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CHAPTER 6 GEOLOGY AND CONSTRUCTION MATERIALS

6.1 Purposes of Investigation and Conclusions

6.1.1 Purposes and Particulars of Geological Investigation

The purposes of this investigation are geological survey and geological analyses neces-
sary for further studying the safeties and earrying out technical and economical designing of
civil structures regarding the Julumito Hydro-electric Power Project, while taking into

account the Feasibility Study made in 1972.

With these purposes, the geological feasibilities are to be studied of the Julumito dam
site, reservoir site, powerhouse site and appurtenant structures intake, headrace tunnel,
surge tank, penstock, etc. and the two diversion waterway schemes Cauca and Palace-
Blanco of the Julumito Hydro-electric Power Project selected in the Preliminary Study and

the Feasibility Study, and also to investigate and test materials for dam construction.

In this Report are described the geological findings regarding the foundations and con-
struction materials of the civil structures selected, including the results of the Feasibility
Study carried out in 1972. The resulis of geological investigation works, permeability tests
of foundations and tests of dam construction materials carried out this time by the Survey

Team are also described. These data are given in Appendix-VII and Appendix~VIII.

This results of the geological investigations in the Feagibility Study of 1972 and the
present Study are amply reflected in examination of the development scheme, layout of eivil

structures, and selection of designs.

6.1.2 Previous Investigations

+

Geological investigations regarding the Julumito Hydro-electric Power Project were
started by ICEL and CEDELCA in 1969. Following this, an investigation was made by geolo-
gista of the Japanese Government in 1970, In 1971, geological surveys of sites planned for
major structures were made through boring, test adit and tegt pit excavation, and investigations

and tests of dam construction materials were carried out by ICEL and CEDELCA,

In 1972, a Feasibility Study was made by a Japanese Government suyvey team, and the
resulte of these precedent surveys were confirmed hy a geologist while further field recon-
naigsances were made. If was also recommended that still further geological surveys and

tests of dam construction materials be made for the purposs of definite design,

The geologleal surveys based on these recommendations were carried out by the present



Survey Team and ICEL in 1979,

6.1.3 Conclusions

As a result of the various past geological investigations described in 6. 1.2, and including
the results of the field investigations made this time, the conclusions regarding the geology

and dam construction materials of the Project are described below,

(1) It is judged that the basic development patiern Plan C of the Julumito Hydro-electric
Power Project formulated in the Preliminary Study is the most superior from the results

of the geological surveys alsa.

(2) Regarding the site for Julumito Dam, 3 locations had been considered as candidate
sites at the Preliminary Study level, but taking into consideration geological survey data
from surface reconnaissances and excavations such as boring, test adits and test pits, as
a result of examinations of the geclogy, weathered condition, permeability and infiltration
path lengths of the dam foundation, it was reconfirmed that the dam site selected (proposed

dam site No, 2) is superior,

This Julumito Dam site is a broad one-way slope on the right-bank side, whereas the
left-bank side is a scraggy ridge. Judged from the topography and the weathered condition
of the dam foundation, if will be desirable for a fill dam with a inclined center core and a
arch shape to be adopted on this dam site. The geology comprising the foundation of this
dam is weathered andesite, and near the high water surface level, a volecanic ash deposit
of low degree of consolidation, and careful engineering considerations will be required for

excavation of the dam foundation amd foundation freatment.

{3) The bedrock of the powerhouse site consists of tuffaceous breceia possessing com-
pressive strength of 50 to 100 kg/cm2 with ample bearing capacity as the foundation of a
surface-type powerhouse, and it is thought there will be no problem from the standpoints

of topography and geology.

4) It is thought that leakage and sedimentation of the reservoir formed by Julumito Dam
will be of degrees that can be ignored. (See 5.7, "Sedimentation')

(5) There are saddles at two locations in the reservoir area and it will be necessary to
construct dikes (Dike No, 1, Dike No. 2) at these places. Regarding the site for Dike No. 1,
as a result of reconnaigsances this time, the height can be lowered although the length will
increase at a site further upstream than the site proposed in the Feasibility Study of 1972,
The results of Boreholes DDH-101 and DDH-102 show there will be no special problems
with the dike site.



{6) The route of the pressure tunnel consists of andesitic lava. The penstock is to be
provided chiseling a cliff of hard andesite lava. Since the andesite lava has parts where
there are many cracks, in construction of the headrace tunnel, spalling and cave-ins must
be prevented, while thorough preparations will be necessary against springing of water,

It should be possible for anchor bhlocks and saddles of the penstock to be provided on bed-
rock possessing ample bearing capacity, but there are portions requiring attention to be

paid to slope stability after excavation.

{n The foundations for the diversion dams of the Ric Cauca and Rio Palace diversion
schemes are both unconsolidated ground strata. Although hoth of the dams will be of low
height, the foundations should he selected at adequately conselidated strata, while sunitable
foundation treatment will be necessary. The Palace and Blanco waterways are planned to
be tunnels, while the greater part of Cauca Waterway is to be an open canal. Although the
gealogy of the route of this waterway consists of unconsolidated strata of river terrace
deposits and volcanic ash deposits, the topography is that of a hilly area of gentle relief,
and under normal conditions it is inconceivable that the waterway would be destroyed by
occurrence of landslides, Tumnels will be driven through voleanic ash deposits and ade-
quate cutting will be required in the vicinities of portals, What will be of importance is
that careful placement of concrete must be done to prevent uneven gettlement of open cannl
and tunnel foundations and sliding to the sides of waterways due to leakage from the water-

ways.

(8) It is anticipated that all dam construction materials can be collected from the vicini-
ties of civil structure sifes. Volcanic ash deposits will mainly be used as soil material,
and these deposits are special soils which are fine-grained, and moreover, of high water
contents. Consequently, the design mentioned in (3) has been proposed, but detail design
and construction must be carried out on completely grasping the characteristics through
further appropriate testing. It is proposed that tests be performed to obtain a core material
of good workability using volcanic ash, weathered andesite and weathered residual andesitic

soil on blending to adjust grain-size distribution and water content.

For rock material, filter material and concrete aggregates, the plan is to collect
them from the mountain body where andegitie lava is distributed, As the candidate for the
quarry site, the mountain block approximately 500 m downstream of the powerhouse site
on the right-bank of the Rio Cauca was selected In consideration of transportation and other
conditions. Although it is thought the weathered layer will be somewhat thick, the conditions
for quarrying should be better than at the alternative (Rio Cauca left-bank),

It is thought that excavation muck from the penstock route and the pressure tunnel



can also be used as a part of the dam construction materials,

6.2  Genera! Geology of Project Area
6.2.1 Qutline of Topography and Geology

(1) Topography
The Andes Mountain System which comprises the western rim of the South Ameriean
continent stretches north and south with its highest point in Peru, the extension to the north

decreasing in elevation as it goes {hrough the central part of Ecuador to reach into Columbia.

The Andes Mountain System on entering Columbian ferritory is divided into the follow-
ing three mountain raunges:
() Cordillera Oriental
() Cordillera Central
{c} Cordillera Occidental

Of these mountain ranges, the highest one is the Cordillera Central which has an
average elevation close to 3,000 m, and moreover, has several peaks exceeding 5,500 m
above sea level, while the length north-south is 800 km. Between the Cordillera Central
and the Cordillera Occidental, the Rio Cauca with a length of more than 1,500 km flows
from south to north and the catchment basin comprises one large plain with a width of 60

to 80 km,

The Rio Magdalena flows north between the Cordillera Central and the Cordillera
Oriental, and merges with the Rio Cauca in the northern part of Columbia to feed the
Caribbean Sea,

The plains extending to the east from the Cordillera Oriental are the sources of the
Rio Amazon and the Rio Orinoco and comprise vast llanos grasslands and a wide forest

area.

The Julumito Hydro-electric Power Project area is centered at a point approximately
10 km northwest of Popayan City in the Upper Rio Cauca Valley and is located where the
Rio Cauca flows out to a table-like hill area from the gentle foothills of the western side of
the Cordillera Central. The vicinity of Popayan is a hill area with a flat surface of eleva-
tion of about 1,750 m, this surface being gently sloped to the west, dissection not heing
very advanced. The river system in this area indicates a distinet pattern of parallel flows

from east to west of tributaries such as the Rio Sate and Rio Palace.

The Rio Canca comprises a broad flood plain in the vicinity of Popayan where it

meanders gently and there are river terraces in the form of four stages at the west bank.

6-4



The Rio Cauca passes the northwestern part of Popayan City and the river gradient
is gentle to the outskirts, but further downstream the river gradient becomes steep and

there are continuations of gorges of 50 to 80 mm width and about 100 m height.

2 Geology
Topographically, Colombia may be broadly divided into the Llanos Plain at the eastern
half which comprises the fountainheads of the Rio Amazon and the Rio Orinoco, and the

Andes Mountain System consisting of the three mountain ranges in the western half.

The former Llanos Plain correspends to the northwestern fringe of the Guayana Shield
which extends from Colombia to Brazil and presents a compratively simple geological

structure,

The latter Andes Mountain System consists of sedimentary rocks from the Devonian
Period to the Tertiary Period, and igneous rocks and metamorphic rocks. This mountain
system is a fold system formed by the Andes orogenic movement of the Tertiary Pericd,
is roughly parallel to the western fringe of the Guayana Shield, and extends more or less

in a NNE-SSW direction.

The geology of the vicinity of Popayan City comprising the project area consists in
most part of volcanic products called Popayan Formation and Rio Cauca Formation, The
geology comprising the basement of the area is that of metamorphic rocks said to be a Mesozoic
Group and basic igneous rocks. Since this Mesozoic Group is thickly covered (roughly more
than 300 m} by volcanic products, it is seen only scatteredly where the Popayan Formation
has been deeply eroded by the Rio Cauca and other rivers, As examples, the site of Florida
II Power Station completed in 1975 on the Rio Vinagure, a tributary of the Ric Cauca, and
the vicinities of diversion dams may be cited, The former is metamorphic rock consistmg
of green schist while the latter consists of basic igneous rocks of schalstein and diabase.
The geological age periods of these strata were estimated as shown in Table 6-1 from the

data which it was possible to gather.

The civil structures of this Project will all be provided at the Popayan Formation and

the Rio Cauca Formation.

The relations between the foundations of civil structures and rock-facies, strata are

roughly as shown in Table 6-2.

6.2,.2 Stratigraphy and Rock Type

The outlines of stratigraphy and rock types comprising the Julumito Hydro-electric

Power Project area are given in Table 6-2,
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Fig. 6-1  General Map of Topography and Geology in Cauca District
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The characteristics of the various rock types and the evaluations as foundation rocks

and materials are as described below.

1) Tuff Breccia
Tahle 6-1 Generalized Geologic Chronology in the Julumito Project Area.
Period or era Stage Formation Rock
Quaternary Pleistocene Volcanic ash.
Popayan mn Uneonformity #1.~~~nn
Neogene to Plio- formation Andesite lava
Quaternary pleistocene
- Conformity *2
Neogene Pliocene E::r:;:?:; %3 Tuff breceia
v (Jnconformity
Metamorphic rocks;
green schist and
Dagua graphite schist.
Mesozolc formation Basic igneous rocks
diabase, dolerite
and so on.
*1: Slight recognition of hiatus (time gap of sequence seen as unconformity).

*2

Between the tuff breceia (Rio Cauca Formation) and andesite lava

(Popayan Formation) there are no facts in the survey area which par-

ricularly indicate unconformity such as basal conglomerate.

Rather, it appears that tuff breccia is of the same geologic age as

andesite lava.
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Table 6-2 Outline of Stratigraphic Sequence and Rock Type of
Foundation Rock in Civil Structures on Julumito Project

Diagramatic

Rock type | Thickness* ! Distribution
column

(m)
_lTop ]| Less than 10| Wide spread

Wide spread Dam site

Volcanic ash 30 to 40
and reservolir areq, etc.

v v
v v
v v Andesit bout Dam site. headrace funnel
Vib) Vv ndesite abou route, penstock line.
v v lava 120 tributary diversien waterway
v v route, etc
v v
v v v
wOW X
w ‘?’ Powerhouse site and
s ol Tutt breccia .
A ¢ vicimity of it.
Y. %4 \Af

LS dota originoted from boring DH~1 on the left bank of the julumito powerhouse site

This is the stratum situated at the bottom of the geology comprising the Julumito

Hydro-electric Power Project area.

This is exposed at the bottom of the valley where the overlying andesite lava is deeply
eroded by the Rie Cauca from the outskirts of Popayan City to the downstream area. Also,
according to Borehole DH~1 (vertical, length 160 m) drilled at the lefi-bank side of the
Julumito Dam site in order to investigate the feasibility of an underground powerhouse
scheme, the existence of tuff breccia was recognized at a depth of 143.0 m (EL. 1,585.6 m),
From the previously-mentioned outerops and boring data the boundary line between the tuff
breccia and the andesite lava is at around El. 1,585 m and is estimated to be more or less
horizontal, The Julumito powerhouse construction site planned on the right-bank of the
Rio Cauca consists of this rock. This tuff breccia is green-gray, includes voleanic blocks
of diameters 3 to 5 em, is dacitic, and is a soft rock easily erushed with hammer blows.
However, nnconf'ined compressive strengths are from 50 to 100 kg/cm2 which are adequate

for the foundation of a surface-type powerhouse structure.

2 Andesite Lava Formation
This andesite lava is a stratum widely and thickly distributed in the Popayan City
area and most of the foundations of the dams, headrace tunnel, penstock, ste. of the
Julumito Hydro-electric Power Project are designed to be located in this andesite lava.

This formation shows typical outerops of cliffs on both banks deeply eroded by the Rio



Cauca near the proejeted powerhouse site. At the outcrops there are several series of
prominent cooling joints (= columnar joints) indicating that lava flows had occurred on

several occasions.

According to the data of Borehole DH-1 drilled for the purpose of investigation of an
underground powerhouse scheme, the andesite lava has a thickness of approximately 120 m,
and moreover, may be divided into four layers, The three layers from the bottom are of
identical rock characters, but the lava at the top is of slightfly different nature. In effect,
the lower three strata consist of gray-purple andesite with prominent phenoerysts of feld-
spar, and columnar joints are developed in each of these strata, In confrast, the top
stratum presents a gray-blue color, includes biotite and crystals of quartz, and indicates

a rock character close to liparite,

Between the layers of andesite lava there are intercalated weathered zones of 3 to
4 m thiclkmess and thin layers of tuff from which the differences in ejection times can be
recognized, The petrographic descriptions and physical characteristics of these lava
layers are described in detail in 6.3.2 (1) b) (vi).

This andesite layer is thickly covered by a volcanic ash layer, but the configuration
of the surface is surprisingly flat., In other words, according to Borehgles DH-1, DH-2,
DH-3 and DH-5 drilled for the purpose of geclogical investigation of the headrace tunnel
route, the surfaces of the andesite were confirmed fo be at the elevations of 1,703.2 m,
1,696,8 m, 1,702.0 m and 1,704.3 m, or roughly at 1,700 m, However, on tracing the
range of distribution of volcanic ash described below, it is seen to be deposited in uniform
thickness at the slopes of both banks far lower than the elevation of 1,700 m, not only on
the Rio Cauca, but aleo tributaries such as the Rio Sate and the Rio Palace, This indicates
that after ejection of the andesite lava and until deposition of volcanic ash, there was

erosion occurring to present a topography extremely similar to the present one,

This geological phenomenon, as desceribed in 6.3.2 and 6.5.2, has an Important
bearing on foundation treatment of the weathered andesite lava at the dam site and in

selection of quarry site for rock materials.

(3) Volecanie Ash Deposit
This volcanie ash is widely distributed south from Cali City to the vicinity of Timbio
City and is clearly an ash fall deposit which af the Julumito Hydro-electric Power Project
area has a thickness of 30 to 40 m. The bottom part is fairly solidified and there are parts
which are thought could be called tuff. As the volcanic ssh was something that fell down
from the alr, it was deposited more or less parallel to the topography existing before
deposition of the ash, and although at rivers and gullies where carrying capacities and



eroding actions are prominent the thickness of the ash layer has been reduced, it has re-
mained more or lesg in the same thickness at hill distriets, These ash layers have been
subjected to unique weathering from the ground surface and present a peculiar soil profile.
This will be described in detail in the section on the volcanic ash layer at the dam site
(6.3.2 (1) b) (v)). This volcanic ash layer pregents a brownish-white to a milky-white color
where fresh and the grain size is so fine that more than 90% passes a #200-mesh sieve.

In visual observation, fine grains of quartz and scaly biotite are prominent, and the mate-

rial is a liparitie voleanic ash,

6.2.3 Geological Structure

The geological structure of Colombia governed by the Andes orogenic movement shows
a NNE-SWW direction to be very predominant, The Andes Mountain System also runs in the
direction of the geological structure, and the Rio Cauca and the Rio Magdalena which flow
north originating from the mountain system also follow the geological structure, As stated
in6.2.1 (1), "Topography,' the Colombian Andes are divided into the three mountain ranges
of Cordillera Oriental, Cordillera Central and Cordillera Occidental. As the ridges of the
respective mountain ranges mostly correspond to anticlinal paris, old rocks and formations
are distributed, while on the other hand, the valleys, since they are synclinal parts, are

occupied by young formations of the Cenozoic Era,
The Colombian Andes may be broadly divided into the following two geological provinces.

(1) Cordillera Oriental Geoclogical Province
This is mostly made up of sedimentary rocks and there is little new volcanic rock,
The mountainsides of the mountain system and valleys (synclines) have distributions of
Tertiary and Mesozoic formations, while the ridges (anticlines) have distributions of
Paleozoic formations in bands along the axis in the NNE-SWW direction, but Cretaceous

marine deposits are most widely distributed.

This geological province differs in geology from the main Andes Mountain System of
Chile, Bolivia, Peru and Ecuador in which igneous rocks and metamorphic rocks are

predominant,

{2) Cordillera Central and Cordillera Occidental Geological Province
This mainly consists of igneous and metamorphic rocks which are accompanied by
sedimentary rocks. These rocks and formations comprise a northward extension of the
main Andes Mountain System in Ecuador and to the south, with the northern end dropping
down to the northern coastal lowland near El Blanco. Valcanoes are distributed along the

direction of the mountain system and were quite active in the Mesozoic and Cenozoic eras,



and some are still active today, Active volcances are particularly prominent in the south-

ern part of the Cordillera Central,

Similarly to the Cordillera Oriental geological province, there are distributions of
Paleozoic rocks such as acidic and basie plutonie rocks and gneisses at the ridges of the
mountain ranges, while in the valleys there are distributions of formations and rocks of
the Cenozoic Era, and in between them, distributions of Mesozoic formations in bands in

the direction of the axis of folding.

The Julumito Hydro-electric Power Project area has andesite lava as its basal rock
which is covered thickly by volcanic ash, the boundary appearing to be more or less flat,

The results of investigations show there are almost no faults in the project area.

6.2.4 Earthquakes

Colombia is situated in part of the Cirenm-Pacific Earthquake Belt and active seismicity
is recognizable. This seismic activity is limited mostly to the Andes Mountain System and the
Pacific Ocean coast. Earthquakes are rare in the eastern llanos close to Venezuela and
Brazil, and any that do occur are not severe and this part of the country may be considered
as a non-earthquake zone, According to the records of past earthquakes, the locations of

epicenters of earthquakes in Colombia may be broadly divided info the follawing four zones:

Zone-1 Southern part of Cordillera Central ...

Vicinity of border with Ecuador centered at Pasto City,
Zone-2 Northern part of Cordillera Oriental ...

North Depariamento de Santander and near Tachira State (Venezuela).
Zone-3 Central and northern part of Cordillera Occidental and Pacific Ocean coast.

Zone-4 Scattered in northern and eastern parts of Colombia.

These earthquake records are given in Appendix IX. Of these, those marked with white
circles are earthquakes which occurred between 1566 and 1900 and not measured with seismo-
graphs, and the scales and epicenters of these were estimated from various records.
Regarding the records from 1900, geophysical judgments were made based on data from
measurements in Columbia and at earthquake observation organs throughout the world.

These earthquakes are classified according to intensities as shown in Table 6-3.



Table 6-3 Classification of Seismic Intensity in Colombia

Intensity Degree Correlation-with Scale Acceleratio?
of Rossi-Forel -~ Part of gravity
I Slight 1. II. Il IV, 0~0.03g (0~30 gal)
I Strong V. VI. VII 0.03~0.05g (30~50 gal)
I Destructive VI IX. X 0.05g ~ (50 gal~)

The Julumito Hydro-electric Power Project area is outside the four earthquake zones
of Colombia mentioned above. In other words, it is 150 to 200 km distant from the before-
mentioned Zones 1 and 2 and may be said to be an area with litfle earthquake cccurrence for
the Andes Mountain System, The occcurrences of earthquakes around the project area based

on past records are shown in Table 6-4.

Table 6-4 Earthquake around the Julumito Project Area
Epicenter Intensity Frequency Occurred year
I 2 1751 and 1878

Within 50 Km™1
I 2 1735 and 1736

1566 and 1946
Within 100 Km*2 : (two times Mar. 29 and 30)

I 1 1827

*1: Centering around popayan city

*2: Excluding * 1

Of these earthquakes, there is only one earthquake of Intensity I measured with seismo-
graphs, all the others having occurred prior to 1900, As shown in Appendix-IX, earthquakes
actually measured have been concentrated in the four seismic zones, and around Popayan City
there has been only one earthquake measured, indicating that old earthquakes not measured
have been greater in number, In judging earthquakes from old documents, the records tend
to be for areas of population concentrations and in many cases cannoct be handled as universally

applicable data, while it is extremely difficult to determine the locations of epicenters,



Consequently, in defermining the probability of future earthquakes in the Julumito Hydro-
electric Power Project area, whether to make judgments based on earthquakes from 1900 and

after, or to also take earlier earthquakes into consideration poses a problem,

Naturally, the fact that an earthquake occurred in the past indicates the possibility of
earthquakes occurring at the same site in the future. In discussing earthquakes directly
affecting the Project, only those earthquakes for which there are distinet proofs of epicentral

distances and intensities should be considered,

In an extremely cautions standpoint is taken here and records of all earthquakes are
taken into consideration, the following may be said, From 1560 to the present, there have
been two earthquakes of Intensity III in the area within 50 km of the Julumito Hydro-electric
Power Project area, This is a frequency of once in 200 years. In the area within 100 lan,
there were three earthquakes of Intensity III, which is a rate of once in 130 years. From the
above, it is thought there is a possibility of earthquake of Intensity III occurring once in 100

years at the project area,

6.3  Gevlogies of Major Project Sites
6.3.1 Catchment Basin and Reservoir

(1) Topography
The Julumito reservoir area presents a gently undulated topography and except for
the valley hottom ig uniformly covered by a thick volcanic ash layer, Only the mainstream

of the Rio Sate is eroded down {o the andesite lava underlying the voleanic ash layer.

The original topography before deposition of the volcanic ash appears to have had few
undulations with a river system pattern of parallel flows, and to have been similar to the
present topography, It is thought that after uniform settling of the volcanic ash in a thick-
ness of 30 - 40 m over the origiilal topography, the Rio Sate again eroded approximately
the same location {o produce the present topography. This can easily be surmised from
the condition of deposition of voleanic ash at the upstream and downstream parts of not only

the Rio Sate, but also of the Rio Cauca,

From the topographical features, the reservolr area may be broadly divided into the
following two districts;

a) Upstream Distriet
In this district, the Rio Sate and {ts tributaries have paralle]l channels which
indicate very young erosion stages cutting down in the direction of gravity along the
surface existing at that time after deposition of the voleanie ash, At these valleys the



(2)

upstream catchment areas are small and on top of the fact that the eroding agent of the
water is small, since the component geclogy is a soft, isotropically homogeneous for-
mation, the gullies run in the direction of slope and only deepening action has occurred.
As a result, the drainage paitern of adjacent gullies parallel to each other at intervals
of roughly 500 m was formed. All of the valleys have gently aloping sides and parts of
the flat initia]l plane remain between the adjacent gullies.

In the future, headward erosion should progress in the catchment area, but since
the area does not suffer heavily concentrated rainfall, the problem of sedimentation in

Julumito Reservoir cannot he thought to be significant.

(b) Middle Stream and Dam Site District
This district corresponds to the valleys of the original topography (old Ric Sate)
and the widths of the valleys are far smaller than in the upstream district. The cutting-
down action has eroded the weathered surface layer of the andesite lava and compara-
tively hard rock is expoged at the valley bottoms. The flow channels have not been
subjected to much lateral erosion and there are narrow flood plains and river terraces

formed in the channels.

The various tributaries of the Rio Sate which merge in this district have small
discharges, and since cutting-down action is weak, the erosion has net reached down to
the andesite lava and at the confluence with the Rio Sate a small-scale hanging valley is

formed.

In the reservoir area the condition calling for the greatest attention is that there
are two places (saddles) at part of the reservoir which are lower than the proposed high
water Jevel, The locations are to the southwest of Julumito Village where tributaries
respectively of the Rio Sate and the Rio Cauca have eroded the mount;ain between the two
rivers. The construction of dikes is necessary for this topography, details of which are
given in 6.3.2.

The original ground arcund the reservoir other than at the above-mentioned dike
gites consists of an impermeable volcanic ash layer and since the path lengths to other

catchment basins are great, it is thought there is no fear of leakage from the reservoir.

Geology

The greater part of the reservoir area consists of a more or less uniform ash layer,
but andesite lava is distributed at the valley bottom at the dam site and upstream,
Regarding the voleanic ash layer, according to the results of permeability tests conducted
at the dam site and soil material borrow areas, the coefficient of permeability indicates

values in the order of 10~4 ¢m/sec to 10~5 em/sec on top of which there is a tendency for



the permeability coefficient to be even smaller when saturated with water.

Regarding the andesite lava, according to lugeon tests carried out utilizing boreholes
at the dam site, lugeon value is less than 1, Consequently, it is thought there will be no

leakage from the basal rock of the reservoir,

The design high water surface level (E1. 1,715 m) is in the horizon of the voleanic
ash layer where the slope of a hill area of gentle relief is presented. The slope is covered
with topseil of 50 to 100 em thickness on which shrubs and weeds thickly grow. Because
of such a topography and geology it is not conceivable that large-scale landsliding will oceur

due te impounding of water.

6.3.2 Julumito Dam and Dikes

{1) Julumito Dam

a) Topography
The Rio Sate on which the dam is to be located flows in a roughly straight line to
the northwest at the main dam site and its vicinity. The river channel comprises the
form of a trough of width of 7 - 10 m and height of 3 - 5 m and the two banks extending
up from the channel comprise relatively steep slopes of 35° - 40° up to around elevation
of 1,700 m and are covered by tall latifoliate trees. From around El. 1,700.m and
above, the slopes become gentle and continue on to the Popayan Tableland of elevation

of 1,730 ~ 1,750 m and is covered with growths of short shrubs and grass.

On the right-bank side, there are gullies upstream and downstream of the dam
axis and the mountain bulk between the gullies has few creases and is of a size that the
dam will be conveniently accommodated, In contrast, on the left-hank side immediately
upstream of the dam axis, there is a comparatively large gully cutting deeply in to EI.
1,690 m from the confluence ‘wlth the mainstream. There is a series of samll waterfalls
in this section., Meanwhile at a point 180 m downstream from the dam axis, the main-
Btream bends sharply and the mountzinside on the left-bank is eroded by the gully
merging at this bend and by the gully upstream of the dam and this has become a scraggy
ridge. This ridge, when overburden and weathered layers are removed, is expected
will become even smaller. Therefors, it is desirable for the dam axis at the left-bank

to be located at the upstream gully considering the geological conditions described below.

b) Geology
The geology of the dam site besides consisting of andesite lava and volcanic ash,
alao consists of talus, river terraces, deposits at the present reverbed and topsoil

covering these layers.



The geology comprising the dam foundation is almost entirely andesite lava and as
a whole has been subjected to strong weathering action with parts close to the ground
surface having become residual soil, while underneath, weathering has extended to a
considerable depth. The voleanic ash overlying the andesite lava is also weathered from

the ground surface and a peculiar weathered profile iz presented.

(i) Topsoil
The topsoil is humus of the vegetation growing on the ground surface, is black-
ish-brown in color, high in water content, and clayey. This, of course, must be

removed for the dam foundation,

(i) Talus Deposits
Distributions are seen at the gully on the right-bank at the upstream end of the
dam, the dam foundation at the downstream side of the dam at the left-bank, and the
left-bank side of the downstream end of the dam. These deposits are sandy silt and
silty clay containinig boulders of weathered andesite here and there. The thicknesses

are 2 to 3m, and since they are unsolidified, they should be excavated and removed.

(1) River-hed Deposits

Besides at the bottom of the Rio Sate, deposits can be seen as narrow shoals on
the inside of the bent portion. There is a high content of cobbles of weathered andesite
and andesite of diameters of 20 to 40 cm and the deposits are densely compacted with
gandy silt. According to the data of Borehole DH-203 drilled near the riverbed at
the left-bank part of the dam axis, this riverbed deposit has a thickness of approxi-
mately 5 m and the elevation of this boundary is 1,637.40 m, However, the thickness
of the riverbed deposits at the center line of the stream and the right-bank, and the

variations in the thickness in the upstream-downstream direction are unknown.

These deposits have high permeability for the foundation of the core embank-
ment of the dam and since their improvement is difficult, they should be excavated
and removed, Also, the surface layer portions of these deposits have scme places
which are insecure to some extent in regard to bearing power for the dam and there
should be a need for considerations to excavate and remove these portions in accord-

ance with the vertical load of the dam,

{iv) River Terrace Deposits
These layers from flat bands about 10 m wide at both banks near the upstream
end of the dam, the Jeft-bank at the dam axis and the right-bank at the downstream
end of the dam. These terraces are located 2 to 3 m higher than the present river-

bed and can also be considered as flood plains of the present river. The terrace



deposits are unsolidified sand-gravel of high silt content, and as the thicknesses are

extremely small (1 to 2 m), they should be removed at the dam foundation,

v) Volcanic Ash Layer
The volecanic ash layers at the dam site are distributed at E1, 1,670 m and

higher and become thicker the higher the elevation. The thickness in the vicinity of
the crest at either bank is 15 m on the right-bank and 18 m on the left-bank. 'These
voleanic ash layers have produced a peculiar soil profile due to weathering from the
ground surface. Since elevations of the lower limits of these volcanic ash layers at
the dam crest are around 1,700 m, the wings of the dam would naturally connect to
these volcanie ash layers. From results of field investigations, both banks are
thought to have adequate bearing capacities and watertightnesses for a dam foundation,
but it was considered that these should be confirmed by consolidation testa, shear
tests, jack tests and permeability tests, and these were carried out in the present
Study. The results are deseribed in 6, 6.

In regard to the voleanic ash layers, CEDELCA requested the Universidad del
Cauca to carry out soil tests, Of the samples, those of interest from the standpoint
of pedology were again tested by INGEOMINAS*, Table 6-6 is a soil profile of the
Julumito Hydro-electric Power Project area experimentally prepared referring to
the field surveys and test reports. Such a weathering process can 2lso be recognized
in the weathered residual soil of the andesite lava (see 6.3.2 (1) b) {vi)) described

below.

On looking at these permeability test results, it is seen that even with the same
injection pressures, the permeability coefficient becomes smaller than at the start of
testing with elapse of time and after approximately & hours becomes more or less
constant, This indicates that the permeability coefficient becomes smaller as this
soil layer becomes saturated with water. Since Units (II) and (III) in Table 6-5 are
not necessarily judged to be satisfactory from the standpoint of bearing power, these
layers should be excavated and removed, and the foundation selected at Units (IV),
(V) or (VI). Units (IV), (V) and (VI} are more solidified than the upper parts and are
thought to have smaller permesbility coefficients, but it is desirable for permeability

tests to be conducted.

*mnstituto Naclonal de Investigaciones Geologico Mineras



Table 65 Pedological Profile of Weathering Process in Volcanish Ash.
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(vi) Andesite Lava
The andesite lava distributed at this site has been strongly affected as a whole
by weathering action and no fresh parts can be seen at the ground surface. This
andesite lava may be divided into three layers from the degrees of weathering.
¢ Non-weathered andeiste lava,
0 Weathered andesite lava (presents a bedrock appearance but the component
minerals are almost all changed to secondary minerals by weathering),
© Residual seil originating from andesite lava (weathering exceedingly
advanced with rock-forming minerals changed to clay minerals such as

halloysite and kaolinite., The surface layer consists of bauxitie clay).

Non-weathered Andesite Lava
Quterops of this type of bedrock cannot be recognized at the dam gite, barely

being seen in the core of Borehole DH-204 at 9 m and deeper,

This core is of bluish-gray andesite with prominent feldspar and is slightly
liparitic. Miecroscope observations of this rock are described in Appendix IV-3
of the Feasibility Study Report of 1972, Biotite is recognizable in the lava even by
visual obgervation and there are numerous phenocrysts of quartz, and the charac-
feristics are more those of dacite or rhyolite. However, the greater parts of the
matrix and phenocrysts are plagioclase (albite) and in this Study "andesite lava"

will be used as the field name,.

® Weathered Andesite
This rock is seen at the Rio Sate banks and at depths of Exploratory Adits
A-2, A-3 and A-4. It is a massive rock of grayish-white to milky-white color,
is weathered, and belongs to the eategory of soft rock, but compressive strengths
are 100 kg/em?2 or higher.

This bedrock is thought to have adequate bearing capacity for the foundation
of a fill dam of 80-m class, but this should be confirmed by field jack tests in
future investigations.

At Exploratory Adit A-3 excavated at the right-bank of the dam gite, drop-
ping of water can be seen from open cracks in this weathered andesite, The
volume of spring water is about 34/min, the water pressure is low, and it is
thought clearly to be seepage water from the ground surface, In the original rock
of these weathered andesites there are distinet columnar joints seen and there is
-a possibility that the beforementioned open cracks are traces of these joints,

The scale and condition of joint system will have a relationship with permeability
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of the dam foundation, In the present survey, core boring and lugeon tests were
carried out over a wide area on the bedrock of the dam site, the results of which

are desecribed in 6. 6.

© Residual Soil Originating from Andesite
The bottom part of this layer presents a grayish-white to milky-white color,
is coarse-grained, and is slightly compacted, but the upper part is reddish-brown
to grayish-brown and loose. The thickness of this layer according to data from
exploratory adits and boreholes is from 3 m to 5 m, and from the degree of com-

paction and thickness, it should be excavated and removed for the dam foundation,

The boundary between this residual soil and weathered andesite is distinct
at the side walls of trenches and test adits, but is not necessarily clear at out-
crops and cores from boring. It is thought necessary for criteria for judging the
strengths as a dam foundation to be provided for the residual soil and weathered
andesite in carrying out construction. If is necessary, besides field jack tests
and CBR tests, for direct shear tests and triaxial shear tests on undisturbed
samples to be made, Most of these tests were carried out in the present Study

and the results are deseribed in 6. 6.

) Dike No, 1 Site
This site is at a saddle where the boundary lies between the Rio Sate and the Rio
Cauca at the south outskirt of Julumito Village. Both banks are gently sloped and continue
on to hills of elevation about 1,725 m. The distance from this dike site to the Rio Cauca

is approximately 500 m.

In the Feasibility Study of 1972, the concept was to provide the spillway at this site,
but as a result of the present Study it was planned for the spillway to be appurtenant to the
main dam. Consequently, only a dike is to be constructed at this saddle. On reexamining
the dike location from this standpoint, it was decided to move it to a more upstream sgite

where the height of the dike would become lower.

The geology compriring this site is mostly a voleanic ash layer. According to Bore-
hole DDH-1 (El. 1,715.11 m) drilled at this dike site, there are alternations of sand layers
and silty sand layers down to a depth of 16,00 m, while at 16,00 m - 16,30 m, there i
found humus thought to be topsoil of an ancient period, below which there is a volcanic ash
layer, The strata shallower than the beforementioned 16 m are clearly deposits transported
by the river and have been subjected to some degree of sorting, The distribution of this
layer cannot be clarified with only surface reconnaissance since the ground surface is com-

pletely covered by humug, This layer is probably distributed only at the terrace surface
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at E1, 1,708 m, but it is necessary for confirmation to be made through investigations by

trench excavations or hand auger drilling along the dike axis.

The height of this dike is tobe 5.0 m, and it is considered there will be no special

problem with regard to bearing power of the foundation.

3) Dike No, 2 Site
This gite is a flat hill area and the ground surface is grazing grassland covered by

humus.

According to data from Borehole DDH-2 at the lowest point of the dike, there is a
voleanic ash layer under the topsoil of thickness of 1 m, the thickness of this voleanie ash
layer being more than 23 m. Since the embankment height of this dike is Iow (7.0 m),

there will be no problem as a foundation for the dike,

6.3.3 Headrace Tunnel

The geology comprising the headrace tunnel route, except for the vieinity of the intake,
is fresh andesite l1ava, Weathered andesite and its residusl soil are distributed in the vicinity
of the intake. The foundation of the intake is at the weathered andesite underlying the residual

s0il, but is thought to possess adequate bearing capacity similarly to the dam foundation.

The tunnel route passes through the top layer of the andesite lava, this layer being a
grayish-blue, slightly coarse-grained, sound andesite. (See 6. 5.2 for physical properties
of this rock,) The distributions and properties of this andesite lava have been confirmed
from Boreholes DH-1, DH-2, DH~3 and DH-4 drilled along the headrace tunnel route.

Judged by the conditions of outerops at both banks of the Rio Cauca, this layer through
which the tunnel will pass is slightly porous compared with the underlying andesite lava, but
it is massive and thought to have few cooling joints. In driving of the tunnel, it is thought
there will be no great problems since it appears there are few faults along the route. How-
ever, during excavation of the tunnel, there is a possibility that spalling or cave-ins may
occur at side walls or spring sections due to cooling joints {columnar joints}., Alsoc, cooling
joints often comprise continuous water channels. Therefore, depending on the conditions of
existence of ground water along the route of the tunnel, there may he occasions when spring

water would be encountered during excavation,

6.34 Surge Tank, Penstock and Powerhouse

In the present Study, the two alternatlves below were examined regarding the route from

the surge tank to the powerhousge,
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(1)

(2)

@)

Surface Alternative

This is a scheme to install a surface~type penstock from the surge tank to the power-
house along the slope on the right bank of the Rio Cauca. The vicinity of the surpge tank is
a flat area of about El, 1,720 m with a distribution of voleanic ash in a layer of about 30 m
thiclmess, but the slope facing the Rio Canca forms a gorge made by the rapid deepening

action of the Rio Cauca and the gradient is steep at more than 45°,

The elevation of the bottom of the headrace tunnel at its end is 1,669.81m and is
thought will pass through andesite 1ava, while anchor hlocks at the head of the slope can be
provided in sound andesite. The volcanic ash layer at this part is unstable and should be
excavated and removed. According to the present plan if will be a slope 40 m in height at

a gradient of 1: 1,

Rock outcrops can be seen here and there ai the slope, but the bottom part has smal]

gullies and talus deposits are seen.

Vertical Shaft Alternative

This is a scheme to provide a vertical shaft inside the original ground from the surge
tank to the right-bank of the Rio Cauca and to conduct water to the powerhouse by a gently-
sloped diagonal shaft of 1: 10. The geology of the vertical shaft portion consists of andesite
lava as previously menticned, and it is thought there will be no great problem since the
rock is massive and hard. However, this andesite lava formation is made up of four strata
with intercalations of Iayers of tuff and tuffaceous siltstone 1 to 3 m in thickness. These
layers are impermeable to comprise localized confining beds for groundwater, and there
is a possibility that groundwater stored at these layers will spring during excavation of the
vertical shaft. However, so far as seen at the slope of the gorge, there is no outflow from

these boundaries and the water springing al the verfical shaft is thought will be slight.,

From the standpoints of design and construction, it would be desirable for the location
of the vertical shaft to be directly under the surge tank, As for the location of the surge
tank itself, it should be where it will be geologically stable in consideration of the existence
of the thick (25 - 30 m) volcanic ash deposit.

Regarding stability of the slope and bearing capacities of the volcanice ash layer and

the upper part of the andesite formation, it will be necessary for investigations to be made,

Powerhouse Site

a) Topography
The powerhouse site is located at the right bank of the Rio Cauca, The power-
house will be on a river terrace of a width of 25 m back of which is the steep cliff of
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40° to 60° where the penstock is to be located. A small-scale talus deposit exists at
the skirt of the cliff.

b) Geology
According to Borehole DH-4 (El, 1,568.66 m) drilled at the powerhouse site, a
talus deposit of 9.5 m thickness and a terrace deposit of 5.2 m thickness underneath
are passed to reach the tuff brececia to be the foundation of the powerhouse, This tuff
breccia presents a greenish-gray color, is coarse-grained, and has a high content of
andesite gravel. It is in the category of soft rock, but since compressive strengths are
50 to 100 kg/cm2 and the rock is homogeneous and massive, it is considered to have

adequate bearing capacity as the foundation for the proposed powerhouse,

64 Geologies of Diversion Scheme Sites

The diversion scheme consists of the Rio Cauca Diversion Plan drawing water from the
Rio Cauca mainstream for conduction to the Rio Sate, and Rio Palace Diversion Plan and the
Rio Blanco Diversion Plan drawing water from the tributary Rio Palace and Rio Blanco for
conduction to the Rio Sate.

The Rio Cauca Diversion Plan consists of Rio Cauca Diversion Dam and Cauca Waterway
from this dam to Quebrada La Paz which will flow into Julumito Reservoir. The Ric Palace
Diversion Plan consists of Rio Palace Diversion Dam and Palace Waterway which runs to the
Rio Blanco, while the Ric Blaneo Diversion Plan consists of Rio Blaneco Diversion Dam and

Blanco Waterway from this dam to Quebrada Pambazo which will feed Julumito Reservoir,

6.4.1 Rio Cauca BCiversion Plan

1) Rio Cauca Diversion Dam Site
The dam planned for this site is an overflow-type concrete gravity dam (dam height
12,5 m, dam creat length 77.0 m) as shown in Dwg, No. 25 and Dwg. No. 26. This site is
approximately 4 km northeast of downtown Popayan and 18 located 500 m upstream from the
bridge over which the old highway to Cali crosses the Rio Cauca.

This site corresponds to the outlet for the Rio Cauca which on passing through the

hills of the Popayan Plateau goes out to the flat area comprising river terraces.

The left bank, on passing the river terrace (Te;) 200 m wide at an elevation of ap~
proximately 1,785 m continues on to the hills to the east, The water flow portion at the
riverbed has a width of approximately 20 m and is shallow. Toward the right bank, 2-

3 m higher than the river channel, there is a flood plain of width of approximately 50 m
which continues to the downstream ares. The right bank, after a terrace cliff of relative
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height differential of 5 - 7 m above the flood plain, continues on to the surface of the river
terrace Tep. The flat areas have come to be utilized, and in the vicinity of the right-bank
side of the dam site a new girls' secondary school has been built, This flat area has a

width of 250 m, west of which is a hill area of gentle relief.

The river deposits consist of round cobbles with diameters of 10 - 50 cm and sandy
gilt fills the interstices between the cobbles. The thiclkness of this river deposit is thought

to be comparatively small,

The terrace deposits contain large quantities of round gravel of 5 - 20 cm with a

matrix of silty sand and silty clay, and are well-compacted.
The geology of the hills spread out widely to the west consists of a volcanic ash layer.

The scales of the dam and appurtenant structures to be provided at this site are small,
but the foundations of these structures will all be unconsolidated deposits. Therefore, in
congideration of gafety of the dam, proper foundation treatment and measures in degign

against uplift pressure will be required.

Core boring were carried out in the present Study in order to determine the extent
of excavation of the foundation ground for the dam and intake, and to obtain design data

for foundation treatment. The results are described in 6.6.

{2) Cauca Waterway
This diversion waterway is designed as indicated in Dwg. No. 29. The ecapacity in
40 m3/sec. and the length 2,400 m with the greater part an open canal, but roughly at the
end a tunnel of 220~-m length is to be provided. The greater part of the route is located at
river terraces and the {opography is flat, However, at the tunnel portion and part of the
outlet (Quebrada La Paz) side, volcanic ash is distributed. ‘The terrace deposits are silty

clay to sandy silt containing large quantities of cobbles of 10 to 30 cm diameters, and are

well-compacted.

The voleanie ash is slightly coarse-grained, but is of identical origin to the volcanic
ash in the vicinity of the Julumito dam site, and thickness and condition of weathering are
completely alike. The volcanic ash layer is adequately compacted at deeper parts but is
soft, while the terrace deposits are unconsolidated so that blasting will not be necessary
for excavating the open canal, and it is estimated that construction can be amply achieved

with ordinary excavater.

Meanwhile, since the topography of the waterway route i8 on the whole a gentle ter-
rain, and since extremely high slopes will not be formed by excavation, the topographical



conditions are advantageous in regard to stability of slopes. However, since the shoulders
of the excavated slopes would consist of extremely weathered or very loose strata, there
could be many cases when small~-scale crumbling would occur., These phenomena are ob~
served frequently at natural cliffs in the survey area, and at skirts of steep slopes loose
layers at the upper parts have fallen to form talus deposits, The angle of repose of the
talus deposits is around 30°. Considered from such phenomena, in order to prevent
material eroded from the excavated slopes from falling directly into the waterway, berms
of suitable widths should be provided between the tops of the waterway and the skirts of the
slopes, or shoulders should be made to slope gently.

The veleanic ash layer and the terrace deposits are judged to have adequate bearing
capacities as foundations fov the open canal, except for weathered layers and loose layers
close to the ground surface, but construction must be carried out carefully to prevent failure
of the waterway through uneven settlement of concrete structures caused by erosion of the
foundation by water leaking from construction joints in the concrete. Leakage due to defec-
tive concrete placement can cause sliding of the foundation of the waterway depending on

topographical and geological conditions.

The tunnel will be driven through voleanic ash. Therefore, timbering will be required
to a considerable extent, while the entire length will require concrete lining. As for leak-
age from the waterway tunnel, the same phenomena as at the open canal can occur, and
since repairs would be far more difficult than at the open canal, even greater precautions

must be taken in design and construction,

6.4.2 Rio Palace Water Divarsion Scheme -

(1) Rio Palace Diversion Dam
The dam planned at this sife is a small overflow-type concrete gravity dam as shown in
Dwg. No. 27.

This dam sife is located at the outlet of the Rio Palace where it flows out from the
mountainous area to the plain area, and the river flows down forming a small gorge in the
bedrock andesitic lava. In short, the Rio Palace in this vicinity presents a U-shaped gorge
of depth of about 10 to 15 m and width of 8 to 12 m, bends widely to the right near the dam
gite, where the width of the river is broadened. The river gradient is siightly steep, with
well-rounded boulders of dlameter 3 to 5 m scattered at the riverbed interspersed with
rounded gravels of 30 to 50 cm. However, as the foundation for a concrete gravity dam of
Iow height, it i3 bedrock of good condition. There is no special problem In connection with
the dam foundatfon.

6-27



(2} Palace Diversion Waterway
Regarding the Palace Diversion Waterway, it is to be changed from a plan for an
open cannal to one for a tunnel baged on the results of the present investigations. This tunnel
is to be a semi-circular top and square bottom type of height of 2.80 m, width of 2.80 m and
length of 770 m.

Andegitic lava is distributed to heights far abave the tunnel bed in the vicinity of the
tunnel route, and the greater part of the tunnel will pass through andezite of good condition.
There is a pogsibility that weathered andesite or volcanic ash will be encountered near the
exit of the tunnel, and it is thought {imbering and gunming of mortar or concrete will be

necessary for this part.

(3) Rio Blanco Diversion Dam
The dam planned is a small overflow-type concrete gravity dam as shown in Dwg.
No. 28. Thig gite is located approximately 250 m downstream from the confluence of the

Rio Blanco and a tributary, Quebrada Clarete.

Although this is a low dam, since the foundation consists of unconsolidated deposited
material, the same considerations are necessary as for Rio Cauca Diversion Dam in regard

{o bearing capacity and permeability of the foundation, and scouring downstream of the dam.

{4) Blanco Waterway
This diversion waterway is planned as a semi-circular top, square bottom tunnel of
height of 3.0 m, width of 3.0 m and length of 3,650 m.

The greater part of the tunnel route consists of volcanic ash with a part being weathered
andesite. The volcanic ash layer, analogized from the conditions in an exploratory adit (width
approximately 1.8 m, height 2.4 m) excavated at the dam site, is thought will be sufficiently
gelf-supporting at the tunnel face, but wiil deteriorate with elapse of time to collapse.
Consequently, it will be desirable for Lining work to be done as soon as possible after ex~
cavation, and in case there is to be a blank period of 6§ months or more, it is thought timbering
and gunning of concrete or mortar will be required.

At sectiong of thin cover of the ground, deterioration is severe due {o weathering and

seepage of rainwater, and timbering will be necessary.

At present, the relation between the elevations of excavation of the tunnel and the
groundwater level is unknown, and it is thought that at the time 2 defailed topographical map
is completed, boring investigations including geological investigations should be made on the

tunne! route.
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Regarding springing of water in the tunnel during excavation, this can be estimated
from the relation between the tunnel elevation and the groundwater level, and from the co-
efficient of permeability and void ratio of the constituent geology, but it is inconceivable that
water springing will be particularly severe according to the results of investigations up to
thig point. In the event there were to be special springing, a drainage tunnel should be pro-
vided leading to a nearby gully, and allowing water to flow freely inside the tunnel to the
portal should be avoided.

6.6 Construction Materials
6.5.1 Impervious Materials

Voleanic ash and weathered residual soil of andesite lava may be considered as imper-
vious materials at this site, Volecanic ash is widely distributed at the project area in a
thickness of 20 m to 40 m and may easily be borrowed. In the Preliminary Study Report,
there were two areas selected as possible areas at the left-bank side of the Rio Sate down-~
stream from thé Julumito dam site, and it was recommended for investigations to be made of
these areas. Based on these recommendations, 8 test pits were excavated and 2 boreholes
drilled in 1971 by ICEL and CEDELCA. Soil tests were performed on samples collected from
these points. As a result of soil tests and surface reconnaissances, there is no superiority
in particular of one over the other between Borrow Area No. 1 and Borrow Area No,2, If
pressed to find a difference, Borrow Area No, 2 may be sald to be superior considered from
the standpoints of the abundance of the material existing (requirement: 177,000 m3) and hauling

distance,

The above tests were carried out upon request at the Universidad del Cauca, while
triaxial compression tests were performed at the Universidad del Mexico, The comprehensive
tests results are given in Table 6-6 and Table 6-7. As for the peculiar weathering action on
this voleanic ash deposit, a report has been produced by INGEOMINAS from a pedolegical
standpoint,

Based on these data and cbservations in the field, the following comments may be made

on the impsrvious materials:

1) Watertighiness as an impervious cors material is thought to be adequate from exami-
nation of the gradation analysis curve. However, in calculating optimum water contents
and maximum dry densitles in compaction tests, the coefficients of permeability at the
respective water contents should be measured and compaction-permeability curves pre-
pared. The permeability tests by the Universidad del Cauca were limited to the occasions

of consoclidation teats. Considered from these data, this volcanic ash indicates coeffleients
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of permesbility of the orders of 10~9 cm/sec to 10~7 em/sec in compacted samples in the
vicinity of the optimum water content and is theught to have adequate watertightr;ess as a
core material. Further, in order to clarify the relations between weathering stages and
suitability as core material of this volcanic ash, in the present Study, test pits were
excavated and various tests were performed on samples collected at every 1 m of depth,

The resulis are described in §.6.

Still further, regarding the results of in-situ permeability tests performed utilizing
test pits and boreholes (DH-6 and DH-7) at the borrow areas, the coefficients of permeability

were of the order of 104 e¢m/sec to 10~5 em/sec.

{2) In case this voleanic ash is used as core material, the problems will be the strength
ag a fill material and trafficability of construction equipment because of the extreme fine-

ness, added to which it is a cohesive soil of high natural water content,

a) According to gradation tests, the percentage passing the #200 sieve (= g0.074 mm)
is close to a remarkable 90%, and going by the Unified Soil Classification System, the
soil corresponds roughly to MH and ML. Also, according to soil consistency tests, the
liquid limit (LL) i8 low at around 60% and the natural water contents are in many cases
close to this value. Based on these test results, the plastie limits (PL) of the majority
of the samples are abnormally high and the plasticity index (PI = LL - PL} is 10% or
lower. It is difficult to understand why not only the optimum water contents but also
even the natural water confents based on compaction tests indicate value smaller than
the plastic limits in the data furnished, In conducting tests, gradation analyses should

be made on sizes passing the #200 sieve for use as references in consistency tests.

b) With respect to tests regarding strengths of soil, unconfined compression tests,
triaxial compression tests and direct shear tests have been conducted and results are
given in Table 6-6. According to these results, the angle of internal friction (¢) indi-
cates an abnormally high value (35° to 55°), and cohesion (C} a low value. This
characteristic, at first glance, would suggest a gandy material, whereas in reality the
material is a cohesive goil of more than 85% passing #200, and values greatly different
from voleanic ashes in general are indicated, Further, the axial pressures (@) during
the triaxial compression tests indicate very high values of 40 to 70 kg/cmZ, and these
values are thought to be far above the normal ultimate bearing capacity of voleanic ash,
However, in the results of direct shear tests also, values of "¢" and "C" close to those
in the triaxial compression tests have been obtained. It may be that in this volcanic ash,
even with more than 90% passing #200, silt is predominant in the sizes under #200 and

the volcanic ash thus indicates inactivity as a cohesive soil. The activity of clay, based
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6)

on the results of gradation analyses of sizes under #200, may be given by the following

formula.

Plastic index
Clay content under 2 u size

Activity of clay =

Judging from the situations in work execution on volcanic ash deposits at the
regulating pond of Florida II Power Station located in the suburbs of Popayan City, it is
thought that with regard to trafficability, construction with ordinary civil engineering
machinery (including crawler-mounted swamp bulldozers) is not impossible. With
respect to this point, it is desirable for confirmation to be made by CBR tests and cone
penetration tests on undisturbed samples of the voleanic ash and on material compacted

at the water content anticipated during construction,

Tests and construction control in case voleanic ash is to be used as core material
require special consideration. On performing compaction tests with samples air-dried
from natural water content conditions, a fluid state is often reached before the specified
number of rammer blows have been applied so that subsequent compaction becomes im-
poseible. It is thought this indicates the Proctor compaction energy (E;) to be excessive
for this voleanic ash, In case the natural water content of this volecanic ash is very high
and the saturation rate (8,) is a minimum of 75%, when compacting this, the 5, will reach
close to 100% at the slightest compactive effort, Consequently, for the compaction test,
the relation between "E,," or the number of rammer blows, and "S," should be clarified
and a method of test devised applying the number of rammer blows and a rammer weight
appropriate for this relation. It is thought necessary to calculate optimum water content
and maximum dry density by such a method at the same time carrying out permeability
tests and unconfined compression tests under the conditions of compaction at various water
contents. Studies of the types of compaction machinery placement thickness, number of
compaction passes, etc, should be made based on the results of such tests. Also, with
this type of volecanic cohesive soil, it is often the case that at the same water content, the
results of compaction on addition of water to a thoroughly dried sample and the result of
compaction on drying from a state of natural water content indicate completely different
dry densities. Therefore, it is not desirable to perform tests adding water after thorough
oven-drying, and it should be necessary to test under drying conditions considering condi-
tions on the job. When the properties of such a volcanic cohesive soil is considered, in
embankment of the core, it is felt more desirable for embankment control based on
saturation rate, "Sp," to be carried out rather than on compaetion rate {percentage of

compsaction) based on dry density. (Table 6~6, Table 6-7)
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Table 6-6 Result of Soil Test (Sheet 1 of 2)
Borrow area No. 1 TPIOL
TP204
Name of test pit TP-101 TP-101 TP-102 TP-102 TP-102 TE-103 TP-103 TE-104 TP-14 | Average TP-201 TP-201 TP-201 TP-202 TP-202 TP-202 TP-203 TP-203 TP-204 TP-204 Average Average
Date Oct. 26/70 | Sep. 30/70 | Nov. /70 - Sep. 30/70 | oct. 28/70 | Sep, 30/70 | Oct. 26/70 | Sept. 30470 - Mov. 9/70 | Feb. /70 | Sep.30/70 | Sep. 30/70 - Oct, 27/70 | Nov. 4/70 | Sep. 30/70 | Sep.30/70 | Oct. 31/70 “ -
Depth of sampling (m} - 3.00 - - 3,00 - 2.00 - 3.00 - 3.00 2.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 - -
Clazsification U.8.C.E no plastic MH MR MH MH SMu sM MH MH - MH ML ML ML SH MK SMu SM sM SMu - -
476 _mm > (% 100 - 100 100 - 99.93 - 100 - 99.99 97.82 100 - - 100 99,92 59,88 - - 100 99.60 99,78
Enl2.0 mm>1H 99,22 99.988 100 100 99.37 98.06 99.66 99.98 99,82 99,57 9T.65 98.11 99,09 99.44 99,856 B9.62 57.20 99,96 98.66 99.98 59,60 99. 78
%% 0.42 mm > (%) 94.49 9%, 00 93,81 98.36 97.96 B8.19 92.07 99,72 98.17 96.42 96,24 96.53 96,70 96.98 98. 49 87.25 76.20 98,67 90.98 79.37 92. 74 99,30
G 40.149mm > (D 89.02 - 97.65 97.90 - 1 76.51 - 97.94 - 91.80 92.48 91,38 - - 96.45 91.97 50.23 - - 50,25 33. 4 94.48
0.0Mmm > (%) 83.03 92.16 94.85 54.41 89,17 57.26 19,00 94,28 91.52 86.18 85.91 BG.42 84,25 88,53 54.56 B7.79 34,65 90.47 67.84 51.54 £0.29 85.52
L B - 61.0 5L.0 67.00 £0.0 - - 67.0 61.0 £2.83 58.3 48,30 40.0 47.5 78.75 $0.0 - - - - 11.18 Bl.44
= |PL__ (% - 45.4 47.5 60.83 41.0 - - 52.6 3.9 46.87 29.9 39.268 0.0 37.4 64.50 37.4 - - - - 53,48 58.15
E; p & - 15.6 13.5 6.17 19.0 - - 14.4 15.1 13.96 8.4 7.02 10.0 10.1 14.25 12.§ - - - - 41.41 45.14
;5 1L - 2.42 0.72 -2.08 0.74 - - 0.97 1.42 0.70 0.16 1.1 1.08 0.35 ~0.65 0.87 - - - - 12.07 13.01
2 |y - -1.42 0.28 3.08 0.26 - - 0.03 0.42 0,30 0.84 -0.14 -0.08 0.65 1.65 0.13 - - - - 0.49 0.60
G 2.69 2.69 2,60 2.7 272 2.36 - 2.58 2.58 2,62 2.42 2.53 2.47 2.45 2.37 2.53 2.46 2.66 2.58 - 0.51 0.40
@ netural  (F) 48.13 8.1 57.2 48.0 55.0 102.0 T6.2 66,51 a3 67.16 42.9 47.3 40,8 0.8 55.3 18.3 ar.8 58.4 107.2 2.59 2.52 2.56
¢ natural 178.0 70.69 §9.02
Sr. pataral  (B)
Standard  *1) P H P | H P H P| R P H P H P H P H PR P H B H P [ P | H P H P H P|H P H P [ P H P| H Pl H P H
g w optimum (%) - - - 420 -~ 45,0 | 43.5 [4L5 - lago | - - - - - [45.3 - 4L 43,5 [42.4 - |s8.1 |az.0 f32.0 | - [28.9 - |30.3 139.0 |44.0 - | - - - - - - - - - {360 (3.3 | 38.5 38.7
§‘§f T d. max (gfem®y | - - -~ | n20| - | 1aef 218 nee] - | tas| - [ - - - - |ty - nz lumlze] - | noof tan| - || - | 1e | raz|es| - | - - | - - | - - - - - 1.26f 1.32[ 1.23 1.26
E | ¢ optimum - - = [ rea| - 18] wae| L2s] - | a8 - - - - - | t.28 - Bl T L2 ta8) - | o.86y 0.08) 0.03] - [o07) - jo.& |osafoso| - | - - - - - - - - - noo| ¢.o1] .08 1.03
© Sr. optlmum (%3 - - - 911 - |os.1 | 90.7 {89.3 -~ {8ns | - - - - - o408 i - 974 [93.4 {941 - |95 A7.9 {87.1 - {89.8 | - |B88.4 [98.3 |95 - - - - - - - - - - {90.7 [95.0 } 21,3 96.2
1ntetal 1.61 - 1.55 1.38 - 2.91 - 140 - 1.75 1.00 0.90 - - 1.05 1.0t 2.34 - - 5,19 1.92 1.84
g | final 1.30 - 1.36 1.25 = 2.18 - B2 - 1.47 1 0.88 0.88 - - 0.98 0.83 1.97 - - 4.56 1.67 1.58
Ea‘. a 0.037 - 0.025 0,028 - 0.150 - 0.025 - 0.053 0.012 0.01 - - 0.023 0.02 0,044 - R 0,055 0.027 0.020
TE;A’Z v 0.003§ - 0.0M41 0.0119 - 0.0103 - 0.0056 ' - 0.0143 0.0132 0.008 - - 0,0129 0.0066 0.0131 - - 0.0049 0. 6098 0.0118
3 |ow 0.015 - 0.0098 0.012 - 0.038 - 0.014 - 0.0170 0.006 0.0053 - - 0.01122 0.0011 0.0132 - - 0.0089 0.0093 0.0128
K Lo42x104 - 3axtord | 14ae? - 4u10-4 - 4.710°% - L8x1074 | 7.9xq075 | 4,2x10-8 - - L4x10-T | ¢.6x10-5 1. 7x10-4 - - &4x10°5 | o610~ | t.2x10-4
g;’:‘;’::‘d ‘:;‘::’K“g;::‘z" - 2.08 1.40 1.52 3.25 - - 2.26 2.22 2.12 2,41 2.02 2,92 4.5 1.87 - - - . - 2,74 2,40
Eé; C (Kg/emd) - - 0.10 0.25 - - - 0.75 - 037 0.5 1.0 - - 1.5 - - - - - 1.0 0.68
5 g.g L) - - 40 §5 - - - 22 - 33 5 49 - - 33 - - - - - 44 42
Eg_ tan @ - - 0.839 1.43 - - - 0.40¢ - 0.810 1.23 1.15 - - 0.649 - - - - - 0.966 0.900
33 ¢ (kg/emd) 0.1 - 0.00 0.2¢ - 0.18 - 0.12 - 0.12 0.08 0.22 - - 0.19 - 0.0 - - 0,50 0.20 0.16
Euld 40 - 40 36 - 0 - 32 - 35 34 43 - - 39 - 10 - - 23 36 a8
B :ltane 0.839 - 0,823 0.726 - 0.577 - 0.625 - 0.726 0.674 0.922 - - 0.810 - 0.839 - - 0.424 0.926 0. 726
Note: 1) P-— PROCTOR Standard, M -—-- HARVARD Etandard

2)  Thia sofl test was conducted by Universidad Del Cauca reaponding to the request of CEDELCA.
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Table 6-7 Result of Soil Test (Sheet 2 of 2)

Headrace tunnel D;':_ ';te Borrow area No. 1 Borrow area No. 2 Dike No. 1 Dike sltes Dlke No. 2 bz . bH2
Nzme of drllf hole DH-2 DH-2 DH-2 DH-2 DH~-202 DH-8 DH-6 DH-8 DH=-T DH-7 Dit-7 D.DH-1 D.DH-2 bD.DH~2 D. DH-2 Average

Date Nov. 25/% Nov. 25/70 Nov. 25/70 Nov. 25/70 Naov. 25/70 oct, /70 oct. [0 oct, /0 to- - - May 5/71 May 5/71 May 5/71 May 5/71 -
Depth of sampling {m) 5.00 to 6.00 10,00 to 11.00 15.00 to 16.09 20.00 to 21.00 €.00 to 7.00 6.00 tg T.00 10.00 to 11,00 15.00 1o 16.00 5.00 to 6.00 10,00 to 11.00 16,00 to 17.00 20,00 G.00 10,00 20.00 -
Classlitcation U.5.C. E MH MH ML - - MH MH ML MH ML - ML and gravel ML ML ML -

4.76 mm 3> {§) - - 100 99,88 97.31 - - - - 99,94 08.63 61.75 100 100 99.97 95.72

g " 2.0 mm >{% 9%.92 99.97 59,98 99.86 85.11 99.80 - 99.88 99.95 93.87 99.17 55.61 89.72 99.55 98.46 06.21

.% 'E' 0.42 mm > (%) 99,15 99.40 98.31 4. B1.39 99.34 9. 13 058.40 99.17 99.24 9107 45.83 98,73 98.13 81.01 92.84

@ 0.149mm > (B 92.97 96.20 86,00 80.08 58.58 96.82 94.39 92.68 94.84 53.30 85.87 35.H 93.17 92.75 73.92 85.22

0.074mm > (%) £8%.00 94.25 52.80 T4.37 65,85 92,42 90.12 88.15 85,81 £6.92 T4.24 34.98 81.61 £4.86 63.44 79.52

LL [¥3) 56.0 67.0 5.0 32.8 - , B85 56.5 42,5 62,0 47.5 - 38.50 63,00 53,00 58,00 52.56

® PL [¢1] 40.3 52.6 26.9 28.8 - 51.6 44.3 32.8 44.4 3LS - 37.97 56.28 50.61 50,26 42.18

E’g Ip % 15.7 14.4 8.1 4.0 - 14.9 12.2 9.7 17.6 16,0 - 0.53 6.72 7.39 7.4 10.38

g g ll,. 1.55 1.68 1.2% 2.33 - 1.68 116 1.01 0.80 0,98 - 17.88 1.98 0.85 3.38 1.28

fc -0.55 =0.68 -0.25 =1.33 - -0.68 =016 -0.01 0.20 0.02 - =16.88 -0.98 0.15 -2.38 =0.28

G 2.58 2.43 2.49 2.5 2.60 - - - - - - 2.59 2.62 2.74 2.66 2.58

w natural (%3] 64.7 6.8 In0 38.1 37.4 6.7 58.5 42.6 58.4 ) 47.1 42.3 47.45 69.60 56.9 T6.29 55.33

v aatural (g/cm3) 1.72 1.65 1.89 1,85 - - - - - - - - - - - 1.73

¢ nateral 1.47 1.60 0.80 0.87 - - - - - - - - - - - 1.25
8r. vatural (%) 85¢ 85< 95< 85 < - - - - - - - - - - - a5 <

S:;:‘;‘gﬁ:ﬂm&:aﬁg l.42 0.71 - - - 1.63 1.34 4.04 ’ 117 070 0.87 0.72 1.93 2.7 0.49 1.48

Note 1) This soll test was conducted by Unlversidard Del Cauca responding {o the request of CEDELCA.
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6.5.2 Rock Material and Filter Material

(1) Rock Material
Andesite lava is conceivable to be used as rock material. According to the results
of boring done at the candidate rock quarry site selected in the Preliminary Study, volcanic
ash is depoesifed {0 a depth of 39 m with fresh andesite af 51 m and below., With the volcanie
and weathered andesite layers thick in this manner it is economieally impractieable to ex-

cavate and remove these upper layers.

The upstream and downstream areas of the Rio Sate were reinvestigated to select a
quarry site, but as described in detail in 6. 3,1, "Catchment Basin and Reservoir,"
weathering has reached deep into the rock and there was not a single location suitable as a
quarry site, The hill bounded by the Rio Sate and the Rio Cauca, as described in 6. 3.3,
"Headrace Tunnel," is covered thickly and uniformty by a volcanic ash deposit, and is

unsuitable as an area for quarrying rock.

Where the volcanic ash deposit has been removed by erosion is limited to the sur-
roundings of the powerhouse site forming a gorge due to the rapid cufting-down action of

the Rio Cauca (see 6.3.4),

In the Feasibility Study of 1972, the ridge on the left bank of the Ric Cauca, the op-
posite bank from the powerhouse, was selected as a site where fresh andesite could be
quarried without fail, but in the present Study, as a result of examination of quarrying
methods, transportation road plans and related penstock and powerhouse construction plans,
it was decided to change to a site on the right bank of the Rio Cauca and approximately 500 m

downstream from the powerhouse,

This rock quarry area consists of thick andesite lava and is divided into four layers,

but all of the layers are considered to be of suitable quality as rock materials.

Although the locations differ, physical tests of rock were carried out with cores from
Boreholes DH-1, DH-2, DH-3, DH-5 and DH-204 drilled in the same andesite formation.
The test items were specific gravity, absorption, ultrasonic velocities (P-waves and S-

waves) and unconfined compressive strength, The results are as shown in Table 6-8,
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Table 6-8

Resuft of Rock Test

Bample e Length  Dlameter Ares. ot(::;:;; section w?;ht Secific gravity  Ratto of Uitra nonic veloclty (m/sec.) . Compreaalve atrength mué“:ﬁlzﬂ]“cﬂf
mlj:,m Locallly T::;h ock nyme . :::rp. P-wave B-wave Polsson's ratio Max. loal  Max, straln  Srengih Fabore of breaking Remarka
. m  (cm  Upper  Baoltom Aversge Nawral  Dry  nWaler  Wat Dy wet ® “py we by wet Dy Wt tke) (10-3)  eg/em?) Satle  Dynaale i

1 DH- 1 38.00 Andesite 8.52 19 12.8 14.1 uZu 175.84 175.30 103,50 178.74 2,32 2,17 1.88 3410 3430 2100 2170 0.1%2  0.168 1300 2.50 521.4  Large pleces 2.11x10% 2.60x10%
2 DH- 1 65,00 Andeslts 4.26 4.20 1“0 14.1 4.1 140,68 140,33 B.02  143.02 .M 2.38 1.82 3350 3600 2180 2180 0.138  0.208 1300 3.50 $17.7  Largepleces 1.48x10% 2,754105%
3 DH- 1 83,00 Andeaite £.21 419 13.7 12,2 13.0 182,01  181.27 107,11  188.25 2,23 2.32 3.85 2710 28%0 1870 1730 0.180 .22 2400 2.55 184.8  Large plecea 6.50a08 1.70x108
4 DH- 1 88.00 Ardeslts 4,83 419 10.1 1.3 10,7 106.38 10605  60.73 110,50  2.13 222 4,20 3280 3480 2020 2080 0.186  0.230 5000 1.85 487.3  Something Into pleces 2.86210% 2.32x105
5 DH- 1 105.00  Andesito 5.3t 4.19 13.5 4.1 13.8  168.97  166.88  97.32  168.83 2.M 2,36 1.18 3880 4180 2340 2410 0.188  0.251 3800 2.00 275.4  Large pleces 9.52x104 2.43x105
8 DH- 1 135.00  Andesita 5.72 420 .0 14.2 4.1 18705  185.34  108.98 187,76 2.3 2,38 0.88 2680 3030 L0 1820 0.204 0.218 7000 1.60 496,68  Large pleces z.86x10% | 1.92w10%
7 DH- 1 150,00  Sfity kit 8.99 an 11.9 12.8 12.4 113.70 09,82 56.32 169.16  0.88 1.50 69.47 814 - 430 - 9.221 - - - - Broken In water - (D) 5. 14x103
8 DH- 1 158.00  Tuff breccia 6.18 “n 13,6 13.6 13,8 134.33 13240 69.40  155.84 .54 1.80  1T.55 1600 1650 860 880 0.297  0.301 420 5.10 30.9  Large pleces 5.71x103 3,83x104
] DH- 2 40.00  Andeslie 7.61 4.18 4.0 4.0 14,0 235.70  235.10 133,80  243.00  2.28 2,36 3.36 2550 2800 1620 1710 0.15% 0.0 7800 B.15 557.1  Small pleces 9.09x104 1.66x10%
10 DH- 3 15.00  Andeslte 6.07 4.18 13,0 12.0 12,5 173.83  173.26 102,38 177,25  2.31 2.7 2.30 3490 2880 2090 2130 0.221  0.248 £000 3,75 480.0  Small pleces 1.25x10% 2.68x10%
11 DH~ 3 25.00  Andesite 8.53 4.19 .1 18.9 4.0 208.00  207.00 122,84  RIL.SD  2.33 2.38 2.17 3600 4119 2240 2420 0,221 0.235 11000 £.10 785.7  Something Inta pleces 1.25%103 3.44x105
12 DH- 4 10.00  River gravel 34 4.18 11.8 13.3 13.6  125.96  125.44 3.1 131,27 2.19 2.29 4.65 2080 2420 1250 1360 ®215  0.269 3000 6.40 220.6  Small plecen 3.39x104 1.0710%
13 DH- 4 19.00 Tuff breceia £.70 3.99 12,2 12.7 12,5 12536 110.35 7351 136.46  1.90 2,17 .34 1640 1830 890 - 0,204 - - - - Brokes aflter measurs P wave - (D} 3.89x104
14 DH- 5 50.00 Weathered andeaite  4.62 4.19 13,7 11.9 130 11335 1281 8537 128,64 L83 2,07 12,76 1230 1340 720 50 0.235  0.272 s 3.60 25.4  Something lnto pleces 6.90x103 2.96x104
15 DH- 5 57.00 Andealis 5.80 4.19 .0 13.8 13,9 173,75 172.87 02,81 181,65 .19 2.30 5.08 2040 2220 1270 1310 0.1  0.233 3200 8.30 230.2  Large pleces 2.57x104 R
16 DH-204 6.00 Weathered axdeslts 5,268 419 13.8 13.7 13.8  150.89  M49.48 88,67  158.97  2.10 2.24 7.03 2050 240 1180 1250 0.249  0.274 2070 .20 150,0  Small pleces 2,08x10% 8.92x10%
7 DH-204 12,00  Weathored andesits  5.81 4.18 13.7 3.5 13.6  189.75 163,20 98,32  175.88  %.19 2.27 3.8 2110 2390 1260 1310 0.221  0.280 2400 2.40 176.5  Smali pleces 7. 14x104 99710t
18 Powor House - Dacliic andesits 478 305304 9.3 9.4 9.4  100.26 100,14  S8.36 10127 2.33 2.3 L 2100 2330 1190 1250 0.262  0.29% 1650 2,90 175.5  Small pleces 5.88x104 8,571t
19 m:'g;: 2 = Andesite 4.81  3.05<3,05 9.8 9.4 9.5 103.21  102.77 6.2 104,23 .M 2.37 142 4010 4040 2200 2100 0,329 0.315 5400 4.60 588.4  Smalf pieces 1,29x108 2.75x10%
20 1a Tiiella - Meta Dolerite 4.54  3.05x3,00 9.7 9.5 2.8 123,36 173,08 9.7 123,45  2.85 2.9 0.30 5540 5670 e 3100 0.280 0,287 13600 410 M35 Small pleces 3.64x10% 7.22x10%
2 DH- § 57.00 Andenite 5.09 4.19 13,7 14.0 13.9 15183 150.81 3,64  158.83  2.10 2.30 .19 240 2% 1330 1410 0,188  0.167 U 11.50 218.5  3Smalt pleces 2. 7axi0t 1.07x10%

6-39






According to these physical tests of rock, this andesite lava is considered to possess

adequate conditions as rock material,

In order to confirm the degree of weathering of the andesite, X-ray diffraction was
performed on cores from Boreholes DH-204 and DH-1. Hardly any clay minerals could be
found in the diffraction chart with cnly traces of existence of halloysite and montmorilionite
recognized. Otherwise, cristobalite is prominent, but this is due to erystallization as an
igneous rock, and it is not a mineral produced by weathering. The results of X-ray dif-

fraction indicate that the deep interior of this andesife lava is on the whole fresh,

In the present Study, geological investigations through boring were carried out at the

above rock quarry area. The results are described in 6, 6.

(2) Filter Material
The requirements for this material are 118,000 m3, There are no large quantities

of river deposits with suitable particle sizes in the vicinity of the dam site,

Meanwhile, since very fine-grained volecanic ash is to be used as core material, it
will be desirable for the filter material to have a particle-size distribution exactly as
designed, and the use of artificially manufactured aggregate is advantageous from the
standpoint of quality control. It is thought the crude rock can be the same as the rock

from the quarry area.

6.5.3 Concrete Aggretages

Approximately 80,000 m3 of concrete aggregates will be required for the Julumito Hydro-
electric Power Project, The plan is for aggregates to be secured through artificial manu-
facture mainly from the rock quarry area, and excavation much from the penstock and

pressure tunnel.

According to the results of rock tesis of the andesite lava at this site, the specific
gravity is 2.35, the absorption is 3 - 5%, and compressive strength 500 kg/cm? to 700 kg/em?2,
and it is thought that with careful selection of the collection sites, coarse aggregate can be
artifieally manufactured from this andesite. As for fine aggregate, a quantity approximately
half that of coarse aggregate will be required and it is thought this, too, ean be manufactured
from the andesite. However, since the crude rock contains a Iarge amount of feldspar, the

quality of fine agpgregate is thought will be slightly inferior,

Meanwhile, it is planned also to supplementarily use river deposits of the Rio Timbio
and the Rio Ondo from which aggregates were taken for the Florida II Power Station work, In

carrying out detailed design, it will be necessary to have a quantitative grasp of these deposits.
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6.6 Results of Geologica! Investigation Works

6.6.1 Quantities, Details and Laocations of Investigation Works

Investigation works were carried out with drilling as main, while permeability tests
were also performed at dam sites. At candidate sites for soil borrow areas, test pits were
excavated in addition fo drilling, soil samples were collected, and various soil tests were
carried out. The detaijls will be degcribed elsewhere. The geological investigation works
executed are indicated in the.tables below.

Drilling
Leng’ch' Coordinates Final Size Permiabi-
Location Hole Name (m) Elevation X Y of hole lity test
Dam DH-206 40 1690, 764 1,046,595,330 767,991,770 NX 0
DH-207 40 1718,145 1,046,501,832 767,970,031 NX 0
DH-208 30 1679,247 1,046,698,464 768,068,340 NX 4]
DH-209 40 1724,202 1,046,746,121 768,137,284 NX O
DH-210 20 1647,552 1,046,6656,218 768,004,564 NX 0
DH-211 20 NX 0
- DH-212 20 1647,24% 1,046,694,303 767,286,028 NX 0
DH-213 20 1646,584 1,046,616,730 768,051,461 NX O
DH-214 50 NX 0
Dike DDH-101 25 1715,173 NX -
i DDH-201 25  1714,995 NX -
DDH-202 25 1712,161 NX -
Intake DH-8 50 1698,674 1,046,666,876 767,750,214 NX -
Surgetank DH-9 70 1718,399 NX -
Cauca CDH-1 30 1764,286 NX -
g:;‘irs‘i"n CDH-2 30  1763,787 NX -
CDH-3 10 1756,283 NX -
CDH-4 30 1756,817 NX -
CDH-5 30 1755,880 NX -
Borrow BDH-1 40  "1738,059 1,046,099,641 767,350,251 NX -
Area
Qiua.rry QDH-1 100 1730,197 BX -
Site

potal” : 745m 21 holes
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Test Pit

Coordinates
Location Test Pit Name Depth(m) Elevation X Y Size of Pit
Borrow BTP-102 5 1738,241 1,046,126,919 764,395,539 1.6 x1.5m
Area BTP-102 5 1735,965 1,046,111,559 768,375,152 1.5x 1.5m
BTP-103 5 1735,754¢ 1,046,138,073 768,350,429 1.5x 1.5m
BTP-104 5 1713,441 1,046,196,636 768,374,800 1.5x1.5m
Total 20m 4 Test Pits

6.6.2 Results of Dam Site Investigation Works

At the dam site, drilling was done near high water level, at mid-height and at the
river bed on both banks. Drilling was performed at the river bed upstream and downstream

of the dam axis and permeability tests were carried out at the boreholes.

(1) Rock Character and Degree of Weathering

According to Boreholes DH-214, DH-207 and DH-209 made in the vicinity of high
water level, the volcanic ash layer has a thickness of approximately 20 to 22 m, and the
elevation of its boundary on the left bank is about El. 1,680 m to 1,700 m. At the right
bank, the boundary is at around El. 1,700 m. These boundaries are more or less gym-
metrical at both banks, and it is thought they exist roughly horizontally with some amount of
irregularities from El. 1,690 m to 1,700 m. Under the boundaries there are strongly
weathered layers of andesitic lava which existed as the ground surface before ejection of the
volcanic ash. Weathered residual soil layers are distributed at thickness of around 5 m at
the left bank and around 10 m at the right bank. The slopes facing the Rio Sate have been
weathered even after distribution of voleanic ash, and show weathered residual soll layers of

thickness of approximately 5 m with the exception of paris near the river bed.

Under these layers there ig weathered andesite and cores successfully recovered are
in rod form, indicating the andesite comprises bedrock, but are soft. Vertical joints exist,
but are mostly closed by deposition of materials such as limonite. Although this weathered
andesite layer ig soft as bedrock, it is thought to possess sufficient bearing capacity and
shear strength ag the foundation for this dam. It has been clarified that this layer gradually
changes to fresh andesite, which is found at depths of about 35 m near high water level at

both banks, at around 20 m near mid-height, while at the river bed fresh andesite is directly
exposed.

According to results from Boring DH-210, DH-211, DH-212 and DH-213 at the river
bed, fresh andesite af the river bed was eroded in a U-shape through deepening of the Rio
Sate to form a small gorge after which it was buried by a sand-gravel deposit. The depth is
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14 to 15 m from the elevation of the present river bed.

(2} Results of Permeahility (Lugeon) Test
Permeability tests were carried out every 2 m utilizing boreholes of NX size.
Although there were some restrictions encountered in fixing packers and with pumping ca-

pacities, the tests were completed in more or less satisfactory condition.

The results of these tests are as shown in APPENDIX VII. The outlines are as
deseribed below.

The parts of fresh andesite and weathered andesite, in spite of the fact that there are
vertical cooling joints in places, indicate 1 to 3 lugeons against pressure of 10 kg/cm?2 and
may be said to be good impermeable bedrock. Af the river bed portion there are some parts
which are slightly high in permeability, but they can all be readily grouted by normal methods

and will present no problem.

The parts of weathered residual soil indicate an average of about 25 lugeons and can
withstand pressure application of 5 to 7 kg/cm2. Although there are parts in places indicating
around 50 lugeons, it is thought these can be treated by zone grouting consisting of 5 to 7 rows
of set grouting.

Next, regarding the volcanic ash layer, a thickness § to 7 m of the surface layer
indicates high permeability of 60 to 110 lugeons against pressure of 1 to 3 kg/ecm2. Further,
a critical pressure clearly exists for parts deeper, and when a certain pregsure is exceeded,
the constitution of the soil is destroyed, and the original permeability is not restored even
when the pressure is lowered. This critical pressure differs depending on depth, and although
it cannot be distinctly established, failure does not occur in most cases at pregsure of
3 kg/em?2, but does at 5 kg/cm?2.

At the vicinity of E1. 1,720 m, a thickness of about 20 to 25 m is made up by this
voleanic ash, and the boundary continues on into the mountain in a plane close to horizontal.
it is thought necessary for the core of the dam to be extended as much as possible into the
mountain, and at the same time, for zone grouting to be done in the voleanic ash layer at

low pressure.
It wiil be necesgsary for a grouting method to be concretely established and field

grouting tests to be performed at the stage of definite design.

6.6.3 Results of Dike Site investigation Works

The three boreholes of DDH-101, DDH-102 and DDH-201 were drilled at the No. 1
and Na. 2 dike sites. All three were to a depth of 25 m and ferminated on confirming the

volcanic ash layer. The material in 1.5 to 2.0 m from the ground surface shows extreme
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soil formation and is soft. It is desirable for the dikes o be low as possible, but if ex~
cavation of foundations is deep, the dikes will become much higher. 1t should be aimed for
excavation to be held to about 3 m, and stability of the dikes secured through counterweight
fills upstream and downstream of the dikes in accordance with the ‘shear strengths of the

foundations. At the stage of detail design, it will be necessary for strength tests such as

triaxial and uniaxial shearing tegts with undisturbed samples to be performed excavating
test pits of 5- to 8-m depths.

Further, from the ground surface to approximately 1.7 m, there are thin layers of
old topsoil buried in the voleanic soil. This is not limited to the dike sites, but is 2 phenome-
non widely seen in the surroundings of Popayan, and probably, there were repetitions of
vegetation covering the ground surface to bring about stabilization, after which eruptions
again occurred to cover the surface which was again covered by vegetation, and it is thought
there were 3 or 4 violent eruptions producing voleanic ash falls at cycles of 2,000 to 3,000
years. These parts are especially soft and if will be necessary for a minimum of 2 m to be

replaced with other soil materials.

6.6.4 Results of Intake Vicinity Investigation Works

Boreholes DH-8 (length 50 m) was provided at the intake site. This hole was drilled
at the bottom of a ravine with down to 7.5 m consisting of 2 m of humus soil and 5.5 m of 2
voleanic ash layer under which was fresh andesitic lava, and it was clarified that there would

be no problem with the foundation of the intake and the part passed by the headrace.

6.6.5 Results of Surge Tank Site Investigations Works

According to Borehole DH-9, the voleanic ash layer is to a depth of 32. 7 m (El.
1,685 m), and the weathered andesite layer to 42 m, below which there is a fresh andesite
formation. The riser portion of the surge tank is at around E1. 1,670 m, and is in an
adequately sound rock. However, the upper 33 m will be in the voleanie ash layer and it is
thought sublining or extra lining will be necessary.

Further, with regard to DH-9, in spite of the fact that it was located fairly close to
the cliff of the Rio Cauca, the groundwater level was stable between 22 and 27 m from the
top during drilling to 70 m depth. Thig is felt to be strange as it ig due either to the mountain
being full of water with no place for drainage, or the coefficient of permeability is low with
the hydraulic gradient high, whereas when seen from the geological conditions of the cliff at
the right bank of the Rio Cauca where in spite of columnal jointing being fafrly well-developed
and there being considerable creep phenomena, the groundwater level is stable at a high
elevation. In the cage of the former it is expected there will be considerable springing of
water during excavation, with this possibility being very strong.
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6.6.6 Results of Cauca Diversion Dam Site Investigation Works

The Rio Cauca flows from a mountainous area {o a plain around Popayan, with 4
steps of river terraces formed, while further, a gorge produced by deepening reaches the

vicinity of the projected powerhouse site.

The Cauca Diversion Dam site is located where the Rio Cauca flows out into the
plain and the river basin beging to spread out, with the first terraces at both banks and

part of the fourth near the river bed.

In the present investigation, 5 boreholes were drilled at the dam axis. Boreholes
CDH-1 and CDH-2 were provided on the first ferraces at hoth banks. At CDH-1 on the left
bank, down to 3.4 m from the ground surface is a flood-plain deposit consisting of fine-
grained material, underlying which a sand-gravel layer has been confirmed down to 12.4 m,
followed by a volcanic ash layer, and from 18 m, a light purplish-gray residual soil thought

to belong to weathered andesite.

The gand-gravel layer is thick at the right bank and at CDH~2 drilling was done to a
depth of 30 m, but it was still sand-gravel. Boreholes CDH-3, CDH-4 and CDH-5 were
drilled at the left and right banks on either side of the present river bed, and the sand-
gravel layer was passed to reach the foundation voleanic ash layer and weathered andesite at
9.0 m in CDH-3 and at 19.5 m in CDH~4. However, in CDH-5, 2 porous voleanic lapilli
layer thought to be a pyroclastic flow is reached at 9 m after which sand-gravel is found
again at 15 m. There is much that is not clear about this condition. In other words, if the
upper voleanic lapilli layer is not a deposit of the present river bed, this underlying sand-
gravel layer can be considered fo be the deposit of an ald river hed of an ancient age.
Deposits of like this not connecting anywhere are often seen along the Rio Cauca. In any
event, the dam is to be a low, floating type and although it would not be necessary to per-
fectly treat all of these permeable layers, it will be desirable for further boring to be added
on both sides of CDH-5 at the stage of definite design to follow.

On looking at boreholes such as CDH-4 and CDH-3, the sand-gravel layers are well-
inferlocked and they are considered to be fairly well-compacted. In effect, while drilling
with diamond bits, cores were recovered without movement of gravels, with gravels mutual-
ly interiocked, and it is thought interstices are filled with sand. It is considered there will

be no special problem as the foundation for the dam.

6.6.7 Results of Soil Borrow Area Investigation Works

The projected soil borrow area is located at the left hank of the Rio Sate 600 m

downstream of the dam gite, selected where the volcanic ash layer close fo the ground



surface is eroded and the underlying weathered residual soil of andesite and weathered

andesite can be horrowed simultaneously.

The investigation works consisted of one borehole 40 m in length and 4 test pits of
depth of 5 m.

Three of the test pits were excavated in the volcanic ash layer, with one in the part
of weathered residual soil. Soil samples were collected from all of the pits, and the results
of soil tests are as described in detail in 6. 7.

As the result of boring, the thickness of the voleanic ash layer is found to go down
to 26.5 m, underlying which is weathered residual soil to 34.00 m, after which {8 weathered
andesite. So far ag seen from this boring the weathered residual soil is very fine-grained,
and it is thought to be unsuitable as core material to be used mixed with volcanic ash.

Consequently, it is considered advisable to look elsewhere for material for m%xing.

6.6.8 Results of Quarry Site Investigation Works

The guarry site is located 400 m downstream of the scheduled powerhouse site at the
right bank of the Rio Cauca. Drilling of length of 100 m was done at this location at NX size

from the ground surface to 75 m, and at BX size further below.

The volcanic ash layer is relatively shallow extending down to 26.0 m, while the
underlying andesite is greatly weathered and core recovery was extremely poor. The core
was recovered in rod form from a depth of 54 m and the rock is then sound. Good bedrock
continues further down, but from the point where the borehole diameter was changed from
76 mm to BX, in spite of the fact that the rock character should be the same, the core re-
covery rate became extremely poor. This is thought to be due to various causes such as ex-
cessive pressure application and falling of rock fragments from the borehole wall, but

because of the poor recovery rate, even the constituent rock character is unclear.

At this quarry site, although the volcanic ash is relatively shallow at 26 m, weathering
goes down to approximately 54 m and it cannot be said to be very good as a quarry. Based
on the results of the present investigations, it is thought it will be of significance to carry
out boring at the alternative sife on the opposite bank of the powerhouse, and in additlon, to
examine methods of quarrying.
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6.7

Results of Soil Tests

Soil tests were performed on material collected at the 4 test pits in the candidated
horrow area indicated in Table 6-6-2. The various test resulis are shown in APPENDIX

VII. The following observations may be made from these test results.

The natural water contents of the materials are between 40 fo 60%, and they are same
or slightly lower than the plastic limit, while degrees of saturation are 80% or higher.
However, the natural water contents of the material from BTP 103 are abnormally high at
100 to 200%, and the liguid limits and plastic limifs are also extremely high. The gpecific
gravities of soil grains are from 2.7 to 2.9, but the natural void ratio is high at approximate-

ly 1.9, and consequently, the unit weights are also low at 1.1 to 1.6 g/cms.

Mechanical analysis of soil was performed by the sieve method and the sedimentation
method. According to these tests, practically all of the gsamples had particles smaller than
74 pas much ag 90% or more by weight, and had particles smaller than 24 about 50%. The
material from BTP 103 has a gap grading at particle size of around 20u, and has particles
smaller than 2 uabout 30% by weight. So far as seen from the grading of this material, it is
thought the material possesses adequate impermeability.

Compaction tests were performed on representative samples by the two methods of
dry and non-dry. (Dry method pertains to a method where samples are dried at the pre-
paratory stage, while non-dry method pertains to a method where samples are not dried and
are tested in conditions of natural water content.) In compaction tests of such fine-grained
volcanic ash soils, in general, the more that drying treatment is done in sample preparation,
that is, the more that the water content wo is lowered, the maximum dry density ydmax
becomes higher with the same work quantity, and the optimum water content w opt becomes
lower. However, according to the test results of this material, the extent is that «d of the
material which is dried more is slightly higher, and wopt is lower, with there being not
much difference, which is unbelievable. It is considered that the proportion of confined
water in the moisture of soils is small and this material possesses a sandy soil-type
property, and it is necessary that further tests ghould be performed and examinations should
be made.

According to congistency tests, approximately, liguid limits are between 60 to 80%,
plastic limits between 45 to 60% and plasticity indices between 15 to 20%, and the soil belongs
to MH going by the Clasgification of U. 8. C. E. Compared with the previous test results,
both liquid limits and plasticity indices are higher, and are reasonable consgidering the
gradation. However, as previously deseribed, with regard to the material of BTP 103,
abnormal values are indicated for both liquid limit and plasticity index.



The triaxial tests performed were CU tests, CD tests and UU tests. The ¢' values
according to €U tests were approximately 35° and are slightly higher than ¢.p (31° ~ 34°)
according to CD tests, while C' is approximately 9.3 kg/‘::m2 and glighfly lower than Cep
(approximately 0.6 kg/cm2) according to CD tests. The ¢y value according to the UU test
is 11°, while Cy is 0.8 kg/em2. So far as seen from the results, though the material con-
sists of cohesive soil having particles smaller than #200 90% or more, high ¢ values and
low C values are indicated. It is considered that this material has an inactive property as

a cohesive soil. On investigation of the degree of activity of this sample, the result is

Degree of Activity _ Plasticity Index . 20 _ 0.4
of Cohesive Soil Soil Particles " 50 )

smaller than 2 ¢

and the activity is small.

When this material is to be used as core material, the following two methods will

be considered.

a. Case of Using this Material Only as Core Material

This material is of high natural water content, while moreover, the void ratio ig
high, and it is conceivable that there will be occurrence of high pore presgure during
embankment and settlement due to consolidation. Because of this, it is necessary that
the dissipation of pore pressure should be expedited, and the settlement due to consolidation
after completion should be controlled by making core thickness smaller and by restricting
the speed of work execution. Further, since cohegion of thig material iz comparatively
small while the core is to be thin, it will be necessary for special care to be exercised
with regard to piping. In such case, since the grain sizes of the core materials are very
fine, it is considered a single filter zone will be insufficient. It is necessary that more

than one filter zone should be provided under strict quality control.

b. Case of Using this Material Mixed with Other Coarse-Grained Material

The quality of the material is to be improved by mixing with another coarse-grained
material. Through adjustments of the mix proportions, material of suitable gradation,
density, impermeability, and strength, with little production of pore-water pressure and
having good workahility is to be made. For this purpose, it is necegsary for a suitable

coarse-grained material to be found, and new tests to be performed on the mixed materials.
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CHAPTER 7 STUDIES OF DEVELOPMENT SCALE
AND POWER GENERATION PLAN

7.1.  Basic Principies and Conditions
7.1.1 Basic Principles

The basic development concept of the Julumito Hydro-electric Power Project is that of
diverting the water of the Rio Cauca mainstream and the tributaries, Rio Palace and Rio
Blanco, and conducting the water by waterways (Cauca Waterway, Palace Waterway and
Blanco Waterway) to Julumite Reservoir provided on the Rio Sate, another tributary of the
Rio Cauca. The water conducted, afier being regulated at the reservoir, is to be led through

a headrace tunnel to Julumito Power Station for generation of electric power.

Consequently, in order to determine the scale of development of the Project, it is neces-

sary for the following studies to be made,

d)  Study of basic development plan.

b) Studies of location and type of dam.,

c) Studies of location and type of powerhouse,

d) Studies of types and capacities of waterways.

e) Study of reservoir scale (reserveir high water surface level and effective storage
eapacity).

£) Studies of available discharge of power station (pressure tunnel capacity) and

optimum scale of equipment installed.,

Of the above, studies have already been made regarding a}, b) and ¢) in ""Preliminary
Study on Julumito Hydro-electric Power Project, June 1970," and they will be omitted from
the present Report, Accordingly, studies of d), e) and f) will be made in this chapter to

determine the optimum secale for the Julumito Hydro-electiric Power Project.

7.1.2 Basic Canditions

The study of the above optimum scale is to be made in accordance with the following

conditions:

1) Basic Development Plan
Plan C selected as the optimum development pattern in above-mentioned Preliminary

Study is to be adopted.



(2) Location and Type of Dam
As the location and type of the dam, the No, 2 dam site and rockfill dam as concluded
in the Preliminary Study are to be adopted.

(3) Location and Type of Powerhouse
As the location and type of the powerhouse, the Rio Cauca right bank downstream

plan and a surface type as concluded in the Preliminary Study are to be adopted.

{4) Evaluation Standards for Determining Optimum Scale
The respective costs of the alternative thermal Power Station and Julumito Hydro-
electric Power Station in consideration of the conformity with the economic evaluation

criteria described in Chapter 11 were calculated according to the following:

a) kW and kWh Costs of Alternative Power Station
The cost of the alternative thermal power station ealculated in Chapter 11 is the
total cost including construction cost, operation and maintenance cost, fuel cost, and
replacement cost corresponding to the service life of hydro-electric power station of
50 years, and cost escalation during the service life ig taken into consideration, And
the kW and k¥Wh benefits at the beginning of 1985 when Julumito Hydro-electric Power

Station will be started up were calculated taking above factors into account as follows:

(i) The fuel cost in 1979 at the transmitting end of the No. 3 unit of Paipa Thermal
is expressed as the following:
US£0.185/1000 keal x 860 keal /kWh x 1/0. 313 = US¢0. 508/kWh
where, thermal efficiency is 31,3%. Therefore, the kWh benefit at New Papayan
Substation of Julumito Hydro-electric Power Station as of the begimnming of 1985 may
be caleulated as follows:
USF0.508 (L + 0.57)6 x 1/(1 - 0.008) (1 - 0.01) = US£D. 826 (kWh)

where, station service loss is 0.3% and transmission line loss is 1.0%.

(ii) The average fuel cost 1 (kWh benefit) during the service life of Paipa Thermal

Power Station is expressed as follows (see Appendix IV):

_al+ i1+ iHn - (1 + ey < i
- 1
Nes _ -t
Q+1)7(-e) 1-—% I
_0.826(2 +0.108)[ (1 + 0.108)25 - (1 + 0,07)25 N 0. 123
(L + 0.108)25 x (0,108 - 0,07) 1 ~ {0109

= US#L. 652/kWh
where, a: fuel cost in 1985
i : 10.8% (average interest rate during service life)

e: T.0% (escalation rate of fuel cost)
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(iii) Benefit-Cost Ratio Julumito Hydro-electric Power Station to Alternative
Thermal Power Station
The benefit-cost ratic determined from the total costs of Julumito Hydro-
electric Power Station and the alternative thermal Power Station converted to present
values as of the beginning of 1979 is 1. 567. Meanwhile, since the annual cost of
Julumito Hydro-electric Power Station averaged for the service life is U8$10,935,000,
the kW benefit will be the following:
1.567C-f - G-¢y
b

1,567 x 103,200 x 103 x 0. 106 - 300 x 108 x 0,01652
53,000

d2=

US$229. 91/kW
where, C: construction cost of Julumito Hydro-electric Power Station
f : annual cost of Julumito Hydro-electric Power Station
G : energy production of Julumito Hydro-electric Power Station
: fuel cost of alternative thermal Power Station
Based on the above, the kW and kWh benefits of the alternative thermal Power
Station will be decided as follows;
kWh benefit (¢1) : US$0.01652/kWh
kW benefit (¢g) : US$229. 91/kW

Annual Cost and Generating Cost of Julumito Hydro-electric Power Station
In estimating the annual cost of Julumito Hydro-~electric Power Station, the inter-
est, depreciation cost, repair expenses, personnel expenses and share of general

administrative costs for the service life of the power g%ation must be ecalculated.

Without consideration of the loan conditiones described in Chapter 12, Financial
Analysis, the interest and depreciation on the construction cost of Julumito Hydro-

electric Power Station were calculated as follows:

The interests 8% for the foreign currency of the construction cost and 10% for the
domestic currency are considered for the service life of 50 years. As a result, the

interest and depreciation cost according to the sinking fund method are 9.1%,

Personnel expenses, repair expenses and general administrative costs are gener-
ally expressed in percentages to construction cost, and internationally, there are not
much differences in these rates. The following percentages to construction cost were
assumed for the Julumito Hydro-electric Power Project:

Personnel cost, repair cost : 1,0%
General administrative cost, others : 0.5%
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Based on the above, the cost factor of Julumito Hydro-electric Power Station is
estimated as follows:
Interest and depreciation : 0,081
Personnel cost and repair cost : 0,010
General administrative cost, others : 0.005

Total : 0.106

Consequently, the annual cost of Julumito Hydro-electric Power Station and the
generating cost at New Popayan Substation will be the following:
Annual Cost

1}

Construction Cost x Annual Cost Factor
US$103,200 x 103 x 0,106
US$10,939 x 103

Annual Cost
Available Energy Production

_ 10,939 x 103

Generating Cost =

=500 % 10 = US$0, 0365/kWh
{5) Method of Evaluating Diversion Waterway and Reservolr Scales

Based on the fundamental conditions described ahove and considering the eapacities
of the Palace, Blanco and Cauca waterways and the dam height as parameters, the benefits
(B) of the various scales were determined from the kW and kWh values of the alternative
thermal power station, while the costs (C) of the respective scales were determined from
the construction costs and cost factor (cost factor 10. 6% for all development schemes),
and the scheme resulting in maximum benefit-eost ratioc B/C was taken to be the optimum

scale.

As for operation of the reservoir, 7.4, "Operation of Reservoir'' was applied as a

result to all schemes, and the available energy production figures were calculated,

7.2 Studies of Diversion Waterways
7.2.1 Studies of Diversion Waterway Routes and Types

The direct catchment area of Julumito Reservoir logated in the Rio Sate is 31 km?2,
which is only 3% of the total catchment area of 1,124 km?2 of the Project., The remaining
1,093 km2 are made up by the catchment areas of the Rio Cauca, the Rio Palace and the Rio
Blanco, and the waters of these catchment areas are to be conducted by waterways to Julumito

Reservoir.

The water collection catchment areas at the diversion dam sites of the rivers which are

to be diverted to Julumito Reservoir are as indicated below.



Diversion Own Catchment Cumulative Catchment

Waterway Area (km2) Area  (km2)
Palace 197 197
Blanco 39 236
Cauca 857 1,093

The diversion waterways to be constructed for cellection of water from these catchment
areas will be comparatively long, in addition to which the capacities will be large, so that
their construction costs will affect the development scale and the economics of the Julumito
Project as a whole. Also, the types of the waterways must be selected considering the aspect

of maintenance after completion,

{1) Cauca Diversion Waterway
This is the most important of the diversion waterways. The route of Cauca Diversion
Waterway will pass a flat terrain at the right bank of the Rio Cauca so that there will be no
fear of inflow of sediment, Therefore, there will be no problem of maintenance so that an
open canal plan of the lowest construction cost is to be adopted, and moreover, a route of

the shortest waterway length is selected.

(2} Palace and Blanco Diversion Waterways
Approximately 26% of the entire diversion quantity is to be collected by these two
waterways, The routes of these waterways are in a hilly area of complex topography where
there are many undulations such as hills and valleys, Consequently, tunnels and open
canals (partly tunnle) are conceivable for the waterways. Comparisons were made of the
open canal (partiazly tunnel) and the tunnel proposals regarding the routes and types of the

Palace and Blanco diversion waterways, The results are as shown below,
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Palace Waterway
Maximum capacity (m3/sec)
Length (m) Open canal
Tunnel
Cross section (m) Open canal

Tunnel

Blanco Waterway
Maximum capacity (m3/sec)
Length {(m) Open canal
Tunnel
Cross section (m) Open canal

Tunnel

*
Construction cost L {US$)

*
Maintenance and repair cost 2 (US$)

Construction cost plus maintenance and

repair cost (US$)

Open Canal

12.0
3,970
420
4,5%x1,9x2.2
2.8x2.8

{Semi-circular
top, square botiom)

13.8
3,950
850
4.8x2,0x2,3
3.0x 3.0
(Semi-circular
top, square bottom)
5,840,000
1,860,000
7,900,000

Tunnel

12.¢0

770
2.8x2.8

(Semi-circular
top, square bottom)

13.8

3,650
3.0x3.0
(Semi-circular
top, square bottom)
7,470,000

470,000
7,940,000

*1. Construction cost consists of direct civil construction cost only. Contingency

and interest costs are not included.

*2, Amounts of maintenance and repair costs for the service life of 50 years

converted to present worth,

However, interest rate 10%, and escalation of commodity price and personnel

costs taken to be about 10% annually,

In case of the open cansal alternative, the cost of preventing inflow of sediment

from the mountain-side 18 included in addition to normal maintenance costs.

In the cases of the tunnel proposals, both tunnels would be provided mostly in the
voleanic ash layer (partly weathered andesite), but unless there are problems in particular

such as leakage, it is thought there will be no special trouble in construction,

Further, as seen from the administrative aspects of maintenance and repair in the
future, the tunnel proposals will involve hardly any problems and the maintenance costs

will be extremely low.
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On the other hand, since an open canal would be surface work, construction work
would be easy, In addition to which the initial construction cost would be low, However,
gseen from the topographical and geological conditions of the waterway routes, it must be
considered that soil will slide from the mountainsides into these long waterways when
being operated after completion. It is expected that the maintenance cost would be con-
giderable and if the construction cost and the maintenance cost were to be evaluated

converted to present worth they would be practically equal.

Further, there would be reduction in power generation due to discontinuation of

water intake in case soil should slide in.

Therefore, with regard to the two diversion waterways of Palace and Blanco, future
maintenance are taken into consideration and the tunnel proposals are adopted although the

initial construction cost may be somewhat higher.
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7.2.2 Study of Diversion Waterway Capacities

The optimum capacities of the diversion waterways are to be studied according to the
following method. The intakes from the diversion dam sites on the Ric Cauca, Rio Palace

and Rio Blanco are to be as follows:

Maximum Itake Discharge at Rio Cauca Diversion Dam Site (Maximum Capacity of
Cauca Diversion Waterway)

30.0 m3/sec, 35.0 m3/sec, 40.0 m3/sec, 45.0 m3/sec
Maximum Intake Discharge at Rio Palace Diversion Dam Site (Maximum Capacity of
Palace Diversion Waterway)

8,0 m3/see, 10.0 m3/seec, 12.0 m3/gec, 14.0 m3/sec
Maximum Intake Discharge al Rio Blanco Diversion Dam Site (Maximum Capacity of
Blanco Diversion Waterway)

1.4 m3/sec, 1.6 m3/sec, 1.8 m3/sec, 2.0 m3/sec

Power generation costs, benefits, annual expenses, etc. for combinations of the above
maximum intake quantities are to be studied and the most economical intake quantities (maxi-

mum capacities of waterways) are to be determined,
Calculations are to be made according to the following conditions:

(1} The high water level of Julumito Reservoir is to be at 1,715.00 m and the effective
storage capacity is to be 50,37 x 106 m3,

{2) The dependable discharge is obtained operating the reservoir according to the oper-

ation rules and the power station output enabling 12-hour operation is to be set.
(3) Other general conditions are to be according to 7,1.2,

The results of studies according to the above are shown in Table 7-1, Fig., 7-2 and Fig.
7.3. As is clearly seen in the table and figures, the most economical scale is when the intake
from Rio Cauca Diversion Dam is 40.0 m3/sec and that from Rio Palace Diversion Dam 12,0

m3/sec. Consequently, the maximum capacities of the waterways are to be the following:

Cauca Diversion Waterway 40, 0 m3/sec
Palace Diversion Waterway 12,0 m3/sec
Blanco Diversion Waterway 13.8 m3/sec*

(Table 7-1 (1)-(2), Fig. 7-2, Fig. 7-3)

* As a result of similar study of the optimum intake at Ric Blanco Dam, it was

found to be 1.8 m3/sec,



Table 7-1 (1)

Study on Optimum Capacity of Cauca and Palace Diversion Waterway

(Unit: m3/sec.-day)

Capacity of Waterway Rio Cauca Rio Palace’ Rio Blanco Reservoir
“ Rio Sate
Case  Mark Cauca Palace' Run-off Intake-  Over- Intake- . = . Intake-  Qver- Intake- Run-off Intake- Over- Intake- Inflow
(m3/sec. ) (m3/ gec.) 0 flow flow Ratio flow flow Ratio ¢ flow flow Ratio
1 3-8 8.0 ( 9.4) 2,212.4 1,121.8 66.4 10,830.0
2 30 - 10 10.0 (11.4) 2,444.7 889.5 73.3 11,062.3
30.0 9,019.6 17,920.4 1,099.2 87.8 3,334.2 410.5 363.2 47.3 88.5 334.0
3 30 - 12 12.0 (13.4) 2,616.8 - T17.4 78.5 11,234.4
4 30 - 14 14.0 (15.4) 2,7M4.9 589.4 B2.3 11,362.5
5 35- 8 8.0 ( 9.6) 2,212.4 1,121.8 66.4 11,173.4
6 35-10 10.0 (11.6) 2,444.7 883.5 73.3 11,405.7
35.0 9,019.6 8,251.1 768.5 91.5 3,334.2 410.5 375.9 34.6 91.6 334.0
7  35-12 12.0 (13.6) 2,616.8  717.4 8.5 11,577.8
8 35-14 14.0 (15.6) 2,744.9 589.4 82.3 11,705.9
9 40 - 8 8.0( 9.8) 2,212.4 1,121.8 66.4 11,408.0
10 40 - 10 10.0 (11.8) 2,444.7 889.5 73.3 11,640.3
40.0 9,019.6 8,476.6 543.5 94.0 3,334.2 410.5 385.0 25.5  93.8 334.0
11 40 - 12 12.0 (13.8) 2,616.8 717.4 78.5 11,812.4
12 40-14 14.0 (15.8) . 2,744.9  589.4  82.3 11,940.5
13 45- 8 8.0 (10.0) 2,212.4 1,121.8 66.4 11,562.2
14 45 - 10 10.0 (12.0) 2,444.7 889.5 73.3 234.0 11,794.5
45.0 9,019.6 8,624.5 395.1  95.6 3,334.2 410.5 391.3 19.2 95.3 )
15 45-12 12.0 (14.0) 2,616.8  717.4  78.5 11,966.6
16 45 ~ 14 14.0 (16.0) 2,744.9 589.4 82.3 12,054.7




Table 7-1 (2) Study on Optimum Capacity of Cauca and Palace Diversion Waterway
Firm Installed Annual Energy Construction
Case Mark discharge Capacity Production Cost Ann:l;a ! Cost Cost of Energy Surph;s Benefit B/C
(ms/sec.) (MW) (106 kWh) {103U.S.$) (10°U.5.9) (U.S.¢/kWh) (10°U.5.$)
1 36 - 8 276.2 101,509 10,767 3.898 5,975 1.565
2 30 - 10 282.6 101,991 10,821 3.829 6,027 1.557
25.0 63.0
3 30 - 12 287.3 102,387 10,849 3.776 6,076 1.559
4 30 -14 290.8 103,802 10,999 3.782 5,984 1.544
5 35 - 8 285.5 102,255 10,838 3.796 6,058 1.559
6 35 - 10 201.7 102,774 10,889 3.733 6,109 1.561
25.0 53.0
7 35 =12 296.2 103,104 10,923 3.688 6,149 1.563
8 35 - 14 299.0 104,255 11,045 3.694 6,074 1.550
9 440 - 8 291.0 102,566 10,868 3.735 6,119 1.563
106 40 - 10 296.3 102, 981 10,910 3.682 6,164 1.565
25.0 53.0
11 40 - 12 300.0 103,200 10,935 3.645 6,200 1.567
12 40 - 14 302.4 104, 406 11,059 3.657 6,116 1.553
13 45 - 8 292.8 103,377 10,957 3.742 6,009 1.553
14 45 - 10 297.9 103, 783 10,997 3.692 6,103 1.555
25.0 83.0
156 45 - 12 301.4 104, 008 10,020 3.656 6,138 1.557
16 45 - 14 303.8 105,274 11,146 3.669 6,052 1.543
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7.3 Study of Reservoir Scale

The run-offs of the Ric Cauca, Rio Palace and Rio Blanco are taken in the respective
diversion dam sites and collected in Julumito Reservoir through diversion waterways. The
seasonal and annual variations in the inflow to the reservoir are as shown by mass curves in
Appendix V,

It is necessary to secure a reservoir storage capacity for effective regulation of such
seasonal and annual variations for long-term stability of power station output supplementing
water in dry seasons and dry years. The optimum high water surface level of the reservoir
must be decided to obtain the above-mentioned storage capacity and it must be most advantage

ous in the economics of power generation.

In this section, with regard to the high water surface level of Julumito Reservoir based
on the above viewpoint, the cases below in the range of EL. 1,710 m to 1,718 m considered to
be technically feasible judging from the results of field investigations are compared and studied

calculating the energy costs, benefits and annual expenses.

High Water Surface Effective Storage

Level (Elev. m) Capacity (106 m3)
Case 1 1,712 20 30 40
Case 2 1,715 40 50 85
Case 3 1,718 40 50 60

@ . The maximum capacities of the Cauca and Palace diversion waterways are to be

40,0 m3/sec and 12.0 m3/sec, respectively. (Blanco Diversion Waterway 13.8 m3/sec).

2) The dependable discharge ig to be that which can be guaranteed throughout the 15-
year period operating the reservoir based on the reservoir operation rules described in
7.4.

(3) The maximum installed capacity of the power station is determined by 12-hour

operation based on this dependable discharge.

4 The construction costs of the principal structures are {o be determined upon pre-

liminary designing.

(5) Otherwise, the conditions given in 7.1, 2 are to be observed.



Fig. 7-4 Result of Study on Optimum Water Surface and Effective
Storage Capacity of Reservoir
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Table 7-2

Study on Optimum High Water Surface and FEffective Storage Capacity

H.W.5. Storage Capacity (106m3) Firm Max. Effective Installed Annual Energy Construction Annual Cost Cost of
Case : (m) Discharge Discharge Head Capacity Production Cost 3 Energy B/C
Gross Effective (m3/sec.)  {m3/sec.) (m) (MW) (106 kWh) (10%U.5.3) (0°0.8.8) (¢ 5. ¢/KkWh)

1 20 23.1 46,2 126.3 49.2 286.4 99,725 10,564 3.774 1.508
(279.9)

2 1,712 47.6 30 23.17 47.4 125.2 50.0 290.8 99,817 10,572 3.720 1.531
(284.2)

3 40 24.4 48.8 123.5 50.8 294.5 100,926 10,695 3.716 1.536
(287.8)

4 40 24.4 48.8 127.6 52.5 303.2 103, 261 10,871 3.669 1.560
(296.3)

5 1,715 60.8 50 25.0 50.0 126.G 53.1 307.0 103,200 10,935 3.645 1.567
(300.0)

6 55 25.3 50.6 124.9 53.3 305.4 104,745 11,007 3.719 1.548
(298.4)

7 40 24.4 48.8 131.2 54.0 311.0 111,051 11,658 3.836 1.495
(303.9)

8 1,718 77.9 50 25.0 50.0 130.3 54.9 316.2 110,935 11,751 3.803 1.508
(309.0)

9 60 25.7 51.4 129.1 55.9 314.5 112,510 11,924 3.880 1.503
(307.3)

{the number in parenthesis is energy at new substation)






The results of studies according to the above are shown in Table 7-2 and Fig. 7-4.
Seen {rom these results, it would be the most economical and optimum scale for the high
water surface level of the reservoir to be at E1. 1,715.0 m with effective storage capacity of

the reservoir 50 x 606 m3,

Therefore, the gcale of the reservoir in this Project ia fo be high water surface level
at El. 1,715.0 m, available drawdown of 15,0 m, and effective storage capacity of 50.0 x 106

m3,

7.4 Qperation of Reservoir

The operation rules for Julumito Reserveir are to be decided on considering the follow-

ing points.

(1) Within any one year, the inflow of the high-water season is to be stored for discharge

in the low-water season, it is so-called dry-season supplementation,

2) Floods of wet years are to be stored for supplementation in dry years, operating in

mamner {o gecure dependable discharge as much as possible.
3) Operation is to be done to minimize waste overflow of the reservoir.

4 " Operation is to be done in a manner that stable output can be secured over a long

term, in addition to which energy production will be high,

Fig, 7-5 shows the operation rules for Julumito Reservoir determined based on the
above, These operation rules are provisicnal ones for study of the Julumito Hydro-electric
Power Project, and when Julumito Power Station has been completed and actual operation is

to be done more precise operation rules must be set forth,

In case of operation of Julumito Reservoir for the 15-year period from 1962 through
1976 based on the reservoir operation rules shown in Fig. 7-5, the available discharge,

storage and supplementation, reservoir water level, etc. will be as indicated in Fig. 7-6.

The energy production at Julumito Power Station according to the above reservoir oper-
ation will be as shown in Table 7-5 and Fig, 7-9 .
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Reservoir Watrer Surface Level

Fig. 7-5  Operation Rule of Reservoir

Symbols {Unit , m3/sec-month )
V-1 . Storage at the end of previous month
Ve Vn Storage at the end of current month
Month m 108 m3 | md%ec-day Vs . Standard middle limit of storage
Jon 1.710 8 3130 362 3 Vrmaox Maximum storage
Feb [, 707 O 1738 201 2 Vmin ©  Minimum storage
Mar 1,707 0 17.38 201 2 fn QOverflow in current month
Apr, 1. 707 O 738 2012 Ou . Standard uwpper Iimut of discharge for power
May , 707.0 |7 38 201 2 QL *  Standard lower hmit of discharge for power
jun | 710 9 3171 367.0 qn . Intlow in current month
ul L7150 3037 583 0 Qn Discharge for power in current month
Aug L7150 5037 583.0
Sep. 1,715 O 50 37 583 0
Oct. .75 0 5037 583 O
Nov I.715 0O 5037 583 0
Dec 1,715 O 5037 5830
i ] Constants (Unit ; m3/sec - month)
ny’/ sec 50.0m3sec
00m/ Ou = 300m¥sec Jan to May
L715 500m¥sec  Jun fo Dec

III
=3

Nor. HWS |,715.00 QL = 250m¥sec Jan to Dec
Vs
( / Basic Formulas
L7I10
Vmax = Vn-1 +gn -Qn —— Vn =Vn-1 +gn-GCn
Vmox << Vn-1+qn -Qn {Vn = Vn-t+qn-Qn-fn
fn = Vn-t+qn-Qn- Vmox
1,705 Operation rule

1 Vn-1+qn >=>Vs

25 Om®/sec
{1} Qu = Vo-1+gqn - Vs ——— Qn = Qu
1, 700 ?L {2) Qu = Vn-i +@n -V§ —— Qn = Vn-1+gqn-Vs
Min W.S L,700 OO0 o Vn-1+qn <Vs
(1) QU = Vn-1+gn - Vmin — Qn = QL

(2) QL =Vn-1+gn -Vmmn ——=— Qn Vn-1+gn =Vmin

Jon | Feb [Mar |Apr [May |Jun |Jul |Aug | Sep | Oct. | Nov | Dec.

7-23



Fig. 7-6 Reservoir Opetation (1962 to 1976)
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