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CHAPTER 1  INTRODUCTION

The feasibility sttid_y (hereinafter referred to as the ES) for the rehabilitation plan of Ovejas
run-of-river type hydroelectric power plant (the rated output: 0.65 MW) was conducted
following the pre-FS that was carried out for eight months from Novenibef, 1987 to June
1988. This repoit is prepared to summarize the results of the above FS.

>

This FS was performed in accordance with the Scope of Work (S/W) agreed and signed in
July 1988 between Japan International Cooperation A'gency (JICA) and Instituto Colombiano
de Energia-Electrica (ICEL). The study was conducted for 1? months from November, 1988
to March 1990,

From among 62 small'sdale hydroelectric power plants operated by ICEL that were
nominated for the study of the lehabxhtatlon plan, Ovejas hydroelectric power plant
- (hereinafter refened to as Ovejas P/P) was selected as a candidate for the FS for the
following reasons: '

1) Basic data reléting to river discharge efc., are comparatively well organized.
2)  Thereis no p0531b1hty of environmental destruction, and water nghts for power -
gencratlon have already been acqulred '
3} The 1,230- mctcr—long steel conduit plpes (6= 1 800 mm) were laid 50 yeals
* ago, and have coir oded or defor med, frequently leaking,

from this ¥, post-réhabilitation generating scale for Ovejas P/P, for which JICA Study
Team proposes as an optimurn ;‘éhabilitation plan, is as follows:

- Méki_mum output o : 3.1 MW

- Annual potential generated power :  26.2 GWh
- Pacility utilization factor : 94%

11






 CHAPTER2 SUMMARY OF STUDY RESULTS

fThe power plant, owned by CEDELCA is the fun- of—rwer type (the rated output: 900 kW),

and is located along the OveJas River in Cauca Depzu’tment It began operatmn 51 years ago in

11939, TIn July 1989 the maximum output was 650 kW and the annual generation output in

1988 was recorcled as 3 747 MWh.

1O

@

~ Pre'scnt condiiion of generating facilities and their 'pfoblems: .

lns power plant was built with a headrace 1 490 m long, w1th 1 ,800 mm dlameter steel

' _COIIdlllt pipes. The steel pipes were laid 50 years ago in 1939, Horizéntal and vertical
' dlsplacement which has been discovered in many locations, has caused deformatlon and

leaks frequently occur, Thc steel pipe which was originally 8 mm tthk is now half as
tlnck 4 mm, and has reached the tolerance thickness.

The e_x'isting' diver's'io"r;-\}ls/eif,' constructed of coarse aggregate concrete, is filled with
sediment up to_cr’cst Iév‘ei and it is difficult to secure the required water intake quantity.

As for the power gcneratmg cqu1pment the honzontal Francis turbine, manufactured in .
1939, was stﬂl workmg up until recentl},r, but generating output has reduced to

) approximately T2% of the rated output, 650 kW. A 500 kW difference between

theoretlcally calculated gcnerated output and the ex1st1ng equipment capacity has been

' found and 1t has rcachcd minimum capacity.

'Altémative mhabilitatioh plans

‘The main problem in the rehabilitation plans for Ovejas hydroelectric P/P is judging the
remammg life span of me 50; year old 1200 metcr-long steel plpes (dlametel

I 800 mm)

_ThlS study, from con31derat10n of safety pr1011ties, is based ¢ on the premme that the full
Aijlength of stcel pipes whlch have corroded or dcformed will be initially remoyed and.
:;'replaced The idea of removing and replacmg only SCCHOHS which have considerably
- corroded of deformed from the emstmg steei plpehne will not be used for the followmg
IC&SOHS ) '
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@  Enormous site investigations are necessary to investigate the degree of corrosion,
deformation and safety factors in the steel pipes, and could not be compieted in the
~ duration or with the study team members.

@ The results of the reeonnaissance survey showed that @ major portion of the steel
pipeline required replacement

"lﬂrom the river flow duration curve at the intake site, as shown in Fxg 2. 1 it is
‘understood that the present plan's maximum available discharge, Q =7 m3/sec, is
uneconomical in view of the water utilization ratié. It is necessary to close the gap _
between the theoretlcally calculated generatmg output (1,300 kW) and the existing

equlpment installed capacity (900 kW) '

Therefore, in-the rehabiii_t:etion pleu_ w:hicll assumes removal of existing steel conduit:
pipes, comparative studies shall be made for the generation-optimizing plan, as well as.

the rehabilitation plan of the existing generating facilities.

Table 2.1 shows contents of alternative rehabilitation plans,



Compa;iéon of Alternative Rehabilitation Plans for Ovejas Power Plant

Table 2.1
Alternaﬁw_a
Tem S ' »
Steel conduit pipeline plan _ Concrete culvert

REH-] REH-2 ALT-1 ALT-2
Discharge, Q (m¥s) 7.0 70 | 100 15.0
Maximum output, P (kW) 1,000° 1,000 2,100 3,100
Facility utilization factor (%) 100 100 99.5 | 04

Rehabilitation and improvement plan:

Diversion weir

To be altered because the dam'agc' is severe, and

sandstrap will be constructed (common to all alternatives

|‘Intake To be reconstrucied corresponding to the alteration of the
diversion weir and the design discharge
Desilting basin | To be newly constructed corresponding to the design

discharge (currently not existing)

Conduction channel

Its adequate cross section will be determined and the
channels will be newly constructed

Head tank To be expanded at its present position

Penstocks Existing penstock and New penstock will be
additional new one installed

Generating equipment The existing equipment New, two-unit system
and additional new one :

Powerhouse building

A new building will be constructed on the downstream

side to accomodate new generating equipment

(3) Selection of optimum plan

ALT-2, where the available discharge will be increased from 7.0 m3/s to 15
m3/s, and the steel conduit pipes will be reconstructed with reinforced conrete
culvert, is considereed to be the more advantageous rehabilitation plan. (Refer to
Table 2.2 for details) However, for the implementation of the rehabilitation,
topographic surveying, land price and compensation cost investigations will be
carried out along a new culvert type headrace route, and recalculation of the
headrace construction costs will be required. '

2-4






Table 2.2 Comparison of Rehabilitadon Plan for the Ovejas

Power Plant

(1) Specifications for Existing Generating Facilities (2) Rehabilitadion Plan 7 N3 (3) Recovered or Increased Energy
| @ @ ® e ity ® @ @ ® @ ® @ ® @
Alternarive . - . .

Plan Max, Net Rated ® ®@ - Max. Standard | Theoretical | Resultant " Qurput Annual probable Facility Output Annual probable
available head output _ available net output | efficiency =@x@ . generated energy utilization =@ - generated energy
discharge Output Generated discharge head =9 8x@ factor

- energy g - : -®
Qo - Ho Po Ps - Ee Q- Hi @ Py _ Et g AP AE
(w3 /5) (m) kW) ) (GWR | (mifs) (m) (kW) n (%) (G ) W) (GWh)
o | New 0 0 0 0 0 3.5 26.0 891 | . 0.830 700 6.5 100 700 6.5
o . B
7| 01d 7.0 24,5 900 650 2.97 . 3.5 26.0 - 892 0.340 300 2.6 100 -350 -0.4
5 Total 7.0 24.5 900 650 2.97 7.0 26,0. [1,783 1,000 9.1 100 350 6.1
ALT-1 10.0 26.0 2,548 0.830 |- 2,100 18.4 99.5 1,450 - 15.4
ALT-2 - 15.0 26.0 3,822 0.830 3,100 26.2 94 2,450 23.2 .
: - . Construction Cosi '. . . L . " Averagc Géncmu‘ng Cost y Cose/ s
@ Rehabilitation Work Coxt (US$1000) per kW (USSKW) _ Total off-\nnua.l Costat Generaunrg Terminal (US$1000) @ per kWh {mills/kwh) . Benefit @
T ) _ . - g = Prncipal repayment amoun for - e
© Gencrating Equipment Cast @ @ @ @ @ = construction cost (25-vear average} 2 @
ati . .- : i Foreign focal
Alli’mamc @ = @ @ Civil @+@ Cost per Costper | Operation ® cu;re_r%cy &) currency @ @+E per Ei. per AE Priority
lan Fomign T Tomal : work AP . Py ~and portion portion . ~-@ID -&/6) C/B * orde
3 = = nienance e vy o= r
cumeney | cumeney | O+ @ cost @@ @iy |ma 2610x@ 2,016 x @+@ =0.95 =095
ortion ortion ' coss + 15 (@+&@]
ey ’ C1e Ci. C2 C Cl/AP P AOM - 7%
REH~1 1,000 400 1,400 5,150 6,550 18,800 6,500 4.0 106 447 553 557 65 96 6.19 4
REH-2 1,000 400 1,400 2,900 4,300 12,400 4,300 4.0 106 266 372 376 44 65 3.98 3
ALT-1 2,200 900 3,100 | 3,650 2,650 4,700 | 3,200 8.4 231 366 597 605 35 41 2.84 2
ALT-2 2,650 | 1,050 3,700 | 4,300 8,000 3,300 2,600 | 12.4 277 433 710 722 29 33 263 1
(Notes) (): For the existing generating equipment spesifications, refer w the facilicy mgk&r record attached 0 @) : Ex(Energia Vledia)
the pre-FS report. - - .
. ) _ _Tawl of annual average cost at generadny eminal . o . Annual water amount for turbine (m° /s-hr) o
+ Generating cost = Annual average supplied eiecaric power @: &= Qp x363 x 24 x 160(%)
@ : C/B is the value of cost and benefit rado calculated according o the financial analysis. : The annuat AOM s the amtount which is equivalent 1o USS4 per k',
@ : Esiscomputed according 0 the average annual operation resord for 5 years from 1984 to 1983 - _ L _ L
@) : T is the resultant efficiency of wrbine and generator. ' : Interest is calculated by a repayment of principal in equal annual amounts under the foilowing

condidons. :

Foreign cumency pordon: Annual interest rate of 10%, unredesmable for £ years, sepayment aver 25 vears

Locai currency gordon

Annuat interest ratg of 21¢%, unredezmable for | year, repayment over 3 vears







CHAPTER 3 STUDY PLAN

31 Organization of Study Team
3.1.1 JICA FS Study Team .

JICA FS Study ’_I‘éam, listed below, includés the team leader and two members who
 participated in the pre-FS, engineers, geologists, a hydrologist and an economist.

Name = . Positi(_)n ; Assignment
MasamiOno-~  Team leader " Total coordinator (civil enginéér)
Murao Toyama Team meﬁlber ' Power generation planner {civil engineer)
Susumu Nonaka " Hydrologist .
Yoshio Kawasaki i Gen.erati:ng ec:;ﬁipment planner (éivil engineer)
Akira Takahashi . Generating equipment planner

(mechanical engineer)

Masayuki Tamai " Generating equipment planner
7 (electrical enginecr)

Nobuhiko Uchiscto | " Geologist

Takashi Inoue : " Geologist

Masaaki Ueda | | " Economist

3-1



3.1.2  Counterpart Engineers from ICEL

Engineers who were engaged in this study as counterparts to the JICA FS Study Team

are as follows:
Name Field Position
Juvenal Pefialoza Rosas ~~ Civil _En'gihécﬁng ' Head pf Central Eng. Div.
Jairo E. Gonzalez Morales ~  Civil Bngineering Central Eng. Div.
Mario Gutierrez Ospina Civil Engineering Central Eng. Div.
Rafael Torres Marifio Civil Engineering =~ Central Eng. Div.
Rafael Gomez Florez Civil Engineering Central Eng. Div,
Jorge E. Hurtado Mufios Civil Engineering ~ Central Eng. Div.

3.1.3 Supporting Technical Staff from CEDELCA

JICA FS Study Team obtained cooperation and support from the technical staff as listed
below: '

Staff . o ' Position

Fernando Iragorﬁ Cajiao President
Jose Morales M. Vice President
Larry Guzman M. Civil Engineer

3.2  Study Items and Study Schedule

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

3.2.1 Study Items
Study items for the FS as described in the S/W are as follows:
(1) Review of the existing data

(2} Site reconnaissance
(3) Field work

3-2



1} Topographic survey
2) Photogrammetric mapping
3) jGeoIO’gic_al investigation
4). Data collection
(4) - Power survey
(5) Optimum plan
(6) Feasibility design |
(D _Stabﬂity and safet}i analyses .
(8) Construction method -
"(9) Costestimation
(10) Economic and financial analyses
(1'1') 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 Ovejas P/P, as shown in Tablé 3.2,

' In the first site réconnaissance, two civil engineers responsible for hydroelectric power
generating planning conducted the present-condition survey of the existing facilities

- (mainly civil structures) and collected necessary data.

In the second field survey, three members including team Ieadér, a geologist and
hydroelectric power generation planner gathered data relating to the geological survey,

The first site reconnaissance

Table3.2 Field Survey Schedule

. _ : - - _' . Member
- Date Schedule _ Detail of Study Item .
S L ICEL . JICA
Jan.31 Pasto — Popayan - '- DiscﬁSSidn iit.CEDELCA,' I. Gonzalez Murao Toyama
: and data colleclion ' ' " Yoshio Kawasaki
PFeb. 1 Field survey at Silvia P/P
Feb. 2 Field Sur\;ey at Ovejas PP
Feb, 3 . Discussion at CEDELCA
Feb.4 _ Popayan —.—>.Bog0t_é : TmVeling .
The second field survey
T : Member
Date Schedule Detail of Study Item
ICEL Clca
July 12 = Bogota — Popoyan Discussion at CEDELCA, - Masami Ono
' field survey at Silvia P/P’ . Yoshio Kawasaki
_ _ T ' Takashi Inoue
July 13 Field survey at Ovejas P/P
July 14 Same as above
:July 15 Popoyan — Bogota Trével '
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3.3 Detail of Field Survey Work
The field survey work planned in _consultétions between the JICA Study Team and
ICEL counterpart staff and according to the results of the site reconnaissance, included
topographic surveying and boring survey as described below, but did not include
photogrammetric mapping.

3.3.1 Scope of Topographic Surveying

The scope of the topographic. surveying is shown in Fig. 3.1. The scales for the
topographic maps are as follows: ' ' '

(1) The existing diversion weir, intake, desilting basin, head tank and powerhouse
building were drawn on a scale of 1/200 with contour lines of 2 m. Main
structures for the existing facilities and position of bench marks and boring were
indicated in the above drawings.

(2) Penstock
The longitudinal section of the existing penstock was drawn on a scale of 1/1000
{plan) and 1/100 (section). This section was also drawn on a scale of 1/100, and
with 20 m width and 50 m pitch. '

(3) Bench mark
The bench marks shall be set up at the three locations,

3.3.2 Boring Survey Work Plan

'The boring survey shall be conducted as follows:

No. Location Depth Note
BH-1  The right side of the diversion 10m The locétib_n 6f boﬁng
weir holes is shown in Fig. 3.1.
BH-2  Starting point of conduction 10m
channels
BH-3  Head tank 10m
BH-4  Powerhouse building 10m
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CHAPTER 4 PRESENT CONDITION OF THE STUDY AREA

4.1

Power Conditions in the Power Sector

ifPi)Wer conditions in the public electric power company operated power plant under

4.1.1

study for rehabilitation (hereinafier called public electric power company), are described

below.

Balance of Power Supﬁly and Demand

- Table 4.1 shows the flgures for power supply and demand in the past five years from
1983 t0°1987. In 1987, peak demand was 76 MW, while 1nstalled capacity was

33 MW. (43%) In 1987, electric power was 204 GWh, while Supphed power was

114 GWh, which was about 56% of total electric power. The public electric power

company bought electrlcity eqmvalent to 211 GWh from an other electric power
company.

. The breakdown of power"d‘e’inand in 1987 indicates that power demand for res'idential,
*-commercial, industrial and other uses was 73%, 6%, 9% and 12% respectively. The
- power demand for residential use was high, while that for commercial use was low.

The annual average rate of increase in power demand from 1983 to 1987 was 5.1%.

The annual average rate of increase in generated energy has decreased to -3.4%, the rate

of buying electricity has increased.

4-1



Table 4.1 Power Supply and Demand
(1983-1987)

Annual
Ttem 1983 1984 1985 1986 1987 [
y . . . 0 Raew
- _ N
1. Peak Demand (MW) 50 56 69 68 76 11.0
2. Electric Power (GWh) o - |
1) Residential 125 144 142 144 148 43
2) Commercial _ 11 12 2 12 .1z 0 22
5 Industial . 9 15 13 - 17 18 189
4) Miscellaneous - 22 21 18 17 - 26 . 43
Tota 167 . - 192 185 190 204 5.1
SUPPLY
1. Tnstatled Capacity (MW) 33 33 33 33 33 0
2. Generated Energy (GWh) 131 121 120 127 - 114 34

3. Power Loss (GWh) ... 60 66 . 94: - 114 121 1.2

' (Souces INFORME ESTADISTICO: RESUMEN 1983-1987)
4.1.2 _Prcsent‘Conditi.ons..of Gen_eraﬁhg F@ciﬁﬁés
(1) Generating facilities
Table 4.2 shows the installed cépacity of the public electric power company. The

generating system of facilities owned by the public electric power company is
hydroelectric power generation and diesel power generation.

- 4-2



2)

Table 4.2 Total Installed Capacity of the Public Electric Power Company |

: . Annual

_ I . . S . - Averape

coltems 1983 1984 1985 1986 198? Tncrease

- : - ' Rate (%)

Total Installed Capacxty

1. Dxesel_ 0.6 0.6 0.6 0.6 0.6 0
2. Hydroelectric 328 328 32.8 32.8 32.8 0
3. Others .. + -~ 0 0 0 0 0 0
Total 334 334 33.4 334 33.4 0

(Soutce: INFORME ESTADISTICO: RESUMEN 1983-87)

Table 4.3 sh'divs condition of poﬁ«er_plaﬁis for which the TS was conducted.

Tabie 4 3 COIIthlOllS of OVB_]&S Power Plant

(1984 1988)

em 1984 1985 1986 1987 1988

) Instlledcapacity (W) © 900 900 500 900 900
2) Generated enesgy (MWh) 4126 4065 2288 6225 3,147
3)  Facility utilization factor (%) 52 52 29 8 48
99 s 2 98

4) - 'Operating time (%) C97

(Source; Data compiled from CEDELCA)

Transmission facilities

The pubhc electric power company provides 115 kV trdnsmmsmn lines to its
transmission ‘and substation facilities at Ovejas P/P, Voltage to be transmitted to

Ovejas P/P is 13.2kV.



4.1.3 Generating Cost and Electric Charges

. Table 4.4 indicates the changes in generating cost and electric charges in the past five
years from 1983 to 1987.

Table 44  Generating Cost and Electric Charges -

“Annual

Ttem 1983 . 1984 . 1985 1986 1087 fiverge
Rate( %)
Generating Cost (COL$/kWh)  3.30 436 641 818  10.40- 33.2
Electric Charge (Average):
(COLSKWh)
1. Residential 2.63 3.33 4.44 568  7.05 28.0
2. Commercial 409 529 664 877 1185 30.5
3. Industrial 5.21 571 721 927 1346 268
4. Public use o 2.98 3.80 545 139 9.85 34.8
5. Average 289 365 453 626 196 28.8
Breakdown of Power -
. Demand by customer o .
1. Residential | 47936 54,380 $9,719 64,565 70,953 103
2. Commercial 1,573 1,542 1L690 1,695 1,776 3.1
3. Industriat 246 251 - 268 287 . 310 6.0
4. Others %41 - 993 974 987 1,013 1.9
5. Total | 50,696 57,175 62,651 67,534 74,052 9.9
Diffusion of Electricity ' '
1. Overall 759 777 796 814 833 2.4
(1000 households) . A
2. Power demand 213 241 265 287 315 10.3
{1000 households) . _ _ S
3. Electrification rate (%) 28 31 3 35 38 19

(Source: INFORME ESTADISTICO: RESUMEN 1983-87)
4.1.4 Forecast of Power Supply and Demand

CEDELCA forecast of the power supply and demand until the year 2000 is shown in
the following table
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Electi¢Power Peak Demand

T(OWh) -
Yo - _ o "
Gpemed oty 7y Guewed  Heomely o
1988 118510 23262 35113 287 $500 83790
1989 11851 25501 42348 . 287 7048 99.18
1990 118.51 41564 53415 28.7 9214 120,84
1991 11851 46647 © $8498 . 287 10518 13388
1992 11851 S2281. 64132 287 11974 14844
1993 118.51 52045 . 70376 28.7 13602 16472
1994 118.51 65445 77296 . 28.7 15422 182.92
1995 118.51 73115 849.66 287 17455 20325
1996 118.51 816.15 - - 93466  28.7 19727 22597
1997 11851 91036  1,028.87 28.7 22267 . 25137
1998 44851 68477 1,133.28 113.7 16605 279.75
1999 4dg51 - 80049 1,249.00 13,7 197.77 31147
2000  448.51 86395  1,312.46 1137 23321 34691

4.2 Operation Record of the Existing Power Plant
4.2.1 Generated Energy
The records of generated eric':rgy' and operating time at the Ovejas P/P during the five
' years from 1984 to 1988 are shown in Table 4.5. The operating ratio in 1988 was

98% with continuo'us, no-break operation but the facility utilization factor, at 48%, was
Clow.
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Table 4.5 Records of Generated E’ihérg:y'and Operating Time

Output

; L Generated, Operatmg | Eq'u‘ip.oment. Opeating
Year, m“;f;ﬁgiﬁ?e S energy tune 7 util, ratio ‘_'_1jatio
MW) MWh) - () (%) CON
1984 0.9 4126 8494 . 52 . 97
1985 0.9 4,065 8,647 - 52 99
1886 0.9 - 2,288 : 5111~ 29 © 58
1987 . 0.9 6225 - 1,912 g8 22
1888 0.9 - 3,747 . 8,614 48 08
Remarks:
1." The generated energy. (MWh) is gros‘s umt
2.  Theequipment utilization'ratio.(%) - Generated energy (MWh) - x 100

4.2.2

8760 (hr) x output on the name plate

Operating time (hr) .
s760 (he) 20

3. The operating ratio (%) =

Operation and Maintenance Costs

“The records of this power plants operation and maintenance costs for five years from

1984 to 1988 are shown in Table 4.6. Operation and maintenance costs fluctuate but
the average is 2,546 pesos/MWh.
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'I_‘ab_lc 46 | Record of Opcra_tion and Maintenance Costs

~Generated. .~ - Operation and -

Year . Energy . Maintenance Costs ‘RN%% '

. MWh) o (Pesos) : :
1984 4,126 | 4,559,239 1,105 -
1985 4065 - 6906408 1,699
1986 2,288 7523205 - 3,288
1987 6225 6967500 11,193
1988 3747 11850013 o 3,162
Toal 14,8485 - 37,806,365 2,546

4.3 QGeneral Condition of Generating Equipment and Civil Structures " '
4.3.1 General Condition of Generating Equipment
‘The present condition of the generating equipment is summarized below:
(1 'Genéraﬁng equipment“ =
The manufactming years of the turbine and -t}ie'generator which are inscribed on
the name plates are. 1938 and 1940 respectively. . The exxstmg equipment is
already 51- ~year- -old and maximum output is now 650 kW (the output inscribed
~on the name plate is 909 kW) : '
As shown in Table 4.5; the 0perating‘.rétio is ‘close to 100% but equipment
- utilization ratio is about’ 50%, a low value. The reason for this is that the

generatmg equlpment function has dropped

‘Tables 4 7 and 4 8 show the defects in water tu1b1nes and generators accmdmg
foa CEDELCA survey
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Table 47 Major Defects in Water Turbines and Auxiliary Equipment

Equipment - Major Defect
Casing Inside of casing has been worn out by sand
Runner Runner has. been worn out by sand
Guide vane 1)  Operation of this vane is difficuit.

2) Vane cannot be thoroughly closed off; in closed condition water

enters runner from casing

Bearing Bearing surface is not sufficiently lubricated
Inlet valve - Operation of this valve iS difﬁéult
Governor Accuracy is not high since it is Belf—driven
Hydraulic Oil leaks occur .
equipment

Table 4.8 Major Defects in Generators and Auxiliary Equipment

Equipment Major Defect
Rotor The coil surface overheats and discolors
 Stator The in.sulat.ion resistance is low
Bearings 1) The bearing surface is deformed
2) The bearing is not sufficiently lubncated
3) The bearing overheats
Turbine, 1) Inaccurate measuring equipment and protectioﬁ relays
Generator 2)  Skill is required because of manual operation for synchronizing
Control Panel
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2)

3)

Transformer

There is no voitage transformer smce the cxlstmg generator voltage is 12.5 kV
and this power plant is dn‘ectly connected 1o the 12.5 k'V distribution lines.

Switchgear_ |

The sw,{tchgé_éii‘ _for"conne_cting to 12,5 kV power transmission lines is installed in
the powerhouse. ‘According to a CEDELCA survey this switchgear is 49 years

~ old and insulation resistance is low. Furthiermore it is reported that it is of an old

.. type \_yith_pquscd charging'parts and it is therefore dangerous.

4)

Distribution line

There arc_ existing 12,5 kv Ipower transmission 'lines conriected to the power

plant. These distribution lines are also connected to the: Asnazu hydroelectric
power plant (440 kW) and these plants sﬁpply to consumers in the surrounding
area. In addition to 12.5kV distribution lines there are also 13.2 kV distribution
lines. The 12.5 kV and 13.2 kV distribution lines separate at E1 Hato. In futme
CEDELCA intends to use only the 13.2 kV voltage.

4.3.2 General Conditions of Civil Structures

ey

()

Intake facilities

| Thg'dive;é_ion weir,. of which crest is 24.0 meter long and 2.5 meter high, was

equipped with a wooden stop log in the center of the weir to regulate a water
level. At present, the central portion of it is damaged, and the level of the intake

~ dam is lowered becauSe of the damage. The intake is located on the right bank of

the river, arranged about 45% i m the dlrectlon of the ﬂow ~and equipped with a

' manually regulatmg gate whlch 1s 2 0 m w1de and 2.0 m hlgh

Headrace channel

“The L 2 km-long steel condmt p1pes (d1amcter 1 80 m) are laid on the narrow
"ﬂat area along the Ove;as Rlver Presently, the majority part of the channel is

filled up with the 5011 to top of the plpes They are severely worn out fo cause
water leakage from agmg and deformation by earth pressure.
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(3)

@
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6y

(7)

— —Astemed Coustryctiol fine

Jg'izﬂl__gfrzUni,.{;n e

Pressure pipes are used for the channel to suit the topographic conditions. Some
30 m portion of it in access to the reservoir was ruptured by negative pressure
and earth pressure, and was repaired.

Desiit'mg basin

A Desilting basin is not installed.

Head tank

The head tank, 5.2 m wide, 22.5 m long and 3.2 m deep, is in a good condition
but the size is not large enough.

Steel pressure pipes

There is no problem in the 65-meter-long steel prcs_sur«:'pipcs (diameter: 1.6 m)
except painting. However, the inner wall may be worn out by aging.

Powerhouse

The reinforced concrete powerhouse (8 0 mW x 14. O mL x 5 0 mH) which
accommodates one generator, has solidity and enough space.

Gates and valves

Steel gates msialled at the mtake and thc head tank are sull functmnmg, though

they have deteriorated.
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CHAPTER 5 BASIC DATA COLLECTION

The pre-FS was conducted from November, 1987 to July, 1988, In succession, the FS was
carried out in November, 1988 to collect topographical, geological, hydrometeorological and
other related data as detailed below: ' I '

5.1

Topographic Maps

Ovejas P/P, built along the Ovejas River of the Cauca River system, is located about
10 km upstream of the confluence of the Ovejas River and the Cauca River, which join

the Cauca River.
JICA Study Team collected the following topographic data.
- Topographic maps (scale: 1/25,000 - 1/400,000) published by IGAC

- Topographic sufvey maps that were actually measured by CEDELCA for the
study of this power plant '

(1) Topographic maps published by IGAC

Scale - Drawing No. S Description

1/400,000 - - the whole area of Cauca Department
1/ 250000 320LCD |
320-1V-5,BD Power plant and upstream area are
321-1I-C covered. .

342.11-B

(2) Topographic maps actually measured by CEDELCA

Topographic survey maps actually measured by CEDELCA from March to June,
1989 for the study of this power plant are as follows:
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Topographic Survey Map ' ~ Scale

Plan of the whole area and profile 17500
Plan of diversion weir :ahd'gvici'rii_ty ' o ipos .
Plan of head tank, 'pOWer'plaht and vicinity ! 1200

5.2 Geological Survey Data
The geological survey data that was collected for this prdjéct is as foﬂqiys;: o
- Mapa Geologico de Colombia: 1988, INGEOMINAS
- Aerial photogi‘éphs"of 'méj;&;ver plant and vicinity
" _ Informe de Resultados de Perféracion.es'y. an'ayosu de Suelos para las
~ Pequenas Centrales, Hidroglectrica de Silvia y Ovejas, 1989, Estudio de
" SuelosLtda '
53 Hydrometeorological Data
Since Ovejas P/P does not have the facilities for,r_nonitoring precipitation levels and
discharge, the JICA Study Team gathered HIMAT and CVC hydrometeorological data
in conducting this survey. ' '
The precipitation observations for the Ovejas Ri_{r‘e.r,were recorded at the HIMAT
gauging station. - The discharge obsérvationS'WGre _ré:dorded at three CVC stations; Los

Combulos, Abajo Tarabita and Pte Carre'tera',"t'he last of which is on the Mondomo
River. The collated data is as follows: -
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Table 5.2 List of Collected Hydromeieorolog_y Data

(1) Precipitation observation record

_ Meteorological station Location . spee e Observation

- Latitude  Longitude ,(E—‘_L._-‘ m)  period

— . Céntroller
No.: _ - Name . '

2602002 SilviaPta Electri HIMAT 0237 7622 2650  1970-87

2602003 Pienddmo - HIMAT 0241 7632 1840  1970-87
__260_2‘-0_10'. Buchos Alres  HIMAT 0301 7634 1050 1977-87
2602.016 CaalinaLa  HIMAT 0257 7630 . 1373 1972.87
2602-020 - A’m'p'aro El HIMAT 0253 7629 . 1850 1971-87
2602022 Mordles CHIMAT 0245 7638 1360 1971.87
- 2602:039 _.'?Uvgzes'Abayo_' CHIMAT: 0252 7636 1263 - 197987

2603504 Salvijinala . HIMAT = 0258 7642 1100 197285

 (2) Discharge observation record .

Hyd'rological

gauging station River Con.tr.oil er Establish- Location Alﬁtﬁdc Calﬂ:;mnt' Q'isizr;a"

- i - ment {El, m) 2 .
No. Name Latitude Longitude (km) pe_nod
2602-703 Pte Cametera Mondomse CVC ~ 1974-07 0252 7632 1305 - 1954-70
2602-711 Ahajo Tarabita Ovejas . ‘é\_fc . 1964-09. 0252 - 7636 1263 607 1964-37
2602-728 Los Cambulos Ovejas CVC  1980-07 0251 7639 1143 - 1982-86

(3) Water quality data
The observation of water quality was recorded at the Ovejas P/P as shown below.

Observation fGriéaE: " June 1962 - June 1975

Observation jtems: - CO3, HCO3, Ca, Cl, Ca, Mg, conductivity, turbidity
. o ()

Observation period; .May 1989 - June 1989 -

Observation items: ~ pH, SO4, C1, CaCO3, conductivity

LI



(4) Sediment data
The sediment data recorded at the Los Cambulos gauging station is shown below:
Observation period: ~ Mach 1982 - April 1982
Observation items:  Sediment grain-size distribution
Observation period: July 1981 - Fcbruary 1983
~Observation items: Turbidlty (ppm)
5.4  Other Related Data
5.4.1 Consftruction Prices Data
Construction prices for civil works in Colombia are based 611 "Cé.téi;jgo de Precios de
Materiales de Construccion (Catalog of (,onstrucuon Matcnal Prices)" mdnthly
published by CAMACOL (Came,ra Colombiana de la Construccmn) in Cauca
‘Department. However, the above publication is. not pubhshed in all depmtments of
Colombia. To coordinate the data of the power plant sites where the FS was

conducted, construction prices used fer this study are based on pncc data used within
CE’DELCA (refer to Tabie 5.2).

5-4.2. Pow_er Condition Data

(1) The followmg data was collected for the pmposc of exalmmng CEDELCA s
power condition. ~ o _

1) CEDELCA'S demand foreca.st from 1970 to 2000
2) CED_ELCA'_; power schematic diagram
(2} The following data was gatl_lerec_i relating to Ovejas P/P.
) One line d'i'aggramb' | | |
2) Residual ya_luc )

3) Operation and maintenance personnel -
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CHAPTER 6 PRESE‘\IT CONDITION OF TOPOGRAPHY AND

6.1

6.1.1

6.1.2°

GEOLOGY

Topography and Geology in the Area
Topogi'aphy
The source of the Ovejas R'i\'rcur“is at the wéé{eril slopc'of the Central Cordillera, about

40 km north-northwest of Popayan, from which the Ovejas River flows northwest to
join the Rio Cauca near Suarez.

4"The pro;ect szte i8 sﬁuated on the downstream S1de of the Ovejas R1ver and the
: topography around the p1o;ect «‘.1te is formed by gentle hills.

Geology

The bedrock consists of shale formed in the Mesozom era (or the Palacozom era), The

shale in a natural ‘condition is -black and hard on which thick gravel covers, The

surface layer of gravel is laterized. The quartemary riverbed, tabus, terrace deposits -

' cover the ‘gravel. The stratigraphy in the v1cm1ty of the prolect s1te is shown in

Table 6. 1
. - Table61 Stratigraphy in the Vicinity of Project Site
: Schor_r_latic
Era - -_:: column Strata Remarks
€ 2| Riverbed deposit
Quartenary '_-f_‘,d 'A._ A"‘?._ Talus deposit
1% % ° | Temace deposit
o o Kbttty s
Tertiary | Gravel .
Mesoioic




6.1.3 Geological Structure

6.2

The bedding plane constituting the bedmck smkes N2°W~20°E 75~60. The structure
of the boundary surface between the bedrock and the upper thick gravel is not clear.

Geology in the Project Site

The .general conditions for the various structural foundations of the power plant are
outlined below. (Refer to Drawing No. OV-G-01)

- (Power plant)

‘Terrace dep031ts cover the mesozoic shale in the v1cm1ty of the powerhouse Most of
the powerhouse buﬂdmgs have foundauons on the mesozoic shale The boring survey

carried out on the upstream énd of the power plant revealed that the plant site lies on the
bedrock at a depth of 2.2 m and the rock surface level is the same level ae_the.existmg

riverbed.

(Head tank, water channels and intake)

The head tank water channels and d&versmn weu: a.re 1ocated on the thlck gravel and do

" not tie on the bedrock. The bonng survey carried out on the left and right banks of the

diversion weir revealed that the gravels overlay up to a depth of 10 meters with no

presence of shale. - llead tank

Tws T m
o T o
.--_...._--_..\ _._'7—\_....-— -

\“ ‘\ N

Pover house . ~

Talus dep. Rio Ovejas

S “Terrace dep.

Fig. 6.1 Schematic Geological Profile
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6.3

6.4

Distribution of Concrete Aggregates

The aggregate for concrete ete., can be produced from riverbed deposits.

LA (U P

Geoiogical Evaluation

1)

2).

3

6.5

Mesozoic shale, constituting the bedrock in the project site, is very hard and

dense in the natural condition, and has sufficient bearing capacity and

impcnneability for the foundations of the various structures,

The thick gravel overlying mesozoic shale has sufficient bearing capacity as 8

structural foundaﬁon. However, collapse or landslide have occurred in several

areas of the slopes and so there is a problem with slope stability.

The steel conduit pipe'foutc rims under the nick point along a gentle slope. The

steel conduit pipes have deformed, leaking due to landslide and collapse.

‘Fig. 6.2

Collapse

“Condit plpe

Schematic Geological Profile Near the Conduit Pipe

Topograhical and Geological Problems

There are no geological problemé in the intake, the head tank and the power plant.
However, the rock surface is deep below the Water channel, and there is evidence of
iandslides in several places along the pipe route. Therefow, proper measures fo prevent
landsltdmg must be taken.






CHAPTER 7 HYDROLOGICAL ANALYSIS

Fig. 7.1 shows the location of the existing gauging stations for monitoring precipitation and
discharge in the watershed of the project site.

7.1

General Meteorology in the Planned Area

Cauca Department, in the southwest part of Columbia, lies at 1°00' to 3°20' north
latitude, near the equator.

Generally the lowland 'aréhs_ c:njoy'a tropical climate and have a hot and very humid
rainy season. The lowland areas have an average temperature of 24°C, while the
highland areas (at an elevation of 1,800 to 2,800 m) range from 12 to 18°C,

Pc_:payaﬁ; the capital, lying at an elevation of about 1,500 m, has an average
temperature of 15°C. This temperature level remains constant from year to year.

The annual maximum precipitation'in' the highlands is 1,000 - 2,000 mim, while
precipitation is low for the lowland areas. On the west slope of the West Andes
Mountain Range the annual maximum precipitation exceeds 6,000 mm.

The project'site, at an elevation of about 1,200 m above sea level, is situated to the
north of Popayan and lies in the Central Andes Range. The annual precipitation in the
project site is typically rélatively large, though it fluctuates from year to year. The rainy
and dry seasons are clear (refer to Fig. 7.2). -
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Intake Site
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Fig-7.1 Location Map of Gaug:i_hq Stations in The Watershed of The Sfudy Area.-
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Meteorological station No.2602-039 Ovejas Abajo Alert
| North latitude: 2°52!
' West longitude: 76°36!

BElevation: 1,263 m

Annual average precipitation: 1,957.1 mn

300
'2 5 ﬂ .......
2 g 0 ................................... [ESTRRTRRRRINS: FRUPITUFOTOITNY TS e fo e e e
______ A 1.-Annla). avirage {monthly pretipitabions [1.954.1 ma| ...
1 5 u ................................... . y - wbannd rartsemannes | arianess .................................................................................... e
Monthly _
average
precipitaticn
(ren}
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Fig.7.2 Monthly Average Precipitation in the Project Site (1987-87)
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7.2

7.2.1

Discharge Analysis

The discharge and flow duration curves in the'pro'ject site were compiled by comparing
the records of Los Cambulos, Abajo Tarabita and Pte Carretera, Five-year
observations recorded at Los Cambulos gauging station, where is closest to the planned
power plant's intake site, were used as the basic data, after adjustment of the river
basin. (Refer to Drawing OV-H-01(04)) :

Collation of Discharge Data

The observation periods for the discharge data cbllccted by the JICA Study Team is as

follows:
Los Cambulos 1982 - 1986 5 ye.ars (Es'taﬁlishcd in Jul. 1980)
AbajoTarabita . 1964-1987  24years  (Established in Sept. 1964)

Pte Carretera 1954 - 1970 17 years (Established in Jul, 1954)

The gauging station which was closest to the location of the intake of the project site is
Los Cambulos, 1km upstream, but it has only 5-year observation records.
Furthermore, observations were recorded continuously for 24 years at Abajo Tarabita
gauging station, 9 km upstream from the water intake, |

The collected discharge records included non-observed dates. Years that observations
were completely recorded are as follows:

Los Cambulos 1982 - 1986 5 years
Abajo Tarabita 1965 - 1987 23 years
Pte Carretera 1954 - 1963 - 10 years 3
1966 - 1968 . 3 years’ } D3years

(1) Collation of Ca'tchme_nt Arca

Since there are no records of catchment area for Los Cambulos and Ple Carretera,
the JICA Study Team measured this from the map on a scale of 1/400,000'issued :
by IGAC. Since there was a big difference between the recorded values for
Abajo Tarabita catchment area according to HIMAT (913 km?2) and CVC
(607 km?) it was decided to use the similarly collated CVC value. Thus, the
catchment area for each station, as used in the flow analysis, is as follows: '
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Gauging Station Catchment Area

Los Cambulos * +- 8519 km?
Abajo Tarabita 607  km?2
Pte Carretera ' 136 km?

{2) Collation of Unit Flow Duration Curve per 100 km?2

The observation records for each of the Los Cambulos, Abajo T'arabita and Pte
Carretera are as shown on the same time scale diagram below: '

i -1

Years 1 _ 1 i
g 9 9 9 : 9
', 5 6 7 8 9
Gauging Station 01234567890123456789012345678901234567890
) . B2 13
- Los Cambulos | A
: " ' 85 &7
Abajo Tarabita (77777 pzz777227A |
. ' ’ CbservatimotSaxrePeriodl . '
. : 5 63 8 3.
Pte Carretera ﬁ il SM 1

Sy Observation of Same Period
>| b

@ Los Cambulos and Abajo Tarabita have records for the same five year
period 1982-86.

@  Abajo Tarabita and Pte Carretera have records for the same three year period
1966-68.

. I (R e .

A comparison of observed discharge records for respective gauging stations

recorded at the same time, and co_nverted to avérage unit flow-duration curves, is

show:n in Fig. 7.3. The discharge pattern for Los Cambulos and Abajo Tarabita

is very similar. '
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Fig. 7.3 Comparison of Average Unit Flow Duration Curves per 100 krp2



However, although there was only five years of records for Los Cambulos
gauging station, which is closest to the intake, it was judged that the records
were reliable. - It may additionally be noted that if the average unit flow
duration curve per 100 kin? for Abajo Tarabita for 23 years from 1965 to
1987 is compared to Los Cambulos, excluding flood seasons, they are
almost similar.

i
1
|
1

. Mbajo Tavabita., Mean flow-duration curve/100km? for twenty-three years of 1965 through 1997
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Fig. 7.4 Comparison of Average Unit Flow-duration Curve per 100 km?2
7.2.2 Typical Flow-Duration Curve Form
 Year-to-year fluctuations of the river flow-duration curve occur at the same site. In
‘drawing a typical flow-duration curve at a certain site, the following methods are
considered: '
() - Parallel Method

Daily average discharge for 365 days is arranged in descending order, the flow-
duration curves in each year are drawn and averaged.



7.2.3

~ (b) Standard year method

Flow-duration curves in each year are drawn. Out of these curves, the flow-
duration curve that is deemed to be average is selected; and this curve is used as
the flow-duration curve in the standard year.

(¢} Series method

‘This is- the method in which daily average discharge for 5 years is arrariged in
descending order and only the Y axis is corrected as the one-year curve,

(d) Curve insertion method

Average values of 355-day flow, ninc—month flow, ordinary water discharge and

three-month flow for ilong periods (at least 10 years or more) are calculated and

plotted from a discharge handbook, and the flow-duration curve is drawn by
~ connecting a proper éurvc. - :

Typicétl flow-duration curves at the gauging stations have been drawn using the widely
used parallel method. Nonmqbservdtion years are not included in the preparation of
these flow-duration curves. The X axis and Y axis of these flow-duration curves are
expressed as daily average dischargc (md/s) and the number of days (%) respectively.

Typical Flow-duration Curve at Los Cambulos Gauging Station

Discharge data at the Los Cambulos gauging station, located about 1 km upsu'e'am from
the Ovejas Hydroelectric Power Plant intake site are arranged using 5-year data, as
shown in Table 7.1. ' '

In calculating monthly average discharge in Fig. 7.1, the months in which observed
data was recorded for Iess than 10 days are excluded from the calculation. The three-
month flow period cannot be distinguished from drought periods in the.graphic
representation of the monthly average discharge shown in (1) of Drawing OV-H-01.

However, the five months from June to Qctober, and seven months from November to
May are designated as the drought periods.
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The parallel method typeial flow-duration curves calculated from 1983 to 1986 are
shown in (3) of Drawmg OV-H-01, Periods of three- month flow, ordinary flow, nine-
month flow and 355-day flow in thc flow-duration curves are mdlcatcd by numerical
values, as shown in Table 7.2,

The maximum d1scharge recorded at Los Cambulos gaugmg station for six years from
1981 to 1986 is shown in Table 7.3, :
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7.2.4

Discharge and Flow-Duration Curves at the Intake Site

_ Since numerical values for the catchment area size are not officially approved the value

853.8 km?Z, recorded by the project team, is adopted. Thus the ratio of catchment areas
between Ovejas P/P's intake site and Los Cambulos gauging station is set to
853.8/851.9 = 1.002. '

Discharge and flow-duration curves at the intake site, adjusted aécording to catchment
area ratio, are shown in Drawing OV-H-01, and representative values of monthly and
daily average discharge and of three-month flow, ordinary flow, nine-month flow,
ordinary flow, nine-month flow and 355-day flow are indicated in Table 7.4.

1)  Monthly average discharge

item ¥ ' : Month
Jan, | PFeb., | Mar. | Apr. i May | June | July | Aug. { Sep. | Oct. Nov. Dec. |Annval

Max. average C :
disgharge 57.5|46.6155.3159.3{63.7]40.5(21.6|14.9117.6|31.652.2 {41.3|36.7
{m’{s) L
Daily average '
disgharge '42.2139.4{40.0143.5/43.5(27.8|15.4(11.0111.0{19.8|30.6 | 22.0129.5
(m’/s) : o :
Min, average

(m3/8)

discharge | 24.1(33.6{23.0{29.2]27.5/18.9[13.0; 9.2] 7.8 9.3|115|22.9(24.2

2) Typical discharge of flow-duration curve

Three-month flow Ordinary water discharge Ning-month flow )
(95-day flow) (185-day flow) (275-day flow)  355-day flow

384 m3ss ‘ 25.8 I_n3/s - 155 mrs 9.0 m¥s

River utilization factor of a certain available discharge to typical flow-duration
curves at the intake site (a ratio of total available discharge and total river
discharge flowing into the intake site) and faciﬁty utilization factor (é_ ratio of total
discharge for which water can be taken in to the available disch.arge throughout
the year and total water amount in the event that available discharge is secured
‘throughout the year are"repreéented graphically in (5) of Drawing QV-H-01.
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7.3

Flood Runoff Analysis

The flood discharge is an 1mportant factor in the maintenance of existing facilities and
repaired sections. The design flood discharge is obtained from thie observation records
of the discharge at Los Cambulos and Abajo Tarabita gauging stations. The former,
which is close to the planned area, has only six years of records, while the latter, which
is further upstream, has records for 22 years. In this analysis the data from Abajo
Tarabita is statistically processed and is then adjusted using the catchment area ratio.

Table 7.5 Ansual Flood Discharge (Ovejas)

Year of Maximum Yearly

Maximum Yearly -

Observation  Disharge Observaon  Disgharge
1964 1154 1976 135.9
1965 99.3 1977 646
1966 1222 1978 - 90.5
1967 Co1081 1979 | 99.1
1968 835 1980 101.4

1969 _ 1452 . 1981 . : 67.8
1970 100.1 1982 1037
1971 144.5 1983 _
1972 1340 1984 129.7
1973 87.8 1985 86.8
1974 148.9 1986 1255
1975 1359 '

22 years of observation data, a relatively short period for such comparative studies,
was available. Several methods are available to obtain flood distribution probability,
and in this case three methods are examined:

1. _ Loganthm normal dlstnbuuon method (slade method)
2.  Order probabﬂlty method

3. Gumbel method '

For the order probabﬂxty method and Gumbel method both the Thomas plot and Hazen
plot are studied.
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Tigs. 7.5 and 76‘ show that maximum yeatly discharge is plotied on the X-axis and
‘that percentage of excess probability calculated is plotted on the Y-axis by using the
-extreme probability paper. Table 7.6 shows the probable flood discharge for major
gyears of return period obtained from the probability curve shown in the figure.
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Table 7.6 Probable Flood Discharge (Ovejas)

~ Return Period in Years

Method : :
; 5 10 20 50 100 200 500 1000
Logarithm normal .
distribution - . s : T
- method (m¥s) 131 145 185 174 - 185 196 211 - 221
Order plobablhly h -
melhod :
* Thomas ptm mdfs) 135 151 167 186 . 3200 214 231 245
Hazenpiot(m¥s) 132 146 160 176 188 2300 215 226
' Guﬁmbel rﬁetlmd' ' : ‘
Thomas plot (m¥s) 133 150 . 166 187 203 219 239 255
Hazen plOt (m3/s) 129 144 159 177 191 205 224

237

- 7.3.2 Design Flood Discharge

" In the case where danger to life is small, a?ctum period of 50 - 100 years eah:'be used’
for deSIgn flood discharge®*, where the 100 year flood dlscharge probabﬂlty is
preferred

The design flood discharge, Q for the water intake site can be calculated from the
catchment area ratio. '

853.8 e
Q = 165 x g = 286 ... 300 m¥s

The specifie discharge per catchment area (km2), q = 0.35 m3/scc, can be obtained
from the design flood discharge, Q. This value indicates the relationship between
specific discharge and catchmentfar:ea', as shown in F1g 7.7 for the Créager_curve
C=5.0.

* _App[ied Hydrology Editor Ven Te Chow
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Fig: 7.7 Design Flood Discharge and Creager Curve

Sediment Analysis

Debris produced from mountainous catchment areas reaches the water intake site,
flowing downstream via channel a_md river. The steps involved in this debris flow are
shown in the flow diagram (Fig. 7.8), and from this run-off debris volume can be
examined.

7-19



Discharge
()

Density
(ppr)

»] Wash
load
Raw |}
material
Water-
* bed
material

l__T'_[

Removal

Transport
down-

Removal

stream
through
the river

Floating Flow over
»  sand o the weir
{ton) to futther
down
meit‘:le-s‘ize Amount Washed Settled
distribution IN of | downin | | in the
of suspended the desilting
suspendad sediment flow basin
sediment (m3) '
Flow into
- conduction
Density |, channel
of ¥ through
susp-ended the intake
sediment gate
Flow
nto
Tractional Settled | the
> load | 1P front ver
@) of ﬂ_le through | -
WeIr a turbine
v

Fig. 7.8 Mechanism of Debris Flow and Calculation Flow of Debris Volume

7.4.1

The Stage of the Run-off Debris

The Rio Ovejas catchment area is formed by relatively steep ravines. Vegetation in the
catchment area is abundant. The run-off debris from the upper catchment areas is

mainly debris generated by riverbed erosion, riverbank erosion, slope failure and galley
erosion etc.

The basic form of the sediment rating curves for Los Cambulos gauging station were
used to produce the suspended sediment curves as shown in Fig. 7.9. The sediment
volume (ton/year) at the observation station is shown below:
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Catchtent River Discharge Rate Concentration Suspended

. . Sediment
‘River (?;:5) To,gal ng. Min, Max. Min. . Rate

: - 103myear  (m¥s)  (mds)  {ppm) (ppm) 107 tons/year
Ovejas 8519 . 918,200 148.9 3.5 616 9 92

* Suspended sediments, which have been transported to the water intake site, amounts to
© 108 ton/km? (classified in relation to catchment area) with the average suspended load
concentration in the Rio Ovejas being 100 ppm.
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7.4.2 Assumption of Sediment Rate
(1) Major physical properties -
(2) Grain size distribution

The' grunmze distribution of bed load was observed, and its average grain

'distr_i'but:ién is shown in Fig. 7.0, The grain size constitution is as follows:
. Gravel=70%  Sand =25%  Silt=5%

‘The JICA Stu:dy T_éahi _‘St_udi(‘_ad the distributionfof. the suspended sediment

and settling sediment but no data was collected. Reference was made to

data on reservoir sediment and this grading distribution was assumed, as

shown in Fig. 7.11." The composition of the grading was as follows:

Sand = 10%  Silt=60% = Clay = 30%

7=
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* Handbook of Applied Rydrology (17-16)
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(b) Unit volume weight -

' Since data 'on:the'sedimcnt unit weight could not be collected, values were
decided by 1'efé_rring to the relevant literature, The unit w'eight of sand and
gravel is affected by consolidation loads although consolidation is complete

:after a relatwely qhort perxod “However, clay, collmds ‘and other fine

Egramed materlal reqmrc a long penod for full consohdaﬂon from previous

i examples such as gradmg compositions derived from reservoir sediment

under loaded conditions (below and above water surface) a range of unit
weights is a§ sho&?h'ip_ Table 7.7. |

‘_ Table 7.7 Range of Unit Volume Weight*

(units: ton/m3)

Gram e Almost submerged - Above water

Clay '- 0.64 - 0.95 0.96 - 1.28
sie .o 0.88 - 1.20 120~ 136

_ Mix of clay and silt {equal volume) 0.64 - 1.04 1.04 - 1.36
‘Mix of sand and st (equal volume)  120-152 152176
fMixof_cxay, siuandsandieqqaz volume) _080 123_ _ 128-1.60
B O 136-160 1.36-1.60
CGmvel 136-200 - 136-2.00
‘Sand and gravel e 152 - 2.08 1.52 - 2.08

(@) Discharge rate of s'edi'me.nt -

In studying the 'volume of run-off sediment at the water intake site, both
suspended loadand traction load-'('b'c'd load) ‘need to be considered. The
suspended load ‘can be estxmated from the sediment record (concentratmn
measurement) and d13charge records.

i _,:;Thc tiactmn loads generally account for 10% 50% oF the total sediment rate. In
the case of the Colorado River, USA the traction load accounted for 12% - 50%
~.of the tgtallr:at:e_.l A study team from mc;World_Bank_e_s_tlmated that at the Tarubera




&)

Dam (Pakistan) on the River Indus the traction load was 5% of the suspcnded
load. -
Yearly flowing sediment rate

The sediment flow at the intake per year at the water intake 31te can be obtained by
adjusting the values at the gaugmg stat:on bv the’ catchment area ratio.

Catchment River Suspended Flown Sand Sediment

; Discharge Rate Sediment Rate Rate Rate
{f;\ﬁ) (106r (103 ton) {10? ton) (10° ton)

853.8 920 92 . 8 100 .

Average grain size of the flowing sediment is calculated from the unit weight by
average grain size constitution and each grain diameter as follows.

Flown Sand
" Gravel Sand T H Total

Grain size cons_tituti_on(%) 70. 25 5 100
Unit volume weight {ton/m3) 1.68 1.48 1.04
Unit weight per grain size (ton/n3) 1.176 0.37 0.052 -1.598...

- ' 1.60

Suspended Sediment .
Sand Silt Clay "Fotal

Grain size constitution(%) 10 60 30 100
Unit volume weight (ton/m3) 1.48 1.04 0.80
Unit weight per grain size (ton/m3) 0.148 0.624 0.240 101

AL g . e

All of the traction load is deposited at the diversion weir and in front of the water
intake point, and does not enter the power station's water channel system.

- At or below design discharge ranges suspended load will flow thfough the water

wheel and flowing into the water channels. Coarse grained particles in the
suspended load entering the water channels will settle in the settling basins while
the remainder of the suspended material, together with discharging water, flows
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through the water wheel and is flushed back into the river. For river discharge
~which is above the design discharge suspended load and gravel within the
discharge flows over the weir and down the river.

Catchmentarea  River diécharge Bed-load Suspended sediment
&m?) (106 (m3) 103 (ton) - 103 (ton)
853.8 920 8 92
x 103 n? x 103 ?
k] - 91
Sediment in Flow down
water channel the river
Design discharge Qnd/s x 103 m? x 103 nd
A 23 e 68
10 32 59
15 s 45 s 46
Design discharge Qnd/s  Setiledin the Flow down
desilting basin the channel
m3) (m3)
T 2 e 21
10 B VR 29
15 i 4 .. 41

1t is assumed from results of the above analysis that annual average sediment in
front of the diversion weir will be about 14 m3/day and sediment settled in the
desilting basin will be 8 m3/day (if available discharge is 10 m3/s). A
counterplan for removal of this sediment will be carefully considered.

7.5  Water Quality Analysis

The acidity, speciﬁé resistance etc., which can affect water quality are studied.
7.5.1 Criteria of Judgement

(1) Acidity, etc.

To judge the effects of acidity, reference is made to the standards shown in
Table 7.8 and the suminarized examples of Table 7.9 .
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Table 7.8 Judgement Criteria of Erosion of Water (DIN 4030)

Girade of Erosion
Item  — — e — -
- Weak Erosion  Strong Erosion  Very Strong Erosion

pH 6.5 - 5.5 55-45 Less than 4.5
CO,mg/ 1 15-30 30-60 More than 60
NH,mg/1 15-30 30 - 60 More than 60
Mg mg/l 100-300  300- 1500 More than 1500
SO,mg/l 200 - 600 600 - 3000

More than 3000
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Table 7.9 Damage Example of Concrete in Erosive
Environment of Water

Item  Water Characteristics : Damage Status

Groundﬁater g pH : 23-67 Tunnel concrete

Indication of leakage is observed 4
years after construction.
Peeling of mortar and cracks in
concrete are noted after 7 years.

River water - pH 1 3.1-27 - Dipping test concrele specimen
(Azuma River) . Mg 13.5 ppm (615¢cm}
' SO*: 3168 ppm - _ o
CX: 101.8ppm ~ When unit cement volume
320 kg/m3, W/C=35.1% and 3-
. month old material was placed into
the river, the diameter reduced to
14.6 cm after- 15 months,
About 2 mm of the surface was
dissolved, and another 2-3 mm was
“weakened.

(2').. Specifié resistanice ,

In water, with 'a small value of resmtxvﬁy, much Ccorrosion occurs bccausc there
are many types of salt solution included in the water which promote the corrosxon
of steel, 'I‘he mvestlgatmn results from an American standards institute (NBS), as
“shown in Table 7.10, have clarified understanding of the effects of specific
Al‘GSlSthlty corrosmn damage -However, exceptions are known to exist and
-. Judgmg corromon effects on. the basis of specific resistivity methods alone is not
recommended.
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Table 7. 10 Spcmflo Rcs:i_sia;méé and Corrosive Nature

Maximum hole

" Degree of aciditj/'" ' e
Corrosive —~ ' = resspigtcaﬁge corrosmn'depth
nature q o Totalo " Wy Ul ~for 12 years
P Caidiy * (mm)
Weak 7.8 3.0 1710 074
4,5 4.6 11200 1.19
13 2.6 . 2980 0.99
- 59 12.8 45000 1.02
Strong 76 alkaline 350 3.02
7.4 263 3.48
0.4 - oM 218 439
68 360 800 2.62
7.5.2 Water Quality Evaluation = =
The results of watérﬁciﬁélity fcsting are as follows:
Observation| . pH Speciﬁc' SO4 Cl CaCO3| - Na - |, .'Fc ‘
Year ' resistance | mg/l mgfl (fotal) {* = "' | mgA
(microohms) | - . , L .
1964 - 10456 : . 03005 | e o i -
1965 - 154.- 56 _0-005 - 1 03-008 | -
1966 - 80-67 - | . ,,om om_ PN R X T s
1969 - - - 022 030 - - .
1970 - 75 - 56 | 031.]°03-04 - 0-00s [0 -
1989 - |7.28-654] i35-114 [ 5-18|° 15-3.5 1 20 | 0 - i{065-0.15

From the pH value' corrosive nature by acidity is not considered. The namre of
specific rcsmance is low, but the content of chlonde is also low. The deglee of
corrosion is not clear. '
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CHAPTER 8  GENERATION PLAN

- The gengfation plan is made based on the maximum discharge of 7.0 m3/s at the existing plant,

For reahzmg an adequate power plan in 1espect of technoiogtcal and cconomlcal aspects, the

© power outputs together with annual output are to be calculated ftom various maximum

 discharges using the typical discharge- duratlon curves at the intake site p10v1ded that the facility
ut;tltzat_ton factor for any of the maximum dtscharges is not less than 50%.

8.1 Study of the Ait_emative‘Plansl

' o In 1ehab1htatmg the power genemtmg facﬂltms at this site, a]l fac:htxet; Tocated’ fxom the
. mtake to the head tank must ‘be reconstructed or newly constructed. In add1t10n agap -
- between the theoretical power output and the rated output of thc existing powct
C generatmg equlpment must be solved. The present water utilization is low in respect of
‘ 'the river d1scharge and there is possibility of power output mcrease Therefore,
: -comparatw.e studies will ‘be made for the generatxon»optnmzmg plan_, as well as the
f i'ehabilitationlplaxl of the ekisting gcnerating‘facilities.

: 1(:1) Maxtmum available dis_cixarge

The ex1st1ng water channels for the planned area are steel pipes. The results of

’ hydrologxcal analyses indicate that the existing steel pipes can discharge up to
7.0 m3/s and so plans for steel pipes and for concrete culverts have been
ompared

- To comparc the'mak\imiitﬁ' diséharge, four rchabilitation plans of Q = i‘7".0 m3/s
* (REH-1, REH-2), Q = 10.0 m3/s (ALT-1) and Q = 15 m3/s (ALT-2) were set
- up. ‘The Iepresentatwe generating output and annual generated power were

_calculated as shown in Fig. 8.1.. '
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(2) Standard net head

Assuming that the net head for determining the turbine output and calculatng
annual generated energy is constant, the standard net head calculated under the
following standard is used.

The net head (He) is calculated by subtracting the loss of head, obtained from the
following formula, using gross head measurements of the water level at the intake
and tailrace. '

He = Hg-XYAH
SAH = AHj + AHp + AHj

where: - P
"Hg = total loss of head
1,140.0 m (intake water level) - 1,111.0 m (discharge level)
= 29.0m _ _
2AH = total loss of head (m) _ :
' " AH; = head loss at the intake (m)
AH; = head loss at tl_i_e headrace (m)
AH3 '~ head loss at the penstock (m)
AH; = % x (1 +f1)+ Ay

| év—gz = velocity head (m)
fy = coefficient of inflow loss, 0.1
‘Ah = margin (m)

Table 8.1 Heaé_i Loss at the Intake

v Vg V42g(1+0.1) Al AH|

Plan s (mws) (m) m) (m) (m
REH-1,2 7.0
ALT-1 10.0 1.30 0.086 0.055 (3.025 0.120
ALT2 15.0




AHy = ixL+ Ahy

where i = gradient of the headrace
L= 111400 _
L = lcngth of thc headrace .
' = 1230m '
Ah'g =

Inargin (m)

- Head loss is- mdepcndent of dlSChﬂl ge, Q (m3/s)
AHp - = 171400 x 1,230 + 0.02
= 0.90 m

AH3 = V2/2g (1 +fp + £ L/D fm) + Ah = V2/2g (1.85 + f3 L/D) + Ah
where  V2/2g

il

velocity head (m)

fa = coefficient of inflow loss; 0.1

f3 = coeffxment of fncnonal loqs, 124.6 nZ/D13
L =" penstock’ length’ (m)

D = penstock dlameter (m)

fm = loss coefflcwnt at the branched pdl‘t 0.75

Ah = margin (m)

-
I

"coefﬁcncnt of roughness 0 012

Table 8.2 Heéd_Lo_ss at the Penstock’

' L V2 : 124.6xn%x1, V2
Plan D L v % -f3=______D4’-3 2 (f3+1.85) Ahy AH3
(m) () (m/s) (m) r = 0.012 m) (m) (m)
REH-1 16 650 348 0618 0.623 1.528 0.5 203
ALT1 20 . " 335 0573 0.463 1325 05 183

ALT-2 24 ! 332 0.561 0.363 : 1241 05 1.74




Table 8.3 Caloulation Result of Bffective Head

- ? S Hg o AHp o AHp - AHa TAH He
{m"fs) (m) {m) (m) - (m) (m) o {m)
REH12 70 290y ). - - 203 305 25.95
CALT 100 290 F  012F 090 . 183 2.85 2615
ALT2 156 200 ). o4 276 2624
.-~H_e- _:._2'6‘0111"" N
Generated Output | o

8.2

Theoretical output obtained from available discharge (Q) and the standard net head (Fe)
is multlphed by the resultant efficiency coefﬁclent of the equlpment and the generated
output is calculated by the followmg formula. :

P - 98xQxHexn

where: ;
P = generated output (kW)
Q= arb;trary available discharge (m3/s)
He = -standard net head (m) ' : :
n. o= resultant efficwncy of turbine and generator (resultant efﬁc;ency of
. the Smgle unit capac1ty) '
9_.‘8 = constant (accel_eratlon of gravity, mfsz) -

Resultant 3fflCl€l‘lCY (11) is the value 1epresentmg total effmlency, and this valuc is

obtained by the followmg formala, -

e

nm ntx.n’g.'ﬂ,;
where:
n o = turbme efﬁczcncy
ng - '—__f generator efﬁcwncy

' 'Restltdrlt efficiency correspondgtothe value of the maximum a#ailable'diécharge ratio
100% in the resultant eff1c1ency cugrve as shown in Fig. 8.2. Table 8.3 shows the
calculation rcsult of the geneiated output for the alternative plans '



Fig. 8.2 Resultant Bfficiency Curve of Francis Turbine and Géne_ra;or
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8.3

Table 8.3 Calculation of Generated Output

@ @ @ @ ®
Available | Standardnet| 9.8xMx® Resultant Dx@
dischz;'ge Q I_lﬁad) Theoretical | efficiency | Generated
) m

Alternative m¥s) | % Gf“{,‘)p ut n outg;t
REH-1
Headrace pipeling route
plan '

: 7.0 26.0 1,783 - 1,000
REH-2 :
RC culvert plan
ALT-1 10.0 26.0 2,548 0.830 2,100
RC culvert plan
ALT-2 15.0 26.0 3,822 0.830 3,100
RC culvert plan ) : '

- Annual Potential Generated Energy

Generated energy is calculated by the following formula.

B

il

where:

g
I

Assuming that the power plant operation is not interrupted by accident during the nor
suspended for maintenance, inspection and repair purposes during the year, the annual

P x t (kWh)

08xQxHexmnxt

generated output (kW)
operation time ¢hour)

potential generated energy is calculated by the following methods.

(1) Using daily discharge in discharge data plus net head and resultant efficiency at

that daily discharge




(2) Combining hydrological regime arid resultant efficiency from the flow-duration
curve AT

(3) Using the generating output-to-available discharge ratio

For the calculation of the annual p’otentia_i gene’rated'cﬁergy at Ovejas P/P, item (2) as
mentioned above is used for the folowing reasons. o

@ Instead of recorded observations at the intake site of this power plant, converted
_data from the Los Cambulos gauging station owned by CVC is used as discharge
data. '

®  Since there are nojrecorde_d observations at the Los Cambulos gauging 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 generating‘"'ou'tpubto—available discharge ratio of (3) and. flow-
duration curve are used for the calculation. However, this method is not as
accurate as method (2).

By combining the resultant efficiency and flow duration, taken from the flow duration
curve, a rough estimate of annual potential generated energy can be made. The flow
duration-efficiency method of calculation is shown below.: '



7| max \ Maxinum availablo discharge

100 (%) A
Efficiency of //‘,5 L
average :‘f > ., Available discharge
oy
R __,/,j o
w : % 2 i / 7
i BPel 7,
& [z ez
AY o~ —
: . _ 0 _ A s e A ) v P
1.0 0.5 0 0 35 95 . 185 275 355
Restltart éfficiency - ' Number of days 365
. : R ;l}!‘ ) B X . -
Max. available discharge = m¥/s Net head = m
@ e | @ @ ® - ® - o)
Number A Available  Burden ratio | Resultant | Generating Average Generated
Day of - dischatge Available discharge | efficiency power " power energy
days ~(m3/s) | Max. available discharge - l (kW) (kW) (kWh)
Max
95 05-
185-95
185 .
=90
275-18§
215 ;
=90
355-275
355 ~80
365-355
365 =10 | S , .
Total | 365 T R o - )
@ Pdsélﬁlé fntéke water days Of maximuii available dlséhargé are mserte.d fo 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 shall be an avallab!e discharge,
@ - Available discharge divided by maximum available dJSCharge shall be input load factor, and the resultant
efficiency ® shall be read and entered.
® 98xQxHexmn R
@ Mean value of generated output of caICulalion stage and nght above stage.
® ®x® x24is the generated energy for calculated days, and the tohl value becomes yearly possible

generated energy

F1g 8 3 Calculation of Annual Potential Generated Energy According to the
' Hydrologlcal Regime-Efficiency Method




8.3.1 Calculation of Annual Potential Generatcd Energy

The annual potentldl generated energy for ICSpCCthG altcmatlvc plans is calculated
according fo the hydrological reglme efficiency method, with the following rcsults

(1) Fora inaxi111t1m available discharge of 3.5 m3/s x 2 units, the annual potential
generated encrgy for the rcllbilitation plan REH—I and REH-2 arc
9.1 GWh (100%) -

. (2) For a maximum ﬁirailablc discharge of 5.0 m3/s x 2 units, the an_nhzil' potential
generated energy for the aliernative plan ALT-1 is
_ 18.4 GW_h (99.5%)

(3) For a maximum avaﬂablc dlscharge of 7.5 m3/s x 2 unlts, the annual potcntlal _
gener ated ¢ energy for the alfernative plan ALT-2is -
‘ 26.2 GWh (94.0%)

Table 8.4  Calculation of Annual Potential Generated Energy
(N Rehabilitation plan of existing faci]ities (REH-1 and REH—2)
Max. available discharge Q = 3.5 m3/s x 2 units

Standard net head He = 26.0m
Turbine type: Francis turbine

@] @ | @ @ ' ® 5 ) ®

Unit | Day {Number{Available ‘Burden ratio Resultant |Generating | Average (Generated :
No. of days |discharge | Available discharge |efficiency | power power | energy | Remarks
| (m3/5) .1 Max, available- | . 7 - |7 W) | . (W) | (MWh) |
“discharge ) : : b
No. | 365 | 365 | 3.5 10 | o830 | 730 739 |. 6474 | New.
No.| 365 | 365 | 35 10 | o0 | 300 | 300 | 2,628 |Bxisting
Towl| - | - | 70 10 . 1039 | 1039 | 9102 | - |
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(2) Alternative plan 1 (ALT-1)

Max. available discharge: Q = 5.0 m%¥/s x 2 units
Standard net head He: 26,0 m
. Turbine type: Francis turbine

_ Number | Available . Buden ratio Resultant Generating | Average Generated

Day ~ | of discharge Available discharge efficiency power power encigy

days (m3/s) | Max. available discharge - (kW) kW) - (MWh)

Max. 338 | 100 1.0 0.83 2114 | aua | 17,148

340 L2 . 99 0.99 0.832 2098 12106 161

345 5| 96 096 083% | 2044 2071 248

350 | 5 9.3 " 0,93 0.839 1988 2016 241

355 s | 90 0.90 084 1926 1957 234
360 .5 8..6 0.86 - 0.343 1847 1886 ézﬁ

365 5 84 0.84 0.843 1804 1025 215

Total 365 - - - - " (1996) 18,417




(3) Alternative plan 2 (ALT-2)
Max, available discharge: Q = 7.5 m3/s x 2 units
Standard net head He: 26.0 m o
Turbine type: Francis turbine
Nunber | Available -Bﬁidejn ratio ; '_ReSultant. | Generating “}\\réi;ge : G:ene;:mled
Day of discharge - Available discharge - gfficiency | . power power: energy
: days (m3/s) | Max.available discharge | M - (kW) (kw) | (MWh)
Max. | 278 | 150 0 0.83 3172 36 | 2118
280 2 14,9 0.993 0832 3158 3165 151
295 5 14.4 0.960 0.836 3067 3112 L3
'290 5 141 0.940 0838 | 3010 ‘ 3038 " 364
205 5 132 0.880 0.842 | - 2831 2020 . 350
300 s 12.9 0.860 0843 | 2770 2800 336
305 5 124 0.826 0842 | 2660 2715 325
310 s 12.0 0.800 0841 | 2571 2615 - 313
315 5 11.6 0.773 0830 | 241 | 2525 303
320 5 114 0.76 0837 | 2431 | s 294
325 5 10.9 0.726 0832 2310 | 2370 284
330 5 10.6 0.706 0830 | 2241 | 2275 273
335 5 10.2 0.68 0824.] 2141 | 2101 262
340 5 9.9 0.66 0.819 2065 2103 252 ¢
345 5 9.6 0.64 0.814 2028 2008 243
350 s 9.3 0.62 - 0.808 1919 1852 34
355 5 9.0 0.600 0.802 183 | 1876 25
360 5 8.6 0.573 0.792 1735 | - 1786 214
365 s 8.4 0.560 0.788 1686 | 1710 - 205
‘Total 5 i . . ; 2463 | 26,164
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CHAPTER 9  REHABILITATION PLAN

. Smce the present facilities- rehabﬂltatmg and output increase plans are not based on scrap and
build methods, the power—generatmg capamty will be recovered or improved. by making
' max1mum use of ex1stmg facﬂltxes The 1ehab1htatlon plan will be formulated according to
standards publlshed by ISA (Interconcxlon Blecmca SA) in June, 1987

9.1 Formulation of Rehabilitation Plans

" As stated in 4.3, it is nec:es;safy'to newly construct the intake facilities, the desilting

basin and the waterways, and to alter the head tank. . The existing penstocks and
' generatmg equlpment will be utlhzed but a new transformer should be procmed and
_replaced with the exlstmg one.

The rehabilitation plan for this plant focusses on the following:
- a gap between the, theoretical output and thé rated output will be resolved,

- the current low watu utlhzatmn w111 be 1mproved to an adequate 1eve1 I‘oﬂowmg
three cases of . dlfferent max1mum dlscharges shown on Table 9.1, will be
examined as comparative altemauves in this rehabilifation plan.

Q= 7.00m3s
Q= 10.00m¥s
Q=" 15.00ms
For each rehab111tat10n plan the totai COSts 1ncludmg constructlon costs per kKW output

and gcncratmg costs are calculated and compared. The optimum whabxhtatlon plan is
then chosen. '



Table 9.1  Comparison of Aliernative Rehabilitation Plans for Ovejas Power Plant
| R  Alternative ) o
Ttem _Steel Pifx:-s ' | __ Congrete culbert”
N _REH-1 | " REH-2 ALT-1 © | ALT2
Discharge, Q (m¥s) 70 7.0 10.0 15.0
Maximum output, P (KW) 1,000 1,000 2,100 | 3,100
Facility ulilization factor (%) 100 .IOO._ . 69.5 - 94.0

Rehabthtanon and improvement plah:: i

Dtversmn weir

To be altered because thc damage is sevete and .
sandstrap will be constructed (common to all aiternatwes

Intake

To bé reconstructed corresponding to the aItexatlon of the
dlversmn weir and the design discharge

Desilling basin

To be newly constructed correspondmg to the demgn
d:schargc (currenﬂy not exxstmg)

Cohdu_ction ‘ch_annell

Tts adequate cross section w111 be. determmed and the
= channe!s will be newly constructed :

Head tank To bc expanded at 1ts prcsent pos1_t10n
Penstocks | Bxisting penstock and New penstock will be
additional new one mstalled B :

Generating equipment

The existing equipment

New, two—i'mit system
and additional new one - : . :

Powerhouse building

A niew building will be constructed on the downistream
side to accomodate new generating equipment. - .7 ¢
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8.2 Estimated Rehabilitation Construction Costs.

'The construction costs can be dwxded mto the estimate for generating eqmpment and the

- civil consuucuon cost and calculated This can then be divided into foreign currency
and local currency appornonments and calculated at the present exchange rates
(Septembqr 1989) based on the U.S. dollar.

9.2.1 Estimated Gcﬁcraﬁng Equipment Costs
According to the ISA valuation standard, CIF cost of generating equipment are
calculated bascd on the FOB from Japan, The generating equipment spcmﬁcatlons and

FOB costs are as shown in 'IabIc 9.2

Thé CIFIFOB ratio for CIE costs is 1.12, as shown in Table 9.3.
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Table 9.2 Generating Equipment Specifications and FOB Costs -

o Alternative
TItem : e _ e
' _ ]E{‘E.I—I.'~ 1 REH-2 Al_J.T-l ‘ A_I_:.T—?,
l‘.‘ Spc.c.ifi(.:ation-s. -
Design discharge (m3/s) 3.5 35 5.0 15
Net head (i) 260 260 260 260
Theoretical output (kW) - .891- 981 1,274 - '1.;9"11
Turbine type N o HF* HF"‘ HF"‘ _ HF*
Turbine output (KW) 780 780 1,120 1,670
Generator power factor’ ~ ~ 0.9 o 0_.9l o 09 0.0
Generator output (kVA) 830 830 1,200 | 1,800
Main transformer capacity 330 &30 2,400 | 3,600
kVA)
2. FOB costs (US$1,000)

Generating equipment
(1) Turbine etc. 376.4 376.4 443,55 546.45
(2)  Generator efc. 212.9 212.9 242,85 285.7
(3) = (1)+(2) Sub-total: 589.3 589.3 686.4 832.15
(4) Number of units _ 1 1 2 2
(5) = (3)x(4) SUb't.otal: 589.3 589.3 1,372.8 1,664.3
(6) 4.16kV switchgear 61.4 | 61.4 97.9 07.9

cic.
(7)  Transformer and 59.3 59.3 69.3 85.7

switchgear :
(8) = (5)+(6)+(7) Total: 710 710 1,540 1,847.9

*H.F.; Horizontal Francis
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Table 9.3 - Implelﬁentation Cost of Generating Equipment

(units: US$1,000)

. _ Alternative _
- HRem | REH-1 REH-2 ALT-1 ALT2
o A B A B A B A B
) FOBeost 0 - 70 - 1540 - 18479 -
2) Tfaﬁsportatién costs, insura.n'cé" | _ | .

o Hx012 852 - 852 - 1848 . - 217 -
» T Dx0223. - 183 - 1583 - 334 - 4121
4) Valueaddedtax 1)x0.134 - - 951 - 95,1 - 2064 - 247.6
5 Ofhers ~  1)x02 - 1562 . - 1562 - 338.8  - 4065
6 Subtotal 7952 4096 7952 4096 -'_1,7_2'4_.8 888.6 2,069.6 1,066
N C&nuﬁgency: yx007 1207 .- 1207 - 2618 - 341 -
8) qutFee Hx0149 1058 - 105.8 - 229.5 - 2183 -
9) Total 64T +8)  1L,0217 4006 1,0217 4096 22161 8886 2,659_7 1,066.2

10) Grand Total = 1,431.3 1,4313 3,104.7 3,7252

Note: A= foreign currency portion
"B = local cunrency portion

9.2.2 Bstimation of Civil Construction Cost
The work volume for the main structures rehabilitation or improvement were multiplied
by _th_c unit costs (refer to Table 5.2) as decided by CEDELCA and the civil

construction costs are calculated in the local currency base.

The totals for each_rchabilitation plan are calculated and the civil construction costs are
compared as shown in Table 9.4.
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Table 9.4 Estimation of Civil and Building Construction Costs

(unit: 108 pesos)

Alternative

Item L Steelpipss . Concrete culvert

REH-1  RBH-2  ALT-1  ALT-2

Diversion weir and intake construction 101.8 101.8 1186 1572
Desilting basin construction 76.7 767  96.8 134.9
Conduction channe! construction © 8965 2428 2717 3198
Head tank construction 104.9 1049 1368 169.6
Penstock consiruction . 6.0 6.0 63.2 84.8
Foundation of equipment construction - 26.5 265 666 784
Powerhouse blli!dix_ig construction 15.7 15.7 302 302
Temporary facilities construction 217 2717 271.7 277
Other construction : : ' 0 0 34 34
@ Subtotal o 1,499.8 8461  1,059.0 1,250.0
@ Contingency (® x 0.15) . 2250 1269 1588 1875
® Engineering fees (@ + @) x 0.10) 172.5 97.3 121.8 . - 143.8
@ Total (D +®+®) 13973 1,003  1,339.6 1,5813
® Output Loss 0 0 10.5 10.5
® Grand Total @ + ® ©1,8973 11,0703 1,350 1,591.8

9.3  Comparison of Economic Indices

From a comparison of the two cconomic indices, of the construction cost per kW and
~ the generating cost per kW, the basic conditions common to all alternative plans are as
follows: ' B s

(1) Exchange rate for September, 1989, is adopted as follows,
US$ 1 = ¥140

US$ 1 =13694 pesos '
1 peso = ¥0.379

_9_-'j6 .



(2) The design life of new generating equipment and the repaired and reconstructed
structures is 2_5 years.

(3) 'Ihe mterest ratc is dmded between the foreign currency p01t10n and the local
cusrency pm tion under the followmg condmons
~ The foreign c'urrency pdl'tion is based on an annual interest rate of 10%
(unredeemable for four years) with a repayment of the punmpal in equal annua’i
amounts over 25 years

- The local currency p01t10n is based on an annual mterest rate of ?1%
(unredeemable for one year) with a repayment of the pr mmpal in equal anmual

amounts-over 8 years

(4) ‘The management, mamtenance and Operatmg costs of hydroelectric power plants
© per year is US$4 per kW of installed capacity. '

9.3.1 Comparison of Cbnstruction _Cos_t per kW

A comparison of the construction cost per kW is 'shown in Table 9.5. ALT-2 plan is
USE 3,300/kW per increase in power output and this is lowest costs, '



Table 9.5 Comparison of Construction Co'sts‘pér' kW

o ' Altematwe
Item : — e
REH-1 RbH—Z ALT-I ALT-2
Existing equipment output (kW) _
Rated output Po 1900 900 900 900
Available output Pe 650 650 650 650
Post-rehabilitation output P] (kW) 1,000 1,000 2,100 ) 3,100
Recoveledfmcreased output | .. : T
AP = p1 - Pe (KW) 350 350 1,450 2,450
Rehabilitation work cost  (US$1,000) o
Foreign currency poition Cf 1,000 1,000 12200 2,650
Local currency portion Cl 5,550 3,300 4,550 5,350 |
Total C = Cf + Cl 6550 4300 6,750 8,000
Constructlon cost per kW (US$/KkW) _ _ _
C/Py 6,500 4,300 3,200 © - 2,600
C/AP 18,800 12,400 4,700 3,300

9.3.2 Comparison of Generating Cost per kWh

The generating cost per kWh is calculated from the following equation:

Total cost at generating terminal

Generating cost =

where

the supplied cuiput per year

il

Supplied output per year

annual potential generated energy E)x
utilization factor

095E



The annual total cost at generating terminal is shown in Fig. 9.1, Since the estimated
service life of the hydroelectric power plant is 25 years, the operation, maintenance and
management costs (AOM per year = US$4 per kW) plus interest payments for the
construction are totaled and divided by 25 years.

The results of calculation of:'g_encrating costs per kWh are as shown in Table 9.6, The

generating cost of power supplied per year is 29 mills’kWh according to ALT-2 and the
respective lowest costs are as shown,
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Table 9.6 Comparison of Generating Cost per kWh

Alternative
Ttem
: REH-1 REH-2 ALT-1 ALT-2
Exisliﬁg equipment capaclty;
Power output Pe (kW) 650 © 650 650 650
Energy . S Ee (GWh) 2.97 2.97 2.97 2.97
Rehabilitation plan:
. Power output . Py (kW) 1,000 1,000 2,100 3,100
Total (Ef + Bs) E1 (GWh) 9.1 9.1 18.4 26.2
Recoveredfincreased power ‘
Output AP = Py - Pe (kW) 350 350 1,450 2,450
Energy . AE = E) - Be (GWh) 6.1 6.1 154 232
Total of expenses at generétﬁng terminal: (US$1,000)
Construction work cost
~Foreign currency portion Cf1 1,000 1,000 2,200 2,650
Local currency portion C&y 5,550 3,300 4,550 5,350
Construction cost tatal C1 = Cfy + Cf) 6,550 4,300 6,750 3,000
Interest payment Cp .
Foreign currency poftion cfy © 1,610 1,610 3,542 4,266.5
Lucal currency portion Tz 5,588 3,352.8 4,6228 54356
Total Cg = Clp + Cilp _ 7,198 4,962.8 8,164.8 9,702.1
AOM C3 = US$4 x Pl x 25 years 100 © 100 210 - 310
Total $Ci= Cy + Cp + Cy ™ sl 13 648 0,362.8 15,1248 18,012.1
Average annual cost C =X.Ci/25 . 554 375 605 720

Generating cost per antiually supplied energy (mills/kWh}

Per E; CI(B; x 095) 65 M 35 29
Per AE CH(AE x 0.95) 96 65 41 33

9.3,3 Overall Evaluation

ALT-2 s selected as the optirnum plan since it has the lowest cons truction cost per kW

and generating costs per kWh- amongst thc alternatives.






Drawings

Title ' : Drawing No.

General Plan and Profile (ALT—1§ - ovV-C~01

Diversion Weir & Intake,Desilting Basin (ALT-1) ovV-—-C-03

'Head Tank (ALT-1) . _ ov-C-04
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Geological Plan | _.OVNG;01
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Attached Data

1.  Facility Register for the Existing Power Plant

2. Survey Record



Facility Register for the Existing Power Plant

Power Plant - ' . .' OVeJas 
Electric Power (ompany CEDELCA
Location _ Mo.nz‘,_- Redondo/Cauca
River : . Ovejas
Genérating Method : | Ru@—of—River
Year Installed : 1939

Years in Service : _ 1939
Installed Capaci£y - ' 900 kW

Avallable Gapacity ' ' 650 kW




Clvil

_Iﬁgm Data
‘1.  Dam
e Concrete_Gravity
2) Helght (m) 2.5
- 3) crl_e__st length (m) .240 |
N 4) Height of o#erflowing creat (m) A/J?¥é
5)_Hidth of”@?erfldwing crest (m) 240 -
6) Del-vlt_'l':x' of o?érflowiﬁg crest (m) o datn .o;va?/ésufe
2, Intéke Cate A -' -
o Daye Steed - Slide
2).ﬁumber of gates /
—~3) Dimensions EW x H)(m) 2.0 x 2{0
3. Intake" .
1) Intake sill height (m) 1736.%
2) Number of intake ) /
o 3)'Diménéions (Q x H)(m)} 2.0x /.3 o
4, Desiitiné Basin
1) Diménéibhs (w x L x H)Y(m) /ﬁéq
5. Sand_Trép'Gate R
1) Type M/A
2)'Nuﬁber of gétes N N/A
—————— 3) Dimenéibns (W x HY(m) ) M4
6. Headrace |
1) Type Steed pipe

2) Dimensidns-(wfx H)(m)

o & m

3) Length (m) _

7,230




Givil

Item

. Data '

7. Reservolr Tank"
1) Dimensions (W x L x H){(m) S52x225 %32

8. Forebay ' | L
1) Dimensions (W x H)(m) 55 x40

9, Penstoék o _ ‘
1) Number of 1ines [
2) Penstock diameter (d)(m) /60
_3) P_'enst_ock length (L)(m) ' 5‘3—,@

i0. Tailréce

1) Dimensions (W x H)(m)

_ | Ne dats _ava.i-/;; ble



' Equipment

Item - o Data

1. Water Turbine

1 Manuf'ac'tu“rer's name 5 " ‘ TR
i ) 900?:'71/'4% Enj;nec::‘nj

- 2) Year.;;;;};Z;ureamm S jé%o o
O ®mwe - Fredets
&) Outp;t:(kW)_' ""u"mmeu__ 1,250 HP
5) Revolﬁ;ip;fzfpm)ffnm 400 o

6) Ancillary equipment

a) Type of governor Whadward ~ Tipo LRRST - 742 £,
b) Inlet valve ' S
- Type :
"~ Diameter (mm)

2, Generater and Exciter

1) Manufacturer's name . We;f,‘ﬁg)gawe .

Yo i Ty

HTwe 0 Syeho,

4) capaéit;_(kvi> f  B __;;z5j -
“—___~;5—;;;;;—;a¢tof'(%)' 80 B o )
6y voltage (FY sz2500
"""""" 7) Frequency (Hz) 60 )

8)-Revdlution_(rpﬁ;ff—f 400 o o N

9'_) Me’f:héd of neutra_.lu';,arthing C %o C-{afa_“;;a;/a e

'lO)I'E;yp.e of exciter | s




Equipment

Item

Data

3. Transformer

1) Manufacturer's name

N/A

2) Year manufactured

'3) Type

——— A e

4) Capacity (kVA)"

5) Primary voltage (KkV)

- 6) Secondary voltage (kV)

7) Number of unit

8) Vector-group symbol

9) Impedance (%)

10) Purpose for use

4, ‘Gircult Breaker

1).Manufacturer's'name

2) Year manufactured

3) Type

7) Purpose for use

5. Transmission Line 7o dala available

1) Destination

2) Lengzg (m)

3) Voltage (kV)

43y Number of circuit




Equipment

Ttem o Data
6. Battery 7o Hdali ovaitedle
1) Manufacturer's name

2) Year manufactured

— Bt e 7t 4 e e e B g e a8 —

3) Capacity (AH/HR)

4) DG voltage (V}

rore et o

5 Type

Y

7. Battery Charger

1) Manufacturer's name

2) Year manufactured

3) Capacilty

4y Incoming voltage (V)

8. Overhead Crane
1) Weight (ton)

2) Method of operation

AYY

3) Span (m)
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