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- Chapter 1

SURFACE WATER OF SAN JOSE RIVER BASIN

1.1 General

San José River basin loéated in the Region I in northern Chile has a drainage

bhsin’ area of about 3,187 km2 covering the sub-basins of Laco and Tignamar
" rivers. The drainage basin area is shown in Fig. A, 1.1 and Table A, 1.1,

1.1.1

Climate and Precipitation

Information on climate in the basin is obtained from Arica Oficina and
Azapa weather stations in the downstream of the basin. Maximum

- monthly average temperature is in December at 36.4 °C and minimum

one is in August at 18.5 °C. Humidity does not vary much throughout
a year lying within a range of 60 - 80 %.

Precipitation is observed regularly by DGA and Meteorological
Department. Most of the stations are distributed in the upstream of the
basin as shown in Fig, A, 1.2.

Most of the precipitation fall in the upstream mountain areas with an
altitude of higher than 3,000 m. On the other hand, the lower reaches
includ.ili_g Arica city and Azapa valley receive no rainfall throughout the
year. Average annual precipitation regionally varies from zero in Arica
city to 200 mm in the uppermost mountain area as shown in Fig. A,1.2,

- River System

San José River originates from the Andes mountains with an elevation of
4,000 - 5,000 m. It flows Westwards, joining the main tributaries of
Tignamar, Seco and Laco, through the Azapa valley to the Pacific Ocean
at Arica city. The river is called as San José River after the confluence of
the above main tributaries.

The river runoff is éaus_ed by the rainfall and snow melt in the Andes

mountains, The indigenous flow rate of the San José River is small.
Hence, the Lauca River, ﬂbwing toward Bolivia across the border, was
diverted to increase the flow rate of San José River in 1962,

'I_‘he‘ diverted Qétel_' is disc_ha_rged at Central Chapiquina located in the

upstream tributary (Laco River) of San Jos€ River through the Central

-+ Chapiquina hydropower station with the maximum output of 10.2 MW,

1-1



" The water after joining that of the above mentioned tributaries, flows
~ down in the San José main river to thc 1rnganon dam/intake of the

Azapa Imgatmn Canal.

' The irrigation dam/mtakc called as "Bocatoma” is located 40 km

upstream from the river mouth It usually draws the whole river flow to

' mgatc approxmately 3,200 ha of farmland in Azapa Valley Only flood
_watcr spills over the Bocatoma,

For the river systcm, see Fig. A, 1.1. Floﬂ_v model of San Jlosé Rivcr is

shown in Fig. A, 1.3 along the discharge observation stations.

1.2 _Su_rfagc' Flow Rétc

1.2.1

Flow Rate at Major Stations

- Daily water level is observed at DGA's observation stations by automatic

recorder, Flow rate at each station is generally calculated by so called
"Discharge Rating Curve” or "H-Q Curve" which is a calibration curve
of water level and flow rate. Major observation stations are as foliows;

River - Lecation  Observation Period-

Lauca Canal = Bocatoma Lauca " 1979 - Present

' Central Chapiquina -~ = 1967 - Present
San José Ausipar 1967 - 1972
Antes Bocatoma 1974 - 1984

~ Acueducto Azapa 1963 - Present

Their locations are shown in Fig, A, 1.3,

Observation at Ausipar and Antes Bocatoma have ceased since 1973 and
1985 respectively because the stations were damaged by the river floods.
However, observation at Ausipar started again in 1993.

. Average monthly flow rate of thése stations are shown in Table A, 1.2

and Table A, 1.3. Monthly fluctuation of the flow rate at each station is _
shown in Fig. A.1.4. Monthly maximum, minimum and average flow
rates in the recorded years are shown in Table A, 1.4. Rccordcd monthly

- flow rates in the past are shown in Appendlx ALl
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1.2.2

Ausipar and Antes Bocatoma stations are closely located with a distance
of approximately 7 km. Water use and loss between both stations are

_consi'dcred negligibly small. Hence, the discharge data of both stations

are combined.

Yearly average flow rate at Central Chapiquina is estimated at 0.796

m3/s. On the other hand, that at Ausipar/Antes Bocatoma is estimated to
be 1.101 m3/s. The balance of 0.305 m3/s is considered as the indigenous
flow of the San José River. The Lauca diversion water shares
approximately 70 % of the total water of San José River.

Flow rate at Acueducto Azapa (irrigation water intake rate) has
increased in recent years. Average flow rates during the periods of 1963
- 1975 and 1976 - 1990 were 0.296 m3/s and 0.646 m3/s respectively.

Usually, all the river water is used or infiltrates into undcrground in the

‘Azapa Valley. Only flood water is discharged to the sea. Flood flow rate

to the sea has been observed at Puente Saucache by DGA. The observed
monthly average flood flow rates in the past are also shown in Appendix
A, 1.1. However, it should be noted that the observation was conducted
on ad hoc basis and as a result, the observed data do not include all the
floods occurred during the observation period.

Supplementary Observation
1) Objective -

The purpose of the supplementary observation is to check the
water balance along the San José River, especially to examine the
water loss between upstream and downstream stations.

2)  Location

Observation points are as follows:

(1) AUSIPAT ©..crrerrc i esserssassnernns AU-1
(2) Downstream of Tignamar River.............. TG-1
(3). Acueducto Azapa ........cceveerniiverceerserinnns AQ-1

For locatidn, see Fig, A, 1.3,
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3

._Obsérv.atioﬁ Method

_:'The measuremcnt was conducted by JICA Study Team & DGA.
~ River condmons dunng measurement arc shown i in Appendix A,
- L 2 Flow vc10c1ty was measured by a propeller current meter

across the river section at a length interval of about 1710 of the

- river width, Flow rate was calculated as the p_rodtict of average

velocity times cross sectional area .

_— ‘_
= D VixA;
i=1

. where Q= flow rate (m3s),

4)_ +"Date of Observation

5

flow velocity (m/s), -
= Cross sectional area of the river (m?2) and
number of sub-cross sections.

3 » <.
|

_ Obscrvauons were camcd out on 12th Junc, gk Octobcr and 29t

November 1993,
Results of Obsen_ration. |

Flow rate at each po';m is shown in Table A, 1;5. In t_hc_tabl_.c, the
flow rate at Central Chapiquina is the one discharged from the
hydropower station. It was obtained from the electric company.

(1) First observation

The Seco and Laco (upstream section of Central Chapiquiné

~ hydropower station) were almost dried up at the observation time.

Hence, only Tignamar River was observed to estimate the
indigenous flow rate of San José River. At that time, thcrc was no
overflow from the Bocatoma and all the water at Antes Bocatoma '
was drawn by the irrigation intake. Further, no water was drawn at
Sr. Aguero irrigation mtake located between Ausipar and Antes
Bocatoma stations. '

The total flow rate of Tignamar and Lauca diversion is 0.587 m3/s.
It is in a well agreement with the flow rates of 0.554 m3/s at
Ausipar and 0.549 m3/s at Antes Bocatoma (equal to Acueducto
Azapa). This would mean there is no significant infiltration into
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underground and other water losses in the upstream reaches of
Bocatoma,

(2) Second Observation

The second observation was carried out to further examine the

~water loss between Ausipar and Antes Bocatoma. All the river

water at Antes Bocatoma was drawn by the Azapa irrigation intake
with no overflow from Bocatoma at the observation time.

The flow rate at Ausipar and Antes Bocatoma (equal to Acueducto
Azapa) were 0.717 m3/s and 0.562 m3/s respectively. The
difference is large equivalent to 28 % of the flow rate at Antes
Bocatoma. This difference may mainly be due to the water
extraction at Sr. Aguero irrigation intake and observation error.
Ho'wcvcr, the extracted water volume was not observed at that
time.

(3) Third Observation

A further detailed observation was executed t0 confirm the water
balance between Ausipar and Antes Bocatoma stations. At that
time, some water was drawn from Sr. Aguero intake for irrigation
use and a little amount of overflow was observed at Bocatoma.

The water balance between the stations was as small as 0.047 m3/s.

Flow rate at Ausipar - 0.780 m3/s
Water withdrawal at Sr. Aguero : -0.061 m3/fs
Overflow at Bocatoma : -0.004 m3/s
Flow rate at Acueducto Azapa : -0.668 m3/s

Balance 0047 ms

From the above observations, it is concluded that there is no
significant infiltration loss in the upstream reaches of Antes
Bocatoma.

' 4 Conclusioh

(i) There is some water loss between Ausipar and Antes
~Bocatoma stations. Major portion of this water loss is
caused by the water extraction at Sr. Aguero irrigation
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~ intake. No s1gmf’1cant mﬁltratxon and other Iosses are

‘ lldcntlﬁcd

(i) The water loss between both stations in considered not
large. Hence, the discharge data at both stations are
- - collectively used with n_b_modiﬁc;atiori for evaluation of the

- surface water poténtial of San José RiVér. .

Thc obscrvcd dlschargc differenccs bctwcen both stations
are as follows.

Observation (l)Ausipa‘r (2)-Antes Bocatoma ((1)—(2))!(2)

U W (%)
st 554 0 549 - 1
d - T . 562 28
Ird 780 - - 612 : 16
Average 684 594 15

The surface water potential of the River is to be evaluated
by the data at Antes Bocatoma. However, the period of the

- available data is limited to 1974-1984 {11 years). On the
other hand, thc data at Ausipar is available for the period of
1967-1972 (6 ycars) Thcrcforc, thesc data were combined
with no correction of the data at Ausipar to evaluated the
surface water potential based on as much data as possible.
However, the flow rate of thc River was calculated by
weighting the data at both stations according to their
recorded periods. '

As a result, the error (overestimate) of the estimated
surface water polcnual of the River is considered as small
as 5% (= IS%x )at most, -

1.2.3 Calculation of Runoff Coefficient

The surface runoff coefficient of San José River at Antes Bocatoma was
estimated by comparing the average indigenous flow rate of San José
River at Antes Bocatoma with average annual precnpltauon of the
drainage basin of Antes Bocatoma.
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The average annual indigenous flow rate was obtained by deducting the
flow rate at Central Chapiquifia from the flow rate at Antes Bocatoma.
The average annual pmcipitation of the basin was estimated based on the
isohyetal map of annual precipitation prepared by DGA in 1987 as
shown in Fig. A, 1.2. ' ‘ '

The differences among the average annual precipitations at the DGA
stations in the whole study area for the periods until 1987 and until
present time are negligibly small. The average difference is
approximately 5%. '

Therefore, the isohyetal map of DGA - 1987 was used in this study
without any modification. '

The run-off coefficient of San Jos¢ River at Antes Bocatoma is
estimated to be 0.068 as shown in Table A, 1.6, This means that 6.8 % of
the precipitation runs off into the i'ivcr as surface water. The remaining
93.2 % is mainly lost by evaporation.,

1.3 Surface Water Quality

1.3.1 Water Quality at Major Stations :
Water quality is observed by DGA. Water quality samples are taken
from the river and analyzed in the DGA laboratory. The observation
. Stations are as follows; '

River | Location Observation Period
Lauca Canal Sifon N1 1959 - Present
San José Ausipar 1969 - 1981
~ Bocatoma 1967 - 1987
Acueducto Azapa 1970 - Present
Saucache _ 1972 - 1977

~ The analyzed water quality elements are as follows;
(1) Health Signiﬁcance: As, N-NO3, N-NO,, N-NHj3
(2)  Aesthetic Quality: -~ CI, Cu, Fe, Na, P, SO4, pH

(3). Others: . HCO3, CO3, Ca, Mg, K, B, EC.
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,Avcrage water quality at each station are shown i in Tablc A /17and A,

- 18 Average monthly data in Lhc past are shown in Appendlx A, 13,

N _1'.3;2 Evaluauon of Water Quahty | | |
| | Penmsmble drinking water quahty of Chxlc is shown partly as follows,

pH. Cl‘ S04 Mg__As._Cu_ Fe N-

 NO3
(mgﬂ) (mgfl) (mgﬂ) (mgﬂ) (mgﬂ) (msﬂ) {mg/)

Pcn'msmblc 6.0-

Values 8.5 250 250 125 0.05 10 03 100

Water Quality Standard is referred in 'Appcndix. A5

© Water quality of San José River is generally good. However, As and Fe

_éxcc‘cd the permissible limit at almost all the stations. The average

o concentration of As and Fc at the abovc ﬁvc (5) stanons are (.09 mg/l
" and 0.82 mg/l rcspccuvely '

1 4 Evaluation of Surface Water Dcvelopment Potcnnal

Thc river water is usually all consumed or infiltrates into underground in Azapa
Valley and resultingly, no water flows down to the sea. Only flood water is
discharged to the sea. This flood water discharging to the sea is the surface
_water p(_itential which can be further developed. |

The flood flowing to the sea was measured at Puente Saucache by DGA during
1971 to 1989. The observed flood hydrograph is shown in Fig. A, 1.5, However,
this hydrograph records do not include all the actual floods during the
observation period. Because the DGA observation was conducted on ad hoc
basis.

Hence, flood flow at Puente Saucache is estimated from that at Antes Bocatoma.
The observed flood flow rates at both stations at the same day in the past are
plotted as shown in Fig. A, 1.6.

Relation between the flood flow rates at both stations is expressed as follows;
QSaucache = 0-712QAmes Bocatoma - 0577

or Qantes Bocatoma = 1 -404Q'Saucache +0.810

where  Correlation Coefficient (r) =0.7120

Q = flowrate (mfs),
1-8 '
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a,b = constant

Flood flow rates at Puente Saucache during 1976 to 1984 are estimated from the
observed flood flow rates at Antes Bocatoma based on the above equation. The
results are shown in Appendix A, 1.4,

'Yea:ly flood flow volume to the sea during 1976 to 1984 is calculated as shown
in Table_ A, 1.9. It ranges from 0 m3 in 1983 10 16,936,933 m3 in 1976 with an
average of 4,708,652 m3.

The above average yearly flood flow volume to the sea of 4,708,652 m3/ycar_(=
0.149 m3/s) is considered to be the thcorctigally maximum surface water
potential which can be further developed in San José River Basin.
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Table A, 1.1 Drainage Basin and Sub-Basin Areas in San José River Basin
_ - - <Cuenca de Drenaje y Area Sub-cuenca en Cuenca del Rio San Jose>

1-10

. o Riv.er' T Tributaries | Location Sub—Basin " Total Basin
_ River Model . - ' : (km2) - (km?2)
3 AR < B Laco 259.4 2594]
g SN , ~__[Tignamar. - . 593.7 853.1
Lo Tm '
R #San Jose Ausipar 340.9 1,1940|
San Jose Antes Bocatoma 84.1{ - 1,278.1
¥ San Jose River Mouth 1,908.8 3,186.9
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Table A, 1.9 Flood Water Volume at_S_éucaéhc_ and Antes Bocatoma

 <Volumen de Inundacicn en Sauba_che y Antes Bocatoma:

| Number of o ..T.oxal Water Volume
Year Floqding at Séucache | at Antes Bocatoma R:ati.o.
Ly | @) | @y |
1976 75 16,936,933 55,585,958| | 3047 %
1977 33 16,799,754 45,549,302|  36.88 %
1978 2 276,096] _’25_,#53,_162 107 %
1979 17 1,826,638 31,185,216 586 %
1980 6 642,474 2796899 282 %
1981 5 984,932 17212604 572 %
1982 3 0871 16775683] 036 %|
1983 | NoFlood | 0 12398,659| 0,00 %
1984 26 4,850,161 15255821 3179 %
Average for - .
9 consecutive years 4,708,652 26,945,933 | 17.47 %
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SURFACE WATER OF LLUTA RIVER BASIN

: 2_.1 - General

Lluta River basin located in the Region I in northern Chile has a drainage basin

area of about 3,378 km? covering the sub-basins of Azufre, Caracarani,
Cascavillane, Teleschuno, Guancarane, Chuquiananta, Colpitas, Allane, Putre,

Aroma and Socoroma rivers. The drainage basin area is shown in Fig. A, 2.1
and Table A, 2.1. '

211

212

Climate and Precipitation

Information on climate in the basin is obtained from Lluta, Pacollo and
Putre weather stations. Average temperature is different between lower
and upper basin. In lower basin (Lluta and Pacollo), Maximum monthly
average temperature is in January at 34.6 °C and minimum monthly
average temperature is in June at 10.1 °C while those of upper basin

~(Putre) are 29.2 °C and 2.5 °C in the same period. Humidity does not

vary much throughout a year lying within a range of 60 - 80 %.

_Prcéipitation is observed regularly by DGA and Meteorological

Department. Most of the stations are distributed in the upstream of the
basin as shown in Fig. A, 2.2,

Most of the precipitation fall in the upstream mountain areas with an
altitude of higher than 3,000 m. On the other hand, the lower reaches
receive almost no rainfall throughout the year. Average annual
precipitation regionally varies from zero in the lower most reaches to
350 mm at Villa Industrial station Jocated in the upstream highland.

More than 90 % of the precipitation in the basin concentrates during the
four (4) months of December and March.

River Systc'm

Lluta R.i.ver, the main river in the basin, flows westwards to Pacific
Ocean in the north of San José River basin and is named after the
confluence of ‘several tributaries., Main trib‘utafics are Azufre,
Caracarani, Cascavillane, Teleschuno, Guancarane, Chuquiananta,
Colpitas, Allane, Putre, Aroma and Socoroma. Flow originates from the

-1



_mountain areas in the north and north-east. In the north, Céra;:érani

River, 2 main tributary, flows southwards, joins Azufre, Cascavillane,

“Teleschuno, Guancarane and Chuquiananta rivers in between

Humapalca and Alcerreca. In the north-east, Colpitas and Allane River

flow eastwards and meet Caracarani at Alcerreca, Lluta River, named

~ after this confluence, combines with Putre, Aroma and Socoroma River

- at Putre, flows through Lluta Valley and down to Pacific Ocean at Arica
' city. . IR : o -

~ Several tributaries and Quebradas in the basin are not taken into

consideration in the flow model because flow rates are negligibly small

based on data and information from DGA. Flow model is shown in Fig.
A, 2.3, '

22 Surfa;e Flow Rate

2.2.1 Flow Rate at Major Stations

Daily water level is observed at DGA's observation stations by automatic
recorder, Flow rate at each station is géncrally calculat’ed by so_called'
"_Disch.arg'c Rating Curve" or "H-Q Curve" which is a calibration curve
of water level and flow rate. Major observation stations are as follows;

River Location . Observation Period

Caracarani Humapalca 1973 - Present
' Alcerreca 1961 - 1984
Colpitas -~ Alcerreca -~ . 1961 - Present
Lluta Alcerreca 1961 - Present
Tocontast 1946 - 1985
‘Chapisca _ 1987 - Present

Panamericana 1969 - Present

Data at Tocontasi and Chapisca are combined together in the analysis
because the station at Chapisca is a new re-located station of that at
Tocontasi.



Monthly average surface flow rate at these stations are shown in Table
A, 2.2. Fluctuation of these flows throughout the year are shown in Fig.
A.2.4. Recorded monthly flow rates are shown in Appendix A, 2.1.

At Azufre River, there is no permanent observation station. Observation
has been done since 1985 up to the present occasionally at about once in
a month by measuring velocity and cross sectional area, not by H-Q
cirve, _ _ _

Therefore, average monthly flow rate of Azufre River is calculated from
the correlation with flow rate of Caracarani River at Humapalca as
* shown in Fig. A, 2.5. Relationship between these two points is obtained
as fotlows;

Qcanacarani = 1.40Qazuge + 0.261
where Correlation Coefficient (r) = 0.7053

Monthly average surface flow rate at Azufre River in Humapalca are
shown in Table A, 2.3. '

Yearly average flow rate at Tocontasi/Chapisca of Liuta River is 2.216
m3/s. This flow rate is distributed to the upstream tributaries as shown
below.

River Flow Rate (m3/s) - Portion
Caracarani 0.378 17 %
Azufre 0.084 4 %

Cascavillane
+ Teleschuno :
+ Guancarane _ 0‘396_ 18 %

+ Chuquiananta

Colpitas  0.521 24 %

Putre _
+ Aroma 0.331 15 %
+ Socoroma
Unknown - 0.509 : 23 %

* Lluta 2.216 100 %



~ - Unknown flow is the balance 6f Lluta River at Alccfroca (1.885 m3/s)

:'and Caracarani River at Alccrrcca (0:855 m3/s) plus Colpltas River at
~ Alcerreca (0.521 m3/s) -

e -Excecdancc probability of the surface flow rate was calculated by Hazen

222

- Method to cvaluatc drought flow rate. -

Excwdancc probab:hty in Hazcn Mcthod is dcf_ined'as fcillows; |

_P(*j) = %‘]2‘1-;};‘ and - F(xj) = 17.-.1_’(xj)-.

‘where  P(xj) = Exceedance Probability .

variable (flow rate)
order of X;j counted from the largest sample

X
j .
N = size of sample

N

Flow rates with 80 % and 90 % exceedance probability are calculated for
the respective stations of Lluta River and its tributaries as shown in
Table A, 2.4, Monthly variation of these probable flow rates are shown

in Appendix A, 2.2.

Flow rate in Caracarani at Humapalca and Alcerreca, Colpitas at
Alcerreca and Lluta at Chapisca & Tocontasi and Panamericana are
analyzed as shown in Table A, 2.4 and monthly fluctuations are shown
in Appendix A, 2.2,

Calculation of Runoff Coefficient.

The surface runoff coefficients of Lluta River at Alcerreca and Tocontasi
were estimated by comparing the average indigenous flow rates at these
stations with the average annual precipitation in their upstream basin.

The average annual indigenous flow rates in these stations were obtained
from the regular observation of DGA, The average annual precipitation
in their upstream basin were estimated based on the isohyetal map of
annual precipitation prepared by DGA in 1987 as shown in Fig, A, 2.2.

Runoff coefficient is found to be 0.186 at Alcerreca and 0.143 at
Tocontasi as shown in Table A, 2.5 and A, 2.6. This can be interpreted
that about 18.6 % of rainfall flows through rivers in the upstream and .
14.3 % in the midstream as surface flow. '

IT-4



2.3 Surface Water Qﬁality

2.3.1

Water Quality at Major Stations

Water quality is observed regularly by DGA. Water quality samples are
taken from the river and analyzed in the laboratory. The observation
stations are as follows;

River I . ot ion Period
Catacarani Humapalca 1967 - 1985
o Alcerreca _ 1967 - 1989
Azufre Humapalca 1967 - 1984
Colpitas Alcerreca _ 1967 - 1989
Lluta Alcerreca 1967 - 1985
' Tocontasi 1967 - 1987
Poconchile 1968 - 1985
Panamericana - 1967 - 1989

The items of the analysis are classified as follows;
(1) Health Significance:  As, N-NOj3, N-NO;, N-NH3

(2) Aesthetic Quality : CI, Cu, Fe, Na, P, §O4, pH

- (3). Others:  HCOs, CO3, Ca, Mg, K, B, E.C.

1232

Resul_ts of the examination arc shown in Table A, 2.7 and A, 2.8

'A\'/erage monthly data are shown in Appendix A, 2.3

Evéluation of Water Quality

* ‘Water of Lluta River and tributaries are much contaminated by the

pollutants mainly originating from-natural contamination sources.

“The worst two (2) rivers in terms of the health significance are

Number 1 Azufre River at Humapalca
- Number2  Colpitas River at Alcerreca

Information on water'quality of the other main tributaries including
* Cascavillane, Teleschuno, Guancarane, Chuquiananta, Putre, Aroma and

II-5



Socoroma, were obtained from the supplementary obscrvatlon in thls_
study as cxplamcd in the followmg section.

_ 2.4 Supplemcntary Observation

2241 Si_r’nultanébus()bsérvation in the Upstream Tributarics
1) Objcctivc

e Thc purposes of thc supplcmcn(ary obscrvauon are to measure
" flow rates in the tributaries which are not regularly observed by
" DGA, to check flow balance and the examine water quality in the
- Lluta River.’ '
':2) _ Imaﬁon'

Observation poihts are located as follows:

Location : Code Latitude | Longitude

1. Azufre AZ-1 17°50° | 69*43°
2. Caracarani, before confluence CR-1 | 17°50° | 69 42’
~with Azufrc. . - . '

3. Cascavillane - CV-1 17°51° | 69"39°
4. Teleschuno, Queb. Teleschuno TL-1 | 17517 | 69°38"
5. Teleschuno, Queb. Gualluma | TL-2 17°51° | 69° 38
6. Guancarane | GC-1 17°51° | 69'36"
7. Chuquiananta. CQ1 | 1752 69° 35"
8. Colpitas - cp-1 | 17°57 69° 28"
9, Allane AL-1 17°59° | 69" 28"
10. Putre, Queb. Llancomane Pr-1 | 18°10° | 69°31°
11. Putre, Queb. Pacollo PT-2 18°10° | 69°30°
12. Putre, Queb. Taipicahua | pr-3 18° 117 69" 30°
13, Putre, Queb. Jurase PT-4 18° 127 69° 30”
14. Putre, Queb. Liuscuma | prs 18°12° | 69" 30°
15. Aroma | | ARl | 18°14” | 69°33°
16. Socoroma 1SRt | 1816 | 69031
17. Chapisca __ TC-1 | 1823 | 6955’
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3)

4)

Locations of these points are shown in Fig. A, 2.3 and A, 2.6.
Observation Method

The measurement was conducted by JICA Study Team & DGA.
River conditions during the measurement are shown in Appendix
A, 2.4. The items of measurement are as follows;

(1) Flow Rate

Flow v_cloéity was measured by a propeller current meter across
the river section at a length interval of about 1/10th of the river
width, Flow rate was calculated as the product of average velocity
times cross sectional area

m
Q = Y V.xA
i=1

where  Q = flow rate (m3/s),

V = flow velocity (m/s),
A = cross sectional area of the river (m2) and
m = number of sub-cross sections.

(2) Water Quality

Samples were taken from the checking points and analyzed mostly
in the DGA laboratory following the standard method of water

.quality analysis. However, pH, EC, Temperature, Turbidity and

DO were analyzed in situ. Items of the analysis are classified as
follows; '

(1) Health Significance: As, Cd, Cr, CN, F, Pb, NO3

(ii) Aesthetic Quality : Al, CI, Cu, CaCO3;, Fe, Mn, Na,
' - 8§04, TDS, Zn, pH

(i) Others: HCOs, COs, Ca, Mg, K, B, E.C.

Temperature, Turbidity, DO
Date of Observation

Observation'was carried out on 1st - 3rd June 1993.

CI-7
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Results of Observation = -

~ (1) Surface Flow Rate -

Flow rate at each point is shown in Table A 29.

Rcs.hlt_s' of ﬂow rates measured in Azﬁfrc_ (0.076 m3/s) and

Caracarani River (0.394 m3/s) at Humapalca show a good

agreement with the calculated flow rate in Caracarani from the

' correlation as mentioned prcvidusly (0.367 m3/s). The difference is
‘about7%. ’ c |

Balance of _ﬂdw are-as follows;

River Flow Rate (m?%/s) Portion

~Caracarani - 0.394 33%
Azufre ' - 0.076 6%
"Cascavillane
+ Teleschuno
+ Guancarane 0.334 29 %
+ Chuquiananta-
Colpitas + Allane 0.231 O 19%
" Putre 0315 21%
Aroma 0033 o 3%
Socoroma 0.012 = 1%
Unknown _ -0.211 -15%
Total. 1.184 - 100%

Unknown flow from this balance is -15 % of flow in Liuta River at
Alcerreca. This contradicts the unknown flow from average
monthly balance (23 %). It may be attributed mainly to the error
of measurement. ' '

Major water sources of Lluta River are Caracarani (33 %),
Cascavillane+Teleschuno+Guancarane+Chuquiananta (29 %) and -
Putre River (27 %). These sources contribute about 89 % to Lluta
River.

{2) Water Quality

Results of the examination is shown in Table A, 2.10.
Classification as acceptable and unacceptable rivers in water

11-8



quality of the tributaries of Lluta River according to Water Quality
~Standard, shown in Appendix A, 5, is as follows;

. River Flow Rate (m¥s) Portion
Unacceptable
Azufre 0.076 6 %
Colpitas - 0.211 17%
Cascavillane 0.082 7%
Allanie _ 0.020 2%
Putre : Pacollo 0.017 2%
Putre ; Jurase 0.009 1%
Sub-total a 0.415 5%
Acceptable

Teleschuno 0.007 - . 1%
Guancarane 0.168 15%
Chuquiananta - 0.077 7%
Caracarani 0.394 33%
Putre : Liancomane 0.043 4%
Putre : Taipicahua 0.184 16%
Aroma - 0.033 3%
Socoroma 0.012 1%
Sub-total 0.918 ' 80%
Putre : Lluscuma 0.062 6%
Unknown 0.211 _ -15%
Total at Chapisca 1.184 _ 100%

It should be noted that water quality at Lluscuma was not observed.
24.2 Intensive Observation in the Contaminated Tributaries
1) = Objective

From the result of water quality examinations mentioned above,
Azufre and Colpitas Rivers are the most contaminated tributaries
of Lluta River. However, contaminated sources of these rivers
“need to be observed intensively for water potential development.
Identification of the definite contaminated sources of these rivers
~is the purpose of this observation.



) ,‘._2‘)

3

)

5

- Location

Obscrvanon pomts are shown in Fxg A 2 7 for Azufrc R:ver and
 Fig. A, 2.8 for Colpitas River.

Obscrvanon M_ct_hod

The measurement was conducted by DGA in cooperation with

JICA Study Team. Observation items and method are the same as
that of the simultaneous observation in Section 2.4.1.

Date of Observation

Obsewétion was carﬁcd oht in the middle of November 1993 and
took about 2 weeks.

Rcsuits of Observation

Flow rate and water quality in thesc tributaries are shown in Tablc
A, 2.11and A, 2. 12(1) to 2.12(6).

Conclusions drawn from thc observation result are as follows;

Azufre River (refer to Table A, 2.12(7) and Fig. A, 2.7)

(1) Flow Rate

- The location, so called Agua Calientes is considered as the
original water source of Azufre River with the springs AV-1, AV-
2, AV-3, AV-4, AV-5, AV-G and AV-7.

- There was no flow at A-6 and A-7 because water infiltrated into
underground from A-8 and emerged to surface again at A-5A,
Hence, flow rate and water quality were not measured at A-6 and '
AT _ _

- Flow rate at A-SA is higher than A-3 because water partly |
infiltrates into underground agam along the Tiver course betwccn
these 2 pomts

- Flow rate at A-1 (Lluta) approx1mately equals A-3 (Azufrc)+
A-4 (Caracarani)

A-1(100%) = A3(30%) + A-4 (70%)
m-10 '



- (2) Water Quality

- Azufre River is contaminated from its original source at Agua

~ Calientes at AV-1, AV-2 and AV-7. Although flow rates of these
points are apparently low, in wet season the pollutants will be
washed out to the stream.

- Water quality at A-8 is worse than at A-10 although the
tributary at A-11 is comparatively clean. This may be because
pollutant source is from the river bed along the stream, not from
the tributary.

- Water quality becomes better from A-8 to A-5A.

- Another contaminated source is at A-5B.

Colpitas River (refer to Table A, 2.12(8) and Fig. A, 2.8)
(1) Flow Rate

- Flow originates from the mountains in the east outside the study
drainage basin with several tributaries flowing into 2 main
tributaries.

- Main n'ibutaries are Colpitas and Allane Riv.crs with the portion
of Allane (C-4) 58 % and Colpitas (C-5) 42 %.

~ (2) Water Quality

- Contaminated source is the whole upstream part of Colpitas
River at C-11A, C-11B, C-10, C-6 and C-5,

- Although Allane River is comparatively clean, water quality is
still higher than the standard limit,

- Small i:t‘ibutariés between C-3 and confluence of C-4 (Allane)
and C-5 (Colpitas) at CV-1 to CV-5 also discharge a large amount
of pollutants to the river.

- (Note)

The Boron concentration of 5.56 mg/l at Cl point observed in
- November, 1993 is considered to have some error because that:

I-11
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This concentration of 5.56 mg/l is. very. lbw_-compared'_to the
average concentration of 9.85 mg/l in the past. The Boron

“concentrations at C1, C2 and C3 points observed in November,

" 1993 are compared to théir average concentrations in the past

(ii)

(iii)

(1967-1989) as follows.

Sampling Point = Nov. 1993 Average in Past

Cl (Caracarani Alcerreca) ~ 3.87mgd  58mgl
C2 (Colpitas Alcerreca) 2261 21.55mg/l
- C3(Lluta Alcerreca) . 556  9.85mg/

The poliution loads (g/s) of Boron at C2 and C3 points observed in

November, 1993 are considered nearly correct in comparison with
the pollution loads in their upstream reaches. '

If the concentration of Boron at C1 point observed in November,
1993 is replaced by the average concentration in the past, the
pollution loads of Boron among C1, C2 and C3 points are roughly
balanced as follows. '

- C2+C3=2.183 g/s + 7.823 g/s = 10.006 g/s

C1=9.180 g/s

Flow balance in the Lluta River is re-calculated based on the assumption
that contaminated sources at A-8 point in Azufre River (whose share is
~ 65 % of total flow in Azufre River) and C-10 point in Colpitas River
(whose share is 67 % of total flow in Colpitas River) are evaporated.
Comparison of the flow balance with and without evaporation at these
points are as follows;

In-12 -



- River . FlowRate - Flow Rate

(m%fs) {m3/s)
- (without evaporation  (with evaporation
of A-8 and C-10) of A-8 and C-10)
. Azufre 0.076 6% 0027 3%
(35 % of Azufre)
Colpitas 0.211 17% 0070 7%
(33 % of Colpitas)
Cascavillane 0.082 T % 0082 8%
~ Allane 0020 2% 0020 2%
Putre : Pacollo  0.017 2% 0017 2%
Putre : Jurase 0009 1% 0009 1%
Sub-total 0415  35% 0225 23%
Teleschuno 0.007 1% 0007 1%
Guancarane 0.168 15% 0168 17%
Chuquiananta ~ 0.077 7% 0077 8%
Caracarani 0.394 33% 0394 40%
Putre : Liancomane 0.043 4% 0043 4%
Putre : Taipicahua 0.184 - 16% 0.184 18%
~ Aroma 0.033 3% 0033 3%
Socoroma 0.012 1% 0012 1%
Sub-total 0918  80% 0918 92%
Putre : Lluscuma  0.062 6% 0062 6%
Unknown  -0211 -15%  -0211 -21%

Total at Chapisca 1.184 100 % 0994 100%

After evaporation of the contaminated sources in Azufre and Colpitas
Rivers, portion of flow rate in Lluta River which water quality is
acceptable increases from 80 % to 92 %.

2.5 Evaluation of Surface Water Development Potential

Evaluation of surface water potential in Lluta River basin is done by considering
the water potential 10 be stored by a dam or reservoir before flowing to the sea.
Tocontasi & Chapisca is selected for the analysis instead of Panamericana due
to the insufficient recorded years at Panamericana. |
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Accumulatcd water volume from 1946 to 1990 at Tocontam & Chaplsca is
plotted with the assumed amounit of water release at this station as shown in
Fig. A, 2.9. From this mass curve, approximate slope of the observed data is in
between flow rate of 2.0 and 3.0 m3/s, This means that water release from
“Tocontasi should be less than 3.0 m3/s in order to maintain the storage. Monthly
volume storage is calculated as shown in Fig. A, 2.10. Inflow is the actual
rccorded ﬂow rate and outﬂow is the assumed water release from this station.

- Storage volume of the dam is detcrmincd by accumulating the balance of inflow
and outflow. Outflow of 1.5 and 2.0 m3/s are selected for the calculation. From
this calculanon, maximum and minimum accumulated volume storages are
listed in Tablc A, 213 and A, 2.14, Rlsmg period. means the period that volume
storagc is in the minimum ‘stage, the following actual flow i is higher than the
water release (1.5 or 2.0 m3/s) and the volume storage is gradually increasing.
- The reverse condition implies for decreasing period.

Probability of nonexceedance (F(x)) is used to find out the return period year of
the volume storage. The results are shown in Table A, 2.15 and A, 2.16.

The required volume storagc is dctcrmmcd from the maximum storage volume
dunng dccrcasmg period to ensure the condition of no empty storage. It can be |
bneﬂy summarized that

For return period of 10 years;
Storage volume = 15,375,456 m3 if water release = 2.0 m3/s
Storage volume = 5,086,848 m3, if water release = 1.5 m3/s

Fof return period of 5 years; . _
Storage volume = 12,913,171 m3, if water release = 2.0 m3/s
Storage volume = 3,361997 m3, if water release = 1.5 m3/s
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Table A, 2.1 Drainage Basin and Sub-Basin Areas in Lluta River Basin
<Cuenca de Drenaje y Area Sub-cuenca en Cuenca del Rio Lluta>

River

Putre

River| Tributaries | Location | Sub-Basin | Total Basin
_ _ (km2) (km2)

..... » Caracarani  [Humapalca 141.3 141.3
~~~~~~ N Azufre Humapalca 37.3 178.6]
------ Miluia _ Humapalca 90.7 269.3
------ M Cascaviilane 28.2 297.5
------ M [Teleschuno 40.8 338.2
““““ g Guancarane 101.1 439.4]
..... »{Lluta 123.1 562.5
------ > Chuquiananta 1421 704.6
______ ™ Colpitas 21 8.6 923.2
...... > Allane 245.6 1,168.8
----- »TTura Alcerreca - 1,168.8
P p{Lluta 485.2 1,654.1
..... - : Putre 304.3 1,9583
______ » Aroma 70.5 2,028.9
______ M Socoroma 50.5 2,079.3
------- »Lluta Tocontasi 470.7 2,550.0
Lluta River Mouth 828.0 3,378.0
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~ Table A, 2.11  Surface Flow Rate Observed in Azufre and Colpitas Rivers

<Nivel de Flujo de Superf cie Observado en Ria Azufre y Colpitas>

Observatlon Period : November 1993

dried up during the observation period

- 127

Average |Cross-section| Flow
Code No.| Latitude Logxtudc Velocity Area Rate Remarks
' ' _ (m/s) (m2) (m3/s)
Azufre River : :
A-1 [ 17°50°37" | 69°42'16" 0.560 0.432 0.242
A-2 [17°50°377] 69°42°16" - - 0.000 | measured by volume
A-3 117°50'177] 69°42°27" 0.448 0.164 0.074
A-4 | 17°50'18” | 69°42°23" 0.240| 0.721 0.173
A-5A | 17°49'017| 69°44°22" 0.707 0.169 0.119 .
A-5B | 17°49°017 | 69°44722" - - 0.000 | measured by voluma
A-B | 17°45'46” | 69°48°09” 0.532 0.090 0.048
A-10 [17°45"20” | 69°49°09" 0.377 0.128 0.048
A-11 |17°45'24" | 69°49°07" 0.187 0.034 0.006
A-12 | 17°43°25" | 69°49°16” 0.248 0.055 0.014
A-13 |17°4336" | 69°49°03” (0.493 0.080 0.039
AV-1 | 17°43°06" | 69°49°19” 0.063 0.037 0.002 _
AV-2 1 17°4308” | 69°49'16” - - 0.003 |measured by volume
“AV-3 117°43217 69°49720” - - 0.000 |measured by volume
AV-4 |17°43'22" 69°4920” - - 0.001 |measured by volumd
AV-5 |17°43'227 | 69°49"20" - - 0.001 | measured by volume
Co]pitas River
C-1" | 17°59'59" | 69°37'50” 0.490 1.901 0.932
C-2 [17°59739” | 69°37°48" 0.418 1.350 .564
C-3 | 17°59'45" | 69°37°40" 0.540 0.640 0.346
C4 | 17°59722" | 69°35'35" 0.569 0.270 0.154
C-5 | 17°59'21"| 69°35'35” 0.241 0.457 0.110
C-6 .17_"_58’15” 69°34°03” (.245 0.289 0.071
C-9 [17°5851%| 69°27'31” 0.191 0.029 0.006
C-10 | 17°58°10”| 69°27°14" |- 0.377 0.195 0.074
C-11A | 17°57°25" | 69°25°36” 0.226 0.076 0.017
C-11B | 17°57725" | 69°2536” 0.124 0.030 0.004
C-12 | 17°59'017| 69°26'14” 0.086 0.029 0.002
C-14- | 17°58'59” | 69°2731” - - .001 Imeasured by volumd
CV-1 ]17°5924” | 69°35'38" - - (0.002 | measured by volumd
CV-2 |17°59°42” | 69°36'22" - - 0.001 |measured by volumg
CV-3 | 17°59'42” | 69°36722" - 0.002 |measured by volume
CV-4 |17°59'48” | 69°36'58" - 0.000|measured by volumd
CV-5 [17°5924” | 69°36'01" - - 0.004 |measured by volumd
‘Note: The observation points located in the map But not shown here
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Table A, 2.12(8) Water Quality Observed in Colpitas River
<Calidad de Agua Observado en Rio Colpitas>

Note : | M | : Observation Point Boron (B)
# | : Flow Rate (m3fs) c.7
# | : BoroyArsenic (mgh) 0.000 S FTT
M| : Towl snout of Boron/Arsenic (g/s) o . 0.017
(Flow Rate * Boron/Arsenic) : . : 20.88
. . : 0.355
C-2 . ' C-5 C-6 c-10] Colpitas —
0.564] " 0.110 0.071 - 0.074
1.87 7200 |133.05 6179 C-11B
2.183 ' 7.920 9.447 4572 0.004
. : - 181.47
g ca Colpitas ' 0.726
S | 0.346) '
2261 C.4 Allane C-9 C-12
C-1 7803 |- _ - [o1sa 0.006 0.002
0932] _ 1267 6.05 16.18
5.56 : _ ‘ 1.951 : C.8 C-14 0.036) 0.032
5,182 0.000 0.001
cv-4]cvalcvz]ovs| ova . . 4.60
: 0.000| 0.002] 0.001] 0.004] 0.002] - } 0.005
26.67|_93.05| 83.58] 1573 -
0.005] 0.186] 0.084] 0.063] -
Arsenic (As)
c.7
0.000 C-114
- . 0.017
0.81
. : . 0,014
c2| : : c.s C6 c10] Colpitas 7
0.564 i _ 0.110 0.071 0.074
0.3 : 100f | 169 2.08 C-118
0.169 0.110 0.120 0.154 0.004
. , 449
,_.53; N c.3 Colpitas . _ 0.8
= 0.346 S '
% 0.67 : C-4 Allane C-9 C-12
c-1 0.233 0.154 0.006 0.002
0.932 : ' : 0.46 034 0,44
052 : — 0.071 C-8 C.14 0.002 0.001
0.485 : | a.000 0.001
cv-4icvslcvalcvsicva . 0.10
0.000] 0.002] 0.001] 0.004] 0.002 ' . 0.000
1.72) 091) 08s| 058 - ' '
0.000 0.002| 0.00tf 0002 -

¥ Boron at C-1 may inciude same error (Keler o page TI-12).
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Tablc A 213 (1) Storagc Volume at Tocontasn & Chaplsca
<Volumen de Almacenamiento en

Tocontasi y Chapuca>

(lnﬂow Qobs, Outflow = 2.0 m3/s)

("Rmn; or Deuumg refmlotbepmodthntmvohmednngu
___from Max. to Min. or Min. to Max. in a cycle)

_ _ Necessary )
. o Max or Min Storage Velume (m3)
Year Month Vol.Storage Rising [ Decreasing
(m3) . Period Period
1946 Mar 14,785,027 : _ :
1548 Dec 1643 408 TR 141610
1947 Jan _ 2938 ) 294,624
1947 Nov 14,799 034] 17T 558
947 Dec T4 308 Fey SHD34E :
i548 Jun 14597 144 _ 331 408)
1548 Mar 163,738 14,367,436 :
15438 "Dec 6165873 8,606,144
1949 Jai™ & 438 578 61,198 §4% .
1950 Feb 45 33551 9309674
1950 Mar 46 135958 910,658 o
L) Tiec 37,163 586 KXk Xirp)
1531 Mar 41,656,550 4,453 664 _
1931 Bec 30,036, 206] o 11617344
1933 p 5,290,406] 35,251 300
1937 Dec 63,048,926 -5.343 80
1935 T Mar 121,415 846 58367 530
943 Now 113,547 §50 . 8467 597
1954 Mai 48,038 680y A R RSO
1954 Dec 140,115919] — -§.919,783]
933 Mar 134,000 9dd] " 14785 '
16538 Nov 147 6534571 ‘ TIA6G
1956 b . 152,459 539 4,805 368]
1957 Jan 139,546 364 o 12913171}
{957 Mar 147299 138 Fas3 sy
1957 Nov 198,138 307 9,i60 819
19387 T Mar 155, 880748
........ i A {3550 556
1938 “Sep 159,476:368 4309 408
_______ 1936 Jan 153,392 833 )
559 Mar 165,831 581 12436749
1935 "Pec 156911818
1960 Mar 1716068438 14,785,027
1560 Dec R
1961 Mar V7562 106 {4785 007
1961 Dec 167 705 251
L Mar 181,474,674 14,168 833
""" 193 May T 8 A
1963 Jon P 180,927 604 158830
........ 1565 T e 175,086,450 i
1963 Sep 00,148,538
1963 Dec 198,962,883
1064 an ™ i '99.309,162
1064 Jul 194, 088730
1964 Sep 195,597 850
..... 1964 Dec | 193,132858] oo
1565 _Apr 208,301 962 15,259,104
... 1968 Jun 203,493,946
1966 Feb 2149592261 11,465,280
1966 May 212,992,762 -1,966 464
-13,709,088)
1967 Mar 209,154,874 9,145 440
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Table A, 2.13(2) Storage Volume at Tocontasi & Chapisca
<Volumen de Almacenamiento en
Tocontasi 'y Chapisca>

(Inflow = Qobs, Outflow = 2.0 m3/s)

("Rising™ or "Decreasing” tefers Lo the period that storage volume changes

from Max. to Min. or Min. to Max. in a cycie)

o Necessary
: - Max or Min Storage Volume (m3)
Year | Month Vol.Storage Fising Decreasing
{m3) Period Period .
1568 Tan 198,850,205]_ -10,304.,665
1568 Mar 314,821 583 15571558 N
1968 Dec 300,488 86T ~14,332,8%8)
1969 Mar 315573 894 14785027
1964 Dec 208 346,794 §.037 101
970 Tan 306,471 733 1,124,638
' Feb 306,08 366 433,456
Mar 306,464,810 438544
Dec 188,014,954 “18,449 858
War 197,007,333 9,082 388
Dec 187,334 506 _ _ S18T e
Mar 339,387 370 47957 864
Apr - 228 667 882 619,488
Aug 333,586,634 TN A
Dec IFY 60 415
Mar F473 6435 446 14785077
Dec 333,065,018 o
Mar 249701 530 176332512
Jul 34T 89 38R
Aug 350,250,170 3.468,51%
Ihc 241'617'7?3 .....................
- Mar 354 860,043 “13243 365
fun 253 386,058
Jul 359787 818 401,760
Nov 348,617,163
Mar 389,566,058 41,544 805
Apr 288,946,570
May 388975354
Dec i
- Jun
Bec
Eeb
Tec 345,463,576
Jan 286,963,430
Feb 384 810,343
[ 488,360,163
T ec 279,049 709 _
“Mar 393834736 147785027
“jan 319601 786
Mar T18.178514 5576008
N Rt ot IO S
Feb il i)
Mar 13054781
Jan ’ ’
Mar 369,181,965 kLK)
Nev T 261,650,650
Mar 276,837 437
Dec 267 917 674
Mar [ 28310307
Dec 73600368
Mar 304 944513
e 394,036,000
" "Mar. 504,503,494 "10,473,494]
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Tablc A, 2.14 (1) Storage Volume at 'I‘ocon!asn & ‘Chapisca -

(Inflow = Qobs, Outflow = 1,5 m3/s)

<Volumen de Almacenamtemo en.

Tocontasi y Chapisca>

("Riging" or Decvuﬁlg refers o the period lb.n storge volume changes
fruanx.loMm orMm to Max. in Icycle)

11-38

' ‘Necessary
S . MaxorMin Storage Yolume (m3) -
Year. Month - | "Vol.Storage Kising Decreasing
L (m3) " Period Period
1946 | Jun 20,857,392 '
1946 Dec TR AT S08] - '
1541 Tan 0,043 943 1:633 834
1547 Juin 18,443 240 "
194771 Jul i8,631 738 TETAER
1947 Nov. " 183977716 N 313598
1948 Aug 40,491 793 25,094,016 _
1548 Nov': 59,677,040 o Bid sy
1549 " Sep 111,623,703 719466631
949 Dec 110,676,330 - ;
930 Sep 117,567,143 7,206,912
556 o e e B
987 Sep 126,607,633] 106047736
1951 Dec 124,647 506/ e
984 Sep 283,149,473 158,507.365]
1954 [hec 283,007 917
1955 “Sep ARG T TR RAA
538 R o G i -
1956 Sep CUTRYTERGH
% i
1957 Avg T SE 0T 13,496,803
1947 Nov -
1958 Oct 353217801
1959 Yan )
..... 1939 S
TG59 Dec
""" 1960 Sep’ prRpER VI
1960 Dec 399,297 083} ' :
jbei Aug dEE 013 U6
1561 e EIEE LT ) .
i3 o
525 o s S
563 N
1985 Dec
........ 1964 .| M
1964 | T Apr 485470952
1564 Oat 491,751,130
...... 54 5
1568
id65
%66
1987
LG8 56 ms
L 18T o
1968 566,772,163 © 21,025,958
1968 Jun 562,376 995 '
1968 Sep 1,897,430}
lm lkc ......
1969 Sep " ) -'22 705,574 i
1969 Dec 583,778,794 2,079,648
..1970 Mar IBETRARION i 30060161 - .. .
1970 Jun 587,164,810 ' +1,620,000)

lp‘!f'
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Table A, 2,14 (2) Storage Volume at Tocontasi & Chapisca
<Volumen de Almacenamiento en
- Tocontasi’y Chapisca>
_ (Inflow = Qobs, Outflow = 1.5 m3/s)
("Riging" or "Decreasing” refers to the period that storage volume changes
from Max. to Min. or Min. 1o Max. in a cycle)

Necessary
: Max or Min Storage Volume (m3)
Year Month Vol.Storage Kising Decrcasing
(m3) Period Period
1970 Tl 387,398,730 133920
1970 Dec 587,214,654 "3 083,776
1971 Mar 595,185,323 12970364
1971 May 504,760,474 394,848
1571 Jul 595,186,186 398713
""" 194 ec 391,303,306
i7" Sep 654,939,454
1 Dec 633,566 B19[ 362814
1973 . Sep 676,351,642
1973 Dec 673573018) 2,778,624
1974 Aug 702,251,770 28,678,752 .
1974 Dec 698,889,773 3361997
1975 Aug 720,361,034 20971261}
1975 1 Nev Teise] T 143072
1976 - Sep T,971,514 83750 553
1976 Dec o848 o -2,852,064
1977 Sep go0947526] 3082200
19771 e 207430 1,740,096
1978 Feb 801,653,894 8,446 464
1978 - Mar 807,225,350
1978 Ang ' sos 509 254
1978 Dec sos 307 526
1979 Jan 808,646,630
1979 Feb
1979 Mag
1979 Apr
1979 Ocy
1979 Dec
1980 Aug
1980 - | ...Des 832391 942
1981 Sep 874,268,813
1981 Dec 871,676,813
log2 | " Feb 873,425,549
1982 Apr 872,787,917
1982 Jul 873,475 66!
1982 Nov 864,403 834]
1982 Dec 864,805,594
1983 Dec 854,714,938
1984 Aug 873,605,174
1984 Nov 872,884,508/ 311,040
1985 Jan 872,107,862 . -T16,136
1983 Sep | soissgnsl
Nov soLmid4sp) -]
........ 1986 | "Sep” 915,521,232
1986 Dec 914,405 674
........ 1987 Sep 937,214,928
1987 Dec 934,856,208
1388 Avg 9728929441 ..
1988 [ Nov smo2tel
1989 May 987,793,747 15,766,531
1990 T My 577,468.638]
1990 Sep 979,512,912 . 2,044,224
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Table A, 2.15  Probability of Sloragc Yolume at Tocontasi & Chapxsca
<Probabilidad de Volumen de A!macemm:ema en
Tocontasi y Chapisca>

(Tnflow = Qobs, Outﬂow 2 0 m3/s)

("Rising” or "Decreasing” refers 10 the pcnod thai storage volume
changes from Max. to Min: or Min. to Max. ina cycle)

. Necessary - S chbull Probablmy
. Storage Volume (m3) o] _ :
Kising iecreasing R A Py - Fx)
Order . Period Period - (Year) - (%) (%) ]
1 61,198,848] 47697 811 -~ 45.000] . 2.22 TGI8
p] SEAST330] “18.446 856 B G 1) VT 95,58
k] &7 633 Baa] IR T 8] J5.000] 867 T3
'y 41,548 §08] 15165 %18 A §.89 91,11
L] 38 576 9338 <15,065 368 : ' ;
[ 45337 300| -14 333 8%
T 33,087 830 “14,333,450
g 33447704
9 TS 63 048 .
10 20,087 93% 12769056
ii 17,741,981 13,167,164
2 17,633 313 1% 141,819
T OO 1817344
14 iSRG 04 10,914,513 ™
13 15,186 757 -10,876,829]
i6 {4 788 55 10504 669
i 14,788,037 -10,10F 453
18 _ 14,785 037 9937 161
9 14,785 635] "5 §56 658
) 14,785 027 " 9510354
3 RS 00 9,208 674
T 14,785,087 5,160,819
px) N L T3 ’
I X
3 13,368 3031
36 13,342,360
....... ol 3585 H]
. 1% 4%8 149
_____ 29 ‘1}.465,280
R i0,473 454
51 4,145 440
""" i3 §,08% 368
TAs3%8
A308131 -4,330,437
4] 2348774 -3,185.634
43 14698047 T 48T 593
i 1,124 928] ~ 5 543 080
T4 410,656 R RERR
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Table A, 2.16  Probability of Storage Volume at Tocontasi & Chapisca
' <Probabilidad de Volumen de Almacenamiento en
Tocontasi y Chapisca>
(Inflow = Qobs, Outflow = 1.5 m3/s)

("Rising" or "Decreasing” refers to the period that storage volume
changes from Max. to Min. or Min. to Max. in a cycle)

-Necessary Weibull Probability
Storage Volume (m3)
Kising Lecreasing T F(x) F(x}
Order Period Period (%) (%)
i 158,502,269 -10,325059
3 71 546,663 10,390,656
k] 63,656,933 9,071 327
i L i { K1) S 000 688
L] 41 876 0|’ 086
[ 38 53673 4,345,168
7 37 807 776 3,589 814]
8 3$33018 3R 80
3 T d I ey
i0 28,678,753 25.93653
11 35 663 178 "3 853,064
V! SRS 004016 28624
i3 24 4057783 il
T4 24,062 006 5836064
is 23 809 254 X
i6 el TN ) 2,506,464
ii 22754 822 3 445 984
i§ S at ¥ 7] M REL N
i9 "33 718 8E0] -3 383 &1g
3 T 705 574 -3 0779 648
2 R 9T 36i -3,082.710
33 37701,952
33 31 150,048
34 3 028,958
A3 . 1% 450,755
wr 19,069 344
Fi 18,860,297
2 (e
34 i5,766,531] "
50 13,406,803 -1 385614
______ i 12,974 861 1219 968
720 12,970.368] 1,143,072
3 10,604,738 R AL
i T T —
kL3 7206912 1,121,558
"3 6,250,848 -1, 121,558)"
37 5277718 BRMELH
"TEY 5,088,960 D
k) 5006616
40 e 31083,254
4 eSS Tod)
43 3044334
""" 43" 1897 430
44 174877498 N

- 4]
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<Precipitacion Promedio en Mapa de Isoyeta en la Cuenca de! Rio Lluta>
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Fig. A, 2.2 ° Average Precipitation (Isochyetal Map) in Lluta River Basin.
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LEGEND

@ DGA's Observation -

Station

@ Observation Point_‘in
this study

CHUQUIANANTAR.
4 ®cQ1

GC-1

“PUTRE R.

@ rpr3

P4

AROMIA h. _
s:@AR-l_ '

Flow Model in Lluta River Basin

SR-1

Fig. A, 2.3

Flow Model in L.luta River Basin

<Modelo de Flujo en la Cuenca del Rio Lluta>
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Ailcragc Surface Flow Rate in Lluta River Basin-

Fig, A, 24

<Nivel de Flujo de Supedicie Premedio Meansual de la Cuenca del Rio Lluta>
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Fig. A, 2.9 Mass Curve at Tocontasi & Chapisca from 1946
<Curva de Mase.en Tocontasi y Chapisca desde 1946>

THE STUDY ON THE DEVELOPMENT OF WATER RESOURCES IN NORTHERNCHILE | - JICA |

I1-50-




/.

rrr Tty rrrrerrrerrrr i

1
1966

S = Qobs - 2.0 mass |

.....................................

1986

1976

ottt A RS

b

1956

a
i

il ‘m‘*‘u‘m il

0
‘S,M,m]ll-ll!rll!;lllll!lll

1946

35,000,000
30,000,000
25,000,000
20,000,000
15,000,000
10,000,000

5,000,000

({1u0w, S/Eur) (MOLINO-MOLJUL) JUMIOA II8A

F.ig.. A, 2.10° Water Storage ( Inﬂbw - Outflow ) at Tocontasi & Chapisca
: <Almacenamiento de Agua ( Entrada - Salida ) en Tocontasi y Chapisca>.

THE STUDY ON THE DEVELOPMENT OF WATER RESOURCES IN NORTHERN CHILE JICA

.St






~Chapter Il  SURFACE WATER OF PAMPA DEL TAMARUGAL BASIN

3.1 General

Pampa del Tamai‘ugal basin located in the Region I in northern Chile has a total
drainage _basin area'of_ 18,005 km?, covers the river basin of 7,435 km?2 and

residual basin of 10,570 km2. Drainage basin area is shown in Fig. A, 3.1 and
" Table A, 3.1.

3.1.1

312

Climate and Precipitation

Information on climate in the basin is obtained from Pampa Lirima
(Pueblo Nuevo) weather station in the upstream of the basin, Maximum

~monthly average temperature is in March at 22.4 °C and minimum one

is in June at 10.0 °C. Humidity does not vary much throughout a year
lying within a range of 35 - 55 %. '

Precipitation is observed regularly by DGA and Meteorological
Department. Most of the stations are distributed in the upstream of the
basin as shown in Fig, A, 3.2,

Most of the precipitation fall in the upstream mountain areas with an

altitude of higher than 3,000 m. However, in downstream of the rivers in
the middl;é part of the basin, precipitation is almost nil. Average annual
precipitation regionally varies from zero in the Pampa areas to 200 mm
in the highest mountain areas as shown in Fig. A,3.2.

River Syst_ern .

Main rivers. in the basin are Aroma, Tarapaca, Quipisca, Juan Morales
{or Sagasca), Quisma (or Pica), Chacarilla and Ramada rivers. All the
rivers originate in the east and flow westwards to the Pampa areas. In
downstream, all flows infiltrate to underground and the river courses
disappear. ' ' '

Although there are several rivers in the basin, only above mentioned
seven (7) rivers are not dried-up acborc_ling to the information obtained
from DGA. Flow model is shown in Fig., A, 3.3.
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Flow Rate at Major Stations

Daily water levels are observed at DGA's obscwafion stations by

. automatic recorders. Flow rate at each stations is gcnerally calculated by

| 'so called "Dlschargc Ranng Curve" or "H-Q Curvc which is a
-'cahbranon curve of water level and flow rate Data of other basms are

also used for the calculation since a few station is avallablc in Pampa del
Tamarugal Major observation stations are as follows;

River tion Qbsgrvgg'gn Period
Tarapacd . Mina SanJuan -~ 1984 - 1990 '
Coscaya : Saitoco 1985 - 1990
- Pampa Lirima - 1977 - 1989
marones . - .  Conanoxa e
QOda. Camifia - Altusa o -

N Roa Lequena -
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Average, maximum and minimum surface flow rate of these stations in
the recorded years are shown in Tablé A, 3.2, fluctuation of these flows
throughout a year are shown in Fig. A.3.4 and recorded mohthly flow
rates are shown in Appendix A, 3.1. '

Information on flow rate in recent years is limited to only in Tarapacd
River basin, a main river in the basin; and Coscaya River, a tributary of
Tarapac4 River in the south. Average total flow rate of Tarapacd is 0.303
m3/s. All this water amount infiltrates into underground in the
downstream Pampa areas.

Averaged surface flow rates of other basins are as follows;

Camarones - 1052 mYs

Camifia 1 0.61 mi/fs
Loa (Lequefia) 1 0.53 m3/s

Loa (Desp. Junta)  :1.07 m3/s
Calculation of Runoff Coefficient

Average yearly rainfall contour map preparcd by DGA in 1987, as
shown in Fig, A, 3.2, is used to calculate the surfacc_'_runoff coefficient
which in this case is-the ratio of the average indigenous flow rate of
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Tarapac4 River at Mina San Juan, the oniy airailablc observed data in the
basin, with average annual precipitation in its upstream basin. Runoff
coefficient is found to be 0.054 as shown in Table A, 3.3. This can be
interpreted that about 5.4 % of rainfall flows through rivers as surface
flow in the upstream of Tarapacd River basin. The remaining 94.6 % is
mainly lost by evaporation.

3.3 Surface Water Quality

33.1
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Water Quality at Major Stations

Water quality is observed at DGA's observation stations, Water samples
are taken from the river and analyzed in the laboratory. Observation
stations are as follows;

River Location Observation Period
Tarapas Mocha 1970 - 1981
L _ Pachica 1970 - 1987
Coscaya Pampa Lirima 1975 - 1989

The items of. the analysis are classified as follows;

(1) Health Significance:  As, N-NO3, N-NO;, N-NHj

(2) .Aesthetic Qual.ity: Cl, Cu, Fe, Na, P, S04, pH

(3) Other_s: : HCO3, CO3, Ca, Mg, K, B, EC.

Results of the examination are shown in Table A, 3.4. Average monthly
data are shown in Appendix A, 3.2.

Evaluation of Water Quality

Permissible ldr_inking water quality of Chile is shown partly as follows;

pH CI SO; Mg As Cu Fe N-NOj
(mg/) _(mg) (mgh) (mg/H (mgh) (mgh) _(me

Penhissiblc 60- 250 250 125 005 1.0 03 10.0
Values 8.5 : -

Water Quality Standard is referred in Appendix A, 5.
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