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CHAPTER 1 DEVELOPMENT PLAN

1.1 LOCATION AND OUTLINE OF PROJECT AREA
1.1.1 Location of Project Area

The C-2 and C-2 Hydropower Projects are projects for the effective utilization
of the head between the tailrace of El. 965 m of the planned El Chorro Hydroelectric
Power Station in the midstream part of the Santa river and the intake of the Chao-Viru
Irrigation Project scheduled to be constructed at a point at E1. 430 m. C-2 Power
Station is located 70 km northeast of Chimbote c¢ity at 8°41' south latitude and 77°58'
west Iongitude. C-3 Power Station is located 50 km northeast of Chimbote city at 8°39’
gouth latitude and 78°13' west longitude.

1.1.2 Outline of Project Area

The Republic of Peru is situated on the Pacific Ocean side of the South
American continent and is a country rather long in north -south direction situated
between near the equator and 18°21' south latitude, and between 68° 39' and 81°20'
west longitude.

Based on the natural conditions the geography of the Republic of Peru may
be broadly divided into three areas. These are the coastal area {Costa) along the
Pacific Ocean where there is practically no rainfall throughout the year, mountainland
{Sierra) of the Andes Mountain Range located east of the Costa where high peaks of
5000 m above sea level or more are stretching and the vast jungleiand (Selva) to the
east of the Andes occupying 50% of the entire national territory. Of the Andes Mountain
System comprising mountain highlands, the mountain range with especially high peaks
is called the Cordillera Blanca and is included in the basin of the Santa river. This
is a mountain range which runs about 200 km north-south, and has numerous peaks
of over 6,000 m represented by Mt. Huascaran (El. 6,768 m) which are covered by
perpectual snow.

The Santa river is the largest of the rivers of the Republic of Peru emptying
into the Pacific Ocean and starts in the Cordillera Bianca in the southern part of the
Department of Ancash. The length of the river is approximately 290 km and the catch-
ment area 11, 700 kmZ.

The river gradient of the Santa river in the 200 km section where it flows
parallel to the west side of the Cordillera Blanca is approximately 1/100, in the
project area of the C-2 and C-3 Hydropower Projects, 1/50, and downstream thereof,
1/100.,

Within the catchment area of the Santa river the Cordillera Blanca has much
rainfall while snow is stored in the mountain area during winter time to be an important
source of water for the Santa river, but on the other hand, the snow of the Cordillera
Blanca falls down once in zjliout 10 years in the form of a great avalanche to cause
heavy damage in the Santa River Basin.
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The geology in the Project Area in the order of age is made up of sedimentary
rocks of the Chicama Formatlion (Jurassic Period in Mesozoic Era) consisting of shale
layers, the Chimu Formalion (Cretaceous Period in Mesozoic Era) consisting of
quartzite, the Santa Carhuaz Formation {Cretaceous Period in Mesozoic Era) consisting
of alternations of sandstone and shale, begides which there are the Calipuy Volcanic
Rocks and Granodiorite Group (Mesozoic Crelaceous to Cenozoic Tertiary) which cover
or intrude the sedimentary rocks, while further, there are partial distribulions of
unconsolidated Quaternary deposits.

The routes of headrace tunnels will pass through these various geologic straia,
but principal structures such as surge tank, pensiocks and underground powerhouse
of the C-2 Power Stalion and regulating pondage, settiing basin and underground
powerhouse of the C-3 Power Station are scheduled to be constructed in strata com-
prised of relatively good geology such as the Granodiorite Group.

1.2 DEVELOPMENT CONDITION OF SANTA RIVER

On the Santa river, there is Candn del Pato Power Station as the only existing
power station, in addition to which there is E1 Chorro Power Station aiready planned
for construction.

Canon del Pato Power Station utilizes a deep gorge area at the midstream
part of the Santa river to provide an intake dam at E1. 1,800 m, and leads the water
with a headrace tunnel 9.0 km in length, generates power with a maximum power
discharge of 32 m3/sec at the power station at E1. 1,400 m. The maximum output
is 100 MW, and at present an additional 50 MW is being constructed.

In preparation for this additional installation of Canén del Pato Power Station
a plan is going ahead to construct Recreta Reservoir at the upstream bagin of Santa
river in order to increase the dry-season discharge of the Santa river obtaining a
storage capacity of 110 x 106 m3, and through seasonal regulation making the dry-
season discharge of the Santa river 48 m3/sec to increase the firm capacity of
Canon del Pato Power Station and further, E1 Chorro Power Station.

Also, in order to cope with peak power generation of Canion del Pato Power
Station, a plan for construction of regulating pondage having an effective storage
capacity of about 400,000 m® on the iributary Quitaracuza river is being pushed

ahead.

The E1 Chorro Hydropower Project is a plan for conducting the 48 m3/sec
discharged from the enlarged Caion del Pato Power Station by a 19-km long pressure
tunnel to a powerhouse located at E1. 970 m near the confluence of the S8anta and the
Manta rivers and utilizing the head of 375 m of this section, generating a2 maximum
oulput of 150 MW. At present, a feasibility study has been completed for this project
and {inal designs are being prepared.

As other projects, Corporacién Peruana del Santa is planning to construct an
intake for the Chao-Viru Irrigation Project at the right bank approximately 4.0 km
downstream from the confluence of the Santa and the Tablachacarivers.The outline
of this project is that a total of 136,828 ha of farmland is to be developed through
intake of a maximum 80 m®/sec of agricultural water from the Santa river.
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1.3 OUTLINE OF DEVELOPMENT PLAN

1.3.1 Power Generation Plan

The C-2 Hydropower Projecl will take the discharge from the tailrace of
planned E1 Chorro Power Station at the latter's tailrace and also take in water from
the Manta river a tributary of the Santa river and then conduct this discharvge of total
of 50 m3/sec by a pressure tunnel of 12.7 km long to a powerhouse for maximum
output of 72 MW and annual energy production of 630 » 106 kWh and after power
generation, discharge into the headrace for C-3 Power Station.

The outline of the intake facilities at the Manta river is indicated below,
A concrete intake dam of height of 12.5 m and crest length of 62 m is planned on the
Manta river, and an intake of maximun quantity of 2.4 m3/sec is to be provided at
the left bank and immediately downstream a sedimentation bagin is to be provided.
Following this, a headrace of 350 m long is to be connected with the main headrace
tunnel for the C-2 Power Station.

Part of 250 m of headrace from the Manta river is to be enlarged to a cross
gsection of diameter of 5.0 m so that it will serve as a surge chamber . The C~2 head-
race tunnel is to be a concrete-lined pressure tunnel of inside diameter of 4.8 m and
length of 12.7 km with the maximum water passage 50 m3/sec.

The surge tank is to be a chamber type of ingside diameter of 8.2 m and
height of 67 m with a chamber of 110 m long at the top.

The penstocks will be embedded pipe with one line from inside diameter 4.8 m
to 3.0 m, divided into 3 lines at a trifurcation pipe immediately before the powerhouse.
The length will be 239 m.

The powerhouse will be an underground type, 62 m long, 12 m wide and 29 m
high. Three 24,600 kW Francis turbines and three 26,700 kVA generators are

to be installed in the powerhouse.

The C-3 Hydropower Project will take in the discharge from the tailrace of
C-2 Power Station, and conduct the water to the C-3 power station by a headrace
tunnel of length of 18.3 km .

Meanwhile a dam is to be constructed on the Tablachaca river a tributary of
the Santa river, to provide a regulating pondage with capacity of 650,000 m3, and
water taken in from here is to be conducted to the powerhouse by a headrace tunnpel

of 9.1 km in length. The water of the two is to be merged at a surge tank and fed to
the powerhouse.

As a result of the above, C-3 Power Station, with a standard maximum available
discharge of 80 m3/sec and standard effective head of 335 m, will generate power of
maximum output of 158,000 kW and apnual energy of 1,192 x 106 kh.

The outline of the power station facilities is as given below. The C-3 dam is
a concrete gravity type the particulars of which are height of 57.5 m and dam crest
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length of 80.0 m. The dam is to have an overflow ~type spillway at its crest, with
sand flushing facilities at the bottom part.

The intake is to he provided at the left bank immediately upstream of the dam,
and the maximum intake quantity is to be 30 m /sec.

From the intake the water is to be conducted by a headrace tunnel of 40 m long
to & sedimentation basin for removing sand when inflow of sediment is severe in the
wet season, and again conducted by a concrete-lined pressure tunnel of length of 9.1 km
and inside diameter of 3.8 m at a maximum rate of 30 m3/sec to a surge tank. The
surge tank is to be a chamber type of inside diameter of 6.6 m and height of 96.2 m
with chambers at top and bottom.

An air venting chamber is to be provided at the connection between the non-
pressure tailrace tunnel of C-2 Power Station and the pressure headrace tunnel of
C~3 Power Station.

»
The penstocks are to be embedded type with one line from inside diameter of
4.8 m to 3.9 m, branching into 8 lines with a trifurcation pipe immediately before
the powerhouse, the lengihs being 325 m.

The powerhouse is to be an underground type, 96 m in length, 22 m in width,
and 33 m in height. The powerhouse is to have three 54,000 kW Pelton turbines and
three 58,500 kVA generators.

1.3.2 Plan of Transmission Line and Substation

The electric power produced at C-2 and C-3 Power Stations is to be stepped
up to 220 KV at the outdoor switchyard of each station, and transmitted to Chimbote
Substation by a transmission line newly provided for this Project (1 cct, 20 km
between C-2 and C-3 Power Stations,70 km between C-3 Power Station and Chimbote
No. 1 Bubstation). The electric power of C-2 and C-3 Power Stations will be divided
at the switchyard of Chimbote No.1 Substation and transmitted to the Central System
in the Lima area, the North System in the Trujillo, Chiclayo and Piura areas , and
the Chimbote System.

Between C-2 and C~3 Power Stationsand Chimbote No. 1 Substation, there will
be telephone channels by power line carrier for load dispatching, power line carrier
relay system for protection , fault locator required for maintenance of the 220 kv
transmission line, and security telecommunication equipment such as telemeters
for supervision of the C-3 regulating pendage water level and the C-2 Power Station
intake water level.
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CHAPTER 2 HYDROLOGY

2.1 GEOGRAPHY OF SANTA RIVER BASIN

The Santa rlver is a river of length of 290 km with Its fountainhead at Lake
Conococha at an elevation of 4,010 m, and which as if to divide the Department of
Ancash info two, flows down south to north, changes its course to the west in the
vicinity of the confluence with the tributary Manta river, and feeds into the Pacific
Ocean 13 km north of Chimbote, and is the largest of the rivers in Peru which
empty into the Pacific Ocean.

The catchment area of the river is as much as 11,700 km?2, and rainfall can
be seen in approximately 9,700 km2 corresponding to 83 % of the area. Sandwiching
the Santa river, there are the Cordillera Blanca on the right-bank gide and the
Cordillera Negra on the left-bank side, with particularly the Cordillera Blanca
feeding into the Santa river through rainfaill in the wet seagon and through thawing
of the perpetual snow at mountaintops during the dry season.

The Cordillera Blanca is a mountain range 170 km in length, which starting
from Mt. Rajutuna in the south covered with perpetual snow situated near Lake
Conococha and ending at Mt. Champara also covered by perpetual snow, has peaks
of 6,000 m ciass topped by Mt. Huascaran of height of 6,768 m.

Other features in the catchment area are that there are numerous lakes and
marshes produced by thawing of glaciers covering the Cordiliera Blanca. As re-
presentative examples of lakes and marshes, Conococha, Querococha, Llanganuco
and Paron may be cited, and these are all located at elevations higher than 4,000 m.

There are many tributaries flowing into the Santa river with almost all of
these tributaries rising from the Cordillera Blanca, while there are no large
tributaries to be seen from Cordillera Negra on the left-bank side. The representative
tributaries are the Pachacoto, Yanayacu, Olleros, Quillcay, Marcara, Llanganuco,
Paron, Colcas, Cedros, Quitaracsa, Manta and Tablachaca. In particular, the pro-
portion of the Tablachaea river in the catchment area is large, and with 3,180 kmz,
it makes up as much as 27% of the catchment area of Santa river.

22 STREAM GAGING STATIONS AND METEOROLOGICAL OBSERVATION STATIONS

There are 16 stream gaging stations and 27 meteorological observation
statlons in the catchment basin of the Santa river. Their locations and periods of
observation are as indicated in Fig.~Id.2.1.

The gaging stations used for examination of this Project are the seven of
Reoreta, Pachacoto, Cedros, Balsa, Quitaracsa, Manta and Chuquicara.
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2.3  RAINFALL

The rainfall observation network in the Santa River Basin is very complete
and at present there are 27 observation stations in operation. The form of rainfall
in this basin, as can be seen from the ischyetal map indicated in Fig.-III.2.2, is
that of average annual rainfall in the vicinities of the Cordillera Blanca of more than
1,200 mm, whereas in areas below E1. 2,000 m there is an extreme decrease to
below 300 mm in average annual rainfall. The average annual rainfall of this area is
about 700 ram. In general, rainfall, as indicated in ¥Fig.-111.2.3, shows a prominent
difference between dry and wet seasons as in other mountainous areas.

In general, the factors governing the meteorology of the Andes Mountain
Region are the constant Pacific Ocean high with its center off the Chile coast, the
Humboldt Current flowing north to the vicinity of the Ecuador-Peru border, and
the atmospheric pressure distribution of the Amazonas Region, and there are normal-
1y no moving high or low pressures.

During the summer season (October to April) there are tropical low pressures
produced over a wide area with the Amazonas as the center and reaching to the eastern
slopes of the Andes causing violent ascending air currents. Meanwhile, seasonal
winds from the Pacific Ocean high towards this low pressure area become strong and
blow against the western slopes of the Andes. Also, a front extends from the Pacific
Ocean coast to the mountainous area of Peru. Influenced by these, cloudy weather
prevails in the Andes mountain area during the summertime and it becomes the rainy
season.

On the otherhand, during the winter season (May to September) the Amazonas
Region becomes covered by the Atlantic Ocean high and together with the Pacific
Ocean high having its center off the Chilean Coast, the atmospheric pressure gradient
becomes gentle as a whole with seasonal winds becoming weakened, clear weather
prevails, and this becomes the dry season.

In this manner, the meteorological conditions of the Andes mountain area is

broadly divided info a rainy season and dry season, and changes occur with an ex-
tremely stable cyclic characteristic.

24 RIVER RUNOFF
The monthly runoffs at the 7 gaging stations used for this Study are as in-

dicated in Tables-IIl. 2. 1 through III. 2. 7. The specific runoffs (runoff per 100 km?2
of catchment area) are indicated in Table-III. 2. 8.
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Table-II1. 2.8 Specific Run-cff at Gaging Stations

Gaging Station Catchment Area Annual Arerage Run-off Specific Run-off
(km?2) (m3/sec) (1/sec/km2)
Recreta 290 3.2 10.9
Pachacoto 202 4.5 22.1
Cedros 115 3.5 30.4
Balsa 4,260 89.8 21.1
Quitaracsa 385 11.3 29.4
Manta 560 1¢.1 18.0
Chuquicara 3,180 33.9 10.7

25 CALCULATION OF RUNOFF AT PROJECT SITE

2.5.1 Runoff Data

The runoff data used for this Study were the data from the 7 gaging stations
mentioned ahove. These gaging stations have daily runoff data, but being a pre-
feasibility study, the examinations were made using monthly runoffs. The periods of
runoff calculation were 23 years from September 1953 to August 1976 for the 5 gaging
stations of Recreta, Pachacoto, Cedros, Balsa, and Quitaracsa, 6 years from
September 1968 to August 1969 and from September 1971 to August 1976 for Manta
Gaging Station, and 7 years from September 1966 to August 1969 and from September
1972 to August 1976 for Chuquicara Gaging Station.

25.2 Supplementation of Runoff Data

There are some data missing rezarding the runoffs at the Cedros, Balsa
and Quitaracsa gaging stations. In order to fill these missing parts, correlations
with the ftwo gaging stations of Recreta and Pachacoto were sought, and in both cases
the correlations were fairly good for the rainy season from December to April, but
for other months, clear correlations could not be seen. This is thought to be because
the runoff in the dry season is not due to rainfall, but indirect meteorological conditions
guch as melting of glaciers covering the Cordillera Blanca by solar heat resulting in
surface flow and infiltration water, which cause variations in runoff. In addition to
the above, since there were records missing once to twice for each month during the
23-year period, the averages of the monthly averages were used as the runoffs of the
monthsg without records.



2,5.3 Runoff of Project Site

In calculation of runoff for the C series Hydropower Projecl the following
points were taken into consideration.

(1) Intake at Candn del Pato Power Stalion after Added Installation to 150 MW

INIE is planning to supplement water during the dry season for Cahon del
Pato Power Station and the downsiream power station group through consiruction
of a dam at Recreta at the upsiream-most parl of the Santa river, thereby oblain-
ing an effective storage capacitv of 110 » 106 m3. Therefore, calculation of the
intake possible 1n the future at Candn del Pato Power Station is to be made by the
method described below.

{i) The mass curve for Recreta Reservoir is calculated by monthly runoff.
Further, regarding inflow to the reservoir, it is assumed that there
is inflow of 120% of Recreta Gaging Stalion and 100 % of Pachacoto Gaging
Station. However, of these, 20% runoif of Recreta Gaging Station and 100 %
Tunofi of Pachacoto Gaging Station are from tributaries and the maximum
water passage of the open canal is 15 m3/sec. Further, since the length of
the open canal is long at 35 km, a loss of 5 % in water passage, and in addition,
evaporation loss from the reservoir are considered. In regawd to evaporation,
explanations will be given in 2.6. The mass curves prepared based on the
above are indicated in Fig.-T1.2.4.

iii) The maximum intake of Cahon del Pato Power Station after expansion to
150 MW will be 46.5 m3/sec. However, 0.5 m3/sec of this will be used for
sand flushing al the sedimentation basin. Therefore, if a Tunoff of 48.5m3/sec
or more 15 secured on deduction of the infiow at Recreta Reservoir from the
aggregate Tuncff of the three gaging stations of Balsa, Cedros and Quitaracsa
there will be no problem, but in case of runoff less than the above, supplemen-
tation is to be received from the upstream Recreta Reservoir, and 48.5m3/sec
is to be secured. The calculated runoff is indicated in Table-Il1.2.9. The
amounts of runofi shortage against 48.5 m3/sec at Caiidn del Pato Power
Station when supplementation is not being received from Recreta Reservoir
are wndicated in Table-II1- 2. 10,

(ii1)  As a result of {i) and (i), the runoff shortage of Cafion del Pato Power
Station will be concentrated in the 3-month peried of July, August and Sep-
tember. Thereiore, the operation rule of Recreta Beservoir will be for the
reservolr 1o be completely filled at the end of June and to be emptied at the
end of September for supplementation of water during the dry season to Candn
del Pato Power Station. The amounts of water to be supplemented are indicated
in Table-111.2.11. As a resull, the intake possible ai the power station will
be as indicated in Table-111.2.12.

(2) Runoff at Manta River Intake Site

Although the locations of the Manla Gaging Station and the intake dam site
differ, when the characteristics of this catchment area are considered, it is
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judged that there is no great variation in the runoff and it was considered that
the runoffs recorded at the gaging stations and the runoff at the intake dam site
are equal. The hydrological regime at the Manta river are as indicated in T'ig.-
I11. 2. 5.

(3) Runoff at C-8 Dam Site

The runoff at the C-3 dam site is assumed to be equal to the runoff at
Chuguicara Gaging Station. The hydrological regime of the Tablachaca river
are indicated in Fig.-1Il.2.86.

2.6 TEMPERATURE AND EVAPORATION

Data on evaporation obtained in the investigations were those observed at the
3 sites of Lampas Alto, Querococha and S8afuna as shown in Tables-111.2.14 and
III. 2.15. However, the values observed at 8afuna were low compared with those at
the other two sites go that they were omitted from this Study and evaporation quantities
were calculated using the averages of the first two gaging stations. However, when
considering evaporation from reservoirs, 75 7 of these values were used.
Evaporation by month is indicated in Table-III.2.16. Mean temperatures are given
in Table-111.2.17.

These obhservation stations are both at altitudes of about 4,000 m and are at
great distances from the Project Area. Therefore, it will be necessary to provide
stations in the Project Area for permanent observations.

2.7 DESIGN FLOOD DISCHARGE

Satisfactory data for the Manta river, which is the tributary intake site for
the C-2 Hydropower Project, and the Tablachaca river, where the C-3 regulating
pondage is to be provided, are available only for 6 or 7 years as can be seen in
Fig.-II.2.1, and it is difficult to estimate flood discharge from these data.
Consequently, it is necessary for long-term and stable observations to be carried
out permanently in the future for both of these rivers.

Since this is a pre-feasibility study, the flood discharges of the two sites

were calculated by the Foster Method which is one of the probabilistic process
based on these discharge records. The results are iodicated in Table-If. 2.18.
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Table-II1.2.18 Probable Flood Discharge
Unit; m3/sec

Return Period Intake Dam C-3 Dam
(Year) of Rio Manta of Rio Tablachaca
2 75 330
5 90 370
20 115 610
100 150 880
1000 - 185 1,300

Based on the above, the design flood discharges of the sites were taken to
be 1.2 times the 100-year probable flood discharges. Therefore, they are 180m3/sec
for the Manta Intake and 1,100 m3/sec for the C-3 dam.

2.8 SEDIMENTATION
2.8.1 Sedimentation at C-3 Regulating Pondage

Periodic data have not been collected up to now on the sediment inflow of the
Tablachaca river where C-3 Regulating Pondage is to be provided, and it is im-
possible at this time to accurately determine the quantity. In the present investigation
water was sampled from the three rivers, Tablachaca, Manta and Santa and the
suspended load contained was analyzed. Estimating the approximate sediment inflow
of the Tablachaca river from the results and the relation with existing long-term
data on suspended sediment of the Santa river, it is about 1,500,000 m3/yr, and
if it were to be assumed that bed load is the same as suspended load, the infiow to
C-3 Regulating Pondage would be 3,000,000 m3 annually. More than 90 % of this
inflow is estimated to be in the four months of the wet season so that inflow during
this period would be 750,000 m3/mo. This figure signifies that in case there were
no sand flushing facilities, C~3 Regulating Pondage would lose its regulating funection
in a period of only one month.

2.8.2 Handling of Sedimentation in C-3 Regulating Pondage

The Tablachaca river has a riverbed gradient of approximately 1/50 for a
distance of about 10 km upstream from its confluence with the Santa river while
upstream from this 10-km point for 1.0 km is a rugged gorge of average riverbed
gradient of 1/15.8 which is very steep. Beyond this gorge an average gradient of
about 1/38 continues for 5 to 10 km. (See Fig.-IIl.2.7.)



The site planned for dam construction in this Study is midway up the before-
mentioned 1.0-km gorge with the section approximately 500 m upstream from the
dam site having a gradient of 1/19, upstream of which is the beforementioned 1/38
riverbed gradient.

The high water level of this regulating pondage is 758 m and the low water
level 743 m. By providing two sand flush gates of 2.50 m x 2.50 m at the bottom part
of the regulating dam at around El. 725 m, and fully opening these gates in the wet
season, the surface of the sedimentation in the pondage will have a gradient more
than the upstream natural riverbed gradient of 1/38 and the sediment deposited in
the pondage will be flushed out from the sand flush gates. In other words, water
other than required at C-3 Regulating Pondage is to be discharged from the bottom
sand flush gates during the high-water season, while depending on the condition of
sediment deposition, even if other than the wet season, the regulating pondage water
level is to be lowered on Saturdays and Sundays and during offpeak hours in the
night-time and sand flushing done from the pondage by operation of the sand flush
gates to secure the effective capacity of the reservoir. TFurther study will be re-
quired regarding the sand flushing method accompanying progress in future investiga-
tions.

(Reference)
{i) The sediment contents per liter of the Santa, Manta and Tablachaca rivers

on March 8, 1978 and the ratios of the others in case the content of the Santa
river water is considered as 100% are given below.

River Sediment Content Ratio
Santa 0.206 g/l 1009
Manta 0.028 g/l 14 %
Tablachaca 0.322 g/l 156 %

(ii) The annual sediment inflow of the Santa river according to measurements
of INIE is as indicated below.

vV = 3,000,000 m3/yr
{iii) = Annuoal Average Runoff

Santa river (Balsa Gaging Station) 94 m3/sec 100%
Tablachaca river {Chuquicara GS) 30 m3/sec 329%

(iv)  Annual Average Sediment Inflow of Tablachaca river
It is assumed that bed load is of equal quantity as suspended load.

V = 3,000,000 m3/yr x 2 x 1.56 x 0.32
==3,000,000 m3/yr
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(v)  Monthly Sediment Inflow

3,000,000 m3 =- 4 mo = 750,000 m3/mo
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TICAPAMPA 9°45'09" 7726’ 32" 3,480 858
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YANACOCHA 10%02'27" Tre12t 27" 4,450 997 ISOhyetOI MOp of Rio Santa Basin
RECRETA 10*02'1a" 77*19°' 29" 3,990 859
PUNTA MOJON 10*05'00" 7T 21" 4,390 792
LAMPAS ALTO 10*07 32" 77°05' 59" 4,030 1]
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CHAPTER 3 GEOLOGY

3.1 TOPOGRAPHY AND GEOLOGY OF SURVEY AREA

The topography of the Republic of Peru, ag indicated in Fig.-IIl.3.1, are
divided into a number of characteristic topographical province. In effect, with the
Andes Mountain System running through the national territory from northwest to
southeast and occupying the western half of the land ag the nucleus of the watershed
of the continent, these are the narrow Coastal Hills and Plain Belt on the west side
along the Pacific Ocean, and the vast Subandes Highland and Amazonas Plain spread
out on the east side in the upstream Amazon Basin.

The Andes Mountain System is a huge mountain system topped by peaks of
7,000-m class and with a succession of peaks higher than 5,000 m. The System is
divided Into the two blocks of east and west by the Interandes Trough which runs
roughly through the middle of the mountain system parallel to the axis to reach
Titicaca Basin, while between the East Andes and Amazonas Plain there is the
Subandes Highland.

The Coastal Hills and Plain Belt is a zone which is outlined at its eastern
fringe by the Andes Mountain System, the width where narrow being 20 km and where
wide only approximately 100 km. ‘This zone is comprised of coastal terraces of
elevation 500 m to 1,500 m, alluvial plains and a series of low hills with mountainland
facing on the sea at the northern and southern parts with a narrow plain formed at the
boundary with the Andes Mountain System. In the ocean, after a narrow, gently
sloped continental shelf, there is a sudden drop to the Peru-Chile Trench.

The Subandes Highland and the Amazonas Plain make up roughly the eastern
half of the national territory. Whereas the climate and natural features of the Coastal
Plain are those of a desert, and the climate of the Andes Mountain System extremely
hot to temperate in gorges and cold at high elevations, that of the Amazonas Plain is
tropical.

The rocks comprising the national territory are sedimentary rocks, metamor-
phic rocks and igneous rocks, the ages being Precambrian to Tertiary, while the
overlying Quaternary deposits are of diverse origins such as marine, lacustrine,
aeolian and glacial.

The sedimentary rocks comprising the Andes Mountain System are extremely
folded, in addition to which faulting is highly developed and the structure of the
geology is directional from northwest to southeast. In the western and eastern
mountain ranges where sedimentary rocks have been subjected to deformation,
large-scale intrusive rock masses may be seen. Consegquently, the distribution of
rocks is related with the topography, with the East Andes Mountain Range and the
Subandes area comprised of Mesozoic and Tertiary, and the greater part of the West
Andes Mountain Range of Paleozolc.
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The survey area is the area at lhe boundary between the midsiream and
downsiream basins of the Santa river. The Santa river flows roughly in a straight
line north-northeasl in accordance with the geologic structure of the West Andes
Mountain Svstem between the Cordillera Blanca and the Cordillera Negra, changes
course {o the southwesl at the survey area and culs across the easlern fringe of the
Andes to feed into the Pacific Ocean north of the city of Chimbote. The area where
survevs were made was from Canon del Pato at the upstream side and Chuquicara
Village at the downsiveam side, a distance of approximately 50 km.

The topography of the survey area is that of a mountainland of barren
mountains of elevation 3,000 to 5,000 m eroded deeply by the Sanla river and ils
tributaries, and with steep slopes of 307 to 50" formed from gorges lo mowilain
ridges, the view is one which is very grand.

In particular, at the gorge of Canon del Pato, both banks ave sheer cliffs
rising several hundred meters from the river bed which continue downst{ream for
several kilometers. Downstream of this gorge to the Mania river the right bank of
the Santa river has flat land or gently-sloped land at elevations of approximately
1,500 tv 2,000 m, while on the other hand, the left-bank side is rugged mountainland
of elevation 3,000 to 4,500 m.

The Santa river after [lowing north takes a large bend in the vicinity of
Canon del Pato to change its course to the northwest, and is joined by the Manta
river from the right bank at E]l Chorro at roughly the center of the survey area, and
on changing its course to the west it is joined by the Tablachaca river flowing south
near the Chuguicara village. The gradient of the mainstream of the river in this
section is an average of approximatelyv 1 '50.

The geologic distributions in the survey area are as described below. The
stratigraphic sequences of formations, features of rocks and deposits, and the rock
tvpes of foundations of structures are outlined in Table-III. 3. 1.

Chicama Formation: Late Jurassic Peried in Mesozoic Era

“Thie formation consists principally of dark gray to black shale layers, and
nere and there has imterbeds of light gray sandstone. Since this formation has been
subjecled to felding, faulting, and strong metamorphism due to intrusions, it is
difficult for the thickness to be measured. The relation with upper formations is one
of gradual transition and there is conformity, but there are some places which can
be considered as being of parallel unconformity.

Chumnu Formation: Early Cretaceous Period in Mesozoic Era

Tnis formation is comprised of white Lo light gray quarizite and siliceous
sandstone, besides which there are also black shale and light gray sandslone. The
rocks of tms formation are hard, and are strong against weathering, so that the
topography is elevated and the appearance is rugged at many places. This formation
ais0 has lenses of coal, thicknesses bewng from several centimeters to a maximum
of about 3 m, and with coalification progressing, the coal has become anthracite.
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The thickness of the formation is from 500 to 800 m, and there are places of con-
formity and unconformity with the overlying formation.

Sunta-Carhuaz Formation; Early Cretaceous Period in Mesozoic Era

This formation is subdivided into the overlying Santa Formation and the
underlying Carhuaz Formation. The thickness of the Santa Formation is about 1530 m,
and it consiste malnly of yellow or dark gray mudstone with interbeds of friable
sandy shale at the bottom part and thin layers of limestone at the upper part.

The Carhauz Formation has a thickness of about 1,000 m and consists of
light gray or blackish-ygray fine-grained sandstone and shale, with interbeds of thin
layers of limestone. At the bottom there iz a gypsum layer of thicknesd of about
10 m. There is contact with a relation of unconformity with the overlaying formation.

However, because of the Santa Formation being very thin and there being
unconformity planes at many places which are not distinct, the geological map handles
this ag one, the Santa-Carhauz Formation.

Calipuy Volecanic Rocks: Late Cretaceous to Early Tertiary

These rocks consist of andesitic, rhyolitic, dacitic lava and pyroclastic rock
and is partially interbedded with shale. The thickness of the formation ia more than
2,000 m.

Granodiorite Group: Late Cretacecus to Early Tertiary

As a whole this group consists of granodiorite, but there are places gradually
changing to quartz diorite and pyroxene diorite. These are thought to be united with
the Andes Batholith at great depth.

Quaternary Deposits: Quaternary

These deposits are new deposits of colluvial, fluvial and giacial origin grouped
together, consisting of gravel, sand and clay, and reach 100 to several hundred
meters where thick.

The formations distributed in the survey area are governed by the geologic
structure of entire Peru and has directionality from northwest to southeast and in
general the formations are arranged in the order of Chicama, Chimu and Santa-
Carhuaz from the upstream part of the Santa river

The Calipuy Volcanic Rocks cover the various formations and are distributed
mainly around the Tablachaca river. The granodiorite intrudes through the various
formations and besides being distributed from the vicinity of Calion del Pato to the
northeast part of the survey area, it is seen along the Tablachaca river. The Quaternary
deposits are widely distributed mainly at the right bank of the Santa river from
Huallanca Village {o the Manta river and comprise flatland and genile slopes.
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The formations of the suirvey area have been subjected to the strong orogenic
movement at the end of the Cretaceous Period and folding and faulting have occurred.

3.2 C-2 HYDROPOWER PROJECT
3.2.1 Manta Intake Dam (Ref. Fig.-i1}.3.3)
(1 Topography and Geology

This site is located at the downstiream part of the Manla river. Invesligalions
were made from the downstream end of the Manta river for approximately 2 km
upstream along the Manta river.

The Manta river meanders widely first to the right to encircle the north
fringe of the terrace flatland at the right-bank upstream end of the area in-
vestigated, and further, to the left downsiream, then subseguently turns west
and flows in a Toughly straight line for approximately 1 km to merge with the
Santa river. The slopes of both banks of the Manta river are fairly steep and
gradients are generally around 40" . The widlh of the river channel with water
flow is ahout 10 m and flood plains are developed to widths of 20 to 60 m. The
river gradient of this stream is an average of 1'25. The terrace flatland on the
right bank at the upstream end of the investigated area is at a height of 30 to 40 m
from the river bed and is spread about 50 m toward the mountain and for about
200 m along the river.

The geology of this area consists of shale of the Chimu Formation with partial
interbedding of sandstone. This bedrock shows a blackish-gray color for about
5 to 10 m from the river bed and is fresh and hard, but higher than several tens
of meters from the river bed there are many places that are weathered, reddish-
brown and shightly irmable. The bedrock 1s fractured and deteriorated at many
places, and as a whole the conditions are ununiform. 1In the vicinity of where the
river meanders it is estimated that a fault brecciated zone of N50°W, 70°SW is
concealed, and it mav be seen ai toe sile that the bedrock in the vicinity is
considerably fractured. The strike and dip of the formation as a whole is N50°W,
60°NE. Besides the above, there are slope-wash and talus deposits consisting

of smal! rock pieces and line-particied rock fragments widely covering the
bedrock. However, 1t 1s tnought the thickness 1s not very great and only about

severa: melers. Terrace deposits, besides forming a broad flatland at the
upsiream end of Lne 1o\ estigawed area, are disiributed in smail scale here and
there at lower places un the slope forming flal areas several meters above the
river bed. Furiner, there are flood plain depostts consisting of gravel distribu-
ted aiong tne river channel.

The Manta Intake Dam site was selected at a poinl approximately 750 m
upsiream {rom the downsiream end of the Manta river.

in the vicinuy of the dam axis, there is bedrock exposed to a height of 3 to
4 m irom woe river bed at the right bank. ©On the other hand, hedrock is not
outcropped at e left bank near the dam axis, bul 70 Lo 80 m upstream it is
expused Lo a aeighl of several tens of meters from the river bed. The condilion
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of the rock is that of slight weathering with discoloration to a brown color, but
it is generally hard, while there is much development of bedding. The shale has
partial interbedding of hard sandstone of thickness of 30 to 50 em. There are
narrow terraces distributed at lower parts at both banks, and the thicknesses
are thought to be about 2 to 4 m. Talus deposita cover the bedrock and the
terrace deposits, and are thought to be distributed at a thickness of several
meters. At the river bed there are flood plain deposits and riverbed deposits
30 to 40 m in width. The thicknesses of these have been measured to be 10 to
15 m according to seismic exploration.

(2) Considerations

The planned Intake dam site has partial distributions of talus and terrace
deposits at low elevationg, but these are thin, while at the right bank hard
bedrock is outcropped. Bedding and fissures have caused loosening in the
bedrock and there are places where openinga can be seen, but if thegse parts
are removed by excavation, it 18 thought construction of the intake dam will be
quite feasible. However, since there are places where openings are seen
because of local loosening, it is necessary for investigations to be made of the
characteristics of leosening of the bedrock in the surrounding area of the dam
foundation. Moreover, the forms and characters of the terraces existing at the
damsite must be investigated.

The width of the river bed continues at 30 to 40 m, and is sufficiently wide
for the dam and appurtenant siructures to be provided. Regarding thickness of
the riverbed deposits, although they have been measured to be 10 to 15 m
according to seismic explorations, it is necessary for confirmation to be made
by boring. Furthermore, since talus and terrace deposits are developed on
the slopes along the Manta river, it will be necessary to give due consideration
to sedimentation in designing.

3.2.2 C-2 Headrace Tunnel (Ref. Fig.-111.3.2)

This tunnel which connects Manta Intake Dam with C-2 Powerhouse is planned
at the right bank side of the Santa river with a length of approximately 12.7 km
and diameter of 4.8 m.

The tunnel, from the intake dam site to about its middle will run under the
mountainside of elevation about 1,000 to 1,500 m close to the Santa river. From
the middle until C-2 Powerhouse the tunnel will be at a distance of about 500 to
1,500 m from the Santa river and will pass under a mountainside where numerous
gullies and small ridges abound at elevations of about 1,000 to 1,800 m. The
Chunyay river is a prominent gully and the tunnel will pass with the rock covering
of approximately 100 m underneath this gully.

The geology along the route of C-2 Tunnel is made up by the Chimu Formation
consisting principally of quartzite and the Granodiorite Group consisting mainly
of diorite. It is expected that, depending on the location, shale of the Chicama
Formation which is mainly shale will be passed. Of the above, the Chimu

- 109~



TFormation will comprise most of the route, and it is estimated that the Granodio-
rite Group will appear only in the vicinity of C-2 Powerhouse. The tunnel will
not cross any large fauli presently estimated to exist, bul it is expected Lo
encounter a number of folded structures. In many cases, there will be shear
cracks developed near the axes of folds, and the natures of folded struclures

will have a relation with the ease or difficulty of tunnel driving.

The Chimu Formation comprising the greater part of the tinnel has interbeds
of coal lavers as at Estacién Limena, for example. Coal interbeds will often
have been disturbed at areas of folding, and although the coal is coalified Lo a
considerable degree, care will be required regarding generation of gas during
tunnel driving.

3.2.3 C-2 Underground Powerhouse {Ref. Fig.-111,3.4)
(1) Topography and Geology

The investigation was centered around Casa Blanca and mainly carried out
al the right bank of the Santa river over a length of approximately 5 km. The
area of investigation is situated roughly in the middle between the confluence of
the Manta and the Santa rivers and the confluence of the Tablachaca and the Santa
rivers.

The topography of the area shows repetitions of small undutations at parts,
but as a whole il is a steep slope lacking in variation. The gradient of the slope
is Toughly about 35°. The riverbed elevation is 720 to 775 m while the ridge
elevation is 3,000 to 3,200 m for a relative height of approximately 2,500 m.
At lower parts terrace flatlands are developed along the Santa river, and at
Casa Blaneca there is a spread of about 150 m toward the mountain and about
700 m in the direction of river fiow. However, there are alse numerous places
where steep slopes directly drop inio the Santa river. The Santa river in this
ares meanders gently while as a whole it flows from east to west.

The geology of the area consists of quartzite of the Chimu Formation, alter-
nations of sandstone and shale of the Santa-Carhuaz Formation, and diorite.

The Chimu Formation, besides being distributed upstream of Casa Blanca at
intermediate and low parts, appears as the nucleus of an anticlinal structure at
the downstream end of the investigated area. The quarizite of this formation is
extremely hard as a whole, is whitish-gray, and bedding is well developed.

The Santa-Carbuaz Formation is mainly distributed downstream of Casa
Elanca and o1 the upstream side is in contact with the Chimu Formation and
dioriie. Of the alternations of this formation, the sandstone is generally fine-
grained, of dark gray color, and hard, but bedding and cracking are developed
and the rock is easily broken into small {fragments. The shale is brittle, and
has a tendency to become readily finely divided with an ordinary tap of a hammer.
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(2

Diorite is distributed intruding the Chimu Formation and Santa-Carhuaz
TFormation at the upstream part of the investigated area, but the boundaries are
irregular and details are unknown. “The diorite as a whole is weathered and
discolorated brown, and there s development of cracking, but the rock is
extremely hard.

Other than the above there are terrace deposits developed along the Santa
river.

The geologic structure shows many reversals of strata due to repeated
foldings having a directionality of northwest to southeast. Further, on obgserva-
tion of the topography, two faults are estimated to exist in roughly the north-
south direction at the slope at the north side of Casa Blanca.

The C-2 Powerhouse site was selected underground in the mountain mass at
the right bank of the Santa river approximately 5.5 km upstream of Mirador.

The mountainside here is steep with a slope gradient of approximately 43°,
and although the topography is gullied with small undulations here and there,
the lower part is a continuation of 2 uniform slope. The geology consists of
diorite which is fresh, massive and whitish-gray at the river bed, but as a
whole it is somewhat weathered and has a brownish coloration. There are
numerous cracks developed, and the rock has a tendency to break into fragments
from about 10 cm in diameter to small blocks of 30 to 50 cm. Although slightly
weathered, the rock is extremely hard.

Considerations

From the facts that the diorite at the surface of the projected powerhouse
site is extremely hard although it is weathered as a whole and cracks are
developed, and that at the river bed at part of the left bank there is fresh,
massive rock exposed, it is thought the weathered zone is not very thick. Since
the powerhouse site is located at a considerable depth in the mountain mass it
is expected that fresh rock will exist and construction of the powerhouse is
thought to be feasible. However, since this site is located close to the boundary
with the Chimu Formation, depending on the form of contact there will be a
possibility that diorite does not exist at deep parts underground, while it is
imaginable that the rock character may have been changed or deteriorated due
to the influence of intrusion. It will be necessary hereafter to thoroughly as-
certain the distribution and characters of the geology in the vicinity of the project
site,

33 C-3 HYDROPOWER PROJECT

3.3.1 C-3 Regulating Pondage Dam (Ref. Fig.-111.3.5)

(1)

Topography and Geology
Investigations were made over a distance approximately one km centering

around a point about 10 kin upstream from the downstream end of the Tablachaca
river.
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The topography is complex and the right bank from the river bed to about
200 to 300 m rises as a sheer cliff of 60° to close to vertical and the surface is
deeply eroded by many small gullies. At the left bank, there is a ridge with a
saddle at Ei. 950 to 875 m protruding out immediatlely downstream of the tributary
Quebrada de Los Callejones. The slope at the south side of the ridge forms a
depression with its top at an elevatlion of approximately 900 m, and at the down-
stream end of the investigated area there is a ridge prolruding out which is close
to a vertical cliff up to 70 to 80 m from the river bed. The Tablachaca river has
a width of 5 to 30 m, and down to the merging point with the tributary Quebrada
de Los Callejones it flows from north to south, but changes its direction to the
southeast from the conjunction point. At the left-bank side there is a road running
about 30 to 40 m above ithe river bed and at the downsilream ridge it goes through
a tunnel.

The geology of the area consists of quartz diorite. The bedrock is widely
exposed, and up to about 50 m from the river bed it is fresh, but higher up
there are places which are partially somewhat weathered or loosened. The
quartz diorite is medium-grained, grayish-white, hard and massive. There are
joints of N80 E (strike) and 80° N-80° (dip) developed in the bedrock, while
further, there are weak lines with the same directionality at parts, and there
are places where the bedrock is slightly deteriorated.

Talus deposits exist relatively thickly at both banks downstream of the in-
vestigated area. These deposits arTe cohesive soil intermixed with large quantities
of quartz diorite blocks, the deposits are seli-standing in a condition close to
vertical and in the vicinity of the tunne}l of the left-bank road.

In the investigated area, there are two linear structures roughly parallel to
each pther which provide variety to the topography. One is a structure which
passes the saddle of the ridge protruding at the left bank and having a direction-
ality of NNW-S8SE, and this 1s thought to effect variations in tributary gullies
and the topography at the upstiream side of the ridge. The other passes the
vicinity of the conjunction of Quebrada de Los Callejones and the Tablachaca river,
and has a directionality of N-S along the mainstream. These two linear structures
are suspected to be faulis.

As the site of the C-3 regulating pondage dam, the ridge at the downstream
end of the investigated area was originally thought to be suitable as the river is
narrow there and steep clifis of fresh, hard, massive bedrock rise to high
elevations at both banks. However, as a result of the present investigation,
it was found that there are thick deposits of talus at the left~bank ridge underlying
which terrace sand-gravel is distributed and it is thought an old river channel
exists there. Therefore, the site of the projected dam was selected approximately
200 m farther upstream.

The topography of this site at the right bank is a steep cliff of around 250 m
rising at a gradient of around 60 irom the river bed and at the left bank a
slightly gentler, uniform slope of 45 1o 50°. The elevation of the river bed is
roughly 710 m and the width is approximately 3 ra. The quartz diorite is hard
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(2)

3.3.2

A.

and massive as o whole and there is little weathering, but there is development
of the previously-mentioned jointing and weak lines, causing the bedrock to be

slightly deteriorated. The left-bank has open joints at around 50 to 60 m {rom

the river bed and is slightly loosened.

Considerations

The topography of this site is that of both banks being steep cliffs up to high
elevations with the width of the river bed narrow. Geologically, the basal rock
is bard in general while weathering has not progressed so that construction of
a dam will be quite feasible. However, since joints and weak lines are developed
in the bedrock, with these frequently open and in parie loosened, it is necessary
for the character of the bedrock to be thoroughly grasped hereafter. Further,
it is estimated that a fault exists at the left-bank side. Although this would be
at a distance from the projected dam, since there is a possibility it will have
an effect on the stilling basin and the headrace tunnel, it is desirable for its
existence and nature to be confirmed.

There are talus deposits and terrace deposits here and there inside the
pondage area, and il is considered sedimentation in the regulating pondage will
be a big problem. Topographically, it appears that slope of pondage area is
stable as a whole, and it is thought unlikely for large-scale landsliding to occur
after water impoundment. However, it is thought necessary for investigations
considering sedimentation in the pondage area and investigations of landsliding
to be carried out.

C-3 Headrace Tunneis {Ref. Fig.-111.3.2)

The beadrace tunnels of the C-3 Project consist of the two systems below and
the geologic conditions will therefore be described separately.

C-3 Tunnel A ....ccvun-. Approximately 18 km from C-2 Powerhouse to
C-3 Powerhouse (Santa river side)

C-3Tunnel B ...ccvvnenn Approximately 9 km from C-3 Regulating
Pondage Dam to C-3 Powerhouse (Tablachaca
river side)

C-3 Tunnel A

This tunnel is planned on the right-bank side of the Santa river and will have
a length of approximately 18 km and a diameter of 4,8 m.

The tunnel from C-2 Powerhouse to its middie part will pass close to the
Santa river under a mountainside of elevation of 800 to 1,000 m, while from the
middle to C-3 Powerhouse, it will pass under a mountainside of elevation of
800 to around 2,000 m at 500 to 3,000 m away from the Santa river. Along the
tunnel route a place where earth covering will be thin at around 100 m will be
south of Cerro Campanario, while on the other hand, where covering will be
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thick will be under the large ridge protruding at the downstream part which is
as much as approximately 1,300 m. The geology which the tunnel will pass
through is comprised of the Granodiorite Group mainly consisting of diorite
and granodiorite, the Chimu Formation mainly consisting of quartzite, and the
Santa-Carhuaz Formation mainly consisting of alternations of sandstone and
shale. Turther, at the downsiream part, there is a possibility thal the tunnel
will pass through Calipuy Voleanic Rocks mainly consisting of andesite. Of
these geologic formations, the Santa-Carhuaz Formalion will make up almost
all of the route, but it is thought diorite and the Chimu Formalion will be en-
countered between the vicinity of C-2 Powerhouse and the vicinity of Mirador,
and granodiorite in the vicinity of C-3 Powerhouse. TFaulting is estimated to
exist approximately 1 km upstream of C-3 Powerhouse. A fault is also estimated
to exist at the tailrace about 300 to 400 m from C-3 Powerhouse.

C-3 Tunnel B

This tunnel is planned on the left-bank side of the Tablachaca river and will
have a length of approximately 9 km and a diameter of 3.8 m.

The tunnel will pass under a mountainside of elevation of 800 to about 1,000 m
which is close to the Tablachaca river. Covering along the tunne! route is about
100 m where thin and aboutl 400 m where thick, but parts of 200 to 300 m are
the longest. The tunnel at its middle portion passes under a number of small
ridges and branch gullies, but almost all of the route passes under a slope of
uniform gradient.

The geology of the area through which the tunnel will pass consists entirely
of the Granodiorite Group which is mainly quartz diorite and granodiorite,
although 2t a part in the vicinity of C-3 Powerhouse there is a possibility of
Calipuy Volcanic Rocks mainly consisting of andesite being encountered. Quartz
diorite is distributed in the vicinity of C-3 Regulating Pondage Dam but this
gradually changes over to granodiorite in the vicinity of C-3 Powerhouse. A
fault is estimated to exisl about 500 m upstream of C-3 Powerhouse.

Considerations

Tunne! A and B of the C-3 Hydropower Project will not cross a large sheared
zone having continuity other than the fault estimated to exist in the vicinity of
C-3 Powerhouse. The covering of the tunnels are about 100 m where thin, but
when considered together with the fact that the rocks at the surface are generally
of good condition while the original grounds are siable, it is thoughti that the
bedrocks of practically the entire lengths of the routes have not been subjected
to extreme weathering, and the geologic conditions are [airly good.

However, regarding the geologic conditions at the tunnels, there are a number
of geologic phenomena as pointed out below which require attention.

(i)  There is a possibility that rocks at contacls with the Granodiorite Group
have been changed in character and deteriorated.
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(ii)  Since the tunnels are laid out to cross the direction of the principal geologic
structure of the investigated area, there is a possibility that it will be un-
avoidable for a number of sheared zones to be encountered. However, it may
be said to be a desirable condition that these weak lines are not parallel to
the tunnel route.

(ili) Fanlts are estimated to exist in the vicinities of the C-3 Repulating Pondage
Dam and C-3 Powerhouse.

(iv) C~3 Tunnel A will pass through the Chimu Formation. This formation has
interbeds of coal layers, and it may be expected that toxic gas said to have
caused accidents in the past will be generated. However, it is said these coal
layers do not produce methane gas which will be the cause of explosions in
mines.

(v}  The covering where Tunnel A passes under the ridge of Cerro Campanario
is as much ag 1,300 m. The rocks in this section are sandstone and shale
alternations of the Santa-Carhuaz Formation and there is some possibility
that rock bursting phenomena will occur.

1t will be necessary for geologic investigations to be carried out keeping
these problematic points in mind and employing topographical maps of high
aceuracy.

3.3.3 C-3 Underground Powerhouse (Ref. Fig.-111.3.6)
{1) Topography and Geology

Regarding C-3 Powerhouse, investigations were made of two locations, the
tip of the ridge protruding out to the southwest sandwiched between the Santa
and the Tablachaca rivers {A site), and the right-bank mountain mass (B site)
approximately 7 km downstream along the Santa river from the former.

(i) A Site

The ridge at which this site is located has a saddle at an elevation of
approximately 1,000 m with slopes both on the Santa and Tablechaca river
sides having gradients of about 35°, and branch gullies from the saddle have
eroded the slopes on both sides. There are other small gullies on the Santa
river side, but the Tablachaca river side is more or less uniform. At the
low part of the very tip of the ridge, that is, the confluence of the Santa and
the Tablachaca rivers,there is a terrace of length of about 200 m and width of
about 100 m. The elevation of the river bed at the confluence is approximately
500 m.

The geology of the site consists of granodiorite, andesite, and alternations
of sandstone and shale of the Santa-Carhuaz Formation. The granodiorite
intrudes the Santa-Carhuaz Formation to be predominent at this site, is
generally whitish-gray in color, and fresh and hard. However, at part of the
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slope on the Tablachaca river side there is extreme loosening and irregular
cracking, and it appears the character of the bedrock is not uniform. Fur-
ther, there are cracks of landslide nature at the tip of the ridge near El. 500 m,
but these are thought to indicate local surface landsliding.

Andesite covers the ridge above El. 600 to 700 m, is generally gray in
color, with weathering having progressed as a whole.

The sandstone and shale of the Santa-Carhuaz Formation are distributed
along the Santa river, are generally blackish-gray and hard. A fault of NW-SE
directionality is estimated to run through the saddle of the ridge. The distance
between this assumed fault and the powerhouse site is approximately 1 km.

The vicinity of the boundary between Santa-Carhuaz Formation and granodiorite
at the downstream right bank of the S8anta river is extremely fractured and in
view of the condition at the site it was estimated that a sheared zone exists.
However, it is conceivable that this 1s a sheared zone of the Santa-Carhuaz
Formation caused by intrusion of the granodiorite.

B Site

This site is an alternative to the A site above, and is located in the vicinity
of the intake for the Chao~Viru Irrigation Project.

The topography is that of a mountain mass with numerous wrinkles, the
slope having been eroded by small guilies. There is a slightly prominent
gully at the downstream side of the site, while the skirt at the upstream side
is gentle. The Santa river as a whole flows east to west, but in the vicinity
of the site it changes course to sharply impinge on the right bank. The ele-
vation of the river bed in this vicinity is approximately 420 m.

The geology of the site consists of granodiorite which is gray to grayish-
brown in color and hard, but joints and cracks are developed and there is
a tendency for loosening as a whole. Judging from the topography and the
condition at the site, it is not thought there is prominent faulting.

Comparison of A and B Sites

As a result of comparison studies of the above two sites, no substantial
difference could he seen in geologic conditions, but the A site was selected
ag the C-3 Powerhouse site from the standpoint of design conditions.

Considerations

The C-3 Powerhouse site is localed deep inside original ground comprised of

a granodiorite mass so that the existence of fresh, hard bedrock may be expected,
and it is judged that the conditions of location for an underground powerhouse are
good. However, according to surface investigations, (i) the character of the
granodiorite is uniform, (ii) the andesite occupying the top part of the site is
brittle, and further, (iii) it is estimated fauits pass through the saddle and tip

of the ridge. Especially, the assumed fault passing through the tip of the ridge
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may be a sheared zone of the Santn-Carhuaz Formation caused by intrusion of
granodiorite, and there are many points remaining which will require clarificat mn.

CONSTRUCTION MATERIALS

Since it is estimated that a concrete volume of approximately 600,000 m3
will be required for the entire C series Hydropower Project combining the C-2

and C-3 Hydropower Projects, it will be necessary for adequate aggregate
sources to be secured.

Accordingly, preliminary investigations were made of the possibility of

obtaining construction materials. As a result, the following sites can be listed
as materials sources.

1) A point 5 km downstream from the confluence of the Santa river and
Tahlachaca river

2) Vicinity of the confluence of the Santa river and the Grande river
(Q. Quihuay}, and the Mirador District upstream

2

3) Manta river

It is thought possible for coarse aggregates to be collected at all of the above
sites, but regarding fine aggregates there are no quantities seen where coliecting

can be done economically. Accordingly, it will be necessary to manufacture
sand with a crushing plant.

For this purpose, it will be needed for materials samples to be collected at
the beforementioned sites in the future and materials tests including gradation
analyses to be carried out in the laboratory, as well as to confirm quantities of
aggregates available for collection through test pits or trenches.
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CHAPTER 4 POWER GENERATION PLAN

4.1 BASIC CONSIDERATIONS

The C-2 and C-3 Hvdropower Projects will direclly take in the discharge of
planned £1 Chorro Power Station, and also take in the runoffs of the tributaries the
Manta and the Tablachaca rivers. In addition, the remaining head of the Sania river
15 to be utilized to effectively develop the hydropower potential of the river.

Prior to starting studies of this Project, basic considerations were given to
(1) the power generation svstem, (ii) dam locations, powerhouse locations and tunnel
routes, and (iif) turbine selection, and judgments and determinations were made
thereupon.

4.1.1 Power Generation System

From the fact that the power generating facilities in the Republic of Peru is
expected hereafter to be hvdroelectric mainly, power generating supply capability is
liable to be influenced by seasonal variations in river runoff.

Taking the above into account, it will be desirable for hydroelectric power
stations to be newly constructed hereafter to possess reservoirs making possible
seasonal or annual regulation of river runoff in order to effectively utilize the hydro-
power potentials of mvers. In case it is not possible because of topographical and
economic reasons to construct a reservoir, a power station with regulating pondage
will be desirable. The Santa and the Tablachaca Tivers both are very high in sediment
transportation, and although approximate figures, it is estimated that the sedimenta-
tion of the rivers in 50 vears will be 300 » 105 m3 and 150 » 106 m3, respectively.
Consequently, in order to cope with these volumes, reservoirs with very large pockeis
are reguired, or otherwise, the reservoirs will lose their functions in a very short
period of time.

When the two points above are considered, in the Project Area, which is the
Santa river downstream of £1 Chorro Power Station, there is no suitable site for

providing such reservoirs, while regarding the Manta river, since the river gradient
15 steep, added to which sedumentation is large, there is no place to provide a regulat-
ng pond, let alone a reservoir. However, the Tablachaca river alone has a suitable
site {or providing regulating pondage. Therefore, the C-2 Hydropower Project is Lo
be & conduit-type having a small regulating chamber which will surve as a surge
chamber, while the C-3 Hydropower Project is to be a condujt-type power slation
having a4 regulating pond.

4,12 Dam and Powerhouse Locations and Tunnel Routes
The Survey Mission together with a teaw of INIE engineers made desk studies

and l1eid investigations of the locations of the C-2 and =3 powerhouses, dam locations
and wunoel routes.
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As a result, it was concluded that there is no suitable site on the Manta river
for construction of a regulating pond for the C-2 Hydropower Project. As for the
headrace, the tunnel route was selected choosing adit locations so that about 6 km
would be the longest single length of tunnel to be driven.

With respect to the C-2 Powerhouse loeation, a Downstream Scheme where
there is ample space for ready construction of a surface powerhouse and an Upstream
Scheme for an underground powerhouse emphasizing the connection between C-~3
Regulating Pondage to be provided on the Tablachaca river and the tunnel were set up,
and engineering and economic comparisons were made of the two schemes.

In selection of the tunnel route for C-3 Power Station, considerations were
given to prevention of temperature rise in the tunnel due to the thickness of coverage
of the tunnel causing hindrances to construction. Also selection was done so that a
single maximum length of tunnel to be driven would not exceed 6 km.

Regarding the powerhouse location and tunnel route, 6 different alternative
plans were set up and taking into consideration the economics, ease of construction,
and ease of power station operation of each alternative, one alternative plan was
finally selected.

4.1.3 Selection of Turbines

The Santa river has the highest suspended sediment content of the rivers of
the Republic of Peru, while there is much siliceous material contained in the suspend-
ed sediment so that in turbine selection thorough consideration must be given to
measures against abrasion of turbines.

In view of the above, and referring to records of turbine abrasion of existing
power stations in the Repubiic of Peru, 2 study was made of whether to select a
Francis type or a Peltoa type.

42 FIRM DISCHARGE AND MINIMUM DRY-SEASON DISCHARGE

The existing Canidn del Pato Power Station is a conduit type having no regulat-
ing pondage and the available discharges of the power stations of the C series
Hydropower Project downstream of Caida del Pato Power Station will depend largely
upon the intake quantity of Caiion del Pato.

Therefore, with respect to C-2 Power Station, 95 % of the discharge of the
Santa river at Cafidn del Pato and 95 % of the Manta river discharge were added togeth-
er and considered as the dry-season discharge. The sum of 100 % of the discharges
of the two rivers was considered as the minimum dry-season discharge.

For -3 Power Station, 93 % of the discharge of the Tablachaca river was
added to the discharge of C~2 Power Station and taken to be the firm discharge, while
the sum of 100 % of the discharge of each river was considered as the minimun dry-
season digcharge.

m 13-{”



In this connection the firm discharge of C-2 Power Station is 49.6 m3/sec
(95 %) and the minimum dry-season discharge is 39.8 m3/sec (100 %).

The firm discharge of C-8 Power Station is 57.1 m3/gec and the minimun dry-
season discharge 45.5 m3 ‘sec.

The bases for these calculations are given in Appendix-A.1

43 STUDY OF C-3 REGULATING PONDAGE HIGH WATER LEVEL

The scale of C~3 Power Station is determined by the high water level of the
regulating pondage and the maximum available discharge. The maximum avaijlable
discharge of C-3 Power Station, as described in 4.5, has been deeided to be 80 m3/sec.
The Tablachaca river, where C-3 Regulating Pondage is to be constructed, Is estimated
to have more sediment flow than the S8anta river, and when considering operation of
the regulating pondage, the regulated guantity should be the minimum amount necessary.

The necessary minimum volume may be determined by the following expression.

_ QT95~ 24 hr

QTP = 6 hr

T

Cr=T (Qrp - Qros) = 486,000 m3
where
T : peaking time during dry season

QT95 : drv-season discharge of 95 % of Tablachaca river
(= 7.5 m3/sec)

QTp : maximum intake from C-3 Regulating Pondage
(= 30 m3/sec)

Cy : necessary minimum volume of C-3 Regulating Pondage

Therefore, in order to concentrate the water of the Tablachaca river in 6
hours in the dry season, it will suffice 1o bave a necessary minimum effective capac-
ity of 486,000 m?.

However, in consideration of reduction io regulating capacity due to sedimentation,
an 1ncrease was made to an effective regulating eapacity of 650,000 m3, In order

to obtain this effective capacity, the high water level of C-3 Regulating Pondage must
be at E1. 755.00 as can be seen in Fig.-iIl.4.1.

44 STUDY OF MAXIMUM AVAILABLE DISCHARGE

As indicated below, in determining the maximum available discharges of C-2
and C-3 Power Stations, there will be restrictions placed hy the maximum available
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discharges of the upstream existing Caiién del Pato power station, and the planned
El Chorro power station, and to an extent by the maximum intake quantity of the down-
stream Chao-Viru Irrigation Project described in 1.2, Chapter 1, Part III.

(1)

(2)

(3

In order to guarantee an available discharge of 48 m3 sec (95 % dry-season
discharge) for Cafién del Pato Power Station including its added capacity and E1
Chorro Power Station, plans are in progress to construct Recreta Resevoir on
the upstream part of the Santa river and a regulating pondage on the Quitaracsa
river.

in view of the above, the available discharge of C-2 Power Station taken in
from the tailrace of E1 Chorro Power Station will automatically be the intake
quantity from E1 Chorro Power Station to which will be added the intake quantity
from the Manta river.

Seen from the electric power demand and supply plan of Peru, there is little
possibility that secondary electric energy will be effectively used in the future,
so that primary electric energy must be given priority in considerations.
Therefore, the intake guantity from the Manta river will automatically be the
dry-gseason discharge. C-2 Power Station, if possible, should have available
discharge regulated by a regulating pond so that the pealk will be at load factor of
67 % (average load factor of demand), but the Manta river from which intake 18
to be made does not have a suitable site for a regulating pond, while with regulat-
ing pondage by a tunnel-type water chamber having a large capacity, it is not
economically viable for a low head power station with such as C-2 Power Station.

In view of the above, C-2 Power Station is to have a tunnel-type chamber hav-
ing a capacity to regulate the discharge variation of E! Chorro Power Station
due to load variations.

The available discharge is to be the E1 Chorro Power Station discharge of
48.0 m3/sec plus dry-season discharge of the Manta river of 2.0 m3/sec, or
50 m3/sec.

The available discharge of C-3 Power Station will be the discharge of C-2
Power Station to which the intake quantity from the Tablachaca river will be added.
Therefore, it is desirable for the available discharge to be made large in order
to make possible peak power generation in step with demand as much as prac-
ticable through regulating pondage provided on the Tablachaca river.

However, there will be the intake of the Chao-Viru Irrigation Project planned
downstream C-3 Power Station, and since the maximum intake quantity will be
80 m3 sec, in case C-3 Power Station were to carry out power generation with
available discharge of more than 30 m3 sec, there will be a need for re-regula-
tion of discharge upstream of the imake for the irrigation project, but no suitable
aite can be found for this purpose.

For the above reason, the maximum available discharge of C-3 Power Station
is to be 80 m3 sec.
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45 STUDY OF DEVELOPMENT SYSTEM AND SCALE

45.1 Basic Consideration of Study

The principal conditions for study of the development system and the scale
are indicated below.

(1) Reparding the power generation system, it was decided that C-2 Power Station
should be provided with a tunnel-type regulating pond having a small capacity
enabling it to have the same load factor as E1 Chorro Power Statiot.

C~3 Power Station is to be provided with a regulating pond on the Tablachaca river
capable of regulating the combined water of discharge of C-2 Power Station and
the discharge of the Tablachaca river during the dry season.

{2) In the study of the system and scale of development, it was decided that an
economic comparison with the benefit-cost ratio (B/C) and the surplus benefit
(B - C)as measures should be made. The benefit in this case is to be deter-
mined based on the annual cost of the alternative thermal power station described
in Chapter 7, "Economic Analysis"” of Part III.

(3) The output and electric energy used for calculation of the benefit used in be-
nefit calculations were determined by the conditions indicated below, and these
are to be defined as effective output and effective electric energy, respectively.

{H The effective output is to be the output at which firm discharge is daily-
regulated for more than 4 hours of peak output, and for the benefit calcu-
lations the loss ratio of 2.5 % due to faulting and repairs, station service
ratio of 0.3 % and transmission loss of 2.2 %, or a total of 5 % is to be de-
ducted.

{ii)y As effective electric energy, only primary energy (annoual energy pro-
duction at drv-season discharge) is considered with secondary energy omitted
as it will not be immediately effective seen from the demand and supply balance.

{4 The annual cost used for benefit calculations are to be computed by multiply
ing the construction cost by annual cost ratio.

4,5.2 Development System and Scale of C-2 Power Station

C-2 Power Station will take in water from the end of the tailrace of E1 Chorro
Power Station, and adding water from the Manta river, head is to he obtained by a
headrace tunnel for power generation.

The problematic points conceivable in regard to the above are the two helow,
and studies are to be made thereof.
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(iy  Whether or not it will be possible for regulating pondage necessary for
peak power generation to be provided.

(i)  Regarding the location of C-2 Powerhouse, there are two alternative plans,
with one being for the case of considering the discharge of C-2 Power Station
to be at a location (Upstream Scheme, underground type) where water can be
conducted the C-3 Regulating Pondage, and the other when C-2 Power
Station iz considered Independently where the site is to be that which makes
this power station the most advantageous (Downstream Scheme, surface type).

As a result of studies of the above two points the following conclusions were
obtained.

(1) Possibility for Regulating Pondage

i) As a result of field investigations, there were three sites found on the
Manta river which were geologically suitable for a regulating pond, but the
gradient of this river is steep with much sedimentation seen at the river bed.
Both side banks of the river are steep with siopes of about 40, and many spots
of the slope are covered broadly with sediment comprising broken pieces of
rock and talus cone. In addition, during the rainy season there will be large
amounts of large particle sand-gravel flowing down, with a great probability
of the regulating pond losing its function in 2 short period of time, and it wall
not be easy to clean out the sedimentation.

For the above reasons, the proposal to provide a regulating pondage on the
Manta river was abandoned.

(ii) A plan was considered for provision of a large scale underground regulating
water chamber at the starting point of the headrace tunnel, but to increase
peak power of C-2 Power Station by 1.0 KW, there will be a necessity for
about 10 m® of water and when the construction cost necessary for this is
considered in approximate terms, it will be more than USS2, 000 per KW.

Because of the above, since there would be little effect economically to
provide regulating pondage in the tunnel!, this alternative will not be adopted
either.

(iif)  As a result of i) and ii), since it is not possible for a large-scale regulat-
ing pondage to be provided for C-2 Power Station, it was decided that a2 chamber
having the necessary minimum regulating capacity would be provided. The
tailrace of E1 Chorro Power Station will be approximately 1,560 m in length
with the discharge water flowing down the tailrace with a free surface so that
El Chorro Power Station and C-2 Power Station cannot cope simultaneously

with variations in load — there will be a certain degree of time differential
produced ~— and this is undesirable from the standpoint of load dispatching
operations.

Therefore, in order to eliminate this time differential, it was decided to
provide a regulating chamber baving a capacity of approximately 3,000 m? at



the starting point of the pressure headrace tunnel. (See Appendix-A.2.)
(2) Location of Powerhouse

{i) In the Upstiream Scheme the site will be a eanyon 13 km downstream {rom
E1 Chorro Power Station. The mountain at the right-bank side where the
powerhouse would be provided consists of granodiorite and it is eatimated that
there will be no serious problem in consiruction of an underground powerhouse.

(i} The site of the Downstream Schemte is 3.5 km farther downstream from
the Upstream Scheme at a tableland on the right-bank side, and this vicinity
is ealiled Casa Blanea.

The tableland is roughly 600 m long and 150 m wide, and may be said to have
ample space for construction of a surface-type powerhouse.

The mountain at the back consists of shale and although it cannot be said to
be rock of good quality, since there is a large outerop of rock it will be
possible to construct a exposed penstock.

{1iii) The results of 4 comparison study taking into consideration the features
described in i) and ii) are as given in Table-II1.4.1.
In the Upstream Scheme, as described in Appendix-A.3, "Selection of Types
and Numbers of Unit of Turbine for Santa Project,adopting Fraueis turbines
is thought to be adeguate with respect to abrasion of the turbines and main-
tenance and control, but in the Downstream Scheme, there is a possibility
of problems being produced with Francis turbines in the aspects of abrasion
end maintenance. If Pelton turbines are adopted for the Downstream Scheme
the economies will be poorer than for the Upsiream Scheme.

453 Develgpment System and Scate of C-3 Power Station

Tor determining the development system and scale of C-3 Power Station the
three basic alternative plans described below were set up and studied, while further,
with the basic alternative plans ag bases, other alternative plans were combined and
these were studied. (See Figs.-111.4.2, II.4.3.)

The various alternative plans are described below.
Alternative plan 1

The C-3 Hvdropower Project consists of taking in water from the taflrace
(E1. 740 m of C-2 Power Station, conducting the water to C-3 Powerhouse by a
pressure tunnel of 14,5 km and obiaining an effective head of 215 m. At the gsame
time, the water of the Tablachaca river is to be regulated with C-3 Regulating
Pondage (mgh water level 758 m) on the Tablachaca river lo supply the shortage
in the water requirement of C-3 Power Station which cannot fully he met with the
water irom C-2 Power Station.

The method of supply of power discharge is by operation of the intake gate
a1 the regulating pondage, but in order to supplement the temporary shoriage of
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water at C-3 Power Station due to the time lag in gate operation, a regulating pond of
capneity of about 10,000 m? is to be provided in the vicinity of C-2 Powerhouse(Down-
stream Scheme).

With this regulating pondage it will be possible for C-3 Power Station to gen-
erato o maximum 148,000 KW coping with fluctuations in power demand, and together
with C-2 Power Station, the C Series Hydropower Project will be capable of generat-
ing a maximum 235,300 KW.

However, since the C-2 Power Station tailrace (C-3 Intake) elevation is lower
than the elevation of the water level of C-3 Regulating Pondage, the water taken in
from C-2 Power Station cannot be supplied to the regulating pondage. In effect, if
C-2 Power Station is generating electric power, but C-3 Power Station is not, dis-
charge would be made directly into the Santa river, which is not an economical
operation. Alternative plan I is for a head of 215 m, and when the water quality of the
Santa river is taken into account, this is thought to be the limit for adopting Francis
turbines from the standpoint of abrasion, but tentatively, a comparison study was
made agsuming that Francis turbines would be adapted for Alternative plan I-A and
Pelion turbines for Alternative plan I-B.

Alternative plan I1

In Alternative plan I it is not possible for the discharge of C-2 Power Station
to be fed to C-3 Regulating pondage, but in Alternative plan 1 the location of C-2
Powerhouse would be moved upstream to an elevation higher than the water level of
C-3 Regulating pondage making it possible for the beforementioned discharge to be
conducted to C-3 Regulating pondage, thereby improving the water utilization effi-
ciency of C-3 Power Station. Through this arrangement, C-3 Power Station would
have a capacity of 158,000 KW and C-2 Power Station (Upstream Scheme) 72,000 KW,
a total of 230,000 KW.

Frrthermore, the two comparative alternatives below were studied with regard
to this Alternative plan II.

Alternative plan I-B All tunnels pressure tunnels making it possible for
C-3 Power Station to immediately cope with load
variations at C-2 Power Station similarly to the
latter.

Alternative plan If-A Headruce from C-2 Power Station to C-3 Power
Station non-pressurized with eveything else same
as Alternative I-B.
Alternative plan II1
Thig would be & plan for utilizing the svailable head from C-2 Power Station
to the Chao-Virn Project intake to the raaximum limit and the following two sub-

alternativea weve studied.

Alternative plan [11-A Water used at C-2 Power Station directly conducted
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to C-3 Regulating pondage by a tunnel of 16 lun to
combine with Tablachaca river waler, further
conducting to C-3 Powetrhouse provided near
Chao-Viru intake by a tunnel of 14 lun {or power
genevalion of 199,000 KW, which combined with
C-2 Power Slation (Upsiream Scheme) would tolal
271,000 KW

Alternative plan If1-B Discharge of C-2 Power Station conducted to viein-
ity of confluence of Santa and Tablachaca rivers,
crossing the Tablachaca river by siphon Lo conduct
to C-3 Powerhouse provided near Chao-Vira inlake,
with connection of headrace tunnel {from C-3 Repgulai-
ing pondage made part way along main headrace
tunnel.

The results of examinations of the 6 alternative plans above are as indicated in
Tables-111.4.2 and I11.4.3. Except for 1-A and ITI-B, the alternatives do not show
appreciable differences in B/C and B - C and from the standpoint of economics it
cannat be said which is especially superor.

However, at present, the conclusion was drawn that Alternative plan II would
be preferable for the reasons given below.

On comparison of Alternative Plan 1.and Alternative Plan II, Alternative Plan
1-B is ahghtly inferior to Alternative Plan II in the benefit cost ratio (B/C), the
surplus benefit (8- C) and construction cost per KW.
Further, since in Alternative plan T the water of C-2 Power Station will be conducted
to C-3 Regulating pondage and it will be possible for regulating to be done combining
the water of the Tablachacs river, the water can be used according to the demand
for power from C-3 Power Station, and the operation of C-3 Regulating Pondage will
become advantageous to an extent that there will be no comparison.

As for Alternative plan 1-2 it is more advantageous in the benefit cost ratio
(BT and the surplus Beneftt (B - C) compared with Alternative plan II, but since
Francis turbines are adopted the problem of abrasion of the turbines may be pointed
out from the standpoint of maintenance. Inaddition, as described previously in the
compamson with Alterpative plan 1-B, this Alternative plan 1-A is of great disadvantage
compared with Alternative jplas I in operation of C-3 Regulating Pondage.

Because of the zhove, 11 was decided 1o eliminate both Alternative plans [-A
and J-B as sibjects ©of comparison.

Rext, op comnparison of Alternative plan I and Alternative plan 111, in Alter-
nztive plan TI-B the hezdrace tunnel will pass under a high mountain so that there {8
a possibility they the temperature inside the tunnel will approach 50 to 70°C. Therfore,
cooling and ventilation will not be easy, while eonstruction of a tunnel of 16 km without
z single worlk adiz will be extremely difficult, so that this alternative was also eliminal-
ed.

Next, with Alternative JII-A, the construction cost of 2 long tunnel of 30 km
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and a siphon for crossing the Tablachaca river will be high, while the benefit cost
rotio {B/C) and the surplus benefit {B - C) both are not particularly advantageous
compared with Alternative plan 11. Also, taking into consideration that after develop-

ment of Santn Project by Alternative IT, it will be possible to utilize effectively the
hend to the settling basin of the Chao-Viru Project by providing the C-4 Power
Station, it is thought it will be even more advantageous than Alternative plan JTI- A.

In view of the above, it was decided to eliminate both Alternative plans IT1-A
and 11-B from the comparisons. Consecuently, Alternative plans I7T-A and IT-B
remained for comparison. Both are more or less the same in the benefit cost ratio
(B/C) and the surplus benefit (B - C) , but in case of Alternative plan I1-A in which
the water of C-2 Power Station is conducted by a non-pressure tunnel to C-3 Power
Siation and C-3 Regulating Pondage, the tunnel construction cost will be decreased,
but there will be increases of the construction costs of other structures while the
head of C-2 Power Station will be reduced so that as a result Alternative [1-B will
become slightly better in both the benefit cost ratio (B C) and the surplus benefit
(B - C), whlle in the aspect of power station operation Alternative plan II-B will be
more advantageous so that it was decided to adopt Alternative plan II-B.

454 Result of Study
As a result of the studies in 4.5.2 and 4.5.3, the plan will be as indicated below.

The C-2 Hydropower Project will use the discharge of 43.0 m3 'sec of E1
Chorro Power Station and dry-season discharge of the Manta river of 2.0 m3 sec,
a total of 50 m3/sec, which will be conducted to an underground powerhouse by a
pressure tunnel of 12.7 km in length for an effective head of 167 m to generate
72,000 KW of electric power.

The C-3 Hydropower Project will conduct the discharge of C-2 Power Station
of 50 m3/sec and 30 m3 ‘sec regulated at 2 regulating pondage provided on the
Tablachaca river by pressure tunnels of 18.3 km and 9.1 km, respectively, to an
underground powerhouse, obtaining an effective head of 235 m for generation of
158, 000 KW of electric power.

4.6 OUTPUT AND ENERGY PRODUCTION

4.6.1 Installed Capacity

C-2 Power Station is to have & maximum available discharge of 50 m3 ‘sec,
effective head of 167 m at maximum available discharge, and the installed capacity
is to be 72,000 K\WV.

The installed capacity of C~3 Power Station is to be 155,000 KW with standard
maximum available discharge of S0 m3 sec sad standard effective head of 235 m.

4.6.2 Firm Peak Capacity

The firm peak capacities of C-2 Power Station and C-3 Power Station are the
same as the installed capacities, 72,000 KW and 138,000 KW, respectively.

4.6.3 Possible Energy Production
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The possible energy production divided into primary ensrgy and secondary
energy is ag indicated below.

Primary Energy h Secondary Energy
{106 Kwh) (108 Kwhy)
C-2 Power Station 624.0 6.0
C-3 Power Station 988.0 204.0
Total 1,612.0 210.0

4.7 TURBINE TYPES AND NUMBER OF UNIT

The Santa river has a large quantity of suspended load in its water flow, the
quality of which is siliceous material with high hardness so that abrasion of turbines
will be severe. Therefore, in selection of turbine types and nunber of unit, econom-
ic comparisons were made considering maintenance and repair of turbines, and
Francis turbines were adopted for C-2 Power Station and Pelton turbines for C-3
Power Station.

As for the number of units, either two or three units are appropriate in view
of the capacities of the power stations, and here, stressing maintenance of turbines
and reliability of supply in view of the water quality of the Santa river, 3 units were
adopted for both power stations.

Detailed explanations of the selection of turbine types and numbers of unit
are given in Appendix-~A.3.
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Fig-I1.4.2 Alternative Plan of C-2 and C-3 Power Stations
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Fig-11.4.3 Skeich of Alternative Plan of C~3 Power Station
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Table-J1I.4.1 Summary of Estimated Construction Cost of Alternative

Plan of C-2 Power Station

Item Unit Downstream Scheme ng;z::?
Francis Turbine | Pelton Turbine| Francis Turbine |
Max. Power Discharge | m3/sec 50 50 50
Effective Head m 206 203 167
Installed Capacity KW 88, 600 85,300 72,000
Construction Cost 106yuss
Connecting Structure | 106us$ 1.50 1.50 1.50
Headrace Tunnel 106US$ 71.68 71.68 54,19
Intake Structure 106yss 1.08 1.08 1.08
(Ric Manta)
Surge Tank 106uss 1.48 1.48 1.48
Penstock 108053 4,05 4,05 2.63
Powerhouse 106yuss 4.00 4.40 6.57
Tailrace 106US3 2. 60 2. 60 2.41
Switchyard 106yuss 0.60 0.60 1.20
Miscellaneous Works | 106Uss$ 8.70 8.74 7.10
Sub-Total 108us$ 95. 69 96.13 78.16
Over Head 106Us$ 33.49 33.65 27.35
Electrical Equipment | 106Us$ 18. 27 29.12 17.25
Transmission Line 106yuss 10.40 10. 40 10. 40
Total 105uss 153, 85 169.30 133.16
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