10.3.3 E1 Siete No. 1 Auxiliary Dam Site

A fairly large amount of sedimentation is expected at the No. 1
regulating reservoir and it is thought that frequent sand flushing will be
necessary. It is planﬁed.that an auxiliary dam {(concrete gravity dam,
crest length 78 m, height approximately 21 m) be constructed to continue

power generation even during sand flushing.

Three trenches totalling 37.15 m in length were excavated at this

damsite, as shown in Dwg.~10 and Table-10.1.
(1) Topogfaphical Conditions

No. 1 auxiliary dam site is located approximately 0.9 km upstream
of No. 1 damsite {(at the upstream end of the No. 1 regulating reservoir}.
The middle portion of the No. 1 dam reservoir is a V-shaped gorge, but this
damsite is located at an area upstream of the gorge where the valley width
increases and terraces are formed at an area of the left-bank side in the

vicinity.

. At the damsite, as shown in the section in Dwg.-10, the right bank
is sloped at 50 to 60°, and the left bank is sloped approximately 30° above
two steps of river tervraces {(relative heights 1 m and 10 m). The settling
basin appurtenant to the No. 1 auxiliafy dam is to be located on the terra-

ces at the left-bank side.
(2) Basement Rock Types and Lithologies

The dam foundation consists of the Kjp Formation composed mainly of
a siliceous shale with intercalations of calcareous shale and chert

overlain by Quaternary terrace deposits, slopewash, and river deposits.

Basement rock outcrops in the dam axis vicinity are generally seen
in large numbers at the right-bank side, but cannot be recognized at the
terraces on the left-bank side. The black siliceous shale and the grayish
white calcareous shale are generally hard rocks with beds of 2 to 5 cm
developed, while fissibility is also recognized in part of the siliceous
shale. The strata of the damsite's right bank show a strike (approximately

NS) roughly parallel to the dam axis and vertical dip.

Joints with directionality in particular cannot be seen in the

basement rock.
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(3} Overburden
1) Terrace Deposit .

The terrace deposit at the damsite is an unconsolidated deposit
consisting mainly of pebbles and Cobbleé, with sand and silt

filling the interstices.

‘This deposit is distributed at the left bank of the damsite and
élfhough the thickness is unéoﬁfirméd, it is estimated to be
10 m at the dam foundation and the settling basin as judged

based on the topographical characteristics.
2) Slopewash

Slopewash at the damsite consists of anguiar fragménts of chert
or siliceous shale, and silt filling the interstices of these
.éngular fragments. This slopewash is distributed'overlying the

basement and terrace deposit.

This deposit is not found at the foundation of the dam, but is
thought to be distributed in a thickness not more than several

meters in the vicinity.
3) River Deposit

The river deposit at the damsite mainly consists of cobble gra-
vels, with sand and silt filling the interstices., ‘The gravels
contained are mostly subroundéd sandstone, shale, basalt, and
chert. It is estimated that this deposit is not more than 2 or

3 m thick at the dam foundation.
(4) Geological Engineering Assessments

The geological engineering assessments of this auxiliary dam site
based on the topographical and geological conditions disclosed by the

various investigations made so far as described below.

©10-24



1)

2)

3)

Dam Foundation Excavation

A'coﬁcféte gravity dam of crest elevation 1,465 m is planned at
this site (present riverbed surface elevation approximately
1,450 m)., For the foundation of a dam of this scale there
should be adequate bearing power of the ground if it is of sha-
les with comparatively little weathering such as observed at

the river bank. Accordingly, it would be necessary to excavate

" and remove river bed sand and gravel, terrace deposits, and

‘weathered portions of basement rock surface tayer for the dam

foundation, and as a result, the maximum excavation depths from

the ground surface may exceed 10 m at places.
Dam Foundation Watertightness

Water pressure tests have not yet beemn performed at this site.
However, the high water level at this auxiliary dam will be low

at El. 1,460 m (a height of approximately 10 m from the present

"river bed), and as the basement may be considered to be imper-

vious where fresh, it is thought that adequate dam foundation

“watertightness can be secured with excavation of not more than

2 or 3 m from the basement surface. It may however become

necessary for water barriers to be provided with grout curtains

at places.

Supplemental Investigations

It will be necessary for drilling investigatioms, including
water pressure tests, to be carried out to ascertain the ulti-
mate excavation line of the dam foundation and the necessary to

provide water barriers.

10.3.4 E1 Siete No. 1 Headrace Tunnel Route

" The El1 Siete No, 1 Project headrace is to be a pressure Etunnel

(finished inside diameter 3.4 m) approximately 3,130 w long from an intake
provided immédiately upstream of the left-bank abutment of the No, 1 dam to

a surge tank also at the left-bank side of the Rio Atrato.

Surface geological surveys using rough topographical maps (prepared

by JICA in 1981) of approximately 1/25,000 scale, and photogeological
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interpretations of the El Siete No. 1 headrace tunnel route and photogeolo-
gical interpretations have been made up to this time, and the results are

summarized in Dwg.-06,
(1) Topographical Conditions

. This headrace tumel, as shown in Dwg.~06 and Dwg.-07 (Hy~Hs), is
planned to run under the mountain body at the left bank of the Rio Atrato
which flows east to east-southeast as a whole, the maximum cover of the
tunnel being apptoximately 500 m, with the sections at the two énds of the
tunnel, its cover being less than 100 m totalling,ZOO m in length. Three
small ravines are passeﬂ under at the first—half'section_of the tunnel, and
the covers at these points are 170, 200, and 200 m, respectively, while the

remaining part of the tunnel will generally pass under a ridge.

According to photogeological interpretations made up to this time,
there is no especially devastated area (landslide, large collapse, other)

to be seen in the area through which the tunnel wiil pass.
(2) Rock Types and Lithologies

According to the results of.investigations up to this time, this
tunnel is estimated to pass through besalt of the:KgA Formatien at the
upstream two-thirds, with the remaining section'going through alternations’
of conglomerate, sandstone, and shale of the Kyp Formation with partial

besalt interbedding.

The basalt (the Kgp Formation) distributed at the upstream part of
the headrace tunnel has partial intercalation of basaltic tuff breccia,
These rocks, so far as seen at outcrops along the Rio Atrato, are hard with
few cracks where fresh, and there is hardly any bedding recognizable. At
the No, 1 dam site, bedding of basaltic tuff breccia with strike of N20°W,
and dip of B85°N is observed. TFurther downstream, alomg the Rio Atrato,
there is also a flow structure of strike N50°E and dip 40° - 50°NW in part
of the basalt.

The conglomerate, sandstone, shale alternations distributed at the
downstream section of the headrace have individual 5 to 50 c¢m thick layers’
which are repeated to result in stratifications, while basalt is inter-

calated in these strata in thicknesses of several to several tens of
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meters. These rocks,.so far as seen along the Rio Atrato, Qda. Sta Isabel

(Ravine), etc,., are hard with few cracks where fresh, The strikes of these

strata are in the NS direction, roughly orthogonal to the tunnel, while

dips are mostly to the east and abruptly inclined.

The predominant directions of joint planes in the surroundings of

the headrace tunnel route, as shown in Fig.-10.2, are strike of N40°E and
dip of 40°NW, strike of NIO0°E and dip of 80°NW,

Fig. 10-2 Contour Diagram of Joints in £l Sieté No.l Waterway Alignment
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(3 ° Faults and Lineaments

Faults were not confirmed st the.No. 1 headrace tunnel_foute in
field geological survey made to this timé. - In the phqtogeolqgical
interpretatioﬁs made of this route_thfeé lineaments were discerned at the
vicinities of the ravines in the upstream -area, of which'are that goes
through Qda. Nieve (NS direction) possesées cohtinuify. 1t was not ascer—

tained whether this air photo lineament was formed by a fault.
4y Groundwater

Surface water can be seen in Qda. Nxeve crossing the No, 1 headrace_
tunnel route and other ravines in the vieinity of the route up to higher
than EL. 1,600 m, and from the fact that trees flourish in some parts of
high elevation, it is surmised that a comparatively shallow groundwater

table exists conforming te the topography.
(5) Geological Engineering Assessments

1) Rocks distributed along the E1 Siete Na. 1 headrace tunnel
toute are all hard and dense at parts that are fresh, while
parts of cover of 200 m or more make up about 70 percent of the
total tunnel length, so that it is considered that there are no
geologicél conditions to present any particular problems during

excavation.

2) It is considered that the rock at sections where cover for the
tunnel is thin such as the vicinities of the intake and surge
tank will have been subjected to some influence of weathering
from the ground surface, and theréfofe, care will need to be

exercised.,

3) According to photogeological interpretation wmade up to this
point, there ave three lineaments intersecting the tunmel, but
their causes are not presently known. Should these lineaments
happen to be faults, considered together with the fact that it
is expected the groundwater table along the route exists at
shallow depths from the ground surface, it is possible that
pressurized spring water will be encountered at these faulted

parts during tunnel excavation,
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4) It will be necessarvy for further geological mapping to be done
with improved precision regarding the No. 1 headrace tunmnel

route.

10.3.5 ET Siete No. 1 Auxiliary Connection Tunnel Route

The El Siete No. 1 Project auxiliary connection tunnel is to con-
nect from the intake at the left bank upstream of the No. 1 auxiliary dam
to the No. 1 headrace tunnel planned at the left-bank side of the
downstream No. 1 dam, It will be a non-pressure tunnel, approximately

860 m long (finished inside diameter 3.4 m).

_Up to now, geological mapping has been done on the El Siete No. 1
auxiliary conmecting tumnel vroute wusing 1/1,000 topographical maps,

together with photogeological interpretations.
(1) Topographical Gonditions

The auxiliary connection tunnel, as shown in Dwg.~06 and Dwg.-07
(H1~H}), is planned under the mountain body at the left-bank side of the
Rio Atrato with a maximum tunnel cover of approximately 60 m. At Qda.
Sta Lucia (Ravine) this cover will be approximately 20 m. The tuanel,
other than passing under Qda. Sta Lucia at a location midway along the

route, runs mainly under the foot of a steeply sloped mountainside.
(2) Rock Types and Lithologies

Accordingrto the results of investigations wade up to the present,
it can be estimated that the first half of this tunnel will pass through
alternation of chert and limestone of the Kip Formation, with the remainder
passing through basalt of the Kop Formation. The two formations appear to
be in conformity according to observations of outcrops at the left-bank
side of the Rio Atrato althought there is some shearing seen in the vici-

nity of the boundary between the two formations,

Rocks distributed along this tunnel route are all hard at fresh

portions.

Bedding planes of the alternation of chert and limestone intersect

the tunnel almost perpendicularly with a strike of N5°W-N20°E, with steep

10-29



dips in the downstream direction in most cases. = The beds are from 2 to 40

c¢m thick. Basalt is generally massive in this section.

With regard to the degrees of weathering, because the tunnel
route's topography is vugged and there are numerous outcrops of relaﬁively
hard and fresh rocks, it -is thought that the vock will“be-moéfly‘fréSh

aloog the tunnel route.
(3) - Faults and Lineaments

There are four faults in the north-south direction with sheared
zone widths of 10 to 30 e¢m found in surface geological surveys in the vici-
nity of Qda. Sta Lucia as shown in Dwg.-07 and Dwg.-08. There iz also an
air photo lineament extending along the ravine in & north-south direction

which was recognized in an aerial photograph.

The tuunel crosses with the previously-mentioned boundary between
the Kop and Kop Formation, and that boundary portion has been slightly
sheared and is schistose 2 to 3 m in width on the Kyp Formation side at

outcrops on the left-bank side of the Rio Atrato.
(4) Groundwater

As surface water can be seen in.Qda. Sta Lucia and every one of its
feeder vavines up to higher elevations, it is thought that a shallow

groundwater table exists along the tumnel route.
(5) Geological Engineering Assessments

1} On summation of the investigation results obtained to this
peint, in addition to intersecting with the bouhdary between
the Kjp and Kop Formations which is slightly sheared in a width
of 2 to 3 m, the possibility exists of it crossing with at
least three minor faults (all sheared in width of 20 to 30 cm)

near Qda. Sta Lucia as shown in Dwg.-08,

The tuonnel will pass about 20 m directly below Qda. Sta Lucia
which has a relatively ltarge quantity of surface water, but so
far as seen at the ground surface in the vicinity, outcrops
that can be observed are fresh. There is however, the possibi-

lity that the tunnel will creoss with the previously-mentioned
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weakness line, and when excavating in the vicinity of this site
it will be necessary for care to be exercised as a certain

amount of water springing may occur,

2) Other than the described poor geological conditions it is
expected that fresh, hard rock is distributed along the greater

part of the tunnel route.

10.3.6 £1 Siete No.l Surge Tank, Penstock, Powerhouse and Tailrace
Site

It is planned for the El Siete No.l surge tank (bottom elevation
1,423 m) to be approximately 43 m high (inside diameter 7.8 m), with a con~
necting peﬁstock approximately 1,300 m long (inside diaweters from 3.4 to
1.25 m), the greater part being surface type, and a surface type powerhouse
{discharge water level, 1,071 m) located on the left bank of the Rio Atrato
at a ground elevation of approximately 1,090 m. A tailrace tunnel {total
length 185 m, inside diameter 3.6 m} would be at the left~bank side of the
Rio Atrato leading to the No.2 intske dam to be provided upstream of the

No.l powerhouse.

Besides surface geological survey of the abovementioned projected
structures and their surroundings mwade with aerial photographs enlarged to
1/2,000 scale and a rough 1/25,000 scale topographical map (mapped by JICA
in 1981), investigations have been made up to this time through 16 trenches
totalling 173.40 m in length, 2 pits totalling 3.65 m in depth, seismic
prospecting with 3 traverse lines totalling 770 m in length, and 3

. . . . . . 1
measuring points in vertical electric prospectlng—/.

1/ The electric prospecting measuring points for the project area
were distant from the presently planned structures so that this
investigation result is not discussed herein, but is described

in Appendix~III-3(2).
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(1) ‘Topographical Conditions

The surge tank site was selected at a ridge extending roughly to
the east, and the penstock route selected along a ridge branching southwest

to west-southwest from the surge tank site.

The. penstock route, as shown in Dﬁgs.—ll_and -12, is at a ridge,
sloped gradually as a whole at approximately 15°, and the penstock will
cross a vavine (Qda. Aguila) immediately before reaching the powerhouse.
The penstock roufe is ét a location where the ridge is ﬁide;'bﬁt"is narrow
at the middle and further below. There are small slope collapseé scattered

at midheight of this ridge.

The powerhouse site is 1o§atéd'on'a flat area of relative height 50
m at the left-bank side of the Rio Atrato. The tailrace tuanel of the No.l
‘powerhouse, as previously described, will pass the left-bank side of the
Rio Atrato to the No,2 intake dam site to connect to the No.2 headrace tun-

nel. The cover for this tailrace tunnel will be approximately 40 to 50 m,
(2) Basement Rock Types and lithologies

Mainly alterunation of sandstone and shale of the Upper Cretaceous
Kgop Formation with conglomerate and basalt intercalated here and there are
distributed from the surge tank site to the powerhouse site as shown in
Dwgs.-11 and 12, Regarding the tailrace tunnel, the one~third section on
the powerhouse side consists of sandstone~shale alternations with basalt
distributed at the remainder. The bedding planes of these strata generally
show strikes orthogonal to the penstock and dips to the upstream side (NS,
50° ~ 70°E). |

Fresh, hard parts of the basement vock are seen at the ravine in
the vicinity of the penstock route, but according to trench investigations
at the foot of the slope, that part of the penstock route is soft to a

depth of at least 2 to 3 m.

The previously mentioned vavine (Qda. Aguila) in the vicinity of
the powerhouse site shows fresh and hard alternation of sandstone and shale

at its bottom.
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Fresh, hard, and massive basalt is exposed at the left-bank slope

of the Rio Atrato, forming a cliff along the tailrace route.
(3) Weathering

- The surface_portion of the baéement rock forming the rvidge down
which the penstock will pass has generally been subjected to strong
weathering. The strongly weathered portion of the sandstone-shale alter-
nations has changed ih ¢olor to brown; and rock fragments have mostly been
softened to a degree that they can be crushed with the fingers, while
strongly weathered portions of basalt present a condition of sound basalt
in the form of gravels remain in soft weathered rock which has been changed

to a brown color,

At the ridge where the penstock route is to pass, the slope is gra-
dual, and there is a narrow section, and it is estimated that weathering
has generally penetrated deeply. According to the results of investiga-
tions made up to now and topographical properties, the strongly weathered
portion of the basement is estimated to be less than 5 m thick from the
surge tank site to approximately EL. 1,250 m of the penstock route, while
from appfoximately EL. 1,250 m of the penstock route te EL. 1,100 m the
strongly weathered portion would generally be arcund 5 m thick, But between
EL. 1,160 m and 1,140 m where the ridge narrows, it is estimated to be
about 20 m thick. The strongly weathered layer at the powerhouse site aund

the tailrace route is thought to be less than 5 m thick.
(4) Faults and Lineaments
Faults were not found in investigations up to the present.

An air photo lineament extending ﬁorthwest—aoutheast was found at
the lower part of the penstock route in photogeological interpretations,
and this crosses with the lower part of the penstock (vicinity of approxi-
mately 200 m upstream of the powerhouse), but surface geological surveys

made up to now have not confirmed whether this was formed by faulting.
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(5) Groundwater

The ravines at either side of the pensﬁock' route _ridge':dea.
Aguila, Qda. San José) show surface water up to parts of high elevations at
which trees grow thickly. It is therefofe éspimated that groundwater
exists at relatively shallow.depths from the groudd surface conforming to

the topography, except for that area where the ridge is narrow.

The .tailrace tunnel is expected .to pass below the groundwater

table.

(6) P-wave Velocity

Seismic prospecting by the refraction method (Three traverse lines)
was carried out at the léwer part of the El Siete No.l ﬁenstock and its
surroundings, The results are as given in Table-10.5, Dwg.~12, ‘and
Appendix~I1I-3(1), and ground P-wave velocities can Ee'classified'according
to & or 5 layers., The first and second layers show P-wave velocities under
0.7 kn/s, and are thought to correspond to topsoil &nd slopewash. " The
velocities of 1,1 to 1.4 kmfs of the third layer are thought to be com-
parablé to slopewash, tervace deposits, and residual soil. The velocites
of 1.6 to 1.9 km/s of the fourth layer to strongly weathered rock. The
velocities of 2.2 to 4.2 km/s of the fifth layer to slightly weathered rock

to fresh rock.
{7) Overburden

Overburden at the surge tank site and penstock route is generally
thin, and as prevously described, strongly weathered bédrock changed to a
~residual soil condition is distributed from the ground surface to shallow

area of the ridge.

A loose deposit consisting mainly of angular fragments of basalt,
sandstone, etc., and silt is seen distributed at the powerhouse site and

its surroundings,

There is very little overburden distribution at the tailrace tunnel

route,

1034



(8).

Geological Engineering Assessments

1)

2)

3)

4}

There is a ﬁossibility that the bedrdck at the surge tank site
has been strongly weathered from the ground surface to a depth
of about 5 m. A cut slope of approximately 20 m high will
appéar at the ground surface of the surge tank site and since
strongly weathered rock will be exposed at this cut slope, it
will be necessary to pay attention to securing the stability of

that section.

The thickness of the overburden and strongly weathered portion
of the penstock route is estimated to be approximately 5 m at
the upper part of the slope and approximately 20 m at the lower

part, according to the results of trench investigarions and

" gseismic prospecting, and in view of topographical conditions.

The penstock anchor block foundations will need to be secured
from at least below this overburden and stromgly weathered por-

tion of rock.

As described small slope collapses are scattered the penstock
route vicinity, and it is comnsidered that detailed investiga-
tions should be made of these in the future to fully determine
their porperties. Depending on the results of these investiga-
tions it may be necessary that certain measure be taken to pre-

vent expansion of the collapse areas.

Since it is planuned for the powerhouse to be constructed upon
excavation of approximately 20 m from the groundlsurface, the
basement rock at the bottom of the powerhouse will be fresh,
hard sandstone-shale altermations and basalt, It is estimated
that adequate ground bearing power can be obtained if the

structure is of the scale planned.

A cut slope approximately 30 m high will appear in the vicinity
of the powerhouse and as slopewash will be distributed at the
top portion followed by strongly weathered bedrock, it will be
neceésary for attention to be paid to the stability of this

glope.

1t is considered that the tailrace tunnel will pass below the

groundwater table, but the rock in that area is estimated to be
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5)

fresh and hard as a whole, and it is presumed from the investi-
gation results gained up to this point, that there will be few

porblematical points in relation to engineering geology.

"When geological mépping was done on the surge tank site and the

upper part of the penstock route, highly accurate topographical

maps and sharp aerial photographs could not be utilized, and it

‘will therefore be necessary for detailed reconnaissances

(including investigations of collapse areas) to be carried out
when'topographical maps of high accuracy become available in

the future.

Tt will also be necessary for the bedrock conditions, including

" the weathered state of the basement rock, to be counfivmed by

drilling at the surge tank site, penstock anchor block sites,

and the powerhouse site.
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10.4 Geology of E1 Siete No.2 Project Site

The El1 Siete No.2 Project is a scheme for power generation of a
maximum 85 MW éombining the water discharged from the No.l powerhouse
with the water of the catchment area downstream of the No.l dam, and con-
ducting this water to the.No.2 powerhouse by a headrace approximately 9 km
in. length at the 'right~bank side of the Rio Atrato and a penstock of

approximately 1 km,
10.4.1 E1 Siete No.2 Intake Dam Site

- The El1 Siete No.2 intake dam site would be located approximately
130 m upstream of the No.l powerhouse, where it is planned for a concrete
gravity dam with a 1,075 m crest elevation, 146 m crest length, and 35 m
dam height to be constructed. A settling basin is planned to be provided
at. the right-bank side together with the dam. (The No.l tailrace tunnel
will cross the No.2? intake dam going through the dam body to join the No.2

headrace tunnel at the right-bank side.)

) Two drillholes totalling 79.4 m in length and seismic prospecting
on 4 traverse lines totalling 1,310 m in length as shown in Table-10.1 were
provided at this intake dam site and its surroundings. Of these, Drillhole
BD-2 (discontinued at depth of 9.5 m due to mechanical trouble) and seismic

prospecting (Traverse Line 5B-2, length 320 m) were at the dam axis.
(1) Topographical Conditions

The intake dam site, as shown in Dwg.-11, is to be located at a
bend where the Rio Atrato changes course from south-southeast to south-
southwest. The river-bed elevation there is approximafely 1,055 m, and the
channel is approximately 15 m wide. A terrace of relative height approxi-
mately 20 m is formed at the right-bank side of the damsite. According to
the present plan, the dam crest will be slightly higher than the surface of

the terrace.

The slopes at the two banks of the damsite, as shown on Section C-C
in Dwg.-10, are included 40 to 50° It is estimated that an old river chan-
nel buried by a mudflow deposit as described later exists immediately below

the surface of the terrace at the right-~bank side,
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(2) Basement Rock Types and LfthologieS-

‘Basalt (the Kyp Formation) at. the left bank and river bed of the
dam foundation and sandstone-shale alternations of the same period (the Kop
Forwmation) at the right bank are covered by a thick mudflow deposit,

terrace deposits,; and slopewash..

Basement rock outcrops are geen in lérge numbérs at”the:righ£~bank
side while at the left-bank side they can be observed oniy'in vgry sméii
numberé along the river bed. The sectional shape of the basemeat at the
right bank is estimated bto have a depression iowér than the present ri#er
bed direcﬁly under the right-bank tableland as shown in Dwg.-10 on overall
examination of the results of surface gébiogical'surVey,'Drillhdle'BD—I
(bedrock located at depth of 42 m from the grodn& surface), and seismic’
prospecting. It is thought this dépression was formed by'the Rio Atrato
flowing more to the right bank than the present river channel before depo-

gition of the mudflow.

The basalt making up the dam foundation presents a black color and
is hard, but has cracks developed at 30 to 100 cm intervals, while the
alternation of sandstone and shale consist of gray sandstone layers 1 to 5
cm thick and black shale layers 1 to 30 cm thick, the hardness ‘being
slightly inferior compared with the basalt. Lapilli tuff of thickness 1.5
‘'m is intercalated at the boundary between the basalt and the altérnation of

sandstone and shale.

The strike of the alternations is roughly north-south in the viei-

nity of the damsite, with steep dipping to the west.
(3) Faults

Up to the present, investigations have not disclosed any faults

directly passing through the dam foundation.
(4) Groundwater

The only measurements made of the grouhdwatér table was the water
level (depth 0.6 m) in the drillhole during boring of BD-2 at the right
bank of the damsite. In view of the water table (depth 8.4 m) at BD-1

upstream of the dam, the conditions of ravines in the damsite vicinity, and
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the existence of wet ground at the surface, it is estimated that the
groundwater table is at a comparatively shallow depth from the ground sur-

face.
(5) P-wave Velocity

Seismic prospecting (%4 traverse lines) by the refraction method was
done at the damsite and its'surroundings to determine the P-wave veloci-
ties of the mudlfow deposits and the bedrock. As a result, as shown in
Table-10.5, Dwg.~10, and Appendix-III-3(1), the P-wave velocities of this
site may be calssified according to & to 5 layers. Of these, the first
layer, which is the surface layer, to the third layer indicated P-wave
velocities less than 1.8 km/s and were thought to correspoond to the
mudflow deposit or slopewash, while the velocities of 1.7 to 2.7 km/s for
the fourth layer are thought to be comparable to strongly weathered bedrock
or bedrock with cracks developed, and the velocities of 2.3 to 4.6 km/s of

the fifth layer to slightly weathered or fresh bedrock.
(6) Overburden
1) Mudflow Deposit

The mudflow deposit at the damsite shows variation in constitu-
tion depending on the location, but mainly contains 50 to 80
percent of subangular and/or subrounded gravels of basalt 0.5
to 30 ¢m in diameter in a gray, silty matrix, and is an uucon-

solidated deposit which also contains wood fragments in places.

It is estimated from the results of drilling (drillhole BD-1)
upstream of the dam that the mudflow deposit is about 30 to 40

m thick.

This deposit shows a fairly well-compacted condition in places
at the surface layer, but is estimated not to possess strength

sufficient for the foundation of a concrete dam.
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2) Terrace Deposit

The terrace deposit ‘at the damsite mainly consists of cobbles
and silty sand filling the interstices, and is thought to be
“about 7 to 8 m thick at maximum. This deposit makes up a

loose stratum as a whole.
3) Slopewash

. The slopewash at the dams1te con31sts of 311t contalnlng angu—,
lar fragment of basalt and sandstone 3 to 30 cm in dlameter and
is a deposit which is loose as a whole and is dlstrlbuted at a

th1ckness of about 2 to 3 m at this 31te.
4) River Deposit

The river deposit at the damsite mainly consists of basalt
cobbles and pebbles with silty sand filling the interstices,
but there are also boulders several meters in diameter scat-

tered at the river bed.

This deposit at the damsite is thought to be not more than 5 m
thick.

(7) Geological Engineering Assessments
1) Dam Foundation Excavation

A concrete gravity dam with a 1,075 m crest elevation is
planned at this site (present river-bed elevation approximately
1,055 m), 1t is necessary for the foundation of a dam of this
scale to be sought on bedrock with comparatively 1little
weathered bedrock such as that found at the river banks, and
for this purpose, the river—bed sand-gravel, mudflow deposit,
and strongly weathered basalt would be excavated and removed.
It is thought that in dam foundation excavation, parts of P-
wave velocities less than 2.0 km/s in the seismic prospecting
analysis section (Section C-C in Dwg.-10) should at least be
excavated and removed., There may be also necessary for some
degree of improvement (e.g., consolidation grouting) to be per-
formed on the foundation rock, but this should be deterﬁined

after further detailed studies are carried out.
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2) Basewent Watertightness

Water pressure tests have not yet been carried out for the per-
meability of the basement, but estimated from P-wave velocities
according to seismic prospecting, it is expected that cracks
are develo?ed af least to depths of 10 to 20 m from: the bedrock
surface, and it will be necéssary for some type of water

barrier treatment to be provided.
(8) Sapplemental Investigations

_ To ascertain the excavation line and the extent of water barrier
treatment required for_tﬁe dam foundation, it is necessary for geological
investigations (mainly drilling and water pressure tests) to be carried out
to confirm the properties, especially those of the mudflow deposit and/or
bedrock at the river-bed portion of the dam and the tableland at the right-

bank side of the damsite.

10.4.2 El'Sieté No.2 Headrace Tunnel Route

The El1 Siete No.2 Project headrace would be a pressure tunnel
approximately 9.1 km long (inside diameter 3.6 m) from the imtake at the
right bank upstream of the No.2 intake dam to the No.2 surge tank at the

right-bauk side of the Rio Atrato.

Surface geological surveys using rough topographical maps of scale
approximately 1/25,000 (prepared by JICA in 1981) and photogeological
interpretations were made regarding the El Siete No.2 headrace tunnel

Toute,
(1) Topographical Conditions

This headrace tunnel, as shown in Dwg.-06 and Dwg.~07 (Section
Hg-Hy), is planned to run through the mountain body on the right-bank side

of the Rio Atrato which flows roﬁghly south as a whole.

The maximum cover for this tunnel would be approximately 400 m,
while sections of cover less than 100 m, including the two end portions of
the tunnel and parts of ravines along the way, total approximately'l,700 m

in length (approximately 20 percent of the total length of the tunnel).
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The tunnel, as shown in Dwg.-07, passes three large ravines; in its
first half section, where the covers are 140 m, 70 m, and 80 m, respec-
tively, in order from the upstream, while the latter half passes directly

under the ridge as a whole.
(2) Rock Types and Lithologies

The El Siete No.2 headfaée tunnel route has diétfibutions in order
from the intake toward the downstream of the Kzg Formation consisting of
alternation of sandstone and shale, the K3 Formation mainly,consisting'of
diabase, and the Td Formation mainly consisting of diorite. According to
the results of elementary investigations up to the present, it is estimated
that these Eofmatioﬁs, X9p, K3, and Td, are distributed at the tunnel route
'in proportions of approximately 10 percent, approximately 60 percent, and

approximately 30 percent, respectively.

The general strike and dip of the bedding planes of the Xop
Formation are N-$, 70°-90°E, while there are intercalations at places of
tuffacious or rhyolitic rocks. The individual' layer thicknesses are

generally about 5 c¢m and the lithology of fresh parts is hard,

The diabase of the Ky Formation is dark green, hard aand dense rock,
but at outcrops at the ground surface it is slightly weathered and somewhat

cracky.

The diorite of the Td Formation is basically a dense rock and at
this tunnel it will constitute a hard rock boedy except in the surge tank

vicinity and near the boundary with the K3 Formationm.

The boundary between the diabass and diorite runs along a com-
paratively large ravime (Qda., El1 Pifion) coming in Between the tunnel and
the Rio Atrato at the downstream part of the tunnel, and at outcrops in thé
ravine, an amphibolite belt (width more than 200~300 m at the outcrop) of
schistose structure caused by metamorphism is distributed along the boun-
dary. This amphibolite belt is of deteriorated lithology when compared
with the rocks on both sides, and there is a possibility of crossiung with
this tunnel at a point slightly downstream (on the surge tank side) of its
middle,
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Régardihg joint planes around the tunnel route, as shown in

Fig.~10.3, those of strike N55°W dip vertical and strike N30°W - N20°E and
dip 49 - 90°E are slightly predominant.

Fig. 10-3 Contour Diagram of Joints in E1 Siete No.2 Waterway Alignment
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(3) - . Faults and Lineaments

There are two air photo lineaments extending 1 to 2 km in the
north-south direction crossing with this tunnel at the first—half section,
and five. in the N45 -~ 50°W direction at the latter-half section, but the

causes of these air photo lineaments are unknown.
(4 Groundwat er

As surface water is seen at ravines along the tunnel route up to-
high elevation areas and trees grow up to the mountaintops, it is estimated
that the groundwater table along the tunnel route exists at a comparatively

shallow depth from the ground surface, conforming to the topography.
(53 Geological Engineéring Assessments

1) As previously descfibed, a schistose stfucture is developed in
the amphibolité belt at the boundary between the disbasé and
diorite, with a lithology thought to be brittle édmpared with
the diorite and diabase. Tunnelling in thiérarea will there-

fore require care to be exercised,

2) According to photogeological interpretations, there are seven
air photo lineaments roughly orthogonal to the tunnel foute
existing in this tunnel area., Of these, the one at the middle
section of the tunnel along Qda. Quitasuenos is at a portion of
comparatively shallow cover (approximately 80 m) for the tun-
nel, and it will be necessary for further investigations to be

made regarding the properties of this lineament .

3) More than 80 percent of the entire length of the El Siete No.2
headrace tunnel will have covers exceeding 100 m. Even should
there be parts of poor quality locally as described in 1) and
2} above, the greather part of the -tunnel will pass through
good rock. However, since the proportion of costs of the No.2
Project to be taken up by construction of this headrace tunnel
will be large, it will be necessary for further investigations
to be made to determine tunnel route's geological condition in

more detail.
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10.4.3 E1 Siete No.2 Surge Tank, Penstock and Powerhouse Site

The El Siete No.2 surge tank (bottom elevation 1,040 m) is planned
to be 48 m high (inside diameter 9 m) with the penstock connected to it
approximately 1,045 m long (inside diameters 3.4 to 1.25 m), the greater
part being constructed on the surface., ~The No.2 powerhouse (discharge
water level El. 687 m) is planned as a surface type at the right bank of

the Rio Atrato.

Drilling (2 drillholes, total length 68.68 m), standard penetration
tests (9 points at 2 drillholes), trenching (5 trenches, total length 70.95
‘m), and electric porspecting (3 measuring points) as shown in Table-10,1
were carried out at-fhis site at locations lower than the middle point of

the penstock.
(1) Topographical Conditions

_ The No.2 Project surge tank site is located near the end of the
main ridge extending roughly in a southward direction at the right-bank
side of the Rio Atrato. The inclination angle of the slope in the vicinity

is approximately 30°.

The penstock will first run along a narrow ridge branching in the
southeast directionm from the abovementioned main ridge, following which it
will go down a flat area with a rouned, gradual slope and reach the No.2

powerhouse site,.

No.2 powerhouse is planned at the foot of this slope which is

inclined 35° at the right-bank side of the Rio Atrato.

(2) Basement Rock Types and Lithologies

Diabase is distributed from the surge tank site, down through the
penstock area to a point before the powerhouse site. Diabase and amphibo-
lite (the K3 Formation) exist together in the vicinity of the powerhouse

foundation, a part having been subjected to mylonitization.

Fresh parts of the diabase have joints developed at 20 to 40 cm,
but are hard. Weathéring has however occurred to depths of 20 to 30 m from
the ground surface at the penstock route, core recovery being poor in

drilling; with cores in the form of sand-~gravel recovered, Three joint
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sets of strike N10 - 50°E and dip 60°SE, strike. N60 ~-90°W and dip 60 -
90°N, and strike N1G°E - N60°W and dip 20 - 50°NE are seen in the dlabase,

and it was observed that weathering has progressed along these JOlntS.

. The amphibolite seen at . the river bank in ‘the vicinity of the
powerhouse site is fresh and comparatively hard;-but at Drillhole GD-1 it
has been subjected to weathering to a depth of about 8 m. - A schistose
strdcture of strike in the east-west direction and dip toward the river of

around 70° is recognized in this rock,
(3}  Weathering

The diabase constituting the bedrock, éééordiﬁg to thé_resulfs'from
Drilihole CD-2 made at an elevation of appro#imafeiy 815 m on a gently-
sloped ridge, is extremely weathered to a depth of 23 m, core recovefy is
poor, and recovered cores are in the form of sand-gravel., To approximately
0.5 m from the ground surface is strongly weathered to present a residual
soil condition, down to a depth of & m has changed to a brown color, with
the coustituent minerals themselves weathered and having become brittle

compared with rock at lower depths.

As shown in Dwg.-14, the ridge from the surge tank site to eleva-
tions of 900 to 800 m along the penstock route is estimated to be weathered
to depths of 20 to 30 m, while weathering of the slope from EL. 800 m down

to the powerhouse site is shallow and is 1 to 2 m,
(4) Faults and Lineaments

Regarding faults, there is one (width of sheared zone: 20 cm) con-
firmed at the right bank of the Rio Atrato approximately 250 m upstream of
the powerhouse site with a strike {(N52°E) parallel to the RioiAtrato and a
dip toward the river of 55°, and it is possible that this passes the vici-
nity of the powerhouse site. At Drillhole €D-1, rvock of poor.quality was
confirmed to a depth of 20 m from the ground surface, and it is estimated
that this part of poor condition is due to the influence of the previously

described fault.

There have been two air photo lineaments extracted that cross with
the penstock part way along its route at a flat area as shown in Dwg.-13,
The causes of there lineaments have not been discerned in investigations up

to this point.
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(5) N-Value

The results of standard penetration tests in driltholes at the
penstock and powerhouse sites, as shown in Table-10.6, are depths from the

ground surface to obtain an N-value of 50 or higher of approximately 2 m at

Drillhole GD-1, and approximately 7 wm at CD-2.

These resnlts indicate that even though the bedrock

weathered, the N-value is comparatively high,

.Table-10.6 N-Value in Drillholes at No.2 Penstock Site

Hole Name Depth in Hole {m) B-Value {Ruwbers of
blgw in 30 centimeters)
0 - 0.6 14
0.6 - 1.2 28
Ch-1
1.2 - 1.8 31
1.8 - 2,0 above 50
. ' 0 - 1.18 1
1.18 - 5.29 2 -4
Cb-2 5.29 - 6.32 6 - 7
6.32 ~ 6.82 30
6.82 - 7.32 above 50
(6) - Electric Prospecting

Dwg.~06 shows the locations of vertical electric prospecting, and
Table-10,7 the results, At the El Siete Mo.2 penstock roste, it is esti-

mated from comparisons with the drilled core of CD-2 that the first layer
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corresponds to a completely weathered diabase, the second layer a diabase
of degree of weathering less than the above, the thrid layer rock of the
second layer saturated by groundwater, and the fourth layer fresh diabase,

respectively.

These results indicate that weathering in this area is deep as a

whole.
(7) Overburden

As overburden, only small amounts of slopewash and river deposits
are seen in the neighborhood of the powerhouse site, with almost no distri-

bution at the projected structure sites.

(8) Geological Engineering Assessments

1) It is possible that the basement of the surge tank site is
stronglf weathered to a maximum depth of about 20 wm from the
ground surface. Tt will be necessary for this weathering con-
dition to be considered in designing the surge tank vertical

shaft and the cut slope at the surface portion.

To be able to proceed hereafter with detailed designing it will
be necessary, for example,'to confirm the basement weathering

depths and the groundwater table depth by drilling.

2) As described, it appears that the basement at the part of the
penstock route is weathered to a wmaximum depth from the ground
surface of approximately 20 to 30 m, However, there is a
possibility for penstock anchor block bearing to be obtained at
6 to 7 m or shallower if the results of standard penetration
tests are to be referred to, and it will be necessary for the
final depth of the anchor block foundations to be determined by

further investigations of higher accuracy.

3) Regarding the powerhouse foundation, since it will be at a
level approximately 15 m deeper than the present ground, it is
estimated that the foundation will be amphibolite, partially

weathered, but providing more or less adequate bearing power,
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As for stability of the cut slope back of the powerhouse, care
will be needed since joints and schistosé structures dipped

toward the river are seen,
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10.5 Concrete Aggregate

An éxplopation of natural aggregate deposits and an investigationm
of soil materials as well were carried out by ICEL at this project area,
but since it was decided that the dam will be a concrete gravity type as
described in Chapter 12, the results of the soil tests will not be touched
upon heré, but attached as Appendix-III-5(5). These investigation quan-

tities are as shown in Table-10.1, and the locations in Dwg.-06.

The quantities of concrete aggregate necessary for the E1 Siete

No.l and Ro.2? Projects are shown below,

El Siete No.l Dam 175,000 m3

Other structures 38?,000 m3

Total 562,000 m3
(0 Natural Aggregate Deposits

ICEL carried out natural aggregate investigations on river deposits
at the Puente Sanchez area (AFg site in Dwg.—~06) along the Rio Atrato
located 1.5 km upstream of the El Siete No.l dam site and the Quebrada La
Borrasca area (Af}, site in Dwg.-06) located 2.5 km downstream of the EI
Siete No.2? powerhouse site. Four test pits were excavaled at the Puente
Sanchez area and seven pits and a trench at the Quebrada La Borrasca area,
and gradation analyses made of samples collected. The results are shown in

Table-10.8.

Regarding varieties, shapes, and hardnesses of gravels, according
to observations, subrounded and/or subangular gravels of sandstome, shale,
chert, basalt, etc. are found at-the river depdsit in the Puente Sanchez
area., These are mostly hard gravels, but a fair amount of weathered, soft
sandstone is contained, while there is also a high content of flat pieces
of shale showing figsibility. The ICEL report points out that the possibi-
lity exists of Sulfafes being contained in the deposit at this area in

excess of allowable limits.

At the Quebrada La Borrasca area, the deposit consists of
subrounded and/or subangular gravels of basalt, diabase, and conglomerate,
which are wmostly hard. The estimated available volume of aggregate,

according to ICEL, is 15,000 m3,

10-51



€Y L5 L A z ! 91 8z 0% £€ £¢ 1z 21 f-qay
]
79 87 . 01. X 9 91 8T £z 9T i€ 62 i€ 8 9-Q4Y z
: ‘ . : =
. ol
T 86 01 T T1 61 61 61 61 91 8 2 vz C-qdv I8
o
. a
67 18 1t 0 0 < s . 92 €5 0z 1z 9z £E AL ES z
a
“Y

&% 16 81 g9 8 71 H1. 0z 02 zt 1A 62 ¢z 1-94vV
6% 19 g1 S o1 £1 £1 0t 0z 8l 9z 1€ 154 §1-83V =
=
=
6¢ 19 01 K1 61 £1 0r ST 1€ 9z 92 54 £2 t1-54Y o
%
a
‘g€ Z9 g S 11 91 11 81 vE (z A 61 14 CI-83V o

aaoh.qw_ BEGLTY PEGLETO 5 PEYLOO TR0 WBL67°0 PECECTC BUGT 1 | DWgE g | WAGL v WATG 6 PWQ- 61 Wl gL | SWeN 1id 10dg
-2°94 —691°0 | ~£62°0 | -G66°0 | -61°1!-8€"2 | -9L°% ]| -1¢"6{-0"61!-1"8C | ~2°9¢ 20 urqdurs
(%) uorlepean (%3 @1e321FTy aulg [ (%] 23882124y o53e0) youaay, !

93ebaabby sjsuduc) jo uocijepedy

801~

slqe)

10-52



Considering these. above investigation results, it will not be
possible to eCDnomicélly produce high-quality concrete with aggregate from
the Puente Sanchez area, 35 the quantity available is small, and therefore,
this area is unsﬁitable as the principal source of aggregate. As for the
aggregate of the Quebrada La Borrasca area, despite the estimated available
volume being 15,000 m3, the transportation distance is 1 or 2 km from an
existing highway and more than 20 km distant from the El Siete No.l damsite,

resulting in a problem of economics.
(2) Rock Quarry for Concrete Aggregate

As: stated, it is judged impossible from the standpoint of both
quantity and economy to produce a large volume of high-quality concrete

using natural aggregates.

In view this, the JICA Survey Mission made an approximate investi-
gation of prospective rock quarries for concrete aggregate within a radius

of about 10 km centered at the E} Siete No.l dam site.

As a result qf these recounaissances, 5 massive ridge located at
the left bank approximately 1.5 km downstream of the El Siete No.l dam site
estimated to have a distribution of basalt which is hard, fresh and has few
cracks and to have only thin overburden, was selected as a prospective

quarry area (the Quebrada Copo area).

Ravines at this prospective quarry site have exposures of basalt

which is fresh and hard, but has cracks at spacings of 5 to 50 cm.

JICA performed tests in Tokyo of the following items using rock
samples collectd from outcrops at the prospective concrete aggregate quarry

area., The sample locations are given in Appendix-III-6.

a. Petrographic observations by microscope
b. Identification of clay minerals by X~ray analysis

¢. Physical properties of rock (specific gravity, absorption)

These tests were performed on three samples collected, and the

results given in Table~10.9.
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As a result of the tests, all three samples had bulk specific gra-
vity on saturated surface-dry basis between 2,85 and. 2.94 and absorption
between 0.7 and 1,16, both being satisfactory for concrete aggregate.
Expanding élay minerals or minerals liable to show alkali-aggregate reac-
tion harmful to concrete were not discovered in petrographic observations

by microscope and X-ray analysis.
(3) Geological Engineering Assessments

The natural aggregate distfibuted in this'area is small in quan-
tity, while there is also a possibility of problems oceurring with regard
to quality, and therefore, even if this aggregate is to be ﬁsed, it would
be in" concrete for temporary facilities, In the event of use as aggregate
for the project proper, it will be necessary to carry out specific gravity,

absorption, soundness, abrasion loss tests.

Since high quality concrete is required for important structures
such as the El Siete No.l dam, rock collected from a quarry would be
crushed and used. The mountain at the left bank 1.5 km downstream of the
No, 1 dam'site, the Quebrada Copo area is promising as a pfospective quarry
site, and it will be necessary ‘to confirm the available quantity and
quélity through drilling at this site with several drillholes to determine
the condition of the rock with respect to weathering; hardness, and
cracking, and also to perform soundness, abrasion loss, and unconfined

compression tests of the rock,
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10.6 = Probability Analysis on Seismic Hazard at the Project Site

10.6.1 Seismicity Data

Seimicity data used in this study ére_based Gn_those retrieved from
"The Earthdake Data File' coﬁpiled by NOAA" (National Oceanic and
Atmospheric Administration Envirénmental Data sérviée). Total number of
the data amounts to 2711, covering ﬁ period from 1929 to. 1981, 1In Fig.
10.6.1 are'piotted all the data used in the study, whose epicentral distan-
ces from the Atrato project (5°31'N, 76°15'W) are smaller_than 1,000 km.
Numbers of the data in each year during the éeriod are shown in Tablé—
10.6.1, together with accumulative numbers from 1929, General aspects of
the data such as magnitude and epicentral distance can be seen in Table-

10.6.2 and also in Figs. 10.4.2 - 10.11.

'10.6.2 Attenuation Models

0f previously proposed attenustion models which exbress peak acce-
leration, A {(gal), in terms of carthquake magnitude, M, and hypocentral
distance, R {(km), or epicentral distance, D (km), five models shown below

are used in this study.

log A = 3.090 + 0.347M - 2 log (R+25) (1)
proposed by C. Oliveirall,

log A = 2.674 + 0,278M - 1.301 log (R+25) (2)
proposed by R, K. McGuire?),

log A = 2,041 + 1.8424 - 1.6 log D . (3)
proposed by L. Esteva and E. Rosenblueth3),

log A = 2,308 + 0.411M - 1.637 log (R+30) (4)
proposed by T. Katayamaa).

log (A/640) = (D+40)(=7.6+1,724M-0,1036M2)/100 (5)

proposed by 8. Okamoto3),

For all the data described earlier, peak accelerations were calcu-
lated by using the above atteonuation models, and maximum accelerations in

each year — long interval were found to be as shown in Table-10.12,
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10.6.3 Statistical Analysis of Maximum Accelerations

Using the maximum acceleration values estimated for each year
during the period from 1929 to 1981, a probalistic model was established on

the basis of the "Theory of Extreme Values'" by setting an equal time inter-~

val to one year,

Although a probability function of the maximum acceleration
expected at the project site is not known, it is reasonable to suppose that
the function should be associated with the third'type asymptotic distribu~

tion defined by
P(x) = exp[-[(w-x)/(w-u)]K] ' (6)

where w is an upper limit of a variable, k is a shape parameter, u is a
characteristic value, and x is a random variable taken as logavithm of the

maximum acceleration during a year—long interval, expressed as
x = log Apax (7)

The previously mentioned maximum acceleration values are plotted in
Figs. 10~12 -~ 10-16. Plotting position of each maximum value was calcu~

iated by
p(m) = (N-m+1)/(N+1) (8)

where N (=53) is the total number of the time interval and m is the order
of the value from the largest one. In these figures, regression curves
estimated for the third asymptotic distribution function are also shown by
solid lines, from which the maximum acceleration for any return period can
be evaluated, Table~10.13 shows the maximum accelerations expected at the

site for different four return periods of 30, 100, 200 and 500 years.
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Fig. 10-4 Seismicity of A1l Data in 1929 - 1981
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Fig. 10-6  Distribution of Focul Depth 100 ¢ D < 150 km (M25)

in 1929 - 1981
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Fig.VIO-B Distr1bution of Focul Depth Dy 200 km (MQS)

in 1929 - 1981
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Fig. 10-10 Seismicity of Magnitude 6¢M<7 in 1929 - 1981

20 "N — . _
e d’,,\_\
O ws
I-___‘
10°N M=7
M=B
o° Mg
M=t
10°S -
a0 w
Total Number of Plots is 142.
Fig. 10-11 Seismicity of Magnitude 7{M<8 in 1929 - 1981
20 "N CSA
O nes
10°N @ ﬂ‘\{\___,_\ O =7
o s
\_.
"FL : O !Y‘ =
oy ? 1= 5
) Q]
ﬁ o M=
1G6°6 ., { - )
90 "# 80 W 70°W 60 "W
o Soo /poe

Ckm)

Total Number of Plots is B.

1061



Fig. 10-12 Maximum Acceleration [Oliveira, C Eq.(1)1
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Figo 10"14
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RAXTMUM ACCELEEATION { GAL )

Fig. 10-16  Maximum Acceleration [Okamoto. S. Eq.(5)]
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Table-10.10

Number of Earthquakes in a year during the period

from 1929 to 1981

Yeér N Sum of N Year N Sum of N
1929 2 2 1958 15 124
1930 3 1959 3 127
1931 3 8 1960 6 133
1932 3 21 1961 6 139
1933 10 21 1962 8 127
1934 8 29 1963 104 251
1935 6 35 1964 129 380
1936 0 35 1965 159 539
1937 5 40 1966 151 690
1938 2 42 1967 146 836
1939 3 45 1968 100 936
1940 2 47 1969 74 1010
1941 5 52 1970 113 1123
1942 4 56 1971 73 1196
1943 8 64 1972 66 1262
1944 3 67 1973 132 1394
1945 3 70 1974 185 1579
1946 0 70 1975 103 1682
1947 0 70 1976 170 1852
1948 1 71 1977 83 1935
1949 2 73 1978 79 2014
1950 1 74 1979 212 2226
1951 3 77 1980 137 2363
1952 11 88 1981 4t 2407
1953 0 88

1954 5 93

1955 1 94

1956 8 102

1957 7 109
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Maximum Accelerations during a year from 1929 to 1981
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;-Table-10.13 Maximum Accelerations for Threg Return Periods (gai)-f

Return Period. Tr (year)
Model (s) . ' :
(Eq. No.) Proposeris . , : -
» ¥o. .50 100 200 500
(1. C. Oliveira 23 - 26 29 | 31
(2) R.K. McGuire 65 68 69 70
(3) L. Esteva & 32 40 48 58
R. Rosenblueth : g

“) T. Katayama 39 T 48 51
(5) $. Okamoto 118 142 - ©161 179
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10.7 Conclusions and Recommendations -
10.7.1 Conclusions

The geologxcal englneerxng findings: cancernlng the EI ‘Siete No. 1
'and No. 2 Progects obtained in the 1nvest1gat10ns JUSt carried out may be

summarized as follows:
(1) El Siete'No. 1 Regulating Reservoir

There are no topographical or geological conditions liable to pose
problems concerning watertightness in the El Siete No., 1 regulating reser-—’

volr area.

Regarding the slope stabilities of the mudflow deposits distributed
at the reservoir rim, the depesits would need to be made objects for study,
but since the greater part would be located above the reservoir high water
level, it is thought there will be 1little possibility of large-~scale

collapses occurring so long as protection is provided in certain areas,

With regard to small failures of slopes around the reservoir and in
upstream areas, and the problem of sedimentation of tractional load in the
reservoir, it will be necessary to consider measures against sedimentation

to secure the reservoir's regulating capacity.
(2) El Siete No. 1 Dam

It will be necessary for the mudflow deposit distributed at the
right-bank side to be excavated and removed for the El Siete No. 1 dam
foundation. Also, for the dam foundation, it will be necessary for the
weathered surface portion of the basalt constituting the basement at this
site Lo be excavated, and, a suitable water barrier treatment (for example,

curtain grouting) to be provided to secure watertightness.,

Since it is possible for cut slopes of mudfiow deposits upstream
and downstream of the right-bank abutment of the dam to collapse as a
result of water impoundment, it will be necessary to conszider a stabilizing

measure for these slopes.
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(3) El Siete No. 1 Auxiliary Dam

It is neceséary for viver-bed sand-gravel, terrace deposits, and
weathered surface portions of basement rock to be excavated and removed for
the E1 Siete No. 1 auxiliary dam. With regard to the watertightuess of the
baéement, it is counsidered that adequate watertightness can be secured if
the weathered portion of the basement surface layer is removed, but water
barrier treatment (for example, curtain grouting) may be necessary at cer-

tain sections.
(4) . El Siete No., | Headrace Tunnel

It is estimated that basalt is distributed over approximately 80
percent of the. El Siete MNo., 1 headrace tunnel route, with alternation
mostly of sandstone and shale distributed in the approximately 20 percent

rewaining.

The greater part of these rocks distributed along the headrace tun-—
nel route is expected to be fresh, hard and dense, while since there are
few faults estimated to cross with the tunnel, it is thought there are few

geological conditions unfavorable for tunnel excavation.
(5) El Siete No. 1 Auxiliary Connecting Tunnel

It is estimated that alternation of shale aﬁd calcareous shale and
alternatioﬁ of chert and limestone are distributed over approximately 50
ﬁercent, and basalt over the other 50 percent of the El Siete No. 1 auxi-
liary connecting tunnel route. These rocks distributed along the tunnel
route are fresh, hard, and dense, and it is thought that they will not pose

major problems geologically in tunnel excavationm.

However, the tunnel cover is thin in the vicinity of the Qda. Sta
Lucia across the tunnel route, and there is a possibility of a number of
minor faults crossing with the tumnel in this vicinity so that some water

gpringing may occur during excavation, and care will need to be exercised.
(6) El Siete No. 1 Surge Tank, Penstock, Powerhouse, and Tailrace Sites

It is expected that weathering of the basement surface has occurred
to lower depths the farther down aloug the route of the pemstock from the

El Siete No.'l.surge ténk.

10-71



Since strongly weathered bedrock will be exposed by cutting at the
surge tank site,_it will be necessary to give consideration to securing the

stability of the cut slopa.

It is mnecessary for penstock anchor ‘block foundations to be
obtained at levels deepet than the strongly weathered portions of the base—

ment .

Ffesh, hard bedrock is distributed at the powerhouse foundation and
ample bearing power as a foundation for the powerhouse will be obtained.
However, since slopewash and a strongly weathered portion of the bedrock
will exist at the cut slope, appearing as a result of powerhouse foundation

excavation, it will be necessary to be caraful about slope stability.

It is estimated that frash, hard bedrock is distributed along the
entire tailrace tunnel route, and it is expected there will be few geologi-

cal engineering problems encountered.
(7) El Siete No. 2 Intake Dam

The mudflow deposit at the right-bank side of the El Siete No. 2
intake dam site is unsuitable for a dam foundation and will heed to be
excavated and removed. It will be necessary to consider excavation and
removal of the strongly weathered surface portions of the basalt and alter-
nation of sandstone and shale comprising the basement at this site, and
also provide suitable water barrier treatment {for example, cdrtain

grouting).
(8) El Siete No., 2 Headrace Tunnel

It is estimated that alternationm of sandstone and shale is distri-
buted over approximately 10 percent, diorite over approximately 40 percent,
and diabase over approximately 30 percent of the El1 Siete No. 2 headrace
tunnel route. Most of these rocks distributed at this tunnmel route are
fresh and hard, and although there may be localized poor condition areas
it is considered that the greater part of the tunnel will pass

through good quality bedrock.

However, a schistose structure is devaloped in the amphibolite belt
at the boundary between the diabase and diorite érossihg with the tunnel

and tunnelling in this section will require care Lo be exercised.
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(9) El Siete No. 2 Surge Tank, Penstock, and Powerhouse Sites

It is possible that the diabase comprising the basement of the
surge tank site is strongly weathered to a maximum depth of about 20 m from
the surface, and it is ﬁecessary for this factor to be considered in
designing the surge tank vertical shaft and the cut slope at the ground

surface.

The disbase constituting the basement of the penstock route is
estimated to be wéa;hered to a maximum of approximately 30 m from the
ground surface, but is is possible that bearing ground for pemstock anchor

blocks can be obtained at 6 to 7 m from the ground surface or shallower.

It is thought that the powerhouse foundation will be amphibolite
which is weathered in parts but possessing more or less ample bearing
power. Regarding the stability of the slope behind the powerhouse, 1t is
necessary for care to be exercised because joints dipping toward the river

and a schistose structure exist in the basewent.
(10) Concrete Aggregate

The natural aggregate distributed in this area is small in quan-
tity, while there is also the possibility of problems arising regarding
quality. Therefore, even if this aggregate is to be used, it would be in

concrete for temporary facilities.

Since high quality councrete is required for important structures
such as the El Siete No. 1 dam, rock collected from a quarry would be
crushed and used. The mountain at the left bank 1.5 km downstream of the
No. 1 dam site is promising as a prospective quarry site (Quebrada Copo

Area).

10.7.2 Recommendations

The conclusions given herein are based on preliminary investiga-
tionas., To proceed hereafter to the stage of definite design, it is thought
further investigations such as those shown below are necessary at the indi-
vidual projected structure sites, and it is reccmmended they be imple-

mented,
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Geological mwapping of individual structure sites utilizing
‘highly accurate topographical maps (scale about 1/500 to
1/1,000}).

Geological mapping of waterway routes utilizing highly accurate

topographical maps (scale about 1/5,000).

Drillings and adits shown in Table~10.14 and Dwg.~50.
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CHAPTER 11. STUDIES OF DEVELOPMENT TYPE AND DEVELOPMENT SCALE

11.1 Basic Principles and Basic Conditions
11.1.1 Introduction

The basic development -concept for the Atrato River Hydroelectrie
Power Development Project 1s proposed-as the E1l Siete No. i and No. 2 pro-
jects in the Master Plan'Report. The scheme 1s for the construction of a
dam on the Atrato River in the vicinity of the confluence with the tribu-
tary Toro River to proﬁide a régulating pond, drawlng water at the lefr-
bank side of the dam. The water is to be conducted by a headrace to a Wo.
1 powerhouse provided at the left—bank side of the Atrato River at point
upstreém of Girardot Gauging Station to generate electric power. After
power generation, the discharge is to flow directly into the headrace of
the No. 2 power station combining the inflow from the remaining catchment
area drawn at the WNo. 2 intake dam counstructed on the Atrato River imme-
diately upstream of the No. 1 powerhouse with the discharge from the No. 1
powerhouse., This water 1s to be conducted by a headrace to the No. 2
powerhousé to be provided at the right bank of the Atrato River at point
downstream of the confluence with the Pifion River to generate electric

pover.

Further downstream, although not included among the objects of
investigation this time, there are plans for an El Once Power Station to be

constructed.

Upon examination of the present power generation scheme, 1t  was
decided to carry out the studies below using the results of hydrological,
meteorological, topographical, and geological investigations based on the
described basic development concept lmplemented after prepération of the

Master Plan Report.,

- Comparison studies of regulating pond type vun-of-river type, and

regservoir-type development schemes
- Sedimentation countermeasures in regulating pond type development

- Selection of El Siete No. 1 dam axis
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- Selection of El Siete No, 1 dam height

-~ Study of powerhouse location and headrace route of each power

station
~ Study of maximum available discharge of each'deer'station

Since the basic development concept of this scheme 1s for both the
No. 1 and No. 2 prolects to be regulatiung pond type peak power stations
with daily- regulating capacity given the dam of the El Siete No. 1 Project,
it ‘was decided that the two power stations would be put togethef and eva-

luated as one project.

11.1.2 Basic Conditions
(1) Project Area

In the basic'development concept of therMaster Plan, the project
area Is to be a section of approximately 18.4 km on the main stream of the
Atrato River from a point downstream of the confluence with the tributéry
Toro River at El, 1,450 m, and a point downstfeam of the confluence with

the tributary Rio Pilon at El. 687 m.

“The average river-bed pgradient.in this section is 1/24, indicatiﬁg
a swift stream, but upstream of this is an average of approximately 1/60,

and downstream approximately 1/50, showing comparatively gentle gradients.

Other than the previously mentioned point downstream of the Toro
River confluence, there is no suitable site for a reservoir or regulating

pound.

Consequently, regardless of the type of development, to expand the
project area further upstream or downstream from the basic development con-

cept would greatly impair the Project's economics.

Therefore, in this chabter's study, the project area is to be iden-
tical to the area of the basic developuent coﬁceﬁt in the Master Plan.
This area is outside the range of influence of the El Once project cited as

a downstream development site in the Master Plan,



(2) Sedimentation Inside Regulating Pond

-As,described in Paragraph 5, Chapter 8, a sediment inflow of 1.6 x
106 m3 is expected annually when a regulating pond or reservoir is provided
at the El Siete No. 1 dam site on the Atrato Riﬁer. This volume of sgedi-
ment is enough to bury the regulating pond even before one year has

elapsed.

It was therefore decided to consider a system incorporating a regu-

lating pond which would flush out deﬁosited sediment.
(3 Firm Discharge and Maximum Available Discharge

A firm discharge was selected as the discharge condition in making

a comparison study of the development project.

The firm discharge flowing in at the El Siete Wo. 1 dam site is
12.3 m3/s determined by catchment area ratio from runoff data of Sanchez
Gauging Station located immediately upstream, while at the El Siete No. 2
dam site it is 14.3 m3/s. -

Firm discharge is the discharge secured for 95 pevcent of Lhe year
(346 days), and is the probable discharge which is the basis for for-
mulating hydro project plans at ICEL and ISA.

The maximum available discharges of the El Siete No. 1 and No. 2
projects were based on discharges permitting operation at 50 percent load
factor appljing firm discharges to system load, in the case of a regulating
pond Lype, discharges corresponding to double the firm discharges.

These values are applied in common to all alternatives in the study
of development type, but in the case of a reservoir type, the firm
discharge applied 1s the above-mentioned discharge plus the discharge

supplemented from the reservolr.
(4) Bvaluation Criteria for Determining Optimum Scheme

The evaluation criterion in determining the scale of development in
the cagse of the precondition that a hydroelectric power station will be

builg is described.



_ Although the financial and economic evaluations of this project
described in Chapter 16 are one measure for evaluation, it is not a means
to weasure the cptiMQm utili?ation of water power resources at the project
site, and comparisons with projects in sectors other- than electric power
are made,:'with market interest ratés and with the dpﬁortunity cost of

capital.

In general, economic evaluation of a hydroelectric power station is
done comparing the product of the project-electricity-with the cost of pro-
ducing eiectricity with an alternative pbwef generating facility having the
gsame supply reliability, and when the cost of the -hydroelectric project is

lower, the hydroelectric project is considered to be economically feasible.

Regarding.the altefnative powér generating facility, the present
state of the eléctric power system and the future power supply sﬁructure
are consldered, and it is impoftant-to establish the evaluation criterion
assuming a power generating facility having the possibility of being
constructed as a truly alternative facility where the project under study

did not exist,

The Survey Mission Investigated the present state of GColombla's
electric power system in this sense and selected the Cartagena coal-fired
Lthermal power facllity scheduled to be developed as the alternative thermal
power generating facility. '

The feasibility of the Cartagena coal-fired thermal power project
“has already been established by CORELCA and may be considered the most
reasonable evaluation ecriterion as an alternative facility for a

hydroelectric power development project.

In designating this Cartagena coal-fired thermal power generation
project as the alternative power generation facility, correction factors to
bring it to the same power supply reliability level as a hydroelectric pro-

ject were consldered and as a result the following were obtained:
1) Preconditions (Assuming Coal-Fired Thermal of 300-MW Unit)

= Coustruction cost per kW
(1984 chronological table price} : US$897.5
— Service life : 30 yr



o
e

- Station service ratio

- Fault oﬁtage-ratio t 5%
"~ periodic oﬁtage ratio : 10%
~ QOperation and maintenance cost
(excluding fuel cost) 3%
%~ Related 220-kV transmission line : USS$66/kW/km
~ Coal price delivered at Carta~
-gené Power Station : US$47.0/ton
- Calorific value of coal : 6,900 kcal/kg
~ Thermal efficiency at power
station outlet : 35.0%
- Plant utility factor ¢ T0%
- Annual energy. production : 1,840 kWh
- Discount factor, 1 e 12%fyr
® Cartagena—Ternera—Sabaha Larga 86.4 km

2) KW and KWh Values

The evaluation criteria used to declde hydroelectric power

plant scale are as follows:

KW ¢ USS154.7/kW
kWh : US mill 22.3 kWh (firm)
US mill i8.4 kWh (secondary)
Note : See Appendix-JV for calculation results

It will suffice for the point that should be observed in eva-
ldatiﬁg a hydro resource at this-project site to be only the eva-
iuatidn of the value of electricity, which 1is the product of the
project, and additional benefits such as flood control and irriga-
tion need not be considered. The evaluation criterion for this
Project is that the optimum séale will be the scale of a hydro pro-
ject where benefit of the hydro resource as seen through cost com~

parisoun with the alternative thermal facility will be maximum.

In this sense,'it will be appropriate for the optimum scale to
‘be decided by the maximum benefit (B~C) deducting cost from bene-
fit, and not evaluation by benefit-cost ratio (B/C).



11.2  Study of Development Type

11.2.1 Comparisons of Regulating Pond Type, Run-bf—Rifer Type and
Reservoir Type

(1) Regulating Pond Type Scheme

The scheme 1s for the regulating pond créated by El Siete No. | Dam
te be given the capacity for dally regulation, providing firm peak

operation.

The regulating pond capacity to regulate 12.3 m3/s firm discharge
described in 11.1 above, will be 540 x 103 w3,

The high water level with which this éapaéity can be secured would
be at El. 1,450 m, with the low water level at 1,440 m., The dam height for
this purpose will be 55 m, and crest length 207 m.

The El Siete No. 1 auxiliary dam described in 11.2.2, would be com~—
bined with this scheme. The purpose of the auxiliary intake dam is fof use
when flushing out sediment deposited at the El Siete No. 1 dam. Diséhargé
for power would be intaked at the auxiliary intake dam for about 90 days

annually.

The outlines of the regulating pond type scheme are given 1in
Table=-11l.1.

(2) Run-of-River Type Scheme

In case of a run-of-river type scheme, the EL Siete No. ! regu-
lating pond type scheme would be eliminated, and the No. 1 auxiliary intake

dam would serve as the intake dam for the run*of—rivef tyﬁe scheme.

The intake water level can therefore be at EL. 1,460 m, 10 w higher
than In the regulating pond type scheme. For inflow intake from the tribu-—
tary Toro River and Santa Lucla Ravine, it will be necessary to provide a
Toro River branch waterway and a Santa Lucla intake waterway, which are

unnecessary In the case of the regulating pond type séhemé.

Maximum available discharge would be 25 m3/é when determined from

the discharge for an annual plant utillity factor of approx. 80 percent.



Régarding the handling of sediment inflow, a sand flush gate would
be provided at a crest of "the intake dam to flush away sediment deposited

in front of the intake.

The outlines of the run-of-river type scheme are given in

.Table 11.2.
(3) Reservolr Type Scheme

in view of the prevalling topography and geology, the same dam axis
for the regulating pond type scheme would be selected when El Siete No. 1

Dam is to be for a reservoir type schene,

The discharge duration at the projected site 1s comparatively
stable as described in Chapter 8. Were a reservoir to be provided, there
would be fewer opportunit{es to discharge from the spillway so that it must
be judged that the greater part of the sediment inflow will be trapped in

the reservoir.

Accordingly, it was assumed that an annual sediment inflow of 1,566
x 103 wd would be deposited during the entire 50-year service life con-
sidered for a hydro power station,'to amount to 78 x 108 m3, and the low
water level was taken to be at El. 1,548.00 m, considering the static draft

head of the intake at the sediment surface.

The following two cases were studied based on the preconditions

described.

1) Scheme for Physically Maximum Height Dam din View of
Topographical and Geological Conditions of Damsite

This is a scheme for high water level at El. 1,580 m, with

available drawdown of 32 m and an effective storage capacity of 99

b4 106 m3.

This storage capacity would enable firm discharge to be
increased to 17.5 m3/s and consequently, maximum available

discharge would be 35 m3/s.

The maximum avallable discharge supplement duration of the

reservolr would be 33 days.



_ The dam height would Be 188 m, thé-dam'vblume'S.Z X 106-m3,
-therefore, volume of effective storage'capacity'of the reservoir is

30.9 times in comparisou with ﬁhe volume of the dam coacrete.

2) Scheme for Effective Storage Capacity of 36.3 ‘x 100 mo

Correspoﬁding to 5 Percent of Annual Inflow

5 percent is the minimum value at which éfficiency as a reser-
voir can be expected, and the high water level in this case would
be at El, 1,561 m. ' '

The firm dischafge would be 15 m3/s:and the maximum available
discharge 30 m3/s.

. The continuous maximum available discharge supply of the reser-

voir would be 14 days.

The dam height would be 166 m, the dam volume 2.4 x 10° m3,
therefor effective storage capaclty of the reservoir is 15 times in

comparlison with the volume of the dam concrete.

- In both scheme, the hamlet of El Siete would be submerged, while it
would also be necessary to relocate approximately 10 km of the national

road.,

There are also various other problems such as the risk of collapses
at terraces formed by river deposits and hills around the reservoir due to
seepage from the reservoir. The outlines of these two cases of the reser-

voir schemes are given in Table-~11.3.



{4) Comparison Results

_ In compérisons' regarding the economics of the dally regulating
pond,_run~0f~river, énd reservoir type schemes, the energy cost (overall)
with the daily reguiating pond,type will be USmill28/kWh with the annual
sutplus benefit (B-C) of US$17,434 thousand and the benefit-cost ratio
(B/G) of 1.558.

In comparison, the energy cost with the run-of-river type will
be USmi1123/kWh with the annual surplus benefit (B-C) of U889,792 thousand
and the benefit-cost ratio (B/C) of 1.384.,

From the basis of these results, the energy cost in the case of
the run—-of-river type is USmi1l23/kWh, seemingly cheaper than daily regula-
tion, but secondary energy would be increased because of the lack of regu-
lating capacity, while the kW value for only firm discharge can be counted
on (50 percent reduction compared with regulating pond type) thereby
reducing benefic (B). Hence, the economics in terms of the annual surplus
benefit (B-C) and the benefit—coét ratio (B/C) would be infericr compared
with the regulating pond type.

With the reservoir type, the energy cost will be USmillé3/kWh with
a dam height of 188 m and USmill54/kWh with a dam height of 166 m for a
benefit-cost ratio (B/C) of 0.792 and 0.864, respectively, indicating that

the costs would be higher than for the alternative thermal.

On overall jﬁdgment of these points, the regulating pond type
scheme should be adopted as the development type.

The results of the comparison study are given in Table-11.4.

11-9
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Table-11.1"  Qutline of Development Plans of Regulating Pond Type
Description Unit | No.l Project | No.2 Project Total
Catchment Area
Main area/ Sub area km? 256,33/~ 297.9/~
Total " 256.3 297.9
Annual Inflow 106m3_ 725 843
Reservoir
High water level m 1,450.00 1,070,00
Low water level . " 1,440.00 -
Available draw down " ©10.00 -
Gross storage capacity m? 926,000 -
Effecitve storage capaclity " 540,000 -
Main Dam
Type C.G C.G
Hight x Crest length m 55 x 207 35 x 146
Volume m3 143,000 60,000
Auxiliary Dam
Type C.G -
Hight x Crest length m 21,5 x 148
Volume m3 36,000
Headrace Tunnel
Type x Number of tunnels Pressure x 1 ] Pressure x !}
Diameter x Length ® 3.40 x 3,145 1 3.60 x 9,109
Connection Tunnel _ -
Diameter x Length m 3.30 x 858
Penstock Line
Number of lines 1 -2 1 -2
Di ameter x Length m 3.40 - 1.25] 3.60 - 1.25
. : x 1,301 % 1,045
Powerstation
Type of turbine x Number VP x 2 VF x 2
of unit
Development Plan
Intake water level m 1,445,00 1,068.50
Tail water level " 1,071.00 687.00
Gross head " 374,00 381,50
Loss of head " 21.00 24.00
Effective head " 353.00 357.50
Maximum discharge m3/s 25.00 - 28.00
Installed capacity MW 75.0 85.0 160.0
Annual energy production GWh 508.0 588.3 1,096.3
Firm energy " 319.8 376.5 696.3
Secondary energy ” 188.2 211.58 400.0
MU 73.8 80.8 154.6

“Frm output
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Table-11.2 '_Outlinexof.ﬂevelopment Plans of Run-0ff River Type

No.l Project

Description Unit No.2 Project | - Total
Catchment Area - 3 f o
Main area/ Sub area km? | 235,7/19.8 297.9/~
Total " 255.5 297.9
Annual Inflow 106:3 722 843
Reservolr .
High water level m 1,460.00 1,070.00
Low water level " - : -
Available draw down " - -
Gross storage capacity m3 - -
Effecitve storage capacity " - -
Main Dam
Type C.G C.G
Hight x Crest length m 21.5 x 148 35 x 146
Volume m3 36,000 60,000
Auxiliary Dam
Type C.G -
Hight % Crest length -.m 5 x 20
Yo lume mJ ' 500
tleadrace Tunnel
Type x Number of tunnels Pressure x 1§ Pressure x 1
Diameter x Length m 3.40 x 3,753 3.60 x 9,109
Connection Tunnel -
Diameter x Length m 1,80 x 1,000
Penstock Line
Number of lines 1 -2 1 -2
Diameter x Length m 3.40 - 1.25 3.60 - 1,25
' x 1,301 x 1,045
Powerstation
Type of turbine x Number VP x 2 VF x 2
of unit
Development Plan _
Intake water level m 1,460.00 1,068.50
Tail water level " 1,071.00 687.00
Gross head " -386.00 381.50
Loss of head " 23.70 24.00 .
Effective head " 365,30 357.50
Maximum discharge m3/s 25.00 28,00 1 :
Installed capacity MW 77.9 85.0 162.9
Annual energy production GWh 546.9 610.7 1,157.6
Firm energy ” 329.7 376.5 706.2
Secondary energy ” 217.2 234,2 451.4
Flrm output MW 38,0 43,6 81.6

11-12
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11.2.2° Sedimentation Countermeasures of Regulating Pond

_ “The estimated sediment yileld of the Atrato River is very large at
6,0757m?/km2)yr as described in 8.5 and it would be impossible to cope with
this considering a sedimentation capacity within the regulating pond. As
shown in Fig, 11—2, due to trap efficiency, there would be fewer oppor-
tunities to discharge from.the spillway the larger that storage capacity is
made, and a large proportion of inflowing sediment would settle. As a
result, it would be necessary for the storage capacity to be made even
larger to constitute a vicious cycle and ultimately, it would become
necessary to have a 78 x 108 m3 gedimentation capacity as mentioned in 2.1

of this chapter.

To secure the sedimentation capacity, a dam 134 m in height would

be necessary and it would not be possible to maintain the economics of the

Project.
Fig. 11-2 Sediment Trap Efficiency
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In this project therefore, it must be possible for the sediment of
No. 1 dam to be flushed out by a flushing gate provided at the bottom of
- No. 1 dam, and when the river runoff at the regulating pond exceeds a.
given level, the flushing gate is to be fully open to lower the water
level, the sediment in the regulating pond to downstream of the dam by the
flowing storéged water to return ﬁhé interior of the regulating pond to the
 eondition of a natural stréam, sediment coming down from the upstream area

being'directed'downstream without deposition.
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While the water level - of the regulating poand ié_beingfloweped to
remove sediment it would not Be possible for water to be intaked from the
intaké, and therefore, water is toibe intaked at the No., 1 auxiliary intake
dam so that power generation will not be stopped because of sediment

flubhing from the regulating pond

The No.
850 m upstream of El Siete No,

1 auxiliary intake danl would be provided approximately
1 Dam near the end of -the No, 1 regulating
pound backwater. The run—of-river system is to be adopted for the intake

method.

A study of the El Siete No. l'regulating pond . sediment flushing
operations was made to ascertain the effect of the interconnected operation
of Bl Siete No. 1| Regulating Pond and the No. 1. auxiliary dam. The results

are given in Table-l11.5.

Table-11.5 Operation Study on Sediment Flushing
at E1 Siete No.l Regulating Pond
~ Runoff at El Siete No.l Auxiliary Intake Dam
Degcription. at the time of Sediment Flushing is started
Unit 20 m3/séc 25 malsec 30 m3/sec 35 m3/sec
Annual Inflow w3/ g~ 8,393.28 8,393.28 8,393.28 8,393.28
day .

Annual available " 6,573.27 7,421.30 7,892.96 8,146.02
intake
Annual Sediment 103m3 | 1,557 1,557 1,557 1,557
Annual times of time 16 17 13 9
sediment flushing
Annual number of day 181 96 51 20
days of sediment
flushing
Maximum sedimentation | 103m3 10 - 28 66 82
at the time flushing .
is started
Annual waste m3/s 352.69 366 .66 351.24 319.87
discharge from -day :
flushing
Actual annual wl/s 6,220.58 7,054,64 | 7,541.72 7,826.15
available discharge ~day :

116




it was determinéd that when starting flushing at the No. 1 dam with
25 m3/s inflow at the auxiliary dam site the water lavel lowering frequency
for sediment flushing would be 17 times per year, the maximum sedimentation

3 and, as the

at the time flushing is started would be less than 30,000 m
river*ﬁéd gradient above and below the main dam is steep at 1/20 and less,
sediment flushing at the dam is very possible with the unatural flow of
river water. The awiual waste discharge from flushing would be 367 m3/s
day (32 x 106 m3), less than 5 percent of the available annual intake and

not an amount to impair the economics of the Project.

As a result of the study on sediment flushing at El Siete No.l dam,
deposited sand materials in the reservoir will be eliminated by the excess
water more than 25 m3/s of the natural river flow of Rio Atrato by means of
the sand flush gates operation 17 times a year, which was clarified by a

mode of simulation.

Since, the reservoir area where the sand material would be accumu-
lated is about 150 m in width and 400 m in length, the deposited material

can be eliminated by bulldozer if necessary.

_ it is necessary to construct the auxiliaries intake dam by the
reason why both El Siete No.l and No.2 power plant can contlnue generating
operation while the sand flushing gates opening are kept at a reservoir

water level corresponding to the original river bed in the reservoir. For

this it is possible for both El Siete No.l ;gnd"NOFQ . power Qlant§' to¥-{ +

generate energy about 368 GWH.

11.2.3 Selection of E1 Siete No. 1 Dam Axis

For the El Siete No. 1 Dam axis, in addition to the dam axis
{downstream dam axis) selected in the Master Plan, an alternative dam axis
was selected approximately 100 m upstream of the downstream dam axis, and a

comparison study was made of the economics.

In this case, with the downstream dam axis, the regulating capacity
required can be secured with high water level at EL. 1,450 m. With the
upstream dam axis it would however be necessary to secure the regulating

capacity required with a high water level at EL. 1,453 m.
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The dam height would be the same 55 m for both, but whereas the
volume of the downstream dam would be 143 x 103 m3, that for the upstream
dam would be 165 x 103 w3,

The results of the study comparing the two dams are given in
Table-1 ;lrn 6 .

Table-11.6 Study of Economic Comparison on
' El Siete No.l Dam Axis

Description Unit Master Plan Axis Alternative ?lan Axis

(Down-stream) {Up~stream)

Reservolr

HWL . m 1,450 1,453

LWL . m 1,440 . 1,443
Draw down depth m 10 10
Total -storage 1033 926 880
capacicy
Effectlve 103m3 540 540

storage capacity

Dam helght m 55 55
Crest length n 207 210
Volume 1033 143 165
Construct Lon 103uss 134,740 137,930
cost of EL Siete ‘

No.l P.S.

El Siete No.l

P.5.

Annual

benefit: (B) " 22,276 22,465
Annual cost: (G) " 16,169 16,552
B-C C 6,107 ' 5,913
B/C 1.378 1,357

It was therefore decided to select the downstream dam axis for El

Siete No. 1 Dam.

11--18



11.2.4 Selection of No. 1 Auxiliary Intake Dam Axis

El Siete No. ! Auxiliary Intake Dam is a facility to be used as an
alternative to the No. 1 intake facilities during sediment flushing opera-
tions at the No. 1 regulating pond.

The dam axis was éelected at a point approximately 350 m downstream
from the confluence of the Sanchez River and the Atrato River, approxima-
tely 1 km upstream from the El Siete No. 1 dam axis, that is, at the end of
the No. 1_regulating pond backwater, where the river is cohparatively wide
and there: is open flat river Lerrace space where facilities such as the
intake dam, intake, settling basin, etc., can be lald out rationally from

the viewpoints of purpose and function,

11.2.5 Determination of Maximum Scale of E1 Siete No. 1 Dam (Regulating Pond)

.In examination of the optimum scale for EL Siete Wo. 1 Dam, a com—
parison study was made setting up a minimum-scale dam as the basic-scale,

and then setting up an alternative scale,

In effect, the original ground around the regulating pond was con-
sidered, the maximum extent of available drawdown permissible as a dam for
daily regulation was taken to be 10 m, and the three alternatives of the
basic-geale minimum~scale dam (high water level, EL., 1,450 m), high water
level of EL. 1,452.5 m and high water level of EL. 1,455 m, were compared
and studied to secure the 540,000 m3 regulating capaclty necessary for the

Project at this avallable drawdown.

The results of the study are given in Fig. 11-3 and Table-11.7.
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Fig. 11-3 Study on Optimum Dam Height
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As is clearly indicated in the study results, the Project's econo-
mics would be impaired as the size of the dam is increased, and therefore
the minimum-scale dam of high water level at EBL. 1,450 m and 55 m dam

height was selected as the optimum scale.

11.2.6 Studies of Powerhouse Locations and Headrace Routes

El Siete No., 1 Dam would be for regulating pond'type development
with.a high water level at EL. 1,450 m, the location being mbst reasonable
topographically and geologleally with the dam axis (downstream dam) at
the Sanchez distriet. In this paragraph, therefore, the rééults of com—
parigson studies for powerhouse locations and their waterwéy routes are

described.

In this case, the section from the Sanchez district, the confluence
of the Atrato River and the Toro River to the Pifion district where river-

bed level of EL. 685 m was taken to be the project area.

The river-bed gradient in this section is 1/24 for a very swift
stream, and especially, the section between Sanchez and Girardot is in the

form of cascades.

On the other hand, from the topographical and geological viewpoint,
it is not appropriate for the head of the section from the ¥l Siete No. 1
dam site to the Pifion district to be developed in a single stage. It was
therefore decided that power generation would be by dividing the head into
two stages with ElL Siete Ne. 1| Power Station selected at the Girardot
district as the first-stage power plant and El Siete No, 2 power Station at

the Pinon distriect as the second-stage power plant.

For the location of El Siete No. ! Powerhouse considering the
topographical and geological conditlons, the connectilon to the El Siete No.
2 power station, intake of water from the remaining catchment area, three
sites were selected -~ the vicinity of the confluence of the Atrato River
and Santa Isabel Ravine selected in the Master Plan (called Site 1M), the
vicinity of the confluence of the Atratoc River and Aguila Ravine selected
in field investiga;ions of the preseunt Feasibility Study (called Site 1F),
and a site 700 m downstream of the counfluence of the Atrato River and the
Girardot River considered an alternative for Site ¥ (called Site 1G) fdr

comparative study.
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- As . for the gelection of the El Siete No. 2 Power Station site
upstrean of the Atrato River and Girardot River confluence, there is no
merit in Shorténing the headrace length of the El Siete No. 2 Project by
short-cutting Atrato River menders there, and as it would be necessary to
construct an intake dam on the Girardot River in addition to on the Atrato

River, it would be uneconomical.

On the other hand, for El Siete No. 2 Power Station, in view of the
topdgraphical and geological conditions, the limit to drawing the
discharged water (maximum 25 mals) from the No. 1 power station and the
iﬁflow of the remaihing catchment area (maximum 3 m3/s) and conducting by
headrace tunnel would be to the Pifion district. Therefore, the No. 2
powerhouse site facing the Atrato River it will be possible to select the
site chosen in the Master Plan (called Site 2M) and shown in Fig. 11-2, and
the site chosen through field investigations in the present Feasibility
Study (called Site 2F) shown in Fig. ll-4.

As described, there are three possible sites for the El Siete No. 1
powerhouse, (Site 1F, Site LM, and Site 1G) and two possible sites for the
El Siete No. 2 powerhouse, (Site 2F and Site 2M)and the following six com—

binations of Nos. 1 and 2 sites can be made.
(1) IF-2F Site

As shown in Fig. 11-4, El Siete No. 1 Power Station would be

located at the confluence of the Atrato River and Apguila Ravine.

At this location, the discharge water level would be at EL. 1,071 m
with a total head of 374 m obtained from the intake level of the El Siete
No. 1 regulating pond at EL. 1,445 n

The surface type penstock length would be 1,301 m, shorter than for
the 1G and IM site.

For El Siete No. 2 Power Station, the intake water level would be
at EL. 1,068.5 m with discharge Into the Atrato River at 687 m for a total
~head of 381.5 m. The surface type penstock would be 1,043 m, shorter than
the 2M site.

When the cover of the mouatain for the headrace tunnels connecting
El Siete No. 1 Dam, the No. l powerhouse, and the No. 2 powerhouse and work

adits are considered, the route would be as shown In Fig. l1l-4.
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The No. 1 and No. 2 headrace tunnels would be 3,145 m and 9,109 m
long respectively.

The headrace fbﬁte.to.che ZE_Site for_ElVSiete No.. 2 Power Station
had- been counsidered as promising at.thé time of the Master Plan Stqdy, but
was not adopted since the surge tank site elevation could not be confirmed

in the field when preparing the Master Plan Report.
(2)  1M-2F Site

As shown in Fig. 1142; the El Siete No. 1 p6Werhouéé'wou1d'bé:pro~
vided immediately upstream of the confluence of the mainstrean Atfafo'River
and Santa Tsabel Ravine. This site was selected at the time of the‘NAster
Planzstudy. . . ' ' 1

Since this location 18 2,100 m downstream of the previously-
mentioned 1F site, the discharge water level would be at EL. 988 m,3and a
total head of 457 m would be obtained from the intake water level at the El
Siete No. | regulating pond of EL. 1,445 u, Howeﬁer, the penstock length
Qill be 2,186 m, apprbximately doﬁblé that in the 1F site.

As for El Siete No. 2 Power Staﬁion, the tail water level would be
at EL. 687 m, unchanged from that in the 2F site. The total head from the
intake water level at EL. 980.5 m will be 293.5 m, decreased compared with
the previously mentioned 1F-2F proposal by the amount of increase at the

Mo. 1 power station.
The penstock length can also be shortened to B3 m.

However, as described in Table 11.9, the total headrace length of
15,442 m will be 732 m longer than the 14,710 m for the 1F-2F site.

This iundicates that the economics will be inferior to the
1F-2F site. '

(3 16~-2F Site

As shown in Fig. 11-2, the El Siete WNo, l.powerhouse would be pro-
vided at a polct 700 m downstream from the confluence of the Atrato River

and the Giravdot River.
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- Since . this location is 2,100 m upstream compared with the 1F sgite,
the total head from the intake water level at EL. 1,445 m of the El Siete
No. ! regulating pond would be 341 m, and with the tall water level high,
the penstock leéngth would be 2,043 m, providing little difference from the
IM site.

Howevér, the No. 1 headrace tunnel will be 2,511 m and 636 m

shorter than in the 1F site.

_ For El Siete No. 1 Power Station, the intake water level would be
at BL. 1,098.5 m so that the total head te the tall water level of EL.
687 m would be 411.5 wm, higher than in the case of the previously mentioned
1F-2F site.

The No. 2 penstock will be 1,161 m, or 118 m longer than in the
1F-2F site,

The No., 2 headrace tunnel length would be 8,983 m and the total
waterway 1ehgth would be 14,778 m, as shown in Table-11.9, and although
shorter than in the 1M-2F site, it would be little different from the
1¥-~-2F site. |

{4) 1F-2M, 1M~2M, and 1G-2M Site

Regarding the three sites IF, 1M, and 1G for the El Siete ¥o. 1
powerhouse, the compariscns of combinations with 2F and ZM for the No. 2

powerhouse were carried out to determine which would be better.

The previously mentioned 1F-2F, IM-2F and 1G-2F sites are of the
same powerhouse particulars as El Siete No. 1, and there is only the dif-

ference of the El Siete Wo. 2 powerhouse changing from Site 2F to Site 2M,

(5) Study Results

The results of comparisons made on the various powerhouse loca-
tions, namely, the six cases of 1F-~2F, 1M-2F, 1G-2F and 1F-2M, 1M-2M,
16-2M, are as given in Table-11.8.

According to these results, the 1F-2F site, or that of providing El
Siete No. 1 Power Station at the confluence of the Atrato River and Agulla

Ravine with the El Siete No. 2 powerhouse at the doewnstream 2F gite in the
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Pinon district, will be of minimum power energy cost, with both the annual
surplus benefit (B-C) and the benefit-cost ratio (B/C) being maximum.

- The above 1s followed in order by the site of 1M~2F, 1M-2M, and

IM-2M (Master Plan site), and it was therefore decided to select the 1F-2F
site. ' ‘ '
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11.3  Study of Development Scale
11.3.1 Maximum Available Discharge of E1 Siete No. 1 Power Station

As a result of the studies in 11.2, the development type selected
1% to be the regulating pond type, with the helght of El Siete No. 1 Dam at
55 m, and the high water 1e§e1 at EL. 1,450 m, and with the powerhouse
location and headrace rvoute as 1F-2F., Comparison studies were made of the
gcale of El Siete No. 1 Power Statlon varying the maximum available

discharge_of it at 1 m3/s intervals In a range of 20 to 30 m3/s.

Since the No. ! and No. 2 power stations are connected by a water-
way the two power staions are put togther and evaluated as one Project,
when examining the maximum available discharge of the Wo. 1 power staétion,
the discharge of 3 m3/s taken In from the"remaining catchment area at the
No. 2 intake dam was added to the maximum available discharge of the No. 1

Power Station.

The results of cowparison studies are shown in Fig. 11-5 and

Table"'ll . 10 -

' On examination of the results, the case of available discharge
25 m3/s is of minimum energy cost with both the annual surplus benefit
(B-C) and the benefit-cost ratic (B/C) maximum, and for this Project it was
decided to select the maximum availlable discharge of El Siete No. 1 Power

Station at 25 m3/s.
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11.3.2 Maximum Avaﬂam_e Discharge of E1 Siete No. 2 Power Station

The maximum available dischérge of El Sicte No. 2 Power Station
would be the maximum 25 m3/s discharge of El Siete No. 1 Power Station con-
ducted directly to the No. 2 powerhouse and adding the discharge of the

remaining catchment area obtained at the No. 2 intake dam.

Conséqﬁently, deciding the maximum available discharge of El Siete
No. 2 Power Station 1s deciding to maximum intake water at the No. 2 intake
dam. The intake water at the No. 2 intake dam was varied between 0O and

5 m3/s in this study.'

In effect, comparison studies were made for available discharge of

El Siete No. 2 Power Station varied between 25 m3/s and 30 m3/é.
The results of the studies are given in Fig. 11-6 and Table-1l.1l.

As a result, the generati{ng cost of Bl Siete No. 2 Power Station
will be a minimum at 29 m3/s, while the annual surplus benefit (B-C) will

be a maximum at 28 m3[s and B/C maximum in the case of 27 m3/s.

On the other hand, the case of .no intake at the No. 2 intake dam,
that is the case of maximum available discharge of 25 m3/s gave the highest
B/C, but B-C was smaller than in the case of 28 n3/s.

Consequently, the maximum available dischafge of the No. 2 power
station was selected from the viewpoint of maximum utilization of water
resources at 28 m3/s where the annual surplus benefit (B-C) would be

largest.

Power generation in El Siete No.2 by utilizing overflow water from
El Siete No.l dam in case that El Siete No.l power plant stops is not con-

gidered by the following reasous:

(1) Possibility to get the overflow water for power generétion in
El Siete No.2 project 18 very small by the reason why the
expected inspection and malatenance for the civil.structure
and mechanical and electrical equipment instélled in El Siete
No.l project is a few times which correspond only te 3 or 4

days per year.
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(2) Constroction cost of a sediment basin next to Bl Siete No,2
Dam 1s very expensive by the reason why the sed.iment basin
should be located in the under-ground due to the topographical
condition of the site.
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CHAPTER 12. PRELIMINARY DESIGN

12.1  Study of Basic Specifications

. In selecting the basic specifications of the structures comprising
the El Siete No.l and No.2 power stations, examinations were made of the
type of E1 Siete No.l Dam, the inside diameters of the No.l and No.2
" headrace tunnels, the inside dismeters of the Wo.l and Wo.2 penstocks, and
the types of the two powérhouses.' The results of the examinations are

given below.
(1) Study of El Siete No.l Dam Type

A comparison study was made regarding the El1 Siete No.l dam type
based on the particulars of the Project examined and decided in 11.2. The
dam types normally conceivable are the concrete gravity, concrete arch,

center impervious core rockfill, and concrete facing rockfill,

Items fundamental in selecting the dam type are topographical and
geological conditions, flood discharge, and meteorological conditions

during construction.

In the case of the El Siete No.l Dam, it is clear in view of the
topographical and geological conditions that the damsite is not suitable

for arch concrete dam,

Regarding meteorological conditions, as described in Chapter 8,
there is much annual rainfall, and a great many days of rain fall per vear.
When this is considered, the adoption of a center impervious core rockfiil

would incur problems in the number of days work can be done on the center

core.

Consequently, it was judged that application of a center impervious

core rockfill dam would be difficult.

it was therefore decided to make a comparison study of the concrete

gravity and concrete facing rockfill type dams.

The design of the concrete gravity type is shown in Dwgs., 17 and

18, and the concrete facing rockfill design is shown in Dwg. 47.

12-1.



The comparison study results are given in Table 12.1 below.

The concrete gravity type is US515,040 thousand cheaper in total

construction cost.’

In view of these results, the. concrete gravity ‘type dam was

selected for El Siete No.l. The study results are shown in Table-12.1

_Tdb]euié.l Comparison of the E1 Siete No.l Dam Typé ,

Gravity . . Goncrete Facing Difterence

Item Unit | Concrete Dam Rockfill Dam (B) - (4)
_ (A) @) _
L. . m 1,450 1,450
LWL o 1,440 -1,440
Draw down deptﬁ ™ 10 o 10
Effective strage cap. § 10 m3 540 540
Dam hight | m 55 . 57
Crest length m 207 207
Dam volume w3 143,000 326,000( Rock)

(Concrete} | 43,200(Concrete}] -

Total construction

cost 103usy 134,740 % | 149,780 * +15,040
 Care of river " 2,680 o
No.l dam 23360 37,930
Sub-total . 26,040 | 37,930 +11,890
Others " 108,700 111,850

* No include the cost of transmission line
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(2).

(3)

Economic Comparison- Study of No.l and No.2 Headrace Tunnel Inside

Diameters
- No.! and_No.Z Headrace Tuunels

«~ No.l Headrace Tunnel

No.! headrace tunmnel is a pressure tunnel with a circular cross
section and a length of 3,145 m. It was decided to study the
economic nature of the inside diameter for the case of a 25 md/s

discharge capacity selected in Chapter 11,

In general, determination of a pressurized headrace tunmel's
inside diametér is made by economic comparison, seeking the mini-
mum sum of the annual cost related to the tuanel construction
cost and annual electricity charge loss related to the hydraulic

gradients.

In case of the No.l headrace tunnel, calculations were made at a
pitch of 0.2 m for the inside diameter in a range of 2.8 w to 4.2
m. The results are shown in Fig., 12-1. As the figure shows, the

cconomical inside diameter for the No,l headrace tunnel is 3.4 m,
No.2 Headrace Tunnel

No.2 headrace tunnel is a pressure type with a circular cross
section and a length of 9,109 m., It was decided to make a study

of the economics with a 28 m3/s discharge capacity.

Calculations were made at a pitch of 0.2 m for the inside
diagmeter in a range of 3.0 to 4.4 m. The results are shown in

Fig. 12,2. The economical inside diameter is 3.6 m

Economic Comparison Study of No.l and No.2 Penstock Average Inside

Diameters

'~ No.l Penstock

No.l penstock is a surface type 1,301 m long, bifurcated at its
end section by a Tee-branch., The economics were examined for the

case of a 25 m3/s discharge capacity selected in Chapter 11,

12-3



‘The éeconomic comparison technique was .the same as in the case of

the headrace tunnel.

The study results are as shown in Fig, 12-3, The optimum average
inside diameter is 2.70 m. -
No.2 Penstock

No.2 penstock is a surface type 1,045 m- long bifurcated at its
end section by a Y-branch. The economics were examined for the
case of a 28 m3/s discharge capacity. The economic comparison

technique was the same as previously outlined.

The study results are shown in Fig. '12-4. The optimum inside

. diameter is 2.75 m.
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Fig. 12-1
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Fig. 12-3
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Fig. 12-4 Economical Diameter D1agram for EV S1ete No.2 Proaect
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(4) Comparison of Powerhouse Types (Surface, Underground)

"From the topographic and geological standpeints, the El Siete No.l
and No.2 Power Stations powerhouse structures can be of either surface or

underground type.

The type selected would be decided by the difference in construc-
tion costs, and 1t is necessary to make comparisons concerning construction

items such as penstock, powerhouse and tailrace.

Regarding El Siete No.l Power Station, the layout for a surface

type is shown in Dwg.-27, and the underground type shown in Dwg.-48.

In the case of the surface type it would be a simple combination of

penstock, powerhouse and tailrace.

In the case of the underground type, it would be couwposed of an
underground penstock, underground powerhouse, tailrace tunnel, access tun-—

nel, cable tunnel and work adit.

The differences between the two would be an effective head of 353 m
for the surface type and 357.5 m for underground type, with a maximum out-

put of 75 MW and 76.2 MW, vespectively.

However, with respect to total construction costs, it would be
US$134,740 thousand for the surface type, and US$148,925 thousand for the
underground type, for the benefit-cost ratios (B/C) of 1.378 and 1.262,

respectively,

The surface type would cost US$14,185 thousand 1less, and Lhe

benefit~cost ratio (B/C) would be also better.

The layout of the surface type for El Siete No.2 Power Station is

shown in Dwg.-38 and the underground.type shown in Dwg.-49,

In the case of the surface type, it would be a simple combination

of penstock and powerhouse,.

In the case of the underground type, it would be cowmposed of an
underground penstock, underground powerhouse, tailrace *tunnel, outlet,

access tunnel, cable tunnel, and work adit,
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The difference between the two would be an effective head of 357.5
m for the surface type, in contrast to a 358 m for ‘the underground type,

with a maximum output of 85 MW and 85.2 MW, respectively.

However, with .respect to total construction costs, it.would be
Us$114,771 thousand for the surface type, and U8$128, 958 thousand for the
underground type, for the benefit cost ratios {B/C) of 1. 825 and 1. 624

respectively.

The - surface type would cost US$14, 187 thousand 1ess, and, the

benefit-cost ratio (B/C) would be also better.

~ Gonsequently, for the EIl Siete No.2 Power Station powerhouse, a
surfﬂce type was applied, similarly to the case of the El Siete No.l Power

Station,
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The study results are shown in Tables-12.2 and 12.3.

Table-12.2 Powerhouse Type for E1 Siete No.l Project
It em Unit Ground Sur- |.Under ground | Difference
face type(i1) | type (2) (2) - (1)
Max. diéchnrge m3/s 25 25 -
Eﬁfective_head m 353 357.5 +4.,5
Méx. Qut put MW 75 76.2 +1,2
Annual Energy Gwh 508 514.5 +6.5
.Totél Const. Cost | 103088 134, 740% 148,925% +14,185
Penstock " 3,000 3,150
Power house " 7,480 10,000
Tailrace " 690 2,870
Access tunnel n -
Cable tunnel " - 9,860
Adit " -
Hydraulic Eq. " 16,112 12,092
{Sub-total) (27,282) (37,972) (+10,690)
Others " 107,458 110,953
Annual benefit (B)Y 103Us$ 22,275 22,556
Annwal cost (C) | " 16,169 17,871
Benefit-cost ratig 1.378 1.262

(B/C)

* Transmission line costs not included
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Table-12.3 - Powerhouse Type for E1 Siete No.2 Project
Ttem Unit :Ground Sur~ :Uﬁdef gfoﬁnd Difference
face type(A) type (B) (B) - (A)
Max,:discharge m3/s 28 28 -
Effective head m 357.5. 358.0 +0.5
Max. Output M 85 5.2 +0.2
Annual Energy Gwh 588.3 .589.1 . ;0.8
Total Const. Cost 103uss | 114,771% 128,958% 416,187
feﬁétock | " 2,210 3,240 |
Power house " 4,940 7;630
Tailrace " - 2,930
Access tunnel " - 8,140
Cable tunmnel ) - |
Adit " -
Hydraulic Eq. " 12,271 8,444
(Sub-total) (19,421) (30,384) (+10,963)
Others " 95,350 98,574 "
Annual benefit (BX 103uUs$ 25,100 25,135
Annual cost (C) " 13,772 15,475
Benefit-cost ratio 1,825 1,624

(B/C)

* Transmission line costs not included,
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12.2 Design of Individual Structures

12.2.1 Design of E! Siete No.l Power Station Civil Structures

The El Siete No.l ©Power Station <c¢ivil structures are

follows:

-~ El Siete No.l Dam
Type
Height
Crest
Volume
Design flood
High water level
Low wéter level

Avilable dra&down

~ El1 Siete No.l Auxiliary Dam
Type
Height
Crest length
Volume
Design.flood
High water level

Avilable drawdown

Maximum intake wate :

Concrete gravity
55 m

207

143,000 w3

1,160 m3/s

1,450 m

1,440 m

10 m

Concrete gravity
21.5 m

148.,0 m

36,000 m>

1,110 m3/s

1,460 m

0 m

25 m3/s

- El Siete No.l Auxiliary Sedimentatoun Basin

Type

Tank length
Tank width
Tank depth

Tank capacity

12-13

Double tank
67 m

40 m

6.16 m
16,500 m3



- El Siete No.l Axiliary Comnecting Headrace Tunnel’

Type

“'Lengﬁh
Inside diameter
Cross section
Gradient’

Capacity

- El Siete No.l Intake
Type

Maximum intake wate

- El Siete No.l Headféce Tunnel

Type

Length

Inside diameter
Cross sectio
Gradient

Capacity

- El SBiete No.l Surge Tank

Type

Height
Inside diameter
Cross section

Port diameter

- E1 Siete No.l Penstock
Type
Number of lines
Capacity
Insiﬂe diameter
Steel thickness

Length for No. 1
unit

Length for No, 2
unit

Branch type

e
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Non pressure

858.2 m

3.4 m _ 
Standard.horseshoe shaped
1/600

25 m3/sec

Inclined
25 m3/sec

Pressure
3,144.53 m
3.4 m

1/1000

25 w3/sec

Restricted oriffice, vertical
shaft

43.05 m

7.8 m

Circular

1.4 m

Surface, rocker bearing
1 - 2 (after branched)
25 w3/sec

340 m - 1,25 m

9 mm ~ 29 wmm

1,300.80 m

1,287.80 m

T-branch



- El Siete No.l Powerhouse
| Type
Width
Length
Height
Turbine

- Generator

Turbine center
elevation

Tailwater level

-~ El1 Siete No.1 Tailrace tunnel

Type
Length

Ingide diameter

Cross section
Gradient

Capacity

- El Siete No.l Outdoor Switchyard

Lot
Width
Length

(n El Siete No.l Pam

El Siete No.l Dam is to

.

»
.

Surface

20,00 m

55.50 m

20.80 m |
Vertical-Shaft Peiton X 2 units

Vertical-Shaft synchronous
generator x 2 units

1,074.00 m

1,071,00 m

Non—-pressure

184.72 m

3.60 m

Standard horseshoe shaped
1/1,000

25 m3/s

8,370 ml
94 m
89 m

secure an effective storage capacity of

540,000 m3 for daily regulation of water used at the El Siete No.l and

No.2 Power Stations. The basic planning and designing details for No.l

dam are as follows:

- Design'floéd discharge, handling of 1,160 m3/s (1,000-year return

period flood)

- Sediment discharge disposal measures for 6,075 m3/km?

~ 10 m rapid water level fluctuation for daily regulation
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- Conditions of local materials for dam
~ Cross section and geological conditions of damsite

These basic details were considered and studies made of various dam
types. _Aé_a résult, as a gravity type concrete dam would be optimum for
coping with the above conditions and would also be inexpensive from an eco-
nomic standpoint, it was ‘decided to adopt a conerete gravity type as

described in 12.1.

Regarding the regulating pond, high wateéer level comparison studies
were made of the economics of various water levels and EL. 1,450 m being

the most economical was selected.

Regarding available drawdown, 10 m, at which a daily 540,000 m3
regulating capacity could be secured was adopted. - (See Area-Capacity

Curve, Dwg.-16)

As a result of these studies, the dam height was made 55 m from the

foundation rock,

In selection of the dam axis, the topographical and geological con-
ditions at the prospective damsites were considered and two alternatives,
upstream and downstream, were selected, comparison studies made, and the

downstream axis providing better economics selected. (See 11.2.4)

The matters considered in the design of El Siete No.l Dam are given

below.
1} Spillway

The design flood discharge at El Siete No,l Dam is taken to be
1,160 m3/s as stated in 8.4.

Spillways to handle this flood are to be provided at the middle
of the dam, and these were made a combination of normal-use and

emergency spillway types.

A normal-use spillway would discharge floods up to 200
m3/s-class which corresponds to past maximum flod by free
overflow of the dam crest at surcharge water level without

operating the gates, .
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2)

On the other hand, in the event of a flood exceeding.ZOO m3/s,
the structure is to be such that this flood will be discharged
by an emergency spiliway having two 9.00 w high, 10.00 m wide

sluice gates together with the normal-use spillway.

Gate operation errors can be prevented Ehfough the use of the
two spillways, while the normal-use spillway will be effective
against unforeseen floods induced by slope failures which may
occur in the reservoir area or farther upstream. These
spillways will occupy a 88 m section of the 207 m dam crest
length, corresponding to 42 percent of the entire dam crest
length.

Gate for El Siete No.l.Regulating Pond Sediment Flushing

No.l dam will have two sediment flushing gates to discharge
sediment deposited in the regulating pond to the area

downstream of the dam.

To handle sediment deposited in the No.l regulating pond and to
maiotain the daily regulating capacity, it is necessary, when
the river runoff at the regulating pond exceeds a given level,
to fully open the previously described gates to return the
interior of the reguléting pond to its original stream con-
dition and cause inflow tb flow down naturally, and through the
force of the flow to turn the deposited layer into slurry for

discharge downstream.,

Sediment flushing gates are necessary for the previouslymen-
tioned operation, and therefore highly important are facili-

ties.

The sediment flushing gaté ducts are to have sluice gates at
the Eront'and tainter gates at the back giving consideration to
ease of_oﬁening and closing operations. The duct cross sec-
tions are to be 6 m high and 6 m wide, with consideration given
to facilitate supplementary sediment disposal work by censtruc-—

tion equipment.
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3) E1 Siete Na.l Dam River Diversion

4)

The El" Siete No.l dam site is‘cbmparati§e1y*sma11 width, while
the stream is swift, and thesfesults.of'hydrological analyses

show that maximum floods af'ZOO m3/s based on the probability

~in 25 years return period are large compared with the river

channél, and the rise of the water level is great. These con-
ditions were considered and it was decided to adopt a tunnel

diversion system.

Regarding the diversion tunnel location, on considering the

geologies of the two banks at the El Siete No.l dam site, the
right bank where deposited layers and a weathered zone extend
deep inside was avoided, and the Ieft_bank where the_original
ground is comparatively stable was selected. Thé iength is to
be 356.4 m, the gradient 1/18,72, and the cross section a semi-~
circular top, rectangular bottom shape of inside diameter 4.50
m. The diversion tunnel capacity was designed at the past

maximum flood of.200 m3/s.

The wupstream and downstfeam cofferdams were made rockfill

types, the heights being 11.0 m and 6.5 m, respectively.

Regarding abnormal floods during construction, considerations
were given so that the sediment flushing ducts in the dam body

can be used as diversion.
El Siete No,l1 Dam Foundation Rock Treatment

The rock comprising the foundation of El Siete Ro,l Dam is
basalt as described in 10.4.2, and it was decided that foun-
dation rock treatment for the dam would be carried out giving

consideration to the fact that there are many seams.,

Foundation rock treatment was designed to consist of con-
solidation grout, and from the inspection gallery in the dam
body, one row of curtain grout at 1.5 m intervals and 20 m

depths at the widdle of the dam.
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5) El Siete NMo.l Dam Right Wing Cut-off Councrete Treatment

The right abutment of El Siete Mo.l Dam has distributions of
deposited layers and.a deep 1éyer of a weathered zone as showh
in Dwg.-09 and Dwg.—17; As the mountainside is cowmparatively
steep at 1/1.3, if the dam foundation were to be excavated by
surface work, the cut siope would be high and the quantity of
excavation large. It was therefore decided that the com-
paratively stable weathered zone would be excavated in tunnel

form and filled with concrete to construct a cut-off wall.
() El Siete No.l Auxiliary Dam and Auxiliary Intake

‘El Siete No.l Auxiliary Dam is a facility to be used as an alter-
nate to the No.l! inake facility during flushing operations at the No.l

regulating pond.

For this purpose, El Siete No.l Auxiliary Dam will serve to take in
the 25 m3/s of water required for power generation before it enters the
No,l regulating pond, with the remaining excess water discharged to flush

out the No.l regulating pond.

Intake from the No.l auxiliary dam would be commenced at the time
the inflow at the auxiliary dam site exceeds the 25 m3/s maximum available

discharge of El Siete No.l Power Station,

The 1ocation, selected from the standpoints of purpose and funec-
tion, is to be at the end of the No.l regulating pond backwater, approxima-
tely 1 km upstreém of E1 Siete No.! Dam, and approximately 350 m downstream
_of.the confivence of Sanchez River and the Atrato River. The location,
from a topographical ﬁoint of view, is where the river width is com-
paratively large énd a low, flat open space of river terrace also exists so
that the auxiliary dam, auxiliary intake, and a sedimeatation basin can be

laid out in compact form.

The No.1 auﬁiliary intake dam is to be a concrete gravity type, and
spiliways to discharge the design flood of 1,110 m3/s having similar struc-
tures as the No.l dam are to be provided. The dam height is to be 21.50 m,
the dam crest length 148 ﬁ, of which the spillway portion is to be 52 m so

‘that 39 percent of the entire‘crest length is to be the spillway portien.
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The method to handle sediment. at the No.l auxiliary-intake dam when -
that dam is in use, is to partlally open the two splllway gates and allow
dlscharge whlle operatlng in a manner that the 1ntake water level will not
be lowered. When the No.l regulat1ng pond 1s belng used “the two spillway
_gates are to be left fully open, causing all 1nflow to be’ dlscharged into
the No. 1 regulatlng pond so that sediment will be floused out by the force

of the water.

The adxiliary'intake is to be provided adjacent to the No.l auxi-

liary dam.

Two control gates are to be installed at the auxiliary intake to

control inflow.
(3) Ho.l Auxiliary Sedimentation Basin

Intake from the No.l auxiliary intake dam is to be during.sédiment
disposal at the No.l regulating pond. The intake period is to be an
average of approximately 3 months anndally,-.and du:ing the high-~water
period of the Atrato River when the sediment content of inflowing water.is
high, For this, an auxiliary sedimentation basin is to be prdvidéd between

the auxiliary intake and the auxiliary connecting waterway.

The structure is to be such that there will be a capacity for
sediment of 0.1 mm and over contained in a maximum available discharge of
25 m3/s to be settled. Two sedimentation tanks 67 m long, 20 m wide and
6.16 m average depth are to be laid out in parallel for a structure that
sediment settled in the tanks can be removed without stopping power genera-
tion, .

In effect, the sediment flushing system is for water to be con-
ducted into one of the two tanks, partially or fully opening a partitioning
gate installed at the upper part of the middle partitioning wall to cause
the water conducted to overflow from the top to the dthet'emptyftéﬁk;'énd 
utilizing the force of this falling water to agitate the settled sediment
in the tank and make it into slurry form, flushing this out of the Atrato
River main stream by drain gallery holes provided at the two sides of the
tanks, Such a system is frequently applied to this type of sedimentatibn

basin and the effectiveness of the system has been varified.

The front part of the tank is provided with a transition portion to

lower the flow velocity of the water taken in at the auxiliary intake in a
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limpid.condition-withcut'vortex, and the downstream part for water storage
with apurtenant control gates to temporarily hold water after settling and
to control the flow of water into the commecting tunnel and spillway for
excess water discharge, thereby providing all the required functions of a

settling basin.
{(4) No.l Auxiliary Connecting Headrace Tunnel

The No.l auxiliary cbnnecting headrace tunnel is to conduct water
to the No.l headrace tunnel drawn at the No.l auxiliary dam during flushing
operations of sediment deposited in El Siete No.l Regulating Pond, to be
used for power generation. The maximum available discharge is to be 25
m3/s, the length 858.2 m, inside diameter 3.4 m, gradient 1/600, and is to

be a non-presgsure tunnel.

The connecting headrace tunnel route would go mainly through shale
and chert bedrock. Since it would pass directly under Santa Lucia Ravine,
thorough attention was paid to the matter of cover. In view of the geolo-

gical conditions, the entire length is to be concrete line.

For the junction with the No.! headrace tunnel, which is a pressure
tunnel, the connecting headrace tunnel is to be joined to the No.l headrace

tunnel by a inclined~shaft tunnel to prevent the intermixture of air.

The head of the inclind-shaft tunnel is also to be utilized in
an arrangement by which the water in the headrace tunmel will be kept from
showing reverse flow to the sedimentation basin while the No.l regulating

pond is being used.
(5) No.1 Intake

" The No.1 intake is a structure to take in daily-regulated water at
El Siete No.l Regulating Pond in accordance with the power station load.
The fopography, geplbgy, avéilable drawdown, and the estimated sedimen~
tation condition in the regulating pond were considered for the No.l intake
location, and it was decided to provide it apurtenant to the dam, parallel
to the dam axis at the left bﬁnk of the damsite where functional require-

ments would be satisfied and where most economical,
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-The 'intake was made a completely inclined type with gate shaft in
consideration of the topography (particularly, the slope of the left bank

mountainside). The maximum intake 1is 25 m3/s.

An inclined screen is to be provided in front of the iatake to
facilitate removal of inflowing floating trash. A bucket is also to be
provided at the front of the intake to temporarily store sediment flowing
into the tunnel, the bucket being to connected to the sediment flushing

gatesd and ducts in the dam body‘for removal by the force of flowfng water.

The control gate for intake control or for use during repair of
the headrace tunnel is to be installed inside the intake shaft. This gate
was designed as a double-sided watertight gate to be wabtertight against
water pressure from inside the tunnel during intake .at the No.l auxiliary
intake dam {No.l regulating pond empty) and against water pressure from the

No.1 régulating pond side.
(6) No.l Headrace Tunnel

No.l headrace tumnel is designed for a waximum discharge of 25
m3/s, with a 3.4 m inside'diameter, 3,145 m length, and a circular cross

section. The tunnel is to be a pressure type. (See 12.1)

The No.l headrace tunnel route is to be laid out in a form to
short~cut a wmeandering portion of the Atrato River where it changes course
from west to south, and was selected for the shortest tunnel length to
the El Siete No.l powerhouse giving consideration to topography, geclogy,

earth covering, and work adits.

In consideration of experience with pressure tunnel construction in
Colombia, stability of the original ground, and distributions of.faults and
joints, it was decided that the entire length would be concrete lined.
Consolidation grouting and high-pressure grouting are also to be performed

as reinforeing work for the stabilization of the original ground.

Work adits for comstruction are to be Work Adit No.l (L = 320 m) at
the No.l intake side and Work Adit No.2 (L = 120 m) at the No.l surge tank
site, with the plan to excavate of the headrace tunnel from both upper and

lower portals.
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The headrace tunnel gradient is to be 1/1,000 in consideration of

drainage during excavation.
(7) No.l Surge Tank -

_ "No.l surge tank is to be provided at the end of No.l headrace tun-
nel (L = 3,145 m). The surge tank is to be a restricted~orifice, vertical-
shaft tjpe in consideration of the topography, geology, and work execution

conditions.

The inside diameter of the vertical shaft was made 7.8 wm con-
sidering conditions for stability against surging vibrations (Thoma's con—
ditions) and with a cross secton design to ensure minimum construction

costs.

The inside diameter of the restricted orifice was made 1.4 m as a
result of studying the critical flow of the restricted orifice and the
optimum inside diameter at the time of load breaking and at sudden load

increases.

The surge tank was desigﬁed for a height of 43.05 m analyzing the
upsurge water level at total load breaking (full closure from 25 m3/s
discharge) at high water level of No.,l regulating pond, and downsurge
water. level at half-load surging (sudden increase from 12.5 m3/s discharge
to 75 m3/s discharge), and considering an upper allowance on top of the
water level fluctuatiom range and an allowance at the bottom to prevent the

intermizture of air.

The entire vertical shaft and bottom tunnel portions of the surge
tank are to be lined with reinforced concrete. Further, in consideration
of work execution and prevention of seepage into the ground, the surfaces
are to be reinforced with steel liner up to a height of 4 m at the bottom

of the vertical shaft and the bottom tunnel (L = 40 m).

The Runge-Kutta Formula was applied to surging design calculations,
and calculations of damping waves were made employing an IBM S370-M 155

computer.
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(8) No.l Penstock

Regarding the No.l peustock, a study was made of the two types of
surface type and underground embedment type. From these studies, the eco-
homic surface type and with which work execution, would be easier, and for
which it would be possible to shorten the construction period, was adopted.

(See 12.1 (4))

No.l penstock route coanecting the surge tank and #o.1 powerhouse
was laid out om a ridge of the mountainside to provide the shortest
distance with lengths for No.l unit of 1,300.8 m and for No.2 unit of
1,287.8 m. Of these, the horizontal 148 m section, corresponding to the

connection with the surge tank, was made an embedded tunmnel type.

These would normally be one penstock line when the maximum
discharge of 25 m3/s and penstock length are considered, and it was
designed to connect to two turbines on bifurcation at the end ofr the
penstock. The bifurcation pipe was made a T-type since the penstock and

powerhouse axis parallel each other.

From the economic comparisons of various inside diameters for
the penstock, a starting point inside diameter of 3.40 m and an ending
point (inlet valve) inside diameter of 1,25 m were selected, and the
variation in inside diameter between the two is shown in Dwgs.-27 and

28, (See 12.1(3))

The surface of the penstock is to be fixed by twelve anchor blocks
with intervals provided support by rocker saddles 12 m apart., Connection
of the individual lengths of pipe are to be by field welding. The pipe
shell.material is to be SM50 (JIS specifications) or ASTM A 440 in con-
sideration of pipe thickness and field welding. The Individual pipe length
thicknesses were decided calculating water hammer pressures. The results
are shown‘in'Dwg.«QQ;: The water hammer pressure rise at the turbine imlet

will be 11 percent of hydrostatic pressure.
(9) El Siete Ho,l Powerhouse

Two vertical-shaft Pelton turbines were adopted for the El Siete
No.l power station in consideration of available discharge, head, number of

units, utility factor, operation and maintenance. A comparison study was



made. of the two cases of surface type and underground type for the
powerhouse, and the surface type providing better economics was adopted.
(See 12.2.1(4))

Regarding the location of the El Siete Ro.l powerhouée, since . it
would be necéssary for the water after power generation at El Siete No.l
Power Station to be conducted to the El Siete. No.Z powerhouse on passing
Ehrough the dam body of the El Siete No.2 intake dam, it was decided to
build a lot on a table near Aguila Ravine at the left-bank side of the
Atrato river and which would be as close as possible to the El Siete No.2
intake dam where the foundation rock is stable, and floods of the Atrato

River can be avoided,

The powerhouse building is to be a surface type of reinforced
concrete construction, the required dimensions being 20 m wide, 55.5 m

long, and 20.8 m high.

Two Peltom turbines and generators, an erection bay, control room,
cable handling room, storerocom, office room, etc. are to be accomodated in

this building,

The powerhouse foundation structure is to be provided on bedrock by

open excavation below the lot at El. 1,081 m,

Two vertical-shaft Pelton turbines and appurtenant equipment are to
be accomodated in the foundation, and open draft waterways are to be pro-
vided to conduct discharge water to the outlet. Further, appurtenant to

the drafts, an open concrete afterbay is to be provided,

Since the water of the Aguila Ravine will come down 6n the moun;ain
side of the powerhouse, a small intake weir is to be provided-at Aguila
Ravine to prevent inflow to the powerhouse lot, and the water'is to be
discharged directly to the Atrato River by an opeﬁ Channel 150 m in length
(width 1.0 m, height 1.5 m). ' | |

An access road is to be newly constructed from the national road
highway (Medellin City - Qﬁibdo City) at the right.ﬁank side for access to
the powerhouse. Crossing of the Atrato River to the left bank side is teo
be by bridge over which heavy equipment such as generators, turbines, and

transformers are to be transported. Accordingly, a steel bfidge, 95 m long
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and 5 m wide is to be constructed across the main stream of the Atrato

River.
(10) - No.l Tailrace Tunnel

Ho.l tailrace tunnel is ta conduct a maxiwmum available discharge of
25 m3/s used at El Siete No.l Power Station to the downstream El Siete No.2
Power Station and to comnect conduit provided ingide the body of the No.2
Intake Dam. The length is to be 185 m, and to avoid water level variation
(affecting operating efficiency of Pelton turbines) at the Rl Siete Wo.l
Power Station afterbay, it is to be a non~pre§sure type of standard hor-

seshoe shape and 3.60 m inside diameter.

To ensure there will be no hindrance to the operation of El Siete
No.l Power Station at maximum output during stoppage of operation and
repairs of El Siete No.2 Power Station, a spillway is to be provided appur-
tenant to El Siete No.2 Intake Dam at the outlet section of the No.l

tailrace tunnel.

The tailrace tunnel route is to go upstream along the Atrato River
from the El Siete No.l Power Station afterbay, giving consideration to
earth cover and curve radius. The entire length of the tailrace tunnel is

to be reinforced by concrete lining.
(11) No.l Qutdoor Switchyard

No.l outdoor switchyard, when stepping up the voltage at El Siete
No.} Power Station to 230 kV, taking out to Ancon Sur Substation (ISA), and
taking in from E1 Siete No.2 Power Station are considered, will require a

lot 94 m wide and 89 m long (area 8,370 m?).

To build a lot for this switchyard adjacent to the El Siete No.l
powerhouse will require excavation of a broad area behind the powerhouse,
and a large volume of excavation, demanding higher construction costs.
Consequently, it was decided that a lot for an outdoor switchyard would be
built at the same EL. 1,081 m at a comparatively flat tableland on a hkill
adjacent to the national road at the right bank side of the Atrato River.
This lot would be developed by partial open cut and the remaining part

banked with the excavated soil and compacted.
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