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5.1

CHAPTER 5 GEOLOGY AND MATERIALS

Introduction

This 1s the geological study for the feasibility of the Chespi
hydroelectric poﬁer developmeﬁt project'mentioned in Chapter 1 and was
carried out from 1985 to 1986. ' '

The preliminary geological study such as the photogeological interpre~
tations and surface geological reconnaissances have been made by
INECEL in 1984 concefning this Project, and the results have been
complied as "Informe Geologico del Hidroelectrico Chespi”,

In this Feésibility Study, photogeological interprétatious, surface
geological reconnaissances, selsmic prospecting, and exploratory

drilling were newly performed from the regulating pond area to the

-powerhouse site ﬁith the . JICA Survey Team and INECEL cooperating in

the work. The geological study in this Report is based on the results

of these investigations.



5.2 Geological Investigation Works'

The geological investigations carried out in this project area mainly
consisted of photogeological interpretations, surféée'geolqgicai sur-

vey, seismic prospecting, and exploratory drilling.

Seismic prqspeccing-was done with cooperatioﬁ between therJICA Sﬁfﬁey
Tean and.INECEL, while with regard to.éxﬁidf;tofy drilling, a_éohttact
was directly signed between the Survef Team and a local 'drilling
contractor, with the work done under the supervision of Survey Team

and INECEL engineers.

Mapa Geologico del Ecuador, Escala 1:100,000, "Otavalo,” "Padté,“ and
Escala 1:50,000, "El Quinche,” (by Direccion General de Geologia y
Minas, 1980) were referred to for the gealogy of the whole catchment

ared.

The investigation methods and quantities in the Study were the
following:

0 Photogeological interpretation

Interpreted area: Regulating pond, headrace route, dam site,

powerhouse site, approximately 30 km2

Scale of photograph; 1:22,000
o Surface geological survey

Surveyed area: Regulating pond, headrace route, dam, powerhouse

site surroundings

Scale of topographical map: 1:5,000 (aerial survey map: regulating
pond, headrace route)
1:1,000 (aerial survey map: dam, regulating pond

downstream area, surge tank, penstock, powerhouse)
o Seismic prospecting

Prospected area and quantity: Regulating pond downstream area
5 prospecting lines, 975 m s
Surge tank, penstock, powerhouse site, ~——--— '

5 prospecting lines, 1,435 m
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o DPrilling (including permeability test)

Investigated area and Quantity: Dam site, —-=~- 2 drillholes, 175 m
Surge tank, penstock, powerhouse site, —~-- 3 drillholes, 195 m



5.3 Reglonal Geology

5'3.1

5.3.2

General Geélégy_df Ecuador

Ecuador may be divided topographicélly and geologically inte the
three zones described below. These are a western coastal zone (La
Costa) which has few mountains and is flat, a mountainous zone (La
Sierra) where the elevation averages 4,000 m on top of which there
are active and Inactive volcances distributed, and an eastern zone

(E1 Oriente) which 1s connected with the great Amazon Plain.

0f these, La Sierra has two parallel Andes Mountain chains which
extend north-south to north-northeast - south-southwest and the
other the Fastern Mountain Range (Cordillera Oriental) and an
inter-Andean plain (Altiplano) of width from 30 to 40 km between

these two parallel mountain chains.

0f these two parallel mountain chains, one is called the Westerﬁ
Mountaln Range (Cordillera Ociidental) and the other the Fastern
Mountain Range (Cordillera Oriental).

The Cordillera Occlidental has distributions of Jurassic to
Cretaceous systems consisting of volcanic rocks presenting a green
color on having been subjected to a slight degree of alteration,
pyroclastic materials, and sedimentary rocks, while the Cordiileta
Oriental has distributions mainly of metamorphic rocks cdnsisting of
crystalline schists and gneisses. As for the Altiplano, most of it

is wade up of Quaternary systems related to volcanlic activity.

The site of this Project ls located in the Cordillera Occidental.

Topography and Geology of Project Area
a) Topography

The Guayllabawmba river gprings from the viclonity of Mt.
I1liniza (EL. 5,263 m) in the Cordillera Occidental aphroxima—
tely 60 km south of Quito and flows north through the Altiplano.
The river changes 1its course to west-northwest from the vicinity

of the project site located approximately 30 km north of Quito,



b)

merges with the Blanco: river flowing north through the La Costa
approximately 100 km downstream from the project site to become
the Esmeraidaé river. The Esmeraldas river flows north further
for approximately 70 km from the confluence to discharge into

the Pacific Ocean.

The proiect area 1is situated on the mldstream teo upstream part
of the Guayllabamba river (river-bed elevaticn 1,100 - 1,400 m),
and the topographical features of the area differ greatiy bet-
ween the western (downstream) side and the eastern (upstream)
side from the ﬁicinity'of the regulating pound. That is, the
western side of the regulating pond presents a rugged, mature
topography of elevation 2,000 to 3,000 m formed by erosion of
Mesozoic basement rocks {volcanic rock and sedimentary rock).
On the other hand, at the eastern side of the regulating pond,
there is a wide distribution of Quaternary volcanle products
which are eroded to form repetitions of vertical cliffs and flat

areas, the topography as a whole being of slightly gentle

relief.

Geology

The surroundings of the project area, as shown in Dwg[ 5-1,
consist mainly of Mesozolc Cretaceous system and Quaternary
volecanic products, The Cretaceous systems consist of volcanic
rocks, pyroclastic rocks, and sedimentary rocks, and are distri-
buted te the west of the regulating pond area. They trend

north—south to north-northeast—south~scuthwest.

The wvolcanic products of the Quaternary Period are mainly
ejecta from the Mojanda and Pululahua volcanoes and are widely
distributed to the east of the regulating pond area. The pro-
ject area from the regulating pond to the powerhouse site where
civil structures are to be located,'is composed of the Mesozolce
Cretaceous Macuchi Formatioh, Perlabli Formation, Silante
Formation, and Yuﬁguilla Formation, and Quaternary Lahar depo-
git, pyroclastic material, and talﬁs deposit which overlie

Cretaceous rocks.



The stratigraphy in this project area is shown in Table. 5-3.
i) Distribution and rock type of éacﬁ formatian&
» Macuchi formation (Ky)

The Macuchi Formation 18 distributed from approximately
500 m upstream of the dam site to approximately 2 km
downstream, and includes the. dam slte ‘along the
Guayllabamba'tiver. Other thanjfhe &am_site,_a part of
the headrace tunnel will bé located im this formation,
This formation 1s composed 'mainly.Jof andesite, tuff,
agglomerate, shale, and calcareous sandstone. Cenerally
1t strikes N5° - 30°E and dips 60° - 90°W. .

. Perlabi formation (Xp)

The Perlabi:Formation is handléd és é part of ﬁhé Macuchi
Formation according tb the officiaily published géolagical
map, "Mapa Geologico del Ecuador, Escala 13100,000,
'Otavalo,’ but it will be handied as.a separaté formation
in this -Report.

This formation is ‘distributed widely at the eastern
(upstream) side of the HMacuchi Formation distribution
area. The greater part of the regulating pond will be
located in this Perlabl Formation. .

This formation mainly consists of phyllite, tuff and
ghale, the strikes and dips of which are N5° - 30°E,
62°W - 80°E, roughly the same as the Macuchl Formation.

. Silante formation (Kg)

The Silante Formation 1s distributed at the Western side
of a point approximately 1 km east of the powérhouse gite.-
The surge tank, penstock, and powerhouse sites will be

located in the Silante Formation.

This formation consists of tuffaceous conglomerate,
coargse~grained tuff, sandy tuff, and tuffaceous mudstone.
It strikes N10° - 25°E and dips 65° - B0O°E.
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. Yunguilla formation (Ky)

The Yunguilla Formation is distributed from the vicinity
of the Jondanga river to approximately 1 km east of the
projected powerhouse site.,  The greater part of the

headrace tunnel will pass through this formation.

This formation consists of sandstone (partially
caleareous), shale, and chert, It strikes N15° - 30°E and
dips 40° -~ 90°E.

. Lahar deposit (Lh)

The Lahar deposit 1is a volcanle wmudflow along the
_ Guayllabamba river., - It 1s distributed at the slopes on
_both banks of the river below El, 1,500 to 1,600 m, and
.much of it comprises vertical cliffs made by the erosion

action of the Guayllabamba river.

This deposit, as 1s clear from the fact that 1its origin
was a voicanic mudflow,.is governed with respect to its
iayér thickness and distribution form by the original
topography  of the basement rocks {Macuchi Formation,
Perlabl Formation, Yunguilla Formation), and there is much
variation. As a general trend, however, the quantity
distributed 1is large at the upstream part of the
Guayllabamba river and small at the downstream part. This
deposit 1s distributed in comparatively large quantity in
the vielnity of the regulating pond area of the Project,

while there is none at the powerhouse site.
« Pyroclastic material {(Py)

Pyroclastlc material consists mainly of pumlce and volca-
nic ash, is distributed on slopes along the Guayllabamba
river at El. 1,500 to 1,600 m and higher, and often forms
flat plane. '

This deposit 1s found frequently in the project area and
shows a trend of being thickly deposited in the Vicinity



of the regulating pond area and thinly along slopes at the

powerhouse site.
ii) Geological structure .

The Periabi, Macuchi, _Silanté,rjan&- Yunguilia. formations
distributed in the projecé area all sﬁbw.‘strikes of north-
northeast—~south-southwest, and although there is some minor
folding locally, as a whole the Silante and Yunguilla for-
mations dip steeply to the east, and the Perlabi and Macuchi

formations to the west.

The Macuchi and Perlabi formations and the Yunguilla and
Silante formations are respettively.&istribuﬁed in confor~
mity, whereas the Yunguilla and Macuchi formations contact
each other by a fault in the north-south direction estimated

along the Joﬁdanga river,

Faults and folding observed in and around the project aresa,
and lineaments interpreted from aerial phopographs are pre-
dominant 1in the north-south direction parallel to the stri-

'kes of the bagement rock formatilons.



5.4 Geology at Various Structures Sites

5.4.1

Regulating Pond

a)

b)

Topography

The regulating pond will have a slender shape extending in the

east-west direction.

The length will be 2,500 m, the valley width at high water level
(El. 1,448 m) will be 30 to 150 m (wostly less than 100 m), and
the total storage capacity will be 3,367 x 103 w3,

The downstream part of the regulating pond comprises a steep V-
shaped valiey. On the other hand, the midstream and upstream
parts of the regulating pond presents a topography where ver-
tical cliffs and flat planes of Lahar deposit and pyroclastice
matefial formed by erosion of Guayllabamba river exist in the
form of numerous steps, which as a whole make up a somewhat

gently sloped valley.
Geology
1) Geology

The Mesozoic Cretaceous Macuchi and Perlabl formations and
overlying Quaternary Lahar deposit, pyroclastic material,
and talus deposit are distributed at the regulating pond and

surroundings.

The Macuchi Formation &istributed at this site is made up of
more or less fresh andesite, tuff, and shale. This for-
mation 1s distributed at the downstream part of the regu-
lating pond from the dam axis to approximately 600 m

upstream.

The Perlabi Formation consists of more or less fresh
phyliite, tuff, and shale, and is widely distributed at the

midstream and upstream parts of the regulating pond.

The two formations mentioned above strike N5° - NIO°E and
dip 78°E - B82°W, roughly perpendicular to the Guayllabamba
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river and steep;y' dipping to the dqwnétream or upstream
side.

Lahat deposit is widely distributed at both banks of the
upstream part of the regulating pond and the left-bank side
of the midstream and downstream parts, while at the right-
bank side of the .midstream .énd downstféam parts; it is
generally distributed tﬁiniy along  the sldpesﬁ These
distribution patterns, as stated in 5.3.2), are governed by
‘the original topogfaphy'of-the_basement rock of the Maéuchi

and Perlabi formations, so that there is much varilation.

The Lahar deposit 1s generally composed of a silty matrix
‘and subangular to subrounded cobbles to boulders. The quan-
tities of gravels average 40 to '50 percent. The greater
part of the deposit is unstratified, but there are cases
when the matrix 1s sandy and  the material. is  well-
stratifled, This deposit is not very well-compacted where
the matrix is sandy, but parts with silty matrix are firm.

The pyroclastic material overlies the Lahar deposit and is
widely distributed at both banks of the upstream part of the
regulating pond and the left~bank side of the midstream to
downstream part. This deposit consists of pumice and volca-
nic ash, 1s grayish-wyhite to light red in color, and is not

compacted very well,

There are very small distributions of terrace deposit at the
right bank of the wupstream part of the regulating pond
slightly above the planned high water level.

Talus deposit 1is scattered at midheights of slopes, and most
are distributed at considerably higher than the plamned high

water level.

Prominent landslides and slope éollapses'are not seen in the

surroundings of the regulating pond area.

5—10



e)

ii)”'Results of seiSmic'prOSpécting

In order to investigate the distribution form of Lahar depo-

~ sit below high water level of the regulating pond, seismic

prospectings {refraction method) were carried out on five
prospecting lines, total length 975 m at the left bank 300
to 600 m upstresm  from the dam site and at the right bank
400 to 700 m upstream from the dam site. |

The P-wave velocities obtained as a result of these seismic
prospectings, as shown in Table 5-4, were 0.3 to 0.5 km/sec
for overburden and talus deposit, 0.7 to 1.0 km/sec for

Lahar, depoéit, 2.1 to 2.6 km/sec for weathered basement

~rock, and 3.6 to 4.4 km/sec for basement rock.

The thickness of Lahar deposit along these prospecting lines

is about 15 m maximum at the left-bank side and about 20 m
maximum at the right-bank side.

Geological engineering assessment

Judging by the geological condition of the ground surface and

results of seismic prospectings, the following geological engi-

néering assessments can be regarding this regulating pond.

i)

1)

Watertightness of vegulating pond

Judging by the.lithological characters of the Macuchi and

* Perlabi formations composing the basement of the regulating

pond and the_surrouﬁding topography, it is considered that
the watertightnesa of the regulating pond 1s amply

guaranteed.
Collapses Inside regulating pond

It is considered that a possibility exists of a part of the
Lahar deposit digtributed 1in. the regulating pond area
collapsing after impoundment of water. However, it is
judged that collapses will not affect the dam and regu-

lating pond greatly for the reasons given below.
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The places where the possibility exists of collapses of
cliffs occuring .whén Lahaf ‘deposit becomes wet upon
impoundment of water are the three lished below, where
the Lahar deposit is distributed below the planned high

water level,

» Upstream part of regulating pond iﬁ,thé vicinity of
the Guayllabamba river. and Perlabi river confluence

. Left bank 300 to 600 m upstream of dam site
. Right bank 400 to 700 n hpstreém of dam site

Of the three places abqve, at the one 1in the vicinity of
the confluence of the Guayllabamba river and the Perlabi
river at the upstream pért of the regulating pond, the
ﬁlaqned high water level will be apprdximately 3 m
higher than the ﬁresent river bed. :This means that only
the bottom part of the Lahar deposit cliff will be sub-
merged slightly., The Lahar depdsit_is well-compacted as

a whole, and it is thought there is little possibiiity
of the cliff at this site collapsing. :

On the other hand, at the left bank 300 to 600 m
upstream from the dam axls and the right bank 400 to
700 m upstream, the cliffs of Lahar deposit approxima-
tely 40 m in height formed along the Guayilabamba river
will be located completely undér the plahned high water
level. When a Lahar deposiﬁ_éliff is In a wet condition
to its top, unlike the préviously—hentioned upstream
part of the regulating pond, it is thought there will be
a possibility of collapse of the cliff oceurring.

However, judging by the condition of the Lahar deposit
eroded in stepped form that 1s seen at present, even if
a collapse should occur, that collapse would be limited
to the vicinity of where the planned high water level
plane crosses with the Macuchl Formation comprising the
bagsement rock, and it is. estimated that parts higher up
will form roughly vertical cliffs similarly to the pre-
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5-&.2 Dam

a)

sent and become stable. Fgrther, all pf the collapse

"will not occur at the same time, but progress gradually
from the bottom of the slope. This manner of collapsing
and the final stabilized form of collapse described pre~
viously need to be studied further before final design
carrying out investigative drilling and physiéal pro~
perty tests to clarify the nature and physical charac-—
teristics of the Lahar deposits.

4 . Regarding Increase in sedimentation in the regulating
pond due to collapsed debris from the Lahar deposit, it
is thought this can be amply dealt with by providing a
flushing capabililty at the dam itself.

Topography

The dam site is located in a steep V-shaped valley of river-bed
width 13 m, and valley width at high water level elevatilon (1,
1,448 m) of 100 m.

The left bank of the dam is sloped approximately 55 deg from the
river bed to about 10 m below the high water level elevation,
and a slope of approximately 40 deg above. On the other hand,
the right bank is sloped approximately 60 deg to the vicinity of
the high water level and approximately 50 deg abhove.

Both banke at the dam site are slopes of relatively monotonous
reliefs, but at the left—bank slopes upstream and downstream of

the dam site there are flat planes here and there at elevations

of 1,400 to 1,500 m.

Regarding gullies discharging into the Guayllabamba river in the
vicinity of the dam site, there is only the Quebrada Nariguera

‘Grande approximately 150 m downstream of the dam site running in

 from the rightbank side in a roughly north-south direction.
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b)

-Prominent landslides and collapse topography are not seen in the

surroundings of the dam site.
Geology )
1)} Basement rock

The dam foundation rock consists of -andesite belonging to
the Macuchl Formation. This andesite presents a gray to
greenish~gray color, 1s more or less massive and hard, and
is distributed from approximately ZOO m downstream of the
" planned dam axls to approximately 300 fﬂ'ﬁpstream. This
andesite has been subjected to alteration such as chloriti-
zation,‘Saussuritizatidn, ahd zeolitization, but redﬁction-
in physical strengﬁh due to these alteration are .not

recognizable,

Rock is exposed continuocusly from the river bed to the wvici-
nity of the high water level, and comparatively f£resh
bedrock 1s exposed at arocund the river bed due to the strong

erosive action of the Guayllabamba river.

However, as can be seen from the results of exploratory
drillholes D-1 and D-2, the basement rock is weathéred aleng
cracks to depth of 30 to 35 m at the middles of the slopes
covered thinly by talus deposit.

Joints in the andesite are seen to have strikes and dips of
N-§, 90°, NIO® - 20°W 40° - 60°E, N60° ~ 70°E 60° —- 90°N.
Of these, the joints having strike and dip of N-S, 90°,
N10° - 20°W 40° - 60°E roughly perpendicular to the dam axis

are predominant, and at the left-bank slope at around El.
1,500 to 1,600 m, there are small cliffs in the directions
of these joint planes. The intervals of the joint planes
vary from several céntimetérs to about 2 m. There are no
intercalated materlals at theée joint planes and the Joints

are wmore or less tight.

According to surface reconnaissances made so far, there is

one fault at the place 30 to 40 m right of the right abut-
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c)

ii)

1ii)

mént of the dam with strike and dip of N14°W, 78°W parallel

to the Guayllabamba river having a sheared zone 70 to 80 cm

in width, but otherwise, it 1s thought prominent faults do

not exist in the vicinity of the dam except that it is
necésséry to confirm by exploratory drilling whether faults

exist along the river channel,

Surface deposits at slopes

Lahar deposit and talus deposit which are unconsolidated but

well~compacted are distributed as surface deposits. Talus

‘deposit is thinly distributed at midheights of the slopes at

both banks. ~The thickaness 1s estimated to be 2 to 3 m.
River deposits

The dam site is located in a steep V-shaped ﬁalley, with
both banks  of the flow channel directly comprising rock

-walls, and river deposits cannot be seen. The river depo-

sits seen along the Guayllabamba river upstream and
downstream of the dam site are distributed only in small
areas at deep pools in the river, and it is estimated that
the thickness of river deﬁosits iz fairly small at damsite
where the river-bed width 4is narrow and the channel is

straight.

However, further investigations will be needed to confirm

the thickness of the river deposits before final design.

Geological engineering assessment

- A gravity-type dam has been selected for this site malnly due to

conditions of topography and design.

Judging by the geological condition of the ground surface and

the results of exploratory drillings including permeability

“‘teats, the following geological engineering assessments may be

made concerning this site considering a gravity dam.

1

It 1is judged that the andesite distributed at this site

possesses enough load-bearing capacity as the foundation for
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the conerete gravity dam of 60. m class helght presently
planned. '

Aééo;diug'to the results from.tﬁe exélorétory drillhole D-1,
it is thought that thé'_bedrock wﬁ;qh _céﬁ serve as a dam
foundation can be obtained at thé left—bﬁnkAslbpe near high
water level by excavaﬁion.of approiimately S“ﬁ of the ground

gurface.

According to the results from the exploratory. drillhole D-2,
the foundatiom rock at midheight of the right abutment is
cracky to a depth of about 20 m. However, since the intake
structures will be 1located at the right-bank side, this
cracky portion will be completely removed through excava-
tion, and there will be 1little problem concerning load-
bearing capaclty of the right abutment of the dam.

According to the results of permeabllity tests performed at
this site, the Lugeon values at both abutments of the dam
are low, being Lu = 0.6 - 23.5 from the ground surface to a
depth of 35 - 45 m, and Lu =0 - 0.8 at deeper than 35 -
45 m, It is judged based on this that the required imper-
viousness can be amply obtained for the foundation rock

through ordinary treatment by grouting.

However, as stated in b), "Geology,” there is development of
joints crossing perpendiéularly with the dam axis and having
vertical dips at this site, and a possibility exists that
there are high permeable portions along these Joints.
Therefore, it will be necessary to perférm inclined drilling
to grasp the permeability properties of the foundation rock

in detail.

Groundwater at the dam site is found at a depth of 34,0 m at
Drillhole D-1 provided at the left bank and 31.35 = at
Drillhole D-2 at the right bank, and it is estimated that
the groundwater table rises at the right and léft banks more

or less in accordance with the topography.

In the vicinity of the right abutment, there will be a cut
slope of a height of approximately 80 m during construction,
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and according te the results of the exploratory drillhole D-2
in the vicinity, the bedrock at the right-bank slope has a
large number of cracks close to the ground surface.
'Therefore, it will be necessary for thorough care to be

exercised for stabilization of cut slopes during excavation.

5.4.3 Headrace

a)

b)

Topography

The route of the headrace Cunnel comprises rugged mountain
terrain as a whole. The first half of the headrace tumnel cuts
more or Jless perpendicularly across three ridges extending
north-south with their ridgelines at elevations of 2,000 to
2,500 m and gullies extending roughly in straight lines in

between,

On the other hand, the latter half of the headrace tunnel will
pass roughly parallel under a ridge of elevation from 1,800 to

© 2,400 m extending in the east-west direction.

The earth cover of the tunnel will be wmore than 400 m over at
least 70 percent of the entire tumnel length and 1,050 m at
maximum. The sections with cover of 100 m or less will be a
total of about 300 m (4 percent of tunnel length) at the two
ends of the tunnel. The cover from the intake to Quebrada Fucal

de San Joaquin is slightly thin at 200 to 300 m.
Geology

The Macuchi Feormation, Yunguiila Formation, and Silante
Formation are distributed along the headrace tunnel in the order

of mention.

The Hacuchi Formation consists of andesite, tuff, and agglo-

merate, and-is distributed from the vicinity of the intake to

the vicinity of the Jondanga river.

The andesite and the agglomerate are more or less massive and

hard. The tuff contains intercalated siliceous shale, and the
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thickness of individual beds are mostly 5 to 10 em. Although
this formatioh_.generally' strikes N5° -~ *30°E,'“énd dips 60° -
90°W, 1t strikes NI0°® - 30°E and dipé 50° - 60°E around.the
Jondanga river. Thérefore a synclinal structure having its axis

in the north-south direction is estimated to exist.

The Yunguilla Formation consists of sandstome (partly calcareous
sandatone), shale, and chert, and is distributed .ffoml'tﬁe

vicinlty of the Jondanga river to approximately:l km east of the
powerhouse. The sandstone 1s more or less fresh and hard.
Although calcarecus sandstone exists in part, solution phenoﬁena
cannot be seen, The shale 1s gray to dark gray in color and has
been subjected to shearing in a direction parallel to bedding
planes néar ﬁhe boundaries with the Macuchi and Silante for—
mations. The chert is bedded chert of thickness of individual
beds 3 to 10 c¢m, and 1is estimated to be distributed in a
thickness of approximately 500 m at roughly the middle of the

tunuel route, but the detail distribution is unknown at present.
These rocks generally strike Ni5° — 30°E and dip 40° - 90°E.

The Silante Formatlon consists of tuffaceous conglomerate;
coarge~grained tuff, sandy tuff, and tuffaceous mudstone, and is
distributed in the vicinity of the end of the headrace tunnel,
These rocks, with the exception of the tuffaceous mudstone, are
generally hard although slightly cracky.. This formation strikes
N10® - 25°RE and dips 63° - B4°E.

The only prominent fault confirmed along the headrace tunnel
route ia the one seen at Quebrada Guayllabawba. This fault has a
gstrike and dip of N20°E, 72°W, and a cemented sheared zone of

width 50 cm or wmore,

However, according to phqtogeological interpretations, the route
of the headrace tunnel has £five distinct lineaments in the
north—sduth direction. Of these five, the lineament observed
along the Jondanga river is thought to be a fault comprising the
boundary between the Macuchi and Yunguilla formation judging by

the geological structure of the surroundings.
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The gullies allong the headrace tunnel route are seen to have
abundant running water throughout the year in spite of their

catchment areas being comparatively small.
Geological -engineering assessment

Judging by the geologilcal condition at the ground surface and
the results of photogeological interpretations, the following
geological engineering assessments can be made regarding the

headrace tunnel route:

1 The Macuchi, Yunguilla, and Silante formations are distri-
buted along the headrace tunnel route 1n order from the
intake side and the proportions of the tunmnel length made up
by the respective formations are épproximately 30, 55, and

15 percent.

2 Rocks thought to make tunnel excavation exceedingly dif-
ficult over long sections are not distributed at the
headrace tunnel route. The greater part of tummel excava-
tion will be done roughly perpendicular to the bedding plane
of the individual forma*ions.

3 - Faults with large-scale sheared zones have not been observed

so far along the headrace tunmel route.

However, the fault estimated to exlIst along the Jondanga
river comprises the boundary between the Macuchi and
Yunguilla formations, it is expected there will be a cracky
part accompanying the synclinal structure to the east of the
fault, so that 1t will be necessary to carry out thorough
investigations for the final design through geological

reconnalssance, seismic progpecting and drilling.

4 The gullies along. the tunnel route all have abundant running
water up to parts of high elevation throughout the year and
it is imagined that there 1s much groundwater in the entire
mountain body. It will be necessary to carry out studies
hereafter to obtain a grasp in somewhat more detail in con-
nection with the tunnel regarding faults that can be paths

for groundwater and to what degree loosening of rock exists.
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In the event bedded chert is erushed inside a mountain body
having a large quantity of groundwater as in ‘this case,
there is likelihood of collapsing. of tunnels and outflow of
crushed rock fragments occuring. Therefore, it is necessary
for more detalled surface geologiéal survey to be made
hereafter to accurately grasp the distribution of bedded
chert and the distribution and prdpeftieé of faults in the

surrounding area.

5.4.4 Surge Tank, Penstock, Powerhouse

a)

b}

Topography

This site is located at a slip“off slope spread out at the
right-bank side of the bending Guayllabamba river and a fidge

continuing from the slope.

The ridge at which the sufge tank and penstock are to be located
has a slope of approximately 40 deg and extends roughly in an
east-west direction. A small éully ﬁunning in an east-west
direction is seen approximately 130 m to the downstream side of
the ridgelinme, but gullies cannot be geen on the upstream side

and there 1s a continuation of slope with little relief.

The powerhouse 1s to be located on a terrace spread out to a
width of 40 to 50 m at the end of the abovementioned ridge. The
relative height from the present river bed to the terrace sur-

face is approximately 50 m, and presents a steep cliff.
Geology
i) Geology

Tuffs of the Silante Formation and overlying .pyroclastic
material, terrace deposit, and talusg deposit are distributed

at this area.

The tuffs of the Silante Formation consist mainly of coarse-
grained tuff and sandy tuff which are mutually transitional,

and have intercalations of tuffaceous conglomerate and tuf-



faceious mudstone beds several centimeters to several meters
in Wid th .

Coarse-grained tuff and sandy tuff are bluish-gray to
greenish-gray in color, and are unbedded. These rocks are
massive and hard where fresh, but cracks are slightly

developed.

The tuffaceous congldmerate is pale bluish-gray 1a color and
contains subangular  to subrounded gravels 2 to 10 cm in
diameter 1n the taffaceous matrix. The varieties of these
gravels are chert, black shale, and volcanic rocks. This
rock is generally unbedded and is hard where fresh, but
weathered portions are falrly brittle.

The tuffaceous 'muﬂstone is reddish-brown in color, 1is
brittle as a whole, and cracks are developed at very close

spacings of 0.5 to 2 cm.

These tuffs of the Silante Formation strike N10° - 25°E and
dip  65° - B80°E, perpendicular to the direction of the
penstock and inclined steeply toward the mountain, The
rocks are outcropped continuously at the slope approximately
100 m south of the penstock site, but at the ridge of the
penstock route, they are covered by surface deposits of

pyroclastic material and talus deposit.

Prominent joints in the Silante Formation strike N70° - 80°W
and dip 80° - 90°S, crossing perpendicularly with the strike

of the formation.

Pyroclastic material 1s distributed widely over the middle
part of the slope at elevations of 1,200 to 1,400 m, and the
thickness is more than 10 m at about 200 m to the north of
the penstock route, aad 3 to 4 m at the penstock route.
This_aeposit is grayish-white te pale rose in color, con-
sists of small gravels of pumice and volcanic ash, is uncon-

spolidated and not very much compacted

Terrace deposit is distributed in a thickness of approxima-
tely 6 m in the vicinity of the powerhouse site. This depo-
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i)

git consists mainly -of  gravel and ‘sand, and contains a
slight amount of silt,

Talus deposit is distributed at the upper and lower parts of

the penstock route slope. This deposlt congists of the gra-
vels several centimeters to several tens of centimeters in
diameter, is unconsolidated and of low degree of compaction,

and the thickness 1s from 2 to 4 m at the peasitock route,

Prominent faults and landslides are not observable in this

area,
Seismic prospecting results

Seismic prospectings were performed in this area by the
refraction wmethod on five prospecting linmes totalling
1,435 m in length to investigate the thickness of surface

deposits and approximate nature of the basement rock.

The P-wave velocitles obtained by this seismic prospectings,
as shown in Table 5-4, are 0.3 toe 0.45 kmfsec for talus
deposit and pyroclastic material, 0.6 to 1.1 km/sec for
terrace deposit and.strongly weathered basement rock, l.4 to
2.4 km/sec for weathered basement rock, and 2.2 to 3.3

km/sec for basement rock.

According to these seilsmic prospecting results, the proper-
ties of the basement rock (Silante Formation) at the profile

of the penstock can be summarized as follows:

. Strongly weathered basement rock is distributed above El.
1,250 m, and the thickness increases with increased height
on the slope, being about 10 m in the wvicinity of the

surge tank site.

. Weathered basement rock 1Is distributed from the bottom
part to the top part of the slope, the thickness being
greatest at the middle of the slope (vicinity of El,
1,300 m) and is approximately 23 n,

. The elastic wave velocity of the ‘basement rock deeper

inside than the weathered portion is from 3.0 to 3.1
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c)

km/sec from the lower to the middle part of the slope, but
is slightly lower at 2.2 to 2.7 km/sec at the upper part
of the slope,

Geological engineeflng assessment

Judging by the geological conditions at the ground surface and
results of seismic prospecting and _exploratory drilling, the
following geologicai englneering assessments can be made

regarding the surge tank, penstock, and powerhouse sites.

1 The greater part of the surge tank will be located In the
basement rock’ qbnsisting of tuffs having an elastic wave
.ﬁelocitj of-Vp = 2,7 km/sec, but according to the results
from ﬁiillﬁole $~1, the condition of this bedrock 1s cracky

to the bottom of the drillhole, Therefore, in excavation
for the surge tank, the stability of the shaft wall may be a

. problem.

As for the cut slope of height about 50 m that will be pro-
duced behind the 'surge tank, it will be mnecessary for
thorough attention to be paid to securing stability of the

cut slope.

2 The foundations of penstock anchor blocks, will be located
on tuffs of weathered basement rock of elastic wave veloci-
ties Vp = 1.6 to 1.8 km/sec, and overlying strongly
weathered basement rock and pyroclastie material will be
excavated and removed.  The weathered basement rock,
according to the results of the exploratory drillholes 5-1
and P-1, is thought to have adeguate bearing capacity as the
foundation rock for anchor blocks of the penstock, but it
will be necessary to grasp the properties of weathered

bedrock in more detail,

Further, judging_from the directionalities of the bedding
and joint planes of the basement rock, it is thought there
is little posgibility of sliding or collapsing of the base-

ment rock occurring along the penstock route.



3 The vertical shaft portion of the penstock, judging by the
results from the exploratory drillhole ‘P-1, consists of
basement rock of tuffs which are generally fresh and hard,
and have few cracks and 1is thooght not to pose any épecial
problem, 7 | . .

4 The powerhouse will be constructed ekcavéoihg:thé terrace
plane of felativé height apprbximatoly 50 m from the river
bed of the Guayllabamba river down to the neighborhood of
the river bed. ' '

The basément rock of tuffs to be the fbundétion of the
powerhouse, although siightly cracky, 1 thought to possess
adequate bearing capacity as a foundation for the planned

powerhouse.

The cut slope of height approximately 40 m to be produced
behind the powerhouse will consist of siightly cracky base-
ment rock, and it will be necessary to exercise care con~

cerning stability of the slope.

5.4.5 Additional Geological Investigation Works for Detailed Design

It is thought necessary for the additional geological investigation
works fndicated in Table 5-2, Dwg._S—é’ and Dwg. 5-8 to be carried
out on the main structure sites of this Project for the purpose of
detailed design.

The quantities of additional geological investigation works as

follows:
Dan Site
Prilling &4 drillholes 215 m
Adit 2 adits 70 m



Regulating Pond

Drilling "4 drillholes
Pit 2 pits

" Penstock, Powerhouse Sites

" Drilling 3 drillholes

135 m
ilm

15 m



5.5 Construction Materials

The construction materials required for 'this ‘Project are mainly

concrete aggregates wneeded for the dam, tunnel, and powerhouse.

There are no distributiohs of river-deposits and terrace sand-gravel
in the project area sﬁfficient.in quantity to supply the necessary
aggregates, while most of the rocks from tunriel excavation will be
shale and chert belonging to the Yungullla Formation with. highly
developed bedding and it 1s thought they are not suitable as concrete
aggregates. Accordingly, crushed stone obtained from quarries will be

used as concrele aggregates.

As prospective sites for quarries, when transport roads are con-
gldered, there are the vicinity of a peint at the fight bank approxi;
mately 1.5 km downstream from the dam site where more or less massive
and hard andesite is distributed, and the vicinity of a point approxi-
mately 600 m north of the powerhouse site where more or less massive
and hard tuff is distributed.

However, andesites and tuffs may cause alkali-aggregate rteaction |
depending on the type, and it will be necessary for alkali~aggregaﬁe
reaction tests to be carried out. In case theré is no fear of such
reaction, it will then be neéessary for tests to be carried out for
the examination of the chemical and physical properties of these

rocks.



- Table 5—1 Completed Geological tnvestigation Works

Completed Drill Hole

Sité Hole No. : Coordinatg EL. {m) | Direction |{Length (m)
D-1 | 15215.979N[781819.6748 1 144485 90° 85
Dam — —
D-2 | 15231.654N781930.7005| 145018 | 90° 90
Surge tank S 1 [16314.125N| 7748159608 147127 | 90° 70
Penstock P—1 | 16340.55IN| 774466.949:] 1208.74 90° 65
Powerhouse Ph—1 | 16347.230N774373.498g| 1189.11 | 90° 60
Total 5 Holes 370
Completed Seismic Prospecting
. o No. of No. of No. of
Site Line Spreads Receiving points Length (m)
A 3 70 345
Regulating B 1 23 110
Pondage Area - C 1. 29 105
D 3 61 300
E 1 23 i15
Sub-Total 5 Lines 975
A 6 121 600
B 1 24 115
Powerhouse Area
C 3 61 300
D 3 62 305
E 1 24 its
Sub-Total 5 Lines 1435
Total 10 Lines 2410
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CHAPTER 6 DEVELOPMENT SCHEME

6.1 Outliné of Development Scheme
6.1.1 Outline of Project Site

This Project 1is located: on the midstream stretch of the Rio
Guayllabamba. The Rio Guéyllabamba is a major river in the Republic
of Ecuador whiéh rises from the Andes Mountains, flows west
gathering water freﬁ numerous tribufaries, and upon merging with the
major tributary Rio Quininde, changes its name to the Rio Esmeraldas

and discharges into the Pacific Ocean at the city of Esmeraldas.

'Thé'projéct site is located approximately 30 km north of Quito. The
surfoundings of the project area comprise steep mountains of eleva-
tion 2,500 to 3,000 m, but at around elevations of 1,500 to 1,700 m
along the Rio Guayllabamba and its tributaries, flat planes made by
deposifion of volcanic products can be seen in the form of a number
of steps. In géneral, both banks of the Rio Guayllabamba comprise

vertical cliffs of several tens of meters.

Upstream of the dam site there are continuations of gentle slopes
that are close to being bare ground. Past the dam site, there is a
gradual increase in vegetation, and at the powerhouse site there are
heavy growths of plants such as banana in keeping with the subtropi-

cal climate.

The Mesozoic Cretaceous Macuchi, Perlabi, Silante, and Yunguilla
formations are distributed in the project area and overlying these

are Quaternary Lahar and colluvium deposits.

 The Macuchi Formation is distributed from approximately 500 m
upstream of the dam axis to apﬁroximate1y12 km downstream, and the
Perlabi Formatibn is distributed from approximately 2 km downstream
of the dam axis to approximately 1 km east of the powerhouse site.
The Simante Formation is distributed to the west from approximately

1 km east of the powerhouse site,



6.1.2

The Lahar and colluvium are distributed at parts of low elevation
along the Rio Guayllabamba, and vertical cliffs are formed due to

eroding action of the river.

Power Generation Scheme

The Chespi project had been considered as a site of favorable econo-
mics as shown on the Master Plan review. The basic layout is

limited by topographical and geological factors. Taking the pro-

_jected dam site as the boundary, at the upstream side the river

bends sﬁbstantially.to the left and it will ‘not be possible to shor-
ten the waterway length. On the other hand, since the stream and
the waterway paralleijeaéhrothér at the upstream side, the ratio of
waterway head to length is abruptly lowered and hydro efficiency of
the river is poor.  Further, the high water level is limited by
distribution of Lahar and there is a limit to securing storage capa-
city. _

Consequently, for the power generating system, it is judged thét'a
daily repulating pond type will be opfimum. With this point as the
basis, the dam site was selected ;onsideriﬁg the volume required for
regulation and.sedimentation, and the layout of principal struc~
tures, and then geological investigations were carried out. ~Judging
by the topographical and geological conditions of the powerhouse
site, it 1s condidered. that tﬁe iocation deseribed in this Report

has been optimized,

The Chespi Hydroelectric Power Development Project is for obtaining
a maximum cutput of 167 MW with maximum available discharge of 70
m3/s utilizing a head of 278 m obtained shortcutting a meandering.
portion of the Rio Guayllabamba with a headrace tunnel of approxima-
tely 7,500 m, The available energy production of this power station
is estimated to be 940 x 106 kWh, and this electric energy will be

used mainly to meet the demands of Quifo'and the Northern Region.



An outline of the power generation scheme is given below.

a)

b)

Dam

The dam site was selected considering topographical conditions,

geological conditions, and power gemeration type. it was judged

that there would be no problem in particular from a geological

‘standpoint as a result of geological investigations including

field investigation works.

The daily regulating pont capacity required is 1,512,000 m3 for
regulating time of 12 hours, with dam height at 60 m.

Sedimentation within the regulating pond is to be flushed out by
providing two scour gates. The function of the regulating pond
can be secured by flushing out sediment about twice in an ordi-
nary discharge year. The regulating pond is to fulfill the role
of a settling basin and surface intake facilities allowing
intake from only the surface portion of the regulating pond are

to be provided,

Handling of floods is to be done by discharge from a free
overflow section provided at the top of the dam in case of nor-
mal floods, while in case of design flood discharge the scour

getes will also have to be used.
Waterway

In view of economy and construction facilities the headrace tun-
nel with an inside diameter of 5.2 m is planned to connect in a

straight line to the surge tank,

The surge tank is to be of a structure having an orifice type
with upper water chamber in consideration of topographical and

geological conditions.

The penatock route is decided including considerations of the

powerhouse location. Hence, technical and economic comparison

‘studies were made of the penstock route and powerhouse location,

and a - layout - for the upper part to be surface type and

the lower part a vertical shaft and tunnel was selected.



6.1.3

6.1.4

¢) Powerhouse

Regarding the powerhouse, a semi—underground type was found to
be: the most ecoﬁqmical as a result of comparisoh studies
inqlﬁding the beﬁsfock route. Francié and Pelton- fypes are
'suitableﬁfor the tufﬁines, and it was decided to_brdvide two

Francis turbines as a result of economic comparison studies,

Power Transmission Line and Transformers Scheme

A step-up éubstation;is to be provided utilizing the rooftop of the
powerhouse. Since there will be a distance of 50 m from the genera-
tor hall to the ground surface, 13.8-kV XLPE caﬁles-aré to be used
between the generators and the main transformers. The substation is

to be of ordinary type.

A 138-kV transmission line is to be constructed from the step—up
substation at Chespi Power Station to San Antonio Substation for
interconnection with the power system. The length of this

transmission line will be approximately.ZZ km,

The voltage of the dam distribution line is to be 13.8 kV with the
length about 10 km.

Timing of Development

The final decision on the timing of development for the Chespi
Project and other hydroelectric development sites under plaanning by
INECEL should be made by INECEL upon carrying out overall com~

parisons of techmical, economic, and Ffinancial factors.

If this Project is to be carried out aiming for start of operation
in the mwid~1990s, around the yéar 1995 is considered to be
appropriate. Furthermore, since hydroelectric power atatibns of the
National Interconnected System are located mainiy in the Amazon
River Basin, the electric energy of the rainy season at Chespi site
will be almost all effective, and the variations in monthly energy
production of other hydroelectric power stations will be smoothed

out. As for the demands of the capital city area and the Northern
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6.1.6

6.1.7

Region, they are presently depending on supply by capacities in the
Southern region, but through cowmissioning of this Project, the

dependence on supply from the above region will be eased.

Approximate Counstruction Cost

The construction. cost of the Chespi Project is estimated applying
the preliminary design, construction methods, and construction
matereials based on the engineering level that can be relied on at
the present time, and taking into consideration the topographical

and geological conditions of the project site, regional conditions,

project scale, etc. The time of estimation was taken to be December

1985, and the construction cost will be US5299 x 100 a5 described in
Chapter 9,

As for the construction schedule, a period of 5 years is estimated

taking into comsideration the abovementioned conditions.

Economic Nature

The economic nature of the Project calculated by the internal rate

of return method is 6.19 percent in terms of financial IRR and 13.50

" percent in terms of economic IRR. Meanwhile, according to the com-

parisoné with the alternmative thermal facilities based on economic
costs, the benefit minus cost will be 182 x 169 US$ at discount rate
of 12 percent. The internal rate of return, when compared with the
social discount rtate in Ecuador, cannot be said to be of a high
level at all, but it is condsidered that economical development of

the Project will be feasible.

Development Scheme

The optimum development scheme will be described under 6.3, while an

outline of the optimum development scheme is given in Table 6-1.
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6.2 Bleccrid-Energy Calculations

6.2,1

6.2.2

‘General

In carrying out studies of the development scale, and financial and
economle analyses, the.calculation of electrie energy is an impor-
tant factor along with computation of construction cost. When only
the electric eﬁergy of Chespi Hydroelectric Power Station is con-
sidered in calculation of electric energy, +the trend of effec~
tivization in the entire National Interconnected System (SNI) of the

'energy produced is not discernable, Cbnsequeﬁtly, when the Chespi

Project has gone into operation, 1t will be necessary to pursue the
relation of the energy produced at the power station with the demand

and supply of electric power.

For this reason, it is to be attempted to clarify the position of
Chespi Hydroelectric Power Station in the SNI by examining the rela-
tionship of the energy prodﬁced in the balance of demand and supply
in the SNI.

Various factors must be taken into consideration in attempting to
clarify the relationship of power demand and supply with the S5SNI as
the object, and in the study here the fundamental matters necessary

for calculation of electric energy were as follows:

Conditions of Energy Calculations
a) Power Stations to be Included in Electric Energy Calculations

The amount at the primary substation of each power station is
adopted for calculatiug effective energy in the SNI. The rela-
tionship of demand and supply of electric power i1s investigated

using these effective energy amounts.

The actual electric energy amounts of 1984 are used for the
effective electric energy of the existing hydroelectric power
station group. ‘However, the effective electric energy of

Paute-A, B Power Station is to be calculated separately.



_b).

c)

The power station names and the calculation symbbls_uéed‘iﬁ.tﬁe
calculation of power demand and supply balance in the SNI are as.

follows:

EX : existing hydroelectric power station group
. EPZ: Paute Power Station

EAG: Agoyan Power Stationm

EDP: Daule Peripa Power Station

ECH: Chespi Power Station

EPM: Paute Mazar Power Station

ESP: San Francisco Power Statiom
Period of Electric Energy Calculation and Year of Commissioning

Calculations of effective electric energy amounts at all power
statioms in the SNI are to be made up to the year 2000 taking

into consideration the development. program of INECEL.

The years of commissioning of the various power stations

included in the abovementioned development are assumed as

follows:
Agoyan Power Station 1988
Paute—-C Power Station 1992
Paute Mazar Power Station 1996
San Francisco Pawer Station © 1997

From the standpoint of the present Feasibility Study.of Chespi
Hydroelectric Power Station, it was considered the year of com-
missioning as being in the period from 1994 to 1997, and the
year of commissioning was estimated after carrying out a study
of the electric power demand and supﬁly balance. Nevertheless
INECEL is finally to decide the actﬁal year of commissioning

after comparison with other alternative projects.

Interval of Electric Energy Calculation

The objective of the electric energy calculation is to seaso~
nally grasp the trend of effectivization of electric energy

(salable electric energy) of Chespi Hydroelectric Power Station



d)

as seen from the demand and supply balance of electric power,
and to reflect this in the benefit calculations of this power
station. Consequeﬁtly, it is fhought the details of the
electfic power demana. and supply balance cannot be clearly

distinguished unless calculations are made in units of months.
Electric Energy of Thermal Power Stations

The total power demand in the SNI is to be supﬁlied on a
priority basis with the effective electric energy of
hydroelectric-power_stations_at that time. Demand that cannot
be-suppliéd with the effective electric energy of hydrbelectric
power stations is to be supplied with the effective "electric
energy of thermal powre stations. However, in the event that®
‘the power deﬁand of that month which must be supplied by thermal
pbwer stations does not exceed the power supply capaéity of
thermal power stations, the net power demand is all to be
supplied by therthefma] power stations. Conversely, when the
demand exceeds the cabacity, the power supply capability is to

be calculated by the equation below.

ETLi = PIi x (1 - f£) x fp % H
where,
ETLi: effective electric energy of thermal power sta-
tions in the month of calculation (MWh)
PIi : total power generating capacity of thermal

power stations (MW)

£ : loss factor (5%)

f, ¢ monthly equipment utility factor (95%)

H : number of hours of power gemeration in that
month (hr)

Generally speaking, the annual equipment utility facfor of a
thermal power station may be considered to be approximately 80
percent, but in the study here, a wonthly equipment utility fac-
tor of 95 percent was adopted since it can be considered that
the periods of operation of thermal power stations will be iu
units of several months. The reason for this is that it can be

considered overhauling of thermal power stations will not be



692.3

6.2.4

done when net power demand iézhigh. Cohéeﬁuently, it_will be
necessary for a reexamination to be made in case equipment uti-
lity factor exceeds 80 percent at all times as a result of

balancing power demand and supply.

Period of Hydrological Data

It is necessary to examine how the electric energy of this Project
will be effectivized in the system as a whole. For this purpose, it
is necessary for the electric energy amounts of this Project inter=-

connected with the entire .system and the group of other power sta-

tions to be computed as a. whole system. By applying all of the

energy supply capsbility of the entire power stations including
this Project to the energy demand, the trend of effectivization of

thie electric energy of this Project will be made clear.

It is necessary for the hydrological periods of the various power
stations to be made identical in order to carry out the abovemen-
tioned study. For this purpose, hydrological power spectral analy-
sis were performed on the rainfall records of Quitec Meteorological
Gauging Station for the 9l-year period from 1891 to 1982. As a
result, it was learned that strong correlations existed in the order

of 18 years, 9 -years, and 5 years as hydrological periods. (See

4.4, Chapter 4, Meteorology and Hydrology.)

Taking into account the results of the abovementioned study, the
20-year period of Janvary 1965 to December 1984 was adopted as the
identical hydrological period for this Project and other power

stations.

Energy Calculations

The specifications of the various power stations used for calcu-
lating the electric energy supply capabilities of the power stationms
included in the National Intercomnected Sysfem are as given in Table
6-2. The electric enmergy amounts of the two power stations of Doule
Peripa and Paute Mazar were calculated on reservoir operation by

mass curve using the data given,

6 —10
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6.2.5

on célculation of the electric energy of each month from January
1965 to December 1984, the results will be as shown in Table 6-~3 ~

6~11, Along with examination of the effectivization trend of the

_eleétric energy and year of development of the Chespi. Project, the

effectivized electric energy of each year after start of operation,
that is, the salable electric energy, is used for calculation of. the
benefit which is the basic data for study of the development scale

and financial and economic analyses.

Salable Energy of Chespi Project

The salable energy of Chespi Power Station is calculated comsidering

the National Interconnected System.
The conditions for calcudlations are as follows:

a) The supply capabilities of hydroelectric power stations deve-
loped before start of operation of the Chespi Project are to be

applied to demand on a priority basis.

b) The effective electric energy of Chespi Project is applied to
the remaining demand after deducting the effective electric
energy of other hydroelectric power stations from the total

demand to obtain the salable energy.

Considering that the majority of hydro power stsations are located
mainly in the sourthern part, the electric power of this project
site, which is located in the northern part to the pacific side and
is close to the major load center of Quito, is expected to become
effectivilized at a speed greater than that <calculated here.
Therefore, it may be said that a result superior to the economic

nature obtained in this Report is hidden within.

In the economic analysis the salable energy is divided into the two

kinds below.

a) Capacity corresponding to the reduction in fuel combustion at

existing thermal power stations

b) Capacity corresponding to new electric power demand increase



Here, the electric energy corresponding to the savings in fuel at
the thermal powér stations 1s defined as the alternative electric

energyrof the thermal power statibns. This alternmative elecktric
energy of thermal power stations is the alternative electric energy
-at the time of start of operation which continues in the subsequent
years. However, the alternative electric energy of thermal power
stations will be decreased as the scrapping program for thermal

power stations progresses,

Meanwhile, the salable electric energy corresponding to the power
demand increase increases with growth in energy demand and continues
until all of the electric energy of this Project has become effec-

tive.

The flow chart and the salable energy on the above calculations is

shown in Fig. 6-1 and Table 6-13 - 6-19.

The salable energy in each year until all of the energy has become
effective in case of coumissioning of this Project in 1995 is shown
in Table 6-12.

Table 6-12 Safable Energy of the Chespi P/S

Year Replaced Energy Effectivilized Energy Total

1995 537.2 18.3 555.5
1996 536.7 118.7 655.4
1997 467.6 240.8 708.4
1998 427.7 327.6 755.3
1999 386.0 456, 1 842.1
2000 381.5 538.9 920.4

2001 386.2 553.,6 939.8
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6.3 Examination of Development Scheme

6.3.1

General

It is the general practice to use an alternative thermal for aming
comparison studies of the development scale. Therefore, the study

will be made in this Report assuming an alternative thermal plant.

In effect, the development scale is to be decided comparing the
costs required during the 50-year service life of this Project and
the costs of a thermal power station which is equivalent to this

Project.

The costs vequired during the service life of this Project are
coustruction cost, operation and maintenance cost, and equipment
renewal cost. . These costs are developed according to individual
year and a cash flow is prepared. Meanwhile, an alternative thermal
power statiom which is equivalent to this Project is assumed and the
construction cost, operation and maintenance cost, and equipnment
renewal cost of this thermal power station are assumed, Further,
the fuel cost corresponding to the electric energy produced by the
Project is developed according to individual year and a cash flow is
prepared. The abovementioned various costs of the altermative ther-
mal power statlion are taken to amount to the benefit of this

Project.

‘The various costs (construction cost, operation and maintenance

cost, and equipment renewal cost) are estimated based on the con-

tions below.
a) Interest during comstruction and import duty are excluded.

b} A shadow exchange rate is considered for the local currency

requirements in the various costs.

The present cost (C) and benefit (B) are obtained from the

- previously-mentioned cash flow of cost and benefit. The difference

between these values (B - C) is to be the net benefit, and the deve-
lopment scale at which unet benefit is maximum is taken to be the

optimum development scale.



The specifications of the alternative thermal power station are

assumed as follows;

i) 1Installed Capacity

ii)

1ii)

PT = fx x PH
whefe, _
PT: installed capacity bfAélterhétive‘thefmai power station.
(W) | )
PH: installed capacity of Chespi Hydroelectric Power
Station (kW) _ o o S
. (1-0.002) x (1-0.005) x (1-0.02) x (1-0.03) x (1-0.02)

Ex: (1-0.06) x (1-0.05) x (1-0.12) x (1-0.03)
= lozl
:Chéspi Hydro Alternative
P.S. Thermal P.S.
Station sétvice ratio 0.2% o 6.0%
Failure ratio 0.5% 5.0%
Repair ratio ' 2.0% 12.0%
Transmission loss ratio 3,0% 3.0%
Flushing loss ratio ' _ 2.0%% ~

* (3 day/each time, 1.5 times in ordinary year)
Construction Cost

The construction cost of the alternative thermal power station
is to be calculated based on international prices, and interest

during construction is not included in the construction cost

Construction cost : US$800/kW
Breakdown : Foreign currency portion 75%

local currency portiom ~ 25%
Fuel Cost

Fuel cost is to be calculated based on international prices and

is to be computed by the equation below.

]

Cp fg x Ce

US50.0348/kWh

13



6.3.2

where,

]

0.2937 {/kWh
US$118.4/k(

Fuel consumption rate €£f

]

Fuel price Cf
iv) Operation and Maintenance Cost

As operation and maintenance cost, 1.5 to 3.0 percent of
construction cost of US3800/kW {not including interest curing
cosntruction) 1is calculated as the performeance in INECEL
facilities, and the 2.6 percént recorded at Gonzalo Zevallos

Thermal Power Station is adopted here.
v) GConstruction Period and Cost Flow by year

The construction period is taken to be 4 years and the cash flow
by year is assumed to consist of 10 percent in the first year,
20 percent in the second year, 40 percent in the third year, and

30 percent in the fourth year.
vi} Service Period

The nominal service period is 30 years and this is to be

adopted,

Selection of Development Scheme

In view of the topography and the geology, the basic layout of this
power station will remain.unchanged even if the development scale
wetre to be changed. Consequently, the factors for determining the
development scale of the power station are effective head and maxi-

mum- available discharge.

In the case of this power station, the effective head will be deter-
mined by the intake water level at the daily regulatiang pond, the
head loss of the waterway, and the outlet water level, and the
effective head will not be greatly altered even though the develop-
ment scale were to be chénged. Basically, therefore, the matter
would be a comparison study of the case of the maximum available

digscharge being varied,



6.3.3

6.3.4

The wmaximum available discharges for examining the develoﬁment'scale
are to be the four levels of 50 m3/s, 60 m3/s, 70 m3/s, and 80 m3/s.

The specifications for. the 1individval development scales are as
given in Table 6-1. - '

Cash Flow of Cost and Benefit

Cash flows of construction costs, operation and maintenance costs,

and eguipment ‘renewal costs of this ‘Prdject_ and the alternative
thermal power stétion, and of the -fuel costj corresponding  to
electric energy equivalent of that of this Project  calculated
according to development scale are given in Tahles 6-20, 6-21, 6-22,
and 6-23. Calculation of Energy production as shown Tables 6-24,
6-25 and 6~26.

Examination Results of Development Scheme

The present cost (C) and benefit (B) of each case are deﬁermined in
accordance with the assumption listed 1n 6.3.2, and the results of
economic comparisons are given in Tables 6-20, 6-21, 6-22, and 6-23,
and in Fig, 6-2,

In selection of the optimum development scale, the scheme with the
greatest investment effect (B - ¢} is generally adopted. This
Project algo 1is fundamentally according to this concept, and as
shown in Fig. 6-2, the plan for maximum availlable discharge of 70
mi/s (P = 167 MW)_where (B - ¢) is maximum and it was adopted as the

optimum development scale for the Project.



Table 6--20 - Comparison of Total Cost and Benefit (Case.50.T)

Discounted Cash-Flow Hethod

) Discouat rate = 12.0000 (X 12 B2= 2448

B=386780.28 i 8/C =1.487728815 Hl= ]

€= 259880.4 B-C =128769.3808 . Hi= 34.8
| Year | Serial ! Cost | Discounted 1|  Benefit |. Discounted |

; Huaber : Flow Il Cost Flow : Flov - Il Benefit Flovi

I ....... el R R L e I L T T I L L
i 1980 | ~5 | 23183 | 40873.99 | o | 0,090
| 1891 | -4 | 31931 | 50244.05 | 10036 | 15791.84
| 1982 |} -3 | 46975 | 65996.49 | 20072 | 28199.71
i 1683 | -2 1 50871 | g3s581.70 | 40144 56356.63
! 1994 | =1 28225 | 31612.00 | 30108 | 33720.96
| 195 | 0 708 | 708.00 | 19848 | 19848.00
| 1996 - | 1 | 708 | 632.14 | 225682.4 | 20145.00
| 1887 | 2 i 708 | 564.41 | 24041.4 19165.66-
| 1998 - | 3 i 708 | 503.64 | 25628.28 | 18241.7¢0
| 1999 | 4 -] 708 | 449,95 | 27845.04 | 17896.03
| 2000 | 5 | 708 | 401,74 } 30221.88 | 17148.71
| 2001 | 8 | 708. | 358.89 | -30277.86 | 15338.55
| 2002 | 7 1 708 | 320.26 | 30277.568 | - 13686.03
| 2003 | 5 | 708 | 285.95 | 30277.58 12228.60
| 2004 | N 708 | 255.31 | 30277.56 | 10918.39
H 2005 | 10 | 708 | 227.96 | 30277.58 | 9748.586
| 2008 | 11 | 708 | 203.53 | 30277.568 | 3704.07
| 2007 | 12 | 708 | 181.73 | 30277.568 | 7771.50
| 2008 | 13 | 708 | 162.26 | 30277.56 | 6938.84
] 2009 | 14 | T08 | 144.87 | 30277.56 | §195.39
| 2010 | 15 | 708 | 129.35 | 30277.58. | 5531.60
1 2011 | 18 | 708 | 115.49 | 30277.58 | 4938.53
l 2012 | 17 | 708 | 103.12 | 30277.56 | 4409.76
| 2013 18 | 708 | az.07 | 30277.58 1 3937.28
I 2014 | 18 | 708 | s§2.20 | 30277.56 | 3515.43
i 2015 | 20 | 708 | 73.40 | 30277.56 | 3138.738
} 2016 . | 21 | 708 | 65.53 | 30277.56 | 2802.438
| 2017 - 1 22 | 708 | 58.51 | 30277.56 | 2502.21
f 2018 .} 23 1 708 | 52.24 | J0277.56 | 2234.12
i 2019 ! 24 708 | 48.64 | 30277.568 | 1984.75
! 2020 | 25 - 708 | 41.85 | 30277.56 | 1781.03
| 2021 | 26 | 708 | 37.18 | 40313.568 | 2117.30
! 2022 | 2T | 708 | 33.20 | 50349.56 | 2361.07
| 2023 | 28 | 108 | 28.64 | 70421.56 | 2948.50
i 2024 | 29 | 708 | 26.47 | 60385.58 | 2257.41
| 2025 | “30 | 708 | 23.83 | 30277.58 | 1010.60
l 2028 | 31 | 708 | 21.10 | 20277.56 | 402.32
| 2027 1 32 | 7859 | 209.12 | 30277.568 | 805.85
! 2028 | 33 | 24834 | 585.25 | 30277.56 | 719.33
| 2029 | 34 | 17129 | 383.35 | 30277.568 | §42. 286
f 2030 | 35 | 708 | 13.41 | 30277.56 | 573.44
! 2031 | 36 | 708 | 11.97 | 30277.56 | 512.00
{ 2032 | 37 | -708 1 10.68 | 30277.56 | 457.15
| 2033 | 38 | 708 | 9.54 | 30277.58 | 408.17
{ 2034 1| 39 4 708 | 8.52 | 30277.5686 | 364.43
| 2035 | 40 | 708 | 7.61 | 30277.56 | 325.39
t 2038 | 41 | 708 | 6.79 | 30277.56 | 290.52
1 2037 I 42 1 708 | §.07 | 30277.56 | 258.40
H 2038 | 43 1 708 | 5.42 | 30277.58 | 231.60
i 2039 | - 44 ] 708 | 4.84 | 30277.58 | 206.79
} 2040 | 45 - | 708 | 4.32 | 30277.56 | 134.63
] 2041 | 46 768 | 3.35 | 30277.56 | 164.385%
{ 2042 | 47 I 708 | 3.44 | - 30277.56 |} 147.19
i 2043 | 48 | 768 | J.o7r | 30277.56 | 131.42
{ 2044 | 49 - | 708 | 2.74 | 302717.58 | 117. 34
| 2045 | 5¢ | | 0.00 | 0 | 0,00
2088 SN e | 9200,
| | Total | 263883 | 259980.40 | 1683079.64 | 386780.28

Note: B-Benefit C-Cost B2-0&M Cost M-Fuel Cost
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- Table 8-21 Comparison of Total Cost and Benefit (Case.60.T)
Discounted Cash Flov Hathed .

- Discount rate = 12.0000 (X) : 12 B2= . 2941
B8=430075.99 - 8/C =1.574645729 . Hl= -0
£=278841.13 ©.B-C =160234.8838 : N § E -34.3
| VYear I Serial .| Cost [ Discounted .| Benafit 1 Dlscounted i
| : i Huuber : Flav i Cost Flov f Flav i.Benef:t Flawi
[rmmmsmmanan R ] e EEe P e R T ool RETETREMEEEER Y o
| 1990 | -5 | 24161 | 42579.984 | 0] .0.00
! 1991 | -4 | 34321 54004.78 | 11907 | 18735.80
| 1992 -3 1 50786 | 71350.87 | 23815 | 33458.36
{ 1893 | -2 | 54783 | 88719.80 | 17629 | 59745,82
' 1994 | -1 30317 | 33955.04 | 35722 | 40003.64
| 1995 | ¢ | 758 | 758.00 | 21607.72 | 216807.72
| 1968 - | 1 i 758 - | 875.00 | 25870.72 | 23098, 85 -
| 1997 | 2 1 758. | 602.68 | 26921.68 -} 21481.80
i 1998 | -3 158 - | 538.11 . | 28143.18 | 20031.75
| 1899 | -4 756 | 480.45 | 30659:2 | 19484, 48
| 2000 | 5 .} 756 . | 428.97 | 32555.08 | 15642 .-85
[ 20601 | 6 | 756 | 383.01 | 33585.88 | 17015.85%
| 2002 | 7 -1 786 | 341.98 33585.88 | . 15192.55
| 2003 | 8§ | 756 | 305.34 | 33585.88 | 13564.177
| 2004 | -9 756 | 272.82 | 33585.88 | 1211141
} 2005 . | 10 | 786 | 243,41 | 33585.88 | 10813.75
! 2006 | 11 | 756 | 217.33 |} 33585.88 | 9855.14
| 2007 | 12 756 | 194.05 | 33585.88 | 8820.66
! 2008 | 13 | 758 - | 173.28 | 33585.88 | 7687.02
| 2009 | 14 | 758 | 154.89 | 33585.88 1 8872.34.
f 2016} 15 | 758 | 138,12 | 33585.588 i 6136.01
1 2011 | 18 |- 756 | 123.32 | 33585.88" | 5478.58.
| 2012 | 17 | 756 | 110.11 | 33585.88. | 4891,59
| 2013 | 18 | 756 | 93.31 | 33585.88 | 4367.49
| 2014 | 19 | 756 | 81.78. | 33585.88 | 3899.55
| 201§ | 20 | 756 78.37 | 33535.88 | 3481.74°
| 2016 | 21 | 756 | 69.98 33585.88 | 3163.70
| 2017 | 22 | 758 | 62.48 | 33585.88 | 2775.82
} 2018 | 23 | 786 | 55.78 | 33585.88 | 2478.23
| 2019 | 24 | 756 | 49.81 | 33585.88 | 2212.71
i 2020 | 25 | 756 | 44.47 | 33585.38 | 1975.63
[ 2021 | 26 | 756 | 39.71 | 45492.88 | 2389.32
i 2022 | 27 | 756 | 35.45 | 57400.838 | 2891.73
| 2023 | 28 | 756 | 3i1.85 | §1214.88 | 3400.41
| 2024 | 29 | 756 | 28.26 | 69307.88 |} 2590_986
| 2025 | 30 | 758 | 25.23 | 33585.38 | 1121.03
| 2026 | 31| 756 | 22.583 | 33585.85 | 1009,82
{ 2021 | 32 | 8741 | 232.58 | 33585.88 | §93.68
| 2023 | 33 | 26477 | 629.03 | 33585.88 | 797.92
I 2029 | 34 | 18472 | 391.83. | 33585.88 .| 712.43
| 2030 | 35 | 756 | 14.32 | 33585.88 | 636.10
i 2031 | 5 | 756 | 12.78 | 33585.88 | '567.95
| 2032 | 37 | 756 | 11.41 | 33585.88 | §07.10
f 2033 | 3 1 756 | 10.19 | 33585.88 | 452.76
i 2034 | 39 | 756 | 9.1¢0 | 33585.8%8 | 404,25
| 2035 | 40 756 | §.12 | 33585.338 | 380.94
| 2036 | 41 | 756 | 1.25 | 33585.88 | 322.27
f 2037 | §2 | 756 | 8.48 | 33585.88 | 287.74
| 2038 | 43 | 158 | 5§.78 | 33585.88 | 256.91
| 2039 | 44 756 | 5.18 | 33585.88 | 229.38
| 2040 | 45 | 756 | 4.61 | 33535.8% | 204.81
i 2041 | 46 | 756 | T 4012 | 33585.88 | 182.86 -
] 2042 | 47 | 756 | 3.68 | 33585.88 | 183.27
| 2043 | 48 | 756 | 3.28 | 33585.88 | 145.78
} 2044 | 49 | 756 | 2.93 | 33585.88 | 130.18
| 2045 | 50 | | 0.00 | : o | 9.00
i______gggg_‘{ﬁ__.____.__g}“_ll ! 0.00 : f 0.00
.............. | o m i [t o222
| | Total | 283590 | 278841.13 | 1881982.28 | 439075,99

e — A ——— Ak ——— T\ — i —— T — . . e i, o b Bl e L it . i} e o} e e e e i s ek ey e TR AR i " e Y Pt e i — i o S—r. - — N o

"""'"'"""‘---—————-—-—-—--———--——m--—--.n..-_..__-___..,.._......_._....._.__‘,._.._....__..,_,,,_.....‘..-a.---------——--

Note: B-Benefit C-Cost B2-0&M Cost M-Fuel Cost
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Table 622 - Comparison of Total Cost and Benefit (Case.70.T)

Discounted Cash Flov Hethod

12

- Discount rate = 12.0000 (%) BZ= 2434

B=481632.88 B/C =1.610558178 Ri= 0

£=299047.18 B-C =182585.7024 . Hl= 34.8
| Yaar B Sarial 1 Cost | Discounted | Benefit | Discounted !
t ’ A Kuwber 1 Flovw } Cost Flav : Flov } Benefit Fiovl
| mmmm s | omcmmmmana Y E T GRS RS [T iR
| 1990 | -5 | 25106 - 44403.96 | 6 | 6.00 |
I 1991 | -4 | 35879 | 58029.82 | 13744 | 21626.45 |
| 1992 - | <3 54885 | 77109,47 | 27489 i 38620.07 |
| 1983 | -2 | 58201 : | 74261.73 | 54978 | 68064.40 |
| 1894 | -1} 32558 36464.96 | 41233 | 46180.96 |
| 1995 | 0 | 804 | 804.00. | 22765.4 | 22785.40 |
| 1996 | 1 304 | 717.85 | 26241.92 1 23430.29 |
i 1997 | 2 | 304 | 640.94 | 28086.32 | 22390.24 |
] 1998 | 3 804 | 572.27 | 29718.44 | 21153.00 |
| 189¢ | 4 | 804 | 510.96 | 32739.08 | 20806.28 |
| 2000 | 5 804 | 456.21 | 35483.92 | 20123.18 |
{ 2001 | 8 304 | 407.33 | 36139.04 | 18309.16 |
| 2002 | 71 804 | 363.69 | 36139.04 | 16347.47 |
{ 2003 | 8 .| 304 | 324.72 | 36139,04 | 14595.95 |
| 2004 I 304 | 289.93 | 36139.04 | 13032.10 |
| 2005 | 10 | 804 | 258.87 | 36139.04 | 11635.80 |
| 2006 | 1t 304 | 231.13 | 36139.04 | 10389.11 |
i 2007 | 12 804 | 206.37 | 36139.04 | 9275.99 |
| 2008 | 13 i 804 | 184.26 | 36139.04 | 8282.14 |
| 2009 ! 14 | 304 | 164.5% 1} 36138.04 | 7384.76 |
| 2010 | 15 | o4 | 146.89 | 36139.04 | 6602.47 |
| 2011 | 16 | o4 | 131.15 | 38139.04 | 5895.06 |
I 2012 . 17 | 304 | 117.10 | 35139.04 | 5263.45 |
i 2013 | 18 | 804 | 104.55 | 36139.04 | 4699.51 |
| 2014 | 18 | 804 | 93.35 | 36139.04 | 4195.99 |
| 2015 | 20 |- 804 | 83,35 | 36139.04 | 3748.42 |
| 2018 | 21 | 804 | T4.42 | 36139.04 | 3345.02 |
| 2017 | 22 | 804 I 65.44 | 36139.04 | 2086.62 1
I 2018 | 23 | 304 | 58,33 | 35139.04 | 2666.63 |
| 2019 | 24 | 304 | 52.97 | 36139.04 | 2380.92 |
! 2020 | 25 | 804 | 47.29 | 36139.04 | 2125.82 |
i 2021 | 26 | 804 | 4§2.23 | 49883.04 | 2619.90 |
} 2022 | 27 | 304 | 37.70 i §3628.04 | 2683.75 |
| 2023 | 28 | 804 | 33.865 | 91117.04 | 3815.00 |
i 2024 | 28t 804 | 30.06 | 77372.04 | 2892.42 |
| 2025 | 30 | 204 | 26.84 | 36139.04 | 1206.25 |
I 2028 | n i 304 | 23.96 | 361398.04 | 1077.01 |
I 2027 | 32 | 9700 | 258.10 | 36139.04 | 961:61 |
| 2028 | 33 i 28485 | 6§76.286 | 36139.04 | 858.58 |
[ 2029 | 34 ] 19812 | 422.38 | 36139.04 | 766.50 |
| 2030 | 35 | 804 | 16.23 | 36139.04 | 684.48 |
J 2031 | 36 | 804 | 13.80 | 36139.04 | 611.12 |
| 2032 | 37 304 | 12.14 ] 36139.04 | 545.64 |
} 2033 | 38 | 304 | 10.84 | 35130.04 | 487.18 |
| 2034 | 19 | 804 | 9.88 | 38139.04 | 434.98 |
I 2035 | 40 | 304 | .84 | 35139.04 | 388.38 |
! 2038 | 41 | 804 | 7.71 | 36139.04 | 346.77 |
[ 2037 | §2 | 804 | 6.89 | 35139.04 | 309.61 |
! 2038 | 43 | 304 | 6.15 | 36139.04 | 276.44 |
| 2039 | 44 | 304 | 5.49 | 36139.04 | 248.82 |
} 2040 | 45 1 804 ! - 4.90 | 36139.04 | 220.38 |
] 2041 | 48 | 804 | 4.38 | 36139.04 | 186.76 |
i 2042 | 47 | §04 | 3.91 | 38139.04 | 175.68 |
i 2043 | 48 804 | 3.49 | 38138.04 | 156.86 |
i 2044 | 49 | 304 | -3.12 | 36138.04 | 140.05 i
I 2045 | 50 | “ 0.00 | 0 | 0.00 |
{ 2046 E 51 : : 0.00 | 0 | 0.00 |
"""""""" T T T T T T T T T T e T T T
} | Total i 304584 | 289047.18 | 2040020.84 | 481632.38 |
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Table 623 Comparison of Tota! Cost and Beneflt {Case.80.T)

Discounted Cash Flov Kethod

Biscount rate = 12.0000 (X) B2= ]
3=521841.89 © B/C =21.533823804 .. Hl= . 0
C=2340200.886 - B=C =181841.2307 : His 34.8
| Year . |  Serial | Cost I Disceunted ™ TBenefit | Discaounted |
I Humber | Flovw : Cost Flovw } Flov ; Banefit Flovl
fommmmmmm o [mmmmmrrm - bbbttt Etiabiebb bt il el ettt kb hdetol Sl bl i b ==
| 1980 | -5 | 27751 | 48906.74 | 0| _ _Q 00
! 1991 | ~4 | 43213 1} 57996.49. | 15522 | 24424.17
! 1992 - | =3 | 83555 - | 89290.20: | 31044 | 43814.58
I 1993 | 2 | 87244 | 84350.87 | 620838 | 77883.19
| 1994 | =1 38078 | 40407.38 | . 465688 | 52153.82
! 1995 | o | © 844 | 544,00 | 24087.08 - | 24097.08
i 1996 I "1 344 || 753.57 | 28109.52 | 25097.79
! 1997 | 2 | 844 | 872.83 | 30148.8 | 24034.44
| 1998 | 31 844 | 600.74 | -~ 31676.52 | 22546.172
! 199¢ | 4 1 844 | 538.38 | 34289.12 | 21778.65
! 2000 | 5 | 844 | 478.91 | 37463.76 |  21257.94
I 2001 | -8 8§44 | 427.50 | 37875.32 | -19239.48
! 2002 |- T 344 | 381.78 .} 37975.32 1 . 1Ti78. 11
! 2003 | 8 | 844 - | 340.88 | 37975.32 | 1833759
i 2004 | 3 | 844 | . 304.35 | 37975.32 | 13894.28
t 2005 i ‘10 | 844 | 27175 | 37975.32 | 12227.04
| 2006 | il | 44 | 242.63 | 37975.32 | 10917.00
I 2007 | 12 | 844 | 216.83 | 37975.32 "} 8747.32
! 2008 | 13 i 844 | 183.42 | 379758.32 | 8702.96
! 2008 | 14 | B44 | 172.70 | 37975.32 1 7770.50
i 2010 | 15 | 844 | 154,20 | 37975.32. | 6937.95
I 2011 | 16 | 844 | 137.67 | 37975.32 | 6194.80
] 2012 | 17 844 | 122.92 | 37975.32 | 5530.89
| 2013 | 18 | 844 | 109.75 |} 37975.32 | 4438, 30
! 2014 | 19 | 844 | 97.¢9 | 37975.32 | 4409.19
I 2015 | 20 | 844 | 47.49¢ 1 -37975.32 | 3938.78
i 2016 | 21 | 845 | 78.12 | 37975.32 | ©3514.98
! 2017 | 22 i 44 | 88.75 | 37975.32 | 313838
| 2018 | 23 |1 844 | 62.28 | 37975.32 | 2802.12
f 2019 | 24 1 844 | §5.680 | 37975.32 | 2501.38
| 2020 | 25 | 344 | 48.85 | 37975.32 | 22383.83
| 2021 | 28 | 844 | 44.33 | 53487.32 | 2808.72
| 2022 | 27 | 844 | 39.58 | §9019.32 | 3236.58
! 2023 | 28 | 344 | 35.34 | 1000663.32 | 4189.58
| 2024 | 29 | 344 | 31.55 | 84541.32 | 3160.43
I 2025 | 30 | 8§44 | 28.17 ) 37975.32 | 1267.54-
| 2026 | 31 | 844 | 28.15 | 37975.32 | 1131.73.
i 2027 | 3z | 10627 | 282.77 | 37975.32 | 1010.47
! 2028 | 33 i 30449 | 723.40 | 37975.32 | 902.21
| 2029 | 34 21363 | 453.16 | 37975.32 | §05.54
i 2030 | 35 | 844 | 15.98 | 37975.32 | 719.23
| 2031 | 36 | 344 | 14.27 | 37975.32 | . 642,17
| 2032 | 3t 844 | 12.74 | 37975.32 | -573.37
i 2033 | 38 | 244 | 11.38 | 37975.32 | 511.94
| 2034 | 39 | 44 1 10.18 | 37975.32 | 457.09
| 2035 | 40 | 844 | 9.07 .| 37975.32 | 408.11
! 2036 | 41 | 44 | 3.10 | 37975.32 | 364.39
| 2037 | 42 | 344 | 7.23 | 37975.32 | 325.35
| 2038 | 43 | 844 | 8.46 | 37975.32 1 290.49
! 2039 | 44 | 244 | 5.76 | 37975.32 | 259,36
l 2040 | 45 | 344 | 5.15 | 37975.32 | . 231.57.
| 2041 | 48 | 844 | 4:80 | 37975.32 | 206.76
| 2042 | 47 | 844 | 4.10 | ©37975.32 | 184.61
| 2043 | 48 | 844 | -3.66 | 37975.32 | 164.383
| 2044 | 49 | 344 | 3.27 | 37975.32 | 147.17
! 2045 | 50 | | 0.00 | . f '0.00
;-----3959__If.,_-_-_-_él__,: ______________ ;_-_ R L e 22800
! | Total i 338949 | 340200.66 | 2167118 88 | 521841.8%
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