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PREFACE

In response to the request of the Govermment of the Republic of
Ecuador, the Goverament of Japan has decided to re-examine the master plan
of three hydroelectric power development projects at Calderon, Chespi and
Palma Real at the midstream of the Guayllabamba River, and to formulate a
feasibility study on the Chespi Project, and entrusted the work to the

Japan International Cooperation Agency.

JICA dispatched to the Ecuador a 15-man survey team, headed by
Mr. Terumi Ushijima, which conducted in a period from January 10 to
December 24, 1985 a series of surveys in discussion with the officials

concerned of Ecuador.

After the team returned to Japan, further studies were made and the

present report has been completed.

I hope that this report will be useful as a basic reference for the
project and contribute to the promotion of friendly relations between our

two countries.

I wish to express my deep appreciation to the officilals concerned of
the Government of the Republic of Ecuador for their close cooperation

extended to the team.

August, 1986

" _427/ fﬁhZfL—»

KETSUKE ARITA

Pregident

Japan International Cooperation Agency
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CHAPTER 1 INTRODUCTION

1.1 OQutline of Republic of Ecnador

1.1.1

1.1.2

Gecgréphy

The Republic of Ecuador is situated on the equator 1ine at the
northwestern part of the South American continent, is bounded on the

north by Colombia, on the east and south by Peru, and faces the
Pacific Ocean on the west. 1In addition, the Galapagos Islands in
the Pacific Ocean are possessed by Ecuador. The total area of the

country is approximately 280,000 km2-  The Andes ‘Mountains con-
tinuing down from Colombia run through the middle of the country to

Peru in the south, and the mountains are separated into two chains,
east ‘and west, Consequently, the basians between the two chains are
elevated plains at altitudes from 1,800 to 3,000 m, and this region
is highly populated. The two mountailn chains have more tham 30
volcanoes, headed by the highest peak Chimborazo (6,310 m), and
there are three active volcanoes including Cotopaxi (5,897 m) known

as the highest active volcanc in the world.

Geographically, Ecuador 1s broadly divided into three parts; the
coast reglon along the Pacific Ocean(Costa), the inter—Andean ele-
vated plains sandwiched between the Andes mountain chains{Sierra)
and the eastern tropical forest region (Orlent) which drains toward
the Amazon river. The basin of the Rio Guayllabamba which is the
object of this Project comprises an elevated plaln~mountaln area,
and this river is one of the tributaries of the Rio Esmeraldas which

flows out to the Pacific Ocean.

Climate

Ecuador, in spite of being situated directly on the equator, has a
variety of climates according to region affected by the varied alti-
tude and by two sea currents the Humboldt Current {cold), and El
Nino Current (warm). There are the high temperature, high-humidity
ciimate pregsented at a part of the northern portion of the Pacific

Ocean side and at the western half of the Amazon basin (mean air



1.1.3

1.104

‘temperature 25°C,‘anﬁual'preéipitatioﬁ'3;600 tb 6,000 mm), the tro-

pical high-temperature, high-humidity' climate - presented at the
sightly inland part of the plain area on the Pacific Ocean side and
at. the other half of the Amazon basin (mean éif‘teﬁbératufés'lé'to
24°C, annual precipitation more than 2,000 mm}, the tropical high~
temperature semi-dry climate at a part of the Pacific Ocean side
{mean air temperature 20 to 26°C, little rain but humidity around 80
percent), the equatorial  temperate climate at -arcund elevation of -
3,000 m (district division between wet and dry ‘seasons, the Chespi
project Iarea being included in this region), and the'-equatoriai
alpine éliméte at highlands above 3,000 w (preéipitation 1,000 to
2,000 mm, rainfall daily during the rainy season, humidity from 60

to 80 pércent).

. The Project is located on the previously mentioned Rio Guayllabamba

tributary, of the Rio Esmeraldas, the catchment area comprises the
regions of varied climate semi-humid climate at highlands of EL.
1,500 m and higher, and equaﬁorial.-highland climate at highlaﬁdé
above 3,000 m, the annual mean precipitation being from 600 to 1,600

me depending on the area.

Population

The total population of Hcuader is estimated to have been 9,250,000
as of 1983, with the population growth rate in recent years haviag
been 3.5 percent. The population density 15.32;6 per square kilo-
meter, with 49 percent of the total living 1in the Center Andean
rigion, 48 percent in the Pacific Ocean coastal region, énd 3 per-

cent in the eastern Amazon region and elsewhere.
Economy and Energy Resources

1) Economy

Ecuador was an agricultural country 1in the first place and
tropical agricultural products such as banana, cacao, and coffee
were its main exports. However, production at oil filelds disco-

vered in the Amazon region in the late 1960s was taken off, and



2)

when export of crude oil was begun from 1972, an oil boom
started even though the absolute volume of production was small,
Exports of crude oil increased year after year, and a remarkable
econcnic growth was achieved in the 19708 with oil income as the

impetus.

The Government launched a 5-year economic development plan from
1973 based on oil 1n§ome, and made achievements in infrastruc—
ture build-up, electric power development, industrialization,
etc. However, the economic growth rate dropped with deteriora-
tion of the internatiomnal oil market from 1980, and the outlook

"~ was for economic difficulties from the beginning of 1981. The

Government took measures such as to successively introduce
barter systems and tightening restrictions on Imports of
nonessential goods, whiie devaluations were carvied out in 1982
and 1983 and the country was burdened with negotiations for
rescheduling of official debts. These measures were successful,
and after the flood damage of 1983, production of the principal
agricultural products recovered smbothly, while production and

exports of oil increased, so that in 1984 the balance of foreign

‘trade reached a surplus of approximately 1.1 billion dollars.

-In 1985, there were significant developments made in mnego-

tiations for rescheduling of dehts, while oil production was
maintained at the upper limit of transportation capacity of
300,000 barfels' daily from the o1l fields in the northeast
Amazon region to the seacoast, and the highest production since

the start in 1972 was reached.
Enérgy Resources
{oi11]

Ecuaddr is an o0il exporting country and is a member of OPEC.

_Produétion was started in 1972 and reached 300,000 barrels daily

iﬁ 1985,'but practically all of the production is in the Amazon
region east of.fhe Andes Mountains énd the cost is comparatively
high since the oil must be transported by pipeline to Esmeraldas
at the Pacific Ocean coast for exportation, The confirmed

reserves were 1.5 billion barrels in 1982, and it is estimated



there 1s a total of 3 billion barrels including uwnconfirmed

reserves.
[Natural Gas]

Natural gas has been discovered at the Gulf of Guayaquil and
. Shughufindi in the Amazon region. The reserves. at the Gulf of
Guayaquil are estimated t¢ be 377 billion cublc feet.

_[Water Power]

"Watet power regources are abundant with the runoffs and high
heads of the rivers from the East and West Andes Mountain chains
tunning down and discharging into the Pacific Ocean in the west

" and into the Rio Amazonas in the east.

1.2 Background of the Project

The principai water power resources areas in Ecuador are the areas of
the East and West Andes Hoﬁntaiﬁé which traverse the country as stated
in 1.1.4. The theoretical'hydroelectfic potentidl of all Ecuador is
"said to be 93.4 million kW, with the total capacity of 22.4 million KW
that can be (CEchniéal and ecdﬁomical feagible) at the 21 major rivers
covering 81 percent of the land. The available energy production
being 90 billion kWh/yr (380,000 bbl/day in terms of oil).

The commercial power generating facilities of Hcuador as of April 1984
congisted of 728 MW hydro and 954 MW thermal, a. total of 1,682 M.
The developed amount of hydroelectric power compared with the tech~
nically feasible hydroelectric potential of 22,4 million kW is a mere

3 «2 perc‘ﬂ'\t 3

According to "Catalogo de Proyectos Hidroelectricos, March 1985," pre~
pared by INECEL, it is planned as main for hydroelecfric power deve-
lopment to amount of approximately 1966 MW and abelishment plans of
existing oil thermal'power stations to amount of approximately 580 MW
by the 2000 A.D., for a total installed capacity of 3,005 M{ as shown

below.



Power Demand Installed Capacity

Year {MW) ' (Mw)
1985 ' 860 1,593
1990 1,181 | 1,600
1995 1,605 2,224
- 2000 2,383 3,005
Growth Rate (%) | 7.0 (4.3)

In _carrying ‘out this hydroelectric power development INECEL has
classified the present time until 1992 as the short-range, 1992 to
2000 as the middle-range, and further, 2000 to 2010 as the long-range
terms, and besides completing Agoyan Hydroelectric (156 MW) and Paute
Hydroelectric (phase—c 500 MW), it is planned for a total of 1,966 MY of
hydro to be developed up to the year 2000.

- The BEcuadorian Govermment is contemplating export of the oil being
consumed at thermal power stations now existing by pushing ahead with
development of water power resources as a means of obtaining foreign
currency, and the Chespi Project is a part of the abovementioned

middle-range plan.

It is with such a background that INECEL carried out investigations
from the 1970s. for hydroelectric.development of the Rio Guayllabamba
and a Master Plan for hydroelectric development on three sites of

Chespi Project, Palma Real Project, and Calderon Project.

This time, the Government of Ecuador requested the Government of Japan
for technical cooperation for investigating and studying the tech-
nical, economic, and societal appropriatenesses of the Chespl Project
through a reexamination of the Master Plan and clarification of the

significanée of the Chespi Hydroelectric Power Development Project.

In response to this request, the Japanese Government dispatched a pre-
“ liminary field'investigation team of four men headed by Mr. Michimoto
Goto, Deputy Diréctor, Mihing and Iﬁdustrial Invegtigation‘Department,
Japan International Cooperation Agency (JICA) in July 1984, and in
discussions with INECEL (Instituto Ecuatoriano de RKlectrifiecacion),
the agency responsible for investigatioms concerning this Project, and

"Scope of Work for the Feasibility Study in the Chespi Hydroelectric

1-5
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Power Deveiopment Project in the Republic of Eecuador,” (5/W) was

agreed upon,

Bagsed on this Scope of Wcrk, JICA dispatched a .first Cheséi
Hydroelectric Power Development Project Survey Team to Ecuador in

January 1985.

The survey Team held discussions with INECEL concerning investigations
in concrete terms and the implémehtation program for the study, and
the results were summarized in the form of an Ihception Report. Based
on this report the Survey Team carried out fileld investigations for
reviewing the Master Plan on the Chespi, Palma Real and Calderon. pro-
jects at the mid-stream area of the Rio Guayllabamba and tb lnvesti-
gate and study the technical, economic, and soclal appropriatenesses
of the Chespl Project. in.investigations.iﬁ Ecuador, the Survey Team
carried out fleld reconnalgsances and data collection, and cooperated
in checking and preparation of topographical maps made by INECEL.
Algo, based on the results of discussions with INECEL and other agen-—
cies concerned, studies 1in Japan were started and an Interim Report

was submitted.

Geological investigation works (boring, seismic exploration) wefe
carried out in the Chespi Project according to the abovementioned
Interim Report, and a final study was made taking into aécount the
regults of the geological lanvestigations. A Final Report (braft) was
submitted in July 1986, and the Final Report was submitted in August
1986.

Past Investigations

The 1investigations carried out up to the present in connection with
hydroelectric power development projects on the Rio Guayllabamba are

as follows:

(year) (Name of Investigation)
1) 1975 Selsmic Map of Bcuador
2) 1975 Hydro Power Plans for the Rio Guayllabawba Basin
3) 1975 Preliminary Supplemental Invesﬁigations”on_ﬁhe

Rio Guayllébamba Basin

-6



4) 1977 Geological Maps of the Rio Guayllabamba Basin

5) 1977 Preliminary Investigations of the Rio Guayllabamba
Basin
6) 1977 Report on comparison Study of Hydro Power Plans

for the Rio Esmeraldas Basin
7) 1978 Seismic Map of Ecuador

8) 1978 Report on Comparison Study of Hydro Power Plants
for the Rio Guayllabamba Basin

9) 1979 " Report on Feasibility Study Investigationms of
Hydro Power of the Ric Guayllabamba

10) 1979 Aug. 'Ecology and Sedimentation in Middle and Upstream
Basing of the Rio Guayllabamba

. 11) 1982 Pisque,.intag, Chespl and Apaqui Hydroelactric

Povwer Projects; Preliminary Studies.

12) 1983 Feb. Report on Preliminary Hydrological Investigations
of the Cubl, Perlabi, Pamplona and Quinde Rivers.

i3) 1983 Chespl-Guayllabamba Hydroelectric Project

14) 1984 Catalogo de Proyectos Hidroeleetricos

1.4 Obiectives and Scope of Work
1.4.1 Objectives

.The objectives of this invegtigation are to carry ouﬁ a review of
the existing Master Plan concerning the three projects of Chespi,
Palma Real, and Caldercn located on the Rio Guayllabamba and to
clarify the position of the Chespi Hydroelectric Power Development
Project, upon which it was necessary to Investigate and study the
tectinical, economie, and social appropriatenesses of the project,
then to compile the results in the form of a feasibility study

report.



1.4.2

Scope

A review is to be made of the existing Hastgr Plan on the three pro-
jects of Cheapl, Palma Real, and Caldefon to determine the attrac-
tiveness of the Chespi Hydroelectric Power Development FProject, at
the same time carr? 6ﬁt"geologicalr expioration works (boring;
selsmic prospecting) on the.éite, prdvide guidanée in preparation of
topographiéal maps by INECEL and check the maps, conduct studiés in
Japan, and compile a feasibility report,

Investigations in Ecuador consist of reconnalssances, electric power

narket survey, data collection, and providing guldance for the

previously-mentioned geoclogical investigation works, and guidance in

topographical mapping.

Work in Japan consists of hydrological analyses, geological analy-
ses, and design based on the information obtained in field investi-
gations, geological analyses, designing, and estimation of

construction costs.

1.5 Field Investigations and Survey Team Members

The works carried out in Ecuador are as foliows:

1)

2

3)

Jan. 10, 1985 to March 10, 1985

First Mission (review of Master Plan, reconnaissances, data

collection, guldance in preparation of topographical maps)
Jun,. 16, 1985 to Dec. 24, 1985

Second Mission (explanation of Interim Report, data collection,
guidance in preparation of topographical maps, electric power

market survey, geological investigation works)
Jun. 29, 1986 to Jul. 19, 1986

Third Mission of Final Report draft



The coméosition of the Survey Team was as follows:

Teruml Ushijima,
Tadaé Sekizawa,

Jiro Hori,
Yoshio Kishida,
Kojl Mishima,
Nobuhiro Tsuda,
Kazuo Ohshina,
Eijiro Kochi,

Kazuo Furukata,

Hiroshi Katsukawa,

Akira Tanaka,
Akihisa Hirota,
Takeshi Kawashima,
Megumi Kitamura,
Morihiro Sato,

Electric Power Development Co., Ltd. (EPDC),
Chief, General Supervision.

EPDC International, Ltd., Civil Engineering
(Planning)

EPDC, Civil Engineering (Design)

EPDC, Civil Engineering {Cost Estimating)
EPDC, Civil Engineering (Hydrology)

EPDC, Geology (General)

Ohte Development Co., Ltd., Geology (Boring)
Kaihatsu Doboku Consultants, Geology (Seismic
Prospecting)

Kokusai Rogyo (Surveying)

EPDC International, Electrical Engineering
(Electric Power) '

EPDC, Electrical Engineering (Power System)

Sumitomo Trust and Banking (Economics)

_EPDC, Civil EBngineering (Design)

EPDC, Civil Engineering (Environment)
EPDC, Electrical Engineering {(Design)
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CHAPTER 2 CONCLUSIONS AND RECOMMENDATIONS

2.1 Conclusions

1)

2)

INECEL has defined three scenaries for the power demand forecast,

in accordénce with the economical development for Ecuador. The
first one is optimistic resulting in a yearly 7.4 percent average
growth rate 1in powér congumption during a 25 year period; the
second one 1s “moderate optimistic", resulting in 6.2 percent
average growth rate; and the third scenaries is pesismistic with

4.9 percent average growth rate,

The JICA Survey ‘Team has Just méde a _crosscheck of the power
demand fdredast of INECEL, by a macroscopic technique using the
growth fate in gross national product, and as a result, it 1s
judged that the load optimistic forecast studied by INECEL is

:easonable.'

It's important to point out that the National Development Plan of
Ecuador.offiéially implemented-since October 1985, established an
economlical development similar.to ﬁhe second scenary adopted by
INECEL., As a regult of the above mentioned criterion the power
demand forecast used in this study could be in the upper values

ranges.

If the power demand of Ecuador is to go along at this optimistic
growth rate, it is estimated that it will become 1,605 MW and
8,293 MW in 1995, that means 1.86 and 1.90 times compared with the

power and energy demands in 1985, respectively.

INECEL is striving to secure the supply capability in relation to
revigsed demand increase with projects presentiy under construction

or presently planned.

However, from 1995, there will be a shortage of supply capability
according to the present optimistic demand forecast. In order to
secure new power supplies to meet this demand increase 1t will be

necesgary to plan the construction of new projects.



3) -

4)

5)

It 1s judged that the Chespi hydroelectric power development just
lnvestigated is a potenclal candidate one for this purpose.:
Accordingly, 1t 1s looked forward to that the other altanative
hydroelectfic development sites planned by INECEL will bé analyzed
from the technical, economic, and financial standbqints and will
he comprehénsively studied in order to esCablish_the developmént
projects. ' ' o

The hydroelectric development sites of Calderon, Chespi, and.Félma
Real in order from upstream to downstream at the middle stretch of
the Rio Guayllabamba, were the objects of the review of the Master
Plan and the Chespi hydroelectric development, which ingeniously
takes advantage the meandering of the river, i1s the most economi-
cal. The optimum development scale for this pfojéct results for a
design discharge of 70 m3/s, an effective heéd of 278 m, maximum
output of 167 MW, and an average net annual energy production of
979 GWh., The total conatruétion cost including a transmission
line, will be US$241,970 x 103 at coustant value in December 1985.

According to this study for energy demand and supply balance in
the National Interconnected System and considering the
hydroelectric energy in the driest year, (100% Hydro guarantee),

there is a possibility for a shortage in supply occuring from
December 1994, The major reason for this 1s that the greater part
of the water power resources under operation and constriction are
located in the Rio Amazonas catchment area, and since the hydrolo-
gical characteristics are the same, the seasonal runoff-trends are
similar. Furthermore, thermal power stations are to be gradually

abandoned.

The Chespi Hydroelectric Project is located in one of the Pacific
Ocean gide basins and the trend of monthly energy production shows
a contrast with that of the Rio Amazonas basin. Conséquently,'if
the Chespi Project were to be interconnected with the national
grid, under the condition that the most of the hydro power plants
are located on the Amazonas site catchment area, practically all
of the energy production of the Chespl Project in the rainy season
{October to April) would be utilized, and this will also serve to
regulate the monthly electric evergy fluctuations of the National

Intercennected System.



6)

7y

8)

D

10)

For ‘convenience of operation of the electric power -national
gystem, the power demand of the capital city area and of the
northern region will be met mainly with supply from the southern
poﬁér'stations. When the electric power from the Chespi‘Project
ié added to the interconnected system, the dependénbe on the

ébovementioned”regions will be lessened to enhance stabilizations

' of the power system.

The' purpose of this report is to conflrm the feasibility of the

Chespi Project. The comparison study on operation commencement

‘year with other projects proposed by INECEL is beyond the limits

of this study. According to this energy balance study and taking
in consideration the various conditions cited above, the supply

capgcity is foreseen to be deficient in 1995 so that the operation

‘commencement year is assumed to be the above mentioned year.

Special geological and technical problems are not expected with
regard to the executlon of this project. Sediment inflow to the
regulating pond during operation of the power plant is not thought
to cause particular troubles in generation, so long as approprilate

sand flushing measures are.provided.

At the time that the Chespl Project is developed, the intercon-—
nected national grid will be in a favorable condition for system
operation because a 230 kV loop in operation. Interconnection

between this system and the Chespl Power Station made at San

‘Antonio Substation by a 2—-ect transmission 1ine of high supply

reliability is recommendable from the standpoint of economics and

system stability.

The equalized power generating cost for the service life of the
power station will be 38 mill/kWh, considering a shadow exchange

- for the total local currency, but not te foreing currency, pro-

ducing a social total cost of the Project of US$208.719 x 103,

For the economical and financial analysis, a current price metho-
dology has been used. The financial and economic internal rates
of return at the time of commissioning uging the economie costs

for determining the significance of the project from the national



i)

.economic viewpoint of ‘Hcuador are 6.19 and 13,50 percent, respec—

tively.

As a result of preliminary 1nvestigations regarding the effects on
the natural and social environment of the Rio Guayllabamba caused
by the implementation of the Chespi Project the:e will be no
problem and it is Judged that che construction pf_ihé'&am, power
plant, etc. will contribute to development-of.fhe atea; and 4t
will be possible to create a social eﬁvironment that could be

better than at present.

2.2 Recommendations

1

2)

3)

Considering that the load forecast is a very important parameter

to define the generation planning expansion and knowing that this
parameter has an uncertain performance, we recommend to carry out
a gensitivity analysis for the other scenaries of load forecasting
established by INECEL.

From the standpoint of power demand considering an optimistic
growth rate and considering a hydro energy supply in the driest
year a shortage of supply will occur from around 1995. Therefore,
1995 was set as the year for commissioning of Chespi Project in
this Report. | S

The final declsion on the year of commissioning of this project
should be made upon comparisons of engineering aspects, economics,
fund procurement procedures, etc. with other projects beiﬁg con-
sidered by INECEL.

It is recommendable to carry out an individual economical analysis
of the Chespi Project Iin order to find the economics and energetic
parameters of the project itself, Thia'analjsis will serve to
konow the quallty of the Project and also to compare it with other
projects being considered by INECEL.

For detailed designs of this Project, it will be necessary to pre-
pare large scale topographical maps and to carry out further
geological investigations including Lahar deposits at the vicinity

of the regulating pond as well as constructlon material survey.



4)

In order to study the sediment inflow patterns in the regulatiﬁg
pond and to define the flushing out prograum of these sediments,
it is dimportant to investigate more frequently and in wmore
detailed the rélation between run-off discharges and sediments
trangport load as well as its grain size distribution curve of the

river.



Table 2—1 Development Scale of Chespi Project
Ttem Unit Development Scale
Development System - Daily Régulatibn
Catchment Area Km? 4,606
Regulating Reservoir
High-Water level m 1,448
Total Storage Capacity 10003 3.3
Effective Storage Capacity 106m3 1.5
Available Depth m 12
Power Generating
Effective Head m 278.5
Maximum Disgcharge m3/s 70
Installed Capacity M 167
Annual Energy Production GWh 979 (Av. 1965 - 1984)
Dam
Type - Concrete Gravity
High x Length m X m 60 x 120
Volume 103p3 i16
Water Way
Tunnel (D x L x n) mXmxn 5.2 x 7,360 x 1
Penstock (D x L x n) mXmxXn (4.5~ 2.1) x 552.85 = 1
Spillway
Design Flood Discharge m3/s 2,300
Turbine
Type - Vertical Shafr, Francis
No. of Unit unit 2
Generator
Type - 3-Phase, Alternating Current
Sychronous Generator
No. of Unit unit 2
Transmission Line
Distance - San-Antonio ~ Infermillo
Voltage x Leungth KVxKm 138 x 22
Total Construction Cost 106US3S 299
Economical Indices
Benefit-Cost Ratio (B/C) - *1.610 (Discount Rate = 12%)
Economic Internal Rate
of Return {(EIRR) Z 13.50

Note: * Cost comparison with the alternative thermal

power plant.
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CHAPTER 3 POWER DEMAND AND SUPPLY PLAN

Present State of Electric Utility Industry

The electric utility induétry of Ecuador is under the jurisdiction of
the Ministry of Natural Resources and Energy. Supply of electric
power is mainly done by INECEL, seventeen regional electric power com—
panies, EMELEC and a private company with U.S.A. capital, Other than
these, there are a few consumers ﬁho own private power generating

facilitiés.

The largest load centers in Ecuador are Quito and Guayaquil, and these
two cities, in 1984, accounted for approximately 67 percent of the
power demand of the: entire country. Agricultural crops such as cof-
fee, banana, and tabaco are being produced in the Costa and Oriente
regions; while at the abovementioned cities, petroleum-related pro-
ducts, brocessed agricultural prodﬁcts, tires, textiles, plywdod, etc,

are beilng made, and industrialization is on the rise.

Electric Power Demand and Supply Performance Record

The performance record in 1984 excluding private power generating

facilities is és follows:

Energy production 4,207 GWh (hydro 76%, thermal 247%)
Maximum power | : © 839 MW (annual load factor 57.2%)
Total population 9,250,000 (1983 estimate)
Generating facilities 182 W/capita

per capita

Energy production 455 kWh/capita‘yr
per capita '

The record of energy demand is given in Table 3-1, and the energy
demand conposition by type of demand in 1983 in Table 3-2.



Table 3—1  Actual Energy Demand

Year  Consumption Generation® Generation® . Max demand
(GHh) (G¥h) 1/ (GHh) 2/ (W) 2/
1965 - A14.0 492.0 492.0 - 117.9
1966 4380 5300 5340 1914
1967 185. 0 547.0 587. 0 145.8
1968 550, 0 §68. 0 668. 0 162. 4
199  626.0 5.0 7540 7.8
1970 684. 0 822.0 - $22.0 . 193.4
1971 40,0 905,  905.0 214. 4
1972 824, 0 994. 0. 994.0° 229.7 .
1973 988.0 - 1.080.0 1,080, 0 337.7
1974 1, 041.9 1,257.0 0 1,257.6 2811
1975 1, 200. 0 1. 458.0 L4580 323,17
1976 1, 437. 0 1,696.0 16960 380. 2
1977 L6620 2005.0 2:002.0 4449
1978 1, 988.0 2,370.0 2,363, 0 508. 1
1979 23300  2,742.0 2.706.0 575. 7
1980 2.615.0 3,161, 0 3, 057. 6 647.4
1981 2,838.0 3, 410, 0 3,344.0 2.1
1982 3,077.0 13,819.0 3,694. 0 754, 4
1983 3, 245.0 4,021.0 3, 869. 0 s
1984 3,376. 0 4,207.0 4,025.0 803, 3

11 Generated Boergy

2 1 Output of Primary Substation



Table 3-2 Power Consumption Ratios by Type of Demand

Type df'demand Ratios (%)
Residential 41,3
_Commércial 15, 2
Industrial | | 32.8
Public Lighting, other 10.7
Total 100.0

3.1.2 Power Generating Facilities

and 57 percent thermal.

The power generating facilities possessed by the electric utility
indystry in 1984 amount to 1,686.5 MW, composed of 43 percent hydro
In addition, there are 151.4 MW in private

géherating facilities for a national total of 1,837.9 MW.

INECEL has been alming for release from oil dependence and is making

strong efforts for large-scale hydroelectric power development.

Paute A.B. Power Station, 500 MW, (commissioned April 1983) deve-

loped as a part of these efforts has contributed to stabilization of

supply capability, and also greatly increased the ratio of hydro

facilities.
Table 3—3 Installed Capacity at 1984
funit i)
Proprietor INRCHL Regienal Self- Total Private Total
kind ' Belectric | Governing{ of Public! Belectric of
of Power Plan (SHD) Company hody Service Company Nation
Hydro Power |
Plant 570.0 158. 4 3.3 1317 14.6 746. 3
Thermal Power :
Plant 382.5 576. 7 i.6 954, 8 136. 8 1,091.6
« Yapor 271.0 63. 0 - 3340 - 3340
+ Diesel 31.2 363.1 1.6 395. 9 136. 8 h32. 17
< fas 80.3 144. 6 - 224.9 - 224.9
Total 952.5 724.17 4.9 1.686.5 151. 4 1, 837. 8




3.1.3 Power Trahsmission and Tranaformer Facilities

The power transmission and transformation facilities of the National
Interconnected System, provincial electric power companies, and
local autonomous bodies in 1984 are as follows:

o National Interconnected System

Transmilgsion line 230 kv _Slo'km
138 kv 590 km
Total 1,100 km
Substation 230/138, 69 kV 1,200 MVA
138/69, 46 kV - .. 1,609 MVA-
34.5, 13.8
Total 2,809 MVA

o Power Transmlssion and Distribution Networks of Provineial

flectric Power Companies and Local Autonomous Bodies

69 kv 1,393 km
46 kv 112 knm
34,5 kv 297 km
Total 1,802 km



3.2 Power Demand  Forecast -

,The powar demand forecast constitutes the.basis for an electric power

company's management plgns-sucﬁ as supply plan, power generation and

pdwer ;ransmissionutrénsfopmation plan, 'énd fuel plan. Here, an

outline of‘the_lqad forecasting done by INECEL is described, following

a load forecasting done by a macroscopic technique approved and

'adopted-by'the.International Atomic Energy Agency (IAEA) and the World
- Bank (IBRD), and crosschecking is performed.

3.2.1 Bdckgfound.df'Load_Forecast"

The “‘total electric energy :cdﬁsumption_ by the public sector in
Ecuador increased approximately 8. 2 times in the period from 1965 to
1984 (annual average growth rate 11.7 percent). This growth rate
reached a maximum value during the period from 1975 to 1980 with a
slowdown indicated from 1980.

A similar trend is seen in maximum power consumption as shown in the

table below.-

Growth Rates in Energy Consumption and Power Consumption (%)

1965-1970 1970;1975 1975-1980  1980-1985

Energy consumption 10.5 11.5 11.9 6.6

Power consumption® 10.6 . 10.9 14.9 5.5

* Value at primary substation take-—out point.

These growth rates are roughly due to the reasons below.

o 1965~ 1969: An economic plan aiming for indﬁstrializétion was
~initiated and consumption of industrial power began

to increase substantially.

o _i§70—:1979: An accelerated economnic growth never before seen in

‘the history of Ecuador occurred due to oil extrac-



tion and an export boom began in 1972. _The growth
rates 1in groaa_doﬁestic_product during this period
were 12 percent for the 5 years from 1970 to 1974
and 6 percent for theHS'yearé from 1975 to 1979, and
the increase in the'use.df_power for electric home

appliances further incredsed energy consumption.

Further, from 1973, supported by establishment of a

national electrification fund with oil royalties as
the source of income, an electric power development
program.and a power transmission and:transfdrmation
expansion plan rapidly ‘tﬁok concfeter'fofm and it
became possible for electric power to be supplied to

a wider area.

o 1980~ 1984: The”growth rafe.in pover cohsumption was sloﬁéd-down

' due to blunting of economic gtoﬁgh becaﬁse 6f dropé
in international oil pfices, the .météofoiogical
abnormalities (El_Nino) over the.two"year period of
1982, 1983, and cumulative financial deficits.

The growth rate in GNP during 1980~ 1982 was only 3
percent, while in 1983 it was 3.8 percent. '

Electric power subscribers

1966 175,000
1983 904,000

Percentage of population receiving power supply

1966 23.8%
1983 59,4%

3.2.2 Load Forecast by INECEL

As mentioned in the precedihg gsection, the trend of the Ecuadorian
economy was greatly changed on entering the 1980s., Particularly, in
1983, a serious crisis was faced, and all production activities were

affected, mainly in agriculture, construction, ﬁanﬁfacturing, and



commerce. . INECEL has carried out a review of demand giving con-

sideration to the effects of the above.

The method of load forecasting used by INECEL and the forecast

values for 1985 are described below.

In forecasting futuvre- demand INECEL. uses computer models with which
bagsically it is possible to adjust and forecast at the following

three levels:

a) Torecast at comprehensive national level
b) TForecast at comprehensiée regional level

¢) Forecast at regional sector level

A basic and macroscopic load for forecast is made on a national
scale, and this is next projected 1n accordance with the charae-

teristics of the region.

At this stasge, a division is made into two differing consumption
classes making possible discriminative treatment. {Table 3-4)

Forecasts at the regional sector level are prepared for the benefit
of the individual provincial electric power companies based on the

comprehensive plans on a national scale.

Thisihas the purpose of classifying total consumptidn into the four
categories of residential, commercial, industrial and others (street

lighting, public agencies, etc.). (Table 3-5)

Information used for the abovementioned three models conslsting of
indices, parameters, etc, is comprised of technical data of the
market such aé demand, loss factor, load factor and macroscopic eco—
nomic data such as pgross domestic product, export of oil, and

further, official documents of the central bank and CONADE.

Furthermore, 26 percent of the total energy consumption in 1984 was
at Quito and 41 percent at Guayaquil. This trend of wmore than 60
percent of total energy consumption being taken up by these two
lérge eities has continued for many years, and this 1is a major

guiding point in load forecasting.



Typlcal forecasting at the comprehensive national level was done

according to the followings:

a) Calculation of energy consumption

b)

To make a load forecast on a national écale INECEL has oﬁtained
the. following model applying historical data for the period from
1967 to 1983.

InC(t) = 2,07 + 0.107I,PIBry_1y + 0.2071,PIB((_9)

+ 0'8051110(!:—1 )

where, -
C(e) :  energy consunption in year t
C(¢~1) ¢ energy consumption in year t-1

PIB(¢-1): GDP in year t-l
PIB(p-p): GDP in year t-2

Calculation of energy p:o&uction and maximum demand

After the enefgy consumption of the publié gector in the fore-
cast model has been established forecasts are made of the losses
in secondary power transmission and distribution and load fae-~
tors, and estimates are made of power generation and maximum

demand at the SNI main substation level.

pe = o ()
T Lgg)
e
Poax = 17% 8760
where,
Pe = energy production [MWh]

Ppax = maximum demand [MW]
Lgg = loss factor

L¢ load factor

n



The forecasts made in 1985 are outlined below.

Year Consumption  Growth Loss Generation Load Max
rate factor factor demand
(%) %) (owhy (%) (M)
1985 3,567 | 18. 1 4,357 57.2 8.6‘9
1990 4.942 6.7 168 5,940 593 1143
1995 6,964 7.1 16.0 B, 293 60. 0 1,578
2000 © 10, 427 8.4 15,2 12, 295 61.0 2,301
2005 15, 471 8.2 14. 4 18, 674 61.7 3. 344
2010 22. 668 7.8 13.6 26, 241 62. ] 4,792

Table 3—4 Characteristic Consumption Special Load

Year Consumpt‘ion Generation  Max Demand Consumpation Generatior  Max_ Demand

(Gwh) ( Gwh) (M) { Gwh) ( Gwh) (MW
1985 3, 466 4, 249 848 101 108 Co21
1990 4, 588 5, b64 1, 095 354 316 18
1995 6. 542 7, 844 1,528 422 449 50
2000 9, 821 11, 651 2,239 606 644 62
2005 14, 766 17, 317 3,218 711 157 66
2010 2i.907 25. 430 4,720 761 811 72



Year
1975
1979
1980
1981
1982
.1983
1984
1985
1990
1995
2000
2005
2010

.Table 3-8 Division of Actu'al_ Consumption

Residential
4t
48
468
39
39
i1
11
40
40
40
40
39
38

Conmercial
16 -
15
15

14
15
15
15
15
15
13
14
13
12

Industrial
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35

38

37
35
33

34

34
35
38
36
38
41

Others
i
t0
9
9
11
11
10
11
10
.y
10
10
8

Unit: (%)
Total

100 -
100
100
100
100
100
100
100
100
100
100
100
160



3.2.3 Load Forecast by Macroscopic Technique

In-order to make a crosscheck of the results of load forecasting by
“INECEL, a macroscople load forecast by GNP was made with United
Nations statistical data as the basic particulars.

_ a). Load forecast based on GNP

It has been statiétically verified that a correlation exists
between power demand in a country and its national economy.
Particularly, 4t is known that a fairly strong correlation
. exists between per capita GNP and per capita electric energy

consumption.

Iﬁ this present study, the values of GNP and demand per capita
were obtained_based on the records of approximately 80 countries
throughout the world over the 20-year period from 1960 to 1979,
“and these were statistically handled.

The load forecast (in terms of generating end energy production)
for this Report was made as described later using the newest

statistically treated data,

In carrying out these calculations it was predicated that the
economy of Bcuador hereafter will be in harmonious step iInter-
nationally and will be able to grow and develop 1n the same

direction as the various countries of the world.
i) Guideline and statistical indices

"Method of  Long-term Load Forecasting of Energy and
Electric Power of Developing Nations as Seen from Global

Viewpoint" (by Hamaaki Aoki, Sept. 1985)
11) Period forecast:

29 yr (1982- 2010)

31



b)

111) Conditions for calculation:

As shown in Table 3-7, the growth in GNP of Ecuador since
1981 has beeﬁ stagnant in spite of various promotional
measures provided by the Government due to overlapping of
factors such as falling of international oil prices,
meteorological abnormalities because of El Nino curreat,

and cumulative financial deficits.

The increase in power demand has alse been suppressed due
to thig, but judging that the stagnation is a temporary phe-
‘nomenon the starting point of the forecast was taken to be
1981, '

. GNP per capita (1980 basis): US$1563.8 (1981)

. GNP per capita growth rate : 3% (annual average for 5
years of 1977- 1981: 2.9%)

. Electric emergy per capita :  437.2 kWh (1981}

« Population

7.8 x 168 (1981)
« Population growth rate

1982~ 1985: 2.8% (annual average for 4 years of
1981- 1985: 2.8%)

1986— 2000: 2.7% (annual average for 10 years of
1975 1984:  2.7%)

The correlation between per capital GNP and growth rate of
GNP was based on Fig. 3-1, while the-correlation between
GNP per caplital and electric energy per capita was based on
Fig. 3-2.

Results of Forecast

The total energy productions by year obtained based on Table 3-6
and Figs. 3-1 and 3-2 are shown in Table 3-7. The forecast
value of maximum demand was caleculated from total energy produc-

tion assuming load factor of 60 percent as estimated by INECEL.

- 312



The forecast by INECEL is for the primaryfsubstation end demand,
and therefore, it was converted to generating—end energy produc-

tion as shown in Table 3-8 in consideration of past performance.

3—-13
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Table 3-6 Demand Forecast by INECEL.
{S.NI +E.E. + MUNICIPIOS)

La.f 1 Loss factor
L.f % Load Factor

Charactzristic Gonsumptlon Spacial Load o o Toral

Year | Consumpy Ls.f | Genera{ L.f | Hax. Consump-| La.f | Geneara-{ L.f | Hax. Conauapy * Le.f [ Genaca~]| Li.f Hax.

tion tion Berand | tion : tion Demand § tlon tion Denand

{Gh) [¢.9] (exn} | (%) (1) {G¥h) (X | _{oun) x) {HW) {C¥h) ) (Gvh) {2) ()
1985 | 3466 18.4  A249 1.2 eas 101 - AL 2 36T 18 AIST 5.2 869
g | 33 1s2 M g e 106 - 114 - 2 | e 18.0 4562 sk 508
1987 | 32 18 4670 515 g2 157 O U7 n | A pa BB 560 e
1988 | 4046 17.9 926 2.7 913 160 - 12 - B | swd N5 5098 3.7 o 1008
1989 | s w7 sz 919 1030 195 . 209 - 3 | w92 wa san se2 dose
w0 | TP s sses seo 109 354 - = 88 ] e 16 w0 s s
1991 | 4886 11,3 509 sB.2 1438 320 - 340 - 5 5206 16.7 6249 s9.1 1208
1992 | 236 .z 63 7.8 1248 W2 - % - e 5518 16.6 6685 8.5 1295
1993 | 5629 47,0 6139 B 1325 | 369 - 3 - @ | 5998 16.4  TITZ 59.6 - L34
1996 | 60s0 . 16.8 7280 383 14k [ &7 .. - 4k4 - so | 677 162 M7 598 - wave
1995 | 6342 - 6.6 Imss sB.6 1528 M - 4 - o e w0 w9 0o 1
1996 | 7078 16.5  BAIS  SB.B 1645 634 - e - st 1 oaz 157 stas 616 1695
1997 | 2610 162 91ss 589 Lz 627 - 865 - st | e a5 9s0 ek 182
1998 | 317 161 9910 9.3 1908 493 - s - 52 0 8810 15.6 10435  60.8 | 1960
1999 | 9033 15.9 10742  59.1 2075 532 - 588 - o3 | sses s s .7 2128
000 | 9821 15,7 11esL $9.4 2239 604 - 6 - g2 | 10a7 152 1285 610 2301
2000 | 10690 15.5 12650 594 A} 833 - - & | ma3 150 13 e10 o 248s
2000 | 11622 5.6 1330 $9.9 2617 68 - 1m0 - - s | 3w e as R
2003 | 12650 15.1 14907  53.7 - 2650 ¢82 - ns - o { vz W7 e slz 2914
2000 | 13660 189 16060 0.2 3045 696 - 240 - & | wiss  1a.s 6800 e T
2005 | 14760 18,8 17317 60.3 3278 1 - st - 66 | 15871 M4 more  e1d 33k
2006 | 15957 14,6 18679 60.7 3513 noe - 187 - 67 | 16677 1a.2 13%a6 62,0 3380
2000 | 17262 144 20170 60.5 3800 e - m - . e | w2 w1 w0987 618 3868
2008 | 18855 142 21974 0.7 4133 140 - - 89 | 19595  13.9 22762 61.86 4202
2009 | 20226 180 23538 611 4355 150 M ] - o |0 e Y7 ge ows
2000 | 21907, 139 25430 6l.5 4120 761 - B - 12 | 22668 13.6 26261 62.5 4792
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Table 3-8  Results of Demand Forecast by Macro-Method

G¥P/Capita kWh/Capita Population G_ross'. < | Maxeom |
- Generated Bnergy | Demand
Year - , - -
Growth | US$ Growth S L Growtk f oo
Rate(X) | {1980Price)} kih Rate (%) (10°%) - Gih _Rate(%) Bt 1))
1981 3.0 1563, § 437 7.8 | w388 §34
‘82 3.0 1610 © 450 8. 02 3,600 687
*83 3.0 1658 470 8.24 | 3,873 137
"84 3.0 1708 490 8.47 1,150 790
"85 3. 05 1760 510 8. 71 4, 442 © 845
Average 3.0 4.5 (2.8%) 7 1.5
1986 3,05 1814 530 8,85 | 4744 903
' 87 3. 05 1869 560 9, 19 5, 146 979
" 88 305 1926 590 9,43 5, 564 1.058
" 89 3.10 1986 620 9,69 6. 008 1,143
' 90 3.10 2041 850 9,95 5, 467 1.230
average | 3.05 5.0 (2. 7%) ' 1.8
1991 3. 10 2111 850 10.22 | 6950 1,322
" 92 3. 10 2176 710 10. 50 7,455 1. 418
' 93 3. 10 2244 740 10. 78 7,977 1,518
' 94 3. 10 2313 770 11. 07 8,524 1,622
' 95 3, 05 2384 800 11. 37 g, 096 1, 731
Average 3. 10 §.2 (2.7%) 7.1 - |
1996 3. 05 2456 840 11.68 | 9.311 1,867
*97 3.05 2531 380 1199 | 10,551 2,007.
' 98 3.05 2609 820 12,32 | 11,334 7, 156
' 99 3. 05 7688 960 12.65 | 12,144 2,311
2000 3. 05 2770 1,000 12,99 | 12,990 2, 471
Average | 3.05 46 em | 7.4 '
2001 3.0 2853 1,050 13.34 | 14,007 2. 665
02 3.0 2939 1,100 13.70 | 15,070 2,867
03 3.0 3027 1, 150 14.07 | 16, 181 3,079
04 3.0 3118 1,200 14.45 | 17,340 3,289
‘05 2. 95 3210 1,250 14.84 | 18.550 3,529
Average 3.0 4.6 (2. 7%) 1.4
2006 2. 95 3305 1,310 15.24 | 19,985 3,799
' 87 2. 95 3402 1,370 15.65 | 21. 441 4,079
" 08 2. 95 3503 1, 430 16.07 | 22,980 4,372
’ 09 2,98 3504 1, 499 16.61 {24,600 - 4, 639
2010 2. 96 3708 1,550 16.956 | 26.282 - 5, 002
Average 2.95 4.4 {2, T_%) 7.2
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Table 3-8 Results of Demand Forecast by INECEL

Year

Gross Generated

Maximum Demand

Gnergy (6Wh) (M)
1985 4, 488 895
86 1, 699 935
g 1,983 938
" 88 5, 251 1,038
' 89 5, 594 1,098
90 6,118 1,177
' 91 6. 436 1,244
'92 6, 886 1,334
' 93 7,387 1, 415
" 94 7,959 1, 520
" 95 8, 542 1, 625
" 96 9, 422 1, 747
97 10, 115 1,880
" 98 10, 748 2,019
' 99 11, 647 2, 192
2000 12. 664 2,370
‘01 13, 726 2, 570
' 02 14, 863 2, 760
" 03 16, 101 3,001
' 04 17, 304 3, 203
" 05 18,6186 3, 444
' 06 20, 029 3. 687
07 21, 575 3, 984
' 08 23. 445 1,328
‘09 25, 067 1,558
2010 27,028 4,936

319




3,2.4 Comparison of Results of Study

The compérisons of the results_of load forecast by INECEL and the
results of load forecast by the macroscopic technique are as shown
in Table 3-10 and Fig. 3-3.

Tahle 3—-10 Comparison of Demand Forecasts

| By INBCEL By Macro-method Difference
Period : '
{Year) Growth Growth c
GWh a Ratg(%) GHH b | Rate(¥) c=a-b a (%)
ind of 1985 | 4,488 | 7.1 | 4442 [ 7.5 46 1.0
Bnd of 1990 6,118 6.7 6, 467 7.8 -349 -5.7
Bnd of 1995 8, 542 7.1 9, 096 7.1 554 -6.5
Bnd of 2000 | 12,664 3.4 12,890 7.4 -326 -2.6
End of 2005 | 18,616 8.2 18, 550 7.4 66 3.5
Bnd of 2010 | 27,028 7.9 26, 288 1.2 740 2.7
16812010 - 7.4 - 1.4 - -

As shown in Table 3-10, the results according to the two methods are
in a range of about 15 percent, and it was found that there was not

much difference.

From 1986 to 2004 the macrdscopic method gives a higher value, while
from 2005 to 2010, INECEL's method shows the higher value. It is
thought this 1is because the GNP growth rate of the macroscopic
methdd is considered with 3.1 percent as wmaximum and is saturated,
while per caplta energy production is within the saturation curve,
contrasted to which according to INECEL the growth rate din gross
domestic product is low at first as shown in Table 3-11, while from
1990 it is forecasi to be constant.
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Table 311  Growth Rate of GDP

Year Growth Rate(¥)
1985 1. 35
1986 2.30
1987 3. 18
1988 4. 10
193¢ 4. 95
1396 3. 50
f {
2010 9. 50

.As a result of the above studles it was decided to use the load
forecast made by INECEL. '



3.3 Demand and Supply Balance

‘The balance of the eleétfic.pcﬁé: demand forecast value mentioned in
the preceding section and the existing supply capability plus supply
capébility'of which development has already been decided hy.INECEL was
investigated from the two aspects of maximum power and electric energy
to examine the timing of commissioning of the Chespi Hy&roelectric

Power Development Project.

The supply capability (dependable energy production and installed
generating capacity) for the maximum power demand was adjusted in

“ order to carry out stable power supply.

The supply capability for electric energy was examined taking into
" consideration the fact that there is a difference in discharge charac-
teristics between streams belonging to the Amazon side and streams

‘belonging to the Pacific Ocean side according to the season.

There 1s little geasonal varlation in power demand in FEcuador and the
power demand record reflects thls situation. Consequently, it is dif-
ficult to specify the month of maximum power demand in the future, and
in this study the performance 1in 1984 was used as a rveference.

(Table3~12, Fig. 3-4)

Further, with regard to abolishment plans of exlsting power stations

INFCEL's data were used without modification,
3.3.1 Supply Capability

a)  Supply capability of existing power generation facilities

The powef generating facilitiles presently possessed by Ecuador
amounts to 1681.6 MW {excluding private facilities) and the
ratios. of hydro: oll-fired thermal: diesel: gas turbine are
43.3: 19.0: 23.4: 13.4.

The ratio between INECEL and'provincial electric power companies
(including local autonomous bodies) is 56.6: 43.4. (Table 3-13)

INECEL's facilities dincreased sharply in 1983 with the com~
miséioning of Paute-Moline A, B (500 MW). Ecuador is ailming for
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relief from'dependence on oil such as oll-fired, diesel and gas
turbine, and almost all of these have been put on reserve status
with the exception of .those considered necessary from the stand-

point of system cperation.

3.3.2 Supply Capability of Power Generating Facilities Plahnéd

The power deveiopment pléns for 1985 and -éftef“-comprise only-
hydroelectric projects in accordance with the policy of nonreliance
on oll, The scales of theée_projects are 130 to 500 MW in con-
sideration of growth in demand and economy, and regulat;ng .pond

types are selected.

Needless to say, the supply capacity of a hydreelectric power sta-
tion varies écéording to the hydrological conditions, and in the
cage of Ecuador, it is necessary to take into consideration the fact
that runoff conditions differ between the Amazon side and the
Pacific Ocean Side.

From 1985, itrié scheduled for diesel and gag turbine to be aban-
doned almost every year with even as much as 112 MW to be discarded

in a certain year,

As a result of studying the above consideration, the conclusion
obtained is that Chespl Hydroelectriec Power Station could be recom-

mendable to be commissioned in 1995.

Under Construction and Pilamning  Out put (MW) Operating Year

Agoyan 156 1588 Uﬁﬂer Censtruction

Daule Peripa 130 . 1991 Under Construciion

Paute-Molino C - 200 1982 Under Construction
” 300 1993 #”

Chespi 167 1995 Under Planning

Pavte-Mazar 18D 1996 Ynder flénﬂing

San Pransisco : 210 1997 - Under Planning



Energy

{GWh)

Fig. 3—4 Resuits of Monthly Energy

— 1 G 84
——— 983
400}
| N b S
e ] w——‘h—.—.mi — I
I LTl
300 | |
| SRS |
200+
¥
O F I i 1 1 | | i 1 T

i 2 3 4 5 6 7 8 9 10 I

—25

e

t2




Table 3-12  Monthly Energy Demand of Electric Company

{ GWh)
ompany |- 1983 1984
Other _ ﬂthef. : :
Month -#.E.Q | EMELBC | Company Total B.E @ | ENELEC | Company | Total
1 81.1] 144.6 99. 8 325. 5 85.4 142;8 | 110,6 | 338.8
2 74.91 127.3 90. 8 293.0 85.2] 135.2 103.5 | 323.9 .
3 83.5 144.0 101.6 | 328.1 87.91 1415 111.0 . 340y4
4. 8281 139.3 101.0 323. 1 85.6 | 138.3 109. 8 333.1
o 84.8] 149.3 104. 9 339.0 8958 140. 8 i14.4 345.0
6 82.21 147.5 192.7 332.4 37.6] -128.6 14 -'328.6 
7 84;4 137.7 1051 327;2 87. 41 128.1 112, 8 328.3
8 84.0f 141.0 103.9 328. 9 87.81 132.8( 114.0 7334.6
9 82.21 132.3 99.6 '_314.1 85.8| 128.81 108.7 323.3
19 84. 4| 130.9 103.7 1319.0 91.0f 135.4 115. 7 342.1
R 11 81.9| 126.9 101. 4 310.2 '90.9: 132. 8 2.1 335.8
12 84.9 | 140.5 105. 0 334. 4 87,9 1445 118.2f 350.6
Total 991.1)1661.3 | 1223.5 3875.9 1 1052.3 1630.6| 1342.2 4025.1
Note : Qutput Energy of Primary Substation




Total

.

Table 3-13
'.st#ém . ﬁydro.
Norte 15,2
- Pichincha 85.
Centro—ﬂérte 23.0
Centro-Sur 31.8
‘Su;:_ 2.
Bsmeraldas 0
Manabi 0
Guéfaﬁ—tog Rioé | 01
El Oro - 0
Oriente 0.3
Sub Total 158, 4
(1NECEL) 070.0
S NI
728.4

Steanm Diesel
g 9.8
R A
d | ZS.T

0 36.4

0 16. 4

0 27.1

0 52.6
63.0 73.9
0 317

0 10.8
63.0 . 363.1
210 31.2
3

334.0 394.

Existing Generating Facilities in Ecuador

Gas Turbine Total
0 25.0
24. 1 187.5
0 49,7

0 68.2
0. 18.8

0 o2nd

0 92.6
120.5 257.4
0 3.7

0 1.1
1446 . 720.1
80.3 952.5
224.9 1,681.6



3,3.3 KW and KWh Balance

As listed aboﬁe, it is Bcheduled_fot hydroelectric.power stations of
130 to 500 MW class to be ‘successively developed beginning with
Agoyan Hydroelectric quer'Station'(lSG—HW) scheduled for start of
operation in 1988, The dependable supply capability plannéd_ by
INECEL is more than the power demand. Consequently, it_is judged
that there will be no problem with respect to ﬁhe electric ﬁower‘
balance. (See Table 3-14, Fig. 3-5.)

However, the demand and éupply balance of the National
Interconnected System was studied by month using hydrological data
of the past 20 years. The actual contents of the study will be
described in Chapter 6, but it was found that there is possibility
of a supply capacity shortage occurring from 1994. Therefore, it
wis consldered that the sites planned would be sequentially com-
missioned as mentioned previouwusly with Chespi Hydroelectric Power
Station starting operation in 1995 to secure supply capability. The
above condition 1s shown in Table 3-15 and Flg. 3-6, and even 1if the
projected sites are succesgsively developed,'there will be ménths'in
the driest year when shortages of supply capability will occur even

though thermal powar.stations are operated at maximum load. This
gituation may occur because many of the hydroelectrié power station
sites have simllar ﬁydrolbgical characteristics as watersheds belong
to the Amazon side., Further, it should be noted that the degree of
dependence on supply capacity of thermal power stations is large in
the wintertime{Qctober to April), as shown in Flg. 3-6.
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CHAPTER 4 METEQOROLOGY AND HYDROLOGY

Fundamental Considerations

The hydrologic data necessary for this Project study are those
necesgary to calculate benefit, that 1is, runoff data for computing
energy production, and data concerned with costsg, that 1s, flood data .
related to desigﬁ of structures such as dams, spillway, river diver-

sion, flushing gates and so on.

The Survey Team, prior to preparation of the abovementioned data,
carried. ocut collection of bhasic data and previcusly-examined data.

These data were well-organized and there was little necessity for

further studies to be made, especially in the sector of meteorology.

"However, with regard to runoff data directly connected with evaluation

of the Project, modifications were made on the calculation method.

In effect, in calculation of inflow at the project site during normal

times, the daté of Ch'acapata Gauging Station were newly added to the
data of A, J. Cubi Gauging Station and D. J. Alambi Gauging Station.

Regarding flood analyses, the proﬁability analysis was used for
calculations considering the fact that this is to be a gravity dam of
daily regulating pond type and the effects on the downstream area
would not be great. However, there was a substantial difference bet-
ween the estimate made based on flood records of an approximately

20-year period and that from the rainfall data of Quito Gauging

~ Station during a 92-year period. For this Report, it was decided to

adopt the latter which resulted in a higher value from the standpoint
of evaluating the Feasibility Study on the conservative side.

~ The sedideﬁtation analysis 1s degeribed in Chapter 7, "Preliminary

Desigﬁ,“



4.2

4.2.1

Outline of Meteorology in the Project Area

The Rio Guayllabamba 1s located in Ecuadof's northwest part, its foun-
tainhead is in the Andes Moﬁntains and merges at its downstream part .
as the Rio Esmeraldas which discharge into the Pacific Ocean, Tﬁé
catchment area of the Guayllabamba. is 8,662-km2, and its length is 28%
km," ' L -

The project area is at the midstream part of the Rio Guayllabzmba,
the catchment area being approximately 4,600 kmz, with an average gra-
dient of 4.92 percent, and channel length of 125 km.

The features of the climate differ according to the altitude and the
mountain topography, and there are many climates from arctic mid-

temperate to subtropical.

The annual changes are roughly the rainy season from October to April,
the dry period in July and August, and the traansitional perioda in
between, but in the upstream area there are cases when trade winds
blow from east to west and heavy rains fall from July to August

influenced by the adjacent Amazon River Basin.

As for temperatures, they are roughly congtant, monthly and annualiy,
because of the conditlon that this catchment area is located near the

equator.,

Temperature

The main temperature in the basin in inversely proportional to ele-
vation and decreases approximately 4°C with every 1,000 m in height.
It is 19,4°C at Vina de Chespl Gauging Station at E1, 1,490 m in the
vicinity of the project site and 13.6°C at Quito at El. 2,800 m.
The variations, monthly and annual, are roughly constant at all of
the sites and the ranges are narrow at about 2 to 3°C. However, the
absolute diurnal maximum-minimum temperature difference is large at
around 25°G. {(See Table 4-1.)

The relation between temperature and elevation is sghown in Fig. 4-1.



Table 4—

1 | Temperaturé. in the Project Basin

" Site| Vina de Chespi '78~"81 Quito Ohserve 6. S "68~"'83
Mon{h min_imum mean maxinum | mininue meAn BAX inun
Jan, 2.1 | 189 | 253 2.4 | 136 | 255
Reb, 12.1 9.2 | 25.2 2.1 13,5 | 5.4
Har, 141 | 195 | 27.9 3.0 13.7 25.0
Aer. 132 ) 19.7 ) 282 36 | 136 | 208
Hay 13.0 | 19.9 | 310 3.2 13.9 25.0
Jun 9.1 | 19.% 29.4 | 3.6 13.6 -25.6f_7.
Jul, 1.0 | 9.1 | 304 | 35 13.7 24.8
Aug. 10. 1 19.5 | 33.2 2.2 13.8 26. 6
Sep. .1 | 19.2 28. 0 3.0 | 138 26.1
et 12.1 19. 5 30. 1 2.5 3.3 26. 2
Nov. 12,0 | 19.2 | 281 L2 | 132 | 250
Des. 1| o192 | 2n0 2.2 | 13.4 | 255
Total — 19.4 — - 13.6 —
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Elevation

Fig. 41 - Relation Batween Temperature and Elevation
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Table 4--2 Evaporation in the Project Basin

Piche Type Unit : mm

"Site Vifa de 'C'he'sﬁ'i. Quito ubéér, 63

Month '78 ~' 81 "64~" 81
Jan, 79.5 86. 2

Reb, 72.2 71. 6 |
Mar, 70.3 81.8

Apr, 748 66. 7 B
 May 30.9 78.9
Jun 100.6 93. 7
Jul, 124. 8 125. 7
Aug. 138.9 124.9
Sep. 120. 6 98. 1
Det. 131, 0 78. 2
Nov, - 97.9 “ 65.9
Des, 89.3 80. 9
Total 1,195, 8 1,052. 3
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Fig. 4-2 Relation Between Evaporation and Elevation
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4,22

4.2.3

4.2-&

" Evaporation

The relatibhs-Bétﬁeéhuévap6rétioﬁ and elevation measured by Piche
type and Pan type appérétus are shown in Fig. 4-2. It can be seen
from this figure that evapbratioﬁ is greatest between El. 2,000 and
é,OOO m, decreasing above and below this range. The evaporations by

month at the Vina de Chéépi and Qﬁito gauging stations are glven in

- Table 4-2.

Wind

The mean wind speed is normally 3 m/s with the wind direction Jdif-
fering according to topography. In general, it is in the direction
of the river channel and is southwest in the vicinity of the pro-
Ject site. '

Rainfall

Rainfall in the Rio Guayllabamba.Basin is affected by topography.
The rainfall distribution is shown in Fig. 4-3.

It can be seen from this figure that the distribution varles sharply

© between sites,  This is especially prominent in the vicinity of the

project site, That is, whereas the mean annual rainfall at the pro-
jected dam site 1is approximately 800 mm, at Chacapata Gauging
Station about 23 km downstream it is approximately 1,600 mm, while
on the other hand, in the vicinity of Calderon on the upstream side,
ralnfall is the smallest in the catchment area and approximately
500 mm.,

The mean rainfall in this project area is estimated to be about
1,116 mm, The_average through the vear is divided according to the
rainy season from October to April, the dry seasen in July and
August, and the transitional periods in between. The rainfall
during the rainy season makes up approximately 73 percent of the
annual, while in the dry season 1t is only 5 peréent. The month
with the most ralnfall during the year differs according to year,
but it is generally March or April. The monthly mean rainfalls at
Vina de Chespi Gauging Station and Quito Gauging Station are shown
in Table.4—3 and Fig. 4-4.



"Table 4-3 Monthly Average Rainfall (an/ nonth)

| Vifa de Chespi - |  Quito ohs
Month e : Sl
1978~"83 1891~1982 - -
Jan, : 99,8 ) 114.3
Peb, , 112.6 190.3
Mar, 104, 5 156. 5
Apr. 134,92 177. 8
“Hay | 55.8 1252
Jun 10. 8 o 494
1, 13.8 | 20.3
Aug, 16. 5 25.5
-~ Sep, 30. 5 80. 3
Oct. 17.3 - 1332
Nov. 924 BTN
Dos, 100.9 ' 103.6
Total 877.7 LT
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Fig. 4—4 Monthly Precipitation
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Table 4-4 Existing Rainfall Data

i Locatioh Height ' Year
lngax No. S{:ltl.on a7 o (msnm) Control 1972.
13-9 ~ San Antonio de Pichincha 00-00-37S | 78-26-13W | 2,400 INAMHI
13-10 | Malchingui 00-03-24N | 78-20-05W | 2,850 INAMHI
13-19 | San José de Minas 00-06-21N | 7824-45W | 2,440 | INAMHI
13-20 | Percho 00-06:44N | 78-25-19W 1,880 | INECEL
13-21 | WNanegalito 00-04-05N | 78-40-47W 1,610 | INECEL --
13-22 | Mindo Inccel 00-02-528 | 78-46-08W 1,320, - | INECEL
13-24 | Jerusalen 00-00:1 IN | 78-21-02W 2,360 | INAMHI
13-25 | Tabacundo 00-03-1IN'| 78-14-06W | - 2,955 INAMHTU
13-34 | Calderon 00-05-55S | 78-25-24W 2,690 | INAMHI
13-35 | Cotocolao ‘00-0_6-2'73 78-24-36W 2,780 INAMH]
13-36 | Quito - Acropuerto 00-08-00S | 78-29-00W | 2,812 | D.A.C
13-43 Quito - Qbservatorio 00-12-425 78-30-02W 2,818 Poli. Nac:
13-67 | La Perla 00-11-00N | 78-40-00W 1,410 INECEL
13-75 | Nono 00-03-52S | 78-34-24W | 2,740 INECEL
13-76 | Pacto 00-08-47N | 78-45-49W 1,200 INAMHI
13-92 | Vifta de Chespi 00-07-00N | 78-32-00W 1,490 INECEL
13-93 | Vindobona 00-00-02N | 78-25-06W 2,270 INECEL
13-94 | Selva Alegre 00-15-00N | 78-35-00W 1,800 INAMHI
P61 Nanegal 00-08-26N | 78-40-34W 1,280 INECEL
P--8 Toabunchi 00-22-40N | 78-26-05W 2,200 INECEL
2-18 Intag en Apucla 00-21-30N § 78-30-40W 1,620 INAMHI
220 Cambugin 00-16-21N | 78-23-30Ww { 3,120 INAMHI
2-31 San Rafael del Lago 00-12-00N | 78-14-24W 2,790 INAMHI
Table 4—-5 Existing Runoff Data
. . “Height  |Catchment : ~ Year
Index Ne. Station River {(msnm) | Area(km?) [1962]1963]1964[1965]1966]1967]1968] 1969 1970[1971] 1972]1973]1974] 1975]1976] 1977]1978[1979] 1980] 1981 [1982]1983

13-04 A Cubi Guayllabamba 1540 4,364 : _ _ - i N
F -2 EN PTE. CHACAPATA " Guayllabamba 650 4,905
13--05 D.J Alambi Guayllabamba 625 6,808 T o i

Note:  INAMHI = INSTITUTO NACIONAL DE METEOROLOGIA E HIDROLOGIA
DAC = DIRECCION DE AVIACION CIVIL
uc = UNIVERSIDAD CENTRAL
POLL NAC = POLITECNICA NACIONAL
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4.3 Runoff and Meteorological Gauging Stations

There are 72 metedrelogic.al gauging stations and 13 runoff gauging
stations down to the midstream basin of the Rio Guayllabamba (to
El. 500 m) in which the project site is located. However, the
meteorological gauging stations are not necessarily spaced evenly.
Especially, the densities of installation are low in the Rio guaylla-
bamba Basin including tributaries from A. J. Cubi Gauging Station to
Chacapata Gauging Statiom, the Rio Guachala, a tributary upstream the
‘Rio Pisqué, and the Rio Guambi, a tributary of the Rio Guayllabamba.

There are five runoff gauging stations on the main stream and eight on
tributaries, the arrangement on the maln stream being comparatively

apt.

The locations of meteorological and runoff gauging statlons are shown
in Fig. 4-5.

The hydrological data having a direct relationmship with the Project
are of the gauging stations oun the mailn stream from the A, J. Cubi
site to the D. J+ Alambi site.

The rainfall distribution in this basin was used for supplementing

these runocff data.

The gauging stations used directly for this Project are shown iIn
Tables 4—4 and 4-5.
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4.4 Hydrologic Cycle

The period covered by hydrological data used for a project must be a

standard one and capable of representing the entire period.

The runoff data obtained by the Survey Team was 18 years at the
longest with which it is difficult to estimate long-time cycles.

Generally, the long-term runoff cycle is thought to have the same
trend as that of rain. 1In this case it was declded to use the data of
{uite Gauging Station by moving average analyses and power spectral

analyses.

The mean annual rainfall at Quito Gauging Station for the 92-year
period from 1891 to 1982 is 1,229 mm/yr.

4.4.1 Moving Average Analysis

Fig, 4-6 is a time-series diagram in case the length of time to be

averaged is set at 5 years.

The trend of waves for the 92-years period from 1891 to 1982 may be
broadly divided into the four parts below.

These are, the 17 years from 1902 to 1919, the 17 years from 1919 to
1936, the 19 years from 1936 to 1955, and the 20 years from 1955 to
1975,

4—19
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Power Spectral Analysis

The predominant hydrologle cycle 18 calculated by power spectral
analysis. Firstly, the variation in annual rainfall X (t) [mm] over
92 years 1s broken up 1nto waves according to each frequency com-
ponent by the Fourler transform of Eq. 1 , and the power spectrum
of frequency (average energy possessed by each frequency) is ana-
lyzed by Eq. 2 .

X(E) “Sm x () 3"27”5 dx = cmmmmmmm e 1
Sx(f) = lim [1/2)x (D) | %) -—-m---- R

T — oo

The results are shown in Flg. 4~7. According to thiz, the strong

cycles are 18, 9, and 5 years ia that order.
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Fig. 4-7 Smootﬁeﬂ Power Spectrum
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In this way, the period 18 years record of measured runoff used in

the study of Chespl Project, agrees with the period determined with
the methods 1indicated above.



4,5 Supplementation of Missing Runoff Data
4.,5.1 Correlation Between Gauging Stations

it was decided to calculate the inflow at the dam site of this
Project from the data of A. J. Cubi Gauging Station and Chacapata
Gauging Station in consideration of the rainfall characteristics
previously described in 4.2.4. Prior to these:calculations, the
missing parts of the individual gauging station data were filled in

and extended.

According ‘to data studied by INECEL, '"Aétuaiizacidn del Ihforme
Hidrologico del Proyecto Chespi-Guayllabamba, Dicilembre 1984," data
that could be'used'as bases for runoff calculations ﬁere those of A.
J. Cubi Gauging Station and D. J. Alambi Gauging Station. However,
the catchment area between tﬁe two gauging stations _1é '1arge' at
2,184 kmz, while further, 70 percent of the remaining catchament area
is takeﬁ up by the remaining catchment aieas of the tributary Rio
Alambl and Rio Intag having metéorological characteristics different
from those of the mailn stream, so that the correlation between the

two gauging stations is poor.

Becuase of this, it is thought that the runoff at the dam site is of
accurady of monthly level, ' '

In the present study, correlations for three gauging stations were
studied adding Chacapata Gauging Station data to the data of the
beforementioned two gauging stations. As a result, in simple corre-
lation between A. J., Cubi Gauging Station and_ Chacapata Gauging
Station the coefficient of correlation was 0.96 (monthly), while
that between Chacapata and D. J, Aiambi Gauging Station was 0.91
(monthly), which were both high. (See Figs. 43 to 4-10.)

This signifies that the components of the tributary Rio Alambi and
Rio Intag and the components of the main stream were separated by
Chacapata Gauging Station. This also signifies the high reliability
of Chacapata Gauging Station,

Multiple Correlation Equation

QL = 2.483 x Q3 - 0.584 x Q2 -~ 20.473
7 = 0.92
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4.5.2 Supplementation of Missing Data

-The supplémentation of misaing data of A. J. Cubl and Chacapata
Gauging Stations and extensions of data were obtained by the corre-
lation formulae glven below.

gl = 0.707 x Q3 + 0.31 (nd/s, daily)
n=1,678 ¥ = 0.93
Q3 = 1.414 % QL ~ 0.44 (nd/s, daily)
n=1,678 7T = 0.98

However, the equations below were applied for the perilods of
September 1 to October 30, 1973, January 1 to. April 30, 1974, and
December 18 to 30, 1974,

Q3 = 0.286 x Q2 + 0.178 (m3/s, daiiy)
n=1,285 T = 0.84
where,
Ql: A. J, Cubl Gauging Station runoff (m3/s)
Q2: D. J. Alambi Gauging Station runoff (m3/s)
Q3: Chacapata Gauging Station runoff (m3/8)
n = number of samples
Y - coefficient of correlation

The average inflows by month of these gauging stations obtained from
the daily calculations above are given in Tables 4-6, 4-7, and 4-8,
and the daily duration curves in Figs. 4-11, 4—123'énd 4-13.

The daily inflows are shown in Appendix. Table A~Z-3 teo A-2-5.
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4.6

Site Runoffs .

The site runoffs used for evaluation of the Project are not only of

‘the Chespi'site, but include the hydroelectric power stations of all

4.6.1

of SNIL. However, for runoffys of sites other than Chespl, the data
furnished by INECEL were used.

Chespi Dam Site Runoff

The catchment area of the dam site in this Project is 4,606 kmz, the
-gite being located between the upstream A. J. Cubi Gauging Station
and the downstream Chacapata Gauglng Station, and the distances from
the respective gadging stations are 9 km and 23 km. The catchment
areas between these points are 242 km? from the dam site to A. J. Cubl
Gauging Station and 299 km? from the dam site to Chacapata Gauging
Station.

Accordingly, the dam site 1s at around the midpoint between rthe

above two gauging stations in terms of catchment area.

Rainfall 1in the vicinity of the dam site differs drastically
accdrding to the district. That 1s, whereas it is an annuval mean of
approximately 550 mm in the vicinity of the upstream A. J. Cubi
Cauging Staﬁion, it éhanées abruptly to approximately 1,700 mm in
the vicinlty of Chacapata Gauging Station 32 km downstream.

It was decided to calculate the inflow at the dam site of this
Project from the data of A. J. Cubl and Chacapata Gauging Stations

in consideration of the above-mentioned rainfall characteristics.
The calculation formula is given below.

P(1 - 4) x A(1 = &)
Q4 =Ql +(Q3 - Q) x 5y =3y A(L = 3)

where,

Q4: Chespi Dam project site rumoff (m3/s, daily),
CA = 4,606 kn2



4.6.2

Ql: - A J. Cubi Gauging Station runoff (m3/s, daily),
CA = 4,364 km?

Q3: . Chacapata Gauging Station runoff (m3/s daily)
CA = 4,905 km?

P(l - 4): mean ralofall at remaining éatchmehf éreé between project |
site and A. J. Cubl Gauging Station (1 083 mm/yr)

A(l - 4): remaining catchment area of above (242 kmz)

P{l - 3): mean rainfall between A. J. Cubl and Ghacapata Gauging
Stations (1,070 mm/yr)

A(l - 3): remaining catchment area of above (541 knt)

Q= Q1+ 0.453 (Q3 -~ QL)  (wd/s)

. Table 4-9 shows the monthly mean 1nflow'and Fig. 4-14 the average

duration curve. The daily inflow is ghown in Table of Appendix.

Runoffs at Other Sites

The runoffs of hydroelectric power station pfoject sites scheduled
to be incorporated in the SNI by 2000 A.D. are given in Table of
Appendix Table 2-7 to 2-11.

Thege quantities were calculated at “Division de Hidrologia vy
Sedimentologia™ of INECEL.
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4o ﬁesign Flood Diacharge
4.7.1 General

The design flood discharge used for this Project was computed by a
probability analysis for the reasons listed below,

1) Thé:regﬁlating pondage 1s to be of daily regulating type and of

small scale.
11) The dam is to be a'gravity¥type concrete dam,

111} There are few houses and irrigation facllities downstream that

would ‘be ‘submerged by flood. -

-Tworkiﬁds of-désign flood. discharges were calculated for the pur-
poses of designing the spillway of the dam and for designing care of

iiver'during the perlod of construction.

One is a flood discharge calculated based on the records of floods
observed up to the present at A, J. Cubl Gauging Station (Case I),
and the other a flood discharge calculated based on rainfall data of
Quito Meteorological Gauging Station {(Case II).

Each involves a probiematic point,

With the former, it .is the small number of data (N = 19), while with

the latter, it is the‘largé number of uncertainties.

Rapecially, in case of calculation from rainfall data, the uncer-

tainties below can be pointed eut.

1) Relétionship between rainfall at Quito and the mean rainfall in
the basin '

11) EBffective rainfall  (runoff coefficient)
iii) Application of standard-type hydrograph

It is necessary to consider data of the entire basin in order to
calculate the above items. However, such data are scarce similarly

to the case employing flood records. Therefore, even though the

437



rainfall at Quito consists of data for a lpng.peribd.of589 years,
the reliabllity of the study results is restricted by data for a
period which 1s short. o

As discussed ahové, both cases are accompéniéd by problems, and
design flood discharges were calculated by 1) actual flood records
for care of river (Case I), and ii) rainfall data for dam spillway
(Case II). | o |

The probable flood discharges at the projected dam site are_given in
Table 4-10 and Fig. 4-15. ' '

' Table 4--10  Probable Flood Discharge at the Project Dam Srite,

"C.A = 4, 606kd Unit: m* /5

Return _ . .
Period 2 3 20 50 g 200 500 1, 040
Case : : . : :
H 360 450 6631 788 482 979 1, 100 1,214
I o — L3397 L5531 1.641| 1.685[ 1,.933| 2, 068

Note)
Case~ 1 : Based on the obtained flood discharge records
at the A J. Cubi Gauging Station,

Case- 0 : Based on the Rainfail data

Design flood discharge, as adopted in Chapter 7 “Preliminary

Design", is as follows:
i) Diversion during construction
Qp = 450 m3/s : taken from 3-year-flood (Case I}
ii)  Spiilway

Qp = 2,300 m3/8 : 110% of 1000-year-flood (Case II)
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4.7.2 Case 1: Flood Discharge Obtained from A. J. Cubi Gauging Station
Runoff Data

a) Data

Annual maximum flood discharges observed at A. J. Cubl Gauging
Station from 1964 to 1983 (see Table 4-11).

Number of samples: N = 19
b) Total calculations

i} Raw data

Average | X = 369,14 m/8
Dispersion ' s2 = 20,111
Standérd deviation s = 141,81
Coefficient of variation Cy = 0.384
Unit strain Cg = 0.671

Kurtosls Cy = 3.096

i1) .Logarithmic transformation value

2,5375

Average o X) =

pispersion (s2) = 0.0272
Standard deviation () = 0,1650
Coefficlent of variaticn (Cy) = 0.0650
Unit strain (cs>y= 0.1051
Kurtosis ' (Cyly= 2.8592

¢) Selection of distributilon function

The varlous distribution functions have the followiﬁg
relationships: ’

1) Normal distribution: Cg =0, Cx = 3
{1} Logarithmic normal distribution: (Cs)y = 0, (C;.()}r = 3
141) Pearson III type distribution: Cp = 1/2 (3 C42 + 6)

Note)} Becomes normal distributfon when Cg = 0.



Table 4~11 Flood Discharge Records at the A.J. Cubi Gauging Station

Year Hmax _ Equation , _ Qmax * | No.

1964 | 3.030 | Q = 15.9 (h+0.22)2+35 '321.14 | 10
65 | 3.420 . “ 428.75 | 5
66 | 2.835 Lo 274.21 | 15
67 | 2.880 - - 284.69 | 14
68 | 2.765 | Q = 18.9 (h+0.230)2-5! 314,34 { 11
69 | 2.970 ' - 369.81 | 8
70 | 3.590 " 571.79 4
71 | 3.140 oo 419.98 7
72 | 3.600 " 575.48 3
73 | 2,740 | . .o 307.95 | 12
74 -
75 | 3.735 “ 626.80 1
76 | 4.480 | Q = 39.9 (h-0.10)1.86 622.46 2
77 | 2.240 = 17.1 (h+0.45)2-46 195.07 { 18
78 | 3.130 | = 30.1 (h+0.10)2:09 348.98 9
79 | 2.990 . 15.5 (140.40)239 286,75 { 13
80 | 2.750 | = 18.5 (1+0.40)2-26 247,37 | 16
81 { 2.420 - 192.63 | 19
82 | 3.615 . 428.06 6
83 | 2.450 " 197.30 | 17
84 -

X=169.14




iv) Logarithmic Pearson III type distributioﬁ:
(¢k)y'= 1.13, C = 5.4

v) Guambel distribution (Extreéme Type I):
Cs = 1.13, Tk = 5.4

Based on .the above, normal distribution and Log Pearson Type III
are applied. '

In general, Log Pearson Type 111 or Gumbel is ‘adopted in flood
analyses. Therefore, it was decided to apply the log Pearson
Type 111 in this study.

d) Probable flood at A. J. Cubl site

The basic equations are as follows:

-
[

1 F - IP(P I 1) "’0 e Z dz
= ..1_ |. -
/ a (Y' - m)

0 5 z { oo

P: excess probability of distribution of Y' '
F: non-excess probability of distribution of Y'

¥': logarithmically transformed value of hydrological
quantity

P, a, m: constants
I’'(p + 1): gamwa function of argument P + 1

The resulﬁs of calculations are given in Table 4-12.



Table 412  Probable Flood Discharge at the
A.J. Cubi Gauging Station

S Tr P% - |QTr m'/s
9 50 350

5 20 474

10 10 563

20 5 651

50 2 768

100 1 859
200 | 0.5 953
500 0.2 1,081
Looo | o1 | 1182
10.000 | 001 1,547

X(1 - n), N = 19

Sy = 0.1650
y = y{y = 4.0421
y = 00,0272
Cy = 0.0650

Cg = 0.106



e) Probable flood dischafge at project site

The projected dam sité isbloéatéd'approximétély 9 km dbwﬁstream
of A. J. Cubl Guaging Station.
between 1s 242 km? and this corresponds to 5.5 percent of the
. The probable
flood discharge at the project site was calculated here by the

abovementioned gahging station's catchment area.

‘equation below.

Qdam = Qcubi x

Adam
Acubi

= 1,027 X Poypt

The calculation results are shown in Table 4-13,

The ‘remaining catchment area in

Table 413 Probable Flood Discharge at
the Project Dam Site

Tr P% ATr m* /s
2 50 360

5 20 187

10 it 578

20 5 669
50 2 789
100 1 882
200 0.5 978
500 0.2 1, 110
1, 000 0.1 1,214
10, 000 6. 01 1, 589
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4.7.3 Case IX: Flood Discharge Obtained from Rainfall Data
a) Data
i)} Daily maximum rainfall observed at Quito Meteorological

Gauging Station during.the period from 1891 to 1983,
' Number of data N:= 86 (See Appendix Table)

11) Mean rainfall in A. J. Cubli Gauglng Station catchment area
ii1) Flood records at A. J. Cubl Gauging Station

b) ‘Statistical quantities  of rainfall data of Quito Meteorological
Gauging Statlon

i) Raw data

Average X = 41,61 mm
Dispersion s2 = 88.98
Standard deviation S = 9,43
Coefficient of variation Cy = 0.227
Unit strain Gy = 0.671
Kurtosis = - ' Ck = 4.622

11) Logarithmle transformation value

Average (X) = 1.609

Dispersion (52) = 0,00877
Standard deviation (§) = 0.09364
Coefficient of variation (Cy) = 0.05820
Unit strain : (Ss)yﬁ 0.38500
Kurtosig (Ck)y= 3.1914

¢) Selection of distribution function

When tﬁé_results of b) above are collated with the features of
the various distribution functions, it can be seen that these

- data can be applied to log Pearson Type ITI and Gumbel.



d) Probable rainfall at Quito

The results of probable rainfall calculatioha for the Quito
Meteorological Gauging Station site are-as shown in Table 4~14,

Table 4-14 Probable Daiiy Rainfall at the Quito Metsorological Gauging

Station
Probability lLog Pearson Adopted
Gumbel

% Year Type [ Vaule
50 2 49. 1 40t 40
20 5 48.5 48.9 19
10 10 | 54,0 54.8 55
5 20 59.2 0.5 61
2 50 66,1 67.7 68
0.5 200 7.3 e |
0.2 500 83.6 85,8 86
0.1 1, 000 89. 2 91.3 02

e) Relation between mean rainfall in basin and rainfall at Quito
Meteorological Gauging Station site

In general, the relation between the rainfall at a site and the
mean rainfall of the basin will differ depending on the meteoro-
logical conditlons at that time, and 1t is difficult to show a
congstant trend. However, it is poséible'for the distribution

range to be determined inductively from recorded values.

According to reports of INECEL, the relation between rainfall at
Quito and the ecritical value of mean rainfall in the basin

(expressed by reduction factor) 1s as shown in Table 4-15.
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Table 415 Relation hetvéeen Daily Rainfall and Reduction Factor

P QyuITO

20 25 30 35 40 45 50
lten B fmm

No of event 53 45 27 12 4 3 2

Reduction Factor
: 72 69 58 62 52 48 43

(%)

EP-A/EA
Redvction Factor Fs= — X 100(%)

Peaviro

According to this, the reduction factor (critical value of mean
rainfall) shows a trend of reduction as rainfall at Quito

increases.,

The above relationship expressed in the form of a regression

equation will be as follows:
Fg = 352.39 Pgyiro

v = 0.94



Assume’ti Reduction Fact_or
Poavive m0) 50 - 60 - 70 8090 100
Bs (%) 18.2 439 406 379 357 339

Fig. 4—16 Relation between Daily Rainfall and Reduction Factor

AN
N)

50 i Y

(%)
/

Foctor
/)

Reduction

10 20 30 40 50 60 70809010
Rainfatll at Quito (mm/24h)

However, the data are insufficient for accurately estimating
these relationships. In the present study, the reduction factor
was taken to be 0.4 to be on the conservative side. The mean

rainfall values adopted are given in Table 4-16.



Tabie 4-16 Probable DailyRainfall of the Project Basin

Probability P avew/ 24 hours
{year)
50 27.2
100 - 288
200 29.6
500 s 34. 4
1, 008 36. 8

£f) Effective rainfall (Runoff coefficient)

Here, as a handy induction method, it was declded to obtain
" effective rainfall from runoff coefficient, The runoff
' constants obtained from flood records of the Rio Guayllabamba

are as shown below.

A, J. Cubl G/S ¥eh, 1970 ¢ 0.37*%
' May 1982 e = 0.43

“D. J. Alanbi G/S Feb. 1969 e = 0.34%

i

* The INECEL's report, "Proyecto Hidroelectrico
Guayllabamba, Estudios de Factibilidad, Aproviemiento
Villadora~Contal INFORME FINAL - AGOSTO 1979, TOMO II-A”

These values are for direct runoff and base flows are not
included.

However, as has been pointed out in previcus reports, these

values are somewhat small from a general point of view.

The runoff coefficlent will be taken to be 0.6 for the purposes
of this study. '



g) Unit hjdrograph

The duration (time base) cf: a flood in _this. bagin will be
roughly as follows when trial-calculated by a general empirical

formula.
N = 0.840.2
= 4,28 day = 103 Hr
where,
A:  catchment area 4,364 km2

Calculated‘by the Snyder Method it Qill be approximately 4,91
days. On the othef hand, according to actual records, the value
is asbout 1 to 2 days for a period of short duration.
(See Table 4-17.)

The peak duration is estimated at approximately 14 to 16 hours,
assuming that the duration of rainfall 13'6 hours according to
the- Snyder Method. The longest of actual peak durations is 14
heurs, which is roughly similar.

In view of the above, it is thought that floods recroded at
A, J, Cubi Gauglng Station mostly were not produced from the
entire basin, but from a part of the tributaries. The reasons
for this are thought to be the relatively large catchment area
of this basin of 4,364 kmz, and the fact that the rainfall pat-—
tern is affected by topography.

Consequently, the shaﬁes of the hydrographs for these recorded
values show a trend of peak flood discharge being large for the
volume of the flood because of the short durations of the
floods.

It is recommendable that this trend should be verified by
further study. '

For the study here, it was.decided to adopt the hydrograph for
May 27, 1982 which is the most rugged and largest in scale of
the records available, (See Fig. 4-17.)
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h) Probable flood discharge of A. J. Cubl site

The probable flood discharges calculated from rainfall data are
shown in Table 4-18.

Table 4-17 Probable Flood Discharge at the A.J. Cubi Gauging Station based

on the Probabie Rainfall

Return
Peried P on Pef D.6 Gpeak @base | Qmax w'/s
50 27.2 16. 3 1,412 100 1,512
100 28. 8 1738 1, 408 100 1, 598
200 29. 6 17. 8 1, 541 100 1, 641
500 3.4 20. 6 1, 784 100 1, 884
1, 000 36. 8 22. 1 1,914 100 2, 014

i) Probable flood discharge of project site

~ Probable flood discharge at the project site were calculated in

the same manner as applied to the Case-I.

- Table 4--19
Retuen
Omax /s
Peried
year
.50 1, 553
100 1, 641
200 1, 685
500 1, 935
1,000 2,068

The result 1s shown in Table 4-19.
110% of 1000 year probable floed is
applied for the Design flood
discharge at spillway.

i

2,068 x 1.1
2,275
2,300 m3/s

Qp

4

it
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