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Figure 8.1.1 Flow Chart for Selection of Optimum Plan
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Table 8.2.1 NN1 Expansion Alternative Plans for Initial Screening
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Table 8.2.2 Assessment Criteria in Initial Screening
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Table 8.2.3 Engineering Assessment in Initial Screening of Alternative Plans
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Table 8.3.1 Alternative Plans for Final Comparison

SR, VAT YR B AL 1%
Al-A2 Al 40 MW x 1 unit
A2 60 MW x 1 unit
Ad A4d-1 40 MW x 1 unit YAy N i
A4-2 60 MW x 1 unit
A43 | 40 MW x 1 unit EVROKES oo
Y e Ad-4 60 MW x 1 unit
B2 B2-1 40 MW X 2 units Bk b & oK B3 4%
=80 MW EREEICER T B,
B2-2 60 MW X 2 units
=120 MW
D2 D2-1 40 MW x 1 unit
D2-2 60 MW x 1 unit
D2-3 40 MW X 2 units
=80 MW
D2-4 60 MW X 2 units
=120 MW
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Table 8.3.2 Principal Features of Intake

tems Ui)i(tiggn?S Additiona Unit Capacity
4A0MW 4A0MW 60MW 8OMW 120MW
Penstock diameter 6.0m 6.0m 7.4m 85m 10.5m
Penstock center level | EL.186.0m | EL.186.0m | EL.184.6m | EL.183.25m | EL. 180.25m
Max. discharge 118 m¥/s 118 m¥/s 177 m¥/s 236 m¥/s 354 m¥s
Prepared by JICA Survey Team
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(4) G

AZBIOB ZOEMEABTOMFEEI Y & LTiE, BITHEANSEH V. i LONLEROES Th
5 angEH A 7 (squaretype) R 5,

RREE D NZEi%, BUKAOEH THEOIEEAR—A L LT, 40 MW £ TiE 12mx4m, 60 MW %
TiX 1BmXdm & L7, £ 0 LR ORGFY D #EERO R e L TREa 7 Y — M aRET 5,
BIEa 7 ) — NI, LHE%E 7T trashrack & stoplog 7 3 FF9 5, A BB LB ZOEKHY) Y
DOMENGFE T % Table8.3.3 12, squaretype DAf&X % Figure 8.3.1 127~
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Table 8.3.3 Principal Features of Steel Enclosure
40MW Unit 60MW Unit

Items Dam Block | Dam Block | Dam Block | Dam Block
No. 11 No. 20 No. 11 No. 20

Type Square type Square type
Width 12m 13m

Inside dimensions Length 4m 4m

Height 32m 32.7m

Weight of steel enclosure 820t 870t 930t 980t

Volume of pedestal concrete 1,050m® | 1,300m*® | 1,250m°® | 1,630m°
Prepared by JICA Survey Team

Stedl beam

Tension wire

|
|
s
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Figure 8.3.1 Concept of Steel Enclosure (Square Type)

Dam concrete
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Table 8.3.4 Principal Features of Piercing Dam

40MW Unit 60MW Unit
Items Dam Block | Dam Block | Dam Block | Dam Block
No. 11 No. 20 No. 11 No. 20
Penstock diameter 6.0m 74m
Piecing diameter 7.2m 8.6m
Piecing length 21.8m 22.8m
Intake center elevation EL. 186.0m EL. 184.6 m

Prepared by JICA Survey Team
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H LN TEMER KOS OJE B L TR 21T - 72 81X No.1l 7' e » 7 3 K OV No.20
Tmy e Ll fiiEE UCIHEE, §fkE, BKE, JBIE, #iE, BENEBE LI, £z,
IR LAY W (I B A B R A B B8 L 72 ARRED) Y 58T 13 Table 8.3.3, /XBA T 75 T 1T Table
834" TIHY THDH, MatxtRET 25X ADREEIX Figure8.32 12 /R Y TH Y | Bk, T.5
il LOMEAI. & Lic, Miatxige & 3 5 mEeiRAg 1L, Usual, Unusual (BE7KIRE, HIGEIF k=0.061) |
Extreme (HUEERF k=0.215) 7 —R & Lz, #WPEMESRIEL. AR A7 A ¥ LOSERGLERE HIC
RIE LT,

Stage A Current Condition StageB  During Construction StageC  After Completion
V_EL215.00 ¥V EL215.00 ¥ E215.00
EL213.00
4.00.
‘; § V_EL186.00 j g V_EL186.00 ZQ
V_EL175.00 ¥ 7500 ¥ _EL175.00
V_EL161.00 i V_EL161.00
V_EL161.00

41.38 41.38
41.38
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Figure 8.3.2 Conditions of Dam to be Analyzed for Stability (Example of No. 20 Block)

FRLONE T, RE, 1EEh S X OB OIS 12OV T, T A A E ) HEEYE (Lao Electric Power
Technical Standards) (Z¥# U CHRAE L7-, 72k, Extreme 514 CiX., USArmy Corps of Engineer M3
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&, RN, BOKEF TR, B ANREACERTR O TR V212 A% Z &, Extreme STl £
RRFRENIZAD Z &,

b) 5Eh

B AW BB 22 AR )N A L 3.0 LU E, kB « MBI CIX 20 0L ETH A Z L, Extreme
RETIE, 13U ETHDHZ &

0 SEEHEDIE T

T O SEREHARFERRIC ) 2SI & B 27000 2 &, Extreme e TIL,
BREARNT L,

FFAIS 100 1.33

L7127 No.o 11 & No. 20 DL EMMRFEHE OFEH 2 Appendix G IR, #5F1E Table 8.3.5
BLU Table836Z/xT 1Y TH D,
Table 8.3.5 Results of Dam Stability Analysis (4A0MW Case)

Case ﬁlgd( Corl;(;)i??ons Stahility check on During construction After completion
Casel1 11 | Usud Overturning resultant withinmiddle /3 | ok | withinmiddle/3 | ok
40MW Sliding safety factor 8.4 ok 8.3 ok

Flood Overturning resultant - withinmiddle /2 | ok
Sliding safety factor - 7.9 ok
Earthquake | Overturning resultant - within base ok
(extreme) Sliding safety factor - 48 ok
Casel2 20 | Usud Overturning resultant withinmiddle /3 | ok | withinmiddle/3 | ok
40MW Sliding safety factor 7.1 ok 7.0 ok
Flood Overturning resultant - withinmiddle /2 | ok
Sliding safety factor - 6.8 ok
Earthquake | Overturning resultant - within base ok
(extreme) Sliding safety factor - 41 ok
Prepared by the JICA Survey Team
Table 8.3.6 Results of Dam Stability Analysis (60MW Case)

Case ﬁlgd( Corl;(;)i??ons Stahility check on During construction After completion
Case 1.3 11 | Usud Overturning resultant withinmiddle /3 | ok | withinmiddle/3 | ok
60MW Sliding safety factor 8.4 ok 8.3 ok

Flood Overturning resultant - withinmiddle /2 | ok

Sliding safety factor - 7.8 ok

Earthquake | Overturning resultant - within base ok

(extreme) Sliding safety factor - 4.9 ok

Casel4 20 | Usud Overturning resultant withinmiddle /3 | ok | withinmiddle/3 | ok
60MW Sliding safety factor 7.0 ok 6.9 ok
Flood Overturning resultant - withinmiddle /2 | ok

Sliding safety factor - 6.8 ok

Earthquake | Overturning resultant - within base ok

(extreme) Sliding safety factor - 41 ok

Prepared by the JICA Survey Team
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Table 8.3.7 Major Features of Powerhouse and Tailrace for Each Alternative Plan

No.

Alternative Plans

Major Features

Al
(40MWx1 unit)

Powerhouse

Tailrace

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

e Noturbineinlet valveisingalled.

*_No additional overhead traveling (OHT) creneisinsialled.

e Tailrace typeisopen channel.
e Theexisting tailrace gate & gantry crane are used.

A2
(60MW X 1 unit)

Powerhouse

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

¢ Noturbineinlet valveisingalled.

o New OHT crane (250 tons) isinstalled.

Tailrace

e Tailrace typeis open channel.
o New tailrace gate (80 tons) & gantry craneisingalled.

A4d-1
(40MW X 1 unit)

Powerhouse

Tailrace

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

e Noturbineinlet valveisingalled.

e NewOHT crane(170tons) isinstalled.

e Tailrace type is short tunne with 6.0 m dia and
approximately 40 m length.

o New tailrace gate (56 tons) & gantry craneisingalled.

A4d-2
(60MW X 1 unit)

Powerhouse

Tailrace

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

¢ Noturbineinlet valveisingalled.

e NewOHT crane(250tons) isinstalled.

e Tailrace type is short tunne with 7.4m diameter and
approximately 40 m length.

o New tailrace gate (80 tons) & gantry craneisingalled.

A4-3
(40MW X 1 unit)

Powerhouse

Tailrace

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

e Noturbineinlet valveisingalled.

e NewOHT crane(170tong) isinstalled.

e Tailrace type is long tunnd with 6.0 m diameter and
approximately 100 m length.

o New tailrace gate (56 tons) & gantry craneisingalled.

A4-4
(60MW x 1 unit)

Powerhouse

Tailrace

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

e Noturbineinlet valveisingalled.

e NewOHT crane(250tons) isinstalled.

e Tailrace type is long tunnd with 7.4 m diameter and
approximately 100 m length.

o New tailrace gate (56 tons) & gantry craneisingalled.

B2-1
(40MW X 2 units=
80MW)

Powerhouse

Tailrace

e Above ground powerhouse is independently constructed at
left bank of approx. 160 m downstream from the exigting
power station.

e Noturbineinlet valveisingalled.

e NewOHT crane(170tons) isinstalled.

e Tailrace typeisopen channel.
o New tailrace gate (56 tons) & gantry craneisingalled.

JCA T A A
PRAVZANNG R BRI b [
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No. Alternative Plans Major Features
e Above ground powerhouse is independently constructed at
left bank of approximately 160 m downstream from the
B2-2 Powerhouse existing power station.
8 (60MW X 2 units= ¢ Noturbineinlet valveisingalled.
120MW) e+ NewOHT crane(250tons) isinstalled.
Tailrace . Tailrac_e type is open channel. o
o New tailrace gate (80 tons) & gantry craneisingalled.
e Above ground powerhouse is independently constructed at
right bank of the existing spillway stilling basin.
o D2-1 Powerhouse | No turbine nlet valve s installed.
(40MW x 1 unit) e+ NewOHT crane(170tons)isinstalled.
Tailrace . Tailracg typeis open channel. o
o New tailrace gate (56 tons) & gantry craneisingalled.
e Above ground powerhouse is independently constructed at
right bank of the existing spillway stilling basin.
0 D2-2 Powerhouse | | N5 turbine nlet valve s ingalled.
(BOMW x 1 unit) e+ NewOHT crane (250tons)isinstalled.
Tailrace . Tailrac_e type is open channel. o
o New tailrace gate (80 tons) & gantry craneisingalled.
e Above ground powerhouse is independently constructed at
right bank of the existing spillway stilling basin.
u | ¢ 4OMV\I/D>§-23 itee Powerhouse | | Naw turbineinlet valve (2 sets) isinstalled.
8OMW) o NewOHT cr ane(170t0n3)|§ installed.
Tailrace . Ta1|racg type is open channel. o
o New tailrace gate (56 tons) & gantry craneisingalled.
e Above ground powerhouse is independently constructed at
right bank of the existing spillway stilling basin.
. (GOMV\?f';um o Powerhouse | | Naw turbineinlet valve (2 sets isinstalled
120MW) * NewOHT cr ane(250t0ns)'§ installed.
Tailrace . TaJIrac_e type is open channel. o
o New tailrace gate (80 tons) & gantry craneisingalled.
Prepared by the JICA Survey Team
R EON, REM7Z2 AL (4OMW), A2 (60MW), Ad-1 (40MW), A4-2 (60MW), A4-3 (4OMW),

B2-1 (80MW), D2-1 (40MW), D2-3 (80MW)

8.3.4
(1) BEfrs

HREBERIC

(i

i
21
e

il
2

sl OBEEE

B B TR

fii O 7|

B L, TOMEREZ L TIIRT,

KH (3. 4. 554%)

B L HAKHEIINE Y 7 v AT, AR TRIE
EIXPASETEERR AR LT 5,

A 5Y ) BN AV NS AV

ZOh - e - B X2 Appendix E-1 (27”77,

K338 TR O BEAF G O BLR & T

EIN TRV, F7o, FOfKE
7k5€®£%1/£1% U T oY) Th o,

1) ERIEA: 37.0m

2) EAIE . 117.1mds

3) EMHITT - 40,000 kw

4) TR 136.4 rpm
JICA 7 A A[H 812 Wk 22 41 H
F LT LB R T A
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5) Kty #—L-L: EL. 161.0m

b) JEM (3. 4. 554%)

Horhk & b FEERKITATIE E O ST A G R B TH D, 3. 4, 5 SHETIT, FEKHES
W52 KB LA N—TXFRT LRSS TH D, Flo. BIEEMITAKER T NOIH KB %
A9 5, FEEEOEZEERIZLTO®EY TH D,

1) EfH 0 50,000 kVA
2) EFEE : 11kV
3) EEWEL . 50Hz
4) TS . 136.4rpm
5 E¥NE: 08
0 FEMHTFELEL (3. 4. 551

3. 4, 5 SO EEAELRIT, 3EOHMEER TR STV 5, HHEITTRIT ONAF (T 7
YWHFER) Th D, KHFALIEZHIMAT U 7o KEZE RO AR AEE S Cn b, £z,
3. 4, 5O ILE T & L CTHBLESR LEPNHE SN TWD, FEAELRO FEEERKITL
T TH D,

1) AR . 50,000 KVA (3 FEASHREF)

2) EMEEL : 115/11kV

3) A . YNdL

4) FfEA =AU A T 8.5 % (3 FAERR)

d FEHRKHZ L—

Kz L—id26H 5, 3, 4, 5 5HEOREKNEL 7 (HE : 165ton) O m LiFIZix, 7 v
— V2B EEM L CHRT S, KA L—COFEREEIILUTOMEY Th D,

1) TEASfnf E

*No.1 7 L—1 100/20 ton
*No.2 7 L—1 80/10 ton
2) EfFL— RN 16.2m
3) HLELRRS
- B EZE 38m
- 522 0.6 m
4) mhr—2I
- TEAE AT 170 ton
- BHE : 9.9ton

e 115kv EAHPART

115kV A BHPAFTIIE R CREFTEREORE EICKE I TWD, BEfFD 5 ﬁmki%éa%ﬂé
THREINLZENITXITZORAHBAN 2B L, &5 5 EI#RO 115 kv EERIC
Ty iz EA GRS TV D, E%%%%&UE%%%¢%®£E$%iM
ToEy Th b,

1) FERMERL :  NERHER TR R

2) H %%‘%fi
« No. 1 DEEERRA = RERR ACSR (#A:L>7 /v L Vi) 240 mm?

JCA T A AH 8-13 YRk 2241 A
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- No. 1 EFEHMALEEIRERR |
« 1+ 2 SRS IE AR

« 345 S ERERR ¢

+ 3+ 4 5 SHALERIREAR

ACSR 240 mm?
HDCC (f##d X v #%) 150 mm?
HDCC 325 mm?
HDCC 200 mm?

3) RE#RAYT
- RS

B, ARt

- TR 9 Me/h51-1H
4) 115kV EHrEs (3 4 - 558H)
- BREA EENX R EES
- EFSE 123 kV
- FEFSEDT 3,150 A
- TEFSHEWTERDT 40 kA
5) 115kV Wrgss (3+ 4+ 5 51 /H)
- BEA Fa) 7
- EFSE 121 kV
- FERE DT 800 A

- TERS L IRE R EE T
6) 115kV Zifizs

- EFEEE 121 kV

- ERSETI 500-250//5/5 A

- TEFSFEIRFRMTEEDT ¢ 26 KA (LFD)

f)  115kV GIS (A #afkBH I %E )

26 kA (4 7))
(3 4-575HH)

115 kV GIS 134T LT A ~ F o)y 7B ARERE BABEBANCERT S22 BH
ELTHREINTZ, D%, ¥ 7 — FEEREFROBINEN 115KV GIS ¢ 1 [RIFRER S
72, 115kV GIS O EHEHIHFILLTDHEY TH D,

1) FERMAERL -
2) [RIHRER

HLREBR + 1F (A1 RE#R

c T LIV 7 RER 1 [al#%
- X T — NEERR 1 [B]fR
< AT N LBABART R 1 [B]fR
- T A7 A LBAPAPRERIRR 1 [A]fR
3) EHEEL : 123 kV
4) EREIT 1250 A

5) ‘AR AR -

2%, 115KV GIS ~ F 47 4 1 RAEFFTRIE 115 kv, 400 mm?, ZEFER U = F L itk
B (CV) r—7 TR SN TW\WD, ZOr—7 )V OEF IR EIT 450 A, K 90 MVA
DENZERTE 5,

25 KA (1)

o) FTE G B

FEEATOFTNE DA IT R B (LB E X 2 5o W) & 115/22kV EE 4% B
ET D 2BOFNEERICEVITONTWD, 202 BDOFTNEEERITH HITH D48 HiElx
ZLTEY, BT 1 A THRENSEOFTNE N ZME L Tnd, KL DO EAR B
LYW DR | ZEGERITEIC SRR EAL TR, #HRFEH~OFNERSE LT
LFIHARETH D,

JCA T A A
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7235, 115/22 KV EJELRIE 22 kV ELEEMR 2 1@ LTL[W) WFEEFZ ~OE G HH - T

DI, 115/22 KV EEgaaBTNEIRE LRI LI=5A1IC

WIRHETHDEWVD,

L. FTNE G DR EBIC 78

—77. Jﬁl’ﬂ%\uxff“’\ﬁﬂaa%ﬁo’Cb\éﬁfﬁrﬁﬂaaﬁ’f T OMWrER A e < | W 2 B

D12 DOYULE S NEEZR I H

1) ~FftaEE

o FTNEA MG O EHFEHIILL T O@EY TH D,

AC380-220V (34 4 #X)

2) TEREJEEEL 50 Hz
3) FTNAERR No. 1 (IR : 1 5 E 7213 2 5D FEEHE)
- ERAR R 1,000 kVA
ERSEEL 11/0.38 kV
4) FTNZEESR  No. 2 (BIR : 22kV il EHR)
- ERSARE 1,000 kVA
TERGEIELL 22/0.38 kV
h) BRI

ERINER TS

2 B OPRER

M L 2 B OFEEEE THR STV %, EREIRRE 2

BDHH, 1HIT L zﬂééiootwﬁmiba_mﬁﬂ% HeED1BEIT3, 4 55HL LT

HHERERR STV DA,
TH D,

FERIRFIZ
—J, 1 ZE%H%ODE{ML@E*ﬂ LT RS S B E B ST B 03,

B CHRETEROEIAMICHIET 5 Z L 23 ATHE
3. 4.5

S O EEERIIITHEN <. BEOBMIIRECSH 5, ERERBRRO EEHE

HIFLLTO#EY) TH D,

1) AFREEEE
2) PRiE & B
- HE
- B
S
%

3) }Eaa,u:
- S
< AT
- BRI
- FE SR

) - PREEY LA

DC110V

2H

il 77 2gh 2
300 AH (10 H#E=R)
53 ®UIEH

2H

AC 380V, 50Hz
DC 60 A
DC114- 122V

1, 2 SO L OMR#E ) L—RIT T X THIEENICRE SN TV D, 1, 2 5HE O
MBI ORE) VI [T L7 LK EFME =7 b (JCA U e EER

f£)] T 2004 FITHE S 4L,

HLAREFIC R 720,

3. 4. 5 SHEDOm— iR L ORE D L—iRIE, B SR L ITIEEM IR L TRk

FONTEELERENICERE STV DIEN, BEY T— M =N
R EFSICRE SN TN D, 2B,

SNTWRN,

1, 2 5Dkl
Z OHIEFENIITBINEEE 15 D AL— R L)

L AT, 5 SHBOHIEERR L OMRE Y L—iIE 2000 £ 7 HIZHHE - deR Sz, 3, 4%

JCA T A A
PRAVZANNG R BRI b [
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Zr ATV BB CHIE OB

1T 1978 FEDEI L FF O F FHEHINTEY | BRELENHENISO L IR ->T& =, £DT=
W, EdL 1% 3. 4 SHEOHEE R X OMEEREIROME LB L T\ D,

—J7, EdL I3 T L7 L5 1 KB OMREM 2 E AR & LT K I ZEEFTH R E AT O
"R ELD 5,

i) 115kV EER

F LT N LK FPFEEINIIA R S EHRD 115KV EEBRNEG SN WD, 2D H B 34|

BUEF 7 L1 RSB Cl_TﬁTﬁﬂ’yTéﬁ/b\ 0 o2 [RRIRENO 115 KV GIS Z#fH LT

Bt &N TW5D, % 115 kV EEROERIT ACSR 240 mm® T, @ FAIRE 90 °C 128

W, 1EIFRYE D 117 MVA OFBEENARETH 5, T A7 L VREFELD 115kV
EERF L TRICHT

Nam Leuk P/S
Naxavthong §/8 Khok Saat $/8 Thanaleng S/8
Bus Conduotor size Bus Conduotor size Bus Conduotor size
Nam Neum 1 P/S AGSR 300mm?2 ACSR 300mm?x2 ACSR 300mm2y2
Switohyard als
1 ASCR 240mm? 60 | 00
- lcct, 55.2km >
ASCR 240mm ASCR 240mm? - Icct, 16.8km
w | XLPE 400mm? (iii) - lcct, 20.6km
z
e} ASCR 240mm? - lcct, 18.0km |
g ASCR 240mm? I
g — 2cct, 61.0km } } Xl >
o, . 0
B 0] ASCR 240mm” - 3cct, 18.0km T 9
- New?2 S/S N
a (i) (viii) S
S 3
S > 3
g % ASCR 240mm? i
3 - =
E z ASCR 240mm’ - 1 cot, 52.0km Zoct, 25.7km 8
P Ead
g (vii) (xii) 5
3 ©
Giv) | (v) > _ASCR 240mm? — lcct, 16.2km E}
5 (vi) (xii)
& Phon Tong $/8
©
= Bus Conduotor size
3 HDCG 400mm?
Thalat S/S PhonSoung S/S Nong Khai $/S (EGAT)
Bus Conduotor size Bus Conduotor size
ACSR 240mmm? ACSR 240mm?
Prepared by JICA Survey Team

Figure 8.3.3 115 kV Transmission Line Connection Diagram for Nam Ngum 1

K) 115KV Thalat Z7EFT

Thalat ZEFTIZ T L7 L5 1 K SIFEFTI B 4.8km OHISIZH D)5, APLIE R D 282
K0 RRAEE~DOEENFR SIS TV,

1) REERFERL : BARBRR 1 B RERR

2) RREREAR
- ERERR ACSR 240 mm?
« 1EEIRERR ACSR 240 mm?

3) [El#REKx
< LM 5 [m]
< EEE 1 [alR
- ERERR - ERI R 1 [m]

JCA T A AH 8-16 Wk 22 41 H
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Jr AT VAR W8 RO HEt

(2) FRIRRTENZ IS D BERRAE O FE
a) KEAZNIEAE
15805 5 5 £ TOKRES SRITEEGDE A I7.0m Tkt shTWD,
BUET L7 D)1 LW SRR T O T L 7 D55 2 K FEEFTN T 5 & & 1 BT ~DHiA
BV SN TR OFERPEARAL ER$ 2 L PRSI TV D, —T5, AILERHEOH

BRI L0 K D OFRENHE 2 720, BOKBBOKAM G FH$ 5, FOfEE, KE
DILHEF 2D FE LML > T D,

KGN OW I AR GHRFICEEMRGT T 228, BIEL 0 b7e< s 10m 25 2
EMRIAEND T2, RYEEFHBOKRBRE L L, BHEMICKEDLEG K Z% 380m &
L CTHRERT LT,
b) KT

BRBREOH NI R ERIRBICB T 2H%0E N E L, B 712 40 MW £7212 60 MW & L
7o HREOKHEH NI EMRDEEZEZ L 409MW E721% 61L.3MW & L7z,

c) KR
EREBREHLKERRIIBEFEOKELFR L7 T 0 v AKEEZHHA LT,

d) ZKEESHE

IREER R ITRACRHA S D L (N) 24RIE L L TRE L,
Ns=N x VPYHn"*

ZZlZ. Ns PR (mKW)
N: KEHEE (rpm)

Pt: KEH T (kW)
Hn: HhE7= (m)

B, AEEZE 40m LT, 7 A0 MW UL EOKBEIZHEE RS 23700 K& ARAD, el
BN 300mkW iz D&, 770V AKEOHRENE LK TT 5720, #EED LR
300 mkW L EWD =, TFHEIZw#EH rTRE/2 /KB E & e E O BIR &2 /R T,

Table 8.3.8 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
111.1 291.6 ©
1154 302.8 X
Existing Units 3 to 5 (for reference)
40000 | 370 | 1364 | 2989 | - | -
Prepared by the JICA Survey Team
IKEHRE D ENNEE < > oA AN S R 0 RRFEVENHE T 72, FodEEAS BRRIELL T The
JCA 7 # A[H 8-17 Tk 224F 1 A
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REZRD KD KREHREEBE LT,

e A0
D3 (40 MW x 2) 335 T D4 (60 MW x 2) ZBR< ZAVERIZIH W TIX, AKEA SR B oK
JESRE T SN DT, BEROKE L FERICANFREAMT D Z LI LT,

— ., VR D3 BLO D4 X 1 ARDOKEEE ZHERKE 2 B CTHHAT 720, KEL S
WAOREZHRETDHZ LIZ L, FOAARITELERL L, TONRIINREZR D3 OFEN
50m. D4 DFAEN 60m & REH -7,

f) FEEHEH

BRBREL L REMO T )R A REMER T 0.8 L% E L. HHEOREMER T %
50 MVA (40 MW) 713 75 MVA (60 MW) & L7-,

g FEMHEX

BRIRE & bR BRI & [F] U AR & O STEh AR R IR i & LTz,

h) SRR ET R L—

FEMH 7] 50 MVA (40 MW) O[alE{-E &% 164 ton, 75 MVA (60 MW) O [aliii {5 & %
246ton & RAEH o7,

1) R AL(HH)) 40MW x 1) TIEEEFORIZ L—2 2 (100ton + 80 ton) % & D
FEMHT DL LT,

2) W% A2(HH 71 60 MW x 1) TIE B ORKEENBEFORIES L— 0O 0 fif
BHAEZDIED, KHE - EEMOTIEN 345 5L 0 E REL 2o TEITL—LD
ANRCBYEND Z LIk 0 BEFEORIEZ L= BRI TE R, ZD, Hizic
250ton 7 L—> 1B %&BMLT,

3) MOMRBREROLE LBEFRAZ L— BRI TE RO T, BIMORAZ L—r %5
WTHZLIC L, FSRBRICBIT IR A7 L—T1HE L, £OMRY mEIT
FEEM AR EEICADE THEMEH T 40 MW O41E 170 ton, 60 MW DA 1T
250ton & L7,

i) FEAEISERRE
FEEERO ER R BT EREKR T IICEDE T B0MVA 721X 75MVA & L7,
) EEAEZOEA

SR O K EEWIT EEAIEMR TH D, Bkl — b ORI St E AL 30ton LLFIC
Mz DT ENEE LA, 115 kV ZMEAEROYE, & 50 MVA T% Ok #H &34
50ton IZH785, Lo T, Mt EELZENT 5720, LTO@Y | BHEEH 2 WIERH
“MEERR L,

1) BEfFD 3. 4, 5 5k (HAELIESRZAE 50 MVA) [ZHAAEZEEA L TR, THE

JCA T A AH 8-18 YRk 2241 A
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Zr ATV BB CHIE OB

RO AESN TS, LisioT, b)) 40MW (ZIER SMVA) THi
HUSDSBEAF ORI BB T 5 (U AL RTRAGL ICBU TR, BEFO 3, 4, 55
B 2 7 < HART AR L7,

2) HitkiH7) 40 MW (ZJEEA R 50 MVA) THEBMEBEFO 3, 4, 5 S0 O
NTNDHECHFEH T 60 MW (EEGAE 75 MVA) OBAIE, ot mfio s sk
MRS IR & CHRIZR BRI =M 28R Lz,

K) BEAF 115kV GIS D%

A4-1 (40 MW x 1), A4-2 (60 MW x 1), B-1 (40 MW x 2), B-2 (60 MW x 2) OEARERZEIZH T
%, BEAF 115kV GIS o V) 7 DA I HI Lt GfipH & 72 5728, 115kV GIS & L7
AT 7 57220, Z ORI BEF 115 KkV 5B & OHERi 4 B E L T BEM 5 150
m BT X LDOREFIEE LTz, i, ZOBRLEHFIZIL, 115kV GIS AIEDORGH DI,
GIS HE O, 115 kV EEMEREE 2 KO/ 2 T8, B LV 115kV GIS & BEfF 115kV
B 115KV B —7 0 2 BIFROEH THEE G,

) HEEEHED 115 kV B ~DHEE 1k

F AT N LKIPEEIT ORI EFEEDRE LIZH Y | Figure8.3.3 IZMRI
WY AF5EFED 115KV EERN R STV 5, BRI ORE., 2 bo 115kV %%
FRIZ R BN TIL 382 MVA, 1 EIFREEERFCH 332 MVA OEJEHIENATRETH D,
BEfE DR BREDAFH 1T 155 MW (190 MVA) Th 5, LI=i3 - T HEERH /7Y 80 MW (100

MVA) LI FOEATE, BEF 115 kV EEHEDFIH CTE 5720, ik SR XBEF R BT O
115kV FEELREH CTHBEMF 115 kV EERICE T 5,

—J7, ¥EEH 175 120 MW (150 MVA) D413, BEFTOGEHE 128 340 MVA L 72~ T
115kV EEMROFRBMAELZBEL TLEI O, izl 1156kV EBREEHR T I L%
B2, 2D ORAEZE L, VB RICE T 25O 115k XEE~0 B 7k
LIF i@ v FHm Lz,

1) % AL (AOMW x 1) 3L TNA2 (60 MW x 1)

BEAED RO T AR SN D REHTERORE L F THE L T, R 5 & BEfE 115
KV BHRZ 8T 5,

2) REEZE A4-1(A0MW x 1) B LD A4-2 (60 MW x 1)
BEfED 115kV 5B 3[R B EEEM S0 B2 2 @iE L T\ A7 ik
SO 115kV BHRLEE 2SR O R FICRET 5 2 LN TE P, e S 0 JE
NS 072 8 AR—=ZA32v, DT, HEEEHEIT ERE 11) HICTERT S
115kV GIS #% i TEEAF D BRI BH AT IC 8559 5,
F7-. WEREHOFELEI L 115kV GIS 1T 116kV BNy — 7NV TERiTHZ &
IZ L, 115kV GIS (2 Z O S & L C 1 RI#ER 3 5,

3) A% B2-1(40 MW x 2)
AR B DB TR ) O BEF O B/ BABART 115 KV BE# & CHRM TR 51—
R OWRNEEETH D720, RER A4l RIS, #RRSHIT ER 11) HHio B
9% 115kV GIS & H CEEF O BB ARTIC R T 5, S 5O AR &

JCA T A AH 8-19 YRk 2241 A
PRPAVANN B I 8 8



Zr ATV BB CHIE OB

FEBHGEH & L C 2 [RIfERE 35,

4) fREEZE D2-1(40MW x 1) F KT D2-2 (60 MW x 1)
R 1% 2 WEAF 0 BRAMHPART 1T it 3~ < | Rk 5 H o0 2R £ 4R & BEAF O =41 BH
PAFTORIC 115 kV ZEZEFEM K 1 It 2 a3 5,
728, BEfF O RAMAFTOA NI 7 £ LEROHER TEX 5 AR—ABH 5
7o, HERFHEH O 115kV BHPAZERE X D AR—RIZEE T 5,

5) % D2-3 (40 MW x 2)
HERRAS Rk 2 WEAF 0 BANBAPART IC e 3~ < | IR SRR T 0 B gn & BEAF DRSS
BAFAFTOMIC 115kV ZEZ2 MK 2 [l 2 k3 5,
7RE. HEERSHEA O 115KV BAPREEEIIRET O RO &2 JR3E L CRLE T 5,

6) X% B2-2(60 MW x2) B LT D2-4 (60 MW x 2)

HER Y 120 MW (150 MVA) 12725 & BEfF 115 kV EEMASBARIZR D & T
HEND T2 T HIEBEAE O BRAHAPART It 2 Z &M TE R, LIz’ - T,
AR AU e A BANBAPAT 2 Jik L, & 25 115k AT E C 115kV 2 [Hl#t
EEREFRT D LT D,

-7 BB IR & L, 115 KV RS ZEE RSB & R U " H R
MRZ e R F AT 5,

—J. BHO Thalat ZEAT (147 L5 1%EFH15H 4.8 km) X Phon Soung 2
AT (&7 55 LREFT G 21 km) (X8 < SRS REE L Bbh b -0, #Hi-
72 115 kV EEMIT Naxaythong Z28EAT (A7 A5 1 BEHNS 61 km) £721X
HinHeup ZFEAT (747 L5 1 REHTNE 54km) F CTHERT S X HHE L7z,

m) BEEERABHEARTO 115kV BERY A X

BEAFRAMVEREAFT O 115 KkV =R IE HDCC 325 mm? Th V) 7 O #F A & i 108 i 2 T
£ 90°C IZHBW\T 875A Th D, FNEZEIZEITH 115kV ERHROFTEERY A X &2 RO
Sl TR LT,

e

1) WEEREWESTTL TN TOREBEIEKE ) THEIEL TV 5,

ji5]
2) REMNTRER A2 S ML T, NamLeuk £ERHHRK 20 MVA OFE MR ESEIHFT
WA LTS,

3) 115kV BEHEREROFERE A MR &R U HDCC (i L v #%) &35,
4)  115kV BEHREROEFZFREE Z 90°C LT 5,
115kV BEREMRA & & prEE Rt 4 A OMEHE R4 Table8.3.9 (2~ 7,

728, BEGFORE S BEIRRFCH 116 kV RERERKENIL 954 A (2L, BEIC 115kV =+
RERBEIR DR B 857TA 2z T\ 5,

AR B2-2(60MW x 2) LT D4(B0MW x2) Tix, x5 2 BEAFD 115kV B ICHE
e DLEIIA VLD, BFRO E R ER ERIEZ MM T 2 7= DI ERHE RO T H N E E
LV, ZORER, 2 TOMRBERICEBWTEEFERABAFT O 115 kv ERMREEREZ B2 5 Z
LT 5,
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Table 8.3.9 Required Conductor Size for 115 kVV 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
D1
A2 190
A4-2 75 +20 285 1,431 HDCC 850
D2 (*1)
BDZ'31 100 310 1,556 HDCC 1,000
BDZf 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) R 5B O P N BB TR R fi

PR H A D IEHR | T 0 B AR Al & S EEPTHY R Sy O iEHAHERR IS L LR EE GG O 7= 9O D FTNE
TEERIEIZ DWW T, REBZE T LI T oMY et Lz,

1) %% AL (A0MW x 1), A2 (60 MW x 1), A4-1(40MW x 1) 35 L T* A4-2 (60 MW x 1)

EAFFTNAES (REZER) 152508 bRRICHARRMNS 510, TOFEM
RO TN RIREIR & LCRIRT 5 & 5 #HEiL 7z,

— 5. B ORERER VLT O MR 23 7 < HEREHE ~ D PN EIRAE 1213
ATER, LIER> T, B lRERERZBNT S Z &L,

2) A% B2-1(40MW x2) B LT B2-2 (60 MW x 2)

im%’x“imﬁbi‘ﬁ/%f%‘éaawm%%ﬁnfwé Lo HREBEN 2B THL I LEEBRE
L/T E:nx%é Fﬁlﬁl ﬁéﬁ*&@)ﬂﬁl’ﬂ 1F72 %‘a‘é gf L/7L_o

Z OPETNEIREH 1 TR SO 3 S s K OBEF D 115122 kV 2% %@Jﬂ L. AT
N ES: 2 A M@&Fﬁﬂﬂ?ﬁ% 1K THERT D, 7ok, 2O LWATNEIRZ I I ZEEF O

TN & 22 kV BLEMRRH THR TE 5 K 9 BF 22kV ﬁaa%% 1@%%%}? L.
22KV BN & RS EITE 22KV B — TV THERIT A Z LI LT,
3) A% D2-1 (40 MW x 1), D2-2 (60 MW x 1), D2-3 (40 MW x2) LT D2-4 (60 MW
X 2)
AR B2-1, B2-2 L[AERIC, HEFEEFNICHEMOFTNERRHZRET 5 2 LI
L7,
Z D LWETN IR I ZBEAF O TN EIRRR i & 22 kV BlERRH CHER T2 &

MTEDHEIBEFE 22 kv Bl 1 ﬁ%ﬁ%ﬁb 22 kV Bl L R EIT R 22 kV
B EE AR (ﬁuiﬂ Bl FEMR + 17— 7/1/) THRiT 52 &lC LT,

0) HEER S O E T B ER I
HE R SR ORI B SO IR B 7 I LB AR AR IS oWV T AR T LIUT
D3 Y R L7z,
1) fREZR AL(AOMW x 1), A2 (60 MW x 1), A4-1(40MW x 1) LT A4-2 (60 MW x 1)
BEfF O EERZIEIIEEESEN 2 5 L AEEE 2 B THRINTREY , K4 K&

JCA 7 A= 8-21
T LT L FE LR S (iR A

YRk 2241 A



Jr AT VAR W8 RO HEt

SRR D LT, TOF EHRGHEOERERE L THATZ LIl

—77, BEAFOEGEERICIITHEE D a7, WSS O E LS 1
B %,

2) % B2-1 (40 MW x 2), B2-2 (60 MW x 2), D2-1 (40 MW x 1), D2-2 (60 MW x 1),
D2-3(40 MW x 2) ¥ LT D2-4 (60 MW x 2)

SR ML S BEAF FE T 0 B Bl C U CREAE O LRI 8 R C & 272, ik
FEEATNNC HM O FL BN & 3BT 5. 2 O IHERR R R EEL 1 A,
FEAEE 1A, EHACER 2 T CHRT 5,

p) HERER G OSIE - REE D L—iR
BEAZ O NI THIEER (AT 1) D AR—A LRSI TV RV, EORFFERIC
BWTH, BEFOHIE=E DI SO T Hll 217 5 ~< . LT O@ Y #Ef Lz,

1) RBZE AL(AOMW x 1), A2(60MW x 1), A4-1(40MW x1) &K A4-2 (60 MW x 1)

WEAFD VAT b L ARRIS, HERROSHEM O m — Vil (R ) L —ids J OV hifil
TEEE 2 W RS BRI B L 7B ISR ET D,

Flo. BEFORIEEMICHER SO U £ — Ml 2R E S 5,
2) A% B2-1(40 MW x 2), D2-1 (40 MW x 1), D2-2 (60 MW x 1) & T D2-3 (40 MW X 2)

W BTN B E 2% T, T OENITROGIE - (R L—RBE2HRET 2,
- WROGHEM O m— I VR, R D L —lids KON Bhifil e
- FATNBIRILE S AT A0 v — VS L O#E D L —%

E7o BHF ORISR SR KON ERGE 27 A0 Y £ — il
ERIET D,

3) A% B2-2(60 MW x2) B LT D2-4 (60 MW x 2)

W EFTNIC BRI SR 23T, FOENICTROEIE - R#E) L —Bi2HRET 5,
- KR EHEA O v — O VHIEEE, RRE Y LR X OVH Bl
- TN ERMSE Y AT AD 1 — B VRS L OR# ) L —
- 1 115kv BABRBAFTO 0 — AV HEER X OVRE Y L —
- B 115KV EEREEY L —E

Flo. BEFOHRITEENICHE S8, AT EREHE S 27 28 LU 115kV E415
PHETH @ Y & — Ml 2 & E T 5,

q)  BEFEHIE S AT 25T OB
% 834 IH (1)i) THRRXTWA LI T, BEFHIET AT AOBURIZLLTOEY Th -7,
1) 1-2 SHEDHIE - (R#E Y L—RIX [T L7 AE—KAWEEBIMET 1Y =27 b (JCA
UoNE U EEZRA)] T 2004 AEICHIE S v, BURERICRIBE I 22,
2) 5 5HEDHIE - (RFEY L—EOIIMIE - R 2009 4F 7 H 125 E S 7,

3) 3:-4 ST 1978 FOERYFFO FEMHAIN TBYRELIEN AL SX DI - T
2, FOT0 EdL 1% 3-4 BAEOHIEE L OVRHERE S OME 2 et L b,

4) EdL (ZI3T A7 L5 LK IIFEEFT ORER 2 LA & Lo kGERR & AT O il b
b5,

LB DRGNS | UYLHRR T CREAFHMAE o A 7 b 2 B9 2 B3 72 L2,

JCA T A AH 8-22 YRk 2241 A
PRPAVANN B I 8 8



Zr ATV BB CHIE OB

) BEfF Thalat ZEERTO 115KV R 1 X

RELFRAMEEAAT O 115KV ERE T ACSR 240 mm? T V) | 7 Ol #F R dE it 1 s s i 2 T
£ 90°C 2BV T 590A Th b,

2016 AW SO B RIS SO TIT o BT O R LY . EREBERICHITS
Thalat ZFEATO 115 kV ERERICTINIAT R R Z Table8.3.10 D@ v THIL7Z, 72k,
%R B2-2(60MW x 2) 35 KT D2-4(60MW x 2) 1E, T A7 ARFLOBEAED 115KV X
BUCITBERE L2V, OB OGN E Lz, ZORR, EOMRZIBNTH, T4
7 N 1 KSR EFT O IE Thalat ZZFEFTO 115 KV ERHRORREENSRET 5720,
115KV ERFREROBEZ NLETH 5,
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Max. Current in 115 kV Bus 640 A 664 A 704 A

Required Conductor Size ACSR 330 mm? ACSR330 mm’ |ACSR 330 mm’
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Figure 8.3.4 Existing Stop Log
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Figure 8.3.5 Example of Location of Inlet Valve
oK 1157 — b~ OBl gt

BARNRN ST RSN DORELZTIE, BukR 7 — BRI A Yo —T o A U F
KEEEICL D0 —T 7 — FR@BIREN D, — 7., BIERHITRICLDANBRETIL,
Bk — FORBIZBWTRD 3BV EZ HND,

i-1) FLARECH—T 7 —FaiEL, A by 7T n 738K T 5%

i-2) FLAREICH—T 7 —FaREL, A by 7 bERET LR

i) PR O LI E LIIC AR Ry MEAT A RS — FERET O R
FRE 2 RN A, ARICHEL AR LR & [ARAT — FZEET 2R EZ 0D 08,
HEFLIEHI DLA L E DMRREEFEN RN E D AFHE TIIMGIRI R E Lol %
REBEZOE LB LIV TO L EZFITRT,

JCA 7 # %[ 8-27
T LT L FE LR S (iR A

YRk 2241 A



77 A F I LR— K 98T PR DR
Table 8.3.12 Comparison of Intake Gate Layout Plan (1)
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Figure 8.3.6 Pipe Arrangement for the Case of Sharing Existing Drainage Facility
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Table 8.3.14 Comparison of Drainage Facility Plans
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Figure 8.3.7 Study Flow of Power System Analysis
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Figure 8.3.8 Interrelationships among System Analysis Study Items
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Figure 8.3.9 Transmission Lines and Substations in C1 area intended for the Analysis
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Table 8.3.15 Results of Load Flow of Transmission Line (around Nam Ngum 1 P/S)

Transmission Line NN1-NXA NN1-NLE NN1-TLA TLA-PSO|PSO-PTO
MW Line No. (1) (i) (iii) (iv) (V) (vi) (vii)
Without Normal 64.9 64.9 -27.1 274 274 81.3 61.4
Expansion N-1 TLA fault| 65.6 65.6 -26.5 52.0 80.3 60.5
NXA fault] 94.6 -15.8 43.0 43.0 96.3 76.0
Normal 72.6 72.6 -19.7 354 354 86.3 68.0
40 N-1 TLA fault| 73.7 73.7 -18.9 67.5 86.9 66.8
NXA fault] 94.8 -7.1 53.4 53.4 105.2 84.4
Normal 76.5 76.5 -16.0 394 394 91.6 71.4
60 N-1 TLA fault| 77.7 77.7 -15.0 75.2 90.3 70.0
NXA fault| 99.9 3.0 58.6 58.6 109.6 88.5
Normal 80.4 80.4 -12.2 435 43.5 95.3 74.7
80 N-1 TLA fault| 81.7 81.7 -11.2 83.0 93.6 73.2
NXA fault] 105.0 3.0 63.8 63.8 114.0 92.7
Normal 88.2 88.2 5.0 51.7 51.7 102.3 81.3
120 N-1 TLA fault| 89.8 89.8 4.0 96.7 100.3 79.4
NXA fault] 115.2 11.7 74.2 74.2 122.8 100.9
(MVA)
NNZ1: Nam Ngum 1 P/'S NXA: Naxaithong 'S NLE: NamLeuk P/S TLA: Thaa SS
PSO: Phon Soung /S PTO: Phon Tong S/S
Prepared by the JICA Survey Team
Table 8.3.16 Results of Load Flow of Transmission Line (around Vientiane)
Transmission Line NXA-PTO | NXA-KSA | KSA-TNA | PTO-TNA| PTO-NK | TNA-NK
MW Line No. (viii) (ix) (x) (xi) (xii) (xiii)
Without Normal 64.0 15.9 77.7 38.8 55.0 68.7
Expansion| N-1 TLA fault 64.2 15.8 77.7 38.7 55.0 68.7
NXA fault 57.0 224 78.5 37.0 55.3 68.5
Normal 67.5 141 81.8 40.2 63.1 76.7
40 N-1 TLA fault 67.9 14.1 81.8 40.1 63.1 76.7
NXA fault 59.9 20.2 83.0 38.1 61.3 76.2
Normal 694 13.6 84.2 41.7 66.3 79.6
60 N-1 TLA fault 69.8 13.6 84.2 41.6 66.3 79.6
NXA fault 61.3 19.6 854 394 64.3 79.1
Normal 71.3 134 86.5 43.2 69.4 825
80 N-1 TLA fault 71.7 134 85.6 43.1 69.4 824
NXA fault 62.8 19.0 87.8 40.7 67.2 81.9
Normal 74.9 13.7 91.2 46.3 75.7 88.2
120 N-1 TLA fault 754 13.6 91.2 46.1 75.6 88.1
NXA fault 65.3 18.2 91.8 43.5 72.8 875
(MVA)
NXA: Naxaithong /S PTO: Phon Tong /S KSA: Khok Saat 'S TNA: Thanaleng §/S
NK: Nong Khai §/S (EGAT)
Prepared by the JICA Survey Team
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Table 8.3.17 Results of Maximum Load of Main Bus of Substations

Substations NNL P/S | TLA S/S | PSO S/S | NXA S/S | PTO S/S | KSA S/S [ TNA S/S |
Conductor Size HDCC325 | ACSR240 | ACSR240 JASCR300x HDCC400 [ASCR300x2ASCR300x2
MW _| Current A) 875 590 590 1394 950 1394 1394
without |\, | TLAfault| 1010 106.3 80.3 288.0 269.9 246.0 1787
Expansion NXA fault | 126.1 1204 963 266.3 2652 2543 1796
0 N1 | TLAfaut| 2305 1120 86.9 299.1 2875 252.3 1905
NXA fault | 155.8 1298 105.2 2746 2819 2611 1920
50 N1 | TLAfaut| 2501 114.0 903 3050 2954 256.8 196.8
NXAfault | 1814 | 1349 109.6 2790 289.2 2653 198.2
50 N1 | LA fault| 2607 1176 93.6 314.2 303.1 2612 203.1
NXA fault | __196.9 1432 114.0 2830 2963 2695 2024
120 N1 | TLAfaut| 5148 1195 100.3 3272 3185 2704 2155
NXA fault | 2366 1665 122.8 290.8 3095 274.4 2149
(MVA)

NNZ1: Nam Ngum 1 P/'S NXA: Naxaithong /S TLA: Thalat S PSO: Phon Soung S/S PTO: Phon Tong S/S

KSA: Khok Saat S TNA: Thanaleng S/S
Prepared by the JICA Survey Team
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Expansion Capacity (MW) 40 60 80 120
. Normal N-1 Criteria Normal N-1 Criteria Normal N-1 Criteria Normal N-1 Criteria
Consltions Condition |y A Fault | NxA Fault | €OMHON [ 1 A Fauit | NXA Fautt | COMIEON | A Fault | NxA Fault | €OMEON | A Fault | NXA Fault
NN1-NXA 61.0 km 76% 61% 79% 80% 65% 83% 84% 68% 88% 92% 75% 96%
NN1-TLA 4.8 km 37% 56% 45% 41% 63% 49% 45% 69% 53% 54% 81% 62%
NN1-NLE 55.2 km 21% 16% 6% 17% 13% 3% 13% 9% 3% 5% 3% 10%
.GE) TLA-PSO 16.2 km 90% 72% 88% 95% 75% 91% 99% 78% 95% 107% 84% 102%
;c)‘ PSO-PTO 52 km 71% 56% 70% 74% 58% 74% 78% 61% 7% 85% 66% 84%
é NXA-PTO 18 km 70% 57% 50% 2% 58% 51% 74% 60% 52% 78% 63% 54%
% NXA-KSA 20.6 km 15% 12% 17% 14% 11% 16% 14% 11% 16% 14% 11% 15%
F |KSA-TNA 16.8 km 85% 68% 69% 88% 70% 71% 90% 71% 73% 95% 76% 7%
PTO-TNA 18 km 42% 33% 32% 43% 35% 33% 45% 36% 34% 48% 38% 36%
PTO-NK 25.7 km 66% 53% 51% 69% 55% 54% 72% 58% 56% 79% 63% 61%
TNA-NK 10.9 km 80% 64% 64% 83% 66% 66% 86% 69% 68% 92% 73% 73%
NN1 P/S HDCC 325mm? 132% 90% 144% 104% 155% 113% 181% 136%
TLA S/S ACSR 240mm? 93% 108% 95% 112% 98% 119% 100% 139%
S |PSO S/S ACSR 240mm? 2% 88% 75% 91% 78% 95% 84% 102%
'(g,; NXA S/S ACSR 300mm?x2) 100% 92% 102% 94% / 105% 95% 110% 98%
@ PTO S/S HDCC 400mm? 152% 149% 156% 153% / 160% 157% 169% 164%
ksas/s  |acsraoommx] _—"| esu 88 | _— | 86w 8% | _— | 88w oo | _— | o1 921
TNA S/S ACSR 300mm?*x2 64% 64% 66% 67% 68% 68% 72% 72%
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Table8.3.18 L V. EHEMRL LB ORI LUKEIC &, LT OREMNE X 5,

1) EER

a 40MW, 60 MW, 80 MW D7 A7 LH—EH OILRDG G TlE, WTILOEER
ICBWTHIRAMMBE LN 0 DEEMROME, B LOUEDLET/2 W,
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2) ZEFERTREMR

a WINORBRICEWNTS, AT LHE—REFNBMIT. BXO¥ 7 v MEEFR
OERFUTEAR L 725720, LV BRFEORKEIWERICEY B2 D20NERH L,

b) 120 MW D F L7 L —FEBATOIBEDSEE . 7 4 v A LSBT O LR ANE AL &
72570, LVEBRBEOKREWVERICEYERZDILERD D,

©) 60 MW BL DT A7 NEFE—HEBFTOILROG S, A N B O LR A
W&o, KVEBRAEDOREVERICKEY EZDLERD L.

d 74+ MEEFOERRIZONTIEH, WTHORBRIZBWTHIRAMIZRD 2
ERMERR SNz, 7220, RO OEERNI T LT AE - REFHOIEEZIT S 1M

T EREENIBARIC/AR D Z LY, Table83.17 LV 4305,

(5) KRR IR ARAT

2016 FEICBT D T A ADEIRMD IR 3B ER DN A 2T Tz, T L7 LE BT DK
PRRA R Z LR L7z iR 3 MRS ENIE & BARPTII TROEY TH Y | FARRKFEEN
ELLTF L 72> T D,

Table 8.3.19 Short Circuit Fault Current for each Expansion Plan

NN1 JE3RAY & 230KV FE# 115KV FE#: 22kV 1
40MW 20.47kA | BanSok | 12.02kA | Naxaithong | 23.30kA | Phonetong
60MW 20.47kA | BanSok | 12.10kA | Naxaithong | 23.35kA | Phonetong
80MW 20.47kA | BanSok | 12.10kA | Naxaithong | 23.35kA | Phonetong
120MW 20.47kA | BanSok | 12.24kA | Naxaithong | 23.44kA | Phonetong

TR E M 40~50kA 25~31.5kA 25~31.5kA

Prepared by the JICA Survey Team
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ET LRI VIR AT, it — A% TRIOTT,

Table 8.3.20 Analysis cases for Stability

JERRA & Ir—2 BEE T — A X (Loct)
NNL 40MW 1 TLA fault NNL | - | TLA

A0MW NNL 40MW 2 NXA_fault Angle NNI | - | NXA
NNL 60MW 1 TLA faut NNL | - | TLA

EOMW NNI 60MW 2 NXA fault Angle NNI | - | NXA
NNL 8OMW 1 TLA fault NNL | - | TLA

BOMW NNI 80MW 2 NXA fault Angle NNI | - | NXA
NNL 120MW 1 TLA fault NNL | - | TLA

120MW NNI_120MW 2 NXA_fault Angle NNI | - | NXA
Ooms 1 B 3 FH A b

Filg s —4 A | 140ms FilgbrE (1 EFEBAD

10s SHEKRT

NNZ1: Nam Ngum P/S TLA: Thaa /S NXA: Naxaythong /'S
Prepared by the JICA Survey Team

FEWET NICOWNWTIT, BEdL 2 OfRftEN-F — % 2 Lz, AL, —E#omEEKTE
TIVNARBAD H DIZHOW IR FI R T EEE T L& L,

Table 8.3.21 Generator Model for the unknown Planned Generator: GENSAL

T a0 T w T H D Xd Xq X'y X"g X $(1.0) S(1.2)

6.27 0.041 0.047 4.01 0 0.93 0.61 0.31 0.2 0.13 0.1 0.37

Prepared by the JICA Survey Team

FHEFEEMICIT, BBRET NV E LCHMET VE#EAH Lo, BT T Wd, Frikeibiés A7
LDZA T TIEIRL | IRFPHOBEYNEE SN AT 2O — RN 2R Z R~ T b DT, &K
FIRTHY TH D,

Table 8.3.22 Exciter Model: SEXS
TA/TB TB K TE EMIN EMAX

0.1 10 200 0.05 0 5
Prepared by the JICA Survey Team

WFNRT I EMI I, Power System Stabilizer (PSS) #iiH L7, 72, HAAFIE T AARHED
FEEHIZOWTIIRETA 7 & L=, PSSET /LI, Table8.3.24 IZ;Rr1H Y TH A,

Table 8.3.23 Generators with PSS
KA IPP2= > bk Nam Ngum 2, Nam Ngum 3, Nam Theun 1, Nam Ngiep 1,
Hongsa Lignite, Theun Hinboun, Nam Theun 2, Houay Ho,
Xekaman 3, Xekaman1, Xekong4*, Xekong 5*
ENgEHa=> b Nam TLA 1, Nam Khan 2, Houaylamphan*
Prepared by the JICA Survey Team

Table 8.3.24 PSS Model : IEEEST

Al A2 A3 A4 A5 A6 T1 T2 T3
0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.18 0.06
T4 T5 T6 Ks Lsmax Lsmin Vcu Vdl

0.18 5.00 5.00 -0.75 0.10 -0.10 0.00 0.00

Prepared by the JICA Survey Team
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BEfRIZR D@D

ok : Nam Ngum 1 Unit 1 (17.5 MW)
H : Nam Ngum 1 Unit 6 (8138 % : 40~120 MW)
KE : Nam Leuk
GIN : Nam Mang 3
g : Nam Lil 1/2
Table 8.3.25 Results of Stability Analysis
PR & r—2 BEEr— A FHi XM (1cct) (LS
NNL 40MW 1 TLA_fault NNL | - | TLA | %R
AOMW NN1 40MW 2 NXA_fault Angle NNL | - | NXA | %%
NNL 60MW 1 TLA fault NNL | - | TLA | %R
6OMW NN1 60MW 2 NXA_fault Angle NNL | - | NXA | %%
NNL_80MW 1 TLA fault NNL | - | TLA | %R
8OMW NNL _80MW 2 NXA fault Angle NNL | - | NXA | %%
NNL 120MW 1 TLA fault NNL | - | TLA | %%
120MW — — 1A Angl
NN1_120MW 2 NXA_fault nge NNL | - | NXA | %
Oms 1 [FIHR 3 FH A b
Filf s —4 A | 140ms FilgbrE (1 EFRBAD
10s AHERET
Prepared by the JICA Survey Team
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REED BBV PR T B, 2720, EORERAKAMD EHL 1-2
1-2 BHGEER D X RIZ 72 57200, FHGER | TN B
o HUKMOITALI R L L CHFFEEIY & K7 v—r D EITE A B 3BT
@iﬂ A~ TR S TH 5, FCHEETHIEEGF L—r 2%
o HHFBIFEET GBI BT & F UK @iiﬂmf%é L., EfTH
ﬁm_uf%hé®1$% SEEEN/N IR T 5 - OIIIBE AR BT
JICA 7 A A[H 8-41 Wk 22 41 H

T LT WG e AR R A




T 7 A FILER— b

R | KU

BT

SRT

BRChD,

FIR D 2 By i LAEFTISH O
FEZEHEBNKE BB L THax L
R TIERBRY, FORDDOTH
BIIVEEREITICZ L— 2 R
THLUEDa A SR IND,  BEfF
J L —rORHEREE IS 525
T, 6 SO L— o R L
LTI B,

W BTN ITIBEAF D 115k V 2%
AR (ZRZEHR 3 [BIfR) OE T2 5,
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AT (F 72038 B) IR, T
54km DEFBE 2 Hrax L7 < T
B0,

D2-1 40 MW
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D2-4 120 MW

BokA - FEEAT T #ED I BEAF
DRFEEED DN 72O T HHIT A3

MR TE 2,

SOMW DHEFL AL E CIIREF D%

e
R,

BEFFL CEENAETH D0
5. HEFRIEEATO EEER ) B4R
ZERR CREAF R AT R _E OB BHFT~
FEON, T ABRH L CEBERA B
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R/ RIS LU 7= Bk 238 5
VERSH Y | JFKAKNLZ T3
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(ZR% (T, bdkm DO EFEMRZHR L7 <
TR0,

Prepared by the JICA Survey Team
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BEFEORIT L—2 2l RS 720D T, FHHIOERNE S 722D M-4 BIMEN TV 5D,

80 MM 5 L UM 120 MW B8 D556 BEAF & LR 2 MM L CTHUK 0 28T 5 22 R (B2 R) 3N
TV, AFEZRED2 R) TS HOKEE ORFFEI Y 2kl T L7e< TERb T, BLdeis.

BRUER BRI T P9 5 B 5

A % - B R& IR THEON TXBIIMER O & 4 - SEEATNICIR DD O T, THHFEIATLIR
DEREEZRE KR D Z LT, D2 Z(EFER)DEUKIE R LOSEEITIBF I ERT ) St T
WO, ENTHE S L2l T L7z 1960 RIS THEM s L THEDNZZXKINTH U | Jii TiEH)
WHRBREEZ RESLAD Z LTy,

FEEATIEER b B S OBRBEZGIX TR O B EB KT 28 THhD, BHRTor—7
(155 MW) & A7 B — 7 FE/E (40 MW) (ZFE D AKAZZEEE OHaHEIZ, & 5725 10km T
TOHR T 20m2.3m & HEE S LD, 40 MW ZHERE L 78 A, AKMEAERIEER L Y 0.4m05m
KT D, 56 3= b BREEFAR IS LUE, AN OHINZEBEIMEN 0.5-1.0m N THAIUE T
TOFINF A RA 2B 525 2 L1372 < . B BREREBRERIIAE L S5,

B — 7 FEICER T D TR O AR A IR BN K & < 2 D1 ELBENHEKRT 5, 60
MW HE% DA 1 0.6-0.7 m OEBHIEEE K & 720 . 80 MW DA 1E 0.8-0.9 m DHEER, 120 MW D
BAIX11-13mOBRICAR D LHEESN D, 20X 5 ICBUR & el U 72 Z88hiliE 089455 0.5-1.0 m
BRAZD L. EOEMPFEAK LY, ELAOENCEAFEFREICKEN TS L PRI,
FI S DKEITK U THIS OMIE 21T 5 MBERAELT S 5,
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Table 8.3.27 Summary of Estimated Construction Costs of Alternatives

80 MW 120 MW
Expansion Expansion

Description Unit 40 MW Expansion 60MW Expansion

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

1 |Construction Cost

a) Civil Works M US$ 24.4| 286 281 435| 29.7| 352 349 518 523 623 585 753

b) Hydraulic Steel Works M US$ 35 4.0 4.0 4.6 6.7 6.7 6.7 7.0 127 5.3] 201 7.4

c) Electrical/ Mechanical Eq. M US$ 20.0f 23.3] 23.3] 22.4| 31.6 315 315 30.5| 450 450 60.1 63.6

d) Transmission Line M US$ 0 0 0 0 0 0 0 0 0 0 5.4 5.4
Sub-total M US$ 47.9 55.9] 55.4| 705| 68.0f 73.4| 731 89.3| 110.0| 112.6| 144.1] 151.7
Engineering cost and
2 |environmental impact M US$ 4.2 4.7 4.7 5.7 5.6 6.2 6.1 7.3 8.9 9.1 11.8/ 123
treatment cost
TOTAL (Base Price) 52.1| 60.6/ 60.1] 76.2| 73.6/ 79.6| 79.2| 96.6| 118.9| 121.7( 155.9| 164.0
(1)« bERE= 2 MO AHBUGEE, R ME R PREIE T,
Prepared by the JICA Survey Team

o 2 I A0MW B TIZ AL ZEN R BIES 521 Bk Rv e BfES 5=, [F L 40 MW
BRCTHARICHERT D D2-1 RITHUK 0B L UBEKEE b o r OB & R T A M %40 MW
HHZ O T TH b E,

60 MW IR DA LA T U EAN A 37 MR A2EN R b LS T36 H T K RV & RETH bz,

80 MW 5 L 120 MW IR D355, FERTZ LR FIRICHTR T % B2 RS, BEEA A FITHRT
HD2ZELYV AR MRS TED, ZHUE, D2EPMSIOBUKEZZE L, Z D72 DR E )N
T2 ThH D,

RHZVDALETH KW 24 0 ZEERHGIE 1,302 USSKW & 725, Z OHARIZ Y AHEk &R/
HEMOOTUT L HLENEIEE 27\, 2004 FZ58AK L 72 Nam Mang 3 78 B T(40 MW) D 5% Hi
EZ A THELED 1,575 USHKW & STV 5, NNLJRENS 22 h@Eic72 25N X, KEEEO
KPP THEEZEIBUKAOO L2177 TEb T, TNUNHETHETaANEHL EFH05T
o5, BUKALEHRTHEEFEOFREMR OB TG L IR Z KES TIF D2 LT LR,

839  fUERROMFLE
(1) $EBRIC &L 2184
(RAEH ) & 5By B D

FERATILIRIC & 2 AR ITORAEH FJ(MW) DI & 4E 158 E 5 ) B (GWHY) DI NI L > T 7z
band, FBEOHEMI) LENERIE, 8 5 ETHRA7ZI/KENFHHEIC L > TR
HHENTND, ZORFRZ —HRKIZL T Table83.28 (277,

PEPE(E L

HOMH 7 & BEINFE ) B ORFAMEIL, YRR & RBLO i b 2O RBRR O Jiak & Ein R T &
ZIRICEHRE SN D, NNL JEIRICR D 2R ERMIIB@RENFREOHIET + BARKELEZ X
bND, FHT 4 —EBAFREO KW HE & KWh {lifEiLZ 24 275.35 USHKW 35 L OF 0.0783
USS/kWh & RS Hivd, 2D OMEOFEMEHRITE 12 EIZR <5 TWnd, KW flifl
& KWhATifiE 2> & FHE S 2 R R85 5 2 Table8.3.28 12”7,
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Table 8.3.28 Annual Economic Benefits of Alternatives

Incremental capacity Annual economic benefit

Expangon | Alternative and energy (*) (M US%/ year)

Scale Capacity Energy Capacity Energy Tota
increment increment benefit benefit
(MW) (GWhlyear)
40 MW Al 33.83 51.93 9.32 4.07 13.39
A4-1 33.61 50.75 9.25 3.97 13.22
A4-3 33.54 50.27 9.24 3.9 13.18
D2-1 33.76 51.56 9.30 4.04 13.34
60 MW A2 51.02 54.56 14.05 4.27 18.32
A4-2 50.71 52.59 13.96 4.12 18.08
A4-4 50.61 51.95 13.94 4.07 18.01
D2-2 51.04 54.70 14.05 4.28 18.33
80 MW B2-1 78.09 66.56 21.50 5.21 26.71
D2-3 77.16 62.40 21.25 4.89 26.14
120 MW B2-2 116.53 71.73 32.09 5.62 37.71
D2-4 114.52 65.49 31.53 5.13 36.66
Reference (*): NN21 generation status before expansion (with NN2):
Dependabl e capacity: 110.67 MW
Energy production: 1,068.3 GWh/year
Prepared by the JICA Survey Team
HEFE A

PR @ L ORI T 2 MBS X, B L=00EEE2 T4 AENTHREL TEH
HIVHINATH 5, 2008 FIZ I 1T 578 HE P HAMITE 12 TR 5 L HICkWh ¥ 621 &
YR CTHhHDH, ZOHMAEBAH L TERBEOMBEHERZ FEOL O IZHEAE LT,

Table 8.3.29 Annual Financial Benefits of Alternatives

Expanson | Alternative Incremental energy (GWh/year) Annual financial
Scale Generated Sold energy benefit (M US$/
energy after loss year)
*)
40 MW Al 51.93 48.33 3.00
A4-1 50.75 47.23 2.93
A4-3 50.27 46.78 291
D2-1 51.56 47.98 2.98
60 MW A2 54.56 50.77 3.15
A4-2 52.59 48.94 3.04
A4-4 51.95 48.34 3.00
D2-2 54.70 50.90 3.16
80 MW B2-1 66.56 61.94 3.85
D2-3 62.40 58.07 3.61
120 MW B2-2 71.73 66.75 4.15
D2-4 65.49 60.94 3.78

(*): 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

(2) PriRFERE

BB RZOEHRE T i Table8.3.27 IR SN TV 5, B RKE ) ITER T 10% O T L
Mz LT 5, FEBEOHK % Table8.3.30 127577,
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Table 8.3.30 Project Costs of Alternatives
Expandon | Alternative Base cost Contingencies Project cost
Scae (M USY) (M USY) (M US$)
40 MW Al 52.10 5.21 57.31
A4-1 60.60 6.06 66.66
A4-3 60.10 6.01 66.11
D2-1 76.20 7.62 83.82
60 MW A2 73.60 7.36 80.96
A4-2 79.60 7.96 87.56
A4-4 79.20 7.92 87.12
D2-2 96.60 9.66 106.26
80 MW B2-1 118.90 11.89 130.79
D2-3 121.70 12.17 133.87
120 MW B2-2 155.90 15.59 171.49
D2-4 164.00 16.40 180.40

FHEHBIIFEOEBICEDY TSNS, FEEMPMIAFLEMLEDEH ELEE X, F
1LHBIZ 2%, % 2FHIZ 3%, H34FEHIT 20%., # 44FEHIZ 40% % L TH 54EHIT 35% D X H
N DEHESND, JRiE THEER% OFEREIRRLRSFE XY EEED 0.2% & #EE S D,

(3 RRFRTE T
TR L (A & BT % SR A (AR D BRI - LSO BERLE |2 S U T AT 50 BRFEUEA 5

2556 DREDNRIT—RICER-EMRBIO)ZIHEFE L LTHESND, > T, ARIOILERD
FE NI BIC Z2 HIHIET D,

R BIC IXiEEF 76y & 50 4F & LAF 10% OFI5 | =45 H L CEHE T 5, [#H BIC © 50 0
HRFF &5 2 D05, E5| RITHBEE D 85%I121K4F] ODA @& (i=0.7%) N M <hsbD & LT
1.405% & 95 (55 12 =), Fas O B H O 7= OIEEEFALA) & 30 4 B IZHIHIBEE D 8% HH Y % 13
BET DL LT D, AEINTEKLRED BICELUTORICE LD TRT,

Table 8.3.31 Benefit-Cost Ratio (B/C) of Each Alternative

Expansion Alternative Economical B/C Financial B/C
Capacity Plan (least cost alternative: Diesdl) (current tariff income)
discount rate = 10% discount rate = 1.405 %

40MW Al 2.06 1.65

A4-1 175 1.38

A4-3 1.76 1.38

D2-1 1.40 112
60MW A2 1.99 122

A4-2 1.82 1.09

A4-4 1.82 1.08

D2-2 152 0.94
80MW B2-1 1.80 0.92

D2-3 1.72 0.85
120MW B2-2 1.94 0.76

D2-4 1.79 0.66

Prepared by the JICA Survey Team

B/IC DEMNMEWNE ERE RN I NI L E2ET, ERTRLEL IIZALE (AOMW) D3RR - S
Wi T BIC 23k b < . #&FHY BIC 23 2.06, MESH) BIC 75 1.65 Th 2.

2 % FITRFHIREDIR N E N DT A2 E (60 MW) T, FFM BICS 199 Th D, LinL, MHE
YRk 2241 A
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1 BIC 13> 40 MW LV 55, ZAUIH TEEEAHE 2 2 ENTITFRAEE ) B E] L THE 2 72
WBTH D, 3FBITRENREDNRNENDIZB2-2E (120 MW)TH Y . = DR BIC IX
194 THDHMN, MEMBICIZ076I1ZHELD, ZNHDZ ED, 60 MW %8 % 5 B OILIEIX
MBI AF]TH D Z ENEETE D,

8.3.10 IREEET

FD8I9HTHMLIZL DT, ALZE (AOMW) 28 12 D LR R D H1 The b BEZIERAS v &
T&E 5, AL RIS ERNC I%aﬁﬁ LT 40 MW B8R EZHET 25 DT, BEROBEHT K7 L—
VRBKAOS — a2 OFEERHAETHY, VAT U BRI NTRENERD, L
2> K « UK O R S INFLO DO TARBE DKL/ NS R0 K EZ R BADFIHTE 5,

BN 22 L OWER - MBRZ2E N DREHRT LT, AlRZREIRE L L TERET S,
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Source: JICA Survey Team
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Figure 9.1.4 Reservoir WL Frequency Before and After Expansion

NN1 (NN2 ) 40 MW Table 9.1.1
Table 9.1.1 Reservoir Water Level Rise after Expansion
40MW
NN2 EL. m NN2 El. m m

1 213.6 212.9 -0.7

2 206.0 209.6 +3.6

3 | 95% 199.6 202.7 +3.1

4 197.5 197.2 -0.3

Prepared by JICA Survey Team
NN2 EL. 206.0 m NN2
NN1 40 MW EL. 209.6 m
NN1 3.6m
95 EL.199.6 m 40 MW EL.202.7m
(2 6
3-5 ( ) 37.0m 3-5
EL. 168.0 m 1.0m EL.
206.0 m (=168.0 m+1.0 m+37.0 m) a) NN
EL. 202.7 m EL. 209.6 m
3.6m
6 EL.209.6 m
3.6 m 6
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6 111.2 m’/s 2)
55m 6
6 ( ) 111.2 m%s
( ), 0.19m
0.69 m
0.30 m
0.02m
1.20 m
() 6
6
EL.209.2 m
EL. 168.4 m ( EL. 168.2m)
(Q=111.2 m%s) 1.20 m
40.0 m ( 40.2 )= 40.0m
40.0 m 6
EL. 196 m 27m
EL. 213 m
43.5m
9.1.2 6
40 MW (35 ) 6.0m 6
6
3-5 6
6 4
(6.0m 55m 50m 4.5 m)
JICA 9-5 22 1



1)
6.0m (D)
Table 9.1.2
Table 9.1.2 Construction Cost of Waterway (in 1,000 US$)
D=6.0m D=55m D=5.0m D=45m
1
2,106 1,970 1,813 1,634
15,660 15,300 14,940 14,580
17,766 17,270 16,753 16,214
2
52 48 36 36
441 413 343 287
1,404 1,179 1,035 855
1,498 1,302 1,120 889
3,395 2,942 2,534 2,067
3 21,161 20,212 19,287 18,281
4 D=6.0m 0 949 1,874 2,880
Prepared by the JICA Survey Team
6.0 m 55 m 949,000US$
50m 1,874,000US$
)
6 6
4 36 (1972-2007)
Table 9.1.3
Table 9.1.3 Reduction of Annual Energy and Dependable Output
D=60m | D=55m | D=50m | D=45m
(m) 1.06 1.18 1.37 1.69
(GWh/ ) 1,119.17 1,118.67 1,117.86 1,116.56
D=6m (GWh/ ) 0 0.50 1.31 2.61
(MW) 144.42 144.33 144.20 144.00
D=6m (MW) 0 0.09 0.22 0.42
Prepared by the JICA Survey Team
6.0 m 55 m 0.50 GW 0.09 MW
5.0m 1.31 GWh 0.22 MW
@)
50
Table 9.1.4
JICA 9-6 22 1



Table 9.1.4 Economic Comparison

D= D= D= D=
6.0m 55m 5.0m 45m
1 (1000US$) 0 949 1,874 2,880
2 (1000US$/y)
(*1) 0 -38.0 -101.8 -203.6
(*2) 0 -23.6 -60.5 -116.5
Total 0 -61.6 -162.3 -320.1
3 50 (1000 US$) *3 0 -611 -1,610 -3,174
4 , 1+3  (1000US$) 0 338 264 -294
*1: = $0.0783/kWh
*2: = $275.35/kW
*3: i=10%, =50
Prepared by the JICA Survey Team
55m (NPV) 338,000US$ 6
6.0 m
6
(4) 6
4 55m 6
5.5m
9.1.3 6
1)
2011 NN2 NN1
36 40 MW
(NN2 ) 95 EL.202.7m
36 (40 MW ) 2 EL.197m
(EL. 196 m)
6 EL.196.0 m
)
Knauss
h=cD—
JoD
= (m)
= (= 2.43 )
= (=5.5m)
V= (m/s) MOL

JICA 9-7 22 1



Y, 4.38 m/s
h 8.0m
=196-8.0-5.5/2 = EL. 185.52 m
6 EL. 185.52 m
9.2
921
9.1.2 55 m
9.1.3
EL.185.25m 6
3-5
(40 MW)
Table 9.2.1 Principal Features of Intake
Existing Units Additional Unit
Nos.3 to 5 (40 MW) No. 6 (40 MW)
Penstock Diameter 6.0m 55m
Intake center elevation EL. 186.0 m EL.185.25m
Max. discharge 118 m*/s 111.2 m*/s
Prepared by the JICA Survey Team
Appendix G
9.2.2
6.7m 55m
0.6m 0.6 m
Table 9.2.2
Table 9.2.2  Principal Feature of Piercing Dam
Items Dimensions
Penstock diameter 55m
Dam piercing diameter 6.7m
Piercing length 22.3m
Prepared by the JICA Survey Team
9.2.3
Table 9.2.3

Table 9.2.3 Restriction of Reservoir Water Level

Items Conditions
Upper limit of water level during restriction EL. 207m
Period of water level restriction 3.5 months (March, April, May & June)

Prepared by the JICA Survey Team
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36

(Case 1
Table 9.2.4

(Case 2 2

Table 9.2.4 Principal Feature of Steel Enclosure

Case 1 | Case 2
Type of enclosure Square type
Type of support Pedestal concrete Steel girder

Width 11.5m 11.5m
Inside dimensions Length 4m 4m
Height 34m 29m

Weight of steel enclosure 830t 580t

Volume of pedestal concrete 1,250 m3 -

Note:
is needed in Case2.
Prepared by JICA Survey Team

Restriction of reservoir water level during dewatering of temporary enclosure

(Case 2)
9.24 EL. 207 m
(Case 2) No.20
35
Reservoir Water Level
— 1972 1973 —— 1974 1975 1976 1977 —— 1978
—— 1979 —— 1980 —— 1981 —— 1982 —— 1983 —— 1984 1985
—— 1986 —— 1987 —— 1988 —— 1989 1990 1991 —— 1992
— 1993 1994 1995 1996 1997 —— 1998 1999
(NN2 2000 2001 2002 —— 2003 —— 2004 —— 2005 —— 2006
—— 2007 —@—100% —A—50% —O—0%
215
Figure9 2.1 2o |

Total Storage (EL)

185

205

200

195

190

Prepared by JICA Survey Team

Figure 9.2.1 Reservoir WL Variation without WL Restriction

JICA

9-9

22

1



36 5 -6 ) EL. 207 m
EL. 207 m
EL. 207 m
6 3.5
3
12
12 3
1 36 3
EL. 207 m 6 EL. 207 m
Figure 9.2.2
Reservoir Water Level
—1972 1973 —— 1974 1975 1976 1977 —— 1978
——1979 —— 1980 —— 1981 —— 1982 —— 1983 —— 1984 1985
——1986 —— 1987 —— 1988 —— 1989 1990 1991 —— 1992
——1993 1994 1995 1996 1997 —— 1998 1999
2000 2001 2002 —— 2003 —— 2004 —— 2005 —— 2006
—-—2007 —@—100% —A—50% —O—0%
215
210 |- b
a 205
‘§ 200
E 195
190
185
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
Prepared by the JICA Survey Team
Figure 9.2.2 Reservoir WL Variation with WL Restriction in Mach-June
36 EL. 207m 50
34 GWh EdL
(0.0621US$/KWh) 2.1 US$
EL. 207m 4.9 us$ Table 9.2.5
3 6 EL. 207m

JICA 9-10 22 1



Table 9.2.5 Estimation of Decreased Benefit and Cost

Estimated amount
Decreased energy output 34 GWh
Decreased energy benefit 2.1 x 10° US$
Deceased cost of enclosure 4.9 x 10° US$
Balance (net reduction) 2.8 x 10° US$

Prepared by JICA Survey Team

9.24
Case2 NO.20
Table 9.2.4 Table 9.2.2
Figure 9.2.3
Stage A Current Condition Stage B During Construction Stage C  After Completion
¥ EL215.00 V_EL215.00
v EL215.00
V_EL209.00 ‘
4.00
b § v sz o | ¥ _eLss.os
<
V_ELIT5.00 [ *i ¥ EL175.00
V_EL161.00 W EL161.00 V_EL161.00
41.58 41.38 41.38

Prepared by the JICA Survey Team
Figure 9.2.3 States of Dam to be Analyzed on Stability (Block No. 20)

Usual Unusual

k=0.061 Extreme k=0.215
Lao Electric Power
Technical Standards Extreme US Army Corps of Engineer
8.3.2 (6)
No. 20 Appendix F
Table 9.2.6 EL. 207 m

JICA 9-11 22 1



Table 9.2.6 Result of Dam Stability Analysis (N0.20 Block, Case?2)

Case2 No.20_40MW Evaluation

Load condition Criteria During Construction
Current Condition (Upper Limit of Water After Completion
Level EL.207m)
lel=558 | <] B/6=69 | lel=394 [ <[ B/6=690] lel=612 | <] B/6=690
Overturning] e <B/6
oK oK oK
n=6% | >| 3 n=867 | 2| 3 n=692 [>]| 3
Usual Sliding n>3
oK oK oK
Max. Stress| 0 <400 | o =90.79 ‘ < ‘ 400 o =71.13 ‘ < ‘ 400 o =90.67 ‘ < | 400
in foundation t/m2 oK oK oK
le| = 7.88 ‘ < ‘ B/4=1035 lel = 8.62 ‘ < | B/4 = 10.35
Overturning| e <B/4
oK oK
n=6.79 ‘z‘ 2 n=6.75 ‘z| 2
Flood Sliding nx2
oK oK
Max. Stress| 0 <400 | o =9443 ‘ < ‘ 400 0 =9434 ‘ < | 400
in foundation /m2 oK oK
Unusual
lel=8 | < |B/4=1035] lel=626 | < |B/4=1035] lel=850 | < |B/4=1035
Overturning| e <B/4
oK oK oK
Earthquake
n=586 | 2 2 n=715 |2 2 n=58 |2 2
(k=0.061) Sliding n>2 ‘ ‘ ‘ ‘ ‘ |
OBE OK OK OK
Max. Stress| 0 <400 || 0 =109.1 [ <| 400 o=8636 | <| 400 o=10953 ] < | 400
in foundation /m2 oK oK oK
lel = 1413 [ < [B/2=2069 lel = 15.15 [ < [B/2= 2069
Overturning| e <B/2
oK oK
Earthquake n=42 2| 13 n=416 [ 2] 13
Extreme | (k=0.215) Sliding n>13
MCE OK OK
Max. Stress | 0 <532 || o =21104] <| 532 0=23935| < | 532
in foundation /m2 OK OK
Prepared by JICA Survey Team
9.3.1
JICA 9-12 22




A
A
VEL.177
16m >
4lm VEL.168.5
EL.161v
v
42m
v
<+—— 26m —»<+—EXxisting
Floor Plan (EL. 172.5 & 173.0 m) Cross Section (Unit Center)
Prepared by the JICA Survey Team
Figure 9.3.1 Plan and Section of Powerhouse
Appendix G

Table 9.3.1 Major Equipment to be Installed in Powerhouse

Floor Elevation (EL.m) No. Equipment to be Installed
1 | Generator Neutral Grounding Transformer |
1725 & 173.0 2 11kVSWItChg§§r ___________________________________________________________________
3 | Excitation Transformer |
4 Station-Service Transformer
1 Excitation Cubicle |
2 LowVoltage Switchgear |
168.5 3 AC/DC DistributionPanel |
4 Local Control and RelayBoard |
5 Clean Water Tank
1 | UnitMotor Control Center |
2| Common Motor Control Center |
3 | Governor and Turbine Control Panel |
164.5 4 | Governor Oil Sump Tank with Pressure Oil Pumps |
5 |PressureOilTank
6 |AirCompressor
7 |PrimaryAirTank
8 Brake Air Tank
1 |RawWaterTank
158.0 2 | RawWater Strainer |
3 | Water-to-Water Heat Exchanger |
4 Cooling Water Circulation Pump

Prepared by the JICA Survey Team
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9.3.2
1)
i) Appendix G A-A
i) Appendix G B-B
)
Table 9.3.2 Analysis Cases for Powerhouse Stability
Cases Upstream WL Downstream Seismic Coeff.
(EL.m) WL" (EL.m) (Horizontal)
1. Normal Usual | 1685 | 1685
2. Earthquake | . le8s 1685 | 0061
3 Flood Unusual | 1770 | o | - S
4. Emptyatup/downstream | | S I R -
5. Normal WL at upstream, Extreme 168.5 i 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) : ,
(4)
()

Table 9.3.3 Analysis Results for Powerhouse Stability

Overturning slidin Max. Stress in
Cases (Eccentricity, (Safet fa?:tor) Foundation

m) Y (ti/m?)

e=0.1 gq=10.6
LNomal vl | <ere=e0 . <4000

e=15 =129.6 g=13.0
2Rartquele | L <BM4=90 | >20 | <4000

i) A-A e=2.4 q=3.0
Section | >Flood Unusual |~ _ g/sg - <4000

4.Empty at e=2.7 i q=34.4
up/downstream | | <B@A=90 | <4000

5. Normal WL at upstream, Extreme e=5.3 =29.3 gq=34.5

Empty at downstream < B/2=18.0 >1.3 <532.0

e=2.3 gq=16.3
LNomal ] vl | <Ble=638 . <4000

e=3.3 =99.0 g=18.1
pRathquae | L <r=102 |  >20 | <4000

i) B-B e=9.3 q=8.5
Section | S-F1ood Unusial | _ ga=10.2 - <4000

4.Empty at e=2.0 i gq=33.7
up/downstream | | <BM4=102 | | <4000

5. Normal WL at upstream, Extreme e=4.6 =62.9 gq=32.6

Empty at downstream < B/2=20.4 >1.3 <532.0

Prepared by the JICA Survey Team
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30,000 20,000
15
9.3.3
Table 9.3.4 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 102 ]
Protection Concrete facing with anchor bars
Prepared by JICA Survey Team
Appendix G
94
94.1
1)
a)
EL. 206.0 m 9.11
2 1
EL. 209.6 m
6
- EL.215.0 m
- EL.212.0m
- EL.209.6 m
- EL.196.0 m
b)
5 462.1 m’ls 6
111.2 m’fs 6 6

573.3 m%s

JICA 9-15 22 1



EL.176.5m

- 6 EL.168.4 m
- 1 EL. 166.1 m
- EL.164.0 m
)
9.11 40.0 m
3 4 5 37.0m 3.0m
1 3
4 5 455m 6
- 48.0 m
- ( 1 ) 455 m
- 40.0 m
- 26.4m
@)
6
a)
40.0 m 40
MW 40.9 MW (= 40.0/0.98)
b)
3 45 50 MVA ( 0.8 40 MW)
46 MW ( 0.92 ) 3 45
6 46 MW 47 MW (=
46.0/0.98)
(4)
()
(Ns)
a)
Ns = N * VPt/Hn"?°
Ns: (m-kW)
N: (rpm)
JICA 9-16 22 1



Pt: (KW)

Hn: (m)
b)
JEC 4001
40 m 368.6 m-kwW
300 m-kw
300 m-kw
c)
N =120 *f/p
N: (rpm)
f: (Hz) =50Hz
p:
Ns = 300 m-kwW 136.4 rpm ( =44) 1429 rpm ( =42)
150 rpm ( =40) Table 9.4.1.1
Table 9.4.1 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 >
Prepared by the JICA Survey Team
d)
300
m-kW 142.9 rpm
(6)
1
=TWL,; +H; [EL. m]
TWL;: 1 (EL. m)
=164.0 m
Hs: (m)
= Ha' Hv'cp*Hd
Ha: TWL; =164.0 m (m) =10.12m
H,: (mAQ) =0.32m
Hg: (m) =40.0m
Op: =0.2682
Hs -1.0m EL. 163.0 m
3 45 EL. 161.0 m 6
JICA 9-17 22 1



3 45
3 4 EL.161.0 m
1) 5 6
2) 5 6 6
3 45 EL. 168.5m
3) 6 3 45 3 45
EL.161.0 m
(7)
6 3 45 Table 9.4.1.2
Table 9.4.2 Comparison of Turbine Operating Conditions and Ratings
Items Unit 6 Unit 3,4, 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.210.0m 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. 168.4 m EL. 168.0 m Item (1) 2)
(c) When one unit operating with rated output EL. 166.1 m EL. 166.2 m Item (1) 2)
(d) When all units being stopped (no flow) EL. 164.0 m EL. 164.0 m
3. Heads
(@) Maximum gross head 48.0m 48.0 m
(b) Maximum net head at one unit operating 45.5m 45.5m 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-kwW
6. Turbine Centerline Elevation EL.161.0m EL.161.0m Item (6)
Prepared by JICA Survey Team
(8)
a)
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b)

(9)

(10)

b) -

c)

(11)

JICA
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Table 9.4.3 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 mls
(c) Pumping head 30m 30m
Prepared by the JICA Survey Team
94.2
1)
345 0.8
Table 9.4.4 0.9

Table 9.4.4 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
6 0.8 0.9

Table 9.4.5

Table 9.4.5 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 USD
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
@ Lifetime of Unit6 = 50 years
(b) Discount rate = 10 %/annum

Prepared by JICA Survey Team

Table 9.4.5 0.8
6 0.8

JICA 9-20
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)

40.9 MW

50 MVA

®)

(4)

(®)

(6)

()

®)

9.4.3
@)

)

6
KVA)

9.4.4 115 KV

(1) 115kV

115 kv

0.8

= X
40.9x0.98/0.8
=50.0 MVA

11 kv

115 kv

0.98 (

16,666 kVA (

50,000

JICA
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(2) 6
115 kV Appendix G E-021 E-022 25m
6 115 kV
1) 115kV 123kV 1250 A 31.5kA 1
2) 115kV 123kV 1250 A 31.5kA (35s) 3
3) 115kV 123kV 300/5A 31.5KkA (35s) 3
4) 115kV 123 kV  115/3//0.11N3 kV 3
5) 115kV 3
6 115 kV E-002
3)
115 kV ( 115 kV
( 189M3) 1 E-001 E-021
3 4 ( TL2
(4) 115kV
115 kV HDCC 325 mm’
90 °C 875 A 6 1,305 A
115 kV HDCC 725 mm?
E-001 3 6
9.4.5
11/0.38 kV 22 kV
22/0.38 kV 2 1,000 kVA
6 22 kv
22 kV 22
6
Figure 9.4.1
6 11/0.38 kV 1 22/0.38 kV
9.4.6
@
2004 2015
JICA 9-22 22 1



From 22 kV
Cubicle
by
New Tr. Existing Tr.
G6 11/0.38 kV 22/0.38 kV
1,000 kVA 1,000 kVA
. Additional
. Switchgear
—{— . :
—{ — Motor Control Center Unit6 1=------=-H--=--------- :
1
L +— AC Distribution Panel Unit6 ! ACB-3 :
1 1
1 1
{F— Intake Gate Unit 6 | Existing Low Voltage !
—{ — Lighting Panel ! Switchgear !
— — Ventilation Panel E E
[ +— Spare _TToommoTTTTTmTmmTTt
Prepared by JICA Survey Team
Figure 9.4.1 Station-Service Power Supply System for Unit 6
2
1)
2) 300 AH
3) 53
)
@)
1
947
1)
JICA 9-23 22 1



2)
5

9.4.8  Thalat 115 kV

1 Thalat 115 kV
115 kV

ACSR 410 mm?

9.5
9.5.1

EL.212.000 _ Permanent stage
A supply pipe
High pressure slide gate

Guide frame
EL. 196.000

Stoplog

& Trashrack Steel penstock
Flow I
—_—
_ EL 185250

Prepared by the JICA Survey Team

Figure 9.5.1 Arrangement of Intake Facilities

1)

ACSR 330 mm?

JICA 9-24
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2)

3)

4)

9.5.2
(1)
7,150 mm
7,150 mm
1
2
118 m¥/s 2.94 m/s
(3)
10
259 e
<8 P O
85, o i
3?5 Mﬁ-‘“ﬁar"
E% 6 -
I =of =
@ =
B8 4| e M opeyg
£S5 4 s
§;,E 2 o
2z
1
@ 0
20
o R
& 18—LAL BT s
e 16} "{“‘-‘(4:/1/‘1?-«""/7"”—_“
§f4 R Rl 745 Y i A
2y

00 0 40 50 &0 70 80 S0 100
SPECIFIC SPEED
From Trashracks and Raking Equipment, Water Power 1960, 9

Figure 9.5.2 Experience Data for Approximate Determination of
Clear Openings in Francis Runners
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Specific Speed ( Ns)  ft-HP m-kW 3.81

Ns 300 m-kw Figure 9.5.2 79 ft-HP
2.9
4600 mm 130 mm
75 mm
100 mm
4)
5)
(SM )
1 mm
(6)
2

9.5.3
1)

7,150 mm

7,150 mm

1

1
6 1 1.050 mm
7 7,350 mm
2
7,150 mm 7,450 mm
150 mm
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®3)

(4)

(5)

9.5.4

9.55

1)

5,500 mm

(SM

1/600

)

JICA
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30m

4
(2)
3
(SM )
(SM )
(SM )
( )
3)
5,500 mm 30
150 mm
10
550 mm
4)
EL. 177.00 m
5
5)
1200 mm
JICA 9-28 22



9.5.6

. D+800
400

t: (mm)

D: (5,500 mm)

16 mm 16 mm 68 m

65 m
1/2

9.5.7
1)
(2)
JICA 9-29 2 1



10

10

10.1
1 500 m
40 ~ 50 cm
Photo: Rock Outcrop located 500 m downstream of NN-1 Hydropower Station
- Figure 9.1.5
Table 10.1.1 1
EL. 166.0 m
2003 EL.165.0 m 2003
12 27 Figure 9.1.5
- EL. 164.00 m EL. 165.0
m 1 2
EL. 165.00 m 1 2

EL. 165.00 m

JICA 10-1 22 1



10

10.2

1)

)

Table 10.1.1 Yearly Minimum Tail Water Levels
Minimum Water Level (masl)

Date Tail Water Level
25/05/1981 166.6
12/06/1982 167.0
08/05/1983 167.0
13/03/1984 167.0
10/04/1985 167.0
20/06/1986 166.7
02/08/1987 166.6
31/12/1988 166.4
08/04/1989 166.6
01/03/1990 166.6
04/06/1991 166.6
08/06/1992 166.2
24/05/1993 166.0
01/11/1994 166.0
17/12/1995 166.2
16/02/1996 166.2
05/12/1997 166.5
26/12/1998 166.3
04/05/1999 166.6
31/01/2000 166.7
22/01/2001 166.2
23/03/2002 166.5
2003/12/27 165.0
13/02/2004 166.2
18/05/2005 166.5
01/07/2006 166.1
15/06/2007 166.5
12/01/2008 165.8
Source: Nam Ngum 1 Hydropower Station
500m
Appendix H
10 km 500 m 25
1 km 15
1
3 km

Nam Lik

3

JICA

10-2
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10

15
20

1km

Table 10.2.1 Hydraulic Analysis Results for Current Condition
467 735 1,025 2,815

Discharge (m*/s) 105 167 247 351 440
Ups(té?_‘"m)w" 166.2 | 1665 | 1669 | 167.3 | 167.6 | 167.7 | 168.9 | 169.9 | 174.9
WL Difference at
Exposed Riverbed | 54 55 47 42 39 36 16 7 2
(cm)
Dowr(‘ét[eranTWL 1656 | 165.9 | 166.3 | 166.7 | 167.0 | 167.1 | 1685 | 169.5 | 1745
Prepared by JICA Survey Team
440 m¥fs,
39cm
5 466 m’/s
(3)
>
>
6
>

10-3 22 1
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10

Table 10.2.2 Hydraulic Analysis Results for Condition After Riverbed Excavation

Discharge (m°/s) 105 167 247 351 440 467 735 1,025 | 2,815
Ups(té?_‘"m)w" 1657 | 166.0 | 1664 | 1669 | 167.2 | 167.3 | 168.8 | 169.8 | 174.9
WL Difference at
Exposed Riverbed 0 1 1 1 1 0 1 1 0
(cm)
DOW?ET;TWL 1656 | 165.9 | 166.3 | 166.7 | 167.0 | 167.1 | 1685 | 169.5 | 1745
Prepared by the JICA Survey Team
(4)
Table 10.2.3 Difference of Tailrace Water Level Before and After Riverbed Excavation
Q (m°ls) 105 167 247 351 440 467 735 1,025 | 2,815
U/S\?g;_'n?)"'fore 166.2 | 1665 | 1669 | 167.3 | 167.6 | 167.7 | 168.9 | 169.9 | 174.9
U/S(Vg'l_‘r}]')“ﬁer 165.7 | 166.0 | 166.4 | 166.9 | 167.2 | 167.3 | 168.8 | 169.8 | 174.9
Difference of
Tailrace Water 054 | -054 | -046 | -040 | -035 | -0.3¢4 | -0.14 | -006 | -0.01
Level (m)
Prepared by the JICA Survey Team
176
Current Condition /
174 7—'—Condition After
€ Riverbed Excv
-l
W2 r
©
>
|
& 170 |
(]
= WL Q
8 g | (ELm) | (m3/s)
?’_E 175.0 2,815
= 169.9 1,025
166 | 168.9 735
167.7 467
167.1 351
164 166.5 247
0 500 1000 1500 2000 2500 3000 [~ 166.0 167
Discharge (m3/s) 165.5 105

Prepared by the JICA Survey Team

Figure 10.2.1 Tailrace Water Level Rating Curve After Riverbed Excavation

JICA
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(%)
200 m
Table 10.2.4 Difference of Water Velocity Before and After Riverbed Excavation
Discharge (msls) 105 167 247 351 440 467 735 1,025 2,815
Water - Velocity -\ g08 | 012 | 016 | 022 | 026 | 027 | 034 | 042 | 072
Before (m/s)
Water Velocity -\ 59 | 013 | 018 | 023 | 028 | 029 | 035 | 042 | 072
After (m/s)
Difference of Water | ) | 001 | 002 | 001 | 002 | 002 | 001 | 000 | 0.00
Velocity (m/s)
Prepared by JICA Survey Team
10.3
10.3.1
Ns
N * Pt
Ns= ————  [m-kWw]
Hd™
1 NS (m'kW)
N (rpm)
Hq (m)
Py (kW)
Table 10.3.1 Specific Speed of Existing Turbines
Existing Turbines Turbine Speed Design Head Turbine Output Specific Speed
(rpm) (m) (kw) (M-kW)
Unit 1/Unit 2 176.5 37.0 18,300 268.0
Unit 3/Unit 4/Unit 5 136.4 37.0 40,000 298.9
Prepared by JICA Survey TEam
10.3.2
Water
Power & Dam Construction (Aug. 1987)
JICA 10-5 22 1
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op =0.0245 * e (0.00833 * Ns)

’ Gp
N,

(m-kW)

Table 10.3.2 Cavitation Coefficient of Existing Turbines

Existing Turbines Specific Speed Cavitation Coefficient
(m-kW)
Unit 1/Unit 2 268.0 0.2284
Unit 3/Unit 4/Unit 5 298.9 0.2955
Prepared by JICA Survey Team
1.5
10.3.3
1
=TWL; +Hs [EL. m]
TWL; : 1 (EL. m)
=164.0m
Hs (m)
= Ha' Hv'Gp*Hd
Ha TWL; =164.0 m (m)
=10.12m
H, (mAQ)
=0.32 mAq
Hqg . (m)
=370m
Op
=0.2284 (Unit 1 Unit 2)
=0.2955 (Unit3 Unit 4 Unit 5)

Table 10.3.3 Turbine Centerline Elevation of Existing Turbines

Existing Turbines Tailrace WL Suction Head Turbine Centerline Elevation (m)
(m) (m) Calculated Actual Setting
Unit 1/Unit 2 164.0 +1.35 165.35 165.5
Unit 3/Unit 4/Unit 5 164.0 -1.12 162.88 161.0
Prepared by JICA Survey Team
JICA 10-6 22 1
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10.3.4

(1) Unitl Unit 2

2004

(2) Unit3 Unit4 Unit5s

10.3.5

(1) Unitl Unit 2

Unit 1

Cofferdam

(2) Unit3 Unit4 Unith

Unit 2

1

EL.164.0m

Unit3 Unit4 Unith 1.8m
1.8m
Unit3 Unit4 Uniths
6
Unit 1 Unit 2 EL. 165.00 m
Unit 1 Unit 2
Unit3 Unit4 Unith
1.8m
JICA 10-7 22
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11

11.1
40MW 6
155 MW 195 MW
5
» 1971: 15,000 kW x 2 1 &2
» 1975: 40,000 kKW x 2 3 &4
» 1984: 40,000 kW x 1 5
» 2004: Up-rating 2,500 kW x 2 1 &2
6
> :40.0m
> tEL.185.25m
> :5.5m
> : Bonnet type high pressure slide gate
> : Francis type, rated output 40,900 kW
> - Umbrella type, rated output 50,000 kVA
> - Single phase type, rated capacity 16,666 kVA x 3
> 5
>
> 6
>
13
90 km
11.2
1)

2009 12

JICA 11-1 22
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)

DOE DOE
EdL

®3)

Figure 11.2.1 5

Description Year 1 Year 2 Year 3 Year 4 Year 5

1] 2]a]a]s]s] 7] e ofwo]u]u1][2] a[4]s] 6] 7] 8] o]w][uls

=
m
©
5

uj2f1]2|3[4|5|6/ 7| 8)9]|w0uj2f1]|2]3)4f[5]6[7]|8[8]10/11

\Pre-cunstructionactivities| \ \ | \ \ | \ | \ \ |

1|Loan Pledge \4

N

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 -

. Construction peri
Construction L A NN N RN NI S RN AN ]

Mobilization/Preparatory works Y [

Powerhouse & tailrace ‘ ‘

Access to PH excavation site
Tail bay coffer barrier

Temporary trestle (platform) ‘ | ‘_

Foundation excavation (incl. tailrace) %

Concrete up to crane rail level N

Turbine & mechanical M

Building utilities and finishing

Intake & Penstock

Dam crest temporary platform s e e e

Temporary d/s platform and ramp |_ Dewater

Intake temporary coffer enclosure

Dewatered period in coffer enclosure n i |

Piercing NN1 dam body H ‘ m | Break-through

Generator & electrical m
__|

Trashrack and stoplog | ‘ ‘

Penstock pipe and intake gate ‘ |

Concrete

Commissioning

Wet test & start of commercial operation

Prepared by the JICA Survey Team

Figure 11.2.1 Overall Tentative Implementation Schedule

JICA 11-2 22 1
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(4)

ODA
(5)
JICA DOE
3
- Lot1:
- Lot2:
- Lot3:
11.3
(1)
A Al
A2
A3
Al
B B1
B2
C C1
C2
2
13
JICA 11-3 22
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Appendix [-2
NN2
2ha
2009 8 3 JICA
Appendix I-3
2km
55 m
H SM490
11.5 m x 4.0 m (46.0 m%)
13.1 mx 4.8 m (62.88 m?)
30 m (EL. 179.0 m - EL. 209.0 m)
580
1 2.0
15 30 /1 2.0 15 1
40
200
40-50 cm  M36 200
5
(025 )-> (025 )-> (0.5

JICA 11-4 22 1
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) > (15 ) (25 ) >
25 )> (05 )> (05 )>
(025 ) > (025 )> 20 )>
(025 )>
5 6
1 1
1 50 30 30 60
19 20 36.0 10.1
200t 40t, 14m,
1
200t 40t, 14m,
1
40t 40t 1
10t 1
60 PS 2
20t 5.5mx2.5mx1
60 m*/h 1
1
1) EL.181.0m
2) 6.7mx6.7m 22.0m
9.0mx50m 1,450 m®
JICA 11-5 22 1
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3)

102 mm
10

1,130 m*(

1,400 kg

EL. 177 m

27

)

2t
0.9m?
10t

035 m®

1.4t

60 m°/h

, 150kg

6.7m

44 m?

1) » 2)

36

(EL. 168 m )

(EL. 168 m )
(OHT

2.0 months
1.0 month
6.0 months
5.0 months
7.0 months
1.0 month
2.0 months
2.0 months
8.5 months
1.5 months
36.0 months

3.5

JICA

11-6
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EL. 168 m 39,000 m® EL. 168 m
24,000 m® 2
EL.181.0 m
EL.171m
EL. 177 m 10
0.8m° 1,300 kg
08 m 10
2,600 m®
15,000 m® 60 m?
am 60 m®
. 13,000 m® 4
(3)
40 MW
1) 12t
2) .59t
3) 131t
4) LS
5) , 186 t
1) LS
2)
JICA 11-7 22 1
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155

100 200
1
100 200 5.5
3
(4)
40 MW
1) LS
2) LS
3) , LS
4) LS
5) , LS
6) , LS
7) LS
8) LS
1) LS
3
22
3
2
11.4
1)
() 5
°
° Kip
- ( )

16

JICA 11-8
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US$ US$ 1.00 = JPY 95.0 US$ 1.00 = Kip 8,510.0

2009 8

DOE/EdL
TOR

- 59 RIT
- 5,610

85 (FC),

Appendix 1-8

15 (LC)

JICA

11-9
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) 10
o 0 5% JETRO
) 17
[ ODA 0.01
° LDC
[ 5
[ 7 5 2004 2008
2.4% 5 2004
2008 7.32%
° 10 5
°
2
Appendix I-4  I-5
( , Appendix 1-4) ( , Appendix 1-5)
5,546 5,621
122,224 Kip 124,006 Kip
6,910 7,006
3
Appendix I-6  1-7
54.5
(1-6) (-7
24.4 25.2
3.1 3.1
18.8 18.8
7.4 7.4
53.7 57.5
JICA 11-10 22 1



12

12

12.1

12.1.1

EIRR NPV B/C
EIRR

> C A+ =D B [(A+1)" =
t=0 t=0

Ct
Bt

r EIRR

12.1.2

1)

EIRR 10%
JICA 2005
10

)

0.95

(3)

50 5 55
(4)
2009

JICA 12-1 22 1
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()

(6)
VAT

(7)

IRR
12.1.3
11
)
Table 12.1.1 Initial Investment Cost (Economic Price)
i 1st Year 2nd Year 3rd Year 4th Year 5th Year Total
Description
rc | Lc rc | Lc rc | c rc | Lc rc [ e rc | c ] Tom
1. Construction Cost
Civil Works 0 0 1,824 306 7,295 1,223 7,295 1,223 5,471 917 21,886 3,669 | 25,555
Hydro-mechanical Works 0 0 229 38 916 154 916 154 687 115 2,749 461 3,210
Electro-mechanical Works 0 0 1,403 235 5,612 941 5,612 941 4,209 706 | 16,836 2,822 | 19,658
Total Base Cost 0 0 3,456 579 | 13,823 2,317| 13,823 2,317| 10,368 1,738 | 41,470 6,952 | 48,423
Physical Contingency (10%) 0 0 346 58 1,382 232 1,382 232 1,037 174 4,147 695 4,842
Total Construction Cost 0 0 3,801 637 | 15,206 2,549 | 15,206 2,549 11,404 1,912 45,617 7,648 | 53,265
11. Consulting Services
Base Cost 1,288 38 1,309 45 1,552 61 1,671 64 1,664 67 7,484 276 7,760
Physical Contingency (5%) 64 2 65 2 78 3 84 3 83 3 374 14 388
Total Construction Cost 1,352 40 1,375 47 1,629 64 1,755 68 1,747 71 7,859 289 8,148
111. Administration Cost
Administration Cost 0 68 0 297 0 1,020 0 1,059 0 844 0 3,289 3,289
TOTAL (I to 111) 1,352 108 5,176 982 | 16,835 3,633 | 16,961 3,676 | 13,151 2,827 | 53,476 11,226| 64,702
TOTAL (FC +LC) 1,461 6,158 20,468 20,637 15,978 64,702
Prepared by JICA Survey Team
)
- 0.5%
- 1) 0.75%
2) 0.25%
- 1%
JICA 12-2 22 1
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Table 12.1.2 Operation and Maintenance Cost (Economic Price)

(US$1,000)
ltem Const_ructlon C_ost (incl. Factor O&M Cost
Physical Contingency)
Civil Works (excl. Tenporary Works) 10,784 0.50% 54
Hydro-mechanical Works
Intake Gate and Hoist 1,573 0.75% 12
Trash Rack and Stop Log 503 0.25% 1
Electro-mechanical Works 21,424 1.00% 214
Total 281
Prepared by JICA Survey Team
@)
30
- 5%
- 1) 70%
2) 100%
Table 12.1.3 Reinvestment Cost (Economic Price)
(US$1,000)
ltem Construction Cost (incl. Factor Reinvestment
Physical Contingency) Cost
Hydro-mechanical Works 1,573 5% 79
Electro-mechanical Works
Turbine and Generator 17,132 70% 11,992
Others 4,292 100% 4,292
Total 16,363
Prepared by JICA Survey Team
12.1.4
without project  with project
C1 124
EdL EGAT
kw
kWh
1 5
1)
JICA 12-3 2 1
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kw
kWh
2006 2.8
30 65 1 DOE
PDP Hongsa Viengphukha
2 kw
kWh PDP
1,500 MW 80%
1)
kw kWh
Table 12.1.4 Adjustment Factors of Thermal Plant
Item Hydropower Diesel Power /1
Transmission Loss 6.00% A 6.00% E
Overhaul and maintenance /2 0.00% B 7.67% F
Aucxiliary Power Consumption 0.50% C 4.60% G
Forced outage 0.50% D 2.19% H
kW Adjustment Factor /3 - 1.149 |
kWh Adjustment Factor /4 - 1.043 J
Notes:

/1 Feasibility Study on The Sihanoukville Combined Cycle Power Development Project in The Kingdom of Cambodia, JICA (Jan 2002)
/2 Scheduled overhaul and maintenance of hydropower is taken into calculation of energy generation
3 1= ((1-A)*(1-B)*(1-C)*(1-D)) / (1-E)*(1-F)*(1-G)*(1-H))
/4 3=((1-A*(1-C) / (1-B)*(1-G))
Prepared by JICA Survey Team

2) KW

kw

JICA 12-4 22 1
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Table 12.1.5 Calculation of kW Value

ltem Unit Middle Speed Diesfel Power Low Speed Diese'l Power
(90MW/unit) (90MW/unit)

A Construction Cost per kW US$/kW 1,370.0 2,020.0

B Adjusted for Price Escalation USS$/kW 1,804.4 2,660.6

C Economic Life Years 20 20

D Discount Rate 10% 10%

E Capital Recovery Factor 0.1175 0.1175

F Fixed O&M Cost US$/kW 21.0 21.0

G Adjusted for Price Escalation US$/kW 27.7 27.7

H kW Adjustment Factor 1.149 1.149

I kW Value (Power Value) US$/kW 275.35 390.91

Notes:

A, C, F - Feasibility Study on The Sihanoukville Combined Cycle Power Development Project in The Kingdom of Cambodia, JICA (Jan 2002)
B, G - Adjusted for average inflation rates of world prices (2002-2008: 131.71%): retreived from World Economic Outlook, IMF (April 2009)

1= (G

+B*E)*H

Prepared by JICA Survey Team

3) kWh
kWh
Table 12.1.6  Calculation of kWh Value
ltem Unit Middle Speed Diesfel Power Low Speed Diese_l Power
(90MW/unit) (90MW/unit)
A Fuel Type Heavy Fuel Oil Heavy Fuel Oil
B Fuel Price US$/L 0.3587 0.3587
C Caloric Value keal/L 9,958 9,958
D Thermal Efficiency 43% 49%
E Heat Rate kcal/kWh 2,000.0 1,755.1
F  Fuel Amount L/kWh 0.2008 0.1763
G Fuel Cost US$/kWh 0.0720 0.0632
H Variable O&M Cost US$/kWh 0.003 0.003
I kWh Value Adjustment Factor 1.043 1.043
J  kWh Value (Energy Value) US$/kW 0.0783 0.0691
Notes:

A, C, D, H- Feasibility Study on The Sihanoukville Combined Cycle Power Development Project in The Kingdom of Cambodia, JICA (Jan 2002)
B - Fuel Oil CIF average price per litre: Lao State Fuel Company (May 2009)

J=

(G +H)*1

Prepared by JICA Survey Team

kWh

JICA

12-5
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)

4)

0.60

040 F~C W~ -m -t mmmmmmmmmmmmm e

030 -

USD/kWh

020 -

000 F-mmmmmmmmmmmmmmmmmmmm oo TR

0.00

10% 15% 20% 25% 30% 35% 40% 45% 50% 55% 60% 65% 70% 75% 80%
Plant Factor

Middle Speed Diesel Power Low Speed Diesel Power

Prepared by JICA Survey Team
Figure 12.1.1 Per kWh Value of Diesel Power Plants

kw kWh

Table 12.1.7 Annual Energy and Capacity Benefits

Item Unit Without Project| With Project Net

Annual Energy

Year 2015 - GWh 1,067.85 1,121.47 53.62

Year 2020 - GWh 1,072.75 1,144.80 72.05

Year 2025 - GWh 1,071.16 1,114.98 43.81
Dependable Peak Capacity

Year 2015 - MW 67.9 108.5 40.63

Year 2020 - MW 78.2 115.9 37.69

Year 2025 - MW 76.0 101.4 25.40
Energy Benefit: kWh Value (US$0.0783/kWh)

Year 2015 - US$1,000 83,579 87,776 4,197

Year 2020 - US$1,000 83,963 89,603 5,639

Year 2025 - US$1,000 83,839 87,268 3,429
Capacity Benefit: kW Value (US$275.35/kW)

Year 2015 - US$1,000 18,688 29,875 11,188

Year 2020 - US$1,000 21,526 31,904 10,378

Year 2025 - US$1,000 20,920 27,914 6,994
Total Annual Benefit

Year 2015 - US$1,000 102,267 117,652 15,385

Year 2020 - US$1,000 105,489 121,507 16,018

Year 2025 - US$1,000 104,758 115,182 10,423

Prepared by JICA Survey Team

40 MW 281
155 MW 1,090 US$/ 136 US$/

uss/

12.4

JICA

12-6
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Table 12.1.8 Operation Time Rate and O&M Cost Saving

Item | Unit | Without Project| With Project Change %
Operation Rate (Unit No.1-No.5)
Year 2015 - 80.5% 69.2% 14.1%
Year 2020 - 79.3% 71.2% 10.3%
Year 2025 - 79.7% 69.4% 13.0%
Average - - 12.4%
O&M Cost (Unit No.1-No.5)| US$1,000 1,090 954 136

* O&M Cost of Unit No.1 - 5 = Unit No.6 O&M Cost / 40MW * 155 MW
Prepared by JICA Survey Team

1215 EIRR
EIRR EIRR  17.68%
10 NPV 36,758 US$ B/C 1.76
EIRR 10 NPV

JICA 12-7 22 1
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Table 12.1.9 Calculation of EIRR

Cost Benefit
Year Construction and Operation and Total Capacity Energy Unit No.1-5 Total Net Benefit
Reinvestment Maintenance Benefit Benefit OM Cost Saving
1 2010 1,461 0 1,461 0 0 0 0 -1,461
2 2011 6,158 0 6,158 0 0 0 0 -6,158
3 2012 20,468 0 20,468 0 0 0 0 -20,468
4 2013 20,637 0 20,637 0 0 0 0 -20,637
5 2014 15,978 0 15,978 0 0 0 0 -15,978
6 2015 0 281 281 11,188 4,197 135 15,520 15,239
7 2016 0 281 281 11,188 4,197 135 15,520 15,239
8 2017 0 281 281 11,188 4,197 135 15,520 15,239
9 2018 0 281 281 11,188 4,197 135 15,520 15,239
10 2019 0 281 281 11,188 4,197 135 15,520 15,239
11 2020 0 281 281 10,378 5,639 135 16,153 15,872
12 2021 0 281 281 10,378 5,639 135 16,153 15,872
13 2022 0 281 281 10,378 5,639 135 16,153 15,872
14 2023 0 281 281 10,378 5,639 135 16,153 15,872
15 2024 0 281 281 10,378 5,639 135 16,153 15,872
16 2025 0 281 281 6,994 3,429 135 10,558 10,277
17 2026 0 281 281 6,994 3,429 135 10,558 10,277
18 2027 0 281 281 6,994 3,429 135 10,558 10,277
19 2028 0 281 281 6,994 3,429 135 10,558 10,277
20 2029 0 281 281 6,994 3,429 135 10,558 10,277
21 2030 0 281 281 6,994 3,429 135 10,558 10,277
22 2031 0 281 281 6,994 3,429 135 10,558 10,277
23 2032 0 281 281 6,994 3,429 135 10,558 10,277
24 2033 0 281 281 6,994 3,429 135 10,558 10,277
25 2034 0 281 281 6,994 3,429 135 10,558 10,277
26 2035 0 281 281 6,994 3,429 135 10,558 10,277
27 2036 0 281 281 6,994 3,429 135 10,558 10,277
28 2037 0 281 281 6,994 3,429 135 10,558 10,277
29 2038 0 281 281 6,994 3,429 135 10,558 10,277
30 2039 0 281 281 6,994 3,429 135 10,558 10,277
31 2040 0 281 281 6,994 3,429 135 10,558 10,277
32 2041 0 281 281 6,994 3,429 135 10,558 10,277
33 2042 0 281 281 6,994 3,429 135 10,558 10,277
34 2043 0 281 281 6,994 3,429 135 10,558 10,277
35 2044 16,363 281 16,644 6,994 3,429 135 10,558 -6,086
36 2045 0 281 281 6,994 3,429 135 10,558 10,277
37 2046 0 281 281 6,994 3,429 135 10,558 10,277
38 2047 0 281 281 6,994 3,429 135 10,558 10,277
39 2048 0 281 281 6,994 3,429 135 10,558 10,277
40 2049 0 281 281 6,994 3,429 135 10,558 10,277
41 2050 0 281 281 6,994 3,429 135 10,558 10,277
42 2051 0 281 281 6,994 3,429 135 10,558 10,277
43 2052 0 281 281 6,994 3,429 135 10,558 10,277
44 2053 0 281 281 6,994 3,429 135 10,558 10,277
45 2054 0 281 281 6,994 3,429 135 10,558 10,277
46 2055 0 281 281 6,994 3,429 135 10,558 10,277
47 2056 0 281 281 6,994 3,429 135 10,558 10,277
48 2057 0 281 281 6,994 3,429 135 10,558 10,277
49 2058 0 281 281 6,994 3,429 135 10,558 10,277
50 2059 0 281 281 6,994 3,429 135 10,558 10,277
51 2060 0 281 281 6,994 3,429 135 10,558 10,277
52 2061 0 281 281 6,994 3,429 135 10,558 10,277
53 2062 0 281 281 6,994 3,429 135 10,558 10,277
54 2063 0 281 281 6,994 3,429 135 10,558 10,277
55 2064 -5,454 281 -5,173 6,994 3,429 135 10,558 15,731
Total 75,611 14,061 89,672 387,586 186,348 6,756 580,691 491,019
Discount Rate: 10.0% PV (Cost): 48,096 PV (Benefit): 84,855
EIRR: 17.68%
NPV: 36,758
B/C: 1.76

Prepared by JICA Survey Team

JICA 12-8 22 1
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12.1.6
1)
(@)10% (b)20
(2)10% (b)20
20 20%
)
EIRR 14.08% 17.21%
10 3
Table 12.1.10 Results of Sensitivity Analysis
Case la 1b 2a 2b 3
EIRR 16.20%| 14.92%| 17.21%)| 16.73%| 14.08%
Prepared by JICA Survey Team
12.2
12.2.1
FIRR
12.2.2
11
1)
JICA 12-9 22
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Table 12.2.1 Initial Investment Cost (Financial Price)
(US$1,000)
. 1st Year 2nd Year 3rd Year 4th Year 5th Year Total
Description
rc [ Lc rc [ Lc rc [ Lc rc | Lc rc [ e rc | c | Tom
1. Construction Cost
Civil Works 0 o] 1824 322 7205 1287 7295| 1287 5471 966 | 21,886 3.862] 25748
Hydro-mechanical Works 0 0 229 40 916 162 916 162 687 21| 2,749 485| 3,234
Electro-mechanical Works 0 0] 1403 248 5612 990| 5612 990 4,209 743| 16836| 2971| 19,807
Total Base Cost 0 0] 3456 610 13823 2439| 13823| 2439| 10368| 1830 41470 7,318 48,789
Physical Contingency (10%) 0 0 346 61| 1,382 244 1,382 244 1,037 183] 4,147 732| 4879
Total Construction Cost 0 0] 3801 671| 15206 2683| 15206| 2683| 11,404| 2013| 45617 8,050 53667
11. Consulting Services
Base Cost 1,288 40| 1,309 47] 1,552 64| 1671 68| 1,664 71| 7484 290 7,775
Physical Contingency (5%) 64 2 65 2 78 3 84 3 83 4 374 15 389
Total Construction Cost 1,352 42 1,375 50 1,629 67 1,755 71 1,747 74 7,859 305 8,163
111. Administration Cost
Administration Cost 0 72 0 313 of 1074 0] 1115 0 889 0| 3462| 3462
TOTAL (I to I11) 1,352 14| 5176] 1034| 16,835] 3824| 16961] 3870 13151] 2,976| 53,476 11,817| 650293
TOTAL (FC +LC) 1,466 6,210 20,659 20,830 16,127 65,293
Prepared by JICA Survey Team
)
Table 12.2.2 Operation and Maintenance Cost (Financial Price)
(US$1,000)
Construction Cost (incl.
Item . . ( Factor O&M Cost
Physical Contingency)
Civil Works (excl. Tenporary Works) 10,866 0.50% 54
Hydro-mechanical Works
Intake Gate and Hoist 1,585 0.75% 12
Trash Rack and Stop Log 507 0.25% 1
Electro-mechanical Works 21,586 1.00% 216
Total 283
Prepared by JICA Survey Team
®)
Table 12.2.3 Reinvestment Cost (Financial Price)
(US$1,000)
Construction Cost (incl. Reinvetment
Item . . Factor
Physical Contingency) Cost
Hydro-mechanical Works 1,585 5% 79
Electro-mechanical Works
Turbine and Generator 17,261 70% 12,083
Others 4,325 100% 4,325
Total 16,487
Prepared by JICA Survey Team
JICA 12-10 22 1
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12.2.3
1)
2008 USc6.21/kWh
Table 12.2.4 Financial Benefit (Electricity Revenue)
Item Unit Without Project| With Project Net
Annual Energy
Year 2015 - GWh 1,067.85 1,121.47 53.62
Year 2020 - GWh 1,072.75 1,144.80 72.05
Year 2025 - GWh 1,071.16 1,114.98 43.81
Loss Rates
Transmission Loss % 6.0% 6.0%
Auxiliary Consumption % 0.5% 0.5%
Forced Outage % 0.5% 0.5%
Electricity Sold
Year 2015 - GWh 993.77 1,043.67 49.90
Year 2020 - GWh 998.33 1,065.38 67.05
Year 2025 - GWh 996.85 1,037.62 40.77
Electricity Revenue (US$0.0621/kWh)
Year 2015 - US$1,000 61,713 64,812 3,099
Year 2020 - US$1,000 61,996 66,160 4,164
Year 2025 - US$1,000 61,904 64,436 2,532
Prepared by JICA Survey Team
)
124
40 MW 283  USY$/ 155 MW
1,098  US$/ 136 US$/
Table 12.2.5 Operation Time Rate and O&M Cost Saving
Item Unit Without Project| With Project Change
Operation Rate (Unit No.1-No.5)
Year 2015 - 80.5% 69.2% 14.1%
Year 2020 - 79.3% 71.2% 10.3%
Year 2025 - 79.7% 69.4% 13.0%
Average - - 12.4%
O&M Cost (Unit No.1-No.5) US$1,000 1,098 962 136
Prepared by JICA Survey Team
12.2.4  FIRR
FIRR FIRR 2.75%
JICA 12-11 22 1
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Table 12.2.6 Calculation of FIRR

Cost Benefit
Year Construction and Operation and Total Incrementa Unit No.1-5 Total Net Benefit
Reinvestment Maintenance I Revenue OM Cost Saving

1 2010 1,466 0 1,466 0 0 0 -1,466
2 2011 6,210 0 6,210 0 0 0 -6,210
3 2012 20,659 0 20,659 0 0 0 -20,659
4 2013 20,830 0 20,830 0 0 0 -20,830
5 2014 16,127 0 16,127 0 0 0 -16,127
6 2015 0 283 283 3,099 136 3,235 2,952
7 2016 0 283 283 3,099 136 3,235 2,952
8 2017 0 283 283 3,099 136 3,235 2,952
9 2018 0 283 283 3,099 136 3,235 2,952
10 2019 0 283 283 3,099 136 3,235 2,952
11 2020 0 283 283 4,164 136 4,300 4,017
12 2021 0 283 283 4,164 136 4,300 4,017
13 2022 0 283 283 4,164 136 4,300 4,017
14 2023 0 283 283 4,164 136 4,300 4,017
15 2024 0 283 283 4,164 136 4,300 4,017
16 2025 0 283 283 2,532 136 2,668 2,385
17 2026 0 283 283 2,532 136 2,668 2,385
18 2027 0 283 283 2,532 136 2,668 2,385
19 2028 0 283 283 2,532 136 2,668 2,385
20 2029 0 283 283 2,532 136 2,668 2,385
21 2030 0 283 283 2,532 136 2,668 2,385
22 2031 0 283 283 2,532 136 2,668 2,385
23 2032 0 283 283 2,532 136 2,668 2,385
24 2033 0 283 283 2,532 136 2,668 2,385
25 2034 0 283 283 2,532 136 2,668 2,385
26 2035 0 283 283 2,532 136 2,668 2,385
27 2036 0 283 283 2,532 136 2,668 2,385
28 2037 0 283 283 2,532 136 2,668 2,385
29 2038 0 283 283 2,532 136 2,668 2,385
30 2039 0 283 283 2,532 136 2,668 2,385
31 2040 0 283 283 2,532 136 2,668 2,385
32 2041 0 283 283 2,532 136 2,668 2,385
33 2042 0 283 283 2,532 136 2,668 2,385
34 2043 0 283 283 2,532 136 2,668 2,385
35 2044 16,487 283 16,770 2,532 136 2,668 -14,102
36 2045 0 283 283 2,532 136 2,668 2,385
37 2046 0 283 283 2,532 136 2,668 2,385
38 2047 0 283 283 2,532 136 2,668 2,385
39 2048 0 283 283 2,532 136 2,668 2,385
40 2049 0 283 283 2,532 136 2,668 2,385
41 2050 0 283 283 2,532 136 2,668 2,385
42 2051 0 283 283 2,532 136 2,668 2,385
43 2052 0 283 283 2,532 136 2,668 2,385
44 2053 0 283 283 2,532 136 2,668 2,385
45 2054 0 283 283 2,532 136 2,668 2,385
46 2055 0 283 283 2,532 136 2,668 2,385
47 2056 0 283 283 2,532 136 2,668 2,385
48 2057 0 283 283 2,532 136 2,668 2,385
49 2058 0 283 283 2,532 136 2,668 2,385
50 2059 0 283 283 2,532 136 2,668 2,385
51 2060 0 283 283 2,532 136 2,668 2,385
52 2061 0 283 283 2,532 136 2,668 2,385
53 2062 0 283 283 2,532 136 2,668 2,385
54 2063 0 283 283 2,532 136 2,668 2,385
55 2064 -5,496 283 -5,212 2,532 136 2,668 7,880
Total 76,284 14,167 90,451 137,595 6,807 144,402 53,951
FIRR: 2.75%

Prepared by JICA Survey Team

JICA 12-12 22
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12.25
1)
1 (2)10% (b)20
2 Tariff Study Update 2009 2016
Base Investment Case (a) 1,274Kip/kWh
USc14.97/kwh 2008 2.4 Low Investment Case (b)
720Kip/kwWh USc8.79/kwh 2008 1.4 (c) 2008
1.2 USc7.45/kWh
3 Low Investment Case USc8.79/kWh (2)10%
(b)20
)

FIRR  167% 9.75%
0.01
1(a)(b) FIRR  2.17~1.67

Table 12.2.7 Results of Sensitivity Analysis
Case la 1b 2a 2b 2c 3a 3b
FIRR 2.17%| 1.67%| 9.75%| 5.09%]| 3.92%| 4.41%| 3.81%

Prepared by JICA Survey Team

12.2.6
EdL
1)
EdL Business — Finance Division Static Planning office EdL
EdL
» EdL DOE
» DOE MEM

JICA 12-13 22 1
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> MEM

and Investment (MPI)

Ministry of Planning

> MEM EdL
)
(1) 2005 24 2005 2011
®)
EdL 2009
6 EdL
2008
530 Kip/kWh 2015 1,210 Kip/kWh
2015
720 Kip/kWh
EdL EdL
EdL 2015
750 ~ 800 Kip/kWh EdL
DOE MEM
Table 12.2.8 Results of Sensitivity Analysis with Electricity Tariff Increase
Case 2015 Average Tariff Level
750 kip/kWh 800 kip/kWh
FIRR 5.11% 5.60%
Prepared by JICA Survey Team
JICA 12-14 22 1
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12.3

10

12.3.1

1)

898 US$ 65,600 US$
285 US$ 16,363  US$
Table 12.3.1 Cost Increase by Excavation (Economic Price)
(US$1,000)
L 1st Year 2nd Year 3rd Year 4th Year 5th Year Total
Description
rc | Lc rc | Lc rc | Lc rc | Lc rc | Lc rc | c [ Total
1. Construction Cost
Civil Works 0 55 9 221 37 221 37 166 28 663 112 775
Physical Contingency (10%) 0 6 1 22 4 22 4 17 3 66 11 77
Total 0 61 10 243 41 243 41 182 31 729 123 852
111. Administration Cost
Administration Cost 0 0 4 0 15 0 15 0 12 0 46 46
TOTAL (I and 111) 0 61 14 243 56 243 56 182 43 729 169 898
TOTAL (FC +LC) 0 75 299 299 225 898
Prepared by JICA Survey Team
)
906 US$
66,199 US$ 288 US$
16,487 US$
Table 12.3.2 Cost Increase by Excavation (Financial Price)
i 1st Year 2nd Year 3rd Year 4th Year 5th Year Total
Description
rc | c rc | c rc | c rc | Lc rc | e rc | c ] Tom
1. Construction Cost
Civil Works 0 55 10 221 39 221 39 166 29 663 117 780
Physical Contingency (10%) 0 6 1 22 4 22 4 17 3 66 12 78
Total 0 61 11 243 43 243 43 182 32 729 129 858
111. Administration Cost
Administration Cost 0 0 4 0 16 0 16 0 13 0 48 48
TOTAL (I and 111) 0 61 15 243 59 243 59 182 45 729 177 906
TOTAL (FC +LC) 0 75 302 302 227 906
Prepared by JICA Survey Team
©)
5GWh 09 13MW
633 US$ 764 US$ 290 US$ 311 US$
JICA 12-15 22 1
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Table 12.3.3 Incremental Benefit by Excavation
. With Project With Project
Item Unit (Without Excejivation) (Excavatijon) Net
Annual Energy
Year 2015 - GWh 1,121.47 1,126.50 5.03
Year 2020 - GWh 1,144.80 1,150.06 5.25
Year 2025 - GWh 1,114.98 1,120.35 5.38
Dependable Peak Capacity
Year 2015 - MW 108.5 1094 0.87
Year 2020 - MW 115.9 117.1 1.28
Year 2025 - MW 101.4 102.3 0.89
Economic Benefit
Energy Benefit: kWh Value (US$0.0783/kWh)
Year 2015 - US$1,000 87,776 88,170 393
Year 2020 - US$1,000 89,603 90,014 411
Year 2025 - US$1,000 87,268 87,689 421
Capacity Benefit: KW Value (US$275.35/kW)
Year 2015 - US$1,000 29,875 30,115 239
Year 2020 - US$1,000 31,904 32,257 353
Year 2025 - US$1,000 27,914 28,160 246
Total Annual Benefit
Year 2015 - US$1,000 117,652 118,284 633
Year 2020 - US$1,000 121,507 122,271 764
Year 2025 - US$1,000 115,182 115,849 667
Financial Benefit
Electricity Revenue (USc6.21/kWh, loss adjustment 0.931)
Year 2015 - US$1,000 64,812 65,102 290
Year 2020 - US$1,000 66,160 66,464 304
Year 2025 - US$1,000 64,436 64,747 311

Prepared by JICA Survey Team

12.3.2 EIRR FIRR
EIRR FIRR
Table 12.3.4 Results of EIRR and FIRR Calculation
With Project With Project
(Without Excavation) (Excavation)
EIRR 17.68% 18.18%
FIRR 2.75% 3.30%
Prepared by JICA Survey Team
12.4
12.1.4
2 EGAT
without project  with project
JICA 12-16 22
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1)
EGAT EdL EGAT
1
EdL
Table 12.4.1 Electricity Trade Tariff with EGAT
Exports
Peak Off-peak
Export to (Mon-Fri 09:00-22:00) (Mon-l_:rl 22:00-09:00, Locations Remarks
Holidays 24hrs)
EDL EGAT THB 1.60 / kWh THB 1.20 / kWh Nam Ngum 1(C1) , Xeset 1
(Thailand) (4.70 US cents) (3.52 US cents) (South)
Imports
peak Off-peak
Import from (Mon-Fri 09:00-22:00) (Mon-l?n 22:00-09:00, Locations Remarks
Holidays 24hrs)
Vientiane (C1), * For C1 and South PPAs:
EGAT THB 1.79 / kWh THB 1.39/kWh Bolixamxai (C1), Surcharges applied in
(Thailand) (5.26 US cents) (4.08 US cents) Khamouan (C2), case of EDL annual trade
EDL Savannaket (C2), Bangyo |deficit with EGAT
EGAT THB 27595 / kWh THB 13185 /kwh | \cPon Gold & Copper Fixed Service Charge,
(Thailand) (8.10 US cents) (3.87 US cents) Mine (C2), Cement Factory | Demand Charge, Fuel
' ' (C2) Adjustment are applied

* PPAs for C1 and South: The following surchage is applicable in case of EDL annual trade deficit with EGAT

Unit Price:

Demand Charge = 74.14THB/kW
Energy Charge: Peak = 2.7595 THB/kWh, Off-peak = 1.3185THB/kWh

Ft (Fuel Adjustment) = Variable THB/kWh (Ministry of Energy, Thailand)
Servive Charge = 228.17THB/month (Fixed)

A. Normal Import Tariff (THB) = Annual Peak Import (kWh) * 1.79 THB/kWh + Annual Off-peak Import (kWh) * 1.39 THB/KWh
B. Identify the month of maximum energy consumption (kWh) by EDL:
(i) Demand Charge (THB) = Peak load of the month (kW) * 74.14THB/KW

ii) Energy Charge (THB) = Peak Import of the month (kWh) * 2.7595 THB/KW + Off-peak Import of the month (kWh) * 1.3185 THB/kWh
v) Ft Charge (THB) = Total Import of the month * Ft (THB/KWh)

v) Service Charge (THB) = 228.17 THB (Fixed)
vi) Sum of (iii) to (vi) divided by Total Import of the Month (kWh) = Average Tariff (THB/kWh)

C. Average Normal Import Tariff (A. divided by total annual import) minus (vi) Average Tariff (THB/kWh) = Surcharge Unit Price (THB/kWh)
D. C. Surcharge Unit Price (THB/kWh) * Annual Excess Import (deficit) (kWh) = Surcharge Payment of the year (THB)

Prepared by JICA Survey Team

()

EdL
EGAT 3 4 Us$ 2015-16
2025 15 us$
JICA 12-17 22 1
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Table 12.4.2 EdL Trade Deficit and Surcharge Payment

(US$1,000)
EDL Trade Deficit with EGAT EDL Surcharge Payment to EGAT
vear Without Project With Project Benefit Without Project With Project Benefit
2015 96,097 92,642 3,455 54,741 53,222 1,520
2016 38,242 34,550 3,693 19,059 17,511 1,548
2017 2,563 -6,106 3,543 - - -
2018 25,981 -29,450 3,470 - - -
2019 -23,584 -27,079 3,495 - - -
2020 -38,000 -42,179 4,179 - - -
2021 -43,471 -47,648 4177 - - -
2022 -28,890 -33,261 4,371 - - -
2023 -12,815 -17,050 4,235 - - -
2024 5,117 808 4,308 - - -
2025 24,494 21,430 3,064 14,556 13,065 1,492
Prepared by JICA Survey Team
EdL
(3) EIRR
EIRR 2026 2025
EIRR 5.47% 10
JICA 12-18 22 1
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