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Table-11.1 Outline of Development Plans of Regulating Pond Type

nit

Firm output

.Description . .. No.l Project | No.2 Project [ Total -
Catchment Area _
Main area/ Sub area km? 256 .3/~ 297.9/~
Total ' " '256.1 297.9
Annual Inflow 10603 - 725 843
Reservolr . _
High water level ™ 1,450.00 1,070.00
Low water level “ ©1,440.00 o=
‘Available draw down " 10.00 -
Gross storage capacity n3 926,000 -
Effecitve storage capacity " 540,000 -
‘Main Dam T
Type . C.G C.G
‘Hight x Crest length m 55 x.207 35 x 146
Volunme m3 143,000 60,000
Auxiliary Dam C
Type C.G - -
Hight % Crest length m 21.5 x 148
Volume m3 36,000
Headrace Tunnel S
Type x Number of tunnels’ Pressure X | | Pressure x 1-
Diameter x Length m 3.40 % 3,1451 3,60 x 9,109
Connection Tunnel -
Diameter x Leangth m 3.30 x 858
Penstock Line : .
Number of lines 1 -2 1 -2
Diameter x Length m 3.40 ~ 1.25}1 3.60 - 1.25.
® },301 X 1,045
Powerstation '
Type of turbine x Number VP x 2 VF x 2
of unit
Development Plan
Intake water level m 1,445.00 1,068,50
Tail water level B 1,071.400 687.00
Gross head " 374,00 381.50
Loss of head " 21.00 . 24,00
Effective head " 351,00 357.50
Maximum discharge m3/s 25,00 28.00
Installed capacity _ M 75.0 85.0 _ 160,0
Annual energy production GWh 508.,0 588,13 1,096.3
Firm énergy " 319.8 376.5 696.3
Secondary energy N 188.2 211.8 400.0
MW 73.8 80.8 154.6

11— 8




Table-11.2" Outline“of Develbpment Plans of Run-Off River Type

Firm output

Description Uunit | No.l Project | No.2 Project Total
Catchment Area. :
Main area/ Sub. area km? 235.7/19.8 297.9/-
Total " 255.5 297.9
‘Annual Inflow 106p3 722 843
Reservolr :
High water level m 1,460,00 1,070.00
Low water level ! - -
Available draw down ) - -
" Gross storage capacity m3 - -
. Effecitve storage capacity " - -
Main Dam .
Type- C.G C.G
Hight x Crest length m 21.5 x 148 35 x 146
Volume m3 36,000 60,000
Auxiliary Dam
Type : C.G -
Hight x Crest length ™ 5 x 20
Volume: m3 500
Headrace Tunnel
Type x Number- of tunnels Pressure x 1 | Pressure x 1
Diameter x Length il 3.40 x 3,753 ] 3.60 x 9,109
Connection Tunnel -
Diameter x Length [ 1.80 x 1,000
Penstock Line
Number of lines 1 -2 1 -2
Diameter x Length m 3.40 - 1.25] 3.60 - 1.25
. x 1,301 x 1,045
Powerstation
Type of turbine x Number VP x 2 VF x 2
of unit
Development Plan _
_Intake water level m 1,460.00 1,068.50
Tail water lavel - 1,071.00 687.00
" Gross head " 386,00 381.50
Loss of head . " 23.70 24,00
Effective head " 365.30 357.50
Maximum discharge m3/s 25.00 28.00
Installed capacity MW 77.9 85.0 162.9
Annual energy production GWh 546.9 610.7 1,157.6
Firm energy " 329.7 376.5 706.2
Secondary energy " 217.2 234,2 451 .4
M 38.0 43.6 8l.6
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Fig. 11-2 Sediment Trap Efficiency
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Table-11.5

available discharge

Operation Study on Sediment Flushing
at E1 Siete No.1 Regulating Pond
_ - Runoff at El_Siete.Noil Auxiliary Intake Dam
Description at the time of Sediment Flushing is started
Unit '20'm3lsec 25 m3/sec an m3/sec 35 m3/sec
Annual Inflow . |m3/s-| 8,393.28 | 8,393.28 | 8,393.28 | 8,393,28
S _ day _
Annual available " 6,573.27 7,421.30 7,892.96 8,146.02
intake
Annual Sediment 10323 | 1,557 1,557 1,557 1,557
Annual times of time 16 17 13 9
sediment flushing
Aanual number of day 181 96 51 20
days .of sediment
flushing
Maximun sedimentation | 103m3 10 28 66 82
‘at the time flushing .
is started
Annual waste m3/s 352.69 366 .66 351,24 319.87
discharge from ~day
flushing
Actiual annual w3/s | 6,220.58 | 7,054.64 | 7,541.72 | 7,826.15
-day : .
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Table-Il.ﬁ Study of Ecunomic Ccmparison on
R El Siete Na 1 Dam Axis:

Description Unit Master Plan Axis Alternatlve Plan Axis
' (Down~stream) - {Up-stream) :

Reserdoir ) :

HWL m 1 - b,450 : © 1,453

LWL m 1,440 ] 0 1,443
Draw down depth m 10 : ‘ 10
Total storage 1033 _ 926 880
capacley :
Effective 103n 340 1 540

storage capacity

Dam height m 55 . a5
Crest length m 207 - ‘ . 210
Volume : 1033 143 165
Construct Lon 103uss 134,740 137,930
cost of Bi Siete

No.l P.S.

El Siete No.l

P.5.

Annual ’

benefic: (B) " 22,276 22,465
Annual cost: (€)§ " - 16,169 16,552
B - ' - 6,107 5,913
B/C 1.378 1. . " 1.357
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Fig. 11-5  Study on Optimum Maximum Discharge
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Fig. 11-6 Optimum Capacity of No.2 Intake Dam
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_ Table-12.1 Comparison of the El Siete_Nogl“Dam.Type 7

Gravity - Concrecé'Facing_ Difference |

.;.Itém o unie Concrete Dam | . Rockfill Dam | (B) ~ (&)
8 , SR . (A)"' i _ (B

HWL w | 1,450 "1;&50

LWL N mo| L840 | 1,440

Dréw down depth m .-. 10 | :10
Effeétive_sﬁrége:cap. 10 m3 540  5§0-

Dam hight mo | 55 57

Crest length mo | 207 .f 207

Dam Qolume _ _ : m3 . 143,000 L32é;000(Rock)

{Concrete) |- 43,200(C0ncreté)

Total construction

cost | 103usy 134,740 * | 149,780 * 415,040
Care of river " 2,680 i
No.l dam 23,360 : 31‘930

Sub-total b 26 ;040 37,930 . +11,890

Others T 108,700 111,850

* No include the cost of transmission line
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Fig, 12-1 Economical D1ameter Diagram for E1 S1ete No 1 Progect
o Headrace Tunnel : o : o .
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: Fi§111242':' 1€06nomiEa1fﬁi5meter Diagram for E1 Siete No.2 Project
. Headrace Tunnel
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 Fig. 12#3‘ _ Economica1 Diameter Biagram for E1 Siete No.l Proaect
Lo “Penstock Line P :
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Fig- 12"‘4
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 Table-12.2 Powerhodsé Type for El Siete No.l Project -

- ltenm . Unit | 6round Sur- | Under gr'o‘u.nd' Dif'feré'nc'e- :

face type(A) | type (8 B) - (A)

Max, discharge o'/ s 25 ' 25, —
Effective head m. 353, - 357.5 o+ 405
Max. Qutput = . MK 75 ]2 | +1.2
Annuval fnergy Gwh - 508, : 314.5 +6.5
Total Const, Cost | 10%US$ 134, 740. ¢ 148,925+ +'14, 185

Peprstock # 3. 000. -3, 1540,

Power house #” 7.480. .10, 009,

Tail race s 6390, 2. 870,

Access tunnel ” e o :

-Cable tunnel “ —— J 9,-860.

Adit “ . —_—
Hydraulichq, #” 16, 112 12, 092
(sub-total) (27, 282) (37, 972) {+10.690)

Dthers , “ 107,458 110, 953 . :
] ‘ 10°Uss 22, 275 22, 556

C ” 6,169, - 17,871,

B/C 1,378 | 1,262
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‘Fig. 12-7 {1} Single Line Diagram for E1 Siete No.1 P.S.
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Fige 12-7 °- (2) Single Line Diagram for El Siete No.z PSs
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Fig. 12-8 (1) 220 kV Switchyard for El1 Siete No.l Power Plant
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 Fig. 12-8  (2) 220 kV Switchyard for E1 Siete No.2 Power Plant
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- Fig. 13-3' Alternative Traﬁsﬁissian Voltage, 230 kV « 115 kv
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Table-lB.i Economic Comparison of Transmission 5101 _t.ages

Voltage B T
- 230 kv 115 kv
Items - : : : :
Céﬁstrﬁction costs (Thous&ﬁd Us$)
Tfanéﬁissién lines. 13;392 8,705
Tragéformers 2,568 1;043
- switéhi‘ng equipment 5,672 4,352
| 'T_Qta'L 21','6132 | 14,105
l(i)' Aunual cost 2,596 .1,693
Transmission Ipsseé
Peak power loss (kW) 2,950 ~ 7,080
Annual energy loss (GWh) 17.13 41.12
Power loss (Thousand US$5 456 1,095
Energy loss (Thousand US$) 382 917
(2) Annual cost 838 2,01é
Total of anaual cost 3,434 3,705
(1) + (2) (Thousand US$) { 271)
Note: (1) Annual factor is 0.12 of coastruction cost for 'transmission

line, transformer and switching equipment,

(2) Cost for power loss and energy loss

(a) 154.7 US$/kW/ year
(b) 0.0223 US$/kWh
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Table-13.2  Conductor Size and Corona Voltage

| Maximum voltage | Gradient:of the . |Corona.distruptive
| gradient on the . | corona-distruptive{ critical voltage
: conductor sutface _crltlcal voltage_,_ﬂ_ R SR
Elevation G (kV/em) ~_Ego (kv/cm) - YRy
& Climate 330 | 410 ] 520 1330 | 410 ]520 _ | 330 | 410 | 520
oo ol | om? | mm? Jom? fom? am? [ wm?  [me? f om?
Case-A~ 1 o T e R L
H =2,000 m 1909 19,6 19.4 |277.1] 302.2 | 325:1
t = 20°C : : _
Fair weather
Case-8 . . ‘ _ k10 o T w2 ‘ :
H="2,000m : o . 16.1}.15,8115.7. 223.9 | 244.2 | 262.7

= 15°C

Rainy weather . ' o '
S 16,5} 14.91 13.7
Case~C _ - R P N _
= 1,500 m : 20,4 | 20,17 19.9 283.91.309.7 | 263.2
t = 25°C ‘
-Fair weather

Case~D - : ”. ¥1] I 2 '
H= 1,500 m o 16.4 | 16.1] 16.1 229.31250.1269.2
t = 20°C : S _

Rainy wedther
Note: 1) I*I : Ego <6
2) *2 : ¥ < System voltage 230 kv _
b@#&\MWMMmuaufmﬁmﬂ@mswm)ﬁﬁkﬁﬁ@ﬂ@@%(m'
%?@b‘ﬁ%&mm&ﬁﬂﬁ%mQﬁ&—x¢bﬁf%mqnfﬁ%ﬁiao:
OWeDa o HBRBERES 20000 T223.95V, 1,500m ©229.3kV &5,
RHME 23005 F@85, T, 20 7 BRAREOHIOBE TN EERY

4 LIZACSRAL0ma’ Bl L TR L o,

2) GHRER . :
ACSR330mm?, 410mn? B U520ne* DX BRERILUTORD TH S,

WYy 4 X B (KA/Line) *! CEBAER O

ACSR 330mn> 0.720 212/Line, 524/2 Lines
ACSR 410mn? 0. 830 | 314/Line, 624/2 Lines
ACSR 520nn? 0,965 365/Line, 73072 Lines
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- Table-13.3 "Ecénomic Comparison_offﬂumﬁer of Line

(Thousand -US$)

.Nﬁmbé; of Line ,
_ ! Line - -2 Line
Costs
Construction costs
Transmission line | 9,180 13,392
Switching éqaipmth ' o Cl640 2,880
Total o 10,620 | 16,272
Anﬁuai costa
Traﬁsmission line ' . '1,102- b 1,607
Switching equipment _ - 173 _ . 366
Power loss : . 471 - 236
‘Energy losg ' SRR I 394 T 19#
 rotal o 2,140 2,386
*( 246)
kWwh loss/day _ 70.0 -
(caused by the interrupted line) *246 is equivalent-to'3.5 days
' of the interrupted line

Note: (1) Annual factor is 0.12 of construction cost for transmission
“line and switching eguipment.

(2) Cost for power loss and energy loss

(a) 154.7 US$/kW/ year
(b) 0.0223 US$/kWh -
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Fig. 13-4 National Primary Network
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Table-13.4 List of Power Stations and Power Demand Used for the Calculations

. S :  Power Paralleled fOWer Stations
Power System Demand Rated Rated Output at
: (MW) | Capacity| Output | peak hr.
Owa) | oWy | ()
EEEB ' _ | ]
Salto, Coleg. g : ' 531 425 400
Paraiso, Guaca - 750 600 600
© Sub total - {2,060 1,281 1,025 1,000
EPM : . '
G. Lupe, Trone. 680 550 440
Guatape 700 560 480
.. Playas . . o : . - 250 200 170
Tasajera 375 300 260
" Sub total S 1,640 2,005 1,610 1,350
cve
Alto Anchi. 430 345 340
Calima 450 360 310
Salvajina ' 337 270 270
Sub total 1,000 1,217 975 920
ICEL |
Rio Negro, etc. _ 314 | 251 200
El Siete No.l 93 75 75
El Siete No.2 106 85 85
Paipa _ 210 170 170
Barranca 120 97 80
- Tasajero = . . , 188 150 150
Sub total | 1,740 1,031 828 760
184 : ' -
Chivor S 1,250 1,000 860
Chinu 166 133 50
San Carlos : 1,550 1,240 848
Jaguas 210 170 ' 160
Betania 625 - 500 480
Guavio - . : _ 1,250 1,000 860
~ Sub-total : 0 5,051 4,030 3,258
CORELCA L o :
Sub total 1,550 1,240 992 780
Grand Total - 7,970 | 11,825 | 9,460 8,068
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Fig. _13—-? Power Flow of 115 kV ‘Atrato Lines '

(2) Normal operation
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© Fig. 13-9  Dynamic Stability Swing Curve after
S " 3¢ G-Fault at E1-Siete No.l P.S.
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Fig. 13-10 . Dynamic Stability Swing Curve after
. , 3¢ G-Fault at Ancon Sur S.S.
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