmrbme St TR T e e Vemcal Franc:s
oot Plant capacny&nos of umt T e MW 240—2nos@l20
.- | Annual energy T GWh ], 349 ;
Mak, pondlevel 0 0 Lt c ELm 7| 173

Re-regulatton - e, RRES T O
Suucture S Requ_lredstoragecapacny N a0 e millbm? e 147 -

" |Design flood discharge .~~~ -} mfs - 45:9(Q-looyr)

FARMLANDS -AND VILLAGES IN R]:SERVOIR AREA

“The area of cultwaung lands and 'number of wllages as shown below w1ll be mundated by the s

. JICANAM Ne|§Pl'l HEPP

'_ prc)poscd reservon' of FSL320m However, .mostof the vnllages and paddy ﬁelds of 'I'havxa.ng N '

e
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Sub-District except B Pou in the upper reservoir area wdl be released from mundatmn Name of -
the affected v1|lages are as listed below R : - : -

i Name ofAffected Vlllages o

No.

No. Affected ltem . Extent Name of Vll]agc ©Area EL. (m)
1 - | - PaddyField - 361 ha 1 {B.Pou .- °* Upper Reservoir 315
220 -~ Dry Field 114 ha 2 | B. Houaypamon Lower Resérvoir 275 -
3 < Vilkage = |- 5nos, 3 [ B.Namyouk - | Lower Reservaoir 271
Co Ce el 4 | B. Sopphouh ... | Lower Reservoir 261

5 B Sop)ouk Lower Reservmr 245

- Meanwhlle BPou wnll be relocated m the near future by a natlonal p]an mespcctlve to the' :
. Prolect to the area along Natlonal Route 4 where wnll not be affected by mundatlon

} Smce EGA’I is hopmg for the time bemg to purchase from the most IPP Pro)ects in Lao PDR the

S mtermedlate peaking power the similar peak time duratton of 16-hour’i is applied in this moment

-, for the study of the Nam Nglep-l HEPP, However, as the daily peak demand in Thailand is i
trendmg sharp year by year, it is expected that EGAT will _require’in the near future power

- purchase from Lao PDR for peak demand If EGAT accepts 3 hour or less peakmg operatlon

G the P[’O_]CCt becomes drastlcally attractlve

" ICANAM 1\01591 HEPP - {

RE-REGULA FION F OR DOWNSTREAM FLOW

= _The max1mum dtscharge to be released from the power plant wﬂl be about 220m3/s Accordmg SRR
_* 1o the operation rule proposed by BGAT, a power generation will be mterrupted daily for several . s
5 hours and enurely on Sunday and Thai national holtdays thus, the water level at downstream of L
-t the dam will be fluctuated largely with dangerous rangcs to the riparian peoples.- To minimize ©= -~
- the influence by plant discharge to the downstream river corridor, a dlscharge regulatlon faclhty' e
o w1]l be constructed at Skm downstream of the proposed mam damSlte s

: CAPITAL COST OF THE PROJECT

. The total capatal cost of the Nam Nglep 1 HEPP was estlmated at US$345 9 mllllon, expressed RO
-, at mid-1999.price tevel, The total capital cost rnakes a ‘unit cost of |, 440US$lkW with'instalfed -~ -
-, capacity of 240MW -The total cost for the intentional envnronmental 1mpact mitigation measures . -
" 'was estimated at 'US$21.1 million; which is ‘equivalent (0 6,0% of the tofal capttai cost of the”_'-" wi
o ‘PmJect Prellmmary cost breakdown of the Pro;ect is shown m the tab ; s_below % ‘

EL 320m S

- No. - Pamcular Umt
1, ' Dlrect Const. Cost (Civil) Sa ,mlll.USS_- R U
2 " Direct Const. Cost (M & E) e milLUSS - 1204
- 3. - | Direét Const. Cost (Preparatory works) LD milluss IV
"4, - | Total Direct Construction Cost ° : C(14243) | millUS$ L2934
-5. “-’| - Envifonmental Impact Miti _gatlon Cost wie e millUSS e 20
6 _E_g_neermg Semce Cost Sl - ~ 5% | e 8T e




Qutline

. FINAL REPORT (EXECUTIVE SUMMARY)

No.

Particular

Unit EL.320m

R R

1. Administration Cost - : - - 5% 15.7
- 8. Total Capital Cost for EIRR S (4+5+647) | milLUS$ - 345.9
9. Price Escalation ' (MHx7.5% 0% - 220
- 10.°- - 1 Physical Contingency JAE3X10% | 0 173
il Tax and Duties S - - a 0.0
2. Land Acquisition ¢ - D R v 00
__13. TotaleJectcostorFlRR) R milL.US$ 3852 -

PROJECT BENEFITS
L Pl‘O_]CCt beneﬁts other than mcome from electrlclty sales are summanzed in the table below '

No. : New Economic Opportumttes - Economlc Effect

Lo el e e e Flood regulatton effect to downstream reach by

- 1. . | Creation of reservoir -~ " reservoir storage function and prospecuve enlargement
S e of irrigable area around reservoir - :
B ST T Econonical interconriection of Xieng Khouang

2. - | Navigation in reservoir Province and Bolikhamxay Province (*l) and

R R prospective tourism development (*2) -

B P SRR Stabilization of catch of fish and prospeclwe

. F in res 41y - T

3 ishery in re ervoir (*3) . developrnent of rural socio-économy -

IR ' Increasin le's hvm standard wnth more e
4. lncreasmg ij opportumty by Pro;ect income gp eop ”e '8 - tabor

5. Resettlement of highland people Decreasnng the are of shtﬁmg cu!tlvatlon

Ty Technical guidance for agnculture and L

6. 1. S 1zatton f rura u ture

X stockbreeding (*3) e e _Modern o la agnc I and stockbreedmg

' "7' .t Rural electnﬁcallon by power supply from -~ | Notable |mprovement in living clrcumstances and

oo ) Project ot | prospective rural industrial _development G 2
8. | Macroe économic lmpact denved from Project | Decreasing poverty and regional economic activation
“ 7| Economit interconnection of both provinees, Xieng Khouang and Bolikhamuxay will give impacts to the economic activitiés in Lhe
*n femote Xiéng Khouang Pronnce v.hlch were not bnskly due to poor uansportatton cond mon arsd seeunty probiem of Nattonal

© - | RoadNos 4and?. - ;
C e | Assuming from the uend ol‘natnonal ecosomic expansion to the Southern regton as \tell as the recent tnroads oflounsm into t.he

- (;:2')' " | areas near the existing Nam Ngum reservoir, it is also presumed that development of tourism will be expected for the areas around
M A | ihe reservoir soon afier the completion of the Project. Espécially the Thaviang Sub-District, from its topographic adva.ntage mth
widely developed flat 1and along the resérveir, has a high possﬂ:nl:ty of tourism dévclopment as resorl area.

(; 3') | By the construction of a rural industrial promotion center in the main résettlement area, teehmea! gu |dance will be prowded to lhe _

reseulement people dlspatchmg sey era! !‘orelgn e\p.ns for lhe respeclwe sector

FINANCIAL VIABILITY

An mdependent BOT power development company is assumed in lhe model and the debt equnty L

" ratio of 65-35 is used, assuming a joint venture between GOL and a consortium of prwate sectors.

" The GOL would be responsible for 25% of equity investment, and the GOL equnty is assumed to -

. “come from an international soft loan. ‘An initial tariff of 6.6 cents/kWh in 2011, the date of =

_*._7;;,'commlssmmng, is assumed as levellsed tariff and will inérease with an annual escalation of o
. 25%. The expected loan terms are given | below, - The ﬁnancnal IRR obtained for FSL.320m

Altemative is 12.8% - as FIRR on Pro_;ect and annual net beneﬁl (NPV) is assumed to be o
='US$798mrlhon(NPV) TR PR S i P S B

JICANAMNGIEP-1 HEPP -
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Grace Period © Maturity Commitment Front end Pee

(years) " (years) | -- Fee (%) ' (%)
1. OECF 33 5 20 00 ] e 00
2. JCB ] 8.5 - 30 B 8 05 1.0 -
3. ADB 85 L 3 .15 . R - 10
4.1FC 0.0 0 N -0 00 - - T 00 -
- | 5. TCB 00 ] - 23 s R I R R LU
o Note: .+ . QOECF . :Overseas Economic Corporation Fund A .

T : .. JCB :Japanese commeicial banks <
- ADB : Asian Development Bank -

IFC  : International FmaneeCotporauon S
ich :Tha:Commerelal Ban.\ :

Source | - Interest (%)

Pmanmal steadmcss agamst prospectwe rlsks mvolved in the pro;ect is favorable as shown in the Do
* table below, except the retum on pro;cct is somewhat scnsmve to the decrease in total energy Lo
sales SN - AR H I TR T RN

No. | =7~ Rlsk AnalySIs R FSL.320m FSL.360m

| BaseCase - oo st S ) 12.8% 2 ) R 13.9%
-} 10% Increase in lnvestment Cost i - 11.6% C12.5% - s e
10% Decrease in Total Eneigy Sales D 11.4% S123% |

e o=

.Both the pr0posed FSL alternatlves EL 360m and EL 320m have the same dam 31te -
o Consequently, the envnronmental 1mpacts in the downstream area aré Very 31mllar and do not o

T ENVIRONMENTAL IMPACT ASSESSMENT -

R 'f_f IMPACTS IN THE DOWNSTRbAM 'AREA

. provide a sngmﬁcant basns for dlfferentlatmg the two (2) altematwes from the env1ronmental e I
pomtofvtew T e T T e . AR e ;

12 RESERVOIR AREA AND FORJ:ST

The la:ge-scale dam alternauve (F SL 360m) mll mundate cxactly not only twu,e more land- ‘_.-7'-"1 .:';'
- (14,820ha) than the medium-scale alternative (FSL 320m, 7,390ha),  but also. three (3) times = - . -

.- mote cultivated land (950ha compared to 310ha). - Almost 10, 000ha of forest representtng a

: _f _long tlme and huge cost. Therefore, it seems not economlcal and reallsttc

- potential timber volume of 290, OOOm are also ﬂooded by FSL 360m, agamst only half of these_'*: e
- values for FSL 320m S v

" 13 WATERQUALITY IN THE RESBRVOIR

The cleanng of reservolr is efﬁelent t0 reduce the duratton of low water qualtty ':‘However the_'_ 2
clearmg of the forest in the vast ‘Nam Ngtep reservoir of 74km? may requtre an 1mmeasurable

.'-'_----tThe 1mprovement of the low—watcr quahty at the downstream rlver stretchthl have to bc"_

T NCANAMNGIEP-| HEPP 8 8 ST Febmiary 2000 0
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" planned with some re-acration facilities.

14' SEQUESTERING LOSS OF CARBON

_Wrth the ﬂoodmg of the forest Laos wrll lost a potenttal for seqnestenng the carbon, rcsultmg

- eventually ina hlgher contribution to global warming. It rcpresents aloss for a potentral selling -
" of carbon credits to any industrialized nations. Based on a forest growth of 2 to 3 m*/ha/year, the
~- - " loss may be estimated at US$180 000 270 OOOIyear for FSL 360m and at US$88 000-,
SRR 130 000/year for FSL. 320m e ; _ B

s ‘f_ﬁ DRAW~DOWN AREA CULTIVATION

-5'?_"V_Durmg operatron, the water level of tlte reservorr wrll ﬂuctuate, exposmg draw-down areas_
: which may be developed for agnculture or grazmg For rice produetron, the land must be .
exposed around 5 months. FSL.320m offers almost twice more areas for rice cultivation than
... FSL. 360m: almiost 2,000ha against 1,000ha. Only a part of thrs area is smtable tor rice culture
L .'._'when consrdenng sorl qualtty and local topography LS R I : -

V_WATER QUALITY IN MEDIUM AND LONG TERM

months for FSL.320m. This short residence time combined with a limited inflow of Phosphorus

The resrdence time of water into the reservoir is  about 13 months for FSL 360m and only 36 S

P from the watershed leads to the conclusion that there should be no problem of water quahty in

L the medium and long term. ~After the 1mpoundment as the intense decay of organic matter in the
water consume all the dissolved oxygen, it is antrcrpatecl that the water will recover a reasonable - -
leVCl of oxygen aﬁer only 5 to 6 years for FSL 360m and aﬁer only 2 years for FSL 320m .

. WATER QUALITY IN SHORT TERM s

o gl-Because of 1ts depth the reservorr wrll probably be stratrﬁed wrth a 15-20m depth layer of well-_v

. " acrated water over a deeper water body of colder and anoxic water. ‘Turn over may occur during .

the cold season as observed in the Nam Ngum reservoir, but its magnitude has still to be assessed.
S As the water tntake is located most of the year below 20m from the surface, it is anticipated a___i )

I"*‘,_To mitigate’ this” impact, appropnate facilities as multr level mtake or downstream re- aeratton'
structure may be studte ina further mvesttgatron ER o : : o

'jICKVNA,h}t_NoiEr-t ttEt'?_e A CE Pebruary 2000

“release of low quahty water in the downstream river, with impacts on aquatle ltfe and population. - - |



e constltutlon of an EnVIronmental Management Umt (FMU) is also proposed

* FINAL REPORT (EXECUTIVE SUMMARY) L outline

24 hours, to aVOId dally changes in river flow whleh could have resulted in ha;ards for the
population and cxcesswe erosion of the riverbed. '

The average monthly ﬂow wnll be SIgmficantly changed at the downstream area: the dry season
: flow will be mcreased 3 tImeS and the wet season ﬂow reduced by 50% from present sntuauon :

: 1'9_.'_ IMPACTS OF ACCESS ROAD AND TRANSMISSION LINF

N lmpacts on land at downstream WIll be llmlted to land acqulsmon for Only lOkm of access road -

- and 110km of transmission line. Compensatton for the loss of land wnll be prowded to the L
L concemed populatlon Impact is the same for both altematlves ' et : '

_ ENVIRONMENTAL MANAGEMENT PLAN

20 "jfi!

s To mmgate the Impacts durmg constructlon ﬁlllng stage Of the reserVOIr and Operatlon stages a:

- ¢ program of activity has been prepared in the: Enwronmental Management Plan (EMP) The'

_ PRELIMINARY RESETTLEMENT PLAN .~ = = | =

A POSSIBLE INVOLUNTARY RESE’ITLEMENT

. Accordmg to the sociocconomic surveys of the Pro;cct aréa conductcd December 1998 through V-:';: v :
. March 1999, overall, including both. Upstream and Downstream areas of the proposed dam site, .-
. nearly 2,000 households and 12,000 persons may be affected to’ one degree or anothet by the = -

B - Project. About 660 households and 5,000 persons in 14 VIIlages are in the Upper Reservoir and
"+ another 200 households and 1,200 persons in 4 VIllages the Lower Reservoir could potentIally be

. affected by involuntary resettlement. For Downstream area about 1,300 households and 6,800 :
o people in 15 VIIlages would be a[fected through ehanges in the Nam Nglep Rlver ﬂow and water e

FSL 360M ALTERNATIVE

o Whtle not all wllages WIthm the proposed reservoir area would be Submerged even by ¥SL. -60m el

o their rice larids are all situated along the Nam’ NgIep River ‘and ifs territories at low levels. 86 it e

“+ . can be assumed that v1rtually all the vnllagcs would require ‘tesettlement, if FSL.360m is chosen L
- for implementation. - Generally speaking, mitigation includes minimizing resettlement to the © -
. extent possible, carrying out an international . standard of resettlement planmng and R

S JICANAMNGIEP-1tiEPP
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23 FSL 320M ALThRNATIVF

- The recommended dcsrgn mrtrgatron at tlns time is to consrder the medium-scale dam altcmatrve
. The initial thinking was that lowering the FSL to EL 320m would reduce the number of affected
: 'vrllages down to 5 villages. There is not enough information at this time, however, to determine
* what the amount of backwater effect would be, i.., how much higher the water at the back of the
reservoir will be than at the front end. Two (2) meters would be assumed, including a safety

- margin.’ Therefore, consideration of the backwater effect indicates that EL.318m might be

- necessary to protect the majority of 1rrrgatcd paddy land belonging to the Upper Reservoir
. villages, nearly 300ha of the total reservoir paddy land. This FSL.318m dam would more surely
' _'reduce the affected populatton down to 260 households and about 1 600 people :

S PREPARATION OF FULL RESETTLEMEN T ACTION PLAN

i The Prehmmary Resettlement Plan (PRP) is prcpared wrthout the ﬁnal desrgn of the Pro;eet

St having been decided. Once the alternative is selected, a full Environmental Impact Assessment L

. (EIA) and Social Impact Assessment (SIA) will be requrred by internationally accepted

. 8 gurdelmes as well as preparation of a full Resettlement Action Plan (RAP) and a Social Action

Plan (SAP) for mrttgatmg other socral lmpacts Durmg prcparatron of a draﬁ RAP the followmg R

L "'_studres will take place:

) g-'_Soclo Cultural Assessment of Resettlement and Host Commumtres (Part of SIA), ." g

(u) Preparauon of a Publrc Consultatlon Framework

Gil) Capaetty Assessment of Resettlement Sltes

T '.'_"'.:_(w) . _"'i-lBackwater and Sedtmentatron Modelmg, T

» Archcologrcal Revrew and Freld Survey, and

SRR ;'('yi) -'Teclmteal Resources explored and det'rlled TOR for development of Lrvellhood Packages e

© S NCANAMNGIEP HERP
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~ 1.CONCLUSIONS & RECOMMENDATIONS

1 l MILLENNIUM DAM

' _On one hand some advanced countrres lost srgmﬁcance in the dam developmcnt and on the
"“other hand it is a fact that some developing countries need it as a tool for their national
development Accordmgly, we had provided them not only financial aid but also the intellectual
. assistance to _]udge the priority of development from the environmental standpoint. The
- Judgements were on the basis of understandable national development policy on national
" interests from the other countnes by an effectwe utrlrzatlon of r1ch water resources under the best
geopo]rtlcal advantages :

B As a conclusron of the above the Study Team proposes to eonstruct “the Mtllenmum Dam at
- the end of the Study. We named a dam of the Nam Ngiep-I HEPP as “the Millennium Dam” on
.- ground of our oath to recover “the silent rivers” in the next century, not by the reason of our

- memonal to propose it at the end of thls century

' :‘Therefore, n order to that the proposal of “the Mtllenmum Dam” may be worthy for coming

e ages the detarled procedures to reaeh the conclusron were shown in the report hereinafter.

: The conclusron reached both to mmrmrzatron of envrronmental rmpacts at the extent, and

- realization of an economic-viable and financially attractive development is the universal truth .

" for the coming hydropower development Consequently, the alternative with FSL at EL. 320m is
proposed to selcct the most promlsmg development scheme for the Pro_|ect '

) Thrs concluston was made on the recent worldwrde crrcumstance and wrth understandmg that the
- development should be made on the international rule even in the developing countries.

However, on the other hand, there is a different recognition that it is still permrssrble greatly for
~ the developmg countrles to gwe natlonal developments the htghest prtorrty in order to maximize
'-"therrownbenefits L T : T :

_'The Study has not been camed out in lme wrth the theme of choree between “Envrronmental
: Conservatron” and “Promotion of National Development”. But, the same will probably come to

| = the main theme by shapmg up of the Project. The scale of the Pro_]ect which constructs the

" permanent sirueture, is determined based on the sense of value at that time. Especially, for the
. Project likely to be implemented by IPP, the mmrmrzatlon of nsks is a key factor for -

- =_:_."7determ1natron of the deVelopment scale S

‘ Therefore the extent and scopes for further mvestrgatron and study should not be hmlted on]y ,

L | for the medrum seale development of l*SL 320m

“ 1 JICA NAM NGIEP-S NERP SRR 0 IR s T February 2000
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The principal project features arc as shown in the table below:

| Proposed Principal Project Features

12 PROJECT EVALUATION

Structure - Parameter = Unit Features
Catchiment area at dam site km? 3,700
Annual basin rainfall mm 2,470
Annual mean runoff m¥/s ~162.3
Annual ntean runoft ~omill. m? 5,118
Average run-off coeflicient - 0.56
Probable max. flood, PMF “mYs - 15,900
Reservoir Mean annual sediment flow tkm’/yr 4134
' Reservoir area at FSL . km? 12739
Gross storage volume O 10tm? 2219
Effective storage volume -~ 10°m* 1,779
Full supply level (FSL) - ELm - 320 -
Minimum operation level (MOL} - EL.m . 284 ¢
Draw-down - : S m o036
Dam type Le CFRD
T Dam height lenglh . m 157
Dam Dam crest Ienglh m o - 524
o Dam volunte 10°m* - - 6.9 -
Dam crest level . - ~ EL.m . o 325
. © - | Spillway crest level EL.m - - 306.5 -
Spillway ... ... 3 —
N Design flood capacrty m'fs 8730 (Q IOOOOyr)
Wate_rﬂ\.\'ra)r: Design discharge : mlfs - 221 - :
Headrace tunnel dlameter&lenglh R m 9.0, 420
Powerhouse type : - - Surface type -
Powerhouse size " m L58mxW3lmxH58m
TS Design flood diseharge ' m's | - 4,519(Q=100yr) -
Power Plant . Rated head m <= 131.8
: ' Type of turbine - .. = .| . Vertical Francis
Plant capacily & nos. of unit -~ S MW ] o 240=2n0s@120 -
Annual enérgy = . GWh " 1,349 -
Lo Max. pond level EL.in 173
Re-regulation Reaui T —— 3 —
Steuclure ¢quired storage capacity mill. m : 2 47
- Design flood discharge : - mYs 4,519 (Q=100yr)

7 Today 5 world has been conhnuously lrymg to cope wﬂh them The modem cmllzatlon, Wthh
applied to natural science, was developed with the technology fo control nature. However, in the

“society of high technological principles, which is ruled by this civilization, nature phllosophy S

contrary to human is only resulted. Therefore, as an envrronmental destruction of present society -
is led by this nature philosophy, a doubt and a regret against to this nature philosophy have led an -

effort to create a symblotrc relationship between human and nature. These recent tendencres"

'reqmre us to show various eva}uauon cntena for a dam pro;ect 1mplementatlon

Under the v1ewpomt mentroned above, the general evaluatlon to be camed out by all persons at e
any posmons under vatious evaluation criteria’ is mdlspensable for the dam development

alternatives with priority on the environmental study. Thetefore, the Study Team recommended B :
~ the most attractive alternative as a conclusion of evaluation results by proposing seven (7) items -~

© NCANAMNGIEPAHEPP  © 0 - T [e2 e .t February2000



FINAL REPORT (EXECUTIVE SUMMARY)
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of design criteria as shown below, which are expected to ralse various discussions among GOL,
JICA, village people and NGOs.

" Evaluation Results

No.| Evalvation Category Evaluation Criteria
| Natural EC on the assumption that the Tmpacts on Natural Environment will become
.o existing natural, developed-nalural . . : . )
1. | Environment > . large as increasing dam scale, until a failure of the
- and artificial environments should . .
Evaluation . environmental preservation
be preserved or improved. _ _
Social EC. on'the assumption that people Impacts on Social Environment will become large
. and social system surround them : . ;
2. { Environment - : as increasing dam scale, but, Social system can be
| Evalvation should be presened and ' kept safety by changing slowl
S improved. : P yoy BING SIOWY. .
o, EC.onl he assumption thal the Mathematical evaluation can be done with = - -
Economic economic feasibility shall be : L . .
3. . economical index: B/C, B-C, and EIRR; however,
- | Evaluation judged by avoid cost of thennal S
S only a valldlty of hydropower can be evaluated.
generation, AR K A
AR E.C. on the assumption thal the Same as Item No.3, however, evaluation is based
4 Financial benefit by electricity sales shall on several assumpuons suchas BOOT = =
' | Evaluation cover all investment, under a good composition, fund procure, electricity sale cost,
e enterpnse asIPP. and commencement day of commercial operation,
Techmoal . P 1A Large;scale dam is technically restriced fo
Evaluation Techmcal evaluauon criteria for a . o o .
5. , . : L construct, The highest record of dam construction
. JDam high dam construction. . .. is 180m, that of project design is 220m. -
" | Construction) S SR » project design Is 229m.
) -0 L ELC. judged from opinion, Evaluation is based on individual extent of interest
Evaluation on EAC el Lo
6. & Workshops suggestion and questionnaire and understandmg on pamupants and on thelr e
I U PS5 | results at EAC/Workshop. positions. S L '
Evalua tionon - - E.C. judged from the viewpoint of Aid polie} in peace, development, environment
7. | Japan’s Mekong - | stance in official development aid | SRR .
e : preservation is essenttal for evaluation. .
River Develop.Plan | of Japan - " 4 - g

. Note E.C mieans Enwronmental Crltena

The Study Team recommended the most altractive altemative, the medlum scale ‘dam -
- development with FSL.320m, as a conclusion of evaluatlon results by proposing seven (7) 1tems o
of dGSlgl‘l cntena as shown below

. L FEC . General Evaluation Results
No. * Evaluation Category Medium-Scale Large-Scale
) o el B (FSL.320m) (FSL.360m)
1. | Natural Environment Evaluation 0 LA
2. Social Environment Evaluatlon ' O A
3. | Economic Evaluation A "0
4. | Financial Evaluation . S A 0
5. | Technical Evaluation{Dam Constructlon) 0 = 0O
6. - | Evaluation on EAC & Workshops - -0 CAE
-7. . | Evaluatién on Japan’s Mekong River Basm Development Plan LU 0O
8. - | General Evaluation Results - " . - B 0 CA

‘ Note:_ O : Recommended alternative to develop. ' '

A Recommended altematwe not lo develop compared w:th other one. -

B :The various reasons that thc medlum scale dam altematlve has been selected as the most
recommendable one by the Study Team were epttomlzed by the followmg four (4) reasons

" JICA NAM NGIEP-1HEFP
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)

(i)

(iii)

i)

Evaluation results of the social environmental aspects: This alternative will save the

Thaviang Sub-District, where is expected of the future development due to not only a

- geographic advantage but also the recent regional development projects for extension of

both a national highway and a rural electrification.

" Evaluation results of the preliminary resettlement plan This altematwe will save the

population being resettled forcibly as less as possible due to avoiding 1mmdat10n of the
Thaviang Sub-District.

Evaluation rcsults of economic and financial analysis: This altenative will clear the
critical economic index for IPP projects, even the Study Team’s cvaluation criteria thinks
a great deal of evaluation results both on the social and natural envnronmental aspects.

Evaluation results of General and Site Workshops This alternative was sclccted under

. deep consideration of the evaluation results by local peoples and local govemmems
o lhroug‘n both General and Site Workshops durmg the field mveshgallons

a Acwrdmgly, at the followmg two pomts the Nam Ngiep-l HEPP is ehpeeted to set as a hlgh '
. valuation on dam developments in the world not only by peoples in Lao PDR but also by both
local and mtematlonal NGOs, as well as international financing agencics bcmg wﬂlmg to mvcst

in posntwely based on the comprehenswe development mtentlon

@

" The project mlght bccomc a pathﬁnder of the advanced dcvclopmcnt proccdure sclectmg
a project scheme based on the EIA resulls at the prehmmary F/S stage of hydroelectne_

- power pro;ect and

Gy

The Prq]ect w:li save the reservoir area of 74km the'dam helght of 40m, the -

. construction cost of US$118mil,, and resctilement populallon of 3,000, instead of lost
values at the install capacnly of 94\/IW the annual energy of 556GWh and B C(current
i value) of US$80mll ‘ . ,

CUNCANAMNGIEPAMEPP oo o o T d s e e pebruary 2000
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2.HYDROPOWER PLAN

" 2.1 'BASIC PARAMETERS
DAM SIT E

' ln the Pre-F/S Report submltted to Lao PDR in 1991 and revrscd in 1995 by French govemment
“the most downstream goige of the Nam Nglep River just downstream of the confluence of the
Nam Katha Rlver has been 1denttﬁed asa promlsmg dam site of the PrOJect

- In this JlCA Study bemg camed out since August 1998 the above locatlon was conf' rmed to be
the most appropriate dam site in comparison with the other two conceivable sites at 201(111 and
40km upstream of the proposed dam site. "River flow is affluent there and the dam site
topography and geology are sultable for the cons{ructron of a high dam. :

RESERVOIR CAPACITY

_ There were notably dlfferences wnthout any regulanty between the exrstmg map and the |
_ _elevattons measured in thls Study by GPS survey ' : .

E The topographlc map revrsed durmg this Study was compared to the exrstmg map of 1: 50 000

~ Asaresult, it was revealed that the upper reservoir area is about 5% narrower than that measured
_ _by the existing map.  Therefore, the upper reservorr area and capaelty were reduced and the
- Area- Capacrty Curve was updated ' - = : L :

FlNAL SED]MENT LEVEL IN RESERVOIR

The fmal sedlmentatlon level in the Nam Ngrep Reservorr whreh glves a basrc eondmon for
- '.determmatron of Minimum Operatron Level (MOL), was roughly assumed at EL.200m on an
assumptlon that most sedlment wrll be trapped at the flat and wrde upstream reach of the

o reservotr

‘-"The adopted sedrment yleld is 413 4 tfkm’/year whrch was estrmated for the Nam Nglep River

i - basin in the “Study of Alternatives” of the Nam Theun-2 PI'OJCCI’ Because, the said value is

, conservalive compared with the figures assumed in the other reports as well as the yreld actually _
observed in the watershed of the Nam Ngum—l Project B :

DISCHARGE FOR POWER GENERATION L L

- 'A rrver run off sencs whrch has been computed for the Nam Nglep Rrver basm in the “Study of _

o cAnAMNGERIHERE - 1!1 S e Febrary 2000
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Alternatives” of the Nam Theun 2 Project, was applied for the project power output calculation.
This run-off series consists of the long-term monthly mean discharges for 30 years. The average
discharge is 162.3m*s, which is 77% of 210.8m%s adopted in the Pre-F/S Repot.

PEAK TIME DURATION

Since EGAT is hoping for the time being to purchase from the most IPPs in Lao PDR the
intermediate peaking power, the similar peak time duration (16-hour) is applied in this moment
for the study of the Nam Ngiep-1 HEPP. However, the daily peak demand in Thailand is
trending sharp ycar by year, therefore, it is expected that EGAT will require in the near future
power purchase from Lao PDR for peak demand. If EGAT accepts 8-hour peakmg operatton
the Prolect becomes drastically attractwe ,

| 2.2 ALTERNATth SCHEMES AND LAYOUT

FIRST PHASE ALTERNATIVES :

_ Altematrve development scales of dam type scheme were studled by changmg operauonal range
- of reservoir to evaluate economic and financial v1ab1hty and the different impacts at the
upstream and downstream areas of proposed reservoir arca and downstream reach of the darsite.
~ The alternative study for dam type schemes was executed with two (2) phases ﬁrst phase and
second phase ' : R - : )

‘_ At the firsi phase, three (3) dam scales large, medlum and small were sclected ehangmg Full
Supply L evel (FSL) of the reservoir with deﬁnlttons as shown in the table below, = QL

No. | Alternative Plans | - - - e sk S oot Description

i Large-scale The scheme aiming to a large power output by a high dam. Reservoir of the scheme
" _| dam scheme " | will inundate all viltages. Possible FSL is ranging from EL.360m to EL400m. - -

9 Medium-scale - | The scheme with a médium-scale dam considering the minimization of i 1mpacts by Ihe

dam scheme development. Possible FSL is ranging from EL.240m to EL.360m. .
3 Small-scale The scheme to be developed with a small-scale dam taking no mundauon of wl!ages

dam scheme mto consrderatton Possible FSL is at EL 240m

lhe results of the first phase study mamfested the followmgs -
i The small scale dam scheme is not Justlﬁed from the economlc v1ewpomt

(n) Even in the medium- seale scheme I*SLs lower than [*L 300m seem to be not economlcal -
B/C<] and EIRR<Q. ] - _ o

(m) Prolect vrablhty of the large-scale scheme is supenor to the medlum scale scheme v

Besrdes the followmg two conclusrons were derlved from the above R '

R Concluswns at Fxrst Phase Study are as follows

G The large scale dam is economlcally optlmum scale thh the condmon that the peoples at N
Thavrang Sub- D1stnct agree to be resettled 5 : ,

(i) The medium- scale dam is economlc vrable and enwronment op’nmum scale lts m_ost S

1mpact—lcss FSL may be located at around EL 320m

' JI'CA'NAMNGIEP-IIII_E_PP o !l-2 SR L Febroay 2000 S
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RESULT OF SECOND PHASE ECONOMIC COMPARISON

At the second phase, economic compatison was camed out for the medium- scale and large-scale
dam schemes for FSLs between EL.310m and EL.390m at 10m intervals. The summary of the
comparatwe economic aspecls of the respecttve scale is as shown below:

: nst. Capacnty Total Energy Const. Cost : - B-C EIRR
No. |  FSLs o) | @wh | ofLUSs BC | amusy | @)
1. | EL310m 214 L192 - 3163 155 129.83 16.39%
2. | EL320m 240 1,349 339.6 164 163.21 17.52%
3. | EL330m 263 | 1,508 73625 168 18644 | 17.85%
4. | EL340m 280 1,626 - | 392.1 169 20260 17.97%
5. 'FL3som | 314 1,777 4204 173 230.85 18.52%
6. | BL360m | - 334 - 1,905 4456 | 176 252.46 18.81%
7. | EL370m | - 356 72,030 4760 | 175 - | 26583 | .. 18.65%
8. | EL380m | - 377 2,148 505.0 175 28237 | 186%%
9. | BL39%m | - 401 - | . 2282 5384 174 299.29 T 18.65% |

©B.C(milUSS) - Con. el BlC EIRR

S o2l .' __. .
16 hr operation oo e} Bhroperetion

020

S0

© 018

0.47

16 hr operation

15 : ae L2 [e,
“ae s e e 3w 4|l 300 320 340 360 380 400 30 30 M0 360 30 400
estm || Ll A s

| From the above study, it is clear that eeonom1c—ophmum developmcnt sealc is FSL 360m and
o env1ronment optlmum scale is around FSL 320m : :

5, Therefore ﬁmher study wrll be conecntrated for these two dam development scales to

: investigate the most recommendable financing method for each development scale. And, the

S JCAwAMNGERHERR 0 oo 3

final recomrnendable development scheme of the Project will be determined as the result of the -
- overall assessment of the three (3) main paramelers for judgement, namely (i) natural & soclal e
' envrromnental issues, (i) economlc 1ssues and (m) ﬁnanc1al issues (ﬁnancmg plan) -

. 5 February 2000
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3RD ECONOMIC COMPARISON RESULTS

The results of 3rd economic comparison is shown below:

: : . Medium-Scale Large-Scale
No. Particolor Unit | o1, BL31om | FSL BL360m

1. Ins!alled capacity MW 240 334
_ 2. | Total energy production GWh 1,349 - 1,905

3. | Project construction cost - MilUS$ - 346.0 464.0

4. |B S - MilLUS$ 417.1 - - 585.7 i
| 5. | C ‘ - - MiL.US$ 258.7 347.0

6. |BC - - - Ce 1.61 : .69

1 B-C = o MilUS$ - - 1584 . 238.7

8 EIRR - Lo % - 172 - - 18.0

' RUN OF-RIVF R TYPE SCHEMES

R Vlablhly of run- of-nver type scheme was ﬁrstly studled for a supplemenhl functlon to the

medium and small-scale dam schemes, selecting the site at the upstream rapid of the Nam Ngiep

River (as Main stream run-of-river type scheme) and at a rapid on the Nam Phouan River the

right bank branch of the main stream, which is located at 24km upstream of the dam site (as -

Branch run- -of-river type scheme). But, finally run-of-river type was deleted from the alternatlves, '

: because the relative basin inflow is quite small comparing with the requnred waterway length for -
both schemes by whlch economlcal development is not expected ——

VALUATION OF COST AND BENEFIT

I‘ROJECT COSTS

_ The crltlcal palh of the Pr0ject cons{ructlon w1|} be on the series of the works for river dwersnon
dam embankment, reservoir lmpoundment and wet testing for hydro and eleclromcchamcal
equlpment Construction period was provisionally assumed to be five (5) years for all alternative

schemes. Consiruction cosls were tentahvely eshmaled on the basis of mlernahonal compelltnve _
’ blddmg (ICB) : : S . ,

Economlc llfeume 'md frequcncy for replacement of generatmg eqmpment were assumed to be :

50 years long and once per 30 years, And lhe dlscounl rale 13 apphed for 10%

| Varlous natural soelal env;ronmenlal 1mpacts are llSth below respectwely for the 1mpacls

which can be quantltahvely evaluated and other nnpacts whlch are dlfﬁcult tobe quantlﬁed with o

lts mterpretauon
3 (Quanhﬁed lmpacts)

No. Natura! Somal an:ronmental Impacts : L Co]laleral Solutlon
1. - | Inundation of w]lages B : Supply of equal-scaled resettlement facilities
) ' “. - | Monetary supporl such as outfit allowance for .-
2, Peoples mental burden for resenlement (* l) reseftlement and guarantee fund for villager’s hvmg aﬁer
movement al a decent-life level for several years.
4 Water level fluctuallon at downslream due to Prov:smn of re—regu]al:on pond for stablhzallon of waler
: dlscharge from po\\er statlon - level S

JCANAMNGIEPIHEPP 0 0 L4 0T Tl e T pebraary 2000 -
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No. Natural-Social Environmental Impacts - Collateral Solution

4. Decreasing fishes at downstream reach Premotion and construction of facilities for fi shery
5. River shore erosion at downstream reach River protective works
: tive w: i f .. . .

6. Tentative water pollution by hydrogen Provision of public wells for downstream villages -

sulfide from the submerged forest

Destruction {dam les’ rodu L .
7. (damage) of people P etlon Compensation and relocation
" . | due to construction : o
: dimentation at ups Tvoir . L, .
8. (sz) atio P tream end ofrese oir_ Heightening river bank when actually required

As the result of EIA, it was rev ealed that the present infrastructures in the Project area are not satisfactory to the villagers and local
Note market is much stagnant. Judging from the above, even the scale of reseliement become large, the conseasus of the people will be
“n positive against the resetlement, if a meticulous welfare is provided to them with well-supply of local electsification, medical

facilitics, schools, public wells, etc. supply of equal-sized farmland, technical gu|dance for agneulture and stockbn:edmg
provision of industrial promotion center in the reselllemient fand, elc. :

Note |- Judging from the state of sedimentation measuted for the existing Nam Ngum-1 reservoir, prospective sedimentation at the
(*2) upstream end of the Nam Ngiep-1 HEPP reservoir is deemed to be negligible small.

(Not Quanllﬁed Impacts)

No. R C e Interpretation
o Memal burden of the htghlancl people in the form of changing llvmg circumstances due to reseltlement is
1." | considered to be set off by the contribution 1o the nation with the decreasing shtﬁmg culttvauon and

guarantee of their lives with well-supplied reseltlement facilities and support. -

Peclined CO, purlﬁcallon effect in the river basin due to vanishing forest is c0n51dered to set off by the

C 2. amount of CO, emtssmn whtch is expected to decrease by hydropower development mstead of thermal
| plant construction. :

Noise, dust, waler pollutlon cte dunng canstruction Wlll be restneted and mtmtmzed by applymg eareful

3. construction contro! in conformity with the local environmental rul¢s and regulations in Lao PDR.
a4 In the tropical country, influence of the discharge for power generatton wh1ch wnll neganvely affect on -
| an adequate water temperature for irrigation, will be negligible small. : i :
: Preparation of the impartial ¢riteria for quantitative evaluations is quite difficult at this stage against the negau\e lmpacts on
Note aquatic bio-divessily due to basin inundation, and for the species, which migrate seasonally from and to the Mekong River. These

impacts are thereflore nol considered in the economic and financial analysis, but at the final stage, these will be relatively évaluated
giving “‘eighled points or through value judgement based on Lhe evalualioh crileria prepared by several senses of values.

IND]RECT OR SECONDARY BENEFITS

) The PrOJect specnﬁc beneﬁts other than eammgs from export of eleelncnly are shown in table
~below. These benefits are also difficult to quantify at this stage and therefore not considered in
the economic and financial analysis. At the final stage, these will be relatively evaluated giving
wetghted points or through value Judgement based on the evaluatton crttena prepared by several
_senses of values. - L : o e :

No. : New Eeonomlc Opponumues : DL Economtc Effect -
EEIRTN SR ; : ST e Hood regulauon effect to downstream reach by reservoir |- -
- L Crea_tt_ion of _re_s_ei'voir_. © ... | storage function and prospecuve enlargement of lmgable area

around reservoir

: Lol o | Economical interconnection of Xieng Khouang Province and

S 2 Navigation inreservoir. -~ .- | Bolikhamxay Provmce {" D and prospecttve tourlsm

s b R el et o ] deyeloprident (*2) '

3 Stabilization of catch of ﬁsh and prospecuve development of

ST , , ‘ reral socio-economy B

- 4. - | Increasing job opportunity by Project - | Increasing people’s living standard w1|h more labor income -
5 S
6

Py inteservir 49

. " | Resettlement of highland people - Decreasmg the are of sh|ﬂugeultwatlon
.« 7| Technical guidarice for agrlculture and ST
* 8 | stockbréeding (*3) s Modermzahon ol‘ mral agnculture and stockbreedmg R
7 - -] Rural electrification hy power supply " | Notable improvement in living e:rcumstances and prospectlve
| from Project o | rural mdustnal developmem L L
8. Macro economtc lmp act detlved from Decreasmg poverty and reglonal economlc acllvatlon S

Pro_|eet
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Note Ecanomic interconnection of both provinces, Xieng Khouang and Bolikhamxay will give impacts to the economic activities in the
1) remote Xieng Khovang Pmunce \\hlch were not bnsl».ly due o poor lransponauon condmon and secum) problem ofNatlonal
Road Nos. 4 and 7.
Assuming from the trend of nauonal economic expansion {o the Southern region, as m:ll as the recent inroads of tounism into the
Note | Aeasmear the existing Nam ‘Ngum -1 rgservoir, it is also presumed that development of tourism will be expected for the areas
2 around the Nam Ngiep-1 reservoir soon afier the completion of the Project. Especially the Thaviang Sub-District, from its
topographic advantage with widely developed ﬂat fand along lhe reserv OiF, has a h1gh pcsSlbllll)’ ol'lounsm de\ elopmnm as resont
arga.
Note By the construction of a rural industrial promotion centes in the main resettlement area, lechmcal gupdance mll be provided to the
3 resetitement people dispatching several foreign experts for the respective sector. For the above plan, the annual cost required for a
practical |hree years service penod was appropriated as the cost for industrial promotion gu:dance
24 FCONOMIC ANALYSIS USING AVOIDED COST
GENFRAL

: The economic analysns comparcd prolect cost to the cost that would ha\fc been mcurred should

“ thermal units be used, thus deriving the benefits of avoided cost. Avoided cost, in this case,

- could be used as a proxy to Least Cost Analysis, assummg that any project which is cheaper than
_ lhc combmallon of gas turbmc and combmcd cycle is ﬁt into the Least Cost Expansmn Plan

PARAMETERS FOR ECONOM[C ANALYSIS

- Thc basnc assumptlons lor lhc 2nd stagc cconomlc analyses are summanzed as follows. Vo

o - s Economlc Paramelers
No | L Pameton  Uni FSL.320m | FSL360m
S Total Capacny (FSL.320m Allematwe) MW | 240 | 033

2. . | Plant Utifization Factor -~ = " - % n 642 65.1 -+
3. Total Cosi {exclude IDC) . Mil. US$ | =~ 3396 445.6
4. ] Years of the Project Consndered Years - 50 <50 -
5. | SCF R : T = | WNotused Not used
6. &M - e e % - s Lo
7. Au'ﬂllary use and Lme Loss b C % {13 i3

RISK ANALYSIS

The result of the 2nd stage economic study for FSL.320m alternative is 17.5% in economic .
- internal rate of return, The Project was then tested against probable risks a55001ated with the

project in following caseS' (a) 10% up cost overrun, (b) alternative fuel pnce down by 20%, (c)
prOJect delay by one year and (d) O&M cost 1ncreased by 20% " R

(&M Cost Increase by 20% -

No. S e T R1sk Analysrs EIRR (%)
1. © - | BaseCase : - - < 17.5% .
200 10% lnerease in lnveslmem Cost - : C15T% -
3. Alternative Fuel Price Down by 20% R 2 - 14.9%
4 Project Delay by Oné Year ©¢ = 04 Siht]15.9% ot
~ 5. S 17.4% wi

"7 NCANAMNGIEP-1HEPP
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2.5 FINANCIAL ANALYSIS

GENERAL CONCEPTS

As the current trend dictates and the GOL’s policy encourages pnvatc sector part1c1patlon in
" hydropower generation, financial analysis of the Project is becoming more and more important.
“Even if the GOL/EDL is going to undertake this Project by themselves, an independent
commercual operation entity may be establlshed to be responsible for its own proﬁts and losses.

The focal point in the fi nancial analysis is whether the overall project is proﬁtable and whether
the potcntlal investors, private or public, or joint efforts, will sce the incentives attractive enough
for them to forgo the investment opportunities elsewhere to invest in the Nam Nglep-l HEPP.

- Equally important, whether the Project could bring a reasonable level of income to the
government, national and provincial, through dividends distribution, taxes, royalty, and other
charges and duties while maintain an affordable tariff level, no hngher than that of one of the six

]PPs cun‘ently under consnderat:on ' ' o -

The ﬁnanmal analyses of the Pro_]ect is based on the assumptlon that lhe scheme will be m-med
_and operated by a commercial company that will supply to the Thai national grid all the energy
- generated. The tarifY, as well as other relevant parameters for financial analyses, is determined

based on two pnnmples (a) the pl’OjeCt must be proﬁtable, and (b) the tanﬂ' level should be no
htgher than that paid by EGAT to IPPs in Thanland - 3 ,

A detalled analy51s was camed out for the medmm scale dam alternative with FSL 320m and

financing scheme of public-private joint investment (BOT) was tested. - But the concession
~ period is 25 years and after 25 years, the Project will be reverted to the GOL. The large scale
: dam alternatwe wnth FSL 360m was evaluated for companson to FSL 320m . C

PARAMETERS F OR FINANCIAL ANALYSI'?-

3 The basw assumptlons for f nancnal analyses are summanzed as follows

No ltem s ' : Amount S Co Rcmarks

1. |ConstructionPeriod .-}~~~ 5 vyears ) .

2. |Projéct Ltfe c B -~ = 30 years

Lo |Tariff .- - ¢ Peak Power Ol‘f Peak Po“er

3. - [{1} Initial tanff(c/kWh) 66 0

- (2} Estcalation rate el 25% - 0

- [O&M Costs : R

4, [{1}Initial Cost{(36) -~ " 1.0% of Basecost -

» ¢ [(2yEscalationrate = C25% o L P -

5. - jlLoyaltyfee -~ = - - | - 50% .. - S%Ofrevenue L
N -~ 4303 Mil.$ {(FSL.320m) Deprecuableassetsvalue

_ o [Depreciation - o7 Mil, § (FSL.360m)

6. (1) Usefsllife -« ~ 25'.years B
= 162) Réstdual value : - 0% '

= [(3YMethod - o S Stralght lme g ' I
7. |Escrow account .o 2 50% - 50%0f annual debt service
8. |O&Mreserveaccount - - oo Q% o n . o
9. |Cashrequired -~ -~ - . 2%ofrevenue

10. JAccounts receivable i 0 12.5% oo o lSmomh of revenue

11. |Suppliesand spares ~7-> ) - o 0% oo .
12. |Accounts pavable - S} oo 8% Theiaa el ot lmomh ofO&M Cost e
13, |Depositrate = - L 2.5% perannum

14. [lncometax - -+ - = | .- - 15% from 6th year ofoperat!on : :
15, |Dividend rate - o s 80% of Net Proﬂt from Sth year of operatlon
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COST ASSUMED FOR FINANCIAL ANALYSIS

Total investment cost, excluding IDC, is US$385.2 million at the mid-1999 price level; the cost
of transmission equipment, escalation cost, physical contingencies are mcluded in this total.
Dnsbursement of the Project cost is as shown in the table below. ,

~ Year | 2006 | 2007 [ 2008 | 2009 | 2010 l 2011 ,] Total
1. Disbursement of Base ~ Cost . : e ' I
(1} Ratio : 10.0%]  20.0% 35.0% 20.0%| 15.0% 0.0%] 100.0%
(2) Amount (Mil.$) 38.5 77.0 134.8 71.0 57.8 0.0 385.2
2. Equity : S L o : o
(1) Ratio . ool 28.6% 0 45.0% 0 264% 0.0%] = 0.0% 0.0%! 100.0%
T LA(2) Amount (Mil.$) 318.6 60 - 356 0.0 ~ 0.0 0.0f ° 1348
“ 13, Loan (Mil.$) - - 00 164 992 . 77.0] =578 3000 - 2504
- | (1) OECF . 0.0% 18.0% 47.0% 35.0% 0.0%j - - 0.0%| 100.0%]
-Disburse. 00 15.8 - 41.2 30.7 00l 00 . 81.6
-Interest ) 0.0 - 0.5 1.9 . 3.0 .31 8.5
-Total - 0.0 15.8] - 417 32.6 30 - 3.1 96.1
(2)JCB 0.0%] - 0.0% 46.8%| - 28.5%| - 24.7%] - 0.0%] 100.0%
-Disburse, - 0.0] 0.0 41.0) - 250] 216 - 0.0 81.6
Interest . o B 0.0 00 . 35 59 8.2 176
" -Total = .- 0.0 00| - 41.0f . 285 216 8.2] - 105.3
{3) ADB 0.0% 0.0%] = 46.8% 28.6%| © 24.6% 0.0%} 100.0%) -
-Disburse. - 0.0 - 0.0 - 17.6 “10.7] ¢ - 82 00] : 376 7
-Interest i = 0.0 00f - L5 - 2.5 3.5 1.6
-Tota! - 0.0 s 0.0 " 17.6 1221 0 1L.8 3.5 45.1
(HIFC 0.0% 0.0%] - 0.0% 00%|  00%] - 00%] = 0.0%
-Disburse. 0.0 00 0.0 S 00 00 - 00 00 .
-Interest - Do -00] - 00 0.0 : 0.0 = 0.0 L 00f
-Total -~ - 0.0 0.0 0.0 200 00 00 0.0
(5) TCB C0.0%; 0 0.0% T 0.0%] - 28.5%] © 71.5%] - 0 0.0%]  100.0%
Disburse. 00 - 100 o00] 2 107) 268 o 00] ¢ 376
-Interest : 0.0 0.0 0.0 - 1.1 -39 - 49
-Total 0.0 © 0.0 00 1067 - 279 3.9 425
4. Loan Total e : AR B s
-Disburse. - 0.0 15.8 99.8 77.] 57.7 - 0.0 2504
-Interest - 0.0 00 - - 0.5 6.9 - 125 - 187 " 386
“-Total -~ - 0.0 ©15.8] - 1003 84.0] 702 - 18.7 289.0
5. Equity & Loan 38.6 764 135.9 - 8401 - 702) - 1871 & 4238
6. Front-end Fee - © - S I S T T TSR A R
{1) OECF - 0.0 - - - - - - 00] -
(2)ICB Ll . - - - i N
(3)ADB - " 0.5 - - s - - Ao 05
@HIFC . - - S 0.0 S . - S - - - 0.0
(5)TCB_ -~ : S04 . . Pl L o o)
i : Totall -~ 1.9 0.0 - 0.0 0.0 0.0 =000 0 - 19)
- |7. Comitm't Fee ST T i e L e N
(1) OECF - 00l - 00 00 00 o0l - 090
(2)ICB - - 05 o] 03] 02 --eof 16
(3) ADB - 0.5 05 03] - 02 oo 00 14
A IFC . o000 - 00 00 - 0.0 SO0 00
(S)TCB i ol s 04y o 04 04 e 03 o 6] T 16
" Total = 0.0 1.4 Sl 10 T 0.6 S ' | ST ¥ ] I
GrandTotaI - 40.5 778 1313 ' 850 : 709 188 4303 RN
(Eull))f(Equ1ty+_Loan+l:ﬂe_rcst) Ratio=31% - -~ ' ' - =
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FINAL REPORT (EXECUTIVE SUMMARY) Part IE : Hydropower Plan

| .BFNFFITS ASSUMED I'OR RINANCIAL, ANALYSIS

The energy generatcd and supphed net of line loss and auxiliary use, is assumed fo be 766GWh
for mid-peak energy (6 hr/day and 6 day/week) and 576GWh for off-peak energy on FSL.320m
Alternative, while 1,082GWh for mid-peak energy and 813GWh for off-peak energy on
- FSL.360m Alternative. The weighted average prlce of peak and off-peal' tariffs in the year 2011

is assumed to be US$0. 066IkWh the date of cmmmsswnmg '

Based on Ihe rules setup by the government pollcy, the followmg three- step tarlff structure has
been assumed ,

-'I‘arilTin 2011

Step Years Period Tariff in 1999

- st C 112 - 12 - 47 6.6

“2nd | 13222 10 4.3 - 6.3
. 23-25 4.7 - 6.6

3rd : 3

- FSL 320M AL I‘ LRNATIVE '\iODEL

- FSL. 320m Altemahve of whlch prolect cost is US$3852 rmllion excludmg lDC ESL is
- EL.320m, plant capacity is 240MW, annual energy is 1 342GWh at a grid-end, assumes a joint
~ venture between GOL and a consortium of private sectors. An independent BOT power

e development company is assumed in this model and the debt-equily ratio of 65%:35% is used.

‘The GOL would be responsﬂﬂe for 25% of equlty mveslment and the GOL eqully is assumed to _
come from an mtematlonal soft loan - :

- Fhe ﬁnanmal IRR obtamed for F SL. 320m Altematwe is 12. 8% as FIRR on Pl’OjCCl and annufll
net beneﬁt (NPV) is assumed to be US$79 8m1]llon (NPV) .

- Revenue Components

3 Depreciation )

o Tax - - e

3 Total Q&M and insurance - .
© Tofal Loan Repayment + interest
= Royalt ] :
™ Dividend -

S Millien

[4] P -
: [ o [32]
e 8 a=2= 2849 &8 88 8 8 23
P ] N O A o~ (&} I ] o ™~ 2

FSL 360M ALTERNATIVE MODEL ': L

- The annual power generatlon of FSL 360m Alternatwe 1s l 895GWh at a grld end The cost of

" - FSL.360m Alternative is assamed at US$516.6million, excludmg IDC. The financial IRR

- obtained for FSL.360m Altematnve is 13 7% as FIRR on Pl’OjCCt and anmnl nel beneﬁt is -

CE assumed 0 be USSLA3 Tmillon (NPY).

U ICANAMNGIERAHERP Tt Te JEe9 T T e T "¢ February 2000
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BENEFITS ASSUMED FOR FINANCEAL ANALYSIS

The enerey generated and supphed. net of hne foss and ausiliary uses s assumied to by oUW h
for mid-peak encrgy (6 hr day and 6 day weeky and STGWh for oif-peak encrgy on ISl Sl
Alternative. while 1LOS2GWhH tor mid-peak energy and ST3GWH tor oftepeak energy on
FST_360m Alternative. The werghted average prive of peak and oftspeak tarifts iy the vear 201
is assumed to be USSO.066 KW the date of commissionimg.

Based on the rales setup by the government policys the folfowmng three step tantt structure has
been assumed:

—
1

- - - - ' T il ey ~ .-- -
LoSwep | Xy Cbantta duon o pdanttn S04
i I 4.7 | . {
b= — - - .- —_ ) e
i Iad 3R i [ i
= - - e R JES—
3, lq A S 4 i ht i

FSELI200M ALTERNATIVE MODFEL

FST_320m Alternative of which project cost is USSIRE2 mullion excluding DO FSE s
B£1.320m. plant capacity is 2HNMW annual energy s 132GWHh ata grid-end. assumes joint
venture between GOL and a consortium of private sectors. An mdependent BOT powa
development company is assumed 1 this model aud the debt-cquity ratio of 65361 33% s used.
The GOL would be responsible for 25%% of equity investment. and the GO equity is assumed to
come from an mternational soft Ioan.

The hnancial IRR obtained for FST.320m Alternative 1s 1280 ax FIRR on Project and annual
net benefit (INPV) s assumed to be USS79. 8muillion (NPV)

Revenue Components

—_—
_\_"l.-wl N And

Total s ———
Repaysient ¢
Intciest
i Royulty
0 |t s B Ry e RS
ol Lo e Dividends = .

[T e

2033
MARR

FSLLI60M ALTERNATIVE MODEL

The annual power generation of FSL.360m Alternative is 1XOSGWh at @ grid-cnd. The cost of
FSI.360m Alternative is assumed at USSSto.6million. excluding [IDC. The fimancial 1RR
obtained for FSI.360m Alternative is 13.7% as FIRR on Project and annual net benefit s
assumed to be USSTA3 7nntlion (NPV)
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FINAL REPORT (EXECUTIVE SUMMARY) Part I ; Hydropower Plan

SENSITIVITY ANALYSIS | |
"A sensitiﬁity analysis of FIRR was carried out for both FSL.320m and FS1,.360m Alternatives (o
test the risks involved in the project for the following two cases.

- 10% increase of Base Cost
- 10% decrease of Annual Lnergy Gcneratlon

‘Delay of the project completlon was not con51dered because enough 5 year penod was taken for
conslructlon ' : : : : '

~ The results are favorable as shown in "lab]e below SR , :

No. | - "Risk Analys:s I FSL.320m - FSL.360m

1. | Base Case R ' . 12.8% O 130% -
2. | 10% Increase in Inveslmcm Cost : - 11.6% o 12.5%
3.

10% Decrease in Total Encrgy Sales - 11.4% 12.3%

2 6 ;coNoLUSIoNS o

_' Both FSL 320111 ‘and FSL. 360m Alternat;vcs are ﬁnanc:ally wab]e under lhc conserva{we

: condmons followmg the current actual economic condmons since their FIRRs arc over 12%.

- However, FSL.360m Alternahvc of a Jarger output is more competltwe than FSL.320m one with
~the different FIRR of about one (1) point only. Consequently, as a conclusion, the basic data for .
the economic evaluation, such as a fopography, geology and hydrology are not enough lo
dctelmmc the ﬁnal selcctlon of thc dam helght : S -

" JICA NAM NGIEP-1 HEPP S -0 T T ebroaiy 2000
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