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Chapter.  TOPOGRAPHY AND GEOLOGY

1.1

Topography

The JICA Study Team conducted a LANDSAT image analysis, aerial photographs
interpretation and field survey in the area, and constructed a Topographical Map (Fig.
B-1, 1.1) and a map of River Network (Fig. B-1, 1.2).

The northern part of Chile is divided into five (5) characteristic regions in topography,
as shown in Fig. B-I, 1.1.

(1) Littoral Platform (A)

It was formed by the erosion in the western foothills of the coastal hills. It is a
narrow region and extend from Iquique up to Morro de Arica, where the hills
directly fall into the sea.

(2) Coastal Range (B)

The height and width of the region gradually decrease from Iquique to the north
and extinct at Morro de Arica. Beyond this area, the plains of the Andes
Mountains directly descend towards the sea.

(3) Intermediate Depression (C)

It is located between the Coastal Range and the Andes Mountains with 1,000 to
2,000 m in height and has gentle slope. It was formed by subsidence of the
basement and was filled up by the eroded materials derived from the Andes
Mountains to Pampa del Tamarugal. The filling materials of the Pampa are
porous and seep the water proceeding from the Andes Mountains. Because of the
evaporation of groundwater, saline deposits are widely spreading in the Pampa.

(4) Precordillera (D)
It corresponds to the west foothill of the Andes Mountains, grooved by several

deep canyons, some of which have springs. It constitutes the location of many
small villages, prehispanic in origin, with terrace cultivation in the foothills.




1.2

1.2.1

(5) Altiplano (E)

It forms an almost flat plateau at the top of the Andes Mountains, with 3,500 to
4,500 m in height, where very high and isolated volcanoes are also located. This
region was filled up by the thick volcanic materials.

The San José River Basin consists of the parts of Altiplano, Precordillera and above
mentioned Intermediate Depression. Drainage patterns of the basin extracted from
LANDSAT images which were generated for this study are shown in Table B-I, 1.1.
According to the Figures of B-1, 1.1 and 1.2, the San José River is originated at the
Altiplano and has a large catchment at the upper stream, and it flows down into the
regions of Precordillera and Intermediate Depression. It has a characteristically small
catchment at the middle stream.

Geology
Methodology of Geological Analysis

Geological analysis was carried out by using LANDSAT images and aerial
photographs, and field survey in order to clarify the regional hydrogeological
conditions of the region. The results of both interpretations were compiled on the
maps. They are shown in Fig. B-1, 1.3 and 1.4.

1) Interpretation of LANDSAT Images

For the present study, seven (7) scenes of LANDSAT false color images are used,
which were generated using bands of 1, 4 and 5 of Thematic Mapper (TM) data,
assigned to blue, green and red, respectively. This band combination has the
advantage of emphasizing the color variation of rocks and soils. Details of used
LANDSAT TM data are shown in Table B-1, 1.1.

Interpretation of these images which were enlarged to a 1:500,000 scale was
conducted in order to extract lithological and structural characteristics on the
hydrogeology and to understand large scaled geological structure and regional
distribution of each rock units. As for the San José River Basin, four (4) scenes
of false color images were used, whose path and row are 001-072, 001-073, 002-
072 and 002-073.
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2) Interpretation of aerial photographs

Interpretation of Black and white aerial photographs at 1:60,000 scale was
followed by the above LANDSAT images interpretation. It allowed to clarify the
detailed lithological distribution and geological structures. As for the San José
River Basin, 25 sheets of aerial photographs were used, which were acquired in
1976 or 1977.

1.2.2 General Geological Features of the Basin
1) General geology of the Basin

Geology of the San José River Basin is composed of Precambrian (?), Mesozoic
and Cenozoic rocks. The interpretation for the basin resulted in the classification
of the 12 geological units shown in Fig. B-I, 1.3. Lithology of each units
interpreted were discussed with published references which are mainly from
Sonia Vogel and Thomas Vila (1980) and Salas, R. et al (1966). Lithological
characteristics of each units and their ages are as follows:
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Geologic | Formation Lithology Units
| Age
Recent Deposits alluvial, fluvial, eolian, fan, terrace, beach, recent fluvial and | Qal, Qfl, Qe, Qf,
detrital deposits Qt, Qb, Qrf, Qd
Quaternary andesitic and trachyandesitic lava and pyroclastics Qv
Volcanic Rocks
Quaternary | Concordia unconsolidated gravel, sand, mud and volcanic ash Qc
Formation marine deposits
El Diablo Upper: greyish-black conglomerate, consisting mostly of Qed,(d)—-
Formation andesite gravel diatomaceous
Lower: an alternating bed of greyish-brown fine to coarse horizon
grained sandstone with greenish-grey siltstone
Oxaya Formation | Upper: grey, brown and white to pink ignimbritic tuff, To, (ig)--
rhyolitic and dacitic in composition predominant in

Middle: greyish breccia intercalated with tuffaceous sandstone |ignimbrite
Lower: grey andesite intercalated with wff and ignimbritic tuff
Tertiary Azapa Formation light brown fine to medium grained sandstone intercalated Ta
with dark brown claystone, grey siltstone, conglomerate,
calcareous rocks, pinkish tuff

Chapiquifia Diorite | gray massive diorite. holocrystalline porphyritic Ti
(Chapiquifia Group) | andesitic breccia, tuff, lava: alternated with conglomerate and |K-T
Lupica Formation
arkose sandstone, affected by hydrothermal alteration
Lluta Dionite gray diorite with granite, granodiorite. Kil
holocrystalline granular
Cretaceous | (Vilacollo Group) | Atajana F.: conglomerate, sandstone, red sandstone and
Atajana Formation andesitic volcanic rocks
Sausine Formation | Sausine F.: andesitic lava and breccia J-K
Jurassic (Arica Group) Los Tarros F.: brown-grey shale, limestone, grey quartzite,
Los Tarros F. with brown andesite
Camaraca F. Camaraca F.: andesitic volcanic rocks with marine
sedimentary rocks
Pre- Esquitos de Belen | gneiss and mica schist PC
Cambrian | Formation

(@)

(1) Precambrian Unit (PC)

It is distributed in the environs of Belen and Tignamar, and is called the Esquistos
de Belen Formation inferred to be Precambrian. The Formation consists of gneiss
and mica schists.

(2) Jurassic to Lower Cretaceous Unit (J-K)

It corresponds to Jurassic Arica Group and the Lower Cretaceous Vilacollo
Group.

The Arica Group crops out only in the Coastal Range region and is divided into
two formations: Camaraca Formation (Middle Jurassic), and Los Tarros
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3)

@

®)

Bl San José River

Formation (Upper Jurassic). The lithology of these formations are composed of
andesitic volcanic rocks and marine sedimentary rocks.

The Vilacollo Group crops out along the main stream and is constituted by the
Atajana Formation and the Sausine Formation. The Atajana Formation consists
of conglomerate, sandstone, red siltstone deposited in a continental environment
and andesitic volcanic rocks. The Sausine Formation is mainly composed of
andesitic lava and breccia.

These formations are intruded by the acidic to basic plutonic rocks of same age
in many parts.

Lluta Diorite

It is composed mainly of grey granular holocrystalline diorite accompanied by
granite and granodiorite. Phenocrysts are of plagioclase, orthoclase, biotite,
amphibole, quartz, sphene, zircon and apatite. Orthoclase and biotite are altered.
The rock was formed during the Upper Cretaceous period, because this rock
intruded to the Arica Group and the Vilacollo Group and is overlain by the
Oxaya Formation.

Upper Cretaceous to Lower Tertiary Unit (K-T)

It corresponds to the Lupica Formation of Chapiquifia Group. Lupica Formation
is constituted by a sequence of andesitic volcanic rocks alternated with
conglomerate and arkose sandstone. Wide zones of hydrothermal alteration have
been developed in this formation.

Chapiquifia Diorite
The Chapiquifia Diorite is composed of porphyritic holocrystalline diorite.
Phenocrysts consist of plagioclase, pyroxine and opaque minerals. Alteration of

minerals is rare. This rock intrudes to the Lupica Formation of Chapiquifia
Group. Thus, the intrusion was occurred during Early Miocene.
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(6)

)

(8)

Azapa Formation (Lower to Middle Tertiary) (Ta)

It is mainly formed of light-brown fine to medium grained sandstone with
intercalation of dark-brown claystone, grey siltstone, conglomerate, calcareous
sedimentary rocks and pinkish tuff. The thickness of the formation is variable,

and the maximum reaches to 510 m.
Oxaya Formation (Middle to Upper Tertiary) (To, To (ig))

According to Sonia Vogel and Tomas Vila (1980), it is divided into three
members with maximum thickness reaching 550 m. It shows a large variation in
lithology, both vertical and lateral. The lithology of Oxaya Formation at type-
locality in the Pampa is as follows;

The lower member consists of grey andesite with intercalation of tuff and
ignimbritic tuff.

The middle member consists of greyish breccia with intercalation of tuffaceous
sandstone and tuff. In the San José River, however, conglomerate beds are well
developed.

The upper member consists of grey, brown and white to pink ignimbritic tuff,
rhyolitic and dacitic in composition, showing a different degree of welding.

El Diablo Formation (Upper Tertiary to Lower Quaternary) (Qed,Qed (d))

According to Sonia Vogel and Tomas Vila (1980), it is divided into following

two members;
The lower member consists of an alternating bed of greyish-brown fine grained
to coarse sandstone with greenish-grey siltstone. Diatomaceous horizons are

intercalated near the base of this member.

The upper member is represented by thick and continuous strata of greyish-black
conglomerate which predominantly contains andesite gravels.
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(9) Huaylas Formation (Lower Quaternary) (Qhu)

It is distributed in the area between the Altiplano regions and Precordillera and
consists of rhyolitic ignimbritic tuff and lacustrine deposits.

(10) Concordia Formation

The Concordia Formation is of marine deposits and distributes in the lower
reaches of the San José River and the city area of Arica. The formation is
composed of unconsolidated gravel, sand, mud and volcanic ash. The formation
never crops out because it is completely overlain by the Recent Units
represented by the Fluvial Deposits. The Fluvial deposits has a interfinger
relation with this formation in the Azapa Valley.

(11) Quaternary Volcanic Rocks (Qv)

These are widely distributed in the Altiplano region, most of which are andesitic
and trachyandesitic in composition.

(12) Recent (Upper Quaternary) Units (Qt, Qf, Qe, Qfl, Qal, Qb, Qrf, Qd)

These are constituted by eight (8) units; terrace deposits (Qt), fan deposits (Qf),
eolian deposits (Qe), fluvial deposits (Qfl), alluvial deposits (Qal), beach
deposits (Qb), recent fluvial deposits (Qrf) and detrital deposits (Qd). Among
the Recent Units, some units are called the Concordia Formation which
constitutes the marine terraces. They are supposed to appear in the coastal plain
and the lower reaches of rivers such as the San José River and the Lluta River.
Beach Deposits appears along the beach from the river mouth of the San José
River to the international border with Peru.

Small fans are formed at the outlets of quebradas such as Qda. del Diablo and
Qda. de Llosyas. The deposits are rich in fine materials such as tuff and mud.

2) General Geological Structure of the Basin
Many faults of NW-SE direction were extracted from both, LANDSAT images

and aerial photographs over the ignimbrite of the Oxaya Formation at the middle
part of the basin, located within the Precordillera (Fig. B-1, 1.4). Those faults are
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probably of Cretaceous or lower Tertiary age and would have been reactivated in
upper Tertiary to possibly Quaternary.

On the contrary, in the Intermediate Depression, the Mesozoic and Cenozoic
formations form a stable monoclinal structure with gentle dipping towards the
west,

1.2.3 Hydrogeology in Azapa Valley

The Study Team constructed a detailed geological map of Azapa Valley (Fig. B-I,
1.5) and a geological profile (Fig. B-1, 1.6) reviewing the existing data (< 1 to <4).

Geology of the Azapa Valley are classified into following seven (7) units;

Recent Fluvial Deposits (Qal)
Recent Beach Deposits (Qb)
Marine Terrace Deposit (Qt)
Fluvial Deposits (Qal)

Fan Deposits (Qf)

Detrital Deposits

Basement Rocks (J-K, K-T, Ta, To)

Six (6) units other than Basement Rocks and Detrital Deposits are considered to be
permeable, therefore, aquifers are formed in these units. The Concordia Formation
and the Fluvial Deposits are in a relation of interfinger; the former occupies the
coastal plain and the lower reaches of the Azapa Valley, and the latter appears in the
subsurface of middle to upper reaches of the Valley. Both are the principal aquifers in
the area.

Distribution of the aquifers are limited in the coastal plain and the valley of the San
José River up to Bocatoma (namely the Azapa Valley). It is considered that the
extension of aquifers in the upstream of Bocatoma is small even if the aquifers appear,
because the valley decreases its width toward the upstream of Bocatoma.

The aquifers are deposited filling the valley in the impermeable Basement Rocks.

Thus, groundwater flows in the aquifers from the upstream to downstream without
leaking to the outside of the valley.
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Although river system is developed in the San José River basin, no surface water is
recognized in the quebradas in the middle to lower reaches except the main stream of
the San José River. Therefore, the groundwater is recharged mainly from the surface
water of the San José River. In addition to this, fissures developed in the Basement
Rocks may supply a certain measure of water to the aquifers.

Hydrogeological descriptions of each geological unit distributed in the area are given
below;

1) Basement Rocks

Basement Rocks consist of the Arica Group (Camaraca Formation and Los Tarros
Formation), Vilacollo Group (Sausine Formation and Atajana Formation),
Chapiquifia Group (Lupica Formation), Azapa Formations, Oxaya Formation and
plutonic rocks. These units are lumped together as the basement rocks from the
hydrogeological point of view because of their impermeability.

Matrix of the sedimentary rocks in the Basement Rocks are generally filled by the
fine materials such as silt, clay and volcanic ash. Fissures and joints are less
developed in both sedimentary rocks and igneous rocks (volcanic rocks and
plutonic rocks), while they are developed and weathered near the surface of rocks.
Considering these conditions, the Basement Rocks are thought to be impermeable
in general,

2) Marine Deposits

Marine Terrace was formed on the coastal plain by the eustatic movement. The
Marine Terrace Deposits were piled on the terrace and are composed of mainly
sand and gravels sometimes intercalated with silts. This unit is one of the
aquifers in the city area of Arica. This Marine Terrace Deposits may be included
in the Concordia Formation.

3) Fluvial Deposits
The San José River formed the fluvial plain along the both sides of the river. The

Fluvial Deposits are piled in this plain and are composed of gravels, sands and
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silts. The unit is highly permeable, therefore, it is the most important aquifer in
the Azapa Valley.

A geological profile (Fig. B-1, 1.6) from Saucache to San Miguel through Pago de
Gomez was constructed based on the existing drilling logs. According to this
profile, the geological characters of this unit are as follows;

(1) The area from San Miguel to Pago de Gomez

Sand and gravel beds distribute from the surface to a depth of 40 to 50 m. These
beds are underlain by mud beds of which thickness is 20 m to 40 m and 60 m in
maximum. The mud beds are underlain by fine grained volcanic ash of which
thickness is more than 20 m.

(2) The area from San Miguel to Pago de Gomez

Sand and gravel beds distribute from the surface to a depth of 80 to 90 m
intercalating with mud bed. The mud bed increases its thickness toward the
downstream from Saucache. A more than 20 m thick of mud bed appears under
the sand and gravel beds. The bottom of the mud bed has not been confirmed by
drilling.

4) Detrital Deposits

Detrital Deposits consist mainly of talus deposits and others formed by land
collapses and land slides. Principle units of this talus deposits are formed by
gigantic scale of landslide occurred in the Oxaya Formations and deposited
keeping their original sedimentary structure; the hydrogeological characteristics
are considered same as that of the Oxaya Formation. Other deposits are formed
by the land collapse. Matrix of the deposits are filled with very fine sand, silt and
clay. Thus, the Detrital Deposits are less permeable.

5) Fan Deposits
The Qda. del Diablo, Qda. de Llosyas, and Qda. de Acha formed the fans at their
confluences with the San José River. The Fan Deposits are composed mainly of

sand, gravels and silt. Thus, this unit is usually permeable. However, the
deposits formed by the Qda. del Diablo are abundant in very fine materials in the

I-10




6)

7

B-1 _ San José River

matrix and occuply wide and thick impermeable parts in the aquifer. The
impermeable parts act as a underground dam which retards the water infiltrated in
flood of the San José River.

Recent Beach Deposits

Along the coast of the Pacific Ocean, the Recent Beach Deposits are distributed.
The deposits consist of sand and gravels. Fine materials are less in the matrix.
Thus the permeability is high.

Recent Fluvial Deposits

The Recent Fluvial Deposits are distributed along the river channel of the San
José River and the Qda. de Acha. The Deposits consist of volcanic ash, mud,

gravel and sand. Therefore, it is a important aquifer in the Azapa Valley because
of its high permeability.
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Table B-1, 1.1

List of Used LANDSAT TM Data.

<Lista de Datos LANDSAT TM Utilizados>

No. PATH-ROW ACQUIREDDATE CLOUD COVER  SCENE CENTER
1 001-072 02/AUG/1987 0% S17-21/W068-19
2 001-073 30/MAY/1987 0% S18-47/W068-43
3 001-074 27/MAR/1987 0% $20-14/W069-04
4 001-075 20/APR/1990 0% S21-40/W069-23
5 001-072 10/NOV/1986 0% S17-21/W069-55
6 002-073 28/MAR/1985 4 % S18-47/W070-12
7 002-074 28/APR/1990 8 % S20-14/W070-31
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Chapter II.  AQUIFER OF AZAPA VALLEY

2.1

2.1.1

Inventory of Existing Wells

Well Inventory

Most of the wells existing in the Azapa valley are officially registered to DGA and
each well has respective registered number. However different four (4) numbering
system were applied to register the wells in past; CORFO code (1969), CORFO
code(1975) (<1), DGA code and BNA code (<2). Primarily CORFO code (1969) was
used. This system was succeeded to the new system, CORFO code (1975). These
systems express the wells by the combination of the coordinates (longitude and
latitude) and numbers; for example, "1820-7010 CC-15". Although once DGA made
DGA code which expresses the wells by only consecutive numbers such as "DGA-
112", this code was not applied to the wells in the Azapa Valley. BNA code is the
latest numbering system. This system expresses the wells by consecutive number
using the hydrographic basin and sub-basin as follows; "013 10 108-6" (013:
hydrographic basin, 10: sub-basin, 108: well No., -6: suffix). At present, DGA has
applied both systems, CORFO code (1975) and BNA code, to register and control the
wells.

In this report, the wells are expressed by three (3) digits of consecutive numbers using
the last three (3) digits of the BNA code like "108" (this No. means "013 10 108-6".

The JICA Study Team established well lists and inventories (as of 1989) based on
reviewing existing inventories and field survey (Table B-I, 2.1 and 2.2). The well
inventory was prepared in sheets for each well, which gives necessary well data
mentioned below to evaluate the groundwater potential around the well. The
reviewed inventories are attached to the following reports;

(1) Analisis Critico de la Red de Medicién de Niveles de Agua Subterrdnea 1
Region, October 1987 for DGA by Alamos y Peralta Ingenieros Consultores
Ltda.

(2) Modelo de Simulacién de las Aguas Subterrdneas del Valle de Azapa,
January 1989 for DGA by Ayala, Cabrera y Asociados Ltda. Ingenieros

Consultores con la asesoris de IPLA Ltda.

(3) Stratigraphic columns prepared by DGA, RIEGO and ESSAT.

II-1
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There are 371 deep wells and 14 springs (as of 1989) in the Azapa Valley consisting
166 deep wells (sondajes) and 205 dug wells (norias). The wells drilled by the Study
Team during phase 2 study are also added. The well lists are shown in Table B-I, 2.1
for deep wells and 2.2 for dug wells. The well inventory is shown in Data Book. The
locations of wells are shown in Fig. B-1, 2.1. The well inventories present following
items;

(1) Well No.
a. BNA code No.
b. CORFO code No. (1975) (Dug wells and springs have not any code No.)
(2) Community name of well location
(3) Location name
(4) Name of owner
(5) Name of constructor
(6) Elevation
Elevation of well is expressed by the height from the mean sea level (m MSL)
(7) Drilling depth
(8) Depth of well
(9) Specific yield
(10) Date of construction
(11) Static water level (as of De. to Nov., 1993)
a. BGL (m below the ground level)
b. MSL (m above the mean sea level)

In addition to these, well inventory cites the following data;

(1) Geostratigraphic column

(2) Well specification (casing & screen design)
(3) Pumping test results (Aquifer constants)
(4) Water quality

Deep Well (Sondaje)

Out of 166 deep wells, 121 deep wells have information on the date of construction
and remaining 45 deep wells have no information. The oldest record of deep well is
in the year of 1946. The number of deep well started to increase in 1940s, and
significant increase of deep well number occurred between 1950 and 1967 as shown




2.1.3

in Fig. B-1, 2.2. In this period, 57 deep wells were constructed. Total number of
constructed deep wells reached to 100 in 1975 since 1946.

166 deep wells are listed in the list and inventory, however, 14 are abandoned. The
purpose of deep well construction (as of 1989) is summarized as follows;

Purpose No. of wells Abandoned wells Total No. of wells
Investigation 8 8 16
Potable 50 2 52
Irrigation 58 3 61
Industry 4 0 1
Others 20 1 21
No data 12 0 11
Total 152 14 166

Dug Well (Noria)

According to the inventory of dug wells, total number of dug wells comes to 205
distributing along the San José river; most dug wells locate between Chugal and
Saucache. There are also ten (10) dug wells in the city area of Arica. Nine (9)
wells(sondajes) are included in the inventory. Dug wells are used for following

purposes (as of 1989);

Purpose No. of dug wells
potable 37
irrigation 30
industry 2
potable/irrigation 2
potable/industry

capped or dried up 25
out of use 74
abandoned 9
no data 25
total 205

Total number of 180 dug wells has information on the date of construction and no
information is available on the remaining 25 wells. Information is not available about
the construction in 1970s. The oldest dug well in the record was constructed in 1920.
Fig. B-1, 2.3 presents the number of construction in each year and increase of dug
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2.2.1

B-I San José River

wells. Dug wells have been continuously constructed since 1920s; several dug wells
increased every year.

Existing Boring Data
Boring Logs

Total of 22 boring logs are available in the area; two (2) logs are for San Miguel area,
six (6) logs for Las Animas, seven (7) logs for Pago de Gomez area, seven (7) logs for
Saucache area. These data are cited in the Data Book. In addition to these, several
data are shown in the existing report <3, although the data present only permeability
of strata without lithology.

2.2.2 Pumping Test

23

Although pumping test was executed on 48 wells at the completion of each deep
well, aquifer constants were analyzed for only 10 wells. Therefore, in addition to
these data, specific yield was calculated on 48 wells. They are expressed in the
Well List (see, Table B-I, 2.1) and Well Inventory of Azapa Valley. Specific
yield is given by following formula;

Sy=Q/(Ls-Ld)

where Sy : specific yield (m3/day/m or m2/day)

Q : yield (m 3/day)

Ls : static water level (m)

Ld : dynamic water level (m)
Configuration of Aquifer

A hydrogeological profile (Fig. B-I, 2.4) and hydrogeological cross sections (Fig. B-I,
2.5 (1) to (4) are provided in addition to the Geological Profile (Fig. B-I, 1.6). They
present the figure of aquifers. The aquifer is occurred in the Recent Fluvial deposits,
the Lower marine terrace deposits, the Upper marine terrace deposits, the Fluvial
deposits and the Fan deposits. They are distributed in the coastal plain and the Azapa
Valley up to Cabuza as described in Chapter I, 1.2.2 and 1.2.3. The distance from the
coastal area to Cabuza is approximately 25 km.
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In the Azapa Valley, the principle aquifers are transferred to the Fluvial Deposits as

mentioned above. The estimated total thickness of the aquifer attains a maximum of

more than 60 m. However, the aquifer varies markedly in thickness as a result of
fluviatile deposition. The extent of the aquifer is controlled by the width of the
valley.

Description of aquifers by area are as follows;

(1) Cabuza area

The width of the valley is about 1,200 m. However it becomes narrower at a part
and its width is about 600 m. The aquifer is about 50 to 60 m in thickness.
Intercalation of permeable layers such as silt and clay are less. As no
impermeable layers cover the aquifer in this area, the groundwater is unconfined.

(2) San Miguel area

The width of the valley is about 1,200 m. The total thickness of aquifer is about
50 m including intercalation of impermeable layer due to which the actual
thickness decreases to about 35 m. It seems that the aquifer is divided into two (2)
parts, upper and lower, by the impermeable layer. However, it is quationable
whether the lower part of aquifer is confined or not, because the aquifer is not
saturated by groundwater.

(3) Pago de Gomez area

The width of the valley is about 1,200 m. The thickness of the aquifer is about
45 m. Although, impermeable layers appear irregularly in the aquifer, the aquifer
is covered by no impermeable layer.

(4) Saucache area

The valley spreads its width up to more than 1,700 m. The aquifer is about 55 m
in thickness. Intercalation of impermeable layers are rare. The groundwater in the
area is considered to be unconfined.




(5) City area of Arica

The coastal plain is widespread in the area. The impermeable layers are
predominant in the deposits of this area. The aquifer is divided by the
impermeable layers which reduces its thickness. The lower aquifer is distributed
under the sea level, therefore, the aquifer seems to be deteriorated by the sea

water.
24 Hydrogeological Characteristics of Aquifers
24.1 General
As mentioned in 1.2 and 2.3, the aquifer of the Azapa Valley is composed mainly
of sand and gravel bed in the different units. The field survey by the Study Team
revealed that no hydrogeological discontinuity is recognized among the permeable

units and the aquifer of the area is formed by the sequence of the permeable units.
The groundwater stored in the aquifer is considered to be originally unconfined.

2.4.2 Pumping Test Result
1) Aquifer Constants
The existing data are concentrated in three (3) areas; San Miguel, Pago de Gomez

and Saucache area. A total number of 10 data is available in the Azapa valley,
which is shown in the following table.




Area BNA Test Date | Transmissibility |Permeability |Storativity
Code (m3/d/m) (cm/sec)
266- |20, Jun.,1992 30 7.62 x 10-4 [6.09 x 10-1
San Miguel 265- |21, Aug.,1992 44 1.14 x 10-3 3.68
Average 37 951x10-4 [2.14x 10-1
187-6 3,160 9.26 x 10-3 [3.22x 10-4
157-4 2,820 7.09x 10-2 |3.22x 104
Pago de 161-2 3,526 9.72x 10-2 | 3.28 x 10-5
Gomez| 242- |31, Mar, 1992 43 1.11 x 10-1 3.38
240- |28, May,1992 123 3.18x 10-3 1.72
Average 1,934 5.83x10-2 1.02
166-3 2,075 6.00x 10-2 | 6.23x 10-
Saucache 165-5 1,550 498 x 10-2 |4.32x 10-1
141-B 69 2.12x 10-3 2.02
Average 1,231 3.73x 10-2 | 8.19x 10-1
Average (total arca) 1,344 322x102 [L.18 |

2)

Note: BNA code of the Azapa Valley is formally expressed as 013 10 xxx-x.
The characteristics of aquifer constants distribution are as follows;

Transmissibility has a wide range from 30 to 3,526 m3/d/m averaging
1,344m3/d/m. Transmissibility is rather low in the upper reaches of the valley
(San Miguel to Pago de Gomez), 30 to 44 m3/d/m, and high in the lower reaches
of the valley (Pago de Gomez to the city area of Arica), 1,550 to 3,526 m3/d/m
except the well 141-B.

Permeability varies between 7.62x10 “4 and 1.11x10-1 m3/d/m, having average of
3.5x10-2 m3/d/m. There is a tendency that Permeability has rather high in
Saucache area in the order of 102,

Storativity ranges from 3.28x107 to 3.68, averaging 1.18. The area from San
Miguel to Pago de Gomez has high Storativity.

Specific Yield

Specific yield is an important factor for evaluation of aquifer, therefore, that of
each deep well was calculated based on the pumping test data shown in the Table
B-1, 2.1. The results are shown in Table B-I, 2.3 (summarization is shown in the
following table) and are presented on a map showing distribution of specific yield
(Fig. B-1, 2.6).




unit: m3/d/m
Area Max. Min. Average

Cabuza 786 168 45
Las Riveras 1,080 206 643
San Miguel 2,991 69 722
Pago de Gomez 461 109 243

aucache 1,080 41 335
City 364 22 158
Total area 2,991 22 351

The average of specific yield is 351 m3/d/m. This value is of ordinary order for
the silty sand and gravel bed. The maximum value of 2,991 m3/d/m is rather high.
The values of specific yield vary from place to place reflecting the characteristics
of the aquifer. Characteristics of the distribution of specific yield by area are as
follows;

(1) Cabuza area

Large values appear in the central part of the valley. It shows that the
groundwater mainly flows in the central part of the valley.

(2) Las Riveras to San Miguel area

Contrary to the Cabuza area, large values are unevenly distributed in the southern
margin of the valley and are extremely high (2,991 and 1,080 m3/d/m).
According to the geological map (Fig. B-I, 1.5), a fan was formed at the outlet of
the Qda. del Diablo. This fact suggests that the stream center of groundwater
flow is in the southern margin of the valley concentrating towards the narrow
part. It is considered that this is caused by the southward spurring of the fine
materials derived from the Qda. del Diablo. In addition to this, high specific
yield is due to the concentration of groundwater.

(3) Pago de Gomez to Saucache area

Distribution of specific yield shows the ordinary flow pattern; values are large in
the center and small in the margin of the valley.




2.9

(4) City area of Arica

Specific yield is small in the western part of the city area. However, detail is
unclear because of lack of existing data.

Estimation of Groundwater Storage

Groundwater storage of the Azapa Valley is shown in Table B-1, 2.4 and Fig. B-1, 2.7.
These present the estimated groundwater storage in the area from Cabuza to the river
mouth of the San José River. Total volume of groundwater storage is estimated as
follow;

STotal Storage = 302 x 106 m3.
The estimation was made based on the one (1) geological profile and seven (7)

geological sections dividing the area into seven (7) zones. Each profile represents
following zone;

Zone | Geological section Major community in the zone
1 (coast line) to sect. A-A coastal area of Arica city
2 sect. A-A' to B-B' central area of Arica city
3 sect. B-B'to C-C' Saucache
4 sect. C-C' to D-D' Pago de Gomez
5 sect. D-D' to E-E' Pago de Gomez, Las Maitas
6 sect. E-E' to F-F San Miguel
7 sect. F-F to G-G' Las Riveras, Cabuza

Conditions applied in the estimation are as follows;

(1) Climate condition will be constant during the estimated period.

(2) The extent of the estimation is limited to the area from the city area of Arica to
Cabuza, because no stratigraphic column of well is available toward the upper

reaches from Cabuza.

(3) Groundwater stored below the sea level is not included in the storage.




B1__ SanJosé River
(4) Estimation is made on the groundwater stored in permeable and semi-permeable
beds. Although groundwater is stored in impermeable beds, it is not considered

as prospective one.

(5) Effective porosity of aquifer is assumed to be 30 % as a whole, considering the
materials which compose the aquifer.
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Table B-1, 2.1 (1) List of Deep Well (Azapa Valley)
<Lista de Sondajes (Valle de Azapa)>
BNA CODE o) [CoaaaTy [ LOCATION NAME NAME OF CONSTRCTOR |ELEVA- WELL | SPECFC |DATEOF
1975 OMER TN | o™ (P | YELD [cowsT-
T
1 138-1|1820]7010]CA -4 | 0 .
1 13081 1 l . 4000, I. 1
1. 140-% |1 1] 87 §7 !
1418 [1030]701 74 700, 4 138 8 o)
13 10]147-8] 1820[70) 4 71 oo 110l 110 1] esn
1 143-4]1820/7010 (D08
o013 10]138-3[1az0[7010 8 [ APICA CORFD
1. 144-211 01 7
013 10[145-0 1820{7010 ] ENDESA ENDESA
13 19[148.9|18z0{7010 ARCA | CHINGHORRO coRFO
13 10]147-7[1820]701 1 PLANTA AP SANJOSE  |DOB
o1 148-5 | 1820/ 701 11/amcA | FEGMENTO RANCAGLA
13 10[149-3[1820[7010[CC 12][ARCA | UNVERSIDAD 0 CHLE
013 10[150-7 [1820[701 13 CASINO ARICA
10[151-5[1820[7010[cC 14[ARCA _ |HOTEL PACRCO
013 10[133.7[1820]701 15{ARCA  [AVDA TARAP,
o1 126-4 (1820 7010[cC 16[ARCA AV
013 10]227- [1820]701 17]ARICA -
13 10]152-3[1820[7010jcc 1a[amca  [avoa
! 131-0] 1820{7010 ARICA
1 1381 7
013 10]214.7 | 1820|7010 1[ARICA _ [HOSPITAL
13 10]153-111 701 1| ARICA
13 10154 x| 1820[ 7010 ey
013 10]185-8]1820]7010[cD 3 |ARCA |00 0oMEZ ALoARACEA
13 101156-6 | 7010/CD 4|ANCA |CONSULADOTTALIANO |
013 10]157-4 | 1820[7010 slamca  [ap
013 10[158-2[ 1820 7010[cD B|ARCA  [AP AZAPA
1 160-0[1 7010 (ARICA  |AP AZAPA
013 10]180-4 ] 1820]70 8|ARSCA _|AP AZAPA
01. 161-2118 7010 AP
013 10]182-0] 1820/ 7010]cD 10]ARcA
013 10 !!!-! 1 T01 11 AP
013 10]108-k [ 1820] 701 12[aFcA P,
013 10}184-7 | 1820|7010 ANRICA L)
13 10 l!!! 701 4 AP
013 10l188-3 ] 1820(701 AUCA __|AP
013 10]187-1]1820{7010|cD 18]amcA AP
1 138 81820/ 7010|cD 17, AP
13 10[128-0 | 1820/7010 1 AZAPA SOOOAGRO
013 10[130-2 | 1820 10 18
1 1328 1820|701 ARGENTINA
013 10|188-x | 1820{ 701 1 REFNADORA DE AZUFFE
1 180-91820/7010 ARICA | OUEBRADA ACHA
1 179-1118 ARCA _ |LAVERBENA
1 110-8 {18 701 A | ARICA
1 111.8|1820{ 701
1 118-3[1 701 D AVDA.
1 119-1 701 7
13 toir-x ]t 1 8 ARICA
15 10[17g-8] 1829( 701 9 APCA ﬁm
o 137-K(1 701 | QUEBRADA ACHA
1 108-8 18 1 [OUEBRADAACHA |
1 109-4 1820701 2
012 10[229- [1820[7010/cD 3a[Amca AP
013 10/230- | 1820/7010/CD 34[ARCA  |AP AZAPA Ig
013 101231~ | 1820]7010]cD 35[ARCA _ |AP AZAPA e
013 10[232- [1820{7010{cD 3e{amca  |AP AZAPA
a4 [1820[701 7 ALOODONAL
13 10[245- [1820[7010 ACA [P
13 % 4 8l 7010 3 13
13 10]247- [1820[7010{cD a0[AmcA  |PARCELA 18 ALGODONAL
013 10|48 |1820[7010/cD a1|aRcA
12 10]248- [1820[7010]cD a2[Amca [P 0
13 1 - [1820[7010]cD 43|Amca  [PARCELA 100
o1 - 11820/ 7010|CD 44|ARICA MARD 81 50 [
013 1 - |1820]7010]CD 45|ARICA _ |SAUCAGE CHANG owa 80 sil [
013 - |1azo[7010[cD 4 7143 100 TV
13 10/254. [1820|7010|CD 47{AMiCA  |AZAPA 3190 2010 5687 |
13 1 - |1ezo[7010]co 48[maca  [sacacE Iw 727 40
1 -_|1820[701 MARIO cHao 8030 ] <]
013 1 7. | 1820/ 7010/CD 50 ga_nu;g A 1 T8 87
1 - [1s20[701 81 Y 00| 378 [
13 10|2€1- | 1820|7010, LA T MMET 17
013 ¥ - 11 701 | TOURIST RANCH H LAGOS 117 [l 7]
1 3. (1820|701 S4|ARICA | ACEMTUNAS PUCARA PREETD 3 43 43 [
1 - |1s20{701 PARCELA AN MARCELO | JULIO PANMIAGLIA 8571 [l
1 173-8 [ 1820] 7010 1 STA 7 - 128 ul !ol- s
1 174.4 |1820[701 AFICA | PAGOCOMEZ HUGONOZD s 128.22 51 81 7]
i 176-2| 1820701 PACIO GOMEZ JORRAT |mEco-1002  [126 05 7 73 7
(1! 121-3 1 4 A ICORFO-1308 | 128.7 110] 110 1080 74/07
13 100122111 [ A COAFO-1317  [127.60] 110 110 74/07
13 10]2186.5] 1820] 701 YANULAOUE 151.71 40]- [71]
013 1 4g- 1 1820{ 701 PAID | ABLID 1 o0 L3
10]129-9 | 1830] 7000[AA 1 P ANDA AEGD. 323 21 B 03
13 10]115-0] 18307 |RECO. 314 54 4 45 !
112-4]1830[7 FEGO 305 01 31 |
1 113-2 [ 1830|7000]AA & REGO- 1.65]- 1080.0] _ 73/04
1 101.9 11830 7000/ AA RECD
13 10/218-3 11 LAS RVERAS 3 JCELZAC-1678 |
131 - 7
1 178-0]1 AC_ | |AmcA A [REGO-10T) |
13 10[228- 7 REGO-10T7 |
013 10[177-9 ] 1830]7 APICA CE | RECD.
13 10[178-7[1830]7 ARICA s FEGO




Table B-I,2.1(2) List of Deep Well (Azapa Valley)

BNA CODE
T.
13 10]100-0] 18
13 10]118-7 11
¥ 117-5]11830
1. 179-5]1
13 10]180-9
181-711
1. 182-% o
182.3]18
X 184-1[1830
¥ 186-K |1
13 0i3p8- {1
13 tol 106818
013 10]187-4 (183
13 10]188-4 [ 1830
1 189-211
13 101190-8 | 1830
1 101411
192-2/1830
13 10/183-0] 183
01 17-1 |18
-4
13 10 1387- |1
13 10 T
13 10]243. |1
oy 194911
1 195-7
o1 103-511830
106-5]1
10)187-311
1 107-8 | 1830
13 10)1ze-8 ]y
13 tofi23 k]
1 198-111
[ 199K |1
1. 104-3 11
106-111030
¥ -T11
13 10
130 1
13 -
1 10-4]1
01 11-
13 10{218-% | 1830
o1 16-8 1830
1 -1]11830
1 1] 1830
13 10 = JA
13 10 -411
13 101237- |11V
1. -

<Lista de Sondajes (Valle de Azapa)>
CORFD v[Lox 3 NAME OF (CONSTRUCTOR | ELEVA- | DRLLING| WELL | SFECIRC |OATEOF
§ OwhER N | oo | 0ePTM | YED
iml {m] i
000 3 CABUZA 1A OREC OF REGD AED 432.87 [118 [
4 REGD- 433,81 11 1y
7 CABLZA 28 OREC DE REGD 4 137] 137] ¢
L SINWCA _|CABZAG DIREC O REGD R0, 433 - §7
7 | OREC O IEC0 REQD 4 .
7 OREC OE REQD FEQD. 4 §4/01
i [CHUNGA, 1S, OUINA TRUFFA REQO. 382,04
7 ARCA___|SOBRAYA coRFD corFo4To |- 0 an
7 11]AmCA | SoBRAYA CORFO SoREceT |- 00|-
AD 1 2] APICA |cosro CORFQSR4 |- 4 [T ,_w_gi
CHMTAM2S |1 MUNCIPALIDAD ARICA = =
701 1 AP AZAPA DOS 184 CAS 1121 7] 871 [ 11
701 ARICA | AP AZAPA DOS 47 AECGD. 111 . 4 A71
701 ARCA | AP AZAPA DOS 185 127 [1
701 4 HACIENDA A _|RDEFLPPES CORFOOM___ |- 1)
701 A [R Comwogsz | 97 97 1
1 ARICA A CORFO4IS |1
701 7{amcA | A FECD. T4 4
7010 1 A I i 0 . 1
101 ARICA___ |HACENDA BUENA R 00 18 104
7 DIARICA | HDA 8 JUAN DE OCURAIR 121 3
10 A MOROSAN 1" [T [T]
701 12[ARICA |AP (HOROSAN | 3 93 o/
1 ARICA __ |HACENOR A
7010/AD 1 coRFo458 |- T8 [T
7010 LASMATAS VIOLETA | FRCARDO FERMAN ‘ 192.95 ¢
701 ARICA MATT ) |corFoams |1 T T 191
701 [LAS AMMAS HUGO MOZD RIECO-1067 1178 6 §! 61 4
701 ACA _IFUNDO LAS ANIMAS HUGO MOZ0 CORFOI?  1181.81 L 17
7010/8A | LAS ANIIAS JAGARCRLOC RECO-108) |1 4 A Ll
amerFmaDeR  [RE0O 088|151 7
701 JUSEFF NADER R0 164.00 §
701 | HUGO MOZD [RIEQO-1042 [ 140 77 [ 1] 4 1
01 3 A AR 003 138 4 L] 180 [l
1 D ] 8 1
701 1 [AmcA 1 4 4 10
701 128. 4 48 M 104
, |n -
701 14 178, 111 1
701 1 127 g 58108)
7010(8A 1 - -
701 17 Paco 132. I _bu |
701 18]ARCA _ [LAS ANMAS DO S 121 CELZAC-1436 [178.00 - 7871 1]
7010[BA 18/AMCA  |LASCAAMBNER A 18 s |
7010 ARCA__|Pago == === ] .
101 ! PLANTA P. GOMEZ 0OS 1113 CELZAC 1365 P | 148, a7} L
AP. [CELZAC-1267 P :
CELIAC 1372 P W
L.
& [TH
[T) 7310
; 70
[
1 A 1
48] 27690 '
[ 3 7
48 56/1
W
.
L.

II-13
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K SAUCACHE

L]

KN SAUCACHE
Kn SAUCACHE
Kh SAUCACHE
KM SAUCACHE
w1 SAUCACHE
KN SAUCACHE
KH SAUCACHE
KM 1,0 SAUCACHE
ARICA SAUCACHE
CERRO CHUNO
RRICA MNORTE

KN 7.0 LAS ANIMAS
KN 6,5 PAGO GOMEZ
KN 6,5 PAGO GOMEZ
KN 6,5 PAGO GOMEZ
KN 6,5 PAGO GOMEZ
KN 6,0 PAGO GOME2
KN 6,0 PAGO GOMEZ

Table B-1, 2.2 (1)

NAME OF OWNER

PLAYA CHINCHORRO

PLAYA CHIMCHORRO

f SHERRS
L

PLAYA CHIMNCHORRO

CHUNO

ENANI

BARRIO INDUSTRIAL
BARRIO IMDUSTRIAL
RIO SAM JOSE
HOTEL EL PRSO

HIJUELA 14
LR PORTADA
HARAVILLA

OCURICA ¥ LEOWOR
LA PORTADA

SAN GABRIEL
ACEITUNAS PUCARA
COLCHAGUA
COLCHAGUA
ESTRDIO ITALIANO
VILLA VERONA
JURN MARCELOD
OCURICA ¥ LEOMNOR
OCURICAR ¥ LEOMOR

PARCELA SAN LUIS
PARCELR SAN LUIS
PARCELA SAN LUIS
RAZAPA 4120
AZAPA 4160

CHRBELITR

VILLA OLGUITA

QUEBRADA LA HIGUERA

RENATO ROCA 1999
BARRIO INDUSTRIAL
LAS CARNENES

LOS ALAOS

EL GALLITO

PONGO

LAS PALHERAS

EL TRIANGULO

EL SAUCE

List of Dug Well (Azapa Valley)

<Lista de Noria (Valle de Azapa)>
CONSTRUCTOR USE ELEVATION
(m ASL)
A8 €10,0>
A8 8.5
P s, b
P 3.0>
P aln
GALLO su $o
0.PEREZ sy 30,8
ENANI su €20.0)
= 2 i
PAREDES TA i
H.EL PRSO R @,0
MARIA GALINDO 6.0)
sy 1187
T.WUNEZ SOMD 261  C118.4>
Nn.SALAS su 118,75
CANEPA
MEVERMAN ™ €102,2)
T.NUNEZ sy <1138
S.CAVALAN Su L)
PRIETO SOMD 263 92,8
SUC. LY sy €90,%>
SUC. LY su @9.%
COM.ITALIANA R 869>
N.PERI TR
J.PANT ABLUA SOND 264 83,2
VERNAN TA €90.0>
HEVERMAN TA <88.,0>
T.TORO TR 8%,8>
T.TORD A8
T.TOROD TR
D.DEVOTO su 26, 1>
D.DEVOTO sy 6.3
0.DEVOTO A 78,0
A HORM SOND 257
R.AGUIRRE R (76,6)
SUC. SANCHEZ = 78,1
C.CRIGNOLA Su €82,5)
H.CHANG SOMD 256 el,s
CORA A
RUIZ
COLEGIO ALEMAN su €70,6>
AL VARAGO su 63,
YPFB su 36,0
PERE2 30
RINA BLAMEY su <168,8
SUC . FERNANOE 2 su €152.6>
J.CESPEDES R €153,5)
CARLOS MOZO A8 <150.9>
E . YANUL ROUE R-P C187.2)
. CORVACHO R <140, 1>
J.CESPEDES A8 134,1

DEPTH
(m)

-l N
-ww
288

2 248
88 B

28e5U8s N
8838888 888

STATIC DYNAMIC
LEVEL(m) LEVEL(m)

zs.sg

YIELD DATEOF

(Vaec)

CONSTRUCTION
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Table B-1, 2.2 (2) List of Dug Well (Azapa Valley)
<Lista de Noria (Valle de Azapa)>

STATIC DYNAMIC YIELD DATE OF
LOCATION NAME OF OWNER CONSTRUCTOR USE Elﬁ"":s":?" Dﬁgn LEVEL(m) LEVEL(m) (Usec)  CONSTRUCTION
5,0 PAGO GOMEZ  EL LAUREL FERNANDE2 su 133,49 26,00 23,08
S PRGO BOMEZ  EL LAUREL FERMANDE Z P <130,8) 36,00 26,75  19%
PRGO GOMEZ A.GUTTERREZ SOND 242 21,72
PAGOD GOMEZ  JUAN DE C. BRA2
PAGO GOMEZ  SANTA HELEDINA A. SALINAS a8 €130,5> 22,87
PAGO BOMEZ  ALGODDNAL YUSSEF NROER BU-ANT.SU 123,25 s
PRGO GOMEZ  NIRAMDA SUC, SALAS sy 122,17 40,00 23,82
PAGO BOMEZ  STA JUANA J.HEMRIQUEZ A
PAGO BOMEZ  STA JUAMA J-HENRT QUEZ su €122,6> 37,00 23,12 1943
CHUGAL ROCD PRSCUAL ROCO R 334,1  29.00 3,1 19,20 1982
CHUGAL OAVID I 1 330,1 20,00 11,20 0,20 1965
LRS RIVERAS CERRD MOREMO LIDO CARBONE P 311,85 20.00 5,25 0,60 1936
LAS RIVERAS CERRO MOREMO S .LOMBARDI TA 04,0
LAS RIVERAS CERRD MOREMO H. ANDIA Su 301,6 4, 1960
LAS RIVERRS SAM FELIPE TALENTE TR 29305 19560
LRS RIVERAS SAN EDUARDO R.CENTELLA TA 292,0 s
LAS RIVERAS LAS RIVERAS TA 293,3 s 1940
LAS RIVERAS  SAM FELIPE KU TR 4 s 1944
CHUGAL CHUGAL BALUARTE A 1,8 1988
CHUGAL SAM JUAN J.CHOVAN TR 2.8 1961
CHUGAL SAN NANUEL GUTIERREZ su 366, > 10,14 1984
CHUGAL LA TARA A. ESTORAICA su 359,49 10,89
CHUGAL LA FARA -MELGAR R €361,5) 11,99
CHUGAL SAN MARCOS 2 su 34,1 20,00 12064 1984
CHUGAL EL OLIVO J. LOMBARDI R 53,8 32000 : 40,00 1949
CHUGAL STA. IMES J. LOMBARDT R i, 12,25
STA. FILOMEMA H. STRGHARD p 392,9 25,00 23,18 "
ALTO RAMIREZ TA 196,9 1959
ITAS  SAM AGUSTIN PALZA SOND 259 21,30
ALTO RAMIREZ LA ENOTICA SUC. OSORIO su 190,0 35,00 16,92 1966
ALTO RAMIREZ CROENAS ALICIA PONCE P €188, 20,00 13,61 1990
LAS ANIMAS  CRUZ BLANCA S. FLORES A .
LAS ANIMAS  LAS AMIMAS J. VUCRA P 4 30,00 19,94 1988
ALTO RANIREZ LAS CROEMAS ALICIA PONCE . su aes,5 el00
LAS MAITAS  SAN FERWANDO 10
LR YARA ENRIQUE CHANG P 337,9) 23,00 11,45 1996
ALTO RANIREZ LA AURORA I TAND su 35,00 1944
2 LAS AMINAS YANULRQUE R-SU «ass, ¥ 20,00 9,64 1960
PAGO GOMEZ LA PALMA SUC ZABALA su 153,7 18,00 ' 1948
PRGO BOMEZ  LAS ANIMAS YARUL AQUE su ass, b 12, 9,82
PAGO GOMEZ CARLOS MO20 SOND 239 18,66
PAGO GOMEZ CARLOS MO20 R
PAGO GOMEZ  SAN ELIAS V. NADER BU-ANTUN
PRGO GOMEZ  HACIENDA PIEMONTE | OMBARDI sy Qas3,?> 31,00 12,7 1954
PAGO GOMEZ  HACIEMOA PIEMOMTE  LOMBARDI ™
PAGO 2 HACIEMOA PIEMOMTE  LOMBARDI R 153,5 53,00 23,67 50,00 1967
PAGO GOMEZ  WACIEMDA PIEMONTE  LOMBARDI R 154,8 72,00 22,12 8,00 1948
ALTO RAMIREZ MNOVA ITALIA L OHBARDI R as,® ;00 »30 1946
ALTO RAMIREZ MNOVA ITALIA LOMBARD] TR
PAGO Z LA PALMA 1 BARRA P 142,9 42,00 30,88 1,70 1948
PAGO GOMEZ  LO AMDRADE sy <138,%) 30,00 s 1944
PAGO GOMEZ  SAN JUAN DE GCURRIR M. GARDILIC st €122;0) 25,00 s 1930
SAM MIGUEL  AGRADECIDA M. CARBOME P 21,4 1700 5,23 5,60 1989
LAS RIVERAS BUEN RETIRO L 1 ™
LRS RIVERAS LAS RIVERAS E. CHONG sy 270,7 4,70 1950
SAN MIGUEL  SAN FCO.DE ASIS 1.BALURRTE TA 271,6 0,54
LOS RLBARRACI SAN JUAN FOCACCI su »3 37,00 1,3
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KM 12,0 LOS ALBARRACI
KN 12,5 SAN WIGUEL
KM 12,5 SAM HIGUEL
KN 11,0 LOS ALBARRACI
KN 11,5 LOS ALBARRACI
KM 10,5 LRS BAITRS
KN 10,5 LARS WAITAS
KN 10,5 LRS MAITAS
KM 10,5 LRS MAITRS
KM 9,0 LAS ANIMAS
KN 8,3 LRS ANIMAS
KM 8,5 LARS AMIMAS
KN 12,0 SAM MIGUEL
KM 13,0 SAM MIGUEL
Kn 15,0 LAS RIVERAS
KM 14,0 LAS RIVERAS
KM 15,8 LRS RIVERRS
KN 15,5 LAS RIVERRS
ARICA’ CHINCHORRO
ARICA CHINCHORRO
ARICA CHINCHORRO
ARICA CHINCHORRO

ARICA CHINCHORRO

17,0 CHUGAL
CHUGAL

CHUGAL
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Table B-1, 2.2 (3)

NAME OF OWNER

HURMCA
SAr. 1SIDRO
PARCELA 30

SAN FCO.DE RSIS
QUEBRADA DEL DIABLO
PRRCELR 1

LAS RIVERRS
CHIRINOS

LAS DUWAS
RESTAURAMT 6. COJ0
RESTAURAMT 6. COJ0
LAS DUMARS

LAS DUMAS
PLANTA TOMATIN
PLANTA TOMATIN

PARCELA 49
PARCELR 28
PARCELA 29

PRRCELA 23
CENTRO ESPANOL
LAS CANAS 2196
COMBRRBALA 2036
PARCELR 2

LOS ITALIAMOS 2090
LOS ITALIAMOS 2110
PANRMERICANA 2831
PARCELA 419
PARCELR &

PARCELA B

List of Dug Well (Azapa Valley)
<Lista de Noria (Valle de Azapa)>

CONSTRUCTOR USE ELEVATION
(m ASL)
DAMTE MOCE A8 266 ,8
A. CENTELLA su 269,
OCACCT A8 24,3
GUTIERREZ su 23,9
FOCACCT sy 226,
E.ALMONTE A8 224,2
SAUL OVIEDO P 220.9
SUC., ISHIMARA sy 21,8
R. TORRES su €203.8)
ROXANA GARDILIC SONO 260 199.8
COLONIR J. MWOE 250,3
1. BALUARTE P 274.9
M. C R M
WARIA SOTO P €286, 1>
i P 317,8)
CHIRINOS P 3179
DOROTER SORTA P 1.5
DOROTER SORTA P 4.5
DOROTER SORTR P 4.8
DOROTER SORTA su 4.5
CLINICA VETERIMARIA SU 4.%)
LOMBARDI I €352,2)
LOMBARDT su <350,0)
= 327,49
COLEGIO su (89,8
. OHACO R 92.7>
P 91,63
NEVERNAN su €101,2)
C. CESPEDES R €105, 1>
C. FOCACCI P <102,7
PRUL BIRO P C107,6
PAUL BIRO P C108.0)
VELEZ su €108, 1)
S. DOMOSO P <102.6)
C. RAMIRE2 P 98,8
E. LEIVA su 9%, 1>
D. CROS sy C104.6)
G. VICENCIO R €105,8)
P. BEOVI su €101,0)
R. CORTES R €9%5,0)
<100, 1>
AMDRES P (99.0>
V. SABA P €101,8)
OTTO KOCH su 104,89
COM. ESPANOLA
H. PEREZ P 94,9
PI0 LOPEZ R 99,03
A. SOLART R €100, 0>
R. CRSTRO R (96,05
HARCO A.AGUIRRE R 89,8
E.AUTRAN R €89,2>
M- CALVANESE su 61,49
C. P 82,0)
LOBERA su 7.9
HARDAK DL SKT su 7,3

DEPTH
(m)

BER8RISES

883888888

SRER

“n

8888 82 8888

gru-n
ND A

- eww

8 BE88B B8ES

3 HElag B3Ik

-

Keugy =

8888888 8

STATIC

DYNAMIC

LEVEL(m) LEVEL(m)

30,00
17,68

s
18, 34
.33
23,04
22,59
18,04

]

24,84

YIELD
(Veec)

By

V
-
g8

1996

1938

1963
1964
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Table B-I, 2.2 (4)

List of Dug Well (Azapa Valley)

<Lista de Noria (Valle de Azapa)>

NAME OF OWNER

KM 2,0 CAMPO VERDE

ARICA SAUCACHE
ARICA SAUCACHE

KM 30,0 CASAGRAMDE  PARCELA
KM 30,0 CASAGRAMDE  PARCELA

ARICA’ MORTE PLAYA CHINCHORRO
ARICA MNORTE BARRIO IMDUSTRIAL
ARICA MORTE BARRIO IMDUSTRIAL
ARICA VELASQUEZ HOTEL EL PRSO
ARICA QUEZ HOTEL EL PRSO
ARICA CENTRO LAVANDERTA MODERMNA
KM 2,5 SAUCACHE SAM GRBRIEL

KM 2,5 SARUCACHE LOS MOLINOS

KM 2,5 SAUCACHE LOS MOLINOS

KM 2,5 SAUCACHE AVICOLA

KM 1,5 SAUCACHE PARCELA SAN LUIS
KM 2,5 SAUCACHE VILLR PAULITA

KM 1,5 SAUCACHE SAUCRCHE

KM 2,5 CAMPO VERDE PARCELA 8-STA. CLARA
KM 2,0 CAWPO VERDE PARCELA 2

KM 4,5 PAGO GOMEZ  STA. HELEDIMA

KH 4,5 PRGO GOMEZ LA HUERTECITA

KM 4,5 PAGO GOMEZ LA HUERTECITA

KM 15,0 LARS RIVERRS CERRO HOREMO

KM 2,0 ALTO RANIREZ PARCELA 22

KM 7,0 LAS AKIMAS  LAS CARMEMES

KM 20,0 CABUZA STA.IREME SUR

KN 5,5 PAGO GOMEZ  OLIVAR WEGUELIN
KM 6,5 PAGO GOMEZ  ALAMEDA

KM 5.0 PAGO GOMEZ  LAS PALHAS

KH 4,5 PAGO GOMEZ

KN 4,5 PAGO GOMEZ

KM 13,0 SAM MIGUEL  SAN JOSE

KM 13,5 LAS RIVERAS LADERA I20UIERDA
KM 10,5 LAS MAITAS  ESCUELA 69

Kh 11,0 LOS ALBARRAC

KR 15,0 LAS RIVERAS LOTE A8

Nomenclature used :

Without location in the plan
Drinking

Industrial

Out of use

Abandoned

Irrigated

Covered or fallen down

Dry

By band / with bucket
Interpolated elevation

CONSTRUCTOR

F. BRITD
B

- AROS
HOTEL P.DE ASTURIRS
U. DE TRRAPACA
SERHE ARICA
EJERCITO DE CHILE
EJERCITO DE CHILE

GERERAL MOTORS
BOTTAI HMOS.
HOTEL EL PASO
HOTEL EL PASO
LAV HODERMA

J. HORTA
F

- DURAM

SERAFINA LONBARDI

E. AVACA

RINA BLAMNEY
COMDORI

(Modelo de Simulacion de las A
DGA by Ayala, Cabrera y

Lida.)

SE

=

ittt £ 1 A

)

TR AL AL PR

ELEVATION
(m ASL)

8,
€0,3)
59,5
€4%,0>

(m)

16,00
28,00
53,00
12,00

2,00

18,00
10,00

39,00
18,00

guas Subterrancas del valle
asociados Ltda. Ingenieros Consult

STATIC DYNAMIC
LEVEL(m) LEVEL(m)

3

-
(=] -
ownnun

22,54

5832NRBRLNER BY

8205388023

a yﬁy_ay_ﬂypyﬁﬁﬁuﬁmmﬁwuuﬁ Y

YIELD

0,30
3,00

DATE OF

1908
19%7

de Azapa, January 1989 for
ores con la asesons de IPLA




Table B-1, 2.3 Distribution of Specific Yield (Azapa Valley)
<Distribucion de Escrrimiento Especifico (Valle de Azapa)>

[ena POMPING
CO0E RATE
{i/8)
1353 ; 25 22
145-0 6 29.9| 16.6] 39.0 13.3
1477 45| 64.0 14.5 98.4 39.5|
148-5 2.4 29.8 20.5 22.3 9.3
167-4 22 49.9 27.1 83.4 22.8|
169-0 24.8] 39.0 18.0 102.0 21.0
160-4 52.7 22.3| 14.2] 562.1 B.1
161-2 29 36.7 21.0 170.4 14.7
163-9 11.5 33.1 24.5 115.5 B.6
186-8 20 30.4 21.0 183.8] 9.4
187-6 40 25.3 15.8 363.8] 9.5
188-4 23| 31.4] 20.5 182.3] 10.9
190-6 23| 59.8] 21.8| 52.3| 38.0
193-0 24.7 64.0 38.7 84.4 26.3
106-K - 33.1 31.7 1.4
1665 70 38.0 24.5 448.0 13.5
166-3 50 3r,o| 33.0 1080.0 40
167-1 55 36.4 27.0 505.5 9.4
128-0 7 58.8 44.1 41.1 14.7
130-2 5 44.7 42.8| 227.4 1.9
171-K 45 sz.gl 44.3 474.1 8.2
137-K ‘ﬂ 54.5 44.5 388.8 10.0
108-6 20 58.3 48.0 157.a| 10.3
109-4 25 50.2 26.2 80.0 24.0
229- 50 40.2 25.5 293.9 14.7
230- 45 54.8 26.5 137.4 28.3
231- 40 39.0 24.5 238.3| 14.5
232- 50 32.7 23.9 490.9 8.8
121-3 30 39.3 15.3 108.0 24.0
1132 as 8.1 5.3 1080.0 2.8
|z16-3 20 14.8 6.4 205.7 8.4
177-8 28| 42.0 36.0 4032 6.0
100-0 40 36.2 318 785.5 4.4
117-5 3s 48.0 30.0 168.0 18.0
103-5 19 73.3 10.3 26.1 63.0
197-3 30 34_g| 10.5 108.9 23.8
(199K 20 ar.8 28.2 180.0 9.6
104-3 32 37.0 31.0 460.8 6.0
200-7 27 31.1 23.0 288.0 8.1
221K 55 36.0 17.5 256.9 18.5
222-8 55 31.0 18.5 380.2 12.5
134-5 20 45.0 20.0 69.1 25.0
|205-8 45 18.3 17.0 2990.8] 1.3
206-6 45 24.8 19.7 762.4 5.1
[207-4 19 41.0 22.0 86.4 19.0
1027 38| 32.2 20.3 275.9 11.9
[208-2 41 31.6 24.5 506.1 7.0
114-0 40 22.0 12.5 363.8 8.5

NOTE: COMPILED FROM WELL INVENTORY
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Table B-1. 24 Estimation of Groundwater Storage (Azapa Valley)
<Estimacién de Reservas de Agua Subterraneas (Valle de Azapa)>
ZONE 1 ZONE2 ZONE3 ZONE4 ZONES ZONEG ZONE7 TOTAL
(COAST-SECTA) (SECT. A-B) (SECT.B<C) (SECT.C-D) (SECT.D-E) (SECT. E-F) (SECT.F-G) (COAST-SECTION G)
DEPTH ( x milion m3) ( x million _m3) ( x milion m3) ( x million m3) { x milion m3) ( x million _m3) { x_milion m3) ( x miflion _m3)
( m BSWL) SM ETY] M SUIM. SUM SLM ETY] M
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 0.26 0.26 2.25 2.25 12.70 12.70 18.70 18.70 13.90 13.80 B.35 8.35 18.90 18.90 75.06 41.15
20 0.00 0.26 0.00 2.25 5.34 18.04 12.50 31.20 10.20 24.10 4.00 12.35 9.38 28.28 41.42 82.57
a0 0.00 0.26 0.00 2.25 5.98 24 .02 12.80 44.00 10.10 34.20 5.30 17.65 9.84 38.12 44.02 126.59
40 0.00 0.26 0.00 2.25 8.05 32.07 14 .40 58 .40 11.20 45 40 9.33 26.98 18.20 54.32 59.18 185.77
50 0.00 0.26 0.00 2.25 7.97 40.04 14.90 73.30 7.59 52.99 4.39 31.37 12.70 67.02 47.55 233.32
60 0.00 0.26 0.00 2.25 8.61 48.65 11.80 84.90 2.55 55.54 0.00 31.37 2.83 69.95 25.69 259.01
70 0.00 0.26 0.00 2.25 4.55 53.20 4.7 89.61 0.00 55.54 D.00 31.37 0.00 69.95 9.26 268.27
80 0.00 0.26 0.00 2.25 0.00 53.20 0.00 89.61 0.00 55.54 0.00 31.37 0.00 69.85 0.00 268.27
90 0.00 0.26 0.00 2.25 0.00 53.20 0.00 B9 .61 0.00 55.54 0.00 31.37 0.00 68.85 0.00 268.27
100 0.00 0.26 0.00 2.25 0.00 53.20 0.00 89 61 0.00 55.54 0.00 31.37 0.00 69.85 0.00 268.27
TOTAL 0.26 2.25 53.20 89 61 55.54 31.37 69.95 302.18
NOTE: *‘BSWL' means below the static water level in 1993.
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Fig. B-1. 2.6

Distribution of Specific Yield
<Distribucion de Escurrimiento Especifico>
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Chapter Ill. ' GROUNDWATER EXTRACTION
3.1  Existing Groundwater Extraction

Groundwater in the Azapa Valley is extracted mainly from following three (3) types
of wells including spring;

- ESSAT Well
- Other Wells
- Spring

3.1.1 ESSAT Wells

ESSAT extracted 17,292x103m3 (503 1/sec) of groundwater in both Azapa Valley
and Arica city area in 1992 (See Chapter I, Supporting Report C). In addition to this,
10 wells were drilled in 1993 to increase the groundwater production; six (6) wells in
Arica city area and four (4) wells in the Azapa Valley, yielding 227 l/sec of
groundwater. Thus, the total yield of ESSAT wells increased up to 730 I/sec by the
end of 1993.

3.1.2 Other Wells

There was no data on the groundwater extraction through the wells in the area except
ESSAT wells. Therefore, to clarify the groundwater extraction, field interviews were
carried out in the area by the JICA Study Team and DGA during phase 2 study
(1993). The result revealed that there are 343 wells; 167 wells are in operation and
176 wells are not in operation. Extraction rates from each wells are as follows;

Water Use Number of Wells Extraction Rate (m3/yr)
Irrigation 122 9,536,336
Domestic 30 1,366,328
Industrial 3 125,691
Others 12 201,626
Total 167 11,229,981

source: field interview by DGA and the Study Team in 1993.

In addition to this, there are springs in the valley and a total yield of these reaches to

73.4 V/sec (2,302,128 m3/yr).
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3.1.3 Groundwater Extraction in Azapa Valley
As mentioned above, total groundwater extraction in the valley is summarized in the
following table.
Water Use Extraction Rate (Vsec) | Extraction Rate (m3/yr) %
ESSAT Wells (Qg) 730 23,021,280 63.0
Irrigation (QRr) 302 9,536,336 26.1
Domestic (Qp) 43 1,366,328 3.7
Industrial (QI) 4 125,691 0.3
Others 6 201,626 0.6
Spring Water (Qs ) 73 2,302,128 6.3
Total 1,203 36,553,389 100.0
Source: ESSAT and field interview by DGA and Study Team.
Total extraction is estimated to be approximately 36.6 million m3/year (1,203 Usec).
ESSAT wells yield a 63 % of groundwater and wells for irrigation yield 26 %. Other
extractions are rather small.
3.2  Observed Groundwater Level of Existing Wells
3.2.1 Static Water Level

Observation of the static water level has been executed by DGA on selected wells.
Based on this result, contour maps of static water level (as of Oct., 1993) is prepared
as shown in Fig. B-I, 3.1 and 3.2. The maps show static water level above the mean
sea level (MSL) and below the ground level (BGL), respectively.

Static water level is about 280 m at San Miguel and gently decreases toward the lower
reaches of the San José River. The levels are 200 m at Las Maitas, 120 m at Pago de
Gomez, 20 to 100 m at Saucache and less than 10 m in the city area.

Gradient of groundwater table is 22/1000 in the area between San Miguel and Las
Maitas, and increases to 32/1000 at Pago de Gomez toward the city area. After

reaching to the city area, water table becomes gentle, 4/1000.

Extraction of groundwater is large in Pago de Gomez and Saucache area, therefore, it
causes change of groundwater table.
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Dynamic Level

Dynamic water level of each well was examined by the pumping test at the
completion of well construction. 48 data are available. The results are shown in
Table B-1, 3.1 which presents static water level, draw-down and specific yield as well
as dynamic water level. These wells are divided into three (3) categories by degree of
drawdown as follows;

Drawdown |Cabuza |Las San Pago de | Saucache | City Total
(m) Riveras | Miguel | Gomez
less than 10 2 1 4 3 11 2 23
10- 20 1 0 2 2 1 14
more than 20 0 0 1 3 1 11
total 3 1 7 8 25 4 48

323

Degree of draw-down is almost within 10 m in Cabuza and Las Riveras in the upper
reaches of the valley. It increases toward the down stream. In Saucache, six (6)
wells, out of 11 wells, show large degree of draw-down which are more than 20 m.

The wells of small drawdown generally show high specific yield except the city area.
The wells of large drawdown is mainly located in the Pago de Gomez and Saucache
area. Itis supposed that high concentration of wells causes large degree of drawdown

in these area.
Historical Variation

Historical variation of each well is shown in Table B-I, 3.2 (1) to (10) and Fig. B-I,
3.3 (1) to (4). Fig. B-1, 3.4 presents the variation of groundwater level of selected
wells and flow rate of the San José River during flood period. Following
characteristics are recognized on the variation of groundwater level;

a) Generally, the water levels have been decreased gradually, although the levels
are recovered to a certain degree during the floods of the San José River. As
shown in Fig. B-I, 3.4, the periods of the rising and declination of water level are
in concordance with the periods of occurrence of floods in the San José River.
Floods of the San José River cause the rising of the groundwater level in the area.
After rising, the water level continues to fall down up to the next occurrence of
flood.
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B-1 San José River

b) Range of the water level variation is large in Cabuza area and it generally
becomes smaller toward the lower reaches of the San José River; its range is
about 20 m in Cabuza area and about 15 m in Saucache area.

c) Static water level shows different behavior in Las Riveras area; water level is
shallow and its variation is small; once water level is risen by recharging from
the flood water of the San José River, the water table keeps the risen level for a
long period.

d) Variation of water level is not clear in the city area of Arica because of the lack
of long term observation record. Static water level is high around 1964, 1977
and 1987, and is low around 1967, 1984 and present.

e) Rising of water level in 1987 is apparent in San Miguel area, however, it is not so
clear in Pago de Gomez and Saucache area.

f) The degree of drawdown of water level is large in the lower reaches of the San
José River.

Considering the hydrogeological characteristics of the area, the features described
above suggest following;

a) The groundwater in the basin is recharged directly by the surface water of the
San José River especially during the flood period.

b) The fact mentioned above b) is caused by fine materials such as silt and clay
deposited in the valley. These fine materials are derived from the Qda. del
Diablo and make the aquifer less permeable near the confluence area with San
José€ River. These materials act like a dam constructed under the ground. It is
like a dam up effect due to the spur of the Qda. del Diablo.

c) Apparent drawdown is caused by over exploitation of groundwater in the lower
reaches of the San José River through a lot of wells and dug wells.
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3.3 Groundwater Quality
3.3.1 Existing Data

Groundwater quality data are available on 61 wells in the Azapa Valley. Main data
sources are the analysed data of ESSAT and the existing report entitled Analisis
Critico de la Red de Medicion de Niveles de Agua Subterrdnea 1 Region, October
1987 for DGA by Alamos y Peralta Ingenieros Consultores Ltda. In addition to
these, DGA reported the increase of salinity based on the conductivity data on the
groundwater in the Azapa Valley (<3).

The number of well distribution by area (as of 1989) is as follows;

(1) Cabuza area : 5

(2) Las Riveras area

(3) San Miguel area : 4

(4) Pago de Gomez area : 14

(5) Saucache area r 22

(6) City area : 12
Total : 61

3.3.2 Groundwater Quality of Existing Wells
1) Results of Groundwater Quality Analysis

Table B-1, 3.3 (1) to (2) show the groundwater quality data after averaging to
avoid the instability of data and to easily understand the tendency of water
quality, because water quality analysis was not executed periodically. The
characteristics of water quality are as follows;

a) Most TDS values exceed 500 ppm, therefore, groundwater in the Azapa Valley
is classified as brackish water. 12 wells in total exceed the TDS value
standard (WHO). Out of 12 wells, six (6) wells are in the city area of Arica.
The number of well that exceeds the TDS standard decreases toward the
upstream of the San José River. No well exceeds the standard in the Cabuza
area.
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B-1 San José River

b) TDS value shows extremely high at the well 168-K located in the Saucache
area. This well is located downstream of the Qda. Encantada. There was a
salt mine in the upper reaches of this quebrada. This fact suggests that the
groundwater in downstream of the quebrada is influenced by the salty water
derived from the salt mine.

c) The values of Boron (B) content are available on 24 wells. (B) contents are
generally high.

d) Arsenic (As) contents are generally within the standard (0.01 ppm: WHO).
2) Composition of Major Ions

The composition of major anions and cations is plotted in the trilinear diagram
(Fig. B-1, 3.5). Only one (1) well (No. 107) lies in the zone 1. This type of
groundwater is classified as carbonate hardness type which is the normal type of
groundwater. Most wells lie in the central part of zone 3 concentrating in a small
area. This type of groundwater is classified as non carbonate hardness type
which is deteriorated by the groundwater originated from volcanoes. The wells
(149, 150 and 168) fall at the edge of zone 3. These wells show an increase of
(C14804) contents. This means that the groundwater in these wells are
deteriorated by saline water because well No. 149 and 150 are located near the
coastal area and well No. 168 is located in the downstream side of the salt mine.

The groundwater in the Azapa Valley is generally influenced by the water of
volcanic origin and the influence of saline water is added near the coastal area.

3) Relation between TDS Value and EC
Fig. B-1, 3.6 shows the relationship between TDS values analyzed by recurrence
analysis and EC values measured by salinometer or other equipment. The both

values have a good correlation expressed by the following formula;

Y=0.6848 X +91.38 (A)
where, X: measured value of EC, Y: TDS value

4) Relation between CI Content and EC Value
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Fig. B-1, 3.7 shows the relationship between Cl contents analyzed in laboratories
and EC values measured by equipment. The relationship is expressed by the
following equation based on the result of recurrence analysis;

Y=0.2653 X - 158.7 (B)
where, X: measured value of EC, Y: Cl contents

3.3.3 Historical Variation

Salinity of groundwater shows historical variation as shown in Fig. B-I, 3.8 (1) to (3).
Salinity is expressed by TDS values in this figure. TDS values increased as a whole,
comparing the values in 1960s, 1970s and 1980s. Variations of the contents (increase
and decrease) are recognized especially in 1970s. These variations are considered to
be caused by the variation of groundwater level depending on the floods of the San
José River.

Increase of conductivity in Azapa Valley is reported in <3 and <4 by DGA. Fig. B-],
3.9 shows the variation of conductivity measured on the spring water and
groundwater in the valley since 1960. Conductivity is less than 1,500 ms/cm in all
the springs up to 1970; especially less than 1,000 ms/cm in San Miguel. Increase was
suddenly occurred between 1985 and 1990 in the whole springs increasing to more
than 1,500 ms/cm. The rate of increase is about twice during 1970 and 1990. The
reports mentioned that these increase of salinity was caused by agricultural chemicals
used in the Azapa Valley as well as the upper reaches of the San José River.

Although it is difficult to predict precisely the future increase of salinity in the
groundwater, an estimation was made by correlative analysis on the average EC value
under the assumption that the increase of salinity continues with the same condition
as present. Increasing of salinity is given by following formula;

Y =37.3X-72,408
where, Y: EC, X :year

Results of estimation are shown in Fig. B-1, 3.10.

It shows that salinity will increase up to 2,200 ms/cm in 2000 and 2,600 ms/cm in
2010. These correspond to 425 mg/l and 530 mg/l respectively, converting into Cl
contents by formula (B). It is a 10.5 mg/l/year of increasing rate. However,
considering the decreasing of groundwater level in the valley, it will be happened in
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future that the increase of salinity will suddenly become much greater than the
estimation.

Groundwater of the valley also indicates similar tendency to that of the springs.
3.3.4 Evaluation of Groundwater Quality

Groundwater quality is shown in Table B-I, 3.3 (1) to (2). Permissible value for
drinking water is shown partly as follows;

pH |Cl |SO4 |Mg |As [Cu |Fe [N-NO3|N-NH;

(mg/1) | (mg/D) | (mg/M) | (mg/) | (mg/1) | (mg/) [(mg/) | (mg/N)
Permissible [6.0- | 250 | 250 | 125 | 005 | 1.0 | 0.3 9.0 0.5
Values 8.5

Water Quality Standard is referred in Appendix A, 5 of Supporting Report A.
The results are as follows;
a) Clis higher than permissible values at several wells mainly in the lower reaches.
b) SOg4 and NO3 sometimes exceed permissible values.
¢) Boron (B) is higher than permissible values at most of well.
d) Asis less than permissible values.
3.4  Evaluation of Groundwater Development Potential
Water balance of the Azapa Valley is estimated by equations as follows;

AS = QAusipar- (O +I+E)
E =D +EQthers

Here, AS stands for the groundwater storage increment/deficit, QAusipar for surface
runoff at Ausipar, O for the surface water outflow to the sea, I for the consumption of
irrigation use, E for the exploitation rate from the groundwater, D for the domestic use
in Arica City and EQhers for the others consumption (such as industrial use and
individual drinking use, etc.).
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Each item in the equations are estimated as follows;

QAusipar © 34,721,000 m3 (1,101 I/s : see Supporting Report A, Chapter 1)

(0] : 4,699,000 m3 ( see Supporting Report A, Chapter 1)
I : 24,810,000 m3 ( see Supporting Report C, Chapter 2)
D : 18,330,000 m3 ( see Supporting Report C, Chapter 1)
Eothers : 675,000 m3 ( see Supporting Report C, Chapter 2)

The water balance of the Azapa Valley is shown as below

AS = QAusipar- (O+1+D+E)
= 34,721,000 - (4,699,000 + 24,810,000 + 14,823,000 + 675,000)
= -10,286,000,000 (m3)

This results indicate that groundwater exploitation in the area exceeds the recharge rate
from the San José River and its deficit is balanced by consuming the groundwater
storage. If this amount of groundwater is consumed every year, following equation

comes into being;
S/AS = n (years)

where S : total storage of groundwater
n : life of aquifer

S is estimated to be 302 x 106 m3 (see Chapter 2). Thus,
n =302 x 106 m3/(10,286 x 103 m3) =29.4 (years)

This means that most groundwater storage will be consumed within about 30 years if
all the conditions continue during this period. The water balance in Azapa Valley was
roughly estimated; the groundwater resources will be comsumed during about 30
years. However, the results show severe condition for future groundwater extraction in
the Azapa Valley. Therefore, groundwater protection is necessary instead of further
development in the Azapa Valley.
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Table B-1, 3.1 Dynamic Water Level (Azapa Valley)
<Nivel Dinamico (Valle de Azapa)>
BNA POMPNG [nmnm STATIC fam:m Imv-
CODE RATE WATER WATER YLD DOWN
(I/s) LEVEL{m) (m3/d/m) (E]
135-3 5 25.2 22.7 2.5
145-0 8 29.9 16.6 29.0 13.3
147-7 45 54.0 14.5 98.4 39.5
148-5 2.4 208 20.5 22.3 8.3
157-4 22 49.9 27.1 83.4 22.8]
159-0 24.8 39.0 18.0 102.0 21.0
180-4 52.7 22.3 14.2 562.1 8.1
1681-2 29 35.7 21.0 170.4 14.7
183-9 11.5 33.1 24.5 115.5 8.6
J_a_g-a 20 30.4 .0 183.8 9.4
187-8 40 253 15.8 363.8 O.QJ
. m-d 23 31.4 20.5 182.3 10.9
180-8 23 59.8 21.8 52.3 28.0
183-0 24.7 84.0 38.7 B4 4 25.3
106-K 33.1 31.7 1.4
165-5 70 38.0 24.5 448.0 13.5
166-3 50 37.0 33.0 ‘IO_QO.D 4.0
167-1 55 36.4 270 5055 9.4
128-0 7 58.8 44.1 41, 14.7
130-2 5 44.7 42.8 22T7.4 1.9
171-K 45 !_1_2.5 44.3 474.1 8.
137K 45 54 5 445 388.8 10.0]
108-6 20 58.3 48.0 167.8 10.3
109-4 25 50.2 26.2 80.0 24.0}
228- 50 __40.2 25.5 203.0 14.7
lz_so- 45 54.8 26.5 137.4 28.3|
Igi. 40 38.0 24.5 238.3 14.5
232. 50 32.7 23.8 490.8 8.8
121-3 30 3_8.3 15.3 108.0 24.0
113-2 3s 8.1 53 1080.0 28
218-3 20 14.8 8.4 205.7 8.4
177-9 28 42.0 gu.o 403.2 8.0
100-0 40 36.2 31.8 785.5 4.4
117-§ as 48.0 30.0 168.0 18.0
103-5 19 73.3| 10.3 28.1 63.0]
187-3 30 34.3 10.5 108.9 238}
. 199-K 20 37.8 28.2 180.0 9.8
104-3 32 37.0 31.0 460.8 8.0
200-7 27 31.1 23.0| 288.0 8.1
221-K 55 36.0 17.5 256.9 18.5
2228 55 31.0 18.5 380.2 12.5
134-5 20 45.0 20.0 9.1 25.0]
205-8 45 18.3 17.0 2990.8 1.3
206-8 45 24.8 19.7 762.4 5.1
207-4 19 41.0 22.0 B86.4 18.0
102-7 38 32.2 20.3 275.9 11.9
Fa-z 41 31.5 24.5 506.1 7.0
114-0 40 __220 12.5) 363.8 9.5

NOTE: COMPILED FROM WELL INVENTORY
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Table B-1,3.2 (1) Variation of Groundwater Table (Azapa Valley)
< Variacidn de Nivel Estatico (Valle de Azapa)>
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Table B-1, 3.2 (2)

Variation of Groundwater Table (Azapa Valley)
< Variacidn de Nivel Estatico (Valle de Azapa)>
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12|
T
0
1
2 2527
7 25.38
2 21 a8
3
4
[]
&
; 20.98
]
!T
10
|q 20 95|
12
7211 21.78
2 R
3 19
4
i t_f,l‘_I»
[
i | |
[] u.n{
1 18.93]
11
12|
731 17.711_
3 '“!}
4
[] 13.79
[] 154!
i
[]
|10l 13
11 13
12 13 80
T4
2 13.40]
3
4
5
[]
F
] 12,
: =
1 tz.l_al
af
1 13.7
75/ 2[
10
78 12 93
4 .58 12 4
5
[]
r
3
]
10
m
121 18.51 16 85 .30
781 18 44 19 E{ 31 3
2 15.77 18 11 31
3| | i
4 : 13.48 14
| e e i = o
(] 17 121 lz.rgi___ 42
7 18 12.87 12,07 7
) 18 12 11,71 24
[] _1e.57 1 _Ji_ﬂ 2471
10] 18 38| 12 .45 11 45 24 35|
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Table B-1,3.2 (3)

Variation of Groundwater Table (Azapa Valley)
< Variacidn de Nivel Estatico (Valle de Azapa)>

WELL - - - 47 | 108-! 4- 11- - -
1 104 1 Fo104 1 FO10{ 1 w30 14 0] 0 ror10] 8 Li Al
DATENT AD13 | cc-15 [ cc1e | cca1 [ co12 | co13 | cD24 | cO25 | cO-Hn
11
12 15 1230 2387] 1080
n 1534 u.gl 12.60 1
2 14.77 15 48 13.28 2430 [
3 14.30] 15.84 12,55/ 187
4 14 14.28 13.50 2198 11
) 13.60 13.52) 11.38 21.50] 1§ ;
[ 13.03 12.55 10.34 20.75]  9.35] 1280] 424
7 12.48 12 80 10 80| 1985] 8.84] 1237] 4.3
8 12.40 11.75 10 79| 19.47] 8.58] 1275
[ 12.08) 10.81 19.87] 8.77] 1332] 430
10] 11.85 10 87 20.00] 9.27] 1363
11] 11,77 11.00] 2018 9.87] 1428
2 10.58 12.02
3
4 R
5 11.53
[] 11.88 12.
1 10.68 12.00
s 1 12.30
[] 11 sn] 12.53
1 11.88
12" 12.00]
1 11.87 13.80
79/
2 11.72 14.57
F1 Jl_gi 1513
4 11.70 15
5 12.00] 13.50
L} .77 15.81
1 22 00 15.74
[ u_pgi 18.00
1%' |
11] 12.18]
L 13] 12.95
1"
2 41
1284
4 iz 87
$ 12.80]
[} 12.70
T 12.7%
] 12,75
9 12
12
1) 121
1 1
i
2
F]
4
5 !
[ I ;
7 25 55| 29.80 2112
] 2579 29.97 20 28
] 2579 30.24 2072
11
12
U1 20.15 26 §2 2173
Fl 20.04 27.14 21.7%
3 20.09 26.92 22 02
4 2015 26 81 2214
1 2274 28.67
8 88 33 90
1 26 43 33.52] 272
] 8 52 3372 2724
i ] 2888 3385 27.53
10
11
12
[T
2 31.41 2045 35.00
3 31.70 31 4 36 48
4 31 31.30
] 32 .45 BETET 3717
51 31.55/ 36 .44
7 § s@‘ 37.20
[] 53] 32.20 37.3:
] 33.70 3819 as.r;j_
10 32.67 36.02 23.95
11 75 38.12 22
12 3335 23.03
[0 3483 338 3828 21
2 33.7 32 2171
3 33 3778 18.2
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Table B-1, 3.2 (4)

Varniation of Groundwater Table (Azapa Valley)
< Variacidn de Nivel Estatico (Valle de Azapa)>

WELL ‘- 10- 1- 1
1 1 1 [ " 1. 1 1
ccis | cce | cc21 | €D 1 1 OC5 | AA1 | AA-2 | | _AA-4 |
4 34 37
18 81
i[ 34 41 18.01)
1 34 44 19.24]
: 18
10{ §§1 : 18.87
11 18.51]
12 35 31 1 z 18.55)
9541 ¥ ; 18.61
2 71 18
3 z 4011 zege] 1 gi
4 18.08
3
[]
1 3551 4071] 29.1 13.
291 13 ;:i
T 320 .
‘;j Lﬂi ;
1 35 nl 84
m; 35,42 ;i %il
3 u%‘ 28 88
4 5 n[
)
] gg.zg' 27 69]
7 l
* u.tzl ;g.z;'
)
1 au.i[ a_iuq
1"
1 s 274
it —e -
:i / 1 I 03s] 1e
4 4 21.01] 271 0.04] 18
) M 70 27.01 ) 18.59
[ 4 ; 2871 nr] 18.86
7 _25.37 1_1i J::_—l'g.l o.g‘:__
3 25 :gl 3377] 1948 1 [ 18.87
[] |
19/ : . A5 5 ] g_%l 18 81
11 £ 3337] 2144 9.7
1 :

881 10.11) 171
F ﬂ 10 43| 17,
3 25.07 5
4 . 10
5
[ 32.40 25.41) 1. 17,

7 ? 25 38] 11. 17
[ 24.70| 3 1912 7 11 17.4
[] 3 fER1] 11 17,
:%I i 25 97 12.1 17
12 24 43| 3188 87 § 12.1 17,7
[T 32 ;huij 1317 17.77
2 32.37 27 39| 12 17 EI
3
4 3270 27.90 13.34 1818
5
8| 1798 zuit_ze 87 32 85 7 al_ui_ [ '9.%
7
[ | | |
8] 17 uﬂ,‘_n a7 45 |29 20| 2 40|
1 |
IF 18.05] 2273 1977 3328 20.08] 20.83] 9.27
12
9071
2
18 23] 20 3] 34 '_ui 2109 49 10
4
OERETEY g.ml 31.03] 11.37
]
7l _18.45 u{ n__n_ct
48 __u_u_l[ 31 11.78]
1
11] 18587 32.72
1
NEED EI 38 22 31.42] 757
2| 1888 409 7 71
3| w1z .u?ﬁi 7 87|
[ 20.71] 30 aol 20 nl 3386 7.84 niq u,ljl
B 3077] 3935 2085 3387 18.08| 18.09
[] 1 1 )|
7 48 ] 18 191
] 29.78] 30.57] 2081 34.03] 18.70] 16.08




Table B-1, 3.2 (5)

Variation of Groundwater Table (Azapa Valley)
< Variacion de Nivel Estatico (Valle de Azapa)>

WELL 1337 | 120-4 | 2147 | 108 47 111-8 | 108-0 | 109-4 | 122-1 | 120-9 12-4 [ 11
o 1629 To10] 1690 Terel1 1830 To10] 1830 TV 7010{ 1830 yo10{1 L] of s 1 L
| AD-13 | ©C15 | CC-18 | CC21 | CD-12 | CO-13 | CD-24 | CD-25 [ CO-N | CD32 | DC5 | AA-Y | AA-2 | AA-Y | AA4
®
0
1
2 41.68 35
1] w87 40 42| 4148] 2191 35 34
2| 1918 43 93] 4182] 2004 3528
[ 1] 4307 4142] 2108] 3550
4] 19.%0 20.83]
5] 1934 |
. - -
7 4590 4312 gurl 35 81 10 49)
[] 4 _
8] 1943 uu| 4356 2002 3585
0
1
El
)
2 47 45.00 .83 374
19 04/ 1 45 21.1ﬂ ;rﬂ
4
5
[
4
sl _19.83] 7] as78] 22 39 97
[] | I
1 ; 0 19 40 80
11] 2022 |20 20| 40 93
1 4108
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Table B-1, 3.2 (6)

Variation of Groundwater Table (Azapa Valley)
< Variacion de Nivel Estatico (Valle de Azapa)>

WELL
2
! 20.74
5 20 65
E 26,08
s _sea] 2087
o I 7.04
8| 1306] i
9] 1204] T
LI 2043
i 29,80
: 19.55
S 27 82
ose 2049
3] 1028 .
i| 870 D
5[ 874 L
— ar,ni
7 4.18 ﬁu
3| 335 o
] 70 ED
10 N X
1 a
12' 18.62
1] 51 re
: 3 1815
E 35 5L
: 2 a7
&9 XY/
i 17 86
.55
17 7s
808
1 3 00 s
pat B
i 18.00
[ ) 89
: 00
3 387 ﬁl
1] B
o 19.15
877
]
b 9 44
4
11
12
e 2150]
F
E
: 2160
i
8| e77 —
7[_eer ] ’_q
L] .‘!1
. FIRE|
10 INE
[
12
871
: 2474
roe 2373
A wm R
s 20 98]
783]
_[ zuoz]
8| 770 e
8] 738 30
o] 758
T FIKD
12 | ne
swi| 6.8 e
s 16.72
3| sas
$ 17.08
t— 16 83
8| 298 4
: 17.88
: . 17.57
: o 18.00
10 18] X
'fl‘— 74 1757
o 21 7 91
W (5 &3
p o1 £D
3 8 576
L .80 L u]
: 80
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Table B-1, 3.2 (7) Varnation of Groundwater Table (Azapa Valley)
< Variacidén de Nivel Estatico (Valle de Azapa)>

WELL| 101-
2 seme
[ ; i
7 45 ?
] ED K
D 41 18 54
4y o
48 £
2 72] 1 ul
1| 4.10 40
2] ses a
3 4 ao% " 1:
4 408
3 403 18.45
o 16.42
7
418 18 48
uﬁi 18.40)
[ 4.08] 19.78
i ne
2 37
T/ 8 19.08
L
4 14 8 45
5 17 7 28
[ 519 7 82
1EED 17.54]
3 17 47
3| 540 17.58
10 556 17.62
11
12| 658 17 90|
7211 681 18 00
2
3 3 1885
4] 3 18
5 315 18
[ ) 17.1
1l 27
" il E
2 17
17
11 13
u] 2.93] 18,
pa Al
2l 192 18 ﬁl
3
4 1, 18.52]
s —vos! T
[
7
]
[]
1 0.81
11 o
12] EI
il o u{
2
3 1 1;_|
4
5| o0%2
el o8z
7] 089
] 1
o] 1
1 1.50]
11 1
1 11
1,01
1
1
1

L8 . 5 08] _:;_.n MI n.a]

%.‘H—ﬁ]; 499 19.57 1579{ . ]

Il..“ IE
el i e ol L o o 1 Y ) o o o O 20 )

t.;!l 55] 2571 336 18 n{ ufi 38)
1.48 2m 18.23] 1268
1.4_{ 14.24
14 18
1 149
1918 15
of :_'u | 15
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Table B-1, 3.2 (10)

Variation of Groundwater Table (Azapa Valley)
< Vaniacidn de Nivel Estatico (Valle de Azapa)>

t![ 14 99|
2N 15.74 35 52
2| 430 15.78] 111 3274
E] u' 3342 1591 30 92| 38.30
4| 474 3301 149, 34 90
5
. ——
7 1575 3683 3388 33 %0
[
0 34 23 15.78 32 87
10|
11
12
T
2] e4a 35 97 16 34.04 38 55|
3w sl | 1 34.14] 38.51
4
-]
[]
7
al s 37.51 18 60 38 62 7 40
s 1
1 [] 37 53 1% 7 84]
1 941 3875 19.33 a1
121l sa] 39 10 19 33| 38 32 381

Source : Observation by DGA
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Table B-1, 3.3 (1) Groundwater Quality (Azapa Valley)
<Calidad de Agua (Valle de Azapa)>
ITEM| p4 | TDS =] Ca Mg Na K S04 a CO3 | HCO3| NO3 | Si02 U 8 Fe Mn As Zn Cu F Al
WELL m.mho/cm| mg/l | mg/l | mg/i | mg/l | mg/l mgil | mg/i | mg/l | mg/i | mg/i | mg/l | mg/l | mg/i | mg/l | mg/i mg/l | mg/l | mg/l | mg/l
STANDARD [e s-8.0 | 1000}~ 125 200}- 250 250]- - 10}~ - 1.00{ 0.30] 0.10] 0.05] 5.00] 100/ 1.50] 0.20
136-1 7.1]1252 1500] 195.8] 12.B]158.8] 21.1] 300.0] 214.9 0.0]1348.0
135-3 7.0]1453 1353| 189.7] 15.8/104.8 §.2| 169.7| 346.1] 75.5/223.9| 1B.6}177.0 0.1 0.0 0.0
139-6 7.4] B873] 1094]150.6] 18.0] 73.4 4.4] 240.6] 122.1 8.1 196,Er 4&!‘ <0.2 0.0]<0.01 0.1
140-K 7.1] 859  1200]135.5] 18.5] 89.7] 8.0 240.3] 190.9] o0.0[215.4] 21| 417 1.4] 0.0] 0.0 0.0l os
141-B 7.2]1073] 1524| 186.9] 22.7]180.6] 12.9] 242.8] 227.1 6.7|247.9] 10.6] 55.7] <0.2 1.2 0.3| 0.4 0.0]<0.01 1.5
142-6 7.1] 946 1575 ”1!& 17.1] 72.8 4.2]| 222.8] 173.2 0.0 1?8._5_] 10.0] 38.0] <0.2 0.8 0.2] <0.1 0.0} <0.01 0.3 0.1
143-4 7.2] 1381 1779| 223.8] 23.4] 92.1 4.4 230.7| 288.7 6.4 19421 23.1 <0.2 1.1 D.g! <0.1 0.1] <0.01 0.2 0.1
145-0 7.3] 948] t25§1|1ss.a 14.2] 75.8] 3.3] 198.7] 191.9] 0.0 195.§] 56| 52.21 0.0/ 10|/ 0.0 0.0 0.0l 0.0
147-7 7.2| 753 961| 141.6] 17.0] 68.9 3.7] 174.0] 127.2 4.21181.7 6.4] 40.8] <0.2 <0.1] «<0.1 0.1} <0.01 0.3] <0.1
148-5 7.2] 657 1092] 113.7] 14.7] 49.0 6.0] 198.0 85.0 0.0]198.0 4.6 45.04
149-3 5.8]1 1929 2525/ 309.4] 49.2/168.6| 12.6] 473 5| 577.6/ 0.0] 93.0] 11.5] 62.5
150-7 7.2|2835 4113| 496.6] 44.B8]|205.6] 10.9| B861.3] 532.4] 0.0/211.0/113.1] 94.2] 0.2 0.0
106-K 7.7] 881 1090 133.7| B.9] 97.5] 13.8] 2259] 158.0] 0.0/225.2|] 0.0j110.3] 0.0] 0.5 0.0
108-6 7.9] 659 740{113.9] 11.4] 66.0 3.7 206.2 81.4 0.0/193.7 I 1.7
12B8-0 7.2] 658 1110/ 126.0] 13.5 TB.B| 4.6] 198.7 82.0 0.0]169.4 3.1] 34.8] <0.2 0.9 <0.01
130-2 7.2 717 BB84]130.7] 16.5| 73.2] 15.3] 208.8] 118.0] B8.3/183.8] 20.0] 49.0] <0.2] 1.2] <0.1] «0.11«0.05 <0.01 0.2
137-K B8.3] 950 1153| 36.6| 800 3.8] 2148 B5.1] 72.0]206.4 1.1 0.0
138-8 7.3] BBE 1135/ 201.4] 20.3] 85.0 1.5] 244.1] 147.4 204.4 5.0 1.3] «0.1] «<0.1] <D.05 0.4
154-K 7.3] 1351 1520/ 271.3] 29.2 Bi.§l_ 16.3] 483.5| 220.8 0.01251.1 <0.2
155-8 7.11 1573 1695/299 B8] 32.7|140.5] 6.4/ 525.3] 251.7| 0.0/255.9 0.0
157-4 7.2 TQB] 10B0]| 145.3| 15.5] 68.0 3.6] 214.0] 123.4] 17.3 TBO,§‘ 2.6] 40.0 <0.1] <0.1]<0.05 0.0] «0.01 0.3] <0.1
158-2 7.0] 958 1469| 183.6] 17.4] 72.3 LEI 265.3] 150.1] 21.3]209.2 5.7] 38.4] <0.2 <0.1] <0.1]1<0.05 0.0] <0.01 0.4 0.0
158-0 7.00 1089 1520] 200.2 E.ﬁ 63.7 3.8 270.4] 146.1 0.0j222.7 1
160-4 7.2 897 171.0] 18.7]1101.0 6.0] 273.8] 1445 0.0]1280.7 45.3] <0.2 0.0 D.ﬂ
161-2 7.1] 875 1173] 184.4] 19.3] 96.7 3.2] 279.6] 153.2 0.0/209.5 42.7] <0.2 <0.01
165-5 7.1] 922 1172|176.8] 22.7] 77.9 3.5] 243.2] 147.0 4.41177.3] 48] 41.4] <0.2 0.2] <0.1]<0.05 0.1} <0.01 0.5] <0.1
166-3 7.5] BB6 1131] 164 0] 15.5] 92.1 4.6] 250.2] 151.6 0.01219.7 42| 499] <0.2 <0.1] <0.11<0.05 0.0} <0.01 0.4 0.0}
167-1 7.1] 905 1240{170.2y 19.1] 86.0] 17.0] 266.0] 151.5 0.0]2686.0 45.5] <0.2 0.0] «0.01 D.G_]
1_5;5_-1( 7.3]5624 B100] 566.0/ 21.1/305.8]214.3]|1240.5/2149.4 0.0{209.4
121-3 7.711218 1300} 200.2] 18.3] 83.1 54| 322.6] 191.7 0.0]215.3 1.7 0.0
112-4 7.2] 949 1160 13_@._4 18.0] 80.0 7.0] 249.0] 166.1 0.0}220.8 38.0] <0.2 1.6 0.1] <0.1]<0.05 <0.01 0.2
113-2 7.4] 843 960] 153.6] 17.3] 70.0f 3.8 296.3] 108.5| 0.0/212.1 1.8
129-9 T 4] 777 987] 142 4] 15.9] 65.4 2.3] 229.1] 125.4] 13.4]178.5 9.7] 34.3] <0.2 1.6 0.1] <0.1] <0.05 <0.01] <0.2
216-3 7.0] 714 138.0{ 16.0] 7501 3.8] 216.0] 122.0] 0.0]204.0 45.0 0.3] <0.1/<0.05
100-0 7.01 779 1420/ 126.1] 14.8] 90.3] 53] 294.0] 137.0] 0.0/318.0] 4.0] 26.5| <0.1 LQ* 0.4] <0.1]<0.05 <0.01 0.2
117-5 8.1] 776 B60| BB.2] 04] 40.0] 25| 166.3] 79.8] 34.0/133.8] 0.0/299.7 1.3
177-9 7.3] 741 954/ 131.5] 17.2| 66.8] 53| 199.2] 108.0] 2.6/194.5 0.0
183-3 7.3] B36 B70/119.3] 12.7| 62.0] 5.0/ 213.8] B2.6] 4.11198.0 0.0
184-1 7.1] 615 115.00 13.0] 59.0] 3.9| 209.04 87.0f 0.0]161.0
186-8 6.9] 989 1406) 174.3] 17.4] 73.9] 39| 274.6] 1453| 00/216.4] 69| 48.8] <0.2 <0.1] «0.1]<0.05] 0.0/<0.01 03] 0.0}
187-6 7.21 1026 1527]194.0) 20.4] 98.3] 54| 304.3] 161.6/ 0.0/304.3 49.0] <0.2 <0.01 0.0
18B-4 7.2] 780 128.0] 17.0 230.0] 126.0f 0.0/229.0 120.0 0.0
190-6 7.7] 798 953| 134.6/ 159] 79.4] 53] 271.2] 108.2] 0.0/119.8]
103-5 7.3] 670 104.0] 12.0] 87.0] 5.4/ 212.0] 104.0f o0.0{184.0] 0.0] 46.0




Table B-1, 3.2 (8)

Variation of Groundwater Table (Azapa Valley)
< Variacion de Nivel Estatico (Valle de Azapa)>

AL > D00 1N
[DATE y
11 ==
120 1
fali] 1ﬁ
2 147
3 15
4 0. ;
1 ;
[ 1.51 1
1852 417| 2588 15 47 48 17 48
[ 1.53 4.15] 2413 15.63 .56 18.40
[ 48 23 48] 2339 1535 58 17.77
10] 057 nu[ 24.06] 16.39 28 777
11 137 gg.g_ol 1;.11{ 17.28] 2.35]
1
71
2 1,62
3 1
4
i
1
7 1
Q_I 1
9 L
15} 1
11
1
T
2l
3l 179
4 1
5 1.5
[ 144
7 1.4
[] 14
]
12] 1 1531 (%1
11 1.4 18
1 1 18 ¥
N 1 12 N
2 1 18 11,
3 1.7 12.1
4 1.7 1837
[ 157 18.7 11,74
[] 1.54 19
4 18.
1 1 11 31
) 18 11.4
10} 11.1
11 7
12 1 87 ;
[T l
ILEI 19 ]
s| 12
79 15.4 i
X 10 1
101 1
12 92)
13.12

al.ﬁ
24
2501

'.HOGQGNE‘¥..ﬂ.U ns

1
11]
12|
[E0
2l 3
3] 3y
4 49
5| 447 7
o] a7 :
T
[ ] 3. 74
(1Y) 27.31
1 [ ] N
1] o7
1 7.97
[T7] ?.;lgl
=%
al 89




Table B-1, 3.2 (9) Variation of Groundwater Table (Azapa Valley)
< Variacidn de Nivel Estatico (Valle de Azapa)>

-7 1 17- 4-4 | 104 196-5 | 125- - 4- -7 | 114-
L] ! i To10| 1 1 1 To10| 0 e A 0] 10 1 0
__&LJ%.&L&L 1 - | BA) | BAS | BAS | BB2 | BES
27 74
15.78 8.
12
8.
274
A
284
4
1
| 85/1 2891
1 ) 3
3l 3 1592 2797 18.67
4
5 |
el 2 1518 2537
7] 20 32.05) 151?[ 45| 18
4 1.64 15.14 2544] 1
[] 1.57 32 14 ud 24| 1802
10, 1 32.42
ul 1 31.88) 5 05
1 1 31.92 12
-
11 3188] 1409 24
3 |.ga| 13.40 318
. 3113 1281 22
3 | _j
el 130] 31.10] 1141 ﬂﬂ[
7
32 10 48 22 80|
[]
1 ugl 22.37
‘:l ;.Ir 2220]
1 311 s
87
2 g 3

I
:

I
o o
=18
©
"
e
[
. Mt

T

....EF
o o
e
o

M
3

14.78

-
[~

1 1.01] 7 2804 951 ) 14.82
11 |.u| 813 2729 049 ] 15.31
=TEs
o u] 8.6 2783] w96 277
2l 101 % ; 9.91 28.22 21 84
1 8 s4]  oae 2.
1 B 28 10 !gi 2544 214
1.1 10
1.1 ] 21.38
1 10.84 25 89 2130
117 10.98 25.71 2122
1 18] 11.24 21.01
11
12l 177 12 30.07] 1023 20 82
snn]  138] 12 50 20 56| 1029 2076
2| 126 12.58 3021] 1024 26 92 20 u|
4] 1 12 48 4 '”!1 26 38 20 50|
5
[} 117] 1334 6] 1070l | 2785
1
3
_ 9] 13 uu_l 31 |_|| 10 87 27 82
1] 193] 1444 02| 1107 26 63|
1
01
2
F) 7 32.32] 11 28 85
: e
$ 227l 1941 3s2s] 12 |g| 28.50
8
7 17 3291] 1252 28 22
[}
8 097 1797 3351 12 ?g_l 30 05]
10]
11 398[ 1843 3373 1330 33 14
1 I
(10 a8 3 04 3425 1354 33 65
2 51 5 23 3520 1388 32 58
3 45 5 84 3254 0 20.64
0 63 3535 14.16] 33 48| 23634 32 38
5| 354 3565 1428] 3279 3013 32 44
L] |
1l 340 34 97 u.a_el 32 44
8| 33 34 04| 1448 3274 3108 32 84
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Table B-1, 3.3 (2) Groundwater Quality (Azapa Valley)
<Calidad de Agua (Valle de Azapa)>
ITEM| pH | TDS © Ca Mg Na K S04 @] CO3 | HCO3 | NO3 | Sio2 u_| B Fa Mn As n Cu F Al
(WELL m.mho/em| mg/l | mg/l | mg/l | mg/l | mg/i mg/l | mg/l ]| mg/l | mg/l | mg/l | mg/l | mg/l | mg/t ] mg/l | mg/l | mg/l | mg/l | mg/l | mg/l
STANDARD ls s-8 0 | 1000]- . 125] 200]- 250 250{- - 10]- - 1.00] 0.30] 0.10] 0.05] S.00] 1.00] 1.50] 0.20
104-3 7.4] 626 114.0/ 140] 56.0] 55| 187.5] B81.0/ 0.0j208.01 5.6] 50.5
107-8 7.4] 479 473]| 62.2] 6.7] €68.0)] 58] 117.1 98.4] 0.0]371.0f 0.9] 27.8 0.4
123-K 7.5] 828 1157]213.0] 22.0{200.0 239.3] 112.7] 0.0/248.6] 5.6 1.5 0.0
125-6 7.11 750 11511 136.0] 13.7] 61.9 51] 222.1 89.1 0.0§219.0 4.21132.5
195-7 7.3] 778 1110]139.5] 150] 87.0] 50| 242.5] 118.5] 0.0]/236.0] 1.5] 46 5] <0.2 <0.1] «0.1]<0.05 <0.01 0.3
197-3 7.3] 543 905| 96.0] 12.0] 56.0 58] 170.0 74.0 0.0/176.0 0.0] 37.0
202-3 7.3] 519 93.5 B.7] 54.7 4. 4] 151.0 71.3 0.0]166.5 9.5| 40.3
203-1 7.8] 905 1100/ 181.3] 21.9] 88.0 4.5] 28B6.4] 126.1 0.0 255.§l
218-K 7.0 960 199.0] 20.0] 87.0] 4.8] 272.0] 204.0] 0.0]236.0] 17.0] 39.0] <0.2 0.1 0.3] «0.05 <0.01 0.2
|221-K 7.1] 901 185.0] 19.0] 83.0 42| 279.0] 158.0 0.0]254.0 B.9] 38.0] <0.2 <0.1] <0.1]1<0.05 <0.01 0.2
222-8 7.0] BBS 115601 172.0] 18.3] 77.2 41| 240.5] 141.0 0.0]222.5 B.6] 37.5] <0.2 0.1] <0.11<0.05 0.0]<0.01 0.3 0.1
223-8 6.9] 763 155.0f 16.0] 69.0 3.00 244.0] 111.0 0.0{242.0 6.7] 38.0] <0.2 <0.1] <0.1]1<0.05 0.1 0.2
102-7 7.4] 527 B60| 63.8 2.5] 87.0] 13.0 16.5] 124.1 0.0] 19.0 0.0] 45.3 0.5
134-5 7.5] 562 744/104.2) 12.4] 54.2] 3.1| 175.8] 75.5] 2.7/223.6] 4.2] 30.5] <0.2] 1.7 <0.1]<0.05 0.0] 0.2
206-6 929
300- 7.7] 740 ggpeg.? 14.6] 75.0 51| 263.1] 100.6 0.0/201.6 1.0 0.1
301- 7.2] 700 980| 160.5 6.1] 68.0] 15.6] 222.6] 147.6 0.0]188.2 0.0
verage(*)| 7.27] 913] 1248.96 16_28 17.5] B86.7] 6.34 g£3.24| 154.15] 4.B6 212| 9.56 59]<0.2 1.13]<0.1 |<0.1 J<0.05] 0.02|<0.01] 0.36{<0.1

(*): except well No. 168-k.
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HISTORICAL VARIATION OF STATIC WATER LEVEL (AZAPA VALLEY)
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Fig. B-1.3.4  Relation between Groundwater Level and Flood ( Azapa Valley )
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Fig. B-1. 3.8 (1)

Variation of Salinity in Azapa Valley (Cabuza Area)
< Variacién de Salinidad en Valle de Azapa (Zona Cabuza)>
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Fig. B-1. 3.8 (2)

Variation of Salinity in Azapa Valley (Las Riveras Area)
< Variacién de Salinidad en Valle de Azapa (Zona Las Riveras)>
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Fig. B-1.3.8(3)  Variation of Salinity in Azapa Valley (San Miguel Area)
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Chapter IV GROUNDWATER MONITORING

Aquifers in the San José River Basin are distributed mainly in the Azapa Valley from Cabuza
to Arica City area and are extensively used as water sources for potable water supply,
irrigation water, industry water, etc. Amount of groundwater extraction reaches to
11,300,000 m3/year. This amount is over the annual recharge. Static water level has been
declined and salinity of groundwater is increased in the lower reaches and the city area. The

life of aquifer is estimated about 30 years if present condition continues in future.

Under these circumstances, following groundwater monitoring plan is proposed for
protection of water resources. Items of monitoring are water level and water quality.
Proposed wells to be monitored are mentioned below. It is important to continue observation
at the same wells and never to change monitoring wells.

Total number of 12 wells are selected for the observation as follows. For location, refer Fig.
B-1, 2.1.

Well No. Well Name Interval of Observation
Water Level Water Quality
- any existing well in Cabuza | every 2 months once a year
225 Facumoo Guiterrez every 2 months once a year
or 176 or Chugal Santa Gena
115 Cerro Morbno every 2 months once a year
113 Las Riveras Madrid every 2 months once a year
114 Parcela 16 every 2 months once a year
103 Las Maitas Violeta every 2 months once a year
196 Las Animas every 2 months ONce a year
199 Las Palomas every 2 months once a year
224 HDA. San Juan de Occurir every 2 months once a year
109 Algodnal every 2 months once a year
110 Saucache every 2 months once a year
142 AP Cancha Tucapel every 2 months once a year
133 AVDA. Tarapaci every 2 months once a year
126 AVDA. Azola every 2 months once a year
214 Hospital every 2 months once a year
147 Planta AP. San José every 2 months once a year
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B-1 San José River

Wells to be observed are listed above. However, if it is impossible to observe at some wells,
other wells should be selected in the adjacent areas.

Items of water quality to be analyzed are as follows;

Temperature, pH, TDS, Ca, Mg, K, Na, SO4, Cl, CO3, HCO3, NO3, As, F, Cd, Cr, Pb,
B, Fe, Mn, Zn, Cu, Al
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Chapter L. TOPOGRAPHY AND GEOLOGY

1.1

12,

1.2.1.

1.22

Topography

The Lluta River Basin shows the same topographic features as the San José River
Basin and consists of a part of Altiplano, Precordillera and Intermediate Depression, as
shown in Fig. B-1, 1.1. Drainage patterns of the basin extracted from LANDSAT
images are shown in Fig. B-I, 1.2. This figure clearly shows that the catchment of the

upper stream is extremely large and widely spread in the Altiplano characterized by
abundant volcanoes.

Geology

Methodology of Geological Analysis

About details of the methodology, refer to the part of San José River Basin (B-I).
1) Interpretation of LANDSAT Images

As for the Lluta River Basin, the same four (4) images used for the San José River
Basin were interpreted.

2) Interpretation of Aerial Photographs

Thirty four sheets of black and white aerial photographs taken in 1976 and 1977
were used for the interpretation.

General Geological Features of Basin
The results of the interpretation on the basin were compiled in Fig. B-1, 1.3. Since the
lithological sequence distributed in the Lluta River Basin is almost the same as that of

the San José River Basin, the details can be referred to the part of the San José River
Basin (B-1, Chapter 1).

I-1




1)

2)

General Geology of Basin

The geological units mentioned in the part of San José River Basin (Ref. B-I,
Chapter I) were also discriminated over the Lluta River Basin on the LANDSAT
images and aerial photographs.

The characteristic feature for the basin in comparison with the geology of San José
River Basin is that Quaternary volcanic rocks show a wider distribution at the
upper part of the basin situated in the Altiplano.

The Concordia Formation outcropping around the mouth of the Lluta River,
reported in Sonia Vogel and Tomas Vila (1980) and so on, is identified as clastic
sediments constituting a marine terrace and showing interfinger relationship with
fluvial deposits. It could not be discriminated from recent sediments on this
interpretation.

Stratigraphy in the Lluta River Basin is summarized in the following table;

Age Formation Units
Recent Recent Detrital [Rb
Recent Beach Fluvial Deposits |Rf
Quaternary Deposits  [Deposits Rd

Pleistocene |Concordia |Fluvial Qc
Formation |Deposits Qf (Qfu,Qf1)

Pliocene El Diablo Formation

Tertiary |Oxaya Formation Tox
Miocene
Azapa Formation Taz
Oligocene
Pre-Tertiary Basement Rocks B

General Geological Structure of Basin

Many faults and lineaments are identified in the area where the Oxaya and El
Diablo Formations are cropping out, which consist of two systems in the NW-SE
and E-W directions. NW-SE system is found in the lower stream. And E-W

I-2




B-II Lluta River

system can be seen throughout the basin; however, it is predominantly developed
in the area of Precordillera.

At the lower stream, two systems are intersected in most cases, where the strata
show a very complicated structure.

In addition to the above features, extremely dense minor fractures are detected on
the aerial photographs around the Puquios railway station, on the ignimbrite of the
Oxaya Formation. These show NW-SE directions.

1.2.3 Hydrogeology of Lluta Valley

A detailed geological map (Fig. B-II. 1.1), a geological profile (Fig. B-II. 1.2) and
geological cross sections (Fig. B-11, 1.3) of the Lluta River Basin were compiled by the
Study Team based on the geological field survey and review of existing geological
maps (<1, <2, <3 and <4).

Geology of the Lluta River Basin is generally classified into Basement Rocks and
Quaternary formations. Aquifers in the Lower Lluta Valley are occurred in the
Quaternary formations, especially in the Fluvial Deposits. Although the Concordia
Formation also seems to be a aquifer, it distributes very close to the sea. Therefore,
only the Fluvial Deposits are considered to be prospective aquifer in the Lower Lluta
Valley. The Lower Lluta Valley is occupied by the Fluvial Deposits. They are in a
interfinger relation. The aquifers seem to be extended up to around Tocontasi.

The aquifers are accumulated in the coastal plain and the valley which was formed by
eroding the impermeable Basement Rocks. Thus, the hydrogeological condition is
same as that of the San José River Basin. Groundwater flows in the aquifer from the
upstream to the downstream with neither leaking to the outside of the valley nor
receiving water from the outside of the valley.

Although the river system is developed in the Lluta River Basin, no surface water is
recognized in the quebradas in the middle to lower reaches except the main stream of
the Lluta River. Therefore, the groundwater is recharged mainly by the surface water
of the Lluta River. In addition to this, fissures developed in the Basement Rocks may
supply a certain measure of water to the aquifers. Explanation of each formation is
given below;
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1) Basement Rocks

The Basement Rocks are composed of the Azapa Formation, the Oxaya Formation,

the El Diablo Formation and their slid blocks in ascending order.

Fissures and joints are well developed near the surface of the rocks but less
developed in the deep part. Thus, it is considered to be impermeable.
Described below is characteristic features of different formations.

0))

2

3

Azapa Formation

The Azapa Formation is composed of fine to middle grained sandstone,
siltstone, mudstone, conglomerates, calcareous evaporitic sediments and tuffs.
Each bed is consolidated and matrix of the conglomerates is rich in fine
materials. Therefore, the Azapa Formation is considered to be impermeable to
less permeable.

Oxya Formation

The Oxya Formation is divided into three (3) members; the lower, the middle
and the upper. The lower member consists of grey andesite intercalated with
ignimbrites and volcanic ash. The middle member consists of breccia
intercalated with tuffaceous sandstone and tuffite. The upper member consists
mainly of ignimbrites variable in welding. Lithofacies of the Oxaya Formation
show impermeable to less permeable.

El Diablo Formation

The El Diablo Formation consists of conglomerates and sandstone with thick
coarse sandstone and thin evaporitic intercalation. Thus this formation is
considered to be permeable. However, it is distributed on the plateau, therefore,
this has less relation with hydrogeological condition of the study area.

2) Quaternary Formations

Quaternary Formations consist of six (6) units; Fluvial Deposits, Concordia
Formation, Detrital Deposits, Pumice Tuff, Recent Beach Deposits and Recent
Fluvial Deposits.
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Details of each unit are described below.

)

(2

Fluvial Deposits

The Lower Lluta Valley is occupied by the Fluvial Deposits. Drilling results of
JICA wells revealed that total thickness of the formation is approximately 200
m and there appear tuff layers. The tuff layers are 7 m in thickness in J-B well,
not clear in J-2 well, 3 m in J-A well and 11 m thick tuffaceous sandy gravel in
J-1 well.

The deposits are stratigraphically divided into three (3) units, the lower, the
middle and the upper, considering the boring results; the upper and lower units
are composed mainly of gravel beds and the middle unit is composed of
impermeable tuff beds, however, it is not necessarily distributed in the whole
area of the Lower Lluta Valley. Lithofacies of the upper and the lower units are
same; the deposits are formed mainly of rounded gravels having a diameter of 5
to 30 cm. Gravels are derived mainly from diorite, ignimbrite, andesite, basalt
and hard sedimentary rocks. Matrix of the deposits are composed mainly of silt
and very fine sand originated from volcanic ashes.

Judging from the lithofacies, both the upper and lower units are permeable. The
middle unit, tuff to tuffaceous layers, is impermeable.

The aquifer appeared in the Fluvial Deposits is divided into two (2); the upper
aquifer and the lower aquifer. The upper aquifer is mainly utilized at Villa
Frontera; a total number of 10 wells were constructed.

The lower aquifer has not been developed; no well is extracting groundwater
from this aquifer.

Concordia Formation

The Concordia Formation is marine deposits, distributed in the Villa Frontera
and Concordia area, the lower reaches of the Lluta Valley. It has a
interfinguring relationship with the Fluvial Deposits in the Lower Lluta Valley
(See, Fig. B-II, 1.2). It changes to the Fluvial Deposits near the Panamerican
Highway. It has three (3) members, the lower, the middle and the upper. The
lower and the upper members are composed mainly of unconsolidated sand.
The middle member consists mainly of volcanic ashes. The total thickness
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reaches to 200 m. It seems that the formation is in a interfingering relation with
other Quaternary Formations (<1 and <2). As for the thickness of the middle
member, it is approximated to be 40 m (<3) or 120 m (<4).

Judging from the lithofacies, the lower and the upper members are permeable,
and the middle member is impermeable.

As the Concordia Formation is distributed very close to the sea, it is less worth
as the prospective aquifer in the area.

Detrital Deposits

The Detrital Deposits consist of talus deposits, slope deposits and fan deposits.
Talus and slope deposits are composed of different sizes of clastics. The surface
of them is cemented in various degree by salts. Large blocks of Oxaya
Formation are sometimes slid and overlaid the talus deposits. The fan deposits
are composed of mainly silt and sand. The Detrital Deposits seem to be
impermeable.

(4) Pumice Tuff

(5)

(6)

The Pumice Tuff consisting of pumice and volcanic ash is distributed in
Gallinazos and Apacheta, the lower reaches of the Lluta River. Permeability of
this deposits are considered to be small.

Recent Beach Deposits

Along the coast of the Pacific Ocean, the Recent Beach Deposits are distributed
forming a beach. The deposits consist of sand and gravels. Fine materials are
less in the matrix. Thus, the permeability of this unit is high.

Recent Fluvial Deposits

The Recent Fluvial Deposits are distributed along the river channel of the Lluta

River. The unit is composed of sand, gravel and silt. The unit is less permeable
because the matrix of this unit is rich in fine materials.
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Chapter II.  AQUIFER OF LLUTA VALLEY

2.1

Inventory of Existing Wells

The JICA Study Team established well inventory of existing wells, dug wells and
springs by the same method as that of the Azapa Valley (refer to B-I, Chapter 2.1)
based on the existing well inventories attached to following reports;

1)  Andlisis Critico de la Red de Medici6n de Niveles de Agua Subterrdnea 1 Regién,
October 1987 for DGA by Alamos y Peralta Ingenieros Consultores Ltda.

2) Modelo de Simulacién de las Aguas Subterrdneas del Valle de Azapa, January
1989 for DGA by Ayala, Cabrera y Asociados Ltda. Ingenieros Consultores con
la asesoris de IPLA Ltda.

3) Estudio Andlisis de los Recursos de Agua de la Primera Regién de Tarapacé,
Informe Final de la Primera Etpa, June 1991, for DGA by Ingenieria y Geotecnica
Ltda.

The CORFO code (1975) and the BNA code are applied to only deep wells (sondajes)
in the area. Springs (vertientes) and dug wells (norias) had no number, therefore, the
Study Team temporarily assigned the numbers to the wells: V-1 and 2 for springs and
N-0to 9 for dug wells. The DGA code has not been applied in the Lluta River Basin.

Total number of existing wells comes to 19, consisting seven (7) deep wells, 10 dug
wells and two (2) springs in the valley. The Well List is shown in Table B-II, 2.1
including four (4) JICA wells. Well locations are shown in Fig. B-II, 2.1. The Well
Inventory is attached as Data Book. Items included in the inventory are same as that of
the Azapa Valley. None of the dug wells has any information, therefore, DGA and the
JICA Study Team executed field survey on these dug wells. In the field survey, exact
locations of dug wells were measured by GPS (Global Positioning System). The
results of the measurement are also included in the Well List.

Most wells are located in the Villa Frontera. In this area there are five (5) deep wells
and the rest are dug wells. Other two (2) deep wells are located in the middle stream of
the Lluta River; one is at Bocanegra and the another is at Rosario. Among these, six
(6) deep wells were constructed in 1960s. As for remaining one (1) deep well and all
the dug wells, no data is available.




2.2 Existing Boring Data

2.2.1 Boring Logs

Available boring data are for following six (6) logs of deep wells;

100-7 Bocanegra
100-2 Rosario

101-0 Villa Frontera (near the Panamerican)
102-0 Villa Frontera (near the railway to Peru)
103-7 Villa Frontera (near the railway to Peru)

104-5 Playa Las Machas (near the coast)

Geostratigraphic columns of these wells are attached to the Well Inventory (see, Data .
Book).

2.2.2 Pumping Test
The Well List (Table B-II, 2.1) shows the results of the pumping test executed at the
completion of well construction. Six (6) data are available in the basin. However,
aquifer constants are not analyzed. Based on these data, specific yield (Sy) is
calculated by the Study Team. Results are shown in Table B-II, 2.1.

2.3  Supplementary Geological Survey

The following geological surveys were executed by the JICA Study Team to

supplement the existing geological data. The survey locations are shown in Fig. B-II, .
22
1)  Electromagnetic Survey 30 survey points (5 lines)

2) Boring Test

(1) Drilling
Test well drilling 2 wells
Observation well drilling 2 wells
(2) Pumping Test 4 wells
3)  Water Quality Analysis 4 wells (JICA wells)
4) C-14 analysis 1 well
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2.3.1 Electromagnetic (TEM) Survey
1) Survey Area
The survey area is located along the Route 11 in the Lower Lluta Valley (Fig. B-

I, 2.2). Five (5) TEM lines were set perpendicular to the main axis of the Lluta
River. A total of 30 stations were set at an interval of 250m each as shown

below ;
Quantity of TEM Survey

Profile Stations Station Interval
o RL-1 6 250 m

RL-2 6 250 m

RL-3 6 250 m

RL-4 6 250 m

RL-5 6 250 m

Total 30

2) Methodology of Survey
(1) Selected Method

The purpose of the electromagnetic exploration is to clarify the resistivity
structure of layers and to select the promising boring locations.

The measurement of the electrical resistivity of layers has been a tool for
groundwater exploration for many years. Traditionally, D.C. current
methods (Wenner, Schlumberger, etc.) have been widely used for this
purpose. However, often are problems encountered in typical areas such as
desert and rocky surface where it is difficult to obtain sufficient current
flow. Furthermore, a considerable effort is usually required to lay out the
array, so that D.C. resistivity surveys tend to be expensive to perform. For
these reasons, there is a growing interest in the use of non-contacting
electromagnetic (EM) techniques to measure resistivity. The TEM method
used here, is starting to be widely used for groundwater exploration with
measuring depth from hundreds to thousands meters. For the above
mentioned reasons, the TEM method was adopted for the project.

II-3
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Principal of TEM Method.

In the TEM method most commonly used, a square transmitter loop, of
which side length is decided corresponding to the desired depth of
exploration, is laid out on the ground and energized with an alternating
current wave. This current wave form induces horizontal eddy current loops
in the ground which expand in radius and diffuse to greater depths with
passage of time. By measuring the decaying magnetic field from these eddy
currents as a function of time, information is successively derived from
greater depth. The value of magnitude of the decaying magnetic field is
converted to an apparent resistivity as a function of time, from which a
layered earth interpretation can be made using techniques analogous to

those for conventional resistivity soundings.

Survey Results

Measured apparent resistivity curves in the area are shown in Fig. B-II, 2.3.

Geoelectrical profiles are prepared from the apparent resistivity curve of each

station. The geoelectrical profiles along Line RL-1 to RL-5 are shown in Fig.
B-II, 2.4. According to the data from DGA, conductivities of groundwater in this
area show high values of 2,600 (3.8 Q-m) to 5,200 (1.9 Q-m) m{Q/cm.

The resistivity structure in this area consists of 3 to 4 layers, with a stratiform

structure, in general. Resistivities of the layers are relatively low, less than
200 Q-m. The geophysical characteristics of each layer are summarized as
follows.

(1)

2

The first layer (5 m to 70 m thick) shows a resistivity range of 28 to 300 Q-
m. The resistivity of the layer other than profile RL-5, is relatively high (99
- 300 Q-m). These layer is considered dry. On the other hand, in RL-5 it
shows a relatively low resistivity (28 - 84 Q-m) due to the wet land
conditions by irrigation water.

The second layer (50 m to 250 m thick) shows a resistivity range of 11 to 30
Q-m. This layer is distributed in the whole area. It is considered as a
expected aquifer because the resistivity value of prospective aquifer is
usually in the order of ten (10) times of that of the groundwater in the area.
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(3) The third layer (70 to 190 m thick) shows a resistivity range of 29 to 96 Q-
m. The layer exists only in stations 1 and 2 of RL-3, and in all stations of
RL-4. The layer of RL-3 is considered as expected aquifer because of its
low resistivity. On the other hand, the layer of RL-4 is considered dry or
impermeable, judging from its high resistivity.

(4) The forth layer shows a resistivity value of less than 9.8 2-m. The layer is
distributed in the whole area. The layer is presumed to have groundwater
potential to some degree. However, its extremely low resistivity indicates
that the layer is much contaminated by salty to brackish water.

Lateral discontinuities of resistivity exist between station No. 1 and No. 2 of
profile RL-1 and between stations No. 2 and No. 3 of RL-3. These discontinuities
may be coincident with geological boundaries, such as faults or fracture zones.

Interpretation with Boring Log

Geoelectric profiles, described in above section, are analyzed together with the
boring logs (lithological description and geophysical logging data). Fig. B-1II, 2.4
shows geoelectric profile and Figures B-II, 2.5 (1) to 2.5 (5) show analyzed
resistivity profiles Results of interpretation are summarized as follows.

(1) Profile RL-1 (see, Fig. B-II, 2.5 (1))

The profile is analyzed as a three (3) layered model from resistivity curves.
The results are shown in the table mentioned below.

The first layer is considered to be dry layer because of its relatively high
resistivity range. It corresponds to surface deposits. Judging from the
resistivity, the second layer is considered to be a aquifer. However,
groundwater in the aquifer may contain a little quantity of salty contents
because the resistivity of the aquifer is relatively low.

The third layer consists of Ignimbrite appearing at the depth of 40 m.
Resistivity of the third layer is generally low, less than 9.8 Q-m. This is
probably due to the following geological characteristics.




- Joints are developed in the upper part of the rock by which the rock was
broken into blocks. Then, groundwater saturated these joints and it made

the resistivity of the rock low.

It is considered to be difficult to exploit the groundwater in this aquifer,
because the groundwater is stored in the large spacing joints.

Layer{ Depth { Resistivity Lithology Interpretation
(mBGL){ Range(2-m)
Ist | 0-46 65 - 180 gravel, sandy to clayey surface deposits
2nd {46-150 13-26 gravel to sand in upper, | expected aquifer
clay to ignimbrite in lower
3rd | 150< <9.8 ignimbrite ignimbrite with
joints

(2) Profile RL-2 (see, Fig, B-1I, 2.5 (2))

The profile was analyzed as a three (3) layered model and no discontinuity
throughout the survey line. The results are summerized in the table

mentioned below.

The first layer shows a resistivity range of 65-80 2-m and correspond to dry
surface deposits. The second layer has a resistivity range of 17 to 30 Q-m

and considered as expected aquifer. The third layer is of low resistivity

range, lower than 12 Q-m, and is correlated to ignimbrite with joints as

previously mentioned on the survey line RL-1.

The well No. J-2 is drilled on this survey line and lithology of each layer
was confirmed as follows.

Layer{ Depth | Resistivity Lithology Interpretation
(mBGL){ Range({2-m)
1st | 0-20 110 - 300 gravel surface deposits
2nd {20-158 17 -30 gravel, sandy to expected aquifer
clayey
3rd 158< <12 clay and ignimbrite | ignimbrite with joints




3)
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Profile RL-3 (see, Fig. B-11, 2.5 (3))

The profile was analyzed as a three (3) layered model. The results are
summerized as the table mentioned below. The first layer has a relatively
high and is correlated with the dry surface deposits. The second is
considered as a expected aquiferjudging from the resistivity. The third layer
shows a relatively low resistivity range, therefore, it is considered to be
correspond to the jointed ignimbrite as described in (1).

A resistivity discontinuity was observed between the station No. 2 and No.
3; The profile was analyzed as four (4) layered model on the southern side
(No. 1 and 2) and as three (3) layered model on the northern side (No. 3 to
5). However, the second layer and the third layer are basically same unit
because there is not so large difference in the resistivity of the both layers.
The second layer is a resistivity range of 13 to 14 Q-m and the third layer is
in a rang of 29 to 47 Q-m. Then, the third layer was included in the second
layer. This feature may be due to the difference of lithofacies of aquifer;
The upper is more silty and the lower is more gravelly.

The well No. J-A was drilled on this survey line and the lithology of each
layer is confirmed as following table.

Layer | Depth | Resistivity Lithology Interpretation
(mBGL){ Range(Q2-m)
Ist | 0-30 120 - 160 gravel surface deposits
2nd {30-180 26-12 gravel, sandy to  {expected aquifer
clayey
3rd 180< <1.6 clay and ignimbrite {ignimbrite with joints

Profile RL-4 (see, Fig. B-1I, 2.5 (4))

A four (4) layered model was established and no discontinuity of resisitivity
is observed. The results of interpretation is shown in the table mentioned
below.

The first layer has a relatively high resistivity range, therfore, it is correlated
with dry surface deposits. The secoend layer is considered as an expected

aquifer from its resistivity. The second layer indicates a resistivity range of
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13 to 26 Q-m and considered as an expected aquifer. The third layer is of
relatively low resistivity range. Then, it corresponds to the ignimbrite with
joints as mentioned in (1).

No drilling was made on this survey line, therfore, lithology of each layer
was confirmed.

Layer| Depth | Resistivity Lithology Interpretation
(mBGL){ Range(£2-m)
Ist | 0-40 100 - 140 | not confirmed surface deposits
2nd {20- 180 13-26 not confirmed expected aquifer
3rd | 70-335 71 -96 not confirmed impermeable bed
4rd | 335< 4.2-6.8 not confirmed | ignimbrite with joints

Profile RL-5 (see, Fig. B-II, 2.5 (5))

A three (3) layered model was established on the profile. The results are
summerized as the table mentioned below.

The first layer is correlated with dry surface deposits since it shows
relatively high resistivity. The second layer has a resistivity range of 11 to
23 Q-m and is considered to be an expected aquifer. The third layer shows
a low resistivity range, therfore, it corresponds to the ignimbrite with joints,
The boundary of the 2nd and 3rd layers is unclear at station 4.

The well No. J-1 was located on this survey line.

Layer | Depth Resistivity Lithology Interpretation
(mBGL) | Range(Q2-m)
1 st 0-12 28 - 84 clayey gravel surface deposits

2nd  {12-230? 11-23 gravel, sandy to expected aquifer
clayey and
ignimbrite (?)

3rd 230< <5.8 not confirmed | ignimbrite with joints




2.3.2 Boring Test
1)  Location and Depth of Well
Two (2) test wells (J-A, J-B) and two (2) observation wells (J-1, J-2) are placed

along the line of the TEM survey (see Fig. B-II, 2.2). Location, drilling depth and
casing size of each well are summarized as follows.

Well  Location Latitude Longitude  Elevation Casing Depth
No. (mMSL) (inch) (mBGL)
J-A  Lluta 18° 23 08.95" 700 13'58.16" 178.510 8-5/8" 150.0

J-B Panamericana 18° 24'03.85" 70° 17'19.04" 74.301 8-5/8" 200.4
J-1 Chacabuco 180 25'42.54" 70° 13'03.31" 219.539 5-12" 1450
J-2  Lluta 18° 23'40.05" 70° 16' 06.17" 107.769 5-1/2" 225.0

2) Methodology of Well Construction
(1) Drilling Method and Procedure

Both test and observation wells were drilled by the rotary drilling method
with a direct mud circulation system. The reason is why this drilling
method is much suitable for taking cutting samples and well logging than
other method such as percussion type drilling method. It is indispensable to
take samples and well logging for the evaluation of hydrogeological
evaluation. Furthermore, the construction period can be much reduced by
rotary drilling method.

Typical well designs are shown in Fig. B-II, 2.10 for test well and Fig. B-1I,
2.11 for observation well. The procedure of the drilling is described below.
However, drilling depth, packing depth and test interval were altered by the
Drilling Experts of the Study Team to meet the hydrogeological conditions
of the site.

i) Test Well

The well was designed as a 8-5/8" cased well, therefore, following
procedure and bir size (borehole size) are specified.

-9




Step No. Work Procedure

1

10

11

12

Drill a conductor borehole to a
depth of 5.5m to 8.0m.

Install a conductor pipe to the
drilled depth.

Seal the annular space between
the borehole and the conductor
pipe by cementing.

Resume drilling of the borehole to

the required depth.

Perform well logging through the

drilled borehole.

Determine the position(s) of well

screen.

Install casing and screen pipes as
determined.

Make gravel-packing for the
annular space between the
borehole and pipes.

Make clay-packing for the annular

space between the borehole and

casing pipes.

Cementation for the annular space

above the clay-packing.

Perform the development of the

well by air-lifting and/or surging.

Carry out the pumping test by
submersible pump.

ii) Observation well

Specification
Hole size: 17-1/2" (444.5 mm)

Pipe size: 14" (355.6 mm)

Maximum 8m depth

Bit size: 13-1/4" (336.5 mm)

Resistivity, SP, Temperature,
Gamma Ray,

Designed by Drilling Expert of
JICA Study Team

Casing size: 8-5/8" (219.1 mm)
Screen size: 8-5/8" (219.1 mm)

QGrain size: 3- 5 mm

At least 3m thickness.

Up to ground surface.

At least 1 hour for each piece of
screen

Step draw down test, constant
discharge test and recovery test.

The well was designed as a 5-1/2" cased well, therfore the following

procedure and bit size (borehole size) are specified.
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Step No. Work Procedure

1

10

11

12

Drill a conductor borehole to a
depth of 5m to 8m.

Install a conductor pipe to the
conductor borehole.

Seal the annular space between
the borehole and the conductor

pipe by cementing.

Resume drilling of the borehole to

the required depth.

Perform Well logging through the

drilled borehole.

Determine the position(s) of well

screen.

Install casing and screen pipes as

determined.

Make gravel-packing for the
annular space between the
borehole and pipe.

Make clay-packing for the annular

space between the borehole and
casing.

Cement the annular space above
the clay-packing.

Perform the development of a well

by air-lifting and/or surging.

Carry out the pumping test by
submersible pump.

IM-11

Specification
Hole size: 17-1/2" (444.5 mm)

Pipe size: 12" (323.9 mm)

Maximum 8m depth.

Bit size: 10-5/8" (269.9 mm)

Resistivity, SP, Temperature,
Gamma Ray,

Designed by Drilling Expert of
JICA Study Team.

Casing size: 5-1/2" (141.3 mm)
Screen size: 5-1/2" (138.8 mm)

QGrain size: 3 - 5 mm

At least 3m thickness.

Up to the ground surface

At least 1 hour for each piece of
screen

Step draw down test, constant
discharge test and recovery test.
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i)

Structural Design of Well

Test Well

The structure of borehole was determined considering the size of the
permanent casing and screen pipes, and planned drilling depth. The
standard design is shown in Fig. B-II, 2.6. The borehole size was
designed as 13-1/4" in order to keep enough space for gravel packing in
an annular space between 8-5/8" pipes and borehole wall. Maximum
depth was planned as 250m.

For future pumping use and periodical water level measurement, the well
head was constructed as shown in Fig. B-II 2.8. Internal and external
well caps were installed on the well head as shown in Fig. B-II, 2.9. The
fence was built up around the well head as shown in Fig. B-II, 2.10.

Observation Well

Considering the same purpose of the test well, the borehole size was
designed as 10-5/8". The standard design of the observation well is
shown in Fig. B-II, 2.7. Maximum depth was planned as 300m.

A water level recorder donated by JICA was installed on the well head as
shown in Fig. B-II, 2.11 for successive measurement by DGA. The same
fence as the test well was built up around each well.

(3) Materials Used

Particular materials were selected for test and observation wells. The

specifications of major materials are described hereunder.

1)

)

Pipes

Conductor Pipe

Standard : ASTM A-106 Grade B schedule 40
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Outside Diameter Wall Thickness Type of Well
355.6 mm (14") 12 mm Test Well
323.9 mm (12") 12 mm Observation Well

(i) Casing Pipe

Standard : ASTM A-106 Grade B schedule 40

Outside Diameter Wall Thickness Type of Well
a) 8-5/8" (219.10mm) 11.2 mm Test Well
b) 5-1/2" (141.30mm) 13.1 mm Observation Well

(ii1) Screen Pipe

Johnson type was selected as the screen pipe.

specifications are as follows:

a) For Test Well
Nominal size (inch)

Screen outside diameter (mm) :

Effective unit length (mm)
Opening ratio (%)

b) For Observation Well

Nominal size

Screen outside diameter (mm) :

Effective unit length (mm)
Overall unit length (mm)
Materials

Slot size (mm)

Opening ratio (%)

i1) Packing Materials

The detailed

ASTM 8-5/8"
219.10

5,924

More than 20%

ASTM 5-1/2"

138.8

5,924

6,000

Galvanized steel (SAE 1010/15)
1.0

More than 20%

The following packing materials were used for both test and observation

wells.
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(i)

Cement Grouting

Mixture of 50% Portland cement and 50% casting plaster.

Gravel Pack

Uniformly-graded, well-sorted and well rounded river gravel with 3 -

Smm grain size.

Results of Boring Test

The well data for each well, lithological column, casing design, well logging and
drilling rate, are shown in Fig. B-II, 2.12 and Fig. B-II, 2.13 for test well and Fig.
B-1I, 2.14 and Fig. B-II, 2.15 for observation well.

(1) Well No. J-A ( see Fig. B-II, 2.12)

i) Lithology

The well was drilled up to 150m depth. Two (2) formations, Fluvial
Deposits and Oxaya Formation, were observed at the depth from surface
to 106m and from 106m to 150m respectively. Based on the results of

geophysical logging and lithology observed, the following four (4) major

layers were classified.

d-A)
Layer | Depth (m) Classification Lithology Period Formation
1st 0-56 Shallow Aquifer clayey to
sandy gravel
2nd | 56-59 | Impermeable layer tuff Quaternary | Fluvial Dep.
3rd | 59-101 Deep Aquifer sand, sandy to
clayey gravel
4th | 101 - 150 | Impermeable Bed clay, Quaternary | Fluvial Dep.
ignimbrite Tertiary | Oxaya Form.
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ii) Well Logging

Spontaneous potential (SP) indicates a range of 985 to 1040 mv.
Considering the lithology, the relative basement line (relative 0 line) is
established as 1025 mv. The line indicates the boundary of permeable
formation (gravel, sand) and impermeable formation (mud). Resistivity
indicates a high range of 20 to 100 £2-m at surface, a short range of 10 to
30 Q-m at below 60m depth. Temperature is 28 to 28.5 °C in general.

iii) Determination of Casing Design

The position of screen pipes was determined at the depth between 59.93
m and 101.98 m on the basis of interpretations of lithological and well
logging data. The details of interpretation are mentioned below. For the
casing design, see Fig. B-II, 2.12.

(i) 1 stlayer (Shallow Aquifer)

The layer consists mainly of clayey, sandy gravel and is intercalated
with sand at some minor parts. The layer is interpreted as an aquifer
by the value of SP and resistivity, except the top surface (0 to 12m in
depth). The temperature curve shows a surface water permeation to
the groundwater at depth from 15 to 30m. Gamma ray value shows a
range of 60 to 100 cps from surface to 76m depth. This value is
relatively higher than others, therefore, the layer is considered to be
rather rich in clay.

(i) 2 nd layer (Impermeable Layer)

The layer is composed totally of tuff. Both SP and resistivity values
indicate that the layer is impermeable. The layer acts as a boundary of
the shallow and the deep aquifer.

(iif) 3 rd layer (Deep Aquifer)

Based on the values of SP and resistivity, the layer is classified as the
most promising aquifer in the sequence. Especially, resistivity value
shows a range of 15 to 30 Q-m which is similar to the results of TEM
survey (12 to 26 Q-m). Compared to that of shallow aquifer, the value
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of gamma ray is more lower (50 - 70 cps) at the depth from 66 to 100
m. It is considered that the layer is much permeable than shallow
aquifer. A slow increasing rate of water temperature also characterizes
a promising aquifer. It is observed at a zone of 50 to 100 m depth.

The screen pipes were installed in this layer.

(iv) 4 th layer (Impermeable bed)
The layer consists of clay at upper part and ignimbrite at lower part.
Judging from the lithology, the layer is clearly impermeable. This is
supported by the following logging data; The value of SP exceeds

basement line (1025 mv) and Gamma ray value shows relatively high
cps ranging form 50 to 90 for clay and 60 to 100 for ignimbrite.
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(2) Well No. J-B (see Fig. B-II, 2.13)

i)

J-B)

Lithology

The total drilling depth was 200.4m. Two (2) formations, Quaternary
Fluvial Deposits and Tertiary Oxaya Formation, were observed at a depth
of 89m from surface and from 89 to 200m respectively. Based on the
results of the geophysical logging and lithological observation, following
six (6) layers were classified.

Layer | Depth (m) Classification Lithology Period Formation

1 st 0-46 Shallow Aquifer | sandy to clayey

gmvcl. sand

2nd | 46-53 |Impermeable Layer| clayey tuff | Quaternary | Fluvial Dep.

3rd | 53-89 Deep Aquifer sandy to clayey

gravel, sand

4th | 89-104 | Impermeable Layer silty clay

S5th | 104 - 147 Fissured zone ignimbrite Tertiary | Oxaya Form.

6 th | 147 - 200 | Impermeable Bed ignimbrite

ii)

Well Logging

Values of the spontaneous potential (SP) indicate minus (-) in all the
sequences. Based on the lithology and cps curve of gamma ray, relative
basement line of SP is estimated as - 8.4 mv. Layers are clearly classified
into three (3) units by the cps curve of gamma ray; From surface to 63m
depth as impermeable (muddy gravel or alternation of mud and gravel),
from the depth of 64 to 140m as permeable , and from 140m to the
bottom as impermeable (ignimbrite). The infiltration from surface water
is identified by the temperature curve, at the depth of 15 to 70m .

Determination of Casing Design

Casing design is determined as shown in Fig. B-II, 2.13, based on the
following interpretation for each layer. The range of screen pipes are
from 60.05 m to 90.1 m and from 102.1 m to 144.17 m.
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(i)

(ii)

(iii)

(iv)

(v)

1 st layer (Shallow Aquifer)

The layer is composed mainly of sandy and clayey gravel. Surface of
this layer is considered as a boulder formation due to the slow drilling
rate (less than 60 min./m). Because high resistivity (60 to 150 Q-m)
appears from the surface to 23m the surface is dry. From the depth of
17 to 46m, SP value is located on the permeable side of the basement
line. The infiltration from the surface water is clearly observed on the
temperature curve. The gamma ray shows high value (50 -100 cps)
which means that the layer predominates in mud. Therefore, it is
considered that the layer has a small scaled alternation of mud.

2nd layer (Impermeable Layer)

The layer is composed of clayey tuff. The thickness of the layer is 7
m. The boundaries of the layer are very clear; The drilling rate varies
at the boundaries with other layers. The layer is classified as
impermeable.

3 rd layer (Deep Aquifer)
All the geophysical logging data indicate that the layer is a promising
aquifer, except the high value of gamma ray in the upper part (53m -

63m). Especially, the value of Gamma Ray shows a low value (25 to
50 cps). Thus, it is considered as a high permeable layer.

The screen pipes were installed in this layer.
4 th layer (Impermeable Layer)

The layer is composed of silty clay having 15m in thickness. The
layer is judged as impermeable by the value of SP and gamma ray.

5 th layer (Fissured Zone)

The layer consists of ignimbrite of Tertiary Oxaya Formation. The
layer forms basement rock of the area. However, the resistivity range
(15 - 30 ©2-m), a gentle increasing rate of temperature and gamma ray
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value indicates that the layer is permeable. Therefore, joints are well
developed in this layer.

The screen pipes were also installed in this layer at the depth from
102.1 m to 144.17 m.

(vi) 6 th layer (Impermeable Bed)

The layer consists of ignimbrite of the same formation as in the 5 th
layer. However, considering the high value of resistivity and gamma
ray, the layer is considered as dry.

(3) Well No. J-1 (see Fig. B-II, 2.14)

i) Lithology
The well was drilled up to 145m. Based on the lithology and well
logging data, the following four (4) major layers are classified. These are
correlated with Quaternary Fluvial Deposit and the Tertiary Oxaya
Formation.
d-1)
Layer | Depth (m) | Classification Lithology Period Formation
1 st 0-29 Shallow clayey to sandy
Aquifer gravel
2nd | 29-31 | Impermeable clay Quaternary | Fluvial Dep.
Layer
3rd | 31-101 | Deep Aquifer | sandy gravel,
clay at bottom
4th | 101 - 145 | Impermeable | clay, ignimbrite | Tertiary | Oxaya Form.
Bed

ii)

Well Logging

Resistivity shows a rather low range of 10 to 30 Q-m in general. Several
reversal relation of long and short normal resistivity value are observed at
the surface to 29m depth. Gamma ray shows a boundary of upper and
lower strata at 83m depth. The cps value is high (50-110) at upper, low
(20 -80) at lower strata. A relative basement line of the spontaneous
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potential is established at 935 mv, based on the resistivity value and
lithology. A large scale of groundwater flow into the borehole is

confirmed by the temperature curve from 30 to 90m depth.

iii) Determination of Casing Design

Casing design was determined as shown in Fig. B-II, 2.14, based on the

following interpretation. The screen pipes were installed at the depth
from 31m to 91m.

@

(ii)

(i1)

(iv)

1 st layer (Shallow Aquifer)

The layer is mainly composed of clayey gravel and sandy gravel. The
layer is considered as highly permeable judging from the SP value.
Surface water infiltration is observed at depths from 5 to 10m and 26
to 29m by the temperature curve.

2 nd layer (Impermeable Layer)

The layer is composed of a single thin (3m thick) stratum of
Quaternary clay. The layer is the impermeable unit between the upper
and the deep aquifers.

3 rd layer (Deep Aquifer)

The layer consists mainly of gravel and sandy gravel. The resistivity
range is 25 to 35 Q-m. The surface water inflow to the groundwtaer is
confirmed by the temperature curve. The range of SP value is also

located in the permeable side from the relative basement line. The
layer is considered as the most promising aquifer within the sequence.

The screen pipes were installed in this layer.
4 th layer (Impermeable bed)
The layer is composed of ignimbrite of Tertiary Oxaya Formation. At

the top of the bed, clay of 9m thickness is confirmed. According to
the SP range, the layer is expected to be permeable by the developed
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fissure. However, a low resistivity value of less than 10 Q-m indicates
high contamination.

(4) Well No. J-2 (see Fig. B-11, 2.15)

i)

Lithology

Within 225m of total depth, two (2) formations are confirmed ; one is
Quaternary Fluvial Deposit at a depth of 158m from surface, and the
other one is Tertiary Oxaya Formation at depth from 158m to the bottom.
The following three (3) major layers are classified by the interpretation of
lithology and geophysical logging.

d-2)

Layer

Depth (m) | Classification Lithology Period Formation

1st

0-30 Surface gravelto | Quaternary | Fluvial Dep.
Deposit clayey gravel

2nd

30 - 158 Aquifer gravel, sandy | Quaternary | Fluvial Dep.
to clayey

3rd

158 - 225 | Impermeable clay, Tertiary | Oxaya Form.
Bed _Ignimbrite

ii)

Well Logging

An homogeneous curve is observed at each logging of SP, resistivity and
gammaray. The gamma ray range in this area shows an abnormal value.
At gravel layer, a high range of 60 to 110 cps is observed. So it is
considered that the permeability is not reflected by the cps value of the
gamma ray in this case. Considering the lithology and resistivity curve, a
line of 1100 mv is estimated as a relative basement line of spontaneous
potential. A temperature curve displays gentle increment of the whole
sequence. Thus, a groundwater flow at thick sequence is expected.

Determination of Casing Design
In order to determine the position of screen pipes, following
interpretations were made. For details of the casing design, see Fig. B-II,

2.15.
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(i)

(iii)

2.3.3 Pumping Test

1 st layer (Surface Deposit)

The layer consists of gravel and clayey gravel. The layer is considered
as permeable by the lithological observation and SP. However, a high
resistivity value ( 30 to over 100 Q-m) confirms the layer to be dry.
Blank casing pipes are installed in this layer.

2 nd layer (Aquifer)

Based on a permeable indication of SP and typical range (20 - 30 Q-
m) of resistivity, the layer is classified as most promising aquifer in
the sequence. The resistivity range is almost the same as TEM result
(17 - 30 Q-m). Groundwater flow indication is also visible at 45 to
85m depth by the temperature curve.

Screen pipes were installed at depth from 64.02m to 154.01m of this
layer.

3 rd layer (Impermeable Bed)

The layer is composed of clay at upper part, and ignimbrite at lower
part. Low SP value indicates that the layer is impermeable.
Moreover, low resistivity range of less than 10 Q-m indicates that the
layer has no groundwater potential. Blank casing pipes were installed
in this layer.

1) Methodology of Pumping Test

Three (3) different kinds of pumping tests; step drawdown test, constant discharge
test and recovery test were conducted for both test and observation wells, after

completion of drilling work and air lifting development.

(1) Pumping

Based on the casing size installed, following submersible pumps were used

for pumping.
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3)

for test wells : 1,500 l/min. x 50m head
for observation wells  : 240 I/min. x 50m head

The pumps was installed in the casing pipes with a setting depth of 90
mBGL, through rising main and delivery pipes. A valve and flow meter
were installed on the delivery pipe works.

Method of Test
Each test was carried out following the standard method mentioned below.

Step drawdown test : At least seven (7) round steps (discharge increased
and decreased) are carried out and duration of each
step is 120 minutes.

Constant discharge test : 24 hours measurement is conducted as soon as the
water level has recovered its original static water
level after the completion of the step drawdown test.

Recovery test : The test starts immediately after completion of the
constant discharge test and continues until the water
level recovers its static water level.

However, in order to meet the hydrogeological conditions at each well,
discharge rate, test duration, number of steps and time interval were altered
by the Hydrogeologist of the Study Team.

Measurement

The static water level is measured just before the commencement of the any

pumping test. Throughout the duration of each test, the water level was
measured and recorded following observation time schedule listed below:;
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Time from start of pumping or Time interval between
increase of pumping rate (minutes)  observations (minutes)
0-5 172
5-10 1
10- 20
20-30
30- 60
60 - 120 10
120 - 240 20
240 - 360 40
360 and longer 60

The flow rate of all water pumped from the well during the pumping test is
measured by both a flow meter in the delivering pipe works and a triangular
weir. Discharge rate is recorded during the pumping test at intervals
mentioned above.

(4) Method of Analysis
i)  Aquifer Constants

Aquifer constants necessary for the hydrogeological evaluation are
transmissibility, storage coefficient and permeability. These aquifer
constants were analyzed by using the results of the constant discharge
and recovery tests. For the above analyzation, Theis and Jacob methods
were applied. The aquifer constants are given by the following formulas;

(i) Theis Equation

Transmissibility (T) =Q x W(u) /4t x s

Where Q = pumping rate (m3/day)
W(u) = well function of u
3 = drawdown (m) at matching point

Permeability (K) = T/L

Where T = transmissibility (m3/day/m)
L = thickness of aquifer (m : total length of screen pipes)
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(ii) Jacob's Equation

Transmissibility (T) =0.183 x Q/ As

Where Q = pumping rate (m3/day)
As = draw down on one log cycle (m)

Permeability (K) = T/L

Where T = transmissibility (m3/day/m)
L = thickness of aquifer (m : total length of screen pipes)

i) Well Efficiency and Area of Influence

In order to estimate critical discharge and safe yield, well efficiency and
area of influence are calculated by the data of step drawdown test.

Critical discharge is determined by the slope of the Q (Discharge Rate) -
Sw (drawdown) chart. Maximum pumping rate which does not cause a
large drawdown is defined as critical discharge. On the other hand, safe
yield is estimated by the ratio of well efficiency and area of influence as
described below ;

: _ _BQ
Well Efficiency (%) Ew = BQ/(BQ+CQ2) x BQ+CQ2

Where B = aquifer loss
C = well loss
Q = discharge rate (I/s)
In this report, the following criterion is determined for well efficiency.

Well Efficiency : more than 85%

Radius of influence is discussed in Chapter III.
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2)

Results of Pumping Test

4))

(2

Aquifer Constants

Aquifer constants are analyzed by the graphs as shown in Fig. B-II, 2.16 (1)
to (4). The tables include the pumping data and the aquifer constants
calculated by two (2) equations mentioned above. The aquifer constants for
four (4) wells are summarized in Table B-II, 2.4.

The average of the transmissibility of four (4) wells is calculated as 212.73
m?/day/m. The highest value of 368.06 m3/day/m is found at J-1 which has
the highest specific yield. J-1 is considered to have high groundwater
potential. On the other hand, the lowest transmissibility is found at J-A
(22.72 m3/day/m). The well has also the lowest specific yield (0.24 I/s/m).
The well is considered to have low groundwater potential.

Permeability of the four (4) wells are similar. The highest value is 1.93 x
10-3 cm/sec at J-2, and the lowest is 6.25 x 104 cm/sec at J-A. The average
of permeability is calculated as 3.64 x 103 cm/sec. This value is lower than
permeability usually expected in this lithology mainly consisting sand,
gravel and clayey to sandy gravel.

Storage coefficients are in a range from 3.31 x 106 t0 1.93 x 10-3, averaging
7.26 x 104,

There are three (3) existing deep wells near the entrance to Route 11 (Road
to Bolivia) from Panamerican. Two (2) wells out of these, are operating.
The distance of both wells is approximately 500m. No influence is
recognized during operating of these wells. This shows that radius of
influence of both wells is less than 250 m (=500+2).

Well Capacity

Well capacity is evaluated by the amount of critical discharge and safe
yield. The Q-Sw chart for to examine the critical discharge and the Q-s/Q
chart for to obtain the well efficiency and area of influence are shown in
Fig. B-1I, 2.17 (1) to 2.17 (4). The detailed results of the analysis for step
drawdown tests are described in Table B-II. The capacities for four (4)
wells are summarized as follows;
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Well No. Critical Discharge (I/s) Safe Yield (I/s)

J-A 15.30 7.50
J-B 20.30 13.00
J-1 more than 4.40 2.25
J-2 3.85 2.25

The average critical discharge of test wells and observation wells are
estimated as 17.80 I/s and 4.13 1/s respectively. On the other hand, the
average safe yield of test wells and observation wells are 10.25 I/s and 2.25
Vs respectively. Safe yield is approximately the half of critical discharge for
both types of well.

234 Carbon-14 Analysis

The purpose of the C-14 Analysis is to decide the age of groundwater for interpretation
of groundwater recharge mechanism and for evaluation of the groundwater potential.
Two (2) samples were taken from the well No. 101-0 and 102-9 located near the
Panamerican Road (see, Fig. B-1I, 2.1).

The radiocarbon technique is based on the general law of radioactive decay:

t="Y/log2 x log A o/A;

where v is the half life in time units, equal to 5,730 + 30 years in case of 4C. Ag is
referred as the 14C content of the atmospheric CO; and A, is the 14C content of the
sample. In dating organic remains, it is assumes that the 4C activity of the living plant
at time zero was equal to that of the atmospheric CO;. Then, the age of the sample is
determined by measuring A; expressed as percent carbon modem (pmc) with respect to
Ao, which is equal to 100% of modern carbon.

Several goechemical models have been developed to adjust 4C data in groundwaters
(e.g. Ingerson an Pearson, 1964; Mook, 1972; Tamers 1975; Fontes and Garnier, 1979;
and Reardon and Fritz, 1978). Each model has some defects for groundwater age
determination, Therefore, Modeified Pearson Model was adopted for the estimation of
the groundwater age.

Results are shown in following table.
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24.1

Well No. Sampled Tritium (TU)  C- 14 (pmc) Age (Y.BP)*
101-0 (A-4) <0.8 118.9 modern (40<)
- (N-5) 1.1+0.6 122.7 modern (40<)

Note Y.BP*: years before present

Estimated groundwater ages are both modern. However, the tritium data are below or
close to the detection limit, therefore, age of the groundwater is older than 40 years.
The C-14 values show more than 100 pmc. These do not mean the ages are modern,
but reflect the influence of the return flow of surface water from the irrigation area in
the agricultural area.

The river water of the Lluta is lead to irrigation area at the lower reach of Tocontasi and
returns to the river through drainage system. The surface water of the Lluta is
influenced by agricultural activities. Accordingly, the groundwater in the Lower Lluta
Valley is also influenced by the return flow of irrigation water.

Configuration of Aquifer

The aquifer of the Lower Lluta Valley is mainly in the Fluvial Deposits. The boring
test by the Study Team revealed that the aquifers in the Fluvial Deposits are divided
into two (2) units, the upper and the lower, separated by thin tuff beds (Ref. 2.3 of this
Chapter). Profile and cross sections of the two units are shown in Fig. B-II, 1.2 and 1.3
respectively. The distribution of tuff layers is restricted up to Chacabuco. Towards the
upper stream from here, the Fluvial Deposits form a single aquifer; there is no
impermeable layer between the upper and the lower units.

Although the aquifer in the Lower Lluta Valley is divided into two aquifers, there is no
significant difference of groundwater quality between the aquifers. Furthermore,
continuity of the tuff bed sometimes become unclear. Therefore, groundwater of both
aquifers can be leaked each other.

Shallow Aquifer
No water level data is available on the shallow aquifer except Villa Frontera area.

Therefore, thickness of this aquifer is described in this report assuming the water level
is same as that of the deep aquifer.
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B-“ I h“l Bivﬂ

It is thin at Chacabuco, about 10 m and increases toward the downstream; it is 30 to 40
m between Sascapa and Chuilona, and less than 10 m at Villa Frontera. It is 800 to
1000 m in width at Bocanegra to Chacabuco area, and increases toward the downstream
from Sascapa. Reaching to Chuilona and Villa Frontera, the Concordia Formation is
widespread toward the north and no boundary is recognized with deposits from other
rivers such as the Gallinazo and the Concordia Rivers. Therefore, the limit to the north
is temporarily supposed up to the Gallinazo River; the width is estimated 3 to 4 km.

Deep Aquifer

The deep aquifer is distributed from Chacabuco to the downstream. Fig. B-II. 2.28 is
an isopach map of the deep aquifer. Width of the valley is narrow in the area between
Chacabuco and Poconchile, approximately 800 m. It increase its width toward the
downstream. It is approximately 70 m in thickness and 800 to 1000 m in width at
Chacabuco. Thickness decreases to 50 m at Sascapa, however, increases again up to
100 m at Chuilona and Villa Frontera. Width of the aquifer is 1500 m at Sascapa, 2800
to 3000 m near Chuilona and more than 3000 m at Villa Frontera.

Fig. B-II, 2.29 is a contour map which shows depth of the deep aquifer from the ground
level. Depth of the deep aquifer is shallow at Chacabuco, 15 m and is deep between
Sascapa and Chuilona, 30 m. Gradient of the top of aquifer changes to gentle at
Chuilona.

Fig. B-II, 2.30 shows the elevation of the base of the deep aquifer. The base of the
aquifer is above the sea level at Sascapa and Chacabuco, and below at Chuilona and
Villa Frontera. Elevation of the base of the aquifer is 0 m MSL at about 5.5 km
eastward from the Panamerican Road.

Details of the deep aquifer is summarized in the following table.

Area Thickness Width Top of Aquifer | Base of Aquifer
(m) (m) (mBGL) (mMSL)
Chacabuco 70| 800 to 1000 15 110
Sascapa 50 1500 30 90
Chuilona 100 | 2800 to 3000 30 -25
Villa Frontera 100 3000 20 to0 25 -80 to -90

note: Aquifer means the deep aquifer.
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2.5.1

25.2

Hydrogeological Characteristics of Aquifer
Shallow Aquifer

All the wells penetrated into the shallow aquifer are dug wells at Villa Frontera and no
pumping test was executed at the completion of construction. Thus, no data is
available. However, the lithofacies of the shallow aquifer is almost same as that of the
deep aquifer. Therefore, it seems that the hydrogeological characteristics of this aquifer
is also same as that of the deep aquifer.

In the lower reaches of the Lluta River (mainly in Villa Frontera area), groundwater is
extracted from the upper member of the Concordia Formation. It is composed mainly
of gravel and sand, and its matrix is rich in volcanic ash and mud. Lithology is almost
similar to that of the Fluvial Deposits. The permeability coefficient of the aquifer is
estimated to be in the order of 10-3 cm/sec (about 1 m/day) considering the lithofacies.
Judging from the pumping test result of JICA wells, permeability is seemed in a order
of 10-3 cm/sec.

Deep Aquifer

The bed of deep aquifer is composed mainly of sand and gravel, and the matrix is
abundant in mud. As mentioned in 2.4, it is sometimes separated from the shallow
aquifer by impermeable tuff beds and the tuff beds end between Chacabuco and
Rosario. Therefore, the deep aquifer is recharged from the surface water of the Lluta
River mainly in the upstream of Sascapa. In the downstream of Sascapa, the surface
water recharges the shallow aquifer. However, since the deep aquifer directly contacts
with the shallow aquifer in places where no tuff bed exists, the groundwater of both
aquifers can be leaked each other.

Reflacting these condition, there is a difference in the water quality; NO3 content of the
deep aquifer is low while the shallow aquifer shows high contents. This is also
supported by the results of the C-14 analysis.

The deep aquifer has an interfinguring relation with the Concordia Formation at
Chuilona. The Concordia Formation is also permeable but distributed below the sea
level. If a large quantity of groundwater extraction is continued, the sea water intrusion
to this aquifer will be happened. Therefore, the Concordia Formation is not considered
to be a prospective aquifer.
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Aquifer constants of JICA wells and existing wells are shown in following table.

Well No. | Specific Yield | Transmissibility Permeability
(I/sec/m) (m3/day/m) (cm/sec)
J-1 1.44 368 7.01 x 103
J-A 0.24 23 6.25 x 104
J-2 0.73 150 193 x 103
J-B 0.62 310 498 x 103
100-2 0.36 - -
101-0 2.60 - -
102-9 0.99 - -
103-7 2.70 - .
104-5 4.26 - -
average 1.72 213 3.63 x 103

Permeability coefficients are in a order of 10-3 cm/sec. This order is common one as a

aquifer. Considering the lithofacies of the aquifer, however, permeability coefficient is

rather small as that of gravel bed.

Specific yield changes from place to place; it ranges from 0.24 (J-1) to 4.26 1/sec/m

(104-5). This means that productivity of the deep aquifer is different in places.

1) At Rosario, specific yield is very small in the well 100-2 (Rosario), 0.24 I/sec/m.
It shows low productivity of the aquifer. This well penetrated into the Fluvial

Deposits. However, it is not clear in which horizon screens are installed.

2) JICA wells installed screens strictly in the deep aquifer. Therefore, specific

yields of those represent that of the deep aquifer; 024 to 1.44 1/sec/m, averaging
0.76 Vsec/m

3) Remaining four (4) wells are mainly located in Villa Frontera. The Fluvial

Deposits (the deep aquifer) changes to the Concordia Formation around the

Panamerican Road. Therefore, there is a possibility that these wells penetrated to

the Concordia Formation. Specific yields of those show ordinary values; they
range from 0.99 to 4.26 1/sec/m, averaging 2.64 1/sec/m.
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2.6

Estimation of Groundwater Storage

Groundwater storage of the Lower Lluta Valley is shown in Table B-I, 2.5 and Fig. B-I,
2.21. These figures present the estimated groundwater storage in the area from
Chacabuco to the Panamerican Road near the river mouth of the Lluta River. Total
volume of the groundwater storage is estimated as follow;

S'[‘olal Smge = 107 X 106 m3

The estimation was made based on the one (1) geological profile and six (6) geological
sections dividing the area into five (5) zones as shown in the following table;

Zone Geological Section Area
1 sect. A-A to B-B' Panamerican Road. to J-B (Chuilona)
2 sect. B-B' to C-C' J-B to J-2 (Chuilona)
3 sect. C-C'to D-D' J-2 to J-A (Sascapa)
4 sect. D-D' to E-E' J-A 10 J-1
5 sect. E-E' to F-F J-1 to Well No. 100 (Rosario)

Conditions applied in the estimation are as follows;

1) Climate condition will be constant during the estimated period.

2) The extent of the estimation is limited to the area from the Panamerican Road to
Rosario, because no stratigraphic column of well is available toward the upper
reaches from Rosario.

3) Groundwater stored below the sea level is included in the storage.

4) Estimation is made on the groundwater stored in permeable beds and well-
fissured ignimbrite in the downstream. Although the groundwater is stored in
impermeable beds, it is not considered as prospective one.

5) Effective porosity of aquifer is assumed to be 20 % as a whole, considering the
materials which compose the aquifer.
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Table B-II, 2.1

Well List (Lluta Valley)

<Lista de Sondaje (Valle de Lluta)>

DA DYNAMIC WATER LEVEL
SAW: STATIC WATER LEVEL

BNA CODE CORFO COORDINATE COMMLIN- | LOCATION NAME NAME OF CONSTRUCTOR |ELEVA- | DRILLING | SPECIFC |DATE OF [STAIC WATER LEVEL
1 my OWNER TION DEPFTH | YELD |CONST- (1993)
T, _|NO. LAT. LONG m {m} (m2/d) |RUCTION | (mBGL) | (mASL)
{012 10] 100-7|1820-8950 (A1 ARICA BOCANEGPA CORFD CORFO437 89 63108
1820-8950 |V-1 ARICA BOCANEGRA - -
1820-7000 |V-2 ARICA STA RACUEL__ . -

;rgw 11]100-2/1820-7010 |A-1 ARICA COLONIA J FUENZALDA _|CORA CORFOIT73 350.00 332] 30.9] 62/11 5.83| 344.17
1820-7010 [A-3 ARICA GALLINAZOS (MILTARY)

012 111101-0]1820-7010 [A-4 |18-23-45 |70-17-47 [ARICA CARCELDE ARICA _ |DR DEPROSONES |CORFO-388 82.00 384| 225.0/ 82/05 36.10] 25.80
12 11/102-9/1820-7010 |A-5 |18-23-45 |70-17-58 |ARICA VILLA FRONTERA COFFO CORFO451 §5.00 188] 52| 83/11 30.06] 24.94
12 11]103-7|1820-7010 |A-6 |18-23-45 [70-17-58 |ARICA VILLA FRONTERA CORFD |CORFO-488 55,00 384| 233.5] 6411 30.08] 24.94

012 11]104-5[1820-7010 |A-7 ARICA HACIENDA VIPA DURLIO TONNI ICORFO-831_ 85| 3687.7| 67/08

1820-7010 |N-0 [18-24-10 |70-18-43 |ARICA VILLA FRONTERA 32.00 38 27.22 4.78)
1820-7010 |N-1_[18-23-51 |70-19-12 |ARICA VILLA FRONTERA 22.00 _19 15.8 8.34
1820-7010 |N-2 ARICA [ VILLA FRONTERA 22.00{- -
1820-7010 |N-3 [18-24-58 |70-18-33 |ARICA PLAYA LAS MACHAS 11.00 8 5.00 6.00]
1820-7010 {N-4 |18-24-20 |70-18-01 | VILLA FRONTERA 22.00 20 19.98 2.02)
1820-7010 |N-5 [18-24-13 |70-18-48 |ARICA | VILLA FRONTERA 30.00 as 24.80 5.40
1820-7010 |N-8_[18-24-05 |70-18-51 |ARICA | VILLA FRONTERA 32.00 28 24.53 7.47
1820-7010 |N-7 [18-24-00 |70-18-57 |ARICA | VILLA FRONTERA 32.00 25 oRY
1820-7010 |N-8 [18-24-00 |70-18-57 |ARICA VILLA FRONTERA 32.00]- -
1820-7010 |N-9 [18.23-35 [70.18-45 [ARICA [VILLA FRONTERA 38.00 41 23.78] 12.24
18-25-43 |70-13-03 [ARICA CHACABUCO DGAICA A1 2189, 145/ 124.2] 93/12] 21.89] 197.83
18-23-09 |70.13-58 |ARICA P, DGAJCA JACA J-A 178.03 150) 20.4] 98312 9.82| 188.21
18-23-40 |70-16-07 |ARICA LLUTA DGACA ICA J-2 107.37 22s| 628] ©93/11] 3502] 72
18-24-04 |70-17-18 |ARICA P, DGAJICA JCAJB 73.77 200] s533| gar1i] aase|  39.21
NOTE: (PUNPING TEST) (STAIC WATER LEVEL)
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Table B-I1 2.2 Result of Boring Test (Lower Lluta Valley)
< Resultado de Prueba de Sondaje en el Valle de Lluta Bajo>

Well |Bore | Casing Pi Screen Pi Geological Conditions of Aquifer Geophysical Characteristics of Aquifer
No. |hole |[Size |[Total [Positon |Total Well Logging TEM
Depth |(inches) |Length Length| Lithology |Formation| Period [Spontaneous [Resistivity[Gamma Ray|Resistivity
(m) (m) (m) (m) Potential (mv) (ohm-m (cps) (ohm-m)
59.93 Sand,
J-A | 150 | 8-5/8" |108.01 to 42.05/Sandy to clayey|Fluvial |Quaternary | 985-1025 15-30 50-70 12-26
101.98 gravel Deposit
60.05 Clayey gravel, |[Fluvial |Quaternary
to Sand Deposit -8.2t0-84 15-30 25-50 17-26
90.10
J-B | 200.4 | 8-5/8" |126.00 72.12
102.10 Fissured Oxaya |Tertiary
to Ignimbrite Formation -8.31t0-8.4 15-30 35-75 17-26
144.17
31.00 Gravel, Fluwial uaternary
J-1 | 145 | 5-1/2" | 85.00 to 60.00|Sandy gravel |[Deposit 925-935 22-32 50-110 11-23
91.00
64.02 Silty to sandy |Fluvial |Quaternary
J-2 | 225 | 5-1/2" |136.00] to 89.99| gravel Deposit 1060-1100 | 20-30 50-100 17-30
154.01
Table B-11, 2.3 Result of Pumping Test (Lower Lluta Valley)
N ___< Resultado de Prueba de Bombeo en el Valle de Lluta Bajo> _
Pumping Data (from Constant Test) Aquifer Constants Well Capacity
Well No. [Static  |Pumping [Dynamic[Drawdown|Specific| Transmissibility[Storage Permeability|Critical |Safe
Water |Rate Water Yield Coefficient Discharge|Yield
Level (m] (Is) |Level(m| (m) (1/s/m) (m3/d/m) I (cm/sec) (Ys) (/s) |
J-A 9.82 15.30 | 74.51 64.69 0.24 y <Ry ) 8.54E-04 | 6.25E-04 15.30 | 7.50
J-B 3456 | 1890 | 65.19 30.63 0.62 310.44 4.72E-04 | 498E-03 | 20.30 | 13.00
J-1 21.69 440 24.75 3.06 1.44 368.06 6.62E-06 | 7.01E-03 | 4.40< 25
J-2 35.02 | 492 | 4178 | 6.76 | 0.13 149.69 6.60E-06 | 1.93E-03 | 3.85 | 2.25




Table B-11, 2.4 Aquifer Constants (Lluta River Area)

<Coeficientos de Aciiiferos (Area del Rio Lluta)>

Well Test Method
No. Aquifer Constant Theis Jacob Average
Constant | Recovery Constant Recovery
J-A Transmissibility (m3/sfm) 341E-04] 1.96E-04 331E-04 1.84E-04 2.63E-04
Storage Cocficient 1.36E-03 3.47E-04 8.54E-04
Permeability (cm/sec) 8.11E-04] 4.66E-04 T87TE-04] 438E-04 6.26E-04
JB Transmissibility (m3/s/m) 6.02E-04] 2.55E-03 9.02E-03]  2.20E-03 3.59E-03
Storage Coefficient 241E-04 7.03E-04 4.72E-04/
Permeability (cm/sec) B3SE-04] 3.54E-03 125E-02f 3.05SE-03| 4.98E-03)
J1 Transmissibility (m3/s/m) 4.03E-03] 4.56E-03 4.16E-03| 4.29E-03 4.26E-03
Storage Coefficient 6.62E-06 6.86E-12 3.31E-06
Permeability (cm/sec) 6.72E-03| 7.60E-03 6.93E-03| 7.15E-03 7.10E-03
J2 Transmissibility (m3/sfm) 133E-03] 2.24E-03 1.12E-03] 2.24E-03 1.73E-03
Storage Coefficient 1.59E-06 1.16E-05 6.60E-06,
Permeability (cm/sec) 1.48E-03] 2.49E-03 1.24E-03 2.49E-03 1.93E-03
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Table B-II, 2.5 Estimation of Groundwater Storage
<Estimacién de Reservas de Agua Subterrdnea>
ZONE 1 ZonNE2 ZONE3 ZONE4 ZONES TOTAL
(SECTA-B) (SECT. BC) CT.C-D) SECT. DE) (SECT.EH) (SECT. AF)

DEPTH ( x millon m3) ( x milion m3) ( x milon_m3) (% milon m3) {x millon m3) {x milion m3)

|( m BSWL) M M M SM SM M
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 1.52 1.52 2.60 2.60 2.75 2.75 2.01 2.01 5.68 5.68 14.56 14 .56
20 1.56 3.08 2.45 5.04 2.48 5.21 1.78 3.79] 4.04 10.62 13.18 27.75
a0 1.03 4.12 2.42 7.48| 2.59 7.81 1.76 5.55{ 4.62 15.24 12.43 40.17
40 1.03 5.15 2.30 0.78| 2.48 10.28 1.69 7.23 4.49 19.73 11.98 52.186
50 1.44 6.59 2.24 12.00 2.35 12.63 1.63 B8.86 4.16 23.89 11.81 63.97
BD 1.10 7.69 2.15 14.15 2.28 14.81 1.51 10.37 3.84 27.73 10.88 74.84
70 D.78 B.A7 2.10 16.25 2.27 17.19| 1.42 11.78 2.52 30.24 8.08 83.93
BO 1.28 8.76 1.84 18.08 1.88 18.17 1.08 12.87 1.09 31.33 7.29 21.21
80 1.18 10.92 1.60 19.68 1.78 20.97 0.71 13.58| 0.00 31.33 5.26 96.48
100 1.11 12.03 1.48 21.186 1.08 22.05 0.18 13.78 0.00 31.33 3.85 100.32
110 0.98 13.01 1.23 22.39 0.76 22.81 0.00 13.76 0.00 31.33 2.87 103.29
120 0.83 13.83 0.96 23.35 0.70 23.51 0.00 13.76 0.00 31.33 2.48 105.78
130 0.45 14.28 0.22 23.57 0.20 23.71 0.00 13.78 0.00 31.33 0.87 106.65
140 0.22 14.51 0.00 23.57 0.00 23.71 0.00 13.76 0.00 31.33 0.22 106.87

TOTAL 14.51 23.57 23.71 13.76 31.33 106.87

NOTE: "BSWL" means below the static water level In 1993.
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Fig. B-11, 2.1 Well Location (Lluta Valley)
< Ubicacion de Pozos (LlutaValley)>
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[RL-1] TEM Line
VC Lo
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Fig. B-II, 2.2 Location of TEM Station and Test/Observation Well in LLuta River Area
<Ubicacidn de las Estaciones TEM y Pozos de Prueba y Observacién en el Area del Rfo Liuta>
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Fig. B-11,2.3 Mcasurcd Apparent Resistivity Curves and Inverted Geoelectrical Section in Lluta River Arca

<Curvas de resistividad Aparente y Secciones Geoeléctricas Invertidas en el Area del Rio Liwa>
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TEM Station N*
Resistivity Range Analyzed

Boundary of Resistivity Layers
Meter above sea level
Expected aquifer

Lateral Discontinuity

Fig. B-1I, 24 Geoelectric Profiles Constructed from all TEM Soundings in Lluta River Area

<Perfiles Geoeléctricos Construldos de todos los sondeos TEM en el Area del Rfo Lluta>
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Fig.B-II, 2.8  Analized Resistivity Profile of RL-4 in Lluta River Area

Fig. B-11,27  Analized Resisuvity Profile of RL-3 in Lluta River Area
< Perfil de Resistividad Analizado del RL-4 en el Area del Rlo Liuta>

< Perfil de Resistividad Analizado del RL-3 en el Area del Rio Liuta>
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Fig. B-1I, 2.13  Well Cap for Test Well
<Tapa para Poo de Prueba>
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Fig. B-11,2.14 Fence for Test and Observation Wells
<Cerco para Pozos de Prueba y Observacidn>
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Fig B-IL 2.1 Water Level Recorder for Observation Well
<Registrador de Nivel ds Agua para Poso de Observacidn>
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Well Data for J-B ( Sheet No. 2)
< Informacién del Pozo J-B ( Hoja N° 2 ) >
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Fig. B-I1, 2.19

Well Data for J-2 ( Sheet No. 1)
< Informacién del Pozo J-2 ( HojaN® 1 ) >
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2.

Well Data for J-2 ( Sheet No. 2)
< Informacién del Pozo J-2 ( HojaN°2 ) >
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< Grdficos para los Métodos de Andlisis Theis y Jacob ( Pozo N°J-A )>

Graphs for Theis and Jacob Method Analysis ( Well No.J-A)
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Fig. B-I1, 2.20
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Fig. B-II, 2.21

< Grdficos para los Métodos de Andlisis Theis y Jacob ( Pozo N®J-B) >
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Graphs for Theis and Jacob Method Analysis ( Well No.J-2)

Fig. B-11, 2.23

< Grdficos para los Métodos de Andlisis Theis y Jacob ( Pozo N°J-2 ) >
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Graphs for Step Drawdown Test (Well No.J-A)

<Grdficos para Prueba de Gasto Variable (Pozo No.-A)>
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Graphs for Step Drawdown Test (Well No.J-2)

<Grdficos para Prueba de Gasto Variable (Pozo NoJ-2)>
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Chapter lI. GROUNDWATER EXTRACTION

3.1

3.1.1

312

Existing Groundwater Extraction

Groundwater has been extracted from springs at Bocanegra and Poconchile, and from
two (2) deep wells and dug wells at Villa Frontera area. The groundwater is used for
the drinking water at Poconchile town, and for industries and irrigation at Villa
Frontera, the lower reaches of the valley.

Deep Aquifer

The deep aquifer originally appears under the shallow aquifer and is mostly separated
from it by the wff layer. However, there is no tuff layer, boundary between two (2)
aquifers, in the upstream of Chacabuco. For this reason, the aquifer distributed from
Poconchile to Bocanegra (about 10 km northeast from Poconchile) is included in the
deep aquifer for convenience.

1) Chuilona and Villa Frontera

Only two (2) wells, well No. 101 and 103 are extracting the groundwater from the
deep aquifer near the Panamerican Road and the railway to Peru. The well,
No.101 is operating for irrigation use at the Villa Frontera area. The well,
No.103 is for private use. Extraction rate is not clear for both wells.

2) Poconchile

One (1) spring is located about 4 km east of Poconchile town. Water of the
spring (No. V-2: refer to Table B-II, 2.1) is led to Poconchile town for potable
water supply. The yield of the spring is seemed to be not small.

3) Bocanegra

There are one (1) well and one (1) spring at Bocanegra. The well was drilled for
the groundwater study and is now abandoned. The spring supplies water to the
Borax factory for the industrial use. However, extraction rate is unclear.

Shallow Aquifer

10 dug wells are extracting the groundwater from the shallow aquifer at the Villa
Frontera area. Out of these, eight (8) dug wells are used for irrigation and industry.
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Only one (1) data is available on the yield. According to the data, the dug well (No.
V-2) is estimated to supply about 105,500 m3/year of groundwater for industrial use.
Extraction rate of other wells are unclear.

Groundwater Level

There are two (2) aquifers in the Lluta Valley as mentioned in Chapter 2; the shallow
aquifer and the deep aquifer. DGA and the Study Team executed the groundwater
level observation on 17th June 1993, since few data were available in the Lluta River
Basin. In addition, the Study Team constructed two (2) test wells and two (2)
observation wells during phase 2 study.

Water Level in Shallow Aquifer

The wells in the shallow aquifer are located only in the Villa Frontera area.
However, no data is available on these wells. DGA and the Study Team observed
water levels on 10 dug wells constructed in the shallow aquifer in Villa Frontera area.
The result of the observation are shown below;

Well No. Location Elevation Static Water Level

(m) (m BGL) (m MSL)
N-0 Villa Frontera 32 27.22 478
N-1 Villa Frontera 22 15.66 6.34
N-2 Villa Frontera 22 - -
N-3 Villa Frontera 11 5.00 6.00
N-4 Villa Frontera 22 19.98 2.02
N-5 Villa Frontera 30 24.60 5.40
N-6 Villa Frontera 32 24.53 5.47
N-7 Villa Frontera 32 dried
N-8 Villa Frontera 32 - -
N-9 Villa Frontera 36 23.76 12.24

The depth to the water level ranges from 5 m to 27 m, averaging 20.1m. Static Water
Level is generally low; 2 to 12 mMSL.

A contour map of water level (Fig. B-II, 3.1) is prepared based on the results of water
level observation. The map presents the distribution of water level (MSL) in the Villa
Frontera area. The water level ranges from 12.24 m (well No. N-9: refer Table B-II,
2.1) at Panamericana to 2.0 m (well No. N-4) at the southeast side of the Villa
Frontera area (Fig. B-II, 3.1). Isopotential lines of the water level suggest
groundwater flow from east and northeast. This means that groundwater of the
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shallow aquifer is recharged from these directions i.e. the Lluta River. This is
supported by the water quality analysis data (see 3.3 of Chapter 3).

Other contour maps were prepared by Alamos y Perelta and Ingendesa. These results
are in well agreement with this Study.

Water Level in Deep Aquifer

There are four (4) existing wells and four JICA wells penetrated to the deep aquifer.
Water levels of these wells are as follows;

Well No. Location Elevation Static Water Level
(m) (o BGL) (u MSL)

100 Rosario 350 5.83 344.17
J-1 Chacabuco 220 21.69 197.83
J-A Lluta 178 9.82 168.21
J-2 Lluta 107 34.56 72.81
J-B Panamericana 74 73.77 38.75
101 Panamericana 60 36.10 2390 *)
102 Panamericana 55 30.06 2494

i 55 30,06 24.94

note: the mark *) means the water level not completely recovered after pumping.

Static water level in the deep aquifer is shown in Fig. B-II. 3.2. Static water level is
about 450 mMSL near Poconchile, 300 to 350 mMSL at Rosario, 250 mMSL at
Chacabuco, 50 mMSL at Chuilona and 25 mMSL at the entrance to Villa Frontera.
Gradient of water level is 20/1000 which is larger than that of the Lluta River.

Groundwater Quality
No existing water quality data was available in the area. Therefore, DGA and the
Study Team executed groundwater sampling and water quality analysis on the

existing wells and JICA wells. The results of water quality analysis are shown in
Table B-II, 3.1.

Water Quality of Shallow Aquifer
Results of the water quality analysis are as follows;

1) Temperature ranges from 21.8 to 25.2 °C. TDS values are in a range between
2,948 mg/] and 4,390 mg/l. All the TDS values exceed the standard of drinking
water (WHO).
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2) The health significance parameters other than NO3 are generally within the
standard (WHO). NO3 is in a range between 5.66 mg/l and 18.73 mg/l,

averaging 9.56 mg/l; i.e. all the wells exceed the standard. Contamination by
NO3 is possibly caused by agricultural chemicals.

3) Arsenic (As) contents are generally lower than the standard value; only the
groundwater of well No. N-3 exceeds the standard.

4) Contents of boron (B) range from 13.92 to 29.00 mg/l. These values exceed the
tentative standard of the Study, 5 mg/l.

5) Among the major ions, Na, Cl and SO4 contents show the values much higher
than the standard.

3.3.2 Groundwater Quality of Deep Aquifer

Groundwater Quality of the Deep aquifer is summarized in the following table.

Standard Range Average

Item (mg/l) (mg/) (mg/) Number of well*
Temperature - 21.4-26.8 237 -
pH 6.0-8.5 6.6-7.3 6.9 none
TDS 1000 2845-3945 3,289 all the wells
Mg 125 74-105 92 none
Na 200 437-613 529 all the wells
SO4 250 625-1023 852 all the wells
Cl 250 791-1089 949 all the wells
NO3 10.00 0.41-15.75 5.6 100-2
As 0.05 0.005-0.045 0.029 none
F 1.50 0.72-1.14 1.00 none
Cd 0.005 0.005-0.015 0.010 J-1,2:J-A,B
Cr 0.05 0.01-0.03 0.021 none
Pb 0.05 0.015-0.08 0.04 J-1,J-2
B 5.00 11.87-27.30 21.87 all the wells
Fe 0.30 0.05-6.60 1.53 100-2, J-1, J-A
Mn 0.10 0.01-3.85 0.72 J-1,J-A
Zn 5.00 0.041-3.220 1.124 none
Cu 1.00 0.013-0.039 0.024 none
Al 0.20 0.10-0.30 0.20 none

note: * means number of wells which exceed the standard.
Fe contents of JICA wells No. J-1&J-A may be influenced by the riser pipes.
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Characteristics of water quality are shown below;

1) TDS value is much higher than the standard.
2) B content is very high compared with the surface water.
3) As content is fairly low in comparison with the surface water.

4) NOj content is less than standard, although that of the shallow aquifer almost
exceeds the standard. This fact suggests that groundwater in the deep aquifer is
not influenced by the surface water in the Lower Lluta Valley.

5) All the JICA wells show higher contents of Cd and Fe. However, there is high
possibility that Fe contents of J-1 and J-A are influenced by riser pipes used
during the pumping tests, because the brand new pipes are used at the tests.

6) Other ion contents are generally lower than that of standards.
Major Ion Composition

Fig. B-II, 3.3 is a tri-linear diagram which shows the ion composition of the
groundwater. All the wells are plotted in a small area concentrating near the
boundary between the Non carbonate hardness type and the Non carbonate alkali
type. This fact leads to following suggestions;

1) The groundwater originated from the same source i.e. the surface water of the
Lluta River.

2) The groundwater are influenced by the waste water from mines or water
originated from volcanoes. As a matter of fact, contamination sources are found
in the upper reaches of the Lluta River (see, Supporting Report A).

Evaluation of Groundwater Quality

Groundwater quality in the aquifers is mentioned in 3.3.1 and 3.3.2 of this chapter.
High content of NO3 in the shallow aquifer shows the contamination by agricultural
chemicals as mentioned above. Furthermore, if it is true, the shallow aquifer is

possibly contaminated by other organic chemicals.

So far as concerned with the deep aquifer, the groundwater quality is not suitable for
domestic water as it is, especially due to high TDS value and B contents. Some wells
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exceed the standard of Cd, Pb, Fe and Mn. Therefore, the groundwater in the deep
aquifer is also not suitable for the drinking water as it is. At treatment system should
be considered if this water will be used for the drinking water source.

Future Change of Water Quality

Among the items of water quality, there are large differences in As and B contents of
the surface water and the groundwater. B content is low in the surface water and
increases its contents in the groundwater. In contrary to this, As contents is high in
the surface water and low in the groundwater. These phenomena are caused by the
infiltration of the surface water into the groundwater. Therefore, this phenomena will
continue after the development of groundwater in the Lower Lluta Valley.

As for the other items, there is not so much difference between the surface water and
the groundwater.

Considering these conditions, water quality of the groundwater will not change in the
future even if the groundwater development will be made in the valley.

Evaluation of Groundwater Development Potential
Prospective aquifer area in the Lower Lluta Valley is shown in Fig. B-1I, 3.5.

The aquifers in the Lower Lluta Valley are recharged by the surface water of the
Lluta River. In the Lluta River Basin, the aquifers are saturated with groundwater
because only a small quantity of groundwater is extracted through wells from the
aquifers. The future groundwater extraction will cause a certain degree of water level
depression. It will accerelate groundwater infiltration to the aquifers.

On the other hand, surface water is extracted for irrigation use based on the water
rights. The groundwater development may cause obstacles to the existing extraction
of the surface water for irrigation use; water rights (legally authorized water rights
and customary rights (acciéns)). Accordingly, the groundwater development
potential is studied on the following items.

- the potentail groundwater recharge rate from the Lluta River

- groundwater development potential considering water use
- limitation of number of well development
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Calculation of Possible Groundwater Recharge

The surface water recharges the groundwater in the Lower Lluta Valley. However,
data of infiltration rate from the surface water to the groundwater is not available in
the area. Then, an assumption was made by using the data of the Azapa Valley.
Average surface flow rate at Antes Bocatoma/Ausipar, Azapa Valley, is 1,101 l/sec
and the average out flow rate to the sea is 149 I/sec. Azapa canal is taking the surface
water at Bocatoma a total volume of 487 1/sec. Accordingly, the recharge rate to the
groundwater from the surplus surface water at Bocatoma is calculated by the
following equation;

R=(Qa-Qc-Qo0)+(QA-Qc)

where, R :Recharge rate in the Azapa Valley (I/sec)
QA: Average flow rate at Antes Bocatoma/Ausipar (/sec)
Qc : Extraction rate to Azapa Canal (I/sec)
QO: Average out flow rate to the sea (I/sec)

R =(1,101 - 487 - 149) + (1,101 - 487)=0.757

This result suggests that 75.7 % of surface water recharges the groundwater from the
river bed in the Azapa Valley. The recharge is made through both the river bed and
the farmlands in the valley. However, recharge by the flood water is made mainly
through the river bed of the San José River.

The aquifers in the Lower Lluta Valley are seems to be recharged by the surface
water through the river bed because the farmlands are drained the irrigation water. It
shows that the soil of the farmland is of low permeability because of its clayey
lithofacies.

The concept that the aquifers of both the Azapa valley and the Lower Lluta Valley
are recharged by the surface water through the river beds in the flood period is
supposed by the following facts.

Floods were occurred several times in both the San José and the Lluta Rivers in 1994.
One of the flood was observed on 24th January, 1994 and continued several days.
The conditions of flood are shown in Fig. B-II, 3.4 (1) as photographs. The flood
water mainly flows only in the river bed through the river, from the upper reaches to
the river mouth of the Azapa Valley. At the same time, a flood was also occurred in
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the Lluta River which is shown in Fig. B-II, 3.4 (2). The conditions of the flood is
same as that of the San José River.

The features mentioned above suggest that the groundwater is recharged by the flood
water in the Lower Lluta Valley. Therefore, recharge rate in the Lower Lluta Valley
is estimated following method comparing the lithofacies of both valleys.

Lithology of aquifers of the Azapa Valley and the Lluta Valley are both composed of
sand and gravel. However, aquifers in the Lluta Valley are more muddy and
tuffaceous than that of Azapa Valley. Effective porosity of aquifers in the Lluta
Valley is estimated about 70 % of that in the Azapa Valley. Then, recharge rate to
the groundwater in the Lluta Valley is estimated to be 53 % (=0.757 x 0.7) of the
surface water at Kesler Headworks. Groundwater recharge in the Azapa Valley is
made between Cabuza to the river mouth. Its distance is about 22 km. In case of the
Lower Lluta Valley, recharge is made between Poconchile and Sascapa (near the
JICA well No. J-1). The distance is 17 km. Considering this condition, groundwater
recharge from the river bed of the Lluta River is estimated as follows;

RL=(Qr-Cr)x053x17+22
=(2,216-819) x 0.53 x 17 + 22
=572 (I/sec)
where,
= Recharge rate to the groundwater from the river bed (I/sec)
= Flow rate at Tocontasi (I/sec)
= Real consumption in the valley (I/sec)

The results show that the potential of groundwater recharge is 572 1/sec. However,
this volume of the groundwater development may unable the exraction of surface
water for irrigation use because infiltration of surface water to the groundwater will
be accerelate. It is difficult to develop the 572 /sec of groundwater without any
facilities for compensation works.

Consideration to Existing Agricultural Water Use

The surface water of the Lluta River recharges the aquifers of the Lluta Valley
mainly in the reaches between Poconchile and Sascapa. The proposed groundwater
development will lower the existing groundwater table, resulting in accerelation of
river water infiltration into underground. It may infringe the existing river wter
extraction for the irrigation use. Therefore, existing irrigation intakes located in the
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downstream of Poconchile (irrigation sector III, IV and V) shall be integrated to one
(1) headworks proposed at Kesler. All the irrigation water for the sector III, IV and
V will be extracted from this headworks. For recycling use of extracted water,
collection channels are also constructed along the river banks. The required
irrigation intake volume, potential surplus river water and expected groundwater
recharge are estimated for two (2) cases. Case 1 will satisfy the existing water rights
including legally authorized ones and custoﬁmry ones (accién) throughout the year.
Case 2 will satisfy the actual water demand verying by month. These calculation
were made by month. The results are shown in Table B-II, 3.2 to 3.5.

1) Case 1: Water Right and Accién

The surface water of the Lluta River is extracted for the irrigation use on the basis
of the legally authorized water rights and customary rights, acciéns. In the
development of groundwater in the Lower Lluta Valley, the development plan
should be in harmony with these extraction. For this purpose, a irrigation canal
was planned as well as the groundwater development plan. Proposed new
irrigation system is shown in Fig. B-II, 3.6, 3.7 and 3.8.

An intake is located at the irrigation sector Kesler. The canal water is led to the
Sector III, IV and V. Because the intake is located after Tocontasi, available
surface water at the headworks is obtained by reducing the consumption in the
irrigation sector I and II, and Comunidad Vilca Loredo. Groundwater is
recharged mainly in the area between Poconchile and Sascapa, after the
headworks. Therefore, groundwater development does not affect the extraction
of the irrigation water.

Recycle use of extracted water was calculated by assuming that the real
consumption is 50 % of water rights quantity for case 1.

The surface water consumption between Tocontasi and the proposed headwarks is
estimated to be 551 l/sec; The legally authorized water right volume at
Comunidad Vilca Loredo is 35.5 I/sec and the total number of acci6n is 687.2
which is equal to the 514.4 I/sec of water volume. For details of water rights, see,
Supporting Report C. The surface flow rate at the headworks is calculated
deducting this volume (551 l/sec) from the surface flow rate at Tocontasi by
month.

-9




B." | ]"_“ Bivﬂ

Calculations of distribution to irrigation canal are made on the average surface

flow rate and 80 % drought flow rate. The results are shown in following tables.
For detailed calculations, refer Table B-II, 3.2.

(average flow)
Tocontasi | Consum. |Intake Point| Required Actual | Remaining| Recharge
(Upstr.) Extraction | Extraction | in River

Jan. 2,887 275 2,612 819 819 1,793 753
Feb. 4,741 275 4,466 819 819 3,647 1,532
Mar. 4222 275 3,947 819 819 3,128 1,314
Apr. 1,759 275 1484 819 819 665 279
May. 1,809 275 1,534 819 819 715 300
Jun. 1,802 275 1,527 819 819 708 297
Jul. 1,937 275 1,662 819 819 843 354
Aug. 1,746 275 1,471 819 819 652 274
Sep. 1,542 275 1,267 819 819 448 188
Oct. 1,332 275 1,057 819 819 238 100
Nov. 1,307 275 1,032 819 819 213 89
Dec. 1,508 275 1,233 819 819 414 174
Ave. 2216 275 1,941 819 819 1,122 471

In the year of average flow rate, the surface flow rate is larger than the required

extraction rate for the satisfaction of the water rights through the year. The

surplus surface flow rate (overflow rate at headworks) is in a range from 3,647

I/sec to 213 I/sec, averaging 1,122 1/sec. Grounwater is recharged from this

surplus water flow a volume of 471 1/sec (1,122 I/sec x 0.42 = 471 /sec).

(80 % drought flow)
Tocontasi | Consum. |Intake Point| Required Actual | Remaining| Recharge
(Upstr.) Extraction | Extraction in River
Jan. 1,614 275 1,339 819 819 520 218
Feb. 1,813 275 1,538 819 819 719 302
Mar. 1,830 275 1,555 819 819 736 309
Apr. 1,400 275 1,125 819 819 306 129
May. 1444 275 1,169 819 819 350 147
Jun. 1,521 275 1,246 819 819 427 179
Jul, 1,589 275 1,314 819 819 495 208
Aug. 1,470 275 1,195 819 819 376 158
Sep. 1,302 275 1,027 819 819 208 87
Oct. 1,168 275 893 819 819 74 31
Nov. 1,089 275 814 819 814 0 0
Dec. 1,091 275 816 819 816 0 0
Ave, 1,444 275 1,169 819 819 351 147
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In case of 80 % drought flow, the required extraction volume is within the
remaining flow rate at the headworks except November and December. In these
two (2) months, all the surface flow is extracted to irrigation canal so that the
groundwater cannot receive the recharge from the surface water. In other months,
the groundwater receives a recharge from the surface water in a range between 31
I/sec and 309 Vsec, averaging 147 I/sec.

Storage of the groundwater will be consumed in November and December.
However, this deficit causes no affect to the irrigation water use because
irrigation water is extracted from the intake before the recharge area from
Poconchile to Sagasca. Consumption of groundwater in the drought year is
compensated during the years other than drought year.

<Case 2: Existing Water Demand>

Existing real consumption of irrigation in sector I, II, and Comunidad Vilca
Loredo is estimated to be from 114 I/sec to 4,741 Vsec, averaging 250 V/sec, by
month, considering the cropping area and patterns. Water demand and real
consumption in the sector III, IV and V are also estimated by same method.
Irrigation water other than the volume of real consumption is drained to the canal
again and is used for the next irrigation sector; the canal water is used repeatedly
as the surface water of the Lluta River used for irrigation at present. Following

water disribution is analyzed on the basis of these conditions. Detailed
calculation is shown in Table B-II, 3.3 and 3.4.
(Average Flow)
Month | Tocontasi| Consum. |Intake Point| Required Acwal |Remaining | Recharge
(Upstr.) Extraction | Extraction | in River
Jan. 2,887 448 2,439 433 433 2,006 843
Feb. 4741 446 4,295 431 431 3,864 1,623
Mar. 4222 393 3,829 1,212 1212 2,617 1,099
Apr. 1,759 193 1,566 878 878 688 289
May. 1,809 150 1,660 709 709 951 399
Jun. 1,802 118 1,684 583 583 1,101 463
Jul. 1937 114 1.823 156 156 1,667 700|
AuE._ 1,746 128 1,618 189 189 1,429 600
Sep. 1,542 164 1,378 859 859 519 218
Oct. 1,332 201 1,132 927 927 205 86
Nov. 1,307 236 1,071 1,056 1,056 15 6
Dec. 1,508 407 1,101 1,209 1,101 [i) i)
Ave 2,216 250, 1,966 720 711 1,255 527
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In case of average flow, the surface flow rates are larger than the water demand
except in December. Extraction rate to canal satisfies the required water demand
from January to November. The surface flow rate at the headworks in December
is 407 I/sec which is originally smaller than the actual water demand. Therefore,
the extraction rate in December is limited to 1,101 1/sec which is the total flow
rate at the headworks.

Average of surplus surface flow rate is 1,255 I/sec which recharges the
groundwater a total volume of 527 I/sec .

(80% Drought flow)
Month | Tocontasi| Consum. |Intake Point| Required | Actual |Remaining| Recharge
(Upstr.) Extraction | Extraction

Jan. 1,614 448 1,166 433 433 733 308
Feb. 1,813 446 1,367 431 431 936 393 .
Mar, 1,830 393 1,437 1212 1,212 225 95
Apr. 1,400 193 1,207 878 878 329 138
May. 1,444 150 1,295 709 709 586 246
Jun, 1,521 118 1,403 583 583 820 344
Jul, 1,589 114 1475 156 156 1,319 554
Aug. 1470 128 1,342 189 189 1,153 484
Sep. 1,302 164 1,138 859 859 279 117
Oct. 1,168 201 968 927 927 41 17
Nov. 1,089 236 853 1,056 853 0 0
Dec. 1,091 407 684 1,209 684 0 0]
Ave, 1444 250] 1,194 720 659 535 225

In case of 80 % drought flow, flow rates are less than required flow rate, except in

November and December. In these two (2) months, extraction rate to the

irrigation canal is limited to the surplus water rate at the headworks. Averagd

surplus flow rate is 535 I/sec which recharges the groundwater a total volume of .
225 V/sec.

Restriction by Distribution of Aquifer

Groundwater development potential area is considered from Chuilona to Rosario.
Distance between both sites is approximately 14 km. In this clause, the possible
number of well construction is analyzed. Conditions of well construction are planned
as follows;

Diameter of well : 17-1/2" (444.5 mm)
Diameter of casing 112" (318.5 mm)
Production rate : 25 I/sec
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Allowable draw down :40m
Drilling depth :120-150m

Radius of Influence

The radius of influence is defined as "the radius of area where the draw down is 10

cm when pumping.” Radius of influence is given by the following formula after

Theis Equation;

Q
001= W), u=
0.00 (u) u

RS
4T

Then, R=1/4—Sﬂ‘—u

where,

~ O

Ld

W)

: Production rate (m3/sec)

: Radius of influence area by pumping (m)

: Time of pumping operation (sec)

: Transmissibility (m3/sec/m)

: Well function of Theis

: Confined aquifer---Storage coefficient

: Unconfined aquifer---Effective porosity (assumed to be 0.2)

In the lower reaches of Chacabuco, the aquifer is considered to be a confined one.

Radius of influence is rather large in this area. On the one hand, it is unconfined one

in the upper reaches of Chacabuco. Accordingly, radiuses of influence are estimated

by using storage coefficient for the confined aquifer and effective porosity for the

unconfined aquifer. The deep aquifer will become unconfined after the water level

withdraws up to the top of the aquifer bed. Therefore, the estimation of the radius of

influence was made on the both cases. Estimated radiuses of influence are as

follows;

Case 1 <confined aquifer: S= 10cm>

R(m) | Q(m3/s) T (m?/s) t(s) S

J-A

411 0.025 2.63E-04 86400 |1.60E-03

J-B

2689 0.025 3.59E-03 86400 [4.72E-04

J-1

2556 0.025 4.26E-03 86400 [1.60E-03

J-2

12114 0.025 1.73E-03 86400 |6.60E-06
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Bl Lluta River
Case 2-1 <unconfined aquifer: s= Imm>
R(m) | Q(m3¥s) | T(m?s) t (s) S
J-A 56 0.025 2.63E-04 86400 [2.00E-01
J-B 169 0.025 3.59E-03 86400 |[2.00E-01
J-1 181 0.025 4.26E-03 86400 [2.00E-01
J-2 125 0.025 1.73E-03 86400 |2.00E-01
Case 2-2 <unconfined aquifer: s= 10cm>
R(m) | Qm¥s) | T (m%s) t(s) S
J-A 37 0.025 2.63E-04 86400 [2.00E-01
J-B 84 0.025 3.59E-03 86400 [2.00E-01
J-1 78 0.025 2.63E-03 86400 [2.00E-01
J-2 70 0.025 1.73E-03 86400 |2.00E-01

Radius of influences are generally large in the confined aquifer, from 411 m to
12,114 m, averaging 4,443 m. They are generally small in the unconfined aquifer.
The aquifer will become unconfined one as mentioned above. After becoming
unconfined aquifer, the influence radius of the deep aquifer also become small,
between 37 m and 84 m for 10cm of draw down, and between 56 m and 181 m for
1 mm of draw down. If pumping will be continued more than 24 hours without any
rest, the radius of influence will become more wide. The spacing of production wells
is, therefore, proposed to be 500 m considering the safety side.

Extent of potential groundwater development area is approximately 14 km as
mentioned above. Then, the possible number of well construction is given below;

n=14,000 (m)+500 (m)= 28 (wells)

The number of wells should be decided considering the peak demand and the spare
wells. The number of emergency well (for peak demand) is 1.3 times of production
wells for average demand and the ratio of spare well is 20 % of total well number
(production well and emergency well). Thus, the numbers of well are calculated as
follows, considering allowance;

- Production well 17 wells
- Emergency well 5 wells
- Spare well 4 wells

Total 26 wells

A total production rate for 17 wells comes to 425 1/sec (= 25 I/sec x 17).
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344 Conclusion
The groundwater development potential in the Lower Lluta Valley is decided to be

425 V/sec considering the results of 3.4.1 to 3.4.3. For this volume of development,
new irrigation system is necessary to construct as discussed in 3.4.2.
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Table B-1I, 3.1 Groundwater Quality

91 -1

<Calidad de Agua Subterrdnea>
FEALTH SIGNIFICANCE
TYPE WELL NO. NAME TEMP| pH [TOS | Ca Na | K [ 504 | & [conlHcoa] noo | As F lcd] e | m 8 Fo_| Mn Z cu | A
( C) ma/l |mg/l ma/l |mg/ Imgs Img/ Img/l Imgn Imgn |mg/s_ Iman mg/l |mg/t | _mg/l Img/t |mgn |mgst  |mgn |mgn
[STANDARD) s.0.8 5| 1000 125 200 250 250 10.00] 0.0s0] 1.50]0.005]0.050[0.050 0.30] 0.10] s.000]/1.000] 0.20
SPANG V-1 |BOCANEGRA Jul-83| 20.7 8.1] 1527| 166 48] 271] 32.0] 482 489 41| 7.786 ¢0.00_,§ 0.47]0.002]/0.040|0.020]182.54] 0.01] 0.03] 0.018]0.024] 0.30

Oct-93] 20.7] 6.3] 1585] 159] 50| 276] 34.0] 488| 529
|(Average) | 20.7] ©.2] 1556| 163] 49| 274]33.0] 476] 514
V-2 |POCONCHLE Jul-83) 22.1 7.5 1883| 238| 52| 329]|33.5] 578| 585

Oct-93] 21.5| 7.6] 1954 227] 53] 331]37.0] 528| 616
Average) | 21.8| 76| 1968 232|52.5] 330|35.3] 552| 605

42| 6.27| 0.044| 0.57/0.004|0.010/0.010] 32.10] 0.04] 0.01] 0.030/0.033] ©.50
42| 7.02| 0022] 0.52/0.003/0.025]0.015/107.32] 0.03] 0.02| 0.024|0.029} 0.40
149)10.78] 0.04€| 0.68/0.002/0.040/0.020| 16.92] 0.01| 0.03| 0.007{0.027} 0.10
153] 9.24] 0.052| 069/0.005/0.030/0.020{ 19.55| 0.02] 0.01] 0.023{0.025] 0.10
15111001) 0.049[ 0.6910.004[0.035(0.020] 18.24! 0.02] 002] 0.015|0.026] 010}

Average 21.3] 6.9]1762] 197] 50.8] 302| 34.1] 514]| 560 96| 8.51]| 0.036] 0.60 n.og‘wo 0.018] 62.78] 0.02] 002] 002/0.027] 0.25

SHALLOW N-0 [Villa Frontera Jul-93| 23.4| 7. 4| 3407] 334) 124 628) 71.2] 913[1241 B7| 9.68| 0.006] 0.57|0.003{0.050{0.020] 18.05 0.51| 0.186|0.051] 0.30
AQUFER Oct-93] 23.8] 78] 3510] 389] 137]| 580/ 68.0] 9411308 85| 1 64| 000S| 1.10{0.001|0.020/0.010] 10 34| 542| 0.02| 0.063|0.044| 0.30
(Average) | 23 6] 7.6] 3458] 361] 131]| 604| 69.6] 927|1274 86| 566| 0.006] 0.84/0.002/0.035/0.015| 14.20] 2.71] 0.27] 0.125|0.048] 0.30

N1 |Villa Frontera Jul-93| 24.1) 7.0| 2785] 335] 113| 416]53.0] B89| 888 79 12.;3-1 0.014] 0.39/0.004/0.040/0.020| 16.92] 0.10| 0.04]12.820/0.032| 0.10

Oct-93| 23.2 7.2] 2920] 331] 112| 428| 56.0] 975]| 936
(Average) | 23.7] 7.1]|2852| 333 112| 422 54.5| 932| 912
N-2 |Vila Frontera Jul-93] 249 6.5| 2628] 329| 107] 378] 51.2] B845| 841

Oct-93] 25.5] 6.9] 2715] 321]| 105| 386] 53.0] 884] 898
(Avarage 25.2 8.7/ 2672] 325] 106| 382| 52.1] B65]| B69
N-3 |Villa Fromera Jul-93] 21.5| 6.5| 3126] 304] 96| 580| 71.2| 875] 975

Oc1-93] 22.1 68| 2088] 273] 88) 552| 57.0]1 975] 928
(Average) | 21.8 6.6] 3057| 289] 9 566 64.1] 975]| 9852
N-5 |Vilia Frontera Jul-93] 23.8 6.9] 2657] 201 93] 476 58.0] B21| 802

Oct-93] 238 7.2] 2800] 287] 92| 469| 58.0] B865] 928
(Average) | 23.7 7.0] 2729] 244 92| 473] 58.0] 843] 915
N-6 [Villa Fromera Jul-93]| 23.5| 68| 2982| 336| 106| 506] 53.8] BB4]|1022

Dct1-93| 24.1 7.0] 3075| 338] 106] 511] 56.0] 922|1069
(Average) | 23.8] 69| 3028| 337| 106] S08| 54 9] 903]1045
N-8_|Villa Froniera Oc1-93| 24.1 7.0] 3931 465] 144| 816] 63.0] 1013|1544
N-9 |Villa Frontera Jul-93] 24.5 6.7] 3397) 479] 154] 437]| 55.0] 8841316

Oct-93] 23.1 74| 3553 490] 154]| 469] 59.0] 9503|1415
tAvaragaI 23.8 7.0] 3475| 485| 154| 453| 57.0 Bg_:_i. 1366

75] 7.30] 0.011] 0.43]0.003/0.030/0.010] 23.13] 0.30] 0.04] 4 220/0.027] 0.40
77| 9.83] 0.013| D.41[/0.004]0 035/0.015] 20.03] 0.20| 0.04] 8.570/0.030] 0.25
69) 8.08| 0.016| 0.42/0.003|/0.400/0.010] 17.95| 0.04f 0.03| 0.010/0.031| 0.10
E1] 680] 0019] 0.45/0.004/0.020]0.020] 19.03] 002] 0.01] 0.026/0.027] 0.40]
65| 7.44| 0018] 0.44|0.004|0.210]0.01S| 18.49] 0.03| 0.02| 0.018/0.029] 0.25
120 4.87| 0.076] 0.94/0.003/0.030/0.010| 21.12] 0.34] 0.07] 0.132]0.037| 0.10
104]/11.65] 0.128] 1.05/0.005]0.010}0.030] 36,88 0.22] 0.03] 0.070]0.033| 0.40
112] 8.26] 0.102] 1.00{0.004/0.020{0.020] 29.00| 0.28] 0.05] 0.101|0.035] 0.25
92]15.04| 0.037] 0.83/0.003/0.030]0.010] 17.03] 0.04} 0.05] 0.024]0.031] 0.10
93] 7.90| 0.041| 0.76/0.002{0.010/0.010] 20.31] 0.11| 0.02] 0.409/0.032] 0.20
93)11 47| 0039] 0.80]0.003|0.020]0.010] 18.67| 0.08] 0.04) 0.217]0.032] 0.15
68) 7.01| 0.028| 0.66/0.002/0.030/0.020] 1805] 0.21] 0.10] 0.036/0.036| 0.10
68) 543] 0.036| 0.56/0.002|0.010]0.020} 21.74] 0.08] 0.01| 0.046/0.036] 0 20
68) 6.22] 0.032| 0.61]0.002|0.020]0.020] 19.90] 0.15] 0.06| 0.041/0.036] 0.15
77| 8.86] 0.033] 034]/0.002}0.02010.010| 13.92] 0.13] 0.02] 0.128|0.046| 0.20
49|23.06] 0.023] 0.34/0.003|0.040|0.020) 16.31] 082] 0.25| 0.736/0.037| 0.70
48114.39] 0.020] 0.44]0004/0.020]0.010] 1827 0.16] 0.02] 0.200/0.027| 0 40
49118.73| 0.022] 0.3910.004]0.030{0.015] 17.20] 0.49] 014] 046810.032] 0 55

Averaga 23.7] 7.0l 3150] 3ss] 117] soa]l s9.2] 919[1110 78] 958] 0.033] 0.60]0.003]0.049]0.015] 18.94] 0.51] 0.08 1.208[0.036] 0.26
|o== 012 11 100-2 |ROSARO Jul-93| 21.6] 6.8 3211| 31s] 87| 610] 73.5] 961[1071 64/21.99] 0.039| 1.15/0.004[0.040{0.020] 24 50| 1.38] 0.10] 0.351|0.039] 0.20
ACUFER oct-2a] 21.1] 68] 3401 324] 103 e16] 75 0] 1085]1107 81| 9.51] 00so| 1.12]0.005]0.020[0.010] 3010] 0.13] 003] 0.085]0.039] 0.40]

(Average) | 21.4] 68| 3306] 318] 100]| 613 74 1023|1089
012 11 _101-0 CARCEL DE ARICA Oc1-93] 26.8 7.0| 2982] 258] 85| 437]| 49.0] B845] 791

73]15.75] 0.045] 1.14]0.005/0.030}0.015]| 27.30] 0.76] 0.07] 0.218]0.039]| 0.30
79] 458| 0.035| 0.72|0.005/0.010/0.020] 11.87] 003] 001} 0 041]0.028] 0.30

ojlolojojololololofololoiojojojololojojojojojojocloplololojololojojolololojo|o

DGARCA | J-1 |CHACABUICO Feb-94} 24.5| 6.9] 3075] 338| 105| 612] 65.5] 875/1063 148| D 41] 0.048 0.015/0.020/0.080] 24 50] 226| 3.85] 3.220{0.022] 0.10
DGAJICA | J-A |LLUTA Feb-84a| 254 7.1]|3028] 239 85| 451|52.0] 625| 839 104) 0.54] 0.009 0.012]0.020]0 050] 19 24| 6.60] 0.94| 0.680]0.014] 0.20
DGAICA | J-2 |LLUTA Feb-94| 23.1| 66 3931| 289 74| 515|600/ 825 908 104] 1. 43] 0.019 0.012]0.020]0.060| 23.45] 0.0S5] 0.05] 1.420/0.014] 0.10]
DGANCA | J-B |PANAMERICANA Feb-84| 23.7] 69)3397| 296] 93| 460 51.0] 750] 868 78] 0.74] 0.005 0.01410.02010.040] 19.45] 0.28] 0.03] 2 070/0.013] 0.10
Average 23.7| 69]3289] 295| 92| 529]60.9] 852| 948| 0 94| 560) 0.029] 1.00/0.010{0.021/0.040| 21.87] 1.53| 0.72]| 1.124|0.024| 0.20

(Notae) V: SPRING, N: DUG WELL { No. of spring and dug well ara temporary.),
SAMPLED AND ANALYZED BY DGA AND JCA STUDY TEAM IN NOVEMBER 1890,
SAMPLES OF JCA WELLS WERE TAKEN AFTER PUMPING TEST OTHERS WERE SAMPLED WITHOUT PUMPING (WELLS WERE NOT IN USE ).




Table B-I, 32  Water Distribution to Irrigation Canal (by Water Right)
<Distribucién de Agua al Canal de Irrigacién>

Accién between Tocontasi and Sector Il = 687.2 Acc.
x0.75= 515.4 Usec (n)
Water Right (Vilca-Loredo) = 35.5 Usec ®)
Total Demand (Tocontasi-Sector [11) = 550.9 Usec (a)}+(b)
() 2) 3 (4)  (3+(9)
Accidn Acc.x 0.75 |Water Demand [Real Coms. [intake/Canal | Distribution |Remainiog |Return  [Canal(2)
(Usec) (Usec) (Usec) Usec) (I/sec) (Usec) ) |(Usec)
Sector M [Kesler 4.70 153
Right Baok [Pro-Chile 65.90] 49.43]
Garcia 5.00 375
La Palma Uno 23.00 17.25
Ls Palma Dos 36.00 27.00] 101.0| 50.5 140.3 101.0] 39.4] 505 89.8|
Visconti 119.50 89.63] 9.6 44.8 89.8| 89.6] 02] 448 4513'
Kesler Gil 60.00] 45.00] 45.0( 25 45.0 45.0] 00f 225 225
Sub-Total 314.10 235.58 235.6 117.8
Laft Bank 22.40] 16.80
7.08 5.31
23.90 17.93
83.80 62.85
19.00] 14,25
20.30| 15.23
31.63] 23.7g_l
Sector TV 18.70 14.03
93,60 70.20 240.3 120. 678.5 240.3 4382 1202| 5583
158.45] 118.84 j
10.50] 7.88 126.7 63. 558.3 126.7 4316] 634 4950
155.00 116.25 116.3 58.1 495.0 116.3 378.7] 58] 4369
155.00 116.25]
10.00 7.50} 123.8 619 436.9] 1238 313.1 619 3150
123.00 92.25 92.3 46.1 375.0 92.3 2827]  461] 3289
1?.3.00| 9225 92.3} 46.1 328.9 923 236.6 46.1 2827
1875 14.06
n.z_sI 8.45 22.5 1.3 2827 225 2602 1.3 7718
1085.37 814.03 814.0 407,
Sector V 24900  249.00]
30.00] 22.50 271.5 135.8 7715 2715 00{ 1358 1357
8.00 6.00
5.00] 3.75
2.00] 1.50 11.3 5.64 135.7 11.3 124.5 56 130.1
32.00| 24.00]
39.19| 29.39|
4&.83[ 35.12 BB.S 44.3 130.1 88.5 416 44.3) 85.9)
412.02 371.27 1
1399.47]  1049.60] 1049.6 524.8]
1049.60 524.8
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Table B-11, 3.3 (1)  Actual Water Demand and Real Consumption
<Demanda Actual de Agua y Consumo Real>

Sector TV [ArelTano Be 18T ; 70 (3 . . ; A ' u,t"::l T T,
Caten —1 : : ; ; i} T1 [#] Y na D. T 17
[ ; . - ; ; y 53 57 0 165 ) I
Alanoca 0. 1 b 11 ] L. I 0 [k =1
710 ; g ¥ ; g ) IS ; —— YA 73
T o0, 11 T0. 0 X ] H T ; i3] 0.0
] . : . r AT R LK | 0 3 pLF B0
avo ; T T3 5] I 3 00 34| T. g 0 3
ravo Dos . 3 ; T B0 X3 T k] 1] T2

mg 35.0 120 225 2 0.6 361 134 1331 334 163 Ll
W [ 7. 40, 3:3 [K) 1 134 1.7 17 17.8)
[ 0.0 1 27 10 0.0, 5.0 00| 0.0, 4 A
[T o &7] a.i 3 O 0.0, 13 £ [ 0.0) s[ [X
[ 07 7 D0} 0.0) 22 3 n% .0 13 K
[ ﬁ 20, % 0] 28 [T 7 [ 3 [ 1]
48 1.3 163 19.5 52 A7) n9) 03 il 17| 3 101 19.1
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Table B-I1, 3.3 (2) Actual Water Demand and Real Consumption
<Demanda Actual de Agua 'y Consumo Real>

Ape.

[ Tight Bank [Kesler
|sectorm  [Fro-CHIE

L2 Palma Uno
Palma Dos

Sub-Toul
|hn Bank
Sector Il L&

[Scior V- [Arllano Beyzan
e

Alanoca
U;.mlm

p
vo Uno

b-Total




Table B-II, 3.3 (3) Actual Water Demand and Real Consumption
<Demanda Actual de Agua y Consumo Real>

Demand
=3

[ o
e o Wi TP e TreaT
o [} 0 (K} I (K]
T3 % i | ) |
0.7 3. 0.2 Al 1.5
T k] S ] o 5.91
0. 27. 10.1 E 01 a
: i%‘ﬂ n: : 2111 :'0
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Table B-I1, 3.3 (4) Actual Water Demand and Real Consumption
<Demanda Actual de Agua 'y Consumo Real>
Jul
Fxisting Im, Area “Witer Demand (sec)
3 aize | Vegeuble) re [ Total
R 3 6. 0] 0.7 D.# 0.
Right Bank 1 0 Al 7T pAl
A 0.0 0.3 i 1
I ] b
:_ J.- 9.
[ ¥ I.OI ll.a
13. 33 .
Tank
|Sector M 41
o
LX
77
[+
14
|Secwoe TV
Aug
[ Tight Bank
|Sector [0
Lefi Bank
Sector III
=T




Table B-II, 3.3 (5)

Actual Water Demand and Real Consumption
<Demanda Actual de Agua 'y Consumo Real>

Sep
Right Bark
Sector 1
Bank
|Sector I
[Secior TV [Arellano Beyzan
o™ AN
lanoca
[Chacsbuco
ll‘uﬂ
Sascans
5Elw:l Uno
Bravo Dos
Sub-Totl
Oat.
gation Area sler ) Real Comsumption
WMaize Ble] Pasture | Fallow | Tow] §| Maize |Vegewble] Pastwre [Totl Wialze |Vegeuable] Pasture 1ol
[Secior I [Kealer 0.0 3 ; 1 2 0.0 1 )] T1 _U'D‘}_E‘_ X 00 03
Right Bank (Fro-Chile 180 5.0 1 pif T D2 30 3 3T Ll ] 19 3
Carcla 17 0.7 T K| [ 3 0.6 T2 3 L. k| 0. 14
T Palma Uno T80 10 3 3T Ky i I. 3 n.H T2 ; T3 LX)
[T Palma Dos T - B o) I LT 37 (L) X T3] 3 oAl 1T,
3 ; ; 1 ; 457 2 b :
i3 ST TT3[— 3561427
m T8 - Fr[ a0 W 0] (X3 0] i | 00| 0] j
Tuanca L8 ’ . I. 7. ngf oﬁ T i | B0 04
; 0 0. ! i (3 (%) Ik 00 b 2
[Poconchile i 13 37 TIT. 04 124 TET ¥ ¥ 3 pil)
nco Sia. Rosa k]| T LK) n.l‘i 5 [ T :
Yyorca A p L5 a7 ) 7 1K 39 J Z 3
usncarane k) E 13! 334 3. 14 & 23,
|Secior IV [Arelfanc Be TE 0.0 z.gl [ 1] T. ik ? ] | LK
'E“T"‘Jm - T8 0 5 00| 130, 0, [¥) ; T 04| 3 5
E!lirm"E - 1383 T 76 T 280 : 8 213 TT0[ : 3 C
(Alanoca 0. .0 T, ] : 0. 0. T3. 17 ] 1) 3
(Chacabuco 00 0 X : 3 i X ; 3 T2 31 I3
Dominguex 0.0] 0. 0. 0.0 10, 11. I : [&] I I .
Sascaps 2380, 10, : 2 0. LK) N 102 aT1 83| 18.
vo Uno TE. T 13 93 Ty piK) 32 I. pid 3 T. ’ ]
Dos 3 k) (1 3 i1 12 T [1] 15 30 1] 1 [
5 ; : ; g X : 30 1A
173

I - 22




Table B-11, 3.3 (6) Actual Water Demand and Real Consumption

<Demanda Actual de Agua y Consumo Real>

Nov
Existng Im Water Demand (Usec) | Real Comsum,
Maize Total Maize [Vegetble] Pasture
Sector I 1 1! [ B 15 LAl p &
o] S A L8 7 LK) ;
Paima Uno liﬁ 2.0 ) : KT K| ;
La Palma Dos L1 [ &
scont] f 3l b
; 03]
Sub-Total 477
Leh Bank
Sector Ja 0.0] 34 1
uanca . C4d |
eros. 33 L8 5
z 3 2. 3
St Rom 04 i3 1
il b | 3 4
uRNCarENe 16.1 1
L I{_ T a H I
Arellano Beyzan 3. L&) 0.0 13
e 5 [ T8 : L 1) . K
uro |~ A4S B L
Alsnoca | I53 3 04 0.6
ﬁ o 00 5T
13652
Dec.
Exising Im —Waicr Demand Real Comsumption
i Le [ c ola ALEE [ o 1L
Ter 7 : 3 ; -
Te Ril [ i : ¥
Secior T (Garcla ﬂ 1) k| [ 3 T | X T 03 ) ¥1)
Right Bank (La Palma Una 18! p X X 0 2L T 13 piA | |3 [1) 10
s Dos s 3 g.g LEX I [§) 0.6 L7 T [1]




Table B-II, 3.4 (1)

Water Distribution to Irrigation Channel(by Demand)

1/6

<Distribucién de Agua al Canal de Irrigacién (por Demanda)>

Jan. 1 p) [©)) [0) 3]
3icr Demand|Real Coms. |Consum. mm‘ﬂﬁhﬁﬁ;"ﬁmw et | (3)+4)
(I/sec) (I/sec) 1’ (I/sec) (I/sec) | (Wsec) | (lsec) | (I/sec)
[Rester 1.9 0.
Right Chile 3T, :
a 1..5 1-‘-
Uno 6.0 32
Dos 31 24 89 688 81 69 12 30 42
Viscont pr X 122 12. 22.8) 42 23 20 11 30
Kesler Gil 30.2 16. 16.7 30.2 30 30 0 13 13
Sub-Total TITS 579 67, :
|Left Bk [CaTsla 36.4 130
[Huanca 10. %)
m 43. 19.
ile TR 41,
[Barranco Sta. Rosa LK) 3
ayorca 10.2 57
 Huancarane 24.6 13.6
Sector IV [Arcllano Beyzan 2.5 1.5
[Cora Beyzan 73 43| 1119 2183) 351 218 133) 106 239
<1 Muro 524 259 I
Alanoca 24 12 71| 548 239 55 184 28 212
Chacabuco (1) p]| 113 13| 231 212 2 180 12 201
Chacabuco (2) 23.1 113
Doming 0.0 0.0 11.3] 231 201 23 178 12 189
&ri.p.(n 24, a13| _ a1s| B4 189[ CE 103 a3 143]
scapa (2) 4. a1s a15| B4 12 63 k] 106
[Bravo Uno 6.2 31
ravo Dos 37 .8 49 9.9 106 10 96 5 101
Sector V Hermoso 543 26.7
Aica Gonzilez 10. a8 315 646 101 65 37 13 70
(M. Beovic 99 59
(ba Pie.Chacall. 8.3 5.0
Ambrosio Flores 25 i 124] 207 70 21 49 8 58
o 30 14
[Reneliciencia 334 8.1
212 110 305 576| 58 58 0 yij 27
Sub-Total 7] 324 324 641
Total 763 392 392 763
Feb. (1) 2) G) | @ (5)
Water Demand[Real Coms. [Consum. [Demand [intake/Canal| Distributionf Remaming Retwrn | (3 -Hj\)_
sec) (Tsecy (I/sec) (sec) | (Useer | (sec) TI’E(‘.
T |Resier B .
Right Bank{Pro-Chile 53.6 312
Gurcia 2.$ 14
[Ca Palma Uno 3 3.2
_a Palma Dos s 24 388 686 81 69 13 30 42
Visconti 227 122 12. 2_?.7' 42 23 20 11 30
s 301 16.7 16.7] _ 30.1 30 30 0 13 13
Sub-Total 214 67.7 67.7] 1214
|Left Bank 1sla 36.3 15.0
Huanca 10.5 4.7
i 431 19.
'oconchile 13.6 41.6]
Barranco Sta. Rosa 9.8 57
Mayorca 10. 5.7
{ {uancarane 246 13.6
Sector IV &no Beyzan 2.5 1.5 L
T3 42| 1116l 2179 350 218 132 106 238|
Muro 523 259
Alanoca 74 T2 271|547 238 55 184 28 211
'thlabuao(l) PN | 3 T3 231 210 pk]| 88 ] 700
Chacabuco (2) 1 1.3
Dominguez 0.0] 0.0 113 231 200 23 177 12 189
Sascapa (1) B, 414 a14] B4S Iiﬁ‘ B 104 43| 147
Sascapa (2) 3 a4 [1E 4. T [ %) L&} 106,
Bravo Uno 6.2 31
[Bravo Dos 7. : 49 9.9{ 106 10 96 5 101
|Secor V| Valie Hermoso 34.2 26.6 |
ica ez 102 [} 14| 644 101 64 37 13 70
z ic 9.9] s,
[F5a Pie. Chacall %) 30
Ambrosio Flores 25 I 124] 206 70 21 49 8 57
[Bellex 70 T4
iciencia 333 18.0
Santa Roza 211 110 304| 574 57 57 0 27 27
Sub-Total 640.1 3231 3231 6401
Total 761.5 3909 3909 7615 Total Extraction 431
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Table B-II, 3.4 (2)

Water Distribution to Irrigation Channel (by Demand)

<Distribucion de Agua al Canal de Irrigacion (por Demanda)>

Mar. l [{)] () 3 1 @ 3)
Water Demand{Real Coms. |Consum. |Demand ¢/Canal | DistributiofRemainingReturn | (3)+4)
{Ifsec) {I/sec) (I/sec) (Usec) | (Usec) | (Usec) [ (Tfsec)
[Secior T [Rester 5 U
Right Bank{Pro-Chile T .
CGarcla 6.6 30
Ca Paima Uno 268 1.
3 Palma Dos 323 21,2 733| 1582 229 158) 71 85 156
isconu 133.6 64.9 64. 6l 156 I% 0 91 91
Kesler Gil T8, 356 ; 91 12 a3 53]
Sub-Total 3923 :
[Left Bank [CaTsla 322 133
Huanca 9.2 42
indcros 38.0 173
125.2 60.8
Barranco Sta. Rosa 19. 95
Mayorca 26.7 12.0
Huancarane 6d.1 29.0
Sector TV ano Beyzan 21.3 11.4
yzan 132.3 341 2115 4747 983 475 508] 263 772
El Muro 259.3 108.1
Alanoca 16.2 67 1148 2;:3%' 7 276 496| 161 657
Chacabuco (1 228.9] 934 93.4] 228 637 229 428 136 363
Chacabuco (2 2789 934
inguez 13.5 34 98.7| 2424 563 242 21 144 465
Sascapa (1) 2401 102.8] _1028] 240.1 63 240 223|137 362
Sascapa (2) 240.1 102.8] 1028 2401 362 240/ 122] __131] __ 259)
Bravo Uno 30.7 128
[Bravo Dos 184 77 205  49.1 259 49 210 29 239
Seaor V [Valle Hermoso 1738 759
Aica Gonzilez 648 2775|1034 2387 239 239 ol 135 135
M i 99 39|
|E'ba Pre.Chacall. 83 30
ores 25 T. 124 207 135 21 115 8 123
|Belie 0. 0.0
chiciencia EEN] 17 L
anta Rosa a7 193 369 74.8] 123 75 48 I8 86
Sub-Total 2,084.0 8971 BOT1 20849
Total 24774 10709 10709 24774 Total Extraction 1212
Apr. Jﬂ (1) (2) [€) I ) ()
T Water Demand]Real Coms. |Consum, | Demand || Intak e/Canal | Distribution iningRetumn | (3)+H4)_
m (1/sec) (I/sec) 1!-I (I/sec) (I/sec) (I/sec) | {lsec) | (Ifsec
esler 1.0 0.
|Right Chile 34,7 78,
CGarcia LA =3
[Cs Palma Uno 210 4
Ta Palma Dos a1 16.7 56.7]  123.0f 179 123 56 66 122
Visconti 122.1 9 309] 1221 122 12 0 i i
Resler Gil (K] 776 776|613 71 1 T0 k7] L7
Sub-Toal 306.4 135.2] 1352 3064
|Left Bank [TaTsla 63 78
uanca 24 ¥
inderos 12.7 s.H
chile 36.9] 35,
ArTAnco Sia. Rosa 15.3 73
Mayorca 20.8 94
Huancarane ~30.0 225
Sector [V [Arellano Beyzan 21. 89
104.0 224] 1481 13297 700 330 370, 182 552
[ET Muro 203.7| K]
Alanoca 12.7 33 90.1 2&3;3 552 216 335|126 462
Chacabuco (1) TE0.0 T34 TI4| 180, 167 —180] 282 107
Chacabuco (2) 180.0 T34
Domin gﬁ a 776 1906 gss i% 133 15% g;é
'S._Emp. 1884 805  B0.5| 1884 11 i 1
Sascapa T8R4 503 mi%;l 730 188 B[ 1081
[Bravo Uno 74.1 10.0
Bravo Dos 14.3 60 161 386 150 39 111 23 134
Seaor V| Valle Hermoso mo.a 436
Aica Gonzalez 1. 53] s71| 1333) 134 133 0 76 1l
“Beovic 5.; 30
(T ba Pie Chacall. T 33
Ambrosio Flores 1.6 1.0 82 136 77 14 63 5 68|
[Bellet 7 10
[Beneliciencia T Ta.1
Santa Rosa 27.1] 12. 276] 567 68 57 12 29 41
Sub-Total 1,935.3 6592 6592 1.9,
Total 1,841.9 7944 7944 18419 Total Extraction 879

I - 25
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Table B-II, 3.4 (3) Water Distribution to Irrigation Channel(by Demand)

<Distribucion de Agua al Canal de Irrigacion (por Demanda)>

May () (2) Q) | @ '(5'(237'
Water DemandReal Coms. | Consum. Dcmmdhmlkc&ml Distribution Remaining Retumn )
(Tsec) BI(Lrse-:) (Ifsec) (Isec) | (sec) | (Usec) [ (Iec)
Secior 111 |Resier T X}
Right Bank|Pro-Chile 331 322
Garcla 4.1 1.8
s Palma Uno 16. (o
T2 Palma Dos 334 13.5 451 983 144 98 46 53| 9
Visconu 98.8 CIN] a1.1 98‘S| 59/ B 0 38 38|
Resler Gil 397 721 21| 49 38| a9 g 27 36
ub-Total 246.4 1083 108.3] 2464
|
|Left Bank [TaTsla 5.1 23
Huanca 1.9 1.0
10.0 33
chile T7.0 37.0
wranco Sta. Rosa 12.2 S8
Mayorca 16.7 15
Huancarane 40.1 180
Sector IV ano zan 173 1.2
Cora Beyzan B4.3 344 1184 2646 565 265 300] 146 447
|ET Muro 1635.0 686
Alanoca 10.3 43 729 1753) 447 175 271 102 374|
Chacabuco (1) 146.0 39.5 39. 146.0f 374 146 87 314
Chacabuco (2) 146.0 59.5
Dominguez 8.6 34 629 154, 314 155 160 92 251
a 1324 630]  650] 1524 pL]] 132 ) 87 186
2 152.4 65.0 650 1524 186 132 k] 87 121
[Bravo Uno 195 (- §)
[Bravo Dos 1. 3.0 130, 312 121 31 90 18 108|
Secor V. |Valle Hermoso 814 35.2
Aica ez 76.4 109] 461 1078 108 108 0 62 62
M. Beovic 30 30
5'ba Pre.Chacall, [¥] 23
Ambrosio Flores 1.3 0.8] 63 10.4 62 10 52 4 56,
Bellat 1.7 0.
Beneliciencia 218 111
[Santa Rosa 21.7] 10.0 219 452 56 45 11 7 34
Sub-Total 1,239.7 5310 5310 12397
Total 1,486.1 6393 6393 1486.1 Total Extraction 709
Jun. (] _(2) 3) [ @ 3)
Water Demand|[Real Coms. | Consum. | Demand|[[ntake/Canal| Distributior] Remaining Return. | (3)+(4
(I/sec) {Ifsecy (I/sec) (Vsec) | (l/sec) | (Wsec) [ (Tfsec
Secior T [Resler 0T T3
rnim Bank|Pro-Chile 343 177
Garcia 34 1.
La Palma Uno 13, 35
Ca Palma Dos 3T, 11.2 366 802 118 80 38 44 82
Viscont B1.6 33.9 33. B1.6 82 82 0 a8 %
Kesler Gil 40.2 18.0 170 ang a8 a0 22
Sub-Total 202.0 BES RE3[ 20201
|Left Bank h.. Tsla [¥] 19
Huanca 1.5 08
|k$:m B0 a2
chile %24 798
Barranco Sta. Rosa 59 4.1
Mayorca 13.6 6.1
Huancarane 328 14.6
Sector IV [Arellano Beyzan LK) 50
Cora Beyzan 69.7 28.4] 96.4| 2165 465 217 248 120 3691
[FT™Muro 136.4 366
Alanoca 83 3 60.2] 144.9) 369 145 224 85 308
buco (1) Ifozg[ 493 493 1200 J08] T30 88 73 239]
buco (2) 120. 493
Dominguez P 29 521 128.0] 259 128 131 76 207
Sascapa (1 — 125.7 535 535 125.71 207 126 Bl 2 154
Sascapa (2 1257 333 333 123, T34 26 78 T 100
[Bravo Uno 16.1 6.7
[Bravo Dos 97 a0 107 258} 100 26 74 15 89
Sector V' [Valle Hermoso 67.1 289 9‘
Aica Gonzdlez K 50 380| 88 89 89 0 51 51
. Beovic 39 23
T'ba Pie.Chacall. 33 20
Ambrosio Flores ~— 1.0 0. 49 8.1 51 8 43 3 46
(Hellet T4 0.6
[Beneficiencia 17.3] 8
|Santa Rosa 177] 8.1 177 367 46 37 10 19 29
Sub-Towal 1,021.1 2362 4362 10211
Total 1,223.1 5247 5247 12231 Total Extraction 583

Il - 26
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Table B-II, 3.4 (4)

Water Distribution to Irrigation Channel(by Demand)

<Distribucion de Agua al Canal de Irrigacion (por Demanda)>

Jul. h (1) @2 1 ) (4) ,,L
Water Demand|Real Coms. ] Consum. | Demand | [ntake/Canal | Distributior] Remaining Return. | (3)H4
{Ifsec) {Ifsec) (1/sec) (I/sec) | (lsec) | (Usec) [ (I/sec)
[Sector T [Resier 12 o
Right [Pro-Chile 210 12.2
Carcla T. 0.6
Ima Uno 2,% I.‘;i
ma Dos 3 11 154] 274 33 27 5 12 17
Visconti 33 30 50 9.4 17 5] [ 12
esler Gil 12. [X] 67] 12 12 12 0 3
Sub-Total 9.0 pYA| I 49,
Left Bank Isla 4.1 18
|Eumcl 14 'O.Et
08 18 4.1
chile 294 16.5
[Barranco Sta Rosa 18 22
Mayorca 4.1 23
Huancarane 9.9 S,
|Sector IV [Arcllano Beyzan 0.9 0.6
Cora Beyzan 79 16 353  64.4] 124 64 60 2 89|
Muro 0.0 0.0 —il
Alanoca 1.0 0. 0.5 1.0} 89 1 88 0 88
[Chacabuco (1) 10.1 4.9!‘ 49 101 88| 10 78 3 [
Chacabuco (2) 10.1 4.31
Dominguez 0.0 0. 49 101 83 10 73 5 78
() B8 179 17 ; 37 [V 1
'S._mﬂmp. 2) 6.8 17 17, 36, ] 3 24 1 [}
(Bravo Uno 0.0 0.0
o Dos 0.0 00 0.0 0.0) 43 0 43 0 43
V' [Valle Hermoso 236 i
Aica ez 1% 31 136 283 4 28| L T
L ic 38 2.3
F'ba Pe Chacall_ 32 T
Ambrosio Flores 0.9 06 47 7.9{ 29 g 21 3 24
Bellex 1.4 0.6
ehciencia 13.7 73 DL I
Santa Rosa K| a6 125] 24 24 24 0 1 12
Sub-Total 219.1 1121 121 2101
Total 268.1 1391 1391  268.1 Total Extraction 157
Avg. (N (2) 3) (4) 3 ]
Water Dema; Coms, | Consum. |Demand|[Intake/Canal| Distnibutior| Remas (3
(Ifsec) {Ifsec) (Usec) (Usec) | (lsec) | (sec)
Sector 111 |Resler v. T
Right Bank{Pro-Chile 216 13.7
Garcia [H] — 06
Ca Palma Uno 2.7 1.3
s Palma Dos 2.3 1.2 173] 308 37 31 6 13 19|
Visconti 10.5 36 36 10, 19] 10 ‘g’* 14
esler 13.6 T3] T3] 13, 14 14 8 [
Sub-Total 339 03] 03| 4.
Left Bank Isla _45} 20
uanca 1.6 0.9
i [ a6
chile T30 83
arTanco Sta. Rosa 43 23
Mayorca 4.6 2
Huancarane 11.1 6.1
Sector IV [Arellano Beyzan T1 06
Cora Beyzan 3. 19| 397 721 152 2 80 32 112
[ETMuro 251 123
Alanoca 1 06 129 262 112 26 85 13 99
%_EWBM 18] 54 54 11 11 RH| 8 54
1.1 34
inguez 0.0 0.0 5.4 11.1 94 11 83 6 B9
apa (1) 0. 198 19.2{ 40.% g 4l L pi]
Sascapa (2) 0. 08198 40, a0 pi )|
Bravo Uno 3.8_’ 1.5 I '
Bravo Dos 1. 09 24 4.8 49 5 44 2 47
Seaor V| Valle Hermoso 26.1 12.7
Aica Gonzilez 5.0 23 15.1 311 47 31 16 16 32
“Beovic a3 76
Chacall. 36| 21
Ambrosio Flores 1 06 53 8.9] 12 9 23 4 26
Rellet T3 0.7
iciencia 153 82
iEanuRon 9§| 31 140 267 26 27 0 ni 12
Sub-Total 216 139.7 1399 2136
Total 3285 1700 1700 3285 Total Extraction 189

- 27
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Table B-1I, 3.4 (5) Water Distribution to Irrigation Channel (by Demand)
<Distribucion de Agua al Canal de Imgacwn (por Demanda)>

Sep. (1) (2) (4) (5
Water Demand[Real Coms. [Consum. | Demand|[Intake/Canal | Distributior] mmmg'ﬁuum (3)+(@)
(I/sec) (I/sec) (I/sec) (I/sec) (I/sec) | (Vsec) [ (T/sec)
Kesler 0.y 04
lewk 47.5 244
a6 2.0
hl:_;.ﬂ:wm 188 8.0
a Dos 371 3.1 499 1089 160 109 51 59 110
Viscontl 109.7 456] 456 10?7[ 110 110 0] 64 )
Kesla Gil 54.5 244 244 ;l 64 55 10 30 40
[Sub-Total 2732 120.0 12000 273
Left Bank [La Isla 5 26
uanca 2.0 1.1
inderos 11.1 iﬁ
chile 83.2 40,
Sta. Rosa 134 6.4
ayorca 18.5 83
uancarane 44.4 19.9]
Sector IV [Arellano Beyzan 9.2 80
yzan 936 382  131.1] 2932 699 293 406| 162 568
Muro 183.3 76.2
Alanoca 1.4 a7 809 1947 568 195 373 114 487
[Chacabuco (1) 162.2 66.1 66.1] 1622 487 162] 325 06 a2l
Chacabuco (2) 1622 66.1
Domin, 96 18 700 1718 421 172 249 102 351
lﬁ‘a‘ 169. 721 T21] 169, 331 169 182 97 779
2 169. T21| 721|169, pAL) 169 110 9720 .
Bravo Uno 21.7 9.0
Bravo Dos 13.0 34 144] 347 207 15 172 20 192
Sector ¥V [Valle Bermoso 145.6) 63.2
Aica Gonzdlez 36,8 194 B26] 1924] 192 192 0] 110 110
M Beovic 99 59
[F'ba Pie.Chacall. 83 50
Ambrosio Flores 23 13 124 207 110 21 89 8| 97
let 3.0 14
eliciencia 30.7 210
m 04 183 407 832 97 83 14 42 57
Sub-T otal 1.491.2 6425 6425 14912
Toul 1,764 4 7625 7625 17644 Total Extraction 859
Oct. ()] (2) 3 [ @ 3)
Water Do Real Coms. |G [ dfintake/Canal| Distributior{ Remaming Return [ (3)+(4)
(Ifsec) {Tfsec) (I/sec) (Ifsec) | (lsec) | (isec) <}
Kesler 1.1 0.5
Right Chile 371 79,
Garcia 54 24
T3 Palma Uno 221 G4
La Palma Dos 435 17.7 59.5| 129.2 189 129 59 70 129
Viscont 129.0 537 537 1290 129 129 0 7
[Kesler Gl 645 20, 290 64 T3 65 11 36 a6
Sub-Towal 227 Ta23] 1423 3732
Left Bank [Ca Tsla 6.6 30 .
Huanca 2.5 14
i 133 70
chile 101.6 490
Sta Rosa 16.0 76
Mayorca 219 o8
Huancarane 526 236
Sector IV [Arellano Beyzan 776 34 oL
109.9 448 1557 2347 738} 347 391 191 582
|ETMuro 215.2 B9.5
Alanoca 134 36 95.1] 2286 582 229 354 133 487
Chacabuco (1) 190 778 TI6] 190.3] 487 190 P2 3 410
[Chacabuco (2) 1903 716
Dominguez 1. 3. 820 23;._3, 410 201 208 119 328
Sascapa (1) 198.9 849 849 198, 328 199 1 114 743
Sascapa (2) 1985 B4, 9 1989) pI] 99 i3 14 138)
Bravo Uno 255 106
Bravo Dos 15.3 6.4 17.0 40.8 158 41 117 24 141
Seaor V  [Valle Hermoso 106.4 46.0/
Aica Gonzdlez a4 EW] 603 1407 141 141 0 80 81
. Beovic 6.7 4.0
[B'ba Pie.Chacall $6 34
Ambrosio Flores 17 1.0 g4 141 81 14 66 6 72
Tlet 2.2 1.0
eficiencia 288 148
sa : 13.2 289) 59| 72 60 13 31 43
Sub- Total 1,620.1 6048 G948 16201
Total 1,9428 837.1 8371 19428 Total Extraction 927
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Table B-II, 3.4 (6) Water Distribution to Irrigation Channel(by Demand)

<Distribucion de Agua al Canal de Irrigacién (por Demanda)>

Nov. (0 (2) (3) (4)
Waier Demand]Real Coms. [Consum. | Demand|[Intake/Canal | Distributionf Remaming Relurn | (3)4(4)
(Tsec) sec) (1/sec) (Isec) | (Usec) | (Usec) | (fsec)
T [Resler T2 05
Right e 6.4 344
Garcia 6.2 28
IE;::NUm 32 10.8|
ma Dos E] 20.0 68.6] 1484 215 148 67 80 147
Visconti 146. 61.2 6l.2] 146 147 147 0 85 8
esler Gil 73, 333 333 73 85 74 2 a1 37
ub-Total : 163. 163.1] 368.
|Left Bank sla 7§| 34
E%:‘ 29 16
inderos 3.4 81
ile 1173 36.8]
Barranco Sta. Rosa 18.5 B.
Mayorca 25.0 11.3
Huancarane 60.2 27.
Sector IV [Arellano Beyzan 25.7 10.7)
yzan 1248 310 1788 3972 841 397 444] 218 662
Muro 244 5 101.8
Alanoca 153 64| 1082] 2597 662 260 402 152 554
Chacabuco (1 215.9] BRI &8.1]  215.9] 354 216 3 128
Chacabuco (2, 215.9 B8.1
Dominguez 12.7 5.1 93.1] 2286 466 229 237 35 373
1 2262 96.8 S6.8 B KYE] 226 147 ]
luqn'!; 2262 96.8 56.8] 2 276, 226 29 1
o Uno 12.1
Bravo Dos VK 7.2 193] 463 179 46 133 27 160
Sector ¥V [Valle Hermoso 121.1 52.5
Aica Gonzilez 39.0 16.2 687 160.1 160 160 0 91 91
3 ic 80 iR
 Pre.Chacall. 6.7 4.
10 % 12 100] 167 91 17 75 7 81
Tet 23 .1
|Bﬂ1d'|dl:ﬂ¢il 334 172
Rosa 326 15.1 335 68.6 81 69 13 35 48|
Sub-Tolal T.8455 7931 1931 1,845
Total 22144 9562 9562 22144 Total Extraction 1,056
Dec. (1) (2) 3) 4)
T Water Demand|Real Coms. [Consum. | 1demand |[Intake/Canal | Distribution r.lmmnq’R _((JEQ_
(I/sec) (I/sec) (1/sec) (I/sec) | (Wsec) | (Usec)
sl T3 To
Right Chile T38| 383
1 Garcla 6.8 3.1
Ta Palma Uno T T
Paima Dos 341 22.0 758 163.8} 237 164 73 88 161
Tsconti 161.1 673 673 1611 161 161 0 94 %4
[Resler Gil 813 368 368 8L 34 (3] 2] 43
ub-Total 3064]  1790] 179.0] 406
Left Bank [CaTsla 333 137
1 ﬁumca 10.1 47
a6 193]
1322 3
hlrrmmon 223 10.
29.2 134
ig 70.2 323
S v .‘.. 1T cyzan BB 121
m,m 1384 568 2337 5162 972 516 455| 283 7138
Muro 212.0] 114.0]
Alanoca A 72|  121.1] 2890 738 289 449 168 617
Chacabuco (1) 2384 7. OT3| 2384) [ 38 78 141 319
[Chacabuco (2) 238.4 975
ng 13.9] 36| 103.1] 2523 519 252 267 49 416
Sascapa (1) 253.7 1094 1094 . 416 254 162 44 30
scapa (2) pLER 1094 1094 : 307 34 33 L) 197
ravo Uno 322 13.5
Bravo Dos 19.3 B 216 515 197 52 146 30 176
Secor V. |Valle Hermoso 1331 7
Aica Gonzilez 428 78 755 1759 176 176 ol 100 100
M. Beovic 9.0 54
"ba Pie.Chacall. 73 a5
Ambrosio Flores 22 13 1.2 187 100 19 B2 7 89
Bella P T3
Beneficiencia 37. 19.1
[Santa Rosa 36.0 16.7 370,  75.8] 89 76 13 39 52
Sub-Total 1251 G19.5 G105 21251
Total 25315 10995 10995 25315 Total Extraction 1,209
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Table B-II, 3.5

Monthly Average Groundwater Recharge Potential
<Potencialidad Medio Mensual de Recarga de Agua Subterrdnea>

(Case 1) : Water Right
(Unit: 1/s)
Tocontasi [Consum. |Intake Point |Required |Actual  [Remaining |Recharge

(Upstr.) Extraction |Extraction|in River .
Jan 2,887 275 2,612 819 g19 1,793 735
Feb 4,741 275 4,466 819 819 3,647 1,495
Mar 4,222 275 3,947 819 819 3,128 1,282
Apr 1,759 275 1,484 819 819 665 273
May 1,809 275 1,534 819 819 715 293
Jun 1,802 275 1,527 819 819 708 290
Jul 1,937 275 1,662 819 819 843 346,
[Aug 1,746 275 1,471 819 819 652 267
Sep 1,542 275 1,267 819 819 448 184
Oct 1,332 275 1,057 819 819 238 98]
Nov 1,307 275 1,032 819 819 213 87
Dec 1,508 275 1,233 819 819 414 170
Ave. 2,216 275 1,941 819 819 1,122 460
(Case 2) : Water Demand

(Unit: I/s)
[Tocontasi [Consum. |Intake Point [Required [Actual |Remaining [Recharge

(Upstr.) Extraction |Extraction|in River
Jan 2,887 448 2,439 433 433 2,006 822
Feb 4,741 446 4,295 431 431 3,864 1,584
Mar 4,222 393 3,829 1,212 1,212 2,617 1,073
Apr 1,759 193 1,566 878 878 688 282
May 1,809 150 1,660 709 709 951 390
Jun 1,802 118 1,684 583 583 1,101 451
Jul 1,937 114 1,823 156 156 1,667 683
[Aug 1,746 128 1,618 189 189 1,429 586
Sep 1,542 164 1,378 859 859 519 213
Oct 1,332 201 1,132 927 927 205 84
Nov 1,307 236 1,071 1,056 1,056 15 6
Dec 1,508 407 1,101 1,209 1,101 0 0
Ave. 2,216 250 1,966 720 711 1,255 515
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Fig. B-11, 3.4 (2) Flood in Lluta River (24 Nov., 1994)
<Avenidas en Rfo Lluta (24 Nov., 1994)>
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Chapter IV GROUNDWATER MONITORING PLAN

Aquifers in the Lower Lluta River Basin are distributed mainly from Rosario to Villa
Frontera. Amount of groundwater extraction is negriliblly small because only two (2) deep
wells and some dug wells are used for production.

Although present groundwater extraction is small, total extraction rate will reach to 425 V/sec
after the Lower Lluta Groundwater Development will be cmpleted in 1999. Therefore, it is
important to observe the water level and water quality of the Lower Lluta Valley.

The JICA Study Team drilled four (4) wells, two (2) test wells and two (2) observation
wells. Automatic water level recorders are installed to the observation wells and the
recording was already commenced in March, 1994. In addition to these, it is proposed to
observe other wells as the periodical observation in the Azapa Valley and Pampa del
Tamarugal by DGA.

Items of monitoring are water level and water quality. Proposed wells to be monitored are
mentioned below. It is important to continue observation at the same wells and never to
change monitoring wells. Items of water quality analysis are same as that of the Azapa
Valley.

Total number of 12 wells are selected for the observation as follows. For location, refer Fig.
B-II, 2.1.

Well No. Well Name Item to be observed

Water Level Water Quality
100-2 Colonia J Fuenzalida every month Oonce a year
J-1 JICA Well No. J-1 every month Once a year
J-A JICA Well No. J-A every month once a year
J-2 JICA Well No. J-2 every month once a year
J-B JICA Well No. J-B every month once a year
101 Carcel de Arica every month once a year
103 Villa Frontera every month once a year
N-6 Villa Frontera every month Once a year
N-4 Villa Frontera every month Once a year
N-0 Villa Frontera every month once a year
N-9 Villa Frontera every month once a year
N-3 Playa las Machas every month once a year

IV-1
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Chapter | TOPOGRAPHY AND GEOLOGY

1.1.  Topography
The Pampa del Tamarugal Basin consists of the parts of Altiplano, Precordillera and
Intermediate Depression, as shown in Fig. B-I, 1.1. The Pampa del Tamarugal is lying

over the Intermediate Depression and is bounded by the Coastal Range to the west and
the Precordillera to the east. It is located at an altitude between 1,000 and 1,600 m.

Drainage patterns of the basin extracted from LANDSAT images are shown in Fig. B-
III, 1.1, and these form two different types; a dendritic pattern at the Altiplano and a
subparallel pattern at the Precordillera and Intermediate Depression. Main rivers in
the basin are Aroma, Tarapacd, Quipisca, Tambillo, Quisma, Chacarilla and
Guatacondo rivers. All the streams of Aroma, Tarapaca, Quipisca and Tambillo flow
into the Salar de Pintados.

1.2.  Geology

1.2.1. Methodology of Geological Analysis
On the details of the methodology, refer to the part of San José River basin.

1) Interpretation of LANDSAT images

As for the Pampa del Tamarugal Basin, six (6) scenes of images were used, whose
path and row are: 001-073; 001-074; 001-075; 002-073; 001-074 and 002-075.
Details of the used data are shown in Table B-1, 1.1.

2) Interpretation of Aerial Photographs

One hundred ninety seven sheets of black and white aerial photographs taken in
1977 and 1981 were used for the interpretation.

1.2.2. General Geological Features of Basin

Several geological maps published by SERNAGEOMIN (Servicio Nacional de
Geologia y Mineria) are available for Pampa del Tamarugal as mentioned below.
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Geological Maps
"Pisagua y Zapiga" (1:100,000) (<1)
"Mamifia" (1:50,000) (<2)
"Juan de Morales" (50,000) (<3)
"Pica, Alca, Matilla y Chacarilla" (<4)
Magnetic Map

"Arica, Pisagua-Huara" (1:250,000) (<5)

The results of the interpretation on the basin were compiled in Fig. B-III, 1.2
reviewing these existing data. Stratigraphic classification is given in the following
table;

Geologic Formation Lithology Units
| Age

Recent alluvial, eolian, fan deposits Qal, Qe, Qf.

Sediments

Quaternary continental sedimentary rocks and

pyroclastic rocks, divided into 5

members: TQau

- Member § : dark to greenish grey and
middle to fine sandstone.

Altos de Pica - Member 4 : pinkish orange-grey to

Formation white rhyolitic tuff.

Tertiary - Member 3 : yellowish middle to coarse
sandstone.

- Member 2 : pinkish orange and dark
grey rhyolitic welded tuff. TQal

- Member 1 : yellowish brown
conglomerate and middle to coarse
sandstone.

Mesozoic Longacho fissible shale, mudstone, fine sandstone, J

Formation limestone, generally grey in color.

1) General Geology of the Basin

Geology of Pampa del Tamarugal Basin is composed of Mesozoic and Cenozoic
rocks, as shown in the table above. The interpretation resulted in the classification
of six (6) geological units as shown in Fig. B-III, 1.2. Lithology of each
discriminated units were discussed with published references which are mainly
from Carlos Gali Oliver and Robert J. Dingman (1962). Lithological
characteristics of each unit are as follows:

(1) Mesozoic Unit (J)

It is distributed on the low isolated mountains forming an anticlinal structure at
the eastern side of Pampa del Tamarugal. Mesozoic rocks outcropping around
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Pica are called the Longacho Formation which consists of fissible shale,
mudstone, fine sandstone and limestone, generally grey in color. In many
parts, the rocks of this formation are intensely silicified.

The Mesozoic Formation is intruded by andesite, dacite, diorite, granite
porphyry, syenitic porphyry and gabbro.

(2) Altos de Pica Formation (Upper Tertiary to Lower Quaternary) (TQau)

The Formation is divided into three (3) continental sedimentary members,
distinguished by the numbers 1, 3 and 5, and two (2) members mainly
composed of pyroclastic rocks, 2 and 4. The sequence of each members of
Altos de Pica Formation in the type -locality is as follows:

Member 5: Dark to greenish grey and middle to fine sandstone, containing
ventifact, showing cross-bedding (200 m in thickness).

Member 4 : Pinkish orange-grey to white rhyolitic tuff (23 m in thickness).

Member 3: Yellowish middle to coarse sandstone, containing ventifact,
showing cross-bedding (173 m in thickness).

Member 2: Pinkish orange and dark grey rhyolitic welded tuff (17 m in
thickness).

Member 1: Yellowish brown conglomerate and middle to coarse sandstone,
showing cross-bedding (322 m in thickness).

The Member 5§ is easily differentiated from other members on the LANDSAT
images and aerial photographs. The Member 5, TQau on the interpretation
map, shows pinkish grey or dark grey color on LANDSAT images. The
welded tuff of extensive distribution between Pica and Salar del Huasco
corresponds to the Member 4.

(3) Recent (Upper Quaternary) Unit (Qf, Qe, Qal)

It consists of three (3) units, which are fan deposits, eolian deposits and alluvial
deposits. Among these, fan deposits have a wide extent in Pampa del
Tamarugal.
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2) General Geological Structure of the Basin

The results of interpretations revealed the two (2) characteristics on the structure,
which are the successional anticlinal structure with N-S trend and dense fractures
developed in the welded tuff of Altos de Pica Formation.

Anticlinal structures can be observed at the low isolated mountains between the
area from Tarapacd in the north to Challacollo in the south, where the Mesozoic
rocks are exposed in parts (see Fig. B-III, 1.2). These structures are supposed to
be successional from north to south with culminations and form a trap for the
groundwater.

Fractures in the welded tuff show two (2) systems in NE-SW and N-S directions,

as shown in Fig. B-III, 1.3. NE-SW system fractures are extended from Collacagua .
to Altos de Pica and N-S systems are located in the Altos de Pica. These fractures

are thought to control the groundwater system and to be a pathway to lead water to

Pica.

1.2.3 Hydrogeological Characteristics of Pampa del Tamarugal

Geology of Pampa del Tamarugal is classified into three (3) units from the
hydrogeological point of view;

Recent Sediments
Altos de Pica Formation
Basement Rocks .

Pampa del Tamarugal is a closed structural basin and is filled by the basin fill
deposits and the Altos de Pica Formation which is formed by salty crust, sand,
gravel, silt, clay, etc. Basement Rocks are mainly composed of the Mesozoic
Formation, therefore, they are impermeable in general. The Altos de Pica
Formation is seemed to be permeable considering its lithology. Principal aquifers
are occurred in this formation which widely cover the basin. Lithology of the
aquifers are mainly sand and gravel. The thickness of the deposits is generally less
than 100 m in the north and increases toward the south reaching 700 m in Salar de
Pintados.
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The aquifers are recharged groundwater mainly from the quebradas flowing into
the basin from the east. Channels of the quebradas are concentrated in the
following areas as shown in Fig. B-III, 1.1;

(1) Huara area
(2) Pozo Almonte area
(3) The lower reaches of the Qda. de Chacarilla

Furthermore, the Altos de Pica formation supplies the groundwater through
fissures and faults of ENE-WSW direction in Pica and Matilla area as mentioned
in 1.2.2.

The groundwater flows gently from north to south (from Huara to Salar de
Bellavista) after entering in the basin.

Since the extension of the aquifers is so wide (about 4,000 km2), the influence of
extraction of groundwater is quite small (Ref. Chapter 3, 3.2).

Fig. B-1II, 1.7 shows geological structure and a schematic geological profile of
Pica and Salar del Huasco area. In Pica area, the Altos de Pica Formation is
thickly deposited in the eastern side of the rise of the Basement Rocks. As the
Basement Rocks are impermeable, the groundwater flowing in the Altos de Pica
Formation is dammed up and occurs as the springs in Pica area. The similar
hydrogeological condition is recognized along the eastern side of the basin such as
Mamifia and Camifia areas.
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Table B-111, 1.1 Correlation of Strata(Pampa del Tamarugal)
<Correlacién de Estaatos (Pampa del Tamarugal)>
Area ARICA CAMARACA | PISAGUA MAMINA JUAN de PICA,ALCA, | QUILLAGUA| PAMPA DEL | PAMPA DEL
w PROVINCE | and AZAPA and ZAPIGA MORALES MATILLA, TAMARUGAL | TAMARUGAL
]
< CHACARILLA
Author | Salasetal. Tobaretal. | Ignacio Silva Thomas Galli Galli and Dingman Skarmeta and ENAP JICA
(Year) (1966) (1968) (1977) (1967) (1968) (1962) Marinovic (1981) (1987) (1994)
§ Recent Recent Recent Recent Recent Recent Recent Recent
> Deposits Deposits Deposits Deposits Deposits Deposits Deposits Deposits
[ ° po
5 =
é o | Volcanics P
E : TQa s g &\ Z
3 2 Gravel, TQad A gl g|d| €
— o T = -3 E
0 - Concordia F. Andesitic | Upper ‘: ImaguaM. | ix i3 Soledad F. g - & Q2 g‘. w
s HuaylasF. | ElDiabloF. | Clastics | § g 2 | _TQa3 _E B s|lol] " _E
[?J P.| OxayaF. OxayaF. |Ignimbrite,| 8 |Ignimbrite,| S [ TambilloM.| 3 TQa2 3 ElLoa F. c| 8 2 S| 8
o © Riolites | 8 | Riolite | 8 8 3 & gl 8
E E % | Gravel % Lower % Sagasca M. < TQal < Ichuno F. D g E "g' <
o |E|* E| < 3
[ M. Azapa F,
O.| AzapaF, Sichal F.
g
=11}
g Putani F.
[
Tambillo F.
= Lupica F. (Intrusive)
o v Atajafia F. Huantajaya F. | Cerro Empexa F. [ Cerro Empexa F. | Cerro Empexa F. Pintados F. Basement
g 8 Sausin F. Los Tarros F. | Caleta Ligate F. Chacarilla F. Chacarilla F. Chacarilla F. ArcaF.
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Chapter II.

Sl Pampa del Tamarugal

AQUIFER OF PAMPA DEL TAMARUGAL BASIN

2.1 Inventory of Existing Wells

The inventory of existing wells was established by the JICA Study Team based on the
same method mentioned in Clause 2.1 of Chapter II in B-I reviewing the following
reports:

(1) Anélisis Critico de la Red de Medicién de Niveles de Agua Subterrdnea I Regi6n,
October 1987 for DGA by Alamos y Peralta Ingenieros Consultores Ltda.

(2) Modelo de Simulacién Hidrogeolégica de la Pampa del Tamarugal, 1988 for
DGA by Universidad de Chile.

The wells in Pampa del Tamarugal are given the numbers based on both the BNA
code and the CORFO code (1975). Once the DGA code and the CORFO code (1969)
were used. The CORFO code (1963) was improved to the CORFO code (1975) and
the DGA code was not applied afterward.

In this report, the wells are expressed by the three (3) digits of consecutive numbers
on the basis of the BNA code like "188".

The number of wells (sondajes) comes to 458 in the basin, consisting of 256 wells for
research including observatory wells, five (5) wells for the industrial use, 77 wells for
the potable water supply, 35 wells for the irrigation, 49 wells for the mining and 36
wells have no data. Out of 458 wells, total number of 68 wells are already abandoned.
In addition to this, there are many dug wells in the basin, however, no data is
available.

381 wells are already registered to BNA/CORFO(1975) codes (Table B-III, 2.1 (1)).
63 wells were drilled in Pampa del Tamarugal to apply the water right for mainly
mining and irrigation use in the second half of 1980s. Those 63 wells' data are
collected by DGA. Most of these wells has not yet registered to neither BNA nor
CORFO (1975). Therefore, temporary numbers (BNA/CORFO codes) were given to
the wells for the convenience (Table B-III, 2.1 (2)). Accordingly, a total number of
458 wells were listed in the Well Lists in Pampa del Tamarugal; 395 wells in Table B-
I1I, 2.1 (1) and 63 wells in 2.1 (2). For those locations, see Fig. B-III, 2.1 (1) and 2.1
).
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As for the date of well construction, 285 data are available. The number of well
construction and the increase of wells are shown in Fig. B-1II, 2.2. The wells have
been constructed every year since 1950. Significant increase suddenly occurred
during three (3) years; 1965, 1966 and 1967. Totally 175 wells were constructed in
this period; most wells are for water level observation. The number of wells exceeded
200 during 1950 and 1967. A few wells were constructed in 1970s. In 1980s,
number of well construction increased for the application of water right as mentioned
above. Even in 1990s, well construction have been continued.

Depth of well is shown in Fig. B-III, 2.3. 235 wells are less than 100 m in depth. 56
wells are in a depth between 100 and 200 m and rest 49 wells are penetrated more
than 200 m. This means that most wells are tapping groundwater from the shallower
aquifers.

Existing Boring Data
Boring Logs

More than 400 boring logs are collected from the existing wells (both registered wells
and new wells for application of water right). These logs were interpreted from the
hydrogeological point of view and geostratigraphic columns are constructed which are
attached to the Well Inventory (see, Data Book).

Pumping Test

The results of pumping test are shown in Well List (Table B-III, 2.1 (1) and 2.1 (2).
Aquifer constants are estimated only for 36 wells and 40 data show only draw down
and pumping rate. Specific yield (Sy) was calculated based on the 40 pumping data.

Supplementary Geological Survey

The following geological surveys were executed by the JICA Study Team to
supplement the existing geological data. The survey locations are shown in Fig. B-III,
24.

a) Electromagnetic Survey 100 survey points (8 lines)
b) Boring Survey
(a) Drilling
Test well drilling 4 wells

-2
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Observation well drilling 7 wells
(b) Pumping Test 11 wells
¢) Water Quality Analysis 11 wells (JICA wells)
d) C-14 Analysis 5 wells
Electromagnetic (TEM) Survey
1) Survey Area

Transient Electro Magnetic (TEM) survey was conducted in Pampa del

Tamarugal area as shown in Fig. B-III, 2.4. Eight (8) TEM lines were set

perpendicular to the main axis of the Precordillera range. A total of 100 stations

were set at an interval of 2,000 m each as shown below.

Profile Stations Station Interval

PT-1 14 2,000 m
PT-2 9 2,000 m
PT-3 28 2,000 m
PT-4 14 2,000 m
PT-5 8 2,000 m
PT-6 15 2,000 m
PT-7 4 2,000 m
PT-8 8 2,000 m

Total 100

2) Methodology of Survey
For the details of the methodology, see B-11, Section 2.3.1 of Chapter II.
3) Survey Results

Typical apparent resistivity curves in the area are shown in Fig. B-III, 2.5.
Geoelectrical profiles are made by analyzing the apparent resistivity curve of
each station. The geoelectrical profiles along the line PT-1 to PT-8 are shown in
Fig. B-1II, 2.6. According to the well logging (long normal) data of three (3)
existing wells (Pintados No. 1, No. 2 and Dolores No. 1), the resistivity value of
aquifer with no contamination is in the range of 10 to 40 Q-m. Among these
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wells, Pintados No. 1 is located near station No. 5 of PT-8. Resistivity

calibration was made by using the logging data of Pintados No. 1 as shown in
Fig. B-1I, 2.7.

The resistivity structure of the surveyed area is classified as 3 to 4 layers with

stratiform structure. The geophysical characteristics of each layer are

summarized as follows;

(1) The first layer (10 m to 120 m thick) shows a resistivity range of 28 to

(2)

()

1,400 Q-m. The layer is distributed in the whole area. In the area, at
stations No. 1 to 3 and 6 to 8 of PT-5, station No.13 to 16, 21 to 23 and 25
to 28 of PT-3, the layer shows a relatively low resistivity (28 to 100 Q-m).
This is probably due to the wet land conditions by irrigation water.

Resistivity of the layer at stations 11 to 13 of PT-1 and all stations of PT-7
is extremely high (more than 1,000 Q-m). This is probably due to the hard
and dry land conditions. In general, in the eastern part of the area, the layer
shows higher resistivity than the western part. This resistivity range in the
eastern part is between 200 and 1,200 Q-m. The layer thickness gradually
increases towards southeast.

The depth of the boundary between the first and second layer is almost
coincident with the water level of wells in the area.

The second layer (between 20 and 400 m thick) shows a resistivity range of
approximately 10 to 50 Q-m. The layer is distributed over almost all the
stations of profiles. According to the resistivity logging data of the existing
well of Pintados No. 1 (located near the station No. 5 on profile PT-8), this
layer is considered as a expected aquifer. The layer thickness gradually
increases from 100 m (PT-1) to 400 m (PT-7). However, it rapidly decrease
from 200 m (PT-8) to less than 100 m (PT-4).

The third layer (more than 50m thick) shows a resistivity value lower than
10 Q-m. The layer is distributed over the whole area. The layer is
presumed to have a groundwater potential of the same degree throughout
the area. However, its low resistivity indicates that the layer is
contaminated by salty water. The depth of the layer gradually increases to
southwards.
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(4) The fourth layer shows a resistivity value approximately higher than 100 Q-
m. The layer is distributed in the northern and western part of the area.
According to the existing data such as the well logging of Dolores No. 1
and a gravity map of the area, the layer is considered as a geological
basement composed of high density rocks. Thus, the layer is classified as
the impermeable basement.

Lateral discontinuities of resistivity exist between station No. 4 and No. 5 of
PT-2, station No. 4 and No. 5 of PT-6, station No. 2 and No. 3 of PT-3, and
station No. 1 and No. 2 of PT-7. These discontinuities may be coincident
with geological boundaries such as faults of fracture zones.

4) Interpretation with Boring Log

Geoelectric profiles, described in the above section, are analyzed comparing
with the boring logs. Fig B-III, 2.3.8 to 2.3.15 show analyzed resistivity
profiles. Results of interpretation for each resistivity profile are summarized as
follows.

(1) Profile PT-1 (see, Fig. B-1II, 2.8)

The profile is analyzed as a four (4) layered model except the area between
stations No. 11 to 13. In this area, the first layer is divided into two (2) parts;
the upper shows high resistivity (1,100 - 1,300 Q-m) because of dry land, and
the lower shows a resistivity range of 96 - 300 Q-m. The second layer shows a
resistivity range of 8.1 to 27 -m and is considered as a aquifer. The well No.
J-C is located at the station No. 4. Third layer is distributed at stations No. 5 to
14. Resistivity range shows less than 8.7 Q-m. The boundary with the fourth
layer is unclear. The summary of the interpretation are shown in the following
table.
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(PT-1)
Layer | Depth | Resistivity | Lithology Interpretation
(m.bgl) | Range(£2-m)
Ist |0-90 |1100- 1300 |notconfirmed dry surface
0-40 ]96-300 sandy clay surface deposits
2nd |40-130|8.1-27 clayey gravel at upper, | expected aquifer
clayey sand at middle,
clay at lower
3nd |- <8.7 not confirmed contaminated
aquifer
4th |>130 |>100 sandy clay impermeable bed

(2) Profile PT-2 (see, Fig. B-11I, 2.9)

A four (4) layered model is applied to this profile. The first layer shows a high

resistivity range between 94 and 440 Q-m due to dry condition. The second

layer and shows a resistivity range of 7.9 to 14 Q-m is considered as a aquifer.

Lateral discontinuity of resistivity was observed between stations No. 4 and 5,

Crossing this lateral discontinuity, two (2) different ranges resistivity were

observed. The eastern side of the discontinuity shows a low range of less than
6.5 Q-m and the western side indicates a high range of more than 100 Q-m.
The well No. J-D was drilled on this profile. Results of the interpretation are

summarized in the following table.

(PT-2)
Layer | Depth | Resistivity | Lithology Interpretation
(m.bgl) | Range(£2-m)
st |0-30 |94-440 mainly clayey gravel|surface deposits
(sandy silt at top surface)
2nd |30 -|79-14 clayey gravel to clean |expected aquifer
160 gravel
3rd |- <6.5 not confirmed contaminated
aquifer
4th |>160 |>100 clayey gravel impermeable
bed




3)

C))

Profile PT-3 (see, Fig. B-1II, 2.10)

The profile is analyzed as a three (3) layered model. The first layer shows a
high resistivity range due to the dry surface condition and is correlated with
the surface deposits. The second layer shows a resistivity range of 9.1 to 19
£2-m and is considered to be an expected aquifer. The third layer shows a low
resistivity range, therefore, it is corresponds to a contaminated aquifer.

The well No. J-E and J-6 are located at stations No. 5 and 6 respectively.

(PT-3)
Layer | Depth | Resistivity Lithology Interpretation
(m.bgl) | Range(£2-m)
I1st |0-50 |77-360 sandy to gravelly clay | surface deposits
2nd |50 -|9.1-19 gravelly clay at upper, | expected aquifer
240 clayey gravel at lower
3rd |>240 |[<6.7 not confirmed contaminated aquifer

Profile PT-4 (see, Fig. B-III, 2.11)

A three (3) layered model was applied on this profile. However, the third layer
is intercalated with a higher resistivity layer.

The first layer shows high resistivity range due to the dry condition and is
correlated with the surface deposits. The second layer is considered as a
prospective aquifer from its resistivity. The third layer is also considered as an
aquifer as well as the second layer. In the eastern side of the station No. 5, the
third layer contains a thick layer of higher resistivity range which is the fourth
layer.

Well No. J-F is located at station No. 8.
(PT-4)

Layer |Depth |Resistivity |Lithology Interpretation
(m.bgl) | Range(£2-m)

1st 0-80 |690-1000 | gravelly clay at upper |surface deposits
sandy clay at lower

2nd |80-150 |7.3-16 clayey sand at upper | expected aquifer
sandy clay at lower

4th|150-300]9.2-13 not confirmed expected aquifer
contaminated
3rd >150 <6.6 sandy clay aquifer
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(5) Profile PT-5 (see Fig. B-III, 2.12)

(6)

The profile is analyzed as a four (4) layered model. The first layer is of high
resistivity range. The first layer is distributed in a restricted area between
stations No. 3 and 6 which are at the central part of the profile. The second
layer shows a resistivity range of 52 to 70 Q-m and is considered as a aquifer.
The third layer shows a low resistivity range, therefore, is considered to be a
impermeable layer.

The well No. J-4 is located on the station No. 4.

(PT-5)
Layer | Depth Resistivity | Lithology Interpretation
(m.bgl) | Range(Q2-m)

Ist |0-30 110-120 gravel surface deposits

2nd |30-100 |52-70 gravel at upper part expected aquifer
clayey gravel at lower

3rd |100-160|6.3-9.7 clayey gravel at upper | contaminated
conglomerate at lower | aquifer

4th |>160 >100 not confirmed impermeable bed

Profile PT-6 (see, Fig. B-III, 2.13)

The profile is analyzed as a three (3) layered model. The first layer shows a
high resistivity range and is correlated with the dry surface deposits. The
second layer is considered as a aquifer. However, the layer ends at the west of
station No. 5. The third layer is also ends at the same place as the second
layer. The layer shows a low resistivity range. The fourth layer is distributed
in the western side of the profile,showing a high resistivity range, therfore, it is
considered as the impermeable bed.

Well No. J-5 is located at station No. 6.

(PT-6)
Layer | Depth | Resistivity Lithology Interpretation
(m.bgl) | Range(£2-m)

1st [0-80 690 -1,200 sandy clay surface deposits

2nd |80-210 |10-17 clayey gravel to expected aquifer
gravel

3rd |>210 <1.5 gravel at upper contaminated
sandy clay at lower | aquifer

4th |- >100 not confirmed impermeable bed




(7) Profile PT-7 (see, Fig. B-1I1, 2.14)

(8)

A three (3) layered model is established except the station No.l. The first
layer shows a high resistivity range and corresponds to the dry surface
deposits. The second layer shows a resistivity range of 7.4 to 9.5 Q-m and is

considered as a aquifer. The third aquifer is of low resistivity range and is
considered to be a contaminated by the salty water. The third layer is not

distributed at the station No. 1; The fourth layer appears at the station instead
of the first layer. The fourth layer shows a high resistivity range. It is
probably due to the distribution of the basement rocks.

Well No. J-7 is located at the survey point No.4.

(PT-7)

Layer| Depth |Resistivity | Lithology Interpretation
(m.bgl) |Range(£2-m)

1st |0-10 |1,000-1,400| sandy clay surface deposits

2nd |10-380(7.4-95 sandy clay to gravelly | expected aquifer
clay, gravel in some parts

3rd |>380 |2.0-26 not confirmed contaminated
aquifer
4th |- 1250 not confirmed impermeable bed

Profile PT-8 (see, Fig. B-1II, 2.15)

In this profile, a five (5) layered model is applied. The first layer shows a
high resistivity range which is corresponds to the surface deposits. The
second layer is considered as a aquifer, however, it becomes a layer of low
resistivity range. Therefore, the second aquifer is considered to be
contaminated by the salty water in the western part of the profile. The third
layer and fourth layer are considered as a aquifers as well as the second layer.

The well No. J-8 is drilled on this profile.
(PT-8)

Layer | Depth | Resistivity | Lithology Interpretation
(m.bgl) | Range(£2-m)

Ist |0-30 [920-950 sand and gravel at|surface deposits
surface clay at lower

2nd 25-47 alternation of clay | expected aquifer
and gravel contaminated in the west
3rd |30-320(89-93 expected aquifer
4 th 14 -30 expected aquifer
Sth |>320 <6.6 not confirmed contaminated aquifer
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2.3.2 Boring Test

Y

2)

3)

Location and Depth of Each Well

Four (4) test wells (J-C, J-D, J-E and J-F) and seven (7) observation wells (J-3,
1-4, J-5, J-6, J-7, J-8 and J-9) were placed along the TEM survey line (see, Fig.
B-III, 2.3.1). Location, drilling depth and casing size of each well are

summarized as follows.

Well Location Latitude Longitude  Elevation Casing Depth
No. (m.msl) (inch) (m.bgll
J-C  Huara 190 59'05.7" 699 42'09.8" 1,109.711 8-5/8" 209
J-D  Baquedano 20009'54.2" 69941'104" 1,058,019 8-5/8" 210
J-E  LaTirana 200 19'53.2" 69°41'18.6" 1,009.990 8-5/8" 250
J-F  Ramada 20043'532" 69°30'17.3" 1,016.128 8-5/8" 200
J-3  Aguada 190 45'09.1" 69°49'15.3" 1,135.588 5-1/2" 150
J-4  Negreiros 190 51'37.2" 69044'51.8" 1,169.267 5-172" 150
J-5 Pozo Almonte 200 15'10.7" 69°41'26.1" 1,029.330 5-12" 300
J-6  Canchones 20026'409" 69°31'15.7" 993.763 5-172" 200
J-7  Conaf 20030'44.4" 69°39'56.9" 982.752 5-1/2" 210
J-8  Pintados 20035'37.7" 69°31'08.2" 1,016.012 5-1/2" 210
J-9  Oficina Victoria 200 45'12.6" 690 35'26.3" 971.103 5-1/2" 172

Methodology of Well Construction

For the details of the methodology, see B-II, section 2.3.2 of Chapter II

Results of Boring Test

The well data for each well, lithological column, casing design, well logging and
drilling rate, are shown in Fig. B-III, 2.16 to 2.19 for the test well and Fig. B-1II,
2.20 to 2.26 for the observation well with scale of 1:1000.

(1) Well No. J-C ( see, Fig. B-11I, 2.16)

1)

Lithology

The well was drilled up to 209m depth. The units, Q4 and Q2 of the
Quaternary Upper Altos de Pica Formation is observed. Based on the results
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of geophysical logging and lithology observed, the following five (5) layers are

classified.
(J-C)
Layer | Depth (m) | Classification Lithology Unit | Formation
I1st |0-40 Shallow Aquifer | sandy to silty clay
2nd |40-100 |Deep Aquifer clayey gravel, Q4 | Altos de Pica
clayey sand
3rd |100- 160 |Impermeable clay,
Intercalation sandy clay Q2
4th [160-197 | Deep Aquifer clayey sand
Sth |197-209 |Impermeable Bed | clay,

i) Well Logging

Spontaneous Potential (SP) indicates a range of 800 to 920 mv. A relative
basement line (relative 0 line) was decided as 900 mv. The resistivity indicates
a high range of 10 - 100 Q-m at surface. The reversal relation of long and

short normal resistivity is appeared at the surface. On the other hand, short
resistivity range of 10 to 30 Q-m is indicated at depth below 40m.

iii) Determination of Casing Design

In order to determine the position of screen pipes, following interpretations are

made by using the lithological and well logging data. For the details of casing
design, see, Fig. B-III, 2.16.

a) 1 stlayer (Shallow Aquifer)

The layer is composed mainly of sandy clay, which is considered as less
permeable in normal case. In contrary to this, the value of SP indicates that
the layer is permeable. Moreover, temperature curve shows a groundwater
flow at the depth from 20 to 30m. Resistivity values show a contamination
by the salty water. Therefore, the layer is classified as a shallow aquifer,
however, fresh water yielding can not be expected.

b) 2 nd layer (Deep Aquifer)

All the geophysical logging data that indicate a range which can be
considered as aquifer, except depth from 73 to 80m. This sequence (73 to
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¢)

d)

e)

E-Ill__Pampa del Tamarugal

80m) shows a relatively high gamma ray range of 50 - 110 cps. Therefore,
itis interpreted as a small scale impermeable intercalation.

The screen pipes were installed in this layer except the impermeable parts.
The positions of the screen are at depths from 43.01 to 73.01m and 79.01 to
97.02m.

3 rd layer (Impermeable Bed)

The layer is composed mainly of clay and sandy clay. The value of the SP
exceeds relative basement line of 900 mv and gamma ray shows a rather
high range of 40 to 80 cps. Blank casing pipes were installed in this layer.

4 th layer (Deep Aquifer)

The layer consists mainly of clayey sand. The value of SP indicates
approximately 900 mv. However, other logging data show the layer is
permeable; The resistivity value is a range of 10 - 25 Q-m, the gamma ray is
less than 40 cps and temperature gently increases toward the bottom. Based
on these characteristics, the layer is classified as a aquifer. Screen pipes
were installed in this layer at the depth from 163.02 to 192.99m.

5 th layer (Impermeable Bed)
The layer is composed of clay. Sp value and the gamma ray value also

show the layer is impermeable, therefore, blank casing pipes were installed
in this layer.

(2) Well No. J-D (see, Fig. B-1I1, 2.17)

1)

Lithology

The total drilling depth is 210m. Based on the results of geophysical logging
and lithological observation, following four (4) layers are classified. They are
correlated with Q4, Q3 and Q2 of the Quaternary Upper Altos de Pica
Formation.
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i1)

a)

b)

J-D)
Layer| Depth (m) | Classification | Lithology Unit | Formation
Ist [0-49 Surface Deposits | sandy silt, gravelly
clay
2nd |49-98 Shallow Aquifer | alternation of Q4 | Altos de Pica
clayey gravel and
gravelly clay
3rd |98-161 |Deep Aquifer |clayey gravel, Q3
gravel
4th |161-210 |Deep Aquifer | gravelly clay, Q2
clayey gravel

Well Logging

Spontaneous potential shows a range of 850 to 1000 mv. Considering the
lithological, the relative basement line is estimated as 950 mv. Resistivity
indicates a range of 40 to 80 Q-m up to the depth of 30m from the surface.
The resistivity of short range is 10 to 30 Q-m from the depth of 50m to the
bottom. Temperature increases from the surface to the 50m of depth and is in
arange 23 to 28°C below the depth of 50m.

Determination of Casing Design.

Casing design is decided as shown in Fig. B-111, 2.17, based on the following
interpretation.

I st layer (Surface Deposits)

The layer consists mainly of gravelly clay except the surface which is
formed of sandy silt. The layer is considered as dry because of the high

value of resistivity and gamma ray.

2 nd layer (Shallow Aquifer)

The ranges of all the geophysical logging indicate that the layer is aquifer,
except the depth from 90 to 95m where the value of gamma ray is high.

The screen pipes were installed in this layer in two (2) parts, one is at the
depth from 53.89 to 59.91m and the other is from 71.91 to 89.93m.
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¢) 3rd layer (Deep Aquifer)

Geophysical characteristics of the layer are similar to the 2nd layer (Shallow
Aquifer). Geological unit of the layer was classified as Q3 of the Altos de

Pica Formation.

The screen pipes were installed in this layer at depths from 101.94 to 150m
and from 156 to 162m.

d) 4 th layer (Deep Aquifer)

According to the lithological column, more clayey materials are observed
compared with the other layers. However, the layer is classified as the
lower part of the deep aquifer considering the following reasons.

- The resistivity is in a range of 7 to 20 Q-m.
- The gamma ray shows a low range of cps value.

The screen pipes were installed at depths from 174 to 180.01m and 186.01
to 198.02m.

(3) Well No. J-E (see, Fig. B-1II, 2.18)
i)  Lithology
The well was drilled to a depth of 250m. On the basis of the lithology

observed and well logging data, following two (2) layers are classified. They
are Q4 and Q3 of the Quaternary Upper Altos de Pica Formation.

J-E)

Layer | Depth (m) | Classification Lithology Unit | Formation

Ist |0-70 Surface Deposits | sandy to gravelly clay | Q4

2nd |70-250 |Aquifer gravelly clay at upper, | Q4 | Altos de Pica
clayey gravel at lower | Q3

ii) Well Logging

The range of the resistivity is rather low (10 - 30 2-m) except at the surface.
The relative basement line of the spontaneous potential is established as
950 mv based on the value of resistivity and lithology observed. Generally,
lithology of the whole sequence is composed of gravelly clay to clayey gravel,
however, ratio of gravel content gradually increases toward the bottom.
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iii)

a)

b)

B-lll Pampa del Tamarugal

According to the interpretation of SP, permeability is higher at the bottom and
lower at the surface. It is in well coincident with the lithological observation.
Groundwater flow is observed on the temperature curve at the surface.

Determination of Casing Design

Casing design was decided as shown in Fig. B-III, 2.18, based on the following
interpretation.

1 st layer (Surface Deposits)

The layer consists of sandy clay up to the depth of 20m from the surface,
and gravelly clay in the deeper part. The SP value exceeding 950 mv
indicates that the layer is impermeable. Water flow is observed on the
temperature curve. However, the resistivity values of long and short normal
indicate that the layer is contaminated. Considering these situation, the
layer is correlated with the surface deposits with low groundwater potential.
Yield of fresh water is not expected. Hence, blank casing pipes were
installed.

2 nd Layer (Aquifer)

The layer is composed mainly of clayey gravel throughout the whole
sequence. The ratio of gravel amount is gradually increases toward the
bottom. The curve of SP and resistivity is in well coincidence with this
change. The resistivity range, 10 to 20 Q-m shows that the layer is a
expected aquifer.

The screen pipes were installed in this layer at eight (8) separated positions,
where much gravel is confirmed. For the details of casing design, see Fig.
B-I11, 2.18.

(4) Well No. J-F (see, Fig. B-III, 2.19)

)

Lithology

The well was drilled up to 224m depth. Three (3) lithological units of Q4, Q3
and Q2 of the Quaternary Altos de Pica formation are confirmed. Following
three (3) layers are classified by the interpretation of lithology observed and
geophysical logging.
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J-F)
Layer | Depth (m) | Classification Lithology Unit | Formation

Ist |0-47 Surface Deposits | clay, clayey gravel | Q4
and clayey sand

2nd |47-160 | Shallow sandy, gravelly clay, | Q4 | Altos de Pica
Aquifer clayey sand Q3
3rd |160-224 |Deep Aquifer sandy clay Q3

ii)) Well Logging

Gamma ray indicates homogeneous unchanged range of 50 - 70 cps at all

sequence, however, clay layer is well identified by the particular value which

exceeds 100 cps. Considering lithology and resistivity curve, a line of 900 mv

is estimated as a relative basement line of spontaneous potential. Temperature

curve indicates gentle and gradual increase in general. Groundwater flow is .
expected by the temperature curve.

iii) Determination of Casing Design

In order to determine the position of screen pipes, following interpretation was
made. For the details of casing design, see, Fig. B-1II, 2.19.

a) 1stlayer (Surface Deposits)

The layer consists of clay, clayey gravel and clayey sand. The layer is
expected to be dry because of the high resistivity value (more than 100 Q-
m). Blank casing pipes were installed in this layer.

b) 2 nd Layer (Shallow Aquifer)

Based on the SP value and the resistivity range of 10 - 30 Q-m, the layer is
considered as the most promising aquifer. Groundwater flow is confirmed
by the temperature curve.

Four (4) separated positions were selected for the screen pipes as shown in
Fig. B-II, 2.19.
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5)

ii)

iii)

¢) 3 rdlayer (Deep Aquifer)

The layer consists of sandy gravelly clay and clayey sand. Characteristics
of all thelogging data are same as that of the second layer. Therefore, the
layer is also considered as a aquifer.

The screen pipes were installed at three (3) different positions in this layer
as shown in Fig. B-III, 2.19.

Well No. J-3 (see, Fig. B-III, 2.20)

The well was drilled up to 150m depth. In the whole sequence, two (2) units, Q4
and Q2 of the Quaternary Upper Altos de Pica Formation were confirmed.
Based on the results of the geophysical logging and lithology observed,
following four (4) layers are classified.

J-3)

Layer | Depth (m) | Classification Lithology Unit | Formation

Ist |0-42 Surface Deposits | clay, sandy clay | Q4

2nd [42-100 | Shallow Aquifer |sandy clay Q4

3rd |100-131 |Impermeable Bed | sandy clay Q4 | Altos de Pica
clay Q2

4th |131-150 |Deep Aquifer sandy clay Q2

Well Logging

Spontaneous potential indicates a homogeneous range of 970 to 1,030 mv. A
relative basement line is estimated as 1,015 mv. However, due to clay
predominance material in all the layers, identification of the permeable zone by
SP is difficult. The range of gamma ray is mostly within 40 to 60 cps at all
layers. Groundwater flow at depths from 40 to 90m and from 120 to 145m is
confirmed by temperature curve. No TEM survey was conducted in this area.

Determination of Casing Design

The position of screen pipes was determined considering both the lithological
and well logging data. For the details of casing design, see, Fig. B-III, 2.20.
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a)

b)

d)

1 st layer (Surface Deposits)

The layer consists of clay at 7m from surface and sandy clay at lower part.
It is estimated as impermeable by the SP range which exceeds more than
1015 mv (relative base line). A small potential of groundwater is expected
by the temperature curve. Blank casing pipes were installed in this layer.

2 nd layer (Shallow Aquifer)

The layer is composed of thick bed of sandy clay. Considering the lithology
and well logging result, high permeability is not expected in this layer.
However, the range of resistivity shows a value of 20 to 40 Q- m similar to
the aquifer in other wells. The temperature curve indicates the groundwater
flow in this layer.

The layer was considered as a aquifer, and screen pipes were installed at
two (2) different positions as shown in Fig. B-III, 2.20.

3 rd layer (Impermeable Intercalation)

The layer consists of sandy clay at the upper part and clay at the lower part.
The layer is impermeable intercalated bed, therefore, blank casing pipes
were installed.

4 th layer (Deep Aquifer)

The layer is situated at the upper part of Q4 unit of Altos de Pica Formation.
It consists of clay and sandy clay. The value of resistivity also indicates a
similar range with the 2nd layer. Therefore, the layer is classified as the
deep aquifer.

The screen pipes were installed at the depth from 132.83 to 144.83m.

(6) Well No. J-4 (see, Fig. B-III, 2.21)

i)

Lithology

The total drilling depth is 150m. Two (2) units of Q4 and Q2 of Quaternary
Upper Altos de Pica Formation are confirmed. Based on the results of
geophysical logging and lithological observation, following three (3) layers
were classified.
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(J-4)

Layer | Depth (m) | Classification Lithology Unit | Formation

Ist |O-45 Surface Deposits | sand, gravel

2nd |45-95 Shallow Aquifer | gravel, clayey gravel | Q4 | Altos de Pica
and gravelly clay

3rd |98-161 |Deep Aquifer clayey gravel, Q2
conglomerate

i)  Well Logging

The results of all measurements is in well coincident with high permeability of
the lithology. The relative basement line of the SP is estimated as 95m mv,
based on the lithology and the value of gamma ray. Resistivity shows a high
and unstable range at 40m from surface, short and stable range at below 45m.
A small scale of groundwater flow was confirmed by the temperature curve at
10m from surface.

iii) Determination of Casing Design

The position of screen pipes was determined, bascd on the following
interpretations. For the details of casing design, see, Fig. B-III, 2.21.

a) 1 stlayer (Surface Deposits)

The layer is estimated to have high permeability by the lithological
observation and SP range. However, it is expected that the layer has a less
potential of groundwater since the layer is surface deposits. Water quality
is critical, because of the unstable and reversal range of resistivity. Blank
casing pipes were installed in this layer.

b) 2 nd layer (Shallow Aquifer)

The layer is classified as a expected aquifer by the TEM results. Resistivity
shows a range of 10 to 45 Q-m. Compared with the resistivity range of
other layers, this value is within the range of the aquifer. Except middle
part of the layer (75m depth) showing high gamma ray value, the layer is
expected to be permeable.

Based on the above, screen pipes were installed at two (2) different
positions . For the details of casing design, see, Fig. B-1II, 2.21.
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c)

3 rd layer (Deep Aquifer)

The same interpretation with 2 nd layer was made because of similar result
of loggings.

Screen pipes were installed at depths from 97.67 to 115.72m and 138.92 to
144.94m of this layer.

(7) Well No. J-5 (see, Fig. B-III, 2.22)

i)

i)

iii)

a)

Lithology

The well was drilled up to 300m depth. Three (3) units of Q4, Q3 and Q2 of
Quaternary Upper Altos de Pica Formation were confirmed. According to
lithology observed and well logging data, following three (3) layers were
classified.

d-5)
Layer | Depth (m) | Classification Lithology Unit| Formation
Ist |0-20 Surface Deposits | silty clay, sandy clay
2nd |20- 100 | Shallow Aquifer | sandy clay Q4 | Altos de Pica
3rd |100-300 |Deep Aquifer clayey gravel Q3
sandy clay Q2
Well Logging

Based on the lithology and resistivity, the relative basement line of the SP
value is estimated as 920 mv. The range of SP is stable, because most of the
layer consists of clayey materials. Resistivity shows a range of 10 to 20 Q-m
up to 100m depth and 10 to 30 Q-m below 100m. It is also stable at all the
sequences except top surface.

Determination of Casing Design

Casing design was decided as shown in Fig. B-III, 2.22, based on the following
interpretation.

1 st layer (Surface Deposits)

Large amount of clay matrix is observed in the layer. The layer is estimated
as impermeable deposit. It is also estimated to be dry due to a high value of
the resistivity. Blank casing pipes were installed.
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b)

)

2 nd layer (Shallow Aquifer)

The layer is expected as aquifer due to the value of the resistivity and SP.
However, higher potential is expected at 3 rd layer. The screen pipes were
not installed in this layer.

3 rd layer (Deep Aquifer)

The layer consists of clayey gravel and sandy clay. The range of the
resistivity shows a similar value with that of TEM measurement (10 -17 Q-

m), therefore the layer is expected as a aquifer.

The screen pipes were installed at six (6) different positions as shown in
Fig. B-1I1, 2.22.

i)  Lithology

(8) Well No. J-6 (see, Fig. B-III, 2.23)

The well was drilled up to 200m depth. In the whole sequence, three (3) units
of Q4, Q3 and Q2 of Quaternary Upper Altos de Pica Formation are observed.
Based on the results of geophysical logging and lithology observed, following
three (3) major layers were classified.

Jd-6)

Layer | Depth (m) | Classification Lithology Unit| Formation

Ist |0-35 Surface Deposits | sand, sandy clay, clay | Q4

2nd [35-138 |Shallow Aquifer | clayey to sandy gravel, | Q4 Altos de Pica
gravel Q3

3rd |[138-200 | Deep Aquifer |clay, gravelly clay,|Q2

clayey gravel

) Well Logging

Gamma ray shows a stable range of 40 to 70 cps for whole sequence. Clay
layers were clearly distinguished by a high value (more than 100 cps) of the
gamma ray at depths of 20, 85 and 150m. Based on the gamma ray and
lithology, a relative basement line of the SP is estimated to be 870 mv.
Compared with TEM result, rather higher resistivity range was measured by

logging. A flow of the groundwater was observed by the temperature curve at
the depth of 35 to 100m.

IT-21




iii) Determination of Casing Design

a)

b)

c)

Casing design was decided as shown in Fig. B-1II, 2.23, based on the following
interpretations.

1 st layer (Surface Deposits)

The layer consists of sand and sandy clay at upper 16m and clay at lower
19m. The thickness and the resistivity range of the layer is similar to the
first layer classified by TEM survey. It is considered as the dry surface
deposits. Blank casing pipes were installed.

2 nd layer (Shallow Aquifer)

The layer was classified as an expected aquifer by the TEM results.
Compared with TEM range of 10 to 17 Q-m, the logging resistivity range of
20 to 40 Q-m is rather high. However, high permeability can be expected
by the lithological observation except clayey part at a depth from 73 to 81m.
Groundwater flow at a depth from 35 to 100m was observed by the
temperature curve.

The screen pipes were installed at three (3) positions as shown in Fig. B-III,
2.23.

3 rd layer (Deep aquifer)

Resistivity and gamma ray value is similar to 2nd layer. The range of SP
indicates permeable. The layer is classified as a deep aquifer at Q2 unit.

Two (2) positions of screen pipes were selected as shown in Fig. B-III, 2.23.

(9) Well No. J-7 (see, Fig. B-11I, 2.24)

i)

Lithology

Within a 210m total depth, two (2) units of Q4 and Q3 of Quaternary Upper
Altos de Pica Formation were confirmed. According to the lithology observed
and well logging data, following three (3) major layers were classified.
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iii)

a)

b)

Bl Pampa del Tamamgal

Jd-7

Layer | Depth (m) | Classification Lithology Unit | Formation
Ist |O-35 Surface Deposits | sandy clay

2nd |35-106 |Shallow Aquifer [sandy to gravelly|Q4 |Altos de Pica

clay

3rd |100-131 |Deep Aquifer

sandy to gravelly
clay

Q3

Well Logging

All the layers are rich in clayey matrix. Due to this, the range of the gamma
ray is almost the same for whole layer. Based on the lithology and gamma ray

range, a relative basement line of SP is estimated as 970 mv. Resistivity

indicates a homogeneous range of 10 to 20 Q-m except 35m from surface.
According to the TEM results, this values lie within the range of the aquifer.
Therefore, the position of screen pipes was mainly determined by the SP and

gamma ray values.

Determination of Casing Design

Casing design was decided as shown in Fig. B-III, 2.24, based on the following

interpretations.

1 st layer (Surface Deposits)

The layer consists of mainly sandy clay except the sand which appears from
surface to 4m depth. It is estimated as dry because of a high resistivity

value. Blank casing pipes were installed in this layer.

2 nd layer (Shallow Aquifer)

The layer is expected as a aquifer. However, it is not highly permeable.
Permeable zone was determined by SP and gamma ray for the installation of

screen pipes.

The screen pipes were installed at two (2) different positions of 55.79 to

61.76m and 67.79 to 79.8m depth.
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c)

3 rd layer (Deep aquifer)

Same interpretation as the 2nd layer was made due to same lithology and
logging measurement. However, the layer is estimated as rather more
permeable than the 2 nd layer, based on the lower value of SP.

Five (5) different positions were selected for screen pipes as shown in Fig.
B-1II, 2.24.

(10) Well No. J-8 (see, Fig. B-III, 2.25)

i)

i)

iii)

Lithology

The well was drilled up to 210m depth. In the whole sequence, three (3) units
of Q4, Q3 and Q2 of Quaternary Upper Altos de Pica Formation were
observed. Based on the results of geophysical logging and lithology observed,
following three (3) layers were classified.

(J-8)
Layer | Depth (m) | Classification Lithology Unit| Formation
I1st |0O-50 Surface Deposits | sand, gravel, clay | Q4
2nd |50-169 [Shallow Aquifer | gravel clayey, Q4 | Altos de Pica
clayey gravel Q3
3rd |[169-210 |Deep aquifer gravelly clay, Q2
sandy clay
Well Logging

Spontaneous potential value indicates a range from 820 to over 1000 mv.
Considering the lithology observed and the resistivity, a relative basement line
is estimated as 990 mv. Resistivity value indicates a high value at 40m from
the surface and a stable range of 10 to 30 Q-m at below 50m. This range is in
coincidence with the resistivity of the aquifer in the area. Intercalation of clay
was identified by the gamma ray. This intercalation of clay exceeds 100 cps.
A permeable layer is also identified by the gamma ray which is less than 50
cps.

Determination of Casing Design

Casing design was decided as shown in Fig. B-III, 2.25, based on the following
interpretations.
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a)

b)

1 st layer (Surface Deposits)

The layer consists of sand to gravel at 14m from the surface and gravelly
clay at the lower part. However, most of the layer were estimated as dry
because of high resistivity value. Blank casing pipes were installed in this
layer.

2 nd layer (Shallow Aquifer)

The layer is classified as a shallow aquifer based on the resistivity range of
10 to 30 Q-m. However, high permeability can not be expected. Because,
large amount clayey matrix is observed at all sequence, except fine gravel at
bottom 11m. Therefore, the position of the screen pipes were selected by
the gamma ray.

Eight (8) short interval positions were selected for the screen pipes as
shown in Fig. B-III, 2.25.

3 rd layer (Deep Aquifer)

Same interpretation was made based on the same value of the resistivity and
SP. Two (2) different positions were selected for screen pipes as shown in
Fig. B-III, 2.25.

(11) Well No. J-9 (see, Fig. B-III, 2.26)

i) Lithology

Three (3) units of Q4, Q3 and Q2 of Quaternary Upper Altos de Pica
Formation were confirmed. The total drilling depth is 172m. Based on the
results of geophysical logging and lithological observation, following three (3)
major layers are classified.

(J-9)
Layer | Depth (m) | Classification Lithology Unit | Formation
Ist |0-55 Surface Deposits | sandy clay, clay Q4
2nd |55-146 |Shallow Aquifer |clayey gravel Q4 | Altos de Pica
gravelly clay, clay | Q3
3rd | 146 - 172 | Deep Aquifer gypsum clay Q2
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iii)

a)

b)

c)

Well Logging

At 50m from the surface, the SP curve is not coincident with lithology and
gamma ray. Considering the lithology and gamma ray, a relative basement
line of the SP is estimated as 1000 mv from below 50m depth. Resistivity
range indicates a typical value of 10 to 20€2-m which is a similar range with
the aquifer in the area. Clay intercalation can be found by the gamma ray.
This intercalation shows more than 100 cps.

Determination of Casing Design

Casing design was decided as shown in Fig. B-III, 2.26, based on the following
interpretations.

1 st layer (Surface Deposits)

The layer consists of mainly clay to sandy clay. It is estimated as a
impermeable deposits. The value of the gamma ray indicates a rather high
range of 50 to 100 cps. The layer is interpreted as dry, therefore, blank
casing pipes were installed.

2 nd Layer (Shallow Aquifer)

The resistivity range of 10 to 20 Q-m was observed at all the sequence. The
gamma ray shows a rather lower value of 20 to 70 cps except the clay
intercalation. Therefore, the layer is considered as a promising aquifer. The
position of screen pipes were examined by the permeability indication of
the gamma ray.

The screen pipes were installed at three (3) different positions as shown in
Fig, B-111, 2.26.

3 rd layer (Deep Aquifer)

The layer consists of clay with gypsum of Q2 unit. It is estimated as a
impermeable layer. On the one hand, a low value of SP and gamma ray
indicate that the layer is permeable. Moreover, resistivity value indicates
within the range of the aquifer. Therefore, the layer is considered as a
aquifer.

The screen pipes were installed as shown in Fig. B-III, 2.26.

Il - 26




2.3.3 Pumping Test
1) Methodology of Pumping Test
For the details of the methodology, see, B-1I, section 2.3.3 of Chapter II.
2) Results of Pumping Test
(1) Aquifer Constants

Results of pumping tests are shown in Table B-III, 2.2. Aquifer constants are
analyzed by the graphs shown in Fig. B-1II, 2.27 to 2.37. The results of this
analysis are summarized in Table B-III, 2.3. The aquifer constants for eleven
(11) wells are as follows;

Well No. Transmissibility Permeability

(m3/d/m) (cm/sec)
J-C 8.29 1.23 x 104
J-D 1506.17 1.81x 102
J-E 644.33 7.31x 103
J-F 86.81 9.57 x 104
J-3 113.81 2.20x 103
J-4 271.08 5.22x 103
J-5 769.61 8.23 x 103
J-6 21.63 3.20x 104
J-7 383.83 5.30x 103
J-8 376.27 5.18 x 103
J-9 266.06 3.54x 103

A wide range of the transmissibility was obtained from eleven (11) wells; It is
the highest at J-D (1506.17 m3/d/m) and the lowest at J-E (633.33 m3/d/m). The
average of the transmissibility is calculated to be 404.35 m3/d/m. The area of the
high transmissibility is concentrated in the area from Baquedano to La Tirana.
The wells in this area have also a high value of the specific yield. This area is
considered to have the high groundwater potential. On the other hand, the area
of the low transmissibility (less than 150 m3/d/m) is distributed in the northern
and the southern part of the area (J-C, J-F, J-3, and J-6). The lowest
transmissibility is estimated at J-C (8.29 m3/d/m). The wells are of the low
specific yield.

The permeability coefficients of the eleven (11) wells are similar. The highest
value is 1.18 x 10-2 cm/sec at J-D, and the lowest one is 1.23 x 104 cm/sec at J-
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4. The average of permeability is calculated as 5.13 x 103 cm/sec. This value is
in well agreement with the permeability usually expected in this lithology mainly
consisting clayey gravel, gravelly clay and sandy clay.

(2) Well Capacity

The well capacity is evaluated by the amount of the critical discharge and the
safe yield. The Q-Sw chart for the examination of the critical discharge and the
Q-s/Q chart for the obtaining the well efficiency and the area of influence are
shown in Fig. B-1II, 2. 38 to 2. 48. The detailed results of the analysis for the
step drawdown tests are described in Table B-III, 2.3. The well capacity for
eleven (11) wells are summarized as the following table;

Well No. Critical Discharge (Us) _Safe Yield (I/s)

J-C 2.50 0.80
J-D more than 25.00 10.00
J-E more than 27.00 20.00
J-F 8.33 1.80
J-3 more than 5.00 3.75
J-4 4.00 0.30
J-5 more than 5.00 2.00
J-6 more than 4.04 5.00
J-7 more than 5.00 10.00
J-8 more than 3.34 29.00
J-9 more than 5.00 3.50

At the most of wells, the critical discharge is confirmed as larger than the
maximum capacity of the submersible pump used. The highest rate, more than
27 Vs, was obtained at J-E among the test wells. The safe yield of the well is 20
I/s. Among the observation wells, high values, more than 5 Us, were found at J-
3, J-5, J-7 and J-9. According to the rate of the safe yield of the wells, high
critical discharge rates are expected in all the area except J-C, J-F and J-4.

2.34 Carbon-14 Analysis

The Purpose of Carbon- 14 Analysis is to decide the age of groundwater for the
interpretation of the groundwater recharge mechanism and for the evaluation of the
groundwater potential. Ten (10) samples were taken in Pampa del Tamarugal; one (1)
sample from the JICA Well (J-F) and nine (9) samples from the existing wells (see,
Fig. B-1II, 2.1).
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Methodology of the Carbon-14 Analysis is reffered to Chapter 2 of B-II in this
Report.

Results are shown in Fig. B-III, 2.49 and the following table;

Well No. Tritium (TU) | C-14 (pmc) | Age (Y.BP)* | Average Age**

172 (Dolores) <0.8 7.8 3,400-4,530 3,965
473 (Remolino) <0.8 519 modern modemn
193 (Mapocho) <0.8 33.6 570-1,630 1,100
- (Dupliza) <0.8 62.7 modern-840 e
222 (Sapasca) <0.8 67.1 modern-1,000 520
354 (Canchones) 1.1+0.6 18.7 10,780-11,840 11,310
- (Esmeralda) <0.8 91.3 g ok
470 (Pica) <0.8 94.1 e e
J-F (Oficina Victoria) <0.8 9.7 10,370-11,500 10,935
- (Cerro Gordo) <0.8 17.8 6,320-7,450 6,885

2.4

Y.BP: years before present

* : Estimated age by the Modified Pearson Model

** : Ages are calculated considering modern as 40 years.
*** : Influenced by the irrigation water.

All the Tritium data are below or close to the detection limit, therefore, it is
considered that the groundwater in the area is older than 40 years. C-14 age of the
groundwater is young in the western side of Pampa, Sagasca and Dupliza, and old in
the southern side, Canchones and Salar de Pintados area. Ages in Esmeralda and Pica
also show modern ages, however, it does not mean the recent ages, because C-14
contents show that the groundwater of both area is influenced by the return flow of
irrigation water; C-14 contents of Pica and Esmerald are 94.1 and 91.3 pmc,
respectively, which are close to 100 pmc.

Considering the recharging system and the groundwater flow in Pampa, C-14 age of
Dupliza seems to be too young. The wells in Dupliza are located in the lower reach
of the Quipisca River. This area is covered with the surface water during floods of
the Aroma, Tarapacd and Quipisca Rivers in the wet season (so called "Bolivian
Winter"). This means the groundwater of Dupliza is recharged by these flood water;
C-14 age is also influenced by this recharges.

Configuration of Aquifer

The Study Area, the Pampa del Tamarugal Basin is defined as follows;
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(north): The divide of the basin between the Qda de Aroma and the Qda. de
Tiliviche.
(south): Cerro Gordo
(east) : The western foot of the mountains.
(this border was formed by faults that pass west of Pica and Tarapaca)
(west) : The eastern edge of the Cordillera de la Costa (the coastal mountains)
(this border was formed by faults).

The Pampa del Tamarugal Basin is filled by the Tertiary to Quaternary formation
(Altos de Pica Formation). The aquifers area appeared in this formation. Detailed
geological and hydrogeological information are given by the 11 wells drilled by the
Study Team and three (3) wells by ENAP. Results of JICA Wells are mentioned in
2.3 of this Chapter. ENAP drilled three (3) wells in the study area, "Dolores 1" in the
northern part of the area and, "Pintados 1" and "Pintados 2" in the southern part of the
area. These wells give information on the stratigraphy and geological structure of the
basin, because ENAP wells penetrated into the Basement Rocks through the Tertiary
to Quaternary formation and JICA Wells reached the base of the aquifer.

Geological profiles and cross sections of Pampa del Tamarugal are shown in Fig. B-
I, 1.5 and 1.6 respectively. These are constructed based on the results of the drilling
by the Study Team and the reviewing the existing profiles (<2).

The shape of the basin was controlled by the depression caused by the faults of
north-south direction. The aquifers in the basin appear in the basin fill deposits
which elongates in a north-south direction. Thickness of the deposits increases to
the east. Although the deposits store the groundwater, the depth to the water (depth
from ground surface to the water level) also increase to the east reaching more than
100m. Therefore, the eastern part of the basin is not economically suitable to
develop the groundwater.

As shown in Fig. B-III, 1.5 and 1.6, aquifers occur in units Q3 and Q4 of the Altos de
Pica Formation. The expected aquifer area is shown in Fig. B-III, 2.50 by the dotted
lines. The Altos de Pica Formation is covered by the Recent Deposits which increase
in thickness toward the east. It means that depth to the aquifer is generally high in the
eastern area; The pumping head is large. Therefore, the expected aquifer area is
limited within this dotted line. Width of the aquifers ranges from 13 km to 46 km,
averaging 30 km.

Aquifers occur in units Q3 and Q4 of the Altos de Pica Formation (Ref. Table B-III,
1.1). The unit Q3 is composed of sand and gravel and is underlain by Q2. Q4
consists of sand and gravel with mud, and/or intercalated with mud layers. The unit
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Q4 is deposited overlying the unit Q3. Thus, the distnbution of Q4 15 wider than that
of Q3. The unit Q3 is distributed in the area from Huara 1o Salar de Bellavista. The
unit Q4 is widespread in the aquifer area (Ref. Fig. B-III, 2.50). No impermeable
layer appears between unit Q3 and Q4. Those aquifers are underlain by thick
impermeable clayey beds which are the hydrogeological base of aquifers in the basin
(Ref. Fig. B-III, 1.5 and 1.6).

The aquifers are occurred in some horizons, mainly in sand and gravel.

The thickness of this formation varies from place to place. It is generally thin in the
northern area and thick in the southern area;

Thickness of aquifers (Fig. B-III, 2.51) is about 25 m near Dolores and increases
toward the south reaching about 150 m in the center area of Pampa. The deposits are
accumulated almost horizontally and sometimes interbedded with each other.

Depth to the top and the bottom of the aquifer is shown in Fig. B-III, 2.52 and 2.53
respectively. Figure of aquifers in Pampa del Tamarugal is summarized as follows;

Area Maximum Width | Top of Aquifer | Base of Aquifer
Thickness (m) (km) (mBGL) (mBGL)
Zapiga/Dolores 80 13-17 <10 90
Negreiros 70 15 20 90
Huara 60 15-19 50 110
Humberstone 150 27 30-40 180-200
Pozo Almonte 220 26 20-30 240-260
Pintados 220 30-37 10-30 230
Bellavista 160 30-46 10-70 120-170

Hydrogeological Characteristics of Aquifer

Pampa del Tamarugal is basically a closed basin from the hydrogeological point of
view, although a small river flows out from the southern end of the basin. The pampa
area does not receive any precipitation throughout the year. The groundwater in
Pampa is recharged from the surface water of several rivers and some fissure waters.
Main rivers which flow into the pampa are Qdas. Aroma, Tarapac4, Quipisca, Juan de
Morales, Quisma, Chacarilla and Ramada. Surface water of these rivers infiltrates to
the underground before entering to Pampa. Pampa is sometimes covered by the flood

water in so called "Bolivian Winter" season. Fissure water reaches to Pampa from the
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east through faults, joints and fissures developed in the volcanic rocks. One of the

possible resources is the water from Salar del Huasco Basin.

The western and the southern margins of the pampa are surrounded by impermeable
basement rocks. The aquifers Q3 and Q4 are underlain by the thick clay (Q2) and/or
basement rocks which are \both generally impermeable. Q2 is composed mainly of
clay, but sometimes contains sandy materials. Thus, Q2 also shows a certain degree
of permeability. This is supposed by logging data of JICA Wells; a part of screens
was also installed in Q4 in some wells (J-3, 4, C, D, §, 6, 8, 9). The groundwater
recharged into the units Q3 and Q4 are stored in these units and gently flows toward
the south reaching Salar de Bellavista through Salar de Pintados.

Quantitative character of the aquifers are given by aquifer constants. Aquifer
constants are available on 11 JICA Wells and 36 existing wells. Specific yield is
estimated on 51 wells including JICA Wells. Data of JICA Wells are given in the
following table. Details are shown in Table B-III, 2.3. Data of existing wells are in
Table B-III, 2.4.

(JICA Wells)

Area Well No. Specific Yield Transmissibility | Permeability
(Usec/m) | (m3/day/m) | (m3/day/m) (cm/sec)
Dolores | J-3 0.73 63.1 113.81 |2.20x10-3
Negreilos | J-4 2.22 191.8 | 271.08 |5.22x 1073
Huara s 0.09 7.8 829 |1.23x104
J-D 3.47 2998 | 1506.17 |1.81x 102
Pozo J-5 8.33 719.7 769.61 [8.23x 103
Almonte

| J-E 6.77 584.9 64433 |731x103
Canchones |J-6 0.26 22.5 21.63 |[3.20x 104
1 J-7 272 235.0 383.83 [5.30x 103
Pintados  |J-8 2.18 188.4 37627 |5.18x 103
Bellavista |J-9 192 165.9 266.06 |3.54x10-3
J-F 1.65 142.6 86.81 9.57 x 104
Average 2.76 238.5 404.35 5.13x 10-3

Specific yield (Sy) of aquifers is 2.13 Isec/m in average, ranging from 0.03 Vsec/m
(well No. 936 at Negreilos) to 10.67 Vsec/m (well No. 202 at Porvenir, east from Pozo
Almonte). Sy is relatively high in Huara area and Pozo Almonte to Pintados area and
low in Zapiga to Negreilos area and Bellavista area.
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Transmissibility and permeability are generally high. Average of transmissibility by
area is in a range from 154 m3/day/m to 1102 m3/day/m. Permeability of aquifers is
in same order in the whole area of Pampa; its average is in a order of 10-2 cm/sec.

This order is high as aquifers.

A contour map of static water level is constructed as shown in Fig. B-III, 3.2.1. This
shows that there is a difference of water level gradient between the north of Huara
and Baquedano; The gradient is less than 1/1000 in the area from Zapiga to the north
of Huara and 4/1000 in the area from the north of Huara to Baquedano. It suggests

that there is a low permeable zone in the area from the north of Huara and flow of
groundwater from the north, such as the water from Qda. Aroma, is retarded to
south.

Characteristics of aquifer constants by area are as follows;

a)

b)

Zapiga-Dolores-Negreilos area

Main aquifer of this area is the unit Q4. Productivity of Q4 is low, because Sy is
between 0.03 Usec/m and 2.20 Usec/m, having average of 0.73 Usec/m.
Relatively high Sy appear in the wells located along the Panamerican Road; this
area lies in main stream of the groundwater flow. Low Sy appear mainly in the
small valleys in the western side of the area. Although permeability is relatively
high (102 cm/sec. order), transmissibility is rather small (154 m3/day/m).

Two (2) JICA Wells are drilled in the area (J-3, J-4). Both of wells show
relatively low Sy and transmissibility.

Huara area

The unit Q4 is the main aquifer in this area. The highest average of Sy appears
in this area, 3.7 Usec/m. Transmissibility is also high, 675 m3!dayfm in average.
Permeability is lower than average.

Two (2) JICA Wells are drilled in the area (J-C, J-D). J-D shows relatively high
Sy (3.47 Usec/m) and high transmissibility (1506 m3/day/m) which is the largest
in the Pampa area. In contrary to this, J-C shows low Sy and low
transmissibility. Lithology of aquifer is much clayey in J-C, and extremely poor
in sand and gravel beds. Therefore, lithology of aquifers in this area changes
from place to place.
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¢) Pozo Almonte-Canchones-Pintados area

Main aquifers are Q3 and Q4 in this area. Sy is high, 3.26 I/sec/m in average
which succeeds Huara area. 19 wells, out of 26 wells including JICA Wells,
have Sy higher than 2 Isec/m. Both transmissibility and permeability are of the
highest value in Pampa; 1102 m3/day/m and 4.4 x 10-2 respectively.

d) Oficina Victoria-Bellavista area

Main aquifers are Q3 and Q4. Sy is the lowest, 1.30 Usec/m in average,
compared with other area in Pampa. Transmissibility is also low, 219.5 1102
m3/day/m, while permeability is relatively high, 1.4 x 10-2.

Two (2) JICA Wells are drilled in the area (J-9, J-F). Both wells show higher
Sy than average. However, transmissibility is lower than average.

Estimation of Groundwater Storage

Groundwater storage of Pampa del Tamarugal is shown in Table B-III, 2.5 and Fig.
B-III, 2.54. These present the estimated groundwater storage in the total area of
Pampa del Tamarugal shown in Fig. B-1II, 2.50. Total volume of groundwater
storage is estimated as follow;

STma] Slgragc = 26.9 X 109 ms.

The estimation was made based on the two (2) geological profile and 12 geological
sections dividing the area into 12 zones. Each profile represent following zones;

Zone Geological section Major communities in the zone
1 sect. A-A' to B-B' Dolores, Negreiros

2 sect. B-B' to C-C'

3 secl. C-C' 1o D-D'

4 sect. D-D'to E-E' Huara

5 sect. E-E' o F-F Baquedano, Humberstone
6 sect. F-F' to G-G' Pozo Almonte

7 sect. G-G' to H-H'

8 sect. H-H' to I-I' La Tirana, Huayca

9 sect. I-I'to J-J' Canchoncs

10 sect. J-J' to K-K' Pintados

11 sect. K-K'to L-L' Oficina Vicloria

12 sect. L-L' to southern end | Cerro Gordo
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Conditions applied in the estimation are as follows;

(1) Climate condition will remain constant during the estimated period.

(2) The extent of the estimation is limited to the area shown in Fig. B-III, 2.50.

(3) Estimated volume is the groundwater stored in aquifers, Q3 and Q4.

(4) Estimation is made on the groundwater stored in permeable and semi-permeable
beds. Although groundwater is stored in impermeable beds, it is not considered

as prospective one.

(5) Effective porosity of aquifer is assumed to be 30 % as a whole, considering the
materials which compose the aquifer.
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Table B-I1L, 2.1 (1)

Well List (Pampa del Tamarugal)
<Lista de Sondafes (Pampa del Tamarugal)>

PAMPA - L4
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DGA | BNA CODE 0OFFO [oia] COMMUNTY  |LOCA NAME JoosmucTon [ELEVA- SPECFC |DATE OF | STAIC WATER LEVEL]
CoDE CODE[1979) ] OWNER TON DEFTH | YELD [CONST By 10-11
LAT NO_|LAT NO (F—— m ma/dim] [RUCTION [ _(mieSL) |
6]017 00 181-2 J1030f{8es0] C. 930]8030] A-14[HUARA CORFOR _ |CORFO-958 | 1128.80) 22 /0
sjoi7 82-0 [1930]ens0] c-2 [1930[es30] A-15 [HUARA SALAR ZAPIGA CORFO 888 | 1126 48| 14 rjls#
7 847 |1840{6040] A1 [1030]0030] A-21 [HUARA SALAR ZAPIGA 144.30] 20/ 87/0
23]017 00 v85-5 |1040]6040] A-2 [1030]8030] A-22 |HUARA SALAR CORFO-D8 87/07] 18.08] 1128.
017 00 473-5 [1040{6040] AN-3 HUARA
28]017 00 186-3 [1940/8840] C1 [1830/6830] C-5 [HUARA SALAR CORFO-C3 108
017 00 1671 [1040/essc] C2 [1630/6030] C-8 [HUARA ZAPIGA 107
1 104-3 [1940{8640] C3 [1030|8030] C-0 |HUARA SALAR ZAPIGA CORFO-B8 /04| 14.07] 113080
18[017 00 va8-k |10a0jeeso| A-1 [1830 -2 [HUARA PTA AP 81
18]017 -8 J1eaofseso] A-2 |1030]e030] A-3 [HUARA A 108
0]o17 00 170-1 [1040[8680] A-3 [1030]8030] A4 [HUARA PTA 53 |
11]01 171-k_|1040{8650] A-4 [1930/e030] A-8 PTA AP 4|oos 1
1201 1728 |194 o] A-5 ]1930[e030] A-8 [HUARA PTA. AP DOLORES 5 |DCS umgl
13]017 00 173-8 [seaofeoso] A-e J1930/6930] A-7 [HUARA PTA AP DOLORES 8 | 008 s62] 111108
174-4 [1940{8050] A-7 [1 -8 _|HUARA PTA
8o 75-2 [104 . CORFD /08|
1 1722 Tioaofeoso] £1 11 ENAP B 4 0 #.08] 1117.01
17]01 177 4olesso] Bz [1830[8830 i o7l 1 T
8jo1 01-9 [1940[80s0] B-3 11030]0930] A18 |HUARA SALAR 03]
18]017 00 178-7 |10 50| B4 [1930]8930] A-15 [HUARA 10 11331
0]01 179-8 [1edoiesso] B ‘ SALAR DE ZAPIGA /08|
01 1000 [194 -8 A- SALAR CORFO-CT [l
7017 00 180-8 [1940]8! 7 HUARA El NG
4017 00 1817 [1940]6050] C1 [1930[ee30] C4 |HUARA 1134.18 g] 7i0
sjo1 102.7 [1040leeso] D1 |1 89 C-3 [HUARA 1136 01 [] T
8jo17 -5 10 [[] 30] C-¢ 140 0 1 7/
017 -8 [1p40f8950 1 00] C-7 [HUARA 085P0 1132.86 ] 7/0!
ojo1 100-4 |1880[ee20] A-1 [1830]6 C-1 PACHICA 517,80 s4] 017 84/0
40017 30 1013 |1esojev20] A2 [1930]e0 C-2 |HUARA P. CORFO4oe | 1537 8 s8] 351 41
41]01 -0 1 -3 |1030]8030] C-: 1534 .84 s1] @ess 8/03]
38j017 00 183-3 |10 C-1_]1930]8830] O-: HUARA = 3524] 150 88/1
4j017 00 184-1 [1950fena0] A-1 [1830]88: C-2 [HUARA AROWMA 1 |CORFO TS |1180.48 43 [T
1]o17 1 |1 Y] . [T 1 o 1150 54 24 87/0
01 k_[1950] 084 -3 |19830]e930] C-1 1 _|CoRFO-8se | 1150. 20 £7/08]
3]017 00 185-k_[1050{6040] B-1 [1930/8930] D4 [HUARA AROMA 2 _ |0OFFO CORFO-TST_| 1120 14 12 88/05]
33A[01 186-8 [1080]8840] B-2 [1030[6030) HUARA 12 80/08
[T 187.8 |1950] 8940 0o0]se3c] C.1 [HUARA 1 1108 71 5 88| 10
35/01 1 >1_|2000[88 b1 _|HUARS HUARA-PACHICA 2 _|DCS 1108 04] ]
017 001 1950/ 804 2000/ D- 1
agAlo 190 ] HUARA 1
aslo 1-4 ool e -1_|2000] 8030/ 4 oD RGO
4sAlo1 192- -3 |2
2j01 - so40] B! 8830] B-1 MAPCCHD FREGO
48017 00 1948 8940 2000/8030 CORFO PEGO
48{017 o w4 893
4 T8 E 3 FEGD
4301 - 0 000] 80 7 [] FEGO REGD
44 108 000]8630) 7 REGO
4 06 8930 Bo
sAj017 1 1
189[017 00 201- 1 A- ] -1 I FEGO RED
s3jo1? . 1 . 30| p13 |POZO PORVENR AEGO FEGD
o1 . MLITARY
45C]o1 1080 .
45D[017 0O 10{89 4]
87]017 00 131- 10{89 1|20 30 TIRANA CORFD CORFO-544 | 1010.80)
[ 1 v 9.
30| C 0 0 1022 79
017 00 132 10{8030] C4 8930 0-37 [POZO 0 CORFD 1022 80
1o - 1 B D C 0
1 - 1 B 000 4
0 . 10{8930] C-7 [2000/8030 THANA (CORFD CORFO-854
87(017 . 30] C8 ©930] D-83 CORFO1A
[ - 1 Ca 0
7 -4 |2010{e930] C- 930
11- 108 11 58 10
1lor 12-0 201 ~12 {2000{8030] D-57 TIRANA RADIO! CORFO-854
[0 139 2930] C-13 30 D-58 [POZD TIRANA RADIO! |CORFOF | CORFO-854
14 10{e930] C-14 v LA
80[01 15 10{8830] €1
017 18- 10{8830] C-18 [2000/8830] D- PINT, CORFO-F
1 00 217-1 l2010{6930] C-17 [2000]8230] D-73 |POZO PINT, CORFO-581
vajo1 & 2 30] C-18 [2000|8030] D-78 1
1 19-8 |2 1 PINT,
885]017 00 2201 [2010{8030] C- 930 PINT. 1
1 - 1048830 )= 1]
84[017 00 222-8 [2010]89: }2 |2000]6030] D-43 J. MOPALES SAGASCA | CORFO-
pejo1y - 10/ 8. D 8930] D-s8 SALAR PINTADOS 1
1for -4 |2010{8p40] B-1_|2000]8930] B-10 HUMBERSTONE S __|DOS DOS-337
17 00 228- 10{8840] B 8930] B-11 HUMBERSTONE 1 [REGO
017 00 226.0 [2010{8540] B DERDET FEGO
84J017 00 2279 o] C1 |2000]8030 ALMONTE
I 107- 10{esa0] C: [T CORFOAT_| CORFO58
75]017 108840 D 0]8830 338
ajor 108.8 [2010]8i D- 8930 PT.
74]017 00 111- 10]ess0] D3 T 8630 PTA._SARA 2 3
Te]017 8 ge0] O (TR T 1
01 1 10804 [ PTA
017 010{804 8930 A 4 (]
8jor 1 10{ 8940 8830] 07 T ] DOS
9jo1 -5 |2010{es40] D3 |2 0| POZO P DO 5
80j01 . 10{ 884 PTA.
a1 1337 |z010]8940] D-10 [2000]|8830] D-1 THANA &
1 130-2 20 o D11 [2 30] D40
-1 1 1 1 CORFD
[ [ &_|z010[004 1 ©830] D-88 PINTADOS CORFO-55
017 1 -14 [2000[803 1
8aj01 7. 10{8940] D15 [2000] 8030] D-70 PINT, CORFO-551
01 109.4 |2010{8840] D-1 8930] D-74 PINT.
#3]017 00 238-4 |2010{ 6940} D-17 [2000]8030] D-75 [POZO. SALAR PINT CORFD2 | CORFD-551
84]017 00 238- 1u{es40] D18 8030] O-78 SALAR PINT CORFO-551
B1AJ017 - 10[8940] 0-10 [2000]88 1 DOS-
178]017 -4 |2020{8010] A- 89 PAVPA BRUGGEN 1_|REGO
1 -2 |2020{881 -2 |2000]80
177]01 -0 |20 1 . 0[8800, F3
178]0v -9 Jaozojeeio] A4 [2000|8800 PAMPA REGO FEGO
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Table B-II1, 2.1 (1) 'Well List (Pampa del Tamarugal)
<Lista de Sondajes (Pampa del Tamarugal)>

DGA | BNA CODE H— OoFFD COMMUNTY  |LOCATIONNAME  [NAME OF  [CONSTRUCTOR [ELEVA- m SPECFIC |DATE OF | STAIC WATER LEVEL]
CODE 1973, 1069 OWNER TON DEPTH | YELD |CONST- (8% 10-11
LAT AT, NO fmsyy | (m) | (mavarm) [RUCTION | mBGL | (mMSL
1611017 00 2488 1202018010] A-8 |2000|8000] C-52 |PICA PAMPA PICA 1 S8/
180/017 00 247-3 202018010 A-7 |2000)8000] C-83 |PCA PICA 2 REGO sa/
15{017 -1_|2020{8010] C1 j2000/80900 PICA [PUQUIO LORETO D |RBGO REGO w
18]01 249-k_|2020{8010] C- ooo{saoo] C55 IPCA PUCURO MIPAF N | REGO REGO W
21]017 00 250-3 |2 010] C-3 [2000je800] C.88 [PCA PUCUIO CONCOV S | REGO FEGO
8017 -1 J2020{e810] C4 [2000]|s8800] C-87 [PCA PUCIIO CARMENE | RGO 1 F71]
-k_|2020{8010] C- [ PCA 1PTT [ooReD CORFO-8ToA ] 1 88/02]
22]01 . 10| C4 0 CORFO-898 87/12]
18017 00 . 8810] C-] 000[2800] C-80 |PCS 1 CORFD 88/02
[ G B 80/0
o1 - 020{8010] C 000[8000 PCA 3 CORFD CORFD-T 88/08] 30.08] 14117
1 7 o] C-10 PICA L1 FEGO
188Jo1r ® 8910| C 11 @ PAMPA M_|FEGO FEGO
1 -7 202008810] C12 PICA PAMPA MIFAFLO 0| REGO REGO
19A]017 - e 13 PICA F
198]017 00 281-9 [2020]8010] C-14 _[PcA PMPA. CONCOVA T REGO
-7 |2020{e920] A-1 [2000[e000 PCA LA REGO
170[017 s [202008 ¥ [N ﬁ FEGO ©1/08| 6813 12338
171j017 84-3 |2020]e020] A-3 [2000]e0 PICA s1/10] 10.34] 1027
174j017 " 0] A4 [] FEGO sa/08] 1780 0es 20
[ o - i 88/09)
121017 00 138-3 [2020je820] C-1 j2000|8900] C11 |PICA ESMERALDA 1 (COFFD PEGOD s3/08
4 : 020{8020] C-2 J2000/8800] C12 |PCA 2 FEGO 3/o8] BUFED
27]017 00 2688 f2020]8020] O-) |2000]e600] C 5 |PCA SAUQUECITO AEGO REGD 8/20
01 -4 |20 [ 200] C13 r
3jor - o] O 8900 C-18 [PCA (CORFO 1044 48]
1401 71-8 20i8020] D-4 _J2000/0000] C-10 |PICA ESMERALDA RE
slo1 -4 |20 L] D-5 |2000{8000] C-17 |PCA E ] CORFD FEGO
; o] D-¢ |2000[e000] C-20 [PCA E
10017 00 373-3 j2020{8020] D-7 |2000|8000] C-83 |PCA OBOA_SECA 1 CORFD (CORFO-
1101 T4- 8020] D-8 |2000/8000] C-84 2 (COFFD CORFO-TH1
182|017 0O 275- 8020] D-8 |2000{ec00] C-14 [PCA ESMERLDA S REGO
A -7 _|2020{ 80 D-10 j2000|8900] C-18 [PCA 10 REGO
183017 775 |2020{8020] D-11 [2000]8000] C-10 [PCA 1 (COFFO AEGO 1008 2 15 1071.78)
84]01 -3 |2020{8920] D-12 |2000/8800] C-21 |PCA E 13 (COFFD 1113.30 |
185/017 00 379-1 |2020{@820] D-13 [2000]8600] 14 |como 1113.34) 90
Blot 80 14 PICA 1 FEGD n 100
188 81- 8920 D-15 |2000/8000] C-24 |PICA ESMERALDA 1 CORFD AEGO 128, 1
187]017 -1 _J20 o] D-18 |2000]e8 PICA 18 [coRro FEGO 101.11 150
188]017 920] D1 1 143, 130
188[0Y -8 f2020{8820] D-18 |2000[8000] C-28 |MCA 20 104 8 180
190]017 -8 _|2020{8020] D-18 8900] C-20 21 (CORFO REGO 1434 150
191]017 00 288-4 |202018020] D-20 |2000]8@00] C-30 |PCA (COFFD REGO 108.80 150
1 1 7- D-21 [ 1 PEGO 132 4 101
03[017 00 288- 820 O- 900 E FEGO 130.32] [
401 89 D-23 |2000]8000] C PICA SMERALDA (CORFO 123.48 [T]
19501 90 920] D- 8000] C-34 |PICA ESMERALDA 254 123.08 [-1]
1e8j01 01- 020 8 - seon] C-38 1110.70] 1
17 00 0 -28 [2 E 8
197j01 203 8020] D- 37 F- FEGD 1130.9; 83
198]017 845 |20 D- 8900 PICA 1112 0. 102
190017 D- 900 ESMERALDA 3 | CORFO 1118 10
17 00 20€-1 o] D-30 8000] C40 [PCA E CORFD 111.7 [}
Aoy Tk 2 0] D-31 |2000(8000] C-41 |PCA 115.48 []
02]017 e8-8 |2020{0820] D- 000[8800] C-42 |PCA 33 (CORFO RGO 134 [T
1 - 8020] D- 8 PCA £} FEGO 18 85
01 - o20lep20] D-34 |2 8900 C-44 % (CORFD REGD 21 83
01 1-1 |2020]s920] D-35 |2000(8 43 3 |CORFD | FEGO 120.60 82
slo? -k 8p20] O- PICA (CORFO FEO 1118 98 82
1 .8 _|2020/8920] D-37 [2000[ap00] C-47 3 |coRT FEGO 1110.24 82
08017 00 304-8 |2020{8020] D-38 |2000|8000] C-48 |PCA A 39 CORFD FEGO 12257 52
o8jo1 -4 |2020{8020] D-: 8500] C40 [PCA SMERALDA 40 (CORFD PEGO 124 € 1)
017 00 308- 20 8620] D40 |2000] 88! PCA a 122 44) 82
01 7-0 |2020{8820] D4 sso0) C-51 ESMERALDA 42 FIEGO 120 72 50
1 -9 _|2020]8920] D-42 [2000/8830] C-28 [PCA [] 120.18) 100
110]01 -7 12 930 A- 30| D-108]PCA ]
77AJ017 00 310-0 [2020{6030] A-2 |2000[8630] D-11 [POZO ALMONTE|[LA TIRANA 8A DO5-347 _ |DOS-347 1008 1
17 11.0 |2020(8e30] A-3 |20 30l D1 LA 104A 00724 42
100[017 13-7 jz020{ee30] TR POZO SALAR PINTADOS CORFO-551_| 1000 71 1 85/07] 13.08] 08772
1ot 3138 -5 [2000[8s: PINT, 1_| 1001 58/ 12 880
1 $14-3 e930] A- PINT, 10032 49| 18, 85/07
1 17 -1_j20: L] 930]D-1 4 1001 18 1 88/07,
1 2020{ 8030 A 1 00, - ALMONTE| 15 _|coRFD CORFC-851 1 ee/07] 0%
1 4 202008930] A POID
1 148 6830] A-10 POZO
017 00 484-8 [2020{€930] A-11
01 488-4 [2020{8030] A 12
017 00 4882 |2020/8930] A-13 TRANA P
1 - 14
103]017 17-8 20{8030] B-1 |2000[8830 SALARPINTADOS _ [CORFO-HS
401 318-0 202008 ¥ 930] D-87 PINTADOS
so1 10-4 [] 13 |2000{6830 PINTADOS
8jo1 -8 2020{s930] B4 | 89230 PO2O PINT,
1]o1 0; X 30| D-54 PINTADOS
12017 -8 |2020{8930] B 0 SALAR PINTADOS
017 00 481-1 [2020/8930] B
1 ‘K_|2020(80 1
130j017 -4 _J20200® C-1_|2000[8930] D-13 FTA AP
140]01 -2 [2020/8830] C 930] D-14 [POZO PTA_AP HISPANA 7
a1for -0 [20 C3 [2000]ee30] D-15 [POZO PTA AP HISPANA
14201 ] [T C4 [2000]8030] D-18 PTA AP HISPANA
1 . O C s [T 17 A_AP M
144[01 158-2 |2020{8930] C-t 2830 D-1 PTA. AP HISPANA
-5_|2020{8930| C.7 |2000|e830] D-19 PTA AP
1480 -3 |202006930] C# &
1[017 00 320-1 [2020{8930] Co 8030]0-103 1
148/017 00 330- 1 3010-1
188]017 00 331-3 {20 C-11 @30] D109 [POZO AMNOY
7 . ] 930] C-12 [2000{8830]D-110{POZ0 ALMONTE| JUNOY 1
1 -K C-13 8830/D-111 ALMONTE JUNCY 10 _|CORFD
101 -8 |20 C-14 | 803 12 |POZ0 BOSOUE JUNOY 8 |CORFD
153]017 00 335-8 202048930 ;;"I_Lzm 8230 0-118|POZO ALMONTE JUNCY T |COFFD
017 00 338-4 C-18 [2000] 69 120[POZD PINT,
100 337- 30] C-17 |2000/86830]D-1 JUNOY 2 __ICOFFOD
17 00 02- [20 c-18
017 00 80 020{0030] C- 1
111401 338-0 e830] D1 30 HUAICA CORFO1




DGA | BNA CODE
COoE

111BJ017 00 330-
111CJ017 00 340-
1110{017 00 341-

111E]017 00 342-
111Fj0 -
111G]o 244
111H]017_00 348-
125}0% -
127]017 00 347-K
128|017 -
131]017 340-8
128{01 50-K
120{017 00 381-8
13zjo1T
130{01 -4
134{017 -
147]0Y 3.
AlDY
1 1) -
1 T 358-
1 o1 9.3
188]01 -7
154j017 1
150017 00 o
187]017 00 3e3-1
188j01 384K
133|017 00
1 017 00 je8-
017 00 484-8
017 00 455-7
017 00 4885
017 00 487-
17 00 458
o7 458-
1 -
BTIT 87-4
WB017 00 147-
eejoT -
121017 00 110-
12-4
113017 00 138-1
114J017 ELTE
118]017 -4
118j01 1l
117017 -
11 17 ar-e
110]017 00 374-7
0j01 78-8
1 01 138-
1 1 39
124]01 378-3
135017 00 377-1
133]017 00 378-K
138|017 00 378
137]017 140-X
150/017 00 3
148]01 1-
180j017 00 383-
183]017
17_00 137-K
0sj01 -
307]017 00 388-
aosjo17 .
308]01 7-
a1
12{017 00
313{017 00 380-
17]01T 1-
318J0 393-°
533
21]017 -
308
320j017
1 T 14-
01]oy7 142-
02j01T 117
308|017 00 -
11jo1 -
30301 308-4
10j01 -
314017 -
01 401-
01 -
017 1-
4101 403
-] (1]} -
3. 17 A04-2
17 ]
01 #10-
38017 00 113-
A
1
1 .
17 23-K
44101 o8-
45{017 10-7
1 411-
30J01T 00 413-
24801 413.
32|01 414-K
1o 418
(] 18-8
&
48{017 418
s0j017 418

Table B-III, 2.1 (1) Well List (Pampa del Tamarugal)
<Lista de Sondajes (Pampa del Tamarugal)>

PAMPA - 34

OO0 ITION NAME OF ELEVA- SPECIC |DATE OF [STAIC WATER LEVEL
L] 1 OWNER oM DEPTH YELD |CONST- oV 1011 )
T JLona] Mo [LAT, NO. m) | (m3/d/m) |AUCTION [ {misL) |
o20{es30] D-2 [2000]es30 LA HUAICA CORFO-A [TTH 1 7l
2020{6630] D3 [2000]8030) POZO LA HUAICA 18 {coRFcese | e o8 11 87/11
020{8830] D-4 000/8030] D-47 LA HUAKCA CORFOC _ |CORFO85e | 988 09) 23 e7i11
2020{e830] D-5 |2000]8030] D42 HUMCA 10 _JCoRFOes | 080 21 11 1)
48 HUAICA CORFOIE _ |CORFOA%) 80 21 11 7/
2020 893 8830 i3 986 33 3 i1
2020/8930] O-8 |2000|6630] D-51 |[POZO HUAICA CORFDG __|CORFO-85%8 88.81 185 12
2020{8830] D-9 [2000[88 [CoFO e
) 3 [ geavol 11
020{ 89 111 j2000{8930] D-24 (3 [:] 857 257 998 21 108
ooojess0] D-20 P_CANCHONES 880 DOS - 880 808 10 54
2020} 8! -13 [2000] 88230 3 [] FEGO 980.00 26
020]8030] D-14 2000|869 27 P.CANCHONESC _ |DOS- #5a _ |DOS-858 §97.3 101
2020{6930] D-18 |2000] 6030 P [3 [53 298 00 102
2020{0030] D-18 j2000]86830] D-28 P CANCHOMES 008-820 |_907 24 54
30] D-17 12000/ 8630, P, H__|Dcs 0os | 084 27] 100 32.74 -]
2020/ 8930] D18 [2000|e630] O-98 SALAR PINT) CORFO351 | 964, [) 8507}
2020{8030] D-19 11 PINT, 983,97} 0 88/00]
20008930 PTA. [ 088 11 108] se29
2020{8030] D-21 |2000]8930] POZO PTA espo8l 110
020{se30| D-22 [2000]6830 = 980 01 1 81/
830 000{0930)} D-20 |POZO PTA_CUMNA| 83 |DOS-483 sae 38 11 a1/
2 8930 D-24 [2000/8930|D-114) SALAR PINTADOS  |CORFO-HT _ |CORFO-£81 082.2¢0! ] e3/07]
30] D-25 |20 930]0-11 PINT CORFO-581 | 984 .3 2 85/08)
020§6030] D26 [2000]/8930|D-118 SALAR CORFOHe |CORFCS51 | wes 24] 0 68/08] 1080] 07474
8930] D-27 [2000]89 118 PINT, 1 | ee7.41 [ 85/08
2020{8030 &' 1 PTA AP DoS 12 a/0
2020/#830] D-29 CORFO8T2 183] 4082 70/04]
2020{0930] D-30 POZO CANCHONES DO8 no| 1417 nrnsl
2020{8030] D-31 POZO CANCHONES
020 e830] D-32 CANCHONES 3 110}
2020{8930] D-33 POZ0 4 005 1
0z0[8930] 034 1
20{8930] D-35 POZO CANCHONES ¢ 008 120 85,00
0 30 D-38 . POZO CANCHONES 120
c20{8e40] A-1 j20 30 3 _|POZO SALARPINTADOS _ |CORFO T-1 |CORFOSS51 | 1 18 8 1
940] B7 |2 30] D-81 [PGZO. PN, P1_|coRFPEs1 |1 9 85/09
020{8d40] B2 |2000/8030 POZO. PMTADOS |CORFODS |CORFOSST | 1033.0. 3
2 o] C 230 PINT, T2 n | 09778 [ 8s/11
-2 |1930[8930] A PINTS [CORFO-551 74 3 1 D
o20{ee40] D 306930 CORFO-1 [ITED 3ae 1
20{ev40] D3 30]8830] D-81 |POZO PFADOI |CORFOIA_ |CORFO-85 04 0 18 1
[ D-3 J2030]8s: RADCH 18__|CORFC-858 1 1710
8940] D4 [2030]es: 3C__|CORFO-858 [F) 7
940] D5 |2030]e930] D-84 [POZO ESO0 2 /04
es40| D8 2030 [ 3 7/04
0940| O-7 |20 D-88 |POZO F 7
2020{8040] D-8 |2030]80 7 |POZO CORFO1G_ |CORFO858 /1
840] D- 1 3 88/09)
020/ 8 D-1 30 PINT) il -] n
20/8940] D-1 0/e00 SALAR PINT, 1 85/10
2020{8940] D-12 [2030[{8000] D-87 [PO2O 3 88/00
2020{8040] D-13 [2030| 8900] D-102{POZO JUNDY CORFO-551 [] 8e/08
8040] D-14 j2030]00 08 |POZO SALAR PINTADOS CORFO-581 ; ) 85
020 8640] D-1 89 01 [ 88/07] 1351
020{e040] D-18 [2030] 8800{D-100]POZO. PINT, 1 | 08620 8 85/0
940] D-17 [ 1 | eee 81 1 [ 1317] 906 44
2020{es40] D-18 [2030]8800]0-113{PO20. PINTADOS \l 45 5 ny
2020/ 8040] D-18 o|egoc]D-121 CORFO-T 1 | 08748 [] 86/0
2020|6940] D-
10 A- ojee -2 |PCA P c |08 oS 42000 208
203018870] A-2 |2030]8900] A3 P.CHANT) Y (5] [r=:] 312.00 87
p3ojesio] A3 [2030[e000] A4 P Y H o] 18
30{8810] A4 . i 3.00 se
10| A - 3 Y | 1286 00 35
208910 |2030]se00] A1S [PCA MA [ 1307 7 185] 138 87/09)
3018910] A-7 ]2030/8000] A-18 JPCA A E 18 141 33 87/
30{8810] A-8 |2030]8800] A-14 CORFOS4T |1283.48] 180 o/
3 \-9 _|2030 A A |mEm0 382, 52
3 10| A-10 30 A-10 1 8 37a BT7/02
sofestol A1 0 A 8.1 o] 82 /08|
o3o{ 801 1 - % 30
8920] A- BO00JA-2 PANT) PICA 1039, 58
20] A- L] A-23 |PCA PINTADOS 1087, 01
8ez0 8900] A- (MATILLA 4 CORFO-T11_| 1138.60 []
1 A 5 138 184
920 3 [2030]e030] A® [PCA Laxy A 1A REGO 1113 3
8 P.CHUANTAGUAY P 1208.
5 86 7 P AGUAY O 121
030j&a 30]e B-13 [PCA 4 12
3 6830] A-12 [PTA NMNEZY  |REGO PEGO @ 40,
3 11 |PCA [REGO 187
0 |
03 BN-1112 (1] B-25 P-1
- 8930 A- L]
C-2 2030 CORFD 1083 48] 104] 37
D-1 1 [PcA PUOLAO 1
D- P
D3] [ P
2030 e830] A 30|8830] B-11 |POZO ALMONTE 1 | o7s 84 3§| 87/10] eS| wes
o] A 1 PINTI A 975.91 T I
- 1 PINT 18 [} 1 T n
0 -4 8830] oT8 83 18 n
930] A- [T] 975 0 7 [iF]
- § (1] 1 [PINTADOS RADNO | CORFD- (CORFO-a88 g f_t n
-] 30| B PINTI 1F [) "
30{0930] A-¢ 0|ee30] B8-18 |POIO PINTI 1G T 7/12
v PINTi 851 1 [TRE)
. /on 1 e,
0] A1 30, PINT. CORFOP 88/01
o o] B1 [2030]ee30] B-10 PINTAD E2 Erep
030/8030 PINTAD 2 [ENAP ENAP 13.81 [1:- K]
20 0 2030|883 1 1
8 PINT, il I
030{ 8830 030/ 8830, PINT, 5/08
6030 1 1




Table B-IIL, 2.1 (1) Well List (Pampa del Tamarugal)

<Lista de Sondajes (Pampa del Tamarugal)>

PAMPA - 44

DGA | BNA CODE COMMUMITY  [LOCATION NAME  |NAME OF SPECFC
e 1 OWNER TION DEFTH Y&ao
LAT. LAT NO. m m3/dim
S2j01 4 30 r {2030 ALNON PINTA E1 ENAP 1001
1o 21- 30j8930] B4 7 PNTI 1 ENAP 100 1 ar e
017 00 118-3 J2030{8030] C-1 030/0030] B-33 |POZ0 ALMONTE PNTADOS | COMFO-51 i1_| o078 4 1
slo1 423 30] C-2 Jzo30]ee30] B34 1 78. 1
selo1 41-8 120 30] €3 19 PINT) 78. ]
1 C- SALAR 3 |ooRFD CORFO-888 84
7 « 30] C- 030|688 1 SALAR PINT, s] 1188
sloy 181- [ C 8600 7 SALAR PINTADOS _[CORFOPs  |CORFO-851 | a7e. 15
glovy 00 120-8 |20 5 30 PINTI 1| o7s s 7
o 11 e3o] D1 a0 30[ B-38 [POZO SALAA PINTADOS  |COAFD-H12 [CORFDSS1 | 690.05 21]
17 121- - 30| B- PINTADOS PICA 1 |CORFD CORFO-888 | 1 20 11
81017 00 424 3 TACION PINTA 3 FEGD O8T 99 315
017 00 425- 3 3 - a0 ESTACION AS AEO 7.69 a2s
0]017 00 42¢0-3 2030{se30| D8 [2030[e030] BB ESTACION PINTA4 687 43 385 11.07] 97548
83017 00 180-7 X ESTACION PHTA 1 1 17 18 980 30
4]017_00 427- 3 - o30ee 3 PINT. FECD 683 48
017 00 a28-K [2030{8030] D-f 03080 POZO ALMONTE|SALAR B VIST, L) 24 80/04]
017 00 118-7 {2030{8830] O
20017 00 420-8 [2030{6840] B 030]8830] B-24 [POZO ALMONTE|SALAR PINTADOS
35[017 00 430-1 aojes4n] B-2 [2030/e830] B-31 [POZO
4TI0TT 145-0 Sojes40] B-3 2030|880 POZO
38/017 00 148-9 [2050]ep40] B4 [2030/ee30] B1 [POZO
3 / 122- 401 0810] A-1 301009230] A-18
327]017 00 431.k_|2040{8820] C-1 |2030|8830] C-1 |POZO
328]017 00 432-8 [2040]8 C-2 [2030]80 POZO
7jo17 00 1 2830] A1 |2030]as30] B-38 [POZO
8l017 DO 4 040] 8930 4 |2030]e030] B-41
e0fo17 . 4088 -3 0] 88
71]017 00 434-4 1] -4 _[2030[8030]
73[017 00 435-2 [2040[{8030] A-5 12030/8030 POZO
75{017 00 438- 8830] A-8 |2030|8030
Tel017 00 157 -4 408 \-] 30 7
74[017 00 437-6 |2040]/0930] A-8 |2030|enco] B-23 [POZO
17 00 438-7 [204
80]017 00 128 40le C-! §30] 07 [POZO
83[017 00 152-3 [2040]8930] C2 |20 1
85/017 00 430- 4 C3 1
017 00 440 T R ©30] 014 |POZO ALNONTE| SALAR WISTA
208[017 DO 441- o40jee30] C-8 ap|ee3o]l D15
TBlO1T 00 442- D- 030ee. 2 _|POZO ALMONTE|OF. VICTORIA SOOLMCH | REGO 15.87] 95718
17_00 443 4 D- 8830] D3
81017 00 444-1 j2040{8030] D-3 [2030{06830] 18.82] 955 48
1 445 040{8930] D-4 ofes.
127- D- 1 ip8s| 0528
801017 00 448-8 [20. Il D-6 12030/8830] D-18 |POZO ALMONTE!SALAR
72[017 00 447-8 [2040je040] 81 |2030[8830) 580 958 80)
8l01 -4 |2040{ape0] D1 |2 9. POZO
s4for . 40{8940| D- 030[ee30]
1 [ - 8020] A-1 [2030/09 POIO
17 D0 487- 0s0/8020] C POZO
0% 4 2050{ 8920
1 -1 _j2050[883 88 POZO
2e8l01 4514 8830] A- 030|8830] D-22
101 ARD- 8030 8- 030|8830] D-17 |POZO
93]017 00 156-8 [T} -2 |2030]08030 o
§2[017 00 453- 50]8 - 030]8s: 85| 00885
940 1854 (13 4 8030] D-18 27.17] 618 58]
eslol 154K |20Sojee30] B8 |2030/ee30]| D-1
- 3
es8fo1 160-4 |2080{ 5. D-1 30[e8
a1 183 D-2 12030] 8830 POZO
017_00 917-8 [2080{8030] D-
s0j01 134 030[88 [ 18] 044
43 1143 1 3 8311 9.17] 113473
CAMINA_ DGA-SCA 4 1180804 150 160 40] ©3/12] 4e.18] 11218
ZAPIGA J+C 1110 86 0] ®3/11] s2.03] 10588
PCZO -0 1056 88) 21 031 48 1010 84
1030 8 3 20 00] 83N 20.08] 1001
THANA 1008 50 584 80] ©3/12] 1373 @
POZO 4 [TIN] [T o] @an 1404] @
X 981 84 210 34 83/ o4 073
PR - 1018 12| z10 188.81] 83/ 3769] 6781
POZO. OFICHNAVICTORA &F 10181 224 142 20] @3/01) & 9501
POZO Fr] [0 1 188 10] e3/01] 13e7] essa
NOTE
(PUNPING TEST)

DW DYNAMIC WATER LECEL
BAW BTATIC WATER LEVEL




=
i

Table B-I11, 2.1 (2)

BNA CODE [ OFFO U™ COMMUMITY |LOCATIONNAME | NAME OF COMETRUCTOR | ELEVA- | DFILLING] WELL | SPECIC |DATE OF | STAIC WATER LEVEL
$u 9 OVNER TON DEPTH | DEPTH| YELD |CONST-
LAT_[onG [ MO East tmASL) | (m) | (m) | (m2/d) |RUCTION | gmBGy| gmMsy
1 910 | 1 |1v4c[esso| B8 7810883 | 341 HUARA STA CATALWA | UBSPAPMC - 720 | 720 414 7 472
017 0 1040 8980| D4 | 7815343 | 407 751 HUARA AGUADA USSPAPC | = 15.00 | 18.00 26070 12 38
017 o 3 19501 8080[ B-1] 7805.7¢3 | 411189 HUARA NEFEFOS | SAL RENACER | CRLDAT 3028 | 3028 1547] o780] 1243
o1 [} 4 |1040| 8050 0-10] 7.807.004 | 417 240 HUARA NEGRERDS | SAL RENACER | CRLDAT 18 50 | 18 50 | o7es] 110
17 s| > 1940/ 8050[ D0 | 7807332 | 412 083 HUARA _NEGFEFDS | SAL RENACER | CALZAT 20.70 {2070 104 9 °'__i._" 1378 @200
01 3| P4 | 1940|0950] D7 7808181 | 410724 HIARA NEGREFDS | BAL RENACER T 2020 | 003 o780 1124
7 922 | 27 |1040]8c50] D8] 7808.840 | 411377 HUARA NEGFERDS | SML RENACER | CRLDAT 48 00 | 45 ]
4| 4 [waolessoDa] 7s07767 | 4t0 HUARA NEGFEFOS | | OARAT 1200 [ 1
17 1] 2o [1040]e980| D5] 7800017 | 410780 HUARA NEGREFDS | [ oAT 40| 28 [
_ZP10 [1esoleasol B4 ] 7804 130 | 417189 HUARA MERCKQCA | SAACOL 24.00 | 34 00
017 00| 938 | ZP.11_ | 1050] 6850 B8 | 7.809.875 | 411520 HUARA MERCKOCA | SAACOL 4400 | 44.00
o | _2°-12 | 1080|esso| B8] 7.804000 | 412001 HUARA NEFERCS MERCKCCA, | SAACOL 32.00 | 32.00
32 | zp1s [1esofesso| Bs| 7eoa 613 [ 411228 HUARA NEGFEFCS | MERCKOCA | SAMCOL 86 00 [ 35 00
] 938 | P14 | 1050| e9e0] Ba 45 | 411278 HUARA | = NEDREROS | SAACCL 40.00 | 40.00
1 | _Zp18 [1050] 6060] B-7] 7003374 [ 411528 | WUARA | 2 NEGREFOS | | SAACOL 0.4
T 1 P18 1950 | 8950 11 270 400971 HUARA NEQFEFDS MERCK QCA SAACOL 4000 | 40 00
] |27 | 1e60] 80 ji 'm 410 488 HUARA | OF MERCEDES | MERCKOCA | BAACOL 22.20
o 2918 | 1050 6650 B9 | 70803.184 | 410378 HUARA GRS MERCKQCA. | SACOL 17.00
1 [ zp-10 [1080] s050] 7802 664 | 410 128 HUARA NEFEFCS | MERCKOCA | SAMOOL 19.00
17 00| 94 30 1108019050, B-13] JA01.778 | 400.888 | WM 1| OF AGIMSAMIA | MERCKQUA | SMOOL 17.80
| _ZP-n [ 1050] 8050 B- 7802217 | 411.482 MUARA | OFPROGREBD | MERCKOCA | BAACOL 17.78 5
17 7] ZP32 11960169401 D8] 7700607 | 421878 | HUARA | STA ROGAMUAMA | MERCK QCA | SAMOOL |11 68,00 | 68.00 10.3] 12.87] 48 70 105755
07 8| ZP3> 1650|6040/ D4 7780 856 | 423320 | HUARA | STA ROSA HUARA | MERCKOCA | SAACOL |11 | 93.00 | 90.00] 87 s : 50 97] 105640 |
| _ZPa4 [ 1080/6040{ 03] 7700040 | 422081 | HUARA | STA ROBA HUARA | |_SAACOL [1110.74] 9000 | 90 00 352.9 4 1]
| MERCK OCA, | | 1059 30 |
7 1940 | 6680] A-8] 7.024.485 | 398974 HUARA OF LOBPOZDS | NV JUMIN OFFD
01 :ﬁ:l 1950/ 6040 A-0| 7801 445 | 419040 HUARA I
1 0| P37 | 19850 6040 A-5| 7804808 | 413382 HUARA JOSERA | _SamcoL [1148 88.00 s21] o7 18.19| 112800
1 1| 7p2s [vesolesaol A4l 780a 707 415020 HUARA JOSEFNA m__um_iﬁljaﬂ' | 70.00] 3[ 112812
01 | _2P-29 | 1050] 6040[ A-7] 7600973 | 418.060 _HUARA BARCELONA | WMERCNOCA | SAACOL [1148.21] 27.00 | 27 00 288 22 00] 112421
1 2 P30 | 1040 8940 O-1| 7808 558 | 428 151 HUARA CURANA URSPAPIC | CALGAT 4800 | 48 00 1 789 7.80
01 — 231 | 1080] 040 A-8| 7a04 801 | 410317 NEGFERCS MERCKQCA_| SAACOL 8250 [B180] 1 : 38
85 | PA- 758.701 | 419.11 PALMONTE | CARMENBAJD | W GONZALEZ = 28,00 | 28 80| 5.0 B
PA 7756.732 | 418926 | PALMONTE | CARMENBAKD = 20.30 | 20 30 5. 5.3
950 | P 7 787 148 | 423,458 | P ALMONTE HOPNILLOS FENACER | CRLDAT 84.00 | 84.00 918
8| PAs 7787242 | 424920 | P ALMONTE HFNLLOS 8 FENACER | CRLDAT 87.00 | 87.00 7 (13 53.78
51 | PAS 7.780.040 | 425890 | P ALMONTE _MAPOCHO M MAPOCHO | SAACOL 79.00 | 70.00 2508] 0891 00
7 080 | P 741.050 | 442800 | P ALMONTE LAGUAYCA | TITO BARREPA | L CARVAIAL 8000 | 80 00 183 5] 0 o
o0 PA-10 7730 018 | 448,228 | P ALMONTE CANCHONES FENDOS _SENDOS 54 00 | 84 00 122.8 18 80
7 PA-11 1740763 | 446.244 | P ALMONTE CANCHOMES SEN008 SAACOL, 110.001110,00 0 0,38
1| PA 7741.002 | 448082 | PAMONTE | CAMCHONES |  SMD0S | SMcoL 11000110 a98.3]  o0se1] 1900
1 50 | PA-13 7741 360 | 448312 | P ALMONTE CANCHONES SENOCE SAACOL 110.00]110. 3300 o8s| 1738
3| PAIS 7765.700 | 417.250 | P ALMONTE BBOSUE | RO | RO [1080.00] 7. 00| 1023
|_PA-18 88 500 | 418200 | P ALMONTE 8 BOILE FEDO FEOO | 108 1
7 088 _;v; 16,100 | 400900 | P AUMONTE CHACARLLLA CORFO OORFD__ | 130 00, y |
o 1 4 478280
17 ve. 702276 | 437721 | P ALMONTE | SALARBELLAVISTA | SOOUBMCH | CAPTAGUA 23 80 |
7 J b1 | 431740 | PALMONTE | OF VICTORIA BOCLIMCH =
076 | vc4 841 4318682 | PALMONTE |  OF VICTORA SOOIMCH - 108 30]
[] VC-8 70 | 437.030 | P ALMONTE OF VICTORA | SDOLBMCH = 17.08 |
7 [l 702.321 | 440063 | PAIMONTE | OF VICTORA | BOCUSVICH - 20.70 |
978 | V.7 708820 | 439.700 | P ALMONTE | OF VICTORA SOCLBACH - 24.00
87 711836 | 425150 | PALMONTE | OF VICTORA SO = 95030 6.50 )
017 00| 973 11378 | 420925 | P ALMONTE OF VICTORIA SOCLBACH = 989,22 | 2000 |
1] 977 xi 7708547 | 431728 | P ALMONTE OF VICTORIA BOCUBMICH - 97387 640 |
Al
7 00| 974 W-"E 7711383 | 438032 | PALMONTE | OF VCTORA | SOOUBACH = 34 50 |
017 00| 901 7702448 | 427250 | P ALMONTE OF VICTORMA JULIAN NINA - 8.00
[T] VC-18 7808.050 | 443000 | P ALMONTE OF GRANUA UPFLTICOEC. | CAUZAT 25.30 |
87 17 | 107 7,608,800 | 443928 | P OF GRANUA LURRUTICOEC, | T 28 00 |
[1] VC-18 7690080 | 444800 | P OF GRANMA | UPUTOORC. | CRUQAT 24 45
V.19 7 880 439100 | PALMONTE | OF LAGRANMA | URAUTICORC, | CRLEAT 37.70
|_VC20 7688843 | 435598 | PALMONTE | OF LAGRANM | URRUTICORC. | CRLDAT 28.30 |
T o | vcai 7.887 790 | 9 'MM%M 27 40 |
WATER LEVEL)
Note: BNA Code and CORFO Code mentioned in this list are all lemporary ones. mBGL m BELOW THE GROUND LEVEL

Well List (Pampa del Tamarugal)

<Lista de Sondajes (Pampa del Tamarugal)>




Table B-II1, 2.2 Result of Pumping Test (Pampa del Tamarugal)
< Resultado de Prueba de Bombeo (Pampa del Tamarugal) >

Pumping Data (by Constant Test)

Well No. Static Pumping Dynamic Drawdown Specific

Water Rate Water Yield

Level (m) (1/s) Level (m) (m) (1/s/m)
J-C 52.03 225 5.1 23.72 0.09
J-D 46.05 22.5 52.53 6.48 347
J-E 13.73 27.00 17.72 3.99 6.77
J-F 57.00 20.00 69.15 12.15 1.65
J-3 9.17 5.00 16.05 6.88 0.73
14 46.22 4.40 4820 1.98 2.2
J-5 29.08 5.00 29.68 0.60 8.33
J-6 14.04 4.04 29.70 15.66 0.26
J-7 7.94 5.00 9.78 1.84 2.72
J-8 37.99 3.34 39.52 1.53 2.18
J-9 13.97 5.00 16.57 2.60 1.92




Table B-III, 2.3 Aquifer Constans (JICA Wells)
<Coeficientes de Aculferos (Pozos JICA)>

Well Test Method
No. Aquifer Constant Theis Jacob Average
Constant | Recovery Constant Recovery

IC Transmissibility {m3/s/m) S547E-05 1.22E-04 9.00E-05 1.17E-04 9.59E-05
Storage Cocfficient 1.46E-01 8.25E-03 7.71E02
Permeability (cm/sec) 7.02E-05] 1.56E-04 1.15E-04 1.50E-04 1.23E-04

JD Transmissibility (m3/s/m) 649E-03| 2.85E-02 7.64E-03 2.71E-02 1.74E-02
Storage Coefficient 6.49E-06 7.86E-08 3.2BE-06
Permeability (cm/sec) 6.75E-03] 297E-02]  795E-03] 282E-02] 1.82E-02

I.E Transmissibility (m3/s/m) 1.26E-02] 3.67E-03 9.77E-03 3.79E-03 7.46E-03
Storage Cocfficient 8.40E-03 143E-04 4.27E-03
Permeability (cm/sec) 1.23E-02] 3.60E-03 9.57E-03 3.71E-03 7.30E-03

J-F Transmissibility (m3/s/m) 4 99E-04 3.10E-04 2.93E-03 2.80E-04 1.00E-03
Storage Coefficient 4.99E-07 2.63E-44 2.50E07
Permeability (cm/sec) 475E-04] 295E-04 2.79€E-03 2.67E-04 9.57E-04

I3 Transmissibility (m3/s/m) 1.13E-03] 1.65E-03 8.79E-04 1.61E-03 1.32E-03
Storage Coefficient 3.16E-04 5.01E-03 2.66E-03

. Permeability (cm/sec) 1.89E-03] 2.76E-03 147E-03] 2.69E-03 2.20E-03
14 Transmissibility (m3/s/m) 332E-03| 3.90E-03 1.44E-03 3.89E-03 3.14E-03
Storage Coefficient 7.96E-06 3.12E-02 1.56E-02
Permeasbility (cm/sec) 5.53E-03] 6.49E-03 240E-03 6.47E-03 5.22E03

J-5 Transmissibility (m3/s/m) 1.17E-02 392E-03 1.61E-02 391E-03 8.91E-03
Storage Coefficient 1.88E-05 9.78E-09 9.40E-06
Permeability (cm/sec) 1.08E-02| 3.62E-03 1.49E-02 3.61E-03 8.23E-03

J-6 Transmissibility (m3/s/m) 344E-04] 2.10E-04 2.45E-04 2.02E-04 2.50E-04
Storage Coefficient 1.38E-04 6.44E-03 3.29-03
Permeability (cm/sec) 4 40E-04 2.69E-04 3.14E-04 2.59E-04 3.21E-04

17 Transmissibility {m3/s/m) 4.10E-03] 3.28E-03 7.17E-03 3.22E-03 4.44E03
Slorg'e Coefficient 1.07E-04 2.24E-10 5.35E-05
Permeasbility {cm/sec) 489E-03] 3.91E-03 8.56E-03 3.84E-03 5.30E-03

J-8 Transmissibility (m3/s/m) 2.66E-03 5.43E-03 3.99E-03 534E-03 4.36E-03
| Storage Coefficient 2.13E-03 7.98E-06 1.07E03
Permeability {cm/sec) 3.17E-03| 6.46E-03 4.75E-03 6.35E-03 5.18E-03

J9 Transmissibility (m3/s/m) 421E-03| 291E-03 2.53E-03 2.66E-03 3.08E-03
Storage Coefficient 2.36E-03 1.76E-03 2.06E-03
Permeability (cm/sec) 484E-03] 3.34E-03 291E-03 3.06E-03 3.54E-03
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Table B-I11, 2.4

Aquifer Constants of Existing Wells
<Coeficientos de Acuiferos de Pozos Existentes>

[BNA NO. | Discharge |Speafic Yield| Transmissibility | Permeability [Storativity |Remarks [BNA NO. [ Discharge |Specific Yield| Transmissibility | Permeability | Storativily |Remarks
Rate (U/s) | (U/sec/m) {m3/d/m) (cm/sec) Rate (Ifs) | (Wsec/m) _(m3/d/m) (cm/sec) Rate (l}l
(Zapiga-Dolores-Negreilos Area) . (Pozo Almonte-Canchones-Pintados Area)

1004 70 714 3 8.89E-03 332 | 1299 360 514 1

102-0 15.0 10.00 1031 T17E-01 .11 1 1302 1.66 47 4.29E02 C

101-5 25 2.50 J 1310 60.0 3.82 ]
170 4.0 031 7 1329 30.0 261 ]
172 5.0 0.47 ] 136-1 38 0.40 9 851E04 | 4.14E-01 ]
168 9.0 0.62 ] 200-7 60 0.12 ]
171 7.0 0.82 1 2023 64.0 10.67 J
173 7.0 0.92 1 2066 25.0 2.08 ]
174 75 0.99 ] 2074 35 0.81 1094 T.06E-01 | 2.62E-03 ]

101-2 €5 406 1 21k 40.0 6.78 ]
928 6.0 1.79 520 4.15E-02 C 2228 70.0 4.43 450 C
925 1.21 164 1.89E-02 C 2260 470 272 ]
93 3.0 0.70 398 S12E02 C 2295 40 0.21 J
922 30 0.89 135 1.30E-02 € 2325 24.0 2.00 J
921 30 1.10 258 299E-02 C 2341 4280 C
936 0.5 0.03 1 2.85E-05 242 J 2406 20.0 3.33 ]
935 05 0.06 9 8.16E-04 | 4.94E-02 ] 3571 1200 5.36 ]
933 1.0 0.09 3 1.59E-04 192 ] 3666 1200 472 ]
941 1.0 0.24 53 3.06E03 | 9.99E-10 ] 415-8 93 3.10 ]
930 3.0 0.60 110 4.55E-03 | 2.84E-04 ] 4212 55 275 T
927 0.15 23 1.75E-03 (e 4239 70.0 137 920 c
933 5.5 2.20 173 9.02E-03 ] 955 4.46 915 252E02 | 5.00E-04 (&

[Average 1.68 212 0.0214 126 Average 3.26 1102 0.044 0.115 Average |
(Huara Area) (Oficina Victoria-Bellavisia Area)

1906 1440 & 432-b 25.0 1.51 [ 7
946 22 41 39 1.56E-04 | 5.26E-07 T 445k 26.0 420 1.39E-02 | 3.30E-01 T |
949 40 935 337602 | 6.00E-04 C 985 3.04 220 3.00E-03 (5
951 18.0 29 284 2.35E02 | 986 0.32 8l SO0E02 | C

Average 37 675 0.0191 0.0003 987 032 157 T.00E-01 (o]
[[Av 1.30 219.5 0.014 0.121 Average |
(Pica-Matilla Area)

1173 6.0 0.08 J AL PAMPA AREA: except Pica-Matilla Area

252-k 75 0.38 J Average 2.43 492 0.024 0.574

2536 11 0.14 (]

265-1 42.0 1.89 ]

2724 2.0 0.04 ]

3895 8.0 0.16 6 843E-05 | 281E01 | (Note) C:  Existing Data.
9 10 0.04 312 T.39E-02 4307 ] J:  Estimated by the Study Team on the basis of existing test data.
391 or 392 155 [
3941 15 0.06 ]
401-3 49 &
4034 50 0.43 ]
Average 0.36 130 6.99E-03] Z.1SE+03 0




Table B-ITI, 2.5  Estimation of Groundwater Storage
<Estimacion de Reservas de Agua Sublerraneas>

sy-1

[DEFAT] ZONIT | ZONE2 ZONE3 | ZONEA ZONLS | ZONE6 7ONE7_ | ZONEB | 7ONLS JONE 1D 7ZONL 11 ZONE 12 TOTAL
((mBSL] _(Sect A-B) _|(SECT. B-C) Sect D) [ (SoaDE) | (St EF) | (Sect 1°G) | (Sect GH) | (Sect.H-D | (Sewt L) _ (Sect J-K) | (Sect K-l) [(SectL.CGordo) (Whole Arca)
(xmillienm3) | (xamillionm3) | {xmillionm3) | (x milltonm3) | (x milionm3) | (x milion m3) | (x milhonm3) | (x millionm3) | (xmillionm?) | (xmillionm3) | (x milienm3) | ( x million l'l'l]L1 (x million m3)
SLM | SUM ___SUM_ SLM SLM SLM SUM SLM SLM SLM SUM SUM | | SLM
10] 537 337] 128 28 3 63| 16l 161] 1715 115 68 65| 113 V13| 229  229] 7a 74 153 153|351 351] 16l 161] 2
20| 302 1039 1200 248 38 317 154 315 169 3aa| 67 133 110 223| 224 __as3 116 90| 218 37| 321 672 160 321 3
30| 460 1499 10w 387 44l 461 147 42| 163 s07| 65 200 107 330 21| 674 116 Ww| 20 580] 305 977 156 477| 2. 83
| a0 425 19524 9% 4% 30 591 135 SY7| 156 663 64 264|105 A35[ 218 B92| V16 422|205 785 294 1271 152 629] 2.102] _B.939|
| 50| epa 2328] o2 348 0701 1150 712 147" BI0[ " 2 32| 103 S38| 0S| Ta07[ 116 538 198 e83[ 281 1,552 148 777 1.981 10930
60 365 2,693 86/ 634 8 119 1 7% 13 946 60 386 101 639 2i3] 1,320] 115 653 9 176|271 182 145" 972| 1838 12778
[ 70| 330 3,033 80 714 43 2 49 R4l 126 1.072] 58 44| 99 TIB[ 211 1531 115 76k 191 1,367 262 2085 140 1,062] 1704 14,482]
_ 80| 24y 37272 71 785 330 855 a7 g9l 119 1| Se  son| 98 B38| 207] 1.738 15 BR3| RS 1,555 251 2336 132 1,194] 1,567, 16,049
9] 163 3435] S0/ B35| 12, #67] 44 935] 111 1302 34 5] 9 9321 205! 1943] 114 7| 185 1,740l 235 2,571 122 1316 13931 17.442
100f 123 3558 31| 866 0| 867 4l _976] 104 1406 3___ 60 4| 1026 2037 2.146] 114 111V 1811921 21 2785| 108" 1.424] 1,268 18,710
| Ti0] 80" 3.638]  20] 886 | %67 37 1013 96l 1.502] ST 658|931 1.119] 202 2348 14 1225|1777 _2,098] 193] 2978 54 1518 1,157] 19.867
—120] 0 3638 0 8% 867 I 1,044] B8 15% 49 707 92 1,21 200 2548/ 113 1938 171 2.269] 173 3,151] 50 1.568]  967] 20,834
B ] A | o 88 867) i3 1,087 69 1,659 48 755 %0 1,30 981 2746 113 1.451 154 24 133 3284] 4l _1,609] 859 21,693
a0l 0 0] 0 88| [ B67| 0 1,057 56, 1.715 47 802 88| 1.389]  195] 2941 12 1.563) 137 2.562__5;___1,_14@[_ 15 1624 74| 22,407
50| 0 6] 0" B8] 0 867 0 1.057 541,769 46 848 86 1475] 1937 3134 111, i.e74] 131 2,601 26 3372 0] 1624 647 23,054
0 0 0 0] 88| 0 ®7 0 1057 52| _1.821 a5 893 R4 1559 189] 333 109 1.7W3 1232814 19 3391 0 1623 621 23675
176 0 N 0] 886 0, 867 0 1,057 50 1811 43 o3| 82 1,641 183 3506] 106 1889 112 2926 7 37398 0 1,624] 586 24,261
180 00 0 886 )| 867 0 1,087 48 1919 42 98| 80 1.72 78] 3684 103 192 ina_ 3030 0] 3398 624|556 24,817
150 0 i [ BE6 867 0_ 1.057 46 1.965 41 1,019 78 179 7 855[ 100 2,082 101 3,031 0] 3398] "1.624]  537] 2535
200 0 0 0| 8 867 0 1,057 43] 2,008 7] 1.056) 7 E70 63| A4018( 95 2,087| 98 3,229 0| 3398 0] 1.624] 508] 25862
210 ) 0 [ ( BET 0. 1,057 a0 2,048 0| 1,086 6 931 53 4071 88 2.275| g}_[ 3,320 )| 3,398 0] 1,628  ae4| 2632
220 ] 0 0 8% 867 0, 1.057 29 2077 2| 1,108|  52] 1,983 34| 4305 70,2345 67, 3387 0, 3,398 623  374| 26,700
270 0 0 0| 88 867 0] 1,057 o] 207 116 38| 2.021 80| 4,385 8 2373 24] 3411 0] 3,398 624 178] 26.878]
240 0 L) I 3 867 0] 1,057 0] 2,077 116 10] 2, 20| 4,805 01 2373 0] 3411 0] 339 ! 624 30| 26,508
3,638 886 867 1,057 2,077 1,116 2,081 3,405 2313 341l 3308 [_1.62a 26,008
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Fig. B-III. 2.1 (1) Well Location (Pampa del Tamarugal)
< Ubicacién de Sondajes (Pampa del Tamarugal)>
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Fig. B-IIL. 2.1 (2) Well Location (Canchones and Pica Area)
< Ubicacién de Sondajes (Area de Canchones y Pica)>
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Fig. B-1II. 2.2 Well Construction (Pampa del Tamarugal)
< Construccidn de Sondajes (Pampa del Tamarugal)>
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Fig. B-III, 2.3  Depth of Well (Pampa del Tamarugal)
<Profundidad de Pozos (Pampa del Tamarugal)>
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< Ubicacién de las Estaciones TEM y pozos de Prueba y Observacién (Pampa del Tamarugal)>

THE STUDY ON THE DEVELOPMENT OF WATER RESOURCES IN NORTHERN CHILE

JICA

II-50




{

T T T
- - "

(ea! x wy yidag

T T

PT-2 N°2

CH=WHD) ALIATLSISIY 1N3¥uddy

— -
g = -

-

(el x w) yjdag

PT-1 N6

-

CH=WHO) ALIAILSIS3Y IN3INuddY

RESISTIVITY (Ohm-m)

1
TIME (msec)

e .81

'

RESISTIVITY (Ohm-m)

109 !

1]

TIME (msec)

PT-5 N%2

PT-3 N7 16 ( Canchones )

. T
~ L]

(B8l » w) yidag
T R

[

T
-

L]
B
L]
®
L]
1 L]
M 3
[
F 3
2 E
B ™
g g o -
® -

CH-WHO? ALIAILSIS3Y INIYuddV

q -
r 1

~ L] - L -

(esl x w) yjdag

- -

L] ]

]

T ™
z o

CH-HHO)> ALIAILSISSY LN3¥uddy

e 1ees
RESISTIVITY (Chm-m)

1 18

TIME (msec)

.
jL)

[T
RESISTIVITY (Ohm-m)

[}

a.et

TIME (msec)

PT-8 N°5

PT-7 N2

— —
im 1w 10

T
-

RESISTIVITY (Oha-m)

- -

(ea1 x w) yidag

L] L] ‘
. 2
F 2
T
v
L2}
L =8
¥
-
F -
s
™YY T T T . @
g = = -
CH-WHO) ALIAILSISIY IN3¥uddY
-3
- |
r!g
A
g =
N
—|—‘|"E
w
. - - . - - w
- - ~ -~ - " - m
epl x w) yjdag
T T ‘

ie
TIME (msec)

81

T
W

T
; -

CH-WHDY ALIAILSIS3H IN3Yuddy

Fig. B-l, 2.5 Measured Apparent Resistivity Curves and Inverted Geoelectrical Section in Pampa del Tamarugal Area
< Curvas de Resistividad Aparente Medidas y Secciones Geoeléctricas Invertidas en el Area de la Pampa del Tamarugal >
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Fig. B-111, 2.6 Geoelectric Profiles Contructed from all TEM Soundings in Pampa del Tamarugal Arca
< Perfiles Geoeléctricos Construfdos de todos los Sondeos TEM del Area de la Pampa del Tamarugal >
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Fig. B-III, 2.7 Comparison of Geoelectric Section Derived from Well and TEM Sounding
< Comparacién de la Seccién Geoeléctrica derivada de Sondeo de Pozo y Sondeo TEM >
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Fig. B-111,2.9 Analyzed Resistivity Profile of PT-2 in Pampa del Tamarugal Area

< Perfil de Resistividad Analizado del PT-2 en el Area de la Pampa del Tamarugal >

THE STUDY ON THE DEVELOPMENT OF WATER RESOURCES IN NORTHERN CHILE

JICA

m-55°




Lymupwodsyq (waae M
YOIf £q paonapsuo) 19m ¢ 9-f
Jaynbe paaadxg :  @igm
1942 W36 JAOQW SN ! | FE m
sake] HOupmsay o Lspunog — ——
prrkwuy Muwy Lpapnsey "IE
N 9OUWIS WAL : £ T 1

oos

TONRAIT

URIg —
0001 A

307 Suuog —

] AP
(w)

NOISYUTANI ALIAILSISAY

TNTDH T -
00b! -
[sew
ole -
m
o
<
-3
=
]
=]

000l

+ -r oozl

FR
E

JICA

< Perfil de Resistividad Analizado del PT-3 en el Area de la Pampa del Tamarugal >

Fig. B-III, 2.10  Analyzed Resistivity Profile of PT-3 in Pampa del Tamarugal Area
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Fig. B-III,2.11  Analyzed Resistivity Profile of PT-4 in Pampa del Tamarugal Area
< Perfil de Resistividad Analizado del PT4 en el Area de la Pampa del Tamarugal >
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Fig. B-IIl, 2.12  Analyzed Resistivity Profile of PT-5 in Pampa del Tamarugal Area
< Perfil de Resistividad Analizado del PT-5 en el Area de la Pampa del Tamarugal >

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

I-58°




masl
1200 4

Y u.._.a'.'.u

PooCo e ol ]

| i
g =

RESISTIVITY INVERSION

LEGEND

: TEM Station N®

: Resistivity Range Analyzed
: Boundary of Resistivity Layers
¢ Meter above sea level

: Expected aquifer

: Well Constructed by JICA
: Lateral Discontinuity

7 e

L)
0
=)
© O
)
(=
oo
..

: 15 | masl |_

- 1+ 800

«— Screen

1200

Elevation ( m )

masl

+ 1200

Elevation (m)

«—— Boring Log

Fig. B-III, 2.13

Analyzed Resistivity Profile of PT-6 in Pampa del Tamarugal Area
< Perfil de Resistividad Analizado del PT-6 en el Area de la Pampa del Tamarugal >
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Fig. B-III, 2.14 Analyzed Resistivity Profile of PT-7 in Pampa del Tamarugal Area

< Perfil de Resistividad Analizado del PT-7 en el Area de la Pampa del Tamarugal >
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Analyzed Resistivity Profile of PT-8 in Pampa del Tamarugal Area

< Perfil de Resistividad Analizado del PT-8 en el Area de la Pampa del Tamarugal >
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Fig. B-1II, 2.16 Well Data for J-C ( Sheet No. 1)
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Fig. B-III, 2.16 Well Data for J-C ( Sheet No. 2)
< Informacién del Pozo J-C ( Hoja N® 2) >
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Fig. B-III, 2.17 Well Data for J-D ( Sheet No. 1)
< Informacién del Pozo J-D( HojaN° 1 ) >
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Fig. B-1II, 2.17 Well Data for J-D ( Sheet No. 2)
< Informacién del Pozo J-D ( HojaN® 2 ) >
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Fig. B-1II, 2.18 Well Data for J-E ( Sheet No. 2)
< Informacion del Pozo J-E( HojaN*2 ) >
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Fig. B-III, 2.19 Well Data for J-F ( Sheet No.2)

< Informacién del Pozo J-F ( HojaN® 2 ) >
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Fig. B-1II, 2.20 Well Data for J-3
< Informacién del Pozo J-3 >
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Fig. B-1II, 2.21 Well Data for J-4
< Informacién del Pozo J-4 >
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Fig. B-11I, 2.22 Well Data for J-5 ( Sheet No. 1)
< Informacién del Pozo J-5 ( HojaN° 1 ) >
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: 5127
Pumping Test
Static Water
Level

: 300m

Bit Size

Well No.

:J5

Location
: 10-5/8"

: 29.08mbgl

SpecificCapacity
:720.0m3/d/m

‘Water Quality
: mho = 3,900

:pH=74

:T=27.0°C
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Fig. B-III, 2.22 Well Data for J-5 ( Sheet No. 2)

< Informacién del Pozo J-5 ( HojaN®2 ) >
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Fig. B-III, 2.23 Well Data for J-6 ( Sheet No. 1)
< Informacién del Pozo J-6 ( HojaN® 1 ) >
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Well Data for J-6 ( Sheet No.2)
< Informacién del Pozo J-6 ( HojaN® 2 ) >

Fig. B-11I, 2.23
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Fig. B-I11, 2.24 Well Data for J-7 ( Sheet No. 1)

< Informacién del Pozo J-7 ( HojaN® 1 ) >
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Fig. B-I1I, 2.24 Well Data for J-7 ( Sheet No. 2)
< Informacién del Pozo J-7 ( HojaN°® 2 ) >
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Fig. B-III, 2.25

Well Data for J-8 ( Sheet No. 1)
< Informacién del Pozo J-8 ( HojaN° 1 ) >
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Well No.
:J8
Location

: Pintados
Elevation
:1,016.11 mmsl
Latimde

12935m

Screen Length

:5-1/2 x 84.04m
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Fig. B-III, 2.25

Well Data for J-8 ( Sheet No.2)
< Informacién del Pozo J-8 ( HojaN®2 ) >
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DATA
Well Location

:166.1m3/d/m
Water Quality
: mho = 5400

:pH=8.1

Swﬂl: Capscaty

: 13.97mbsl

:T=250°C

150

T

100

50

GAMMA RAY
(cps)

0

&0

20

RESISTIVITY

Lon.(ochm-m): ----
40

T

POTENTIAL Sho.(ohm-m); —
(mv)
[

Fig. B-1II, 2.26 Well Data for J-9 ( Sheet No. 1)
< Informacién del Pozo J-9 ( HojaN° 1 ) >
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Pumping Test
Staric Water
Level

: 13.97mbgl

spﬁﬂﬂcCapcuy

:166.1m3/d/m
Water Quality

: mho = 5400

:pH=8.1
:T=25.0°C
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Fig. B-III, 2.26 Well Data for J-9 ( Sheet No. 2)
< Informacion del Pozo J-9 ( HojaN*® 2 ) >
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Fig. B-III, 2.27

< Grdficos para los Métodos de Andlisis Theis y Jacob ( Pozo N°J-C) >
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< Grdficos para los Métodos de Andlisis Theis y Jacob ( Pozo N°J-D ) >
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Fig. B-TII, 2.29

< Grdficos para los Métodos de Andlisis Theis y Jacob ( Pozo N°J-E ) >
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Graphs for Theis and Jacob Method Analysis ( Well No.J-F)

Fig. B-11, 2.30

< Grdficos para los Métodos de Andlisis Theis y Jacob ( Pozo N°.J-F ) >
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<Grdficos para los Métodos de Andlisis Theis y Jacob ( Pozo N°.J-3 ) >
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Fig. B-11I,

< Grdficos para los Métodos de Andlisis Theis y Jacob ( Pozo N°J4 ) >
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Fig. B-III, 2.33

< Grdficos para los Métodos de Andlisis Theis y Jacob ( Pozo N°J-5 ) >
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Graphs for Theis and Jacob Method Analysis ( Well No.J-6 )

Fig. B-1II, 2.34

< Grdficos para los Métodos de Andlisis Theis y Jacob ( Pozo N°J-6 ) >
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Fig. B-1II, 2.38 Graphs for Step Drawdown Test ( Well No.J-C)
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Graphs for Step Drawdown Test ( Well No.J-D )

< Grdficos Prueba de Gasto Variable ( Pozo N°J-D ) >
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Graphs for Step Drawdown Test ( Well No.J-F )

< Grdficos Prueba de Gasto Variable ( Pozo N°J-F ) >
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Fig. B-II1, 2.43 Graphs for Step Drawdown Test ( Well No.J-4 )
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Graphs for Step Drawdown Test ( Well No.J-5)
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THE STUDY ON THE DEVELOPMENT OF WATER RESOURCES IN NORTHERN CHILE

JICA

IT-99




Q - Sw Chart

100.00

-{"'ﬁ) —%— Increase
10.00

—--&—- Decrease

Drawdown Sw (m)

1.00
1.00 10.00 100.00
Discharge Rate Q (I/s)
Q- s/Q Chart
' R
2.5 lt_‘:‘?_ -
3
E 2.5 e
'25’. ST - —— u0*
5 —+— 40
6 .5 — —_— — s
- - - 5O = CO-8
0,5 —
Be JA3E-00
5 o
C= 1,21E-01
0 0.8 1 1.9 2 2.5 3 3.8 'l a4
Q (v Flow

Fig. B-1II, 2.45 Graphs for Step Drawdown Test ( Well No.J-6 )
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Chapter II1. GROUNDWATER EXTRACTION

3.1

Existing Groundwater Extraction

Groundwater is used for potable water supply, irrigation, mining and industry in
Pampa del Tamarugal. Available pumping data were limited to that of potable water
supply by ESSAT in phase 1 study. Therefore, DGA and the JICA Study Team
carried out inteviews survey in the area.

Atotal number of 156 wells are surveyed during the study covering most of the wells
which are actually extracting groundwater in Pampa except Pica, Matilla and
Esmeralda area. The number of wells in actual use is 12 excluding ESSAT wells. The
survey results are given in following table (see, Table B-III, 3.1 for more detailed
information).

Water Use Extraction (I/sec)
Domestic
ESSAT 600.24
Other than ESSAT 60.41
(Sub-Total) 660.65
Mining_ 35.00
Irrigation 0.35
Io& i 696.00

note: interviews survey by DGA and the Study Team in Oct. to Nov., 1993.

Groundwater production of ESSAT increased by 1,518,500 m3/year in 1993 compared
to the production of 16,355,900 m3/year (<3) in 1990. The University of Chile
estimated groundwater extraction in Pampa to be 716 Usec in 1980's (<4). However,
actual extraction of ESSAT is 599.78 I/sec at Canchones and 0.46 Usec at Dolores.

Groundwater extraction is also operating at Pica/Matilla area and Sagasca area,
although the aquifers are separated from that of Pampa. At Pica area, water use is for
irrigation and domestic water supply. Groundwater is extracted 111 Usec. for
irrigation use in Pica and Matilla area to towns in Pampa such as Pozo Almonte.

Extraction for mining use is 35 I/sec. Most of extraction is by a company, ACF
Minera, located in the southern part of Salar Bellavista; the rate is 30 I/sec. Other

mining use is at Oficina Mapocho, between Huara and Baquedano; the rate is 5 Vsec.

Groundwater for rrigation use is extremely small in Pampa; total rate is 0.35 Vsec.
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3.2

3.2.1

Groundwater Level
Static Water Level

Static water level has been periodically measured by DGA on approximately 40 wells
every month in the Pampa. In addition to these measurements, the Study Team and
DGA conducted a static water level measurement on approximately 160 wells in
1993. Following two (2) water table contour maps were constructed on the basis of
the results. One is a map of depth to water from the ground level (Fig. B-III, 3.1).
Other is a map of water level above MSL (Fig. B-1II, 3.2).

1) Depth of Water Level (below the ground level: BGL)

The depth of water level from the ground level is shown in Fig. B-III, 3.1. Water
level is generally shallow in the central to western part of the Pampa, especially in
Salar de Pintados and Salar de Bellavista, and the depth increases toward the east,
because thick deposits are accumulated as the Fan Deposits in the eastern part of
the Pampa. Characterristics of water level by area are described below;

(1) Zapiga, Dolores and Negreiros area

In the Zapiga and Dolores area, the water level is less than 10 BGL and the depth
increases to the east reaching 20m BGL. The Negreiros area shows rather deeper
water level, 10 m to 20 m. The water level becomes more deep to the east; the
water level in the end of the fan is estimated to reach 50 m. The shallowest level
was measured at the well No. ZP-1 (4.7 m) and the deepest one at the well No.
106 (more than 28 m).

(2) Huara to Pozo Almonte area

Although scarce data are available in the Huara area, the water table is generally
the deepest in the Pampa except Pica area. The water level is deeper than 50 m
in the most of Huara area.

The depth of water level decrease toward the Pozo Almonte from Huara; about
50 m in Huara, 40 m at Baquedano, 30 m at Bosque and 20 m in Pozo Almonte.
In the Pozo Almonte area, gradual increase of water level is recognized; the
water level is about 30 m at the cross point of the roads, to Mamifia and Sascada,
about 12 km east from Pozo Almonte.
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(3) Salar de Pintados

There is a large salt lake, Salar de Pintados, formed in a depression in this area.
Elevation of ground level is slightly lower than surrounding area. The water
level continuously becomes shallower from the Pozo Almonte to this area. The
shalllowest area is 6 m mlower than the Mosquito area. The area of 10 m depth
is widespreading from Pintados to Canchones and Huayca area. There exist
pumping stations of ESSAT in Cnachones where 13 wells are operating. Total
yield reaches to approximately 600 I/sec. No remarkable decrease of water table
is recognized in the surrounding area of Canchones in spite of these pumping.

The water level abruptly increases toward the Pica, Matilla and Chacarilla area
reaching to 90 m.

(4) Salar de Bellavista area

The shallowest water level of 2m was measured at the well No. 448 located
western side of Salar de Bellavista which is disappeared. The area from
Panamerican to the railroad has water level within 20 m; for most cases, it is less
than 15 m. The water level in this area also increases toward the Chacarilla area.

2) Water Level (above the mean sea level: MSL)

Water level distribution is shown in Fig. B-III, 3.2. Water level is high in Salar de
Zapiga (1,150 m MSL), north of the Pampa and the lowest level appears in Salar
de Bellavista (909 m MSL). It shows a tendency to decline generally from north
to south; from Zapiga to Salar de Bellavista through Salar de Pintados. Judging
from the distribution of static water level, it is suggested that groundwater flows
into the Pampa from eastward, then, slowly moves to southward. The gradient of
groundwater is approximately 2/1000 from Zapiga to the southern end of Salar de
Bellavista.

No remarkable influence is observed by pumpng at Canchones well field of
ESSAT is recognized, although a limited area may be influenced by pumping
groundwater in Canchones. There is a well in the experimental farm of Arturo
Prat University located near the Canchones well field, approximately 1 km west
from Canchones. Static water level of the well is sometimes measured; the data
shows no influence by pumping of groundwater in Canchones well field. This
fact shows that the radius of influence by pumping is less than 1 km in the vicinity
of the Canchones well field.
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Bl Pampa del Tamarugal

There is a significant difference of water level between that of Pampa del

Tamarugal Basin and Pica area; the difference is about 60 m. Because of this and

the result of geological survey, the groundwater basin is divided into two basins,

(1)

(2

A3)

Pampa del Tamarugal and Pica basins.

Characteristics of water level by area are described as below;

Zapiga, Dolores and Negreiros area

Water level ranges from 1,150 m to 1,110 m MSL, decreasing from east to west.
The water level at Dolores is 1,112 m MSL. There is a ridge like form of
1,120 m contour line between Dolores and Negreiros. Judging from this, it
seems that the groundwater recharged in the east flow down to the west, and
diverges its stream to north towarding Dolores and to south.

Huara to Pozo Almonte area

From Huara to northeastwars, the gradient of water table is steep, from 1,050 m
to 1,150 m MSL; gradient of groundwater table is 9/1,000. In contrast to this,
the gadient of groundwater table becomes gentle from Huara to Baquedano; the
gradient is 4/1,000. The water table becomes almost flat toward the south from
Baquedano; gradient between Baquedano and Salar de Bellavista is less than
1/1,000. This change of water table gradient is caused by the structure of the
aquifer (See, Fig. B-1II, 1.5).

Pozo Almonte and Salar de Pintados area

The water level is about 1,000 m MSL at Humberstone, 990 m MSL at La
Tirana, 980 m MSL at cnachones and 970 m MSL at the southern end of Salar de
Bellavista. Contour lines of water table are generally straight and run in parallel
to the north from Pozo Almonte. However, the contour lines gentelly curve
toward the northeast forming a gentle valley like figure. The valley reaches to
the southern end of Salar de Bellavista.

The contour lines show that groundwater flows to Pintados from not only north
but also Pica and Chacarilla area.
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(4) Oficina Victoria and Salar de Bellavista area

The water level ranges from 970 to 944 m MSL in this area. The lowest level
was observed at the southwestern side of the Salar. The contour lines show that
the groundwater flows from northeast to southeast.

(5) Pica area

Although aquifers of the Pampa receive a certain degree of groundwater
recharge from the Pica area, aquifers of the Pica area are independent from that
of the Pampa as shown in Chapter I, 1.1.

The number of available data is 12 in the Pica area. The highest water level
(1,185.1 mMSL) is observed at the well No. 404 located apart from Pica, about
10 km south of the town. Thus, this well is an exceptional one.

Water level ranges from 1,063 to 1,091 m MSL except well No. 404. Depth to
water level is different from place to place ranging 9 to 86 m. Averaged depth is
36 m. Water level in this area is around 100 m higher than that of Salar de
Pintados area located to the west of Pica.

3.2.2 Dynamic Level

In the Pampa del Tamarugal area, the dynamic water level op most well has not
been observed. Data on the dynamic water level are obtained only during the
pumping test.

Although the dynamic water level changes corresponding to the yield, draw-down
ranges from 1 to 52 m in Pampa del Tamarugal and from 8 to 55 m in Pica area.

Magnitude of draw-down is generally small in Huara area and relatively large value
appears in Pozo Almonte area. In Huara area, yield is also small; less than 10 Us in
general. In contrary to this, yield is rather large in Pozo Almonte area; most of well
has yield more than 20 Vs(max. 120 I/s). This difference may be due to the difference

of the aquifer tapping the water. Depth of well is generally within 50 m in Huara area
and most wells are more than 100 m deep.

Wells in Pica area show large draw-down as mentioned above. No matter how large
is the draw-down, productivity is very small which is less than 10 Is as a whole. So
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far as concerned to the results of pumping test (yield, draw-down and specific yield),
there is a remarkable difference between the Pampa area and Pica area.

Dynamic level is measured only on the wells of ESSAT in the Canchones well field.
As the pumping for water supply has been continued, it is difficult to measure the
static water level of each well. Therefore, the static water level of well No. H
(observatory well) is considered as the static water level in the Canchones well field.
Draw-down is estimated based on this assumption with the proviso that exact
elevation of each well is unknown. Results are shown in Table B-III, 3.2.

When pumping is in succession, water level of each production well generally
declines to a range from about 10 to 25 m against the static water level of the well No.
H. This draw-down range is ordinary, compared with that of pumping test results
shown in Table B-III, 2.2.

Historical Variation

Maps of static water level in 1993 (both BGL and MSL) are shown in Fig. B-III, 3.1
and 3.2. Furthermore, same kind of contour maps were constructed for the static
water level in 1960s (Fig. B-111, 3.3 and 3.4).

Comparing two (2) maps, Fig. B-1II, 3.1 and 3.3, major difference identified between
the maps is a decrease of the area of 10 m contour line. It appears at areas
surrounding the Canchones well field and the Dolores well field.

About 20 wells have long terms of information on static water level. Figures B-III,
3.5 (1) to 3.5 (6) show the historical variation of static water level in the Pampa del

Tamarugal Basin.

Observation of static water level has been made since 1981. Characteristics of the
result are as follows;

a) Water level has been gently declined at extremely small rate; the rate of draw-
down is not more than 2 m between 1982 and 1993 (about 14 to 29 cm/year).

b) No seasonal change is recognized, while small oscillation is sometimes observed.

¢) No influence of the production of groundwater around the Canchones well field is
recognized so far as concern the available data.
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d) Only well No. 122 shows the increase of static water level since 1989 in contrary
to the general tendency. This well is located beside the Queb. de Chacarilla
which is beyond the border of the western border of the basin. The reason of the
increase of water table is unclear.

Groundwater Quality

Since data of groundwater quality is very scarce, DGA and the Study Team executed
groundwater sampling and analysis in Pampa del Tamarugal. A total number of 50
samples are taken from the existing wells and the JICA Wells in November, 1993 and
February, 1994. Results of water quality analysis are shown in Table B-III, 3.3.

Groundwater quality is generally characterized by high B and Mn contents, and
relatively high TDS , As and Cl contents. The aquifers are generally uniform in the
area except Salar de Pintados and Bellavista. Thus, there is no difference in water
quality of shallow wells and deep wells. In contrary to this, impermeable clayey beds
separate the aquifer of shallow wells and that of deep wells in Salar de Pintados and
Bellavista area. Water quality of shallow wells show high concentration of ions. Such
phenomena appeared in the well No. 113 in Salar de Pintados, and the wells No. 440
and 447 in Salar de Bellavista. Even in the deep wells, TDS is generally high in the
Salar area.

Fig. B-III, 3.6 to 3.12 show the distribution of TDS, Cl, As, B, Mn, Fe and Cd contents
respectively. Characteristics of major ion's distribution are as follows;

1) TDS

Fig. B-11II, 3.6 shows the distribution of TDS value. The area of TDS value less
than 250 mg/l is divided into two (2) areas; the northern area near Zapiga and
Dolores, and the southern wide area with Canchones as a center. The Aroma
River reches to Pampa at the eastward from Negreiros. The area of high TDS
value is widespread along the stream of the Aroma. TDS value is generally low

in the down streams of the Juan de Morales, Sagasca, Quisma, Chacarilla and
Ramada.

2) Cl

Cl content is higher than standard of 250 mg/l in more than half of the total area
as shown in Fig. B-III, 3.7. The area of high Cl content is distributed along the
Aroma, Tarapaca and Quipisca Rivers, and the Salar area.
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3)

4)

5)

6)

As

The area of high As content (more than 0.05 mg/l) is rather narrow as shown in
Fig. B-1II, 3.8. The western half of the area from Dolores to Salar de Pintados
through Negreiros, Huara and Pozo Almonte. These areas correspond to the
down stream of the Aroma, the Chacarilla and the Ramada Rivers. Along the
other rivers, As content is less than standard.

B

Fig. B-III, 3.9 shows the distribution of B content. Distribution of high B content
(more than 5 mg/l) area is almost similar with that of Cl content. The area of high
content is distributed along the Aroma and the Tarapaca Rivers, and Salar area.
Entrance to Pampa from the Chacarilla and the Ramada Rivers shows higher
content.

Mn

Fig. B-111, 3.10 shows the distribution of Mn content. Distribution of high content
area (more than 0.1 mg/l) is scattered separating five (5) areas. The widest area is
from Humberstone to the south of Dolores. Others are as follows;

a) Area near La Tirana, elongating NE-SW direction
b) Area from Canchones to Pintados

c) Area southern margin of Salar de Bellavista

d) Area between Cerro Gordo and south of Matilla

Distribution of those areas seems to have no relation with rivers.
Fe

Fig. B-III, 3.11 shows the distribution of Fe content. High content areas (more
than 0.30 mg/l) are wide spread in the following area;

a) Total area from Zapiga to Negreiros

b) Western half area from Negreiros to Humberstone
¢) Area from La calera and Pica to Pintados and Bellavista
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7) Cd

Fig. B-III, 3.12 shows the distribution of Cd content. High content area (more
than 0.01 mg/l) is widespread in the area from Negreiros to Pozo Almonte along
the Aroma and the Tarapaca Rivers. Salar area of Pintados and Bellavista is also
high content area.

Identification of Groundwater Potential Area

Groundwater potential areas are identified referring the river network (Fig. B-111, 1.1),
geological maps and geological profile (Fig. B-III, 1.2 to 1.6). Following factors are
listed for the identification of potential development area;

(1) Extension of aquifer

(2) Thickness of aquifer

(3) Yield

(4) Water Quality

(5) Depth to water table (earth covering depth)

Item (1) and (2) decide the productivity of groundwater. They are mentioned in
2.4, Chapter II of B-III. The aquifers show enough extension and thickness.

Yield is represented by specific yield which is mentioned in 2.5, Chapter II of B-III.
Specific yield is high in Huara, Pozo Almonte and Pintados area.

Water quality is the most important item to be considered in the Pampa. Water
quality distribution is mentioned in 3.5, chapter III of B-III and is shown in Fig. B-
ITI, 3.6 to 3.12. The areas which exceed the drinking water standard are indicated
by dotted pattern in the maps. In Pampa, two (2) areas are within the standard of
TDS, Cl, As, B(5 ppm is applied as a temporary standard in this Study) and Cd; the
first one is the area east from La Tirana and the second is located between Matilla
and Pintados as shown in Fig. B-III, 3.14.

The eastern part of the Pampa is covered by the Fan Deposits. The thickness of the
deposits increase toward the east. Earth covering is generally thick in such area. It
influences the cost of pumping of groundwater.

Furthermore, the adjacent area of the Canchones Well Field should be avoid,
because the influence of groundwater extraction is observed in the area (<3).
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Taking all these factors into consideration, the area east from La Tirana and the area
between Matilla and Pintados are identified as groundwater potential areas as
shown in Fig. B-111, 3.14.

Radius of influence was analyzed to determine the spacing of production wells to be
constructed. Formulas applied are mentioned in Chapter III of this report.

Diameter of well : 17-1/2" (444.5 mm)
Diameter of casing : 12" (318.5 mm)
Production rate : 50 Usec

Allowable drawdown :30m

Drilling depth :200 m

Pumping period considered in the calculation of influence radius is 0.5 day, 1 day, 15
days, 30 days, 180 days and 1 year. Aquifer constants applied are as follows;

Transmissibility :9.56 x 10-3 m3/sec/m
Effective porosity :0.3

Results are shown in following table.

R (m) |Q (m3/sec) |T (m3/sec/m)| S t (sec) | Period
1 155 0.05 9.56E-03 0.3] 43200]0.5 day
2 190 0.05 9.56E-03 0.3| 64800]0.75 day
3 219 0.05 9.56E-03 0.3] 86400|1 day
4 849 0.05 9.56E-03 0.3]| 1E+06|15 days
5 1200 0.05 9.56E-03 0.3| 3E+06/30 days
6 2940 0.05 9.56E-03 0.3| 2E+07|180 days
7 4186 0.05 9.56E-03 0.3]| 3E+07|1 year

Above results suggest that 24 hours operation will cause a 0.001 m of dradown along
the circle which is 219 m in radius (428 m in diameter). Therefore, spacing of
production wells are determined to be 500 m considering the safety side.
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Table B-III, 3.1.

Ground Water Extraction (Pampa del Tamarugal)

<Extraccion de Agua Suterrdnea (Pampa del Tamarugal)>

(Pampa Area)
Water Use Well No. Well Name Extraction Rate Total
(BNA) (m3/year) (I/sec)
Agriculture 381 |CONAF 986 0.03
412|CONAF 654 0.02
363 |Luis Quispe 394 0.30 0.35
Domestic 426|Esteban Lucic 1,314 0.04
316|David Chiang 263 0.20
312 |Guillermo Araya 329 0.17
128 |CORFO 183 0.01
-|Dupliza 1,892,160 60.00
Pta. Canchones (ESSAT) 18,914,508 599.78
Pta. Dolores (ESSAT) 14,622 0.46 660.65
Mining 984 or 985/ ACF Minera 157,680 5.00
Oficina Mapocho 946,080 30.00 35.00
Total 21,929,173 696.00 696.00|
(Other Area: Pica, Matilla, Esmeralda and Cascada)
Water Use Well No. Well Name Extraction Rate Total
(BNA) (m3/year) (I/sec)
Agriculture Pica/Matilla 3,500,496 111.00 111.00
Domestic Pica/Chintaguay (ESSAT) 1,630,430 51.70 51.70|
Mining 221|Cia. Minera La Cascada 432,000 13.70
222|Cia. Minera La Cascada 648,000 20.55 34.25
Total 6,210,926 196.95 196.95
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Table B-III, 3.2. Variation of Groundwater Level (Pampa del Tamarugal)
<Variacion de Nivel Estdtico (Pampa del Tmarugal)>

oGAl 11 21 30 10 18 20 25 28 13 a1 32 45 57
snal 171k [ 164-7 | 473.56 | 104-3 | 170-1 | 101-9 | 170-5 | 102-7 | 103-5 | 173-6 | 105-1 | 108-k | 191-4 | 131.0
- - - 1940 8950] 1940-8950] 1940-8050] 1960-9940] 1950 8940|2000 0930 2010-8030
DATE A-1 Al | aN3 | c3 A-3 8-3 8-5 D-1 D-2 A-8 A-2 A-3 c-1 A-t
81
2
3
4
5
6
7
8
[]
10
11 14.03 B40] 816] 733 045 2054] 2473
12 14.24 a1s| s2s] 700 030 2092] 2503
82/1 13.72 798| 720 9.21 20.78] 24.92
2 14.32 724] 8.40 9.24 20.87] 26.00
3 13.87 7.28] 841 9.27 19.98] 24.44
< 13.96 797 8 9.37 20.01] 24.74
5 13.9_51 go0] 839 9.40 20.05] 24.79
8 14.48 798| 838 9.42| 20.75] 26.36]
7 14.31 7.9_2’ 8.30 9.12 20.78] 2632
8 14.10) 781 8.00 9.00 21.00 25.00
8 13.68 8.31] 6.84 8.70 20.11] 2468
10 14.64 824] 887 9.66 21.12] 2532
11 14.32 so8] 838 9.40 20.93] 25.54
12 11.60 8.26] 8.0 9.41 2092] 2224
B 11.62 8.66 11.64 2056] 2424
2
3 14.07 834 884 8.71 2100 2485
4 14.10 8.37] 888 9.77 2104] 2473
5 14.72 B42] 874 9.84 21.08] 2530
] 14.65 843 875 9.84 21 .osI 25.52
7 14.62 B.43 8.72 9.85 21.03 25.50
8 14.1 ‘5_} 830 865 9.85 19.70] 25.00
8 14.20 820 855 10.00 20.00] 24.90
10 14.35 820 850 10.80 20.85] 2483
11 14.57 8.15| 870 9.85 25.20
‘Ig# 14.50 8.35 8.78 £.80 20.89 25.20]
85/1 u.o-:l 8.74] 804] 843 9.91 21.41] 2457 20.30
2 14.08 : 8.40 8.80 21.38] 24.61 28
3 14.00 i a.ig* 9.88 21.38] 24.58] 20.28
4 14.07 8.40 9.93 21.38] 24.62 20.28
5 14.10 8.50 9.07 21.48 24.84 20.91
[ 14.16] es82] 8] 854 8.99 2138] 2458 20.25
7 14.12 877] 809 8.49 9.92 2143] 2481 20.25
8 1a12] e7e] 8.13] 847 .95 21.38] 24.64 27
] 1411] e74] 808 846 9.93 2141] 2462 20.26
10 12|  e7n] 803 842 9.93 21.38] 2456 20.28
1 14.10]  671] o4 ea0 9.91 21.38] 2454 2028
12 14.08 g.10] 847 9.97 2033 2450 20.31
aa/1 8.94 14.15 8.14 B.58 20.25 24.41 20.30
2 I
] 7.00 14.09 8.14] 854 2031] 24.80 20.40
4| 698 14.13 8.18] _ 8.56 2034 2483 20.40
5
8| 617 13.55 758] 778 19.56] 24.78 42
7
[ 6.80] 14.08 8.18 B.86] 20.39] 2492 0.42
8
1] 701 14.12 s.19] ses 20.37] 2484 20.44
11
12
871
2| &9l 14.18 824 8&n 20.38] 2484 20.44
3
4 r,ngl 14.18 831 887 2037] 2464 20.50
5 |
] 7.18 14.18 8.33 8.89 2036 24 63 20 48
- sl 8l 3] e.8ef e 213 1 2046
8
[
10] 691 14.18] 837] 802 - 20.53|
11
12
—
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Table B-III, 3.2.

Variation of Groundwater Level (Pampa del Tamarugal)

<Variacion de Nivel Estdtico (Pampa del Tmarugal)> (2)
ooal 11 21 30 10 18 20 25 28 13 a1 32 45 57
enal 171K | 184-7 | 4736 | 104-3 | 170.1 | 1010 | 179-6 | 102-7 | 103-5 | 173-8 | 105-1 | 108-x | 191-4 | 131-0
COFFO| 1930-8080] 1940 0940] 194089401 1840-0940] 1940 9080 1040-9960] 1940-8980] 1940 8950 1940-9960] 1940 2950 1960-9940] 1960-9940] 2000-4930] 20108930
DATE A-1 At | AN3 | €3 | A3 | 83 8-5 D-1 D-2 A8 | A2 | A3 | C1 A-1
3] 898 14.23 8.40 20.54
a] 808 14.23 8.34 20.54
]
6] 608 u.zs_{ 8.38 20.53|
7 1
8] 870 14.28] s.ngl 20.57}
8
10| 894 14.23 8.38 20.58
11
12
8/1
2
3 16.30] 1208 1483 8.59 8
d
5
8
7 15.37] 12.08 8.80 8.55
8 18.37] 12.06] 1482 8.60 8.65
: e ——— o
10] 15.37 12.0;] 14.83] 8.80 a.sgl -
1
12 15.37]  12.08] 6.60 8.55]
90/1
2 14.88| 8.49 8.51
3
4
5 14.886| B8.36 -
[]
7
8
[
10
i1 14.87 8.74
2]
91/ 1541] 12.04] 1448 8.72 -
2 1643 1190] 14 EI 6.74 -
3 1641] 11.09] 14.80] 8.74
4 1548 11.04] 14.91] 8.92
5 1428] 1205] 14.48 8.80
8
7 16.41 8.73
1] 16.40 8.72
[ 16.37 8.98
10 16.40 898
11 16.38 8.18
12 15.38 8.21 .
82/1 16.38 8.67 -
2
3 15.43
4 15.40
8
& 16.53] 12.05]
7
8
]
10 14.37
11 14.38
12 14.36
81 14.38
2 15.40 12.13 14.37
3 12.00] 14.40]
4
]
8 1200] 1430
7 _l 14.40 8.85
8 12.00] 14.39 8.87
] 14.41 n_nﬂl
10 12.13] 1440 9.12
u‘
12]
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Tablc- B'lﬂv 3'2‘

Variation of Groundwater Level (Pampa del Tamarugal)

<Variacion de Ni