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CHAPTER 1  INTRODUCTION

The feasibility' s_tudy (hcreinaftc;r refcrred to as the FS) for the rehabilitation plan of Silvia
Tun-of-river ty‘pe: hydroelectric power plant (rated output of 0.604 MW) was conducted
following the pre-ES that was pé\nfied out for eight months from November, 1987 to June,
1988, This report is pfepafed to sutumarize the results of the FS.

"This 'S was performed in accoxfdmlce with the Scope of Work (/W) agreed and signed in
July 1988 between Japan Intérniational Cooperation Agency (JICA) and Instituto Colombiano
de Energia-Electrica (ICEL). The study was conducted for 17 months from November, 1988
to March, 1990. |

From among 62 small-scale hydroclectric power _plahts ‘operated by ICEL that were
nominated for the ‘study of the rehabilitation plan, Silvia hydroclectric power plant
(hereinafter referred to as Silvia P/P) was selected as a candidate for the FS for the following

reasons.

No. 1 unit _(raicd: 500 kW) broke down in 1972, and for the next 18 years it has
- been left unrepaired. '

- From this FS, poslt-réhab'il'i‘tation generating scale for which JICA Study Team proposes as
an optimum rehabilitation plan is as follows: '

- Maximun output - 7 ;o 0.2 MW
© - Annuai potential generated power @ 2.1 GWh






' CHAPTER 2 SUMMARY OF STUDY RESULTS

- -'I he power p}ant owncd by ChDELCA is aTun- of—nver type (the rated output 604 kW) and
P is located’ along the Piendamo Rlver in Cauca Department

C1v11 structures such as the diversion welr, mtake, open channel (total length: 609 m),
: desﬂtmg basin and head tank, and pcmtock have been kept in rigid state. But the horizontal
s_haft Francis type turbine (rated output: 500 kW), manufactured in 1954; has been left
unattended for 18 years without any repairing since it broke down'in 1972. Only the -
horizontal shaft Francis iypé turbine with the rated output of 104 KW has been in operation.

(1) Rehabilitation plan

The fé[lzibili-tatibh plarl for the Silvia P/P is limited to fepldcément work of the No. 1
: _tor bme having the rated output of 500 kW which has been left unattcnded and any
-+ other altemauve plan cannot be considered.

EJu‘dgihg' fro'm the stream regime of the intake site shown in Fig. 2.1, the planned
“available dlscharge of Q=1.5 m3/s might be the appropriate rate for the run-of-river
: type hydroelccmc powcr plant

_‘_VAt the prescnt, one trdnsformer (480 V/13 2kV, 142 5 kVA) is mstalled but this
-:'_'transformer must be replaced with the transformer matching the capacity of genel ating
eqmpment '

fj- Thé 13 2 KV distribution line connects between this power plant and the neighboring

- consumers and the Plendamo substauon This distribution line can be used without any

k rehab;htaUOn

The rated output (500 kW) of the nbn\functic'ming No. 1 horizontal shaft Francis type
turbine rcpresents 260 kW of excessive installed capacny A new replacement can only

. ‘have a maximum output of 240 kW.

' Whether thc non- functioning turbine should be replaced depends on  the increase of
i -power demand in the area.

2=
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the Silvia

Rehabilitation Plan for Power Plant
@ Specifications for Exisung Generadng Facilities @ Rehabilitadon Plan @ Recovered orIncreased Energy
| © | @ | @ o i | @ ® | @ | @ ® ® ® ® ®
Allemative : : : - _ : — oAl mronan
Plan Max, Net Rated @ hiax. Standard | Theoretical | Resultant Output Annual probable Facility Ourput nual pxol e
available head output available net output efficienc =@x @ generaled cnergy wilization =@ - @ generated energy
: : Output | Generated | . - y .
discharge _ P energy discharge head =9 8x 20 factor -©®
Qo Ho Po Pe Es Q H) *@ Py El £ AP 'AE
(m? f5) {m} (kW) W) {GWh) (m3 /s5} {m) kW) n kW) {GWh) (%) (kW) (GWh)Y
Nol Unit 1.1 31.0 500 - 0 0 1.1 31.0 334 0.740 240 2.1 100 240 2.1
NoZ2 Unit 0.4 31.0. 104 100 0.82 0.4 31.0 121 0.826 100 0.8 - 0 0
Total 1.5 31.0 604 100 6.82 1.5 31.0 455 ———— 340 2.9 98 240 2.1
@ Rerhabili:atian Work Cost (US$1000) Construction Cost Total of Annuval Cost at Generating Terminal (US$1000) @ Average Gencrating Cost 9 Cosu @
: per KW (US3KW) , . B e per kWh {mills/kwh) Benefit
: . . . Principal repayment amount for
Generating Equipment Cost ® ® 6o @ @ construction cost (25-vear average) @ @ - @
Alternali ‘o i Foreig Local _ _
Htemative @ @ Civil | @«@ | Costper | Costper | Operation @ cmrféﬁ'c’}, | @ currency | @@ per . Ex per AE Priorit
Flan Foreign Local work ap P . and porion portign ; =e3)/E) =BVSD C/B ord 4
@D+@ cost - =@/®| = @@ |maintenance[ T 5 510 2016 x +0.95 = 0.95 reer
currency currency . costs _ . 2+© _
portion portion : ] +25 (@+6&9 )
Cif 1 Cy Cz : C C}A P C/Pl . AON = 25
Nol Unit 458 184 642 34 676 2,800 2,800 1.0 48 18 66 67 TL33 33 202 B
No2 Unit - —— — - — _— —— — _— - _— — —_ —
Total — e — — —— — _— —— — —_— — — - _—
(Notes) @ : For the existing generating equipment specifications, refer ©0 the tac:luy tegister record attached to G5 : EEnergia Media}
_ the pre-F3 mport.
(: Generatng cost= Tatal of """”'ﬁ averige cast “i@ﬂcmﬂ"‘%'teﬂﬂfﬂﬂf . g =Annual water amount for turbine (m° /s- hr) < lGO( %)

Annual average supplied clecric power Qy x365 %24

(@ : C/B is the value of cost and benefit rata caleulated accordmg to the financial analysis. " € : The annual AOM is the amount which is equivaient 1o US&Il per KW,
@ : Eeiscomputed according to the average ainual operation record for § years from 1984 10 1988 §
@) : 1 is the resultant efficiency of wrbine and generator. : : Inerestis calculated by a repayment of principal in equal annual amounts under the foilowing

conditions.
Foreign currency pordon: Annual interest rate of 10%%, unredesmable for 4 years, repayment over 25 vears
Local currency porton. @ Anaual interest rate ot 21%%, unredezmable for 1 year, repayment over § vears

oy
e







CHAPTER 3 = STUDY PLAN

3.1  Organization of Study Team
3.1.1 JICA FS Study Team

: I ICA FS Study Team, listed below, includes the team leader and two members who
~ participated in the pre-ES, engineers, geologists, a hydrologist and an economist.

‘Name Position Assignmént
Masami Ono Team leader Total coordinator (civ_il engineer)
Murao Toyama Team member _ Power generation piannér. (civil engineer)
Susumu Nonaka " Hydrologist
Yoshio Kawasaki " Generating equipment planner (civil engineer)
Akira Takahashi " Generatin g cquipmc_nf planner
(mechanica} engineer)
Masayuki Tamai ! Generating equipment planner
o (electrical engineer)
Nobuhiko Uchiseto " Geologist
Takas‘r_ii Inoue | _ ! Geologist
Masaaki Ueda " Economist




3.1.2 Counterpart Engincers from ICEL

Engineers who were, engagedm this study as a éc;uﬁterpart of the JICA FS Study
Team are as follows: ' ' _

Name Field : ~ Position

Juvenal Pefialoza Rosas Civil Engineering © * Head of Central Eng. Div.
Jairo E. Gonzalez Morales Civil Engineering Central Eng. Div.
Mario Gutierrez Ospina  Civil Engineering ~ Céntral Eng. Div.
~ Rafacl Tomes Marifio ~~ ~ Civil Engineering ~ Central Eng, Div.
Rafael Gomez Florez Civil Engi_neeﬁn g Central Eng. Div.

Jorge E. Burtado Mufios Civil Engineering Central Eng. Div.

3.1.3  Supporting Technical Staff from CEDELCA

3.2

3.2.1

JICA F$ Study Team obtained cooperation and support from the CEDELCA technical
staff listed below, in conducting the site reconnaissance, collecting ‘data and
performin_g engineering consultation necessary for this study.

Supporting Staff - Position
Fernando Iragorri Cajiao President -
Jose Horales M. Vice President
Larry Guzman M.~ : Civil Engineer

Study Items and Stidy Schiediile

The FS was conducted for 17 months from November, 1988 to Mai‘ch, 1990.in
accordance with S/W agreed and signcd in July, 1988 between JICA and ICEL.

Study Items
Study items for the FS as described in the /W are as follows:

(1) Review of the existing data
(2) Site reconnaissance



(3) Field work -
1)  Topographic Survey
'2) Photogrammetric mapping
 '3) Geological investigation
4) Data collection
(4) Power survey .
(5) Optimumplan
(6) Feasibility design
- (7) Stability and safety analyses
(8) Construction method
® Cost e'stima_t_ion .
) Economic and financial analyses
(11 - Maintenance manual -

3.2.2 Study Schedule

" Table 3.1 shows the overall study schedule as indicated in the S/W.
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Two field surveys were conducted at Silvia P/P, as shown in Table 3.2,

In the first site reconnaissance, two civil engineers conducted the present-condition
study of the existing facilities (mainly civil structures) and collected necessary data.

In the second field sarvey, the study team leader, a geologist and a hydroelectric
-power generation planner gathered the data relating mainly to the geological survey.



Table3.2 Field Survey Schedule

The first site reconnaissance

Date Schedule ~ Detail of Study Hem
_ : ICEL 7 JICA
Jan. 31 | Pasto —» Popayan  Discussion at_CEDELCA, : J. Gonzalez - : . Murao Toyama _
o and data collection - Yoshio Kawasaki
Feb. 1 Field survey at Silvia P/P
Feb. 2 | Tield Survey at Ovejas P/P
Feb. 3 Discussidn at CEDELA
FeB.4  Popayan — Bogota Travelling
The second field survey
Member
Date Schedule Detail of Study Item :
: . . ICEL. JICA
July 12 Bogota— Pésto Discussion at CEDELA, - Masami Ono -
and field survey at Silvia P/P Yoshio Kawasaki
Takashi Inoue

July 13 Ficld survey at Ovejas P/P

July 14 Same as above

July 15 Pasto — Bogota ‘Travelling

3.3 Detail of Field Survey Work

The field survey work planned in consultations bétween JICA Study Team and ICEL

counterpart staff according to the resulis of the site reconnaissance, included

topographic surveying and boring survey as described below, but'did not include

photogrammetric mapping.

3-6



3.3.1 Scope of .Toporg"raphic and Boring Survey

" The séope of topdgfaphic and boring survey is shown in Figure 3.1, The scales for
the topographic maps are as folIoWs:

(1) ’Ihc dlversmn weir, mtake head tank and powerhouse building are drawn on a
© seale of 1/200 with contour lines of 2 . Main structures for the existing

facilities and posmons of bench marks and boring holes are indicated in the
above drawmgs

(2) Conduction channel . -
Longitudinal section of the conduction channel is drawn on a scale of 1/1,000
(plan) and 1/100 (section). This section is also drawn on a scale of 1/100, and
with 20 m wide and 50 m pitch.

(3) Bench mérk

The bench marks shall be set up at the three locations.
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CHAPTER 4 PRESENT CONDITIONS OF THE STUDY AREA

4.1

4.1.1

Power Conditions in the Power Sector

Power conditions in the public electric power company, operating the power plant
under study for rehabilitation, are described below,

Balance of Power Supply and Demand

Table 4.1 shows figures for power supply ‘and demand during the five years from
1983 to 1987. In 1987, peak demand was 76 MW, while installed capacity was
33 MW (about 43%). In 1987, electric power was 204 GWh, while supplied power
was 114 GWh, representing about 56% of total electric power.” The public electric
power company bought electricity to cover the remaining 211 GWh from an other
electric power company.

The breakdown of power demand in 1987 indicates that power demand for
residential, commercial, industrial, and miscellaneous uses was 73%, 6%, 9% and
12% respectively. Power'dcmand for residential use was high, while that for
commercial use was low. -

Anpual average rate of increase in power demand from 1983 to 1987 was 5.1%,
while that of generated energy, 3.4%, showing decrease. The ratio of buying
electricity has increased.



IR B

Table 4.1 Tfar_isition of Power Supply and Demand

(1983-1987)
S o o Annuat
Tm . 1983 1984 1985 . 1986 .. 1987 - fhverage
: . . . Rae@*
DEMAND | o
1. PoakDemand (MW) 50 .56 . 69, .68 . 076 .. 110
2. Elcctric Power (GWh) N :
1) Residential . - 125 . 44 . 1420 14400 c148 - 43
.2y Commercial . o I o1z 12 120 127 22
) Idustrial .o o9 A5 130 170 18 189
4) Miscellaneous - oo 022 0 2100 ¢ 18 SRR VA 26 43
Totl : © .- 167 . 192 i85 190 - 204 . 51
SUPPLY _
1. Installed Capacity (MW) .~ 33 .33~ 33 33 . 33 - 0
2. Generated Energy (GWI)- ©- 131 . 121 . 120 = 127 . i . 34
3. Power Loss (GWh) - ;... . 60 7 66 o9 14 1210 192

(Source: INFORME ESTADISTICO: _.RESUMEN 1983-1987)
* Anaual average increase rate is calcul_aléd as follows: .
Example: =Wh_eﬁ peak demand is 15.0%, - '
50 x (1 + %% = 76
x=0.11 (11.0%)

4.1.2 Present Conditions of Generating Facilitics

(1) Generating facilities

Table 4.2 shows total installed capacity of the public electric pow‘e_f company.
Its generating system facilities include hydroelectric power_ and diesel power. ..



Table 4.2  Total Installed Capacity of the Public -
Electric Power Company (1983-1987)

Annual
Average
Ttem 1983 1984 1985 1986 1987 fncmase
o o . Rate (%)
. Total Installed Capacity
MW) | .
"1, Diesgel R 1 X 0.6 0.6 06 - 0.6 0
2. Hydoelectic = 328 328 32.8 32.8 32.8 0
3. Others 0 0 0 0 0 0
" Total T334 334 334 334 334 0

(Source: INFORME ESTADISTICO: RESUMEN 1983-87)

" Table 43 shows condition of Si__lﬁa power plant for which the FS was
‘conducted.

Table43  Conditions of Silvia Power Plant
 (1984-1988) |

hem 1984 1985 1986 1987 1988

" 1) Installed capacity kW) 104 104 104 104 104
" 2) Generated energy (MWh) 865 8485 8163 7026 8549
3) Utilization facior (%) 95 93 90 77 94
4) Operating time (%) 98 95 - 96 80 91

(Source: DATA COLLETED BY CEDELCA)
(2). - Transmission facilities
The public electric power company provides 115 kV transmission lines to its

~ transmission and substation facilities. Voltage to be transmitted from Silvia P/P
Cis 13.2 kV.

4-3



4.1.3 Generating Cosg_and_Eiqcﬁic:Charges

Table 4.4 indicates the trénéiti{m of generating cost and electric charges in the past
five years from 1983 to 1987,

Table 44 Genéra_ting' Cost and Electric Chargcs' '

. Annual

Tem - 1983 1984 1985 1986 1987 m
Rate( %)
Generating Cost (COL $kWh) 330 436 641 §.18 1040 332
Electric Charge (Average): -
(COL$/KWh) R R
I Residenial 263 333 444 568 705 280
2. Commercial ‘ 409 529 664 877 1185 305
‘3. desil 521 ST 721 927 | 1346 268
4. Public use 298 380 545 139 985 34.8
5. Avemge 289 365 453 626 796 28.8
Breakdown of Power Demahd |
by customer _ : 7
I Residentil 47,93 - 54389 59719 64565 - 70953 103
2. Commercial 1573 1,542 1,690 " 1695 1776 3.1
3. Industrial . .- 246 251 . 268 287 310 6.0
4. Others o 641 93 o4 987 1013 1.9
5. Total 50696 STIT5 62651 67,534 74,052 9.9
Diffusion of Electricity © : e .
1. Overall o 759 777- 796 . . 814 833 2.4
(1000 households) ’ o o
2. Powerdemand 313 241 265 281 315 103
(1000 households) : ' .

3. Electrification rate (%) 28 3133 338 19

' (Sourée: INFORME ESTADISTICO: RESUMEN 1983:87) = " =



4.1.4 Forecast of Powcr _S}lpply qnd Dlemand,

CEDELCA'S forecast for the power supply and demand from 1990 to 2000 is shown
in the followmg table ' '

: Blectric Power .~ PeakDemand -

. (GWh) - . (W)
i A
1988 11851 206 LB 87 5500 8370
1989 11851 . . 25501 42348 287 . 7048 99.18
1990 1851 41564 S3Qs 287 9214 12084
1991 11851 46647 = 584.98 287 10518 133.88
1992 11851 - 52281 64132 287 11974 . 14844
1993 1851 52045 70376 287 13602 16472
1994 MIESL 65445 0 TI296 287 . 15422 18292
1995 1851 73LI5 84966 287 17455 20325
1996 11851 - 81615 ... 93466 . 287 19727 . 22597
1997 1851 91036 102887 287 - 22267 25137
1998 44851 68477 1,133.28 1137 16605 27975
1999 44851 80049  124900° 1137 19777 31147

2000 44851 86395 131246 113.7 233.21 346.91

42 Operation Record of the Existing Power Plant
4.2. 1 Génerétcd E_nergy.

Two turbines with rated output of 104 kW and 500 kW are installed. 500 kW
turbine has not b_eeri operated since 1972,

Record of generated energy of 500 kW turbine during five years from 1984 to 1988
is shown in Table 4.5, |

Silvia P/P has not been su'spc-ndc'd continuously for the past five years.

.The averag_c value of the utilization factor in the past five years was 90%,' and the
average operation factor was 92%. .



Table 4.5 " Record of Generated ﬁ:lergy 'ztricl-::l{ia_nnin'gj Time

Output Generated  Running . Facility - - Operation

Year inscribed on Energy Time Utilization Factor
the ‘&mm"l’la@ C MWH) (how) . Factor(%)* (%)%
1984 0104 8650 8578 95 9§
1985 0104 0 8485 . 8363 . .93 95
1986 0.104 8163 8,371 % . 9%
1987 0104 7026 7,008 77 80
1988 0104 . 8549 7,983 94 9

1% Operation factor (%) =

422

Generated energy (MWh)

8?60(hrj X output mscnbed on the name plete (MW) X 100 '

*  Facility utilization (%) =

Runnmg hour (ho)
8760 (ho) ";190_

Operation and Maiﬁ_teh:ance Costs

Record of SllVla P/P 5 operation and maintenance costs for f1ve years from 1984 to
1988 is shown in Table 4.6.

Operatlon and maintenance costs per generated energy ﬂuctuate but average
5,077 pesos/MWh. - - S S .
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4.3

4.3.1

3)

Table 4.6.. Record of Gperation and Maintenance Costs

Generated energy  Operation & Maintenance Costs  Peso

Year (MWh) .. .. (pesos) ~ MWh
1984 865.0 2,337,430 2,702
1985 848.5 3,003,018 3,539
1986 816.3 3,649,022 4,470
1987 7026 ¢ 3,501,515 5,012
1988 8549 T 8,240,381 9,639

Toml 40873 . 20751375 5,077

General Condition of Generating Equipment and Civil Structures

General Condition of Generating Eqﬁipment

The present condition of the generating equipment is summarized below:

'¢)) Generatiﬁ'g equipment
Since the turbine (104 kW), manufactured in 1960, has been used only for 30
years, the facility utilization factor during the Iatest five years is 80%, and the
.operation:rater of the facility is 92%. -According to a survey conducted by
CE_DELCA, no defect was found in the turbine and generator. On the other

hand, the turbine (500 kW) manufactured in 1954 has not been used and left
unattended for 18 ycérs since its breakdown in 1972, it might not be reused.

(2). . Substation ..

1425 kYA rhai_n tranéfome_r_corrcsponding. to the turbine (104 kW) is

installed outside.. According to the survey conducted by CEDELCA, no
significant defect was found in the wansformer.

Distribution line

13.2 kV:dis'u‘ibiltion. lines connected to the. S_ilvia_ P/P are connected to consumers in

the surrounding area of the power plant and the Piendamo substation. According to



4.3.2

the survey conducted by CEDELCA, no significant defect was found in the
distribution lines.

General Condition of Ci\?_il Structures

()

2

3

@

3

Intake facilitiés

There is a small island formed by sandbank in the central area of the Piendamo
River. The RC diversion weir is installed in the right bank of the river. Its dam
length and helght are 12,0 m and 2.3 m, respectively. This weir is in good
condition, but there is no sandtrap facility instalied. The intake (3.2 m wide,
2.2 m high) is installed at a right angle to the river flow. The gate and screen
function properly. g

Conduction channel
The RC open ‘culvert (609 m long, 1.3 m wide, 0.9 m deep) has been

maintained in rigid state. Conduction channels are constructed in the fiat area,
enabling easy accessibility. '

‘Desilting basin

The RC desilting basin (9.0 m wide, 20.0 m long, 1.2 m deep) has been
maintained in rigid state, and does not need rehabilitation.

Head tank

Plan shape of the head tank is triangle. The head tank-(average width: 6.0 m,
length: 16.0 m, average depth: 3.0 m) has been maintained in rigid state. The
head tank's storage capagcity is sufficient. The head tank, including the screen,
does not need to be rehabilitated.

Penstock

The maintenance of the penstocks (950.91in, 1.=72.1m) has been done properly,
and this makes it unnecessary for the penstocks to be rehabilitated. ~ -
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(6) Powerhouse building

The decthuse building size is 15.5 m(W) x 8.0 m(D) and its floor height is
5.5m. There is sufficient space available. The powerhouse building has been
maintained in rigid state.






CHAPTER 5  BASIC DATA COLLECTION

‘The pfe-FS was"c':‘o:nduc{éd from November, 1987 to July, 1988. The FS was carried out in
November, 1988 to collect topographxcal geological, hydrometc:orologlcal and other related
. data as detailed below S
5.1 Topogréphic 'Maps
JICA Study Team collected the following topographic data for the Silvia P/P.

- Topogl-faphi_q_rr_l_aps'(hséé.l-é: 1)25,0()04 _1/400,000) pubﬁshed by IGAC

RRE opographlc survcy maps that were actually measured by CEDELCA for the study
o of thlS power plant R ' |

- - As-built drawings

(1) Topographic maps published by IGAC

Scale Draw:ng No. Description

1/400,000 - . © the whole aréa of Cauca Department
1/100,000 343 - the upstream area of the power plant

1/ 25000 343-1:A;B;CD * Power plant and vicinity
343-11-A,B,C,D  the upstream area of the power plant
. 343 11FAB;C,D°  Power plant and vicinity -
343 IV-A,C,D ~  the upstream area of the power plant




(2) Topographic maps actally measured by CEDELCA

Scale = Drawing No. “Description
S12000 0 T e Plan of intake facilities and vicinity -
17200 - Plan of head tank & powerhouse building
1/100 - 1/1000 -

Plan and profile of conduction channel

(3) As-built drawings

Scale ~  Drawing No. ~ Description
/50 0146 Structural drawing of intake facilitics
Nov./'58 ' 7 -
1/100 - Structural drawing of head tank and
Oct./T7 powerhouse building

5.2  Geological Survey Data

Geological sufvc_y data that was collected for this survey is as follows:

. - Mapa Geologico de Colombia: 1988 INGEOMINAS

- Aerial photographs of this power plant and vicinity

- Informe de Resultados de Perforaciones y Ensayos de Suelos para las Pequenas
Centrales, Hidroelectricas de Silvia y Ovejas, 1989 Estudio de Suelos Ltda

5.3  Hydrometeorological Data

Since Silvia P/P does not have the monitoring facilities for discharge, JICA Study
Team gathered HIMAT's hydrometeorological data in conducting this survey.

HIMAT's meteorological and gauging stations and the duration of monitoring record
are listed below: Discharge on the Piendamo River which is directly related to this FS
was monitored at two places of Cortijo El and Pte Carretera.



Table 5.3 List of Data Collected Relating to Hydrometeorology

(1) Precipitation-observation record

_+ Meteorological slauon. Conimi!é r"‘; .- Location - Altitude 'Obscrynlion
. No.. . Name.. ~* + - Latitude - Longilude m)y - period
2105020 Esc Riosucio  HIMAT © 0231 7614 2700 ° 1981.94
2105035 Allamira  HIMAT © 0232 7610 2235, 1975.85
2601007 Ligna San HIMAT 0223 7625 3420 197087
Ralacl - . ;
2602002 Silvia Pra Blectri  HIMAT 0237 7622 2650 1970-87
2602003  Picndamo HIMAT 0241 7632 - 1840 - 1970-87
(?) Discharge-observation record
R I-Iyd;_olngiéfa] - c e s . 7 Location . - . Catchment  Observa-
gauging station River Conlroller Es;il;fjfll-' Al([;")lde arc% _lion
No. Name S Laiitude Longitude (kan) period
2602709  Conijo El  Piendamo HIMAT  1961-05 0236 7622 2630 180 1977-87
2602710 Pie Carretera Piendame HIMAT  1963-12 0237 7630 1770 392 1975-85

(3  Water quality data

As the water quality observation has not been conducted along the Piendamo
River, no such data was available.

(4) Sediment data

No sediment observation has been conducied along the Piendamo River and no
such data was available.
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5.4  Other Related Data- =
5.4.1 Construction Prices Data
Construction prices for civil works in (‘olombm are based on "Catalogo de Precios de
, Matenalcs de Construccion’ (Catalog of Constcucuon Matenal Prxces)" momhly_
publlshed by CAMACOL (Camera Colombmna de la Construcmon) in Cauca
_Department. However, the above publication is not pubhshed in all departments of
Colombia. To coordmate the data of the power plant sne where the FS was
conductcd construction pnces used for this study are based on price data used wnhm
CEDELCA (refer to Table 5 2) ‘
5.4.2 Power Condition Data

(1) JICA Study ‘Team collected the followmg data for the purpose of exammmg )
CEDELCA's power condition.

1) CEDELCA'S actual record and fowcast for power demand from 1970 to
2000 T '

S 2) quELCA power schematic diagram -
(2) JICA Study .Team gathcreci the foliéwiﬁg data' rélating io Silvia P/P. .-
1) - Oneline diggram |
2) Re51dual va.lue.

3) Operation and maintenance personnel
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CHAPTER 6 PRESENT CONDITIONS OF TOPOGRAPHY
AND GEOLOGY '
6.1 Topography and Geology in the Area
6.1 1 Topography
- The source of the Piénd?{mo_River'is located in the westem slope of central Cofdillera,
40 km northwest é)f Popayan, the capital of Cauca Department. It flows downward,

west to the Cauca River in western Morales City.

The project site is located upstream of the Piendamo River. The topography in the
- vicinity of the project site forms undulating valleys with wide ravines.

6.1.2° Geology
The bedrock is composed of tertiary pyroclastic rocks on which talus deposit and
riverbed deposit are widely disixibuted. New pyroclastic rocks are very compact,

* whilé weathered pyroclastic rocks are loose and soft. -

1t is difficult to distinguish from the upper covering layer of pyroclastic rocks,
because the matrix sections will be washed away if the boring work is conducted.

“The 'Stratigtaphjr in the vicinity of the project site is shown in Table 6.1.

Table 6.1 - Stratigraphy in the Vicinity of Project Site

Fra Schematic ,Column_ _ Strata Remarks
: Quatemary - s I Rivel‘bed'deposit
o O R O :
ot el el o e e
6 o Terrace deposit
o o . [+] : .
Tertiary g X N A | Pyroclastic rocks




6.1.3 Geological Structure
According to the geology of the surrounding area, the Silvia-Totoro active fault runs
through the vicinity of Silvia in the NE~SW direction, which was not confirmed by
the field survey.

6.2  Geology in the Project Site

The geological conditions of the foundations for the power plant.and the various civil
structures are described below: (Refer to Dwg. No. SI-G-01) .

(1) Diversion weir

Terrace and riverbed deposits are thickly distributed around the diversion weir.
The diversion weir is presumed not to lie on the bedrock.

(2) Conduction channel

The conduction channels are built mainly on the pyroclastic rocks. The
conduction channel near the most upstream side is built on the thick terrace
deposit.

(3) Head tank, pénstock and desilting basin

The head tank and the desilting basin are built on pyroclastic rocks. The
penstocks are built on talus deposit. A small spring was observed at a low
elevation area.

(4) Powerhouse

Talus deposits are distributed over on the _p)}roclastic_r_ocks in the vicinity of the
powerhouse. The powerhouse building is built on talus deposit and backfilled
gravel. The rock surface is presumed to be of the same level as the existing

riverbed.



tead tank
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Fig. 6.1 Schematic Geological Profile
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CHAPTER 7 HYDROLOGICAL ANALYSIS

Fig. 7.1 shows the Iocdnons of the' existmg gauging stations for momtonng precipitation and
discharge in the watershed of the pro_lect site. -

7.1

 General Meteorology in the Planned Area

Cauca Dcp-artment, in the southwest part of Colombia, lies at 3°00' ~ 3°20" north latitude,

near the equator. -

- Generally, the lowland ah_aas enjoy a trojﬁical climate and have hot and very humid rainy

season. The low_land areas have an average temperature of 24°C, while the highland
areas (at an altitude of 1,800 to 2,800 m) range from 12 to 18°C. : '

Popayan, the ¢apital of"'th_'e department, lying in the highland at an alrtitud-e of 1,500 m,

* has an average temperature of about 15°C. This temperature level remains constant

throughout the year.

| The precipifatio_n' in the high land is'l,OOO - 2,000 mm/year while 3,000 mm in the low

land. However, the an'nu_al'maximuﬁ‘i precipitation recorded in of the west slope area of
West Andes Mountain Range exceeds 6,000 mm. '

The project site with the elevation of about 2,600 m above sea level is situated in the
northeast of Popayan and lies on the Central Andes Range. The annual precipitation in
the project site is-1,000 - 2,000 mm. Though it fluctuates from year to year, rainy and

.dry seasons are compara’tivély clear. (Referto Fig.7.2.)



Cbservaticn Gauging Station
_ i .
Them Ho Name Iatitude | Longitude
pischaxge 2602-709] Cortijo El 0236 7622
2602-710| Pte Carretexra 0237 7630
Preciptation| 2105020 Esc Riosucio 0231 7614
- | - 2105-025| Altamira 0232 7610
2601-007| 230 1 0223 7625
2602-002] BLIvid iy 0237 7622
2602-003| Piendamo 0241 7632
2602-003
A
_ Jpu—n—
2602-709 e e =T .
G.5:Cortijo El / T P T
C.A: 162.9 km? . \
Piendamo .\\.
“Nntake site /
; C.A: 156.9 km?
2602-710 \
G.8:Pte Carretera T e .
C.A:  290.7 Km? )
N 2105-025
/ &
2105-020
A
— - :Bowndary of Watershed (Intake}
~—————:Bowdary of Watershed (Gauging Station)
—t  :Gauwging Station (Discharge)
= A iGauging Station (Preciptation) =
. ) o \ ' : - : " Seale
Fig-7.1 Location Map ‘of Gauging Stations in The Watershed of The Study Area. 9:; : :







Meteorological station No.2602-002 Silvia pte Electri
North latitude: 2°37!

West longitude: 76°22'

Elevation: 2,560 m

‘Annual. average precipitation: 1,360.1 mm

2 0 0 .................................................................... s vl rremimenedonnmee fassaneene deooenne o e,
l 5 0 S [ROTRRURI [T ST
Monthly _ 7 _
Preotmttation o]l Aonugl avebage mpnthly preclpitation: 1113.3lm | .
(mm) 100 | . | SRRSO [STURURURNR SN DUUSUOUE SUPSUROON NUTORPOTIT IO
5 0 N : [ PP FTIITI [P SRR S
]
' 11 2 3 4 | 5 6 7 8 9 10§11 | 12

Fig.7.2 Monthly Average Precipitation in the Project Site (1970-87)
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Discharge Analysié

. The Study Team gathered, eompiieti obéerﬁations recorded at the Cortijo El gauging

E station during 11 years from 1977 to 1987, and then prepared discharge and flow-

7.2.1

duration curves accordmg to reliable ll-year data out of the above record by converting
river basin. (Refer to Drawing No. SI-HwOI._) "

‘Comparing Discharge Observation Record

Though the Cortijo El hydrologieal gauging station itvas established in May, 1961; the

Study Team gathe_ted obéervatiofns recorded dtn*ing 11 years _from 1977 to 1987,

Since non- recorded dates are meluded m the data obtained, it can be used as a complete

. dlscharge observation data,

722

Compaxing! to Catqhment'Aree at the Ga:uging S;tatior_t .

| . To conﬁrm the present 1ocat10n of the ex1stmg COI‘EI_}O EI gaugmg statlon the longitude

and latitude indicated on HIMAT's gauging register are plotted on the topographm map
(1 /400 000) pubhshed by IGAC. However there was a dlfferenee in latitude from the
location of gaugmg station observed by the Study Team through the ﬁeld Teconnaissance.
T herefore, _the Study Team compared the catchment area at the gauging station’ using the
topogTaphlc map (scale 1/400, 000) publlshed by IGAC. Asa result there was great
difference i in the catchment area as shown in Table 7. L :

Table 7.1 Result of Companson of the Corujo El Gauglng Statlon

Locatton and Catchment Area
Iem = © Latiude : Catehmentgarea (km2)
. HIMAT register 2°36' 1800
Observationvalue ~ 2°377° 1629

Difference 01 _ 17.1
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7.2.3 Typical Flow-duration Curve Form

e ;'-"‘Ye'lr—to -year fluctuatrons of the fiver-duration curve oceur at this site. In drawing a

N nonnal flow- duratron curve, the followmg methods were considered:

e

-b}:_'

Parallel method i- t

.The darly average drscharge for 365 days is arranged in descendmg order and the

S ﬁow—duratmn curve for each year is drawn and averaged

rs_randafd:yéar"rne&hoa .

Flow duratron curves for each year are drawn The median curve is then selected

o and set as the flow duranon curve fora standard year

B

lgseacs“mauoa e

- | Darly average drscharge for 15 years is arranged in descendmg order with only the
' Yﬁaxrs adjusted for the one—year curve, '

$ Curve \inSertioriﬁ inethod B N
Average values from 355 day ﬂow, G- month ﬂow ordmary water dlscharge and
" three- month flow observed for a rmmmum of 10 years are calculated and plotted

-'7f_from a dxscharge handbcok for the ﬂow duratwn curve.

| Normal flow~duratron curves are drawn based on the parallel -methed. Non- observed

L years are not 1ncluded The X and Y axes are expressed as darly average discharge

7:2.4.

' (m3/s) and number of days (%) respecnvely

Diséﬁa'rge ar_id Flow;'dijratioﬁ 'c'uri%;e at Cortijo El Gadgi_ng Station

' Dlscharge data trom tlre COI‘II]O El gaugmg stat1on located L 5 km downstream from the

~‘intake site of Sll\ua hydroelectnc power plant, is arranged using the 11- “year observation

- . 'fdata excludmg non observed dates, as shown in Table 7.2.
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7.2.5

In calculating the monthly average discharge, months in which the observation time was
less than 10 days are excluded. A'graphic representation of monthly average discharge,
three-month flow periods can not be clearly distingnished from drought periods in
Drawing SI-H-01 number (1).

However, from June to August is considered wet periods and from September to May is
considered drought periods.

Typical flow-duration curves calculated from the 11-year flow-duration curves from 1977
to 1987 according 't_o the pa_rallel method are indicated in Drawing SI-H-01 number (3).
Periods of three-month f’ldw, ordinhly water discharge and nine-month flow in flow-
duration curves are indicated by numerical values, as shown in Table 7.3.

The maximum dlscharge recorded at Cortijo El gauging station durmg 11 years from
1977 to 1987 is shown in Table 7.4,

Discharge and Flo';\}iﬁhfatioﬂ Cuﬁeé'ht the Intake Site

Discharge and flow duration curves at the intake of this project site are calculated by
multiplying respecuve catchment area ratio by recorded observations at the existing
Cortijo El gauging station located about 1.5 km downstream from the intake site.

Since numerical values for the catchment area at the intake site are riot ofﬁmally approved,

the value of 156.9 km?2, measured by the Survey Team is adopted Therefore, a ratio of
catchment area between Silvia P/P's intake site and HIMAT's C()l’tljo El gauging station
is set at 156.9 / 162.9 096 '

Discharge and ﬂbw~'duratiqn curves at the intake site converted according to the
catchment area ratio are shown in Drawing SI-H-01, and representative values for daily
and monthly average, three-month flow, ordinary water, nine-month flow and 355-day
flow discharge are shown in Table 7.6.
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Table 7.6 Representative Discharge at the Intake Site

1) Monthly average discharge
_ _ - Month
Jan, Feb. | Mar, | Apr. May | Jun, | Jul -|Aug. |} Sept.-{ Oct. | Nov. Dec, | Annual

Max. average e ! R RO NI ENC B S '
discharge 55 138 163 | 83 |03} 107 j 100 | 79 | 63 | 62 | 7.7 | 54 | 34
(m¥s) 400 S A " IR I o S
Daily average o I o e S
discharge 28 1 22 127345 | a5] 60 ] 70§ 52 | 37 |40 40 | 32 | 41
(m3/s) - N . ) R I : .
Min. average . ‘ K AR o 1o _ . :
discharge 1.1 |11 13 | 2270 23| 33 | 40} 31 (24 | 25 | 17| 20 | 50
(m3/s) : B N . N :

2)  Typical discharge of ﬂp’fw—duration _chrve

Threc-month flow Ordmarywatcrdlscharge Nine-month flow 355-day flow

(95-day flow) __ (185-day flow) . (275-day flow)
S.p_'m"‘!s' L "'2.’7 m¥s ._1.8 .m3:/s_.-_' o 1.0 m3/s -

The rlver utlhzanon factor* of the avallable dascharge to normal flow duration

curve

s at thc intake and: the faczhtunhzatlon factor** are represented graphlcally in

Drawmg SI H 01 No 5

*

&k

The ratio of total avzulable dlscharge to total I‘iVGI‘ dlschargc ﬂowmg into the
intake. _ : _ ;

The ratio of total dlscharge of 1ntake-watcr to the avaﬂablc discharge
throughout thc year. : :




CHAPTER 8 . GENERATION PLAN

= ?Tha generanon plan is made based on the planned maximum available dlscharge at Silvia P/P
. .;of 1.5 m3/s. From the hydrological regime at the intake site as shown in Fig. 8.1, this
discharge rate would be appropnate, so alternative plans are not considered. Accordingly,

" the rehablhtatlon plan is limited to the replacement of non functlomng No. 1 turbme (output:

500 kW) which has been left unattended

_8... 1

82

. Maximum Avauabiefni'scharge

As stated _ab:ove,_ th‘e: rehabilitation plan "of. Silvia P/P 1s limited to the replacement of

No. 1 turbine (mitput' 500 kW). From the hydrological regime at the intake site,

the planned avaxlable discharge of 1 5 m3/s is considered appropriate rate for the run-
of-river type hydroelcctnc power plant. Since discharge allocation for No. 1 and
No. 2 turbine is not clear with no measured values, the maximum available discharge
of No 2 unit is assumed to be’ 04 m3/s. The generation plan is made based on the
maximum available dzschargc at No 1 unit of 1.1 m3/s.

. Standard net head

3 "':Assummg that the net head for determmmg the turbme output and calculating annual
o generated energy is constant the standard net head calculated under the following

“standard is used.

- He = Hg-H - . o
- H = v32g (14f1 + f1/D + fm) + h = v2/2g (1.85 + £.L/D) + h

 where:

Hg = BIOSS head

" Head tank water level (2,569.50 m) - dlscharge water Tevel
e (2,536.76 m)= 32.74 m
H' = total loss of head (m)

- Vg = ~.velocity head (m)
f1 = coefficient of inflow loss; 0.1
fo = coefficient oflfrictionai loss; 124.6 n2/D1/3
L = penstock length (m) '
D = penstock diameter (m)

Byle ;‘,_‘f, T O

- :_—8-'—1;_ Lo
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fm = loss coefficient at the branched part, 0.75
h = margin (m) o
n = coefficient of roughness, 0.012
T}abl_e 8.1 Calculation Re_sdlt _6f Standjéa‘rd. Net Head
D L v vi2g V22850 b H He
o (m%S); my. o (m) o (m/fs)- (m) fz_l,’/D- m) ©m - (m (m)
15 091 721 230 0271 147 090 084 174 3100

ACcording_ly, the standard net h'ead is calculated to be 31 m.

83 Gen'e_rated Olitplj_t -

:Theorencal output obtamed fmm available discharge (Q) and the standard net head
C(He) is multlphed by’ the resultant effimency coefficient of the eqmpment and the

- gencrated output is calculated by the following formula.

9.8

98xQxHexn |

generated output (kW)

arbitrary available discharge (m3/s)

standard net head (m)

resultant efficiency of turbine and generator (resultant efficiency of the

singlé unit capacity)
constant (acceleration of gravity, m/s2)

"Resultant efficien}c)"rﬂ(n) is the _vélue representing total efficiency, and this value is

obtained by the fdllo_wing formuia.

.8-3



n = ntxng

where:
nt = turbineefficiency .
ng = generator efficiency

Resultant 'éfﬁciei}cy i_éorrésp'onds té the value of the maximum available discharge
ratio 100% in the resultant efficiency curve as shown in Fig. 8.2. Table 8.2 shows
the calculation result of the generated output for the alternative plans. |

Table 8.2~ Calculation of Generated Output

: @ | @ e | e | e
tem S =
) ' 98x@Dx@ ' @x®
. ' discharge | nethead | Theoretical [ efficiency Generated
Altermative. -\ Q(md/s) | He(m) output | T .. output -
pen - g I B | . PG&W)
No. 1 Unit 1.10 310 , 334 0.740 -0

g-4



~ Fig. 82 Resultant Efficicncy'Curve of Cross Flow Turbine and Generator

100

90—
G5
s
80| |
L0 KW
&
| 200KW_
20 30 46 50 60 70 - 80 30 100

—~z—  Maximum available discharge fatio (%)

| (Source: The above curves are drawn _aCcéfding to the study standard for mini hydro-power
- generating plan, Structure fmprovement Bureau, Ministry of Agriculture, Forestry
and Fishery). =~ S : _
S 8-5
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8.4

Annual Probable Generated Energy

Generated energy is calculated by the following formula.

E = Pxt(kWh)
= 98xQxHexmnxt

where: P = generated output (KW)

t | = operation time (hour)

Assuming that the power plant operation is not interrupted by accident during the year
nor suspended for mainténance, inspection and repair purposes during the year the
annual potential generated energy is calculated by the following methods. :

(1)

2

(3)

Using daily discharge in discharge data plus net head and resultant efficiency at
that daily discharge '

‘Combining hydrological regime and resultant efficiency from the ﬂpﬁ-duréﬁon

curve

Using the generating output-to-available discharge ratio

For the calculatioh of the annual potential genératéd érierg_y at this pro'ject site, item (2)
as mentioned above is used for the following reasons. :

«y

Instead of recorded observations at the intake site of this power plaﬁi converted
data from the Cortijo El gauging station operated by HIMAT is uscd as
discharge data. '

Since there are no recorded observations at the Cortijo El ganging station and
the intake site, discharge data is converted according to the catchment area ratio
at the above gauging station and intake site. | '

The. average generﬁting' output-to- availablé discharge ratio of (3) and flow-
duration curve are used for the calculatlon Howevcr thlS method is not as
accurate as method (2)



Hydrological regime and_ resultant efficiency are combined from t_he flow-duration
curve, and hydrological regime-efficiency method, by which the annual potential
generated energy can be roughly calculated, is calculated below.



T max B - . Maximum avéilabicdiSchérge
p 100(%) 54,%4,\@/7 | ‘
Efficiency of //’ 1
average ”»g Available discharge
7 & |
N
ey
= -~ - 2
27— %
a Z
| 0 ///J{a’////,{//'/&'J’///////M’ﬂ#fﬁ#//ﬁ%’/ﬂfm&é
1.0 0.5 0 -0 35 95 185 275 355
Resultant efficiency Number of days 365
Max. available discharge = m3/s Nethead = m
@ @ @ @ ® @ -
Number | Available Burdex: ratic Resultant | Generating | Average | Generated
Day of discharge Available discharge efficiency power power energy
days (m3/s) Max. available discharge Ui W) W) (KWh)
Max.
95 95-
185-95
1
85 - 90
275-185
275 =90
355-275
355 =80
365-355
365 | 10
Total 365 ( )

@e® e 8206

Possible intake-water days of maximum available discharge are inscrted for the day order .

Represents the difference of the day order of calculation stage and right above stage. This example
employed hydrological regime representative days as a matter of convenience. '

The discharge of the day order topped out by maximum available discharge shal] be an available discharge.
Available discharge divided by maximum available discharge shall be input load factor, and the resultant
efficiency ® shall be read and entered.

98xQxHexn . '

Mean vatue of generated output of calculation stage and right above stage. -
@ x @ x 24 is the generated energy for calculated days, and the total value becomes yearly possible
generated energy. :

Fig. 8.3 Calculation Procedure of Annual Potential Generated Energy by
Hydrological Regime-Efficiency Method
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8.4.1 Calculation of Annual Potential Generated Energy

'The annual potential generated energy for No.1 unit is' calculated according to the

hydrological regime and efficiency method, with the following results,

Tabic 8.3 Calculation of Guaranteed Energy

Max. available discharge: 1.1 m3/s
Standard net head (He): 31.0m
Turbine type: Cross Flow

Number | Available Burden ratio Resultant | Generating | Average | Generaled

Day of discharge Auvailable discharge cificiency power power enerpy
days (m3fs) | Max, available discharge M W) W) (MWh)

Max, 347 1.1 1.0 _ 0.740 247 247 2,057
355 8 1.0 0.909 0.753 228 237 45
363 8 0.9 0.818 0.757 206 217 41
365 2 0.9 0.818 0.757 206 206 9
Total 365 . (226} 2,152







CHAPTER 9  REHABILITATION PLAN

The Téhﬁﬁilifﬁﬁéh 'pl'é'nibf th-is':ihdiVéi‘ 'piant is limited to the réplacement of No. 1 turbine, as
stated pxcvxously In addition, the foundation of powerhouse buxldmg, and tailrace should be
~ . reconstructed. Substauon equipment should be replaccd with new one. '

9.1  Estimated Rehabilitation Construction Costs
The estimated construction costs can be calculated from the estimated costs for
generatmg equlpment and 01v11 constructlon “This can then be divided into the foreign
currency portion and the Tocal currency portions and calculated at the current exchange
rates (September 1989), based on the U.S. dollar.
9.1.1 Estimated Generating Equipment Costs
Accordmg to the ISA valuauon standard CIF costs of generatmg equlpment are

calculated based on the FOB from Japan. The generatmg eqmpment spemficatlons
- and FOB costs are shown in Table 9.1. '

The CIF/FOB ratio fdr' the C[F costs is 1.12, as shown _in_ Tablé'9_.2._



.

Table9.1 Generating Equipment Specifications and FOB Costs

N Tem Rehabil_itatidn of the é}:isﬁng quijit_ies ‘
1. Specifications’ | |
Designdiséhérge (n‘x?’/é). R - 11 ..
Net head (m) L e e 310
Theoretical output (kW) o 7 _ 334_.__
Turbmetypc IR o . Crﬁés.Flow. -
Turbine output kW)~~~ - 260
Generator power factor o R 09
Generator output (kVA) SR _ - 2800
' Main transformer capacity (KVA) : 280
. F_()B_cos_ts (US$1,GOO) - L L
Genemﬁng eQﬁiprﬁt;:nt |
(1)  Turbine etc. - 914
(2)  .' aeﬁérétdr eic. ) | . \ 7:2'..9_
(3)= ()+(2) Sub-total: | 164.3
(4) Number of units 1
(5) = (3)x(4) Subtotal: _ 164.3
6) 480V swit;hgear eic. 61.4
(7)  Transformer and switchgear 92.9
@8) = (5)+HE)+(7) Total: | 318.6




Table 9.2 Impleme_ntation Cost of Generating Equipment

(units: US$10%)

Rehabilitation of the
- existing facilities

tem _
. A . B
1) FOB cost S g6 .
2) Tra_ih_s‘ﬁéﬂation costs, insurance Con N |
| 1Hx0.12 . 382 . -
H T Dx023 <7
&) Valeaddedtax  Dx0134 - 427
'5) Others - 1) x 0.22 | 70.1
6) Subtotal 3568 1838
7) Contingency . Dx017. .. 542 -
8) Engineering fees: 1) x 0,149 415 -
9) Subtotal . 6)+N+8) 458.5 1838
10) Grandtol | 642.3

Note; A =foreign currency portion
B = local currency portion

9_. 1.2 Estimation of Civil Construction Cost

‘The work volume for the rehabilitation ‘or ‘improvement of the main structures is
" multiplied by the unit costs (as shown in Table'5.2) as decided by CEDELCA. The
civil constructidn cost estimates are in the local currency base.
.- The civil work costs estimated are shown in Table 9.3,

- 9-3



92

T:‘ible=9;3 ‘ ﬁstlim:atibn- df 'Civil Cohstruction Cost' -

(unit: 103 pesos)

. Item Rehabilitation of the existing facilities
Equipment foundation reconstruction 4,498
Tailrace reconstruction ' 2,566
Substation foundation construction 2,705
@ Subtotal | a | 9,769
- @ Contingency (@ x 0.15) B : 1,465
. @ Engineering fees (O + @) x 0.10) 1,123
'@ Total (@ + O +®) o 12357

Comparison of Economic Indices

To compare the economic indices of the construction cost per kW and the generating

I

@

3

 cost per kW, the basic conditions for all the alternative plans are as-follows.

Exchange rate for on Septem’t;er 1989 is adopted as folloWs. _-

US$ 1=¥140
US$ 1 = 369.4 pesos
1 peso = ¥0.379

The life of new generanng equipment, as well as repaired and reconstructed
structures is 25 years,

The interest rate is divided into the foreign currency and local currency portions
under the following conditions. : : -

- The foreign currency portion is based on an annual interest rate of 10% |
(unredeemable for 4 years), with repayment of the principal in equal annual
amounts over 25 years.



- The local currency portion is based on an annual interest rate of 21%
(unredeemable for 1 year), with repayment of the principal in equal annual
amourts over 8 years. ‘ '

(4) The operation, maintenagée and ;-nanagenient costs of hydroe'lec.tric power plants
per year is US$4 per installed-capacity (kW).

9.2.1 .Comparison of _Cohstruction Cost per kW _
As shown in Table 9.4 the cost of increased power ouiput is US$2,800/kW.

Table ¢.4 Companson of Construction Costs per kW

"Mem:. . .. - Rehabilitation of the existing facilities
 Bxisting equipment ouiput (kW) .
Ratcdoutput Lo S Po 500

Available-output ‘Pe _ 0
: Postfi_‘chab_ilitation output Py (kW) S 240

Recovered/incredsed output ~ e .

AP=P -Pe (kW) 240
Rehabﬂitatibn workcost - (US$1,000)

Foreign cumancjr portion Cf 45 8

Local currency portion C 218

TowlC=Cf+C 676
Constructioh cost per kW U S$/kW)

cm | R 2,800

C/AP | . 2,800




_K 9.2.2 Comparison of Generating Costper kWh = .
The generating cost per kWh is calculated from the following equation:

Toml costat gonerating torminal
“Supplied output per year '

Generating cost =

where
the supplied outpit per year = aniual potential generated energy () x
_ ut]hzatlonfaCtOI'
= 095E" "

--.The annual total cost .at- generatmg tcrmmal 1s shown in Flgure 9 1. Smce the
estimated service life of the hydroclcctnc powcr plant is 25 ycars, the operanon
maintenance and management costs (AGM per year = US$4 per kW) plus mtrest
payments for the consiruction are totaled and divided by 25 years :

The calculation results of generafihg' cost per kWh'arc:show_r':'in'Tabié 9.5. The
generating cost per annually supplied energy is 33 mills/kWh. .+ ...
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Table 9.5  Comparison of Generating Cost per kWh

tem  Rehabilitation of the existing facilities

Exxsnng équipment capacity:

Power output Pe (kW) ' 0
Energy : Ec (Gwh) : . : 0
Rehabilitation plan: SRR |
Poweroutput = . Pp (kVEV) . L 240
Generated energy . El (Gwh} 2.1
Recovered/increased power B | _ _
Output : AP =P1 - Pe (kw) 240 -
~ Energy  AE= E} Ee (Gwh) 2.1
Total of expenses at generatmg tcrmmal (US$1,000)
Construction work ¢ost |
Foreign currency poruon Cf1 - 458
Local currency portion Cfl S _; 218
Construction cost total C1 =Cf1 + Cl1 7 . 676
Interést paymcnt C2 _ _ , |
- Foreign currency portion sz D 7374
Local cun’cncy pomon Cp : : - 2215
Total Cp = Cf; + Cy ; 9589
AOMC3 US$4x P x25years Y
“Total £Ci=C1+Cp+C3 - f - 1,658.9
Averagc annual cost C -—):(31125 R S 66.4
Generating cost per annually supphed energy” | '
(mills/kWh) S X 7
Per Ey | C/E] jx 0.95) 33

PerAE C/AE x 0.95) _ 33
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Attached Data

1.  Facility Register for the Existing Power Plant

2.  Survey Record



Facility Register for the Fxisting Power Plant

Power Plant __$11Yia .

Electric Power Company CEDELCA

Location Silvia/Cauca
Piendamo

River

Generating Method

Run-of-River

Year Installed 1960
Years in Service 1960
Installed Capacity 604 kW
Available Capacity 100 kW




Givil

Ttem ‘ , ' ' Ds;ta

1) Type e _ . toncrele, | grqru.rf ?'_-‘/
T He‘igmfzm oo _ o -~ 2 = —
3) Crest Z;ngth (m;—u M“— o '/%-’0 o
4) Height of overflg;ing crestm(-;) ) I

o 5) Width ;f ov;;;lowi;lg crestr (m), g o /2:.‘0'.

6) Depth of overflowing crest (m) S ,
B - no dala available

2. Intake Gate :
1) Iype shuice

;; Humber of ;ates o ,Hhm Y _—'—_ -
3) Dimensions (W x H)(m)_mm : ) /,H/H;h;:; HHHHHHHH
3. Intake
1) Intake sill height (m) 256945
2j Number of.intake o “'/—— N
HHHHH 3) D;mensions (W x H) (r:ls i 3—,—2—;—;‘_;—”‘—~~—

4, _Desilti.n_g Basin
1) Dimensions (W x L x H)(m) 90 X 20.0 X /.2

5. Sand Trap Gate

1) Type Shuice
2) Number of gates /
3) Diménsiops (W x H).(m) np data available

6. Headréce

1) Type open - U= channel

3) Length (m) o 607




©givil

Item Data
7. Reservolr Tank
1) Dimensions (W x 4.0 % 160% 3.0
8. Forebay . -
1) Dimensions (W x H)(m) ne dath. éva:-/aé/e
9. Penstock |
B B Number of lines o
~2) Penstock dlameter (d)(m) B ey
-3>_ Penstock length (L)(m) o g2/ B
10, Tallrace

1) Dimensions (W x H)(m)

55X 19



- Bquipment

Item

Data
T R a1 "2
L. Water Turbine SRR
i ' [l ; N .
L 1) I-Ianuf‘acturer..s name - . i Glﬂerf N Kenditl
) 2) Year manufgctureﬁ. = B J9b0 7954 B
3) Type Francis Francis
4) OQutput (kW) 1508HP 70 dols ovesloble
5) Revolution (rpm) ... 900 o
’ - . 7
. 6) Ancillary equipment
a) Type of.govérnor
b) Inlet valve..
~ Type L Manzal
. < Diameter {mm) /6 ineh $
2. Generatp;.and Exciter _
e 1) manu'f:'a(:tﬁr-ef's:.iname —._._‘Bfouvn VB"’F""’J'A L }f/c‘:;‘f:‘ﬂjﬁmlﬂ
2) Year manufactured
- 3) Type .Synéhro. - Synchro.
_4) Capacity. (XVA) 130 625
5) Power factor (%) . B0’ .80
6) V_ol't;’ége (V) 480-276 . 6,900
7) Frequency {Hz) 60 60
g) Revﬁlm;ioﬁ (rpm) " 900 -1, 750 720
9) Method of neutral earthing 7o dai“a. avci}/a.é/e
10) Tybé'of‘excftér . 4 '




E.quipme.nt

JTtem - : . Data

3, Transformer

1) Manufacturer's name 7 AEG (Type TDUF ',_32/%),
2) ;!ear manufactured - Ouutedosr L ONAN '
3) Type L ne dafa avaifabl
4) Capacity (kvA) - 142.5 o
) 5) Primary voltage (k‘f) o, 48 T
) 6) Secoﬁdary ﬁbltage (V) }3.2 25
7) Bumber of unit Vi
) veotor-grow syabol 70 _dala avarlable
9) E;pedance (%) - o . o o
10) Purpose for use __ Step-up

4, Circult Breaker no dala a#‘ai/dﬁ/é

1) Manufacturex's mame

2) Year manufactured

3) Type

4) Voltage (kV)

5) Rated current (A)

6) Rupturing capacity (kA)

7) Purpose for use

5. Transmission Line ' 710 c{_a)fZL avea,fable

1) Destination

;; Length (m)

3) Voltage (kV)

4) Number of circuit

7) Materials of conductors




Eduipment

Item Data

6.

Battery . 70 dala available

1) Manufacturer's name

i a1

2) Year manufactured

NI, i e B i o s o o 1t T S 2ot o e . 7 e

3) Capacity (AH/HR)

4) DC voltage (V)

5) Type

Battery Charger no dola avafable

1) Manufacturer's name

2) Year manufactured

3) Capaclty

4) Incoming voltage (V)

a0 dola avalable

Overhead Crane

1) Weight (ton)

2) Method of operation

3) Span (m)
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