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 FOREWORD

The Government of Japan, at the request of the Government of the Republlc of Ecuador

entrusted the feasnbxhty studies of La Mica Hydroe!ectrlc Power Project to the Overseas Technical S
Cooperat:on Agency. The Agency dispatched a survey team consisting of six experts of the- o

Electric Power Development Company (EPDC) headed by Mr. Akira KUSUMOTO,

The team left Tokyo on the 14th of August, 1968 to Ecuador, where.it stayed for about -
two months. During this period, the survey team carried out the Spec1ﬁc studies, discussed
the Project to examine its feasibility, conducted field mvest1gatlons, and collected the avallable
data necessary for planning of the PrOJect '

The Government of Ecuador'rendered mudi valuable assistance and cooperation to the
survey team so that the survey might result in a consxderable success and 1ts results be presented
in this report.

The Overseas Technical Cooperation Agen'cy, as an executive organizatibn of the Gonvern-- N
ment of Japan, has been performing such technical’ cooperatlon by prowdmg consuiting servnces, .
dlspatch of experts and recelvmg of technical tramees from developmg countrles '

Nothmg would be more gratifying to us, if this report could contribute to the prdmotlon -
of the Project as well as to the furtherance of‘ the friendship and economic relations between
the Republic of Ecuador and Japan -

March 1969

/ //«4—4“

.. SHIN- ICHI SH]BUSAWA
" Director General
Overseas_T_echmcal
-~ Cooperation Agency -




Mr. Shin-ichi Shibusawa Director Geneml '

_ Overseas Tecllnloai Cooperatlon Agency .
Tokyo : :

- Sir:

As Chief of the Japanese Gonvernment Survey Team for La Mica Hydroelectric Power
Project of the Republic. of Ecuador the undersigned has the honor of submlttmg herewith

the report o{‘ the studres carried out by the Team

The Survey Team visited Ecuador for approximately two months from August 14, 1968
to c0nduot investigatioris -of the topography ond geology of the project area, and to collect
data and _int_‘orrriation concerning the electric power situation, hydrological and meteorological

' con'ditions'and information required to estimate the (_:onstruction cost of the Project,

Upon return to Japan, the Team conducted various studies, based on the data and in-
formation collected, under the direction of the Chief Engineer of the Electric Power Develop-

ment Co., Ltd. (EPDC) Which.is uie parent orgariization of the Survey Team,

o La'M'ioa Hydroélectric Power Pr'oje.ct will consist of the con'struct'ion of a power station |
W1th an mstalled capamty of 18 ,300 KW whlch wrll produce 127,000 MWh dnnually, .md a
'.;_46 KV transmlssmn line approxrmately 25 km long to satlsfy the power demands of- tho :
Clty and nearby. dlStrlCtS The Project will also provnde sat:sfactory potdble water supply to ‘
' the Clty for 18 years after 1984,

In order to meet the ever growmg power demands m the above districts, 1t is eqsentlal

.that the Pro_lect be completed dnd start operatlon in July, 1974

A pe’riod of ‘appr_oxirﬁa_te_ly two _ahd a half years wi.].l be r'équir.od to cohstrtlct the powe.r
_4's'ta't'ioh, and :'t'he _coﬁstroction: cost including the trarismission line will amount to approximately
- 1’761900 ,000 Sucres which is equivalent to US$9,730, 000. . However, in comparison with a
dlesel power plant as an alternatwe the benefit- cost ratio of this Project is greater than 2.26,

: Wthh gwes a posrtlve redson to bel;eve that the Pl'OjeCt is economlcally sound and justifiable,



It is our earnest hope that thls report will be of value in the development of the hydro-- |
electric resources of Ecuador, .md will contribute to the promotlon of goodwnll and frlendshlp,.

and also in advancing the economic relatlonsh:p between Ecuador and Japan..

March 1969

Respectifuily submitted,

AKIRA KUSUMOTO

Chief,

Japanese Gonvernment Survey Team
for La Mica Hydroelectric .

Power Project

Civil Engineer, Electric Power
Development Co., Ltd. .
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INTRODUCTION

1.1 -.BACKGROUND

La Mica project was proposed by Empresa Electrica “Quito™ S.A. (hereinafter called
“EEQ” S.A.) to supply power to Quito city, as well as potable water supply after 1984, There
has been shortage in both electricity and potdble water supply in Quito, which made a sub-
stantial motivation to develop the prcuect ‘In this regard, feamblllty studies of project was
neccesmted to analyze the technical feasibility, economic soundness and to frame up fmancmg,
program of the project before approaching organization concerned.

_In April of 1968, “INECEL” and “JUNTA” requested Japanese Government for technical
‘cooperation in the project through Japanese Embassy in Ecuador desiring of the dispatch of a
survey team for the feasibility study. On the basis of the request, Japanese government decided
to cooperate in propulsion of the economic and technical development of Ecuador.

In August, 1968, a survey team of six engineers of Electric Power Development Co., Ltd.
(hereinafter refered to as EPDC) was organized and dispatched to Ecuador through the Overseas
Technical Cooperation Agency Association (hereinafter refered to as OTCA). Preliminary survey
of the project was carried out by “EEQ”" S.A., with regard to hydrology and topogfap_hical survey.

1.2 PURPOSE AND SCOPE OF REPORT
Co12a PUrpbse-

Tlus report gives the result of the” mvestlgatmns and studles of the technical fea51b111ty and
economic soundness of La Mica Project and. prowdes convmcmg basis for “EEQ” S.A. to supply

for a. Ioan from’ dn international’ fmancmg mstitution for the requlred funds to carry out this
project, : :

122 Sco'pe R

o ln the present study ‘it was basxcally assumed that electricity of Ld Mica Project will be

supplied only to the city of Quito and ‘its enwronmental towns and villages which are encom-
passed in the service terntory of “EEQ” S.A. 'In this connection the scope of analysis made in
the: present study mcludes a dam, a power plant, a primary substation and a transmission line
from the power. plant to the existing step-up substation at Quangopolo, as main components of
© the prOJect ‘Construction of a new waterway from the proposed power plant for the. purpose of
--potable water supp\y was also. studled as wen as.cost nllocatlon of La Mlca Waterway

R



1.3 SURVEYS AND STUDIES
1.3.1 Field Surveys

On 14, August, Japanese Government dispatched to Ecuador an investigation mission com-
posed of six members including three civil engineers, a geologist, an electrical engineer and a_
power market expert, who are all of them engineers with EPDC, with assignments to make field
surveys. The field surveys were carried out for a period of two months, details of which are
given below.

The members of the mission are:

Akira KUSIUMOT_O * Civil Engineer (Chief of the mission)
Kokichi YOSHIZAWA Civil Engineer

Yozo FUKUTAKE ' Geologist .

Taisuke HASEGAWA Civil Engineer

Toshimitsu .SAKA] | Electrical Engineer :

Saburo FUKUMA | Market Expart

{1) August 16 — August 31:

-Di_scussions with “INECEL”, “EEQ™ S.A. and_‘.‘Empresa de Agua potable” in regard
to La Mica Project; Survey of power service area in Quito, Reconnaissance of the trans-

mission line route from La Mica Site to the Quito. South Sub-station; Collectron of dataand - - -

informations about power development in Ecuador
L (2) September ] — September 20

Joint field survey and investigation with “EEQ” S.A’s civil engineers on topography,
geology, hydrology, etc. in La Mica project area (the Mica campmg faCllltleS burlted by :
“EEQ” S.A. was utilized as the eampmg quarter) R

(3) September 21— October 10:

Discussions wrth “1NECEL“ and “EE‘.Q” S.A.on basw idea for preparation of feasrblllty :
report and designs of structures, and collection of necessary data ancl mformatrons

1.3.2 Studies

Upon return to Japan of the mvestlgatmn mission, engineers and experts of various techmcal
departments of- EPDC were mobilized under the direction of their Chiefl Engmeer to carry out
further studies of the project in- coopemtron with the members of the mission. The technical
staff mobilized exerted their studies and: analysis in  power demands, hydrology, frammg up
of generating system and development scheme, estimation of quantities of works, constructlon' o
cost, prellmmary design and economic Justlﬁcatlon of the project. - :



1.4 -DATA

The data and informations, used in the pres_ent study were made available by national
organization and private institutions concerned, such as INECEL, “EEQ™ S.A., Ministerio de
" Industrias y Comercio and Ministerio de Fomento, Reptiblica del Ecuador, etc.

Made available by INECEL was the program of electrification in Ecuador and various data
on power demand. General informations were also provided by INECEL including the census

of population complied by the Division Estadrstrea y Censos Junta de Nacional Planificacion y
-Coordinacién Economlea

The data ancl'informa_tion from “EEQ" S.A. includes hydrological records; topographical
survey maps, data on power demand, descriptions and records of existing generating plants,
features of transmission and:distribution facilities under operation or planning, as well as some
economic indexes to -give basis for estimation of construction costs.

_ Also included in the informations made av.ulable by “EEQ" S. A is that on potable water
-service in Quito prepared by Empresa de Agua Potable.

“Servicio Nacional de Moteorologr'a ¢ Hidrologia” provided general meteorological data
including those of temperature and precipitation.

The prineipal oata are as follows;
A1 Hydrologlcal data 11r general
The annual report (from 1961 to 1966) of . N M. H
| -The monthly reports (from January to December in i967) of S.N.M. N.
' The reeords of Mrcacocha gagmg statron (from “EEQ” S. A)
(2): Survey maps | |
Topographlcal map (l/SO 000) of prepared by I G M.

‘Topographical map of La Mica lake including the survey of water depth (1 l() 000 -
1 000), prepared by “EEQ” S.A.

Topographlcal map of waterway (l/iO 000) prepared by “EEQ" S.A.

Topographrcal map and cross-sectron at the power pl.mt srte (1/ lD OOD), prepared by
.. “EEQ” S A -

Records __of water level in La Mica lake

3) Data of River Run-off
' Records of Run-off dt ANTIZANA gagrng statron

Records of Run-off at GUANGOPOLO gaglng stat:on

__i -3



Records of Run-off Rio Pita gaging station prepared by Empresz de Agua potable.
(4) Miscel]aneous data and reports

Information of 1968 of INECEL

Reports on the electrification in Ecuado_r_ (INECEL)

Feasibility R_eport on Nayon Project (“EEQ"'._S;A.)

Plan 6[’ Pasochoa Project (‘;EEQ" S.A)

Plan of potable water service to Quito ( Empresa dc Agua po_tabie)
Feasibility Reporl on Pisgyambo project (INECEL}. .

QOutline on Toachi project, etc. (INECEL)



| CONCLUSIONS AND RECOMMENDATIONS




~Chapter 11"

CQNCLUS[ONS AND RECOMMENDATIONS

2.1 'CONCLUSIONS

As a result of mvestlgatlon and studies on La Mica Pro_lect the followmg conclusions have
been reached

(I) The power supply area of Quito served by “EEQ" S.A. is the political center of .
Ecuador and also the center of economy, industry and culture of the country. Therefore,
‘this area has possrbllltles to attain & tapid development in the future.

The estlmated annual growth rate of populatron is 4. 35%, and for electncny demand
9.0%, respectlvely '

It s antrclpated that around 1974 the demand will exceed the total installed capacity
- of “EEQ” S.A. if no more development or extensron project are ‘established and put into
- service in the system. Therefore, shortage will soon appear in power supply and develop-
. ment of new power supply capabrhty is of urgent necessity.

' Even after the co'mpletion of the Nayon Power Plant, which is at present under develop-
- ment for 30,000 kW capacity, the shortage i in supply capac1ty will reach 3,450 kW in the
_ dry season (August to September) of 1972, '

j(2) As a means to meet thlS demand mcrease for power La Mrca project and alternatwe"

: -pI’OJBCtS were studled The results show that since the Qurto system is not mterconnected

' to other supply areas, new sources of electricity should be sought and located at.the sites
. which will best guarantee power supply solely in- “EEQ” S.A.s territory, 1ndependently

of other areas, and that La Mica’ PrOJect is the most advantageous of the possible sources
' studied.

La Miea Project area is located at 50 km to the 'Sout'heas't of Quito.

Rwer flow of the Rio Ant1zana runnmg through the eastern slope of the East Andes
Mountam ranges will be stored in La Mica lake for the seasonal regulation and supplied to
_Quito basm in the dry season.

_ The storage can be used not only at La cha Power Plant but at a series of ex:stmg'
. power plants of Guangopolo, Cumbaya, Nayon which lie on Rio San Pedro. Therefore,
o La Mica’ Prolect will brmg about a smable downstream benefit at the power plants in terms
of generatmg capacnty

(3) La Mrca Pro;ect consists of dam, intake, tunnel, canal dally regulating reservoir,
L penstock power house and auxrhary dlversmn filCllltlES An_earthflll_type dam; 1.2 m in



height and 55,000 m2 in volume, will be constructed at the downstream end of La Mica -
lake. By the dam the lake will get an additional storage capacity of 21,000,000 m3 -

which corresponds to 4 m increase in the water surface level. Seasonal regulation of river-
flow will be possible by the additional storage. Intake structure will be constructed in the
south side of La Mica lake and will enable drawdown to the depth of 5.5 m from the present
water level of 3,900 m. Intake tunnel will be approximately 5,220 m in length. The inner

diameter of the tunnel is 2.2 m in hight and 2,84 m in w;dth The tunnel will be a non- -

pressure type with a maximum discharge capacity of 4.5 m /sec The open canal will be
constructed along the plateau of the East Andes Mountain ranges and run sintious accordmg :
to the topography throug,h hills of the plateau, - : '

A regulating reservoir will be constructed at the end of the open canal on Tablon
Alto near the power plant. The reservoir will have a regulating capamty of 25,000 m3 for
generating purpose and can compensate time lag of discharge from La Mica lake. A pen-
stock line will be provided on the surface of the ground slope to the power piant. The line
will bifurcate in the power plant and be connected with two units of turbines directly
coupled to generators. '

The ll"lStd”Ld capacity of the power plant will be 18,000 kW, at'a maximum dlsclmrge
of 4.5 m /s under an effective head of 496.5 m.

The hydraulic turbines will be of Pelton type. The generated power will be trans-
mitted to Quito city. For the transmission, construction of a new transmission line is -
proposed between La Mica Power Plant and the step-up substation, at Guangopolo and from
this substation to the city the existing transmlssmn line will be utilized, The period required
for construction of La Mica Power Plant will be dppromm'ltely_ 25 months. Preliminary _
works should be started around September, 1971 and the principal works from July, 1972,

(5) *.Construction Cost of La Mica Power Plant is estimated to amount to s/.176,900,000,
which is equivalent to US$9,730,000. Interest during construction will be-s/.13,478,600 at
mtucst l‘dtCS of 6.5 percent per annum. for forelgn currency and 10 percent for domestic
currency requirements. Forelgn currency Tequirement for 1mported equipment and materials
will amount to s/.72,184 ,000 (US$3,970,000) mcludm;, interest durmg construct:on and
will be supplied by foreign borrowmgs Remmmng amount equwalent to s/.104,716,000
wa covers substantial part of the costs of cml works and other items, and WIH be supphed
by domestlc monetary sources.

(6) The annual- energy production which- will b'é available by La- Miea Project will be
127,700,000 KWh at the generating end mcludmg 82,300,000 KWh at La Mica power plant _
and downstream benefit of 45, 400 000 KWh at thc Guanz,opolo Cumbaya Ndyon Power
plants ete. : ‘ S

e Considering the demand and supply situation and transmission ldss'es salable effécn{re :
“energy will be 118,540,000 KWh dnnu.llly durm;:, the economic life (50 years) of the project.

On the basis of salable LI‘lt.l'},y, the conqtructlon cast prw:ously mentmﬂcd ‘in tcrms
of per unit of output will be /. 1.49 per KWh-and the annual cost factor, which’ means
" the ratio of operating prmsw apainst constructlon cost wis assumud at 10. 66 per cent

Accordingly, cost of electricity at thé Quito South Substation will be $/.0.159 p_t_:r_..K.Wh._ .

: ‘:.2.2 :



The construction cost per KW 'obtqinecl b'y dividing the total construction cost (dam, power
*. plant and transmission facilities as far as Qulto mcluswe) by the maximum output of 18,000
~KW is 5/.9,830 per KW. :

. However, if tOtdl effective capacity of 20 ,600 KW, which will be additionally obtainable
as downstream benefit at the downstream power plants, is taken into au.ount the con-
- struction cost will be s/.5 900 pcr KW (US$325;KW)

(M The cost allocatlon was made of the facilities to be commonly used for power gener-
ation and potable water supply, on an assumption that the project is to supply potable
water from 1984, ‘ten years after power generation starts. Derived on the assumption

. were that cost to be shared by the facilities include reservoir, intake, water way, cte.: Power
gene_rhtin_g phase will be s/.143,240,000 equivalent to US$7.880,000. While the salable
effective energy will be decreased to 97,580,000 KWh. - Therefore, construction cost for
electricity will be s/. 1.468 per KWh at end. With the assumed annual cost factor of 10.66 .

o 'percent_-taken into account, 'cost wi]l be s/.O;l 57 per KW_h at Quito South‘ Sub-station.

(8) The average annual bmcflt of La Mica Power Plant during its serviceable llfe wis
BStlmﬂtLd on the basis of an alternatlve diesel power plant

"The estimated annual cost of the alternative diesel power is s/.570 per KWand s/.0.20
per KWh, respectivity.  Accordingly, annual benefit of La Mica Power Plant amounts to
s/, 34,590,000, on the foregoing assumption that potable water service will start in 1984,
On the other hand, the annual cost of La Mica Power Plant will be s/; 15, 274,000 including
_operatmg expenses estimated on the annual cost factor of 10.66 percent. Consequently,

-the’ benefit-cost ratio will be 2. 96 and annual surphus beneht (benefit lcss (.ost) will be
“sf. 19,316,000, '

(9) The prevmlmg, powor rate chm,ed on consumers in “EEQ’ S.A. system averages
- s/, 0.48/KWh. If distribution cost of s/.-0.17/KWh'is  assumed, the average is s/, 0.309/
- KWh'"at distribution substation (s/. 0. 48/KWh less's/. 0. 17/KWh), while power cost of La
Mica Power Plant will be s/. 0. 15'7/KWh at Quito South Sub-station. In this connection,
in the.study of amortization program it was assumed that power of La Mica Power Plant
~is salable s/.0 309/KWh at Quito South Sub-station, and the result of the: study is that La

_ 'Mlca Pro_qect can g.un revenue sufﬁcwnt for amorllzauon

2 2 RECOMMEN DATIONS

Judgmg from the LODC]USIOI‘JS stated ‘in- the foregoing and the l‘LSLlltS of investigations de-

scribed later, mtn.nsm, attention should be g,wun to thL foilowmg, pomts in OI’dLI‘ to promot(, '
the executlon of La M:ca Pl‘OjeCt : : : -

(]) Of several : pro_]ects proposed and investigated by “Ll~Q S.A, anLStl}_._,dtlonS of La
Mica - Project -are the advanced at ‘the ‘present stage. In view of the outstanding supply
“capability and economic soundness of the project, action should be taken to promote the
materialization of the project. La Mi ica Project should commence its commercial aperation
“in July, 1974, in succession to the Ndyon Project for which “EEQ” S.A. is now preparing

- to’ start construction work to develop 30 MW cap.luty Thc definite study and prchmmary
i works should bc predited ‘ : :



(2) The proposed La. Mica Project will cause a sizable downstream benefit in respect of
- power generation at the power plants of “EEQ™ S.A. under operation on Rio San Pedro.
In the connection, it is preferable that the development of the- project be promoted by -
GlEEQ!’ S A

(3) In consideration of the construction period of La Mica Project, which is twenty five
months, it is necessary for “EEQ“ S.A. to get necessiated preparatory works completed
with its own fund by the time the construction starts; the works include construction of
the access road, preparation of the power source for construction use, repair of construction
equipment, determination of quarry site and acquisition of land or right-of-way, etc.’

(4) To secure a foreign loan for La Mica Project, coordination with the Government of
Ecuador should be established as soon as practicable so that an appropriate channel may be
opened to apply for the loan to an international financing institution.

It is also necessary to exert to raise the level of internal reserved fund, and to approach
‘to city banks or other commercial financing institutions in order that domestic currency
requirement may be supplied from reasonable sources,

{3) 1t is necessary to discuss and negotiate with “Emprt.sa dé Agua Potable” to reach
an agreement in connection with schedule and manner of potable water supply, methods of
. cost allocation, ete.

(6) It is recommanded that a special office be established in “EEQ" S.A. to promote La
Mica Project. Also recommended is the initiation of a.training program of “EEQ” S.A.%s
. personnel and recnntmb of qualified engineers for the operatlon of the power plant and the
system as a whole. ' -

(7) In case potablc water supply starts, the downstream benefit'of La Mica Project will
-accordingly be decreased in terms of power generation at the power plants of Guangopolo,

. Cumbaya, Nayon, etc., while power demand increase will continue at a repid rate of growth, .
Therefore, development of power supply sources will be necessiated in the very near future
to compensate the decrease in downstream benefit and to satisfy the increasing demand.
In this respect, studies and investigations should be initiated :and- expedited for develop-
ment of projects which are to follow La Mica Project. Toachi or Pisayambo project is best
recommendable as such project. Either of the prcuects can be put mto service around
1976 if the siid recommendation be accepted.

(8) For the definite study of La Mica Project desired is the mvestlgatlon to detall about ‘3
the items descnbcd in Chdpter 6.; mainly on the geo]ogical surveys.

{9} Necessity of an dddlthﬂdf instaliation of 46 KV trdnsmlssmn lme between Cuangopolo g
and Quito.

-46 KV tmnsmlsmon line is proposed from La MlCd Power Plant to the Gudngopolo_ :
_step-up substation, where the electricity of La Mica Power Plant’i is to be put into the power .
system of “EEQ™ S.A. :

_ The trdnsmiéﬂon line from the substation to Quito which is under'opefatloh at present” .

in‘two circuits of 22 KV and 46 KV respectively, will have been improved in the Nayon
Project to two circuits of 46 KV by the time of comp]etlon of La Mica Project. Howaver



" with. the commencement of.the commercial operation of La Mica Power Plant and the
increase in effective ‘energy, the transmission capacity of these two circuits will become
short. If one circuit is cut by an accident, the ocutput of the power plant is forced to be
limited and the systematic stability may be staggered. Therefore, it is necessary to provide -
one more circuit of 46 KV transmission line between Guangopolo and Quito as early as
possible after the commencement of the commercial operation of La Mica Power Plant.

{18) Establishment qf‘ Central Power Supply Control Station

~ La Mica Power ‘Plant with the reservoir and the regulating capacity will give a great
influence over the operation of the power system of “EEQ"™ S.A. which presently consists
of a group of run-of-river type power plants and power plants with reservoirs for only
daily regulation. In the balance ol supply and demand of “EEQ" 8.A., the operation of La
Mica Reservoir will be very important especially when the downstream benefit in terms of
“supply capacity at the downstream power plants is considered. Thus, the economical use of
the reservoir becomes necessary, After the completion of La Mica Power Plant, “EEQ”
S.A. will have a total installed capacity of 103,960 KW in six hydro-electric power plants
and 9,800 KW in diesel power plants. Therefore, “EEQ™ S.A. should improve the load
dispatching mechanism of the organization in order to produce economic power as a whole.
It will be necessary for “EEQ™ S.A. to establish a load dispatching center which will be
capable of instructing the operations, such as, start and stop, output control, voltage control,
frequency control, reservoir operation, mter-system supply and receive control, recovery

of fault with full knowledge of all the installations and facilities of power generation to
distribution, :

2.5
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Chapter I

MARKET. SURVEY AND LOAD FORECAST

3.1 BACKGROUND
3.1.1 Outline

The electricity generated at La MicaIProjeét will be supplied to an area including Quito, the
Capital, and it's vncmlty The area is a service territory of “Empresa Electrica Quito™ S. A in
QLuto Clty

This area OCCLlplCS the main part’of Pichincha Province. About 10% of the populmon of
Ecuador is concentrated on Quito City.. Quito City with 450,000 inhabitants is located in
Andes Mountainous area at the altitude of 2,800 meters above seu level and is the political and
cultural center of Ecuador, and domestic industries of small scale are very active in the city.

3.1.2 . Pattern of Power Supply
(1) Cupacity of electric--power in Ecuador

As of ]958 [:cuador has a power p,encratmg c.apac:ty of 22] MW in tot.ll of which-
94 MW (43%) is hydro-electru, power and the remaining 127 MW (57%) is thermal power.
The capduty per capita“was 35 W/per person which is slightly . lower than the average of
_South "American countries. Distribution of power is mainly concentrated on Quito and
Guayaquil. 'No nation-wide supply. network has yet been established, but independent
local supply systems are scattered over the country. 1n small and medium cities, municipal
organizations are in charge of power supply. The power transmitting and distributing
“system of “EEQ”. S.A. is one of the largest (now 60 MW), as well us LMELEC (Empre‘;a
' Elcctru.d Del Equador lm,) in ELLI'lClOI’

The annual euergy. consumption per capitu-is 350 KWh in this system, which is the
highest in the country. Although Ecuador has a potential hydroelectric power source
amounting to several millidn-KW, shortage in actuul power supply capacity is a general
tendency in the country, Thus INECEL (Institute Ecuadoriano De Flcc,trificddon)' wis -
founded in the year of 1961 to carry out power project and administration from a nation-

 wide. viewpoint. INECEL is now ener;,itlually proceeding with pl.mnmg, promotlon and
Lntorccment of power z,cm.mtmf, programs.

u)mmwmquﬁﬂ
Before l937 tho wis supplied with t.lectnuty by a Lompdny named “Empresa de
tho" owned by American capital, and the power plants then owned by Empresa de

Quito were “Guapulo” (920 KW, now obsolete) and *““Los Chillos” (1,760 KW). However,
in 1937, the Quit_o City thlncil estublished “Empresa Electrica -Municipal®™ (EEM) as an
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organization commermally operated but directly under control of the City Council in order

to cope with increasing demands for electricity, and constructed Guangopolo Powar Station
(9,400 KW),

Later on, it became necessary to form an autonomous organization in ordef to raise _
funds to develop new power sources so that EE_M_ was incorporated into a limited liability
company in September, 1955 and Empresa Electrica “Quito” S.A. (EEQ) was thus founded. -

Immediately thereafter, “EEQ" §.A. started the Cumbaya Pragject (Flrst Stage Program,

20,000 KW), for which a loan of US$5,000,000 was made from the World Bank in March,
1956 and second agreement for an additional Usss, 000 ,000 was concluded Wlth the World
- Bank in September, 1957,

Thus in September, 1958, “EEQ" S.A. embarked.on the First Stage 'Program of the
Cumbaya Project which was put into operation in August, 1961. The Second Stage Program
of the Cumbaya Power Plant (20,000 KW)was completed in January, 1967,

“EEQ™ S.A. currently is capitalized at 22] million sucres and has a total generating -
capacity. of 59,925 KW (hydro-electric power 52,080 KW, dlesel 7 845 KW) and its &nnual
sales of electricity amounts to 159, 573 MWh,

{3) Description of Facilities owned by “EEQ” S.A.
(3)-1 Generating Facilities
As of August, 1968, “EEQ” S.A. has a total generating capacity of 59,925 KW con-

sisting of 4 hydro-electric power p_lants with a total capacity of 52,080 KW and a thermal-
power plant comprising 16 diesel_ generating units totalling 7,845 KW (See Table 3-1). -
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Tabie 3-1  Existing Power Plants in “EEQ" $.A,

August, 1968

gty | Nembe | coey | Yarer
Hydraulic Plants
Guapulo 920 3 200 1905
B | 320 1919
Los Chillos 1,760 2 880 1922
Guangopolo 9,400 2 1,700 1937
| 2 | 200 1946
1 2,000 1953
Cumbaya Ist stage 20,000 2 10,000 1961
Cumbaya 2nd stage 20,000 2 10,000 1967.
Sub-total 52,080 15
" . Thermal :Plant .
': Central Diesel 7845 j 3 270 1958
e 2 500 1958
2 1,000 1959
3 325 1960
2 200 1960
2 © 330 1960
2 1,000 1967
Sub-total 7,845 16
Total 59,925




Of these, the Guapulo:Power Plant (920 KW) is an obsolete type station built in 1905
and is scheduled to retire from service in 1970 when Nayon Power Plant will be newly built.

The thermal power capacity was 9,035 KW in 1960. Smce surplus in supply capability
was created with the commencement of the operation of the First Stage of the Cumbaya
Project in 1961, small capacity diesel units (2,190 KW) were transferred to INECEL, and
the capacity of this plant was cut down to 5,845KW in 1966. Thereafter as the demand
increased, “EEQ™ S.A. installed two additional diesel units of 1,000 KW each in 1967 to
supplement the need in dry season, and now has the capacity of 7,845 KW. Now being

installed are two more 1,000 KW diesel units which will be placed in operdtlon in December,
1968,

In addition, “'EEQ" S.A. has a contract with the Municipality of Machachi in 1966 to
use 1,000 K¥ from the Machachi power plant during the rainy season, and 800 KW during
the dry season. The capacity of this power plant is 2,000 KW. This contract was supposed
to terminate in February, 1968, but has been extended for another 3 years to receive
- 250 KW, “EEQ" S8.A. concluded the same kind of contract with HCTB (Los Voz de Los
Andes) broadcasting company in Pifo City. This contract is to receive the electricity of
800KW from the Papallacta power plant (maximum capacity of 1,500 KW) owned by this
broadc‘lstm{, company for 3 years from September, -1967.

(3)-2 Transmission Facilities

The power generated at the Cumbaya Power Plant (40 MW) which is now major power
plant of “EEQ™ S.A. is transmitted to the Quito North Substation by a 46 KV, 2 CCT line-
(6.2 km), and the power from Los Chillos (1.74 MW) and Guangopolo (9.4 MW)-is.trans-
mitted to the South substation by 22 KV line (27.7 km) and two 46' KW, | CCT (6.85 km)
lines respectively. The North and South substations are directly connected with a 46 KV
subtransmission line (which is a part of the future loop subtransmission line between these
two substations) as shown on Drawing 16. 22 KV power from Los Chillos and Machachi
is set up to 46 KV at the South substation. Guapulo and diesel power plants are connected
directly to the distribution systems at distribution substations by means of 6. 3 KV lines.
Outline of existing transmission lines are as shown on Table 3-2.
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Table 3-2 - Existing Transmission Lines in “EEQ” S.A.

August, 1968

Voltage | | RER | N Ciments | of Sumoents
46 KV Cumbaya .. | 6.2 2 o35 ACSR 477, MCM
46 KV _Guan.gopolo #1 | 6.8 ! 47 Copper 1/0 AWG
46 KV Guangopolo #2 | 6.8 - - 43 ACSR 3/0 AWG
22 KV | Machachi 27.7 o 350 ACSR 3/0 AWG
22 KV Los Chilios 19.5 o | 187 . |copper #1 AWG
2y | o 1.7 1 100 | Aluminum 1/0 AWG
63KV | Guapolo | 5.1 2 | Copper #4 AWG
. Note:

Guangopolo #1 and #2 lines are still operating at 22 KV, but they were constructed
for 46 KV, the transmission voltage in near future. :

- (3)-3 Distribution System

In the city of Quito, there is 46 Kv loop'subtran‘smissioh line, and branch subtrans-
mission lines of 46 KV.and 22 KV extending to the south and north of the city of supply

: .-.'power in the suburban area of‘ the city where sizable demand increase is annc:pated due to

“expansion of residential areas and industrial establishments. -Thus the power is planned to_
be transmitted to every substanon This phm has now been partially completcd as shown

B -on Drawmg 16.

To the village around Quito, there are 6.3 KV distribution lines extending from the -
- distribution substations within the c1ty However, low-voltage distribution networks have
" not been established as yet. “EEQ” S.A. has a plan to extend or newly build distribution
systems in the near future in order to supply power to villages which are now served with
small’ dxesel genierator sets or not yet electrified. These d:strrbutnon system will be included
in Qu:to power dlstnbutlon system

At present Quito Cnty is dwxded into 18 dlstnbutxon areas dnd gach area has a dis-
" tribution substation (46 KV/6 3 KV}, which is designed to permit future extension cor-

L respondmg to demand increase. In order to avoid power supply stoppage, emergency tie

- lines. interconnected with" other substations are constructed For information about the
exnstmg distribution . substatlons subtransmission imes dlstrlbutlon transformers and dis-

: tnbutlon lmes, see Tables 3- 3 3-4, 3-5 and 3-G.



"~ Table 3-3  Existing Distribution Substation

August, 1968

Name or Numbe_r' ' Voltége' Inétalled " | Number of Distribution
of Substation L KV Capacity KVA Circuit in Service
Hospitalillo | 22063 1,000 DR
Argelia . : 22/6.3. 1,000 o 1
LaTola (OldNo.3) | 22/4.16/23 2500 | 2

"~ El Recreo _ 22/4.16/2.3 3,000 - |- .-

No. 2 22/4.16/2.3 4,000 | 3

No. 3 o 22/63 - | 4,000 2

No. 6 | 46/63 | 6250 6

No. 8 | asi63 | 6250 6

No. 9 46/6.3 6,250 s

No. 10 46/6.3 6,250 2

No. 12 46/6.3 6,250 x 2 o 5

No. 14 | 46163 | 6250 4
No. 16 | aee3 | 6250 | 3
No.17 | asp2i63 | 4000 | 4
Total | BRI 68,500

_S'ubsfation “El Recreo’’ belongs to'a.'local.industry. .

-Ta_ble 3-4 Existing Subtransmis__ﬁdn Lines

August, 1968

" Name n Voltage Léngth in,km '
East bus No. 2 ' ' S 46 KV - . '8.20 |
Taps to (.i'_i.stributic.m sbstations - | 46KV | .- 363
_' .\Vest.busNo._l". - - .46.KEV-:. 11.0 -
Taps to di:stribuiion‘suBstatibns _ o | 22kv | 5'.3_0.‘ )
o || a3
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(4) Description of Facilities to be constructed by “EEQ“ S.A. prior to the development
of Ld Mica Project.

(4)-1 Generating Facilities
(4)-1-1  Pasochoa Power Plant

This power plant was proposed by “EEQ” S.A. in relation to Pita Water Supply Project
of “Empresa’ de Agua Potable” and is now being partially constructed for the commence-
~ment of service scheduled for July, 1970. The power plant will have a maximum installed
capacity of 4,500 KW at a maximum discharge of 3 m /sec under an effective head of
194 m, which is available on the waterway to carry potable water to Quito, The power
produced at the plant will be transmitted to the existing distribution system through
Guangopolo substation by 46 KV transmission line, 19 km in total length.

(4)-1-2  Nayon Power Station

“EEQ” S.A. has proposed to construct this power station immediately in the down-
stream of the existing Cumbaya Power Station, which will be placed.in operation in July,
1972. The preparation works has been completed and construction works are about to
start. For this power station, the discharge of 36 m /s from the Cumbaya Power Station

- will be conducted through tunnel of 2.6 km long to the power plant site along the main
stream of Rio San Pedro. Nayon power plant utilizes a head of 98 m and will have a
maximum capacity of 30,000 KW and annual energy production of 107,400,000 KWh.

- The generated power will be boosted to 46 KV, and transmitted to the Quito North Sub-
station, on existing transmission lines by way of Cumbaya Substation, '

Table 3-7° Project under Coﬁstructio_n and Planning -

August, 1968

Installed

- o Unit '
Name of Project Cz;g;’city - 2’;‘.‘82;" ..‘CaIIJ{a\;lty C:nii;)rle(:{o'h
Hydrau]ic‘Plan.ts _ .

Pusochoa | 4500 | 2 | 2250 | 1970
Nayon | 30000 | 2 | 15000 | 1972
Thermal. Plant _ .

Central Diesel 2000 2| 1000 | 1968

Total | 36,500 | |




. (4)-1-3 Expansion of Central Diesel Power Station

- In order to secure the peak energy supply, which will be in shortage before the com-
pletion of Nayon and Pasochoa Power Plant, “EEQ™ S.A. is now considering the expansion
of diesel power pldnt The existing capacity is 7,845 KW. Two sets of 1,000 KW units are
being installed to expand the capacity of the power plant which will be placed in operation
in December,; 1968. The total installed capicity will be 9,845 KW,

(4$)-1-4" Transmission F acility

"To connect the existing tho power system w1t11 Pasocho.l Power Statlon which
will start operatxon in 1970, 46 KV transmission -line will be built in | circuit between
Pasochoa and Guangopolo, 19 km in length. The power will be transmitted through existing
Guanpolo—Quito. line (46 KV, 2 CCT, 6.8 km) to the Quito South Substation,

Los Chillos—Guangopolo line (46 KV, 1 CCT). will be newly built, and the Lx:stmg Los
Chillos—Quito line (22 KV, 1 CCT) will be used for the distribution to San- Rafael district.
- Along the construction of Nayon Power Station, Cumbaya~-Quito No. | line (46 KV, 1 CCT,

- 6 km) and Nayon—Cumbaya line (46 KV, 1 CCT, 3 km) will be constructed and go into
operat:on in 1972,

(4)»1-5  Substation Facility

_ In order to unify- the transmission volfage and reduce the transmission loss in “EEQ”.'
S.A. power system, a step-up substation (22/46 KV) will be constructed: near Guangopolo
- Power Statlon in the Nayon stage. As the results power generated at Guangopolo (9.4 MW)

and Los Chillos (I 74 MW) power stat:ons Wlll be stepped up to 46 kV and transmltted'
to QUItO '

(4)-1-6 . Sub-ﬁansmission Li.ne.

The South and North substatlons the major substatlons in Quito at prcsent are con-
" nected each other by East-Bus No. 2 (46 KV, 1 CCT). -In the future, West-Bus No. 2 (46 KV,
1 CCT) will be constructed between the two substations to form a- loop sub-transmission _
line. Further constructed will be East-Bus No. 1 (46 KV, | CCT) and No. 16 and No. 18

' Dlstnbutmg Substations. which are to be connected with ‘the former. WLStBLlS No. I~
A __(46KV 1 CCT) and No. 15 and No. 17 D13tr1but1ng Substatlons will also be prov1dcd

Also scheduled are West-Bus No 3(46KV, 1 CCI‘) to be connected to No. 2 and No. 3.

Distributing Sbustatlons and East- Bus No. 3 conncctlng to Argelin, Hospitalillo and El
.- Recreo substatlons

The branch sub- transmlssmn lines connectmg to the cx:stmg dlstnbutmg substatlons
of No. 6, No 7,No. 9, No. II and No. 13 (or No. 15) will be constructed until 1967

(4)-_1#7_ _-Expansion Program of Distributing Networks to Surrounding Areas of Quito City

. In preparation Tor the expansion of the distribution area around Quito City, “EEQ"
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S.A. is proceeding with the construction of 6.3 KV distributing networks and distributing
substations, Also, “EEQ” S.A. is planning on new 138 kV distribution network to supply.
power to the villages around Quito where power supply is not served at all_ or power is
supplied with electricity from compact type diesel generators

3.1.3 ‘Present Situation of Supply and Demand

Shown in Tab}e 3-8 are the trendsin the increase of number of consumers, system maximum
power demand (KW) and its rate of growth, energy demand and its rate of growth, as well as
load factor en “EEQ™ S.A. system from 1945 through 1967.

From 1945 to 1961, namely before 20 MW of the First Stage of the Cumbaya Power Plant
was added to the system, the balance between supply and demand had been unstable, so that
“EEQ” S.A. had made up the deficit in supply capability by increasing the capacity of Guan-
gopolo Power Plant, and by purch.ising electricity from the Machachi Power Plant. In 1962 and
thereafter, the hydro-electric supply capability was stabilized due to the comp]etlon of the First
Stage of the Cumbaya Power Plant, and the diesel power plant was held in reserve only to be
operated in the dry season of August and September or for peak supply in the month of maxi-
mum demand (December)., Then “EEQ” S.A. completed the Second Stage of Cumbaya Power
Plant in 20 MW in January, 1967. In the end of 1967 the maximum demand recorded in EEQ’s
system was 45,200 KW, and energy demand was 196,420 MWh. In the “EEQ™ $.A. system a
maximum power output of 60,975 KW was made avallable in the same year including thermal
and hydro-electric power and the purchased power.

On the other hand, in order to meet the rapid increase in power demand at an annual rate of -
about 9 percent, “EEQ™ S.A. has since 1966 proceeded with the studies of Nayon Power Plant
{30 MW) which is scheduled to be placed in operation in Juiy, 1972.

- The composition of power demand of “EEQ“ S.A. is residentil use which is the largest
and accounts for 42 percent of the entire demand, followed by 27 percent for industrial use,
14 percent for commercial use, and the balance being public ]ighting, pumping stations, etc.

The records of yearly consumptlon accordmg to demmd classn"lcatlon dre shoWn in Tdble '
3-9 and Flg 3 1.

The charges for electricity supplied by “EEQ” S.A. were revised in 1964 and the. revised
rates have since been in effect. The rates are roughly based on the 5 classifications of:. residential
use, business use, industrial use, public ‘agencies, and public lighting. Also, the rates differ
according to the capacity of the consumers mstal]atlon and the tariff conszsts of minimum
charge plus energy charge. : : :

EEQ’s operating revenues and energy sales in 1964 and thereafter are shown in Ta_ble 3-10. -
It will be seen in the table that the average unit_price per KWh in 1967 was about s/.0.48/KWh
or- US$0.026/KWh. This is fairy close to the average price of electricity in South American:
countries. o I S

310



- “gurpeal .EuE MW wo1y payndwio)  :ajoN
19°6v 1001 | 86L'61¥'9611 89E €678 £€°£81 $8'TI | 0TSSP STII9 0Tl SH8'L 80°CS §T'9 - T96'€9 L961
68'0S 1L |016'8ES'8LI|  SBE 4 4 £8°691 vT'8 S0°0F STI'6E 07’1 S¥8°S 80°CE | 8§ P61°09- 99
IYIS | SOL | 08S'TLY99}  SB'E 61T £9°091 YUL 00°LE 74 {33 0’1 SPe's 80°CE ESY -600'LS $961
LEIS 9I'6 | 98€°T69°SST| ¥8E | veLT | LOOSI §L'9 05bE SSTOF 0T1 | SLI9 80°ZE - EES'HS 9
8E°08 vLL | OSB'IE9'TRI| S9'E VEE'D ¥ 8El 9¥'8 7eTe - S09°1¥ 00T STS'L 80°CE . . . £9
iLos $8TI | 09L°98€°TET|  89°€ 9£1°0 95'8Z1 768 08°67 . $66'1¥ 00'C SI6'L 80'TE 174 80608 9
6’8 91T | 00T'TIELLT| S9°S vEYD | ST66 vL61 9£7LT S66'1¥ | 00T S16L 80°E SLL 509'8y 19
6¥'TS 096 | 99t'SPE'SOL|  0OT'6 Zs'6l | LLSL 8L'TI $8°TT SII'ZC | 00T .| SEO'8 8OCL| 8I'8. | 60I'St | - 0961
SIS | - pEOL | 958'611°96 S8 Izl | LTSL LSEl 970z gv6l | 00T or's 80Tl { 0L'9 L69'1Y 65
pgss | LSET | 0ET'ILTLS vTL €29 I8'EL LO'8I 68°L1" 8tLl 00T . or'E 80Tl | -¥66 |  LLO'6E 8¢
co8s | 8ST | 099°TH89L - £9C 00'vL 8L0I st 80°C1 - - 80°71 LSE o Ips'sE LS
PE'S9 79t | DISTLO'BL - - 80°8L 95°C or'€l S 80°TH - - 8OTI | TES | T PIEYE 9
LYY 0L | 0pS'OVE'SL - - €T°SL Tl 0£'€l 80°CI - - 8oLl | 910~ 6LS'TE | - SS61
gIi9 79’8 | 0T0°10¥°0L y - EE L 98’1 OLEl 80°TL - - 80°CI 9L e | vs
9¢€'LS 6.6 | 0TL'SI8FY - - 149 €81 061 80°Cl - - goTl | OlUL- 6LLOE | €S
LL'19 99°S | 09L'9£0'6S - - | 80%6s 01 06701 80701 - - 80°01 6L°9 8€L'8T zs.
LY'8S 6E° 11 | 0£S'PBR'SS - - §9°5S (43 06'01 80°01. - - 8001 906 01692 Is
0T'€S 98Tl | 0£S'H88°0S - - oros ¥6'1 0s°01 8001 - y 80°01 $9'6 TS9'YT | 0861
pO6b | ISS | OEVERPYY - - Sovv $6'L ogo! . wc_.o__ - - 2001 LE01 £85'TT 6b
88°0S ¥9°L | 00TTOITY - - o'k SE01 096 80°0% - - 8001 | 1611 | | OLEOZ: 14
L¥1S v9'ST | 09S'TEN'6E - - 10°6E LoL 0.8 8001 - - 80°01 |. 8TSIL |- TOT'Sl | - it -
176 SP'01° | OP9'0P8EE - - vL'EE 81T v8L ‘8001 - 800l | 860 | -06L'SL | 9v-
6v'%S 6£'9 | 000°6E£9°0E - - PLEE g1 | 9 809 - - 80°9 s LTS | o shel
% M UMW | SUAW | UMK % MR | MW AN MW MW | % . |swewnsuod p o
S 3SEAIDU] 101 asEqINg | [euuayy, - | oIpAQ | osmasouy Loy - { eseyomng: | euumayl | oipAy | -eseenu] | Jorequny [ IBaj -
__w%% pug Sutje1auag) je puewaq ASraug puELlIaQ] WAWIKEW . Awpede pafeisuy | soumsuop jo ssquing |
9%G1 01 SpG PoLd I04

311



071 | 192°LES651 SL8106'8 80¥'986 L9z'121°01 SPE'08T'EY - 080°SSYL 129°785'1T $99°60T°LY. - L961
1801 | LILLOVERI TE0'E90'8 75°196 LET'LBO'TL pSTI9Y'SE §89°0€8'9 TISLLEST SE1°125'09 9961
L $05°608°8T1 80S'VLY'L LYY'SLL L¥9°L01°01 - POE'ISE'0E 87T'9TE9 9v6°L00°81 660'998'+S 5961
799 69L'STY'LIT LE8'E9T'Y BEE'TI6 rSO¥EL'6 616 1LY'RT 8TL'968'S am.wmm,_ﬁ LYO'ESE 6% : %&
£9'6 PO6'LETOLT 198°S£T°9 186'000°1 ¥1°8€0'8 01S'60L°+T 050°sZ8'9 9Z1'860°91. TETOET LY. | . €961
TO'v1 | L¥0'TI 001 Ov1°8T€"9 61L°L£9°1 019'000°L LSS'BYS €T LTTTSO0'9 8S6'8ILEI ogg'sLl’zy ot 7961
TYEl | 9ZE'801°88 T6L'899°C BEY'EVT'] LES'9ED'S 6LLTILIT - £69°010°s pOL'SSHEl - 8IT0E6'LE 1961
66’9 | 608'E89°LL 8LS°88T'Y 7LS'816 £16°L68°L 916°S8E T 196'006'€ 18€°50Z°11 884°980'S¢E 0961
9€'9 " £6£'809°TL Z19'6zl’e L65°8E8 8LSCTT'8 E6T°V80°TH LL9'LEse E91°L66°01 . ___mnm.m%._mm : %E.
086 | TH6'S9T'8Y L1688 6VL'ELE LES'T9E'R LOSTIETL STSLIEE 9SI°L68°6 959'PLE 6T - 8561
95~ | E16'0L1CY 0s9'v8P'E 1Z¥'or0’l 801°SL6'L 907'89£°C1 ssozsT'e 89Z'165°8 S0Z'6SY ST (LS61
8L'E | v96'508°€9 £5L'685°E BEYTEY'T . YLLPETOT PLEBOS'TL LYLYSE'E L1+'95T'8 197°6£6°CC 9561
(807 | OI8'€8r'19 6E9'ELE'E S69°bPLT EILOLT'TI Ly9's9r'zl 755°668°¢ 9Z6'PEE"L 8£7°686 07 | 5561 -
0001 £15°598°05 IPRE0I’E ILETLT L6LOIE'L P6LPECOI -965°808'E EVR0EL'D .___R.wo.“.m_ S61
SLOL | LEGOVTOY T50'901°E 1§5'90P 85E°801°L 8Y9°110°6 - 00S'P6E'E 989'6LL'S TYI'PEY'LT. £561 -
9L 1BUIPL 1Y LOL'TI6T LTVOLE 761°889°S STO'8TE'8 00S'6E°E A XATAY 9P9v08'SI 7561
£l S6T'PLL'SE 1S£°80%°C 6V 07T £96'9Z5°S 050°066'L 005 ¥6E°E 675'€88Y 80 0SEPT 1561
£9°8 0St'065'€E £LL'8E1'T 150661 8RS LLO'Y 2SHTIL9 T6S°6¥T'T - 0SS IPL'Y - PP ITEEL 0561
£6¢ §s9°Iz6'0E 6L¥°061°T 9v6'181 ov8'S6L'E 1ZL7Tr'o 005°080°C 0L9'BES'Y 66V LIL'TT 6v61
108 T89'15L6T £60°658'1 1TESLT 089°zzs'e DEE'EIFL 00Z°'980°Z SLS'OLI'Y £59°vTH 01 861
00'pS - | L9T'SPSLT 966'818°1 T60°1LT 09£°700°t 1Z8'€EL'9 005°080°C T Z96'95L'E 9£5°186'8 LY6]
% umd UM UM U UM UM umd Y
asealdu] LA Bunydry Bunysiy Surduind ra1epm [emsnpuy |- Suny3ry jeang [EII3UILOY) [BIIUSPISSY JBAX
: . UTUIFA0T) jediunp S : o
SUOIIBIJISSR[) JHWNSUO)) O] w:.:u._.euuu uonduwmsuo) g€ .uEu .H

312



Fig. 3-1

Actual Load in Quito Electric Power System’
(from 1945 to 1967)
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3.2 DEMAND FORECAST

Studies of future demand were made as below on the basis of the data cc_inuailed in 1967
by “EEQ™ S.A, '

The demand in “EEQ™ S.A, power system were classified into the following 4 claéses ang
a forecast was made of each class for a 10 year period from 1968 to 1977.

Class A : resndentlal use, <.ommercnl use, and hghtmg in government or municipal
facilitics

Class B :  industrial use

Class C : water pumping use

Class D: street lighting use

For the futurc power demand forecast, the past records were reviewed. Up to 1961, that
is, before the First Stage of the Cumbaya project was added to EEQ’s supply capability, power
supply capacity had fallenshortof demand and in some years during this period restrictive supply
was forced. Thus it was considered not appropriate to use the g,rowth trend of the period as a
basis for forecasting future demands.

Accordingly, data of the past six years from 1962'through 1967 were employed as the basis
for the forecast of the future power demand, because the balance between supply and demand

was stable during this period.

 The past records of each classif ication of demand in the nbove 6 years are shown in Table 3-
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Table 3-12  Forecast of Class *A” Demand

Year Population Number of MWh per Energy Demand
subscribers subscriber MWh
1968 483,850 64,690 1.67 107,300
1969 505,580 67;920 1.74 118,200
1970 528,090 71,320 1.81 129,100
1971 551,160 74,880 1.89 141,500
1972 575,120 78,630 1.96 154,100
1973 599,900 82,560 2.05 169,200
1974 625,590 86,690 2.13 184,600
1975 652,290 91,020 222 202,100
1976 680,130 95,570 2.32 221,700
1977 709,160 100,350 2.41 241,800
Annual rate 4.35% 5.0% 4.2% 9.45%

of increase

Note: (1

Population forecast was obtained from publications of
“Division de Estadisticas y Censos” of Junta Nacional

de Planificacion.

The number of subscribers and population are eStiméte_d

figures for December of each year.



3.2.1 Demand Forecast for Each C].ass

n Forceast of Class “A" Demand (Residential use, commcrcla] use, and lighting in
governmcnt or munlclpal facilities) :

 Growth of Class“A”demand was forecasted on the basis of the rates of growth of
population, number of subscribers and power consumption per family. The annual popula-
“tion growth in Quito and its environmental cities ‘was estimated at a rate of 4.35 per-
cent on the basis of the data prepared by “Junta Nacional de Planificacién Econdmica,
Divisién de Estadistica y Censos™. The ratio of subscribers against total number of house -
holds was 89 percent in 1962.- However, taking into consideration that “EEQ” S.A. has
planned and already proceeded with the expansion program of distribution network, it
was assumed that this ratio would reach and stand at 97 percent by and after 1974, This
means annual rate of growth of 7 percent up to 1974,

Demand forecast of Class *A™ was calculated based on the power consumption per
subscriber or 1.60 MWh/year/person which is actual record in 1967 and the annual growth
rate of 4,2% averaged for the six years. The result js, as shown in Table 3-2, that growth
rate of Class *A” will be 9.45 per cent annually. '

(2)' Forecast of Class “B" Demand (Industrial use)

The growth rate of industrial demand in the six years from 1962 to 1967 was 13.1 per
cent annually. However, in the areas surrounding Quito, new factories were established -
and existing plants were expanded between 1966 and 1968 on the basis of a government
polrcy to encourage industrial development,

‘ Reflecting the s1tuatxon the growth rate for this demand bracket reached 14. 3 per
cent at the end of 1966 and 22.1 per cent in 1967 over preceeding year respectwely A
rapld growth of the same level as that in 1967 is expected for 1969.

; However ‘this sharp increase -is cons1dered to be temporary nature and after 1969
. ‘the rate of growth will presumably calm down to around 11 per cent which is the growth
: rate regrstered in the past fwe—year penod of a steady growth from 1962 to 1966.

ThlS figure (1 l per cent) is a little hrgher than the growth rate of the gross industrial
-productlon in the past several years, which averages 10.4%, and will be appropnate for
power demand. The result of estimation is shown in Table 3-13.



Table 3-13  Forecast of Class “B” Demand.

_ B Annual average.
Year Energy Demand - rate of Remarks
{(MWh) ' increase {%)
1968 51,900 2008 1) 20% of 1967 record
_ of 43,280 MWh.
1969 . 57,600 11.02) . {2) Valuesin and after
o 1969 are estimates.
1970 64,000 11.0 B
1971 - 71,000 1.0
1972 78,800 - . 11.0
1973 87,400 _ 11.0
1974 97,000 11.0
1975 107,700 11.0
1976 123,800 11.0
1977 132,600 : 11.0

(3) Forecast of Class “C” Demand (Water puinping use)

The water supply of Qulto currently relles upon a pumping system within the cxty.
The annual energy consumiption for- this purpose was. 11 ,386- MWh w1th the facilities of
about 3,000 HP untll 1968, :

However, as Quito Clty cannot meet the demand for water by pumping only, “Em'px_‘esa ‘
de Apua Potable” planned Pita project-to draw water from the Rio Pita, which is scheduled
to be completed in 1972, to make it possible to conduct the potable water ‘of average

1.6 m3/sec. : ' :

. When this program is completed the existing pumping facilities will become unnecessary
~ and- will be retired from service except for some of the installations. which would be reserved
for emergency use. On the other hand, there is another plan to build new pumping statnons
to serve some areas around Quito which cannot be served by gravity flow.

Therefore, a little increase over the current level is anticipated in Class “C” dem'and

until 1971 and a sharp de\,hne 1is expected after the Pita project 1s started, as shown in
Table 3- 14
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(4) Forececast of Class “D” Demand (Street lighting use)

“EEQ” S.A. has plans to increase street lighting' facilities during the period between
1966 and 1972 and this was included in the forecast. The outline of the plan includes as
follows: - : EEE

1) Installation of mercury lamps and incandescent lamps at _4,000 locations in the city
amounting to 520 KW,

2) Installation of lightings at 1,000 locations in the suburban villages of Quito, 100 KW
in total.

3) lmprovement of distribution system for lighting in the city, which will cause load
increase of about 100 KW. :

4) Installation of lighting facilities on the basis of a town development program, which
will result in an increase of load of about 150 KW.

The annual average increase will be 7.6 per cent for the six years from 1968 to 1974
taking the plan into consideration. For after 1974, there is no particular plan at the present
which would cause an increase of demand. Therefore, natural increase of 2.5 per cent was
assumed for the period after 1974. The results are shown in Table 3-15.

Table 3-15  Forecast of Class *D" Demand

Year Energy Demand - Rate 6f
' {MWh) . increase (%)
1968 | - 8,136 9.1
6o | 88 84
70 | - 9,508 .78
7 10,194 | 12
72 | 10,880 6.7
Bl 1566 | 63
74 11,856 2.5
5 | 12,052 | 25
76 ) 12,455 28
ol 1278 | 2
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3.22 Energy Losses

The past records of loss factors in EEQ's power system are as shown in Table 3-16. The
records indicate a declining, or improving trend. ~In 1961, “EEQ" S.A. started a reorganization
of its transmission and distribution networks which is scheduled to be completed in 1968, As
a result of this reorganization program, loss factor has been declining after 1962, In addition,
“EEQ™ S.A. has a plan to install capacitor banks at every distribution substations to further
reduce losses in its system. Asagainst these background it is expected that loss factor will be
improved to 18.5 per cent in 1968 and that the level will be maintained for quite sometime

after the year.

Table 3-16  Record of Loss Factor of “EEQ™ S.A.

Year Enérgy at ge'n'erating _ Engrgy at consuming Losses . Loss factor
P end  (Kwh) end _ (KWh) (KWh) %
1947 - 39,132,560 27,545,267 11,587,293 29.6
1948 42,102,200 29,751,652 12,370,548 29.2
1949 44,443,430 30,921,655 13,521,755 30.4
1950 _50,160,730' 33,590,450 16,570,330 33.0
1951 55884530 | 38774205 117,100,235 - 30,6
1952 59,036,760 41,741,181 17,295,579 29.3
1953 | 64,815,720 46,240,937 18,574,783 28.7
1954 | -7(')_,401,020' |  50,865,513 19,535,507 277
1955 75,346,540 | 61,483,810 138627300 | 184
Cese | 718072510 | 63,805,964 14,266,546 183
1957 76,842,660 62,170,913 i4_,67l,_747: 19.1
1958 - 87,2'7'1,23(:) | 68,265,942 19,005,288 28
1959 96_,1 i_9,856 72,608,593 23,511,263 245
1960 105,345,466 77,683,809 27,661,657 | - 263
1961 1173112000 | 88,108,326 29202874 | 249
1962 132,386,700 | 100462,047 31,924,653 | - 2411
1963 142,631,880 110,137,904 32493976 | 228
1964 155,602,386 117,428,769 38,263,617 246
_ 1965 166,672,580 128,509,505 38163075 | 230
- 1966 178,538,910 142,407,717 36,131,193 | 202
1967 . 196,41'9,793 '159','53_7,261 "3'6;882,53_7. 18.8
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3.2.3 Load Factor

Annual load factors of EEQ’s power system are shown in Table 3-8 for the period after
1945, " According to the table, for the period up to 1961 load factor recorded unstable fluc-
tuation from 50 per cent to 65 per cent, but after completion of Cumbaya Power Plant in 1962,
it has been stable at 51 to 52 vrer cent because of the adequate supply capduty made dV.llldble.

In view of the above situations, the load factor after l968 was estimated by thc. fol!ownu,
method.

~ Of the demand classification, Class*A"demand for residential, commercial and government
facilitics lighting uses with predominantly affect the load factor of the power system.

In the estimation, the ratio of Class“A"demand to the total demand was f irgil computed for
each year from 1962 to 1967. Then, correlation was sought and cstablished between the said
ratio and total system load factor. The annual load factors were estimated on tlu, basis of the
correlation. The resu]ts are given in Table 3-17,

3.2.4 Total Demand Forecast

In the estimation of total demand, estimated amounts for each demand bracket, which
- are given in the preceding paragraph 3.2.1, were first summed up. Then gross energy demand
was calculated at generating end on the basis of the sum and energy losses estimated.

From this gross energy. demand and the estimated load factor, the maximum KW demand
was estlmated the result of which is shown in Table 3-17.

The annual rate of growth will average about 9.0 per cent until 1977 for energy demand
and capacity demand as well, This rate of growth is considered reasonable in the light of the
actual trend after 1945, and anticipated rise. and progress in the living standard of the. people
and in industrizlization of the region. :
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3.2.5 Load Curve

In estimating the load curve of future power'demand, it was assumed that the pattern of
the actual daily load curve in 1967 and 1968 would be maintained without change in the future
for the following reasons. ' '

-Annual load factor will remain to stand at 51 to 52 per cent, in the future, as described in
3.2.3 and there would be little variation in the proportional composition of power demands
as classified. Especially, the ratio of residential use, which comprises the substantial portion of
the demand, can be assumed to be almost constant against the total demand.

According to the result of analysis of weekday load curve and holiday load curve recorded.
in 1967, the toad of Wednesdays can be considered to be a normal weekday load representing
the five days from Monday through Friday.. The demand decreases on Saturdays and Sundays
and the load curve differs from that of weekday accordingly. Therefore, the load curve of
Sundays were taken as a representative holiday load curve.

As the load condition varies somewhat according to the month, January, April, September
and December were selected to represent seasons of mean run-off, rich run-off, drought, and
the maximum demand, respectively, according to generating schedule of power plants of San
Pedro system. Thus, typical load curves were obtained for holidays and weekdays as shown
in Fig. 3-2, :
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Fig. 32  Typical Load Curve
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3.3 TOTAL SUPPLY CAPABILITY
3.3.1 KW-Supply Capability and Power Demand

‘Although December is the month of maximum demand, no critical shortage will be en-
countered in the month in supply capability since the run-off of this month is nearly equal to
the annual average: run-off utilized in the power plants of Rio San Pedro. Shortage of supply
capability is the most critical in September which has the least run-off.

Therefore, no deficiency will be presented in supply capability throughout the year, if
careful analysis of supply capability in KW is made for September. in determining the supply
capability. The KW-demand in September is 93 per cent of the estimated demand of December.
The maximum demand in September will be'as shown in Table 3-18.

Table 3-18 Assumed Maximum KW-demand in EEQ’s System

Max. Demand Max. Demand - Max. Demand | Max. Demand

Year in Sept. in Dec. Year |- in Sept. in Dec. |
{KW) (KW) : (XKW} (KW)

1968 47,000 50,600 : 1973 | 69,600 74,900
69 52,000 56,000 74 77,000 | 82,300
70 56,400 60,700 ' 75 84,400 90,800
g3 61,500 66,2_00 . 16 . 93 800 100,900
72 | 63700 | 68500 . 77 | 102,400 110,200

_ In order to determine the supply capability of hydro power, the potential output w_as'
first obtained of every power stations. The potential output was calculated based on the run-off
available for.25 days in the dry month (September), which hercinafter will be referred to as firm
run-off. The potential output was divided into two portions, that is,_output‘by natural flow and *
output by regulated flow for each of the existing power plants. The resulis of the study are
shown in Table 3-19 and Table 3-20. : ' :



Table 3-19 Average Power Qutput (KW) and Energy -
Output of Existing Power Plants Based
on Firm Run-off in September

Firm- Average| Daily
Power Plant Capacity Run-off output | energy : Remarks
: : output
(XW) (m3/s) (KW) | (KWh)
Los Chillos 1,760 . {,100 | 26,400 | River-run type
Guangopolo 1,400 J9.1 4,750 | 114,000 Regulated flow type
Cumbaya 40,000 9.6 10,700 | 257,000 Regulated flow type
Pasochoa 4,500 - 3,100 74,500 River-run-off type
Nayon 30000 | 9.6 8,000 (192,700 | Regulated fMow type
Total 85,600 127,700 |664,600

Table 3-20  Firm Power of EEQ’s Existing Power Plant in Sept.

Regulated flow ' Nut 1 flow output
Power Plant Instailed Output ur P
: capacit _ ' e T R
pactty Daily = Output Output in | - Output in
regulated ' peak hour off peak
: Energy: E P Pn. hour: Nn
(KW) (KWh/day) | (KW) - (KW) (KW)
LosChils | 1760 | 0 | o | 1,00 1,100
Guangopolo 9,400 | 13,200 4650 | 4750 | 2.800
Cumbaya 40,000 | 113,900 3,580 | 8420 | 0o
Posochoa 4500 |0 0 | 3,150 - 3,150
Nayon | 30000 | 85600 | 23740 | 62600 .| 0
Total ' 85,660 | 212,700 | 59970 | 23,680 7,050 -

As shown on Table 3-20, run-off-river type power plants have only outpul by natural flaw,
“while power plants with regulating ponds can store, surplus run-off in the regufating pond during
off-peak hours and use the retained run-off in peak-hours. The power which will be available

by the retained run-off is referred to as regulated flow output in this report. '
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Fig. 3-3
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‘KW-Demand in MW

Fig. 3-4

Daily Load Diagram and Hydro Power Capability in Sept. 1972
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_ The capability of the existing power plants with.regpi]ating ponds is shown in Fig. 3-3.
In the figure Pn is the part which can be.generated witlout regulation during peak hours, and
Pr shows.the capacity which can generate power at required hours by the help of regulating pond,
while Nn is the capacity obtainable during off-peak hours by natura} flow, The daily regulated
energy (KWh/day) represents the quantity of water converted into electric energy which is
available when the capacity of the regulating pond is used to a full extent. The firm-power capa-
bility during firm-run-off is as shown in Fig. 3-4 for the hydro power plants owned by “EEQ" 5.A.
The available output of the power plants was compared with the daily load curve of the dry
month (September) in each year from 1968 to 1977 to check the balance of demand and supply.
In the comparison, a graphic method was employed, in which the base part of daily load curve
was first filled by the natural flow energy, (Pn x 17 hours) + (Nn x 7 hours), arid then the energy
(E) by the regulated flow was added on top of the natural flow energy part. For shortages
which appeared on the diagram, load factor was made large to allowable extent in order that in-
vestment to cover the deficiency may be most economical for the system as a whole.

As for the thermal power, it was assumed that the capacity of 9.8 MW, which was available
in 1968, should be maintained as stand-by facility to operate in case of shortage.

_ The KW-balance between Supply and d'ei_nand thus obtained for_eac.h year is as shown in
Table 3-21 and Fig. 3-5. ' :

Table 3-21 KW-Balance between Demand and EEQ’s Existing
Power Plants in Dry Month (September) '

Year | 1970 | 1972 | 1974 | 1976

Max. demand in Sept.: (1) . {KW) | 56,400 { 63,700 77;000 . 93,800
Capability of | Natural flow(KW) .~ | 18,720 | 23,680 | 23,680 | 23,680
hydro power Regulated flow. - 21,780 | 26,770 | 30,760 | 36,420 -
plant. | Total: (2) - 40,500 { 50,450 | 54,440 | 60,100
3 =) - @ , - 15,900 1-13,250 | -22,560 |-33,700
" Diesel Power: (4) ~ 1 9800| 9800| 9,800 | 9800
Shortage in Capability (KW) : : B E .
=03 -@4 S - 6,100 | -3,450 |-12,760 [-23,900
Marginal max. hydro p_o'Wer | S
‘capability (KW): (6) | *54,950 [*83,650 | -83,650 | 83,650
Non-utilized output (KW) - | |
6 - @ | 14450 32,650 | 29,210 | 23,550

Note: *54,950KW = 1,100 + 9,400 + 40,000 + 3,150 + 1,300

Los Chillos Cumbaya ' Guangopolo
- Guangopolo : . Pasochoa Machachil
_ S R -Pito
**83 650 KW =1,100 + 9,400 + 40,000 + 3,150 + 30,000
Los Chillos ~ Cumbaya Nayon
Guangopolo Pasochoa .
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In the table, marginal maximum hydro-power capability means the average KW output by
daily natural flow for run-off-river type power plants (Ex Los Chillos}, and the maximum installed
capacity for power plants with regulating ponds. The figures in the table 3-21 are for hydro-

capacity of EEQ system as a whole, representing maximum avallable output dunng the firm-
run-off. ' :

Fig. 3-6 illustrates load share to be supplied by regulated flow output, natural flow output
and existing diesel output, respectively, for several typical years from 1968 to 1976. As cain be
seen in Fig. 3-6, a part of regulated flow power is to supply in off-peak hours. This means that
regulating capacity of power plants is not necessarily utilized to the full extent at peak hours
depending upon the condition of run-off or pattern of load.

“As can be seen in Table 3-21 and Fig. 3-5, the KW-supply capability falls short of demand
in the droughty month (September) of 1968. The deficit will be temporarily mitigated to
3,450 KW in 1972 after the 30 MW of Nayon Project is placed in operation. However, :t will
tend to increase year by year.

Fig. 3-7 shows the relation between the maximum demand and the installed capacity of
power plant. In. 1974, this maximum demand will surpass the 1nstaIIed capacity of hydro- power
plants owned by “EEQ” S.A,

Detailed above is the critical situation between'demand'and supply in the dry month
(September). As for the other months, the shortage will also occur in and after 1974,
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Supply Power in MW

_Supply Power in MW

Fig. 3-6  Disgram of KW-Balance of Existing EEQ's System in Sept.
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Demand and installed capacity in MW
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Relation Between Max. Demand and Installed Capacity in EEQ's System

MW
120

i00

90

80

70

60

50

40.

30

20

N
/
. ‘f
. / :
% \\\\§ \\§ A ANINN SRR MRV \\\\\Q\\\\\\\\\\\Q\\\ﬁ
N "Diesel _9,800kW \\\\ \
\&\\%\'\\\\\\\\\\\\\\\\x\ \\\\\\\\ DMANNN
. /!
| Diesel A LA MICA 18,000kW
Ny |/ L
0800kwW J |/
N A
1/
'/
/| |
/“\ NAYON 30,000 kW
//'
f’/
Diese| SN Max. Demand
\ﬁ\g\\\\\é&‘%ﬁ )
?,BOORW\ OkW PASOCHOA
. : /
&\\\\}“?\\ N / 3,150k
(Diesel w CUMBAYA 2nd stage 20,000 kW
\\‘\';\\!\\\\\ \UQ “K §§ : : :
,aom«w\ \\\
\\s\\\\\\\ SO
/_./ ' : '“""““"'""_"""""'__""—"“—— e — T T T T T e T
v CUMBAYA 1st stage | 20,000kW
R8P | _MACHACHI 800kW—=250kW | PIFO 800 kW
NN { { _—GUAPULO  920kW
GUANGOPOLO * 9,400 kW
- _+LOS CHILLOS 1,760 KW
60|61 |62 |63 |64 |65 |66 |67 |68 |69 |70 |71 |72 |73 |74 |75 |76 |77 |78 |79 |80 |81 |82 |83 |84 |85
'- Y.eor -
LEGEND "
'[C1: Hydro Power Plant
™Y : Diesel Power Plant

—_—

: Historical 'Max. Demand in KW
;- Assumed Max. Demand -In KW






3.3.2 Energy Supply Capability and Energy Demand

In order to simplify the study of the balance between energy demand and su'pply capability,
the following method was 'employecl_in the calculation.

(1) The following four months were taken as representing seasons of various run-off.

January : representing average run-off months from January to March.
April T represent'ing wet months from April to June.
September representing dry months from July to October.

 December ¢ representing maximum demand months of November and December.

(2) The typical daily load curve was divided into three parts, that is, peak hours (3 hours),
intermediate hours (14 hours) and midnight hours (7 hours) as shown on th 34, and
was employed as a standardized base for the study.

(3) In order to estimate available energy output under various run-off, monthly run-off
was divided into three component categories, that is, maximum run-off (5 days),
average run-off (20—21 days) and minimum run-off (5 days). Then, the supply
capability was computed for these three run-off conditions as shown on Fig. 3-4.

- Based on the typical daily load curve as afore-mentioned and supply capability esti-
mated, the share of natural flow energy and regulated flow energy was determined.
Diesel supply réquirement, energy deficit and surplus energy -were also calculated.

“Fig, 3-8 and Fig. 3-9 show an example of load share.

The datly KWh-balances calcuiated as above were totalled for each month On the busis
of the records in 1967.a supp]ementary calculation was made for the hohduy (Saturdays, Sunddys,
national holidays, etc.) demand Thus the KWh balance of supply and demand was obtamed

" Table 3-22 shows available eriergy output of 'EEQ’_s h_ydi‘o-_elect_:ic power_plants which are
~under operation or construction. Table 3-23 shows the result of the calculation of KWl balance
of each year. The results are graphically presented in Fig. 3-10. According to the Figure, the
energy shortage which has been encountered in the dry season since 1968 will partially be relaxed
for a while after the commencement of operation of Nayon Power Plant. However, the energy
shortage will tend to be aggravated after the year and, in 1976, energy supply oapability will be
in short of demand throughout the year, not only in the dry season. In 1974, despite a total
surplus energy of 49,450 MWh throughout the year, there will be a shortage of 14,890 MWh
during the dry season and in the maximum demand month. This means that the energy supply
capability of hydro-electric power plants is not effectively utilized. Table 3-24 shows the ef-
fective available energy and the surplus energy in each month of the year at the hydro -electric
power p]dnts owned by “EEQ” S.A,
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Fig. 3-8 ~ Caleulation Methdd of Energy Balance
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Fig. 39 Caiculation Method of E_nergy Balance -
Example in April 1974
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Table 3-22

Available Hydro Enerpgy of Existing Power Plants in

EEQ's System

Unit: MWh
C}{ﬁfos Guangopolo Cufnbaya | Pasochoa Nayon’ Total

Installed :

Capacity (KW) 1,760 9,400 40,000 4,500 30,000 | 85,660
Jan. 818 5,825 13,105 2,344 9,804 | 31,896
Feb. 739 5,366 12,129 2,117 9,074 | 29,425
Mar. 818 6,174 14,157 2,344 10,590 | 34,083

Sub-total (2,375) | (17,365) | (39,391) 6,805) | (29.468) | (95,404)
Apr. 792 | 6,276 14,483 2,268 10,834 | 34,653
May 818 6,369 | 14,480 2,344 10,833 | 34844
June 792 | 5412 11,978 2,268 8,960 | 29,410

Sub-total (2,402) | (18,057) | (40,941) (6,880) | (30,627) | (98,907
July 818 4,815 10,597 2,344 7928 | 26,502
Aug. 818 | 4,155 9,141 2344 | 6838 | 23296

Sept. 2792 3,946 8,690 2,268 6,501 | 22,197
Oct. 818 5,009 11,083 2344 | 8_,291 27,545

-Sub-total (3246) | (17,925 | (39,511) (9,300) | (29,558) | (99,540)

Nov. . 792 | sa86 | 11,508 2268 | 8,609 | 28363
Dec. s | 5475 | 12215 | 2344 | 938 | 29990
Sub-total (1,610) | (10,661) | (23723) | 4612) | (7,747 | (58,353)
Annual 9633 | 64008 |143566 | 27,597 | 107400 | 352,204

‘3-.44._.



Fig, 3-5 Diagram of KW-Balance of EEQ’s System in Sept.

"KW—- BALANCE IN SEPT.
( Hydrological condition : L-5)

Supply power in MW

140
V4
130 - e
_ .
_ A
120 -~
Max. demand in sept. AL
o - 7 1 =
. - ". " * . .
100 -} Marginal max, hydro LA
~ power capability o0 . :
90 ' VARSI
B3G50KW _ 7| i
80— Not u'rilized WWMWMWW?WWWW?W)WWWW/??? ez
hydro powerﬁk_ /, . Sh Sl
70 - Cooe
T g
0 — A S f . T e
o e— Nayon . I e '
P _ 1 LER—
' Guangopoio . =
30 : . Cumbaya :
20 Nayon

e i Wy e o et . — U —— — — — T ks Bk b e . ey e

e e ——
e I - 1Y T

o . y "~ Los Chillos & Guangopolo
T T T T T T T 1 T T T T
%8 'eg " ‘70 ‘71 ‘72 ‘73 ‘74 '75 ‘76 ‘717 '8 ‘19 ‘80

Year

LEGEND

Natural flow 'oﬁl_fput'-
: Regulated flow output
Diesel output

: 'Shormge of K_W—powe_r




QER'8Y | 0OL'E9| OLE'6TE| 06 Ly 038'v1| 00'SY O8L'TOE] DOL'ZYE 0z8 0FT'61| 0%6'6LT 000'00E 089'9| OI¥'8E 018'0ZZ| 006'592 ocT'y| 0987} 0Z6'881 009tz | oy
001'L | 0TE'S | 08L°6Z | DOL'SE 0671 | 080°§ | OEE'ST | OOL'IE 0 oLL'1 | oes'vt | QoE'ez 0 089°z | 0Z9'0T | 0OE'T 0 070t | OHE'9T | DO¥'SI g
ot8's | 0€9's | 000°97 | DOS'AE OFT'l | OZ6't | O5¥'ST | 00Y'IE 0 O1L'T | 06E'%T | 00T'9Z 0 ORS'E | OTE'6I | 00I'ST o 0Z6'T | 08t'9l | 00g'61 AOR
091'y | 0659 | 05592 | 0OELE osv't | 051’9 | coo'cz | GOS'0E i 656’7 | 0576z | 0OE'ST os0'1|  0IT'S ] DDY'91 | 0OS'TT i3 01’y | 06T'FY | 00L°8Y Lo
orl'8 | 091°9 | 00T'TT | LOS'9E 096'F | 096°S{ D66'BI | 0D6'6T 078 0sT's | 02L'8T | 008'#C oIs'Ly 0r0's | OSt'vl | 006'iT oLe'z| Oer'y | 00S'IT | DOE'BT dag
0I6'S { 065’9 | OOE'ET | DOB'SE 059'c | 05T'9 | 00961 | 00¥'6T 0 or9'r | 099°61 | COE'¥T 065't| OIT'S | DOY'P1 | DOS'IT 0es'T) oes'v |- 006'11 | ooO'8T “Eny
oI0'% | 06579 [ 0059 | OOTLE 080°C [ OSI'9 | GIE'ZT | GOSOC L] 0ER'T | QLETL | DDT'ST o0s¥' 1§ DIT'S ] 009'sT | pocE'ez [1143 oLs'y | 12T | oos'Bl fimp
oLL'e | 0TS | oI¥'6Z | oOL'9E 1} D6E'T | OIL'LT | 0OY'0E 0 ] 006'¢T | 006'PT o peL'T | oLe'er | 00172 0 ps'1 | 09491 |-00¥'81 unf
088 | 0£9°'t | 065°TE | 0OI'LE 0 058 | 0s9'6Z | 00S'0E ¢ o 00T'ST | 00T'sz o 003 | 0DL'IZ { DOERZ. 0 Ory | O9T'8T | OO9'ET Ao
058 0I5°C | DEL'TE | OOI'LE 0 0z8 | ORY'6T | 6OS'OF o o o0z'sz | 0075z 0 DES | OLY'1Z | DOE'TZ 0 oz | orr'sr | cos'ar: Sy
ocv'z | 06e's | ovr'eT | cocee DEX 07’7 | O¥T'BT | 009'0L o ore | 096FT | DOE'ST 0 OLI'T | DEE'OT | 0OS'TT 0 009 | ool'st | poL'st T
002'T | OLE'¥ | 0ES'9% | ODY'EE 0 acrz| ome'sz | oovez 0 Tole | D6¥'TZ | 008°'TZ 0 OF9'T| 095'LE | 00Z'0Z 0 0ys - | 09T'91 | 00891 ‘o
oLt'c | o6e's | are'sz | oor'9E OET OET'T{ Ore'iT ] 00L'6T [ -pre | 08T'¥T | DO9'rE o 01£'z| 060’61 | 008'1Z 0 009 | 009'tE | 00Z'81 “uef
A1y | Adigug | Adroug Aftsug | ASraug | Adiawg Adiaugy | Afreum | Afroug Adnug | Afsug | ASnug A8saug | Adraug . ASragy
Jo =34 | oIpAH Jo 19531} | - oapAR o 131 | o1pAH Jo 19590 | OIPAH Jo 1591 | OTPAH
adepoys JO  PAnDH | PUeiN] aTerroys Jo  (aalpoang {prrlng agnuoys Jo EansaT pueltag Brpoysg Jo aamoayg |puriiag sdeyogg 30 PaANRDINT  [PuRliy] oy
Addng] - 3o Alddng Jo Ajddng Jo ~ | Addng Jo AR | Addag 3o ’ ’
Apddng Apddng Addng Ardéng Addng
961 PLET TLET 061 8951 - BN
AW 3

waysAg JunsIxy m.Omm. ur puswag A310u7 JO P0UE[RYG £7-€ 91qeL

3-45



in MWh

Energy

in

‘Energy

MWh

50,000

40000
30000
SU=28,290 MWh
T . |
2000023 IS0 bt o SR
—'\ pemand = 221,600MWh
Hy=188920 MWh
10,000
D=28,460MWN— g
Sh=4,220MWh_ /// ////
(o] YFITwwaw TN /
JIFIMIAIMIJLJ|A|s|o N D
lo68
- 50000
Aaeee Sy = 49450MWh
I W
S su i e
30,000 e ,_r"'_

20000

10,000

Demand =362,700MWh

Hy = 302,780MWh
'D=45,040M\a.fh%vl :
7/

Sh=14,890MWh-

JIFImlalmiy

JIAISIOINID'

1974

Fig.

MWh

in

Energy

M

in

Energy

Wh

3-10

50000

40000

30000

20000

10,000

50,000

' 30000 - _
- Hy =329,370 MWh
20000 —
R 7

10000

Balance of Energy Demand in EEQ's Existing System

Su=23,980MWh

e - (b}
-IL J'S} -IL--'----\—-—-I =

" pemand=265,900MWh

Hy =220,810 MWh

D=38,4l0MWh

Sh=6,680MWh D

- Sh
JIFM]AIMIU[JTATSIO[N]D

1870

e~ SU = 22860MW|’I 5
40000} L ’1/ gosied

| cirm

} 'Su e
I

Demand = 441,800 MWh

i
b 4

Sh=48,830MWh

JIE IM[afmiv U ]a ]s |o|N|D
- |976

MWh

in

Energy

5Q000

aq000

30000 ;

20000

10000

F=T
..
Dt I

a .' 3".| =]

1
== =

Su 72 290 MWh"" e

Demand= 300000MWh

Hy =279,940MWh
D=19,240MWh
(] \
Sh=820MWh- y; .
Vd
JIFMAMIU[u]Aals]o]n]D
' 1972
LEGEND
e o :
LS surplus energy
[y ] : Hydro  energy
_ R7AYY Diesel energy

Shortage of energy






098'TT OLE'6TE 0£T'Z5E ost'st 08L'70¢ Q£2°ISE 06T°TL Ov6'6LT 0£T'TSE 086'€T 018°02T I 06LWT | 06T'8T 0Z6'881 01Z'LIz | [Enuuy
oIT'y 082'sT . 066'67 099t 0£E°ST 066'6Z 09¢'S 0£5°¥2 066'6C OfT 090z osg'or | oEve 08E'91 01581 %]
09€T 000'9¢7 09£'82 016'C ost'sz 09£"8Z 0L6'E 06E°+T Q98T OfT 0zs's1 osi'el oll’l O8E'SL. o6v'Ll . ‘.Bz.
000'1 0s5'9Z 055°LT 05s'y Q00'€T 085'LT 008"y 0$T'ET 0ss'LT 0S0'E 00’91 05T'61 09T 06T'%1 01691 120
0 ooz'ze 0022 01z’ 066'81 00z’ OLY'E 0££'81 007'TT 05£'1 0sEPl 00L's1 0£6°1 00s'11 OEv'El 1dag
0 DOEET ‘ D0E'ET 00L'E 096! 00£'ET oro'e 09961 Q0E'EC 0991 008 ¥ I 09t'91 | o0IT'C 006 11 o11°pi fny
0 00597 005'9Z 061'f 01E'TT 005'92 OEL'Y 0LE'TT 008'9% 0L6'C 009's1 0L$'81 0zs'T oILEl 0ET'91 Aap
0 01+'6Z o6t 00L'1 0IL'LL 01¥'6Z 015t 006'¥7 01t'6T 080°1 0LE'sT st 0ZL'l 09%'91 . og1'sl aunp
0sT't 065'TE or8'vE 061's 059'6T O¥8'vE or9'6 00z'st OvR'PE (1} 04 Q0L 1T -0I0PT o1s'c 091°81 0L9'1Z L
iy | 0£L'Ie 059'vE OLE'Y 089°6T 059°vE 0s¥'6 00z'se 059°'pE 051'z TL 0 A 0T8T OLE'E 08181 Tosst1T | dv
or9'y OFH6T 0BO'PE ovs's 07’8z 080°%€ ozi'e 096'%T 080°bE 091°¢ 0£€°0T OSY'E 050' oo1°'81 os1'tz 1Rl
0Z6'C 0£5'92 0S#'62 0L6'E 084°$Z 08¥'6T 096'9 06v'ZT 05+'67 06L°T 098°L1 0s€'07 0L6'l 09z'91 oeT'sl 934
095'¢ ove'eT 006 1€ 095 OvE'LT 006'1E 0b9'L 09Z'¥T 006'1€ 000'€ 06061 060'TT 0s1'c 009°LE 05L'61 Ly
- 0§ H PH os H PH ag H PH 0g ‘H PH o§ H - PH

1aug A8raug Adasug Adiaug A3rougy " AB1aug Araug Adraug ASraug Adraug Adioug - Afreuy |- AB1aug Aiaug ARty
snjding aIpAH oIpAH snjding oIpAY . OIpAY sniding QIpAH 0IpAY sniding o1pAH ompiy | snidang . ~aIpAy oIpAH UK

g JqepEny anasng IjqepEAy aanaayg |- Ilqeieay _asn2ajlg ajqepieAy . SADRYET | . 3AJqRHEAY
9L61 pLEL TL6l oLel 8961 . oy

HAMW . 3u0

WIIISAQ M.Omm ur sjue| Iamod OIpAH JO zmhocm‘ AAN03IIq ATNIUOW pZ-£ uBmH

3-49



3.4 TIME OF DEVELOPMENT

Judging from the studies made of the balance of supply and demand based on available
output in KWand KWh of the power system of “EEQ” S.A., as described in'the previous chapters,
the supply capability of the power plants, existing or under planning or construction inclusive,
cannot cover the shortage in KW and KWh which has been chronically encountered in the dry
seasons since 1968. Moreover, the shortage will be more stringent year by year, and be presented
not only in the dry season, but in the rainy season, as well, '

In 1975, even the installed capacity will be in shortage throughout the year against the
maximum demand. Particuiarly, supply capability will be obliged to fluctuate sizably between
the rainy season and the dry season. Therefore, the development of reservoir type project is
indespensable to increase supply capability in the dry season. '

Accordingly, La Mica Project should be developed as early as possible. However, the
date of commencement of operation of the project would be in April, 1974, at the earliest
if the schedule and amount of works of Nayon project to be undertaken by “EEQ™ S.A., and
the period required for the definite study, tenders for works and preparatory works are taken
into consideration in addition to the proposed period of about 25 months for construction
works. '
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DESCRIPTION OF PROJECT

4.1 GENERAL DESCRIPTION OF PROJECT AREA

. The objective of La Mica Project is to supply power generated to the city of Quito and,
from 1984, to provide water supply to the city. Therefore, the project covers the areas of Quito
City, the load center, La Mica lake located 50 km southeast of Quito City, the waterway route
which will extend for a distance of 27 km, and the power plant site on the slope of Tablén
Alto plateau' "This -project is closely related to the existing power stations of Rio San Petro
system owned by “EEQ™ S.A. which are expected to produce downstream benefits, and the
. R1o Pita Project to prov1de water supply to Quito City.

Quito Clty is located in the Quito Basin, 2,000 m to 2,800 m above sea level, surrounded
by the Andes mountain range running the central part of Ecuador from south to north.

Quito city is the center of politics, and culture of Ecuador, and has a large concentration
of population, Although the city is directly under the equator, the climate is mild without much
fluctuation in temperature throughout the year. However, rainy season and dry season are in
a great contrast. Much rainfall is concentrated in March — June while the months of August —
October are dry. During the rainy season, water is sufficient to meet the reqmrements {or power
generation and water supply, but it become short in the dry season.

In order to cope with this situation, water of L‘ake La Mica which is in.the Amazon basin
where rainy and dry seasons are the revirse should be diverted to the Rio San Pedro Basin so
that the existing power plants in the basin may firm up their output during the dry season, and
to utilize water, which is of good quahty, for mty water supply after 1984,

. Such diversion will be made: by excavating a tunnel of only 2.95 km through the Andes
" Mountain Range and 20.9 km of canals with two additional tunnels of 1.77 km and 0.5 km in
. -length. Water thus diverted w11] released into the Rio San Pedro which drains into the Pacific
Ocean, :

The geolog'ieal' and . topographical conditions along the route of waterway are favorable..
 Hydrological and topograplucal survey has been conducted by “EEQ" S.A. for 8 years since
1960. Since the structures to be constructed are to be located within the premises of a hasienda,

all the construction - sites are accessible by jeep through ex:stmg roads. Therefore tempordry
works of ‘the prolect can be started 1mmed1ately

_ 42 DESCRIPTION OF PROJECT
420 Power Generation
- The IWa_ter I.ev._rel of Lake _La Mica which drains into.the River Amazon will be raised by
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4m to create a reservoir with an effective storage capacity of 21,000,000 m? for power gener-
ation and city water supply, The annual flow will be regulated and an average of 2.3 m3/s
will be released into the Rio San Pedro which drains into the Pacific Ocean. For this diversion

- scheme a waterway of 27.4 km will be necessary. Water in the reservoir will be conducted by
this waterway to Tablén Alto from where a penstock will be installed on the Western slope of
the East Andes mountain range to the powerhouse, The difference of elevation between Tablon
Alto and the powerhouse will produce a total head of 530.3 m and an effective head of 496.5 m.
If the capacity of the waterway is 4.5 mBIs in consideration of release of water in the dry season,
it is possible to provide 18,000 KW of installed capacity in the powerhouse.

The tail water level of the powerhouse was designed so as to permit connection in the future
with Rio Pita waterworks project (to be described later) for city water supply. La Mica Power
Plant will-generate 82,300,000 KWh of energy annually with an annual average discharge of
2.3 m3/s, before water is diverted for city water service which is estimated after 1984. And
before this time the Rio San Pedro w1l] benefit from the increased flow at the existing power
stations of Guangopole (Qmax=18m /s P=9.500 KW) Cumbaya (Qmax—36m3/s P=40,000 KW)
and Nayon (Scheduled operation.1972, Qmax=36m /s P=30,000KW). The annual benefits at
the downstream plants will be 45,400,000 KWh

This power benefit will gradually decrease when water is diverted for city water service.
Calculations based on a serviceable life of 50 years show that the annual average benefit will be
18,760 KW after the commencement of city water service in 1984, and above all most of this
energy will be generated during the dry season which will greatly firm up the supply capablhty
of “EEQ" S.A. power system

The main features and economic of La Mica Projeci are as fo_llowé.

Maximum output; . 18,300 KW,

_ Maximu_m discharge: o 4.5 m3/sec.
Effective head : ' 4965 m
Reservoir | o | :
Normal high water level: _ 3904 m
Low water 'ie'vel_'. — - .'3,8_94.5' m
Drawdown: ' . 95m
Effective storage c_apacity - | 2],000,000 m3
Dam ' R SRR
Type of dam; - _ Earthfill _
Hefght: L | _ _ | ‘ _ .:._1_'2 m '_(average .hei.ght: : ‘6',.3_m).'
Crest length: o . E 415 m B |
V(_)lume: - - 55,0_00_ m3

Waterway (tunnels and _canals) .

Total length: - _ _ 27,410 m (tunnel :.'5,22.'3 m, .
: o ' open canal : 20,907 .m)
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Maximum capacity: 4.5 m3/sec.
: Tributory diversion waterway (open cimals) _ |
© Total length: _ 1,070 m
Regulating pond (head tank) ‘ _
' Normal high Qater level: | ' 3,87090 m

Effectwe storage capamty ' 25,000 m>
' Penstock _ |
~ Length: 2,596 m
Number of line: _ ' 1 |
lner diameter: _ 1.60 — 1.00 m
Powerhouse |
Type: - Above ground, indoor type
Number of units: 2 units
Output per unit; 9,500 KW

Annual average energy production (including downstream benefit):
101,010,000 KWh/year (generatmg end) 97,580,000 KWh/year
(sendmg end)
148,000,000 KWh/dry season months (July — QOctober)
Constructlon cost .
Total constmctlon cost s/ 176, 900 000 (domestnc currency sf. 104 716,000,
| forelgn currency s/. 72 184, OOO) '
' Constructmn cost after aliocatlon water supply s/. 143, 240 000 {domestic
currency s/. 80,400 000 forelgn currency s/ 62,840,000) '
- Benefit (before allocation} .
| Constfuction cost per ](.W_:_ s/. 9,830 KW . o _
_. Constmctién cost per KWh_: s/.' 1.49 KWh {Guangopolo substation end)
‘ Generatiﬁg costs: " s/. 0;159 KWh (Guangopolo .s'ubstation end) _ ' |
 Benefit (after allocation) ' |
Constructlon cost per KW -sf..7 960 KW
| Constructlon cost per KWh s/ 1 468 KWh (Guangopolo SubSldtIOH cnd)
Generatmg cost: s/. 0.157 KWh :
Benefit/cost: “B/C = 2.26
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4.2.2 Water Suppiy Scheme

The water stored and regulated in La Mica Reservoir will be supplied to the waterworks of
Quito City after 1984, The water supply will be a maximum of 3 m3/sec. and an annual average
2.3 m3/sec. This means that the total natural inflow to Lake La Mica will be releaséd for water
supply. In view of the growth of demand for city water, it will not be until after 18 years that
the total inflow is consumed for city water. Until that time, the water flowing into Lake La
Mica can also be used for power géneration. The water used for power generation at La Mica
Power Station will be led to Pita intake dam of Rio Pita (First Stage to be completed in 1972)
through a connecting waterway (maximum flow: 3 m3/sec., length 21.5 km) which will be
constructed after 1984. This water will be led to the water purification plant in the suburbs of
Quito City through a big siphon and a waterway constructed at the foot of Pasochoa. This
water from La Mica will meet the demand for city water in Quito City for 18 Years.

Investigation on La Mica Connecting Waterway will have to be made in the future, but
according to present approximate estimates, the main features and the preliminary estimated
construction costs are as follows. ' '

Maximum intake: ' 3 m3/sec.
Average intake: 2.3 m3/sec.
(1) Rc-regula_ting Pond

Purpose: The maximum discharge for power of 4.5 m3/sec. is regulated to
3 m3/sec. which is the capacity of the connecting waterway.

Normal high water level: 3,339.00 m
Effective storage capacity: _ - 42,000 m3
(2) Bypass Waterway for City Water Sﬁpply during Stoﬁpagé of Power Station.

Purpose: When the poWerhouse is stopped for maintenance or by f;ccident
water will be release from the head tank to Qda.de S_ecas through
the spillway and taken to the tailrace of the power station.

Type: Canal, trapezoidal cross section
Capacity: - 3 m3/'sec.
Length: 5,000 m

(3 . Waterway between Power Statlon Tallrace and Re-regulating Pond -

Purpose: . The water- d:scharged from the powerhouse will be- taken through
- this waterway to the re—regulatmg pond.
~ Type: - Canal, trapezoidal cross-section
Capacity: 4.5 m3/sec.‘ | |
i Length AR | 200 m.

4. Waterway between Rio Pita Intake Dam and Re-regulating Pond

Purpose: == The water will be taken from the re-regulating. pond_ through' this
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waterway to Rio Pita Intake Dam (to be completed in 1972).
Type: Canal and tunnel |
Capacity: 3 mjlsec.
Total length: 21,500 m (Canal: 20,000 m, tunnel: 1,500 m)

The estimated construction cost of La Mica connecting waterway is s/. 82,360,000.
With the amount to be borne by La Mica Power Station (1984 fiscal year)
s/. 79,681,000 added, the total cost is s/. 162,041,000

If an annuval cost of s/.162,200,000,which is 10%, is devided by the annual average
volume of city water supply of 38,340,000 m3 in the remaining life 40 years, the
cost will be s/. 0,42 per m? of water.

4.2.3 Transmission Line and Substation

The 18 MW of power to be generated at La Mica Power Station will be stepped-up to 46 kV
- at the substation which will be constructed on the north side of the power station. The power
will be transmitted from this substation to Guangopolo Substation via Alangasi on a new 46 kV,
| circuit transmission line 25 km long. Between Guangopolo and Quito South Substation. There
is an existing 46 KV and 22 KV line, 6.8 km long, strung on a common tower, The 22 KV line
will have to be stepped-up to 46 kV in 1972. With these two circuits, upon commencement
. of operation of La Mica in 1974, the increment in output at Guangopolo, Cumbaya and Nayon

pawer stations can transmitted to Quito on the existing transmission lines which have sufficient
capacity, '

The main featufes.and estimated construction costs of the substation and transmission line
are as follows. o o

" (1) La Mica Substation

Type: ' Outdoor, three-phase, oil-immeréed self—cdoling.
Number of unit: - o 2 _
. Capacify: _ S _ 10,000 kKVA.
| Voltage: o | _ ' 6.9/46 kV
(2) ' .'Ne\;v"'l‘ran:smissidﬁ'!in_e B _ |
Route: o o La Mica to Guangopolo Substation
Length: o 25km
Voltage: " KV
Number of circuit:. ' _ | 1
Construction cost: B /. 5,000,000

domestic currency
s/. 2,476,500
foreign currency
sf. 2,523,500
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51 RUN-OFF GAGING STATION AND METROLOGICAL STATIONS
S.1.1 Run-off Records of La Mica Project: .

Run-off data for the catchment area (125 kmz) of La Mica Project are available at Antizana
run-off gaging station (owned by EEQ) which measures the discharge of Rio Antizana at a site
approximately 2 km downstream of Laguna Mica. Run-off measurement has been continued
for seven years from 1960 to November of 1966 and is suspended at present, but measurement
can be resumed if required. There is also a staff gage installed at Desaguadero to measure the
outflow from Laguna Mica. Water level records at the outlet of Laguna Mica are available from
September of . 1960 to May of 1966. Another staff gage is instalied on the western edge of the
lake to measure the surface level of the lake. Records are available from 1960 to November,
1966 and readings are not taken at present. Measurement of water level by staff gage has been
carried out on the Rio Segundo from September 1960 to.November, 1965.

The run-off data of Ant:zdna gaging station should be most rehable in consideration of
its good location, and measurement has been continued for a long period. Therefore, it i is most
approprlate to use the run-off data this gagmg station. for La Mica Project.

RS Run—off Records of Rib San Pedrb

Guangopolo Gagmg Stat:on (owned by EEQ) on the RlO San Pedro, which is mdzrectly
related to La Mica Project, has contmued the measurement from 1956 untn the present. This
is an 1mport_ant 1_nstallat10n to judge the run-off of the RIO San Pedro.

The records dvallable mdncate the average run- -off per day at a certain tlme, and the peak
_flood run-off_has not been measured.

" 5.1.3 Meteorological Stations

There are 17 meteorologlcal stations directly or indirectly related to La Mica Project.
There “is Micacocha observatory (3,900 m in height) establlshed on the lake side of La Mica
by EEQ. This observatory was opened in April, 1959 for the study of La Mica Project and has
continued the observation for 8 years until October; 1966 when the observation was discon-
- tinued., There is also Rumipamba Observatory which is the nearest to La Mica Project. However,
. this observatory has been in operation for less than several years, As the project site is within o

short distance from Quito- City, it is proper to refer to the records of Quito Observatory which
has been in oper’atlon smce 1936.



Fig. 5-1  Location of Meteorqiogicai Sta. & Run-off Gaging Sta.
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To study the metecrology of the project area on the eastern slope of the East Andes Moun-
tain, which is called Oriente District, reference must be made to the data of the observatories
at Papallacta, Cajas Pedregal, Borja, etc.

52  PRECIPITATION

La Mica PrOJect catchment area is located on the equator in the eastern slope of the Andes
Mountain (4,000 — 5,000 m) and its climate is affected by the climate of Andes Mountains
and heavily influenced by the rainy zone along River Amazon. This area is also under the
influence of Nifio and Humbolt Currents of the Pacific Ocean, as this area is located in the area
where the topography of Andes Mountain is a narrow strip. Therefore, precipitation is evenly
distributed throughout a year. Generally speaking, July, August, September and October are
the wet season, while January, February and Mér_ch are the dry season. The damount of pre-
cipitation in the wet season is about two and a half time more than in the dry season. Fig.
5-2 shows the general distribution of rainfall through a year in this district. According to the
figure, it will be noted the project area is located in the district with an annual precipitation of
1.500 mm — 2,000 mm and is strongly influenced by the rainy district of the Amazon.

Generally, the peak of the rainy season in the Amazon basin is in August and September,
when the annual maximum precipitation is recorded. Even in the dry season, there is abundant
precipitation in this area. The reason is that this area is influenced by convection and orographic
precipitation. Therefore, when both phenomenon occur simultaneously, it causes heavy rainfall.
Rainfall is experienced: during the highest temperature hours, namely from noon to 4 p.an,

Generally, rain falls in the afternoon in many cases. Therefore, the sky is clear in the
morning ‘throughout the year. The data of Micacocha Observatory is available to dndlyze this-
meteorological phenomenon. It is judged that these data show.the meteorologlcal phenomenon .
of apprommately the average in La Mica catchment area. According to the records of Micacocha
Observatory, the maximum annual precipitation is 856.0 mm, the minimum 576.9 mm and the
average 794.9 mm. These show. that the precipitation is averaged throughout a year. The

monthly maxlmum precxpltatlon is 188.0 mm and 'the daily maximum is 51.0 mm. (See Table
5- I) :
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Table 5-1

Monthly Precipitation at Micacocha Obéervatory
(For period 1959 to 1966)

Month Maximum Average Minimum
January 48.7 29.3 8.6
February 67.8 42.6 13.6
March 139.2 68.2 35.7
April 133.7 710 422
May 141.2 85.7 25.8
June 156.5 91.7 37.7
July 188.0 889 56.7°
August 95.7 _63.4 43.6
September 124.1 65.5 23.3
QOctober - 91.7 70.0 49.0
November 139.6 70.8. -24.5
December 57.3 47.7 25.3
Annual Total : 794.90 -




Fig. S-2  Rainfall Chart in La Mica Project Area
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53 TEMPERATURE

The climate in La Mica Project area depends on the altitude, Climatic condition in the
project area is uniform throghout the year, and the variation of temperature is only 1 to 2°C,
However, the climate largely changes in-a day as the project area js located at high altitude.

The temperature goes down in the dawn and night, while it goes up to the highest from
the noon to 1 p.m. The difference of temperature may be 20° and more. The reservoir area
of La Mica Project is located in the mountainous region of elevation 4,000 m and it is estimated
to have nearly the same characteristics as those in Papaliacta (3,160 m in height), Cotopaxi
(3,560 m in height), etc. Estimating from the observation values of these observations, the
annual average temperature is 7.7°C to 9.5°C. The lowest temperature is 0°C to 1.5°C around
September.  However, the lowest temperature changes within the range of 4. 80C through a
year. On the other hand, the highest temperature is around -noon -ranging from 14.0°C to -
- 19.0°C. This temperature condition is assumed to be the same in the reservoir area and along
the waterway course which are located at an altitude of 4,000 m. However, the temperature
at the site of La Mica Power Plant is estimated to be the middle value between Quito and
Cotapaxi. It is estimated under such conditions that the average temperature is 10.6°C, the
lowest temperature is 4.4°C and the highest temperature is 19.0°C

Fig. 53  Monthly Rainfa.ll'and. Assumed Temperature in Micacocha Station
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Table 5-2

Table of Monthly Temperature

Location and Papallacta Cotopaxi Quito
Altitude 3,160 m 3,560 m 2,818 m
Month Max. | Min. | Med. | Max. | Min. | Med.| Max. | Min. | Med.
January 175 | 29 | 100 | 165 ] 1.1 ] 81| 220 | 81 | 138
February 184 | 3.0 | 100|161} 08] 79| 21.6 | 81 | 13.6
March 174 | 27| 95172 | 14| 80| 217 | 84 | 137
Aprit 166 37| 98| 156 1.8 | 77| 211 | 85 | 135
May. 170 48 102 | 160 | 21| 80| 219 | 82 | 139
 June 160 | 25| 89 {150 | 10| 73] 214 | 7.6 | 135
July 150 20| 86157 | 01| 70| 221 ] 72 | 136
August 1551 29| 86 159 | 044 7.4] 229 | 70 | 13.7
September 164 | 26| 9.1 166 0 7.7f 231 | 7.2 | 139
October 181 21| 97162 04| 78] 220 77 | 133
~ November 184 | 2.8 | 102 | 16.1 o 78] 212 | 77 |13
December 181 | 29| 99163 15| 78] 215 | 81 | 135
Maximum | 19.6 | 4.0 | 106 | 17.8 | 3.5 ) 87| 242 | 9.1 | 144
Annual Average 17'.0; 29| 95|16 ] 09] 77| 219 | 78 | 136
 Minimum | 162 | 0| 83| 140 -15 | 65| 193 6.5 | 12.3

Note: ~ For Papallacta:

the average value from Aug. 1963 to Dec, 1966.

For Cotapaxi:  the average value from Jan. 1963 to Dec. 1966.

~ For Quito:

~ the average value from Jan. 1959 to Dec. 1966,



5.4 " DISCHARGE
5.4.1 Discharge Data

The inflow to La Mica Reservoir consists of two sources. The one is from the two large
streams of Qda. Banio Urria Pungo (CA =55 km2) and Rio Chico (CA = 35 kmz) which originate
in Mt. Antizana and the other is the run-off from the catchment (CA = 35 km2) of Mica Lake
itself. The discharge of these two streams combined with the water of La Mica Lake flows
into Antizana River which joints the main stream of the Amazon River, Antizana Gaging Station
is located immediately downstream of the confluence of the two streams. The catchment area
of Antizana Gaging Station and the catchment area of the lake have nearly the same areas.
Therefore, it is judged reasonable to adopt the recorded data at Antizana Gaging Station as
the inflow of La Mica Reservoir, '

Water stored in La Mica Reservoir will be diverted through the East Andes Mountain, to
the Rio San Pedro which flows into the Pacific Ocean. Thus the increment of flow in the Rio
San Pedro will firm up the output of the existing power plant along on the river. Accordingly,
the discharge records of Guangopolo Gaging Station should be used for the study of the flowing
conditions of Rio San Pedro after the diversion of water from La Mica Reservoir. The monthly
discharge at Antizana Gaging Station was measured in the rainy and dry years. The results are
shown in Table 5-3 and Table 5-4.
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Table 5-3  Monthly Average Inflow of La Mica Reservoir
Discharge at Antizana

M_onth Average Year Rainy Year Dry Year
January - 1.66 L3 1.50
February 1.67 1.59 1.49
March : 1.95 1.70 1.57
April 2.03 252 169
‘May. 2.52 2.35 - 227
June ' 318 4.41 3.07
Suly 292 | 3.33 1.92
August * 287 | 3.38 2.43
September - * 278 4.71 | 1.64
October * 2.21 - 2.00 1.62
November . _ 2.21 o '1.73 2.13
December 179 129 2.09
Annual Average 2.32 256 © 195

Maximum | 3.18 a71 3.07
Minimum | 1.66 129 1 4

. Note: * The dry months of the Rio San Pedro are August, September and
' October. =~ - ' '

Average year is the monthly average values for the seven years from 1960 -
t0-1966. ' : : ' g

. The rainy year is 1964 and'the dry year is 1963,
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5.4.2  Discharge and Mass Curve at Project Site

As stated in 5.4.1, the source of infiow to La Mica Reservoir is the two large branch streams,
Qda. Bafiio Urria Pungo and River Chico, and La Mica Lake. These waters are stored in the
reservoir.  Therefore, to study the necessary reservoir capacity for seasonal regulation in wet
and dry years, it is necessary to draw 9 mass curve of daily river run-off from ]‘)59 to 1960.
The discharge from Qda. Bafijo Urria Pungo and Rio Chico was a maxmlum of 8.0 m l'; in the
past. The maximum capacity of the connecting waterway is 4.5 m /:., so almost 100% of the
annual discharge can be conducted to La Mica reservoir. Therefore, the inflow to La Mica
ReSewoir_cnn be obtained by preparing the mass curves of the measured discharge at Antizana
Gaging Station. The mass curves are shown in Fig, 5-5 and 5-6.

(1) Fig. 5-5 is the mass curve when La Mica Reservoir is operated for power generation
only. 1t is wssumed that the power plants on the Rio San Pedro will use an average
discharge of 4.0 m /s in the four months of July, August, September and October,
and an average discharge ol I 436 m: /s in the other months.

(2) Fig. 5-6 is the mass curve when La Mica Reservoir is used for the two purposes of

power generation and potable water supply. The'opcmting.discharge is estimated
as follows:

Average 1.8 m3/s from January to June,
Average 3.0 m3/s from July to September,
Average 2.8 m3ls in October.

' 'Avérnge 2.6: m3/s in No_ve)ﬁber‘

Average 2.35 m3/s in December.

According to the two figures, the years, 1960, 1961, 1963 and 1965, from a hydrologic
viewpoint, correspond to dry years or normal years, With an effective storage capacity _
of 21,000,000 1113, it is possible to Larry over the stomj,ed water in the preceeding

year and d;scharge an average of 2.3 m* 3/s.

Note: The dlsuharge (m3/sec days) plottLd on the ordmate of the abovementioned
- mass curves is the cummulative value of daily discharge less the dvuag,(._
of 2.3 m3/s for 8 years. '
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55 STORAGE CAPACITY OF LA MICA RESERVOIR

In determining the storage capacity of La Mica Reservoir, the cases of operation for power
generation only and operation primarily for potable water were taken into consideration. The
operating rule of the reservoir in the two cases is as follows:

(1) Reservoir operation rule for power generation only

According to the records for 7 years of 1960 to 1966, the above years can be divided
into wet and dry years as shown in Fig. 5-7.

When the reservoir operation for power generation only is considered, it is appropriate
to study it under the conditions of three consecutive dry years. Two cases were studied.
One was three consecutive dry years and the other is two consecutive dry years followed
by a wet year, and the operating rule as shown in Fig. 5-7 was applied. The results show
that the necessary storage capacity of the reservoir is !8,600,000 m3/s. Including an
allowance of 13%, the effective. capacity of the reservoir becomes 21,000,000 m3/s. Itisin
the end of October, when the reservoir is fully drawn down. Monthly average discharge for
power generation is to be 1.436 m3/sec. from November to June, 4.0 m3/sec. for the four
months from July to October which is the dry season.

In case of two consecutive dry years, the average discharge in the third year, is limited
to 3.0 m3/sec. for the period from July to October.
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(2) Reservoir operation for primarily potable water supply

The monthly dlscharge in relatlon to demand of potable water is given in the table
which follows. :

: - Monthly average discharge

Month m3/s m3 : Fig. 5-8 .Reservoir Op'erat.ing Rule

Jan, 1.8 4,821,120 for Potable Water Supply
~ Feb. 1.8 4,354,560

Mar. 1.8 4,821,120

Apr. 1.8 4,665,600 , o

M 1.8 4,821,120 o =

a . y 3
Y e Mean Discharge 2'62-35
Jun. 1.8 4,665,600 F -2 O =~
: (=]
Jul, 3.0 8,035,200 g @ 8
2 Q
Aug. 3.0 - 8,035,200 B o
. S Q 3
Sept. 3.0 7,776,000 o T 19
s
@
Oct. 2.8 7,499,520 T
Nov. C26 6,739,200 _
_ 4 .

Dec. o235 | .6,294,240 1els sl el 212 gl 8wl 5l o

' ' - " Si¢lz|<|=|8|3|<|wio|2| o

Annual 230 72,528,480 _

average - . _ Month

- In the study of the storage capacity, the necessary capaci{y in case of three consecutive
dry years was calculated by the mass curve. The result shows that the supply water must
be limited fo I. 5 m> /sec from the normal discharge ot” [.8 m /sec in the second dry year.

In this period from January to June, the discharge of 0.3 m3lsec. should be supplled
by full operation of. the pump p]ants in Quito, as those pump plants are reserved for such
cases. Moreover, in the third year of the three consecutive dry years, the release from the
reservoir is limited to 2.7 m /sec from July to September, 2.5 m3/sec. in October, 2. 3
m3/sec. in November and 2.05 m /sec in December.

_ The necessary reservoir capacity for this pattern of operdtlon is 19 000, 000 m3 as
' showu in Fig. 5-9

If an allowance of 10% is added, the necessary reservoir capacity of La Mica is
21,000,000 m3_ which is the same as that for power generation only. The above reservoir -
operating rule for a reservoir capacity of 21,000,000 m?3 was applied to the recorded inflow
for the seven years from 1960 to 1966, and the results are shown in Fig.. 5-5 and Fig. 5-6.

It will be noted that 1960 and 1961 were the consecutive dry years, while in the other.
years wet and dry years occurred alternately.  Therefore, in the operation for power
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generation only, almost all of the stored water or 19,000,000 m3 will be consumed in
1963, On the other hand, the critical year for water supply was 1964 in which year
19,000,000 m3 of the stored water was consumed, Therefore, _Lake L.a Mica fully serve
its purpose if it is designed to have an effective capacity of 21,000,000 m3.

To order to create an effective reservoir capacity of 21,000,000 m3 as shown in
Drawing-4, the present normal high water surface level of 3,900 m of Lake Mica must be
raised by 4 m and the total storage capacity will be 34,200,000 m3, ‘The required storage

capacity will be obtained by a drawdown of 9.5 m.
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Fig. 5-9

Resérvoir Operating Rule for Potable Water in La Mica Lake
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5,6 =~ FLOOD DISCHARGE
5.6.1 Estimate of Flood Discharge -

The run-off gaging station having relation to La Mica Project is Antizana (CA = 125 km'z)
which is located approximately 2 km downstream of the lake. Discharge data are available for
the seven years from 1959 to November 1966. Accordmg to the records, the maximum flood
discharge of 8.79 m3/sec. (0.032 m 3/sec. per km?2 } ‘was recorded in June, 1962, This flood
record was measured by staff gage at a fixed time, and has been taken as the daily average dis-
charge, as the peak flood discharge has not been measured. Accordingly, it is dangerous to
calculate the probability directly from the recorded maximum discharge of each year and to
estimate the design flood discharge. For this purpose, the design flood discharge at La Mica
site was estimated from precipitation record.

For estimating the maximum daily precipitation, it is thought that the records of Micacocha
Observatory represent the typical meteorology in the catchment arca of La Mica. Therefore,
the data of this observatory was adopted for the calculations. The records of the maximum
daily precipitation of each year at Micacocha Observatory are shown in Table 5-6.

Table 5-6' Maximum daily precipitation recorded
at Micacocha Station

Order - x'?:i::]i?ar?iod: ily Month and year of
of year. . (mmt/day) _ occurren@
1 - 510 | ~ May, 1959
2. 32.0 V) o - Nbvember, 1965
3 30.0. June, 1962
4 25.3 o  August, 1964
50| 245 ~ April, 1961
6 .| . 230 ol May, 1960
7 226 . | March, 1966
: 8 - | 216 November, 1963 .

Note: 1) The recorded value of Order-2 ‘is considered to be the total pre-
L .- cipitation in four days. Therefore, the daily maximum preupxtat:on
.. 0f 32 mm/day was estimated.

The probability  was calculated by Hazen method on-the basns ot" the data gwen in Table
5-6. The results are as follows. (See Fig. 5-10).
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Fig. 5-10  Probability of Maximum Daily Precipitation at Micacocha Observatory
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This dally precipitation is assumed to fall w1thm the whole catchment area, and the Ratlonal
formula is used to est1mate the maximum probab!e flood discharge. '

y = _ Lo ceveveeeeren e ereeeeesses e eeseens S ¢
Qp 36" erA : : ‘_().

where: { = coefficient of run-off
= hdurly precipitation inténsity within the arriva_l time of flood (mm/hour)

A= catchment area (kmz)

r-is obtained by the following formula.

- R°4 74 t | SR Lo )
r= BT (ST 2) .
—a- &) R Sl ).



where: R24 =daily precipitation (mm/day). T = arrival time of flood (hour),

t =112

Arrival time of flood (T).is calcl.l].ated from the following formula.

L
T = eereeslenrereeeeraesteateeresaerteaesbearebennbetecananes 3
72 (HL)0-6 coorremmieees (3)
where: L = the length of river channel to estimated flood site (km).
H = head of outflow.

H/L = gradient,

Table 5-7 shows the calculated arrival time of flood at the selected sites.

s



Table 5-7 . Result of Calculation of Arrival Time of Flood

o sa8

_ Length of Velocity of Arrival time
Name of Interval Channel | Gradient flood dis- of flood
intake dam (km) (H/L) | = charge (V) (T)
1-2 5.0 0.016 6.02 0.831
2-3 3.0 0.013 6.32 0.564
Rio Chico 3-4 2.5 0.016 6.02 0.415
4-A 1.5 0.213 7.15 0.210
Total 2,020
1-2 5.5 0.015 5.78 0.952
2-3 4.5 0.036 9.80 0.459
Qda. Bafiio 3.4 23 0.122 | 20.38 0.113
Urria Pung _ .
4-B 1.1 0.109 19.05 0.058
Total 1.582
1-2 3.7 0.005 3.14 1.179
23 2.0 0.050 11.93 0.168
'Rio Desaguadero|  3-4 1.7 0.047 | 1151 0.148
(La Mica Dam) | -
a 1 4c 0.3 0.067 14.18 0.021 -
Total 1.516
Note: VvV = 72 (H/LY®€  (km/hour)
= LIV (_hours)



‘The daily precipitation for 100. years, R24 = 60 mm/day, is calculated at each diversion
dam site and the hourly precipitation intensity is obtained as follows:

Name of Intake Dam R24 (mm/day) T (hour) r (mm/hour)
Rio Chico 60 2.020 8.617
Qda. Batio Urria Pungo 60 1.582 9,738
Rio Desaguadero 60 1.516 9.948

Therefore, in this study, the coefficient of run-off (:f) was estimated from the records of -
Micacocha Observatory and Antizana Run-off Gaging Station. As a result, f = 0.2 was roughly
estimated taking into consideration the water holding condition of the catchment area.

The probable flood discharge' in 100 yea‘rs was calculated for each diversion site. The
results are as shown in Table 5-8.
Table 5-8 - Probable Flood Discharge in 100 years

Catchment | Coefficient of r Flood dis-
Name of Intake Dam area River Run-off charge

‘A (km?2) | f {mm/hour} | :Qp (m3/sec.)
Rio Chico 35 02 8.6 17
Qda. Bafiio Urria Pungo 55 0.2 9.7 30
Rio Desaguadero 35 0.2 9.9 20

As shown in’ Table 5-8,. the probable ﬂood dlscharge in 100 years is 17 m3lsec at Rio
Cluco diversion dam site, 30 m /sec at Qda. Baflio Urria Pungo dlvers1on site and 20 m3/sec
at La Mlca Dam (Rao Desaguadero site).
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5.6.2. Design Flood Discharge

- The probable flood discharge in 100 years at the three diversion dam sites of La Mica
Project are described in 5.6.1. In consideration of the fact that La Mica Dam (Rio Desaguadero
site) is to be an embankment structure, a marginal capacity of 25% was added, and also the
discharge of 4.5 m- /sec from Rio Chico and Qda. Baitio Uma Pungo were included to determine
the demgn flood discharge which was estlmatcd to be 30 m /sec

Rio Chico and Qda. Bafiio Urria Pungo intake dams are concrete structure and therefore

they will be safe and stable .u,amst a 100 years flood probability estimated to be 17 m3/sec
and 30 m3lsec respectively.

The surcharge capacity of 3,260,000 m3 which is 1 m in structural height, will have suf-
ficient capacity to cut peak flood discharged and release water safely from the dam.
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Chapter VI

GEOLOGY

6.1 GENERAL

Ecuador situated in the northwest part of the South American continent, is bounded
on the north by Columbia, on the south by Peru and faces the Pacific Ocean to the west. The
general geographical position can be divided into 3 sections, namely the coastal zone (Costa)
facing the Pacific Ocean, the mountainous zone (Slerra) in the center part and the castern zone
(Oriente) facing Rio Amazon.

Costa which extends south to north along the Pacific Ocean is the flat area with elevations
of 200 to 300 m. The area is covered with tropical trees and there are many marshlands.

Sierra consists of the East and West Andes Mountain ranges in two parallel rows which
extend to the south and north and the Intercordilleran Depression between the mountain ranges.
In the Intercordilleran Depression, Quito, the metropolis, and the major cities (Ibarra, Ambato,
Cuenca, etc.) and villages have developed, forming the centers of agriculture and stock farming.
The greater part of this area is the mountain zone with elevations of 2,000 to 4,000 m or higher.
Sierra is formed as the result of the geologically complicated ‘epeirogenetic movement during
the period from the Tertiary to the Quatemary period, and therefore, the tectonic line is con-

- spicuous in this zone. As many. tectonic lines made the passage to lead the Magma fo the surface
of the earth, many vlocanos (Cotapaxn, Antizana, Chlmborazo, Cayambe, etc.) which were
active in the ‘Quaternary period, are located along the mountain range from north to south. The
eastern zone (Oriente) is called the great forest zone of the upper stream of Rio Amazon, the
most part of which is unexplored and-undeveloped area. - As described above, Ecuadorian
topography is divided into 3 zones. As for the outline of the geology, the coastal and eastern
Zones generally consiste of sedimentary rocks, while the mountainous zone is composed of
sedxmentary rocks, metamorphlc rocks with sedimentary rocks as original rocks and various
volcanic products and glaclal deposrts :

La Mica project area located' about 50 km southeast of Quito Cityand on the foot of the
southwest slope of Mt. Antizana (domant volcano 5,705 m above MSL), one of the main peaks
of the East Andes Mountain Range. The whole area around Mt. Antizana-is a typical volcanic
zone with lakes formed as a result of volcanic action and swampy fields around the- lakes. The

largest of the lakes is Lake Mica- whlch is 15 m in depth with a water surface area of 2 km :
The lake is elhspucal shaped

' 6 2 GEOLOGY AROUND LAKE MICA

The geology around Lake Mlca which is to be utilized for La Mlca pro;ect is closely related
to the volcanos as already descrlbed The volcano of the largest scale in the vicinity is Mt.



Antizana covered with a glacier. This volcano was active .in the early period of Quaternary
period, as in the case of other volcanos in the Intercordilleran Depression, and lies dormant at -
present,

When the active history of Mt. Antizana is traced, this volcano seams to have ejected various
volcanic products repeatedly during a long period of time. The volcanic products which can
be observed around Lake Mica are andesite, agglomerate, volcanic ashes and lava flow ejected
in the latest time. Andesite mainly forms the foundation of this area, Agglomerate was ejected
in the same period as andesite or immediately after andesite. Volecanic ash is widely and deeply
deposited in the whole area on top of the andesite and agglomerate and forms a gentle-sloping
hill except for the steep cliff of andesite. Though the latest lava flow is on a comparatively small
scale, it has filled the valleys in Qda, Bafiio Urria Pungo and Derrame Lavico around Lake Mica.
There is a narrow part with steep cliffs formed by andesite, composing the foundation of this
area, on the right and left banks about 1,000 m downstream from the outlet of Lake Mica. It
appears that the mad- flow from the upper stream temporarily dammed up the narrow part
and formed a lake. This mad-flow mainly came from the Rio Chico. It is probab_le that the
extreme point of the mad-flow was near the western edge of the present Lake La Mica. The
Lake made by this dam perhaps was larger than the present lake, However, the dammed part
has gradually widened by erosion, and the present lake was probably formed as the water level
retarted. As to the geology around Lake Mica which was created in this manner, the mountains
surrounding the lake are composed of andesite, and the flat part around the lake is composed
of sand and grave! layer and volcanic ash with natured soil covering the upper part of the gravel
layer. The bottom of Lake Mica is in the shape of the bottom of a ship which forms a gentle
slope from the bank of the lake to the center. .

6.3 GELOGY OF DAM SITE

As for.the proposed location of the dam, the Llpstream site (A snte) is now bemg compared
with the downstream site (B snte) A site is located about 600 m downstream along the mouth
of Rio Desaguadero and B site is located about 1,300 m downstream of the lake near the
confluence of the three rivers of Rio Desnguadero Rio Chico and "a quebrada.

(1) A Site

The left bank which lies on the foot of the mountain mainly composed of andesite
with a little steep slope, and the right bank where most part of the dam foundation will -
be located consists of deposits which created lake La Mlca and the topography 15 a Iun
with a gentle slope. :

The axis ol‘ the dam was selected on the top of ‘this hill. Rio Desaguadero flows
around the foot of the mountain on the left bank as seen from the lake side. The width of
the rwer is about 5 meters.. The stream flow is slow with a gentle slope. '

The geology of the foundat_ion_ of the da'm consist_s’ of -blacki_volcanic-ash -carrosive
soil, lacustrine deposits and volcanic products. Black volcanic-ash corrosive soil is loamy
and covers the entire area to a depth of about 1.5 m. Lacustrine deposit lics beneath the
black corrosive soil and is composed of sand layers (fine to. coarse sand) and gravel layer.
Sund and gravel are originally products ol‘_.thé volcano. Concentration_ of gravel is com-
paratively poor with much breccia. It is judged that the upper part of the facustrine deposit
(2 to 3 m) is not cemented and might have high permeablllty, while the lower part is well' ‘
-cemented and in parts as hard as con;,lomeratc '
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The dam to be constructed at A site will have an average height of 6 m and 12 m at

-the highest part. It is estimated that water in the reservonr will have very little influence to
- the present foundation. Moreover, the topographic conditions downstream of the dam is

a very gentle slope and the geology is composed of well compacted deposits. [t is judged
that even if seepage of water increases to some extent, the water will not affect the stability
of the foundation around the dam, because the line of seepage length is long. Accordingly,
the imperviouse core zone should rest on cemented layer by excavating surface black
corrosive soil (about 1.5 m) and uncemented sand and gravel layer which is 2 to 3 m thick.
The lacustrine deposit is estimated to be more than 10 m in depth. However, it is judged
not economical and necessary to excavate to this deposit and rest the dam on this deposit.
The foundation of the left abutment of the dam is composed of andesite. On this rock is
deposited volcanic products which are estimated to be several meters in depth. As the
concrete structure is to be built in this area, the deposits should be excavated and the foun-
dation for the structure should rest on andesite,

{2) B Site

B Site is located near the end of the dammed part by the volcanic products which
caused the formation of Lake Mica. The geology of the both banks are composed of

‘andesite and form steep slope. The right bank has a slope of 30° and the left bank forms a

steep cliff of exposed andesite eroded by the flow of Rio Antizana. The plain between both
banks is 400 m in width with a hill'about 25 m high near the center.

The geology of B Site consists of black corrosive soil, lacustrine depost-and volcanic
products. The flat part which takes the largest part of the darn foundation is composed of
black corrosive soil and lacustrine deposit. The geology is almost the same as that of A Site.
As to the abutments at the dam site, andesite is exposed on the left bank, while on the
right bank talus deposit is estimated to lie several meters on the andesite. The smalt hilt

. at the center of the dam axis is covered with black soil of about 1.5 m. Though the geology

6.4

of the inner part has not yet been mvestrgated it is estrmated that itisa volcamc dome of
andesite or glacxal dep051t

The max1mum helght of the dam at B Slte will be about 25 m as the ground elevation
at B Site is lower than at A Site. Accordlngly, water load acting on the foundation will
become high. The tOpography downstream of the dam site is deeply eroded by the river
flow. Therefore countermeasures should be taken against seepage of water. Further, as the

) deposrt is anticipated to be cons:dembly deep at the dam 51te it is not economical to remove

this deposnt to prepare the foundation of the dam

GEOLOGY OF WATERWAY

As shown in Drawmg 4, the waterway consists of three tunnels and connectmg open canals

The length of No: 1 tunne! which will connect to the intake is about 1.77 km, No. 2 tunnel
excavated through the East Andes Mountain range is about 2.95 km and No. 3 tunnel is about _
0.5 km. The total length of these tunnels is 5.22 km.

(l) Geology of Tunnels

“No. l tunnel

_The general geology along the route of No. | tunnel mamly consists of. lacustrine -
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deposit and volcanic products (volcanic ash, andesite lava, etc.). _Accordingly,'i_f the route of
the tunnel is selected near the bank of the lake, there is the danger of encountering dif-
ficulties in the excavation of the tunnel due to seepage of water from the lake. The route
should pass through hard andesite which forms the deep part of the mountain. '

No. 2 _Tuﬁnel

The route where No. 2 tunnel will pass through consists of andesite and agglomerate.
Black volcanic ash covers only the surface of the mountain; while the deep part of the
mountain is andesite and agglomerate. ‘Black volcanic ash is | to 3 m in depth, and is com-
pact, but it is not cemented. As andesite and agglomerate are well cemented, it seems that
no trouble will be encountered in the excavation of the tunnel. The. volcanic ash forms a
part of the slope of the mountain side, where the tunnel passes through and landstides can
be seen on the surface. Therefore, before determining the location of the inlet and the
outlet of the tunnel, the condition of the mountain should be thoroughly investigated and
the sites where there is no danger of landslide should be selected.

No. 3 Tunnel

The whole of the tunnel route is thick black volcanic ash. . Though the lower part of
this volcanic ash is probably agglomerate or tuff, outcrop could not be seen. However,
unfovoragle geologic condition such as seepage of water should not be encountered in the.
excavating of the tunnel, because the tunnel will pass through a ridge.

(2) Geology of Canal Route

No. I canal is 3.75 km long. The upper half passes along a mountain side with the
slope of 10° to 15° and the lower half passes through almost flat grassy-plain. ~Swampy
fields are found in this grassy plain, through which the canal must be constructed. In order
- to construct the canal in the swamp, the unstable material must be excavated and replaced
with ;,ood so:l to prepare the foundatron : :

Canal - _Ii and I1I

" Canal - 11 and 111 have a total length of 20.4 km. The topography of most part of the-
_canal route is a gentle sloping hill. This zone is heavily covered .with black volcanic ash, and
- the lower part of this zone consists of well compacted yellowish-grey colored volcanic

ash. Along this route, the mountain has a gentle slope which is apparently stable judging
from the existing canal that is constructed at a lower elevation than. the proposed new .
canal. - As the topography and geology is stable as a shole, there is no prob]em in con-
structmg the canals. :

(3) Geology of Head Tank and Penstock Sr‘tes

The head tank is to be located on the terrace of Tablon Alto-on the west end of the

East Andes mountain range.- The terrace is ‘covered w1th black volcanic'ash of 3toSmin

thickness. It is estimated that the deep part is andesite or tuff. For-the foundation of the
head tank, the surface black volcanic ash layer should be excavated and to prepare a sound
foundatlon for the structure, ' :

The penstock will be installed on the slops of Tablon Alto It W1II be about 2 600 km
long. The. penstock w1ll be instailed on an averagc gradlent of l2 degrees. Th_e geology of
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this route is a thick deposit of black volcanic ash similar to the head tank site.” The topo-

graphy and geology are both stable. It appears that about 2 m will have to be excavated
from the ground surface to construct the anchor blocks for the penstock.

6.5 POWERHOUSE SITE

The location of powerhouse is proposed on the right bank of Qda. Carmen. At the vicinity
of the proposed site, the area which is lower than 3,420 m in elevation is rugged hills. The
geology of this area is black volcanic ash (loamy soil) and conglomerate. Volcanic ash dis-
tributed on the ground surface is about 2 m deep under which is hard cemented conglomerate.
The foundation of powerhouse should be built on ths conglomerate.

6.6 MATERIALS

Soil material required for the'enpervious core of the dam is about 16,300 m3, The material
is planned to be obtained in the vicinity of the dam site. The underlying rock at the proposed
borrow area is andesite. The around surface is widely covered with volcanic ash. This material
is white grey colored, fine granular volcanic ash which is widely distributed in this area. Accord-
ing to field survey, it is judged that this material can be used for the inpervious zone. However,
the final decision should be made on the basis of the quality and available quantity, after thorough
field investigations and laboratory tests. For fill materials of the upstream and downstream
zones, it would be economical to use the sand and gravel deposits distributed around the dam
site and the excavated materials of No. 1 tunnel than to quarry andesite,

Aggregate for concrete in the intake, spillway, No ! tunnel, No. 2 tunnel and other struc-
tures, seems to be economical to make use of sand and gravel deposits on the downstream of the .
dam site and the excavated material of tunnels. Aggregate tests of this deposit should be carried
out. In respect of aggregate for concrete structure from No. 3 tunnel to powerhouse, as sand
and gravel dep051t cannot be found in this area, material excavated from No. 2 tunnel, and
+ sand and gravel deposit distributed on the Pita R1va can be considered. However, efforts should

be made to obtain aggregates economically by investigating the area around the powerhouse
site whlch is much closer than the Pita River.

6.7 FUTURE INVESTIGATIONS

According to the results of surfacé peologic investigations, the geology of the area consists

of lacustrine deposit and volcanic products. Except for andesite, all layer are almost horizontal

and the geologic structure is comparatively simple. However, as these layers belong to the

_ recent age (Quanternary period) geologically, cementation is not highly developed. Accordingly,
thorough 1nvest1gat10ns are requnred to obtain knowledge of the permearability of each layer

The followmg is the geologlcal investigations which are thought to be necessary for the
deflmte study of the prOJect
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(1)

Dam site

A site dam axis

Spillway site

B site dant axis

(2)

(3)

(4)

(5)

(6}

Intake

No. 1 tunnel

Head tank site
Powerhouse site
Borrow area

- Total

Boring: 4 holes, each hole 15 m long, total 60 m.

Permeability test executed in each hole

For the location of these sites see Fig. 6-1.

pit: 5 -pits : 5 meach, ' Total
Boring: 2 holes, each hole 20mlong, Total.
adit; 1 adit 20 m Total
: Boring: 2 holes, each hble 15 m long, Total
Perme-abi]ity test executed in each hole
pit: 2 pits 5 m each, Total
| Boring: 3 h_oles each hole 25 m long, Total
Permeability test executed in eﬁch hole
pit:. I pit 5 m, Total
Boring: 3 holes, each hole 35 m long, ' Total
_along the route near the bank of the .lake.
pit: 5 pits, each pit 10 m deep, Total
- pits R 2 pits each pit 10 m deep, “Total
pit: 5 pifs each pif. SIm deep_, “Total
" Boring: ._ 14 holes ) ..3]'0.m -
- Pit: 20 pifs' " 135m

 Adit: -~ 1 adit 20m

25 m
40 m
20m

30m

]Dm'

75 m

Sm

105 m

50 m
20m

25 m
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Chapter VII

POWER PRODUCTION

7.1 INSTALLED CAPACITY
7.1.1  Effective Head

‘The water level of La Mica reservoir is 3,904 m at normal high water level and 3,894.5 m
at low water level, but the intake level will be at 3,892.4 m as water can be drawn by controlling
the water pressure with & valve, Moreover, when the gradient of tunnel and canal, etc. are taken
into consideration with respect to the said water level, the water level of the regulating resorvoir
at the Tablon Alto site will be 3,870.9 'm at normal high water level and 3,868.4 m at low water
level. On the other hand, the tailrace water level of La Mica Power Plant was determined at
3,340.0 m from the water level of Rio Pita divertion dam (to be constructed by “Empresa de
Agua Potable”) for future potable water service, and taking into consideration necessary height
for a 1/1,000 gradient water-way, including some margin of 1.9 m ‘necessary for discharge of

- Pelton turbine.  The effective head of 496.5 m was determined by deducting a loss head of
33.8 m (Q max = 4.5 m3/s) in the penstock from the total head obtained in the manner men-
tioned above.

712 Maximu'm Discha'rge

In order to determine the scale of development most effectlve throughout the year for
EEQ’s power system, mcludmg Guangopolo, Cumbaya, Nayon power plants situated on the
downstream of La Mica, the operation pattern of La cha reservoxr was assumed and the beneftt-
cost ratio was studied in respect of discharges of Sm /s, 45m /s 40m /s 3.5 m3/s 3.0m /s
in the dry season. As shown in Table 7-1-1, the results of the study shows that firm power
‘from the aforesaid four power plants: can be made maximum by discharging an average of 4.0

_ 3/s in the dry-season, and an average of 1. 44 m /s in the wet season from La Mica reservoir
to the Rio San Pedro.

Then the beneﬁt-cost ratio was obtained on the basxs of the sald reservoir operation w1th_
respect to powerhouse maximum discharge of 5§ m3/s, 4. 5 m3/s and 4.0 m3/s. The results
showed that a maximum discharge of 4.5 m3/s gives the greatest surp!us benefit as shown in
Table 7-1-2. That s, it is most effective to the power system to operate La Mica power plant
‘at a load factor of 90% in the dry season and at 32% in the wet season. Therefore, the maximum
'dxscharge will be 4.5 m3/s and maximum output will be 18,300 kW,
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“Table 7-1-2 Cbmpa’rison of Maxim'um Discharge of La Mica Power Plant

Max. discharge : Q=5 m3/s Q=45 m3/s
Max. output . P = 20,000 kW P = 18,300 kW

Construction costs s/. 181,320,000 /. 171,908,700

Annual energy production E=123,320MWh E=123,320MWh

Effective output P= 39520kW P= 37,520kW

{including downstream

benefit)

Annual cost ' C=s/. 19,371,000 C=s/. 18,325,000

Annual benefit B=s/.47,190,000 B =s/. 46,050,000

- (B)-(O) s/. 27,819,000 sf. 27,725,000

(B)/(C) : 2.44 _ 252

7.1.3 Available Discharge of La Mica Powe.r Plant

-~ (1) Reservoir operation for power generation only

Q=4.0m/s
P = 16,000 kW

s/. 163,805,400
E = 123,320MWh
P= 35520kW

C=s/. 17,462,000

B = s/. 44,910,000

s/. 27,448,000
2.57

By seasonal regulation of inflow at La Mica rescrvmr with an effective storage capacity
of 21,000,000 m3, it will be possible to release 2.3 m /s throughout the year, and the
powerhouse maximum discharge can be released, whenever necessary, corresponding to

~system demand. However, by reason of operation in relation to the ex:stmg downstream
power plants on the Rio San Pedro, the available discharge shall be an average of 4.0 m3/s
in the dry season (July to October) and an average of 1,436 m3/q in the other months
: mcluclmg wet seasons. Operation studies were made for seven years, from 1960 to 1966,
with a mass curve prepared from recorded run-ol‘f data and the monthly dnsclmrge of La

Mlca Powar Plant are gwen in Table 7-2.



Table 7-2  Monthly available discharge of La Mica Power Plant
(reservoir operation for power generation only)

Unit: m3/s'

1960 | 1961 | 1962 | 1963 | 1964 | 1965 { 1966 | Average
Jan. 1,436 | 1,436 | 1,436 | 1,436 | 1436 | 1,436 | 1,436 1,436
Mar. » » " »” ” » " ”
Apr. ” » ” " ” ” ” | "
May s » » - " » " »
June » * ” ” ” " » "
July 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Aug. » ” " .” " ” " »
Sept. ” ? ” h - N " ?
Oct. " . » » ” o " oo
Nov. | 1,436 | 1,436 | 1,436 | 1436 | 1436 | 1,436 | | 436 1,436
. FE . o
Anmual | 530 | 230 | 230 | 230 230 | 230 | 230 | 2.30
average ' L : T

(2) Reservoir‘operati'on for potable'water supply

- Water released from La Mica Power Plant w1!i be delivered to “Empresa de Agua
' Potable” in the future for potable water service, At present a study is being made by
“Empresa de Agua Potable” on the following two alternatives with respect to the use of
water released from La Mica. ' - '

" Case “A"' A plan to drdw water from 1984 that is, 10 years after operation of La Mica
' Power Plant.

Case “B”: A plan to draw water from the Rio Tanbé first and then from La Mica in
' or about 1999, that is, about 25 years after operation of La Mica Power Plant.

If water service is commenced, La Mica reservoir must be operated to meet the demand

for water service. - To service the demand for water supply an average of 1.8 m3/s from -

January to June, 3 m3/s from July to September, 2.8 m3/s in October, 2.6 m3/s in: No— '
vember and 2.35 m3/s in December must be released from the reservoxr :



The reservoir operation to meet the demand for water service was studied for the
7 years, from 1960 to 1966, with a mass curve prepared from recorded run-off data, and

the monthly available discharge at La Mica Power Plant was obtained as shown in Table

7-3.
Table 7-3 Monthly. avz;ilable discharge of La Mica Power Plant
(reservoir operation for potable water service) |
Unit: n13/é
1960 | 1961 | 1962 | 1963 | 1964 | 1965 | 1966 | Average
Jan. 18 | 1.8 1.5 1.8 1.5 1.8 1.5 167
Feb. " " " " . " 1.67
Mar. ” " . " » » 1.67
Apr. ” » ” » " o » 1.67
May ” » " ” " " 1.8 1.71
June " " » " v ” " 1.71
July 30 ] 30 | 30 3.0 3.0 3.0 3.0 3.0
Aug. " & " " » & 3.0
Sept. " ” " " " ” 3.0
© Oct. 28 | 28 | 28 | 28 | 28 2.8 28 | 28
Nov. 26 | 26 26 | 26 | 26 | 26 | 26 2.6
Dec. | 235 | 235 | 235 | 235 | 235 | 235 | 235 | 235
Anmual | 930 | 230 | 215 | 230 | 215 | 230| 220 | 224
average - . .

_ “Since a dry month for power and water service coincides as shown in Table 7-2 and

Table 7-3, the requirement to meet the demand of ‘water service will not influence the

~ operation of La Mica Power Plant.
release of water for water service will be a future problem, and for several years from start

~ of operation La Mica Reservmr can be operated for the ex_cluswe use of power generation.

714

Maximu'r'n Qutput

Moreover, in either alternative, case “A" or case “B",

From the foregomg stud:es, the mstalled capacity of La Mica Powcr Plant will be
18,300 kW -The basic data for the power. productlon are as follows
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1. Intake water level _ | - 3,8924m

2.  Tailrace water level o | _ ' 3,340.6 m

3, Effective head He 496.5 m

4,  Maximum diecllarge: Qmax 4.5 1n3ls
5. Turbine (Pelton) efficiency: nt 81 %

6. Generator efficiency: | ng | 96 %

7. Maximum output

Pmax= 9.8 xQ max x Hex nt x ng= 18,300 kW

7.1.5 Number of Units

Generally speaking, the following should be taken into consideration to determine the
number of units. :

(1) Loss and inconvenience at the time of outage

(2) Economic comparision between construction cost and benefit
(3) Transportation limit

(4) Percentage of unit eapacity to ‘total power demand

. (5) Charging capacity required for tranemission line .

La Mica Power P]ant will occupy about 18 percent of the total mstalled capactty of EEQ’
system 1n 1974, the scheduled year of its operatton '

The impact of outage of plant due to transmission line fault or repair and maintenance
will be small if small size units are adopted. In this case, the existing standby diese! plant will |
sufficiently cover the said unit capac1ty :

Comparison'of construc'tion costs for one, two and three unit development was made as
shown in Table 7-4. The more the number of units will improve the power system stability,
but as seen in Table 7-4, it will cause a rise in the project construction costs. Therefore, the
number of generating units, that is either one or two units, to be installed should be determined
in relation to system stability and construction costs. An one unit development will reduce

the construction costs by approximately. 4,000 ,000 Sucres in comparison with a two unit de-

velopment. However in an one unit development a standby thermal plant will be required
in case of plant outage due to accident or. repau‘ and malntenance, and mvestment will be re-
_quired to build the standby plant Whereas, in-a.two unit development, the existing 9,800 kW
diesel ‘generating plant will be of adequate capacity to augment the system capacity in case of

outage of one unit, and therefore, the difference in costs between the one and two unit dwelop-Y '
~ ment can be justified.

From the standpoint of transmission - line charging capacxty, since the line is only 25 km '
long, this will not be an important factor in maklng the decmon between an one umt and two
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unit development.
¢

La Mica Project will be the only power plant in EEQ’s system that will have seasonal re-
gulating capability. Therefore, when the project is put into operation it will firm up the output
of the three existing power plants on the downstream. In this respect, La Mica Project will be
an important installation demanding stabilized and reliable operation. Consequently, with
emphasis placed on the improvement of pow'er system reliability, a two unit development (unit
capacity 9,150 KW each) has been adopted..

Table 7-4 ~ Number of Uni.ts and Construction Costs
Unit: sucres

Ins.ta.llled capacity On.e unijt | 2 units of 3 units of
: : 18,300 KW 9,150 KW each | 6,100 KW each
Cost of equipment 1/ 19,960,000 = | .- 20,333,000 | ' 24,380,000
Civil works 75,580,200 78,530,200 84,580,200
Other costs | 72,458,900 73,045,500 74,828,500
Total 167,999,100 171,908,700 | 183,788,700

Note: 1/ Includes turbine, generator, transformer, switchyard, crane, cte.

7.2 AVAILABLE POWER AND ENERGY PRODUCTION

The water discharged from La Mica Power Plant will be utilized at the existing power plant
on the Rio San Pedro. ~ Therefore; until the time the demand of potable water reaches the
_maxnmum on the La Mica source, the existing power plants (Guangopolo, Cumbaya and Nayon)
on the downstream will beneflt by the increased power and enerby production.

" Table 7-5 ShOWS the result of calculation on the mcrement of powcr and energy output of -
the downstream plants by the operatlon of La Mlca power plant.

Table 7-6 shows the fum supply capabxhty ‘of all power plants in the dry month of Sep-
tember and in the maximum demand month of December before and after c.ompletlon of La
Mica Pro_|ect and this trend is graphically depicted in Figs. 7-1 and 7-2. The figures show that
with the completlon of La Mica Power Plant, the supply capability of power plarits on the Rio
San Pedro is greatly firmed up, and that an extremely large benefit is produced especially in the
dry months of August and September, The monthly power production of La Mica Power Plant
.'and the increment in output of the existing three power plants on the downstream are shown
~in Table 7-7. As indicated in ’I'able 7-7, the annual energy product:on of La Mica Power Plant
_proper is 82 300 MWh 'and the annual increment of energy productton at the three existing
. power plants on the Rio San Pedro is 45 400 MWh glvmg a total produchon of 127 700 MWh.
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In Septembér

* Table 7-6  Firm Power Supply Capability

(After completion of 'La Mica Project)

Regulated flow. output

Natural flow output

7-9

Installed | Daily Energy Power Output in Output in
Power Plant Capacity output peak hours off-peak
‘ hours
(KwW) E (KWh/day) (KW) Pn(KwW). Nn{KW)
Los Chillos 1,760 0 0 1,100 1,100
Guangopol_o_ 9400 13,200 3,100 6,300 4,500
Cumbaya 40,000 113,900 25,550 14,450 0
Pasochoa 4,500 0 ' 0 3,150 3,150
Nayon’ 30,000 85,600 19,050 10,950 0
Sub-total 85,660 212,700 47,700 - 35,950 8,750
La Mica 18,300 384,000 18,300 0 0
Total 103,960 596,700 66,000 35,950 8,750
In December
_ Regulated flow output Natural flow output
: Tnstalled Daily Energy | Power Output in. |- Output in
Power Plant .Capacity output : peak hours | -off-pecak
' - _ ‘| hours
| (KW) | E(KWhiday) | (KW) CPnikW) | Nn(RW)
Los Chillos 1,760 0 0 1,100 | 1,100
. Guangopolo 9,400 13,200 - 2,300 7,100 5.200
Cumbaya | 40,000 | 113,900 24,650 15,350 0
‘pasochoa 4,500 0 0 3,150 3,150
Nayon 30,000 85',600_ N 18,350 | 1_1,650 0
 Sub-total | 85,660 212,700 45,300 38,350 9,450
La Mica 18,300 | 180,000 = | 18,300 0 0
Total 103960 | 392,700 | 63,600 38,350 +9,450
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Hydrological condition:H-5

Hydrologicdl condition: M
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Fig. 722 - Hydro Power Capabilityin Dec. 1974
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Table 7-7  Energy Production of La Mica PoWer Plant
and Downstream Benefits of Existing Power

Plants on the Rio San Pedro:

l Guangopolo

Cumbaya & Nayon

Power La Mica | Total

Plant | &Y% |Eneray | Gupnry| ENST8Y | Capncity| VOB | Capacity | Enersy
Month KW)  [OMWHY [ (kwy [ oawn) | kWY [(MWRY | (KW) [ (Mwh)
Jan. 5750 | 4,450 650 490 | 2,380 |1,770 8,780 | 6,710
Feb. 5,750 | 3,900 650 | 430 |2,380 |1,570 | 8780 | 5,900
Mar. 5,750 | 4,450 650 490 | 2380 {1,770 | 8,780 | 6,710
Apr. 5,750 | 4,200 170 120 {2380 [1700 | 8300 | 6,020
May 5,750 | 4,450 170 120 | 2,380 [1770 | 8300 6,340 .
Jun. 5,750 | 4,200 170 120 | 2380 |1700 | 8300 | 6,020
Jul. 16,000 |12,100 2,000 | 1,550 | 7,710 |5,740 |25,800 | 19,390
Aug. 16,000 |12,100 {2,000 | 1,550 | 7,710 |5,740 |25,800 | 19,390
Sept. 16,000 {11,700 | 2,000 |1,500 | 7,710 |5550 |25,800 | 18,750
Oct. 16,000 |12,100 | 2,090 | 1,550 | 7,710 | 5740 | 25,800 19,390
Nov. 5,750 | 4,200 650 470 2,380 1,70'0_ 8,780 | 6,370
Dec. 5,750 | 4,450 650 | 490 | 2380 | 1770 | 8780 | 6710
Annual o - _ :
Total - 82,300 8,880 36,520 127,700
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7.3 EFFECTIVE POWER AND ENERGY OUTPUT

In general, the generated power at a power plant will not all become effective immediately
upon commencement of operation, but the output will be absorbed year after year with the
growth in demand of power. Therefore, in the case of La Mica Project, it will be necessary to
calculate the effective power (KW) and effective energy (MWh) for each year upon commence-
ment of operation.. For this purpose, the balance of supply and demand.in the power system of
“EEQ” S.A. for each year and month has been examined and a study was made of thc. manner
in which the output of La Mica Power P!ant would become effective.

Table 7-8 shows the effective power in September in the 50 years life time of the power
plant which graphically shown on Fig. 7-3.  According to the table, it shows that the power
output in September at La Mica Power Plant will all become effective in 1981, 7 years after
commencement of operation. It also shows that the power output at the downstream power
plants on the Rio San Pedro will be promoted to become cffective by the water discharged
from La Mica Power Plant in the dry season, and the incremented power output in September

will all become effective in 1976, but will be gradually decrease with the growth of water demand
after dwersnon for water service.

As can be seen in the figure, the annual average effective power in September at La Mica
Power Plant will properly be 17,740KW, and the incremented power at the downstream power
plants will be 6,260 KW in Case “A™ and 8,910 KW in Case “B",

Table 7-9 shows the annual effective energy in the 50 years life time of the power plant
which graphically shown on Fig. 7-4. According to the table it shows a trend to become ef-
fective (KWh) with the growth of demand in the system and a trend of the incremented output
of the power plants on the downstream of La Mica Power Plant to decrease after water is drawn
for water service.. As can be seen in the figure, La Mica Power Plant will have surplus energy
- of 45,420 MWh in the ftrst year (1974), and by the 6th year (1980) all of the ‘energy output
wiil become effective. ‘In case “A” water supply scheme the annual effective energy. will be
101,010 MWh mcludmg the increment of energy output at the downstream power plants and
in case “B” water supply scheme the energy output will be 110,120 MWh.

7-13 .



Table 778 Effective Power in September

Diversion for water supply to begin in 1999

Case “A™ Case “B” _
La Mica Downstream| ' La Mica Downstream L
Year proper benefit | Total Year proper- benefit | Lotal
(KW) (KW) (KW) (KW) - (KW) (KW)
1974 | 11,700 | 10,860 22,560 1974 | 11,700 | 10,860 = |22,560
1975 | 12,470 11,530~ [24,000 1975 | 12,470 | 11,530 ~ [24,000
1976 | 13,270 12,270 [25,540 1976 | 13,270 12,270 [25,540
1977 | 14,230 " 26,500 it 1977 | 14,230 " 26,500
1978 | 15,230 27,500 1978 | 15,230 " 27,500
1979 | 16,330 28,600 1979 | 16,330 " " 28,600
1980 | 16,980 " 29,250 1980 | 16,980 " 29,250
1981 | 18,300 - " 30,570 1981 | 18,300 12,270 30,570
1982 | » o . I I !
1983 ” " " 1990 | 18,300 12,270 {30,570
1984 | 18,300 10,500  |28,800 -. I I I
: I I I 1995 18,300 12,270 30,570
1990 | 18,300 9,400 (27,700 : I I |
: I I | 1999 | 18,300 11,200 29,500
1995 | 18,300 8,200 26,500 : I % V
S I M 1l 2005 18,300 8,400 26,700
2000 | 18,300 6,900  |25,300 : | v Y
o I Vv VY 2010 | 18,300 | 6,100 124,400
2005 18,300 5300 - - [23,600 || : . |- RV Vo
u | v v 2015 | 18,300 .| 3,600 .- [21,900
2010 | 18,300 2,400  [20,800 || ol v v
o i AV, Vv 2020 | 18,300 1,300 (19,600
2012 | 18,300 S0 [18300 || & | VooV
o 1l VI N 2022 | 18,300 0 - [18,300
2023 | 18,300 0 118,300 || 2023 | 18,300 0 18,300
el 17740 | 6260 |24,000 e 117,740 | 8910 6,650
Note: _ .
 Case “A” Diversion for water supply to begin in 1984
Case “B"

Annual average effective power is made the average value for a life time of 50 years.
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Fig. 7-3 Assumed Annual Effective Power of La Micu Project
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Table 7-9  Annuat Effective .Energy'o_f La Mica Project

Case “A" ' Case “B”
. La Mica | Down- s La Mica | Down-
Year proper | stream Total - Year proper _stream Total
benefit 1 benefit

(KWh) (KWh) (MWh) (KWh) (KWh) (MWH)

1974 36,880 +20,350 57,230 1974 | 36,880 20,350 57,230
1975 46,080 25,420 71,500 1975 46,080 25,420 71,500
1976 51,560 28,450 80,010 1971 51,560 28,450 80,010
1977 56,070 30,930 87,000 1977 56,070 30,930 87,000
1978 59,610 32,880 92,490 | 1978 | 59,610 32,880 92,400
1979 70,760 39,040 109,800 . 1979 | 70,760 39,040 .| 109,800
1980 82,300 45,400 127,700 1980 82,300 45,400 127,700

1981 " ” ” : I [

1982 ” - " 1985 | 82,300 | 45,400 | 127,700
1983 | 82,300 | 45,400 | 127,700 ol I I
1984 | 82,300 | 39,700 | 122,000 | 1990 | 82,300 | 45400 | 127,700
S| V AR I I [
1990 | 82,300 | 35,600 | 117,900 | 1995 | 82,300 | 45400 | 127,700
; || v v : | II |
1995 | 82,300 | 30,800 | 113,100 |} 1999 | 82,300 | 43510 | 125810
: [ \ A [ SV V
2000 | 82,300 | 25,100 | 107,400 | 2005 | 82,300 | 32,210 | 114,510
: I Y vl oo Vo o
2005 | 82,300 .| 18,900 | 101,200 | 2010 | 82,300 ‘| 22,790 | 105,090
P [ .Y SV N Vv v
2010 | 82,300 | 10,200 | 92,500 | 2015 | 82,300 | 13,370 | 95,670
P I EAVARN IR VAR | v v
2012 | 82,300 0 | 82,300 | 2022 | 82,300 0 | 82,300
o N I T O U IR N
2023 | 82,300 0 | 82300 | 2023 | 82,300 0 | 82300
Annual Annual

average | /5:840 1 22,170 101,010 |- yverage | 78:840 | 31,280 | 110,120

Note: _ :
Case “A" * Diversion for water supply to begin in 1984,
Case “B” .. Diversion _for'water supply to begin in 1999, - _

Annual average effective energy is made the average value for'a life time of 50 years. '
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‘Fig. 7-4  Assumed Annual Effective Energy of La Mica Project
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Fig. 7-5 Dla;,ram of KW- Balance of EEQ s System in-Sept.
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Fig. 7-6 Diagram of EEQ’s System in Dec.

150 KW~ BALANCE IN DEC.
( Hydrological condition: L-5) /,’
140 — T
. 4 '.r '.:.l" :
130 ~ o
Max. Demand in Dec.
120 - ,
7
A 10 . — % ish
_ Marginal max. hydro 101,950KW A|7in i
100 power capability A‘__"‘__":;{{-,'_Z LT
90 - -
= sassoky A
so - Not ufilized /Jr__ e | APr
£ hydro power , 7 La Mica
| 70
ol -
3
‘al &0 L _
> ! Guangopolo Pr
a2 50 ; :
S | Cumbaya
) Guangopolo |
%71 cumbaya | Nayon
Y | N aen
30 ' ' Guangopolo
N L - Nayon \{VCumboyo
20— I N T 7S T
- auo U!Oh' . Guangopolo s o
achachiy Cumbaya N
1o —:@I—c)_—::\i'_: —~o--.___Pagoghod T T T T TTTTTITTT
~ Los Chillos & Guangopolo - _
o T 1 ] 1 | [] 1 1 ] I ) I -0
'68 ‘69 ‘70 T 7R '73 ‘74 '75 ‘76 77 '78 '79 ~ '\Bo ‘

Year

LEGEND

N.aturloi flow ou‘rpﬁt .in_ exisi.ing power piorﬁ

. Additional output in existing power plant by La Mica project
Rezgu'lufed_ output in existing power ;-)llon'r

: Proper but_puf of La Mica project

: Diesel output

‘Shortage of  KW-power



7.4 BALANCE OF SUPPLY AND DEMAND AFTER COMPLETION OF LA MICA PROJECT

The kW-balance of the power system of “EEQ" 8.A. after completion of La Mica Project
is obtained by the method mentioned in 3-3 for the dry month. of September, and for .the
maximum demand month of December.  The result is shown in Table 7-10, Figs. 7-5 and 7-6.
As shown in the figure, the shortage of kW supply capability in the dry month, which has
occurred every year since 1968 will be eliminated immediately upon completion ‘of La Mica
Project, and the diesel plant will be used as stand-by entirely, bringing about a stabilized state
of balance of supply and demand. However, it is anticipated that the said state will not be
maintained very long and in 1977 kW-supply will run short again. Figs. 7-7 and 7-8 show the
assumed daily load curve of dry month and of the month of maximum load with the supply
capability of EEQ’s hydropower plants after completion of La Mica Project. The said figures
show that La Mica Power Plant will supply the base load in the dry month of the Rio San Pedro
and will supply the peak load in the other months, mainly in December, The increment of flow
by the regulated discharge from La Mica Power Plant will firm up the output of the three power
plants of Guangopolo, Cumbaya and Nayon.

Table 7-11 and Table 7-12 show the KWh-balance and effective energy of EEQ’s hydro-
power plants after completion of La Mica Project.

These tables are graphically depicted in Fig, 7-9, As evident in the figure, in the first year
(1974) La Mica Power Plant goes into operation, the major part of KWh-load is supplied with .
hydro-power and the operation of diesel plant is limited to the months of November and De-
cember, which are the months of maximum load. '

Therefore, KWh supply capablllty in the dry season will increase with the completlon of
La Mica Project, and the most critical penod from the standpoint of balance of supply and
demand will-change from the dry month of September to the month of maximum load Whlch
is December. : :

In view of the fact-that La Mica Power Plant will have seasonal regulating capability, it
will be a very effective plant from the standpoint of supply and demand and will fully display -
"its merits with the growth of demand in the system and will become a major power plant in
the powcr system of “EEQ” S.A. : o
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Chapter VIH

" PRELIMINARY. DESIGN

8.1 DESCRIPTION OF STRUCTURES
8.1.1 Hydraulic Structures

Main structures of La Mica Project are dam, intake, headrace tunnel, and canal, regulating
. pond (head tank), penstock, powerhouse, and auxiliary intake.

(1) Dam (La Mica Reservoir)

La Mica Reservoir will be the natural lake called Mica Cocha (high water level: 3,900 m,
water surface area: 2.09 km2, maximum depth: about 15 m, dammed lake due to volcanic
action). At Desaguadero which is the outlet of the lake, a dam will be constructed to
raise the water level of Laguna Mica by 4 m. Thus the effective reservoir capacity of
21,000,000 m3 will be obtained for annual regulation. As a result of technical and eco-
nomic studies, the location of the dam has been selected at A point in Desaguadero around
the dammed terrace which is closest to Lake Mica. (Refer to Appendix II).” The dam will
be a homogeneous. earthfill structure, constructed with materials easily obtainable around
the dam site. On the downstream side of the dam, a drain will be constructed to reduce
the line of seepage. The upstream surface will be protected with riprap. ‘The cross-section
of the dam has been designed to have a slope of upstream 1 : 3.0 on the upstream and
I :2.5— 3.0and to be divided into zones. so that excavated materials of tunnel and spillway. -

“can be used as embankment materials. In the detail design of the project it will be necessary
to study in more detail the nature and charactenstlcs of -émbankment materials and the
: f'oundatton : : -

: The crest of the dam which is 6.00 m on wide will be utilized as a roa_'d. The general
feature of the dam are: -height.12.00 m, volume 55,000 m3, length of crest 415 m and

-average height 6.30 m. ‘The average height of the dam is 6.30 m and the maximum helght
of 12.00 m is only lOmlong ‘ : :

The Spllley to be: constructed on the left bank of the dam will ‘be a side channel

“spillway. The design flood dlscharge of 30 m3/s can be released over the’ concrete crest
byalm sureharge

(2) lntuke_ -

The intake will be constructed on the left bank of the dam in consideration of its
connection to the headrace. ' The structure has been designed as ittustrated, in Drawing 10,
for a draw down of 9.5 m, which is lower than the maximum water level of the natural
lake by 5.5 m, and therefore a part of the structure must be executed in water. A trash-

- rack will be installed on the upstream face of the intake. A valve will be installed in the
headr_ace tunne! to kill energy and to control the flow. At the inlet portal of the tunnel,
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a gate will be provided for inspection and repair of the valve. A vertical shaft will be con-
structed for access to the valve chamber.

(3) Principal Waterway

The waterway consisting of tunnel, open canal and culvert will be constructed to
conduct a maximum of 4.5 m3/s of water from the intake to the regulating pond (to be
commonly used as head tank) to be located around Tabléon Alto. The total length of this
waterway will be 27,410 m including about 5,220 m of tunnels, about 21,860 m of canals
and 330 m of culverts. :

(3)-1 Tunnel

- The - tunnel will. be of . non:pressure type.. From hydraulic and construction points
of view, the study was made on the gradient within the scope of 1/1500 — 1/600 (0.067 —
0.17%). As a result, the gradient has been decided to be 1/800 (0.125%). The cross-section
of the tunnel is rectangular with the arch section of semi-circular design. Some sections of
the tunnel will be completely lined with concrete and in the other sections only the invert
will be concrete lined.  Main specifications are:, height 2.00.m and width 1.80 m for com-
pletely lined cross-section, and height 2,20 m and width 2.84 m for invert lined section.
In consideration. of the geologic conditions, it is:estimated that:30% of the total length of
the tunnel will require full lining and the remaining-70% will require concrete in the invert.
No. 2 tunnel which is to be excavated through.the East Andes Mountam Range is the
longest dnd its length is 2, 950 m. -

(3)~2 Cana! and Culvert

The major part (about 84%) of the waterway is the canal. The cross—sectlon adopted
is trapedoizal, which is easy to construct as the route of the waterway. will pass through
“hilly regions and the construction cost is cheap (about 31% of the cost of tunnel per
meter). The waterway. will have a bottom width of 1.20 m, side slope of 1 ;.1 and gradient
of. 1/1,500 (0.067%). . The facing of the canal is to be Rubble masonry for the protection of
the slope and drains will to be constructed in the bottom of the canal. Some sections of
" the canal will pass through marshiand

'Theref'ore, the foundation' of the canal in the m.ar-shland must be constructed by

- partially replacing the existing soﬂ with the soil ol‘ the good quality and dmmage works
must be executed. : :

- On the other hand, the waterwuy must cross over ravines, at, eleven pomts ‘The culverts,
shown in Drawing 11 are to be ddoptt.d at these crossm[, pomts e

. Moreover, it is necessary to construct Loncrete or wooden bridgus across the canal

in the pasture land, where necessary, to permit crossmg Also, fenceq must be constructed
‘on both sides of the waterway for sat”ety

() Regulating Pond (to be commonly used -us head tank).

The. head tank is to bc constructed at Tdblon Alto Wthh is thL end. ol‘ thc watuway
and the stdrlmb pomt of the punstock for the follownu, reasons. .
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1) It will take about eight houfs before the required quantity of water reaches the
head tank from La Mica reservoir through the 27.4 km long waterway.
Accordingly, there is fear of occurrence of time lag between the release from
La Mica reservoir and the operation of the powerhouse according to system load.

if) It is necessary to adjust the dif_férence between inflow and discharge for power
generation which may occur for a very short time.

iii) Measures are necessary 1o cope with misappropriation of .the power plant in
relation to available quantity of water. To meet the above requirements, the
-pattern of operation in relation to the assumed load pattern (refer to Fig, 3-2)

- of the power system and the monthly average discharge for power were studied,

As a result, the necessary capacity of the regulating pond has been determined
to be 25,000 m3. Considering the structural stability, it was determined to
construct a reservoir 40 m wide and about 250 m long with a draw down of
25 m. (Refer to Drawing 12)
Tabl6n Alto, the starting point of the penstock is a flat plateau apparently pre-
senting excellent. topographic. and geologic conditions, and therefore, this site
was selected for the reservoir. Since the water in Lake Mica Cocha is clear,
flushing of sand will not be required so often. On this judgement, the head
tank is designed to be a simple single-chamber structure for easy construction
and economical maintenance. As auxiliary facilities, an overflow type spillway
(capacity of 4.5 m3/s.) is to be constructed to discharge surplus water into Qda
de Secas. Gates will be installed at the inlet and outlet of the regulating pond,
Since La Mica Power Plant will be the most important station in the power
system; a by-pass waterway will be constructed . on- the. mountain side to avoid
complete shut down of the power station during sand flushing operations. . The
slope of the regulating pond will be protected by soil cement and partially by
‘masonry. The sand- flushing structure will be a submerged weir with an sloping
bottom to facilitate removal of sand. Sand will be washed out through the spill-
‘way. -The geology around the regulating pond, as described in Chapter 6, the
surface has been affected by weathering and covered w1th 3 to 4 m layer of black
volcanic ash: - Before constructing struclures t]us Iayer has to be removed to
provide a stable foundation. . :

. Excellent quality of soil should be selected for the fill materml which must be

. thoroughly compacted to prepare a f1rm ‘the foundation.. Also drainage facilities
must be provided.

(5) Penstock

The penstock w1ll connect the regulating pond (to be commonly used as head tank)
with the powerhouse by the shortest possnble distance. The arrangement of this line has
- been made simple for easy construction work. A single line plan has been adopted- for
economic reason. Repainting of the inside of the pipe will not be frequent as the water
from La Mica is clean, and damage due to abrasion will be small. = In consideration of
economy, the inner diameter of the pipe at the upper part was decided to be 1.60 m, the

average 1.30 m and the dnametu at the lower part 1 00 m.. The total length is about
-2 600 m. '

L

ln conmderatlon of the topogmphy, the penstock will bc of exposcd type installed
._aboveground with a gentle mcl_lnatxon of 120, the steepest being 40°%. © Anchor blocks will
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be constructed at maximum spacing of 150 m and the penstock will be firmly supported.
by ring girders, The section of pipes will be electrically welded. Although a comparative
study was made of the dresser joint, electrical welding has been selected in consideration
of maximum water pressure, durability and reliability. The inner diameters of the pipes
(1.60 — 1.00 m) have been determined so that one can be inserted into another for con-
venience of transportation.

Although the internal pressure will be high, carbon steel (SM41) can be used as the
material for pipes. The thickness of the material which is carbon steel will be a maximum
of 25 mm because of small inner diameter and highly effective electrical welding is possible,
The lower part of the penstock line will bifurcate to serve two Pelton water wheels. T-
shaped branch pipe will be installed and embedded in the powerhouse concrete foundation.
At the inlet of the penstock, an intake gate will be mstalled to facilitate repair and closure
of water in case of accndent

{6) Powerhouse

In consideration of topographical and geological conditions, the powerhouse will be
of indoor structure constructed on the ground. The location of the powérhouse as shown
on Drawing-14 is most suitable in consideration of the topographical and geological con-
ditions, the location of Rio Pita intake dam (for city water), the tailrace elevation, etc. In
case of operation for power generation only, this location enables the discharge of water
into the Rio Pita through Qd. E1 Carmen for use at the downstream power stations. Also
with favorable road conditions access to the powerhouse will be easy. This road can be
utilized during construction with a minor improvement works. The powerhouse will have
two units each of Pelton water wheels directly coupled to horizontal-shaft generators and
other auxiliary equipment, The floor space of the powerhouse building is about. 540 m?2
(19.0 m x 28.5 m). The foundation of the powerhouse will be constructed on tuff as

described in Chapter 6 “Geology of Power Station™. As the dcs:gn load is small, it is
judged that the foundation’ will adequately support the structure and equipment to be in- -
stalled. : '

The powerhouse building will be of structural steel. It will have necessary space for
hydraulic turbines, generators, switchboards, offices, and so forth. The main transformers

- will be installed just behind the building. The' switchyard will be located adjacent to the
powerhouse. The layout as a whole has been designed to be compact. Slope excavation
at the mountain side will be 15 to 20 m at the highest place. ~ These sections will be
protected by Rubble masonry depending on the geology, with drainage provided. Around

" the powerhouse, the catchment area of Qd. E1 Carmen is small and there is no fear of a
big flood. Thus it is not necessary to construct protective facility against flood. However,
there will be a by-pass waterway in front of the powerhouse parallel with the tailrace to
‘release the run-off and flood water from the ravine. At the tailrace of the powerhouse, -

gates will be installed in the 1ntake structure of water supply and for the control of dis-
charge .

8.1.2°  Power Generating and Transforming Facilities

~ As described in Chapter 7, La Mica Power Station is to be equipped with two units each -
of 9,500 KW hydraulic turbines and 10,000 KVA generators. The maximum- dlscharge of one

unit of hydraullc turbme is 2. 25 m3/s and the cfi‘ectlvc head is’ 496 S m. For such desxgn con- o
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dition, the Pelton turbine is most suitable, and from an engineering point of view, it is difficult

to employ other types of hydraulic turbines than the Pelton-type. Thus the Pelton type turbine
~will be installed in the La Mica Power Station. The turbine will have two nozzles to increase
the revolvmg speed and to reduce the cost of generators. The horizontal-shaft has been adopted
for convenience of maintenance and inspection, taking into considerations the small capacity
and high speed of the machine. Equipment in the powerhouse should be so arranged as to be
convenient for inspection and maintenance. Two sets of main transformers will be installed
to improve power system reliability since La Mica will be an important plant in “EEQ™ S.A.
power system. As emergency power, one set ol compact type diese! engine generator will be
installed in the powerhouse. At outdoor substation to be constructed adjacent to the power-
house, 46 KV circuit breakers will be installed to cope. with accidents on the transmission line
between La Mica.and Guangopolo. On the top of the steel structure an overhead ground wire
~will be strung to protect the transformers and switchyard equipment. from-lightning strike.

The single-line diagram of La Mica Power Station is shown on Drawing-18.

8.1.3 Transmission Line

The 18 MW of power generated at La Mica Power Station will be transmitted to South
Substation in Quito City by way of Guangopolo step-up Substation. One circuit of 46 KV
transmission line over a distance of 25 km between La Mica and Guangopolo step-up Substation
was selected to run along the existing road by the shortest possible distance, in consideration of
the convenience of construction works and maintenance and the density of population along
the route. The planned route of the transmission line is in the district of elevation of about
3,000 m. Therefore, in the design of the line, attention was paid to increase the dielectric
- strength due to the thin air de1151ty The size of the conductor has been determined to be
200 mm2 ACSR, as the result of economic comparison (shown on Table 8- 1} bctween construc-
tion cost and annual transmlssmn loss.

"'I'able 8-1 Compafi'éon between Reduction of Annual income caused by
~ Annual Expenses - L
S _ Unit:  sucres

T 120 mm2 | 160 mm2 | 200 mm2 | 240 mm2
Size of Conductor . . ACSR ACSR | ACSR ACSR

Reduction QfAnmlal-income
“caused by Transmission Loss

660,000 | 510,000 | 410,000 340,000

Annual Expenses | 510,000 | 560,000 | 640,000 | 740,000

Total 1,170,000 |1,070,000 1_,05_0,000 1,080,000

The supports will be of trtangular arrangement, self-stdndmg one-c.lrcmt steel towers, erected
at standard -spacing. of 200 m. ' On the top of the steel towers, a 38 mm?2 zinc- (.Oe.ltLd steel

" stranded ‘cable will be strung fo avoid lightning strike. The shielding - ‘mbic of the overhead

ground wire is designed to be 300

]n order to prevent counter flashover from the stu:] tower o the line, counter poise will be
provided and the grounding resistance of the steel towers will be made small,

A typ_ic_:al o_r;e-éir_ctlit line steel ‘tower-is shown on'Fig. 8-1.
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Fig. 8-1
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8.1.4 ~ Main Dimension
The main specifications of L.a Mica Power Station and transmission lines arc as follows:

A. Hydraulic Structures

(N Reservoir

Effective storage capacity ' 21,000,000 m3
Normal high water level : 3,904 m

Low water level 13,894.50 m
Draw down 9.50 m

(2) No. 1 Intake Structure

No. | Intake dam (concrete dam)

Height ' _ 6,20 m
Crest fength ' 19.00 m
Volume ‘ ' ) a 450 m3

Waterway (open canal)
Discharge ' : ' 1.8 m3/s

Cross section: trapezoidal

Bottom width B 120 m
Side slope 11
- Gradient . . C0.14%

(3) - No. 2 Intake structure

. No. 2 iritake dam’ (concrete dam)

Height o - o © 7.20m
Crest length o ,' _ : ' .'19.0.m.“
Volume - S ' 620 m?3
Discharge | | | _ 2.7 m3ls

Cross section: tlapezoi'dal

" Bottom wi-th - ' . 1.20m
Side slope N e
- Gradient I 0.14%

8.7



(4) - Main Dam
Type: Earthfill
Height
Crest length
Crest width
Volume
Upstream slope
Downstreﬁm s'lope
Spillwa_y: Overflow type
Capacity
Surcharge water level
5) Main Intake
Type and structure: Reinforced concret.e
Maximum intake | |
Regulating type: Howell-Bunger valve
(6) Waterway
- Total wét_erway length
Maximum discharge |
' (6).-.1 . Tunnel
o Totﬁl length: 5,223 m
Cross sec.:t.ion -I: Cqm'pletel.y cdﬁc_ret_e lined
o Upper part semi-circular _ racli_u's
Lower bért rectangular .
Hejght
Width

Cross section -1I: “Invert only concrete lined

Upper part semi-circular - radius-

Lower part rectangular
Height

Width

12.00 m_
415.00 m
6.00.m
55,000 m3
1:3.0
1:25 - 3.0
30. m3/s

3,906.00 m

4.5 m3/s

27,416 m

- 4.5 m3/s

090 m

- 1.10x 1.80m

2.00 m

1.80 m

145 m
0.78 % 2.84 m
C220m

284 m



Gradient for I and 11 : 1/800 (0.125%)
(6)-2 Canal
_ Total length: 20,907 m

Cross section:  trapezoidal

Bottom width 1.20 m

Side slope 11 |

Height 1.80 m

Gradient 1 1500 (0.067%)
~ Slope protection. o Rubble maﬁonry

(6)-3 Culvert
Total length: 330 m

Cross section: Completely concrete lined

Upper part semi-circular  radius 0.90 m

Lower part rectangular o 1.10 x 1.80 m
Height 2.00m

Width : _ 1.80 m
Gradient B 1/800 (0.125%)

N Aﬁxiliary intake facilities -
Total length: 1,050 m
.(.7)-1 No. 1 auxiliary_ éanal _
Length . | | |  700m
| _ Mﬁximum di-é.ch_arge ' . _ ' 1.8. m3/s :

Cross section: trépezoidal

Bottom width o 120m

Si.dé slope _ ' : 1 1 |

Height - ' . | 1.05 m
Gradient | 1/700 (0.143%)

Slope protection

L t . Rubble masonry
(7)-2 No. 2 Auxiliary Canal

-Len’gth_ o - : . 350 m

'M'a_ximum discharge S 4.5 m3ls
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Cross section:  trapezoidal

Bottom width _ o 1.20 m

Side slope o : 1:1

Height ' - | 1.55 m

Gr_aciient : _ 1/700 (Q.¥43%)

Slope protectidn : ; Rubble masonry

(&) Regulating Reservoir (1o be commonly used as head f_ank) |

Maximum .waler level : 3,870.90 m
Low water level s 3,868.40 m
Ef_fcctive storage capacity ' 25,00.0 1ﬁ3
Draw down | : 25 m

(9 Penstock

Total length - : ' 2,596 m

Nﬁmber of line o : |

Inner diameter: Upper part ' " .].60 m
Average . . o 1.30 m
Lower part (before branching) " 1.00m

Type of support:  Ring girder
Type of joints: ~ Electrical welding
(10) - Powerhouse
Type: Indoor type on the grpund
Structure of building:  Steel structure

Floor space of building"~ . - ' Co ' 540 m>2
' ' (19.0 m x 28.5 m)

B. Generating Facilities

(N Hydraulic turbine

Type: quizont.al-shaft-single-runﬁcr, 2 !;;ozzles; Pelton type
‘Number of unit | R

Output . SR 9,500 kW
Muximum discharge _ 2.25 'm3/s B
Effective head = .. ) - ' 4.96...5 m



(2) Generato_r

Type: Horizontal-shaft, enclosed hood, internal cooling type,
3-phase synchronous generator

Number of set ' _ . _ 2
Generating capacity _ _ . 10,000 KVA
Frequéncy | 60 cycles

| Rotating speed 600 rpm

(3)  Main transformer

Type: . Outdoor, 3-phase, oil-immersed, self-cooled type

Number of set _ 2.
 Capacity - 10,000 KVA
Voltage ' 6.9/46 KV

(4)  Transmission line

Voltage - - 46 KV
Number of circuit 1 cot
Length : ' 25 km

‘Support: Triangular arrangement, 1. circuit, steel tower '

Impedance o 40 +j 105 ohm

- 8.2 CONSTR_UC’I‘ION SCHEDULE AND METHODS
8.2.1' Const'ruction Schedule

In conmderatlon of the magmtude of the project, locatlon of structures, capabilities of
contractors and the various site conditions, a period of 25 months as shown in Fig. 82 seems
to be reasonable for constructlon of the prOJect Power generation should de51rably start from
July 1974 as described in Chapter 3, 3-4, and to meet. this target date the field works must. -
start by July 1, 1972 at the latest. '

_ Pl‘lOl‘ to startmg the prmmpal works, about 8 months are estimated to be necessary for
preliminary works; such as construction of the access roads and power facilities for constructing

so. that the detall_ design and project fma_ncmg must be all finished by _arou_nd December, 1971.

" Described in the following are the details of the major works.
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(1) First year (1972)

The construction works will be carried out for 6 ‘months from July I, 1972, At La
Mica dam site, the river diversion works will'be started.- Eighty (80) percent of the dam
excavation should be completed so that the dam can be constructed in the dry season of
the following year. The open cut excavation works at the intake should be completed
simultaneously so that Coffer dam works of intake can be started from December, 1972
to proceed with the excavation work below the water level of the lake. The Coffer dam is
to be constructed of excavated much [rom the intake and the dam foundation for eco-
nomic purpose. Therefore, an overall construction schedule has been prepared. Construc-
tion of No. 1 canal will be started from the outlet portat of No. 1 tunnel.

Completion of the project within the scheduled time will depend on the construction
of No. 2 tunnel. So, work on the tunnel should start from the upstream and downstream

ends from August or September and 25% of the work must be completed within that
year.

As for No. 2 canal, the part to be connected to the inlet portal of No, 1 tunnel can
be constructed in early stage of construction and 40% of this work could be completed
within the year. Excavation of No. 3 canal should be begun from the section near the
access road, and 20% of this work should be completed within the year. Excavation of
the penstock line should be started from August with emphasis on the vicinity of the
powerhouse to enable the early start of the construction of powerhouse building. Progress
of this work should be 30% within the year, and should be exccuted in such a manner not
to interfere with the excavation of the powerhouse foundation. From August, manufacture
of penstock has to be started. To follow this schedule, final contract should be concluded
with the manufacturer in July.. The excavation of the powerhouse will be completed
‘during the period of 2.5 ‘months from August to the middle of October, Placing of con-
“crete in the foundation of the powerhouse has to be compieted during the period of 2.5
months from the middle of October to the end of December so that construction of the -
. building can be started from the beginning of the followmg year. Prior to the start of
this construction works, orders should be placed for the water turbines and generators by
the end of March so that the works can proceed wilitout delay.

(2) Second Yeur'(1973)

In 1973, 50% of the construction works of La MlCd PI‘Q]ect have to be completed
The works should proceed with emphasis on hydraulic works in the first hal{ of the year -
“and on the installation works of equipment in the second half. Work on No. 1 intake dam
and No. 2 intake dam will continue from the previous year, and 90% of the works including
the canal construction will be completed within the year; Foundation éxcavation of La
‘Mica dam started in the previous year ‘will be completed, and embankment of the dam will
be completed in the period of 4 months from February to May. The spillway and other
concrete works should be finished by the end of July before the rainy scason so that no
problem will be encountered in’ the rainy season. Excavation of No. 1 tunnet will begin
from the-start of the year and 80% of the work will"be completed by the end of the year.
No. 1 canal will be constructed from the last half-of the year to avoid- coneentratlon of
work. in certain months, and excavation and. embankment ' works of-this canal will be'com-
~pleted within the year. For No. 2 tunnel; excavation work will continue from the previous
year and completed by the end of the year The excavation of :No. II and No, I canals
will be" completed and slope protectlon works of No [ canal will be st.xrted eompletm;,
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70% of the work within the year. ‘No. 3 tunnel which is not long can wait until the works
on the upstream and downstream canals make some’ progress and road conditions improve.
. In this year, all excavation and concrete lining works should be completed. Excavation
of the head tank can wait until the works with priority are finished, and the excavating
machines employed on the dam, powerhouse, etc. become free which will probably be
March 1973. Excavation as well as embdnkment of the head tank will be finished in 7
months from March to September. Concrete structures will be constructed in October.
The slope protection work will be started from November immediately after the rainy
season, Excavation of the penstock foundation will be completed in the early half of the
year, and the installation’ of steel pipes will start from October. Eight months will be
necessary for the installation of the penstock. The construction of powerhouse building
will start from the beginning of the year with the foundation works completed by June.
The overhead travelling crane will be installed in July, and the installation of main power-
house equipment will start from September.

The construction schedule has been prepared on the assumption that the main equip-
ment will arrive at the construction site 3 months after they are shipped from the factories.

(3) Third Year {1974)

The third year is the period of 7 months until the start of operation of the powerhouse.
For hydraulic works, emphasis will be placed on concrete works and final finishing works.
The installation of main equipment will be carried out and the month of July is scheduled
for test operatlon Accordingly, the works should be completed by the end of June. The

slope protection works of canals and the concrete llmng of tunnels will be al} completed
by June
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: . ) 1971 ) ) la12 1973 ’ 1974
Division of works Unit | Quantities M{J[JIAISJOINID|J|[FIM[AM|J|J|A|s|o|N[DIJ[F[M]a M]U|JIA|S|[O(N|DIJ[F[M|AIMIJ|J|Aa([S|[O[N]D
' _ _ -1AR3 L2 FIOE 9]~ 8- 7)-6|-5|-4(-3|-21 |1 ]2 |3]ajs|s |78 |9 |0 liz)izana|i5isfi?|ia |9 |20l21 [22|23 24125 jes|27 28 {2030
No 1 Diversion Dam : . . ‘
excavation m3 900 : i ex
concrete m3 450 Conc. 1'
No.1 _Canal : ' ]
excavation md] 5800 2K BAN.
embankment m3 5.900 A Prof.
No.2 Diversion Dam L =350m '
excavation m3 700 £,
concrete md 620 CHNnes. Cone.
No.2 Canal L=700m ‘ -
excavation | m3 i, 700 . o BAN. : T
embonkment m3 11,900 Prol.
Main__Dam : . !
excavation m3 45,300 [T BY-p ex. Eonc. _
embankment m3 50,800 BAR. Prof,
Main Intoke ' - |
: excavation m3 9,500 . 8x. danking ! ong. | THIT;
embankment m3 2400 ol Ll & [ =S geie |
No._1__Tunnel : L=1,775M . ' ‘ T ) aairs L
excavation m3 9,800 ' - ' “1 1 45&?21'—E=rL !
concrete m> 1,360 [ 80T/ |L=1,200m TohE. q.ao‘leM
No. 1 Canal L=3662m | \ l :
ex. 8 embankment | m3 |ex.62,800BAN.63)00 : ex. BAN. | _ e BAN |
slope profection m2 23,700 - Prof. : LEGEND
No.2_  Tunnel L=2,950m . T . _ _ ; avation
. excavation m3 16,300 | e —— am1 = = . Exe
concrete . m3 2260 LT ex. 89M/Mm C oM. 500N Conc. ;  Concrete _
No.2 Canal L=4,6680m : BAN. ;. Enbonkment
ex.& embankment m3 Ex80000 BAN.80,300 [ N - _ Prot, . Rock facing
protection me 30,200 : ' ' Prot. - trans. ,  Tranaportation’
No.3 Tunnel . L=500m - - - 1 = 111 . : - fact . Factory
excavation m3 2,800 - - ex. 25MM : ' =
concrete m 280 . L tonc. insf. : Installation
Ne. 3 Congl ' L=13.650m - R : . [ U.T. ;  Upper funnel -
ox.8 embankment | m3 lex.228/00 BAN 232000 1T [ ex. . embonkment. ! LT :  Lower funnel
B slope_protection | m2 86,230 : ' - ' ot | MA4, 3 Progress m/manth
arvell - - | L. 5 Length
ex. 8 embankment M3 fex. 55,300 BAN.4,904 X : I _
concrete m3 950 . ' : . 1 Goné. | {Cone.[°
slope praotection ma 1,400 : _ . B T L
Penstock Ling - - . 1 1 -
excavation m3| . 26,100 . _ e [ 1 [ex. . - [
concrete ms3 2,700 . RN gone] || cong. |
steel pensfock m L [ Meet 1 | _1_L_J._}1Irens. Finkl ] _
Powerhouse : | : : |~ Commencement of Commercic) Operation
~—excavation ma 56.400 _ : _ex. | Building 1] _ ‘
concrete m3 4,810 ' ] o] Cone. .
: other works LS —
| Machine & Equipment . : '
crane i R - T et -1 Irans. 1hal ‘ B
turbine 1 160 . g N L I T L 3 P R 1 J__dmans, inst.
generator . . R 145 = A9 I I O N N Y hol ]
fransformer 1 &0 ' . I 1 et |1 [ | J_{irans; Inaf
swifchyard t 3 EE T oteeh [ T T _{_[]iTans, inst.
test operdation - | - - - NE Test. _
Transmission - line 46kV km 25 ' ‘ - . - . ' [ LA MICA PROJECT
( Guangopolo ~ La Mica) - - 11T g 72 N O A Y WM .12 ) : . i
[ . Pt i 1 : * Fig. 8-2
Preliminary warks . v V : :
gocess road . ‘ . - - . _ : . . ,
transmission line for consfruction - - 111 HIR I ‘ - - _ _ - o . Construction Schedule







8.2.2 Methods of Construction -

{1) Road for Transportation, Construction Base Camp, Power for Construction,
and Water for Construction

Either road or railroad can be used for the transportution of materials and equip-
ment for the Project from Guayaquil vin Quito to Cambaya where “EEQ™ S.A. warchouse
is located. At Cumbaya base, there are sufficient unloading and storage facilities. This
base was used for the construction of Cumbaya and Nayon Projects. Since the location

of this base is only 40 km by road to La Mica Pro_lu.t snte the base will be utilized for
this project. :

The road from Cumbaya to La Mica via Quito will run along the route shown on
Drawing -2, Prior to the full-scale construction works, this road will be improved to accom-

modate traffic for construction purposes.  Branch access roads will be constructed as
required.

The survey camp at Antizana will be enlarged and used as the construction base for
“EEQ™ 8.A. and the consulting engineer,  The camp for contractors will be provided
separately at two places of the vicinity of dam and the powerhouse.

A power distribution system for a maximum of 300 to 400 KW will be necessary for
the construction works. -As described. in Clause 8.1.3, the transmission line connecting
Guangopolo and La Mica powerhouse and dam sites will be [first constructid and used
for construction works. For the constructlon of tunnels, and canals, portable dicsel
engines w:ll be used for mobility.

‘Wutcr f'or construction will be taken from Rio Antizana near the dam site or from the )
~ravine (Qda. )alom, the canal route by gravity or pumping.

_ Dunng tlm non—lrrlgatlon pmod the water. of tlu. existing 1rn1,at|on system can be
utilized. In this region, there is adequate water throughout the ycar and there will be no
_shortage of water for construut:on purposes,

-(2) Procu_rement of Materiuls and Apgregate

The materials required for the construction of La Mica Project are as lollows.

Cemé:_ﬂ: . . . 5,500 t= 12,940 sacks (42.5 kg/suc.ks)
Reinl‘qr_ccmeht'bérS:. ' o 310 t |
Steel 1ﬁ§terial: | 10t

- Apgregates: | e 40,000 t

As’ m(,nt:om,d dhOVL the totu! rcquxrt,d quantity of wmcnt is about 5,500 t.. Both
quantltatwely and' quahtdtlve!y, domestic products can be used. Most of the reinforcement
~ ‘bars, steel matundls. tools, cte. will have to be m];)OI'tLd from foreign countries. It is
DOSSIIJH.. to obtain. the total required quantity of dguq,.ltcs from natural deposite, but
"'an d:,g,rcg,atc plant will bt.. mslallcd to produu: thc m.u,qqary mdlu‘mls by crashing m.nwvc.
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rock for emergency purpose should there be a shortage of natural aggregates. The suitable

capacity of the aggregate plant would be a maximum of 30 T/H judging from the maximum
volume of concrete placing of 40 m /day The location of the aggregate plant should be
determined in consideration of the location of the quarry, and the layout of constructmn
roads,

(3) Construction of Main Structures

‘In order to construct a dam at the outlet of Lake Mica, the flow must be temporarily
diverted during construction by coffering. In consideration of the geology, run-off, weather
conditions, and - type of dam proposed, care and diversion of [low will be executed by
constructing a-culvert in the lower part of the dam foundation on the left bank of the
dam site. The maximum discharge capacity of this culvert is 3.5 m3/s, which is sufficient
to discharge the largest recorded flood in the past,” Where the culvert passes through the
dam body, a cut-off collor will be constructed to assure watertightness. -

After the river flow is diverted, the foundation of the dam will be excavated. The
excavation will be to the extent of removing surface soil, except in the center impervious
core zone where the foundation will be excavated to relatively impermeable layer. The
weak zone in the foundation will be treated by removing rejectable soil and backfilling
with suitable soil.

Embankment material will be obtained from the hill near the dam site, transported
and embanked in place and then thoroughly compacted. Embankment and compaction of
material must be executed carefully, conducting soil tests, to determine the optimum water
content in consideration of the weather condition in the project area. Excavated material
from the spillway can be used for embankment in an appropriate zone of the dam to eco-
nomize construction costs. " The riprap on the upstredm will be placed by dumping and
the material for the riprap will excavated material from the tunnel. There may not be any
_problem about the construction road, in view of the scale of the construction,

The intake structure will ‘be constructed in the dry by building a coffer dam around
_ the site above the present maximum water level of Lake Mica (3,900 m). After the com-
pletion of the intake structure and No. 1 tunnel, the coffer dam will be removed. The lake
bottom in the forebay of the intake will have to be excavated in water which is 9 m depth
at the maximum. Therefore, this work should be carried out when the water level recedes
after the project in put into operation. The manner in which to perform this work will -
require further detailed investigations and study. The access road to the intake site will .
be constructed on the left bank of the river and will be connected to the access road to
the dam for inspection and maintenance purposes after the project is completed " After the
dam and intake are completed, stoplog will be inserted in the upstream portal of the culvert
used temporary diversion channel to start storage of water. While the flow is closed with
the stoplog, the inside of the culvert wﬂl be plugged with concrete.

‘The' waterway is about _2’?.4 km long and consists of tunnels, culverts and canals,
There may not be any special problem’ encountered in their construction in view of ged!o—
gical and topographical conditions. The work schedule Iargely depends upon the con-
struction of No. 1 (1,773 m) and No. 2 (2,950 m) tunnels. Since the geology is assumed to
‘be good, neither specml construction method nor ﬂdlt will be requlred The works can
be completed within the proposed work schedule, No. 3 tunnel being short presents no
problcm but 9pecml care shouid be taken for protection of the portal sectlon ‘The culvert



structure will be constructed in places where the waterway crosses ravines. In view of the
present condition, it is believed that no difficulty will be encountered in the construction of
culverts. In case the foundation of canal is prepared by banking soxl the foundation should
be compacted well to avoid problcms caused by settlement.

The construction works should be started simuitaneously dividing the work into
several sections in order to allow time for the embanked material to settle and stabilize.

In view of the geoiogy and topography, there wil] be no problem in the construction
of the intake dams at Rio Chico and Qda Banio Urrla Pungo and the constructlon could
be executed by conventional method.

The head tank will be constructed on a wide tableland of Tablon Alto, and con-
struction machines can be efficiently utilized. Soil cement will be used for impervious
facing. The method for stabilizing and preparing the foundation of the structive and the
composition of soil cement should be decided by material test and other methods.

The foundation work of the penstock should be executed by dividing the work into

several sections to expedite construction and to allow time for concrete placed in the
foundatlon to cure,

_ Because of the topography of the powerhouse site, a relatively large volume of ex-
cavation will be required. Therefore, the excavation of the powerhouse foundation should
be started at an early stage, so that the powerhouse substructive can be constructed with
allowance of time for the foundation to stabilize.

For the concrete placing works for the above structures, 2 concrete plant will be
erected near the outlet portal of No. 1 tunnel to supply concrete to the dam, the intake,
and the inlet portal of No. 1 and No. 2 tunnels. An auxiliary plant will be set up around the
outlet portal of No. 2 tunnel to supply concrete to the outlet portal of No. 2 tunnel and
No. 2 culvert.. A portable plant will be adequate to supply concrete to the other culverts,
~ The concrete will transportcd by agltator car,

The main concrete plant will be erected at the powerhouse site to scpply concrete -
for the penstock foundation and the powerhouse. Concrete in the powerhouse will be
placed by chute and concrete for the penstock foundation will be transported by agitator
~car. ' : A o : - :

The transmission line between La Mica and Guangopolo will be constructed along
* the road extending from Mica to Pintag and Guangopolo. The line will pass through com-
paratively flat land and, therefore, there should be no problem in the execution of the work.






9.1

Chapter IX

COS_T ESTIMATE OF LA MICA POWER PLANT

BASIC ASSUMPTIONS

The costs of La Mica Pro;ect were estimated according to the following basic assump-

tions.

(1) Scope 6f Wofks _

The cost” estimates of the project includes the dam, intake structure, headrace and

-all other appurtenant structures, powerhouse, switchyard, transmission line between the

powerhouse and Guangopolo Substation and extension of Guangopolo Switchyard.

(2} _Quantities of Works

The attached Drawings | to 12 were used in estimating the quantities of each work and

where necessary, supplementary drawings were prepared to assure accuracy. The topo-

graphical maps supplied by EEQ were used for preparation of the drawings.

(3) lnter'est.during Construction

Interest was calculated at 6.5% per anpum for foreign currency and 10% for domcstm _
currency for only the parts to be financed with loans.

(4) Customs and lmport Duties

As for customs and 1mport duties, I:LQ is completely cxumpled from payment of
such chargt.s by special decree of the Government. .

5) Basic Unit Prices

For materials to be procured'domestically the market prices in 1968 were uscd, while
for materials to be imported, the 1968 prices at Port of Gllde([Llll Le., C.LLF. prices were
used. ‘Wages for labor were based on 1968 figures.
(6) . Domestic Currency and Foreign Currency

Ecuadorian currency will be required for disbursements of civil works, instaltation of

machinery and equipment, procurement of domestic materials, transportation within the
country, etc., while foreign. currency will be quulred for items d;rec.tly requiring foreign

“currency such as purchase of imported mathmery and equipment, c.ngmeermg and super-

visory costs, etc.
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(7) Scope of Contract Work

It was assumed that civil works, such as dam, intake structure, tunnel, canal, regulating
reservoir and powerhouse will be let to foreign contractors, while installation of penstock
and generating equipment will be carried out by foreign contractor with erectors provided
by each manufacturer of equipment, and under the supervision of a consultant.

(8) Preliminary Works

The road between Quito and Pifo will be utilized as the construction road. Within
the Hacienda, the existing road will be used by executing partial improvement work, The
cost for roads include the new roads from EEQ's camp to the dam site and further to
the portal of tunnel, and for the construction of waterways (open canal). Camps for con-
struction are to be set up at the dam site and at the powerhouse site, Power for construction
will be supplied by the permanent transmission line between Guangopolo and La Mica
whiclh’ will be constructed prior to the commencement of construction works. The cost
for this has been estimated as preliminary work. Warehouses and temporary storage places
for materials and equipments will be provided at Cumbaya camp. Supplementary camp
will be provided at the powerhouse site.

(9) Cost of Land

Almost all structures of la Mica Projéct will be built on land now privately owned
so that it will be necessary to acquire by purchase the required land. This cost is included
in the estimate.

(10) EEQ Administration Costs

The administration costs o_f ‘EEQ will include the wages and salaries of its staff in
the field and head office as well as other related expenses during the construction period.

{11) Engineering and Supervisory Costs

Engineering and supervision for the main structure will be undcrtaken by foreign
consultants and domestic consulting company.’

(12) Contingencies
~For bdntinge_ndes, the following percentages are included:

5% for all foreign currency cxpenditufes
10% for local currency expenditures for the dam, tunnel, canal, powerhouse, etc.

10% for all other local currency expenditures



9.2 TOTAL CONSTRUCT]ON_ COSTS OF LA MICA PROJECT

Under the conditions described in 9.2, the construction costs of La Mica Project were
estimated. The results are as follows, including interest during construction and the transmission

line.
‘Local currency s/. 104,716,000
Foreign currency s/, 72,184,000 . (US$3,970,000)
“Total construction cost . s/. 176,900,000 (US$9,730,000)

As shown above, the amount of foreign currency is about 40% of the total construction
~costs. The cost for each component of the project is.shown in Table 9-1 (3-1, 3-2 and 3-3).
Shown in the following table are the annual fund required for the construction works to achieve
the commencement of operation in the end of July, 1974, as described in 8.2 of Chapter 8.

Unit: sucres

} Year July~Dec., 1972| Jan.—Dec., 1973{ Jan.—Dec., 1974]  Total
‘Local currency 22,844,200 .49 ,328,450 | 32,543,350 104,716,000
' For_eign currency | 8,135,000 | 34,451,050 | 29,597,950 | 72,184,000
‘Total construction cost 30,979,200 | 83,779,500 _ 62,141,300 1[176,900,000

The breakdown of the construction costs is shown in Table 9-2 (3-1,3-2 and 3-3). '
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9.3 CONSTRUCT ION COST OF JOINT FACILITIES

Cost allocation of La Mica Project will be made to city water service and the joint facﬂmes
include structures to conduct water from Rio Chico, Qda. Bafiio Urria Pungo to La Mica Re-
servoir, La Mica Dam, the intake, waterways (tunnels and open canals) and other related equip-
ment. The costs for the above were extracted from Table 9-1 totalling as follows,

Local currency: s/. 65,805,000

Foreign currency: _ s/. 27,165,000  (US$1,494,000)
Total cost of joint facilities: s/, 92,970,000 (US$5,114,000)

The above amount is 69% of the total construction cost of s/. 176,900,000.

The breakdown of each 1tem and expenses is shown in Table 9-3. The required maximum
flow for water supply is 3 m /sec and a peak discharge of 4.5 m3/sec is designed for power
generation.” Therefore, the construction cost for the waterway has increased to accommodate
the additional 1.5 m3/sec of water, which is the difference between water supply and power
generation. Alternative construction cost for water supply was calculated in consideration of
the following situation.

For alternative construction costs, the costs for No. 1 canal, No. 2 canal and No. 3 canal’
arc substracted from the previously mentioned costs for joint facilities. As described in Chapter
5, La Mica Dam requires a reservoir with a storage capacity of 21,000,000 m3 either for power
generation or for water supply. . So, the alternative costs will be the same. As for the con-
struction of tunnels, a tunnel of 4 Sm /scc will have a dimension of 2.00 m high and 1.80 m
wide which is the minimum cross section than can be constructed. Therefore, there wiil be no
difference in the constructlon cost for the flow of 3 m3/sec The altematwe costs were estimated
as follows taking the above into consideration.

Domestic c'urrency_.: . s/. 63,301,000
Foréign .cu‘rrcn_c_y: ' ' s/. 26,129,000 (US$],437,00Q)

Construction cost of alternative _ o
works for water supply: . sf. 89,430,000 (US$4,919,000)
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 Table 9-3  Construction Costs of Joint Facilities

Unit:  sucres
Construction Foreign Local

No. Cost Currency - Currency

A-1 No. 1 divertion dam 526,200 211,250 314,950

A-2 No. 2 divertion canal 456,000 96,800 359,200
A-3 No. 2 divertion dam 713,000 289,400 423,600
A-4 No. 2 divertion canal 903,0_00 190,900 712,100

A-5 Main dam 5,012,000 1,801,900 3,210,100
A-6 - Intake 2,100,000, 882,800 l,2l7,200
A-7 No. | Tunnel 7,350,000 2,697,500 4,652,500
A-8 No. 1 Canal 5,000,000 1,081,600 | 3,918,400
A9 Nd. 2 Tunnel 12,200,000 4,493,700 7,716,300
A-10 No, 2 Canal 6,300,d00 1,373,500 4,926,5.00.
A-11° | No.3 Tunnel - 2,100,000 768,800 1,331,200
A-12 No. 3 Canal 15‘,340,000 3,718,500 13,621,500
'Sub-to_tai 60,000,200 17,596,650 _ 42,403,5__5(_)_ _

. Bl Hy.'drauiic equipment 1330,000 - 280',000 '_ 50,000
C-1. | Pleriminary works | 12,455,000 3,169,000 9,286,000
D Studies & investigation 1,140,000 0 1,140,000
E Land .adquis;i'.t_ion L 1220000 0 1,220,000
F - EEQ‘SAdmiﬁistration 1,820,000 | 0 '].,8.20,_000 -
“_'G ' Engineer & s:upervisory'- ‘ '._2.,073,000 1,440,00.0 629,000
Sub-tdtai: 19,038,000 | 4,893,000 14,145,000 |

H _ ' .C'ontin'gency '6,653,800 ' 2,432,350 4,221,450

o _lntérést_.‘duri_r_ig'. R : " o : o
- construction - 7,278,000 - 2,243,000 5,035,000

Sub-total | 13,931,800 ~_4,675*,350 | 9,256,450

- Grand _totai 2 _9'2,97('),000" 27,165,000 65,805,000




Table 9-4  Construction Cost of Alt'emafive Facilities for Water Supply

Unit: sucres

Construction

No. Item Cost Remarks
A-1 No. | divertion dam 526,200
A2 No. { divertion canal 456,000
A-3 No. 2 divertion dam 713,000
A-4 No. 2 divertion canal 903,000
A5 Main dam 5,012,000
A-6 Intake 2,100,000
A-7 No. | Tunnel 7,350,000 _
A-8 No. 1 Canal 4,489,000 5,000,000 x 904/1.007
Q =3 m3/sec.
A9 No. 2 Tunnel - 12,200,000
A-10 No. 2 Canal 5,656,000 6,300,000 x 904/1.007 '
' Q = 3 m3/sec.

A-11 No. 3 Tunnel 2,100,000
A-12 | - No.3 Canal 15,567,000 | 17,340,000 x 904/1.007
o o . 7 ' Q=3 m3/sec. :
A-13 Cascade 500,000 '

| Sub-total 57,572,200
B-1 Hydraulic equipment 330,000
C-1 - Preliminary works 11,951,000 . ' 12,455,000

' : : % 60,000,200/57,572,200
D _Studies & investigation 1,094,000 ],140,000 -
E . Land acquisition 1,171,000 1,220,000 ”
F Administration 1,746,000 | 1,820,000 "
G’ - Engineer & su'_pervisor'y 1,996,000 2,080,000 !
Sub-total 18,288,000
H Contingency 6,403,800 | . 6,640,000”
. © % 75,860/78,748
I Interest during const. . - 7,166,000 . 1,439,000 - - 7
Grand Total 89,430,000 R
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A-2

COST ALLOCATION TO WATER SUPPLY WORKS

In case water is diverted for city water supply 10 years after completion of La Mica

Project (1984)
Optimum investment -
(Power genération)

Current price per KWh in 1984: 1,123,850 MWh

Energy cost at generating end: s/. 0.18/KWh
Optinlum investment: 1,123,850 MWh x sf. 0.18 =g/. 202,293,000
(Water supply)

The a]t_érnate cost for 3 m3 [sec. intake should be the opﬁinuminvestment.

Alternate construction cost: - s/._ 89,430,000 {breakdown in Table 9-4)

" Separable costs

(Power generation)

Joint cost — alternate cost = s/. 91,236,300 — sf. 87,755.400

' = s/. 4,480,900 {(Residual value in 1984)
(Water supply) - E . None. ‘

Cost of specific facilities '

Totdl construction cost — joint cost = s/. ]71 ,900,000 — s/. 92,970,000
= /.78,930,000

Residual value in 1984: /. 77,467,900

~ Allocation of cost to joint facilities
This cost should be the remaining price of the joint facilities in 1984,

sf. 91,236,300

913



A-5 Cost allocation

Item
a.  Alternative
‘b, Optimum investment
c.  Smaller ooe of a&b
d. Specific cost
e. {c)— (d).
f.- Separable cost
g. Rémaining benefits (e—f)
h. Percentage of above item

i.  Balance allocated to joint
facilities

j. Allocated cost

k. Percentage of allocated cost

Power
generation-

s/. 90,000,000
§/.202,293,000
s/. 90,000,000
s/. 77,467,900
s/. 12,532,100
s/, 3,480,900
s/. 9,151,200
9.2%

s/, 8,074,000

s/. 11,555,300
12.7%

Water

" supply

s/.89,430,000

$/.89,430,000-

s/.89,430,000

sf. 0

§/.89,430,000
50.8%

'sf 79,681,000

s/.79,681,000
87.3%

Total

§/.101,962,100
s/ 3,480,900

s/. 98,481,000

100%

s/. 87,755,000
(=5/.91,236,300

- 3,480,900)

s/. 91,236,300

100%

The allocation of s/. 79 681 900 for water supply is in the 1984 and this cost con-
verted 1nto present worth as of 1974 is as follows :

s/, 79,68_1,000 x (1 +009)'0

s/. 33,660,000

s/. 79,681,000 x 0.4224

“The above amount should be borne by water supply Therefore, the cost for power

'generatlon will be as follows.

- (total constructlon cost) - (allocatlon to water supply)

1

s/ 176,900,000 - s/. 33, 660 000
s/ 143, 240 000

" .The annual averag,e energy output durmg the serviciable life for case of A is 97,580,000

MWh.

sf. 143,240,000/97,580,000 KWwh =

The construction cost per KWh is:

9-14

's/. 1.468/KWh



B-1

B-2

B3

B4

‘In case water is diverted for city water 25 years after completion of La Mica Project

(1999),
Optimum investment and alterna’te.cost
(Power generation)

Current price per KWh in 1999: 1,011,240 MWh

Energy cost at generating end: s/. 0.18/KWh
Optimum investment: 1,011,240 MWh x s/. 0.18 = s/. 182,023,200
Alternate construction cost; 18,000 KW x s/. 5,000/KW = sg/. 90,000,000

(Water suppl_y)

The alternate cost for 3 m3/sec. intake should be the optimum investment,

Alternate construction cost: s/. 89,430,000

.Separable cost

(Power géneration)
Residual value of joint facilities - Residual value of alternate for water supply
.= 8 83,307,'8_00_ - s/. 80,129,900
= s/. 3,17.7.,_900

‘Note: - Residual value in 1999. _

(Water supply) '~ None

Cost of specific facilities

Total construction cost - joint costs

s/.171,900,000. - s/. 92,970,000 -
s/. 78,930,000 -

Resid'ual value in 1999 accdrding to Table 9-6: s/. 70,735,400

Allocation of cost to joint facilities

Residualvalueofjoin_t facil'ities.in__l9_99: o 's/. 83,307,800

315



B-5

i

k. .

Cost allocation

Item

Alternativé

Optimum investment
Smaller.one of a & b
Specific .cost

@ - @)

~ Separable cost

Remaining benefits (e—f)
Percentage of abové item

Balance allocated to joint
facilities

Allocated cost

Percentagé of allocated cost

Power
generation

s/. 90,000,000
s/.182,023,200
s/. 90,000,000
s/. 70,735,400

~sf. 19,264,600

sf. 3,177,900
s/. 16,086,700
15.2%

s/. 12,179,700

sf. 15,357,600

18.4%

- Water

supply
s/. 89,430,000

s/. 89,430,000

s/. 89,430,000

s/. 89,430,000
84.8%

s/. 67,950,200

s/. 67,950,200

81.6%

Total

s/.108,694,600

s/. 3,177,900

5/.105,516,700
100%

sf. 80,129,900

(= s/.83,307,800
-3,178,900)

s/. 83,307,800

100%

The allocatlon to water supply of s/. 67,950,200 is in the year 1999 and this value
converted into present worth as at 19'74 is as follows. "

i

sf.

7,900,000

§/. 67,950,200 x 1/(1 + 0.09)25
s/. 67,950,200 x 0.11597

In 1984, the cost to be shared by water supply will be only sf. 7,880,200. . Thu's the
construction cost for power géncration will be as follows.

s/ .'1 69,000,000

(total construction cost) - (allqcatio_n to water supply)

s/.176,900,000 - s/. 7,900,000

In B case, the annual average energy output during the serv1Ceable life is 106 560 000.
MWh. The construction cost per KWh i is: : : :

s/.l_69,000,0_0'0/106,560,_000 KWh =

916

s/. 1.586/KWh



9.5 ALLOCATION ACCORDING TO AGREEMENT BETWEEN “EEQ” S.A. AND
EMPRESA DE AGUA POTABLE

: Sh_own bel_ow‘ is the allocation of joints costs according to the documents exchanged be-
tween “EEQ™ S.A. and Empresa de Agua Potable in January, 1968,

Initial investment of joint cost for 4.5 m3fsec. waterway = s/, 92,970,000

Ie

It

Ia Initial investment of alternate cost for water supply for 3.0 m3/sec waterway

= s/, 89,422,200
~ The serviceable life is taken as 45 years.
Annual deprecxatlon charge = 45 =5/.1,987 200/year
(1) In case water supply is started in 1984

Allocation to water supply in 1984 is:

% x /. 89,422,200 = s/. 69,552,000

Present worth in 1974 s/. 69,552,000 x 0.4224

s/. 29,378,800

(2) In case water supply is started in 1999:
Allocation to _Water_ supply in 1999 is:

_i_tsl x s/. 89,422,200 = s/. 39,744,000

 Present worth'in 1974 = - s/. 39,744,000 x 0.11597 .

I

s/.. 4,609,000



Table 95 Preseat Worth in 1983 (40 years from 1983 to 2023)

11

Year Energy {)Vrc?rsﬁ?t Fwﬁ?ﬁ? t _Yea'r. E.nergy {)vrgﬁfl?t argsgillt
MWh factor |- MWh - Mwh . factor MWwh
[ 1984 | 113,090 | 09174 [ 103,750 | 22 | 2005 | 93,810 | 0.1502 {14,090
2|1985 | 112,540 | 08417 | 94,720 | 23 |2006 | 92,700 | 0.1378 |i2,770
31986 | 112,070 | 07722 | 86,540 | 24 | 2007 | 91,490 | 0.1264 1,560
4 {1987 | 111,430 | 0.7084 | 78,940 || 25 |2008 | 90,000 | 0.1160 |10,450
5 {1988 | 110,780 | 0.6499 | 72,000 | 26 {2009 | 887250 | ©0.1064 | 9,390
6 |1989 | 110,030 | 05963 | 65,610 | 27 |2010 | 85,750 | 0.09761| 8,370
711990 | 109,200 | 05470 | 59,780 | 28 | 2011 81,110 | 0.08955| 7,260
8 [ 1991 | 108,460 | 0.5019 | 54,440 || 29 {2012 74,720 | 0.08215( 6,140
9 11992 | 107,620 | 0.4604 | 49,550 | 30|2013 | 74720 | 0.07537} 5,630
10 | 1993 | 106,700 | 0.4224 | 45070 | 31 | 2014 | 74,720 | 0.06915] 5,170
1994 | 105,770 | 0.3875 { 40,990 | 32 {2015 | 74,720 | 0.06344| 4,740
12 | 1995 | 104,840 | 03555 | 37,270 | 33 |2016 | 74,720 | 0.05820| 4,350
13 | 1996 | 103,820 | 03262 | 33,870 | 34 |2017 | 74720 | 0.05339| 3,990
1411997 | 102,800 | 02992 | 30,760 | 35 '2.01_8 74720 | 0.04899 3,660
15| 1998 | 101,780 | 0.2745 | 27,940 | 36 | 2019 | 74,720 | 0.04494]| 3,360
i6 | 1999 | 100,670 | 02519 | 25360 | 37 2020 | 74720 | 004123 3,080
1712000 | 99,560 | 0.2311 | 23000 | 38 [2021 | 74,720 003783 | 2,830
18 [2001 | 98350 | 02120 | 20850 { 39 (2022 | 74720 { 003470 12,590
19 /2002 | 97,240 | 01945 | 18910 | 40|2023 | 74,720 | 0.03184 2,380
20 [ 2003 | 96,130 | 0.1784 | 17,050 .| a
21| 2004 | 94920 | 0.1637 | 15540 | Total 1,123,850
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Table 9-6  Present Worth in 1999 (25 years from 1999 to 2023)

S _ Present Present
Year Energy Worth Worth -

o (MWh) ~ Factor- (MWh)

1 1999 116,630 09174 107,000

2 2000 114,880 08417 96,690

3 2001 113,140 0.7722 87,370

4 2002 111,390 0.7084 78,910

5 2003 109,650 0.6499 71,260

6 2004 107,900 0.5963 64,340
7 2005 106,150 -0.5470 58,060

8 20_0_6 104,410 0.5019 52,400

9 2007 102,660 0.4604 47,260
10 2008 100,910 0.4224 42,620
1 2009 99,170 0.3875 38,430
12 2010 97,420 0.3555 34,630
13 2011 95,670 0.3262 31,210
14 2012 93,930 0.2992 28,100
15 2013 92,'1'80 0.2745 25,300
16 2014 90,430 0.2519 22,780
17 _2615_' 88,690 0.2311 20,500
18 2016 86940 02120 - 18,430
19 2017 85,200 | 0.1945 16,570
20 2018 83,450 0.1784 14,890
21 © 2019 81,700 0.1637 13,370

22 2020 79,960 '0.1502 12,010 .

23 2021 78,210 10.1378 10,780
24 2022 76,460 01264 9,660
25 2023 74,720 0.1160 8,670
Total | 11,011,240
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Table 9-7

Residual Value of Joint Facilities -
~ Joint facilities: /. 92,969,200

Unit: Mil sucres

Redemption of - o :
Year Principal Interest .| Redemption | Outstanding
Rate = 0.091227 | Rate=0.09 | Principal Principal
L 1974 8,480 8,367.2 114.1 92,855.1
2 1975 " 8,357.0 124.3 92,730.8
3 1976 » 8,345.8 135.5 92,595.3
4 1977 " 8,333.6 147.7 192,447.6
5 1978 » 8,320.3 161.0 92,286.6
6 1979 » 8,305.8 175.5 92,111.1
7 1980 " 8,200.0 191.3 91,919.8
8 1981 » 8,272.8 208.5 91,711.3
9 1982 " 8,254.0 227.3 91,484.0
10 1983 » 8,233.5 247.7 91,236.3
1 1984 » 8,211.3 270.0 90,966.3
12 1985 " 8,187.0 294.3 90,672.0
13 | 1986 » 8,160.5 3208 190,351.2
14 1987 " 8,131.6 349.7 9'0,001.5 |
15 1988 " 8,100.1 381.2 89,620.3
16 1989 “ , 8,065.8 4155 | . 89,204.8
17 1990 i 8,028.4 452’.9 88,751.9
18 11991 7,987.7 493.6 88,258.3
19 | 1992 17,9432 538.1 87,7202
20 1993 » 17,8948 586.5 87,1337
21 1994 » 7,842.0 639.3 86,494.4
22 | 1995 . 7,784.5 696.8 85,797.6
'_23 1996 " 77218 75935 85,038.1
24 1997 7,653.4' 827'.'9_‘ 1 84,210.2 -
25 | 1998 » 7,578.9 9024 83,307.8
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Table 9-8 Residual Valﬁc of Power Facilities

Total construction cost — cost of joint facilities = s/. 78,939,500

Unit:  Mil sucres
. Redemption of : :
. Year Principal . _Interest Redeemed Outstanding
Rate = 0.091227 | Rate = 0.09 Principal Princiap!
1 1974 7,201.4 7,095.8 - 105.6 78,842.6
2| 1978 " 7,086.3 5.1 78,737.1
3| 1976 . 7,076.0 125.4 78,622.0
4 1977 7,064.7 136.7 78,496.5
5 1978 " 7,052.4 1490 78,360.0
6 1979 g 7,039.0 16?;4 78,210.8
7| 1980 " 7,024.4 177.1 78,048.3
8 1981 " 7,008.4 193.0 77,871.3
9 1982 " 6,991.0 210.4 77,678.3
10 1983 " 6,972.1 229.3 77,467.9
1 1984 " 6,951.5 249.9 77,238.6
12 1985 o 6,929.0 272.4 76,988.7
13 1986 " 6,904.5 297.0 76,7162
14| 1987 6,877.7 323.7 76,419.3
15 | 1988 » 6848.6 | 3528 76,095.6
16 | 1989 . 6,816.9 384.6 75,742.8
'1_7 | 1990 | » 6,782.2 419.2 753582
18 1991 " 6,744.5. 456.9 74,939.1
19 1992 o 6,703.4 498.0 74,482.2
20 | 1993 » | 66586 | 5428 73,984.2
21 1994 » 6,609.7 591.7 73,441.3
S22 | 1995 ” 6,556.5 644.9 72,849.6
23 ‘1'.9'96 > 6,498.4 703.0 72,2047
24 | 1997 ” 64352 "166,3.‘ | 75017
25 | 1998 | ” 6,366.2 §35.2 70,7354
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Table 9-9

Residual Value of Alter_native Structure for Water Supply

Construction costs: s/. 89,422,200

Unit: Mil sucres
-Redemption 7 : :
Year of Principal Interest Redeemed Outstanding
Rate = 0.091227| Rate = 0.09 ‘Principal Principal
i 1974 8,157.7 8,048.0 109.7 89,312.5
2 1975 » 8,038.1 119.6 89,192.9
3 1976 ” 8,027.4 130.3 89,062.6
4 1977 » 8,015.6 142.1 88,920.5
5 1978 ” 8,002.8 154.9 88,765.6
6 1979 » 7,988.9 168.8 88,596.8
7 1980 7,973.7 184.0 88,412.8
8 1981 » 7,957.2 200.5 88,212.3
9 1982 » 7,939.1 218.6 87,993.7
10 1983 » 7,919.4 238.3 87,755.4
1 1984 " 7,898.0 259.7 87,495.7
12 1985 » | 7,874.6 283.1 87,212.6
3 1986 ” 7,849.1 308.6 86,904.0
14 1087 " 78214 336.3 86,567.7
15 | 1988 » 7,791.1 366.6 86,2011
16 1989 ” 7,758.1 399.6 85,8015
17 | 1990 v 7,722.1 4356 | 853659
18 1991 7,682.9 4128 | 848911
9| 1992 7,640.2 517.5 84,373.6
20 | 1993 K 7,593.6 . s6a1 83,809.5
21 1994 7,542.9 614.8 83,194.7
2 | 1995 n 7,487.5 670.2 82,5245
23 1996 ” ?,427.2' : 730_.5 81,794.0
24 1997 7,361.5 7962 | 80997.8 "
25 | 1998 o | 7.2808 8679 | 80,1299

922



9.6 BREAKDOWN OF CIVIL WORKS
On the basis of the conditions described in 9.1, the _ﬁuantity of work was estimated from

Drawings 1—18. The unit cost for each item of works was assumed and the construction cost
was estimated as shown in [A-1]— [A-17].
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' [H] 'Contingency

Unit: sucres

Item No. | Percent Total Cost Foreign Currency Local Currency
A 10 7,844,300 2,378,150 5,466,150
B 5 2,32 1,200 1,597,700 723,500
c 10 1,293,000 329,000 964,000
D 20 300,000 0 300,000
E 10 160,000 0 160,000
F 5 120,000 0 120,000
G 10 272,700 190,000 82,700
Total 8.4 12,311,200 4,494,850 7,816,350
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Chapter X

ECONOMICAL EVALUATION OF LA MICA POWER PLANT

10.1 EFFECTIVE SALEABLE POWER AND ENERGY

The effective power and effective energy output of La Mica Project have been described
in Chapter 7 “POWER PRODUCTION". .

- Assuming average transmission losses to Quito South Substation to be a maximum of 5.8
percent for power and a maximum of 3.7 percent for energy, the effective saleable power (KW}

and effective energy (KWh) for case *A” and case “B” will be as shown in Table 10-1 and Table
10-2,

Table 10-1  Effective Saleable Energy for Case “A"™
at Sub-Station end

Effective . Effective Effective Effective
Saleable Saleable Saleable Saleable
Year Power Energy | Year Power Energy
' : (KW) {MWh) . (KW) (MWh)
1974 | 23,000 | 55460 2000 21,200 103,750
1976 28,500 | 77530 | 2002 | 20,300 101,330
1978 |- 28500 | 89,620 2004 | 19,400 98,920
1980 | 28,500 123,740 || 2006 18,600 96,600
1982 | 28500 - | 123740 || 2008 17,700 | - 93,900
1984 28,100 117,850 2010 17,400 | 89,360
1986 | 27,200 116790 | 2012 | 17,200 - | 79250
1988 26,400 | 115440 :
1990° | 25,500 113,890
1992 | 24600 | 112,150 : ‘
1994 | 23,800 110220 || 2023 | 17,200 79,250
1996. 22,900 108,190 Annual | 22,170 | 97,580
: ' ' 0 average :
1998 | 22,000 | 106,070
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Table 10-2

Effective Saleable Energy for Case “B”
at Sub-Station end '

Note:

o]

a2 w

Effective Effective Effective Effective
Saleable Saleable Saleable Saleable
Year Power Energy Year Power Energy
(KW) “(MWh) (KW) (MWh)
1974 23,100 55,460 2006 24,500 108,800
1976 28,500 77,530 12008 - 23,500 105,160
1978 28,500 89,620 - 2010 22,500 101,520
1980 28,500 123,740 2012 21,500 97,880
' ' 2014 20,500 94,240
2016 19,500 90,600
2018 18,000 86,960
2020 17,400 83,320
1998 28,500 123,.740 2022 17,200 79,680
2000 27,500 119,720 2023 17,200 7_9;500
2002 26,500 116,070 Annual. 25,120 106,560
- . average :
2004 . | 25,500 112,440
1. Case “A” — Diversion of water for water supply to begin from 1984,

Case “B” - Diversion of water for water supply to begih from 1999,

Annual average is the arithmetic mean of a 50 years life tlme

Eifectwe s.lle'\b]e power is the value in September
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10.2 ANNUAL COST
10.2.1 Auniuil Costs and Energy Cost lor Case “A”

"The total costs of construction after cost allocation to water supply are s/. 143,251,000
as described in Chapter 9 and the construction costs classified according to “EEQ" S.A."s account-
ing system by the uscful life of respective facilities are shown in Table 10-3-1. The total costs
includes the main structures of La Mica Power Plant and the transmission line.

Table 10-3-1  Total Construction Costs o'l‘ La Mica Project for Case “A”

Unit: sucres

lte_m tf:r;n Local currency | Foreign currency Total costs

Lands _and right of way - 2,035,300 T 0 2,035,300

Access roads | 50 12,07‘2,100 2,286,500 14,358,600

Powarﬁouse ' ' _ 50 8,010,800 4,540,700 12,551,500

Camp & buildings 30 190,800 1,591,100 1,781,900

Civil works ' 50 32,484,400 12,485,400 44,969,800

Penstocks ' 32 4,724,700 1,751,300 6,476,000
"_l"urbines and g:en'e.rators 35 . 2,728_,600 13,595,200 16,323,800 B

. Electrical e_quipment .33 908,300 5,704,400 6,612,700

Other equ.ipmeht 29 ' 14,494,200 17,320,700 31,814,900

Step-up substation 28 274800 1,040,700 1,315,500

Total cost of power plant . 77,924,000 | 60,316,000 _1_33,240,005_

* - Transmission line 35 2,476_,00_0 ‘ 2,524,000 5,000,000

- Grand-total 80,400,000 62,840,000 143,240,000

Note: Overhead costs are allocated pfoportionalely to all items. -

App!yihg the interest rates dcscribed in Chapter 9, that is, 6.5 'percent for foreign currency
and 10'perc_:ent for domestic currency, to obtain the capital recovery factor at 50 years, the
result is as shown in Tables 10-3-2 to 10-3-4.

In this case the following conditions will be applied.

- Replacement cost: '

The present worth of replacement cost after the life of the facilities averaged for 50 years.
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Table 10-3-2

The residual value of the facilities is not considered.

Replacement Cost

. Unit: sucres

Investment fs.p (%) fe.r (%) Annual cost
(1) (2) (3) (Dx(2)x(3)
At 28 years
Local currency 274,800 0.0693 0.1009 1,920
Foreign currency 1,040,700 0.1715 0.0679 12,120
At 29 years |
Local currency 14,494,200 0.0630 0.1009 | 92,140
Foreign currency:r . 17,320,700 .0.!.6!0 0.0679 189,350
| -At 30 years |
Local currency 190,800 0.0573 0.1009 1, 100
Foreign currency 1,591,100 0.1512 0.0679 16,330
At 32 yéars
| Local currency 4,724,700 0.0473 0.1009 22,600
‘Foreign currency 1,751,300 01333 | 00679 | 15850
At 33 years
Local currency 908,300 |  0.0430 0.1009 3,950
Fore_ign currency - 5,704,400 .0.1252 . 0.0679 48',490'
At 35 years | .
Local currency 5,205,100 0.0356 0.1009 18,700
Foreign currency 16,118,700 0.1 103 0.0679 120,720
Annual cost 544,000_
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Amortization of initial investment:

The total cost averaged for 50 years.

Table 10-3-3  Amortization of Initial Investment

Unit: sucres

Investment - fer Annual cost

- : (2) (D x (D
Local currency (i= 10%) . 80,400,000 _0.1009 8,113,000
Foreign currency (i = 6.5%) 62,840,000 0.0679 4,267,000
Annual cost 12,380,000

Note:  fer= Capital recovery factor (%)

i. = Annual interest

Table 10-3-4  Maintenance, Operation and Administrative Costs

Unit: sucres

Item _ Annual costs |
(.l) Personnel éxpensc _ _

. Plant personnel (12 persons X 5/.48,000) 576,000

Camp personnel (10 persons X é/.32,000) _ ._ _ 3.20,000

2 Other expenses | _ . R 13.5,000
(3) ‘Maintenance of machinéry and_equip_mcnt _ ' 573,000‘ .
(4) Main'te.nancc o'f str'lu'(':tures - - | ' 296,000 |

o Sub-total o 1,900,000

(5) - Administ_ratiye expenses | . - -450,000

Annual costs | 2,350,000
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Note: :
(3) Estimated at 0.7% of the construction cost of the related items, that is,
s/. 573,300. (See Table 10-3-1)

Access roads: ' s/. 14,358,600
Penstock: , s/. 6,476,000
Turbine & generator: - sf. 16,323,800
Eleétrichl equipment:. s/. 6,612,700
Other equipment: s/, 31,814,900
Step-up substation: s/. 1,315,500
Transmission line: s/, 5,000,000
Total cost: s/. 81,901,500

x 0.007 = é/. 573,000

(4) . Estimated at 0.5% of the construction cost of the related items, that is,
sf/. 296,600. (See Table 10-3-1)

Powerhouse: sf. 12,551,500
Camp & buildings: sf/. 1,781,900
Civil works: n s{. 44,980,800

_ Tétul cost: : S sf 59 314,200 -

X 0005 =g 796 000

Other annual costs were estlmdted from actual costs in I968 of existing
power plants of “EEQ” S.A.

.Thercfore the total ar_mua'l costs were estimated ‘from Table .9-(4)‘, 9-(5)

and 9-(6).

‘Replacement costs: | | - sl 544,00(_).
Amort.iznt.ion of initial investment:” sf. _ 12',386_,000
Mui_ntcnu_ﬁce aﬁd. o'per'at.iorll costs: _ s/ 2,3.50:.,00_0

Total.annual'costs: | - | s/ ]5;274,000_
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10.2.2  Annual Costs and Energy Cost for Case “B"
The total costs of construction after cost-allocation to water s_upp]y are 5/.169,028,500
as described in Chapter 9 and the construction costs classified according to “EEQ" S.A’s account-
ing system by useful life of respective facilities are shown in Table 10-3-5.

Table 10-3-5  Total Construction Costs of La Mica Project for Case “B™
Unit: sucres
Item Life in Local currency| Foreign currency Tolzﬂ costs
' years : :

Land and right of way - 2,035,300 0 2,035,300

Access road 50 12,072,100 2,286,500 14,358,600
_ Power_liouse 50 8,010,8.00. 4,540,7Q0 12,551,500

Camp & buildings 30 190,800 1,591,100 1,781,900

Civil works 50 51,084,400 19,645,400 70,729,800

Penstocks 32 4,724,700 1,751,300 6,476,000

Turbine and generator 35 2,728,600 13,595,200 16,323,800

Electrical equipment 33 908,300 5,704,4_00 6,612,700

Other equipment 29 | 14494200 | 17320700 | 31,814,900

Step-up substation . 28 274,800 1,040,700 | 1,315,500

‘Total cost of power plant 96,524,000 67,476,000 - 164,000,000
. Transmissio_n line 35 2,476,000 2,524,000 5,00_0,000
' Gmnc_i total | 99,000,000 70,000,000 169,000,000
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Applying the interest rates described in Chaptér 9, that is, 6.5 percent for foreign currency
and 10 pereent for the domestic currency, the capital recovery factor at.SO years, was obtained
as shown in Tables 10-3-6 to 10-3-8.

In this case the following conditions were applied.

Replacement cost:

- The present worth of replacement cost after the life of the facilities is averaged
out for 50 years. The residual value of the facilities is not considered in this case.

Table 10-3-6  Replacement Cost Unit: sucres
Investment | fs.p (%) fe.r (%) Annual cost
(1} (2) 3) (Dx(2)x(3)
At 28 years _
Locﬁl currency -274,800 0.0693 0.1009 1,920
Foreign currency - 1,040,700 0.1715 0.0679 12,120
At 29 yeurs
Local currency 14,494,200 0.0630 0.1009 92,140
[Foreign currency 17,320,700 0.1610 0.0679 189,350
- At 30 years . _ ‘
" Local currency | 190,800 _ 0.0573 0.1009 ~ 1,100
Foreign currency . 1,591,100 0.1512 0.0679 16,330
At 32 years o ._
~ Local currency 4724,700 | 0.0473 0.1009 22,600
Foreign currency 1.751,300 | 0.1333 0.0679 15,850
At 33 years . _ .
" Local currency " 908,300 | 0.0430 0.1009 3,950
Foreign cur_reﬁcy ..5,7.0_4,4-00 | 0.1252 | - 0.0679 3 48.490 :
At 35 years o | |
Local currency . 5,205,100 | 0.0356 0.1009 | ' 18,700
‘Foreign currency 16,118,700 | 0.1103 0.0679 120,720
Annual cost . 544,000
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Amortization of initial investments:

The total cost averaged for 50 years,

Table 10-3-7

Amortization of Initial Investment

Unit: sucres

Investment fc.r Annual cost

(1) (2) (N x(2)
Local currency (i = 10%) 99 000,000 . 0.1009 9,990,000
Foreign curfency (i=06.5%) 70,000,000 0.0679 4,760,000
Annual costs 14,750,000

Note: fe.r

i

Table 10-3-8 ‘Maintenance, Operation and Administrative Costs

Capital recovery factor (%)

Annual interest

Unit:  sucres

ltem

Annual cost

[¢)) Personnel expense

576,000

Plant perspnnel {12 persons X s/ ;48,0:00)
Carﬁp personnel (ioperson's' x §/.32,000) - 320,000
(2) Other expenses | 135,000
(3) - Maintenance of machinery and equipment 573,000
(4} : Maintenance of structures | 426,000
- Sub-total - | 2,030,000
(3) Ad_ministrative expenses | 450',000_
Annual costs ' 2,480,000
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Note:

(3)  Estimated at 0.7% of the consfmction'cost of the related items, that is,
s/. 573,300 (See Table 10-3-5). -

Access road: s/, 14,358,600
Penstock: | | sl 6,476,000
Turbine & generator: s/. 16,323,800
Blectrical equipment: _ s/, 6,612,700
.Other equipment: s/. 31.,814,900
Step-up substation: s/. 1,315,500
Transmission line: sf. 5,000,000
Total cost: 81,901,500 x 0.007
' = 5{. 573,000

€))] Estimated at 0.5% of the construction cost of the related items, that is,
sf. 425,500 (See Table 10-3-5).

Powerhouse: sf. 12,551,500

Camp & building; ' s/. 1,781,900

Civil works: _ _ sl.‘ 70,758,300

| Total cost: ' N 85,091,700-)( 0.005
R ' - = 5/. 426,000

_ Othér annual costs were estimated from actual costs in 1968 of existing
power plants of “*EEQ” S.A. ' ' '

The total annual costs were estimated from Table 3-6, Table 3-7 and Table3-8.

Replacement cost: o ' sf. .. 544,000 ‘
Amortization of initia investment:  §/. 14,750,000
Maintenan;e and Operation costs: s/, 2,480,000
. Tota.l annual .costs: _ | s/. '.17,774,000.
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10.2.3  Energy Cost of La Mica Power Plant

(D

(2)

10.3

Case - “A"

Dividing the total annual cost s/. 15,274,000 of La Mica Project obtained in 10.2.1
by the cffective saleable energy of 97,580,000 KWh, the cost per KWh delivered at
Quito South Substation is s/. 0.157 per KWh,

Dividing the total annual cost by the total construction cost, the annual cost ratio is
10,66 percent,

Case - “B”

Dividing the total annual cost s/. 17,774,000 of La Mica Project obtained in 10.2.2
by the effective saleable energy of 106,560,000 KWh, the cost per KWh delwcred at
Quito South Substation is s/, 0.167 per KWh.

Dividing the total annual cost by the total construction cost, the unmnl cost ratio is
10.51 percent.

COMPARISON WITH ALTERNATIVE SOURCE

10.3.1  Type of Plant Considered

As an alternative plan to La Mica Project, the following types of 30,000 KW thermal power
plants were assumed for construction in the v1cm1ty of Qunto and the most advantageous al-
ternatwe was selected for companson purposes.

" Note:

The 30, 000 KW capacity of the alternative is to accommodate the 18 ,000 KW of
La Mica power plant and increment in output 0l 22,000 KW due to downstru.&m
beneﬁts at the Guangopolo, Cumbayft and Nayon i m September,
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Table 10-4  Comparison of Types of Thermal Power

Installed Construction Efficiency | Years of | Unit cost of
Type capacity cost (BTU/KWh) | depreciation energy
MW x unit sucres e sucresfKWh
Diesel power| 5MWx 6 | s/. 102,000,000 11,500 15 0.373
=30,000KW ' '
Steam power| 15MWx 2 |s/. 120,000,000 14,000 20 0.412
=30,000KW
Gas turbine | 15MWx 2 |s/. 93,000,000 17,000 10 0513
=30,000KW ' :
Note: 1) BTU/Gallon of fuel = 148,000
2) Efficiency includes influence of high elevation at Quito (EL 2,800 m)
3) Annual energy production = 97,580,000 KWh/year
4 Utilization factor = (Average output) 11,140 kW/30,000 KW =
37.1% -
5) Construction cost per KW:

Diesel power sf. 3,400/KW

Steam power : - s/. 4,000/KW(includes cooling plant)

Gas turbine sf. 3,100/KW
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“Table [0-5 Consti_*uction Costs of Alternative Thermal Plants (1)

Diesel power
5 MW x 6 units

Steam power .
15 MW x 2 units

Gas turbine
15 MW x 2 units

Initial Investment

“S/. 102,000.000

S/. 120,000,000

8/. 93,000,000

Foreign currency C = 86,700,000 102,000,000 79,000,000
Local currency Cy = 15,300,000 18,000,000 14,000,000
(1) Amortization Cost | T = 15 T =20 T =10
Foreign i=6.5% | C}.x 0.068 = Cy x 0.068 = C| x0.068 =
_ | s/.5,896,000. $/. 6,936,000 S/. 5,372,000
Local i=10% Cy x 0.101 = Cy x 0.101 = C5 x0.101=
1,545,000 1,818,000 - 1,414,000
Total © 7,441,000 8,754,000 6,786,000
(2) Replacement Cost ‘ _ _
At 15 | At20 At 10
€y x0.389x0.106 | C;x0.284x0.091 | C;x0.533x0.139
= 3,575,000 = 2,636,000 = 5,853,000
Cyx0.239x0.131 | Cx0.149x0.117 | C5 x 0.385 x 0.163
= 479,000 = 314,000 = 879,000
At 30 At 40 At 20
C;x0.151x0.076 | C;x0.080x0.071 | Cjx 0.284 x 0.091
= 995,000 = 579,000 = 2,042,000
Cpx0.057x0.106 | Cpx0022x0.102| Cpx0.149x0.117"
-=92,000 = 40,000 - = 244,000
At 45 At 30
C} x 0.059 x 0.069 Cyx 151 x0.076
=353,000 = 907,000
Cy x 0.014 % 0.101 C9x0.057 x 0.106) -
= 22,000 ' = 85,000
At 40
€ % 0.080 x 0.070
= 442,000 |
Cox0.022x0.102
= 31,000
Total 5,516,000 3,569,000

10,483,000
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Table 10-5  Construction Costs of Alternative Thermal Plénts-(2)

Diesel power
5 MW x 6 units

"Steam power
15 MW x 2 units

Gas turbine

15 MW x 2 units

(3) Operating cost

Energy production
in KWh

Fuel consumption
in gallon

Cost of fuel
. Fuel expenses

Personnel expenses

Other expenses
Maintenance
expenses

Cost x 0.076

Oil and lubricant
costs

Fu_el Ex.x 0.0115

Administratien
expenses

Total

Grand total
(H -3

Cost/KWh

97,580,000

11,500
KWh x 7483 000

= 7,582,000
s/. 2.25/gal.
sf. 17,060,000

35pxsf. 4,500
= /. 1,575.000
s/. 250,000

s/. 1,632,000

s/. 1,962,000

s/. 1,000,000

23,479,000

s{. 36,395,000

s/. 0.373

97,580,000

14
KWh x W?ﬁoﬁ%

= 9,230,000

sf. 2.25/gal,
s/. 20,768,000

s/. 1,575,000
s/. 250,000

sf. 1,920,000

s/. 2,388,000

s/. 1,000,000

27,901,000

s/. 40,224,000 |

s/.0.412

97,580,000

17,000
KWh x 748,000

= 11,208,000

sf. 2.25/gal.

s/. 25,218,000

s/. 1,575,000

s/. 250,000

s/. 1,860,000
Cost x 0.02

s/. 2,900,000

s/. 1,000,000

32,803,000

‘s/. 50,072,000

s/.0.513
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The steam power plant of the alternative sources considered in Table 10-5 produces the
least expensive energy, but the plant will require approximately 6,000 m3/hours (1.67 m3/sec)
of cooling water, and it will be impossible to secure this amount of clean water at Quito. If a
cooling tower is added, the cost will be higher than the other alternative.

Gas turbine power plants are being opefated in some parts of South America, and in the
future it is assumed this type will be generally used for peak power plant, but in areas of high
altitude such as Quito which is 2,800 m above mean sea level, even jet gas turbines which are
considered to have the least loss in output will lose 25 percent of its output, and it's estimated -
energy cost of s/. 0.513 per KWh, is the most expensive of the 3 alternatives considered. Over-
hauling of the plant will be difficult at Quito.

~ In order to operate a steam power plant or a gas turbine plant according to the pattern of
the demand for energy, it will be more appropriate to install several small capacity units, and
this will result in an increase in the unit cost of energy. Therefore, the most advantageous
alternative plan would be to construct a diesel power plant in the vicinity of Quito.

10.3.2  Energy Cost of Alternative Source

As described above, construction of a diesel power plant in the vicinity of Quito is selected
as the best alternative source. The features of the diesel plant and the estimated energy cost
are shown below. '

(A) The construction cost of a 30,000 KW diesel plant is for an installation of the following

characteristics,
Number of units: o 6
Capacity of units: N _ - 5,000 KW
. Total capacity: - _ | _ | 20,000 KW
-.Rc_avolv.ing speed: | o -+ 500 rp.m.-
Céo_ling method: o : | Water cod[i‘n'g .
Gcﬁerating voltage : B o 6,600 volts

Step-up transformer

Numbe_r: . ' ' 7 3-phus¢, 1 unit
Capacity : RS 30,000 KVA, OA/FA
Voltage : | S 6.6 KV/46 KV

Transmission line

 Assumed léngth of transmission _
line: _— : _ 1 km ;
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Land

Land requifed for the power plant
Fuel tanks |

Number :

Capacity of each tank :

Approximate dimension of power
house:

Approximate dimension of
other building :

10-16
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Table 10-6 Consfruétion Costs of 30 MW Diesel Power Plant at Quito

Unit: sucres

Life Local Foreign
mn Currency Currency Total cost
year :
(1) Cost of land - 150,000 150,000
{(2) Powerhouse, cooling
pond & shops 30 _l,700,000 . 2,500,000 4,200,000
{3) Waterhouse & other
buildings 30 125,000 125,000 250,000
(4) Fuel tanks, Fuel handling
equipment 29 1,000,000 | 11,000,000 12,000,000
(5). Motor-generator sets 15 | 6,500,000 { 57,000,000 63,500,000
(6) Electrical equipment 22 120,000 | 1,100,000 1,220,000
: (Control board, '
switchgear, etc.)
(7) Other equipment 22 200,000 1,000,000 1,200,000
(8) Step-up substation 28 300,000 | . 2,100,000 2,400,000
(9) Transmission line 35 140,000 200,000 340,000
_ Sub-total 10,235,000 | 75,025,000 85,260,000
(10) -Enginee.ringfan.d' S '
o supervisipn - - 3,000,000 3,000,000
(11) Administration costs 1,600,000 | - 1,600,000
(1) - (11y 11,835,000 | 78,025,000 | 89,860,000
(12) Contingency 1,775,000 5,461,000 7,236,000
- (1) 13,610,000 | 83,486,000 |. 97,096,000
3) Interest during : . - ' '
con_struc_tion . 1,690,000 3,214,000 4,904,000
. Grand total 15,300,000 | 86,700.000 | 102,000,000
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Note:

Period of construction: 1.5 years

Applicable rates of interest are the same as for La Mica Project, i.e. 6..5% for
foreign currency and 10% for local currency. .

Interest during construction caleulated on amounts to be financed with loans
only. : ' '

Contingency estimated as follow:
Local currency: 15%

Foreign currency: 7%

Life in year is given as reference.

(B) Annual Costs of the Diase! Power Plant

Annual costs of the diesel power plant are calculated in the same manner as for La
Mica Project, over a 50 years period, and are the sum of amortization of investment
costs, replacement costs, maintenance and operation costs and administrative expenses,
as shown in Table 10-7 to 10-10. ' '

Table 10-7  Construction Costs of 30 MW Diesel Power Plant at Quito

Unit: sucres

o Life in " Local 'Fo'reign
Itgm ' year currency currency’ -Total cost
(1) Cost of fand - 224,000 - 224,000
(2 Powerhouse, cooling pond . : - . .
- & shops ~ 30 - 2,541,000 2,888,000 5,429,000
3) - Warehouse & other bufldings 30 187,000 145,000 332,000
(4 Fuel tanks & fuel handling | - N
: equipment _ : 29 1,495,000 12,711,000 14,206,000
" (5) Motor-gencrator sets 15 9,716,000 65,872,000 75,588;000
(6)  Electrical equipment ) 179,000 1,271,000 . 1,450,000
{(Control board,. I .
' _switchyard, etc.)
(7)  Otherequipment 22 | 299,000 | 1,155,000 | - 1,454,000
(8)  Step-up substation 28 449,000 | 2,427,000 | 2,876,000
9 Transmission line _ 35 210,000 231,000 441_,000
‘Grand total 15,300,000 | 86,700,000 | 102,000,000
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Table 10-8

Replacement Cost-of Diesel Power Plant

Unit: sucres

Investment fs.p fer Annual costs‘_
(N (2) (3) (Dx(2)x(3)
At 22 years
Local currency 478,000 | 0.1228 0.1140 6,690
Foreign currency 2,426,000 | 0.2502 | 0.0867 52,630
At 28 y_eafs '
 Local currency 449,000 | 0.0693 | 0.1075 3,340
Foreign currency 2,427,000 | 01715 | 0.0785 32,670
At 29 years
Local currency B ,495‘,000 0.0630 0.1067 10,050
Foreign currency 12,711,000 | 0.1610 0.0775 158,600
At 30 years
l._.ocal currency 12,444,000 { 0.0573 0.1061 75,650
Foreign currency 68,905;000 0.1512 0.0766 798,050
At 35 years .
Local currency 210,000 | 0.0356 | 0.1037 780
| Foreign currency 231,000 | 0.1103 | 0.0731 1,860
At ISy'ear's. | | |
~ Local currency 9,716,000 _0.239_4 0.1.3 10 304,710
Foreign c.:;.mency 65,872,000 | 03888 | 0.3 064 | 2,725,000
At 44 years | .
Local currency 478,000 | 0.0151 | 0.1015 6,690
..Fo'reign cufrcncy .2,426,000 0.0626 | 0.0693 52,630
At 45 years | |
Local currency 22,160,000 | 0.0137 0.1014 © 30,780
.Foreign currency 134,777,000 | 0.0588 0.0691 . 547,610
Annual costs 4,807,740

fs.p =

~ Note:
o fér =

Capital recovery factor (%)
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Table 109  Amortization of Initial Investment of Diesel Plant

Unit:  sucres

Investment fe.r Annual cost
Local curreﬁcy (i=10%) | 15,300,000 O.IOGSG 1,543,000
Foreign currency (i = 6.5%) 86,700,000 | 0.0679 5,896,000
Annual cost _ | 7,439,000

Capital reco;fery factor (%)

Note: fer

i Annual interest

Table 10-10  Maintenance, Operation and Administrative Costs

Unit: sucres

Annual cost

(D Fuel expenses (s/. 0.175/KWh) 17,060,000
97,580,000 KWh x s/. 0.175
(2) Personnel expense (35 persons) : 1,575,000
: 35pxsf. 4,500 :

() Otherexponses o N 250,000
.(4) * Maintenance expenées ' o - o l.,632,000 :
.(S) Oi_lan._d. iubrica_nt .expenses : | . o 1,962_,000
(6) -Administrativé gxpeﬁées ' _ S _ | : | _l,.OO0,000
'. Annual cost o | - ._ S 23,479,000

Note: . For cost of fuel, the present cost of diesel fuel at Qu._it'o of s/. 2.25/gallon,
~ has been taken, . ' : . : _
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(C) Energy Cost of the Diesel Power Plant

The annual costs of the diesel power plant obtained in Table 10-8 to Table 10-10
are’ sf. 35,697,740.

Replacement cost s/. 4,807,740
Amortization _ sf. 7,411,000
Ma_intenance, operation &

administrative expenses sf. 23,479,000
Total annual costs s/. 35,697,740

Dividing this amount, s/. 35,697,740, by the effective saleable energy of 97,580,000

KWh, the energy cost per KWh of the diesel power plant would be s/, 0,366 per KWh
in case “A". '

104  ANNUAL BENEFIT OF LA MICA PROJECT
‘The annual benefit of La Mica Project should be evaluated for kW and KWh respectively.
For this purpose, as shown in Table 10—1'1', the annual costs of the diesel power plant were
apportioned between fixed cost and variable cost, and the unit costs of KWand KWh respectively
were obtained and these were used as the unit costs for calculating benefits of La Mica Project.
. The reéu]'ts'are:
" Unitpower benefit: s/ 17,138,740/30,000KW = s/. 570/KW

Unit energy benefit: s/, 19,559,000/97,580,000 KWh = s/. 0.20/KWh
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Table {0-11 - Annual bgnefit for KW and KWh

Unit: sucres

Total annual
costs ' Fix_ed cost Variable cost
(1) Replacement 4,807,740 - 4,807,740 -
(2) Amortizgtion _ 7,411,000 7,411,000 . -
(3) Maintenance, operation
& administration costs
Fuel expenses 17,060,000 - 17,060,000
Personnel expenses 1,575,000 1,575,000 .
Other expensés 250,000 150,000 | 100,000
.Maintenance expenses 1,632,000 1,300,000 332,000
Oil & lubricants 1,962,000 1,295,000 1,667,000
(4 Administrative expenses 1,000,000 600,000 . 400,000
Total | 35,697,740 | 17,138,740 | 19,559,000

The above unit power and energy benefits were applied to the effective saleable power

-and energy given in 10.1 to obtain the annual benefits, and the sum of the benefits were

~ converted to 'presént worth to arrive at the benefit of La Mica Project. The benefits thus
~calculated for Case A" and Case “B” are given in Tables 10-12 and 10-13, '
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. Table 10-12

Annual benefit of La Mica Project for Case “A” '

Effective Saleable . '
power & Energy Annual benefit 1974 present worth
No. | Year | Power Energy Power Energy KW annual] KW annual
’ o o benefit benefit
_ (Kw) | (KWh) (mil sucres} | (mil sucres) | (mil sucres)| (il sucres)
- 111974 23,100 - 55,460 13,167 11,092 12,080 10,180
3 76 28,500 77,530 16,245 15,506 12,540 11,970
-5 78 | 28,500 89,620 16,245 | 17,924 10,560 | 11,650
7 80 | 28,500 123,740 16,245 24,748 3,890 13,540
9 82 28,500 123,740 16,245 24,748 7,480 11,390
11 84 28,100 117,850 16,017 23,570 6,210 9,130
13 86 27,200 116,790 15,504 23,358 5,060 7,620
15 88 26,400 115,440 15,048 23,088 4,130 6,340
17 90 25,500 113,890 14,535 22,178 3,360 5,260
19 92 24,600 112,150 14,022 | 22,430 2,730 4,360
21 94 | 23,800 110,220 13,566 | 22,044 2,220 3,610
23 96 22,900 108,190 13,053 | 21,638 1,800 2,980
25 98 22,000 106,070 12,540 21,214 1,450 2,460
27 | 2000 21,200 103,750 12,084 20,750 1,190 2,040
29 | 2002 20,300 101,330 11,571 20,266 950 1,670
31 | 4 | 19,400 98,920 11,058 | 19,784 760 1,370
33 6 | 18,600 96,6000 10,602 19,320 620 1,120
35 8 17,700 | 93,900 10,089 18,780 | 490 | 920
© 37 | 2010 .| 17,400 89,360 9,918 17,872 | - 410 740
39 {2012 |-17,200 | @ 79,250 9,804 | 15,850 340 550
o L 1 : : _ sub-total | sub-total
ditto ditto ditto ditto from 2012 from 2012 .
: : : v ol to- 2023 | to 2023
. SR B : : T 2,320 - 3,740
- 50 | 2023 17,200 - 79,250 19,804 15,850 _ _
Total - | 168,860 | 221,540
o o - , KW Bene- | KWh Bene-
Capital recovery factor at 50 years = 9.0 % - fit fit
' ' ' _ : =g/.15,200 = s/.19,940
Total Benefit '
=5/.35,140 -

for La Mica Project.
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Table 10-13

Annual Benefit of La Mica Project for Case “*B”

Egtﬁgﬁig esr?é?g le Annual benefit 1974 present worth
No. | Year : : KW annual | KWh annual
' Power Energy Power Energy benefit benefit
(KWwW) (KWh) (mil sucres) | {mil sucres) | {mil sucres)| (mil sucres)
1 1974 23,100 55,460 13,167 11,090 12,080 10,180
3 | 1976 28,500 77,530 16,245 15,506 12,540 11,970
5 | 1978 28,500 89,620 16,245 15,506 10,560 10,080
7 | 1980 28,500 123,740 16,245 24,748 8,890 13,540
: : : : : sub total sub fotal
from 1980 | from 1980
to 1998 to 1998
ditto ditto ditto | ditto 77,800 | 118,530
25 | 1998 28,500 123,740 16,245 24,748 1,880 2,870
27 | 2000 27,500 119,720 15,675 - 23,944 1,530 2,340
29 | 2002 26,500 116,070 15,105 23,214 1,240 1,910
31 | 2004 25,500 112,440 14,535 22,488 1,000 1,550
33 2006 24,500 108,800 13,965 21,760 © 810 1,270
35 | 2008 23,500 105,160 13,395 21,032 660 1,030
37 | 2010 22,500 101,520 12,825 20,304 530 840
39 | 2012 21,500 97,880 12,255 19,576 430 680
41 | 2014 | 20,500 94,240 1_1,685' '18,848 340 550
43 | 2016 19,500 90,600 11,115 18,120 270 450
45 | 2018 | 18,000 . 86,960 10,260 17,392 210 360
47 | 2020 | 17,400 83,320 9,918 16,664 170 290
49 | 2022 17,200 79,680 9,804 15,936 140 230
50 | 2023 17,200 79,500 9,805 15,900 130 . 210
Total 184,620 | 239,230
- - . KW Bene- |KWh Bene-
Capital recovery factor at 50 year = 9.0% fit = 16,620fit= 21,530
| | Total Benefit = 38,150
Note: The interest rate is 9.0% which is the same weighted averdge interest rate

for La Mica Project.
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10.5  BENEFIT-COST RATIO

The annual benefit and annual costs of La Mica Project for Case “*A™ and “B" are described
in 10.2.1, 10.2.2 and 9.4.

The annual surplus benefit and benefit-cost ratio are as shown below.

Case “A”
Annual benefit (B): sf. 34,590,000
Annual costs (C): ' s/. 15,274,000
Annual surplus benefit (B) - (C): sf. 19,316,000
Benefit-cost ratio (B)/(C): _ _ 2.26

Case “B”
Annpual benefit (B): sf. 37,430,000
Annual costs (C): sf. 17,774,000
Annual surplus benefit (B) - (C): sf. 19,656,000

- Benefit-cost ratio {(B)/(C): : 2.11
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Chapter X1

FINANCIAL ANALYSIS |

“EEQ" S.AL, thc owner of La Mica Project, has a paid- up L'l|)ltd] of s/. 221,000 000‘ an
installed ca]mcny ol 60 MW and annual energy sales of 160,000 MWh.

it is a privately owned electric utility company which is operating on revenues from sale
of clectricity. Therefore, in preparing the financial prograny of this project, it is desirable to
prepare a financial program of “EEQ" S.A., as whole including other commitied projects which
are in the course of construction. The Electric [’Ows,r Development Company (EPDC), which is
the parent orgunization of the six engineers who carried out the fuild investigations of this
Project, submitted to “EEQ™ S.A. in 1967 the feasibility report of Nayon Project in accordance
with the Contract for engineering services of the Nayon Project, The financial program con-
sidered in the feasibility report of Nayon Project was made on the basis of the financial situation
of “EEQ" S.A. as of 1966 and included the funds required for Nayon Project and the operating
income upon completion of the Project. Construction of the Nayon Power Plant is expected
to start about July of 1969 and “EEQ™ §.A. is now examining its entire financial program.

Therefore, many uncertain elements are assumed in the financial program for La Mica
Project on the basis of the financial situation of’ “EEQ™ S.A. as a whole in the same manner as

that of the Nayan Project. Therefare, the income statement was prepared independently {os
this Project as follows. o - . ‘

111 FUND REQUIRE_MENTS

As stated in Clmplcr 9, the estimated total construction cost of this project is sf,176,910,000
consisting ol 5/.72,193,000 in foreign currency and s/.104,7 17,000 in local currency.

The breakdown by years of fund requirements is as follows.
' ' o ' Unit: Mil sucres

1972 | - 1973 1974  Totl
S (450) (1,994) (1.710) (4.154)
Forcign currency: 8,135 34,451 29598 | 72,184
. - a9 | @314 | 3004 | 9,325)
Local | ’
ocal cureney: 22,844 49328 | 32544 | 104716
o O @3en (6.308) (4,804) (13,479)
Total
| | 30979 83,779 62,142 176,900

Note) Figures in parentheses indicate interest during construction
which is included in the annual fund requirements.



11.2 FINANCING OF FUNDS
11.2.1 . Sources of Funds

- There are possible sources of funds, such as foreign loans, loans from local financial in-
stitutions, equity financing and investment of “EEQ” S:A.’s own funds. For this Project, it was
assumed that a loan from an international financial institution is expected for the foreign
currency fund requirements. As sources of local currency fund requirements, the surplus and
other available funds of “EEQ™ S.A. were considered. However, as stated in the beginning of
- this Chapter, the amount of financing available from these sources cannot be precisely estimated
under the present condition, and therefore, the revenues from sales of electricity were not
considered. As for equity financing, as present there are no prospect of local institutions or
. persons interested in buying “EEQ™ S.A.’s stock in the required amount. Such being the case,
equity financing was also not considered, Therefore, the total amount of local currency fund
requirements was assumed to be borrowed from local financial institutions,

11.2.2  Interest and Term of Repayment
(1) Foreign Currency

As to the loans from international financial institution, “EEQ” S.A. raised a loan from
the World Bank for the construction of the first stage of Cumbaya Project. Morcover,
“EEQ" S.A. is now negotiating with the World Bank for another loan to finance a part
of the construction costs of the Nayon Project, Information available indicates that the
World Bank is favorably considering a second loan at an interest rate of 6.5% per year .
and term of repayment of 17 vears after start of operation. For La Mica Project, the
following conditions were applied. ' '

Interest rate: ' 6.5% per annum

Term of redemption: _' 20 years after beginning of operation in uniform
' ' annual installments of principal plus interest. '

" (2) Local Currency

At present, prevailing interest rate by the city banks or financial institutions in Ecuador
is 9 to 10% per annum and the period of redemption is 7 to. 10 years in general. Therefore,
the conditions of local- currency borrowmgs for this Project were estimated on the con-
servative side as follows,

- Interest rate: ' 10% per annum

Term of redemption: * 10-years from beginning of operation in uniform
- annual installments of principal plus interest.



11.3

OPERATING INCOME
11.3.1 lncome from Sales of Energy
(1) Unit Sales Price at Substation

Electricity generated by La Mica Project is assumed to be delivered at Quito South
Substation. The unit sales price of electricity at this substation is estimated as follows.

In *EEQ" 8.A.'s power system, the average unit sales price of encrgy at the consumer’s

cend was s/. 0.479 in 1966 and s/. 0,477 in 1967. In case the average unit sales price of

energy is applied to La Mica Project, it is necessary to consider the future trend in the
composition of demand which will influence the average unit revenue. For this project,
an average unit revenue of s/. 0,483 at the consumer’s end was taken, which is the same
value adopted for the Nayon Project. However, this unit sales price of energy includes
the transformation and distribution cost for facilities “EEQ" S.A. invested in the past.

The ratio of these costs to the unit sales price computed from the investiments for
said facilities is 25%. On the other hand, if the average rate of loss of “EEQ™ S5.A.s power.

" system is estimated to be 18.5%, the loss rate at the Quito South Substation in this Project

is 3.7%. Therefore, if s/. 0.483, the average unit sales price of energy at the consumer’s
end, is computed at the bus bar of Quito South Substation, it becomes s/, 0.412. Incon-
sideration of this situation, the unit sales price of energy of this project was taken to be
s/. 0.309 which is 75% of the cost at the bus bar of Quito South Substation.

(2) Salable Energy at Quito South Substation

The Salable Energy at Quito South Substation was estimated assuming that the trans-
mission loss rate is 3.7%, stated in Chapter 7. ‘

(3) Incbme:

The income from electric energy sales at Quito South Substation caleulated from (1)

and (2) becomes the same as described in Table 11-1 “Income Statement™.

11.3.2  Operation and M.aintenance Costs
(1) Wages and Salaries _

The personnel required for operation and maintenance of La Mica Power Plant is
estlmated to be 22 persons, dI‘ld the wages and salams are calculated by including an dnmml
mcrease of S%

(2) Mis_cellanéous expenses

The expenses are calculated on -the basis of the expenses of th whaole system of

-“EEQ" S.A. as of 1968.



(3) Repair Costs

The repair costs are calculated to be 0.7% of the costs of equipment and 0.5% of
the construction costs of structures.

(4) Administrative Cost

This is calculated on the basis of the administrative cost of the whole system of “EEQ"
S.A. as of 1968 with an annual increase of 3%.

11.3.3  Depreciation Charges

Depreciation was calculated for the serviceable years described in Table 10-3-1 of Chapter
10 by the straight line method with a 10% salvage valuec.

11.3.4  Net Income

Deducing operation and maintenance costs, depreciation ;:harges and interest payments
on foreign and local currency loans from the annual income of this Project which is calculated

on the various abovementioned conditions, the net income is as indicated in Table 11-1 “Income
Statement”.

11.4 'AMORTIZATION SCH EDULE

The source of funds for repayment of loans will be the net income from operations and -
depreciation reserve. Repayment of foreign and local borrowing according to the terms and
conditions aforementioned is given in Table 11-2, “Amortization Schedule”. Tablé 11-3 “Cash.

Flow Statement” gives net resources for debt financing. It will be seen in the table that there
~ will be a shortage of funds amounting to s/. 6,595,000 for 3 years after 1975 for debt service.
Therefore, “EEQ” S.A. must consider the appropriation of the internai rese_:rve and other funds
to make up this shortage in preparing the financial program for its whole operation. However,
after 1978, the foreign and local loan can be redéemgd under the assumed terms and conditions
from operating income. Accordingly, La Mica Project is economically feasible.
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Table 11-2°(1} ~ Amortization Schedule - Foreign Currency

Unit: Mil Sucres
Borrowing Redemption ]
Year Generating| Trans- Q;t!standlng Remarks
- | mission | Total | Principal|Interest| Total aance ‘
Facilities Line -
1972 7,883 252 8,135 1 Interest Rate:
1973 | 34451 | . | 34451 6.5%
1974 | 27,326 | 2272 | 29,598 72,184 | Redeemble in
' equal annual
1975 1,859 | 4,692 | 6,551 |70325 |installments
1976 1,980 | 4,571 6,551 68,345 | in 20 years
‘after beginning
1977 2,109 | 4442 | 6551 [66236 | oo oo oo
1978 2,246 | 4,305 6,551 63,990 ! operation.
1979 2,392 | 4,159 | 6,551 {61,598
1980 2,547 | 4,004 | 6,551 |59,051
1981 2,713 | 3,838 | 6,551 {56,338
1982 2,889 | 3,662 | 6,551 |53,449 |Amortization
Rate:
1983 0 474 | 6551 |50,372
? 30771 34 0.37 0.09075640
1984 3277 | 3,274 | 6,551 |47,095
1985 3,490 | 3,061 | 6,551 43,605
1986 3,717 | 2,834.| 6,551 |39,888
1987 3,958 | 2,593 | 6,551 |35,930
1988 4,216 | 2,335 | 6,551 |31,714
1989 4,490 | 2,061 | 6,551 |27,224
1990 4,781 | 1,770| 6,551 |22,443
1991 5092 | 1,459 | 6551 17,351
1992 5423 | 1,128 | 6,551 | 11,928
1993 | 5776 | 775 | 6551 | 6,152
1994 6,152 399 | 6,551 0
Total | 69,660 | 2,524 | 72,184 (72,184 |58,836 (131,020
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Table 11-2 (2) Amortization Schedule - Local: Currency

Unit: Mil Sucres

Borrowing Redemption .
Year Generating | Trans- _ Outstanding | Remarks
Facilities | mission | Total |Principal| Interest | Total Balance
Line ’
1972 | 22844 | - | 22,844 Interest Rate:
1973 | 49,328 . 49,328 10%
1974 | 30,068 | 2,476 | 32,544 104,716 | Redeemble in
1975 6,570 |10,472 | 17,042| 98,146 | cAual annual
o instaliments
1976 7,228 { 9,814 | 17,042 90918 | in 10 years
1977 7,950 | 9,002 | 17,042| 82,968 | after beginning
.| of commercial
1978 © 8,745 | 8297 | 17,042| 74,223 | operation.
1979 9,620 | 7,422 | 17,042| 64,603 '
. : Amortizations
1980 10,582 | 6,460 | 17,042 54,021 | p..o.
1981 11,640 | 5,402 | 17,042| 42,381 | 0.16274539
1982 12,804 | 4,238 | 17,042] 29,577
1983 14,084 | 2,958 | 17,042} 15,493
1984 15,493 | 1,549 | 17,042 0
Total | 102,240 | 2,476 | 104,716 104,716 |65,704  [170,420
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