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CHAPTER 1 INTRODUCTION

The fquit;ility study '(llere}ildfter referred to as the FS) for the rehabilitation plan of Zaragoza
' run-of-river type hydroelectric poWel; plant (rated output of 1.56 MW) was conducted
following the pre-FS that was catried out for eight months from November, 1987 to June,

1988. This report is prépared to summatize the resulis 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 Energ_ia~Ele¢ti~ica (ICEL). The study was conducted during 17 months from November,
1988 to March, 1990.

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

1)  Although the rated output is 1,560 kW, the present output has dropped to
1,200 kW,

2)  Anincreasein géﬁerated output, estimated from the discharge and hydrological
regime of the Suratd River, is anticipated.

From this FS, post-rehabilitation generating scale at Zaragoza P/P for which JICA Study
Team proposes as an optimum rehabilitation plan is as follows:

_ Maxlimumoutput— S 26 MW
- "Annual potential generated power : .18.4 GWh
- Facility utilization factor . 78%
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CHAPTER 2 SUMMARY OF STUDY RESULTS.

"'The power p]ant owned by ESSA is the run-of-river type (rated output 1,:56'0 kW), located
- aleng the Surata River in Santander Department, :

There are three horizontal shaft type-Francis turbines, each with an output of 520 kW and
‘manufactured in 1932, 1937 and 1950, respectively. In September, 1989 the output was 77%
(1,200 kW) of rated output. Furthermore, the annual generated energy in 1988 was recorded as
4,870.3 MWh. - T o

(D -Present--condition-of generating facilities and the_ir problems

At the intake site a.-longitud_it_lal dike, instead_ of a diversion weir, is _in"stléll'ed: obliquely
across the river to lead the water to the intake. The intake equ_ipment has been repeatedly
broken and repaired making it i}icfbssible' to maintain machine potential but difficult to claim it
to be a well designed structure. The 1',700-meter-long headrace (open culvert) was
constructed along a steep slope down a mountain side along narrow space. The capacity of
the head tank is small.

' For repair pufpose’s the tttrbittes have been occasionally stopped, although all three tutbines.
(#1, #2 and #3) are still in operation. However, the recorded annual generated energy
shows that the equipment utilization ratio is very low, at 36-57%.

Year -Ah"uallg’enerated  Equipment utilization
B - energy (GWh) ‘Tatio (%) '
1984 63824 . 50
1985 7,757.5 57
1986  6,883.7 50
1987 5,067.9 37
1988 4,870.3 36

Downstream from the power plant's tailrace, the diversion weir for Bucaramanga City's
water supply system and its water purification plant are built. The Study Team gathered

2~1
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site of the water punﬁcant plant, Howcvcr mary non- observed dates are contained in
the first five years. Only the 1987 and 1988 records can bé used as year-round dnta

The exlstcncc of an active fault runnmg in the N30°W d.lrectlon has been confumed at
a point 300 m downstream fmm the powerhousc, but this is not dlrectly related to the
rchabilitation plans,

' Aiteﬁlaﬁwke réhabi]itat_ion, plans

The flow-duration curve for the intake at Zaragoza hydfoelectric power plant (sée" Fig. 2.1)
indicates that the existing power plant's maximum available d1scharge, Q=6.5 m3/s, is a
suitable value for the demgn dlscharge of a run-of-river power plant, but a plan for
increasing the maximum av_aﬂablc discharge to 10 m3/s-is studied for the purpose of

comparison,

- Table 2.1 Vsho_ws the sunimarj of alternative rehabilitation plans. .. ..
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Table 2,1 Altematlvc Plans for Zaragoza Hydroelectnc
Power Piant Rehabilitation

Alternative

Rehabilitation of e
o prvhashal Increase of
ftem _ thgg{;;ggglg ‘power output
REH-1 ALT-1
Discharge, Q (m3/s) 6.5 10.0 -
‘Max. output, P (kW) 1,700 2,600

Facility utilization factor (%) . 96.5 : 78

Rehabilitation and improvémem plan:

Diversion weir Maintain the structure Will be re(.onstructed

of longitudinal dike. into diversion weir
‘ and sand flush gate
will be built.

Intake Maintain as existing. Design will be changed
to accommodate -
diversion weir. =

Desilting basin _ A new, smtable sized one wﬂl be

. constructed.
Conduction channel : Maintain as existing. Will be extended and
' reconstructed.
Head tank _ ' Will be cxpanded to increase storage
' capacity. _

Penstocks _ Maintain as existing. New consiructidn.

Generating equipment = - Will be installed new 2 units.? '

Powerhouse building * New foundations for generating equipmeht

will be built in exsting building.

~ (3) Selection of optimum plan

Comparative study results of alternative plans are summarized in Table 2.2. ALT-1 has
more benefits than REH-1, therefore ALT-1 is selected as optimum plan.






Table2,2 Comparison of Rehabilitadon Plan for  the Zaragoza Power Plant
@ Specifications for Existing Generadng Facilities @ Rehabilitation Plan @ Recavered or Increased Encrgy
; Br = .
@ © @ @ Cresent faclliy ® @ @ ® @ ® ® D @
Alternative LA00CITyY . - -
Plan Max. Net Rated @) @ wiax, Standard | Theoretical | Resultant Ourput Annual probable Facility Ourput Annual probable
available head output _ - available net QUL efficiency =@x @ generated energy utilization =@ - generated energy
discharge Outpuc G:::::g;fd discharge head =9.8x@ factor N
Qo Ho. _Po Ps Ee Q Hy @ Pt Ey € AP AE
(m3 /s) (m) (kW) (kW) (GWh (m3 /s) (m) (kW) T kW) {GWHh) (%) (K'W) (GWh)
REf-1 6.5 30.0 1,560 1,200 6.29 6.5 32.8 2,089 0.830 1,700 14.7 96,5 500 8.4
ALT-1 10.0 32.8 3,214 | 0.830 2,600 18.4 78 1,400 12.1
. T e Consu-uﬁdon Cost s . ' . . Average CGeneraung Cost Cost/
@) Retubilitation Work Cost (US$1000) per KW (USSAW) Toul of Annual Costac Generating Temminal (05§1000) | () por jown (mi115/kith) onetit |
" . ~ Principal repayment amount for.
44 G e : . =
@) Generating Equipment Cost @ @ @ @ @ ‘congtruction cost {25-vear average) & 2 @
Alternati o i Forei Lecal -
Prind ve @ @ Civil @+@ Cost per Cost per | Operation @ cum:x%gy @ currency @ @+@ per Ei per AE Pror
an wark AP Py and portion partion =)D =&y C/B v
Fﬂﬂ:lgn [Local @+@ ) int ce . - @ - order
currency currenc < cost =Q/® = @)/ | mauntenan 2610x@ 2.016x GH+E) < 0.95 =93
* Y cOosis - 25 (@+aa | e
porticn gorton ' c C ' ~
Cif Cio Ct 2 C clag Py AOM + 25
REH-1 2,100 850 2,950 400 3,350 6,650 1,950 6.0 220 | 98 318 324 23 40 1.91 2
ALT-1 2,250 200 3,150 1,000 4,150 2,900 1,600 10.4 236 154 390 400 23 35 1.74
(Notes) (1) : For the sxisting generating equipment specifications, refer w' the facility register record attached to @) : Ei(Eaergia Media)
the pre-F3 report _ _
. ] . _ Joul of annual average cost at generting erminal | . = _ Annual water amount for turbine (m’ /5-hr) 7 .
@ : Generating cost= oy o) average supplied elecuic power _ HE= Q) x365x24 : * 100(%)
@®: CBis the value of cost and benefit ratio calculaed iccording to the financial analysis. - The annual AOM is the amount which is equivalent to USS4 per KW,
@ : Esiscomputed according to the average annual operaton record for 5 years from 1984 to 1988 ' _ )
@) : T is the resultant efficiency of wrbine and genemtor. - Interest is calculated by a repayment of principal in equal annual zmounts under the foilowing
condidons. : ' :

Foreign currency portion: Annual interest rate of 10%, unredeemable for 4 years, repayment over 25 vears
Local currency pordon @ Annual interest e of 21%, ynredesmanle for 1 year, repayment over 3 vears







CHAPTER 3  STUDY PLAN

3.1 Organization of Study Team
3.1.1 JICA ES Study Team

HCA FS Study Team, listed below, includes the team leader and two members who
participated in the pre-FS, engincers, geologists, a hydrologist and an economist.

Name ‘ Position Assignment
Masami Ono Team leader Total coordinator (civil engineer)
Murao Toyama Teammetnber  Power generation planner (civil engineer)

Susumu Nonaka Hydrologist

Yoshio Kawasaki Generating equipment planaer (civil engineer)

Akira Takahashi "o Generating equipment planner
(mechanical engineer)

Masayuki Tamai ! Generating equipment planner
(electrical engineer)
Nobuhiko Uchiseto " Geologist
Takashi Inoue | " Geologist
| Masaaki Ueda o | Eéonomist

3-1



3.1.2 Counterpart Engineers from ICEL

Engineers who were engaged in this study as counterparts of the JICA ES Study

Team are as follows:
Name Field | Position
Juvenal _Peﬁaldza Rosas Civil Eﬁgiﬁé:;ring Head of CentralL 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 Engineering . Central Eng. Div,
Jorge E. Hurtado Mufios Civil Engineering Central Eng. Div.

3.1.3 ‘Supporting Technical Staff from ESSA

3.2

3.2.1

JICA ES Study Team obtained cooperation and support from the technical staff listed
below, in conducnng the site reconnaissance, collecting data and perfermmg
engineering consultation necessary for this study.

Supporting Staff Positién
Hernando Uribe Nifio President
Ruben Gelves Diaz Director of Operations

Study Items and Study Schedule

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

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

(2) Site reconnaissance
(3) Field work

3-2



1) Topographic survey’
'2) . Photogramnetric mapping
3)  Geological nvestigation
4) ' Data collection

(4) Power survey

(5)" Optimum plan |

(6) Feasibi}ity déS_i,g'n -

(7) Stability and safety analyses

(8) Construction'mctlu'_)d '

6} Cost estimation

(10 Econormc and ﬁnancxal analyses

 (11)  Maintenance manual

3.2.2 " Study Schedule
" Table 3.1 éhows the overall study schedule as indicated in the S/W.
T wo_ field surveys were COl‘ldlilClCd. at Zarag.oza-I"/P,"zis shown in Table 3.2,

In thc first sue reconnalssancc, two civil engmecrs conducted the present—condmon
study of the ex1stmg facilities (mamly civil structures) and collected necessary d‘ua

Tn the second ﬁelﬂ s_urvcy,"a jgeol'ogist and hydroelectric péwer generation planner
 (eivil engingcr):rga;thered data relating to the geological survey.
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Table 3.2  Field Survey Schedule -

The first site reconnaissance

: Member
Date - Schedule - Detail of Study Item -
' ICEL JICA
Jan.23  Bogota — Bucaramanga - = Discussion at ESSA, R. Torres Murao Toyama
and data collectiori Yoshio Kawasaki
Jan, 24 Field survey at Zaragoza P/P
Jan. 25 Discussion at ESSA,
and data collection
The second field survey
Member
Date Schedule Detail of Study Item
ICEL HCA
July 7 Bogota — Bucaramanga  Discussion at ESSA, and R. Torres ‘Yoshio Kawasaki
field survey at Zaragoza P/P Takashi Inoue
July 8 Bucaramanga Field survey at Zaragoza P/P
3.3  Detail of Field Survey Work

The field survey work planned in consultations between JICA Study Team and ICEL
counterpart staff according to the results of the site reconnaissance, included
topographic surveying and boring survey as described below, but did not include
ﬁhotogrammeuic mapping.

3-5



3.3.1 Scope of Topographic Surve‘yingr...f o

The scope pf topographic surveying is shown in Fig. 3.1. The sca_les for lthe
topographic maps are as follows; : o L

(1) The diversion weir, conduction channel, desilting basin, head tank and
powerhouse building are drawn on a scale of 1/200 with contour lines of 2 1m,
- The bench marks were set up at three locations. - .

3.3.2 Boring Survey Work Plan

The boring survey was conducted at four locations as shown in Fig. 3.1.
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CHAPTER 4 - PRESENT CONDITIONS OF THE STUDY AREA

41

Power Conditions in the Power Sector

" Power conditions in the public electric power company, operating the power plant

4,1.1

under study for rehabilitation (hcremafter called public electric power campany) are
described below. '

Balance of Power Supply and Demand
Table 4.1 shows figures for poweér supply and demand during the five years from

1983 to 1987. In 1987, peak demand was 151 MW, while installed capacity was
135 MW (89%). In 1987,; electric power was 599 GWh, while supplied power was

234 GWh, representing about 39% of total electric power. The public electric power

com'.pany'bought electricity to cover electric power of 545 GWh from an other
electric power company. . - '

. The breakdown: of power demand in 1987 indicates that power demand for

rcsidential 'commercial -industrial, and miscellaneous uses was 50%, 15%, 23% and

- 12% respectxvely Power demand for residential was hlgh while that for commercial

was low,

Annual average rate of increase in power demand fronﬁ 1983 to 1987 was 5. 0%,

while that of generated energy dropped to.-135, 2%, and the rate of electricity buying

increased.



Table 4.1  Transition of Power Supply and Demand -~ " <. ©
| (1983-1987)

. S oo Annual
Ttom 1983 1984 1985 1986 1987  veee
;N Rate(%) *
1. Peak Demand (MW) 106 125 144 137 . 151 - 92
2. Electric Power (GWh)
1) Residential 245 26 281 291, 298 - 50
2) Commercial " 8 87 86 89 4.1
3) Industrial L 105 . 129 144 127 135 6.5
4) Industrial | 68 131 119 69 7 32
Total . 492 610631 53 59 . 50
SUPPLY o . _ _ ,
1. Installed Capacity W) 159 159 135 135 135 40
2. Generated Energy (GWh) 453 451 . 530 191 234 -152
‘3. PowerLoss(GWhy ... .. 94 770 100 163 - 180 178

(Source: INFORME ESTADISTICO; RESUMEN 1983-1987)
* Annual average increase rate is calculated as follows:
Example: ‘When peak demand is 9.2%, -
106 x (1.+ x)4 =151
x = 0.092 (9.2%)

Present Conditions of Generating Facilities

(1) Generating facilities

Table 4.2 shows total installed capacity of the public electric power company. -
Its generating system facilities include hydroelectric power and thermal power.



Table4.2 Total Installed Capacity of the Public Electric Power Company

(1983 - 87)
. . Ann_uhl

Item | 1983 1984 1985 1986 1987  fwvemge

Lo L : : : Rate (%}
‘Total Installed Capacity
MWy | |
1." Thermal ° 133 133 109 109 109 -4.9
‘2. Hydroclectic 26 26 26 2% 26 0
3. Others - 0 0 0 00 0

Total 189 159 135 135 135 4.0

 {Source: TINFORME ESTADISTICO: RESUMEN 1983-87)

Table 4.3 shows conditions of Zaragoza power plant for w'h-i(::h this FS was

“conducted.
Table 4.3 Conditions of Zaragoza Power Plant
(1984-1988) o
Clem 1984 1985 1986 1987 1988

- 1): Installed capacity &*W) -~ 1,560~ 1,560 1,560 1,560 1,560
2) Generated energy- (MWh) 6,883~ 7,757 6,884 5,068 4,870
3) Utilization factor (%) ~* = 50 57 50 37 36
4) Operating time (%) 63 60 62 45 45

(Source: ESSA)
2) Transﬁﬁs_éion facilities

- The public electric power company provides 115 kV transmission lines. The
~ voliage transmitied isj 11.4 kV. o



4.1.3 Generating Cost and Electric Charges

Table 4.4 indicates the transition of generating costs and electric chargcs in the past
five years from 1983 to 1987. o - ' '

Table 44  Generating Cost and Electric Charges

Annual

em 198 1984 1985 1986 - 1987 premE
: : : Rate( %)
Generating Cost (COL $AWH) 430 450 567 784 933 214
Electric Charge (Average):

(COL3/KWh) L |
1. Residential © 295 325 323, 593 793 28.0
2, Commercial 485 570 700 97, .1245 266
3. Induswid 316 348 399 948 U7l 387
4. Public use 329 392 462 68 878 278
5. Aveage 327 355 408 735 949 305

Breakdown of Power Demand .

by customer . .

L Residentil 140211 155422 174494 185247 197318 8.9

2. Commercial 13823 14932 14891 15269 14979 20

3. Industrial 1617 4717 1656 1551 01532 13

4. Others . 2686 . 2944 . 3253 1449 . 3202 52

5. Towl 158337 175015 194294 206563 217,121 . 82

Diffusion of Electricity E

1. Overall 1381 1408 1438 1467 - 1497 20
{1000 houscholds) : e

2. Power demand 670 M3 834 885 - 943 8.9
(1000 households) S T

3, Blectrification rate (%) 49 53-8 6 6 65

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

2000

1800

Generated Power (Gwh)

400
200

The supply and demand balance unil 1995 are estimated, as shown Fig, 4. 1, based
~on the conditions of suppiy and demand as shown in Table 4 1. The estimated

' annual avemge mcrease m elecmc power is as follows

1)
2

3)

4)

the anuual average in'crea:e fatc in power demand is 5.0%

the ammal average mcrease in generated power 1s - 15 2%

the average increase in poiver loss is 17, 6% '

the amount of eleciricity to be bought is calculated by the followmg formula:
Elecmcny to be bought = (demand + power Toss) - generated power

As an example, the power demand in 1995 ‘will be as follows:
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\
\
\
2 |

Power Loss

\

\

2 | |

234
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I

/
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————+ Energy

1987 % - 1990 ‘ 1995

Fig. 4.1 Estimation of Power Demand
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4.2 Operation Record of the Existing Power Plant.
4.2.1 Generated Energy

Records of generated energy and operatmg nme durmg ﬁve yeafs from 1984 to 1988
are shown in Table 4 3. Long stoppage periods during these five years were as
follows; ' '

Unit1:  Mar.- Apr. 1985
Jan. 1986
-~ Jun. - Aug. 1987

Unit2:  Qct.- Dec. 1988 .

Unit 3; Nov. 1986 - June 1988 -
Aug. - Sept. 1988

During these five years the average equlpment utilization ratio was 46% and it is
presumed that the turbme s effic;ency has been reduced
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._'I‘abIe 4.5 Record of Generated Energy and Running Time

Output . - e _ Facili ' olal
' " fyis o inscribed : - Total ™ - ' ”Totﬂl acilily: facility Opera- Tola
- Yeur lérgt onthe Gee:]lcrczgt:d gencraied Rl{'lmglg running ‘l‘ll(i;a wiliza-  tlon OB
S N0 n:]m:e ; ,enc:gy' ponod factor l_tl_(:n factor oo
S ate B b T : oL factor
S MW) ‘ (MWh) (MWh)_ {hour) (hour) (%) (%) (%) (%)
1984 1‘ ,,0 52 2, 1814-;;_‘ 63524 5385 16680  48. 50 61 63
TR ok agelo L 6495 ' 61 74
3 052...19000°° . L4800 .. - 42 55
1985 1 052 15922 77575 3982 18150 35 . 57 5 6
2 052 33126 7429 73 85
3 052 28527 6139 63 - 71
1986 1 052 18310 68837 4684 16266 40 S0 53 G2
T2 052 308000 0 . 7045 63 80
3. 052 19727 . 4 4537 43 52
1987 1 052 19472 50679 4602 1,869 43 37 53 45
2 052 31207 7267 - 69 - 83
3 052 0.0 0 0 - 0
1988 1. 052 27640 48703 6647 11,724 61 _ 36 76 45
' 2 052 1,6500 3021 | 36 45
3052 4563 .. - 1156 . ¢ 10 13
(Note)

Gcncraled cncrgy (MWh)
8 760(hr) X Omput inscribed on the name plate (MW)

1. Facility utilization (%) = X 100

Running time (hr)
8,760 (hr) .

2. Operation factor (%)} = x 100
4.3 General Condition of GeneratiﬁgEquipment and Civil Structures
4.3.1 General Condition of Generating Eﬁuipm‘cnt

AT
vt

.. Conditions of generating equipment are summarized below:



(1) Generating equipment -

The turbines were manufactured in 1950 (#1 umt) 1932 (#2 unit) and 1937 (#3
unit) and so are 40, 58 and 53 years old respcctwely Since they are old
machines, equlpment utilization ratio in the latest five years has been 46% and it
is presumned that the turbine's cfficnency has dccreased Accordmg to an ESSA
survey, it is reported that the casing and ranner of each of the three units have
been worn out by sand and thereforc ESSA need replacemcnts with more

cfficient new equipment.
" (2) Substation

Four transformers are installed next to the powerhouse building, and these
boost the generator voltage of 11.4 kV for distribution to two locations. These
transformers are 60 years old but are still in working condition.

(3) Distribution line .

Distribution lines of 11.4 kV run from this plant to Principal substation,
Matanza Surata, California, etc. These distribuition lines are in working

condition.
4.3.2 General Condition of Civil Struqtures
(1) Intake facilies

Instead of the diversion weir, the longitudinal dike (65 m long, 3.m high) is
installed obliquély across the river to lead the water to the intake. The
longitudinal dike is provided with two wooden stop gates (2.0 m(W) x 3.0 m)
and one 2 m wide metal gate. The wooden gates were damaged but the metal
gate does not function properly. ' = -

Only the screens are installed at the intake. There'is no regulating gate installed.
Intake facilities have been damaged and rehabilitated. Though they are
maintained in good condition, their structures are not fairly designed.



() Conduc._tion channel
The open culvert (3.0 m wide, 1.5m deep, 1,685 m long) is built on a steep
slope on the lower part of the mountain. Because of steep longltudinal gradient,

the Wz_tter tends to flow obliquely in the channel. Because of geological
rcstxictiqns, the expansion of the chanmal is not advisabl_e for the rehabilitation.

'(.3) Desxltmg basin

The overf ,0? type desilting basin is lecated 180 m downstream from the intake.

DESHTING BASIN
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The desilting basin (average width; 13.0 m, lengthi 60.0 m, average depth:
2.9 m) has sufficient capacity to the designed discharge of 6.5 m3/s. But gates
have deteriorated.

‘Head tank -~~~

' "The effective stortige capacity of the head tank (width: 2.6~11.0 m, length:

35.5 m, depth: 2.1 m) is :_ibout 450 m3 which is equivalent to ar;'i_{)—sec'cjnd
capacity; 1/2 of targeted capacity (120 seconds), ' o

Penstock

The maintenance of the penstocks (¢ = 1.52 m, L'= 107.3 m) has been done
properly, and this makes it unnecessary for the penstocks to be rehabilitated.

Powerhouse building |

'Thé}: RC building {(14.0 m wide, 26.0 m long, 7.0 m high) has been

maintained in rigid state. Three generators are installed in the spacious

building.



CHAPTER 5 BASIC DATA COLLECTION

The pre-FS was conducted from November, 1987 to July, 1988. 1t was followed by the I'S
V'I“rom Novemher, 1988 to collect topograplncal gcologlcal and hydrometeorologlcal data,
| detaxled in the foliowmg *

5.1 prbﬁfapﬁic Maps o R

Zaragoza P/Pls iibéﬁtéd"ri’(’r)"rih' of Bucaramanga Cily, and the intake is 1 km
* downstream from where the Toma River and the Surata River meet,

The JICA study team collected the following topogfaphic_data_. 3 |
- Topographic maps (scale 1:25,000 - 1:400,000) published by IGAC
- Topog;'aphic maps ftoxh_xrigasutempn_ts taken by ESSA for this study.

(1)  Topographic maps published by IGAC

- Scale . o ?DraWing No. = o -Description
1:100,000 109 vicinity of power plant
1:100;000 110 vicinity of power plant
1:100,000 120 downstrcam area of power plant '
I 100 000 12r ' downstream area of power plant

C125,000 109-IV-B,CD Vlcmlty of power plant

* ’1.25,_{_)00 B § (15 {1 Mo I vicinity of power plant

125000 12011-B ~  -downstream arca of power plant
1:25,000 121-1-A downstream area of power plant




5.2

5.3

(2) Topogtaphic Maps Measured by ESSA

‘Scale  Drawing No.. R Déscription
H:1/1000 1de6 = Planand profile of conducuon channel (1/‘2)
V:1/100 2de6 Plan and profile of conducnon channel (2/2)
1/200 3de6 Plan of intake facilitics and v1cm1ty
! 4de6 Plan of desilting basin and vicinity
" , S5de6 Plan of head tank ~ power plant
K . 6deb Longitudinal section of qonductioxx channel

Gcolog.ical Survey Data

Geological sUﬁey data collected for this suﬁéy is as follows:
- Mapa Geologico de Colombia 1988,_'1NGEOMINAS.

- Aerial photographs of this .po'{we;r piaﬁt an.d.'iricinity

- Opurmzauon planta de Zaragoza dc la electrificadora de Santandcr
1989, Ingenieria de Suelos Ltda

Hydrozhctcorologiéal Data .

Since Za:agoza P/P docs not havc the famhtles for momt()rmg prempxtatmn levels and
discharge, J ICA Study Team gathered hydrometeorologlcal data from HIMAT and
CAMBSA (Compaiia de_l Acueducto Metropolitano de Bacaram’mga S.A.) when
conducting this survey. B

Precipitation observation and gauging stations, and the duration of 'monitoring
records are listed below. JICA Study Team oblained discharge observation recorded
for 7 years from 1982 to 1988 on the Surata River which is directly related to this
FS.



. _‘Ta.bl,e 53 Listof Data Collected Relating to Hydrometeorology

" (1) Precipifation-observation record -

Metcorological station | Location

Altitude  Observation
No. "~ Name Contotler Latitude Longitude . (m) period
2319.036  Porachuclo  HIMAT 0720 - 7310 800  1971-86
2319.034  Matajin - “ O om3 7304 996 1967-86
2319.035 - Llano de Polmas ~ * o115 7312 718 1967-86
2319-504  Unive Ind. 0708 7306 1018 1961-85
' © 0 Santander : :

(2)  Discharge-observation féébrd

Hydrological

gauging station Establish- Logcation Altitude’ Carchment Observa-

River Controller areq tion

ment : m) (kmd)  period

No. ‘_ Name _ Letitude Longitude

2319729 CafeMadid  Lebrija HIMAT 1968-12 0717 7308 600 1284  1975-85
Zasgoza  Surta CAMBSA - - - 700 - 1982-88

(3) Water quality data

The observatmn data of water quahty for the Surata River which was controlled

by CA’VIBSA was obtamed

) pH & Oet 1981 Dec. 1983, Mar. ~ Apr., 1989
' 2) Conductivity ;- May 19~ May 26, 1989

3) § © : 1982, Jan. ~Dec. 1983

4 Fe - : 1982,1983

5) CL : - March 1982 ~ May 1989



5.4

5.4.1

In addition, the water quality data ot the Lebrija River was obtained.

Observation period @ Nov. 30, 1083 ~ Dec. 15,1984
Observation items -+ pH, Cg, HCO;3, etc.

). Sediinentdatq_:_ o

JICA Study. 'f‘eam c_:,o_l_:lcc'ted_)r.c;ords_ relat‘irng‘ _§§.$édim¢rit_ at 't_hc places listed
below, along the Surata River controlled by CAMBSA.

‘Place © .. . Observationyear  Altitude (MSNH)

Zaragoza © 1986~1989 700
Bahondo . 1987~1980° R
Matajira 1987 ~1989° - - 950 -
Siparas N '1986~1989 71,140
. Chata  1986~1989 1,600
© Unagato - 1986~198- - - 17725
Povedss 1986~ 1989 - 1,930
LaBaja 1987~1989_ 2000 -
Cther Related Data
Construction Prices Data

'Cons!ructmn pnces for civil works in Colombxa are based oxi "Catalogo de Precios de

Materiales de Construccion (Catalog of Construcnon Matenal Pnces)" pubhshed by
CAMACOL (Camera Colombmno de la Construccwn) in Santander Department.

However, the above pubhcatlon is not pubhshed in all departments of Colombia. To -

coordinate the data of the power plant sites where the FS was conducted
construction prices ‘used for this study are based on price data used within ESSA
(refer to Table 5.2),
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5.4.2 Power Condition Data

(1) JICA Study Team collected the followmg dfita for the purpose of exammmg
~ ESSA's power condmon |

1) ESSA's power schematic diagram
(2) JICA Study Team gathefed the following data rclatin’g.to Zaragoza P/P. -

i) Residual value



CHAPTER 6 PRESENT CONDITIONS OF. TOPOGRAPHY
o ' AND GEOLOGY

6.1  Topography and Geology in the Area

611 ‘I_‘Sﬁographjf h

The source of the River Surata is in the western slope of the northern part of the east
mountain range, and flows southwest to join the Lebrija River, a tributary of the

Magdalena River near Bucaramanga City, the capital of Santander Department.

" The prokjéct‘sit'e is situated halfway downstream of the Surata R'i_ver{ The topography
i "aroiirid"t}igz project site is formed by relatively steep V-shaped valleys.
6.1.2 Geology
The bedrock consists of pre~can§brian gneiss, on Wiﬁich Iéterized terrace, talus and
riverbed deposits are distributed locally The Bucaramanga Active Fault is located
300 m west of the power plant site in 2 NNW-SSE dn‘ecnon The stratigraphy in the

vwmlty of the pmject site is shown in Table 6.1.

Table 6.1 Stratigraphy in the Vicinity of Project Site

Schematic |

| Em : column Strata : Remarks
1 o Rlverbed deposits
%1 Debris flow depos:ts
Quaternary A
period A Talus deposits
| ? 6% ¢ °| Terrace deposits
e s
Pre-Cambrian |~ = = | Gneiss

6.1.3 Geological Stru_cturc _

The'topography to the west of the power plant has a clear contour, corresponding to
the Bucaramanga Fault. According to a survey there are gneiss outcrops at least
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6.2

300 m west of the power plant "From here the fault line runs in 4 westward

direction.
Geology in the Project Site

The general conditions for the various geological bases for th_e_f_o_undatidqs of the
power plant are outlined below. ‘ L

- Diversion We::ir'
While there are gnelss outcrops onthenght bank of t'he‘ri'vér there are no
~ outcrops on the left bank Upstrcam on the nght bank, there is a deep swamp
' and near the mouth of the swamp the gnexss is ovmlam by debns flow deposits.
The nverbed deposns are about 2 m thick so that the dwersmn weir is not
directly on rock.

2) _Condﬁ_ct_ion channel

'The conductlon channel is bmlt on gnelss and terrace and talus deposns are
distributed on both the mountam s:de and I‘lVSI‘-SIdc of the channel.

3 Desilﬁng basin

In the vicinity of the desmmg basin, a good terrace deposxt covers the gneiss.
_ Thus, the desﬂnng basin has a good rock foundat:on

4)  Head tank and peﬁstoék—

The head tank is built on gneiss while tjhe penstock is built on talus deposit. In
the vicinity of the head tank the gneiss is well-weathered and decomposed.

6-2



Head tank  Canal

d

_ _ _ U benstosk 4

- " Power, house’ '
Rlo Surata

Road:

Terrace dep,

Flg 6.1 '.S_c_:he_x-naﬁc .Géolo'gic:f.ll Profile

5) " Powerhouse |

In the powerhouse area, terrace deposits cover gneiss. The powerhouse
structure is built on terrace deposits. According to a boring survey the level of
bedrock under the terrace is the same as the riverbed level. -

6.3 - Distribution of Concrete Aggregates
Both the riverbed and the debris flow deposits are suitable for aggregates.
6.4  Geotechnological Evaluation
.1} The project site,}}as generally thin-layered deposits ox)’erlying a deep bedrock.
The bedroék is a pfc-ca’mbrian gneiss, which is hard and fine grained in a
natural state. The foundations for the various buildings and a 10 m high
concrete dam have sufficient bearing capacity and impermeability.
-2) Civil sﬁ'ug;urcs? 't:_‘:_x_c_cpt. the diversion weir, have no geological problems since

they are built_ on bedrock. It is presumed that the diversion weir is built on the
2 m thick riverbed deposits. '



6.5

3)

According to an on-site survey, the riverbed deposits have a sufficient bearing
load to support a dam of the existing size. However, a new dam will need to be
built on bedrock, because of load and impermeability requirements,

In the vicinity of the project site there is no evidence of large-scale landslides,
althou gh one large section of the conduction channel has collapsed.
Furthermore at a steep' gradient section of the water chanuel there is evidence of
falling stones. | ' . '

Geological Problems

1y

2)

Regional literature suggests that 'thé Bucaramanga Fault is still active. At the
detailed design stage, a region survey will evaluate the activity. It will also be
necessary to design the various buildings to resist earthquakes.

Countermeasures to prevent falling stones and further collaps'c of the
conduction channel will need to be implemented. | ' '
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CHAPTER 7 HYDROLOGICAL ANALYSIS

The lo_caiions of the gauging stations for mé'nitoring precipitation and discharge at the
watershed of this project site are shown in Table 7.1, '

7.1

' Mete()rolo'gical Conditions of the Site

© Santander Deparﬁncn_t,_in' north Colombia, lies at 5°43'~8§°11" north latitude, near the

equator, Tolima Depaﬁnicn_t is mainly divided into mountainous and plain areas,

Ge_neralljf, the lowland has a tropical climate, with a humid and rainy area. It changes
from a temperate to a frigid clitate zone with increasing altitude. The temperature is
28° C in the lowland arca, dropping to 12° C at an elevation of 1800 - 2800 m, and

around 10° C over 3000 m. The capital, Bucaramanga City, is located at an elevation

of 1000 m with an average tcrhperaturc of 20° C.

Annual average rainfall is recorded at 2000 - 3000 mm in the lowland areas, but
drops to 1000 - 2000 mm at higher elevations.

The Surata River originates on the wester slope of the Andes Mountain range,
ﬂoWixig'ddwnWaid to the south, and branches into the Oro River, near Bucaramanga
City and Lebrija River in the northwest. Inciuding Magudalena River, the Surata
River is about 45 km long. '

Bucaratnanga City is located at an elevation of 800 m, in a témperate climate with an
average témperature of 20°-C and annual rainfall of 1000 m - 2000 m. Rainfall
f_lucttxatgs'- year to year, though the rainy and dry seasons are not readily
distinguishable (refer to Fig. 7.2). '
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Meteorological station No.2319-504 Univ Ind Santander
North latitude: 7°08'

Wast longitude; 73°06'
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Annual average precipitation: 1,254.71 mm
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Fig.7.2 Monthly Average Precipitation in the Project Site (1961-85)



7.2

Discharge Analysis

Thé discharge and flow duratién;stttttés itt the project site wére compiled b'y
comp'trmg the records of Cafe Madnd and Zaragoza gauging siations. One-year .
obsewatlons recorded at Zaragoza m 1987 ‘were uscd as the basas for data, after

o adjustments for the tiver: basm, since 1t is locatcd very neat Zaragozs s intake site.

7.2.1

Coltation 6f Discha_rge Data

Thc observation pcnods for the dlscharge data collected by the JICA Study Team are
as follows

Gauging Staion __ Datc established __ Obscrvations period
 Zaagom - N 19821988

CafeMadiid . December, 1968 - 1975-1985.

Since there were many non- surveyed days. durmg the seven- ycar period at the
Zaragoza gauging station along the Surata Rtver thc appltcatlon of Tunoff data is
resmcted to data collected in 1987 88 o :

All eleven years of obseri/ation ét Cafc Madrid gaugi:lg s_'t_aticln at the Surata River cdn
be used as observations were recorded year-round. '

(1) Collation of :Catchﬁ)ent Arca

Since there are no rec_ctrdsgfof thejcatchrrtént area from HIM,AT, the JICA Study
Team site survey confirmed the location of the catchthent area and plotted the
pomts on IGAC-published topographlc maps, scale 1 100, 000 as shown in
Fig. 7 1.



" Table7.1 * Gauging Station Location and Catchment Area Collation

‘Cafe Mﬂd_ﬁd Gauging S_trél.ﬁOIfl :

 Item

. . Catchment
| ] Latitude Longitude area (k<)
.-:_Iﬂl\'hf&'i‘ludger ot 7308 1284
. CAMBSA . .. e EETE -
Observationvalue 0710 7309 .. 1311.3
0001 27.3

- Difference 0007

: (2)Collation _‘{)f .Unit.FIiow Duration Curve pef 100 km?

Since only 2- ycar's'dis'ch'arge data frot Zaragoza sta.ti.c.)h is évailable it is not
conmdered very rehabie Thus, a comparison of Zaragoza g‘augmg station flow
duratlon curve per 10{) km? & to the Cafe Madrid gauging station flow duration
curve per 100 kn12 is. shown in I‘lg 7.3. The fluctuation of annual rainfall
durmg the two- -years of data is noted, and the average unit flow duration curve ‘
per 100 km? for 1987 at Zaragoza is comparablc to that of Cafe Madrid.

"



Cafe Madrid Gauging Station vs Zaragoza Gauging Station .

(Comparison of 1 1-year average flow-duration curve at Cafe Madrid gauging station
and year-to-year average flow-duration curves at Zaragoza gauging station) -
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Fig.7.3 Comparison of Unit Flow-duration Curve per 100 km?
7.2.2 Standard Flow-Duration Curve

Year-to-year fluctuations of the river flow-duration curve occur at the same site. To

draw a standard flow-duration curve for a particular site, the following methods. are
considered.

(a) Parallel method

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




7.2.3

(b) Standard year method

Flow-duration curves for each ycar are drawn krom these curves, the median
'curve is selected and used as the flow durauon curve in the standard year.

'(é) Series metho_d

Daily average dlSChd.l’gﬁ‘- for 5 years is cmangcd in descendmg order, with only
: thc Y-axis adjusted for the one- year curve, '

{d) Curve insertion method
Average V'llues of 355- days ﬂow, nine- month ﬂow ordmary water discharge
and threc-month flow for Iong perlods (minimumy 10 yaars) are calculated,
plotted and dmyn according to a dlsch_'lrge handbook. - '
Standard flow duration curves an: 'drawnr according t’orth'e parallel method. The X-
axis is labeled -as daily average dlscharge (m3/s), and the Y-ax1s as number of days
Discharge .';md Flow.~1)_1£rat_ion Curveof Zaiagoza Gaugmg Station.
Discharge data from the Z'tr'igoza gaugmg statxon 1ocated 1.9 ki downstrean from
the intake of Zaragoza power plant are arranged using 2 -year data, as shown in Table

7.3.

In calculating monthly average dlscharge in TaBie-?.B,.tllg months with fewer than

10-days of observation data ane excluded From the graphic representation of the

monthly average dsscharge (Drawmg No. ZA-H- 01, No.1), September to December

is determined to be the flow penod wiulc Lmuary through August is the drought
‘period. '

Using the pa.rallei mc'tli(')d. Standaf& fiow duration curves for 1987 are calculated, as

- :shown in Drawing No. ZA-H- 01. - Flow-duration curves for three-month flow,

ordinary flow, nme«month flow and 3‘55 d'lys flow penods are indicated in numerical

vaILcs 4s shown in Table 7.4,
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7.2.4 Discharge and Flow Duration Curves for the Intake Site

The discharge and flow duration curve for the intake site located 1.9 km downstream
from the Zaragoza gauging station are calculated'b'y multiplyihg the catchment area
ratio with measurements taken at the gauging station, Since there is no set numerical
value for the catchment area, the JICA Study Team's measurement of the watershed
area will be adopted. Thus, the ratio of the Zaragoza Power Plant's intake to the
gauging station catchment area is set to 685.6/686.7 = 1.00.

1) Monthly average discharge

i * Month

Item

Jan. Feb, | Mar, .Ap'r. May | Jun. iul. 1 Aug. Sept.: | Oa Nov. | Dee. . | Annusl

Max. average : R i NE . 1 :
discharge 9.0 113 § 9.1 1.0 135) 124 | 166 | 205 | 29041 261§ 432 207 | 185
(m3s) : ) ) . C

Daily average : . I - K P o
discharge 8.1 89 ] 74 g510 131 00 11.8°F 1397 189 ] 2451 337§ 169 | 146

Min. average ' . o . .
discharge 13 65 57 | 61| 1217 7.6 6.9 7.3 85 228 243 131 | 108

(m3s)

2) - Typical discharge of flow-duration curve -

Three-month flow Ordinary wélcrdiéché:ge Nihe-rﬁbniﬁAﬂow_ 355.day 11 .
(95-day flow) (185-day flow) : (275-day flow) - ylow

103 mds 74mds o 69mifs - 45m3fs

The river utilization factor* of a certain available discharge to typical flow-
duration curves at the intake site and facility utilizhtion factor** are shown
graphically in Drawing No. ZA-H-01 (5). ' :

*  The ratio of total available discharge and total river discharge fjowing into
the intake. a o -

#* The ratio of total discharge of water that can flow into the intake to the
available discharge throughout the year, ' .
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CHAPTER 8 GENERATION PLAN

Since this ge_ncrﬂtién plan is based on & maximum discharge of 6.50 m3/s at the existing
~ “plant, fo effectuate this plan technologically and economically, the power output and annual
outpi:t will be calculated from the maxiinufnﬂischarges usi'h g the standard dis.chﬁrge-dm'.ation
curves of 'thc: intake site, _p_rgv:ided that the facilit'yi utilizatlon factor for all of the maximum
discharéé is not less than 50%. ' |

8.1  Study .of Alt:ernativc Plans

In rehéibﬁitating the power generatihg facilities at this site, the intake structure and part
of the headrace need to be restored and the head tank needs to be expanded, and the
generating faci_lity’and transformers require new replacements. Thus,h éom;ﬁaralive
Siudy will be made of generation-optimizing plans, including the rehabilitation of
existing generating facilities.

(1) Maximum avaitable discharge
The exi.stin'g conduction channel has a discharge capacity of 6.5. m3/s.

Therefore design dischargé'of 6.5 m3/s is sct and the alternative value is set at
10 m3/s. -
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8.2

(2) Standard net liead

Assuming the net head for determining the turbine output and calculating the
generating energy is constant, the standard net head (He) is calculated

accordingly.
He =Hg-H
H = v%2g (1+fy+ H.L/D + fra) + = v2/2g (1.85 + f2.1/D) 4 h

where: B
"~ Hg = gross head

Head tank water level (732.32 m) - tailrace water level

(697.40 m) = 34.92 m

H = total loss of head (m)

V2f2g = velocity head (1)

fy = coefficient of inﬂow"loss;'O.l' :

fy = coefficient of fﬁctional loss; 124.6 n/D
L == pehstock length (m)

D = penstock diameter (m)

fin - =. loss coefficient at the branched part, 0.75
h = margin (m)

n. = coefficient of roughness, 0.012 -

Table 8.1 Calculated Result of Standard Net Head

9 D L. Vw42 (YD v¥gEh b H He
(m’fsy (m) (m) (ms) " (m) ) m ) (m)
65 1.52° 1245 3.58 0654 128 205 047 252 3240

162 3330

1007 2100 1245 289 0426 083 114 048

Accordingly, the standard net head is set at 32.83 m,

Gcnéraled Output

The theoretical output, extrapolated from available discharge (Q) and standard net

head (He) is multiplicd by the resultant equipment efficiency coefficient as follows.
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r = 98xQxHexn

where: - B
P = genc;_atcd output ('EW)_
Q = arbitrary available discharge (m3/s)
He = standard net head (m)
il = resultant efficiency of turbine and generator (resultant efficiency

_ of the single unit capacity)
9.8 = constant (acceleration of gravity, m/s2)

Resultant efficiency (1)) represents total efficiency, and is calculated as follows.

n = NXNE
Wherc: o

nt = turbine efficiency -

ng = generator efficiency

Resultant efficiency corresponds to the value of the maximum available discharge
ratio in the resultant efficiency curve shown in Fig. 8,2. Table 8.2 shows the-
calculation result of the gencrated output for the alternative plans.

Table 8.2  Generated Output Calculations

| ® | o | o @ | ®
tem
. 98xDx® @x@
Available Standard  Jee——— paciptant | T
: - discl nethead | Theoretical |- .| Generated
: scharge niet hea _ efficiency
Aliernative _ Q (3 /5) CH@m) gutput o output
plan o (kW) P (kW)
Plan for rehabilitating _
existing facilitics 65 2.8 2,089 0.830 1,734
(REH-1) T _
Power output increase ST IR
(ALT-1) 10,0 128 3,214 0.330 2,667
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8.3

Annual Potential Generated Energy
Generated energy is calculated as f_olldWs. :

P x t (kWh)
98xQxHexmxt

E

1

where: e ST
P = ) generated output (kW) -
- operation time (hour)-

Ll
il

Assuming that the power plant operation in not interrupted by accident, nor
suspended for maintenance, inspection or repalr during thc year, the annual potential
generated energy is calculated as follows‘ - '

(H From the runoff data, daIIy dlscharge is addcd to net head and the resultant
efﬁcwncy coefﬁcwnt

2) Combmmg hydrologlcal regxme and the resultant efﬁc1ency coefﬁment from thc
flow- duranon curve. : : ' : :

(3) Using thc'génefatiilg 'o'utﬁﬁt to available dischﬁrgé ratio,

Itermn (2) is used in this calculation for the following reaééns.

(1) The dis‘_chai_rge data used in this study'was hot coll'écte(ji'at t'hx}, water intéke, but
collected at Zaragoza gauging station, located ‘1.9 km down stream, run by
CAMB 5.A. ' '

(2) Smce therc are no records for either [,axagoza or the water' mtake site for the
same time period, a s:mple catchment area ration was used i the calculation of
discharge data. ' o ' o
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(3) A flow duration curve is also used in (3), but it is not as accurate as (2),
By combining the resultant efficiesicy COc_::fﬁcient and flow duration data from the flow

- dutation curve, annual potential 'gené_ratediencrgy can be estimated, Calculation using
the hydrological regime-efficiency method is as follows. |
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7 max

\ — Maximum available discharge

: 100 (%) A,
H /El‘ﬁciencyof I/j a L
i T average Y Available discharge
! Z .
‘ ll” 2
AN ey,
E Y
o ?/‘: / RS
7 - Z
f//zﬁ'ﬁ//m P A T s YO LIt 0
1.0 0.5 0 0 35 93 185 275 355
Resultant efficiency Number of days 365
Max. available discharge = m3/s Net head = n
® @ @ @ ® @ @
Number | Available Burden ratio Resultant | Generating | - Average Generated
Day of discharge Available discharge efficiency power power encrgy’
days (m3/s) | Max. availablc discharge U &wW) kW) (kWh)
Max,
95 95-
185-95
185
8 =90
275-185
2 ]
75 290
355-275
355 80
365-355 )
365 | 10
Toal | 365 ¢ )

ee e e

Possible intake-water days of maximum available discharge are inseried for the day order @.
Represents the difference of the day order of calculation stage and right above stage. This cxample
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 available discharge.
Available discharge divided by maximum available discharge shall be input load factor, and the resultant
efficicncy ® shall be read and entered.

98xQxHexn

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 valae becomes yearly possible

generaled energy.

Fig. 8.3

Hydrological Regime-Efficiency Method

Calculation of Annual Potential Generated Energy According to the




8.3.1

Calculation of Annual Potential Generated Energy

The annual potential gencrated energy for respective alternative plans is calculated
according to the hydrological regime and efficiency method, with the following

results.

(1) The annual potential generated energy for the rehabilitation plaﬁ'pf the existing

facllities (max, available discharge = 3.25 m3/s x 2 units);

14,7 GWh' (96.5%)

(@) The arinual potenﬁal generated energy for the alternative plzin 1 (ALT-1) (max.

available discharge = 5.0 m3/s):

'18.4 GWh (78%).

Table 83 Calculétién of Annual Potential Generated Energy

(D Rehabﬂﬁatioh plan of existing facilities (REH-1)

Max. available discharge Q = 3.25 m3/s x 2 units
Standard net head He = 32.8 m
Turbine type: Francis turbine

Number | Available - Burden ratio . Resultant | Generating | Average

8-9

Generaied
Day of | discharge | Available discharge efficicncy power power cnergy
o days (m3/s) [ ‘Max. available discharge n W) kW) (MWh)
Max. | 294 6.5 S0 | 0830 1,734 1,734 12,235
306 | 12 60 | - 0923 0.840 1,620 1677 | 482
4 | 18 56 | 061 0.842 1515 | 1,567 676
341 _ 17 55 0.846 0842 11488 1,501 612
359 18 4.5 0692 0.827 1,196 1,342 579
365 6 35 0.538 0.779 876 1,036 149
Total | 365 _ / (1,476) 14,733




(2) Alternativeplan 1 (ALT-1)

Max. available discharge: Q =5.0 m3/s x 2 units
Standard net head (He): 32.8 m
Turbine type: Francis turbine

Number | Available | Burdeqa_:aﬁo_ - .| Resultant .| Generating | Avemge | Generited
Day of discharge Available dischargre efficiency _power power energy

days (m3/s) | Max, available discharge |~ T KWy W) (MWh)
Max. | 99 | 100 Lo 0830 | 2667 | 2667 | 6336
105 6 9.7 097 | o834 2,600 2633 | 39
110 s | 93 093 | o8 | 258 | 255 306
125 | 15 9.0 090 0.840 | 2430 2469 | - 88
130 5 8.6 0.86 0.842 2,327 2,378 285
135 5 8.2 0.82 0.842 2219 2213 |
150 15 8.0 0.80 0841 | 2162 2,190 788
155 s |79 0.79 0.840 2,133 2,147 257
182 27 78 078 | os0 2106 | 2,119 1373
195 13 74 | 0.74 | 0.835 198 | 2046 638
292 97 6.9 | 069 © . | o086 | 182 | 1909 4,444
294 2 6.5 06s | o817 | 1707 | 1769 84
w6 | 12 60 0.60 0.802 1,546 | 1626 468
34 | 18 | 56 os6 | oms | i | 1482 | ledo
341 17 | 55 . 0.55 | ome | ams | e | sm
359 | 18 45 045 0.731 1057 | 22 |- 527
365 6 35 035 oe4s | . !5 | s | 8
Total | 365 - 3 - 1 aese | 1838
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CHAPTER 9  REHABILITATION PLAN

Since the present facilities-rehabilitating and output increase plans are not based on scrap and
build methods, the power-generating capacity will be recovered or improved by making
maximum use of c;kié’;'ihg facilities. The rehabilitation plan will be formulated according to
smndard_s established by ISA (Interconexion Electrica SA) in June, 1987.

9.1 Formulation of Rehabilitation Plans

As stated in 4.3, channel structures, except for the desilting basin, penstock and
powerhouse building, need to be reconstructed or newly constmcied. The géner_ating
equipment and transformer require new procurement or replacement with new
equipment. To compare the maximum available disbharge, the following two
rehabilitation plans are shown in Table 9.1.

Q =6.5 m3/s
Q =10.00 m3/s

- For each rehabilitation plan the total costs, including construction costs per kW output

- and generating costs are calculated and compared. The optimum rehabilitation plan is
then chosen. '
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Table 9.1  Comparison of Alternative Rehabilitation Plans

Alternative -

Rehabilitation of Increase of
. ncrease of
Tem ﬂﬁ:ﬁ;gggg power output
REH-1 . ALTd
' Discharge, Q (m%s) 65 100
Max. output, P (kW) 1,700 ' 2,600
Facility utilization factor (%) - 9.5 _ :78
Rehabilitation and improvement plan:
Diversion weir Maintain the structure Will be reconstructed
of longitudinal dike. into diversion weir
g and sand flush gate
will be built.
Intake o Maintain as e)iisting. "~ Design will be changed
: : : T {o accomimodate
diversion weir.
Desilting basin A new, suitable-sized one will be
constructed.
Conduction channel ‘Maintain as existing. Will be expanded and
_ * reconstructed.
Head tank Will be expanded to increase storage
capacity.
Penstocks Maintain as existing. New construction.
Generating équipment Will be installed new 2 units.
Powerhouse building New foundations for generating equipment

will be built in exsting building.

9.2  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 forcign



currency and local currency portions which are calculated at current exchange rates
(September 1989), based on the U.S, dollar,

9.2.1 Bstimated Generating Equipment Costs
According to the ISA vahi'at"_i_on standard, generating -equipment CIF costs 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 CIF costs is 1.12, as shown in Table 9.3.
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Table 9.2 - Generating Equipment Specifications and FOB. Costs

Aliernative
Item T
REH-1 ALT-1
1. . Specifications -
Design discharge (m3s) - | 325 o 5.0
Net head (m) ' 32.8 328
Theoretical output (kW) S 1,045 1,607
Turbine type .HF* HF*
Turbine output (kW) 920 1,400
Generator power factor 09 0.9
Generator output (kVA) 1,000 1,500
Main transformer capacity
(kVA) o 2,000 3,000
2. FOB costs (US$'1,0GO) |
Generating equipment _
(1)  Turbine etc. 42145 43715
(2) Generator etc. 227.1 242.85
(3) = (1)+(2) Sub-total: _ 648.55 680
(4) Number of units _ 2 | 2
(5) = (3)x(4) Subtotal: 11,2971 1,360
(6)  Generator switchgear ,
etc. 97.9 97.9
(7) Main transformer, switchgear ‘ 67.'1“ 111.4 -
(8) = (5)+(6)+(7) Total: : 1;462.1 1,569.3

* HFE = horizontal Francis
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. Table93  Implementation Cost of Generating Equipment

(units: US$ 10%)

_ Altcrnative

ltom REH-1 ALT-1
A B A B
-  1) FOBcost - | | 1..462.1'7 . 1,559;3 -

c 1-2)-. Transporiation costs, insurance

 Dxoa2 w55 - 1883 -
"3) Tax  1x0223 - s60 - 350.0
4 Vaooledx Dx013¢ - 1960 - 2103
5 Omess 1)x022 | Coo317 - %452
6) Sublotal : 16376 84T 17576 9055
) Comtingency - )x0.47 . 2486 - 233.8 -
%) Engfees  Dx09 . 2179 . amg i
9 Subtotal O 9emey -2,1_(')4.1 8437 22582 9055

10) Towl .. _ 2.947.8 ' 3,163.7

Note: A =foreign cumency
B = Iocal currency

9.2.2 . Estimation.of Civil Construction Cost -
The work volume for the rehabilitation or imprdvemcnt of the main structures is
multiplied by the unit costs (as shown in Table 5.2) as decided by ESSA. The civil
construction cost estimates are in the local currency base.,

The total civil construction costs for each rehabilitation plan are calculated and
coropared as shown in Table 9.4,

9-5



Table 9.4 Estimation of Civil Construction Cost

(unit:- 106 pesos)

Alternative
Item .
: REH-1 ALT-1
Diversion weir and intake construction 20.6 76.4
Desilting basin construction - 176~ 203
Conduction channel construction . 0 - 4838
Head tank construction : 36.5 - 42.8
Penstock construction _ 6.4 o 63.4
Foundation of t}qiiipmant construction _ 5.1 _ 10.8
Powerhouse building construction - Lo : -
Temporary facilities construction a 5.6 - 5.6
‘Other construction Gt 3.9 .39
@ Subtotal o | 957 . 2720
@ Contingency (@ x 0.15) . 144 40.8
® Engineering fees (@ + @) x 0.10) 110 313
® Total(@+®+G®) 1211 344.1
® Outputloss = 17.7 24,6

Grand total @ +® o 138.8 - 368.7

Comparison of Economic Indices

To compare the économic indices of the construction cost per KW and the generating’
cost per kW, the basic conditions for all the aliernative 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 expected life of new generating equipment, as well as repaired and
reconstiucted structures is 25 years.

3) The_ iﬁtefést rf_tte_is'divided into the foreign currency and local currency portions
o under the following conditions.

-~ The forcign currency portlon is based on an annual mterest rate of 10%
(unredeemable for 4 years), with repayment of the pnnmpal in equal annual
amounts over 25 years. '

- The local currency portio'n. is based on an annual interest rate of 21%
(unredeemable for 1 year), with repayment of the principal in equal annual

amounts over 8§ years.

(4) The operation, maintenance and management costs of hydroelectric power
' plants per year is US$4 per installed-capacity (kW). -

9.3.1 Comparison of Construction Cost per kW

A comparison of the const_rucﬁo’n cost-per kKW is shown in Table 9.5. The ALT-1
“plan calls for US$2,96§ /KW per increase in power output, which is the lowest cost.



Table 9.5 - Comparison of Construction Costs per kW

Alternative
. Item — R
REH 1 ... AL
Exlstlng equlpment output (kW)
| Ratedoutput ____Po R | 1,560 , _ ._ 1,560
Available output Pe - 1,200 SRR .1,200
Post-rchabﬂltanon output P1 (kW) 1,700 2,600
.Recovered/mcreased output - :
AP =P; - Pe (kW) S 50(}7- - 1,400
_ Rehabilitation work cost (US$I 000) _ 7 _
| Foreign currency portlon Cf C .. 2,1_66 ' - 2;250
Local currency portion C 1,250 1,900
Total C=Cf + C 3350 4150
Construction cost per kW~ (US$/kW) - o . | _
Py T 10T 1600
C/AP 6,650 2,900

9.3.2 Comparison of Generating Cost per kWh

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

Total cost at generating terminal

Generating cost = Supplied output per year
where
the supplied output per year = anuual potential generated energy (E) x
utilization factor
= (095K

The annual total cost at generaling terminal is shown in Figure 9.1. Since the
estimated service life of the hydroelectric power plant is 25 ye:ars the: opération
maintenance and m:magement costs (AOM per year = US$4 per kW) plus intrest
payments for the construction are totaled and divided by 25 years. -

. 9-8
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The results of calculation of generating costs per kWh are shown in Table 9.6,

Table 9.6  Comparison of Generating Cost per kWh

Alternative

Iiem '
REH-! ALT-
Exisling equipment capacity:
Power output - Po (kW) - 1,560 1,560
Energy - Ec{Gwh) _ _ .6.29 6.29
Rehabilitation plan: | '
Power output Py (k.W) 1,700 2,600
Generated energy E1 (Gwh) 14.7 18.4
Recoveredfmcregscd mﬁer .
Output AP = P) - Po (kW) 500 1,400
Energy ~ AE=E{-Ee(Gwh) _ 84 12.1
Total of expenses at generating terminal; (US$1,000)
Construction work cost _ |
) Foreign currency portion Cf - : 2.100 2,250
Local currency portion Cgy 1,250 1,900
Ccnstruclion cost total C1 =Cl + Cﬂl ' o ;3,,35{) ' 4,150
Inlcrcét payment Cj
Foreign currency portion iy : - '3,33‘1 3,622.5 '
Local currency portion Cfy _ 1,270 1,930.4
Total C3 = Clp + Cf2 4,651 5,552.9
AOM C3 = US$4 x PI x 25 years 170 260
Total £Ci = C1 + C + C3 . 8,171  9,962.9
Average annual cost C =X.Cif25 e 3126.8 1085
Generating cost per annually supplied e_m_érgy (M_illsll;WIl) . | |
Per By - C (B; X 095) 23 o
PerAE . C (AE x 0.95) w0 3




9.3.3 Overall Evaluation

“ALT-1 plan is thus selected as the optimum plan taking the construction costs per kW

and generating costs per kWh for each alternative plan into account in the cost-benefit
analysis,
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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 _ __?gragozgrr
Electric Powér Company S "ESSA

‘Location < Zaragoza/Santander
River ' Surata

Generating Method ' Run~of—ﬁivér

Year Ihsta}lléd | ' 1931/1935/1948
Years ip Service 11931

Installed Capacity . 1,560 kW

Available'capacity ‘ - 800 kW




Civil

Item

Data
1. -Dam
1 Type concrete
o 2) Height (m) 30 o
3) Crest lemgth (m) o £50
4) Height' of overflo;ing erest (m) ~__“;;;:;> uuuuuuu
5) width of overflowing crest (m) i §5.0 E

6) Depth of overflowing crest (m)

ﬁo dola available

2. Intake Gate
1)‘Typé

]

2 Namber of gates

&

3) Dimensions (W x H)(m)

-

3. Intake _
1) Intake $11}.height (m)

ne dala avejloble

2) Number of intake

/7

3) Dimensions (W x H)(m)

490 X 2'0

Desilting Basin _
1)"'D1mens’ibns (W xL xH)(m)

4.

/3.0 xE0.0x 2.7

5, Sand Trap Gate - -

D Type - - wraod srelakl sluice
2) Nurnbez_‘ of gates | 2 B /
3) Dimensions—z‘;"bﬂx H)(m) 2'0)(3.—;——‘““ 2.0x 2.0 i
6. Headrace | |
1) Type ‘ . am(',_ ofae;r_:,“__c_fmnwc,(’ o
2) .Dimensio;s”(w x H)(m) i 3_('7:—:;_ -
—“——~—3) Length .(mj E ) 5;;—_




Civil

Item Daté
7. Reservoir Tank T
1) Dimensions (W x L x H)(m) 28l X355 2]
8. Forﬁbay ' ‘ :  L .ﬁ -- 
i)"Dimensions' (W x H)(m) o dafa a:vai/a,éfé
9. Penstock I
1 Nﬁﬁﬁer of lines .. ?
" 2) Pemstock diameter (d)(m) - ./ﬁﬁi?--
3) Penstock 1er:;t:1:“(L)(m) | i .,0' 7.3
10. Tailrace

1) .D_imensi_on_s_ (W x H)(m)

70 dota ava;ladle



Equipmeﬁt

.,Itém' Data
_ - o #1 #2 #3
1. -Water Turbine. : ' o _ :
1) Méhufacturer!a name . Aktlebolaget Finshvttans Brunk .
' . : o . ' "Suecia"
 2) Year manufattured 1950 1932 1937
, -3) Tyﬁé: Francis Francis .. Franeis
4) Output (kW) 520 520 520
"'5) Revolution (rpm) 720 720 720
6) Aﬁéiliér& equipmeﬁt
Ca) Tyﬁéfdf_govérﬁbr- " Kt-Aktiebolaget =~ Finshvttans
1) Inlet valve o S o
—~ Type " Gate Gate Gate .
~ Diameter (mm) 700 700 700
2, Géﬂéfétcr and Exciter _ o
1) Manufacturer's name . ASEA ASEA ASEA .
. 2) Year manufactured 1950 1032 1937
'3) Type Synchro. Synichro. - Synchro,
&) Capacity (KVA) - 650 650 650
5) Power factor (%) . 80 80" " 80
' 6) Voltage (V) .- 2,300 . 2,300 ,300
7} Frequency (Hz) 60 ° 60 - 60
- §) Revolution (rpm) -- 720 720 - 720

9)

Method of neutral
earthing

10) Typé‘§f ékéiier:

e c[a—fc-t ava;lable



Eqﬁipment

Item Data
3. Transformer .
1) Manufacturer's name ASEA  ASEA ASEA  ASEA
o 2} Year manufactured /730 7930 (30 194 0 )
3) Type “TRL ' .TKL_ i TKL N TKL
- '4) Capacity (kVA) _—_500 SQO 500 500
N 5) Primary voltag_e (kv) 2.3 2.3 2.3 - 2.3 o
6) Secondary voltage (kV) 11.4 _“ 11,4 11.4 11.4
7) Number of unit 1 AR 1 E 1 N 1
8) Vector-—group symbol Y/;E 0Ap - Y;§ 0A, .'Y/Y 032 Y/Y OAé
9) Im.pedan(‘:e. (%) ' CSidz _,5‘.44 S gL a0
10) Purbose for us;__— Step-up _Set;up ) Setfpp 5etH;;_

4. Circuit Breaker

'l) Manufacturer's name - - GE

ASEA
'_2) Year manufactured . 79z 8 /928
3) Type . - Fk —/?2»‘{.—/7—;!' HL é/&/;b
4) Voltage'(kﬁ) | : £, 14 B .:;,z .
5) Rated current“zA) —H/oo : *ég;, 130 '
6) Rupturing capécity (kA) é( B a.? al 3LV
7)7 Purpose -t:;; ;se G&;ﬂerg af. B ﬁc.tru[arm:r. ansd JEFEY bar

5. Transmission Line

1) Destination

2) Length (m) 8,000
o 3; Voltage (kV) 11,4 o
N 4) Number of circuit i; _____ N )
_____ 5) Number of p;ions ~—¢“? Aot a:;;ﬁnékz

6) Si;e of condu-c;ors '1;0 B N )

7) Materials of conductors Copper




Equipment

Item _ Data

6. Battery

1) Manufacturer's name RN/A

4) DC wvoltage (V)

5) Tyfe

7. Battery Charger
Y & N/A
1) Manufacturer's name

2) Year manufactured

3) Capacity

4) Incoming voltage (V)

8. Overhead Crane ' e dafa avaifable
1) Weight (ton);__

2) Method of operation

(57

3} Span (m)

-~
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