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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. 215.0 m

Full Supply Level (FSL) El. 212.0m

Minimum Operation Level (MOL) [EIl. 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. 215.0 m

Max. Height of Dam 75m

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. @W125m x H10.0 m
Intake Type Horizontal bell-mouth

(Existing Units)

Diameter of Penstock

3.4 m (for Units 1 & 2)
6.0 m (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 wheel gate
(Expansion) Type Horizontal bell-mouth installed
in a hole excavated in dam
Diameter of Penstock 55m
Center Elevation of Penstock El. 185.25m

Trashrack

Removable type

Staoplogs Inserted in trashrack slot

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

Height (Bottom to Roof)

42.1m

Width x Length

42.45mx25.74 m

Tailrace

Type Open Channel
Water Level (no flow) El. 164.0 m
Water Level (Units 1 to 5) El. 168.0 m

Water Level (Units 1 to 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 40.0 m
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 115 kV
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)

5 years

(*): 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

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

Ministry of Energy & Mines

Science, Technology & Environment Agency
Water Resources and Environment Agency

ADB Asian Development Bank
EGAT Electricity Generation Authority of Thailand
EVN Electricity of Vietnam
IMF International Monetary Fund
IUCN World Conservation Union (Switzerland)
JICA Japan International Cooperation Agency (Japan)
MOI Ministry of Industry of Vietnam
MPI Ministry of Planning and Investment of Vietnam
NEPO National Energy Policy Office of Thailand
NTEC Nam Theun 2(NT2) Electricity Company
NTPC Nam Theun 2(NT2) Power Company (SPO)
PEA Provincial Electricity Authority in Thailand
PRGF Poverty Reduction and Growth Fund
UNDP United Nations Development Program
WCD World Commission on Dams
Others
AAU Assigned Amount Unit €02
B. “Ban” Village in Laotian language
BOT Built-Operate-Transfer
CA Concession Agreement
CDM Clean Development Mecah
CER Certified Emission reduction N] | €02
COoD Commercial Operation Date
ECA Export Credit Agencies
EIA Environmental Impact Assessment
EMMP Environmental Management & Monitoring Plan
EPC Engineering, Procurement and Construction
EPMs Environmental Protection Measures
ERU Emission Reduction Unit CDM C02
ET Emission Trading GHG
FS Feasibility Study
FARD Focal Area for Rural Development
GHG Green House Gas
GIS Geographic Information System
GMS Greater Mekong Sub-region
GPS Global Positioning System
HEPP Hydroelectric Power Project
ICB International Competitive Bidding
IEE Initial Environmental Examination
IPDP Indigenous Peoples Development Plan
IPP Independent Power Producer
IWRM Integrated Water Resources Management
Ji Joint Implementation
LA Loan Agreement
LEPTS Lao Electric Power Technical Standard
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LLDC
MOU
NBCA
NEM
NGOs
NNRB
0&M
ODA
PDA
PDP
PPA
SIW
SIA
SPC
SPP
TOR
Unit/Technical Terms
B-C, B/IC
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 Impact 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

US Dollar « )
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Table 1.5.1 Staff of Survey Team
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2.1
2.1.1
(MEM) (DOE)
(EdL)
1959 (EdL)
EdL 1966 1971
1966 30
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(Pakse)
1973 1975
1975
42 MW
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2.0 MW (Xelabam) (Pakse)
0.9 MW (Namdong (Luangprabang)
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241 kWh
1976 1979 30 MW 110
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1 2(C1 C2 4
EdL
EGAT
2007 EdL 56 10
25 (Figure2.1.1)
94
Number of Consumers(Whole Laos)
600,000 b so7
500,000 7‘@;}3 |
’ < Goelods
& | =411,760
g 400,000 74’1“
§ 300,000 | 16266,645
S] 648 |
=} 61317
£ 200,000 1330
65,308
100,000 1t 1
0 ‘ ‘ ‘ H=EE=-E s
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 (Year)
= Industry B Agricuruture C— Enterprise
[ Entertainment B Government Office =3 Residential
s Embassy —=—Total
Prepared by JICA Survey Team
Figure 2.1.1 Number of Customers
2008 EdL 3,008 2537 471
Academic Background persons
Master Degree 145
Bachelors Degree 307
High Diplomas 555
Medium Diplomas 1,118
Primaries 533
Others 350
Figure 2.1.2  EdL Generation & Project Department

JICA 2-2 22 1



Board of Director

Managin

Deputy Managing Director

g Director

Internal Audit Office

Party Control and Mass

M.D Office

Organization Office

Administration
Dept.

Business
Committe

Technical
Development Dept.

_|

Administration
Office

1

Training Center |

Generation Study
Project

Generation &
Project Department

Distribution

Dept.

|

l

Generation &

Environment Office Project DeptOffice

,|

¥

Nprthem Region

Central Region | Southem Region |

T
| Project |

Personnel Office

Technical Safety-
Labour Office

Source: EdL

2.13

Figure 2.1.3

Financingé Dept
office

NARPD Project

~| NamMang 3 H/P
T

| Champasak ~ Branch

—| IT Office

140

ProjectDSM
I
Xiengh Branch

Lbc/ REP South Project ‘I Xelabam H/P | enghouang Brand

| Ce
T
Office
Dam & S/S
6 S/S Extension _| am S Huaphanh Branch Pakngam
Project ice District Branch

Xaithani District
Branch Saravanh  Branch

T I
— Shareholding 7 _I Distribution Study | | Xeset 2 Hydropower I__l Nam Ngum 1 H/P | Vientiane Branch Adminiotration Balihamxay Branch
Relation Unit Contract/Lawoffice Project Project — Office
Luangprabang
ice
H and I
Contri Planning -I Technical Standard | | Paksan-Pakbo |__| Nam Xeset1 H/P | Bokeo Branch Hatxayfong District pew———
I L Office 115KV T/L Project Branch ranch
office
Kindergarten Scllool Loss Reduction Xayabouly Branch District
Branch

Nam Ngum'5 115KV
T/L Project Project

Oudomxay Branch

Attapeu Branch
Sangthong
District Branch

Xekong  Branch

Branch

Phongsaly Branch

S/S & T/L Control
Office

Technical & Planning
Office

Figure 2.1.2 Organization Chart of EdL

Nam Ngum Hydropower

Administration

Director

Distribution Office

(Director)

Director(Engineer) Director(Engineer) Director(Engineer)

Administration Financing Administration COnstructlpn e Sy SBeile Sy Nam Song Production
. - - Protection - Labor - Labor
- Personnel - Planning - Information | Hydropower Protection Protection Hydropower - Control
Dept.(20) Dept.(12) Dept.(14) Dept (10) Dept(19) Dept (22) House(8) Dept(20)
Kindergarten
School Dept (10)
Source:EdL

Figure 2.1.3 Organization Chart of NN1 Hydropower Station

JICA

22



2.2
221
2000 2007
10%
2007 369 MW C1 259 MW
203 MW C2 14 MW 116 MW 36 MW
(Figure2.2.1) C1 2006 217 MW 1999
2007 2.5
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Prepared by JICA Survey Team
Figure 2.2.1 Peak Demand and Energy Demand
IPP 691.9 MW (Table2.2.1)
C1 155 MW
258.7 MW
Table 2.2.1 Existing Power Plant
. Installed Energy
Power Plants L:)oc\f/iit:():z Capacity Production Owners o f:((:r?:m
(p ) (MW) (GWhp.a.) :
Selabam(H) Champasak(S) 5.0 215 EDL 1969
NamDong(H) Luangprabang(C1) 1.0 5.0 EDL 1970
Nam Ngum 1(H) Vientiane(C1) 155.0 1002.0 EDL 1971
Xsetl(H) Saravan(S) 45.0 133.9 EDL 1971
Nam Ko Oudomxay(N) 15 7.9 EDL 1996
Thuen Hinboun(H)  |Khammouane(C2) 210.0 1620.0 IPP 1998
Houay HO Attapeu(S) 152.1 617.0 IPP 1999
Nam Leuk(H) Vientiane(C1) 60.0 218.0 EDL 2000
Nam Mang3(H) Vientiane(C1) 40.0 150.0 EDL 2005
Nam Ngay(H) Phonsaly(N) 1.2 2.0 EDL 2006
Micro-hydro (37 locations) 6.6 Provincial
Solar (106 locations) 0.2 Provincial
Diesel (48 locations) 14.3 Provincial
Total 691.9 3,777.3
C1 Source: EdL
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Prepared by JICA Survey Team
Figure 2.2.2 Trend of Power Consumption by Sector
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Figure 2.2.3 Domestic Power Demand and Supply
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Table2.2.2

Peak Off Peak

EGAT (Regular)
kwh 0.19 THB
EGAT Table2.2.3
PPA EdL EGAT
Table 2.2.2 TOU Tariff Rate
(THB/KWh)
Time EGAT imported from EdL ST OO DG
Regular Emergency
Peak 1.60 1.79 1.60
Off Peak 1.20 1.39 1.20
Source: EdL
Table 2.2.3 Excess Charge Tariff
Voltage Peak Demand Charge Energy Charge(THB/kWh) Service Charge
Level (THB/KW) Peak Off Peak (THB/month)
115 kV 74.14 2.7595 1.3185 228.17
Source: EdL
TOU(Time of Use) Range
- Peak 09:00-22.00 (Monday-Friday)
- Off peak 22:00-09:00 (Monday-Friday)
00:00-24:00 (Saturday,Sunday)
2.3
231 PDP
EdL PDP (Power
Development Plan) PDP  PDP2007-16 PDP
Cl C2
EdL PDP 2007 2020
2020 JICA
(2002 ) Province
PDP EdL
EdL 2020
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Peak Demand Forecast in PDP
(MW
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Prepared by JICA Survey Team
Figure 2.3.1 Peak Demand Forecast in PDP
EdL 2020 1486.8 MW 2007
35 C1 880.6 MW
163.0 MW C2 313.7 MW 129.5 MW
2012 2020 66
2.3.2 PDP
Table 2.3.1 C1
2030 PDP (2007-2016) 2009 6
C1 258.7 MW 2030
IPP C1 2,375 MW
IPP
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Table 2.3.1 Power Development Plan (2030)

Installed Plant
No. Power Plant Capacity(MW) | Factor(@s) Com.Year Type Status
1 Nam Ko 1.5 60.0 1966 |Run of river Existing
2 Nam Ngay 1.2 18.7 2006 |Run of river Existing
3 Nam Dong 1.0 53.7 1961 |Run of river Existing
4 Nam Ngum1l 155.0 74.0 1971 |Reservoir Existing
5 Nam Leuk 60.0 41.5 2000 |Reservoir Existing
6 Nam Mang 3 40.0 42.8 2005 |Reservoir Existing
7 Nam Nhon 2.4 43.8 2010 |Run of river Under Construction
8 Nam Ham 2 3.5 60.3 2010 |Run of river Prepare for Construction
9 Nam Lik1/2 100.0 49.7 2010 |Reservior Under Construction
10 Nam Ngum 5 120.0 47.6 2011 |Reservoir Under Construction
11 Nam lik 1 60.0 47.3 2011 |Reservoir MOU
12 Nam Sim 8.0 49.9 2012 |Run of river PDA
g Nam tha 1 168.0 49.0 2012 |Reservoir PDA
14 Nam Nguml ext
15 Nam Mang 1 50.0 44.7 2015 |Reservoir Planned
16 Hongsa Lignite TPP 100.0 80.0 2015 | Thermal Planned
17 Nam Boun 8.0 2015 |Run of river Planned
18 Nam Long 5.0 51.3 2016 |Run of river MOU
19 Nam Bak 2 80.0 47.0 2016 |Reservoir Planned
20 Mekong Luangpravang 140.0 2016 |Run of river Planned
21 Nam Ma 1 60.0 52.5 2016 |Run of river Planned
22 Nam San3 48.0 75.2 2016 |Reservoir MOU
23 Nam Ma 2 24.0 52.5 2016 |Run of river Planned
24 Nam Ma 3 36.0 52.5 2016 |Run of river Planned
25 Nam Ngiep Regulating 20.0 2017 |Reservoir PPA
26 Nam Theun 1(Local) 13.0 42.0 2017 |Reservoir Planned
27 Nam Ou 6(Local) 90.0 50.0 2017 |Reservoir Planned
28 Nam Ngiep 2 180.0 56.3 2017 |Reservoir MOU
29 Nam Khan 2 145.0 51.1 2018 |Reservoir MOU
30 Nam Khan 3 66.0 53.9 2018 |Reservoir Planned
31 Nam Ngum 4 50.0 34.9 2019 |Run of river Planned
32 Nam Beng 45.0 43.2 2020 |Run of river MOU
33 Nam Nga 60.0 49.9 2020 |Reservoir MOU
34 Nam Mo 1 60.0 44.7 2020 |Reservoir Planned
35 Nam Phay 50.0 2021 |Reservoir Planned
36 Nam Peun 1,2 70.0 60.0 2021 |Reservoir Planned
37 Nam Souang 1 31.0 2026 |Run of river MOU
38 Nam Feung 1 28.0 46.1 2026 |Run of river Planned
39 Nam Feung 2 25.0 50.2 2027 |Run of river Planned
40 Nam Feung 3 20.0 50.2 2028 |Run of river Planned
41 Viengphukha Lignite 60.0 99.9 2030 | Thermal Planned
42 Nam Phouan 90.0 2030 |Reservoir Planned
Prepared by JICA Survey Team
2.3.3
GDP/capita
Figure 2.3.2 GDP/capita /GDP
GDP 2000 GDP
GDP/capita
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Figure 2.3.3 Assumption of Population

Prepared by ICA Survey Team
Figure 2.3.4 Assumption of Real GDP and
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Figure 2.3.5 Assumption of Population Figure 2.3.6 Assumption of Load Factor
Figure 2.3.7 EdL
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Company or Project Name MW Year Year
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Phou Bear Mining 49.1 2008 | C1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1 49.1
Sinno Lao 20 2008 | C1 20 20 20 20 20 20 20 20 20 20 20 20 20
Lao Younesin Mining Development 5 2008 | N 5 5 5 5 5 5 5 5 5 5 5 5 5
Iron/coal Mining 12 2008 | C1 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0
Steel Making Plant 64.5 2008 | C1 64.5 64.5 64.5 64.5 64.5 64.5 64.5 64.5 64.5 64.5 64.5 64.5 64.5
Lao-China Development Mining 10 2009 | N 10 10 10 10 10 10 10 10 10 10 10 10
Vinakomin Lao Co. 10 2009 | C1 10 10 10 10 10 10 10 10 10 10 10 10
Vang Vient Mining Co. 12 2009 | C1 12 12 12 12 12 12 12 12 12 12 12 12
Vientiane Commerce 5 2009 | C1 5 5 5 5 5 5 5 5 5 5 5 5
Iron/coal Mining 135 2009 | C1 135 135 135 135 135 135 135 135 135 135 13.5 13.5
Steel Making Plant 85.5 2009 | C1 85.5 85.5 85.5 85.5 85.5 85.5 85.5 85.5 85.5 85.5 85.5 85.5
UC Xaunglong Co. Laos 10 2010 | N 10 10 10 10 10 10 10 10 10 10 10
Cement factory 9.5 2010 C1 9.5 9.5 9.5 95 95 95 95 95 95 9.5 9.5
United 10 2010 C1 10 10 10 10 10 10 10 10 10 10 10
Iron/coal Mining 34 2010 C1 34 34 34 34 34 34 34 34 34 34 34
Steel Making Plant 224 2010 C1 224 224 224 224 224 224 224 224 224 224 224
Deuktian 40 2011|C1 40 40 40 40 40 40 40 40 40 40
Chinhourdow Chinher 25 2012 | C1 25 25 25 25 25 25 25 25 25
Phou Bear Mining 52 2012 |C1 52 52 52 52 52 52 52 52 52
Dow Lao 40 2012 |C1 40 40 40 40 40 40 40 40 40
C Xaune Koden Element Chemical 10 2012 N 10 10 10 10 10 10 10 10 10
Unan Mining Copper Industry Oudomxay M 20 2012 | N 20 20 20 20 20 20 20 20 20
Toun Haung Lao-China Mining 10 2012 | N 10 10 10 10 10 10 10 10 10
Lao Jongxaig Mine and Magnet 10 2012 |C1 10 10 10 10 10 10 10 10 10
UC Xaunglong Co. Laos 20 2014 | N 20 20 20 20 20 20 20
801.1 - 150.6 286.6 574.1 614.1 781.1 781.1 801.1 801.1 801.1 801.1 801.1 801.1 801.1
Lao cement industry 17 2008 | C2 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0
Many companies 20 2009 | C2 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Lanxang Mineral 74 2009 | C2 74.0 74.0 74.0 74.0 74.0 74.0 74.0 74.0 74.0 74.0 74.0 74.0
Chaugyan EC Unan 25 2009 | S 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0 25.0
Lao Alminium Industries 40 2009 | S 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0
Lao cement industry 60 2010 | C2 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0
Shinoma 20 2012 | S 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0
Shinoma 8 2012 | S 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
Army Mining company 50 2015| S 50.0 50.0 50.0 50.0 50.0 50.0
314 17.0 176.0 236.0 236.0 264.0 264.0 264.0 314.0 314.0 314.0 314.0 314.0 314.0
1,115.1 167.6 462.6 810.1 850.1 1,045.1 1,045.1 1,065.1 1,115.1 1,115.1 1,115.1 1,115.1 1,115.1 1,115.1
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Figure 2.3.9 Peak Demand Forecast (N,C1)
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Daily Load Curve (2008:Mean Value)
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Figure 2.4.2 Daily Load Curve(2008)

200
180
160
140
120

100

12 3 4 5 6 7 8

—e— Weekday(2004) —=— Holiday(2004)

Mw) Daily Load Curwve (Jan.2004 2008)

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24Hour)

Weekday(2005)

—e— Holiday(2006) —+— Weekday(2007) —— Holiday(2007) -~ Weekday(2008)

(vw)
225

Holiday(2005) —%— Weekday (2006) —o— Weekday(2004) —=— Holiday(2004)

Holiday(2008)

Daily Load Curve (Jun. 2004 2008)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 (Hour)

Weekday(2005)

—e— Holiday(2006) ~ —+— Weekday(2007) —— Holiday (2007)

Holiday(2005)  —— Weekday (2006)

——— Weekday(2008) Holiday(2008)

Prepared by JICA Survey Team
Figure 2.4.3 Daily Load Curve(Jan.2004-2008)

24.4

2030

Figure 2.4.5

Prepared by JICA Survey Team

Figure2.4.5 PDP
2016

50% 30%

Figure 2.4.4 Daily Load Curve (Jun.2004-2008)

C1

MW

JICA

2-16

22 1



W) Peak Demand Forecast with Power Development Plan(N,C1)
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Figure 2.4.5 Peak Demand Forecast with Power Development Plan
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Figure 2.4.6 Daily Load Curve (2015, Weekday)
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Daily_Load_Curve(Holiday,2015)
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Figure 2.4.7 Daily Load Curve (2015, Holiday)

Daily_Load_Curve(Weekday,2020)
(Mw)

1300
1250
1200
1150
1100
1050
1000
950
900
850
800
750
700
650
600
550
500
450
400
350
300
250
200
150
100
50
0

P N N N N N N N NN N N R
LSEL,ELL L, L, L LTSS LSS
P E T EE T @O PN TN TR T

—e— Jan.
—u— Feb.
Mar.
Apr.
—%— May
—e— Jun.
—+— Jul.
—— Aug.
- Sep.
Oct.
Nov.
Dec.

Prepared by JICA Survey Team

Figure 2.4.8 Daily Load Curve (2020, Weekday)
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Figure 2.4.9 Daily Load Curve (2020, Holiday)
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Figure 2.4.10 Daily Load Curve (2025, Weekday)
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Figure 2.4.11 Daily Load Curve (2025, Holiday)
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3.1
3.1.1
1971 70
C1
155 MW 66%
1995 2000
65 m*/s 15 m/s 74%
Table 3.1.1
Table 3.1.1 Principal Features of the Nam Ngum River Basin and NN1 Hydropower Station
8,460 km? !
382 m%s
2001 2008
155 MW 1,2 17.5 MW x 2,
3,4,5 40 MW x 3
703 m 212.0 masl
370 km? 212.0 masl
7Bm
468 m -
360,000 m® -
Prepared by JICA Survey Team
C1
Figure 3.1.1
Figure 3.1.1 2007 2008
! 8,460 km®>  NN1 Completion Report (1972) NNRBDSP Report (2009) 8,275km?
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Nam Ngum Storage Statistics
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Figure 3.1.1 Present Rule Curve of Nam Ngum 1 Hydropower Station

)

1971 Figure 3.1.2
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Source: NN-1 Hydropower Station
Figure 3.1.2 Historical Energy Output of Nam Ngum 1 Power Station
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C1 3

3 Figure 3.1.3 Figure 3.1.4
Figure 3.1.3 3 275 MW

From 16 to 30 / September/ 2009 (Monday - Friday)
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Figure 3.1.3 Power Generation Plan with Combination of Nam Ngum 1, Nam Leuk
and Nam Mang 3 (Typical case in Rainy Season)

Figure 3.1.4

100 MW

IPP 1

JICA 3-3 22 1



From 7 to 15 / January/ 2009 (Monday - Friday)
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Figure 3.1.4 Power Generation Plan with Combination of Nam Ngum 1,
Nam Leuk and Nam Mang 3 (Typical Case in Dry Season)
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Table  Power Outage Record of NN1 Power Station due to Yearly Maintenance and Overhaul
| 1997 Jan. Feb Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Unit No.

1998 Jan. Feb Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

999 | Jan Feb Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

000 Jan. Feb Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

clclcic|cl
== EEE

clclclc|el
S|IZIE==

clc|clclc!
=l EEE =

004 Jan. Feb Mar. Apr. May= Jun. Jul. Aug. Sep. Oct. Nov. Dec.

clclclc|el

005 Jan. Feb Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
[

006 Jan. Feb Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

007 Jan. Feb Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

0.1 [] — — %
0.2 o —

clclclcle
=A== == N
=
S
oo

clclclclgl
SIEIEEElNS

Source: NN1 Power Station
Figure 3.1.5 Power Outage Record of NN1 Power Station due to Yearly Maintenance and
Overhaul
Table 3.1.2
2003 2004 75 78
1 2 2007
68
2005 2006 2008 83
85
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Table 3.1.2 Operation Ratio Recorded at NN1 Power Station

Unit_%
2003 2004 2005 2006 2007 2008
Jan. 80.8 55.1 77.3 83.9 65.7 62.5
Feb. 69.5 54.2 87.8 88.5 63.1 63.9
Mar. 72.3 69.1 100.0 81.8 70.4 74.9
Apr. 86.6 74.6 96.3 80.8 83.1 85.3
May 90.0 72.6 66.1 89.0 84.0 94.5
Jun. 89.6 90.6 56.9 95.7 73.0 97.0
Jul. 77.9 89.1 55.1 95.6 88.9 100.0
Aug. 90.0 99.4 97.3 100.0 66.0 99.9
Sep. 63.6 100.0 99.9 71.5 54.0 99.8
Oct. 64.0 84.9 99.8 71.4 47.3 98.3
Nov. 58.3 74.4 85.0 72.3 56.2 71.6
Dec. 58.5 72.4 80.0 67.0 66.2 69.6
Ave. 75.1 78.0 83.5 83.1 68.2 84.8
Note Rehabilitation of Unit Normal Normal | Dry Year | Normal
No.1 and No.2 Year Year Year
Source: NN1 Power Station
6 1
1
)
Table 3.1.3
92.6
Table 3.1.3 Power Outage for Yearly maintenance
Seeggdrrzz?r:igre]:n?er Preparation  |Period of
Period Power Outage
(days)
Unit No. 1 18 3 21
Unit No. 2 18 3 21
Unit No. 3 28 3 31
Unit No. 4 28 3 31
Unit No. 5 28 3 31
Total 135
Sorce: NN1 Power Station
2011 2

JICA 3-6 22 1



3.2

IPP
PDP
IPP

Figure 3.2.1 Figure
3.2.2

Prepared by JICA Survey Team
Figure 3.2.1 Location Map of Existing and Planned Hydropower Development Plan
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Nam Ngum 2

Nam Song Diversion

Prepared by JICA Survey Team

e P D>

: Dams in planning stage
: Dams under construction
: Existing dams

: Existing diversion

<+ : Water flow

Figure 3.2.2 Diagrams of Existing and Planned Hydropower Development Plan

3.2.1
Table 3.2.1
Table 3.2.1 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 Ngum 5| Nam Bak 1 Nam Bak 2
PUIOSe IPP IPP IPP IPP IPP IPP
P (Export) (Export) (Export) (Domestic) (Export) (Domestic)
Status Under | UnderPPA | oo b Under Pre-F/S Pre-F/S
construction | negotiation construction
Southeast Asia - Southeast Asia| Southeast Asia
. Saigon Invest S
Main Developer Energy GMS Power Grou NN5PC Energy Energy Limited
Limited P Limited (Thailand)
Planed Comme_ncement of 2011 January ) ) 2011 ) 2016
Power Generation
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 3,090 719 750 400
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 annual energy (GWh) 2,310 1,919 748 400 600 357
Prepared by JICA Survey Team
JICA 3-8 22 1




1) 2

2
181m 2011
615 MW EGAT PPA
100 67
2,994 MCM
1 2
2010 4 2011 2
2015
2011 4
1
5
(2) 3
3 2
69
EGAT PPA 3
979 MCM 2 33
3
2 1
2
(3) 4
4 3
Pre-FS
4
3
(4) 5
5 3
99 m RCC 2
2011 413 km? 314 MCM
2 120 MW
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70 45 MW

1
5 1
5 IPP
PPA EdL 1
3
(5) 1
2
2 83 m RCC
2
115 MW
NN1
(6) 2
2 1 2
2 1 85m
RCC
68 MW
1 1
1
3.2.1
Table 3.2.2
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Table 3.2.2 Project Feature of Hydropower Project related with Nam Ngum 1 Power Generation

Items Project Nam Leuk | Nam Mang3 | Nam Lik 1/2 | Nam Lik 1
IPP (Domestic &| IPP (Domestic & IPP IPP
Purpose Export) Export) (Domestic) (Domestic)
L - Under
Status Existing Existing . F/S
construction
I ntefr?;?i?)nal Hydro
Main Developer EdL EdL Water & Englgierlng
Electric Corp. '
Planed Comme.ncement 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 annual inflow (MCM) 438 - 2,690 5,786
Type of dam Rockfill RCC CFRD Rockfill
Dam Height (m) 46.5 22 101.4 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)
46.5m
181 m 60 MW 2000
1 15m’ls
C1
4
24 60 MW
85 km
JICA 3-11 22 1




2 3 (Nam Mang 3)

3
22m RCC
40 MW 2004
2,900 ha

3 1/2 (Nam Lik 1/2)

1/2 3.5 km

101 m
100 MW 2010
EdL PPA
1,095 MCM
3
1/2 IPP
1/2
1/2
1/2
6

4 1 (Nam Lik 1)

1 21m

61 MW
2011 2008 F/S
1/2
1996
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5
3.2.2 NAM NGUM RIVER BASIN DEVELOPMENT SECTOR PROJECT
ADB AFD

Nam Ngum River Basin Development Sector Project
Water Resources Coordination Committee(WRCC)

2009 3

Component 2

2.1 Data Base and Monitoring Network

NNRB

2.2 River Basin Modeling

NNRB

2.3 Reservoir Management

PERCIFAL Dynamic Program

2 EdL

2.4 Capacity Building

MORDOR
PERCIFAL DOE EdL(
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5 3 4
ADB AFD Nam Ngum River Basin Development Sector
Project
4.1.3
2
414
2016 Figure4.1.1
100 MW
2016 C1l 600 MW Cc2
90 MW
600 MW Laos North Central
1,300 MW | 90 MW
Thai Central Thai North East Laos Central 2
| 180 MW
120 MW Laos South

Source: The Study on Power Network System Plan in Lao People’s Democratic Republic

Figure 4.1.1 Power Interchange in 2016
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NN1 Operation (Jan 2008) NN1+NM3+NL Operation (Jan 2008)

Ly )

Prepared by JICA Survey Team

Figure 4.2.1 Operation Records in Jan.2008
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Figure 4.2.2 Operation Records in June.2008
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Figure 4.2.3 Expected Operation

Pattern in Apr.2015 (Dry Season)
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Figure 4.2.4 Expected Operation Pattern in Sep.2015 (Rainy Season)

424 2020

Figure 4.2.5, Figure4.2.6 2020

2015

JICA

4-5

22 1




Daily_Load_Curve(Weekday,Apr., 2020) Daily_Load_Curve(Holiday,Apr., 2020)
(Mw) Mw)
1250 1150
1200 1100
1150 1050
1100 1000
1050 050
1000 o
050
as0
200 R R e o N RS}
800
S BB Ew Apr. o A A A A A A A A A AA A Ak h kA A A A A A kA Apr.
lah -k Ak kA A A A A A AAAAAAAAAAAaA |TOBE 700 Base
750 ) B T )
o0 —=— JO0MW_Expansion 650 —=— JOMW_Bxpansion
650 —&— OMW Bwpansion 500 —&— OMW Bxpansion
600 550
550 w00
500 450
150
400
400
350
350
. 300
250 250
1205 405 67 89 101 121314151617 1819202 225 2% (o 1023 4056 789 1011121314156 171819 20 21 22 23 240 (Hour)

Prepared by JICA Survey Team
Figure 4.2.5 Expected Operation Pattern in Apr.2020 (Dry Season)
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Figure 4.2.6 Expected Operation Pattern in Sep.2020 (Rainy Season)
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Figure 4.2.8 Expected Operation Pattern in Sep.2025 (Rainy Season)
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Figure 4.3.1 System Configuration of C1 Area, Vientiane Municipality, 2009
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Source: System Planning Office, EdL

Figure 4.3.2 System Configuration of C1 Area, Vientiane Municipality, 2016
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3
EdL Table4.3.1
Table 4.3.1 Allowable Maximum fault Current
230 kV 40 50 kA
115 kV 25 31.5kA
22 kV 25 31.5kA
Prepared by JICA Survey Team
4)
l) s & l 3 kR4
2) Table 4.3.2
Table 4.3.2 Fault Clearing Times by Main Protection Relays
230 kV 100 ms
115 kV 140 ms
Prepared by JICA Survey Team
®)

N-1
Table4.3.3
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Table 4.3.3 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
(6)
EDL 2009 2016
1) 230 kV 1+1/2CB
2
2) 115/22 kV
a) 1 30 MVA 3
b) 60 MVA
3) 230/115 kV
a) 1 2
b) 3 22kvV A 3 1 2 30%
c)

4)

Table 4.3.4 Standard Impedance of Power Supply Transformers
1 2

230/115 kV 12.5%

115/22 kV 8.5%
Prepared by JICA Survey Team
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