'lhe genemhon plan is made based on the planned maximum avallable discharge at Lagumlla

CHAPTER 8

PIP of 0.50 m3/s.

and economical aspects

81

Study of the Alternative Plans

D

2

Alternative plans under copsideratibn as the rehabilitation plan for the Lagunifla P/P,
with consideration given to the above conditions are shown in Tableg.1. The layout

According fo survey, debris flow occurs once in 70 years.

GENERATION PLAN

* The maximum available dlscharge can be changed if the facility utilization factor does not
~ exceed 50% in the typical flow-duration curves at the intake site, and generating output and
~ annual generating energy are calculated The generation plan is conceived ﬁom technological

‘When the generat_ing_facilitics for Lﬁguhiilé P/ are rehabilitated, comparative studies
will be made for the generation-optimizing plan as well as the rehabilitation plan of
the existing generating facilities in consideration of the following conditions.

: Full use will be made of a 300- meter waterfall head. Since the right bank side
slope is too stecp, and the cxisting powerhouse buﬂdmg is half-built in the
ground, the Study Team abandons the generation plan described above.

- of alternative plans on a photogrammetric map (scale: 1/5,000) are shown in Fig.
8.1, '

Table 8.1  Alternative Plans for Lagunilla Power Plant Rehabilitation
Item . Alemative Plans

| Allernative-1 Allemnative-2 Alternative-3
Elevationatihe” ~ §j° -
intake {m) ) _1,782.5 1,821
Heacir:icc roule | Right‘bank route Lefi-bank route
Location of power | Existing power plant site Left bank
plant " | {Elev = 1,650) (Elev = 1,500 m)
Net head, He (m) 125.9 i61,5 309.0
Discharge, Q {(m/s) 2,0 2.0 2.0 | 3.0 | 4.0
iax. oulput, ’
P (MW} ? 2.0 2.6 50| 771102
. Facilily utilizadon -
coelficient (%) 99 59 99 85 71

The layout of
structures and fac;htles except for intake facilities, will be planned to prevent
debris ﬂow '
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Fig. 8.1  Layout for the Alternative Plans.
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(1) Maximum available discharge

The annual gearanteed 95% of the maximum available discharge (refer to
Fig. 8.2) is 1.8 m3, Three altcrnative plans under the conditions

Q == 2.0 m¥s
Q =3.0m3fs
Q= 4.0m3/s

are set up, and their respective generating output and annual generated energy
are calculated. Both ALT-1 and ALT-2, at a maximum discharge of 2.0 m3/s
and ALT-3 at discharges of 2.0 m3/s, 3.0 ms/s and 4.0 m3/s are compared in
Table 8.1.
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(2) Standard net head

The standard net head, calculated as follows, is used to determine the turbine

output and calculate the annual generated energy

The net head (He) can be obtained by the fdllowing formula,

YA
TAH
AH,
AH,
- A3

I

1!

it

i

Hg - ZAH

gross head
(Intake water level - tailrace water level)

Intake water level  Tailrace water level

Hg
ALT-1 1,782.5 | 1,650.0 132.5
ALT-2 1.821.0 1.650.0 170.0
320.5

ALT3  1,821.0 1,500.5

= A+ AH;; + AH3

t_dta} ]oss-of head (m)
“head loss at the intake (m)
head loss at the headrace (m)

= head loss at the penstock (m)

1) head loss atl the intake

AHy

' .V212g
fi
Ahy

1l

= “Q*Vzgx(l + f1) + Ahy

= velocity head (m)
= coefficient of inflow loss; 0.1

margin (1)
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Head Loss at’the]n_take.

Y V22 VZ2g(1+0.1)  Ahy . AHj

b @y @ Gw W
ALT-1 20 1.0 0.051 0.056  0.014 ~ 0070
ALT-2 20 1.0 0051 | 0056. 0014 - 0.070
ALT-3 20 1.0 0.051 - 0056 0014 0,070

" 3.0 1.0 0.051 0056 0014  0.070
" 4.0 1.0 0.051 0.056 0.014  0.076

2) head loss at the headraée

ixLy+ Ak

A =
i = headrace gradient: 1.8 0/,
- Ly = headrace length (m) -
Ahg = margin (m)
| g %,  Li ixLi . Ahy  AHp
(mfs) - (m) ) m ()
ALT-L 20 13 115 0207 0023 023
ALT2 20 1.8 - 580 '1.046  0.024  1.07
ALT-3 20 1.8 590 ° 1062 0018  1.08
" 3.0 1.8~ 590 - 1062  0.018 ~ 1.08

" 40 1.8 5% 1.062 0018  1.08

3) head loss at the penstock

AHs = V22g (I+fy + f2 + f3 L/D +m) + Abj = V2_12g _(1.85 + f3 LID) +

Ahjg

where:

V212g = velocity head (i)

i) = coefficient of inflow loss; 0.1 _
f3 = coefficient of frictional loss; 124.6 n%/D1/3
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L = pénstock’ length (m) . -

D = pc'nstocl_c:diameter (m)
fin - = loss coefficient at the branched part; 0.75
Ahig = margin{m)- .. .
n = coefficient of roughness; 0.012
o (g oD L N TNy 2e ik LD v2i2g Ahg AH3
(m-/s) ~ (m) "~ (m) (/s) - m) : m m - (m)
ATt 2 08 -2200 .- 398 0808 5315 5789 0501 629
2. 2 08 270 3.98 0.808 6.523 6.765  0.505 7.27
L0310 .2 .08 4706 398 . 0808 11370 104682 0498 1118
32 3 095 4706 4.23 09137 9040 9943 0497  10.44
33 4 110 4706 4.21 0.904 7.433 8.392  0.498 8.89
. : : 3 .
4) S'tandard net head
Q Hg AH] . AHz  AH3 > AHi He
. i=l
(m¥s)  (m) (m) (m) m (m)
CALTL 21325 007 023 . 629 - 659 1259
2 2. 1700, 007 107 . 721 - 841 161.5
31 2 3205 - 007 1.08 11.18 12.33 308.1
32 33205, 007 . - 108 1044 . 11.59 3089
33 4 320.5 0.07 1.08 8.89 10,04 3104

From the above cdiculations, the standard available head is 309 meters for ALT-3.
8.2 - VGEnératéd'O'utput‘
TheOr@:’tic&i_out_th obtained from:available discharge (Q) and the standard net head

" (He) is mu’lti'p'lied jas resultant éffié'iéhcy of the équipm‘ent, and the generated output is

~ calculated as f_dllb\j\éS:

- 8-7



P = 98xQxHexn -

where: L 5
P = generated output (kW)
Q = ‘atbittary available discharge (m3/s)
He = standard net head (in)
m =  resultant efficiency of tql'bine and generator (resultant efficiency

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

Resultant efficiency (1) is the value representing total efficiency, and this value is
obtained by the following formula. ' '

n = Mtxng

where:
Nt .= turbine efficiency -
Ng = generator efficiency

Resultant efficiency corresponds.to the value of the maximum available discharge
ratio' 100% in the resultant efficiency curve as shown in Fig. 8.2, Table 8.2 shows
the calculation result of the generated output for the alternative plans, '

Table 8.2 Calculation of Generated Otifput _

- o | @ | o . | @ | ®
I ' :

e e | sonag 22225 ® @x®
Avaitable y | Theoretical _.RGSE'I‘“‘?‘, Generated

. discharge net head efficiency - >
Alternative Q (B /s) H (m) output 7 cutput
plan W) P (W)
a1 | 20 | w9 | 2467 | 0830 | 2000
ALT2 20 161.5 | 3165 | 0830 | 2,600
ALT-3-1 20 309.0 6,056 0.830 5,000
ALT-3:2 30 309.0 5,084 0850 | - 7700
ALT-33 40 | 3090 | 12112 | o850 | 10200




, Fig. 82 Resultant Efficiency Curve’of'P:clt
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The above curves are drawn according to the_Sftudy__Standard for Formulation of

Hydroelectric Development Plan (March, 1981)
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8.3

Annual Potential Generated Energy

Generated energy is calculated by the following formula,

E = Pxt(kWh)
= 98xQxHexnxt
where, P = genérated outpuf (kW)
t = operation time (hour)

~ Assuming that the power plant operation is not interrupted b'y accident, nor

suspended for maintenance, inspection and repair purposes during the year, the

Annual potenual generated energy is calculated by the following methods.

(1)

)

(3)

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

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

Using the generating output-to-available discharge ratio

For the calculation of the annual potentlal generated energy at Lagumlla P/P, item (2)

is used for the followmg reasons.

@

Instead of recorded observations at the intake site of this power plant, converted
data from the El Bosque gaugmg station operated by HIMAT is used as
discharge data. '

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

The average generating output-to-available discharge ratio of (3) and flow-
duration curve are used for the calculation. However, this method is not as

accurate as method (2).

Hydrological regime and resultant efficiency are combined from the flow-duration

curve, and the hyd:ologlcal regimc-efficxency method, to Toughly calculate the annual

potential generated energy, as shown below.
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A max o \ - Maximum available discharge
- 100 (%) vz N ’
Efficiency of f’ &
- “ v
average 7 Z\) Available discharge
L s
[ 2
E Y 1z
50 < 222
8y 7
S B,
87 Z
. 0 X A e
1.0 0.5 0 0 135 95 185 275 355
Resultant efficiency Number of days - 365
Max. available discharge = m3/s Net head = m
@ @ @ @ ® ® @
. | Number ~ Available Burden ratio Resultant { Generating | Average Generated
Day | of ~ discharge Available discharpe efficiency power power energy
days (m3/s) Max, available discharge m (kW) kW) &Wh)
Max,
05 95-
185-95
185
=90
275-185
275
=90
355-275
355 280 -
365-355
51 <10
Total 365 ( )

808 06 es

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 example
employed hydrological regime representative days as a matter of convenience.

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

98xQxHexn

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

generated energy. :

Fig. 8.3 Calculation of Annual Potential Generated Energy According to the
Hydrological Regime-Efficiency Method ‘




8.3.1 Calculation Procedure of- Annual Potential Generated Energy by Hydmlogxcai

ReglmenEfflclency Method

|"|

The Annual potential generated energy for respective alternative plans is calculated

according to the hychologlcal regime and efﬁmency method as follows.

(D

2

3

@

)

Annual generated energy of ALT—] (max available dlscharge = 1.0 m3/s X
2 units):
- 17.6 GWh (99%)

Annual generated energy of ALT-2 (max, avallable dlSChal ge = 1.0 mdsx
2 units): '
22.6 GWh (99%)

-Annua] generated energy of ALT 3-1 (max available discharge = 1 0 m3/q X

2 units)
43.2 GWh (99%)

Annual generated energy of ALT-3-2 (max avallable discharge = 1 5 m3/s X
2 units): : :
'56.7 GWh (85%)

Annual generated energy of ALT-3-3 (max available d1scharge 2 0 m3fs X

2 units):
62.4 GWh (71%_)

S0
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Table 8.3  Calculation of annual potential generated energy

(1) Altemative 1 (ALT-1) -

Max.'.ay:ailrab.lé di'scharée_ Q=10mds % 2 units
Standard net head He: 1259 m
Turbine type: Pelton turbine.

, Number | Available _ -Burden ratio Resultant | Generating | Average | Cenerared
Day -~ of. ‘discharge | . Available discharge efficiency power power energy
; | days {m3/s) Max, available discharge ll &wW) kW) (MWh)
Max, | 285 2.0 100 0.830 2,047 2041 | 14001
299 14 1.9 0.95 0.830 1,045 1,996 670
341 42 1.8 0.90 0.828 1,838 1,891 1,906
365 24 1.7 0.85 0.825 1_,730 1,784 1,027
Total 365 (1,929) 17,604
2) ‘Alternative plan 1 (ALT-2)
~ Max. available discharge: Q = 1,0 m3/s x 2 units
Standard net head He: 161.5 m
Turbine type: Pelton turbine
Number | Available Burden ratio Resultant | Generating | Average Generated
Day of discharge Available discharpe efficiency power power energy
days (m3/s) Max, available discharge 7 kW) kW) MWh)
.Max. 285 2.0 1.00 0.830 2,627 2,627 17,968
259 14 1.9 0.95 0.830 2,495 2,561 860
341 ) 18 0.90 0.828 2,358 2,426 2,445
365 24 1.7 0.85 0.825 2,219 2,288 1,317
Total | 365 2475 | 22,590

(3) Alternative plan 3-1 (ALT-3-1)

Max. available discharge: Q = 1.0 m3/s x 2 units
Standard net head He: 309.0 m




-_Tu_fbin_c type: Pe

FREE

ton turbine -

Available

8-14

Number Burden ratio Resultant . | ‘Generating | Avérage | Generated
Day’ of “discharge * | - Available discharge efficiency power - power energy
days (m3/5) | Max, available discharge n W) kwy 1 (MWhy
Max, | 285 | 20 100 - | om0 | 506 | soe | am
299 14 19 095 o830 | 475 | 490 1,646
141 2 | 18 0.0 0.828 4513 | 4,644 4,681
D365 | 24 |oo1a 085 " 085 | 4241 | 4380 | 252
Total | 365 / > @msy | 432




(4) Alternative plan 3-2 (AL’I‘—3¢_2)

Max. available dis_éharge: Q=15 m3/s x 2 units
Standard net head He: 309.0m
" Tutbing type: Pelton twbine ... .

o Number
Day -

of
- days

_ 'AVailaliie

discharge
(3 /s)

© Burdenratio ©
-~ Available discharge

Max. available discharge

Resultant
efficiency
7

Generating
_ power

kW)

Average |
" power

kW) .

Generated
“enegy
{MWh)

Max,

150

300

1000

0.850

1,721

7,721

27,795

159

9

.29

- 0.966

0848

7,446

7,583

1,637

7

. ‘-2.8: :

0933

0.846

71m

7,300 °

© 1,227 -

181 -

. 15

ST

. (.900

0.845

6,908

7040

2,53

193

12

2.6

. 0,866 °

0844

| 6,645

6776

1,951

14

0.833

- 0.843

6,381

6,513

2,188

207 .- |-
222

15

24

0.800

0.842

6,119

6,250

F 2,250

235 01

13

.23

0766

0.840

5850

5984

1,867

249

14

S22

-0.733

- 0.837

5,576

5713

1,019

18

a2t

0700

0.835.

5,309

5442

2,350

285

'18

20

L 0.666

0.828

5,014

5,169

$2,229

209, |

14

] .1'9

10633

0.827

4,758

4,886

1,641

341

2

18

" 0.600

0.317

- 4,453

4,605

- 4,641

365

SRRV .

- 4,169

4311

2,483

_0.566

0.810

(6,092) ©

56,712

Total

365




(5) Alternative plan 3-3 (ALT-3-3)

Max. available discharge: Q = 2.0 m3s x 2 units
Standard net head He: 309.0 m
Turbine type: Peiton turbine -

) 5
a3

_ | Number | Available " Burden ratio Reéultémt_ Gen.e.,rati-ﬁ_é Average Generated
Day of discharge Available discharge © | efficiency power power _energy
days {m3/5) Max, available discharge gl kW) - (kW) (MWh)
Max. |79 40 1,000 0850 | 10295 | 10295 | 19,519
85 6 39 0975 0.849 10026 | 10,160 1463
90 5 18 10950 o8 | o7s8 | 10302 | 1247
95 5 37 0.925 0.847 9490 | 9,624 1,154
102 7 3.6 0.900 0846 | - 9,222 9,356 1,51
w9 |7 | 38 0875 0.845 8,955 9,088
114 5 34 0850 0844 | - 8,680 8,822
122 8 33 0825 0.823 8,224 5456 | 1,62
125 3 32 0800 0.842 8,159 8,191 589
140 15 | 31 0775 0.840 7,885 8,022 2,387
150 10 30 0750 0838 | 7612 | 7748 | 1859
159 | 9 29 0.725 0.826 7,253 7432 | 1,605
156 7 28 0700 085 | 7o | 7166 | 1208
181 15 27 0675 0.830 6786 | 6932 | 2495
193 12 2.6 0650 0.827 6,511 6608 | 1914
207 14 25 0625 0823 | 6230 | 6370 | 2140
22% 15 24 . 0.600 | 0.817 5937 6,083, | - 2,189
235 13 2.3 0.575 0.813 5,662 5,799 1,809
249 14 2.2 0.550 0.807 5,376 5,519 1,854
267 18 2.1 0.525 0.802 5,100 5,238 2,262
285 18 2.0 0.500 0.793 4,802 4,951 2,138
299 14 1.9 0.475 0185 | 4sis 4,659 1,565
341 42 1.8 0.450 0773 4,213 4,364 4,398
365 24 1.7 0425 0.760 3,912 4,062 2,339
Total | 365 @307 | 62407
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CHAPTER 9 REHABILITATION PLAN

The JICA study team’s FS to increase output recommends the use of existing facilities by

increasing their power generation capacity through rehabilitation. However, the river water

utilization coefficient of these facilities is extremely low, as they were built 50 years ago and

have been left unattended for over 16 years. Thus, this plan calls for the abandoning of
existing facilities, R )

‘The rehabilitation plan will be forxﬁulatédraccording to standards established by ISA
(Interconexion Electrica SA) in June, 1987.

0.1 Foﬁnulation of Rehabilitation Plans

As stated, all of these power generation facilities will be newly installed. _'?This
_requirf_:s the .p'r'ocurcmcut or pérts or replacement of transformers and generator
‘equipment and machinery facilities. In comparing maximum discharge capaéiiy, the
fol'l.owing' five rehabilitation proposal plans are shown in Table 9.1,

ALT-1, ALT-2, ALT-3-1 Q = 2.00 m¥s
ALT-3-2 Q =3.00 m3/s
ALT-3-3 C Q=4.00ms

For cach rehabilitation plan the total cons_truction cost .is calculated and the
construction cost per kW output and the generating cost are calculated and compared.
The optimum rehabilitation plan is then chosen.

9-1



Table 9.1

“Hydroelectric Power Plant

Cofnparié.oh of Nérhative Rehabilitation Plans for the Lagunilla

Item

Allemative-1

Aitefnatine-z

" Alternative Plans

Altermnative-3

Elevation at the

11,7825

intake (m)

Headrace route

| Right-bank route

1,821

Leftbank ouie .-~ -.

Location of power
plant

Existing power plant site

(Elev = 1,650 m)

Left bank -
(Elev = 1,500 m)

1615

Net head, He (m) 125.9 300.0
Dlscharge,Q(m3/s) 2.0 2.0 ~2.0-1 3.0 | 40
- | Max. output ' ' L . I
" P VWD) - 200 2.6 5.0 | 7.7 | 10.2 ]
Facility utlhzatton 2 o S —
coefficient (%) 99 99 09 85 71

0.2

Estimation of Construction Costs of Rehabilitation

The construction costs can be divided into the estimate for gene-rét'in'g:eemipment and
the cost of civil works, and caleulated. This can then be divided into the foreign
currency portion and the local currency portion and calculated at the present exchange
" rates (September 1989) based on thc U, S dollar -

9.2.1

Estimation of Generating Eciuiprhent Costs’

According to the ISA valuation standard, CIF cost of generating equipment are

calculated based on the FOB of Japan base.-The generating equ1pment specifications
and FOB costs are shown in Table 9.2. ' :

The CIF/FOB ra:tie fer CIF costs is 1.12, as shown in Table 9.3,
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Téblé 9.2 "Géhe_:i"ating Equipment‘Spécific'ations and FQB Costs

Alternative Plans
Item o R ALT-3
' ATL-1  ALT-2 _
, 1 2 3
1. .Speci.fi'caﬁor;s; |
Design discharge (ms) ~ 1.0 1.0 10 15 20
Nethead (m) 1259 1615 3090  309.0  309.0
- Theoretical output (kW) 1,233 1,582 3,028 4,542 - '6,056'
. TurBine type o - Pelton . : Pelton Pelton P_e'lt_onl' " Pelton
Turbine output (kW) S 1,070 1,380 2,640 4,060 = 5,420
Gerieratof péwer'factor L | 0.9 .09 09 - 09 0.9
ngrc_rator_outputl_(kVA) 1,200 1,500 2,800 4,300 5,800
' Main wansformer capacity 2,400 3,000 5600 8,600 11,600
(kVA) Ca pe _ : . S '
2. FOB'COStS.'.(U;S..Sil,OOO) =
Ge’nerating Eq'ufprhent .
(1) Water turbine eto. ‘394..67 5.04.3 | 83785 1,2507 1,670
(2) Generator etc. : 182.1 212.8 358.55 510 662.1
(3) ((1)+(2)) Sub-total: 5761 717.1 1,196.4 1,760.7 2,332.1
(4) Numberof units 2 2 TS 2 2
_(;5)_((3)_);(4)_) _:’I‘qt‘alg_. ... 1,1534 14342 23928 35214 4,564.2
(6) 416 KV switchgear - - . 97.'9_:'-1 979 979 979 . 97.9
~efc. U e T
(7) Substaton 1322 1408 1808 2886 3286
(8)=(5)+(6)+(T) Total: 1,383.6 1,673 2,671.5 3,907.9 50007




Table 9.3 Implementation Cost of Generating Equipment

(units: US$10%)

bl

Alternative
: ALT-3
Ttem ALT-1 ALT2
s 1 YA 3
A B A B A B A B A B
1) FOB cost 1,383.6 - 1,673 - 2,671.5 - 3,907.9 - 5,090.7 -
2) Transporl costs. o
jnsurance ‘ : ' T - B IR
1) x 0.12 166 - 2(}0.8 - 3208 - 469 . - 610.9 -
3) Tax ' o _
1) x 0.223 - 308.6 - 3731 - 585.8 - 871._5 . - 1,135.2 .
4) Value-added tax ' :
Hx0134 - - 1854 - - 2242 .- - 358 . - 5137 - - 6822
5) Others - N o o
1y x 0.22 - 304.4 - 368.1 - 587.4 - 85538 - 1,120
6) Slibté_lal ©1,549.6 798.4 1,873.8 965.4 2,992.1° 1,541.2 4,376.9 2,255. o 5,701.3 2,937.4
7) Conlingency : . S ) S
13 x 0.17 235.2 - 284.4 - 454.2 - 664.3 - 865.4 -
8) Bngineering fee o o B . S
1) x 0.149 206.2 - 2493 - 308.1 - 582.3 - “758.6° -

9} Subotal ' ' ' ) T
)+ D +8 1,991 798.4- 2,407.5 965.4 3,844.4 1,541.2 35,623.5 2,255 7,325.6 2,937.4

10) Total 2,789.4 3,372.9 5,385.6 18785 10263

Note: A foreign currency poruon
= local currency pomon

0.2.2 Estimation of Civil Work Cost
The work volume for the rehabilitation or 'im'pr‘cwemcnt of the main structures is
multiplied by the unit costs (as shown in Table 5.2) as decided by ELECTROLIMA

and the civil work costs are estimated in the 1oca1 currency base.

The civil work costs estimated for each rehabilitation plan are compared as shown in
Table 9.4. ' ' :



Table 9.4

Estimation of Civil Work Cost

. (unit: 106 pesos)

Grand total (@ + ®)

Alternative
lem - ALT-3
ALT1  ALT2

1 2 3
Diversion weir and intake work 27.0 235 235 259 282
Desilting basin work 196 380 196 284 372
Condiiction channel work - 11.2 46,9 77.4 85.1 92.9
Head tank work 29 2719 279 363 446
 Penstock work 327 437 9L8 1331 1703
Foundation of equipment work * 281 329 5L 757 997
Powerhouse building work 523 523 1548  154.8  154.8
Temporary works 49 68 117 117 117
Other works 29 .29 5.0 5.0 5.0
® Total 2066 2749 4634 5560 6444
® Contingency (@ x 0.15) 310 412 695 834  96.7
@ Engineering fee (@ + ®) x 0.10) 238 31.6 533 639 741
@' Total (®“'+@+©)' o 2614 3477 5862 7033 8152

® Ouputloss 0 0 0 6 0
261.4 3477 5862 7033 8152

9.3  Comparison of Economic Indices

For a comparison of the two economic indices, the construction cost per kW and the

generating cost pe_f kW, the basic conditions common to all alternative plans are as

follows.
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(1) Exchange rate for September, 1989 is adopted as follow_s.

US$ 1 = 369.4 pesos
1 peso = ¥0.379

(2) Thedesign life of new generating equipment and the repaired and reconstructed
structures is 25 years. - ' |

3) The mterest rate is dmded betwcen the forexgn currency por tlon and the local
currency porﬂon undci the followmg conditions,

.- The fo_reign currqncy portion is based on an anunual interest rate-of :10%
(unredeemable for 4 years) with a repayment of the principal in equal annual
amounts over 25 years,

- The local currency portion"- is based on an annual interest rate of 21%
_ (unredeemablc for 1 year) wnth a repayment of the prmmpal in-equal annual

amounts over 8 years

(4) - The operation, maintenance and management costs of hydroelectrlc power
p]ants per year is US$4 per mstalled capacity (kW).

9.3.1 Comparisan of Co'nsn'uctionr Cost per KW

A comparison of the constructxon cost per kW is qhown in Table 9. 5 The ALT-3-3
plan is US$ 1 200/kW per increase in power output and this is the lowest costs.
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Table 9.5 Comparison of Construction Costs per kW

Alternative Plans
Item ALT-3
ALT-1  ALT-2 .
N 1 2 3
Existing cqﬁip_hlént output _(kW) : '
Rated output Po . 392 392 392 392 392
Availableoutput =~ Pe - 0 0 0 0 0
Poét—rehﬁbiiitation output Pj (kW) ©2,000 2,600 5,000' 7,700 10,200
. Recovered/increased output ' 2,000 2,600 5000 7,700 10,200
~ AP=Py-Pe (kW) _
__ Rehabﬂltatxon work cost (US$1 000) :
- Foreign currency pornon cft - 2,000 2,400 3,800 5,600 7,300
" Local currency portion C 1,500 1,900 3,500 4,200 5,100
 ToalC=Cf+C. _ 3,500 4,300 6,900 9,800 12,400
_Construc.tion cost per kW (US$/AW)
cpyp L7500 1,650 1400 1300 1,200
CIAP 1750 1,650 1,400 1,300 1,200

9.3,2 Compaﬁson of Generating Cost per kWh .

The generaﬂng cost per kWh 1s ca]culated ﬁom the followmg equations:

Total cost at gener atmg terminal

Generatm £ cost =

where the supplied output per year .

it

utilization factor
O 95 E

- Supplied Qutput per year

annuai potential generated energy (E) x

‘The annual total cost at gcneratmg termmal is shown in Pigure 9.1, On condition

that service life of hydroelectnc power plants is 25 years, the operation, maintenance
and managcme.nt costs (AOM per year = US$4 per kW) plus the amount to be pald as
interest for the construcuon work and construcnon fund are totalized and divided by

25 years t
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'The results of calculation of generating costs per kWh are shown in Table 9.6. Since
the generating potential of Lagunilla P/P was lost in 1972, a plan for new generation

at the existing location is being considered. The generating cost per annually supplied

energy is 16 mills/kWh, according to ALT-3-1 and the lowest costs is shown.

Table 9.6 Comparison of Generating Cost per kWh

Alternative Plans .

Item :

PerAE C/{AR x 0.95) _ 20

ALT-3
ALT-1 ALT-2
i 2 3
Existing equipment capacity:
Power output Pe (kW) 0 0 0 0 0
Energy -Ee (GWh) 0 0 0 o 0
Rehabilitation plan:
Poweroutput Py (KW) 2,000 2,600 5000 7,700 10,200
Generaled Energy Ej (GWh) 17.6 22.6 432 56.7 62.4
Recovered/fincreased power \
Output AP = Py - Pe (kW) 2,000 2,600 5,000 7,700 10,200
Energy AE = By - Ee (GWh) 17.6 22.0 432 56.7 62.4
Total esp'ensés at generating terminals: (US$1,000)
Construction work cost
Foreign currency po'rﬁion Cf1 2,000 2,400 3,800 5,600 7,300
Local currency portion Cf 1,500 1,900 3,100 4,200 5,100
Total Cy = Cfy + Ci) 3,500 4,300 6,900 9,800 12,400
Interest payment Co .
Foreign currency portion Cfy 3,220 3,864 6,118 §,O 16 11,753
. Local currency portion Ciy 1,524 1,930 3,150 4,267 5,182
Total Cg = Cfp + Ch 4,744 5,794 9,268 13,283 16,935
AOM C3 = US$4 x Pl x 25 years S 200 260 500 770 1,020
Total 2Ci = Cy + C2 + C3 8444 10354 16668 23,853 30,355
Average annual cost C ~=Y.Ci/25 336 415 673 953 1,219
Ge.n.erating cost per énnhaily supplied energy
(mills/kWh)
 PerB; C/(Eq x 0.95) 20 19 16 18 21
19 16 "~ 18 21
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ALT-3-1. plan is u“fs selected as the optimum plan jtaking t_“.'f"!@‘.‘.‘."f?‘.i'@, costs: per kWh .
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iCHAPTER 10 FINANCIAL ANALYSIS

To e'valuate the .prc'inta'bi'lity of rehabiiih‘tion plans, 4 cost-benefit analysis is adopted, The

difference bctwecn revenue after the exmmg facilities are rehabilitated and the revenue when

the existing facilities are not. 1eh'1b111tatcd is regarded as the profitability of the investment.

Then the fmanclal analysls of the selected rehabilitation plan.is made for the planning of the

balance of revenue and expendltute in accotdancc with the cash balance, For the evaluation of

the investment plopuety within the national economy, refer to the economic analysis described
in the main report.

10.1

- Preconditions for the Financial Analysis

Preconditions set up for the financial analysis are summarized below:

(1)

@

Residual lifa of exié;_ing pow_er'plant

In caSc of unchanémg thc emstmg fdcﬂmcs with new ones, residual life of the

cx1stmg power plant is tcntahvely set at five years after the installation of new

cqmpment

Estimation of construction cost

. The construction cmt is- esumdted in. both foreign and local currency portion
_ accoxdmg to the matket ‘price as-of Septembcr 1989, Currency ¢xchange rate
_:between foxfngn currency (US$) and local cunrency (Col.$) is set at US$1.00 =
Col.$369.4, as delermmed by DNP.

The construction cost includes the contingency and technical management
expense. The land acquisitiou cost is not accounted because the plat is for

,' rehabilitating the existing power plant. The FOB pmce of the genmatmg facilities

is taken from J apanese market price. The CIF price is calculated in the ratio of

CIE price to FOB. price which ISA usually applies to a hydroelectric power

generation project. The ratio of CIF price to FOB price is 1.00 : 1.12.
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3)

C)

(3)

- (6)

Scrvicé life

The service life of the project is set at 25 years after Jehablhtdnor} for evaludtmg

the 1)10f1lablllty

The annual depreciation of facilities will be bd'sed. oii the fixed a'mblltlt::néilxod'

- adopted by ICEL. The service life, as described below, is detel mmed dccmdmg

to the facility. The residual price will be set at zero.

1) Service life of civil structure ] 50 years
2) Scrvice life of generating facilities : 25 years

Operation and maintenance costs

Operation and maintenance costs consist of the fixed cost which depends upon the
scale invested in the del]lthS, and the var iable cost which fluctuate‘: in proportion

" to generated electric power T lus study ddopts the average cost, i.e., US$4 0 per

installed capacity (kW)_ per year, which ISA vsually applies to make_ an estimate
of operation and maintenance costs of a hydroeleciric power plant.

Estimation of revenue

ICEL's electricity-selling unit price'bf US$13.36/MWh (C62'$4,§36.18/MW11)

-and 1S5$2,942.36/MW (Col$1,086,909.69/MW) in December, 1988 is adopted

as the financial unit price. - The estimation of annual revenue can be made by
multiplying the rated capacity and the annual supplied power at generating
terminal. '

Discount rate

The discount rate which is used to calculate the net present value (NPV) and the _

- cost-benefit ratio (C/B Ratio) is set at 7.6% per year. Ttis determmed by the real

interest rate in Colombia, -
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(7) Conditions for boryowing capital on investment

The loan conditions for bonowmg capital in foreign and local currency are as .
follows ' S

1) Loan cé_nditions of foreign cutrency

© - Annualinterest o 10%

- Pericd for princ'ipal repayrhcnt 2 25 )h‘:;,-lz'.si
o ' (including a 4-year grace period)

- Termsof payment o Repaymentof the principle in equal,
: ' v : ‘annual amounts

2) Loan conditions of local currency
- Annualinterest o 21%

- Period for principal repayment 1 - 8 years . -
L (mcludmg a 1-year grace permd)

- Terms of payment ' : Repayment of the principal in equal,
annual amounts

(8) Constant price

The anriual inflation rate in Colombia varied from 24 to 30%, but the prices used
in the cost and benefit streamn are set at the constant price in 1989,
. C e T P ’ e

. (9)  Evaluation index

* For evaluating profitability,: the following three indices, which are commonly
used, are adopted. - o ‘

(1) Cost-benefit ratio (C/B ratio)
(2) Net present value (NPV)

(3) Internal rate of return (IRR)

These indices are calculated by using "with" and "without" the project.
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10,2

Comparison of Profitability

The p10f1tab111ty of the generating plans ‘are calculated usmg the cash flow for each
altematwe plan, as shown in Table 10.1.

'Tﬁbie 10_,1 : Proﬁtabilitjf Index of Alternative Plans

atematve | om ] ey | mR@y |
o |(ussLoon )
ALT-1 128 | a3 | 55
ila::ALT«31 106 | .20 | 70
ALT32 | 096 | -a8s | 81
ALT33 | 129 -1502 74.9'- |

me the resulis of the f1nanc1a1 analysm according’ to cash generatlon of the project,

o ALT-3-2 is detcrmmed to be the most profitable plan

10.3

The rehabili;téi_t'.i'énip'lan,_ALT«’J‘—] is s’elected'as _the optimum pian, which is described in
Section 9.3.3, since it has a high profitability amongst the al,,tq.r'n_afives. '

Financial Planning

‘The cash balance of the selected reh_abiiitation plan is prepared as a projected financial
statement. The projected Profit-Ldss Statement and Fund Flows Statement are shown
in Table 10.2. According to the. financial plan, the selected rehabilitation plan will
show a profit from the year 2002 though there will be a pro;ected aggrcgatc deficit of

' US$221,000 at the end of service life.

' :10'-4
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11.1

1.1

S @

CHAPTER 11  BASIC DESIGN

Facilities Deésign

ALT-3-1 has been selected based on an economic compauson The basic design for
ALT- 3 1 is described below. - '

Design St’andzifds of -C_i‘Vil St'ru‘c’t'ures

‘The following standards shall apply to the design of facilities.

ey

(2)

3

Tyrolean type coiicrete'dam will be constructed as the diversion weir. The
design flood discharge can safely flow over the overflow crest.

The flow rate at the .ih‘tak_e‘and the screen is 0.6 - 1.0 m/s.

The effective area percentage of the intake screen is 30%.

The desilting basin ha{s sufficient désiltihg capacity by expanding the tunnel

o 'sgbti'o_n, 'bega_ﬁs_'_,c'of 't_he__ tunnel type conduction channel.

o)

"The desﬂtmg basm has a capacxty to remove all partlcles greater than

0. 075 mm in size.

"'I‘he sxze of the head tank is deelgned o have a capac1ty equivalent to a 2-

" minute | pemod of the demgn flow.

M

The pi'acti(iality of the j)en:stock is most important and 'pipe diameter shall be
determined with reference to the best practical examples for dimensions.

i P
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11.1.2 Design of Improvement for the Main Structure _
(D Intake facilities

An outline of a new diversion weir is as follows:

Type ' Tyrolean type concrete dam : -
Crest elevation 1,823.0 m

Dambheight .- -~ = . . 30m: -

Crest lengf}i ' . 205m

‘Design flood L - 60.0 m3/sec

Height of head water . . . 1ld4m ‘

(when design flood rate flows) T ,
Intake size | 2.5(W)x200 (L) m
Intake waterlevel - 1,821.0 T

(2) Conduction channels
~ The conductmn channél is tannel- type becaise of topographmal restriction.
Tunnel cross-section ‘will be ' determined con31der1ng the workability,
economical aspect and durablhty, S0 that the desxgn dlschm ge rate can be

" osecured.

Because the design dlscharge at the Laguml]a P/P site is 2. 0 m3/s, the
following minimum cross section :s dctelmmed conmdeung the woxkablhty

W =128 m,H:2.0m
" Velocity of 2.0 misec is approprlate :
(8) Equation

The flow in the conduction channel can be calculated from the followmg
equation.

Q=AxixR¥x12



(b) Coefficient of 1'0\1gillless )

The coefficient of roughness for concrete is shown in Table 11.1. The

coefficient of roughness to be used is 0.013,

Table 11:1 - Manhing'é Coefficient of Roughness

Least Average Most

Caoncrete

r.n;x.ciq B —

. Culvert - straight, no impédiments

Culveri curved }omted and :mpedlmcnts

.- Well finished

Not finished, smooth wood form
Aggregate v181b_le at the surface

0010 0011  0.013
0011 [0013] 0014

0011 - 0012 0014
0012 0014 0016
0.015 0016  0.018

Accordingly, if the longltudmal gradient is 1. 8 Of00, the velocny becomes

'20111/9 o

- Type -

Length 7
-_Iris'idé.&iéiﬁéter' _
Cross section
_ﬁGfadicnt

Max. water-flowing rate

“Congrete lining

iy

“non-pressure funnel

590 m (35 m for desilting basin)
1.8 (W) x 2.0 (H) m

as shown in the followmg figure
1. 8 %50

j 2,(_).m3/sec _
: (at the water-flowing part only)

0.9m

~“Concrete __
lining.

1.1m

NNNNAANANN

LI IIIIY

NANANANNNN

- 1.3m

11-3

»




@

(5)

Fig.

Head tank

The size of the head tank shall be designcd to be equivalent to a 2-minuie
capacity at the designed flow. A spillway, detailed below, corresponding to
the design flow during non-operation shall be provided.

~ Shape - . circular
Diameter : 13.0m
~ Average water depth : - 25m

A sluice gate and air valves shall be installed at the entrance to the penstock.
Penstock

The pensiock diameter obtained from the curve shown in Fig. 11.1 is 0.8 m.
The construction of an access road along the penstock is impossible, because
of a steep slope. Temporary incline equipment (capacity: § ton) will be
provided. RC steps (width: 1.0 m) will be included along the penstocks,

2

~ 20
]
¥
gl g
28 ot
5 3
5312 4 e
= o Ll % o
l g n o P 4] o
: b Rl v ——._.,_7_'_‘_-_
: o

.

=]

Q w00 200 Er o) 500 600 70O 800 900 1000
Roléd heod Lin Redi)

11.1  Existing Equipment Head and Velocity (ratio to velocity at free drop)*

* Handbook of Applied Hydraulics  Editor DAVIS and SORENSEN

Type Exposed type, welded connection
Number of penstocks one penstock, two penstocks after fork -'
Max. water-flowing rate . 2.0 m3/sec

Penstock inside diameter 800 mm
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Pipe wall thickness 6~ 18 mm
Pipe length 470.6 m
(6) Powerhouse
Type : Powerhouse building - RC ab’ove?groﬁnd
Building size Width 45.0m
Depth 22.5m
Eaves height 7.0m

11.1.3 Gate and Screen Specifications and _Types
A summary of gates and screens is shown in Table 11,2,

Table 11.2  Summary of Gate and Valve Types

Regulating  Sand-flush Sereen Sand-flush  Regulating . Screen Sand-fiush
‘gate gale gate gate ] gate
Use Water Sand trap Silt Desilting Penstock Head tank . Head tank
intake sand removal basin intake sand sand
removal . sand removat flushing
T " removal _
Type Steel, Wooden, Fixed type  Steel, ) Steeld, Fixed type  Wooden,
sluice gate siuicg gate v sluice gate  sluice gate sluice pale
Width x 1.50x2.00m 2.00x3.00m 2.5mx20.0m 1.50x2.00m 0.90x0.90m 2.0mx1.50m 0.90x0.90m
height o 1.5mx19.0m
Design 10'm 0m -  10m 5m - 5m
depth T )
Stopwater Reverse "~ Reverse Rack Reverse Reverse Rack Reverse
method 4 direct. 4 direct. . spacing 4 direct, 4 direct. spacing 4 direct.
Starting Spindle Spindle Spindle Spindle Spindle
method :
Hoisﬁng Engine Engine Manual Engine Manual
device or manual  or manual or manual
Lifting 0.1 m/min. 0.1 nvs Gradient
speed 1:0.3
Lifting 10 kg 10kg
lorque
Lift 3m 4m - im 2m - 2m
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11.1.4 Standard Specifications for Genéfating Equipment

For the generating equipment the specifications for the generators and water turbines
are shown below.

(1) Number of water turbines and generators
There are two water turbines and generators since water turbines and
generators can be inspected and -repaired alternately, since when the generating
equipment is stopped revenue is reduced

(2) Water turbine specifications
1) Machin'e' typ'e' |

After demdmg on the turbine's net head and flow the watel turbine type.
can be selected from Flg 11.2,

: Thc choice for the optimum plan for generation rehabilitation is made as

follows:
Rehabilitation plan ~
' —— Chosen
Aliernative Flow per Net : machine
water torb, head . type
(m¥/s) (m) :
ALT-3-1 1.0 Coa09 horiz. Pelton




Net

head
(m) -
600 : :
500 ) - R / .
] 4
400 b . - |-—--—J .
oo L - o / e VP
: . \."'l,‘»’} _
0% R N ) = o
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0.2 . 0.5 2 3 4 5678910 20 30 40 50 100
Discharge (m3/sec)

KEY

horizontal shaft type
vertical shaft type-
Pelton turbine -
Francis turbine
Kaplan turbine
cross flow turbine
tubular turbine
_conduit type bulb- turbine

oo

nnonop

O OR T <D

(Source: Enterprise Bureau, Gunma Prefectural Government) B

Fig. 11.2 - Turbine Type Selection Table -



23 Outpi.it :

“The output per turbine for the optimum plan is as follows: -

Rehabilitation plan

: - : : vgggﬁ;&? : Wa.ter turﬁ.
Alternative: . “Flowper . - Net efficiency output.
" waler turb. head 1 Y Pr (kW)
Q(ms)  He(m) T S

ALT3-1 10 30 087 2.640

- The \vater;tiirbinc '(l_tW) may be calculated from the following equﬁtioﬁ.
Pr= 9.8 x Q x He x i (kW)
3)  Number of revolutions

The number of :revblution_s of the turbine can be calculated from the
following. | " -

For the case ofa Pelton turbine the limit of specific speed (Ns) is shown
in the following equation. |

12 2 N8 5 23 oo (1)

The number of revolutions (N) is shown in the following equation.



where Ny is the qpemflc speed (m-k'W) taken from cq, (l)
He is the net head (m)
Pi is the water turbine output (kW)
7, is the number of nozzles

The generators synchronous speed (N) is shown m the following
'equatxon '

120f 120 x 60 7200

N = pole =~ pole = ‘pols (1Pm) ........ ....... (3)
where R

f = frequency-

pole = number of poles

A ﬂfal;je for the pole is chosen such that the value of N in eq. (3) is less
than butclose to the value of N in eq, (2).

The value of N from eq. (3) is then substituted into eq. (2) to obtain a
valué for Ns.

The results for the optimum rehabilitation plan are shown in the
following table.

Net Turbine Number Specific Number of

Altemnative headHe - - output, P of - speed,Ns  revolution
(m) - kW) poles (kW) N (1pm)

ALT-31 309 2,640 2 18 600

N ot.e; Ns represents the output per one nozzle (total: two nozzles).



(3)  Generator specifications
1) Coolingsystem. |

‘The generator cooling system will be designed to evacuate air from the
powerhouse and blow it into the powerhouse.

2) Rated vc;itélge
For standardization of voltage, the rated voltage will be 4.16 KV,
3)  Power factor

- Large- capacﬁy generators almmg to supply reactwe power to the power
system network, have'a power factor of 0.8-0.85. However, since this
factor is not as important in small—capac;ty generatms an economical
power factor of 0.9'is available. '

4) TPole
In deciding the turbine speed, the numiié:f of poles for the generator pole
is decided and reference is made to the water turbine specifications, as
described previously,. - -

5)  Generator capacity

The capacity per gcnerater for the optimum plan is as follows:

Rehabilitation plan

Estimated Estimated Generator Generator

Discharge p.e ¢ turbine  penerator ; Power !
Alternative per - ﬁ:;& effic. effic. If,:apg?‘% factor - Cgf\“}i?
éu(rbi:{:‘e) " He (m) fir e G _
m-/s
ALT-3-1 1.0 309 0.87 095 2,500 09 = 2,800
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'I_‘hé genérat_or capacity (kW) may be calculated from the following
equation:

Pg = 9.8xQxHexnTxnG (kW)
11.1.5 . Standard Speéifi'cétidn's’ for Blectrical Eduipment

The machine speciﬁcatioﬁs for the electrical equipment attached to the generator and
- the substation eléctrical equipment are explained in the following. |

(1) Excitation equipment” -

A brushless excitation method is used for the generator excitation method 80
that maintenance inspection is quick and easy: C

+(2) Grounding method .

In ordet to protect the generator when the value of the generator's current flow
to the ground is small, the transformer uses: a high resistance grounding
method.

(3) Switchgear
With the generator circuit the switchgear contains the following electrical items.
- circuit breaker
- lightning agrester
- current transformer and voltage transformer
. - excitation transformer

- guxiliary transformer

- low-voltage distribution. board
(4) Direct current equipment

The direct current supply for the initial excitation for the generator's cxcitation
circuit and the control panel is supplied by a charger and lead batteries.

11-11
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©6)

Control and protective relay panels

The simultancous statt, stop and generator circuit breakers, for the turbine and

generators, emergency and all essential controls are contained in a water
turbine/generator control panel. Thus, one operator can control the system.

Furthermore, the protective relay for the generator circuit is contained in the

protective relay board. If an accident occurs the relay is put info action,
simultaneously stopping the water turbine and generator, as-a buzzer and
flickering light warn the operator. '

Substation equipment .
Ouidoor equipment shall be installed for the purposes of simplifying substation

equipment and reducing the construction cost. The rated voltage for the
substation equipment will be 33 kV, matching voltage for the interconnected

. Libano_Subs_tation.

,'11f12



The specifications for main equipment are described in Table 11.3

Table 113 Main Equipment Specifications

. Jtem

Specifications

. Main transformer
1)‘ Nun_iber of transformers 3gxl
2) Type o ONAN
3) Voltage ' 4.16/33KV

- 4) Capacity . 5,600 KVA
5) Connection AA

. Circuit break
1) Number of circuit breakers 3gxl
2) Type ' ABB
3) Voliage IBKY
4) Current 600 A
5) Capacily 12.5 KA

. Disc_om_lécting sWifch
1) Nuinber of disconnecting switches ' 38x1
2) type. - Horizontal
3) Voltage' 33KV
43} Current GO0 A

i Current,treinsfonner- C :
1) Number of current transforters 16x3
2) Cwrent ' 15015 A

. Transformer _
1) Number of transformers ipx3
2) Vollage 33KVAI0V

Fig. 11.3 shows the main circuit connection diagram for a substation.

Tag. 11.4 indicates the substation equipment layout plan.

©11-13
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(7) Transmission lines

The Libano substation, situated about 5 km east of the Lagunilla P/P, is the
nearest place for connecting transmission lines. 33 XV transmission lines will
be interconnected from the Lagunilia P/P's substation to the Libano substation,

Power that will be generated at this power plant is shown in Fig. 11.5. The
power will be supplied to the surrounding area through substations of Libano,
Tiestos, Lerida and Recio substations. The construction cost of tran'smissi'dn_
lines is not included at this stage of the study.

11-16
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11.2

11.2.1

11.2.2

Construction Execution Plan

Investigation into Construction Conditions

Thi's.power plant is not presently operating, and there are no conditions for
restricting the progress of the rehabilitation work. The inaccessibility of the project

-site and the lack of a power source for construction becomes a problem, as the

topography of the site is very steep.

Preparatory Work

(1) Shutoff and water diversion

(2)

Before installing the intake equipment, river diversion construction wili be
undertaken in the river, the main chanﬁel will be diverted to the right'barik and
the left bank will be closed off. Sediment is heaped up to close off the area,
and gabions and sand bags are used to prevent erosion of the surface. Within -
the closed off arca of the left bank the intake, a sand trap and one part of the
diversion weir will be constiucted. ‘After the left bank construction is
completed, the sand trap will be used and river flow will be diverted to the left
bank. The righ't bank area will then be closed off and the remainder of the
diversion weir will be finished. |

Further management of the river flow includes a one year construction period
for a low concrete dam and using the probability discharge of times per year of
10 m3/s. |

Construction power souice -
The required power estimated for construction is about 600 kW. New

transmission lines will be provided from the Libano substation to secure this
power. Thus, a new substation will be built near the Lagunilla P/P and

~ transmission lines will be provided, power source for construction can be

secured from the fransmission lines.

If the construction of the transmission line work is delayed, alternative power
sources, €.£., diesel generation and so on, will be considered.

11-18



11.2.3

11.2.4

11.2.5

Consituction Access Road Work

i [ T
There is no access road near the Lagunilla P/P site, The construction of an access
road will be planned from the existing road at an elevation of 1,960 m on the
channel route to the plant and intake sites.

The outline of the access road is as follows:

Widh - ¢ 70m

Average longitudinal gradient : 10%

Length ) © ¢ 15km between the existing road and the
| _ diversion weir ' '

5.0km . between the existing road and the

: o ' power plant site
Total length . ¢ 65km

Temporary Construction Equipment
The main temporary construction equipment are as follows:

Incline equipment for penstock installation is needed for the main temporary
construction. ' ' |

It_lc_lihé'equipment shall be capable of carrying 1.0 m3 concrete or 12-meter-long
conduit pipe. The incline equipment loadage is determined in consideration of the
flat car, etc.

The outline of the incline equipment is as follows:

Raillength  :  500m

‘Rail distance :  480m

Gradient : 45°

Max. Joadage 5 ton
Work Schedule

The work schedule is shown in Table 114,
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Table 11.5  Construction Period

1st Year ] 2nd Year 3rd Year

1 2 344 3 6| 7 g 1o |w1n 12|13 4151617 |18}19}20 28 |220123 241251126 |27 [28|20]30)31|32/33, M

Ripght[Bank el Hank
—

Intake Facilities Groundwork

200t m3 400 m?

Concrete

1t & ! Wl

Fral
¢
4
p.

(Gate, screen q

Slope protection work

Desilting Basin Groundwork - T

500 nld

Concrete

oy

{

Gate o) M &1L & ; ' & !
|
i

Conduction Channel Groundwork

, , AO0 3

Concrete

Head Tank Groundwork

(I 20m

Concrete:

\_lf)

Gate, screen > O— i ¢

Slope protestion work

Penstock Groundwork

- b0 P

Concrete

Find
4

Penstock @

Powerhouse Site grading work

Groundwork for foundation ) i

Concreie for foundation 1 000 ;3 : A0 m

Building [ . )
Equipment No.1 & : & 3 -

Equipment No.2 ‘ F,:Y

9

Slope protection work ' : : e ey

Tailrace Groundwork

; - i
Concrete : -M-n

Substation Groundwork

Concrele eTierrur

L Te 4 Ir —&

o
P
)
¥,
T

Equipment ' : I

Preparatory Work  Access road P —&

Incline &—iAM Tr ! ¢

Other 4

Note: M = Manufacturing, Te= Testing, Tr= Transportation, 1= Installation
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11.3  Construction Costs
11.3.1 Basic. Conditions of Estimates |
(1) Estimate xnétilod' .
(a) Estimate of construction ;:ontent

Project-related approximate construction costs include the following
items:

Civil construction costs

Direct construction costs + contingency + enginecring costs

Equipment costs _ _ _ .
| FOB + sea tra.nsport costs (inc, iﬁsurance) + land transport costs
(inc. insux.‘ance) + various taxes + installation costs +
testing costs + contingency + engineering costs

(b) Civil construction cost calculation

Direct costs are calculated as the work quantity x unit price

- The work quantity is estimated based on attached Drawing. No. LA-
C-01 ~ No.LA-C-05.

- Within the unit direct temporary work costs (AIU) are taken as 30% in
Columbia.

- The contingency and engineering costs are based on the ISA hydro-
electric power project's construction costs as follows:

Contingency ~ direct constfuction'c_osts x 15%
Engineering costs  (direct cost + contingency) x 10%



{c)

~ Estimate of mxtiptnent'énd construction costs

Using the FOB and the ISA hydroelectric power plant project direct

~ construction costs and equipment and construction cost may be calculated
as follows:

- FOB 100%

- .seatransportcosts ~ © FOB'x 10%
- sea transport insutance - FOB x 2%
- taxes - B U 3,15 x 1,105
- -1a\y§8_r = ?OB <223  20x 1105
Lo law50 ¢ T 80X 1105
- progxpo - - 5.0x 1.105
- value‘added tax - FOBx134%  10% of above
- land transport/insurance FOB X 6% |
- installation FOB x 10%
‘- “iest,conméction’ - FOBx 6%
- direct construction costs FOB x 169.7%
- contingency FOBx17%  10% of direct costs
- enginéérin'g costs FOBx 149% 8% o_f.(direct work
| ' S © costs +
contingency)

(@

Division of work ™~

The cost estimate for the Lagimilla hydroelectric power plant is divided
as follows: S . DA :

Tnitake dam/intake ""g'roundw{jfk,_ co'i_:érété, cobble concrete,

- reinforcing bars, gate, screen, slope protection

" Headrace/desilting : tunnel excavation, tunnel concrete, screen, gate

‘Head tank’- - : groundwork, concrete, reinforeing bars, screen,

gate, slope protection, cobble concrete, valves

Powerhouse - . groundwork, concrete, reinforcing bars,
' building, crane, slope protection

11=23



Spillway ! groundwm‘k, concrete
Substation =~ : groundwork, concrete, reinforcing bars
Furthermore, the generating equipment is divided as follows:

turbine and ancillary equipment

generator and ancillary equipment

turbine/ gcneratd‘ control panel

generator sw1tchgear

auxiliary t[ansformcr distribution board, battery, charger
substation

(e) Year for estimate

From a meeting with ICEL the costs are estimated on an average rate of
September, 1989.

(2) Civil construction units
As shown in 5.4 the units prepared by' ELECTROLIMA in September, 1989
were used. The cost of temporary work camps, electricity sources,
communication facilities etc., have been included within the present estimates.

3 EQuipment-FOB" éosts

. Quotes were taken from two domestic Japanese compamcs and 90% of the
lowest cost is dctcrmmed as FOB cost.

11.3.2 Breakdown of Civil Co_nstruction Costs

The breakdown of the civil construction costs for ALT-3-1 is shown on the
following pages. ' '
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Estimated

No. .Des“cripiion U-nit Quantity Rate | Amount Remarks
- Lagunilla | ALT-3-1

1, Diversion Weir & Intake

1.1 | Barthwork m 250 2,800 700,000

12 | Concrete Work - | " 600 17,900 | 10,740,000

1.3 Reinforcing Bar fon 10 215,000 2,150,000

14 | Gae « |46 | 480,000 | 2,208,000

1.5 | Screen . 17 650,000 1,105,000

1.6 | Shotcrete 3 3.0 40,000 ) 1,200,000 | t-10cm
Sub Total - - - 18,103,000

2, Desilting Basin

21 | Barthwork w | 1,600 2,800 4,480,000

2.2 Concrete Wc_rrk " 200 17,900 3,580,000

23 | Reinforcing Bar ton 15 215000 | 3,525,000

24 | Gate t6n 2.1 480,000 1,296,000

25 | Sspillway ton 6.0 420,000 2,520,000
Sub Totat . - | - | 15,101,000

3, Conduction Channel

3.1 | Earthwork m® | 2,400 19,600 | 47,040,000

32 | Concrete Work " 500 | 25000 12,500,000
Sub Total - - - 59,540,000
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No. Descriptionl Unit | Quantity Rate E::iigﬁftd - Remarks
4, Head Tank _
4.1 Earthwork . 2,700 2,800 - | : 7,560,000
42 Concrete Work " 400 17,900 . 7,160,000
4.3 Reinforcing Bar . - ton 10 215,000 2,150,000
44 | Gae ton | 3 480000 | 1,440,000
45 | Screen ton 3 656,000 1,950,000
4.6 | Shoterete m 30 - 40,000 1,200,000
Sub Total 21,460,000
5. Penstock
51 | Earthwork m | . 960 2,800 | 2,688,000
5.2 Concrete Work u 580 17,900 10,382,000
53 | Reinforcing Bar ton 58 215,000 1,247,000
54 | Penstock ton | 134.0 420,000 | 56,280,000
| Sub Total 70,597,000
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- o | ; ] Estimated
No. Description Unit Quarnmy Rate Amount Remarks
8, Foutidation of Equip.
6.1 | Barthwork e | 2,800 2,800 | 7,840,000
6.2 Concrete Work " 1,100 17,900 19,690,000
6.3 Reinforcing Bar ton 57 + 215,000 12,255,000
Sub Total - - - 39,785,000
7. Powerhouse ‘
7.1 | Building m 900 155,000 | 49,500,000
7.2 Excavation m?f 23,00.0 ) 2,800 64,400,000
7.3 Concrete e 17,9(}0.
74 | Shotcrete m> 13.0 40,000 | 5,200,000 | t-0.1m
Sub Total - - -1 119,100,000
8. Temporary Facilities
. . - CAP: 5.0t
8.1 Incline lot 1. R 4,000,000 T
Sub Total 9,000,000
9. | Substation ot 1 3,813,000
10. Grand Total 355,899,000
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11.3.3 Breakdown of Generating Equipment Costs

The breakdown of 'generating equipment costs for ALT3-1is shown on the following
table,

o FOB COST OF
ELECTRICAL &MECHAN ICAL EQUIPMENT
_ (ALT 3- 1)
No. Description : ' FOB cost
- : (US$1,000)
1 Watcr Tu1bmc and Aux1]1ary 11,6757
Eqmpment ' - _
2. Generator and Auxihaly o 620.0
3 Equlpment o - '
3 .'I'urb_l_ne= and_ Generator 97.1
 j Control' Panel - - ' '
4 Swiicﬁg'caf for'Geﬁéfatt_)'r' o729 )

- iAuxiiiary Sefvi(;é _
5 | Transformer, Distribution |~ 25.0
: Board, Battery and Charger

6 .Main Trans‘fdfmer ' - 82.9
7" |33 KV Substation a 97.9
Towd - . | 26715
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11.3.4 Annual Construction Work Costs

The annual construction (_iosts calculated according to the total cost and the
construction schedule are shown in the following table,

_ Alternative Plans
Jtem ALT-1 g(l:Izz ALT-3
R 3
Ist | 2nd | st | 2nd ist § 2nd Ist | 2nd ist | 2nd
o year | year | year | year | year | year | year | year | yecar | year

Diversion weir and

o 270 | 0 [235 0 [235 0 259 0 |28.2 0
Desilting basin

work 0 }19.6 .0 38.0 ¢ |19.6 0 |28.4 0 {37.2
Conduction channel | 56 | 5.6 |23.4 [23.5 |38.7 [38.7 [42.5 [42.6 |464 |46.5
Eg?ﬂ’fﬁ_“k 13.9. | 14.0 | 13.9 |14.0 [ 13.9 | 14.0 |18.1 |18.2 [22.3 [22.3
Tenstock 109 {21.8 | 14.5 |29.2 [30.6 |61.2 |44.3 |88.8 |56.7 [113.6
Equipment _ .
e ik 14,0 '|14.1 | 164 |16.5 [25.8 {25.9 |37.8 |37.9 |49.8 |49.9
Powerhouse ; ' -

building work 26.1 |262 |26.1 |26.2 {774 | 774 |714 |774 774 | 77.4
Temporary facilities , ;

work _ 4.9 0] 6.8 0 111.7 0 |11.7 0 {11.7 0
Miscellaneous

work 0129 0 2,.9 0| 5.0 0| 5.0 0 5.0

@ Total 102.41104.2|124.6/150.3| 221.6 | 241.8 257.7 298.3|292.5[351.9

@ Contingency 15.4] 15.6| 18.7| 22.5| 33.2| 36.3| 48.7] 44.7| 43.9] 52.8

(@ % 0.15) - . _

@ Engincering fee | 17 8| 120 14 25.5| 27.8] 29.6| 34.3| 33.6| 405
1@ X010 8| 12.0| 143] 17.3 : : . . . .
®Grandtotal 1199 6131,8|157.6|190.1]280.3|305.9|326.0 | 377.3 | 370.0| 445.2

D+@+@ .
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CHAPTER 12 CONCLUSION AND RECOMMENDATIONS

This chapter describes JICA study team's conclusion of the fca31b111ty study for the

lchablhtanon of the Ldgum!fa hydroelectric P/P (fm 17 months from November 1988 ¢o

March 1990), which was conducted fo]Iowmg the pre- fea31b111ty study (for § months from
. Novcmber 1987 to Junc 1988)

121 'M_ost Feasible'Reha_bilitation Plan
The Lagumlla P/P operatlon has becn suspendcd since 1972 The intake facilities
"were washed away by debris flow caused by the eruptlon of M. Nevado del Luiz in

_"1985 - The. rchablhtatlon plan for the. Lagumlla P/P which is most likely to be -
1mplemented from the tcchmcal and ﬁnanmal pomt of view is summanzed below.
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Table 12.1  Summary of Post-rehabilitation Optimum Generating Facilities
Ttem Unit Content
(1) Generation Max. available discharge Q |m¥s| - 20
plan Standard net head H | m |.309
requirements | ‘Theoretical output - - LKW 6,056
Max, output : P kW |5, OOO
No. of generating equlpment o
Annual potential generated energy Ey; | GWh- 43 2
Plant utilization factor % 99 -
(2) Civil Diversion weir Type Tyroleau: lype'concrete dam
~ structure Dimensions m 3.5 (height), 20.5 (crest length)” -
specification ,
Sand flush gate Type Wooden sluice gate
No. of gates ‘ One gate .. .
Dimensions m 2 00 (w1dth), 3 OO (helght)
Intake | 4 Type _ _ Non-pressure type, rectanguhr
’ S 'Dlmensmns ‘m | 2.50 (wxdth), 20 () (helght)
' Intake:gate ’Iype Steel slmcc gate .
- Dimensions ‘m 0.90 (width), 0.90 (height)
Desilting basin Type Sand trap in Ope'n'.channel floor,
tunnel expansion
Dimensions m 7.00 (widih), 2.70 (average depth),
35.00 (length)
Sand trap gate Type Steel slutce gate
: No. of pates One gate
Dimensions m | 0.90 (width), 0.90 (helght)
Conduction channel | Type Tunnel
Length m 555
Dimensions m 1.5 (width),
2.00 (height)
Head tank Shape Circular .
Dimensions m 13.0 (diameter),
2.50 (average depth)
Head tank gate Type. Steel sluice gate _
Dimensions m 0.90 (width}, 0.90 (height)
Penstock No. of penstocks One
Diameter m g0.80
Length m 470
Powerhouse Shape Rectangular, RC structure
Dimensions m 45.00 (width), 22.50 (depth)
Tailrace Shape Reciangular
Dimensions m 1.50 (Wld[h), 1.20 (hexght)
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Table.12.1  Summary of Post-rehabilitation Op

timum Generating Facilities

12-3

(cont'd)
Itesn Unit Content
'(3) éehéréﬁng ' ";fft:rbiné o Type - o Pelton
equipment - | " No, of turbines -2
. specifications -Quitput..- KW 12,640
C Revolution pm G0
'G'(;ﬁéréfof | Type . Synchronous
No. of generators{ S
Output- kKVA 12,800
No. of poles 12
Revolution pm 600
 Main teansformer 'I‘ype E ONAN
No.of wangformer 1
Voltage kv 4,16/33
Capacity kVA 15,600 :
(4) Rehabilitation| Generating. . Foreign currency _ R
" work cost equipment portion US$ {3,800,000
P POV " Local currency . ©
) portion US$ | 1,500,000
Civil and building Fore_igﬁ currency
work cost portion uss 0
. a ~Local cutrency . ) '
portion US$. | 1,600,000
| Projectcost . - | US$- | 6,900,000
Construction cost perkw: lusss 1,400
: kw
perkWh mills/ 160
S kWh ‘
. h g



12.2

12.3

12.4

Economic Indices

As general indices to evaluate the feasibility, the construction cost per kW and the
average generating cost per kWh are _explaincd in the General Criteria Vol.1 issued by
ISA in June, 1'987.'.The;_result of the economic indices study is described in Section
9. Economic indices in the case of the optimum rehabilitation plan shown in
Table 12.1 are as follows: ' L o

Construction cost per kw: US$ 1',4'00)’1‘(W_ _
Average generating cost for annual supplied electric power: - 16 mills/kWh

Operation and Mairitenance'Manual

The maintenance manuai contams the regu]atlons to secure stable power supply and to
maintain the installed facilities in the nor. ‘mal- condition. Bach elcctnc power company
shall esfablish such regulauons based on its managenal pohcy

In the rehabilitation of the"ingunilla_ hydroelectric P/P, the generating equipment such
as the turbines, generators and main transformers will be replacééi with new ones.
Therefore the maker of each equipment shall provide the operation ‘and maintenance
manual which conforms to the specification.

Accordingly the attached data in the Main Report contain the general management
manual for the maintenance and inspection of the main civil structures and genérating
equipment.

Technical Recommendations on the Rehabilitation Plan
When the rehabilitation plan of the Lagunilla hydroelectric P/P is realized, the
following points should be carefully ‘considered at the stage shifting from the
feasibility study to the basic design and detailed design,
(1) Topographic, geologic and biological incrustation survey of the watershed
The topographic map will be drawn on a scale of 1:10,000 ~ 1:5,000 from the
aerial photographs A survey of the present condition of the topogiaphy,

geology and b1010g10a1 incrustation of the watershed is recommended. The
catchment area of the intake area and the hydrological gauging station will be
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confirmed. In addition, it is desirable to conduct the present-condition survey
of the access road route.

Works to conform river hydrological regime

The Study Team obtained observations recorded at the gauging stations of
Quinta Cobra and El Bosque. Such data is not reliable, because of short
observation period and many non-observed dates.

Thus, a simple hydrological gauging station will be built imnmediately for
obtaining a complete set of discharge data, A program for simultaneous
observation of discharge at the Pte Sanfrancisco and Nueva La gauging stations
will be set up. Discharge will be observed upstream from the proposed intake
site or downstream from the proposed power plant site. A cross section of the
river reveals a favorable slight gradient, therefore discharge will be observed at
this site.

a0 Ty
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Drawings

“Title.

Drawing No.
General Plan and Profile (ALT—3 1) LA-C-01
D1vcrs1on Wexr and Intake (ALT 3 1) LA-C-02
Desﬂtmg Basin (ALT-3-1) | LA-C-03
Head Tank (ALT-3 1) LA-C-04
Powerhouse and 'I alhacc (ALT-3- 1) LA-C-05
' Du_1at10n (_:urves LA-H-01
Geological Plan LA-G-01
One Line Diagram (ALT-3-1) LA-E-01




Attached Data

1. Facility Register for the Existing Power Plant n

2. Survey Record
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Facility Register for the Existing Power Plant

Pover Plaht

Laguniila

Electric Power Gompany

ELECTROLIMA

Location

Libane  /Tolima

River

Lagunilla

Generating Method

Run-of-River

Year Installed 1940
"Years in Service 1940
Installé& Capacity 452 kW
0

Available Capacity




Clvil

Item . "~ Data
1. Dah
1) Type PESTROYED
2) Height (m) ,
BSHCrest length tm; - o ) B - )
o 4; Height pf gver;1;;;;; cres; (m)g_- *""““—: __________
) * 5) Width of overf;owing crest'(m; ) 5 )
6) Dgpth'of overflowiné crest (m; N {
2, Intake Gate
D Tyee | DESTRp Yo
2) Humber of gates ) | .
3) Dimensio;;fza X H;Em) ) : .
3. Intake

1) Intake sill height (m) .

2

2) Number of intake

3) Dimensions (W x H)(m) p

Desiiting Basin
1) bPimensions (W x L x H)(m) 5.9 x NN

Sand Trap Gate
1) Type |

2) Number of gates

3) Dimensions (W x H){m)

Headrace

1) Iype RC__covERED C1AYG L

2) D;mensions (ﬁ' Vx H) (m) 0.70 X a.éf‘

3) Lengtgu(m) ' %, 7



Givil

Item

Data

7. Resexvoir Tahk_

1) Dimensions (W x L' x H){m) S OF gl x sk
8. Forebay

1) Dimensions (W x H)(m) N /A,
9. Penstock

1) Number of lines 5

2) Penstock diameter .{d)(m) # o "\--9['5) v

'3) Penstock length (L){(m) pr 0 sy D
10. Taillrace

1) Dimensions (W x H)(m)

2. 05x% 7.6




Fguipment

Item Data
S o #2
1. Water Turbine
1) Manufactﬁrer‘s néme e data availoble
2) Year manufaétured . T
3) type T e et
4y output (W) 33, T
5) Revolutton (row)  pop oo
6; Aﬁcillary equipment—__ “““““
a) Type.of governor A&kﬁn%u%mi_ - Mechoricad

b) Inlet valve

- Type
~ Diametexr (mm)

2. Generator and Exciter

1) Manufacturer's name

e o wla  ovaifoble

2) Year manufactured

3) Type __,._Symjra. vaw/{rc _
4) Capacity (KVA) 300 B
5) Power.factorez%) cyb 80 )
o 6) Voltage (V;Hw“ 4, #00 4,400
7) Frequency (Hi)— "———60 60
) 8) Re;olution E;;;) To0 - 900

9) Method of neutral earthing

2o da If‘ﬁ

avafapfe

10) Type of exciter




Eqﬁipment

Item

Data

3.

Transformer .

1) Manufacturer's name

/N

2) Year manufactured

’G)ISGCOﬁdéfyiﬁoltége (kV)

7) Namber of wnit

8) Vector-group symbol

9) Impedance (%)

10) Purpose for use

4,

Circuit Breaker

1) Manufacturer's name

2) Year manufactured

3) Type

%) Voltage (kV)

5) Rated current (A)

6);Rupturing:capacity (kA)

7) Pﬁrpose'for use

TfansmiSSion Line

1) Destination

HIA

2; Eength (m)

3) Vqltage-(kV)

- 4) Number of circuit

————— e

~5) Number .of pylons

6) Size of conductors

1) Materlals of conductors




Egulpment

Ttem

' " Data-

6.

Battery

1) Manufacturer's name

'Nﬁa

2) Year manﬁfactured

3) Capacity (AH/HR)

4) DC voltage (V)

5) Type

7.

Battery Charger

1) Manufacturer's name

N

2) Year manufactured

3) Capacity

4)lincoming voltage {V

)

8.

.Overhead Crane
1) Weight (ton)

/A

2) Method of operation

"3) Span (m)
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