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CHAPTER 1 INTRODUCTION

The feasibility study (hereinafter referred to as the FS) for the rehabilitation plan of La Vuelta
run-of-tiver type 'hydroelectric power piant_('ra’ted output of 2 mW) was conducted following
the pre-E'S that was carrled out for eight months from November; 1987 to June, 1988. This
‘report is prepared to summarize the results of the FS. '

This FS was performed in accordance with the Scope of Work (S/W) agreed and signed in
July 1988 between Japan International Cooperation Agency (JICA) and Instituto Colombiano

" de Energia-Electrica (ICEL). The st_udy' period was 17 months from November, 1988 to
March, 1990. ' :

- From among 62 small-scale hydroelectric power plants operated by ICEL that were
. nominated for the study of the rehabilitation plan, La Vuelta hydroelectric power plant
(hereinafter referred to as La Vuelta P/P) was selected as a candidate for the FS for the
following reasons: '

1)  Discharge observation data is.comparatively well prepared.
’ B

2) Corﬁplete drawings of the existing facilities and buildings exist.

3) Demand for electricity is expecied to grow from the promotion. of the regional
development plan.

4} 'Meta'res_ Presiosos del Choeo S.A., owner of the power plant, and has agreed to
cooperate ain the expansion of the generating capacity of the plant.

From this'rFS, post-rehabilitation generating capacity for which JICA Study Team proposes
as an optimum rehabilitation plan is as follows:

. Maxjmumou.fput Lor T MW

- Annual probable generated power : 65.7 GWh
- Facility utilization factor : 96 %






CHAPTER 2 SUMMARY OF STUDY RESULTS

The powcx plant owncd by the mmmg ﬁrm Choco, is.the. run-of~r1ver type h; fdroelectuc
power plant thh a maxzmum rated output of 2000 kW, bu11t ‘along the Andagueda river in
Choco Depax tmcnt Smceklts consir i%ljl‘fx{ 1916 it has been in operation for 74 years,
However, thie maximum Output of the plant has decreased to 500 kW. The registered annual

gencrated_ power for 1988 w_as_‘2,36_4 MWh.
('1) | Present condmon of gf;né,irlat_i.ﬁg fﬁcﬁiﬁés and their problems ,

T hydroclectnc power plant hamesses the Andagueda river, which winds through
‘the geography, generatmg power from a Iow head devised by shortcutting the bends in
‘ 'the I‘lVCI‘

o Tl'lc‘éﬁ;‘./él“é‘iéﬁ weir built at _{h;é‘tiﬁi:f:___qf-épnstrug,t_ib_n of the power plzjnt.had been washed

away and the facilities in fhe fbrebz.iyr-iwe're alSo desfroycd' The prese:n't diversion weir

. was built by y laymg wzre over the river. 130 m downstream of the intake site and

- hangmg the 1umber fence, tnncho wkuch 1s made of special wood of a greater-

| -'spcc1f1(; grav1ty than the w1re The mtake built squarc fo, the river stream, is an unlined

open channel 15-35 m w1de 78 m long and 4 m deep in the water. Tn front of the

- power generatmg bu1ld1ng, there is a regulating gate and a screen for the intake. The

highest water lever ever registered at the time of flood was 75 feet at the hydrological
gauge bcfore the mtake

Although the design of the powerhouse is bulky, and the capacity of the power
generation equipment obsol_ete, the structure itself is well maintained. Upstream from
the powerhouse'; the_rc is a navigation lock for canoes which is still in operation. The
“difference in'waéer level of the navigation lock indicates the gross head available for the
power plant The mean gross head :@gmered from January tlnough September, 1921
was 14 fe (4:3 m). - . fm. SR

Two vertic'allshaft-type Francis turbinés, manufactured in 1915 and 1930, provided a
rated output of 1000 kW each at installation.- However, after 60 years of use, output
has decreased to the current level of 25% (500 kW combined) of the rated output.



(2) Alternative rehabilitation plans

From the flow duration curves at the intake point shown m Flg 2. l the current :
available dlscharge (Q =54 m3/s) can be increased to 100 m3/s m the generatlon plan :
for this power plant. Therefore, two altematwe plans utlhzm g the maxzmum avaﬂable
-discharge of 50 m3!s and 100 m3ls are conmdered

Since the existing turbines are of an ob‘sole’te Francié -type no Iohgef manufactured they .
will have to be replaced with new gcneratmg equlpment However, since generatlng _
equlpment is not standardlzed itis 1mpossﬂjle to inistall replacements w1thm the ex1st1ng
building. Even if installation were posmble, it would be cl1ff1cu1t to make esttmates for
the installation work.' Therefore, thls study will be confined to the conceptlon of anew
layout plan for a site adjacent to ex1st1ng fac111t1es Although the rehabxhtauon cost for
the washed-away diversion weir accounts for a relatively high percentage of the total
cost of the rehabilitation plan the reconstructlon of the dxversxon welr in remforced
* concrete to increase the' head must be taken mto account

There are two altematwes t0 the exxstmg power plant rehablhtatlon plan, as shown in
4.
Table 2.1. 'The first calls for the restoration of TRINCHO at its emstmg site; the
second recommends the rebuxldmo of the remforced concrete dwemon welr
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Table 2,1 ~Alternative Plans for La Vuelta
Power Plant Rehabilitation

. Alternative -
Rehabilitation of KRR AT
Iem ~ theexisting Increase of power output
facilities - T '
REH-1 ~  ALT-1 ALT2
Discharge, Q (m3s). .50 1000 100
Max. output, P (kW) . 1,700 3,500 . 7,700
Facility utilization factor (%) 100 96 L9,
~ Rehabilitation and
improvement plan: ‘
~ Diversion weir Restore TRINCHO ‘Renovate the
' ’ at existing location TRINCHO
: - with reinforced
-4 - concrefe
Forebay o New one at adjacent site
Intake and conduction channel New one at adjacent site
- Generating equi_pﬁ;gn_t- " 7 Replace with new equi;ixinent
Powerhouse building . New building.at adjacent site
Tailrace © Newone at adjacent site




hu H;'\'J-S'.‘.. o L%-(;

(3) Selechon of optnnum plan

Comparative study results of alternative plans are summarized in Table 2.2. ALT-2,
designed to double the available discharge from 54 m3/s to 100 m3/s and increase the
head by renovating the diversion weir into the reinforced concrete dam, is relatively

advantagéous ‘However, the followmg iteras need to be surveyed to assure the
feas1b1hw of ALT—Z

1)

2)-

3)

A gedlogical survey of the bedrock at the site of the concrete intake dam and
of the soil conditions of the terrace on the left bank of the river have not
been made. ' o

The scope of impact of the backwater created by the dam have not been
confirmed.

A survey of the compensation for housing, agricultural fields and forestry to
be submerged under water has not been made.

“Therefore, the basic design for the feasibility study at this stage is based on ALT-1, and
is explained in Chapter 11.

The feasﬂnhty of the rehablhtatlon of the La Vuelta power plant can not be considered
solaly from the standpomt of profitability for the following reasons.

1)

@

&)

Smce thls power statmn utlhzes a small head, a relatively expenswe tubular
turbine genelatm is reqmred

M_ost of the facilities in the rehabilitation plan call for new construction.

Since this site is remote, transporfation and construction costs will be
relatively high.

re

2«5



Table2.2 Comparison of Rehabilitadon Plan for the La Vuelta Power Plant
@ Specificadons for Existing Ge_.ner_aﬁrig Facilities _ @ Rehahiliation Plan @ Recovered or Increased Energy
® @ @ Poentcliy 1 @ | @ @ ® @ ® ® ® )
Altemnative —— - -
Plan viax, Net Rated @ @ dvlax, Standard { Theoretcal | Resultane Qutput’ Annual prgbable  Facility Oumput Annual probable
n'vaﬂablc head output vt , s I a‘vaﬂab[c net c-)-u[gm, efficiency =@x@ generated énergy wilization =@ - generated energy
discharge energy discharge head =9.3x G0 factor -0
f%e Ho Po Ps Ee Q H @ Pt E: £ AP AE
(m? /s) (m) &W) kW) (GWh) (m3 [s) - (m) &™) Ui kW) (GWh) (%) (W) (G
REH-1 54.0 4.8 2,000 500 6.25 50.0 4.4 2,156 0.815" 1,700 15.4 1_00 1,200 9.1
ALT-1 100.0 4.4 | 4312 | o0.823 3,500 29.9 96 3,000 23.6
ALP-2 s | 1000 | 9.65 9,457 0.823 7,700 65.7 96 7,200 59.4
beys - Consmucion Cost . | . ‘ . . Average Generating Cast Cost/ .
@ Rehabilitadon Work Cost {U831000) per CW (USSAWY Total of Annqm Coscat C_enerau.ng_ Terminal (US$1000) @ e kWh (mills/kWh) e Benetit @
, . ! @ . ' Principal repayment amount for ) '
@ Generating Equipment Cast @ @ @ @ @ consuuction cost (23-year average) ® @ @ )
mati ti . i Foreig Locat |
Alteglnauvc @ @ D] Civil Q+@ Cost pec Cost per- Operation cgrrf;r%gy @) currency @ @+® per Es per AE Prioncy
an : wark AP Py and poruon gortion (0] Gy C/B
Fpretgn Local @+@ cost @@ = ©)/@ | maintenance 2 5102@ 016 X 2095 - 095 order
cuaey | cumacy | o | RO BlG | @0 |
poc: ?n "“E;“{’; C Cz C cArp /ey AOM =75
REH-1 3,950 1,600 | 5,550 2,410 7,960 6,600 | 4,700 | 6.8 414 | 323 | 737. 744 51 86 4,24 3
ALT-1 5,400 2,'150 7,550 3,320 | 10,870 3,600 3,100 14.0 561 441 1,002 1,016 | 36 45 2.71 2
ALT-2 7,400 2,950 | 10,350 9,700 20,120 2,800 2,600 30.8 772 1,026 1,798 1,829 29 32 2.29 1
: . - ) : H
(Notes) (1) : For the sxisting generating equipment specifications. refer w the facility register record auached o 3% : Ei(Energia Media)
: the pre-FS report o
. . Tatal of annual average cost 2 genemting terminal - _ Annual water amount for turbine (e /s- hr) 100(%
@ : Geaemdng cost= Zorm Wverage supplied siecaic pawes @: = QU x365 x4 *100(%)
@ : /B is the value of cost and benedic moo caicutated according to the financial analysis. : The annual AOML is the amaunt whica is squivalent 10 USS4 per X'V,
@ : E=is computed according to the average annuzl operation record for 5 years from 1984 to 1988, ' o o . o
@ : T is the resultane efficiency of murdine and generacor.” ' : - Intersstis czleulated by a repayment of principal in equal annual zmounts under the foilowing
| ' condidons, ' :

Foreign currency pordon: Annual interest rate of 109, unredesmabie for £ years, repayment over 25 vears

{ geal currency gordon @

Annual intezast sate of 219, unredeemable for | vesr. repayment gver 3 veors







CHAPTER 3

3.1 .Org'anization of'S'.Ludy'Tcam '

3.1.1 JICA FS Study Team

STUDY PLAN

JICA FS Study Team, listed below, i“ncludes the team leader and two members who
participated in the pre-FS, enginem's, geologists, a hydrologist and an economist.

Name . Position Assignment
- Masami Ono Team leader Total coordinator (civil engineer)
 Murao Toyama Team member  Power generation planner (civil engineer)

Susumu Nonaka
Yoshio XKawasaki
* Akira Takahashi

Masayuki Tamai

" Nobuhiko Uchiseto
Takashi Inoue
Masaaki Ueda

Hydrologist
Generating equipment planner (civil engineer)

Generating equipment planner
(mechanical engineer)

Generating equipment planner
(electrical engineer)

Geologist
Geologist

Economist

A1 Lol TE T



3,1.2 Counterpart Engineers from ICEL

Engineers who were engaged in this study as countcrpafts of the J:ICA FS Study
Team are as follows: | | |

Name | Field ~ Position
Juvenal Peﬁal'_:dz'a'Ro;éas Cwﬂ En'gihcéﬁng ' :Hé_a,crl‘;of Central :Eng. Div.
Jairo E. Gonzalez Morales ~ Civil Engineering Central Eng, Div.
Mario Gutierrez Ospina Civil Engineering Central Eng. Div.
Rafael Torres Marifio Civil Engineering Central Eng. Div.
Rafael Gomez Florez - Civil Engiheeiing ', Centr:;i,Eng. Div,
lorge E. Huttado Mufios ~ Civil Engineering ~ Central Eng, Div.

3.1.3 Supporting Technical Staff from E. CHOCO

JICAFS Study Team obtai.ngd cooperation and support from the following technical
staff in conducting the site reconnaissance, collecting .data and performing
engineering consultation necessary for this study,

Supporting Staff R . Position
Juan B. Iﬁnés&oza C. - President
Jose Wilson Guerrero ~ Chief of Planning Office
Jose Antonio Correa M. Electrical Engineer
Luz Elba Gonzalez Electrical Engineer _
Carlos Osorio Molina Manager of "Metales Preciosos del CHOCO"
Juan Ramon Gilabert Chief of La Vuelta Power Plant "Metales Preciosos
. del Choco"

L]

3.2  Study Items and Study Schedule

This FS was conducted for 17 mon.ths 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 defined by the S/W include the following:

(1) Review of existing data
(2)  Site reconnaissance-
(3) Field work
1) Topographic survey
2) Photogrammetric mapping
3) Geological investigation
~4) Data collection
(4) Power survey
(5) Optimum plan
(6) Feasibility design
(7). Stabilify and safety analyses
(8) Construction method
(9)  Cost estimation
(10) Economic and financial analyses
(11) Maintenance manual

-3.2.2  Study Schedule

The overall study schédule asindicated in the S/W is shown in Table 3.1.






Table 3.2 -Field Survey Schedule

The first site reconnaissance

. . : Member
Date - Schedule Detail of Study Item - : =
) ' ICEL - JICA
Feb, 15 __Bogo.ta-—;Quibd_c') . Field survey at La Vuelta P/P . Morales” - Masami Ono
—La Vuelia o A ' Yoshio Kawasaki
Feb. 16 Discussion at E. CHOCO and
data collection
Feb, 17  Quibdo—Bogota
'The second field survey
. R o Member
Date Schedule Detail of Study Item _ _
_ DT - : ‘ ICEL JICA
Jun. 27 Bogota—Quibdo ~  Field survey at La Vuelta P/P 4. Morales Murao Toyama
~La Vuelta . - S . : Nobuhiko Uchiseto
Jun. 28 - 7

Jun. 29 LaVueltasQuibdo = Discussion at E. CHOCO

3.3 Detail of Field Survey Work

The field survey work planned upon consultation between JICA Study Team and
ICEL counterpart staff according to the results of the site reconnaissance includes
topographic surveying and boring survey as described below, but does not include

photbgrammetn’c mapping.



3.3.1 Scope of poographi__c Surveying -

The scope of topographic surveying is shown in Figure 3.1. The scale For
topographic maps is as follows: o s :

) Divcrsrionrweir and river bed .

“The current conditions are drawn on a scale of 1/200 (longitudinal and cross
. sectional view), : _ A

(2) Bench mark
The bench marks will be set up at two locations.
3.3.2 Boring Survey Work Plan

The boring surveys were to be conducted as follows:

No. | Location : Depth - 47 Note

'BH:1 ~ Right-hand shore of River  10m  Thelocation of boring
‘ _ - holes is shown in F1g31
BH-2  Powerhouse building 10-20m B
BH-3 Left-hand shore of River | I_ .10 m

However, the boring surveys were not executed. -
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CHAPTER 4 PRESENT CONDITION OF THE STUDY AREA

4.1

- Power Conditions in the_PaWer Sector

" Power _condit_ioné in the power plant owned by the public electric power company

4,1.1

which is studied for rehabilitation are described below.

B.aléu‘lce of PoWe_r Supply and Demand

o 'Table 4.1 shows the figures for supply and demand in the past fwc yeals (from 1983

to 1987) In. 1987 peak demand was 18 MW requiting the purchase of elecmmty

. (63 2 GWh) to meet thc demand of 56.8 GWh.

The breakdown of power demand in 1987 mdlcates that power demand for resxdenhal
use was hlghest at 69%, while lowest for indusirial use at 6%.

The annual average rate of increase in power demand from 1983 to 1987 was 26.6%,
and the rate of buymg elecmmty 1ncreased accordmgly '




Table 4.1 Trarisition of Power Supply and Demand
(1983 - 1987)

‘ J T ¢ Annual
Ttem 1983 198 1985 1986 . 1987 fenee
' ' ' “Rate(%) *
DEMAND | |
1. Peak Demand (MW) 21 104 105 86 180 262
2. Electric Energy (GWh) . PERRTERRNIIE _ s
1) Residential 155 199 252 320 394 263
2) Commercial  © 32 39 44 52 's6 150
P Wduswial 08 08 22 19 35 446
4) Miscellaneous 26 a1 s2 62 83 w1
Total 21 277 . 310 453 568 266
© SUPPLY |
1. Installed Capacity (MW) 0 0 0 00 0
2. GeneratedEnergy(Gwm_' o o o 9-;; o, o
3. Power Loss (GWh) 107 132 107 82 64 121

(Source: INFORME ESTADISTICO: RE_SUMEN_ 1983-1987)
* Annual average increase rate is calculated as follows:;
Example: When peak demand is 26.2%, 7.1 x (I + x4 =180
x = 0262 (26.2%)

Electricity is supphed to these areas by La Vuelta Power Plant and with unports from
E. CHOCO which are distributed by Metales Preciosos del Choco. '



Table 42 Curtent Electricity Demand in the Vicinity of
' La Vuelta P.oWer Plant _

City .- Nu{npgn of Consumcrs ~ Demand (KVA)

e
Lo " Wb 262
Istmina . 337 3,189.0

L Newa 75 500
Total = 812 3,501.5

(Sourcg::‘ E. CHOCO) B
4. 12 _4'_Present Cc_;hdi'tiqnspf Generating Faciiitiés_
) ' : '{1)- ) Ge!.r_leratinlg facilities -

T;‘iere is.'_no powe; plant owned by the public power 'co'fnpa'ny. -

However, the present condmons of the power plants of F/S are as shown in

Table 4 3
Table 4 3 Condmons of La Vuelta Power Plant -
S ' (1985)
o e e - 1985, -
1) Tnstalled Capacity (W) 2,0000
" 2) ‘Generated encrgy MWh) 4,602.0
3 Uuhzatmn factog;_g%) o 26.0
= 4) Operatmg tlme (%) 4 74.0

- (Source: E. CﬁOCO) |



(2) Transmission facilities

115 KV transmission lines are provided for E. CHOCO.. 33 kV transmission
lines are provided for the La Vuelta P/P.

4.1.3 Generating Cost and Electric Charges

Table 4.4 lists the changes of generating cost and electric charges from 1983 to

1987.
Table 44  Generating Cost and Electric Charges
: _Annual -
Ttem 1983 1984 - 1985 198 1987  peege
Rate( %)
Generating Cost (COLS/kWh)  3.92 440 417 504 5.80 10.3
Electric Charge (Aﬁerage):
(COL$/KWh) _
1. Residential 3.03 3.04 332 43¢ - 5325 14,7
2. Commercial = - 404 420 638 817 1031 26.4
3. Industrial 362 367 628 178 . 1144 333
4. Public use ; 366 374 502 654 853 23.6
5. Average 321 335 396 503 678 206
Breakdown of Power Demand |
by Customers o _ _
1. Residential 6,637 8,167 9,713 10994 12,319 16.7
2. Commercial 784 926 998 1110 1200 113
3. Industrial 2 6 % 105 159 322
4. Others 177 216 232 266 284 12.5
5. Total 765 9377 1,033 12475 13,963 162
Diffﬁsipn of Electricity - ‘ | _ #
1. Overall 235 239 243 247 250 1.6
{1,000 households) '
2. Powerdemand Y, 44 49 55 16.4
(1,000 househoids)
3. Electrification rate (%) 13 15 18 20 22 14,1

(Source: INFORME ESTADISTICO: RESUMEN 1983-1987)



4.1.4 Forecast of Power Ijemand_

E. CHOCO forecasts power demand for the v101mty of La Vuelta until 2000, as
shown in the following table.

Table 4.5 - Forecast of Power Demand in the Vicinity of - -

La Vuelta Power Plant
PR 1990 - 1995 : 2000
Cities : -
Number of  Demand  Number of Demand Number of  Demand
Consumers  {(KVA) - Consumers —  (KVA) Consuners Kva)
Llero .~ 1928 L1200 2256 16355 2,623 23335
: T st of . !iuu Cow ’
Istmina 834 3 406 5. Lt 714 3,529.0 831 3,809.0
Total 2,562 45265 2,970 5,164.5 3,454 6,142.5

4.2 Operation Record of the Existing Power Plant

4.2.1 ' Generated Energy -

TR
g

Record of generated energy and operation time are shown in Table 4.6.

Although _thé utilization factor in 1955 was 79%, it dropped to approximately 30% in
~ the 1980's because of the extended use of the turbines.

RREI I Rt
TN e



Table 4.6 Record of Generated Energy :

: _ msf:)rlllitgclit on Runmng Generatcd _ Faelhty CRTHI
Year the name plate Period Energy’ Util_i_zation . 'Notes,
W) (i) (MWh) ~ Factor (%)* -~
1955 IMWxZunits - 8,003.6 - 13,835 79 }\ro record in
' S . an,
1980 " 73440 5233 30 No record in_
o Feb, and May
1981 . 5080.0 . 4959 28 Norecordin
‘ : ‘ Jan,,“Apr., Jul,
Nov. and Dec.
1982 i 66720 4971 - 28 Norecordin
' ' Feb., -Apr.
- -and-Nov, S
1985 " 6,504.0 4,602 26 ;.. Norecordin. - -
: Aug., Sept.
and Nov.
1986 " 12,9280 2,364. 13 No record from
- S <. . Feb. through
,Aug and Dec.
* Note:
ee s as Generated energy (MWh) ' o
Facility utilization (%) = 8760(hr) x output mscnbed on the name plate (MW) x 100




43  General Condition of Generating Equipment and Civil Structures
431 ernc_ral Condiﬁqﬁ_,Q{‘Generat_i_‘gngquipment' -
‘The present condition of the generating equipment is summarized below:
(1) Generating equipment .
Name plates indicate that No. 1 turbine was manufactured in 1915 ‘and No. 2
in 1920. Defects found in the water turbines and generator from a survey
. conducted by E. CHOCO are shown in Table 4.7. Although there are no
- crmcal defects, E. CHOCO requests new replacements for the equipment
' ,:because of the ngmﬁcant decrease in turbme output from deterioration over

time, as cxplamed in 4 2.1

- Tabled.7 . Majcir Défcéts in Water Turbine and Generator -

_Bquipment . . - No,1Unit. = ¢ . - -No.2 Unit

Water' 1) Guide vanes do not close  .1) Same as No. 1 unit
. +turbine - el Lenielem DTS T

...~ 2) .Casing vibrates :

Genefaf'o} 7_1) Insulatlon remsurance value -..-2) Same as No. 1 unit
o " of coil is lower than STD

Control 1) Inaccurate instruments and 1) Same as No. 1 unit
panel - profective relay
(2)'__:Sabgiatiéﬁ__j""if',h Ly

Onc outdoor 33 kV transformcr has bccn mstalled Though there is no
“31gmﬁcant defect in the transformer, E. CHOCO wants a new replacement

" Smoc it is obscletc and unrehablc -



(3)

Transmission ling

There are two 51.5 km transmission lines, voltage 33 kV; from the power
plant to Andagoya substation. Since no defects were found in the transmlssmn
system, rehabilitation is not requn‘cd S o

4.3.2 General Conditions of Civil Structures

)

)

Intake facilities - -

TRINCHO, consisting of wood damé_- su'épen_dédf frdm‘caﬁlbs; is lbc_atéd on
- sandy-debris 130 m downstreain from the forebay entrance. On the TRINCHO

extension, there is a 200 m dam upstream and a 240 m dam downstream, both
attached to concrete blocks. ‘ R

The TRINCHO dam has been constructed with several layers of high-specific- -

‘gravity wood, bound by wires and suspended from cables. The upstream of

the wood dam has been backfilled with river gravel The crest elevatmn of the
upstream dam is 78 m, iis helght 1.0 m Excess yiver d1scharge flows

‘through or over and damagmg the dam, thus repau‘ work is needed every year.
~ Since there is no sand trap, sand and gravel deposits upstream of the

TRINCHO dam are usually dredged by the draghne (capac1ty 2 m3/10

‘minutes) from the left bank of the rlver

Forebay
The intake of the forébay is perpendicular fo the river flow of the right bank of
the river. It has a 13-35 m by 78 m water channel. At the intake there is a
1.5 m high by 35 m long submerged dam to prevent the inflow of sand and
gravel. The standing water level of the forcbay is 78.90 m. Rocks are
cxposed at thc base of the forebay, as the fioor is 75.00 m decp and the
staniding water dcpth is 4m. On thc 1eft bank of the forcbay, there are a
navigation lock (1.79 m wide), pler and waterway '

Intake

Total length of the intake is 26 m and each of the two screened entrances is
11 m wide and 5.8 m tall. The elevation of the river bed is 74.70 m. Three

4-8



(4)

gates (3 x 6 m each) are installed at each entrance of the intake. At the center
of the intake, there is a 2.40 m wide a sand trap channel and another 5.50 m

- wide by 1.5 m deep channel to preirent inflow of sand and gravels is provided

in front of the sand trap.

Power plant and tailrace

The powerhouse bu_ild_ing, 32 m.by 11 m with a floor elevation of 86.60 m,
houses two 1,000 kW Francis turbine units. The layout of the powerhiouse
building will requires mose space since the existing generating 'equipment and
layOut'design are obsolete. In spite of 70 years since construction, the
structures are in a comparatively good condition. There are 4.90 m wide by
2.6 m high trailraces arg provided at each turbine. Elevation height of the

tailrace floor is 70,10 m and firm tailwater level is 74.70 m.

4-9°






CHAPTER § ° BASIC DATA COLLECTION

| Pre;FS was c-on:c-lu(':ted' frdrh November,: 1987 to July, 1988, In succession, FS was carried

out in November, 1988 to collect topographlcal geological, hydrometeorological and other
related data as detaxled below -

51

Tém‘grﬁp'hi¢ _Mép's N

“The Rio An&égueda has its fountainhead at Cerro Caramanta flows through Bagado

and merges Wlth the R10 Atrato at Lloro, La Vuelta P/P is located on the right bank

'of the nver 10km upstream from the merging point with the river Atrato where the

river wirids’ greatly ay
'lhe collected data on: the topography in the site- are maps with scales of 1!25 OOO and
1/500 000 issued by IGAC, and topographic maps measured by E CHOCO, and the
as—buﬂt drawmgs owned by Metalcs Preciosos del Choco.

a Tgppgfa'phib maps publis{_lcd by IGAC:

- Scale DrawmgNo L Description
1/500,000 | - .. the whole area of Choco Department
1/100,000 184 .
1/ 25,000 186 } Vicinity of PP .
184-1V-B Power plant
- 185-MI-A&C° ~  Upstream of P/P -

185-1-C Downstream of P/P




(2) Topographic maps actually measured by E. CHOCO -

Topographic survey maps actually measured by E. CHOCO from March to
- June, 1989 for the study of this power plant are as fol]ows :

Scale Drawing No. Description

1:2000 1de 18 Plan representing the whole arca
St g 2d618 _ ." )
1200 3de18~18 de 18 Plan (16 sheets)

1:200 ©19~25°7  Section (7 sheets)

3) Some of the representative as-built drawings of Metales Prccmsos deI Choco
which were obtamed by the survey feam are as follows:

Scale Drawing No. U Tite Deéscription

1:600 - LaViela Toppgraphical map for the
Powerplant & camp - site’of P/P and v1cm1ty
1:360 - Planta General de la ' Structure of powerhouse
: 3 Central Hidroelectrica buﬂdmg
La Vuelta '

5.2  Geologic Survey Data
Geologic survey data that was collected for this survey is as follows:

- Aerial photographs of this power plant and vicinity
- Mapa Geologico de Colombia, 1988:  1:1,500,000 INGEOMINAS

L]

5.3  Hydrometeorological Data

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

Precipitation at the existing HIMAT, precipitation statlons and the duratlon of
monitoring record are hsted below.



Table 5.3  List of Data Collected Relating to Hydrometeorology

() Precipitatioil observation record

Meteorological station ' Location

. Altitude
——— —Observalion conycotier o o eriod
- Ne. .- . Nagme - Latitude Longitude (m) pett
1102002 QUADUASt:# v y0  HIMAT 05467 7611- 1,500 1977-89
1102:00s PINONEL. 0544 7622 715 195887
1103501 LLORO ~ " 0530 7634 .90 - 1983-86
1104-501 APTOELCARANO =~ .° 0543 7637 53 1970-87
2610.009 BETANIA-LAS GUACAS  * 0545 7559 1,580 195787
2619-010° STA BARBARA " - 0534 7554 1,600  1970-87
2619-502 ITA ANDES" . " 0540 7553 1,250  1970-86
5401-003 STA CECILIA " 0520 7608 370 1964-87
5401009 SAN ANTONIO & CHAM " 0528 7559 1,170 196387
.(2) Discharge observation record
erdrol_ogical Location Catchment
bserva-; . , u
8508@ Yition River Controlier Es:ﬁi:[sh— Al(t.:;l;de afe% tion
No. Name Latitude Longitude (km?) . period
1101-701  Aguasal  Andagueda HIMAT  1976-05 0530 7632 75 1,030  1977-86
1102-705 Gindrama  Afrato " 1979-12 0532 7632 75 1,800  1982-87
(3) Water quality data
The observation of water quality was made at the time of the field survey in
November, 1988. However, during that.time, JICA Study Team was unable to
obtain the obseryation record,
(4} - Sediment data

The observation of sediment was made at the time of the field survey in
November, 1988. However, during that time, JICA Study Team could not
obtain the observation record of sediment, - ' ‘

5-3



5.4

541

Other Related Data
Construction Prices Data

Construction prices':_fo'r civil works in Colombia are based on "Catalogo de Precios de
Materiales de Construccion (Catalog of Co’ﬁstx'u_ctipn Material Pric_:és)" published by
CAMACOL (Cariera Colombiano de la Cér}structién) | H§w¢ver, the above
publication is not published in all departments of Cbio_mﬁia. To coc;fdinate the data of
the power plant sites where the FS was conducted, éons_tlructién prices used for this
study are based on price data used within E;:CHOCO (refer to Tzi_bfe 5.2).
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5.4.2 Power Concﬁtion Data

(1) JICA Study 'I‘eam collected the followmg data for the purpose of exammmg
E, CHOCO's power conchtlons :

1) Present power demand for the surroundmg area of La Vueita b/p and
demand forecast untll 2000 ' '

2) Operation and n%aiute_nancé éosfs ciur'ing tﬁe recent fivé'yéars
3) E CHOCO schematic poWer d%agram.

2) JiCA Study Team gatpe;red' 'm_é fqn_o»{;it;g data relating to L.a Vgeua.?' T
N S'in.gle: line .diagri.lm - k- |

2) Equipment layout plan -



CHAPTER 6 PRESENT CONDITION OF TOPOGRAPHY

6.1

6.1.1

6.1.2

" 'AND GEOLOGY

Topogr_aphy and Geology in the Area
Topogrephy o

The fountainhead of the Rio Andagueda js around the western slope with the
elevation of approximately 3,000 m on the western mountains which run in the

" direction of norih-south along with the west coast of Colombia from which the Rio

Andagueda flows generally down to the west and joins the Rio Atrato which runs
from south to north at Llolo.

After the conﬂuence the R1o Atrato changes its dir eetlon 10 the north and meanders
sharply the swamp in low land through Qu1bdo, the caplta of Choco Department and
continues winding down to the north and flows into the Caribbean Sea. The project
site is located about 4 km upstream of the confluence of the Rio Andagueda and the
Rio Atrato, and the location where the bends of the river approach closer each other’,

The topography in the v1em1ty forms a gentle slope hill with the elevation of 70 -

100 m and a several steps of river terraces have been developed m the both shores
of the river. Current rwer bed w1dth is approxlmately 100 m. If aeral photograph is -
mterpreted remarkable lineaments are not observed m the vicinity of the project site.

Geology '
In Choco Department, the syncline consisting of tertiary sedimentary rocks having

syncline axis in the direction of north-south exists between coastal area (Pacific
ocean) and the western moun'gains The project site is located generally within the

- east wmg of this synclme Therefore the geolog1c31 structure in the pro;ect site has
_ genﬂe slope towards the west where sedzmentary rocks strikes mostly in the north-
' so_u_th dl_rec;tion B S '

The bedrock in the pro_]ect site cons1sts of an altemate layers of fme sand stones and
mudstones of the tertiary phcocene Ohgocene The terrace deposit consists of
unsolidified sand gravels of the Quarternary peno_d which contains alluvial gold. The
alluvial gold is mined in small scale at various places. The talus eposits of layer depth



of 1 3mare d1stnbuted at the foot of the h1ll In addmon, the sand gravel 1ayer of
estimated depth of about S m exists in the Current river bed. The stratigraphy in the
vicinity of the project site is shown in Table 6.1,

Table 6.1  Stratigraphy in the Vicinity of Project Site

' Schematic
Age column lStra_t_a 7 | Re:_marks_
ot o ¢~ Q7| River bed deposit
Quaternary | - . | Talusdeposit
o o | Terrace deposit « Gold ore
© Tertiary =| Fine-grained Sandstone |
: ' - | Mudstone

6.1.3 Geological Structure
| Strlke and d1p of the aiterna’te layers of fme gralned sandstone and mudstone, the
'bedrocks are w1thm N20°W~N5°b 5°~15°W ThlS mcans that the stnke 13 generally

in N-§ dn‘ectmn, namcly square to chrecnon of nver stream, and that the chp is gentle

5°~15° towards ‘the downsteam of the river.

Model of the geological structure in the project site is as shown in F"ig.' 6.1.

High. terrace dep.

' Lo terrace dep.

Pa———}

Tertiary Altematlon of Sandstone and slltstone ’

Fig. 6.1 Model Geological Structure in the vicinity of the Project Site.



6.2

Geblogy_in the Project S_ite .

The bedrock of the dwersmn wen', forebay, power plant and tallrace are alternate

' _,layers of fine gralned sandstone and mudstone of the tertiary peuod as mentioned

6.2.1

'above On the low tenace at the lefthand side shore of the river, low terrace deposits
' (sand gravel layer) are dlstnhuted whxle on the uppermost of both the right and left
“hand sxdes of the river the h1gh terrace deposus (sand and gravel layer containing
alluvial gold) are distributed.

Geological evaluation

o 5} ‘The bedroclf in the pro;ect s1te con31sts of fme gramed sandstone and mudstone

6.2.2

' of the tert1a

sperlod nich theyi, belong to so called soft rocks, but as they are

el fron]; robk étrength pomt of view, they are evaluated to be

| flesh ‘when
_.SuffICIBnﬂy avallable for the foundatlons for conmete dam of a‘oout 10 m high
and other various structures and as they show excellent non—permeablhty, there
'1s 10 pxoblem for utxhzmg the bedlocks for the foundation of the dam.

2) As the terrace depos1ts (sand and gravel layers) and the talus deposits are
unconsolidified soft mcks and deform greatly, they are not suitable for the
found auons _fc_or_ important structures.

3) .There is no shde area in the vmey of the pro;ect site. However there is a

possubxhty of minor scale of land slide in the new slope when the large scale of
excavation which is projected in future is executed, it will be necessary to
consider countermeasures for the landslide when detailed design of the project
is made,

Geelog.ical problems

As the survey made at this time was only on the surface soil of the area in the vicinity
of the prOJect site the detailed data on the geological conditions of the subsoil under
the project site could not be obtained, "The problems to be addressed in future with
regard to the project site are as follows: |

1) The current fayer depth of the sand and gravel of the river -bed should be
_confirmed. To confirm the elevation and the geological conditions of the




6.3

bedrocks in the vicinity of the project site, séveral borings should be executed at
the center of the river bed when the detailed design is worked out, -

2)  The geological conditions under the low terrace deposits at the left hand side
 bankofther nver ‘and the }ngh terrace dep031ts at both the nght and left hand side
banks also should be mvestlgated For the same reasons mennoned mt he item

1), boring should also be caried out.

Distribution of Concrete Aggregates

“The candidate matenals for the concrete aggregates dlstnbuted in the- vicinity of the
project site arc only sand and gravels of the present river bed and sandstone and

mudstones of the tertlary penod W1de1y found m the altcmate layers of the sandstone

river bed are gramtes sandstones of the paleozmc, and claystones, the mudstone___

gravels of the tertiary period are’ partially included. As these stones seem to
contribute to the deterioration of the concrete strength, it is desu:able to c:arrj,r out the

: aggregatc tests for deternnmng thc concrete de51gn strength

There is no problem relating to thé:aggfégaté quantlty, bécaasé:fhé sandstones of this

type are widely distributed in the curréfit river bed (Approx. 100 m wide.)

‘and mudstone m ‘the v1c1mty of the pro_lect s:te are not smtable for concrete
' aggregates Although the most of the gravels (conglomerates) found i in the present '



CHAPTER 7 HYDROLOGICAL ANALYSIS

Fig: 7.1 shows the locatlon of the ex1st1ng gauging stations for momtomng prec1p1tat1on and
discharge in the watershed of thc pr()Ject site. :

7.1

General Meteorology in the Planned Area

CHOCO Department located in the ﬁorthwcst part of Colombia lies at 4°00' to 8°40'

" north latitude and is situated near the equator.

Generally, the lowland areas enjoy a tropical climate and have a hot and very humid
rainy season, With the altitude increased, the _climate transits into the te’ﬁlpera_ture
zone climate, The lowland areas have a temperature of about 28°C, while the areas
with the elevation of 1,8'00 to 2,800 m range from 12° - 18°C.

Quibdo, the capital of .D_epartmént, lying in the 'altitude of approximately 40 m has a

temperature ranging from about 30°C to 22°C. This temperature level remains
constant year to year. .

A-nnuéﬂ precipitation in the west slope of West Andes Mountain Range is 6,000 min
while the hIghest prempltatlon area near Quibdo often exceeds 12,000 mm/year.

Pre(:lpitatlon in the hightand is ‘as low as 2 ,000 - 3,000 mm/year,

The Rio Andagueda whicit iras its fountai_nhead in the West Andes Mountain Range

~ flows on its west slope towards southwest through the project site and is a river of

total length of about 76 km between the fountainhead and the merging point with the
Rio Atrate.

The proj'cc’;__,sit_e with the elcv_avtio_n' of about 90 m above the sea level is situated
southeast to Quibdo the capita'l" of Department and as it lies in the tropical climate area,
it has a high temperature of 28°C and a high precipitation of 9,000 mm/ycar. But as

- the altitude increases, .précipitation _decfeases to about 2,000 to 3,000 mm annually.

Prempltanon fluctuates year to year, but there is a relative clearcut distinction between

the dry and ramy seasons. (Refcr to Fig. 7.2. )



Chservation - Gauging Station o
Ttem o Name Latitude | Longitude
Discharge 1101701 - Aguasal 0530 7632
| - 11101-705| Gindrema 0532 - 7632
Preciptation | 1102-002| ~ Guadvas 0546 7611
1102-005| Pinon E1 0544 | 7622
1103-501| Lloro 0530 7634
1104-501| Bpto El Carano | 0543 7637
2619009 tania 1as 0545 7559
2619-502| Ita Andes 0540 . 7553
2619-010| Sta Borbara 0534 - |~ 7554
5401-003| Sta Cecilia 0520 7608 .
- 5401-009] §an potonic 528 7559
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7.2

7.2.1

Discharge Analysis

The Study Team gathered the observat;on data in the past 10 years (from 1977 to
1986) recorded at the Aguasal gaugmg statlon operated by HIMAT located about

3km downstream the La Vuelta P/P and prepared the discharge and the flow-

duration curves by converting the tiver basin according to ihe reliable 6-year data out
of the above record. (Refer to (4) of DWG. No. JV-H-01.)

Comparing Discharge Observation Record

Observation penod of the discharge data the team obtamed dunng the survey period is
as follows

Gindrama Gauging 1872~1987 - 6years (Established: Feb. 1972)
Station _ : _ - .
‘Aguasal Gaugmg © . 1977~1986  10years (Established: ,Mey'1976)
Station ' - - .

J .

However some fo the observation year contain non- observmg dates and the years in
which the complete observation dates are included are as shown below

Aguasal Gauéing Station 1977~1979 . 3years
1984~1986 _ 3 years

The data obtained from the Gindrama Gauging Station contaiﬁ records during six
years, but as they include long period of non-observation every year, they are not
suitable for analysis. _ .

(1) Confirmation of catchment

In order to confirm the present location of the existing gauging station,
longitude and latltude indicated on HIMAT's gauging register were plotted on
the topographic maps (1/500,000) published by IGAC, and conflrmatlon of the -
catchment areas in the gauging station area was made. As a result, it was found



that there was a great deviation in the catchment area of the Auasal gallging
station as shq).vn,in Table 7 . 1.

| Table 7.1 _Résﬁlts of Identification of Catchment Areas

Gauging FIMAT Value:

station I,tem _ register confirmed Difference
Aguwsal  Catchmentarea. 1,030 914 116
_ e

_ Gindrama  Catchment area 1,800 1,800 0

(km?)

-Théfeforé, in ordér tlﬁ-at_ the consistency can be maintained between the
catchment area of Aguasal and that in the diversion weir of La Vuelta, the value
(914.0 km?) measured.by the study team will be employed.

(2) Identification of secular change of flow characteristics
If the flow-duration curves for three years (from 1977 to 1979) and that for
three years (1984~1986) observed by Aguasal Gauging Station are compared

with the mean flow-duration curve per. 100 km2, they could be presented as
shown' in Fig, 7.3. ' '

AT TRRS B NYU-I A
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4

normal flow-duration curve, the followmg methods were considered:

a)  Parallel method

' Year-to~year ﬂuctuatlons of the nver-duratlon curvc occur at this s1tc. Tn drawmg a

The daily average discharge for 365 days is arranged in descending order and

the flow-duration curve for each year is drawn and averaged.

b)  Standard year method

&

Flow-duration curves for each year are drawn. The median curve is then

selected and set as the flow-duration curve for a standard year,

5




7.2.3

c)  Series method -

Daily average dtscharge for 15 years 1'* arranged in descendmg ozdex with only
- the Y- -axis adjusted for the one-year curve,

d) . Curve inseftion 1hethod_ S

Avetage values from 355- day flow, 9 month flow, ordmary water dtschaige
and three- month flow observed for a minimuni of 10 yems are calculated and
plotted from a d15charge handbook for. the flow durataon curve,

Normal ﬂow—duratlon curves are drawn based on the parallel method Non observed

'years are not mcluded The X and Y axes are expressed as datly average discharge

m3/s) and number of days (%), respectwely

Discharge'_‘an'd Flow'-dtl'rat.ion _Curees_' at AguaSal Gaugin'g Station ‘

_ Dlscharge gate at the Aguasal Gaugmg Statton located about 3 km downstream from
~ the mtake site for La Vtxelta P/P are arranged as:shown in Table 7.2 using 6-year
. data excludmg non obServeddidtes

. In calculatmg monthly average dlscharge data in Table 7 2, tlle month in which the

observmg date is less than 10 days is excluded form the calculation. As. can be seen

"from () of Drawmg No LV-H-01, the three-month flow penod can relatively

clearly dlstmgulshed from the drought period, and it seems that months April through
N ovember correspond to three-month ﬂow period and those from December to March

: ..drought penod

"Typtcal ﬂow durauon curves calculated from the 6 year flow- dmation cCurves
' (covermg from 1977 to 1979 and from 1984 to. 1986) using the patallel method arc
: '1nd1cated m (3) of Drawmg No. LVO—H—OI ‘Three- month flow, 01d111ary waler
- d1scharge and nine- month ﬂow in ﬂow durat1on cutves are indicated in numerical
| value:s, as-s_how_n m_Table’I.S. '

. Table 7, 4 shows the max:mum dl‘;charge recorded at’ Aguasal Gaugmg Station for 10

‘ 'yeaxs from 1977 to 1986."



SNISSIW <»<mgmf< (1) {3LON v

g g 278! 264 lg'gs  Jgwg € 8F I§5°LE 108 [0°99 . |0°5F L 68 15 Bb 9 ¢¢ "NIW

L L8 |8 V4L 1p7822 1€°962 {681 (7202 IB°GLL [4'CiZ [2°602%.0g5102 Jr 08l [0°FEL 18 wi! NY3k! VLD
v LLB 127629 [1°289 iv LL® 197429 10°62L 18 119 v L89G 10° 409 19 119 |6 E0G 1 0O8f |6 LEQ | XYM

0°G6 06§ 0°401 187101 |9°@s v 89 G 2L 1°08 £'68 1" 06 0-€9 | £8 2764 CNIW

p' 661 18°6CGY 19°L1Z |6-°9%2 j0-rZ2 |c'€eZ |6°¢vr2 6°vEt |E°061 |z p€2 JE-LG) [E€°LGL J0°S8L | Nv3IW| 9861
g-vig 10802 19722p 18°80G. |6-008 g 1ig |8 119 lo°pib |09t Jg 119 [6°€0€ [6°2Ll€ (8119 [ “XVH

L ¥9 T v 08 9101 - [8-4ll i10'€d L7279 - |u'80L 180l 2000l luti6 |0 2L. €96 "MW

G161 (67422 [0°84% (v 0pZ2-{p L61 (67281 [8-€8L 16°202 [0 #02 (@ 641 [0°L§1 [l"vEl f0°602 | N¥Y3IW} G861}
G LES |8°86f 197229 j&-igp- ot lob e pir o 28% iv 488 G1°0EC o 628 e vap |6 GLE [674E8 | ' XYu

S 6L 1718 2 201..16°L6 L L8 6 LG L 98 G°8€1 J9TiEl- {270l G 6L 0 L0L lpr0tl ‘NINW

8012 v LD2 |€°.92 1y 692 |6°941 €912 log6l |6 0v2 |£-222 57902 J. €51 J6°L8L [1°461 [-NY3IW| vB86!
U 5L8 16 LbY 10°v2.9 (v 246 14765 |6 86t 0" vbw |9 Liv (b Qiv 19 °GBE (6 €L2 |9 6iE 1L OEE *XYH

8 L8 6 1Lt |p 9@ v 101 {8748 (1) (1) (1) iR (1) T (1} “NId

1"20¢  |2°602 18102 | 212 |s° 09! (1) (1) (1) (L) . (L) (L} (i) (1) NY3W| €861
0128 {0°20F |¢°'6%E- 10" 128 |0 bGe (1) (i) (1) (L) ({1 (1) (1l L) “XVH

598 (1) lg-grt -igg2l |6°949 {1) 1) (1) (1) (1) (1) (LY (1) “NIW

L 861 (1) J07002 l2"2g2 10°v§1 {1) (1} (1) (1) (i) {1} (1) {1} NYIW| 2861
G 8LS L1y dz-zog lo'gic. 10 pLZ (i) (1 (1) {11} (1) (1) (1) {1} * XYW

PR S 61 (5 (1) L1} |8 4i l"gL  |2°80L 180kt (i) K (1) {1} "NIW

g 0Ll I8 €9 {3) {1}, 1) lerpgl {211 €' pi2 |2 022 (1) (1) (1) (L) {"NY3W!} LB81
U y8s | £92 (1) (1) CLLy 11°80¢€ letaye {0°p8S (809 | (1) e S {1} “XYM

07 1E " {1) Ly b0 {1) L) K (1) {11 16716 071§ < [2°E8 0 6L “NIW

267l 1) (1) (1} (1) (13 {1 {1} Gl JLTBLL 11T E8 R TTIEAEEY NYZw! 0861
G rES (L) (1) E (1) {1} {1 (1) (1) | %G 1§°66! (G 08E {0 bEy | NVM

07 €9 8 L0L |G PEL 2766 | 'BR |8 40 0°5s Z'E0! ]0'99 098 0 g9 0" €8 0°£9 TNIW

L7881 L°00Z2 |4 6i2 le-ii2 lo'plz 11002 v 2Z¥1 |8°G02 |6 L02 16 L22 i@ €2t '|S'66 L 501 | NV3W] BLBL
PULLB iB°CiF 107018 v LiB- 16°CLy (v 889 [6°DRE [Z2°08E 60068 lg'vrS |£°89E 19°68l {0992 XYM

T y'G6  |gTGly lgTrEl 16°99 S8y § LS lLTgel 078l G 1B €Sy |56y |0'BF SNIW

07061 167602 (v 0€2 j9°LL2 [0 FLLl 127061 |76l |6°60€.[65°€6.L |i-9LZ |0°2EL |L°Z6 §°'96 NY3IW: G461
0664 17946 17280 10°664 |8°428 i0°62L [6710f 167396 lo'i9b |9°06S jc Siv [£°G81 {8°9v2 .| XYM

9°¢¢ 0° 8¢ 2 6L G 921 {6 ¥g £ 08 08¢ 0 LB G'vi . |0°GH L 8¢ g 26 g ¢t TNINW

1769t lo'egl {L°0€Z (v'682 [0°G@l (G LBL (2'vGl (8'881l (o 922 |6°601 |2 GB 216 £°08 NY3IW) LLBI
2628 iZ2'Ge28 g gLy |0'wig |0°G6B5 l07i8y |0miy lo-vor J0°209 Je 09t [e ipf (0'GE2 (897025 |- 'Xyk
ﬁ‘Jmm“mw 230 | Aow | 120 | d3S | OAY | NG | NNC | AYW | wdv | d¥K | 833 | NYC | 3dAl| . S¥30
(8/8W :L1INN) _  YQ3NSYONY (3WYN ¥3AlH

aYsynody - L0L~101 18 ONIDNYD
J1IS "S°9 1V MPZ 39VH3IAY ATIVQ 40 3TIEVL R4 ATHLINOW AR =

7-8



2 161 LS AT EHEERIE LLez 2 v0L NY3IW
1
L BE1 D 8¢ 0798 271l v ¥8i. . €702 . [.BT1LB 0861
0°261! L¥9 £ vy 182l 2718171 ) L70EE 6LED §861.
g 012 S BL £°¢6 0'8pl [ €915 87162 0 vLe b861
07081l 0°£9 EAE-1 27L01 PUEGLL . |.27622 . | v LLB BLEL
27061 ¢ Gb S b6 §'16 - |0"esi:n|e2roze 0°88L:. | 8LBIL
g9set leree  pg2y [ 2U6L R T AL N BT 27629 LLB1
zmmz ;q.o 1SYT) (AYQ SSB} | [AYO G427 [ LAVD G8L) {-(AVO €6 ) :.«.m 1811 EY3A
NIW [ALHONQYG  ADT. [AZYNIGHD| ALN3d X¥W | ONISNVYD
{S/EW *1INM) YO3nOvaNy tJWYN H3ATH
IYSYNOY  10L-10i1 i 1§ ONIONYI

3118 N@ILVLIS DNIONVO 1V 378v.e NPILivand A0Td £ L-2TaRL



¢-zzel {0°ssw o.mmn—Aqwmmo_gmwmooﬁ 0°6001 |0° 266 w.wom_ c.mmm_;o.moow_mwymm 9'geL |0°GSe | VLOL

0'ees le"ezy |2°wss |079e8 07g»g (27089 (0°0L8 |g°@ve [e- 92y 27698 v 0E9 (@ 0Ly [2°€v8 | 98961

0°L9L1 07549 {0°L311,0°L0L 87989 [8°0vG. | 895 .|9°906 {07028 03949 97128 -|2°€€L-|0°098 | C86|

07 ZZEL {07264 %o.mwmw_oumqov vr0€9 oyl lotess o sl cfivewe Joose |vioes Jower |gizse | 96!

0°553 |o°sse [078ch |0"9vs [ovver |o7288 [a'zss [o'oes larsés lo‘osy jorvez |o'esi jotvez | .£85!

0°2901 [0°£25 |9'69S [072801 |070L6 [0°¢9% {0 0gs. |0°2ss lo-L19 {oteck [0°28s lovues |gtiie | 2Zesl

0229 |0°029 |0'zze joveLs [07sSs |eress [o-igy |ovotg [o-10c [o-ges [ovzve |o'ges {o'ogs | 1861

0°SLL |07Lp9 07609 [0°9LL (0°€8G |0°@1S |0°LES. (07029 (0°GE9 O°BZL |27Ll1Z [0708v |sTi®S | 0861

076001 {2°¥8S v 1§, |0°6001 {07264 [0°99% {075BE 57209 ({0°GEL |0°STL (07028 127412 (0°v82 | GLEL

0°€3C!1 |2 0yl |OT U6 ;e.mmor:o;mmm lo-s001 [0709% [0°ipe [0°g8L [0°5001 (07624 (07662 [§T2iE 8461

076001 |0°62L 187624 10°G8L 107600107624 (0°6ZL {0°CLE j0°BYB [0° 12y (0°2pS 10°00F (5718S LLBl

IWLIGL - . gV3A
vl BEEL ﬂ aen | 120 % 38 | onv | e | wnc | swe | wav | owvw | 83d | wwe |, 3F3)
(S/EW :LINM) T VO03NOVANY  (3WYN ¥IAL1E

IYSYASY L0LIOLL =7 LS ONISNYD

IL1S 55 LV Z1EVL M3 WAWIXYA JLN70S8Y ATHLNOW = P L-STCEL

7-10




7.2.4 Discharge and Flow-duration Curves at Intake Site

- Discharge and flow-duration curves at the intake site of La Vuelta P/P are calculated
by multiplying the records observed at the existing Aguasal Gauging Station located
about 3 km downstream of the intake site by respective catchment area ratio,

Since officialiy approved numerical values of the catchment area at the intake site

© were not available, thc;value_'88.5.3 km? recorded by the survey team was adopted,
Therefore, the ratio of catchment area between La Vuelta P/P's -intake site and
HIMAT's Aguasal gauging station has been set at 885.8/914 = 0.97.

Discharge and ﬂow-dlu‘atibn curves at the intake site converted according to the
catchment area ratio ate shown in-(4) of Drawing No. LV-H-01 and the representative
values of monthly;'_f_nﬂ-dailj,ké{fé'rég‘e-‘,discharge and of three-month flow, ordinary
water discharge, nine-month flow and 355-day flow are indicated as follows.

Table 7.5 chresentativc Discharge at the Intake Site

1)  Monthly average diséhafge

Month _'

Item

Jan. Feb Mar, | Apr. | May | Jun. | Jul. | Aug. | Sept. | Gct. | Nov. | Dec. |Annual

Max, average o :
discharge 196.0 |. 1800 162.0% 268.0| 219.0{ 299.6] 240.0( 273.0] 217.0( 280.0{ 272.0{ 216.0] 204.0

(m¥s)

Daily average - _
discharge 1400 [ 130.0] 127.0| 195.0] 203.0) 204.0{ 170.0| 1950] 1840} 248.0) 220.0{ 1680/ 1820
(m3/s) - : :

Min. average

disgharg 8001 90.0] 84.0) 840 1850] 1300 134.0] 146.0| 1590} 7100] 173.0{ 62.0] 1450
{m¥s) I

2) ‘Typical discharge of flow-duration curve

“Theee-monthi flow - - Ordinary water discharge Nine-month flow .
©5dayflow) - (185-dayflow) . (275-day flow) 355-day flow

220.6 m/s 155.4 m%/s - 107.4 m¥s 66.0 m>/s

. River utilization factor of a certain available discharge to typical flow-duration

curves at the intake site

ratio of total available discharge and total river
by St




7.3

7.3.1

‘Frequency.of Flood = -

discharge flowing into the intake site).and facility utilization factor (a ratio of
total discharge for which water can be taken in fo the available discharge
throughout the year and total water amount in the event that available discharge
is secured throughout the 'year) are represented graphically in (5) of Drawing
LV-H-01. . ' ' : -

Flood Runoff Analysis

~ The flood discharge is impottant to'mai'ﬁt_ain:the"safety of existing facilities and the

repaired sections. ‘The design flood discharge is obtainéd by 'that'thé:*obs‘f.ervation
record of the discharge at gauging station is statistically processed and this is then
converted by the catchment area ratio.

In order to obtain potential flood discharge,” annial maximum discharge is”
summarized according to the discharge data, and shown in Table 7.6 '

Table 7.6 Annual Flood Discharge .

Year Observed . " Maximum Discharge (m¥sec)
1976 . 1,000
1977. - 1,065
1978 . 1,009
1979 o 776
1980 822
1981 o 1,082
1982 855
1983 1,322
1984 16T .
1985 | 886 |




The’ observatlon data is for 10° years, and is compar atively short example There is
 several’ methods to obtam potentlal flood but the folIowmg three methods are
studied, ' .

1, - Tiogatithtni notitial distribution methiod (slade method)
2. Order probability method |
3. Gutnbel meth’od

For the order pxobabxhty method and Gumbel method two ways of Thomas plot and
' Hazen plot are studled ' :

Figs. 7.4 and 7.5 show that maximum yeaily discharge is plotted on X-axis of
abscissa and that percentage of excess probability calculated is plotted on Y-axis of
ordinate by usmg the extreme probability paper. Table 7.7 shows the potential flood
discharge for major years of return period from the probability curve shown in the

figure.
. N : ( H l N
Table 7 7 Potentlal Flood Dlscharge
Return Period in Years
Method - ; ,
5 10 20 50 100 200 500 1000
Logarithm normal '
distribution o .
method (m3ls) 1,128 1,210 ) 1,282 1,368 1,429 1,486 1,559 1,613
| Order probability

.method:_ _
Tomasplot (w49 LITL 1297 1417 LST2 1688 1805 1961 2081
Hazen plot (n®, 5) 11361236 '_"1,329'- 1446 1,533 1,618 1,730 1815
Gumbel method: ._ o L
Thomasplot(n¥s) 1,169 1297 1418 © 1576 1694 1812 1968 2085

Hazenplot (m¥s) ~  L131 1,236 1,336 1465 1562 1,659 1,786 1,882

73,2 Design Flood Discharge

i 713

A T AR 7S




The design flood dlscharge is applxed to the structures in the project. referrmg to
"Generah?ed des1gn cntema for . waterucontlol structures"_*, and the 100-year
' probablhty discharge is empioyed from SO to 100 years of the return period*,

The design flood discharge (Q) _in.th;,intakq site is obtained by, c:onverting with the-

catchment area ratio.

Q = 1604 m¥s x 885.3 km2/914 k2 = 164.1 m¥s .... 1,700 s

The specific dischafge per catchment area (k_mz) will be g. = I-.92 m_3/s from:the |

design flood discharge. The corresponding value obtained from the Creager curve
(Fig.7.5), indicating the relationship between specific discharge and catchment area
is C=3.8. ' L - - -

+ Applied Hydrology Editor Ven Te Chow
David R. Maidment
Larry W. Mays

Fig. 7.6 Desigﬁ Flood Discharge and Cre_ager Curve
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7.4

Sediment Anélysis

‘The debris produced at the catchment mountain flows down up to the intake point,
-~ and further flows to downstream via channel and river. The flow process of debris is
shown in Fig, 7.87, and the flow debris volume is studied according to this process.

Discharge
n8)

- Density
(opm)

1 Wash
foad
Raw ||
material
Water-
1 bed
] material

Transport
down-
stream

through
the river

3

Removal

| ,Floatiﬂg 1 o F_low over
Cand | theweir |
(ton) - to further
down
. Pfuﬁc_:i&s:iz_e_ - Amount Washed Flow
disteibution || of . |,{downin| ]| into the
- ) ._Of NNt suspgnded the river
syspended: sediment ' flow through
sediment © (m?) a turbine
Density Flow into
of | the
suspended forebay
sediment through
— : -the weir - 3
- — Deposited
§ {| Tractiona | - islfglsgt In the
Ll oad . _ foreba
? of the Y
(m3) weir

Fig. 7.7 Mechanism of Debris Flow and Calculation Flow of Volume




7.4.1 Debris Flow Status

The catchment at the Rio Andagueda forms a feather like conﬁgurauon with the main
‘stream at the center into which a lot of relatively short tributaries are draining, the

_ debris flowing from the catchment is mainly debris generated by erosion of river bed
of the ravine and bank, and by the cultivation of farm land, and gully erosion by
terrace coilapse etc. The vegetation of the catchment is good

The suspended sediment curve has been pqepa‘réd by referring to the basic shapé' of
the sediment rating curve of the Rio Nus basing upon the observed value at this spot,
and is shown in Fig, 7.8. ' '

The suspendéd ‘_sed-iment (ton/year) at the gauging sfaﬂdn'spot is shown below.

| Catchment " River Dlschg;géRate' L __Concentrf;mon C Susp_ended
River Area — : AT S Sediment -
RV ) Totl ~+ Max. — Min.'  Max.  Min - Rae
103 m3/year (m sy (m?/s) pm) . (ppm) 103 tonsfycar -

Andagueda - 914 - 5,437,000 1,322 186 SRV 280

The suspendéd Se&iment flowing into the gauging' station oh the Andaéueda River
reaches 300 tons/km? per year per catchment area, and annual average suspended
sediment concentration of Pasto River is 50 ppm. ‘
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7.4.2  Assumption of Sediment Rate

(1) Majér ph_ysical proﬁcrties :

(a)

_ Grain_sizc distdbutiQn

. The Study Team was not eible‘to obtain the data on sedimentation
. (suspended sediment, bed-load, settled sediment). For the suspended
' sediment, the. grain ‘sizc_.distribution_ has been assumed by referring to the

past data regarding sediment of the reservoir, and this is shown in
Fig. 7.9. The grain size constitution is as follows: :

Sand - 60%: sile= 60% Clay =30%

JICA Study Team was not able to obtain the suspended sed1ment data,

and settled sechment ‘data. For the suspended sediment, the grain size

* distribution’ has been assumed by referring to the past data regardmg
. sediment -of the rcsg,rvou, and this is shown in Fig. 7.9. The grain size

constitution is aS_foilows: ‘o

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

il
;

: . A
I l T orarrain Late, Ha 3

c«am iy, em

_ Fig.7.9  Grain Size Constitution of ‘Suspended Sediment *

* Handbook of Applied Hydrology




(b) Unit volume weight

Since JICA-Study Team could not obtain the data for the unit volume
weighg_oi’{_scdiment? this shall be determined by referring to literature.
A 0 S T 9::[ . )

»\,a ey :!;.;;_’.-: [

" “The umt volume wmght of . sand and gravel. is also affected to the
consohdatmn load but the consohdauon is comparatively completed in
short time, Howevcr, fine particle of clay, collmd ete, will take long tlme
for this. The unit volume weight will become range shown in Table 7.8

. from the grain size constitution of sediment at reservoir from the past case
example and the active conditions (under or above water) of the load at

that time.
Tablc 7.8 Range of Unit Volume Welght
(units: tonim'-”)*

- Grain o Almost under water Above water
CChy - 0.64 - 0.96 0.96- 128
sie | . 088-120 . 120-136
Mix of clay and sift (equal volume) . 0.64-104 . 1.04-136
| Mix of Sand and silt (equal volume} : . 120-152 . 1.52 - 1.76
ij of clay, sxlt and sand (equal volume) 0.80-1.28 1.28 - 1.60
Sand S : ' - 136 - 1.60 1.36 - 1.60
Gravel : 1.36 - 2.00 1.36 - 2.00
Sand and gravel o 152 - 2.08 1.52 - 2.08

. * L . . ‘. :

(2) Discharge rate of sediment ,,,

When the dis_c;hdrge rate of sediment at the intake spot is examined, the

- suspended sediment and the bed-load are considered, The suspended sediment
-can be assumed from the sedlmcnt record (concentratlon measurement) and the
- dlscharge record. The quantltative record for the flown sand has not been
obtained. Tt is generally sa1d that the ﬂown sand is 10 to 50% of total sediment
rate, and the flown sand of the CoIm ado River is 12 to 50% of total sediment

. rate The study team of the World Bank is esnmatmg that the ﬂown sand of the

721
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- Yearly flowing sediment rate

Indus River at the Tarubera dam (Palustan) spot wﬂl be 5% of the suspended
sediment,

1

The yearly flowing sediment rate at the intake spot is obtained by converting .

- values at the gauging station into catchmerit area ratio.

Catchment River ' Sus ded Flown Sand Sediment

Ateg Dlschagge Rate Sechment Rate ate Rjate
(10° m _ (103 o) - . -(10° ton) (10° ton)
8853 . sp8 w2 300

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

Flown Sand
Gravel Sand -~ 8ilt Total
. *
Grain size constitution{%) 30 - 60 - 10 100
Unit volume weight (onm® 168 148 1.04
Unit weight per grain size (fon/m3) 0504 0.888 0.104 1.436..
Suspended Sediment

Sand Sit Clay Total
Grain size constitution(%) 10 60 30 100
Unit volume weight (ton/m?) 148 104 - 080

Unit weight per grain size (tow/m>) 0.148 0.624 0.240 1.01

All the flown sands shall depos:t at the d1ver31on weir and in front of the intake,
and shall not ﬂow into the channcl

‘The suspended sediment is contamed in the dlscharge w1thm the range of design

discharge, and flows down the channel from the intakeé. Partial rough particles

7-22



7.5

in the suspended sediment flown into the channel are settled at the desilting
basin, and the remaining suspended sediment is discharged into the river
through water wheel together with discharge. The river discharge more than
design discharge flows down the river by overflowing the weir together with
the suspended sediment contained in this discharge.

Catchment area River discharge Bed-load Suséended sediment
(km?) (106 (m3) 103 (ton) 103 (ton)
885.3 5,437 28 272
x 103 m3 x 103 m?
19 269
Sediment in Returned to
forebay river flow
Design discharge Qmd/s x 103 m3 x 103 3
SO e 12 S 175
100 e, 161 ... 108
¥ v
Degign discharge Qmd/s  Settled in the Flow down
. forebay the channel
103 n?) 1083 (m?)
............... 2 s, 159
100 ... 2 159

It is assumed from the results of the above analysis that annual average
sediment in front of the diversion weir will be about 50 m2/day and sediment
settled in the forebay will be about 50 m3/day. A counterplan for removing
these sediment shall be fully considered.

Water Quality Analysis

The results of the water quality test were not available. Judging from the appearance

of the catchment environment and the river water, it seemed that there was no

problem with regard to the water quality.






CHAPTER 8 .. GENERATION PLAN

Smce the maxnnum available dlschargc at the existing power plants was planned as 54 m3/s,
the genelauon pIan is made based on this rate.

The maximum available dis'cha'rge is .changed' within a range if the facili{y utilization factor does
not exceed 50% in the typical flow-duration curves at the intake site, and generating cutput and
annual génerating energy are calculated, The generation plan is conceived from technological
and economical aspects.

8.1  Study of the Alternative Plans

As an altematlvc plan for the La Vuelta P/P, an 1dea in which the current TRINCHO
type leGI‘SlOIl weir is renovated mto the concrete dam type and at the same time the
increase in the level of 1ntake water that is an increase in the effective head is schieved
might be considered. However, as a lot of uncertainties as mentioned below exist at
this stage of the study, it was decided that such idea should be excluded from the study,
and the outline of geﬁerating plan based on such idea is presented in Appendix,

1 ' \"a‘ SRy
@ Gcologlcal survey as a fundamcntal requlsxte for concrete dam has not been
conducted on the riverbed and the terrace at the left bank side of the river.

® Topographic map (1/50,00 or over and an aerial photographic survey of
1/10,000) ‘which is reqmred to study the affect of backwater due to an
increase in the height of the dam has not been prepared.

@ No sufvcy on the compensation for the housing, agricultural fields,
forestories etc. which are to be submerged under the aster has not been
made.

@ For the other items, refer to the minutes of meeting (interim).

(1) Maximum available discharge
The maximum available discharge at the existing power plant is designed to be

Q=54 m3/s. On the other hand, the discharge_-which can be ass_lired for 95% of a
year is Q=72.2 m%/s as shown in Fig. 8.1. Therefore, as for the maximum



available dis_charge,'the two cases of Q:S0.0 m/s "zi’na_ Q=100.0 m3/s are

compared to calculate respective generated output and annual generated electric

power, If the maximum available discharge is set at Q=150.0 m3/s or 200 m3s,

utilization factor of river water would become 86.0% and 75.0% tespectively.

And the plan could not be accepted as an appropriate one :fdr'flie"‘ruﬁib_fﬁi'ivér'
power plant. - ' '

oIy
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@

Standard net head

- Assuming that the net head for deterrmnmg the turbine: output and calculating

annual generated energy is constant, the standard net head calculated under the
following standard is used.

| Effective head (He) can be obtamed by calculatmg the loss of head between

forebay and tallrace in the fol!owmg equanon

g, VEE VR
He = Hg."AH“I‘ Zgz— 3g i
V. -V
AH = V [2g(fe+ 35 +H+f)+ AL
2 \Y
2

where:

Hg = gross head . _
-Forebay water level (79.70 m) - t.-aﬂrace ‘water Ievel
(75.20 mm)=4.50 m
AH = total Toss of head (m)

Vi - = velocity at forebay (m/s)

- Vo = velocity at the entrance of the mtake (m/s)

| fe = coefficient of mﬂow loss; 0.1

- fp = coefficient of frictional loss due to pier at regulatmg gate; 0. 095
fa = loss of head due to silt grid; 0.353

V22g = velocity head at entrance of turbme'(Vg = 1.0 nifs)’
V22g = velocity head at tailrace (Vf = 1.5 mvs)

Ah = maréin (rﬁ) o
n = coefficient of roughness, 0.015 A



8.2

- Table 8.1 = Caloulated Result of Standard Net Head

I'. (""id‘!‘l‘l L
; TNEE T SR 3 2 ‘1
Q Sy g i A aa Ve Vg He
¥ om o m @ @ fw m ()
©s0.. 450 002 0015 003 0047 Q110 440
100 450 - 0039 - 0015 0054 0047 03 438

Accordiﬁgljf;"the' standard net head is calculated to be as 4.40 m.

| Generated Qutput

Theoretical cnutplllt”obtélinf:clj from ‘avgu._ilable discharge (Q) and the standard net head (H)

- is n_lultip]iéd by resultant efficiency of the equipment, and the generated output is

calculated by the following formula.

P = 98xQxHexn
where:
P = generated output (kW)
Q = arbit_:rary available di_schar'ge (m3/s)
"He = standard net head (m)
n = resultant efficiency of turbine and generator (resultant efficiency of
, the single unit capacity)
9.8 = constant (acceleration of gravity, m/s2)

Resultant cfficlency (n) is the value representmg total efficiency obtained by
multlplymg the turbmc efﬁmency .mt) by the generator efficiency (1g), and corresponds
to the value of the maximum available discharge ratio 100% in the resultant efficiency
curb as shown in Fig. 8.2 Table 8.2 shows t_hé calculation result of the generated
output for the alternative plan. '

h



Table 8.2 Caléulation of Generated Output

- @ @ @ @ L ®
"~ Item e o i e
Aviiable | Sundwa [2SXDXB [ 228
; : Theoretical ResEﬂtant_ A~ Generated
s .dlscharge . HEthB&d N efﬁcmncy ; ]
Alternative QP /s) H (m) output n | output
plan Tl wwy | p W)
Alternative plan -
(REH-1) 500 44 2,156 | 0.8:15_ . 1,757
Alternative plan _ : [ R
(ALT-1) 100.0 44 4,312 9.823 . 3,548
0‘— -
3




Fig. 8.2 Resultant Efficiency Curve of Conduit Type Bulb Turbine and Generator
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(Source:  The above curves are drawﬁ'aécﬁrdftl'g 1o the study standard for formulation of
mini-hydro power generating facilities plan prepared by the Structural
Improvement Bureau of the Ministry of Agriculture, Forestry and Fishery )
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8.3

Annual Potential Generated Energy

Generated energy is calculdted by the following formula in which generated output
(kw) is multiplied by operating time (hr).

P x t (kWh)

where:

E =
= 98xQxHexnxt
P = geherated output (kW)

....
I

operation time (hour)

Assuming that the power plant operation is not interrupted by accident du_ring the nor

suspended for maintenance, inspection and repair purposes_ during the year, the annual
potential generated energy is calculated by the following methods.

(1)

@

(3)

Using daily discharge in d:scharge data plus net head and resultant eff1c1ency at
that daily discharge

o
Combining hydrological regime and resultant efficiency from the flow-duration
curve '

Using the generating output-to-available discharge ratio

For the calculation of the annual potential generated energy at La Vuelta P/P item (2) as
mentioned above is used for the following reasons. '

@

Record observed at the intake site of this power plant is not used as discharge
data. The one that is converted from the data of the Aguasal gauging station
located about 3 km downstream of the intake site and operated by HIMAT is
used. : )

Since thete are no recorded observations at the Aguasal 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 method for calculation usmg the average generating output-to- available
discharge ratio of (3) and flow- duzation curve are used, However, this method is
not-as accurate as method (2).

Hydrologmal reglme and rcsultant effxcwncy are combined from the flow- duranon
curve, and hydrological regime- eff1c1ency method, by which the annual potcnual
7 gencrated energy can be roughly calculated, as shown below. ' '



T max R Maximum available dischatge - -
/Efﬁmencyof !’% ) % S : T .
average ;{j D - Available discharge
lr1 7
; E C o Lo .- T v R
:.; g . . / T r{‘(*’ / )
g_// A T T T /.r,!
. a7 _ %
i 0 MW/M%’MA’K//@“MM e e e
1.0 0.5 0 0 35 95 185 275 355
Resultant efficiency Number of days 365
Max. available discharge = m3s Nethead, He= m
@ ® | ® @ ® ® | @ ®
Mumber | Available Burden ratio Resultant | Generating Average Generated | ¢
Day of discharge Available discharge cfficiency power power energy.
days (m3/s) | Max. available discharge n kW) (kW) {(kWh)
Max,
95 95-
;f .
185-95
185
=90
275-185
275
7 =90
355275
355 ~80
365-355
365 - 10
Total | 365 | ¢ ) é
. k]

Possible intake water days of maximum available discharge are inserted for the day order @.

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

The discharge of the day order topped out by maximum available dlscharge shall be an available discharge.
Available discharge divided by maximum available discharge shall be input load factor, and the resultant
efficiency (5) shall be read and entered.

98xQxHexm

Mean value 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.

ec® e e

Fig.8.3 Calculation of Annual Potential Generated Energy by the Hydrological Regim‘&efficiénqy Method



8.3.1

Calculation of Annual Potential Generated Energy

The annual potential geﬁerated‘energy for respective alternative plang is calculated
according to the hydrological regime and efficiency method, with the following results:

(1) ‘The annual potential generated energy in case of the alternative plan 1 (REH-1) in
which new facilities layout (max. available discharge of 25 m3/s x 2) is worked

Q'ut:‘: S , g
' 15.4 " GWh (100%)

(2) 'The annual potentlal generated energy m the case of the alternative plan 2 (ALT-
1) (max available dlscharge 50 m3/s x 2 = 100 m3/s)

. 29.9 - GWh (96%)

Table 8.3 Calculation of Annual Potential Generated Energy

T 'Altc_rnative;plan 1 (RBH_—II)

~ Max. available dlschargc Q=25mds x 2 units.
~ Standard net head He =4.4 m .
* Turbine type COI’ldlt type bulb turbmc

o e | e | - @ ® | @ @
Number | Available | . ~ Burdenratio Resultant | Generating | Average Generated

Day ~wof I discharge ‘Available dischatge | efficiency Fower . power . | energy
o days | (m3rs) .| Max, available discharge ul kW) &W) (MWh)
Max. | 365 | 50 . - 10 0815 1,757 1,757 15,391

i 811




(2) Alternative plan 2 (ALT={) - =i

“Max. avallable discharge: Q= 50m3/sx 2 umts
Standard fiet head He: 4.4 m '
Turbine type: Conduit type bulb turbine

. Available

" Budenrato

“Resultant

Generating |

Generated

" ¢ {Number : _ A» erage
Day of discharge - Available discharge - efficiency power power energy
days (mdfs) Max.avai:lable discharge -7 ' kW) &W) MWh)
‘Max. | 289 100 1000 - 0.823 3548 | 3,348 24,608
295 6 .| 978 0978 . |.o0825 | 3479 | 3sia - 505
300 5 955 0955 08360 | 3dor | 3440 412
305 s 939 0939 0827. | 3348 3,3'74 ; 404
310 5 91.1 0911 0830 | 3260 | 3304 396
315 5 889 - 0,889 0830 3,081 | 3220 386
320 5] 853 0853 083 | 3063 3,122 |
325 5 832 0832 0835 | 2995, | 3,00 363
330 5 81.1 0.811 0.837 292 | 2961 355
335 | s 787 0787 0837 | 2840 | 2883 s - |
- 340 5 | 761 0.761 0837 | 2m6 | 273 335
345 5 75 oms 08y | 262 | 2,699 s
I 702 00 0837 | 2513 | 259 311
355 5 660 _: 0.660 .-7__70.830__ 1. 2,362_":' ) 2447?_ f'2_9_3
360 s 623 063 osm | 2mt _2,291? o
365 s | oossa 0.554 0.812 1,937 2,079 249
Total | 365 (2,955) 20,933




CHAPTER 9 REHABILITATION PLAN -

Since the present famhnes-rehabxhtatmg and output increase plans are not based on scrap and
build methods, the power-generatmg capacxty will be recovered or improved by making -
: ..maxlmum use of existmg fac1htles The rehabilitation plan was formulated dCCOI‘dlng to
B standards established by ISA (Interconexlon Electrica SA) in June, 1987,

9.1 _thnulation of __Réhabﬂitaﬁoﬁ Plans

* As stated in 4.3, all the hté,adxacé__ structures, in the power plant with the exception of
renovation of 200-meter-long diversion weir, need to be improved or newly
constructed. The generating equipment and transformer requires new procurement ot
replacement with new equtpment To compare the maximum avallable dlscharge the

o folIOng two rehabﬂltatton plans are shown in Table 9.1. '

Q= 50.0m3s
Q=100.0m3s .

- For each 1'éttabilitation plan the total costs, including construction costs per kW output
and gencratmg Ccosts are calculated and compared The optimum rehabilitation plan is
then chosen. S

BER



9.2

Table 9.1  Comparison of Alternative Rehabilitation Plans

Alternative
.- Rehabilitation : k f
Item of the existing Increase of power output
facilitics _
. REH- ALT-1  ALT-2 (tentative)
Discharge, Q (m3/s) 50 100 100
Max. output, P (kW) 1,700 3,500 7,700
Facility utilization factor (%) 100 96 96
Rehabilitation and
improvement plan:
Diversion weir " Restore TRINCIIO Renovate the
S at existing location TRINCHO with
reinforced
concrete
Forebay New one at adjacent site
J -

Intake _ New one at adjacent site
Generating 'equip.ment Replace with new equipment
Powerhouse building © New building at adjacent site
Tailrace New one at adjacent site

Although the rehabilitation plan of the existing facilities was listed as a candidate for
consideration, it was not taken up for the reasons that the existing power house
structure is not suitable for the new type of turbine generator to be installed and that
operation of the canoes should be maintained during the construction period which is
considered to be impossible. BN

Estimated Rehabilitation Construction Costs

The estimated construction costs can be calculated from the estimated costs for
generating equipment and civil construction. This can then be divided into the foreign
currency portion and the local currency portions and calculated at the current
excha_nge rates (Septefnber 1989), based on the U.S. dollar.



9.2.1 Estimated Generating Equipment Costs
According to the ISA valuation standard, CIF cost of generating equipment are
calculated based on the FOB from Japan. The generating equipment specifications

and FOB costs are shown in Table 9.2,

The CIF/FOB ratio for the CIT costs is 1.12, as shown in Table 9.3,

9-3



Table 9.2 Generating Equipment Specifications and FOB Costs

Alternative

Ttem — e

S REH-1 - ALT2
 Specifications
Design discharge (m3/s)‘ 25 . .50
Nethead (m) 4.4 44
Theoretical output (kW) 1,078 2,156
Turbine type Conduit bulb Conduit bulb
Turbine output (kW) 920 1,860
Generator power factor | 0.9 | - 0.9
Generator output (kVA) 1,000 ' - 2,000
Main transformer capécity 2,000 . 4,000
(kVA)

2. TFOB costs (US$1,000) | ’
Generating Equii:me‘nt o
(1) Tubine and .ancil}ary 789.3 - 1,117.15
equipment T
.(2) Generatdr and 395 ' | 540.7.
ancillary equipment

3) = (1) + (2) Subtotal: 1,184.3 1,657.85
(4) Number of units 2 | 2
(5} = (3) x (4) Subtotal: 2,368.6 3,315.7
(6) 416KV switchgear efc. 146.4 1464
(7)  Substation 2443 2157 |
) = (5)+(6) + (7) Total: 2,759.3 3,737.8




ey

- . Table 9.3 Generating Equipment CIF Coété

(units; US$10%)

Alternative
- Item REH-1 ALT-1
| A B A B
1) FOBeost 2,759.3 S 379 :
2) Transportation costs, insurance
1) x0.12 331 - a1gs -
3 Tax . 1)x0223 T 6153 L 8336
4) Vajue-added'mx'_ 1) x 0.134 - 3697 500.9
| ~5) Others S0 1yx022 _ - 607.0 - S 8223
6 Subtotal | 30904 15920 41864 21568
7) Contingency - 1)x0.17 469.0 . 6354
B Bagfe  LxOMS 4 - 5569 -
" 9) Total o é)i'»r:’i)ziirS) 7 ag705s 1,592.0 5,373.7' © 2,1568

10) Towl . 55625 0 15355

Note: A =foreign cumancy portion
B = local currency portion

9.2.2 - Estimation of Civil Constriction Cost
The ‘work volume for the rehabilitation or improvement of the main structures is
raultiplied by the unit costs (as shown in Table 5.2) as decided by E. CHOCO. The

civil construction cost estimates are in the local currency base.

The total civil construction costs for each rehabilitation plan are calculated and
compared as shown in Table 9.4. " '
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9.3

Table 9.4  Estimation of Civil Construction Cost

(unit: 106 pesos)

Alternative
Item
REH-1 ALT-1

Diversion weir construction - '18.2 18.2
Forebay construction 1002 130.4
Intake construction . 93.0 168.2
Foundation of equipment construction 296.0 363.9
Powerhouse building construction 3L.9 36.4
Tailrace construction 46.7 135.1
Temiaorary facility construction 351 351
Other construction © 52.0 52.0 .

® Subtotal 673.1 9393
@ Contingency (@ x 0.15) 101.0 1409 .
@ Engineering fees (@ + @) x 0.10) 77.4 108.0

® Total (@ +®@+®@) 851.5 11,1882

® Output loss 378 379

® Grand Total (® + ®) . 889.4 1,226.1

Comparison of Economic Indices

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

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

(1) Exchange rate based on September 1989, is as follows.

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

(2) The life of new generating equipment, as well as repaired and reconstructed

structures is 25 years.
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' (3) 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, o ' '

- The locﬁl"éuﬁency portion is based on an annual interest rate of 21%

(unredeemable for 1 year), with repaymeht of the principal in equal annual
amounts over § years.

7(4) The Operation; maintenance and management costs of hydroelectric power
plants per year is US$4 per installed-capacity (kKW).

9.3.1 Comparison of.Co_ns_fruction Cost per kW

YA cdmparison of the construction cost per kW is shown in Table 9.5, The ALT-1
plan calls for US$3,600/kW per increase in power output, which is the lowest cost.



Table 9.5 Comparison of Construction Costs per kW

Aliernative

Itern
© REH-1 ALTH
Existing equipment oﬁtﬁlit (kW)k ' o '
Rated output Po 2,000 2,000
Awvailable output Pe - 500 : 500
Post—rchébiiitation outpuf_ : | Py kW) | - L7006 - 3,500
Recovered/increased output | '
AP =P -Pe (kW) _ 1,200 3,000
Rehabilitation work cost (US$1,000) ) | "
Foreign currency portion Cf 3,050 5,400
Local currency portion C ' 4,010 ) 5,470
thal C=Cf+C _ 7,960 - 10,870
~ Construction éost jjer kW (US$/kW) ‘ - |
cr 4,700 3,100
CIAP 6,600 3,600

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
Supplied output per year

Generating cost =

where;

_ ?
annual potential generated energy (E) x
utilization factor

095E

the supplied output per year

I

The annual fofal cost at generating terminal is shown in Figure 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. |

g-8



{sxT=2K G)
DITT BuTuTRISE Y

URTd T30 OTIIOITSOIPAH 07 URTd UOTIEITTTORUSY JO 2TISUSY pue 1s0D L6 -5Td

SYIOM JO - JUBLROUSILID

pusbel . UOTIRIUED IO JURIBSUSIOD SHIOM
TTATD
o ISy COSICHM - SHIOM
7 et
S
ol TIoE
_ \,1.14\4,\\\\4\\ jsezsuT wom s
; 2ag
g ..w. y — 3 4 Sug
sxesg m WO 3O 3500 H,
STESR _ . Fia e
SXesh G7 !

3500 — -

oy et

|

,. SSTITTToORI BumasTE
yo Abzaug DoRITESD

SIeSX G=X . ’

|
i

 sxeof £

Jt3ousy 3 Abzeuy

-




The results of calculation of géncrating costs per kWh are shown in Table 9.6. The
generating cost per annually supplied power is 36 millsIkWh, according to ALT-1,
showing the lowest costs respectwcly

Table 9.6  Comparison of Generating Cost per kWh

: Alternative
 Ttem .
: REH -1 ALT-
Existing equipment capacitj:
Power output : Pe (kW) 500 500
Energy ' Ee (GWh) 6.25 6.25
Rehabilitation plan:
Power output L P REW) 1,700 3,500
Generated energy ~ E1 (GWh) 15.4 20.9
Recovered/increased power _
Output : AP =Py - Pe (kW) 1,200 - 3,000
Energy " AR =E - Ee (GWh) 9.1 23.6
Total of expenses at generating terﬁﬁnal: (US$1,000) '
Construction work cost o
Foreign currency portion Cfy 3,950 5,400
Local currency portion C4 : 4,010 5470
Construction cost total €1 = Cf + Cly 7,960 10,870
Interest payment Cp
Foreign currency portion Cfp : 6,3é2.5 8,659.7 -
Local currency portion C{z , 4,066 ¢ 5,564.4
Total Cy = Cfy + Chy _ _ '10,458.5 14,224.1
AOM C3 = US$4 x Py x 25 years : 170 # 350
Total Ci = €1 +Cp + C3 o 18,601 125429.6
Average annual cost C <FCis 744 1,017
Generating cost per annually Supphed energy (mxllskah)
PerE; _ CI(E; x0.95) 51 36
Per AE C/{AE x 0.95) _ 86 45




9.3.3 QOverall Bvaluation

Taking the construction costs per kW and generating costs per kWh for each
alternative plan into account in the cost-benefit anatysis, ALT-1 plan is thus selected
as the optimum plan.
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