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Chapter 1 Hydrology

1.1 Introduction

The hydrological aspects of the river basin have been studied by reviewing the
previous study reports and available hydrological data. The results of the
previous study reports are elaborated by use of additional up-to-date data and
information.

(1) River Basin

The Cañete river basin is located at the latitude 11o55’S to 13o15’S, the
longitude 75o30’W to 76o30'W and the altitude 0 to 5,900 m. The basin
boundary of the major tributaries and specific areas, and the longitudinal profile
of the Cañete river are examined based on the 1:100,000 topographic map. The
catchment area at the Socsi station is 5,890 km2 and catchment areas at major
points are shown on Figure 1.1.1.

The total length of the Cañete river mainstream is approximately 230 km and the
average slope is 1/53 (=1.9%). Longitudinal profile of the Cañete river and the
catchment area at major points are shown on Figure 1.1.2 and summarized in
Table 1.1.1.

Average of annual mean rainfall at the rainfall stations in Cañete river basin
ranges from 10 mm in lower basin to 900 mm in upper basin. The annual mean
discharge at Socsi station is 45 m3/s and the basin average annual mean rainfall
at the same station is estimated as 460 mm, therefore the annual run off ratio at
Socsi station can be expressed as approximately 0.6.

(2) Data Collection

Hydrological observations of rainfall and river water level in the Study Area
have been operated by the following agencies:
・SENAMHI: Servicio Nacional de Meteorología e Hidrología
・ELECTROPERU
・SEDAPAL: Servicio de Agua Potable y Alcantarillado de Lima
・Cementos Lima S.A.

Available records of monthly rainfall at seven stations, daily rainfall at another
eight stations and daily discharge at seven stations are collected and listed in
Table 1.1.2.

All collected data are stored in digital medias to use for detailed analysis.
Location of the gauging stations is shown on Figure 1.1.3. Monthly rainfall table
based on the collected monthly data is compiled in the attached Data Book
"Data on monthly rainfall based on the monthly data".
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(3) Measurement of Water Level and Flow Velocity

Additional water level and flow velocity measurement was commenced by the
Study Team at five stations in the selected three sites along the Cañete river.
General location of three measurement sites is shown on Figure 1.1.4 and the
progress of measurement is summarized in Table 1.1.3. These measurements
have been continued during Phase I Study period. The results of these
observations will be utilized to calibrate the discharge records, and to examine
the hydro-geological conditions of the infiltration flow areas in the upper stretch
of the Cañete river basin in Phase II Study.

1.2 Rainfall Analysis

(1) Available Daily Rainfall Data

Daily rainfall records from 1964 to 1997 at eight stations (Tanta, Vilca, Carania,
Yauyos, Huantan, Colonia, Huangascar and Pacaran) in the Cañete river basin
are collected.

Data on annual rainfall at these eight stations are summarized below.

Annual Rainfall (mm)

Station Elevation(m) Maximum Mean Minimum

Tanta 4,300 1,294.0 799.2 386.9

Vilca 3,800 3,073.9 909.8 256.4

Carania 3,850 916.3 545.2 184.7

Yauyos 2,850 872.0 356.4 21.7

Huantan 3,300 1,474.1 656.2 139.6

Colonia 3,350 805.1 453.5 116.9

Huangascar 2,550 647.1 272.2 89.4

Pacaran 700 41.1 14.9 0.7

Monthly rainfall tables based on the collected daily rainfall at each station are
shown in Table 1.2.1 and the conditions of missing records are summarized in
the following table.
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Daily Rainfall Records (34 years: 1964 - 1997)

Station Sample (days) Missing ratio

Tanta 12,054 2.9%

Vilca 12,263 1.3%

Carania 12,034 3.1%

Yauyos 9,190 26.0%

Huantan 8,631 30.5%

Colonia 8,764 29.4%

Huangascar 11,961 3.7%

Pacaran 8,299 33.2%

Missing data in this period are filled with estimated daily rainfall by means of
correlation method on close stations. Table 1.2.2 shows summary of correlation
formula and coefficient on each station and the condition of the adopted
correlation formula is illustrated on Figure 1.2.1. Correlation formulas are made
on the monthly mean rainfall on any two rainfall stations because the
correlations of daily rainfall dose not give a good correlation coefficient. The
estimated complete daily rainfall series from 1964 to 1997 is compiled in the
Data Book "Data on monthly rainfall estimated by the correlation method" as a
monthly table of each station.

(2) Probability Analysis

Probability analysis of annual rainfall and annual maximum daily rainfall at the
above eight stations are examined by means of Gumbel method (extreme value
distribution).

Those results are compiled in the Data Book "Data on probability analysis of
rainfall", and summarized in Table 1.2.3 and illustrated on Figure 1.2.2.
Probable value on any return period can be calculated regardless of that sample
size, but the accuracy of results and the limits of application depend on those
sample sizes. These results can be applied for further study on probable design
rainfall in consideration of those application limits.

(3) Areal Daily Rainfall

Basin average daily rainfall that is an average depth of rainfall over a specific
area is estimated by means of the Thiessen method with the estimated complete
daily rainfall series from 1964 to 1997. Figure 1.2.3 shows Thiessen polygon
based on the available eight rainfall stations in Cañete river basin and those
effective areas at particular points are shown in Table 1.2.4. Calculated basin
average daily rainfalls from 1964 to 1997 at five hydrological stations (Tanta,
Aguas Calientes, Tinco de Alis, Chavin and Socsi) are utilized as a basic input
for runoff calculation mode. Estimated basin average rainfall is given in Table
1.2.5 as a monthly table and the annual value is summarized below.
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Basin Average Annual Rainfall (mm)

Point Maximum Mean Minimum

Imperial 834.9 459.1 119.3

Socsi 836.9 460.7 120.0

Chavin 1,182.6 662.4 203.1

Tinco de Alis 1,869.5 808.5 337.8

Aguas Calientes 1,288.1 780.5 386.3

Tanta 1,283.7 777.9 385.9

1.3 Runoff Analysis

(1) Available Daily Discharge Data

Records on daily mean discharge at following seven water level stations in the
Cañete river basin are available within the period shown in the following table
and a monthly discharge table based on the collected daily mean discharge is
shown in Table 1.3.1.

Summary of Water Level Station in the Cañete River Basin

Station River Catchment(km2) Operation Observation Period

Imperial Cañete 5,900 SENAMHI 1-Jan.-1926 - 30-Apr.-1968

Socsi Cañete 5,890 SENAMHI 1-Jan.-1965 -

Chavin Cañete 3,265 ELECTROPERU 1-Jun.-1985 -

Tinco de Alis Cañete 930 ELECTROPERU 8-Feb.-1986 -

AguasCalientes Cañete 352 ELECTROPERU 1-Jul.-1986 -

Tanta Cañete 172 ELECTROPERU 1-Jul.-1986 -

Tomas Alis 142 ELECTROPERU 12-Feb.-1986 -

Annual runoff ratio is calculated using the annual mean discharge based on the
daily discharge records and the annual basin average rainfall at the each station.
Annual runoff ratio at Tanta, Aguas Calientes, Tinco de Alis, Chavin, Socsi and
Imperial station is 0.88, 0.72, 0.48, 0.46, 0.56 and 0.58, respectively. Conditions
of these calculation results are compiled in the Data Book "Data on Annual
runoff ratio". These runoff ratios are employed for the calibration of runoff
calculation model at each station.

Missing data of daily discharge records from 1986 to 1997 at five stations (Tanta,
Aguas Calientes, Tinco de Ails, Chavin and Socsi) are filled with estimated
daily discharge by means of correlation method on close stations. The condition
of missing records is summarized in the following table.
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Daily Discharge Record (12 years: 1986 - 1997)

Station Sample (days) Missing ratio

Tanta 3,578 18.4%

Aguas Calientes 2,969 32.3%

Tomas 4,036 7.9%

Tinco de Alis 3,805 13.2%

Chavin 3,413 22.1%

Socsi 4,382 0.0%

Adopted correlation formulas and coefficients on each station are summarized in
Table 1.3.2 and illustrated on Figure 1.3.1. Based on the estimated complete
daily discharge series of from 1986 to 1997, annual mean discharge at Tanta,
Aguas Calientes, Tinco de Alis, Chavin and Socsi station is 3.14, 5.82, 11.96,
33.83 and 44.92 m3/s, respectively.

Figure 1.3.2 shows the duration curve of daily discharge from 1986 to 1997 at
five stations. Monthly discharge based on the complete data series of daily
discharge from 1986 to 1997 is applied to the preliminary water balance study
and those monthly tables at each station are compiled in the Data Book "Data on
monthly discharge estimated by the correlation method".

(2) Probability Analysis

Probability analysis of annual maximum daily discharge, annual maximum peak
discharge, annual mean discharge and annual seasonal mean discharge, are
examined.

These results will be discussed in the subsequent sections.

(3) Runoff Calculation

The Tank Model method is applied for runoff calculation model. Available daily
discharge records at each station are utilized to calibrate the each basin model,
and the complete data series of basin average daily rainfall from 1964 to 1997
are employed as the model input. Each parameter of five basin models (Tanta,
Aguas Calientes, Tinco de Alis, Chavin and Socsi) is calibrated through trial and
error processes, and summarized in Table 1.3.3.

Figure 1.3.3 shows the results of runoff calculation by Tank model. Principally,
each basin model is calibrated in consideration of minimizing of the difference
between observed and calculated discharge on the following conditions.
・Shape of the hydrograph in low water period
・Volume of discharge
・Characteristics of discharge duration curve

Results of the runoff calculation are adopted as complete daily discharge series
from 1964 to 1997 when both of the observed daily discharge and the estimated
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daily discharge by correlation method are not available. In conclusion, the
complete daily discharge series from 1964 to 1997 in combination with the
observed daily discharge, estimated daily discharge by correlation method and
calculated daily discharge by Tank model, is applied for the detailed water
balance study in the Cañete river basin and summarized in Table 1.3.4 as a
monthly table of each station.

1.4 Flood Discharge

(1) Relationship between Daily Discharge and Peak Discharge

Available data on instantaneous flood peak discharge in Cañete river basin is
limited in this study phase, and discharge hydrograph from 1986 to 1999 at
Chavin station is only available for the study on characteristics of instantaneous
flood peak discharge (peak discharge).

Relationship between daily mean discharge and peak discharge is studied to
clarify characteristics of flood peak discharge at specific point. Using the results
of probability analysis of annual maximum daily mean discharge and annual
maximum instantaneous peak discharge at Chavin station (compiled in the Data
Book "Data on probability analysis based on the discharge hydrograph at Chavin
station"), the relationship between probable specific daily discharge of T-year
return period (qday(T)) and probable specific peak discharge of T-year return
period (qpeak(T)) is examined.

The relationship is plotted on Figure 1.4.1 and can be expressed as following
formula.

qpeak(T) = 1.42 × (qday(T) - 0.01)      (qday(T) > 0.034)

(2) Probable Daily Discharge

Annual maximum daily mean discharges at six stations (Tanta, Aguas Calientes,
Tinco de Alis, Chavin Socsi and Imperial) are available in Cañete river basin.
Using the results of probability analysis of these six stations, studies are made
on probable specific daily discharge (qday(T). Results of probability analysis are
compiled in the Data Book "Data on probability analysis of discharge". Probable
specific daily discharge at each station is illustrated on Figure 1.4.2.

According to the Figure 1.4.2, results at Tanta and Aguas Calientes station as
smaller catchment in upper basin show different characteristics from other
stations in middle and lower basin, because of those rainfall characteristics,
geological features, and so on.
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Results of probable specific daily discharge at Socsi + Imperial (combination of
data at Socsi and Imperial, those data can be combined because the catchment
area and the location of both stations are considerably same) shows the highest
value on return period more than 20-year among the results of middle and lower
basin.

In consideration of accuracy and availability of data, results of probability
analysis at Socsi + Imperial are to be used for further study. Probable specific
daily discharge at Socsi + Imperial is summarized below and could be applied to
the middle and lower Cañete river basin.

Probable Specific Daily Discharge (m3/s/km2)

T 2 5 10 20 50 100 200 500

qday(T) 0.0541 0.0791 0.0956 0.1115 0.1320 0.1474 0.1627 0.1829

(3) Probable Peak Discharge

On the assumption that two results mentioned in previous paragraphs could be
applied to the middle and lower Cañete river basin, the probable peak discharge
at particular point can be estimated by the probable specific peak discharge as
summarized below.

This result will be applied for estimation of design flood.

Probable Specific Peak Discharge (m3/s/km2)

T 2 5 10 20 50 100 200 500

qpeak(T) 0.0626 0.0981 0.1216 0.1441 0.1732 0.1951 0.2168 0.2455

1.5 Drought Discharge

(1) Available Data

Daily mean discharge at Socsi and Imperial station gives the longer observed
records, and those data can be combined because the catchment area and the
location of both stations are considerably same. Daily mean discharge at
Socsi+Imperial (combination of data at Socsi and Imperial) from 1926 to 1997
is used for this study.

(2) Probability Analysis

Probable drought discharge is examined using log-extreme value distribution on
annual mean discharge of hydrological water year that is a period of one year
from September to August, and annual seasonal mean discharge in drought
period as June to September, July to October and July to September. These
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seasonal mean discharges are shown in Table 1.5.1 and results of the probability
analysis are summarized in the following table and compiled in the Data Book
"Data on probability analysis of discharge in low water period".

Probable Drought Discharge (m3/s)

Statistical Parameters Return period (year)
Period

N Mean ST-DV 2 5 10 20 30 50 100

Sep - Aug 63 48.6 17.9 48.2 34.2 27.2 21.9 19.3 16.5 13.3

Jun - Sep 66 13.4 2.7 13.6 11.2 9.9 8.8 8.2 7.5 6.7

Jul - Oct 66 11.8 2.3 12.0 9.9 8.8 7.8 7.3 6.7 6.0

Jul - Sep 66 11.7 2.2 11.9 9.9 8.7 7.8 7.3 6.7 6.0

The seasonal drought discharge in 1960 and 1992 shows the droughtiest year
within available records. According to the results, the drought magnitude can be
estimated as approximately 20 to 30-year return period in 1960 and 30 to 50-
year return period in 1992.

1.6 Sediment Load and Evaporation

(1) Sediment Load

El Platanal report in 1987 shows measurement record of sediment load at
Chavin in 1986, with an estimate of annual volume of sediment load at 1.7
million tons, which suggest a specific yield at Chavin (3,265 km2) to be 430
m3/km2/year (1m3=1.2 ton).

The results of the measurement are listed in Table 1.6.1.

The same El Platanal report gives results of grain size analysis of riverbed
materials on the following four samples and the results are shown on Figure
1.6.1.
・Sample 1: at "Puente Chavin", from the left bank
・Sample 2: about 1 km upstream from "Puente Chavin", from "river edge"
・Sample 3: at Central Platanal, from the sand beach
・Sample 4: at Central Platanal, from "river edge"

According to the Figure 1.6.1, there is an apparent distribution between the
sample No.1 and 3 taken from the river sand bank, and sample No. 2 and 4 taken
from riverbed.

Meanwhile about 80 % of the material taken from sand bank is smaller than 1
mm, the riverbed material includes only about 50 % finer than 1 mm and about
20 % of the material is lager than 2 mm. The difference can be probably be
explained by the fact that the sand bank material includes a large portion of
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suspended sediment load and wash load which deposited there during the flood
season.

(2) Evaporation

Data on evaporation in the Cañete river basin are collected from three
meteorological stations. Table 1.6.2 compares the annual and monthly mean
evaporation recorded at the Cañete station at 150 m, the Pacaran station at 700
m and the Yauyos station at 2,850 m.

The table indicates that there is a clear trend as far as the three stations are
concerned in annual mean evaporation, of which value increases as elevation
rises, in spite that the temperature goes down as elevation rises. The fact implies
that there may be more important factors which influence the value of
evaporation, such as sunshine hour, wind velocity, relative humidity, etc.

It is also seen from the table that there is a reverse phenomenon between the
records observed at stations situated at lower elevation in coastal area (Cañete
and Pacaran) and those observed at stations located at wet catchment (Yauyos).
The records at the former stations show high evaporation during the months
from December to March and low evaporation in the months of June to August,
whereas those at the latter station show high evaporation during the period of
July to October. This may also be attributed to the fact that the sunshine hour is
very short in the coastal areas during the period of June to August.

El Platanal report in 1987 gives an estimate of monthly rate (mm) of evaporation
from reservoirs, as listed below.

Free-water Surface Evaporation(mm)

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Yauyos 60 46 49 68 91 105 116 119 111 106 100 86 1,057
Pacaran 91 90 103 88 77 59 61 69 80 90 91 98 997
Cañete 103 100 106 97 68 41 40 45 55 73 82 99 909

Note) Pan coefficient 0.75 is adopted.
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