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CHAPTER 4 ELECTRIC POWER DEMAND FORECAST

PRESENT STATE OF ELECTRIC POWER INDUSTRY
ENERGY RESOURCES

Petroleum production in Peru, after completion of a northern
pipeline in April 1977 followed by increase at an annual rate of
20%, reached a level of a daily average of 194,000 bbl in 198l.

The confirmed reserves as of 1982 amounted to

900 million bbl, the breakdown of which was 610 million bbl in
the eastern jungle area, 90 million bbl in the northern Costa,
and 200 million under the continental shelf, These reserves
correspond to only a twelve~year supply at the present rate of
production, and thie 18 one of the reasons that conversion of
thermal power generation to hydro power generation is being
hurried.

Other than the above, the reserves of natural gas are esti-
mated to be 35 billion n> and reserves of coal 110 million tons,
while regarding hydroelectric potential, a West Germany energy
gurvey team listed up approximately 330 sites capable of develop-
ment economically, and the total output of these 1s estimated to
be approximately 58,000 MW.

ELECTRIC POWER INDUSTRY

The electric pewer industry in Peru had previously consisted
of SEN (Servicio Electrico Naclonal) as a national agency
supplying electric power to 28 districts in the country. In
addition, as publicly-owned undertakings, electric power was

being supplied to thelr respective districts by the Santa,
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Mantarc, Cuzco, Tacna, and Arequipa corporations, and by various

munficipalities and small communities.

In 1972, ELECTROPERU S5.A. was established and the electric
power undertakings of SEN, the various corporations, and other
public agencies were all absorbed by ELECTROPERU. Besides the
above, there had been 25 privately-owned companles, but now with
the exception of Lima Electric Power Co. and several others, they
are all being merged into ELECTROPERU.

As for enterprises with private power generating facilities,
there are large enterprises engaged in mining and agriculture
and numerous small-scale firms existing in various locations

throughout the country.
The total power generating facilities in 1981 amounted to
3,300 MW, of which 1,900 MW, 57.6%, consisted of hydroelectric

power generation, thermal power being 1,400 MW, 42.4%Z,

The transitions in total installed capacities by hydro amnd
by thermal are shown in Table 4-1,

Table 4-1 Transitions of Generating Capacity

Unit: MW
Year 1976 1977 1978 1979 1980 1981
Hydro 1,406 1,413 1,409 1,633 1,831 1,918

Thermal 1,110 1,127 1,161 1,280 1,331 1,364

Total 2,516 2,540 2,570 2,913 3,192 3,282

Source: World Energy Statics, 1981
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Regarding annual energy production, it reached 10,100 GWh in
1981, which converted to per caplta figures, was 553 kWh, to rank

at a medlum level among Central and South American countries,

ELECTROPERU 1s the largest supplier of general electric
power in Peru, and in 1981 had 1,3%6 MW, 42.5%Z of all power
generating facilitles, the annual energy production being
4,250 GWh, or 40.5%Z.

The energy sales of ELECTROPERU in 1981 were ag shown in
Table &—2 .

Table 4-2  Breakdown of Energy Sold of ELECTROPERU in 1981

Energy Sold (GWh) Ratlo (%)

Major Mine and Industry

Mining 332.3 7.8
Iron Industry 244.6 5.8
Fertilizer Industry 131.7 3.1
Paper Industry 75.0 1.7
Agriculture 11.0 0.2
Cement Manufactory 10.8 0.2
Fisheries 10,3 0.2
Others 118.8 2.8
Sub-Total 934.5 21.8
Public Use
Residencial 264,3 6.2
Commerclal 72.6 1.7
General 55.8 1.3
Street Lamp 49,3 1.1
Pump 44,0 1.0
Minor Industry 15.6 0.4
Others 8.1 0.2
Sub-Total 509.7 11.9
Loss, Station Service, Inter- 624.0 14.5
connected System
Interchange of Electricity
ELECTROLIMA 1,946.6 45.5
OGEM 99.7 2.3
COSERELEC 94.9 2.2
HIDARANDINA 73.8 1.7
Sub-Total 2,215.0 S51.7
TOTAL 4,283.2 100

Source; Informacion Estadistica de ELECTROPERU, 1981
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4.2

4,21

PRESENT SITUATION IN OBJECT AREA OF ARICOTA NO.3 HYDROELECTRIC
POWER SCHEME

SOUTHWEST REGION

The service area of electric power in Peru, as shown in
Fig. 4~1, is divided into the seven regions of North Regilon,
North Middle Region, Oriental Region, Central Region, South
Middle Region, South East Region, and South West Region.

The Aricota No., 3 Hydroelectric Power Scheme is
located at the SPCC~Aricota Power System in the South West
Region, and the service area to be the object of this Project
will be that of the SPCC-Aricota System.

The electric power systems of the South West Region may be
divided into the Arequipa-Cerro Verde System, SPCC-Aricota
System, and Puno-Juliaca System, which at present respectively

comprise independent systems.

Meanwhile, in the South West Region, there had been the
Arequipa-Toquepala Intercomnecting Transmission Line Project
{scheduled for completion in 1983) planned for interconnection of
the Arequipa-Cerro Verde System and the SPCC-Aricota System, but
for reasons of such as difficulty in procuring funds, construc-

tion had not yet been started as of August 1983.

The energy production by region of ELECTROPERU in 1982 and
the installed capacities are shown in Table 4-3, and the break-
down of the energy sales of the South West Region in Table 4-4.
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Fig. 4-1
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Table 4-3 Energy Production

and Installed Capacity of ELECTROPERU in 1982

Energy Production

Installed Capacity

___Reglon Type (GWh) _ (%) Qe (%)
North and Hydro 615.2 157.8
North middle thermal 178.5 193.6
Sub-total 793.7 17.1 351.4 25.0
Central and Hydro 3,214.4 811.0
South middle thermal 56.4 S4.4
Sub-total 3,270.8 70.6 865.4 6l.4
Hydro 196.5 45.1
South east thermal 39.1 35.8
Sub-total 235.6 5.1 80.9 5.7
Hydro - -
Oriental thermal 141.8 63.3
Sub—total 141.8 300 63.3 &05
Hydro 178.2 36.2
South west thermal 14.5 11,2
Sub—total 192.7 4.2 47.4 3.4
Hydro 4,2064.3 1,050.1
Total thermal 430.3 358.3
total 4,634.6 100 1,408.4 100

Table 4-4  Breakdown of Energy Scold of South West Region in 1982

Source: FELECTROPERU: GERENCIA DE OPERACION

Energy Sold Rate
Ttem (Gwh) (z)
Public Use
Street Lamp 6.01 4.2
Residencial 30.60 21.3
Minor Industry 1.06 0.7
Commercial 6.29 4.4
General 6.86 4.8
Pump 14.86 10.3
Sub-total 65.68 45,7
Major Industry 78.18 54.3
Total 143.86 100
Source: GRENCIA DE DISTRIRUCION COMMERCIALIZATION

by ELECTROPERU
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4.2.2

SPCC-ARICOTA SYSTEM

The SPCC-Aricota System, from its electric power supply set-

up, can be divided into the SPCC System supplied by privately-

operated power generation facilities owned by Southern Peru

Copper Corporation (SPCC) which is an enterprise established with

U.S. capital, and the Aricota System being supplied with electric
power by ELECTROPERU.

Although power interchange is being done between the SPCC

and Aricota power systems, fundamentally, the present situation

is that the demands of the respective systems are being supplied

by thelr own power generating facilities.

The power generating facilities of the SPCC-Aricota System in

1983 were shown in Table 4-5, and the total effective installed

capacity was 145.2 MW,

Of this capacity, the power generating

facilities owned by ELECTROPERU consist of Aricota No. | Power
Station and Aricota No. 2 Power Station, totalling 35.7 MW.

Table 4-5

Generating Facitities of SPCC-Aricota System

Unit x
Power Station Type installed Effective

capacity output Commence= pouricator Owner

W) (MW) ment

Aricota No. | Hydro 2 x11.9 23.8 1966 Toshiba ELECTROPERU
Aricota No., 2 Hydro 1 x 11,9 11.9 1967 Fuji *
Ilo Thermal 2 x 22 105 1959 BB spce

2 x 66 1970,1979 GE "
Botiflaca Hydro 1 x 4,5 1978 GE "

4.5

Rumipunco Hydro 1 x 4.5 1978 GE "
*Toquepala Diesel 5x1 - 1959 - "

* Diesel plant of Toquepala

operated.

is for emergency use and then it is
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Next, the actual energy productions and maximum demands from
1971 to 1982 in the service area of this Project are shown in
Table 4-6 and Table 4-7. The maximum demand of the Aricota
System in 1982 was 30.75 MW, the annual energy production
147.05 GWh, and the load factor 54.6%.

Transmission diagram in SPCC-Aricota system is shown in

Fig . 4_2 .
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4.2.3

SERVICE AREA

{1) Tacna District

The population of Departamento de Tacna in 1981 was 130,000.
The c¢ity of Tacna is the capltal of the department, and is the
largest load center. Supply of electric power to this district
is through distribution from Tacna Substation. The capacity of
Tacna Substation was Iincreased in 1979 by one bank of transfor-
mers of 6 MVA, for a total installed capacity of two banks,
12 MVA, Tt2 electric power demand in 1982 was maximum demand of
8.7 MW, and the annual energy of 34 GWh, and the growth rates in
the ll-year peried from 1971 to 1982 were annual rates of 13.4%

for maximum demand and 12.1% for electric energy.

This district is being supplied by a transmission line of
66 kV, 1 cct, 120 m? ACSR, 94 km from Aricota No. 2 Power Station
to Tacna Substation. The total of the maximum demands of Tacna,
Yarada, Tomasirl, and Locumba Substations was 15 MW in 1982, 1Im
step with such increases in demand, there is a necessity for a
reactive power equipment {condenser) to be provided at Tacna
Substaiton for maintaining transmission line voltage and alle-
viating transmission losses, and plans for this have already been
made by ELECTROPERU.

Meanwhile, in order to meet the future growth in power
demand in the Tacna district, a plan has been made by ELECTROPERU
for construction of a Calana Substation in the Tacna district
with a transmission line of 138 kV, and legnth of 102.5 km bet-—
ween Aricota No. 2 Power Station and Calana Substation, and a

study on this has already been completed.
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(2) Yarada District

The power demand in the Yarada district mainly consists of
the punp load for pumping up groundwater to irrigate farmland.
The maximum demand in 1979 was 2,790 kW, and annual energy con-
sumption was 13.08 GWh. In 1982, the cultivated land area had
reached 3,200 ha, maximum demand 4,140 kW, and annual energy con-
sumption 21.22 GWh, Because of this growth in power demand, one
transformer bank, 4 MVA, was added to the facilities of Yarada
Substation, and the total installed capacity became 7 MVA.

The growth rates in power demand during the 11 years from
1971 to 1982 were 12.5% annually in maximum demand and 15%
annually in energy consumption. However, it is thought that
hereafter as the water level is lowered, it will become necessary
to secure irrigation water for the cultivated land by increasing
pump capacities and it is expected that power demand increases in

response to this situation.

(3) Locumba District and Tomasiri Distriet

Locumba Substation and Tomasiri Substation were constructed
in 1975, Tomasiri Substation was previously a switchyard, but in
order to meet an industrial load caused by the development of
factories and the general loads of the surrounding area, a trans-
former capacity of 3 MVA was installed. Accompanying electrifi-
cation of the Locumba district, transmission line of a 66 kv,

1 cct, 36 km was newly constructed from Tomasiri Substation, and
a transformer bank of capeity of 3 MVA was installed to supply
electric power to meet general loads of this district.

The growth in power demand during the é-year period from
1976 to 1982 was at an annual rate of 11.1% in terms of maximum
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demand, and annually 19.2% in terms of energy consumption. 1In
the Tomasiri district there is hardly any growth in maximum
demand, but there is an annual growth of 4.4% in energy consump-

tion.

(4) 1Ilo Distrit, Copper Refinery and Moguegua District

The power demand in the Ilc district consists of residential
lighting loads in Ilo city and fishing industry loads. The
copper refinery was constructed by Peruvian Government in 1975
adjacent to Ilo Thermal Power Station of SPCC, which is an
electric copper refining plant for processing anode copper of
SPCC facllity at TIlo. The electric power demand in the Moquegua
district mainly consists of the residential lighting load in
Mogquegua city. These three districts are all located the inside
area of the SPCC System, with the Ilo district and the copper
refinery supplied by a 138 kV transmission line of SPCC, and the
Moquegua district by a 13,8 kV transmission line from Botiflaca
Substation of SPCC, but the responsibility for supplying electric
power rests with ELECTROPERU. For this purpose ELECTROPERU is
transmitting from the Aricota System electric power to SPCC
equivalent to the electric energy supplied to these districts by
SPCC, through a 138 kV transmission line between Aricota No. 2
Power Station and Toquepala substation, and this power inter-
change is adjusted at Toquepala Substation in a manner that

the electric energy amounts of the two will be mutually balanced.

The growth in power demand at the Ilo district during the
11l-year period of 1971 to 1982 was at annual rates of 1.37 in
terms of maximum demand and 2.2% in terms of energy consumption.
The growth at the copper refinery during the 6-year period from
1976 to 1982 was at annual rates of l.47% in terms of maximum
demand and 5.6% in terms of energy consumption. ‘The annual

growth rates in the Moquegua district were 12.2% in maximum
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demand and 11.6% in energy consumption,

(5) SPCC System

SPCC 1s a U.S.~capital enterprise engaged in development of
Toquepala Mine and Cuajone Mine which meets its power demands
through private generation at Ilo Thermal Power Station and two
hydroelectric power plants. The installed capacity of Ilo
Thermal Power Station consists of two 22 MW generators and two
66 MW generators, or a total of four generators for 176 MW, but
the output at present 1s restricted to 105 MW because of the
capacities of steam generating facilities of boilers. The two
hydreelectric power plants of Botiflaca and Rumipunco in the
vicinity of the Cuajone Mine have installed capacities totalling
9 MW with two units, but operation is restricted to 4.5 MW or one
half because of reutilization of water used at the mine. As for
the Toquepala Mine, it has generating facilities of 5 MW with
five 1,000 kW diesel generators, but these are antiquated facili-
ties which started operation in 1959 and are now used only in

emergencies.

The SPCC System was Interconnected with the Aricota System
in 1967 by a 138 kV, 1 cct transmission line between Toquepala
Substation and Aricota No. 2 Power Station, and as described in
(4) above, power demands at the Ilo district, the copper refi-
nery, and the Moquegua district in the SPCC System service area
are being supplied from ELECTROPERU through a 138 kV
transmission line of SPCC. Also, power interchanges are carried
out between the Aricota and SPCC systems at times of faulting or
during inspections, and adjustments are made so that interchange

quantities will be balanced on an annual basis.

The proportion of the power demand of the SPCC System in
SPCC-Aricota system in 1982 was 77.5% in terms of maximum demand

V-6



4.3
4.3.1

and 82.2% in terms of annual energy consumption.

ELECTRIC POWER DEMAND FORECAST
BASIC CONDITIONS

For making a load forecast in concrete terms, in view of the
features of the power systems in the gbject area already men-
tioned, it was decided to consider only the SPCC-Aricota System,
one of the systems being operated independently in the South West
Region.

Further, since the two subsystems of the SPCC-Aricota
System, or the Aricota System and the SPCC System, are meeting
thelr respective demands with their own power generating facili-
ties, the loads to be considered in the electric power demand
forecast for this Project are those of Tacna city and vieinity,
Ilo city Moquegua city, and the copper refinery at Ilo which
comprise the service area of the Aricota System of ELECTROPERU.

The scale of the demand in this service area is a small one
which was a maximum of 30 MW as of 1982, With such a situatiom,
attention should be paid to the fact that power demand would be
influenced greatly by local economic policles such as regional
electrification programs and commissioning of individual pro-
jects. On performing analyses based on the records of actual
demand in 1971 through 1982, and the results of investigations of
actual situations in the field, it is judged that the most recent
load forecast made by ELECTROPERU (Ref. 3) is quite reasonable,
and this can be adopted as data for the load forecast.
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4.3'2

DATA INVESTIGATED AND PERIOD OF FORECAST

Regarding the electric power demand forecast for the project
area, ELECTROPERU has analyzed on several occasions in the past,
and evaluated actual performances in power demand and made

forecasts of future loads.
(Ref. 1) Planeamiento del Sistema Electrica Interconectado Sur

Qeste

Periodo: 1981 - 1990
November , 1981

{Ref. 2) Sistema: Sur Oeste

Mensaje: Energla (GWh) Plan Maestre D.G.E./D.D.E.
Potenclia (MW) Plan Maestro D.G.E./D.D.E.

Periodo: 1982 - 2006
10/2/1983

{Ref. 3) Sistema: Sur ODeste

Mensaje: Energila (GWh) Plan Maestro D,.G.E./D.D.E.
Potencia (MW) Plan Maestro D,G.E./D.D.E,

Periodo: 1983 - 2007
29/4/1983

The Survey Mission, during the Third Field Investigations of
August 1983, obtained the latest data (Ref. 3) reviewing the
electric power demand forecast for the South West Region from the
Planning Department of ELECTROPERU. These data review the growth
in power demand in the South West Region considering the economic

IV-18



situations in recent years, grasp the actual states of demand and
supply at the various load centers, and take into account load
forecasts based on local electrification programs and individual
agricultural or industrial projects, and the period of forecast
is from 1983 to 2007.

Here, the period of load forecast was taken to be the 15
years from 1983 to 1998. The reason for adopting this period was
that it was judged 10 te 15 years which are lengths for short-
range load forecasts would be reasonable as the forecast period
since the scale of this Project is small, and start-up of the
interconnecting trausmission line project between the
Arequipa-Cerro Verde System and the SPCC-~Aricota System cannot be
considered because of the delay in construction, and that even if
Aricota No. 3 Power Station were to be added, it would be

necessary for a new power source to be commissioned in 1993,

The electric power demand forecast data for the South
West Region prepared by ELECTROPERU (Ref. 3) and the power
demand data for the service area of the Project are given
in Appendix IV,

4,3.3 LOAD FORECAST

The method of forecasting power demand is as described in
4.3.1. The results of comparisons of the growth rates in actual
demands in the past and in forecasts for the service area of this

Project are shown in Table 4-8.
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Table 4-8  Comparison of Demand Growth Rate of Aricota System

Past (%) Forecast (%)
1971-1982 1977~1982 1983-1988 1983-1998
(11 vears) (5 yeare) (5 years) (15 years)

Maximum Demand (MW)
Tacna System
Ilo System

Total

Energy (GWH)
Tacna System
Ilo System

Total

14.7
10.6

12.4

19.1
17.4

18,1

13.3
2.1

6.7

6.8

6.0

4.5

5.9
3.7

4.7

5.7
5.3

5.5

5.4

5.7

V=20




The above-mentloned results of growth rates show large
increases of 12.4% annually in maximum demand and 18.17%7 annually
in energy consumption during the 11 years from 1971 to 1982,
However, on Jooking at the most recent S5~year perlod, the growth
rates are lower, belng 6.7% annually in maximum demand, and 6.8%
annually in energy consumption. The forecast values of
ELECTROPERU are 5.2% annually in maximum demand and 4.7% annually
in energy for the 5-year perlod from 1983 to 1988, and 5.5%
annually in maximum demand and 5.7% annually in energy for the
15-year period from 1983 to 1998, and these may be judged reaso-
nable assuming that the economic situation will not change
greatly in consideration of the actual growth rates of the most

recent 5 years.

Regarding the maximum demand obtained as the forecast value,
since the value of maximum demand in the load forecast of
ELECTROPERU is the sum of the maximum demands at substations in
the various districts, this sum divided by the diversity factors
of the performance of the Aricota System during the 5 years from
1978 to 1982 (sum of individual maximum demands/synthetic maximum
demand by month) were taken as maximum demands and shown in Table
4-9.
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4.3.4 DEMAND AND SUPPLY BALANCE

A study of the demand and supply balance of the Aricota
System when Aricota No. 3 Power Station is developed was made

based on the following conditions:

(1) Reparding the total output of the Aricota No. 1 and No. 2
power stations, it will be possible for operation at maximum out-
put of 35.7 MW to be done in the future as a result of the water

supply schene.

(2) A diesel power station is at present being constructed in
the vicinity of Tacna Substation, with one 2.5 MW diesel genera-
tor scheduled to be commissioned in November 1983, and this is to
be incorporated in the demand and supply balance. Further, in
view of demand and supply balance, addition of one more unit of
2.5 MW in 1986 1is considered.

(3) Operation of Aricota No. 3 Power Station, 1s to be started
in December 1987, considering the work period, and the output of
13.4 MW is to be considered.

(4) The electric power of Aricota No. 3 Power Station will be
transmitted to Aricota No. 2 Power Station by a 138 kV, 1 cct
transmission line and, from there it will be transmitted to the
Tacna System by a 66 kV, 1 cct transmission line, and to the Ilo
System by a 138 kV, 1 cct transmission line. However, at the
time that the transmission capacity of the 66 kV line becomes
exceeded because of increase in the power demand of the Tacna
System, a new 138 kV, 1 cct transmission line is to be
constructed at the Tacna district (Calana Substation) in order
to cope with the increase in power demand of the Tacna System.

(5) The water pump-up facilities with installed capacity of
1.6 MW at laguna Aricota, are also to be operated in the future
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for securing water to be used at the Aricota No. 1, No. 2 and

No. 3 power stations. Further, from July 1987, the electric
power for the water pump-up facilities with installed capacity
of 3.2 MW constructed at Tocco Dam in accordance with the water
supply scheme is also to be supplied from the Aricota System, and
this 1s to be deductred from the supply capability.

(6) From 1993, there will be a shortage in power supply capabi-
lity because of increase in the power demand of the Aricota
System, and it was assumed that the No. 1 power station with out-
put of 4MW will be completed in 1993, the No. 2 power station
with output of 7,1 MW 1in 1994, and further, the No. 3 power sta-
tion with output of 19,2 MW in 1996 of the No. I to No. 5 power
stations planned by CORDETACNA in comprehensive development of
the Rio Villavillane. The particulars of the power stations

planned ou the Rfo Villavillanes are as follows.

Effective Available Power Station

Head Discharge Output

(m) (n¥/sec) (Mw)

No. 1 PS 201 2.5 4
No. 2 PS 350 2.5 7.1
No. 3 PS 950 2.5 19.2

No. &4 PS 393 2.5 8
No. 5 PS 408 2.5 8.3

With the above as the basis, the demand and supply balance
calculated will be as shown in Table 4-10 and Fig. 4-2, and from
1988 to 1992 a balance between demand and supply can be achieved
with the Aricota No. 3 Power Station Scheme . As for the period
after 1992, although plans are to be made in accordance with the

progress made in the interconnected power transmission plan
for the SPCC-Aricota system and the Arequipa system, it
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was assumed here that the No. 1, No. 2 and No. 3 power stations
in line with the Rio Villavillane Comprehensive Develapment Plan
would be completed in 1993, 1994, and 1996, respectively, for

meeting power demands up to 1998,
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CHAPTER 5 METEOROLOGY AND HYDROLOGY OF BASINS
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5.1

CHAPTER 5 METEOROLOGY AND HYDROLOGY OF BASINS

BASIC CONSIDERATIONS

The hydrological data required for this Project are the
runoff data to be utilized so as to calculate quantity of water
intake availabe for the water supply scheme and runoff discharge
availabe for the power generation, flood discharge data necessary
for the designing of civil structures such as dam, and data on
water quality related to environmental assesment in connection

with dilution and drainage of Laguna Loriscota.

The Survey Mission carried out a selection cof the data
obtained, prior to arrangement of the above hydrological data,
and fundamental analyses were performed on these observation

data.

For computing the runoff at the individual intake sites, it
was endeavored to adopt measured records as much as possible, but
since hydrological data were nil for the Lorlscota Basin, upon
considering the topographical characteristics of this basin, the
inflow was computed from the viewpolnt of water budget using the
data of neighboring observation stations in the surroundings.

Regarding the Aricota basin, water budget calculations were
made concerning the period for which inflow and outflow data were
fully available, and the relation between water level and seepage
was obtained. The period of 1974 and thereafter for which there
are no inflow data, inflow was calculated based on outflow data

and lake water level.

Basic hydrological data required for flood analyses are
extremely scarce with only the data recorded at Pasto Grande
gauging station being available. Report containing flood analy-



5.2

ses made by using these data were obtained and the Survey Mission

reviewad the flood analyses described in this report,

Investigation on was quality as well as on quantity is
important because, by implementing the Project, discharge is
reutilized as irrigation water for Locumba Vally and Ite Norte.

The water quality in the project area and its sarroundings
are described in Chapter 10 as well predictive study on the
influence due to treatment by diluting and draining unsuatable
water for irrigation, which is held in Laguna Loriscota.

OUTLINE OF METEOROLOGY AND HYDROLOGY

The area considered in this Project is centered at
Departamento de Tacna in the southern part of Peru and straddles
Departamento de Mogquegua and Departamento de Puno. The area of
water collection belongs to the Altiplanoc of the Andes mountain
range, and is a low-temperature, humid. The area in which the
water used by power generation is utilized for irrigation is
located along the Pacific Coast, west of the water collection
area and this coast is featured by a dry, troplcal climate.

The precipitation in the Andes mountainland is larger in
quantity as a whole compared with the Costa and is greatly
affected by cold fronts and pressure variations. During the
period from April to November, the front recedes, the country is
covered by a high—-pressure cell, and fair weather prevails,
During the period from December to March a front sets in, the
atmospheric pressure is low with uninterrupted cloudy weather,

and there is much rain.

Annual precipitation generally increases as the elevation
becomes high and the distance toward inland becomes short, and
in the vicinity of the projected power station site under



EL, 2,000 m, the precipitation is approximately 50 mm, while at
EL. 3,000 to 3,500 m in the vicinity of Laguna Aricota it is
about 150 to 250 mm. Further, in the Altiplano of elevation
about 4,500 m which is the water collection area for the water
supply scheme, the precipitation is approximately 400 to 600 mm,
Snowfall is seen during the period from December to March.

The temperature differs according to elevation. The annual
mean temperature at Candarave with elevation of approximately
3,400 m is about 9°C, while at Pasto Grande of elevation of
approximately 4,550 m it is about 3°C., However, a large tem-
perature differential is produced between the daytime and night-
time, and especially, at high land of about EL. 4,500 m, whereas
the temperature in the daytime is around 14 to 20°C, it drops to
~5°C to ~19°C in the nighttime.

The trend of discharge in the water collection area is
greatly influenced by the trend of rainfall, and there i1s a sharp
difference between the runoff in the dry season and that in the
rainy season. The months in which there are the largest amounts
of runoff are February-March with 1.6 to 3.1 times as much as the
annual average runcoff, while the months with the smallest amounts
of runoff are October - November with 0.2 to 0.7 times as much as

the annual average runoff.

Data on hydrology are not available in the Loriscota Basin
which is to be the main water source for the water supply scheme,
but according to the results of the present study, it 1s esti-
mated that the present Laguna Loriscota 1s maintaining a balanced
condition through inflow and outflow averaging around 1.4 malaec.
As for the inflow at the Tocco intake site, it 18 estimated to be
approximately 0,50 n3/sec.

In the Aricota Basin, since Water intake is being
carried out for irrigation mainly at the Rio Callazas, it is
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thought approximately 2.0 m3/sec is entering Laguna Aricota as
inflow not including the above intake.

RUNOFF AND METEOROLOGICAL GAUGING STATIONS

The hydrometeorological data for this project are mainly on
the Andean Altiplano connected with the water supply scheme, on
the Aricota Basin, and on the surrounding area which it is esti-
mated will be influenced by the Project.

The locations of the major gauging stations are as indicated
in Fig. 5-1, with the periods of observation shown in Table 5-1
and Table 5-2. These data were obtained by agencies such as
SENAMHI, ELECTROPERU, SPCC, EICTM, and the Ministerio de
Agricultura., However, the observation periods are not uniform
and data which can be directly used for the Project are limited.
The Survey Mission selected data to be adopted from the
viewpoints of geography and the periods covered by the data with
regard to the overall applicability of the data based on the
hydrological and meteorological observation data obtained insofar

as possible.

General descriptions will be given below regarding the prin-

cipal observation stations.
{1} Meteorological Gauging Stations
a) Tacalaya Meteorological Gauging Station
This gauging station 1s located approximately 15 km
south of laguna Suches at the most upstream part of the Rio

Locumba, at EL, 4,500 m, and has been under the administra-
tion of SPCC since 1953.

V-4



(2)

b) Suches Meteorological Gauging Station

This gauging station is located at the shore of Laguna
Suches at EL. 4,452 m, and has been under the administration
of SPCC since 1956.

¢) Pasto Grande Meteorological Gauging Station

This gauging station is located at EL. 4,550 m along
the Rio Viscachas, a tributary of the Rio Tambo. The
upstream slde of this site is a vast pampa of approximately
130 km2. This gauging station has been under the admi~-
nistration of SPCC since 1952,

d) Vilacota Meteorological Gauging Station

This gauging station 1s located at EL. 4,390 m near
Laguna Vilacota upstream of the Rio Maure and has been under
the administration of SENAMHI since 1964,

Runoff Gauging Stations
a) Candarave Runoff Cauging Station

This gauging station 1s located in the vicinity of the
mouth of the Rio Callazas, one of the principal rivers
flowing into Laguna Aricota, and 1 3 km upstream from the
lake, at an elevation of 2,850 m. The river gradient at the
site of this runoff gauging station is approximately 1/100,
and the catchment area ie 637 kmz. However, there are 17
places where irrigation intake is being carried ocut on large
and small scales upstream of this gauging stationm,
Particularly, a maximum of 1.9 m3/5ec is being drawn at a

point immediately downstream of Coranchay Gauging Station,
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while furthermore, half of the above amount is being con-
ducted outside the Aricota basin to Cairanl and Huanuara,
Consequently, the runoff at this gauging station is not that
of the natural stream, and is considered to be comprised of
overflow from the abovementioned intake facilities sites,
recharge water from the above, and runoff from the residual

catchment ares.

This gauging station had been under the administration
of ELECTROPERU since 1963, but observations have not been

carried out since 1973.
b) Coranchay Runoff Gauging Station

This gauging station is located on the middle stretch of
the Rio Callazas at an elevation of 4,200 m. The river gra-
dient in the vicinity of the gauging station is approxima-
tely 1/70, and the catchment area is 438 kmz. The station
has been under the administration of SPCC since 1955.

c¢) Aricota Runoff Gauging Station

This gauging station is located on the Rio Salado, one
of the principal rivers flowing into Laguna Aricota, 2 km
upstream from the lake at an elevation of 2,800 m. The
catchment area is 349 km®. The river gradient in this vici-
nity is approximately 1/100.

Administration of the station has been under ELECTROPERU

since 1963, but observations have not heen made since 1973.
d) Pasto Grande Runoff Gauging Station

This gauging station is located at EL. 4,510 m on the
Rio Viscachas, a tributary of the Rio Tambo, and has a



catchment area of 560 kmz. With the gauging station as the

dividing line, the upstream side is a broad pampa and the
downstream side is a canyon, and the river gradient becomes

steep.

The administration of this station has been under SPCC
gince 1953.

e) Tocco Runoff Gauging Station

This gauging station is located upstream of Pasto Grande
at EL, 4,547 m and has a catchment area of 85 kmz. This
station has been under the administration of SPCC since
1970,

f) Vilacota Runoff Gauging Station

The gauging station is located at EL. 4,400 m, 5.5 ko
upstream of laguna Vilacota, and has a catchment area of
76 km?. The river gradient in this vicinity ie approxima-
tely 1/100,

The administration of this station has been by SENAMHI
since 1964.

g) Chucarapi Runoff Gauging Station

This gauging station is located at EL. 135 m on the
downstream part of the Rio Tambo where the Tambo Valley
opens up, and the catchment area iz a vast one which spreads
out to parts of the three departments of Puno, Moguegua and
Arequipa, The catchment area is 12,855 kmz, but the area
estimated to comprise runcff sources is 8,924 kn? of the
whole catchment area.



(3)

Records have been obtained since 1933 with the station
under the administration of the Ministerio de Agricultura.

Other Valid Data

a) Aricota Pumping Station

This pumping station was provided to pump up the water
of Laguna Aricota for conduction of water to Aricota No. 1
Power Station constructed on the Rio Curibaya and for supply
of irrigation water to Curibaya site. The administration
and operation is by ELECTROPERVU and the pump-up quantities

and lake water levels since 1967 have been recorded.

b) Existing Aricota No. 1 and No, 2 Power Stations

The two power stations, since start of power generation
in 1967, have been administrated and operated by
ELECTROPERU. Based on the power generation performance data
of these stations, it is possible to estimate the amount of
water used for power generation with relatively high
accuracy. At the No, l power atation, comparison with the
quantity of pump-up, and at the No, 2 power station, com-
parison with the discharge from the No. 1 power station and
the runoff from the Curibaya site direction including
seepage from Laguna Aricota are valid.



Fig. 5-1 Location Map of Run-off and Meteorological Gauging Station
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5.4

ANALYSES ON OBSERVED DATA

5.4.1 VERIFICATION OF UNIFORMITY

The uniformity of hydrological data collected in relation to
this project was investigated by the double mass curve method.

In general, precipitation and runoff are saild to have a
correlation including a time differential, The gradient of the
time curve drawn by the double mass curve will indicate the
average correlation between corresponding values. In such case,
if the gradient changes during the elapse of time, it may be
egtimated that a change of relation between the both occurred
from the year of the breaking point. The factors that can be
considered as the causes are due to environmental conditions
and observation conditions. In general, it is sald that with
the former the gradient varies gently, while with the latter,
the breaking point is comparatively distinct, after which a

more or less constant trend is indicated.

Analyses were made from the above viewpoints, and in cases
of data for which abnormalities were recognized, the causes were
estimated and judgments were made of whether corrections of the

data would be required.
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(1) Precipitation
a) Tacalaya and Suches

Fig. 5-2  W-Mass Curve of Precipitation The corresponding period

of Suches and Tacalaya for the two gauging stations is
the 25 years from January 1957

mun] to August 1981. The annual

average precipitations for this

10001 period are 465 mm at Tacalaya

—

and 386 mm at Suches.

000

As shown in Fig. 5-2, the

gradients show roughly constant

Sccumdated Préapimtien ot Sucne

0 5000 10000 15000 mm trends.
Scamuad Prptorion o Todara

b) Tacalaya and Pasto Grande

. The corresponding pericd
Fig. 6-3 W-Mass Curve of Precipitation

of Pasto Grande and Tacalaya for the two gauging statioms is

the 29 years from January 1953
to December 1981. The annual
average precipitations for this

period are 467 mm at Tacalaya

-

and 534 mm at Pasto Grande,

The relation is shown in
Fig. 5-3. Whereas the gradient

Accumuicted  Precigliotion
[0y + Suche + Fosto Grorde 373

for the 19-year period until
1972 18 54 = 1.18, for the
2-year period of 1972 and 1973,
Tacalaya shows a trend of being
3.4% higher than Suches, while
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(2)

in the 8-year period after
that, the difference is only
1,8%.

Consequently, it may be judged that the trends between
the two sites roughly coincide.

Regarding the abovementioned three precipitation data,
as a result of analysis of the relations with Tacalaya
which, because observation conditions were relatively
complete, was used as the nucleus, it was judged that the
observation data of both Suches and Pasto Grande were uni-
form. Assuming that average values would be used for the
above three precipitation data concerning relation between
runoff and precipitation, it will hereafter be called the

normal precipitation.

Runoff and Precipitation

a) Coranchay Runoff Gauging Station and normal precipita-
tion

Analysis was made of the 24-year pericd from January

1957 to December 1980 for which there is correspondence bet-

ween the two data. The average runoff at Coranchay Runoff
Gauging Station is 1.98 nd/sec (original data) and the
annual average precipitation of the abovementioned three

precipitation gauging stations 1is 45! mm.
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Fig. 5-4 W-Mass Curve of Precipitation
and Run-off at Coranchay G.S

173

Accunulgted  Precpitotion
4 Suche + Poso

{Tecel

Acaurmukzred Run-oft of Coranchay 4 5

bl dht R BoAL L L

The results are shown in
Fig. 5-4. The trend of the
ll1-year period from 1957 to
1967 and the trend in the 5
years after 1976 are prac-
tically the same. In contrast,
the 5-year period from 1966
through 1971 shows runoff is
approximately 25% smaller than
precipitation, while the five
years until 1976 show it is

conversely about 24X greater.

Next, the cases in dividing the runcff according to

rainy season and dry season are shown in Figs. 5-5 and 5-6.

The trend for the railny season is roughly the same as in

Fig. 5-4 for the whole year.

Therefore, from the facts that

the change point in the gradient is relatively distinct and

that factors to cause changes in landform and vegetation at

the catchment area and changes in the state of land use can-

not be seen, it was judged that the rainy-season runoff from

1966 to 1976 were abnormal values due to difference in the

observation conditions.
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Fig. 5-5 W-Mass Curve of Precipitation Fig. 5-6 W-Mass Curve of Precipitation
and Run-off at Coranchay G.S

(Dry Season: Jun~Qct.)

and Run-off at Coranchay G.S
{Rainy Season: Nov.~May)
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——
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Accumulated  Precipitotion

e T v t T
° ! 0 oMy o 10 200y y
d Run-olf in Rokrry Secmon of ¢ Acoumuigted Run-off in Dry Seqson of Corandhay

On the other hand, regarding the dry season, a more or
less constant trend was indicated except for several years,
and abnormalities as in the rainy season cannot be seen.

The dry-season runcff is almost completely from outflow of
groundwater, and im general, the form of discharge does not
change abruptly. Consequently, it is8 judged that dry-geason

runoff records are roughly uniform.

b) Candarave Runoff Gauging Station and Normal
Precipitation

This gauging station 1s located on the Rfo Callazas
approximately 25 km downstream of Coranchay Runoff Gauging
Station, at the mouth of the river at laguna Aricota.
However, a maximum of 1.9 m3/sec is drawn off from the
runoff at Coranchay Gauging Station immediately downstream
of the Coranchay station for irrigation purposes.
Downstream of this station, a maximum of 0.95 m3/8ec is

V-16



further being drawn at 16 other intakes in total, In these
intake facilities there is no sign of restriction on intake
of water. This can be verified alse by the examples of the
hydrographs for the two gauging stations shown in Fig, 5-7.
Consequently, although intake of the runoff at this gauging
station is being done, the trend with elapse of time is
constant as shown in Fig. 5-8, and it may be judged that the

data have uniformity.

Fig. 5-7 Hydrograph at Coranchay and
Candarave G.S (1967 ~ 1971)
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Fig. 5-8  W-Mass Curve of Precipitation and
Run-off at Candarave G.S
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¢) Aricota Runoff Gauging Station and normal precipitation

Fig. 59  W-Mass Curve of Pracipitation The relation between the
and Run-off at Aricota G.S two during the 10 years from

1963 to 1972 are shown in
Figo 5-9.

-

The gradient is roughly
constant throughout the entire

period and abnormalities are

Accumuictad  Preapitation
(Tacakayq + Suche +Rayra Grande ) /3

not recognized., Consequently,

it is judged that the runoff

° © 038 data for this runoff gauging

Accumulcted Run—<ff af Arikol (.i_s
station are uniform.

d) Pasto Grande Runoff Gauging Station and normal precipi-
tation

Analyses were performed on the 24 years from 1957 to
1980 for which the periods of the two data correspond. The
average runoff (original) at Pasto Grande Runoffi Gauging
Station is 2.91 malsec, while the normal precipitation is

451 om.
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Fig. 5-10  W-Mass Curve of Precipitation As shown in Fig. 5-10, the

and Run-off at Pasto Grande . .41ent for the period from

1973 to 1978 is approximately

G.S

30% gentler compared with

other perilods, and the results

-

is that runoff is large for
the precipitation.

Accumuiated  Precttanon
(Trcokye +Suche » Pasta Gronde )/ 5

© =0 500 ™0 100035

Acarrytomd Run-off & Pasto Gronde G 5

Next, with regard to runoff, the case distinguished
according to rainy season and dry season is shown in
Figs., 5-11 and 5-12, In the abovementioned 5-year period,
large differences in gradients can be seen for the rainy
seasons and dry seasons. Whereas in the rainy season the
runoff coefficient is approximately 1.4 times higher com-
pared with that of before 1973, that of the dry season beco-
mes approximately 3.3 times higher. The precipitation at
this site in the dry season, similarly to other neighboring
catchment areas, makes up only a small proportion of the
annual precipitation and is about 8%. Consequently, the
greater bart of the discharge during this period comes from

_springing of groundwater and snowmelt.
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Fig. 5-11  W-Mass Curve of Precipitation and Run-off
at Pasto Grande G.S

{Rainy Season: Nov.~May)

mm

10003
- 51128
=) ™
g
-
3 sopd
n"‘
3«? 51628
is
38

) 4 | myye

Fig. 5-12 W-Mass Curve of Precipitation and Run-off
at Pasto Grande G.S
(Dry Season: Jun.~Oect.)
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If it were assumed that the original data are correct, it
would ber due to factors other than precipitation such as eva-
potranspiration peculiar to the Pasto Grande catchment area.
The reasons are that abnormalities were not seen in the
previously-mentioned dry-season runoff at Coranchay Runoff
Gauging Station, and that abnormalities were not seen either
at Vilacota Runoff Gauging Station which has a relatively

broad pampa in its catchment area.

In general, the runoff variation in the dry season
should be gentle, but whereas in case of the original data
the average runoff from June to October in the dry season in
1973 was 0,93 malsec, it was 3.45 malsec in 1974 and
approximately five times larger. As for monthly variations,
during the 5 years from 1974 to 1978, in comparison with an
average of 2,51 m3/aec for September, that of October was
0.73 malsec for an abrupt reduction.

With regard to the above values, there are no factors to

bring about large changes from a meteorological standpoint.

Next, investigations were made regarding the observation

conditions.

Water level observations at this runoff gauging station
are being carried out every year. However, regarding the
relation between water level and runoff, as pointed out by
ONERN, no observation was made during this period. Appendix
Fig, A.V-1 18 the rating curve used for calculation of
runoff, As can be seen by the figure, whereas the runoff is
approximately 1 m3/sec in case the water level is 44 cm, at
45 cm with only a rise of 1 cm in the water level the runoff

becomes approximately 3.5 m3/sec.

V-21



Assuming that the original data has been over-evaluated,
the causes that can be consldered are due to river-bed
changes and water level rise in accordance with reduction in

flow velocity,

In case of the former, it is amply possible in general
for the river-bed in a natural stream to change about
several centimeters. In case of the latter, even though
there may not be a change in the cross section at the
gavging station, the phenomenon can be produced if a change
occurs in the river channel in the vicinity. Although a
definite statement cannot be made regarding this matter
within the scope of the present investigation, signs were
recognized in fieid reconnaissances suggesting that there
had been changes in the river channel immediately downstream

of the gauging station.

In addition to the above, when the accuracy of water
level observations in a condition of flowing water was
superposed and considered, it was judged that the rumcff
records for this site were abnormal values in compliance

with the observation conditions,

e) Vilacota Runoff Gauging Station and precipitation obser-

vation data for Pasto Grande and Vilacota

Analysis was performed for the 17 years from 1964 to
1980 during which there was correspondence between the two
data period., The average runoff at Vilacota Runcff Gauging
Station 1s 0,34 m3/aec, and the annual average precipitation
of the abovementioned precipitation gauging stations is 481 mm.

The trend seen between the two 1s shown in Fig. 5-~13.
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Fig. 5-13 W-Mass Curve of Precipitation and Run-off
at Vilacota G.S

s
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Although the values for 1967 show that the increase rate
for discharge is low compared with the increase rates for
precipitation in other years, the trend as a whole is of
rough consistency., Consequently it is judged that there is

more or less uniformity.

5.4.2 CORRECTION OF DATA

As a result of the verifications made in the preceding
clause, corrections are carried out on the runoff data of the

Coranchay and Pasto Grande gauging stations.
(1) Coranchay

The rainy season (November -~ May) runoff from 1966 to 1976
are to be corrected. The average gradient (SI = 28.2) for the 15
yvears excluding the period for correction is to be used as the
basis. The monthly runoff are given in Appendix Table A.V-12 (1)

& (2).
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a) 1966 - 1972

Qy = Qo x

where, Qy * corrected value
Qp @ original value
0y ¢ correction factor

a0 38.10
1=%] = 28.20 = 133

b) 1973 - 1976

Qq = Qg x Oy

w9 20.23
2=%, =728.20" 072

(2) Pasto Grande

The runoff from November 1973 to October 1978 are to be

corrected.
a) Rainy season (November - May)

The average gradient (S1 = 16.28) for the period from
1957 to 1973 1s to be used as the basis.

Qq = Q x %R

SR 11,38
°R *§; * 16.28 = 0-70
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b} Dry season (June -~ October)

The average gradient (§; = 119.12) for the period from
1957 to 1973 is to be used as the basis.

Qy = Q x ayp

5D _35.80
° =%, = T19.1z = 0-30

The monthly runoffs are shown in Appendix Table A.V-14
(1) & (2).

5.4.3 EXAMINATION OF HYDROLOGIC CYCLE
(1) Hydrologic Cycle

The period covered by the hydrological data used in planning
must be a standard-type which can serve to represent the entire
period.

The longest periods for which runoff data were obtained by
the Survey Misslon were 25 to 26 years with which it 1s difficult
to estimate long~term cycle. In general, it is considered that
long-term runoff cycle has the same trend as that of rain. In
the case here, it was decided to make a study by the moving
average method using data of the four precipitation gauging sta-
‘tions below.
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Site Pericd

Puno 1940 - 1982 43 years
Tacalaya 1953 - 1981 29 "
Suches 1957 - 1981 25 "
Pasto Grande 1953 - 1981 29 "

The technique is effective for grasping the trend of
average~type variation excluding short-time fluctuatfons in time-

series samples,

Fig. 5-14 shows the time-series diagrams for the various
sites in case the length of time to be averaged is taken as
60 months.

For the most recent 24-year perlod, for which data are
complete, the trends of the various gauging stations, including
Puno outside the catchment area, are seen to indicate more or
less the same waves. Accordingly, it will be possible to esti-
mate the trends in the project catchment area prior to this

period from the values for Puno.

a) Puno

The trends for the 36~year period from 1946 to 1981 can
be broadly divided intoc three waves: that is, the l5-year
period from 1946 te 1960, the 10-year period from 1960 to
1970 and the ll-year period from 1970 to 1981, It is to be
noted, however, that the long-term variation trend shows a
tendency rises gradually as Increasingly recent years are
approached. This suggests the possibility for a cycle

longer than the 43 years used in calculatfons exists.
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b) Tacalaya

The cycles are roughly similar to those of Puno, and are
9 years and 12 years in length, However, whereas the value
in 1981 for Puno is approximately 15Z% larger than that in
1970, that of Tacalaya is conversely 13% smaller.
Accordingly, so long as these values are compared, there is
no trend for the average precipitation to lncrease gradually

in recent years as in the case of Puno.

¢) Suches

The cycle is roughly the same as for Tacalaya and Puno,
and 12 years. The value for 1970 is roughly the same as
that for 1981,

d) Pasto Grande

The cycle is not indicated as distinctly as for the
other gauging stations. For the 9-year period from 1960 to
1968 it is the same as for Puno and Tacalaya, but the wave
from 1969 to 1981 is low. In the case of this site, there
is a possibility that the above period can be considered as
a single wave,

As a result of analyses regarding the hydrologic cycle at

the various gauging stations mentioned above, it is estimated

that the periods with the strongest cyclic properties in the

42-year period from 1940 to 1981 are approximately 10 to 15

years,
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{2) Period of Hydrologic Data Used for Calculation of Value

For this Project, the 15 years from 1966 to 1980 are to be

adopted as the period to satisfy the hydrologic period determined

above.

The reasons for this are given below.

a) Although it is desirable for original data to be used
insofar as practicable, it is the 1B years from 1963 to 1980

in which data are relatively complete,

b) The average value for the period adopted is roughly

intermediate in the range of variation in case of the moving

average for 15 years.

Consequently, this can be considered

a8 an average~type value from a quantitative standard also.

Table 5-3

Average Precipitation

Unit: mm/Year

Moving Average

Average Precipi-

Average Precipi-
tation of

Observatory (T=15 years) tation of Adopted

Period Obtained Period
Tacalaya 437 -~ 513 470 467
Suche 383 - 405 390 384
Pasto Grande 510 - 563 510 534

5.4‘4

RUNOFF CHARACTERISTICS

In general, the runoff at any point of a stream without

inflow and outflow of groundwater from other river basins is the

precipitation in the river basin less the losses within the

basin.

In this case, if the unit of time for calculations is

taken to be a long perlod such as one water year, the losses will

be roughly equal to evapotranspiration.

V-29

It was decided to ana~




lyze the quantitative outflow characteristics regarding these

relationships in the various catchment areas.

Fig. 5-15 to 5-18 indicate the losses per 100 kn? of catch-
ment area using the annual inflow and annual precipitations at
the gauging stations of Coranchay, Pastc Grande, Tocco and

Vilacota. The equation used for the calculations was as follows:
—1 3 2
9L0SS = Gy » 10-2 (¢ * CA/86,400 - Iqy) m7/s.d/100 kn
X

where, qqgg: loss per 100 km?, m3/s.d/100 kn?
CA: catchment area, km?
P: annual precipitation, mm/year

LQqy¢ total annual inflow, mals.d/year

However, in case there is inflow and ocutflow of groundwater
from other river basin, the value obtained by the above equation
will not be a true loss. Therefore, based on values obtained
tentatively, comparisons were made between the various catchment
areas, and taking into account the results of field reconnalssan-
ces, examinations were made of whether or not inflow and outflow

of groundwater exist.

The results of calculations are shown in Table 5-4.

Table 54 Relation between Annual Precipitation and Loss

Basin Sample Equation of Coefficient of
Correlation Correlation
Coranchay 18 = 2.593x10~3p-0.190 0.99
Pasto Grande 25 = 2.4181x1073p-0.074 0.93
Villacota 16 = 2.651x10~3p-0.198 0.99
Total 59 = 2.594x1073p-0.176 0.98
Tocco 12 = 2.601x1073p-0.317 0.96
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Fig. 5-15 Relation Between Precipitation
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5.5

5.5.1

The points described below were found as results mentioned

above.

(1) The loss is roughly proportional to precipitation and gra-
dients are roughly equal for all of the catchment areas. That
is, the values observed at the various gauging stations are
extremely diverse, large and small, but the losses converted to
quantities per unit area are thought not to be greatly different

from those of the various catchment areas.

(2} The loss in the Tocco catchment area is approximately

0.14 m3/s.d/100 km2 smaller than those of other catchment areas
regardless of variation in precipitation. This suggests that the
source of the spring at Copapujo confirmed by field recon-
nalssance is from another river basin. That is, the loss indi-
cated in Fig. 5-19 has been estimated to be smaller than that of
other catchment areas by that amount, and it will be suitable to
consider that supplementation by groundwater from another river

basin is occurring.

However, the accuracles of these correlations are in units
of annual level. That is, the properties of the rainy season
when outflow is large are strongly evident. Consequently, it is
not possible to discern variations between seasons from these

correlation diagrams,

SITE RUNOFF

PASTO GRANDE SITE

For the runoff at this site, the runoff at the Pasto Grande
Runoff Gauging Station as corrected in 5,2.,2 was used since the
site is the same as for the gauging station. The average inflow
from 1966 to 1980 was 2,53 m3/sec. The monthly average runoff
is shown in Appendix Table A.V-14 (2).
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5.,5.2 TOCCO SITE

For the runoff at this site, the runoff at the Tocco Runoff
Gauging Station was used without alteration since the site is the same as
for the gauging station and abnormalities are not seen in the
data. The average inflow from 1970 to 1980 was 0.50 m3lsec. The
monthly average runoff is shown in Appendix Table A.V-15.

5.5.3  LORISCOTA BASIN

This catchment area is topographically a closed basin, and
in addition, the only data which can directly be of any infor-
mation are the results of depth measurements of the lake made by
CORDETACNA in 1982, and hydrological data on items such as preci-

pitation, evaporation, outflow, etc., do not exist at all,

Consequently, it was decided that the inflow to Laguna
Loriscota would be computed by the method indicated below using
the outflow characteristice and hydrological and meteorological

data of neighboring catchment areas.

i) The average precipitation in the basin is calculated by
the Thiessen Method based on the data of the neighboring
Pasto Grande Precipitation Gauging Station and the Vilacota
Precipitation Gauging Station.

11) The total annual inflow to Laguna loriscota is deter-
mined by computing the loss in the Loriscota Basin based on
the relation between annual precipitation and loss calcu-

lated previously in 5.4.4.
111) The total annual evaporation from Laguna Loriscota is

estimated from the data of neighboring gauging stations and

sounding maps.
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iv) With Laguna Loriscota as the baals, water budget calcu-
lations are made by using the values calculated by the above
technique, and verifications are made of the individual

values.

v) The total annual inflow verified is applied to the
outflow patterns of the neighboring gauging stations, and
monthly inflow is calculated.

vi) The monthly inflow is further separated into surface
inflow and sub-surface inflow directly flowing in at the
lake bottom.

vii) Using the values obtained by the above, the variations
in the Loriscota lake surface estimated to have occurred
from 1966 to 1980 are computed, and the relevancies and
proprieties are comprehensively evaluated.

(1) Precipitation

The precipitation was calculated by the Thiessen method
using the data of the Pasto Grande and Vilacota precipitation
gauging stations,

where, P; : precipitation in Loriscota Basin

Pp : precipitation at Pasto Grande Precipitation
Gauging Station site

.

Py precipitation at Vilacota Precipitation

Gauging Station site
The annual average precipitation from 1966 to 1980 was

504 mm/year. The average monthly precipitations are shown in
Appendix Table A.V-9.
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(2) Calculation of Total Annual Inflow

It was found from the results of analyses of outflow charac-
teristics in 5.4.4, that the relations between loss and precipi-

2 of catchment area in the basins adjacent to

tation per 100 km
the Loriscota Basin indicate more or less the same trend. That
ig, this signifies that extreme differences do not exist between
various catchment areas in environmental conditions such as
topography, geology, vegetatlon, etc., comprising the catchment

areas.

In this catchment area also, except for the fact that Laguna
Loriscota 1s topographically a closed lake, it may be judged that
the environmental conditions of the basin which are the supply
sources of inflow are not different from those of the neighboring

catchment areas.

Consequently, it was decided to calculate the inflow into
this lake based on the results of studies on precipitation and
outflow characteristics described in 5.4.4.

a) Loss from Loriscota Basin

The evapotranspiration from this basin is calculated
using the correlation formula for precipitation and eva-
potranspiration in the catchment areas of the Pasto Graunde,

Coranchay and Vilacota runoff gauging stations.
-3 _ 3 2
Q1085 = 2994 x 107 x P - 0.176 n~/sec/100 km
n = 59
vy = 0.98
E, = 315.4 qpggg mm/year

The average annual loss from this basin excluding Laguna
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Loriscota for the period of 1966 to 1980 is 357 mm/year,

b) Inflow into Laguna Loriscota

The inflow into this lake may be shown by the equation

below.
PxAp . (P - Ev) x (CA - AL)
Qy = 365 x 86.4
where, P : annual precipitation, mm/year
Ev : loss (mainly evapotranspiration), mm/year
CA : catchment area, 234 kn?
A; t lake surface area, 30 km2

The above lake surface area AL should be handled as a

2

variable, but it was assumed to be 30 km“ here for the

reasons below.

Although variations in the surface area of this lake
will be dealt with in the section on verification of the
water budget, the range of fluctuations in the lake surface
area during the last 15 years is estimated to have been
25 to 35 knZ as a result of simulations. However, in
obtaining inflow by the above-mentioned methed, the fluc=-
tuation in the surface area is not a major factor. To ela-
borate, assuming that in a certain year there was an error
of 5 km2 in the lake surface area versus the average area,
the error in the value in calculation results is of the
degree of +5X, and small, Such errors are mutually offset
to an extent by taking 15 years as the period of calcula-
tions,

Hence, in view of the accuracies of the basic data, it

was judged that this would be amply permissible.
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The average inflow into this lake from 1966 to 1980 was
calculated to have been 1,40 malsec. (See Appendix
Tables A,V-22)

(3) Evaporation from Laguna Loriscota Surface

Since this lake is topographically a closed lake, it may be
said that the greater part of the outflow is caused by evapora-

tion from the lake surface.

According to the soundings map prepared by CORDETACNA based
on the survey made in December 1982, the lake surface area was
approximately 31 kmz, the maximum depth was 4 m, and the storage
of water approximately 74 x 106 w3,

As data on evaporation from a lake surface, there is the
report, "Evaporation and Evapotranspiration at Pasto Grande
Reservoir,” prepared in 1967 by Dr. Zane Splegel at the request
of SPCC, According to this report, evaporation from the reser-
voir surface is calculated to be 1,625 mm/year, However, this

value does not expressly give the exact year.

The average annual evaporation at Pasto Grande Gauging
Station based on evaporation dish data from 1966 to 1980 i1s
1,517 mm/year. According to this, it may be estimated that the

evaporaticn from the lake surface in this area is about 1,500 mm.

Assuming here that the lake surface area is 30 kmz and the
average annual evaporation is 1,500 mm/year, the evaporation from
the lake surface will be 1.43 m3/sec.

Meanwhile, it is estimated that the average lake surface
area during the 15 years from 1966 to 1980 was roughly about
30 km®. That is, i1f the area hypothetically were to be taken as
35 kmz, the evaporation would be 1.7 — 1.8 m3/sec, and In view of
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the inflow, it would not be possible to maintain the lake surface

area.

Data on lake surface area consist of results of aerial pho~
tographic surveys made in 1555 and the values from a survey made
in 1960 by the Ministerio de Fomento, Direccion de Irrigacion,
Departamento de Proyectos, and the former gilves approximately
32 kmz, and the latter approximately 25 kmz. According to preci-
pitation observation data from Pasto Grande, the average precipi-
tation for the period from 1953 to 1955 is approximately 1.5
times as much as the average precipitation for the entire period
for which data were obtained, and it is estimated that in 1955 it
was at the end of a period when wet years had consecutively
occurred. As for the 5-year average precipitation during the
period from 1956 to 1960, it was 0.8 times, and it may be con-

sidered that dry years occurred in succession,

Consequently, both of these values are not average-type
values, and rather, are judged to be values indicating upper and

lower limits.
(4) Verification of Inflow by Water Budget

The inflow and outflow in case of using Laguna Loriscota as
the basis are verified using the values obtained by the

previously-mentioned methods.
a) Water budget

When the 15-year period from 1966 to 1980 is taken as
the object of the water budget study, contrasted to the
average inflow of 1.40 m>/sec obtained in (3) above, the
evaporation from the lake surface among outflow factors is
esimtaed to be around 1.4 m3lsec. Consequently, the
following can be considered with regard to inflow and
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outflow of groundwater.

1) There 1s extremely little possibility of inflow of

groundwater from another catchment area.

1i) Although the possibility of outflow to other catch-
ment areas in the form of groundwater cannot be ignored,

quantity-wise it will be little.

Based on the above, it was judged that the inflow into
Laguna Loriscota calculated by this method is more or

less reasonable,
(5) Computation of Monthly Inflow

Inflow by month i1s computed by applying the total annual
inflow verified to the outflow patterns of neighboring runoff
gauging stations.

The runoff gauging stations in catchment areas adjacent to
this basin are pasto Grande, Tocco, and Vilacota. Here, the
outflow pattern of the Vilacota Runoff Gauging Station site was
applied considering the results of the studies described above

and the results of field reconnaissance.

The monthly inflows from 1966 to 1980 are given in Appendix
Table A.V-22 (1),

{6) Separation of Surface Inflow and Sub~surface Inflow

It is thought that the inflow into laguna Loriscota obtained
above is made up of surface inflow and sub-surface inflow. It is
estimated from the field reconnaissances made by the Survey
Mission and information from persons concerned that the dry-
season surface runoff of the Rio Lorisa and the Rio Putijane,
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which are the major streams in this basin, are practically non~
existent. Therefore, these two rivers may be said to be inter-
mittent streams. From this, it may be estimated that there is at

least influent seepage corresponding to base flow.

Consildering the above background, and based on the hypothe-
ses below, the inflow into this lake was separated into surface

and sub-surface inflowsg using hydrographs and hyetographs.

An example of separation is shown in Fig. 5-20.

Fig. 5-20  Assumed In-flow Model of Lake Loriscota
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i) Al) of the components of base runcff flow into Laguna
Loriscota as direct influent seepage. (A-A')
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i1) All of the components of direct runoff flow in from
streams such as the Rio lorisa and Rio Putijane. (A-B-D-C-A)

i1i) 50% of the components of interflow (A-C~D-E-A'-A) flows
directly in at the bottom of Laguna Loriscota as influent

seepage, while the other 50% is surface inflow.

iv) The time lag between the peak point of direct runoff and
the peak point of interflow is one month. (B - C)

The average surface inflow during the 15 years from 1966 to
1980 1is 0.63 m3/sec, and the sub~surface inflow 0.77 m3/ahc.

The monthly quantities of the two are given in Appendix
Table A.V-22 (2) & (3).

(7) Estimation of Lake Surface Variation

Fig. 5-21 shows the lake surface variations assumed to have

occurred -during the period from 1966 to 1980.
The conditions for calculation were as follows:

a)} The hydrologic cycle is the 15 years as previously men-—
tioned with periods being continuously repetitive.

b) The monthly inflow previously described is used for
inflow.

c¢) Outflow In the form of groundwater is disregarded.
d) The evaporation values used for computing evaporation

from the lake surface are the monthly averages in Pasto

Grande Meteorological Gauging Station.
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e) The configuration of the lake bottom is due to the
sounding map prepared by CORDETACNA.

With the above as the conditions, calculations were made
based on initial lake surface areas from 25 km2 to 35 k2.
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As a result, the following may be said:

a) The lake surface variations by differences in the ini-
tial values disappear in about 7 to 8 years, after which the

gsame trends are indicated.

b) Llake surface variations, broadly divided, occur between

seasons, and between years.

¢) The variation between seasons is about 20 to 50 cm in

terms of water level.

d) The average lake surface area excluding the error in the

initial value 1s 30,12 kmz.

e) The time when the surface area of the lake 1s thought to
have been the largest was in 1975, the last year in which
wet years had continuously occurred, and it was calculated

to have been 34.1 kmz.

f) The time when the surface area of the lake is thought to
have been the smallest began with the end of the dry season
of 1966 which was a dry year, and was calculated as being
25.6 kn2,

Based on the above, it is judged that the various values on
the Laguna Loriscota inflow computed in this chapter are more or

less balanced.

5.5.4 RIO CHILA, RIO COYPACOYPA BASINS

Both of these rivers are located at the most upstream part
of the Rio Ilave, and are adjacent to each other. As runocff data
of the river system there are those from Chichillapi Runoff
Gauging Station at a point of approximately 10 km downstream from
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5.6

the confluence of the two rivers. However, observations were

made at this runoff gauging station only until 1973.

As data on a runoff gauging atation to be used for this
Project, it was decided that the runoff at the Vilacota site was
computed, and that the runoff at the planned site would be calcu-

lated by the catchment area ratio.

The average inflow data from 1966 to 1980 were as indicated

below.
Chila site CA = 102 km?
Q= 0.41 malsec
Coypacoypa site CA = 107 km2

Q = 0.43 n3/sec

The monthly inflow data are shown in Appendix Table A.V-23 &
24,

ARICOTA BASIN

5.6.1  FUNDAMENTAL CONDITIONS

The data available for inflow to Laguna Aricota are those of
the Aricota and Candarave runoff gauging stations, However,
these observation data are those up to 1973, Meanwhile, at
laguna Aricota, water level data since 1964 have been observed,
while as outflow performances, the pump-up records since 1966 and
the power generation performances of the existing Aricota No. 1

and No. 2 power stations are available.

The inflow into the lake was calculated by the following
method employing the above data.

(1) Water budget calculations are made concerning periods for

which inflow and outflow data are complete, and the relation bet-
ween water level and seepage quantity is determined.
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(2) OQutflow data such as power station performance records and
pump-up records are used to cary cut case studies. Taking the
results of these into account, selection of the data to be used
in calculation of inflow is made, and the value judged to be the

most reasonable 1s adopted as the inflow into the lake.
5.6.2 SEEPAGE FROM LAGUNA ARICOTA

The purposes of calculating the quantity of seepage in this
Project are to ascertain the inflow into the lake and to estimate

the seepage after implementation of the Project.

Topographically, Laguna Aricota is in the form of a closed
lake, but the greater part of the outflow is supplied by seepage
to the Rio Curibaya. That is, the ocutflow of Laguna Aricota in
a natural state 1s considered to be comprised of evaporation from
the lake surface and seepage, and the water level fluctuation at
that time is estimated to be due to the influence of the hydrolo-
giec cycle. However, there are no observation data with which

direct quantitative verification can be made of these phenomena.
Consequently, in this Report, water budget calculations were
made of thia lake concerning the period for which measured inflow
data exist on Aricota Runoff Gauging Station and Candarave Runoff
Gauging Statin, and seepage was decided to be calculated.
The conditions for calculations are indicated below.

(1) Data Used

Aricota Runoff Gauging Station Site
Runoff, Appendix Table A.V-13.

Candarave Runoff Gauginpg Station Site
Runoff, Appendix Table A.V-1l1.
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Laguna Aricota Measured Water Level,
Appendix Table A.V-19.

Suches Runoff Gauging Station Evaporation,
Appendix Table A.V-1.

Aricota Pumping Station Pump-up Records,
Appendix Table A.V-18.

Energy Production at Aricota No. 1 Power Station,
Appendix Table A,V-20,

Energy Production at Aricota No. 2 Power Statiom,
Appendix Table A.V-21,

(2) Period of Calculation: October 1964 - June 1973
The relation between water level and seepage at Laguna

Aricota calculated based on the above conditions 18 shown in
Fig' 5""22-
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5.6.3 INFLOW TO THE LAGUNA ARICOTA

The period for calculation of runoff data adopted for this
Project is the 15 years from 1966 to 1980 described in the study
of 5.4.3, Hydrologic Period. Of this, up to 1973, it 1is possible
to calculate based on the data of Aricota Runoff Gauging Station
and Candarave Runoff Gauging Station. Regarding the inflows
after 1973, data such as pump-up records, the power generation
performances of Aricota No. 1 and No. 2 Power Stations were used
for case studies, and the value judged to be the most reasonable

was taken as the inflow into the lake.
(1) January 1966 — December 1972

The inflow into the lake is the sum of the runoffs at
Aricota Runoff Gauging Station and Candarave Runoff Gauging
Station.

(2) January 1973 - December 1980

The inflow during this period was obtained through calcula-

tions by month for the three cases indicated below.
Case 1 : Method of Determination from Pump-up Records
QA-1 = BA + EVA + QF + DM
where, QA: Laguna Aricota inflow
BA: pump-up record
QF: seepage

DM: monthly variation in storage
EVA: evaporation from lake surface
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Case 2 : Method of Determination from Aricota

No. 1 Power Generation Performance

QA-2 = QUL + EVA + QF + DM + Qppq
where, QUl: Aricota No. 1 Power Station available discharge
QIR: discharge to Curibaya village, 0.139 m3/sec,
according to survey by CORDETACNA

However, calculations are made assuming no overflow from

the spillway in control of generation.

Case 3 : Method of Determination from Aricota No, 2

Power Generation Ferformance

QA-3 = QUZ + EVA + DM + Qpp; + Qrgro
where, QU2: Aricota No. 2 Power Station available discharge
Qrpy: discharge from intake site, 0.15 m3/sec,
according to survey by CORDETACNA

Howaver, calculations made assuming no overflow from

spillway in control of generation.

The annual average inflows calculated for the 3 cases above

are shown in Table 5-5,

Table 55  Annual Average Inflow in Each Case

Unit: m3/sec

Case

1973 1974 1975 1976 1977 1978 1979 1980 | Average

3.17  2.73  3.21 2.6l 2.82 2.07 1.63 1.33 2.44
3.31 2.96 3.50 2.85 3.25 2.31 1.21 1.24 2,58

3.10  2.46 3.05 2.49 2,86 1.83 0.91 1.06 2,22
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The following may be sald from the results of calculations:

a) The time-dependent trends are the same for the various

cases.

b} The value for Case 3 obtained based on the performance
at the No. 2 power station is the smallest, but the overflow
from the spillway in control of generation is not included.
Therefore, there is an underevaluation by that amount.

Since 1t is judged that this power station takes a peak
operation mode to meet load varilations In the aspect of
power demand and supply, it may be considered there were

frequent overflow at this power stationm,

c¢) The value for Case 2 obtained from the performance at
the No. 1 power station also does not include the overflow
from the spillway in control of generation. However, the
quantity is considered to be small compared with the No. 2
power station., It is judged, therefore, that the No. 1

power station takes the operation mode of meeting base load.

On the other hand, a factor for overevaluation is that
seepage from Laguna Aricota springing into the headrace is
contained in the available discharge for power generation,
and it is thought this amount has been calculated in dupli~-

cate.

d) The value in Case 1 obtained from pump-up records is not
inconsistent compared with other cases from the standpoint

of the numerical expression,
Based on the above, it was decided that the inflow of Case 3

determined from pump-up records would be adopted as the data to
be used for this Project. It may be added that the accuracy of
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the inflow calculated by this technique will be increased more
the longer the unit of time is and as a result, there were months

when negative values were indicated.

However, since this project site is to have a water storage
function, it is thought the error will be abosrbed in a period of
several months. Consequently, it was judged that the inflow by
month calculated here adequately had accuracy required for the

Project,

The monthly inflow data for the 15 years from 1966 to 1980 are
given in Appendix Table A.V-25.

5.7 DESIGN FLOOD DISCHARGE

5.7.1  GENERAL

As described in 5.3, there are seven runoff gauging stations
and four meteorological gauging stations in the catchment area of
the Project, but hardly any hydrological observations required
for making flood analyses are being carried out at these sta-
tions. The hydrological data obtained in this present survey are
all monthly precipitation and runoff data, and data necessary for

flood analyses are extremely scarce.

The only useful data are the precipitation and water level
records obtained at Pasto Grande Runoff Gauging Station. There
is an existing report in which these data were used to study the
design flood discharge of the Pasto Grande site, and it was
decided to review the flood analyses given in that report.

Firstly, in addition to determining the design flood
discharge of the Pastc Grande site, the flood discharges of
other sites were obtained by catchment area ratios. However,

with regard to flood discharge at the Chintari intake dam site,

V-51



since concrete studies have not been made at all up to this time,
and valid hydrological data do not exist, it was decided that an
estimate would be made based on traces of past floods in the

surroundings of that site.

5.7.2  PASTO GRANDE SITE

Regarding the design flood discharge at the Pasto Grande
site, in (1) "Afianzamiento Hidrico de Aricota,"” prepared by INAF
in 1981, the 1,000-year return period flood is taken to be
400 m3/sec, while 1n (i1) "Estudio Hidroldgico del Rio Viscachas
en Pasto Grande," prepared by ONERN in 1983, the 1,000-year
return period flood 1s saild to be 42 m3/sec.

The flood discharge of INAF of (1) was calculated from pre~
cipitation, but the water storage effect of the vast marshland of
Pampa Pasto Grande spread over an area of 130 kn? upstream of
this project site has not been reflected. The result of a brief
examination of the storage effect of this pampa shows that
although the effect would differ depending on the flood discharge
pattern and reservolr size, the peak discharge indicates a trend
of being greatly reduced., However, at the present time when the
flood discharge pattern and the river basin characteristics are
still unknown, it is thought to use the flood discharge obtained
from the quantity of precipitation only as a reference,

In the data of (41), ONERN first determined runoff using the
rating curve from the water level records of the Pasto Grande
site, following which flood discharge was obtained by probability
calculations using the runoff. However, the high water level
portion of the rating curve used 1s very low compared with the
rating curve computed based on the river gradient and roughness
coefficient which can actually be assumed. Therefore, with
regard to the high water level portion, the topography and vege-
tation of the site were taken into consideration and modifica-
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tions were made by the Manning formula. The flood discharge was

reexamined using this modified rating curve.

The results are as given below.

Table 5-6  Probable Flood Discharge

Unit: m3/sec

Return

Period Revised INAF ONERN

1000 190 400 42
100 150 - 33.5

5.7.3 TOCCO INTAKE DAME SITE

Tocco Runoff Gauging Station 1s located at this site, and
runoff observations have been made since 1970. Observations of
peak runoff have also been made for 7 years since 1975, but the
observation period is too short for examining design flood

discharge, and the data must be said to be inadequate.

Consequently, as was mentioned in 5.7.1, it was decided to
determine the design flood discharge of this site by catchment
area ratlo based on the design flood discharge at the Pasto
Grande site. The design flood discharge at Tocco is the flood
discharge of the Tocco catchment area itself plus the flood
discharge of the Loriscota Basin, and may be obtained by the
following equation:

3 85 kn? + 234 kn?
= 190 m”/sec x ( 551 kmZ )

= 110 m3/sec
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wvhere, QT: design flood discharge at Tocco site
Qpg: flood discharge at Pasto Grande site
Ap: catchment area of Tocco site
AL: catchment area of Laguna Loriscota

APG: catchment area of Pasto Grande site

In accordance with the above, the design flood discharge for

the Tocco site 18 taken to be 110 mslsec.

As previously mentioned, peak runoff observations have been
carried out for 7 years at Tocco Runoff Gauging Station, and when
these runoff records have become further accumulated in the
future, it will be necessary for the above design flood discharge

to be examined.

5.7.4  CHINTARI INTAKE DAM SITE

Flood discharge at Chintari site is estimated by check of

traces due to flood water at valley.

In this area, in Quebrada Chintari and in other valleries

for example, traces of mudflow (Hudicc) are recognized.

According to the observations at the trench which has been
excavated along the Quebrada Chintari, having 2 to 2.5 m in

depth, it is known that mudflow occurred several times.

Upon a measuring result of absolute area for organic
fragment (plece of plant) which was taken at the top part of the
second mudflow layer from the surface, it appears to be 470 +120

years prior to 1950 A.D.

This shows that the mudflow occurred once 350 to 590 years
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5.8

as the frequency.

It is seemed to be 50 mm as annual precipitation around this
reglon (Curibaya, about 87% of that is within the period of
January to March).

And 23 mm of precipitation equivalent to about 45% of annual

one accurs in February.

Catchment area of the valley (Quabrada Chintari) is about
50 kn? and is approximately equal to the one for Rio Curibaya at
Chintari.

It has not been made clear at the moment that what magnitude
of rainfall cuase a mudflow, however a design flood discharge of
10 m3/s is set up for this site based on the annual precipita-
tions and design floods at Andes plateau area.

SEDIMENTATION

There is extremely little information regarding sedimen-
tation with only mentioned in “Afianzamiento Hidrico de la Laguna
Aricota,” prepared by ELECTROPERU in 1979, According to this,
little sedimentation eoccurs in this project area with hardly any

effect on service lives of reservoirs.

As a reason for such a situation, the fact that most of the
runoff in this project area is nurtured by groundwater and
snowmelt is cited. Further, this project area is topographically
stable, and the forms of the catchment areas are such that
suspended load sand and traction load sand which constitute the

principal elements of sedimentation are not easily produced.

The Tocco catchment area is small, being 85 kn? and almost
all of the area is pampa with little relief, and collapses of
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ground cannot be seen. Also, there is no rainfall of localized
severe rain type, and it may be judged that catchment area
characteristics are such that there will be little sediment.

As a result of consideration of the above, it 1is estimated
that sedimentation at the Tocco site will have almost no effect

on the service life of the reservoir,

It may be said that there will be practically no sedimen-~
tation at the intake dam site for Aricota No. 3 Power Station.
The reason is that all of the water to be drawn at this site will
be power generation discharge from Aricota No. 2 Power Station

with no residual catchment area water of the Rioc Curibaya.

Fig, 5-23  Rating Curve at Pasto Grande Gauging Station
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6.1

CHAPTER 6 GEOLOGY AND MATERIALS

BACKGROUND OF GEOLOGICAL INVESTIGATIONS

6.1.1  PAST INVESTIGATIONS

Geologic maps of 1/100,000 scale prepared by Comision Carta
Geologica Nacional are available on the southern part of Peru,
and these carry explanations on geological outlines. These
geologic maps contain the Water Supply Scheme and Aricota No. 3
Hydroelectric Power Scheme areas and were the most effective

basic data for the investigations reported here.

In the diversion project area falrly numerous boring
investigations had been carried out by the Southern Peru Copper
Corporation from the past, and the conditions of groundwater had
been surveyed. At the Pasto Grande Dam site, 5 boreholes and 2
test pits were excavated by INAF and the geology of the dam site
had been approximately clarified. Furthermore, 3 boreholes have
been drilled in the reservoir area of the dam. 1In the surroun~
dings of Laguna Loriscota, 6 boreholes were drilled by
CORDETACNA, and the conditions of groundwater investigated. 1In
addition, water quality analyses have been made by the Ministerio
de Agricultura y Alimentacion on lake and stream water from the

water supply scheme area and its surroundings.

The results of rough investigations have been given in
“Report on Modlfied Second Stage Development of Plan Tacna,”
while with regard to Aricota No. 1 and No. 2, reports and expla-
nations are given in "Final Plan for First Stage of Comprehensive

Development of Tacna Department, General Information.”

Further, the results of investigations on the geological

outline of this project area are given in the "Republic of Peru
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Aricota Lake Water Supply Scheme and Aricota No. 3 Hydroelectric
Power Scheme Preliminary Report"” prepared by JICA,

6.1.2 INVESTIGATIONS BY THE SURVEY MISSION

With regard to the water supply scheme area, surface geologi-
cal reconnailssances were made on the various intake dam sites and
the waterways, and for investigation works seismic prospecting
was performed and test pit excavations were made., seilsmic
prospecting was done at the Chila site on two measuring lines, a
total length of 960 m, at the Coypacoypa site on two measuring
lines, a total length of 960 m, and at the west shore of Laguna
Loriscota on two measuring lines, a total of 1,440 m. Excavation
of test plts consisted of a total of 3 pits, 6.96 m, at the north
shore of Laguna Loriscota to investigate the conditions of sur-
face deposits and of groundwater. The results of these investi-
gations are analyzed in the sections below, while drawings and

work quantities are given in an Appendix-VI.

Concerning Aricota No. 3, surface geological reconnalssances
were carried out on intake dam, waterway, surge tank, penstock,
powerhouse and tailrace, and the Investigation works consisted of
selsmic prospecting, test pit excavatlon, and borehole drilling.
The seismic prospecting was done on two measuring lines, total
length of 960 m at the intake dam, one measuring line, 1,080 m,
at the penstock, and three measuring lines, 1,140 m, at the
powerhouse. Test pit excavation consisted of three locations
totalling 7.5 m In order to investigate the conditions of the
soft surface layers at the penstock route. Drilling of boreholes
was done at four points totalling 72.65 m at the intake dam, and
four points, 78 m, at the powerhosue. The results cof these
investigation worke are analyzed and studied in the sections
below, while drawings and work quantities are given in an
Appendix-VI.
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6.2 GEOLOGICAL OUTLINE OF PROJECT AREA

6.2.1 GENERAL

The project area 1s situated in the middle of the Andes
Mountain Range {Late Cenozoic upheaval) at roughly the southern
end of Peru near the border with Chile. Topographically, the
project area straddles a plateau area (4,000 - 4,600 m) and the
western slope (1,500 - 4,000 m) of the Andes which {8 a tran-

sition zone from the coastal area.

The intake sites and waterway routes for supplying supple-
mentary water to Laguna Aricota are mainly located at a plateau
area., The basement consiste of the Puno Group deposited in the
Early Tertiary Pericd. In the middle of the period, the
Huaylillas Formation chiefly consisting of tuff, and the
Llallahui Volcano chiefly consisting of andesite lava were
active. Further, in the late part of the period, the Maure
Formation and the Capillune Formation composed of conglomerate
and siltstone from lacustrine deposits were distributed, during
which time, there were eruptions of Sencca Volcano chiefly con-
sisting of tuff breccia. Subsequently, from the Late Tertlary to
the Quaternary, the Barroso Volcanc (Andesite of calcalkali rock
series, rhyolite) erupted over a wide area, while further, gla-
c¢ial deposits and fluvial deposits were distributed covering flat

areas.

Aricota No. 3 Power Station 1s located on the western slope
of the Andes Mountain Range where the Toquepala Formation con-
sisting of andesite and tuff breccia produced by Volcanic acti-~
vity which occurred between the Late Mesozolc and Early Tertiary
periods {s widely distributed. Also, there can be seen diorite
(thought to be a part of the Andes batholith) penetrating through
the above layers, The Toquepala Formation as a whole has a
northwest strike aund a south west dip, and it is thought to have
been subject to folding due to the Incapuquic Fault passing
through Chiuntari and intrusive rock (diorite).
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6.2.2 OUTLINE OF COMPONENT GEOLOGY

The outline of the principal formations distributed in the

survey area are described below in the order of age.

(1) Toquepala Formation

This formation is found in a bread area to the socuthwest in
the Tarata geologic map, and is the basal rock widely distributed
and exposed in the Aricota No. 3 scheme area. However, direct

outcrops corresponding to this formation cannot be seen.

The formation is composed of andesitic, dacitic and rhyoli-
tic effusive materials and pyroclastic materials, and the total
thickness is slightly under 2,000 m.

The formation covers the Yura Group or the Chulluncane
conglomerate formation in angular unconformity, while it is simi-
larly overlain by the Tarata, Huilacollo, Moquegua, and Hualillas

formations.
The Tequepala Formation has been subjected to structural
deformation and metamorphism due to intrusions of diorite and

granodiorite.

This formation may be divided into two members, but the

boundaries are not distinct.

It is considered that the age of formation was from Late

Cretaceous to Early Tertiary.

{(2) Moquegua Formation

This overlies the Toquepala Formation in angular unconfor-
mity and 1s situated on the erosion surface of diorite of the
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Andes batholith. The distribution in the present survey area is
small, and there is no direct involvement with structures.

This is a heterogeneous coarse conglomerate which has been
consolidated to a medium degree and is coarsely stratified. The
component gravels are volcanic rock and intrusive rock with small
amounts of limestone contained. The gravel diameters are from 5
to 50 em, with high contents of 10 to 20 cm. The thickness of
the formation is about 200 m.

The age of formation is considered to have been Miocene to

Pliocene.

(3) Tacaza Group

In the Andes plateau area the formations which are com-
parable to the Moquegua Formation mentioned above are the
Huaylillas Formation and the Llallahui Formation,.

The underlying formation is a continental sediment, the
intermediate consists of tuff and rhyolite, while the overlying

comprises volcanie rocks,

The formation covers the Puno Formation in angular unconfor-
mity, and is covered similarly by the Maure Formation. The age
in which this formation was produced is considered to be the
Miocene Epoch.

(4) Maure Formation

The formatlion consists of slightly loose sedimentary rocks
of breccia, conglomerate, sandstone, tuff, siltstone and clay,
and is thought to have been deposited in a lacustrine environment

on having been transported down by swift streams.



The bottom is unknown in this area, but it is thought that
the thickness of the formation is more than 140 m, and that it

was produced from the Pliocene to the Later Miocene.

There is folding with dips about 15 to 20 degree toward the

northeast.

(5) Sencca Formation

This formation consists of pyroclastiec volcanlie rocks. The
thickness of the formation is small (80 m and under) and the
deposits are horizontal with gentle slopes. It is chiefly
rhyolitic, but changes to andesitic and dacitic at the sides and
vertically. The rock is a light, porous lithic tuff containing
coarse-grained quartz crystals. There 1s much content of lava,
pumice, and rock pleces, with intercalations of lenses of agglo-
merate and tuff breccla which in some cases are of considerable

thickness.

The Sencca Formation overlies the Maure Formation in weak
unconformity, and is covered by the Capillune Formation in ero-
sion unconformity or conformity, and contacts the Barroso

Formation in unconformity.

It is estimated that the Sencca Formation was produced in

the Late Pliocene Epoch.

(6) Capillune Formation

This formation is composed of mudstone, siltstone,

sandstone, conglomerate, and pyroclastic rocks.
The sandstone is gray to yellowish gray in color, is fine-

grained to coarse-grained, and the matrix varies between clayey,
tuffaceous, and conglomeratic, Consplidation has been inadequate
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and there are some parts which are not dense at all, The conglo-
merate is yellowish gray to greenish gray, contains rounded to
subrounded volcanic gravels whose sizes are greatly varied., The
matrix 1s sandy or tuffaceous, and of medium density. The
pyroclastic rocks constitute an intercalation mainly consisting
of a resedimentary tuff containing a large quantity of angular ot
subangular lithic material, while further, there are thin lenses
of rhyodacitic tuff, and intermediate layers of tuff breccia con-

taining lava and pumice.

The formation may be divided into the three strata of lower
menber {sediment), andesitic member, and Tichijones member

(sediment) in order from the bottom.

The Capillune Formation overlies the Tacaza Group in erosion
unconformity (basal conglomerate can be seen at the Rio
Viscachas), and lies on the Sencca Formation with slight uncon-
formity to conformity. The top 1s covered with the Barroso Group

in erosion unconformity.

The formation thickness is from several meters to 195 m, and

there 18 no major structural deformation.

It is thought the formation was in the late Pliocene Epoch
with prominent glacial erosion having cccurred after deposition.

It 1s said that the Caplllune Formation serves as an aquifer
and contains a large quantity of groundwater. In the vicinity of
Loma del Azufre located between Candarave and Pasto Grande,
outcrops of this formation mainly consisting of sandstone may be
observed at slopes next to a road. The sandstone is fairly well-
consolidated and hard, and since there are few fissures, it is
not thought to be permeable., On the Capillune Formation in the
vicinity there is8 an artificial waterway down which a large quan-
tity of water flow. This formation is further distributed at
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the south fringe of Pampa Pasto Grande, where the rock is well-
consolidated, and cannot be thought to be permeable. However,
the formation is broadly divided into three strata with the upper
two considered as being aquifers, It is thought the part

observed through outcrops was probably the bottommost stratum.

(7) Barroso Group

This group 1s broadly divided into the three volcanic strata
of Chila, Barroso, and Purupurini. It is composed of trachyan-
desitic lava containing a small amount of andesite and
pyroclastic rocks, and forms an irregular volcanic cone and cupo-

las.

The mountain body has been considerably destroyed by glacial

erosion.

The Barroso lava overlies older formations in erosion uncon-
formity or angular unconformity. The Purupurini volcanic rocks

ocver underlying strata in erosion unconformity.

The Barros volcanic stratum is further subdivided into two
members. The lower member is mainly a lava flow which comprises
the central structure of the volcanic cone. The components are
dark gray, light gray, blue or reddish brown andestite to
trachyandesite which are of coarse-grained to medium-grained
porphyritic textures and porous, with maximum stratum thickness
of 970 m. The upper member comprises the ocutermost part of the
volecanic cone and 1s distributed irregularly filling depressions,
This is a crystalline tuff of porphyritic texture, the constitu-
tion is trachyte to trachyandesite, and the maximum thickness is
850 m.



(8) Graclal Deposits
a) Till

This is seen in small quantities limited to isolated
locations at the sides of the volcanic cone or high areas.
The components are volcanic boulders with striations and
angular detritus, while the matrix is fine- to coarse-
grained, with varved clay existing in part. The layer
thickness 15 40 to 50 m at maximum.

») Fluvio-glacial Deposits

These are deposits transported by water melted from gla-
clers and distributed at lowlands adjacent to slopes. The
rocks are volcanic and of diverse compositions, with insuf-
ficiently sorted granules and sand being main although
boulders and large detritus are alsc contained. The maximum

layer thickness is 50 m.

The boundary between the above two deposits is not always

distinct.
(9) Recent Detrital Deposit

Alluvium, colluvial deposits, pyroclastic cones, fluviatile
deposits, and aeolian deposits are contained, and these cover the
ground surface in succession.

The alluviuvm comprises the greater part of the flat land and
pampa, consists of volcanic gravel, sand and clay, and is

featured by indistinct bedding and lenses.

Fluviatile deposits are distributed limited to the beds of

river valleys, and thicknesses are small., These are conglomera-
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tes, sand-gravel, and sand layers of inadequate stratificationm,

and lenses of silt and clay are contained.

Aeglian deposits are distributed only in small quantities
and are thin. They exist scattered at foots of slopes and cliffs

in small depressions and plains.

The stratum called Bofedales is a clayey sand layer con-

taining humus of marshland.

(10) Intrusive Rocks

Of the iIntrusive rocks in the Toquepala Formation, diorite,
granodiorite, and granite, the one mainly having a connection
with the Project is diorite, with distribution above a part of
the Aricota No. 3 headrace tunnel route, This diorite is of a
greenish gray color, is medium— to fine-grained helocrystalline,
and is hard, but joints are developed. The age during which the
intrusion occurred is thought to be from the Late Cretaceous to

Early Tertiary periods.

6.3 GEOLOGY OF WATER SUPPLY SCHEME AREA

6.3.1 PASTO GRANDE DISCTICT
(1) Damsite

The dam site is planned near the entrance of the canyon
where the Pampa Pasto Grande suddenly narrows to form the Rio
Viscachasa. The topography is that of a gently-sloped inverted
trapezoid with the left-bank side slightly steep (approximately
38 degree) near the river bed, but otherwise gentle. The right
bank is similar except that there 1s a little canyon cutting in
toward the southwest slightly downstream to present a small moun-—
tain body which at a glance has the appearance of a triangular

pyramid.
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The right bank has exposures of andesite, tuff breccia, and
tuff, and these rocks have parts which are slightly soft with a

large number of cracks.

The left bank 1s covered with an unconsolidated surface
layer of about 4 m, and there is no outcrop of bedrock which can
be seen directly. However, ocutcrops of tuff breccla and agglo-
merate can be seen slightly downstream. The deposit at the sur-
face layer consists of talus breccia, a tuffaceous sand layer
which shows bedding planes, and a surface sand-gravel layer.
According to boring data (PG-1l) of INAF, strata from a depth of
3 mto 26.16 m consist of agglomerate, sandstone, and siltstone
of the Capillune Formation. The core from the borehole was
collected in stick form and is well-consolidated.

The present river deposits at the river bed are thin and it
is estiamted that they are less than 2 m even 1f the rocks with
loose parts are included. According to boring data (P.G-2.3)
of INAF, the foundation comprises conglomerate, sandstone,
and silt stone of the Cappillune Formation in the lower

layer.

As the foundation for the dam, the bed rock will pose no
problem either in watertightness or bearing capacity if water
cut~off treatment of cracks is performed. The unconsclidated
gtrata at the left bank will need to be excavatead.

In the case of dams with the height of about 7 or 8 meters,
it is thought possible for elther a fill-type or a concrete-type

dam to be constructed.

With regard to the basal stratun, according to a 1/100,000
geologic map (INGEMMET, 1975), it consists of the Llallahui
volcanic rocks of the Tacaza Group of the Middle Tertiary Period,
but in the survey reports of SPCC (1974) and INAF (1983), it is
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identified as the Capillune Formation of the Late Tertiary, so
that a discrepancy exsits. A conclusive statement cannot be made

concerning this because of the lack of reconnaissance data,

(2) Reservoir

The bed rock is estimated to consist of the Capillune
Formation and underlying strata. According to boring (FG-5, 6, 7)
performed by INAF, brittle fragments of tuff breccia were barely
collected below 52 m at PG-7, Core recoverles were extremely
poor down to 25 m at PG-5 and 23.62 m at PG-6. This 1is in sharp
contrast with the boring at the dam site. It is necessary to
clarify whether this is because the strata in the vicinity con-
sist of poorly-~consolidated conglomerate and sandstone layers
even though of the Caplllune Formation, or whether fluvio-glacial
deposits and recent detrital deposits exist In large quantities.
If 1t is found to be a poorly consolidated part of the Capillune
Formation, the distribution and continuity will pose an ijimpora-

tant problem for watertightness of the reservoir.

It has been pointed out that a fault in almost a north-south
direction and an outgrowth group of minor faults exist between
the dam site and the reservoir, This may be related to the dif-
ference in geologles between the dam site and the reservoir men-

tioned above.

There 1s evidence that the Pampa Pasto Grande may have been

a lake Iin the past. To elaborate:

a} At the left-bank slope of the dam site talus deposits
are covered by a sand stratum with horizontal bedding pla-
nes. This cannot be explained unless the existence of water

in the past is considered.

b} Analyses of diatoms were performed on deposits at the
pampa. As a result, it was learned that large quantities of
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diotomaceous fossils of the followlng varieties were con-

tained.

Navicular mutica, Pinnularia borealis, Hantzschia

amphloxye, Cocconeis placentula, Synedra parasitica.

These diatoms are all of fresh water origin, and it is
surmised that the environment in which they lived was a
watery area such as a lake where there was not much flow of

water.

If the Pampa Pasto Grande had been lake for the reasons
given above, it at least possessed watertightness at that time.
That the water is gone today and it has beocme a plain pampa can

be considered to be due to one of the following two causes:

The first is that the Rio Viscachas had been blocked
somewhere, but the blocking medium was cut by overtopping at
some time and the water was therefore drawn off.,

The second is that a hole was formed in the Capillune
Formation comprising the pampa and the lake dried up due to
leakage through the hole,

If the leakage had not been through a hole, but by seepage,
a lake would not have been formed in the first place. If a hole
had been formed and it had sucked in the water, there still
should be a hole to suck in water even now, but no such hole can
be seén at present. As for the Rio Viscachas, it presently has a
flow of water and it canncot be explained what the condition in
the days of the lake was like,

That the Rio Viscachas may have been blocked off somewhare
is highly probable since such closed lakes can be seen elsewhere
in the project area, while large-scale landslide areas can be
seen here and there.
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If the disappearance of the lake was due to the first cause,
the reservoir at Pampa Pasto Grande would have good watertight-

ness, but definite proof of this has not been obtained as yet.
(3) Investigation of Reservolr Watertightness

It is necessary for a study to be made drilling several
boreholes in the Capillune Formation at locations several meters
above the normal water surface level of the reservoir, and com-
paring the groundwater levels in the boreholes with the normal

water surface level.
6.3.2 SURROUNDINGS OF LAGUNA LORISCOTA
{1) Southwest Shore District

Seismic prospecting was done at the lakeshore facing Co.
Jancotie at the southwest part of Laguna Loriscota. According to
the prospecting, divisions can be made into an upper stratum
(thickness about 20 m) of Vp
of v, = 1,670 - 2,220 m/sesc, and a rock mass of Vp = 2,940 m/sec,

= 480 - 1,250 m/sec, a lower stratum

and these will be as described below when correlated geologically.

The upper stratum is tuff breccia according to the outcrops
seen around the measuring line, and there is a correlation with
the Barroso volcanic rocks. That there is variation in velocity
is thought to be ude to the Barroso volcanic rocks being a mix-
ture of ejecta of tuff breccla, tuff, and lava. The rock wmass of
Vp = 2,940 m/sec may be lava. The lower stratum cannot be seen
from the ground surface, but continues on to the bottom of Laguna
Loriscota. This is estimated to correspond to the Capillune
Formation based on the entries in the general geologic map
(1/100,000), comparisons of Vp-values with those of strata in
other areas, and the fact that velocity variations are small in

the lateral direction.
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It is thought there will be no problems about physical pro-
perties such as bearing capacity of the stratum as the foundation
for a pumphouse and penstock in view of the scales of these

structures.

(2) Vicinities of Mouths of Rio Putijane and Rio Lorisa

The surface layer consists of river deposits {granules,
sand, silt), organic soil, and glacial deposits (sand, silt,
coarse detritus)., It appears that the facles of these surface
deposits vary depending on the locations of the rivers flowing

into Laguna Loriscota (see geologic profiles of trenches).

The basal rock, according to boring data from two boreholes
drilled by CORDETACNA, consists of andesite of the Barroso Group,
but the thickness is unknown. The thicknesses of the uncon-
solidated deposits of the surface layer are 10 m at SA-1 (Rio
Lorisa right bank), and 13 m at SA-5 (Rio Putijane left bank),

Regarding the thickness and distribution of the Barrosec
Group, it is comparatively thin, being roughly several tens of
meters and estimated to become thinner in the direction of Laguna
Loriscota. This is because the Barroso Group 1s not found very
much in the upstream area, while the underlying Capillune
Formation is widely exposed, and in boreholes at other points

along the lake shore the Barroso Group is not seen.

Although the groundwater level is high (within 1 m), the
permeability of the ground strata will differ in correspondence
with the variations in the facles according to location, and

there is much still unknown concerning the groundwater quantity.

(3) Hydrogeology of Surroundings of laguna Loriscota

The topography is flat except where the Quaternary Berroso

volcanic rocks are exposed at the southwestern end of Laguna



Loriscota to form a small hill, Other than this the topography
is gentle and is covered by fluvio-glacial deposits and recent

detrital deposits.

At the north to northeast shore of the lake there are detri-
tal deposits spread out centering on the two streams of the Rio
Lorisa and Rio Putijane, and a good aquifer is formed. The depo=-
sit at the surface layer is a sand-gravel layer of about I3 m
according to boring (5A-5), and in a simple pumping test by
trench a value of K = 4.3 x 10_4 cn/sec was obtained, In the
vicinity of the Rio Lorisa the sand-gravel layer is about 10 m
(Borehall SA-1}, slightly coarse, and in pumping tests at a
trench the value was K = 2.9 x l()'2 cm/sec. The basal rock is
andesite of Barroso volcanic rocks which is hard and watertight.
Furhter, it is thought the Capillune Formation exists underlying
the Barroso volcanic rocks, but the properties are unknown, and
it 1s necessary to investigate whether artesian water is formed
as the supply route of water to Laguna Loriscota.

Although streams cannot be seen at the south to southwest
shore of the lake, there are springs seen near the lake shore.
These springs are thought to have resulted from rainwater on the
Barroso volcanic rocks seeping underground and emerging from

parts of the Capillune Formation and the Barroso Group.

The east shore of the lake comprises a gentle hill area
which is probably the Barroso volcanic rocks covered with fluvio-
glacial deposits. According to Borehole SA-2, the surface layer
down to 20 m is a sand-gravel deposit, 20 m to 70 m is a gravel
deposit and correlated with the Capillune Formation or the Maure
Formation. Although the underground structure is difficult to
estimate by just this information, it is thought there is a
possibility of a part of the water of Laguna Loriscota seeping to
the Rio Chila.
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At the west shore of Laguna Loriscota a valley is formed
where twoe small mountain bodies of Barroso volcanic rocks meet,
and from a topographical standpoint, when the water level of
Laguna Loriscota rises, it is thought there will be overflow into
the Rio Pasto Grande, but further according to Borehole SA-4,
sand-gravel and gravel deposits continue down to 90 m suggesting

that there is continuous leakage from underground,

Regarding the geology of the lake bottom it is thought to
consist of Barroso volecanic rocks or the Capillune Formation
judging by the surrounding geology. The existence of springs or
thermal spring from the lake bottom is unknown at present.

(4) Origin of Dissolved Salts in Laguna Loriscota Water

Laguna Loriscota is a closed lake with only the two streams
of Rio Lorisa and Rio Putijane flowing in and none flowing out,.
Consequently, the origin of the abnormally high salt content
simplistically could be thought to be due to concentration
through evaporation of the river water which had supplied the
salts. However, the following can be pointed out as conflicting
with this thinking.

a) Evaporation residue of lake water exists at a level
several meters higher than the present lake surface, and
therefore, it is estimated that the lake surface was several
meters higher in the not too distant past., That the lake
surface is now several meters lower is thought t¢ suggest
that even though there 18 no outflowing surface stream there
is an underflow river. If an underflow river exists, the
lake is not a bona fide closed lake, but a seepage lake. As
previously mentioned, the boreholes drilled by CORDETACNA,

SA-2 and SA-4, suggest the existence of an underflow river,

b) One feature is the high content of borom in the

dissolved solids. The source of boron in almost all cases
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is either seawater or volcanic thermal spring. Since
seawater cannot be a source at such a high elevation as

4,500 m, there is a strong possibility of volcanic thermal

spring being the source.

¢) The dissolved boron in the water of the Rio Lorisa and
Rio Putijane flowing Into Laguna Loriscota is of very low
concentration, and this is incongruous with the fact that

the Laguna Loriscota water is of high salt content.

d) The dissolved boron content of the water of the Rio

Maure 1s of very high concentration, and at present there is
inflow of thermal spring into the river. If there should be
a thermal spring at the bottom of laguna Loriscota, then the

two data are in harmony concerning boren.

Accordingly, there is an extremely great possibility that
the origin of the dissolved salts in Laguna Loriscota water lies
in thermal spring which is rising or had risen from the lake bot-

tom.

Upon examination of the evaporation residue at the lake
shore, it is found that the component substances are mainly
diatom, with small amounts of hornblende, plagioclase, quarte,
chlorite and sericite, and there are no Indications of thermal
springs. Probably, volcanic ash had been mixed into diatom.
Since the evaporation residue is exposed to railnwater, compounds

containing boron probably have been leached out by water.
6.3.3 RIO TOCCO BASIN
(1) Rio Tocco Intake Dam

The river bed 15 narrowed down where the Rio Pasto Grande

becomes the Ric Tocco, and the gentle slopes of the skirts of Co.
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Quesllampo and Co. Pacchiauqui are close by. The river~bed pro-
tion has fluvi-glacial deposits (sand - granules, silt) aund
recent river deposits (granules, sand, silt), while the surface
layer conslsts of grassland or is marsh. It is thought the base-
ment consists of Barroso volcanic rocks (lava of andesitec to
trachyandesitic compositions and tuff), but outcrops cannot be
seen directly. A canyon dissecting the left-bank mountain body
extends to the vicinity of the dam site, and topographically, it
is thought the left bank is covered with deposits from this

canyon.

The thicknesses and properties of the fluvio-glacial depo-
sits and recent river deposits at the river bed are not clearly
known. Even if it should be possible to remove the recent river
deposits, it may not be possible to remove the fluvio-glacial
deposits for reasone of thickness. In the event removal cannot
be done, water cut-cff by grouting would be difficult, and it may
be required to consider some other method. For this purpose, it
will be necessary to investigate the properties and thicknesses

by excavating test plte at several locations.

(2) Copapujo (Extreme Upstream Rio Tocco)

Copapujo is the name of springs where a fairly large volume
of water continuously rises and the Rio Pasto Grande is formed by

these springs.

Only glacial deposits (sand - granules) can be seen at the

surface.

The basement is thought to be the Capillune Formation or the
Barosso Group. The source of the spring water is rainfall
(snowfall) at Co. Viscachas and Co. Quonual which seeps through
fissures in the mountain body, part of which has emerged at the

ground surface,
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That the volume of spring water is stable suggests that it
is not coming out directly from fissures in the Barroso volcanie
rocks, but is first retained in the Capillune Formation or other

formation, after which a part emerges at the ground surface.

In general, a pampa forms a marshy land because of an imper-
meable stratum at a shallow depth so that it appears to have a
high groundwater level as a whole, but the routes of groundwater
flow, and locations of permeable strata may be surprisingly irre-

gular and complex.

6.3.4 RID CHILA AND RIO COYPACOYPA BASINS

(1} Rio Chila

The site of the intake dam 18 in a valley of a gently-sloped
inverted trapezold shape, slightly upstream of where the broad
marshy area upstream on th Rio Chila narrows down and the river
gradient becomes slightly steep.

The two banks are the skirts of volcanic rock mountain
bodies of Co. Curahuara and Co. Antajave, and andesite and
trachyandesite of Barroso Group are exposed, The rock masses

themselves are hard, but there are numerous cracks,

The river-bed portion (width about 65 m) is thinly covered
(about 4 m) with fluvio~glacial deposits (sand, coarse detritus)

and recent river deposits {sand, gravel, and humus).

Both banks become gently sloped at relative heights of about
30 m, Seismic wave velocities at the surface layer portion are
scattered, being Vp = 310 - 1,430 m/sec. This is thought to be
because although there are exposed rocks at both banks they are
in the form of loose blocks. At the bottom part the velocities
vary between 2,120 and 3,850 m/sec, with low values at the river-
bed portion due perhaps to cracks formed during glacial movement.
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There is ample bearing capaclty as a foundation for the
structures consldering what the scale of the dam would be, but
thorough water cut-off work must be done on cracks in the foun-—
dation.

(2) Rio Coypacoypa

The river-bed portion of the intake damsite holds fluvio-
glacial deposits and recent deposits, with a surface layer (about
4 m) of gravel, sand, and clay. The basement is thought to con-
sist of the Capillune Formation (tuffaceous sandstone, clay and
conglomerate), and there are places at the gradual slope on the

right bank where the Capillune Formation is directly exposed.

The topography is that of a gently-sloped depression pro-
duced by glacial erosion action. Surface water meanders widely,
and the flow is around 200 %/sec. The vicinity is a broad

marshland.

A problem which would arise as the site for an iIntake dam is
the permeability of the basal Capillune Formation, and judging by
the vegetation and other factors in the surroundings, it is
thought there 1s a falr amount of underflow water. Therefore,
preventing loss of water underground and not merely damming up

surface water will result in effective Intake of water.

Hydrogeologic details are unknown at present and only
seismic prospecting data are available, Accordingly, the
thicknesses and properties of fluvio-glacial deposits at the
river bed and of the Capillune Formation are unknown at the pre-
sent stage. Water cut-off treatment by grouting these for a dam
foundation may be difficult and other method may need to be con-
sidered. For this, it will be necessary for test pits to be
excavated at several locations to investigate properties and

thicknesses,
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6.3.5  WATERWAY

(1) General

The formations distributed along waterway routes in the

various schemes are the following:

1) Fluvio-glacial deposits
2) Barroso Group
3) Capillune Formation

The fluvio-glacial deposits are highly permeable and it is
thought necessary for some kind of pavement to be provided.
Since they comprise a weak stratum which is inadequately con-
solidated, flat, and stable places should be selected for water-

ways, and slopes of steep gradients should be avoided.

The Barroso Group mailnly consists of volcanic rocks or
pyroclastic rocks and there is no problem of stability for a
waterway, but permeability is high because of a large number of
cracks. Consequently, this also requires pavement with mortar or

other material.

The Capillune Formation is divided into three strata, the
upper two being highly permeable, but the bottom one is said to
be of low permeablility. In fact, in the vicinity of Loma del
Azufre, there is an artificial waterway which has been
constructed on the Caplllune Formation without any pavement, and
a large volume of water flows down this waterway. Therefore, in
the case of the bottom layer of the Capillune Formation, merely
excavating would suffice and no pavement would be needed, but in
case of the two upper strata a pavement would be required.
Particularly, with regard to the uppermost layer, since its con-
solidation is inadequate, it is thought necessary to exercise
care concerning stability also. In effect, a location at a place

of steeply-sloped topography should be avoided.,
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(2) Geology of Waterway from Laguna Loriscota to Tocco Intake

Dam

The waterway to cause the water of Laguna Loriscota to flow
into the Rio Tocco, in terms of topography, passes a small canyon
of relatively gentle slope sandwiched by the mountain masses

(Barroso valcanic rocks) of Co. Quesllampo and Co. Ichipata.

Geologically, the vicinity of the ground surface consists of
Bofedares and fluvio-glacial deposits.

Three boreholes (SA-~3, S5A-~4, SA-~9) have been drilled in this
vicinity by CORDETACNA, and particularly, according to the entry
concerning SA-4 located near the project routes, the section from
the ground surface to a depth of 32 m is mainly an unconsolidated
sand layer, and the groundwater level is shallow at 1.46 m.
Moreover, to a depth of 90 m it ifs a gravel layer (including huge
rock masses and sand), and sound bedrock is not reached., At
borehold SA-3, to a depth of 15 m, it is a layer of medium- to
coarse-gralned sand, while from 15 m te 110 m is a gravel layer,
with a volecanic rock bed reached at 110 m. At this borehole
there is springing of water at around 110 m, with artesian flow
of water in the hole.

Inferred based on the above, in the event the water-way is
made an open channel, since a loose, gravelly sand layer 1is
passed and the groundwater level is high, it is estimated that
there will be seepage out of groundwater from slopes so that it
will be necessary to pay thorough attention to handling of
groundwater and stabilization of slopes in carrying out construc-
tion, and it is expected that the work will be fairly difficult,
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6.4

6.4.1

GEOLOGY OF ARICOTA NO.3 SCHEME AREA
INTAKE DAM

Two boreholes (B-2, B-3) have been drilled and seismic
prospecting performed on two measuring lines at the project site

of the intake dam.

According to the results of these investigations, river-bed
sand-gravel 1s of a thickness of 8 to 9 m in the vicinity of
Borehole B-2 at the right bank of the Rio Curilbaya, thickening to
22 to 23 m in the vicinity of Borehole B-3 at the left bank,
while it appears that the thickness is increased even more toward
the middle of the valley. This river-bed sand-gravel contains
boulders, with angular to subangular gravels conspicuous, but the
interstices of the gravels are filled by granules and silt for
relatively good tightness.

The basement consists of andestitic to rhyolitic volcamic h
rocks, with jointing slightly developed, hut the rocks are hard.

When considered as a dam foundation, since this river=~bed
sand-gravel has relatively low contents of clay and silt, and
comparatively few rounded gravels, while moreover, the gravels
are mostly hard volcanic rocks, it is considered there will be
adequate bearing capacity in view of the scale of the dam, and
little possibility of occurrence of uneven settling., However,
the problem is great regarding permeability and it is thought
advisable for surface shielding to be provided both the waterway
and regulating pond.

There are two large canyons which open up from the east-

southeast and west-northwest directions at Chintari. These nor-
mally have no water flows and are dry, but there is a possibility
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of debris flows* and mud flows being produced in case of heavy
rain, which would greatly affect the intake dam and waterway.
Therefore, it would be advisable for the dam axis to be selected

upstream as much as possible in order to avold these flows.

Also, it is estimated that a tectonic line exists passing
through the abovementioned two canyons and erossing Chintari, but

it cannot be directly confirmed at the ground surface.

* It appears debris flows have occurred several times.
Upon dating by the carbon-l4 method of plant
fragments interjected between the uppermost debris
flow and the immediately subjacent one, it was found
to be 470 + 120 years prior to 1350 A.D.

6.4.2 HEADRACE TUNNEL ROUTE

The geology of the route is composed of andesite to rhyoli-
tic volcanic rocks and intruded diorite. The major structure is
that of distribution in the north-south direction with overlaying
strata exposed more the farther downstream, but the upstream part
has been subjected to the influence of the tectonic line in the
west-northwest direction crossing Chintari, while the downstream
part has been subjected to structural deformation and alteration

due to intrusion of the diorite.

The upatream part consists of dacite (rhyolite), andestite,
and rhyolitic pyroclastic rocks, and although jolnts are deve-
loped, the rocks are hard. The middle- and downstream parts have
alternations of tuff breccia and porphyritic ejecta (andesitic -
rhyolitic), and especially, the downstream part has pyroclastic
rocks with distinct bedding planes, and the rocks are slightly
soft.

Although only partial outcrops of diorite are seen, they are
thought to be parts of a rock mass occupying a considerably wide
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area underground, and alteration of the country rock and develop-
ment of metalliferous veins of quartz, gypsum, and calclte

thought to be effects of intrusion are conspicuous,

These are thought to be strata corresponding to the middle
or top parts of the Toquepara Formation which was produced in the

Late Mesozoic to Early Tertiary periods.

In carrying out tunnel excavation, that the upstream part is
hard but joints are developed, and that the middle~ and
downstream parts have diorite which is hard but the country rock
has been subjected to alteration, has development of joints, and
lithologic character varies incessantly, will be points requiring
attention. It is expected that there will be hardly any

springing of water.

6.4.3 HEAD TANK AND PENSTOCK

The Geology conslsts of andesitic and rhyolitic pyroclastic
rocks with distinct bedding planes, the strike is N20°E and the
dip about 30°W, which in relation to the penstock route would be
a sidelong direction. Seismic prospecting was performed here on

one measuring line while pits were excavated at three places.

Outcrops of bedrock cannot be seen on the ridge for a
distance of about 400 m at the slope below the head tank, but
judging by the conditions of the slopes in the surroundings and
the geological conditions in the pits, it is thought basal rock
exists within 6 m. The talus of the surface layer, as judged by
the topography and conditions of deposite, shows little movement,
is in block form, 1s an aggregation of rock masses due tc mecha~
nical weathering, and is stable (average gradient less than 23

degrees).

As a whole the rocks are tuffaceous, and the rock character
is slightly soft compared with the geologies at Aricota No. 1 and
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No. 2, but the thickness of covering and seismic wave velocity of
the basal rock are about the same. Outcrops of tuff breccia can
be seen at the steep slope below an elevation of about 1,630 m.

This part 1s hard but slightly irregular cracking can be seen at
the surface, and loosening due to tension is estimated to exist,

It is thought there is a possibility that these cracks are minor
faults of structural nature produced in an ancient time (in view

of similarity of direction with minor faults in the vicinity),

The bedrock is tuffaceous with development of bedding pla-
nes, and there 1s fear of creep since the inclination of the
bedding planes is close to the direction of the slope, but seen
topographically, it is estimated that this mountain body will be

stable if no further dissecting occurs.
6.4.4 PONERHOUSE

Four boleholes have been drilled and seismic prospecting

performed on three measuring lines at this site.

The boreholes reached rock at 9.65 m in case of P-2, 26,9 m
in case of P-3, and 4.1 m in case of P~4. The basal rocks are
tuff and tuff breccia, which are well-consolidated, but slightly
cracky. The seismic wave velocities in the basal rocks are Vp =
2,940 - 4,170 m/sec, and there is adequate bearing capacity as
the foundation for the powerhouse,

From the ground surface to the bedrock consists of an uncon-
solidated sand-gravel layer, which contains boulders, and depo-
sited material of poor sorting exists in large quantity. As a
whole, there 1s a large proportion of fine-particled components
{granules, sand), and the material is close to being a mud-flow
deposit. Clay and silt are contained but are small in quantity.
Permeability is high, but bearing strength 1s possessed, and it
is thought there is little possibility of uneven settlement.
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6.5

The seismic wave velocities of the surface deposits range
between Vp = 230 and 1,250 m/sec, while for underlaying deposits,
loosened portlons and severely weathered portions of the bedrock,
Vp = 1,490 - 2,170 m/sec.

For Borehole P-3, a question remains whether bedrock or a
block had been reached, but even if bedrock is deeper down, it is
thought the depth to bedrock in the vicinity of the project site

will be such that construction can be amply done.

In case of Borehole P-1, deposits existed down to a depth of

20 m, and bedrock has not been confirmed.

There 1s a ravine at the right-bank side immediately
downstream of the investigation site, and it 1s feared debris
flow may affect the powerhouse. However, since the ravine is
narrow and it meanders in a complex manner, energy will be dissi-
pated even if a debris flow were to be produced, while a natural
levee is formed at the mouth of the stream, so it is estimated
there will be no adverse effects on the project site which is

located slightly upstream.

CONSTRUCTION MATERIALS

6.5.1 WATER SUPPLY SCHEME AREA

(1) Fill Dam Materials

If it is decided that the various dams planned in the Ands
plateau region are to be fill types, rock materials, filter
materials, core materials, and aggregates for appurtenant

concrete structures will be required.

Regarding Pasto Grande Dam, since there are andesite and
tuff breccia which are failrly hard at the right and left banks,
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it will be possible for these to be used as rock materials and
concrete aggregates, As for fine aggregate for concrete, there
are glacial deposits in the vicinity and it is thought they can

be used.

It will be possible for fluvio-glacial deposits to be uti-
lized as filter material, However, there is practically no
outlock for obtailning core materials in the vicinity.
Consequently, the dam will need to be a special type or a

concrete type.

With regard to Tocco Dam, volcanic rocks of the Barroso
Group are available in the vicinity, and of these, andesite and
trachyte which are hard are thought can be used as rock materials
or concrete aggregates. It will be possible for fluvio-glacial
deposite to be used as sand and filter materials. However, simi-
larly to Pasto Grande Dam, there is nothing to be utilized as a
core material. Consequently, a special type will need to be con-
sidered for the dam. It will be necessary for all of the
materials to be thoroughly tested to confirm whether they can

actually be used.
(2) Waterway Pavement Materials

If the waterways are to be stone-lined, it is thought ande-
site and trachyte of the Barroso Group which are hard can be
used., If the waterways are to be concrete-lined, these rocks can
still be used for aggregates, It will be possible for fluvio-

glacial deposits to be used as fine aggregate, These materials
also will need to be thoroughly tested.

6.5.2 ARICOTA NO.3 SCHEME AREA

The principal construction materials would be as follows:
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6.6

(1) Rock materials for the intake dam
{2) Aggregate for concrete to line the headrace tunnel
{3) Aggregate for concrete from the penstock to the powerhouse.

It is thought that the volcanic rocks comprising the nearby
mountain body can be used as rock materials for the intake dam.
Although it is thought excavation muck from the headrace tunnel
could be used also, a study will be required to determine whether

the construction schedule will allow use of the muck.

Parts of the excavation muck from the headrace tunnel which
are hard are thought can be used as aggregate for the concrete
lining of the headrace tunnel. The volcanic rocks composing the
mountain mass in the vicinity can also be considered. As for
fine aggregates, it should be possible to use naturally deposited

material or selected material from excavation muck.

The same conditions as for aggregate for headrace tunmel
lining concrete will apply to aggregates for concrete needed from

the penstock to the powerhouse.
EARTHQUAKES

In the Aricota No. 3 scheme area, there are several places
which can be pointed out as being of colluvial topographies pro~

duced by severe earthquakes.

For example, the mountain body at the right bank of the Rio
Curibaya upstream of the No. 3 Power Station site has collapsed
massively to present a landslide topography. Further, it is con-
sldered that Laguna Aricota is a natural dammed lake formed when
the mountain body at the right bank of the Rio Curibaya collapsed

on a large scale and the debris and rock masses from the collapse
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blocked the Rio Curibaya. To the northwest of Candarave Village,
the mountain body has collapsed extensively leaving an area of

barren condition.

Further, there are indications that Pampa Pasto Grande in
the diversion project area had been a dammed lake in the past
formed by blockage somewhere of the Rio Vizcachas. It is con=-
sidered that these topographical features were produced
throughout the project area in general by severe earthquakes

which occurred in the past.

Although there are no data available to determine in what
geological age these severe earthquakes occurred, it can be con-
sldered that the earthquakes accompanied the activities of Sencca
Volcano or Barroso Volcano which were prominent from the Late

Tertiary to the Quaternary.

According to a report on earthquake classification (Chavez,
J., y Huaco, D., 1973), the area under study is situated in Zone
No. 3, and 1s an area where strong earthquakes occur., In recent
times, in 1948, an earthquake of magnitude 7.5 was recorded at a
depth of 60 km with the epicenter at a point 60 km south of Tacna

City at the center of Departamento de Tacna.
Based on preliminary-level study material, the risk of an
earthquake of a scale of magnitude 8.0 occurring in the next

100 years is seen to be 99%.

Consequently, thorough consideration on earthquakes must be

given in carrying out design of structures.
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