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Figure 1.1.1 Power Supply and Demand Balance in Northern Area, Central Area, Southern
Area and Whole Country

LEBECTOFEMBIERNT AL LT, 2015 FF TIIBHEEENENICBIT A ES -
mIHRBELTHY, IH#EETHLIHE, XN FAE, A EHNLDOETWMAOLEIELZ R L
T, —J7. 2016 FLRISRRIE ) & TR E IS TE 5 & RIAA TV S,

@ PDP 2010-R1 2T, Filo/HkicBIT 2EBIERNT /x%*ﬁ HESWT, B AR T
Vv T ARER IR C B 0 | BETEERR ST iékﬁﬁ&$ SR S AR SR R L BN/ ¢
OB EAFE ZFTHHL TV D

1) AbEsHslx, RO RRE S 2 m B X E S 5,
2) EHECEMUEIE, bR E S ECORRIE S & MR ET D,

COREARFTHZERT D Z LITE Y, 2016 FLRRIZ T AR E2 LT, HNE (R S pe RPN
AG A ATRE L 5 Z LMDk, £ D720z, ALk, ﬁ%ﬁi&bﬁ%i@%éﬁi&fﬂﬁ@fﬁﬁ—éf*%
FOEERIGD X A LY — 728 - s b DL Z AR LT 5,

JICA F4AE 1-2 SRk 24 /210 A
TAYT W — K J1 58 BT IR MR A (F D 2)



T7ATIVE =} F1E i

F7o. BHEEICKT DB IARRE ) 2R+ 572007 A A [EBE S+ (EDL) 1%, FitnE
TEBAZ AR Y o — &% E L,

> EDL %, BB 2T D,
NHREIBE (SPP) 3 X OEANEN IPP 726 O ) Bl

i IPP 2~ b EA AT AR 2521 2,
Eﬁéﬁﬁﬁiﬂéfhé%ﬁf EMI@6®$ﬁ%A%ﬁ90

BB OE M Z MR T D 7201, EREEE & OEERIEBOR Z ki3 2,

vV V V V

(3 T b7 LS EPTIRRR O P AL E

F AT N R EATILREGE L, PSR E A & LT 2009 4E 1 A5 2010 4 1 H ¥ THEle S
N7, ZOWEFELED ., TRIORTBEERESE I N TEBY ., SRIAHE L0707 LFH—
KV EFTIEEFEERMAE (D 2) | REMINLTND

ik AR GEEELD)
F LT NE—HE 2009 - 1 H ~ F AT LE—KNFEF LR E LT, FRREEHILE
PEBR U R A 2010 45 1 A HEOW T 2 I L, i, 8RBTk L O
W4 - THEARYEHIAEE D 1 ) WM& BRE L CHRF RO Y E T 5,
F LT N RERTITKHIERF | 2010 423 A~ LWRICALE T DT A7 KRBT O MK F B
AR 2 3 2R e SR A 2010 4 10 H L OGERE DT b 7 L5 — S EE T O oK @ ) E i
WA o TR K I A ) O, 36 KOV IR BT R B kT D Mt
T A A EHEE Ik IC BT D 2012 /-5 A~ TARAEEEOBNFARORBE L, BLOEHEE—
BEHTAGRAE 2012 42 7 A 7 ENFEIHT HEAREL LT, F AT LE KN
W4 o T EHEE ) AT F& FEFTHLAR FH ] 2 5 0I5 7 KR DO B
T 57 LE—FREBRT 201247 H~ TAEABRPLEFDH o) AT NE—FEFTIE
ERERAERRE (20 2) 20124 10 H BREEICOVT, RBPEOMNMBHRFEL LTERKT S
W4 . [HRER¥EHFAZEC O 2 | T2 D DEEINERTEDEE

4 T b7 LS EFTIRIRRE O R

7 A ZE O EHE R XA s~ D E L, EicF LT
LI GRIHAE 155MW) | oL 7 3BT (%
iz & 60MW) | A~ U =38EAT (RS = 40MW)
BELO2010FICIEE A BRI L2 AV v 7 112 3BT (%
W@glmMW)@@#@m_iwﬁménfwéom%

TiX, 4 REFTOE DS B2 wAE R L UL g o
ﬁ SHiA BRI REIEINESY A B~ ST 5,
77 REENZ B W T, AIEERT O AT/KHL~D A DN D
L\ﬂﬁ*5%7w:ﬂﬁbk%ﬁ#m%f EEWALE S s : -

EHEG A FE D | RIEAE S A Eh D OE A Nam Ngum 1 Hydropower Station
ofwéhﬁfhéo

JICA F4AE 1-3 SRk 24 /210 A
TAYT W — K J1 58 BT IR MR A (F D 2)




T7AFVE =} F1E i

ZOX IR OF T AT NE—-FEIRFEERERLE] B4 REHEHREZD 1) 25
M E AU, 2010 4 1 HICHRAARE EBSMER STz, TG RO BRI, KBHET KM OF] 5% 45>
LT, HcB 247 —2 ORBEMHEAKEEZ C— 7 RICHEATD 2 L2k, FEE RO
HAMEOE — M THH Y 6N LR 10 E TCOBNFEOMNIRHET HZ L THoT,
ZORER, AR O X A EP 60— 7 BHWALZHINT 5 Z ENARETHY . o, BKEED
HENHOR AT % 2 L 12 X AEMBAEBHEOEMEEIRE LT ETE 5 LRI o,
PEBRMEFIAZ D 1) TiX, 2011 4FEDICH A H~OFEEE B E L CGEIRZBG LT A7
DR AR BAT ORI KM DOIFRNFIZ L0 . T LT NE BRI~ OFA BN Ei LT 5 2
EERIEE LTRFADE S LTS,

JEIE OB (4A0MW~120MW) 35 L OVKEE -« BEFTO LA 7 U b Ot O R, BEfFR
BHTA RN BT 5 H ) A0MW BRSBTS il S & L CleE S 4L, RREHIICiE 7 1 — ¥ 71
Thd LW ST, ity —AOH M5 | AL O/ SO BAR B 4A0MW 2338 7E S - 1
Ho 1 m I, BEICEHTEAMEIFIRE LZSE b REEINT 0TI, RS
DOHIMZAE S BEEOHMNIRESND Z L Thortz, 2 MBI, BINFEEMORME L CHEF
SEIMR 2 HEDTETFA L TCaA M2 K5 2 EBNEDTHY . BEFEREEICEET S
IR 72 PR RTINS - MBS CAHER 7D Z EThoTz, RFMINTIZ T 4 — VT &I &
Nieb oo, MWEHREIEERITRLS . 2 ORFHFERITEM SRRy 7 he— o 2FHT 5
BRIV ORMBEINC T 4 =T NE D L BER L, [HEHEZO 1) KT (2010 4)
Wik, AR MT ey MIPAEREGORBE LR > ThRo7eZ &b H Y, JREEFHEIIZ %)
T 5T AAENGOEFEITRE SN2 o7,

JICA F4AE 1-4 SRk 24 /210 A
L) W — K SR EFTIRIE R S HE A (Z D 2)



T7ATIVE =} F1E i

Bl

gl
1
4
o 3 —
an am | S
] Corw Fry B "

8
L T T Tam! s T TommTam T P T T T T T P

‘\‘hrm

Source : Preparatory Survey on Nam Ngum 1 Hydropower Station Expansion

Figure 1.1.2 Proposed Layout of NN1 Expansion Plan (40MW)
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Table 2.1.1 Economic and Social Indicators

Item Unit Whole Country Vientiane Capital \;lent_lane Year
rovince
GDP 2010
GSP mil. kip 56,522,565
GDP per capita Us$ 1,088
Share of GDP % 100
Agriculture % 28.4
Industry % 25.9
Services % 39.3
Taxes % 6.3
Growth Rate of GDP % 8.1
Agriculture % 3.0
Industry % 17.5
Services % 7.0
Taxes % 4.5
Population 2010
Area km2 236,800 3,920 22,554
Capital and Provinces no. 17 1 1
Districts no. 143 9 13
Villages no. 8,662 490 506
Households no. 1,027,468 132,542 81.693
Population no. 6,256,197 768,743 480,440
Density no./km2 26 196 21
Agricultural Production 2010
Season Rice ton 2,331,330 233,935 227,220
Irrigated Rice ton 512,430 101,725 32,920
Upland Rice ton 226,880 - 15,190
Maize ton 1,020,875 9,235 90,470
Starchy Roots ton 725,925 113,915 62,995
Vegetable and Bean ton 947,670 79,440 101,055
Work Status & Poverty 2007/08
Work Status
Paid Enployee % 14 32 14
Self Employed %
Non farm % 20 40 25
Self operated farm % 66 27 61
Poverty
Poverty gap % 6.5 34 6.2
GINI Index % 354 38.0 32.1

Source: Statistical Yearbook 2010, Lao Department of Statistics
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2010 2011 2014 201 1016 017 2018

2 IPP(e) [ SPRIPPIa) =0l

2010 2011 2012 2013 2014 2015 2016 2017 2018 2013 2020 2021 2022 2013 2024 2025
Total Supply by EDL 385 aa1 3ar 388 500 B40 845 B85 268 =] HED L] ] @59 e oeg
Total Supply by IPP{d) 100 104 225 233 247 678 1304 1,048 3185 3818 2876 4,285 4.288 4.288 4,286 47388
Total Supply by IPPe] 85 £ 170 Yia 482 Q2 502 502 s Tox T4 811 211 an 1.075 1o7s
Whole Couniry 570 578 788 802 1,240 1,811 28239 3425 4858 5.181 5708 6,066 B.0BS 6.088 8.330 8,330

Prepared by the Study Team. updating PDP

Figure 2.2.1 Installed Generation Capacity by Ownership
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Table 3.1.1.1 Principal Features of Existing Hydropower Station Other Than NN1 in Central

Area
Item/project Nam Leuk Nam Mang 3 Nam Lik 1/2
. . IPP
Purpoose Domestic Domestic (Domestic)
Status Existing Existing Existing
China International
Main Developer EDL EDL Water & Electric
Corp.
Planeneq Commencement of Power 2000 2004 2010
Generation
Principal Feature
Catchment area (k) 274 65 1993
Storage at FSL (MCM) 154 45 1095
Average annual inflow (MCM) 438 - 2690
Type of dam Rockfill RCC CFRD
Dam hieght (m) 46.5 22 101.4
Design flood of spillway (m’s) 2100 57 2080
Powerhouse Above ground Above ground Above ground
Rated output (MW) 60 40 100
Max. plant discharge (m’s) 63 9.1 160.6
Average annual energy (GWh) 230 134 395
Prepared by the Study Team
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Prepared by the Study Team
Figure 3.1.1.1 Power Generation Pattern of NN1 and Other Existing Hydropower Station
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Table 3.1.2.1 History of Changes in Installed Capacity of Nam Ngum 1 Hydropower Station

i 158 2 5k 3 5k 4 Sk 5 5% HEl
1971 FHEX | 15.0 MW 15.0 MW - - - 30.0 MW
1979 4FHEE% | 15.0 MW 15.0 MW 40 MW 40 MW - 110.0 MW
1985 “FHEEE | 15.0 MW 15.0 MW 40 MW 40 MW 40 MW 150.0 MW
2003 FFA4fifE | 17.5 MW 15.0 MW 40 MW 40 MW 40 MW 152.5 MW
2004 FFAHE | 17.5 MW 17.5 MW 40 MW 40 MW 40 MW 155.0 MW

Source : Preparatory Survey on Nam Ngum 1 Hydropower Station Expansion

1 5HEF OV 2 BT, 2003 =705 2004 4EITH 725 U B UIC Ko CTH S MU BLTENERR |25 s X
NTWD, FHAA T T AT~ 20 ARED B TEM SN TV S, 3 51T 2011 4 3
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1985 4E D EHENEIAE S 7- 5 2D A — R—sRk—/L 1. 2009 4E 2 H A s 6 A AD 4 o AR
TEMES NI, Efo, 3B 4 SIS L O5 SHOER AL TS AR R 30 AROT
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Table Power Outage Record of NN1 Pow
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haul
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Unit No4 ——
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Source: NN1 Power Station

Figure 3.1.2.1 Power Outage Record of NN1 Power Station due to Yearly Maintenance and

Overhaul
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Table 3.1.2.2 Operation Ratio Recorded at NN1 Power Station
2003 2004 2005 2006 2007 2008 2009 2010 2011
Jan. 80.3 66.1 77.5 80.3 62.7 59.3 73.2 52.7 73.7
Feb. 74.0 65.2 85.6 83.3 68.5 61.2 78.9 56.0 71.2
Mar. 66.9 73.4 89.3 78.3 71.4 69.0 72.9 62.7 62.2
Apr. 76.7 73.0 7.7 73.9 71.7 71.5 67.6 59.3 60.7
May 70.2 62.1 47.1 68.2 63.7 76.5 61.6 63.1 58.9
Jun. 69.6 69.2 37.9 69.7 53.3 86.1 69.9 56.6 61.1
Jul. 64.7 76.6 84.5 74.6 66.0 100.0 94.9 42.7 100.0
Aug. 60.1 100.0 100.0 95.7 55.3 100.0 100.0 49.1 100.0
Sep. 65.1 100.0 100.0 71.3 52.3 100.0 93.2 70.3 100.0
Oct. 71.6 99.0 100.0 71.8 55.1 100.0 73.6 73.1 100.0
Nov. 70.7 75.3 92.3 65.8 71.9 78.6 51.1 63.8 100.0
Dec. 70.6 76.2 78.7 63.4 62.5 74.4 49.7 86.5 100.0
Ave. 70.0 78.0 80.9 747 62.9 81.4 73.9 61.3 82.3

Source: NN1 Power Station
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DEBAZBEPME T L, DAL T F o ZAEHOHRIZ OB 5D EZ 2 HD,

(2) SR OHERF BRI

HWENMEHEICLDE, FIT—EOAAL T T ADTDIZHE L 72 53 EE LA X Table

3123 TR T eV &72s, BIRFRTIXZ ORI ARV Y THZ LTk Y, Wt Es

ﬁtéﬁ%f‘é@é *@ﬁf‘aﬁ%%/T*f/xﬁ%ﬁﬁffé & R ROERRR B P R 1T, 92.6% & 72
. BUROBEAEDE ERIZBFRIT N L DIfE LTV D STt 5,

JICA 74A[H 3-5 Rk 24 4 10 A
A7 W — K JI R B AT E R R E (20 2)



T7AFIVE =} F3F ST AE—IKIIFEFTOBUR & FRE

Table 3.1.2.3 Power Outage for Yearly maintenance

)Iszglri)/dn:z?r:Jtlerr?:nfcoer 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
o Table /., Period for yearly maintenance (days)i3/KH 7 > —DERMRE &0,

2011 IR 2 BIAR T IE T D7 L 7 L5 2 SR OUT/KMOMK 358 T L7, IR ARIC &
DI L7 51 RPKHUS AT 2 B2 KIS R 2 Z &2k Y BUEDOWZ L Do
EWNEL DL LD, PV, AL T F U ZAORMMERDPRE L 20 Z e TRIND,
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3.2.1 HXEMOIUK

BUE, F A7 NEREITEL OEBR ORI % Figure 3.2.1.1 127”7,

Source: System Planning Office, EdL
Figure 3.2.1.1 Present System Configuration of Central Area, 2012

Figure 32.L.L IZ/RTIEY . T A7 AE—FEFITICIL 5 BIFRO 115 KV EEMPERE SN TV D, =
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Source : PDP 2010-2020 revision-1
Figure 3.2.2.1 Past Record of Power Trade with Neighbor Country
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Figure 3.2.2.2 X, 74 A2t OEMOBENBMHBAROEHEILERTHLDOTH D,
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Prepared by Study Team

Figure 3.2.2.2 Seasonal Variation of Power Trade

X 20104 & 2011 FOEIRGEICRTE@EY \ﬁﬁ{i@fwazfzk@kﬁ%ﬁﬁﬁxﬁwé77r7<ﬂ
Fﬁé FRBEBENE L, BAHWMEITEAZ 0 BRI IR, BRBENELIKT

“jjﬁau)\#ﬁauth%ﬁlﬁloﬂ\é F£7-. 2010 4 & 2011 E%tbiﬂ“é L NENZ N -T2 2011
EL . ENEHAEIML TWDORGND,

AL TH AR &SR EREE N ER L SEREIL, TROBY THd, TDHH, BHE
ZatehEi e & ORBEREIL, EEROFLEEZE L2V (N-1 Z2EE LRV RICBWT,
A 400MW Th 5,

Table 3.2.2.1 Existing International Interconnection Transmission Lines

Substations Length No. of Circuit Voltage Conductor Capacity

ne: EDL (Area) EGAT (Km) Existing Futrue (kV) (Sg.mm) (MW)

1 |Phontong (Central) Nongkhai 26 2 2 115 240 100 x 2

2 |Thanaleng (Central) Nongkhai 9 1 1 115 240 100

3 |Paksan (Central) Bungkan 11 1 2 115 240 100

4 [Thakhek (South) Nalhonphanom 10 2 2 115 240 100 x 2

5 |PakBo (South) Mukdahan 2 5 1 2 115 240 100

6 |Bang Yo (South) Sirinthon P/S 61 1 1 115 240 100

Prepared by Study Team based on PDP 2010-2020 Revision 1
3.2.3 FROEERM

LT NEIEATEL D 2017 FEOEEM A Figure 3.2.3.1 (2”7, 2017 4Ei%, T AT LF %
BATOILR THEN DD | PHRNEIE 2 400 2124725
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Luangprabang
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Nam Kan 3 40 Sqmm. [1Km = IPPe)
(EDL)
| TRI00 Rginm. T5Kin Ry = =} Nam sin
TeA R, 7 AR RERE J Luangprabang 2 (PP(d)

—*Q‘ Sayabouly

[

(EDL)

Nam Ngum 5

1PP(d)
Houay Sai H’?‘Td?gw“
(Mining) | 1%150 Squm, 14Km =
-

Nam Pot
1PP(d)

Nam Ngiep
[PP(d)

Nam Keo

1PPedy Nam Song - 12150 5gmm, I8Kn.__,
Nam Song @,
(EDL) ,L. I

Paklay D Nam Phai |
IPP(d)y i

Nam Lik 1/2
IPF(d)

; 2,
Sanakhamf1%
(Mining) F5T %
i % B

1x240 Sgmm, 31Km

Nam San 3
IPP(d) |

5
: 21
g !: “;: 1
i < Ey
o £
! 7 B
C = 2
: o 1
: (EDL) i
E: I oy e AN, - 4 2 it Thong Khoun
g: | T30 Sy, ToKm — =) Phubia (Mining)
g 11
g Nam Lik | ’ 3
i Non Hai ‘%‘ 1Pb(d) ' : Thibok
% 1x240 Sgmm, 55 2Km : =
1 & Nam Ngum | Pl Ix240 Sqmm85.2Km
: Thalat {Extension) : 3 ——, Pakxy
(EDL) Nam Leuk H ]
= (EDL) K]
£ £
: 4
: :
il Nam Mang 3@) * 2}
3 (EDL) : B
: = Tha Ngon =
|Boder ;. E6Km Pt III Nongviengkham Nam Mang |
H 4 IPP(d) B
Iha Li (EGAT) &
£
iron melting
Tx240 Sqmm, 17.6Km
Phontong
Nabong 1
To Nhonkai £
13240 Sqmm, w
(EGAT) i d e
I)onku'n_g—_*—s_. £
Z
I &
kV T/L (Existing/Undercanstruction = Lo
ed) Nongkhai (EGAT) |

Source : PDP 2010-2020 revision-1
Figure 3.2.3.1 Transmission Line Network in the Central Area in 2017

F AT N IEEATS BT D 5 AR 115kV EEART. JEEERHE 2 < L 2017 L REE ORI
Thd, THA NEEHE 742 b BEBENZFBA TS 2 [BIFRO 115KV EERIX AR
ENDEHETH D, Figure 3.2.3.1 [ZRTY, NraAEEf, /B LEEH, 7
7 e UEERR Y, WAk b EHEOBENEBEICHIST D20, B ICEEIT 2R T 5

=

NdHDH, N6 ZEFERTIE, EDL OBED 115kV EEMREFREHE O FTl, 2017 4£0 115kV £E
MIZBWTRERBITA BN,

—J7. 230kV EEMIILEERLZBERICEGT AL OFFE SN TWAS, FOBRKMBIT. LT R4

JICA 774H 3-10 SRk 24 /£ 10 H
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ZDOHH TR 1 EEHIL.EGAT & OESFELEDT- DI
ACSR630mm? ® 4 (K44 %

QOBEF. LT v FEEI. FA N BB, SRy BB, YRy s BB, At
r—/ﬁﬁﬁ%)/dﬂkJ%mLT%%éhé

230KV [EBEEEE L BRI S LD,
FETHY (LHY7=Y) | EEMR L BEBROKET 1420MW T

HD,
33 T AT LHIKIIEETOMRE & YLRFE DN E
T LT LEFE—KNIFEEFORBEE | JLRFEOMESTIZLLTO L S B IS,
Table 3.3.1 Issues of NN1 Hydropower Station and its Expansion Plan

B PEORGTE OALE DT

1 | I9FAZERNDOE — | ZAREOENFEIIRMMITEY | FITKHE— 27 OBEBHFEOMY
7 FHEDM DREN, KUK E L TRAICY— 7 ENTE iﬁ“éﬁfﬁﬁ%ﬁﬁ%?‘é
3 BERRETKMAER T 5T L7 LE - REFTORMERZIREL, 7€

~&T%$ AL CWEREE Y — BT vTHZ LT, BE— T

D XG5 2 ENARTH D,

F A7 A EFIERER
FENT X B W)
DETE

2m1$ WX, T AT AESEEATRTKOE I, Bk R BRI TH
BT AT LE REBHNVER I, T L7 LB -REATITKIIZ AT B

JIPREN, FMzmE L TR b, ZOMBNOLEIZL Y FMz@EL T

FEHE R O K LK AZ I TR B A ke T & 5 Z & dokilicis i 2 okt =

b>%®ﬁfﬂﬁﬁ{ﬁ§%ﬁid METE BRI EZ2 D FRBER L BINTS 2 &
R DFEMIEAEBEDOIEMBPEFRFCTE 5,

3 | F AV NE—FE %f%$ﬁw 5H & LRAICEMMLOZ D2 S>oBh 5, AL VT
FTOBEAFRERAR | T2 A X L0 OB E % FARIRIZI 2 572910, #ZFRIZEFf LT
DEFIL EL T, REHPREB 72V TOERE L 72> TV D, ARILBEFHE A

SAUL, FEERE T T & OEIRRFE IR T LA VT Aa A &
BFEHEZLORGELT, WE W ERTZAL T F 2 AFHE N ARE L 72
0. Ko ReREIRNE IS E Ll D,

4 | F LT NE—3E | T L7 LEFEBEIILS BIFRO 115 KV EBRAER SN TWD, 2D )
FrinbEET D | GARRRIIE =T v o EEEE Rl & Lok~ 0B & LT
WO EERILFTE | FIH S TS0, RYLREHE OHFBIRE CIIBER EER PR ERE L 72D
[E] ZEBRTRENS,

JICA 714 3-11 Yok 24 4F 10 H

T ME—K ) I E
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AT LR ORREY

41  IEREE S

YA PG I IV TEFE 12 BOILRMAERGEMA®E Lz, b DRIT 2010 £ THE
REMRAE LD 1 TR LD ARG LIRETE LA T Y F2BMLEZLDOTH S,
INOLORBRICOZIFEL, WIEEBEREO LB LAIT\V, HI - #9505 K OBRER CORA
(2D & e R ok F il & /Rt L7z,

Table 4.1.1 Alternative Plans for Comparison

;f%@ LAt7 Y b PR B 5
Al-A2 Al 40 MW x 1 unit
A2 60 MW x 1 unit
Al Ad-1 40 MW x 1 unit FEVOKEE b > Rov
A4-2 60 MW x 1 unit
A4-3 40 MW x 1 unit FEUWHOKEE b orxov
Ad-4 60 MW x 1 unit
B2’ B2’-1-1 | 40 MW x 1 unit K& X BHHICRRE
B2’-2-1 | 60 MW x 1 unit
B2’-1 | 40 MW x 2 units JK &I BRHEI CERE,
=80 MW
B2-2 | 60 MW x 2 units ok b & KEEIE% =+
=120 MW WRAEIZERT D,
D2 D2-3 40 MW X 2 units
=80 MW
D2-4 60 MW X 2 units
=120 MW
Prepared by JICA Survey Team
JICA 74A[H 4-1 Rk 24 4210 A
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%thiﬁ?% IONTENEND LA T T M L TRFREIRO IO OMMRGET 21T 72, g
BAHC BT D EARMFBIUTO®Y TH D,

Bk kAL e i KA EL.2150m

HRE KL EL.212.0m

R AR HERS EL.196.0 m
TBOKEEKANL B ARIKAL EL. 164.0 m (Q=0)

BEAF 1-5 5H 7 Vi HR R EL. 168.0 m (Q=465 m®/s)

4.2  HoEPLiEETE OEEE

421 e chiA

X Il S 2 D RO ML F A EERTO 1960 FCIZHIE S 72HE R 1/1000 O HIIZE T A
N—=ZINTW5D, UL, # A FEHEE LHF (1968-1971) (T L > TEBEOHIZIZNR Y 2 2
SNT=D T, AEIOYLEFERFHIITEH T R0 Rd 5, Bk ORI FIS BE (1995 4F)
WZAERL S 72 R 1/500 DR EBIAS oK EER B 88 L s s /2 =l (L& Te) 23— LT
%, LinL, Z200OMEBRAEN GV, £ BOKEED KIS OHIGIL T S— TR0,

PEV S HE(F AW T THRRMERFR A2 0 1) (2010 4) CTHME S 4172 4 A 81 0O HfiZ il &
REMM Uz, FRERENRIILULTO®Y TH D,

- YRR R HOE ) 2 (/500 HIE KRR S Te): 13.5ha
- A AR AR R (23.5 km X H): 25 Wi
- EEERT ) AR A (1 km X fE): 15 Hrif
JICA 74A[H 4-2 Rk 24 4210 A
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422 '
(1) G o> U A2

FAAEEEGTA v R EEOMEIX, T4 A, XEFT A, DR UTIC LD EFERA @RS E
(IIDMG,1989) (TR L <FEHi SN TV D, ZOHEF T, G 2 3 AERCR DA 7
SV RS F 72 i3 ARET I o 7 L =7 1 LEB) (Baicalian orogeny, Caledonian orogeny) % %%
7= Kontum- Savannakhet XIZf7E L CTH Y | —HOHUR CHAEROHEREEEN N E2E > TS
S e 1 P AR AR O HEREE O S5 ARISR AL L TR Y . Figure 4.22-1 1R X912, EICUTFD 4
OOHIEI AL T D,

a all-ll I e w. +

b J3-K E#HY=aZ7%—H#lR (0.7-1.5 EFa1) : BAE. 5. LV NE s

¢ J1-2 Y= 7% (L5-2fE4FHD B RbE . SV R, AREES
d T3 =B% (2-2.5 {EAERT) - DI === N ¥ o= N 1) =

I oMifEIx, FHE RO R A L E—rE R 22V LR AL micE 2 RS i 7 U6
mﬂ%L%ﬁLf ML TWD, TAZ A1 X AR IOREIM AL, 2 OmfHEEO R
WMELTRY, Yo Ik~AlkOr S, Jea 0 E@I3-K)A, ALvl—mHE A HOER T, M
ICF AN ~MER L CTOdi LT 5,

LEGEND
Boulder, pabble, grovel, sond debris

Sand, silt, clay, peat. Sediments of terroces [15-2m])

Boulder, pebble, gravel, loterinc sand

Pliccane - Pleistccene, Clay, silt, sand, pebble, grovel, chalky clay, laterite
Ugper C Red gl . i k siltstone

Upper Jurassic - C Red i sitmone, |
! . Cengh ,Innlcandqagda baaring beds |

n some  plces

vai| Red ) . 4 siitstone, cooly shole in seme ploces

""""""" Senditore,  simtone, shale, maorl, ool seams

Permion. Limestone,  siltstore, quortzite, ondesite, rhyolite, tufh

NAM I.EUK Limestona, shale

|  Corboniferous.  Shale, chert, siltstona, lmaestone, cool seams
Devonian - Corbanif Shale, d: L i , thyolite, mffs
5] Lower - Middle Paloseraic. Sordstons, sitstone, shale, rhyolie tuifs

| ‘%@ﬂ//lﬂl " “: : : . : A Bl Limesone, sunduon.u ond shale
1' l%‘, | /117 ) DNEiiE a1 Silintony, shale, limestons
Illl' T “7&' Silurian - Lower D Shals, sand l ond  ondesite,
W 0y 2 e -ll] tuffs in some ploces. Shols, morl, limestone
Y 1 INTRUSIVE _ 2OCKS
' ey Adamelite, biolite melonogronite nd gomat, cordiere - bearing

mico  granite

Gobbro - diorite, diworite, quartz  diorite, bictite - heenblande
gronodiorite clld g

Garnel - cordiarite - beoring  mica  granite

| S ~ 3 I.Ih' "N
Mnn
eﬁ\ =

.
\\\% AN :;- ::...nI
nelne
VIENTIANE '\
rm. Gacdogical  Moa of Viewes, Combod H Antickine 0 0 w0 304m
VOLCODO00  1PBE  Jeily published by e par——— -
Geekgical  Swreys  of  Viewam, Com boda, Loos.

o n” Strwam / River
" Rood

—%:

Source: Nam Ngum 1 Hydropower Station Extension Feasibility and Engineering Study (Lahmeyer, 1995); partly correction
(original geological map is from IIDMG, 1989)

Figure 4.2.2-1 Regional Geology

JICA 74A[H 4-3 Rk 24 4210 A
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Q) HE A TH
1) REEHVE R A

AFHE N fR D D HE TR, w%ﬁwwﬁﬁ»Fmﬁﬁammwozmgﬁ@M%$¥ﬁﬁ%§

QICAZEB W TESNTWD, Fiz, BERT A7 A 1 REFE R EFAEN T SN TEH

n, EXE, THER ZIHICIRY EEHLNTND, KHEL< @aﬁﬁﬁiﬁbnkmi%%

FTE R T D A3, ﬁ@ﬁ%ﬁ%ﬂ@WEﬁK%T%D\K~UV7EKHEE%E@%W§ﬂ

;Hi%u I TE TV, SEIOFHETIE, F& LT TOREFEIZE &L TV D HVE AR R
AT EARHE IR 21T 5,

O NAM NGUM PROJECT LAOS GENERAL CONTRACT Volume Ill, DRAWINGS, Februay
1968, NIPPON KOEI CO., LTD

© Final Report on NAM NGUM HYDRO-ELECTRIC PROJECT, FIRAST STAGE, and As-Built
Drawings, 1972, NIPPON KOEI CO., LTD

@ Report on NAM NGUM 1 HYDROPOWER STATION EXTENSION FEASIBILITY AND
ENGINEERING STUDY, August 1995, LAHMETER INTERNATIONAL

@ Report on PREPARATORY SURVEY ON NAM NGUM 1 HYDROPOWER STATION
EXPANSION, June 2010, JICA

2) BEAEHVE A T
(a) H&

AT O M XL, BERR T A7 A 1 SEBATER O 72D OFFA TIERR STV 2238, At O
BMVEFLER ALY AT, BLHAI72)IZE L H BTN D, D%, 1995 FOHLIEFHEID F/S
i (Lahmeyen)iZ. 72l Efi SN ER— Y o ZOfE B2 Rk SE-HEMAMER S, &5
(2, 2009 FOIEEFEMERFRAEQICANCB N T, BIMORER—Y 7 HREEER R LI H
PR, MO X MER S ATV D,

Table 4.2.2-1 Existing Geological Map

Geological Map Scale Area Reference

Geological Plan and sections | 1/2,000 | Dam & Powerhouse |General Contract, Voume IlI, Drawings 1968 | Nippon Koei

Geological Plan and sections | 1/2,000 | Dam & Powerhouse [Completion Report and as-built Drawings 1972 | Nippon Koei

Geological Plan and sections | 1/2,000 | Dam & Powerhouse [Report on Feasibility and Engineering Stu 1995 Lahmeyer

Geological Plan and sections | 1/2,000 | Dam & Powerhouse |Report on Preparatory Survey 2010 JICA

JICA 74A[H 4-4 Rk 24 4210 A
FOIT W —IK IR EATIRE MW E (20 2)
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(b) FAEAR—V 7
FHEHL S TOFRA R — Y > 71X NAM NGUM 1 FE 71 O F/S §i45(1962), D/D #H#(1966-1967).

PLAEEHE] F/S BF(1995), #LEFEUEMMA(2010) 2B\ T, FRENERINL TS, b DM
WECHBT 2R — ) v 7 PER RIS TR0 S, THFR

TDHH, FIS

fk, RIXOMEWEMIZ —FOR—Y » ZHERPFHSA TN D, Zhb

HER L DD

%% Table4.2.2-212, A—V > 7 RENLE % Figure 4.2.2-2 [ZR" 7,

Table-4.2.2-2 Existing Investigation Drillings

HER—Y T D—

No.of Drillhole Length Elevation | Inclination| Location Coordinates Investigation Stage Remarks
(m) (m) (degree) E N
15 holes 397m . F/S for Core Logs are
in total in total - - Project Area - - NAM NGUM 1 Project 1962 not preserved.
94 holes 1,714 m . D/D for Core Logs are
in total in total - - Project Area - - NAM NGUM 1 Project 1966 not preserved.
F/S for
XA1/1 30 178.192 90 Al option | 18,240,899 | 2,051,670 NAM NGUM 1 1995 |WPT
Extension (by Lahmeyer)

XA1/2 25 177.498 90 Al option | 18,240,855 | 2,051,663 ditto WPT

XA4/1 30 177.108 90 Ad option | 18,240,930 | 2,051,522 ditto WRT

XA4/2 25 177.169 90 Ad option | 18,240,913 | 2,051,521 ditto WPT

XA4/3 25 177.102 90 Ad option | 18,240,894 | 2,051,527 ditto

Preparatory Survey
JCA-1 20 177.296 90 Al option |18,240,872.7 | 2,051,663.3 for NAM NGUM 1 2009 |SPT and WPT
Expansion (by JICA)

JCB-1 26 177.689 90 B2 option |18,240,810.6 | 2,051,466.8 ditto SPT

JCB-2 25 204.893 90 B2 option |18,240,869.3 | 2,051,458.8 ditto SPT

JCD-1 25 176.887 90 D2 option |18,240,736.2 | 2,051,800.3 ditto SPT

JCD-2 55 224777 90 D2 option |18,240,938.0 | 2,051,859.8 ditto SPT and WPT

WPT: Water Pressure Test, SPT: Standard Penetration Test
Figure 4.2.2-2  Location of Drill Holes
JICA 74 AE 45 Rk 24 4 10 H
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(© B—V 7 a7 ENRR

AFHE S TIX, NAMNGUM 1 & AR IR JRaRFTHE F/S IRF(1995), 555 3535 (i 7l 45(2009) 12 |
A=V 7 arzflnizaaWetiRiie o N HFERBRAEI SN TS, EiiINTnbHHR—
V7 a7 ENREBONE L &% Table 4.2.2-3 127”7,

Table 4.2.2-3 Existing Laboratory Test of the Drilled Core

Physical property Test Mechnical Property Test

Unconfined Splitting Tensile

Specific Gravity [Toal Unite Weight Compression Test| strength Test

NAM NGUM 1 Construction Stage

* * *
(1969-70) 29 samples

F/S for NAM NGUM 1 Extension

* * -
(by Lahmeyer, 1995) 29 samples

Preparatory Survey for
NAM NGUM 1 Expansion 12 samples 12 samples 6 samples 6 samples
(by JICA, 2010)

*: No Information
(d) & DfthDOFRER
5 I FEREE S DR 2 R D 2 72 O O PRl BR2S . 4 2R IR I AR T C O S 1T
5o Fim, BEERMEHZOWTIL, A7 A1 X L DID AR, JEIEFE FIS(1995)IZFHAEE >~ ko

WEE & . AEFREBR (particle size,water absorption, Los Angeles abrasion, alkali reactivity)7s 32 i & 41T
%o

Table 4.2.2-4 Existing Investigation Works for Concrete Agreagte

type number geology place reference material
Drilling | 30 holes | Nam Lik alluvium | 2 &% kt'ﬁce’fﬁffﬁ :r;])s;ream of (,\iggop;egggi Fig‘;;ra) sand and gravel
TestPit | 13 pits ditto ditto (l\i S?Op;e}iig; "ig‘;;ﬁ) ditto
TestPit | 2 pits ditto ditto (uJ?ézﬁgg& ditto

(3) HEEaiOME
1) 5 d e L O E S

FHEHLRIC X, FAERY 2 Tii~BlAL OIS SRR OB, & AHNI AT T Rl ~ER
% N10~20W, 45~65W D[] « A THM LTV 5, T HDEEI, JEE 10~50m O b EE
BB L VBB D70 D08, WPETEHEARCTIIRERR T A 7 A X ADHEL 72 > TV D JEE 45m D
WEENERTH D,

WE IIRERE T, Jeis & i U CRUBIS 3 250N 2850 < . MBI RBARE 2 L, He

JICA 74A[H 4-6 Rk 24 4210 A
FOIT W —IK IR EATIRE MW E (20 2)
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FICHEIE LTV, BRI O R E S, MR SRR E T L. SBATICIC Y /NHBEE & T8
ERROND, AITIKA, FIKEG, FEZRL, HBICRZERPBIZEIND, £o. BWES
JEELITL U RROVIEEEEZHAEL T D5E03H 0 Bk 2 LIeEECEEIch> TOREL
i, ARALEEB LOEAREEN UIXUIEREL TBY, oI E 45 225 90 T
RELTND,

T T RES ISR CEIE 3D e S WE B CTH D0, W Ll 2 L/ s <, A
BIzxt3 2P b/ S, R IZ v b b ETH Y . IR EIIRFIK @G Z RT3,
FELT % &8 EaN b RBEE RT, RHAORAICHOWTIE, LHELE CTIEES, IRk
F/S(1995) TIEJea 38 L UV /v b, JEIRFEE A (2010) TIERA L B R EN TV D, A
DOIREITEE O X ) I RIBEEN a2 &L e &0 ) HRER, vV ba, BibaasEdtebol L
THHINDZ D, RREETITRAEHTHZ LT 5,

FHEHL SIS IR W SRR S LTl 677, FHEHLE O BT IZHEE 41TV % Nam Xan #ifE
DO PEIE Phou Khao Khoay ORI TIEE > TWA LD EE 2 B, # LAITICi3EE

L CW 72\ (Lahmeyer, 1995), 7=, HIZREKE TIZHd R R PO KB AL E L LR b
fb\fib\o

2) S

VEB 8 IS B W T SRRV, B IR AL/ & <, B E chRdkic L 54
LTS 2 R H 5, Flo, LAF N THIAI SR —Y » 7(XA4/3,1995) Tid, HREE 24 m
1 F TR OB B MR ST D, ZOoHb LizlRaEit, i EERE-CMAL ORI T
FEFROBIHSE N OND Z s, EElEENICME 2 HbkE & HEE S T % (Preparatory
Survey, 2010, JICA),

WEREIX, BEIZH > THET 2V LB Y v o REESBIRBERREL, T30
HERDGEND D, TR 1.5 m IEEEE TEAE I 5T E 3 L ORI 35 8 23 R A i 1 JE
fbL, HILLTWBEERH 5,

3) AMEX Sy

AHUROEREIL, BALOREIZ X VWO EIR B bid Z Eonn, BEERA ClL, Bfbofe
FEIZ X 0 Ay 03T T % (Preparatory Survey, 2010, JICA), A HIOFHA TIL, Z DX
&, Table 4.2.2-5 |- EBEX S ZTo7Tc, TNENOEMIRTEBIERIZLLTO®EY T
b5,

i) wWiE

@D Slightly weathered Sandstone

1 H [P 30cm LI BT B AP 7 s g ek 23, BEFO MU IETE X2~ SHEE LT, #iR ) S
13 5-10m FEEELATRIC 0 A9~ % L HEZ S,

@ Moderately Weathered Sandstone
HIAMRIE 10cm LA EH D | SR RRE 2 ko TV D,

FA)T W —IK ) SE BT IR R R A (2D 2)
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@ Highly Weathered Sandstone

EIHBEIFEIX 10cm LR T, A bIE< 725 TV D, KBANCIT IS O R JECma 72 LI
AT 03, BRIATIX, HRERAOHLRI 22V R 2% Moderately Weathered Sandstone & 72 0 | Lt
i AL 72 W05 8 78 Highly Weathered Sandstone & 72 > C HJEIRIZ AT DA N ZE U,

i) JE

@ Slightly Weathered Mudstone

BB 1307 < PREIE R X BIF 728k 2 or 4 b oo, B okl & iz bnEIT4 5
B 5, BEAFORMEREXK AR — Y > FHARXK ) HHEE LT, #3548 10-20m 2
FBELRIZ AT D SN D,

Moderately Weathered Mudstone

EHREBRIZ 10cm L EH D 0D H R OB T LT\ 5, fiEIEZDHENEL D
BEM 8 5, Highly Weathered Mudstone & JRIET AIBENL W EHEZR SN 5,

Highly Weathered Mudstone

FIHFIREIL 10cm LR T, A IEAE LIEFITHE S o> TV D, A ORBITHMT 21F

. WEITEIE S U TRFTNICEUE L TW D561 H 5, FREEENIHE 5 & A Wil 2 5%
THEL TV LT baETe,

Table 4.2.2-5 Rock Mass Classification based on the Weathering Degree

Rock Mass Classification based on the Weathering Degree

Slightly Weathered (SW)

Mederatory Weathered (MW)

Highly Weathered (HW)

The rock is slightly dsicolored
and discontinuities have slightly
disocolored surfaces. The rock is
still sufficiently hard. Joint
spacing is generally lager than 30

The rock is discolored and
discontinuities may be open and
surfaces have greater discoloration.
But, it's still sufficiently hard. Joint
spacing is generarly larger than 10

The rock is discolored and brittle.

Discontinuities are open and the rock
is easily separated into the frgaments
in many cases. Completely weatherd
rock, which is externaly changed to a

observed.
Few blows or one blow hammer
breaks sample.

Sandstone |centimeters. centimeters. soil, is sporadically observed.
Several blows of hammer Several blows or few blows of One blow of hammer breaks sample.
required to break sample. hammer required to break sample.  |In some cases, broken by hand only

with difficulty.
The rock may be slightly The rock is discolored and The rock is discolored and very
discolored and massive with less [discontinuities may be open and brittle.Joint spacing is less than
fissures. surfaces have greater discoloration. |10cm. Completely weatherd rock,
Several blows or few blows of  |Joint spacing is generally larger than|which is externaly changed to a soil,
hammer required to break 10 cm, but it's a little bit brittle. is sporadically observed. One blow

Mudstone |sample. Highly weatherd rock is sporadically [hammer breaks sample or broken by

hand.

<Remarks> Modified the ckassification standard in the Report on Preparatory Survey on NAM NGUM 1 Hydropower

Station Expansion, 2010, JICA
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NTHY, FHTHEITL 256, WKRIL286 %L o> TW5, Table 4.2.2-6 [ZiABR#E R4,
Figure4.2.2-3 (ZHHE & WK DR Z R,

Table 4.2.2-6 Rsult of the Physical property Tests

Drillhole| Sample Depth Material Type Specific Gravity | Total unit| Executed Remarks
weight year

(no.) (no.) (m) ~(m) | (geology) (feature) weathering ;ﬁs\éﬁgn Sﬁ?ft:;:tgdry (kN/m3)

JCA-1 | sample 1 10.72 10.93 | Sandstone |mudstone spot SW 1.98 2.641 25.9 2009

JCA-1 | sample 2 17.72 17.87 | Sandstone uw 1.02 2.644 25.9 2009

JCB-1 | sample 3 17.73 18.00 | Sandstone |grey,brown spot SW 1.13 2.643 25.9 2009

JCB-1 | sample 4 18.12 18.29 | Sandstone |dark grey uw 4.32 2.602 255 2009

JCB-2 [ sample5 10.40 10.60 | Sandstone |dark grey uw 3.95 2.483 24.3 2009

JCB-2 | sample 6 22.00 22.19 | Sandstone |grey,brown spot SW 5.05 2.573 25.2 2009

JCD-1 | sample 7 9.85 10.00 | Sandstone |grey,brown spot SW 4.86 2.353 23.1 2009

JCD-1 | sample 8 22.77 23.00 | Sandstone Jgrey,brown spot SW 2.87 2.547 25.0 2009

JCD-2 | sample 9 5.50 5.66 | Sandstone |dark grey uw 3.86 2.513 24.6 2009

JCD-2 |sample 10 17.00 17.20 | Sandstone |dark grey uw 1.75 2.612 25.6 2009

JCD-2 |sample 11 41.64 41.89 | Sandstone |dark grey uw 2.28 2.510 24.6 2009

JCD-2 |sample 12 54.00 54.31 | Sandstone |dark grey uw 1.28 2.625 25.7 2009

JCA-1 TT-1 10.10 10.14 | Sandstone |grey,brown spot SW - - 24.8 2009 |naturally dry conditior
JCA-1 TT-2 10.14 10.18 | Sandstone |grey,brown spot SW - - 24.9 2009 |naturally dry conditiot
JCA-1 TT-3 10.18 10.22 | Sandstone |grey,brown spot SW - - 25.0 2009 |naturally dry conditiot
JCA-1 TT-4 16.49 16.53 | Sandstone |dark grey uw - - 25.5 2009 |naturally dry conditiot
JCA-1 TT-5 16.53 16.58 | Sandstone |dark grey uw - - 25.5 2009 |naturally dry conditiot
JCA-1 TT-6 16.58 16.62 | Sandstone |dark grey uw - - 25.6 2009 |naturally dry conditiot
JCA-1 UC-1 11.20 11.33 | Sandstone SW - - 25.4 2009 |naturally dry conditiot
JCA-1 ucC-2 11.33 11.43 | Sandstone SW - - 25.3 2009 |naturally dry conditiot
JCA-1 UC-3 11.43 11.53 | Sandstone SW - - 25.7 2009 |naturally dry conditiot
JCA-1 uc-4 17.10 17.20 | Sandstone uw - - 25.5 2009 |naturally dry conditior
JCA-1 UC-5 17.20 17.31 | Sandstone uw - - 25.6 2009 |naturally dry conditior
JCA-1 UC-6 17.31 17.42 | Sandstone uw - - 25.7 2009 |naturally dry conditiot

Reference: Report on Preparatory Survey on NAM NGUM 1 Hydropower Station Expansion, 2010, JICA
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Figure 4.2.2-3 Specific Gravity and Water Absorption
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Reference: Report on Preparatory Survey on NAM NGUM 1 Hydroelectric Power Station
Expansion, 2010 JICA
Figure 4.2.2-4 Uniaxial Compressive Strength and the Weathering degree of rock
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Table 4.2.2-7 Result of the Unconfined Compression Test
Unconfined Poi Total £ d
Drillhole Sample Depth Geology Diameter| Length Compressive | Elasticity| oisson unit xecute
ratio . year
Strength weight
(no.) (no.) (m) ~(m) Rock Type (weathering)  (cm) (cm) | (kgflcm2)| (MPa) (MPa) (KN/m®)
(dam foundation) A-1 - - Sandstone|medium coarse SW 49.00 98.00 265.00 26.01
(dam foundation) A-2 - - Sandstone[medium coarse SW 49.00 106.00 [ 366.00 35.92
(dam foundation) A-3 - - Sandstone|medium coarse SW 49.00 100.00 [ 414.00 40.63
(dam foundation) A-4 - - Sandstone|medium coarse SW 49.00 98.00 541.00 53.09
(dam foundation) A-5 - - Sandstone[medium coarse SW 49.00 100.00 | 371.00 36.41
(dam foundation) B-1 - - Sandstone|coarse SW 39.00 80.00 879.00 86.26
(dam foundation) B-2 - - Sandstone|coarse SW 39.00 81.00 435.00 42.69
(dam foundation) B-3 - - Sandstone|coarse SW 39.00 63.00 544.00 53.39
(dam foundation) B-4 - - Sandstone|coarse SW 39.00 78.00 368.00 36.11
(dam foundation) B-5 - - Sandstone|coarse SW 39.00 84.00 335.00 32.88
(dam foundation) C-1 - - Sandstone|fine medium SW 49.00 93.00 604.00 59.27
(dam foundation) C-2 - - Sandstone|fine medium SW 49.00 100.00 [ 419.00 41.12
(dam foundation) C-3 - - Sandstone|fine medium SW 49.00 97.00 700.00 68.69
(dam foundation) C-4 - - Sandstone|fine medium SW 49.00 104.00 [ 387.00 37.98 Construc-
(dam foundation) D-1 - - Sandstone[medium SW 49.00 100.00 [ 153.00 15.01 tion Stage
(dam foundation) D-2 - - Sandstone|medium SW 49.00 98.00 381.00 37.39
(dam foundation) D-3 - - Sandstone{medium SW 49.00 86.00 435.00 42.69
(dam foundation) D-4 - - Sandstone|medium SW 49,00 80.00 318.00 31.21
(dam foundation) E-1 - - Sandstone|very coarse SW 49.00 90.00 355.00 34.84
(dam foundation) E-2 - - Sandstone|very coarse SW 49.00 100.00 [ 392.00 38.47
(dam foundation) F-1 - - Sandstone|medium SW 39.00 80.00 335.00 32.88
(dam foundation) F-2 - - Sandstone|medium SW 39.00 80.00 544.00 53.39
(dam foundation) F-3 - - Sandstone[{medium SW 39.00 90.00 343.00 33.66
(dam foundation) A-1 - - Sandstone|coarse SW 58.00 116.00 [ 190.00 18.65
(dam foundation) B'-1 - - Sandstone|coarse SW 58.00 95.00 152.00 14.92
(dam foundation) B'-2 - - Sandstone|coarse SW 58.00 116.00 [ 284.00 27.87
(dam foundation) B'-3 - - Sandstone|coarse SW 58.00 85.00 190.00 18.65
(dam foundation) C-1 - - Sandstone[medium coarse SW 39.00 80.00 167.00 16.39
(dam foundation) D'-1 - - Sandstone|medium SW 39.00 75.00 335.00 32.88
XA1/1 1 2.82 2.95 |Sandstone MW 5.20 10.40 314.29 30.8
XA1/1 2 6.70 6.90 |Sandstone MW 5.50 11,00 | 333.67 32.7
XA1/1 3 12.00 12.15 |Sandstone SW 5.20 10.40 853.06 83.6
XA1/1 4 15.00 15.15 [Sandstone SW 5.20 10.40 568.37 55.7
XA1/1 5 18.75 19.00 |Siltstone MW 5.20 10.40 169.39 16.6
XA1/1 6 20.00 20.20 |Siltstone MW 5.10 10.20 153.06 15.0
XA1/1 7 22.05 22.30 |Siltstone SW 5.20 10.40 539.80 52.9
XA1/1 8 26.15 26.30 |Siltstone SW 5.20 10.40 97.96 9.6
XA1/1 9 28.50 28.65 |Siltstone SW 5.20 10.40 97.96 9.6
XA12 2 4.40 4.60 | Sandstone|fine grained MW 5.20 10.40 507.14 49.7
XA1/2 3 5.75 5.90 [Sandstone MW 5.20 10.40 73.47 7.2
XA12 5 10.75 11.00 |Siltstone |dark purple SW 5.10 10.20 104.08 10.2
XA1/2 7 17.50 17.70 |Siltstone |dark purple SW 5.20 10.40 97.96 9.6
XA1/2 8 21.75 22.80 |Siltstone |sandy SW 5.20 10.40 347.96 34.1
XAL/2 9 24.45 24.65 |Sandstone SW 5.20 10.40 578.57 56.7 1995
XA4/1 1 3.50 3.70 [Sandstone MW 5.40 10.80 190.82 18.7
XA4/1 2 6.30 6.50 [Sandstone SW 5.20 10.40 363.27 35.6
XA4/1 3 10.75 10.90 [Sandstone uw 5.20 10.40 989.80 97.0
XA4/1 4 16.85 17.00 |Sandstone uw 5.20 10.40 627.55 61.5
XA4/1 5 19.70 19.90 [Mudstone MW 5.00 10.00 74.49 7.3
XA4/1 6 24.00 24.15 |Mudstone SW 5.20 10.40 377.55 37.0
XA4/1 7 27.65 27.80 |Mudstone SW 5.00 10.00 162.24 15.9
XA4/2 1 7.00 7.18 |Sandstone|fine medium MW 5.20 10.40 695.92 68.2
XA4/2 2 9.35 9.55 |Sandstone|conglomeratic MW 5.20 10.40 298.98 29.3
XA4/2 3 13.10 13.30 |Sandstone|fine coarse MW 5.20 10.40 288.78 28.3
XA4/2 4 18.55 18.70 |Sandstone|fine coarse SW 5.40 10.80 455.10 44.6
XA4/2 5 22.25 22.50 |Sandstone|fine coarse SW 5.40 10.80 786.73 77.1
XA4/2 6 24.40 24.60 |Sandstone|fine medium SW 5.40 10.80 | 1109.18 | 108.7
XA4/3 3 9.80 10.00 |Mudstone CW 5.00 10.00 58.16 5.7
JCA-1 UC-1 11.20 11.33 [Sandstone SW 5.38 10.18 662.87 64.961 12,847 0.33 25.4
JCA-1 uc-2 11.33 11.43 |Sandstone SW 5.40 10.10 52246 | 51.201 | 12,002 0.27 25.3
JCA-1 UC-3 11.43 11.53 [Sandstone SW 5.38 10.23 647.04 63.410 19,664 0.23 25.7
JCA-1 UC-4 17.10 17.20 [Sandstone Uuw 5.40 10.48 985.99 96.627 17,532 0.30 25.5 2009
JCA-1 Uc-5 17.20 17.31 |Sandstone uw 5.40 10.51 71019 | 69.599 | 14,362 0.21 25.6
JCA-1 UC-6 17.31 17.42 |Sandstone uw 5.40 10.55 878.13 86.057 16,251 0.24 25.7
UW  Unweathered
Reference: Report on Preparatory Survey on NAM NGUM 1 Hydropower Station SW  Slightly weathered
Expansion, 2010, JICA MW Moderately weathered
HW  Highly weathered
CW  Completely weathered
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Table 4.2.2-8 Result of the Unconfined Compression Test of Dam Concrete

Drillhole Sample Material Type Diameter | Length UcCs
(no.) (cm) (cm) [(kgflcm2)| (MPa)
Dam 1 concrete 11.2 12.6 377.0 37
Dam 2 concrete 11.1 22.4 214.0 21
Dam 3 concrete 11.1 22.4 234.4 23
Dam 4 concrete 11.2 12.3 305.7 30
Dam 5 concrete 11.2 13.7 254.8 25
Dam 7 concrete 11.2 14.3 254.8 25
Dam 7 concrete 11.2 16.2 224.2 22
Dam 9 concrete 11.1 17.9 315.9 31
Dam 9 concrete 11.2 12.6 214.0 21
Dam 10 concrete 114 14.3 244.6 24

(b) GlaRIRIE

PEIRFZEEH T A (2010, JICANT BV TIHEH S =BG RREBR D5 R4 | Table 4.2.2-9 (2,
EA DB DOFREE & 5 IEMREE DORR 2 Figure 4.2.2-5 (TR d, RBRIIW A DR ZHEE LT
Fhi SN TEO ., ABEED 6 8 & D703, REYLE(UW) T2 20 MPa,  55JE (L5 (SW)
T 5.8MPa L REDENKE L, BULOHENR LN D,

The cores were drilled normal to the dam face at an elevation of about 178m at

2 to 3m centres along Block 20
<Data sorce> Feasibility and Prelominary Design Report, 1995, LAHMEYER

Table 4.2.2-9 Result of Splitting Tensile Strength Test

. Diameter | Length of Tensile Total unit
Drillhole Sample Depth Geology of sample| sample Strength weight
(No.) (No.) (m) ~(m) (Rock Type) Weatherind  (cm) (cm) [(kgflcm2)[ (MPa) | (kN/m®)
JCA-1 TT-1 10.10 10.14 | Sandstone|grey,brown spot SW 5.23 4.02 12.24 1.2 24.8
JCA-1 TT-2 10.14 10.18 | Sandstone|grey,brown spot SW 5.15 3.93 88.78 8.7 24.9
JCA-1 TT-3 10.18 10.22 |Sandstone|grey,brown spot SW 5.19 4.03 76.53 7.5 25.0
JCA-1 TT-4 16.49 16.53 | Sandstone|dark grey Uw 5.39 4.49 179.59 17.6 25.5
JCA-1 TT-5 16.53 16.58 |Sandstone|dark grey uw 5.40 428 215.31 211 255
JCA-1 TT-6 16.58 16.62 | Sandstone|dark grey uw 5.39 441 219.39 215 25.6
Reference: Report on Preparatory Survey on NAM NGUM 1 Hydropower Station Expansion, 2010, JICA
(Mpa)
25.0
oUW 2009 @ SW 2009
® average
20.0
UW: Unweathered
SW: Slightly weathered
15.0 MW : Moderately weathered
HW : Highly weathered
CW: Completely weathered
10.0
5.0
0.0
UwW SW
weathering
Figure 4.2.2-5 Tensile Strength and Weathering degree
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Nippon Koei) (2R E TV 5,

RERE B4 Table 4.2.2-10, Figure 4.2.2-6 (2777,

Table 4.2.2-10 Loading Test Result of dam Foundation Rock

Rock condition Diameter | Max load Creep under Total_testmg Total Load of failure Young's moduls
Max load time settlement
(geology) (feature) (weathering) [ (cm) | (kgfilcm2) | (mm) | (hr) (hr) (mm) (kgflcm2) (kgflcm2) | (Mpa)
Sandstone |fresh SwW 350 104.1 0.214 |22:58 26:35 1,320 no failure 41,000 4,024
Sandstone |weathered MW 350 729 0.210 |22:31 25:42 1,450 no failure 21,000 2,061
Sandstone |weathered MW 350 83.3 0.343 |23:10 26:35 2,912 no failure 19,000 1,865
Sandstone |weathered MW 350 83.3 0.307 | 46:00 49:25 3,185 no failure 15,000 1,472
Sandstone |seriously weathered HW 350 83.3 0.641 |22:10 25:35 7,610 no failure 9,000 883
Mudstone  [fresh, shale SW 350 78.1 0.349 |20:20 117:05 3,381 no failure 12,000 1,178
Mudstone |decomposed, stiff clay CwW 350 23.9 141:10 50.8 16.7
Reference: Final Report on NAM NGUM Hydro-Electric Project, 1972 NIPPON KOEI CO., LTD
A Sandstone
© Mudstone
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Figure 4.2.2-6 Deformability of the Dam foundation rock and Weathering degree
(d) NfE
HRFT O T3 LR OME(LE(CW, HW) TEHEE ARERN I ST, RS

K% Table 4.2.2-11 |29, BERXFEEAT O/ 78 CofE S 7= 3R (XA4/2 L. XA4/3 1L)
Tld, oo NI, FEE T N=36, %%E 3m LIUETN >50 & K&z /rLTEY., B
ADFEULIE D 9 B FRZESLOBEA TS CW 8D NEIX, #HHE S BB HfEE STV D
XA4/3 FLCIEEE 4m HEF TIE N=5~14 L/hEZ NAE L 72> T DR, ZRLAN T, i
N>50 & 72> T 5,
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Table 4.2.2-11 Result of Standard Penetration Test

Drillholef Stage Depth Material Type Diameter| N penetrate Number of Blows pc:::_l‘m_ ‘t:;::\ils executed
(no.) (mo.) | (m) | ~(m)| (geclogy. |(weathering)] (cm) (15-45) {em) (0-107% | (10-207 | (20-307 | (30-40) | (40-50) - {em) vear
1 1.50 | 2.00 |fill materiai A - 9.90 36 30 14 17 10 11 13 - S0 65 1995
XA42 2 3.00 [ 3.26 |fill materiai A - 9,90 =50 [3 19 30 A0 - = = 26 CE] 1995
3 5.20 | 5.27 [Mudstone CW 9.90 =50) 7 50 - - - - - 27 50 1995
1 1.00 1.50 |Sandstone CW 9.90 5 30 1 1 s 2 1 - 50 7 1995
- 2 345 3.95 |Mudstone CW 9.90 14 30 2 3 4 5 - 50 22 1995
XAYS 51500 5.50 [Mudstone oW 5o0 | 4% 30 5 X 1z s | 22 : ET I S
4 7.05 7.19 |Mudstone CW 9.90 =50 14 37 S0 - - - - 34 37 1995

(0-7.5) [(7.5-15)](15-22.5)](22.5-300[(30-37.5)](37.5-45)

551 1.00 | 1.45 |Sandstone CW 10.0 15 30 4 5 10 45 19 2009
552 2.00 | 245 |Sandstone CW 10.0 20 30 17 13 7 45 37 2009
553 3.00 3.45 |Sandstone CW 10.0 56 30 15 26 30 45 71 2009
JCA] 554 4.00 | 445 |Sandstone CW 10.0 43 30 15 20 23 45 58 2009
53535 5.00 | 545 |Sandstone CW 10.0 Gl 30 12 29 32 45 73 2008
556 | 6.00]| 6.05 |[Sandstone CW 10,0 50 5 unknown | unknown| 50 - - - 20 50 2009
557 | 7.00 | 7.05 |Sandstone HW 10.0 50 5 k | 50 - - - 20 50 2009
558 8.00 8.08 |Sandstone HW 10.0 =500 15 unkmown | unknown a0 = = = 23 =50} 2008
JCB-1 551 1 I.I(I 1 4? T:l]l malunu! - “_I'“ 13 _1|.| 3 3 3 4 3 3 4\ 19 ZI.IU‘)
552 2.00 [ 245 |All materiai - 10.0 11 30 3 3 3 3 2 3 45 17 2006
16B.3 551 1.00 | 1.45 [fill materiai - 10.0 16 30 16 6 3 [ 3 4 45 38 2009
- ] 882 2.00 | 245 |fill materiai - 10.0 50 3 24 45 S0 - - - 18 119 2009
551 1.00 [ 145 |Mudstone CW 10.0 26 30 4 & 5 8 [ 7 45 36 2009
JeD-1 582 | 200 [ 245 [Mudstone CW 10.0 30 30 5 7 6 [ 7 9 45 42 2008
i 553 3.00 [ 345 |Mudstone CW 10.0 36 30 8 [ 7 9 9 11 45 50 2006
534 | 400 430 [Mudstone CW 10.0 500 30 15 15 20 32 - 45 82 20089
JCD-2 551 1.00 1.45 |Sandstone CW 10.0 =50 30 [ 8 9 10 18 21 45 72 2009

Reference: Report on Preparatory Survey on NAM NGUM 1 Hydroelectric Power Station Expansion, 2010 JICA

3) BRI
(@) B
AFHHE L THEM SN TWA LA B ORE R4 Table 4.2.2-12 (2 AFER O A Ml %
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— 05, PAETEARER IR NS < BLu BLF 2R 2 EREW, iEIZIZEE e L O
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WHEDOEBZHILD,
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Data Source: Report on Preparatory Survey on NAM NGUM 1 Hydroelectric
Power Station Expansion, 2010 JICA
Figure 4.2.2-7 Rock Type and Lugeon Value
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Table 4.2.2-12 Result of Water Pressure Test (Lugeon Test)

Dnllhole] stage Depth section Matenal Type Lugeon (break (max executed
(no.) | (no.) {m) ~(m) (m) (zeology) (feature) | (weathering) | (original) | (JICA '09)| pressure) | pressure) | (year)
D-1 - 6.90 9.30 2.40 |mud stone weak 5.0 (kgflcm2) | (kgf/cm2) 1966
D-16 - 4.30 9.30 5.00 |mud stone decomposed 5.0 1966
D-16 - 930 1430 5.00 |sand stone, mud stone jointed 10.0 1966
D-16 - 1430 1930 5.00 |sand stone, mud stone Jointed 5.0 1966
D-16 - 1930 2430 5.00 |mud stone jointed 12.0 1966
D-16 - 2430 27.30 3.00 |sand stone Jointed 6.0 1966
D-28 - 7.50 12.50 5.00 |sand stone, mud stone 'weathered 20.0 1966
D-28 - 1250 17.50 5.00 |sand stone, mud stone jointed 12.0 1966
D-28 - 17.50 | 20.50 3.00 [sand stone, mud stone 6.0 1966
13-29-1 - 5.00] 10.00 5.00 |sand stone weathered 28.0 1966
D-29-1 - 1500 21.00 6.00 |sand stone weathered 16.0 1966
3-29-3 - 680 11.80 5.00 |sand stone weathered 93.0 1966
D-19-3 - 11.80| 16.80 5.00 |=and stone weathered 93.0 1966
D-29-3 - 16.80 | 20.00 3.20 |sand stone hard 1.0 1966
D-33 - 4.50 9.50 5.00 |sand stone weathered 20.0 1966
D-33 - 1500 2050 5.50 |sand stone hard 20.0 1966
-34 - 10,00 1500 5.00 |sand stone hard 80.0 1966
-18 - 960 1500 5.40 |sand stone cracks 9.0 1966
D-25 - 11.60| 1540 3.80 |sand stone Jointed 11.0 1966
D-25 - 15.50 ] 20.50 5.00 |mud stone jointed 8.0 1966
D-24 - 6.10] 11.00 4.90 |mud stone decomposzed 102.0 1966
D-24 - 16.00 | 20.00 4.00 |sand stone hard 25.0 1966
-30 - 6.00] 11.00 5.00 |mud stone hointed 22.0 1966
D-30 - 11.00[ 1600 5.00 |mud stone jointed 20.0 1966
3-30 - 16.00 | 20.00 4.00 |sand stone Jointed 11.0 1966
DX-2 - 11.00| 17.00 6.00 |zand stone jointed 47.0 1966
DX-2 - 5.00] 10.00 5.00 |sand stone decomposed 20.0 1966
XAl 1 .65 14.20 5.55 |sand stone conglomrate [MW 62.0 25.4 - 2.20 1993
XA1N 2 14.00 18.50 4.50 [sand stone, mud stone breaken SW-MW 20.0 33.3 - 2.11 1995
AL 3 19.00 | 23.60 4.60 |mud stone crack SW-MW 101.0 24.4] 181 1.81 1995
XAl 4 2400 29.00 5.00 |mud stone UW-SW 30.0 1.3] 2.15 2.65 1995
XAl2 1 5.00 9.75 4.75 |mud stone core loss MW 42.0 30.1 - 1.92 1995
XA1/2 2 9.75 15.15 5.40 |mud stone [sW 0.4 0.4 - 2.15 1995
XAl ) 16.00 [ 2080 4.80 |mud stone crushed CW 0.4 03] 1.67 2.17 1995
XAL12 4 19.00 | 25.00 6.00 Jmud stone 3W 0.1 0.043 - 2.19 1995
KA41 1 6.00] 11.00 5.00 |zand stone core loss SW, CW 133.0 104.2 - 2.45 1995
XA4/1 2 10.00 15.00 5.00 |sand stone Uw 1.0 0.7 - 2.66 1995
XA4/1 3 15.00 | 20.00 5.00 |sand stone, mud stone core loss MW, CW 17.0 54 148 2.44 1995
HAd/l 4 20,00 | 25.05 5.05 |mud stone core loss SW,CW 19.0 10.9 - 2.44 1995
KA/l 3 25.00| 30,00 5.00 |mud stone SW,HW 1.0 1.4 - 2.32 1995
XA42 1 6.90 12:15 5.25 |sand stone core loss MW, CW 47.0 32.7] 1.26 1.65 1995
XA4/2 2 12.80 17.30 4.50 [sand stone core loss MW, CW 3.0 0.3 - 2.34 1995
XA42 3 17.00 | 22.30 5.30 |sand stone 3W 62.0 107.4 - 1.33 1995
XA4/2 4 2000 [ 25.00 5.00 |sand stone W 8.0 180.0 - 1.00 1995
JCA-1 1 1450 | 20.00 5.50 |sand stone UwW 61.6 - 3.55 2009
JCD-2 1 10.00 ] 15.00 5.00 |zand stone SW 12.6 - 5.33 2009
JCD-2 2 1500 20.00 5.00 |sand stone Uw 2.2 - 5.48 2009
JCD-2 3 41.00]  46.00 5.00 |sand stone core loss MW 11.2 = 5.09 2009
ICD-2 4 50.00| 55.00 5.00 |zand stone Iy 10.1 - 533 2009

Reference: Report on Preparatory Survey on NAM NGUM 1 Hydroelectric Power Station Expansion, 2010 JICA
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Figure 4.2.2-8 Geological Plan of the Project Site

JICA 74A[H 4-16 Rk 24 4210 A
FOT R — K I EIHLEF £ EHREE (20 2)



T7ATIVE =} AT BB O

1) AlZ%E (40MW) [A2 Z(60MW)]

AFHEIZ T, BERRIEEIN & YoKM ORI - IC 8 B2 E L, BoKEZBER & AT 2%
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RGO 2 R IES 2 Z L DB 70 D, ARFHHEIZE OB 2 Figure 4.2.2-9 [Z7- 7,
WA AL AR IS T A LA O BSR4 LT\ 5, Z ofifgoErIE, #ElEmEIC
ZLTWDId, EHOZEMECE L QXA TH DA, ZOEmO—HIC i%mbtﬁa
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DRAET HAREMER SV | WURR LA FEMT 5 2 ERNEL D,
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Figure 4.2.2-9 Geological Profile (Al & A2)
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2) A4 ZE [A4-1(40MW), A4-2(60MW), A4-3 (40MW), A4d-4 (60MW)]

AR, ¥ LEFEE FIRICEENEZHE L, Pl BoKEE ]\ RNV ERAIT A H DT
HD, BOKODONLE EHERBFIZL D . Ad-1 B~AL-AED 4 D\251F LD, ERE
JOEAME FoREESAIZHE@mLTWVD,

BT, ALEERIULS, B - IRAEETHY . MHANEHOZEMIZE L TALRELE
FREOEENSLEL 2D, £, JBALOEE A2 B A K & 2 iR Hl R A AL &
NHZENL REORETRICKT DRENR LI L 7225, FOKEE B 2 RAREID 5 5
FEFTE T 20~30m XX, MEVLIEEEFEEIotE > Sy afm L.t /8 &
W2 e, FEERWVIEAIE | EUR R IANE LD,
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Figure 4.2.2-10 Geological Profile (A4)

3) B2 & [B2-1(80MW). B2-2 (120MW)]

AREFE R, AFANTIERSR 150m OB KRB R b 1 46E, IER 60m DEKKE oL 14
ZEI L. THMANCREFRZRITDA LD TH b5,
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Figure 4.2.2-11 Geological Profile (B2)

4)B2'% [B2’-1(80MW). B2’-2 (120MW), B2’-1-1 (40MW), B2’-2-1 (60MW )]

ARFHEZRIT, B2 R EITZTE CHIE L 22508, KD L)L 2 BER S TR L~ L L [F U
EL177m & L, &MEZHNV A E T D TH D, HAKE 2 55381 50 B2’ -1 (2°-2),
B OO 1 DA ETHEN B2’ -1-1, (2°-2-1)TH D, AFERE T, ARy
ERNERR S NS Z & &7 D, K 2 5:%(B2°-1,B2-2) D3I I B L O A 72 22 IR R I
RERBHNERDAER SND Z LD BHRORET RIS T DR BME L 72D, —T7,
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Figure 4.2.2-12 Geological Profile (B2’)
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5) D2 % [ D2-3 (80MW), D2-4 (120MW) ]

ARFHEZEIT, AN 72 ICBUK A 28800, B8R b v 2 E U R il R B T & dar
THHEDOTHD, BB SRR MIE, BRSNS DB LR D05, —iBIC
AL LT IRE N 04 LT D, THRRERIC LAUE BERR # A =T 3 > b v I UHREIIRFC
TR X [E CHURE D FVE PR /KIZ X B B OBL(R k) ER AL TR Y . 2 bizxtd 5
XERPLE L 72D, Fio, RFEECIIAKMBHIICH - ICBUKAORREINL Z & &2 D
D, YRR T CIARNMAR N 21T b niod | ot 0 2% BT 20 ERH 5, BUK H R
IIFBAKPED R E WA DA NEZN LD, TR IR ME L 72 5,
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Figure 4.2.2-13 Geological Profile (D2)
(6) FERLATEL

JESEFTI F/S (1995)F K OMEAEFH mi ¥ R4 (2010) TlX, =27 U — B # & L <, NamLik JI|
DIFRWHEENHEETH S & STV 5, BRI S Nam Ngum I & OEHEE2 S 3~4km k=
> Nam Lik JINZAZE L, BAE. [VATSANA PONGPANYA ABORBROCK BEACH COMPANY J
PRI AT - T D, 7038, Z OIS OFRIRIPEL L, BERRRE LHETHHEH I TV 5,
(Nippon Koei, 1972-1)

JESRRFIE F/S(1995) Tld, Z DRSS EREL L /2RI R >\ TR M FBR A Kl S 41, Table
4.2.2- 13, Table 4.2.2- 14 ([TRTHERNELN TS, 256 ORERKE R TIX, HLE 2.53~2.66,
k= 0.35~1.21%., T 0 IV i 28.0~314%TH Y . WP d ASTM JEHE, IS JEYEZR /- L
TWb, £/, 740V BMBIGRBR(AESIE) TlE, Sc=28.08~32.97 mmol/L, Rc= 41.83~
68.61mmol/L &\ S FERDBHF LN TEY | RISHEEZH LW E L FEHi ST 5,
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Table 4.2.2-13 Test Result of the Concrete Agreagate

Tyoe of % Passing Sieve Los Angeles| Specific Water
Mﬁerial 500 | 381 | 250 | 190 | 1250 | 950 | 475 | 236 | 1.18 | 0.600 | 0.300 [ 0.150 | 0.075 | F.M | Abration | Gravity [Absorption
mm mm mm mm mm mm mm mm mm mm mm mm mm % g/cm3 %
Sand - - - - 100 | 99.3 | 97.72 | 95.09 | 91.32 | 4123 | 842 | 142 | 018 | 265 - 2,54 1.21
Sand & gravel| - - 100 | 85.66 | 76.97 | 70.83 | 57.66 | 44.28 | 28.97 | 17.66 | 552 | 097 | 0.28 | 4.86 - 253 0.83
Gravel - - 100 | 64.43 | 52.59 | 3858 | 1.12 - - - - - - 6.95 31.40 2.66 0.79
Gravel 100 | 654 | 56.73 | 42.56 | 25.73 | 1526 | 2.89 | 024 | 019 | 014 | 0.09 - - 7.73 28.00 2.64 0.35

Reference: Report on NAM NGUM 1 HYDROPOWER STATION EXTENSION
FEASIBILITYAND ENGINEERING STUDY, August 1995, LAHMETER

Table 4.2.2-14 Result of the Alkali-Silica Reaction Test

sample No. Dissolved Silica Reduction in Alkalinity
mmol/L mmol/L
e Noéin Kail ko 2942 68.61
Sall-rll:dN;és/ Ngam 1 28.08 66.93
o NBZﬁlkail ko 32.97 41.83

Reference: Report on NAM NGUM 1 HYDROPOWER STATION EXTENSION
FEASIBILITYAND ENGINEERING STUDY, August 1995, LAHMETER

423 K EEAEIEY)
Q) Bokn

REDIH AR (ALA2,AL-1,A4-2A4-3A4-4) BLB % (B2-1,B2-2, B2-1-1, B2-2-1) (2[4
L Cld, SRR D) & & DR BRI E L, ¥ DERICHIT 2 LT, BUKA 2587 5 6
DTHD, £7-, DZE(D3,D4) ([TBHL TIE, ¥ oA LI HIE R K D00 2 3% & L <,
BUK O #5455 DO TH D, 7 80MW,120MW @ B2-1 & B2-2 £ TIE. 1 & TIER< B4 %
1011 7 v 722 56D RBIF ML T, ¥ L7 1 v Z0E 156m (x5 Z LR BT ONEZE I
LTW5,

UK A OWAT, KERSHEREV A 26 L0 B ETITENTED bmis &725 & 9 ITHE
L7z, THUSH L TKBENHERIEW D ZTiE, HEAKEZIMZ BN OMEL D 00K
SIS, £, BuKOofubMERIE, 2250E TR 2 B8 L ToE L,

K 1LRM 0 O ICxT HEUK O OFE T Table 4.2.3.1 1277,
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Table 4.2.3.1 Principal Feature of Intake

Alternative—A, B Alternative—D

40MW GOMW 40MW GOMW SOMW T20MV
Penstock Diameter 5. 50m 6. 70m 6. 00m 7.40m 8. 50m 10. 50m
Penstock Center Level | 185.25 [ 183.70 | 186.00 | 184.60 | 183.25 | 180.25
Maximum Discharge 118m°/s | 177m’/s | 118n°/s | 1770’ /s | 236m’/s | 354m’/s

(2) EAH N
D £ Ti%, BUkA~FBATRNIIEDRE AR bl s,

K B RV ORNRIZBUKAE R T E Lz, F720 B Ui B/ WX RIS 2 7%
BL, &L FopABEERBICIITEE a7 ) — b LT 5,

(3) AKIESRE

AZBRTIIEUKAOZF— DO TFHNS, DR TITEKKE N2V FRNOREHETO
XM Z2KEEE LT 5, 2O ERKEIZar 27V — &L ET D,

AKIESRE EEmicis i 2 NERITBUK O ONZR LR L TH D,
(4) HOKEE kv

Ad-1, Ad-2, A4-3, Ad-4 ZTIX, BEIT~HBOKOBIIBOKKE horxvbend, TATLE1RE
P OIERSEEE DT 8. Hok 0O THEHIR Ik 2 3% E T 5,

FOKEE N o, EAKEE MRV ERICARRE L, Brar 7 U — Ml T35,
(5) fhuiit

D ROMHEI & LT, KIENREWZ L bHIERRAL Uiz, S8 RIRITHEAE L2 baiE
T2,

A 5 I ONB ZOEMKNEHIT OAGREY & L Cid, BilEl o Feasibility Study Ti%, HAE N il H
FEREOEE 1o F v o pNVIARUGRE & . # D BRI > TROIGALED S KH £ TREEL,
KFELDOT Z 7y N7 oA —TCXFFT 25 A REEE L THIEL WD, 2okl
X, F v U RATOEHKRY) CTH L EFRICKEZDZER SR TE 54, Nl LECHE SR
BEOEENESGTHY . FEEDEVN, YHLEO X 912 30m %8z 2 KKGEIHE AT 5121,
IrYxl FaRX ML TEIREIZR D S D550, KAHIRIC X o TRIFENSGET H 2 &
I% Feasibility Study (Z TIER S TWDE D, T OEBWEIIRIEAHENTH D,

Zhuzxt LTAENL, IBEEEE A7 U — U IR BT E 2 i/ NROFEE) & 3L 7 o~
NIZTITO %A, PFETRFT2 28 & Lic, ALEFEROT v > 2 AAGEENT T 5 2 X K
MEEOR & LTt &, ENTH 2006 RIS 4 A2 T 26m OKE F CEEH SN Eae A
THLOT, FHIEEICED TEEEZLND,
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A BB LU B ZOEYIOF TS X "3 A % Table 4.2.3.2 12, &FFUIROM&X % Figure
4231 1R T, LT Ny RETIET ¥ o3RRI LT, M EETH 13 12, 2A KT
U2 \ICE TR FRE T D72, LR OBRF TIIBUK BRI TiEL LT b7~y REZER
oS R

Table 4.2.3.2 Principal Features of Steel Enclosure

Closure Type Channel-Shaped Bulkhead
Installed Output 40MW 60MW 40MW 60MW
Inner Width 12m 13m 10m 11m
Dimension Length 4m 4m 2m 2m
Height 32m 32. Tm 12m 13m
Weight of Steel 580t 660t 160t 200t

MG THEOZE BN, BUK D O#@EEM b L E L2 RER Shd, Thbb, BERTHK
DEINCTH L LRI L=V EZROAMIT D2 ENTERW D, A7 ) —3EERLE 2D,
FLRABHS— b BUKAT — FOE LRETBET 5, ZORBMHYT — FEREITKEET
NRAET DHERH DD, EREFICF V-2 TOHMEL Y, RRICES— b EE
274 FApbr—7 =7 —MIEEIND,

:F-'[
Channel-Shaped Bulkhead

Figure 4.2.3.1 Two types of steel enclosure
(6) LE{AHH!

A AEEROIEEINR & LT, 40 MW HEEE 1L 6.7 m, 60 MW HAZR G179 m & 55, AKJE#E
BOPRMN THFICHER A= L LT, HUOTHEEFB{L LIS, KESFE LEBAEMOZ )T T
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A% 06mEREL TS, EREHITIEE LT, #ER 1.2m (2 SD (Slot-drilling) G 1] &t B
DEFZFEY Y LI21%IZ, v AT > 7 L—h TR ONEZBEET HiEEZEE LTV 5,

PR OWERG ZE 1% Table 4233 1277380 Th A,

Table 4.2.3.3 Principal Features of Piercing Dam

OMW | 6OMW
Penstock Dianmeter 5.50m 6./0m
Piercing Diameter 6.70m 7.90m
Piercirg Length 224m 234m
Center Level of Fercing |  185.25 183.7

424 FE AT

41 FETHRATZ@Y | FBEANLES L OREEHBICLY | G 12 0EBERERNH 5,
FHROFEEITL L OHRUKBEOMEEZ TRICE LD D,

Table 4.2.4.1 Major Features of Powerhouse and Tailrace for Each Alternative Plan

No. Alternative Plans Major Features

e Above ground powerhouse is extended adjacent to the
existing powerhouse and spillway.

Al Powerhouse  No turbine inlet valve is installed.
1 e No additional overhead traveling (OHT) crane is
(40MWx1 unit) installed.

e Tailrace type is open channel.

Tailrace o .
e The existing tailrace gate & gantry crane are used.

e Above ground powerhouse is extended adjacent to the
A Powerhouse existing powerhouse and spillway.

No turbine inlet valve is installed.

New OHT crane (250 tons) is installed.

Tailrace type is open channel.

New tailrace gate (80 tons) & gantry crane is installed.

[ )

(60MW x 1 unit) *
Tailrace *

[ ]

e Above ground powerhouse is independently
Powerhouse constructed adjacent to the existing control room.

A4-1 e No turbine inlet valve is installed.

3 ) e New OHT crane (170 tons) is installed.

(40MW x 1 unit) _ e Tailrace type is short tunnel with 6.0 m dia. and
Tailrace approximately 40 m length.

e New tailrace gate (56 tons) & gantry crane is installed.
e Above ground powerhouse is independently
4 Ad-2 Powerhouse constructed adjacent to the existing control room.

e No turbine inlet valve is installed.

e New OHT crane (250 tons) is installed.

JICA 74A[H 4-25 Rk 24 4210 A
FOIT W —IK IR EATIRE MW E (20 2)
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No. Alternative Plans Major Features
(60MW x 1 unit) ] Tailrace type is short tunnel with 7.4m diameter and
Tailrace approximately 40 m length.
New tailrace gate (80 tons) & gantry crane is installed.
Above ground powerhouse is independently
Powerhouse constructed adjacent to the existing control room.
A4-3 No turbine inlet valve is installed.
S . New OHT crane (170 tons) is installed.
(40MW x 1 unit) _ Tailrace type is long tunnel with 6.0 m diameter and
Tailrace approximately 100 m length.
New tailrace gate (56 tons) & gantry crane is installed.
Above ground powerhouse is independently
Powerhouse constructed adjacent to the existing control room.
Ad-4 No turbine inlet valve is installed.
6 ) New OHT crane (250 tons) is installed.
(60MW x 1 unit) _ Tailrace type is long tunnel with 7.4 m diameter and
Tailrace approximately 100 m length.
New tailrace gate (56 tons) & gantry crane is installed.
Above ground powerhouse is independently
B2’ -1 wmmm%qbﬂ%%o@mmx%OmMMMWm
Powerhouse from the existing power station.
7 . No turbine inlet valve is installed.
MOMX\(I)K(MZNl;mtS B New OHT crane (170 tons) is installed.
Tailrace Tailrace type is open channel.
New tailrace gate (56 tons) & gantry crane is installed.
Above ground powerhouse is independently
B2’ -2 constructed at left bar_1k. of approximately 160 m
Powerhouse downstream from the existing power station.
8 . No turbine inlet valve is installed.
wowxiﬁﬁ&?“s_ New OHT crane (250 tons) is installed.
Tailrace Tailrace type is open channel.
New tailrace gate (80 tons) & gantry crane is installed.
Above ground powerhouse is independently
constructed at left bank of approximately 160 m
B2’ -1-1 Powerhouse downstream from the existing power station.
9 No turbine inlet valve is installed.
(40MW x 1 unit) New OHT crane (170 tons) is installed.
Tailrace Tailrace type is open channel.
New tailrace gate (56 tons) & gantry crane is installed.
Above ground powerhouse is independently
constructed at left bank of approximately 160 m
BY 2.1 Powerhouse mwm@mﬁmmmeqwmgmwaamm.
No turbine inlet valve is installed.
10 . New OHT crane (250 tons) is installed.
(60MW X 1 unit)
Tailrace Tailrace type is open channel.
New tailrace gate (80 tons) & gantry crane is installed.
Above ground powerhouse is independently
D2-3 constructed at right bank of the existing spillway
11 Powerhouse stilling basin.
(40MW x 1 unit) New turbine inlet valve (2 sets9 is installed.
New OHT crane (170 tons) is installed.
JICA 74 AE 4-26 Rk 24 4 10 H
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No. Alternative Plans Major Features

e Tailrace type is open channel.

Tailrace . .
e New tailrace gate (56 tons) & gantry crane is installed.

e Above ground powerhouse is independently
constructed at right bank of the existing spillway

D2-4 Powerhouse stilling basin.

New turbine inlet valve (2 sets) is installed.

New OHT crane (250 tons) is installed.

Tailrace type is open channel.

New tailrace gate (80 tons) & gantry crane is installed.

12 (60MW x 2 units =

120MW)

Tailrace

Prepared by the JICA Survey Team

FREEEON, RFHN72 ALEAOMW), A2(60MW), A4-1(40MW), A4-4(60MW), B2’-2(120MW),
B2’-2-1(60MW), D2-3(80MW)ZE D -1 - il - Wirhi X% Appendix A-1 (2779,
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HOKBERARAKAL (EL.164.0m) (ZxF LA 72 < | #&E E{TW@E 21T 9 A1, Unitl 3 X O Unit
2 DK FEKRNAZ BN 72 K 92, KEH OAHTIZ Cofferdam %% 1T 2 72 EDOXF RN ML &
I Tn5

AR R D a2 2 2 LYl L, A EOJLRAERORFHI W TIERE R IEH] £ fro L T
a2 75 28 & LT,

4.2.6 B

(1) BEfFAEGRER O

><
e
=

T LT LK EAT O E R OB Z LT REdk 35
a) JKH (3. 4. 5 51%)

KoL LKBIINIE Y T 0 U AE T, ADFRITRE I TRV, Fo, SE5HoORBKE
BT IER AR LT D, 7}@0)35%@% XL T O#EY Th 5,

1) EAETELE 37.0m

2) EHsWE . 117.1ms

3) EMHIT) . 40,000 kW

4) ERHEE © 136.4 rpm
5) KEEZ—1~L: EL.161.0m

2012 4 8 HBIME, JEHEM 3 SHED BT BV K E 3 S ITET L STV D,

b) ZEFEM (3. 4. 5 5HK)
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ootk & b IR ERIT R E O ST AR ER TH D, 3, 4. 5 SHETIT, FEEKHES
WS 2 KH LA AN — TR DR E Th D, £z, HFEHK ‘i7k“éﬂ§j7ﬁ0>{ﬁkmdf%
4%, HEEROTEERIZLLITO®Y ThH D,

1) E#HJ7 50,000 kKVA
2) EAMELE : 11kV

3) EMJE WAL 50 Hz

4) ERHEE © 136.4rpm
5) &A1= . 0.8

2012 4 8 HBI(E, FEHEMH 3 SHUIEH T CEEF LS TN D
c) FEEMHIEAES 3. 4. 551K)

3. 4, 5 SO TEEAAIEIRIT, 3 BOHMELIR THRINTWD, MHEIFHTRIL ONAF (7 7
HEITT) TH D, A HALERIMST U kEZ O M KRR E B STV b, Fi2.
3. 4. 5 5D HE T & L CHMAAIER L ERHEBE SN TWD, EEAELGRO EEERITLL
Toi@Ey THD,

1) EMAE 50,000 KVA (3 FHAEHREF)

2) JEASEEIEL ¢ 115/11kV

3) AEMAA : YNdL

4y FIfEA L E—Z A 0 8.5 % (3 FHAEHRA)

FHEERR 5 ST R TIEN ER L2y, WmEl7 7 2 X0 EFIZER LT
d EEFRIHFZ L—r

Kz L—id26dH %5, 3. 4, 5 5O EKBIEL 7 (B : 165ton) O M RIFITiX, 7 v
—2E%HE f*lfﬂiﬂﬁ“é K7 L= OFEEFRHIFILLTOEY ThH D,

1) FERSATHE

*No.1 7 L—': 100/20 ton
*No.2 7 L—2: 80/10 ton

2) EfTL—I AR 16.2m

3) AREERA
- Hf |72 3.8m
< 220 0.6m

4) HY E—A
- EFEATE 170 ton
- HE : 9.9 ton

THEOI V= ERRY T AEIRT S 2 ST TR TRy, —BEICEMEL T BEeD

Tl CEiIRE NS,
e) 115kV =FMHEHHT

115 kV EAMHPAFTIINERIE CHEFTERORE LIZRE I TV D, %ﬁmsA@mﬁﬁﬁ%
THREINZEINIT XTI ORI ZKH L, &7 5 BI#RO 115 kV EERIC

XU F v Ui EAGTEICHB I TV D, %%%%%&U%%%%“%@IE?@iu
Towmy Th b,

JICA 74A[H 4-28 Rk 24 4210 A
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1) RERRASRK 0 HARESR+IERIRRRR
2) RERREIR

« No. 1 DEEEMRA TR ACSR (BH.L>7 /L2 X0 240 mm?
« No. 1 SEEMMALTMIRERR © ACSR 240 mm?

1 - 2 SR E RERR HDCC (% X v ##) 150 mm?

+ 345 SHAIERERR HDCC 325 mm?

« 34 5 SHEMALTRIRER - HDCC 200 mm?
3) RIS T

- RS Weds, K
RS e 9 Kr/fi51-3H
4) 115kV JHEWER (34 -5 SHE)
- BREA EENX R EELF X
- FEMEIE 123 kV
- FERSEEIT 3,150 A
- TERSHEWTEE T | 40 kA
5) 115kV Wriggds (3«4« 5 5HE/H)
- BRI FH#) 57
- EMEIE 121 kV
- EMEEER 800 A
- TERGELREFIMTEE DT © 26 KA (4 FD)
6) 115kV Eiias (3-4-55HH)
- EFSEE 121 kV
- ERSEIRIL 500-250//5/5 A

- TERSERFLIMEE T © 26 KA (1 7)
f) 115KV GIS (I A iz B B E)
115 kV GIS T4 ¥ T LT L ~ F o)y 7 HREERE BZABARTICE ST 522 L2 HMY

ELTRHRIESNT-, TD%, ¥ 77— FEBEREFROBINIHEV 115KV GIS & 1 [AIFREEER S
72, 115kV GIS OEEHRIHIILLFDEY Th D,

1) RREAERR ©  HRER TR
2) [EREK

Ty 7 LB 1 [B]%%
- X T — NEER 1 [FI#R
- AT 1 BAPHRT E AR 1 [E]f
- F 47 51 BABAPTERIRER 1 [FI#R
3) TEHEEIL : 123 kV
4) TEFEEIT 1250 A
5) TEASFIRFREMH B - 25 kA (1 #)

7%, 115kV GIS ~ F 47 2 1 RANHEIFTRIE 115 kV. 400 mm?®, ZEFGR U = F L itk
TS (CV) m—T L TE SN TWD, ZDOF—7 L OEEIFRENRIT 450 A, £ 90 MVA
DESEERTE B,

EdL (2 X AUITBETE 115KV GIS 138 7= 7t em Il T+ A3 E & 72 > TV 5,

9) FTE KGR

FEROFTAENIAILRERE (1M E 7213 2 BHOV T & 115122KV BER A B

JICA 74A[H 4-29 Rk 24 4210 A
FOIT W —IK IR EATIRE MW E (20 2)
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T2 2 BOFALERICEIVITON TS, 2D 2 BOFTNELERRIEE T 0052 AEs
ZLTREY, BT 1 B TREFTEERONEN 2 MG L T\ 5, FEEROFAMERD)
AW HIRY , BEBAREITIEICHSLRBE2ALTEY, HEEHE~OFNERE LT
HHMATRETH 2,

728, 115/22 KV ZJEL51X 22 kV ElEMZ I L CEBO—REEFZ~OB G HH - T
D128, 11522 kV Eltzsw=FTNEIRE UTHIHE LLEI2E. ATNEISEN R EZEIT R
WRBLTHD LN,

—F. FTN&R WAMﬁ%ﬁofwéﬁrﬁﬁﬁ VTP DBERTEE A 72 < . MW RS 2 B4
DI DUE S N2 R H D, FTNE DGR O FEEIHIILLTOW®EY TH 5,

1) AMHFREE - AC 380 - 220 V (3 fH 4 ##X)
2) TEREWEL 50 Hz
3) FTNZEESS No. L (IR : 1 5 E 7218 2 SO R EH)
< ERR A 1,000 kVA
- EASEE 11/0.38 kV
4) FTNZEIESS No. 2 (FBIR : 22 kV ElERE)
- EASARE 1,000 kVA
- EASEE 22/0.38 kV
h) B AR Ex i
ELIRAENRRIL 2 B OREREEM L 2 B OFRELEE THR STV D, EREDRR R 2

BDIH 1HIFL zﬁﬁ%ioctwﬁmta_ LXfEH. HEDL1HIT3 4, 5 HHEAELT
FRRERR SV TWAH DY, FEFFRCIT 1 A TRENMSEROERARICHGET 5 2 & 236
Thod, —H. 1. 2 5HAOEREERIIITHEREEAEEARE S TWD23, 3, 4.5
SR OERELERIIEI TR 72 <, BIEEOEMIRNE#ECH 5, EERRWO FEF
HIZLL T\ Th b,

1) AMHHREL - DC 110 V
2) IEEEE
& 2H
- A A Xgn E B
C R 300 AH (10 FFEI=R)
% 53 ®IE
3) FEEE
< B 2B
< RPRATT AC 380V, 50 Hz
c BRI DC 60 A
- FE)VREEEL DC 114 - 122V

i) - REY A

1. 2 SHEOHIEERS L OME#E Y L — BT T R CHIE=ENIICERE STV D, 1, 2 BHEOHIHE
MBI OMREY L—BIX [T A7 AE KB EFMETrY =27 b JICA U e HER
)] T 2004 FEITHE S, BURERICRIE IR 22\,

3. 4,5 B, o — B VI LT OMREY L — 13, BB T LI EME I L T

JICA 74A[H 4-30 Rk 24 4210 A
FOIT W —IK IR EATIRE MW E (20 2)



JAFIvE ~b W4T SRR E O

T ONTEECEBRENICRE SN TWDIEN, BlRY £T— %ﬁéﬂiﬁﬂﬂ%i‘ﬁélﬁﬁﬂ%m 21, 2 5HORE
Els L RVINCHECE STV D, 728, Z OFEENICIZEMGEE 1y 0 AX—R& L)
N TV,

5 SR DOHIEAR S L OMR#E Y L —#21% 2009 4F 7 JICHHE - B S, Z D% 3 Sl H\ T
HAHE - hEBES T, — 07 4 5 1978 FFOE Y RO F EFHEH SN TR Y, BFELHL
MWENDE IR -> T, ZD7=d, EdL X 4 SHEOHliE I X OMREMKE IR OMIE
BEtLTW5, EBEEET O 3 BREOHIEERE S, FRHIHHE - KBShD TEE -
T3,

—F. EdL (21X A7 A5 1 KIIEEM &2 G 7 A AENDOERERT & LA BRI DR =RE
HEEHME LR EHESATO@R P ED 5T\ 5,

i) 115kV BEERR

F AT N LK DFEBEINCITEE 5 EIRRO 115 KV EBRAER SN TWD, T 95 Ho 3[H

Gy /N 1)%%%%&%? CEPEREGE S AL, FRY O 2 [EERIIAEN G 115 kV GIS Z#EHE LT

P SN TW5, 4 115 KV EEMOEREL ACSR 240 mm? T, EEZFAIEE 90 °C 12k

W, 1EHEE DK 117 MVA OENREDRFRETH D, T A7 L5 LIEEHELO 115 kV
EERME TRICRT,

Nam Leuk P/S N:xa tc:“’t" /s Nongviengkham S/S Khok Saat S/S Thanaleng S/S
us conductor Bus conductor Bus conductor Bus conductor
Nam Ngum 1P/S ACSR 300mm?x 2 ACSR ? mm? ACSR 300mm?x 2 ACSR 300mm?x 2
Switchvard  GIS  acsR 240mm? I I
1cct, 55.2km
ACSR 240mm?
XLPE 400mm ACSR 240mm? I I mm
1 cct, 20.6km (to Khok Saat) Lcct, 18.5km
Pak Tang S/S DonkoiS/S
E
£ ACSR 240mm? I I
ﬁ 2 cct, 61km ACSR 240mm? c
S 1cct, 17.6km 3
? ACSR 240mm?3 cct, 18km (PhonTong-Thanaleng) |
s € 8
g % n
5 3 %
o S ACSR 240mm? >
2 ! 2 cct, 25.7k
2 ACSR240mm? | ACSR 240mm?1 cct, 53km cct, 25.7km g
1 cct, 4.5km =
=
a
o
<
ACSR 240mm?
1cct, 16.2km
Phon Tong S/S
Bus conductor
HDCC400 mm?
Thalat S/S PhonSoungS/S Nong Khai /S (EGAT)
Bus conductor Bus conductor
ACSR 630 mm? ACSR 240 mm?
Note:

s (Blue color) : Existing transmission lines and substations as of 2012
e (Brown color) : Prospective transmission lines and substations to be installed before NN1 expansion as of 2017

Prepared by JICA Survey Team
Figure 4.2.6.1 115 kV Transmission Line Connection Diagram for Nam Ngum 1

k) 115KkV Thalat Z#EHT

Thalat Z2EFTIZ T L7 L8 1 KT EFHHHK 4.8 km OHLEIZH 5, APLIEFH D2 X

JICA 74A[H 4-31 Rk 24 4210 A
FA)T RS — K I ERTILR HEERE (20 2)
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D BERA B~ OREPRE SN TWED, R RAER S T oRaiilsnTn g,

1) FERRAERK HARERR -+ 1 [A] AR
2) RE#RELR

< B ACSR 600 mm?

- EERERR ACSR 600 mm?
3) [mIfREL

< LB 5 [F]HR

< SR 1 [Al#R

rl&

» ERERR - iERIRERREER 1 =R

(2) HEEREHENC 31T 2 BARGER i O Mt
a) KEHAZHE
1 505 5 BHEE COKER SHITEEA LA 37.0m TREFENTWD

BET 27 D) EFRICEEER T OF LT L5 2 KIPEEHNTKRT D &, F 1LEET~OHA
BV S T KO FERPERA S EFA$ 5 L PRSI TW D, —J7, AILEEOH
BRI X0 BRI D OIGR RN 2 D120, BOKEEOKM S EF$ 5, ZOREE, KiE
DIIEGRIE D LE LSBT > TV D,

KB NIEZENZ OV TILIEARGEFHRF ISR 228, BIfFEL v b7e< Ed 10m x5 2
ENRIAEND 20, RILEFEOBAERE L b, HEMICKEOEERHKAEE 380m &
L CTHE L7,

b) JKELH )

FREZOHNIIHERRICB T 5A8EHE L, BEH 2 40 MW F721% 60 MW & L
Too BABROIKHH IR ER DR LB L 409 MW £721% 61.3MW & L7,

c) KHEEX

FERBR L b ARERRIBFADOKELFR L7 T v ZAKEEZHRH L,

d) JKEE RS E

IREERHEE IR A TEHE SN D HHEE (Ns) 2 E L L CORE LT,
Ns = N x VPt/Hn'*
ZZIZ.  Ns: FEIEFE (m-kwW)
N: JKHHEE (rpm)
Pt: KHEH ) (kW)
Hn: HhTEE (m)
B, ARI%E A0m LLF., 71 40 MW DL EDO KB IEGERE N 2372 0 K& B8, Hil
EEA 300m-kW ZHx2 5L, 750 AKEOHRENELLIETT 5720, EED R4
300 m-kW & ES T, TR IREZ2 /K BLdEE & Feisl E O Bk 2~ 9,

JICA 74A[H 4-32 Rk 24 4210 A
FOIT W —IK IR EATIRE MW E (20 2)
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Table 4.2.6.1 Selection in Turbine Speed for Alternative Plans

Turbine Output | Net Head Speed Specific Ns Judgment
Pt Hn N Speed; Ns Upper Limit
(kW) (m) (rpm) (m-kW) (m-kW)
40,900 38.0 125.0 267.9 300 O
136.4 292.4 ©
142.9 306.3 X
61,300 38.0 107.1 281.1 300 O
1111 291.6 ©
115.4 302.8 X
Existing Units 3 to 5 (for reference)
40000 | 370 | 1364 | 2989 | - | -

Prepared by the JICA Survey Team

IKEHFEDRNE E~ 2 A ZAVNE 72 ORI 72 FLsl S EIRMELL T T
RERD LD, KEFHEZEE LT,

e) ANt
D2-3 (40 MW x 2) 3L TN D2-4 (60 MW x 2) % [ < FARBZEITI VD TIE, KB S Bl o
IKIEERE IR SN D T2, BERROKHE L RIFRIC AR E2EIET 5 Z Ll LT,

— ., RBEZE D2-3 B D2-4 13 1 RKOKESRE ZHIFR/KHE 2 A CLHAT D720, KHEL
BHIC AN REHRETH LI L, TOANARITEERE L, ZORNRIINESR D2-3 ©
a7 5.0m, D2-4 DA 6.0m EREL -7,

f) FEEEHT

BERBRE BREROTHK IR LA RERLFL 08 LRE L, HEOFEREK T %
50 MVA (40 MW) F721% 75 MVA (60 MW) & L7z,

g) FEEMBX

BRER L BRERITRLRH & [ UGS O STt Y R S & LT,

h) HIRRSHMEEIT RIS L —

HEEMMN T 50 MVA (40 MW) O[Rlfx7-FE &% 164 ton, 75 MVA (60 MW) O [rlfx - &%
246ton & REFEE o7,

1) B AL () 40 MW x 1) TIEBEFO X2 L—2 25 (100 ton + 80 ton) % % D
FEFHT D &IT LT

2) REEZE A2 () 60 MW x 1) TiE, B EFORKEENBEFO RIS L—rOF 0 fif
FEABRZDIED, K EEEOTIER 345 5LV b RELSR-TETL—ILD
ARUCUPEND Z LIk BEFEORIEZ L= BRI TE W, 20, Hi-ic
250ton 7 L—r 1 BAEBMLE-,

3) MOMRBEREROLELIFRAZ L—2FHATE 0O T, BMOKRAEZ L— %28
HTHZ LI L, FRBRICBTLIHRRAZ L—IT1lEEL, ZOMDEZ
FEEENEL - EEICADE CHEEMH T 40 MW O340 170 ton, 60 MW DA
250ton & L7-,

JICA 74A[H 4-33 Rk 24 4210 A
FOIT W —IK IR EATIRE MW E (20 2)
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) EEAEREH AR

TEEELR D ER A BIIFE B TCHH /1128 T 50 MVA F721X 75 MVA & L7=,

i

i) EEETEIROEK

RO KEEMITI T ELEELR TH D, fHkl— b EOFKI2 Sl EREIT 30ton LTI
M2 2D ENREE LS, 115 KV ZMBEESROSA . K 50 MVA TF Ok & &35
50 ton (ZH72%, L= -o T, A EELZENT 5720, LFO@Y . BEAED 5 O3
“MEEBRA L,

1) BEfFD 3. 4, 5 58 (HEEAEZRAR 50 MVA) ITHMEZRA LB, THE
FEGbMESN TS, Lieni> T, HEHT) 40 MW (ZEES%  50MVA) THik
S EAF O BATICHE T 5 BR AL KN AL-L IZBW T, BEFD 3, 4, 5%
LR U< BB EZHM LT,

2) HEEH ) 40 MW (ZE[ESRA R 50 MVA) T B HLSSBEZED 3, 4, 5 S0 HEE
NTWLEHECHIE T 60 MW (ZERRA R 75 MVA) OB AT, i i Bk
FEIERIRE R & THAMZR R AR 2 3R L7,

K) BETF 115kV GIS OBk

A4-1 (40 MW x 1), A4-2 (60 MW x 1), B2'-1 (40 MW x 2), B2-2 (60 MW x 2) D RERICE
WL, BETE 115kV GIS o= U 7 JE I AMEEI Tt S&ipH & 72 5728, 115kV GIS Bk
LT HIEZR b7\, OBk, BEF 115 kV £ER & o2 BB L <, HEn»
5K 150 m BN 72 X AOLEFEICHE L, B, OB THEICIE, 115 kV GIS Ak
RRDIEN, GIS BROHFFE, 115 kV EEMREES 2 KoBE X T3, BX O 115kV GIS L BE
17 115 kV FHREI D 115 kV B 7 —7 0 2 [EEOFH TF 5 5 e,

) HERRSHED 115 KV & B~ D 715

T LT LK L IKIPREET ORI ETEEDORE EIZH Y | Figure 4.2.6.1 IZXRE 4
72100 A FF5 ERED 115 kV BB ST W5, WIHRARNT ORE R, R E A 60 MW
PUFOSEAE. BEAF 115 kV EEMRAFIHTE 5720, RS ITEEFERABREFT O 115 kV
FEERRE I CREAE 115 kV =BT 5.

—J5 BRI 80 MW UL EDOBEAIT 115Kk EEROT RN EBRREX BB LTLEI =D,
721 115 KV EEREZEZTEIDLE2H520, ZNOLORMNEBE L, FRBRICBT 5
XD 115 KV EEM~OR T IEITILL T o v Gl L 7=,

1) fRBZE AL (A0OMW x 1) 3 LTV A2 (60 MW x 1)

BEED BRI 2 SN2 REBFEROE EF THLE L €., R 56 & BEfF 115
KV R E BT 5,

2) fWBRZE A4-1(40MW x 1) BL N A4-2 (60 MW x 1)
BEAED 115 kV £ 3 [N S BT B E A S D 224 @il L T\ 5 7= HE gk
SO 115kV BIEE ZEEERORE FICRET S Z N TE T, HEHAEOHE
VT Ty Il A= 2372, D7, BRI ERE K HICTBRT S

JICA 74A[H 4-34 Rk 24 4210 A
FOIT W —IK IR EATIRE MW E (20 2)
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115 kV GIS #&H CTREAF O EA B PART I i 9 5,
F7o, WER SO TEAEFES & 115kV GIS X 115kV jj/f TIVTHRET HZ &
(2L, 115KV GIS [ Z DR S#EBEG & L C 1 [BIFRHERR

3) fERR B2’-1-1 (40 MW x 1) L 1* B2’-2-1 (60 MW x 1)
HARX B DR E %@%ﬁx%ﬂ%r@ﬁﬂﬁﬁ%ﬁ 115 kV lf?if%éﬂ“(&@ﬂ“é/%«
N DOFERNNEETH D72, RIFER Ad-1 L REEEIC, %1%% T B k) E ﬁz.ﬂ
9% 115 kV GIS %%Haf%ﬁ@%%ﬁ%%ﬁ)ﬂ:&ﬁﬁé %v&&%@f%fr

115kV GIS 1% 115kV BN —7 NV TR+ 52 L1 L\ 115 kV GIS @i:@ﬁg;&ﬁ
R & L C 1 [EIfERR T 5,

4) {RBZ B2’-1 (40MW x 2), B2’-2 (60 MW x 2) | D2-3 (40MW x 2) 35 X% D2-4 (60 MW
X 2)

MR A 80 MW IC72 % & BETFE 115 KV REBMINBARIC/R D L FRENDS 20D
;52%1%% IEBE 7D RSN BRPAT IS Bt 35 = & DTERV, LER- T, SHaREic
BB 2R L, £ 205 115kV BET £ T115kV 2 El#%@éﬁ-éﬁﬁﬁm

T5Z LT 5,

Bz 22 BANBHPAZEE ITEORTE & L. 115 kV RSSO IBE R ANHPHET & W U "HiRE
MrEE R R 2,

—J5. #&%FFD Thalat ZEAT (7728 13EFHNS 4.8 km) <° Phon Soung 2%
AT (L7 25 LFEFN D 21 km) [ XEHIA R A EEE L Bbih o7, Hik
7% 115 kV EFEMIL Naxaythong ZFEFT (7L 7 A8 1 HEHND 61 km) £/
Hin Heup Z%EfFT (747 L5 LREF2 O 54km) £ TEETLH XL HFHE LT,

m) BEFEABHEART D 115kV BERY A X

BEAZRAMBREAFT O 115 KV FRERIE HDCC 325 mm? Th V) 7 OB R i 1 s 2 A 1
J£90°C 2B\ T 875 A Thd, FIBRICBIT S 115kV ERROFTERERY A X Z RO
RFITTRE LT,

1) HEREEESTT N TOREEN TR TEIRL T\ 5,

2)  RARMEATRE A2 M LT, Nam Leuk B SR 20 MVA O 2B AN BT
WAL TV 5,

3) 115kV REHBEROFEMEZ BER% & [F U HDCC (Ffisi L v #) &35,
4)  115kV RFEEROERFTRIRE AL 90°C &7 2,

115 kV REREMRA & & TS8R 4 XD R4 Table 4.2.6.2 127”79,

728, BEFOREMK S AiEEERFCH 115 kV BEREKEITIT 954 A (2L, BEIC 115kV &
R EAR DO AER 857 A 2 T\ 5,

L B2-1 (40MW x 2), B2-2 (60 MW x 2) . D2-3 (40MW x 2) 35 X O D2-4 (60 MW x 2)C
%, HERR B A BEAF O 115 kV RERRICESGE T 2 BTV as, BRR O R B R R TRE &
FRHE T D 7o DI ERFPEROTH R EE LV, EOMR, 2 TORBRITE W BRI
PHETO 115 KV ERMRERZIE 2 2 Z L12T 5,

JICA 74A[H 4-35 Rk 24 4210 A
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Table 4.2.6.2 Required Conductor Size for 115 kV Main Bus for Alternative Plans

Generator Output Max. Current in Required
Plan [MVA] 115 kV Bus Conductor Size
Additional | Existing Total [A] [mm?]
Al
A4-1 50 260 1,305 HDCC 725
B2’-1-1
A2 190
A4-2 75 285 1,431 HDCC 850
; +20
B2’-2-1 -
B2’-1 1)
D23 0 210 1,054 HDCC 500
B2’-2
D2-4 0 210 1,054 HDCC 500
Note (*1): including Power Received from the Nam Leuk Hydro Power Station (20 MVA)
Prepared by the JICA Survey Team
n) RS O PN BRI
H R 1 OSBRI B R AR & FE T HE R 40 O SEHAHERF I L B 2R AN D T2 O DTN
TERRAFICOWT, BRI LI T O Y Mt Lz,

1) fRBZE AL (40 MW x 1), A2 (60 MW x 1), A4-1 (40 MW x 1), A4-2 (60 MW x 1), B2’-1-1
(40 MW x 1) 3 X 0¥ B2’-2-1 (60 MW x 1)

BEFATNEE4r (IREZEER) X2 6L bEBICHFARBBDRH D120, £DF 1
RS OFTNAZER & UCRIAT 2 L 9 Gl Lz,
— 7. BEAF ORERL B I T OBl 2372 < | HEEXER I ~ O P N AR AL
ATERY, LI > T, FiiclBERERE LB 52 &2 L,

2) A% B2’-1 (40 MW x2) 33 XY B2’-2 (60 MW X 2)

HEREEN 26 THL I EEBE L T, WRFEEITPICEIMOFT N BRI & i &S
SRy (e O it

Z OFTNEIRR T SR OB L OB 11522 kV BEFRZEFRE L, Ar
WWE 2A&ﬁrMﬁ%1tfﬁﬂﬁé 2B, ZOH LWETNEIRER fF 1 TBEF D
FTNETRRR R & 22 kV BLEBEH CTHERATE DX OBF 22k BlEME 1A EH L,
22 kV ﬁaﬂ%&kta.ﬂ WiTZ 22kV B —7 T+ 52 LI LT,

@’ﬁ%%[H%MOMWX@:H&@[HA@OMWX@

RBRE B2’ -1, B2’-2 L[RIERIC, MR ETNICEIMOFTNEIRRIHEZXET S &
Iz L7,

Z DOH LW PTINEIREH (XA T O TN &R e & 22 kV BlEMSERH CHEATH 2 &
ﬂf%éio%ﬁzzwﬁﬁwﬂﬁ@ﬁﬁb 22 kV ElEER L HEESET A 22 kV
BOAERR (BRZERER+ENr—7 ) THRETAZ LI LT,

(I3

0) HER S O B E IR

HEER R OO TE A I H1 2 [ SO PR A
DY FRET LT,

7¢ S\ B EGEIREIE IS OV T, (VBRI L
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Figure 4.2.7.1 Existing Stop Log
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Figure 4.2.8.1 115 kV Transmission Line Connection Diagram near Nam Ngum 1
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Table 4.2.8.1 Allowable Current and Transmission Capacity of Standard Conductors

TEH R (80°C) N-1 Z4:5 (90°C)
T g A MVA A MVA
B ACSR240 480 9 590 120
ACSR240 590 120
PACET ACSR300x2 1394 278
TR HDCC325 875 174
HDCC400 950 189
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Table 4.2.8.2(1) Results of Load Flow of Transmission Lines (around Nam Ngum 1 P/S)

(Unit: MVA)
NN1 TIL NN1-NXA NN1-NLE NN1-TLA TLA-PSO | PSO-NAX

Expansion Line No. 0] (i) (iii) (iv) (V) (vi) (vii)
Without Norma 61.4 61.4 124 21.9 21.9 80.8 59.1
Expansion N-1 (TLA fault) 61.6 61.6 12.6 39.5 - 80.4 58.8
N-1 (NAX fault) 80.6 - 23.7 29.5 29.5 100.3 78.3

40MW Norma 69.0 69.0 21.2 24.6 24.6 88.4 66.6
N-1 (TLA fault) 69.5 69.5 21.6 45.2 - 87.6 65.8

N-1 (NAX fault) 90.6 - 33.8 37.3 37.3 110.3 88.0

60MW Norma 72.8 72.8 255 26.9 26.9 92.2 70.3
N-1 (TLA fault) 735 735 26.1 49.8 - 91.2 69.4

N-1 (NAX fault) 95.6 - 38.9 41.6 41.6 115.2 92.9

80MW Norma 76.7 76.7 29.9 29.6 29.6 96.0 74.1
N-1 (TLA fault) 77.4 77.4 30.5 55.3 - 94.8 72.9

N-1 (NAX fault) 100.5 - 46.1 46.1 46.1 120.2 97.7

120MW Norma 84.3 84.3 38.6 36.0 36.0 103.6 83.0
N-1 (TLA fault) 85.3 85.3 39.4 67.9 - 101.9 79.9

N-1 (NAX fault) 110.5 - 54.1 55.5 55.5 130.1 107.4

Note) NN1: Nam Ngum 1 P/S, NLE: Nam Leuk P/S, TLA:: Thalat S/S, PSO:: Phon Soung S/S, NXA: Naxaithong S/S
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Table 4.2.8.2(2) Results of Load Flow of Transmission Lines (around Nam Ngum 1 P/S)

(Unit: MVA)
NN1 TIL NXA-PTO PTO-NK TNA-NK

Expansion Line No. (viii) (ix) (x) (xi) (xii) (xiv)
Without Norma 51.5 51.5 51.5 50.9 50.9 91
Expansion  [N-1 (TLA fault) 51.6 51.6 51.6 51.1 51.1 91
N-1 (NAX fault) 47.1 47.1 47.1 49.6 49.6 91

40MW Norma 57.2 57.2 57.2 55.9 55.9 91
N-1 (TLA fault) 52.2 52.2 52.2 53.2 53.2 91

N-1 (NAX fault) 52.2 52.2 52.2 53.2 53.2 91

60MW Norma 60.1 60.1 60.1 56.6 56.6 91
N-1 (TLA fault) 60.1 60.1 60.1 58.8 58.8 91

N-1 (NAX fault) 54.7 54.7 54.7 55.3 55.3 91

80MW Norma 62.9 62.9 62.9 61.5 61.5 91
N-1 (TLA fault) 62.9 62.9 62.9 61.7 61.7 91

N-1 (NAX fault) 57.2 57.2 57.2 57.5 57.5 91

120MW Norma 68.5 68.5 68.5 67.6 67.6 91
N-1 (TLA fault) 68.5 68.5 68.5 67.8 67.8 91

N-1 (NAX fault) 62.1 62.1 62.1 62.3 62.3 91

Note) TNA: Thanaleng S/S, PTO: Phonthong S/S, NK: Nongkhai S/S (in Thailand), NXA: Naxaithong S/S,

PTO: Phontong S/S

WIZ, T LT BE—ENOILROEELEZ T HEBHOENBOTHEINLRKRKAME T
KITRT, BEEHO 115KV ERFROMFE L T A X, FRBERELOFL L, AR ZRF TR
L7,
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Table 4.2.8.3 Estimated Maximum Load of Main Bus in Substations

(UnitMVA)
Substation NNL P/S TLASIS PSO SIS NXA SIS PTOS/S KSASIS TNAS/S

Conductor size HDCC325 | ACSR630 | ACSR240 | ACSR300x2 | HDCC400 | ACSR300x2 | ACSR300x2

NN1 Max current capacity 875 1078 590 1394 950 1394 1394
Expansion per phase (A)

for three phase (MVA) 174 214 120 278 189 278 278
Without N-1 (TLAfault) 210.0 130.3 80.4 239.2 154.8 60.9 91.0
Expansion N-1 (NAX fault) 210.0 138.8 100.3 2254 1413 60.9 91.0
40MW N-1 (TLAfault) 260.0 127.2 87.0 256.4 1716 60.9 91.0
N-1 (NAX fault) 260.0 1442 1103 2406 156.3 60.9 91.0
60MW N-1 (TLAfault) 285.0 1275 91.2 264.9 180.0 60.9 91.0
N-1 (NAX fault) 285.0 147.9 1152 2482 163.8 60.9 91.0
8OMW N-1 (TLAfault) 310.0 128.7 24.8 2734 188.7 60.9 91.0
N-1 (NAX fault) 3100 1523 1202 2554 1716 60.9 91.0
120MW N-1 (TLAfault) 210.0 133.0 1019 336.0 2055 60.9 91.0
N-1 (NAX fault) 210.0 158.3 130.1 271.1 186.3 60.9 91.0

Note) NN1: Nam Ngum 1 P/S, TLA:: Thalat S/S, PSO:: Phon Soung S/S, NXA: Naxaithong S/S, KSA: Khoksaat S/S, TNA:
Thanaleng S/S, PTO: Phonthong S/S

Prepared by the JICA Survey Team
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Table 4.2.9.1 Technical Assessment of Each Alternative
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60 MW B3R DA . A2 BN 237 N TH DD BOEKE EAEED L E HZE T AN H
D BEGFORIZ L—r % RE S 20O T, HHOMRDES 7270 B2’-2-1 BMENL TV
%,

80 MM 3 LN 120 MW HEER DIGA . BEF X LR ZFIH L CTHUK O 25% 1T 5 27 E(B2' R)HME
NTVD, ARRD2 R)IMSLEUKEE ORI Y 2K L L7 Tide b, BLHEL 25,

4210 EREERCZD

A %+ B REBILRETHEONR TXKBIIEER O Z L - EEFENICIRO N D O T, THEEHAHIR
DEREZRE LD Z LI, D2 E(EFER)DOHEUKER L UOSEEFTIIMF BN St T
WHR, TN THIL L& T L7z 1960 NI THAM E L CTEDLNZKIENTH Y | i TS
WHRREZRESERD Z &30,

REFHLES b H OB P L0 B BB EAT 5 4 Thb 5.
(1) BB AN LRI L2 B

Figure 4.2.10.1 |2, & — 7 FFfEH O RNEPRFHRAE R & | S UGS T 2 IRIERT & DARALZEIZDONWT,
40 MW, 60 MW, 80 MW, 120 MW JLEEDEE D, TN ENDRERE RS, YEIRATO R K H ) 155
MW I DKAL A2 R — R & LT2GE | N— R & DR ZEIL, TIROBZHE TIZE—ETH Y, 40 MW
PR LI E . KA EIEIIEIR L D 04 m-05mEI KT 5, 60 MW BZDEA1X0.6-0.7m D
ZEEHREE R L 72 0 . 80 MW D#3413 0.8-0.9 m DI, 120 MW D413 1.1-1.3 m DRI 5
LHEESINLD,

Unit (m) Increase from Base Level (m)

EL. (m) Distance |Bed EL. |Base WL | +40MwW |+60 MW | +80 MW | +120 MW
166 | 10,740 148.35]  164.91 0.42 0.62 0.81 1.19
—_— 10,240 15457 164.92 0.42 0.62 0.82 1.20
164 |- 9,740 155.09] 164.92 0.42 0.62 0.81 1.19
162 9,240 155.81] 164.94 0.42 0.63 0.83 1.21
f\ N 8,740 149.03] 164.97 0.43 0.64 0.84 1.23
160 ~/ 8,240 153.35] 164.98 0.43 0.64 0.84 1.23
158 / \—’\ 7,740 156.17|  164.97 0.43 0.63 0.83 1.22
\ 7,240 158.29]  165.00 0.44 0.64 0.85 1.24
156 —BedEL. 6,740 159.81] 165.01 0.44 0.65 0.85 1.24
154 —Base \ /\\ 6,240 159.73|  165.03 0.44 0.65 0.85 1.25
— +40MW \ / \ 5,740 159.65] 165.05 0.44 0.65 0.85 1.25
152 —— +60 MW 5240| 159.97| 165.07 0.44 0.65 0.86 1.26
150 +80 MW \ / \ 4,740 161.09] 16510 044 0.65 0.86 1.25
+120 MW v \ 4530 158.81] 165.13 0.44 0.65 0.84 1.24
148 s ‘ ‘ ‘ ‘ 3,500 159.92| 165.17 0.44 0.65 0.85 1.25
0 2,000 4,000 6,000 8,000 10,000 12,000 3,000] 161.84 165.16 0.44 0.65 0.84 1.23
Distance from Dam (m) 2,500 161.66 165.30 0.43 0.64 0.84 1.24
2,000[ 161.38] 165.45 0.43 0.63 0.83 1.22
Water Level Difference of Each Expansion Plan 1,500 159.20 165.53 0.43 0.64 0.83 1.23
1,000] 157.62] 165.33 0.36 0.83 1.03 1.42

Source: Preparatory Survey for Nam Ngum 1 Hydropower Station Expansion (2010)
Figure 4.2.10.1 Result of Non-uniform Flow Calculation: Output Increase at Peak Time

Figure 4.2.10.2 1%, KRN EFIC K DR BOB I & RE, 20 v 7))l -« F L7 L)1 G
JRO THEA) 10km (ZLiEJ 5 Pakkagnoung BLAIFTIZ IS 1T D& ICHAR L, JEICKkH L CREE2 %
AR EELY HEES L LTORLE S D TH %, Pakkagnoung (235 1) 2 i &8 1,000 m/s (2 22 4L1Z

JICA 74A[H 4-50 Rk 24 4210 A
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Figure 4.2.10.2 Affected Riverside Users
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Figure 4.2.10.3 Operation Pattern of Nam Lik 1/2
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Table 4.2.10.1 Discharge and Affected Riverside User’s Ratio

Expansion Scale Nam Ngum Nam Lik Total Affected Ratio
Existing 465 244 709 0%
40MW 582 244 826 =0%
60MW 641 244 885 10%
80MW 699 244 943 23%
120MW 816 244 1,060 58%

Prepared by JICA Survey Team

PLERESEKMRBRR O, BT DKM EFIC X AREEEE L MG LT, BRI 2
R L OVE O ZEIZ- DT Table 4.2.10.2  Environmental Impact and Compensation Cost (27~
F iz, FANBEROMEEFEIT OV T 4 [E Table (2508 L 7=,

AOMW HEaE DA, WEEZE %2 A TW A IR OKN EFIC LA 2T T RSNV, Lo T,
MEELRELRY, LNLERL, ZRUANAORBRIZONWTIE, HEENRRKE L 2512251,
B BRI 5 Z E N TR,

Table 4.2.10.2 Environmental Impact and Compensation Cost

No negative impact is expected due to the increase of
water level during dry season

About 10 % of the households or 85 households which
60 0.8 85 practice riverbank gardening will be affected due to
(10 %) the increase of water level during dry season
Further study such as census survey, inventory of
affected assets and socio-economic survey shall be
conducted in order to clarify the real scale of affected
area.

33.8

About 23 % of the households or 194 households
80 1.0 194 which practice riverbank gardening will be affected 771
due to the increase of water level during dry season
(23%) Further study such as census survey, inventory of
affected assets and socio-economic survey shall be
conducted in order to clarify the real scale of affected
area.

About 58 % of the households or 490 households
120 14 490 which practice riverbank gardening will be affected 194.8
due to the increase of water level during dry season
(58%) Further study such as census survey, inventory of
affected assets and socio-economic survey shall be
conducted in order to clarify the real scale of affected
area.

7E)
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Prepared by JICA Survey Team

B ERIEIAT B Y 27 MEN T RREZEZ2 B ATV AR L LT 845 i Zaife & L7,

(2) FMBEROBRILAESZENITR DGR

T A ANCET HEREORESTEMIX, Decree on Environmental Assessment (No.112/PM Feb 2010)
IZBWTC, FHEEIC L D EEESFRAE(Envirnomental Compliance Cerrificate : ECC) D B & HlE &
NTWB% ECC BUGDA21%, FEHIC L % HIIBREL 25 {fi(Initial Environmental Examination :
IEE) & U < I3BR B 223l (Environmental Impact Assessment : EIA) D i, MONRE (2 & % & Dk R
DFA, ABDPLEL D, BRBEROEREAS BRI 5 KGRRFE % Table 4.2.10.3 Approval
Process (Required by MoONRE)(Z/x97,

40MW FLIE DA%, 2009 12, ECC 4 BUfG7 % # O ) M1 B 5i 52 B3 (Initial Environmental
Examination : 1EE) D i 3 B & S 4172, IEE Efiit% . MONRE 12 X % # DR OEA A4 #% T, ECC
A3 2010 4 5 HIZZ M 41, DB 2012 4E 7 A IS OHIRPIERE S117-%, 2 OMoRERIZHONT
X, B LWEBRRICE S W AKRE A IEE LR — FOREEH TL <, IEE b L<IX EIA O %EfiE
DORELIe, FT2, IEE ONFEEFIMZ, it 2 I L, FrisREIC L 5 EBORE %
BIfElZ L. Land Acquisition and Compensation Report ZEp 7 2 BN H 5, WAEEH L7- IEE I
X O¥Land Acquisition and Compensation Report {3 MoNRE [ZH2H U KGR 22 1T 2 i duiE 72 5720,

Table 4.2.10.3 Approval Process (Required by MoNRE)

40 ECC was issued in May, 2010 and extended on 9 July, 2012.

60 - Update existing IEE (no IEE or EIA required)

STHPAMAETE TOHEHIT L D ECC DELSiE Decree on Environmental Assessment (No.112/PM Feb 2010)  Article4
WICHEE TN D

SEIEH Y ECC A A D 2 4ELINICFE &2 BILA LW 54 ECCIXHEIMNICKRET 5, D%, EDL i MONRE
IZ ECC OHIRERHiEx Lic, T OHEFITARIN, ECCIL2FLER SN,

JICA 74A[H 4-53 Rk 24 4210 A
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*Update IEE report and conduct social survey to prepare Land Acquisition and
80 Compensation Report/Resettlement Report (3 months)

*Submit the report to the ESIA Dept., MoNRE for review (1~several months)

120 *Obtain an approval letter assuring the validity of issued ECC with renewed
expansion capacity

Prepared by JICA Survey Team
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Table 4.2.11.1 Summary of Estimated Construction Costs of Alternatives

Nam Ngum 1 Expansion: Summary of Estimated Base Costs of Alternative Plans
Rev. 2012.08.05

80 MW 120 MW
Expansion Expansion

Al Ad-1 | A4A-3 |B2-1-1| A2 A4-2 | A4-4 |B2-2-1 B2-1 | D2-3 | B2-2 | D2-4

Description Unit 40 MW Expansion 60MW Expansion

1 |Construction Cost

a) Civil Works MUS$ 215| 26.8 271 222| 268 344 348 250 405 645 46.3] 832

b) Hydraulic Steel Works MUS$ 18 2.3 2.3 45 34 34 34 6.5 8.4 57 125 8.4

c) Electrical/ Mechanical Eq. | MUS$ 20.7| 24.4] 244 244 341% 329 329 329 46.2| 47.0( 627 66.4

d) Transmission Line MUS$ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.6 5.6 5.6 5.6
Sub-total MUS$ 440 535/ 538 511 64.3] 707 711 64.4| 100.7| 122.8| 127.1] 163.6

2 |Engineering MUS$ 6.6 8.0 8.1 7.7 9.1] 10.6] 10.7 9.7/ 15.1] 184] 191 246
TOTAL (Base Price) 50.6| 61.5| 619 588| 734| 813 818 74.1| 115.8| 141.2| 146.2| 188.2
Ratio 1.00 122 122 1.16 1.00 111 111 1.01 1.00 1.22 1.00 1.29

* : Reduction of energy production (US$ 3.9 M) due to 3-month shutdown of unit-5 during powerhouse roof renewal over Unit 5 is included.

() : ERE= 2 MOFHHEGEE, EERE T, TREITE EAR,
Prepared by the JICA Survey Team

N—2Z2 3 A I 40 MW H5ZX TIT AL Z0 R HIK< 50.6 Bk Rv e BfES Sz,

60 MW HEER DIGE. LA T 7 "R N7 M AR EZNRRLEL T34 H K RLVERFED bz
. FRHIZR ) A7 DXV /EWB2-2-1 BDO 741 F5 K RV EIRITFEETH D,

80 MW 35 LU0 120 MW HERX D353, JEBFTZ /25 TS KR T 2 B2 R3S, REAT &4 FITH
HTHD2RELY 2R bR TE 2, ZHUd, D2 RPN OBUKEZE L, D7D Ol
BRETTIZDTH D,

4212 fpkHiER & RAEE &

(1) BEp/kERL—v

2010 4R IC 3 S L7 b 7 AR EATIREER A Tl B AfR/IMEE B L7 i K
HIEHZ e L TV D, FRIEBEROMGSTiE. 8 2ORBEDZ NI OV Tl iE L —

JVEVERL L. F DML — I EES & 2007 4R F TOF L7 AFE—RpKi~Di A& 2 VT3 E
EBHEEZHRE LTS,

AT, JEOERIIA 7 E— I O E— 2 IZE A2 7 F &, B — 7 EEEICLVVE G
ABRZHIRSE S Z L, BiEOUERFHE CHE SN T-ARBER EARHE CORBRIZ, L4 77k
REIFEALELEDLY RN EG ., FEHEE CHRE SN AMER L — L 2T 5,

(2) F L7 DE—RKMA~DFAEDRE

BEBNEOBRE THWS T LT LE—RAKMA~ORAEIL., 1972 £ 5 2011 FETOFT LY
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D —HRKMA~DIRARZ N D, 72720, BFTTIEET L7 58 KM OIT - R 2B BT 2
23, RIEFAA Tl 2007 - TOF A7 LFH ka2 BE LR ARLZRE L TW5, SEFHAE
TIET L7 LE—FEHNSZME L7z 2008 4005 2011 £ TOF L7 LKt ~D A&
I, T AT NG AR OITE R AR LT A7 A KA~ ORAREZ R E LT,
T T B R DR B A R L2 A S D AT AR~ DR AR D FE T, BiEIYEH
TECTHEINZY I 2 —y a3 BT VEZ V., 2008 E 5 2011 0T LT N BT
SO EZHEE L=,

(3) FAE =

kSR I, BEBHEHELZ T, FABRROFEE% Table 4.2.12.1 12777,

Table 4.2.12.1 Result of Annual Energy and Dependable Capacity

Option E)C(;a;nsmn Annual Energy (GWh) Dependable Capacity (95%)
Existin

wifo Eipansion) 0 1,078 110.89
Al 40 1,134 144.45
A2 60 1,138 161.72
A4-1 40 1,133 144.25
A4-2 60 1,136 161.41
A4-3 40 1,132 144.17
A4-4 60 1,135 161.31
B2'-1 80 1,150 188.79
B2’-2 120 1,160 227.82
B2’-1-1 40 1,134 144.39
B2’-2-1 60 1,138 161.74
D2-3 80 1,146 187.83
D2-4 120 1,153 225.78

Prepared by the Survey Team

4213  BREMEOAT
(1) YEEIC X D1

FERBATHLIRIC K D IE. LT ORI IRAEH 1 (MW) O SN & 4158 25 76 /) 2 (GWhly) D
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Table 4.2.13.1 Increment of Annual Energy and Dependable Capacity
Expansion Alternative Capacity Energy
Scale Increment Increment
(MW) (GWhlyr.)

40MW Al 33.55 56.24

A4-1 33.35 55.04

A4-3 33.27 54.57

B2'-1-1 33.49 55.87

60MW A2 50.82 60.01

A4-2 50.51 58.00

A4-4 50.41 57.35

B2'-2-1 50.85 60.15

80MW B2'-1 77.90 72.12

D2-3 76.94 67.90

120MW B2'-2 116.93 81.86

D2-4 114.88 75.46

Reference: NN1 generation status before expansion (with NN2)
Dependable capacity: 110.89 MW
Energy Production: 1,077.89 GWhlyr.
Prepared by the Survey Team
R A

& ERRLR ST B A FTHINH ) & HEINE ) B Rt e 2 R L7z,

T 4 — B NREBEOREZRE IR TOEE (ESMAP Technical Paper 122/09) #&& & L, i
L K OV 72 sk L C US$ 657.8/kW & L 7=, — 785813 Lao Fuel Company 7> 5 @ KL
FEH 0 & J0l2 US$0.6376/L & L7,

KW il & kWh ifEIZZ70F 40 US$ 113.11/kW 3 L TN US$ 0.1457/kWh & RS Hivs, Zh
5O KW lifE & kKWh fiE 2> & FHE S 405 MR #1482 Table 4.2.13.2 (2R,
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Table 4.2.13.2 Annual Economic Benefits of Alternatives

Incremental capacity Annual economic benefit

Expansion | Alternative and energy (*) (M US$/ year)

Scale Capacity Energy Capacity Energy Total
increment increment benefit benefit
(MW) (GWh/year)
40 MW Al 33.55 56.24 3.79 8.19 11.99
A4-1 33.35 55.04 3.77 8.02 11.79
A4-3 33.27 54.57 3.76 7.95 11.71
B2’-1-1 33.49 55.87 3.79 8.14 11.93
60 MW A2 50.82 60.01 5.75 8.74 14.49
A4-2 50.51 58.00 571 8.45 14.16
Ad-4 50.41 57.35 5.70 8.36 14.06
B2’-2-1 50.85 60.15 5.75 8.76 14.52
80 MW B2’-1 77.90 72.12 8.81 10.51 19.32
D2-3 76.94 67.90 8.70 9.89 18.60
120 MW B2'-2 116.93 81.86 13.23 11.93 25.15
D2-4 114.88 75.46 12.99 10.99 23.99
Reference (*): Generation status before expansion (with NN2):

Dependable capacity: 110.89 MW
Energy production: ~ 1,077.89 GWh/year
Prepared by the JICA Survey Team

S AR

PRARF A L ORI B T DB, L= 0ENE4 2 74 AENTREEL TS
HBNDNATH D, 2017 FIZTE I D ) 5eE Bl & 2012 FFAhES /K HETHHE 35 & . kWh
WN 939k FTHDH, TOHMAEBEH L CENBEROMBHERZHE L,

Table 4.2.13.3 Annual Financial Benefits of Alternatives

Expansion | Alternative Incremental energy (GWh/year) Annual financial
Scale Generated Sold energy benefit (M US$ /
energy after loss year)
*)
40 MW Al 56.24 52.34 4.92
A4-1 55.04 51.23 4.81
A4-3 54.57 50.78 4.77
B2’-1-1 55.87 51.99 4.88
60 MW A2 60.01 55.85 5.24
A4-2 58.00 53.99 5.07
Ad-4 57.35 53.37 5.01
B2’-2-1 60.15 55.99 5.26
80 MW B2’-1 72.12 67.12 6.30
D2-3 67.90 63.19 5.93
120 MW B2’-2 81.86 76.18 7.15
D2-4 75.46 70.23 6.60

(*): Loss:  Transmission 6.0%, Internal consumption 0.5%, Forced outage 0.5%
Loss factor = (1-0.06) x (1-0.005) x (1-0.005) = 0.9306

Prepared by the JICA Survey Team
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() IEERHFEEE

BRIBREDOR—Z2 a2 ME L Table 42111 I RSN TV D, FEHITN—Z A M2 10% DT
e & 5% D FMEHEZ M2 TEE 35, Wl EH. HHEES, B, &P &RE 3R T
G, BEHOHE % Table 4.2.13.4 1277,

Table 4.2.13.4 Project Costs of Alternatives

Expansion Alternative Base cost Contingency and Project cost
Scale (M US$) Administration (M US$)
(M US$)
40 MW Al 50.60 7.84 58.44
Ad-1 61.50 9.53 71.03
A4-3 61.90 9.59 71.49
B2’-1-1 58.80 9.11 67.91
60 MW A2 73.40 11.38 84.78
A4-2 81.30 12.60 93.90
Ad-4 81.80 12.68 94.48
B2’-2-1 74.10 11.49 85.59
80 MW B2’-1 115.80 17.95 133.75
D2-3 141.20 21.89 163.09
120 MW B2’-2 146.20 22.66 168.86
D2-4 188.20 29.17 217.37

Prepared by the JICA Survey Team

HELIIFEOEBIIEDEYE TEHEND, FEEMPFIIAMERLEOEFH 5 FELEEL, B
1HEBIZ 2%, F2HEHIT3%. FHIFHIT20%., FA4HFEBIZ40%Z L TESHHIZ 3B5% DI
N EHEET D,

TCHE LS & B A2 RIS AR R ORER - MISHENE ICOW Tt 5,
BT I EE R F i & 50 4F & LAE 10% O EF R A2 L CHE T 5,

AT S 50 FFDOIEELFM &5 2 5708, B FITRBE D 85% |2 ODA FlE (i=0.7%) 23 H &
U5 RHE T WACC 2B H 94 %, WACC IZ Minimum Rate Test 2 & & L 72 WA ZET 5854 C.
FHFH 3.562%, 4.615% L 725,
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Table 4.2.13.5 Calculation of WACC

WACC Calculation ODALoan Own Fund Total
WACC Excluding Minimum Rate Test 3.431%
Weight 0.85 0.15 1.00
Nominal Cost 0.550% * General Condition 10.000% * Estimation USD Base
Tax Rate - * Not considered in Preliminar - * Not considered in Preliminary Analysis
Tax Adjusted Nominal Cost 0.550% 10.000%
Inflation Rate * (Infalion Gap between Japan - G7:) -2.005% * Foreign Loan 1.756% * Major Advanced Econimies (G7)
Real Cost (1+NC)/(141)-1 2.607% 8.102%
Minimum Rate Test - * Not considered 8.102%
Weighted Component of WACC 2.216% 1.215% 3.431%
WACC with Minimum Rate Test 4.615%
Weight 0.85 0.15 1.00
Nominal Cost 0.550% * General Condition 10.000% * Estmation
Tax Rate - * Not considered in Preliminar - * Not considered in Preliminary Analysis
Tax Adjusted Nominal Cost 0.550% 10.000%
Inflation Rate -2.005% * Foreign Loan 1.756% *USA
Real Cost (1+NC)/(1+4)-1 2.607% 8.102%
Minimum Rate Test 4.000% 8.102%
Weighted Component of WACC 3.400% 1.215% 4.615%

Prepared by the JICA Survey Team

&

RV S M DG % Table 4.2.13.6 12777,

Table 4.2.13.6 Result of Benefit-Cost Analysis

. Alernaive | Base Cost | ProjectCost Economic Benefit-Cost Analysis Financial Benefit-Cost Analysis
Capacly Exp| ($m) (s m) Alernatve Thermal Power rm |_WACC= _ 3431% [WACC(MRD= _4615%
EIRR NPV ($ mn) B/C NPV ($ mn) B/C NPV ($ mn) B/C

Al 50.60 58.44 17.21% 32.99 1.81 7.00% 39.31 1.72 21.09 141
40 MW Ad-1 61.50 71.03 14.27% 22.99 1.46 5.44% 25.52 1.38 8.46 1.14
Expansion A4-3 61.90 71.49 14.10% 22.18 1.44 5.34% 24.29 1.36 7.44 1.12
B2'-1-1 58.80 67.91 15.01% 26.00 1.55 5.85% 29.82 1.47 12.27 1.21
A2 73.40 84.78 14.65% 30.00 151 4.85% 20.94 1.26 2.76 1.04
60 MW Ad-2 81.30 93.90 13.08% 21.62 1.33 4.00% 9.04 1.10 -7.87 0.90
Expansion Ad-4 81.80 94.48 12.92% 20.55 131 3.90% 7.40 1.08 -9.23 0.89
B2'-2-1 74.10 85.59 14.55% 29.59 1.49 4.80% 20.43 1.25 2.24 1.03
80 MW B2-1 115.80 133.75 12.57% 2551 1.27 3.22% -4.70 0.96 -24.77 0.79
Expansion D2-3 141.20 163.09 10.05% 0.56 1.00 1.84% -39.25 0.74 -56.07 0.61
120 MW B2-2 146.20 168.86 12.93% 36.89 1.31 2.63% -21.31 0.87 -43.13 0.71
Expansion D2-4 188.20 217.37 9.73% -4.16 0.97 0.95% -77.46 0.62 -94.13 0.51

Prepared by the JICA Survey Team
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Figure 5.1.1 Hydropower Development in the Nam Ngum River Basin
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Source : Preparatory Survey on Nam Ngum 1 Hydropower Station Expansion

Figure 5.1.2 Location Map of Hydropower Stations in NNRB
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Table 5.1.1 Principal Features of Planned Hydropower Station in Upstream of NN1

Items \ Project Nam Ngum 2 | Nam Ngum 3 | Nam Ngum 4 | Nam Ngum 5 | Nam Bak 1 Nam Bak 2
Purpose IPP (Export) [ IPP (Export) [ IPP (Export) PP IPP (Export) PP
(Domestic) (Domestic)
Status Existing PPA Signed Pre-F/S Under Pre-F/S Pre-F/S
construction
Southeast Asia Saigon Invest Southeast Asia|Southeast Asia
Main Developer E.ne.rgy GMS Power Group NN5PC E_ne_rgy E_ne_rgy
Limited Limited Limited
(T hailand) (T hailand) (T hailand)
S e
Principal Feature
Catchment area (km,) 5,640 3,888 483 597 320
Storage at FSL (MCM) 2,617 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 (m3/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 the Study Team
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Source; “ Preparing the Cumulative Impact Assessment for the Nam Ngum 3
Hydropower Project”, February 2008, ADB

Figure 5.1.3 Nam Ngum 3 Reservoir Operation Simulation from 2002 to 2007
T LT A ZEKMA R D FIC LY . AT A T RKIZ R AT D R O ZEiR 2 BN

bt R EOM, M OFZEITKARMO ERPRAEND, T 57 D5 =FEEFT O
WZ K DT LT N KRNI D & Figure 5.1.4 1277,

Without NN3 With NN3
Source; “ Preparing the Cumulative Impact Assessment for the Nam Ngum 3 Hydropower Project”, February 2008, ADB
Figure 5.1.4 Nam Ngum 2 Reservoir Operation Simulation from 2002 to 2007

FRUCRTIEY . A7 L =FEFHT ORI KM OITREZN I L0 T & 7 L5 ZRpK MO KA A
MzZBL AT 25Z 083005, —FHT, BREOEITIZE A EHES . T L7 L5 =FEHT

! vattenfall Power Consultant AB, “Preparing the Cumulative Impact Assessment for the Nam Ngum 3 Hydropower
Project”, February 2008, ADB
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Source; “ Preparing the Cumulative Impact Assessment for the Nam Ngum 3 Hydropower Project”, February 2008, ADB

Figure 5.1.5 Nam Ngum 1 Reservoir Operation Simulation from 2002 to 2007

Figure 5.1.5 [ZLHN A8 Y . T A7 AE =EHTOAMIZ X 5T L7 LNFE—RP/KMO KA & i
BIZIFEAEBRITELS | F A7 AEEREHTOREITT L7 LF BN KIE R OVFER 50
5o

ZO—HEORFHITFT L7 LE REHNTER LIEBREZHB LI E LT, T A7 A% FEINT
FWENY = HBEZIRNT EERHRIC LTS, BEE, AV AE =FEHAHRT & LT%
T L TIEEITD PPA DRI A X TR OBE NS — A TERT L LITHE I

RURBMHEL S 25, o T, T AT LE=IBIROFEN T LT LE—3E %@ﬁ%’%@%
KIES RN E W) FEEmIT RS LB R D,

5.1.3 fih KF—IZ X 2 /K% 1EH 5t

BAET 57 D)IKREET A 2 I T, HRERIT (WB) OSHEIZ LY A = IR O IR 5
FENZ T DA KEFRERE (IWRM) OEAZ B E LI-FENED LN TREY, 7V 7 BRER
T (ADB) 1IA—A N7 U THUF & AL W 1 RSO HHBE I L T A ZER)OHFE KE
JEHOBEANFELZEDTND, HROFEZIA I )IOFELFEO A 22| Tt (LMB) %
KFIZ L, ADB OFEIL T A A FEOWJIFRIKOE IR 2RI L TWnDd, T 2 TIXmERE D T
WD HEEOWE AR~ D,

(1) Mekong Integrated Water Resources Managament: World Bank

H4RIE. X 2 )T OEERE. BEBL UL Lo BEBELREFRE 2 L, dikEFiTok
L OVREZE S 7 E OB A B E 2 7 EHE TR KBRS ML L HE 2 TV B2, —H T, Aoy
JINIAKTIEBEORRIED S, FEZTHILD A 2 ) EFREST 5 DO/KIIEEFTN R I H.,

2 World Bank Project Information Document Appraisal Stage, “Mekong Integrated Resources Management” February 2012.
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S HIZA A IR HH T 11 23 FT DK I FEEF G T Y | Jitl DK 15 E &Rk - BEEER
ERRH BN S R KEFREFRANLEL LTV, MRIZZ 0 X 5 28805, Hlaeiso
KREWEB DT OIZHAKETRE LTI L L 5 & LTWah, EHOEEME L 72 5K
BN O, vEEIn EEOREFHENFRE L 72> T D, TR EKEIREBD X =22l
MIMA~OWEHZHET D720, XA, THA, BRI T, XM FLazR5c, HFE¥E (Mekong
Integrated Water Resources Management) % Efid 5 Z & & L7,

FFEEIZ, UTFTD320arR—2y bk,

Component 1: Regional Water Resources Management,
Component 2: National Water Resources Management, and

Component 3: Improved Floodplain and Aquatic Resources Management in Regionally Significant Areas

AN FERE 0 2012 4 9 ARFRTIE, FHEEITar 2 s FOBRERBICH D | EEAKT
PR EREITIT I - TR,
(2) National Integrated Water Resources Managerment Support Project: ADB, Government of Australia
and the Spanish Cooperation Fund for Technical Assistance
2007 -, TAATIHDE LKA - KEFEHOH R %A L Water Resources and Environment
Administration (WREA) % 3% 7 L7-, WREA ORXLIE T A AE DK G /KERE O N HED 2
ET BERRT v Lo ey, KB RO A E BT L FMRE T E 20
o TR, WREA [T 2011 4R 7ﬁ2fﬁgﬁfﬁé(MOME)LﬁﬁéﬂAADB IR
(CHET KB TRBA R 2635 MONRE OFBRRE) Dififb L. A 2V ERARDA v X 72— R &
L COEMERE & L Tob, FBFEREORELER TR, 74 2ADMBREEZOYR— %
HEL LC, [ (National Integrated Water Resources Managerment Support Project) % SEft 3 5
ZEE LT

FFEEIT4FERICDIEY R Sh, LD 450 Output 2 HEEE LT\ 5,

Output 1: National capacity built in integrated water resources management,
Output 2: River basin management developed,
Output 3: National groundwater management action plan prepared, and

Output 4: Integrated water resources management education strengthened at the National University of
Laos

AFRA SN P D 2012 4F 9 AR AT, [ASERITBICa Py o FAEE S, FEBPEICH -
2o FAEEOHEEFITMETHRONL TR,

® ADB Technical Assistance Report, “Lao People’s Democratic Republic: National Integrated Water Resources
Management Support Project” (Cofinanced by the Government of Australia and the Spanish Cooperation Fund for
Technical Assistance) January 2011.

JICA 742 5-6 p% 24 4210 H
007 W — K IR E TR IR R S HE A (Z D 2)



T7AFIVE =} H5E T AKRB LT ME— K SIFEAT O H

(3) T L F LK D KK~ 58

HEROUED 2 A KEWREBLFEEIL, LMB OEEZR/KEFREEIZE DL 2 X560, REB LV
KEY A7 FHFIEOMESL, LMB ik 76 E O G /KEIRE BRE A D 72 OIERE S KL RS
HTHY, ADB OHED LA KEREFLHEHEIL, MONRE T/ uv=7 MEEHTIHHTHD
Project Management Unit (PMU) OZEfige /) D5k, FEE SR OY R— FB L O/ A =2y |k
FHELLTOT LT ARBEESORBEEOY R — N, EKEHRSEOEETH D, HERIX

2 PRI DO K E Il A DT IWRM OEARETH V| F L7 LKFROEF~DEEIT D
720N, F7=. ADB] %AﬁAﬁWéﬁé@ RALFS L OTHENZ 6 L3R 21T > TV 528, BLIRITH:
A EVESTZBREICH 0 . BRI 22 KR OBV — L 78 BT E > TR0, KFH O3
&E@w—w%ﬁ%m_mﬁﬁéﬂﬁmfﬁw FFEICL DT LT LE—KIIEETEELT
LT BKRDOER~OEBE TN EEZ NS, L, MROMBEERICEIVH LTS
D)Fss DKFIH « AKELOWRERFC L > THHIHBNTH Al fEMED H D03, BIREE TIXZ 0w
REMELENEEZHND,

5.2 AT LE—KIIFEEFT QIR O

5.2.1 F AT NFE—KIIZEERTHT K HEH FEiE
F AT B K ORE T R DTSR,

Table 5.2.1 Principal Feature of NN1 Reservoir

Ttems

Catchment area : 8,460 km?
Annual average : 382 m?/s
inflow

Plant capacity : 155 MW
Effective storage : 7030 MCM
Storage area : 370 km?2
Dam height : 75 m
Dam crest length : 468 m
Dam volume : 360,000 m3

T T N R KO KN FEAR T 1982 4E D 2011 4R £ T 30 4ER B D, [RIHT/AKHLD 30 4R >k
A\Z.% Figure 5.2.1 127~ §,
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Data source; Nam Ngum 1 Hydropower Station, and Preparatory Survey on Nam Ngum 1 Hydropower Station Expansion (2010)
Figure 5.2.1 Nam Ngum 1 Reservoir Water Level Record
Table 5.2.2 Statistic of Monthly Water Level

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
MEAN 207.3| 205.9| 204.2 2025| 201.1| 201.4| 203.9| 207.6| 210.3| 210.6| 209.9| 208.7
MAX 210.7| 209.5| 208.3| 206.6] 204.9| 207.5| 211.7| 2135 213.6| 213.1| 212.2| 211.2
MIN 203.3| 202.1| 200.2f 1985| 197.6/ 197.5| 197.6| 199.5( 203.7| 205.3| 204.9| 204.3

Exceedance WL
25%| 208.5| 207.0f 205.4| 203.6f 202.1] 202.6] 206.1 2104 2124 2123 211.3 210.1
50%| 207.9| 206.4| 204.6| 202.6( 201.2| 201.0{ 203.6| 207.4| 2109 211.4| 210.6| 209.3
75%| 206.1| 204.8| 203.0/ 201.2 200.5| 200.0f 201.6| 205.4| 208.4 209.1| 208.9| 207.7
95%| 204.1| 202.7| 2013 199.7 198.2 198.1 198.8| 202.1 206.1| 206.9| 206.2 205.0

ERIZRTIE@ Y 1982 4E 035 2011 FEDKNLT — X2 KL B &L KNLOSEE L 206m 2> 5 207m D [E A3
bmm<, 304EHT869 H (&K 8.0%) ftéklL T\ 5,

HNEY RN DT A7 51 Rkl 5 H OO D IZ/KALEL. 200m (2720 . T DHRWEDTZHIK
NERBHNRY . 9 H FANS 10 A EA TR ANMIZEZET 5,

5.2.2 8% 5 O /KHhIEH

(1) IR &
T b7 LI ET TR S UK = & Figure 5.2.2 (2R T,
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Prepared by the Study Team
Figure 5.2.2 Observed Annual Rainfall in NN1

FHICR G DY 2011 A OFERB K EIT 1972 12T L 7 L E— R EBIHEELBE GG b 2
VY, BIEEOD 2010 44 4D 2500 A i 2 TRV . 2010 A4 & 2011 4D 2 HEfe THEKAE D i
TW5,

(2) Hy/kithiE
F LT BE B ~DMAET — X 2T LT LFERBHTL OV ZHE LIz, T L7 LFFKA~D
2 5 AER O AR % Figure 5.2.3 1277,

Inflow to Reservoir
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Prepared by the Study Team
Figure 5.2.3 Observed Inflow into NN1 Reservoir
T A7 K khoita s 5 A OE H RiEk A Figure 5.2.4 (2R,
JICA 774 2[H 5-9 ok 24 4 10 H
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Water Level of NN Reservoir
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Prepared by the Study Team
Figure 5.2.4 Reservoir Operation Record of NN1 Reservoir

2010 FE DO W ZED HT /KK L RIS FE i S 7= T A 7 28 38 BT AK oA DBz L v |
IKALIETEAKNL £ CRIER T, 2011 DD BT /KK AL I DT LR VIR Zp o T D,
LU 6, 2011 FEDOLNIC L W NZRIC A - TH 6 KK VLB H I AN £ TEE LTV
50

5.2.3 AT NEF—/KI)FEERT T A HE A

(1) BEBKI)FEERT O /KHE ] 15

T LT LR ORI EFT OFFAKRIEM X, 1990 FRNLRKkD a vy o ML Y, fidEft
FEL MO IR ER L — VRS - SN T&E e, TATLE—FEHRE T L~ U8 =3
“Fﬁ L. RAY oz Yk k@ Lahmeyer International #1:(L1I) & A A A2 L7z Hu s ok

CEVERESN, TNy I REFIIT LY =T U S —E R &Y L7 T A Sogreah £
IZRVIRES, EHIZHWLATND,

(2) T b7 LB K I

F AT BEFEFTITARIER X, LHIZ LY 1993 4RI X 0 | AKI7—KINEA BRI O fxc i i
7w 7'Z A LITHO(Lahmeyer International Thermal-Hydro Optlmlzatlon)%ﬁﬁb\Tﬁvkﬁﬂ@)ﬂ 73 B
EE N7z, LITHO I ZMERGRrEIRFHEE Z IV, IR ORH = A M/Mba B & LTk
R /K HE M 2 1828 L T\ 5, Ak uE M 1, 4 H ofktikeL Ob— 0 —7) & Rkiok
ATk U 7= R BB HF I & 72 %, Figure 5.2.5 12 LI #:23E5% L 72 Switching Curve % 759,
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215.0 -
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Data Source; Nam Ngum 1 Hydropower Station Extension Feasibility and Engineering Study (1995), and Nam Ngum 1
Hydropower Station

Figure 5.2.5 Reservoir Operation Rule of NN1 Reservoir

Figure 5.2.5 T3 1982 4E7~ 5 2011 4E D A #1160 DR /K ML) /K AL 2 “Average (1982-2011)" 2R L
TW5, EXIRTIED . 1982 45 2011 DO F A 7 AR OER I — v —T7 k- 72
HH Lo TS,

F LT BE—KIPFEEFTTIEHAREE FH LT LITHO 71 7 7 A% & 5+ Switching Curve @ K.
BELZT-oT&77, LnL, EETIZLITHO 71 2T ADOMAEERVES D o v ¥ a— 2 OHREIC
Bl lgotz7=, LITHO (2 X % Switching Curve O FH 2Nk IRREIZH %5, 2010 24
792 NNRBDSP C1ERL S u7=fiFktiiiii® ) 2 7 R"PARSIFAL”2Y EDL & MEM IZHA S 17,
BUEIEIAY — 2 D Tl i K HEH 215 5400 £ 9 sT8R 21T > TV DB CTh 5,

(3) Nam Ngum River Basin Development Sector Project (NNRBDSP)

2009 £E\ZF A 7 LYEIRMEMIRE T D 1 23 SN IRIZ RN T T BRBIT E 7 T v AR
JFOREIZ L0 T 57 )R O EKEREFLOE A ko T ) > 7 L RpkhiE H w b
YV VOB IOy T A BT 4 TR HE L7 1Y = 7 F”NNRBDSP” 28 3 fii 1
Tho7T,

M~7ayx7 b Ty a4 > kO Electricite de France(EdF)IZ L W {ERL S v 7= ik i iE
wE bLA 2 7 R"PARSIFAL” (Prévision de I’ Actif des Réservoirs par Simulation Face aux ALéas —
reservoir revenue forecasting by simulation with random events)?2s = 4 2|5 7 > % /X— s OE ) & &
EdL ([Zf2fit Tz,

PARSIFAL | Jff = im I BIR0FHIEE & B INE A A B bR T g 7 U v RO @il Y 7

FTHY, LITHO & [[l U< AKRSN—KkINEEERZMOENKEILEZIT I OO T 0 77 L TH D,
NAT Yy FRIORECTFETH D03, REIIMERROEBINGELECTH 5, MIEHEETET L

DEFZIt DR OFEL t+1 (F721T t-1) ITBITT 5 & X2, Rdfaoticivwohs, £,
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EREE L LIRS ESRCKLEICER L THEEELZ T AEH (BHFEERE) 2, VAT LD
Breakdown 35 B 41TV 5, PARSIFAL (T8 EF /Kb EZEBETE 503, v s 7 A BEEIX
2HETLREON TS

PARSIFAL (Z L D lp/kK i EHEFE O R EI1x, T oSN EH M Z L. B X UOGHERIEAE W (2
FFIE E) 728, PARSIFAL (2 X 5 BARR ikt L — W 3GE o TE 69, KFAERH
THIKARE L TAKMICEA SN TE LT, RITHEROEBICH S Z EVH LT,

(4) BITED /K HLIE

HWEMIZ L DT LT LFE—KNBEFTOE T V7LD E, LITHO IZ X2 iFKERO T v 7
F— RN TE T, PARSIFAL & AREHY 7208 FIZE - TR0 72, BRERAINC K 0 Bk g 217
STWHEDZ EThHD, L7 L _IKIIFEEFTORGHERZ 2013 4F 1 AL, T L7 A5
K SIFEET O RE FIE A o T K HE L — L ORESE 3 L Ok E Y — L D BAFE
RAICMEL 7> TWVD,

5.24 F A7 NFE—KIPEETITKMEHAG® O RE L
(1) M

ARRFITIE, T &7 DK 13 EIHLER (AOMW) D BT /K E L — L & SR 6D | Fici 7k th 18
=W ENEORTERIT Y, IKMERV— VITE#E{LFEZEH LT, Irkii A&
I L ThHRE LT HNEZRKET 2 X5 Rz ROV — LV EHEET 5, EHEOFEET
X, Fcai A TE L — L & U T 1972 4R 5 2011 DK ~O it Az Feis, Bk g A
V3ialb—varEfTn, BHRORELIT S, AREIO7 7 —% Figure 5.2.6 (273
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Optimization Stage Simulation Stage
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off peak)

v v \/

— | | E
Solve by |]|:||: PO\D—> -
Stochastic DP ' > Simulation
; ; Output

- Energy and power
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[ i i
Y | : : v L
) Output
Interpretation - Reservoir operation Calculation of
of Output table (water level and Annual
release) Energy and
Dependable

Data Source; Nam Ngum 1 Hydropower Station Extension Feasibility and Engineering Study (1995), and Nam Ngum 1
Hydropower Station

Figure 5.2.6 Flow of Reservoir Operation Study
(2) Hp/khiEH for b Fik

fk g s b FiE & LT, fERampuEiETEYE (Stochastic Dynamic Programming: SDP) % ]
W5, SDPIZENGIEED —FE T, 54&M4FE LTOAL Ty NEBEREDHIZDST=T v X BB
ELTHERD, BAGHEAITRELFIEDO T, Figures.2.7 ITR$ XL 57, &2 Mt O
BENC BB A R b L < IR/ S YD il A Z RO DBICHN DD,

Start Step1 Step 2 Step 3 Step4 End

|

=l Optimum path

Prepared by the Survey Team

Figure 5.2.7 Concept of Seeking Optimum Path in Dynamic Programming
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SDP % Rk i i I L7c s d. B2 OAEZHERAER L LTI A, HRBEEIIMIRT
EDERHME L 725, WERERL L TRARLZE X256 OB % Figure 5.2.8 =7,

Probability

Qin(1) Qin(3) Qin
Qin@2) Qin@)
Inflow with Probability in day “t”
Prepared by the Survey Team

Figure 5.2.8 Concept of Inflow with Probability

SDP Tlt., MAEZMRTEZ 2720, HIZIERFELRETHRAZEDIELDE BRI WEGEAE, X
LOXDOREILS U kEfEE 525, /W, 94AADL IR A—05EET, £2 L DA
BEOEEH DI TIXENRFIELEEZ D,

SDP D7k i -~ F 1% 1971 4E12 Butcher* 72 & 5l % ## & L. EDF 23MERK U 7= fpis f/k it
EHEFE Y 7 h PARSIFAL <2 LI 23MERK L7= LITHO T WS TEY . Bk o & %k
OLHTFEE L THHRBIICHN N TWD,

(3) HIBI%K

BIREHETAIC T 2 ARIBEUL, IR OEZ L %5, SDP IZET 5 HRIBIEIZLL T TREn
Do

Vi(x) = max {E(fi(XtXt+1,Utp)) + Vera (Frer (Xer1,Xee2,Ut+1)) }

A EE TR VX Z =105 TETHR L, ViZ2RAMEESE D xO)2RKD 5, ATl
PARSIFAL 72 EBEF D fciE Y — VISH L ChHH Z L 2Z @ L Cta HHEALE L, T%ME)
ET5, EXRNOEQEIMWIFHEDOHE 273, fONtHICBITA2T U N7y R THY, 18754
KALDGEIT, t BICBIF2RAEBHEE 2D,

QIS REL S ETCWEE (BEARLE—27 ) BAD . {f0OIRY FIZ LV ERNED S,

AEI D F 5 7 DPERERFR A T, BERRBEEITOILRIIME L CTEHEOHINTILED Wi, £
HZ b BRI iﬁ@ﬁ%ﬁ<<ﬁ%$ﬂ%$%ﬂ%ﬁéﬂé & D R VERTAL O R % 5
L7225 B — 7 B HORIEH IO HifE L L, O L TENERNMEZ B9 L LUz 217
2 TWVD, RREICEBNTY, T A7 LH—KAFEEFTOILROFRIIAERE L LDV 2207
. HIERAA FEERIREH /) 2 el L 72BN BR b2 B E 9%,

* Butcher, W., Stochastic dynamic programming for optimum reservoir operation, Water Resources Bulletin.,
7(1), 115-123, 1971
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—J7 T, mIEFAAE T, 2005 D E I ENBENFEEICK LERMICRE L, A% E
ﬁ%ﬂf%é%%ﬁ&é&%ﬁémkk@\7%%&W@£%%%@ﬁﬁMAwdm%%ﬁbf
Wb, LU EG, 2012 HIZ JICAIZ K 0 =l X iiz [5 4 R [H T 4 A gl Hilkiz %
TR ) T, AL R O BRI FEIC L 0 2017 LI T A AEOFR] OFE ﬁﬁﬁi EEvak=
g A EEY AERONRT 2 TRIUE EDL 726 EGAT ~0O % Hifigi i & 23E Dl A &% _EE 55
Reloote, 16> T, BHMAOHIBIIAFED B L1372 6T, R LG CIXEEAD
He/Mb % B EIBIED HERSM LT,

(4) FkuiER L —L

BREHEEIC L VB ND T 7y NI, 8 (tH) | EERME LK E (V) IS, K
B+l H) O BEEITKEE 2D, BIRFHEEIC L0 15 b 5 iTKuE v — /L ORE S % Figure
52927~ 7,

Figure 5.2.9 |27k 3718 0 | BhAFHETEIZ4ER] 365 H oy o5 H, KK EDOBIEKEEZ 525, 32
BT o N7y ME, EROREOEHZICRIO BT KENAD, 72720, AR THons
Bk HE R ITE R KRE X LR D720, EREOBFITEIET 2,

Discrete Time Step (Daily)

ReservoirVolume | 1 2 3 =« -t 364 365
V, - N N - 2>
V, > N N - 2 2
Vs > > N - 2 2
\ I [
Vy 2> 2> > - 22

- Reservori volume does not change

7 Increase reservoir volume

N Decrease reservoir volume
Prepared by the Study Team

Figure 5.2.9 Concept of Reservoir Operation Rule Table Given by SDP
(5) HHTARHLOEL Y v

AT OILIRIEMFAEZ D 1 Tl T L7 LAKRKIIFEEFTOERREFTE L TH AT AKROT A
7 LF—IK BT, vy 7 IKIPEEFT, T A~ B 3FEHE ENMT IPPOF LY v
12 K15 FEFT OEANC B HE Z R 728 T, mair/KtEN ORGET 21T o 7o, SLRMERRE O 1
OBRFTOFER, T L7 LFE—FREIOJERIC L DT Ly 7 L F A~ U8 3REFTOK KA~
OERIFRENTHY, FRBEBHNELELEDL2NT &ﬂ%aéntoit FLY v 12
FEENOEMICABEZ R, R ET & EE L REEA 21T L LTHZORRITRE
BTHDHI LN, I,

EERDOEM TlX, T A7 28— /K 3BT L EDL-Gen NEE T 5 F 2Ly 77 EORREBEATIIE Z

B 2TV, EE L7EH 21T > TV 202N TN OIFKEH L — L — 7 ) Bl L=
A Lo TR, ZHUE, T AT AFE K EFT ORI BT T, KA &3/
<, MARICHT 2FHEREN MRV 2D, MAROEHEHC A DOE I KMEH 2S5 %
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BN THD, LoTL— NI —TIZR- T2 ERHITR B I 525720, T4 v 7 12 3%E
FHZOWTIX, FIREFTNIPP THDH Z Enn ., TOEMITEHEERK (PPA) 12K X flim
PIZRIT D=0, HHEZE - CERT S Z L I3EENICRETH D,

eV, EROEHABRT 5 LT L7 L KDFEEHPILRS NI L LTS, TAZLH—K
FFEEFHTUSOFEBHTORTKMOE LD D L1TE X<V, Ko T, A bt Tidr &
7 LF— R ORI O B B HE 2 Fffo . JRokl & ILRE Ol KMERN 2 a4 5 2 & L9
50

(6) FEtr—A

ABRI TR, T L7 D FEAHLER (AOMW) L7z —2 & LW r—2a2BET 5, 28,
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Figure 5.2.10 Turbine Efficiency Curves
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Figure 5.2.11 Tailrace Water Level Rating Curve After Riverbed Excavation
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Figure 5.2.12 Discretized Stochastic Inflow to the Nam Ngum 1 Reservoir
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Figure 5.2.13 Inflow into the Nam Ngum 1 Reservoir from 1972 to 2011
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Figure 5.2.14 Nam Ngum 1 Reservoir Operation for without Expansion Case
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Figure 5.2.15 Nam Ngum 1 Reservoir Operation for with Expansion Case
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Figure 5.2.16 Nam Ngum 1 Reservoir Operation for with Expansion Case
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Table 5.2.3 Annual Energy and Dependable Power for “without” and “with” Expansion

Item w/o Expansion w/ Expansion
Annual Energy 1,117 1,176
Peak
Dependable Power (18:00-22:00) 114 151
Dependable Power (9:00-18:00) 114 106
Off-Peak
Dependable Power (22:00-0:00) 39 38
Dependable Power (0:00-9:00) 38 38
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Figure 5.2.17 Nam Ngum 1 Reservoir Operation for with Expansion Case
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Figure 5.2.18 Flow of Method for Simulation of Power Import or Export
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Figure 5.2.19 Power Import/Export with and w/o NN1 Expansion (2017)
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Table 5.2.4 Power Import/Export with and w/o NN1 Expansion (2017)

w/o NN1 Expansion (MWh) 40MW Expansion (MWh)
Export Import Export Import
Off-peak Peak Total Off-peak Peak Total Off-peak Peak Total Off-peak Peak Total
Jan. 23,928 0 23,928 44,870 55,863 100,733 16,005 0 16,005, 51,944 54,680 106,624
Feb. 3,959 0 3,959 82,370 104,759 187,129 4,049 0 4,049 75,128 95,217 170,345]
Mar. 1,653 0 1,653 106,204 137,786 243,991 194 0 194 107,205 128,000 235,205
Apr. 0 0 0 173,173 144,797 317,970 0 0 0 175,799 136,689 312,488
May 0 0 0 133,296 154,422 287,718 0 0 0 153,346 160,668 314,014
Jun. 47,971 0 47,971 47,257 103,528 150,785 36,055 0 36,055 42,044 94,843 136,887
Jul. 215,914 24,139 240,053 3,686 8,579 12,265 219,724 32,109 251,833 2,303 5,523 7,826
Aug. 358,690 114,968 473,659 0 0 0 365,700 126,698 492,398 0 0 0
Sep. 410,110 138,919 549,028 0 0 0 415,908 152,037 567,946 0 0 0
Oct. 192,276 18,966 211,242 5,638 19,941 25,580 192,182 25,465 217,647 3,853 15,309 19,162,
Nov. 84,081 36,575 120,656 12,385 11,880 24,265 80,143 41,715 121,858 16,502 8,979 25,481
Dec. 55,897 6,290 62,187 32,981 22,912 55,893 56,682 5,159 61,841 34,494 20,215 54,709
Total 1,394,479 339,856 1,734,335 641,861 764,468 1,406,329 1,386,642 383,184 1,769,826 662,618 720,123 1,382,740

Prepared by Study Team
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Table 5.2.5 Comparison of Power Import/Export with and without NN%Mwar%ansion in 2017

2017 Off-Peak Peak Total

w/o NN1 Ex Export 1,394,479 339,856 1,734,335
Import 641,361 764,468 1,406,329

Balance 752,618 -424,612 328,006
w NN1 Ex Export 1,386,642 383,184 1,769,826
Import 662,618 720,123 1,382,740

Balance 724,025 -336,939 387,086

Difference Export -7,.837 43,328 35,491

between Import 20,757 -44,345 -23,588

with and w/o Balance -28,594 87,673 59,080

Note: Balance : Export-Import

Prepared by Study Team
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Figure 5.2.20 Power Import/Export with and w/o NN1 Expansion (2020)

Table 5.2.6 Power Import/Export with and w/o NN1 Expansion (2020)

w/o NN1 Expansion (MWh) 40MW Expansion (MWh)
Export Import Export Import
Off-peak Peak Total Off-peak Peak Total Off-peak Peak Total Off-peak Peak Total
Jan. 220,980 173,757 394,737 8,858 0 8,858 205,555 174,994 380,549 8,482 0 8,482
Feb. 140,933 87,824 228,757 32,079 1,033 33,112 143,844 96,572 240,417 27,056 239 27,295
Mar. 148,200 79,874 228,074 43,691 1,098 44,789 141,979 88,385 230,364 39,505 248 39,752
Apr. 82,972 50,807 133,779 50,834 7,960 58,794, 75,723 57,266 132,989 47,022 5,500 52,522
May 104,719 54,510 159,229 46,864 2,789 49,654 89,164 48,884 138,048 51,902 2,867 54,769
Jun. 369,658 199,306 568,964 2,753 0 2,753 361,998 207,992 569,989 1,796 0 1,796
Jul. 679,053 399,243 1,078,296 0 0 0 683,195 411,320 1,094,515 0 0 0
Aug. 899,614 480,526 1,380,140 0 0 0 907,644 491,236 1,398,880 0 0 0
Sep. 893,199 511,142| 1,404,341 0 0 0 898,992 523,636 1,422,628 0 0 0
Oct. 607,025 362,363 969,388 0 0 0 608,717 373,494 982,211 0 0 0
Nov. 328,865 288,268 617,134 5,285 0 5,285 319,756 296,309 616,065 4,230 0 4,230
Dec. 272,896 219,577 492,473 7,732 0 7,732 271,203 221,143 492,346 6,767 0 6,767
Total 4,748,114 2,907,197 7,655,311 198,096 12,881 210,976 4,707,770 2,991,231 7,699,001 186,760 8,854 195,614

Prepared by Study Team
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Table 5.2.7 Comparison of Power Import/Export with and without NN%NE\K/ﬂ;]))ansion in 2020

Prepared by Study Team

3) EHmHAIZED

2020 Off-Peak Peak Total
w/o NN1 Ex Export 4,748,114 2,907,197 7,655,311
Import 198,096 12,881 210,976
Balance 4,550,019 2,894,316 7,444,335
w NN1 Ex Export 4,707,770 2,991,231 7,699,001
Import 186,760 8,854 195,614
Balance 4,521,010 2,982,377 7,503,387
Difference Export -40,345 84,034 43,689
between Import -11,335 -4,027 -15,362
w and w/o Balance -29,009 88,061 59,052

Note: Balance : Export-Import
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Table 5.2.8 Unit Price for Export and Import with Thailand
Unit: Bath/kWh

Tariff Bport Import
Peak 16 174
Off-Peak 12 134
Source: EdL

2017 4F, @A EIIE AL EAD Z LD, EDLIZEGATIC Y —F v — Y 2 14 9 BEIT A0,
T LT N IEEFTOILIRN I SR T U, EDL 25 EGAT 7632 1T 5 BEAUEHe 13 26.877
BHAANRN=YThDH, JLENERSHIUE, EDL B%ZH D ELEHEIEL. Wl ADOSEHFRIC L
D 136.144 [ )T X A /X— 2T 5,

Table 5.2.9 Electricity Prices for Power Import and Export to Thailand (2017)

Without NN1 Expansion (2017)

Export Import Payment

Off-peak Peak Total Off-peak Peak Total (*1000Baht)

Jan. 28,713 0 28,713 60,126 97,202 157,328 128,615
Feb. 4,750 0 4,750 110,375 182,281 292,656 287,906
Mar. 1,984 0 1,984 142,314 239,748 382,062 380,078
Apr. 0 0 0 232,052 251,948 483,999 483,999
May 0 0 0 178,616 268,694 447,310 447,310
Jun. 57,565 0 57,565 63,324 180,139 243,463 185,899
Jul. 259,097 38,622 297,719 4,940 14,927 19,867, -277,852
Aug. 430,429 183,949 614,377 0 0 0 -614,377
Sep. 492,132 222,270 714,401 0 0 0 -714,401
Oct. 230,732 30,346 261,077 7,555 34,698 42,253 -218,824
Nov. 100,897 58,520 159,417 16,596 20,671 37,267 -122,150
Dec. 67,077 10,064 77,141 44,195 39,866 84,061 6,920
Total 1,673,375 543,770 2,217,145 860,093 1,330,175 2,190,268 -26,877
(Pay to EGAT by EDL)

With NN1 Expansion (2017)

Export Import Payment

Off-peak Peak Total Off-peak Peak Total (*1000Baht)

Jan. 19,206 0 19,206 69,604 95,143 164,748 145,542
Feb. 4,858 0 4,858 100,672 165,677 266,349 261,491
Mar. 233 0 233 143,655 222,720 366,375 366,141
Apr. 0 0 0 235,571 237,838 473,409 473,409
May 0 0 0 205,483 279,563 485,046 485,046
Jun. 43,266 0 43,266 56,339 165,027 221,366 178,100
Jul. 263,669 51,375 315,044 3,086 9,610 12,697, -302,347
Aug. 438,840 202,717 641,557 0 0 0 -641,557
Sep. 499,090 243,260 742,350 0 0 0 -742,350
Oct. 230,619 40,744 271,363 5,163 26,638 31,801 -239,561
Nov. 96,172 66,744 162,916 22,113 15,623 37,736 -125,180
Dec. 68,018 8,255 76,273 46,222 35,174 81,395 5,123
Total 1,663,971 613,095 2,277,065 887,908 1,253,014 2,140,921 -136,144
(Pay to EDL by EGAT)
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Table 5.2.10 Electricity Prices for Power Import and Export to Thailand (2020)

Without NN1 Expansion (2020

Export Import Payment

Off-peak Peak Total Off-peak Peak Total (*1000Baht)
Jan. 265,176 278,011 543,187 11,869 0 11,869 -531,318
Feb. 169,120 140,518 309,638 42,986 1,798 44,784 -264,854
Mar. 177,840 127,798 305,638, 58,546 1,910 60,456 -245,182
Apr. 99,567 81,291 180,857 68,117 13,851 81,968 -98,889
May 125,663 87,216 212,879 62,798 4,854 67,652 -145,227
Jun. 443,589 318,890 762,479 3,689 0 3,689 -758,791
Jul. 814,863 638,790 1,453,653 0 0 0 -1,453,653
Aug. 1,079,537 768,841 1,848,378 0 0 0 -1,848,378
Sep. 1,071,839 817,827 1,889,666 0 0 0 -1,889,666
Oct. 728,430 579,781 1,308,211 0 0 0 -1,308,211
Nov. 394,638 461,229 855,868 7,082 0 7,082 -848,786
Dec. 327,475 351,323 678,798 10,361 0 10,361 -668,437
Total 5,697,737 4,651,515 10,349,252 265,448 22,412 287,860 -10,061,392
(Pay to EDL by EGAT)

With NN1 Expansion (2020)

Export Import Payment

Off-peak Peak Total Off-peak Peak Total (*1000Baht)
Jan. 246,666 279,990 526,656 11,367 0 11,367 -515,289
Feb. 172,613 154,516 327,129 36,255 417 36,672 -290,457
Mar. 170,375 141,416 311,791 52,936 431 53,367 -258,424
Apr. 90,867 91,626 182,494 63,009 9,570 72,579 -109,914
May 106,997 78,214 185,211 69,549 4,988 74,537 -110,674
Jun. 434,397 332,787 767,184 2,406 0 2,406 -764,778
Jul. 819,834 658,112 1,477,947 0 0 0 -1,477,947
Aug. 1,089,173 785,977 1,875,150 0 0 0 -1,875,150
Sep. 1,078,791 837,818 1,916,608 0 0 0 -1,916,608
Oct. 730,460 597,590 1,328,050 0 0 0 -1,328,050
Nov. 383,708 474,094 857,802 5,668 0 5,668 -852,134
Dec. 325,443 353,829 679,272 9,068 0 9,068 -670,204
Total 5,649,324 4,785,970 10,435,294 250,259 15,406 265,664 -10,169,629
(Pay to EDL by EGAT)
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Figure 6.1.1 NN1 Reservoir Storage Curve
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A 230 m¥s B ICHE 2, D D ICHZFEDRARIZEAT 5,
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Source: NN1 Power Station
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Figure 6.1.2 Reservoir WL under Existing Condition (Actually Observed in 1982-2007)
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Figure 6.1.3 Simulated Reservoir WL with 40MW Expansion (with NN2)
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214 Source: JICA Survey Team
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Figure 6.1.4 Reservoir WL Frequency Before and After Expansion

NN1 #9E% AT (NN2 AT & 40 MW YRR 1% Ok itk 25k % Table 6.1.1 (27~

Table 6.1.1 Reservoir Water Level Rise after Expansion

Her K KA NN2 72 L (EL.m) A0MW HEFR 1% KA 55y
NN2 & v (El. m) (m)
1| BRI s KA 213.6 212.9 -0.7
2 | ZHFERIKAL 206.0 209.6 +3.6
3 | 95%PRAEAKAL 199.6 202.7 +3.1
4 | AR KN 197.5 197.2 -0.3

Prepared by JICA Survey Team

NN2 % L THERS L 72558 DT KMUK AL O Z 42113 EL. 206.0 m T 5, NN2 23585 #% NN1 (Z 40
MW ZH#85% L7238, Bk AR EL. 209.6 m 2 EF-95%, Zidsbait o NN1 %
BATIIENR LV & FHIAIC 3.6 m @WK TEIRS N D Z &2 BHRT 5, 95%PRAEARALIE
HURCIE EL. 199.6 m 7273 40 MW B g% 13 EL. 202.7 m |2 B 5795,

(2) 6 A ER TR HKNAL

BETE 3-5 SRR DREHER KA EE)TL 37.0m Th D, 3-5 54 7 LV IEIEEE O UK KA
EL.168.0m T®H VD T DOHFOKEEIEIA 1.0 m & HEE SN D D T BEF O EH AT /K /K ALIE EL.
206.0 m & HEE X35 (=168.0 m+1.0 m+37.0m), L7 L. BIHE Tik~7= X 5 ICHER%% D NN 1 (3 EL.

202.7 m & D ARWIFKHIARAL CIEIR S D 2 & 135 £ < C RMIBVEEIKALIZEL. 209.6 m ThH 5,
HRRARITBUR L0 B EHRIC 3.6 m EVVKAL THEER SN D,

TE- THIFR 6 SHEDREIERIEIE AL IR D B /K /KA 2 EL. 209.6 m IR ET 5, ZITEEFE 1%
DEKKN LD 36 mEL 72D, Hi%k 6 FHEOKEY A X2/ <352 LICEB UERMICa
A NN D

JICA 74A[H 6-3 Rk 24 4210 A
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6.1.2 IR 6 SHROERIUKIERNAL

BEAE D NN1 & EFT D BOKEEK G —F iR (H-Q i) 134 2 aa% o AFLIX (1968 4E) TR &
72H OBV | 2009 4D HLZED K FEKNL & KB EO FRFE&EF LRI 7 7 v b9 5 L BEFED
HRR & 1 2IE—BT 5,

— . FTAZ AL LHF LD 500 mERE IO )R R EZ 8 A 3R S @ 7 > T D E
FRdH 0, 2 OHAIZ 40 ~ 50 cm DKM IEZEDTTFET D, Z OWiiE O F& 5 O] ) 1AW 5 Th] 0 E 72
DIZE > T, ERBIOREI FHRAIOKM ZHEES HIFTEBY . ZORENHKEKRNIZEEL T
W3,

C DFFIFMIR Z AT 5 2 LIZ KV BUKEEKRGLA TR D BABNBREZEIMSEL Z LN TE D,
ERAERANAZ O 1) THRETS 7@ Y [RIFEERR O H X F R ORFELCEICHIR T 5 2 &
Mo, TNEFEEDOAA=TITINZ, BOKEARRREDHTERIT & 5,
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- Source: NN1 Tender Drawings, Feb. 1968 | —
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Figure 6.1.5 NN1 Power Station Tail Water Rating Curve

BUIR O FARBLO FH B K OEEER AR HI R O3t FIRILOME b HEEEfHHEC O 1) T
HOKEEARMAR T REEZ TEROEBVHEEL TV D,

Table 6.1.2 Difference of Tailrace Water Level Before and After Riverbed Excavation

Q (ms) 105 167 247 351 440 467 735 | 1,025 | 2,815
uis \?ét'm%e'core 1662 | 1665 | 166.9 | 167.3 | 167.6 | 1677 | 1689 | 169.9 | 174.9
uss (Vé"l_- r;]')“ﬁer 1657 | 1660 | 1664 | 1669 | 167.2 | 167.3 | 1688 | 1698 | 1749
Difference of
Tailrace Water -0.54 -0.54 -0.46 -0.40 -0.35 -0.34 -0.14 -0.06 -0.01
Level (m)
JICA 74A[H 6-4 SRk 24 4210 A
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Prepared by the JICA Survey Team
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Prepared by the JICA Survey Team
Figure 6.1.6 Tailrace Water Level Rating Curve After Riverbed Excavation

72k TPEBRMEMR A Z O 1) 12 ZhuE, BEFAKE 1, 2 B O KB HULLE L BUR O BoKEEANZ
KLFYET— a3 VOETRED 2, 6V EFEO IR RIEANT & 2 KRR O T 131
B 6 HHE7R D ONCBEfFKE 3, 4, 5 AR L L, BEF/KHE 1, 2 SHIC DWW TIEBLR O ik iE
KNEE T 720 X 9 ISR EEIC Cofferdam 231 T 2% DK 4179 2 & L35,

WEAEDKHE 5 BT R TERIHAIC THEE S LTV DO EIL 4621 m¥s ThH D, 6 SHEDE
I EIE 1112 ms TH D=0, 6 SHA G Tk 6 BT~ TER N Tl Sh 5 o &
1L 5733 m%s &7 %, ZDOREORBUKFEKNIL EL. 168.2m Tih %, Z DK ZHiik 6 SHEKEDE
K& UK RERAL & HL 729,

6.1.3 AR 6 SHED TEAS K
(1) 6 FHEKEER DR IKEH
40 MW H O K FRBEIZANEZEDRE SIZL > TED S, ARIVEFEN 40.0 m OFF 40 MW 3§

B D 6 BSHEAKEOFHEIZ111.2mYs ThHh D, BRTREENDL LT A by 7 OBERILE5
m THHMNE, EHHIIRED 6 SHEKEROBE KK TO X Y IZFR IS,

6 FRE /K H A (RR) ¢ 111.2 m%s
BRKEE (kK), HBUkOBIOZ7—b 0.19m
JICA 74A[H 6-5 Rk 24 4210 A

TA)T LK TSR TR R F R E R A (T 2)



T7ATIVE =} 556 T R PRoREFE O ARG

NRURA Ry JE 0.69 m
K77 " Fa—T7HN: 0.30m
K 0.02m

ARt 1.20 m

(5) 6 SHEKHEEHIEE
FREOBMEHEREZEE A T, ik 6 SHKEOERAIEETLLTOL O IZEHEIND,

TERG AT K HKAL EL.209.6 m
TERE K BERANL EL.168.2m
KIS RAE A KEE (Q=111.2 m%s) : 1.20 m

BN 40.2 m < 40.0m

ARV 40.0 m 2T 6 S KEDEREAE L L THRET D,

JICA 74A[H 6-6 Rk 24 4210 A
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6.2 HuwkHd
6.2.1 ok A
6.2.1.1 Ik A

D FS LAR— MIBWTIE, £621 OLMITTTEUKOBREZ FlR s UTHESEL 72, A
TIIhE TORBFEEILE WS OO GEEH & L CITRAIZIF E EifFe2 = 2 FE(10.7M USD) Th
0 DOKRALHKI 72 LITIR Z ORFFEI A B Eb CE R W ERNIRE Th - 7o,

Phase-2 Tlx7'm v =7 b ORREMER D=9

I B0 EFEROBRE NS Phase-2 Tl
o=z A N%& 5.6M USD IZE THiilli 5 Z LR TE T,
WCRIE S 20 id e blenotc,

H#K 6.2.1 DLRDIEY

L2l

Table 6.2.1 Facilities of Intake

WV EREE D EAL 23K 6D BT NiZ, 6.2.3 HilZ 1%
E A L7~y RIERIC

IS L, i L - TRk
AU THRAEEY) DR ET

FS (Phase-1, 2010 Jan)

FS (Phase-2, 2012 Oct)

Power Output 40 MW same as on the left

Waterway Layout Diversion though dam piercing same as on the left
(No.20 BL)

Temporary Enclosure Channel-shaped steel enclosure (30 Bulkhead

Works m height) (12m Height)

Intake Gate High-pressure slide gate at Roller gate installed in tower at

downstream of dam piecing
(Capable of closure under current)

downstream of dam piecing
(Capable of closure under current)

Inspection Gate

Stop-logs settled through groove at
the upstream surface of dam
(Same as the existing units)

Stop-logs settled through the gate
groove just upstream of the intake
gate

Trashrack

Removable through groove at the
upstream surface of dam
(Same as the existing units)

Fixed at the dam upstream surface

Lining in Dam Piercing

Steel Lining

Concrete Lining

Prepared by JICA Survey Team

T7bb,

STy RIERI AR ORI
BER 54 & R BRI LI il 2 T 7, =

LTCHIMBEDRKE AT Z LI TE RV
WMo TAZ U —FEERICEE T 5,

FEBOKAZF— NS OEBROT-OOKKEHAEIT., TORE N T v 7 7L —r BF ¥ —H—
L. Bk 47— ME_ BRI 5 IR A b 7' v ' (GRANE 5.6m, JEX 0.45m, &S 2.0m
XR2B)EHELTITO>HDET 5,

AR EREICATE L ZRE T RWEA, Buko 7 — MCHRIO®EAT A4 N7 — &%
B UE, RS — P LRERO@EEAT A4 RO 552870, LaL, SR
R — FOREPRERTE 2L 720 WO RS EORBENRR TE 20, 6> T, 6.2.1.2
%4 2 it 2@ U, Buk &/ — MIRET O % U —WNicn —7 — 47— F 2%
THRICEHE LT,

RN DR EEIICERE A MATE RN D, IANOELIZa 7V — T 5,

JICA 742
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6.2.1.2 Bok 27— M
Table 6.2.2 Situation of Intake Gate
Gate Tower Gate Shaft
=1 -
L I 1
Profile

N
7

“DA

o=

h)

Transportation of
Gate

Should be transported through the bridge
vertical to the dam crest road

Can be directly lifted from a trailer on the
dam crest road

Stability

Inner hydro-static pressure and seismic force
above EL.190m should be borne.

Inner hydro-static pressure and seismic force
above EL.200m should be borne.

Constructability

Horizontal interval of 13m from the dam
crest road

Horizontal interval of 5m from the dam crest
road

Construction

Tight to complete the whole gate tower by

Not so tight as on the left

Schedule the break through of the dam
Transition of Distance from end of square section (gate | Not particular
Penstock groove) to start of circular section (bending)
is not long enough (1.5m).
Landscape Effort needed to reduce magnificence in | Similar to that of the existing units and more
Design looking. comfortable in looking
Const. Cost 3.98 Million USD 3.87 Million USD
Remarks Not particular High level analyses needed to evaluate

interaction of the adit and the shaft

Prepared by JICA Survey Team

Bok A7 — MrE
8.3.5 4)Fi TII & & Lyl

% Table 6.2.2 |[ZE0#T 5 2 BICHOW T e#at L7-, Phase-1 ™
WZEET DR ERFIRE L TVD M,

72 Phase-2 TlERIR N LR 5,

7= MNEFORS X
P BRBEEOWT R OEIC
YUY & B T2

DHE—

HERFEME 18 X OWKIEL
BWTH, MHINHT—

TR B RIEN,

DA O FIEIIMESL STV D 08,

B LR — k
RV FY Y ORBHIERTH

i TR, BERR S# & ol
> T B, LU G, 7K
M % 280 H5E I AEER

EEEBLZTNERLT, TR0 @EREr 2853550 L B ENS, 6~ T, Phase-2

TIFF UV —REHR L, SLHRITS

ZEET D,

BDAZT 42BN THEIE L ENED MR Skl

RIS

PIKIE % 4T % 4 0 — DM A 200 CHEITE & Ly PR NERR & (a3 5. HugEns

TEPES 1T RC UGG 408 U CTIRIKIIES E5ikEME T 5,
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6.2.1.3 Bk B AR S
(1) kR ARIEER K AL

2011 AEC¥E T L7 Byt NN2 F8EERT CO P EMETNIARIC L 0 . NNL BP/KHKAL X RZZR C H BUR &
0 D372 V) B IKAE B R o CiERE X HU %, Phase-1 O ClE, 36 ERI DR EIERIC IS < FEIEH
FHEIC LD &, 40 MW HERETE (NN2 52 H8) D 95 % IRAFRAIK/KNLIE EL 202.7 m TH 5,

LU, 36 AR OEAFE O R CITEEANMIZ2E EL197 M FTFR->TW5S, ZoOK
NAZEEAE SR R & T IR K AT (EL 196 m)IZiTVy,  #E-> T, BEfF LR U<, 6 &
KD E R AR A EL 196.0m & 95,

(2) BUKRAfRAAKE

6.2.3 filCiAELT 5BV . BUk OB X OKESEONRIL, BRFHEZMF LI L T550m Z®E L
72o BUKOIE, HH AR CTOMWMOIEAEIZIK D BUK A ~DZEKIBAZ 1T 5720, KEord+
IR S R TE R B0, ATEOGEAA A KEIE Knauss DR A2 S Z |2 L CTIRATHEA S
b,

h=cD

JoD
Z 2 h= FTEOFRAOKGE, A KED DA D E R K E TOKGE (m)
c= fRH(=243 BEFEHEOTEAOKEDN SR L7I-H)
D= #AHEKER (=5.50m)
v = Minimum Operation Level (2331} 5 & & BN TEIE (m/s)

- ERRHH, v 4.38mfs (i 104 m’fs)
- PTERAEOKE h 8.0m
- EAHOHMES =196.00-8.00-5.50/2 = El. 185.25 m

> T, 6 FHEBUK O H.OMER 4 ELL 185.25m &35,

BEAF 3-5 5H. 36 L OMEERIEEOMW) D BUK A Ot a 3 6.2.3 127, F 7Bk 0 D FEAREHX
[fi % Appendix F @ C-101 (27”7,

Table 6.2.3 Principal Features of Intake

Existing Units Additional Unit
Nos.3to 5 (40 MW) No. 6 (40 MW)
Penstock Diameter 6.00m 5.50 m
Intake center elevation El. 186.00 m El. 185.25 m
Max. discharge 111.2 m%s 111.2 m%ls
Prepared by JICA Survey Team
JICA 71 6-9 Rk 24 4210 A
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6.2.2 Y UNA ST

6.2.2.1 AR B T i FEiE

IEFEEARTIE, Kk, JE, K BE BRERSEHEOANTY ABERAEAEHSNATND,
ZO—FiEE L TREARDITIIAKRTIIHLSNZTIEEEZX BN TR Y | % 37 4[] 30 4
ERADEREEL TVD, TORITILLTO®Y TH D,

- KR ZRET D Z N TE, RRtEm LICFHF5T D

c HLIEERLT T U N ERERBEROZEIHEEEZ D) AT BhEN

CREERIAT D Z LI RV EUK ORI O THEEZMED Z LN TE D

- PRHIFIHAN ORIRITHG 2 KIT S22 & 912, HE RN TIE L RRPLETH D

ARICBITAE LG ITEH 2K 624 BLOEE 6.2.1~2 IZRT,

Photo 6.2.2 Front View of Dam Piecing (Akiha Dam)

JICA 74A[H 6-10 Rk 24 4210 A
FA)T RS — K I ERTILR HEERE (20 2)
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Table 6.2.4 Performances of Dam Piercing in Japan

Original Features of Dam Dam Piercing
Completion Height Piercing Piercing Dimension (m) Method

No Dam Year Type (m) Owner Year Purpuse Width [ Height| Length |Enclosure |Piercing

1|Fujiigawa 1956 G | 375 Pref. 1975 [@) 8.0 7.5 19.7 D 0

2|Okiura 1945 G 40 MOC | 1987 ® 4.4 4.4 9.0 — G

Tamagawa

3 (coffer-dam) — G — MOC | 1988 ® 4.4 4.4 8.0 — G

4]|Akiha 1958 G 89 Jpower | 1989 a 6.5 6.5 21.0 E |

5[Sarutani 1957 G 74 MOC | 1989 @ 2.7 2.7 5.8 E 0

6] Yoroibata 1957 G | 585 MOC | 1990 ® 4.4 4.4 28.9 C G

7|{Kakkomi 1955 G 34 | Jpower | 1991 ® 1.8 2.0 4.5 D |

8[Naiba 1953 G 50 Pref. 1993 @ 2.5 25 30.5 E G

9|Kuki 1963 G 28 Jpower | 1995 ® 1.0 1.0 3.0 D |
10[Mitani 1922 G 27 Pref. 1995 ® 3.0 2.8 12.6 D |
11|Nishiyama 1903 G | 318 Pref. 1996 ® 3.4 3.4 14.7 D 0
12{Gakkougawa 1970 G 48 Pref. 1996 [©) 2.6 2.6 21.0 C G
13]|Sugano 1976 G 87 Pref. 1996 [©) 4.2 4.2 25.4 C (6]
14| Tase 1954 G | 815 MOC | 1997 @ 5.0 5.0 40.9 C G
15|Samani 1974 G 44 Pref. 1997 ® 1.5 1.5 12.5 S B
16| Futagawa 1966 G 67.4 Pref. 1998 [©) 1.5 1.5 25.0 S B
17|Aono 1987 G 29 Pref. 1999 ® 1.8 1.8 4.1 S |
18|Nanairo 1965 AG 61 Jpower | 1999 ® 2.6 2.6 6.0 D |
19{Mitaka 1944 G | 326 Pref. 2000 @ 2.0 3.0 12.5 C G
20{Ikari 1957 G 112 MOC | 2001 @ 5.0 5.0 | 50x2 C G
21{Haginari 1966 G 61 Pref. 2001 [©) 2.5 2.5 26.6 C G
22{Miyagouchi 1963 G 36 Pref. 2002 3 2.7 2.7 17.0 C G
23[Okutadami 1961 G 157 | Jpower | 2003 1 6.2 6.2 32.3 0 |
24{Yuduruha 1974 G 42 Pref. 2003 @ 2.8 3.0 10.2 D |
25[Miyagawa 1956 G | 885 Pref. 2004 [©) 2.1 2.1 36.0 S G
26[Haji 1973 G 50 MOC | 2006 @ 3.9 3.9 23.0 C G
27|Horonai 1940 G 21.1 Pref. 2008 ® Unknown D |
28[Sugesawa 1967 G 73.5 MOC | 2010 @ 2.4 2.4 37.0 C G
29| Tsuruda 1965 G | 1175 | MOC 2014 a 6.4 6.4 50%2 C G
30{Tsuruda 1965 G | 1175 | MOC | 2014 @ 6.0 6.0 60x3 C G
Dam Type G:Gravity, AG: Arch Gravity
Owner Pref.: Prefectural Government, MOC: Ministory of Construction, Jpower: JPOWER
Purpose (D Power Generation, @Other Water Utilization, (®Environmental Improvement, @Flood Control, ®Other Purpose

Enclosure  C:Channel Type Enclosure, D:Drawdown of Reservoir, E:Existing Closing Facility, S:Small Scale Enclosure, O: Other Method
Piercing G:Grinding Break, I:Breaking after Isolation, B: Large-Diameter Bowling, O: Other Method

6.2.2.2 NAM NGUM & LIZBIT DR H T Tk

Q) Ik - ik

6.2.1.1 HiCHTFE L7V AR DT XIIZ S — M2 UV —EifiETar s ) — MELAE T E RS
72, ZOR TN NEWmIIER &35, ¢5.5m & [R%EOWmRE 2t LoD HIE 2 S

T 57 OWmNTIEEZ 4.5mX5.5m OfftR & L, BEIZ08m L35, FlimEALDTITEE 2m X
iz ~L~ 0 ZFRIZIEIE S 5, SR HE] OIS EE JCiX Table 6.25 (2R 7Y ThH D,

Table 6.2.5 Principal Feature of Piercing Dam

Items Dimensions
Inner dimension of Waterway | 4.5 m(B)<5.5m(H)
Dimension of Inlet 6.5 m(B) X 7.5m(H)
Lining Thickness 0.8m
Piercing Length 22.33m
Center Elevation EL.185.25

Prepared by JICA Survey Team
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SRR I I35 2 ZEIRZ NS LT, IR & K 0 B IR KR & 72 5, REIIEIE T 7 2
WO USLLTARE L E ENDHA, AEIET 7w 76 18m (X L THRHIIE 6.1m TH Y | 1ZIEL
DFPILE > TV D, £IIHIE - LRI Table 6.2.4 % X Of Figure 6.2.1 (Z/~ 9 S5 D i
PICIE-> TR, TEOZTICH L TREN 2 E BRSNS,

Longest
2500 60m
» £ 2000|  Largest §
c
S §’ 8.0m X 7.5m Nam Ngum
cC o I
2 ¢ 1500 w 6.1m X 7.1m X 22.3m
a5 . A V
g £ 1000 | ¢ .
o x *
S
a 3 .
500
2 * .
*
0 .’0 L * :.00‘,..’. L
1970 1980 1990 2000 2010 2020

Completion Year

Prepared by JICA Survey Team

Figure 6.2.1 Scale of Dam Piercing in Japan

Slot Drilling Machinery Grinding Breaker

Photo 6.2.3 Typical Construction Machinery for Dam Piecing

Table 6.2.4 ITH#LD & | HARTHR b FEEOLWIRIKIREI TikiX, 2WrmmiEEl g (Photo 6.2.3 F)D A D
—TRTHET DO THLN, UTORBICLVATECIIERAZEEbDELZ L L L,
B harmETFy At HHEI LHETH 5729, Nam Ngum O X 9 (ZEGH 725 b % (4
LGB EERERE MR T T 28N H 5
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TAATIHET DHODEE L
Hif(Table 6.2.7 @)&IZZ U —n BT 5121, vV BARRICIBE %

Guide Rod Sleeve Drifter

Bit (n=2~4} \ Rod(n=2~4}

Figure 6.2.2 Detail of Hydraulic Boom

ZZTIE, ERmEEEEEIC RO TE LA S TWD . IEIEFSNE 23O LIl T L —7
e 2 “TRICK A TIEEZRAT S, £ T3EE LT, Ay bR U U7
(Photo 6.2.3 ) ICL A bDA2HEMT 5, 2O UNIKFED I n—FHHEIZ, K622 ICXRT5H
2~4 Oy NEFTLHMET —LEZHE L0 THDH, ZOLEE Y MIE Y ES 12~24cm,
BKRKES 12mETOHREOARY v e a7 U — MNMIEGHIFL L, B BB km 282 ko~zxa
WERIZER T D, ZAUT LD, 7T — IO BE 2RI B e Z L 28535 L3k, 7
V— ARG e b L D,

(3) BxENF ¥ 7 U —

F207 0y ZITIF E T 2N ¥ 7 U —DREINTND, 209 H X KNG T HIFHIZUT
WO, Z LHHO T 5m IChET 2 6O T, £ ONZERER L 180m TH 5, RE%E HiAAT
HERRHIRHIE & 1% 1.5m OBERS H 5720, BER X v 7 U — BN H T LRI EEZ KIS Z &
IFhneEE2 b5,

6.2.3 i)

6.2.3.1 2NV sy RG]

Table 6.2.4 122 &, HARTITOIIZERIRAN S T THEICEBW T b IO 2 WY TIE,
Phase-1 CIREINTZT v » RABBREAEO) Ch 5, Z O TIETEMY DMIEREFHETHH DT
B, BN THICEND — T, MU LIAEFICEMTH D ENRETHY ., Fx ko
A MERES B 7 ST & T2,

TAKA LT, LHEPITAIARM AR T S TREIE & & 16m FBREEICHIHI L Th A FIRZ 0y, &6
Wit 7 vy 7 ot SR U TR DM EE2 X > T\ D, ZHUCK LT, FlKA A TiElr
IKNLZAK T SN =12, & <12 Nam Ngum D K D I KKIETRHIT 1 EDOBDER L5 &
SR NET BN RAND D, T OFER, Phase-1 D THEEHETICEWNTE ) Thom L oI,
ZOF ¥ U RNVBUHFEEITIE T A MEIZe D 2 ERET HALZe

ZO—J5C, KiliE TET L @EffiZe KA b - T, KD NERODZER % i T LB 722 /)N
RICED S Z LI > CLEELZMEE T AL EQLILTWD, 2 EIH G KE O/ NS
Bl K eER L, SN EKE EE 2~ A — L TRAERTH Y | REIED 2mfkORERL,
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FA)T RS — K I ERTILR HEERE (20 2)



PP -} W6 % OBIRAE O ARG

ZNL HEL BN ATEA SN TN D,

KRB ER & LCiX, ¥ ARSI LETIE R B A S VT 7 — hOF 4 0 s T
FHTIEH DA, 2006 FITITGFF LITIBWVTKIE T 26m T/UL 27~ F(3.6m IFX2.7m BAT X
7.9m @) LV EFKO) A U CRAF KRB MR LT E NS B D, (Photo 6.2.4~5 &
FR) ENEEIIA THE T L S DFUBRIIZRIER VA, JHIFIIZ A r—v 7 > 713+
FICHREL B BID,

Photo 6.2.4 Overall View of Photo 6.2.5 Inside View of Bulkhead during Use
Bulkhead

VL EDFEE &M E 2 T, Phase-2 TiX BN L7~y REBEALTaA N T 25 H0
LT 5, FORMEE LT, i LHERLEEMELZ MR T 2720IIETF v o RV L 55/ K0
N7 THEGFEZE L, £726. 21 FHICAFL L@ Y, KAREORFHIEB N TH K& B E K
FT oD, RBESAXLAOFRERRTIE SNV ~y ROBFHMEKARMBD A7 V— 3 H L
TWDN, ZOMFHIGEMERFHIZRL Z L LT 5,

KIEZ SERNCABE T DI AR BE L TV A, 22 TN 2/ SIS T 28A806E
FEIK E Lic, 77 o~y RONHEZ B~V 7 Z(6.5m X 7.5m) DSMANZ K 2m O BfEfE %
R L, BATXEIT U — MR COE(E BB LT 2m & Lz, BETH/L T~y RO
#hot% Table 6.2.6 12, MEZE[ % Appendix F (27”7,

Table 6.2.6 General Features of Bulkhead

Inner Diameter 10m(B) X 12m(H) X 2m(L)
Maximum Head at the Center Elevation | 27m (HWL212m~EL.185.25m)
Support Anchors and Bottom Brackets
Steel Weight

Gate Leaf 120 ton

Others (Side Frame, Bracket, etal) 60 ton

Prepared by JICA Survey Team
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6.2.3.2 HFAKNALHIRIDZhE

Phase-1 O &t # 9.2.3 HiCl. Y0P KM S 3.5 » ARIZ/AKN %2 EL.207Tm (24X
TEEDLZ LIk THRIYIE R ORI RIZ 49 HH USD TH Y, WEICLDAEIL 21 HH
USD #7£ L5\ T1 2.8 i USD Ofa 2 A MERICEF 595 Z MR Iz, ZhicxtL
C. Phase-2 TIIki) 2 S )v 7~ RiZigEg b L7728, KALE EL.207m (2K T &8 THEE
RE®E%Z 15t (LFHEICLTO05 H T USD)ZIRH S E LI ED & LARE R 2D 7 H &l
LD,

ARBUK A TEEARALLL T 30m LAZRIC M SIEKTER 2 O T2 1B RO EMR EoT
DIZRALHFNT AR bBET 2 RN T ZLIETERWERTH D, L LR b, fiit) T4
B L ToOHRE 2T, KHIRIZAT 5 BT RS RIBLIELEE A L D,

6.233 A7 U—UOHKE

P~y REFRE L TCH LEEBLIRZIC, ¥ EREO RS TEHEFICA 7 Y — %
EBHOT 1 —An N EBUFTHBEEZEOIAT, A7 U — 37~y FERICHTEN
EIZHYD TAL, BET A=AV MEDT L0, EI3KPARGHEE= 27— TT
L— AN ZMEED LTS E —IK(b9 5, Appendix F O IAR G X C-102 ([ EH DR Z 7R
TTHD,

6.234 Huko LHEOLKTFEIE
BRI 1 TIE, v 7~y NE&GEY), SREEEBUK O 27— R 2 U — O HIZ L Y | Table 6.2.7
WY . KNEEIRZ L TH RAKIE TFTORUK O THEAZSHMICITY) 2N TX 5,
RBOQTHU—MNERLIZBITEKO 7S — 2 FA L THILZES L. JINIZIEZ L Kk
XTI vAFTHZEN, BEN~ODKEEZTEIZL, PO TMOKEER LHELESHIE
DEUSIHHEE LU,

JICA 74A[H 6-15 Rk 24 4210 A
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Table 6.2.7 Procedures of Intake Construction

D Piercing to Dam Axis @ Construction of Gate Tower
iy

Access Route

<

@ Settlement of Bulkhead @ Break Through
ez ez

Access Route Access Route

JICA 74A[H 6-16 Rk 24 4210 A
FOIT W —IK IR EATIRE MW E (20 2)
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® Removal of Bulkhead (Water Filling) ® Settlement of Trashrack

s (=7

A

Prepared by JICA Survey Team

6.2.4 A NG TEME DR

6.2.4.1 FRET SR

No.20 7' a v ZZxt LT, LATICHNIZET D54 T TH LA ZEMER X OSEMEHAR OSB3 2
SEITo T,

Df HE., fKRE, BKE, JRE. #iE, 85 GREEHICHEREmIC X S HE
R A g, BT Table 6.2.5 (2" diE@ D)

@katlrim  ABLIR, B.LEHB IO CHMH% D 3Stage  (Figure 6.2.3 (/R 938 D )

@fFERAE T .Usual. II.Unusual (#:/KB%) | T0. Unusual (H#7ERF k=0.061) . IV.Extreme (HiE
IKf k=0.215) D4 7 —2A

OPMEE T AT AX AOSERRRERE LI E
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Stage C : After Completion Prepared by JICA Survey Team

Figure 6.2.3 Sections of Dam to be Analyzed

6.2.4.2 LEMED A

6.2.4.1 FIZHTRE L7254 T ¢, 58, i X OUEEEHE O s /1125, Usual 3 & O Unusual
S TIE. T A AE AR (Lao Electric Power Technical Standards) (2% U CTHRE L-, 725,
Extreme 5} Ci%. US Army Corps of Engineer D JEH#EA SR U7, MAEIRLAEZ LI FITRT,

a) HAE

HEFFICEWTIE, BESNDANBLITHEOAS PO moOFI 1,/ 3I1TA
Db, HERE WOKEETIE, SR EAKERmoF R 1 212 A5 Z &, Extreme &M

JICA 74A[H 6-18 Rk 24 4210 A
FOIT W —IK IR EATIRE MW E (20 2)
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T, SBARAKEREmNICAD Z &,
b) BEh

AW BEER 22 2R 3 B Tl 3 DAk, HKEs - MUERFCIX 2L ETH D Z &, Extreme 55
HCik, 13 ETHDZ L,

c) AHEHUE DS

TV T OD A B R S I DN R ) B 2 TN 2 b Extreme SeETCIE. FFRIS 1D 1.33
fErBrrrn b,

6.2.4.3 FREHRE R

RREHRERIE Table 6.2.8 IZ/R T Y TH Y, RAT—V, BMELRMHICBVTH AILE LA S
N5, FEOFMIL Appendix—E (23T Y Th .,

Table 6.2.8 Results of Dam Stability

Load Criteria Stage-A Stage-B Stage-C
Condition Current Condition |During Construction] After Completion
Over- <L6 e=5.155 |L/6=6.90 |e=5.91= |L/6=6.90 |e=4.88= [L/6=6.90
turning  |°= OK OK OK
- S n=6.91 23 |n=6.85 =23 |n=6.95 23
Load I |Sliding n=3 OR OR OK
(Usual) Max
o= 6=91 <400 |o=091 <400 |6=93 =400
Foundation fm?
Stress 400tt/m OK OK OK
Over- e=7.96= |L/4=10.35 e=7.48= |L/4=10.35
. e=L/4
turning OK OK
= = = =
Load I [Sliding n>2 n=6.07 aé n=6.11 aé
(Flood) o
' = = = = =
Foundation ZOOW ) =95 =400 o= 97 =400
Stress m _ OK N \| _ OK i
Over- <L/ e=7.06= |L/4=10.35le=7.84= [L/4=10.35|e=6.78= |L/4=10.35
turning °= OK OK OK
= = = = = =
Load TI Sliding h>2 n=5.97 _é n=5.95 _é n=6.01 _é
(0BE) | © © o
ax.
. |e= 6= 105 <400 |o=105 <400 [o=108 <400
Foundation )
Stress 400tf/m OK OK OK
Over- e=13.14=|L/2=20.69 e=12.865L/2=20.69
. exsL/2
turning OK OK
= > = >
Load IV [Sliding n>13 n=4.22 1.3 n=4.23 =13
(MCE) Max <(A)f(})(0x <(Z(};)><
E © o |6=1.33x |6=151 = 6= 155 =
oundation 400tF/m? 1.33 1.33
Stress m OK OK
Prepared by JICA Survey Team
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6.3 A bhv7

BETF 40 MW FE(3-5 ZHE) D2 A b v 78 RIT6.0m TH D, ZOERITHR 6 ZHEMA L L Tiad
LRETED, il n, 6 S A Ny 7 BB L & a8 BRI E L CIER
IRV B Th D, BEfF 3-5 S L i#E > T 6 S HLE DX LDIEEN XU R N v 7 O i R S
BLUVEWDOT, FLDREEGINISRWTDITRU A by 7 OFEERE % 78 5 <L 2 L5 B
THERDHL, L, XA RNy 7 OREZRD D ETIEERIINSWEREE LV, i
KSR DS 2 R AT 5, 6 B A by 7 ORRFREREZ RS T2, 4 BEOE
£6.0m, 55m, 50mBLPAEMICHONT LHEE & RAEBHELAHE LRFLEEZ1T Y,

(1) THEEOHIK

NRUA Ny OERE/NS S TIUTBUK OO A X/ &< TE LHEHAOEK DY D OIS /s
LD, BT, BUKAAZ =000 — OV A4 XH/hEL 780, THEEHBICERD, &
BEBOmMICLIEGA LI LT, BRO)Z/NSLT5 & THEENENTEITHHHRIN D0 E5H
L7-fE 3% Table 6.3.1 (27”9,

Table 6.3.1 Construction Cost of Waterway (in 1,000 US$)

D=6.0m D=55m D=50m D=45m
1 +ATEHE
LT T H 2,106 1,970 1,813 1,634
Bk ARG O8I0 15,660 15,300 14,940 14,580
/MR 17,766 17,270 16,753 16,214
2 SIS T
Bk 0 A7) — 52 48 36 36
YL 441 413 343 287
il K7 —h 1,404 1,179 1,035 855
XA I 1,498 1,302 1,120 889
/R 3,395 2,942 2,534 2,067
3 ARt TR 21,161 20,212 19,287 18,281
4 D=6.0m 7SO HiFI 5y 0 949 1,874 2,880

Prepared by the JICA Survey Team

FoFT, ERE60mMNS 55 mIT/IhEL T 5L TEHEEN 949,000USSD IR D L aF L
TW5, ERE 50m I/ E < $hif 1,874,000USS ORI TH 5.,

(2) FEEEOWD

NUA Ny P ERENEL T D EKBEENEZERIC 6 SHEORAEBHENBDL TS, 6 5
ML U CARREO R 28 % %5 2 36 4E [ (1972-2007) DK NE £ A - TE SR D3
BEMAF R AT o 7-, FORE % Table 6.3.2 |27,

Table 6.3.2 Reduction of Annual Energy and Dependable Output

RUR Ny T ER
D=60m | D=55m | D=50m | D=45m
1 | KEEOHEKAKEE (M) 1.06 1.18 1.37 1.69
2 | BAEEHE (GWh/AE) 1,119.17 1,118.67 1,117.86 1,116.56
D=6m » b DA 5> (GWh/4E) 0 0.50 1.31 2.61
3 | REEH ) (MW) 144.42 144.33 144.20 144.00
D=6m %> b DA (MW) 0 0.09 0.22 0.42
JICA 71 6-20 Rk 24 4210 A
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Prepared by the JICA Survey Team
BEEZ6.0mMNDH 55 mI/NEL 5 EEMIAEEIIED 050 GW h i) LERZEH 7173 0.09 MW
B9 5, EHITERE 5.0m /NS THUERAE ) EI1E 1.31 GWh J8 LERREH 711X 0.22 MW
35,
(3) BFLLik
BIp BB T L O LHEEGK L B 2 BRFHET 5 728, 50 £ DI AE 1 &4y & ARG
HBA 5y % BB R 5, TOMREEZREMERBO D E L, TEEHNHEEEE LD
D7 Table 6.3.3 TH 5,

Table 6.3.3 Economic Comparison

D= D= D= D=

6.0m 55m 50m 45m

1 | THEEEKS (1000US$) 0 949 1,874 2,880
2 | FFERHEMELREA 75 (1000USSly)

EHE (*1) 0 -38.0 -101.8 | -203.6

PREEH T (*2) 0 -23.6 -60.5 -116.5

Total 0 -61.6 -162.3 -320.1

3 | k5 D 50 45 FHBAEAMAE (1000 US$) *3 0 -611 -1,610 -3,174

4 | BEHEAEMME, 1+3  (1000US$) 0 338 264 -294

*1: dEJEHEAELE = $0.0783/kWh

*2: PRFEH ) BALE LS = $275.35/kW

*3: HIFIZE i=10%, RRFEFAEMASIM =50 4

Prepared by the JICA Survey Team
B 5.5 m I T UE A FHERAEME(NPV) S 338,000US$ & i DE R & b~k bl 725, 2L 6
THRICEAT DR, XAy VEREZMADOSELFEIL 6.0 mIZT 20084 L HRRER T
BRNZEERLTWD, BHIT 6 SHOLAEBUKA LEEDOHENEG AN R by 7 EREZ /NS
SLIEHBHEMENLTH D,

(4) 6 ZHEU R by T BOmER

FETHE L L2, 4FEOERDO I H55m OERDE LB TH S, toT, 6 S~
VAN OERILEEmMICIET S,

6.4 FEEHT L OISR ES

6.4.1 REFTOLAT Tk

5 8 B O LI RGBS — 1T, BERR AT, I & O S R
AR L, REFTORARIEIT o1,

FEEATDONEA 22 & OWr X 2 RIS R T,

JICA 74A[H 6-21 Rk 24 4210 A
FOIT W —IK IR EATIRE MW E (20 2)
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Floor Plan (EL. 172.5 & 173.0 m) Cross Section (Unit Center)
Prepared by the JICA Survey Team
Figure 6.4.1 Plan and Section of Powerhouse
W, FEITS 7 07 Ok, Bk X OWEW 72 & oFEM 2B IL, Appendix FIZIRMT L7,
Fo, AFEFHCBWTEE LIEBENE 70 TICREIND EREMIITEOLBY TH D,
Table 6.4.1 Major Equipment to be Installed in Powerhouse
Floor Elevation (EL.m) No. Equipment to be Installed
1 Generator Neutral Grounding Transformer
2 11 kV Switchgear
1725&1730 3 Excitation Transformer
4 Station-Service Transformer
1 Excitation Cubicle
2 Low Voltage Switchgear
168.5 3 AC/DC Distribution Panel
4 Local Control and Relay Board
5 Clean Water Tank
1 Unit Motor Control Center
2 Common Motor Control Center
3 Governor and Turbine Control Panel
1645 4 Governor Qil Sump Tank with Pressure Oil Pumps
' 5 Pressure Oil Tank
6 Air Compressor
7 Primary Air Tank
8 Brake Air Tank
1 Raw Water Tank
158.0 2 Raw Water Strainer
' 3 Water-to-Water Heat Exchanger
4 Cooling Water Circulation Pump
Prepared by the JICA Survey Team
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BB HEARF ] D FEARR E

6.4.2 REFTE R DL E

ARG ZAT > T BEATERII U, ZEMEDOMERRZ Teeoi@ v F2hi L7z,

(1) it
i) EFWRGmOKE - FEEETOEE (G Appendix F B O A-A i)
i) LT FEAlTE (A4 Appendix F X 0 B-B W)
@ WEtr—=
Table 6.4.2 Analysis Cases for Powerhouse Stability
Cases Upstream WL Downstream Seismic Coeff.
(EL.m) WL" (EL.m) (Horizontal)
1. Normal Usual 168.5 168.5 -
2. Earthquake 168.5 168.5 0.061
3. Flood Unusual 177.0 177.0 -
4. Empty at up/downstream - - -
5. Normal WL at upstream, Extreme 1685 ) i
Empty at downstream
*) WL in all units full operation: 168.4 EL.m, Flood WL176.5 EL.m
Prepared by the JICA Survey Team
(3) i [, BOKIE, BUKE, $5ES (2) , RIS (HgERe)
(4) HRAALYE HBLTEPEIZNAT 2
(5) MRESAEIR
Table 6.4.3 Analysis Results for Powerhouse Stability
Overturning Slidin Max. Stress in
Cases (Eccentricity, (Safet fa?:tor) Foundation
m) y (tf/m?)
e=0.1 0=10.6
1. Normal Usual | _ B6=6.0 ] < 400.0
e=1.5 f=129.6 gq=13.0
2. Earthquake < B/4=9.0 >2.0 < 400.0
i) A-A e=2.4 g=3.0
Section | > Flood Unusual | _g/4-g 9 ] < 400.0
4. Empty at e=2.7 i g=344
up/downstream < B/4=9.0 <400.0
5. Normal WL at upstream, e=5.3 f=29.3 g=34.5
Extreme
Empty at downstream < B/2=18.0 >1.3 <532.0
e=2.3 0=16.3
1.Normal Usual < B/6=6.8 - <4000
e=3.3 f=99.0 g=18.1
2. Earthquake < B/4=10.2 >2.0 < 400.0
ii) B-B e=9.3 g=8.5
Section | > F100d Unusual | _ gj4=10.2 ) < 400.0
4.Empty at e=2.0 i q=33.7
up/downstream < B/4=10.2 < 400.0
5. Normal WL at upstream, e=4.6 f=62.9 g=32.6
Extreme _
Empty at downstream < B/2=20.4 >1.3 <5320
Prepared by the JICA Survey Team
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FRLBERER S FEEATE RO L ENEIC I,

F7-. REAEEOKREEITN 30,000 b, HEAKERTHEEDIZ D)DK IIITK 20,000 R 2T,
MERITRFEND 15FEE 7> TR, @EREEROFEE BN ORIV S S5,
6.4.3 Wk LA 7 7 b

EATICORE, AR SEHE L 723 ERTE D ORI ERE S S 2R L UK O IR 21T o772, i
KO EZ TRICE LD D,

Table 6.4.4 Main Features of Tailrace Channel

Item Features
Type Open channel
Length 52m
Width from 11.5m to 20.5m
Longitudinal Gradient 1:3and 1:4
Approach Elevation Inlet EL. 152.74m
Outlet EL. 164.00m
Cut Slope Gradient 1:0.25
Protection Concrete facing with anchor bars

Prepared by JICA Survey Team

W, HOKEE ORI X Appendix FIZIRA LT,

6.5 FEXXHE
6.5.1 7K HL

(1) K HEERKAL
a) ArkHiokAr

AR OB Y . BIET A7 A EFRICEE T OF L7 L5 2 KIFEENNTERTDH L, 15
%%“@Mlgﬂﬁgéﬂf%ﬂ@@@ﬁﬁﬁﬁmﬁiﬁL\%@mﬁ$ﬂﬂuiELZH6
m 2725 & THSND, ZOMDETKMARMITHEFOEEELHT L2V, ZTORRR, 6 5%
DIEERNITELT O L 512725,

- BKRAL EL.215.0 m
- W RE AL EL.212.0m
- JNE SRR ARAL EL.209.6 m
- AR AKAL EL.196.0 m

b)  HOKEEKNL

BEED/KE 5 BN T R CTEM N CEE STV A ORI 4621 m¥s Th b, 6
DETEEIT 1112 m¥s THHT-0, 6 BHE 5Tk 6 BN TR TER M) CiEiE SN 5
KD &L 573.3mels & 725, ZAUH DKHERE % X — 2 T HOKEERNL A RET L LT X
IR D,

JICA 74A[H 6-24 Rk 24 4210 A
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- BKAL EL.176.5m
- JKHL 6 15 A H 1 iEHRRE EL. 168.2m
- KHEHL 1 B ER 1 E AR EL. 165.7 m
- KEERE LK EL.164.0 m

(2) A=

TEASHT AN ORRFHERIZIE DX | 6 SHKEORMBEG N AZ% 400m & Lz, 723, Zhid
BETFE 3, 4, b SHEOEERNEE 37.0m KV 3.0m &< 2o TWb, —F, EANEEL
PP/ RER KA IS 381 7K 1 BERH IR O G 2E 2 L ER L, 3. 4, 5 THIcAbE
T 455m & L7z, ZORE. 6 SHKEOEZLTFFHIILL T O®EY 12725,

N Y 48.0m

- A RS (KEL 1 B ER H )R 455m

- HUEF G 40.0 m

- IRBE = 26.4m
(3) /KHEH

6 SHEKHEDERH B LR KREAZLUTO®@Y) BE LT,
a) JKHLERS )

REERS T EEAEG N 400 m (2B KB M) & L, BEMIGICIS T S H I 40
MW & 702 X5 REMNFELZHZE LT 40.9 MW (= 40.0/0.98) & L7,

b) KERKHT

H KM ARAL D B 57 BT K0 B =S ER 2 e 2 8 2 D358101%. FEEROER )
OFFANTKEHNZEMEELZENTEDER, ZOEREKERKENELTED D,
—J5, BEfF 3. 4. 5 BAEOFEIERH /1134 50 MVA (E# 3 0.8 (2385 T 40 MW) T
b DN, MEOHKKFZIL 46 MW (GEER /13 0.92 (TFHY) TiEHL T\ 5, 3, 4, 5 540D
HEIRFERE AW, 6 SREOKE R KT, HEMIG T 46 MW 1) TE 5 L9 47 MW (=
46.0/0.98) & L7-,

(4) KHEEA
KREFERIIBEFOKE L [F Uil 7 7 o v A KA Lz,
(5) JKEEIEHRSHE
IREERORE I TILHE (Ns) Z46fE L LT, LT OFIATEE LT,
a) KEEHEE
KB LGEE IR AOE Y ERI N TN D,

Ns = N * \P/Hn"*

.z, Ns: FEIEFE (m-kwW)
N: FKEHEE (rpm)
JICA 74A[H 6-25 Rk 24 4210 A
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Pt: JKELHTT (kW)

Hn: B (M)
b) KELHHEEED R
JEC 4001 KHEB IRV 7KHE] IZFEINTWD 177 v RAKEOEEE L
ORRX WL, BEAKZE 40 m OLEAOEEIL 368.6 m-kW &725, L
L. 79 AKEDOEAHIEEN 300 m-kKW Z#E 2 5 EHENE LK TT 570, Hik
FED fR%A 300 m-kW & L7=,

¢) KHLHE
JK HELIH B L 3 T 0D TE S R R L OB H kRIS TR T S,

N = 120 * f/p
Z 2T, N: JKEHEEE (rpm)
f: B ERE R (Hz) =50 Hz
p: S=E T

FE#EE Ns =300 m-kW /it & 72 2 /K s BE 1 136.4 rpm (H%k = 44), 142.9 rpm (FdL = 42),
150 rpm (f# =40) TH O, Z DLk % Table 6.5.1 (2”7,

Table 6.5.1 Selection in Turbine Speed for Unit 6

Turbine Output | Net Head Number of Speed Specific Ns Judgment
Pt Hn Poles; p N Speed; Ns | Upper Limit
(kW) (m) (rpm) (m-kw) (m-kw)
40,900 40.0 44 136.4 274.2 300 O
42 142.9 287.3 ©
40 150.0 301.6 X

Prepared by the JICA Survey Team
d) AKHERGHE

KREEE N MNEE~ oA ADN/NE L 2 0 B0, A EFRIE 300
m-kW LT CRRD 142.9 rpm Z KHEERRE & L GRE LTz,

(6) /KEHLOLE
IKEHULALE L, KE 1 AEER O UK EEKAL 2 FERE & LT, ATRA L7,

KEHULE = TWL +Hs  [EL. m]
ZZIZ, TWLy  KE 1 RERK H JEEERE O KUK EEKRAL (EL. m)
=164.0m
Hs: KRB EZ LI L2 L& S (m)
=Ha-Hy-0p*Hyg
Ha: TWL; =164.0 m (Z5F 5 K&GE (m) =10.12m
Hy: fafnzZ& <+ (mAQ) =0.32m
Hq: IKEERF A (M) =40.0m
op: ¥y BT —3 9 URE =0.2682

ZORFEORR, LEARHLES Hs 1 -1.0 m &0, KEFOMIET EL 163.0 m LTI
TAHZENERENTWS, —F., 3. 4, 5 BHEOKEFOIEIL EL. 161.0 m Th 5D, 6 54k
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6 &=

BB HEARF ] D FEARR E

DIKEFOLEIL 3, 4, 5 5L RARDERICRET D22 L HARETH DA,

L. 3.4, 558 LFUT EL 161.0m IZXE LT,

1) BEfFD

OFSNLRIZIT TR ARXR—=AR W=

ANR— A T SEER DV IZFIHT 5,

2) ZFD7H.5 5L 6 SO
=Y 3, 4. 5 S L FIERIC

LITOHEZ &8

. EEHEETRT D5 5L 6 BHROMO

WZBEZEDME IR L D 6 SHEDFE N v 7 S — DR

EL.168.5m OFREMWE 7 7 IZHOEDL AL,

3) 6 SHEDKE - FEMOTIEIL 3, 4, 5 5L KENRWZD, 3, 4, 5 51 & [AERICAD
B IUEKE A IMTE L EL. 161.0m & 725,

(7) BEAF/KEL & o beiig
KEDEIRSM B L OERFHEICE LT, 6 % EBEFE 3, 4, 5 5L Dbk % Table 6.5.2 (/R

T
Table 6.5.2 Comparison of Turbine Operating Conditions and Ratings
Items Unit 6 Unit3,4,5 Reference

1. Reservoir Water Level
(@) Flood water level EL.215.0m EL.215.0m
(b) Full supply water level EL.212.0m EL.212.0m
(c) Weighted average water level EL. 210.0 m EL. 206.0 m Item (1) 1)
(d) Low water level EL.196.0 m EL.196.0 m

2. Tailrace Water Level
(@) Flood water level EL.176.5m EL.176.5m
(b) When all units operating with rated output EL.168.2m EL.168.0 m Item (1) 2)
(c) When one unit operating with rated output EL.165.7m EL.166.2m Item (1) 2)
(d) When all units being stopped (no flow) EL.164.0 m EL.164.0 m

3. Heads
(@) Maximum gross head 48.0 m 48.0m
(b) Maximum net head at one unit operating 455 m 455 m Item (2)
(c) Rated net head 40.0 m 37.0m Item (2)
(d) Minimum net head 26.4m Item (2)

4, Type of Turbine Francis turbine Francis turbine Item (4)

5. Turbine Ratings
(@) Rated output 40,900 kW 40,000 kW Item (3) 1)
(b) Maximum output 47,000 kW 53,000 kW Item (3) 2)
(c) Rated speed 142.9 rpm 136.4 rpm Item (5)
(d) Specific speed 287.3 m-kW 298.9 m-kW

6. Turbine Centerline Elevation EL.161.0m EL.161.0m Item (6)

Prepared by JICA Survey Team

(8) JKEELERAL

a) HMHE
TR HES L DR

VERCBECEAEOIEREOE WS O ZEE L, MiEOBEL A2 X S,

2, ¥y BT —va VK DEREPREBICEDBREZZIT 0T WDIROEALIZ OV TR &
PRICENT- AT v U AR T 5,

JICA 74 AE
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- FuF

- HA FR—

- R T NFa—TIA4F LW
b) sz

T A FR—= i3z 70 ERITHR sz 13, KEGYRIE & RSFOE TMEOBLEN G, G
WmAROWSZ (7)) —A v 2z) 2815,

9 Ao
BEAFEOKE & AR A O FRITENT 5,
(10) FHa7KEtl

IKELESZ . FEFEREESE . R Kn HldR T T AUK AR /K T D R AKER A X, BEAra i & R
FROPAHIEERAR K T AZ AT 5, Lv L, 6 SHRHEEREROWE EOMBIZL Y| 6 SHOE
e /K a2 BEFali & R 95 Z LITNEETH D720, 6 SHBM TRIET 52 LIZ LT,

6 SR EAAKERAE 1. JFUKHBER S AT A IKIKBAZHAZR . IREIKIEER & 2T L THERR S 2 78,
Tz 2\ L, HHITMEENA L 05 X OFET 5, ¥, THKRMED T AT LHERL
Z BEAKE E-012 TR,

a) JRKMERG S AT A

JFARMEE S AT 2L, FUKEREAR S 7 E BB A L —F TR L, R 7 FFa—7 XD
KL RTZ 7 b Fa—7I18KkT 5,

b) IK-KEAR AL
IR KBTI B R D7 L — FNERHT %,
c) WAHUKFEER Y AT L
WMEIKGER S A7 S, HUKIEBR A > 7 LK o flida O ARG 2 o 7 TR 5., 72
B IEAKITBEFEOHAMAG > AT L0550 L CTRET 5,
(11) HEK - FoKBH
6 SRR OREE FOMBIC LY, 6 BHOPEK - HoUkaRE b BN & R TE ARV,

6 SREHHTRET D Z LT L, BEIHERER) D OFHEKLKE 6 SHENG DK - Fikz 6
TREEM L L CBMEET 2K E y MDD K5 FHlid 5,

B, KXY E Y FINOKEZHEKR  FI2 Lo THOKEICHER T 2% ETH Y . k&
KEBIIE R T 7 N F a—TNOKEHEAKR FIZLS5TRTI 7 MF o —7 6 BRI HEH
TAHRMTH A, AR TBEBIOHAKR 7134 26 L L, &HITiEELEE fTREICT 5,

PEAKRR > 76 LOHOKAKR > 7D AI LOERK L, BEFORMEEZ S L T, FROE Y FHHT 5,
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Table 6.5.3 Types and Ratings of Drainage and Dewatering Pumps

Items Unit 6 Unit3,4,5
1. Water Drainage Pumps
(@) Type of drainage pump Submergible Submergible
(b)  Displacement volume of each pump 1.0 m*/min 0.9 m*/min
(c) Pumping head 30m 30m
2. Draft Tube Dewatering Pumps
(@) Type of dewatering pump Vertical-shaft Vertical-shaft
(b) Displacement volume of each pump 5.0 m*/min 4.2 ms
(c) Pumping head 30m 30m

Prepared by the JICA Survey Team

6.5.2 FREMK
(1) FEEREH R

BEAE 3, 4. 5 SHEDRBHTEK NERIT 08 THD, —J. 7AAENTIFEER LT-/KSIEN
BXOBEEZR T OKSIFEEITITBWTIL, Table 6.5.4 DY . FEMEKRIEE 09 ITEEL
TWDIGEARMNEZ,

Table 6.5.4 Generator Rated Power Factors for Other Hydropower Stations in Lao PDR

Hydropower Station Generator Output Rated Power Factor
Nam Leuk 34.5 MVA 0.90
Nam Man 3 22.5 MVA 0.90
Nam Lik 1/2 58.8 MVA 0.85
Nam Lik 1 35.5 MVA 0.90
Nam Ngum 5 70.6 MVA 0.85

Prepared by the JICA Survey Team

F T, 6 BHEOIREBEITERSIEN 08 & 0.9 OPASDLIEIToT-, T DHEHE % Table 6.5.5 (T
R,

Table 6.5.5 Comparison of Generator Rated Power Factor between 0.8 and 0.9

Rated Power Factor 0.8 0.9
Turbine Rated Output 40,900 kW 40,900 KW
Turbine Max. Output 45,900 kW 40,900 kW
Unit Rated Output 40,000 kW 40,000 kW
Unit Max. Output (under power factor of 0.9) 45,000 kW 40,000 kW
Generator Rated Output 50,000 kVA 44,400 kVA
Transformer Rated Power 50,000 kVA 50,000 kVA
Cost (©) +622,367 USD 0 UsSD
Annual Energy Production +2 GWh 0 GWh
Benefit from energy production for 50 years (B) +1,189,776 USD 0 USD
(B)-(C) +567,409 USD 0 USD
Turbine Design Conditions
(@) Turbine rated net head =40.0m
(b) Turbine rated speed = 142.9 rpm
(c) Turbine specific speed = 287.3 m-kW
Present Worth Factor Calculating Conditions
(a) Lifetime of Unit6 =50 years
(b) Discount rate = 10 %/annum

Prepared by JICA Survey Team
Table 6.5.5 (Z/”7 @Y . FEWREK NFEL 08 LT 5 HMERNKEL AFITHD Z &34
L7z, L7edio T, 6 SHEDOFEEMEH /1RIT 0.8 (T8 E LT,
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(2) ZEEHEERKHT)

IKRHEERH ) 40.9 MW, FEERK = 0.8, FEMKLE 098 (HEE) Xbv., BEMEKTESH
X 50 MVA LEHEIND,

T ER ) KEEM ST x FEEMDE | FEWER TIE
40.9x0.98/0.8

=50.0 MVA

(3) FEEMIEA

FEEMIIEEAE 3. 4, 5 S & [A] UARBUREIE O STl A2 i [F 1 F8 Bk & 975,

(4) FEHEEREL

M EAREIEIIREAF 3, 4. 5 5L F L 11kV &7 %,

(5) FEEME SR T A

e R T AT, BEFRER L R U< BT XA T 5,

(6) JFEAHEI KM

FEEMEOIHKEiIL, BAFREEE LR U< BARE AT 5,

(7) ZEEMRET

HEMREII AL, BEEREKEF L <, 115k HBERIC X2 SERSIEFXE T2,

(8) FEFEAKMIRL T RFR
FEEEME & B ES A Bt 3 D RIS BRI, K etEITEN TR BRI 2R T 5,

6.5.3  EEAE

1) ZEERIERP L O EIT

BEAE 3. 4. 5 SHEIC ALY T, ZBERERTEME. BHAFTMARGXEZERAT 2, B,
BEED TR EESRZ 6 SHEIC LA TE 5 L9 6 SHMOEMEEROMER L OTEEL, BE
123, 4. 5 5L R Uit L1 5,

(2) e T A

6 S DA ERRTEM A EIIBEAF 3, 4, 5 SO BFALIELRLIF L, 16,666 kKVA (—FH% & : 50,000
kKVA) 3%,

6.5.4 115 KV R/ BAFART R
(1) 115kV RRBIT
WEAF> 115 kV BABIPAFTNIREFTZE LIch 0, ZORF T “HER + TR Th 5,

JICA 74A[H 6-30 Rk 24 4210 A
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(2) 6 SHEH RSB PR

BefFd 115 kV EAMHEPAFT 2 Appendix G O RAGR X E-021 35 LY E-022 [Z/-918 Y £ 25 m
JEE L, 6 S L LCULT D 115kV ZBINELE T 5,

1) 115kV s, 123kV. 1250 A, 31.5 kA 14
2) 115kV MBri&ss. 123kV. 1250 A, 31.5kA (35) 36
3) 115kV Zifigs. 123kV. 300/5A, 31.5KA (35) 36 (HFHE)

4) 115kV FEEZLRE. 123kV, 115/1/3//0.11/N3 kV 36 (MM
5) 115kV #EE# 3V (HMHEE)

70k, 6 SHEH 115 kV =AM PAZE E O BARAERR X &2 AR X E-002 (2R,
(3) ERHRIX oy Wrikds

115 kV RERROER R ((RSFIC K 28 ER I O&RE) 2 HAYE LT, 115kV ERER LT XKW
BRAR (a5 0 189M3) & 1 HiBINT %5, Z ORXpMrikaeid, ARG Mm E-001 AT E-021
IORENTWD X I 3 5L 4 Sk (AER TL2 & TL3) ORICH D b — Lkt LICRET
50

(4) 115kV BREREARD T8

BEAFERAMEEIFT O 115 KV ER##IZ HDCC 325 mm? Th V) .+ O EF 7 B 0s e a2 i
90 °C {ZHBW\T 875 A TLmR\W, —J7, 6 5% O KiEREN T 1,305 A (2T S, L
7285 T, 115kV ERFHEARZ TR L, HDCC 725 mm? I[CHUR 2 5, k. ERHERO T 2
HEPHIE, FEARERFEm E-001 (TR @Y . 6 SHE D 351, 3 KON 115kV GIS ~D 7 — T L]
TIAHBFETORMET D, ZOMOERITIBIRO L EMH T2,

6.55  PrFEITE

METE O TN EIRER G, JEH B ZET 5 11/0.38 kV FTNEER & 22 kV BN S%ZET S
22/0.38 kV FTNZEFEZDF 2 BOFINEEamx A L T\ 5, FITNEESROAREIL 1,000 kKVA T
OO, BEMIZIIHDBRRERHV | 6 SHOFTANZREKRE LTHFIHATE S, LavL, 22kV
B & T B X D — R FFEF ~OB AR E D 22 kV BLERICLER SN TV D720, 22 (4]
WP OZE LG AT RENOFTNE NG R RELEICR Y BHLTH D,

—77 . BEFOMRERLEE ITIX T O as 2372 < . EEgENodE b N TH L Z L0 b, 6
FRE~OFTNENDGIZIIFIH T 2 WRicd 5, TOXKE LT, Figure 9.4.1 1" L 91
6 SHEAZEIRE T2 11/0.38kV FTNZESRA 1 HiB00 L, BEAF 22/0.38 kV FTNZE 48 & DFTNE
JREPE DN ATRE & 72 D K 9O BEAHRERL B 1T T 5,

6.5.6 [EREERG
(1) EEEEEH

OB EEMIIR BRI TORBB NS5, FOF FHHSHMOBERERE LTHHAT
X%, L)L, BEFEOEEMIL 2004 FEICEE 2 SN DORO T, JERFE A TR T 5 2015 4F

JICA 74A[H 6-31 Rk 24 4210 A
FOIT W —IK IR EATIRE MW E (20 2)



BB HEARF ] D FEARR E

#
(o}
11

TPATIVE =}

TIFFMPRE D ATRENEDR & 5,

From 22 kV
Cubicle
®
New Tr. Existing Tr.
@ 11/0.38 kV 22/0.38 kV
1,000 kVA 1,000 kKVA
l- - ———— -1
! . Additional
! 1 Switchgear
—L— e I ! g
—{+— Motor Control Center Unit6 1--------Y------------ .
ACB-3

—{ — AC Distribution Panel Unit 6
— — Intake Gate Unit 6

—{ — Lighting Panel

—{+— Ventilation Panel

—{ — Spare

1

|

Existing Low Voltage E
Switchaear !
|

1

Prepared by JICA Survey Team
Figure 6.5.1 Station-Service Power Supply System for Unit 6

L7edo T, BfFoiREREEm 2 £y F2EHT5Z L1295, Bird 2 mEREEM O
T T DY) Th D,

1) B il gh 5 B
2) EMAFE: 300 AH
3) % 53 &L

(2) FEILE

PO FREIREIIE RIS T DRBENH DT, TOEEMHRSHOETERE LTI 5,
R

(3) HEIRALE

BEAFE DR EMR I PR D 7= BRSO BEIRECER 1 ma2Bmd 5, Eii
e FEAR XA A TR R AL A & e B SRR T B L 72T ISR E T B,

6.5.7 - RE U L —A
(1) v—hHERES LOR#EY v —

BEFD v AT A ERIBRIC, MR EELH O o — DV HlEE, (RE D L —itds X OVA Bhiil iz 2 1
TR LTGRO E T 5, B, BREMB L OEELEROREY L —I3faEi & 72
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STWOTFVHNBETRNT 2, £, BB ERE 2> TWD v —7 o a8
T2,

(2) VU-E— MEE

RS D BEF ORI E D SE #2147 5 ~ < BEFO 5 SHEMHIERR OB U ©— Nl
ZRET D, WSO Y T — MIEREBFORIER LR CCFRET L, 2B, VE—
R (X B Bl (S — W) EREBEV AT ATY VY L, mET — X lE A A TRRIC T
50

6.6 HEMREX
6.6.1 HK 854 oD i

BOEPLERTHEROMEHNI LY ol E & L TCI#% o Rt s Fiklice—o 47— M a2 idE L.
ANyl eRETHEIZBRAT D, KREORWEEZ FXIZRT,

Prepared by the JICA Survey Team

Figure 6.6.1 Arrangement of Intake Facilities

FRAMELE ORI IR D X H 127D,
1) HUKkAHFAAOE EFRIZ, MEXRR7 V=285,
2)  HAIEHOKESKE FEEE OB BRIcX UV —E&RIT, n—F 7 — hEFuka s — b
ELTRET D,
3) BuknZ— MERFEEHOTHS—RE LT, A by rr%2u—747— MNE_EHRIZ
RETEXDHLH, FU—NICA My u VAL ERET 5,
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4) R bhy7uaZoEEX, Bukn s — FHAZERIC, A Ny 7 a ZEER MR BT EE
ZRIEER T 5,

PITFIZ, 2NN O REAGRG 2k

6.6.2 Bk AZ J—y
1) A7V —rOHARE
A7 Y= DFETTIILLTO#ERY Th D,

£/ - 3,000mm  (GEiEE E R 12,000 mm)
BE 10,000 mm
% 4 M

(2) A7V —r Ok

27U —mBEREIEED L7 4 R OEEE L. 120m* %, it > T R KRFETUK & 118 m/s
D L& EEEIE T 0.98m/s &7 D,

B) N—E v FBLUN—DHE

—RENZ T TV AKEOSE . KEPROB/NEREZ LRSS 2nWE 912, A7) —ronR—F
Y FHRET Do KEOFEMTIEPFHEE L TWRWVERGHERMEIZI W T, F I HEIRR O TR E 2 IR 5R
H)7 — 2 Z JUIAER S N2 TR W B D,

10
ggg’a —=T
g8 W et
S W ?—E =
Lo W
%3 B i R
3 —F
38 Sr=—1 MiNiugy
55 4 = OPENING 5
@ 3 - <
o —
222 ~
2Z .
@ 0
3 20p—s
T —.-?Z?”T?‘,
o 16k %%;471'7‘1?-"%’7?'“
Zu i e LB T
ERYS

W20 30 40 56 68 70 80 8o 100
SPECIFIC SPEED
From Trashracks and Raking Equipment, Water Power 1960, 9
Figure 6.6.2 Experience Data for Approximate Determination of
Clear Openings in Francis Runners

RXC, Specific Speed (LLIEFE : Ns) 1 ft-HP T/RENTWAH DT, m-kW IZHR T 51215 3.81 %
FeT D, SRR TémE@NsiammMN%Lm&Lfmé@fF@mesrmimﬁHP
Thy, HE éhéﬂkﬁﬂﬂ%@ﬂfd FIRRIGKEH AR D 2.9% L 72 %, > T, BEARFHIRIT S
JKELH] A ES 4600 mm ([ 2kF LT, KEDPIR O /NEIFRIE 130 mm & 72 %,
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— 5 BERRAZ ) = D=y FL75mm Th D, A7 U—2 "—D5RE & RS 5 72D
EEELEGETH, A7 U — X2 EKIEZ NI E20W O, N—E v FIIRE W
DEATHD DT, BER-TELEE L TR\ O R—E » F1X100mm &35,

4) A7V —r %O FAME

SCRER O IR T2 )V 7~y BRI ASA—ORANCEE LRI K DTS &0 SO EBRE R
FOVHEDAL BT REZHFEICT D, o T, BUKAV~ T AR E /LT~y R —%
TSR OIRIE PR ZRER L & 72 % &9 FHEI§ 5,

(B) A7 U —rBIUORILOME

INFIVTIREREED 7 L— L 725 2 b WEMICENT-MEITHAVERH DD T, A7
U—2BROURRVOMEE U TR IEAES (SM #F) 2325, K EIZ5] & B CR5F AR
EITHZENMEERTARETH L Z ENOEKIEICH L TImm OEAEREEET D,

(6) <Dt

BFERAZ ) = TIIREZOBEDHEFEENTE RNV &, AT UL AFIORALE 2
HNDHN, T A MEE R DO WA L AR ET D, k. 27U — R LD EHT
DAEER L D IZ, TV —A~DEEIX, AV kD ET 5,

6.6.3 BokpA sy 7a s

(1) A by uZoORERHE
Bk — FOFRHZOEARAHEZILLFTO®EY Th D,

WA - 4,500 mm
HahE - 5,500 mm
PERIER - 1 P&

—J7. BERRA by 7 a7 1 Mo FEARSHET, SR - 5,000mm. BEEE : 2,040mm TH DD T,
BER A by 7o A b THEFE O T Y72 0 ~HEZIE L, BERA by 7 n /24
HZEIZXy, ax NOEEEK D,

BER AT ) — 7 L—rOBiEN R DX xR0, BUKAE A My 7P ZEHERoR |k
FHEBEZHT D, MRA My 707 1 S0 0EEN6 U TRETHLOT, . ETFEE
1. ATREZRIR VLA D 7 L— 2 R LIS = 2 F 2K 5,

(2) A by 7 urO30KHER L OUEKR DR E

FERX A b 7'a 7 O3 ERRE X OUEABR O REIREIL, Z 4240 5,240 mm 35 L T8 5,140 mm
Thd, BERA Ny 7 a /- HEABE LT, A4 R7L—LDOREMNMELRET D, A by TR
7 DA MR 4,500 mm % L TORBATE OIRWZIR E R DM, A by 7m 7 S0KER
ERRB LK T A DI KK OBLE X+ FIEETH 5,
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) A K7L —A

MERDOTAKER L 72D A K7 L—LNIKEEZZIT L0, a7 ) — MESICHEBEARETE 5
EREE U CHET A2, Bk BN F L7 LA RNETOHTA R7 L—A1E, EHA Fu
— T DL —NIERETHDHDT, A FL—NDHEHHERT B,

HA R7 L—LOFHEIE, FEROMEFFEHNNETHD Z L b, ETAT VAR AT
60
6.6.4 BokB 7 —h

(1) Bukns— hosET
OB ALARFT I OMFHT KV FET a2 LU T o RiE LTz,

A o—7 57—k

& 1

Sk FEER 4,500 mm
A %hE & 5,500mm

X ET/KEA - 29.5m

1ERFE % 4 7 2 LK

(2) BUKAZ7— L OME L UWE
BOKE 7 — FOfEEIE, RO EEFZIC I > TR STV D

JEEEE N BBAEE (2 L 0 BREY S 2 WEN S Th - T, HiEDRE TH 5, IWIEIC K
HHEE & 70D 2 LD IEEEEICEN TR (SM ) 2L LT
T2, kKT LD 2B L OUIED RV MIFROMERE 42 BB L
T, AT VL AEFRT 5, IOKEIZIE, AT UL AOe— Tk o—
T EEET D, v— Tz, BRI A/ NS 7570, AWz ARA
T 5,

FY o FIEOHRICHIER T 5 BERZ X 2 1K T D850 CTUIREIC L D& CTHh 5,
st L%ﬂt%%mfiﬁ]6Mﬁ)%Ikbfﬁ%?éﬁ\tmﬁ%iﬁ
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(4) HEasRlE
KA % 2 BRPASEE B O FICERET 5, BEIT a2 v b o —b— AT TR 2R E T 5,

(5) O
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BERAKL, EFHRAKEEZNT VAZIED, NANZANVTIEEERO Y 77 0 0 7B — 5 L)
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TR FEWTIE D BEAR T ~DHR D 72 12 NEE 1200 mm D Z25E 2 Uk 047 — b TN Bt i
EREHOEA L7 VA NETERUKAY — M2 U—HNIZBWTHERET 5,

6.6.5 KSR
AR HIRE SN D/ MR L, AKPISKE HATEEAECRED, DLFoFE2EHT 5,
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400

Z T, t e/ MRJE(mm)
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ErE 35,
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77AFMVE —b BT FEfiEhE Mk CFEERE

CAYE S (RGP QO = gt

7.1, FEMHE

BT SN RERICIESERE A0 MW O 6 SHENBERL T L 7 A 1 K DFEATOSKHAAN B X
NaZ LIk FEBEEROREREINL., BIHED 155 MW 225 195 MW ([ZHEi S5, BERRD 1 ~
5 FHEDREFEITRO LBV TH D,

> 1971:15,000 kW x 2 &, 1 5H& 2 5%

> 1975:40,000 kW x 2 J&. 3 SH4& 4 Sk

> 1984:40,000 kW x 1 J&, 5 54

> 2004: Up-rating 2,500 kW x 2 J&, 1 SH%& 2 BH&(&1E

AT TR SEH 6 BHOIIRIEIIKO £ 59 Th 2,

> EREE :40.0 m

> BukBa s :EL. 185.25m

> KESRE R :55m

> BUkT7—h : Roller gate (Capable of closure under current)

> JKHE : Francis type, rated output 40,900 kW

> I : Umbrella type, rated output 50,000 kVA

> ELEER : Single phase type, rated capacity 16,666 kVA x 3

W

HARFHEZEDO LA T 7 ME, RO XD RESND 5,

A AEER BN ER T A FTREUK 01X, 5 BHERUK O & RAKEORIZAET D,
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AYERFIEGT I, B2 F v R E S [EE 13 SRR OAERICE T D, BHiE = F v
775 90 km DHERETH 5, HARTH, KA THF, K OEXHEMR TFAAYLESR €O FE T
Tho, MRT L7 L 1EEHL, JLETFPICEORELIELLR2NLD LT D,

7.2 JRARFIEEHMR]
(1) FEHH

APLEE O FEiMREIL EDL Th 5, EDL I3FEME /D2 R ED L CHEEOEEITH, LHEEK
%1% EDL-Gen ([ZIEEBE S D, EEBE OFEMICOWTIE, 928 TRl d 5,

JICA 712[H 1 k2410
TA)T W — KT B ATIR IR A (20 2)



TPATIVE —b BT FEfiEhE Mk CFEERE

AREEDO ALK EEKRZ ST ALK R OER TEEHO-OOEEa L > NI, AFLT
BEALDO LT A,

(2) i L2

YRR O RIRTEN TR 4 Figure 7.2.1 12~ d, R LHNTIAFLEMIEE & & OG5 5 M &7
Do FHREMIMLERMERERIIUTOLEY TH D,

- HERSMNE

- arHuz L NElE

- ARLEREE - AFLEIEERL

- AL - LEHRFEAEE =

- LI - THEE - RIE~v RV A b
- AkEBR I L ORERR

- SERRSITE L (P ETE R 4R)

Description 2012 2013 2014 2015 2016 2017
[T LR
[P actvites | |

1

=

Loan Pledge \4

Loan Agreement \ 4

Selection of consultant
Preparation of TOR by EdL -
Tender & evaluation
Contract award -

D/D & Tender Document
Detailed design for tender level
Tender documents

Selection of Contractors
PQ, tender & evaluation
Contract award

~

w

~

o

6|Construction

Mobilization/Preparatory works
Powerhouse & tailrace
Access to PH excavation site

Tail bay coffer barrier
Temporary trestle (platform)
Foundation excavation (incl. tailrace)
Concrete up to crane rail level
Turbine &
Generator & electrical
Building utilities and finishing

Intake & Penstock
Dam crest temporary platform
Temporary d/s platform and ramp
Concrete wall for Vertical shaft
Intake temporary coffer enclosure
Dewatered period in coffer enclosure
Piercing NN1 dam body
Trashrack
Penstock pipe and intake gate
Concrete

7[Commissioning

Wet test & start of commercial operation

Prepared by the JICA Survey Team

N N O N N A A v i |

S N O N N . N N A

=

4

Figure 7.2.1 Overall Tentative Implementation Schedule

(3) Hal
PR FEHEOEEWIL, AARE ODA ® LDC A e —r 2 4ET 5,
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ARLHERGANCREES LFEEVEHN T 28GEEY— N, FBEF. HE0ORE 2 EOHER L
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HHDET 5, LAT U XA Appendix G-3-1 (o7, EFRE TR EOEMIL. & L TFHK 2km
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i) Y

BUKAOTHEHT 7B RAEX LA KEG55 m iiOERKE NS, X AREOPEFETS L— 203,
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B KK K L R A9 26.75 m (EL. 212m — EL.185.25 m)

VMR, K 159 Pt RBLONRD, DO A2 AW T ERMEEOY 0 oA Xich
DETZFMRA20 M) EF N0 (39 k) O#iEEY & HAHRET 2, FEHRIZ6 HFIL. 171y
J&K20 by LT, Y — RCRYET 2, BUEL=T 1y 71, ¥ LA RRE LIoEERR
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JICA 74A[H 7-9 Rk 24 4210 A
FO)T W — K I BB FTIRE R ERRAE (20 2)
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4. METER (BIMmEZETe)
5. BEE~FRIALNT RS ZEH
o THInNbarP Ay NORFENORT VA A FTEF % Appendix G-8 2”7,
o ¥ F MIFEEMIZ, M TREH ZHED S 2T, 74 XA TEATH O HREE
HEREESBIIHEAZIT),

- SEAMZEE., 5TRIT
- SAEANEY - f5iA%E. 5,610 H

- RS L
- FHAMED BT WEER. FHATRE
- HiMEH RALH

® EREI~VRITA L PAREMIL, EhEKREREICEO TRED D,

& HARGHRCEEDIHIET LR §ﬁ®9% AL B, RERE T O L 2L
B, Rk LU OB B FIINE TORZELZRE L TV D,

® T A AENTIMIERIZ, £/3y 7 — L OEBRERED 10% Th H AN, ML EE T apity
Eﬁﬁ%ﬂé:&%ﬁﬁbf%uﬁ%&#éo

o TAXERIBRIL. 7T VENS OREDEE 0—-5% (JETRO fF#) THbH, Al
HT, AafiE2HE L CEa@EE LT 5,

o JHUMIEIN - MEFIL, T A REEE 17 R, ErfER LT D,

® MM HAF]IL 0.55% CRIE T 5.

® Iy MAUFNFY—UF01% THET S,

® Stk DR B EOMLERE L, EREREED 5% THAET 5,

® IMEL OAfikE EH-FAREITER 2.1%. WES Ot LA THEITFEM 83% &7 5,

O [ HEKRED 10%., P Z > MR EREED 5% % %~ ORI Tt & LTt
S S

o (EMMEERIT. ARER LK OBEMRE b & ITERT 5,

(2 FEOMBEEH
VR FEOMBEHOENILLTO L BY Thb, T DONR%E Appendix G-4 12777,

AN =Py 4,226 B
W& AR 143,306 H 4 Kip
N - AEEE 5,673 =Dl

() EETHFE - et

Appendix G-5 |[ZEHE: THEDONREZRT, HINFRE - BREERIRE 25 O o B THE OREILM
FHHD 42.7 (G CTLLUF O #E IR T 2 6
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TARTHE 17.9 &M
IR I IS R A B 1.4 (8H
B S R R A 2 16.6 &M
a s SRR 6.8 &M
At 42.7 figHM
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8.1  REHEIAT

=

8.1.1 Mk

#&# 547 (Economic Analysis) &id, AYLRFHEICKLTBELRLEH L, 7 AHAEORFIZE X
LNF ([H25) Z T 5 FEDO—>T, FEL LT HMIED & DS Hlrd 2 72 Eli
ENd, BFSHTICE B 72 ) FH (Cost) - 4% (Benefit)DFLE X, 4T DA 2 R ik 12
BT, TAADI T s Ty via7a—EEf0VTiTo, RESH TIE. DD
DOFFE L LT, RFAINERINEE = (Economic Internal Rate of Return: EIRR)D 1E 7>, #lEIEMfE (Net
Present Value: NPV), % H{#E 25 3% (Benefit-Cost (B/C) Ratio) & H.E L 7=,

EIRR &%, FHEITBATHIERONENEL BT H72ODIEETHY , BEHEHEIEDO —>0x
Y27 a—OBREMENELL 2D X9 EE[R=EIRR & TEH N5, EIRR L. LLTIZF
TREANTEET 2 ENTE S,

D Cl+r) =Y B /A+r) =0
t=0 t=0

ZZT
C. : #M (Cost)
B: : f#iik (Benefit)
t A

n o 7mYxzl b TA47 (8)
r o #5lE (ZEIRR)

8.1.2 HIfESM:

FHHED EIRR X, BEROHFESH (BAROHESEN) % LE>TW25E. HENIUERI Thd
LZEEEWT D, 22T, BROBEEH LIX, EIRRDO/N— RV L — MIHTDHET, — &M
(2 10~12%DFFH%Z & 5 Z L3\, K& i, T/ Ik~ A % —7"F 2 (2005 4F JICA) |
R TF L7 N 1 REILIRFEERMPFA (2010 4 JICA) | 72 EHELGHECHHEH I 10%%
WHLE, 2o, Svvia7o—0HEMEE2EETsICHLEHA SRS,

TVl ke T4 7 (FEOMEMRE) 1T, BARMETHDL 5 EL EABED THDL X LD
MR B0 FEE2 BB LI- 55 FEERE LT, 2 TOMKEIT. 22 MEBEOEEFETH S 2012 4 &
L. B2 2F0MIT, MEE WML Z T 2012 kI miiE L7,

FuY s FORFEEMIL. EFELEOGEENLEROME M T 5720, HEE -8 H
LAELS OISR (Market Price) % %75 fi#% (Economic Price) ([ZAEIET AN H 5, Hiifliks
SRS ~OMIEIZEE L ClX, Fla-oibhé e EOBIRIEH 2 B0 B <AEh. NEES Offf

JICA F4AE 8-1 Rk 24 4 10 A
L) W — /K SR E AT YA (2D 2)
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FAHIEZAT O 7o DI IEREZ VD LENRH 5, A TIZ, LUT ORI Z A THi Sk 2>
DR FHMAE ~DEM AT T,
(1) EEER AR

TGRS TR SN BERR B S O 2 R MRS (8 a3 5 72 0 OFEMERS ARSI E . [EFE
RO R CTEH STV 5 095 2 v,

(2) FEBEREA

X MEFELFEIUL 2012 ER R OMEZHEH L CHRET S, £72. T A7 LFE R EHFO
TERABICEE LTl AR FEOERIC XL 0 BMMICRAET 2B A TIZAWZ g, HEEH
(Sunk Cost) & L., ARFHEOEHLE L TUIEBE L2V,

(3) Wfili E5-DH Y Hn

TAAB T b s Fy v a7 —EORHRICAIY | ik LAIIBEES. EE M 2
60

(4) BT

VAT ZE&T0Riats JOBBUIC W TIIBIREE & LT 5,

(5) P AF DR

AOHT TITREARDONEINLESR (IRR) OREHEZAT S 720, BHESMITFEN SN 5,

813 uvx/ FNOREERHDOHEE

PEBRFZEORFEANIN 7 ECHE ShIHER P LR EIN D, ERE L & HIT, FROHE
Frg et LU IO B M 251 £ %, B ORH T, Bidk L OHB&FOBIEA
ZERA LT BT B ORGSOV TIRNR OFEERALR I A LMK ZE#A1T 5,

(1) WsE s
FRGEAMERE (2 A5 M L 7= 70 HE T8 OIIIRE R Z TRITRT,
Table 8.1.1 Initial Investment Cost (Economic Price)

(Hifiz: 1,000 FL)
EBLGER | B@24ER | @R3ER | Wl 44R | EE5 A &3

H s | Pt | s | et | s | et | o | et | s | et | s e | A
(=558 =
AT 0 0| 1,179 654| 4,715 2,617| 4715 2,617| 3,536 1,962|14,146; 7,850| 21,996
IR IR R T 2 0 0| 124/ 21| 498 83| 498 83| 373 63| 1,493 250| 1,743
ot 1 IR oR e 0 0| 1,631 97| 6523 387| 6,523 387| 4,893 290|19,570; 1,160| 20,730
NR—AIANMEE 0 0| 2,934  772|11,736 3,087|11,736 3,087| 8,802 2,315|35209 9,260| 44,469
PR T2 (10%) 0 0| 293 77| 1174; 309 1,174, 309| 880, 232| 3,521  926| 4,447
HBREAT 0 0| 3228 849|12,910 3395/12910 3,5395| 9,683] 2,547|38,730) 10,186| 48,916
. 2T 77— R
A 1605 39| 1435 41| 17811 57| 17690 58| 17580 56| 8348 251| 8,599
Tl (%) g0 2| 7 A 3| 8 3| e8 3| a7 13 430
LB —E RS E 1,685, 41| 1,506| 43| 1,871 60| 1,858 61| 1,846] 59| 8,766, 263| 9,029
JICA F12[E 8-2 RK 24 5510 A

TA)T LK ISR TR R E R A (T 0 2)
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. &g M

EHA 0 82 0 269 0 875 0 874 0 678 0 2,779

&F (~1) 1685 123| 4,734 1,161|14,781 4,330|14,768 4,331|11,529 3,283 47,496 13,228 60,724
GFF OME+NE) 1,808 5,895 19,110 19,098 14,812 60,724

Prepared by JICA Survey Team

(2) EE - HEFFE P
SEIAH AR I AR T A R EER M OEMMER TR I TTOB Y RE LT,
- RERAH TARTHFEOYIRERE (TEFORGEEMOEHZERS) @ 0.5%

- ARIBEWGERNE © () BukSZ— b - WEx = MG 0.75%
(i) Bk 227 U —r 2 by 7 a ZHHEEED 0.25%

- SRR - AR OMIHRE O 1.0%

Table 8.1.2 O&M Cost (Economic Price)
(HAZ: 1,000 R/v)

P& , -

e EGTHEREED) | X | pemn

TARE AR (R A% i FR<) 13,712 0.50% 69
IR IR A

BUKAZ —h el =k 595 0.75% 4

Bk ARZ)—0 Ay T as 475 0.25% 1

EE 0 G 22,593 1.00% 226

& Ft --- --- 300

Prepared by JICA Survey Team

(3) Rt BopT &
BEMRE D « FEAGER I IC DWW TId, AP AA 30 AR IC TRCODIE YV DRk fif BT # & A e

- IR IIREE A BUKAZ7— bk « EL= > MJHREZED 5%

- PRI (i) KHE - BB = NG EED T0%
(i) OBV EEED 100%

Table 8.1.3 Reinvestment Cost (Economic Price)
(HAZ: 1,000 KV)

IHBER " on
H B (TR ST) ® % | BRESRR
TR TSR i 595 5% 30
TR R D
KE BT = 17,958 70% 12,571
%mm%%%mmﬁ 4,635 100% 4,635
& &t --- -- 17,236
Prepared by JICA Survey Team
JICA F71AE 8-3 Rk 24 4 10 A
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8.1.4 #RFHELE

FELZ I LG A ORBERIT, FELE L725E (with project) & F34 Bl - 7=
%4 (without project) DOFREFFEIE DSy (HE4Y) J:tﬁéo

&%\ﬁfi AYLBREE 5 N L 2o BB E & 7 B (R BIR O 2 B g & L
f%i o BEICBIT D CL ZHDOIRI T Tl &4%%@%A WANAYI: = X eSS DAY/
a®ﬁﬁ*ﬁfﬁék%z%ﬂéo_®%é JEREH, A2 EMTHEICE-T, #4060
B ANk 5 HWEEO D B L O B OB AL 5 BHE I AR R & LCEF EEn
Lo LWL G, 83ICTHRIETHERBY, XA - TAAMOENEEOEITEEIL, AR
(2 X0 EEEORFHIMMEZ K& < FRIZ M CHREl & Tnbd

D& 5T, BHEOEIHADBED, EEROREFAMMIE & T L TWD Z &5 ARoH T
“ﬁﬁﬁﬁﬂﬂii@ﬁﬁté%fx{ﬁ@*& Lffﬁﬁﬁﬁ“éﬁbb & LTH O NN-1 OfikeE % F it L?‘otinot

(B L 72 HENOMRIEK ) FEEAT O « B Z0 2B M OE 4R (kW ifiE) & &
ﬁg@ﬁ(mmﬁm)%ﬁﬁﬁﬁkbfﬁibto

(1) KT FEEFTOEE

PRBK BT K D REFE IR OHEE T, 7kﬁ§§a§$%0)ﬁﬁk L TR - EiR S D K15
FefE L, TOEMEFREOMER LY, ZOHE. KIPGEBFEOFMILR DM & A
kﬁ%%$¥£m®%%®%AﬁfDV:7E®ﬂ@§k@éomﬁ®%%ﬁiuﬁé@§
VI LI AR KB O L EE® (kw flifif) T& S, Kﬁ@%ﬁaiﬁﬁkﬁ%
BOREE 2 EOZLBE (kwh fifl) TRShD,

RBKNEEZERT D256, *RE 7225 E ORI E S U TEAT, %%%’”%&ﬁﬁkﬁ
WEXRETHLEND D, 7ﬁ2iW%lT%U%¢%%ﬁL&wtb ey ol TN
RERHKRH O . A IX T BB EREL - ETEREI O HigTH 1 % ﬂ%@%ALWﬁLT
wéommm@ﬁﬁﬂﬁﬁﬂimﬁmﬁwi@%é@ﬁﬂbGﬂﬁmAWMdmamW)\
KIKAT A « LNG OEANIX /A T T A 70 EOEIHETFEEDHEL L TRV L BE AT T
W, EDTD RERATE LTRRIME D 2l 72 EM AR E 27 4 —BARESOHT AL —
EURENEESND— T, A - EROSREER R AFEBEOBRELE LTHELIZ WY,

Fo ALHHUETY 7 A N (BR) BEH IS Z &6 EIRBAFEEHE Tl Hongsa (300 MW
X 2 &) JOYKalum (100 MW) D U 71 bk IR ERHER ﬁwﬁﬁémfb%>fﬂb U7 A Mk
INE T 4 —BARESCH AL —E U REICL L TARBREMEIZS Y (PDP T 1,500 MW LI ED
kﬁﬁﬁN~X%ﬁ(7§V%777&%%%)kbf@@ﬁ#ﬁméﬂfwé_k# . K7
HEORBFL LTREIRNEBZZLLND,

ZDIH, ZITIET 4 —BARERS LA BB 2T o TR 2 — e g Ek e VSR
WRofA & LTRE Lz, ZhbREEROFETIILL T D@ Y ITRE LT,

BAEHANZ OYEZFER E LERESITIE. 58 E L T8I RICBWTai&aTTo7,
2 power Development Plan PDP2010-2020 (Revision-1), EdL, August 2011

JICA F42E 8-4 Rk 24 4 10 A
AP W —I K I BRI A (20 2)
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Table 8.1.4 Major Assumption Diesel Power Plant and Simple Cycle Gas Turbine

7 ¢ — UL | mxs—vUREK
PREL A FEih
PREHA% 0.6376 KL/ liter™
REE DTG 9,340.7 kcal/liter
kKW & 7- 1) deik? 590 K/L (Jan 2008) 635 K/ (Jan 2008)"
- IR - AT 658 /L (Jan 2012) 708 K/L (Jan 2012)
#gh=# (Thermal Efficiency) 43.0%™ 38.0%"
T MERFE B OO 25 B 0.0032 K/L/kwh™ 0.0051 K/L/KWh'™
B A TR D [ 7 19.74 RVIKW/AE™ 11.82 R/LIKW/AE™®
it FH A4 20 4E

E
*1 2009 47 1 A2~ 2012 425 H £ TOR O A Eill (Bit#5 2%) O A CIF fifik 385, T Lao State Fuel Company
*2 203-MW TEHEENRT + — B L3 EME, KE (590 KAVKWYB L O > RIZBIT5 5 MW OF .« —B /L3 (590
RVIKW) DR BN Z BB ICRE (7« —BAREEROLE . HOBREOHBEU L ThHNIE, RIFFELHOL
THREREMIIRESERLRNWE SO TWD) . HAT: ESMAP Technical Paper 122/09, 2009 4% 12 A,
*3 AVFRIZBITDL255MW TP A7)0 TAZ—EL(830 K/VKW)EB L WNI50 MW 2> v A 7 )b« HA
S —E (440 RVIKW)DER B O, BAlE, AT, &, M. THEe. Efrdgisat,
HiFT: ESMAP Technical Paper 122/09, 2009 4% 12 H,
*4 Feasibility Study on the Sihanoukville Combined Cycle Power Development Project in the Kingdom of Cambodia, 2002 4
*5 Simple Gas Turbine AD (oil) 35 MW, Energy Technology Expert.com 2009 4= 9 H
*6 Cost Estimates for Thermal Peaking Plant, Electricity Commission, 2008 4F- 6 H
*7 B E Ttk & L CRERE O 4%45F B, E72. 2008 4R 2012 I TTOMARIIE & LTI E MRS A <
— AZRE LTz 7.21%% 1 A,
Prepared by JICA Survey Team

FRORMHREHNT, T4 —BARERBS L OBEMY A IV - TRAEZ—E O T N T 7T
X —1EDIEHMZLLT O IZFE L, USRI 7 7 > b7 7 7 & — Hielihl 25 5 Al %
Lol DT, TN T 77 X —REINT IO TREFMBED LTNDZ ERbNnd,
Kiord e, BTCOT TR T 7 72 —ZBWTT 4 —BAREHKDOIZI NEMTH-T-72
W, TITIEHT 4 —EARERERE AT & LTEE LT,

Levelized Cost of Generation (US$/kWh)

0.50
0.45 —O0—Diesel Power Plant

0.40 - =0—=Simple Cycle Gas Turbine |-
0.35

0.30 \\

0.25
0.20
0.15
0.10

0.05

0.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80%
Plant Factor (PF)

OO0

Prepared by JICA Survey Team
Figure 8.1.1 Levelized Cost of Generation of Diesel Power Plants and Gas Turbine

2 BEEHEDETE
KW ffifiE 3 L OV KWh i, SAF o FECTRE Lz,

JICA F4AE 8-5 Rk 24 4 10 A
AP W —I K I BRI A (20 2)
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1) MIER%K

—EAC BT, KBTS IE DS K IR BN T U TV TH DT, 72
ﬁﬁf@@%@%ﬁ@ﬂkﬁ%%;%mfﬁwo_Obkmﬁ K SIF&ET DRE % I e &
HH7HIC, kW HIERE, kWh #iERBA LI TO®mY ICHE Lz, 2 2 CEIERERE
THHAE. KN BEHOBEFEH T KW HEREEZR LD 2L TRET L Z ENAETH
Do Fio. BHEMEIRRIL. KIFEEFT O OREREIZ KWh i ERBREZENTEDELZ LT
RBETDHZENTEDLITRD,

Table 8.1.5 Adjustment Factors of Thermal Plant

H H KAOFBE Fo—PNRE
EERA 6.00%" A 6.00%" E
TR L B AT A 0.00% "2 B 7.67%" F
AT =R 0.50%" c 4.00%" G
FlgE 0.50%"* D 2.19%" H
KW R EAR %L - 1.142 |
KWh #fi Ef2% - 1.036 )

T
/1 F/S on the Sihanoukville Combined Cycle Power Development Project in the Kingdom of Cambodia, JICA (Jan. 2002)
2 REHEDOA—N—R—NBIOEYA T T 2L DBEF kT, BICREBROFHRICEE SN TN D7D, T
CTCHEBEE ST D0 0% L RE
13 1=((1-A)*(1-B)*(1-C)*(1-D)) / ((1-E)*(1-F)*(1-G)*(1-H))
14 J=((1-A)*(1-C)) / (1-E)*(1-G))
Prepared by JICA Survey Team

2) KW ffifi

REBEEKITE L TEESINTZT 4 —BAEHROERSE - BEHNDO, TEOEY KW fHifEz
Kb,

Table 8.1.6 Calculation of KW Value

HH BT il
A KW H7- 0 Oz R /LKW 657.8
B it 4 20
C #HigIx % 10.0%
D &EARENNLRE 0.1175
E HE - MEREHEOEER R /L IKW/AE 19.74
F KW A AR % 1.142
G kW fHifiE R LKW 110.78

E:G=(AXD+E)xF
Prepared by JICA Survey Team

3) kWh fiifi

BRI E LTRESNTT 4 — BV AT 2 88HIk 36 L O oA E # b, FRO
Y kWh flifiEZ R 7,

Table 8.1.7 Calculation of kWh Value

HH BAAL il
A REL A EH (B 2%)
B REMIIES US$/liter 0.6376
JICA F4AE 8-6 Rk 24 4 10 A

TA)T LK ISR TR R E R A (T 0 2)



TP —h 78 5 RRFM BT

C IR HATEVE: kcal/liter 9340.66
D #h= (Thermal Efficiency) % 43.0%
E ZYH#= (Heat Rate) kcal/kWh 2.000.02
F kWh & 72 0 OBRENY 2 Liter/kwWh 0.21412
G BB US$/kWh 0.1365
H s MERRE PO 25 8l 2 US$/kWh 0.0032
| KWh fli A EAREL 1.0365
J KWh i & US$/kWh 0.1448
HE:J=(G+H)xI

Prepared by JICA Survey Team

4) FRIRREHERORIE

THRIZ, FEEROAEIZBITS NN-1 BENESEOERFEEE,

PRAlE B — 27 ) Ofids &

KN, FNHEHOVTEESNEMOT R LF—HIE, T 30T 4 —([HIEOEEZ F & 7=
HLDOTHDH, KREEOEE., TXAF—HIENBEOMELRD 7 E2HE2 EDTEY , R TIHE
BATOBRENE Z BT 20BN EmNZ &R bnd,

Table 8.1.8 Annual Energy and Capacity Benefits

H H Bz BEEmERL  EEEREHY =57
GREIE T GWh 1,117.00 1,176.00 59.00
PRAEE—27 A MW 114.0 151.0 37.00
T RLX —{# 25 KWh Value 1,000 /L 161,779 170,325 8,545
X/ T — %5 KW Value | 1,000 F/v 10,059 13,324 3,265
R AR 1,000 F/v 171,839 183,649 11,810

Prepared by JICA Survey Team

8.15 EIRR O&EE

CHETIEE LEEABLIOMERZEHAL T, 72227 bOF vy v a7n—2/ER Lz
(8198, 20X v v a7u—%3HAVWTEAELEERE, EIRRIZ163%E 7257, F7-.
EBIRE L TEROEESEHTHD 10% %A LEE L7 NPV 1£3,230 H KLk 7Zroi=,

DX,

EOoTNDH I END, KRERITRFHRBLENOZETHD LS,

EIRR [TEARDHEESEH TH D 10%EEITBZ TWHIEH, NPV 7T ADfE%

JICA F4AE
L) W — /K SR E AT YA (2D 2)

8-7

Rk 24 4 10 A
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Table 8.1.9 Calculation of EIRR(Base Case)
% H B 2%
& R KR L 3 XX/ NTT TRF— & 3t wifELE
R HE o — 3% 2% =
1 2013 1,808 0 1,808 0 0 0 -1,808
2 2014 5,895 0 5,895 0 0 0 -5,895
3 2015 19,110 0 19110 0 0 0 -19,110
4 2016 19,098 0 19,098 0 0 0 -19,098
5 2017 14,812 0 14812 0 0 0 -14,812
6 2018 0 300 300 4,099 8,545 12,644 12,344
7 2019 0 300 300 4,099 8,545 12,644 12,344
8 2020 0 300 300 4,099 8,545 12,644 12,344
9 2021 0 300 300 4,099 8,545 12,644 12,344
10 2022 0 300 300 4,099 8,545 12,644 12,344
11 2023 0 300 300 4,099 8,545 12,644 12,344
12 2024 0 300 300 4,099 8,545 12,644 12,344
13 2025 0 300 300 4,099 8,545 12,644 12,344
14 2026 0 300 300 4,099 8,545 12,644 12,344
15 2027 0 300 300 4,099 8,545 12,644 12,344
16 2028 0 300 300 4,099 8,545 12,644 12,344
17 2029 0 300 300 4,099 8,545 12,644 12,344
18 2030 0 300 300 4,099 8,545 12,644 12,344
19 2031 0 300 300 4,099 8,545 12,644 12,344
20 2032 0 300 300 4,099 8,545 12,644 12,344
21 2033 0 300 300 4,099 8,545 12,644 12,344
22 2034 0 300 300 4,099 8,545 12,644 12,344
23 2035 0 300 300 4,099 8,545 12,644 12,344
24 2036 0 300 300 4,099 8,545 12,644 12,344
25 2037 0 300 300 4,099 8,545 12,644 12,344
26 2038 0 300 300 4,099 8,545 12,644 12,344
27 2039 0 300 300 4,099 8,545 12,644 12,344
28 2040 0 300 300 4,099 8,545 12,644 12,344
29 2041 0 300 300 4,099 8,545 12,644 12,344
30 2042 0 300 300 4,099 8,545 12,644 12,344
31 2043 0 300 300 4,099 8,545 12,644 12,344
32 2044 0 300 300 4,099 8,545 12,644 12,344
33 2045 0 300 300 4,099 8,545 12,644 12,344
34 2046 0 300 300 4,099 8,545 12,644 12,344
35 2047 17,236 300 17,536 4,099 8,545 12,644 -4,892
36 2048 0 300 300 4,099 8,545 12,644 12,344
37 2049 0 300 300 4,099 8,545 12,644 12,344
38 2050 0 300 300 4,099 8,545 12,644 12,344
39 2051 0 300 300 4,099 8,545 12,644 12,344
40 2052 0 300 300 4,099 8,545 12,644 12,344
41 2053 0 300 300 4,099 8,545 12,644 12,344
42 2054 0 300 300 4,099 8,545 12,644 12,344
43 2055 0 300 300 4,099 8,545 12,644 12,344
44 2056 0 300 300 4,099 8,545 12,644 12,344
45 2057 0 300 300 4,099 8,545 12,644 12,344
46 2058 0 300 300 4,099 8,545 12,644 12,344
47 2059 0 300 300 4,099 8,545 12,644 12,344
48 2060 0 300 300 4,099 8,545 12,644 12,344
49 2061 0 300 300 4,099 8,545 12,644 12,344
50 2062 0 300 300 4,099 8,545 12,644 12,344
51 2063 0 300 300 4,099 8,545 12,644 12,344
52 2064 0 300 300 4,099 8,545 12,644 12,344
53 2065 0 300 300 4,099 8,545 12,644 12,344
54 2066 0 300 300 4,099 8,545 12,644 12,344
55 2067 -5,745 300 -5,445 4,099 8,545 12,644 18,089
Total 72,214 15,007 | 87,222 204,940 427,260 632,200 544,978
25| 5. 10.0% EHOBEMME: 45,546 IR OBAEME 77,841
EIRR: 16.31%
NPV: 32,295
Prepared by JICA Survey Team B/C: 1.71
JICA F71AE 8-8 Rk 24 4 10 A
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8.1.6 JKELHT
(1) BREE ST D o — AFRGE

PRI E Hld L OMELRE D FRE ., FEFEE. EKREBITITH O 2 REHERS 2 L Ok
%%@%Wﬁﬂ%deTEEMéﬂTW5O;ﬂg@%@@ I, BEPSIC BT D REO T HIE
Tho, 12720, BRIFE L USEEMHPRFICOIZ D720, fke SRR - WETRIZER IS
£, THIESSEFENTHET S Z b HaICE LN D,

FDD, T T, OFTICHWEEED 9 b, FEORFIEICKRE BB % 5 2 5 [aettn
%é%%fnv:&k@%%%(m%&g)%;Uﬁﬁkﬁ%ﬁﬁ ZHW D REHIIS D 2 SDDfE
Elzo&, 7Yudxl FORFEIEICHEREL B2 2 HFEICEBHSE-50E8. a7 FORKE
P G- 2 DB Uiz, T4 72> L, IR —R&RE LT,

—A 1 HEE (WHEHRE) OB (a) +10%; (b) +20%
=R 2 AR EAITICH O D REHERS O (a) -10%; (b) -20%
r— A3 HEHDONN+20%E L O K T OBREHMERE D -20%

(2) BREEHT DR

JRE T OFERIT, TRISRLTZEY Th D, BESHTIZIB W THEE D 7 — 2 % 08T LTRER.
EIRR DI 12.2%~154% DM TEL L2 DD, WO/ — R 2B N T HEROMEEH T
&ém%%i@éﬂ%k@otocm*&#% AK7vv =z MI, AMPEROE(LREIZED
FHEOMRUEN S HRER T LIZEAICBWTYH, TSRS TH D Z LRk,

Table 8.1.10 Results of Sensitivity Analysis

r—= EIRR NPV
R—2r— A 16.3% 32.30 B ARV
r—A 1 HHEEOHEMN (a) +10% 15.0% 27.74 H RV
(b) +20% 13.9% 23.19 ®H ARV
=22 K OBREHnEORA | () -10% 15.4% 2116 BRIV
(b) -20% 14.4% 22.02 Gk
fr—2A 3 HEHROHNMN+20%F LORE KT OB 0 .
Kb 20% 12.2% 1291 BRIV
Prepared by JICA Survey Team
JICA FtAH 8-9 WAL 24 4710 A

TA)T LK ISR TR R E R A (T 0 2)
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8.2  UH AT

821 AHliJrik

MBS CTiE, BRESITICHE CMBHINEINEESR (FIRR) OEEZITH 2 & T, AFEEDOEE
FRIZE > TOMBHINSEEZFHMET 5, FHEME, BERS, 794/ A2 b—v a0, &
AR DN OWNTHERRF o ORIERS & B LT b,

RO I I L OGBS O EHER SISV Tld, EDL 36 X O EDL-Gen @ M7 23 £l & 4y
LR LFTTHIENBEINTND, . TOZHOARFEIET, EdL-Gen 3 L EAL DR F5 M,
FEOREETERETHLEEZOND, LEN->T, MESHICBWTH, EdL 7 r—74ko
AN RIZ FIRR OFRZITH 2L & LT,

8.2.2 WMEHEH

PR OMBE L, H7 ZCEE LTSI IC L AR GRS L0, S hIC kS
HEFFE IS - R ERBEH Ch D, MRS « 3206 T H 8 TTEORE S Tk Lz Ic It
SEHEELT,

(1) P E%

AREEOHE B RO EEIL, FTROEY L7 D,

Table 8.2.1 Initial Investment Cost (Financial Price)
(Unit: USD 1,000)

B 14H | BR2%F | BR3ERA | BRIER | BRSFH - Hit

i SE WE [ SE | NE | SE | RE |58 | NE | 0E | RE |58 nE | e
(=553
TRIEE 0 0| 1,179 689| 4,715 2,754| 4,715 2,754| 3,536 2,066| 14,146, 8,263| 22,409
KOEMRERTE 0 0| 124 22| 498 88| 498 88| 373 66| 1,493  263| 1,757
BRMMIERAE 0 0| 1,631 102| 6,523  407| 6,523  407| 4,893  305|19,570; 1,221| 20,791
R—ZaRMEE 0 0| 2,934 812(11,736| 3,249|11,736| 3,249| 8,802| 2,437|35,209| 9,747| 44,957
MEHFIHEE (10%) 0 0| 293 81| 1,174 325 1,174 325 880  244| 3521  975| 4,496
EHRESE 0 0| 3228 894|12910 3574|12910] 3574 9,683 2,681|38730 10,722/ 49,452
Il AVHILTFAVTH—ER
AR—ZaRk 1,605 41| 1,435 43| 1,781 60| 1,769 61| 1,758 59| 8,348  264| 8612
FiHE (5%) 80 2 72 2 89 3 88 3 88 3| 417 13| 431
aAVHYIL-H—EREEH 1,685 43| 1,506 45| 1,871 63| 1,858 64| 1,846 62| 8,766 277| 9,043
. EEERA
EEER 0 86 0 284 0 921 0 920 0 714 0 2,925 2,925
&E (~1) 1,685  129| 4734 1222|14,781 4,558|14,768  4,558| 11,520 3,456| 47,496 13,924| 61,420
Ait BrE+RER) 1,814 5,956 19,338 19,326 14,985 61,420

Prepared by JICA Survey Team
(2) EE - MERFE

SR R AR 1% AR T8 AL D AN EER R O AE IR A BT FRE O VW BE LT,

JICA F4AE 8-10 Rk 24 4 10 A
L) W — /K SR E AT YA (2D 2)
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Table 8.2.2 O&M Cost (Financial Price)
(Hr: 1,000 KoL)

M BEE g | EE-HERF
H A wENTRREED | T P | mEm
AR (AR BR<) 13,986 0.50% 70
K IR AR
BUKS —hlE2=vh 600 0.75% 4
BUKAAZY =2 Abhy Ty 478 0.25% 1
TR 22,661 1.00% 221
& &t 302

Prepared by JICA Survey Team

(3) wxfi HEopT &
BEIRER IR - BRI IS DWW TR, EHRBH AR 30 121 TR Y DR T & HiATe,

Table 8.2.3 Reinvestment Cost (Financial Price)
(Hi4i7: 1,000 FV)

W& , o
# (wEE TR S | X UL
TR TIREAER T 600 5% 30
SR AR D
JKH - R = b 18,012 70% 12,608
Z DM S Pk X i 4,649 100% 4,649
& Ft 17,287

Prepared by JICA Survey Team

8.23 WMHBHEIKOETE

AR OWE Y | WO HTITEEER TR TH S EDL OBENHITH Z &b, MBI EDL
DIRFET DEINNAE LTc, BIATOFE)5EEHARIL 559 Kip T 223, 2012 4EH1Z 20%DfE LT
NTESHTODHIED, 2013 £ 5 2017 10T THAERE 2% TS LiF &b 2 & 2R
NTW5b, TO®H, KA TITEESRG SN D 2017 FREAOEN R (2012 4Afi#E T
741 X% v 7 lkWh, 939 Kt h) FHWTIHBHERARE L, FTRIORLIEEBY, FEE
DHEEIZ L DEHBEINADZESDARFRED[HEIR L 0D,

Table 8.2.4 Financial Benefit (Electricity Revenue)

H H B fL FEEMRL FEERMHY = &
I ER GWh 1,117.00 1,176.00 59.00
o 2 FRAH 1F
FEFTATNTHE & % 0.5% 0.5%
SR R % 0.5% 0.5%
LB DA % 6.0% 6.0%
ER] e GWh 1,039.51 1,094.41 54.91
AEMFE BN 1,000 kv 97,610 102,765 5,156
Prepared by JICA Survey Team
JICA F12[E 8-11 Fpk 24 4510 A

TA)T LK ISR TR R E R A (T 0 2)
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8.24 JNNEFHEARA A FDREIE (WACC)

B 574T (Financial Analysis) 1&, WMEH72IGEMEZ R T FIRR & FEEMOT-DITHATLHE
AROIA B ZNEE U NEFHEAR 2 A b (WACC: Weighted Average Cost of Capital) & % Lt
RLZETHEEFEMOZYEEZRIET 5, 1ZTEACOFETIE, FEIHMERIL, HOEARLE
ANEfBGOEDL e TTuy =) N FERT 272D 0&EEHET 2, —BIc, FEFEME
EBAHCEARICH L TCROZINEGENE (HEEADa R N EEASORFICHLERGENE (A
SRI=fEAEO IR N) TRV IO EMEYEY LENNEEYEARI X FEERSNLD,

WACC 1Z, &F]72 & & RERIZ% TR S, FrEDOFENMBHRBLE O I T 2 I2fET 57
ST 5700 RREL LTEH IS, #lZIX, FFEOT 1Y =27 hd WACC 75 5% TH
LA, FHFHED FIRR IIHKIETH 5% a5 Z NN EL 2D, BAOMREEME LT ES
R—=ZD WACC X, U FOXTRETDHZ ENTED,

WMI:W{ML—Q+W¢GiﬂinQ—q

1+i 1+i
ZZT7T
we: HOEBARDHR wd: AEDILER tc: IEABLR
re;. HEE&ARDa R b rd: Affo= b i AT LR

IS ORHRSIER L O D7 BASSETAHELE S 2 Minimum Rate Test 3% V7255 5. WACC
1% 4.63% & BE ST,

Table 8.2.5 Calculation of WACC

HAH Ak Ho& 4 E

BERERK 85% 15% MR EIC L EREEDOEN - B OEADIR

& iAo 2 0.550% 10.00% i@;é@%«@@@ PIE SN A IEROLSFH . BG4
AR 35.00% i %gu: EOMEE. HBSEND DY ANDIIK LTIT
HiFLsh Al E% 0.358% 10.00% | 4 HEA=Z A R X (1- EABLE)

A fE: 2007-2011 4R |28 5 BA (-0.249%)% L R E itk
-2.005% 1.756% | [H:G7 (1.756%) D F-#)A > 7 LROFES

HO&4: TULHEE(GT) D 2007-20114EDA > 7 LRIEH)
EEEARD A B 2.411% 8.102% | M+ BEART A M)+ 1+ v 7 L)1

ADB OH A KT A4 LAY | HEER A N 4%% FlEl->
TWAHAE, FEOMRD VI 4% %,

i 1% WACC 3.400% 1.215% | fafif: 85% % 4.000%, [ C4A: 15% X 8.102%
WACC 4.625% WEH% D WACC 2 R—% > F DA
Prepared by JICA Survey Team

A7 VR (RN
‘_‘X)

Minimum Rate Test 4.000% 8.102%

825 FIRR DEE

PRFEBH A F vy v 27 —RIEM L. FIRR 2/ L7z, FERO#EY FIRR 1X6.72%,
MB/EMIE (NPV) 1X1,976 7 KL e o7 3R S/ FIRR ITINE ) E A= 2 b (WACC) O

P EEEAI A NN M%E FE->THWDBE, REORDL VI 4%% 8, BT “The Guidelines for the Financial
Governance and Management of Investment Projects Financed, ADB”7¢ &

JICA F4AE 8-12 Rk 24 4 10 A
L) W — /K SR E AT YA (2D 2)
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4.63%% LA > TWAIED, NPV R T T ADEE L > TWD, D7, AYrikEF¥IT EDL O
BRI BRI O BN %Y TH D LD, FIRR OfEIZR L TEVWMETIEZRZWH DD, F3R
0.55% & W ) RO FEFR ORI ZRitE & L725E., MBI ZY THD Z EPBFETE 2,

8.2.6 JEE/LHT

INFETICTFRHENTMER 2R b - HRRB I OZORERME 72 -7, %, EEE,
FERER EOMIL, BRRICRBITAREOTH THL bO0, EMICh- 2 FEMM Ik~ 7
NS « FMEREEIRIZ L 0 MW TFEN S IEBET 2 FREMEZ A TWD, TD®, EERREIZON
T, FEOPIRMEICE > TRHIT 4 TRENEEZ LTEHE ONEEHE~ DB AR L TE<
VENRBH D, 22T, BICEERIRAM THLHEERB L OENDREN, LD X 512
LG a8 ME LRE ST 21T - 72,

r—2Z 1 FEEPNYYIRED Y LV a) 10%E 721X b) 20% |- 5-

—A 2 BHEE BTN YN I S 9, 2018 EIC B I B E RSN Y WO E LY
a) 10% £ 7= 1% b) 20%f{&

Table 8.2.7 Results of Sensitivity Analysis

Ar— A FIRR NPV
NR— R fr— A 6.72% 19.76 B RV
r—A 1 FEFEOHM (a) 10% 5.98% 377 EHN R
(b) 20% 5.34% 79 EH T Kv
r—22 ERRTREHENEE LY | (a) 10% 5.91% 11.80 H 7 Kb
b (b) 20% 5.05% 3.83 EH 5 kv
br—2 3 HHEW 0%, Bk 20%i8; 3.83% 814 T Fv

Prepared by JICA Survey Team

FORITRLIZED, bo b bREERRETHDIr— A3 2R E, V=7 NOMER
HUVEFHEFF CE D 2 b ole, —H, BAREOE LIFAEUICE I NN e K
g 72 2 O FRIRFIZ I A L2356 FEOMBRIZ S MEIT R DI D Z LIk D, 2D,
EDL (&I 2 2 X MEBABUNCE M T 5130, BHE LT 2355 S D 1IZiT7hh b
LRt Z Lk bns, &, EBHREICOWTE, Bl LA EETEY V7 S
FEMME LT PERTEDLHOEET L ENEE L,

JICA F4AE 8-13 Rk 24 4 10 A
AP W —I K I BRI A (20 2)
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Table 8.2.6 Calculation of FIRR (Base Case)
(BA7: 1,000 KoL)
2 H
£ EARE - EE - A = & % s 4
RiREHE THE =8

1| 2013 1,814 0 1,814 0 -1,814
2 | 2014 5,956 0 5,956 0 -5,956
3| 2015 19,338 0 19,338 0 -19,338
4 | 2016 19,326 0 19,326 0 -19,326
5 | 2017 14,985 0 14,985 0 -14,985
6 | 2018 0 302 302 5,156 4,854
7 | 2019 0 302 302 5,156 4,854
8 | 2020 0 302 302 5,156 4,854
9 | 2021 0 302 302 5,156 4,854
10 | 2022 0 302 302 5,156 4,854
11| 2023 0 302 302 5,156 4,854
12 | 2024 0 302 302 5,156 4,854
13 | 2025 0 302 302 5,156 4,854
14| 2026 0 302 302 5,156 4,854
15 | 2027 0 302 302 5,156 4,854
16 | 2028 0 302 302 5,156 4,854
17 | 2029 0 302 302 5,156 4,854
18 | 2030 0 302 302 5,156 4,854
19 | 2031 0 302 302 5,156 4,854
20 | 2032 0 302 302 5,156 4,854
21| 2033 0 302 302 5,156 4,854
22 | 2034 0 302 302 5,156 4,854
23 | 2035 0 302 302 5,156 4,854
24 | 2036 0 302 302 5,156 4,854
25 | 2037 0 302 302 5,156 4,854
26 | 2038 0 302 302 5,156 4,854
27 | 2039 0 302 302 5,156 4,854
28 | 2040 0 302 302 5,156 4,854
29 | 2041 0 302 302 5,156 4,854
30 | 2042 0 302 302 5,156 4,854
31| 2043 0 302 302 5,156 4,854
32| 2044 0 302 302 5,156 4,854
33| 2045 0 302 302 5,156 4,854
34 | 2046 0 302 302 5,156 4,854
35| 2047 17,287 302 17,589 5,156 -12,433
36 | 2048 0 302 302 5,156 4,854
37| 2049 0 302 302 5,156 4,854
38 | 2050 0 302 302 5,156 4,854
39 | 2051 0 302 302 5,156 4,854
40 | 2052 0 302 302 5,156 4,854
41 | 2053 0 302 302 5,156 4,854
42 | 2054 0 302 302 5,156 4,854
43 | 2055 0 302 302 5,156 4,854
44 | 2056 0 302 302 5,156 4,854
45 | 2057 0 302 302 5,156 4,854
46 | 2058 0 302 302 5,156 4,854
47 | 2059 0 302 302 5,156 4,854
48 | 2060 0 302 302 5,156 4,854
49 | 2061 0 302 302 5,156 4,854
50 | 2062 0 302 302 5,156 4,854
51| 2063 0 302 302 5,156 4,854
52 | 2064 0 302 302 5,156 4,854
53 | 2065 0 302 302 5,156 4,854
54 | 2066 0 302 302 5,156 4,854
55 | 2067 -5,762 302 -5,460 5,156 10,616
&t 93,508 72,945 15,112 88,056 257,787

FIRR: 6.72%

Prepared by JICA Survey Team NPV: 19.763

B/C: 1.33
JICA 712[H 8-14 TRk 24 4210

TA)T LK ISR TR R E R A (T 0 2)



TIATIVE =} 58 E REFMEB O

8.3 HALOENEBAIIKIFETHER

8.LITFIH LTeRIE DT Tl 7 4 — BN RERE AR BEFLORTERE LTRET S Z
L CEHRBE~NOFEMERZRTE L, —FH, BUEO 7 A AOBENFEGEWR LIS E. KFE
R LR WIGAEORBRE LTHIZROE, KIIFEEIHT OBEER Tldie <A1 CTh % hertE
DEWEEZBND, 72120, BRITIERTZ B0, Z A - FAAMOBEFEO BT, EFEO
AR 2 FE 2 BORA 2 M THREI SN TWH 2, BEMITOMEE LTHEMALTH -
Sy IRAERE N EE SR A WATREME N E VY, 2D Z L AHMR L2 BT, 2 2 CIIAYLIESFZE N E Sk
WIZRIETHEL O B W AN (B @AENCKT 2 3o, wmitES)
ORI ZRFH72EIRE L TEIRR DEEEIT- T2,

ZOEE MREHEOHEIME B — 2 BI~DY T MPLEFEEORFER TH DS, Z 2 TIE,
Z ) LB AN A~DO R A FE R L 272 L, 2011 4F 8 A€ S 7= Bl AR 12
WT EIRR 8 L7z, EDL O AN O TN TFTROBEY L7205, BhHFRK NG, F
HEOFEIZH D B EDL DN ABIBIC R SR 0E), —F v — Y OHHWITEHE SR,

(1) E s ADoK

TRICBIATO Z A FENH (EGAT) & OE g AR % 7~7, EDL IXR%IE /1% EGAT I
L, MEIZIS DA ZIT> TV 508, S ARRS I3l R LT 0.4 N—Y @ RE SN
TWb b, B—JW - 47— 7 BrOMitgEN DR, FEMOE D AL T EDL 235
ABETH->T-8E81213. FOBABIESICONWTY —F ¥ — 2K OB TWS, W
—F ¥ — VI A ENEHTEEHE A LIRS RICEVHEINTRY . BlEkediho 2
LD,

Table 8.3.1 Electricity Trade Tariff with EGAT

EGAT ~0DiiiH EGAT 7 5 D A
v'—2 (EH @ 09:00~22:00) 1.60 73— [KWh 1.74 73—/ [KWh
F7v—27 (FH O 22:00~ N N
09:00 35 & XK B) 1.20 73— [KWh 1.34 73— [KWh
AT EDL

(2) HHAI S O E

D Stk 2 B AT TR WIS L R —c Lz BT, ERRomH AR Z oW EZ i L
T EIRR ORABEZIT o7z, WA OREEX, 2017 45, 2020 4, 2025 4D 3 H-4r O Wi T
Sal—YarETo HEEMTOI T ARWHEEITRIE THise L. 2026 4ELABE DI T
IFEHRE STV RN, 2025 FEFR—EIRE L) , Yuv=2 hOf Tl AN OFHE
EATHTFERIZLL T O Y T, 4 3.4~4.1 H 7 RVEEE Ol AN OScEN -/ D = &

MDD T,

JICA F4AE 8-15 Rk 24 4 10 A
AP W —I K I BRI A (20 2)
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Table 8.3.2 EDL Trade Deficit and Surcharge Payment

i N EDL DRI \
A FEERL B. FEHEidHY C. %% (B-A)
so17 | L000/3— 58,568 74121 132,695
1,000 R/L -1,828 2,314 4,142
so20 | L0003 10,061,392 é 10,169,629 108,237
1,000 kL 314,026 317,404 3,378
ooz | 100073 7,189,885 § 7,306,842 116,957
1,000 kL 224,403 | 228,054 | 3,650

Prepared by JICA Survey Team

(3) EIRR OHE

T A 2@ U CRIE L2 EIRRIZ4.25%., #1553 10% D & & O IERBIEmE (NPV)
1$-233 B RV EEHREN T, (KW IRR & 722 o 7o B BRIE, it ABHEOKERK LS, F2 8
— 7« XTI REOMIEZEN/NS N ETH Y BATOEH AR5 ) ORF W) 72l it 2 K
BLL7Zb DL FE 2T 0,

JICA F4AE 8-16 Rk 24 4 10 A
L) W — /K SR E AT YA (2D 2)
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HOEE HRESERH I K ONEES - AERFE ERIAH]

9.1 3 i AT

(1) EXRZEAEH

EDL 23 A7 N — /K IR ERTIRIE R E O FE LRI & U Caah, EHE, &k %5, EDL
IZHEERHE D 7= O OIS U724 fk & LT, BRI EERS X OMEIR = F 9% PMU: Project
Management Unit Z 5% 795,

(2) EEHEOMERS. HREE. AR DR

EDL (X 1959 |2 7 A AERAIFEEADEIIRDE L TERILE 1L, £ D% 1997 4EI2E A U
STz, 2011 B S HEO —B L LT3 ERM 2 EDL-Gen & L CTHBES 7=,

B ZVEES N EDL IZEE LUV OEECE, BRI ORE « i - MRS, B
HEOBEBNMHEAOEEZHY L T\5, 7272 L, EDL IZX DK EFTOBZITE R LIEED &
M, Bi% %12 EDL-Gen (OEENBE SNDLTEL 7> T3 (EdL-Gen DO ZE R L ONEEBE O
SR OV TR, 9.2 Hill TRER)

Figure 9.1.1 [ZHIfE D EDL DAk % 7=,

| Board of Shareholders |

| Board of Directors |

I
| Managing Director |
l
I 1 l I l ]

Deputy Deputy Deputy Deputy Deputy Deputy
Managing Managing Managing Managing Managing Managing
Director Director Director Director Director Director

Personal Power Plant . S
Administration Business Dept. Development Telgr;ntlcal Nﬂﬁggm Vée:t:z}e
Dept. Dept. pt. p
T/Land S/S T/Land S/S

inistrati : ; hern
Adml':;““t"at'on Finance Dept. Construction Maintenance Soxtrez
ept. Dept. Dept.

Source: EDL
Figure 9.1.1 Organization of EDL

ek D P, Power Plant Development Department 73 EDL O/K /1B 1 ¥ = 7 F OFRAE . %5,
T, Gk A 41 5, [A] Department [ZBAE 5 S D PMU 2 & 8 DO=ETHEL ST % (Table 9.1.1
ZH) .

JICA F4AE 9-1 Rk 24 4 10 A
L) W — K SR EFTIRIE R S HE A (Z D 2)
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Table 9.1.1 Power Plant Development Department of EDL

Section No. of Staffs Function

Department Office 14 Coordination of each office
Generation Design Study Office 13 Survey, F/S, design of dam/power projects
Machinery Maintenance Office 21 Planning of maintenance & repair

PMU (Houay Lamphan Gnai) 41 Construction supervision till 2015

PMU (Nam Khan 2) 37 Construction supervision till 2015

PMU (Nam Khan 3) 4 Construction will start at the end of 2012.

PMU (Nam Sana) 19 Construction supervision till 2014

PMU (Nam Hinboun) 2 Construction will start at the end of 2012.

Source: EDL

RBAKNEE I e 27 FOBREASEEIC DV TIX, Transmission Line and Substation
Construction Department |2 & 5 BREEE Y 2 L T 5,

(3) EretkBEDE - FEAKR

PLAFIC, IS HIT 5 EDL OB O E R L O Table 9.1.2 12 2007 47> 5 2011 4E1Z EDL
OB R % 7R,

A

2007 5 2010 FFE T U, EDL IFMisg 25t E LT\ a, B EM R FEITRIEE &N
279GWh L 72 2008 FEZFRE 1% ~4% KW L~ULZdH D, —J7. 2011 F2 1T RHE 72 R 2 A3
AL TS, T, Bzl &7 EDL-Gen 726 DEIIEANBE SN2 Z ERNEEL T
HEZEZBND,

2010 4 12 H @ EDL-Gen 3% 7.f%. 72> C EDL 2HTA - ##ls L TV 2 6 R DK IFEFT 72 H N2
OBIEOERE - [E¥5. EE N EDL-Gen (2845 &7, EDL & EDL-Gen M D571, EDL-Gen
WERTRERBE LRI AN—T DL L HCHESNTZZ L5, EDL-Gen i@ftfﬁﬂﬁ%?%@“
HZEMAMREE 72 o7 (92QR)E M) . — T, 7R NY AN —|ZHERE R AT

G HR7ZRWEDL IZ & o T, 2OV RAH L > TN D,

T A ABFIX EDL OMEIRIN A RET S8, TRV F—&REIT 2012 4 3 AlC, TFEFEMITE
1B % 2012 AEIT 20%. F DFh 2013 0D 2017 FEIC)NT THEAE 2% FIF A 2 & Z7KER LT,

WG FERIZEE (ROA) H5-01%~2.9% LK<, TN HIXENEXES/KEDK SIZERT 5,
EDL | ZBUS OB HEEIC L 2 B OB T #5217 TR Y . £ O%EI% 2010 413 12,480 H
X7 2011 X 67,748 H X v FICDIESH,

BB

EDL [ZEEMRELE LT, B»S OB ONIICA, itER, ADB 72 EAME NS O A EEBIHE -
TW5, 2010 “FiZlT H B ARITHKT BB LLEDH 0.65-0.75 & FNFERZ < Zeho723, 2011
FITIE 130 1B L L7z, Z4E 2 2ok )3 EFT (Nam Khan 2: 127MW, & TF Houay Lampan Nhai:
88MW) HEX DX DT fED ANICE D, ZHbDOKRIPFEEINCEET 2EH X, ®RIZE
EDL-Gen IZBE & D Z ENRE-TND,

JICA F4AE 9-2 Rk 24 4 10 A
L) W — K SR EFTIRIE R S HE A (Z D 2)
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F o M= R BN P L AT 2010 412 0.90, 2011 4EIC 057 &, EBOTTHEIRFIC LA
IEEF Y27 —=RNELNTELT, TONFEDEKEINTREN TV,

Table 9.1.2 Summary of Financial Status of EDL

(million Kip)
Item 2007 2008 2009 2010 2011
BALANCE SHEET
Assets 7,767,989 8,165,134 9,433,554 8,986,514 | 12,900,719
Current Assets 695,103 877,666 894,051 705,260 908,061
Cash and Cash Equivalents 215,886 393,712 356,683 126,200 70,703
Account Receivables (trade & other receivables) 359,902 350,224 341,534 349,475 367,017
Other Receivables (other current assets) 14,481 18,792 39,132 49,039 254,989
Inventories 104,834 114,938 156,702 180,546 215,352
Fixed Assets 7,072,886 7,287,468 8,539,503 8,281,254 | 11,992,658
Joint Venture Investments 301,414 427,682 557,751 3,256,990 3,277,312
Fixed Assets 6,771,472 6,859,786 7,981,752 5,024,264 8,715,346
Liabilities and Equity 7,767,989 8,165,134 9,433,554 8,986,514 | 12,900,719
Liabilities 2,903,186 3,030,090 4,055,443 3,485,000 7,302,477
Current Liabilities 511,419 688,091 896,660 875,512 1,817,923
Trade and Other Payables 267,994 313,235 552,752 589,335 1,272,540
Current Income Tax Liabilities 0 51,982 11,906 62,530 6,296
Current Portion of LT Borrowings 189,877 274,682 296,352 175,835 504,646
Other Current Liability 53,548 48,192 35,650 47,812 34,441
Non-current Liabilities 2,391,767 2,341,999 3,158,783 2,609,488 5,484,554
Long-term Borrowings 2,310,498 2,107,640 3,077,652 2,609,488 5,484,554
Other Non-current Liabilities 81,269 234,359 81,131 0 0
Equity 4,864,803 5,135,044 5,378,111 5,501,514 5,598,242
Contributed Legal Capital (share capital) 618,210 618,210 655,800 668,228 735,976
Retained Earnings 1,806,842 2,165,560 2,373,199 2,475,053 2,459,297
Revaluation Surplus 2,305,168 2,166,868 2,166,868 2,166,868 2,166,868
Other Resenes 134,583 184,406 182,244 191,365 236,101
INCOME STATEMENT
Rewvenues 1,067,457 1,274,384 1,485,535 1,688,969 1,952,050
Cost of Sales (815,454) (765,631)| (1,042,199)| (1,069,593)| (1,902,779)
Gross Profit 252,003 508,753 443,336 619,376 49,271
Administrative Expenses (200,948) (271,514) (423,283) (503,299) (453,640)
Profit from Operations 51,055 237,239 20,053 116,077 (404,369)
Non-operating Income 180,878 143,908 277,427 180,080 518,380
Other Non-operating Income (Exchange Difference) 1,607 24,132 105,691 33,654 52,238
Financial Expenses (interest expenses) (102,480) (91,091) (118,447) (132,728) (136,299)
Profit Before Income Tax 131,060 314,188 284,724 197,083 29,950
Income Tax Expense (26,728) (81,291) (56,554) (34,817) (45,706)
Net Profit for the Year 104,332 232,897 228,170 162,266 (15,756)
Item 2007 2008 2009 2010 2011
FINANCIAL RATIOS
Profitability
(1) Operational Profit Rate 4.8% 18.6% 1.3% 6.9% -20.7%
[(2) Return on Assets 1.3% 2.9% 2.4% 1.8% -0.1%
Debt
(3) Debt Equity Ratio 0.60 0.59 0.75 0.63 1.30
[(4) Debt Senice Coverage Ratio 1.32 1.79 1.39 0.90 0.57
Liquidity
(5) Current Ratio 1.36 1.28 1.00 0.81 0.50
[(6) Receivables Turnover 2.97 3.64 4.35 4.83 5.32
'(7) Debtor Days 123.1 100.3 83.9 75.5 68.6
Note: (1) Operational Profit Rate = Profit from Operations / Revenues
(2) Return on Assets = Net Profit / Total Assets
(3) Debt Equity Ratio = Total Liabilities / Total Equity
(4) DSCR = Cash Generated from Operations / (Repayments of Borrowings + Financial Expenses)
(5) Current Ratio = Current Assets / Current Liabilities
(6) Receivables Turnover = Revenues / Account Receivables
(7) Debtor Days = 365 days / Receivables Turnover
Source: JICA Study Team based on Audited Financial Statement of EdL 2008, 2010 and 2011
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(4) EresBEnFETKE

—fRAYIC ODA S0 MR 72 K i 2 1 2 2R & L TR 6 NIEREEIZ 000 5 MRS 5
b,

EDL {3 ADB &R IBIC (JICA) OWFHEE CF L v 7 KNI EFELZEHLTBY ., Znbo
RO T A KT A N2 H D72 FRAIR TR < 2 Bfif L C\5, EDL X PMU 2% ETHZ &
WCEV, AFELZERL TV ZENARETH D &I 5,

(5) EretBInD LB UEEEROIEER

1997 fELLM D EDL 12 X A Y%l d T E OBk % Table 9.1.3 (27177,

Table 9.1.3 Experience of Implementation in Similar Project by EDL

Location Power Plant Cap::csitti/l I(el\(iIW) Fund Source Status

North

Nam Khan 2 130 China On-going
Central
Vientiane Nam Leuk 60 ADB, JBIC Completed
Vientiane Nam Mang 3 40 China Completed
Vientiane Nam Song 6 EDL Completed
South
Saravanh Xeset 2 76 China Completed
Xekong Hoay Lamphan Gnai 88 China On-going
Total 400

Source: EDL
JICA J1AE 9-4 Rk 24 47 10 H
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(1) 1B - He S IRAS

EDL ") A7 A 1 YEREFE¥E42FEM L, RFXLCTERINEZRE T T v boiEls - #EFEHIT
EDL-Gen #19 Z £ 272> T %, EDL-Gen (%, KHEES 180 51235 T 2010 FRICH 72128
SEENT BEAL OF24 T, BRI 75%13 EdL. 7D 25% X EERTIRE R NMEA LTV 5,

EDL WNE THRA L TV AR E AR L OBEF D 6 K13 EATOE FE & B A E 1L, 2010 4F 12
H 15 A ® EDL-Gen g% 17 & FIRFICRAICBE Szl £72, RS, 2ty v VI
HESNWT, T OREFTOEE - MEEE S EDL-Gen IZB& STV 5% EDL-Gen i3 30~
AW EMDa Ly g UBRK TR, T ABINE I3 E DT 522 T - HBICRETTOE
FER R TOHRMEZEETBETHZ LI T D,

—Ji. FAT L VIERFEEOLS . BESLABOBEICOWTL, JloAF—L2REHSN
RN D D, FEE TR, =2ty v a VHIIPICEN T, BREORER EDL 245] & -
SEEA L EREEEL EDL-Gen (2 Y —Z L, EDL 13V —%k}% EDL-Gen 7552} i
BHHCTHRADED b TNA, = 2T, U—2EHZHWTlE. EDL RMEE ) SIS E 9
7 R R T B 7 DRI S L5 ICRESND b L BDbND, AHEOK AT
I%. EDL & EDL-Gen O] TV — 22T 2060, AT 2550V —ADHik
R LITPE S TORY, TR HBEAR — L35 L ORBERA LK, PSR LI
2 EIEOVTIE, FEEHOMICHR L TH LEND 5,

(2) BEn - HFEEMBORERS. BEEE. ASKFI DR

BIAED EDL-Gen DBV R AET/VL, EDL ODREEEL I XK EIRTHZ L, T L THELE
X% EDLIZIEETHZ L THD,

HI/E EDL-Gen X7t 387TMW DX R EDEFEA A L. £ 1,800~1,900 GWh DFEEIT-> TV
5o T A AERNORERRIEEREDK 16%I2H7-5,

EDL (2 L » THIEHZ T @ Houay Lamphan Gnai /K /75T (88MW: 2015 58 T7E) & Nam
Khan 2 7K 71 EFT(130MW: 2014 FE52K TE)D 2 71 ¥ = 7 MTHOWT b IEIRBIAMIF S L < 13%
DRI EDL 7> % EDL-Gen (Z& R L OBIEABE LA BE S D 2 LITRho T D,

¥ |Z EDL & EDL-Gen (£ 2011 4 7 H 8 HIZ IPP ~DHEDBEIZH )25 MOU A fififik L7-, 2012
£ 7 H EDL-Gen |%,[Al MOU (23 & LI F D@ v IPP 1281} 5 EDL OHE % BV EL-> T 5,
EDL-Gen (%, 4 2D IPP K IJFEFTOKRXE NI ICHERESTHD 202 55 NVETET S
7o, 2012 47 AIZHR%E 200 B T RAFHE OFREX A RIT L CT0Dd (ks T O 2 L O

! Based on the Prime Minister’s decision No.180, in addition to the existing six hydropower project, the Nam Song
hydropower plant, which commissions in 2012, will be also transferred to EDL-Gen.

2 The existing concession agreement for these six power plants provides for a term of 30 years, together with a renewal
period of 10 years.
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L) W — K SR EFTIRIE R S HE A (Z D 2)



TIATIVE =} B9 ST K ONERS - HERFE BRIAH]

B ~D B ONTIIHBIE)

Table 9.2.1 Shares Transfer of IPP to EDL-Gen

Power Plant Installed Capacity Percent of Total Share
Theun-Hinboun 440 MW 60%
Houy Ho 152 MW 20%
Nam Lik 1-2 100 MW 10%
Nam Ngum 2 615 MW 25%

Source: EDL-Gen

39742 EDL-Gen 1 i) BEa% b L <IFEFET O IPP (2351) % EDL &4 O EUAS, 72 & UNT i) EDL
WEERE . HDVITEFTEF OFEEORFIZ LY . BESEOILRKEZK > TV D,

Figure 9.2.1 |Z EDL-Gen O#H#%X %7~ 7,

| Board of Shareholders |

| Board of Directors |

| Managing Director |

Deputy Deputy
Managing Managing
Director Director
I I
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Generation Finance ] & Business Support
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Planning & || Nam Ngum 1 Finance — Strategic Elanning HR 1
Administration | & Business
Development
— NamLeuk Accounting == IT —
— Procurement
Xeset 1,2 = NamMang 3 Investor — Administration ==
Xelabam == Nam Song Legal - Corporate
Communication

Source: EDL-Gen
Figure 9.2.1 Organization of EDL-Gen

Figure 9.2.2 |27 A 7 KNEE—I/K JIF BT ORI %2 7~ 3,
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Figure 9.2.2 Organization of Nam Ngum 1 Hydropower Plant

° e St o= S > SNz e 4 St
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Director Director Director
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P Control 3 Water Pump on
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F LT LFE—KIBEEFTOMBEIL 9 DOERNO D, £ DN 5 DOERBELMINZ 0305 25 %

HY LTV,

Table 9.2.2 Departments which are in Charge of Technical Issues in NN1

Department No. of Staffs Function
Production Control 28 Daily operation and monitoring of NN1
Civil Construction 10 Construction & maintenance of civil works
Nam Song Diversion 15 Daily operation and maintenance of Nam Song
Hydro-mechanical 19 Maintenance turbine, crane, etc.
Hydro-electrical 26 Maintenance of generator, communication equip. etc.

Source: EDL

(3) Eir - HFEEMKEOME - FERR

2011 4 12 A FSIZH1 % EDL-Gen O& AR % Figure 9.2.3 (2787,

EDL-Gen O#iX, £ D 75% %= Bt TH D EDL BMEAT 25— 5T, T OMoOKAIT 2010 4F
12 HOBAARZ R CRBBREZNEA L TEY ., T4 AHEERSIFT TS &ShTuns3, 2011
HFERIF T 78D 25% D8k N 10% % Ratch-Laos Company Limited % U8 RH-International (3>
TR—)H, 1.25%% EDL } (Y EDL-Gen BB N ZARA SN TWD, KD 13.75%Ifthd i
BRICLVREFEIN TV,

3 2012 4F 7 A DEREZATS & EDL OIRA H R T5%ITHERF ST\ 5,
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Source: EDL-Gen
Figure 9.2.3  Capital Structure of EDL-Gen (as of Dec., 2011)

EDL-Gen (%.2011 4£ 12 HIZEDL t O TRERKEZHE L CBY BEL-EHO2EE EDL
IZHRFE LT\ %, EDL-Gen DHEIFEE B3 413.89 F v~ FIkWh IZRE S, FE 1% T EHT
HEKI LI o TS,

VT EDL-Gen DM ES IR % Table 9.2.3 12777,

EIN O RERCE S ¥ 4 EE 15 EDL OUUESMESMEW D & B 72 ) | EDL-Gen 1X ROA (FAE A4S =R)
73 10.8%., ROE (MREBEAULZEH) 2 14.4% & EWEEHERH S (WL h 2011 4F) , EDL-Gen
DOBEAERIZTLE LTHETH Y | (EANTRIED 252%% 5 51T E e, RWEFHH CEAR
W (034)' BT b s P ER - ALy Y Lo (222) SIXAHEBIEIRO LI
EANZATORNBSDH LR LTS, BIRFRIZIIT 5 EDL-Gen DfEANIL, MEDREE T 0y
=7 MZBIT5H ADB NG DOEHEAD EDL NHOBEICLH LD TH D,

2012 4= 7 H1Z EDL-Gen 1% 358 & I HEDHE (200 B 72k Kb LI 1611 (&% v 7HRY) %47
ST, ZHUUT EDL 23MEA L T2 4 44 IPP (Theun Hinboun: 60%, Houay Ho: 20%. Nam Lik 1/2:
10%. Nam Ngum 2:20%) O A BT 58 HICHEY S,

EDL-Gen D& (&% 2011 450 135 5 5K KA 5 2012 - RICIZ 771 Bk Rvic&fici 2, =

NIV H CEAR AR (Debt Equity Ratio)?s 2011 4E0> 0.34 725 2012 4F(3 0.84 [Z#IN4 5 =

LR TP SN D, EDL-Gen iE, Debt Equity Ratio & 15 A RIS Z L2 HIEE LTERY ., [AfEIX

Ei‘“jfﬁ%%%%%ofﬁ U7 LTW5, 28, 4 20O IPP ~OHENETEABR TR MED A
X0 TwiuE, BEBEARAMELERIL L5 2 EE> T2 Z L1tk b,

4 ADB % EDL-Gen |Z H CEAMER L RN 1.5 # FRIS L 9RO TV 5,
S NI REBEHXIIBOTIT Y F - =R - ALY e FUFN12-15% EES T ENEE LU,
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Table 9.2.3 Summary of Financial Status of EDL-Gen

Iltem Dec 2010 * 2011
BALANCE SHEET
Assets 5,052,537 5,238,572
Current Assets 1,114,774 854,140
Cash and Cash Equivalents 884,782 342,795
Short-term Investment 0 100,000
Trade and Other Receivables 225,367 402,764
Spare Parts and Supplies, net 4,625 3,749
Other Current Assets 0 4,832
Non-current Assets 3,937,763 4,384,432
Pre-operating Expenses, net 2,382 1,982
Advance Payment for Investment 0 434,923
Assets under Concession, net 3,935,381 3,947,527
Liabilities and Equity 5,052,537 5,238,572
Liabilities 2,426,233 1,319,108
Current Liabilities 1,123,645 248,832
Accounts Payable 20,258 874
Current Portion of LT Borrowings 197,742 211,921
Accrued Expenses 19,184 22,228
Accrued Income Tax 2,289 13,786
Other Current Liabilities 884,172 23
Non-current Liabilities 1,302,588 1,070,276
|Long—term Borrowings, net 1,302,588 1,070,276
Equity 2,626,304 3,919,464
Share Capital 2,605,792 3,474,388
Share Premium 0 15,577
Legal Reserve 2,051 58,408
Retained Earnings 18,461 371,091
INCOME STATEMENT
Rewvenues 37,229 881,748
Cost of Sales (9,768) (204,671)
Gross Profit 27,461 677,077
Other Income 69 9,781
Foreign Excange Gains (Loss), net (1,739) (3,895)
Profit Before Expense 25,791 682,963
[Administrative Expenses (597) (48,013)
Profit Before Financial Costs and Tax 25,194 634,950
|Financial Costs - Interest Expense (2,393) (41,278)
Profit Before Corporate Income Tax 22,801 593,672
[Income Tax Expense (2,289) (30,104)
Net Profit for the Year / Period 20,512 563,568
FINANCIAL RATIOS
Profitability
(1) Operational Profit Rate 72.0%
(2) Return on Assets 10.8%
Debt
(3) Debt Equity Ratio 0.92 0.34
[(4) Debt Senice Coverage Ratio 1.02 2.22
Liquidity
(5) Current Ratio 0.99 3.43
F(6) Receivables Turnover 0.17 2.19
[(7) Debtor Days 2,210 166.7
Note: (1) Operational Profit Rate = Profit from Operations / Revenues
(2) Return on Assets = Net Profit / Total Assets
(3) Debt Equity Ratio = Total Liabilities / Total Equity
(4) DSCR = Cash Generated from Operations / (Repayments of Borrowings + Financial Expenses)
(5) Current Ratio = Current Assets / Current Liabilities
(6) Receivables Turnover = Revenues / Account Receivables
(7) Debtor Days = 365 days / Receivables Turnover
Source: JICA Study Team based on Audited Financial Statement of EdL 2008, 2010 and 2011
JICA F12[E 9-9 Fpk 24 4510 A
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Table 9.2.4 Operation Mode of Electro-mechanical Equipment

Mode Method

Application

Remote-Automatic Operation The remote-automatic operation is
carried out from the existing
control room in front of the remote

control board for unit 6.

It will be applied to the daily
operation of the additional
equipment.

Local-Automatic Operation The local-automatic operation is
carried out from the local control
board to be installed in the new
cubicle room next to the machine

bay for Unit 6.

The automatic start-stop operation
of Unit 6 is performed under
automatic sequential control with
the aid of the programmable logic
controller.

It will be utilized for the purpose
of testing and trial operation or
when the remote-automatic
control system is out of service.

Local-Manual Operation The local-manual operation of the
additional Unit 6 is carried out at
the equipment bay in front of the
governor cabinet, the turbine
control cubicle, the generator
excitation cubicle and the motor
control centers for the associated
auxiliary equipment.

The local-manual operation of the
switchgear is carried out in front of
its switchgear cubicles or its local
control cabinet in the outdoor
switchyard.

It will be carried out for the
purpose of testing and trial
operation after the associated
equipment is overhauled, repaired
or replaced.

Source: JICA Survey Team
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Table 9.2.5 Experience of O&M in Similar Project by EDL

Power Plant Location Installed Capacity COoD Period of O&M
(MW) (Years)
Central
Nam Ngum 1 Vientiane 155 1971 41
Nam Leuk Vientiane 60 2000 12
Nam Mang 3 Vientiane 40 2005 7
Nam Song Vientiane 6 2012 0
South
Xeset 1 Saravanh 45 1991 21
Xeset 2 Saravanh 76 2009 3
Xelabam Champasak 5 1969 43
Total 387
Source: EDL-Gen
LR OERS - MERFEELHAR]IX EDL 2> 6 O3 BELLRTOHIM 2 & T,
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10.1.1 {EA PR 2
(1) ZARIZBT HES
BRI SCERHNICAR DA B L OB FEIRDIES & Table 10.1.1 12”7,
Table 10.1.1 Laws and Regulations Relevant to the Project
Enacted No. and
No Law Year Key Contents
1 Constitution No.25/NA States responsibility for all organization and citizen to
May 2003 protect the natural environment and natural resources off
the State
2 Environmental Protection Law No. 02-99/NA Specifies principles, rules and measures to manage,
April 1999 monitor, restore and protect the environment, natural
resources and biodiversity
Ensures sustainable socio-economic development
3 Decree on Environmental Impact No.112/PM Establishes  uniform  environmental  assessment
Assessment February 2010 requirements and procedures for all development
projects
4 Environment Impact Assessment Guidelines | MoNRE Gives instructions for preparing an EIA report pursuant]
November 2011 to the Decree on Environmental Impact Assessment,
5 Agreement on National Environmental No.2734/WREA | Establish national environmental standards as a basis for
Standards December 2009 environmental monitoring and pollution control on
water, air, soil and noise
7 Water and Water Resources Law No0.02-96/ NA Regulates the management, exploitation, development,
October 1996 protection and sustainable use of water and water|
resources
8 Decree on the Compensation and No0.192/PM Defines principles, rules, and measures on compensation
Resettlement of the Development Project July 2005 and resettlement on the development project
9 Regulation for Implementing Decree No0.2432/STEA Defines principles, rules and measures on compensation
No0.192/PM on Compensation and November 2005 and resettlement of the development project
Resettlement of People Affected by
Development Projects
10 | Technical Guidelines on Compensation and | Prime Minister’s | Gives instructions for implementing social impact
Resettlement in Development Projects Office assessment of development project focusing on the
STEA principles and procedures on compensation and
February 2011 resettlement
11 | Land Law No.04/NA Provides rules on management, protection and use off
JICA 742 10-1 Y 24 410 H
Fh)T B — KT JE B RTILIR MR A (2 O 2)
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Enacted No. and
No Law Year Key Contents
Oct 2003 land
12 | Law on Aquatic Animals and Wild Life No0.07/NA Provides principles and measures to protect and managé
December 2007 wildlife and aquatic animals
13 | Law on National Heritage No0.08/NA Determines the principles, regulations and measures for '
November 2005 | the administration, use, protection, conservation,
restoration, rehabilitation of the national culture, history
and natural heritage .
14 | Electricity Law No.03/NA Requires the minimization of impact on natural
Dec 2008 environment and society in design, construction and
operation phase of electricity development project
Instructs the necessity for conducting Environmental
Assessment (EA) for the development project
15 | Electric Power Technical Standards No.052/MIH Provides technical standards for electricity project
February 2004

Source: JICA Survey Team

(2) JICA T & 2 B Sl

%295 JICA DiEE,

BRI SEE T A K 4 2 (2010)

JICA 73323 2 BRFEF KD 2 INEL NI FEH TH 5, FRZREERRE OB G4 5 72
DHOFEE FHBEH B LR EOFMAIC SOV THREL T\,

FIEA I THE A4 5 R E T Ministry of Natural Resources and Environment

1012 %% 7T a V7 MR HBERETF X

(MONRE) X v BRb

BSFFRGE (Environmental Compliance Certificate:ECC) DT % %21F 5 Z & RNEHEAIT BTV 5D,

VNNL ¥ 0B A

ECC HU G @ & 121X ¥ 81 8 55 B2 2 5% i (Initial Environmental

Examination:IEE) D73 EL: & STz, 2010 4RI HIHIBR BEth S R 5l A< # (IESE Main Report)
BLOBREHSEFHEE (Environmental and Social Managment Plan:ESMP) 75k % IESE #73
AR &I, ECC 2 Water Resources and Environmental Administration (WREA:BREETHERIZL Y

¥EHIXT T MONRE BE) 12X zaefhaniz,

ECC IXHEMAMMTED TH D, L L7 b, THEN ECCRfTH LY 2FELNIZEHE b 7eh
STESRAITEBINCER L 725, 28> T, ECCIEHEDFHERCHRFHNTERENRRNEA L, EED
THBRIGE T 2 FEICHEF L2 T IE R 6700, NNL JRRFZEDOGA . 2012 4 3 HIZ EDL 726
ECC OHZNABRIER S HFE S iz, T O%HGEIIAGR S, 2012 4 7 HIZ ECC OF AR IT4E
Eani,

! Article 4 General Principles, Decree on Environmental Impact Assessment, No.112/PM, 2010
2 Article 18 Expiry date of the environmental compliance certificate, Decree on Environmental Impact Assessment,
No.112/PM, 2010
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Ministry of Natural Resources and Environment (MoNRE) : MoNRE (% 2011 4E1Z5% 7 41, WREA
ICRRE DIV TV EB DB S 72, MONRE 127 A A 2T 2 BREBUR O R E R L OHHED £
JTCToh Y, REEHNE, BOR, HAI B JOFEORE, BEZETMOFLE, FEOE=F
Vo7 OElI X OWFEHME D32 21T 9, Enviornmental and Social Assessment Department

(ESIAD) i3, Development Project Resposible Agency (DPRA:4#% % 31220 T i Ministry of Energy
and Mines (23517 %5 Department of Energy Policy and Planning PN Division of Environmental
Engineering 235%4) IZ K - TR SN 2 R ETTZE OB A ZH Y L ECC 2 FHHEF TR L,
FLEFEEEVPREE=F I VIJEEICESDVWTEMTL2E=FY V" IIEEHZEHT 5,
Figire10.1.1 (Z ESIAD O#A#E % 7~d,
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Source: JICA Survey Team
Figure 10.1.1 Organization Chart of ESIAD in MoNRE

Ministry of Energy and Mines (MEM) : MEM (2331} % Energy Policy and Planning Department PN IZ &
% Division of Environmental Engineering 7% DPRA & L CHIA{A, BIFRFEHERE & 2 & 0 2203 58]
WIS EREELZFA L, 2 A MEER LTZOD ECC RAFIZOWTOE RLEAS MoNRE (ZH2 7
%, *Flz. ESMP THE LI FEixt RO RDOE=4 Y v 7% L, EHHIC MONRE [Z#ET 5
TR S TVWS, “Division of Engineering DX % Figure 10.1.2 1275737,

% Article 9, Decree on Environmental Impact Assessment No.112/PM, 2010
* Article 24, Decree on Environmental Impact Assessment No.112/PM, 2010
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Engineering Division Division Division
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Source: JICA Survey Team
Figure 10.1.2. Organization Chart of Division of Environmental Engineering in MEM

Eletricite Du Laos (EDL): EDL (343430 F¥EH ThH 5, EDL (ZF1F % Transmission Line and
Substation Construction Department PN @ Environmental Office 73, 3D HRE L OHEREREEIZ OV
TOFMMOFERE, FAMZEOIERK., F. BB LR LU TOFERABIZ DA O FE, =
HIZESMP THRE LT-E=4 U v 7 OEfid L UZ OFEF D MoNRE, DPRA 35 X U\BfRERERT &
ERR~O EMHE 2449 %, *Environmental Office M#H##%X % Figure10.1.3 2737,

I Board of I

I Board of Directors I

I Managing Director I

Deputy Deputy Deputy Deputy Deputy Deputy
Managing Managing Managing Managing Managing Managing
Director Director Director Director Director Director
| ]
Pefs."”a' - Business Hydropow_er Technical Northern Vientiane
Administratio Dept Constructio Dept Area Canital
n Dept. pt. n Dept. Pt P
L . T/Land S/S T/L and S/S
Administratio Finance Constructio Maintenanc Soxthern
n Dept. Dept. n Dept. e Dept. rea
Environmental
Office
Social Environment Natural Environmental
Management Unit Management Unit
(Head of unit X 8) (Head of Unit x 7)

Source: JICA Survey Team
Figure 10.1.3 Organization Chart of Environmental Office in EDL

Electricite Du Laos Generation Company (EDL-Gen): 2010 42 EDL O FEHBFT L 0 3B s7 Lz,
EDL (Z & 0 &gk S 7= K IR BANE 92 C EDL-Gen (2 E A Sz, £7205kMICH EDL
\Z K DR DK I EFTIEL EDL-Gen 23E =9 %5 Z &£ 1Z72 5, Corporate Social and Environmental
Responsibility Unit (CSER) 23 HEDMRFOBREEHSEEZHY 25 2 LIZRo TV DM, K
(ZOWTIHELZEMS LS TRV, CSR Ok % Table 10.1.4 [Z7R 7,

5 Article 23, Decree on Environmental Impact Assessment No.112/PM, 2010
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Figure 10.1.4 Organization Chart of CSR in EDL-Gen

Nam Ngum Hydropower Station (NN1): Environmental Sub-unit 238835 E L2124 L T\ 5, BFkiho
BRDE=2Y 7 H A FOfKE, NNL JE FH O sk 238 R~ D 1 /136 L TOVNNL Fiiko
KELDT=H Y 7 % 34 O E 23506 L TV %, Environmental Sub-unit O #H##%[X] % Table10.1.5
Rz
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Source: JICA Survey Team
Figure 10.1.5 Organization Chart of Environmental Sub-unit in NN1
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10.1.4 BB O H 8B L O ERBREDIRGL

AIE OFFAEREZ ISR T, Y FEEIC L 2K O AR L OPRRIILE R, HHEES L
IR LA LRNWZ LD X A BRI~ E T v LS, —F . [FgAEHE
FIZBWT, X LIEEZOMHREO B — 7 RO R AE T DKM AEIED LA X D, NNL R
WTFH L7 DNEFHL T EOFEFE~OEERTRINTNWD, £0%, HEHAEILE
WTCIE NNL FHiRICE S %2 & TR I 21T - 7=

BRI OYEREFAA 22D NN1 O Pz B W Co#ER L OYIOFI IR D IEENIC D & BHE /2 281k
TR SN2 o Te, Ko CTHEEEBEEBIIAIRIOFAE LR CF L7 L)IHEFENLD Lk mdo
NN1 Z A% A )5 FHt50k m & L7z, #EEEIZBWCOE R TH HHEEZLLTIZFEET,

(1) HRERER
1) /KX

2012 45 1 H»>5 9 H % T® Nam Lik 1/2 Hydropower Station OB = &  H /) % Figure 10.1.6 {27
7, Nam Lik1 1/2 [3#275IZ 50MW A0 TR — ZE#HEEZ AT > TV D,
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Source: JICA Survey Team
Figure 10.1.6 Operation Pattern of Nam Lik 1/2 in 2012
2) K&

2011 40 5 H 75 8 H £ TIZ Nam Ngum Dam 7> 5 4km FHEICALE S 5 Thalat T2 T
FEME DO OO REFN A L, HIEHES 8 A0 E%Z 17 7=, Institute of Natural Resources and
Environment Research (INRER) & Efds L MR DR EIC & 2 KE A OHKE R 6 . Nam Ngum2 7K /7%
TEHTD B ORI K AENEZ T [B] 5 7R3 (Dissolved Oxygen: DO CTdh - 7= 2 L ICINT 5 & &
Nz, 2=, e F v BT L D Nam Ngum2 Power Company (2355 BB & 03 72 iz,
723, Nam Nguml K JJ3EFT L 0 FTiROKEE=% U 713201241 H LY INRER (2 LV 5 H
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FEHESNTEH Y, 201245 H £ Tl DO EO B ITfeR ST, 8
(2) *EEREE

. RBREIRRERS L OWIOFHRIIC S & | S EIN O E~ORE Y iAo EZhiic L 0 1F
i&%‘éﬁfzﬁofzo T BRI IR DA OF L OW OB RS AR L HHH T 24 K5 21 AT
J> U7z, Table 10.1.2 IZ#2 8w o> A1, #RFIREES L ONR I OFIRRIUIZ SOV T E LT,

Table 10.1.2 Demography, Economic Status and River Related Activities in Affected Villages

No. Category Amount Remarks Source
| | Riverside <1 km villages 21 | Villages in affected area
Downstream < 50 km of NN1
5 Riverside < 1 km villages 25,040 Population in affected area
Downstream < 50 km of NN1
3 Riverside < 1 km villages 5076 | Households in affected area
Downstream < 50 km of NN1
4 | GDP/Capita/Income 944 | Average in affected area
Income source
i 0,
F::ﬁ::;;:ﬁ:; 0613;02 Hearing from Village
5 Heads
Trading 18%
Government services 10%
Others 10.52%
6 | Vulnerable households 55 | Households in affected area
7 | No. of irrigation users 920
8 | No. of riverbank garden users 845
9 | No. of navigation business 2
10 | No. of fishery 311
11 | No. of fish farming 11

JICA Survey Team

1015 Aa—v' 7

HKRE A IESA . (REE) oRa—v 7RIz =, mw&%@%%®%M’;éE%®@
BELZE DA, THEEFCEBIT D NN Fii@GEIEANIC X 2 BT O RER ~D— Ry 72 58I
DWTOHEB LAMILTE 20 & S 37z,

THPIZBIT2 LHFICEIRBIIHIRE TR IND N, LHEBALTHD NNL S Tt 1 km X
EDL O A TH W EDL kB LIAMIEEE DWW A G E TEM 2 Eil 4 2 LH B OmlT
2 KD EBG DR FE ~DEBELS, THEICEL HDMEERA~OEZEEEIL T R IR0,

® JKE#E IOV T Institute of Natural Resources and Environment Research (& T BB THERR, LU HAKE
FEROBEHRANCOVWTIIARN T TRV EDZ ETRIEEZ T D Z ENTE o7z, (2012 4 6 HBLE)

T HTCOMBY AL T A A EEBISICR T 2 BNIBRAEL LOARED 2 Elcbiz> TEMESNZ, UTO
10 FHZ DWW T ORIEY FHAIE 2012 42 5 H 24 B B[RS 5 A 26 BHIZHF THENi : Sengsavang, Thinkeo, Thalat,
Muangkao, Donkouat, Thinyoung, Keun- Kang Hatxai, Nakhong 33 LU Cheng £, BA T 11 FHZ-DW T ORIER Y Fi4
132012 4~ 8 H 28 H X Y [A4F 8 H 31 HIZH T T3 : Thaxan, Nanin, Hatxaykhoun, Veunsan, Thaphoxai, Pakkayoung,
Keun-Neua, Pakcheng, Viengkham, Boungphao, Lingxan.
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Table 10.1.3: Scoping

No. [ Impacts | Rating | Brief Description
Construction Phase

1.Anti Pollution

1.1 Air Pollution C Limited air pollution is expected due to heavy machinery

1.2 Water Pollution C Temporary water pollution due to concrete mixing, aggregate
collection and excavation during construction is expected. This
would be local and small but should be minimized. Water quality
monitoring is necessary during operation.

1.3 Waste C Demolished material needs disposal to adequate site.

14 Soil Contamination - No soil contamination is expected but proper insulation oil treatment
is needed.

15 Noise and Vibration C Site is away from residential area. No noise and vibration problem
from site is expected. Material transportation near access road needs
consideration with speed limit.

1.6 Ground Subsidence - No ground subsidence is expected.

1.7 Offensive Odor - No offensive odor is expected.

1.8 Bottom Sediment - No bottom sediment change is expected since reservoir already
exists and no change is added on reservoir condition.

1.9 Accidents C Proper safety management during expansion works needs to be
provided at responsibility of contractor with CEMP implementation

2. Natural Environment

2.1 Protected Area - Protected area is not included in downstream.

2.2 Flora, Fauna and C Effect on flora, fauna, or biodiversity is not expected. Rare species

Biodiversity are not reported in affected areas. Temporary effect is expected on
aquatic animals at the time of removing downstream rock shelves.

23 Hydrological Situation - No disturbance to the hydrological situation is expected.

2.4 Topography and C Excavation, spill and wastage embankment give a little change to the

Geographical Features geographical feature but not significant.

2.5 Landfill Site Management - Amount of waste for landfill is very small.

2.6 Soil Erosion - Not expected.

2.7 Groundwater - No effect on groundwater is expected.

2.8 Coastal Zone (Mangroves, - No effect on coastal zone is expected.

Tidal Flats, etc,.)

2.9 Meteorology - No effect on meteorology is expected.

2.10 | Global Warming - Not expected

3. Social Environment

31 Involuntary Resettlement - No resettlement or compensation is needed.

3.2 Local Economy, C+ Positive impact such as creation of local employment is expected.

Employment, Livelihood

3.3 Cultural Heritage - No cultural heritage is reported in affected areas

34 Landscape C New powerhouse and downstream bed rock excavation affects to
landscape at the dam site, but this is not significant

35 Indigenous and  Ethnic - People in affected area is highly mobile and no problem on

Minority indigenous and ethnic people is reported

3.6 Land Use and Utilization - No land use or change of local resources is expected.

of Local Resources

3.7 Social Institutions ad Local - No social institutions will be affected

Decision-Making

8%, & % L IESE BT3BV TIL LI & AL F o> 845
RIS T DA TR LAY

I U E O TR STV 28,
JCRiIR T 5 TR

Table 10.1.3 I34&HE ©
ICEFLTWD, ZELARITEFE L THRL,

JICA F4AE
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3.8 Existing Social C Facility is to be used temporary by labor coming from outside.
Infrastructures and
Services
3.9 Misdistribution of Benefit - No misdistribution of benefit and damage is expected.
and Damage

3.10 | Local Conflict of Interests -

No local conflict is expected.

3.11 | Water Usage or Water -
Rights of Common

Not expected

3.12 | Sanitation C

Sanitation of workers during construction work needs to b properly
managed.

3.13 | Hazards (Risk) -

No hazard is expected.

Operation Phase

1.Anti Pollution

1.1 Air Pollution - Not expected
1.2 Water Pollution - Not expected
1.3 Waste - Not expected
14 Soil Contamination - Not expected
1.5 Noise and Vibration - Not expected
1.6 Ground Subsidence - Not expected.
1.7 Offensive Odor - Not expected.
1.8 Bottom Sediment - Not expected.

1.9 Accidents C

Warning board shall be installed on the rapid increase of water level
due to the change of operation shift from off-peak to peak

2. Natural Environment

Geographical Features

2.1 Protected Area - Not expected
2.2 Flora, Fauna and - Not expected
Biodiversity
2.3 Hydrological Situation C River discharge will increase during peak generation hours and
decrease off-peak hours. Maintenance flow should be secured not to
disturb downstream activities such as boat and fishery.
2.4 Topography and - Not expected

25 Landfill Site Management -

Not expected

2.6 Soil Erosion -

Not expected, since the discharge increase in the project would be
much smaller that natural food. Flood already occurred every year
after dam construction in 1971. Weak soil has already been flushed
away.

2.7 Groundwater -

Not expected.

2.8 Coastal Zone (Mangroves, -
Tidal Flats, etc,.)

Not expected.

2.9 Meteorology -

No effect on meteorology is expected.

2.10 | Global Warming C+

It will has positive impact due to utilization of spilled water in rainy
season for energy, which can save fossil fuel in EGAT in Thailand
owing to the reduction of power import from EGAT

3.Social Environment

Local Decision-Making

3.1 Involuntary Resettlement - No resettlement or compensation is needed.

3.2 Local Economy, C+ In broad sense, the stability of electricity generation contribute to the
Employment, Livelihood development of local economy

3.3 Cultural Heritage - Not expected

3.4 Landscape - Not expected

35 Indigenous and Ethnic - Not expected
Minority

3.6 Land Use and Utilization - Not expected
of Local Resources

3.7 Social Institutions and - Not expected

Rights of Common

3.8 Existing Social C Maintenance flow has to be secured not to affect Irrigation during
Infrastructures and off-peak hours in dry season.
Services

3.9 Misdistribution of Benefit - Not expected.
and Damage

3.10 | Local Conflict of Interests - Not expected.

3.11 | Water Usage or Water C Minimum maintenance flow has to secure to give no affect on

Irrigation and water pumping use at downstream in dry season.

3.12 | Sanitation -

Not expected

3.13 | Hazards (Risk) -

Not expected

Rating

A: Serious impact is expected, B: Some impact is expected, C: Small impact is expected, +Positive impact is expected, U: Extent of

impact is unknown and examination is needed, Impact may become clear as study progresses, -: No impact is expected

Source: IESA Report of NN1 Hydropower Station Expansion 2009, revised by JICA Study Team

JICA F4AE
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(1) T =

THRFIZRIT D ESMP SEhE 12 1% 2 BIFRALR OIS [X] % Figure 10.1.7 12, F7-E&HIB I OZOEFEEIC
5% Table 10.1.4 12777,

Environmental g
Office (E0) | NNZ1 Project’s office |« Construction
DR . Constructor
o 7'y
PEMC (Project Env. H
]
Management : |
T Environmental and Social Power Plant
: Unit Development Dep.

| Environmental

. - - Division
1
Social Team b= - Env. Team - -
Source: JICA Survey Team
Figure 10.1.6 Institutional Arrangements in Construction Phase
Table 10.1.4 Roles and Responsibilities for Institutions Concerned
NNZ1 Project’s Office - Establish Environmental and social | EdL
unit assigned from Environmental
Office in EDL
- Develop the Construction
Environmental  Management  Plan
(CEMP) for project subcontractors.
- Assist Vientiane Province to establish
Project Environment Management
Committee (PEMC) prior  to
construction
Environmental Management Unit | -  Supervise environmental management | - MONRE
(EMU) activities implemented by | - MONRE of Vientiane Province
environmental and social units in NN1 | - MoNRE of Keoudom, Viengkham and
Project Office Thoulakhom District
JICA 742 10-10 FRK 24 4 10 H
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Project Environment
Management Committee
(PEMC)

Ensure the implementation of Social
part of ESMP* is met the standard
requirement

This committee acts as Grievance
Committee (see detail in the article
below (3)Grievance Mechanism)

Provincial Governor (Chair)

Provincial Energy and Mine Department
Provincial Natural Resource and
Environmental Department

All Concerned districts - Natural Resource and
Environmental Division

All concerned village authorities

Environmental Office (EO)

Overall responsible for all of the
Environmental and social matters in
EDL Development Projects.

Report to MONRE on the Project
implementation of

Supervise all the works of the NN1
Environmental and Social Management
Unit.

EO (EDL)

Environmental and Social Unit

Plan and implement all the works
regarding environmental and social
issues at Project Site
Comprised of social team and
environmental team

EdL Project Office (Construction Phase)

Social Team Implement social part of ESMP during EdL Project Office
construction and operation phases
Monitoring or inspection of
compliance of CEMP in all
construction sites
Environmental Team Implement Environmental part of EdL Project Office

ESMP during construction phase
Monitoring or inspection of
compliance of CEMP in all
construction sites

Corporate Social and
Environmental Responsibility
Unit (CSER Unit)

Implement ESMP during operation
phase

Corporate Support Department, EDL-Gen

Environmental Division

Ensure the implement of CEMP in all
construction site

Contractor

*As for the Nam Ngum expansion project, management plan regarding environment and social part were compiled together and entitled as

Environmental and Social Management Plan (ESMP).

Source: JICA Survey Team

(2) ARy

HERRHE T 1%, FREOEM TR EdL 725 EdL-Gen ([ZBE T 2 DITLEV, ESMMP (25 < 513
EdL-Gen WNIZF%E X415 Corporate Social Responsibility Unit (CSR Unit)& NN1 PNIZEEE &b
Environmental Sub-Unit 235 k< Z L1272, Ko T, filEHKED ESMP (B0 % e, €=U
2713 Z @ CSR Unit & Environmental Sub-Unit D% & 72 %, HEHRFIZISIT 5 ESMP FEfil 4% 2 B
1A% OIS IX % Figure 10.1.8 (2783,
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EO
< ' EdL-Gen
O :
PEMC | T
(Project Env. ‘
Manag(?ment Corporate Support Dept.
Committee)

S Corporate Social and Environmental
Responsibility Unit

Source: JICA Survey Team

Figure 10.1.8 Institutional Arrangements in Operation Phase
(3) HLEEH L7 CHil B

LB R B 2122V, Project Environmental Management Committee (PEMC) 73 %
DOFFEBUHEEES L LTHIEET 2, ZESOHKEIZ PEMC LR UTHD, BigH LT
TOFHEXIZD% Tablel0.1.5 1T 2 /w7,

Table 10.1.5: Grievance Redress Procedure

All complaints as grievances relating to any aspect of the project or sub-project should
be properly documented by project officials (Environmental/Social Unit) and addressed
through consultations. If the APs are not satisfied with the decision of the project
authorities within 15 days from the filing of the complaint or when the problems and
issues that cannot be addressed to the satisfaction to affected communities and individual
APs, the complaints can then forwarded to the grievance redress committee (GRC).°

Stepl

If the APs do not receive any responses from the GRC within 20 days of filling the

Step 2 complaint or if the matter is not resolved to the satisfaction of the AP, the representatives
of the APs on behalf of the APs will submit the complaint to the head office of the

project owners and MoNRE.™

If the matter still remains unresolved within 20 days of filling the complaint to the
project owner and MoNRE™ and at the request of the APs, the representatives of Apes
forward the complaint to the Court of Law and follow up with the relevant authorities.
The decision of the Court of Law would be the final.

Source: Technical Guidelines on Compensation and Resettlement of People Affected By Development Projects, WREA
(2011)

ub

O WELHE BT, A LULB LR L UL 2 BB éh507%$iAiﬁw’HvaT LiE S
EREMHEE B SICRIRE B LSL TS, MENE 2 RSN > 53R LU O ST B 4T H LT
T35,

10 G2k IR AR B 37 T MoNRE 72 < Livelihood Restoration Committee THLIR X LTV %

1 Step2 RIKEARNRH L2 Tix MoNRE TiZ72 < Livelihood Restoration Committee Tﬂfj@éﬂéo
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10.1.8 FEFNR

IESA FHIZHB T DFEFKD L 2 —I LOMHFHMD TH 217 > 7o . HAAYIZI Environmental and
Mitigation Plan |Z & % "Environmental permit”, “Explanation to public” 3 J O "ecosystem”(Z->\ T
DOIEH CTOEMLUS O FTH LT &l S 4v7-, T L7z Environmental and Mitigation Plan
% Tablel0.1.6 (T3, LAF, BREEEL LOZOBEAKICE T AR FHTH D,
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5o TNHEBE X, EHAFEE LT40 MW O—5iElEE NN1L OA 7 v— 7 B O R &
LTW5, EBIZ, A7—E—I b E—JICBLEE, RRKMNEBNAET D7D, IR BZ
ETHDH, 40 MW DA 7 v°— 7 & iz 5 195MW D ¥ — 7 SEERICKE - 72 B8, TR O KNAIT 54
T22m=25mPE FHT 2L TREND, ZOEMR EFIZT RO IR HE O Ao %
DHAREMER D D, Lo T ESIAFEICHDH LB, A7 =7 b e — 7 ERICH ) 28N
HRT, BRI, FeRK T80 MW Z— HEAIN S, £ 30 /0 £ 7213 1 BE% IS RSBy % 1Y
MEFRNOHRRKMINGET DL, HIL—NLEEDDLZENRNETH D,

B X 7 A NNL FROFNIFIAZICH LTAH T =7 b E— 7 RE~OBATRF O 235 727K
AL EFIZHOWTHRA LIZEEROREL T LLERD 5, FMERGHRHIZRBW T, Z0BEEROImE
Y EG T ORETT 5, FREREEOREOETIZOVWTHIHE TRFTTR&ETH S, T0D
BR. AHEE XD NEK NNL RIS OF ICRE 2 ED T\ D, BUKEKBIC & & 72 5 KA EF 2%
BT HAC— N —H o EWL AT MNIHOE, B— 7 IR F (C oW T OISR L L CTIGH
DOFREME S BB AN D,

L HiiEl B R IR O i O R IEIC OV TIRRE & LT3 KGR A IESA EIZ B W T EM OB 055
IZOWTOBEBIT-> TS,

JICA F4AE 10-13 Rk 24 410 A
L) W — K SR EFTIRIE R S HE A (Z D 2)



TPATIVE =}

o

%10 7 RETALSEUE

Description

Table 10.1.6: Environmental Management and Mitigation Plan

Environmental Impact

Mitigation Plan

Responsibility

Environmental
Permits

Environmental Compliance Certificate (ECC) was obtained in 2010 and it was
extended in 2012 for anther 2 years. The ECC is valid through the operation
period of the project, however, it will automatically expire and cannot be used if
the project does not start to operate within two years from the date of issuance.
Accordingly, the ECC needs to be extended every two years until the
commencement of the operation provided there is no change on the project’s
design and/or planning.valide

EdI

Explanation to the
Public

Public consultation meeting was held at village level during conducting social
assessment survey from May to June 2009. The public consultation meeting in
district, provincial and central level was organized in July 2009 for
disseminating the result of IESA and the opinions from the meeting was
incorporated into the final IESA report.

EdL

2.1. Anti-pollution measures

Dust increase on earth road during
dry season

-Sprinkle water to control dust
-Minimize travel distance

Contractor

Air quality

Increase of emission

-Regular checking of engine and exhaust of machinery and its recording and
reporting

Contractor

Dust increase during aggregate
collection

-Respiratory protection for worker at site

Contractor

Water quality

Increase of suspended soil, particular

-Regular water sampling and quality analysis at downstream of construction

Environmental

audits

matter and DO site. In case not acceptable level, find reason and trap waste water Team/Engineer
Production of large amount of . . .
. -Dispose of materials to approved area so as not to disturb scenery and not to
Waste demolished concrete and excavated po PP v Contractor
. contaminate water
soil
. .. |Leakage of insulation oil and . Lo . .
Soil contamination . . s -Capture insulation oils in barrel and use oil proof sheet to avoid any leakage |Contractor
machinery oil possibly affects
Not significant since site is apart -Instruction to driver to comply speed limit
Noise and vibration|from villages, but access road is -Check proper material loading and up loading Contractor
affected - Use silencer and muffler for equipment
-Site rehabilitation with topsoil recovery, reshaping, revegetation and
Management of | _. . L P i ping *
X Site remediation with site clan up work Contractor
abandoned sites P .
- Stabilization of water disposal area
2.2 Natural Environment
Subsidence Not expected - -
Odor Not expected - -
Sediment Not expected - -
Protected areas |Not expected - -
Removing downstream rock shelves
Ecosystem have effect on the ecosystem around | - Provision of minimizing the disturbance under water Engineer
the site
Collapse of cut stone and
Topography and Lo . 5 . . .
olo deterioration of mud stone -Prevention with rock support and prompt concrete work in construction Engineer
geology foundation may happen
2.3 Social Environment
Camping of construction workers . I . . i
. . -Provision of proper sanitation with septic facilities
Sanitation health problem and disease may L Contractor
happen -Prohibition of untreated human waste to enter any watercourse
Living and - Source workforce from qualified locals and orient workers on desirable
Livelihood Not expected working relationship with skill enhancement and employ ment program Contractor
(positive)
Removing downstream rock shelves .
- . . . . Environmental
Landscape have effect on the ecosystem around | -Provision of explanation to villagers and tourist for the meaning that the work .
B Team/Engineer
the site
. -Daily monitoring downstream water level including the Nam Lik. Avoid zero
Hydrology / social . . .
. Water level decrease during off-peak |or single 18 MW operation for off-peak hours to keep downstream water level.
and economic X f . . - N .
environment team, depending on Nam Lik flow in | -Precaution to downstream communities for rapid increase/decrease of rever CSER Unit
ublic safet dry season water level with sing board and public consultation. Keep present output
P Y increase rate and conduct gradual opening as possible.
Environmental - -Undertake third party monitoring audits MoNRE

Environmental
Monitoring

-Monitoring by Environmental and Social Unit (Construction Phase) and CSER
Unit (Operation Phase) for compliance of ESMP

Environmental and
Social Unit
(Construction Phase),
CSER Unit (Operation

Phase)

Source: IESA Report of NN1 Hydropower Station Expansion 2009 revised by JICA Survey Team
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p=(1{

HREBHT A IESA FHO—H % 2 S ERETHE S BLEHE (ESMP) IZSOWTOEIES L <ITHHIZ S & M
7o, LHEIICEIT 2 THEBGMIEOTa v 2T AOF=4 Y v ZJREOBMNE L OKER
EOMMIER UAMIMTE TR T S 7z, ESMP (22W Tk, D/D RRIZZ DR R %2 & &I
RELZTALERH D, I 51T, Decree on Environmental Impact Assessment (7 & A¥E)IT
HEINTWAH R, FEMHKE 6 VARTE COLEYMPIZ, ZNETOEEBREZ L LIC
AR OBREEFHEIZ DUV TILEL L 21T\ EIE L7z ESMP % MoNRE (ZHEHY, A& A 72 i duid e
572\, “Environmental and Social Monitoring Plan % Table 10.1.7 27”79, LA F. BREHS
EF=X Y U THBEIRDMEFHETH D,

NS —2 0 2012 4E1F Nam Lik 1/2 (XRZZIC 50MW A1 TR— 2B 2 T-> T\ 5, [
KD Nam Lik Ojis 80m*/s & Nam Ngum $LAEZ O R K E L TWD 573.3m3/ s DAEFHE
653.3m3/s L 72D, ZOWMEITEEN ML & SNDHUE 699 md/s Z FES TWDH, MW THucd &,
Nam Lik1/2 220 O EIFMFE L TE=2 V) 7T 50X HDH, b LEHICEB T, Nam Likl/2
DY — 7 EIZ ATV, DOMBEZEC LZEAICIE. WL o — iR E 50K 5 F 0
Hr/ X — L OFREEEFFERLE L 5T D, T2, YEREITT L) v 7 )IlOHFRTERE L LT
BRI EA YR CE D E2RMHESRMEE LTRBY., T4V v 7O ENEKIEEE TRl 58
AT FIREROKFHICRENTH Z EREREIN TS, LoT, WL JEBEFETIET LY
LINEF LY w7 )il DEFARIZBWTEKBEDMEAEIND LD, T2 v 7 1/2 KIIEERT
DHERFRE A R T 5 Z L RO D,

IKE R NN2 OIERRBAMETR . TR DD 72 VIR EE S 4u, NN1 O T /KA 288 T HRef% 12 NN1
X0 PR~ ENTZ, T2 X Y NNL LY 4km FIICHLE S D Thalat 7 TEFEL T\ 5
ADRRKEIZIHERLDE W) FEDFAE LT, KEREIZLEHERXR—RATA T —XIUEDHMT

DIDWfIZ, FLTLHEFOKEEZE=F I 7T 57D THEIFICEMT S Z % ESMP TEEMN T
TV, ZOX D RFRENFERITE Z 5D %RET 5729, NNLILEESFZEOMHARIZ I W TEH K
BMAEERT D2 L RS T 5, HAKROSGAEOKEREIL, D L bipkio A 0 & Hn
TOFEREEITV, 22ALPORE DB S NS A IHECHITRER B2 B o AKFIHE S
w5 ELEHIT, KEEEZM L, NNLEFKIEB L NN 1 Fiii~DORE %2 R/ NRICIZ 5, 20O
IV TRARIR LB 7o K E ey (B2, PH, DO %§)% on-site THIFL2H45% NN1 TP L. D/D I
W2 R == T FE %, FERBPDIRICDIZ > TKEDOE=4 Y U ZITIEA LTS,

Appendix C-2 IZE =X U > 77 5 —A(R)%. £7- Appendix-3 T 2009 EZHifT A7z KB EHED
R H BT 2 R A BE L7,

13 Article 13, Decree on Environmental Impact Assessment No.112/PM, 2010
1% 1% Chapter 4.2.10 Figure 4.2.10.2 Affected Riverside Users % 2,
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Table 10.1.7 Environmental and Social Monitoring Plan

Description

Mitigation Plan

Environmental Compliance Certificate (ECC) was obtained in
2010 and it was extended in 2012 for anther 2 years. The ECC is
valid through the operation period of the project, however, it

Environmental will automatically expire and cannot be used if the project does Edl B Do
Permits not start to operate within two years fromthe date of issuance.
Accordingly, the ECC needs to be extended every two years
until the commencement of the operation provided there is no
change on the project’s design and/or planning.valide
Public consultation meeting was held at village level during
conducting social assessment survey from May to June 2009.
BExplanation to the [ The public consultation meeting in district, provincial and
Public central level was organized in July 2009 for disseminating the Eillaie] coisEis Daime
result of IESA and the opinions fromthe meeting was
incorporated into the final IESA report.
2.1. Anti-pollution measures
-Sp_nr_\k!e water to .CoerI dust Contractor Contractor Daily
-Minimize travel distance
Air qualit) -Regular checking of engine and exhaust of machinery and its .
qualty 9 . g . 9 v Contractor Engineer Monthly
recording and reporting
-Respiratory protection for worker at site Contractor Engineer Daily
-Regular water sampling and quality analysis at downstream of . .
y gular water sampling qualty 4 " Environmental Environmental
Water quality construction site. In case not acceptable level, find reason and . . Monthly
Team/Engineer Team/Engineer
trap waste water
Waste -Dispose of materials to approved area so as not to disturb Contractor Engineer Weekly
scenery and not to contaminate water
. - -Capture insulation oils in barrel and use oil proof sheet to .
Soil contamination p P Contractor Engineer Weekly
avoid any leakage
-Instruction to driver to comply speed limit
Noise and vibration | -Check proper material loading and uploading Contractor Engineer Weekly
- Use silencer and muffler for equipment
-Site rehabilitation with topsoil recovery, reshaping,
Management of By L . . L
. revegetation and remediation with site clan up work Contractor Engineer At finishing stage
abandoned sites S .
- Stabilization of water disposal area
2.2 Natural Environment
Ecosystem -Provision of minimizing the disturbance under water Engineer Engineer Monthly
Topography and -Prevenrlfm with rock support and prompt concrete work in Engineer Environmental Team Before )
geology construction construction
2.3 Social Environment
-Provision of proper sanitation with septic facilities
Sanitation -Prohibition of untreated human waste to enter any Contractor Engineer Weekly
watercourse
- Source workforce from qualified locals and orient workers on Work
Living and Livelihood |desirable working relationship with skill enhancement and Contractor Engineer or
commencement

employment program (positive)

Landscape

-Provision of explanation to villagers and tourist for the
meaning that the work

Environmental
Team/Engineer

Environmental Team

At finishing stage

Hydrology / social and
economic environment
public safety

-Daily monitoring downstreamwater level including the Nam
Lik. Avoid zero or single 18 MW operation for off-peak hours to
keep downstream water level.

-Precaution to downstream communities for rapid
increase/decrease of river water level with sign board and
public consultation. Keep present output increase rate and
conduct gradual opening as possible.

CSER Unit

Daily

Water quality

-Regular water sampling and quality analysis at entry point of
the NN1 reservoir and at the NN1 Damsite. In case the quality
is not acceptable level at the entry point, find reason and inform
to the upstream water users.

CSER Unit

Monthly

4. Monitoring and Audit

Environmental audits

Undertake third party monitoring audits

MoNRE

A year after
construction

Environmental
Monitoring

Monitoring by EMMU for compliance of ESMP

Environmental and
Social Unit
(Construction
Phase),CSER Unit
(Operation Phase)

MoNRE, PEMC

Quarterly

Source: Based on IESA Report of NN1 Hydropower Station Expansion 2009 revised by JICA Survey Team
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BIEEMICERALBERHICOWTIT, Eiah ESMP IcESXxRBE LB L, &RoBiEs
ME . D/D WE, LEHERRB IOMEHREOME % 24 Table 10.1.8, Table 10.1.9, Table

10.1.10 B L Table 10.1.11 127”77,

Table 10.1.8 Overall Cost Regarding Environmental Management

Description
Detailed Design
Environmental Specialist (International)
Hydrologist
Environmental Monitoring *
Miscellaneous expenses
Sub- Total
Construction
Environmental Specialist (International)
Environmental Specialist (Local)
EMU Monitoring
Miscellaneous expenses
Sub- Total
Operation
Environmental Specialist
Hydrologist
EMU Monitoring
Environmental audit cost
Miscellaneous expenses
Sub- Total

Unit price

32,146
3,764

32,146
3,764
LS

3,764
3,764

5,000

Qty

Lump sum

18

3
2
LS
1
LS

Unit

P/M
P/M
LS

P/M
P/M
LS

Amount

32,146
7528
23,600
26,000
89,274

96,437
67,754
13,080
104,400
281,671

11,292
7,528
2,460
5,000

32,400

58,681

Contingency 10%
Grand Total

42,962

| 72587

*Including water quality monitoring equipment

Table 10.1.9 Cost Regarding Environmental Management in Detailed Design Phase

Administration
Description Unit price Qty
Administration* 20000
Reporting 500
Car rental for Expert 2,500
Total
*Including setting up Environmental Team and Social Team
Environmental Monitoring
Description Unit price Qty
Maintienance 200
Menta 2 Water Quality Monitoring Equipment 10000
Lab test 100
Water Quality Monitoring 300

Training

N

Unit

LS

Unit

6 M/D
1 set
6
6

LS

Amount
20000
1000
5,000
26,000.00

Amount
1200
10000
600
1,800
10,000

Total 23,600.00

*Car rental and per diem for provincial and district representative
** Collecting baseline data

***Training on water quality monitoring for 2 days, one trainer and 10 trainees

JICA F4AE 10-17
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Table 10.1.10 Cost Regarding Environmental Management in Construction Phase

Description
Lab Test
Sampling bottle and contianer
Administration
Miantenance
Car Rental for Expert

Administration

Unit price
100
150
1,000
200
2,500

Qty

18
54
18
18

Unit

Amont
1800
8100
18,000
3,600
45,000

---

Environmental/Social Team (EDL)

Description
Field Work*
Driver
Vehicle, petrol, other
Reporting

Unit price

Qy
90

35
150
500

36
36
36
36

Unit

ot | | | | 27.00000]

*2 staff (Environmental Team and Social Team)

Description

EMU central, province and district*

EMU province and district**
Driver

Vehicle, petrol, other
Reporting

Total

**These two representatives will work closely with Environmental Team

EMU (MoNRE)

Unit Price
135
90
35
150

Qty

12
36
12
12

Unit

Amont
3240
1260
5,400
18,000

Amont
1620
3240
420
1800
6000

---

*Quarterly monitoring 3 persons from MoNRE at district, province and central level

Table 10.1.11 Cost Regarding Environmental Management in Operation Phase

EDL-Gen/Corporate Social Responsibility Unit

Description
Lab test
Field Work
Diver
Maintenance
Vehicle, petrol, other
Reporting
Car Rental for Expert
Administration
Total

*2 staff (Environmental and Social Team)
**Maintenance of Water Quality Equipment

Unit price Qty Unit Amont

100 12 1200

90 12 1080

35 12 420

200 12 2400

150 12 1800

500 12 6000

2500 3 7500

1000 12000
___

JICA F4AE

YARY

K1 FE FEATHE IR S M A A (T O 2)

10-18

Rk 24 410 A



T7AFIE =] 10 % RESRE

EMU MoNRE
Description Unit price Qty Unit Amont
EMU central, province and district* 135 3 405
Driver 35 3 105
Vehicle, petrol, other 150 3 450
Reporting 3 1500

0.3 150
o || | | 246000

*Comprised of monitoring after construction, external auditing and after 1 year project’s operation

10.1.11 1 SFEFEMA 7Y 2 —)v

IESA EOFEFEEA 7 ¥V a—/MZHOZTHHEHITILLTO LE 0, “Hydrogy data collection and
analysis”$ J. O™ Warning sing and system study” D 32 i #i ] 2 DID KD 2 /5 ¥ 2 — L& TR A
. FEIEMLFEROIIHBEND 2HEFEO2 WABETEL, URIOFEETTELZ 9 VA
DD 6 B AN LTz, FETREABICHES R TCWD, [HEMHRE 6 7 ARilE ClcFEHIC
&% ESMP D FLE LI K OLGET L7z ESMP D7KEE %455 72D MONRE ~DHH | 2457200
TEERIM 2 S50 4 FRICEM L., AR 2 EMNZKEREZ BN LT, Z0
T EITHEHBIR AR L CITo b0 &35, T LIeFEELMA S ¥ 2 —/L% Table 10.1.12 |Z7R
R

Table 10.1.12 Implementation Schedule

Description Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

TI3|5 |7 9111|357 (9f11y1 |3 5|7 (9f11j1|3|5|7(9f11j1(3|5|7]|9|6fj7|8]9]|10]11

=

Detialed Design Stage

Hydrology data collection and analysis

Warning sign and sy stem study

EM MP revise according to detailled design

Revise and update EMMP C]

N

Construction Stage

Education of construction workers | —

Environmental and social monitoring *

w

Operation Stage

Hydrology data acquisition

Downstream hydrology monitoring

Water quality monitoring

*|t includes all activities addressed in ESMP
Source: JICA Survey Team

10.1L.12 fE RS

2009 4EICEfE SN MBS AR AE D B L LT, NN1 JLEFE0 BB L O
IZONWTDOFER, EFEIZOWVTOERSCEEEEKEN O OB R 2R T 2%, fk L~
VB X OER, Jo BIGRZ & e RBUFFERE L ~L TOABER N FEhE S, & ORI IESE
FICRKME S T2, KLUV TOREES OIS ISV T lid Appendix C-4-1 12, % 7= J S B ik
B L~V TCORARES D F ik E L OSMNF 220 Tl Appendix C-4-2 [Z7R7 77,

JICA F4AE 10-19 Rk 24 410 A
L) W — K SR EFTIRIE R S HE A (Z D 2)



T7AFIE =] 10 % RESRE

FERZZMERS MO LEFEH L LR, LHEFWMITE TICA —EARS 2 E /T2 2 & 2R
1%, TOEDRIEBUTONFIZOWTORABKLETH D,

- THEARDOIR S
- F2HIO NN1 T3 B KN ZEEZ DUV T OFEMIE R
- AT =TS Y7 BEEBICB T D R KN AN BT D IE ARt & s

10.2 fEEREE

10.2.1 ffEfadt

it AR X OFNEIZ- DUV Tk Decree on the Compensation and Resettlement of the Development
Project (Oct 2005)IZHHE SN TW 5D, ZOAE T [FEFITFEICL > TRbNZIEESE D+
MR MR KOV E (s, WY, KRB L OEEEFE) I[ZOWTUIZDTTH L<IE—H
O BEASE M THIE L2 T b2y, | ERESN TV D, & 6ICHMEfGE L OHiIE
DFNEIZSW ik, [Technical Guidelines on Compensation and Resettlement in Development Project
(2011 MoNRE) ] IZFHMICEIE STV 5,

10.2.2 P 2 2 i

AR L7z L B0 B HEEICB T 2 FEMARICHR T 2 2 AOREL, NNLIKRICHE S 5% E
T DEGR /N2 — 2 D L K OEINTER T2, F 257 LM F i 317 2 RN B)iE O ¥
KRThH D, FriZ, T OKMEBEOHEKIZ LV K TRALA 0.4m 225 0.5m iE E EFT 5 & G
b Hiv, ZAUC K DT D RFEEOAEEN (NHEE) ~ORENREEIND, T OKME
WA X DB A NS 726, PB4 21 FHicB W T S B A 2 0 L7z, B & EY iR oM
F% Table 10.2.1 (2”7, #EF ONLEIL Appendix C-5 (2, BV & OEMZEIZSW T
Appendix C-6-1 (village level)3s O C-6-2 (households)iZ - ~d, F7z, Bl & HY AR Rz >V T
Appendix C-7-1 ~C-7-5 2 nEhit#i L7,

PR - PR A 1T DR R SR IE 5,076 HEHF . RIS A A TV S HERIE 845 it T
ol PB4 21 #0 9 B Sensavang . Muangkao £F, Thaphoxay #13 & UF Thin-Nyoung #¥
R T RTOR THREREZ=MTHLI TV D, FriZ Dongkouat £ 36 X U Hatxai #1236\ Tid, £
A O 80%:3s L O 79.8% 0N [ FH 35 % A T b,

FRE Y - BRI &0, ED D — H OKRMNE# T LOFEH Z & OKRMEE AR L T, FF
FEE=#o FOETOMO A &9, @E. 20 HHICIIEMN T 21Th 70, B2 o k2 H
B, o) B FEZE A5 E o BB RE T 0.5m, x5 T 20m 23 ER ST,

TR =D P A ME - T R B 1 I T B IR B L. A HE A LR k) 13t &
7N, T2 LI EREEHORAIZOW TR, R8T X CoORICBW T, FREEOEE Lo

B aREEML . 2 TN D EFEL ) F ToME A ST,

® 3T~ CEICRBET S, EHOFMICOWTIIARK TH VEERRETH S, O HHFIAEC ST
THIF M (R L < IEBARHIC AT S 5 — Wi 7 T HIFIFAE) & LT a R (A THF M) o 2
N5,
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EOMERNIE N DR D ELB| 28 —#%H)Td 5 73, Bounphao AW TIIA RSN EG | 2 F L CTu
60

INHHEEY REORSR, Y% FEICLIMESNDBUEOKAI LY 0.5m O _EFILfEE I O
HPEANTH D5, WEREONE~OEEI TR IRV EHBT S, LoT, b LI
FERBIRITHEA LR, LLARRS, KMIEZENC X 5B EERICITFEOMA NS
TOL LMHBA LR, 205, KMIBLXOREOET=42 1 > 7139 < 2< L ARG SN
TR OFEORINCMITE T RETH D, £72. NNLIFKMEENZ LD EEIZOWTORERIC
IR T 2RO MHET D2 EBBETHD, Y

Vg A H G E R 35T B TR FAGTEA(2012 4 8 ) 12, NN1 T > Dongkouat #PNIZALE 4% H4E 24 5
ZIZIEAZDNHIZHASN TV D BIZ DX, 20580 ORI, JEIRICEE 5 KL LR AR 8 % RIZ T et e
WS T2, DID b LIFLHERIZENT, HHRICKIT2E=4 Y 7 OEARER L L TEMT 2212, DID
b LIFTHEFIZENTIORY OEEBLHET DLEND D,
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Table 10.2-1: Households Practicing Riverbank Garden, Buffer Zone and Ownership

No. of |Total Area
Total No. of|Households of Buffer Ownership of
No. Village District Household| Practicing |Riverbank | Zone . p
. Riverbank Garden
S Riverbank | Garden (m)
Gardening (ha)
1| Thinkeo Keoudom 218 1 0.18 2|Customay use
2| Sengsavang 313 0 0 0 -
3|Thalat 207 30 N/A N/A|Customary use
4| Thatxan 165 50 N/A 05 Qustomary use., tax not
imposed on using
5| Hatkhoun Viengkham 64 25 25 05 Fustomary use., tax not
imposed on using
6l Nanin 122 30 N/A 05 Fustomary usg, tax not
imposed on using
7|Veunsan 282 58 3 1|Customary use
8| Muaungkao 201 0 0 0[No river bank activities
9| Thaphoxai 104 0 0 0|No river bank activities
10]|Pakkagnoung 530 50 N/A 0.5 .Customary Use, tax not
imposed on using
11|Pakcheng 150 3 N/A 1|Customary use
12|Donkouat 185 148 N/A 2|Customary use
13| Thin-Nyoung 310 0 0 0[No river bank activities
131 Customary use, most area
14|Viengkham 3 5 0.5]belong to HHs of Keun-
Neua
Thoulakhom 342 Customary use, land
15|Keun-Nua 25 N/A 1|beloneg to Ban
Veingkham
16|Keun-kang 368 35 N/A 05 Customary use, tax
Imposed on use
17| Hatxai 213 170 N/A 1 Customary use, tax
Imposed on use
340 Customary use, Emerged
land is belonged to
District, HHs rent
emerged land from village
18|Boungphao 30 18 5|2uthority with 750
USD/ha (1 USD = 8,000),
right of using river bank
area can be leased and
transferred among
individuals
19|Nakhong 166 12 N/A 4|Customary use
20|Lingxan 297 25 15 20 F:ustomary use', tax
imposed on using
368 Customary use, lease price
21|Cheng 150 N/A 2|among villagers is 75
USD/ha

Total 5076 845 — — —

Source: JICA Survey Team
10.3 fifamd LS

10.3.1 f5 i
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No, FKMEfEOH KB ITES FEROBIMFEOARETHD, Lo T, HaSRFEE
& L TERBES IR ILE TIE R, R THEICR D AFYIRIE, @ OKIIFEEOBRE
AT OO DT RPWEHTE D, £l REHBRE T, KESLHER E~D THEORZE~
RANBRIZZ2 D X OBE LTc, AOREBITEY e THEE M, SRS 21T 20T, [0k TR
ARETH D,

—J7, YEESE TR T 2 HARESEL Uik, 47 L)1 PSRBT D KN AR BhiliE o K
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Table 11.1.1 Performance Indicators

Project Purpose Operational Indicator Effectiveness Indicator
1 | Power generation in peak time Plant factor of Unit 6: Firm power output of NN1:
68.8 % 151 MW
2 | Increase of power generation Annual power generation of | Annual power generation of
Unit 6: NN1:
241 GWh 1,176 GWh

Source: JICA Survey Team
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BHES & 725,

APLEFEZED FIRR X 6.72% CTHRERIMENR H D CRFREDLIZ & » T EOAH LT 570,
WEMLDEIIA 7 787 ay =7 MIERZBITZENARE L7220 ERELTTIAAED
W 5B RE IS LICEBR T A 2 & L7 D,

(3) REMRAADHAEIEINE

F AT BEF—KIPEBTOREEIERKICEY . KPR EINESIREHIRET A (GHG) OHEH
HIRENRPETL D, REEAIELT D) FARERNTORRT 4 —BAHEE, b LUL 20X 1D
KIEBDEZOND, BHEOHE, JICA FETITHABAREE (270 v RO %) £ TikTx
FX—ROMEEE T2, kbEflicb 0z TE 5,

T A AERNDOHET 4 — BTN TIFESIR 43%., mREYEHEE 20.2 tC/T L35 L. CO2
PEHR L LT 0.620 kg-CO2/kWh #1455,

—J5 %A D EGAT 7'V v RIZOWT IEA @ 2009 57— X |[ZHES & i, KIRHT A Ak I1%
EOEGHR, CO2 Ptz kb D LU TFD@y L7225, bmfieREkINTARAIT, £
D CO2 PEHFREIE 0.951 kg-CO2/kWh & 720 ZARENTOHKT 4 —EAEELY K&
5,

Table 11.2.1 GHG Emission Coefficient in Thailand

Electricity Energy Input | Thermal Carbon Fraction Emission
Efficiency Content Factor Coeffcient
GWh ktoe % tC/TJ kg-CO2/kWh
Qil 710 172 355 20.0 0.990 0.744
Gas 104,943 20,497 44.0 15.3 0.995 0.459
Coal 29,596 6,847 37.2 26.8 0.980 0.951

Source: JICA Survey Team
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Table 11.2.2 GHG Emission Estimates

Annual Energy Natural Gas Hydropower
Production (Combined Cycle) (NN1 expansion)
GWhiy g CO2 equiv./ ton CO2 equiv./ g CO2 equiv./ ton CO2 equiv./
kWh year kwWh year
59 951 56,109 0 0
Reduction 56,109

Source: JICA Survey Team
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Table 11.2.3 Average Income and Vulnerable Households

Awerage
No. Village ineome Vulnurable | Vulnurable
Household Households
(USD/capital/ Households %)
1| Thinkeo Village N/A 218 0 0
2|Sengsavang Village 750 313 0 0
3| Thalat Village N/A 207 0 0
4| Thatxan Village 700 165 0 0
5|Hatxaykhoun Village 1200 64 0 0
6|Nanin Village 700 122 1 0.8
7|Veunsan Village 600 282 0 0.0
8|Muangkao Village 850 201 0 0.0
9|Thatphonxai Village 1200 104 4 3.8
10|Pakkagnoung Village 1200 530 5 0.9
11|Pakcheng Village 1100 150 0 0.0
12|Donkouat Village 750 185 5 2.7
13| Thingnyoung Village 800 310 3 1.0
14| Viengkham Village 800 131 2 15
15|Keun-Nua Village 1,876 342 0 0.0
16|Keun-Kang Village 1,400 368 2 0.5
17|Hatxai Village 850 213 30 14.1
18|Boungphao Village 900 340 1 0.3
19|Nakhong Village 760 166 N/A
20|Lingxan Village 800 297 2 0.7
21|Cheng Village 700 368 0 0.0

Source: JICA Survey Team

T AT B BT (FRCAFEI T A & Shz M%) 13 Hatxai 712 BR& | 3 _CoFT
EPZBOBARNMHE LR ST, BFIICZE L E WD, BEAORL Y (&K
TH) 61%) 2. ZRIHITd 2 HHNTITIBRERY 25BN Q28I L. #5722 ORI O ORI
£ D Hllidt S A~ D@ F IR DI S LD,

BB, TrYx s OIS ~DADRIZ OV TITERITIT TR SR, 2

! Hatxay AT OZ R 7T O HUIE D S BIE L T & 7= Bz #2437 2 & Hatxay FFN O THBICERAA TV D
- ED BN TWVD,
2 7uYe s hOBREAARER D OBADOHHRILE 10 HRETAAE RIS TRI LTV 5,

JICA F4AE 11-4 Rk 24 4 10 A

TA) L5 — K I3 R TR R R VER R A (T O 2)



i}

T7AFIVE =} F12FE fEim i

12

AUEMTEIL, 7 A4 ABIF» S RO EEOH > 7= F L7 LK IFEBHTIEEFEIC OV T,
MHFEOHNROBFE, ME, FEE, FHArva— 0, FEi G- L) ik, s
SEOR, R - MERFEBMAS], RS L O ORES, BAEOMMEREEL LTHEMT D
TODBEICKLERFELITH)> ZEEBWE L, 201247 H X Bth Sz,

2010 FE D LIEVEMEFAZ D 1 | TRIEA E AOMW OILENBEICIREZE SN T\ 5, RUEHEFRAEIC
THAm, RFW BB L ORER ) O BEMRF LR, RFELR LA 7 v ~ofrikEé
HARKETHY, DO T 4 —C TN ThHDHIENHERENT-, TRl mBIOES RS,

12.1 fiim
(1) S fEaEs

U YE (i A BH AR R I Z B U THEIR B 2 40MW 20 5 120MW & L7- 12 ROIEIREMR R 2 s L
oo ZTHHDOFRIT MHRERMMAEZD 1] ORRESHZICL TERO, Bukd - BTz 6 NTAE
FAKBICRHEFTEZMZT-bDOTH D, TNENOIERIC L DM EEEZEE I 5 &g
VAT U SO GET> CLFERELRE LT,

AT OREF, AL (AOMW) NHIRBRZOFT TR O EENRN L WEL R Lz, AL ZI3BE%
FEEITICHE L TA0MW @R ZET 5O T BERORBEFT R L— 0ok 7 — s &%
DEFFHARETHY, LA T T MBExRb I N7 NCREME 2D, LHHEKE - BUKEKEO
FEEIDEWOTKEOKEBEEN NS 20| HEZEBADFHTE 5, BRER CH MO
DA% (60MW~120MW) 2k L TR/ SV, Fifir, fRuF - MBS, BREEO ) HRA KN L
T, AL BERBEIER E L CGEE LTz,

(2) Frok it A E

BEYLRER (AL & AOMW)IZ D & B K HE L — /L 25K | i Hr /K s i v — v &2 V72 FE )
DREEAT > T2, FEIZH T TIFEERT TR OMIREHOMHI 2 7ifE L L7,

B m

2010 > THRsRAE(RAC D 1) T E— 7 KR ORIEH ) OfEfRZfiiR & L, €O L TENE
ERALAZ B L Uik 21T o 7o, AREICRB W TS T A7 LK FEEFT OILED BRI
AIEIFA & 2 0 2z, BTEFH A FRRGEH ) 2 efk LB R b2 ARy L L,

— 5 T MR EERIAAZ 00 1 ) Tid, 2015 0 b E G &N E D FHFEEITS LEFRIICRZ L.
RIEGr % BIMATH D BENH D L TRINTZTZD, TAABNOELE S H Y B Af/Mb
HLHEE LTz, L LARnss 2012 4F0 TEHEEIFama) i, JLE SO BB JEIC X

JICA 74A[H 12-1 Rk 24 4210 A
FOIT W —IK IR EATIRE MW E (20 2)



i}

T7AFIVE =} F12FE fEim i

D 2017 FLIRE 7 A AEOFEMOE G ENE NFEEELY BBV FRoO/NT o 2 THRIVE EDL
N5 EGAT ~OE It &N E DA EE ERISFER E2oT-, - T, BHEAOHNEIIAE
EOHME T 0T, K bmaCIdE DA O/ Mez BB SR LT,

e R L LT, BRI ER AT )& 1,117 GWh 1Z. 40MW OHEETZHIC L V| 1,176 GWh
(59 GWh #ihn & 72 %, THERMEGFIAE D 1 ) 12k~ JEIRAT T 46GWh, $25E# T 49GWh 1
LTWBR, AEIOKRGF CTIXEIRMAEOR/IMEN BB S, FpkhaEH o 8 b
D LTz B2 LD,

(3) FAGKT
BIE SN BB LR R O FEARG 2 FhE LTz, EARGHIMLTE L 25 EARH TIZ OV T FRED &
BUKEL,
HEER 6 i D EAS I K K AL
MERIRMEGHAAZ O 1 ) I LAUX, 1 36 4 (1982-2007) Dt & & kL& 12 40 MW JLBER
D7k HhE H 2 FHE U 72565 5 JEIE% O NNL IR -2 KA T B K 0 3.6 m &V EL. 209.6 m

C2D ZEDPHALTND, ZDOZ END, MR 6 SHROBGHEEREZ R 2 I E R
JKAL% EL.209.6 m & L7z,

W% 6 5D RS HOKAL

F LT LA 0 500 m FREE T o] ) AT R RIS #5545 23 ) AR 7 a1 25E 72 © T A (& T
WY, TOEBENHOKEARMICEREL TN D, ZORFRZIREIT 5 2 &1 &0 HokiE
KA TNY, BAEBNREEAZHMSES Z LN TE 5, FBEEFEENIIFEEZEORF IR E
WCERT D Z b, ThEHEED R —FITNA., BUKEKMREDRHESMEE L=,

6 SHEZ EToKE 6 BT R TEK ) CHEE SN A RO EIL 573.3 mis L h, RERR
AT OFE R FOIFOHOKEEKAIIX EL. 168.2m Th 5D, Z DKL Z ek 6 SHE/K B ER I
KEEKAL & 72 LT,

HEEX 6 SR D ER K E

FEEER T O KSR R KEHITIER 6 5D E 1.2m Th b, - TTINFRERED 6 SHED
%751 40.2m (=209.6-168.2-1.2) L7205, T Z TIL 40 m ZEIF% 6 SHE DR EHEER 2 (E
KIEFE) L LT,

HEER 6 TR DU A b v 7 Dl B

TR LR FHE RIS &, R 6 SRV A by 7 OFRE 5.5 m IZIRE LT,

HAER 6 S UK O H O

AR 6 i O R Al RE R IR KN IZREAF 5% L R U< EL.196.0m & L., 8% 55 miZ L7z
B OFTEAEZOKEEZFHE L, 5% 6 SHEPUK O H.LME S % EL. 185.25 m |2k 7z,

JICA 74A[H 12-2 Rk 24 4210 A
FOIT W —IK IR EATIRE MW E (20 2)



N
gl
2
EN
o
B
i)

TATIVE =} %1

BKABEION ARy

BEEE 2 NERIRIC N B BolF . 1B O X U —NIC R 6 RO BUK O A — &, FO TR 55
MBEDORX ANy 7 HZET D, BENOE T Zar 7 ) —ET5,

HLERR DT O THLREMRAZ D 1] TIEF v 3 VRO 2 22 LTz, AP
X COFFETE NS OO, R & L CIERFAIRITE LffHRa A FEmTdho ., 2
DAL 2R LISIE Z D) 2 B RBL TE W RDBSERETH > 1o,

TuY s S ORFMEN EOBEIRE 2N 7 o~y FIERICE R L CiEb 2 XY, oA
hEHER LTz, ZUCtEv, 27 U —raEER, ka7 — hin—7—47— F&2RET
HRICEE LT,

DL EPEDOIRET

S BRI ST ZITOVEUKE « X A b w7 Z3RIT 2560 % A (Bl No. 20) OZRZEMEICD
WTRRRT Lo, REFROME, BERE - POk - #ER - THEROWTOMESRETH
S EDOREMITHER SN D Z & PR S iz,

JE e T

MERRFE BT IEY) . BLHZ 70 b NS ERRAR R R ISR D & 4 7 m 7 TRt LTz,

HAT - B

IKETERH 715 409 MW, FREMTEMKH T4 50 MVA, ZJEFR TR AR 16,666 KVA (=48
50,000 kVA) & L7, TREM¥EERAEZO 1] CTHEE L7- Thalat Z2 BT ORFERELY B 2
X, Ra—7EBB LT,

EO BEE ERlice—I A —FE2EEL, A by alERET D, KEEKITR/N
PR THNIEIC® LR, BERRBOK A A by 7'a 7, oka iy bV —27 b— i3 kiER
BEIZBWTHHT A

(4) T L Ehaatm

ARPraRitmoEFELE L, 2012 44F 9 HX—X T, #5673 B /A TH D, THEHMEIT, HEE TLEDO
ELNOIEIRBBET36 » A B4ERM) THY ., EERBIAIL 2018 FWIHTH 5,

(5) B - MBI
APLEFE ORFEOIIL, REANEZRE L TEMLTZ, 2O E., BRFEMNEINESR (EIRR)
1£1631% & 720 BRFWIZT 4 —T TV THD LR ST,

MBI, 7 A AEBERESEMBMERE L CHEE LZ, O EEHNEIINAERFIRR) X
6.72% £ 720 . MBMICHL 7 4 —Y TNV ThD I EDHER SN,

(6) FEEEMiMAHI L ONEES - MERHE FRAATH

EDL 23 A7 NEE—/K I EFTIEIE FE O FHEFZMMET & U Cakat. 583, B2 5, EDL

JICA 74A[H 12-3 Rk 24 4210 A
FOIT W —IK IR EATIRE MW E (20 2)




i}

T7AFIVE =} F12FE fEim i

IZPEBE R O 72 O OANE U2/ & LT, BRI RER L OHMEFR 2 A 9% PMU: Project
Management Unit Z g% 795, [A ¥ CER SN -3 E 7 7 > hME EDL-Gen |24 S 41, EDL-Gen
DR DIERR - MERFEELAH S,

(7) BREEHEAHLE

—HRANZRK I FEBOHTER LT Y | APLEFETIE, ERRREESEBIIELC RN LEEZS

%o R/KMEREOHE KA ITE . FEROBIREOAETH D, Lo T, HERENLE
&L THERBEES MBS IZ S E Tl W, B THRIRD AT LI, @F 0K EEDORE
BB OO DT RPBEN TE D, £lo, REHEMET 7k’i§'?3imi'%f£é:f\0)1$®f/ﬂfmﬁﬂ“%
BRANRIZ72 D KO BLRE LTz, ADRE] J@@Jéﬁi%ﬁﬁ% SERAHERFE B 21T AT, [ElRE S T R
AEETH D,

— 7, PRIRSE TR T 2 AR SE L LTk, T 27 AJITFIIZET B /KA ZENNE OHE K
WD, Zhix, BEFOELENSY = OER L RFRHNIOEMCEL b0 THDL, F7E—7
IRf FH] A5 12 —F{;Wku IBAEL VA L, B FFMHIEBELY AT 5, ZoKRMERL, v
— VEHR AT DDA L LB TH Y | MEIZITHE L 20, WREEZELE — 7 FFEE O
KA A OREZZT D, —FH, A— MO L7 ETIA@ECHEIE, #EL, 47 v — 2 FFfH
W DOIKNL FREDFEEZZ T 5, 72712 L, RILEFHEOHREE TH 5 40 MW D56 Tl KEE
BBLIOGHMTO T U o VBRI, KRAZBME X FIlFE RO CTH 5 Ll S
72

@) 7= hOBHE

Ty AL =2 BOB MG, RABENEORME L, ThEXDIBEREELE L
T AT LK ETORZARELE ) (BEEE 151MW) | FE4E & (A 1,176GWh)
YRS D, HEFEIT 2020 FE 35,

122 #5

T A AFEOEFEL, FH 10% L EORX—ZATEIMLTELY ., Fi2. BB LIOKREOE—72
BENFEOMONEETH D, UKL, TARAENOEHGFE G ENE MG EZ B L
L7ZIPP 7a v =7 "BRFHEROERT THLN, < D70y =y MIFT LT LFFREHTO
X O FEMEZE LT IR Z A L T LT, MFEO Y — 27 BHTFEICKHS TE L&
TR0, eV, T A AERKEROITKMA AT 5T L7 LE—FEHFOE— 7 FERES 2L
BT HZLICKVERNOE - BAHFEICHIST L2 81X, ENENRT oy VOFEFIAT
bV, KFLT LE-FREFICRGE L RN IR 5 & BT 5,

AYLRFRIIAVERR AR O B ST E, MEMA, FFll&itl O THEBATO# Fhis 24
JE L. 2018 “E4) 8D (T HE ARl 4y D FEFEPHARD FIRE CTdo 5, MH UAHRSRTF3E 2 SE Mt B B (S B 3R
2, TRUICHET 2AEZ MR L TR LERH D,

(1) FERIER S B W TIIBIBR OFEMER EHI BT 2 B RICIEV, B2 IBINFHA D5 FIZFED

JICA 74A[H 12-4 Rk 24 4210 A
FOIT W —IK IR EATIRE MW E (20 2)



T7AFIE =] F12FE fEim i

i}

WT, Fe, TAZLE - FEEFTEOBERBEEL, @ THEALKEDOERZIT O L
WD %,

(2)  AIEERLET, BERRS LR RICRERR T 5 2 LI X0 HHLO BUKRE 27T 23l Td 5
B, FTLTLNEFEBFORELMGLRL OO LARDENTIEY | KIREEKIEE
D BRI O8I » THRANHEERRE L 72 5, AFIZE LEFMEEHIFIC B AR DL,
Ll flass & LT, L0 aEcEEHs KO TRtE 2 5RET 2 6 E 1 H 5,

(3)  HuknliE, F— MEMORS S HERRFENES I L OPIKEICR T D e, i Tk,
BER S & OBl —ME, BEMEEZEZ DL MYIRZ U —I>Tnd, L LR
5. BRICSIHRMYT 2 T 22T 556 Ot FHEIMSL SN TV D, W E2%ET 5
SEIIMAERZZE L20NER LT, AT R SERBIT 22T 5 60 & Bk
SND, KEMA TITY U —ReIRT D0, YIRS O E FFHMlax sl OIS 2 E 1 % i
WTHZEET D,

(4)  CHRREEATIIBAA R BT LG TI R SN D 1201, AR 72 & OR8N 723 BEAF
JEE A 36 K OFEEFT DML H AR E & AT T AIREMEDS & 5, FEMEX FHIRFI S iR O FR A
IR ExBRE L RIS OWTOFEMARRE 21TV, ZEFReMET oL BN D 5,

(6) T AETIEERTIL, 2011 FITHE LB UER A LT A7 AH RS ERT K A
DIWABEDFEEEZND, 6V, FEREHE R RN L, FRCREZRITT 2 R ER
FABLR LV KIEICEL 725, BUE, MFIZEEL TOWDERAAL T T ADTHDF
B IR 2R T 72012 h, S%ROREMAA VT T U AFEORENEETHDH, &
52, 6 EHNBIMENTZHEDAAL T F U ZAFHBENZOWT BB L, £ DOEBE 2
BT LHMENRD D,

(6) AFREICKITDUMBREHSTHETIZ. T2V v 7 OHERRE & U YK AR Y /0
RCEDZEEAHESRMEE LTERY, 72U v 7 ORENEKIESL FRIDGEAIZIET
PRI R OKFFICHEENTDH 2 EDNHERINTWD, Lo TARIEREL LT T A7
LIEF LY v 7 )N OEFRAIZB N THEKIRED BRI ND K 5. T LU v 7 U2 KI5
MEFF B Z OS2 Z e Robb, £z, T AU v 7 U2 KIPFEEHOERKE TIE,
RFREIN DD — 7 FEREN T L7 5 1 B — 7 i & & Tl CEA 5 ety &
Do TEWHR/NZ — N KD FIIB(ERS~DEEBENRWNE=F —T 20ERH D, E
=X —OFERIEEEN S 5 LW SN DGAITIE. T AV v 7 W2 KTTOFERESORIE
BErLEHb0ET 5,

JICA 74A[H 12-5 Rk 24 4210 A
FOIT W —IK IR EATIRE MW E (20 2)



T7AFIVE =} FIZE 7wV ) MNEEICY > COREEFH

FI3E vzl NEMICY > TCORESFHE

13.1 FEAHERE

SR B O B IEIZ OV T Table 13.1.1 [2H Y 6D 5,

13.2 e

A E L MTICA O THIERFREOMZER LI Ra P2 NEMTA RT7 A4 ] IZHEoOE
BAANLTRET D,

AAEMHAE CIBE SN RBERE TR, B D T0F 05 ORISRk 22 THEOBE AN SLET
&5, MV PQ: Pre-Qualification {412 Z 4L 6 ORRER A M AIA A, BRERO B HFEAFT ZET D,

JICA IZMEFR MG IC L v i SN A ER T 1 Y= 7 MIx LT 2009 4EI2%4T Sz TRk
BB HEAEAFLEE (EARTEHER) | 2 X—2 & L TENERZMERT S 2 & 290 E =k
Bk L CTRISE L T %, R AFLESE CIERNS&ME L LT, FIDICO 'y >y K7 > 27 MDB
W BEAESNTWD, BEH - SAEHON TR Y A7 AR O MBER L ORiE TH
D, ZOFANTY% T oY =7 ML Y TITE 5,

13.3 AR OBANSHE

KA YDz H 4 @ Lahmeyer International (LI2S i@ EH 7" = 77 A LITHO(Lahmeyer
International Thermal-Hydro Optimization) % Fi\ e /K i 2 et L7, 7 7 A5 —K 138
FTCIEMA R Z B8 L C LITHO 7' 1 7' J A% bR /K EM O B L 217> T& 7, LaLikE
T LITHO 7' a 7T AOMARENES D a v B a— X DAFRICE DR o 7=7=%, LITHO T
LD HEH ORI WVIRIBICH 5

—J7 Electricite de France(EdF)(Z X W {Exk & 7= Br K i i A @b LAV 7 - "PARSIFAL”
(Prévision de I’Actif des Réservoirs par Simulation Face aux ALéas — reservoir revenue forecasting by
simulation with random events)’¥ 7 A Al H 7 > ¥ X— hOEIFE EdL IR TV D
PARSIFAL (2 X 2 I Ku@H FHE O K E L, £ OMENEMER Z &0 B L OGHERHE ARV (2
ﬁ%&k)kw\wmme 2 & D HRH 2 K E L — IR b TR LT, AFE IR
THIEKRE L TR SN TR 6T, BATEROEKRMEICH D Z L3 A L7z,

Pk FH R O E IR R L i 87 Y 7 F U = T O A B & LI EM SR O E AL EN D,

JICA F4AE 13-1 Rk 24 4 10 A
L) W — K SR EFTIRIE R S HE A (Z D 2)



TPATIVE =}

FI3E 7 0V I MEMICE > TORESEIH

Table 13.1.1 Points to Consider for Detailed Design

1 M - HE -

Mt

TROHIE - HERE - =27V — MIEREZ T 5,
1 e
a) FEPITPL R AU T P O MR &K E T b3 Te)
b) TR B2 SRR R O MEREWT I &K T b & Te)
(2) HE
a) AERE(=T ARV 7, BEAKRER, TRARE)
4 I (BL. 20){E 5L T EB 4 |4 7 7
weok i X A1BE T OHEHIEHE T E
BBOKERFEI 0 A2tk (77 7 MRBRE L)
TR R 2 5 O A A R A
b) ELX A(BL20)D =2 U — MEEFHA(2 T R—U 7 SRR
3) =7 VU — MFERAE

a) B TV 2 IR O - SrfkaiRds K OBRECT RE R A
by AN TFAREER A NOYMEEEEEE., EMKE A

AR THBEFEO BASEEZREET 27O OF AR & L CTHEMER &
ONEISHERFE PR O BRBIEBIH B ONE 2 sl LT, BRI CU T2 L B2 —17
%

a) AWEBITIRR UCBREEMGE, KO REE=%1V v 7EEICHlo 7
BELAAT O, e T3EE BRI & PG (CEMP) 2 KT RE 0 IA F
AR 2175, SFEEI b2 —%2179,

b) A7 v —7EOiERIL, &/ TH 40 MW O 1 HiEfizz AW TIT ), i
PEIRIE, MERBGRAE mIZ72 272 DITHR0, 18 MW O 1 HiEEAIX, T4
Uy 7 JIIOWEN 117.1 m3/s L EH DLGEICDORITHI & LTWD, FEER
HTIEAKLT 2T v 7T —FL, ZOFHFOLEL—%EITH,

C)  REANEXEH & OMEBREER B AR RIAE B AR R, T A 7 A — R BT O i &
F L7 BN TR « Wi, ROF 2V v 7 IO &2 fR R R 5,

d T2V v 12 OFEEIRD ' — 712 X 5K ERHORBELZTL, A
FLIRICBWTT A7 Mo —7 LERIICE R 2854, FitOKA -
HORBEZET D720, FLY v 12 FEFIE— 7 RERN 2%
THEIERT D, 2, T2V w7 12 OHERIREATERT S, LAY
v 7 12 ORI OHERFR EIZ T LU » 7 )10 90% {RiERE A 7-9 & 5 ik
MENDIULEND D,

g) A T7E—I b E—7 OEBITBEMIZIT O, KT 80 MW % — H N
S, 2D 30 y~1 BEE%IC, FEBN OH I E2BIN Uk KIS ES
HE9, HiEL—ILEEDD,

f) M. BEE. R UK RREEE. KUK ERTOITW A RIESHTIC
BWT, A7 =706 — 7 R ~OBEBRFO 272K EF(2.0—23
MU DWW THE Lo BE R O E AT O LER S H, BhEWREYET 5
iR+ 5, o, BREEOREOERIZHOWVT, Bat&24T ),

3 i

1) +k

a) & A(Bl 20)D Tt s 2 BT O T DIIREIRET 508, ZOHED
B ADEEERFHER L, LIS U TR R 2 L2 5,

b) tukM: X MBS OIS 2 IREIBRE T D05, F OA ORR DR EE & 5
LM ER RN E LR LA NLET D,

c) BEME 5 SHEMUKEE & FUKEE & OB OEIIREETICTHEP ORI Y &
LCHET Z LT DN, I ST AR B UK EIREI % O K EIZSR LT
TR ENE I DEHEIC L > THER L., LEIDS L TR LA2RT 5,

d FAEERIIRESHTHAED, a7 ) — OIS EFHE L, BE
DFIFE Y I JJREREIS I M AE LN 2 & R T 5,

(2) X

JICA F4AE

13-2 Rk 24 4 10 A

FOIT W — K 13 BRI 2 ER R (Z D 2)




TPATIVE =}

FHI3T 7 ny MM Y > CORESRIE

EBRRIEOFEMEZ BT, TRORICEET S,

a) KHL, FEHOHEE
%ﬁ®3\45%%m%%%%ﬁ%%%mﬁiﬁﬂ~ﬁiﬁTé%%%L
72> TRV, 6 SHEOKE, HEMD T OREEEICTRE L 20t
ASSYAIAN

b) TEAEIELROER XU
6 SO EEAR LI O THA LSS (FME) st bl ), 3,
4, 5 5O TEEET L &R UHE, #EEIC LTI b,

—J. 11 kV Fa—E 7L L FEgREe @ﬁgnkvlﬁi BEAF D FE
BT D EIRERR (SPB) 8T 54, SPB OREHIBWTHEE
FOTRE T L B AlRE L 72D K 5 TRA/METH D,

C) 65KV E— bR O
6 SHED Y E— NHIEEEIX, BEFHIBEEANO 5 S EE OB E
éo%®tWﬁEWJ%~b%ﬁﬂi5EWﬁ@F&HL%Lkﬁé_

ERFEREINTND
d) 6 SIS~ EP%/’:‘ 54 FT(National Load Dispatch Center)f o5 — %
fri%

MLiﬁf HR R ARSI TP TH Y, 6 SHEOKIREME L ZE
25, BB O T — X EENEREIND, ZOT — A REV AT LDR
FHZ DTz > TiE, T—XEXRER, BT, 5671 haLZe & C EdL
EB IR AN L NEND D,

e) —7 AL — b
6 SHEH OHIE S AT 2 L TN BRI 2T 5720, IROXMEIZT —
TIVDOARNBMLETH D,

- =T 6 o v— LR ~ 6 B U — Nl (BE
FOHIEEN)
B —T VB IO —T L - 6 28 (KERES ~ BEFIETE
A
W —7 )0 6 SHEEGELEMS ~ 1, 2 SHHERRES EEFEoH
=)

NS D —T D BARN IRV — NIRRT 5,

f) %flﬁM/zlﬁ@ﬁH%kiwle/flﬁE YT BB
BEA70 115 KV ERHRICB WL, FERER O LY 115 kv ERERR
XAoWrHasOBEMNFE I TEY, 260 LHEITIX 3. 4, 5 51 3
BEFRIEIES D2 VLERD D, FEILFFEMIT 47— 7 R
(R, BE, LR, AEH) THAHD, TOHMNTLIENERT D
X TREZMERTIE RS 220,

(3) &R EX A

PRI EHRF O EFIH L LT, SO VW TEL DL ERDEY Th 5,

a Huokp=zAzY—r
- BAREROREICHE LT, A7 V=27 L— LR o7 > J—
i 7 V5 QNS D A3 7K H it oo fast
- FEROAKFHVEEIZ LD A7 U = RRLVOMELRZIEE LT, A7 U —
I DG
b) Hukbs—hk
- BUKO A — MCATHFT B NA N ZL T« 2 TEWE LT E s
- BERR A b v 7 a JEERICEBIT D BEFEORT
c) Hukn - koA hY—r1L—r
- H M) =T L= D —T ) — g
-BUKAA Y B Y =7 L— L DOEER A BR OIS
d) IKIESRE
- kAR, REAREAKE . SREPKE RO E, (RS ORET

JICA F4AE

13-3 SRk 24 /£ 10 H

FOIT W — K 13 BRI 2 ER R (Z D 2)




TPATIVE =}

FI3E 7 0V I MEMICE > TORESEIH

4 BLASIEY) | hok THEEMICHE O BEFEMEM ~ OB EZRET L, ISR EZIRT D,

~D A a)
b)
c)
d)

K DEEAR N S T i TIZ K DIEEN X LDy ) — M RIET

B 6 BHEER DT OEHREINE T2 L A IRENEER O BT R K E
RESRT M 3B

WERR LA ESRATH OBEEE N X LRSI TEOT= D OIGEFE TEN D, BE
BT gr DR X OB AEHIEIZ OV TORE,
AABETEOBRKARAT S M) = L=V EREBINRNT 7 T a—T F—
FNAFT Y FY =7 L= 3 THEPIGRRE S5, T ORBEFORUKA A v
T IRRT T N Fa—T 7 — FOBEERTE e, BRARFO#ETER

YN
DILHR,

Source: JICA Survey Team

JICA F4AE

13-4 SRk 24 /£ 10 H

FOIT W — K 13 BRI 2 ER R (Z D 2)




	表紙
	調査対象位置図
	目 次
	添付
	図
	表

	用 語 表
	第 1 章 序論
	1.1 調査の背景
	1.2 調査の目的
	1.3 調査対象地域
	1.4 相手国関係機関
	1.5 調査団員

	第 2 章 拡張事業を取り巻く状況
	2.1 対象地域の経済・社会状況
	2.2 電力セクターの現状と課題
	2.3 他ドナー及び国際機関の協力実績

	第 3 章 ナムグム第一水力発電所の現状と課題
	3.1 ナムグム第一水力発電所の運転・維持管理状況
	3.1.1 運転
	3.1.2 維持管理

	3.2 ナムグム第一発電所周辺の送電線の現状
	3.2.1 送電網の現状
	3.2.2 ビエンチャン首都圏の電力輸出入の現状

	3.3 ナムグム第一水力発電所の課題と拡張事業の位置づけ

	第4章 最適拡張計画の検討
	4.1 最適案選定方針
	4.2 最適拡張計画の選定
	4.2.1 地形
	4.2.2 地質
	4.2.3 水路構造物
	4.2.4 発電所
	4.2.5 露頭河床掘削
	4.2.6 電気設備
	4.2.7 機械設備
	4.2.8 送電線
	4.2.9 代替案の技術的考察
	4.2.10 環境影響
	4.2.11 概略工事費
	4.2.12 貯水池運用と発生電力量
	4.2.13 経済財務分析
	4.2.14 最適案選定


	第5章 ナムグム水系およびナムグム第一水力発電所の運用
	5.1 ナムグム水系の運用
	5.1.1 ナムグム第一水力発電所上流のナムグム川の開発
	5.1.2 上流開発によるナムグム第一貯水池への流況の変化
	5.1.3 他ドナーによる水系運用計画

	5.2 ナムグム第一水力発電所の拡張後の運用計画
	5.2.1 ナムグム第一水力発電所貯水池運用実績
	5.2.2 過去5 年間の貯水池運用
	5.2.3 ナムグム第一水力発電所貯水池運用計画
	5.2.4 ナムグム第一水力発電所貯水池運用計画の見直し


	第6章 最適拡張計画の基本設計
	6.1 貯水池および水路系基本仕様
	6.1.1 増設6 号機の定格貯水池水位
	6.1.2 増設6 号機の定格放水庭水位
	6.1.3 増設6 号機の定格落差

	6.2 取水口
	6.2.1 取水口
	6.2.1.1 取水口形式
	6.2.1.2 取水口ゲート位置
	6.2.1.3 取水口中心標高

	6.2.2 堤体穴あけ
	6.2.2.1 堤体穴あけ工法の実績
	6.2.2.2 NAM NGUM ダムにおける堤体穴あけ工法

	6.2.3 仮締切
	6.2.3.1 バルクヘッド型締切
	6.2.3.2 貯水位制約の効果
	6.2.3.3 スクリーンの設置
	6.2.3.4 取水口工事の全体手順

	6.2.4 ダム安定性の検討
	6.2.4.1 検討条件
	6.2.4.2 安定性の照査
	6.2.4.3 検討結果


	6.3 ペンストック
	6.4 発電所及び放水路
	6.4.1 発電所のレイアウト
	6.4.2 発電所建屋の安定
	6.4.3 放水路レイアウト

	6.5 電気設備
	6.5.1 水車
	6.5.2 発電機
	6.5.3 主要変圧器
	6.5.4 115 KV 屋外開閉所設備
	6.5.5 所内電源設備
	6.5.6 直流電源設備
	6.5.7 制御･保護リレー盤

	6.6 機械設備
	6.6.1 取水設備の配置
	6.6.2 取水口スクリーン
	6.6.3 取水口ストップログ
	6.6.4 取水口ゲート
	6.6.5 水圧鉄管路
	6.6.6 放水口ストップログおよびガントリークレーン


	第7章 実施計画及び事業費積算
	7.1. 事業概要
	7.2. 拡張事業実施体制
	7.3. 施工計画と工事工程
	7.4. 事業費積算

	第8章 経済財務分析
	8.1 経済分析
	8.1.1 分析方法
	8.1.2 前提条件
	8.1.3 プロジェクトの経済費用の算定
	8.1.4 経済便益
	8.1.5 EIRR の算定
	8.1.6 感度分析

	8.2 財務分析
	8.2.1 評価方法
	8.2.2 財務費用
	8.2.3 財務便益の算定
	8.2.4 加重平均資本コストの算定 (WACC)
	8.2.5 FIRR の算定
	8.2.6 感度分析

	8.3 タイとの電力輸出入に及ぼす効果

	第 9 章 事業実施体制および運転・維持管理体制
	9.1 事業実施体制
	9.2 運転・維持管理体制

	第10章 環境社会配慮
	10.1 ナムグム１水力発電所拡張準備調査(フェーズ1)に係る内容更新
	10.1.1 法的枠組み
	10.1.2 当該プロジェクトに係る環境手続き
	10.1.3 環境社会配慮に係る関連諸機関
	10.1.4 披影響域内の自然および社会環境状況
	10.1.5 スコーピング
	10.1.6 代替案の検討
	10.1.7 環境管理における関係組織の役割
	10.1.8 緩和策
	10.1.9 環境社会モニタリング計画
	10.1.10 環境管理費
	10.1.11 1 事業実施スケジュール
	10.1.12 住民参加

	10.2 社会配慮
	10.2.1 補償指針
	10.2.2 披影響資産

	10.3 結論および提言
	10.3.1 結論
	10.3.2 提言


	第11章 プロジェクトの効果
	11.1 プロジェクト目標と運用・効果指標
	11.2 間接的な効果

	第12章 結論と提言
	12.1 結論
	12.2 提言

	第13章 プロジェクト実施に当っての留意事項
	13.1 詳細設計
	13.2 調達
	13.3 今後の技術支援



 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     範囲: 現在のページ
     マスク座標: 横方向, 縦方向オフセット 497.59, 18.63 幅 85.09 高さ 79.42 ポイント
     オリジナル: 左下
      

        
     1
     0
     BL
    
            
                
         Both
         73
         CurrentPage
         82
              

       CurrentAVDoc
          

     497.5899 18.6264 85.0927 79.4199 
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.0f
     QI+ 2
     1
      

        
     1
     244
     1
     1
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 現在のページ
     トリム: 同サイズ 11.693 x 8.268 インチ / 297.0 x 210.0 mm
     シフト: 無し
     ノーマライズ（オプション）: 'オリジナル'
      

        
     32
            
       D:20121031011414
       841.8898
       a4
       Blank
       595.2756
          

     Wide
     1
     0
     No
     405
     336
     None
     Right
     11.3386
     0.0000
            
                
         Both
         73
         CurrentPage
         82
              

       CurrentAVDoc
          

     Uniform
     595.2756
     Left
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.0f
     QI+ 2
     1
      

        
     76
     122
     76
     1
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     範囲: 現在のページ
     トリム: 同サイズ 16.535 x 11.693 インチ / 420.0 x 297.0 mm
     シフト: 無し
     ノーマライズ（オプション）: 'オリジナル'
      

        
     32
            
       D:20121031011414
       1190.5512
       a3
       Blank
       841.8898
          

     Wide
     1
     0
     No
     405
     336
    
     None
     Right
     11.3386
     0.0000
            
                
         Both
         73
         CurrentPage
         82
              

       CurrentAVDoc
          

     Uniform
     595.2756
     Left
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.0f
     QI+ 2
     1
      

        
     76
     122
     76
     1
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   AddMaskingTape
        
     範囲: 現在のページ
     マスク座標: 横方向, 縦方向オフセット 497.59, 18.63 幅 85.09 高さ 79.42 ポイント
     オリジナル: 左下
      

        
     1
     0
     BL
    
            
                
         Both
         73
         CurrentPage
         82
              

       CurrentAVDoc
          

     497.5899 18.6264 85.0927 79.4199 
      

        
     QITE_QuiteImposingPlus2
     QI+ 2.0f
     QI+ 2
     1
      

        
     1
     244
     1
     1
      

   1
  

 HistoryList_V1
 qi2base





