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Nam Ngum 1 Dam and Power Station (February 2009)

Downstream View from Nam Ngum 1 Dam (February 2009)




Salient Features of Nam Ngum 1 Hydropower Station Expansion Project

Descriptions Dimensions

Reservoir River System Nam Ngum river
(Existing) Catchment Area 8,460 km? (Completion Report 1972)

Max. Flood Level El. 215.0m

Full Supply Level (FSL) El. 212.0m

Minimum Operation Level (MOL)  [El. 196.0 m

Gross Storage Capacity at FSL 7,030 x 10° m’

Active Storage Capacity 4,700 x 10° m®

Annual Average Inflow 375 m°/s (*)

Flood Inflow Peak (PMF) 8,800 m’/s
Dam Type Concrete gravity dam
(Existing) Dam Crest Level El. 2150 m

Max. Height of Dam 7Bm

Length of Dam Crest 468 m

Volume of Dam 358,000 m®
Spillway Type Open channel with flip bucket
(Existing) Width of Chute Channel 57.5m

Length of Chute Channel 95.2m

Overflow Crest Level El. 202.5m

Gates (radial type) 4 nos. @W12.5m x H10.0m
Intake Type Horizontal bell-mouth

(Existing Units)

Diameter of Penstock

3.4 m (for Units1 & 2)
6.0m (for Units 3,4 & 5)

Center Elevation of Penstock

El. 189.0 m (for Units 1 & 2)
El. 186.0 m (for Units 3, 4 & 5)

Trashrack Removable type

Staoplogs Inserted in trashrack slot

Type of gate Rope-hoisted fixed whedl gate
(Expansion) Type Horizontal bell-mouth installed

in ahole excavated in dam

Diameter of Penstock 55m

Center Elevation of Penstock El. 185.25m

Trashrack Removable type

Staoplogs Inserted in trashrack dot

Type of gate Bonnnet type (with hydraulic hoist)
Powerhouse Type Surface type concrete building
(Existing Units) Height (Bottom to Roof) 42.1m

Width x Length 43.95mx 1384 m
(Expansion) Type Surface type concrete building

Height (Bottom to Roof) 42.1m

Width x Length 4245 mx 25.74 m
Tailrace Type Open Channel

Water Level (no flow) El. 164.0 m

Water Level (Units1to 5) El. 168.0 m

Water Level (Units 1to 6)

El. 168.4 m (after expansion)




Descriptions

Dimensions

7. |Turbine Type Vertical Shaft Francis Type
(Expansion) Number 1
Rated Output 40.90 MW
Revolving Speed 142.9 rpm
Rated Net Head 40.0m
Rated Dischrage 111.2 m%/s
8. |Generator Type Umbrella Type
(Expansion) Rated Output 50.00 MVA
Frequency 50 Hz
Voltage 11 kV
Power Fcator 0.8
9. |Transformer Type Single-phase, oil-immersed type
(Expansion) Capacity 50 kVA (for three phase)
Voltage 11kV / 115kV
Cooling ONAF
10. [Switchyard Type Conventional type on roof
(Expansion) Voltage 115kV
Bus HDCC 725 mm?
11. |Generation Incremental Capacity 35 MW (95% dependable)
(Expansion) Incremental Energy Production 56 GWh/year
12. [Project Cost for Expansion US$ 7,006 million (**)

Construction Period (including Bid Preparation)

5years

(*): Including inflow from Nam Song and Nam Luek diversions
(**): US$1.0=JPY 95.0 =Kip 8,510



Lao PDR agencies
DMH
CDEP
CPC
DOE
EDL
FIMC
GOL
LNCE
LWU
MEM
STEA
WREA

Foreign organizations

ADB
EGAT
EVN
IMF
IUCN
JCA
MOI
MPI
NEPO
NTEC
NTPC
PEA
PRGF
UNDP
WCD
Others
AAU
B
BOT
CA
CDM
CER
CcOoD
ECA
EIA
EMMP
EPC
EPMs
ERU
ET
FS
FARD
GHG
GIS
GMS
GPS
HEPP
ICB
IEE
IPDP
PP
IWRM
J

LA
LEPTS

Department of Meteorology and Hydrology
Committee for Development of Electric Power
Committee for Planning and Cooperation
Department of Electricity, MEM

Electricite du Laos

Foreign Investment Management Committee
Government of Lao PDR

Lao National Committee for Energy

Lao Women's Union

Minigtry of Energy & Mines

Science, Technology & Environment Agency
Water Resources and Environment Agency

Asian Development Bank

Electricity Generation Authority of Thailand
Electricity of Vietham

International Monetary Fund

World Conservation Union (Switzerland)

Japan | nternational Cooperation Agency (Japan)
Ministry of Industry of Vietnam

Ministry of Planning and Investment of Vietnam
National Energy Policy Office of Thailand

Nam Theun 2(NT2) Electricity Company

Nam Theun 2(NT2) Power Company

Provincial Electricity Authority in Thailand
Poverty Reduction and Growth Fund

United Nations Development Program

World Commission on Dams

Assigned Amount Unit

“Ban” Villagein Laotian language
Built-Operate-Transfer

Concess on Agreement

Clean Development Mecah

Certified Emission reduction N] |
Commercial Operation Date

Export Credit Agencies

Environmental Impact Assessment
Environmental Management & Monitoring Plan
Engineering, Procurement and Construction
Environmental Protection Measures

Emission Reduction Unit CDM
Emission Trading GHG
Feasbility Study

Focal Area for Rural Development
Green House Gas

Geographic Information System
Greater Mekong Sub-region

Global Postioning System

Hydroel ectric Power Project
International Competitive Bidding
Initial Environmental Examination
Indigenous Peopl es Development Plan
Independent Power Producer
Integrated Water Resources Management
Joint I mplementation

Loan Agreement

Lao Electric Power Technical Standard

co2

€02

co2

JCA
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SPP
TOR

Unit/Technical Terms
B-C, B/C

EIRR, FIRR

EL.()m

FSL.

GDP

GWh

IRR

LWL

MAP

MAR

MOL.

MW

PMF

PMP

Uss

Least Less-Developed Countries
Memorandum of Understanding ( )
National Biodiversity Conservation Area
New Economic Mechanism

Non Governmental Organizations

Nam Ngum River Basin

Operation and Maintenance

Official Development Assistance

Project Development Agreement

Power Development Plan

Power Purchase Agreement

Scope of Works

Social |mpact Assessment

Special Purpose Company

Small Power Producer

Terms of Reference

/
B: Benefit and C: Cost B c
Economic/Financial Internal Rate of Return /
Meters above Sea level m

Full Supply Level of Reservoir

Gross Domestic Product

Giga Watt Hour (one billion watt hour) (10
Internal Rates of Return

Low Water Level of Reservoir

Mean Annual Precipitation

Mean Annual Runoff

Minimum Operation Level of Reservoir

Mega Watt (one million watt)

Probable Maximum Flood

Probable Maximum Precipitation

USDallar « )

JCA
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Figure 2.5 Daily Load Curve (2025)

3
31
1971
70 m
C1
155 MW
66%
1995 2000
65 m/s
15 m’/s 74%

Table 3.1 Principal Features of the Nam Ngum River Basin and NN1 Hydropower Station
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Figure 3.1 Historical Energy Output of Nam Ngum 1 Power Station
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Table 3.2 Project Feature of IPP Project Located in the Upstream of Nam Ngum 1 Dam

Items Project Nam Ngum 2| Nam Ngum 3| Nam Ngum 4| Nam Ngum5| NamBak 1 Nam Bak 2
Purpose IPP IPP IPP IPP - IPP IPP -
(Export) (Export) (Export) (Domestic) (Export) (Domestic)
Status Under_ U”deT P.PA Pre-F/S Under_ Pre-F/S Pre-F/S
congtruction | negotiation congtruction
Southeast Asig Saigon Invest Southeast Asig Southeast Asia
Main Developer Energy GMS Power Grou NN5PC Energy Energy Limited
Limited v Limited | (Thailand)
ELaWn;d ggn'g”a‘:';emem of 2011 January ; ; 2011 ; 2016
Principal Feature
Catchment area (km?) 5,640 3,888 483 597 320
Storage at FSL (MCM) 6,774 1,407 314 250 190
Average annual inflow (MCM) 6,270 3,000 719 750 400
Type of dam CFRD RCC RCC RCC RCC
Dam Height (m) 181 220 125 99 83 85
Design flood of spillway (m®/s) 10,855 7,900 3,231 1800 963
Powerhouse Above ground| Underground Semi-ground | Semi-ground | Semi-ground
Rated output (MW) 615 440 185 120 115 68
Average annua energy (GWh) 2,310 1,919 748 400 600 357
Prepared by JICA Survey Team
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(1) 2
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181 m
2011 615 MW EGAT
PPA 100
67 2,994 MCM
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3 2
2 69 PPA
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3
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2
(3) 4
4 3
Pre-FS 4
3
(4) 5
5 3
9m RCC 2
2011 413 kn? 314
MCM 2 120 MW
70 45 MW
1
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(5) 1
2
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2
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NN1

(6) 2
2
2
RCC
1
68 MW
1

Table 3.3 Project Features of Hydropower Project related with Nam Ngum 1 Power Generation

Items Project NamLeuk | NamMang3 | NamLik /2 | NamlLik 1
| PP (Domestic & | |PP (Domestic & PP PP
Purpose Export) Export) (Domestic) (Domestic)
Status Existin Existin Under F/S
9 9 congtruction
I ntecr:r?;tr;?)nal Hydro
Main Devel oper EdL EdL Water & Engi Cn:(:.)erl ng
Electric Corp. ]
Planed Commencement of 2000 2004 2010 2011
Power Generation
Principal Feature
Catchment area (km?) 274 65 1,993 5,050
Storage at FSL (MCM) 154 45 1,095 61.3
Average annua inflow (MCM) 438 - 2,690 5,786
Type of dam Rockfill RCC CFRD Rockfill
Dam Height (m) 46.5 22 1014 21
Design flood of spillway (m/s) 2,100 57 2,080 9,150
Powerhouse Above ground| Above ground| Above ground | Above ground
Rated output (MW) 60 40 100 61
Average annual energy (GWh) 230 134 395 249
Prepared by JICA Survey Team
D (Nam Leuk)
46.5
181 60 MW 2000
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Nam Ngum River Basin Development Sector Project

ADB AFD Nam Ngum River Basin
Devel opment Sector Project
Water Resources Coordination Committee(WRCC)
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Figure 4.3 Operation Records in June 2008 (Wet Season)
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Figure 4.4 Expected Operation Pattern in Apr.2015

JCA -16- 2 1



Daily_Load_Curve(Weekday,Apr., 2015)

Apr.

|——Base

—=— JO0MW_Bxpansion
—A— MW Bxpansion

12 3 4 5 6 7

8 9 10 11 12 13 14 15 16 17 18 190 20 21 22 23 24

(Hour)

Daily_Load_Curve(Holiday,Apr., 2015)

2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Apr.

|——Base

—8— MW _Bpansion
—A— OMW Expansion

(Hour)

Prepared by JICA Survey Team

2020

Figure 4.5 Expected Operation Pattern in Sep.2015
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Figure 4.9 Expected Operation Pattern in Sep.2025

JCA

-18-

2 1



4.3

1
2009 Figure4.3.1 5 115 kv
4 C1l
1
4 2
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2
5km
EGAT
EGAT
115 kv 1
212 km
1
115 kV
1
Source: System Planning Office, EdL
Figure 4.10 System Configuration of C1 Area, Vientiane Municipality, 2009
2

2016
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Source: System Planning Office, EdL
Figure 4.11 System Configuration of C1 Area, Vientiane Municipality, 2016

2016 115 kV
2011 230 kV
1/2 2010 230 kV
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4) 115/22 kV
110%
5) 230/115kvV
2
1 95 105%
92 108%
2) 90% 85%
©)
EdL
Table 4.1 Allowable Maximum fault Current
230 kV 40 50kA
115kV 25 31.5kA
22 kV 25 31.5kA
Prepared by JICA Survey Team
(4)
1) ® & 1 3 kR4
2)
Table 4.2 Fault Clearing Times by Main Protection Relays
230 kV 100 ms
115kV 140 ms
Prepared by JICA Survey Team
©)
N-1
Table 4.3 Allowable Current and Transmission Capacity of Standard Conductors
80 N-1 90
A MVA A MVA
ACSR240 480 96 590 120
ACSR240 590 120
ACSR300x2 1394 278
HDCC325 875 174
HDCC400 950 189
Prepared by JICA Survey Team
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(6)

EDL 2009 2016
1) 230 kV 1+1/2CB
2
2) 115/22 kV
a) 1 30MVA 3
b) 60 MVA
3) 230/115 kv
a 1l 2
b) 3 2kv A 3 1 2 30%
c)
4)
Table 4.4 Standard Impedance of Power Supply Transformers
1 2
230/115kV 12.5%
115/22 kV 8.5%
Prepared by JICA Survey Team
5
51
1200 m  Xiengkhouang 345 km
16,841 km’ 4
5 10
75 11 4
Vangvieng 3,500 mm Xiengkhouang 1,420 mm
K%} 28
16 8
D
Water Resources and Environmental
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Administration WREA Department of Meteorology and Hydrology DMH

2002
ADB ADF Nam Ngum River Basin Development Sector Project NNRBDSP
Component 2 DMH Electricité de
France EdF DMH
DMH NNRBDSP
2
DMH NNRBDSP
NNRBDSP  Component 2 EdF

©)

1995 Lahmeyer International

Feasibility Study Nam Ngum 1 Hydropower Extension Feasibility and Engineering Study
NNRBDSP
- 2
- 2
D
8,275 km?® )
2,079 mm

): NNRBDSPreport (2009)

2 1
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Figure 5.1 Comparison of Inflow into the Nam Ngum 1 Reservoir before and after Nam Num 2
Hydropower Completion
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Figure 5.2 Typical Operation Pattern for Night and Day time Peak
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Figure 5.5 Reservoir Water Level Record of Nam Mang 3 and Nam Leuk Reservoir
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Figure 5.6 Comparison of Optimum Reservoir Operation between with and without NN-2
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Figure 5.8 Monthly Average Power Output of the Nam Ngum 1 Hydropower Station
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6.1

(The Environmental Protection Law, 1999) 1999

(Water Resource and Environmental Agency: WREA) (Prime Minister Office)
(Environmental and Social
Impact Assessment Division : ESIAD)
(Social and Environmental Management Division)

(Electricite du Laos :EdL) (Project
Owner) (Technical Department) (Environmental Office)

Table 6.1 Environmental Assessment Process Responsibilities

DOE/MIH - Undertake project screening to determine EA requirements.
PR/ - Reviews, requires revision, and recommends approval of 1ESEs with ESMP or ToR of
© ) ESIA

- Reviews and decides on IESE ESMPs for all projectsin its sector area of responsibility
- Endorses TOR for ESIA

- Concursin consultants that are proposed to conduct |ESE and EISA

- Review and endorses ESIA and ESIA’sESMP prior to final approval by WREA

- Implements inspection, monitoring, validation and eval uation requirements

- Implementsrelevant public involvement requirements

- Oversees implementation of ESMPs

Project Owner | - Implements EA process and prepares the EA reports including

(EdL) - Preparing project descriptions

- Implementing public involvement requirements

- Implementing |ESE and/or EISA requirements and ESMP requirements
- Implementing monitoring and eval uation requirements

WREA - Referring to the Regulation on Environmental Assessment in the Lao
- Issue of Environmental Compliance Certificate (ECC)

Source: Prepared by JICA Survey Team referring to Regulation on Implementing Environmental Assessment for Electricity
Projectsin Lao PDR

(ESMP)

(Environmental Management Plans for Electricity Project, No.584/MIH DOE, 2001)
ESMP

JCA -32- 2 1




Project owner (PO) (EdL)

Development Project
Responsible Agency
(DOE/MEM)

WREA

Implementation

Screening and
Scoping

IESE
survey: 90-120 days, process: 50 days(IESE-ESMP) for 80 days(ESIA is needec

ESIA

Survey: 180-300 days, process: 60 days

Max. 52 days

Preparation of project

description

E(Preparation of draft i
'|IESE TOR) !

1(PO or Retain consultant:

ito conduct IESE, 90-120 !

|Submit IESE report

Assemble Project Review
Team and complete
screening [<30 days]

Review and approval

Notify ther result to PO and
EMMU [<7 days]

Non-exempt
project

Exempt
project

[mmmmmmmmmmm——————m
1

(Review/comment to IESE

- EMMU review IESE
- Invite concerned agencies
for comment [<7 days]

A\ 4

Irejection of screening
[<15 days]

—>|Issue ECC [<15 days] [—™

i(Review/commentto 1
1

Comments by concerned
agenies [<30days]

Receive decision and
review/comment

Record of decision on IESE
[<40 after IESE recieve]

Reject /return [<10 days] |

ESIA not required

v S
ESMP in | |Prepare TOR

ESIA required

Advise for ESIA [<10 days]|

Riview TOR and ask

IESE of ESIA

»{comments by agencies

[<7 days]

Comments by agencies
[<15 days]

A 4
Comments and approval

Comment and Approval of

B e A

'Conduct ESIA and
'submit full/ summary of

"|ESMP

of TOR [30 days after
TOR recieve]

——»fissue ECC_[<10 days] |—>{oo meto”

_|Invite parties for

\ESIA report (6-10 mon)

|Receive copy of ESIA|

"|comment [<15 days]

A 4
Comments by parties
[<30 days]

Complete ESIA review
[<60 days after receive]

|Reject Ireturn

Request for

<&

Revise ESIA I:

le—

additional studies

Receive copy of decision

Approve ESIA and

Issue ECC

L

* Theterms“IESE”, “ESIA”, “EMP’, and “STEA” correspondsto “IEE”, “EIA”, “ESMP’, and “WREA” in Lao
PDRNO0.1770/STEA. In thisfigure, termsfor “IESE”, “ESIA”, “ESMP”
are already used in official documentsin Lao PDR.

Prepared by JICA Survey Team referring to “Regulation on Implementing Environmental Assessment for Electricity Projects
in Lao PDR” and “Regulation on Environment Assessment in the Lao PDR (Lao PDRN0.1770/STEA)”,

Construction
start

Construction
with ESMP

and “WREA” is applied since those

Figure 6.1 Procedure for Environmental Assessment for Hydropower Project
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6.2

15
NBCA Phou Khao Khouay
1 (the Nam Leuk)
NNRB

Hmong-Mieng
Lao-Tai NNRB

NNRB 20 6
IESE 50 km 1km 24

Keooudom, Viengkham Thoulakhom

No. |Village Name Latitude |Longitude |HH Population|Female nos.
1|B. Kangmuang 18.36643| 102.57216 402 3321 1588
2|B. Keun-Nua 18.37982| 102.56649 361 2020 997
3|B. Keun-Kang 18.36116| 102.57259 473 2434 1335
4|B. Boungphao 18.33459| 102.54855 349 1507 802
5|B. Hatxai 18.34005| 102.55707 222 1127 558
6|B. Nakhong 18.32055| 102.57547 140 679 354
7|B. Cheng 18.29024| 102.55956 458 2343 1130
8|B. Lingxan 18.31531| 102.55108 300 1505 742
9|B. Phonhe 18.36374| 102.57810 323 1620 849

10|B. Thaxan 18.50274| 102.51100 167 932 459
11|B. Thalat 18.51543| 102.50797 214 1194 680
12|B. Thinkeo 18.52145| 102.50801 280 1366 701
13|B. Phoukhaokham 18.52996| 102.51068 443 2085 1064
14|B. Sengsavang 18.52064| 102.51344 299 1482 769
15|B. Pakkagnoung 18.42086| 102.54141 468 2297 1282
16|B. Thaphoxai 18.42184| 102.53665 108 516 347
17|B. Muang-Kao 18.43068| 102.53614 158 846 595
18|B. Veunsan 18.44083| 102.53437 251 1350 661
19|B. Nakhua 18.43380| 102.53248 262 1297 731
20|B. Nanin 18.45688| 102.53004 87 463 300
21|B. Hatxaykhoun 18.45727| 102.53403 54 304 232
22|B. Pakcheng 18.40949| 102.53473 147 852 530
23|B. Donkouat 18.40301| 102.53965 176 1031 598
24|B. Thinghoung 18.36893| 102.53104 280 1439 687
25|B. Viangkham 18.36542| 102.54758 126 708 451

Total 6,548 34,718 18,442

B. Kangmuang was not surveyed because it isincluded in KengKang village. Accordingly, target village number became 24.
Prepared by JICA Survey Team, using GIS Database of National Geographic Department 2005
Figure 6.2 Location of villages situated at the Downstream 50 km from NN1
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IESE

(IESE)

2002

"Regulation on Environment Assessment in Lao PDR,

(Initial Environmental and Social Examination IESE)

Table 6.2 Possible Negative Impact

Category

Type

Possible Negative Impact

Stage

Social
Environment

Social
infrastructure

Labors coming from outside may affect. Security of nearby
villages and sanitation of workers during construction work may
have adverse impact if proper management is not held.

Construction

Water usage

In dry season, irrigation and water use at downstream of Nam
Ngum 1 will be affected if off-peak output is zero or only with
single 18 MW unit. To confirm minimum river maintenance
flow required by downstream society, at least sngle 40 MW
unit should be operated during off-peak time It needs to
monitor the Nam Lik flow at the same time. In addition, rapid
water level increase during off-peak to pesk time shift may
affect downstream safety of people.

Operation

Sanitation

Sanitation of workers during construction work may affect to
water quality or health condition of surrounding areas.

The expected scale of amount of workersis approx. 400 and not
quite large.

Construction

Natural
Environment

Water
pollution

It is expected that temporary water pollution occurs due to
concrete mixing, aggregate collection and washing, and
excavation works during construction. The affect is temporary
and small but should be minimized.

Construction

JCA

-35-
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Category

Type

Possible Negative Impact

Stage

Hydrological
Situation

In dry season, river discharge will increase during peak
generation hours and decrease during off-peak hours. For 40
MW expanson, maximum output during peak time does not
affect to downstream. However, water decrease will affect to
downstream if zero operation or smallest operation with single
18 MW unit is conducted during off-teak time. The condition is
also affected by discharge amount of the Nam Lik River.

Operation

Landscape

Additiona powerhouse slightly changes appearance of the NN 1.
If optiona work of river bed excavation is conducted to obtain
additional head and energy output, downstream scenery is also
dlightly changed but thisis not significant.

Cosntruction

Prepared by JICA Survey Team

Table 6.3 Possible Positive Impact

Category

Type

Possible Positive Impact

Stage

Social
Environment

Loca
Economy

Employment will be created by the construction works.

Construction

Natural
Environment

Global
warming

It will have positive impact due to utilization of spilled water for
additional energy of 56 GWh due to expansion, which can save
fossl fuel in the grid in Thailand owing to the reduction of
power import from Thailand.

Operation

Prepared by JICA Survey Team

Table 6.4 Category and Number of the Affected

Category

Amount

Remarks

Source

1)

Population of Nam Ngum River basin

69,559

Indirectly affected people

NNRB Profile, 2009,. WREA

2)

Riverside < 1km villages
downstream < 50 km of NN1

24

Villages in affected area

GIS database, 2007, NGD

3)

Riverside < 1km households
downstream < 50 km of NN1

5,800

Households in affected area

NN1 Expansion IEE Socio-
economic Interview Survey

4)

Riverside < 1km population
downstream < 50 km of NN1

30,347

Population in affected area

Ditto

5)

Nos of river water general users of 4)

28,648

Affected people

Ditto

6)

Nos of boat transporter users of 4)

11,714

Affected people

Ditto

7

Nos of gardening household of 3)

2,285

Affected households

Ditto

8)

Nos of fishery household of 3)

400

Affected households

Ditto

9)

Nos of commercial fish cage hh of 3)

64

Affected households

Ditto

10)

Nos of irrigation pumping station

15

Affected infrastructure

Ditto

11)

Area of irrigation in dry season (ha)

1,035

Affected infrastructure

Ditto

Prepared by JICA Survey Team

0.4-05m
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0.3-0.4m

40 MW

195 MW
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0.7m
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4AO0MW 1
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40 MW 195 MW 2.0-2.3m
40 MW 2 80 MW
80 MW
80 MW 30 1
0.4-05m
1/2
1/2
1/2
90%
1/2

Table 6.5 Advantage and Disadvantage of the Case without Expansion Project

Advantage

Disadvantage

No downstream affect will be
seen. The condition is the same
as present.

No construction will be held
and temporary impact due to
construction will be avoided.
Project cost at about US$60 will
be saved.

- No expansion will be held, and Lao PDR must import
expensive energy at peak power in dry season from Thailand,
which will be a burden of foreign currency balance of nation.
EdL needs to cover the cost which may deprive other
development opportunity for poverty reduction such as rural
electrification.

- No additional annual power output, namely 56 GWh, will not
be obtained.

- Thermal power in Thailand will be used for peak power import
to Lao PDR, which releases CO2.

Prepared by JICA Survey Team
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Table 6.6 Advantage, Disadvantage and Environmental Im

pact of Alternative Plans

Plan Advantage Disadvantage Environmental Impact
Al (40MW) Intake coffer construction is Land space is narrow. Affect to downstream can be mitigated in
easy. Access way to existing transformers is blocked |by selecting off-peak operation output.
Overall layout is compact. during intake construction. Conventional mitigation measurement is
Head loss in waterway is least. sufficient for construction.
A2 (60MW) Intake coffer construction is Land space is very narrow. Gardening of few riverside households
easy. Spillway wall foundation requires special slope |may be affected due to water level
Overall layout is compact. stabilization. fluctuation.
Less head loss. Existing building width is not enough. Existing |[Conventional mitigation measurement is
carne is not usable. sufficient for construction.
Roof of unit-5 bay requires replacement. Unit-5
is not operable during replacement.
A4-1 Land space is sufficient. Existing Nam Leuk GIS S/S has to be
A4-3 Intake coffer construction is relocated. - .
’ . . Affect to downstream can be mitigated in
(40MW) easy. Construction of tailrace outlet of A4-1 disturbs . :
: . . - . by selecting off-peak operation output.
Tailrace outlet of A4-3 is apart |operation of existing units 1&2. Conventional mitigation measurement is
from existing tailbay. Existing crane is not usable. Locating - ;
. . sufficient for construction.
switchyard on roof is not allowed due to lack of
safety distance below existing 115kV lines
A4-2 Land space is sufficient. Construction of tailrace outlet of A4-2 disturbs |Gardening of few riverside households
A4-4 Intake coffer construction is operation of existing units 1&2. Existing crane |may be affected due to water level
(60MW) easy. is not usable. Locating switchyard on roof is fluctuation.
Tailrace outlet pf A4-4 is apart |not allowed due to lack of safety distance Conventional mitigation measurement is
from existing tailbay. below existing 115kV lines passing over the sufficient for construction.
roof.
B2-1 Land space is sufficient. Existing Nam Leuk GIS S/S has to be Several riverside households may be
(80MW) Intake coffer construction is relocated. affected. For 120 MW, water level
B2-2 easy. Tunnel waterways are long and require steel |increase in peak time will be more than
(120MW) New powerhouse is independent]lining in full length. 1m, which may require compensation.
from existing powerhouse . 120MW case needs new 54 km long
D2-1 (40MW) [No obstructive structure in Intake tower is independent in deep reservoir |Several riverside households may be
D2-2 (60MW) |expansion area. (>30 m deep). Construction of tower without affected. For 120 MW, water level
D2-3 (80MW) |[Up to 80MW, generated power [lowering WL is very difficult. increase in peak time will be more than
D2-4 (120MW) is transmitted through existing [120MW case needs new 54 km long 1m, which may require compensation.
T/L via exiting switchyard. transmission line. Construction scale is large and EMP
needs mitigation for especially for
tunneling work.

Prepared by JICA Survey Team

(ESMP)

IESE

()
(i)
(iii)

40 MW

18 MW1

1

(Environmental and Social Management Plan: ESMP)

1

117.1 m¥/st

When assuming the worst case of 10 years possibility, discharge at 29.1 m*/s can be added to discharge from NN1. Then,

discharge of Base Condition (present) becomes 203.2 m¥s, Case-40 MW is 146.2 m®/s, and Case-18MW is 86.1 m3/s.
Accordingly, 203.2-86.1=117.1m?s is needed for the Nam Lik when single 18 MW is operated.
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12

12

(CEMP)

ESMP

Table 6.7 Cost Estimation for Environmental Management

Description Unit price Qty Unit Amount

Detailed Design

Environmental Specialist (international) 20,000 1|P/M 20,000

Hydrologist 4,000 2|P/M 8,000

Miscellaneous expenses 14,000 1|L.S. 14,000
Subtotal 42,000
Construction

Environmental Specialist (international) 20,000 3|P/M 60,000

Environmental specialist (local) 4,000 18|P/M 72,000

Water quality Analysis 2,000 18]set 36,000

Governmental monitoring cost 1,200 12]times 14,400

Miscellaneous expenses 91,200 1|L.S. 91,200
Subtotal 273,600
Operation

Environmental Specialist 4,000 3|P/M 12,000

Hydrologist 4,000 2|P/M 8,000

Governmental monitoring cost 1,200 4]times 4,800

Environmental audit cost 5,000 1]time 5,000

Miscellaneous expenses 14900 1|L.S. 14,900
Subtotal 44,700
TOTAL 360,300

* Compensation is not included Unit:US$

* Miscellaneous expenses includes transportation, communication, reporting, etc.

Prepared by JICA Survey Team

US$0.32
US$45,000 EdL
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Table 6.8 Environmental and Social Monitoring Plan

Description

|Mitigation Plan

| Responsibility | Monitoring| Frequency

1. Study Stage (conducted in IEE)

Environmental

Environmental Clearance Certificate must be obtained

permits before construction. EdL ) Done
Explanation to all downstream 24 villages were held
Explanations to during survey. Public Consultation was held on 16 June|EdL and
. . . Done
the Public 09 and consensus was obtained for projectlconsultants
implementation.
2. Construction Stage
2.1 Anti-pollution measures
) Sprl_nk_le water tq control dust Contractor Contractor |Daily
- Minimize travel distance
Air quali - Regular checking of engine and exhaust off .
quality €9 ) 9 9 ) Contractor Enineer Monthly
machinery, and its recording and reporting
- Respiratory protection for workers at site Contractor Enineer Daily
- Regular water sampling and quality analysis atf
Water quality downstream of construction site. In case not acceptable] NN1PS/Engineer |EdL Monthly
level, find reason and trap waste water.
Waste - Dispose of materials to approv_ed area so as nho to Contractor Enineer Weekly
disturb scenery and not to contaminate water.
Soil contamination - Capture _|nsu|at|on olls inbarrel and use oil proof Contractor Enineer Weekly
sheet to avoid any leakage.
- Instructuction to driver to comply speed limit.
Noise and vibration | - Check proper material loading and unloading. Contractor Enineer Weekly
- To use silnecer and muffler for equipment.
- Site rehabilitation with topsoil recovery, reshaping, L
Management of - n topsoll e y ping . At finishing
. revegetation, and remediation with site clean up work |Contractor Enineer
abandoned sites P . stage
- Stabilization of waste disposal area
2.2 Natural Environment
Topography and - Prevention with rock support and prompt concrete| . Before
. . Engineer EdL .
geology work in construction. construciton
2.3 Social Environment
- Provision of proper sanitation with septic facilities.
Sanitation - Prohibition of untreated human waste to enter any|Contractor Enineer Weekly
watercourse.
- -Source workforce from qualified locals and orient| Work
Living and . . . . ) ) .
livelihood, safety workers on desirable working relationship with skilllContractor Enineer commence
' enhancement and employment program. ment
- Provision of explanation to villagers and tourists for] At finishin
Landscape the meaning that the work is enhancing energy, which|Engineer/NN1PS |EdL g
) . stage
can reduce CO2 and benefit to global environment.
3. Operation Phase
- Daily monitoring downstream water level including the|
Hvdrology/ Nam Lik. Avoid zero or single 18 MW operation for off{NN1PS EdL Every day
Y 9y . |peak hours to keep downstream water level.
Social and economic - - .
; - Precaution to downstream communities for rapid
environment, . - o
public safety increased/decrease of river water level with sign board
and public consultation. Keep_ present output increase|NN1PS EdL Every day
rate and conduct gradual opening output as possible.
4. Monitoring and Audit
Environmental audits |Undertake third party monitoring audits WREA, - Lyear aften
construction
Environmental Monitoring by EMMU for compliance of ESMP and WREA,
o oG 9 by P NN1PS, EMMU |Steering Quartely
monitoring ) Committee
Prepard by JICA Survey Team
1
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Table 6.9 Implementation Schedule for ESMP

- Year 1 Year 2 Year 3 Year 4 Year 5 Year 6
Description 1(31(5 |7 |9 [11]1 |3 |5 |7 |9 |11fr (3 [5 |7 |9 |12 |3 |5 |7 |9 |11]1 |3 |5 |7 |9 |11|1 [3 [5 |7 |9 |11
1 |Detailed Design Stage
Hydrology data collection and analysis |
Warning sign and system study _‘_:_f_:"
EMP revise according to detailed design [ =
2 |Construction Stage
Education of construction workers | m—|
Water quality monitoring
Transportation inspection Oppppopoppppppppanp
Machinary checking OppppopopppppppanD
Worker's camp hygine management ]
Quarry site and dumping management e ——
Public health and savety management
3 |Operation Stage
Hydrology data acquisition I o ——
Downstream hydrology monitoring o e e
Prepared by JICA Survey Team
2009 5 29 6 5 50 km 24
2009
7 16 WREA EdL
53
6.4 CO,
(Clean Development Mechanism: CDM)
2007 12 ACMO002 Version7 "Consolidated baseline methodology for
connected e ectricity generation from renewable sources’ EdL
EGAT
40 MW 1120 GWh 56 GWh
40 MW CER
Table 6.10 Emission Reduction and Revenue from CER
Method JICA Method* EGAT Grid Average
CER Price US$20/ton-CO,
Emission Reduction 39,650 ton-CO,/year 31,135 ton-CO,/year
Emission Coefficient 0.708 ton-CO,/MWh 0.56 ton-CO,/MWh
Revenue from CER About 0.7 mil US$/year About 0.5 mil US$
*: Considersthe hydropower will substitute from petroleum thermal energy first.
Prepared by JICA Survey Team
CDM
CER
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7.1
( 100-150 m)
200 m 300 m 140m
164 m 1960
200 m 145m
500 m
4km
1968 13
1960 1/1000
1995 F/S
( 1/500)
7.2
D
B2 D2
Al
Al
D2
Table 7.1 List of Geological Mapping and Drawings Prepared in This Study
area type output remarks
) . Appendix
Dam Site Area QOutcrop Mapping *Outcrop Map”
. . Drawing revision
ditto Geological Plan "Geological Plan’ (integration of all investigation results)
Water Way Geologica Profile Figure 7.2.14-19 all alternatavive options
. . Drawing . .
New Power House | Geological Section | Geological Section” optimum option(A1) only
Prepared by JICA Survey Team
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Table 7.2 List of Investigation Drillings Carried Out in This Study

drill hole length elevation inclination direction location coordinates stage in-situ test
No. (m) (m) (degree) (degree) E N
A1 | 20 | 177206 | 90 | (N/A) |ALoption| 182408727 | 2,051,663.3 |preparatory survey,2009 |Standard Penetration Test
water pressure test
JCB-1 25 | 177.689 90 (N/A) | B2option| 18,240,810.6 2,051,466.8 |preparatory survey,2009 [Standard Penetration Test
JCB-2 25 | 204.893 90 (N/A) | B2option| 18,240,869.3 2,051,458.8 |preparatory survey,2009 [Standard Penetration Test
JCD-1 25 | 176.887 90 (N/A) | D2option| 18,240,736.2 2,051,800.3 |preparatory survey,2009 |Standard Penetration Test
D2 | 55 | 224777 | 90 | (N/A) |D2option| 182409380 | 2,051,859.8 |preparatory survey,2009 |Standard Penetration Test
water pressure test
Prepared by JCA Survey Team
Table 7.3 List of Laboratory Tests Carried Out in This Study
test name JCA-1 JCB-1 JCB-2 JCD-1 JCD-2
nos. nos. nos. nos. nos.
Specific Gravity and Absorption test 2
Unconfined Compression Strength test
Splitting Tensil Strength test
Prepared by JICA Survey Team
)
Figure7.1
)
) ©) 3
@ 2
©) (4) () 5
Figure 7.2
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JCA-1
@ Vi Drill Hole  (2009)

Drill Hole (1995)

Prepared by JICA Survey Team
Figure 7.1 Geological Plan
Long Cut Slope Mudstone Sections Seepage along
Fatal in Basement Rock Sandstone strata
Geology —
exigting structure new structure new structure temporal closure
fault_, toe of sifje of behind tunnd generator / inlet portal outlet
landslide dam spillway | power house power house portal
A1A2 - O O - - O - O
A4 - O - - O O - O
B2 - - - O O O - O
D2 - - - O O O O O
“O" indicates the requirement of countermeasures.
Prepared by JICA Survey Team

Figure 7.2 Geological Matters on Each Alternative Options

3) Al
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Prepared by JICA Survey Team
Figure 7.3 Geological Profile (Al)

Figure 7.4
55

JCA

-45- 22



(a) Sliding Failure (b) Buckling Failure, Toppling Failure

Figure 7.4  Slope Failure Types

8
8.1
F/'S 8
8 3 4
34
8.2
8
Al—A3
(40-80 MW)
A4 (40-60 MW)
B1 (80 MW)
B2 (80 MW)
C
(80 MW)
D1
80-120 MW
D2 D1
80-120 MW
E
B2 80-120 MW
Bl C
D1 D2 E
Al-A2 A4 B2
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DOE/EdL
DOE/EdL
b2 ( )
Al-A2 A4 B2 D2

8.3

12

Al (4OMW) A2 (60 MW)

A4l (AOMW) A4-2 (60 MW)

A4-3 (AOMW) A4-4 (60 MW)

B2-1 (8OMW) B2-2 (120 MW)

D2-1 (40MW) D2-2 (60MW) D2-3 (80MW) D2-4 (120 MW)

3-5
80MW 120 MW 85m
105 m B2 15m
80 MW 40 MW 2 120 MW 60 MW 2

Square type
D
40 MW 7.2m 60 MW 86m
(Slot-drilling)

D2
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Table 8.1 Major Features of Powerhouse and Tailrace for Each Alternative Plan

Alternative 1 2 3 4 5 6 7 8 9 10 11 12
Plans Al | A2 | Ad-1l | Ad-2 | A4-3 | A4-4 | B2-1 | B2-2 | D2-1 | D2-2 | D2-3 | D2-4
(MW) 40 60 40 60 40 60 80 120 40 60 80 120

Powerhouse:

i Extended to Independently

- Building the exist Independently constructed constructed Independently constructed

- Turbine

inlet valve ) ) ) 2 st

- Add. OHT
crane (ton) - 250 | 170 250 170 250 170 250 170 250 170 250
Tailrace
i Open Short tunnel Long tunnd
Type channd | D6 | D74 | D6 | D74 | Openchamnd Open channel
- Gate (ton) _ New New New New
‘; aﬁg”try XISt g0 | 56 | 80 | 56 | 80 | 56 | 8 | 56 & 8 | 56 | 80

*) OHT: Overhead Traveling

Prepared by the JICA Survey Team

A1 (40 MW), A2 (60 MW), A4-1 (40 MW), A4-2 (60 MW), A4-3 (40
MW), B2-1 (80 MW), D2-1 (40 MW), D2-3 (80 MW)

1 2)
3) 4)
5) 6)
7) 8)
9) 10)
11) 115kV GIS 12) 115 kV
13) 115 kV 14)
15) 16)
17) Thalat 115 kV
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1 2)
3) 4)
5) 6)

2016

2016

1)

a 40MW 60MW 80MW

b) 120 MW
115 kV
115 kV

2)

a)

b) 120 MW

c) 60MW

115 kv

N-1

1

C1

N-1
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2016 3

3
80 MW 120 MW
115 kV 1 3
115 kV 1 3
40 MW Al
40 MW
60 MW A2
Ad-4
80 MM 120 MW (B2
) (D2 )
40 MW
05m
( )
NN1 ( NN2 )
36
B/C
B/C Al (40 MW)
B/C B/C 206 B/IC 165
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Table 8.2 Summary of Economic Comparison of Alternatives
Incrementa capacity Benefit Benefit-cost ratio
Expansion | Alter Project and energy (*) M US$ /year
Scale native cost Capacity Energy Economic | Financial | Economic | Financial
(M US9$) | increment increment benefit benefit B/C B/C
(MW) (GWhyear)
40 MW Al 57.31 33.83 51.93 13.39 3.00 2.06 1.65
A4-1 66.66 33.61 50.75 13.22 2.93 1.75 1.38
A4-3 66.11 33.54 50.27 13.18 291 1.76 1.38
D2-1 83.82 33.76 51.56 13.34 2.98 1.40 112
60 MW A2 80.96 51.02 54.56 18.32 3.15 1.99 1.22
A4-2 87.56 50.71 52.59 18.08 3.04 1.82 1.09
A4-4 | 87.12 50.61 51.95 18.01 3.00 1.82 1.08
D2-2 | 106.26 51.04 54.70 18.33 3.16 152 0.94
80 MW B2-1 | 130.79 78.09 66.56 26.71 3.85 1.80 0.92
D2-3 | 133.87 77.16 62.40 26.14 3.61 1.72 0.85
120MW | B2-2 | 171.49 116.53 71.73 37.71 4.15 1.94 0.76
D2-4 | 180.40 114.52 65.49 36.66 3.78 1.79 0.66
Prepared by JICA Survey Team
Al (4 0MW) 12 Al
40 MW
Al
9
9.1
6
1 (NN1) 2 (NN2) 2011
4 2015 NN1 (40 MW)
NN2
NN1
NN1 (1982-2007) EL. 206.0 m
NN1 15 NN2
NN1 NN1
36 40 MW
NN1 3.6m EL. 209.6 m
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6 EL.209.6 m

N N 1 214 Prepared by JICA Survey Team
HWL]212.0m A
(155 212 Aften 40MW Expansion &
MW) EL. 168.0 m 40 210 (with|NN2) b
— / ‘R A
MW EL.168.4m E 208 — -
w . &
o 206 | xh
= s A Existing Condition
6 E 204 ) x A & (actuallyobserved)
5 o
12m § 202 | &
A
6 40.0 200 (2%
m(=209.6-168.4-1.2) 108
40 0 6 196 LWL 196.0m

0 10 20 30 40 50 60 70 80 90 100

( ) Frequency of non-exceedence of WL (%)
Prepared by JICA Survey Teanm

Figure 9.1 Reservoir WL Frequency

6
4O MW (35 ) 6.0m 6
35
6 4 (6.0m 55
m 50m 4.5 m) 55m
50 6
55m
6
3-5 EL. 196.0 m NN2
NN1
36 EL. 197 m
6 6
EL.196.0m
55 6 EL. 185.52m
9.2
6 55 m
6.7 m 0.6
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EL. 207 m
EL. 207 m
35 36
34 GWh 2.1 USs$ (
=0.0621 US$/kWh)
EL. 207 m 49 USs$
3 6 EL. 207 m

(Bl. No. 20)

9.3
41m 26m 42 m
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A
A
VEL.177
<+ 16m p»
41m VEL.168.5
EL.161v
v
42m
v
<+—— 26m —»<+—EXxisting
Floor Plan (EL. 172.5 & 173.0 m) Cross Section (Unit Center)
Prepared by JICA Survey Team
Figure 9.2 Plan and Section of Powerhouse
52m 11.5m 205m

94
(1) 6
6

1 2) 3)

4) 5) 6)

7) 8)

5
Table 9.1 Comparison of Principal Features of Electro-Mechanical Equipment
Item Unit 6 Existing Unit 5 | Remarks
(@) | Unit Rated Output 40,000 kW 40,000 kW
(b) Turbine
1) Rated net head 40.0 m 37.0m Note 1
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2) Type Francis turbine Francis turbine
3) Rated output 40,900 kW 40,000 kW Note 2
4) Rated speed 142.9 rpm 136.4 rpm Note 3
5) Turbine centerlineelevation | EL. 161.0m EL.161.0m
(0 Generator
1) Construction Umbrellatype Umbrellatype
2) Rated output 50,000 kVA 50,000 kVA
3) Rated voltage 11 kV 11 kV
4) Rated frequency 50 Hz 50 Hz
5) Rated power factor 0.8 0.8
(d) Main Transformer
1) Type Single-phase Single-phase
2) Rated power 50,000 kVA 50,000 kVA
3) Rated voltageratio 115/11 kV 115/11 kV
Note1l:  Dueto change of reservoir rated water level
Note2:  Dueto change of rated net head
Note 3:  Dueto change of turbine rated output and rated net head
Prepared by JICA Survey Team
(2 6
6 Thalat 115 kv
115 kv
Table 9.2 Replacement of 115 kV Main Bus Conductors
Item Existing Conductor New Conductor
(8 | Nam Ngum 1 Power Station
1) 115kV main bus conductor HDCC 325 mm’ HDCC 725 mm’
2) Current carrying capacity 875A 1,420 A
(b) | Thalat Substation
1) 115 kV main bus conductor ACSR 240 mm? ACSR 410 mm?
2) Current carrying capacity 590 A 825A
(3 6
6
a)
22 kV 6 20 kv
b) 115 kv 3 6 4 115 kV
2
2 115
kv
9.5
)
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7,150 mm 100 mm (SM )
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1
(M )
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Figure 9.3 Drawing of General Arrangement of the Optimum Expansion Plan
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176

174
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168

Tialrace Water Level (EL.m)

166

164

Current Condition

—&— Condition After
Riverbed Excv

WL Q
| (ElL.m) (m3/s)

175.0 2,815

169.9 1,025

168.9 735

167.7 467

167.1 351

166.5 247

500 1,000 1,500 2,000 2,500 3,000 166.0 167
Discharge (m3/s) 165.5 105
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Figure 10.1 Tailrace Water Level Rating Curve After Riverbed Excavation

10.3

(1) Unit1l

Unit 1

Unit 2

Unit 2
1
EL. 1640 m

(2) Unit3 Unit4 Unitb5

EL. 1640 m

Unit3 Unit4 Units 1.8 m
1.8m
Unit3 Unit4 Units
6
10.4
5GWh 7,400 78 uss$
JCA -59- 2 1



11

111
5
- Lotl:
- Lotz
- Lot3:
11.2
1
(Lot 1) (Lot2, 3)
: 11.5mx 4.0 m (46.0 n)
EL.181.0 m
6.7mx6.7m
35
1)
3)
36

3
DOE DOE
EdL
ODA
JCA DOE
1
3
H SM490

: 30 m(EL. 175.0 m— EL. 205.0 m)

55m

2)

JCA

-60-

2 1




EL. 168m

39,000 m® EL. 168m 24,000 m®
2
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15,000
m> 60 m?
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3
2
16 22
11.3
. US$ : US$ 1.00 = JPY 95.0, US$ 1.00 = Kip 8,510.0
. 2009 8
[ ]
[ ]
DOE/EDL
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[ ]
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5,546 5,621
122,224 Kip 124,066 Kip
6,910 7,006
(3)
24.4 25.2
31 31
18.8 18.8
7.4 7.4
53.7 54.5
12
12.1
EIRR
(1)
11
0.95
64,702 US$
(2
281 USY
30 16,363 US$
(1)
kw

JCA -62-

22




kwWh

kw
kWh
Table12.1
Table 12.1  Annual Energy and Capacity Benefits
Item Unit Without Project [ With Project Net
Annual Energy
Year 2015 - GWh 1,067.85 1,121.47 53.62
Year 2020 - GWh 1,072.75 1,144.80 72.05
Year 2025 - GWh 1,071.16 1,114.98 43.81
Dependable Pesk Capacity
Year 2015 - MW 67.9 108.5 40.63
Year 2020 - MW 78.2 115.9 37.69
Year 2025 - MW 76.0 101.4 25.40
Energy Benefit: kwh Value (US$0.0783/kWh)
Year 2015 - US$1,000 83,579 87,776 4,197
Year 2020 - US$1,000 83,963 89,603 5,639
Year 2025 - US$1,000 83,839 87,268 3,429
Capacity Benefit: kW Value (US$275.35/kW)
Year 2015 - US$1,000 18,688 29,875 11,188
Year 2020 - US$1,000 21,526 31,904 10,378
Y ear 2025 - US$1,000 20,920 27,914 6,994
Total Annual Benefit
Year 2015 - US$1,000 102,267 117,652 15,385
Year 2020 - US$1,000 105,489 121,507 16,018
Year 2025 - US$1,000 104,758 115,182 10,423
Prepared by JICA Survey Team
)
12.4% 145 US$H
©)
12.4% 136 USH
EIRR
EIRR 17.68 10 NPV 36,758 US$ B/IC 1.76 EIRR
10 NPV
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Table 12.2 Results of Sensitivity Analysis
Case la 1b 2a 2b 3
EIRR 16.20%| 14.92%| 17.21%| 16.73%| 14.08%
Prepared by JICA Survey Team
12.2
FIRR
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65,293 US$
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30 16,487
1
2008 USc6.21/kWh
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Table 12.3 Financial Benefit (Electricity Revenue)

Item Unit Without Project| With Project Net

Annua Energy

Year 2015 - GWh 1,067.85 1,121.47 53.62

Year 2020 - GWh 1,072.75 1,144.80 72.05

Year 2025 - GWh 1,071.16 1,114.98 43.81
Loss Rates

Transmission Loss % 6.0% 6.0%

Auxiliary Consumption % 0.5% 0.5%

Forced Outage % 0.5% 0.5%
Electricity Sold

Year 2015 - GWh 993.77 1,043.67 49.90

Year 2020 - GWh 998.33 1,065.38 67.05

Year 2025 - GWh 996.85 1,037.62 40.77
Electricity Revenue (US$0.0621/kWh)

Year 2015 - US$1,000 61,713 64,812 3,099

Year 2020 - US$1,000 61,996 66,160 4,164

Year 2025 - US$1,000 61,904 64,436 2,532

Prepared by JICA Survey Team

@
136 USY¥
FIRR
FIRR 275
D
1 (8)10% (b)20
2 Tariff Study Update 2009 (@ 1,274 /KWh
UScl14.97/kwWh Base Investment Case  Low Investment Case (b) 720 /KWh
USc8.79/kwWh  Low Investment Case (c) 2008 12
USc7.45/kwh
3 Low Investment Case USc8.79/kWh (810%
(b)20
@)
FIRR 1.67% 9.75% 0.01

1(a)(b) FIRR  2.17-1.67%

Table 12.4  Results of Sensitivity Analysis
Case la 1b 2a 2b 2c 3a 3b

FIRR 2.17%| 1.67%| 9.75%| 5.09%| 3.92%| 4.41%| 3.81%
Prepared by JICA Survey Team
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Table 12.5 Results of EIRR and FIRR Calculation
With Project With Project
(Without Excavation) (Excavation)
EIRR 17.68% 18.18%
FIRR 2.75% 3.30%
Prepared by JICA Survey Team
124
EGAT
C1 EdL EGAT EGAT
4,70 /KWh 3.52 /KWh
5.26 /KWh 4.08 /KWh
1
EdL
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2015-16 2025 15
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