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Intake-dame site viewed from left-bank downstream
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Y¥3¢ (Annual Benefit) & 55883 (Annual Cost) DILHOPAFETHA B L.

ZDFB-C & RDIz,

BE RN, REIRTMY Th b,

A % B % C %

diEE R (k) 8.31 8.32 9.23
HOKASE (m) 522 507 470
B AR v (m) 388.4 388.4 369
Aish#>: (m) 119. 14 111.87 94.27
TNk (mY/sec) 0.3 0.3 0.32
Fekibd) (kW) 242 227 204
RS R ) 2 (MWh) 1,376 1,292 1,169
i 1 (US Fa)

1 5% 4, 748 X 10° 4,410X 107 4,478%10°

2 /% 5, 096X 10° 4,679 X 10 4,672X10°
B/C

16% 0.213 {1.951) 0.215 (1.974) 0.191 {1.752)

2H%E 0.185 (1.701) 0.189 {1.730) 0.171 (1.565)
B-C (US F)

1% “343X 10345 X 10°) §-318X103(43X10%) {-332X10°(34 X 10%)

2% “381XI0P(36X10%) (-348X10%(34 X 10%) {-355X10° (26X 10%)

() WEGHE, BRI AEIE 02 SR TR S H R R MR T4 &
RIWAERT, $h, LRUASALESZTRRBERETDY,

Table. 11-1 LZ7RT b O % Flel b,

TOER. BEHIEGT —ATXTOUAREH D, Z o DN T Case

B o~y Py 2 IIsidigKeHE

(Ve=2,400m") % H>% (with storage

Capacity) P {87 Tlid A A B/C=0. 215, B-C=-317,543US FI T, K{r® Case A
@ BAC=0.213 BL O B-C=-343,014 US FrrihiEhCwa, L, ZTHELIEEE
FPED Manuel Jorge No.d 12N @ MMM T 3 RS I HI A )
R 2 S G 6, BEEERN 2ETHERE (O&MaA}) 24T
A5 E Case B 20Tl B/C=1.974, B-C=42,951 US Pk b, OB TEN
EEMGEChD, T, 7YYL ALF—C, RS ANVY - CdHAH
AT OB A S K S oREFTTh U, ERP oA T
BALT T3 0 ¥ — DO AERS 380k T 80,000US K EIENHS = &
&% b, Sao Tome and Principe DM B & #H3kilik 5,



HoT, BIEOENG 3K 6 4 - ADTB/C, B-COMAK L ¥ Case B
@ with Storage Capacity £% T4 2 & L. COEDEANINARDIR
E‘f%ﬁ’) gl t t [,f:o

6.2 BAEHKE
Case B with storage capacity I 2WT, MK REZ LT O

b EIRDI,

o Fr AKX Manuel Jorge No. 4 Bbdidd 3 #4R i 15 H. 20 H.
25 0. 30 H. 55 A iz s HEAOBERBIZOW TR 41Tk o1

o BT OWTHRDEV - b ORRFE AL TN DWW TR A HIA R RIS
fREEL Ao

o WHEIIDWTLERN— ORI E EIITHEMARIZ X AHRHEE LA
L. Cross Flow KHiZi Ay & S8 v jliv 72,

THEAUHRNADOFT 4 - B VREOD A P E2XNONSE) E LKootk
FA(O) I AR TR o Lkl 5 & PSR AT (O &M A b)) ZRsA
AT LR, BRI 0.306~0.31uY/sec (HEARETHLI L ¥
a7, TORRE IR R ALEINAKE I Qeax=0. 3ln’/sec & L7,

6.3 =EER

BB S Omax=0. 3loY/sec i oW CARIEHOWEEZ 1 cn fiFis, ¥ 1 m
B OTHER L RARERS X CEMRETHEII DV Tiias L, UK
NP EANMGHEE LT, w4 F AR (2R M) SRRBCHTS
WABGHE L REHIFEE (O&MIA MDA FOBUS I b E L
AR E RO, ZOHY, D036 mif A A hDFAOfiLR L, Bl
ThbHIEE

R BR TS0, 36 mIZIEV P 0.343 m & 0.364 m & Ad 5 7,
XA S VN 0,394 m. BT 6.don O—-RABLEMMT LRI A2 L
£ 5o

6.4 BEEOREHE
BB R Quax=0. 3ln’/sec. B L TAREFE, D=0.301 mizJedwicHik
Pk L AVDEEB L AR RIS BRI ). BRI B X CREERI
I & ERSER R R Wt L, 50K Poax=230kW, #BRIN) PI=36kW. &



REZLEHR D) Pep=73KW 33 X OFSE RS8R ) E=1, 253Mih D& & 170,

6.5 Abade JIIFERAHA

Abade MIOWREPIZ DWW CHEHIERDP S 77 Y AL L o TAY FA4HTH
RTHEMEITRERTWALOO, HEIIEIEFS Y, KRR SR AI
FHoTwhv,

—Jj, Ao 3 = ADBEEREBEENRIA 247 9 122 o TR N O D3
& ifo oA, FOEE. Abade JIlI Manuel Jorge No. 4 & 13 & A EERH Y H
Ze g 7 Index Value D2 778 JI1TTaH Y |, Abade NHZHNT B BIFE T HEZ 4
W& AT Ik LR VLo WG 2 PERGAT - 72,

Kiglidshiowi- b ros By Tth s,
¥ 3 1/10,000. 1725, 000 3HiEiH i 4k
HEHE  1980~1002 SR 4 # ERID HE it A0 & {55 L 72 P stin de

Abade HIIZHNT 2K ITHZA A T A 32 % 039 (v 1243 Abade JIRATIE 755 400 m
TX P Bomba MAARIZGWH T A0 0 ER 500 mlh ECHVbLWY L
Bonbain X CTH 5,

30— b 54— ADEEEEHE TableS-18 33 L UF8-19 42703 A%, a4 e %
FHIRIEEE S TOr — AN B/, B-L<0ChD,

WU, e AR R LREREINEET & HRFHIR0 & M
Cost) DA - T, ZOWAOEFIRIEH % 57235613 Table. 6-18 MY
ML S TOENBHVUD B/C>T (4.124 L L), B-C>0 (246,434 USSLLLE) TH
APZESTEHNE T AR TH b,

INLAEDD LELFEFHEOEBVEI CaceC @ C-1 & C-2 O{ifHH Tl
FOREIA PR BAAIIEGIE B/C-0.488, B-C=-455,018US$Cd B A%, Kb
Wk OHO A P TRAY{E B/C=4.475 B-(=336,577 US$& &t 5,

B, O - AR ULEGOEKRD) (71 — LR OO
g R 1,650 ton TZDiHi{LI3§ 400,000 USS & M S L b,

7. Manuel Jorge No.4 HisidD1vH

k& A4 M, - B ERFEHEITa s, $abb, WAKYAYA b
R A OHIBE L Tvd, 0, BTG 1 ~ 2 m& 8L, 2OHEHAY T
26 CIZMA R VIRIKE 583 2 U0 TR RN 2 6 & B IO SR i
1 he LS T, BY LAY AL MIFHE SR T LUK Y ALt & U TR 2 Half



NEBAVNHRTELEEIOLNS,

P FSR LB L ORI OB AW OIGETERRIN S R T S RS0 |
B BB L ORI B AHKIE X ORIBREIZE T 2 HER R vwbok
T A A,

AT B L RTINS AR RO LEE DB S T B ikl o
P HEL T NI B A KEAT S X URTINER MY MM b D
PHEITE Do ¥ b BARICERZ & IR B Ot & U CIMR UL A 2 hRIE
o TH Y JEEHERMISVTHER L Y O LN 62 5 2 L2 X it
BitEE LCRAHTH D EHMITE B, T2, FHENE LU ST CIRBAR <Y
BB LY, HHOEENLELS ORI THALHZ GND,

8. Manue! Jorge No. 4 @7 1 — T EV 7 1535t

ASFE R AR 0. 31w /sec, ATRHTAFE 109,17 m. HeKIHT) 230kK OV D)
% 3 2ADRREHTH Do 2 OLABETMIORERE LTRSS A B LU
KD S D EEBAINA L KL THAEE 1L 2D 0EKRB KRB RO HIE
26 AT 12 1/500 OAJECTHIEA T b 1L 5 o KGO Liiafag b 12 IiE{ﬂ(l'J;’)‘
LOARY FHiEsEm O Ms LS CHEUTT 5 120 OBIK S — b L kb A 0%
Ho, Flo  HUKLKICEAL WA YV F2EIHRSES f\.&ba)?lﬁf}{ﬂl#
LR, Ay FF 27 5 CH L 28K T 5. £ 0K I M 5 R 28K
TH:0, FONEIE0.57n, ARES 072 TH D,

ANy B v 7 RGO R E LR LEEN R & LB T BT
CIBSICME T A0 L SRR AESHAZE T L TV AKOBHNIE b i
3B RV F — (Water Hammer) ORALE [EBFIKE LS 0RMIBI £ 177 5 224
Tl { ARG ISR RO SRS IR X B IOHHGH % 2 { T 5 20 DI KD
FEEA IR,

KIEBHIIANY F¥ v 7 DO RBHICBEHAZERT LN, ~v Fy o b3k
BWIPORITE O% L 115.56 m(11.6kg/end) B Y . ZOKIEZ B 2 R BHAHE D=
0.394 mOFEENEIIIL=226 mThH D,

“Tﬁ(i%lf’éﬁ‘%@ﬂ(ﬁ'lﬁﬁb’ﬁ'} Cross Flow RWLCSH}, ZOME &g 4

A BRIV — 1T X RATAE ) Paax=230kW OE N E 1. 256k DERE
J_r{;)_lza:i:%_ii’a' B o
SOREORMIZEN L B AR (o, HEERNIEN - gl LT
ARBHE LGEN S b, FICEMIC IR P2 ui’;}izfaﬁ@iﬁr 7
g TAUEND D, ZOWA. W RhHs ‘1‘;’5'9 TABM, S HEEARATA



X BT TOMHEONV IO ARk E RN F SRR T YA
AL DA THDL, 2702 70— RKYWEBSEPHILTRV Y, 777
AMEDBLRBTH L, SHIGENHNRELORTOLASTH Y., RN NEFLE
DHifs b 2% DB CAHHENRRETCH S,

P70 —-kiERIIT20EF 5, B, TilD Gue Gue KSR
th 7 uR 7n—KIERENShTws,

FEROAGEIC VTR - BB 28, EBEoRTENOHN S G248
HECPIL T3¢ L,

RERIE SAECH R ER L L., REORIEFESADEESL & )1
0.8 (TR) &4 5, oy, WIPSEERORHEERI 0.8~1.0 TiFtshiTw b,
EREIERHRREHOBIN BT 5 b0 L ¥ 5, WHIHULERADFEET 54
AMHIAEET 5,

FERBHA TS L OMHE
(1 & il

LU : Z A 71K
TSI ¢ X 17
LGRS 109.17 m
fEHIKR X 0. 31m*/sec
PARL WA . 253kW
fa] eyt Y X 1, 600rpm

(2) etk

B 3\ : Y b AR o R
T % ¢ : 14
i yii . 290kVA
BIE 7Y 315 X 1, 000rpm
o X 501z
"I : 400V
3 B X 0.8
(3)  AEAIgE
# s\ : B = A A Y
M : 1 &
I : 290kVA
i 1 . 400V/30kV

12—



9. Manuel Jorge No.4 DIETEEH & UK TR
AIH NG L ke AT HIRUTOMY Th b
(a) Wl A& % AtEllm, f582.0m, 32— b 2100°

(h) B XK %% WLE# 1,150 m. BATEE S, 0400, 7 > 7 V) — bt 760w’
a9 by ) Ml 760

(c) it ® b:MEDm, H3m. XS 1L383m
114 ) — b S0’

(d) ~v F#& >z g 10,0700, T2 Y- b i 6000

(e) & IF 4% B BRAT1£0.394 m, HEJ 225.6 m
BEE 830m®, 22— bar 125m°

(f) 4& W 7RIS Sm. 3 14.9m, I i b 82
YR 2,0000, 2 Y — M 4000°

() BAIHEAR  HET2m, fill3m
5 860}, 7 7 ) — bz 2050°

(h) KR5GS AR A - KOS & 1.5 m, 1512 m
il 170m, 7 > & Y — bk 1200°

CheO T Fig 11-10 0T LRI MY 125 BRI TH Ho

vy — MM S HME IR TRMEL, R LT R IRILL. #

Lﬁﬁ”Lth@%ﬁH?éomfhmm@ﬁﬁOWTmTﬂﬁﬁﬂbiﬁ

&ﬁkir,%:h\lﬂ[,‘ BT T+ (Ageregate Plant) T2 7 v ¥ ¥ 7GRN K
i) i '(’ﬁo TWhERM DD,

BMABTICH LN 2 - bOL A Y MR -RIID RS
m%W?ﬁLmaz}zwwwm BE R AN, MR E LR AL S Wil
OMEMEEMTAZELY O T - MEEIIT M L CRETH B, i
BHOUAE b AETRIOHRAD ¥ 2 ) — MIEEA 100" ik TH b 2 e b,
P v

4 A ¥ F5EAGEE Sao Tome Principe [EICHAFESNTHE LY. £THHMAL

HioTwh,

—13--



FAHAENGEL PN ERIT 2 R ChD, T REYEAT L.
BN PP REBELTHBIET C2 2 ) RPET LEHETH S,

—Ji. W7 Ao OGRS N2 M S TE Y, 22 ite)
a2 o TWwARMLEN L & CAVR ORI amA TSRS,

1

AT RO ~DEFERE, G TRBIURETHRT I CoSRIFRER
2UHGGAEL, Fig 11-10 4330 THh A, &3, YaTI0IEAREEIHIM & LT,
5y AN EEZORS,

10. £537 - BEEHE

10, 1 #AE

ARTTT Ly b OFFREEHM U ER ZEFE L 22 a o o8l
iR Hi L @ L B, KV a7 FoRHNOBURIRIIF Z 1ML LT
ZOWAL KD L - IR v, (UKD & L QO N5
FECEBIHLR OB T 1+ — VAR L W,

Tableld-} 2R3 B | ERIFEARTHIZ A 2 A b 8.174% T 388,553 US
W, SRR EHERRTE AT 47,535 US FACHATEA36,088 US FACh L, T/, 1L
Hatii a7 4 - VLR E LABEOTUINI GRIMERATS, 174 US Fr, 4]
LEhAe AT 73,856 US FILTHA5HT9,030 US Favd i b,

LRSS L 26 /el oeH11 79, 030,7436,088=0. 181 * %2 b | £5iA
SO CONMENTHL 1 2 NI T 5, LALLEAG, Tedih S s
LN E LTRIME IR LAV E 2 b, B, BB LHEL
P oS /IO RIR 1663 &2 D 1% 15,

{1) Sao Tome - Principe REF IO E, FIMEFORREI LI

CHIABRHHIAE Y B RDZEEREH TR v,

(2) Sao Tome @O, KRGLPSHTATO VL7 PRI OBIEO R
TOXNFEEINE LTSI HA Twa EHE L2 O s,

(3) B (VB BT I HIEORENRDIORN 22T b
AKTT o7 bOEEIZED, L. TXRCOBEDHIEENMZH Sl
EFAUE, 2,500 AEME ATl h, THIZEDEE~ORE)
TRAHRBEDH 50% 25 0% T CTLEATIEVWA L I,

4) K7y MEACIYRDBEEBALLEASLIL~ERMB 74 T
US FRA-o¥i it & 2 445, T hiZFEFIOEMSME G 17 US Fiv)



D 1.4%. BREHEAL (1.1 ETUS FiL) @ 6. 7% CotyHL LT ~D -
A&V,

(5) RRNZHBIETRE VI VL HORIBEAL L (AN E RO
BMODITE AL RRBANZULGEL Twb, T, IAadPLae s vty
—PHEHILCBOY. ARLHAIIRI. Tnd, ZOFA, HIMUX
W CHEMAFHBOSIEI - TH Y, o, SRGATHEINETY L
o TV 5, BALDEENE o THREEOZBIIAROAGOELTH L
B, FO DR EIFIO ARG 2 hd L o BRSSO T
ha, LirL, SHRCIiaEirso oo bt (Hih
RIS T e ST v e, ZORAO G v 2 BRI
Thi, FOLHICbHHRMENATRE ko Tend, G B, #ERAE
BIREKOLOHORE ST, HlL L ASUERO OO N HRT
Lbds,

(6) FBEITANF YAV --TT LA &AL I10ERNIH 15, 000N DI
PRBLHEL VLA, DL, TRhEFITRARBETH ) & T
B 6~ 7TE T US FAOBREGARZ LB 325, 158D L 5 LryHIN
FHEDPS LTAIETH Y, SHOMBBER TR Ok LSO S5 %
v, EMAERRAGEHRE, BHELTFTRMZE s E LT
5o

(7) Dibhobb, FEAFRIBORHEER L. A7 A o4 5w
BESR A TED I L, FRAMIZH7 T 2520 A ) IR S O UG AL & i
HAEAIERATRCHD, ATNIT 27 FEZ DN INO— L& iR
ThnEnz i,

10. 2 W2
FoSmssEtBilc A LF I RRESGBL, J2imis (EMAE fiitis) L5
B 2By LAF I RROEEEST (Sensitivity Analysis) & IO FiATILE
B WENEONP v, AT I Y27 b Viable & & 5442 RO,
I — T E I AMSE ORI REHENRA-0&M
IR b - BRI THE0.92% D74 F A E R DA EHWE TS 92%
DA FAELY, HWEMIZRETTn Y s P LTViable LW Ak, L
A L. Sao Tome - Principe ReF: MMEOFRHD HM I IXTE O MR AERTID
FREKTHDH I L, ZOEBEFBAINIKO SB[ LV &, FEHOR
JEMEIER S BTIENRWE E LR LRI R A IFEL, L, K



11,

TV ey MoV CBHEIEL AL S AUEDEGRTC R R b Ui 5,

EMAEfMRIYARHEFEHRELLF I R ROEIESNMT (Sensitivity
Analysis)id Tableld-5 DM CThH b,

HATAMEAN—F AP ELF[RR%E 10%E§HEHEAHECH 15
c/kbh DBGITIIEMAES{IE% 5% FCola FIFARENS A, Lipl ik
A5, TOHSREEMIIRTOAL hEAKEZS DREOG, #FiTikELY
BMETHRIZ 0 /K FTRATIH20HLE L, ZOBSIZIEEMAE#{i
FrTHTHLENH L,

R7UY x 7 bOFEIHHIE L0 Y FH5EHN, Mooy hd B
TEWH, FEFETIASVEBETRIENIIBRORWY B E 202
ZEHHE LRI AL, COREORIIRE LA EERLE Vb DL
FEX Do MHORHHYOLBIIERHOMGAEHHIATRTCH L L,
BEMRIE I O S HARIHKT L vwa ofio 3 kK h5EIC
OS5 MV SRV TERIRETH D,

RIBEA

R E Z2ORNBERII 2T, DA TSR ANYE U BRI Z DN
IR T, ML ERL Tv b, 4 C L AL IR 2 S
D, ZIUREOTRCONHHEIEETIRNE L > TED . SREOWL AT
ERI L TV B ARFHEIBAZ S 5 Milagrosa B X UFFA M M%) Santa Clara, Quinta
das Flores 3 J UF Santa Luzia BZD 4 2DHETH Y, T HELEF DL Me-
Zocht XIZIE L Cwa, O ATHIAAREL T 29,7198 ATH 2,

AR 2O TES LAL O {, Milagrosa 124 4 4 OREE -
erR LY. [E AR OO, ATHAH 55, Wi h LT
Vi,

AETHEHE & 7 OB ORI EE, Manvel Jorge N@HBIZ Aqua Panada JHIC
1 2DOiHAKA S Y, Milagrosa, Santa Clara OfE AN A2 &%, H¥L
HIUTHEM LI TH B, Milagrosa (23 202 3 D/ NS AKE (K) Bhas,

LA L. BERCIE L 4 8 0AG IR 2 O KI5 % Manuel Jorge I NIk
EifioTBY, BRPEROHEMS. SRR, AR L LCHNILCn s,
AR AR U B & o O e B AR ENUKERHE T L WS Mk o T
Wi, o T AN EIEFTE T 25103 2 OB KO BR 2280 A ki)
L H v,

Milagrosa. Santa Clara {22 EMIZIKEORWHEEID ., BIXo M.\



Trindade BI % Sao Tome il 45iXNCHBY | HHMII E LD CHAITH LD, AFt
B & BLRSE R B A B A AR I v,

AGF R & cODIuJL.m’CILLLu-{I:éiL“(bw‘ wo AN A
L’Cio . Milagrosa {244 1 288, LIREEAT, 1022 idiHonHhTha, 12,

2B C RS OIBSORFIL T X 54, TS0y i1 Sao Tome ifi o frik35Fs
ﬂfrﬁ‘&lﬂui&w&:vwo

ST & ZOBIERITRENEL E A2 LTH L wHilsad | KiflEkoik
R332 CBY. Wibdbb, 200, HAd &5 FERE S~
R EHEL Q0 a,

R4y Clifis 0 ¥y 4 T7OBKAIEFEMIZZ . T4, HAARLTWwWA I L
Do HAF R ) L EOREWAOEESFE L b, KAEEHE L THHY -
ADORIEFI S L wWMIE AWV, PRI GRAR ) &5 b¥HhCid
HAALE BASRTHMIIMIE LTI E7H v 5, FENTEO X Wik
Lo TBETE AR FORERB L FEFENmENL I EALG LS
LU L TWAE L DBV DS,

A5 & 2 DN BB RO BRSO, XRHNI L ADENLE

i oo T b ARHEIZ BT AR T FR ED TR0 b O T, Bfton Z}\‘:f}ri
HIRSID3EREP R AL W ER bR S,

7213, Tablel3-2 L2 AGIBIl. X B BB~ O LR, £ 4 Tablel3-3 IZHEIA
BREAOBEEHEO RGO L L D XA,
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Table 8-16 Optimum Developzent Plan of Manuel Jorg No.4 Project

|

10.

1,

12.

Atem

Case

Catchment Area

Intake Water Level
Head Tank ¥ater Level
Outlet Water Level

. Gross Head
. Effective Head

Pawer Discharge
Maximum Discharge
Peak Firm Discharge
Firm Discharge

. Pover Qutput

Maximum Quiput
Firm Peak Oulput
Firm Qutput

. Annual Energy Production

Power structure

Intake Dam (LxH)

Headrace Channel {LxB}
Slop of Headrace Channel
Head Tank Storage Capacity
Penstock {d xL)

Electromechanical Equipment
Type of Turbine

Installed Capacity of Turbine
Type of Generator

Installed Capacity of Generator
Transmission Line {kYXkn}

Construction Period

Unit Descrirption
2 | 8.32
El.m 507.00
EL.m 503.96
EL.m 388.4
m 115.56
m 169.17
mn3fs 0.310
n3/s 0.110
n3/s 0.055
kW 230
kW 73.1
kW 35.9
M¥h 1,252.6
m 11,0x2.0
m 1,150%40.57
1/500
m3 2,400
n (.394%225.6
Cross flow
k¥ 253
3-phase synchronous
kvVA 290
km 30KV x5.5
year i

kzﬁ_

lect

Remarks

Rinus 2m of F.W.L

Hg=H.T.W.L-T.W.L

Qf x24/12hrs
Qf: 97% Firm(355days)

1Zhrs x9f % 3,600sec
Maxioum v= 2.54m/s




16 0/ TE = (VI 2885 %a v s T T i , | :
[ orpL R0 03/ (ay -0 a873"60'% | ! ; KA | TP e v | sul S DIV AdvEdeooR |
(10 ()7 0)] v §. o , T TV R 7 | i , :
L0 O+bL1BOT0) /) TI67S8LT i I VGLe LT ] AN 7509 JUSKTROAN] SIGULLTAens 1
[laTste , i 5C8HE A 1 i
T9%5, 592 i o ! YTEE S (AN ]
TRLG G | j BELTARE . ; , |
N Y , 9LLTLIEETT T PhwBh- | Saa | (T ayisa0=3 13808
Vel : | ST | ] i
_ iy , ! 191°F A ¥ (27918, OISty j86) s1joaag
L , | 591 0
A ! Bl ' TOSF0 (oy/(d) oyueq 950 11360
‘ [l i BT i ,
_ 151 | g ! e ?&%g G I 7807 TOTIoN 00
: oL | 0w W |
| WL | [ | i | 750 R _Eamo 45 156] BO[7o0IT50) L
f W : _ ! | ' . X5pE | TeoINDa00T " z,
! , | ; ! | !
i it T T T ! T ST uo“wmwmmmqmﬂmmdmmqmu
BLUTCOLTL | 684 GH6 5 | WG RO0 Y | 02l VA0S | GRL G0 OL | Hab GLL'O | O44 06" | 605 G40 5 | FHL APR L 1 G0 R R e A
| i
[ _n 0 | el | 50 670 el D ) JOXYAN) U] GULEE IRSTEL
B0 T | 90L (i3 [ 000" ¢ 304 | 581 LS [ VAL | J07ededs] jo K1joeduy pa|jeisd]
| ! : W | T JOTYiRtsE 30 adk
v Lo 299 [NRg i ¥ 149 L [N L SEYGIL SO Aijedey oy [eisal
| TTUN od 1 4031vd | MO1S SSON)| | U8y Ted Wisd | usi[3d | u5iTed SETGIAL JO SdAL |
| ' | [ , e et T RN
| | i | ] | |
] ST - DGR - T (CERNESETRN
i 0 UZCX SR O 0 Deaxs O O SLOXL B R ae R SF 0] T OAEML 0] 0 690%a Ol 0 satma 01 & | [T &) Aooissd |
i [ B TERO R G 6ex0 gk 0 PRO O (T IX0 g 0 Sex0 2l O PXI 6L 0 PR oL W | (CERUECN AT
i Y - - ._.u X A0 - - = 1 u (A7) vomowgy 1a1d] |
' = < FORLE "6 ORGIS] § 0% 048] 9 0R020' B OX00 ] @ | (@% 1) [oau¥qy) sawipveq
' AL - G2 TX 02 AT - G2 ™08 Gg ¢Xps & ¢ [CEN L
' i | 1 i | X ST N TRE Y R
q ERTSE GO0LL | ! i i
TGS 1 0% F (A [N oo s v T00L'% GOLT Tossp | GAR OO &I Toaady 6
BT ' L9 | ! | | |
£ LG |m [ A aBL TR [T TTLE 5061 AP N TG vy ¢
, AR ] TO6E T oow 904 7 o R TOERRD &HTX |
[ , W WET “ 1 i VRANg Jandd §
| I , >. [ !
(STRppn S UfINg - 2 I A - LET 6540 16540 16920 i STIEOR ] iRl
i ML T v 2T AL LZA - AN 70 B0 BN By SHINGE T WETHER |
! T I 7 i i ' SIEGIE (| JONOd" h
| TODORL | i A j |
[ 05T 1 G0 G0 1 0% Lot 05 6L |00 L2 0507 e i) :.MMWE;
TO6 08T 05 Gl (090 DR GR 10984 09 0%t RRRR 00 LT ¥ (TR LT W IRy poaesslims
([ i | A
- [ 00 918 [LEH 09 ¥ - WEE AL 00" SiC L] TSRIT TR SOT30) 7|
= T 00 ReF [ 06 708 - 05 Rev (X1 | 007574 LE TSRS (%R AQuL PUon L
- [T 053 [ - 00 057 00ty [ L5F IR Joiem aesd]
1 | |
= % _ LI - 1 - o _ - - - i KRTRTIL
- 5 616 3 - {016 00T 016 (%3 T TS T
- T80 1N 5L 6 - {905l ) TGT6 (143 T WodV_TERgoTe 1)
i T840 253 | 20 =3y 1 1eL | -8 ¢§ | iy LED)
, IV I A | 4-351) 1 y-e5e) T ) %)

$0BOUSY 10ud0toAd] JOATY

PRy JO 95U) 0A13OOASY  g1-g ATGTL



Table 8-19

Feoaoaical Cosparision of Cosbined Abade River Bevelopmeal Scheszes
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Kead Tant Valer Level (%] P/8)
Fead Tant ¥aler leval (¥o.2 F/3)

Tailrace Valer Level (¥s.) B/S)
Tailrace Faler level (¥o.1 F/S5)

Tolel Gross Head
Tolel Blfective Kead

Warieew Discharge {¥o. 1)
Mariesn Dischsrge (¥2.2)
Fire Distharge (No. 1}
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Table 11-1  Bstimated Construction Cost of Munuel Jorge No.4
e - Unit:US$
[tem Anount Remarks
A.Preparetion Works 138,379 [P/H access road
B.Civil Works
{.Intake Dame 1 121,881
2.5edimentation Basin 14,584
3.Headrace Channel 617,311 |
4.Head Tank B 573,962
5.Penstock and Spillway 99,398
6.Powerhouse B 364,178
7.1ntake & Channel for Local 93,437
8.Disposal Area 41,998 {10 ¥ of Excavation
_ ____Sub-total 1,976,751
C.Hlydraulic Equipment o
l.Trashraks 13,0560
2.Gates - 29,396
_3.Penstock N 136,800 |
Sub-total 179, 246
D.Electromechanical Equipment ]
| 1.Turbine and Generator 926,800
2.Transmission Line B 311,300
Sub-total 1,238,100
E.Project Controlling L
| 1.Engineering Fee 720,000
| 2.Administration Cost 60,000
Sub-total 786,000 |
F.Physical Contingency |
| 1.Preparation Works B 13,838 |10% of Direct Cost
2.Civil Works 197,675 {10% of Direct Cost
| 3.Hydraulic Equipment 89,623 | 5% of Direct Cost
4.Electromechanical Equipment 61,905 | 5% of Direct Cost
5.Project Controlling 78,000 [10% of Direct Cost
Sub-total 441,041
| Total (Project Cost) 4,753,516 |=4,754,000US$
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Table 13-2  Swemary of Potential Socio-economic Environmental Impacts

and Their Preventions and Miligations

Socio-economic Potential Remarks
Environmental Factors Impacts ( Description of the potential impacts and measurcs
to prevent/mitigate the impacis )
1. Resetilement of villagers
(1) Reservoir arca A No villagers are living in the reserveir area.
(2) Watcr scduction area A No villagers are living in the water reduction area.
2. Indusltrics
(1) Agriculture
1) Project area O The routcs and space for construction of headrace
channel and headtank will need some land and to cut
some plantation trecs. Compensation will be needed.
2) Downstream area A No impacts will be incurred to the downsircan area.
(2) Forestry VAN Only a few trees would be cut.
(3) Fishery Fa No fishes are existing in the river.
(4) Manufacturing / mining A No manufacturing or mining industry is existing.
(5) Testiary industry A No such industry is cxisting.
| _(handcraft, tourism, ¢lc.)
3. Transporiation AN impact of construction of an access road is moderate
and wil} improve transportation nelwork of this arca.
4. Other infrastructure
(1) Education A No schoo! is existing in the project arca.
(2) Public health A No water born discase could be induced due to very
smal scale of the reservoir.
(3) Cultural assets JA No cullural assets are exisling in the projec{ area.
5. Water utilization
(1) Project area amd its O The villages such as Milagrosa and Santa Clara are
vicinity using the river water for drinking and plantation.
Prior agreement between EMARE and the villagers for
rcasonablc sharing of the river water must be
achieved.
(2) Downstream arca O Water quality of the discharge water from
powerhousc shall be kept acceptable by preventing
leakags of oil and other substances. .

(legend) @ :Significantimpact O : Moderate impact A : Negligible or no impact

__30._..



Table 13-3  Summary of Pofeatial Natural Envivonmental Impacts

and Their Preveations and Mitigations

Naturai Potential Remarks
Environmental Factors Impacts ( Description of the potential impacts and measures
B to prevent/mitigate the impacis )
1. Topography _
(1) Sedimentation in reservoit A Upstream of the resevvoir is rich in forest and
therefore the soil condition is stable.
{2) ¥mpact on downstream A Scale of the project is very small and therefore the
walerway impact to downstream is negligiblc.
(3} Impact to coastal arca A No direct impact duc lo existing of Gue Gue power
station.
2. Soil condition
(1) Slope coltapse O Measures must be taken to prevent stope colapse
along he routcs of headrace and penstock.
(2) Soil erosion A Water leakage from headrace must be avoid to
prevent soil erosion along its route.
3. River waler
(1) Change in watcr system A No change to water way.
(2) Impact to water quality @ Impact can be avoided by good maintenance of the
powerhouse,
4. Biosphere
{1) Impaci to flora Fa Impact is negligible due to smali scale of the project.
(2) Impact to fauna FAN Impact is negligible duc to small scale of the project.
(3) Impact to aquaic A No valuable aquatic organisms are existing in the
organisms project area.
(4) Impact to prolected A No such fiera and fauna are existing.
fvaluable flora and fauna
5. Impact on national and
natural parks Fay No such parks are existing.
6. Atmoﬁpherc
(1) Air polution during O Measures must be taken to mitigate dust generation.
construction
(2) Offensive odors A No offensive odors will be gencrated.
7. Noisc and vibration O Measurcs must be 1aken to mitigate the noisc and

vibration to be occured during construction and plant

operation.

(Legend) @ : Significant impact O

 Moderate impact

A Negligible or no impacrt.



Tablel4-1  Economical Evaluation
Item Unit Optimal Remarks
| Case
Maximum Output kW 230
Firm Peak Output kW 76.5 |12hrs peak generation
Firm Output kW 36.4 [97%(355days) Firm Qutput
Annual Energy Production MWh 1,253
Construction Cost (A) Uss 4,753,517 jexcl. Interest during
Construclion
2. Economical Index
a) Construction Cost per KW US$/kW 20,667
b} construction Cost per kWh US%/kWh 3.79
¢) Benefit
Loss Factor of Effective Output % 29
L.oss Factor of Effective Energy % 49
Effective Qutput kW 35.3
Effective Energy Mwh 1,191.2
kW Value USS/KW 146.4
kWh Value US$/kWh 0.062
Benefirt of KW US$ 5,174
Benefit of kWh Us$ 73,856
Total Annual Benefit (B) Uss 79,030
d) Cost CRF=0.08(1+0.08)"50/
Capita Recovery Factor: CRE % 8.174 |{{1-0.08)*50-1}=0.08174
O & M Cost % 1.660
Total Annual Cost (C-13 USS 436,088 [incl. Capital recovery cost
Total Annual Cost (C-2) Uss 47,535 |excl. Capital recovery cost
¢) Benrefit Cost Ratio : (B) 7 (C-1) 0.181
Benefit Coct Ratio : (B) /(C-2) 1.663
d) Benefit - Cost : (B)-(C-1) Uss -357,057
Benefit - Cost : (B)-(C-2) USS$ 31,495
e) Justifiable Investment Cost US$ 861,459 {(BY(0.0874)-0.0D)
f) Necessary Aid Fund Uss 3,892,058 [{A)-{(BY(0.08t74-0.01)}
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