3.2.3 El Once WEat&@ ( 176 MW)
AT, T 7 — FEEREEHD Grande IIBEH LT, TOBKIRA 590Kn? K it

*ah, EPHHERNE5.20s OHMACRVWTF &4 - Ty 7L THAESZ 122mEFIHL

T, BRHUAHIT6MWEEBLEE TS %,

I
|
|
!
2
F a4 FOHE, HEORRENLAT, #4 T 9 7 TELHKEORRE 700m-c3
i
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COBKETOOmTELAAZBEARR 39.5FFRT, MRAKR dmC OB HR AR
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FLEROUBK 600mEROTKE L, ThLKE 600mEROKESK % 2 21T, %
Drawing— 06 CFTUBCREF LW IVEARO 44 7 TRIT 2, BREBAKAKES573m 1'
T b5 = P AEEARKT B COKMIEEl Once OFHCEHEE 5 Bl Dieciccho N2
HEORALOHKIL b 2mTICk 5, :

CORBHRTEMTE 248 THNRA85.2ns T2, CORPIC L biep 753GWh/
EOBNROLENTETS 5,

CORBATITEMVORBAKB 28220 1ci, BREHAKR 1700/ s 5 BETH ),
KEFHE 85nl/s X 2&THEL e, +OEER 1,200mTH 54, Tt LHE 600mEH
Bty3rBFRTIavs ) - rERELL, THRBABRCRT 5 KETE L HAT 5 EtE A
&L ka

BEBL 8BMWX 28 THE L feo KER TR 5 o YAREHEAL%. BAXTBHEE
RARERCELT, B bR, o0 220kVITAEL, S5Kn@2cct ZBB TE! Siete
N 2 BEACESLIH2HE & L £,

COEREORY, LEL FTAORALTHREUSS 4T EH T2, #.,T, KW bRk

RUS$1,972/kWTd b, KWhibimzy EEMEUSS 0.46 L KWhiER B R % 12% &34
L, %o%%ﬁﬁmusm.nssﬂqw-céao

COoRBREEENCHA TS 2 EHEL E N,
co%’r@oiﬂ%iﬁu‘ﬁ‘@ﬁ btha,

Maximum Qutput

176 Mw
Catchment Area

590 km2
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Run-off Conditions

Annual average available discharge 85.2 m3/sec
Average available discharge for

lowest five days in a month 64.5 n3/sec
Minimum yun-off -

Maximum run-off -

Requlating Reservoir

High water level 700 m
Low water level 686 m
Available drawdown 14 m
Total storage capacity 39,500,000 m3
Effective storage capacity 15,700,000 m3
Reservoir area ) 1,375,000 m2

Feature of Structures

Dam Impervious concrete facing
rockfill dam
Height 110 m
Crest length 710 m
Base width 80 m
Volume 4,200,000 m3
Spillway capacity 9,000 m3/sec

[regulated by the gates
installed at spillway
structure on left side

of dam)

Intake

Maximum intake discharqge 170 m3/sec

High water level 700 m

Low water level 686 m

Intake structure height 23 m

Intake structure width 12 m
Headrace

Type Pressure tunnel

Length 600 m

Inner diameter 5.5 m

Number of lines 2 lines

Maximum discharge 85 m3/sec

(flow velocity v = 3.3 m3/sec.
at maximum dis~harge of
85 m3/sec)
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Penstocks

i tal portion Tunnel-embedded
e ggg;zdh;g;iggn F {Ground surface type)
Length 600 m

Average inner diameter 4.6 m
Number of line 2 lines
Type of support in ground
surface portion Rocker support
Powerhouse
Type Ground surface, indoor type
Maﬁimum output ‘ 176 MW
Unit capacity 88 MW
Number of units 2 units
Turbine type Vertical-shaft Francis
Revolution 200 rpm
Generato; type 3-phases, AC generator
Generator capacity 98 MVA x 2 units
Power factor 90%
Building: height 35 m
width 30m
length 45 m
Building space capacity 47,000 m3
Qutlet {appurtenant to powerhouse)
Tail water level S73m
Structure width 30m
Structure height 15 m
Maximum tail discharge 170 m3/sec

Power Generation

Generating development form Dam type, daily and

weekly requlation type
Intake water level

700 m
Tail water level 573 m
Gross head 127 m
Effective head 122 m
Maximun available discharge 170 m3/sec
Maximm ocutput 176 mw
Znnual enerqgy production 753 Gwh
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Annual average output 85.9 Mw
Annual plaant factor 48.8%

Roughly Estimated Construction Cost

Civil work UsS$212 x 106
Generating equipment Us$32 x 106
Others US$103 x 106

Total US$347 x 109

Economic Effect

Construction cost per kw US$1,972/kw
Construction cost per kWh US$0.461 /kwh
Generating cost US$0.055/kWh (annual

expense factor 12%)

Construction Period

Period to operation 4 vears
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3.2.4 E1 DiecioctoN | REFE ( 252MW)
AHBEET b 5 — b WRECRWT Bl Once 3RO T 6 knD Arayanes 35T # KA

575m, HARSEHNOHARERE8OMO3 ¥ 7 Y~y ENKL 2 TR, BHDEL
N Lkt 4.5k, RETAmOEAR b ¥ AL THETLTWAT b5 -t H% »
a—F +#y PLTHEHAL, AHEE165me BT, 252MWORBEITIETS 2,

El Dieciocho Nol # 23 fiid, 4EM 90.6mYs OFHMWHAR 68.6n) s B{E5 BFH
M EAAEE b T b, CORRAEN1,001GWh/FORNROEELTHRICT 3
OCH b

i 5 BEHTHEERKEN 68.6nYs TH b, TORBTS THM N 95. 3MWOSEEMT
fETth b, BREN2B2MWVORETE .1 BHloRERENTETD 5,

BAREH252MWEB 2B ICHBERERKE 180n/s20BTH b, HKEE 180m’/s
OB G, KEFREGEKE 90n)/s X 2/ THE L 2o KE F8E X Drawing — 06 RT1UTE
ORBOMRTHAATLEHBETH 0, TOERI3SImTDh, H/LEE1,/2.0Td3,

REAET P 5~ P HOBERICHAT 2 Quince FOEF 400 mO MR YT, 126 MW
XK2BTHE L, KERY#7 7 v aRLBEALA, BAZERERERCE LTHY,
T T 220kVICHEL, 2—cct OXEHTE] Sietel 2 REFHICHRLE T LT E Lo

CORtEOkY, LBETIHEARRBIUSDILTEFTEL, #oTC, kKWL O@BH
B US$1,377/kWT& b, KWhi bRBHMHIZUSS0.318/KWh, EEBE* 12%
L35 e, RERMEUSS0.038/KWh T 2,

CORBREMTHA L, Bl Diecrocho N1 REBEHBREBENCEL T, HA2HETD
ZHRERLTH B,

CORBHCHEBEOBKE, TOEFMICET 5 Bl Dieciocho No 2 # T B8
TNBHHC % By

COFEOELETEUTOAD TH 2,

Maximum Output 252 Mw

Catchment Area 620 km?

Run~off Conditions

Annual average available discharge 90.6 wm3d/sec

Average available discharge for

lowest five days in a month 68.6 m3/sec
Minimum run-off

Maximum run-off

Regulating Reservoir

High water level 575 m
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Lower water level
Available drawdown

Total storage capacity
Effective storage capacity

Reservoir area

Feature of Structures

Dam
Type
Height
Crest length
Base width
Volume

Spillway capacity

Intake
Maximum intake discharge
High water level
Low water level
Intake structure height
Intake structure width
Headrace

Type

Length

Inner diameter
Number of line

Maximum discharge

Surge Tank
Type

Inner diameter
Height
Penstocks
Type Upper horizeontal portion
Sloped portion:
Length
Average inner diameter

Number of line

3-45

512 m

Im
29,600,000 m3
5,000,000 m3
1,530,000 m?

Concrete gravity dam
80m

330 m

135 m

487,000 m3

5,900 m3
(dam crest overflow type)

180 m3/sec
575 m

572 m

12 m

30m

Pressure tunnel
(circular cross section)

4,500 m

7.4 m
1 line

180 m3/sec (flow velocity
v = 4.2 m/sec at max.
discharge of 180 m3/sec)

Orifice type surge tank,
circular section shaft type

0 m
40 m

Tunnel embedded type
Ground surface type
350 m

4.7 m

2 lines



Type of support Rocker support

Powerhouse
Type Ground surface, indoor type
Maximum output 252 Ma
Unit capacity 126 MW
Number of units 2 units
‘furbine type Vertical-shaft Francis
Revolution 200 rpm
Generator type 3-phases, AC synchronized
Generator capacity 140 MVA x 2
Power factor 20%
Building: height 35 m
width 30m
length 50m
Building space capacity 52,000 m3
Cutlet
Tail water level 400 m
Structure width 35m
Structure height 15 m
Maximum discharge 180 m3/sec
Power Generation
Generating development form Dam and water way type,
daily or weekly regulation
type
Intake water level 575 m
Tail water level 400 m
Gross head . 175 m
Effective head 165 m
Maximum available discharge 180 m3/sec
Maximum output 252 Mw
Annual energy production 1,091GWh
Annual average output 124.6 My
Annual plant factor 49.4%

Roughly Estimated Construction Cost

Civil work UsS$207 x 106

UsS$37 x 106
US$102 x 106
US$347 x 106

Generating equipment
Others
Total
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Economic Effect

Construction cost per ky Uss)L,377/kw
Construction cost per kwh US$0.318/kwh
Generating cost US50.038/kwh (annual

expense factor 12%)

Construction Period

Period to operation 4 years

3.2.5 El DieciochoNo 2RBHE ( 261 MW)

FEE Bl Dieciocho Na1 BEFOMK 180n'/s 2 +OK KO THERKL, B
Playa)IllC B 5HAM 400mOBEM E 2. 1KnOHH b >~ 2 2+ THE L, PlayallloEF
BEKE 19.6mYs £ AMIAR LT - CML, E! Dieciocho N1 REFHOE FikicHIT2
HTXBENRT, 26IMWORELTIHETD 5,

COFREBEE L E] Dieciocho Na 1 BEATOM KA 400m & Bellavista O IIKAL 250m
EOHOHEZ 150m T RECHATHE TS b, HYAICHIT, HTFREILD Bellavista
~NRKFT B BOMAKBET 5 - ALK LTRTOBRERWTRTAHEE Lk, &
OBKE 4.9 THONhAFEER 100m TD 5, BKEHET } 5 — LB 240N
BREERIL 350mTd b, 75— b EAEKEMH100m T oHRABE2ATRCE b, EEHRE
BTz EHNL £,

E! Dieciocho No 1 BB ik, EPHERKEX 110.2nY s, HE 5 B HTEE AKX
HTh 83.2nYs OFBEND 20T, EH1,115GWhVEFORNREEETLEHTE 5,
ke, BRHN 261MW ORE T 8.9 MO BENTTIETS 5,

BARHAOO 261MW 2B 2enicid, RAEHKE 220n)/sHLETH D, KEERILHE
AR 110mY s X 24, HKBSIZTEAR 2200/ s X1 ROFRTEHE Lico BKBIERIT 4.9
KkmT®b, HHEZEZ 140mTH207T, H/LEIE 1/83 T3,

B WAL El DieciochoM 1 REFOTIHM 0.8kt 25 WMo TRIT A5EE L,
130.5MWX 2A0RME Lk, ABETEY 5> v ABERBABL o BHALBERZE
Dieciocho e 1 OBAZTBAT &L F LB R, Nl , a2 0BT EHE T 220kVIKRE
L, El Siete a2RBAi &Mt HEEE Lk, ZOBEEl Once MEMRAREREL b
2T, Bl DieciochoMNo1 , N2 BE L b, MIRA#C 230 LT, ZOFELTHEE
El Siete Mo 2 REF~BLET A LENDBRDTH D,

COMEORY, HEETIEETHRIUSS28TEHITHE, £, T, LWHIBHH
ik USS1,100kW, KWh4b@RE Mt USS0.257/KWhTdh, FRREE12%LT
5L, *ORBEMEIUS$0.03L/KWh TS 5,
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rOREEMTH5E, El Dieciocho a2 BEHERIBEFHWLKANTHL 2HELRL T
5, 8L, Q@R El DieciochoNo1 REFHOBMAKLAKE Playalllt bo# k% Ef
+LHETH Y, RMI1ZEFHLA®ILVE, Nl BEFORBRBECBRRT 2H/CEETS

55,
CORBOERHTEUTORD TH 5,

Maximum Output

Catchment Area

Mainstream Ric Atrato
Tributary Rio Playa
Total

Run-off Conditions

Annual average available discharge

Average available discharge for
lowest five days in a month

Minimum run-off

Maximum run-off

Rio Playa Requlating Reservoir

High water level

Low water level

Available drawdown

Total storage capacity
Effective storage capacity

Reservolr area

Feature of Structures

Rio Plava Dam

Type

Height

Crest length
Base width
Volume

Spillway capacity

3-48

261 MW

620 km2
100 km2
720 km2

110.2 m3/sec

83.2 m3/sec

400 m

395 m

5m
11,000,000 m3
3,000,000 m3
752,000 m2

Impervious concrete facing
rockfill dam

45 m

300 m

30 m
500,000 m3

3,300 m3/sec (separately
provided to side of dam)



Ric Playa Intake

Maximum intake discharge 40 m3/sec
High water level 400 m
Low water level 395 m
Intake structure height 10 m
Intake structure width 10 m

Rio Playa Water Conduct Tunnel

Type Pressure tunnel
{circular cross section)

Length 2,100 m

Inner diameter 4.l m

Number of line 1 line

Maximum discharge 40 m3/sec

Headrace (Connecting water way with
El Dieciocho No. 1 power station)

Type Non-pressure waterway
(composed of aqueduct
and tunnel)

Length - 750 m

Tunnel inner diameter 7.50 m
(standard horsehoe shape)

Agueduct cross section Circular (pipe beam)
Tunnel length 500 m

Total span of aqueduct bridge 250 m

Number of line 1 line

Maximum discharge 180 m3/sec

Combining Tank and Spillway of Excess Water

Type Ground surface type
concrete tank

Height 9 m

width 20 m

Length 150 m

Tank capacity 27,000 m3

Penstocks

Type Inclined tunnel-embedded
type

Length 350 m

Average inner diameter 4.7 m

Number of lines 2 lines
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Powerhouse

Type Underground

Maximum output 261 Mw

Unit capacity 131.5 Mw

Number of units 2 units

Turbine type Vertical-shaft Francis
Revolution 180 rpm

Generator type 3-phases, AC synchronized
Generator capacity 146 MVA X 2 units

Power factor 90%

Underground powerhouse dimensions

Height 40 m
width 20 m
Depth 75 m

Cave volume of
generating room 60,000 m3

Surge Chamber for Tailrace

Height 12 m
Width 8.2 m
Length 30m
Volume 2,900 m3
Tailrace
Type Non-pressure tunnel
(standard horseshoe shape)
Length 4,900 m
Inner diameter 8.2 m
Number of line 1 line
Maximum discharge 220 m3/sec
Gradient 1/1,000
Outlet
Tail water level 250 m
Structure height 15 1
Structure width 30 m

Maximum discharge 220 m3/sec (flow down as

Pressure tunnel during
flood)
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Power Generation

Generating development form Dam and waterway type,
daily regulation type

Intake water level 400 m

Tail water level 250 m

Gross head 150 m

Effective head 140 m

Maximum available discharge 220 m3/sec

Maximum output 261 MW

Annual energy production 1,115 Gwh

Annual average output 127.3 MW

Annual plant factor 48.8%

Roughly Estimated Construction Cost

Civil work Us$170 x 106
Generating egquipment Us$4l x 106
Others US$76 x 106

Total Us$287 x 106

Economic Effect

Construction cost per kW US$1,100/kwW
Construction cost per kWh US$0.257 /kwWh
Generating cost U530.031/kWh (anmnual

expense factor 12%)

Construction Period

Period to operation 4 years
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LLORO Gaging Station
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3.2.6 El Lloro RWBEE ( 14TMW)

XKEEE T b 7 — + WK & Capa )|, 'Pumbutumburo JI[D 2REMMEHT 2 HEACT
Ms00mOUFROMMICH A LB, KM 75m OFKBERD, £ 2o BETFKRES
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ThZ -+, Bellavista X b T2 2 EWNGES 1,240 LES TIEQETH b,
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bh, FLATEELBT, 2OF20BHLT, REMLRT2HRFTR022EEIN 2,
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200m/sOEAKEO» 75 »RIKEL3BARETHHEL L,

REF & » &k, Bk XA T, P4 POERCHIOEBAXNTHRILIOE L,
COBEFTE, RO 3BT, KERTORADKHSI ¢ 5HREE L, RELCHE
A#okE7 b5 —FrARBCHTEN D,

KEREFERER TS Y, vy 75y HAETHEMALE,

COHEORD, HELTIBEETERIUSS263EFTHD, #-T, KWIahBBH
M USS 1,780, /KW, KWh bmEAMik US$0.444/KWh T b, FREREZ124L2T
5E, TOREEMIEUS$0.053/ KWhTd 2

coORBRMETHRrLE, T H 5 A LHBHTEERECHAT, Bl Sietebal, N2
Elm%wmohl,mszﬁﬁ%abwb.ﬁ%ﬁﬁﬂﬁﬁébf,ﬁﬁﬂﬁbfﬁ<
NEWETHAELEL LR D,

roHEOERETAUTOHRED TH 5,

Maximum Cutput 147 MW

2
Catchment Area 1,600 km
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Run-off Conditions

Aannual average discharge

Average available discharge for
lowest five days in a month

Minimum run-off

Maximum run-off

Requlating Reservoir

High water level

Low water level

Available drawdown

Total storage capacity
Effective storage capacity

Reservoir surface area

Feature of Structures

Dam
Type

Height

Crest length

Base len

Volume of rockfill dam

Volume of concrete dam
Upstream slope of rockfill dam

Downstream slope of rockfill dam

287.1 m3/sec

213.3 m3/sec

75 m
45 m
2 m
206,310,000 m3
30,000,000 m3
13,753,000 m2

Impervious concrete facing
rockfill combined with
concrete gravity dam of
spillway

50m
340 m
270 m
600,000 m3
195,000 m3
1:1.6
1:1.6

Spiliway (provided at cencrete gravity portion)

Capacity

Number of gates

Gate dimensions: height
width

Apron width of spillway

Apron length of spillway

Intake

Maximum intake discharge

High water level

Low water level

Intake structure height

Intake structure width
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10,500 m3/sec

8 (tainter gate)
15 m

12 m

124 m

70 m

600 m3/sec
75 m
73 m
15m
80 m



Powerhouse

Type Ground surface, indoor type
Maximum output 147 Mg
Unit capacity 49 MW
Number of units 3 units
Revolution 113 xpm
Turbine type Vertical-shaft Kaplan
Generator type 3-phases, AC synchornized
Generator capacity 55 MVA x 3 units
Power factor 90%
Building: height 32 m

width 33 m

depth 80 m
Building space-capacity 84,000 m3

Cutlet
Tail water level 45 m
Flood water level 60 m
Outlet structure width 70 m
OQutlet structure height 27 m
Maximum discharge 600 m3/sec
Power Generation
Generating development form Dam type
Intake water level 75 m
Tail water level 45 m
Gross head 30m
Effective head 29 m
Maximum output 147 MW
Maximum available discharge 600 m3/sec
Annual energy producticn 592 GWh
Annual average output 67.5 MW
45.9%

Annual plant factor

Roughly Estimated Construction Cost

Civil work

Uss138 x 106

Generating equipment Us$s3 x 106
others Uss72 x 106
Total Us$263 x 100
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Economic Effect

Construction cost per kW UsSs$l,789/kwW
Construction cost per kWh US$0.444/kwh
Generating cost 18$0.053/kwh (annual

expense factor 12%)

Construction Period

Period to operation 3 years

3.27 75— ILASOBAERBT I AHOXEREHE

Tt HERBTRELABNERERERRZRKCHR T, £ LEERECS 2 Medellin
~EBTAHEL L, Bl SieteNo 1 BEAF & Medellin T O #IX @ L T 4 100K &
BEIH, RHEFOEHE MedellinFiTtHERIHh, BEIBHERZRLEL AL T, Bogota,
Cali , Barranquilla ik ECEB I h 5,

T b7k ETE M R Medellin & ¥ Quibdo ~EBT 5B 0 115kV lcct EBRER
b, BEMATELERTWEH, TORBERERABLTAHE ¢ 2Z5MWERRT S 2,
ﬁ-,"C. CORBRATHATNHORERI G o, FHAEBAOBNEAE T2
TOERP LA TRTEETS 2, 5T, 7+ 5~ b WEKEBOE N % Medellin ~EBT 2
ROCHFROXREREHBELBRT 2482 S 5,

—%, Medellin A0 0 BE32 % BAT Envigado , Miraflores @ 23 &4 % b, REgRdbo
Ancon SwEBH#D b, ChLOEBRCH T 15—~ OBHERBT 2400, HER
WTRARZ N #oT, TH5— POBRNERBT 20 0OFREBR L &E T 2 58 H
R

EREREL T, BMOCH1,120MWEEL2ZRT5 L4555, Bl SieteNoi
Yo 2%BASE LB, 284MW ORAEN & RBT54ENS B, —7F, El Dieciocho
Nol,M2efTLTHRELLRS, A3MW ORI KBENERETArcx b, — T
LTl 2206V, 2cct 12— OB BT D LERS 2, TOREERHARK 00MW T
Hoo T~ I WOMRATRTETLARATH, EeliTse LT, 220kV,2cct
Lr—t BT 208525,

=%, BEHFEELTES00KY, 2cct, 1a—p & LT, BN EBT2H4EL L
nAH, Th5—1nm T LR BORRRER 2B, T, RREDLNTT BEEFRT S L,
ERBEOAARKE (%D, RENTEWEHTL 2,

TP ORNERET L DL, 220KV EHIEAT 2 By, BH0E500kVEREBT 20
B, 70T 2RORBHECT 5 > T n, RETNTHFL{NEBFTH 205, By
K7+ 37— FEHEHBAD éMedellin«:‘z‘e’ﬁ—rEﬁﬁ&ﬁﬁa%i—c, rTOBRHBEL HBLT
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»5&, LTFTERT, Table3~—2—-20@bTda,

TabTe 3-2-2
Unit: US$1,000

Transmission Scheme

Equipments . .

q 220 kV, 2 circuits, 2 routes 500 kv, 2 circuits, 1 rxoute
Transmission lines 127,300 136,400
Transformers - 33,700
Switchyard
equipments 3,640 12,700

Total 130,940 182,800

Note: The construction costs of this table are calculated about the
equipments between 220 kV buses of sending substation and 220 kv
buses of receiving substation. For calculation, it is assumed that
length of transmission lines is 100 km and transformers of 500 kv

are 450 MVA x 3 units for each substation.

Lo Table3—~2~2WiRT L oK, GREBTOBIBTHET S & 220kV, 2cct 2
n— b+ TERBTHHEN, BEHCAFTHAEERL TN S,

Fig3—2—1@E 75— A LHEBOEN% Medellin~REWF 2 2 0FRHBEFRL T
o TOFREEE TIE El SieteMe1 , El SietelNo 2 , EI DieciochoNa1, EI Dieciocho
'No.?., El Once ,El Lloro OB CEHRE O TIT(HEL LTH 5, T4, El Sietelo
1B L b, Medellin# TOXEHRE I#1, THEAT T, BRBHRTBHRAT -2 THER
Th 3,

Tk, ZOHTHORBRERE 1BERsEELTY, MOoRTEHAILORMKLTHKL TH
B+2HATE 207, Figd—-2—10RTLoK, BREHRTARELEOFELSED (T

T, 2EREHNE Lk
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Fig. 4-4-2 LOCATION MAP OF GAGING STATION IN RIQ ATRATO
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S
Medellin), Cauca iﬂeﬁ&ﬁ%ﬁkﬁi(CVC-—Corporacidn Autbonoma Regional de

Cauca) i‘lﬁiﬁﬁ%‘%ﬂﬂﬁ:(CORELCA-—Corporaci&n Auténoma de Costa
Atlantieca ) A3 b, BENRSE 25 0B hofis iy LTwa,

LEOHR, EHEHICEL mBLH T SARRBREBOL 2, +0&ELAEBNE

Bogota Medellin EHd% EWERY L, ?@bomﬁziﬁﬁ&ﬁofhéo Bogota,
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Medellin,CoreleaBNEEWBLBNMEEZT S LA ICEL, ISA I WHEIFED ¥
BRABHELBLCERELAENESLYC, HEREROTAMERECRIBL, RELT
nha

L#L, ICELIREORTIRBMFCHBREL THWAIUBENT%b D Ant10quia
Boyaca,Caldas, Caqueta, Cauca, Cundinamarca & Meta, Choco, Huila,
Narino,Norte De Santander, Santander,TolmeBHARELRTICL L, ¥OS
HEBLT, BHEERBCEEL TRE. —F I[CELE B EE% I SA, Bogots
mh, MedellinEN, CVCz L BHOEHHEL L THRELTWA,

WA, 10794 AT, vey e TEICRT AHRRERAE 12486MWTH Y, £
ORO981%IK%ES41687TMVE ICEL. ISA.Bogota BN, Medellin BH.CVC,
0meua%ﬂﬂ@&%mm%&ﬁmﬁbfmaof,:uyff@@aﬁncoeﬁw
IoT, *OBAREINTNEEELL.

(20 BARBRE

IWQEﬁﬁT.HUVHTEmmwwﬁMW@%ﬁ%ﬁ&mﬁb,%@% 29854
MWﬁKﬁ%@féb.ﬁ%ﬁ@?%%&ﬁbﬁﬁﬁ%miﬁaﬁofmag~ﬁkﬂ%
Eﬁ2a7%fab,12632MW?®EM—%0¢.70&5%Wokﬁ%ﬁﬁcom1u.@
ﬁomﬁféb.M@Enfﬁkﬁdmﬁmm%%&@b&kafma@Afaaoﬁ
91,ﬂuyu7@®ﬂﬁ%ﬁmﬁﬂ.Kiﬂﬁféékgiao

%Eﬁﬁ%bxU%ﬁ%&ﬁﬁﬁbtma%ﬁﬂﬁﬁuTmﬁ?ﬁbTéﬁo

Hydro
or Installed
Name of Power Plants Thermal Capacity (MW)
o Installed Capacity of ICEL

ESMERALDA Hydro 30
INSULA u 15
SAN FRANCISCO " 135
PRADO " 51
Qther Hydro w 142

sub-total 373
PAIPA I Thermal 33
PAIPA II " 66
BARRANCA I, II, " 25
BARRANCA IIX " 66

gub-total 190
PALENQUE Gas -turbine 32
ZULIA " 15
TiBU " 19

Suh-total 66

Total 629 MW



Hydro

or Installed
Name of Power Plants Thermal Capacity (MW)
o Installed Capacity of ISA
CHIVOR I Hydro 500
Total 200_Md
o Installed Capacity of E.E.E.B.
SALTO I, II Hydro 125
LAGUMETA " 76
COLEGIO " 300
CANOQAS " 50
RIO NEGRO " 10
+ Sub-total Sel
TERMOZIPA I, II Thermal 70.5
TERMOZIPA IIT " 66
Sub-total 136.5
Total £97.5 MW
o Installed Capacity of E.P.M.
GUADALUPE I Hydro 32
GUADALUPE II " 10
GUADALUPE III " 260
TRONERAS " 36
RIO GRANDE " 75
PIEDRAS BLANCAS " 6
GUATAPE I, II " 560
Total 279 My
© Installed Capacity of C.V.C.
ANCHICAYA Hydro 64
ALTD ANCHICAYA n 340
CALIMA n 120
Other Hydro n 10
Sub-total F34
JUMBO Thermal 50
Sub-total 50
Total 584 MW



Hydro

or Installed
Name of Power Plants Thermal Capacity (MW)
o Installed Capacity of CORELCA

BARRANQUILLA (1,2,3,4) Thermal 264%
CARTAGENA {(1,2,3) n 198%*
EL RIO {1,2,3,4) " 36
EL RIO (5,6,7,8) " 36
COSPIQUE (1,2,3,4) " 32

Sub-total 566
BARRANQUILLA (5,6) Gas turbine 42
BALLENAS " 30
EL RIO {(9,10) " 39
COSPIQUE (5) & 19
LA UNION (1,2,3,4) " 62
RIO MAR " 10
CHINU {(1,2,3,4) " 29

Sub~-total 231

Total 797 MW
Note: * 132 MW of this capacity was commissioned in 1980

{3)

** 66 MW of this capacity was commissioned in 1980
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Fig. 4-2~1 Composition of Installed Capocity in Colombia
(1979 ~ MW)
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Fig.4-2-2 Composition of Generated Electric Power in Colombig
(1979 - GWH)
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BHEREEKENO 7 v 20BR
1979RRT, 2EORKAFLI6I0EMW 28 LT was, 2000 78740
HET229026MV EBRRMATRET 2BRENTH 2, ZOBRARHKNE Bogota
Tt ORABH L HBHRELT5 Bogota B, Medellin iz e+ 2
Medellin®N, CalifizPLETE2CVCOIRBEEH~LT o,

L#bl, 19814FERE4S—204#K » % Barranquilla,Magdarena Hizd.0 &3
HCorelca WMHEHBARRHL OMENZRTARALTSH D, 1981 £ S IC i
FHEOBRKATTE 4,058MWIKET 2,
LORRFRMICERB IR TWIRREEUBREOSEH B NI AN 2949.4MW, kB
1,2893MW T, EE 42387MW T2, TR 198 1ERCERTE 2HHREDZMH
( Zipaquira IV, 6 6 MW, Chivor{l, 500MW, Paipall, 6 6MW, Chinul 0 0MW,
SETT32MW) £INE T 2 LAHRMIXA0T0OTMW L% h, BWTHO13MW O F 1
NEBAELTWEHIC % b,
Lal, KNoBKETEAKAOHELTERT 3 L RTELRAOBABRTRE KIS
BEBEIH, ARJRERKCHRTLIREBARX4200MWE 2D, RAAF 4,05 8MWIC
HMLT35BD142MWOENE o TWAERT YRV, CORBREEBAKECERL,
2094, PHREBCHRERNTRELRETLLBREHNRTS 5,
REOHEL 7y ARELBETHECE > THR2E, TEROTable 4-2-2 Q@I T

d5,
Table 4-2-2 kW Balance of Interconnected System (1975-1981)
Maximum Installed Firm C-A
B-A C-A
Year Demand Capacity Capacity A
A B c M MW %
1975 2,111.7Mw 2,498Mw i 386.3
1976 2,264.1 2,630 365.9
1977 2,381.8 3,130 748.2
1978 2,680.0 3,165 485.0
1979 2,902.6 3,460 557.4
1980 3,116 3,460 2,900 -216 -6.9
1981 *4,058 **4,970.7 4,200 142 3.5
Note: * Including Corelca system.

#* Tncluding the power plants which was commis

sioned in 1981.

ﬁ%%ﬁb:UCMeua%ﬁmamr,@fgﬁﬁ(w7p49¢)®%ﬁﬁﬁ.E

ﬂﬁoﬁ@v&&%<raaa.Tﬁoﬁmn4—z-wﬁﬁ@bfa&o
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Table 4-2-3 Annual Growth Rate of Demand (1971 ~1979)

Unit: %/year

Average
Utility 1971} 1972 1973 1974 1975] 1976| 1977| 1978} 1979 | Growth
Rate
E.E.E.B. | E [11.75/10.03| 10,93 11.41| 10.90| 10.47 7.43|10.923|11.66 | 10.61
P | 9.60| 8.28/10.74] 7.26] 7.88| 9.06{ 7.18|12.63| 9.94 9.17
E.P.M. E| 9.41{10.37 9,06 7.1l 6.31(10.01|-1.42!13.86| 9.21 8.21
P |13.74{ 6.87}11.97| 5.941 7.75] 5.29] 3.13111.82}) €.42 8.10
c.v.c. E | 9.63]10.47]10.24] 7.90] 5.47/11.03| 0.79|14.04( 8.90 8.72
P |12.60] 5.59| 8.48|10.75] 7.94| 8.44| 7.28| 6.79| 8.33 8.46
ICEL E [10.25|10.61( 13.70{ 9.66}12.53}11.04! 9.56/18.92{10.43 | 11.85
P 7.77{10.16;22.00| 3.17:16.07.13.44! 4.13(14.83] 7.35| 10,97
CORELCA |E | — — 110.55] 9.93} 6.33]13.40! 6.42|15.52{12.57 | 10.68
P -— - 4.21)11.24311.1810.81| 8.42{17.73] 6.66 | 10.03
E J11.07{ 9.10]11.89| 7.14] 9.87| 9.19| 5.78|12.71| 7.90 9.40
Total pl - _ ~ _ - - ~ - _ -

Note: E; Annual Energy Consumption, P; Maximum Demand

6) BHEAARLtOHER
2oy ¥ TEAKRTL3BNOEBRRASY 1979E0RFEL V22 LEEH3T07 %,
ERA 2473 %, WHA1032%, BEATMAL89%, RHXMIAL83IP, tofB222%
BNEK1985%TH b, CORBRALIBZLBENAROKEIABY D, ZREBOK
EOLBEETTLTVE, CORABTHHREEER®L 1 2 52 CEFTIL2HATEA
W, H300MWVOHR Nt EHETE: 2R HET 2,
BHER - At BASUCTEETRD Table 4-2-4 CRTHBL TH 5,

Table 4.2.4 Service Type of Electric Power

Servicel -
teiting Type] Residential | Industrial | Commercial Governmental ﬁztting Others | Wwhole-sale | Losses
ICEL 36.05 8.72 16.75 1.85 2.24 3.89 1 17.33
Isa - - - - - - - 98.54 1.46
E.E.E.B. 3L.94 24,05 12.81 5.31 2.39 - 4.78 18.72
E.P. M. 3.6l 22,26 5,82 2.17 .55 i.03 12,90
c.v.c. 33.13 32.30 9,72 - - 6.25 5.95 13.00
CORELCA 32,72 24,10 10.55% 6.15 2,60 - 2.60 21.23
OTHERS 54.80 8,38 2.85 1.60 - - - 25.30
Total 37.07 24,73 10.32 3.89 1.83 2.22 - 19.85
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b 2BEI19T5EOADBETR24EAATS Y, AOHmME% 3 %L,
ODAOZHEETHIE2TEIATS 2,

TOEOENRKRAMIL3690.5MW, BAWBRIE17.679CWh 2ET S b, — A
bOHEBREBEEI3TW/A, 655kWh/ A/ ETD 2,

19794

COWBREZ T~ - TAVICRNWT, 7590, 24y, TAEYF v, ~FZ
ZITRRATRS FICMUBT UM T2, cofR 2oy v TEHRERELOE N
OHIALBEDOENET o TRTHEIRERD LTS, B Fig 4—2-3KR31m <,
EXA, BEABRNPEEO3505%c 50, tOEAENRE6196GWh /EKEL
THh, B, THEAEELDTETWEIHELRLTCWES,

Fig. 4-2-3 Uses of Electric Power (1979-GWH)
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ERFHECRT 2 1970E0/_RY - AMATWHKRAFig 4-2-4 LRARTHI TD 5,
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Fig. 4-2-4 Typical Daily Load Curve of Interconnected System
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BRAAWZX12A8Td5, ChidEMtE CTRBOZBHAHLC, BRI L 2 BB % 0
BT B 5o Table 4-2-5 URAAKOBNEHLTLTH 2,

B, BRFRBORWOREAML197TIFOKMTE 1000MWTH ), BraHE
2600MWT22, ZOMRREEOABTURL b 2T, BniTts ), BREAEHEE
BRBHERIATHhEZEWRE2THL TV S,

Table 4-2-5 Variations by Month in Maximum Demand
of Interconnected System (1979)

Month Maximum Demand (MA) Month Maximum Demand (MW)
Jan. 2,623.4 July 2,727.6
Feb. 2,663.7 Aug. 2,768.5
Mar. 2,680.7 Sep. 2,800.4
Apr. 2,698.0 Oct. 2,859.1
May 2,711.0 Nov., 2,897.4
June 2,708.7 Dec. 2,902.6

—BCTEHE AR CHEL, TORCRKRIBRTHOENEEL, To B O4tisE
hogtkbd, 242, StBRENORETH, KHOBACIAHHET, KHRBEOM
- WEoBt, $IUNRRIZEETEFTLILELND L,

2oy e TEAROERFACOLTHJIKREHANTH»BLBERPBRE2~3 AT b,
BASIE10~118E22TM#HZ0n, LaL, BAMORRIBAXNOKEDS5 0%
B L FEbARECH D, —F BEEH»BVWAHEROKNT e ¥ =2 t BEHPREH
THEAMEHRE WO T, BACL2BBEINETD S, Lrl, KNRENL2EHOT03
BLEDBTHADT, BREORBHAL (, HBENFBAECRETISHIEY,
BlEE 7 A0 CHETE R WENREET 5,

(N ROBHEE

TeyeTETREANS RRETEEL T, BENSHE #IVTOARFICES
LTtwhwad, 2%, Hffirs4 F2ZELT, L5~25%/AOBTHELEFLTNE, ®
SUHEHORENS L WhoBRREKELAREK AN TWD, —7, FERENTHE
SEBCHFL TEESEE2EBLTnE. 197VE0ENHEELBEONERA T RE
BHECHR LT, +0FHEHEROTSAECOLS 084/ kWh (US $00168/KW

h )Tﬁﬂfco
colsrmERELT, BoTHRETE 5, BiT, 5£§§%ﬂﬁiﬁ:ﬁ§ﬁ'5?57]#4§E€)3Fi5
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4.2.2 19885 sCoehMRtHHE

(n

Rt AR RO L L TEOTable 4—-2-6 WiRFiHb TH 5,

Table 4-2-6 Tariff Rates of Main Cities by Service Type
(July 1979)

Unit: COLS/XWh

service TYPeCitY BOGOTA MEDELLIN CALT BARRANQUILLA
Residential 0.76 0.60 1.10 1.26
Commercial 1.82 1.71 1.40 l.88
Industrial 1.26 1.15 1.85 1.47
Governmental 0.99 0.72 0.87 1.21
Public L%ghting 1.03 0.10 0.86 1.18
Average 1.10 0.74 0.92 1.40

Note: The average unit price of the whole country is COLS0.84/kWh.

LioTable 4-2-6 TH 5 &Medellin Wt P& F2Medellin BHORFHH
BEVLM2HECHAL Y, KARBEEHRETHEIMLHENINEGORE, R
KEBLTWAEERL TS, TAREL T, KARBELIXTtoHRAZEEL T
% Barranquilla 2F LT 5 CorelcaRHHE2ETY, BIHLOBWHEL 20T
Db, MedellinRHOH2E0EHETH2, CARANREEN oy 7 THARE 2 =

PHEEZEBLT, HELTEDLTWANETRLTWwS,

i, sy eTETHAEEANS TRMICL T, MEA, EXAEHOBL 2L
Thnde CARERBFRCEFATH 24, RERELERLATERLTVS (&, 5

T T A AT - RCRERE TN LANERELEAL TV ),

it Fo i

:uyET@ﬂﬁ%ﬁﬁﬁﬁs%Tﬁﬁfkb.ISA@Eﬁ%%?Wbe&.%&

DEEL 0 BRIHOMMAEC b0 & LTwi,

hMe4*2—7ﬁﬁ%%ﬁ®ﬁﬁ%§$ﬂﬁ&ﬁfo
Jare7TETERI8IER

&lwsﬁifoaﬁﬂm&mwaoﬁﬁﬁﬂ%ﬁ&-

ﬂE&%B@]O%EﬁQﬂﬁﬁ@%%EL,@%%%hﬂ%%ﬁﬁWlofhéo
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Table 4-2-7

Energy Demand Forecast fop Interconnected System

Year ﬂiﬁi’f&m (M#) §§3‘;’”§%) Year ”Si‘iii“gm (MW) iﬁi‘;’t’(‘%)
1980 3.116 7.4 l9gs 8,094 9.7
1981 4,058 30.2* 1989 8,852 9.4
192 4.585 13.0 1990 9,697 9.5
1283 5.074 10.7 1991 10,635 9.7
1984 5,584 10.1 1992 11,612 9.2
1985 6,147 io.1 1993 12,706 9.4
1986 6,742 9.7 1994 13.882 9.3
1987 7:377 9.4 i 1995 15,159 9.2
Note: According to 1981 data of ISA.

Table 4-2-9 WxR-+@ D,
DEIAEBEEEE LTV S,

l—’ﬁ‘ l/'

LCERATA2RLZELTORETS 5,

L/fcﬁiﬂ-to

Average Fuel Costs of Thermal Power Plants (1980 )

0il
Gas
Coal

US$0.05~010/KWh

US$003~0.06
US$001~003

4-15
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*Increase due to interconnection with the Corelca System.

ey TEBTHRAZEOKNEBRELAA T2 KkhEK
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Fig. 4-2-5 Estimated Maximum Demoand ond Instolled

Capocity of Interconnected System
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(21— 1 WHEARHE

Table 4-2-9 WHRTEY, 198BEETTCIENELEELTVL2B N sz 2
PEAKNDGB856MW, KABRTE4MWTHH, KHHB8 8B EdTwa, KH7w
£z 2 b ©EHKE San Carlos I, I, L240MW, Paraiso — La Guaca 60 OMW,
Playas 24 0MW, Betania 500MW, Salvajina 1 80MW,. Guavio 1,00 0MW,
Urra, 1, O, 1LO0OS50MW O7KZ7ev22tTd3, TooKITEEBCRITS
WM Chivor 50 0MW, Guadalupe LOOMW A S 3,

—F, XKHEBkCerrejon ARAAI, NHL, 158MWX 23, Tasajero # X
KANLSOMWHRBART o= 7 b TD A,

BrostBErcIstEEHNCERTILRBEH MR TRLRTAI TR Y, £FH50
BAREE828MW/ETH 5, BARMBAD Y 4 bikFig 4-2-8 KRTHAITHY,
RETORBD» LS 5 EMedel linlTHRF L T2,

Table 4-2-8 Annual Increase of Instalied Capacity

Year annual Increase (MW) Cumulative Rise (MW)
1981 632 4,870.7

1982 1,623 6,493.7

1983 66 6,559.7

1984 1,509 8,068.7

1985 0 8,068,7

1986 740 8,808.7

1a87 1,000 9,808.7

1988 1,050 10,858.7

Total 6,620 -

4-17



Table 4-2-9

Construction Schedule of Generating
Facilities (1981 1988)

(According to the data of ISA)

————

Installed Year of
Year | Name of Power Plants| Capacity (MW) Utility Ogera- Market
Hydro ! Thermal tion o
1981 | ZIPAQUIRA IV 66 ISA-EEEB l981/4 Bogota
CHIVOR II 500 Isa 81/7 "
PAIPA III 66 ICEL : 81/10 "
Sub-total 500 132
1982 | CHINU 100 Isa j 1982/1 | Barranquilla
GURDALUPE I (Amp.) 100 EPM ! * Medellin
AYURA 19 " v 82/4 "
TRONERA (Amp.} 26 " * "
CERREJON I 158 CORELCA ' 82/8 Barranquilia
SAN CARIO I 620 I5a 82/11| Medellin
PARATSO-LA GUACA 600 EEEB | 82/12 Bogota
Sub-total 1,365 258
1983 | ZIPAQUIRA V 66 ISA-EEEB ' 1983/2 | Bogota
Sub~total - 66
1984 | SAN CARLOS IX 620 isa 1984/2 Medellin
| JAGUAS 170 " 84/3 w
CALDERAS 15 " 84/5 "
TASAJERO 150 ICEL 84/1 | Bogota &
Medellin
SALVAJINA 180 cve 84/3 Cali
CERREJON II 158 CORELCA | 84/8 | Barranquilla
GUADALUPE IV 216 EPM 84/10] Medellin
Sub-total 1,201 308
1985 - ~ - - - -
1986 | PLAYAS 240 EPM 1986/2 Medellin
BETANIA 500 ICEL-I52a 86/4 "
Sub-total 740 -
1987 | cuavIo 1,000 - EEEB-ISA 1987/1 | Bogota
Sub-total 1,000 -
1988 | URRA T 340 ISA-CORELCA | 1988/5 Barranquilla
URRA IX 710 " 88/5 | Medellin
Sub-total 1,050 -
Total 2,856 764
6,620
Note: * 1982/1st half
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ZRRBEOBIHEIL DT 198 1EARILE00kV ( 43220 kV A ) BHT, Bt
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Table 4-2-10 Construction Schedule of Transmission Lines
{1981~ 1988)
(According to the data of ISA)

Year of . Length (km) N?. og 1t
operation Section 500 kv 220 kv _ Circuits ~oitage (kv)
1981 CHIVOR P.S. 105 2 220

*SAN CARLOS P.S. SABANA LARGA 524 1 500
Sub-total 524 105
1982 SAN CARLOS GUATAPE 34 2 220
SAN CARLOS BALSILLAS 209.2 1 220
SAN CARLOS TORCA 205.2 1 220
T. CERREJON SANTA MARTA 75 2 220
SANTA MARTA FUNDACION 80 2 220
PARAISA LA GUACA 6 2 220
LA GUACA LA MESA 5 2 220
TORCA CIRCO 24.5 1 220
PARAISO CIRCO 66 1 220
PARAISO SUR 32 1 220
*AKTORCA TUNAL 44.5 1 220
TUNAL SUR 14 1 220
MARIGUITA P.S. Branch - 1 220
RIO NEGRO Branch - 1 220
Sub-total - 795.4
1983 **ESMERALDA CALI 194.1 2 220
SAN CARLOS ANCON SUR 90 2 220
ANCON SUR MIRAFLORES 15 1 220
CERREJON CUESTECITA 100 2 220
POPAYAN JUANCHITO 111.8 1 220
POPAYAN YUMBO 126 1 220
PUERTO BERRIO S.S. Branch - 1 220
Sub-total ~  B636.9
1984 SAN CARLOS JAGUAS 28 1 220
SABANA LARGA FUNDACION 95 1 220
SALVAJINA PANCE 50 1 220
PANCE JUANCHITO 14.9 1 220
SALVAJINA JUANCHITO 64.9 1 220
GUATAPE MIRAFLORES 19.0 2 220
GUADALUPE IV BBRBOSA 45 2 220
LA MESA IBAGUE 110 2 220
SABANA LARGA NUEVA SUBESTACION 38.2 2 220
BARBOSA 5.5. Branch 19 2 220
TASAJERO Branch - 1 220
Sub-total - 484
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Table 4-2-10 Construction Schedule of Transmission Lines {Cont'd)

Year of ; Length (km) No. of
. Section -
operation 500 kV 220 kv Circuits ortage (kv)
1985 BUCARAMANGA ctcora 121 1 220
BUCARAMANGA OCANA 140 1 220
OCANA cicura 120 1 220
SAN CARLOS PUERTO BERRIO
-~ BARRANCA 185 1 220
BARRANCA BUCARAMANGA 95.7 1 220
Sub-total - 661.7
1986 . PLAYAS RIO NEGRO 57 1 220
ANCON-SUR ESMERALDA 140 2 220
GUATAPE PLAYAS 22 1 220
BETANIA POPAYAN 180 2 220
BETANIA IBAGUE 170 2 220
POPAYAN PASTO 162 2 220
SABANA LARGA TERNERA 80 1 220
Sub-total - 811
1987 ANCON-SUR ENVIGADO 5 1 220
GUAVIO CIRCO 80 2 220
*%*GUAVIO TUNAL 119.3 1 220
***GUAVIO CIRCO 89.5 1 220
GUAVIO CONECTION - 220
NOROCESTE $.S. CONECCION - 220
Sub-total - 294
1988 SAN CARLOS CERROMATOSO 210 1 500
CHIN{ SABANA LARGA 181 1 500
URRA II CERROMATOSO 100 1 500
URRA I CHING 155 1 500
URRA I URRA II 30 1 500
Sub~total 676 -
Total Total of 500 kv 1,200 3,788
8% and 220 kv lines 4,988

Note: * Qperated initially at 220 kv, but to become 500 kV when Urra is
completed in 1988.

** One circuit to be tied to Yumbo Substation, the other to Juanchito
Substation.

*** Torca-Circo and Torca-Tunal to be cut off when Guavio-Tunal and
Guavio-Circo are completed in 1987.
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Fig.4-2-6 Tronsmission System expected in 1988
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21— 3 hEHEKIABEATER 7R
Q- 2FTRRLATHERPYPHE LR T, TOENTHFENEME L HBEND ~
5y A REEBNTHhko TORBEFig 4-2-5% L FTable 4-2-11CRTH

hTH da

Table 4-2-11 kW and kWh Balance of Interconnected System
(15980~ 1989)

Installed Capacity Demand
Hydro | Thermal | Cumulative Maximum Average | Load nifie_r;nce
Year | Name of Power Plants Rise  {A) Demand {B)}| Demand | Factor
M [Ez000] (M) {MW} (W) (%) (M)
1980 - - 3,460 3,116 1,891 60.7 344
1981 ZIPAQUIRA 1V {c}) 66
CHIVCOR 1T 300
PAIPA 111 {c} 66
[Interconnection with
CORELCA] 179
Sub~-total 500 911 4,871 4,058 2,167 53.4 813
1982 CHIND {T.G} 100
GUADALUPE T (Amp.) 100
AYURA 19
TRONERAS {Anp.) 26 ,
CERREJON I ] . 158
SAN CARIOS 3 620
PARAISO-LA GUACA 600 !
Sub-total 1,365 ! 258 6,494 4,585 2,807 | 612 1,909
1563 ZIPAQUIRA V {C) , 66
Sub-total - i 66 6,560 5,074 3,130 61.7 1,486
1984 SAN CARLOS 1Y 620 }
JAGUAS 170 1t
CALDERAS 15 !
TASAJERO () t 150
SALVASINA 180 '
CERREJON I (4] ! 158
GUADALUPE 1V 216
Suh-total 1,201 08 8,069 5,584 3,430 61.4 2,485

Table 4-2-11 kW and kWh Balance of Interconnected System (Cont'd)

Installed Capacity Demand Diff
Yoar | Name of Dower DPlants Hydro | Thermal | Cumulative | Maximum Average Load Ae_r:nce
Rise (A) bemand (B) Demand Factor
{4:12)] () (HW) (W) (208 {8) 1MW)
1985 - - 8,069 6,147 3,774 61.4 1,922
1986 PLAYAS 240 '
BETANIA 500 f
Sub~total 740 - 8,809 6,742 4,112 61.3 2,067
1987 cuavie 1,000
Sub-total l 1,000 - 9,808 7,37 4,514 61.2 2,432
1989 | URRA I 1 340
URRA II 710
Sub-total 1,050 - 10,859 8,094 4,929 60.9 3,815

Note: (Amp.): Amplification
(c} : Coal
(T.G) : Gas Turbine
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4.2.3 1989FLV 19955 ST ORNMREE (R)

n — #

um8$§TO*%ﬁﬂﬁﬁﬁmmomrdmﬁnmhtﬁﬁLﬁﬁ,ﬁ%%ﬁ@m%
EOBBFHEI SAOEERLIZE, BRAHNISIS0MN, BHEROT 3TWh/ & &
LTwa, ZOFBREIATRBICE, 1989FEM5 1095452 To 7HMIC 7,06 5MW

(15159MW-8094MW) OENHREZEKLhiZ %6 %\,

e, BERP 2 HEDOTWAE 7 v Yz 2 i Table 4-2-12 KETHITHL, +
ORBERKRAL 1A AAIBRTTOEGHENE 1228AMVKRELOTE B (&
ov4bEFig 4-2-88E),

AL DOEHELOWTRAREZOT I4F )V TARREIRL TR WS, SEEE E
wohaFevdzs b, FAXT I - EAKROERT e Y22 b kT, 20T D
AFVFAEBRILCTACPBLEZETH D9,

Table 4-2-12

Construction Schedule of Generating Facilities (after 1989)

. Installed | Annual Energy | Construction | Cost of Energy | Cost of Energy
Name of Power Plants | Capacity Production Cost per kW per kwh Brility
(W) (GwH) {20%Us$) (US5/KH) {US3/kwh)
JULUMITO 53 320 125.4 2,366 0.047 ICEL
MiEL I 384 1,680 266 691 0.019 ICEL
RIO GRANDE II 204 1,390 130.8 841 0.011 EPM
MIEL 1f 51 2,030 284.6 811 0.017 ICEL
CANAFISTO 1,500 7,370 945.2 543 | 0.015 157
SOGAMOSO 1,200 5,820 1,036 863 I 0.021 ISA
SAN JuAN 1,500 5,850 1,129 753 l 0.023 I5A
PATIA X 1,110 4,623 760.3 665 i 0.020 ICEL
I

BATIA 11 970 4,203 515 593 : 0.016 ICEL
NEME 512 2,550 421.2 834 ! 0.020 15A
ITUANGO 4,200 18,080 2,206 525 1 0.C15

TERMICA {Thermal) 300 1,892 1

Total 12,284 55,808 7,885.5

Breakdown: 11,984 M{ hydro, 300 MW thermal, 12,284 MW total,

Kote: 1) Rio Grande II is being studied by Medellin Electric Power,

multi-purpose development including water supply to Medelian City.
2) Construction costs calculated as of 1978.

and 1s expected to be changed to



Fig.4-2-8 Location of Projectos for Electric Power Development
{1988~ 1991)
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Fig. 4-2~9 Theoretical Hydro Potential by River Basin
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Table 4-2-14 Items according to the Scale

of Installed Capacity

Installed Capacity Number of Projects Hyaro Potential
o (MW) NO. % MW 5
Less than 200 157 57 18,800 22
201 v 500 85 31 26,400 32
501 v 1,000 16 6 10,900 13
More than 1,001 ls 6 27,400 33
Total 274 100 83,500 100
Table 4-2-15 ‘Items according to the Construction Cost
Construction Cost Number of Projects Hydro Potential
(US$/kW) No. % MW %
Less than 499 18 7 15,300 18
500 v 800 56 20 19,700 24
80L v 1,200 96 35 26,800 32
More than 1,201 104 38 21,700 26
Total 274 100 83,500 100
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Fig.4.3-2 GEOLOGICAL SKETCHED MAP OF EL ONCE DAMSITE
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Fig4.3-3 GEOLOGICAL SKETCHED MAP OF EL DIECIOCHO DAMSITE
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Fig.4.34 GEOLOGICAL SKETCHED MAP OF EL LLORO DAMSITE
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TOROCHBRARRIE160~200w/'BTah, AR/RANSK 1.000~1,500m/ R %
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Table 4-4-1 Monthly Temperature at Quibdo Observatory
(Year 1970)
Unit: °¢
1 2 3 4 5 . 6
Month Max. daily | Min. daily l1-2 Mon?hly Mgn?hl 4 -~ 5
average average maximum minlimum -
Jan. 32.1 22.4 . 34.0 19.0 15.0
Feb. 31.6 23.2 . 35.0 22.0 13.0
Mar. 31.5 23.2 . 34.0 21.0 13.0
Apr. 32.3 23.1 35.0 20.5 14.5
May 31.3 22,7 . 34.0 21.0 13.0
June 32.3 22.4 . 35.0 i7.0 16.0
July 30.8 22.1 . 34.0 23.0 11.0
Aug. 31.3 - - 33.3 - -
Sep. 30.6 22.0 34.0 21.0 13.0
Oct. 31.1 22.3 34.0 22.0 12.0
Nov. 30.7 22.1 . 34,0 22.0 12,0
Dec. 30.4 22.3 . 33.0 21.0 12.0
Average 31.3 22.6 8.7 35.0 19.0 16.0
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Table 4-4-2  Monthly Temperature at La Mansa Observatory
(Year 1977)

—— T > 3 3 : Un:f.t:6 eC
Month Max. daily | Min. daily 1-2 Monthly | Monthly 4 - 5
average average maximum | minimum
Jan. 21.9 12.5 9.4 23.4 10.6 12.8
Feb. 21.8 13.1 8.7 24.4 11.2 13.2
Mar. 22.5 13.5 9.0 26,0 11.4 l4.6
Apr. 21.4 13.6 7.8 24.4 11.4 13.0
May 20.4 13.6 6.8 23.4 12.2 11.2
June 20.7 13.0 7.7 23.8 14.2 9.4
July 21.6 12.5 9,2 23.8 10.6 13.2
Aug. 2l.0 12.6 8.4 23.6 11.0 12.6
Sep. 21.0 12,5 8.6 23.8 10.8 13.0
Oct. 20.6 13.4 7.2 22.8 12.0 lo0.8
Hov. 20.5 13.2 7.4 23.2 lo.8 12.4
Dec. 20.6 13.6 7.1 22.8 11.6 11.2
Average 21.2 13.1 8.1 23.8 11.5 12.3

DEOBHTHIC, ESKIVRAXEHT20L3 i, EHEBAOSARMT
CEbTHAEH,

Table 4-4-3 Temperature at Each Project Site

Unit: °C

. . Max. daily | Min. daily | Annual | Annual Elevation

Froject Sites average average max. min. level (m)
El siete No.1l 24.0 15.7 28.5 12.4 1,460
El Siete No.2 26.5 18.1 30.7 14.0 Q70
El Once 27.9 19.4 32.0 14.8 700
El Dieciocho No.l 28.6 20.0 32.5 15.3 570
400

El Dieciocho No.2 29.4 20.8 33.3 15.8
El Lloro 31.1 22.4 34.8 16.9 75
@ | B

BEATHROTR %2 TOVEBTES LSRR, FMEELTREZD LT,
ik, BEEETILIEAANO T, SHEREL TREABEOCEREL -T2 Y
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DLEETE 50

Table 4-4-4  Annual Humidity at Quibdo & La Mansa Station
Unit: %
X Hour Annual Annual Annual
Station 07 13 19 average maximum minimum Yeax
Quibdo 98 75 S0 80 99 74 1970
La Mansa 95 78 92 88 96 77 1974
B B &

BZoSaE et Bt ¢l Quibdo EHORIEMB L 2% o T ORAEMl i Table 4 —
4-50@EITSH B,

Table 4-4-5 Annual Average Wind Velocity at Quibdo Station
Unit: m/s
Annval averaae (hour) Monthly Average of Maxi
07 13 19 average monthly maximum aximim
0.5 1.6 0.6 0.9 5.2 1o0.3

CORAAEMBRAERBEONBHE AR T, HERAKLIBEATE 20T 2,
4 B X &

HELRAOBEKETML A HOBEAKE La Mansa. Camen de Atrato, Pinon, Tuty —
nendo, Quibdo. La Vuelta , ® 6 B L %\ao & nid Quibdodt /50 D7k EH
4870* TH B LB00K® KIBAAM TS b, BAFORRABED THn B4 2, L
Ly ZhoDBRAFOT—2 -1 ), SHEHROBAKSER DI RTEL, 24, 5HE
BHEORICHET SMERARI AN L 28 2 8 OBEAIF %5 b. FEREKE OHBE O
EBBRAHEE(HATE 2,

EREOSMRABREL 1968 ~19704% TOI2EMIEOWTE G Tk, © 0K
R BELAFALERETR LT 3%, RENEMBIGTEE107T4E07—2To b,
Fig 4-4-1KRTAITD 3,

ThIK L% &, Quibdo, Tutunendo EiE 7 b5 — PRETL, BARBEOS Wil
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Table 4-4-6  Annual Pricipitation at Each Pricipitation
Station in Departamento de Choco

Unit: Jom

Station Mark Maxiﬁﬁggal P;::ipitatizgnimum Period
SALAQUI G.2.4 - 2,613 - 74 w79
DOMINGODO G.2.6 4,659 3,823 2,736 67 \80
VISTA DE CUBARADO G.3.17 29,635 8,981 72 V80
TERESITA G.2.7 3,040 2,737 2,460 72078
PUERTO LOPE H.3.8 6,210 5,360 4,522 70 %79
LA LOMA H.3.10 7,507 5,473 4,944 67 V79
TAGACHI H.3.16 8,247 6,535 4,814 67 V80
PANAMERICANA | H.2.4 7,128 5,660 4,177 3977
LA MANSA 1.3.2 7,892 3,834 2,005 7077
CARMEN DE ATRATO 1.3.3 3,437 2,642 1,826 58 80
EL PINON I.3.7 11,316 7,511 5,579 58 V80
TUTUNENDO I.3.5 12,666 10,574 8,671 67 V80
QUIBDO 1.3.8 12,428 7,734 3,625 47 V77
LA VUELTA I.3.11 10,955 8,661 7,086 63 V80
CERTEGI 1.3.13 10,543 6,887 4,165 67 V80
PIE DE PATO 1.3.9 10,597 7,390 4,981 71 80
NOVITA J.3.3 14,183 8,612 6,366 67 v 80
ISTMINA I.3.16 9,389 7,717 6,787 67 80
ANDAGOYA I1.3.19 11,799 7,487 5,975 18 480
APTO MANDINGA 1.3.20 - - = 67 V79
PIE DE PEPE 1.3.17 7,830 6,636 5,753 73 80
SAN JOSE DEL PALMAR J.3.2 6,213 4,825 3,449 67 80
SINAI J.3.6 7,106 6,090 4,337 67 80
LA DIVISA J.3.5 6,213 4,825 3,449 67 80
BEBEDO J.3.4 9,180 7,720 6,749 73 V80
NOANAMA J.3.12 9,030 7,947 6,801 66 V70
OPAGODO SAN MIGUEL J.3.21 9,399 7,410 5,231 67 v80
PALESTINA J.2.3 - 7,405 - 66 70
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Table 4-4-8

Monthly Precipitation at Project Area

e c TR i Unit: mm/month
Month | Station [ LA MANSA ATMRAMTO PINON !TUTUNENDO | QUIBDO |IA VUELTA
Jan. | Maximum 403 325 1,095 | 1,440 1,188 | 1,002

Ave?age 189 133 618 708 550 573
Minimumn 15 50 138 222 141 186
Feb. Maximum 533 371 672 1,049 1,056 853
AYeFage 266 129 444 620 424 448
Minimum 79 25 150 93 78 137
Mar. Masximum 343 302 T10 1,183 1,008 1,312
Average 315 163 455 618 473 526
Minimum 124 62 210 142 162 215
ApT. Maxcimum 691 491 1,182 1,373 856 1,042
Average 422 249 641 816 546 663
Minimum 147 122 301 306 84 394
May Maximum 706 417 1,585 1,502 1,229 1,154
Average 358 264 769 970 657 787
Minimum 219 132 448 385 118 Kicy)
Jun. Maximum 814 426 870 1,624 1,530 1,405
Average 406 273, 650 1,075 703 811
Minimum 182 181 ! 186 691 1a7 524
{

Jul. Maximum 824 522 ‘ 1,256 1,506 1,441 1,176
Average 330 233 577 967 770 81a
Minimum 196 s¢ | 299 350 140 567
Rug. Maximum 907 450 1,251 1,940 2,030 1,438
Average 365 245 643 1,044 839 998
Minimam 108 104 352 436 159 649
Sep. Maximum 877 418 1,005 1,700 1,129 1,044
Average 354 226 723 922 671 815
Minimum 83 112 388 108 493 545
Oct. Maximum 686 431} 1,445 1,886 938 1,141
Average 36l 263 920 1,141 578 827
Minimum 152 28 516 766 165 408
Nov. Maximum 455 329 1,398 2,037 1,985 1,259
Average 269 226 899 1,007 674 754
Minimum 142 89 395 103 351 369
Dec. | Maximum 312 316 1,409 | 1,384 1,222 | 1,165
Average 161 178 882 886 654 667
Minimum 18 40 308 612 326 326
Annual | Maximum 7,892 3,518 11,316 |12,666 12,428 | 10,955
Average 3,834 2,642 8,169 | 10,574 e SJGSé

Minimum | 2,005 1,826 | 5,579 | 8,671 5,533 | 7.0
periocd 71077 5981 |59780 |67V80 47~77 | 63780
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Table 4-4-9 Maximum Daily Precipitation at Each Year

Unit: mm
“~Station CARMEN DE PINON TUTUNENDO QUIBDO
vear ATRATO

1959 52 134 - 207
60 94 268 - 158
61 42 180 - 181
62 80 190 - 113
63 60 153 - 179
64 62 134 - 150
65 110 154 - 208
66 78 120 - 163
67 90 100 203 206
68 100 132 - 178
69 60 120 199 194
70 61 230 150 185
71 65 205 186 141
72 a7 104 176 142
73 50 153 154 las
74 51 129 176 301
75 57 153 150 273
76 el 134 160 176
77 55 154 150 157
78 48 193 156 -
79 75 136 135 -

4-70



	3. 基本計画の概要
	3.2 計画の一般概要
	3.2.3 El Once発電計画(176MW)
	3.2.4 El Dieciocho No.1発電計画(252MW)
	3.2.5 El Dieciocho No.2発電計画(261MW)
	3.2.6 El Lloro発電計画(147MW)
	3.2.7 アトラート河・上流部の電力を送電するための送変電計画


	4. 検討結果
	4.1 アトラート河・電力開発の意義
	4.2 コロンビア国の一般電力事情
	4.2.1 電力の現況
	4.2.2 1988年までの電力開発中期計画
	4.2.3 1989年より1995年までの電力開発構想（案）

	4.3 地質
	4.3.1 初めに
	4.3.2 既存地質資料および踏査概要
	4.3.3 一般地形・地質概要
	4.3.4 El Siete No.1,No.2地点の地質
	4.3.5 El Once地点の地質
	4.3.6 El Dieciocho No.1,No.2地点の地質
	4.3.7 El Lloro地点の地質

	4.4 水文解析
	4.4.1 アトラート河・上流部の一般気象条件



