FOEFE EFREG



2SS VAET 1 D RUPKDFESFIER F/S BE

74 FILUIR—b+
H R
Fom KRG
9.1 BEZE oot 9-1
9.2 FEMEIREN D FRHE D FETE ©oveveveveveeeeee ettt 9-3
9.2.1  FEMARTN O HETR ovvvveeeeeeeseeee ettt 9-3
922 a7 U — MEEMITIIT DR 9-5
9.2.3  FHBRHANTRIT DR e 9-6
924 B = 7 U — MEEMITIET D RBIERE OFF A D EH...coooene 9-7
925 U4 7 hUTAKRIBEEFHE CTORBIRBOFFBME oo, 9-9
9.3 7 - OO 9-10
0.3 1 T BIBIE oot 9-10
0.3.2 BRI oot 9-13
0.3.3  IKIEAEE oot 9-16
934 FRIETKIE oot 9-22
035 JHIKIEE oot 9-29
936  BERRMEERHIHZE T L 7 U B e, 9-29
9.4 TRTTBERR <ottt st 9-31
041 TKIEBEAT oo 9-31
0.4.2 R TP e 9-31
0.4.3  JEIKIIZZ = B ettt 9-31
044 T T BAT U TRTIU oo 9-31
9.5 =1 OO 9-32
951 EARAEIE oo 9-32
0.5.2 BB R oot 9-36
9.6 FEMIFEETETT BRI L oot 9-44
9.6.1  HEAGKEHERICK DRI & FRIFEAEER o 9-44
962 Y=zl FHIOTZDDEIMEITE oo, 9-45
9.7 FRITIERIT <ottt 9-49
070 TG oo 9-49
0.7.2 BTG T oo 9-49
9.8 XITHT ©vovvoveeseeeesees s es st n st en e 9-51

EFEREKRISE - BERIEKRASH



2SS VAET 1 D RUPKDFESFIER F/S BE

27414 FIILUIR—+~
LIST OF TABLES

Table 9.1-1 Salient Features of Victoria Hydropower Expansion Project...........ccccocevvevervinannns 9-2
Table 9.2.1-1  Comparison of Vibrations due to Earthquakes and Blasting...........cc.ccoeevverievnennnn. 9-4
Table 9.2.1-2  UNItS FOr VIDIation ......cooiiiiiiiiiieeee e 9-4
Table 9.2.2-1  Experiment Result of Blasting Vibration for Crack Generation .............cc.ccceevevenen. 9-6
Table 9.2.3-1  Affects on Rock Slopes due to Blasting Vibration...........ccccocevciiniviiencieieee 9-6
Table 9.2.4-1  Status (Soundness) of Lining Concrete of Existing Tunnel ............ccocooeevveneriennnnen. 9-7
Table 9.2.4-2  Maximum Allowable Vibration VelOCity ........cccccoeviiiiiiiiieie e 9-7
Table 9.2.4-3  Allowable Blasting Vibration Applied to Railway and Road Tunnel Projects

1= o = L PSS 9-8
Table 9.2.4-4  Blasting Vibration Limits for Mass Concrete (after Oriad) .........ccoceevreivrcererinnnnn. 9-8
Table 9.2.4-5  Allowable Blasting Vibration Applied to Hydropower Expansion Project by

JoPOWEN ..t 9-9
Table 9.2.4-6  Allowable Vibration due to Drilling Machine to Make Opening in Concrete

GrAVITY DaAM. ..ttt st s te et e s be s beere et e sre it 9-9
Table 9.3.2-1  Comparison of the Headrace DIiameter...........ccocvviviivieeieiieseseeese e 9-13
Table 9.3.2-2  Headrace Tunnel SUPPOIt Pattern.........ccccoiiiiiieiiiicie e 9-13
Table 9.3.3-1  Comparison of the PenstoCk DIameter.........c..cevvvivriiieene i 9-16
Table 9.3.3-2  Penstock Tunnel SUpPOrt Pattern ..........c.cccoiiiieiiiicic e 9-17
Table 9.3.3-3  Condition for Water Hammer ANalysiS........ccoveveieiiiieeiieiese e 9-17
Table 9.3.4-1  Conditions and Result of Surging ANalysisS..........cccvoviireirienienensie e 9-23
Table 9.3.4-2  Conditions and Result of Reference Surging Analysis ..........cccocvvivviveierieninsieerenies 9-28
Table 9.5.1-1  FIOOr ArTANQGEMENTS ......cviiviiiiiieie ettt ettt be st te e besbesbe e sreeras 9-36
Table 9.5.2-1  REVOIVING SPEEU ......eecueeeii ettt sttt ra e e nreens 9-38
Table 9.6.1-1  Calculation of Installed CapaCity ...........cccvvvviereiiiiiiieiise e 9-44
Table 9.6.1-2  Anneal Energy Based on BasiC DeSIgN...........cceoeveviiieerieiiene e 9-44
Table 9.6.2-1  Anneal Energy in Case of Increase in Diversion VoIUMe ..........ccccoovvereinenenennen, 9-45
Table 9.6.2-2  Annual Energy (Peak: Base = 14:86).......ccccceevueriririieiieieseseesie e sie e sne e 9-49

BREANRIASH - BFTE

KA



2SS VAET 1 D RUPKDFESFIER F/S BE

D74 FILUIR—

Figure 9.2.1-1

Figure 9.3.1-1
Figure 9.3.1-2
Figure 9.3.2-1
Figure 9.3.2-2
Figure 9.3.3-1
Figure 9.3.3-2
Figure 9.3.3-3
Figure 9.3.3-4
Figure 9.3.3-5
Figure 9.3.3-6
Figure 9.3.4-1
Figure 9.3.4-2

Figure 9.3.4-3

Figure 9.3.4-4

Figure 9.3.4-5

Figure 9.3.4-6
Figure 9.3.4-7

Figure 9.3.6-1
Figure 9.5.1-1
Figure 9.5.1-2
Figure 9.5.1-3
Figure 9.6.2-1
Figure 9.6.2-2
Figure 9.6.2-3

LIST OF FIGURES

Relations between Amplitude and Damages of Buildings due to Blasting

VIBFALION ..ottt se e b e be e b reene e 9-5
ROULE OF WALEIWAY ... .eveeiececie et saenneeneas 9-10
Waterway Plan and Profile..........cccooiioiiiiiiiccce e 9-12
Comparison of the Headrace DIameter..........ceovveiveieriiere e 9-13
Headrace TypiCal SECLION..........ccoiiiiiiec e 9-15
Comparison of the Penstock DIiameter........ccccovvieiiiieiiie e 9-16
Water Head due to Water Hammer (Unit4) ..o, 9-18
Water Head due to Water Hammer (UNit 5).......ccccoovveieiiiiniisesc e 9-18
Penstock Typical Section (TUNNEI).........cooiiiiiicicic e 9-19
Penstock Plan and Section (OPEN-Air) ........ccciiveieiiiisieeiiese s 9-20
Penstock Profile (OPeN-Air) ..ot 9-21
Available Open Space for New Surge Tank .........ccoccoevevereninneeiene e 9-22
Water Level in the Surge tank at Up surge (Q; 140 m¥s — Q, 0m%s; T=5

) SRS 9-23
Water Level in the Surge Tank at Up Surge (Q; 133 m%/s — Q, 0m’s; T =

3] PSSR 9-24
Water Level in the Surge Tank at Up Surge (Q; 126 m¥/s — Q, 0 m®/s; T =

3] PSSR 9-24
Water Level in the Surge Tank at Down Surge (Q; 70m*/s — Q, 140 m%s;

LT JO OO 9-25
Surge Tank Vertical and Cross SECHION ........cccecviiiiiieieiiiece e 9-27
Water Level in the Surge Tank at Down Surge (Q; 0 m*/s — Q, 140 m*/s; T

2 5 8) ettt ettt ettt ettt ettt ettt 9-28
Access Adit Plug Concrete Plan and SeCtion..........ccocevvvvviviveie s 9-30
DESIGN FIOW ..ottt 9-33
Plan of the Existing and EXpansion POWEIrNOUSE ...........cccccvvivvvereiieniesieee e 9-34
Profile of the Existing and EXpansion POWEINOUSE ...........cccccvevveieiieviciecieseeieenns 9-35
Hourly Output of Annual Average in 2007 .......cccceiiieiieeieiene e 9-46
Storage Zone of the Victoria RESEIVOIT ........cccoiiiieiiiciie e 9-46
Assumed OPeration MOUE .......c.ocvivieeie e 9-48

EFEREKRISE - BERIEKRASH



2SS VAET 1 D RUPKDFESFIER F/S BE
JPAFILUIR—

$OE  EAWE

9.1 HI=E

AFETIT, SIWIZH LD, BHOFIS TEESNDRATEVFE LWL LLOsEr (EARR
) BT eoln, EARHOFERT U NSy MIUTO LB Th D,

> HEERGTH I O A AEEY) DK T

> Trvx s b O—FEIKIS KO
WIS CBKEE o, =% v KEEK., FEIT. BUkO%, BT OF
i [ & W7

JE FE T I & - X
AA w F ¥ — FHEEREE - X
B PR X
TARTFEOFE IO ER
Jit T3t
TR T 00 32 2 TR D HLAfh
THE (REXRELZET)

> FETRER
ARFETIE, 5 6 BTN S N R AR O fe i ek G ﬁbf%%btiﬁﬁkw ER

MG DRE T ORI E Z b & O ER L 72K Iz DWW T, Jii LEFE, THEHEORER &
OVFEEFEH W IOV TIE, 10 B CHRHT 5,

HERR BTN, R H OBER UK 00 B BERR OFSEATICBE 3 D R ET E T% ., %&&V®
K L i¥ﬁ@*%f@ﬁ?é%@f%éo%&?62@@%ﬁ% X, BEER OSBRSS
BTHDHZ b, BEERFEEIM O %4ﬁ%\%51A%5ﬁ%k%ﬁitoﬁmewﬂh
BERR DX L, BUKA B L OAKRETIRIE LI LA EY 72 & NCEKESR Dbt & R LT,

Y

YV V V VY V VY

A\

SRERKISH - BATIEKRNSH
9-1



2SS VAET 1 D RUPKDFESFIER F/S BE
JPAFILUIR—

Table 9.1-1 Salient Features of Victoria Hydropower Expansion Project

Item Dimension
Reservoir Full Supply Level 438.0m
(Existing) Minimum Operation Level 370.0 m
Available Depth 68.0 m
Gross Storage Capacity 722 x 10° m?
Effective Storage Capacity 688 x 10° m?
Design Flood 9,510 m*/s
Dam Type Concrete Arch Dam
(Existing) Height of Dam 122 m
Length of Dam Crest 520 m
Volume of Dam 480 x 10° m?
Intake for Expansion Number 1
(Existing) Type Inclined Intake
Headrace Tunnel Number One (1)
Inner Diameter 6.6 m
Total Length 5,003 m

Surge Tank Type Restricted Orifice Type
Diameter 20.0 m (Upper Section)
6.6 m (Lower Section)
Height 117.0 m (Upper Section)
32.9 m (Lower Section)
Penstock Type Tunnel & Open-air
Number Tunnel: One (1)
Open-air: Two (2)
Inner Diameter Tunnel: 6.6 mto 5.6 m
Open-air: 3.95mt02.85m
Length: Tunnel 575 m
Length Open-air 175 m for Unit 4
160 m for Unit 5
Total Length 750 m for Unit 4
735 m for Unit 5
Powerhouse Type Surface type
Size 37m wide x 44m high x 69m long
Development Plan Normal Intake Water level 430.0m
Normal Tail Water Level 231.2m
Gross Head 199.0 m
Effective Head 183.3m
Maximum Discharge 140 m¥/s
Number of Unit Two (2)
Install Capacity 228 MW (only expansion)
Peak Duration Time 3 hours

95% Dependable Capacity

393 MW (with existing)

Annual Generation Energy

716 GWh (with existing)

(Firm Energy*)

468 GWh (with existing)

(Secondary Energy**)

248 GWh (with existing)

9-2
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Item Dimension
Turbine Type Vertical Shaft, Francis Turbine
Number Two (2)
Rated Output 122 MW per unit
Revolving Speed 300 r/min
Generator Type Three-phases, Synchronous Generator
Number Two (2)
Rated Output 140 MVA per unit
Frequency 50 Hz
\oltage 16.5 kV
Power Factor 0.85 lag
Main Transformer Type Outdoor Special Three-phase Type or
Outdoor Single Phase Type
Number Two (2)
Capacity 145 MVA per unit
\oltage Primary 16.5 kV
Secondary 220 kV
Cooling Natural Convection Oil Forced Air Type
Switchyard Type Conventional Type
Bus System Double Bus
Number of Lines Connected Three (3) cct Transmission Lines
\oltage 220 kv

Note:  *  “Firm energy” means the total of power generated during 3-hour peak duration.
**  “Secondary energy” means the total of power generated in duration except 3-hour peak time.
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Table 9.2.1-1 Comparison of Vibrations due to Earthquakes and Blasting

Item

Earthquakes

Blasting

Affected area where vibration is felt

Several 100 km from the hypocenter

At most several 100 m from the
blasting point

Frequency of vibration

Around 1 to 5 Hz (depending on
characteristics of ground)

10 to 200 Hz or more

Duration of Vibration

Several seconds to several minutes

Within one second

Source: Japan Explosives Industry Association
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V=2frA
a=2fxV=0fr)%A

IEEY O, WE ., NNEE L, Table 9.2.1-2I0 R LI-BI TEDOEN S,

Table 9.2.1-2 Units for Vibration

Standard Unit

Unit used practically

Displacement
Velocity
Acceleration

cm mm, p (= 0.001 mm)
cm/s kine (cm/s)
cm/s?

gal (= cm/s?), g (= 980 cm/s?)

(3) HuIRENC X 2AKE

Figure 9.2.1-1iZLangefors (2 X - TR S - HBE OHRIE & J8 ik, #EORE ORR 2=

L7,
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Legend A\: Serious cracks

[I: Cracks

X Tiny cracks

O: No visual damage
V: Velocity of Vibration (mm/s = 0.1 kine)
o :Acceleration (1 g = 980 cm/s?)

3
2 %,
= 2
£ %, %, b,
< s, s, %
ch %
) )
%,
%
Frequency

(by Langefors at. el., Source: Japan Explosives Industry Association)

Figure 9.2.1-1 Relations between Amplitude and Damages of Buildings due to Blasting Vibration
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og 1-v
Vo o X e 2
pC  (1-2v)1+v) @
L5,

Mtz =7 ) —hed 2 —RAVRMPEMEIT,
p=25g/cm3
C = 3,000 m/s = 300,000 cm/s

y=0.25
b, Ay U — NOBIEBREA 20 kglem®** L35, QAL arZU— Ry

T ERAESELIREEE L, V=314kinet 725,

(2) ZEBH
N R ADESay 7 ) — R BILORM I 7 U — MY T v 7 NF5E LR 5 5 IRE)
D[R SE % 528k TRk 8 72 %541 % Table 9.2.2-112 7~k 77,

Table 9.2.2-1 Experiment Result of Blasting Vibration for Crack Generation

Name of tunnel Object Velocity of vibration commencing to cause cracks
Hibi Tunnel Lining concrete more than 30 kine
Okitsu Tunnel Lining concrete more than 30 to 40 kine
Wakayama Tunnel Shotcrete more than 70 kine

Source: Japan Explosives Industry Association

Table 9.2.2-1 T2 7 v 7 D3R4 LR ZRENEE O FIRfEIL, () TREELZZ 7 v 7 &%
X DIRENEE & FIE—FHT D,

923 SEERMEIcHTIEE
OriardiZ X 5. FARIEEN )N A IC 5 2 5 %% Table 9.2.3-112 777,

Table 9.2.3-1 Affects on Rock Slopes due to Blasting Vibration

Vibration Velocity due to Blasting Affects
5.1to0 10.2 kine Rock fragments on rock slope fall
12.7 to 38.1 kine Loose parts of rock slope collapse
63.5 kine or over Week slopes start to damage

Source: Japan Explosives Industry Association

VR 4 2 NY THRBIFO b RO LY Y — b OFREHREE T 200 kglem? T o7, —fRIca L s U —
FOBIEFRE L, EMTRED V0 RETHH DT, 2 TiE, SIEMAE % 20 kg/em? & L 7=,
SERRGKAST - BAIERASK
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924 BIROVVV)— MEEYIZHT A EBIRBOHFBENES
(1) BERDEE RN =2T IV
() SR BT SRR SMERL L7 TEESR b o Vi TxR~== 7 /) Tlk., BE%
N RV DREEFEIZ LD | BRSO FHE 23 E LT\ 5, Table 9.2.4-11ZBE% b o r /LD
DX 4y % . Table 9.2.4-2\2 R E O A2 R~ LT,

Table 9.2.4-1 Status (Soundness) of Lining Concrete of Existing Tunnel

Class of Affects to Normal Operation Deformation of Tunnel Countermeasures for Repair
Soundness
AA Dangerous at the present time | Serious To be taken immediately
Al To become dangerous in near Large deformation and lowering | To be taken urgently
future function
A2 To become dangerous in future | Deformation is possible to When required, to be taken
proceed and function may lower
B If worse, to be Classes A If worse, to be Classes A To be monitored and to be taken
when required
C No affect at the present time Slight To be inspected intensively
S No affect No deformation Not necessary

Source: Japan Explosives Industry Association

Table 9.2.4-2 Maximum Allowable Vibration Velocity

Class of Soundness Maximum Allowable Vibration Velocity
AA 2 kine
Al, A2 3 kine
B,C,S 4 kine

Source: Japan Explosives Industry Association

FFRAEMN 2~4KineL 72> TWVWDH Z & 15.9.22(1) CTHMGREHWTCRE L=V 7 v 7 =84
SEHLHEMEICK L, BEZ 8D 15 DEEREY RIAA TS EEbh b,
(2 BARTOHEL LOERE - RVOFEMEOH
HARTITOIN - BERAEEM B LT-8E B L OVER b o oV LHECTERA SN, BRE
iz X AHAE A Table 9.2.4-312 R LT-,
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Table 9.2.4-3

Allowable Blasting Vibration Applied to Railway and Road Tunnel Projects in Japan

Name of Tunnel Allowable Velocity | Shortest Distance to Existing Tunnel
Hibi Tunnel (Sanyo Shinkansen) 2.5 kine 11.4m
Muikamachi Tunnel (Joetsu Shinkansen) 1.0 kine 1.8m
Sasago Tunnel (Chuo Highway) 6.5 kine 170m
Kinmeiro Tunnel (Sanyo Highway) 5.0 kine 5m
Gorigamine Tunnel (Joetsu Highway) 4.0 kine n.a.
Nagamine Tunnel (Hanwa Highway) 4.0 kine n.a.
Mihara No.5 Tunnel (Highway) 1.0 kine* 15.5 m,

Note: *
Source:

Existing tunnel was classified as AA in the manual mentioned in 9.2.4 (1)
Japan Explosives Industry Association, etc.

TFRMEIL, BERR b b & OFEBENIEF ITUT VD, BER b o L LN E L < KW
GEBE, 25~65kine 72> T\ 5,
B) AV FOHEIBEMOTA FF A4 12X BHEM

A > R® Central Institute of Mining & Fuel Research 23%&1T L T\ %, SL LA O HIBRFE A D
A RT A (2007 410 A) I K HBER = 27 U — MEEW B L OEBEA~OFRE Z ik~

%,
1) EE~DRE

ZDOHA R4 TiE, Richard, Moore DRILTHOEREE B L2, BRI X > T4
FTHOTAHTHIREL TWD, [FIEIRENC X 28RO OT A2, EO5IREA K Z 303
F DK 10% CTHEARDBETHE D <, SIIRMIE A 2§ 0T 0 10%FEE DR A DT 1T,
TRRHIRMEL 72 5] L LTWD, iU, IRIMOEFENS | ZaEE 10 RERIAT Z
EEHEL VD EBEZDLND,

2) BEgR=v 7 Y — MEEM~DF

BEgE oo 7 U — MEEWIZR LTI, Oriardic X B 2227 U — N OMA & F8hlith S0 k%
EWE CoOMEECT, IEFOBRHEAZIE#SHEE T/RL T\ (Table 9.2.4-4% ),

Table 9.2.4-4 Blasting Vibration Limits for Mass Concrete (after Oriad)

Concrete Age Allowable Velocity from Blasting (kine) Distance Factor (D.F.)
0-4hrs 10.2 x D.F. Distance: 0-15 m; D.F. = 1.0
4 hrs — 1day 152 x D.F. D!stance: 15-46 m; D.F.=0.8
L day -3 days 229X DF Distance: 576 m; DF.206
3 days — 7 days 30.5x D.F.

7 days — 10 days 37.5xD.F.
10 days or more 50.8 x D.F.

Source: Technical Guidelines for Controlled Blasting, Central Institute of Mining & Fuel Research, Oct 2007
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Table 9.2.4-4 THE SN TWAHHEEIX, AIHEO (D) & Q) Lt b &L, BEEEEE LT
WRWRENEE DR A E ZE X Hivd,
(4) BREABSEASLOKAREFHEHR 2P =7 N DEH

Table 9.2.4-5(ZFEJRBABKANSHETEME L2 /KB EFTOMER 70 v =7 N TERHASI L
HWARENOFFRME R Uiz, BERROZ L, KEE b v, BEATICH L, RELEE O A
Z 2kinel L CITEE{T-7-,

Table 9.2.4-5
Allowable Blasting Vibration Applied to Hydropower Expansion Project by J-Power

Allowable Blasting
Project Name Vibration Velocity Remarks
(kine)
Akiha No. 3 2 Existing structures including concrete gravity dam were located
near new structures.
. Expansion of underground type powerhouse. EXisting structures
Okutadami . ; . - oo
M 2 including concrete gravity dam, intake facilities, and
Expansion
underground powerhouse were located near new structures..
. . Existing structures including concrete arch dam, intake facilities
Ootori Expansion 2
were located near new structures..

* Blasting work was carried out under operation of the existing generation equipment
Source; Electric Power Development Co., Ltd. (J-Power)

it\%¢@ﬂ*%37n/17h%i0£ VRK R T 0 P 7 N CEM S T R
gy s ) — bENSY LOEIFEIC & D KEEEIE O 720 OB THOFFAE % Table
9.2.4-61277% L=,

Table 9.2.4-6
Allowable Vibration due to Drilling Machine to Make Opening in Concrete Gravity Dam

Allowable Vibration
Project Name Velocity (kine) Remarks
due to Machine

Akiha No. 3 2.0 To install steel penstock, make an opening with 6.5 m in diameter
Okutadami Expansion 2.0 To install steel penstock, make an opening with 6.2-m square

Source; Electric Power Development Co., Ltd. (J-Power)

EROTr Y= FTIE, FEBIRENC XV BERERE IS FITEC R0 o7,

925 T4 U FUTKAERHETORBIRBDOHRE

Ubo=arrz—MEEMIZT T v 7 ZRESELRBIRIE, A RT7A4 0, o7 o=
7 FCERH SRR D, LTO X S ICERIND,

1) 2000 ElZFE SN BER T 4 7 B U TRBETOBOK NS, BER %V*»i%@%%
R DR H -T2, 9.24(1) THERZEKE P VD~ =a T VESR LT
FDHT Y —FBNLSORNCZR Y | IREFFAMEIT 4 kine2ME@H TE 5,
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2) Lo L7Zens, AREERFEIXEER T —F X LI HEL TS Z 8, BLOESKE
INBRGEL D DT, PRIV ITH LWIAMEZEH TR EEX LD,
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Bat, THETROERETT I,
7k, BERRBUKRRIG-CHEATIC B L THEXH T, Bk, Bk XS HEILIAN O TIE b
SRS

9.3 K&

931 J—MEFE

U4 7 b U T OKIIFEEFHERGE I, Figure 9.3.1-LITRIALEIC, Buk 0k X OBk A4 —
R B Tk 20 mE TOEKE, (EERMYL, —T % 7 fiH, %5E %%ﬂﬁ%ﬁ%%bfwé
D, FIERAKBL— NI ERESA DL LT,

[ Intake and Headrace (20m)

Access adit

= w== == New Waterway route
Open space for Surge tank

— EXisting Waterway route

Figure 9.3.1-1 Route of Waterway

HEROKEE b o RVIREIRFIZIE, FEIRIC K D IREVBER KR ICA ER L 52 TIR 620,
9.25THE LIZHIRKEE b R AIRHIRFORERRE KK T A =7 a7 U — N TOENEED
A2 emis LRI 5720, BATHEA SN TWHROR 2 AV TR & BEREK Y
A=v7ary ) — sEOME BRI REEEZ HEE LT,
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\Y; : BALHE (cmls)

K D TSRO R L o TELT 2485 (B4 & 750, $AV > 350)
W cBeb7m 0 oA (kg)

D L B AT B O B (m)

* AL RS AT K D RRBR

BERTETENS, —~BEORET25mBEOIENERIND Z &b BRI 36 m (-
VIV ETERE 435 m) ICERE LT,
2B, EhELIZHT2 - TE, FENIRERBRZITV. ZOGATO ARSI G -~ 7o K E LA
AEEEEE & OBUR A FER L. ZAUTHESW T RERH 21T 9 LEN B 5,
Tz, KB R oUE, KEWNIEINCKR L THRICEER L DI 2k L Tt iud7e
SRV, EREHME. KEFEOKE N OB IX, LLFTORTEEIND,
H < 7rockh

ZZiZ, H : /KEH (FSL 438 (M) — 5K AR &)
Yok © D BN EL A (2.4 (Um®))
h DY ERE (m)
U LD 2729 X 912, KL — bk &Figure 9.3.1-20 X H 1T E L7z,

7eks, LLEGHY R U R BEWXREITO, KEE h gk v b B & O RSER % Appendix
iR L7z,
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Figure 9.3.1-2 Waterway Plan and Profile

BREAKISH - BFATIERISH
9-12



2SS VAET 1 D RUPKDFESFIER F/S BE
JPAFILUIR—

Bk
oK R X, 2ESkm O 1 EOMEMETES R R ET B,
KR ONRIL, BAKKIZE D AERBE L O&ME ) b RO T-FERMRE (C) L ER DB ELENE

(L) OFINIR/NE T2 D X HITBRET D, NEE6.0 mid 7.2 mOFH TR 21T - 725, Table
9.3.2-138 X O'Figure 9.3.2-1iZ7R T 5BV . 6.6 MTC+LA /NI D Z &0 5 BKEENERIL 6.6 m

(ET%O

9.3.2

Table 9.3.2-1 Comparison of the Headrace Diameter

Item Unit Alternative Diameter
Headrace Diameter: D M 6.0 6.2 6.4 6.6 6.8 7.0 7.2
Cost: C 10°USD | 5,387 5,744 6,112 6,492 6,883 7,286 7,700
Loss: L 10°USD | 4,241 3,563 3,010 2,556 2,181 1,870 1,611
C+L 10°USD | 9,628 9,307 9,122 9,048 9,065 9,156 9,311
10,000
(10° USD) TT— . o
- Minimum at 6.6m
8,000 o
T
—_— i
—_— - . -
6,000 e -
4,000 A
A
T Ao
~ e
2000 { _ o _C = =
—-&--L
—e——C+L
0
5.8 6.2 6.6 7 D(m) 7.4

Figure 9.3.2-1 Comparison of the Headrace Diameter

N RNV NS — 0T, T.31@) TR L Sz, BER Y 7 U T REHTOKE R RxT
BEHENZbD0%2E L1 Table 9.3.2-20 4 Z A4 7R E LT,

Table 9.3.2-2 Headrace Tunnel Support Pattern

Item Type | Type 11 Type 11 Type IV
Shotcrete Not required t=50mm t = 100mm with wire mesh |t = 100mm with wire mesh
Rock bolt Not required L=3m@1.5m L=4m@1.5m L=4m@1.5m
Steel Lib Not required Not required Not required H150x150@1.0m

9-13
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BRI A =071, KBEONEICEIS 272b#&fHar 7 V- o4 =0 0835, T4 =
> 7R SITHBOESN D 60cm & D,

N ORVTEEMSED S xR & T A = T ar s V= MElX, a2 27 N5 0 M ERAT
50

TA=v7aryy ) — bBAEREICELER, BE3mDar YV F—rar/Ivhaes
JElZ 720 15~3mBEITIT 9,

K O — % KT & Figure 9.3.2-212 7%,
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Lining Concrete

Rock Bolt (L=3m @1.5m Staggered)

TYPE — |

Rock Bolt (L=4m @ 1.5m Staggered)

Shotcrete (t=100mm)
with Wire Mesh

TYPE — Il

Shoterete (t=50mm)

Rock Bolt (L=4m @ 1.5m Staggered)

Shotcrete (t=100mm)
with Wire Mesh

TYPE — Il

Figure 9.3.2-2 Headrace Typical Section

TYPE — IV
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933 KEEK
KIEEBITIERER 575 m @ b U R VX &, IEER 200m O X ENH72 5,

AU T BT, WY SEODIRERICEE S 2RE L. ADROEEEDORHOEREIZ)H
2D N TH Y AEEFETHHAN D EEIL. P RVOHOER T2 RICHIE I,
DIGEZRICSEFREHRET D, 72, BEROHL Y EKEIZIIA VT T AOMa AR IC
Removable Penstock 233% (T HAVTW 223, BEHAWLNDEE X T F 0 AEEH O 1388
7/$—w#%%ﬂﬂ ETH D, KA ZKENITIAT 256 1 3BERIEEMYIAZE = 2
Y= hMIRITIONDIT 7 ATV AR—ABRFHTEL2Z 06, HEFEOWNY &EITIT
Removable Penstock % g% 1F 721>,

BEONRIT, BRI CERNRENS —E LR DL IICRET S,

KIEE B ONEIL, BAK & FERIC, KEERIZE D 2 FEMRE (C) LHBKREIE (L) OFH K
INE TR DN ET D, IO EFRAITHNE 48 moxd 6.2 mO&EFE CREZIT- 72fER, Table
9.3.3-18 X O'Figure 9.3.3-11Z7R T L BV . 5.6 MTCHLAHR/INIR D Z &b, KEFKALITHE
RERE XM T5.6 m, DIEEOBNYEEXET3.95 méT 5, RB, AV ORERTIX, EX
Ham DRMENDLNEL 285 me T2,

Table 9.3.3-1 Comparison of the Penstock Diameter

Item Unit Alternative Diameter

Penstock Diameter: D m 4.8 5.0 5.2 54 5.6 5.8 6.0
Cost: C 10° USD 3,095 3,340 3,595 3,848 4,121 4,404 4,696
Loss: L 10° USD 3,655 3,021 2,596 2,272 1,998 1,777 1,595
C+L 10® USD 6,650 6,361 6,191 6,120 6,119 6,180 6,291

10,000

3 -—<+-C

(10" USD) el
8,000 7C+L7

/— Minimum at 5.6m

6,000 D @ o—°

-
-
4,000 pus—
A
Tl

2,000 AT oo,

0

4.6 5 5.4 5.8 D(m) 6.2

Figure 9.3.3-1 Comparison of the Penstock Diameter
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O RNVERE XD b RNV SR Z — T KK h oL L kR, BERR Y« 7 U T RE
FrOKEE N XV TERASNTZH D% S L iZTable 9.3.3-20 4 % A 7% E LT,

Table 9.3.3-2 Penstock Tunnel Support Pattern

Item Type | Type 11 Type 11 Type IV
Shotcrete Not required t=50mm t = 100mm with wire mesh |t =100mm with wire mesh
Rock bolt Not required L=3m@1.5m L=4m@1.5m L=4m@1.5m
Steel Lib Not required Not required Not required H150x150@1.0m

ko R VERE OE N & b o R VIRAIE & ORIE. FEELOFEF NS 60em. &5,
SRR D, L3@ 15~3mDary Y V5 — a7 77 bEEEHIBROEE bz~ T
Ehii 35,

BAE SRR & b 2 oVHREE & ORI, BB R, T a7 ) — N THREEND,

BT, P UK WAIEL (5.88%) THH DT, b RIVIEEASTED b o 3V HREIHE
CFEEa I V= NElcavy 27 NI NEITO,

B0 88 X T, EIRORR 0, BT o h T ay 7 25T 5D, Eio, KESE
DEHEMEHIC K EZ XSV E ), BURRRE CXE2R TS, Toa7uayv s, XE0H
MZ. EEEEHCBWTIRESN S,

PRIV ANEIL, HAEICY —Y 0 7B X OKBIERIC L 5 ERKEZINEL TRD
5, KBEERB IOV - Z7OBEHE. 2V 9 D KKEDA L 5 Table 9.3.3-312 779544 T
T-o7-, fEH % Figure 9.3.3-2 & Figure 9.3.3-3/127/~7,

Table 9.3.3-3 Condition for Water Hammer Analysis

Item Unit Down surge
Initial discharge Q. m*/s 140 (70%2 units)
% 100
Final discharge Q, m*/s 0 (0x2 units)
% 0
Time T S 5
Reservoir water level  EL m 438 (FSL)

SRERKISH - BATIEKRNSH
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Maximum  Water
Head due to Water

Hammer
600 ©
Unit 4 o
550 4 535
/./E{ rs)
500 o~
> 454.7
— 450 89—
E \\¥_
- L Maximum
i 40 Surging Level
\
30 | Penstock route |
V¥ Surge Tank
300 {
250 N\ Inlet Valve (Unit4)
200 :
5000 5100 5200 5300 5400 5500 5600 5700 5800 Ch. (m)
Figure 9.3.3-2 Water Head due to Water Hammer (Unit 4)
600 ™
Unit 5 ®
550 g8
[(e]
Yo}
500
g 450
—1 400
wi
350
Y Surge Tank
300
250 S
N Inlet Valve (Unit5)
200 :

5000 5100 5200 5300 5400 5500 5600 5700 5800 Ch. (m)

Figure 9.3.3-3 Water Head due to Water Hammer (Unit 5)

ko RV O ITAET 20 NEIZ,. a2 7 7T 7 FED 0.6 MPa & HiAtet, D & L7z,

k> ROVERE O —fik Wi & Figure 9.3.3-412, B2~V $k4F O i 38 L Ui & Figure 9.3.3-5&
Figure 9.3.3-6(Z 7”7,
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Figure 9.3.3-4 Penstock Typical Section (Tunnel)
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Figure 9.3.3-5 Penstock Plan and Section (Open-Air)

NOTE:

Coordinations are tentative
value. They shall be finalized
at D/D stage.
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Figure 9.3.3-6  Penstock Profile (Open-Air)
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9.3.4 FRAEKEE

FHEKREIL, Figure 9.3.4-1LITN ¢ & 912, EB A PERREAKIEORR TORMHERTE DT
D, T ZITHTREKEZ R T D, AR, BEERFHEARE &R U< KREARE % LY/
S TE, PEMED LWHIK O RGHEARE L 95,

Available Open Space for
New Surge Tank

New Waterway

Existing Surge Tank

Existing Waterway

Figure 9.3.4-1 Available Open Space for New Surge Tank

FHEKEDO~EIL, BERFAEAETELZSRB LN S, Table 9.34- LRI TH—V 07
HEZITWV, V=T T OEKE EFKNMPKERGEBZ 2VEEEZAE L, &K T BRI E K
BRIV G FOESIZNES L IICHE LT,

Up Surgeds & UDown Surge C O =K 18 N KL 28 8 % Figure 9.3.4-2~Figure 9.3.4-5(Z7~7
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Table 9.3.4-1 Conditions and Result of Surging Analysis

Item Unit Up surge Down surge
o m?/s 140 _ 133 . 126 _ 70 _
Initial discharge Q. (70x2 units) (66.5%2 units) (63%2 units) (35%2 units)
% 100 95 90 50
_ _ m?/s 0 140 (100%)
Final discharge Q> (0%2 units) (702 units)
% 0 100
Time T S 5 5
Reservoir water level EL m 438 (FSL) 370 (MOL)
Coeffi.cient of m s Concrete: 0.0115 Concrete: 0.0145
Manning’s roughness Steel: 0.011 Steel: 0.013
Maximum water level EL m 454.7 454.3 453.9 367.7
Minimum water level EL m 430.3 430.3 430.4 354.9

460

450

440

Water level (m)

430

420

600 800

1000

Figure 9.3.4-2 Water Level in the Surge tank at Up surge
(Q: 140 m%s — Q,0m%s; T=55)

1200 | ©)
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Max. 454.3

460

(W) 193] Ja1e N

420

400 600 800 1000 1200 ©)

200

Figure 9.3.4-3 Water Level in the Surge Tank at Up Surge

55)

(Q:133m%s — Q,0m%s; T

Max. 458.9

460

(W) 19n9)] 1818

420

400 600 800 1000 1200 + ©)

200

Figure 9.3.4-4 Water Level in the Surge Tank at Up Surge

55)

(Q:126 m¥s — Q,0m%s; T
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370

I
I
I
I
l
365 ‘ 1
I I
B : :
3 l l
> ‘
— 360 ‘ - !
2 I I I
(]
= l l l
- | | |
Min. 354.9 : |
PS5 N - - - === == |- === ===
l l l
I I I
I I I
l l l
350 | | |
0 200 400 600 800 1000 1200 TG

Figure 9.3.4-5 Water Level in the Surge Tank at Down Surge
(Q: 70m*s — Q, 140 m*/s; T=55)
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BAZ K> TET L=V 703, ROREWVAMELDOEEIZ L > THBEHRML LD R 72
=TT BN KD RIRE OB ENEE A LTV D,

Thoma — Schuller D% & 54

h0<<Jj£L-Jj£L
3 6
22T, hg s IR K B R4 /K BR 13.8m
Hq L T 206.0 m
> 0 K BB.T~34.3 oo OK
LU _ Lf
R O LIGI
ZZic, F R A o e i 314 m?
L DK R 5,017 m
f ;K B I T A 34.2 m?
c KK D AR KBRS (h0 = oV, v« K BRI H=Q/f) 0.8
Ko 1 1/(29) (Qo/ (C4Fp))? 140m
n : kO/hO 2
Zm D IE EAOKAL 22.5m
TR 3 OO OK
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—HREINZ . FRERAE O _LFiTE S KOV ERERICIE, M TYEMECR 0D 72 8 O 7K X A4 45 4 20 m F2
AR 2 D3 A AKAE 13 1LP.A Ol 23 0 FRICSALE T D 72D R EARE BB 20 m ds KOV R 67 m
DR XE 2 AKX &35, KERRIZIE, AF—AIA4 =7 2T,

TR AAE OREWT T 3 X OMHEWT I % Figure 9.3.4-6127~79,
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[2%]
W PEAROZREIL, B2V A -V VO LEELWVSME LT, Table 9.3.4-1125
WO TITbN S,

Z 2T, Table 9.3.4-2127Rr9 K 5 72, AKHEAZIRREENS D 7 VHIIREDOFEEZE L LT
1To 77 FRIEAKFEN DK ZEE) % Figure 9.3.4-7127~77,

Va7 FUTRBEHOL DI, RHITHER SR EIT TR, ERICZO LD RIEEAITO
EIIARFRETH D,

Table 9.3.4-2 Conditions and Result of Reference Surging Analysis

Item Unit Down surge
m*/s 0
Initial discharge Q: (02 units)
% 0
m¥s 140 (100%)
Final discharge Q. (70x2 units)
% 100
Time T S 5
Reservoir water level EL m 370 (MOL)
Coefficient of TN Concrete: 0.0145
Manning’s roughness Steel: 0.013
Maximum water level EL m 370.0
Minimum water level EL m 350.4
370 | | | |
w il 1 1 1
E 1 1 1 1
T | | | |
> | | |
— 360 Fq1--——-—-—-- P e T 4 - === === === ==
8 | | | |
< | | | |
= 1 1 1 1
355 -4 R RRCREEEEEEEEE e R e B
" Min. 350.4 | | |
350 1 1 1 1
0 200 400 600 800 1000 1200 T(s)

Figure 9.3.4-7 Water Level in the Surge Tank at Down Surge
(Q:0m%s — Q, 140 m%s; T=55)
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9.35 KB
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WE % JEHT 20BN H Y | F-, BERISEATEIL R A K DB BOKEIZIAT D Z &b,
BRI HE O HE TEAR = 1 I BERRHETE & [F] U EL.230m &5 5,

K EED 1R, Wi 139.80 Drawing 01433 X UDraewng 01512779 £ B0 TH 5,

¥, FEEPHERIC K DREHT FIHNS 7 o7 = H ZHKMIZE DK 1 km KEO~ AT =
U INAKGLZEAL DRI 2 Appendix T 12777,

9.36 BIREXEEHAEIV I U—F

W%ﬁmi% ISR AR R L2 ] S LT AR E 4 400 m O — [ 5IEEWTHE (7.2 m X 7.2 m)
@ﬁmT%D\ RLHIZBWTH ZOMZ2 A5
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AT T A A HAKBEPISEKBICEZES 2720 DT 7B A~ VIR BB DD —
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PZE= 7 U — M, %= 27 U — MERT 2 KBAEICH La 7 U — b OJERE AR
NTxtisE s, E=a 7V —FoES (L) FEUTOXIICEDT,

L= nﬂ
|

»—»—L,
— e
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T %I s ) — FOFFAEAWIE S (70 tHm?)

I cPA%E= 7 U — Mg (7.2 m)

n o IRENCKTT AR (4)

= L=1594m=20m

FAGLEAZE 2 > 7 U — kN O i 38 L OEWTr & Figure 9.3.6-112 777,
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Existing Plug Concrete

Existing Headrace

New Plug Concrete

New Plug Concrete

Access Manhole New Plug Concrete

<
PLAN

Existing Headrace

New Headrace

1.00

Existing Plug Concrete

Existing Headrace

25m
1 1 1 |
M re) PLAN and A-A
<
2.00
0 10m
7.20 L I 1 1 J
B-B
B-B

Figure 9.3.6-1 Access Adit Plug Concrete Plan and Section
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RZ 7 hFa—THOLBKEEDRIZRT 7 N Fa—THKREOA T F AL LTHK
KOZF—FEFHET D, s L TUIADERM37Tm, A% 3.7m, &ZitKkE23.TmDOAT A K
F—hE L, KELFIHLTEEZ 2MHABEL NI 7 hFa—7 0T OMANIT Y Y & HliE
ARG L Uiz, BIBEEEIIEEROT Y N =27 L= iiT a2 e L, BfTHOL—LE
JER U CHERR oK AN & B Bh e e tiiE & 375,

944 THOEAITVKR—I

EKBEPFERBEE RIS, BERIEEN L DR ROT T 7ar 7 J—MIEE2mDT 7 A~
VARV ERRIET D, MIEITFEREOREFE LV EE2m, RS 10m OBENE L 7T 7 ar
7 U — MIHEERT AL L, W7 7 0 U aRTEAKRHIFR L b« T MZXY 27~y
REZRAHT KT %, < A=V OREREMICAEESURIFIC H B O L — 2 BT, Zhid
RS DEEARA A MLV ST~y RO, BShL, BEIZ1T 5,
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9.5 FHEM

951 TXREED

(1) REHRLVATUHR
AT TR R (FIRE. KR OHBRET O R, %ﬂkﬁﬁ’%ﬁﬁéﬁﬁ?
DEfE, RBFmN LA TROAFTHL Z LR LNERoTe, WERFEEINI. AT T
VAL FXR—va Y ERGBICTH I D, BEREE UT?:*MMKL“CI/%TW}‘LT_O

(2) TAEEWHIT
TAREEY OFECIX, 952 TR Lo KH, FEK, 7V—V%®%%&ﬁ@%i%%k
(2. LT L DICIRE LTz, 2B, 9.1 TR X 9 ICAHEDORG TIx. AROR G &
L2 &35,

1) ®ma
TR O B B, W LR KRE S Aeoloiodh, KEAEREPBERFEEINIC
NRAMIEL Ipodz, £, 7 b—r B ETEN, a4 AN K& ol & _#wjm
Ll pote, HOET, KI7 hFa—7 K, BEEOE I ZHEIZ, BEHTOE S
BERR D 2T m 5 32.7m (7 b—2 Bl K77 M Fa—7 Fim) LleoTe,
2) i@ (ETHAm)
FEFOMWIL, KE, FEHROL, AAFOY A AW I L IER A= LD |
37Tm & L7z, £/, BEBROHEMEEL OV A ADPERBEHTL VD RE WD, 7 Lb—
VAR IEERRFEE AT 15.30 m (Z%F L, HERFEEITIL 17.00m L o7,

3) kX
FEAOR SIE, BEROBERIERE, MV ROMBEAR—Z2LD, 69m L Lz, 7,
PEFR BN R L= AR U PNIER LT, BER 7 L— B X O E 23T 5
ZEIEFTER,
4) HEES
FHSZ AR S, BERRE A E RO OB A Z B 8 L <, BERIEEFT & [F U EL. 242.00
&Lz, Fio, BEMK=ET 27— (EL.230.25) ([ZBWT, BERFBEIE b oL THlfh s
NEA

FEATOHKF 7 7 —%Figure 9.5.1-112779,

B 1A% A O Feilge X % Figure 9.5.1-23 K OFigure 9.5.1-312777,
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Electric and Mechanical Condition

Electric and Mechanical Condition

Electric and Mechanical Condition

DRAFT TUBE OVERHEAD CRANE
+ Height=7.70m Lifting Height

Elevation of Bottom = 25m (Main hook)
= EL216.30 = 29m(Aux hook)
Elevation of Top
= EL224.00

TURBINE GENERATOR
Height = 12.00m Height = 4.50m

GENERATOR
2 Units
= ¢10.50m

ERECTION BAY
Necessary Space
=Not less than
400m2

GENERATOR TURBINE
Diameter Diameter
= ¢10.50m = ¢3.12m
INLET VALVE AUXILIALY EQUIPMENT
Dimensions etc.
= ¢2.82m

L L

4 L

4 L

HEIGHT of POWERHOUSE

= 32.70m (from Crane top to Draft tube bottom)
ELEVATION of EACH FLOOR :

= Erection bay EL242.0, Generator EL230.25 etc.

LENGTH of POWERHOUSE (Longitudinal)

=69m

WIDTH of POWERHOUSE (Upstream-Downstream)

= 37m (Building width)
=17m (Crane span)

2L

CIVIL WORK DESIGN

SELECTION of | EXCAVATION DESIGN
ROOM ARRANGEMENT MAIN MEMBERS
Columns, Walls, Slabs etc. | ACCESS
T |
DRAWINGS
OVERALL GENERAL PLAN CROSS SECTION
FLOOR PLAN

LONGITUDINAL SECTION

Figure 9.5.1-1 Design Flow

4N L£raC

BUEHUN LN &+ LBULENT

S/ &

2BH



ZUSVAE T« D ~UPKDREFIER F/S BE
71 FIUIR=+

Figure 9.5.1-2 Plan of the Existing and Expansion Powerhouse
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Figure 9.5.1-3  Profile of the Existing and Expansion Powerhouse
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() BXMEBHELAT U
BESHBORE (707 —1E) [1Table 951-LC 7T L B0 Th 5,

Table 9.5.1-1 Floor Arrangements

Main Equipment Floor Elevation
OHT Crane EL 249.00
Ventilation Plant EL 249.00
Transformer EL 242.00
Erection Bay EL 242.00
Work Shop EL 242.00
Cable Gallery EL 238.00
Ventilation Gallery EL 238.00
Transformer Oil Water Separation Pit EL 238.00
Storage Area EL 238.00
Battery EL 230.25
AC/DC Control Board EL 230.25
Unit Control Board EL 230.25
Low Voltage Cub. EL 230.25
Air Compressor Room EL 226.00
Oil Treatment Room EL 226.00
Motor Control Center EL 226.00
Governor Qil Pressure Tank EL 226.00
Turbine Control Board EL 226.00
Fire Distinguish System EL 226.00
Governor Cabinet EL 226.00
G.V.Servo Motor EL 226.00
Inlet Valve EL 220.00
Inlet Valve Control Board EL 220.00
Inlet Valve Oil Pump EL 220.00
Drainage Pump EL 220.00
Drainage Pit EL 220.00
952 EBRMF
1 —®

IR, EMEA YRS (1 B0EEERE) 191.50 m, K& 70 m¥sA& tHhE & 3 2 K EL (Y
11122 MW) L REH (EHRAR 140 MVA) 2 5Dk sn b,

FEEATNICIE, KREIZERE SN2 REME SO0 OFPEKERIES ORI, 3751 8N
= 30) 165kVF'a¥JFﬁ Rlmtkan, HIEERS. WONCKIZ L— U DB SN D, TEAERITHR
EATORIMIRE L, FEE L Itﬁ'JﬁHJ_UT . WS AR CER SN D, HAEBINIEEE
JEZRIZ LD 165 kV75>E 220 kKVICHE S, %é T AT HCH PN O B BATIT > © Kotmaleft 2 [A1#3 35 &
U'Randenigalaft 1 [l 2 # B L CHE EiRIC £ B S b,
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(2) KHE
1) JKEHEA
KEH DI, EiET52ENBEEEHRTEE DO T, KB OLA, REFDHEAE (1
FiEEREE) 191.5 m CTRbmE Siu, HEH -0 oAk oFERICI kD BN D,

Pt=gxQxHxnt
=9.8 x 70 x 191.5 x 0.929
= 122,041 kW
= 122,000 kW
.z, Pt: o KEERH T (KW)
g HIMEE = 9.8m/sec’
Q: ERIE (MmYs)
H FLYEA 2% 7 (m)
n KRR (FEREE & 0 #HEE)
2)  JKEARIK
— I, KEORR I ZOEELFERREIC L > TRESND, AL, ®mEETIE
VN KEETXT T AKEDNRE SH, BREETIEIN 7T KB E I3 L 7K E
DEICAIERIZL TEIEPFTONDIKERNREIND, 7TV AKEDOEE, #H
SENDAEE1L50~500 m& ShTWD
F7o. KEOKE SITHABAIOFGICESO TR VB THIUEZE DOMEREIZF — L & 2

L INEREETRT, 7TV AKBEOLS, wH I D - 70~350 m-kW & &

nfwéo
Pl FE TR BR AL 8 I BRA RN H U . A ARDESIHME A S (JEC) DK (JEC—4001)

ICFLH STV D R EE DO RRFUIRITRTEHE TRD S 528, BRALLEE 28 2 TRIF
MEEE L CREFEND 7 — A2 H % BB RETIZRD,

Nslimit (132) < 35 + 21,000/ (H+25)

Z 21z, Nslimit : BRAELIEE (m-kW)

H : % 7% (m) 1915 m

FEROHEREEND . AFEOKEOHE 132(Mm-KW) X, 7 7 > 3 ZAKEOFEENIC
bHAHZ N5,
WS KOS B R, EEABIE LT, T T v AR A Rl
LCEE L,
3) EREEREK
&’@ﬂ%ﬁﬁ%ﬁﬁkbfﬁC@ﬁ%(momm)Kﬁﬁéﬂtﬁmgdﬁﬁﬁﬁ%
BH L. 50Hz [28BI1T D s, B4 8 L CEbl e @Rl 2 e Lz,
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N = Nslimit x H¥4/pY/2
=132 x 191.5%4/122,041%°

=269 min*
Table 9.5.2-1)>% 269 min* UM & L CERS EIRE S A 300 mint & 15,
Table 9.5.2-1 Revolving Speed

Number of Pole 50Hz 60Hz Number of Pole 50Hz 60Hz
6 1000 1200 28 214 257

8 750 900 32 188 225

10 600 720 36 167 200

12 500 600 40 150 180

14 429 514 48 125 150

16 375 450 56 107 129

18 333 400 64 94 113

20 300 360 72 83 100

24 250 300 80 75 90

Source - JEC-4001: Turbine and Pump-Turbine

o

4) SRR
HEH) ORI T ER RS IS LT TV AKHET 16~22 (FREETh 5,
PR OHEE ns = 147 (m-kw) (28T D803, BREREE LT 183 L EESND,

L7=28- T, ERKEEEH N = 300 (min™) 36 L OMEHEYE 5HNnor = 191.5(m) D 7 5 > 2 A K
LD R RO L 1

nr =300 x 1.83 = 549 (min™)
L5,

TERYE 75 H AN IEUEYE 7% Hnor L 0 B WWEA TR, W ROEE 13, A O RIZHS L TR
L 72b, G, wEEZE200m IZBWTCIE, RREMEEE n, 12, RO X HIZ/kD,

n, =549 x (200/191.5)"2
=561 (min™)
5) X PHEFHE(GD)
ARHERIRE, KEOAN BBRRFICAJT 5 Z ENEE LW, KIEERNOKEERIZ
DIMEDES) ER-ZRET D2, A R_— 2 OEASEIRM 2 5% U CK B B0 Y 726
T T HBEGRER - EHEELZ PRI ETEOZRAF 2RI L TV D,

FEMITIAT O LEAGD A - THY . FOMIIKXCHEINS,

&4 GD?*= 0.6 x Pg-#/n*% x 10°
ZZT, Py REMREREREKVA)
n L TERE RIS (min™)
ARERZ B R S5 GD* OB, RAEHEDOMEZ X 72 AUE, B et e U o s
(ECAAAN
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KEDERT HCDUIRA TR EINS,

GD?*=364 x P x (1+Ah’ 12)¥?x (t + t/2) 1 (n2xAn) x (n'r-An%) In'r x K (t-m?)
T, onr o ) TR
n’r = (nr-n) /n

t s HA Ro— PSR
T By N iR
K AR (7T v AKHE =0.85)

An D AN E R
FEHELTEHR In ik TEEINS,
An= (Nm-NI) /'n : (Afi2ZE KRR KalseE g —2 L aieELEE) R iR
Nm=nx (An+1)
T, ANEFRFN, 03,035 04 & LT, KENERTAGD R LT,
ZORER, A R_—HHER 2 5B L LI2E . HELERN An=0.4 DI
GD?I% 3,800 (t-m?) & 72 > 7=,

Bt > TKEFEEMOGDYF 3,800 (t-m?) A E&AFT5 2 & £/ E L HRITAN= 0.4 &8

RIRVEREIET D,
6) R

T, T X IV PID B ARMT 5, 7o, BUSHR L0 OFEgS & B, BT

FICHE Lo tE A BT 5,
7 Fr—

7 v OERIKERG R TORIEI 25, 72T —ORGHIA W, B2t
EMBSE LT L CKRERMEZ RIS, SBIOR LaRra R, %2, iE, BlEER o
L EMR L CZEOERENHEIND, S FTOEET —F 2T L CEI LT ) —
PRITHROK 3,140 mm, HE&EIT 21t L7725, TN ARG 21T o720y, AL d 2 BUE
SRV, EOVA XFE LR LG50 H D, RexFrE D b, B, tEig, SEBET
B IRENH SN HGE INENRT 52 &8T5,

T —id, 137 v Am=y O XD IR EREEO S WM E 2T 5,

8) KEFIMIE
KEOHLIEIX, 72T =008 AETIHX YT —va VBIRE T 52 LB
T D, BRSO MK DKL % FEAEIKEORMY) 2R LSS 2 ED D,
AEEOWE, ¥ ¥ BT — 3 AR$0.003 (BRFESLEM) »okilas (FF
THiE) -8.0m ARD b, T A BAKEARLE TOHRE0.8m #BEL T, —H 7V
EARIRF O MUK OAKAEANEL.230.72m Tdh % Z D T v —HULMiE % EL.224 m & E DT,

230.72-8.0 + 0.85 =223.57 = EL.224 m
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9) [El#ERHM
AKEOER WL, BEa% & R R AH & Lz,
KEDOEHET AL, KEAEORE A N— A AO IO EE & RE LR J)E A ~— R
{bEXKDZ 2B ELTHREIND,
3) AAF
ERT, HIER (NM T L—2) &5, FENIRER & RFMEY—ARE—XI2 L5,
B ROKIE 350 m Uit 2 . AGERT S T DEE &2 2 2 T T B2,
(4) ZBEH
FEEMIL, ERAR 140MVA GHERRHILIT 2)127RT). 85%3F AL /)3 0> ST dih =40 A2 7 [F1 1 7%
E L5,
1) FEMIR
FEHEOTBXIZOWTIL, FEEEB L OREEBFENDEE I DN, KEEHORE
MiE. A&, [BEEH (300 min-t) & B IS FIERECTH D = L L UERTIREMK L T 5,
— RIS 100 MVALL E O STHERTE 5 FEH C YA A £ 3 5 O 1T BEF H0OHE 73 400
~700(MinY) DRI TH Y . KEEHKOEAS 561(MINY) THDHZ L, WERRIZEH LT,
2) HEBORE
REMAEIRXTHEIND,
Pg = Pt x g x 1/cosp
=122 MW x 0.975 + 0.85

= 140 MVA
ZZic, Pg D FEEREA B
Pt D KELH )
Hg TR (SR LV HEXE)
CoSQ HVAES

ERE S, REHROERREIL 140MVA LT 5,

3) Mk TERIR X R EIG K

FE D RIELT-F6 L OV EF OBFUEIF fifix & L, mA7AE LT, PHEEERESR
B L, KBS (277 —7—) ICXvmAd 5,

4) FEEREAR
TERREHROMAFRIIEKDOLEBY TH D,
EfZ ! B D BT, KRR TN

TEAG 300 min™
TERA & 140 MVA
TERE TR 0.85

TEREFEIE 16.5 kV
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TENSJE I EL 50 Hz
JEAEE X, AV RAZ FREBREAT 200 L L, ZHEBEER EXEOZD ., &EMEE
Ml EORA 2B ET 5, £z, i 3MEEEO M Lo 7= D8 MEWERIIE O 2587
60

(5) EERHIHEE
JKHEL, FRERE . MR X OVRABEPAFT OB T — AR S U, BERFE BTN Ol
R DOHIEE HIThILD b D &9 5,
HENIT A7 vy Far v a—%%ZF|H L7 SCADA HFRUC X 5, (il E I EEEm -
D=, mis k. (1Gbs L E) A E LUy,
Fo. AL ENTZERIZ. KT T X~F 4 AL —IC L 0 EIRENHBR LT VLR
ICREBETHHD LT 5,
Fo. PRGEBROAITICAT DMLEREROZIFIE LICHZ0 . MNEL 72585 R E I 5%
[ERY AN DE (ST AN
SRS, FEERS, 220 kV REEE. 220 KV XU — A — T L3 L OFTAIEIE 25 6 T LB R
FEIEE A RE LT e 570,
(6) FELEZR
FEMORBETINL, BEHE TELEHRM O EREEICHE S 2 FHERRIC LD .
BRI H S, S HIBEAMIRE SN EEAEZRIC LY 16.5 kV 205 220 kV [ZHE
SNET—T7 W K > TEANHPARTICERE T 2 BB E IC Bt S v D,
TR EEROREL AL, BEE D OGRS L ORI~ 25 E L T, ¥E
FTANL O IR O R BT LI=GiT Lt 75, BERAREIL. BREEFEICITTNZEZ
BRI OELNENZEE L TI5MVA & Lo,

S
TG EEE &2 BB LT, R 3 AHEERH 5 VITHEMZES 3 B & 3 I H

Licboeds, ERMEREIROLEBY TH D,

— KA 145 MVA (S &
— EREITEL R 16.5 kV

2% 220kV
— EFSERL Y 5100 A

2%  380A
— TEA& AR 50 Hz
— WEYAT RS

— B HEIJ7ONAF Gt ARG )

FEEM & AR O ERIEELET, RIS RKERP NS 2 & 2 BB L TH D BERER
b L IFHRDBIRER & 5.
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F7-. BIELR 2 Ml (220 kV /) (X220 kV E 17— T NV CRANREPTICER SN D, 1H
IEEZR 2 RAANE, BOOREDT-D, MERTIHREINDI LD LT 5,

(7) 165 kV ENBAEAMEER
I & F B AR NI H A E R RS O I BT # . BB E RS, =TT 7Y =N —
B L OFTNEIR 2 el 5 720 OFTNE Ede~DEEE4E . 16.5 KV B BRI 2338 BTN IS AL &
b,
(8) 220kV E4\-BAPARERS
HER I D RO PR RS 13, BERX BB AMBHPAFT N O -l A X — X ITRET D,

\CE OB L 72 2 BABHEAE ST, TR (4 BHE. 5 5% & 220kV 7 RICHERET D
ZNMIﬁXL@ﬁ (A 72, B 7R), Wrigas, PREMEZRHI LOFHIM CT (Current
Transformer) . VT (Voltage Transformer) ., 7" — M&1, 2888, BRI RSN D,

EEQE%W%%%%%%miT@Lﬁi\%%7“7”%?39”@%&%&“7WW
ZFIH LT 220kV B/ r— 7 NV &gk T %, H 2 OBEERAARIZ OV T, FEMRRGH TRt S
N5,

9) RHEFTILV—r

FHEOR EFWET, BEERORKERICLVEE I, — RO ERELS 03 K
EEMEARIT R D, ARFHE TIZR BRI TR 192 t DIEE SN D,

R L—r OERKD BT WEIZZORKEE#ESICH ETE—A, VAo —7%0HE
BZMRL, 15t 2L Ex 2 R EMESN DD, B AMETRIERIC L > TEPHL Z E03H D
DT, W R EIXEFEER R B RETT S,

(10) f+Eadm
FETNICHRE SN A Bl & LTiX, BTz {rﬂﬂ@@{ﬁ&ﬁéf&ﬁ@ﬁ [ NIT= Ry ES
EESR 77y77<5—F@f_éf)@74—t/v§§g@g§{;ﬂ HIFonsd, FRLOIEFERO
LB,

1) BTN ERME
FETOFTNERIIAIEMERKNOZET L& L, mwmwv:mmmm@%
W Eas % ZNENHT-IC3RE L 400 V ARERIB~EET 5, Z OFTNERRH O
FE EEHEPIT N O Al EW%@%%\Eﬂﬁﬁﬁmmﬁﬁkbff~éﬂé

Boka s — FAERE LT, Bzt Z Eds 11 kV/400 V., 500 kVA J6 X OWBHPARR & 5%
%‘?—éo

BERX OFTNBAPAME SR 1X. ITANA BN NWVERENER SN D Z b+ THEH
Shd, £72. ITNOKME OB IX. Gl —7 0, BRI —7 VB X OEE—7
VI X N8 78 &2 i i TRERR S v T Ui 7 B 7,
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2) HEHETEER

HEFHTHEIRE LTT 4 —BAREBERIEDERBEETNICREINTNDN, ZTOR
13 315 kVA TH 0 R EATOFTNAR 2 M 5 IIXEFENH D 2 & LT IR
ST AIEFHER L LTT 4 —BED i 500 KVA ZiB7 5.,

e EIRR AL, BERRF KOs O TR (6 LT fe < iR T & 5 K 9 (o Hhe
Shod,

EREIRZEDC230 V (il H) . 50 V (FrH) O F B 1% Z DRI S8 S A, il
B L ONERE S ~OBREZMET DL L d, Ny T U—ix, BE EHFRZ
VRLA (Valve Regulated Lead Acid) # 1 7 &4 5,

3) KK E

FEMHOWEKIZ, 1. 2 5HICHOKIENSEZERUKL T, BEIA ML —F—%
L CRKRR I L 0 imHEHKEBERE ST 5,

WAENE OBEIAKIX, BOKEIZHKT 55 ET 5,

4)  HEKkRT
EFTORAKEIZH LT, toeREEZHHOX L7 23HE L, &2 EILECTEH. T
1HEOM, EFHE LT Yoy MRV T2 1 BRET S,

— R R BT ORAREE 0.6 msé L7=3E. 100m* M LoRELZH->Z o7 2 ET
HVENRHLHZ LD, HKE Yy ORI 100 L EET 5,
5) ZeRJEMERE
AAFREERB LOSREEH (&F) & LTEM. TiHs 1 a8, —RINA (KE) &
LTC1lBEERET D, LT MEXFEHER GRS E SIS,
6) JEHEE
AARERIERAB L OTHEEH & U TH SHEICEMERZRET D, EEIX, EhR
7 (. PSS 1E). Bl EWmy o7, Il o7, flEER X OWEE 72555 T
R Ea b,
7)  EEHEEE
TR, KBS HOBEWEIME U CE S E I EE 2R E T 5, HElE, HEEH
W7, HmEE (W27, 74V Z—5%) TR SN,
8) EiE
Ry HEAK. faihEs L OVER Fﬁ% IOVt ERoKi#as ok EHE s B E 2 T,
HIERBLAE 23 D C LB 7 s 20 it i Do FERIZOUVWNTIX, FEHRREHRFICIRE SN D,
9) THkEkfE

THKBR L, BEBEBE & Ak~ v 7 A K 2 R 25, FEC oW T, FEM
RETRHZIRE S LD,
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(11) Zofth
FBOWNAEIT, AR L LTRELE SHDIEANRBRANETH S,

FEAMER BT OB METIE, Bl D FEAGEFH LD < 2 DRERREB L O U DONEIZ DN T
H VBT HIVULFEM AR T 23 35 S 2 e 5 7au0,

0.6 EHRLEZTHEFE

96.1 EFJEHERICIIHMHNEEMRELETE

Z 2T, 9300595 F TTIRE LIEEY ., Masomcz VT, it /&R, F%s
Eﬁ’jj%%n+ ‘a—éo

WIE LT KB OWNEE, IEEE S &12, HAKEA R L. (Appendixa 2 HR) . FEMERUKALIX
HOETHAIT LI L HICEL 430 m& L, FERUKNIIE, 2 B THRAM KR 140 m¥/sAs ok O i
JEER DHE - BT L 7= BF D KAARHEL. 231.04 m& L7z, Table 9.6.1-1iZ/7 L7z X 92, s /iX
228,000 KW & 72 v | BLEEH! 771 114,000 KW & 72 - 72,

Table 9.6.1-1 Calculation of Installed Capacity

Item Unit Figure
Maximum Discharge m3/s 140
Normal Intake Water Level m 430
Normal Tail Water Level m 231.04
Gross Head m 198.96
Head Loss m 15.57
Effective Head m 183.30
Efficiency of Turbine nt = 0.929
Efficiency of Generator ng = 0.975
Installed capacity kw 228,000

Table 54-LiR L7e Y o 7 b U T R/K LGNSR & HERD O 72 O I fiis L 72721 22 L g
Tt VT, BRLORBIE ) COERFEAEBN B2 Lo, A2 Table 9.6.1-212787, &
NEFEOH %, Appendix INZHAT L7z,

Table 9.6.1-2 Anneal Energy Based on Basic Design

Unit Existing Existing & Expansion
Installed Capacity MW 210 438
Annual Energy GWh 704.6 715.9
Firm* GWh 229.8 468.2
Secondary** GWh 474.9 247.7
95% Dependable MW 210 393
Capacity

Note: *  ““Firm energy”” means the total of power generated during 3-hour peak duration.
**  *““Secondary energy” means the total of power generated in duration except 3-hour peak time.
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962 APz FEEDLOHDEMEHE

ZOHETIE, B 11 BTITOMRKE - MBI Oy —ARX 27 ¢ CHEMTHE N ROFREM L
ZORERIZONWTIRR D, 7pds, BAEHEOHIIL, Appemdix INZIRFT L7,

(1) Polgolla ¥&h> 5 DLy /KEDEM L I6
5.4TH Tk ~7= X 9 12,1985 4E7)> &5 2006 4F % T Polggollatig > & D4R - Bk £ 878MCM
Thole, ThiE, 1985 FITIRE SNTFEMBUKEL 87TBMCME 25 Z LIZHESNTn 5,
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Table 9.6.2-1 Anneal Energy in Case of Increase in Diversion Volume

Unit Existing Existing & Expansion

Installed Capacity MW 210 438
Annual Energy GWh 572 572

Firm* GWh 227 399

Secondary** GWh 346 173
95% Dependable MW 207 352
Capacity

Note: **  Firm energy”” means the total of power generated during 3-hour peak duration.
**  ““Secondary energy”” means the total of power generated in duration except 3-hour peak time..
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Figure 9.6.2-1 Hourly Output of Annual Average in 2007

Figure 9.2.1-10 % EfiskE, X—AERE L TORERLE—7ERE L TORERICD
FGE. EOHIE, 86:14 Ligols, ThE 1 HOREIHEHTLIKETEZD L, ~—
A E LT 86%, B —27 HIC WA L2 SITIFEE LY, Lo T, H#E% L N— B
LLTH Y47 MU TRETZHENT D561, ~N— AERTIERMK 85%REE DKEE Iy
BEL. 7D %t°—&?€°,\~ﬂﬁaa“é%éﬁﬁﬁ%%zé

6.1.6(3)9) TR E L 7-lp/KiMiE M /L —/L (Figure 9.6.2-2& L CH4E) 2V, kDX H I
E LT,

Reservoir Storage
‘ —0—Max. Vo —o—A® —o0—Min.Vol — — FSL — — MOL ‘
800
| | Zone C | |
e | ZoneB2 |
< 600 | O | |
O | | |
E | | |
< 500 |- W
© I I I
[e2] | | | |
© 400 | | | |
=] I I I I
n
% 300 | ) : :
= | | | |
Co20 b - L___1__Zone A ____ L Lo
| | | |
100 | L : 1
| | | |
0 T M R R [ i
1 2 3 4 5 6 7 8 9 10 11 12
Month

Figure 9.6.2-2 Storage Zone of the Victoria Reservoir
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Figure 9.6.2-3 Assumed Operation Mode
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Table 9.6.2-2 Annual Energy (Peak: Base = 14:86)

Unit Existing Existing & Expansion
Installed Capacity MW 210 438
Annual Energy GWh 709 731
Firm* GWh 135 172
Secondary** GWh 575 558
95% Dependable MW 49 49
Capacity
Note: * “Firm energy”” means the total of power generated during 3-hour peak duration.

**  “Secondary energy” means the total of power generated in duration except 3-hour peak time.
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