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Table 13-41  Project items

High Water Level EL. 4774 m

Low Water Level EL. 4700 m

Effective Storage Capacity 653 x 10° m’

Tail Water Level EL. 84.0m

Gross Head 389.7 m

Effective Head 3594m

Maximum Discharge 2Tm'ts

Installed Capacity 85 MW

Firm Power Qutput 82,7 MW

Annual Available Energy 389 GWh

Firm Encrgy 107 GWh

Secondary Encrgy 282 GWh

Main Facilities
Dam Concrete Gravity Type 624mx 114 m

_ Headrace ' 3.1 mx 5,540 m

Surge Tank 80mx 58 m
Penstock Tunne! Type 310m-125x 1,570 m

Powerhouse  Open Type

Francis Turbine



Table 13-42  Change on Water Flow Rate by project Implementation

Items .Annual Mean Max, Monthly Mean Mi_n. Monthly Mean
Location Without - With Without With Without With
~ Los Lianos 5.0 15.0 274 274 43° 43

Londres 27.8 B2 | seo 308 57 14
Naranjo

Intake 284 14.] 57.5 334 58 15

Mouth 36.8 226 16 s0s | 76 33
Paﬁuila | |
PH, 37 17 5 3 0.8 5.0

Cerritos 98 24.1 20.0 44.1 20 63

Mouth 221 36.5 449 69.0 4.6 8.8
* m*fsec | |
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" Table 13-51

Salinity Tolerance of Mangrove Species

Group Species

Groups characteristics

Max.S Optimal §

1. Aegiceras corniculatun Torerant of wide rangs

“Avicenia marina
Bruguiera gymnorhiza
Bhizophora stylosa

2. Acrostichun speciosun

“Acanthus flicifolius

Heritiara littoralis

3, Rhizophora apiculata

R, Yamarckil

4, Lumnitzera racemosa
degialitis annulata
8ruguiera exaristata

b, Bruguiera parviflors

Ceriops decandra

6.Cynometra iripa
Lumni tzara littorea
Rhizophora mucronata

1.Baringtonia racemosa

Brugutera sexangula

- 8,Bruguiera cylindrica

Bruguiera soxanoula

- Nypa Truticans

~of salinity, _ 63

37
: B
Associated with fresh-
watér influence and
charectaristics of the
middle and uppar reachos
of rivers,

 Species often arowing: 65

togethor behined frontal
stands of R, stylosa,
Species associated with 78

mid to inner mangrove 85

Z0nes, 72

A degres of freshwater 66

influenca seems to be 67
important and limits ths

“distribution of this

group, :
Raralg-or never found
near river months of

close to seamater 35

influence,

Species assoctated with
froshwater influence and 33
mid and up reaches of

in restricted area.

No unifying ecological
features, 33

8-15

8-34

- 8




Table 13-52

Water Nutrient Load from intake to Mangrove Area’

[ ] shows (%) by the basc of value on 22/03/95.

Date Water Volume(my/s) PO4-P(kg/day) TIN(kg/day)
TOMA  Std4  St.6-10|TOMA Std  §t.6-10] TOMA St.4 S1.6-10

20/09/95)] 02 05 39 109 2l 03 L bS04 92

15/12 dy 02 07 ~

06/01/95| dry 0.6 0.4

118-19/01 | 1.44 2 0.9 :

25/01 0.9 12 1
(43) (92) (925) {15)

01-02/02] 1.24 0.4 0.4 5.9 6.2 2 1.6
(280) (498) ( 500) (. 2)
[28) { 3] {15] i 2

15/02 ? 1.8 - 938 1.5 3.7
(86) (75) {3715y (9
(9 { 3] (1] 5]

22/02 ? ? 0.7

(1. 07y (19

08/03 1.44 0.5 0.7

23/03 146 08 . 2

22/03 ? | 21 180 14 79

06/04/951 1.52 0.7 4.4

19/04 77 ?

10/05 ? (.91 1.89 '

*:(  )shows {%) by the bese of value on - 20/09/94.

130
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Table 13-53 Salinity changes at Estero Negro (1995)

Date | Tide Cond, Om 0.5m Im 2m Inflow Sum
22/02 ' 0.7
27/02 Low 23275 23295 27.9-31.2

High 30.2-33  32.2-33 32.3-33 32.6-33
28/02 High 29.8-32.7 31-32.7  31.32.7 31.2-32.7
01/03 Low 3.3-17.6 4-8.2 4.1
03/03 : - 0.7
23/03 _ 2.0
29/03 ~ Low 32.3-33.8 32.8-34.2 3293472

High 289328 6328 31.5-32.8 32.1-32.8
06/04 _ 4.4

mangrove arca.

¥ . Inflow sum shows total water fow tate (m’/scc) from channels §1.6,7,8,9,10,to

Salinity changes at Naranjo River Mouth {1995)

~ Tahle13-54
Date |Tide Cond, Om 0.5m Im 2m Naranjo
{02/02 6.73
27/02 Low 2.2-13.7 0.9-2 26.7-32.4 29.7
High - | 2.7-20.5  32.2-325 32.8 330
28/02 High 2.1-15.3  284-31.7 31.7-324
01/03 Low 0.9-2 0.9 0.9 '
09/03 ' 4.15
22/03 _ - 5.84
29/03 High | 31.9-334  31.9-34.2 31.9 '
- Low 22-45  30.4-327  32.1-32.8 32.7-328
05/04 - | 12.2
19/04 -._ 9.42
29/04 High 0.7-1 1.2-3.7 1200  20.0-28.5
26/04 Low 0.0 0.0 0.7 4.8 8.8

* Naranjo means Water flow Rate(m/scc) at Londres point in Naranjo river.




Table 13-55 (1) Land Acquisitien Cost

Total(ha)  37.9

9,510 1,000

Expense Unit ; Colones

Category Quantity Land Type Unit Price Expense
1. Land (ha)
-1, I Permanent  Use
- Reservoir [1.5 Forest(Wastcland) 200 2,300%1,000 £
- Dam and Intake 2.0 Wasteland 80 160
. Surge Tank 1.7 Meadow 300 510
+ Powerhouse and Switchyard _ 3.1 Meadow 300 . 930
SubTotal 192 3.900X 1,000
 Dam, Disposai Area 20 Meadow 300 |
- Headrace-Work Adit-A 1.l Meadow 300
Dispersal Area |
+ Power Plant-Disposal Area 14
~ SubTotal 4.5 1,350 X 1,000
(km) |
+ Dam Access Road _ 43 Meadow 300
* Headrace, Adit-A AccessR. 24 Meadow 300 5
« Powerhouse Access Road 0.8 Meadow | g
+ Surge Tank Access Road 56 Meadow 300
+ Penstock, Work Adits 1.1 Meadow 300
+ Access Road Total (km) 142 Meadow 300
Width (m) 10 | .
Area(ha)  14.2 4,260 1,000

10~ 172
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" Table 13-55 (2) Land Acquisition Cost

Facility

Category Quantity Land Type Unit Price Expense

1.2 Temporary Use (ha)

+ Dam, Quarry and Crashing - 4.2 Meadow 300
Plant | |
+ Concrele Plant and Facitity 2.1 Meadow 300
. Conerele Placing Facility L0 Meadow 360
« Headrace, Work Adit-A 0.9 Meadow 300
* Penstock, Work Adit 038 Meadow 300
- Powerhouse, Borrow Area 4.2 Meadow 300
+ Powerhouse, Crashing and 3.0 © Meadow 300

Concrete Plant

* Penstock Yard L5 - Meadow 300
+ Power Plant Temporary 1.0 Meadow 300

Totat(ﬁa) 18.7

5,610 % 1,000

Expense Unit ; Colones



Table 13-56  Amount of Water to he used {m’lsec.)
Jan, _ Feb. Mar, Apr,

Year (A) (B) (©) A B (©) A @ © (A). B ©
1971 739 672 4.92 302 251 0.7 177 110 .0.70 491 424 424
1972 317 250 070 1.84 118 -0.62 1.56 0.89 -091 339 272 102
1973 1165 1098 9.18 3.64 297 1.17 200 133 047 294 227 047
1974 291 224 044 179 112 -0.68 176 109 0.1 230 163 -0.17
1975 418 351 171 1.69 102 -0.78 1.12 045 -035 146 079 -1.01
1976 233 1.66 -0.14 158 091 -0.89 136 069 -1.11 183 116 -0.64
1977 281 214 034 169 102 078 1.55 088 -0.92 673 606 4.26
1978 356 280 1.09 207 140 -0.40 172 105 075 445 378 198
1979 526 459 279 256 189 009 149 082 -0.98 324 257 077
1980 443 376 196 252 185 005 209 142 038 557 490 3.10
1981 508 441 261 247 180 000 254 189 009 381 314 134
1982 170 103 077 1.56 0.89 -0.91 206 139 .041 224 175 005
1983 480 413 233 3.65 289 1.09 275 208 028 298 23i 05l
1984 206 139 -0.41 127 060 -1.20 0.85 0.18 -1.62 120 053 -1.27
1985 447 3.80 2.00 1.87 120 -0.60 L18 051 -120 197 130 -0.50
1986 228 161 -0.19 136 069 -1 094 027 -1.53 223 . 1.63 017
1987 358 291 LH 145 068 -1.12 1.05 038 -142 142 075 -1.05
1988 262 194 0.4 107 039 -1.41 067 000 -180 122 055 -125
1989 479 4.12 232 226 1.59 -0.21 181 114 -0.66 329 262 082
1990 738 671 49t 254 189 009 1.57 090 -090  3.15 248 0.68
1991 3090 242 062 242 175 -0.05 122 055 -125 158 091 -0.89
1992 269 202 022 168 1.01 -0.79 1.86 1.19 -0.61 344 277 097
1993 232 165 -0.15 071 0.04 -1.76 105 038 -1.42 328 261 0.1
Mean 4.08 2.03 1.56 ' 2.99
Max. 170 - 0.71 0.67 1.20
Max 1165 3.65 275 6.73
MNumber of Months 5 16 21 10
Percentage 57%(52/92)

srpe



Table 13-57

. Summary of Impacts

Item

Imipact and solution

. Naranjo River
I. Topography of river mouth

@

(2 Grr=£1

2. Mangrove protection

3. Aquatic osganisms

4. Féuna and flora

5. Intake of water to palm
" plantation

6. Shrimp breeding fa'cili.ly
7. Underground water ulilization

8. Riverrafling

Paqicta River

1. Flood problems at Cerritos

2. Underground water utilization
g« 3. Erosion at Paquita river mouth

4. Fishery

No serious influences
(Supplement the carth and sand to river mouth on the time
of floed) :

No serious change by maintaining existing fresh water supply
sysiem :
(Waler volume to be supplied, nutrient load)

No serious influences by preservation of mangrove and future -
fresh walter runoff '

No serious influences
{(Vegetation study shall be planned to confirm the
distribution of precious species)
Lack in waler to be vsed
(Either compensation or allernative water supply facility is
necessary) '
No serious influence

Monitoring and sampling a decp uﬁdergro'und water

No serious influences
{Operalion season only changes)

Ne serious influence
(Measures by cperation plan)

- Monitoring and sampling of deep underground water

Sending an urgent méasures to governmental conference

No serious influences on operation of boat and fishing
aclivities
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14.1

14.1.1

(1)

CHAPTER 14 ECONOMIC AND FINANCIAL EVALUATION

Economic Evaluation

Methodology
Basic Approach

In general, economic evatuation of a development project is designed to measure its socio-
cconomic impacls on the counlry as a whole by comparing lwo cases; the project is

implemented and the project is not implemented.

The economic evaluation employs indices such as net present value of the project,
benefit/cost ratio and ec_onomic internal rate of return, which are calcuvlated from benefit

and cost of the project by using the Discounted Cash Flow methed.

To obtain economic benefit and cost of a project, market prices should be converted {o
real benefit and cost, since market prices are generally distoried due to faxcs, government
subsidies, import control, import duties, public chages, minimum wages, and other

~ government intervention and monopolistic pricing. By excluding such distortions in

price, approximation is sought to obtain prices of goods and services prevailing in the

- international market {international market price).

A method to calculate benefit and costs using internalional market prices {(border prices

- has been widely adopled by international financing organizations such as the World Bank,

based on an underst'anding that these prices are formed within free compelitions, though
which might not be perfect.

Phasc1:  Toexcludeitemstobe transferred to national income from market prices

Phase2: To co:weﬁ market piices into border prices, item by ifem such as tradable
' ‘goods, non-tradable goods, skilled tabor, non-skilled labor, eto.

Phase 3:  To calculate internal rate of retumn based on border prices, and to compare
© " the sate with the opporiunity cost of capital of the country.

14-1
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Phase 4:  To inake socio-economic evaluation in consideration of nalional savings and
' income distribution.

Economic evaluation of Los Llanos Hydroelectric Power Project (hereinafler called "the
Project™) will be carried out up to the Phase 3,

Method of Evaluation

In an economic evaluation of a power development project, il is ideal to measure the
benefit which belongsrto the project itself, using long term marginal cost method and a
tarifT system whenever possible.  However, when it is difficult to calculate the benefit
this way, another method is commonly adopted: to calculate the cost saving of an
alternative project which has the equivalent effect as the said project, assuming the saving
to be the benefit of the relevant project., This "alternative facility approach method” is

also adopled in the Project. As the Project is designed (o be a peak load power

generation plant, a peak load thernal power generating facility is assumed-as allernative
facility. The alternative facility should have a capacily to render the equivalent service
to the Project (in effective dependable capacity and annual available energy).

Construction cost, operation and maintenance cost, etc. are ta be calculated as the cost,

while these costs for the alternative project are taken as the benefit of the Project, and
_economic evaluation is to be made, as described above in the section (1), by calculating

Net Present Value (B-C), Benefit/Cost Ratio (B/C) and Econotic Internal Rate of Return
(EIRR).

In calculaiing each index, a cash flow sheet is to be preparéd 100} _dcvétop project benefit

and cost by year over the period of the project life.  Consiruction cost of the Projecl,

operation and maintenance cost after the commissioning, and fuel cost are to be reckoned
in this cash flow projection, while such costs incurred from the investment as interest and
depreciation are excluded.

Conversion Factors for Economie Pricing

When evalualing the benefit and the cost of a project, it is necessary to convert market

-prices of goods and services into border prices. Simply speaking, border prices of _

imported goods are to be CIF price at the port of unloading, while those of exported goods
are 10 be FOB prices at the port of shipment.

sgj.
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14.1.2

Conversion factors are used in order to obtain border prices of non-fradable goods.
While these factors are obtained from the proportion of weighted average of the amount of
major exportiimport goods and import tasiff, expost subsidy, and import restriction, the
standard conversion factor obtained from the total amount of major export/import goods is
used as a general index to show the distortion between border prices and market prices.
Aside from the standard conversion factor, in some cases, different coefficients are used
for éonsumer goods, intesmediate goods, and capital goods respectively, and a shadow

“wage rate is used for labor cost. However, only the standard conversion factor is used in -

the economic cvaluation of the Project when calculating border prices. The standard
conversion factor now in use in Costa Rica is 1.0 for foreign currency portion and .83 for

domestic currency portion.

- Discount Rate

The discount rate used for economic evaluation is to be 12%. This figure is the one also
used for other projects and has been adopted based on a discussion with ICE.

Economic Cost of the Project
Financial cost of the Project, calculated at market price, is described in Chapter 12.2
"Construction Cost®. Table 14-1 shows the cost of the initial investment. The

economic cost is calculated by excluding the transfer items from the financial cost, and

the standard conversion féclor, as stated in 14.1.1 (3), was applied.

Annual Operation_ and maintenance cost is oblained by applying the following ratios to the
economic construction cost.  The same ratios used for Pirris Project are employed here.

(Unit: 1000 US dollar)

: Item Ratio | Construction Cost Q&M Cost
Civil Facifities =~ 0.5% 78,3705 13919
Hydraulic Equipment 1.5% 10,6923 160.4
Electro-Mecha. Equipment CRS% 32,7876 . 4918
Transn_lission_l,{he' ' 1.5% -4,961.8 . S 744
"Total : - - 11185

iconomic compensation cost for palm plantation (Palma Tica), as described in 13.4
"Compensation Cost", is calculated by applying the standard conversien factor.

14-3
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)

Economic Benefit of the Project

As discussed earlier, alternative facility apﬁroach method is adopted for economic
cvaluation of the Project.  Here thermal generating facility which. can render the
equivalent service (both in effective dependable capacity and annual avaitable energy) to
the Project is assumed, And the required cost for the therma! power' gencration is
regarded as the benefit for the Project. The basic criteria used in-this evaluation are
presented in Table 14-2. '

- Selection of Alternative Thermal Plant

Thermal power plant such as oil-fired, coal-fired or nuclear are generally considered to be

alternative facility to a hydroelectric power project. Energy resources in Costa Rica are’

not so abundant except for lignite (reserves not known), geothermal (potential is approx.
£,200MW) and hydropower (potential is approx 9,000MW). Therefore, i is considered
that future power sﬁpply will rely on coal and oil-fired thermal afler development of
hydropower and i gnite. '

Under such circumstance, a combination of gas turbine and diesel engine is selected as an

alternalive thermal because of the following reasons:

*  Gas turbine and diesel engine dre principal thermal power plants in the Power
Development Program of Costa Rica.
* It is possible to estimate the cost of alternative thermal more realistically by
- combination of two types of power generating plant, because the alternative power
plant will have the similar unit ¢apacity now in use in Costa Rica.

Most of the output of the Project will be transmilted 1o (he large load centers around San
Jose. Therefore, the alternative thermal power plant which is taken as the basis of the
economi¢ cvaluation is assumed to be located at Caldera on the coast of the Paciﬁ¢ Ocean,
approximately 78 km west of San Jose. The dulpul of the alntemalive therral power
plant is also assumed to be transmitted to San J'qse. As 10 the transmission line for the

altemative project, construction of a new line up to a nearest subslation (Barranca, 10km})

was considered, because the Project contemplates to construct a new transmission line to

the nearest San Rafael Substation.
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In addition, it is assumed that the reference point at which the Project and the alternative
- thermal power plant are compared is San Jose to which the output of the Project is to be

supplied.

2) Specifications of the Alternative Thermal Power Facilities

the benefit of the Project are stated hereunder.

The major specifications of the alternative thermal power plant which is assumed to be

Item Gas Turbine Slow Speed Diesel
Instalied capacily 91.9 MW 23 8 MW
|Construction cost US$56,298,000 © US$44,111,000
Service life 15 years 25 years
Plant factor 30% 80%

Details of the specification is shown in Table 14-3.

{3) Cost of Alternative Thermal Power Facilities

{a) Construction cost of the Alternative Thermal Power Plant

The initial investment for the construction of the aliernalive thermal power plant

will be as fellows:

(Unit; 1,000 USS)

Item Gas Turbine Slow Speed Diesel | . Transmission Line
Istyear | ' I 486
2nd year - - 2904
Brdyear 1126 - 1593
4th year 49,823.7 14,821.3 10794
- | Sthyear 6,361.7 29.289.7 sa12
3 | | Total 56,2979 44,1109 2,119.0

(b) ~ Operation and Maintcnance Cost

. Annual operalion ‘and maintenance cost is obtained by mulliplying a cost fatio by -
 the construction cost (economic price) of the alternative thermal power plant.
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14.1.4

{n

(Unit; 1,000 US$)

ftem Rate Construction Cost - O&M Cost
Gas Turbine 1.0% 56,2979 563.0
Slow Speed Diesel 051% | 44109 250
Tran_smission Line 1.5% 2,119.0 318

{¢) Fuel Cost (Coal)

Diesel Qil (for Gas Turbihe)_ and Banker Oil (for Slow Speed Diesel) will be used
for the alternative thermal power plants.

Diesel Ol Banker Oif
Unit fuel cost USS$0.123/¢ US$0.073/¢
Annual fuel cost US$10,977.500 - US8§3,037,100

'Economic Evaluation of the Project

As has been described above, economic evaluation of the Project is to be made using such

indices as Net Present Value (B-C), Beneftt/Cost Ratio (B/C) and Econemic Internal Rate
of Return (EIRR), applying the "cash discount flow method".

It should be pointed out that transmission line scheme conlemplatsed in the Project is
formulated on the condition that Pirris H){dropower Project will have been completed
before commisshning of Los Llanos Project. Thercfore the result of this evaluation is
also subject {0 this precondition. |

As a result of evaluation, it has been revealed that the Project is f¢a$ible with any index.
(Sec Table 14-4)

Net Present Yalue (B-C) and Be"ncﬁthost Ratio (B/C)
The total present value of the Project’s economic cost (C) in the _iniiial year of the Project

is calculated to be US$99,117 x 10 Likewise, the total present value of the Project's
economic benefit (B) is calculated to be US$141,506 x 10°. Therefore, Net Present

© Value (B-C) is US842,389 x 10°, and Benefit/Cost ratio (B/C) is 1.43.  As both these

indices show, to construct and operate the Project is regarded to be superior, because of
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14.2.1

“its smaller cost, to installing an alternative thermal power plant which can provide an

equivalent service.

Economic Internal Rate of Return (EIRR)

A discount rate which equalizes the present value of the invested cost in the initial year of

the Project with that of the alternative thermal power plant is 20.2%. Therefore, it is
concluded to be advaniageou§ to cérry out the Project until the discount rale is arrived at
20.2%. This figure is larger than the opportunity cost of capital of 12% in Costa Rica.
Thus the Project is deemed to be worthwhile enough for investment from an economic

point of view.

Financial Evaluation
Method of Financial Evaluation

In a financial evaluation of an electric power project, it is usual to obtain Financial
Intemnal Rate of Return (FIRR) by “discount cash flow method” teckoning construction
cost, operation and maintenance cost, renovalion cost, etc,, as cost factors, while sate of
electric energy preduced by the project is to be reckoned as benefit. ‘Evaluation point
will be the entrance of San Rafael (Parrita) Substation.

Fund repayment plan is also prepared based on the electric sale revenue. At the same
time, the financial situations of ICE have been analyzed using balance sheet and income

. slatement.

1422

(1)

Financial Cost and Benefit of the Project

Financial Cost -

Finéncial cosls of the Project are the initial investment at market prices, renovation cost,
and operation and maintenance cost. Among them, the initial investment and renovation

cost have been obtained in Chapler 12.

As to opetation and maintenance cost, annual amouat is obtained by applying following
ratios for each type of equipment.  The same ratios has been used for Piszis Project.
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(Unit: 1,000 US$)

Item Rate Construction Cost | O&M Cost
Civil structures 0.5% 85.978.3 4299
Hydraulic equipment 1.5% 11,244.1 1687
Electro-mechanical equipment - 15% 34,1720 5126
Transmission line' 1.5% 52745 791
Total - - 1,1903

Financial Benefit

The financial benefit of the Project is the electricity sale revenue. The revenue is
calculated based on ICE's average bulk sale tarift of 0.059 US$/kWh as of January 1995,

It is assumed that the average annual available energy of the Project (387.5 x 10° kWh) |

throughout its life corresponds to the amount of electricity that can be sold.

‘Thus the revenue was calculated at the average rate of 0.059 US$/kWh which arﬁounis to
22,862.5 x 10° US$/year.

14.2.3 Financial Evaluation of the Project:

14.2.4

Financial Internal Rate of Return (FIRR) has been calculated based on the financial
benefit (=income from the sale of ¢lectric power) shown in Table 14-5,

The discount rate at which the financial cost équals the income {that is, the financial
internal rate of return) is 12.4%. When this rate is compared to the expected average
interest rates of 8.5% for borrowings for foreign currency, it can be concluded that the
Project is sound from the financial point of view.

Loan Repayment Schedule

In general, when constructing electric power facilities, a huge amount of preinvestment is

needed during the initial investment period, and an income becomes available only after

the construction has been completed.  The pesiod of capflal recovery is considerably long

“in comparison with general consumers' durables. Therefore, investment fund in many

cases has loan conditions of low interest rate with a long term of deferment as well as a
tong teym of repayment,
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Considerable poﬂion of the fund necessary to realize the Project is to be procuted from
internationa! financing institutions with the rest of it from ICE's own fund.  Since it is
difTicult to forecast the allotment at this tinie, as a result of a discussion with ICE, a loan
repayment schedule is prepared based on the following financing conditions.

- Interest _
$.5% for foreign currency (share: 70%)
5.75% for domestic currency as an opportunity cost {(share: 30%)
0.75% for Commitinent charge
1.0% for Supervision and inspection charge

- Terms of repayment: _
Repayment is deferred during the construction peried (5 years .'incIuding
preparalion period) ' ' ‘

Repayment of principal and interest in equal installment for 15 years.

Other conditions are as follows:
§’ : - Depreciation:

Straight line method with no residual value.
The service life for each equipment is to be as follows:

Civil structures : o 50 years
Hydraulic equipment ' 35 years
Electro-mechanical equipment | 35 years
Transmission facilities 30 years

- Operation and Maintenance Cosl: _
To be obtained by multiplying a certain ratio by the construction cost of the Project.

rg Civil structures - 0.5%
Hydraulic equipment 1.5%
Electro-mechanical cquipment _ 1.5%

: Transmission facilities 1.5%
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- Price escalation:
Al} costs are estimated on the basis of January 1995 with no escalation taken into
account.

Loan Repayment Schedule is shown in Table 14-6, Profit and Loss Stateinent in Table 14-
7, and Cash Flow Sheet in Tabls 14-8.

Financial Situation of ICE

ICE has two divisions: Electricity and ' Telecommunication. Thetefore, financial
situation is analyzed for ICE as a whole and for electricity division. Table 149 (1)
shows financial indicatoss (1990-1994) for ICE and Table 14-9 (2) for ICFs e!eclnc:ty
division, based on balance sheet and income statement.

The financial indicators show that ICE is not in a very good financial situation,
However, some of the indlcators are improving gradually over the period, which implies
ICE effort to lmprow efficienc ¢y in their business operations. Especially it should be
pointed out that their financial perfonmance of electricity sector for this peried was quite
good as compared to previous years due mainly to adjustment of tariff, moderate
devaluation of Colon/US dollar, and lower interest rate in the infernational market. This
is clearly seen in their profitability and debt ratio as shown below: '

1991 1992 1993 1994
Profitability |  867% 8.57% 10.15% 8.45%
Debt ratio 80.68% 6385% | S5853% 55.02%

Source:  Indicadores de Gestion, [CE
The following briefly explains the meaning of these indicators.

Liquidity Ratio
This ratie indicates the capablllty of repaying current liabilities.

Fixed Assct Ratio , .
This is the ratio of fixed assets and owned capital and indicates how much of assels is
cavered by own capital,

Owned Capital Ratio
This ratio indicates how much of totat capilal is covered by owned capital.
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Turnover Ratio of Fixed Assels
This ratio indicates how efliciently fixed assets are utilized in business activities.

Turnover Ratio of Capital
This ratio indicates how efficiently capital is utilized in business activitics.

© Turnover Raho of Total Capital

This ratio indicates how efficicntly total capital, \\hlch is the sum of owned capital and

- Habilities, ts utilized in business activilies.

Owned Capifal Profit Ratio
This ratio indicates capability of earnmg prof is.

Total Capital Profit Ratio
This ratio indicates capability of earning profits.

Sensitivity Analysis

The sensitivity analysis was implemented for the following cases considering varying
financial conditions that will raise construction costs of the Los Llanos Project by 10%,
20% and 25%, as well as the case of service life of dam being 40 years.

The evaluation of B-C, B/C weie calculated on the basis of a discount rate of 12%. The
results of each evatuation of B-C, B/C, EIRR and FIRR are presented below.

B-C BC EIRR FIRR

(10'US$) _
Dam Life 40 yrs 41,860 142 20.2% 12.3%
| Original Case 42,389 143 20.2% 12.4%
10% UP 32,744 1.30 17.6% 11.4%
20% UP | 23,100 o120 15.5% 10.5%
25% UP 18278 1.15 14.7% ©10.1%

14- 11






~

<
)

~

Table 14-1 Economlc Cost In initial Stage

R _(unit:Thousand US$)
Tich -I1st year Ist year 2od yeac 3rd year 4th year Total
{. Civil Works
a} Subtotal F.C. 5.615.8 9,776.0 I1,263.7 6,913.8 1,0i5.0 3,620.3
. L.C. 4,230.1 46,2118 $,692.3 7,120.7 942.8  28,902.7
T 9,845.8 16,687.8 20,9600 14,070.5 [,957.8  63,522.9
b) Project control - F.C. 200.4 339.6 426.6 .3 39.8 1,202.7
(a x 18.5%) L.C. 11,6201 2,747.6 3,45L2 . 2,316.7 322.3 10, 453.1
T 1,821,5 3,087.2 3,878 2,600 52.2 11,7517
c) Contingency F.C. 82.4  1,500.4 1,732,2 L0101 156. 2 5,322.3
(ax15% +bx10%) I.C 96,6 1,310.5  L,799.7  1,293.8 173.6 5,381.3
T, 1,65%,0° 2,819 3,63L.9 © 2,370.0  320.9 10, 703,6
d) Tolal I.C. 6,618.% 11,616.0 13,422.5 8,307.2 Lz2ll.! 44,235.3
L.¢ 65,6458 10,971.0 14,948.3 10,7302 1,438.7  44,743.0
T 13,326.4 22,537.0 28,370.8 19,044.4 2,643.8 85,9183
2. Hydravlic Enuipment F.C. 0.0 0.0 ,123.9 631.0 1,648.2 7,426.1
a) Subtotal 1.C. 0.0 0.0 1,09%.4 111.3 333.2 1,543.9
T 0.0 0.0 ,223.4 765.3  1,981.4 &,970.1
b) Project control F.C. - Do 0.0 126.6 15.6 . 40.3 182.5
(a x 13.5Y) L.G. 0.0 0.0 1,047 126.0 326.2 1,476.9
N T 0.0 0.0 1,151.3 141.6 366.6 1,659.%
c) Contingency F.C. 0.0 0.0 268.9 4.3 86,4 389.6
(a x 5% + b x I0%) 1.C. 0.0 0.0 157.4 18.2 4.3 224.9
. ’ T 0.0 0.0 426.3 52.4 135.7 . 614.%
d} Total F.C. 0.0 C 0.0 5,519.4 703.9 1,775.90 7,998.2
I.C. 0.0 0.0 2,281.6 255.5 708.7 3,245.8
T 0.0 0.0 7,801.0 959.3  2,483.7 11,2440
3. Electromechanical F.C. 0.0 4,149.0 692.7 16,346.3 3,020.0  24,208.0
Equipment I.C. 0.0 0.0 6.0 1.047.7 1,405.6 3,053.2
a) Sublotal T 6.0 4,142.0 692.7 11,9910 4,425.6  27,26L%
b)Y Project control F.C. 6.0 84.4 14.1 366.2 90, § 554.8
{a x 18.5%) L.C. 0.0 6531 4.3 2,462.7 728.17 4,488.6
T 0.0 T67.6 128.1 3.328.9 ns. 7 5,043.3
¢} Contingoncy F.C 6.0 215.9 36.0 £53.9 166.0 1,265.9
{a x 5% + b x 10%) I.C 0.0 £9.3 1.4 378.17 113.1 661.5
) 0.9 284.2 47.4  1,232.6 303.2 1,867.4
d) Total E.C. 0.0 4,449.3 742.8 17,966.4 3,270.1 25,028,6
i.C. 0.0 751.4 125.5 4,989.1 12,2774 8, 143.4
T 0.0 5,200.4 8683 22,685.% 55115 3L12.0
4, Transmission Line F.C 0.0 637.0  1,990.0 3950 195.0 3. 182.0
a} Subtotal L.C. 0.0 205.9 0,0 547.0 2.0 1,026.0
T 0.0 842.0 1932.0  338.0 469.90 4,208,0
b} Project control F.C. 0.0 17.1 3.3 131 9.5 85.6
(a x 18.5%) L.C. 6.0 133.6 322.5 15,4 71.2 632.8
T 0.0 155.8 362.4 173.5 86.8 7i8.5
c) Conlingency F.C. 0.0 .6 101.9 2h.5 10.7 167.7
(a x5 tbx16X) LC 8.0 24.1 32.3 42.8 21.4 120.6
T 0.9 51.7 134.2 61.3 RV | 288.2
d) Tolal F.C 0.0 687.7 2,100.8 431.5% 215.2 3,435.3
L.C 0.0 367.7 351.8 714.2 3i2.§ 1,839.4
) 0.0 1,055.4 2,455.6 1,175.8 £87.9 5. 214,7
§. TOTAL F.C. 6,618.5 16,753.0 21,7856 27,009.0 6.471.4 18,637.5
L.C 6,647.8 12,090.2 11,710.1 156,726.0 . 4,797.5 57,%11.6
T. 13,326.4 28,813.2 39,495.7 43,7350 1£,208.9 136,669.1




Table 14-2  Basic Criteria for Economic Study - |

Item Description
Method of Analysis ' Discounted Cash Flow Method
Study Period | | 50 Years plus Construction Period
Discount Rate ' 12% _ :
Escalation Not Considered
Shadow Price Factor Considered (0.83)

(Conversion Factor)

Service Life of Facilities

Dam and Reservoir 50 Years

Hydro-power Plant . _ 135 Years

Thenmal Power Plant ' 25 Years for Diesel (_slow speed),
o - 15 Years for Gas Turbine
Transmission Linc | 30 Years

Exchange Rate of Currency (As of January, 1995) US$1.00 = 168 Colones

Fle—
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Tablo 14-3 Alternative Thermal Power Piant for Studying Economic Justification

Fuel Cost per year

Item Unit Gas Turbine Diesel Pirris
Thermal Power Thermal Power Hydroclectrie
Plant Plant - Project
Installed Capacity MW 919 238 85.0
Dependable Capacity MW N9 238 827
Losses % 312 25.9 29
Eftective Dependable Capacity | MW 633 17.6 809
Annuat Energy Production GWh 2410 166.5 3894
Station Service Use % kW kWh kW kWh kw kWh
5 5 -5 5 03 03
Failure Loss % ui - 15 - 03
Repair Loss % 8 - 8 - 20
Transmission 1.0ss % 0.3 0.1 02| ot . b3 0.2
Annual Available Encigy G\Wh 2292 1583 . 3875
A..mlmal Plant Factor % 300 800 347
Service Life year 15 25 | so(Civil)
35 (Hydro/Elec.
Equip.)
Themal Efficiency % 2723 3432 -
Digsel Calorific Value keatkg 10,248 -- -
Bunker Calorific Vatue kealkg - 10,207 -
Fuel Consumption Rate kg'kWh 0.308 0.246 -
Unit Fuel Price I/ Skg 0.1478 0.0743 -
' ($itt) C(0.123) (0.073)
Specific Weight " kgt 0.832 0.982 .
Construction Cost 2/ 3/ 10° US$ 56.298 a4, -
ml_jnit Construction Cost 3/ USS&W 6126 £,8534 --
O & M Cost Ralio % 358 2.02 -
O & M Cost peryear 3/ 10' USS 1,9839 8723 e
10° USS 10,975.5 3,037.1 -

included
3/: Economic price

{: CIiF Price, not including faxes :
not inctuded (interest during construction, ransmission ling cost) |
{project controlling cosl)




Tablo 14-3 (2) Alternative Thermal Power Plant for Study Economic Justification
1. Los Llanos Hydro Power Plant |

1.1 Effective Dependable Capacity
Effective Dependable Capacity
= Dependable Capacity x (I - station service) x (1 - failure loss) X
(1 - repair toss) x (1 - transmission loss)
=827 MW x (1-0.003) x (I- 000’%)\(1 -0.02) x (1- 0003)
= 80,3188 MW
= 80.3 MW

1.2 Anmnual Available Encrpy
Annual Available Energy
= Annual Energy x (1 -station service) x (1 - transmission loss})
=38%.4 MWh x (1-0.003) x (1-0.002) '
= 387.455 MWh
=387.5 MWh

2. Afternative Thermat Power Plants
Dependable Capacity (== Installed Capacity)
- Gas Tutbine: Xhwv
Slow Speed Engine: Y KW

X x {1 - station service) x (I - Failure loss) x (1 - repair loss) x (1 - transmission loss) -
4 Y x (1 - station service) x (1 - failure loss) x (1 - repair loss) x (1 - transmission loss)
= X x (1-0.05) % (1-0.21) x (1-0.08) x (1-0.003) + Y x (1-0.05) x (1-0.15) x (1-0.08) x (1-0.002)
= 80, ?OOI\W :

X x 24h x 365 days x 0.3 - x (1 - station service) x {1 - transmission loss)
+Y x 24h x 365 days x 0.7987679 x (1 - station service} x {1 - transmission loss)
=X x 24 x 365 x 0.3 x (1-0.05) x (1-0.001) + Y x 24 x 365 x 0.7987679 x (1-0.05) x (1-0. 001)

= 387,500,000 I-.Wh
Tastalled Capacity Effective Dependable Capacity
N=0034917 = 90.4 MW 62,2303 = 62.2 MW

Y =24,419.09 = 24.4 MW 18,(90.5 = 18.1 MW

Annual Available Encrgy
_ Gas Turbine: _ 225,4_66,947
Slow Speed Engine: 162,033,058

225.5 GWh
162.0 GWh

il
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Table 14-4 Economic Evaluation

{Unit; Thousand LS dollars)

ALTERNATIVE THERMAL POWER PROJECT

LOS LLANOS HYDROPOWER PROJECT
]

No. |YEAR ! () GAS TURBINE L SLOW SPEED DIESEL | TRANSMISSION LINE | (B} | B)-(C)
Construct. ! Transmssa| O & M [Compen-! TOTAL | Constr. | O& M| Fuel | Subtotal| Constr. ' Q& M T Fuol | Subletat | Conste. * O & M | Subtotal] TOTAL
| Cost : LineCost] Cost sation | COST Cost Cosl Cost Cost Cost Cost ' Cost__-  Cost COST
-1 2000] 12755 0 12,755 0 ;f 0 i b 9 -12.706
1 2001 25,795 993 26,788 0 t 0 290 b9 290 -26.497
2 2002] 34,090, 2395 36,183 1 m _ : 0 159, 159 270]  -36,213
3 003f 398420 1049 40,592 49.010 19,000 15,195 ; 15098 107 iL,079|  65.285] 24393
1 1004 9.929, 524 10453] 6,238 6,258] 30,028 ro 30028] 341 booosa| 36827 2637
51 1] 2008 t 1,118 554 1,672 354] 10800| 11,354 3B 3008 3339 321 N o 13082
61 2| 2006 : L1183 554 1,612 5541 10,800] 11,354 231 3108 3,339 32 | ] 13082
71 3] 2007 : 1,118 554 1,672 '$54] 10800 11,354 231y 3108 3339 32 32| 14724 13852
gt 4] 2068 i 1,118 554 1,672 5540 10.800] 11,354 231j 3108 3,339 32; 2} 15,724 13082
o 5| 2009 i 1,118 554 1,672 5540 10,800] 11,354 2311 3108, 3339 32 32 129 13082
0] 6 2010 5 5118 554 1.672 354 10800) 11,354 231 308 3338 32! 32f 14,724 13,852
1l 7 wn ! 1,118 554 1,672 554 10.800] 11,354 S 231E 3008 3,339 32 32 1724 0 13,052
12i gl 2012 L8 554 1672 554 10800} 11,354 2317 3108, 3,339 32 32 1724 13082
13; 9} 2013 L8] 554 1,672 554] 10,800| 11,354 311 3108 3339 32 320 vz 13052
147 10 2014 L118] 554 1.672 554 10800] 11,354 231 1108, 3339 32 320 14.724] 13,052
15 11| 018 1118 554, 1672 554 10.800] 11354 231) 3K 3339 32! 32| 14724) 13052
1s! 12| 2016 1118 554 1,672 354) 10,808] 11354 2310 31080 3339 32 3| 7] Bos2
170 13| 2017 1,118 554 1672 . 1 554 10,800] 11464 231 3wsl 3339 32! 32| 14.835)  13.162
18; 14| 2018 (N BE: 554 1,672] 49.010 554 10,800] 60364 z3|j 3108 3339 32 2| s3735] 62062
19; 15 2019 - iLIg 3554 1,672 6258 354, 108001 17,611 231 31081 3339 32 nf 20982 19310
200 16) 2010 ; ©OLLI8 554 1,672 3540 10.800% 11,354 2315 3u08) 3330 32! 320 14,724 13052
21! 17] 2021 ; L1118 554 1,672 554) 10,800] 11,354 231; - 3,108 3339 32 320 1a7e| 13052
12 18] 2022 N EE 554 1672 5510 10800 11,354 231 3108 3339 32 321 724 13052
23] 19] 2023 ; LLi3 554 1,672 554 10,800] 11,334 N1 3080 3339 32 37 174 13082
24 20) 2024 i L1ig $54 1,672 354 10,8001 11354 311 31080 333D 1. 3N 1472 13052
3| 2] 2025 C 1,118 554 1,672 5540 10,8007 11,354 231 3,108, 3339 3 320 14,724 13052
26 22y 2026 ; 1118 554 1,672 554 10,8008 11,3354 S2310 31080 3239 : 32 2 14,724 13052
1 23 w007 : ' LUS] 554 1,672 5540 10800] 11,354 P23l 30080 3339 ; 32 32 14724 13032
28 24) 228 ! L1 554 1,672 554) 10,8007 11334 15,195 2317 3108 1853 1 32 2| 29919 28247
19, 25| 2029 1,118 554 1,672 5541 108001 11354 30,028 231 3,108 31367 k)] 32| 4752 43080
30 26| 2030 ; 1,118 554 1672 5541 10,8008 11,334 L2310 31081 3339 19 32 go] 14,773 13000
31 27| 2031 : 993 L8 554 2,665 $547 10.800) 11334 231 3108t 3339 290 a2 3| 505 2349
321 18} 2032 So2598 nL118] 554 4,068 1t 5540 10800} 11,464 131 3168 1239 159 12 191] 14993 10927
33] 29| 2033 i 1o 1,18 531 2,722| 19010} 353! 10,800} 60,364 231 34081 3339 1,079 3% L e84 s2.092
34 30| 2034 : 524 1118 554 2197 6258 5530 10800y 17,611 231 3108 3339 541 32 573 21,323 19326
35 31| 2035 1 1118 551 1,672 554) 10,800i 11,334 2317 3,108 3339 » 32| 14724 13052
36} 32| 2036 5,073 1118 554 6,145 354)  10.800F 11,354 2310 3208 3339 32 321 1472 7.979
a7t 33| 2037 8260 L1118 854 9,933] 554 108000 11,354 231 38 3339 3200 2] wn 4792
38] 34] 2038] 22623, 1118 554 24296 5541 10,8000 11,354 3 3,108 3339 2 32l 1724 s
39! 33 2039 7524 ' 1,118 554 9,196 554 108000 113354 231 308 3339 320 -3 14 5,528
10) 36| 2040 i 1118 554 1,672 5540 10,8000 11354 231 34080 3339 3 3l 4] 13052
i1 37| 2041 i 1,118 554 1,672 5540 10,8000 11,354 -1l 3ws 3339 32! 321 14724] 13082
42; 38| 2042 ! 1,118 554 1,672 5540 108001 11,354 21 3,108 3339 32! 12l 124 von2
431 39] 2043 { L1ES 554 1672 354 10.800] 113354 2310 3,108 3,339 32! 2| 1| 15082
1 10| 2044 | 1118 354 1,672 3330 103600 11334 2310 3108 3339 32, auf o724 13082
83 3] 2045 ! 1118 534 1.672 353 103007 11,354 2311 308 3339 321 32} B7HE 13082
46! 42| 2046 | 1,118 354 1,672 353 108000 11,354 LB 31080 3339 32 3| M 13,052
470 43| 047 1 1,118 554 1,672 11 354 108000 11,464 Cooa3p 31080 3339} 32! 32| 14835 13162
48 41| 2048 | CLIE 554 1,672| 49.010 354 10800 60,364 310 308 3339 32! 32| e3,735] 62062
490 45| 2049 | 1,118 $54 1672] 6,258 553 10,360) 17611 317 30081 3339 32! 32] 2098 19310
50 46| 2050 ‘ 1,118 354 1.672 3530 10,8001 13,354 S 231 31081 3339 32 3 172 13.052
54 471 2051 @ 1,118 554 1,672 353 10,800] 11,354 231 30081 3339 © 32 32 14724 13082
52} 48] 2052 | 1,118 554 1,672 354 10.300] 11.354 C3 nI0s 3339 321 320 14724 13052
s3) 49| 2083 E L8 554 1.672 $54) 10800 11,354 230 3108 3339 : 32 M BaIN| 132
s4t sol 20s4]  asi6! -1634] 1118 554 24827 -36.919 554 108001 -25,566 w1 31081 3339] 106 32 en| -220m 1,926
i ' ] ‘ i i . i
TOTAL 40450 82700 55.924] 277000 232939 184.5971 27,690, 5399901 752.277] 90436 1).530 issat0) 257386] 3532 1ssel  saaliotsgsal 7s1ses
Present Vatue 1 : :
I+ 12% 99,117 141,506] _ 42389
NPV, 12389
ELRR. 202%
8/C 1.43
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Table 14-5 Financial Evaluation
{Unit: Thousand US dollais)

) . LOSLLANOS HYDROPROJECT (B)
No. YEAR {C) POWER | (B)-{C)
Consteuct. | Transmssn | O &M TOTAL SALES
Cost Line Cost Cosl COST |REVENUE

-i 2000 14,000 0 o0 14,000 -14 060

| 2001 27,788 1,055 ¢ 23,343 -28.843
2 2002 37.040 2,456 0] 39496 -39.4%6

3 2003 42,559 1,176 ¢ 43,735 41,135
4 2004 10,681 588 - 0 11,269 -11,269
51 1] 2005 1,190 1,19¢ 22 861 21,672
6] 20 2006 1,190 1,190 22863 . 21672
713 007 1,190 1,190 22 863 nsn)
3 4] 2008 1,190 1,i%0 22,862 21672
ol S5t 2009 1,i90 1,190 22,863 21672
10, 6] 2010 1,190 1,190 22,861 21,6712
1 7] 2011 1,190 1,190 22,863 21,672
12 8] 2012 1,190 1,190 22,863 21,672
13; 9] 2013 1,190 1,190 22,861 21,672
14] 16} 2014 1,190 1,190 22,863 21.672
Is| 11} 2015 1,190 1,160 22,863 21,672
18] 12 2016 1,190 1,150} . 22,86} 21,672
17| 13| 2017 1,190 1,190 22,863 21,672
18] 14 2018 1,190 1,190 22,863 21,672
19] 151 2019 {1,190 1,190 22.863 21,672
:20f 161 2020 1,190 1,190 22,863 21,672
21 Vi 2021 1,190 1,190 22,863 21,672
22| 18] 2022 1,190 1,190 22,863 21,672
231 19| 2023 1,190 1,190 22,863 21,072
24 20| 2024 1,190 CLI90) - 22,861 21,672
251 21| 2025 1,190 1,199 22,863 21,612
6] 22| 2026 1,190 1,190 22,863 21672
27 23] - 2027 1.190 1,190 22,863 21672
28] 24 2028 1,190 1,190 22,863 2,672
29 251 2029 1,190 1.190] 22,863 2672
0] 26] 2030 1,190 © 1,190 22,863 2672
| 271 2031 1,055 1,190 2,246 22,863 20617
32| 28] 2032 2,456 1,190 3,616 22 863 19,217
331 291 2033 1,176 1,190 2,366 22 863 20,497
341 30] 20M 588 1,190 1,778 22,863 21,084
351 MY 2035 : 1,190 1,190 22,8613 21672
36| 321 2036 5,201 1,190 6,391 22,863 16,472
37| 33p 2037 8,669 1,190 9,860 22 863 13,003
gl 34 2038 23,515 1,190 24,705 22,863 -1,842
39) 35] 2039 8,031 1,190 2,221 22,863 13,641
400 36| 2040 1,190 1,190 22,863 21,672
417 371 2041 L1190 1,190 22,863 21,672
421 381 2042 1,190 1,190 22,863 21,672
43} 391 2043 1,190 1,190 - 22,863 21,672
441 401 2044 1,190 1,190 22,863 21,672
451 41] 2045 1,190 1,190 22,863 21,672
46 42 2046 1,190 1,190 22,863 21,672
471 43 2047 1,190 1,190 22,863 21672
480 44 2048 1,190 1,190 22 863 21,672
49, 45| 2049 1,190 1,190 22,863 21,672
50} 46] 2050 1,190 1,190 22,863 21,672
51 47| 2051 1,190 1,150 22,863 - 21,672
521 48] 2052 1,190 1,190 22863 21672
st 49] 2053 1,190 1,160 22.863 21,672
S4] 500 2054] - -25952 -1,053 1,150 25815 22,863 48,677
TOTAL 151,532 9436 39,513 2205400 1,143,125 922 585

F.LILR,

12.4%
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CHAPTER 16 FURTHER INVESTIGATIONS

To proceed from the detailed design stage to the implementation stage in this Project, it is necessary
to further examine the topography and geology of the sites where the major civil engineering
structures are installed as described in the Feasibility Study. ' _

This chapter describes the studies to be added or continued including the topographic study,
geological study, material survey, hydrologic study for downstream, environmental impact, and

compensation.

16.1 Topographic Study

(1) Construction Road Route Survey:
Supplement to existing 1 :5,600 séale Iopqgraphy map

@) Aggregate Acquisition Site & Temi}orafy Facility Sites:
1:1,000 Scale Topograp‘hic Survey

(3) ~ Meadrace Longitudinal Survey (Concavo Pass Pbint):

- Approx. 250m downstream from Work Adit B

16.2  Geological/Material Study

To proceed this Project to the detailed design stage, the additional geological
survey/construction shown in Table 15-1 is required for each planned site, and the route

“and construction material acquisition sites. ~ (cf. Fig. 15-1 - 15.5)

Furthes accurate geotechnical data is required regarding the waterproofing treatment for
the foundation rockbed at the dam site (downslream site). ' .

It is necessary to confirm the dynamic characteristics of the rockbed from its surface to the
structure foundation depth at the intake site.

15-1



15.33

Reparding the headrace tunnel route, it is necessary to examine the dynamic
characteristics of the rockbed and the hydrographic conditions in the tunnel where the
tuntiel rock cover is max. 50m, '

Regarding the surge tank site and penstock route, il is vital to ensure that the dynamic
characteristics of the rockbed and hydrographic conditions around the civil engineering

structures where the tunnel rock caover is max, $00m.

. Itis also necessary to ensure the concrete aggregate mine near the dam site.

Hydrologic and Meteorologic Study
Meteorologic Study

It is necessary to conlinue meteorological observations since the entire obscrvation
nelwork required for the implementation design and construction plan is now completed.

"‘Fhe network includes the Napoles Observation Station, newly installed for this Project

study.

Flow Observation

It is necessary to continue flow observations since the entire observation network required -
for the Tuture construction plan and operation plan is now completed. The network

includes the run-off gauging station at Paquita River powerhouse site, newly installed for
this Project study.

Sife Observation

It is necessary to conlinue sile observations at the Naranjo River downstream basin for
envitonmental assessment in the future. The sites are described in Fig. 13-16, Channel
Water Distribution. It is recommended that observations be made twice mostthly from
December through March in the dry season, and once monthly for the remainder of the
year. ' '

15-2
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