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Chapter I. TOPOGRAPHYANDGEOLOGY

B-I San 1056 Rjver

1.1 Topography

The nCA Study Team conducted a LANDSAT image analysis, aerial photographs

interpretation and field survey in the area, and constructed a Topographical Map (Fig.

B-I, 1.1) and a map of River Network (Fig. B-I, 1.2).

The northem part of Chile is divided into five (5) characteristic regions in topography,

as shown in Fig. B-I, 1.1.

(1) Littoral Platfonn (A)

It was fonned by the eTosion in the westem foothills of the coastal hills. It is a

narrow region and extend from Iquique up to Morro de Arica, where the hilIs

directIy fall into the sea.

(2) CoastaI Range (B)

The height and width oC the region gradualIy decrease from Iquique to (he north

and extinct at Morro de Arica. Beyond this area, the plains oC the Andes

Mountains directIy descend towards the sea.

(3) Intennediate 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 sIope. It was fonned by subsidence oC 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 Moumains. Because oC 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, sorne of which have springs. It constitutes the location of many

small villages, prehispanic in origin, with terrace cultivation in the foothills.

1- 1
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1.1 Topography

The JICA Sludy Team conducted a LANDSAT im.ge .n.lysis, aeria! pholographs

interpretation and field survey in the area, and constructed a Topographical Map (Fig.

B-I, 1.1) and. map ofRiver Network (Fig. B-I, 1.2).

The nonhem part of Chile is divided inlo tive (5) characreristic regions in topography,

as shown in Hg. B-I, 1.1.

(1) Liuoral Platform (A)

It was fonned by the erosion in the weslern foothills of the coastal hills. It is a

narrow region and extend from Iquique up to Morro de Arica, where the hills

direcdy falI ioro the sea.

(2) Coast.1 R.nge (B)

The height and width of lhe n::gion graduaJly decrease from Iquique tO the nonh

and extinct ar Morro de Arica. Beyond this area, the plains of the Andes

Mounrains directly descend rowards the sea.

(3) Inrermediare Depression (C)

It is located between the Coastal Range and the Andes Mounrains with l,OClO 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 fiUing materials of the Pampa are

poraus and seep the water proceeding fram the Andes Mountains. Because of the

evaporation of groundwatcr, saJine deposits are widely spreading in the Pampa.

(4) Precordillera (D)

It corresponds ro the weSl foothill of (he Andes Mountains, grooved by several

deep canyons, sorne of which have springs. It consritutes the location of many

smaU villages, prehispanic in origin, with terrace cultivation in the foothills.
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B-l Sao José River

(5) Altiplano (E)

It fonns 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 pans of Altiplano, Precordillera and aboye

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.

1.2 Geology

1.2.1 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. Theyare shown in Fig. B-I, 1.3 and 1.4.

1) Interpretation ofLANDSAT 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-I, 1.1.

Interpretation of these images which were enlarged to a 1:500,000 scale was

conducted in order to extraet lithologieal and structural eharacteristics on the

hydrogeology and to understand large scaJed geoJogicaJ structure and regional

distribution of eaeh rack 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.

1- 2
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Geological analysis was carried oul by using LANDSAT ¡mages and aerial

phorographs, and field survey in arder to c1arify the regional hydrogeological

conditions oC rhe region. The results oC both interpretations were compiled on Ihe

maps. They are shown in Fig. B-I. 1.3 and 1.4.

1) Interpretation of LAND5AT lmages

For the present study. seven (7) scenes oC LANDSAT false color ¡mages are used,

which were generated using bands oC 1,4 and 5 oC Thematic Mapper (TM) data,

assigned te blue, green and red, respectively. This band combination has the

advantage of emphasizing the color variation oC rocks and soils. Details oC used

LAND5AT TM dala are shown in Table B-I, 1.1.

Interpretation of Ihese images which were enlarged to a 1:500,000 scale was
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distribution of each rock units. As (or Ihe San José River Basin, four (4) scenes

of faIse color images were used. whose palh and row are 001-072, 001-073, 002­

072 and 002-073,
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2) Interpretation oí aerial photographs

Interpretation oí Black and white aerial photographs at 1:60,000 scale was

followed by the aboye LANOSAT images interpretation. It allowed to clarify the

detailed lithological distribution and geological structures. As for the San José

River Basin, 25 sheets oí aerial photographs were used, which were acquired in

19760r 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 c1assification

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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2) Interpretation of aerial photographs

Interpretarian af Black and white aerial photographs at 1:60,000 scale was

folIowed by the aoove LANDSAT images interpretation, It aJlowcd lO clarify the

detailed lilhological distribution and geological structures. As for the San Jos~

River Basin, 2S sheels of aerial photographs were used, which were acquired in

19760r 1977.

1.2.2 General Geological Fea(ures of lhe Basin

1) General geology of lhe Sasin

Geology of the San José River Basin is composed of Precambrian (?), Mesozoic

and Cenozoic rocks. The interpretation Cor (he basin resulted in the c1assificarion

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 froro

Sonia Yogel and Thomas Yila (1980) and Salas. R. et al (1966). Lithological

characteristics oC each units and their ages are as follows:
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Geologic Fonnation Lilhology Units
A2e

Recent Deposits a1luvial, fluvial, eolian, ran, terrace, beach, recent fluvial and Qal, Qfl. Qe. Qr.
detrital depOsits Qt. Qb, Qrf. Qd

Quaternary andesitic and trachyandesitic lava and pyroclastics Qv
Volcanic Rocks

Quaternary Concoolia unconsolidated gravel, sand, mud and volcanic ash Qc
Formaríon marine dePOsilS
El Diablo Upper: greyish-black conglomerate, consisting mostly of Qed,(d)-
Fonnation andesite gravel diatomaceous

Lower. an ahemating bed of greyish-brown fme to coarse horizon
¡m¡ined sandstone wirh ~eenish-2TeV sillStone

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. Rrey andesite intercalated with tuff and ímimbritic tuff

Tertiary Azapa Formation light brown fine to medium grained sandstone intercalated Ta
wilh dark brown c1aystone, grey sillSlOne, conglomerate,
calcareous rocks Dinkish tuff

ChaDiouina Dionte I!rll\' massive dionte. holocf\'stalline oornh'lritic Ti
(Chapiquifta Group) andesitic breccia, tuCC, lava: a1temated with conglomerate and K-T
Lupica Formation

arkose sandstone arrected bv hvdrolhermal alteration
Uuta Diorite gray diorite wilh granite, granodiorite. Kil

holocrystalline lO"3nular
Cretaeeous (Vilacollo Group) Atajana F.: conglomeraLe, 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. wilh brown andesite
Camaraca F. Camaraea F.: andesitic volcanic rocks wilh marine

sedimentarv rocks
Pre- Esquitos de Belen gneiss and mica schist Pe
Cambrian Fonnation
m

(1) Precambrian Unit (PC)

It is distributed in the environs of Helen and Tignamar, and is caBed the Esquistos

de Helen Fonnation inferred lo be Precambrian. The Fonnation consists of gneiss

and mica schists.

(2) lurassic lO Lower Cretaceous Unil (J-K)

It corresponds lO 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 fonnations: Camaraca Formation (Middle Jurassic), and Los Tarros
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Geclogic Formation Lithology Units
Aae

Recenl Deposits aJluviaJ. nuvial, eclian. ran. terrace. beach, recenl nuviaJ and QoJ. Qll, Q<, Qf.
detl'ilaJ deoosilS Q<. (lb. Qñ. Qd

Qua"""",, andesilic and uachyandesitic lava and pyroclastics Qv
Vokanic Rocks

Qua=wy Coocadia uocoosolidaled gravel. sand. mud and voleanic ash Qc
Formation marine~ilS
El Diablo Uppcr: greyish-black conglomernte. coosisting moslly of Qed.(d)-
Fonnation andesite graveJ diatomaceous

Lower. an allcmating bed of greyish·brown fmc LO coarse horizon
tmlined sandsLOne wilh tm'f';nish-lm";Y siltstone

Oxaya Formation Uppcr. grey. brown and white LO pink ignimbritic luff, To. (;g)--
rhyolitic and dacitic in composition predominant in

Middle: greyish breccia inlettaJated wilh tuffaceoos sandstone ignimbrile
Lowcr. "rev andcsite inlcrcalated with tuff and ignimbritic wff

TerúMy Azapa Formation light brown fine 10 medium grained sandstone intercalated T.
wilh dark brown claystone. grey sillslOne. ronglomernte.
calcareous rocks. oinkish IUff

Ch. uina Diorite massive diori(e. holoc sllll1ine
.. T;oc

(OtapiQuitla Group) andesilic breccia.lUfr. lava: aJlemated wilh conglomerate and K-T
Lupica Formation

arkose sandslone affected by hvdrothennal aheration
Uuta Diorite gray diorile wi(h granitc. granodiorite. Kit

holOCfVstalline granular
Ü<lllCeous (Vilacollo Group) Atajana f.: conglomerote. sandstone. red sandslone and

Atajarla Formation andesilic vo1canic rocks
Sausine Formation Sausine F.: andesitic lava and breccia S-K

Jurassic (Aric. Group) Los Tarros f.: brown-grey shale. limestone. grey qoartzite.
Los Tarros F. with brown andesite
Camaraca F. Camarac:a F.: andesitic volcanic rocks with marine

sedimcntarv rocks
PIe- Esquitos de Belen gneiss and mica schist PC
Cambrian Fonnation
ñ"l

(1) Precambri.n Unil (pe)

It ís distributed in (he environs of Belen and Tignamar, and is caUed Ihe Esquistos

de Bclen Fonnation inferred to be Precambrian. The Fannalion eonsists of gneiss

and mica schislS.

(2) lurassic to Lower Cretaceous Unil (J·K)

It corresponds to Jurassic Arica Group and the Lower Crel3ceous Vilacollo

Group.

The Arica Group crops Out only in the Coastal Range region and is divided ioto

two fonnations: Camaraca Formation (Middle Jurassic), and Los Tarros
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Fonnation (Upper Jurassic). The lithology of these fonnations are composed of

andesitic volcanic rocks and marine sedimentary rocks.

The Vilaeollo Group erops out along the main stream and is constituted by the

Atajana Fonnation and the Sausine Fonnation. The Atajana Fonnation consists

of conglomerate, sandstone, red siltstone deposited in a continental environment

and andesitic volcanic rocks. The Sausine Fonnation is mainly composed of

andesitic lava and breccia.

These fonnations are intruded by the acidic to basic plutonic rocks of same age

in many parts.

(3) Lluta Diorite

lt 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 fonned during the Upper Cretaceous period, because this rock

intruded to the Arica Group and the Vilacollo Group and is overlain by the

Oxaya Fonnation.

(4) Upper Cretaceous to Lower Tertiary Unit (1(-T)

lt corresponds to the Lupica Fonnation of Chapiquiña Group. Lupica Fonnation

is constituted by a sequence of andesitic volcanic rocks altemated with

conglomerate and arkose sandstone. Wide zones of hydrothennal alteration have

been developed in this fonnation.

(5) Chapiquiña Diorite

The Chapiquiña Diorite is composed of porphyritic holocrystalline diorite.

Phenocrysts consist of plagioclase, pyroxine and opaque minerals. Alteration of

minerals is rareo This rock intrudes to the Lupica Fonnation of Chapiquiña

Group. Thus. the intrusion was occurred during Early Miocene.
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Formation (Upper Jurassic). The lithology of these fonnarions are composed of

andesiric vo1canic rocks and marine sedimentary rocks.

The Vilaeollo Group eraps out along the main stream and is constituted by the

Atajana Formation and the Sausine Fonnation. The Atajana Formation consists

of conglomerate, sandstone, red si!tslone deposited in a continenral environment

and andesüic volcanic rocks. The Sausine Formanon is mainly composed oí

andesitic lava and breccia.

These formations are intruded by the acidic ro basic plutonic rocks of same age

in many parts.

(3) L1ula Diorile

It is composed mainly oC grey granular holocrysralline diorite accompanied by

granire and granodiorite. Phenocrysts are oC plagioclase, orthoclase, biotite.

amphibole, quartz, sphene. zircon and apante. Orthoclase and biotite are altered.

The rock was formed during the Upper Cretaceous perioo. because this rock

intruded to the Arica Group and the Vilacollo Group and is overlain by the

Oxaya Fonnation.

(4) Upper Cretaceous lO LowerTertiary Unil (I(-T)

It corresponds to the Lupica Fonnation of Chapiquiña Group_ Lupica Formanon

is constituted by a sequence oC andesitic vo1canic rocks altemated with

conglomerate and arkose sandslone. Wide zones oC hydrothennal alteration have

been developed in this formation.

(5) ehapiquiña Diorile

The Chapiquiña Diorite is composed oC POrphyrilic holocrystalline diorite.

Phenocrysts consist of plagioclase, pyroxine and opaque minerals. Alteratioo oC

minerals is rareo This rock intrudes to the Lupica Fonnation oC Chapiquiña

Group. Thus, the intrusion was occurred during Early Miocene.
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(6) Azapa Fonnation (Lower lO Middle Tertiary) (Ta)

It is mainly fonned of lighl-brown fine 10 medium grained sandslone with

intercalation of dark-brown claystone, grey siltstone, conglomerate, calcareous

sedimentary rocks and pinkish tuff. The thickness of the fonnation is variable,

and the maximum reaches lO 510 m.

(7) Oxaya Fonnalion (Middle lO Upper Tertiary) (To, To (ig»

According lO Sonia Vogel and Tomas Vila (1980), it is divided into lhree

members with maximum thickness reaching 550 m. It shows a large variation in

lithology, both vertical and lateral. The lithology of Oxaya Formalion at lype­

localily in lhe Pampa is as follows~

The lower member consists of grey andesite Wilh intercalalion of tuff and

ignimbritic luff.

The middle member consisls of greyish breccia with inlercalalion of tuffaceous

sandslone and tuff. In the San José River, however, conglomerate beds are well

developed.

The upper member consisls of grey, brown and while lO pink ignimbritic tuff,

rhyolitic and dacitic in composition, showing a different degree of welding.

(8) El Diablo Fonnalion (Upper Tertiary lo Lower Quaternary) (Qed,Qed (d»

According lO Sonia Vogel and Tomas Vila (1980), il is divided into following

lwo members;

The lower member consists of an altemating hed of greyish-brown fine grained

lO coarse sandslone with greenish-grey siltslone. Dialomaceous horizons are

intercalated near lhe base of this member.

The upper member is represemed by thick and continuous strala of greyish·black

conglomerale which predominantly contains andesite gravels.

1-6
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(6) Azapa Fonnation (Lower lo Middle Tertiary) (Ta)

It is mainly fonned of light-brown fine ro medium grained sandstone with

intercalation of dark-brown c1ayslone, grey siltstone. conglomerate, calcareous

sedimenlary rocks and pinkish tuff. The thickness of the formarion lS variable,

and the maximum reachcs to 510 m.

(7) Oxaya Fonnation (Middle '0 Upper Tertiary) (To. To (ig»

According lO Sonia Vogel and Tomas Vila (1980), it is dividcd into three

members with maximum thickness reaching 550 m. Ir shows a Jarge variation in

lithology, both vertical and lateral. The lithology of Oxaya Fonnatíon at type­

locality in lhe Pampa is as follows;

The lower member consisls of grey andesite with íntercalalion of tuff and

ignimbrilic tuff.

The middle member consists of greyish breccia with intercalation of ruffaceous

sandstone and tuff. In the San José River, however, conglomerate beds are well

developed.

The upper member consists of grey, brown and white lO pink ignimbritic tuff,

rhyolitic and dacitic in composition, showing a different degree of welding.

(8) El Diablo Fonnalion (Upper Tertiary lO Lower Qua.ernary) (Qed.Qed (d»

According lO Sonia Vogel and Tomas Vila (1980), il is divided into fol1owing

two members;

The lower member consists of an altemating bed of greyish-brown fine grained

to coarse sandstone with greenish-grey síltstone. DialOmaceous horizons are

intercalated near the base of this member.

The upper member is represented by thick and continuous strara of greyish-black

conglomerare which predominanlly comains andesite gravels.
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(9) Huaylas Formatíon (Lower Quatemary) (Qhu)

It is distributed in the area between the Altiplano regions and Precordillera and

consists of rhyolitic ignimbritic tuff and lacustrine deposits.

(lO) Concordia Formatíon

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) Quatemary Volcanic Rocks (Qv)

These are widely distributed in the Altiplano region, most of which are andesitic

and trachyandesitic in composition.

(12) Recent (Upper Quatemary) Units (Qt, Qf, Qe, Qfl, Qa1, 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 (Qrt) and detrital deposits (Qd). Among

the Recent Units, sorne 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 LIuta River.

Beach Deposits appears along the beach from the river mouth of the San José

River to the intemational 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 mudo

2) General Geological Structure of the Basin

Many fauits 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-I, 1.4). Those faults are
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(9) Huaylas Formation (Lower Quatemary) (Qhu)

It is distributed in the area between the Ahiplano regions and Precordillera and

consists ofrhyolilie ignirnbritie tuff and laeustrine deposits.

(lO) 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 formarion is

composed of unconsolidated gravel, sand. mud and volcanic ash. The fonnation

never crops out because ir is completely overlain by the Recent Units

represented by the Fluvial Deposits. The Fluvial deposits has a interfinger

relation with this formation in lhe Azapa Valley.

(11) Quatemary Voleanie Rocks (Qv)

These are widely dislributed in the Altiplano region, rnost of which are andesitic

and uachyandesiric in composition.

(12) Recen' (UpperQuatemary) UnilS (Qt, Qr, 00, Qfl, QaI, Qb, Qrf, Qd)

These are eonstituted by eight (8) unilS; terraee deposilS (Qt), fan deposilS (QO,

eolian deposilS (00), fluvial deposilS (Qfl), alluvial deposilS (Qal), beaeh

deposilS (Qb), ",eent fluvial deposilS (Qrl) and detrital deposilS (Qd). Among

the Recent Units, sorne units are caUed the Concordia Fonnation which

eonstitutes the marine terraces. They are supposed to appear in (he coastal plain

and the lower reaches of rivers such as the San José River and the Llura River.

Beach Deposits appears along the beach from the river mouth of lhe San José

River tO Ihe intemarional border wilh Peru.

Small fans are fonned at the oUlleIs of quebradas such as Qda. del Diablo and

Qda. de Llosyas. The deposits are rich in fine rnaterials 5uch as tuff and mudo

2) General Geological Structure of the Basin

Many faulls of NW-SE direction were extracted from both, LANDSAT images

and aerial photographs over Ihe ignimbrire of the Oxaya Fonnation at the middJe

part of rhe basin,localed within the Precordillera (Fig. B·I, lA). 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 strueture 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-I, 1.6) reviewing the existing data « 1 to <4).

Geology of the Azapa Valley are c1assified 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 Va))ey). 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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probably of Cretaceous or lower Tertiary age and would have been reactivated in

upper Teniary to possibly Qualemary.

On the contrary, in the Intennediate Depression, the Mesozoic and Cenozoie

formations fonn a stable monoclinal struclure with gentle dipping towards the

west.

1.2.3 Hydrogeology in Azapa VaHey

The Study Team constructed a detailed geological map of Azapa Valley (Fig. B-I,

1.5) and a geologieal profile (Fig. B-I, 1.6) reviewing the exisling data « 1 to <4).

Geology of the Azapa Valley are c1assified inlo following seven (7) units;

Reeent Fluvial Depos;,s (Qal)

Recent Beaeh Deposits (Qb)

Manne Terrace Deposit (Ql)

Fluvial Deposits (Qal)

Fan Deposits (Qf)

Dettital Deposits

Basement Racks (J-K, K-T, Ta, Ta)

Six (6) units other than Basement Rocks and Detrital Deposits are considered to be

permeable, therefore, aquifers are formed in these units. The Concordia Fonnation

and the Fluvial Deposits are in a relation of interfinger; the fonner occupies lhe

coastal plain and the lower reaches of the Azapa Valley, and the lauer appears in lhe

subsurface of middle to upper reaches of the ValJey. Both are the principal aquifers in
(he arca.

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 impenneable Basement Rocks.

Thus, groundwater nows in the aquifers from the upsrream to downstream without

leaking to the outside of the valJey.
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Although river syslem is developed in lhe San José River basin, no surface water is

recognized in lhe quebradas in the middle lO lower reaches excepllhe main stream of

the San José River. Therefore, lhe groundwaler is recharged mainly from the surface

waler of the San José River. In addition lO lhis, fissures developed in lhe Basement

Rocks may supply a certain measure of waler to the aquifers.

Hydrogeological descriplions of each geological unil distribuled in lhe area are given

below;

1) Basement Rocks

Basement Rocks consisl of lhe Arica Group (Camaraca Fonnation and Los Tarros

Formation), Vilacollo Group (Sausine Formation and Alajana Fonnation),

Chapiquiña Group (Lupica Fonnation), Azapa Fonnations, Oxaya Fonnation and

plulonic rocks. These units are lumped together as the basement rocks from the

hydrogeological point of view because of lheir impenneability.

Matrix of lhe sedimentary rocks in lhe Basement Rocks are generally filled by the

fine malerials such as silt, clay and volcanic ash. Fissures and joints are less

developed in bOlh sedimenlary rocks and igneous rocks (volcanic rocks and

plutonic rocks), while lhey are developed and wealhered near the surface of rocks.

Considering these conditions, lhe Basement Rocks are thought lo be impenneable

in general.

2) Marine Deposits

Marine Terrace was fonned on lhe coaslal plain by the euslalic movement. The

Marine Terrace Deposits were piled on lhe lerrace and are composed of mainly

sand and gravels somelimes intercalaled Wilh silts. This unit is one of lhe

aquifers in lhe cily area of Arica. This Marine Terrace Deposits may be included

in lhe Concordia Fonnation.

3) Fluvial Deposils

The San José River fonned the fluvial plain along lhe both sides oC lhe river. The

Fluvial Deposits are piled in this plain and are composed oC graveIs, sands and
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Although river system is developed in the San Jos6 River basin. no surface water is

recognized in the quebradas in the middle to lower reaches except the main stream oC

the San José River. Therefore, the groundw8ler 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 cenain measure of water to the aquifers.

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

below;

1) Basemenl Rocks

Basement Rocks consist of the Arica Group (Camaraca Fonnation and Los Tarros

fonnation). Vilacollo Group (Sausine Formation and Atajana Formatíon).

Chapiquiña Group (Lupica Formarion), Azapa Fonnalions. Oxaya Formarlon and

plutonic rocks. These units are lumped together as lhe basement rocks from the

hydrogeological point of view because of their impenneability.

Matrix of the sedimemary rocks in lhe 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

plutoníc rocks). while lhey are developed and wealhered near the surface of rocks.

Considering these conditions. the Basement Rocks are thought to be impenneable

in general.

2) Marine DePOSilS

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 Fonnation.

3) Fluvial DepasilS

The San José River fonned 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 penneable, therefore, it is the most important aquifer in

the Azapa Valley.

A geological profile (Fig. B-I, 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 grave! beds distribute from the surface to a depth of 80 to 90 m

intercalating with mud bed. The mud bed ¡ncreases its thickness toward the

downstream from Saucache. A more than 20 m thick of mud hed appears under

the sand and gravel beds. The bottom of the mud bed has not been confmned by

drilling.

4) Detrital Deposits

Detrital Deposits consist mainly of talus deposits and others formed by land

collapses and land slides. PrincipIe units of this talus deposits are fonned 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 Fonnation. Other deposits are fonned

by the land coHapse. Matrix of the deposits are fiHed with very fine sand, silt and

clay. Thus, the Detrital Deposits are less penneable.

5) Fan Deposits

The Qda. del Diablo, Qda. de Llosyas, and Qda. de Acha fonned 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 usuaUy permeable. However, the

deposits fonned by the Qda. del Diablo are abundant in very fine materials in the

1- 10
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sihs. The unit is highly penneable. therefore, it is the most imponant aquifer in

!he Azapa Val ley.

A geological profile (Fig. B-I, 1.6) from Saucache lO San Miguelthrough Pago de

Gomez was construcled based on the existing drilling logs. According to this

profile. [he geological characlers of this unit are as follows;

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

Sand and gravel beds disrribute from Ihe surface lO a deplh oC 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 oC which

thickness is more than 20 m.

(2) The area (rom San Miguel lo Pago de Gomez

Sand and gravel beds dislribute fmm the surface te a depth of 80 lO 90 m

intercalating wilh mud bed. The roud hed increases its Ihickness toward the

downsn-eam Crom Saucache. A more than 20 m thick oC mud bed appears under

the sand and gravel beds. The bottom oC lhe mud bed has nOt been confmned by

drilling.

4) Detrital DePOSilS

Detrita1 Deposits consist mainly oC talus deposits and others Conned by land

collapses and ¡and slides. PrincipIe units oC lhis lalus deposits are Conned by

gigantic scale oC landslide occurred in the Oxaya Fonnations and deposited

keeping Iheir original sedimenlary structure; (he hydrogeological characleristics

are considered same as that oC the Oxaya Fonnation. Olher deposits are Conned

by the land collapse. Matrix oC the depasits are filled wilh very fine sand. silt and

clay. Thus, the Detrital Deposits are less penneable.

5) Fan DePOSilS

lbe Qda. del Diablo. Qda. de Liosyas, and Qda. de Acha formed Ihe fans allheir

confluences with the San José River. The Fan Deposits are compased mainly oC

sand, gravels and silt. Thus. Ihis unil is usually permeable. However, the

deposits Cormed by Ihe Qda. del Diablo are abundant in very fine materials in the

I - 10
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matrix and occuply wide and rhick impermeable parts in the aquifer. The

impermeable parts act as a underground dam which retards the water infiltrated in

flood oC the San José River.

6) Recent Beach Deposits

Along the coast oC the Pacific Ocean, rhe Recent Beach Deposits are distributed.

The deposits consist oC sand and gravels. Fine materials are less in the matrix.

Thus the permeability is high.

7) Recent Auvial 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

oC its high permeability.
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matrix and occuply wide and Ihick impenneable parts in the aquifer. The

impenneable pans acr as a underground dam which rerards rhe water infiltrated in

flood of lhe San José River.

6) Recenl Be.eh DeposilS

Along the coasr of the Pacific Ocean, the Recenr Beach Deposits are distribured.

The deposits consisr of sand and gravels. Fine marerials are less in the maoix.

Thus the permeabiliry is high.

7) Recenr Fluvial Deposits

The Recenr Fluvial Deposits are distributed along [he river channel of (he San

José River and the Qda. de Acha. The Deposits consist of volcanic ash. mudo

gravel and sand. Therefore, it is a importam aquifer in the Azapa Valley because

of its high permeability.
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Table 8-1, 1.1 ListofUsed LANDSATTM Data.

<Lista de Datos LANDSAT TM Urilizados>

No. PATH·ROW ACQUIREDDATE CLOUD COVER SCENECENTER

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% S2D-14/W069-04
4 001-075 20/APR/1990 0% S21-40/W069-23
5 001-072 1O/NOV/1986 0% S17-21/W069-55
6 002-073 28/MAR/1985 4% S18-47/W07D-12
7 002-074 28/APR/I990 8% S2D-14/W07D-31

1- 13

TableB-I, 1.1 LislorusedLANDSATTM Dala-

<Lista de Dalos UNDSAT TM Uti/izados>

No. PATII·ROW ACQUIREDDATE CLOUD COVER SCENECENTER

1 001-072 02/AUG/1981 0% SI1-21/W068-19
2 001-013 3O/MAY/1981 0% SI8-41/W068-43
3 001-014 21lMARlI981 0% S20-14/w069.{)4
4 001-015 20/APRlI990 0% S21-40/W069-23

• 5 001-012 IO/NOV/1986 0% SI7-21/W069-55
6 002-013 28IMARlI985 4% SI8-41/W01D-12
1 002-014 281APRlI990 8% S2D-14/W01D-31

•
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Chapter ll. AQUIFER OF AZAPA VALLEY

2.1 Inventory ofExisting Wells

2.1.1 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; CORPO code (1969), CORFO

code(1975) «1), DGA code and BNA code (<2). Primarily CORPO 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-1S". Although once DGA made

DGA code which expresses the wells by only consecutive numbers such as "OOA­

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 presento DGA has

applied both systems, CORPO code (1975) and BNA codeo 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 lilce "108" (this No. means "013 10 ~-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 Medición de Niveles de Agua Subterránea 1

Region, October 1987 for DGA by Alamos y Peralta Ingenieros Consultores

Ltda.

(2) Modelo de Simulación de las Aguas Subterráneas 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.
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2.1

2.1.1

Invenlal)' oC Existing Wells

Well Inventol)'

Most oC the wells existing in the Azapa valley are officiaUy registered to DGA and

each weU has respective registered number. However different four (4) numbering

system were applied lO register the wells in past; CORFO code (1969), CüRFO

code(197S) «1), DGA code and BNA code (<2). Primarily CüRFO code (1969) was

used. This syslem 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; fOl example, "1820-7010 CC-IS". Allhough once DGA made

DGA cocie which expresses the wells by only consecutive numbers 5uch as HDGA_

112", lhis code was no! applied lO the wells in the Azapa VaJley. BNA code is lhe

latest numbering system. This system expresses lhe wells by consecutive number

using Ihe hydrographic basin and sub-basin as follows; "013 10 108-6" (013:

hydrographic basin, 10: sub-basin, 108: well No., -6: suffix). Al presen!, DGA has

applied both systems, CüRFO code (1975) and BNA code, to register and control lhe

wells.

In this report, [he wells are expressed by three (3) digits ofconsceutive numbers using

lhe last three (3) digits of the BNA code like "108" (lhis No. means "013 10 .ll!l!-6".

The JICA Study Team established wel1 lists and inventaries (as oC 1989) based on

fCviewing existing inventaries 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 lO evaluate the groundwater patential araund the well. The

fCviewed inventaries are attached to the following repons;

(1) Analisis Critico de la Red de Medición de Niveles de Agua Subterránea 1

Regioo, October 1987 Coe DGA by Alamas y Peralta Ingenieros Consultores

Llda.

(2) Modelo de Simulación de las Aguas Subterráneas del Valle de Azapa,

January 1989 for DGA by Ayala, Cabrera y Asociados Uda. Ingenieros

Consultores con la asesoris de IPLA Uda.

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

¡tems;

(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 ofDe. to Nov., 1993)

a. BOL (m below the ground leve])

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

2.1.2 Deep Well (Sondaje)

Out of 166 deep wells, 121 deep wells have infonnation on the date of construction

and remaining 45 deep wells have no infonnation. 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

11-2
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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 lhe Sludy

Team during phase 2 Sludy are also added. The welllislS 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. 8-1, 2.1. The well inventories present following

iterns;

(1) Well No.

a. BNA code No.

b. CORFO code No. (1975) (Dug wells and springs have nOl any corle No.)

(2) Community name of welllocation

(3) Loealion name

(4) Name of owner

(5) Name of constructor

(6) Eleva,ion

Elevation of well is expressed by the height from the mean sea level (m MSL)

(7) Drilling deplh

(8) Deplh of well

(9) Specific yield

(10) Date of construction

(11) S,atic wa,er level (as ofDe. lO Nov., 1993)

a. BGL (m below lhe ground level)

b. MSL (m above the mean sea level)

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

(1) Geostratigraphic colurnn

(2) Well specification (casing & screen design)

(3) Pumping test resuhs (Aquifer constants)

(4) Waterquality

2.1.2 Deep Well (Sondaje)

Out of 166 deep wells, 121 deep wells have infonnation on the date of construction
and remaining 45 deep wells have no infonnation. 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 belween 1950 and 1967 as shown

11-2

•

•



5-1 San José River

in Fig. B-I, 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.ofwells Abandoned wells Total No. oí wells

Investigation 8 8 16

Potable 50 2 52

Irrigation 58 3 61

Industry 4 O 1

Others 20 1 21

No data 12 O 11

Total 152 14 166

2.1.3 Dug Wel1 (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 oí Arica. Nine (9)

wells(sondajes) are included in the inventory. Dug wells are used for fol1owing

purposes (as of 1989);

Pumose

potable

irrigation

industry

potable/irrigation

potable/industry

capped or dried up

out ofuse

abandoned

no data

total

No. ofdu~ wells

37

30

2

2

1

25

74

9

25

205

Total number of 180 dug wells has infonnation on the date of construction and no

infonnation is available on the remaining 25 wells. Infonnation is not available about

the consrruction in 1970s. The oldest dug well in the record was constructed in 1920.

Fig. B-I, 2.3 presents the number of construction in each year and increase oí dug
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in Fig. B-l, 2.2. In this period, 57 deep wells were construcled Tolal

eonslrueled deep wells reaehed lo lOO in 1975 sinee 1946.

166 deep wells are listed in rhe ¡ist and invenrory, however, 14 are aband

purpose of deep well construcrion (as of 1989) is surnmarized as follows;

Pumose NO.ofwells Abandoned wells Total No. oC

Investi2ation 8 8 16

Potable 50 2 52

1meralion 58 3 61

InduslTV 4 o 1

Qlhers 20 1 21

No data 12 O 11

• Total 152 14 166

2.1.3 Dug WeU (Noria)

According ro the invenlory of dug wells, total number of dug wells co

distributing along the San José river; most dug wells locale between

Saucache. There are also len (10) dug wells in lhe ciry area of Arica.

wells(sondajes) are included in the inventory. Dug wells are used for

pUlJXlses (as oC 1989);

Purpose No. of dug wells

potable 37

irrigaríon 30• industry 2

potableJirrigalion 2

polable(¡nduslry 1

capped or dried up 25

out of use 74

abandoned 9

no data 25

rotal 205

Total number of 180 dug wells has informalíon on the date oC eonstrucri

informarion is available on the remaining 25 wells. Informarion is nor avail

the construetion in 19705. The oldesr dug well in the record was construct

Fig. B-I, 2.3 presents [he number of construcrion in each year and inere
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wells. Dug wells have been continuously constructed since 1920s; several dug wells

increased every year.

2.2 Existing Boring Data

2.2.1 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 repon <3, although the data present only permeability

of strata without lithology.

2.2.2 Pumping Test

AIthough 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

Q
Ls

Ld

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

: yield (m 3/day)

: static water level (m)

: dynamic water level (m)

2.3 Configuration of Aquifer

A hydrogeological profile (Fig. B-l, 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 1, 1.2.2 and 1.2.3. The distance from the

coastal area to Cabuza is approximately 25 km.
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wells. Dug wel1s have been conlinuously eonstrueted since 1920s; severa! dug wells

increased every year.

2.2 Existing Boring Data

2.2.\ Boring Lags

Total oC 22 boring logs are available in the area; two (2) log5 are Cor San Miguel area,

six (6) logs for Las Animas, seven (1) logs for Pago de Gomez area, seven (7) Iogs fOl"

Saucache area. These data are eiled in the Data Book. In addinon to these, several

data are shown in the existing repon <3, although the data present only penneability

of strata without lithology.

2.2.2 Pumping TeS!

Although pumping test was executed on 48 wells at the completion of each deep

well, aquifer constants were analyzed for only 10 wells. Thereforc, in addition 10

these data, specifie yield was ealculated on 48 wells. They are expressed in (he

Well LiS! (see, Table B-I, 2.1) and Well\nvemory of Azapa Valley. Specific

yield is given by following fonnula;

Sy=Q/(Ls- Ld)

•

where Sy

Q

Ls

Ld

: specific yield (m3/daY/m or m2/day)

: yield (m 3/day)

: s(atic water level (m)

: dynamie water level (m) •
2.3 Configuranon of Aquifer

A hydrogeological profiJe (Fig. B-I, 2.4) and hydrogeological cross scelions (Fig. B-I,

2.5 (1) lo (4) are provided in addition lO 'he Geological ProfiJe (Fig. B-I, 1.6). They

preseot the figure oC aquifers. The aquifer is oecurred in the Recent Fluvial deposits,

the Lower marine terraee deposits, the Upper marine terraee deposits, (he Fluvial

deposits and the Fan deposits. They are distributed in the eoastal plain and the Azapa

Valley up 10 Cabuza as described in Chapter 1, 1.2.2 and 1.2.3. The distance from the

coastal arca to Cabuza is approximately 25 km.
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In the Azapa Valley, the principIe aquifers are transferred to the Fluvial Deposits as

mentioned aboye. 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 ioto two (2)

pans, upper and lower, by the impermeable layer. However, it is quationable

whether the lower pan 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 l ,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 aOOut 55 m

in thickness. Intercalation of impermeable layers are rareo The groundwater in the

area is considered to be unconfined.
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In !.he Azapa Valley, ¡he principie aquifers are rransferred [O the Auvial Deposirs as

mentioned aboye. 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 e;\tent of the aquifer is controlled by the width of the

yaUey.

Description of aquifers by area are as follows;

(1) Cabuza area

The width of the yalley is about 1,200 m. Howeyer it becomes narrower at a pan
and its width is about 600 m. The aquifer is about 50 10 60 m in thickness.

Intercalation oC permeable layen such as silt and clay are less. As no

impermeable layers cover [he aquifer in [his area, the groundwater is unconfined.

(2) San Miguel area

The widlh of the valley is about 1,200 m. The total [hickness of aquifer is aOOm

50 m including inlercalation of impermeable layer due 10 which the actual

Ihickness decreases to about 35 m. It seems that the aquifer is divided ioto two (2)

pans, upper and lower, by the impermeable layer. However, ir is quationable

whether the lower pan oC aquifer is confined or nOl, hecause (he aquifer is "01

salurated by groundwater.

(3) Pago de Gomez area

The width oC Ihe valley is abouI 1,200 m. The Ihickness of the aquifer is about

45 m. Although, impermeable layers appear irregularly in [he aquifer, the aquifer

is covered by no impermeable layer.

(4) Saucache arca

The valley spreads its width up to more than 1,700 m. The aquifer is aboul 55 m

in thickness. Intercalation of impermeable layers are rare. The groundwater in the

area is consiclered 10 be unconfined.
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(5) City area of Arica

The coastal plain is widespread in the area. The impenneable layers are

predominant in the deposits of this area. The aquifer is divided by the

impenneable 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.

2.4 Hydrogeological Characteristics of Aquifers

2.4.1 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 penneable

units and the aquifer of the area is fonned by the sequence of the penneable 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 tableo
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(5) Cily area of Arica

The coastal plain is widespread in the area. The impermeable layers are

predominant in the deposits of Ihis area. The aquifer is divided by the

impermeable Iayers which reduces its thickness. The lower aquifer is distributed

under the sea level, therefore, the aquifer seems to be deteriorated by the sea

water.

2.4 Hydrogeological Characterisrics of Aquifers

2.4.1 General

As mentioned in 1.2 and 2.3, the aquifer oC the Azapa Valley is composed mainly

of sand and gravel bed in Ihe different units. The fieId survey by the Study Team

revealed that no hydrogeological disconlinuity is recognized among the permeable

units and the aquifer oC 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 Resuh

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 tableo
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Area BNA Test Date Transmisslbility Penneability Storatlvlty
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 9.51 x 10-4 2.14 x 10-1

187-6 3,160 9.26 x 10-3 3.22 x 10-4
157-4 2,820 7.09 x 10-2 3.22 x 10-4

Pago de 161-2 3,526 9.72 x 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 3.18 x 10-3 1.72
Average 1,934 5.83 x 10-2 1.02

166-3 2,075 6.00 x 10-2 6.23 x 10-3
Saucache 165-5 1,550 4.98 x 10-2 4.32 x 10-1

141-B 69 2.12 x 10-3 2.02
Average 1,231 3.73 x 10-2 8.19 x 10-1

Average (total area) 1,344 3.22 x 10-2 1.18

Note: BNA code of the Azapa Valley is forrnally expressed as 013 1O~.

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 valIey (Pago de Gomez to the city area of Arica), 1,550 to 3,526 m3/dlm

except the well 141-B.

Penneability varies between 7.62xlO -4 and 1.1lxlO-1 m 3/d/m, having average of

3.5xlO-2 m3/d/m. There is a tendency that Permeability has rather high in

Saucache area in the order of 10-2.

Storativity ranges from 3.28xlO-5 to 3.68, averaging 1.18. The area from San

Miguel to Pago de Gomez has high Storativity.

2) 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-I, 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-I, 2.6).

11 - 7

•

•

B-I 5111108 R¡"<I

Area BNA Test Date TransmisslbihlY Penneabllity l:storauvuy
Code (m3/d/m) (cm/sce)
lOO- 2v, Jun., 1992 5V 7.0l X Iv-4 0.lJ'J x Iu-I

San Miguel 265- 21, Aug., 1992 44 1.14 x 10-3 3.68
Average 37 9.51 x 10-4 2.14 x 10-1

1~7-0 5,100 ~.lO x 10-5 5.l2 x 1u-4
157-4 2,820 7.09 x 10-2 3.22x 10-4

Pago de 161-2 3,526 9.72 x 10-2 3.28 x 10-5
Gomez 242- 31, Mar, 1992 43 1.11 x 10-1 3.38

240- 28, May,l992 123 3.18 x 10-3 1.72
Average 1,934 5.83 x 10-2 1.02

100-5 l,U75 0.00 x IU-l IO.lJ x IU-5
Saucache 165-5 1,550 4.98 x 10-2 4.32 x 10-1

141-B 69 2.12 x 10-3 2.02
Average l,l5 I 15.75 x IV-l ~.I~ x lU-l

Average (total area) 1,344 13.22 x 10-2 1.18

Note: BNA codear lhe A7..apa Vallcy is rormally expressed as 013 JO!!!;.!.

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 Miguelto Pago de Gomez), 30 lO 44 m3/d/m, and high in Ihe lower reaches

of the valley (Pago de Gomez to the city area oC Arica), 1,550 to 3,526 m3/dlm

exceptlhe weJlI41-B.

Penneability varies between 7.62x lO -4 and 1, IlxlO- 1 m3/d/m, having average of

3.5xlO·2 m3/dlm. There is a tendency that Permeability has ralher high in

Saucache area in the order of 10-2.

Storativity ranges froro 3.28xlO-5 to 3.68. averaging 1.18. The area from San

Miguel to Pago de Gomez has high StorativilY.

2) Specific Yield

Specific yield is an imponant factor for evaluation of aquifer. therefore, that oC

each deep well was calculated based on the pumping test data shown in the Tablc

8-1, 2.1. The results are shown in Table B-I, 2.3 (summarization is shown in Ihe

following table) and are presenled on a map showing distribution of specific yield
(Fig. B-I, 2.6).
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unir m3/d/m
Area Max. Min. Avera2e

Cabuza 786 168 452
Las Riveras 1,080 206 643
San Mi2uel 2,991 69 722
Pa~o de Gomez 461 109 243
-Saucache 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 of2,991 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;

(l) 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 southem

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 fonned at the outlet of

the Qda. del Diablo. This fact suggests that the stream center oC groundwater

flow is in the southem margin of the valley concentrating towards the narrow

parto It is considered that this is caused by the southward spurring oC 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 panern; values are large in

the center and small in the margin of the valley.
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unir m3/d1m
Area Max. Min. Averae

I Ultuza 786 16R 5
Las Riveras ~ 206
San Mi2ue 2, 1 69
Pa.o (1 ~ lomez 461 109 2<1>

I Saucache I,OSO 41 115
I (itv 364 22 158

Total area 2,991 22 351

The average of specific yield is 351 m3/d1m. This value is of ordinary order for

the silty sand and gravel hed. The maximum value of2,991 m3/d1m is rather high.

The values of specific yield vary from place to place reflecting the characteristics

of lhe aquifer. Characteristics of lhe distribution oC specific yield by area are as

follows;

(1) Cabuza area

Large values appear in the central part oC the valley. It shows chat the

groundwater mainly flows in the central pan of the valley.

(2) Las Riveras to San Miguel arca

•

Contrar)' tO lhe Cabuza area, large values are unevenly distributed in the southern

margin oC the valley and are extremely high (2,991 and 1,080 m3/d1m).

According 10 Ihe geological map (Fig. 8-1, 1.5), a fan was forroed at the oullet oC

the Qda. del Diablo. This facl suggests Ihat [he stteam cenler of groundwaler

flow is in the soulhern margin oC Ihe valley concentrating towards the narrow e
pan. It is considered lhat this is caused by the southward spuning oC the fine

marerials derived from the Qda. del Diablo. In addition to this, high specific

yield is due tO the concentrarion of groundwaler.

(3) Pago de Gomez ro Saucache area

Distribution oC specific yield shows the ordinary flow pauem; values are large in

the cemer and smalI in the margin oC lhe val ley.
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(4) City area of Arica

Specific yield is small in the westem part of the city area. However, detall is

unclear because of lack of existing data.

2.5 Estimation of Groundwater Storage

Groundwater storage of the Azapa Valley is shown in Table B-I, 2.4 and Fig. B-I, 2.7.

These present the estimated groundwater storage in the area from Cabuza lo 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 oí Arica citv

2 sect. A-A' te B-B' central area oí Arica city

3 sect. B-B' to C-C Saucache

4 sect. C-C to O-O' Pa~o de Gomez

5 sect. O-O' 10 E-E' Pago de Gomez, Las Maitas

6 sect. E-E' to F-F San Mi~uel

7 sect. F-F to G-G' Las Riveras, Cabuza

Conditions applied in the estimation are as follows;

(l) Climate condition will be constant during the estimated periodo

(2) The extent of the estimation is limited to the area from the city area oí 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.

11-9

•

•

B·( San Jog Rj\'Q'

(4) City area of Arica

Specific yield is small in the westem pan of the city area. However, detail is

undear because of lack of existing data.

2.5 Estimation of Groundwater Storage

OroundWaler S10rage ofthe Azapa VaHey is shown in Table B-I, 2.4 and Fig. B-J, 2.7.

These preseot the estimatcd groundwater swrage in the area from Cabuza lO the river

mouth of the San losé River. Total volume of groundwater storage is estimated as

foHow;

STOla' S_ge = 302 x I()ó 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 Geoloeical secrion Maior communitv in the zone

1 (coast line) (O sect. A-A coastal area of Arica citv

2 seel. A-A' lO B-B' cenITal area of Arica citv

3 seel. B-B' lo C-C Saucache

4 seol. C-C lO O-O' Pa20 de Gomez

5 seel. O-O' lO E-E" Pa20 de Gomez, Las Maitas

6 seol. E-E' lO F-F San Mi.uel

7 seol. F-F 10 O-O' Las Riveras, Cabuza

Conditions applied in the estimation are as follows;

(]) Oimate condition will be constant during the esrimated periodo

(2) The extent of the estimation is limited to the area from the city arca of Arica to

Cabuza, because no stratigruphic columo of well is available toward the upper

reaches from Cabuza.

(3) Groundwaler s[ored below ¡he sea level is nor included in the storage.
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(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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(4) Estimalion is made on (he groundwater stored in permeable and semi-permeable

beds. Ahhough groundwater is stored in impermeable beds. it is nO( considered

as prospective one.

(S) Effective porosilY of aquifer is assumed to be 30 % as a whoJe, considering the

malerials which compase the aquifer.
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Table B·I, 2.1 (1) List oC Deep Well (Azapa Valley)

<.Lista de Sondajes (Valle de Azapa»
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Table B-I, 2.1 (2) List oC Deep Well (Aupa Valley)

<Lista de Sondajes (Valk de Azopa»
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Table B-l, 2.1 (2) Ust oC Deep Well (Az.apa Valley)
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Table B-I, 2.2 (1) List oC Dug Well (Azapa Valley)

<Lista de Noria (Valle de Azapa»

NO. l.OCAllON NAMEOfOWNER CONSTRUCTOR USE ELEVAT10N DEPTH STAlle DYNAMIc YIELD DATEOP(mASL) (m) LEVEJ.(m) LEVEL(m) (liMe) CONSTRUCT1ON
1 ARICA IOtTE PLfWft CHI ttCHORRQ Al

(l°60~ 1,2'2 MICA NORTE PUWft CHI ttCHORRO AS 0,803 ARICA NORTE PLAYA CHlttCHORRO P (3,6) 2.00 1,02 "
1 ARICA NORTE f' LA.,.. CHI ttCHOIlttO P (3,0) 3.00 2,0' "
5 ARICA ltORf't PLAYA CMI ttCHOItRQ P

C3!I~ 1._ 1,23 "
6 • ARICA GALLO SU7 • CERRO Ctu«) CHUMO O.PERlZ SU (30,6)

I~
8 • CERRO CIUtO EMMI E",,"I SU <20,0)9 ARICA NORrt BARRIO INDUSrRIAL CORttE, SU 21,S 28.70 18,1110 ARICA NORTE ...10 INDUSTRIAL EDELMOR TA 2.311 ARICA NORrt RIO SAle .JOSE PRRmEs fA

1"'
12 MICA Wl.JtSQUEZ HOTEL EL PASO N.U PASO R (7,0) 9,00 5.n13 • _lA GRllHOQ (6,0)11 Iat 1.0 P.GQttEZ HI.JUQ..A 11 ALWItRDO SU (118,7> S Ita15 ten 1,0 P.GQttEZ LR PORTADA T.tuEZ SOMO 261 (111,1) 23.3516 lCIt 1,0 P.GOttEZ PlARfWlLLR ".SALAS SU (115,7> 12.00 S11' • CfUtEPftle tal 3.3 P.GQttEZ OCURleA v LEONOR .VERttRtC 'A (102.2)19 lCIt 1,° P.GOft[Z LA PQtTAOR T.HUHEZ SU (11~8~ S l'IM
20 lCIt 2,5 SAUCACHE SAN GMRIEL S•C"""'-AH su

195121 tal 2.5 SAUCACHE ACEI 'uttRS PUCARA PRIETO SOHD 263 (92.6)22 lCIt 2,5 SAUCRCHE COl.CHAGUA SUCo LV SU (90,S) 30,00 S 195"23 lCIt 2,5 SAUCRCHE COlCHAGUR SUC. LV SU (89,3) 20.00 S- 21 lCIt 2.5 SAUCACHE ESTADIO ITALIANO CO".ITALIAHA R (86.9)-I 25 lCIt 2,5 SAUCACHE VILLA \,I[ROHft H.PERI TA
1961- 26 lCIt 2,o SAUCACHE JUAN .wu:ao J •P,,"I ft6UA SOHD 261 (83,7> 20.5'

.¡:. 27 rat 2,5 SAUCACHE OCURICR Y LEONOR ttEVERMH TA (90,0) 19Se28 lCJt 2,' SAUCACHE OCURICA y LEONOR ttEVERItRM fA (88,0)
1'....29 tal 2.5 SAUCACHE LOS ....IHOS r.rORO TA (es,l) 1961so le" 2.5 SAUCACHE LOS ....IHOS T.fORO AS31 lOt 2 5 SAUCACHE LOS ro..UtoS T.rORO fA32 k" 1:' SAUCACHE PARCELA SAH LUIS D.DEUOro su (76,1) S 1910" le" 1,' SAUCAeHE PRReELA SAN LUIS D.DEuoro SU <1'6a') S 193831 le" 1.0 SAUCRCHE PRReELA SAN LUIS D.DEuoro fA 7 .835 le" 1.5 SAUCAeHE RZAPA 11Z0 A.W~ SOHD ~ 28.1036 ~" 1,5 SAUCACHE AlAPR 116O R.RGUtRRE R (76.') 10.00 26,56 2,00 197037 le" 1,5 SROCRCHE SUC.SRHCHE2 AS (78,1) 195038 le" 2. o SROCRCHE CHA8ELIrA c.eRIGHOLR su (82

1
5) 30.00 21.15 IMO'11 ~" 1.5 SftUCACHE ".CHAHG SOHD 256

8 .' 50,00 25.0910 le" 2,0 SAUCRCHE CORa rA11 le" 0,5 SAUCACHE Rurz12 le" 1,0 SAUCRCHE VILLA OLGUITA COLEGIO ALErwt SU
~6~ 50,00 33,88 1965l' ARI CA SAUCRCHE QUEBRADA LA HIGUERA ftLVMAOO SU 30.00 S 196011 CERRO CHUtCO . RE HATO ROCA 1999 YPfB SU 36'0 u.oo 18,86 .96115 MICR HORTE BRRRIO INDUSTRIAL PUEZ 30'016 le" 7,0 LAS R"IItAS LRS CftRft[HES RIMA 8l.RHEY SU <168.6) 18.00 7,79..... Q 6.5 PAGO GOttEZ LOS ALRttOS SUC •FERNAMOf:2 su (152.6) 20.00 10,55 192118 leN 6.5 f'ftGO GOttE Z EL GALLITO J.CESPEOES R <153.5) 23,00 13.13 19M19 KIt ',5 PAGO GQltEZ PONGO CfNtLOS IIOZO AS (150,') 15.00 S J96050 lCIt 6,5 PAGO GOttEZ LAS PALttl:RRS E.YftHUl.~ R-P CllS?,2) 38.00 10,88 8,00 196151 tal ,,O PAGO GOttEZ El rRIRMGULO A.CClRVACHO R (1~l) :50.00 21.56 38,00 19&052 lCIt 6.0 PAGO GOttEZ EL SAUC( J.CE5PlIl6 Al 1 ,1 .....00 21,01 .'"

Table B-l, 2.2 (1) LiS! oC Dug Well (Azapa Valley)

<Lista de Noria (Valle de Azapa»

NO. LOCAllON NAMEOFOWNU CONSTRUCTOR U'" "",,,AllON OEl'Tll STATlC DYHAMlC Y1EUl DA"OP(In ASL) 'm) ~VEU:"') l...EVEL(m) -, CllNSlllUCTlON• MICA "'rE PUWft CHI NCItOtttt(J .. uo,o~ 1,2'Z MIC" ...rE "-'"'" CHI NCHOIIRO .. O."> AlU CA "'rE Pl fWft CHIHtHDllRO • u.6> z.oo .,02 •• MICA "'rE f'LAWl OlINCHOIIlO • U,O) >.00 .... •• MICA .... 't.fWfI atulCHDMO • 0JI~ '.'" 1.2] •• • MICA GALLO so1 • CURO c..... CHUIIO O.PEltI:2 so <30,6) .-• • CUlO c..... E_' E_. so <.2O~O)• NUCA -.. IARIJO IIClISTRIAl "lOf'" so ..' 28,10 18.11.0 M.CA _rE IARIIO UDJSTllIfI.. EDELMOR r. '.>11 AltI CA _rE RID SIIt JOS[ ....... IR ...... MICR .............. MOTU (L PRSo K.El PMO • <7,0) ',00 5."1].
ftMI ft GALI ttOO <6.0)•• "" 1,0 ,..GOftEZ HI.AlQJI 11 "'-- so <UI,1) , .-IS lClt 1,0 P.GOtIEZ Ul POllADA T.MUEZ SOND2U (UI,"I) 2",35lO lClt 1,0 ,..G0ft(2 fWtlWlU.R .-...... so Cl1S.i") 12,00 ,". CIlItEPft11 "" '.' '.GON:Z OC~ICA " L.EOtIOR tEVEIItMH r. <102.2)" lClt 1,0 '.GOtt(z LR POATAQA r_1tl.K2 so (11~'~ , .-.. lClt 2,' SllJCACHE SAN GAMI[L 5.CfMI..'" so .-•• lClt 2.5 SRUCACHE ACEI TIMAS PUCMIt !"RIEra SOMO 20 (92.6>•• lClt 2,5 5AUCft(HE COlCHAGUfII SUCo LV so ('JO.!) 30.00 S .-.. lClt 2,5 SAUCACHE COLCHIIGlJA SUCo LV su e",') ".00 S- l' lClt 2,5 SllJCACHE ESTADIQ .TALIAMO Ccm.ITAlIANA • <",9)-, .. lClt 2,5 SllU:flCH[ l,IllLA lIEltONR H.PERI r• ....- .. lClt 2,0 SAUCACt€ JUAN l'Wtcn.o J. PRlCI AGUR .... ... C81,1> 20,S'... 21 lClt 2,' SAUCI'tCHE OCURICR y LEOHOA .....- r. (tO,O> ,...lO lClt 2,' SAUCACHE OCURICA y LEONOR .....- r. CBI,O> "..lO .. 2,5 SllU:ACHE LOS IQ,IMOS T.rORO r. (IS,'> ....30 ". 2,!!! SAUCACHE LOS ra..lHOS T.rDltD ..31 .. 2,!5 SAUCACHE LOS tO..lHOS T.TORa r... "" 1,5 SAUCRCHE PARCELA 5AH LUIS O.DOlOra su (l',U S "..]] ". 1,5 SAUCACHE PARCELA SAN LUIS O.()[lIOfO so <1"643> S .".]1 ". 1,0 SAUCACHE PARCELA SAN LUIS D.DE\o'OfO r.

1 .']5 ". 1,5 SAUCACHE AZAPA 1120 A.WOftIt .... ... ".".. ". 1,5 SIlUCRCHE RZAPA 1160 R.RGUIRRE • (16,6> ",00 ..... l,,", ..""31 ". 1,S SflJCACHE suc •SANCHE2 .. aQ,,,> ....>. ". 2,0 SAJCACHE CMRSEU fR C.CRIGHOlA so (8.2
1
5) 30.00 " ...s .-n ". 1,5 SRUCACHE ".CHN16 s...... ." ".00 25,09.. ". 2,0 SflJeACI« C... r••• ". 0.5 SAUCACHE RO"•• le" 1.0 SAJCRCI« VILLA OlGUtTA COlEGI O RLE~ ,U

~') ".00 '3,e. 1'"1] AAI CA SRUCRCH( QUEBRADA LA HIGUf.RA ,,- so .> 30.00 • .-•• CERRO C..... REHAro ROCA 1999 "'" su ".0 v.oo le," ....•• ARiCA ..... 8ARRI0 INDUsrRIAL PEREl 300.. ". 1,0 lRS RHlltAS LRS CARM:H[S RIMA 8t.AMEV so <168,6> 11,00 1.1911' lClt ',5 'fIGO {;QftfZ LOS ALfIttOS SUC.FERHflfCQ[Z su <I!J2,'> 20,00 10,55 ....18 ". '.5 PAGO GOttEl El GALLITO J.CESPf:DES • <15',5) 23.00 13," .-.. .. 6,5 PAGO 6Ot1El 'OH" CARLOS fIOZO .. (150,9) 15,00 S .-.. lClt 6, 5 P'AGO GOftEl LAS P'Att'l(RRS E. YAlU..AGUE: .-. <151' .2> ".00 10.88 S,,", ....51 "" , ,o P'AGO &Oft(1 EL fRIAMGIA.O A.CORVRCHo • <1,.1> 30.00 21.56 ".00 .-52 .. ,,O P'AGO G(It(l El SftUC[ ,J.CESPOlES .. ." ",00 21,01 .-
• •



Table B-I, 2.2 (2) List oC Dug Well (Azapa Valley)

<Lista de Noria (Valle de Azapa»

5' ~ 5.0 PAGO 60nEZ
51 ~ 1,5 rASO ~Z
55 ~ 1,5 PAGO 80nEZ
56 Iat 1,1S PAGO ~Z
51 ten 1 5 PAGO ~Z
5' Iat 1:0 PAGO ~Z
59 Iat 1 O PAGO &OIE.Z
60 ten 1:5 PAGO ~Z
61 ~ 1,5 PAGO ~Z
62 ten 16,5 CHUGAl
63 ~ 16 O ttIJGIL
61 Iat 15:5 LAS RI~S
65 ~"15,O LAS RI~S
66 Iat 11,5 LAS RIKRRS
U ten 13,5 LAS RIIoIEARS
68 Iat l' 5 LRS RIKItAS
6' ten 1':5 LRS RI~S
10 ten 1',5 LAS RIKMS
71 ICN 18,0 aIJGa
72 ~ 18,0 CKJGAl
1:5 Iat 17,5 DIJGAL
71 ICN 11,5 CHIGAL
75 Iat 17,5 CH)Gftl
16 Iat 11 5 CH)Gftl
71 Kft 17:5 CHUGAL
78 ten 18 O ctIJORl
79 te" 20: O CNlJZft
80 te" 8.5 ALTO ~REZ
81 te"',5 L.RS MAIrAS
82 Kn 8,0 ALTO RAftIREZ
8:5 te" 8,0 ALfO RAnIREZ
81 ~ 1,5 LAS RHIttAS
85 Kn 1,5 UIS RHlttAS
86 ~ 7.0 ALfO RflIURE2
87 • LAS nAlTAS
88 len I?,O CtlJGAL
89 le" 7,0 ALTO R,,"IREZ
90 te" 6,5 PAGO GOttEZ
'1 le" 6.5 PAGO Got1EZ
'2 Kn 6,5 PAGO 80HEZ" te" 6,5 PAGO GOttEZ
91 Kft 6,5 PAGO GON[Z
'5 • PAGO GOHEZ
96 K" 6,5 PROO GONEZ
97 K" 6,5 PAGO ~ONEZ
'8 le" 6,5 PAGO Got1EZ
'9 le" 6,5 PAGO GOnEZ

100 Kft 7,O AL TO R,,"I REZ
101 len 7,0 ALTO R,,"IREZ
102 Kn 6,0 PAGO GOn[Z
10' Kn 5.8 PAGO GOnEZ
101 Kn 1,5 PAGO Got1EZ
lOS Kn 13,0 SIlM nlGUEL
106 • LAS RI \lERAS
10~ Kn 1',5 LAS RI~RRS
108 le" 1',0 SIlM "IGUEL
109 Kft 12,o LOS RLIAARACI

1'~

1951
1919

1915
1952
1'"1936

1~
l~

1910
1'....
1918
1961
1....

1'16
1,,"
1960

l'"

195'

1966
1910

1,.

1951

1""1915
1916

1'15
1911
19501,.,
19!O

1,70

5,60

Y1ELD DATEOP
(lis«) CONS11lUCTlOH

19,20
0,20
0,60

26,1&

10,00

"

50,00
8,00

23,01

21,12

22,51
S

23,82

23,12

','"11,20
5,21

1,12

S
S
S

ID,11
ID,"
U,'"
12,61
ID,12

H:f:
21,'0
16,'2
15.61

19....
S

lI,15

9,61....
9,52

18,66

L7,16

2],~

22,12
27,30

3O.M
5
S

S,2!

1,10
0,51".,.

28,00
32,00

25,00

26,00
~.DD

10,00

37,00
29,00
20,00
20,00

35,00
20,00

30,00
',00

25,00
35,00
20,00
18,00
L7.00

51,00

31,00

5'5,00
71,00
63,00

12,00
30,00
2S,00
11',00

(133,1)
(OD,')

<153,7>

In,5
151 8

(115,~)

112 ,
<1~,')
(122

1
°)

28 ,1

278,7
271,6
2'10,'

EUSVAllON DE~ STAlle DYNAMIC
Cm ASL) (m) USVE1.(m) LEVE1.(m)

(110,5)
(~.....l2)

14:'4:,1

<122,6)
331,1_1

('fuI)
~.O
301.6
295.5
292.0
293.'
296.7
371.8
37215

(S66 )
(55':")
(!61{5)

315.. 1
(555.16)

315.:1.0"2.'1".9

I~,O
(1115.1).

186 1
(J",I)
(~.:

(1~.I§)
IIV 7(JS!J,I)

su,.
SOMO 212

su
TA
R
R
R
fA,.
su
su
P
TA
su
Tft
su

USECONSTltUCTOR

FERHAMDEZ
FERHAtIOEZ
A.6UT1OREZ
8RftZ
A. SfLIMAS NI
YUSSEF' NftDER IU-ANT.SU
SUC.5Al.AS su
.J.HENRIQUEZ TA
.J.HENRIGUEZ su
PASCUAL 1tOC0 R
RAnOS-ltOllMA I
UDOCM8OIE ,.
S.LOteAROI TA
H. '"'1ft su
fALENTE fA
'.CENTELLA fA
SftJNtA fA
laJ TR
"lIARTE TA
J.CHOIMM TA
GUTIEaREZ su
". ESTORftICft su
".ttELGM R
H.ROJftS su
.J. LoteMDI R
.J. LOtt8AROI R
H.SfAGMARO P
CHONG fA
PALZA SOMD 25'
SUCo OSORIO su
ALICIA POMO[ P
S. FLORES fA
J. YUCRA P
ALICIA POHCE • su
OSORIO
E'tRI QUE CIWtG P
BUITANO su
YRHULAaUE R-SU
SUC ZABRlA su
YANULAGUE su
tAlU..OS ttOZO SOHD 239
CARlOS ttOZO TA
". HADER IIU-RNTUH
LottBARDI
LottBAROl
LOnBARDI
LOtt8ARDI
LOtt8MOI
Lott8AROI
JIAItRA
LottBAROI
". GARDILIC
". CARBONE
Lot.-oI
E. CHOHG
I.IALUMfE
FOtRCCI

HAMEOFOWNER

EL UUtEL
EL lAMEL

.... DE C.
SftNrA HELEOI'"
AL6ODOfIM.
"1....
srA ........
STA .....
ROCO
DfWID
aMO IIOREMO
CERItO IIOREMO
a .......
SIIII FUIPE
SftN EIJUMDO
LAS RI~
SftM FUIPE
CHU8IL
SAM ....
SAM IWIJO.
LA fARA
LA rARA
SAN ttARCOS
EL OU\lO
srA. IHES
STA. FlLOftEMA
LA COCIN
SAN AGUSrIN
LA [MOTIeA
LAS CAOEIIAS
CRUZ aANCA
LAS AMlttAS
LAS CNJEtMS
SRM FERMNDO
LA VARA
LA Al-'"JAA
LRS PItI rtflS
LA Pfl..MA
LAS RNIttAS

SRN ELIRS
HACIENDA PIE"OHfE
HACIENDA PIE"ONTE
HACIEMOft PIEnoHTE
HACIEMOft PIE"ONfE
NCWA ITALIA
tlCWA ITftLI ft
LA PALMA
LO AfCJRftOE
SAN ... DE OCURRIR
AGRADECIDA
BUEN _TIRIO
LftS RlKItftS
SAN FeO.DE MIS
SftM ....

LOCAllONNO.

--I-l.1'

• •
Table B-I. 2.2 (2) List of Dug Wen (Azapa Valley)

<Usta de Noria (Valle de Azapa»

CONS'TllUCTOR u.. EUVAnoN DE"," STATlC DYNIVdIC Yltu> PAnop
1'0. lOCATlON NAME OFOWl'lER

(", AS1.) ,m) L.EVEU...l UVEU... ' (11_) CONsnucnoN

•• ... 5,0 PAGO 6Ort[Z EL LAaL fERllflUl SU U".'O ".00 ".00O, ... "',' I"NJQ IOfEZ El UUOI:L FfRtRIJI:l • US,.> ".00 Z",1S ....O, ... 1,5 PNfO IOtEZ fI.6UTtORU SllIOO '12 21,"'250 .. "',8 f'ftOO IOfEZ ...... DE c. ...... .. "',5 PAGO &Onu SMlrA MEtEDI M A. SfLINI'tS .. (1)0,5) 22.'"• 1 ... "'.0 PflGO BOtEZ ...- VUSSEF' MflOER IlHVtr.SU (~2) S•• .. "',o P'MO &CItU
.1_

SUC.5AlflS su .' 4>.00 ".1260 .. 1,5 f"NJO 8«MEZ srA .IJNM .J.H[NRICNJEZ r•.. ... 1,5 PAGO IOt'EZ su ...... J .HIJIU GUEZ su <1221") "'.00 2].12 .....O> .. .'.' 0U3N. ltOC1I PRSClN. ItOCO • ...' "." l~:: •',20 1..... ... .6,0 CJI.IGN. lIflI/IO ---."" • .... 20." 0.20 ..6S6. ... 15,5 LAS RI~s a ............ UDO eMIOE • ('M6I ) 20.00 .... D." ....6. .. 15,0 LAS 'I~S ct............ S.LOt8AItOl r. .0
" ... 11,' LAS .I~RRS

a .... _
H. INJUl su ]fU.' '.12 ,-"" .. .'.5 LAS RI~ _ FUI" TN,.ENT'[ r. 2'95,8 .-.. .. .'.' UIS 'IWJtM -- R.CEltrELLA r. 292.0 s.. .. .',5 LAS .1U[AftS LOS ....- ....- r. 29'.' s .-70 ... 1'.5 LftS RI~ SIIM FUIP'f: "" r. ....7 s ....71 ... .1,0 DU:UIL c-. -'UARTE r. PI,- 1-7' "" .1,0 CM.JGfL

_.....
J.eltIJloIftH r. ,.,. O ....7! ... 17,8 QIJGAL

_~
ClUTIEJUtEZ su e",. b 10,11 .-7' ... 17. Sí OIJGIIL LA r.. A. [STOAAICA su (3'59.1> 10,"75 "" 17,' au:;AL Lit TRM ".nELGM • (561",5) U.1976 "" 11,' OIJGAL

_ '-:OS
H.ROJAS su .. I 29." 12,'" .-77 ... .',5 CfIJGIIt.. EL OU"'O J. LCleAROI • ''''!'' ".00 10.12 "".00 .->e lC!t .1,O ctIlOIIl. su. un J. LOttBNtDI • ...0 12."ro le" 20, o CMOZft STH. FILonEHA H.STAGMAIlO • "2,' "." 23••a •- l. le" 1,5 ALTO ~REZ LO "-"- C..... r. .",' ....- 11 ~" ',! lAS ~IrRS SAH RGUSTIN ....... S(l40 25' 2•• '"

,
"' ~ ,,O ALTO RAnIREZ LA [NOTItR suc. OSORIO su 190,0 :!lI5,DO 16,'2 .toO- .. len 8,0 ....TO RArlIR(Z LRS CRDEIIAS ALICIA f'OHCI: • <1.,1) 20." 13,'. I-v.
"' tctI 7,5 UtS ANItlRS CRUZ kAIICR S. FLORES r. ... ~ 7,S UIS ANltIK LRS flUtIK J. KlCRR • 116 • ".00 1'," .-16 tctI '.0 ....TO JlNUREZ LAS CNJIEMAS HUCIR ftONCE SU <1",1) ".00 s17. UtS MlrRS SAO ..-. DSDRlO
lO ". 17,0 CIIJGflL LR 'ffltfll [NAI QUE CHMG • <'fd': 2',DO 1I,1'S ...... ".7.0 ""-TO R,,"UEZ LA lUtORA 8UlrAHO SU ".00 1..... ".6.' .......... LAS flUrtRS ............,.

'-SU (I~§, 20." ',6" 1-.. ".6.' PftGO GOf'I(Z LA PfLI'IR SUC-.. SU 1 7 18.00 '.- 1'"•• m 6.' PAGO ecn:z LAS NtInRS .......AOUE SU (1M,L) '"." ...... ".'.' PAGO GCl'€Z c....os nozo SOfI) 2lJ .....•• ... 6.' PflGO GOttE:Z CARLOS lID2lI r.... f"AOO 6CM:Z SAN ELIRS ". NfIOEfl IIJ-NtT1»l.. ".',' PfII)Q GCM:Z HACI DIJft PlErtOHTE LQtlJNtDI SU (1531.7) 31,00 11' .76 ....97 ". ',' PAGO GCM:Z HACIEMOR PJ[~TE L......' r..0 ". ',' .......... HACI~ PJEnoHrE ........, • .5].5 ".00 ...... SO,OO '96>.. ".6,5 PflGO 60rtEZ HACIOCIR PlErtONTE L1'.""'ID' • 151 • 77,00 U,I2 ".00 ....'DO ... 7,0 AlTO R,,"IIE2 HCWR ITAlIR L_l • <1115,h ".00 U." ,-lO' ". 7,0 ALTD RNUAEl ...... IfN.JR
L......' r•

l.' "" ,,O PftGO &mEZ L....... ...... • 112 • 12." ..... '.70 ,....
l.' m 5,' PftGO 6O'EZ LO MCJRRDE L......' SU <1»,1) "".00 S 1....0. m 1,5 PAGO GOnEZ SAN ..lIAN DI: OCLItRll ". GIIlOILIC SU <1221°) ".00 S .-•os .. n,o SAN I'HGIJ[L l'WtPlD[CIDR ". tAR80ME • 21 .' "'.00 5.23 .... ....'06 • LAS IlUDAS BUEN .TlRe L_l r.
10' ". n,5 lftS IU~MS UtS RI"f1tftS (. CHOHG SU 211,7 '.70 ,-101 ". n,o SAN "JGUEL SAN fCO.DE ASIS I .....UMTE r. 211,. 0.!110. ... U,O LOS ALIARRACI

_.....
fOUCtr su 270.' 57.00 '."



Table B-I, 2.2 (3) List of Dug Well (Azapa ValJey)

<Lista de Noria (Valle de Azapa»
NO LOCATION NAMEOFO'NN'ER CONSTRUCTOR USE ELEVAnON DEI'1'H STATIC DYNAMIC Y1ElD DATEOP

(mASL) (m) LEVEUm) LEVEUm) (1/_) CONS'T1lUC'11ON

110 M 12,0 LOS ALBARRACI 8EJtETTR
111 Iat 12, 5 SAM "1 GUE1. SAN fRftMCI seo DANTE MOtE Al 2" • 20,00 30,00 1911
112 M 12,5 SAM "16UEL PMCELA 56 " 37 R. CEHTELlA SU (26~6) 20,00 1?,6S 1'"liS m 11,o LOS ALIMItACI SftM LORENZO fOCRCCJ .. "

10,00 S
111 m 11,5 LOS AL--=I UI ItIMCOMRDA GUrlERRll su 236 , 35,00 18,'" 19640
liS m 10,5 UI5 MITM UI MlEJtTR FOCRCCI su (U6¡¿) "",00 a.55 1911
U6 m 10,5 LAS ",,1 TM UI HlJMIC.R E.AUtOItTE .. 22 ,2 20,00 S 190
111 m 10,5 UI5 ""1TM UI HUMICtt SIU. CWJ[OO P 220 , 56,00 23,0" 1.50 ltP
11. m 10,5 UI5 ""ITM SAfI. ISIDRO SUC. I SHI HARR su (221,6) 38.00 22,59 1912
119 m ',0 UI5 AMUlAS t'Nlt.n.A • R. TORRES su (203,,1) 20.00 18....
120 m 8,!5 UI5 AMUlAS ROXAIIR GMOIL I C SOItO 260 1 .S 18."121 M 8!5 UI5 AMI tIlt5 TORRES
122 ICII 12:0 SAM "IGUEL COLONIR J. MOE 250,5
12' lCJt 15,0 SAN "11ilUEL SAtl fCO•• MIS l. IfLUARTE P 271,' 12.00 1,~ I,ro 1.-
121 ICII I!S,O UI5 RIIoIERRS GUI:...... DEL DIABLO ". CfItBOME R 302 .. 11,00 9,52 1,00
125 ten 1" o LAS RI"ERAS PMCnA 1 "IR soro p (286,1> 12,00 1,00
126 tal 15'S LAS RI"OM LAS ItlUEMS A. C1Il8OllE P ('I?,8) 17,00 .,52 Ita
127 tcIt 15:5 lAS RlUOM CMlRIIIOS CHUIMOS P <31?,') 5,'5
128 ARICR CMlHCHOIlIIO LM lUlAS DOROTER SORTR P (1,5) 2,81
129 MICR CMI HCHOAIIO RlST..-...r G. co.JO OOROTER SORTR P (1,5) 2,50 1,55
I~ MICR CNI HCHOAIIO .sr....... 8. co.JO OOROTER SORTR P (1,15) ',00 1,16 1,.
In MICR CHIHCHOAIIO LAS lUlAS DOROT'EA SORTR su (1,5) 1,10
1S2 MICA CHIHCHOItIIO LAS DUIMS ClINICR ~ErERlHARIA su (1,5) 1,22
155 ICII 17,° CtIJGAL f'l.ftNrA TonATI N LOII8NtDI I <352,2) 11,00 12.... 7.00
1,.. ten 17, o CHUGAL PLANTA TOIIAn" LJnNRlI SU (350,0) 10,00 S- 13S ten 1.,0 CHUGAL SAtl ....rOMlo su (327.1) 12,00 '.U 1915- 1" lCJt 2.5 SAUCACHE COLEGIO SIIM JORGE: COLEGIO su (89,8) ISO, 00 22,70 19MI
137 tal 2.5 SAUCACHE R. OHACO R (92,7) 23.60-0\ 1,., m 2,5 SAUCACHE P (91,.)
139 lCJt 3,3 PAGO 6D1EZ OCURICft " LEONOR ttElIERrWf su <101,7> 21,73
110 Kf1 3' ALGODOtR. PARCELA 25 " 33 C. CESPEDES R <1OS.1> 18.00 21,77 8,50
111 te" 3:' ALGOOOHAL PARCELA 13 C. FOCACCI P ClO7,7~ 32,00 21.81 0.90
1'\2 Kf1 3,5 ALGODOHAL LOrEO AL6ODOHAL PRUL BIRO P ClO7,6 28,00 21,06 J,OO
J15 lCJt 3,5 ALGOOOHAL LOTEO ALGOOOHAL PAUl 81RO P (108.0) .,00 21,21 J.5O
J11 ten , .!I ALOOOOHAL LOTEO RLGODOfR. !,IELEl SU <lO5, J) 23,"
115 te" 3.5 ALGOOOHAL LOTEO AL8ClDOMAL S. DOMOSO P <102,6) 38.00 23,10 1,70
116 ~ 3.0 ALGODONAL PETORCR 5809 C. RAlUREl P (98,15) 10,00 29,26 S,OO
1...,. lCtt 3. o ALGODOHAl. PARCELA 19 E. LEI"'" su (95, J) 25,00 S
J18 tc" S.!I ALGODONAL PARCEL" 18 D. CROSSA su (104,') 16,00 S
119 te" 3,5 ALGODONAL PARCELA '" G. ~ICEHCIO R <lOS.8) _,00 21,70 1.00
150 te" 3,5 ALGODONAL P. 8E(M,IIC su <101,0) 21 76
151 Kn 3.5 ALGODONAl PfUtCELR 28 R. CORTES R (95,0) 25,00 21:71
152 le" 3,5 ALGODOMAL (100,1> 21,01 .988
1" lCJt 3,5 ALGOOOHAL PARCELA 2'9 MORES P (99.0)
151 m 3.5 ALGOOONAL ~. SIIIR P <101,8)
155 m 5,5 ALGODOHAL PRRCEUl 23 orro tl:OCH su <l04.'> 11,00 S
156 m 3,!I ALGODONAL CENTRO ESPAHOl c•• ESP"""A
157 te" 3.0 ALGOOONAL LAS CAHAS 2198 ". PEREZ P (91,9) 35,00 28,2' 2,00
158 .:ti ],° ALGODONAL COtt8RR8fLR 20" PIO LOPEZ R (99.0) 3I!5,OO 1,50
15' le" 3,0 ALGODONAL PRRCELA 2 R. SOLARI R <100,0) 3I!5,oo 30,15 5,50
160 ten 2,5 SAUCACHE R. CASrRO R (96.0) "',00 25.10 1,50
IU tal 2 .' SAUCACHE LOS ITALIANOS 2090 tlRRCO A.AGUIRRE R (89,') 32,00 22,11
162 tal 2.5 SAUCACHE LOS IfALIANOS 2110 E.flUfRM R (88,2) 30,00 22,98 1,00
16' ARICA SAUtRCHE PMArERI CAMA 2831 ".CALIIANESE su (61,1) 25,00 S J986161 JCII 2,O c...-o \/ERDE PARCELA 119 e.NORAt8JOtR p (82.0) 21,'2 1916165 m 2,0 c....-o loIlROE PMtELA' La.otR su C7?," 2fJ,"
166 lCIt 2,0 e..... YDtDI: !"MenA • l'lIICfIKOLS'CJ S4I C?'6,~) a,00 J916

Table B-I. 2.2 (3) LiS! oC Dug Well (Azapa Valley)

<Lista do Noria (Valle do Azapa»

NO. LOCAnON "'A.ME OP'OIlllHa: ""os",,,,,,,,,, USE EUVA~ DEl'1l1 STATlC OYNAMIC YlEUl DA"'''''Cm AJl.l 1m' ~"EU",) UVEI.("'1 CV_J CONm"',,"o"... "" 12,0 lOS AlMRRACI ...."..... "" 12,5 SIM "IGUEL SIIIt F.-.el seo DMn: tIOC[ .. .... 20,00 ..... .-112 "" 12 5 SAN "161n P'MCnJ' ,. Y 37 fIl. CDU(lLJ' SU (..~6) 20." 11' ," ...,
m "" 11:0 lOS Al..-..cl SIIl LtM(MZ'O rocRCCI .. .' 10,00 •... "" 11,5 lOS Al..-:l Lft IIMCCIRJfiI GUrtERR(Z SU .,. . n,oo 18, S1 1'"
lIS "" 10,5 UIS MITAS LJIl MlEJtTfIl rOCfICCI SU ,~l) ...... 211,51 .-..o "" 10,5 LAS MJTItS .. ..-. E.........n .. .' 20." • 'M>111 "" 10,5 LAS \'IflJTM .. ..-. SIU. ""'noo • 220 • ..... 21,01 '." .-.It "" 10,5 UIS ""ITM $Arl. ISIDRO SU:. 15M1HI'lRA SU <221,6) SI," 22," 'M2." "" ,,O UtS N1IMS "'WJl" A. TorutfS SU <203,"" 20." 18....
120 "" _,5 UIS NtJI'IItS ROMANA iMOlllC ...., ... ..' .....••• "" ',5 UIS NllflftS ,......22 "" 12,0 SM "I9l.€L COLONIR J • ..x

~:~... "" J] o $M "19lLL SftH rCO.DE: MIS l. IfLUARfE • 12." '," '.70 .-••• "" 15:0 UIS .JUERAS 0lJ[..... DEL 01-'0 ". Cflt80NE • .... 11,00 .... ....... "" '",0 lftS flI"OftS PMttUI • "'IR soro • (2M,h 12." '."... "" 15,_ LAS Rl~ ... .,.... R. CM8OI€ • (n?,1) "'." ',52 .-.27 ll'Jt 1!S I!S Ut5 In UDlft5 CHIUIDS CHUltKtS • <317.') 5,"5.21 MICA CHJMC..-J .os .... DORaTE" smrR • <1,5) 2.1"... MICA eNl MeHORllO .sr...., 6. CG.JO DOROTER ~T" • (1,S) '," ••5S... Mle.. c"'~ .sr....".lI. Cll.lO DOROrER SC-'A • (4.5) .... '.16 .-m "ICI'I CHINCHORItO ....... DOROTEA sa.rA SU (4.5) ........ "IC" CHINCMOMO ... ..-. CLINlCA ~rE.lHARIA su (1.5) 1.22... "" 17.0 C......... P'UIINrfll rortltrI N ._. • (]52.2) 11.00 12,'" 7.",... KII 17,0 Ctl.IGAL I"lRNrfll rO",UIN ...-. SU (]5O.0) 10,00 •- ,.. ICII ".0 ClI.IGAl SAN ...fOlllO SU (!27 .4> 12.00 .... .-- ,.. ten 2.5 SftUCfllCHE COl.EGlO SM JORGE COl.[GIO SU <89.'> ..... 22.70 .-,- .... m 2.5 SAlJCACH[ ........ • (~.7) .....
'" ... lOt 2 •5 SAllICACH[ • (94.')

'" KIt 3 .] .-RGO '(11[2 OCURICft V LEONOR .......... SU <t01.7) 21.13,... M ] .!5 fIlLGOOOtft. ¡tMCELJII 2'5 ., ]3 C. CESPEDES • (105. J) ..... ....77 O,",.. lCtt ].S ....GOOOtR. ¡tMCELR 13 C. FOCACCI • <107.7l ..... 21,11 0.00
'12 lCI1 3, 5 ....&OOOMAl. Lona AL6000HRL PAUL llRO • <J0i" .' 21." ...... '.00,1> KIt 3.5 fI..&QOOHlIlL LorEO fI..&OIXIMRL. P...... 1110 • <1_.0) ..... 21,21 '.".11 lCn 3.S ALOOOOHfI.. Lono fl..1IOOIJOtW. onu su <lD!5.I) 23."... le" '.5 fl..QOOOttAL LOrEO N..ICIXIMAL S. O(M)SO • <102.') SI," 23.10 '.70'16 lCI1 3,0 ....GOOOHAL PtrOltCA 510' C. IfI1IRU • ( ••tU ...... 2t.u '."117 KIt ],0 ....GOO...... PARCELJII " [. lEIlM SU <M. 1) ..... •.10 le" 3.S RlGODOMAL PMCa.R ... o. CROSSft SU (104,6> ..... •... KrI 3.5 fl..GOOOHAL. PARC[LR "" G. lIICEMCIO • <105,') ..... ....70 '.",.. lCtt 3.5 RlGODOfR. P. BEOIJIC SU <JOI,O> 21.1'
15' Kft 3,5 RLGOOOHAL PARCEL.R .0 l. CORrES • (M,O> ..... 21,11
15' le" 3.5 RLGODDMAl. <lOO, J) ...... .-,.. ICII 3,5 RLGOOOtR. PfWtCELA 29

_. • (",O)... "" 3,5 I'ILGOOOtR.. lI. SIllA • ( 101,'>... lOt 3,5 I'ILGODotR.. PARCELA 23 arra leOCM SU <104,1> 11,00 •,.. "" 3,5 fl..OOOOHAl. CENrRO ESf'ftHOl con. ESPAHULfI.... "" 3,0 AlGOOtuft. LAS CfMtS 2198 ". PERU • (M,'> ..... 3,2' '.00,.. l<l'I 1.0 RlGODO'II. Con8Nl8N..ft 2036 PIO LOPEZ • (".0) ..... '."... le" , • o Rl6OOOM'l. PUCELA 2 R. SCLMI • <100,0) ..... ..... ....,.. lCtt 2,5 SAUCACHE JI. tR5rao • ("'.0) ...... ...... '."... lOt 2.5 SAUCI'ICHE lOS IrALIANOS 2090 I'IlRCO R.IlIGUI RaE • (....> ..... 22,"1,.. m 2.5 SAUCACHE LOS IfAL1AMOS 2110 E.RUflAM • (.,2) ..... 22." '.".., ARICA SAlK:ACHE PANAnERltAMA 283. ".CAL\lAMES(: SU <'1.") 20." S ,...... "" 2,0 CIn'O \lElDE PARCEL" "., c._ • (N.O) z.t.'l ,-... "" 2.0 CNfJ'O \l(1tOE f'MtIElA • .- SU (71.]) .....
'06 ... Z • o t...-el lo'DIIll[ -.:..... o •SSLLMCOLSICJ su c.l"S,.:!u ...... ....

• •



Table B-I, 2.2 (4) List oí Dug Well (Azapa Valley)

<Lista de Noria (Valle de Azapa»

,.,0. lOCAnOH NAMEOFOWNER CONS"nUCTOR USE ELEVAnON DEPTH SiAnc DYNAMIC Y1ELO DATt!Of'
(m ASL) <"'1 LEVEL("" LEVEL(m) (l/leC) CONSTRUC11ON

161' K" 2,0 C~O ~RDE f. MUO su (1'1,3> 1,.16. MICA SAUCRCHE ROTOtIJA RZAPA 8. AROS su (60,3> 16,00 SIn MI CA SAUCACHE ROTotIJA R2APR HOTEL P.DE ASTURIAS SU CS9 5) 31,15 19W170 AAI CR SMJCACHE: CIW'US SAUCACHE U. DE rARAPACR su (16:0) 28,00 s171 m 15,0 EscunR RLGOOOHAl SUtE MICA ,
5',00 S o,.172 Ktt 30,0 CltSItGIUItU PAICa.. fIZRPR E.JEACITO DE cm LE p 12,00 ",DO 5.0017' lOt 50, o CASftOItAMD€ PMCELIl RZftPf' EJEACITO DE CHILE su 5,3017.. MICR NORTE PLR"ft CHINCHORRO su (3,0) 2,00 1,00175 MICR NORTE: BARRIO UIJUSTRIAL GlHEJtftL tl)TORS P-I (26,2) 22,51176 NtlCR NORTE: 8ARtlIO UIJUSTRIAL lOnA! 1tfIJS. 1 (28,3) 22 os 1,20177 AAICR W:LASQUEZ HOTEL EL fI'RSO HOTEL EL PASO R (5,9) ':1117. AAICR "'C.RS0UE2 HOTEL EL PASO HOTEL EL PASO R <6 O) 8,00 ',75179 MICR CEtmlO lfMllJERIA ltODERHfI LfWAND. t«JOERM 1 <11:7> 7," 2,00180 lOt 2,5 SAUCACHE SNt GfIIIII EL s. CIWAlAM R-P (96,0) 22:,61' 1,50181 K" 2,5 SAUCACHE LOS IIJlI NOS T. TORO R (82,1> 10,00 22.20 3,30182 lOt 2,5 SftJCACHE LOS ItOlIIlOS T. TORO R (86,0) 25,00 21~183 m 2,5 S41JCACHE AVI COLA DOMOSO IJOMOSO su <83,0) 21'72181 lOt 1,5 SllJCACHE PMen." SM LUIS D. DE"OTO R CTl O) ",10 29'11185 K" 2,5 SftUCftCHE VILLA PflULUR 5. PELISME su (85:5) 50,00 21:17 . 1986186 Ktt 1,5 SIlJCRCHE SftUCRCHE: tIOMrAL~ su CTl,6) U,'O 1'80187 t:It 2,5 C"'O KROE PARcnA I-STA. eL'" H. HERtlAfUZ su <85,5) 27,00 21,65 1,.188 t:It 2, o CIn"O KJIOE PARcn.. 2 GERfItDO DI ftZ R (71,') 32,00 25,09 1986189 K" 1,5 PAGO G~Z STR. HELEDINR A8Ul.EtIE P <130,6) 27,00 22.98 1,00 1,..,190 K" 1,5 PAGO ~z LR tQ;ItTECUA J. IOtTA su (129 7> 27,00 23.02 1,..191 Ktt 1,5 PAGO ~z LR URTECITR f. 0UItAH R <128:5) 27,00 22.80 1,00 1986- 192 K" 15,0 LAS RIKRRS CERRO ttOItE*l SERAFINR LOIBtROI R (]OI,]) 2,08 8,30 1,..- 19' Kit 7,0 ALTO ~IREZ PARCELA 22 E. fMtCA P (165,2) 10,80 10SI 191 Kit 7,0 LAS AHI~ LAS CMf1[NE5 RIMA BLRHEY su (161,5) 7:65- 195 Kit 20,0 CflBUZR STA. IRENE SUR f. COttOORI su (112,1> 25,00 19.52 1988

-...1
196 ~" 5,5 PAGO ~Z OUVRR NEGUELlH HUGO 11020 su <110.6) 31,00 m." 1,....19.. ~H 6,5 PAGO GOnEZ ALAtIEDR SUC .FERMANDEZ su <151,7) 10,00 S198 ~" 5,0 PAGO 6Of'IEZ LAS PAUtAS F. ROQUE P <115,0) 1,90199 KIt 1,5 PAGO 6Of'IEZ OVAICJO su <125,2)200 K" 1,5 PR60 ~z CWNIJO su (J25,6> 18,00 S201 Kit 13,0 SAN "IGUEL SAtt .J>S[ R. CARBOHE su (279,0) 10,00 5,79202 te" 13,5 LAS RI\lERAS LADERA IZQUIERDA H. CABRERA su (28l5,O) 7"" 1,.203 Kit 10,5 LAS "AlfAS ESCUELA 69 SERtE: ARICA P (226.7> 39,00 21:16 0,30 .,.,201 te" 11,0 lOS ALBARRAC E. CUESTR P (211.6> 30,00 18,~ ',00 .,."20!5 kit 15,0 LAS RIVERAS LOTE Al H. ftADRlD R (!03,O) 1.,00 1,12 12,00 J'-

NomencJature u.sed :

• Withoul location in Ihe plan
P Drinking
I Industrial
SU Outoruse
AB Abandoned
R Irrigated
TA Covered or rallen down
S Dry
N By baod I with bucket
( ) loterpolated elevatioa

(Modelo de Simulacion de las Aguas Subterraneas del valle de Aupa, January 1989 for
OGA by AyaJa. Cabrera y asociados Lrda. Ingenieros Consultores con la asesoris de IPLA
Lrda.)

• •Table 8-1, 2.2 (4) Lis< oC Dug WeU (Aupa Valley)

<Usta de Noria (Valle de Azapa»

/oo. lOC.4nOH NA,MEOFOWN1OR COHmllICro< USE ELEYATlQN 0El"TH <TAn<: DYNAMrc YlUD DAn 01'
¡", ASLl (., UVEL("'I LE.VEU"" "'-, COtUnllC'T1CN,., 11:" 2,0 t~O ~RD[ F. IlRrrD su (11,:" .-'.0 MICA SAUtACH( ftQrQtI)A AZAP" l ...... su (50,:n 16.00 s... MI CA SAUCACH[ ItOrotGA IUAPR HOTEL P.e.: RSIUURS su m,l5> ~.n .-170 MI CA SIllICN:HE: CIWUS SIlUCfKH[ u. CE TAAAHacA su ("'.0) 28,00 S17. lCtt 15.0 EscunA ...GOOOtR.. SUtE MICA ,

51,00 S 0.0017. m 30,0 CfISftGRIMJE "Menll ltZIIPft (.JEACI ro DE CKl LE , 12.00 ",DO 8.00.73 KtI ]0,0 tRSMIHU l'ftICn.O ...... E.JEJICUO DI: CMlL[ su S.'"171 ARiCA ...... PlM'lt CHINCHORRO su n,o> '.00 '.00.... ,,"'CA ...... _lID UOJSrlUAl Gf:NEItfIL ""ORS ,-. <2\.2> 22.51'70 ARICA ...... ....10 UIIU5"1", 10rrlU fM)S. • (28,5> 22.05 ".20177 ,,"'IA UELASGUEZ MOTEL EL M50 HOTa. EL P'ftSO • (S.') :S,8.170 ,,"'IA 1IEUlS0UI2 MOTEL EL PftSO HOrEL El PASO • ~.O) 8.00 ' ....." ,,"'IA [(""O LflNlMJERIR lIJDDlItIII LMlfMJ. PlJD[RtIR • <11,1) 7." '.00'00 lO't 2.5 SllJCftCHE SM OMIIR. S. """""" .-, (fJi6,O) 22.,'7 '.".11 11:" 2,5 SAUCACH[ LOS ra.IHOS r. TOllO • <12.1> ]0,00 22.20 '.'"'0' lCtt 2.5 SFlJCACHE: LOS I'IJL.lms r. TORO • <86,0> ".00 2107'83 "" 2 • S SflJCftCHE AYI te:I.It I:OQSO ...... su (13.0) 2'1:1'2.81 lOt 1,5 SllJ(ftCH[ PMCEl" SAM LUIS Q. Mwro • C71.0) ".10 2f,11.85 k" 2,5 SIlKM:HE lo'1L'" l"fItLl lA 5. PO.I SftItf: su (115,5) "'.00 21,17 .-.0. kn 1, '5 SflUCACHE SIlUCAClt[ ItOMr....4.IO su en,') "'... .-'07 kn 2,5 C""O YERO(. PiIIenR '-STR. a.MR H. HEItfWlJ[Z su (85.5) 21,00 21,65 .-,.. tot 2,0 CIII'G KRIJ( ,Men.lll 2 Gl:1NIDO mftZ • (7"1,!) 32.00 25,09 .-.8. "" 1,5 PRGO G~Z srA. HELEDIM llOl.UltE , (ISO,') 21.00 22," '.00 .-.'" K" 1,5 PAGO ~z LA IU:IIUCI rA J. '-T" su (128,n 27,00 n,02 .-". kn 1, '5 PAGO 60ttEZ LA UIIUCI Tlll F• ..- • 021,5) 21,00 22,'0 ',00 .-- ". K" 15,0 LAS RIYERRS CERIro fIOItEM) SERflFlMA L_, • ()(U,!) 2." O.'" .-- JO, lCtt , ,o Alro RfltIIt1:2 PARcnA 22 [. FMlCIll , (1'5,2) 10,_ 1,05,
"" K" ',0 UlS RHII'IIlS LRS CNtttENES IItMA "fINE" su (1'1,5) 7,65- ,.. K" 20,0 CflW2111 STA.11lf.1tE SI.M F. COOlIlClIU su (112,1) ".00 .',52 .-.... ,.. Kn 5,5 PAGO &on[z OLI~AR M[GU(LIN 1tUG0 IlO2O su 0'1:1,6) U,DO ..... .-." K" ',5 PAGO GanEZ ...-.. SU[ .FERHAtU.Z su <l5ol,7> 10,00 SJO. K" 5,0 PAGO GOnEl LAS I"RUtflS F._ , <l1!J,O) ".'"." M "1, '5 r1lGO 6Cl€Z ......., su (125,2)200 K" 1.5 Pft60 GOnEZ ........ su U25,6) 11,00 S'O. lCJt 13,0 SflM "IGun SAH .M:lS( .. - su (2"',0) 10,00 S.'"'0' K" 1'.5 LAS RIVERAS LROERA IZOUIERDA n. CRUERR su (2tl5,O) 7 .... .-20' K" 10,5 LAS "RITAS ESCUn.A " S[RrE MICA , (22f.7) 39,00 2'1, 16 O,'" ,-201 ,," 11.0 LOS RLBNtRRC [. aESrft p (211,') "'.00 ".07 '.00 .-... "" 15,0 LAS RIVERftS LOTE .. n.....10 • (~,O) 1',00 '." 12,00 .-

Nommc:lalure used :

• Wilhoullocalion in the plan
P Drinking
I Industrial
SU Oulofuse
AH Abandoned
R Irrigated
TA Covered or fallen down
S Dry
N By baod I wilb buckd
( ) IDttrpolated elentioa

(Modelo de Simulacion de las Aguas Subternneas del valle de Aupa, Janult}' 1989 rOl'
DGA by AyaJa. Cabn:ra y asociados Llda. Ingenieros ConsultoreJ con la asesons de lPU\
LIda.)



Table B-1, 2.3 Distribution of Specific Yield (Azapa Valley)

<Distribución de EscrTÍmiento Específico (Valle de Azapa»

B.N.A ~ DVNAMIC srATIC SflEClFC OFUN-
COOE AATE WATER WATER Y1B..D OOWN

11111 lEVELiml lEVELiml m3/d/ml iml
135-3 - 25.2 22.7 2.5
, ..6·0 6 29.9 16.6 39.0 13.3

'''7-7 "5 6".0 '''.6 98." 39.5
, ..8·5 2." 29.8 20.5 22.3 9.3
167-" 22 "9.9 27.1 83." 22.8
169-0 2".8 39.0 18.0 102.0 21.0
160-" 52.7 22.3 '''.2 562.1 B.l
161-2 29 36.7 21.0 170." '''.7
163-9 11.5 33.1 2".5 115.5 8.6
186·8 20 30." 21.0 183.8 9."
187-8 ..O 26.3 15.8 363.8 9.6
188·.. 23 31.4 20.5 182.3 10.9
190·6 23 69.8 21.8 52.3 38.0
193-0 2".7 6".0 38.7 8..... 26.3
l06-K - 33.1 31.7 1."
166-5 70 38.0 24.5 4"8.0 13.6
166-3 60 37.0 33.0 1080.0 ".0
167-1 56 36." 27.0 506.6 9.4
12B-0 7 58.8 ..... 1 .. 1.1 14.7
130-2 6 ..... 7 "2.8 227." 1.9
171·K 46 62.5 .....3 47".1 8.2
137-K 46 64.5 ..... 5 388.8 10.0
108-6 20 58.3 "8.0 167.8 10.3
109-4 25 50.2 26.2 90.0 24.0
229- 50 40.2 25.5 293.9 14.7
230- .. 6 54.B 26.5 137.4 28.3
231- 40 39.0 2".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
113-2 36 8.1 6.3 1080.0 2.8
216-3 20 14.8 6.4 206.7 8.4
117-9 28 42.0 36.0 "03.2 6.0
lOO-O 40 36.2 31.8 785.5 4.4
117-5 35 48.0 30.0 168.0 18.0
103-5 19 73.3 10.3 26.1 63.0
197-3 30 34.3 10.5 108.9 23.8
199-K 20 37.8 2B.2 lBO.O 9.6
104-3 32 37.0 31.0 460.8 6.0
200-7 27 31.1 23.0 288.0 8.1
221-K 55 36.0 17.5 256.9 18.5
222-8 65 31.0 18.6 380.2 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 "5 24.8 19.7 762.4 6.1
207-4 19 41.0 22.0 86.4 19.0
102-7 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 9.5
flOTE: COMPLED FRJM WELlINVENTORY

II - 18

Table B-I, 2.3 Disllibution of Specific Yield (Azapa Valley)

<Distribución de Escrrím;enlo Espuífico (Val/e de Azapo»

B.KA ......., ....- ",.ne """'" ""'"cro< R'"'' "'TER ....TER ,.... DOWN

'"' ,eva m' 'EVa~ ,""dlm ,.
1353 . 25.2 ,2.> "''''-0 , n. ", '" '"al} .. ,,, 14.5 ... 3e.5
141-5 ,.. 21.' 20. n.' "167-. 22 ... " ... 22 •
161.(1 24.1 ,O' "O 102.0 21.0
160-. .V 22.3 .. , "" ..,
161·2 .. '" ,>O no. ,,,
163-1 '" '" .. 1155 •••,.... 20 30.' 21,0 183.' •••18'. .. '" n.e ,... ..
'1'-. 23 ,.. ,.. 1823 10.'1,..~ , .. , .. , 380
113-0 .. , "O ".7 ... 25.3..... . '" 31.7 '.'
1&6-' .. 380 ,.. UIO 13.5
Ifl6-3 50 '7.0 33.0 1080 o "1&7'1 55 ... 27.0 505 Ii ..
121-0 , 51.8 ".1 41.1 '4.7
130·2 • ." ." 227•• LO
111-1'( .. ,,, ... 4U 1 ..,
131·1( .. U.5 ... ,... 10.0
10(1·& 20 51.3 .'.0 167. 10.3

10'-. " 50.' '12 000 2•.0
221- • ·., '" 2f3 • ,,,
230- .. 54.8 211.5 137 .. 28.3

",. .. 3'.0 ,.. 23' 3 ,..
",. SO 32.7 2'.1il UO., •••
121-3 " '03 , , 1010 24.0
, "'2 38 ., .., O ,..
2UI·' 20 u .• .. 20& , •••
.n-I .. • .0 311.0 403 :2 '0
100-0 .. 311.2 .. 7855 •••
117·5 " .8.0 , 1111.0 ' •.0
103-5 " ", IO.S 21.1 113.0

197·3 " ,.. ... ,... 23.•
"9·1( 20 31.8 21.2 110 o •••
104,3 32 , o. • ., '.0
200" " " 230 '''O ..
22,·1( " 35.0 U. • , ••
222-8 " ,>O '8.6 3802 12.6, .., • ... 25.0
205-1 .. 118.3 ".0 29'0.1 0.'..... .. ,.. ", 11124 "201-4 " .,0 220 ... "O
102-1 38 32.2 OO., 216.' 11.'
208-2 ., '" .. ... , ,..
114-0 .. 22.0 ". 3113 I "

11 - 18

•

•



TabIe B-L 2.4 Estimation of Groundwater Storage (Azapa Valley)
<Eslimación de R~s~",QS de Agua Suble"Ql/LQS (Valle de Azapa»

--
\O

~
ZONEl 2ONE2 za..tE3 2DtE4 2DE5 2DE6 za..tE7 TOTAL
COAST-5ECTAl SECT.A·B) I/SECT. B-Cl SECT.CoDl SECT.D-El SECT.E-Fl I/SECT. F-Gl COAST-sECTlON Gl

I( x milion m3l ( x mllllon m3) Ilx mllion m3) 1x million m3l I1 x milion m3\ 11 x millíon m3\ I( x mllion m3) (x míníon m3)
9..M 9..t.1 9..M 9..M 9..M s...M 9..M s...M

O 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 13.90 8.35 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
30 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 16.20 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 11.60 84.90 2.55 55.54 0.00 31.37 2.93 69.95 25.69 259.01
70 0.00 0.26 0.00 2.25 4.55 53.20 4.71 89.61 0.00 55.54 0.00 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 69.95 0.00 268.27
90 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 69.95 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 69.95 0.00 268.27
TOTAL 0.26 2.25 53.20 89.61 55.54 31.37 69.95 302.18

NOTE: °BSWlO rneans below the static water Ievel In 1993.

•

Table B·L 2.4

•

EstimatiOD of Groundwlter Sloragc (Azapa VaUey)
<Eslinull:wn tU Rrserv41 de A.gua SubluraMa.J (Valh de Azapa»

~
2lJHE , <DfE2 ZDE3 '"'''' 2DES

I=E~
2DNE1 TOTAL

COAST-sECTA' ItC:ECT,A-BI SECTSC SoECT.e-o Irc:ECT. D-E SECl.f-G CC».ST-sECTlQN GI
• milion m3 :1 mllllon m3 • rmIIon m3 • mib m3 "."Ion m3 1[ mI.1on m3 ..-. m3 lf miIliort m3.... .... .... .... .... .... .... ....

• 0.00 0.00 0.00 0.00 oo. 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 1270 1810 18.70 13.VO 1390 8.35 8.35 18.90 18.90 75.06 41.15
20 0.00 "6 '.00 2.25 5.34 18.04 12.50 31.20 10.20 24.10 ".00 12.35 11.38 28.28 41.42 82.57
30 0.00 0.26 0.00 '" ssa 2402 12.80 .... 00 10 10 34.20 S.30 11.85 9.94 38.12 4".02 128.59.. 0.00 0.26 .00 2.25 'OS 3207 '4.40 58.40 11.20 45.40 9.33 26,&8 18.20 54.32 59.18 185.17
SO 0.00 026 0.00 2.25 7.S17 40.04 '''.90 73.30 7.59 S299 4.39 31.37 12.70 61.02 47.55 233.32.. 0.00 0.26 0.00 2.25 8.6' 4a.65 l'.S0 &4.90 2.55 55.54 0.00 31.31 2,93 89.115 25.69 259.01
10 '.00 0.28 0.00 2.25 •. 55 53.20 •.11 811.81 0.00 55.54 0.00 31.37 0.00 69.95 9.26 268.27.. DOO 0.26 '.00 "S DOO 5320 0.00 89.81 0.00 55,54 0.00 31.37 0,00 69.95 0.00 268.27.. 0.00 0.26 0.00 "S DOO 5320 0.00 8961 OO, 55.54 DO' 31.37 000 69.95 0.00 268.27

'"O DOO .26 DO' 2.25 DO' 5320 0.00 8961 0.00 55.54 0.00 31.37 0.00 69.95 0.00 268.27
TOrAL 0,28 2.25 53.20 8961 55.54 31.37 69.95 302.111
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Fig. B-I. 2.1 Well Locations (Azapa Valley)

< Ubicación de Sondajes (Valle de Azapa ) >

THE STUOY ON THE OEVELOPMENT OF WATER RESOURCES IN NORTHERN CHILE
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Fig. B-I. 2.1 Well Locations (Azapa VaHey)

< Ubicación de Sondajes (Valle de Azapa ) >
THE STUOY ON THE OEVELOPMENT OF WATER RESOURCES IN NORTHERN CHILE
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Fig. B-I. 2.2 Well Consttuction (Azapa Valley)

< ConstrUCción de Sondaj!s(Valle de Azapa»

THE sruOy ON THE DEVElOPMENT OF WATER RESOURCES IN NORTHERN CHilE
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Fig. B-(. 2.2 Well Constnlction (Aupa Vallcy)

< Consrrucci6n de Sonda.i..es(Valle de Azapa)>

THE STUOY ON THE DEVElOPMENT OF WATER RESOURCe5 IN NORTHERN CHILE
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DUG WELL CONSTRUCTION
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• .. e N ~ ID al e N ~ ID al e N ~ ID al .. e N ~ ID al e
e e ~ ~ ~ ~ ~ Itl Itl Itl Itl Itl ID ID ID ID ID e al al al al al el>
N .., o el> 01 01 00 Cl> Cl> 01 Cl> 00 00 00 00 00 01 1'- 00 00 01 00 00 el>
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Chapter III. GROUNDWATER EXTRACTION

3.1 Existing Groundwater Extraetion

Groundwater in the Azapa Valley is extracted mainly from following tbree (3) types

of wells including spring;

-ESSATWell

- Other Wells

- Spring

3.1.1 ESSAT Wells

ESSAT extracted 17.292x103m3 (503 l/sec) of groundwater in both Azapa Valley

and Arica city area in 1992 (See Chapter 1, 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 2271/see of

groundwater. Thus, the total yield of ESSAT wells increased up to 730 Vsec by the

endof 1993.

3.1.2 Other Wells

There was no data on the groundwater extraetion through the wells in the area except

ESSAT wells. Therefore, to c1arify the groundwater extraetíon, field interviews were

canied out in the area by the nCA 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. Extraetion rates from each wells are as follows;

Water Use Number of Wells Extraetion Rate (m3/vr>
Irrigation 122 9,536,336

Domestic 30 1,366,328

Industrial 3 125.691

Olhers 12 201,626

Total 167 11,229,981

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

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

73.4l/see (2,302,128 m3/yr).
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Chapler ID. GROUNDWATER EXTRACfION

3.1 Existing Groundwater Extraction

Groundwater in (he Azapa Valley is extracted mainly from fol1owing three (3) types

of wells including spring;

-ESSATWell

- Olher Wells

- Spring

•

•

3.1.1

3.1.2

ESSATWells

ESSAT extraeled 17,292x103m3 (503 I/sce) of groundwaler in bolh Azapa VaHey

and Arica eity area in 1992 (See Chapler 1, Supporting Report C). In addirion lo Ihis,

10 wells were driUed in 1993 tO ¡ncrease the groundwater production; six (6) wel1s in

Arica city area and four (4) wells in the Azapa Valley, yielding 2271/sec of

groundwaler. Thus, Ihe lotal yield of ESSAT wells inereased up lo 730 llsee by Ihe

end of 1993.

Olber Wells

There was no data on Ihe groundw3ter extraction through the wel1s in the area except

ESSAT wells. Therefore, to clarify the groundwater extraerlon, field interviews were

earried OUI in Ihe area by Ihe JlCA Sludy Team and DGA during phase 2 sludy

(1993). The resull revealed that there are 343 wells; 167 wells are in operarion and

176 wells are not in operarion. Extraetion rales from each wells are as follows;

Water Use Number oC Wells Extraelion Rale (m3/vr)

Irri9ation 122 9.536,336

Domestic 30 1,366,328

Industrial 3 125,691

Others 12 201,626

Tolal 167 11,229,981

source: field interview by DGA and lhe $ludy Team in 1993.

[n addition to this, there are springs in the valley and a total yield oC these reaches to
73.41/sec (2,302,128 m3/yr).
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3.1.3 Groundwater Extraction in Azapa Valley

As mentioned above, total groundwater extraetion in the va11ey is summarized in the

fol1owing tablee

Water Use Extraetion Rate (Vsec) Extraetion Rate (m3/yr) %

ESSAT Wells (OE) 730 23,021,280 63.0

I.rrigation (QR) 302 9,536,336 26.1

Domestie (Qo) 43 1,366,328 3.7

Industrial (QI) 4 125,691 0.3

Others 6 201,626 0.6

Spcin$! Water (Qs ) 73 2,302,128 6.3

Total 1,203 36,553,389 100.0

Source: ESSAT and field intetview by DGA and Study Team.

Total extraction is estimated to be approximately 36.6 million m3/year (1,203 Vsec).

ESSAT wells yield a 63 % of groundwater and wel1s for inigation yield 26 %. Other

extraetions are rather small.

3.2 Obsetved Groundwater Level of Existing Wells

3.2.1 Static Water Level

Observation oC 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.

Slatic water level is about 280 m at San Miguel and gent1y decreases toward the lower

reaches of the San José River. The levels are 200 m al Las Maitas, 120 m at Pago de

Gomez, 20 lo 100 m at Saucache and less than 10 m in the city area.

Gradient of groundwater table is 2211000 in the area belween San Miguel and Las

Maitas, and ineceases to 3211000 at Pago de Gomez toward the eity area. After

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

Extraction of groundwater is large in Pago de Gomez and Saueache area, therefore, it

causes ehange oC groundwater tableo
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3.1.3 Groundwater Extraetion in Aupa VaIley

As mentioned above, 10t.a1 groundwater extraction in !he valley is summarized in the

following table.

Water Use Extraction Rate (Vsec Extraction Rate (ro3¡ ) %

ESSAT Wells ( 730 23,021,280 63.0

302 9,536,336 26.1

43 1,366,328 3.7

4 125,691 0.3

Others 6 201,626 0.6

) 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 extraetion is estimated lo be approximately 36.6 million m3/year (1,203 Vsec).

ESSAT wells yield a 63 % of groundwater and wells for inigation yield 26 %. Olber

extractions are rather small.

3.2 Observed Groundwater Level of Existing Wells

3.2.1 Static Water Level

Observation of the stalic 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 Ibe ground level (BGL), respectively. •

Static water Jeve) is aboul 280 m al San Miguel and gently decreases toward the lower

reaches of Ibe San José River. The levels are 200 m at Las Maltas. 120 m at Pago de

Gomez. 20 lo 100 ro al Saucache and less than lOro in the city area.

Gradient of groundwater table is 2211000 in the area belween San Miguel and Las

Maitas, and ¡ncreases to 3211000 al Pago de Gomez loward the city area. After

reaching lo thecity arca, water table becomes gende, 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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3.2.2 Dynamic Level

Dynamic water level of each well was examined by the pumping test at the

completion oC well construction. 48 data are available. The results are shown in

Table 8-1, 3.1 which presents static water level, draw-down and specific yield as well

as dynamic water leve!. These wells are divided into three (3) categories by degree oC

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 O 2 2 8 1 14

more than 20 O O l 3 6 1 11

total 3 1 7 8 25 4 48

Degree oC draw-down is almost within 10m in Cabuza and Las Riveras in the upper

reaches oC the valley. It increases toward the down stream. In Saucache. six (6)

wells, out oC 11 wells, show large degree oC draw-down which are more than 20 m.

The wells oC small drawdown generally show high specific yield except the city area.

The wells oC large drawdown is mainly located in the Pago de Gomez and Saucache

area. It is supposed that high concentration oC wells causes large degree oC drawdown

in these area.

3.2.3 Historical Variation

Historical variation oC each well is shown in Table 8-1, 3.2 (1) to (10) and Fig. 8-1,

3.3 (1) to (4). Fig. 8-1, 3.4 presents the variation oC groundwater level of selected

wells and flow rate of the San José River during flood periodo 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 oC the San José River. As

shown in Fig. 8-1, 3.4, the periods oC the rising and declination oC water level are

in concordance with the periods oC occurrence oC floods in the San José River.

Aoods oC the San José River cause the rising oC the groundwater level in the area.

After rising, the water level continues to Call down up to the next occurrence oC

flood.
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3.2.2 Oynamic Level

Dynamic water level of each well was examined by the pumping test at the

completion of well construction. 48 elata are available. The results are shown in

Table B·I, 3.1 which presents statk water level, draw·down and specific yield as well

as dynarnic water level. These wells are divided into [hree (3) categories by degree of

drawdown as follows;

Drawdown Cabul' Las San Pago de Saucache Cily Total

(m) Riveras Miguel Gomez

less Ihan 10 2 I 4 3 11 2 23

10 - 20 l O 2 2 8 1 14

more tlJan 20 O O l 3 6 1 11

10tal 3 1 7 8 25 4 48

Degree of draw·down is almost within 10 m in eabuza and Las Riveras in the upper

reaches of the valley. It increases toward ¡he down stream. In Saucache, six (6)

weUs, 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 excep[ [he city arca

The wells of 1arge drawdown is mainly located in [he Pago de Gomez and Saucache

arca. h is supposed that high concentration of wells causes large degree of drawdown

in these arca.

3.2.3 Historical Variation

e Historical variation of each well is shown in Table B-I, 3.2 (1) lO (10) and Fig. B-I,

3.3 (1) tO (4). Fig. B-I, 3.4 presenlS the varialion of groundwater level of selected

wells and flow rate of [he San José River during flood periodo 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, [he periods of the rising and declination of water level are

in concordance with the periods of occurrence of floods in lhe San J056 River.

Aoods of the San José River cause lhe rising of the groundwater level in rhe arca.

After rising, the water level conlinues to fall down up 10 [he nex[ occurrence of

flood.
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b) Range of the water level variation is large in Cabuza area and it generany

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 periodo

d) Variation of water level is not clear in the city area of Arica because of the lack

of long tenn 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 leve! 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 directIy by the surface water of the

San José River espeeially during the flood periodo

b) The faet mentioned above b) is caused by fine materials such as silt and day

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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b) Range of the water level variation is large in eabuza area and it generalIy

becomes smaller toward the lower reaehes of the San José River; its range is

aOOm 20 m in Cabuza area and about 15 m in Saueaehe area.

e) Stalic water level shows different behavior in Las Riveras area; water level is

shallow and its vanarion is small; once water level is risen by recharging from

the flood water of the San José River. [he water table keeps the risen level for a

long periodo

d) Variation of water level is nOl clear in the ci[y area of Arica because of the lack

oC long telTO observation record. Static water level is high around 1964, 1977

and 1987, and is low around 1967, 1984 and presen!.

e) Rising ofwater level in 1987 is apparent in San Miguel area, however, it is not so

dear in Pago de Gomez and Saucache area.

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

Jo56 River.

Considering [he hydrogeological eharacteristics 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 periodo

b) The fact mentioned above b) is caused by fine malerials such as silt and clay

deposited in the valley. These fine malerials are derived from (he Qda. del

Diablo and make the aquifer less penneable near [he confluence area with San

José River. These materials aer Iike a dam eonstructed under the ground. h is

like a dam up effect due 10 the spur of the Qda. del Diablo.

e) Apparem drawdown is causcd by over exploitation of groundwater in the lower

reaches oC the San José River through a 1m 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 repon entitled Analisis

Critico de la Red de Medidon de Niveles de Agua Subterránea 1 Region,October

1987 for DGA by Alamos y Peralta Ingenieros Consultores Ltda. In addition to

these, DGA reponed 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;

(l) Cabuza area 5

(2) Las Riveras area 4

(3) San Miguel area 4

(4) Pago de Gomez area 14

(5) Saucache area 22

(6) City area 12

Total 61

3.3.2 Groundwater Quality of Existing Wells

1) Results of Groundwater Quality Analysis

Table B-I, 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 ros values exceed 500 ppm, therefore, groundwater in the Azapa Valley

is c1assified as brackish water. 12 wells in total exceed the ros 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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3.3 Groundwater Quality

3.3.1 Existing Data

Groundwarer quality data are available on 61 wells in the Azapa Valley. Main dara

sources are the analysed data of ESSAT and the existing report enritled Analisis

Critico de la Red de Medicion de Niveles de Agua Subterránea 1 Region, October

1987 for DGA by Alamos y Peralta Ingenieros Consultores Lrda. In addition to

lhese, OGA reponed rhe increase of salinity based on the conductivily data on rhe

groundwater in rhe Azapa Valley «3).

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

• (J) Cabul> area

(2) Las Riveras area

(3) San Miguel area

(4) Pago de Gomez area

(5) Saucache area
(6) City area

Total

3.3.2 Groundwater Quality of Existing Wells

5

4

4

14

22

12

61

•
1) Resuhs of Groundwarer Qualiry Analysis

Table B-I, 3.3 (I) lO (2) show the groundwaler quality data after averaging to

avoid the instability of data and to easily undersrand the tendency of water

qualiry, because water quality analysis was not executed periodicaUy. The

characrerislics of warer quality are as follows;

a) Most ros values exceed 500 ppm, therefore, groundwater in the Aupa Valley

is classified as brackish water. 12 wells in total exceed rhe ros value

standard (WHO). Out of 12 wells, six (6) wells are in rhe city area of Arica.

The number of well that exceeds the TOS standard decreases toward the

upstream of the San José River. No well exceeds the standard in lhe Cabuza

area.
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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 faet suggests that the

groundwater in downstream of the quebrada is influenced by the salty water

derived from the salt mine.

e) The values of Boron (B) content are available on 24 wells. (B) contents are

generalIy 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 eations is plotted in the trilinear diagram

(Fig. B-I, 3.5). Only one (1) well (No. 107) Hes in the zone 1. This type of

groundwater is classified as carbonate hardness type which is the normal type of

groundwater. Most welIs He in the central pan of zone 3 eoncentrating in a small

area. This type of groundwater is c1assified 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

(CI+S04) eontents. This means that the groundwater in these wells are

deteriorated by saline water beeause well No. 149 and 150 are located near the

coastal area and well No. 168 is located in the downstrearn side of the salt mine.

The groundwater in the Azapa Valley is generally influenced by the water of

volcanic origin and the influence of satine water is added near the coastal area.

3) Relation between TDS Value and EC

Fig. B-I, 3.6 shows the relationship between ros values analyzed by reeurrence

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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b) ros value shows extremely high at the well 168-K located in the Saueaehe

atea. This well is located downsrream of the Qda. Encamada. There was a

salt mine in the upper reaches of this quebrada. This faet suggests that the

groundwater in downstTeam of [he quebrada is influenced by the salty water

derived. from the sah mine.

e) The values of Boron (B) coment are available on 24 wells. (B) contents are

generally high.

d) Arsenic (As) conlenlS are generally wilhin the standard (0.01 ppm: WHO).

2) Composition of Major lons

The composition of major anions and calions is plotted in the trilinear diagram

(Fig. B-I, 3.5). Only one (1) well (No. 107) lies in lhe zooe 1. This type of

groundwater is c1assified as carbonate hardness type which is the nomal type of

groundwater. Most wells Iie in the central pan of zone 3 concentrating in a small

area. This type of groundwater is c1assified as non carbonate hardness type

which is deteriorated by the groundwater originated from volcanoes. The weUs

(l49, 150 and 168) faH al the edge of zone 3. These wells show an increase of

(Cl+S04) contents. This means that the groundwater in these wells are

deterioraled by saline water because well No. 149 and ISO are located near the

coastal area and well No. ]68 is localed in the downstream side of the salt mine.

The groundwater in the Azapa Yalley is generally influenced by the water of

volcanic origin and [he influence of saline waler is added near [he coastal area.

3) Relalion between ros Yalue and EC

Fig. B-I, 3.6 shows the relalionship belween TOS values analyzed by recurrence

analysis and EC values measured by salinometer or other equipment. The both

values have a good correlation expressed by [he following formula;

y= 0.6848 X + 91.38 (A)

where, X: measured value ofEC, Y: ros value

4) Relation between CI COnlen[ and EC Yalue
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Fig. B-I. 3.7 shows the relationship between CI 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) lO (3).

Salinity is expressed by TDS values in this figure. ros 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 lO

be caused by the variation of groundwater level depending on the floods of the San

José River.

Inerease of eonduetivity in Azapa Valley is reported in <3 and <4 by DGA. Fig. B-I,

3.9 shows the variation of conductivity measured on the spring water and

groundwater in the valley sinee 1960. Conduetivity is less than 1.500 ms/em in aH

the springs up to 1970; especially less than 1.000 ms/em in San Miguel. Increase was

suddenly oceurred between 1985 and 1990 in the whole springs inereasing lO 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 ehemicals

used in the Azapa Valley as well as the upper reaches of the San José River.

Although it is difficult to predict preciseJy 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 eondition

as present. Increasing of salinity is given by following formula;

y =37.3 X -72,408

where. Y: EC. X : year

Results of estimation are shown in Fig. B-I. 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 ifilO CI

contents by formula (B). It is a 10.5 mg/llyear of increasing rateo However.

considering the decreasing of groundwater level in the valley, it will be happened in
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Fig. B-I, 3.7 shows (he relationship between el contents analyzed in laboratories

and EC values measured by equipmenl. 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 ofEe, Y: el contents

Historical Variation

Salinity of groundwater shows historical variation as shown in Fig. B-I, 3.8 (1) to (3).

Salinity is expressed by ros values in Ihis figure. ros values increased as a whole,

comparing the values in 19605, 19705 and 19805. Variations of [he coments (increase

and decrease) are recognized especially in 1970s. These varia60ns are considered to

be caused by the variation oC groundwater level depending on the floods oC the San

José River.

lnerease oC eonductivity in Azapa Valley is reported in <3 and <4 by DGA. Fig. 8-1,

3.9 shows the variation oC conductivity measured on the spring water and

groundwater in [he valtey since 1960. Conductivity is less than 1,500 ms/cm in aH

the springs up to 1970; especially less than 1.000 ms/cm in San Miguel. Inerease 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 ¡ncrease of salinity was caused by agricultura! chemicals

used in the Aupa Val1ey as well as the upper reaches of the San José Ríver.

Although ir is difficult to predict precisely the ruture increase of salinity in the

groundwaler. an estimation was made by correlalive analysis on the average EC value

under the assumption that the increase of salinity continues with lhe same condiñon

as present. Increasing of salinity is given by following formula;

y = 37.3 X -72,408

where, Y: EC, X : year

Results of estimalion are shown in Fig. B-I, 3.10.

Ir shows that sa!inity will increase up to 2,200 ms/cm in 2CXXl and 2,600 ms/cm in

2010. These correspond to 425 rng/1 and 530 mg/1 respectively, converting ioto C1

contents by formula (B). It is a 10.5 mg/l/year of increasing rate. However,

considering the decreasing oC groundwater leve! in the valley, il 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 valJey al50 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 (l) to (2). Permissible value for

drinking water is shown partly as follows;

pH CI S04 Mg As Cu Fe N-N01 N-NH1

(m2ll) (msúl) (msúl) (ml!fI) (ml!lJ) (msúl) I(ml!ll) (ml!/l)

Permissible 6.0- 250 250 125 0.05 1.0 0.3 9.0 0.5
Values 8.5

Water QuaJity Standard is referred in Appendix A, 5 of Supponing Report A.

The results are as foIlows;

a) CI is higher than pennissible values at several weUs mainly in the lower reaches.

b) 504 and N03 sometimes exceed pennissible values.

e) Boron (B) is higher than pennissible values at most of well.

d) As is less than permissible values.

3.4 Evaluation of Groundwater Development Potentíal

Water balance of the Azapa Valley ís estimated by equations as follows;

~S =QAusipar - ( O + I + E )

E = D + Eolhers

Here, .1S stands for the groundwater storage increment/deficit, QAusipar for surface

ronoff at Ausipar, O for the surface water outfIow 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 EOlhers for the others consumptíon (such as industrial use and

individual drinking use, etc.).
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ruture thar the ¡ncrease of salinily wiJl suddenly become much greater than the

estimauon.

Groundwater of Ihe valley also indicates similar [endency ro that of the springs.

3.3.4 Evaluatio" of Groundwaler Qualily

Groundwater quality is shown in Table 8-1, 3.3 (l) ro (2). Pennissible value for

drinking water is shown partly as follows;

pH

Pennissible 6.0­

Values 8.5

Cl 504 Mg As Cu Fe N-NO, N-NH"

I (m2lll I(m2lll I (m2lll ' Im2lll I Im2lll I(m2lll m2lll I Im2lll

250 250 125 0.05 1.0 0.3 9.0 0.5

•
Water Qualily Slandard is referred in Appendix A. 5 of Supponing Repon A.

The results are as follows;

a) CI is higher Ihan pennissible values at severaI wells mainly in the lowerreaches.

b) 504 and N03 somerimes exceed pennissible values.

e) Boron (8) is higher than pennissible values at most of well.

d) As is less than permissible values.

3.4 Evaluation of Groundwarer Developmenr Potential

Water balance of the Aupa Yalley is eSlimated by equalions as follows;

óS =QAw;ipar- (O + 1+ E)

E=O+Eothcrs

Here, 65 stands for Ihe groundwater storage incrcment/deficil, QAusipar for surface

ronoff at Ausipar, O for the surface water outflow tO rhe sea, 1 for the consumption of

irrigarion use, E for the exploitation rale from the groundw3ter, D for the domestic use

in Arica Ciry and EQlhers for the others consumprion (such as industrial use and

individual drinking use, elc.).
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Each item in the equations are estimated as follows;

QAusipar

O

1

D

Eothers

: 34,721,000 m3 ( 1,101 l/s: see Supporting Repon A, Chapter 1)

: 4,699,000 m3 ( see Supporting Repon A, Chapter 1)

: 24,810,000 m3 ( see Supporting Repon C, Chapter 2)

18,330,000 m3 ( see Supporting Repon C, Chapter 1)

675,000 m3 ( see Supporting Repon C, Chapter 2)

The water balance of the Azapa ValJey is shown as below

.1S =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 defidt is balanced by consuming the groundwater

storage. If this amount of groundwater is consumed every year, following equatíon

comes into being;

S/~S =n (years)

where S : total storage of groundwater

n : life of aquifer

S is estimated to be 302 x 1()6 m3 (see Chapter 2). Thus,

n = 302 x 106 m3/(1O,286 x 103 m3) =29.4 (years)

This means that most groundwater storage will be consumed within about 30 years if

aH the conditions eontinue during this periodo The water balance in Azapa Valley was

roughly estimated; the groundwater resources will be eomsumed during about 30

years. However, the results show severe condition for future groundwater extraetion in

the Azapa Valley. Therefore, groundwater proteetion is neeessary ínstead of funher

development in the Azapa ValJey.
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Each item in the equa(ions are estimated as follows;

QAusipar

O

1

D

Eothas

: 34,721,000 m3 ( 1,101 Vs: see Supporting Report A, Chapler 1)

4,699,000 m3 (see Supporting Reporl A, Chapler 1)

24,810,000 m3 (see Supporting Report C, Chapler 2)

18,330,000 m3 (see Supporting Report C, Chapler 1)

675,000 m3 ( see Supporting Report C, Chapler 2)

•

The water balance oC Ihe Azapa Valley is shown as below

óS =QAusi"",- (O + I + D + E)

=34,721,000· (4,699,000 + 24,810,000 + 14,823,000 + 675,(00)

=-10,286,000,000 (m3)

This results indicate that groundwaler exploitation in (he area exceeds the recharge rate

Crom the San José River and its deficit is balanced by consuming the groundwater

storage. IC (his amount oC groundwater is consumed every year, Collowing equation

comes imo being;

S/óS = n (years)

where S : tOlal slorage oC groundwater

n : tife oC aquifer

•
S is esrimaled lO be 302 x I()6 m3 (see Chapler 2). Thus,

n = 302 x I()6 m3/( 10,286 x I()3 m3) = 29.4 (years)

This means Ihat most groundwater slorage will be consumed wilhin about 30 years iC

all the conditions continue during this periodo The water balance in Azapa ValIey was

roughly estimated; the groundwater resources will be comsumed during about 30

years. However, the resullS show severe condition Cor Cuture groundwater extraction in

the Azapa Valley. ThereCore. groundwater prOlection is necessary instead of funher

developmen( in (he Azapa Valley.

I1I - 9



B-I San José Rivef

References

<1: Análisis Crítico de la Red de Medición de Niveles de Agua Subterránea 1 Región,

October 1987 for DGA by Atamos y Peralta Ingenieros Consultores Ltda.

<2: Modelo de Simulación de las Aguas Subterráneas del Valle de Azapa, January 1989

for DGA by Ayala, Cabrera y Asociados Ltda. Ingenieros Consultores con la asesoría

de IPLA Ltda.

<3: Estudio del Origen y Proceso de Salinización de las Aguas del Río San José, 1 Región,

Chile, November 1991 for DGA by Peña, Pollastri, SaJazar y Gutiérrez.

<4: Estudio Análisis de los Recursos de Agua de la Primera Región de Tarapacá, June

1991 for DGA by Ingeniería y Geotecnía Ltda.

lII-lO

BoJ Sil) Jod Rjver

References

<1: Análisis Crítico de la Red de Medición de Niveles de Agua Subterránea 1 Región.

October 1987 for DGA by Alamos y Peralta Ingenieros Consultores Lula.

<2: Modelo de Simulación de las Aguas Sublerráneas del Valle de Azapa, January 1989

for DGA by Ayala. Cabrera y Asociados Ltda. Ingenieros Consultores con la asesoría

de 1PLA Llda.

<3: Estudio del Origen y Proceso de Salinización de las Aguas del Río San José, 1 Región,

Chile, November 1991 for DGA by Peña, Pollasni, Salazar y GUliérrez.

<4: Estudio Análisis de los Recursos de Agua de la Primera Región de Tarapacá. June
1991 for DGA by Ingeniería y Geolecnía Ltda.

m·1O

•

•



Table B-I, 3.1 Dynamic Water Level (Azapa Valley)

<Nivel Dinámico (Valle de Azapa»

S.N.A flCN'N3 l>YNAMC STATlC ~ ~

a:a: RAlE WATER WATER m.o ~

tl/al LEVEUml lEVEUml m3lCl/ml Iml

135·3 . 25.2 22.7 2.5
145·0 8 29.9 18.8 39.0 13.3
147·7 45 54.0 14.5 98.4 39.5
148·5 2.4 29.8 20.5 22.3 11.3
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 14.2 582.1 8.1
181·2 29 35.7 21.0 170.4 14.7
183·8 11.5 33.1 24.5 115.5 1I.1I
188-8 20 30.4 21.0 183.8 IU
187·8 40 25.3 15.8 383.8 9.5
188-4 23 31.4 20.5 182.3 10.11
190·8 23 59.8 21.8 52.3 38.0
1113-0 24.7 84.0 38.7 84.4 25.3
l08·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 1080.0 4.0
187-1 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.• 227.4 1.9
171·1( 45 52.5 44.3 474.1 8.2
137-1( 45 54.5 44.5 388.8 10.0
108•• 20 58.3 48.0 187.8 10.3
109·4 25 50.2 28.2 90.0 24.0
229- 50 40.2 25.5 293.11 14.7
230- 45 54.8 28.5 137.4 28.3
231· 40 39.0 24.5 238.3 14.5
232· 50 32.7 23.9 490.9 11.8
121·3 30 39.3 15.3 108.0 24.0
113·2 35 11.1 5.3 1080.0 2.8
218-3 20 14.8 8.4 205.7 8.4
177·9 28 42.0 36.0 403.2 8.0
100·0 40 38.2 31.8 785.5 4.4
117-5 35 48.0 30.0 188.0 18.0
103-5 19 73.3 10.3 28.1 83.0
197·3 30 34.3 10.5 108.9 23.8
199·1( 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
221-1( 55 38.0 17.5 258.9 18.5
222-8 55 31.0 18.5 380.2 12.5
134·5 20 45.0 20.0 89.1 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 88.4 19.0
102·7 38 32.2 20.3 275.11 11.9
208·2 41 31.5 24.5 508.1 7.0
114-0 40 22.0 12.5 383.8 9.5
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<.Nivel Dinámico (VaUt de AlDpa»

BMA FOf'Ki 0YtW0tC STAT1C ~ OR:JN.
<XX:E RAJE WATER WATER veD 00flH
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180.. 52.7 22.3 11.2 582.1 8.1
181·2 28 35.7 21.0 170•• '4.7
183·9 1Ui 33.1 24.5 115.5 IU
188-8 20 30.4 21.0 183.8 9.4
187·11 40 25.3 15.8 383.8 IUI
188·4 23 31.. 20.5 182.3 10.9
190-8 23 58.8 21.8 52.3 38.0
183·0 24.7 84.0 38.7 u .• 25.3
l08-K 33.1 31.7 1.4
185·5 70 38.0 24.5 ••8.0 '3.5
188·3 50 37.0 33.0 1080.0 4.0
187-1 55 38.• 27.0 505.5 8.4
128·0 7 58.8 4•. 1 41.1 14.7
'30-2 5 ".7 42.1 227.• 1.8
171·K 45 52.5 44.3 474.1 1.2
'37·K 45 5.5 .4.5 3888 10.0
108·8 20 58.3 .8.0 U17.8 10.3
109·4 25 502 26.2 90.0 24.0
229- 50 40.2 25.5 293.11 14.7
230· 45 54.8 28.5 137.• 28.3
231· .0 38.0 2•. ~ 238.3 11.5
232· 50 32.7 23.8 480.8 8.8
121·3 30 38.3 15.3 108.0 24.0
113·2 35 8.1 5.3 1080.0 2.8
2l1l·3 20 11.8 8.• 205.7 •••
117·8 28 42.0 38.0 403.2 8.0
100·0 40 38.2 31.8 785.5 4.4
117·5 35 ••.0 30.0 181.0 18.0
103·5 18 73.3 10.3 28.1 83.0
187·3 30 3•.3 10.5 108.8 23.8
I88-K 20 37.8 28.2 180.0 IU
104·3 32 37.0 31.0 4eO.8 8.0
200-7 27 31.1 23.0 288.0 e.l
221·K 55 38.0 17.5 258.0 18_5
222-8 55 31.0 18.5 380.2 12.5
13.·5 20 .5 o 20.0 80.1 25.0
205.8 45 18.3 17.0 2800.11 1.3
208-8 4~ 2.8 19.7 782.• 5.1
207·. 18 41.0 22.0 88.• 18.0
102·7 38 32.2 20.3 275.9 U.9
208-2 41 31 5 24.5 508 1 7.0
111·0 40 22.0 1:l.5 363.8 8.5
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Table B-I, 3.2 (1) Variation of Groundwater Table (Azapa Valley)

< Variación de Nivel Estatico (Valle de Azapa»

~
228.0 ln.7 UI·. 21.·7 ll18·K 1"-7 110-1 111·1 lDI·1I tDII•• 122-1 121·1 U-II 12-. 113·2.- .... '_H, •_H• .-..,. 1120 J01 '.. 70" '120 701 1110 1'010 ,- ... ,- ... '.71' ....-.- ..... ,_ ..... '1»7_

AO-1! ee.t5 ee.l1 ee.21 CO-12 CO-13 CO-2. CO-25 CO-:!I1 CO-~ ~ AA-l AA,.2 AA·3 A".
1211

2
~

4
5 25.30

• 25.35
7 25.1.

•I 24.111
10 2•.32
11 2•. t2
12 2•.01

1311 2•. 10
2 23.11
~ 23.7.

• 22.55
5 11.13
I 11.11
7 11.30

• 17.•5
1 11.20

10 15.22
11 1•.17
12 15.40

1411
2 15."
3 15 lO

• t5.7.
S 11.05
I tl.3.
7 11.05

• 15."

•
10 1.01
11 11.70
12 17.21

1511 17.51
2 15.25
3

• 1575
5 17.72
I 17.10
7 17.17

••
10
11 11.11
12

1111
2
3 11.70

•
11
1 20.31
7 20.4.
1 20.•7

• 20.13
10
11 20.15
12 21.20

1711
2
~

4 22.00
5

•
7
1
1

10 20.1.
11
12

1111
2
3

•5
•7 17.50

••
10 tl.50
11
12

IllIl 20.51
2
~

•
5

In-12

Table 8-1, 3.2 (1) Variation of Groundwaler Table (Azapa Valley)

< Variaci6n tk Nh~1Btat;co (Vallt dt Azapa»

~'
, • U·l , ... .. , , . ., . , . .., , , , -~;" , , , , , , , , ,, , • U· ~ ..

•••• ""• n,u
15.1.

•• ,. ".. ...,.. U ".. 24.01
~, U.1D

• 13"• 2)74

• 2Z 55

• 1113

• .. ti

• .. "• 174$

• 1'20.. 15.22.. 14 '7.. ''''~

• 15 .., .. ~
• 1574

• ""• "", 1t 05

• U"
•.. "".. 1170.. 17 11.., 11 SI

• U.U

•• 1575

• 1111

• ,,~, 17 '7

••.... It.".....
•• 11.70

••• 10.:MI, 20.U

• 2'0.41

• ...,.... ..... Il.t<I

""•,
• no>

••,
••.. n."......,
•,
•••• ""••.. ""......, n ..
••••

In-12
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Table 8-1, 3.2 (2) Variation of Groundwater Table (Azapa Valley)

< Variación de Nivel Estatico (Valle de Azapa)>

~
"1·0 1~~·7 u'·, 214·7 101·K 114·7 110·' 111·' 10'-' 101·4 122·1 121,1 115·. 112·4 113·2

,.... J" ..... "'. ......... ..... JO'O .ao JO'O '120 'P010 '120 10'0 .NO .... • '-JO• ._ JO, .110 JO.o .ao JOM lao~ .ao JOOC 'IOOJ_
Ano13 CC-I5 CC-ll CC-21 CD-12 CC>-13 CD-24 CD-25 CD-31 co..u ~ AA-l 1010·2 AA·' AA·4

e
7

••
10
11
12

7011
2,
4
!5

•7
••10

11
12 25.27

7111 25."
2 21 ..,
••
e
7 20.18

••
10
11 20.115
12

72/1 21.7'
2 20.75
3 ".20

•
5 11."
I
7

".1

11 11.113
1

7301 17.7'

14.15

•5 13.7'

• 1545
7

••
10 1320
11 '420 13.20
I 13.10

74/1
23.'0 " 40
23.'

4
5 !3.'0

• '.00
7 '.50

• ~2." 12.01
.117

1 3.00 12."
11 .10
I .tI 13.70

7§11 '.51
'.32
.71 1213

4 .51 12.43
5
I
7

•
10
11
1 111.51 tI.•e 32.30 1313 4113

711 11.44 le.70 31 " 13 14 413
15.77 1111 31.12 12.31 '.71

4.34
:I5.H 13." 1400 .... 1720 '.40

4.40
117 12.12 12.75 21.42 '.72 •. <t.,

7 1 .t2 12.'7 12.07 25." ., 4.55
158 1'15 11 71 2'" ~.2O • '7

• .57 12.0 11.34 24.71 ..~ 4.51
1 1 ~e 12.45 11 45 24.~5 ..., 45

III- 13

Table B·I. 3.2 (2) Variation ofGroundwater Table (Azapa Valley)

< Variaci6n dI! Nivel Estarico (Val~ de Azapo)>

•

•

I~,
- , • • u·, ~ , .- .-

'~ -. ,
, , • , - , , , • - , •~' 'A ' , •, • , • , , • , .- .,

•,
••..
"",.,
•,,,
•,
••..
"" ''''7111 KU

• "",
•••, ..."••..
" .. ..
""" 2171

,
• , ..

,
,
,

U.I,
LO

• •, • l':i,.. , ...
,

• •
=! 1 ."

---; •, ,
• ,

• .. ,
,
,,
• • ,

:~
, .",

" ~~
, , • ,, • •

• .. .. • , •

I 31
..

• , ,

~
, , , • , ,

**
" • ..., •, ... • " ..
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Table B-I, 3.2 (3)

••

Yariation oC Groundwater Table (Azapa YalIey)

< Variación de Nivel Eslalico (Valle dL Azapa»

.....
1t.-,

...0

•

....
•••

4.24....

.......
.,..••_ fe••

'.'5 1210
'.1" 12 U
'.H 12.75

'.71 ".32
'.2 1313

7 ..

• .10
5 157

.0 ,.,

lO
1 ".10

4.00

,..
21.50
20.75
".15
1147

11."
20.00
0.1'

.. 7

.. "
,-

- o. "t,
•

,,.
I
, . I

I,
11."
10.34
,O 10
107'
10."
10 '7

"

.... ,.,, .-
;e' ~~;

15.21
".07...
5.•4

'4.21
13.52
12 '55
'210
11.75

.,
•

-.

, .....
, .10
13 03
12.•1
12.40
t2.0I
11.15,

,
•

•
1

••
lO

IS

,,

,

.~
:i;
".50...

7

11.7

•••..,
7

.00

.0

,
• .00, . o
1 .SS

1 .•0

.. 7·",...
•

11, .
•

l.1
17
1.7

21.'3...
•••

.0 ..
10.10
2 .30

...
•

25 ..

o.'"
.57..

c. "

:.~
1t
1t 7

•,..
, .,
• •

7
, 7

• •

1100

• 7I,
I o
1I.se
ti
ti.

t7
1 .•1

•
t7...ll
11~

17.

•

7

",
'"

•

11, ......
•

t 7

•••
.70

.,

"11.1

,,>O
" .
t'.l'
,..O

o...,
••

2. ,

.....
257

•
".35

.07

•
'.40
7.17

••..
S

17
21 S
21.02...
'.51

•••...
.12

S.I....
,."

•

•
7·"'11

• .7
t7 •
t

t o
".00
tilO

tI.SS
l' 42
, 7, .
•,..
l'. ,,
,".,
l.

I
•. 7

O••

l.' •
•

20.1
20.•
20. I
20.1
22.74.......

l .•·..

21112
27.'4

.1'
2.11

'.'7
5>10

.SO
su
S3.U

7
7 •
7. S

,.
2.02...

••
31.41
170

32.4$

2"

• •
S .70

.01

"13.35
:U.as

o

toes
31.49
:U 11

15'
".55

• •
s .40

••
1.13
0.7

55

5.011
3•.••....
717...
7.
7.

lO
31.02
3'.1

21

•o.".

o.

•
'lO
."

ti.

DI- 14

Table B-I, 3.2 (3) VariatiOD ofGroundwater Table (Azapa Valley)

< Variaci6n de Nivel Estatico (Valle de Azapa»

~
221·0 lU·7 121-1 211·7 100·K 114·7 110·1 111·1 101-. 10••1 122.t "A.I tU.A 112·1 lU·2.--, __ 7._

ta. "1 .--. •- fOte •.,. Ht 'eA,••
_ H'

... M'O ._-• 111ft re, '''7''
__ 7_

-... .- '1007_

Anou cc.1S cc.l. cc.21 CD-12 CD-\3 a>-24 a>-25 CO-31 ~ llC§ Mol Mo2 M·3 Mol
11 1.52
1 15.21 12'0 23 .7 10.10 1.51

7711 15 1 11.07 1210 11 .5 lSU l."
l. 15.1 1S.21 21.SO t202 ,.11 15

11. lS.8. 125~ .In 1100 I.U
& 14 2 t •.2I '3~ 21... 11_ 11.10 I.to

lSl0 13.52 1.3' :U.50 15.al U.IA .20

• 13 03 12 ~5 1031 2O.7S 1.35 12.'0 1.21
T 12.•e 1210 10 Q(l ".'5 1.1. un 1.31

• 1240 11.75 1071 t' 47 '.SI 12 75

• 12.0. 10.11 1117 '77 1352 1.30
tO 11..5 10 '7 20.00 '.27 1313
1 11 71 \100 20.1' • 17 112lI 2.01
1

711
la.~. 12.0 • \ S. 15.3•

115: 11.1 11. Hum
11 53 2171 U. 15.78
11." 12.00 21.73 U 1100

7 10.11 1200 21 e3 11 1 . 7
1010 1230 21 53 1110 ,.
ISO 12.53 21 51 1117 1

11.11 1011 "31 1 o
1 12.00 10.tO 1320 11.SO

11.17 13.10 22.30 '.S. ti
71 1 11.'.

11.72 11.57 221. 1 .01
".'S 15 u 333 t 58 1723

• 11.70 t5~ 310 17 ..
t ~.OO ,,:lO ;J.~ 1 5 11 52
1.77 1~ 11 2.37 1 7 17.50

00 15.7. 1.05 1 7 11.SO
DO t.OO 4.11 1 S 17 MI

1 12.1. 17.00 4.10 .1 .~ ,.00
.05 171 435 '.75 11 00

11 1 n." t7 " ID 1••3 l. tO
1 .11 1730 25., ,.13 11 35
t'.aI 172S '5.0 1•. 7t1 1142
1 '.•7 1111 2'.40 117. 1171
\ .•0 11 30 27.17 11.02 l1t4
1 .70 U"O :z7l!5 •• 0Il ".""

7 1 . 20.20 2115 11 SO ,...
0.15 2'.40 ".15 20.31

• 0.01 2.55 ,.10 lt.lIt
10 ti 34 2J 72 11.02
11 , !314 21.5 11.22
1 1 22 •• 2.02 2102

Itft ueo
2 22.11 21.S\ 21.13

2a.•2 11

• '552 t 07
25.'2 O"• 25.12 .•2

7 2555 U.IO 1.\2

• 25.7. 21.'7 '21

• 257 30.'4 72

Il 20.15 21112 21 71
20.04 27.14 21.71
20.011 21.112 22.02

1 20.15 2•." 22.14
22.71 21.17
2•.•• 33 ea
2113 33 52 272.
2.52 3372 2724
2... 3315 U.S3

"12
n'I

2 3t 4' 3045 35.00
3 3170 3119 3.18
1 3\ 11 31.30
5 32.U 3131 37 \7

• 3251 31.55 3.44
7 U.53 31 5. n.2O

32.53 32.20 37.33
33.70 32.311 31 'A n.n

lO '2.17 '2.10 3•. 02 23.85
3! 75 32.5' st.l 22.0S

1 USS 33.21 23.13.... SI.13 ".1) st211 2110
UIO 3S.7 3132 2' 7t

3300 37 7. '8.28
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Table B-I. 3.2 (4) Variation ofGroundwater Table (Azapa Valley)

<Variación de Nivel Esta/ieo (Valle de Azapa»

~
228·0 lU·7 ,,,.. 71.·7 1I1l1·K lU·7 110.1 111·1 111·1 ID'" 122·1 12... 1u ... 117.' In·',..... , __o ,__o

'_MIO ,... '0' ,....., ,....,o •• "'O '...01 '....,• ,lit "u ,- 100'- --,-- ._-
AD-13 CC-15 CC-II <:c-21 mo" Cl).I3 eD-24 eD-25 " eD-:SZ llCoI AA- AA-' AAo3 AAo.

4 34.70 :seO 7 11 1
3U5 'H 1,.., 1

4." • • 1 4
'.7a 1
It.~ 1

1 5.05 .. '4 11. 7
11 35.22 .5 11.51
1 35031 ., .3 ".55

.5<1 35.511 1.00 •. 11 1I~"
35 SIl 400 .71 11..2«1
S5.7 40." I.H 11.01

• ti 01
5
I
7 35.51 40 71 .11 13.'1

.11 1323
35.3' .•0

I 35.20 •••
1
1 35.S3 2•.••

&!lo 1 35. 21.7
35.70 2.8.
35.•' 2'.lIe

• 35.5' 2' 17

35.25 27 "

38.1 32.25

10 ,..•5 32 "
1

34.•5 27.
.711

34.38 21.30 27.' .35 l •.•'

• 34 •• 71.01 27.111 '.04 11.58
5 5.12 34.'0 20.70 27.01 '.10 11.58

!5" 3•.U :MI.O' 28.71 '.77 1·."
!5.37 34.00 20.11 2I.S ·.e8 '·11
!5.3I 33.77 18." 2e.1I .05 '·.·7

1 25.25 33.73 20.15 25.85 '.3' ,...,
11 25.0' 33 37 21." 25." '7

33.28 25."
NI , 03 S3.25 21.55 ' 3' 1 11 17.15

51 33 2. 21." .21 1 .es 17011
!5.07 "11 21.52 5.11: 75 07.20

• 5.04 32.7 21." .18 1 ,St 171

n.D4 32.40 20." 5.41 11.3! 17.3lI
32.30 5.38 11.53 17.~

".7 31.'8 18.12 5.51 1111 17.'

• 31 .•' 15.71 l' .8 PJ'I
1 5.87 U t5 1751
1
1 ,. C3 31.'8 20.17 2'.78 12.10 17.70

1., 32.28 27.11 1: .17 t7.77
32.37 27.38 12.85 17 .0

• 32 70 27.80 13.34 '·'5

I 17.'8 22.15 2017 3215 20.78 28811 .,
7

•• 17." lI2.7 :MI.37 32 ell !O.'5 2. !el .l't,

11 11.05 U.7 11.77 33.2' ZO.08 28.83 ·.27
1

8011

tl.13 10." 3'.ge 210. 30 •• tO~

tI.37 ".00 31 03 11.37

11.'5 385 11 ••

ta.'8 H" 3112 1 7.
1
1 ti. 57 37 .11 32.7
t

'''t 11.•' 3.22 31.'2 7.57
2 11.•' 34.011 7.71
:1 11.12 3'.'0 7.e7.. 28.71 ".20 20.73 33." 7.5' 17.'2 11."
5 30.77 38.35 20.e5 33.17 tI.08 II.H
11
7 211.118 31." 34.50 11.11 t.13

• 211.7' 31.57 20.111 34.03 ".7 11.01
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Table B-L 3.2 (4) Variatioo 01Groondwalef Table (Azapa ValIey)

< Vari.acidtt dt Ni\'tl EstaJico (Valle de Azapa»

•

•

~.
.. . · . •• .

• • •
~ • • •

~.
• • • , •, m , , ...

•
"« ..

~ • , ,
•, • , , ,

,,
• ,

• , ..,
•

•• ....
• , .

•, •,
• •
• • • • ,

• • • • ,
~

, , , •• , ,
l!i,

:i:i'"
, .,

,
" • ,

¡.......; , , · , ,
~

,

~ '", • , • ,.. , , ....
~

• , ,
• •, • • •, ,

t:i .. , • ,
"• "

,, , . ,
• ·"

, , ,
, • , • ,

, , •
, , • ,

,
, .. ..

, .. , , ,
• .... ,,

•
1111 ,... .... 31U '", ,. .. .... '", ,. 12 .... "• "" .. " "" " .. o." I1U 11."

• .. " un " .. nI? 1'.0- 11."

• • .. • ,
• "" 3157 3'0.'1 .. n 11.7 II.H
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Table B-I, 3.2 (5) Variation of Groundwaler Table (Azapa Valley)

< Variación de Nivel Estatico (Valle de Azapa»

ts: 221..0 1U-7 121-4 214·7 101·K tl4-7 110·1 " 1-11 101-1 101-4 122·1 121·1 115·1 112-4 113·2.-....._"' .-"' ._ .... ....... 11207'01 ........ 11:10 ,Ot. 1120 70'........ ,....., ... .- ....-....... .ao ....
AD-U OC-15 CC-II CC-21 CO-12 CO-13 <:0-24 CO-25 co-31 co-32 DC-5 AA·1 AA·2 AA-3 AA-4

I
1O

"12 41." 3550
1211 11.17 40.42 4141 21.11 35.34

2 11.tI 43.13 41.12 20.14 35.M
3 11.11 43.17 41.42 210t 35.50
4 11.30 20.13
5 11.34
1
7 45.10 43.12 20.77 35.11 1141
1
I 11.41 41.50 43.54 20.12 3585

1O
11
12

131'1
2 47.10 45.00 20.13 37.45
3 1114 4•. 10 45.13 21.1. 37.15
4
5
1.,
1 11.12 41.17 41.71 22.00 JI.17
I

1 20.22 41.00 47.14 20.18 40.•0
11 20.12 41.15 47.54 20.20 40.13
12 11.15 41.4. 47.13 20.13 41.08

nI-16

Tabie 8·1. 3.2 (5) Varialion or Groufldwaler Table (Aza~ Vallcy)

< VariadÓll de Ni\'tl EsuJtil'o (Volfe de kapoJ>

i"'. - • ·- 1 tl

• • • - • ., ,-
• • • • • ~.

•
•
U

" UM... "" MU UM "" HM

• 1111 "" .. U .... HM, U1I "" .. U .... H"
• .... .."• "M

•, .... "" .. " .." IIn

•• "M M " .... .. "..
U

"
" • •• • .. ,

•

M , ,

~ rn 47 ,. •
~~M' "MM " •
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Table B-I, 3.2 (6) Variation of Groundwater Table (Azapa Valley)

< Variaci6n de Nivel Estalico (Valle de Azapa»

~
IIlI·' 2U. 11l0.1l "'·7 lU·5 224·4 104·3 103·5 22tH '''-5 IU·' Itt-K U4-5 102·7 1t4·0

'EIO ,_ 'IDO'_ 'D- ,.,. 7000 '&JO 7000 '130 701 ,.,., '&30 lO'. 'D'" ,ao ,., '&30 '01 1*'0 J010 ,ao 7010 '&10 701 '.701
AA-5 AC-2 A[).3 AD-4 AO-5 AB-IO BA·IO 1lA-2 BA·20 BA·3 BA-e BA·' 11&2 88-t ~

~

2
3
4 2'.74
S 2815

• 14.42 2....
7 21.'7

• U.oe 27.'4

• 12.'4 21.11
10 13.20 2'.72
1t 21.43
t2 28.'0

1311 U.II' tI.55
2 U.211 27.'2
3 10.2' 2'.4'
4 11.70 23.50
5 '.74 23.50

• 8.78 25.'0
7 4." 27.70

• 3.35 22.oe

• 2.70 21.44
lO 231 20.20
1t 2.44 13.80
t2

1411 2.51 ".'2
2 2.3' ".40
3 2.35 tI.15
4 241 1.14
S 2." ".47

• 2.'0 11.01
7 2.55 17.

•8 17.75
lO 3.00 11.0'

" 3.32 ".31
12 3.511 11.20

11511 3." 11.00
2
3 3117 1100
4 387 ti 73
5 4.25 18 110

• '.77 18.15
7

••lO tI.44

"12
11II1

2 21.50
3
4
S 21.'0

• '.77
7 '.'7 20.'0
11 7.1' 20.71
8

1O 21.13
1t 22.43
12

11711
2
3 '.82 24.74
4 ... 23.73
5 '.71 23.'0
I 713 20."
7

• 7.70 20.02

• 7.31 ".83
lO 7. SI 21.20
11
12 2115

11I1 .... 20.00
2 7.22 21.0'
3 5.45 11.72
4
5 3.17 17.0'

• 2." 1113
7

• 2.78 t7."

• 2 20 U.57
10 2.1' 11.00
11 2.74 17.57
12 2.7' 17.13

"" 2.15 17."
2 3.01 17.~1I

3 214 17.02
4 3.'0 11.78
5 3." 11.5'

111- 17

Tabl. 8-1. 3.2 (6) Variation of Groundwater Table (Azapa VaIley)

< Variació"n de Nivel Esuuico (Valle de }.zapa»

•

•

~
• •• • "
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• U" n"
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~, U ... lf SS

• U.U 2712
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• ." ...,, ... 17.10
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w. ." 1112

• 1.31 ....
• ". " 15, ... ""• ... "U,

'" ...., ... U",
• HU.. .... .. ..
" ". .. ..
" ." ....
~ ... ....
•• ." ...., ." 111)

• ,.. .. ", '" 11 IS,
••.. .."
""w., 2. SO

•,
• 21 .0, '.H, '.17 .. ", 7.11 .. "•
" " u
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"1711
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"" 2' U
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" ", un- " 1711
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Table B-I. 3.2 (7) Variation oC Groundwater Table (Azapa Valley)

< Variación de Nivel Eslalico (Valle de Azapa»

~
tO -1 225- tM.O tt.-7 lt7-5 'U·4 t04-~ t03-5 22o-t t'.·~ 125·' tll-K u ..~ tO'·1 1U'0._- .-- ,.....- .-,.... 'ao_ ._HI '1»7'01 ... 7" 1130 lO' .-_. lao HI .-,., ,_ .....-... ,- ..,
""-5 AC.I &I).~ AO.4 &1)." AB.tO BA·tO BA·' BA·20 1lA·3 1lA.a BA.' -, 118-8

_.
• S.,. t •. 40
7 3.45 t •..,
I S.31 t'.4t

• S.•, t'.5.
tO u. ".35

" 3.41 ".31
12 3.72 " 4'

701' 4.'0 " .•0
2 S... 1'.•'
S 4.20 ".10

• •.01 1•.••
5 •.03 ".45
I ".42
7

• 4.1' 1•.••

• 4.10 ".40
'0 4.0' ".7'

" '.5' 11.77
12 '.37 21 .•2

71/t .... 1....
2
S
4 514 " .•5
5 517 t7.2I

• 5.1' t7.12
7 5.21 t7.5.

• 17.47

• 5.40 t7.5'
10 5.5' 17.'2

"12 '.5' 17.10

721' 5." " 00
2
3 S.72 11.'5

• 3.43 '.40
~.15 U.15

11 ,.
21!

1 2.5S 17.40
'0 2.10 17 S'
1 ,..., 2.13 ".~I
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Table B-I.3.2 (7) Varialioo ofGroundwater Table (Aupa Valley)

< Variación dt NiW!J Esta,;co (Vaflt dt Atapa»
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Table 8-1. 3.2 (lO) Variation ofGroundwater Table (Azapa Valley)

< Variación de Nivel Estatico (Valle de Azapa»

~
101-1 225- 100-0 '''7 117-S 224·4 104·3 103·S 210-1 ll1-S US·I '"·K 134-S 102·7 1,.-0

'_tOOO ._ 7000 ._tOOO '_7_ ._~ ,1.10"' ._M1. '_70' ._te. '''''''0 ,.. 71t 'ao'.' lao 'Ot' ,.. 'et ,.. ,.,
AA-S /lC-2 AO-3 AO-. AD-5 AB·l0 &A.'O BAo2 &A·20 BA-3 &A" BA-t 1lB-2 ll8-4I IlB-I

•
'0
II
l2 1•.1111

1211 15.7. 35.52
2 •.30 15.7• 31.11 32.7.
3 •••• U .•2 15.11 30.2 31.'0

• •.7. U.11 31 •• 34.10
S

•
7 157S 3113 33." 3310

•• 3423 15.7' 32 '7
10
11
l2

11II1, l •• H.'7 ,.30 3•.0. 31.SS
Isa 31.3. 11.72 U.l. 31.51

•
•
• 1.31 37.S1 "10 35.2 37.•0

•
" &.~I 37 S3 ti 20 3115 3784, 1., 3I.7S ti.33 31.25 311
1 1.•, 3.,0 11.33 3'.32 31.15

Source : ObIervatioa by OOA
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Table B-I. 3.2 (10) Variation o(Groondwaler Table (Azapa Valley)

< Variación d~ Nj\'~1 Estatico (Valle de Az.apa»
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Table B-1. 3.3 (1) Groundwater Quality (Azapa Valley)

<Calidnd de Agua (Valk de Azapa)>

-l?
~

~
pH TOS El; Ca Ma Na K S04 a C03 HC03 N03 SI02 U B Fe Mn As Zn Q¡ F Al

WELL m.mho/cm mall mall mall mall mall mall mall ma/l ma/l mall mall mall mall mall mall mall mall mall mall
STANDARD e.S·8.O 1000 - - 125 200 - 250 250· . 10· - LOO 0.30 0.10 0.05 5.00 1.00 1.50 0.20
136·1 7.1 1252 1500 195.8 12.8 158.8 21.1 300.0 214.9 0.0 349.0
135·3 7.0 1453 1353 189.7 15.8 104.9 5.2 169.7 346.1 75.5 223.9 18.6 177.0 0.1 0.0 0.0
139·6 7.4 873 1094 150.6 18.0 73.4 4.4 240.6 122.1 9.1 196.8 42.8 <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 0.0 215.4 2.1 41.7 1.4 0.0 0.0 0.0 0.0 0.5
141-B 7.2 1073 1524 186.9 22.7 180.6 12.9 242.9 227.1 6.7 247.9 10.6 55.7 <0.2 1.2 0.3 0.4 <0.05 0.0 <0.01 1.5
142-6 7.1 946 1575 171.8 17.1 72.6 4.2 222.8 173.2 0.0 178.5 10.0 38.0 <0.2 0.8 0.2 <0.1 <0.05 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 6.4 194.2 23.1 <0.2 1.1 0.3 <0.1 <0.05 0.1 <0.01 0.2 0.1
145-0 7.3 948 1268 166.8 14.2 75.8 3.3 198.7 191.9 0.0 196.5 5.6 52.2 0.0 1.0 0.0 0.0 <0.05 0.0 0.0

147·7 7.2 753 961 141.6 17.0 68.9 3.7 174.0 127.2 4.2 181.7 6.4 40.8 <0.2 <0.1 <0.1 <0.05 0.1 <0.01 0.3 <0.1
148·5 7.2 657 1092 113.7 14.7 49.0 6.0 199.0 95.0 0.0 198.0 4.6 45.0
149-3 5.8 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 44.8 205.6 10.9 861.3 532.4 0.0 211.0 113.1 94.2 0.2 0.0
106·K 7.7 881 1090 133.7 8.9 97.5 13.8 225.9 158.0 0.0 225.2 0.0 110.3 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 1.7
128-0 7.2 658 1110 126.0 13.5 79.8 4.6 199.7 92.0 0.0 169.4 3.1 34.8 <0.2 0.9 <0.01
130-2 7.2 717 884 130.7 16.5 73.2 15.3 208.8 118.0 8.3 183.8 20.0 49.0 <0.2 1.2 <0.1 <0.1 <0.05 <0.01 0.2
137·K 8.3 950 115.3 36.6 80.0 3.8 214.8 85.1 72.0 206.4 1.1 0.0
138·8 7.3 886 1135 201.4 20.3 85.0 1.5 244.1 147.4 204.4 5.0 1.3 <0.1 <0.1 <0.05 0.4
154·K 7.3 1351 1520 271.3 29.2 84.5 16.3 483.5 220.8 0.0 251.1 <0.2
155·8 7.1 1573 1695 299.8 32.7 140.5 6.4 525.3 251.7 0.0 255.9 0.0
157·4 7.2 798 1080 145.3 15.5 68.0 3.6 214.0 123.4 17.3 190.5 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 4.5 265.3 150.1 21.3 209.2 5.7 38.4 <0.2 <0.1 <0.1 <0.05 0.0 <0.01 0.4 0.0
159·0 7.0 1089 1520 200.2 8.5 63.7 3.9 270.4 146.1 0.0 222.7
160-4 7.2 897 171.0 18.7 101.0 6.0 273.8 144.5 0.0 290.7 45.3 <0.2 0.0 0.0
161·2 7.1 975 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 4.4 177.3 4.8 41.4 <0.2 0.2 <0.1 <0.05 0.1 <0.01 0.5 <0.1
166·3 7.5 886 1131 164.0 15.5 92.1 4.6 250.2 151.6 0.0 219.7 4.2 49.9 <0.2 <0.1 <0.1 <0.05 0.0 <0.01 0.4 0,0
167-1 7.1 905 1240 170.2 19.1 86.0 17.0 266.0 151.5 0.0 266.0 45.5 <0.2 0.0 <0.01 0.0
168·K 7.3 5624 8100 566.0 21.1 305.8 214.3 1240.5 2149.4 0.0 209.4
121·3 7.7 1219 1300 200.2 18.3 93.1 5.4 322.6 191.7 0.0 215.3 1.7 0.0
112·4 7.2 949 1160 182.4 18.0 90.0 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 70.0 3.8 296.3 108.5 0.0 212.1 1.8
129-9 7.4 777 987 142.4 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 75.0 3.8 216.0 122.0 0.0 204.0 45.0 0.3 <0.1 <0.05
100·0 7.0 779 1420 126.1 14.8 90.3 5.3 294.0 137.0 0.0 318.0 4.0 26.5 <0.1 1.8 0.4 <0.1 <0.05 <0.01 0.2
117-5 8.1 776 860 88.2 9.4 40.0 2.5 166.3 79.8 34.0 133.8 0.0 299.7 1.3
177-9 7.3 741 954 131.5 17.2 66.8 5.3 199.2 108.0 2.6 194.5 0.0
183·3 7.3 636 870 119.3 12.7 62.0 5.0 213.8 82.6 4.1 198.0 0.0
184·1 7.1 615 115.0 13.0 59.0 3.9 209.0 87.0 0.0 161.0

186·8 6.9 989 1406 174.3 17.4 73.9 3.9 274.6 145.3 0.0 216.4 6.9 48.8 <0.2 <0.1 <0.1 <0.05 0.0 <0.01 0.3 0.0
187-6 7.2 1026 1527 194.0 20.4 98.3 5.4 304.3 161.6 0.0 304.3 49.0 <0.2 <0.01 0.0
188-4 7.2 790 128.0 17,0 230.0 126.0 0.0 229.0 120.0 0.0
190·6 7.7 798 953 134.6 15.9 79.4 5.3 271.2 108.2 0.0 119.8
103·5 7.3 670 104.0 12.0 87.0 5.4 212.0 104.0 0.0 184.0 0.0 46.0

Table B·~ 3.3 (1) Groundwater Quality (Azapa Vaney)

<Calidadde Agua (Valle tk Atapa»

s,

~M pH TOO '" " No K SO< o ceo ""'" N03 5,o2 U , Fo "" A. ln '"
, ..

WEU. m mholc m 11 m 11 m I m 11 m 11 mil m I m 11 m 11 m I m 11 m I m 11 m 11 m I m I mil m 11 m 11
STNlDAAlJ fJ·' o tOOO· . '" 200· 250 250. oo· . 1.00 " O" 005 500 , 00 'SO "136·' " 1252 " O 105.8 , • 1588 21. 1 300.0 214.9 0.0 3~O.O

135·:1 70 U53 1353 1897 15.8 104.9 " 1159.7 346.1 75.5 '" '" 111 O O> 00 0.0
139·6 ,.. m , .. 150.6 18.0 73." .. 240.8 \22. , .., 19&.8 '2.8 <0.2 00 <0.01 O>

1'0·K " 059 1200 135.5 18.5 ." '.0 2'0.3 '00.9 0.0 215.• " '" ,.. 0.0 0.0 0.0 0.0 05
1.. ,·e " 1073 152. ISll,9 ., II .6 ". 242.9 27. t .., 2.7.9 10.15 5 ., <0.2 .., O., " <o OS .0 <0.01 1.5

'.2·6 ,., ... IS7S 171.8 '" , •• " 22 • 1732 0.0 178.5 10.0 '" <0.2 O., M < ., ...OS 0.0 <0.01 O, O>
1<&3·' 72 1381 1119 223 B 23< 92.1 .. 230.7 288.7 • < 194.2 23.1 co.2 '-' o., cO.l ....OS O> <0.01 02 O. ,

145·0 " ... 1268 166.8 1'.2 75.8 ,., 198.7 HII,O 0.0 196.5 5.' '" .0 " 00 00 cO 05 00 0.0

'.7·7 " '" .., UUi 110 88.11 ,., lU.O ,
" .., 181.1 ••• 40.8 < . < ., <o. , <O.OS \ <0.01 O., ..0.1

l.a·5 ,., '" 1092 113.7 14.7 .9.0 '.0 , 9".0 95.0 0.0 198.0 ••• os.
,.g.] " 1929 2525 309. <92 1158.15 ". U35 577.15 '.0 93.0 11.5 e2.S
150·7 " B35 .113 4!lee ... 20515 OO. 8151.3 532.• 0.0 11.0 113.1 ." 02 .0, .K ,., .., 1090 133.7 ••• 97.5 13.8 225.9 158.0 0.0 225.2 0.0 110.3 0.0 0.5 0.0
108-6 ,.. ... '" " • 'lO .. O " 2015 2 81 .• 0.0 1"3. 7 1.7
128·0 " ... 1110 12e o 'OS 7O' ••• 199.7 92.0 0.0 1119.• ,., 3 •.8 <0.2 O., <0.01
130-2 ,., '" ... 130.1 16.5 73.2 15.3 208,8 1 18.0 .., 183.8 20.0 .9.0 < , .. <01 <0.\ <0.05 <0.01 O.,
137.1( " " 1153 '" 80.0 '-' 21 •.8 85.1 , 201l.• .., 00
138-8 ,., ... 1135 lO 'DO 85.0 ,.2U.l U7.'1 20•.• 5.0 .., <0.1 <0.1 <o 05 "lS'1.1( '-' \351 15 O 71.3 ". ... lB. 493.5 220.8 0.0 251.1 <02
155·8 " lS73 169S 2998 '" U05 .. S2S.3 251 7 00 255.9 0.0
151·. ,., ,.. 1080 U5.3 'SS 88.0 '-' 2" o 123. "' 190.5 ,.. • .0 <0.1 <0.1 <0.05 00 <0.01 O., < .,
158·2 '.0 '" " • 18 .8 11.• 12.3 ••• 285.3 150.1 21.3 209.2 s., 31.'1 <02 <O> <O> <0.05 0.0 <0.01 " .0
1511·0 70 10111 15 O 2002 " ." • '" U81 00 22'
160-. ,., m 111 o .. , ,

" .. 213,8 U.5 0.0 2~,1 '15.3 <0.2 0.0 00
181·2 ,., '" 1113 11•.• 19.3 ." '-' 219,6 153.2 0.0 209.5 ." <0.2 <0.0\
185.5 " '" 1112 HIl.I 22' '70 " 2n.2 U7.0 ••• 111.3 .. " .<" " <01 <o OS 01 <0.01 " <01
lU·3 75 ... 1131 18. o ,SS ." .. 2S0. 151 8 0.0 2111.7 " ... <02 < ., < , <o OS 00 <o 01 " 00
167.1 7.1 ... 12.0 1102 " , ... 11.0 " .0 , 1.5 0.0 268 o .5.5 <02 0.0 <o 01 00
168.1( " 562. 1100 568 o '" os. ", 12.0.S 2U". 00 209.•
121·3 77 12 1" 1300 "

, 18.3 93.1 50 322.8 19\. 7 0.0 215.3 ,., 0.0
112·. " ... 1160 182. '" '00 70 2.11.0 188 1 '.0 220.8 '" <02 lB 01 .0> <o 05 <0.01 O.,
113·2 " .., ... lS38 11.3 700 '-' 296.3 108.5 '.0 " ., ...
129·9 " '"

.., U2. IS.9 IlS .• ,., 229.1 125 • ,,, 1185 .., 3 •.3 <0.2 lB O. , <01 <o OS <0.01 <"
211l·3 70 '" 138.0 115.0 '"

,. 218.0 122.0 '.0 20•.0 .S.O O., <0.1 <0.05
100·0 '.0 no ,., 1261 ,.. 80.3 " " •.0 137.0 '.0 318.0 '.0 26.S <0.1 ... O., <0.1 <0.05 <0.01 02
111·5 .. '" ... ." " .00 • 11163 78.8 3•.0 133.8 0.0 " LO
177.9 '-' '" '5O 131.5 11.2 66.8 5.' lU. 108.0 .8 lt'l.S 00
183·3 " '" '" 119 3 '" "'O " 213.8 12.6 .., 198.0 0.0
18.·1 ,., BIS 115.0 13.0 59.0 ,.. 209.0 81.0 0.0 161.0
1815·S ••• ... " • 11'1 3 '" '38 ,.274,6 U53 00 216.• ••• .S.8 <0.2 <0.1 <0.1 <0.05 0.0 <0.01 " 0.0
181·8 " 1026 15 , OO. " 98.3 5.< 30 •.3 181,6 0.0 30•. 3 '19.0 <0.2 <001 00
186 •• " ,.o 128 o 110 230.0 126.0 0.0 229.0 120 o 00
190-6 77 '" ." 13. Il 15.9 '" .., 271,2 1082 0.0 119.6
103.5 '-' '70 10•. 0 12.0 .70 5.' 212.0 10 •. 0 0.0 184.0 0.0 .6.0

• •



Table B-I, 3.2 (8) Variation of Groundwater Table (Azapa Valley)

< Variación de Nivel Estalico (Valle de Azapa»

I~
101·' 22l- 100·0 "'·7 117·5 22.-. 10.-3 103·5 220-1 lIe-5 125·. lH·K U.·5 102-7 ".-0

.ao .... ,ao ... ,...... 'DO .... ........ .ao ...0 ,ao ... '1» 701 'DO JO, .ao 70' •• JO, ' ....0• ,ao .0.0 '.>e.o .......
AA·5 ~2 AD-3 AD-4 AD-5 AB·IO BA·IO BA·2 BA-20 BA-3 BA' BA·' 116-2 lI80a 116-.

1 15.20
12 •• 25~ 2tU5 .1Itl '.11 '.7 11

7111 • '5 17.21 1•.51
147 2I~ H52 ".00 '.21 ,. 15 1•.51 7.•'
1.5 17 21 l. lUl

• O... 2.37 2•. 35 17.20 ·.7. l·.•• 5.47
1.50 24.32 2•.20 15.7 2.51 U.l0 '.23

e 1.51 2'.2' 2•. 1. 15.el 2.•0 ".40 u .•• I.H
7 1.52 2'.17 25." 1547 2.•e 17." 1•.12 7.30

• 0.5e 2•. 15 2•. U 15.83 2.5e " .•0 1•.e7 7.0

• ," 23.•' U.U 15.35 2.5' 17.77 13.23 7.10
10 0.57 UII 24.0e 1. u 221 1777 U ... 7.•5
11 1.37 23.to 2•. 15 17.2e 2.35 U.7n 7:1'
12

7111
2 112 •. 70 25. 2ft ".31 U 2n 7 O'
3 1. o .00 25.10

• 1 •.10 25." 11.12 3.25 1••2 .00
5 l. .5. 25.77 tilO 385 .00
e e 2e.•0 25.eo 11.55 3 e2 14.52 .10
7 2'.5' 25.eo ti 30 3.31 7

• • 2II.5e 25.se 250 14.15 7

• 2eso 25.50 11 35 342 7.
11 4 2e.47 2555 ,.40 320 ,.20 7
11 211.35 25.•e 11135

• OS
14.25 7

1 211.30 25.•0 202e .,e 14.'0 l.'
7111

.82 27 ee 20.32 .47 15.• l .

.7' .22 20.5• 5.21 1711 10.

• 52 '7 20." '.28 ,..U 101
5 .53 3.1. 20.7' •.2e ".7. 10.0

• 1 4. U. 5.1. 15.55 10.0
7 1.•2 23.lIS 5.07 15.•5 10.1

l.' 23.110 21.U 5.00 .01

1 1 23 es 2133 5.13 15.31 ·71

• U75 20.75 5.53 lito I .~

I 20.7 5.50 ,. .. '.ta
101 20.e5 5.'0 17.0 ..

1.10 22.1. e.oo ".10 1 .5
175 22.01 5.e5 1 .1

• 1.70 227. 1.75 1 ,37 ".
57 22.e3 7.01 1 7 ".7.

15. 22.eo 7.10 1 40 117
20.30 7.~ 1 .•5 11.
2190 7.20 1130 " 1
20.15 71. 11.20 "4

••• ti 40 11.1
1 -.75 1130

" 7
12 187 '.el 3•.50 111 1'1

1111
2 l." 1.72 311.e ti ID 1
3 1.55 '.51 ".55 1

• l.e2 24.20 '.55 ~& 71 11.4 1 .•
5 155 23 .0 .... 25.-0 tI.4ft 1
1 1 7. 24.0 11.73 25.82 " 12 1 ..
7 2.• 25.20 '.U 2035
1 2515 ·., 20 •• 12.2
11 2525 '.83 U.12

10
11
12

.211 25 ID '.71
2 25.30 '.7e
3 2s~ '.7.

• 25.35 lIae I.~

5 21.10 1 .15 .00

• 30 .0 1 .•0 01
7 30.2. 1 .. 5.0•

30 .11 1 .•2 2510 1
12."

10

I
1311

301 32 24 U.tI '.20
337 33.74 1•. 21 .711

• ., 32.'7 1•.2. •. 311
5 •.•7 32.eo 15.09 •.75
1 •.7 33.37 15.21 'e.ea

,.21 53.3' e.7
1 ,.21 33.37 e .•

• 113 33.07 7. 1
11 .31 7. 1
11 .7 34.01 7. 5
1 7 U .•O 1.31

'411 34 e4 1.45
2 3•. 24 .ea
3 1 U la 77
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Table B-I. 3.2 (8) Variatioo oC Grouodwater Table (Azapa ValJey)

< Variación de Nillt/ Estaliea (VaUt di: AzilpaJ>

,~.I",I'1"', ';...
~ ,

~,
: "11,, ",• ...

• 'ü

" '""
,

, , ,,
•

,

, ,
•

Z4 Zf,.11
"15"Ü"N

,

..
•Z. 11

75 ..
24U
Ult......

,.,
.0 o

104-

- o

".•,
"..,
11"
15 "'"U
" 35,.31
"
, ,

"....,

o o ~' "

..,...,..,..,..
n •

",

....
"ü....
1177
un

".. 'P;¡;, .

..~I~'" 7, ,
uu 1M
"11 7.10
U., 710
un 7110
u.,. r.n

,

"•• •
,

,

.,

..
,
•

,

", ., ,
•

,,
,

:'il.i.!l

•• •,

... ,

,

, ", ,
1" I I

" ",
1- " IH

,..., ,
,1H ,

• , 1--
• •

, • • o

I" .., .. •
" • ,, ••, ,, , , ,
,

~,..,
1Il- 19

...
, "

7' 17,
t=í'

I 7.11...

,.,

, .

, ,
, ., ,
1 .. f-+

:·~n¡.¡:
,.,

j,

"

•

..

.,
•
"..,

•
" "

..
M, ,

,

.,

H
,

,
• ,

,

I '
-'-¡,

,, ,,
•

,

• •,

H
f:::ii

•



Table B-I. 3.2 (9) Variation oC Groundwaler Table (Azapa ValJey)

< Variación de Nivel Estatico (Valle de Azapa»

~
101.1 ,n. 100·0 18.7 "'.~ " ..... 10"·~ ,o~.~ "0. 18··5 In•• '"·K n ...§ 10'·7 "".01._.- .-- ._- ,ao ,_ 'DI 7000 1&10 ,.,o 1&10 7O' • II:lO ,.,0'&10 JOt • II:lO NI ,1)0 ?O. 'DI"" o 'DO 'PO' o ,ao Jeto,.... ,.,.
AA· AC." &Do' A[).4 AIH AlI-l0 BA·1D AA·' BA·20 AA.~ BA" AA·I ..' llIH llIH.. 4 33.'3 '77".. 7 ~'.' ".71 21-.0•

4 3'." 15.•2 .12
4. 32.'4 ••••
4 • 33.28 7.45
.. 2 33 27 •.10

1 "'3.13 2 .41
1 4.4' 33.51 2•.45
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Table B-1. 3.3 (2) Groundwater Quality (Azapa Valley)

<CalidJuJ de Agua (Valle de Azapa»

--'i'"
N
~

~
pH TOS R; ca Mo Na K 804 a C03 HC03 N03 Si02 Li B Fe Mol As Zn OJ F Al

WELL m.mho/cm m011 moll moJI moll moll moll moll moll moll moll moll moll mo/l mo/l moll moll moJI moll moll
STANDARD • 5·' o 1000· 125 200· 250 250· - 10· . 1.00 0.30 0.10 0.05 5.00 1.00 1.50 0.20
104·3 7.4 626 114.0 14.0 58.0 5.5 187.5 81.0 0.0 208.0 5.6 50.5
107·8 7.4 479 473 62.2 6.7 68.0 5.8 117.1 98.4 0.0 371.0 0.9 27.8 0.4
123·K 7.5 828 1157 213.0 22.0 200.0 239.3 112.7 0.0 249.6 5.6 1.5 0.0
125·6 7 1 750 1151 136.0 13.7 61.9 5.1 222.1 89.1 0.0 219.0 4.2 132.5
195·7 7.3 778 1110 139.5 15.0 87.0 5.0 242.5 118.5 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 5.8 170.0 74.0 0.0 176.0 0.0 37.0
202·3 7.3 519 93.5 8.7 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 4.5 286.4 126.1 0.0 255.3
218-K 7.0 960 199.0 20.0 87.0 4.6 272.0 204.0 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 4,2 279.0 158.0 0.0 254.0 8.9 38.0 <0.2 <0.1 <0.1 <0.05 <0.01 0.2
222·8 7.0 895 1150 172.0 18.3 77.2 4.1 240.5 141.0 0.0 222.5 8.6 37.5 <0.2 0.1 <0.1 <0.05 0.0 <0.01 0.3 0.1
223·6 6.9 763 155.0 16.0 69.0 3.0 244.0 111.0 0.0 242.0 6.7 38.0 <0.2 <0.1 <0.1 <0.05 0.1 0.2
102·7 7.4 527 860 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· 7.7 740 980 129.7 14.6 75.0 5.1 263.1 100.6 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 0.0 189.2 0.0
IAveraaeC'¡ 7.27 913 1248.96 162.8 17.5 86.7 6.34 253.24 154.15 4.86 212 9.56 59 <0.2 1.13 <0.1 <0.1 <0.05 0.02 <0.01 0.36 <0.1

r): excepl wlllI No. 168-k.

•
Table B-~ 3.3 (2) GroundwaterQuality (Azapa Valley)

<Ca/idfJd de Agua (Vallt tk Azapa»

•

=.,.

~M .. m; '" <lo No K SO< a C03 """" N03 S," l, ,
'"

.., A. '" '"
, .,

WEU- m mhGlc
m " m " m "

m , m" m "
m ,

m " m" m , m " m , m" m " m" m" m" m " m "
STANllAAO ... 1000 • '" 200· 2SO 250· - " - - "O 030 O 10 OO, 5.00 1.00 >50 O O
104·3 " '" 1140 '" 'SO " 187.5 81.0 00 08.0 ,.. • OS
107.8 " '" ." 62.2 '.7 ,"O .. 117 1 98." 00 371.0 O., 27.8 O.,
123·1( " '" '" 213 O 22.0 200 O 230.3 112.7 0.0 249.6 ,.. 7.S 00
12S-f! " 750 "

, 1315 O "7 ." " 222 1 ." 00 2111.0 " 132 5
195-' 73 770 1110 139 S "O .70 SO 242 S 118.5 0.0 2315.0 7.S ... <02 <0.1 <07 ..O 05 <O 01 03
197·3 73 ." .05 ".0 "O 'SO .. 170.0 '4.0 0.0 , 115.0 .0 31.0
202·3 73 '" 'H '.7 'O .. 151 O 71.3 0.0 158.5 ••• 40.3
203·\ " • 05 1100 181.] ".." .., 288 .. 126.1 0.0 255.3
218-1( 7.0 .50 "" 20.0 87.0 .. " .0 204.0 0.0 238 O 17.0 39.0 <02 O., 03 < 05 <O ,
221·1( " '" lBS.O "O 'SO " 2111.0 158.0 0.0 254.0 ••• "O <02 <0.1 <0.1 <O OS <O DI O.,
:2 2·8 70 .., 1150 112 O '" 772 " 2" .5 141.0 0.0 222.5 ••• ST' <02 O. , <07 <O OS 00 <O 01 O., 07
223·15 ••• '" 155 O ,"O 69.0 '.0 2.... O 111.0 00 242.0 " 'SO <02 <07 <07 ..O OS O., O.
102·' " 527 50 a:U1 ,., 7 730 15.5 124.1 0.0 111.0 O .., O.,
134·5 " ,.. ,.. 10•• 2 '" 5•.2 ., 115.8 75.5 '.7 ,.. " 30' <O, 7.7 < , ..O 05 0.0 O.,
:2 11·8 '"30 7.7 He '" 129.7 14.11 75.0 " 263.1 100.15 0.0 201 15 LO O.,
301· 72 700 ." 1110 S .., 'SO ".222.11 1.7.15 00 189.2 0.0

v.ra •• 727 '" 124".911 162.8 77' ." 6.3. 2532. 15".15 ".B6 '" 9.56 59 cO.2 '" <07 <07 cO.05 00' cO 01 0.36 <07

r¡: .lIC:.P1 ..11 fila. 1lI&-k.
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Fig. B-I. 3.3 (3) Variation of Groundwater Table (Azapa Valley)
< Variación de Nivel Estatico (Valle de Azapa)>
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Fig. B-I. 3.4 Relation between Groundwater Level and Flood (Azapa Valley)

< Relaci6n entre el Nivel Estático y Avenida ( Valle de Azapa) >
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Fig. B-I. 3.5 Tri-linear Diagram oC Major Ions (Azapa Valley)

< Diagrama Tri-Lineal de Iones MO)'ores (Valle de Azapa)>
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Fig. B-I. 3.5 Tri-linear Diagram of Major Ions (Azapa Valley)

< Diagrama Tri-Lineal de Iones Mayores (Valle de Azapa»
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Fig. B-I. 3.8 (3) Variation of Salinity in Azapa Valley (San Miguel Area)

< Variaci6n de Salinidad en Valle de Azapa (Zona San Miguel»
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Fig. B-I. 3.8 (4) Variation of Salinity in Azapa Valley (Pago de Gomez Arca)

< Variación de Salinidad en Valle de Azapa (Zona Pago de Gomez»
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B-I San José Rivq

Chapter IV GROUNDWATER MONITORING

Aquüers in the San José River Basin are distributed roainly in the Azapa Valley froro Cabuza

to Arica City area and are extensively used as water sources for potable water supply,

irrigation water, industry water, etc. Aroount 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 ü 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-I,2.1.

WellNo. WellName Interval of Observation

Water Level Water Quality

- any existin~ well in Cabuza every 2 months once a year

225 Facumoo Guiterrez every 2 months once ayear

or 176 or Chugal Santa Gena

115 Cerro Morbno every 2 months once ayear

113 Las Riveras Madrid every 2 months once ayear

114 Parcela 16 every 2 months once ayear

103 Las Maitas Violeta every 2 months once a year

196 Las Animas every 2 months once ayear

199 Las Palomas every 2 months once ayear

224 HDA. San Juan de Occurir every 2 months once ayear

109 Algodnal every 2 months once ayear

110 Saucache every 2 months once ayear

142 AP Cancha Tucapel every 2 months once ayear

133 AVDA. Tarapacá everv 2 months once ayear

126 AVDA. Azola every 2 months once ayear

214 Hospital every 2 months once ayear

147 Planta AP. San José every 2 months once ayear

IV - 1
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ChapterlV OROUNDWATER MONITORlNO

Aquifers in the San José River Basin are distributed mainly in the Azapa Valley from Cabuza

to Arica Cily area and are extensively used as water sources for potable water supply.

¡rrigation water. industry water. etc. Amount of groundwater extraction reaches to

11.300.(Kx) 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

tife of aquifer is estimated about 30 years if present condítion continues in future.

Under these circumslances. following groundwater monitoring plan is proposed for

proleclion of water resources. ltems of moniloring are water level and water quality.

Proposed wells lO be monitored are mentioned below. Il is imponant to continue observatian

at lhe same wells and never lo change monitoring wells.

Total number of 12 wells are selected for the observation as follows. Far location. refer Fig.

B-I. 2.1.

WellNo. Well Narne Interval of Observation

Water Level Water Oualitv

- any existing well io Cabuza every 2 mooths once a yeae

225 Facumoo Guiterrez every 2 months once ayear

or 176 or Chu.al Santa Oeoa

115 Cerro Morbno every 2 months once a vear

113 Las Riveras Madrid everv 2 months once a vear

114 Parcela 16 everv 2 months once a vear

103 Las Maitas Violeta every 2 months once a vear

196 Las Animas everv 2 months once a vear

199 Las Palomas every 2 months once a vear

224 HDA. San Juan de Occurir every 2 months once a year

109 Algodoal every 2 months once ayear

110 Saucache everv 2 months once a vear

142 AP Cancha Tucaoel everv 2 months ooce a year

133 AVDA. Taraoacá everv 2 months once a vear

126 AVDA. Azo1a every 2 months once a vear

214 Hospital every 2 mooths once ayear

147 Plaota AP. San José every 2 months once ayear
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8-1 San José River

WeUs to be observed are listed above. However, if it is irnpossible to observe at sorne wells,

other wells should be selected in the adjacent areas.

Items oC water quality to be analyzed are as follows;

Temperature, pH, TOS, Ca, Mg, K, Na, S04, CI, C03, HC03, N03, As, F, Cd, er, Pb,

BtFet~n.Zn.Cu,AI
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8·1 San Jost Rjver

Wells to be observed are listed above. However, if it is irnpossible lo observe al sorne wells,

olher wells should be selected in Ihe adjacent areas.

Items of water quality lO be analyzed are as follows;

Temperature, pH, TOS, Ca, Mg, K, Na, S04, CI, COJ, HCOJ, NOJ, As, F, Cd, er, Pb,

B, Fe, Mn, Zn, Cu, Al
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Chapter I. TOPOGRAPHY AND GEOLOGY

B-U L1uta Rivef

1.1. Topography

The L1uta River Basin shows the same topographic features as the San José River

Basin and consists of a pan oí Altiplano, Precordillera and Intermediate Depression, as

shown in Fig. B-I, 1.1. Drainage patterns of the basin extracted from LANDSAT

images are shown in Fig. B-1, 1.2. This figure c1early shows that the catchment of the

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

abundant volcanoes.

1.2. Geology

1.2.1. Methodology of Geological Analysis

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

1) Interpretation ofLANDSAT Images

As for the L1uta 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.

1.2.2 General Geological Features of Basin

The results of the interpretation on the basin were compiled in Fig. B-I, 1.3. Since the

lithological sequence distributed in the L1uta River Basin is almost the same as that of

the San José River Basin, the details can be referred to the pan of the San José River

Basin (B·I, Chapter 1).
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1.1. Topography

The Lluta River Basin shows Ihe same topographie fealures as the San Jos~ Rlver

Basin and consists of a pan oC Altiplano, Precordillera and Intermediate Depression. as

shown in Fig. B-I, 1.1. Drainage partems of the basin eXlraeted from LANDSAT

images are shown in Fig. B-I, 1.2. This figure clearly shows that the catehment oC the

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

1.2. Geology

1.2.1. Me!hodology of Geologieal Analysis

Aboul details of!he melhodology, refer to the part of San José River Basin (B-I).

1) Interpretation of LANDSAT Images

As for the L1uta River Basin, the same four (4) images used for the San José River
Basin werc interprcted.

2) Interpretatíon of Aerial Photographs

Thirty four sheets of blaek and white aerial photographs token in 1976 and 1977

were used for the inrerpretation.

1.2.2 General Geological Features of Basin

The results of the interpretation on the basin were eompiled in Fig. B-I, 1.3. Since the

lithological sequence distributed in the L1uta River Basin is almost the same as that of

the San José River Basin, the details can be referred to the pan of [he San José River
Basin (B-I, Chapter 1).
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B-n Uuta River

1) General Geology of Basin

The geological units mentioned in the part of San José River Basin (Ref. B-I,

Chapter 1) 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,

reponed in Sonia Vogel and Tomas Vila (1980) and so on, is identified as clastic

sediments constituting a marine terrace and showing interfinger relarionship with

fluvial deposits. It could not be discriminated from recent sediments on this

interpretation.

Stratigraphy in the LIuta River Basin is summarized in the following tabIe;

Age Formation Units
Recent Recent Detrital Rb

Recent Beach Fluvial Deposits Rf
Quaternary Deposits Deposits Rd

Pleistocene Concordia Fluvial IQc
Formation Deposits Qf (Qfu,Qfl)

Pliocene El Diablo Formation

Teniary Oxaya Formation Tox

Miocene

Azapa Formation Taz

üligocene

Pre-Tenlary Basement Rocks B

2) 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
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1) General Geology of Basin

The geological units mentioned in Ihe part of San José River Basin (Ref. B-I,

Chapter 1) were also discriminaled over the Lluta River Basin on the LANDSAT

images and aeria! photographs.

The characteristic feature for me basin in comparison with the geology of San José

River Basin is that Quaternary volcanic rocks show a wider distriburion al the

upper pan of the basin situated in lhe Altiplano.

The Concordia Fonnalion outcropping around me mouth of the Lluta River,

reponed 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. 11 could not be discriminated from recent sediments on this

interpretation.

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

Age Fonnation Units
Recent Recent Detrila! Rb

Recent Beach Auvial Deposits Rf
Qualernary Deposits Deposits Rd

Pleistocene Concordia Fluvial 9<:
Fonnation Deposits Qf (Qfu,Qtl)

Pliocene El Diablo Formation

Tertiary Oxaya Fonnation Tox

Miocene

Azapa Fonnatlon Taz

IOhgocene

Pre~Tertlary Basement Rocks B

2) General Geological Structure of Basin

Many faults and Iineaments are idenlified in the area where the Oxaya and El

Diablo Fonnations are cropping out, which consist of two systems in the NW~SE

and E-W directions. NW-SE syslem is found in the lower stream. And E-W
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system can be seen throughout the basin; however, it is predominantly developed

in the area of PrecordilIera.

At the lower stream, two systems are intersected in most cases, where the strata

show a very complicated structure.

In addition to the aboye features, extremely dense minor fractures are deteeted on

the aerial photographs around the Puquios railway station, on the ignimbrite of the

Oxaya Formation. These show NW-SE direclÍons.

1.2.3 Hydrogeology ofLIuta Valley

A detailed geological map (Fig. B-II. 1.1). a geological profile (Fig. B-II. 1.2) and

geological cross sections (Fig. B-ll, 1.3) of the LIuta 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 LIuta River Basin is generally classified into Basement Rocks and

Quatemary formations. Aquifers in the Lower LIuta Valley are occurred in the

Quatemary formations, especially in the Fluvial Deposits. Although the Concordia

Formatioo also seems to be a aquifer, it distribmes very close to the sea. Therefore,

only the Fluvial Deposits are considered to be prospective aquifer in the Lower Lluta

Valley. The Lower LIuta Valley is occupied by the Fluvial Deposits. Theyare in a

interfinger relation. The aquifers seem to be extended up lO around Tocontasi.

The aquifers are accumulated in the coastal plain and the valley which was formed by

eroding the impermeable Basemenl Rocks. Thus, lhe 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 LIuta River Basin, no surface water is

reeognized in the quebradas in the middle to lower reaches except the main stream of

the LIuta River. Therefore, the groundwater is recharged mainly by the surface water

of the LIma 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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system can be secn throughout the basin; however, it is predominanlly developed

in the area oC Precordillera.

At the lower stream, two systems are inrersected in most cases, where the sttata

show a very eomplicared S01lcture.

In addition to the aboye Ceatures, cxtremely dense minor fractures are deteelcd on

lhe aerial photographs around the Puquios railway station, on rhe ignimbrite of the

Oxaya Fonnalion. These show NW-SE direetions.

1.2.3 Hydrogeology oC U"ta Valley

A delailed geological map (Fig. B-II. 1.1), a geological profile (Fig. B-II. 1.2) and

e gcological cross scctions (Fig. B-ll, 1.3) oC lhe Llura River Basin were compiled by the

Study Team based on the geological field survey and review oC existing geological

maps «1, <2, <3 and <4).

•

Geology oC the Llura River Basin is generally c1assified into Basement Rocks and

Quatemary formations. Aquifers in the Lower Llma Valley are occurred in the

Quatemary Cannarions, especially in the Fluvial Deposics. Although the Concordia

Fonnation also seems to be a aquifee, ir distributes very clase to lhe sea. Therefore,

only the Fluvial Deposits are considered to be prospective aquifer in lhe Lower Lluta

Valley. The Lower Lluta Valley is occupied by the fluvial Deposits. They are in a

inrerfinger relation. Thc aquifees seem to be extended up to around Tocontasi.

The aquifees are accumulated in the coastal plain and the valley which was formed by

eroding the impermeable Basemenr Rocks. Thus, the hydrogeological condition is

same as that of the San José River Basin. Groundwater flows in the aquifer from the

upstream lO the downstream with neither leaking to the oUlside of the valley nor

receiving water from the outside oC [he val ley.

Although the river system is developed in rhe Lluta River Basin, no surface water is

recognized in the quebradas in Ihe middle to lower reaches except the main stteam oC

the LIma River. ThereCore. the groundwater is recharged mainly by the suñace water

oC the Uuta River. In addition (O this, fissures developed in the Basement Rocks may

supply a certain measure oC water [Q the aquifers. Explanalion oC each formation is

given below;
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1) Basement Rocks

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

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 parto Thus, it is considered to be impermeable.

Described below is characteristic [eatures of different formations.

(1) Azapa Formarlon

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 impenneable to

less penneable.

(2) Oxya Fonnation

The Oxya Fonnation is divided ioto three (3) members; the lower, the middle

and the upper. The lower member consists of grey andesite intercalated with

ignimbrites and vo1canic 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 Fonnation

show impenneable to less penneable.

(3) El Diablo Fonnation

The El Diablo Fonnation consists of conglomerates and sandstone with thick

coarse sandstone and thin evaporitic intercalation. Thus this fonnation is

considered to be penneable. However, it is distributed on the plateau, therefore,

this has less relation with hydrogeological condition of the study area.

2) Quatemary Fonnations

Quatemary Fonnations consist of six (6) units; Fluvial Deposits, Concordia

Formation, Detrital Deposits, Pumice Tuff, Recent Beach Deposits and Recent

Fluvial Deposits.
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1) Basement Rock,

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

the El Diablo Fonnation and their slid blocks in ascending arder.

Fissures and joints are well developed OCaT the surface of the rocks but less

developed in the deep pan. Thus, il is considered to be impenneable.

Described below is characlcristic (ealores of different fonnarions.

(1) Azap. Fonn.tion

The Azapa Formarian is composed of fine to middle grained sandstone,

siltslone. mudstone. conglomerares, calcareous cvaporitic sediments and tuffs.

Each bed is eonsolidated and matrix of the conglomerares is rich in fine e
malerials. Therefore, the Azapa Formarian is considered to be impermeable lO

less penneable.

(2) Oxy. Fonn.tion

The Oxya Fonnation is divided imo thrce (3) members; [he lower, the middle

and the upper. The lower member consists of grey andesite intercalared with

ignimbrites and volcanic ash. The middle member consists oC breccia

intercalated wüh tuffaceous sandstone and tuffite. The upper member consists

mainly oC ignimbrires variable in welding. Lithofacies of the Oxaya Fonnatíon

show impenneable to less penneable.

(3) El Di.blo Fonn.tion

The El Diablo Fonnation consists oC conglomerates and sandstone with Ihick

coarse sandstone and thin evaporitic intercalation. Thus this Connation is

considered to be permeable. However, it is distributed on the plateau, therefore,

this has Jess celation with hydrogeological condition oC the study area.

2) Quatemary Formations

Quatemary Fonnations consist oC six (6) units; Fluvial Deposits, Concordia

Formarlon, Detrital Deposits, Pumice TufC, Recent Beach Deposits and Recent

Auvial Deposits.
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Details of each unit are described below.

(1) Fluvial Deposits

The Lower LIuta Valley is occupied by the Fluvial Deposits. Drilling results of

JICA wells revealed that total thickness of the formation is approximately 2oo

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-I well.

The deposits are stratigraphicalIy 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 disoibuted in the whole

area of the Lower LIuta 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 lirhofacies. 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 welIs were consrructed.

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

from this aquifer.

(2) Concordia Formation

The Concordia Formarion is marine deposits, disoibuted in the Villa Frontera

and Concordia area, the lower reaches of the LIuta Valley. It has a

interfinguring relationship with the Fluvial Deposirs in the Lower Lluta Valley

(See, Fig. B-II, 1.2). It changes to the Fluvial Deposits near rhe 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

1-5
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DetaBs of each unit are described below.

(1) Fluvial DePOSilS

The Lower Lluta Valley is occupied by the Fluvial Deposits. Drilling resuhs of

JICA wel1s revealed that total thickness of the fOJ1T1ation is approximately 200

m and there appear tuff layers. The tuff layers are 7 m in thickness in }-8 well,

not clear in J-2 welI, 3 m in }-A wel1 and 11 m thick tuffaceous sandy gravel in

1-1 well.

The deposits are stratigraphically divided inro [hree (3) units, the lowcr, the

middle and the upper, considering the boring results; the upper and lower units

are composed mainly of gravet beds and the middle unit is eomposed of

impermeable tuff beds, however, it is not necessarily disoibuted in the whole

area of the Lower Lluta Valley. üthofacies oí the upper and the lower unirs are

same; the deposits are formed mainly oí rounded gravels having a diameter of 5

to 30 cm. Gravels are derived mainly frem 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 lilhofacies, both the upper and lower unils are permeable. The

middle unir, tuff lo tuffaceous layers, is impenneable.

The aquifer appeared in the Ruvial Deposits is divided ioto two (2); the upper

aquifer and [he lower aquifer. The upper aquifer is mainly utilized at Villa

Frontera; a total number of 10 wells were constructed.

The lower aquifer has not becn developed; no well is extracting groundwater

frem this aquifer.

(2) Concordia Formation

The Concordia Formation is marine deposits, disoibuted in [he Villa Frontera

and Concordia arca, the lower reaches of [he Lluta ValIey. It has a

interfinguring relalionship with the Fluvial Deposits in the Lower Lluta Valley

(See, Fig. 8-11, 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 uneonsolidated sand.

The middle member eonsists mainly of volcanic ashes. The total thickness
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reaches to 200 m. It seems that the fonnation is in a interfingering relation with

other Quaternary Fonnations «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 impenneable.

As the Concordia Formation is distributed very close to the sea, it is less worth

as the prospective aquifer in the area.

(3) 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

impenneable.

(4) Pumice Tuff

The Pumice Tuff consisting of pumice and voIcanic ash is distributed in

Gallinazos and Apacheta, the lower reaches of the Lluta River. Permeability of

this deposits are considered to be small.

(5) Recent Beach Deposits

Along the coast oC the Pacific Ocean, the Recent Beach Deposits are distributed

fonning a beach. The deposits consist of sand and gravels. Fine materials are

less in the matrix. Thus, the penneability of this unit is high.

(6) 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 penneable

because the matrix of this unit is rich in fine materials.
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reaches to 200 m. It seems that the fonnarion is in a interfingering relation with

other Quaternary Fonnations «1 and <2). As for the thickness oC the middle

member, il is approximaled lO be 40 m «3) or 120 m «4).

Judging from lhe lithoCacies, the lower and the upper members are permeable,

and the middle member is impermeable.

As the Concordia Fonnation is disrributed very close to the sea, ir is less wonh

as the prospective aquifer in the area.

(3) Denital DePOSilS

The Derrital Deposits consist oC talus deposits, slope deposirs and fan deposirs.

Talus and slope deposits are composed of diCferent sizes oC 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 Can deposits

are composed oC mainly silt and sand. The Detrital Deposits seem to be

impenneable.

(4) Pumice Tuff

Tbe Pumice Tuff consisting oC pumice and volcanic asb is distributed in

Gallinazos and Apacheta, the lower reaches oC the Lima River. Penneability of

this deposits are considered to be small.

(5) Recenl Beaeh DeposilS

Along the coast of the Pacific Occan, the Recem Beach Deposits are disbibuted

Conning a beach. The deposits consist of sand and gravels. Fine materials are

less in the manix. Thus, the penneability oC tbis unit is high.

(6) Recen! Fluvial DePOSilS

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

River. The unit is composed oC sand, gravel and silt. The unit is less permeable

because the matrix of this unir is rich in fine materials.
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Chapter 11. 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) Análisis Crítico de la Red de Medición de Niveles de Agua Subterránea 1 Región.

October 1987 foe DGA by AJamos y Peralta Ingenieros Consultores Ltda.

2) Modelo de Simulación de las Aguas Subterráneas del Valle de Azapa, January

1989 for DGA by Ayala, Cabrera y Asociados Ltda. Ingenieros Consultores con

la asesoris de IPLA Ltda.

3) Estudio Análisis de los Recursos de Agua de la Primera Región de Tarapacá.

Informe Final de la Primera Etpa, June 1991, for DGA by Ingenieria y Geoteenica

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 foe springs and

N-O to 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 foor (4) nCA wells. Welllocations 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 measuremem 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.
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•

•

2.1 Invenlory of Existing Wells

The JICA Study Team established well inventory of exisring wells, dug wells and

springs by lhe same me,hod as Ihal of lhe Azapa Valley (refer lO B-I, Chapler 2.1)

based on the exisring well inventories auached to following reports;

1) Análisis Critico de la Red de Medición de Niveles de Agua Subterránea 1 Región,

Oclober 1987 for DGA by Alamos y Peralta Ingenieros Consultores lid..

2) Modelo de Simulación de las Aguas Subterráneas del Valle de Azapa, January

1989 for DGA by Ayala, Cabrera y Asociados Lid.. Ingenieros Consultores con

la asesoris de IPLA Llda.

3) Estudio Análisis de los Recursos de Agua de la Primera Región de Tarapacá,

Informe Final de la Primera Erpa, June 1991. forDGA by Ingenieria y Geotecnica

Ltda.

The CüRFü code (1975) and lhe BNA code are applied lo only deep wells (sondajes)

io the area. Spriogs (vertientes) and dug wells (norias) had no number, therefore, the

Sludy Team lemporarily assigned Ihe numbers lo the wells: V-I and 2 for springs and

N-O to 9 for dug wells. The DGA code has not been applied in the Uuta 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 8-11, 2.1

including four (4) nCA wells. Welllocations are shown in Fig. B-ll, 2.1. The Well

Inventory is attachc:d as Data Book. !tems included in the ioventory are same as that of

the Azapa Valley. None of the dug wells has any infonnation, therefore. DGA aod the

JICA Study Team executed field survey on these dug wells. In the field survey, exact

localions of dug wells were measured by GPS (Global Posilioning System). The

results of the measuremem are aloo iocluded in the Well List

Most wells are located io the Villa Frontera. In this area there are five (5) deep wells

and the rest are dug wells. Olher tWQ (2) deep weUs are locatc:d in the middle sb"eam of

the Llula River; one is at Bocanegra and the another is at Rosario. Among fuese, six

(6) deep wells were conslIUcted in 1960s. As for remaining one (1) deep well and all

the dug weUs, no dala is available.
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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 (oear 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 nCA Study Team to

supplement the existing geological data. The survey locations are shown in Fig. B-II.

2.2.

1)

2)

3)

4)

ElectTomagnetic Survey

Boring Test

(1) Drilling

Test well drilling

Observatíon well drilling

(2) Pumping Test

Water Quality Analysis

C-14 analysis

30 survey points (5 lines)

2 wells

2 wells

4 wells

4 wells (JICA wells)

1 well
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2.2 Existing Boring Data

2.2.\ Boring Lags

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

100·7 Bocanegra

100·2 Rosario

lOl-O Villa Frontera (near the Panarnerican)

lO2·0 Villa Frontera (near the railway to Peru)

103-7 Villa Frontera (near the railway to Peru)
\04-5 Playa Las Machas (near the coast)

Geostratigraphie colurnns of these wells are 3n3ched tO the WeIl Inventory (see, Data e
Book).

2.2.2 Pumping Test

The Well List (Table B·II, 2.1) shows Ihe resuhs oC the purnping test executed at the

completion of well construction. Six (6) data are available in the basin. However.

aquifer constants are nOl analyzed. Based on these data, specific yield (Sy) is

ealeulated by the Sludy Team_ Resuhs are shown in Table B-lI, 2.1.

2.3 Supplementary Geological Survey

The following geological surveys were executed by [he JICA Srudy Team to

supplernent the existing geological dala. The survey Jocations are shown in Fig. B-II. e
2.2.

1)

2)

3)

4)

Electromagnetic Survey

Boring Test

(1) Drilting

Test well drilling

Observation well drilling

(2) Pumping Test

Water Quality Analysis

C-14 analysis

30 survey points (5 lines)

2 wells

2 wells

4 wells

4 wells (J)CA wells)

1 well

11-2



B-U L1Uta Rjver

2.3.1 Electromagnetic (TEM) Survey

1) Survey Area

The survey area is located along the Route 11 in the Lower LIuta Valley (Fig. B­

1I, 2.2). Five (5) TEM lines were set perpendicular lO the main axis of the Lluta

River. A total of 30 stalions were set al an interval of 250m each as shown

below;

Ouantity of TEM Survey

Total

Profile

RL-I

RL-2

RL-3

RL-4

RL-5

Stations

6

6

6

6

6

30

Station Interval

250m

250m

250m

250m

250m

2) Methodology of Survey

(l) 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 exploratíon 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 layout 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 aboye

mentioned reasons, the TEM method was adopted for the project.
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2.3.1 Electromagnctic (TEM) Survey

1) Survey Area

The survey area 1S located along lhe Route 11 in the Lower Llura Valley (Fig. B­

n, 2.2). Five (5) TEM lines were ser perpendicular to (he main axis of the L1uta

River. A total of 30 stations were set al an inrerval of 250m each as shown

below;

•
Tolal

Profile

RL-l

RL-2

RL-3

RL-4

RL-5

Ouantity ofTEM Survey

S¡atiQns

6

6

6

6

6

30

Slation lmerval

250m

250m

250m

250m

250m

2) Methodology of Survey

•
(1) Selecred Method

The purpose of (he electromagnelic exploralion is lO clarify rhe resistiviry

structure of layers and to selecl the promising boring locations.

The measurement of Ihe eleclrical resistivily of layers has beco a tooJ for

groundwater exploration for many years. Tradilionally, D.C. current

mclhods (Wenner, Schlumberger, elc.) have been widely used for Ihis

purpose. However, oflen are problems encountered in Iypical arcas such as

desert and rocky surface where it is difficull to obtain sufficiem cumnl

flow. Funhennore, a considerable effon is usual1y required lo layout the

array, so that D.e. resistiviry surveys tend lO be expensive to perfonn. For

rhese reasons, there is a growing inlerest in [he use of non-contacting

eleclromagnetic (EM) rechniques lo measure resistivilY. The TEM melhod

used here, is srarting to be widely used for groundwater exploration with

measuring deplh from hundreds lO thousands melers. For the aboye

menlioned reasons, the TEM melhod was adopled for Ihe projecr.
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(2) 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 eanh interpretation can be made using techniques analogous to

those for conventional resistivity soundings.

3) Survey Results

Measured apparent resistivity curves in the area are shown in Fig. B-I1, 2.3.

Geoelectrical profiles are prepared from the apparent resistivity curve of each

station. The geoelectrical profiles along Line RL-l to RL-S are shown in Fig.

B-n, 2.4. According to the data from DGA, conductivities of groundwater in this

area show high values of 2,600 (3.8 n-m) to 5,200 (1.9 n-m) mO/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 n-m. The geophysical characteristics of each layer are surnrnarized as

follows.

(1) The first layer (5 m to 70 m thick) shows a resistivity range of 28 to 300 0­

m. The resistivity of the layer Olher than profile RL-S, is relatively high (99

- 300 n-m). These layer is considered dry. On the other hand. in RL-S it

shows a relatively low resistivity (28 - 84 O-m) due to the wet land

conditions by irrigation water.

(2) The second layer (50 m to 250 m thick) shows a resistivity range of 11 to 30

O-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.

11·4
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(2) Principal ofTEM Melhod.

In the TEM melhod most commonly used, a square Iransmiuer loop, of

which side length is decided corresponding to the desired depth of

explorarion, is laid OU[ on the ground and energized with an alternating

current wave. This current wave fonn 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

currenls as a funcrion of time, information is successively derived frem

greater depth. The value of magnitude oC rhe decaying magnetic field is

convened ro an apparent resislivily as a funclion of lime, from which a

layered eanh interpretation can be made using rechniques analogous tO

those (or conventional resisrivily soundings. e
3) Survey Results

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

Geoelectrical prefiles are prepared from the apparenr resislivity curve oC each

station. The geoeleclTÍcal profiles along Line RL-I to RL-S are shown in Fig.

B-II, 2.4. According tO the data from DGA, conductivities of groundwater in this

area show high vallles of 2,600 (3.8 n-m) lO 5,200 (1.9 n-m) m(}Jcm.

The resistivity struclure in Ihis area consists of 3 lo 4 layers, with a stratifonn

structure, in general. Resistivities of rhe layers are relatively low, less than

200 n-m. The geophysical characterisrics of each layer are summarized as

follows.

(1) The first layer (5 m lO 70 m Ihick) shows a resisrivity range of 28 to 300 Q­

m. The resis[ivity of the layer OIher than profile RL-5, is relatively high (99

- 300 n-m). These layer is considered dry. On the other hand, in RL-S it

shows a relatively low resistivity (28 - 84 n-m) due to the wet land

conditions by inigation waler.

(2) The second layer (50 m lO 250 m Ihick) shows a resistiviry range of 11 [O 30

O-m. This ¡ayer is dislribuled in the whole arca. Ir is considered as a

expected aquifer because the resistivily value of prospective aquifer is

usually in the order of ten (10) times of thal of the groundwater in the area.
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(3) The third layer (70 to 190 m thick) shows a resistivity range oC 29 to 96 0­

m. The layer exists only in stations 1 and 2 oC RL-3, and in aH stations oC

RL-4. The layer oC RL-3 is considered as expected aquiCer because oC its

low resistivity. On the other hand, the layer oC RL-4 is considered dry or

impermeable. judging from its high resistivity.

(4) The Corth layer shows a resistivity value oC less than 9.8 O-m. The layer is

distributed in the whole area. The layer is presumed to have groundwater

potential to sorne degree. However, its extremely low resistivity indicates

that the layer is much contaminated by salty to brackish water.

Lateral discontinuities oí resistivity exist between station No. 1 and No. 2 oí

profile RL-I and between stations No. 2 and No. 3 oí RL-3. These discontinuities

may be coincident with geological boundaries, such as faults or fracture zones.

4) Interpretation with Boring Log

Geoelectric profiles. described in above section, are analyzed together with the

boring logs (lithological description and geophysicalIogging data). Fig. B-n, 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-I (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 tabIe mentioned below.

The first layer is considered to be dry layer because oC its relatively high

resisrivity 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 oC salty contents

because the resistivity oí the aquifer is relatively low.

The third layer onsists of Ignimbrite appearing at the depth of 40 m.

Resistivity oC the third layer is generalIy low, Iess than 9.8 n-m. This is

probably due to the following geological characteristics.
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(3) The third layer (70 lO 190 m lhick) shows a resistivity range of29 lo 96 íl­

m. TIte layer exists only in stations 1 and 2 oE RL-3. and in al1 stations oE

RL-4. The layer oE RL-3 is considered as expeeted aquiEer because oE its

low resisrivity. On the other hand. the ¡ayer oE RL-4 is eonsidered dry or

impermeable, judging from its high resistivity.

(4) The fonh layer shows a resistivily value of less lban 9.8 íl-m. The layer is

distributed in Ihe whole arca. The layer is presumed lO have groundwaler

polentiallo sorne degree. However, its extremely low resistivity indieates

Ihat the layer is mueh eonlaminated by salty to braekish waler.

Lateral diseontinuities oE resistivity exisl between stalion No. 1 and No. 2 of

profile RL-I and bclwecn Slations No. 2 and No. 3 of RL-3. These discontinuitiese may be coineident with geologieal boundaries, such as faults or fracture zones.

4) Interpretation wilh Boring Log

GeoeJeetric profiles, described in aboye seelion, are analyzed together wilh lhe

boring logs (lilbological descriprion and geophysicallogging data). Fig. B-U, 2.4

shows geoelectric profile and Figures B-H, 2.5 (1) lO 2.5 (5) show analyzcd

resistivily profiles Results of interprelation are summarized as folJows.

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

•
The profile is analyzed as a three (3) layered mo<1el trom resistivity curves.

The results are shown in rhe lable menlioned below.

The first layer is eonsidered ro be dry layer beeause of ils relatively high

resislivily range. It corresponds lO surfaee deposits. Judging from the

resistivity, the seeond layer is eonsidered lo be a aquifer. However.

groundwater in rhe aquifer may conrain a liule quantily of salty eonlents

because the resistivity of the aquiEer is relatively low.

The Ihird layer ¡onsisrs of Ignimbrite appearing al rhe deplh of 40 m.

Resistivity oE rhe third layer is generally Iow, less lhan 9.8 n-m. This is

probably due ro me following geologieal eharacleristies.
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- 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(n-m)

1 st 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

3 rd 150< <9.8 ignimbrite ignimbrite with

joims

(2) Profile RL-2 (see, Fig, B-II, 2.5 (2»

The profile was analyzed as a three (3) layered model and no discontinuity

throughout the survey lineo The results are summerized in the table

mentioned below.

The fiest layer shows a resistivity range of 65-80 n-m and correspond to dry

surface deposits. The second layer has a resistivity range of 17 to 30 n-m

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

range, lower than 12 n-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 confmned as follows.

Layer Depth Resistivity Lithology Interpretation

(mBGL) Range(n-m)

1 st 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 joims
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- Joints are developed in [he upper part of the rock by which the rock was

broken ioto blocks. Then. groundwater saturated these joints and it made

(he rcsistivity of Lhe rock low.

It is considered lO be difficu1t 10 exploit che groundwater in Ibis aquifee,

because (he groundwater is stored in me large spacing joinls.

Layer Deplh Resistivity Lithology Interpretatian

(mBGL) Ranoe(fl-m)

1S1 0- 46 65 - 180 grave1, sandv to clavev surface deoosilS

2nd 46 - 150 13 - 26 gravello sand in upper. expected aquifee

clav lo ie:nimbrite in lower

3rd ISO < <9.8 ignimbrite ignimbrite with

ioints

(2) Profile RL-2 (sce, Fig, B-Il, 2.5 (2))

The profiJe was analyzed as a three (3) layered model and no disconlinuity

throughoul the survey lineo The results are summerized in the tabIe

mentioned below.

•

The first layer shows a resistivilY range of 65-80 n-m and correspond 10 dry

surface deposils. The second layer has a resisrivity range of 17 lO 30 {l·m

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

range. lower than 12 n~m, and is correlated lO ignimbrite with joinls as

previously rnenrioned on the survey line RL~I. e
The welI No. J~2 is drilIed on this survey ¡ine and lithology of each layer

was confinned as follows.

Layer Deplh Resistivily Lilhology Interpretation

(mBGL) Ranoe(fl-m)

1 SI 0-20 110-300 I!Tllvel surface deoosilS

2nd 20 - 158 17 - 30 gravel, sandy lO expecled aquifer

clavev

3rd 158< <12 c1av and i~nimbrite i2nimbrite wilh ioints
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(3) Profile RL-3 (see, Fig. B-II, 2.5 (3»

The profile was anaIyzed as a three (3) Iayered model. The resuIts are

summerized as the tabIe mentioned beIow. The first Iayer has a relativeIy

high and is correlated with the dry surface deposits. The second is

considered as a expected aquiferjudging from the resistivity. The third Iayer

shows a reIative1y Iow 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 profiIe was analyzed as four (4) Iayered modeI on the southem sirle

(No. 1 and 2) and as three (3) Iayered model on the northern side (No. 3 to

5). However, the second Iayer and the third layer are basicalIy same unit

because there is not so Iarge difference in the resistivity of the both layers.

The second layer is a resistivity range of 13 to 14 n-m and the third layer is

in a rang of 29 to 47 n-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. ]-A was drilled on this survey line and the lithoIogy of each

layer is confirmed as following table.

Layer Depth Resistivity Lithology Interpretation

(mBGL) Rangecn-m)

1 st 0- 30 120 - 160 gravel surface deoosits

2nd 30 - 180 26 - 12 graveI, sandy to expected aquifer

clayey

3 rd 180< <7.6 clay and i~nimbrite i~nimbrite with joints

(4) Profile RL-4 (see, Fig. B-II, 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 tabIe mentioned

below.

The first Iayer has a relatively high resistivity range, therfore, it is correIated

with dry surface deposits. The secoend Iayer is considered as an expected

aquifer from its resistivity. The second layer indicates a resistivity range of

11-7
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(3) Profile RL-3 (see, Fig. B-l!, 2.5 (3))

The profiJe was anlllyzed as a three (3) layered mode1. The results are

summerized as the table menlioned below. The firsl layer has a relatively

high and is eorrelated with the dry surfaee deposits. The second is

eonsidered as a expeeted aquiferjudging from (he resistivity. The third layer

shows a relatively low resistivity range. rherefore. ir is considered to be

eonespond tO the jointed ignimbrite as described in (1).

A resistivilY disconlinuity was observed between Ihe station No. 2 and No.

3; The prefile was analyzed as four (4) layered model on the southern side

(No. 1 and 2) and as three (3) layered model on lhe northern side (No. 3 to

5). However, the second layer and Ihe rhird layer are basically same unit

because there is not so large difference in Ihe resislivity of Ihe both layers.

The second layer is a resistivity range of 13 lO 14 .o-m and the third layer is

in a rang of 29 to 47 n-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 welJ No. J-A was drilled on lhis survey ¡ioe and the lilhology of each

layer is confinned as following table.

Layer Dep.h Resistivity Lilhology Interpretation

(mBGL) Range(Q-m)

1 SI 0- 30 120-160 l'Tavel surface dCDOsits

2 nd 30 - 180 26 - 12 gravel, sandy to expecred aquifer

clavev

3 rd 180< <7.6 cla v and ¡"nimbrite lie.nimbrite with ioints

(4) Profile RL-4 (see, Fig. B-l!, 2.5 (4))

A four (4) layered model was established and no discontinuity of resisitivity

is observed. The resuhs of interpretation is shown in the table mentioned

below.

The first layer has a relatively high resistivity range, therfore, it is correlated

wirh dry surface ck:posits. The secoend layer is considered as an expected

aquifer frcm its resistivity. The second layer indicates a resistivity range of
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13 lO 26 O-m and considered as an expecled aquifer. The lhird layer is of

relatively low resistivity range. Then, il corresponds to the ignimbrite with

joints as mentioned in (1).

No drilling was made on lhis survey line, therfore, lilhology of each layer

was confmned.

Layer Deplh Resistivity Lithology Interpretation

(mBGL) Range(O-m)

1 st 0- 40 100 - 140 not confmned surf

2nd 20 - 180 13 - 26 notconfirmed exp<

3rd 70-335 71 - 96 notconfirmed imp rmeable bed

4rd 335< 4.2 - 6.8 not confirmed ignimbrite with 'oints

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

A three (3) Iayered modeI was established on the profile. The results are

summerized as the table menlioned below.

The first Iayer is correlated with dry surface deposits since it shows

relatively high resislivily. The second layer has a resislivity range of 11 to

23 O-m and is considered lo be an expected aquifer. The third Iayer shows

a Iow resislivity range, therfore, it corresponds to the ignimbrite with joints.

The boundary of the 2nd and 3rd Iayers is uncIear at stalion 4.

The weIl No. J-1 was Iocated on this survey lineo

Layer Depth Resistivity Lithology 1nterpretation

(mBGL) RangeCn-m)

1 sl 0-12 28 - 84 cIayey gravel surface de OSilS

2nd 12 - 2301 11- 23 gravel, sandy lO expected aquifer

clayeyand

ignimbrite (?)

3rd 230< <5.8 not confirmed ignimbrile wilh 'oints
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13 to 26 n-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 thi urvey line, therfore, lithology oC each layer

was confmned.

Layer Depth Resistivity Lithology

(mBGL) Ran e(n-m)

1 st 0- 40 lOO - 140 notconfirmed

2nd 20 - 180 13 - 26 nor confinned

3 rd 70-335 71- 96 not confmned

4rd 335< 4.2 - 6.8 not confinned

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

Interpretation

im nneable bed

'mbrite with 'oints

A three (3) layered mode) was established on the prefiJe. The results are

summerized as the rabIe menrioned below.

The first layer is correlated with dry surface deposits since it shows

relatively high resistivity. The second layer has a resistivity range oC 11 to

23 n-m and is considered to be an expected aquifer. The third layer shows

a low resistivity range, therrore, it corresponds to the ignimbrite with joints.

The boundary of the 2nd and 3rd layers is unclear at station 4.

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

Layer Depth Resistivity Lithology Interpretation

(mBGL) Ran e(n-m)

1 st 0- 12 28 - 84 da e avel surface de osits

2nd 12 - 2301 11 - 23 gravel, sandy to expected aquifer

clayeyand

i nimbrite (?)

3rd 230< <5.8 nor confirrned 1 nimbrite with 'oinrs

11 - 8
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2.3.2 Boring Test

1) Location and Depth ofWell

Two (2) test wells (J-A. J-B) and two (2) observation wel1s (1-1. 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 wel1 are summarized as follows.

Well Location Latitude Longitude Elevarlon Casing Depth

No. (mMSL) (ineh) (mBGL)

J-A Lluta 18° 23' 08.95" 7f1J 13' 58.16" 178.510 8-5/8" 150.0
J-B Panamericana 18° 24' 03.85" 7f1J 17' 19.04" 74.301 8-5/8" 200.4
J-l Chaeabueo 18° 25' 42.54" 700 13' 03.31" 219.539 5-1/2" 145.0
J-2 Lluta 18° 23' 40.05" 700 16' 06.17" 107.769 5-1/2" 225.0

2) Methodology of Well Construetion

(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

evaluatíon. Furthermore, the construetion period can be much reduced by

rotary drilling method.

Typical well designs are shown in Fig. 8-11,2.10 for test well and Fig. B-n,

2.11 for observation well. The procedure of the drilling is deseribed below.

However. drilling depth, packing depth and test interval were altered by the

Drilling Expens of the Study Team to meet the hydrogeological conditions

ofthe site.

i) Test Well

The wel1 was designed as a 8-5/8" eased well. therefore. following

procedure and bit size (borehole size) are specified.
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2.3.2 Boring Test

1) Locarion and Deplh ofWell

Two (2) lest wells (J-A, J-B) and IWO (2) observalion wells (J-l, J-2) are placed

aJong the line of lhe TEM survey (see Fig. B-I1, 2.2). Localion, drilling deplh and

casing size of each well are summarized as follows.

Well Location Laticude Longicude Elevation Casing Depth
No. (mMSL) (ineh) (mBGL)
J-A Lluta 18° 23' 08.95" 7C'1' 13' 58.16" 178.510 8-5/8" 150.0
J-B Panamericana 18° 24' 03.85" 7C'1' \7' 19.04" 74.301 8-5/8" 200.4
J- • Chacabuco 18° 25' 42.54" 7C'1' 13' 03.31" 219.539 5-112" 145.0• J-2 Lluta 18° 23' 40.05" 7C'1' 16' 06.17" 107.769 5-112" 225.0

2) Methodology of Well Constnlction

(1) Drilling Melhod and Procedure

•

Bolh 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 Cor taking cuuing samples and well logging than

orher method such as percussion type drilling method. It is indispensable to

take samples and welL logging Cor the evaluation of hydrogeologicaI

evaluation. Furthermore, (he consrruction periad can be much reduced by
rotary drilling melhod.

Typical well designs are shown in Fig. B·II, 2.10 Cor test well and Fig. B-D,

2.11 for observation well. The procedure oC rhe drilling is described below.

However, drilling depth, packing depth and rest interval were altered by the

DriIling Expens of (he Study Team to meet the hydrogeological condirions
oC me site.

i) Tese Well

The well was designed as a 8-5/8" cased weIl, therefore. following
procedure and bit size (borehole size) are specified.
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Step No. Work Procedure Specification

1 DriU a conductor borehole to a Hole size: 17-1/2" (444.5 mm)

depth of 5.5m to 8.0m.

2 Install a conductor pipe to the Pipe size: 14" (355.6 mm)

driUed depth.

3 Seal the annular space between Maximum 8m depth

the borehole and the conductor

pipe by cementing.

4 Resume drilling of the borehole to Bit size: 13-1/4" (336.5 mm)

the required depth.

5 Perfonn welllogging through the Resistivity, SP, Temperature,

drilled borehole. Gamma Ray,

6 Detennine the position(s) of well Designed by Drilling Expen of

screen. JICA Study Team

7 Install casing and screen pipes as Casing size: 8-5/8" (219.1 mm)

detennined. Screen sire: 8-5/8" (219.1 mm)

8 Make gravel-packing for the Grain size: 3 - 5 mm

annular space between the

borehole and pipes.

9 Make clay-packing for the annular At least 3m thickness.

space between the borehole and

casing pipes.

10 Cementation for the annular space Up to ground surface.

above the clay-packing.

11 Perfonn the development of the At least 1 hour for each piece of

well by air-lifting and/or surging. screen

12 Carry out the pumping test by Step draw down test, constant

submersible pump. discharge test and recovery test.

ii) Observation weU

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

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

1 DriU a conductor borehole lO a Hale size: \7-In" (444.5 mm)

depth af 5.5m lO 8.Om.

2 lnstall a conductor pipe to the Pipe size: 14" (355.6 mm)

driUed depth.

3 Seal the annular space between Maximum 8m depth

!he borehole and the conductor

pipe by cemenring.

4 Resume drilling of the borehole to Bil size: 13-1/4" (336.5 mm)

the required depth.

5 Perfonn welllogging through the Resistivity, SP, Temperature. •driUed borehale. GarnmaRay,

6 Determine the position(s) of well Designed by Drilling Expen af

screen. JICA SlUdy Te.m

7 lnstall casing and sereen pipes as Casing size: 8-518" (219.1 mm)

determined. Screen size: 8-518" (219.1 mm)

8 Make gravel-paeking for the Grain size: 3 • 5 mm

annular spaee belween the

borehole and pipes.

9 Make clay·packing for the annular At leasl 3m thickness.

space between the borehole and

casing pipes. •10 Cementation for Ihe annular space Up lo ground surface.

aboye the clay-packing.

11 Perform the development of Ihe At least I hour for each piece oC

well by air-lifting amVor surging. screen

12 Carry out the pumping lest by Slep draw down test, constant

submersible pump. discharge test and recovery test.

ii) Observation well

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

procedure and bit size (borehole size) are specified.

JI - 10
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Step No, Work Procedure Specification

1 Drill a conductor borehole to a Hole size: 17-1/2" (444,5 mm)

depth of 5m to 8m.

2 Install a conductor pipe to the Pipe size: 12" (323.9 mm)

conductor borehole.

3 Seal the annular space between Maximum 8m depth.

the borehole and the conductor

pipe by cementing.

4 Resume drilling of the borehole to Bit size: 10-5/8" (269.9 mm)

the required depth.

5 Perform Welllogging through the Resistivity. SP. Temperature.

driUed borehole. Gamma Ray,

6 Determine the position(s) of well Designed by Drilling Expen of

screen. JICA Study Team.

7 Install casing and screen pipes as Casing size: 5-1/2" (141.3 mm)

determined.
Screen size: 5-l(l" (138.8 mm)

8 Make gravel-packing for the Grain size: 3 - 5 mm

annular space between the

borehole and pipe.

9 Make clay-packing for the annular At least 3m thickness.

space between the borehole and

casing.

10 Cement the annular space above Up to the ground surface

the c1ay-packing.

11 Perform the development of a well At least 1 hour for each piece of

by air-lifting andlor surging. screen

12 Carry out the pumping test by Step draw down test, constant

submersible pump. discharge test and recovery test.

11 - 11

B-II Llyll Rjvq

Ste» No, Work Procedure Specificalion

1 Drill a conductor borehole lO a Hale size: 17-1/2" (444.5 mm)

deplh af 5m 10 8m.

2 Inslal! a canduClar pipe la lhe Pipe size: 12" (323.9 mm)

conductor borehole.

3 Seal the annular space between Maximum 8m depth.

the borehole and Ihe conductor

pipe by cementing.

4 Resume drilling of the borehole lo Bil size: 10-5/8" (269.9 mm)

Ihe required depth.

• 5 Perfarm Welllagging through lhe Resistivity, SP, Temperature,

drilled borehale. Gamma Ray,

6 Determine the position(s) of well Designed by Drilling Expen af

screen. JICA Study Team.

7 Install casing and screen pipes as Casing size: 5-1/2" (141.3 mm)

detennined. Scrcen size: 5-1/2" (138.8 mm)

8 Make gravel-packing far lhe Grain size: 3 - 5 mm

annular space between the

borehole and pipe.

9 Make c1ay-packing for the annular At least 3m thickness.
space between the borehole and

• casing.

10 Cernent the annular space aboye Up to Ihe ground surface
Ihe c\ay-packing.

11 Perform the development of a well At least 1haur for each piece of
by air·lifling andlor surging. screen

12 Carry out the pumping test by Step draw down test, constam
submersible pump. discharge test and recovery test.
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(2) Structural Design ofWell

i) TestWell

The structure of borehole was detennined considering the size of the

pennanent 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

wel1 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-n, 2.10.

ii) 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 nCA 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 oí major materials are described hereunder.

i) Pipes

(i) Conductor Pipe

Standard: ASTM A-I06 Grade B schedule 40
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(2) Structural Design oC Well

i) Te" WeU

The strucWre of borehole was detennined considering the size of the

pennanent casing and screen pipes. and planned drilling deplh. The

standard design is shown in Hg. B·1I, 2.6. The boreholc size was

dcsigncd as 13-1/4" in order 10 keep enough spacc Cor gravcl packing in

an annular space betwecn 8-5/8" pipes and boreholc wall. Maximum

deplh was planned as 250m.

For future pumping use and periodical water level measurement, the well

head was conslrUcted as shown in Fig. S-U 2.8. Internal and external

weU caps were installed on the welI head as shown in Fig. B-II, 2.9. The

fence was built up around the well head as shown in Fig. B-D, 2.10.

ii) Observation Well

Considering the same purpose oC the test well, the borehole size was

designed as 10-5/8". The standard design of the observadon welI is

shown in Fig. B-II, 2.7. Maximum depth was planned as 300m.

A water level recorder donated by nCA was installed on the wel1 head as

shown in Hg. B-II, 2.11 for successive measurement by OOA. The same

fence as me tese well was built up around each welI.

(3) Materials Used

Panicular materials were selected for test and observation weIls. The

specifications oC major materials are described hereunder.

i) Pipes

(i) Conductor Pipe

Standard: ASTM A-I06 Grade B schedule 40

II - 12
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Outside Diameter

355.6 mm (14")

323.9 mm (12")

(ii) Casing Pipe

Wall Thickness

12mm

12mm

B·U L1uta River

TypeofWell

Test Well

Observation Well

Standard: ASTM A-106 Grade B schedule 40

Outside Diameter

a) 8-5/8" (219.10mm)

b) 5-1/2" (l41.30mm)

(iii) Sereen Pipe

WalI Thickness

11.2 mm

13.1 mm

TypeofWell

TestWell

Observation Well

Johnson type was selected as the sereen pipe. The detailed

specifications are as follows:

a) ForTest Well

Nominal size (ineh)

Screen outside diameter (mm)

Effective unit length (mm)

Opening ratio (%)

b) For Observation WelI

Nominal size

Sereen outside diameter (mm)

Effective unit length (mm)

Overall unit length (mm)

Materials

Slot size (mm)

Opening ratio (%)

ii) Packing Materials

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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Outside DiarnCler Wall Thickness Type ofWell
355.6 mm (14") l2mm Test Well
323.9 mm (12") 12mm Observation Well

(ii) Casing Pipe

Slandard: ASTM A-I06 Grade B schedule 40

Outside Diameter WalI Thickness Type ofWel1

a) 8-5/8" (219.lOmm) 11.2 mm TestWell
b) 5-In" (141.3Omm) 13.1 mm Observation Well

• (iii) Sereen Pipe

Johnson type was selected as the screen pipe. The detailed
specifieations are as follows:

•

a) For Test Wel1

Nominal size (ineh)

Screen ourside mame,er (mm)

Effective unir lengrh (mm)

Opening ratio (%)

b) For Observation Well

Nominal size

Sereen ourside diameter (mm)

Effective unillenglh (mm)

Overall unillenglh (mm)

Materials

Slol SilO (mm)

Opening ratio (%)

ii) Paeking Marerials

ASTM 8-518"

219.10

5.924

More than 20%

ASTM 5-ln"

138.8

5.924

6.000

Galvanized Sleel (SAE 1010115)

1.0
More ,han 20%

The following packing materials were used for both test and observation
wells.
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(i) Cement Grouting

Mixture of 50% PoI1land cement and 50% casting plaster.

(ii) Gravel Pack

Unifonnly-graded. well-soI1ed and well rounded river gravel with 3 ­

5mm grain size.

3) Results of Boring Test

The well data for each well, lithological column. casing designo well logging and

drilling rateo are shown in Fig. B-I1. 2.12 and Fig. B-I1, 2.13 for test well and Fig.

B-n. 2.14 and Fig. B-I1. 2.15 for observarlon well.

(1) Well No. J-A (see Fig. B-I1, 2.12)

i) Lilhology

The well was drilled up lO 150m deplh. Two (2) formatíons, Fluvial

Deposits and Oxaya Formatíon. were observed al the deplh from surface

lo 106m and from 106m to 150m respectively. Based on the results of

geophysicallogging and lithology observed, lhe following four (4) major

layers were classified.

(J-A)

Layer Deplh (m) Classification Lithology Periad Formation

1 st 0- 56 Shallow Aquifer clayey lo

sandy gravel

2nd 56- 59 Impermeablelayer lUff Qualernary Fluvial Dep.

3rd 59 - 101 Deep Aquifer sand, sandy to

clayey gravel

4th 101 - 150 Impermeable Bed clay. Quaternary Fluvial Dep.

ignimbrite TeI1iary OxayaForm.
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(i) Cement Orouting

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

(ii) Oravel Pack

Unifonnly-graded, well-sorted and well rounded river gravel wilh 3 ­

5mm grain size.

3) Results of Boring Test

The well data for each well, lilhological coluron, casing design, welllogging and

drilling rale, are shown in Fig. B-lI, 2.12 and Fig. B-lI, 2.13 for lest well and Fig.

B-lI, 2.14 and Fig. B-lI, 2.15 for observation well. •
(1) WeU No.J-A (seeFig. B-lI,2.12)

i) Lilhology

•

The weU was drilled up lo 150m depth. Two (2) formations, Ruvial

Deposits and Oxaya Formation, wcre observed al the depth from surface

lO 106m and from 106m to 150m respectively. Based on the resuIts of

geophysicallogging and lithology observed, the following four (4) major

layers were classified.

(1 A)-

Laver Deolh (m) Classification Litholo2V Period Fonnation

1 SI O-56 Shallow Aquifer clayey lo

sandv ETavel

2 nd 56 - 59 fmoermeable laver IUff Qualernary Ruvial Dep.

3 rd 59 - 101 Deep Aquifer sand, sandy to

clavev Irravel

4th 101 - 150 Impenneable Bed clay, Quaternary Ruvial Dep.

ittnimbrite Tertiarv OxavaForm.
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ii) Well Logging

Spontaneous potemial (SP) indicates a range of 985 to 1040 mv.

Considering the lithology, the relative basemem line (relative O line) is

established as 1025 mv. The line indicates the boundary of permeable

fonnation (gravel, sand) and impermeable formation (mud). Resistivity

indicates a high range of 20 to 100 O-m at surface, a shon range of 10 to

30 .o·m at below 60m depth. Temperature is 28 to 28.5 oC in general.

iü) Detennination of Casing Design

The position of screen pipes was detennined at the depth between 59.93

m and 101.98 m on the basis of imerpretations of lithological and well

logging data. The details of interpretation are mentioned below. For the

casing design, see Hg. B-II, 2.12.

(i) l st layer (Shallow Aquifer)

The layer consists mainly of clayey, sandy gravel and is intercalated

with sand at sorne minor parts. Tbe layer is interpreted as an aquifer

by the value of SP and resistivity, except the top surface (O to 12m in

depth). The temperature curve shows a surface water penneation 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

re1atively higher than others, therefore, the layer is considered to be

rather rich in clay.

(ii) 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.

(iii) 3 rd layer (Deep Aquifer)

Based on the values of SP and resistivity, the layer is c1assified as the

most promising aquifer in the sequence. Especially, resistivity value

shows a range of 15 to 30 n-m which is similar to the results of TEM

survey (12 to 26 .o-m). Compared to that of shallow aquifer, the value
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ii) Well Logging

Sponlaneous pOlenlial (SP) indicates a range of 985 10 1040 mv.

Considering the lithology, the relative basement line (relative Oline) is

established as 1025 mv. The line indicales the boundary of permeable

(ormation (gravel, sand) and impermeable formation (mud). Resistivity

indicates a high range of 20 lO 100 Q·m al surface, a shon range oC 10 lO

30 {l·m at below 60m depth. Temperature is 28 10 28.5 oC in general.

¡ti) Determination oC Casing Design

The position of screen pipes was detennined al the depth between 59.93

m and 101.98 m on the basis oC imerpretations of lithological and well

logging data. The details of interpretation are mentioned below. For the

casing design, see Fig. B-lI, 2.12.

•

(i) I stlayer (Shallow Aquifer)

The layer consisls mainly oí c1ayey, sandy grave} and is intercalated

wilh sand at sorne minor pans. The layer is inlerpreted as an aquifer

by the value of SP and resistivity, except Ihe top surface (O to 12m in

depth). The temperalure curve shows a surfaee water permeation to

the groundwater al dep[h from 15 lO 30m. Gamma ray value shows a

range oí 60 to 100 eps from surface to 76m depth. This value is

relatively higher lhan mhers, therefore, Ihe layer is considered to be

rather rieh in clay.

(ii) 2 nd layer (Impermeable Layer)

The layer is composed totally oC luff. BOlh SP and resisrivity values

indicate thar the layer is impermeable. The layer aets as a boundary of

the shallow and the deep aquifer.

(iii) 3 rd layer (Deep Aquifer)

Based on Ihe values of SP and resistivity, the layer is c1assified as the

most promising aquifer in the sequence. Especially, resisrivilY value

shows a range oC 15 lO 30 n-m which is similar to the results of TEM

survey (12 lo 26 Q·m). Compared to Ihat of shaltow aquifer. the value
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of gamma ray is more lower (50 - 70 cps) at the depth fmm 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 pmmising aquifer. It is observed at a zone of 50 to 100m depth.

The screen pipes were installed in this layer.

(iv) 4 th layer (Impermeable bed)

The layer eonsists of cIay at upper part and ignimbrite at lower pan.

Judging fmm 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

eps ranging form 50 to 90 for clay and 60 to 100 for ignimbrite.
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of gamma ray is more lower (50 - 70 cps) a"he dep'h from 66 lo 100

m. It is considered thar [he layer is much permeable than shaIlow

aquifer. A slow inereasing rale of water lemperature also characlerizes

a promising aquifer. It is observed at a zone of 50 to 100 m depth.

The screen pipes were instaUed in this layer.

(Iv) 4 lb layer (Impermeable bed)

The layer eonsists of clay at upper pan and ignimbrite a[ lower pan.

Judging from the lithology, [he layer is clearly impenneable. This is

supported by the followlng logging data; The value of SP exceeds

basement line (1025 mv) and Gamma ray value shows relatively high

eps ranging fonn 50 to 90 for clay and 60 to 100 for ignimbrite.
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(2) Well No. J-B (see Fig. B-n, 2.13)

i) Lithology

The total drilling depth was 200.4m. Two (2) formations, Quatemary

Fluvial Deposits and Teniary Oxaya Formation. were observed at a depth

of 89m from surfaee and from 89 to 200m respeetively. Based on the

results of the geophysicallogging and lithological observation, following

six (6) layers were classified.

(J-B)

Layer Depth (m) Classification Lithology Periad Formation

1 st 0-46 Shallow Aquifer sandy to clayey

gravel. sand

2nd 46- 53 Impenneable Layer clayey tuff Quatemary Fluvial Dep.

3rd 53 - 89 Deep Aquifer sandy to clayey

JUavel. sand

4th 89 - 104 Impenneable Layer silty cIay

5 th 104 - 147 Fissured zone i2nimbrite Teniary OxayaForm.

6 th 147 - 200 Impermeable Bed ij?;nimbrite

ii) WelI Logging

Values of the spontaneous potential (SP) indicate minus (-) in aH the

sequences. Based on the lithology and cps curve of gamma ray, relative

basement tine of SP is estimated as - 8.4 mv. Layers are clearly classified

into tbree (3) units by the eps curve of gamma ray; From surfaee 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 surfaee water

is identified by the temperature curve. at the depth of 15 to 70m .

iü) Determination of Casing Design

Casing design is determined as shown in Fig. B-lI, 2.13. based on the

following interpretation for each layer. The range of SCreen pipes are

from 60.05 m 10 90.1 m and fmm 102.1 m lO 144.17 m.
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(2) Well No. J-B (see Fig. B-II, 2.13)

i) Lilhology

The total drilling depth was 200.4m. Two (2) formations. Quatemary

Fluvial Deposits and Teniary Oxaya Formation, were observed al a depth

of 89m fmm suñace and fmm 89 to 200m respeclively. Based on lhe

resulls of lhe geophysicallogging and lilhological observation, following

six (6) layers were classified.

(J B)-
Layer Depth (m) Ctassification Lilhology Period Formarlon
1 SI 0- 46 Shallow Aquifer sandy lO clayey

gravel, sand

2nd 46- 53 Impermeable Laver elavev luff Quatemary Fluvial Dep.

3rd 53 - 89 Deep Aquifer sandy to clayey

gravel, sand

4th 89 - 104 Impermeable Laver si"v elav

5 th 104 - 147 Fissured rone i,gnimbrire Tertiary OxayaForm.

6 th 147 - 200 Impermeable Bed i~nimbrite

•

ii) Well Logging

• Values of the spontaneous potential (SP) indicate minus (~) in aU the

sequences. Based on the lithotogy and cps curve of gamma ray, relative

basement line of SP is estimated as - 8.4 mv. Layers are clearly classified

inlo three (3) units by Ihe eps curve of gamma ray; From surface lO 63m

depth as impenneable (muddy gravel or alternation of mud and gravel).

from Ihe depth of 64 to 140m as permeable, and from 140m to Ihe

bouom as impenneable (ignimbrite). The infilnation froro surface water
is identified by the temperature curve, at the depth of 15 to 70m .

iü) Detennination of Casing Design

Casing design is detennined as shown in Fig. B~II, 2.13. based on the

folIowing interpretation for eaeh tayer. The range of screen pipes are

from 60.05 m lO 90.1 m and fmm 102.1 mIO 144.17 m.
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(i) 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 n-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

lineo TIte 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 mudo Therefore, it is

considered that the layer has a small scaled alternation of mudo

(ii) 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.

(iii) 3 rd layer (Deep Aquifer)

AH the geophysicallogging data indicate that the layer is a promising

aquifer, except the high value of gamma ray in the upper pan (53m ­

63m). EspeciaHy, 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.

(iv) 4 th layer (Impenneable Layer)

TIte layer is composed of silty clay having 15m in thickness. The

layer is judged as impermeable by the value of SP and gamma rayo

(v) 5 th layer (Fissured Zone)

The layer consists of ignimbrite of Tertiary Oxaya Fonnation. The

layer fonns basement rock of the area. However, the resisrivity range

(15 - 30 O-m), a gentle increasing rate oí temperature and gamma ray
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(i) 1 Sllayer (Shallow Aquifer)

The layer is composed mainly of sandy and clayey gravel. Surface of

this layer is considered as a boulder fonnalion due to the slow dri1ling

rale (Iess than 60 minJm). Because high resistivity (60 lO 150 n-m)

appears from (he surface lo 23m the surface is dI)'. Frem the depth of

17 lO 46m, SP value is located on lhe penneable side of the basement

lineo The infiltration from (he surface water is c1early observed on the

tcmperature curve. The gamma ray shows high value (50 -100 cps)

which meaos that the Iayer predominares in mudo Therefore, it is

considered thal the layer has a small scaled alternation of mudo

(ii) 2nd layer (Impenneable Layer)

The layer is composed of clayey luff. The thickness of the layer is 7

m. The boundaries of the layer are very clcar, The drilling rafe varies

al the boundaries with other layers. The layer is c1assified as

impermeable.

(iii) 3 rd layer (Deep Aquifer)

AH the geophysical1ogging data indicate that the layer is a promising

aquifer, except the high value of gamma ray in the upper pan (53m ­

63m). Especially, the value oC Gamma Ray shows a low value (25 to

50 cps). Thus, it is considered as a high penneable layer.

The sereen pipes were installed in this layer.

(iv) 4 th layer (lmpenneable Layer)

The 1ayer is composed of silty clay having 15m in thiekness. The

layer is judged as impenneable by the value oC SP and gamma rayo

(v) 5 th layer (Fissured Zone)

The layer consists of ignimbrite of Teniary Oxaya Formation. The

layer forms basement rack oC the area. However, the resistivity range

(15 - 30 n-m), a genlle inereasing rate oC temperature and gamma ray

n -18
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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. 1-1 (see Fig. B-I1, 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.

(1-1)

Layer Depth (m) Classification Lithology Period Fonnation

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 OxayaForm.

Bed

ii) Well Logging

Resistivity shows a rather low range of 10 to 30 n-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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value indicates that the layer is permeable. Therefore, joints are well

developed in mis layer.

The screen pipes were also inslalled in this layer at the deplh from

102.1 m lO 144.17 m.

(vi) 6 lh layer (Impermeable Bed)

•

The layer consists oC ignimbrile oC the same formation as in (he 5 th

layer. However, considering the high value oC resistivity and gamma

ray, the layer is considered as dry.

(3) Well No. J-l (seeFig. B-II,2.14)

i) Lilhology

The weIl was drilled up lO 145m. Based on the lithology and wel1

logging dala, the Collowing four (4) major layers are classified. These are

eorrelated with Qualernary Fluvial Deposit and the Tertiary Oxaya

Formation.

(l 1)-
Layer DeDlh (m) Classification Lilhology Period Fonnation

ISI 0- 29 Shallow c1ayey to sandy

Aquifer gravel

2 nd 29 - 31 Impermeable clay Qualemary Fluvial Dep.
Layer

3rd 31 - 101 Deep Aquifer sandy gravel,

clay al bollom

4th 101 - 145 Impermeable clay, ignimbrite Teniary OxayaFonn.

Bed

•

ii) Well Logging

Resistivity shows a rather low range oC lOto 30 Q·m in general. Several

reversal relanon oC long and shon nonna! resistivity value are observed at

the surface to 29m depth. Gamma ray shows a boundary oC upper and

lower strata at 83m depth. The cps value is high (50-) 10) at upper. low

(20 ·80) at lower strala. A relative basemenl line of the sponlaneous
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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

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

ili) Detennination of Casing Design

Casing design was detennined 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.

(i) 1 st layer (Shallow Aquifer)

The layer is mainly composed of clayey gravel and sandy gravel. The

Iayer is considered as highly penneable judging from the SP value.

Surface water infiltration is observed at depths from 5 to 10m and 26

to 29m by the temperature curve.

(ii) 2 nd layer (Impermeable Layer)

The layer is composed of a single thin (3m thick) stratum of

Quatemary cIay. The layer is the impenneable unit between the upper

and the deep aquifers.

(iii) 3 rd layer (Deep Aquifer)

The layer consists mainly of gravel and sandy gravel. The resistivity

range is 25 to 35 n-m. The surface water inflow to the groundwtaer is

confinned by the temperature curve. The range of SP value is also

located in the penneable side from the relative basement lineo The

layer is considered as the most promising aquifer within the sequence.

The screen pipes were installed in this layer.

(iv) 4 th layer (Impenneable bed)

The layer is composed of ignimbrite of Tertiary Oxaya Fonnation. At

the top of the bed, cIay of 9m thickness is confmned. According to

the SP range, the layer is expected to be penneable by the developed

II - 20
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pOleotial is established al 935 mv, based on the resislivity value and

Iithology. A large scale of groundwater f10w into the borehole is

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

iü) Detennination of Casing Design

Casing design was detennined as shown in Fig. B·n, 2.14, based on Ihe

following interpretarion. The screen pipes were installed at the depth

from 31m to 91m.

(i) 1 sI layer (Shallow Aquifer)

The layer is mainly composed of c1ayey gravel and sandy gravel. The

layer is considered as highly penneable judging from the SP value.

Surface water infiltration is observed at depths from 5 to 10m and 26

to 29m by the temperature curve.

(ii) 2 nd layer (Impermeable Layer)

The layer is composed of a single thin (3m thick) stratum of

Quaternary clay. The layer is the impenneable unit between the upper

and !he deep aquifers.

(iii) 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

confinned by the temperature curve. The range of SP value is also

located in the penneable side from ¡he relarive basemenl lineo The

layer is considered as the mosl promising aquifer within the sequence.

The screen pipes were instaUed in this ¡ayer.

(iv) 4 lh layer (Impermeable bed)

The layer is composed of ignimbrite of Terriary Oxaya Fonnation. At

the top of the bed. clay of 9m thickness is confmned. According to

the SP range, the layer 1S expected to be penneable by the developed
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fissure. However, a low resistivity value of less than 10 O-m indicates

high contamination.

(4) Well No. J-2 (see Fig. B-I1, 2.15)

i) Lithology

Within 225m of total depth, two (2) fonnations are confinned ; 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 layen are dassified by the interpretation of

lithology and geophysicallogging.

(J-2)

Laver Deoth (m) Classification Lithology Periad Formation

1 st 0- 30 Surface gravel to Quatemary Fluvial Dep.

Deposit clavey 2Tavel

2nd 30 - 158 Aquifer gravel, sandy Quaternary Fluvial Dep.

toclayey

3rd 158 - 225 Impermeable day, Tertiary OxayaForm.

Bed hmimbrite

ii) Well Logging

An homogeneous curve is observed at each logging of SP, resistivity and

gamma rayo The gamma ray range in tbis 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 eps 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 inerement of the whole

sequence. Thus, a groundwater flow at thick sequence is expected.

iü) Determination of Casing Design

In order to determine the position of screen pipes, foUowing

interpretations were made. For details of the casing design, see Fig. B-II,

2.15.
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fissure. However, a low resistivity value oC less than 10 O-m indicates

high contamination.

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

i) Lithology

Within 225m oC total depth, two (2) Camarioos are confmned ; ane is

Quaternary Fluvial Deposit al a depth oC 158m froro surface, and the

other one is Tertiary Oxaya Formatian al depth froro 158m to the bonam.
The CoUowing three (3) major layers are e1assified by the in.e!preladon oC

lithology and geophysicallogging.

• (J-2)

Laver o.plh (m) Oassification Lithology Period Fonnation

1S1 0-30 Surface gravel to Quatemary Fluvial o.p.

o.posi. e1ayey gravel

2nd 30· 158 Aquifer gravel, sandy Quaternary Fluvial o.p.

.oelayey

3rd 158 - 225 1mpenneable e1ay, Teniary OxayaForm.

Bed Ignimbritc

ii) Wen Logging

•
An homogeneous curve is observed al each logging oC SP, resistivity and

gamma rayo The gamma ray range in (his area shows an abnonnal valuc.

Al gravel layer, a high range oC 60 to 110 eps is observed. So it is

considered lhat the penneability is fiol reflected by the eps 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

potentia1. A temperature curve displays gentle increment of the whole

sequence. Thus. a groundwarer flow at thick sequence is expected.

iü) Detennination of Casing Design

In arder to determine the position of screen pipes, foHowing

interprelarions were made. For details of Ihe casing designo see Fig. B-n.
2.15.
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(i) 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 O-m) confirms the layer to be dry.

Blank casing pipes are installed in this layer.

(H) 2 nd layer (Aquifer)

Based on a permeable indication of SP and typical range (20 - 30 0­

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 O-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 I54.0Im of this

layer.

(iii) 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 O-m indicates that the

layer has no groundwater potentia!. Blank casing pipes were installed

in this layer.

2.3.3 Pumping Test

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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(i) I stlayer (Surface Deposil)

The layer consists of gravel and cIayey gravel. The layer is considered

as penneable by the lithological observadon and SP. However, a high

resistivity value ( 30 lO over lOO O-m) confirms lhe layer lo be dry.

Blank casing pipes are installed in this layer.

(ii) 2 nd layer (Aquifer)

Based on a penneable indication of SP and typical range (20 - 30 0­

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 n-m). Groundwater flow indication is also visible al 45 lo

85m depth by the temperature curve.

Screen pipes were installed al depth from 64.02m lo 154.01m of this

layer.

(iii) 3 rd layer (Impermeable Bed)

The layer is composed of cIay al upper pan, and ignimbrite al lower

part. Low SP value indicates that the layer is impermeable.

Moreover, low resistivily range of less Ihan 10 n-m indicates thal the

layer has no groundwater potential. Blank casing pipes were installed

in this tayer.

2.3.3 Pumping Test

1) Methodology ofPumping Test

Three (3) different kinds of pumping lests; 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 instaUed, following submersible pumps were used

for pumping.
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for test wells

for observation wells

I,Soo Vmin. x SOm head

240 Vmin. x 50m head

E-U LJuta Rivq

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.

(2) Method ofTest

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 eompletion of the step drawdown test.

Recovery test The test starts immediately after eompletion of the

constant discharge test and continues until the water

level recovers its static water level.

However, in order to meet the hydrogeological eonditions at each well,

discharge rate, test duration, number of steps and time interval were altered

by the Hydrogeologist of the Study Team.

(3) Measurement

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

pumping test. Throughout the duratíon of each test, the water level was

measured and recorded following observation time schedule listed below;

II - 23

for test wells

for observaüon wells

1,500 Vmin. x 50m head

240 Vmin. x 50m head
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The pumps was instaUed 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.

(2) Method of Test

Each test was carried out following the standard method menrioned 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 staric water

level after (he completion of the step drawdown test.

Recovery test The test starts immediately after completion of the

constant discharge test and continues unril the water

level recovers its static water level.

However, in order to meet the hydrogeological eonditions al eaeh well,

discharge rate, test duratíon, number of steps and rime interval were altered

by the Hydrogeologi t of the Study Team.

(3) Measurement

The starie water level is measured just before the eommencement of the any

pumping test. Throughout the duration of each test, the water level was

measured and recorded following observation time schedule ti ted below;
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Time from stan of pumping or

increase of pumping rate (minutes)

0-5

5 -10

10- 20

20- 30

30 - 60

60 - 120

120 - 240

240 - 360

360 and longer

D·n Uuta Riyer

Time interval between

observarions (minutes)

112
1

2

3

5

10

20

40

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 aboye.

(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 aboye analyzation, Theis and Jacob methods

were applied. The aquifer constants are given by the following formulas;

(i) Theis Equation

Transmissibility (T) =Qx W(u) /47t X S

Where Q
W(u)

s

=pumping rate (m3/day)

=well funetíon of u

=drawdown (m) at matching point

Permeability (K) =TIL

Where T =transmissibility (m3/day/m)

L = thickness of aquifer (m : totallength of screen pipes)
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TIte flow rate of aIl water pumped from the well during the pumping test is

measured by both a f10w meter in the delivering pipe works and a triangular

weir. Discharge rate is recorded during the pumping test at intervals

mentioned aboye.

Time from stan of pumping or

increase of pumping rate (minutes)

0-5
5 -lO

10- 20

20- 30

30-60

60 - 120

120 - 240

240 - 360

360 and longer

D-n UUII Rjvq

Time interval between

observations (minutes)

1(2

1

2

3

5

10

20

40

60

•
(4) Melhod of Analysis

i) Aquifer Conslants

Aquifer constants necessary for the hydrogeologieaJ evaluation are

transmissibility, storage eoefficient and penneability. These aquifer

constants were analyzed by using the resuhs of the constant discharge

and recovery tests. For the aboye analyz.ation, Theis and Jacob methods

were applied. The aquifer constants are given by the following fonnulas;

(i) Theis Equation

Transmissibility (1) = Q x W(u) 14" x s

•
Where Q

W(u)

= pumping rate (m3/day)

= well function of u

s = drawdown (m) ar malching point

Penneability (1<) =T/L

Where T = transmissibility (m3/day/m)

L = thickness of aquifer (m : totallength of screen pipes)
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(H) Jacob's Equation

Transmissibility m=0.183 x Q I ~s

Where Q =pumping rate (m3/day)

~s =draw down on one log cycle (m)

Penneability (K) =T/L

Where T =transmissibility (m3/day/m)

L =thickness of aquifer (m : totallength of screen pipes)

H) 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 detennined 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 ;

Well Efficiency (%) Ew =BQI(BQ+CQ2) xBQ~~

Where B =aquifer 10ss

e = wellloss

Q =discharge rate (1/s)

In this report, the following criterion is detennined for well efficiency.

Wel1 Efficiency : more than 85%

Radius of influence is discussed in Chapter lII.
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(ii) Jacob's Equation

Transmissibilily (1) =0.183 x Q / ós

Where Q = pumping rate (m'/day)

ós = draw down on one log cycle (m)

Penneabilily (K) = T/L

Wherc T = transmissibility (m3/day/m)

L = lhickness oC aquiCer (m : totallength oC screen pipes)

ii) Well Efficiency and Area oC Influence

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

Crilical discharge is delennined by lhe slope oC lhe Q (Discharge Rale) _

Sw (drawdown) chan. Maximum pumping rate which does nol cause a

large drawdown is defined as criticaI discharge. On the mher hand, safe
yield Is esrimated by the ratio oC weIl efficiency and area oC influence as
described below ;

Well Efficiency (%) Ew ~ BQ/(BQ+CQ2) xBQ~~

• Where B = aquifer 10S5

C = wellloss

Q = discharge rale (Vs)

In this n::pon, (he following criterion is detennined for welI efficiency.

Well Efficiency : more lhan 85%

Radius oC influence is discussed in Chapter In.
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2) Results oC Pumping Test

(1) Aquifer Constants

Aquifer constants are analyzed by the graphs as shown in Fig. B-II, 2.16 (1)

to (4). The tables inelude the pumping data and the aquifer constants

ca1culated 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

m3/day/m. The highest value of 368.06 m3/day/m is found at J-l which has

the highest specific yield. J-l is considered lo have high groundwater

potential. On the other hand, the lowest transmissibilily is found al J-A

(22.72 m3/day/m). The well has also the 10west specific yield (0.24 Vs/m).

The well is considered to have low groundwater potentia1.

Penneability of the four (4) wells are similar. The highest va1ue is 1.93 x

10-3 cmlsec at J-2, and the 10west is 6.25 x 10-4 cmlsec at J-A. The average

of permeability is calculated as 3.64 x 10-3 cm/seco 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 10-6 to 1.93 X 10-3, averaging

7.26 x 1()-4.

There are three (3) existing deep wells near the entrance to Route 11 (Road

to Bolivia) from Panamericano Two (2) wells out of these, are operating.

The distance of bolh wells is approximately 500m. No influence is

recognized during operating of these wells. This shows that radius of

influence of both weUs is less than 250 m (=500+2).

(2) Well Capacity

Well capacity is evaluated by the amount of critical discharge and safe

yield. The Q-Sw chart for 10 examine the critical discharge and the Q-s1Q

chart for to obtain the well efficiency and area of influence are shown in

Fig. B-II, 2.17 (1) to 2.17 (4). The detailed results of the analysis for step

drawdown tests are described in Table B-Il. The capacities for four (4)

wells are summarized as follows;
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2) Results of Pumping Tesl

(1) Aquifer Conslants

Aquifer constants are analyzed by lhe graphs as shown in Fig. B-II, 2.16 (1)

to (4). The lables include lhe pumping dala and lhe aquifer consrants

calculated by two (2) equations mentioned above. The aquifer conslants [or

four (4) weJls are summarized in Table B-II, 2.4.

The average of lhe transmissibilily of four (4) weJls is calculated as 212.73

m'/day/m. The highest value of 368.06 m'/day/m is found al 1-1 which has

the highesl specific yield. J·l is considered to have high groundwater

potential. On the other hand. the lowesl transmissibility i5 found al J·A

(22.72 m'/day/m). The weJl has aloo lhe lowest specific yield (0.24 Uslm).

The well is considered lO have low groundwater potential.

Permeabilily of lhe four (4) wells are similar. The highesl value is 1.93 x

lO" cmlsec al 1-2, and lhe lowesl is 6.25 x 1()4 cmlsec al loA. The average

oC penneability i5 calculated as 3.64 x 10-3 cm/seco This value i5 lower than

permeability usually expected in Ihis lithology mainly consisting sand,

gravel and elayey lo sandy grave!.

Storage coefficients are in a range from 3.31 x 10-6 lO 1.93 X 10-3, averaging
7.26 x 1()4.

There are three (3) existing deep wells near the entrance to Route 11 (Road

to Bolivia) (rom Panamericano Two (2) wells out oC lhese. are operating.

The distance oC bolh wells is approximalely SOOm. No influence is

recognized during operating of these welIs. This shows that radius of

inlluence of bolh weJls is less lhan 250 m (=500.-2).

(2) WeJl Capacily

Well capacity is evaluated by lhe amounl oC critical discharge and safe

yield. The Q-Sw chan Cor lo examine the critical discharge and the Q-s1Q

chan for to obtain the well efficiency and area oC innuence are shown in
Fig. B-Il, 2.17 (1) lo 2.17 (4). The detailed results of lhe analysis for step

drawdown tests are described in Table B-II. The capacilies for four (4)
wells are summarized as follows;
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WeIl No. Critical Discharge (l/s) Safe Yield (l/s)

J-A 15.30 7.50

J-B 20.30 13.00

J-l 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 lIs and 4.13 l/s respectively. On the other hand. the

average safe yield of test wells and observation wells are 10.25 Vs and 2.25

Vs respectively. Safe yield is approximately the half of critical discharge foc

both types of well.

2.3.4 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-II, 2.1).

The radiocarbon technique is based on the generallaw of radioactive decay:

t = 'Y/log 2 x log A o/Al

where 'Y is the half tife in time units, equal to 5.730 ± 30 years in case of 14C. Aa is

referred as the 14C contem of the atmospheric C(h and Al is the 14C content of the

sample. In dating organic remains. it is assumes that the 14C activity of the living plant

at time zero was equal to that of the atmospheric C02. Then, the age of the sample is

detennined by measuring Al expressed as percent carbon modern (pmc) with respect to

Aa. which is equal to 100% of modero carbono

Several goechemical models have been developed to adjust 14C 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 sorne 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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Well No. Critical Discharge (lis) Safe Yield (Vs)

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

The average critical discharge of test wells and observadon wells are

estimated as 17.80 lis and 4.13 lis respectively. On the other hand, the

average safe yield of test wells and observation wells are 10.25 lis and 2.25

lis respectively. 5afe yield is approximately the half of critical discharge for

both types of well .

2.3.4 Carbon-14 Analysis

The purpose of (he 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-ll, 2.1).

The radiocarbon teehnique is based on Ihe generallaw of radioactive decay:

t =yllog 2x log AdA¡

where y is the half life in time units, equal to 5,730 ± 30 years in case of 14C. Aa is

refemd as the 14C content of the atmospherie CÜ2 and Al is the 14C content of the

sample. In dating organic remains, ir is assumes thal the 14c aetivity of the living p1ant

at time zero was equal to that of the almospheric~. Then, the age of the sample is

detennined by measuring Al expressed as percent earbon modero (pme) with respect to

Aa. which is equal lo 100% of modern carbono

Several goeehemical models have been developed to adjust 14C data in groundwaters

(e.g. Ingmon an Pearson, 1964; Mook, 1972; Tame" 1975; Fontes and Garnier, 1979;

and Reardon and Fritz, 1978). Each model has sorne defects for groundwater age

determination. Therefore, Modeified Pearson Model was adopted for rhe eSlimation of

the groundwater age.

Results are shown in folJowing table.
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Well No. Sampled

101-0 (A-4)

(N-5)

Tritium (TU)

<0.8

1.1±0.6

e -14 (pmc)

118.9

122.7

B·O L1UtA Rivef

Age (Y.BP)*

modern (40<)

modern (40<)

Note Y.BP*: years before present

Estimated groundwater ages are both moderno However, the tritium data are below or

dose 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.

2.4 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 dífference of groundwater quality between the aquifers. Funhermore,

continuity of the tuff bed sometimes become unclear. Therefore, groundwater of both

aquifers can be leaked each other.

2.4.1 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 repon assuming the water level

is same as that of the deep aquifer.
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WeU No. Sampled

10\-0 (A-4)

(N-5)

Tritium (111)

<0.8

L1±O.6

C - \4 (pme)

118.9

122.7

D·n L1uta RjvCl

Age (Y.BP)"

modern (40<)

modero (40<)

Note Y.Bp·: years beCore present

Estimated graundwater ages are both moderno However, the oiLium data are below or

close to !.he detection limit, thereCore. age oC Ihe groundwater is older Ihan 40 years.

The C·14 vaJues show more than 100 pmc. These do not mean (he ages are modern,

but reflec( the influence oC Ihe return flow oC surface water from Ihe irrigation area in

the agricultura! area.

The river water oC che Lluta is lead to irrigation area at the lower reach oC Tocontasi and

returns Co the river through drainage system. The surCace water of the Lluta is

influenced by agricultura! activities. Accordingly, the groundwater in che Lower Lluta

Valley is also influenced by the return flow oC irrigation water.

2.4 Configuration of Aquifer

The aquifer of che Lower Lluta Valley is mainly in the Auvial Deposits. The boring

test by che Study Team revealed that the aquifers in the Fluvial Deposils are divided

into two (2) units, the upper and me lower. separated by thin tuff beds (Ref. 2.3 of this

Chapter). Profile and cross sections ofthe cwo unils are shown in Fig. 8-11, 1.2 and 1.3

respectively. The disoiburion of tuff layers is resoicted up to Chacabuco. Towards Ihe

upper stream from here, the Fluvial Deposits Corm a single aquiCer; Ihere is no

impenneable layer between Ihe upper and the lower unils.

Although the aquiCer in the Lower Lluta Valley is divided into two aquiftrs. there is no

significant dífference oC groundwater quality between the aquifers. Funhennore,

continuily of the tuff hed sometimes become uneJear. Therefore, groundwater of both

aquifers can be leaked each ather.

2.4.\ Shallow Aquifer

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

Therefore. thickness of this aquiCer is described in this repon assuming the water level

is same as that of the deep aquiCer.
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It is min at Chacabuco, about 10 m and increases toward the downstream; it is 30 to 40

m between Sascapa and Chuilona, and less than 10m 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 Fonnation 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 nonh

is temporarily supposed up to the Gallinazo River; the width is estimated 3 to 4 km.

2.4.2 Deep Aquifer

The deep aquifer is distributed rrom 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, approxirnately 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. ¡ncreases again up to

100m 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-I1, 2.29 is a contour map which shows depth ofthe deep aquifer from me 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

Chuílona.

Fig. B-II, 2.30 shows the elevation of the base of the deep aquifer. The base of the

aquifer is aboye the sea level at Sascapa and Chacabuco. and below at Chuilona and

Villa Frontera. Elevation of the base of the aquifer is Om MSL at about 5.5 km

eastward from me Panamerican Road.

Details of me deep aquifer is sumrnarized in the following tableo

Area Thickness Width Top of Aquifer Base of Aquifer
(m) (m) (mBGL) (rnMSL)

Chacabuco 70 800 to 1000 15 110

Sascapa 50 1500 30 90

Chuilona 100 2800 to 3000 30 -25

Villa Frontera 100 3000 20 to 25 -80 to-90

note: Aquifer means the deep aquifer.
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It is thin al Chacabuco, aboUl 10 m and increases wward the downsrream; ir is 30 lo 40

m betwcen Sascapa and Chuilona, and less (han 10m at Villa Frontera. 11 is 800 to

1000 m in width al Bocanegra lo Uaeabuco area, and inmases 10Waro the downstream

from Sascapa. Reaching to Chuilona aOO Villa Fromera, Ihe Concordia Fonnation is

widespread toward the nonh and no boundary is recognized with deposits from othcr

rivers such as me Gallinazo and the Concordia Rivers. Therefore. the limit 10 the north

is Iemporarily supposed up lo the Oallinaw River; the width is estimaled 3 lO 41an.

2.4.2 Deep Aquifer

The dcep aquifer is distributed from Chacabuco to the downstream. Fig. B-II. 2.28 is

an isopach map of the deep aquiCer. Widlh oC the valley is narTOw in (he arca between

Chacabuco and Poconehile. approximatcly 800 m. lt increase its width toward the
downstream. It is approximately 70 m in thiekness and 800 10 1000 m in widlh at

Chacabuco. Thickness decreases to 50 m al Sascapa. however. increases again up to

100 m al Uuilona and Villa Fronlera. Width of!he aquifer is 1500 m al Saseapa, 2800

to 3(X)(} m near OlUilona and more than 3(X)(} m at Villa Frontera.

Fig. B-U. 2.29 is a contour map which shows depth of the deep aquiCer froro the ground

leve!. Depth of lhe deep aquifer is shallow al Uacabueo, 15 m and is deep between

Sascapa and Chuilona, 30 m. Gradient of the top of aquifer changes 10 genlle al

Chuilona.

Fig. B-II. 2.30 shows the elevation of the base of Ihe deep aquifer. The base oC the

aquifer is aboYe the sea leve1 at Sascapa and Chacabuco. and below al Chuilona and

Villa Fronlera. Elevalion of the base of lbe aquifer is O m MSL al aboul 5.5 km

eastward fiom the Panamerican Road.

DetaiJs of the decp aquifer is summariz.ed in the CoUowing table.

Anoa Thickness Width TopoCAquifer Base of Aquifer
(m) (m) (mBOL) (mMSL)

Chacabuco 70 800 lO 1000 15 110

Sasca a 50 1500 30 90

alUilona 100 2800 lo 3000 30 -25

Villa Frontera 100 3000 20 1025 -80 10-90

note: AquiCer means [he deep aquifer.
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2.5 Hydrogeological Characteristics of Aquifer

2.5.1 Shallow Aquifer

AH 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 lithofades of the shallow aquifer is almost same as that of the

deep aquifer. Therefore, it seems that the hydrogeological characteristics of this aquifer

is aIso same as that of the deep aquifer.

In the lower reaches oí the Lluta River (mainly in Villa Frontera area), groundwater is

extracted from the upper member of the Concordia Formation. It is composed main)y

oí gravel and sand, and its matrix is rich in volcanic ash and mudo 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/seco

2.5.2 Deep Aquifer

The bed of deep aquifer is composed mainly of sand and gravel, and the matrix is

abundant in mudo 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 LIuta

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; N03 content of the

deep aquifer is low while the shallow aquifer shows high contents. This is also

supponed by the results ofthe 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

leve!. 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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2.5 Hydrogeological Characterislics of Aquifee

2.5.1 Shallow Aquifer

AH the wells penetrated into the shallow aquifer are dug wells at Villa Frontera and no

pumping test was executed at the compJetion of construction. Thus, no data is

available. However, the lithofacies of the shallow aquifer is almosl same as that of the

deep aquifer. Therefore, it seems that the hydrogeological characteristics of this aquifer

is also sarne as that of the deep aquifer.

In the lower reaches of the Lluta River (mainly in Villa Frontera area), groundwater is

extraeled from the upper member of the Concordia Fonnation. It is eomposed mainly

of gravel and sand. and its mattix is rich in volcanie ash and mudo Lithology is almost

similar to lhat oC Ihe Fluvial Deposits. The penneability coefficicm oC the aquifer is e
estimated to be in the arder of 10-3 cm/see (aOOut 1 m/day) eonsidering the lilhofaeies.

Judging from Ihe pumping test resull of JICA wells, permeability is seemed in a order

of 10.3cm/se<.

2.5.2 Deep Aquifer

The bed of deep aquifer is eomposed mainly of sand and gravel, and the matrix is

abundant in mudo As mentioned in 2.4, it is sometimes separated from the shallow

aquifer by impermeable luff beds and the tuff beds end between Chacabuco and

Rosario. Therefore, the deep aquifer is recharged from the surface waler of Ihe Lluta

River mainly in Ihe upstream of Sascapa. In ahe downstream of Sascapa, the suñace

water recharges Ihe shallow aquifer. However, sinee Ihe deep aquifer direct1y conlaclS

wilh lhe shallow aquifer in places where no tuff bed exisls, the groundwaler of OOlh

aquifers can be leaked each other.

Reflacting these condition. Ihere is a difference in Ihe water quality; NO) contenr of the

deep aquifer is low while the shallow aquifer shows high contents. This is aIso

supponed by the results oC Ihe C-14 analysis.

The deep aquifee has an interfinguring relation with the Concordia Fonnalion at

Chuilona. The Concordia Fonnalion is also penneable bUI distributed below the sea

level. If a large quantity of groundwater eXlraetion is continued, the sea waler intrusion

lo Ihis aquifer will be happened. Therefore, Ihe Concordia Fonnalion is nol considered

lO be a prospective aquifer.
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Aquifer constants of JICA wells and existing wells are shown in following tableo

Well No. Specific Yield Transmissibility Penneability
(l/sec/m) (m3/dav/m) (cm/sec)

J-l 1.44 368 7.01 x 10-3

J-A 0.24 23 6.25 x 10-4

J-2 0.73 150 1.93 x 10-3

J-B 0.62 310 4.98 x 10-3

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 10-3

Penneability coefficients are in a order of 10-3 cm/seco 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-l) 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 l/sec/m.

It shows low productivity of the aquifer. This well penetrated into the Fluvial

Deposits. However, it is not clear in which honzon 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 l/sec/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 l/sec/m, averaging 2.64 l/sec/m.
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Aquifer constants of JICA wells and existing wells are shown in following tableo

WeUNo. S~ific ~\eld T~Tnsmissib~~ity Pe(';"'eab~{IY
Ilseclm m31davlm cmlsec

J-1 1.44 368 7.01 x 10-3

J-A 0.24 23 6.25 x 10-4

J-2 0.73 150 1.93 x 10.3

J-B 0.62 310 4.98 x 10-3

100-2 0.36 - -

10\-0 2.60 - -
102-9 0.99 - -
103-7 2.70 - -
104-5 4.26 - -

averae.e 1.72 213 3.63 x 10-3

Permeability coefficiems are io a order of 10-3cm/seco This order is common one as a

aquifer. Considering the lithofacies of lhe aquifer, however, penneability coefficienl is

rather smaU as thal of grave! hed.

Specific yield changes from place to place; it ranges from 0.24 (J-I) 10 4.26 Vseclm

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

1) Al Rosario. specific yield is very small in the well 100-2 (Rosario), 0.24 Vsec/m.

It shows low productivity of the aquifer. This well penelrated into the Fluvial

DePOSilS. However, ir is nO( clear in which honzon screens are installed

2) J1CA weUs installed screens StriClly in the deep aquifer. Therefore, specific

yie1ds oC those represent (hat of the deep aquifer; 024 tO 1.44 Vsec/m. averaging

0.76 Vseclm

3) Remaining four (4) wells are maioly located io Villa Frontera. The Auvial

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

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

the Concordia Formation. Specific yields oC those show ordinary values; mey

range from 0.99 lO 4.26 Vseclm, averaging 2.64 Vseclm.
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2.6 Estimation of Groundwater Storage

Groundwater storage of the Lower Lluta Valley is shown in Table B-l, 2.5 and Fig. B-l,

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;

STotal Slorage = 107 x 106 m3.

The estimation was made based on the one (1) geological profile and six (6) geological

sections dividing the area imo 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-e 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-AtoJ-l

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 periodo

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 leve1 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

impenneable 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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2.6 Estimarian of Groundwater Storage

Groundwater storage of the Lower Llula Valley is shown in Table 8-1, 2.5 and Fig. 8-1.

2.21. These figures present the estimated graundwater storage in the arca from

Chacabuca to the Panamerican Road near the river mouth of the Llnta River. Total

volume of rhe groundwater slorage is estimated as follow;

The estimatian was made based on the one (1) geologicaJ profile and six (6) geological

sections dividing lhe area imo five (5) rones as shown in rhe following table;

Zone Geolo2:ical Section Area

1 sect A-A ro B-B' Panamerican Road. to J-B (Chuilona)

2 sect. B-B' to C-C J-B lO J-2 (Chuilona)

3 sect. C-C to D-D' J-210 J-A (Saseapa)

4 sect. D-D' to E-E' J-A lo J-I

5 sect. E-E lo F-F J-. 10 WelI No. 100 (Rosario)

Conditions applied in the estimation are as follows;

1) Climate condition will be constant during the estimated periodo

2) The extent of the eSlimation is limited to the area from the Panamerican Road to

Rosario. because no stratigraphic columo of well is available toward the upper

reaches from Rosario.

3) Grouodwater stored below the sea level is incIuded in the storage.

4) Estimation is made on Ihe groundwater slored in penneable beds aod well­

fissured ignimbrire in the downstream. Ahhough the groundwater is stored in

impenneable beds. il is not considered as prospective one.

5) Effective porosity of aquifer is assumed to be 20 % as a whole. considering the

marerials which compase the aquifer.
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Table B-TI, 2.1 Well List (LIuta Valley)

<Lista de Sondaje (Valle de L/uta»

=
\.lo.)
~

IlNACOOE CCH'O c::oc:R)NATE ~ LOCATlON NAME NAMEOF CCNS'I'FUrr~ ElEv.... 0Fal..Nl SPECFC DATEOF STAIC WATER lEVEL
COOE 119751 ITY 0ftt6l 110N lB'1H VEI.D CONST· 118931

LATA.ONG, Nl LAT, LCrG ImASLI Iml Im2/dl FU:1lCN ImBGLI ImASl\
012 10 100·7 1820·8950 A·1 N'fI:;A Ico:I'O COAFO-437 99 83108

1820·8950 V·1 APlCA ~ . .
1820·7000 V.2 APICA STA RAQUEL . .

012 11 100·2 1820.7010 A·1 APICA lX1ClNIA J F\J~N7.1'lA 0ClRA CORfOo373 350.00 332 30,9 82/11 5,83 344,17
18\10·7010 A·3 APICA "''''' ....,,""'" IrMIUTMYl

012 11 101·0 1820·7010 A·4 18-23·45 70·17·47 APICA CAR:EL DE NUCA DA. CE PRCl6DES CORFOo388 82,00 384 225.0 82105 38.10 25.90
1012 11 102·9 1820·7010 A·5 18·23·45 70·17·58 APICA VIllA FRONTERA Ico:I'O COAFo..51 55,00 188 85,2 83111 30,08 24,94
012 11 103·7 1820-7010 A·8 18·23·45 70·17·58 APICA VI RA ~ COAF~ 55,00 384 233,5 84111 30,08 24,94
012 11 104·5 1820·7010 A·7 APICA HAClFNOA VlFlA OUlJOTON,.. CQRF0-631 85 387.7 87/08

1820·7010 N·O 18.24·10 70·18·43 APlCA VIllAm ~RA 32,00 38 27,22 4.78
1820·7010 N·1 18·23·51 70-19·12 APICA VI • -""'"RA 22,00 19 15.88 8.34
1820·7010 N·2 APICA VI • ·......RA 22,00·
1820·7010 N·3 18·24·58 70·18·33 APlCA PlAYA MACHAS 11.00 6 5,00 8.00
1820·7010 N-4 118·24·20 70·111·01 APICA VI RA 22.00 20 19.98 2,02
1820·7010 N·5 18·24·13 70·18·48 APICA VlllAF 'ITERA 30.00 38 24,80 5.40
1820·7010 N-8 18·24·05 70·18·51 APICA VlllAF 'ITERA 32,00 28 24.53 747
1820·7010 N·7 18·24·00 70·18·57 APICA VIllA FRONTERA 32,00 25 (Rf

1820·7010 N-8 18·24·00 70-18·57 ARICA VI' 32.00· .
1820·7010 N·9 18·23·35 70·18·45 APICA VI • .........., ....RA 38,00 41 23.78 12,24

18·25·43 70·13·03 N'fI:;A OGA-.JICA JICA J.1 219,52 145 124,2 93/12 21.89 197,83
18·23·09 70.13·58 APICA PANAMER!Q~ OGA-.JICA .JCA.l-A 178,03 150 20.4 93112 9,82 188,21
18·23·40 70·18·07 NfCA LLUTA OGA-.JICA JICAJ.2 107,37 225 82,8 93/11 35.02 72.35
18·24·04 70·17·19 NfCA P OGA-.JICA JlCA.l-B 73,77 200 53,3 93/11 34.56 39.21

t«>TE; (PUN'ING TEST)
ONI: DVNAAIC WATER LEVEL
SIW: STATIC WATER LEVEL

(STAIC WATER LEVEl)
mBGL; meELOW lHE GROt.ND LEVa
mMSL: mN!IOVE lHE toEAN SEA LEVEl.

_eoo<

.. ,

1 '1 \

11 1 l.

"""
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WeU liS! (UUla VaUey)

<Lista de Sondaje (Valle de Uuta»

""""""'" "-'VA- ....,.,
"""" CATE"" STNCWATCRln'a

1lON """" .al> CONST· •... • ., • ...
T •

•• ,,, U.17

lO ••• lO.... , •• ,,, • •••• • ... U" •••
" IIT.7 ."..• "

..,, •
, ••• • •••, .. ,,,

•
"

, •, •• • ,,, , , T... " •• , ,,,, ,
,. ", •• ...

~ (PlH'lNG TESTl
0Nf: OV'NAl«:WATER lEVEl
S/'N: STATlC WATER lEVEL

(STAlC WATER LEVU)
lIilGl.: 111 BB..ON 1HE GROl.H)I.E\IB.
mMSl: I!l IBCNE T'I-E~ SEA LEVB.

• •



Table B-ll 2.2 Result of Boring Test (Lower Uuta Valley)
< Resultado de Prueba de Sondaje en el Valle de Uuta Bajo>

Well IRore - CiSfrl-Pi ----screenPi­
No. hole Size Total Position Total

Depth (inches) Length Length Lithology Period
,(m) (m) (m) (m)

Geophysical Characteristics ofÁrfer
Well Lo~Jtin2 TEM

Spontaneous Resistivity IGamriia RayfResistívity
Potential (mv (ohm-m) (cps) (ohm-m)

59.93 Isand,
J-A I 150 I 8-5/8" 1108.011 to 42.05 Sandy to claye}'jFluvial \Quatemary

101.98 gravel . IDeposit
985-1025 15-30 50-70 12-26

60.05 I IClayey gravel, IFlUvial - \Quatemary
to Sand Deposit

90.10

31.00
J-l I 145 I 5-1/2" 1 85.00 I to

91.00
64.02

J-2 I 225 \ 5-1/2" 1136.001 to
154.01

SiltYto sandy IFfuvial IQuatemary
89.99lgravel Deposit

17-26

11-23

17-30

17-2625-50

35-75

50-100

50-110

15-30

15-30

22-32

20-30

925-935

1060-1100

-8.2 to -8.4

-8.3 to -8.4

QuatemaryFluvial
Deposit

Oxaya ITeniary
Fonnation

72.12,
Fissured
Ignimbrite

Gravel,
60.001 Sandy gravel

102.10
to

144.17

J-B I 200.41 8-5/8" 1126.00

--I
W
VI

Table B-ll, 2.3 Result of Pumping Test (Lower Uuta Valley)
< Resultado ck Prueba de Bombeo en el Valle de Lluta Bajo>-

Pumoimr: Data (from Constant Test) Aquifer Constants Well ea,acity
Well No. Static Pumping Dynamic Drawdown Specific Transmissibility Storage Permeability Critica! Safe

Water Rate Water Yield Coefficient Discharge Yield
Level (m (Vs) Level (m (m) (lIs/m) (m3/d/m) (cmlsec) (Vs) (Vs)

J-A 9.82 15.30 74.51 64.69 0.24 22.72 8.54E-04 6.25E-04 15.30 7.50
J-B 34.56 18.90 65.19 30.63 0.62 310.44 4.72E-04 4.98E-03 20.30 13.00
J-l 21.69 4.40 24.75 3.06 1.44 368.06 6.62E-06 7.01E-03 4.40< 2.25
J-2 35.02 4.92 41.78 6.76 0.73 149.69 6.60E-06 1.93E-03 3.85 2.25

• •
Table B-n 2.2 Resol. of Boring Test (Lower Uu.. Valley)

R ulado ikP bad S nda' IV 11 ikUUl Boj>< es , l7U! e o lIt en e a e a o
Well Ilon: Casin Pipe Sc=n Pi"" Geolo~eal nnditions o Aauifer Geonhvsical e haraeterisbcs of A uifer
No. hale Size Total Posinon Total Well Loo';n TEM

I~th (inches) Length Length Lithology Fonnation Period I~pontaneou. RCSlStivity liammaRay Resistivity
(m) (m) (m) Potential (mv (ohm-m) lens) lohm-mí

59.93 Sand,
J-A 150 8-5/8" 108.oI '0 42.05 Sandy 10 claye) Fluvial Quatemary 985-1025 15-30 5(}'70 12-26

101.98 .,..vel DellOsi•
60.05 Clayey gravel, Fluvial IQuatemary

'0 Sand Depasi. -8.2 lO -8.4 15-30 25-50 17-26
90.10

J-B 200.4 8-5/8" 126.00 72.12
102.10 Fissured Oxaya Tertiary

'0 Ignimbrite Fonnation -8.3'0 -8.4 15-30 35-75 17-26
144.17
31.00 Grave1, Fluvial I\,/ua.emary

J-l 145 5-112" 85.00 lO 60.00 Sandy gravel Depo<i. 925-935 22-32 5(}.1I0 11-23
91.00
64.U2 Sihy lO sandy FlUVIal QU31emary

J-2 225 5-112" 136.00 '0 89.99 gravel Depasi. 100000IIoo 2(}.30 5(}.loo 17-30
154.01

=,
'"'"

ResolI ofPumping Test (Lower Uu.. Valley)
mb

Table B-n, 2.3
< Resultado ik Pl7U!ba ik Bo to en el VaIle de Uuta Bajo>

Pumnino Da.. (ftom' :OnstanlTest~ Aauifer COnstants Well acitv
Well No. ,Statie Pumping Dynarme Drawdowr S le Transausslbility S.ora8e Permeability ,critica! Safe

Water Rate Water Yield Coefficient Discharge Yield
Level m (V.) Level (m (m) (lis/m) Im3/d/ml Icmlse<; (V.) rvs)

J·A .8 15.30 74.51 64.69 .4 22.72 ~.54e-04 6.25E-U 15.00 7.50
J-B 14.5 18.90 65.19 00.60 . 2 31 .44 4.72E-04 4.98><-u 20.3u 13.00
J-1 1.69 4.40 24.75 O.UO 1.44 368.06 6.62E-06 7.0IE-0 4.40< 2.25
J-2 35.02 4.92 41.78 6.76 U.73 149.69 6.6OE-06 1.93E-Uo 3.85 2.25



Table B-n. 2.4 Aquifer Constants (L)uta River Atea)

<CoeficitnloS tü Acúiftros (Arta dtl Rio UuuJ»
Well TestMethod
No. Aquifcr Constant Theia Jacob Ave:n¡c

Constant Recoverv Constant Recovery
J-A Transmissibility I(m3/s/m) 3.41E..()4 1.96E-04 3.31E-04 1.84E-04 2.63E-04

Storagc CoefflCient 1.36E-03 3.47E-04 8.54E-04
PermeabiJity I(cm/scc) 8.11E..()4 4.66E-04 7.87E-04 4.38E-04 6.26E-04

J-B Transmissibility I(m3/s/m) 6.02E-04 2.5SE-03 9.02E-03 2.20E-Q3 3.S9E-03
Stongc CoefflCient 2.41E-04 7.03E-04 4.72E-04
PenneabiJity I(cm/scc) 8.3SE-04 3.54E-03 1.2SE-02 3.OSE-03 4.9SE-Q3

J-l Tranamissibility (m3/s/m) 4.03E-03 4.56E-03 4.l6E-Q3 4.29E-03 4.26E-03
Storaac CoefflCient 6.62E-06 6.86E-12 3.31E-06
Pc:rmcabilitv 'cm/scc) 6.72E-03 7.60E-03 6.93E-03 7.1SE-Q3 7.10E-03

J·2 Tnnsmissibilitv 'm3/s/m) 1.33E-Q3 2.24E-03 1.l2E-03 2.24E-Q3 1.73E-03
Storuc CoefflCient 1.59E-06 1.l6E-OS 6.60E-06
Penneabilitv 'cm/scc) 1.48E-03 2.49E-03 1.24E-03 2.49E-Q3 1.93E-03

11- 36

Table B-n. 2.4 Aquifer c.onstarlls (LIuta River Arca)
<Coefu:klllJJS tU Acúiftros (Arta ehl Rio ibua»

WclI TestMelhOO
No. AquiraCoMtanl Th<U 1- A......,

"",""", R_"" Com",.. R_""
I·A TraNmiuibilirv m3lo1ml 3.41E-04 •.96&<>4 3.31&04 1.14&04 2.63&<>4

SlarUe CoefftCient 1.36"'" 3.•7&04 a.5<&<>4
Permeabi.lilv ""'~l 8.11E-04 4.l56J!.04 7.81E-04 4.38&04 6.26E-04

I·B Trlnsmiuibilitv m3101m) 6.02E-04 2$'''''' 9.02E-m 2.2OE-03 3.>9E<tl
IStmue CoeiftCicnl 2.41&04 7.03&04 4.12&04
Pmneabilitv ""'~l 8.3SE-04 3.5<"'" 12'&«! 3.~E-03 4.98&03

1·1 TnnmUuibilitv m3lo1ml 4.03E.Q'3 4.>6&<l3 • .l6E.()3 4.29B<l3 4.26&03
SlOrUC CoetrJcienI 6.62E-06 6.86&12 J31E-06
PcnneabiJirv ""'~\ 6.72E-(J3 7.6Of..«l 6.93E-03 1.1SE-03 7.10E-03

1·2 Tnnrrniuibili m3/11ml 1.33E-03 2.24"'" U2E-03 2.24"'" 1.73E-OJ
SklrUc CoeffKieJn 1.S9E-06 l.t6E-()j; 660E-<l6
Penneabi.lirv "",~, U8E-03 2.49E-03 1.24"'" 2.49E-03 1.93&03

11· 36
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Table B-U. 2.S Estimation oC Groundwater Storage

<Estimación de Reservas de Agua Subterránea>

===
1M......

~
20NEl 2ONE.2 2DlE3 ZOE4 ZDE5 TOTAl.
IISECT.1.-8) IlSECT.&C1 IISECT. C.()) lSECT.D-El IlSECT. E-Fl ISECT.A-Fl

1x mlllon m3) 11 x mlllon m31 11 x mlllon m3) 1x mIIIon m3l 11 x mllIon m3) I x ml'lon m3)
9..M 9..M 9..M 9..M 9..M 9.M

o 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 5.88 14.56 14.56
20 1.56 3.08 2.45 5.04 2.46 5.21 1.76 3.79 4.94 10.62 13.19 27.75
30 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 9.78 2.48 10.28 1.69 7.23 4.49 19.73 11.98 52.16
50 1.44 6.59 2.24 12.00 2.35 12.63 1.63 8.86 4.16 23.89 11.81 63.97
80 1.10 7.69 2.15 14.15 2.28 14.91 1.51 10.37 3.84 27.73 10.88 74.84
70 0.78 8.47 2. la 16.25 2.27 17.19 1.42 11.76 2.52 30.24 9.08 63.93
60 1.29 9.76 1.84 18.06 1.98 19.17 1.09 12.67 1.09 31.33 7.29 91.21
90 1.18 10.92 1.60 19.88 1.79 20.97 0.71 13.58 0.00 31.33 5.26 96.48

100 1.11 12.03 1.48 21.18 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 0.78 22.81 0.00 13.76 0.00 31.33 2.97 103.29
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 13.76 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

N:lTE: 'SSWl' means bllDw Che atalIc water leve! In 1993.

• •

Table B-n, 2.5 Estimation oC Groundwater Storage

<Estimación de Reservas de AgUD Subterránea>

~
""", 2OE2

1==
ZQE< 2DE5 TOTAL

I~CT.A-B Ir.t.I"CT.&C SECT,ns'I SECT.Eso I=CT~
Ir mIlllon m3 ,,"'- m' .m_ m' .- m' .- m' • mI_ m'.... .... .... .... .... ....

• 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00

" 1.52 1.52 2JIO 2.&0 2.15 2.15 2.01 2.01 S.U 5.ea 14.56 '4.58
20 1.58 3.01 2.45 5.04 2.4' 5.21 1.71 3.711 ".114 10.12 13.18 27.75
20 1.03 ".12 2.42 7.4' 2.58 7 •• ' 1.18 5.55 ".12 15.24 12.t3 40.17.. 1.03 5.15 2.30 11.76 2.48 10.21 ", 7.23 ..... (1 18.73 11.18 52.11
50 1.4" 8.5e 2.2. 12.00 2.35 12.53 1.«13 I.ea ".15 23.811 11.al 83.117.. 1.10 7.n 2.15 ' •. 15 2.21 '4.81 1.51 10.37 3.84 21.73 lO.lllll 74.a4
70 0.711 6.47 2.10 16.25 2.27 11.1S1 1.42 11.78 2.52 30.24 8.011 63.113.. 1.29 9.76 1.1" '1.0' 1.ea 1fl.17 '" 12.111 1.011 31.33 1.28 "'.21

" 1.18 10.112 1.60 111.81 1.78 20.111 0.71 13.51 0.00 31.33 5.2e ~.41

lO' 1.11 12.03 1...11 21.1e 1.01 22.05 0.11 13.n 0.00 31.33 :US 100.32". 0.811 13.01 1.23 22.3It 0.711 22.111 0.00 13.7e 0.00 31.33 2.t7 103.28". 0.83 13.113 o.te 23.3S 0.70 23.S1 0.00 13.7e 0.00 31.33 2.48 10S.711

". 0.4S '''.2' 0.22 23.S7 0.20 23.71 0.00 13.71 0.00 31.33 0.17 101.8S... 0.22 '''.S1 0.00 23.S7 0.00 23.11 0.00 '3.71 0.00 31.33 0.22 101.117
TOTAL '''.S1 23.57 23.71 13.7' 31.33 108.11
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Fig. 8-11, 2.2 Location of TEM Station and Test/Observation Well in LLuta River Area

<Ubicación de las Estaciones TEM y Pozos de Prueba y Observación en el Area del Rfo L/uta>
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Fig. B-I1, 2.2 Location of TEM Station and Tesr/Observation Well in LLuta River Arca

<Ubicaci6n de las Estaciones TEM y Pozos de Prueba y Observación en el Area del R{o L/uta>
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TUFF with cobble

lsandy GRAVEL witl1
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CIare! GRAVEL
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Sanay. elayey
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>o I relicts
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We11 LocaLion

Wd1No.
:1·A
Lo<otion
:Uutll

WEU.DATA

Pumping Test

u.¡....
: 18-n-08.9.5
LonlitD

: : ~13·S8.16
: ConsrNcted

• : Dale
~-1'''''''' 1/17Jl~: :: 1I_:c::.:::.~m.:::._..

'::, Drilling Data• •.' ,
Drillin¡ Deplh
: lSOm
Sil Size
: 13"-114
Louio. o.pIh
: lSOm
Casin, Length
:8-518" X

108.0Im
Saeen Lenllh
:8-S18" J. 42.Mn

•, ., ., ., .·., ., .
: :·.• •,,
•• •· ,· .· ,·:·

DRIlLlNG
RATE
(IODUn/m)

1 H6
.¡.¡ "I

Trn
11 111 1'lTi'111 !I

OAMMARAY
(epo)

RESIS'11VI'JY
Sho.(_-m), ­
Lon.(_·m): ••••

:§ ~
-

97 1000 10 5

: SPONTANEOUS
POTEN1lAL
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lF- IHhMt+Htft!l-~ If-J=- ... ; 1, . ~.'i.baI
~ Specif1CCapaalY

"I+---+---.IF=lI fik: f-+---+-JI'-'-'-'-'-'L_;"~_"=_'-I~ f ~ :mho_3.700: ft--I---: ~ 0-9-+--1 ,pH.'.O
!"'- r ,T. 25.4 OC
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DES1GN
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Sandy ORAva
with c:layey layrn

Cl• ...ev ORAva
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eo.ne ORAva I
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LrrnOLOGICAL
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Stalic Water
Leve!
: 34.56mb¡l
SpeciflC ¡Mcity

:.S3.31m3/d1m
Wauz Qualiry
: mho- 3,800
: pH=9.0
: T=23.7 Oc

WELLDATA

-

~

1-

Well Location

WellNo.
• : J-B

;¡¡;;¡:¡¡. Location

: : Panameracana
¡ Elevation
: : 141.332mmsl

. • Latitude

¡ : 13-24-03.85
¡ Longilude
: : 70-17·19.04

: : : :: Constru<:ted
, I •••

ir" I If--I fi HI~.L~.J. .l.." Date
.. ': ¡ :19111 n993 I

: ¡ Drilling Data. ., .
¡ ¡ ¡ Drilling Deplh
.' • 200:: : : .4m
: : Bit Size
: :: 13-1/4"
¡ ¡ Logging Depth
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: 34.56mbal
SpecifK: polCI1Y

:.53.31m31dJm
Water QuaJiry
: mho_ 3,800
:pH_9.0
: T_23.7OC

Well Locauon

WEU..DATA
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RA1E
(lOminlm)
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-

GAMMARAY
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DESCRIPTION
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WELLDATA

Well Localion

Wel1 No.
: J·B
Location
: Panameracana
Elevation
: 141.332mmsl
Latitude
: 18·24-03.85
Longitude
: 70-17·19.04
Constructed
DIl1e
:19/1111993

Drilling Data

Drilling Depth
:200.4m
Bit Size
: 13·1/4"
Logging Oepth
: 200m
Casing Length
: 8-518"

x 126.Om
Sc:reen Length
: 8-518"

x n.12m

Pumping Test

Static Waler
Level
: 34.56mbgl
Specif'JC CapacilY

:S3.31m3/dIm
Wauz Quality
: mho =3.800
: pH =9.0
:T=23.7 Oc
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LI1lIOLOOICAL
DESCRIPTION

Pink IGNTMBRITE

CASING
DESIGN

(m)

•

SPONTANEOUS
P01EmAL

(mv)

1--

RESISnvITY
Sho.(ohm-m): ­
Lon.(ohm-m); ••••

GAMMARAY
(epo)

•

ttMPERAnrRE

...~....J._.:J ..

DRIll.INO
RAn:
(lOmin/m)
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WELLDATA

Well Localion

Wcll No.
: J·B
l...ocalion
: Panameracana
Elcvation
: 141.332mmsl

""wd<
: 18-24.(13,&5
lon¡ilude
: 70-17-19.04
ConSlJUct.ed
D...
:19/11/1993

Drilling Dala

Drillina Oepth
: 2OO.4m
BitSiu
: 13·tW
1.oapg Oepth
, 200m
Casin. Len¡\h
: I·SI8-

J: 126.Om
Screen Len¡\h
: 8-5n:-

l[ n.12m

Pumping Test

SWk: Water

'-""
: 14.s6mbgl
Spec¡rICC~PoClY

:j3.3trnJ/dIm
WIJJ:S QuaIll:y
: mho-),SOO
:pH-9.0
:T-n.1oC



Drilling Data

DriJ1ing Depth
: 145m
BitSiu
: 10-5/8"
Logging Depth
: 145m
Culng Length
: 5-112"

ll85.Om
Screen Length
: S-lIr

ll60.Om

Wel1 Location
We!lNo.
: J-l
Loc:atiot\
:Culcabuco
Elevatlon
: 2 t9.51Smmsl
Lalitude
: 18-25-4252
Longltude
.: 70-13-03.31
Construeted
Date
: 5n2J93

WELLDATA

Pumping Test

Statie Water
Leve!
: 21.69mb,J
Speeific:c&paci
:124.2m3/d1m
Water Quality
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: pH .. 6.g
:T.. 24.5 OC
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LITIIOLOOICAL
DESCRIPTION

IGNUMBRrrE

CASING
DESIGN

Cm)

14S.0

SPONTANEOUS
POlCNTlAL

(mv)

RESISTIVITY
Sho.(ohm~m): ­
Lon.(ohm·m): ••••

GAMMARAY
(cps)

TEMPERA1l.JRE

•,
•·,•,· .'+.....~.'
• •• •· .• •·., .·.• •·.• •·:

WEl.LDATA

Well Location

WdlNo.
: J-l
Locat:Ion
: Ch8cabuco
Elevallon
: 219-'15mmsl
Latitude
: 18-25-42.52
Lona1tude
~ 10-13-03.31
Consll'Ucled
Date
:S 3

Drilling D31I.

DriJllnS Depth
: 145m
BitSiu
: 10-5/8­
togging Depth
: 145m
Culnl Lenglh
: 5-lI'r

1185.Om
Sc:reen Lenglh
:s-lIr

x60.Om

Pumping Test

Stallc Walct
Levd
: 21.69mb,1
Specifkca~cI

:124.2m3/d1m
Wat« QuaUIY
: mho ....9S0
:pK -6.8
:T-24~OC



t-J

Well Location
WeUNo.
: J-2
Locadon
:Uuta
Elevl1ÍOl'l
:.n,9.Q1ffi"-l~l
Latitude
: 18-23-40.05
Longitude
: 70-16.06.17
ConslrUCted
Date
: 27/11193

WELLDATA

Drilling Data

Drüling Dep«h
:22Sm
Bit Síze
: 10-518­
Logging Depth
:22Sm
Casing Length
: S-1/r

x 136.00m
Scm:n Length
: S-l/2"

x 89.99m

Pumping Test

SIalic WafI:t
Level
: 3S.02mbgl
Speci6cc.p.cilY
: 62.8m3/d1m
WafI:t Qua1ity
: mho lO <4.<430
: pH=6.9
:T .. n.1oC

•·.
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••,·••·•·•••·••••·•••·,··•·,,··•,·

·,·,•··:·,,·,• • t •••• J ....'-·. ,, , ,·' .·..·, ,·..

TEMPERAlUREGAMMARAY
(cps)

RESISTIVITY
Sbo.(obm-m): ­
Lon.(ohm-m): ••••

SPONTANEOUS
POTENTIAL

(mv)

CASING
DESIGN

(m)

Silty and Clayey
ORAVEL

GRAVEL

SandyGRAVEL
with scarce quartz

Sandy ORAVEL

Sandy ORAVEL

GRAVELwidl

SütyORAVEL

SütyORAVEL

·'9lmd1:~···"··

GRAVEL

Clayey GRAVEL

Coarse GRAVEL
Subroanded
ORAVEL with sornel
silt and sand

>­
~ lORAVEL with some
~ silt Iayer

~ I Silty ORAVEL I
GRAVEL

o IumOLOOICAL
9 DESCRIP110N
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WELLDATA

WeU Location

We1J No.
: )·2
Loc:aIion
:Uura
EleYation
:.:?3·907.rnms1
l.Idtude
: 18-23-40.OS
Longitude
: 70-16-06.17
ConsInlCUld
Dale
: 27/11,93

Pwnping Test

StadcWau:r
l.eYd
: 35.02mbgl
Speci.ficCaPa.e:uy
: 62.8m3/d1m
WIUfl Quality
: mho ....430
: pH=6.9
:T=23.1oC

DrilJing Data

DriJling Depth
:22.Sm
Bit Síze
: 10-518"
Loging Depth
:22.Sm
Casing Length
: S-lIr

lt 136.00m
SaunLmglft
: 5·1/2-

lt 89.99m

·,,·I··I·,I,·,I • I I
.4.,J_~""

I , ,

• I I·. ,·. ,
• I I·. ,

TEMPERAnJREGAMMARAY
(cps)

RESISTIVITY
Sbo.(ohm-m): ­
Lon.(obm-m): ••••

SPONTANEOUS
POlENTIAL

(mv)

CASING
DESIGN

(m)

_. -.. .••. ...-~~:t:--+--~

SütyORAVEL

Sltldy ORAVEL
with scarce quartz

SütyORAVEL

Sandy ORAva

Sandy ORAva

LITIIOLOOlCAL
DESCRIPTION

GRAVEL

ORAva wllb

Sl1ty and Clayey
GRAVEL

-'Smtd,.: anscrbld -_.
GRAVEL

Clayey ORAva

ComeORAVEL
Subroonded
ORAVEL with 10m

lilt and aand

>­
~ ORAVEL with sornee silllayu

~ Süty GRAVEL

GRAVEL
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~ 1"~ r"o"oooo
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Chaprer nI. GROUNDWATER EXTRACfION

3.1 Existing Groundwater Extraction

Groundwater has been extracted from springs at Bocanegra and Poconchile, and from

two (2) deep weIls and dug weIls 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.

3.1.1 Deep Aquifer

The deep aquifer originally appears under the shallow aquifer and is mostly separated

from it by the tuff 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 Pern. The well,

No.lOl is operating for iITigation use at the Villa Frontera area. The weIl,

No. 103 is for private use. Extraetion 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 (l) well and one (l) 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.

3.1.2 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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ehapler III. GROUNDWATER EXTRAcrION

3.1 Existing Groundwater Exrraction

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 val ley.

3.1.1 Deep Aquifer

The deep aquifer originally appears undef the shallow aquifer and is mostly separated

from ir by the tuff layer. However, there is no tuff layer, boundary between two (2)e aquifers, in the upscream of Chacabuco. For this reason, the aquifer distributed from

Poconchile to Bocanegra (about 10 km northeast from Poconchile) is induded in the

deep aquifer for convenience.

1) Chuilona and Villa Frontera

Only (wo (2) wells, well No. 101 and 103 are extracting the groundwater from the

deep aquifer near the Panamerican Road and the railway to Pern. The well,

No.IOI is operating for irrigation use at the Villa Fromera area. The weIl,

No. 103 is for private use. Extraction rate is not dear for both welIs.

•
2) Poconchile

One (1) spring is located about 4 km east of Poconchile town. Water of the

spIing (No. V-2: refer lO Table B·n. 2.1) is loo lO Poconchile lown for potable

water supply. The yield of the spring is seemed to be not smal!.

3) Bocanegra

There are one (1) well and one (1) spIing at Bocanegra. The well was drilled for

the groundwater study and is now abandoned. The spring supplies water to (he

Borax factory for the industrial use. However, extraction rate is undear.

3.1.2 Shallow Aquifer

10 dug welIs are extracting the groundwater from the shalJow aquifer at the Villa

Frontera area. Out of these, eight (8) dug wells are used for irrigation and industIy.
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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.

3.2 Groundwater Level

There are two (2) aquifers in the LIuta 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 lune 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.

3.2.1 Water Level in Shallow Aquifer

The wel1s 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;

27.22 4.78
15.66 6.34

Static Water Level
(m BGL> (m MSL>

Well No. Location Elevation
(m)

N-O Villa Frontera 32
N-l Villa Frontera 22
N-2 Villa Frontera 22
N-3 Villa Frontera 11
N-4 Villa Frontera 22
N-S Villa Frontera 30
N-6 Villa Frontera 32
N-7 Villa Frontera 32
N-8 Villa Frontera 32
N-9 Villa Frontera 36

5.00
19.98
24.60
24.53
dried

23.76

6.00
2.02
5.40
5.47

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 oí 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 oí the Villa

Frontera area (Fig. B-11, 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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Only one (1) data is available on [he yield. According to the data, [he dug well (No.

V-2) is esrimated to supply about 105,500 m3jyear of groundwater for industrial use.

Extraction rate of other wells are undear.

3.2 Groundwater Level

There are two (2) aquifers in lhe L1uta Valley as mentioned in Chapter 2; the shallow

aquifer and the deep aquifer. DGA and lhe Study Team executed the groundwater

leve] observation on 17th June 1993, since few data were available in the Lluta River

Basin. In addi[ion, the Study Team construeted two (2) test wells and two (2)

observatioo wells during phase 2 study.

3.2.1 Water Level in Shallow Aquifer

The wells in lhe shallow aquifer are localed only in the Villa Frontera area.

However. no data is available on lhese wells. DGA and [he Study Team observed

water levels on 10 dug wells constructed in lhe shallow aquifer in Villa Frontera area.

The result of the observation are shown bclow;

•

Well No. Location Elevation Static Water Level
(m) (m BOL) (m MSLl

N-O Villa Frontera 32 27.22 4.78
N-\ Villa Frontera 22 15.66 6.34
N-2 Vílla Frontera 22
N-3 Villa Fronlera 11 5.00 6.00
N-4 Villa Frontera 22 19.98 2.02
N-S 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 lO 27 m, averaging 20.1m. Static Water

level is generally low; 2 to 12 mMSL.

A contour map of water level (Fig. B-lI, 3.1) is preparcd based on the results of water

level observalion. The map presents the distribution of water level (MSL) in the Villa

Frontera area. The water level ranges from 12.24 m (weJl No. N·9: refer Table B-II,

2.1) at Panamericana to 2.0 m (well No. N-4) at Ihe southeast side of the Villa

Frontera area (Fig. B·II, 3.1). Isopotential Iines of the water level suggest

groundwater flow from easl and northeasl. This means that groundwater of the
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shallow aquifer is recharged from these directions Le. the Lluta River. This is

supported by the water quality analysis data (see 3.3 oC Chapter 3).

Other contour maps were prepared by Alamos y Perelta and Ingendesa. These results

are in well agreement with this Study.

3.2.2 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
(m)

100 Rosario 350
J-l Chacabuco 220
J-A LIuta 178
J-2 LIuta 107
J-B Panamericana 74
101 Panamericana 60
102 Panamericana 55

Static Water Level
(m BOLl (m MSL>

5.83 344.17
21.69 197.83
9.82 168.21

34.56 72.81
73.77 38.75
36.10 23.90 *)
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-U. 3.2. Static water level is

about 450 mMSL near Poconchile, 300 lo 350 rnMSL at Rosario, 250 rnMSL 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 LIuta River.

3.3 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 nCA wells. The results of water quality analysis are shown in

Table B-lI, 3.1.

3.3.1 Water Quality oC Shallow Aquifer

Results of the water quality ana1ysis are as follows;

1) Temperature ranges from 21.8 to 25.2 oc. ros values are in a range between

2,948 mgll and 4,390 mgll. All the TOS values exceed the standard of drinking

water (WHO).

I11-3

B-U LJuta Riyer

shallow aquifer is recharged from these directions Le. the Lluta River. This is

supported by the water quality analysis data (see 3.3 oC Chapter 3).

üther contour maps were prepared by Alamos y Pereha and Ingendesa. These results

are in well agreement with this Study.

3.2.2 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

100 Rosario 350 5.83 344.17
J-l Chacabuco 220 21.69 191.83
J-A Lluta 178 9.82 168.21
J-2 Uuta 101 34.56 12.81
J-B Panamericana 74 73.77 38.75
101 Panamericana 60 36.10 23.90 *)
102 Panamericana 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 leve) 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.

3.3 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 nCA weUs_ The results oí water quality analysis are shown in

Table 8-11. 3.1.

3.3.1 Water Quality oC Shallow Aquifer

Results of lile water quality analysis are as follows;

1) Temperature ranges from 21.8 to 25.2 oc. TOS values are in a range between

2,948 mgfl and 4,390 rngfl. AH the TOS values exceed the standard oC drinking

waler (WHO).
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2) The health significance parameters other than N03 are generally within the

standard (WHO). N03 is in a range between 5.66 mg/l and 18.73 mg/l,

averaging 9.56 mg/l; Le. aH the wells exceed the standard. Contamination by

N03 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, el and S04 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 tableo

Item
Standard Range Average

(mg/l) (mg/l) (mg/l) Number of well*

Temperature - 21.4-26.8 23.7 -
pH 6.0-8.5 6.6-7.3 6.9 none

TDS 1000 2845-3945 3,289 aH the wells

Mg 125 74-105 92 none

Na 200 437-613 529 aH the weHs

S04 250 625-1023 852 all the wells

CI 250 791-1089 949 all the wells

N03 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-l, 2:J-A, B

Cr 0.05 0.01-0.03 0.021 none

Pb 0.05 0.015-0.08 0.04 J-l, J-2

B 5.00 11.87-27.30 21.87 aH the wells

Fe 0.30 0.05-6.60 1.53 100-2, J-I, J-A

Mn 0.10 0.01-3.85 0.72 J-I,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-I&J-A may be influenced by the riser pipes.
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2) The health significance parameters other than NO] are gcnerally wilhin the

standard (WHO). NOJ is in a range belween 5.66 rng/l and 18.73 rng/l,

averaging 9.56 mg/l; Le. all the wells exceed lhe standard. Contamination by
N03 is possibly caused by agricultura! chernicals.

3) Arsenic (As) contents are generally lower than [he standard value; only the

groundwater of well No. N-3 exceeds the standard.

4) ConlenlS oC boron (B) range Cmm 13.92 lO 29.00 rng/l. These values exceed lhe

tentative standard oC Ihe Sludy, 5 rng/l.

5) Among the majO! ions. Na, a and 504 contents show Ihe values much higher

lhan lhe standard.

3.3.2 Groundwater Qualiry oC Deep AquiCer

Groundwatcr Qualily of the Deep aquifer is summarized in the following tableo

llern
Standanl Range Average

(rng/l) (rng/l) (rng/l) Number of weU*

Temperature - 21.4-26.8 23.7 -
pH 6.ll-8.5 6.6-7.3 6.9 none

ros 1000 2845-3945 3,289 all the wells

Mg 125 74-105 92 none
Na 200 437-613 529 all the wells

S04 250 625-1023 852 all the wells
CI 250 791-1089 949 aH the wells

N03 10.00 0.41-15.75 5.6 10ll-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-l, 2:J-A, B

Cr 0.05 0.01-0.03 0.021 none

Pb 0.05 0.015-0.08 0.04 J-I, J-2

B 5.00 11.87-27.30 21.87 a1l the wells
Fe 0.30 0.05-6.60 1.53 10ll-2, J-I, J-A

Mn 0.10 0.01-3.85 0.72 J-I,l-A

Zn 5.00 0.041-3.220 1.124 none

Cu 1.00 0.013-0.039 0.024 none

Al 0.20 O.lll-O.3O 0.20 none

note: * means number of wells which exceed the standard.

Fe contems of JICA wells No. J·l&J·A may be inOuenced by lhe 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) N03 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 LIuta Valley.

5) AH the JICA wells show higher contents of Cd and Fe. However, there is high

possibility that Fe contents of J-l 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.

3.3.3 Major Ion Composition

Fig. B-I1, 3.3 is a tri-linear diagram which shows the ion composition of the

groundwater. AH the weHs 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 foHowing suggestions;

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

LIuta River.

2) The groundwater are influenced by the waste water from mines or water

originated from volcanoes. As a malter of fact, contamination sources are found

in the upper reaches of the LIuta River (see, Supporting Report A).

3.3.4 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 N03 in the shallow aquifer shows the contaminarlon by agricultural

chemicals as mentioned aboye. Funhermore, 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, especialIy due to high TDS value and B contents. Sorne wells
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Charaeteristics of water quality are shown below;

1) ros value is much higher ,han (he standard.

2) B content is very high eompared with the suñaee water.

3) As content is fairly low in eomparison wirh the surfaee water.

4) NO) content is less than standard, although that of the shallow aquifer almost

exeeeds the standard. This faet suggesls that groundwaler in the deep aquifer is

nol influeneed by the sutfaee water in the Lower L1uta Valley.

5) AII (he JICA wells show higher con'enls of Cd and Fe. However. lhere is high

possibility that Fe eontents of J-l and J-A are influeneed by riser pipes used

during the pumping lests, because the brand new pipes are used at the tests.

6) Other ion eontents are generalIy lower than that of standards.

3.3.3 Major Ion Composition

Fig. B-II, 3.3 is a tri-linear diagram whieh shows me ion eomposition of the

groundwaler. AH the wel1s are ploued in a small area eoneentrating 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 (he same source i.e. Ihe surface water of me

Lluta River.

2) The groundwater are influeneed by the waSle water from mines or water

originated from volcanoes. As a maller of fact, contaminarlon SOllrees are found

in the upper reaches of the L1uta River (see, Supponing Repon A).

3.3.4 Evaluation of Groundwater Quality

Groundwater quality in the aquifers is mentioned in 3.3. J and 3.3.2 of this chapter.

High coment of N03 in the shallow aquifer shows the comamination by agricuhural

chemicals as menlioned above. Furthennore, if it is true, the shallow aquifer is

possibly contaminated by mher organic chemicals.

So far as concerned wilh [he deep aquifer, the groundwater quality is not suitabJe for

domestic water as it is. especially due to high TOS value and B contents. Sorne 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.

3.3.5 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 ioto 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.

3.4 Evaluation of Groundwater Development Potential

Prospective aquifer area in the Lower Lluta Valley is shown in Fig. B-II, 3.5.

The aquifers in the Lower Lluta Valley are recharged by the surface water of the

LIuta River. In the LIuta 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 cenain 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 authorlzed water rights

and customary rights (accións». Accordingly, the groundwater development

potential is studied on the fol1owing items.

- the potentail groundwater recharge rate from the LIuta River

- groundwater development potential considering water use

- limitation of number of well development
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exceed the standard of 01, Pb, Fe and Mn. Therefore, lhe groundwater in the deep

aquifer is also not suitable for (he drinking water as it is. At treaunent system should

be considered if this water will be used for the drinking water source.

3.3.5 Future Change of Water Quality

Among the ¡tems of waler quality, there are large differences in As and B contents oC

the surface water and me groundwater. B content is low in the suñace water and

increases its contems in the groundwater. In contrary to this, As contents is high in

the surface waler and low in the groundwater. These phenomena are caused by the

infiltrarion of the sulface water inlo the groundwater. Therefore, this phenomena will

continue after the development oC groundwater in the Lower L1uta Valley.

As for the olher items, there is not so much difference between the surface water and

the groundwater.

Considering these conditions, waler quality oC me groundwater will not change in Ihe

future even if the groundwater development will be made in the valley.

3.4 Evaluation oC Groundwater Development Potential

Prospective aquifer arca in the Lower Lluta Valley is shown in Fig. B·n, 3.5.

The aquifers in the Lower Llula Valley are recharged by the surface water oC the

Lluta River. In the Lluta River Basin, the aquifers are saturated with groundwater

because only a small quantity oC groundwater is extracted through wells Crom the

aquiCers. The future groundwater exrraclion will cause a cenain degree oC water level

depression. Ir will accerelate groundwater infiltration to the aquiCers.

On the othcr hand, sulface water is extracted Cor irrigalion use based on lhe water

rights. The groundwater development may cause obstacles to lhe exisling extraction

oC the surface water for irrigation use; waler rights (Iegally authorized water rights

and customary rights (accións». Accordingly, the groundwaler developmenl

potential is studied on the Collowing items.

• the potentail groundwater recharge rale from the L1uta River

- groundwater development potemial considering water use

- limitation oC numbcr oC well development
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3.4.1 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 1,1011/sec

and the average out flow rate to the sea is 149 l/seco Azapa canal is taking the surface

water at Bocatoma a total volume of 487 l/seco Accordingly, the recharge rate to the

groundwater from the surplus surface water at Bocatoma is calculated by the

following equation;

R =(QA - Qc - Qo) + (QA - Qc)

where, R : Recharge rate in the Azapa Valley (l/sec)

QA: Average flow rate at Antes Bocatoma/Ausipar (l/sec)

Qc : Extraction rate to Azapa Canal (Vsec)

QO: Average out tlow rate to the sea (l/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 tlood water is made mainly

through the river bed of the San José River.

The aquifers in the Lower L1uta Valley are seems to be recharged by the surface

water through the river hed because the farrnlands 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 LIuta 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 tlood are shown in Fig. B-II, 3.4 (1) as photographs. The flood

water mainly tlows 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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3.4.1 Calcularion of Possible Groundwater Recharge

The surface water recharges the groundwater in the Lower Lluta Valley. However,

data of infiltrarion rate fmm rhe surface water to the groundwater is not available in

lhe area. Then, an assumplion was made by using lhe dala of the Azapa Valley.

Average surface flow rare ar Antes Bocaloma/Ausipar, Azapa Valley, is 1,101 Vsec

and the average oul flow rate lO the sea is 149 Vsec. Azapa canal is taking the surface

water at Bocatoma a tOlal volume of 487 Vsec. Accordingly, rhe recharge rate to the

groundwarer from the surplus surface warer al Bocatoma is calculated by the

following equation;

R = (Q.. - Qc- QO)+ (Q.. - Qcl

• where, R : Recharge rale in Ihe Azapa Valley (Vsec)

QA: Average flow rate at Antes Bocatoma/Ausipar (Vsec)

QC: Extraction rate to Azapa Canal (Vsec)

QO: Average out f10w rale lO Ihe sea (Vsec)

•

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

This result suggesrs that 75.7 % of surface water recharges rhe groundwater from the

river bed in the Azapa Valley. The recharge is made rhrough 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 Ihe Lower L1uta Valley are seems to be recharged by the surface

water rhrough lhe river bed because rhe fannlands are drained the irrigation water. It

shows rhat the soil of rhe farmland is of low penneabiliry because oC its clayey

lithofacies.

The concepe that the aquifers of bolh the Azapa valley and the Lower L1uta 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 LIma 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. 8-11, 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 [he same time, a flood was also occurred in
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the LIuta River which is shown in Fig. B-I1, 3.4 (2). The conditions of the flood is

same as that of the San José River.

The features mentioned aboye suggest that the groundwater is recharged by the flood

water in the Lower LIuta Valley. Therefore, recharge rate in the Lower L1uta Valley

is estimated following method eomparing the lithofacies of both valleys.

Lithology of aquifers of the Azapa Valley and the LIuta Valleyare both eomposed of

sand and gravel. However, aquifers in the LIuta Valley are more muddy and

tufíaeeous than that of Azapa Valley. Effective porosity of aquifers in the LIuta

Valley is estimated about 70 % of that in the Azapa Valley. Then, recharge rate to

the groundwater in the LIuta Valley is estimated to be 53 % (=0.757 x 0.7) oí the

surfaee water at Kesler Headworks. Groundwater reeharge in the Azapa Valley is

made between Cabuza to the river mouth. Its distance is about 22 km. In case of the

Lower LIuta Valley, recharge is made between Poconchile and Saseapa (near the

JICA well No. J-l). The distanee is 17 km. Considering this eondition, groundwater

recharge from the river bed of the LIuta River is estimated as follows;

RL =(Qr - Qü x 0.53 x 17 + 22

=(2,216 - 819) x 0.53 x 17 + 22

=572 (Usee)

where,

= Reeharge rate to the groundwater from the river bed (l/see)

=Flow rate at Tocontasi (Vsec)

=Real consumption in the valley (Vsec)

The results show that the potential of groundwater recharge is 572 l/seco However,

this volume of the groundwater development may unable the exraction of surface

water for irrigation use beeause infiltration of surface water to the groundwater will

be accerelate. It is difficult to develop the 572 Vsec of groundwater without any

facilities for compensation works.

3.4.2 Consideration to Existing Agricultural Water Use

The surface water of the LIuta River recharges the aquifers of the LIuta Valley

mainly in the reaches between Poconchile and Saseapa. The proposed groundwater

development willlower the existing groundwater table, resulting in aeeerelation of

river water infiltration into underground. It may infringe the existing river wter

extraetion for the irrigation use. Therefore, existing irrigation intakes located in the
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the Lluta River which i5 shown in Fig. B-B, 3.4 (2). The condilions oC the flood is

same as that of the San José River.

The featmes mentioned aboye suggest chat che groundwater is recharged by the flood

water in the Lower L1u,a Valley. Therefore, recharge rale in the Lower L1Ula Valley

is estimated following method comparing the lilhofacies of both valleys.

Lithology of aquifees of 'he Azapa Valley and 'he L1uta VaBey are both compused of

sand and gravel. However, aquifers in the Lluta Valley are more muddy and

tuffaceous lhan lhat oC Azapa Valley. Effec1ive porosity oC aquifers in the Unta

Valley is estimated abau! 70 % oC lhar in the Azapa Valley. Then. recharge rate lO

lhe groundwater in the LIuta Valley is estimated to be 53 % (=0.757 x O.?) oC rhe

surface water al Kesler Headworks. Groundwater recharge in the Azapa Valley is

made between Cabuza to the river moulh. hs distance is abaut 22 km. In case af the

Lower Unta VaIley, recharge i5 made between Poconchile and Sascapa (ocar (he

nCA well No. 1-1). The distance is 17 km. Considering Ihis conditioo, groundwater

recharge from the river bed oC the Uuta River is estimated as follows;

RL = (Qr - CR) x 0.53 x 17+ 22

=(2,216-819) x 0.53 x 17+22

= 572 (Vsec)

where,

= Recharge rate to the groundwaler from the river bed (Vsec)

= Flow rate at Tocomasi (Vsec)

=Real consumption in lhe valley (Vsec)

The results show [hat [he potential of groundwattr recharge is 572 IIsec. However,

chis volume of the groundwater development may unable the exraclion of surface

water for irrigation use because infiltralion of surface water lO the groundwater will

be accerelate. h is difficult to develop the 572 Vsec oC groundwater without any

facilities for compensation works.

3.4.2 Consideration to Existing Agricultural Water Use

The surface water oC the Lluta River recharges the aquifers oC the Llu[a Valley

mainly in (he reaches between Poconchile and Sascapa. The proposed groundwater

deveJopment will lower the existing groundwater table, resulting in accerelation oC

river water infiltracion into underground. It may infringe the exisring river wter

extraction for the irrigation use. ThereCore, existing irrigation intakes located in the
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downstream of Poconchile (irrigation sector 111, IV and V) shall be integrated to one

(1) headworks proposed at Kesler. AH the irrigation water for the sector 111, 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 imalee 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 customary ones (acci6n) 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 Acci6n

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, acci6ns. 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 100 to the

Sector 111, IV and V. Because the intalce is located after Tocontasi, available

surface water at the headworks is obtained by reducing the consumption in the

irrigation sector 1 and 11, 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 irrigarion water.

Recycle use of extracted water was calculated by assuming that the real

consumption is 50 % oC water rights quantity for case 1.

The sulface 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 Vsec and the total number of acci6n is 687.2

which is equal to the 514.4 Vsec oC water volume. For details oC water rights, see,

Supporting Report C. The sUrface flow rate at the headworks is calculated

deducting this volume (551 Vsec) from the surface flow rate at Tocontasi by

month.
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downstream of Poconchile (irrigation sec[Qr I1I, IV and V) shall be integrated 10 one

(1) headworks proposed at Kesler. AH the irrigation water for the sector I1I, IV and

V will be extracted from this headworks. For recycling use of exttacted water,

coUection channels are also constructed along the river banks. The required

irrigation ¡mue volume, potential sUl'J'lus river water and expected groundwater
recharge are estimated for tWQ (2) cases. Case 1 will satisfy the existing water righlS.
including legally authorized ones and customary Ones (acción) throughout the year_

Case 2 will satisfy the actual water demand verying by momh. These calcularioo

were rnade by month. The results are shown io Table B-lI, 3.2 to 3.5.

1) Case 1: WalerRight and Acción

The surface water of the Lluta River is extracted for the irrigation use on the basis

of the legally aurhorized water rights and customary rights. accións. In the

development of groundwater in the Lower L1uta Valley, the development plan

should be in hannony with these extraction. For this purpose, a irrigation canal

was planned as well as the gmundwater development plan. Proposed oew

irrigation system is shown in Fig. B-H, 3.6, 3.7 and 3.8.

An intake is located at the inigalion sector Kesler. The canal water is led to the

Sector 111, IV and V. Because the intake is located after Tocontasi, available

surface water at the headworks is obtained by reducing the consumplion in the

irrigation sector I and II. and Comunidad Vilca Loredo. Groundwater is

recharged mainly in the arca between Poconchile and Sascapa. after the

headworks. Therefore, groundw3ter developmem does nor affect the extraction

of the irrigation water.

Recycle use of extracted water was calculated by assuming that the real

consumprion is 50 % oC water rights quantity for case l.

The surface water consumprion between Tocomasi and the proposed headwarks is

estimated to be 551 lIsec; The legally authonzed water right volume at

Comunidad Vilca Loredo is 35.5 Vsec and the total number of acción is 687.2

which is equal to [he 514.4 Vsec of water volume. For details of water rights, see,

Supponing Repon C. The surface flow rate at the headworks is calculated

deducting this volume (551 Vsec) from the surface flow rate at Tocontasi by

month.
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Ca1culations of distribution to irrigation canal are made on the average surface

flow rate and 80 % drought flow rateo The results are shown in folIowing tables.

For detailed calculations, refer Table B-I1, 3.2.

( fl)avera~e ow
Tocontasi Consumo Intake Poinl 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. 4,222 275 3,947 819 819 3,128 1,314
Apr. 1,759 275 1,484 819 819 665 279
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
OcL 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. 2,216 275 1,941 819 819 1,122 471

In the year of average f10w rate, the surface f10w rate is larger than the required

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

surplus surface f10w rate (overflow rate at headworks) is in a range from 3,647

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

surplus water flow a volume of 4711/sec (1,122 Vsec x 0.42 =471l1sec).

(80 ~ dro h fl )o ugl t ow
Tocontasi Consumo Intake Poinl Required Actual Remaining Recharge

(Upstr.) ExtraClion Extraetion 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. 1,444 275 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
OcL 1,168 275 893 819 819 74 31
Nov. 1,089 275 814 819 814 O O
Dec. 1,091 275 816 819 816 O O
Ave. 1,444 275 1,169 819 819 351 147

III-1O

p·o l.IUII RiYq

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

flow rate and 80 % drought flow rateo The results are shown in following tabIes.

For delailed calculations, refer Table B-l!, 3.2.

(avera.e flow)
T~ Consumo InEake PoiOl

(Upsu.)
Required

ExtnlClion
AclUal

Extraetion
Remaining

in River
Jan. 2,887
Feb. 4,74l
Mar. 4.222
Apr. 1.759
May. 1,809

Jun. 1,802

1ul. 1,937
Aug. 1,746

Sep. 1,542
Ocl 1,332

Nov. 1,307
llec. 1.508
Ave. 2,216

275
275
275
275
275
275
275
275

275
275

275
275
275

2,612

4.4U
3,947
1,484

1,534
1,527

1.662

1,471

1.267
1.057
1.032
1,233
1.941

819
819
819
819
819
819
819

81
819
819
819
819
819

819
819
819
819
819
819

819
819

819
819
819

819
819

1.793
3,647

3.128
665

715
708
843
65
448
238
213
414

1.122

753
1,532
1.314

279
300
297
354
274

188

100/
89

174
471

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

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

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

Usec to 213 I/sec, averaging 1,122 I/sec. Grounw8ter is recharged from this

surplus waler flow a volume of 471 Vsec 0,122 Vsec x0.42 = 471 Vsec).

(80 % drou.hl flow)
Tocontasi Consum. Intake PaiOl Rcquired Actual Remaining Recharge

(Upsu.) EXtraCl.lon Extraetion IR Rlver
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. 1.444 275 1.169 819 819 3501 147
JUn. 1,521 275 1,246 819 819 427 179
1ul. 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
Ocl 1.168 275 893 819 819 74 31
Nov. 1.089 275 814 819 814 O (

llec. 1.091 275 816 819 816 O (

Ave. 1.444 275 1,169 819 819 351 147
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In case of 80 % drought flow, the required extracrlon volume is within the

remaining flow rate at the headworks except November and December. In these

two (2) months, a11 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

Vsec and 309 Vsec, averaging 147 Vsec.

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 1, 11, and Comunidad Vilca

Loredo is estimated to be from 114 Vsec to 4,741 Vsec. averaging 250 Vsec. by

month. considering the cropping area and patteros. Water demand and real

consumption in the sector In, IV and V are also estimated by same method.

lnigation 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 LIuta River used for irrigation at present. Following

water disribution is analyzed on the basis of these conditions. Detailed

calculation is shown in Table B-I1. 3.3 and 3.4.

lAvera2e F1ow)
Month ToconlaSi Consumo Intake Poinl Required Actual Remaining Recharge

(Upstr.) Eltlraction Elttraetion in River
Jan. 2,887 448 2,439 433 433 2,006 843
Feb. 4,741 446 4,295 431 431 3,864 1,623
Mar. 4,222 393 3,829 1,212 1,212 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. 1.937 114 1.823 156 156 1,667 700
Aug. 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 O O
Ave. 2,216 250 1,966 720 711 1,255 527
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In case oC 80 % drought flow, the required extraction volume is within the

remaining flow rate at Ihe headworks excepl November and December. In these

two (2) monlhs, all the surface flow is extracled to irrigation canal so thal the

groundwater cannot receive Ihe recharge Crom the surface water. In other months,

Ihe groundwater reeeives a recharge Crom Ihe surfaee water in a rangc bctween 31

Vsec and 309 Vsec. averaging 147 Vsec.

Slorage oC the groundwaler will be eonsumed in November and December.

However, this deficit cauSes no aCfeet lo the irrigation water use because

irrigalion water is extracted Crom the inlake before the recharge area from

Poconchile to Sagasea. Consumption oC groundwater in the drought year is

compensated during Ihe years olher lhan drought year.

<Case 2: Existing Water Demand>

Existing real eonsumption oC irrigadon in seclor 1, 11, and Comunidad Vilea

Loredo is estimaled lo be from 114 Vsec lO 4.741 Vsec. averaging 250 Vsec. by
month, considering the cropping area and parteros. Water demand and real

consumption in the sector 111, IV and V are also estimated by same method.

Irrigation water other lhan Ihe volume oC real consumption is drained to the canal

again and is used Cor the next irrigation sector; the canal water is used repeated1y

as the surface water oC the Lluta River used Cor irrigation al present. FoUowing

water disribution is analyzed on the basis oC these eonditions. Detailed

calculation is shown in Table B·II. 3.3 and 3.4.

AVenllze Aow)
Mooth Tocontasi Consum. lotake Poinl Requircd Actual Remaining Recharge

(Uosu.) Extraction EXU'3Ction in River
Jan. 2,887 448 2,439 433 433 2.006 843
feb. 4,741 44ó 4,295 431 431 3,864 1.623
Ma<. 4,222 393 3,829 1,212 1,212 2,617 1,099
Apr. 1,759 193 1,566 878 878 688 289
May. 1,809 ISO 1.660 709 709 951 399
Jun. 1,802 118 1,684 583 583 1,101 463
Ju!. 1.937 "' 1.823 156 156 1,667 700
Aug. 1,746 128 1,618 189 189 1,429 600
Seo. 1,542 164 1.378 R59 859 519 218
Da. 1.332 201 1,132 927 927 205 86
Nov. 1.307 236 1,071 1,056 1,056 15 6
Ilec. 1,508 407 1,101 1,209 1,101 O O
Ave. 2,216 2SO 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 Vsec which is originally smaller than the actual water demando Therefore,

the extraction rate in December is limited to 1,101 l/sec which is the total flow

rate at the headworks.

Average of surplus surfaee flow rate is 1,255 IIsee which recharges the

groundwater a total volume of 527 lIsec .

(80% Droughl flow)
Month Tocontasi Consumo 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 1,212 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 1,475 156 156 1.319 554
Aug. 1,470 128 1,342 189 189 1,153 484
Sep. 1,302 164 1.138 859 859 279 117
OcL 1.168 201 968 927 927 41 17
Nov. 1,089 236 853 1,056 853 O O
Dec. 1,091 407 684 1,209 684 O O
Ave. 1.444 250 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 lIsec which recharges the groundwater a total volume oí

2251/sec.

3.4.3 Restrietion 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 oí well construction are planned

as follows;

Diameter of well

Diameter oí casing

Produclion rate

: 17-1/2" (444.5 mm)

: 12" (318.5 mm)

; 25 lIsec
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In case oC 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 Vsec which is originaIly smaller than the actual water demando ThereCore,

the extraction rate in December is limited to l,tDI Usec which is the total flow

rate al the headworks.

Average oC surplus surface flow rate is 1,255 Vsec which recharges lhe

groundwater a total volume oC 527 Vsec .

(lI(l\I> Drou ht flow)
Monlh Tocontasi Conswn. Intake Poinl Required AcIU31 Remaimng Redwge

(O""") ExUllCtion Exuaetion
Jan. 1,614 448 1,166 433 433 733 308
Feb. 1,813 446 1,367 431 431 931 393
MM. 1,830 393 1,437 1,212 1,212 225 95
A... 1,400 193 1,207 878 878 329 138
MiY. 1,'" 150 1,295 709 709 586 246
Jun. 1,521 118 1,403 583 583 82 344
Jul. 1,589 114 1,475 156 156 1.319 554
Auv. 1,470 128 1,342 189 189 1,153 484
Sen. 1,302 164 1.138 859 859 279 117
Oc<. 1,168 201 968 927 927 41 17
Nov. 1,089 236 853 1.056 853 O O
Ilec. 1,091 407 684 1,209 684 O O
A... l.'" 250 1.194 720 659 535 225

In case oC 80 % drought flow, f10w rates are less lhan required flow rate, except in

November and December. In these twO (2) months. extraction rate lO the

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

surplus flow rate is 535 Vsec which recharges the groundwater a total volume oC

225 Vsec.

3.4.3 Restriction by Distribution oC Aquifer

Groundwater development potential area is considered Crom Chuilona tO Rosario.

Distance belween both sites is approximateJy 14 km. In this dause, the possibJe

number of well construetion is analyzed. Conditions oC well construetion are planned
as (ollows;

•

•

Diameter oC well

Diameter oC casing

Produclion rate

: 17-1/2" (444.5 mm)

: 12" (318.5 mm)

: 25 Vsec
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Allowable draw down

Drilling depth

:40m

: 120 - 150 m

Radius oC 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;

0.001=.JL W(u),
41tT

~4(JUThen R= --, S

where,

Q : Production rate (m3/sec)

R : Radius of influence area by pumping (m)

t : Time of pumping operation (sec)

T : Transmissibiliry (m3/sec/m)

W(u) : Well function ofTheis

S : Confined aquifer---Storage coefficient

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

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

Radíus 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 coefficiem for the confined aquifer and effective porosity for the

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

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

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

follows;

ti d ·ti S lOease <con me aQut er: = m>
R(m) Q (m3/s) T (m2/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
1-1 2556 0.025 4.26E-03 86400 1.60E-03
J-2 12114 0.025 1.73E-03 86400 6.60E-06

C 1
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Allowable draw down

Drilling depth

:40m

: 120 - 150 m

Radius of Influenee

The radius of influenee i5 defined as "the radius of area where lhe draw down is 10

cm when pumping." Radius of influence i given by the following fonnula after

Theis Equation;

0.001 =-º-- W(u)
41tT '

~4truThen, R= -s-

where,

Q : Production rate (m3/sec)

R : Radius of influence area by pumping (m)

: Time oC pumping operalion ( ee)

T : Transmissibiliry (m3Isec/m)

W(u) : Well function of Thei

S : Confined aquifer--Storage coefficient

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

In che lower reache of Chaeabuco, lhe aquifer i eonsidered lo be a eonfined one.

Radius of influenee i ralher large in thi area. On lhe one hand, it is unconfined one

in the upper reaehes of Chaeabuco. Accordingly, radiu e of influence are estimated

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

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

withd.raws up lO the top of the aquifer hed. Therefore, the eSlimation of the radius of

influence was made on lhe both cases. Estimaled radiuses oC influence are as

follows;

fi d ·ti S lOease <con me aC1Ul er: = m>
R (m) Q (m3/s) T (m2/s) 1 (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
1-1 2556 0.025 4.26E-03 86400 1.60E-03
J-2 12114 0.025 1.73E-03 86400 6.60E-06

C 1
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1ti dse - <uncon me aqUl er: s= mm>
R(m) Q (m3/s) T (m 2/s) t (s) S

J-A 56 0.025 2.63E-04 86400 2.ooE-01
J-B 169 0.025 3.59E-03 86400 2.ooE-01
J-l 181 0.025 4.26E-03 86400 2.ooE-0l
J-2 125 0.025 1.73E-03 86400 2.ooE-01

Ca 2 1

lOeti d 'tiase - <uncon me aqUl er: s= m>
R(m) Q (m3/s) T (m2/s) t (s) S

J-A 37 0.025 2.63E-04 86400 2.ooE-01
J-B 84 0.025 3.59E-03 86400 2.ooE-Ol
J-1 78 0.025 2.63E-03 86400 2.ooE-0l
J-2 70 0.025 1.73E-03 86400 2.ooE-01

e 22

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 smal1,

between 37 m and 84 m for lOcm 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.

Extem of potemial groundwater development area is approximately 14 km as

mentioned above. Then. the possible number of weIl construction is given be10w;

n=14,OOO (m)+500 (m)= 28 (weIls)

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 calcu1ated as

follows, considering allowance;

- Production well

- Emergency weIl

- Spare weIl

Total

17 weIls

5 weIls

4 weIls

26 weIls

A total production rate for 17 weIls comes to 425 I/sec (= 25 l/sec x 17).

111 - 14
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fi d "se - <uncon me aQUl ee: s= mm>
R (m) Q (m3/,) T (m'/,) 1 (,) S

J-A 56 0.025 2.63E-Q4 86400 2.00E-01
J-B 169 0.025 3.59E.{)3 86400 2.00E-01
J-1 181 0.025 4.26E'{)3 86400 2.00E-01
J-2 125 0.025 1.73E-03 86400 2.00E-01

Ca 2 1

•

lOcmfi ed "ase - <uncon In aQul er: s= >
R (m) Q (m3/,) T (m2/,) 1(,) S

J-A 37 0.025 2.63E-Q4 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 l.73E-03 86400 2.00E-Ol

e 22

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 aboye. After becoming

unconfined aquifer, the influence radius of the deep aquifer siso become small,

between 37 m and 84 m for JOcm of draw down, and belween 56 m and 181 m for

1 mm of draw down. If pumping will be cominued more than 24 hours without any

rest~ the radius of influence will become more wide. The spacing of production wells

¡s, therefore, proposed lO be 500 ro considering lhe safety side.

Extenr of poremial groundwater developmenl area is approximate1y 14 km as

mentioned aboye. Then, the possible number of well construction is given below;

n= 14.000 (m)+500 (m)= 28 (well,)

•The number of wells should be decided considering the peak demand and the spare

wells. The number of emergency well (foc peak demand) is 1.3 times of production

wells foc average demand and the ratio of spare weJl is 20 %of toral weU nurober

(production well and emergency well). Thus, lhe numbcrs of well are calculaled as

follows, considering allowance;

- Production well

- Emergency weU

- Spare well

TOla1

17 wells

5 weJls

4 wells

26 wells

A lolal production rale foc 17 well, comes lO 425 Vsec (= 25 Vsec x 17).
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3.4.4 Conclusion

The groundwater developmem potential in the Lower L1uta Valley is decided to be

425 Vsec 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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3.4.4 Conclusion

The groundwaler developmenr polenlial in Ihe Lower L1ula Valley is decided lO be
425 Vsec cansidering the results of 3.4.1 ro 3.4.3. Far rhis valume of develapment,

new irrigation syslem is necessary to construcr as discussed in 3.4.2.
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Table B-II. 3.1 Groundwater Quality

<Calidad de Agua Subterránea>

t:::....
-0'\

I-E.ALTH SlGNIACNCE

T'Il'E weLLNO. ~ TB.4'. DH TOS Ca Me NI! K S04 o C03 l-CO:l NO:l As F Cd Cr Al B Fe ...., lit Cu Al
CI mall mall ma/l ma/l ma/l ma/l mall ma/l ma/l mall ma/l ma/l mall mall ma/l mall mall mall mall ma/l

STANDARDl a 0·1.5 1000 125 200 250 250 10.00 0.050 1.50 0.005 0.050 0.050 0.30 0.10 5.000 1.000 0.20

9'FN> V·l EICX:NEGRA Jul·Q3 20.7 6.1 U27 166 48 271 32.0 462 499 O 41 7.76 cO.OOS 0.47 0.002 0.040 0.020 182.54 0.01 0.03 0.018 0.024 0.30
Oet·93 20.7 6.3 1585 159 50 276 34.0 489 529 O 42 6.27 0.044 0.57 0.004 0.010 0.010 32.10 0.04 0.01 0.030 0.033 0.50

AI/eraael 20.7 6.2 1556 163 49 274 33.0 476 514 O 42 7.02 0.022 0.52 0.003 0.025 0.015 107.32 0.03 0.02 0.024 0.029 0.40
V·2 POCCN::KE Jul-93 22.1 7.5 1983 238 52 329 33.5 576 595 O 149 10.78 0.046 0.68 0.002 0.040 0.020 18.92 0.01 0.03 0.007 0.027 0.10

Oet-93 21.5 7.6 1954 227 53 331 37.0 528 616 O 153 9.24 0.052 0,69 0.005 0.030 0.020 19.55 0.02 0.01 0.023 0.025 0.10
AI/ersae) 21.8 7.6 1968 232 52.5 330 35.3 552 60S O 151 10.01 0.049 0.69 0.004 0.035 0.020 18.24 0.02 0.02 0.015 0.026 0.10

AI/eraae 21.3 8.9 1762 197 50.8 302 34.1 514 560 O 96 8.51 0.036 0.60 0.003 0.030 0.018 62.78 0.02 0.02 0.02 0.027 0.25

SHAlLOW NoO Villa Frontera Jul·93 23.4 7.4 3407 334 124 628 71.2 913 1241 O 87 9.68 0.006 0.57 0.003 0.050 0.020 18.05 0.51 0.186 0.051 0.30
AOJIFm Oet-93 23.8 7.8 3510 389 137 580 68.0 941 1308 O 85 1.64 0.005 1.10 0.001 0.020 0.010 10.34 5.42 0.02 0.063 0.044 0.30

AI/eraaa) 23.6 7.6 3458 361 131 604 69.6 927 1274 O 86 5.66 0.006 0.84 0.002 0.035 0.01 S 14.20 2.71 0.27 0.125 0.048 0.30
N·l Villa Franlera Jul·93 24.1 7.0 2785 335 113 416 53.0 889 888 O 79 12.36 0.014 0.39 0.004 0.040 0.020 16.92 0.10 0.04 12.920 0.032 0.10

Oet-93 23.2 72 2920 331 112 428 56.0 975 936 O 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
AI/eraae\ 23.7 7.1 2852 333 112 422 54.5 932 912 O 77 9.83 0.013 0.41 0.004 0.035 0.01 S 20.03 0.20 0.04 8.570 0.030 0.25

N·2 Villa Frontera Jul·93 24.9 6.5 2628 329 107 378 51.2 845 841 O 69 8.08 0.016 0.42 0.003 0.400 0.010 17.95 0.04 0.03 0.010 0.031 0.10
Oet·93 25.5 6.9 271 S nl lOS 386 53.0 884 898 O 61 6.80 0.019 0.45 0.004 0.020 0.020 19.03 0.02 0.01 0.026 0.027 0.40

AI/eraae) 25.2 8.7 2672 325 106 382 52.1 865 869 O 65 7.44 0.018 0.44 0.004 0.210 0.015 18.49 0.03 0.02 0.018 0.029 0.25
N·3 Villa Frontera Jul·93 21.5 6.5 3126 304 96 580 71.2 975 975 O 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

Oet-93 22.1 6.8 2988 273 88 552 57.0 975 928 O 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
AI/eraael 21.8 6.6 3057 289 92 566 64.1 975 952 O 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

N-5 VoItB Frentera Jul-93 23.8 6.9 2657 201 93 476 58.0 821 902 O 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
Oet-93 23.6 7.2 2800 287 92 469 58.0 865 928 O 93 7.90 0.041 0.76 0.002 0.010 0.010 20.31 O." 0.02 0.409 0.032 0.20

AI/eraaal 23.7 7.0 2729 244 92 473 58.0 843 915 O 93 11.47 0.039 0.80 0.003 0.020 0.010 18.67 0.08 0.04 0.217 0.032 0.15
N·6 Villa Frentera Jul·93 23.5 69 2982 336 106 506 53.8 884 1022 O 68 7.01 0.028 0.66 0.002 0.030 0.020 18.05 0.21 0.10 0.036 0.036 0.10

Oet-93 24.1 7.0 3075 338 106 511 56.0 922 1069 O 68 543 0.036 0.56 0.002 0.010 0.020 21. 74 0.09 0.01 0.046 0.036 0.20
I'AI/eraae) 23.8 69 3028 337 106 508 54.9 903 1045 O 68 6.22 o.on 0.61 0.002 0.020 0.020 19.90 0.1 S 0.06 0.041 0036 015

N·8 Villa Frentera Oet·93 24.1 70 3931 465 144 616 63.0 1013 1544 O 77 8.86 0.033 0.34 0.002 0.020 0.010 13.92 0.13 0.02 0.128 0.046 0.20
N·9 Villa Frontera JuI·93 24.5 8.7 3397 479 154 437 55.0 884 1316 O 49 23.06 0.023 0.34 0.003 0.040 0.020 16.31 0.82 0.25 0.736 0.037 0.70

Oet·93 23.1 7.4 3553 490 154 469 59.0 903 141 S O 48 14.39 0.020 0.44 0.004 0.020 0.010 18.27 0.16 0.02 0.200 0.027 0.40
ItAl/araaal 23.8 70 3475 485 154 453 57.0 893 1366 O 49 18.73 0.022 0.39 0.004 0.030 0.015 17.29 0.49 0.14 0.468 o.on 0.55

AI/eraaa 23.7 7.0 3150 355 117 503 59.2 919 1110 O 78 9.56 0.033 0.60 0.003 0.049 0.015 18.94 0.51 0.08 1.208 0.036 026

lHP 012 11 100-2 Fn5AAO Jul·93 21.6 6.8 3211 314 97 610 73.5 961 1071 O 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

AOJIFm Oct·93 21.1 68 3401 324 103 616 75.0 1085 1107 O 81 9.51 0.050 1.12 0.005 0.020 0.010 30. lO 0.13 0.03 0.085 0.039 0.40
ItAl/araae) 21.4 6.8 3306 319 lOO 813 74.3 1023 1089 O 73 1575 0.045 1.14 0.005 0.030 0.015 27.30 0.76 0.07 0.218 0.039 0.30

012 11 101·0 CAfO:L DE ARICA Oet·93 26.8 7.3 2982 258 85 437 49.0 845 791 O 79 4.58 0.035 0.72 0.005 0.010 0.020 11.87 0.03 0.01 0.041 0.028 0.30
OGA-JICA J·l CHltCAILCO Feb·94 24.5 6.9 3075 338 lOS 612 &5.5 875 1063 O 148 0.41 0.046 0.015 0.020 0.080 24.50 2.26 3.85 3.220 0.022 0.10
DGA--JICA J·A LLUTA Feb-94 25.4 7.1 3028 239 85 451 52.0 625 839 O 104 0.54 0.009 0.012 0.020 0.050 19.24 6.60 0.94 0.680 0.014 0.20
DGA--JlCA J·2 LLUTA Feb-94 23.1 6.6 3931 299 74 515 60.0 825 908 O 104 1.43 0.019 0.012 0.020 0.060 23.45 0.05 0.05 1.420 0.014 0.10
OGA-JICA joB PNoW.ERlCANA Fab·94 23.7 6.9 3397 296 93 460 51.0 750 868 O 78 0.74 0.005 0.014 0.020 0.040 1945 0.28 0.03 2.070 0.013 0.10

Al/araQe 23.7 6.9 3289 295 92 529 60.9 852 949 0.0 94 560 0.029 1.00 0.010 0.021 0.040 21.87 1.53 0.72 1.124 0.024 0.20

(Note) V: SPRlNG. N: Due WELL ( No. 01 llprtng and dug well are temporaty.).
SAUPlED ANO ANALVZED BY OGA ANO JlCA SnJOV TEAM IN NOVEMBER 1993.
SM4'I..ES OF .JCA WEUS WERE TAKEN AFTER~NG TEST OTK:RS WERE SM4'I..ED WITHOUT "'-"'PlNG (WELLS WERE NOT IN USE.).
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(a)

(b)

(a)+(b)

Table 8-11. 3.2

Aa;,i6n between Tocontasi and Sector ID =
x 0.7S =

~~erRJ8ht(Vilca-Lo~)=

Total Demand (Tocontasi·Sector ID) =

Water Distribution to Irrigation Canal (by Water Right)
<Distribución de Agua al Canal de Irrigación>

687.2 Aa;,.
SIS.4 Usec
3S.S Usec

SSO.9 Usec

1Il (2) r3\ (41 (31+(41
Acción ACC.ll 0.75 WlluDemand ReaJComs. ntakeJCanaJ Dimbulion Remaininll RelUrIl Canal(2)

Imc) 1Isec) lIsec) 1lsec1 nlsec) lIsec) lIsec) IIsec)

sector m Keslu 4.70 3.53
Rtllhl Bant Pto-Chile 65.90 49.43

Garda 05.00 3.705
La Palma Uno 23.00 17.25
La Palma Dos 36.00 27.00 101.0 SOS 140.3 101.0 39.4 .50.5 89.8
Visconti 119..50 89.63 89.6 44.8 89.8 89.6 0.2 44.8 405.0
KJ!sIuGiI 60.00 405.00 405.0 22.5 405.0 45.0 0.0 22.5 22.5
Sub-Total 314.10 235.58 235.6 117.8

Let\Bank La Isla 22.40 16.80
Hueca 7.08 05.31
Underos 23.90 17.93
Poc:oncllile 83.80 62.85
BBn'8DCO Sta. Rosa 19.00 14.2.5

Mavorca 20.30 1.5.23
Huecarane 31.63 23.n

sector IV AreUano Bevzan 18.70 14.03
CoraBcvzan 93.60 70.20 240.3 120. 6785 240.3 438.2 120.2 558.3
El Muro 158.45 118.84
Alanoca 10..50 7.88 126.7 63.~ .5058.3 126.7 431.6 63.4 4905.0
Olacabul:o ()) 155.00 116.25 116.3 58.1 495.0 116.3 378.7 58.1 436.9
Qlacabuco (2) 15.5.00 116.2.5
DominllUe2. 10.00 7..50 123.8 61.9 436.9 123.8 313.1 61.9 375.0
Saacaoa¡1l 123.00 92.25 92.3 46.1 375.0 92.3 282.7 46.1 328.9

"', 123.00 92.25 92.3 46.1 328.9 92.3 236.6 46.1 282.7
Bravo Uno 18.15 14.06
Bravo Dos 11.26 8.4.5 22.5 11. 282.7 22.05 260.2 11.3 271.05
Sub-Total 10805.37 814.03 814.0 407.C

Sector V Valle Henroso 249.00 249.00
Aiea GonúJez 30.00 22..50 271.5 135.8 271.5 271.05 0.0 135.8 135.7
M.Beovic 8.00 6.00
Bba Pte.ChacalI. 5.00 3.7.5
Ambrosio Florea 2.00 1.50 11.3 5.6 1305.7 11.3 124.5 5.6 130.1
Belld 32.00 24.00
Beneficiencia 39.19 29.39
santa ROIlI 46.83 35.12 88..5 44. 130.1 88..5 41.6 44.3 8.5.9
Sub-Total 412.02 371.27

ITotal 1399.47 1049.60 1049.6 524.8
1049.60 524.8

III-17

(.)

M
(I}+(b)

Table B·II, 3.2

Acción bctwcen Tooontasi and Sector ID::
10.7S",

WaLU Ri¡hl (Vilca-Locedo) %

TouJ Demand (Toconwi-Scctor ID)::

Water Distrib!Jlion lO lrrigation Canal (by Waler Right)
<Dislribucwn de Aguo al Canal de Irrigaci6n>

687.2 Acc.
SIS.4 l!5cc
35.5 lJsc:c

SSO.911scc

S2U

•

•

'1 "' " '" .,.."
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"'""
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..... n... ,.oo...... ,... Sll
u..... n., ""Pl>cODdlile 13.10 .,".............. 19.00 I4.lS
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""'"'".. 11.70 '<al
c~. 9:l.60 "" ,.., ,,,o "., "., "" 120.2 55'.)

"- !SUS IILI4...... 10"0 1." 126.1 ... SSI.3 126.1 431.6 63.4 .,,,
0.-, 155.00 IIUS 1163 SU "lO 116) 3781 SU 436.9

"'""""" , ISj.DO II6.1S

~
10.00 lSO "" " 436.9 12]1 313.1 61.9 '"• 1 123.00 ,,~ Ol.' ..., 31" '" 212.1 ..., :m.9

113.00 ,,~ '" .. , m. '" no.' ..., 212.1
BravoUDO 11.1S ,,,.
BrlmDol 11.26 U, '" " "" ", 260.' 11.3 21U
Sub-TOCIl 1015.31 .14.03 ". ""'"""'v VIIllelkmmo 2411.00 '''00
"'"""""" JO." n.SO 211.S m. m, 111.5 •• 135.' 13n
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B~ Ptc.O\IocIIl ,.., l.1'-- ,.., ". 11.3 ,. 135.1 '"

,,,S lO 1)0.1
fkllte 31.00 14.00....,- )\l.19 29.39........ 46.13 }j.12 U.S ... 130.1 'B .., ..., 1J.9
Sub-TOlIl 41'2.02 31I.V

T'" 119!Ul 10049.60 "'" 51.
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Table 8-11. 3.3 (1) Actual Water Demand and Real Consumption
<Demanda Actual ck Agua y Consumo Real>

JII\.
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nI - 18

Table B·Il. 3.3 (1) Actual Water Demand and Real ConsumpLion
<Demanda Actual ck Agua y Consumo Real>
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Table B-II. 3.3 (2) Actual Wal.er Demand and Real Consumption
<.Demanda Actual de Agua y Consumo Real>
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Table B-n. 33 (2) Actual Water Demand and Real Consumption
<.D~monda ActUlÚ tk Agua y Consumo R~l>
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May

Table B-II, 3.3 (3) Actual Water Demand and Real Consumption
<Demanda Acrual de Agua y Consumo Real>
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Table B-IL 33 (3) Actual Waler Demand and Real Consumption
<.Demanda Ac:,uaJ de Agua y Consumo Real>
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Tabl:e B.Il, 33 (4) Actual Water Oemand and Real Consumption
<.Dt1fl(Jndo Actual ck Agua y Consumo RtaJ>
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Table B-ll. 3.3 (5) AClUal Waler Demand and Real Consumpuon
<Demanda Actual de Agua y Consumo Real>
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Table S-n. 3.3 (5) Actual Wau:r Demand and Real Consumpuon
<Demanda Actual de Agua y Consumo Real>
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Table 8-11, 3.3 (6) Actual Water Demand and Real Consumplion
<Demanda Actual de Agua y Consumo Real>
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Table 8-11, 3.3 (6) AclUal Water Demand and Real Consumption
<D~mandlJ Actual th Agua y C01lSW1lO R~al>
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Table B-II, 3.4 (1) Water Distribution to Irrigation Channel(by Demand)
<Distribución de Agua al Canal de Irrigación (por Demanda»

Jan. (1) (2) (3) (4) (5)
IWater Deman<l IKeaIConu. IConsum. IDemand Intake/C&nal UlSlribullOl IKemamm 'Kelum (3)+{4)
(I/sec) {I/sec} (I/sec) (I/see) (I/sec) (I/sec) (JIsee)

~lll es er 1. 0./
RiaJlt lS&nII o- :111 e 5.8 31.2

illl'C a 1.4
aP maUllO .0 3.2
al': maUol .1 2.4 38.9 68.8 81 69 12 30 42
lJCOIIlJ 1. .8 12.2 12.2 22.8 42 :z: 2(J 11 30

lI.eslc:r II '.2 16. 16. 30.2 30 30 O 13 1
1iul>-TOlaI 11. . O/.'} O/.'} Ill.~

LeftBmk La lita 36.4 15.0
Huanca 10. 4.7
..índc:r0l 43. 19.7
oconauc 3.8 41.7
lIlTI1ICO sta. Rosa 9.8 5.7
avorca 10. S.7
uancarane 24.6 13.6

Sedor IV Ardlano Bcyzan 2. 1.5
lB Bevzan 7. 4. 111.9 218.3 351 218 133 106 239

El Muro S2.4 25.9
A anoca 2.4 1.2 27.1 S4.8 239 SS 184 28 212

aeabuco 1 1.3.1 11.3 11. 23.1 1.11. 23 18'} 12 1.UI
18eabuco (2) 23.1 11.3
omínauez 0.0 0.0 11.3 23.1 201 23 178 12 189
ascapa :1) 84.7 41. 41. 84.7 189 8S lOS 43 148.SC8Il. (2) 84.1 41 ... 41. 84./ 14~ ~) 63 43 lIJó
ravo no 6.2 3.1
ravo 01 3.7 1.8 4.9 9.9 106 10 96 S 101

sea« V a1lc} ermoso 54.3 26.7
AlcaG lII7-'lez 10.3 4.8 31.5 64.6 101 65 37 33 70
IM.8eoY1e: 9.9 5.9
lB ha Ple.Chaeall. .3 S.O
Ambrosio rlores 1. 12.4 20.7 70 21 49 8 58

1Ie! .0 1.4
:neJICJeIlC'1 3 .4 18.1
nla Rosa 1. 11.0 30.5 S7.6 S8 S8 O 1:1 27
I>-TouI 641 324 324 641

Feb.

TOIaI 763 392 392 763

(1) (2) (3) (4) (5)

Waler Demand Real Coms.IConsum. Dem.nd IntakctCanal DislrlbulJor Remalmn~IRelum (3)+{4)
lIIsec [I/Sec (I/sec) (JIsee) (I/sec' (l/sec) [l/see:

/)CQOl' 111 es er J• U. I
RiglU Bank,Ió<:'0-;;;:;;¡h:-IIT""lcc---"----'S"":3:;.+--""3";1~.2

ar :la 1.4

390.9 390.9 761.5

• t alma Uno 3.
c'llma UOS .1 2.4

ISCOIUJ .7 12.2
eslerOil .1 16.
ub-TOlaI 12 .4 67.

Left Bmk ¡;;l..a;=..::lls=:Ii. -+__....;3;:;;;,.3;f-_....:I.:;;5"ijO
Huanca 1 . 4./

mCleros 4 .1 19.6
oconchilc 4 ..6
arranco Sta. Rosa .8 S.
~avorea 1 .2 S.7
uancarane 4.6 13.6

Sedor IV lrellano Bcyzan 2. 1.
ora Bevzan 7. 4.2

Muro S2.3 25.9
.noca .4 1.2
I&cabli .1.
IIcabti o (2) .1 11.3
1l1Uni1 z o.e

ascapa 1) 8 . 41.4
uc:aDI II 11 . 41.4
ravo no 3.1
ravo ot 1.8

Sector V a1le ermoso 5 .2 26.6
lea ( núlez 1I . 4.8
. Be VIC .9 S.9
'ha f e.Chacall. 8.3 S.O

AmbrOSIO Flores 2.5 I.S
!Uelle! 3.0 1.4
Beneficlcncla 33. 18,0
Santa 1<011 21.1 11.0

Sul>-Total 640.1 323.1
TOIaI 761.5

38.8 68.6
12.2 22.7
16.7 30.1
67.7 121.4

111.6 217.9

27.1 54.7
11. 1.3.

11.3 23.1
41.4 84.
41.4 84.

4.9 9.9

31.4 64.4

12.4 20.6

30.4 57.4
323.1 640.1

81
4
30

350

238
2

200
189
14/

106

101

70

57

69
23
30

218

5S
2.

23
8

10

64

21

S7

TOlal Elllraaion

13
20
O

132

184
l~ll

In
104
03

96

37

49

O

30
JI

106

28

12
43
43

5

33

8

27

431

42
JU

13

238

211
1.00

189
147
lOO

101

70

57

27
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Table B-II, 3.4 (1) Waler DislJibution lO lrri~alion Channel(by Demand)
<Distribución de Agua al Conol de Irrigaci6n (por Demanda»
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Table B-II, 3.4 (2) Water Distribution to Irrigation Channel (by Dcmand)
<Distribución de Agua al Canal de Irrigación (por Demanda»

Mar (l) (2) (3) (4) (S)

Water Demand Real Coms. IConsum. Demand InlakcJCanal IDislribulior Remamm~ Retum (3)+{4)
(I/SCC) (Ifsec (I/sec) (I/sec) (I/sec) (I/sec) (lIsec)

,;)CQOl' 111 eser .3 O.Ó
Righl6anll ¡>ro- ;ru e 7 .3 3/.0

Gire a .6 3.0
l.aP ma Uno .8 11.
lAt' lima Dos 1. 73.3 IS8.2 229 IS8 71 85 156
ViSCOlUl 1: 4. 64.9 ISS.6 IS6 156 O 91 91
KeslerGi1 iS. 3S.6 78. 91 79 12 43 SS
Sub-Total 3' r/3. 173.8 392.5

Left BanIt lA Isla 32. 13.
Huanea 9. 4.

mdc:ros 38. 17.3
ocondule 12. 60.8
arranco SIL Rosa 1 . 9.5
ayorea 2. 12.0
uancarane Ó .1 29.0

Sedor IV .rellano Hc:vzan 2.3 11.4
OI'a uevun 13 .3 54.1 211.5 474.7 983 47S S08 263 772
Muro 2S .3 10 .1

A anoca 1 .2 .7 114.8 27S.S n2 276 496 161 657
l8eabuClo (l) 22 .9 9 .4 93.4 228.9 657 229 4211 136 563
18eabuoo (2) 22 .9 9 .4
)lJ\jnauez 1 .S .4 98.7 242.4 563 242 321 144 46S
scapa [1) 24 .1 lO 8 102.8 240.1 4ó: 240 225 3~ 362

aSC8lla (l) 240.1 102.8 102.8 240.1 362 240 122 137 259
raYO no 30.7 1 .8
rayo 101 Ill.4 20.5 49.1 259 49 210 29 239

ISCdof V Blle iermoso 1"13.8 ., '.9
Alea [jc)nz,llu 64.8 l. 103.4 238.7 239 239 O I3S 135
M. BeoYIC '.9 .9
li'ba I'\e,(;haeall. .3 .0
AmbrOSIO Flores 1. 12.4 20.7 I3S 21 115 8 123

ella 1.0 .0
lcneticllCncla 3 .1 1 .6
anta Rosa 41.7 l' . 36.9 74.8 123 7S 48 38 86
ub-TOIaI l,OIl4.9 89 .1 897.1 2,084.9

Total 2,4n.4 1,070.9 1,070.9 2,4n,4 Total Eltlraetion 1,212

Apr. (1) (2) (3) (4) (5)

1- -;,.,1wrT.a=:ter:T'~Dema=,n""mdRn=eaJ;:FCom=!S·rCon=.;isu=.;m=-.rJJe=.;'mand=ot·nlakeJCanall JJjSlrlbUllOr RemaJnJn~IRe1Um (3)+{4)
ll/sec (I/sec (Vsec) (I/sec) (lIsec) ,I/sec) (Ifsec

l:iedor 1II:-:'L~es~er;;;rr,::--__+-__--ri:';"U+--""Iir~
Right BUlk__¡.;.:;:o-:--u:;:.::.ull;:::e__-.1f-__'=';':s.,*,/_--=2:x:il:'

arda .1 3
a Palm. Uno 2 .0 1.9
.. Palma Dos 41.1 16.7
ISConU 122.1 50.9
esler Gil 61. 27.6
ub-Total 306.4 135.2

Ld'I Bank ..~~1s:::;1l'=-- +-__-i~__...;2.=il8
iuanea .4 1.3
meleros 1 . 6.7
oconchile 9 . 41 .ll
arranco SIL Rosa 1 . .3
ayarea 2 . .4
uancarane 'L .

56.7
50.9
27.6

135.

123.0
122.1
61.3

306.4

179
122
71

123
122
61

o
10

66
71
34

122
71
44

794.4 794.4) ,841.9

Sedor IV rellano Bc:vzan 2 . 1.9
ora Bevun 104. 4 .4
Muro 20: .7 84.8

A moca 1 .7 5.3
haeabuoo (l) 18 1.0 73.4
haeabuco (2) )8 .0 73.4
lominaUICz 1 .6 4.2
scapa (l) ) 88.4 80.5

ascapa (2) I Ill.4 1l0.5
rayo no 4.1 10.0
r.yo los 6.0

Sed.or V falle ermoso 1 4 .6
lea e núlu I .

11. Be. IC i.9
Iba 1'1 ~Ol8call. .3
mbroslO rlores 1. 1.0
elllCl 1.0
enehCJencl. 2 . 14.1
.nta Rosa 2 .1 12.5
ub-Total 1,53 . 659..l

Total 1,841.9

148.1 329.7

90.1 216.4
73.4 180.0

n,6 190.6
80.5 188.4
1l0. Illll.4

16.1 38.6

57.1 133.3

8.2 13.6

27.6 56.7
6S9.2 1,535.

700

S52

388
311
230

ISO

134

TI

68

330

216
180

191
1811
Illll

39

133

14

57

Total Elttraction

370

33S

198
122
42

111

o

63

12

182

126

113
108
1O11

23

76

S

29

879

5S2

462
388

311
230
1:50

134

n

68

41

m-25

'"79'.4 1,841.9794.41,8<41.9

....
~~

, •
~

.... ~.

~; , -"'" . .::::"',
~

,
""Q~

Ria,hl ,
••

M

• •• ".7 123. 17' '23 .. 06 '22

~
, ., ,

:1J O , ,
Q ,

~
1.dI .... •

~-~ •
~~~ ~

• ••
-~..... 'V ~~ -• , •• 148.1 329.7 700 ,JO 'lO 182 '"~ ...
A~

~ .
90.1 21M '52 216 m '26 ..,

Q .... .0 ••

~ i"
, •• :i1 190.6 '" "'• , •• ,.... 11 ,

,,~ ., 100
.~ 1<, "- 130 39 111 23 '"I~ k ,
~ "., 1)].3 '" 133 O 76 TI

•
~

., 13. TI lO 6l , ..
~ .
~. ••-~ 21.6 ".7 .. " 12 29 ..

'." . ." . .~. '»'.

•

1lI - 25
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Table B-ll, 3.4 (3) Water Distribution to Irrigation Channel(by Demand)
<Distribución de Agua al Canal de Irrigación (por Demanda»

M.y (1) (2) (3) (4) (5)
Waler eal Coms. ¡Consuro. nemand IlntakeJCl1lIl IDíslnbUlJor Remamin~ IRetum (3)+(4)
lIIsec lIIsec (I/sec) (I/sec) (I/sec) (I/sec) lIIsec

:)ec\Of 111 esler 0.11 0.4
Ri¡hl 8anIl o- :hile 43.1 ll.:1.

IfC. 4.1 1.8
aP lIma Uno 16.9 7.2
aP 1m. Dos 33.4 13.5 45.1 98.3 144 98 46 53 99
IlCOllti 98.8 41.1 41.1 98.8 99 99 O 58 58
esler Gil 49.2 22.1 22.1 49.2 58 49 9 2~ 36
u~T<Ul 246.4 108.3 108.1 246.4

LeftIHnk .... Isl. 5.1 2.3
fluanca 1.9 1.0
.¡lIderO' 10.0 .3
'OCOllcm e 77.0 3 .0
arranco Sta. Ros. 12.2 .8
ayorca 16.7 '.:>
uanearane 4 .1 1 .0

Seaor IV Arellano Beyz.an 1 .3 '.2
.....or.8eyzan g, .1 34.4 118.4 264.6 565 265 300 146 441
·1 Muro 16 .0 68.6

Alanoca 1 .3 4.3 72.9 115.3 441 115 211 102 314
:h.eabuco (1) 146.0 59.5 59..) 146.C 374 14() 228 111 314

haeabuco (2) 14tl.0 .:19.
)ommguez 8.6 3.4 62.9 154.6 314 155 160 92 251
aSCIDa 1 ;2.4 65.0 65.C 152.4 251 1:11 99 111 Ill()
:a1Cllla (2) 152.4 65.0 65.0 152.4 1116 152 J4 111 121
r.vo no 19.5 8.1
raYO lOS 11.7 4.9 13.0 3\.2 121 31 90 18 108

Seaorv alle ermoso 111.4 3:1.
Alea e >llÚlez 26.4 10.9 46.1 107.8 108 108 o 62 62
M. BeOVIC 5. '.0
A'h. Pr. n..eall. 4.
AmbrOSIO Flores 1. .8 6.3 10.4 62 10 52 4 56
kllet 1. 1.8
eneliclenc•• 21. 11. 1
anta Rosa 21. 10.0 21.9 45.2 56 45 11 23 34
u~Total 1,239. 531.0 531.0 1,239.7

Total 1,486.1 639.3 639.3 1.486.1 Total EJ:uaaion 109

Jun. (1) (2) (3) (4)

[Water lJemand Real Coms.ICOnsum. IlJemalld IntakeJCanal Disuibutior Remainin¡ Retum
(I/sec) [l/sec (I/sec) (l/lec) (I/sec) O/sec)

(5)
(3)+(4)
lIIsec

[:)ec\Of IIJ esler .1 O.
Right Bank~o-::':'''C;o,h''''ll-e---4------.3<,;.:.;..f---:1';7..:;17

arel. .4 \.5
I P.lm. Uno 1 .9 5.9
I Palma Dos 2 . 11.2
ISCOI1lJ 81.6 33.9
esler Gil 40. 18.0
ub-TotaJ 202.0 88.

Left Bank ......;=-:;S:.:;II.=-- +-__---;.4.:.;+-__...,;I~.9
fluanea \. 0.8
indcros 8.1 4.2
OCOf'lelllle Ill.4 2Y.II
arr.nco Sta. Rosa 9.9 4.7
.yorea 13.6 6.1
uancarane ~.8 14.6

36.6
33.9
111.0
88.

80.2
81.6
40.2

202.0

118
82
48

80
82
40

38
o
7

44
48
22

82
48
30

524.7 524.7 1,223.1

Seaor IV rellano 8eyz.an .3 1.9
:ora 8eyzan .7 2: .4

Muro 1.4 :>11.6
AJanoca 1.5 1.:1

;naeaDllCO Il I.Y 4' U
:naeallUCO [l: 1: 1.9 4 .3
lominguez .1 2.9
a$CApa 1) 125.7 53.
aseapa [l: ID.I "j.
raYo no 16.1 tl.
r.vo lO' .7 4.0

ISCdof V alle ermoso 6i.1 28.9
lea G >núlez 2 .8 9.0

11. Beovlc ,.9 2.3
'ba PIe.Ch.call. .3 2.0

AmbrOSIO t'lores .0 0.6
ellet .4 U.()

lenefiaenc.a I .5 8.9
anta Rosa I .7 8.1
ub-TOlII 1.021.1 436.2

Total 1,223.1

96.4 216.5

60.2 144.9
4Y.J IZO.Y

52.1 128.0
:>3•.) In.7

10.7 25.8

38.0 88.9

4.9 8.1

17.7 36.7
436.2 1.021.1

465

369

259
20
1:>4

100

89

51

46

211

145
121

128
126
126

26

89

8

37

Total EJ:lraClion

248

224
11111

131
81
211

14

o

43

10

120

85
12

76

72

15

51

3

19

583

369

308
2:1Y

207
1~

100

89

SI

46

29
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Table 8-0, 3.4 (3) Water Di tribution to Irrigation ChanneI(by Demand)
<Distribución de Agua al Canal de Irrigación (por Demanda»

MIY (1) (2) (3) (41 (S)

Water ulComJ IConsum. Dem.nd IInIakC/UllaI IIJIJlnbulJor Rcrnamm¡
IR;:)

(31+(4)
IV_ec [l/sec) (I/sec) (Vsec) (lIne) (lIsec)

seaor IU ala' O.~ 0.4
Ri&hl_ He 431 2.2-2

jllTca 4.1 18
AP lima Uno •.9 72
.. p l/maDol .4 13.5 45.1 98.3 144 9lI 46 ~3 99
UCOIIlJ S .8 4 .1 41.\ 98.8 99 99 O 58 58
esla' Gil 4 '.2 4.1 22.1 49.2 58 49 9 2', 36
ub-TOlaI 24 .4 108.3 108.3 246.4

Ld\Bri ... 111. 5.1 2.
"IUIIlCl 1.9 \.
.inderOl \ .0
'OClOncn. e 7 '.0 3".
lITanc:o Sta. Rou 1.2 .8
ayorCl .7 '.5
UIIlc:arane 1 ILO

SeClOr IV reJ I.no Bey l.lIJ1 .3 '.2
.a Beyun .3 34.4 118.4 264 6 565 265 300 146 447

• Muro 160 68
A llJ10CI 1 .3 4. 72.9 175.3 447 175 271 102 374

hacabuco (1) 14 ,.0 Sil. 5115 146.~ 3'4 146 2211 tri 314
hacabuco (2) 14 .0 59
OO'Imguet .6 3.4 62.9 15U 314 155 160 92 251
~a tll 15 .4 65.0 650 152.4 251 152 9'J 117 ItlO

r21 1..24 650 65.0 152.4 186 152 J4 111 J21
ravo 'no 19.5 8.1
raYo los 11.1 4. 13.0 312 121 31 90 18 108

SecLor V Valle c:rmoso 111.4 35.
AlcaConálu 26.4 10. 46.1 101.8 108 lOS O 62 62
M.8coYje 5.
B'ba 11. ••
AmbroJIO Florea l. .8 6.3 10.4 62 10 ~2 4 56
Ielles 1 1.8
JcrleJ.C1enaa 21. 1I I
anta 1(0.. 21 10.0 219 4S.2 S6 45 II 23 34
ub-TotaI 1,239. 531.0 S31.0 1,239.7

Total 1,4S6 1 639.3 6393 1,486.1 TOLII Eallaa.on 709

Jun. (\) (Z) (3) (4) (5)

IWalel' uemandlKea1 Coms ¡Consum. luemand IntakeJCanal D1SIJlbutiOl' Rcrnalllin RCllIm (3}+{4)
ll/sec IIIsec (1I1Ce) (1I1eC) (1I1Ce) (llsec:) (lIsec)

lseaor 111 K.e.sler .1 U.
RiglU BanIt"'Pr"'t~--7<:h""'ll-e ---+----.3<'"";.".. 5+---:17'¡'..~7

jare: a .4 L..
A Palm. Uno I .':1 5'.9
.. Palma Dos 2 1I 2
ISCOllI.l 81.6 33.9
esler Gil 40.2 18.0
ub-Total 202.0 88.

Left Bank ¡;:..80=-..:.;1·':.::lla:-__--+ ..;.4.:.;.2~-____,;I~.9
"luanea L 0.8
.rulero. 8.1 4 2
llWIlcm e 62.4 21111
arranco S.... Rosa 9.9 4.7
ayorca 13.6 6.1
UIIlc:anllle ~.8 14.6

36.6
33.9
1M

80.2
81.6
40.2

202.0

118
82
48

80
lrl
40

38
o
1

48
22

82
411
30

SeCUlJ IV rellano 8eyun i.9
lIl'Il t1eY7,all .7 2: .4
Muro 1.4 :11.

AJanoca .5

96.4 216.5

60.2 144.9

465

369

217

14S

248

22A

120 369

308
I'IIClIb\IClO (1) I:¿ I!>, 4 •

1219 4

aseapa J)
ilscapa(:.I)
'IVO M
rll/o lOS

ISeaor V 'alle t cnnoso
Jea Gonúlcz

AmbrOSIO rlores
t1C1ICl
BmefiClenc.a
Stnta Ro"

.1 9
125'" 53
12 ., 53.
I .1 6.

7 4
6 .1 289
2 .11 'O

'.9 3
.3 :.0

.6
1.6

l.
8.1

411.] 120.Y

S2.1 128.0

107 25.8

38.0 88.9

49 8.1

17.7 36.7

30~

259
20'

154

100

89

SI

46

121

128
126
1Z6

26

89

8

37

11111

131
81
211

74

o

43

10

76
72
72

15

SI

3

19

2.511

207
154
100

89

51

46

29

524.7 524.7 1,223.1
Sub-TOlII
Total

1,021.\
1,223.1

436.2 436.2 1,021.1
Total Ellradion 583

III - 26
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Table B-II, 3.4 (4) Water Distribution to Irrigation Channel(by Demand)
<Distribución de Agua al Canal de Irrigación (por Demanda»

JuJ (1) (2) (3) (4) (S)
IWalCf cal l:Oms. IConsum. IDcmand Iln~~1 ¡Disl1ibutio~IRcmainin IRetum (3)+{4)
(1/sce) [l/sce) (1/ace) (Vsec:) (l/scc) (Vace) (lIsec)

1:>eaDr 111 escr u. o.
RighI Chile 21. 12.2

areSl 1.0 0.6
I t'alml Uno .4 1.
a t'a1ml lJoII .3 1.1 15.4 27.4 33 27 5 12 17
ISCOf1U .4 5.0 5.0 9.4 l' 9 8 4 12
eslcr (jll 1 6. 6.7 12. 12 1 O 6 6
ul>-TOlaI 4 .0 27.1 27.1 49.0

Lcft Bank lAlall 4.1 J.8
HuanCl 1.4 0.8
inderos 7.8 4.1

I'oeonchlle 29.4 16.
HarTanco Sta Rosa 3.8 2.2
MIYorCl 4.1 2.3
HuanCll'lllC .9 :l.

Sec.1or IV Ardlano 8eYWl .9 0.6
ora Bcvzan .9 1.6 35.3 64.4 124 64 60 29 89

hl Muro 1.0 0.0
Aanoca .0 U. O.S 1.0 89 1 88 O 88

tlllClbuco (1) 1.1 4.9 4.9 10.1 118 1IJ -,8 J 113
tlllcabuco (2) 10.1 4.9
IOmintuez 0.0 .0 4.9 10.1 83 10 73 S 78
ascapa (1) •.8 1 '.9 17.9 36.8 -'8 3' 42 19 61
Iscap1(2) .8 1 '.9 17.9 36.8 61 3' 24 19 4
rayo no 1.0 1.0
rlYO 101 .0 0.0 0.0 0.0 43 O 43 O 43

Sec.1or V lile ermoso 23.6 11.
AICI núlez .fl :1.I 13.6 28.2 43 28 IS 15 29
M.Ü4 YIC .8 2.
B'ba LChlcall. .2 1.9
Ambl Olio !"Iores l.'" u.6 4.7 7.9 29 8 21 3 24

lIet 1.4 0.6
ialefiCJenCl1 13.7 7.3
anta Rosa 8.9 4.6 12.S 24.0 24 24 O 11 12
ub-Total 219.1 112.1 112.1 219.1

TOlaI 268.1 139.1 139.1 268.1 Total ElllrlcllOll 151

Aug. (1) (2) (3) (4) (5)

WIlCf uemln Real coma. IConsum. Dcmand IlntahJCanal ¡Dillnbu\ior¡Remamm~¡Rewm m-+{4)
(1/sec (1/sec) (1Isec) Cllsec) CUlee) (Vsec) [l/sec:

:>eaor 111 escr .3
RigluB·ft~ ~"'I.ile 2: .6 1 .7

arela .1 .6
a Palma Uno .:l
I t'a1ma l.>os 1.2 17.3 30.8 37 31 6 13 19
ISCOf1U 1 . 5.6 5.6 10. 19 10 9 14
eslcr Gil 1 .6 7.5 7. 13.6 14 14 O 6 6
ub-TOlaI 5- .9 30.3 30. 54.9

LcftBri lA Isla 4..J 2.0
Huana 1.6 0.9
indcros 8. 4.tí
O<XlIlcm e j; . 18.
mana> Sta. Rosa 4.
ayorCl 4.6
uanCll'lllC 11.1 .1

Sec.1orIV rellano Bevzan 1. 1.6
orl Bevun 3.2 1.9 39.7 72.1 152 72 80 32 112
Muro 25.1 12.3

A anoc:a 1.1 0.6 12.9 26.2 112 26 86 13 99
haClbuco (1) 11. •.4 :l.4 11.1 99 11 1111 6 94
haClbuoo (Z) 11.1 .4
lominguez 1.0 S.4 11.1 94 11 83 6 89
ascapa '1) 4 . 1 .8 19.8 40.8 89 41 48 21 69
ascapa :Z) 4 . 1!i.1I 19.8 4U.8 6." 41 ZII ZI 49
rayo 10 U
raYo s 1. .9 2.4 4.8 49 5 44 2 47

sea.or v alle) crmoso 26.1 I .7
la ( núla 5.0 .3 IS.l 31.1 47 31 16 16 32
. BeoylC: 4. 6

I'ba Ple.Chacall. 3.6 .1
Ambrosio )-lores J.J .6 S.3 8.9 32 9 23 4 26

elle! .5 .-,
ialehaencll I .3 :.Z
anla Kosa '.9 .1 14.0 26.7 26 27 O 13 12
ub-TOlaI 27: .6 139.J 139.7 2n6

TOlaI 328.S 170.0 170.0 328.5

ffi-27

Total Exl1aaion 189



Seo. (1) (2) (3)
¡Water Demand Real Coms.IConsum. Demand IntakeJCanal DiSlIibutiofi Rernamin
(IIsec) (IIsee) (l/lec) (I/see) (l/lec)

Re1um (3)+{4)
(l/lec) (I/sec)

5/6

R
~t'ft'"~~:Lh<'-'-es.;.;;er;'¡'-"'__--If-__:-=u,."..'.I+-_"""""u,..4-:i

........... o- hile 47. 24.4
arda 4.6 2.0
.. Pllma Uno 18.8 8.0
.a Pllma Dos 37.1 15.1

ISCOlltl 109./ 45.6
esler Gil 54. 24.4

273. 120.0

Left Bank t'i'.Ar':-:'liS~II'':--__--+ rit-__-r2'''7-i6
iuanea .0 1.1
InderOl 1 .1 5.8

'OOOnCllI e 8 . 40.9
IBarranco Sta. Rosa 1 .4 6.4
IMlyofea 18. 8.3
IHuaneanane 44.4 19.9

49.9
45.6
24.4

120.0

108.9
109.7
54.

273.1.

160
110
64

109
HO
55

51
o

10

59 110
64 64
JO 40

762.5 762.5 1.764.4

Sedor IV Arellno Heyz.an 19.2 8.0
!\..or& Beyun '.13.6 38.2
'hj Muro 183./f).2
Alanoca 11.4 4.7

haeabua> (1) 162.2 66.1
:hlcabuco (2) 162.2 66.1
lOllllnRUeZ '.1.6 3.8
Iscapl 1) 169.2 72.1
ascapl (2) 169.2 72.1
lavO no 21.7 9.U
rayo Jos 13.0 5.4

I~ v II e ertn050 145.6 63.2
Alea G núlez 46.8 19.4
M. BeoYIC 9.9 5.9
B'ba P\e.Chaeall. 8.3 5.0
AmbrOSIO FI«es 2.5 l.

ellel 3.0 1.4
c:nellCJencll 40.7 21.0
lUl\.I Kosa 3'.1.4 18.3
ub-Toal 1.491.2 642.5

TOlaI 1.764.4

131.1 293.2

80.9 194.7
66.1 162.2

70.0 171.8
72.1 169.2
72.1 169.2

14.4 34.7

82.6 192.4

12.4 20.7

40.7 83.'1
642.5 1.491.2

699

568
487

421
351
279

207

192

110

97

293

195
162

172
169
169

35

192

21

83

Total EXlIldion

406

373
325

249
182
110

172

O

89

14

162

114
96

102
97
97

20

110

8

42

859

568

487
421

351
279
207

192

110

97

57

Oa. (1) (2) (3) (4) (5)
1- ¡.,;Wii:II~ter;.-=IDc:.::lm::..:a::.nd=f7.IR;.r.'e;:al~C=om=s.+:::on=:::'su::..:m.::...+:Dc=m.:;:a.:.:;nd=-lllntakeK.:ana1 OJslribulior Rernamm II<e1Um (3)+(4)

(I/sec) [l/sec) (l/lec) (1/sec) (I/sec) (I/see) (1/see)
.~ 111 esla u.
Righl BanII=:..··~o-:"'C7ir"'hll~le---t---""Pir5.71t--....,2rn~9~.5

arcfl .4 2.4
1"'1 mi no '.1.4
Palma Dos 43. 17.7

IsconIJ 129.0 53.7
esler UII 64. 2'.1.0
Ul>-IOlIl 3Zl..1 14:.u

Left Bank l.A Isla 6.6 3.0
t'i'¡ir.:1uan=ca'::------1t----;¡.;2.?5t-----;.1'7i.4

inderos 13. I.U
oconcnlle 101.6 49.0
~ Sta. KOla 16.0 7.6
ayorea 21.9 9.8
uancarane .6 23.6

59.5
53.7
29.0

142.2

129.2
129.0
64.

322./

189
12
7

129
l.l'.l

65

59
o

11

70
75
36

129
75
46

Sedar IV lelllno Heyz.an 2 :.b '.1.4
:ora Beyun lO .9 44.8

r; Muro 21 .2 89.
A anoca 1 .4 5.6

l&caDuoo / .
acabuco (2) 19 .3 77.6
lIl1mguez 11.2 4.5

a!capl 1 19 .9 84.9
lSC&pa :2) 19 :.9 114.
lavO O 2 .5 10.6
rlYO s 1 .3 6.4

~ v lile t ermolO 106.4 46.0
lea e nzAJez 34. 14 ..l
. BcovIC 6. 4.0

I'bI Ple.ChacalJ. 5. 3.4
mbfollO "'Iores 1. \.0
elleJ Z. I.U
enellClene,a 211.8 14.8
anta Rosa 28.5 13.2
ub-TOlaI 1,620.1 694.8

Total 1.942.8 837.1

155.7 347.0

95.\ 228.6
'.b IIJ(;.

82.0 201.5
114.'.1 1'.18.9
84.9 198.

17.0 40.8

60.3 140.7

8.4 14.1

28.9 59.5
694.8 1,620.1
837.1 1.942.8

III - 28

738

582
411,

410
328
1.4.

158

141

81

72

347

229
IIJ(;

201
199
I'J'J

41

141

14

60

Total Exlraetion

391

354
2'.11

208
12'.1
44

117

o

66

13

191

133

119
114
114

24

80

6

31

927

582

487
41U

328
243
Dll

141

81

72

43

'"

"'09,'60'01

•
••

Table B-II, 3.4 (5) Water Distriburion to Inigation Channel(by Demand)
<Distribución de Agua al Canal de Irrigación (por Demanda»

•_ sum. w¡ _11\1 dUm

lhe<:l (lhce Mee

•• •
"•
• 131 1 2932 "'" 293 ... '62 ,..
• lO' 19. ,.. '92 m 11. m

16 1 , • I

• • 100 171, 1 •, 1

• ". J<. .17 15 In 20
•

O•• 82.. ",. '92 192 o 110 110

1 ... 20.7 110 " lO • 97
1.'

• , ".7 83. 97 83 "
.,

"1.4 12 "" " 1.4912
T..., 1,76044 >1" 762.' 1,764 .. Total E.l1lKUOn 819

m. ~ -""bu¡
-~

"'" "'" '''''
•

00 •
J l'''' 129.2

1 .0

•• •..
•
••"-IV ... 155.1 "'. 738 ,O '91 191 '"92.' ",. '" '" 15. m m

• n 20' " "' m
• • •

.. 17. ... '" " 117 " '"..
60' 140.7 '" ,.. o lO "•••,. L< 14.1 " .. 66 6 n.., "" " 72 60 " " ".... • ,

83" 83" 1.912-8 Toul Eu.K1KloI m

m-28
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Table B-I1, 3.4 (6) Water Distributíon to Irrigation Channel(by Demand)
<Distribución de Agua al Canal de Irrigación (por Demanda»

Nov. (1) (2) (3) (4) (~

Water Demand Real Coms. ::OOsum. IDcmand Inlllk~1 D1slnbuuorIRemaimn~ Retum (3)+(4)
(lIsec) (lIsec) (l/lec) (llsee) (I/sec) (lIsee) (liste)

I~III eser u.
Righ1B le 6~.4 34.4

are a .2 2.8
I Palma Uno J. .2 10.8
I I'alma lJos 49.3 20.C 68.6 148.4 215 148 67 80 147
Isconll 146.7 61. 61. 146. 14 147 O 85 85
esler Gil 73.9 33.3 33.3 73. 8S 74 12 41 52
ub-Total 368.9 163.1 163.1 368.9

LeftBanlt l-a Isla 3.4
Huanca .9 1.6
mderos 1 .4 8.1
oconáule 11 .2 ~6.8

Barranco Sta. Rosa 18.5 8.8
Mavcwea 25.0 11.3
Huancarane 60. 27.2

SccIorIV Arellano Beyun J.. 10.
;)fa BcVUll 1 4. 51.0 178.8 397.2 841 397 444 218 662
I Muro 244. 101.!!

A anoca 15. 6.4 108.2 259.7 662 260 402 152 5S4
IIacabuco (1) 215.9 88.1 88.1 215.9 554 216 338 128 466
hacabuco (2) 215.9 88.1

>ominguez 12.7 5.1 93.1 228.6 466 229 237 135 373
aseaDa 1 "L :C>.2 96.8 9C>.8 z2c>. J. 226 14 11.9 276
ascapa (2) Z 6.2 91 .8 96.8 226. 21{) "J:1lJ 50 129 179
rayo no 8.9 1 .1
rayo 'O. 7.4 .2 19.3 46.3 179 46 133 27 160

I~V alle. rmoso 11.1 5: .
Alea ( núlez .0 16. 68.7 160.1 160 lOO O 91 91
M. BeoYle :.0 4.
Ifba Ptc.Chacall. .7 4.
AmbrosIO f'lores .0 1. 10.0 16.7 91 17 75 7 81
lellet 1.1
lenefiaencla J .4 17.1.
anta Rosa 2.6 15.1 33.5 68.6 81 69 13 35 48
ub-TotaI 1.845.5 793.1 793.1 1,845.

Total 2,214.4 956.2 956.2 2,214.4 Total ExlJ8C1Íon 1,056

(1) (2) (3) (4) (5)

Water lJcmand Real Com.~. Consum. IIJcmand InlllkelCanal DislribullO~IRemam," IRelUm (3)t{4)
(I/sec [liste (l/lec) (IJsec) (Vsec) (l/lec) (lIsee)

I~ III esler 1. 0.<>
Right Bankhi""o-"".Coclh""l1-e---+----.7""':3"".8+---.3""'8-i:i..3

arda 6.8 3.1
l'a1maLno 11./ 11.\1

.. Palma Dos >4.1 22.0
ISCOl1lJ 161.1 67.3
ester Gil 81.5 36.8
ub-Total 406.4 119.\1

Left BanIt 1Tl-ar.:o:::Ils:::la':- t-__,3.¡¡.3..*3__1'-:¡3<'fi.7
Huanca 10.1 4.7
inderos 41.6 19.3

c'OCOIlClllle 14 . 70.
Barranco Sta. Rosa 2 . 10.9

IMl\oorca 13.4
uanearane 3z.3

75.8
6/.
36.8

163.8
161.1
81.

406.4

237
161
94

164
161

81

73
o

88
'14
45

161

~7

1,099.5 1.099.5 2,531.5

Seaor IV rellano BeYun 11.. 1
lf8 BcYUIl 1.4 56.8
Muro 2" 2.0 114.0

aeaDUCO (1) 238.4 9 .5
haeabuco (2) 238.4 9" .5
lomin uez 1 ·.9 .6
ascaDa :1) 25 .7 10' .4
aseaDa (2) 25: .7 10'1.4
raYo no 3: .2 1 '.J
rayo os 19.3.1

Seaor V alle ennoso 133.1 S" .7
lea núlez 42.8 1" '.8
• Be IlYle 9.0.4

'ba I e.Chaeall..~ 4.5
Ambrosio t-Iore.s .2 1.3

ellct :,fl u
ieneflciencla 3 .0 19.1
anta Rosa 31 .0 16.7
ub-Total Z,I1:.1 91\1.~

Total 2,531.5

233.7 516.2

121.1 289.0
97. 238.4

103.1 2523
109.4 253.
109.4 253.

21.6 51.5

75.5 175.9

11.2 18.7

37.0 75.8
919.5 2,125.1

972

738
617

519
416

197

176

100

89

516

289
238

252

52

176

19

76

Total Eltlraetlon

4SS

449

267
loz

146

o

82

13

283

168
141

149
144
144

30

100

7

39

1,209

738

617

416
3U7

176

100

89

52

III - 29

6/6

Table B-ll, 3.4 (6) Water Distribution to lrrigation Channel(by Demand)
<Distribución de Agua al Canal de Irrigación (por Demanda»

Nov. (1) (2) (3) (4) (5)
Waler Demand Real Coms. Consum. IDcmaTld IntaktJCanaJ 'D!stnbullor[Rcma.mln~ [Rewm (3)+(4)
(Ilsec) (Vsce) (lIsec) (I/sec) (Vsec) (Vsec) (lIsec)

1~1I1 ...eslr:r l..t U.
Ri&IU .., "hile 66.4 34.4

:Jan:fa 6.l 28
lA Palma Uno 25.2 10.8
LA Palma Uo. 49.3 2U.0 68.6 148.4 215 148 61 80 147

'1COn1l 146.1 61.l 61.l 146.' 141 147 O 85 SS
KelIler Gil 73.9 33. 33. 73. 8:1 74 12 41 :12
Sub-TOlal 368.9 163.1 163.1 368.

l.d\Bmk .. lsll 7. J.4
uanea .9 1.6
nderos 1: .4 8.1

oeondIile 1\ .2 56.8
urlnco Sta. Rosa l. 8.8
IYorca .0 11.3
uanCllrane •.t 27..t

Sea.orIV Arellll10 Beyzan .1 10.7
ora tkvun 1: S1.0 178.8 397.2 841 397 444 218 662

6 Muro 244 101.11
A anoc.a l. 6.4 108.2 259.7 662 260 402 152 5S4
IChaCllbuco ( 1) 21 . 88.1 88.1 215.9 S54 216 338 128 466
ICi\leabuco (2) 21 . 88.1
IDominRlleZ. 1 .7 5.1 93.1 228.6 466 229 237 135 373
;-a 1 .2 96.8 9tl.8 2Jb. J, U6 14~ Il9 276
ate.a:D1(2) :z; 2 96.8 96.8 226. 2~ 226 SO 129 179
rayo 'no :.9 12.1
rayo 10. .4 7.2 19.3 46.3 179 46 133 27 160

l:sc:aor V "le rmoso 11.1 52.
A.ea e núlel. 1.0 16. 68.7 160.1 160 160 o 91 91
M.8eoYic :.0 4.
~ Plc.OllU:III. .7 4.
AmbrOlJIO t-lon:s .0 1. 10.0 16.7 91 17 75 7 81
leila ..J 1.1
lendiolmC:lI .4 17.l
am Ro... .6 15.1 33.5 68.6 81 69 13 35 48
ub--TotaI 1.84 ;~ 7931 7931 1,845.

ToW 2,2144 9562 9562 2,214.4 TolaI ütrlClJon 1,056

(1) (2) (J) (4) m

lsector 1lI esler 1.3 0.6
RlaM B·"~Ió:.....;,=,;e,"h-':'IIe---+---"'71"',""..8+--"'3""S'TI... 3

arda 6.8 3.1

1,099.5 1,099.5 2,531.5

... Palma Uno 2/7 11.9
lA Plilma Do. S4.\ 22.0
Vlsconti 161.1 67.3
KeJler Gil 81. 36.8
Sub-TOlal 406.4 1711.9

Ldt BIII'Ilr. ~.. -:::1111~a~__-+__-i3¡;¡1:]-73~_.....;1~3..;¡¡7
uanca 10.1 4./
ndcrot: 41.6 19.3
ICllIlclllle 1, 70.
arnnco Sta. Rosa 10.9
~CI 1.4

Scd.or IV rellano Be:yun 1: .1
lI'I Bcvun 1: .4 SI .8
Muro 2~ :.0 114.0

A 1n0Cll l' .1 7.2
'llClIlUCO (l) :.tJ :.4 97.
ucabUco (1) 238.4 9

Iscapa :1) 25 .7 10 .4
.lCIpa (1) 25 .7 10 1.4
rayo no 3 ,2 I 1.5
rAYO os 1 ,3 .1

Seaor V lile ermoso J3 .1 5' .7
lea nulez 4 l8 1 '.8
. tsc y,c '.0.4

'ba :e.Qlacall. '.5 4.5
Ambr SIO rloret ,2 1 3
~lIet t.K I.J
lc:nef,c:iellClI 3.0 19.1
:ant.l Rosa 36,0 167
ub--TOLlI 2.,125.1 919.5
T~I 2,S315

75.8 163,8
61. 161.1
36.8 81

1711.11 406.4

233.7 S16.2

121 1 289.0
97. 1JII.

103 I ~2.3

\09.4 253.
109 4 253.

21.6 51.~

755 175.9

11.2 18.7

31.0 75.8
919.S 2,125.1

237
161
94

972

738
011

519
416

197

176

100

S9

164
161
81

516

lJII

2S2

52

176

19

16

ToIa1 EaIrllC1lon

73
o

12

45S

449
J 111

2f>7
161
;)J

146

O

82

J3

88

45

283

168
141

149
144
144

30

100

7

39

1.209

161

S7

738

617

416
307
19/

176

100

52
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Table B-II. 3.5 Monthly Average Groundwater Recharge Potential
<Potencialidad Medio Mensual de Recarga de Agua Subterránea>

(Case 1) : Water Right
(Unit: Vs)

Tocontasi Consumo Intake Point Required Actual Remaining Recharge
(Upstr.) Extraction Extraction in River

Jan 2,887 275 2,612 819 819 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
AU2 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: l/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 O O
Ave. 2,216 250 1,966 720 711 1,255 515

II1-30

Table B-I1, 3.5 Monthly Average Groundwater Recharge Potential
<Porencia/idad Medio MeflSUlJ/ de Recarga de Agua Subterránea>

(Case I) : Water Righ.

•

(Unil' Vs).
Tocontasl Consum. lntake POiOI Required Acrual Remaming Recharge

(Uostr.) Extraetion Extraetion in River
Jan '.MM7 275 2.012 81 19 1.793 735
Feb 4.741 ,75 4,466 "1 1 j.M7 I,4Y5
Mar 4.222 275 3.947 819 19 3.1281 1,282
Aor 1.759 275 1.4M4 M19 819 665 273
Mav I.MU9 275 1,534 819 M19 715 293
Jun I.MU2 275

~
819 819 708 290

Jul 1.9:J7 275 l. 2 19 819 84 346

~
1.74 275 1,471 19 819

~]
267

1,54 275 1,267 19 81 184
l.j:J2 275 1.057 819 81 WNov l.j07 ,75 l.uj2 M1Y MI 87

Dec 1.508 275 1,233 "IY "1 414 170
Ave. 2,216 275 1.941 819 819 1.122 460

(Case 2) : Water Demand
(Unir Vs)

Actual Remainmg Recharge
Extraetion in River

•
390

6
O

822

282

213
586

451

84

515

1.073
1,584

4 2,UUOI
4 I 3.8M

IMYI 1,42Y
156 l,bb7
58 I,WI

927 205

711 1,255

709 951
878 M8

1,212 2,617

1.056 15
1.101 O

1,378 859

1.82 156

1,660 709

1,618 18

1,6M4 5M3

3,829 1,212

2,43Y 4j;

1,566 878

1.132 927

4,295 431

1.966 720

1.071 1.056
1.101 1,2U9

Inlake Poinl Required
Extraction

Feb 4,741 446

ToconlaSl ¡consumo
(Uostr.)

Mar 4,222 jy,
Apr 1,759 193
Mav I,MU9 150
Jun I.MU2 118
JUl 1,937 114

Ave. 2.2161 250

AUR 1,746 128
Sep 1,542 164
IOCI 1.332 201

f;.IN",'O=,-V_-+_TI"",O~r 236
Dec 1,5 407
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Fig. B-lI. 3.1 Static Water Level of Shallow Aquifer

<Nivel Estático de Acuifero Poco Profundo>
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Fig. B-II. 3.1 Static Water Level of Shallow Aquifer

<Nivel Estático de Acuifero Poco Profundo>
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Fig. B-lI, 3.2 Static Water Level of Deep Aquifer

<Nivel Estático de Aculfero Profundo>
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Fig. B-U. 3.2 Static Water Level of Deep Aquifer

<Nivel Estático de Aculfero Profundo>
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Uuta River (panamericana)

Uuta River (Panamericana) ..

1r--Y--1ISO

Fig. B-I1, 3.3 Tri-linear Diagram of Major Ions

< Diagrama Tri-Lineal de Iones Mayores
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Uuta River (Panamericana)

Uuta River (Panamericana) ...

1';-;f--..,.80

Fig. B-II, 3.3 Tri-linear Diagram oí Major Ions

< Diagrama Tri-Lineal de Iones Mayores
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Near Casa Grande

~

At the Azapa Intake

River Mouth oC the San José River

Fig. B-I1, 3.4 (1) Flood in San José River (24 Nov., 1994)

<Avenit:ias en RfoSan José(24 Nov., 1994»
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Near the Santa Rosa Bridge

At the Otacalluta Bridge

At the Chacalluta Bridge

Fig. B-II. 3.4 (2) Flood in Uuta River (24 Nov.• 1994)

<Avenidas en R(o Uuta (24 Nov.• /994»
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Near the Santa Rosa Bridge

Al the Otaca1luta Bridge

At the Chaca1.Iuta Bridge

Fig. B-II, 3.4 (2) Flood in Lluta River(24 Nov., 1994)

<Avenidas en Rlo UUla (24 Nov., 1994»
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Chapter IV GROUNDWATER MONITORING PLAN

Aquifers in the Lower Lluta River Basin are disuibuted mainly from Rosario to Villa

Frontera. Amount oC groundwater extraction is negriliblly small because only two (2) deep

wells and sorne dug wells are used Cor production.

Although present groundwater extraction is small, total extraetion rate will reach to 425 Vsec
after the Lower Uuta Groundwater Development will be cmpleted in 1999. Therefore, it is

important 10 observe the water level and water quality of the Lower Uuta 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 OOA.

Items of monitoring are water level and water quality. Proposed wells 10 be monitored are
mentioncd below. It is important to continue observation at the same wells and never 10

change monitoring wells. Items of water quality analysis are same as that of the Azapa

Valley.

Total number oC 12 wells are selected Cor the observation as follows. For location, refer Fig.

B-n, 2.1.

Well No. Well Name Item to be observed

Water Level Water Ouality

100-2 Colonia J Fuenzalida every month once a year

J-l nCA Well No. J-l every month once a year

1-A nCA Well No. J-A evcry month once a year

J-2 nCA Well No. 1-2 every month once a year

J-B nCA Well No. 1-B every month once ayear

101 Careel de Arica everymonth 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-O Villa Frontera every month once ayear

N-9 Villa Frontera every month once a year

N-3 Playa las Machas every month once a year
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Chapter IV GROUNDWATERMONITORINGPLAN

Aquifers in the Lower L1uta River Basin are disbibuted mainly from Rosario to Villa

Fronlera. Amount of groundwater extraetion is negriliblly small because only two (2) deep

wells and sorne dug wells are used for production.

Although present groundwater extraction is small, tota! extraetion rale will reach 10 425 Vsec

after!he Lower UUla Groundwater Development will be cmpleted in \999. Therefore, it is

important 10 observe the water level and water quality of!he Lower Uula ValIey.

11Ie JICA SlUdy Tearo drilled four (4) wells, lWO (2) leSI wells and lWo (2) observation

wells. Automatic water level recorders are installed to lhe observation wells and lhe

recording was already conunenced in March, 1994. \n addition to !hese, it is proposed lO

observe other wells as the periodical observation in the Aupa Valley and Pampa del
Tamarugal by DGA.

Items of rnonitoring are water level and water quality. Proposed wells to be rnonitored are

mentioned below. It is imponant lO continue observation at the same wells and never 10

change monitoring wells. Items of water quality analysis are same as that of lhe Azapa

ValIey.

Total number of 12 wells are selected fOl' the observation as follows. For locatian, refer Fig.

B·n, 2.1.

WeUNo. Well Name \Iern lo be observed

Water Level Water Quality

100-2 Colonia J Fuenzalida evuvrnonth once a ...,.

].\ nCA Well No. ].\ everv month once a vea.r

]·A nCA Well No. ]·A evcrv month once a vear

]·2 nCA Well No. ]·2 everv month once a vear

]·B nCA Well No. ]·B every month once a vear

10\ Careel de Arica every month once a year

103 Villa Frontera everv month once a vear

N·6 Villa Frontera everv month once a vear

N-4 Villa Frontera every month once a year

N.o Villa Frontera ever)' month once a year

N·9 Villa Frontera everv month once a vear

N·3 Playa las Machas everv month once a vear

IV· \



•

•

B-IlI PAMPA DEL TAMARUGAL.BASIN

•

•

B-IlI PAMPA DEL TAMARUGALBASIN



TABLE OF CONTENTS

B-ID

Chapter 1. TOPOGRAPHY AND GEOLOGY

1.1. Topography 1-1

1.2. Geology 1-1

1.2.1 Methodology of Geological Analysis 1-1

1.2.2 General Geological Features of Basin 1-1

1.2.3 Hydrogeological Characteristics of Pampa del Tamarugal 1-4

References 1-6

Chapter Il. AQUIFER OF PAMPA DEL TAMARUGAL BASIN

2.1 Inventory of Existing Wells Il-l

2.2 Existing Boring Data Il-2

2.2.1 Boring Logs Il-2

2.2.2 Pumping Test ll-2

2.3 Supplementary Geological Survey Il-2

2.3.1 Electromagnetic (TEM) Survey Il-3

2.3.2 Boring Test ll-10

2.3.3 Pumping Test Il-27

2.3.4 Carbon-14 Analysis Il-28

2.4 Configuration oí Aquifer II-29

2.5 Hydrogeological Characteristics of Aquifer II-31

2.6 Estimation of Groundwater Storage Il-34

References Il-36

Chapter III GROUNDWATER EXTRACTION

3.1 Existing Groundwater Extraction 1ll-1

3.2 Groundwater Level .IIl-2

3.2.1 Static Water Level .III-2

3.2.2 Dynamic Level .III-5

3.2.3 Historical Variation IIl-6

3.3 Groundwater Quality .III-7

3.4 Identification of Groundwater Potential Area .III-9

TABLE OF CONTENTS

Chapter 1. TOPOGRAPHY AND GEOLOGY

1.1. Topography 1-1

1.2. Geology 1-1

1.2.1 Methodology of Geological Analysis 1-1

1.2.2 General Geologica1 Features of Basin 1-1

1.2.3 Hydrogeological Characteristics of Pampa del Tamarugal 1-4

References 1-6

Chapter O. AQUIFER OF PAMPA DEL TAMARUGAL BASIN

2.1 Inventory oC Existing Wells 0-1

2.2 Existing Boring Data 0-2

2.2.1 Boring Logs 0-2

2.2.2 Pumping Test 0-2

2.3 Supplementary Geological Survey 0-2

2.3.1 Electromagnetic (mM) Survey 0-3

2.3.2 Boring Test n-lO

2.3.3 Pumping Tese n-27

2.3.4 Carbon-14 Analysis 0-28

2.4 Configuration oC Aquifer II-29

2.5 Hydrogeological Characteristics oC Aquifer 0-31

2.6 Estimation oC Groundwater Storage 0-34

ReCerences 0-36

Chapter III GROUNDWATER EXTRACTION

3.1 Existing Groundwater Extraction __ ffi-l

3.2 Groundwater Level .III-2

3.2.1 Static Water Level .lIl-2

3.2.2 Dynamic Level ID-S

3.2.3 Historical Variation .111-6

3.3 Groundwater Quality .III-7

3.4 Identification oC Groundwater Potential Area .I1I-9



References ID-II

Chapter IV GROUNDWAlER DEVELOPMENT POlENTIAL

4.1 Existing Water Balance IV-I

4.1.1 Recharge to Groundwater IV-l

4.1.2 Discharge from Groundwater IV-1

4.1.3 Water Balance IV-2

4.2 Evaluation oC Groundwater Development Potential IV-3

4.3 Construction of Simulation Model IV-3

4.3.1 Mathematical Model IV-3

4.3.2 Parameter of Groundwater Basin IV-lO

4.3.3 Reproducibility of Model IV-12

4.4 Simulation Result of Future Groundwater Condition IV-13

4.4.1 Input Data for Future Groundwater Simulation IV-14

4.4.2 Result of Future Groundwater Simulation IV-14

4.4.3 Evaluation oC Groundwater Simulation Results IV-14

4.5 Change ofWater Quality in Future IV-15

Chaper V. GROUNDWAlER MONITORING PLAN V - 1

ii

References ID-ll

Chapter rv GROUNDWATER DEVELOPMENT POTENTIAL

4.1 Existing Water Balance IV-1

4.1.1 Recharge lO Groundwater _ IV-l

4.1.2 Discharge from Groundwater IV-l

4.1.3 Water Balance IV-2

4.2 Evaluation ofGroundwater Development PotentiaJ IV-3

4.3 Construction oí Simulation Model IV-3

4.3.1 Mathematical Model. IV-3

4.3.2 Parameter of Groundwater Basin IV-lO

4.3.3 Reproducibility oí Model IV-12

4.4 Simulation Result of Future Groundwater Condition IV-13

4.4.1 Input Data for Future Groundwater Simulation IV-14

4.4.2 Result of Future Groundwater Simulation IV-14

4.4.3 Evaluation of Groundwater Simulation Results IV-14

4.5 Change of Water Quality in Future IV-15

Chaper V. GROUNDWATER MONITORlNG PLAN V - 1

jj



B-III Pampa del Tamarugal

LIST OF TABLES

Table B-111, 1.1 Correlation of Strata (Pampa del Tamarogal) 1-7

<Correlación de Estaatos (Pampa del Tamarugal»

Table B-III, 2.1 (1) Well List (Pampa del Tamarugal) 11-37

<Lista de Sondajes (Pampa del Tamarugal»

Table B-III, 2.1 (2) Well List (Pampa del Tamarugal) 11-41

<Lista de Sondajes (Pampa del Tamarugal»

Table B-III. 2.2 Result of Pumping Test (pampa del Tamarugal) II-42

<Resultado de Prueba de Bombeo (Pampa del Tamarugal»

Table B-I1I. 2.3 Aquifer Constans (nCA Wells) II-43

<Coeficcientes de Acuíferos (Pozos JICA»

Table B-III. 2.4 Aquifer Constants of Existing Wells II-44

<Coejicientos de Acuíferos de Pozos Existentes>

Table B-III. 2.5 Estimation of Groundwater Storage 1I-45

<Estimación de Reservas de Agua Subterráneas>

Table B-III. 3.1 Ground Water Extraction (Pampa del Tamarugal) ffi-12

<Extracción de Agua Suterránea (Pampa del Tamarugal»

Table B-III. 3.2 Variation ofGroundwater Level (pampa del Tamarugal) 11I-13

<Variación de Nivel Estático (Pampa del Tmarugal»

Table B-III. 3.3 Groundwater Quality (Pampa del Tamarugal)

(Nov. 1993-Feb. 1994) Ill-29

<Calidad de Agua Subterránea (Pampa del Tamarugal)

(Nov. 1993-Feb.. 1994»
Table B-rn. 4.1 Maximum Drawdown of Groundwater

between Present and Future IV-16

<Descenso Máximo de Agua Subterránea
entre el Presente y Futuro>

III

B-1lI Pampa del Tamarugal

LIST üF TABLES

Table B-m, 1.1 Correlation oC Strata (Pampa del Tamarugal) [-7

<Correlación de &loolos (Pampa del Tamarugal»

Table B-ID, 2.1 (1) Well List (Pampa del Tamarugal) D-37

<Lista de Sondajes (Pampa del Tamarugal»

Table B-Ill. 2.1 (2) Well List (Pampa del Tamarugal) ll-41

<Lista de Sondajes (Pampa del Tamarugal»

Table B-ffi, 2.2 Result oC Pumping Test (pampa del Tamarugal) ll-42

<ResuluuJo de Prueba de Bombeo (Pampa del Tamarugal»

Table B-III, 2.3 Aquifer Constans (neA Wells) ll-43

<Coeficcientes de Acuíferos (Pozos JICA»

Table B-Ill. 2.4 Aquifer Constants oC Existing Wells JI-44

<Coeficientos de Acuíferos de Pows Existentes>

Table B-Ill. 2.5 Estimation oC Groundwater Storage O-45

<Estimaci6n de Reservas de Agua Subterráneas>

Table B-ID, 3.1 Ground Water Extraction (Pampa del Tamarugal) m-12

<Extracción de Agua Suterránea (Pampa del Tamarugal»

Table B-IO. 3.2 Variation ofGroundwater Level (pampa del Tamarugal) 10-13

<Variación de Nivel Estático (Pampa del Tmarugal»

Table B-ID, 3.3 Groundwater Quality (pampa del Tamarugal)

(Nov. 1993-Feb. 1994) m-29

<Calidad de Agua Subterránea (Pampa del Tamarugal)

(Nov. 1993-Feb.. 1994»
Table B-m. 4.1 Maximum Drawdown oC GrouDdwater

between Present and Future IV-16

<Descenso Máximo de Agua Subterránea
entre el Presente y Futuro>

IU



B-I1I Pampa del Tamarogal

LIST OF FIGURES

Fig. B-III, 1.1 River Network (Pampa del Tamarugal) 1-8

<Red Hidrológica (Pampa del Tamarugal»

Fig. B-III, 1.2 Geological Map (Pampa del Tamarugal) 1-9

<Mapa Geológico (Pampa del Tamarugal»

Fig. B-III, 1.3 Geological Structure (Pampa del Tamarugal) 1-10

<Estructura Geológica (Pampa del Tamarugal»

Fig. B-III, 1.4 Location of Geological ProfJ.1e and Cross Section

(Pampa del Tamarugal) 1-11

<Ubicación de Perfil Geológico y Seccion Geológicoa

Transversal (Pampa del Tamarugal»

Fig. B-III, 1.5 (1) Geological Profile (Pampa del Tamarugal) 1-12

<Peljil Geológico (Pampa del Tamarugal»

Fig. B-III, 1.5 (2) Geological Profile (pampa del Tamarugal) 1-13

<Peljil Geológico (Pampa del Tamarugal»

Fig. B-III, 1.6 (1) Geological Cross Section (Pampa del Tamarugal) 1-14

<Sección Gelógica Transversal (Pampa del Tamarugal»

Fig. B-III, 1.6 (2) Geological Cross Section (Pampa del Tamarugal) 1-15

<Sección Gelógica Transversal (Pampa del Tamarugal»

Fig. B-III, 1.6 (3) Geological Cross Section (Pampa del Tamarugal) 1-16

<Sección Gelógica Transversal (Pampa del Tamarugal»

Fig. B-III, 1.7 Geological Structure (Pica and Huasco) 1-17

<Estructura Geológico (Pica y Huasca»

Fig. B-III, 2.1 (1) Well Location (Pampa del Tamarugal) 11-46

<Ubicación de Sondajes (Pampa del Tamarugal»

Fig. B-III, 2.1 (2) Well Location (Canchones and Pica Area) ...........................•................1I-47

<Ubicación de Sondajes (Area de Canchones y Pica»

Fig. B-III, 2.2 Well Construction (pampa del Tamarugal) .11-48

<Construcción de Sondajes (Pampa del Tamarugal»

Fig. B-III, 2.3 Depth of Well (Pampa del Tamarugal) 11-49

<Profundidad de Pozos (Pampa del Tamarugal»

Fig. B-III, 2.4 Location ofTEM Station and Test/Observation Well

(Pampa del Tamarugal ) .11-50

<Ubicación de las Estaciones TEM y Pozos de Prueba y Observación

(Pampa del Tamarugal»

IV

O-IU Pampa del TamarugaJ

LIST OF FIGURES

Fig. B-III, 1.1 River Network (Pampa del Tamarugal) 1-8

<Red Hidrológica (Pampa del Tamarugal»

Fig. B-III, 1.2 Geological Map (Pampa del Tamarugal) 1-9

<Mapa Geológico (Pampa del Tamarugal»

Fig. B-III, 1.3 Geological Structure (Pampa del Tamarugal) 1-10

<Estructura Geológica (Pampa del Tamarugal»

Fig. B-III, 1.4 Location of Geological ProfJ.1e and Cross Section

(Pampa del Tamarugal) 1-11

<Ubicación de Perfil Geológico y Seccion Geológicoa

Transversal (Pampa del Tamarugal»

Fig. S-I1I, 1.5 (1) Geological Profile (pampa del Tamarugal) 1-12

<Perfil Geológico (Pampa del Tamarugal»

Fig. B-III, 1.5 (2) Geological Profile (pampa del Tamarugal) 1-13

<Perfil Geológico (Pampa del Tamarugal»

Fig. B-II1, 1.6 (1) Geological Cross Section (Pampa del Tamarugal) 1-14

<Sección Gelógica Transversal (Pampa del Tamarugal»

Fig. B-IlL 1.6 (2) Geological Cross Section (Pampa del Tamarugal) 1-15

<Sección Gelógica Transversal (Pampa del Tamarugal»

Fig. B-llI, 1.6 (3) Geological Cross Section (Pampa del Tamarugal) 1-16

<Sección Gelógica Transversal (Pampa del Tamarugal»

Hg. B-In, 1.7 Geological Structure (Pica and Huasco) I-17

<Estructura Geológico (Pica y Huasco»

Fig. B-Ill, 2.1 (1) WeU Location (Pampa del Tamarugal) lI-46

<Ubicación de Sondajes (Pampa del Tamaruga/»

Fig. B-IIl, 2.1 (2) WeU Location (Canchones and Pica Area) D-47

< Ubicación de Sondajes (Area de Canchones y Pica»

Fig. B-III, 2.2 WeU Construction (pampa del Tamarugal) .11-48

<Construcción de Sondajes (Pampa del Tamarugal»

Fig. B-lIJ, 2.3 Depth of Well (pampa del Tamarugal) n-49

<Profundidad de Pozos (Pampa del Tamarugal»

Fig. B-III, 2.4 Location of TEM Station and Test/Observation Well

(Pampa del Tamarugal ) .11-50

<Ubicación de las Estaciones TEM y Pozos de Prueba y Observación

(Pampa del Tamarugal»

IV



Fig. B-ID. 2.5

Fig. B-III, 2.6

Fig. B-111, 2.7

Fig. B-III, 2.8

Fig. B-III, 2.9

Fig. B-III, 2.10

Fig. B-III, 2.11

Fig. B-III, 2.12

Fig. B-III, 2.13

Fig. B-III, 2.14

Fig. B-JlI, 2.15

Fig. B-IIJ, 2.16

B-III Pampa del Tamarugal

Measured Apparent Resistivity Curves and Inverted

Geoelectrical Section in Pampa del Tamarugal Area .I1-51

<Curvas de Resistividad Aparente Medidas y Secciones Geoeléctricas

Invertidas en el Area de la Pampa del Tamarugal>

Geoelectric Profiles Constructed from all TEM Soundings

in Pampa del Tamarugal Area .11-52

<Perfiles Geoeléctricos Construídos de todos los Sondeos

TEM del Area de la Pampa del Tamarugal>

Comparison ofGeoelectric Section Derived from Well

and 'fEM Sounding .11-53

<Comparación de la Sección Geoeléctrica derivada de

Sondeo de Pozo y Sondeo TEM>

Analyzed Resistivity Profile of PT-l in Pampa del Tamarugal Area ...11-54

<Perfil de Resistividad Analizado del PT-l en el Area

de la Pampa del Tamarugal>

Analyzed Resistivity Profile of PT-2 in Pampa del Tamarugal Area ...11-55

<Perfil de Resistividad Analizado del PT-2 en el Area

de la Pampa del Tamarugal>

Analyzed Resistivity Profile of PT-3 in Pampa del Tamarugal Area ...11-56

<Perfil de ResistividadAnalizado del PT-3 en el Area

de la Pampa del Tamarugal>

Analyzed Resistivity ProfLle of PT-4 in Pampa del Tamarugal Area ...11-57

<Perfil de ResistividadAnalizado del PT-4 en el Area

de la Pampa del Tamnrugal>

Analyzed Resistivity Profile of PT-5 in Pampa del Tamarugal Area ...11-58

<Perfil de ResistividadAnalizado del PT-S en el Area

de la Pampa del Tamarugal>

Analyzed Resistivity Profile of PT-6 in Pampa del Tamarugal Area ...11-59

<Perfil de ResistividadAnalizado del PT-6 en el Area

de la Pampa del Tamarugal>

Analyzed Resistivity ProfLle of PT-7 in Pampa del Tamarugal Area .. .11-60

<Perfil de ResistividadAnalizado del PT-7 en el Area

de la Pampa del Tamarugal>

Analyzed Resistivity Profile of PT-8 in Pampa del Tamarugal Area ...11-61

<Perfil de Resistividad Analizado del PT-8 en el Area

de la Pampa del Tamarugal>

Well Data for J-C .11-62

<Información del Pozo J-C>

v

Fíg. B-lll, 2.5

Fíg. B-Ill, 2.6

Fíg. B-III, 2.7

Fíg. B-III, 2.8

Fíg. B-Ill, 2.9

Fíg. B-III, 2.10

Fíg. B-III, 2.11

Fig. B-III, 2.12

Fíg. B-III, 2.13

Fig. B-III, 2.14

Fig. B-III, 2.15

Fig. B-Ill, 2.16

8-11I Pampa del Tamarugal

Measured Apparenl Resistivity Curves and lnverted

Geoelectrical Section in Pampa del Tamaruga! Area 1I-51

<Curvas de Resistividad Aparente Medidas y Secciones Geoe1éclricas

Invertidas en el Area de la Pampa del Tomarugal>

Geoelectric Protiles Constnlcted from all TEM Soundings

in Pampa del Tamarugal Atea 11-52

<Perfiles Geoeléctricos ConstruIdos de todos los Sondeos

TEM del Arta de la Pampa del Tamarugal>

Comparison oC Geoelecuic Section Dcrived from WeU

and TEM Sounding 11-53

<Comparación de la Sección Geoeléctrica derivada de

Sondeo de Pozo y Sondeo TEM>

Analyzed Resistivily Prome o/ P'f-I in Pampa del Tamaruga! Atea ...11-54

<Perfil de Resistividad Analizado del PT-/ en el Arta

de la Pampa del Tamarugal>

Aoalyzed Resistivily Prome o/ P'f-2 in Pampa del Tamaruga! Atea ...11-55

<Perfil de Resistividad Analizado del PT-2 en el Area

de la Pampa del Tamarugal>

Aoalyzed Resistivity Protile o/ P'f-3 in Pampa del Tamaruga! Area .. .11-56

<Perfil de ResistividadAnalizado del PT-3 en el Area

de la Pampa del Tamarugal>

Analyzed Resistivily Prome o/ P'f-4 in Pampa del Tamaruga! Area .. .11-57

<Perfil de ResistividadAnalizado del PT-4 en el Arta

de lo Pampa del Tamarugal>

Aoalyzed ResistivilY Profile o/ P'f-5 in Pampa del Tamaruga! Area .. .11-58

<Perfil de Resistividad Analizada del PT-S en el Arta

de la Pampa del Tamarugal>

Aoalyzed Resislivily Protile o/ P'f·6 in Pampa del Tamaruga! Atea .. .11-59

<Perfil de ResistividadAnalizado del PT·6 en el Area

de la Pampa del Tamarugal>

Analyzed Resistivily Protile o/ P'f-7 in Pampa del Tamaruga! Atea ...11-60

<Perfil de ResistividadAnalizado del PT-7 en el Area

de la Pampa del Tamarugai>

Aoalyzed Resistivily Protile o/ P'f-8 in Pampa del Tamaruga! Area ...11-61

<Perfil de Resistividad Analizado del PT-8 en el Area
de la Pampa del Tamtlrugal>

Wel1 Data for l-C 11-62

<Información del Pozo J-C>

v

•

•



Fig. B-I1I, 2.17

Fig. B-III. 2.18

Fig. B-111, 2.19

Fig. B-III, 2.20

Fig. B-III, 2.21

Fig. B-III. 2.22

Fig. B-III, 2.23

Fig. B-III. 2.24

Fig. B-III, 2.25

Fig. B-III, 2.26

Fig. B-III, 2.27

Fig. B-III, 2.28

Fig. B-III, 2.29

Fig. B-III, 2.30

Fig. B-III, 2.31

Fig. B-III. 2.32

Fig. B-III. 2.33

Fig. B-III. 2.34

Fig. B-III, 2.35

B-III Pampa del Tamarugal

Well Data for J-D .11-64

<Información del Pozo J-D>

Well Data for 1-E 11-66

<Información del Pozo J-E>

Well Data for J-F .11-68

<Información del Pozo J-F>

Well Data for J-3 .11-70

<Información del Pozo J-3>

Well Data for J-4 .11-71

<Información del Pozo J-4>

Well Data for J-5 .11-72

<Información del Pozo J-5>

WelJ Data for J-6 II-74

<Información del Pozo J-6>

Well Data for J-7 .11-76

<Información del Pozo J-7>

Well Data for J-8 _.11-78

<Información del Pozo J-8>

Well Data for J-9 .11-80

<Información del Pozo J-9>

Graphs for Theis and Jacob Method Analysis (Well No. J-C) n-82

<Gráficos para los Métodos de Análisis Theis y Jacob (Pozo No. J-C»

Graphs forTheis and Jacob Method Analysis (Wel1 No. J-D) 11-83

<Gráficos para los Métodos de Análisis Theis y Jacob (Pozo No. J-D»

Graphs for Theis and Jacob Analysis (Well No. J-E) 11-84

<Gráficos para los Métodos de Análisis Theis y Jacob (Pozo No. J-E»

Graphs for Theis and Jacob Method Analysis (Well No. 1-F) 1l-85

<Gráficos para los Métodos de Análisis Theis y Jacob (Pozo No. J-F»

Graphs for Theis and Jacob Method Analysis (Wel1 No. J-3) ...........•..11-86

<Gráficos para los Métodos de Análisis Theis y Jacob (Pozo No. J-3»

Graphs for Theis and Jacob Method Analysis (Well No. J-4) 11-87

<Gráficos para los Métodos de Análisis Theis y Jacob (Pozo No. J-4»

Graphs for Theis and Jacob Method Analysis (Well No. 1-5) 11-88

<Gráficos para los Métodos de Análisis Theis y Jacob (Pozo No. J-5»

Graphs for Theis and Jacob Method Analysis (Well No. J-6) 11-89

<Gráficos para los Métodos de Análisis Theis y Jacob (Pozo No. J-6»

Graphs for Theis and Jacob Method Analysis (Well No. J-7) II-90

<Gráficos para los Métodos de Análisis Theis y Jacob (Pozo No. J-7»

vi

•

•

Fig. B-IIJ, 2.17

Fig. B-m, 2.18

Fig. B-III, 2.19

Fig. B-m, 2.20

Fig. B-III, 2.21

Fig. B-III, 2.22

Fig. B-III, 2.23

Fig. B-III. 2.24

Fig. B-III, 2.25

Fig. B-III. 2.26

Fig. B-m, 2.27

Fig. B-m, 2.28

Fig. B-Ill, 2.29

Fig. B-m, 2.30

Fig. B-m, 2.31

Fig. B-III. 2.32

Fig. B-m. 2.33

Fig. B-III. 2.34

Fig. B-III, 2.35

S-lII Pampa del Tanwugal

Well Data fo, l-D 11-64

<Información del Pow l-D>

Well Data fo, !-E 11-66

<Información del Pow l-E>

Well Dala fo, l-F 11-68

<Información del Pow l-F>

Well Data fo, 1-3 11-70

<Información del Pow l-3>

Well Data fo, 1-4 11-71

<lnformaci6n del Pozo J~4>

Well Data fo, !-5 11-72

<Información del Pow l-S>

Well Data fo, !-6 11-74

<Información del Pow l-ó>

Well Data fo,l-7 11-76

<Información del Pozo J-7>

Well Data fo, 1-8 11-78

<Información del Pow J-S>

Well Data fo, !-9 11-80

<Información del Pow J-9>

Graphs fo, Theis and lacoh Method Analysis (Well No. l-C) 1I-82

<Gráficos para los Métodos de Análisis Theis y Jacob (Pala No. l-e»

G'aphs fo, Theis and !acoh Method Analysis (Well No. l-D) 0-83

<Gráficos para los Métodos de Análisis Theis y Jacob (Pala No. J-D»

G,aphs fo, Theis and !acoh Analysis (Well No. loE) _I1-84

<Gráficos para /oj' MélOdoj" de Análisis 1ñeis y Jacob (Pozo No. J-E»

Graphs fo, Theis and lacob Method Analysis (Well No. !-F) 11-85

<Gráficos para los Mérodos de Análisis Theis y Jacob (Pala No. J-F»

Graphs fo, Theis and !acob Method Analysis (Well No. 1-3) 11-86

<Gráficos para Ins Métodos de Análisis 17Jeis y Jacob (Pozo No. 1-3»

G,aphs fo, Theis and !acob Method Analysis (Well No. 1-4) 11-87

<Gráficos para los Métodos de Análisis Theis y Jacob (Pozo No. J-4»

Graphs fo, Theis and !acob Method Analysis (Well No. !-5) 1l-88

<Gtáficos para los Métodos de Análisis Theis y Jacob (Pala No. J-S»
Graphs for Theis and Jacob Melhod Analysis (Well No. 1-6) II-89

<Gráficos para los Mérodos de Análisis Theis y Jacob (Pow No. J-6»

Graphs fo, Theis and lacob Method Analysis (Well No. 1-7) 0-90

<Gráficos para los Métodos de Análisis Theis y Jacob (Pozo No. 1-7»

VI



,--------------- - - - - -

Fig. B-IO, 2.36

Fig. B-III, 2.37

Fig. B-III. 2.38

Fig. B-III, 2.39

Fig. B-III. 2.40

Fig. B-III, 2.41

Fig. B-III. 2.42

Fig. B-III. 2.43

Fig. B-III. 2.44

Fig. B-III, 2.45

Fig. B-III. 2.46

Fig. B-III. 2.47

Fig. B~III, 2.48

Fig. B-III. 2.49

Fig. B-III. 2.50

Fig. B-III. 2.51

Fig. B-lII. 2.52

Fig. B-III. 2.53

Fig. B-III. 2.54

B-1lI Pampa del Tamarugal

Graphs Cor Theis and Jacob Method Analysis (Well No. J-8) 11-91

<Gráficos para los Métodos de Análisis Theis y Jacob (Pozo No. J-B»

Graphs for Theis and Jacob Method Analysis (Well No. J-9) 11-92

<Gráficos para los Métodos de Análisis Theis y Jacob (Pozo No. J-9»

Graphs for Step Drawdown Test (Well No. J-C) 11-93

<Gráficos Prueba de Gasto Variable (Pozo No. l-C»
Graphs for Step Orawdown Test (Well No. J-0) 1I-94

<Gráficos Prueba de Gasto Variable (Pozo No. J-D»

Graphs for Strep Drawdown Test (Well No. J-E) 11-95

<Gráficos Prueba de Gasto Variable (Pozo No. J-E»

Graphs Cor Step Drawdown Test (Well No. J-F) 1I-96

<Gráficos Prueba de Gasto Variable (Pozo No. J-F»

Graphs Cor Step Drawdown Test (Well No. J-3) .11-97

<Gráficos Prueba de Gasto Variable (Pozo No. J-3»

Graphs for Step Drawdown Test (Well No. J-4) II-98

<Gráficos Prueba de Gasto Variable (Pozo No. J-4»

Graphs Cor Step Drawdown Test (WeU No. J-5) 1I-99

<Greaficos Prueba de Gasto Variable (Pozo No. J-5»

Graphs for Step Drawdown Test (Well No. J-6) 1I-100

<Gráficos Prueba de Gasto Variable (Pozo No. J-6»

Graphs Cor Step Drawdown Test (Well No. J-7) .11-101

<Gráficos Prueba de Gasto Variable (Pozo No. J-7»

Graphs Cor Step Drawdown Test (Well No. J-8) .11-102

<Gráficos Prueba de Gasto Variable (Pozo No. J-B»

Graphs Cor Step Drawdown Test (Well No. J-9) .11-103

<Greaficos Prueba de Gasto Variable (Pozo No. J~9»

Goundwater Age (by C-14) .11-104

<EdadAgua Subterránea (por C-14»

Hydrogeological Map (Rampa del Tamarugal) .11-105

<Mapa Hidrogeológico (Pampa del Tamarugal»

Isopach Map oC Aquifer (Pampa del Tamarugal) .11-106

<Mapa lsopacoa Acuífero (Pampa del Tamarugal»

Top of Aquifer (Pampa del Tamarugal) .11-107

<Superficie del Acuífero (Pampa del Tamarugal»

Base oC AquiCer (Pampa del Tamarugal) .11-108

<Fondo de Acuífero (Pampa del Tamarugal»

Groundwater Storage (pampa del Tamarugal) .11-109

<Reservas de Agua Subterráneas (Pampa del Tamarugal»

vü

~-----_..__ .. - - -- ..

Fíg. B-ID. 2.36

Fig. B-I1I, 2.37

Fíg. B-III, 2.38

Fig. B-III, 2.39

Fíg. B-I1I, 2.40

Fig. B-I1I, 2.41

Fíg. B-I1I, 2.42

Fíg. B-IlI, 2.43

Fig. B-IlI, 2.44

Fig. B-I1I. 2.45

Fig. B-I1I, 2.46

Fíg. B-I1I, 2.47

Fig. B-IlI, 2.48

Fig. B-I1I, 2.49

Fig. B-III, 2.50

Fig. B-I1I, 2.51

Fíg. B-I1I, 2.52

Fig. B-I1I, 2.53

Fig. B-I1I, 2.54

8-111 Pampa del TamarugaJ

Graphs for TIleis and Jacob Melhod Analysis (Well No. J-8) 1I-91

<Gráficos para los Métodos de Análisis Theis y Jacob (Pozo No. J-8»

Graphs for TIleis and Jacob Melhod Analysis (Well No. J-9) .11-92

<Gráficos para los MétodtJs de Análisis Theis y Jacob (Pozo No. J-9»

Graphs for Slep Orawdown Test (Well No. J-C) 1I-93

<Gráficos Prueba de Gasto Variable (Pozo No. l-C»

Graphs for Slep Orawdown Test (Well No. J-O) 1I-94

<Gráficos Prueba de Gasto Variable (POLO No. l-D»

Graphs for Strep Orawdown Test (Well No. J-E) 1I-95

<Gráficos Prueba de Gasto Variable (Pozo Na. loE»~

Graphs for Slep Orawdown Test (Well No. J-F) .I1-96

<Gráficos Prueba de Gasto Variable (POLO No. l-F»

Graphs for Slep Orawdown Test (Well No. J-3) 1I-97

<Gráficos Prueba de Gasto Variable (Pozo No. 1-3»

Graphs for Step Orawdown Test (WeU No. J-4) 1I-98

<Gráficos Prueba de Gasto Variable (Pozo No. 1-4»

Graphs Cor Slep Orawdown Test (WeU No. J-5) II-99

<Greaficos Prueba de Gasto Variable (Pozo No. 1-5»

Graphs for Slep Orawdown Test (Well No. J-6) 1I-IOO

<Gráficos Prueba de Gasto Variable (Pozo No. 1-6»

Graphs Cor Slep Orawdown Test (Well No. J-7) 1I-101

<Gráficos Prueba de Gasto Variable (Pozo No. 1-7»

Graphs Cor Slep Orawdown Test (Well No. J-8) 1I-102

<Gráficos Prueba de Gasto Variable (POlO No. 1-8»

Graphs Cor Slep Orawdown Test (Well No. J-9) .11-103

<Greaficos Prueba de Gasto Variable (Pozo No. 1-9»

Goundwaler Age (by C-14) 11-104

<Edad Agua Subterránea (por C-J4»

Hydrogeological Map (Rampa del Tamarugal) 11-105

<Mapa Hidrogeolágico (Pampa del Tamaroga/»

lsopach Map oC Aquifer (Pampa del Tamarugal) .11-106

<Mapa [sopacoa Acuífero (Pampa del Tamarogal»

Top oC Aquifer (Pampa del Tamarugal) .11-107

<Superficie del Acuífero (Pampa del Tamarugal»

Base oC AquiCer (Pampa del Tamarugal) .11-108

<Fondo de Acuífero (Pampa del Tamarugal»

Groundwaler Storage (pampa del Tamarugal) 1I-109

<Reservas de Agua Subterráneas (Pampa del Tamarugal»

vu

•

•



.----------------~---- - -- ~ - - - -----------.

B-III Pampa del Tamarugal

Fig. B-III. 3.1 Static Water Level (1993) unit: mBGL. 111-32

<Nivel Estático (1993 » unidad: mBGL

Fig. B-III. 3.2 Static Water Level (1993) unit: rnMSL DI-33

<Nivel Estático (1993 ) > unidad: mMSL

Fig. B-III, 3.3 Static Water Level (1960's) unit: mBGL 01-34

<Nivel Estático (1960'5) > unidad: mBGL

Fig. B-I1I, 3.4 Static Water Level (1960's) unit: rnMSL. 111-35

<Nivel Estático (1960's) > unidad: mMSL

Fig. B-III, 3.5 (1) Variation oí Groundwater Table in Pampa del Tamarogal 01-36

<Variación de Nivel Estatico en Pampa del Tamarugal>

Fig. B-III, 3.5 (2) Variation oí Groundwater Table in Pampa del Tamarogal I11-37

<Variación de Nivel Estatico en Pampa del Tamarugal>

Fig. B-I1I, 3.5 (3) Variation oí Groundwater Table in Pampa del Tamarugal 111-38

<Variación de Nivel Estatico en Pampa del Tamarugal>

Fig. B-III, 3.5 (4) Variation oí Groundwater Table in Pampa del Tamarogal 01-39

<Variaci6n de Nivel Estatico en Pampa del Tamarugal>

Fig. B-III, 3.5 (5) Variation oí Groundwater Table in Pampa del Tamarogal 01-40

<Variaci6n de Nivel Estatico en Pampa del Tamarugal>

Fig. B-III, 3.5 (6) Variation oí Groundwater Table in Pampa del Tamarugal 111-41

<Variación de Nivel Estatico en Pampa del Tamarugal>

Fig. B-III. 3.6 Distribution oí TDS (Pampa del Tamarogal) 01-42

<Distribución de TDS (Pampa del Tamarugal»

Fig. B-III. 3.7 Distribution oí Cl (Pampa del Tamarugal) m-43

<Distribuci6n de el (Pampa del Tamarugal»

Fig. B-III. 3.8 Distribution oí As (Pampa del Tamarogal) 01-44

<Distribución de As (Pampa del Tamarugal»

Fig. B-III, 3.9 Distribution oí B (Pampa del Tamarugal) 111-45

<Distribución de B (Pampa del Tamarugal»

Fig. B-III. 3.10 Distribution oC Mn (Pampa del Tamarugal) ill-46

<Distribuci6n de Mn (Pampa del Tamarugal»

Fig. B-III. 3.11 Distribution oí Fe (Pampa del Tamarogal) 01-47

<Distribución de Fe (Pampa del Tamarugal»

Fig. B-111. 3.12 Distribution oC Cd (Pampa del Tamarugal) 111-48

<Distribución de Cd (Pampa del Tamarugal»

Fig. B-III. 3.13 Tri- Linear Diagram of Major lons (Pampa del Tamarugal) 01-49

<Diagrama Tri-Lineal de Tones Mayores (Pampa del Tamarugal»

Fig. B-III, 3.14 Prospective Aquifer Area nI-50

<Area de Aculferos Probable>

Vll1

•

•

8·111 Pampa del Tamarugal

Fig. B-III. 3.1 Static Water Level (1993) uni!: mBGL DI-32

<Nivel Estático (/993» unidad: mBGL

Fig. B-III, 3.2 Static Water Level (1993) unil: rnMSL DI-33

<Nivel Estático (1993 ) > unidad: rnMSL

Fig. B-III. 3.3 Static Water Level (1960's) unil: mBGL 01-34

<Nivel Estático (1960's) > unidad: mBGL

Fig. B-m. 3.4 Static Water Level (1960's) unil: rnMSL DI-35

<Nivel Estático (/960's) > unidad: rnMSL

Fig. B-III, 3.5 (1) Vanatian al Groundwater Table in Pampa del Tamarugal 01-36

<Variación de Nivel Estatico en Pampa del Tamarugal>

Fig. B-III, 3.5 (2) Vanatian al Gmundwater Table in Pampa del Tamarugal 01-37

<Variación de Nivel Estatico en Pampa del Tamaruga1>

Fig. B-III, 3.5 (3) Vanatian al Groundwatcr Table in Pampa del Tamarugal DI-38

<Variación de Nivel Estanco en Pampa del Tamarugal>

Fig. B-III. 3.5 (4) Vanatian al GroundwaterTable in Pampa del Tamarugal 01-39

<Variación de Nivel Esrarico en Pampa del Tamarugal>

Fig. B-III, 3.5 (5) Vanatian al Groundwater Table in Pampa del Tamarugal DI-40

<Variación de Nivel Estarico en Pampa del Tamarugal>

Fig. B-III. 3.5 (6) Vanatian al Groundwater Table in Pampa del Tamarugal DI-41

<Variación de Nivel Estarico en Pampa del Tamarugal>

Fig. B-III. 3.6 Dislributian al TDS (Pampa del Tamarugal) DI-42

<Distribución de TDS (Pampa del Tamarugal»

Fig. B-III, 3.7 Dislributian al CI (Pampa del Tamarugal) DI-43

<Distribución de el (Pampa del Tomarugal»

Fig. B-III, 3.8 Dislributian nI Al; (Pampa del Tamarugal) DI-44

<Distribución de As (Pampa del Tamarugal»

Fig. B-III, 3.9 Dislributian al B (Pampa del Tamarugal) DI-45

<Distribución de B (Pampa del Tamarugal»

Fig. B-III, 3.10 Dislributian al Mn (Pampa del Tamarugal) UI-46

<Distribución de Mn (Pampa del Tamarugal»

Fig. B-III, 3.11 Dislributian al Fe (Pampa del Tamarugal) DI-47

<Di~·tribución de Fe (Pampa del Tamarugal»

Fig. B-III. 3.12 Dislributian al Cd (pampa del Tamarugal) DI-48

<Distribución de Cd (Pampa del Tamarugal»
Fig. B~IIl. 3.13 Tri- Linear Diagram of Major lons (Pampa del Tamarugal) lll-49

<Diagrama Tri-Lineal de Iones Mayores (Pampa del Tamarugal»

Fig. B-III. 3.14 Praspective Aquiler Arca DI-50

<Area de Acufjeros Probable>

viii



Hg. B-III. 4.1

Fig. B-III. 4.2

Fig. B-111. 4.3

Fig. B-III. 4.4

Fig. B-III. 4.5

Fig. B-III. 4.6

Fig. B-III. 4.7

Fig. B-III. 4.8

Fig. B-III. 4.9

Fig. B-III. 4.10

Fig. B-I1I, 4.11

Fig. B-III, 4.12

Fig. B-III. 4.13

Fig. B-III, 4.14

Fig. B-III, 4.15

Hg. B-I1I. 4.16

B-III Pampa del Tamarugal

Groundwater Simulation Area in Pampa del Tarnarugal IV-17

<Area de Simulacion del Nivel Freatico en Pampa del Tamarugal>

Calculation Network for Groundwater Simulation IV-18

<Red de Calculo para la Simulacion del Nivel Freatico>

Conceptual Hydrogeological Section for Groundwater Simulation .... IV-19

<Corte Transuersal Hidrogeologico de la Simulacion del Nivel Freatico>

Discharge Condition in 1993 IV-20

<Condicion de Descarga en 1993>

Modeled River Water Inflow IV-21

<Modelo de Afluencia de Agua de Rio>

Comparison Between Observed and Calculated Groundwater Level.IV-22

<Comparacion Entre Mueles Freaticos Observados y Calculados>

Discharge and Recharge Condition in 2015 Case 1-1 IV-23

<Condicion de Descarga y Recarga en el Año 2015 Caso 1-1>

Discharge and Recharge Condition in 2015 Case 1-2 IV-24

<Condicion de Descarga y Recarga en el Año 2015 Caso 1-2>

Discharge and Recharge Condition in 2015 Case 2-1 .IV-25

<Condicion de Descarga y Recarga en el Año 2015 Caso 2-1>

Discharge and Recharge Condition in 2015 Case 2-2 IV-26

<Condicion de Descarga y Recarga en el Año 2015 Caso 2-2>

Simulated Groundwater Level in Future Case 1-1 IV-27

<Simulación Futura del Nivel de Agua Subterránea> Caso 1-1

Simulated Groundwater Level and Flow Vector in Future Case 1-1 .IV-28

<Simulación Futura del Nivel de Agua Subterránea y

Vectores de Flujo> Caso 1-1

Drawdown ofGroundwater Level Between Present (1993) and

Future (2015, 2043 & 2093) Case 1-1 IV-29

<Descensos Simulados entre el Presente (1993) y

el Futuro (2015,2043 Y 2093» Caso 1-1

Simulated Groundwater Level in Future Case 1-2 IV-30

<Simulación Futura del Nivel de Agua Subterránea> Caso 1-2

Simulated Groundwater Level and Flow Vector in Future Case 1-2 .IV-3 I

<Simulación Futura del Nivel de Agua Subterránea y

Vectores de Flujo> Caso 1-2

Drawdown ofGroundwater Level Between Present (1993) and

Future (2015. 2043 & 2093) Case 1-2 IV-32

<Descensos Simulados entre el Presente (1993) y

el Futuro (2015,2043 Y 2093» Caso 1-2

ix

Fig. B-lII, 4.1

Fig. B-IlI, 4.2

Fig. B-lII, 4.3

Fig. B-lII, 4.4

Fig. B-lII, 4.5

Fig. B-IlI, 4.6

Fig. B-IlI, 4.7

Fig. B-IlI, 4.8

Fig. B-lII, 4.9

Fig. B-lII, 4.10

Fig. B-IlI, 4.11

Fig. B-lII, 4.12

Fig. B-lII, 4.13

Fig. B-lII, 4.14

Fig. B-IIJ, 4.15

Fig. B-lII, 4.16

8·111 _1'3 del Tamarugal

Groundwater Simulation Area in Pampa del Tamarugal IV-17

<Area de Simulacion del Nivel Frealico en Pampa del Tamarugal>

Calculatian Network foe Groundwater Simulation IV-18

<Red de Calculo para la Simuladon del Nivel Freatico>
Conceptual Hydrogeological Section foc Groundwater Simulation .... IV-19

<Corre Transuersal Hidroge%gico de la Simuladon del Nivel Freatico>

Discharge Condition in 1993 IV-20

<Condicion de Descarga en /993>
Modeled RiverWater Inflow IV-21

<Modelo de Afluencia de Agua de Rio>

Comparison Between Observed and Calculated Groundwater Leve1 .IV-22

<Comparadon Entre Mueles Freaticos Observados y Calculados>

Discharge and Recharge Condition in 2015 Case l-I IV-23

<Condicion de Descarga y Recarga en el Año 2015 Caso /-/>

Discharge and RechargeCondition in 2015 Case 1-2.. IV-24

<Condicion de Descarga y Recarga en el Año 2015 Caso / -2>

Discharge and RechargeCondition in 2015 Case 2-1 .IV-25

<Condicion de Descarga y Recarga en el Año 2015 Caso 2-/>

Discharge and RechargeCondilion in 2015 Case 2-2 .IV-26

<Condicion de Descarga y Recarga en el Año 20/5 Caso 2-2>

Simulated Groundwater Level in Future Case 1-1 IV-27

<Simulaci6n Futura del Nivel de Agua Subterránea> Caso /-/

Simulated Groundwater Level and Flow Vector in Future Case 1-1 .IV-28

<Simulación Futura del Nivel de Agua Subterránea y

Vectores de Flujo> Caso /-/

Drawdown of Groundwater Level Between Present (1993) and

Futuro (2015, 2043 & 2093) Case 1-1 .IV-29

<Descensos Simulados entre el Presente (/993) Y

el Futuro (20/5, 2043 Y 2093» Caso /-/

Simulated Groundwater Level in Future Case 1-2 IV-30

<Simulación Futura del Nivel de Agua Subterránea> Caso /-2

Simulated Groundwater Level and Aow Vector in Futuro Case 1-2 . IV-3 1

<Simulación Futura del Nivel de Agua Subterránea y

Vectores de Flujo> Caso /·2

Drawdown of Groundwater Level Between Present (1993) and

Futuro (2015. 2043 & 2093) Case 1-2 .IV-32

<Descensos Simulados entre el Presente (1993) y

eIFururo(20/5,2043y2093» Caso/-2

•

•



Fig. B-III, 4.17

Fig. B-III, 4.18

Fig. B-III, 4.19

Fig. B-III, 4.20

Fig. B-IU, 4.21

Fig. B-UI, 4.22

B-I11 Pampa del Tamarugal

Simulated Groundwater Level in Future Case 2-1 .IV-33

<Simulación Futura del Nivel de Agua Subterránea> Caso 2-1

Simulated Groundwater Level and Flow Vector in Future Case 2-1 .IV-34

<Simulación Futura del Nivel de Agua Subterránea y

Vectores de Flujo> Caso 2-1

Drawdown of Groundwater Level Between Present (1993) and

Future (2015,2043 & 2093) Case 2-1 IV-35

<Descensos Simulados entre el Presente (1993) y

el Futuro (2015,2043 Y 2093» Caso 2-1

Simulated Groundwater Level in Future Case 2-2 IV-36

<Simulación Futura del Nivel de Agua Subterránea> Caso 2·2

Simulated Groundwater Level and Flow Vector in Future Case 2-2 .IV-37

<Simulación Futura del Nivel de Agua Subterránea y

Vectores de Flujo> Caso 2-2

Drawdown ofGroundwater Level Between Present (1993) and

Future (2015,2043 & 2093) Case 2-2 IV-38

<Descensos Simulados entre el Presente (1993) y

el Futuro (2015, 2043 Y 2093» Caso 2-2

x

•

•

Fig. B-III, 4.17

Fig. B-III, 4.18

Fig. B-III, 4.19

Fig. D-III, 4.20

Fig. B-III, 4.21

Fig. D-llI, 4.22

o·m Pampa del TamarugaJ

Simulated Groundwater Level in Future Case 2-1 IV-33
<Simulación Futura del Nivel de Agua Subterránea> Caso 2-/

Simulated Groundwater Level and Flow Vector in Future Case 2-1 .IV-34

<Simulación Futura del Nivel de Agua Subterránea y

Vectores de Flujo> Caso 2-/

Drawdown of Groundwarer Level Delween Presenl (I993) and

Future (2015, 2043 & 2093) Case 2·1 IV·35

<Descensos Simulados entre el Presente (1993) Y

e/ Futuro (20/5,2043 Y 2093» Caso 2·1

Simulated Groundwater Level in Future Case 2-2 IV-36

<Simulación Futura del Nivel de Agua Subterránea> Caso 2-2

Simulated Groundwaterlevel and FJow Vector in Future Case 2-2 .IV-37

<Simulación Futura del Nivel de Agua Subterránea y

Vectores de Flujo> Caso 2·2

Drawdown of Groundwater Level Between Present (1993) and

Future (2015, 2043 & 2093) Case 2-2 IV-38

<Descensos SimulaCÚJs entre el Presente (1993) Y

el Futuro (2015, 2043 Y 2093» Caso 2-2

x



Chapter I TOPOGRAPHY AND GEOLOGY

B-m Pampa del Iamarueal

1.1. Topography

The Pampa del Tarnarugal Basin consists oC the parts oC 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 easl It is located al an altitude between 1,000 and 1,600 m.

Drainage pattems oC the basin extracted from LANDSAT images are shown in Fig. B­

111, 1.1, and these form two different types; a dendritic pattem at the Altiplano and a

subparallel pattem at the Precordillera and Intermediate Depression. Main rivers in

the basin are Aroma, Tarapacá, Quipisca, Tambillo, Quisma, Chacarilla and

Guatacondo rivers. AlI 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 oC 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 oC 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 Minería) are available for Pampa del Tamarugal as mentioned below.
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1.1. Topography

The Pampa del Tarnarugal Basin consists of the parts oC Altiplano, Precordillera and

Intennediate Depression. as shown in Fig. B-I, 1.1. The Pampa del Tamarugal is Iying

over the Intermediate Depression and is bounded by the Coastal Range to Lhe west and

Lhe Precordillera to the easl It is located at an altitude between 1,000 and 1,600 m.

Drainage patterns of lbe hasin extracted from LANDSAT images are shown in Fig. B­

111, 1.1, and these Corm two diCCerent types; a dendritic panern at the Altiplano and a

subparaiJeJ pattern at the Precordillera and Intermediate Depression. Main rivers in

the basin are Aroma. Tarapacá, Quipisca. Tambillo, Quisma, Chacaril1a and

Guataeondo rivers. AlI the strearns of Aroma, Tarapaca. Quipisca and Tambillo flow
into the Salar de Pintados.

1.2. Geology

•

1.2.1. Melbodology ofGeological Analysis

On the detaiJs oC the methodology, reCer to the pan oC San José River basin.

1) Interpreta"on of LANDSAT images

As for lbe Pampa del Tamarugal Basin, su (6) seenes of images were used, whose

path and row are: 001-073; 001-074; 001-075; 002-073; 001-074 and 002-075.

Details of lbe used data are shown in Table B-I, 1.1.

2) Interpreta"on of Aerial PholOgraphs

One hundred ninety seven sheets oC black and white aeria! pholOgraphs taken in
1977 and 1981 were used for lbe interpreta"on.

1.2.2. General Geological Features oC 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,(00) « 1)

"Mamiña" (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 c1assification is given in the following

table;

Geologic Formation Lithology Units
A'l.e

Recent alluvial, eolian, fan deposits Qa1,Qe, Qf.
Sediments

Quatemary continental sedimenrary rocks and
pyroclastic rocks, divided into 5
members: TQau
- Member 5 : dark to greenish grey and

middle to fme sandstone.
Altos de Pica - Member 4 : pinkish orange-grey to
Formation wbite rbyolitic tuff.

Tertiary • Member 3 : yellowish middle lO coarse
sandstone.

- Member 2 : pinkish orange and dark
grey rbyolitic welded tuff. TQaI

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

Mesozoic Longacho fissible shale, mudstone. fine sandstone, J
Formation limestone, jtenerally jtrey 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 c1assification

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

1- 2
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Geological Map.

"Pisagua y zapiga" (1:100,000) «1)

"Mamiña" (1:50,000) (<2)

"Juan de Morales" (50,000) (<3)

"Pica, A1ca, Matilla y ehacarilla" «4)

Magnetic Map

"Arica, Pisagua-Huara" (1 :250,(00) (<5)

The results of lhe inlerprelalion on lhe basin were compiled in Fig. B·III. 1.2

reviewing lhese existing dala. Stratigraphic c1assification is given in lhe folIowing

lable;

GeoIog;c Formation Litbology UnilS
A••

Recen, a1luvial, eolian, Can deposits QaJ. Qe, Ql.
Sediments

Quaternary continental sedimenWy rocks and
pyroclastic rocks. divided inlO S
mcmbers: TQau
• Member S: dark lO greelÚsIl grey and

middle lO rUle sandstone.
Altos de Pica - Member 4 : pinkisb orange-grey lO
Formalion wbite rbyolil.ic turro

Tertiary - Member 3 : yellowisb middle to coarse
sandslOne.

• Member 2: pinkish orange and dark
grey rbyolitic welded turr. TQaJ

• Member I : yellowisb brown
cooglomerate and middle lo coarse
sandstone.

Mesozoic Longacbo fissible shaJe. mudstone. fine saOOstQne. J
Formation limestone. l!enerallv orev in color.

1) General Geology oC the Basin

Geology oC Pampa del Tamarugal Basin is composed of Mesozoic and Cenozoic

rodes, as shown in lhe table aboye. The interpretation resulted in lhe classification

of six (6) geological units as shown in Fig. 8-111, 1.2. Lilhology of each

discriminated unilS were discussed with published references which are mainly

from Carlos Gali Oliver and Roben J. Dingman (1962). Lithological

characteristics of each unil are as Collows:

(1) Mesoroic Uni. (J)

It is disLributed on lhe low isolated mounlains fonning an anticlinal struclure al

the eastem side oC Pampa del Tamarugal. Mesozoic roeks 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 rocles 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 Quatemary) (fQau)

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 thiclcness).

Member 2: Pinkish orange and darle grey rhyolitic welded tuff (17 m in

thickness).

Member 1: Yel10wish brown conglomerate and middle to coarse sandstone.

showing cross-bedding (322 m in thiekness).

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 Ruaseo

corresponds to the Member 4.

(3) Recent (Upper Quaternary) Unít (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

Tamarogal.

1- 3
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Pica are caIled the Longacho Formation which consists of fissible shale,
mudstone, fine sandstone and limestone, generally grey in color. In roany

parts, the rocks oC this fonnation are intensely silicified.

The Mesozoic Fonnation is intruded by andesile. dacile, dionle, granhe
porphyry, syeni"c porphyry and gabbro.

(2) Altos de Pica Fonnation (Upper Tertiary te Lower QualCmary) (fQau)

The Fonnation is divided into three (3) continental sedimentary members.

distinguished by lhe numbers 1, 3 and 5, and Iwo (2) members mainly

composed oC pyroclastic rocks, 2 and 4. The sequence of each members of
Altos de Pica Fonnation in the type -Iocality is a.o;¡ follows:

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

Member 4: Pinkish orange-grey lO whilC rhyolitic luff (23 ro in lhiclmess).

Member 3: Yellowish middle to coarse sandstone, containing ventifacl,
showing cross-bedding (173 ro in lhiclmess).

Member 2: Pinkish orange and dark grey rhyolitic welded luff (17 m in

lhiclmess).

Member 1: Yellowish brown conglomerate and middle to coarse sandstone.

showing cross-bedding (322 min lhickness).

The Member S is easily diCferentiated from other members on the LANDSAT

images and aerial photographs. TIte Member S, TQau on the interpretation

map. shows pinkish grey or dark grey color on LANOSAT ¡mages. 11Ie

welded tuff oC extensive distribution between Pica and Salar del Huasco
corresponds lo the Member 4.

(3) Recent (Upper Qualemary) Uni, (Qf, Oo. QaI)

It consists of three (3) units. which are Can 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 oC Altos de Pica Fonnation.

Anticlinal structures can be observed at the low isolated mountains between the

area from Tarapacá in the north to Challacollo in the south, where the Mesozoic

rocles 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 tuCf show two (2) systems in NE-SW and N-S directions,

as shown in Fig. B-nl, 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 lo 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 Fonnation

Basement Rocks

Pampa del Tamarugal is a closed structural basin and is fil1ed by the basin fill

deposits and the Altos de Pica Fonnation 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 fonnation which widely cover the basin. Lithology of the

aquifers are mainly sand and gravel. The thickness of the deposits is generally less

than 100m in the north and increases toward the south reaching 700 m in Salar de

Pintados.

1-4

s-w Pampa delTAmaoua!

2) General Geological Structure oC lhe Basin
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developed in lhe weldcd tuff of Altos de Pica Formation.
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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-m, 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 oC

extraction oC groundwater is quite small (Ref. Chapter 3. 3.2).

Fig. B-III, 1.7 shows geological structure and a schematic geological profile oC

Pica and Salar del Huasco area. In Pica area, the Altos de Pica Formation is

thickJy 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 eastem side of the basin such as

Mamiña and Camiña areas.
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The aquifers are recharged groundwater mainly from the quebradas flowing into

the basin from the easl. Channels of the quebradas are concentrated in the

following areas as shown in Fig. B-m, 1.1;

(1) Huara area

(2) Pozo Almonte area

(3) The lower reaches of <he Qda. de ehacarilla

Furthermore. the Altos de Pica formation supplies the groundwater through

fissures and faults of ENE·WSW direction in Pica and Malilla area as rnenlioned

in 1.2.2.

The groundwater flows genlly 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,(X)() km2). the ¡nfluence of

extraction of groundwater is quite small (Ref. Chapter 3. 3.2).

Fig. B-III, 1.7 shows geological structure and a schematic geological profile of

Pica and Salar del Huasco area In Pica area, the Altos de Pica Fonnation is

lhickly deposited in lhe eastern side of the rise of the Basement Rocks. As the

Basement Rocks are impenneable, the groundwater flowing in the Altos de Pica

Formation is darnmed up and occurs as lhe springs in Pica area. The similar

hydrogeological condition is recognized along the eastem side of the basin 5uch as
Mamitl.a and Camitl.a arcas.
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Table B-ffi, 1.1 Correlation of Strata(Pampa del Tamarugal)

<Co"elaci6n de Estaatos (Pampa del Tamarugal»

­I
~

Area ARICA CAMARACA PISAGUA MAMIÑA JUAN de PICA,ALCA, QUll..LAGUA PAMPA DEL PAMPA DEL

l.tJ PROVINCE andAZAPA andZAPIGA MORALES MATILLA, TAMARUGAL TAMARUGALO« CHACARILLA
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(Note): constructed by the nCA Study Team (1994).

•
Table B-m, l.l

•
CorreJation of Strata(Pampa del Tamarugal)

<Co"e1aci6n de Estaalos (Pampa del Tamarugal»
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"' PROVINCE and A'ZAPA and ZAPIGA MORALES MATILLA, TAMARUGAL TAMARUGAL
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Chapter n. AQU~ROFPANWADELTAMARUGALBASm

2.1 lnventory of Existing Wells

The inventory oC existing wells was established by the nCA Study Team based on the

same method mentioned in Clause 2.1 oC Chapter II in B-I reviewing the Collowing

reports:

(1) Análisis Crítico de la Red de Medición de Niveles de Agua Subterránea 1 Regi6n,

October 1987 for DGA by Alamos y Peralta Ingenieros Consultores Ltda.

(2) Modelo de Simulaci6n Hidrogeol6gica de la Pampa del Tamarugal, 1988 Cor

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 "l8.8.".

The number of wells (sondajes) comes to 458 in the basin, consisting of 256 wells for

research inc1uding observatory wells, five (5) wells for the industrial use, 77 wells for

the potable water supply, 35 wells for the irrigation, 49 wells Cor 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 BNAlCORFO(l975) codes (Table B-ID. 2.1 (1».

63 wells were drilled in Pampa del Tamarugal to apply the water right Cor mainly

mining and irrigation use in the second haIf of 1980s. Those 63 welIs' data are

collected by DGA. Most of these wells has not yet registered to neither BNA nor

CORFO (1975). Therefore. temporary numbers (BNAlCORFO codes) were given to

the wells foc the convenience (Table B-m, 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

ID, 2.1 (1) and 63 wells in 2.1 (2). For those locations, see Fig. B-m, 2.1 (1) and 2.1

(2).
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ChapterIl. AQU~ROFPAMWADELTAMARUGALBASm

2.1 lnvenlory of Existing Wells

The inventory oC existing wells was established by the nCA Study Team based on the

same method mentioned in Clause 2.1 oC Chapter n in B-I reviewing the following

reports:

(1) Análisis Crítico de la Red de Medición de Niveles de Agua Subteminea 1 Región,

October 1987 for DGA by Alamos y Peralta Ingenieros Consultores Ltda

(2) Modelo de Simulación Hidrogeol6gica de la Pampa del Tamarugal, 1988 for

OOA 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 CORPO code (1969)

were used. The CORPO code (1963) was improved to the CORPO code (1975) and

lhe DGA code was not applied afterward.

In this report, lhe weUs are expressed by lhe three (3) digits of consecutive numbers

on the basis oC tbe BNA code like "l8R".

The number of wells (sondajes) comes to 458 in the basin, consisting oC 256 weUs for

research including observatory wells, five (5) wells for the industrial use, 77 weUs Cor

the potable water supply, 35 wells for the irrigation, 49 weUs ror the mining and 36

wells have no data.. Out oC 458 wells, total number oC 68 wells are already abandoned.

[n addition lO lhis, there are many dug wells in the basin, however, no data is

available.

381 wells are already registered to BNAlCORFO(1975) codes (rabie B-III. 2.1 (1».

63 wells were driUed in Pampa del Tamarugal to apply the water right ror mainly

mining and irrigation use in the second half oC 1980s. Those 63 wel1s' data are

collected by DGA. MOsl oC these wells has nol yet registered lo neither BNA nor

CORPO (1975). ThereCore. temporary numbers (BNNCORFO codes) were given to

the wells ror the convenience (Table B-m, 2.1 (2». Accordingly, a total number oC

458 wells were listed in the Well Lists in Pampa del Tamarugal; 395 weUs in Table B­

In, 2.1 (1) and 63 weUs in 2.1 (2). For tbose locations. see Fig. B-ID. 2.1 (1) and 2.1

(2).
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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-III, 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

aboye. Even in 199Os. well construction have been continued.

Depth of weIl is shown in Fig. B-m. 2.3.235 welIs are less than 100 m in depth. 56

welIs are in a depth between 100 and 200 m and rest 49 welIs are penetrated more

than 200 m. This means that most wells are tapping groundwater from the shallower

aquifers.

2.2 Existing Boring Data

2.2.1 Boring Logs

More than 400 boring logs are collected from the existing weIls (both registered wells

and new welIs for application of water right). These logs were interpreted from the

hydrogeologicaI point of view and geostratigraphic columns are constructed which are

attached to the Well Inventory (see. Data Book).

2.2.2 Pumping Test

The results of pumping test are shown in WeIl List (Table B-nI. 2.1 (1) and 2.1 (2).

Aquifer constants are estimated only for 36 welIs and 40 data show only draw down

and pumping rateo Specific yield (Sy) was caIculated based on the 40 pumping data.

2.3 Supplementary GeologicaI Survey

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

supplement the existing geological data. The survey locations are shown in Fig. B-DI.

2.4.

a) Electromagnetic Survey

b) Boring Survey

(a) Drilling

Test well drilling

11-2

100 survey points (8 lines)

4 welIs
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As for the date of well constr'Uction. 285 data are available. The number oC well

conslniction and the increase of wells are shown in Fig. S-lII. 2.2. The wells have

beeo constructed every year since 1950. Significant increase suddenly occurred

during lbree (3) years; 1965, 1966 and 1967. Totally 175 wells were constructed in

this perlod; most wells are for water level observation. The number oC weUs exceeded

200 during 1950 and 1967. A few wells were constructed in 1970s. In 1980s,

number oC well conslruction increased Coe the application oC water right as mentioned

aboye. Even in 1990s. welI construction have been continued.

Deplb of well is shown in Fig. B-IlI, 2.3. 235 wells are less lban 100 m in deplb. 56

wells are in a depth between 100 and 200 m and rest 49 wel1s are penetrated more

than 200 m. This means that most wells are lapping groundwater from the shaJlower

aquifees.

•2.2 Existing Bocing Data

2.2.1 Boring Logs

More than 400 borlng logs are collected from the existing wells (both registered wells

and new wells foe application of water right). These logs were interpreted from 'he

hydrogeological point oC view and geostratigraphic columns are constTUcted which are

auached to lbe Well Inventory (see, Data Book).

2.2.2 Pumping Test

The results of pumping test are shown in Well List (Table B-III, 2.1 (1) and 2.\ (2).

Aquifee constants are estimated only for 36 wells and 40 data show only draw down e
and pumping rateo Specific yield (Sy) was calcu\ated based on lbe 40 pumping data.

2.3 Supplementary Geological Survey

The following geological surveys were executed by the JICA Sludy Team lo

supplement the existing geological data. The survey locations are shown in Fig. S-IlI,

2.4.

a) Electromagnetic Survey

b) Boring Survey

(a) Drilling

Test well drilling
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Observation well drilling

(b) Pumping Test

c) Water Quality Analysis

d) C-14 Analysis

2.3.1 Electromagnetic (TEM) Survey

1) Survey Area

B-ID Pampa del TaIDaID¡al

7 wells

11 wells

11 wells (nCA wells)

5 wells

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

Tamarugal area as shown in Fig. B-I1I, 2.4. Eight (8) TEM lines were set

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

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

Total

2) Methodology of Survey

Proftle

PT-l

PT-2

PT-3

PT-4

PT-5
PT-6

PT-7

PT-S

Stations

14

9

28
14

8
15

4

8

100

Station Interval

2,000 m

2,000 m

2,000 m

2,000 m

2,000 m

2,000 m

2,000 m

2,000 m

For the details ofthe methodology, see B-II, Section 2.3.1 ofChapter 11.

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-I to PT-8 are shown in

Fig. B-lII. 2.6. According to the well logging (long nonnal) data oC 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 O-m. Among these
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Observation weU drilling

(b) Pumping Test

c) WaLer Quality Analysis

d) C-14 AnaJysis

2.3.1 Electromagnetic (TEM) Survey

1) Survey Area

B-ID Pampa del IamaruaaJ

7 wells

11 wells

11 wells (nCA weUs)

5 wells

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 sel

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

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

Total

2) MethodoIogy of Survey

ProfJ.1e

PT-l

PT-2

PT-3

PT-4

PT-5
PT-6

PT-7

PT-S

Stations

14

9

28

14

8
15

4

S

100

Station Interval

2,000 m

2,000 m

2,000 m

2,000 m

2,000 m

2,000 m

2,000 m

2,000 m

For lhe details of the melhodology, see B-II, Section 2.3.1 of Chapter 11.

3) Survey Results

Typical apparent resistivity curves in the area are shown in Fig. B-nI, 2.5.

Geoelectrical protiles are made by analyzing the apparent resistivity curve of

each station. The geoelectrical protiles aJong the line PT-1 to PT-8 are shown in

Fig. B-In. 2.6. According lO the well logging (long nonnal) data of three (3)

existing weUs (Pintados No. 1, No. 2 and Dolores No. 1), the resistivily value oC

aquifer with no contamination is in the range of 10 to 40 n-m. Among these
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wells, Pintados No. 1 is loeated near station No. 5 of PT-8. Resistivity

ealibration was made by using the logging dala of Pintados No. 1 as shown in

Fig. B-IIl, 2.7.

The resistivity struelure of the surveyed area is c1assified as 3 lo 4 layers with

straliform struelure. The geophysieal eharaeleristies of eaeh layer are

summarized as follows;

(1) The fírsl layer (10 m lo 120 m thiek) shows a resistivily range of 28 lO

1,400 n-m. The layer is dislributed in lhe whole area. In lhe area, al

stations No. 1 lo 3 and 6 to 8 of PT-5, station No. 13 lo 16, 21 to 23 and 25

lo 28 of PT-3, the layer shows a relatively low resistivily (28 lo 100 n-m).

This is probably due lO the wet land eonditions by irrigation water.

Resistivity of the layer al stations 11 lo 13 of PT-l and aH stations of PT-7

is extremely high (more than 1,000 n-m). This is probably due lo the hard

and dry land eonditions. In general, in the eastem part of the area, the layer

shows higher resistivily than the westem part. This resistivily range in the

eastem part is between 200 and 1,200 n-m. The layer thiekness gradually

inereases lowards southeast

The depth of lhe boundary between the fírst and seeond layer is almost

eoincident with the water level of wells in the area.

(2) The second layer (between 20 and 400 m thiek) shows a resistivity range of

approximately 10 to 50 n-m. The layer is dislributed over a1most all the

stations of profiles. Aeeording lo the resistivity logging data of the existing

well of Pintados No. 1 (loeated near the station No. 5 on profile PT-8), this

layer is eonsidered as a expeeted aquifer. The layer thiekness gradually

inereases from 100m (PT-1) lo 400 m (PT-7). However, it rapidly decrease

from 200 m (PT-8) to less than 100 m (PT-4).

(3) The third layer (more than 50m thiek) shows a resistivily value lower than

10 O-m. The layer is distributed over lhe whole area. The layer is

presumed lo have a groundwater potential of the same degree throughoUl

the area. However, its low resistivity indieales that the layer is

eontaminated by salty water. The depth of the layer gradually inereases to

southwards.
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wells, Pinlados No. I is localed near station No. 5 of PT-8. Resislivily

calibralion was made by using lhe logging data of Pintados No. 1 as shown in

Fig. B-Ill. 2.7.

The resistivily struclure of lhe surveyed area is classified as 3 lo 4 layers wilh

slraliform slructure. The geophysical characleristics of each layer are

summarized as follows;

(l) The firsllayer (10 m lo 120 m lhick) shows a resislivilY range of 28 lO

1,400 O-m. The layer is distributed in lhe whole area. In lhe area, al

stalions No. I lO 3 and 6 lo 8 of PT-S. station No. 13 lo 16, 21 to 23 and 25

lo 28 of PT-3, lhe layer shows a relalively low resistivily (28 lo 100 O-m).

This is probably due lO the welland conditions by irrigation water.

Resistivity of lhe layer al stations 11 lO 13 of PT-l and all stations of PT-7

is extremely high (more lhan 1,000 O-m). This is probably due lO lhe hard

and dry land conditions. In general, in lhe eastem part of lhe area. the layer

shows higher resistivily lhan lhe westem part. This resistivily range in Lhe

eastem part is between 200 and 1,200 O-m. The layer lhickness gradua11y

increases towards soulheast

The deplh of Lhe boundary belween lhe first and second layer is almost

coincidenl with the water level of wells in lhe area.

(2) The second layer (belween 20 and 400 m lhick) shows a resistivity range of

approxamately 10 lo 50 O-m. The layer is distributed over almosl all lhe

talions of profiles. Accordang to the resistivity logging data of the existing

well of Pintados No. I Oocated near lhe stalion No. 5 on proftle PT-8), lhis

layer as considered as a expected aquifer. The layer thickness gradually

increases from 100 m (PT-l) to 400 m (PT-7). However, at rapidly decrease

from 200 m (PT-8) lO less lhan lOO m (PT-4).

(3) The Lhird layer (more than SOm thick) shows a resistivity value lower than

10 n-m. The layer is distributed over the whole area. The layer is

presumed lo have a groundwater potenlial of lhe same degree lhroughoul

lhe area. However, ilS low resistivily indicates lhal lhe layer is

contamanated by salty water. The depth of lhe layer gradually increases lO

southwards.
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(4) The fourth layer shows a resistivity value approximately higher than 100 n­

m. The layer is distributed in the northem and westem part of the area.

According to the existing data such as the well logging oC Dolores No. 1

and a gravity map of the area, the layer is considered as a geological

basement eomposed of high density rocles. Thus. the layer is c1assified 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 ofPT-6, station No. 2 and No. 3 ofPT-3, and

station No. I 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, deseribed in the above section, are analyzed eomparing

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 surnmarized as

follows.

(1) ProfI1e PT-l (see, Fig. B-nl, 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 frrst layer is divided into two (2) parts;

the upper shows high resistivity 0,100 - 1,300 n-m) beeause of dry land. and

the lower shows a resistivity range of 96 - 300 n-m. The second layer shows a

resistivity range of 8.1 to 27 n-m and is considered as a aquifer. The well No.

J-C is located al the station No. 4. Third layer is distributed at stations No. 5 to

14. Resistivity range shows less than 8.7 n-m. The boundary with the fourth

layer is unclear. The summary of the interpretation are shown in the following

tableo
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(4) The founh layer shows a resistivity value approximately higher than 100 n­

m. The layer is distributed in the northem and westem part oC the area.

According lo the existing data such as tbe well logging oí Dolores No. 1

and a gravity map of Lhe area, the layer is considered as a geological

basement eomposed oC high density rocks. Thus, the layer is classified as

Lhe impenneable basemenL

Lateral discontinuities of resistivity exist between slation No. 4 and No. 5 oí

PT-2. slation No. 4 and No. 5 of PT-6, station No. 2 and No. 3 of PT-3. and

station No. I and No. 2 oí PT-7. These discontinuities may be coincident

with geological boundarles such as faults oí fracture zones.

4) Interpretation with Boring Log

Geoeleetric profLles, described in the aboye section. are analyzed comparing

with the boring logs. Fig B-In. 2.3.8 lo 2.3.15 show anaIyzed resistivity

profiles. Resulls of interpretation for each resistivily profile are summarized as
follows.

(1) ProfIle PT-l (see. Fig. B-ID, 2.8)

The profile is analyzed as a four (4) layered model excepl 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 0.100 - 1,300 n-m) beeause oC dry land. and

the lower shows a resistivily range of 96 - 300 n-m. The second layer shows a

resistivily range of 8.1 to 27 n-m and is cODsidered as a aquifer. The well No.

J-C is located at the station No. 4. Third layer is distríbuted at stations No. 5 to

14. Resistivily range shows less than 8.7 n-m. The boundary wilh the fourth

layer is unclear. The surnmary of the interpretation are shown in the following

tableo
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B-ID Pampa del Tamaru~al

(PT-l)

Layer Depth Resistivity Lithology Interpretation

(m.b~l) Range(n-m)

1 st 0-90 1100 - 1300 not confinned 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 confinned contaminated

aquifer

4th >130 >100 sandy clay impermeable bed

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

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

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

layer and shows a resistivity range of 7.9 to 14 n-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 eastem side of the discontinuity shows a low range of less than

6.5 n-m and the westem side indicates a high range of more than 100 n-m.

The well No. J-D was drilled on this profile. Results oC the interpretation are

summarized in the following tableo

(PT-2)

Layer Depth Resistivity Lithology Interpretation

(m.bgl) Range(n-m)

1 st 0-30 94-440 mainly clayey gravel surface deposits

(sandy silt at top surface)

2nd 30 - 7.9 -14 clayey gravel to clean expected aquifer

160 gravel

3 rd - <6.5 not confrrmed contaminated

aQuifer

4th >160 >100 clayey gravel impermeable

bed

Il-6

a·JIl Pampa del Iam801gal

-
Layer Depth Resistivily Lithology Interpretation

(m.bol) Ranoe(il-m)

1st 0- 90 1100-1300 nol confinned dry surface

0-40 96-300 sandyelay suñace deposits

2 nd 40 - 130 8.1 -27 clayey gravel al upper. expected aquifer

e1ayey sand al middle.

clav al lower

3nd - <8.7 nol confinned contaminaled

aquifer

4th >130 >100 sandyelay impermeable bcd

(PT 1)

(2) Profile PT-2 (sec. Fig. B-DI. 2.9)

•A four (4) layered model is applied lo lhis profile. The fiest layer shows a high

resistivity range between 94 and 440 n·m due to dry condition. TIte second

layer and shows a resistivity range of 7.9 10 14 O-m i5 considered as a aquifee.

Lateral discontinuity oC resistivity was observed between statioos No. 4 and 5;

Crossing lhis lateral discontinuity. two (2) different ranges resistivity were

observed. The eastem sirle oC the discontinuity shows a low range oC less than

6.5 n-m and !.he westem side indicates a high range oC more than 100 n-m.
The well No. 1-D was drilJed on this profile. Results oC the interpretation are

summarized in the following lable.

PT-2)

Layer Depth Resistivily Lithology Interpretation

(m.bol) Ranoe(il-m)

1st 0-30 94 -440 mainly clayey gravel surface deposits

(sandv sil' al lOo surface)

2nd 30 - 7.9-14 clayey gravel lo clean expected aquifer

160 I gravel

3 rd - <6.5 nol confmned contaminated

aquifer

4th >160 >100 clayey gravel impermeable

bcd

•
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(3) Profl1e PT-3 (see, Fig. B-III, 2.10)

The profile is anaIyzed 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

O-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 al stations No. 5 and 6 respectively.

(PT-3)

Layer Depth Resistivity Lithology lnterpretation

(m.b~l) Ran~e(O-m)

1 st O-50 77 - 360 sandy to gravelly c1ay surface deposits

2nd 50 - 9.1 - 19 gravelly clay at upper, expected aquifer

240 clayey gravel at lower

3 rd >240 <6.7 not confirmed contaminated aquifer

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

A lhree (3) layered model was applied on this profile. However, the third layer

is intercaIated with a higher resistivity layer.

The first layer shows high resistivity range due to the dry condition and is

correlated Wi1h 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 eastem side of the station No. 5, the

third layer contains a thick layer oC higher resistivily range which is the fourth

layer.

Well No. J-F is located at station No. 8.

(PT-4)

Layer Depth Resistivity Lithology Interpretation
(m.bel) Ranee(O-m)

1 s1 0- 80 690-1000 gravelly clay al upper surface deposits
sandy clay at lower

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

14th 150 -300 9.2 - 13 not confirmed expected aquifer

3 rd >150 <6.6 sandy clay contaminated
aquifer
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(3) Proftle PT-3 (see, Fig. B-DI, 2.10)

The profile is analyzed as a three (3) layered mode!. The firsl layer s

high resislivity range due lo lhe dry suñace condilion and is correJal

the surface deposits. The second layer shows a resistivity range of 9.
n-m and is considered lo be an expecled aquiCer. The lhird layer show

resislivity range, lherefore, il is corresponds lo a contarninated aquifer.

The weU No_ J-E and J~6 are localed al Slations No. 5 and 6 respectivel

PT-3l

Laycr Depth Resistivity Lithology Interpretati

(m.bal) Ranae(O-m)

1 SI 0- 50 77 - 360 sandy lo aravelly clay surface deo<• 2 nd 50 - 9.1 - 19 gravelly cLay al upper, expected aq

240 elayey gravel allower

3 rd >240 <6.7 nol confinned contaminate

(4) Prof~e PT-4 (sce, Fig. B-DI, 2.11)

A three (3) layered model was applied on lhis profile. However, Ihe lhi

is intercalaled wilh a higher resistivity layer.

The first Jayer shows high resistivily range due lo the dry condition

correlated with the surface deposits. The second layer is conside

prospective aquifer from its resistivily. The lhird layer is also considere

aquifer as well as the second layer. In the eastem side oC the statioo N

• third layer contains a thick layer of higher resistivity range which is lb
layer.

Well No. J-F is located al station No. 8.

(PT-4)

Layer Depth Resistivily Lithology Inlerpretati
(m.bgl) Range(O-m)

1st 0-80 690 -1000 gravellyelay al upper suñace de
sandy clay at lower

2 nd 80 -150 7.3 - 16 clayey sand al upper expeclod
sandy clay al lower

14 th 150 -300 9.2 - 13 nol confinned expected a

3 rd >150 <6.6 sandyelay contamina
aQuifer
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(5) Proflle PT-5 (see Fig. B-I1I. 2.12)

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 pan oC the profile. The second

layer shows a resistivity range oC 52 to 70 O-m and is considered as a aquiCer.

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(O-m)

I st 0- 30 110 -120 gravel surface deposits

2 nd 30 - lOO 52 -70 gravel at upper pan expected aquifer
clayey gravel at lower

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

4th >160 >100 not confirmed impermeable bed

(6) ProfJ.1e 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 surlace deposits. The

second layer is considered as a aquifer. However. the layer ends at the west oC

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 westem side of the profile,showing a high resistivity range. therlore. it is

considered as the impermeable hed.

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

(PT-6)

Layer Depth Resistivity Lithology Interpretation

(m.bgl) Range(O-m)

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

2nd 80 - 210 10- 17 clayey gravel lo expected aquifer
~ravel

3 rd >210 <7.5 gravel at upper contaminated
sandv clav at lower aQuifer

4th - >100 not confmned impermeable bed

11 - 8

(S) Prof1le PT-S (see Fig. B-UI. 2.12)

The profile is analyzed as a four (4) layered model. The firsllayer is of high

resistivity range. The firsl layer is dislributed in a reslricted area between

stations No. 3 and 6 which are al the central part oC the proftle. The second

layer shows a resistivily range of 52 lo 70 n-m and is considered as a aquifer.

The third layer shows a low resistivily range, therefore, is considered to be a

impermeable layer.

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

(PT-S)

Layer Depth Resistivity Lithology Interpretation

(m.b,gl) Ran,ge(íl-m)

1sl 0-30 llO -120 ,gravel sunace deposits

2 nd 30 - 100 S2 -70 gravel al upper pan expected aquifer
clayey ,gravel al lower

3 rd 100 - 160 6.3 -9.7 clayey gravel al upper contaminated
con,glomerate al 10wer aQuifer

4th >160 >100 nol confirmed impermeable bed

(6) Proftle PT-6 (see, Fig. B-ill, 2.13)

The profile is analyzed as a lhree (3) layered model. The firsllayer shows a

high resistivity range and is correlaled Wilh the dry surface deposits. The

second layer is considered as a aquifer. However, the layer ends al the wesl of

station No. 5. The third layer is also ends al the same place as the second

layer. The layer shows a low resistivity range. The fourth layer is dislributed

in the westem side of the profile,showing a high resistivity range, therfore. il is

considered as the impermeable bed.

Well No. J-S is located al station No. 6.

(PT-6)

Layer Depth Resistivity Lithology Interpretation

(m.b,gl) Ran,ge(íl-m)

1 sl 0-80 690 -1,200 sandy clay surface deposits

2nd 80 - 210 10- 17 clayey gravel lo expected aquifer
,gravel

3 rd >210 <7.5 gravel al upper contaminated
sandy clav al lower aquifer

4th - >100 nol conflJ1lled impermeable bed
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(7) Proftle PT-7 (see, Fig. B-III, 2.14)

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 U-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 TOCh.

Well No. }-7 is located at the survey point No.4.

(PT-7)

Layer Depth Resistivity Lithology Interpretation
(m.bgl) Range(O-m)

1 st 0-10 1,000 -1,400 sandy clay suñace deposits

2nd 10 - 380 7.4 - 9.5 sandy clay to gravelly expected aquifer
clay, gravel in sorne parts

3rd >380 2.0- 2.6 notconfirmed contaminated
aquifer

4th - 1250 not confirmed impermeable bed

(8) Prome PT-S (see, Fig. B-III, 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 westem part of the proftle. The third

layer and fourth layer are considered as a aquifers as well as the second layer.

The well No. 1-8 is drilled on this profile.

(PT-8)

Layer Depth Resistivity Lithology Interpretation
(m.bgl) Range(O-m)

1 st 0-30 920 - 950 sand and gravel at surface deposits
surface clay at lower

2 nd 25 - 47 altemation of clay expected aquifer
and gravel contaminated in the west

3 rd 30 - 320 8.9 - 9.3 expected aquifer
4th 14 -30 expected aquifer
5th >320 <6.6 not confirmed contarninated aquifer
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(7) Proftle PT-7 (see, Fig. B-lll. 2.14)

A three (3) layered rnodel is established except the station No.l. The first

layer sbows a higb resistivity range and corresponds to the dry surCace

deposits. The second layer shows a resistivity range oC 7.4 to 9.5 n-m and is

considered as a aquifer. The third aquiCer is oC low resistivity range and is

considered to be a eontaminated by the salty water. TIte third layer is not

dislributed at lhe station No. 1; TIte fourth layer appears al the station instead

of the first Iayer. The fourth layer shows a high resistivity range. It is

probably due to the distribution of the basernent rocles.

Well No. J-7 is located at the survey point No.4.

(PT-7)

Layer Depth Resistivity Lithology lnterpretation
(m.bgl) Range(.o-m)

1st 0-10 1,000 -1.400 sandy clay surface deposits
2nd 10 - 380 7.4 - 9.5 sandy clay to gravelly expected aquifer

clay, gravel in sorne parts
3 rd >380 2.0 - 2.6 noleonfirmed contarninated

aquifer
4th - 1250 not eonfmned impenneable bed

(8) Prof1le PT-S (see, Fig. B-m, 2.15)

In this profLIe. a five (5) Layered rnodel is applied. TIte firsl layer shows a

high resistivity range which is corresponds lo the surface deposits. The

second layer is considered as a aquifer, however, it becornes a layer of low

resistivity range. Therefore, the seeond aquifer is considered to be

contaminated by the salty water in the weslem part oC the profJ.1e. The lhird

layer and fourth layer are considered as a aquifers as welJ as the second layer.

The weU No. 1-S is drilled on this proftle.

(PT-8)

Layer Depth Resistivity Lithology Interpretation
(m.bgl) Range(.o-m)

1 1 0-30 920 - 950 sand and gravel al surface deposits
surface clay at lower

2 nd 25-47 altemation oC clay expected aquifer
and grave) eontaminated in the west

3 rd 30 - 320 8.9 - 9.3 expected aquifer
4th 14 -30 expected aquifer
5th >320 <6.6 not confirmed contaminated aquifer

11-9
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2.3.2 Boring Test

1) Location and Depth of Each Well

Four (4) test wells (J-C, 1-D, 1-E and 1-F) and seven (7) observation wells (J-3,

1-4,1-5,1-6,1-7,1-8 and 1-9) were placed along the TEM survey line (see, Fig.

B-nI, 2.3.1). Location, drilling depth and casing size oC each well are

surnrnarized as follows.

Well Location Latitude Longitude Elevation Casing Depth

No. (m.msl) (ineh) (m.bgl)

J-C Huaca 190 59' 05.7" 690 42' 09.8" 1,109.711 8-5/8" 209

J-D Baquedano 200 09' 54.2" 690 41' 10.4" 1,058,019 8-5/8" 210

J-E La rIfana 200 19' 53.2" 690 41' 18.6" 1,009.990 8-5/8" 250

J-F Ramada 200 43' 53.2" 690 30' 17.3" 1,016.128 8-5/8" 200

J-3 Aguada 190 45' 09.1" 690 49' 15.3" 1,135.588 5-112" 150

J-4 Negreiros 190 51' 37.2" 690 44' 51.8" 1,169.267 5-1/2" 150

J-5 Pozo Almonte 200 15' 10.7" 690 41' 26.1" 1,029.330 5-112" 300

J-6 Canchones 200 26' 40.9" 690 31' 15.7" 993.763 5-112" 200

J-7 Conaf 2()O 30' 44.4" 690 39' 56.9" 982.752 5-1/2" 210

J-8 Pintados 200 35' 37.7" 690 31' 08.2" 1,016.012 5-112" 210

J-9 Oficina Victoria 200 45' 12.6" 690 35' 26.3" 971.103 5-112" 172

2) Methodology oC Well Construction

For the details oC the rnethodology, see B-11, section 2.3.2 oC Chapter II

3) Results oC Boring Test

The well data for each wel1, lithological colurnn, casing design, we1110gging and

drilling rate, are shown in Fig. B-III, 2.16 to 2.19 for the test well and Fig. B-DI,

2.20 to 2.26 for the observation well with scale oC 1:1000.

(1) Well No. J-C (see, Fig. B-III, 2.16)

i) Lithology

The well was drilled up to 209m depth. The unilS, Q4 and Q2 of the

Quatemary Upper Altos de Pica Formation is observed. Based on the results
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2.3.2 Boring Test

1) Loeatioo and Depth of Eaeh Well

Four (4) tesl wells (J-C, J-D, J-E and J-F) and seveo (7) observatioo wells (l-3,

J-4, J-5, J-6, J-7, J-8 and J-9) were placed aloog the TEM survey lioe (sec, Fig.

B-JII, 2.3.1). Location. drilling depth and casing size oC each well are

surnmarized as Collows.

Well Location Latilude Longitude Elevadon Casing Depth

No. (m.msl) (inch) (m.bgl)

J-C Huara 19" 59' 05.7" 69" 42' 09.8" 1,109.711 8-518" 209

J-D Baquedano 200 09' 54.2" 69" 41' 10.4" 1,058,019 8-518" 210

J-E La Tirana 200 19' 53.2" 69" 41' 18.6" 1,009.990 8-518" 250 •J-F Ramada 200 43' 53.2" 69" 30' 17.3" 1,016.128 8-518" 200

J-3 Aguada 19"45'09.1" 69" 49' 15.3" l,m.S88 5-1n" ISO

J-4 Negreiros 19" 51' 37.2" 69" 44' 51.8" 1,169.267 S-In" ISO

J-S Pozo Almante 200 15' 10.7" 69"41'26.1" 1,029.330 S-In" 300

J-6 Canchones 200 26' 40.9" 69" 31' 15.7" 993.763 S-In" 200

J-7 Conal 200 30' 44.4" 69" 39' 56.9" 982.752 S-In" 210

J-8 Pintados 200 35' 37.7" 69" 31' 08.2" 1,016.012 S-In" 210

J-9 Oficina Victoria 200 45' 12.6" 69" 35' 26.3" 971.103 s-In" 172

2) Methodology oC Well Construction

For the details of the methodology, see B-II, sectioo 2.3.2 of Chapter 11

3) Results of Boriog Tesl

The well data for each well, lithological column, casing design, weH logging and

drilliog rate, are showo io Fig. B-m, 2.16 lo 2.19 for!he tesl well and Fig. B-m,

2.20 lO 2.26 for the observation well with scale of 1:1000.

(1) Well No. J-C (see, Fig. B-I1I, 2.16)

i) Lithology

The well was drilled up to 209m depth. The uoits, Q4 aod Q2 of Ihe

Qualemary Upper Altos de Pica Fonnation is observed. Based on the results
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of geophysicallogging and lithology observed. the following five (5) layers are
c1assified.

(J-e)

Layer Depth (m) Classification Lithology Unit Formation
1st 0-40 Shallow AQuifer sandy lo siltv clav
2 nd 40 - lOO Deep Aquifer c1ayey gravel, Q4 Altos de Pica

clayey sand

3 rd lOO - 160 Impermeable clay.

Intercalation sandy clay Q2
4th 160 -197 Deep Aquifer clayey sand
5th 197 - 209 Impermeable Bed clavo

ü) Well Logging

Spontaneous Potential (SP) indicates a range of SOO to 920 mv. A relative

basement line (relative Oline) was decided as 900 mv. The resistivity indicates

a high range of 10 - 100 O-m al surface. The reversal relation of long and

short normal resistivity is appeared al the surface. On lhe other hand. short

resistivity range of 10 lo 30 O-m is indicated at depth below 4Om.

iii) Determination of Casing Design

In order lo 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-lIt 2.16.

a) 1st layer (Shallow Aquifer)

The layer is composed mainly of sandy clay. which is considered as less

permeable in normal case. In contrary lo this, the value of SP indicates that

the layer is permeable. Moreover, temperature curve shows a groundwater

flow al the depth from 20 to 30m. Resistivily values show a contamination

by the salty water. Therefore. lhe layer is classified as a shallow aquifer,

however, fresh water yielding can not be expected.

b) 2 nd layer (Deep Aquifer)

AH lhe geophysical logging data that indicate a range which can be

considered as aquifer. excepl depth from 73 to sOm. This sequence (73 to
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of geophysicallogging and lithology observed, the following five (5) layers are
c1assified.

(l C)-

Laver Denth (m) Classification Litholoov Unit Fonnation
1sI 0-40 Shallow AQuifer sandv lo sillv e1av
2nd 40 - 100 Deep Aquifer elayey grave~ Q4 Altos de Pica

elavev sand

3 rd 100 - 160 Impermeable e1ay.
Inlettalation sandvelav Q2

4th 160 -197 Deep AQuifer e1avev sand
5th 197 - 209 Imoermeable Bed c1av,

ii) Well Logging•
Sponlaneous Potential (SP) indicates a range of SOO to 920 mv. A relative

basement line (relative Oline) was decided as 900 mv. The resistivity indicates

a high range of 10 - 100 n-m at surface. The reversa! reJation of long and

short nonnal resistivity is appeared al the surface. On lhe other hand, short
resistivily range of 10 10 30 O-m is indiealed al depth below 4Om.

iii) Detennination of Casing Design

•
In urder to detennine the posiLion oC screen pipes, following interpretations are

made by using the lithological and welllogging data. For the details of casing
design, see, Fig. B-m, 2.16.

a) 1sI layer (Shallow Aquifer)

Thc layer is composed mainly of sandy clay, which is considered a.1I less

penneable in nonnal case. In contrary lo this, the value of SP indicates that
the layer is penneable. Moreover, temperature curve shows a groundwater

flow al the depLh from 20 to 30m. Resistivily values show a contamination

by the salty water. Therefore, the layer is c1assified as a shallow aquifer,
however, fresh water yielding can oot be expected.

b) 2 nd layer (Deep Aquifer)

AlI the geophysical loggiog data that indicale a range which can be
considered as aquifer, except depth from 73 lo sOrn. This sequence (73 to

II-Il
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8Om) shows a relatively high gamma ray range oC 50 - 110 cps. Therefore,

it is interpreted as a small scale impermeable intercalation.

The screen pipes were installed in lhis layer except the impermeable parts.

The positions of the screen are al depths Crom 43.01 lO 73.01m and 79.01 lO

97.02m.

c) 3 rd layer (Impermeable Bed)

The layer is composed mainly oC clay and sandy clay. The value of lhe SP

exceeds relative basement line oC 900 mv and gamma ray shows a rather

high range oC 40 lo 80 cps. Blank casing pipes were installed in this layer.

d) 4 th layer (Deep Aquifer)

The layer consists mainly oC clayey sand. The value oC SP indicates

approximately 900 mv. However, olher logging data show the layer is

permeable; The resistivity value is a range oC 10 - 25 O-m, the gamma ray is

less than 40 cps and temperalure gently increases loward the bottom. Based

on these characteristics, the layer is classified as a aquifer. Screen pipes

were installed in this layer al the deplh Crom 163.02 lO 192.99m.

e) 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 lhis layer.

(2) Well No. J-D (see, Fig. B-III, 2.17)

i) Lithology

The total drilling deplh is 210m. Based on lhe results oC geophysical logging

and lithological observation, following four (4) layers are classified. Theyare

correlated with Q4, Q3 and Q2 oC the Qualernary Upper Altos de Pica

Formation.
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8Om) shows a relalively high gamma ray range oC 50 - 110 eps. Therefore.

it is interpreted as asmall scale impenneable intercalalion.

The screen pipes were installed in lhis layer except the impermeable parts.
The positions afthe screen are al depths (rom 43.01 lo 73.01m and 79.01 lO

97.02m.

e) 3 rd layer (Impermeable Bed)

The Jayer is composed mainly oC clay and sandy clay_ The value oC the SP

exceeds relative basement line oC 900 rnv and gamma ray shows a rarner

high range of 40 lo 80 eps. Blank easing pipes were installed in this layer.

d) 4 th layer (Deep Aquifer)

The Jayer consists mainly oC clayey sand. The value oC SP indicates

approximately 900 rov. However, other logging data show the Jayer is

penneable; The resistivity value is a range oC 10 - 25 n~m. the gamma ray is
less than 40 eps and temperature gently ¡ncreases toward the bouom. Based

on these characteristics. the layer is c1assified as a aquifer. Screen pipes
were installed in this layer al the depth from 163.02 lO 192.99m.

e) 5 th layer (Impermeable Bcd)

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) WeU No. J-O (sec. Fig. B-IJI. 2.17)

i) Lithnlogy

111e lotal drilling deplh is 210m. Based on the rcsults of geophysieallogging

and lilhological observation. following foue (4) layees are classified. Theyare

eorrelated wilh 04. Q3 and Q2 of the Qualernary Upper AllOs de Pica

Fonnation.
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(1-D)

Layer Depth (m) Classification Lithology Unit Fonnation

l st 0-49 Surface Deposits sandy silt. gravelly

clay

2nd 49- 98 Shallow Aquifer alternation of Q4 Altos de Pica

clayey grave! and

.gravelly clay

3 rd 98 - 161 Deep Aquifer clayey gravel. Q3

.gravel

4th 161 - 210 Deep Aquifer gravelly clay. Q2

clayey gravel

ii) Well Logging

Spontaneous potential shows a range of 8S0 to 1000 mv. Considering the

lithological. the relative basement line is estimated as 9S0 mv. Resistivity

indicates a range of 40 to 80 n-m up to the depth of 30m from the surface.

The resistivity of short range is lOto 30 n-m from the depth of SOm to the

bottom. Temperature increases from the surface to the sOm of depth and is in

a range 23 to 28°C below the depth of SOmo

iii) Detennination ofCasing Design.

Casing design is decided as shown in Fig. B-Ill. 2.17. based on the following

interpretation.

a) 1st layer (Surface Deposits)

The layer consists mainly oC gravel1y clay except the surface which is

fonned of sandy silt. The layer is considered as dry because of the high

value oC resistivity and gamma rayo

b) 2 nd layer (Shallow Aquifer)

The ranges of aU the geophysicallogging indicate that the layer is aquifer.

except lhe depth from 90 to 95m where the value of gamma ray is high.

The screen pipes were instaUed 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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(1-D)

Layer Deplh (m) Classification Lithology Unit Fonnation

I st 0-49 Surface Deposits sandy silt. gravelly

clay

2 nd 49-98 Shallow Aquifer alternation of Q4 Altos de Pica

clayey gravel and

.graveUy clay

3 rd 98 - 161 Deep Aquifer clayey gravel. Q3

gravel

4th 161 - 210 Deep Aquifer gravelly clay. Q2

clayey gravel

ii) 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

indicares a range of 40 to 80 O-m up to the depth of 30m froro the surface.

The resistivity of short range is 10 to 30 O-ro froro tbe deptb of SOm to tbe

bottoro. Temperature increases from tbe surface to the SOro of depth and is in

a range 23 to 28°C below tbe depth oC 5Om.

iii) Detennination of Casing Design.

Casing design is decided as shown in Fig. B-111. 2.17. based 00 the following

interpretation.

a) 1 st layer (Surface Deposits)

The layer consists mainly of gravelly clay except the surface which is

forroed of sandy silt. The layer is considered as dry because of the high

value oC resistivity and gamma rayo

b) 2 nd layer (Shallow Aquifer)

The ranges of aH the geophysicallogging indicate that the layer is aquifer.

except Lhe depth from 90 10 9Sm 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 rrom 53.89 to 59.91ro and the other is Crom 71.91 lO 89.93m.
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c) 3 rd layer (Deep Aquifer)

Geophysical characteristics oC the layer are similar to the 2nd layer (Shallow

Aquifer). Geological unit oC the layer was classified as Q3 oC the Altos de

Pica Formation.

The screen pipes were installed in this layer at depths Crom 101.94 to 150m

and Crom 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 c1assified as the

lower part of the deep aquifer considering the following reasons.

- The resistivity is in a range of 7 to 20 O-m.

- The gamma ray shows a low range of eps value.

The screen pipes were installed at depths from 174 to 180.01m and 186.01

10 198.02m.

(3) Well No. J-E (see, Fig. B-I1I, 2.18)

i) Lithology

The well was drilled to a depth of 250m. On the basis of the lithology

observed and welllogging data, following two (2) layers are c1assified. They

are Q4 and Q3 of the Quatemary Upper Altos de Pica Formation.

(J-E)

Layer Depth (m) Classifieation Lithology Unit Formation

1 st 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 O-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 eontent gradually ¡nereases toward the bottom.
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e) 3 rd layer (Deep Aquifer)

Oeophysical characteristics oC the layer are similar to lhe 2nd layer (Shallow

Aquifer). Oeological unit oC the layer was c1assified as Q3 oC the Altos de

Pica Fonnation.

The sereen pipes were instaJled in Ihis layer al deplhs from 101.94 lO 150m

and from 156 lo 162m.

d) 4 th layer (Deep Aquifer)

According to the Iithological column, more clayey rnaterials are observed

compared with the other layers. However, the layer is c1assified as the

lower pan oC lhe deep aquifer consideriog the Collowing reasoos.

- The resistivily is in a range of 7 lO 20 n-m.

- The gamma ray shows a low range oC eps value.

The sereen pipes were instaJled al depths from 17410 180.0lm and 186.01

10 198.02m.

(3) We1l No. J-E (see. Fig. B-IO, 2.18)

i) Lithology

Thc well was drilJcd to a depth oC 250m. 00 the basis oC the Iithology

observed and weU logging data, Collowing two (2) layers are classified. They

are Q4 and Q3 oC the Quaternary Upper Altos de Pica Fonnation.

J-E)

Laver Deoth (m) Classification Litholo.v Unit Fonnation

I Si 0-70 Surface Deoosits sandv lO .rave1lv clav Q4

2 nd 70 - 250 AquiCer gravelly clay al upper, Q4 Altos de Pica

c1avev e.raveJ at lower 03

ii) We1l Logging

TIte range of the resistivity is rather low (lO - 30 O-m) excepl at the surface.
The relative basement line oC \he spontaneous potential is established as

950 mv based on the value oC resistivity and lithology observed. Oeneral1y,
litho)ogy oC the whole sequence is composed oC gravel1y clay to c1ayey gravel.

howcver, ratio oC gravel content gradually ¡ncreases toward the bottom.
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a-ID Pampa del TarnaOlKal

According to the interpretation of SP, penneability is higher al 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.

iii) Detennination of Casing Design

Casing design was decided as shown in Fig. B-III. 2.18, based on the following

interpretation.

a) 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 parto The SP value exceeding 950 mv

indicates that the layer is impermeable. Water flow is observed on the

temperature curve. However, the resistivily values of long and short normal

indicate thal the layer is conlaminated. Considering these situation, the

layer is correlated with the surface deposits with 10w groundwater potential.

Yield of fresh waler is not expected. Hence. blank casing pipes were

installed.

b) 2 nd Layer (Aquifer)

The layer is composed mainly of clayey gravel throughout the whole

sequence. The ratio of gravel amount is gradually increases loward the

bottom. The curve of SP and resislivily is in well coincidence with lbis

change. The resistivily range, 10 lO 20 n-m shows thal the layer is a

expected aquifer.

The screen pipes were installed in this layer al eighl (8) separated positions,

where much gravel is confinned. For the details of casing design, see Fig.

B-nl.2.18.

(4) Well No. J-F (see, Fig. B-III, 2.19)

i) Lithology

The well was drilled up to 224m depth. Three (3) lithological units of Q4, Q3

and Q2 of the Quatemary Altos de Pica fonnation are confirmed. Following

three (3) layers are c1assified by the interpretation of lithology observed and

geophysicallogging.
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According to the interpretalion oC SP, penneability is higher at the botlem and

lower at the surface. It is in well coincident with the lithological observation.

Groundwater tlow is observed on the temperature curve at the surface.

iii) Detenninalion oC Casing Design

Casing design was decided as shown in Fig. B-I1I, 2.18, based on the following

interpretation.

a) 1 SI layer (Surface Deposits)

The layer consists oC sandy clay up to the depth oC 20m Crom the surface,

and gravel1y clay in the deeper parto The SP value exceeding 950 rnv

indicates that the layer is impermeable. Water f10w is observed on thee temperature curve. However, lhe resislivity values of long and short normal

indicale thal the layer is contaminated. Considering these situalion, the

layer is correlated with the surface deposits with low groundwater potential.

Yield oC fresh water is nol expected. Hence. bJank casing pipes were

installed.

b) 2 nd Layer (Aquifer)

The layer is composed mainly oC clayey grave) throughoul the whole

sequcncc. The ralio oC gravel amount is gradually ¡ncreases toward the

bottom. The curve oC SP and resistivity is in well coincidence with tbis

change. The resistivity range, 10 lO 20 n-m shows that the layer is a

expected aquifer.• The screen pipes were instaUed in this layer at eight (8) separated posilions.

where much gravel is confirmed. For the details of casing design, see Fíg.

B-m, 2.18.

(4) WeU No. J-F (see, Fig. B-I1I, 2.19)

i) Lithology

lbe well was drilled up lo 224m depth. lbree (3) lithological units of 04, Q3

and Q2 oC the Quatemary Altos de Pica Connalion are confirmed. FolJowing

three (3) layers are classified by the interpretation of lith010gy observed and

geophysicallogging.
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(J-F)

Layer Depth (m) Classification Lithology Unit Formation

1 st 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

3 rd 160 - 224 Deep Aquifer sandy clay Q3

ii) Well Logging

Gamma ray indicates homogeneous unchanged range of 50 - 70 eps at a11

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.

ili) Determination oíCasing Design

In order to determine the position of screen pipes. following interpretation was

made. For the details oí casing design, see, Fig. B-Ill, 2.19.

a) 1st layer (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 n­

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 n-m. the layer is

considered as the most promising aquifer. Groundwater flow is conflI111ed

by the temperature curve.

Four (4) separated positions were selected for the screen pipes as shown in

Fig. B-llI, 2.19.
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(J-F)

Layer Depth (m) Classification Lithology Unit Fonnation

1 st 0-47 Surface Deposits clay, clayey gravel Q4
and clayey sand

2nd 47 - 160 Shallow sandy, graveUy clay, Q4 Altos de Pica
Aquifer clayey sand Q3

3 rd 160 - 224 Deep Aquifer sandy clay Q3

ü) Well Logging

Gamma ray indicates homogeneous unchanged range of 50 - 70 cps al all

sequence. however, clay layer is weU 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.

ili) Detennination 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-m, 2.19.

a) 1st layer (Surface DeposilS)

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 lOO.Q­

m). Blank casing pipes were installed in this layer.

b) 2 nd Layer (ShaUow 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 confinned

by the temperature curve.

Four (4) separated positions were selected for the screen pipes as shown in

Fig. B-ill, 2.19.
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e) 3 rd layer (Deep Aquifer)

The layer consists of sandy gravelly clay and clayey sand. Characteristics

of aH thelogging data are same as that of the second layer. Therefore, the

layer is a1so eonsidered as a aquifer.

The sereen pipes were instaUed at three (3) different positions in this layer

as shown in Fig. B-m, 2.19.

(5) Well No. J-3 (see, Fig. B-m, 2.20)

TIte well was drilled up to 150m depth. In the whole sequence, two (2) units, Q4
and Q2 oC the Quaternary Upper Altos de Pica Formation were confinned.

Based on the results oC the geophysieal logging and lithology observed,

following four (4) layers are classified.

(1-3)

Layer Depth (m) Classification Lithology Unit Formation

1 st 0-42 Surface Deposits clay, sandy clay Q4
2 nd 42 - 100 Shallow Aquifer sandy cIay Q4
3 rd 100-131 Impermeable Bed sandy cIay Q4 Altos de Pica

clay Q2

4th 131 -150 Deep Aquifer sandy clay Q2

ii) 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 a11 the layers, identification of the permeable zone by

SP is diffieult The range of gamma ray is mostIy within 40 to 60 eps al al]

layers. Groundwater flow at depths from 40 lo 90m and from 120 to 145m is

confirmed by temperature curve. No TEM survey was conducted in this area.

iii) Determination of Casing Design

TIte position oC screen pipes was determined considering both the lithological

and welllogging data. For the details oC casing designo see, Fig. B-In, 2.20.
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e) 3 rd layer (Deep Aquifer)

TIte layer consists of sandy gravelly c1ay and c1ayey sand. Characteristics

of aH thelogging dala are same as that of the second layer. Therefore. the
layer is also considered as a aquifer.

The screen pipes were inslalled al three (3) different positions in lhis layer

as shown in Fig. B-III. 2.19.

(5) Well No.l-3 (see. Fig. B-m. 2.20)

TIte well was drilled up lO 150m depÚl. In the whole sequence. two (2) units. Q4
and Q2 oC Úle Quaternary Upper Altos de Pica Fonnation were confinned.

Based on the results oC the geophysical logging and lithology observed.
following Cour (4) layers are classified.

J-3)

Layer Depth (m) Classification Lithology Vnil Fonnation
1 st 0-42 Surface Deposits c1ay. sandy c1ay Q4
2 nd 42 - 100 Shallow Aquifer sandy clay Q4

3 rd 100 - 131 Impermeable Bed sandy clay Q4 Altos de Pica
clay Q2

4th 131 -150 Deep Aquifer sandy c)ay Q2

ii) Well Logging

Spontaneous potential indicates a homogeneous range of 970 lo 1.030 rov. A

relative basement line is eSlimated as 1.015 rov. However. due lo clay

predominance material in all the layers. identification oC the penneable zone by

SP is difficull The range of gamma ray is mostly within 40 to 60 cps al a1l

layers. Groundwater flow al depths from 40 to 90m and from 120 to 145m is

confinned by temperature curve. No TEM survey was conducted in this area

iii) Detennination oC Casing Design

TIte position oC screen pipes was determined considering both the lithological

and well logging data. For the details oC casing designo see. Fig. B-In. 2.20.
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a) 1 st layer (Surface Deposits)

The layer consists of clay at 7m from surface and sandy clay at lower parto

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.

b) 2 nd layer (Shallow Aquifer)

The layer is composed of thick bed of sandy clay. Considering the lithology

and well logging result, high penneability is not expected in this layer.

However, the range of resistivity shows a value of 20 to 40 n- 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 instalJed at

two (2) different positions as shown in Fig. B-Ill, 2.20.

c) 3 rd layer (Impenneable Intercalation)

The layer consists of sandy clay at the upper part and clay at the 10wer parto

The layer is impermeable intercalated bed, therefore, blank casing pipes

were installed.

d) 4 th layer (Deep Aquifer)

The layer is situated al 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 lo 144.83m.

(6) Well No. J-4 (see, Fig. B-III, 2.21)

i) Lithology

The total drilling depth is 150m. Two (2) units oC Q4 and Q2 of Quatemary

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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a) 1 st layer (Surface Ocposits)

The layer consists of clay al 7m from surface and sandy clay allower pan.

h is estimaled as impermeable by lhe SP range which exceeds more lhan

1015 rnv (relative base line). A smaIl pOlential of groundwater is expected

by lhe temperalure curve. Blank casing pipes were inslaUed in lhis layer.

b) 2 nd layer (Shallow Aquifer)

lbe layer is eomposcd of thiek bcd of sandy clay. Considering the lithology

and well logging resull. high permeabilily is 001 expecled in Ibis layer.

However. the range of resistivily shows a value of 20 lo 40 0- ro similar lO

lhe aquifer in olher wel1s. The temperalure curve indicaleS lhe groundwaler
tlow in lhis ¡ayer.

The layer was considered as a aquifer, and screen pipes were installed al

lwO (2) different positions as shown in Fig. D-I1I, 2.20.

e) 3 rd layer (Impermeable lnterealation)

The layer consists of sandy clay al !.he upper part and clay al the lower parto

The layer is impermeable inlercalated hed, therefore, blank casing pipes

were installed.

d) 4 th layer (Ocep Aquifer)

The layer is situated at Lhe upper part of Q4 unil of Altos de Pica Fonnation.

lt consists of clay and sandy clay. The value oC resistivity also indicates a

similar range with lhe 2nd layer. Therefore. the layer is cJassified as the
deep aquifer.

lbe screen pipes were installed al the dcpth from 132.83 'o 144.83m.

(6) Well No. 1-4 (see, Fig. D-IlI, 2.21)

i) Lithology

lbe total drilling depth is 150m. Two (2) units of Q4 and Q2 of Quatemary

Upper Altos de Pica Fonnation are confirmed. Based on the results of
geophysical logging and lilhological observation. fol1owing lhree (3) layers
were classified.
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(J-4)

Layer Depth (m) Classification Litholo~y Unit Formation

1 st 0-45 Surface Deposits sand, ~ravel

2nd 45 -95 Shallow Aquifer gravel, clayey gravel Q4 Altos de Pica
and gravelIy day

3 rd 98 - 161 Deep Aquifer clayey gravel, Q2
conglomerate

ii) Well Logging

The results of aH measurements is in weH coincident with high penneability of

the lithology. The relative basement line of the SP is estimated as 95m mv,

based on the lithology and the value of gamma rayo 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 confll11led by the temperature curve at

10m from surface.

iii) Detennination oC Casing Design

The position of screen pipes was determined, based on the following

interpretations. For the details of casing design, see, Fig. B-In, 2.21.

a) 1 st layer (Surface Deposits)

The layer is estimated to have high penneability 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 n-m. Compared with the resistivity range of

other layers, this value is within the range oC the aquifer. Except middle

part of the layer (75m depth) showing high gamma ray value, the layer is

expected to be penneable.

Based on the aboye, screen pipes were installed at two (2) different

positions. For the details of casing design, see, Fig. B-III, 2.21.
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J-4)

layer Depth (m)

l Si 0-45

2nd 45-95

Classification

Surface DeDOsits

Shallow Aquifer

lithology

sand, gravel

gravel, clayey gravel
and graveUy elay

Unit FOrmatio~n"-.j

Q4 Altos de Pica

3 rd 98 - 161 Deep Aquifer

ii) Welllogging

clayey gravel,
con~lomerate

Q2

The results of aH measurements is in weIl coincident with high permeability oC

the litholeg)'_ The relative basement Une oC the SP i5 estimated as 95m rnv,

based on the lithology and the value of gamma rayo Resistivity shows a high

and unslable range al 40m from surface. short and stable range al below 45m.e A small scale oC groundwater tlow was confinned by the temperaturc curve al

10m from surface.

iU) Determination oC Casing Oesign

The position oC screen pipes was dClCrmincd. bascd on the following

interpretations. Far the details oC casing designo sec, Fig. B-In, 2.21.

a) l sI layer (Surface Deposits)

The layer is estimated to have high penneability by the lithological

observation and SP cange. However, il i5 expected that lhe layer has a less

potential of groundwater since the layer is suñace deposits. Water quality

is critical. because of the unstable and reversal range oí resistivity. Blanke casing pipes were installed in this layer.

b) 2 nd layer (Shallow Aquifer)

The layer is classified as a expected aquifer by the TEM resullS. Resistivity

shows a range of 10 to 45 n-m. Compared with the resistivhy range oC

other layers. lhis value is within the range oC the aquifer. Except middle

pan oC the layer (75m depth) showing high gamma ray value. the layer is

expected 10 be permeable.

Based on the aboye. sereen pipes wcre installed al two (2) differenl

positions. For the details of casing design, sec, Fig. B-Dl, 2.21.

n- 19



c) 3 rd layer (Deep AquiCer)

The same interpretation with 2 nd layer was made because oC similar result

oC loggings.

Screen pipes were installed al depths from 97.67 lo lIS.72m and 138.92 lo

144.94m oC this layer.

(7) Well No. J-S (see, Fig. B-I1I, 2.22)

i) Litho]ogy

The well was drilled up to 300m depth. Three (3) units oC Q4, Q3 and Q2 oC

Quatemary Upper Altos de Pica Fonnation were confinned. According to

lithology observed and well logging data, Collowing three (3) layers were

classified.

rJ-S)

Layer Deplh (m) Classification Litholoj!v Unit Fonnation

1 st 0-20 Surface Deposits silty clay, sandy clay

2nd 20 -100 Shallow Aouifer sandv clav Q4 Altos de Pica

3 rd 100 - 300 Deep Aquifer clayey gravel Q3

sandy clay Q2

ii) Wel1 Logging

Based on the Iithology and resistivity, the relative basement line oC the SP

value is estimated as 920 mv. The range of SP is stable, because most oC the

layer consists oC clayey materials. Resistivity shows a range of 10 to 20 n-m

up lo 100m depth and 10 to 30 n-m below 100m. It is also stable at aH the

sequences except top surface.

iii) Detennination oC Casing Design

Casing design was decided as shown in Fig. B-ffi, 2.22, based on the following

interpretation.

a) 1st layer (Surface Deposits)

Large amount oC 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 oC

the resistivity. Blank casing pipes were installed.
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e) 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-In. 2.22)

i) Lithology

The well was drilled up to 300m depth. Three (3) units of 04. Q3 and Q2 of

Quatemary Upper Altos de Pica Fonnation were confmned. According to

lithology observed and well logging data. following three (3) layers were

classified.

'J-5)

Layer Depth (m) Classification Lithology Unil Fonnation

1 st 0-20 Surface Deposits siJty elay. sandy elay

2 nd 20 - 100 Shallow AQuifer sandy clay Q4 Altos de Pica

3 rd 100 - 300 Deep Aquifer clayey gravel Q3

sandy c1ay Q2

ii) 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 10 20 n-m

up to 100m depth and lO to 30 n-m below 100m. It is also stable al a1l the

sequences exeept top sulface.

iü) Determination of Casing Design

Casing design was decided as shown in Fig. B-m. 2.22. based on the foUowing

interpretation.

a) I st layer (Surface Deposits)

Large amount of day matrix is observed in the layer. The layer is estimated

as impermeable deposito It is also estimated lo be dry due to a high value of

the resistivity. Blank casing pipes were instalJed.
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b) 2 nd layer (Shallow AquiCer)

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.

e) 3 rd layer (Deep Aquifer)

The layer consists oC elayey gravel and sandy clay. The range of the

resistivity shows a similar value with tha1 ofTEM measurement (lO -17 {l­

m). lherefore lhe layer is expected as a aquifer.

The screen pipes were installed at six (6) different positions as shown in

Fig. B-III, 2.22.

(8) Well No. J-6 (see, Fig. B-III, 2.23)

i) Lithology

The well was drilled up to 200m depth. In the whole sequenee, three (3) units

of Q4. Q3 and Q2 of Quatemary Upper Altos de Pica Formation are observed.

Based on lhe results oC geophysicallogging and lithology observed, following

three (3) major layers were classified.

(J-6)

Layer Deplh (m) Classification Litholo~y Unit Fonnation
1 sl 0- 35 Surface Deposits sand. sandy clay. clay Q4
2nd 35 - 138 Shallow Aquifer clayey to sandy graveI. Q4 Altos de Pica

gravel Q3
3rd 138 - 200 Deep Aquifer clay. gravelly clay. Q2

clayey gravel

ü) Well Logging

Gamma ray shows a stable range oC 40 to 70 cps for whole sequence. Clay

layers were clearly distinguished by a high value (more than lOO eps) oC the

gamma ray at depths oC 20, 85 and 150m. Based on the gamma ray and

lithology, a relative basement line oC the SP is estimated to be 870 mv.

Compared wilh TEM resullo 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.
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b) 2 nd layer (ShaIlow Aquifer)

The layer is expected as aquifer due to the value oC the resistivity and SP.

However, higher potential is expected at 3 rd layer. The sereen pipes were

not installed in this layer.

e) 3 rd layer (Deep Aquifer)

The layer consists oC clayey gravel and sandy elay. The range of the

resistivily shows a similar value with thal of TEM measurement (lO -17 0­

m), therefore the layer is expected as a aquifer.

The sereen pipes were installed al six (6) different positions as shown in

Fig. B-ID, 2.22.

(8) Well No. J-6 (see. Fig. B-IlI, 2.23)

i) Lithology

TIte well was drilled up to 200m depth. In the whole sequence, three (3) units

of Q4. Q3 and Q2 oC Quatemary Upper Altos de Pica Formation are observed.

Based on the results of geophysicallogging and lithology observed. following

three (3) major layers were classified.

(1-6)

Layer Depth (m) Classifieatioo Litholo2Y Unit Fonnatioo
I st 0- 35 Surfaee Deposits sand. sandy clay. cJay Q4

2nd 35 - 138 Shallow Aquifer clayey to sandy gravel. Q4
Altos de Pica

gravel Q3

3 rd 138 - 200 Deep Aquifer clay, gravelly clay. Q2

clayey gravel

ü) Well Loggiog

Gamma ray shows a slable range of 40 to 70 eps for whole sequence. Clay

layers were cJearly distinguished by a high value (more than lOO cps) of the

gamma ray al depths of 20. 85 and 150m. Based 00 the gamma ray and

lithology, a relative basemeot Une of the SP is estimated lO be 870 mv.

Compared with TEM result, rather higher resistivity range was measured by

logging. A flow oC the groundwater was obse.rved by the temperalure curve at

the depth of 35 lO lOOrn.
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iii) Determination of Casing Design

Casing design was decided as shown in Fig. B-III, 2.23, based on the following

interpretations.

a) 1 st layer (Surface Deposits)

The layer consists of sand and sandy clay at upper 16m and clay at lower

19m. The thiclcness 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.

b) 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 O-m, the logging resistivity range of

20 to 40 O-m is rather high. However, high penneability 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.

c) 3 rd layer (Deep aquifer)

Resistivity and gamma ray value is similar to 2nd layer. The range of SP

indicates permeable. The layer is c1assified as a deep aquifer al Q2 unit.

Two (2) positions of screen pipes were selected as shown in Fig. B-llI, 2.23.

(9) Well No. J-7 (see, Fig. B-llI, 2.24)

i) Lithology

Within a 210m total depth, two (2) units oC Q4 and Q3 of Quaternary Upper

Altos de Pica Formation were confirmed. According to the lithology observed

and welllogging data, following lhree (3) major layers were classified.
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iii) Detennination of Casing Design

Casing design was decided as shown in Fig. B-I1I. 2.23, based on the following

interpretations.

a) 1 sllayer (Surface DeposilS)

The layer consists of sand and sandy clay al upper 16m and clay at lower

19m. The thickness and the resistivity range of lhe layer is similar lO lhe

firsl layer c1assified by TEM survey. It is considered as the dry surface

deposits. Blank casing pipes were installed.

b) 2 nd layer (Shallow Aquifer)

The layer was c1assified as ao expecled aquifer by lhe TEM results.

Compare<! with TEM range of 10 10 17 O-m, the logging resislivily range of

20 lo 40 O-m is rather high. However. high permeabilily can be expected

by !he lithologieal observalion excepl c1ayey part al a depth fmm 73 lo 81 m.

Groundwaler Oow al a depth from 35 lO 100m was observed by Ihe

temperalure curve.

The screen pipes were installed al three (3) positions as shown in Fig. 8·111.

2.23.

e) 3 rd layer (Deep aquifer)

Resistivily and gamma ray value is similar lO 2nd layer. The range of SP
indicates penneable. The layer is c1assified as a deep aquifer al Q2 unit.

Two (2) poSilions of sereen pipes were seleclJ:d as shown in Fig. B-ll!. 2.23.

(9) Well No. J-7 (see, Fig. B-I1I. 2.24)

i) Lithology

Within a 210m lola! depth. Iwo (2) unilS of Q4 and Q3 of QualJ:mary Upper

Altos de Pica Fonnation were confirmed. According lo the lithology observed
and well logging data, rollowing I.hree (3) major layees were classified.
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(J-7)

La er Depth (m) Classification Lithology Unit Fonnation

1 st 0- 35 Surface Deposits sandy clay

2nd 35 - 106 Shallow Aquifer sandy to gravel1y Q4 Altos de Pica

clay

3 rd 100 - 131 Deep Aquifer sandy to gravelIy Q3

clav

ii) Well Logging

AlI the layers are rich in clayey matrix. Due to this, the range of the gamma

ray is almost the same for whole Iayer. 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 lOto 20 O-m except 35m from surface.

According to the TEM resuIts, this values lie within the range of the aquifer.

Therefore, the position oí screen pipes was mainly detennined by the SP and

gamma ray values.

iii) Detennination of Casing Design

Casing design was decided as shown in Fig. B-III, 2.24, based on the following

interpretations.

a) 1 st Iayer (Surface Deposits)

The Iayer 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.

b) 2 nd layer (ShalIow Aquifer)

The layer is expected as a aquifer. However, it is not highly permeable.

Penneable zone was detennined 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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(J-7)

Layer Depth (m) Classifieation Litholo2V

1-"-1",SI'-I~0~-:.:3",5_-+~Su~rf::.a",ee"-De=eDO=ssi""lS~san=dL-"'vcl,,,av'- __-1
2 nd 35 - 106 Shallow Aquifer sandy 10 gravelly Q4 Allos de Pica

elav

3 rd 100- 131 Oeep Aquifer sandy lO gravelly Q3

clav

•

ii)

¡ji)

Wen Logging

AH the layers are rich in clayey matrix. Due lO this. the cange oC the gamma

ray is almost me same for whole layer. Based on the lithology and gamma ray

cange, a relative basement lioe oC SP is estimaled as 970 mv. Resistivity

indieates a homogeneous range of 10 lo 20 íl-m exeepl 35m from surface.

According lo the TEM results, I.his values lie within the range oí me aquieee.
Therefore. the pesilion oC screen pipes was mainly determined by the SP and
gamma ray values.

Detennination oC Casing Design

Casing design was decided as shown in Fig. 8-111, 2.24, based on the foIlowing

interpretations.

a) 1 sllayer (Surface DeposilS)

The layer consislS oC mainly sandy clay except the sand which appears from

surface lO 4m depth. It is estimated as dry because oC a high resistivitye value. Blank casing pipes were inslalled in lhis layer.

b) 2 nd layer (Shallow Aquifer)

TIte layer is expecled as a aquifer. However, it is nol highly permeable.

Permeable zone was detennined by SP and gamma ray Cor lhe installation oC
screen pipes.

The screen pipes were installed al lwo (2) difCerenl posiLions oC 55.79 lo
61.76m and 67.79 lO 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-nI,2.24.

(10) WelI No. J-8 (see, Fig. B-nI, 2.25)

i) Lithology

The well was drilled up to 210m depth. In the whole sequence, three (3) units

of Q4, Q3 and Q2 of Quatemary Upper Altos de Pica Formation were

observed. Based on the results of geophysicallogging and lithology observed,
foIlowing three (3) layers were c1assified.

(1-8)

Layer Depth (m) Classification Lithology Unit Formation
I st O-50 Surface Deposits sand, gravel, c1ay Q4
2 nd 50- 169 Shallow Aquifer gravel c1ayey, Q4 Altos de Pica

c1ayey gravel Q3
3 rd 169 - 210 Deep aquifer gravelly c1ay, Q2

sandy c1ay

ii) 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 O-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 rayo This intercalation of clay exceeds 100 cps.

A permeable layer is a1so identified by the gamma ray which is less than 50
cps.

iii) 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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e) 3 rd layer (Deep aquifer)

Same interpretation as lhe 2nd layer was made due to same lithoJogy and

logging measurement. However, the layer is estimated as rather more

permeable <han <he 2 nd layer, based on <he lower value of SP.

Five (5) different positions were seIected Cor sereen pipes as shown in Fig.
B-U1,2.24.

(10) Well No. J-8 (sec, Fig. B-III, 2.25)

i) Li<hology

The well was drilled up lO 210m dep<h. In <he whole sequenee, <hree (3) unilS

of 04, Q3 and Q2 of Quatemary Upper Altos de Pica Formation were

observed. Base<! on <he resullS of geophysieallogging and li<hology observed,
following <hree (3) layers were elassified.

(J-8)

Laver Deo<h (m) Classification Li<holo2V Unit Fonnation
l SI 0- 50 Surface Deno,ilS sand, 2ravel, elav 104
2 nd 50 - 169 Shallow Aquifer gravel elayey, 18; Altos de Pica

elavev <ravel

3 rd 169 - 210 Deep aquifer gravelly elay, Q2
sandvelav

ii) Well Logging

Spontaneous potential value indicates a range from 820 to ayer 1000 mv.

Considering the Iithology observed and the resistivity, a relative baserncnt line

is estimated as 990 rnv. Resistivity value indicales a high value al 40m from

the surface and a stabte range oC 10 10 30 n-m al below sOm. This range is in

coincidence with me resistivity oC the aquifer in the area. IntercaIation oC clay

was identified by lhe gamma rayo This intercalation oC clay exceeds 100 cps.

A penneable layer is also identified by lhe gamma ray which is less than 50
eps.

iii) Detennination of Casing Design

Casing design was decided as shown in Fig. B-I1I, 2.25. based on the following
interpretations.
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a) 1 st layer (Surface Deposits)

The layer consists of sand to gravel at 14m from the surface and gravelly

clay at the lower parto However, most oC the layer were estimated as dry

because of high resistivity value. Blank casing pipes were installed in this

Iayer.

b) 2 nd layer (Shallow Aquifer)

The layer is classified as a shaIlow aquifer based on the resistivity range of

lOto 30 n-m. However, high penneability can not be expected. Because.

large amount c1ayey matrix is observed at all sequence. except fme gravel at

bottom 11m. Therefore, the position of the screen pipes were selected by

the gamma rayo

Eight (8) short interval positions were selected for the screen pipes as

shown in Fig. B-III, 2.25.

c) 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-lli, 2.25.

(11) Well No. 1-9 (see. Fig. B-III. 2.26)

i) Lithology

Three (3) units oC Q4. Q3 and Q2 of Quatemary Upper Altos de Pica

Fonnation were confinned. The total drilling depth is 172m. Based on the

results of geophysicallogging and lithological observation, following three (3)

major layers are c1assified.

(J-9)

Layer Depth (m) Classification Lithology Unit Fonnation

1 st 0- 55 Surface Deposits sandy clay, clay Q4
2nd 55 - 146 ShaIlow Aquifer clayey gravel Q4 Altos de Pica

gravelly clay. clay Q3

3 rd 146 - 172 Deep Aquifer J!ypsum clay Q2
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a) 1st layer (Surface Deposits)

The layer consists oC sand to gravel at 14m from the surface and gravelly

cIay at the lower pan. However, most oC the layer were estimated as dry

because of high resistivity value. Blank casing pipes were instaUed in this

1ayer.

b) 2 nd layer (Shallow Aquifer)

The layer is classified as a shallow aquifer based on the resistivity range oC

10 to 30 íl-m. However, high penneability can not be expected. Because,

large amount clayey matrix is observed at all sequence, except [me gravel at

bottom 11 m. Therefore, the position of the screen pipes were selected by

the gamma ray.

Eight (8) shon interval positions were selected for the screen pipes as
shown in Fig. B-ID, 2.25.

c) 3 rd layer (Deep Aquifer)

Sarne interpretation was made based on the same value oC lhe resistivity and

SP. Two (2) different positions were selected for screen pipes as shown in
Fig. B-m, 2.25.

(11) WeU No. 1-9 (see, Fig. a-m. 2.26)

i) LiLhology

Three (3) units oC Q4, Q3 and Q2 of Quatemary Upper Altos de Pica

Formation were confirmed. The total drilJing deplh is 172m. Based on Lhe

results of geophysicaJ logging and lithologicaJ observation, following Lhree (3)
major layers are classified.

(1-9)

Layer Depth (m) Classification Lithology Unit Formation
1st 0- 55 Surface Deposits sandy c1ay, clay Q4

2nd 55 - 146 Shallow Aquifer c1ayey gravel Q4 Altos de Pica
graveUy c1ay, clay Q3

3 rd 146 - 172 Deep Aquifer 2YDSum clay Q2
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a-ID Pampa del Iamaru2aI

ii) Well Logging

Al 50m from the surface, the SP curve is not coincident with lithology and

gamma rayo 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 20n-m which is a similar range with

the aquifer in the area. Clay intercalation can be found by the gamma rayo

This intercalation shows more than 100 cps.

iii) Determination of Casing Design

Casing design was decided as shown in Fig. B-III, 2.26, based on the following

interpretations.

a) 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 lOO cps. The layer is interpreted as dry, therefore, blank

casing pipes were installed.

b) 2 nd Layer (Shallow Aquifer)

The resistivity range of 10 to 20 n-m was observed at aH 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 rayo

The screen pipes were installed al three (3) different positions as shown in

Fig, B-m, 2.26.

c) 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.
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ii) WeU Logging

At SOm rrom the surface. !.he SP curve is not coincident with lithology and

gamma rayo Considering lhe lithology and gamma rayo a relative basement

line oC lhe SP is estimaled as 1000 mv from below SOm depth. Resistivity

range indicates a typieal value of 10 to 20!l-m whieh is a similar range wilh

the aquifer in the area. Clay intercalation can be found by lhe gamma rayo

This intercalation shows more than 100 cps.

iii) Determination oC Casing Design

Casing design was decided as shown in Fig. B·III, 2.26, based on the following

interpretations.

a) I SI layer (Surface DeposilS)

The layer eonsislS oC mainly cJay 10 sandy clay. It is estimated as a

impermeable deposilS. The value oC the gamma ray indieates a rather high

range oC 50 to 100 cps. The layer is interpreted as dry. thereCore. blank

casing pipes wcre installed.

b) 2 nd Layer (ShaUow Aquifer)

The resistivity range oC 10 lo 20 O-m was observed at all the sequenee. The

gamma ray shows a ralher lower value of 20 lo 70 eps exeept the clay

intercalation. Therefore, the layer is considered as a promising aquifer. The

position oC sereen pipes were examined by the permeability indícation oC

the gamma ray.

The sereen pipes were installed at three (3) difCerent positions as shown in

Fig. 8-111. 2.26.

e) 3 rd layer (Deep Aquifer)

The laycr consislS of clay with gypsum oC Q2 unil It is estimated as a

impermeable ¡ayer. On the one hand. a low value of SP and gamma ray

indicate that the layer is permeable. Moreover, resistivity value indicares

within the range of the aquifer. Therefore, the layer is considered as a

aquifer.

The sereen pipes were installed as shown in Fíg. B·III.2.26.
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S-ID Pampa del Iawam&al

2.3.3 Pumping Test

1) Methodology of Pumping Test

For the details of the methodology, see, B-II. section 2.3.3 of Chapter 11.

2) Results of Pumping Test

(1) Aquifer Constants

Results of pumping tests are shown in Table 8-111. 2.2. Aquifer constants are

analyzed by the graphs shown in Fig. B-III, 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/d1m) (cmlsec)

J-C 8.29 1.23 x 10-4

J-D 1506.17 1.81 x 10-2

J-E 644.33 7.31 x 10.3

J-F 86.81 9.57 x 10-4
J-3 IB.81 2.20 x 10-3

J-4 271.08 5.22 x 10.3

J-5 769.61 8.23 x 10-3

J-6 21.63 3.20 x 10-4

J-7 383.83 5.30 x 10-3

J-8 376.27 5.18 x 10-3

J-9 266.06 3.54 x 10-3

A wide range of the transmissibility was obtained from eleven (11) wells; It is

the highest at J-D (1506.17 m3/d1m) and the lowest at J-E (633.33 m3/d1m). The

average of the transmissibility is calculated to be 404.35 m3/d1m. 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 (Iess than 150 m3/d1m) is distributed in the northem

and the southern pan of the area (J-C. J-F. J-3. and J-6). The lowest

transmissibility is estimated at J-C (8.29 m3/d1m). The wells are of the low

specific yield.

The penneability coefficients of the eleven (ll) wells are similar. The highest

value is 1.18 x 10-2 cmlsec at J-D, and the lowest one is 1.23 x 10-4 cmlsec at]-
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2.3.3 Pumping Test

1) Methodology of Pumping Test

For the details of the methodology, see, B-II, section 2.3.3 of Chap'er 11.

2) Resulls of Pumping Tes'

(1) Aquifer ConstanlS

Results of pumping tests are shown in Table B-III, 2.2. AquiEer constants are

analyzed hy the graphs shown in Fig. B-III, 2.27 'o 2.37. The resullS of 'his

analysis are surnrnarized in Table B-ID, 2.3. The aquifer conslants for eleven
(11) wells are as follows;

• Well No. 1rransmissibility Permeability
(m'ldlm) (cm/sec)

J-C 8.29 1.23. 10-4
J-O 1506.17 1.81 • 10-2

J-E 644.33 7.31. lO"
J-F 86.81 9.57. ID-'
J-3 113.81 2.20. 10-'
1-4 271.08 5.22x 10-3

1-5 769.61 8.23.10-3

J-6 21.63 3.20. ID-'
1-7 383.83 5.30. 10-3

J-8 376.27 5.18. 10.3

J-9 266.06 3.54. 10.3

• A wide range of the lransmissibilily was obtained froro eleven (11) weIls; It is

the highes' al 1-0 (1506.17 m'ldlm) and the 10weSl al l-E (633.33 m3/d1m). The

average of lhe transmissibility is calculated to be 404.35 m3/dlm. The arca of the

high transmissibility is conccntrated in the area [rom Baquedano to La Tirana.

The weIls in Ibis area have also a high value of the specific yield. This arca is

considered to have Ihe high groundwater potential. On Ibe olher hand, the area

of lhe low transmissibility (Iess than 150 m3/dlm) is distributed in the nonhem

and lhe soulhem par! of lhe area (l-C, l-F, J-3. and 1-6). The lowesl

transmissibility is estima'ed al l-C (8.29 m3/d1m). The wells are of the low

specific yield.

The permeability coefficients of the eleven (11) weIJs are similar. The highest
value is 1.18 x 10-2 cmlsec at J-D. and the lowest one is 1.23 x 1Q-4 cm/sec at J-
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4. The average of permeability is calculated as 5.13 x 10-3 cm/seco This value is

in welI agreemenl with the permeability usually expected in this lithology mainly

consisting clayey gravel, gravelIy clay and sandy clay.

(2) Well Capacily

The well capacity is evaluated by the amount of the critica! discharge and the

safe yield. TIte Q-Sw chart for the examination of the critical discharge and the

Q-slQ chart for the obtaining the well efficiency and the area of influence are

shown in Fig. B-lli, 2. 38 to 2.48. The detailed results of the analysis for the

step drawdown tests are described in Table B-I1I, 2.3. The well capacity for

eleven (11) weUs are summarized as the following table;

Well No.

J-C

J-D

J-E
J-F

J-3

J-4
J-5

J-6
J-7

J-8
J-9

Critical Discharge (Vs)

2.50

more than 25.00

more than 27.00

8.33

more than 5.00

4.00

more than 5.00

more than 4.04

more than 5.00

more than 3.34
more than 5.00

Safe Yield (Vs)

0.80

10.00

20.00

1.80

3.75

0.30
2.00

5.00

10.00

29.00
3.50

At the most of wells, the critical discharge is confirmed as larger than the

maximum capacily of lhe submersible pump used. TIte highest rate, more than

27 Vs, was obtained al J-E among the test wells. TIte safe yield of the well is 20

Vs. Among the observation welIs, high values, more than 5 Vs, were found at J­

3, J-5, J-7 and J-9. According lo 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.

2.3.4 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 (lO) samples were taken in Pampa del Tamarugal; one (1)

sample from the nCA Well (J-F) and nine (9) samples from the existing wells (see.

Fig. B-llI, 2.1).
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4. TIte average of permeability is calcuJated as 5.13 x 10-3 cm/seco This value is

in well agreemenl with the permeabilily usually expected in this lithology mainly

consisting clayey gravel, gravelly clay and sandy clay.

(2) Well Capacily

The well capacity is evaluated by the amount oC the critical discharge and the

safe yield. The Q-Sw chart for the examination of the critical di charge and the

Q-slQ chart for the obtaining the well efficiency and the area oC influence are

shown in Fig. B-m. 2. 38 to 2. 48. TIte detailed results of the analysis for the

step drawdown tests are described in Table B-UJ, 2.3. The well capacity for

eleven (11) wells are summarized as the following table;

Well No.

1-D

1·E
1-F

J-3
J-4
1-5

1-6

1-7

J-8
J-9

Critica! Discharge (lis)

2.50

more than 25.00

more than 27.00

8.33

more than 5.00

4.00

more than 5.00

more than 4.04

more than 5.00
more than 3.34

more than 5.00

Safe Yield (Us)

0.80

10.00

20.00

1.80

3.75

0.30

2.00

5.00

10.00
29.00

3.50

Al the most of wells, the critica! discharge is confirmed as larger than the

maximum capacily of the submersible pump used. The highest rate, more than

27 Us. was obtained at J-E among the test wells. The safe yield of the well is 20

Us. Among the observatíon wells, high values, more than 5 Us, were found at 1­

3, 1-5, 1-7 and J-9. According lO 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 1-4.

2.3.4 Carbon-14 Analysis

The Purpose of Carbon- 14 Analysis is lO decide the age of groundwater for the

interpretation of the groundwater recharge mechanism and for the evaluation of the

groundwaler polentíal. Ten (10) samples were tak.en in Pampa del Tamarugal; one (1)

sample from the nCA Well (1-F) and nine (9) samples from the existing wells (see.

Fig. B-DI, 2.1).
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Methodology of the Carbon-14 AnaIysis is reCfered to Chapter 2 oC B-U in this

Report.

Results are shown in Fig. B-III, 2.49 and the following table;

Well No. Tritium (fU) C-14 (pmc) Age(Y.BP)· Avera~e A~e"

172 (Dolores) <0.8 7.8 3,400-4,530 3,965

473 (Remolino) <0.8 51.9 modem modem

193 (Mapocho) <0.8 33.6 570-1,630 1,100

- (Dupliza) <0.8 62.7 modem-840 440

222 (Sa~asca) <0.8 67.1 modem-1,000 520

354 (Canehones) 1.1±O.6 18.7 10,780-11,840 11,310

- (Esmeralda) <0.8 91.3 ••• .....
470 (Pica) <0.8 94.1 +++ +++

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

Y.BP: years before present

• : Estimated age by the Modified Pearson Model

•• : Ages are eaIeulated considering modem as 40 years.

... : Influenced by the irrigation water.

AH the Tritium data are below or close to the deteetion limit, therefore, it is

eonsidered that the groundwater in the area is older than 40 years. C-14 age of the

groundwater is young in the westem side of Pampa, Sagasca and Dupliza, and old in

the southem side, Canchones and Salar de Pintados area. Ages in Esmeralda and Pica

also show modem ages, however, it does not mean the recent ages, because C-14

contents show that the groundwater of both area is influenced by the retum flow of

irrigation water; C-14 contents of Piea and Esmerald are 94.1 and 91.3 pme,

respectively, whieh are close to 100 pme.

Considering the recharging system and the groundwater flow in Pampa, C-14 age oC

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, Tarapaeá and Quipisca Rivers in the wet season (so ealled "Bolivian

Winter"). This means the groundwater of Dupliza is recharged by these flood water;

C-14 age is also influenced by this recharges.

2.4 Configuration of Aquifer

The Study Area, the Pampa del Tamarugal Basin is defined as follows;

Methodology of the Carbon-14 Analysis is reffered to Chapter 2 of B-II in this

Report.

ResullS are shown in Fig. B-ru. 2.49 and the fol1owing table;

Well No. Tritium (fU) C-14 (pme) Age(Y.BP)· AveraRe ARe"

172 (Dolores) <0.8 7.8 3,400-4,530 3,965

473 (Remolino) <0.8 51.9 modero modem

193 (Mapocho) <0.8 33.6 570-1,630 1.100

- (Dupliza) <0.8 62.7 modem-840 440

222 (Sagasca) <0.8 67.1 modem-I,OOO 520

354 (Canchones) 1.1±O.6 18.7 10,780-11,840 11.310

- (Esmeralda) <0.8 91.3 ••• •••
470 (Pica) <0.8 94.1 ••• •••
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

Y.BP: years before present

• : Estimated age by the Modified Pearson Model

•• : Ages are calculated considering modero as 40 years.

... : Influenced by the irrigation water.

AH tbe Tritium dala are below or c10se to tbe deteetion limil, 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 westem side oC Pampa, Sagasca and Dupliza. and old in

the southem side, Canchones and Salar de Pintados area. Ages in Esmeralda and Pica

aIso show modem ages, however, it does nol mean me recent ages, because C-14

eontenlS show that the groundwater oC both area is influenced by the retum flow of

irrigation water; C-14 eontenlS oC Pica and Esmerald are 94.1 and 91.3 proe,

respectively. which are c10se to 100 proe.

Considering the recharging system and the groundwater flow in Pampa, C-14 age oC

Dupliza seems to be too young. TIte 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, Tarapaeá and Quipisca Rivers in the wet season (so caUed "Bolivian

Winter"). This means the groundwater oí Dupliza is recharged by these flood water;

C-14 age is also inOuenced by this recharges.

2.4 Configuration of Aquifer

The Study Afea, the Pampa del Tamarugal Basin is defined as follows;

U·29



--- ------------

B-I1I Pampa del Tamam2al

(north): The divide of the basin between the Qda de Aroma and the Qda. de

Tiliviche.

(south): Cerro Gordo

(east) : The westem foot of the mountains.

(this border was formed by faults that pass west of Pica and Tarapaca)

(west): The eastem edge ofthe Cordillera de la Costa (the coastal mountains)

(this border was formed by faults).

The Pampa del Tamarugal Basin is filled by the Tertiary to Quatemary 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 J1CA Wells are mentioned in

2.3 of this Chapter. ENAP drilled three (3) wells in the study area, "Dolores 1" in the

northem pan of the area and, "Pintados 1" and "Pintados 2" in the southem pan of the

area. These wells give infonnation on the stratigraphy and geologieal structure of the

basin, because ENAP wells penetrated into the Basement Roeks through the Tertiary

to Quatemary formation and nCA Wells reached the base oí the aquifer.

Geological profiles and cross sections of Pampa del Tamarugal are shown in Fig. B­

ID, 1.5 and 1.6 respectively. These are eonstructed based on the results of the drilling

by the Study Team and the reviewing the existing profiles (<2).

The shape oí 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 nonh-soulh direction. Thick.ness 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 inerease to the east reaching more than

100m. Therefore, the eastem pan 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-HI, 2.50 by the dotted

lines. The Altos de Pica Formation is covered by the Recent Deposits which increase

in thick.ness toward the east. It means that depth to the aquifer is generally high in the

eastem area; The pumping head is large. Therefore, the expected aquifer area is

limited within this dotted lineo Width of the aquifers ranges from 13 km to 46 km,

averaging 30 km.

Aquifers oecur 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 oí sand and gravel with mud, andJor intercalated with mud layers. The unit

11 - 30

0-1II Pampa del Tamam¡aJ

(north): lbe divide of the basin bc.wcen .he Qda de Aroma and the Qda. de

Tiliviche.

(south): Cerro Gordo

(east) : The westem fcot of the mountains.

(this border was fonned by faults that pass wesl of Pica and Tarapaca)

(west): The eastem edge of the Cordillera de la Costa (the coasta! mountains)

(lbis border was fonned by faults).

The Pampa del Tamarugal 8asin is filled by the Teniary to Quaternary [onnation

(Altos de Pica Fonnation). lbe aquifers area appeared in this fonnation. Detailed

geological and hydrogeological infonnation 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 lbis ehap.er. ENAP drilled lbree (3) wells in lbe study arca, "Dolores 1" in lhe

northern pan of the area and, "Pintados loo and "Pintados 2" in thc soulhem part of the

area. These weUs give information on the stratigraphy and geological slructure of the

basin, because ENAP wel1s penetrated into the Sasement Rodes through the Teniary

'0 Quatemary fonnation and nCA Wells reached lbe base of the aquifer.

GeologicaJ profiles and cross sections of Pampa del TamarugaJ are shown in Fig. B­

ID, 1.5 and 1.6 respectively. These are constnlcted based on the resuhs of the drilling

by the Study Team and the reviewing the existing pretiles (<2).

The shape of the basin was controlled by the depression caused by the faults of

nonh-south direction. The aquifers in the basin appear in the basin fill deposits

which elongates in a nonh-soulh direction. Thickness of the deposits ¡ncreases to

the east. Although the deposilS store the groundwater, the depth lO the water (depth

from ground surface lO the water level) also increase to the cast reaching more lhan

100m. Therefore, the easlern part of the basin is nol economically suitable lO

develop the groundwater.

As shown in Fig. 8-nl, 1.5 and 1.6, aquifees occur in unilS Q3 and Q4 of the Altos de

Pica Fonnation. 1be expected aquifer arca is shown in Fig. S-III, 2.50 by the doued

lines. The Altos de Pica Fonnation is covered by the Recent Deposits which increase

in thickness toward the east. It means that depth to the aquifer is gencrally high in the

easteen area; The pumping head is large. Therefore, the expected aquifer area is

limited within this dotted lineo Width of the aquifees ranges from 13 km to 46 km,

averaging 30 km.

Aquifcrs occur in units Q3 and Q4 of the Altos de Pica Fonnation (Ref. Table 8-111.

1.1). lbe unit Q3 is composed of sand and gravel and is underlain by Q2. Q4

consislS of sand and gravel with mud, amI/oc intercalated with mud layers. The unil
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Q4 is deposited overlying the unit Q3. Thu~, the diMributÍ<Jn 01 Q4 i\ wider than that

of Q3. The unit Q3 is distributed in me area from Huara lO Salar de Bellavisla. The

unit Q4 is widespread in the aquifer area (Ref. Fig. B-HI, 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 sorne horizons, mainly in sand and gravel.

The thickness of this fonnation varies from place to place. It is generally thm 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 incre~e~

toward the south reaching about 150 m in the center area of Pampa The deposi~ 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-111, 2.52 and 2.53

respectively. Figure of aquifers in Pampa del Tamarugal is summarized as follows;

Area Maximum Width Top of Aquifer Base oC Aquifer

Thickness (m) (km) (mBGL) (mBGL)

ZapigaIDolores 80 13-17 <10 90

Negreiros 70 15 20 90

Huara 60 15-19 50 110

Humberstone 150 27 30-40 180-200

Pozo Almonle 220 26 20-30 240-260

PIntados 220 30-37 10-30 230

Bellavista 160 30-46 10-70 120-170

2.5 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 sorne fissure waters.

Main rivers which flow into the pampa are Qdas. Aroma, Tarapacá, Quipisca, Juan de

Morales. Quisma. Chacarilla and Ramada. Surface water of these rivers infiltrates to

the underground hcfore entering to Pampa. Pampa is sometimes covered by the flood

water in so caBed "Bolivian Winter" season. Fissure water reaches to Pampa from the
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Q4 is deposited overlying Lhe unit Q3. Thu~. the di~tribuuC)n 01 Q4 1\ wldcr than mal

oC Q3. Th unil Q3 i di uibuted in the area from Huara lO Sajar de Bellavi tao The

unit Q4 is widespread in !.he aquifer area (Ref. Fig. B-Ill, 2.50). No impermeable

layer appears between unit Q3 and Q4. Those aquifers are underlain by thick

impenneable clayey beds which are the hydrogeological base of aquifers in the basin

(Ref. Fig. B-ID. 1.5 and 1.6).

The aquifer are occurred in sorne horizons, mainly in sand and gravel.

The thicknes of lhis fonnalion varies from place to place. Il i generally thm in the

northem area and lhick in the southem arca;

Thickness of aquifers (Fig. B-III, 2.51) i about 25 m near Dolores and lDCrea.!> !­

loward the south reaching ab ul ISO m in the center area of Pampa The depo i~ are

accumulated almosl horizontally and sometimes interbedded with each other.

Depth lo lhe 10p and the bollom of the aquifer i shown in Fig. B-III, 2.52 and 2.53

respectively. Figure of aquifers in Pampa del TamarugaJ is summarized as follow ;

Area Maximum Width Top of Aquifer Base of Aquifer

Thickness (m) (km) (mBGL) (roDGL)

zapigaIDolores 80 13-17 <10 90

Negreiros 70 15 20 90

Huara 60 15-19 SO 110

Humberslone 150 27 30-40 180-200

Pozo Almonle 220 26 20-30 240-260

Pintados 220 30-37 10-30 230

Bellavista 160 30-46 10-70 120-170

2.5 HydrogeologicaJ Characteristics of Aquifer

Pampa del Tamarugal is basically a c10sed basin from the hydrogeological poinl of

view, although a small river flows out Crom Lh southem end oC the basin. The pampa

ar a does n t re eive any precipitation throughout th year. The groundwater in

Pampa is recharged from the urface water oC severa! rivers and sorne fissure walers.

Main rivers which flow inlo the pampa are Qdas. Aroma. Tarapacá, Quipisca, Juan de

Morales. Quisma. Chacarilla and Ramada Surface water of these rivers infiltrates 10

the underground hefore enlering lo Pampa Pampa i sometimes covered by the flood

waler in. callcd "Bolivian Winter" sea~on. 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 generalIy impermeable. Q2 is composed mainly of

clay, but sometirnes contains sandy materials. Thus, Q2 also shows a certain degree

of permeability. This is supposed by logging data of nCA Wells; a part of screens

was also installed in Q4 in sorne wells (1-3, 4, C, D, 5, 6, 8, 9). The groundwater

recharged into the units Q3 and Q4 are stored in these units and gentIy fIows 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 WelIs and 36 existing wells. Specific yield is

eslimated on 51 wells inc1uding nCA Wells. Data of nCA Wells are given in the

following tableo Details are shown in Table B-Ill, 2.3. Data of existing wells are in

Table B-Ill, 2.4.

(nCA Wells)

Area Well No. Specific Yield Transmissíbility Permeabílity

(l/seclm) (m3/dav/m) (m3/dav/m) (cm/sec)

Dolores J-3 0.73 63.1 113.81 2.20 x 10..3

Negreilos J-4 2.22 191.8 271.08 5.22 x 10-3

Huara J-C 0.09 7.8 8.29 1.23 x 10-4

J-D 3.47 299.8 1506.17 1.81 x 10-2

Pozo J-5 8.33 719.7 769.61 8.23 x 10-3

Almonte

1 J-E 6.77 584.9 644.33 7.31 x 10-3

Canchones J-6 0.26 22.5 21.63 3.20 x 10-4

I )-7 2.72 235.0 383.83 5.30 x 10-3

Pintados J-8 2.18 188.4 376.27 5.18 x 10-3

Bellavista J-9 1.92 165.9 266.06 3.54 x 10-3

J-F 1.65 142.6 86.81 9.57 x 10-4

Avera~e 2.76 238.5 404.35 5.13 x 10-3

Specific yield (Sy) of aquifers is 2.13 Vsec/m in average, ranging from 0.03 Vsec/rn

(well No. 936 al Negreilos) to 10.67 Usec/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 lo Negreilos area and Bellavista area.
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easl lhrough faults, joints and fissures developed in the vo1canie 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 impenneable

basement roen. The aquifers Q3 and Q4 are underJain by the thiek clay (Q2) andJor

basement rocks which are \both generally impermeable. Q2 is composed main1y of

c1ay, but sometirnes conlains sandy materials. Thus, Q2 also shows a certain degree

of penneability. This is supposed by logging data of nCA Wells; a part of screens

was also inslalled in Q4 in sorne wells (1-3,4, C, D, 5, 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 weJls. Specific yield is

eslimated on 51 wells including nCA WeUs. Data of 1ICA Wells are given in the

following table. Details are shown in Table B-m, 2.3. Data of existing wells are in

Table B-In, 2.4.

(nCA Wells)

Area Well No. Specific Yield Transmissibility Permeability

(l/sec/m) {m3/day/m} (m3/day/m) (cm/sec)

Dolores J-3 0.73 63.1 113.81 2.20 x 10-3

Negreilos J-4 2.22 191.8 271.08 5.22 x 10-3

Huara J-C 0.09 7.8 8.29 1.23 x 10-4

J-D 3.47 299.8 1506.17 1.81 JI: 10-2

Pozo J-5 8.33 719.7 769.61 8.23 x 10-3

Almonte

I J-E 6.77 584.9 644.33 7.31 x 10-3

Canchones 1-6 0.26 22.5 21.63 3.20 JI: 10-4, J-7 2.72 235.0 383.83 5.30 x 10-3

Pintados 1-8 2.18 188.4 376.27 5.18 JI: 10-3

Bellavista J-9 1.92 165.9 266.06 3.54 x 10-3

J-F 1.65 142.6 86.81 9.57 x 10-4

Avera~e 2.76 238.5 404.35 5.13 x 10-3

Specific yield (Sy) of aquifers is 2.13 llsec/m in average, ranging from 0.03 IIseclm

(well No. 936 al Negreilos) to 10.6711sec1m (well No. 202 al Porvenir, east from Pozo

Almonte). Sy is relatively high in Huaca area and Pozo Almonte to Pintados area and

low in zapiga lO Negreilos area and Bellavista area.
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Transmissibility and permeability are generally high. Average oC 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 oC Pampa; its average is in a order oC 10-2 cm/seco

This order is high as aquiCers.

A contour map oC static water level is constructed as shown in Fig. B-Ill. 3.2.1. This

shows that there is a diCference oC water level gradient between the north oC Huara

and Baquedano; The gradient is less than 111000 in the area from Zapiga to the north

oC Huara and 4/1000 in the area Crom the north of Huara to Baquedano. It suggests

that there is a low permeable zone in the area from the north oC Huara and flow oC

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) Zapiga-Oolores-Negreilos area

Main aquifer of this area is the unit Q4. Productivity oC 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 (10-2 cm/seco order). transmissibility is rather small (154 m3/day/m).

Two (2) JICA Wells are drilled in the area (1-3. 1-4). Both of wells show

relatively low Syand transmissibility.

b) 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/day/m in average.

Permeability is lower than average.

Two (2) nCA Wells are drilled in the area (1-C. J-O). 1-0 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. 1-C shows low Sy and low

transmissibility. Lithology of aquifer is much dayey in 1-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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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/seco

This order is high as aquifers.

A contour map oC static water leve) is constrocted as shown in Fig. B-III, 3.2.1. This

shows that there is a difference oC 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

oC Huara and 4/1000 in the area from the north oC Huara to Baquedano. It suggests

that there is a 10w permeable lone in the area Crom the north oC Huara and flow oC

groundwater Crom the nonh. such as the water from Qda. Aroma, is retarded to

south.

Characteristics of aquifer constants by area are as follows;

a) Zapiga-Dolores-Negreilos area

Main aquiCer oC this area is the unit Q4. Productivity oC Q4 is low, because Sy is

between 0.03 Vsec/m and 2.20 Vsec/m, having average oC 0.73 Vsec/m.

Relative1y high Sy appear in the wells located along the Panamerican Road; this

area líes in main stream oC the groundwater flow. Low Sy appear mainly in the

small valJeys in the westem side oC the area. Although permeability is relatively

high (10-2 cm/seco order), transmissibility is rather small (154 m3/day/m).

Two (2) nCA Wells are drilled in the area (J-3, J-4). 80th oC wells show

relatively low Sy and uansmissibility.

b) Huara area

The unil Q4 is the main aquiCer in this area. The highest average of Sy appears

in this area. 3.7 Usec/m. Transmissibility is also high, 675 m3/day/m in average.

PenneabHity is lower than average.

Two (2) nCA 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 c1ayey in J-C. and extremely poor

in sand and gravel beds. Therefore. Iithology oC aquifers in this area changes

Crom place lo place.
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a-IJI Pampa del Iamaru~a1

e) Pozo Almonte-Canchoncs-Pintados area

Main aquifers are Q3 and Q4 in this area. Sy is high. 3.26 Usec/m in average

which succeeds Huara area. 19 wells. out of 26 wells including JICA Wells.

have Sy higher than 2 Usec/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 10west. 1.30 Vsec/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) JlCA Wells are drilled in the area (1-9. J-F). Both wells show higher

Sy than average. However. transmissibility is lower than average.

2.6 Estimatíon of Groundwater Storage

Groundwater storage of Pampa del Tamarugal is shown in Table B-III, 2.5 and Fig.

B-IB. 2.54. These present the estimated groundwater storage in the lotal area of

Pampa del Tamarugal shown in Fig. B-III. 2.50. Total volume of groundwater

slorage is estimated as follow;

STota! Slorage =26.9 x 109 ro3.

The estimation was made based on the two (2) geological profile and 12 geological

seclions dividing the area into 12 zones. Each profile represenl following zones;

Zone Geological section Ma'or communities in the zone

1 sect. A-A' to B-B' Dolores. Negreiros

2 sect. B-B' lo C-C'

3 sect. C-C' to O-O'

4 sect. O-O' lO E-E' Huara

5 sect. E_E' lO F-F Ba uedano. Humberslone

6 sect. F-F' lo G-G' Pozo Almonle

7 scct. O-O' lo H-H'

8 sect. H-H' lo 1-1' La Tirana. Hua ca

9 sect. 1-1' lO 1-J' Canchoncs

10 sect. 1-]' lo K_K' Pintados

11 sect. K-K' lo L-L' Oficina Victoria

12 scct. L-L' lo southern end Cerro Gordo
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B-III Pampa de! T¡unaru~al

e) Pozo Almonte-Canchoncs-Pinlados area

Main aquifers are Q3 and Q4 in this atea. Sy is high. 3.26 Useclm in average

which succeeds Huara area. 19 wells. out of 26 weJls including JICA Wells.

have Sy higher than 2 Vseclm. Both lIaIlsmissibility and penneabilily are of the

highcst vaIue in Pampa: 1102 m3/day/m and 4.4 x 10'-2 respectivcly.

d) Oficina ViclOria-Bel!avisla area

Maio aquifers are Q3 and 04. Sy is the lowest, 1.30 UsecJm in average.

eompared with other area in Pampa. Transmissibility is also low. 219.5 1102

ml/day/m. while permeability is relatively high. 1.4 x 10..2.

Two (2) JlCA Wells are drilled in lhe area (l-9. J-F). 80th wells show higher

Sy than average. However. transmissibility is lower than average.

2.6 Estimation of Groundwater Storage

Groundwater storage oC Pampa del Tamarugal is shown in Table B-lII. 2.5 and Fig.

B.. III. 2.54. These presenl the estimated groundwater slOrage in the total area oC

Pampa del Tamarugal shown in Fig. B-III. 2_50_ Total volume oC groundwater

storage is estimated as Collow:

The estimation was made ba.t"oCd on the two (2) gcological profile and 12 geological

scclions dividing lbe arca into 12 zones. Each profile represent Collowing l.ones;

lone Geolo~ical section Maior communities in Lhe zone

1 seol. A-A' lO 8-8' Dolores. Negreiros

2 seol. 8-8' lO C-C'

3 seoL c-e lO D-D'

4 scct. 0·0' to E·E' Huara

5 seo\. E-E' lO F-F Bauucdano. Humbcrstone

6 secl. F-F lO O.()' P07.0 Almonlc

7 sccl. O-O' lO H-H'

8 seoL H-H' lO 1-1' La Tirana. Huayca

9 seol. 1-1' 10J-1' Canchoncs

10 seoL J-J' lO K-K' Pinlados

11 scct. K-K' to L·L' Oficina Vic(una

12 SCCL L.. L' to soulhem end Cerro Gordo
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B-III Pampa del Tamaruaal

Conditions applied in the estimation are as follows;

(1) Climate condition will remain constanl during lhe estimated periodo

(2) The extenl oC the estimation is Iimited lO the area shown in Fig. B-nI, 2.50.

(3) Estimated volume is the groundwater stored in aquifers, Q3 and Q4.

(4) Estimation is made on the groundwater slored in permeable and semi-permeable

beds. Although groundwater is stored in impermeable beds. il is not considered

as prospective one.

(5) Effective porosity oC aquifer is assumed lO be 30 % as a whole. considering the

materials which compose the aquifer.
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a-ID rampa de! TawaD!8al

Conditions applied in Lhe estimation are as follows;

(1) Climate condition wiU remain conslant during lhe estimated periodo

(2) TIte extenl of lhe estimation is limited lO Lhe arca shown in Fig. B-llI, 2.50.

(3) Estimaled volume is the glOundwaler stored in aquifers. Qj and Q4.

(4) Estimation is marle on the groundwater slored in penneable and semi-penneable

beds. AlLhough groundwater is slored in impenneable beds, it is nol considered

as prospective one.

(5) Effective porosity of aquifer is assumed lO be 30 % as a whole. considering the

materials which compose me aquifer.
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ocu CODE 1875 CODEl1Ml8 OMSI TlOH 'I'lElD CON8T· (83/ 1\1-11 )

LAT. CNli NO. LAT. LONG NO "-l Iml m31dlm FI.CTDi 1tmIlGL mMS
lel 017 00 z.e·e ZOZ e8'0 A·e ZOOO e800 C·52 PICA PAlilPA PICA • OllEQU 581
110 017 00 247·3 ZOZ e810 A·7 2000 e800 C-63 PICA PAMPAPlCAZ FIEOO 581
Z15 017 00 248'1 202 e810 C.l 2000 e800 C-54 PICA PUQlIO~o RB:lO RB:lO '.Z0 00 110 .8/

11 017 00 2.8·. 20Z e8.0 C-2 2000 1800 Cee PICA PUQUIO_.H RB:lO RB:lO 13' 311
21 017 00 250·3 20 18.0 ~ 2000 1800 cel PICA PUQUIOCOICC:N S RB:lO RB:lO ••ea.oo e.
28 017 00 25.· 202 1810 c.. 2000 e800 C-&7 PICA PUCUOCAlMNE RB:lO RB:lO 1350.00 'l2J
23 017 00 252-k Z02 810 e-6 2000 e800 C·IB PICA CONCOVA 1 P.TT" OCAO CORFO-47aA 1471.05 218 3Z.• eetoz
22017 00 83·. 202 1810 c.- 2000 1800 C-48 PICA CONCOVA 2 C.~ Olltfl: ~ ,.7123 100 12.' 17112
11 017 00 254·1 202 1810 C.7 2000 1800 C-eo PICA ~Ol OCAO <XlfIFO.7Z0 80 811 2
1 17 00 '5e·. 20 e810 2000 1800 C-el PICA l~O' OCAO <XlfIFO.724 ' ••'.75 • eeto.
18 017 00 258-Z 202 1810 c.a 2000 1800 c-e2 PICA l~O3 OCAO CORRl-T.Il5 ,.eO.7' 208 11101 3808 '.11 70

1IA 017 111117·0 202 8810 C.l0 PICA PAMPA -.v:lD.l RB:lO RB:lO 41
118 0'700258·0 202 8810 ., PICA PNllPA IoIRAFUlM RB:lO RB:lO 50

'IC 0.700258-7 202 8810 .2 PICA PAMPA MIIAFLO.O RB:lO RB:lO eo

'eA 017 00 ZIO·O 202 8010 C-13 PICA PIoI'A.COI«Xl'JA R FIEOO RB:lO 77
2188 0.7 00 211·8 202 10.0 c.•• PICA PMPll COHCCVA T FIEOO RB:lO e.
1720 00 282·7 20Z 8820 A·. 2000 1800 C. PICA LA CALERA 1 FIEOO RB:lO 1057.18 185
170 0.7 !lO 283·8 202 18Z0 A-2 2000 e800 c.e PICA LACAURA3 FIEOO RB:lO 1300.00 213 11I0e 8e.13 1233 I
17' 017 00 2..·3 202 8no A·3 2000 e800 C.2 PICA LA CALERA 2 FIEOO RB:lO 1041 ,O 75 11/10 18.34 '0272'
.7. 0'7 00 215·. 202 1820 A'" 2000 1800 c.. PICA EStoE~1 RB:lO RB:lO .007.00 232 1135 5.'0, .7.'0 888.20
173 0.7 00 281·. Z02 88Z0 A-5 000 1800 CIl!l PICA SAlAR PMAIlOll CORfO,J5 COAf()Q' '008.23 20 85108
2.2 0.700135·3 202 'no c.. 2000 1800 Cn PICA E~' OCAO flIEOO .011.00 .., 5310'

••• 0.7 00 2'7-' 20Z e820 ~ 2000 1800 C'2 PICA E5~Z OCAO flIEOO 'OZ7.00 171 e 310' llRED
227 0'7002"'1 202 ,no ~1 2000 8800 c·e PICA SAUOLEaTO FIEOO flIEOO 1300.00 213 5et.0

"0 017 no 2e8-. 202 1020 (\.. 2000 '800 C'3 PICA EStoE~. OCAO RB:lO ""." 340 e4/1'
2'3 o. 00 270·. Z02 1020 n.3 000 eooo e·'5 PICA E~7 OCAO flIEOO 108700 3'0 55101 .2.54 .040.01
2•• 017 00 271·8 202 IOZO ~ 2000 eooo c.le PICA E~e cx:RO IRmll 100•. 70 .50
225 0'700272'" 202 '020 ~e 2000 e800 C'17 PICA E~8 OCAO RB:lO 1117.3 312 3.1 eel0e
22e o. 00 ••0-3 20 e020 ~I 2000 e800 C·ZO PICA EStoERLllio' 12 OCAO RB:lO 1153.01 '50 57112
2.0 o. 00 273·2 20Z e020 0-7 ZOOO eooo c-ea PICA 0BIlA. SECA • OCAO CORFO-722 11 8110Z
211 0'70027.'0 202 e020 ~. 2000 1000 C-eo PICA 0BIlA. SECAZ OCAO CORFO-7I1 .332.17 '13 80103
.82 017 00 218·8 20 e020 0-0 ZOOO eooo C". PICA ESMERl.OA5 CXJfU RIEGO 11'3.30 SlO n/11

200A o. 00 278·7 Z02 1020 [)..O 2000 eooo c.•• PICA ESMERALDA .0 OCAO RB:lO
183 017 00 2n·5 Z02 1020 ~11 2000 1800 c..o PICA ESMERALDA 11 CXJfU RB:lO 1088 I 315 57105 2•." '071.18
1401 00 27"3 202 1020 0-12 2000 eooo C.a. PICA ESMERAlDA .3 CXJfU RB:lO 1113.30 ••185 017 00 Z78·. 02 1820 D-13 2000 1800 C·22 PICA ESMERAlDA ,. CXJfU 1ftiJ: 1113.34 80

2088 0.7 00 280·5 202 1020 D-14 2000 1800 C-23 PICA ESMERAlDA 15 CXJfU RB:lO 11.5. .00
• 11 017 00 211·3 202 1820 o-.e 2000 1800 C·Z4 PICA EStoERAlDA 11 CXJfU RB:lO '121. e IZO
11 017 00 282·. 202 1020 D-1I 2000 8800 C-2ll PICA ESMERAlDA 11 CXJfU RB:lO 1101.11 150
.11 017 00 213·. 02 '020 0-17 2000 8800 C·21 PICA ESMERAlDA 18 CXJfU RB:lO 11.'.00 130

U Ol? 00 2..•• 2020 'OZO D·1I 2000 1000 C·2e PICA ESMERAlDA 20 OCAO RB:lO 1104.5 150
180 017 00 2Ie·, 202 8820 [).18 2000 8800 C-21I PICA ESMERAlDA 21 CXJfU RB:lO 1,.3.•5 110
101 0.7 00 21e·4 202 8820 o-ZO 2000 8800 c..ao PICA ESMERAlDA 22 OCAO REOO 11108.00 150 1210.
.02 017 00 217-2 02 8820 D-2. 000 8800 ~. PICA ESMEfIAUlA23 cx:RO RB:lO 113Z.•0 .0•
03 •700211-0 .02 1020 O·U 2000 8800 C-3Z PICA ESMERAlDAZ4 CXJfU REOO 1130.32 es

184 0.700 2BO·' 02 102 2000 1000 C-33 PICA ESMERALDA 25 CXJfU Ifti]l; '123.•' U 82105
'88 0.700200-2 Z02 1820 !).2. 2000 eooo C-34 PICA ESMERALDA asA cx:RO 1123." 11 'Z110
", 0.700201·0 202 1820 ~25 2000 BOOO C-35 PICA ESMERAlDA 28 cx:RO RB:lO 1110.70 U, 82105

2000 0.700 82·0 202 1820 O-Z' ZOOO 1800 C-3I PICA ESMERALDA 27 CXJfU RB:lO 71 12107
187 017 00 203- 202 88Z0 0-27 2000 1800 C-37 PICA ESMERAlDA 21 CXJfU RB:lO 1130.0 13 02107 .0.30 1000.IZ
'01 017 00 ZM·5 ZOZ 8820 o-ZI .000 e800 C-34 PICA ESMERALDA 20 cx:RO l11Z 03 'OZ 0210'
100 01700 01·3 02 18Z0 ..... 2000 e800 C-30 PICA ESMERAlDA 30 OCAO 1111 " 70 82107
'00 017 00 201-. Z02 1020 0-30 ZOOO 1000 C~ PICA ESMERALDA 3' OCAO RB:lO '11'.7 15 8210 .0.50 '012.Z
'0' 017 00 Z07·. ZOZ 8820 ~3' ZOOO 1800 C-4. PICA ESKRAlDA" OCAO REOO 1115.•8 82 8210'
202 017 00 201-. ZOZ 18Z [).32 2000 1000 C-4Z PICA ESKRAlDA33 OCAO RB:lO 1113.•5 00 8210.
20S 01 00 ."., ZOZO 1020 0'33 000 1100 C..43 PICA ESMERAlDA 34 CXJfU RB:lO 1111.72 15 U/DO .5.75 .072 07

O. 017 00 300·3 02 1020 0-34 2000 8800 e... PICA ESME~35 CXJfU RB:lO I1Z. 3' 13 12110
05017 00 30.·1 2020 e820 0·35 2000 eooo C-45 PICA ESMERAlDA 31 OCAO RB:lO llZ0.'0 82 82/'0

e 017 M 302.' ZOZ 1820 -51 ZOOO 1800 C.., PICA ESMERAlDA 37 OCAO RB:lO 111081 n , 108
07 17 00 30S.' 20Z Ino ·27 2000 1000 C-47 PICA ESMERALDA 38 OCAO RB:lO 1110.Z0 12 12/10
O. 017 00 S04·e 202 1020 0·31 ZOOO 1000 e... PICA ESMERAlDA 38 CXJfU RB:lO 1122.57 e2 12/1.
08011 8ft M~" 20Z 1020 30 000 1000 C-40 PICA ESMERALDA 40 OCAO RIEDO I1Z•.87 &5 1211.

OaE 017 00 3041-' .02 1020 -40 2000 1000 ·50 PICA SMERAlDA4' OCAO RB:lO 1122 •• 82 1211.
20'" 017 00 307-0 Z02 IOZO O... 2000 e800 C-81 PICA ESMERAlDA42 OCAO RB:lO 112072 &0 12/1'

1 SOI·O ZOZ 100 2000 8030 C.28 PICA ESMERALDA 17 OCAO RB:lO 1120.11 .00 8110
110 0.700300·7 202 1030 A·. 2000 uso 0·108 PICA BOSQUE ANJ'( 11 cx:RO ~1 12 '"07
17A 0.1 00 310·0 202 1030 A·2 2000 1830 ~11 POZO AUolONTE LA 11RANAIA 00S-347 005-347 100800 11
77lI 0'7 00 311·0 202 1830 A·a 2000 1030 0-'2 POZO AUolONTE LA TIRANA '04A DOS-431 00S-43ll '007.Z. .Z 5811.
.00 017 M SI ·7 202 8830 A·. 2000 Ino ~ea POZOAUolONTE SAlAR PMADOS CXlM>€l ~ '00071 13 85107 13.01 017.72
'0' 0.7 00 313-& Z02 Ino A-5 .000 18S0 0.14 POlOAUolONTE SAlAR PMADOS COfR).P.l COAf()Q' 10015' 12 1&/07
10. 1 00 a ••·s Z02 lOSO A·I ZOOO 1830 0.11 POlO AlJooI)NTl; SAlAR PMADOS CClfR)(lS COAf()Q' 100' .0 .5 85107
101 017 00 311·1 Z02 1030 A-l 2000 Ino D-.oe POZOAUolONTE BOSOUEANJ'( • OCAO ~. '001.11 'Z 11107

'0' 017 11· 2020 1030 A·' ZOOO 1030 ~'07 POZOAUolONTE BOSQUEANJ'( 15 OCAO ~. '2 11107 0.50
0.700 .ea·. zo 18S0 A·O POlOAUolONTE
0.700 •••·& Z02 1030 A-l0 POZOAUlOH1
017 00 .54·1 202 lOSO A·l1 POZO AUolONTE
0.7 00 .Ie... Z02 lOSO A-12 POZO AUolONTE
o. 00 018·2 Z02 lOSO A·13 POZO AUolONTE LA TfIANA OOB 100 .35.4 80104
O, 00 00 • 20Z 8Oao A·U

'03 017 00 317-. 20Z 8030 8-. 2000 1030 O·el POZO AUolONTE SAlARPMADOS ~ ~. 1007.0' •• 1S10

• • 00 311.8 20 1030 8-' 2000 lOSO 0-.7 POZO AUolONTE SALAR PMADOS CXJVU.lS CORFOa. 11 "5/00
5017 00 310.. • 02 lOSO 6-S 2000 1830 ~" POZO AUolONTE SAlAR PINTADOS ~ CXlRFO-65. 00'.01 10 85107

DI 017 00 320-1 O 8Oao ll-4 2000 '030 0-18 POZO AUolONTE SAlAR PMADOS COflR)-14 CORFOal 00l.2S 11 85108
• O. 00 .34·. ZOZ 1030 5 2000 Ino 0-114 POZOAUolONTE SAlAR PWTADOS COWO-H5 ~. OIl.OS I 8.,07

• 017 00 32.·1 202 8030 B-e 000 Ino 0-1Ml POZOAUolONTE SAlAR PWTAIlOll COflR)-'5 CORFOa. 801.1. 13 eel08
017 00 411·' 20Z lOSO 8-7 POZOAUoDm'
o. oo ...·K ZOZ lOSO ... POZOAUIJNTE

130 017 00 32Z·4 Z02 1030 c.. 2000 lOSO ~13 POZO PTA.N'HSPAIM DOS·Z" SONOA .00 1.54
••0 17 00 323-2 202 1030 C.z 000 lOSO ~'O POZO AUolONTE PTA.APHSPAIM 005-247 9ONllt. 010. O .01 18/" 0.43 010 ze
u. 0.70032.·0 02 lOao ~ 2000 1030 0-.5 POZOAUIJNTE PTA AP HSPAIM DOS-24I SOIIlA 010.40 'O! 10/02
UZ 01 00 S23·8 20 lOSO c.. 2000 lOSO [).1I POZO AUIJNTE PTA.N'HSPAIM 006-218 SONOA 010.1. .0. 80103
'4S 017 00 328·7 20Z 1030 C.5 2000 1030 0-17 POZO AUIJNTE PTA. AP HSPAIM OOS·25O SOIIlA 018.0 100 n/11,.. • 00 '81·2 20Z e030 c-e 000 1030 [).1I POZO AUIJNTE PTA. AP HSPAHIA oo5-zeo SOIIlA 011.10 101
48 • 00 S27·& 202 lOSO C.1 2000 OSO 0-18 POZO AUIJNTE PTA N' HSPAHIA oo6-m SONOA 018.05

'410' 00 32e·3 20Z 1030 c-e 000 1030 0-13 POZOAUolONTE SAlAR PINTADOS 00fR)Ql COAFO-eB' 015.•2 8 88110

••• 017 00 320·. 20Z 1030 e-a 2000 '830 ~.OS POlOAUIJNTE BOSQUE ANJ'( .2 OCAO CORFOa' 011.11 .S Uloe
••1 0.700330·1 202 18S0 ·.0 ZOOO 1030 0-.04 POZOAUIJNTE 1lO9QUEANJ'( I OCAO COflFO.M' 12 11/0
111 017 00 3S1·3 ZOZ 1830 C.ll 000 1030 0.00 POlOAUIJNTE BOSQUE ANJ'( •• OCAO CORfO.6S. Oel.00 O 11101
115 0.7 00 3S2·1 202 1030 Co'2 2000 1030 0·110 POZO AUIJNTE BOSOUEANJ'( • cx:RO CORfO.6S. .0 ellOI". 017 00 333·K 20 1030 C.'3 2000 lOSO 0-11. POZOAUIJNTE BOSQUE ANJ'( 10 OCAO <XlRFOU' oea.ll 13 Ul01
111 017 00 ..... 20 1030 ••• 2000 1030 0112 POZOAUIJNTE BOSOUE ANJ'(8 CXJfU ~51 oee.7I 15 Ul01

'53 017 00 335·e 202 lOSO ,'5 2000 lOSO 0·110 POlOAUIJNTE BOSOUEANJ'( 7 OCAO ~. 13 85112
18Z 01100331•• 02 1030 .,. 2000 1030 0·120 POZO AUIJNTE SAlAR PINTADOS cx:RO <XlRFOU. "e.7. 13 1110.
• 00 017 00 SS7·2 20Z lOSO 17 000 1830 0·105 POZO AUIJNTE BOSOUEANJ'( Z <XJ'fI:) CORF065• 10

.7 00 OO" Z02 1030 11 LAHUAlCA
017 00 003- 20. 1030 C.Z.

l1'A 0'700 SS8,O 20 lOao ~. 2000 1030 0-44 POZOAUIJNTE LAHUAlCA CXlRFO' CClflFO-e5O "1.01 30 17/1'

ll-38
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Table 8·111, 2.1 (1) Well Ust (Pampa del Tamarugal)

<LUta dt Sondaj~s (Pampa del Ttlmilrugal»
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Table B-nI, 2.1 (1) Well List (Pampa del TamarugaI)

<LisIa de Sondajes (Pampa del Tamarugal»

PAMP"-)/4

0QjI,
-~

aRR:: tR'{ LOCAllOH MAME NAIoEOf' CDImU:lllA EI.E\IA- CNJ.Nl SI'B:lRC Do\TEOf' STAlCWATER I.E\IE
oc:u COOE 18n COCE l1Ml8 0fHfI llOH lS'Ill 'I1ElD CONST- 18:1/ '0.11 \

LAT LONG NO LAT. ILONG NO. IrnMSU Iml rrn3ldlml FUm:lN mBG -'118 017 00 338-8 02 euo D-2 2000 euo D-48 POZO ALJ.()NTE LAIfJAJCA COIW'<>'" COAFO-eSlI ee8.2O 11 871'
",C 01700340·2 2020 eno 0-3 2000 euo D-4e POZOAUolONTE LAIfJAJCA ~lB ~ 8te De " e71"
,"0 0'7 00 34'-0 202 e830 D-4 2000 81130 D-47 POZOAUoIONTE LA lfJAJCA 00fR).!C COIlF04lle 8N.88 23 e71",,'E 017 00 342·8 202 uso o-S 2000 eno D-4e POZOAUoIONTE LAIfJAJCA cx:AFO-lI) lXlflF04Sl 888.2' " 87112
111f 017 00 343·1 2020 le03 o-e 2000 e030 0-40 POZOAUDll LA llJAICA COfI'(},E CllRFO-R 0102' " 87/12
11'0 017 344·S 2020 uso 7 2000 euo 0-00 POZOAl.MONTE LAHUAICA ~'F ~ 881.S3 7S e7l",,,H 0'700345·3 2020 SUD o-e 2000 eno 0-51 POZO ALM:lN1 LAHUAICA ~1G CORfO.6l ON.el 15 87112

'25 1 00 348-1 202 ee30 0-8 2000 euo D-33 POZOAl.MONTE ESMER CAlDIol3 CXHO llBJO 8".00 e
'2: 017 00347-1( 20 e830 ·'0 2000 eno 0-25 POZO ALJ.()NTE P oos_ DOS .es. 00380 "0
121 017 00 :I4A·e 202 .1130 D·" 2000 euo 0-2e POZO AUoIONTE P CANCIOlES 8 OOS 867 DOS -es7 8".2, 'De
'3' 0'1 00 348·e 202 eno 0·12 2000 eno 0-20 POZOAUoIONTEP.~SE OOS seo DOS ·eeo lee_,o S4
,2e 017 00 3&O·K 202 .830 0·13 2000 euo 0-24 POZOAl.MONTE P. CN«:KlHES o lXlS lElO 881.00 8e
128 0,70039'·. 202 e830 ·14 2000 e830 0-27 POZO ALJ.()NTE P. CANCHOIESC DOS- S68 00$-868 887.33 '0'
'32 017 00 U7•• 202 U30 0·'5 2000 .uo 0-30 POZO ALJ.()NTE P. CAIOOlES F lXlS lXlS 88e.oo '02
130 017 00 353·4 202 euo o-,e 2000 euo 0-2e POZO AUoIONTE P CNICHOIES O OOS-es8 DOS-e58 807.24 54
'34 0,700354·2 202 euo [).17 2000 euo 0-32 POZO Al.MONTE P. CAHCH:lfoIES H lXlS lXlS 884.2 100 32.74 88153
'47 0'700385-0 202 .030 0-18 2000 .1130 D-" SAlNI PlNTJIDOS 0ClfY0.H8 ~1 884.71 10 nlo

12e... 017 00 .se-. 202 ••30 '8 2000 .1130 O"e POZO Al.MONTE SAlNI PINTAlIC S CCIflR)l8 CXlRFO-661 ••3.8 18 e5108
191 017 00 357-7 202 eno 0·20 2000 eno 023 POZOAUoIONTE PTA. CUM~LU DOS-488 DOs-48e .18. " ,De ..2.
157 017 00 3se·5 202 .830 0-2' 2000 eno 022 POZO ALJ.()NTE PT... CUM~LU DOS-485 DO_S ....0. 110
lU 017 00 S98-3 202 •••0 0-22 2000 .no D-21 POZO Al.MONTE PT'" CUMNALU DCS-484 DO_ 8".01 100 e 1111
'55 017 00 seO·7 20 8830 0·23 2000 euo D-20 POZO Al.MONTE PT.... CUMNALU DOS-483 DO_3 8".3e 112 ell1'
1&4 017 00 351·5 202 e830 0-24 2000 .no 0·114 POZOALJ.()NTE SAlAR PINTADOS ~ CXlRFO-661 .82.2e • e510
lU 01 00 382-3 202 USO 0-25 2000 'UO 0·117 POZOAl.MONTE SAlAR PINTADOS lXlRFOI1 CORfO.65, ell4 s 12 UIO.
187 01700383·1 202 .1130 0-2. 2000 ••30 0·115 POZOAUolONTE SAlAR PINTADOS 0ClfY0.H8 CORfO.651 .es 24 10 8510e 10 so 874.74
lU 017 00 _·K 202 U30 0-21 2000 81130 o-l1e POZOAUoIONTE SAlAR PINTADOS COfIR).. CORfO.651 887.41 le 85108
133 0'700 3es·. 202 euo 0-21 2000 eno 0-31 POZOAl.MONTE PTA. AP <:ANCHON lXlS DOS 12 .elo

12e 017 00 .... 202 1830 [).28 POZOAl.MONTE CAH:HONES CXHO 0CIRI'0472 183 40•.2 70104
017004114·. 202 U30 0-30 POZO Al.MONTE CAH:HONESl lXlS 110 141.7 .1105
01700455·7 202 .eso 0·31 POZO Al.MONTE CAH:HONES2 lXlS
017004511·. 202 .130 0·32 POZOAl.MONTE CANCHOIES3 lXlS 110
01700457· 202 .no -33 POZO Al.MONTE CAH:HONES4 lXlS
017 00 458· 202 8830 D·34 POZOAl.MONTE CAH:HONESS lXlS
01700458· 202 18S0 -35 POZO Al.MONTE CANCHONES' lXlS 120 e5J08
0,700 4eo· 202 • .,0 ·38 POZOAl.MONTE CAI«:HONES 7 lXlS '20

8 017 00 3. ·4 202 e840 ...·1 200 • no 3 POZOAl.MONTE SAlAR PINTADOS COARlT·l CORfO.651 100 18 ,. 'Sl12
U 017 00 '47·7 202 .840 601 2000 eno 0-" POZO Al.MONTE S PINTADOS CPIRll'-l CORF1'-651 1004 s. 15 .SI01l
U 017 00 3"-2 20 .840 &2 2000 .uo 0.12 POZO Al.MONTE SAI.AR PINTADOS COARlD-3 CORfO.651 ,033.113 13 -12' 017 00 ""., 202 '.40 Co, 2000 .1130 t-4 POZO .... LlA PINTADOS COARlT-2 CXlRFO-661 ••7.75 15 e5nl

18 017 00 112-4 202 .840 ~2 1.30 eno A·2 POZO.... COARlT-3 CORFO-SSl 8110 74 13 ._/11 •.2' ." 4'
l1S 017 00 ':MI·1 202 1840 D-l 2030 .uo o.eo POZO cx:AFO-, CXlfIFO«lI .H.5. Si 34 e 81110
114 017003.8·0 02 eHo 2 20S0 U30 D-81 POZOAl.MONTE ~SOOIWlO COIW'<>'" ~ eH .7 le 87104
11 01700 S70-4 202 eHO D-S 2030 'UO D-12 POZOAl.MONTE~1WlO ~'8 ~ .84 8. '2 87110

"1 017 00 S71-2 202 e.40 D-4 2030 eno D-13 POZOAl.MONTE ~SOOIWlO ~1C C<lRF04e5 885.0' 12 e7110
117 017 00 2n·0 202 a840 0.5 2030 Ino 0.84 POZO AUoIONTE lU'lE9:Xl ~1D ~ 888 01 12 87104
111 017 00 373-8 202 8840 D-e 2030 ano o.e5 POZO AUoIONTE lU'lE9:Xl ~lE ~ 88502 13 e7104
118 01700574-7 202 8840 0.7 2050 8830 0-11 POZO Al.MONTE lU'lE9:Xl ~lF CORFO-65l5 8114.83 ,2 .7110
1 o 017 00 3n-e 202 e840 0.. 20S0 e830 0-.7 POZOAUoIONTE lU'lE9:Xl ~lG COIIFO-ftl 888.0e 12 .. 10
12201 15'-1 202 .840 • 20S0 euo D-eo POZOAl.MONTE SAI.AR PlNTAD05 ~ COAFO-661 888 20 15 UIO.

"3 ,7 00 13••e 202 8840 D.l0 030 Ino 81 POZOAl.MONTE SAlAR PINTADOS ~ COAFO-661 885.14 15 85111
124 017 00 378·5 202 a.40 [).11 2030 8800 0.82 P070Al.MONTE SAl.ARPMADOS lXlR'OG2 COAfO.6S1 8.,72 12 eal10
155 017 00 3n·l 202 e••o 0·12 2030 e.oo 0-87 POZO Al.MONTE ~:AH:J'( 0C1!'fQW ~, 883.41 13 UI08
153 017 00 S78·1( 202 e840 D·13 2030 e800 0-'02 POZOAUoIONTE ~:AH:J'( CO\R)I1 ~1 881.83 18 BelDe
na 017 00 neo' 202 8840 D-14 2030 8800 0.88 POZOAl.MONTE SAlAR PINTADOS 00RR){)l COAFO-661 888_14 15 85112
13 017 00 140-K 202 .840 D-15 2030 ••00 0·101 POZO Al.MONTE lI09CJJE:AH:J'( OORR>I <XlIlFO-651 11 e8l07 13.5'
ISO 017 00 380-1 202 U40 0-1. 20S0 8800 0-100 POZO Al.MONTE SAlAR PHTADOS CXlIf'Of'3 COflFO.651 811.2. 11 8510.
148 017 00 311·K 202 1140 0-17 030 e800 0.88 POZOAl.MONTE ~:AH:J'( ClCJR>X CORfO.651 8.1.81 '2 elloe 15.17 ."44
110 01700 5e2·' 202 8840 0-18 2030 e800 0.113 POZOAl.MONTE SAlAR PtfTADOS CXlIf'Of'3 CORF06S1 8111.45 15 e5111
183 017 00 583-e 202 e.40 0.18 20S0 ••00 D·12' POZO Al.MONTE SALAR PINTADOS CORFO-T3 COIlFO-651 8a74. • ell07

01: 00137-K 202 a.40 D-20
301 01 00 384·4 20 e8,0 A·l 2030 1800 A-2 PCA PQMHTAGUAYC lXlS lXlS '42000 285
30701 00 381· 203 88'0 A·2 2030 8800 A-5 PCA P.CtMHTAGUAYG lXlS lXlS 1312.00 87
30. 017 00 381·0 2030 8810 A-5 Z030 e.oo A·4 PCA P QMHTAGUAYH lXlS os 13OS.00 112
soa 01700 S87·8 203 18'0 "'-4 20S0 .00 ...·a PCA P.QMHTAGUAY I lXlS lXl6 1503.00 Be
3"4 01700 '.·7 03 .810 ...·S 20S0 a.oo A·' PICA P.CHAHTAGUAYJ lXlS 1 •. 00 35
3'2 017 00 388-5 203 e810 A-a 20S0 ••00 A15 PICA IAATlLU2 exwo ~ 130770 liS 13.• a7108
313 01700380·. 203 8810 A·7 2030 a800 A-18 PCA IAATlUA3 CXHO COAl'O-e87 1318.54 14' 33 e7l12
s17 017 00 381-7 203 e810 A-' 2030 e800 A·14 PCA IAATlUA 1 CXHO ~ 12.3.4' ,u Bel04
311 017 00 S82-5 203 e810 A·. 2030 .eoo A·21 10'&\ Pl.O.IOIUEZA llBJO lElO 1352.00 52
31. 17 00 S83·3 203 .810 A·,O 2030 lUDO A·l0 PCA Pl.O.IOIfJNEZ 1 llBJO lElO 'S2•.S0 57. 57102
52' 017 00 3114·1 203 U'O A·ll 2030 ••00 A-2I PCA Pl.O.IONJNEZ2 CXHO COIIFO-734 1218.10 20e S_2 uloe
322 017 OS 385·K 203 8810 Col 2030 8800 .'4 PCA Pl.O.IO lfJNEZ 1 CXHO COIIFO-71. '·'.70 230 .'04
320 017 00 143-4 20S 8820 A·' 2030 .800 A·U PCA PINTADOS PCA 2 CXHO COfIFO.I71 103•.35 158 8710
31 017 00 ".0 203 8820 A-2 203 8800 A·23 PCA PINTADOS PICA 3 CXHO COfIFO.I74 1057.18 '0' 87/07 71.SI 8".33
301 017 00 '42-e 203 .820 &-1 2030 1800 A·17 PCA IAATlLU4 CXHO CORFO-711 1131.eo 58
302 017 00 117·5 o 8820 &-2 2030 8830 "'-'1 PCA IAATlLU5 CXHO CORFO-714 1138.10 184 •• ••111 3.7e 113....
308 017 00 3es·. 205 1820 603 20S0 eno A. PCA MATIl.IA , ... llBJO lElO 1113.24 372 e1l02
311 017 00 U7·e 203 8820 B-4 050 euo Al PCA P CtMHTAGUAY P lXlS '20a.00
30301 00 388·4 203 8820 605 2030 e830 A7 PCA P. CHWITAGUAYO lXlS 1213.00
310 017 00 388·l 203 .820 60. 20S0 e830 6013 PCA POlIO NUNEZ4 llBJO lElO lle5.00 112 e 1112
314 01700 ·K 03 1820 &-7 2030 Ino A·12 PICA Pl.O.IO lfJNEZ 3 llBJO lElO 11'•.40 e1l12
311 017 00 40'·. 03 1.20 60. 2030 18830 A·l PCA PUQUIC "-'EZ2 !tilO lElO 112010 117 12101

0,7 00 .e.·7 03 ••:>0 1lH-8 PCA QRAKJAIAA.JO.ClI'
0.700470·0 O 8820 _'0 2030 e.30 Bo2. PICA E.NW1tO
017 00 471·8 203 e.20 _11 20S0 euo 6025 PCA A NAPIlL P·l

324 0'700 402·e 203 8820 Col 2030 eno A·2O PCA C~"" CXJfO ~ ,013.1 287 87105 12.78 1021.13
325 01700403-4 203 UZO Co' 2030 88S0 421 PCA CHACARlUA2 CXHO 00RF0-eIa '013.4. '84 37 e 1810S 12.25 1021.24
323 017 00404·' 05 8820 1 0'0 ano ...·1 PCA PUOUO~. llBJO -.o UlOS.OO 5 20.13 11043

017 00 .0.· 203 e820 D-2 PN.HZ
017 00 810· 03 8820 D-3 PN.HZ

SI 017 00 113·2 203 1830 A·' 2030 1830 8-" POZO~PlNTAOOS lWlIO ~1 ~ .75.14 30 e7l'0 1.511 1180.
S.017 4 ·0 203 1.30 A- 2030 no ,.

POZO~ PlNTAOOS lWlIO COIW'<>"" COfW'O.- 879.• '
., 17/12

4 0'700401•• 03 euo A·3 2030 lano &-13 POZOAl.MONTE PlNTAOOS lWlIO COf'lRl.1B ex-o-eY 8n.•• 7 17/1.
41 011 00 407·7 203 .830 "'·4 2030 eno Bol. POZO AUoIONTE PlNTAOOS lWllCl cx:AFO-1D CORFO-65l5 .75.'3 18 17112
42 0'7 00 12s-K 203 el30 A·_ 20S0 eno 60'" POZO Al.MONTE PlNTAOOS lWllCl CORFO-1D COfIFO.e5e 875.• a7/12
43 017 00 401·5 203 8830 A·e 2030 11130 6018 POZO AlMOHTE PlNTAOOS lWllCl ~lE CORFO-eIlI .79.84 7 8711
4401 00408·3 03 e.30 "'-7 2030 • 830 6017 POZO Al.MONTE PINTAlXl6 fWlIC ~lF CXlRF04Se 8715 8• le e7/1
45 017 00 410·7 203 eno A·I 2030 eno 8-18 POZO AUoIONTE PlNTADOSIWllCl ~1G CORI'04!!5 In.2 7 87112
37017 00 411·a I'OS .30 A·8 2030 eno 6021 POZOAl.MONTE SAlAR PINTADOS ~ COARl-eso .n 34 a 85110 e.21 .18.13
30 017 00 412-3 20 no A· O 6025 POZO AUoOl1( 1lOSCIJEJAM::N COf'lRl.'3 ~, e11.11 • ., . .a•.77

241 0'7 O 413·1 203 .830 "'·11 2030 .no 9-48 POZO AUoOl1( SAlAR PINTADOS lXlfR)f>l CORF<>e1 .eo 25 • Bel 1
32017 4'4-K 203 1.30 Bo, 2030 .no &-10 POZO~ SAlAR PINTAD Ez ENN' ENN' .....0 1255
31 017 41a·. 203 1.30 2030 .uo 60e POZO'" SAlAR PINTAD 2 ENN' ENN' .N .0 132 217 a 13.81 8n_18
33017 41e-1 203 8830 "'3 20S0 eno &-21 PINTADOS 0ClI'f0Ml ~1 810. e 13 85/0.
S4017 41 ·4 203 .1130 &-4 203 eno Bo2 POZO Al.MONTEISAlAR PINTADOS 0CiRF04t CORFQ.&l 00511 31 .510.
4' 017 .,.. 20S el30 8-a 2030 ..30 8-28 POZO AUoOl1( SAlNI PINTADOS OClfIFOfflO 00flF0461 180.51 1. .510.
.0017 00 4'8· 03 8830 8-e 2030 .n ss POZO SAI.AR PINTJIDOS ~1 ~1 81'45 21
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Table B~lIlt 2.1 (1) Well Ust (Pampa del Tamarugal)
<Lista tk Sondajes (Pampa del Tamarugal»
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Table B-I1I, 2.1 (1) Well List (Pampa del Tamarugal)

<LisIa de Sondajes (Pampa del Tamarugal»

PAMPA-414

000\ ~COOE txFfQ txFfQ oa.MHTY LOCATlOH lWoIE NoUlEOf lXHIllU:1lJl ~A- CNlJH:l 9flECFI: Oo\TEOf STAlCWATEII LEt'El
CXXlE C OEl,m COOE '"0 0I\Nfl roN ~ VED OONlIT· 1031 ,C)." I

LAT. LClN3 NO. cAT. 0N:l NO. ImMSU Iml Im3ldlml FIJClDl I fn'iIGL mMS
52 0,7 llO .20-4 20S OOSO "'7 030 083 8-1 POZO AUo«lNTE SALAR PtHTA. E, E*P E*P '001.70 2475 2.04 on.OO

, 017 "" .2'-' 20S 0030 "- oso uso 8-7 POZOAlMONTE SALAR PtHTAOOS 1 E*P E*P '00'70 '20 237.e
54 0,7 00 1 ,.-s 20S 0030 C- 20S0 0830 8-33 POZO AlMONTE SALARPMADOS CXlI'R»I CClRFOa, 075.43 , 8511' 5.34 070.00
51 O, "" .,2·0 203 ooso C 20S0 0030 8-34 POZl: AlMONTE SALAR PINTADOS 00IR>l'1 CClRFOa' 070.03 12 051'0
!lO 0'7 00 ,4,·e 203 8OS0 2030 0830 8-'0 POZO AlMONTE SALAR PIITADOS 2 CDRl CORI'O«I 070.20 '50 87100 070 000.5
5 o, 001"·' 203 5OS0 C-4 20S0 euo 8-22 POZO AUIlNTE SALAR PIITADOS S CDRl ~ •• 0710e e.07
50 17 "" .2'·0 203 030 :.a oso 0000 "-2' POZO AlMONTE SALAR PIITADOS. CDRl CXlRFO-e4I 2.5 "0.0 51100
U 017 llO 10'·. 20S 0030 C-4 030 0000 "-51 POZOAUIlNTE SAlAA PINTADOS ~ CClRFOal 070.73 15 01111
.0 017 00 120·5 203 0030 C-7 oso 0000 8-30 POZOAlMONTE SALAR PMADOS ~ ~, In.oe 7 05110
10 017 00 "1·1 203 OOSO 0.1 2030 .030 8-38 POZOAUIlNTE SALAR PINTADOS CORA:).112 CXlRFO-651 100_05 21 05/12

3017 00 121·3 03 0830 0.2 2030 OOSO 8-22 POZOAUIlNTE PIHTADOS PICA , txFfQ ~ 100•.20 110 87100
01017 00.2.·7 203 8830 1>-3 2030 0030 8-4 POZOAlMONTE ESTACION PMA S CO.All..BlO't' f'IlX) 1.7.01 315 0010.
02 017 00 425·5 203 1130 D-4 2030 0030 8-0 POZOAUIlNTE ESTACION PtlTA.e CO.All..BlO't' f'IlX) 107.10 325
00 0'7 00 420-' 203 8030 D-ll 2030 0030 8-0 POZOAIJoQlTI; ESTACIOH PMAe COJG.Sl(l f'IlX) 107.3 SOS 11.07 175.40
es 0'7"" 150·7 03 0130 0-0 030 1030 POZOAlMONTE ESTACIOH PtHTA.l CO..<G...lJ<ll\/ ABD 10701 172 10.22 80030

204 017 00 .27·1 203 0130 0-7 2030 0030 8-3 POZOAlMONTE ESTACIOH PtHTA.2 CO.N:l..lKJO/ ABD 003.••
2., 017 00 4.e·K 20S 0030 0-1 oso 0030 R.4O POZOAUIlNTE SALARe VISTA OClRR>SBl 0Ilf'0Ql 014.20 24 0010.

017 00 10·7 203 0130 0-0 POZOAUIlNTE
220 017 00 .20·8 203 01.0 1 2030 0030 8-2. POZOAIJoQlTI; SALAR PMAOOS <X:ROI"4 ~1 003.40 10 85/10
255 017 00 430·1 203 8040 8-2 2030 0030 8-31 POZO AIJoQlTI; SALAR PtHTADOS 0ClRR>S3 CORF()56, 013.07 I 05/11 035 070.72
2.7 17 00 145·0 20. 0040 8-3 20S0 8030 8-.2 POZO AL10tJNTF SALAR PtHTADOS 0ClRR>S2 ~1 on.o. 1 85111
230 0'7 00 '.0-1 20S 80.0 8-4 20'0 1030 8-1 POZO AlMONTE loI)SOOT06' ABD 07'.71 205 57105 4.ZO 174.5'

••• 017 llO 122· 204 8010 A·l 0.0 8030 A·l0 PeA CHACAIIIlll , RBlO 33. 00.00
32 0'7 llO .31-k 20. uzo C-, 2030 0030 C-l POZO AlMJHTE RAMADA, txFfQ COfIR)-704 1010.20 202 00107
320 0'7 00 .32'0 20. 0020 C-2 030 0030 C-' POZO AlMONTE RAMADA 2 txFfQ COfIR)-73' '011.55 200 130' 0610

07 017 00 125·. 20.0 0030 A·l 2030 0830 8-31 POZOAUIlNTE SALAR IIELAVlSTA 0ClRR>Sll1 CORI'0421 070.7' 15 00103 11.'5 151.5.
00 017 00 ••••0 20. 0130 A·2 20S0 0030 8-4, POZO AlMJHTE SALAR IIELAVlSTA

0ClRR>S84~=
055.50 10 oolOS

U o, 00' o·. 20. e830 A·S oso &130 1130 POZO AlMJNTE SALAR IIELAVlSTA CClRfO.SIlI2 0G1 17•. 13 10 00103
71 0'7 00 434·. 20. 0030 A·4 2030 0030 8-42 POZOAUIlNTE SALAR IIELAVlSTA COfR).8 170.30 '0 0810. 11.55 05002
7S 0,7 00 ••5·2 204 80.0 A'5 20.0 0030 8-45 POZOAUIlNTE SALAR IIELAVlSTA COIfQ.88I COIIFOQ1 000 .. 10 00103
76 017 00 43S·0 204 8130 A-I a030 S030 8-4S POZOAUIlNTE SAl.AA lIELAVlSTA 0ClRR>S8I~ ....05 15 SI/OO 11.30 150.71
71 0'7 00 157·. 20. 003 A·7 2030 1030 8-47 POZOAlMONTE SALAR BELAVlSTA COA'OSIIlO~ 0435 20 10104 10.31 10700
74 0'7 00 437·. a040 80.0 A'o 20S0 8000 8-23 POZOAlMONTE OF VlCT0RIA4 9OC1NQl RBlO 854.55 05

o \7 llO "'.·7 040 8030 &.1 2030 0030 &43 POZOAUIlNTE SALAR~A <Xlft'O.SIII~ 085.00 '5 08100
o o 017 00 120·0 040 8130 C-, 2030 0830 0-7 POZOAlMONTE SAlAABE TA COA'OS812 <XlRF04a1 058.•0 12 00104 e.73 850.15
.. 017 00 152·' 200 8130 e-a oso 0030 0-'0 POZO AlMONTE SALAR BE VISTA COA'OSII1S~ 048.40 o 00104 2." 800.44
oS 0'7 00 430·S 20. 0030 C-3 2030 0130 0-11 POZO AlMJNTE SALAR BELLAVlSTA COA'OS81o CXlflF04Z1 053.50 10 00104
o 017 00 440-1 .040 0830 o o 0030 0.,4 POZOAlMONTE SALAR BELLAVlSTA COA'OSII10 047.50 7 00100 3'0 044 4

200 017 00 4.'·7 .04 0830 :.A 2030 0130 0-1& POZOAUIlNTE SALAR BELLAVlSTA COA'OSII2O CORF0421 04715 7 00100
7. 0\7 00 .02·5 00 S830 0-1 2030 8030 0-2 POZOAUIlNTE OF. VICTORIA a 9OC1NQl RBlO 173.05 100 sSloa 15.07 057.10

017 00 443.' 204 0030 D-' 2030 .830 3 POZO AlMJHTE Of. VICTORIA 3 !ICl(JJ,Ol ABD 072.04 335 01108
01 017 00 ...·1 204 1030 0-3 2030 0830 0-1 POZOAIJ SAlAA llEI LAVlSTA CORF<>S813~ "430 23 00100 1O.0a ISS.OS
12 017 00 44&- K 04 0830 D-4 030 0030 0-1 POZOAlJ Of. VICTORIA o 9OC1NQl REOO 07300 150 54100
o 0'7 llO ,27-' 04 0030 "5 030 130 0-12 POZOAlMONTE SALAR IlELLAVlSTA CORF<>S81 .72 54 aO 0010. 18.•5 852.01
ao 017 00 0.0" 20. 8030 o-e 2030 0030 0-10 POZO AUIlNTE SAlAA IIELLAVlSTA CORF<>S821 CORF0421 O.S 01 12 00105
72 0'7 00 407·. 20. 0040 8-1 2030 8030 8-44 POZOAlMONTE SAlAA BE L4.VlSTA 0ClRR>SII7 CORFOCl1 002 SO 12 08103 5_00 0158 lO
101700 4.S-4 204 11140 [)., 2030 8830 o-e POZOAlMONTE SALAR IIELLAVlSTA CORF<>S81, C0RF0421 053.01 '5 01103

214 01 00 440·2 20. 08.0 D-2 2030 8030 0-0 POZO AI.KlHTli SALAR IlELLAVlSTA COA'OSII14 CORFOCl1 040 2. O 00103
"8 017 Ilfl o!lO-. 205 0120 A·' 2030 0000 C-3 POZO AUIlNTE CERROOORXI, txFfQ CORFO-7Ol 00270 '40 07111

,7 00 407·0 2050 1020 Col POZO AL10tJNTF

017 "" .72·7 205 .020 002 l'OZll AlMJHTE
'10 017 00 '53·' 05 0830 A·l 030 0130 o.JIl POZOAlMONTE

SAlAR _ VIEJO
~IC 02312 10 00/10

200 01700.51'0 205 0830 A-2 2030 0130 D-22 POZO AlMJHTE
SAlAR _ VIEJO

COIt'D-SV'Il le 121 82330 '0 51/10
.1 01700 4L"·. ~5 1030 8-, 2030 0830 Do 17 POZOAlMONTE SALAR BELLAVlSTA CORF<>S822 COIlF0421 ....2. '0 00100
203 0,700150'1 205 0830 8-2 2030 0030 D-4 POZO AlMONTE CHALlACOU.O 1 CDRl ~ 845.35 10 0710
282 0'7004$3-0 201 0130 8-. 2030 0130 0-1 POZO AlMONTE CHAUACOU.oa txFfQ CORI'0477 045.00 21 3.15 80185
840 00 US·. 205 1030 8-4 2030 OUO 001. POZO AlMONTE SALAR BELLAVlSTA CORF<>S82l CORfO«l1 041.73 31 00100 27.17 011 s.
8501 00 154·K 205 1130 8-5 2030 0830 10-10 POZO AlMJHTE SAlAR SUA VIEJO COfR).S\I2 COIIFOQ1 030.•7 22 00110
8 1 0- 050 030 1 030 0030 1 VI 83 .40 2. 00/1
0001 llO '00.4 20e 11830 0., 203 0030 D-23 POZOAUOfTE SAlAR SUR VIEJO COfR).SV7 COIlF0421 023.21 11 00110
00 o, llO '13'0 205 S830 [).2 2030 0830 0-20 POZO SUR VIEJO CORFO-SVll CORFO-021 827.11 24 01110

017 00 117'0 00 0830 0-3
'00 01 llO 124-1 01 0040 8-1 030 0830 0-10 POZO&Ua1H1 SAl.AA IlI'LLAVl6TA COflR>SII1. CORFO-Il7l o., 7 10100 3 ,. 0".35

lAPIGA ~.JICA JICAJ.3 1143.80 150 02.78 031 1 0.17 1134.73
lAPIGA CAMlN4 OOA.JICA JICAJ4 1101.00 '50 1011 40 83112 40.10 112'.11
ZAPIGA Hl.WIA ~.JICA JICA~ 1110.0 200 .20 83/1' 12.03 1051.03

~.
OOA.JICA .JCAJ-c 1051.08 210 300.00 83112 41.05 1010.04

POZO AUOfTE DGA.JICA JICA 1030.•0 300 72n.00 83112 .0.0. 1001.72
POZO ~.JICA JICA~ '000.03 250 5M 00 83/12 1373 102.30
POZO DGA.JICA JICA J.O 88'80 200 22.30 83/1 14.04 8n.••
POZO DGA.JICA JlCAJ.7 8.,04 210 234 lO 13112 7.04 173.70
POZOAlMONTE PlNTAOOI DGA.JICA JICA .... 1010 '2 210 110.01 83112 788 07.13
POZO AlMJHTE 0f1CI'l4VlClOAo\ DGA.JICA .JCAJ.F 101810 224 '42 ZO 83101 1700 851.10
POZOAUIlNTE 0f1CI'l4VIC~ OGA.JICA .lICA J.O 880.•0 172 100'0 8310' 1317 155.13

(PUNl'1NO TESl)
DNt tMIAMICWATER lECEl
INt ITATlCWATERlEVEL
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Table 8·111, 2.1 (1) WeJl Ust (Pampa del Tamarugal)
<ÜJta dt SondfJjtS (Pampa dtl Tamarugal»
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Table o-m, 2.1 (2) Well List (Pampa del Tamarugal)
<Lista de Sondajes (Pampa del Tamarugal»

lITAIC WAlEA l.EVal
-.mlBCW'nEQAOUN) l!YEL
__ mNJ(NE 'nE lEA LEIIB.

Note: BNA Code lIld COllfO Code lIWIII:lclIMd iD 1hiIlitlere al! 1eqlCrWJ-'

_OOCE ....,. aRO U'TM CXJoM.NTV LDCAllCN lWlE 1WlE~ lXJIllRJCltII B.J:V.... .1JtLI.Hl WBL SfI8:R; lII'lE~ STAlCWA~LJML

CClDEI1. 0IlINEfl 'IlC* lB'nI lB'nI "flB.D OONST·
LAT L.ONG. N) No'" Iml &oltml ImAllL '''' 'm' m2Jd FI.C1lClII - .....~

o, 00 .,. lP·' "40 .UO ... 7'U 'U ~5$o4' ....- STA. CATAUNA lUSl'N'I: - 7:M1 7 ao 4'47 47a
017 DO '20 ".." '840 "ID ~ 7'U $o4S 407751 ....- /IDI.JNJA lUSlW'IC - '5.00 11.00 :le7' '2 SI
017 "" ••• 1P.& ,.50 "ID 8-, 7.01783 4".'" ....- reHIIO!I I'SlU7.l,T SO as SO.25 '14 7 07 •• '24S
O, "" ••• lP~ '840 liS 1).'0 7 '07.004 4" 241 ....- reHIIO!I ::S CfUlAT ,. 50 ,. 50 0711 ",ID
017 DO .21 11'0& ,.40 ...0 1).' 7.'07.S2' 4".011 ....- reHIIO!I

I i~
2.70 2.70 '04 • 07 ID 1373

O, "" • OS 21'. 1140 liSO 1).7 7,'0'.'81 41072• ....- reHIIO!I lW.Af: 211 20 ao.'o .0 S 07 •• " a.
017 00 .22 11'·7 ,..0 'UO l).I 7.0....0 411.'77 ....- NIHRlII lW.Af:_ 41 011 45.00 7' DII." 1211
017 DO .24 21'. 1140 ...0 .. 7 '07.717 410.315 ....- NIHRlII lW. Af:No\C:&I 12.'0 '280 1283

17 DO '2' 21'. 11.0 .." 5 7 '0'.117 410711 ....- reHIIO!I lW.1IEIWSI CfUlAT 2140 21.40 U, O' •• 1045
017 DO "4 lIt·IO 1150 .1511 '4 7''''' U. 411111 ....- IR--.o

~i:
llAaI>tlL 24.00 2400 7S 02 .. 131

017 DO DI' lit." 1150 liSO ... .'OS.'5 411.520 ....- NIHRlII ~ I-SMOOL ~.OII ~.OO 2.4 OS •• 14.77
017 "" 155 21'·12 1150 .150 loa 7'" 000 412 001 ....- l8HRl& loElCK S2.00 S2.00 5.1 0211 15 ID
017 DO 1S2 lP·IS 1810 'UO IW 7.'" 'IS 411 22S ....- NIHRlII floEIO(QCA 1- MOO SI 00 14' 12.'7 13 SO
017 DO ... 21'.14 1150 liSO ... 7'OS.'.S 4', .271 ....- reHIIO!I MEACI< a:;A. 40.00 40.00 74 12 '7 142
017 DI' 21'." liSO .150 "7 ',.OS S74 411.5:>11 ....- ND'ERl8 20.40 12 '7 17.0
017 14' 21'·1. liSO "ID 8-" 7.02270 40'.871 ....- lBRRlB loElCK OCA. .000 4000 2, O 02 •• ,.52
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Table B-III, 2.2 Result of Pumping Test (Pampa del Tamarugal)
R 1ado á P b d B mb (P d 1Ti 1)< esu t e rue a e o eo ~ampa e amaruga >

Pumping Data (by Constant Test)
Well No. Static Pumping Dynamic Drawdown Specific

Water Rate Water Yield
Level (m) (l/s) Level (m) (m) (Vs/m)

J-C 52.03 2.25 75.75 23.72 0.09
J-D 46.05 22.5 52.53 6.48 3.47
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
J-4 46.22 4.40 48.20 1.98 2.22
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
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Table B-II1, 2.2 Result oC Pumping Test (Pampa del Tamarugal)
R 1ado d P b d B mb (P d 1'T< 1)< esu t e rue a e o eo t'ampa e amarugQ >

Pumping Dala (by Constan, Test)
Wen No. Slaric Pumping Dynamic Drawdown Specific

Water Rale Water Yield
Level (m) (Vs) Level (m) (m) (Vs/m)

)-L 52.03 LL5 75.75 2J.72 u.09
)-D 46.05 22.5 52.53 6.48 3.47
)-E \3.73 27.00 17.72 3.99 6.77
)-f 57.00 20.00 69.15 12.15 1.65
)-:! 9.17 5.00 16.05 6.88 0.73
)-4 46.22 4.4U1 4M.20 1.98 2.22
)-5 19.UM 5.00 29.óM 0.60 M.33
loó 14.04 4.04 29.70 15.bó 0.26
)-7 7.94 5.00 9.78 1.84 2.72
)-M 37.99 3.34 39.52 1.5 LI8
)-9 \3.97 5.00 16.57 2.60 1.~2

•
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Table B-III, 2.3 Aquifer Constans (nCA Wells)
<Coeficientes de Acufjeros (Pozos lICA»

Well TeslMelhod
No. Aquifer Constanl Theis Jacob Average

Constant Recoverv Constant Recoverv
J-C Transmissibility (m3/s/m) 5.47E-oS 1.22E-04 9.00E-05 1.17E-04 9.59E-05

StoralC Coefficient 1.46E-0l 8.25E-03 7.71E-02
Penncability I(cm/sec) 7.02E-05 1.56E-04 1.15E-04 1.50E-04 1.23E-04

J·D Transmissibilitv (m3/s/m) 6.49E-03 2.85E-02 7.64E-03 2.71E-02 1.74E-02
Storue Coefficicnt 6.49E-06 7.86E-08 3.28E-06
Permcabilil'l (cmlsec) 6.75E-03 2.97E-02 7.95E-03 2.82E-02 1.82E-02

l-E Transmissibility (m3/s/m) 1.26E-02 3.67E-03 9.77E-03 3.79E-03 7.46E-03
Stora2c Coefficienl 8.40E-03 1.43E-04 4.27E-03
Permeability (cm/sec) 1.23E-02 3.60E-03 9.57E-03 3.71E-03 7.30E-03

J-f Transmissibilitv (m3/s/m) 4.99E-04 3.lOE-04 2.93E-03 2.80E-04 l.OOE-03
Storagc Coefficicnt 4.99E-07 2.63E-44 2.50E-07
Penneability (cm/see) 4.75E-04 2.95E-04 2.79E-03 2.67E-04 9.57E-04

J-3 Transmissibilitv (m3/s/m) 1.13E-03 1.6SE-03 8.79E-04 1.61E-03 l.32E-03
StorllCC Coefficienl 3.16E-04 S.OIE-03 2.66E-03
Permcabilitv (cm/sec) 1.89E-03 2.76E-03 I.47E-03 2.69E-03 2.20E-03

J4 Transmissibility (m3/s/m) 3.32E-03 3.90E-03 1.44E-03 3.89E-03 3.l4E-03
StoraRe Coefficicnl 7.96E-06 3.12E-02 1.56E-02
Permeabilitv (cm/sec) S.S3E-03 6.49E-03 2.40E-03 6.47E-03 S.22E-03

J-S Transmissibilil'l (m3/s/m) 1.17E-02 3.92E-03 1.6IE-02 3.91E-03 8.91E-03
Storage Coefficient l.88E-OS 9.78E-09 9.40E-06
Penneabilily (cm/sec) I.08E-02 3.62E-03 1.49E-02 3.61E-03 8.23E-03

J-6 Transmissibility (m3/s/m) 3.44E-04 2.10E-04 2.45E-04 2.02E-04 2.S0E-04
Storage Coefficicnt I38E-04 6.44E-03 3_29E-03
Penneabilil'l (cm/sec) 4.40E-04 2.69E-04 3.14E-04 2.59E-04 3.2IE-04

J-7 Transmissibility i(m3/s/m) 4.10E-03 3.28E-03 7.17E-03 3.22E-03 4.44E-03
Sloraae Coefficicnl I.07E-04 2.24E-IO 5.35E-05
Permeabilily (cm/sec) 4.89E-03 3.9IE-03 8.56E-03 3.84E-03 5.30E-03

J-8 Transmissibility I(m3/s/m) 2.66E-03 5.43E-03 3.99E-03 534E-03 4.36E-03
Storage Coefficicnl 2.13E-03 7.98E-06 l.07E-03
Permcability I(cm/sec) 3.17E-03 6.46E-03 4.75E-03 6.35E-03 5.18E-03

J-9 Transmissibility (m3/s/m) 4.2IE-03 2.91E-03 2.53E-03 2.66E-03 3.08E-03
Storage Coefficienl 2.36E-03 1.76E-03 2.06E-03
Permeabilitv Iccm/sec) 4.84E-03 3.34E-03 2.9IE-03 3.06E-03 3.54E-03
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Table B·III. 2.3 Aquifcr Coru;tans (JICA Wells)
<Coeficienzt!s de Acufjeros (Pozos l/CA»

w,u Test Method
No. Aquifer Constanl Th<;, J_ Average

ConSll1ll Recovcrv Constanl Recoverv
J.c TransmissibililV (m3Mn 5.47E-05 I.22E·04 9JXlE-OS 1.17E-04 9.59E-OS

SlOl'.c CoerrlCtenl 1.46E-oI g.25E-03 7.71E-O'l
Penne.abilirv ,mi"" 7.02E-OS 1.56E-04 1.I5E·04 1.50E-04 1.23E-04

J·O Transmissibilil m3Mn 6.49E-03 2.85E-02 7.64E-03 2.71E-02 1.74E-02
Stora.te eoerflcienl 6.49E-06 7.86E-08 3.28E-06
Permeabiliry <mi"" 6.75E-03 2.97E·02 7.95E-03 2.82&02 1.82E-02

J·E Transmissibililv (m3/s1m 1.26E-02 3.67E-03 9.77E-03 3.79&03 7.46E-03
Stora.le cocrrlCicnl 8.4OE-03 1.43E-04 4.27E-03
Permeabililv ,mi"" 1.23E-O'l 3.6OE-03 9.57E-03 3.7IE-03 7.3OE-03

J·F Transmissibilitv m3Mn 4.99E-04 3.IOE-U4 2.93E-03 2.80[·04 1.00E-03
Stor1..lC CocrrlCienl 4.99[·07 2.63E44 2.50f.{17
Permeabililv <mi_ 4.75E-04 2.95E-04 2.79E-03 2.67&04 9.57E-04

'-3 Transmissibililv m3¡<Im I.I3E-03 1.65E-03 879E-04 1.61E-03 1.32E-03
S~ Coerrlcienl 3.16E-04 5.OIE-03 2.66E.()J
Pc:rmeabililv 'mi_ 1.89E-03 2.76E-03 1.47E-03 2.69E-03 220E-03

J-4 Transmissibilitv (m3/s1m 3.32E-03 3.90E-03 1.44E-03 3.89E-OO 3.l4E..()3
SlOflRe CodflCient 7.96E·06 3.12E-02 1.56E-02
Pc:rmeabililV <mI_' 5.53E-03 6.49E-03 2.4OE-03 6.47&03 5.22E-03

J., Tr&n$missibililV (m3/slml 1.17E-02 3.92E-03 1.61E-02 3.9IE-03 8.91E-03
SlOflll:e Coerrtcicnl 1.88E-05 9.78&09 9.40E-06
Pcnneabilit (cmJsee 1.08E-02 3.62E-03 1.49E·02 3.61[-03 8.23E-03

J-6 Transmissibilil (m31s1m) 3.44E-04 2.IOE-04 2.45E-04 2.02&04 2.50E-04
Stor1. e Coerflcienl 1.38E-04 6.44E-03 3.29E..m
Pc:rmeabilil (cmJscc 4.40E-04 2.69E-04 3.14[-04 2.59E-04 3.2IE-04

J., TnnsmissibiliN m3fsJm) 4.IOE-03 3.28E-03 7.17E-03 3.22&OJ 4.44E-03
S... CocrrIClen1 I-07E-04 2.24E-IO 5.35E-05
Pc:rmeabilil cmlsec 4.89E-03 J.91E-03 8.56E-03 3.84E-03 5.30E-03

J-' Transmissibilil (m3hJm 2.66E-03 5.43&03 3.99E-03 5.34E-03 4.36E-03
Stor1. c Cocrflcic:nl 2.13E-OJ 7.98E·06 1.07&03
Pmneabilil <mi_ 3.17E-03 6.46E-03 4.75E-03 635E-OJ 5.18E·m

1·9 Trursmissibilily (m31sJm 4.2IE-03 2.91&03 2.53E-03 2.66&03 3.08E-03
Stonll,e CoerrlCM:n1 2.36E·03 1.76E-03 206E-03
Pe1mcabililv <mi,,,, 4.84E-03 3.34E-03 2.9IE-03 3.06E-03 3.54E-03

n·43



Aquifer Constants of Existing Wells
<Coeficientos de Acuiferos de Pozos Existentes>

in..t ....,,, i Discharge ir _ 'I:!_"~ ,-si.,. __ 0_ ~L!"'.

Rare als

Table B-I1I, 2.4

t::l

t

:t..a1ll2a-lJOloJeS-NelZl'el105 Arca)

IClO-4 7.0 7.14 96 8.89E-03 3.32 J
102-0 15.0 10.00 1031 1.17E-ol 1.11 J
101-5 2.5 2.50 J
170 4.0 0.31 J
172 5.0 0.47 J
168 9.0 0.62 J
171 7.0 0.82 J
173 7.0 0.92 J
174 7.5 0.99 J

101-2 6.5 4.06 J
928 6.0 1.79 520 4.15E-02 C
925 1.21 164 1.89E-02 C
923 3.0 0.70 398 5.12E-02 C
922 3.0 0.89 135 1.30E-02 C
921 3.0 1.10 258 2.99E-02 C
936 0.5 0.03 1 2.85E-05 2.42 J
935 0.5 0.06 9 8.16E-04 4.94E-02 J
938 1.0 0.09 3 1.59E-04 1.92 J
941 1.0 0.24 53 3.06E-03 9.99E·I0 J
930 8.0 0.60 110 4.55E-03 2.84E-04 J
927 0.15 23 1.75E-03 C
933 5.5 2.20 173 9.02E-03 J

Avera2e 1.68 212 0.0214 1.26

Pozo Almonte-l:anchones-Pmtados Arca)
129-9 36.0 :>.14 J
130-2 1.66 47 4.29E-02 C
131-0 60.0 3.82 J
132-9 30.0 2.61 J
136-1 3.8 0.40 9 8.51E-04 4.14E-ol J
200-7 6.0 0.12 J
202-3 64.0 10.67 J
206-6 25.0 2.08 J
207-4 3.5 0.81 1094 1.00E-ol 2.62E-03 J
221-k 40.0 6.78 J
222-8 70.0 4.43 450 C
226-0 47.0 2.72 J
229-5 4.0 0.21 J
232-5 24.0 2.00 J
234-1 4280 C
240-6 20.0 3.33 J
357-7 120.0 5.36 J
366-6 120.0 4.72 J
415-8 9.3 3.10 1
421-2 5.5 2.75 J
423-9 70.0 1.37 920 C
955 4.46 915 2.52E-02 5.00E-04 C

Avera2e 3.26 1102 0.044 0.115 Avet'alle

HuaraArea)
190-6 1440 C
946 2.2 4.1 39 1.56E-04 5.26E-07 J
949 4.0 935 3.37E-02 6.00E-04 C
951 18.0 2.9 284 2.35E-02 J

Avera2e 3.7 675 0.0191 0.0003

(Uhetna Vlctona·l$eUaV1Sla Atea)
432-b 25.0 1.51 4:J2-b
445-k 26.0 420 1.39E-02 3.30E-oI J
985 3.04 220 3.00E-03 C
986 0.32 81 5.00E-02 C
987 0.32 157 l.00E-ol c

Average 1.30 219.5 0.014 0.121 AVeTa2e

(Pica-MariUa Atea)
117-5 6.0 0.08 J
252-k 7.5 0.38 J
253-6 1.1 0.14 J
265-1 42.0 1.89 J
272-4 2.0 0.04 J
389-5 8.0 0.16 6 8.43E-05 2.81&<11 J
390-9 1.0 0.04 312 1.39E-02 4307 J

3910r392 155 C
394-1 1.5 0.06 J
401-8 49 C
403-4 5.0 0.43 J

Average 0.36 130 6.99E-03 2.1 :>E-+<J3 O

(Note) C: Existing Dala.
J: Estimated by lhe Study Team on lhe basis oC exUting test daLL

Table B-lIl, 2.4 Aquifer Constants of Existing Wells
<Coeficíentos de Acuiferos de Pozos Exislentes>

l'Zaohza-Dolores.-Ne2Y'l:ilo5 Ara.)
100-4 7.0 7.14 96 8.89E-03 3.32 J
102-0 15.0 10.00 1031 l.l7E-01 1.11 1
101·5 2.5 2.50 J
170 4.0 0.31 1
172 5.0 0.47 J
168 9.0 0.62 J
171 7.0 0.82 J
113 7.0 0.92 J
174 7.5 0.99 J

101-2 6.5 4.06 J
928 6.0 1.79 520 4.lSE-02 C
925 1.21 164 1.89E-02 C
923 3.0 0.70 398 5.1lE-02 C
922 3.0 0.89 135 1.30E-02 C
921 3.0 1.10 258 2.99E-02 C
936 0.5 0.03 1 2.8SE-OS 2.42 1
935 0.5 0.06 9 8.16E-04 4.94E-02 J
938 1.0 0.09 3 1.59E-04 1.92 J
941 1.0 0.24 53 3.06E-03 9.99E-IO J
930 8.0 0.60 110 4.55E-03 2.84E-04 J
927 0.15 23 1.75E-03 C
933 5.5 2.20 173 9.02E-03 J

AVmu!e 1.68 212 0.0214 1.26

(Muan Arca)
1~ 1440 C
946 2.2 4.1 39 1.56E-04 S.26E-07 J
949 4.0 935 3.37E-02 6.00E..()4 C
951 18.0 2.9 284 2.3SE-02 J

Avtr8f.e 3.7 675 0.0191 0.0003

(PiCll-MaliUa Are.a)
117-5 6.0 0.08 J
2S2·k 7.5 0.38 J
253-6 1.1 0.14 J
265-1 420 1.89 J
272-4 2.0 0.04 J
389-5 8.0 0.16 6 8.43E-OS 281E-Ol 1
390-9 1.0 0.04 312 1.39E-02 4307 J

391or392 155 C
394-1 U 0.06 J
401-8 49 C
403-4 5.0 0.43 1

AVer8J1:e 0.36 130 6.99E-03 2.ISE+03 o

(Pozo Almonte-Canchones-Píntados Are.a)
129-9 36.0 5.14 J
130-2 1.66 47 4.29E-02 C
l3l-O 60.0 3.82 1
132-9 30.0 261 1
136-1 3.8 0.40 9 8.51E..()4 4.14E-OI J
2OD-7 6.0 0.12 J
202-3 64.0 10.67 J
206-6 25.0 208 J
207-4 3.5 0.81 1094 I.06E-01 26lE-03 J
221-k 40.0 6.78 J
222·8 70.0 4.43 450 C
226-0 47.0 272 J
229·5 4.0 0.21 J
232-S 24.0 200 J
234-1 4280 C
240-6 20.0 3.33 J
357-7 120.0 5.36 J
366-6 120.0 4.72 J
415-8 9.3 3.10 J
421-2 5.5 2.75 J
423-9 70.0 1.37 920 C
955 4.46 915 2SlE-02 5.00E-04 C

Avera~ 3.26 1102 0.044 0.115 AveraRe

(Oficina Victoria-BeUavista Arca)
432-b 25.0 1.51 4:J2-b
44S-k 26.0 420 1.39E-02 3.30E-Ol J
985 3.04 220 3.00E-03 C
986 0.32 81 S.OOE-02 C
987 0.32 157 I.00E-Ol C

Ave:ra2e 1.30 219.5 0.014 0.121 AVer82e

(Nace) c: Eiliting Dala.
J: Estimalcd by Ihe Study Team on Ihe basis of aUling teJt da.La.



Table S-nI. 2.5 ESlimalion of GlOundwatcr SlOrage
<ESlimacion de Reservas de Agua Sublerraneas>

==
~

DElY I1I mSE I ZO:-\e2 ZO~E3 ZO">4 ZOSE5 zm"¡:6 ZOSE7 LOSE 8 _,?.o'l';'l 70:\1. 10 ZO'1. 11 /.OS1::.12 TOTAL
¡triili~ _(S<,:c.!~.B) SECT,o-C Sec1 e·O) f--- (Soct ¡rE) ..JSecl f.-f Secl F·G) (SccI.G·H SCCI, tI·n (SCC! (.1) (StiCll;K) - (Secl K-IJ. (SCCI l.·e Gordo ( Whole A roa)

f--- ~n,~~m3) ~ m,Ihonm3 ~m,lhonmj)~hD!'mi) ~,m.lhon~J.l ...i" ~llhon:in 1>- <. ~ milhon m3) "m,lIionm3 ~ m2."lon m1) (. m.lhon m1) (~ m.II'OI!.m)] _\ ~ mothu" m3) ( ~ mil",," rn3)
St:~l I SUM SUM Sl."! St:~1 St..::.I Sl:M Sl.'M Sl.'" - S\.::\.I St;~1 Sl.~1 I Sl.'M

10 537__ .517 128 128 163 163 161 161 175 \75 68 6X 113 113 229 229 74 74 153 153 351 351 _ 161 161 2,316, 2,316
20 S02 1,039 120 248 154 317 154 315 -~344 - -67 115 \10 223 224. 453 -IIti- i911 21 s-37 I ---F!.. f,7? 160 321 2.3171 4,633

--30 -'¡60-C49cJ 109 357 1441 461 f- '147' -462 -i~'507- 65- 200 i07 330 221 674 fij,- 1116 l(i<¡- 580 305 977 156 477 2,204 6,&37
411 425-T,924 9CJ 456 130 591 IJS' 50 -156 663 64 264 --¡(¡S' 435 218 892 116 ol2.! -205 785 ~_I,i71 m 629 2,102 8,939

~ 404~:fil\ 92 548 1\01 701 115 712 ~~_- ~2. 32~ 103 538 215 1,107 Ti6 S3ll 19&'----qgj -3l!.! -.ill~ 1411 777 1,9'11 10,930
_.60 365- 2.693 86 634 78 n9 ll1- 195 136 946_~_ 3116 101 619 213 1,320 Tis 653 . !9~I,!.I~ ~~_I,82~ 145· 922 1,1l48 12,778

-----J.~~_ 3,023 80 714 43 ll22 49' ¡¡.w _ i26 1 1,072 5R 444 99 73ll 211 1531 --liT 7bl; l'J 1 1,367 262 2,085 140 1,062 1,704 14,482
80 24\1 3,272 71 711S 33 855 47- 8'1-1 119 1.191 56 -50(1 98 816 207 1,73R I¡s- 1l¡¡3 !li(= ,~ª 251 2.336 _ 132 1,194 1,567 16,049

-90 163- 1.435 50 835 12 867 44 -935 -11........-;302 54 5501 96 932 205 1,943 114 9'/7 185 1.740-m- 2.5IJ 122 1,316 1,393' 17,442
100 í233".5S11 31 866 o 867

1-- ... -
104 1,406 '53-- 6tJ7 94 1026 2m 2,146 --D.( J,.!.ll _181--r;921 1,42441 976 214 2,785 10ll, 1,268 18,710

110 SO 3.638 20 886 o 867 3'- T,Oil _96 I.~_1!~S8 931 1,119 202 2,34S 114 1.J25 _I.:n' 2,098 1931 2,978 94 1,518 1,157 1 19,867
120 o 1,6311 o 886 o 1kl7 31- C044 S8 1.590 49 707 92 1.211 200 2,548 113 1,318 171 2.269 173 3,151 50 \,S68 967 20,834
130 o 01 886 o 867 13 \.057 6'J 1,659 48 755 Q() 1 JOI 198 2,746 1'i3 1',451 154 2,423 133 3,284 41 1,609 859 21,693
140 o o o 886 o 867 O· 1,057 56 \,715 47 S02 88 I.3R9 195 2,941 m' 1,563 137 2.560 62 3,346 15 1,624 7141 22,407
ISO o -¡¡ o 886 o 867 01,057 54, 1,769 46 848 86' \,475 193 3,134 I!!, -")j~ 131 2,691 26 3,372 o \,624 6471 23,054
160 o o o 886 o 867 o 1,057 52 1,821 45 893 ll4. 1.559 189 3323 109 1,7ll3 123 2.814 19 3,191 o 1,624 6211 23,675-rro --0- o o 886 o 867 O' 1.057 so 1,871 43 936 82 1,641 183 3,S06~. 1,lll\9 112 2.926 7 3,398 O' 1,624 SS6, 24,261
180 o

l'
o O, 886 01 1SI:J7 o Di57 48' 1,919 42 978 801 1,721 178 3,684 103 \,W2 104 3,030 o 3,398 o ',624 556 24.817

190 o -o o 886 o 867 o 1:057 46 1,965 41 1.019 78 1,799 171 3,855 Too 2,(l':/2 101 3,131 o 3,398 o 1,624 537 25,354
200 o o o 886 o 867 'O f.057 43 2,008 37 I,Ó56 71 1,870 163 4.018 95 - 2187 98 3,229 o 3,398 01 1,624 508 25,862
210 o o o 886 o 867 o 1,057 40 2,048 JO 1,086 61 1.931 153 4,171 88 2.275 91 3,320 o 3,398 01 1.624 464 26.326
220 o o o 886 o 867 o 1,057 29 2.077 '22 1.108 52 1983 134 4,305 70 2,345 61 3,387 o 3,398 O' 1,624 374 26.700
230 o O o 886 o 867 o 1,057 o 2,077 8 1,116 38 2,021 80 4,385 28 2,373 24 3,411 o 3.398 01 1,624 178 26.878
240 o o o 886 o 867 o 1,057 o 2,077 o 1.116 10 2,031 20 4,40 o 2,3 3 o 3,411 o 3398 o 1,624 30 26.908

3638 886 867 1057 2077 1116 2031 4405 2373 3411 3398 1624 26908

• •
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Fig, B-In. 2.1 (l) Well Location (Pampa del Tamarogal)

< Ubicación de Sondajes (Pampa del Tamarugal»
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Fig. B-III. 2.2 Well Construction (Pampa del Tamarugal)
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Fig. B-I1I, 2.3 Depth of Well (Pampa del Tamarugal)

<Profundidad de Pozos (Pampa del Tamarugal»
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Fig. B-llI,2.4 Location ofTEM Station and TestlObservation Well (Pampa del Tamarugal)

< Ubicaci6n de las Estaciones TEM y pozos de Prueba y Observación (Pampa del Tamarugal»
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< UbicQd~n de liJs ESUJeicnes TEM y pozos de Prueba y Observacwn (Pampa del Tamarugal»
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< Perfil de ResistividadAnalizado del Yf-7 en el Area de la Pampa del Tamarugal >
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Fig. B-m, 2.14 Analyzed Resistivity Profile of Pf-7 in Pampa del Tamarugal Area
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Fig. B-m, 2.15 Analyzed Resistivity Plofile of Pf-8 in Pampa del Tamarogal Area

<Perfil de ResistividadAnalizado del PT-8 en el Area de la Pampa del Tamarugal >
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DRILLING
RA'IE

(miD/m)
4 1 1

1'EMPERAroREGAMMARAY
(cps)

RESIS11V1TY
Sbo.(ohm-m):
Lon.(ohm-m): ••••

SPONTANEOUS
P01ENTIAL

(mv)

CASING
DESIGN

(m)

SanclyCLAY

SlUldyCLAY

Sll'ldy CLAY

yey, fine ORAVE

Brown redish
CUY

SandyCLAY

Grw.y grcen, clayey
c:oaneSAND

SIl'Idy IÜty CLAY

Clayey, unsor1cd

-..IQiIl1aJ.~·'····#i:.:~'rt-~-¡4tr7t--t1I~myolite, qamtz 1-
fineGRAVEL

Ligbl brown, clayey
00lIrSe SAND

Q I.J1lIOLOGICAL
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m ~ ~ Q LI1HOLOGICAL CASING SPONTANEOUS RESISTIVITY GAMMARAY TEMPERAnJRE DRlLLING
~ tp DEPTIl ;j O DESCRIP1l0N DESIGN POTENTIAL Sho.(obm·m): - (cps)RA'IE WEU.. DATAe S (m) §o ffi (m) (mv) Lon.(obm-m): •••• (min/m)
o.. ¡:),. 24 81012-< ~ ISO I,T~I",U U

O - "':~- -z 0\ -:'" == t 1 ¡ Well Location
-i '" = )
J: _ "';¡::::= 1-\-+--+--+-11 weU No.

m "':1'"C:: 163.<r. } t ~ : Jo{;o " ~ '" .'(~ y _.:
m <; '" '" '" ~ t • -f!" ~onrií S"!!. - '" . Sandy CLAY., '1 : Haca
r- O' - • '" '" :: ... : Elevation
~ S ~ : • ;;; J ~ :1.1l0.8Smmsl
~ ~ S - • === '~ LaciIDde
~ ~ O' :.;::::::::::::: \ ,: 19-59~.7
-i ::S:.. _ . § :: \1 f- Longitude
O ~ ).... • t=- 192lW) ~ :69-41·10.4
"T1 _ \ J 197 • = ..::r. ~ Construc:ted

~ ~ ~ ~~ ••• • ••• lo •••••••••••••••••• ••• ••• ••••• ... ~11 1199
-i r:; ::r CUY (i!- ::. 1 3
~ ';-00 ª lo- 205 L.. ¡ ¡ DriUin¡ Daa
:o()Z - I

m - o ¡ Dril1iJIg Depthen • , o .......O N I .~m

e ~. '-' - BitSize
~ ~ : 13-1/4'"
m 0Ci _ Logging DepdI
en :~

Z ~ Casing Lcngtb
Z V _ : 8-S/8"
~ x131.99m

~ ~~ . , ~.~~.r. ~~.Lcng~
~

• I I lt 78.01m
I I I
I '1
I I

C'> • ,J: - : : PurnOin2 Test- . ,r 1

m ! Slatk: WaIer
- ~d

__ • : S2.03mbgl
SpccificC.!"cily

c.. - : 8.20rn3/d1m
_ W.u:r Quality
O : mbo. 3,000
> - :~=n

~OO : T. 27.8°C

• •

~~ .

:n
'!"

'" DEP'I1',
~p (m)

!" 150-'"
-

¡

Sradc: Waru
Le.d
: S2.03mbjJ
SpcdficC.!,"~I'

: 8.20m3l4'm
W-us QGa1ity
: mbo_3.000
:pH-7.1
:T_27.8OC

Pumnin.Test

WEU.DATA

Well Location
WellNo.
:J~

1.oooll""
:Hu.a....­:t,110.8Smmsl

""'-: t9"S9~.7
Lon¡:itude
: 69..·U-IO,4

"""""""'""*: 77lUn993

Drillínll' Data

Dri1Iln. """"
: 209m
BItSiu
: 13-1/"-

Loum. """",209m

c.an. ""'..., 1-5,.,
1131.99rn.,...."""..

: &·5/8-
II '71.0tm

· .· ..·..•••••·••••· ..·.• ••••••••

••·•········: ::• ••• ••: ::
: ::· ..· ..· ..• ••: ::
• ••• ••• ••• ••I , • ,· .. ,· .".__ _-_ __ ~.~.~~.~ ..
, l"· ,", '", '"• ••· ..· .., ..· ..· "• ••• ••· ..• ••·.•··,·•,,

·•··: ;· .• •

.•.. ....••••..•.......•• ......•. l+--\------------flf-1-l'f-i-IL---I--------l-
ClAY _ :lOS '--'-''-L-_.l.11f\.
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:J-O
l..oc:aIioo
: B.quedano
Elevalioo
:1,056.686

mmsI
Llti1Ude
: 20-09-54.2
Loo¡i1Ude
: 69-41-10.4
Cons1ructed
Dale

Static Water
Leve1
: 46.Q5mbgl
SpecificC.pocity

: 300.0m3/d/m
Waser Quality
: mho-3,300
:pH .. 7.4

:T=n.Ooc

Pumping Test

WELLDATA

DriUingData

DrilIin¡ Depcb
: 210m
BitSize
: 13-1/4*
Louin¡ Depth
:21«D
c.sin¡ Lmllh
: 8-5/8- x114m
Screen Lm¡tb
: 8-5/8- II

96.12m

• •• •, ,
• •• •, I

+~..¡.~
~ I ,

•,,,
•

TEMPERAnJREGAMMARAY
(cps)

RESIS11VlTY
Sbo.(obm.m): ­
Lon.(obm.m): ••••

SPONTANEOUS
POTE.N1lAL

(mv)

71.91

53.89

59.91

89.93

150.00

•..••..•· ..··1 ) I I

CASING
DESIGN

(m)

G

Redish brown,
clayey ORAva

80% gnlVe1
20%clay

Brown saDdy sn..T

LlTHOLOGICAL
DESCRlPTION

._-- -._._~~

ORAva

o

~

Redish brown
~ve1vCLAY

>- r~iiYeY(;RAVtl:·
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SlIItic Water
I..evd
: 46.Q5mbgl
Specifil:Capocny

: 300.0m3ld1m
WIlCr Qualliy
: mbo"3,300
:pH ... 7.4

:TD27.0oC

:1-D
Locadon
: Baquedano
Elevadon
:I,m6.686

DU1lSI
1..Idmde
:~.S4.2

UlaiPmde
: 69-41-10.4
Consncted
Dale

WELLDATA

DrilIirIg Depdl
: 210m
Bit Siz.e
: 13-1W
LogIn. Depch
: 210m
Cein¡ Lt.n¡dl
: ~SI8· x 114m
Sc:ften Len¡d1
:~518· x

96.12m

Pumping Test

DriUing Data

,
I,,
•I··,,,,

, • I

.~ -o{• ..:.· .· .: : : :n------·n·..., ., .· .· ., , ,, , ,
• I •
• I ,
• I ,· .I ,

I ,, ,
, I ,

I ,
1 •
1 ,
I ,· ,· ,

GAMMARAY
(cps)

RESIS11VITY
Sbo.(ohm-m): -
Lon.(ohm-m): o

SPONTANEOUS
PO'IF.NTIAL

(mv)

71.91

53.89

59.91

89.93

lSOllO

-. ••••• .+-----;.-+----4

CASINO
OBSION

(m)

80% gravd
20% clay

Redish brown.
clayey ORAVEL

Brown saady Sn.T

ORAVEL
.••-••. __ •••••__ .. "P~~._-~

LITHOLOGICAL
DESCRlPTION
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§m ~ Q LITHOLOOlCAL CASlNG SPONTANEOUS RESISTIVITY GAMMARAY 'l'EMPaAnJRE DRIUJNG

~
~ DEPTIl

~
DESCRIPTION DESIGN POTENTIAL . Sho.(ohm-m): - (cps) RATE

I WELLDATAe t= (m)
~

(m) (mv) Lan.(ohm-m): .-•• (min/m)
e :-' 246 810~.
-< ~ 15«>
O - 00000000 ORAVEL \ ~I •Z -...) 1~ 0_0_0_0 ( c:- • WeU Location

Ü
1S6.00 - ~ 1- •

~ '''-''?~ •
161 00 000 ClaveY ORAVEl I !\.. • WelINo.•- •m .w
~iI

162.00 f OC;
.... ·. :J-D

~
• •e

~ ~
;- • • LoadionOravelyCLAY •

~ t ... · : BIlquedmo: S •- - •

5 0$,- 17- ( • Elevlllion
<::> - I 174.00 •

~ • : l.OS6.686
~ ~ 1~ '''0''0':!fS, ~ Cla"eY ORAVEL .¡ ·I •"'C - 180.01 • mmsI•~ <") ~ 1 Oravelv CLAy .) • LMitDde·~ -. ~ ¡. •g- ~ o~c= -< - 186.01 oí • : :zo.o9-S4.2•.... oo..c= ~ • · Loagitudelt6 - o~c= o ~ I •

~ 195 • •0- I • : 69-41-10.4Redish light brown ¡. l
1

• I •
• I · COIIIInICteel

~ ~- ZOC = 198.02 ·. •AtAV.e)y.<;MX•••• • • •... ... ........ .. ..
~l 11

-"'..... -'- o.r.eN ti)

~ ~ ::r \:o '7'< g 2] _ 210.12 I ~ DrillingData
:o t::l -
-~

•

~
•• DriUing Deprh

~ N ·•• : 210m- Ie \§. -- •• Bi1Síze:o •() ~ • : 13-1/4"•m - • ·, Logging Depch(J) N •• ·,• • I : 210mZ - · ·.• ·, CasirJ& LengthV · • IZ • ·,- · ·, : 8-5/8" ]1. 114mO · • I· .,
~

, ,1 • Screm Lenglh
• • I •

~X
• • I • : 8-5/8"]1.• • I •

m ._. -_................. ...... __..... ...........__•......... .................... ....._-•...••..••.. ._...--..._--_._-- •-c- ...+";'.I-.~ 96.12m:o • •• I

Z • •• •
() · I- · • PumJ)inR; Test
J: • •• •¡= · •• • StIIIic Waterm ·• Leve!- •·· , 46.OSmbg11-- •• SpecificCapacity

- : 300.Om3Jdlme.. Waus QaaliI:y-(') - : mbo .. 3,300

> :pH-7.4

300 :T-27.0oc

• •

Redish ti¡ht bTown §
_.~Y.~MX.... f.I..~?!;~ .f--+-+--l..fi-I-+-+-+H-l"

... 210.12 1'--_--'------'-'

GRAva LJ
M.~rnuVFJ JEq ::: Oo'--f--lL---j

I§ 174.00 •

~ 180.01 f----l-i~-1

186.01

DriUin¡ Depch
: 210m
Bir. Size
: 13-1/4'
Louin. Ilq>lh
: 210m
Cooln¡Lm'"
: S-SI8" lo 114m
....... l.<n¡d1
: 8-5/8' 1:

96.11m

•: WeU Location
•: WeUNo.

. : :)-0· ..: 1.oc:Idion
¡ :&.quedIm
• E~8lkln

: 1,(B6.686
mnW

LoO....
: 20-0'1·54.2
LonaitDde
: 69~1-10.•
Conoln><taI-

•·•••••••• •• •• •• •· ..· ..· ..• •
'l.~""

" II·:~~I·.• •; ¡ DriUin¡ Dala
" "., ".' "., "
.' 'o., "
• I ,.., "
" "
• I "., "
" "., .
• • •: : :·. .., .., .., .
• • •· . .·. .: : :· . .• • •---0.--·.- .j • .:.. _.~••·. "" • I., ., 11-----11" .,.' .' -_.- -': : :: PumoiDlI Test., "· . .,
: : :: StMil: Waser·. .,
:: :' LeveJ
: : : 146.GSmbtl· . .
: : : Sped6eC&I'"'".. .
: : : : 300.Qm3/d1m
¡! ¡ W.u:r QlWil)'
: : : :mbo-3.300
¡ ¡ ¡ :pH.7"
: : : :T_71.0oC., .. , .

lEMPEllAlURE DRlUJNG
RATE
(nilil!m) WEU. DATA
2468101,'

~1----l1

GAMMARAY
(cpo)

-

RESISTIVITY
Sbo.(ohm-m): ­
Lon.(ohm·m), ••••

. ~.

SPONTANEOUS
P01l!NTIAL

(mv)

CASING
DESIGN

(m)

Qra"dvCLAY

GravdyCLAY

Cla RAVEL

o UllIOLOGlCAL

~ DESCRlP'llON

-
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DEPrI
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S1IIlic WaJI:r
Leve!
: 13.73mbgl
SpecificClpaaly

: S84.6m3/dIm
Waus Quality
: mho =3,500
:pH-7.4
:T=28.0 Oc

WeU Localion
WellNo.
: J·E
Locadon
: La Tirana
Elevltion
:I,006.<n8

mmsl
Latitude
: 20-19-53.2
Longitude
: 6941·18.6
ConslrUCled
Dar.e
: 1211211993

Pumping Test

WEU.DATA

Drilling Data

Drillin¡ Depth
:2SOm
BilSize
: 13-1W
Log¡in¡ Depth
:2SOm
Caín¡ Lengtb
: 8-5/8· lt

149.93m
SCfteI'I Len¡th
: 8-518" lt

l02.07m

~,
•••••,,
•,·., .
,:,~,,:,.J..
I I
I •
I ,

• 1I •
I I

• I
• I, I

• •, .
•

DR.IU.INO
RATE

(min!m)
468101

TEMPERATUREGAMMARAY
(cps)

RESISTIVITY
Sbo.(obm·m): ­
Lon.(obm·m):····

SPONTANEOUS
POTEN11AL

(mv)

76.05

94.06

106.60

CASINO
DESION

(m)

10% grave!
9O%clay

SandyCI.AY

2Mlsand
80%clay

Gravely CLAy
40% grave!
6O%clay

Gravely CLAY

Gravely CLAY

20% grave!
SO%clay

Brown lightgray,
gravely CLAy

10% gravel
9O%clay

clayey ORAVEL
6O%gravel4O%clay

Grave!yclay
30%gravel
70%cla

Clayey ORAva

• • •..•..• 11 I I -c::r II~

Q ILmlOLOOICAL
~ DESCRIP1l0N
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el LI1HOLOGICAL CASINO SPONTANEOUS RESIS1lV11'Y OAMMARAY 'lEMPERAlURE DRJLLINOm
CI'J !:"

~
DESCRlPTION DESION POTEN11AL Sbo.(obm-m): - (cps) RA11!

-l I
WELLDATAe .6 (m) (mv) Lon.(ohm-m): •••• (miDJm)

O 4 1 1-< !'-l
O -z 00 Wel1 Loca1iOD
~

SMdyOAY
WcUNo.

m 2MIand :1·E
O 1\.

~
8~c1ay LocadoDm

< .... : La 1"íran.a

~6 Ekvllim

~
tl • :1,006.028
D:l

,
"'ti · mmsJs::: ~ OnIvely CLAY •·(") · LalibJdem

~ O' •
~ · : 20-19·.53.2:3 ... ·I~ gJWVel ·'-c , Longiruck
O ~ • 9O%c1ay ·l:'1"l • : 69~1-18.6." - ·

~
• ConJ1rUClaI

~ - .5.Q :
en ... ............... _-- - -- ....... .~._-'oo Dare

~ >-
~ !:! : 12/12/1993t::l m

~:ti ~-
~~

:ti t'!'J Z Gnlvely CLAY Drilling Data
m - 9en ::t: Drillinl Depdl
O ..... 2~gravel

e ~ - 5 8~clay : 250m
:ti

~.

BiI Síze
() ~ 76.05 : 13-IWm
(f) .....

Brown light gray.
o Logginl Deph•z - o : 250m

V gravel)' CIAy ,,
Cainl LengtbZ o

o
O 10% gravel : : 8-.518· ..
:ti 94.06

,
149.93m

~ 9O%cla)' •
m

,
S~Lenldl' I I ,

m --- _.. __ ._. __ ._-... ~...
..:..;.~.... : 8-.518- x:ti 1· l02.07mZ ••

() Gmvely CLAy •o Pum in Test::I: •
4~gravel ·¡= ,

:m 6O%clay SWkWuer
Level

clayey GRAVEL : 13.73mbll
6O%gravel4OCklay Spedf'lCCIp"a,y

c.. : S84.6m3/d1mGnlvely clay-O 30% gnvel WIlU Qoality

:1> 7~cla : rnho =3,.500
: pH -7.4

Claye)' GRAVEL :T:28.0 Oc
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~ ILITHOLOGICALICASING
~ DESCRIPTION DESIGN
¡,ij (m)
~

6S~grave13S%c:lay

80%grave1 2O%clay

=.&1',1 dtwllCley

>01
~ Brown gray.
~ J;jaJ~.QM~k.
~ 8S~grave11S%c:lay

~ ORAVEL
O t------i

Browngray.
CJayey ORAVEL
2O%elay
80%gravel

SPONTANEOUS
POTEN11AL

(mv)

RESIS11VITY
Sho.(ohm-m): ­
Lon.(ohm·m): -•••

GAMMARAY
(cps)

1EMPERA'IURE

~DATA

o.
:J·E
Loc:aIiOll
: La T'1nlI1&
EJevabon
: 1,006.023

mmsl
Ladtude
: 20-19-53.2
Longitude
: 6941-18.6
Constnx:ted
Dale

Pwnping Test

Slatic Wak:r
1..eYe1
: 13.73mbgl
Specific e.poCil)'

: 584.6m3/dIm
W~Qua1iJ:y

: robo .. 3,500
:pH-7.4
:T-28.0oC

o.
: J-E
Loc:aIion
: LaT1nna
Elevuion
: ],006.028

mmJl
Lab1llde
: ~19·53.2
I..oIIgi1llde
: 69-41·18.6
CorIIInctcd
n.r.e

WEU..DATA

SlaIic Waler
l...evd
: 13.73mb¡1
Specific Capo.cit)

: S84.6m3/d1m
W~Quali1y

: mhoc3,500
:pH c 7.4
:T-28.0oC

Pumping Test

OAMMARAY
(cps)

RESIS11VITY
Sho.(ohm-m): ­
IJoIL(ohm-D1):----

SPONTANEOUS
PO'IENTIAL

(D1V)

CASINO
OESIGN

(m)

6S"gnavd 3Sklay

8O%gravd 2()lklay

Brown gray.
CJayey ORAva
2O'IJ clay
80%gravd

>J,

~~'.' Browa gray._«;Ja..nY_QM..~k_
SS%gnavd ]S%clay

~ ORAVEL
0 ......------1
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D~
ro LITIIOLOOICAL CASING SPONTANEQUS RESISTIVITY GAMMARAY TEMPERA1URE DRD..LINGm .
§ O

en t::l:' ~ DESCRIP110N DESIGN P01ENTI.AL Sbo.(ohm-m): - (cps) RATE
~

I

IlWElLDATA- o
m (mv) Lon.(ohm-m): •••• (min/m)e .F ¡: (m)

~ ~
2468101

~ -\O
~ "7 vJa... 1t01Y,,",,~1

iJ
• WcllNo.

00 . sandv hne :..iRAVE •m :J-F
o

1\ ~ Pinkish Brown Loc:aIionm
< .¡: o grave1y, undy, : llamIldam e == CLAY I I Elevalionr-
O ~ ~ Clayey ORAVEL

: 1,016.158
"O mmsls: -.. ...,

l"') Cl)

_1 JI
Latitude

~ ~ O' C1ayeySAND
-4 ::s "1 : 20-43-12.5

O ~~ Clayey. sandy. Longitude
"T1

_ "T1
ORAVEL I 11 : 69·30-17.3

~ "" ....... ~~
COIlStt1ICredo en

>-
......_...•••...•.. ... n9lt- ..

Dare;.; ~ :r
t=l 1; " ~ 'i Pinkish brown

I _

---.J Drilling DataI ~ Z gravely, sandy,
0\

- o
CUY I DriUin¡ Depth00 g: ~O 8 . : 224me ~. '-" Gtave1+Sand 30% --, Bit Size:D Clay 70% 73.98("') ~ : 13-1/4"m 1 Lo¡¡ln¡ Depthen .... -z - 86 : 224m

z V Casing Lmgth

O -- : 8-5/8" x

~
Pinkish brown 91.96 119.85m

J: m clayeySAND
97.96 Screen Length

m ... .......__......•••• ------ ..
-'"~

: 8-5/8" x
:D Sand 55~ J ~

IOS.0ImZ C1ay 45~ 103.96
(")
J: 11 Pumping Test
Fm L".c::=:=:llI I Pinkish brown 11 1t-HiHllliPfJtijHl~tt-f- ~. 11 S~Wa2tgrave1y, sandy 1 ~~bglCLAY

Specificc.pOCII

~I IIfI 0133

'% H-Ht1IIH H-H+;I
:142.2 m3/d1m

Lightbrown WtJt:r Quality
sandyeIAY : rnho-16SO
Sand3~ : pH=8.3
Clay~70% 145.99 : T:o: 26.0 OC

~
'Tl_.

m ~ Q LITHOLOOICAL CASING SPONTANEOUS RESISnvrn' GAMMARAY 'IEMPERA1URE DR.D.LING
CJ) te O OESCRIP110N OESIGN POTEN11AL Sbo.(ohm-m): - (cps) RATE
~

I - WELLDATA
~= m (m) (mv) Lon.(ohm-m): ---- (minJm)

O 24 ti a 101-< ~

2 -\O
~
m : J-f
o 1\

~
Pinkish Browo LocaJionm

< ..... gravel)'. undy, :Ranaiam '& == cu.y EJevation5
~

O : 1,016.158
"'O tl) Clayey ORAVEL mmsls: t") S

LaDlUdem 5: ~ ClayeySANDZ : 2O-41-12.S
~

;'! ..,
O ~

..... Clayey. Wldy, Longitude•
" - "'1'1 GRAVa :69-~17.1

~ ci' ...-. COIlIInICred
CI:l .•....•.........•.

Dare;..¡ ~ ::r >-
r::::l

m '7-< ~ i Pinkish brown:II - Drilling Dala:c "'l1 Z gravel)', SlIndy,
0'1 m - 9 CUY

Drülina DeplhOCI <J'J ::r::O ~ - g : 224me Q' '-' Gravel+Sand 30% Bit Siu:c CIa)' 70'% 71.98() ~ : 11-IW
m LouInl DepcbCJ) .....
z - 86 : 224m

V Casing LengtbZ : 8--5/8" ltO
:c Pintish brown 91.96 119.85m
~ clayeySAND

97.96 Saeeu Lr:n¡thJ: -~m --- ....... .. : 8--5/8' lt:c Smd SS~ lOS.OlmZ Clay 4S-4()o% 103.96
(') Pumping TestJ:
Fm Pinkish brown StIIdc Wa1Z:Z

gravely, sandy Leve.!
CI..Ay : 57·00mbal

SpecificcaP-OI
C- 1)1.96 :142.2 m3/d1m- Ligbt brown WmrQua1ityO sandyCLAY : mho-16SO> Sand3O-4O% :pH:8.1

150 Cla)' 6O-7()'l, 145.99 :T-26.0 OC



:::l

$

"'r1 ;

:I!
_.

>- LITHOLOGICAL CASING DRlLLINGOQ SPONTANEOUS RESISTIVITY GAMMARAY TEMPERAlUREm § Q
(J) té DEPTI O DESCRlPTION DESIGN POTENnAL Sbo.{obm·m): - (cps) RATE

WElLDATAI

~
-i

P ~
(m) (mv) Lon.{obm·m): •••• (min/m)e (m)

24 6~ tpVO
~ ~ ISO

~
O ..... 1 6 i • WeU Loca1ion•Z \CI

l •" ".~ ClayeySAND •
~ 16C " . " 158.00 : We1lNo.•••• -/-'-- ~ • :1-Fm ~" ~ p , ·•SandyCLAY

~
163.99 • LocaIion~ ~ ~

1 •
!==!." 169.99 ~ 1-- :RanwSa< -m ~.=

b-
~

Elevlllion
6 ~ ~

>- 1- .... 1- : 1,016.158

~ - I ~ .. s'"" 1-- "'l mrrW
C") 1» Lighl gray brown ... 182.00

~
1 Llli1Udem i

~
~ cr sandyCLAY

j : 20-43·12.5::r ... ( - Longitude
~

~ 'i"" - ¡lO I_ "'r1
5 Including mil 194.00 ..:~ • : 69-30-17.3

~
I

:E -,,- ~~ arglized and ver¡ ).. .. -::=;;;:= I I ConstnICted• I
~ en ...

·'WlrlS~am·t'5r-·· '2OO.0!' .. • ·i·~-l" Dale~ ~ ::r -:::j

~
, . .._--andesite I •m

" g
I •
I •

Drilling Data::c • •.;, Z - r- ~ '-- I I::c ) I I

1 • I

~ - o )- • • Drillinl Depdl
~ •

~ N 218.03 • : 224m>
~

•- t- >-- 1--- •e '§....... AA BilSíze224.00 ..... .
~

I • I • I I I 1 I I t : 13·1W
m ~ Louing Depth(J) N - : 224mZ - c.ina LengthVZ - : 8·SJ8· xO 119.85m

~ 1,:;{ • Saeen Length... ................•• ......•..•••• .---•...•..•...••......-_................ .... __ ............. ••••.•.............. ..~.~-~..;-... : 8-S/8· xm ,
IOS.01m::c ••z ••O • Pwnping Test- •:::I: ••F •• Slalic WafI:tm ••- • Leve!•

~ :S7.00mb¡l

- SpecificC.p'c:ilY
:142 :J.m3/d1mc..
WaklQu1ity-O - :mho ... l650» :pH=8.3

~ :T-26.0OC

• • I

Stadc W&U!l
!.<vd
, ".rombal
SpecificC'p"CII
:1.2.2m3M1m
W-uz Qaa1ity
:mho_l6S0
:pH.8.3
:T_26.0OC

WEU.DATA

Pumping Test

-
-

300

.... :n I--r-:--r-'T"'------,---r------.----.-------,r-------,.------"
ffi '!" ,. UJllOLQGICAL CASING SPONTANEOUS RESISTIVlTY GAMMA RAY 1EMPERA1VRE DRlLLlNG

~ ~ DEP'I1i ~ ~ DESCRlPTION D:~N PO~ ~¡=::r::: (<po) ~)

~ t 1~~-t====~_m '~~I¡'i
~ '" :" -:-:'. • C1aY'Y

SAND ~ '58.00 Urlffit 1 ¡ ¡ I~;N~OO
I-_

S_ondy.....:._Cl.\_Y_-j ~ 163.99 ¡ Locotion

• 1EiI169.99 :0' : Ran.da
• Elnation
: : 1,016.158

113
'= 11l2.00 .. , ~~II-4-+--.JI!-'1 ¡.-<-~m U¡ht ¡BY brown I!': • ...-........,

~ g: ~ sandyClAY 1m 1- ~""¡F~I~+-+--I-j ¡ ~~25
~ E: ~ Incl~ tuf!' IJIl l94.00 ¡ :69-:)().173

~ ~ ~ ~19. ~ CI _==_~~_ "2m.0 --+--t---t-~ _..¡.l.¡. ~tedª ~ ª ~ andesite ¡1~;"',IIl'IIin¡¡'28!J.,.,.!:-~",,, - 1- 1:
m - ~ 1llt ¡ Drillin. Depcb

~ ! ~ -~ :: , , , ¡¡¡r--t.1-HI ~ ~ "" I I ~ : ~ ~E:.
" -. o o LooP. D<pchro... - : :"'> .... ., :224m
Z - . ¡ ¡ CMinI Length
Z V •• ,

- .: :: :8-~J8·x
O :: :: 119.85m

~ .~~ o.. . __ __ __ ..__ _... _ .._................ ..i-L~.Ll ~.~lh
m : : : 105.o1m
- o oz : ::o _ ...
J: ¡ : :
r= ¡ ¡ ¡
m _ : : :

, o o
, o o
o o o
, o o
o o ,
, o o
o o o
, • o, , ,
, , o
, , o
, o ,, , ,, , ,, , .· ..• ••• ••, , .., , , .

...
¡:¡
»

-



:::::l

-J
o

~ :n
OQ § C LrmOLOOlCAL CASING SPONTANEQUS RESISTIVITY GAMMARAY TEMPERA1URE DRILLINGm .

en t:l:l
DEPTIl 9 DESCRIPTION DESIGN POTENTIAL Sbo.(obm-m): - (cps) RATE

WrTI DATA-f I

f (minIm)e t:l (m)

~
(m) (mv) Lon.(obm·m): •

O .:-'
23.5 ~4 24f'lpl(-< N O 950 1000 lOSO o '" 50 100

~~I 111

1-1'O N I 11 5.5 1II1 1 1I1 II~IIIz o CLAY Well Location
~ ~

We1lNo.....u: ---m - ( /I'~ : J·3O
~ ~ LocaIionm --':;;¡':::¡Ilo< oS. - -

í
: AgIJlldam

<:) - i1et Elevltion6
~ ~

Brown sandy CLAY • : 1,143.89mmsl•-c o- · LalilDdes:
~ ~

•O ~ · : 19-4S-09.1~ •~ ~ ~ I

r::.. .....:::ar:I: I Langjtude-f ·~ ~ - --- I
: 69-49-15.3O ti: I~ ·.1--- lS~

•."
_ l,J.) .. 45.61 I~~ I • Constructed·~

~ · .':E .5.Q ·I ~ " t' Date
~

..-_..............-
1": .. -t··· i-~Jl.

: 3onl/1993~ ·~ S I r . "·I I I om '-;-o I •

" ,
~ h." I I Drilling Data:D I o

~ - 63 • I

I
o o

:D I •V ~. I~ Brown sandy CLAY r¡ . o
Drillin¡ Depchm I

" .- ~-
),¡- Ien ..= I : 150mO · o- ".r- o

Bit Síz.ee ~: r !t'" o
.~ I:D -= >1 : 100SI8~o ·m ·== r Log¡in¡ Depth

(J) - ..!!: = - 81.53 11 ,S ~ i : ISOm
"~

•Z I I Casing LengthI...&2. 87.57 ~'-
~ I

Z I I :s-lIr- ·:::::::=:::: I

O ....... I
x 92.74m·= ~

~ ~ I

~
I

SaemLen¡th·= •
~ :r" -- I

:I: m ·= .99.53 • :s·lI'rm ... .~ .......--.......--- • Iiii f··

~, ~
....~.

~
I I xS9.86m:D ·I ~
I I

I • •z ·I Brown sandy CLAY • • o-- ~ I

lPumping Test(") ·I I- I:I: ·I I
¡= ·I •

I

Stalic Warerm 12C : I .... ~- Levcl
1-- : 9.17mbgl

BrownCLAY I Specific CopaClty- ~ , :62.79m3/d/mC-
""'

132.83 F-

f7~~ Si Waus Quality- 13
JO ·I : mho-600» - · I \. • : pH=8.5I Brown sandy CLAY

~~: L 1:: 144.83 1-
:T=26.0 Oc150 i;l::= 1 \.

ping Test

Swk:WaJer
....d
: 9.11mb¡l
Spo::ificCaP'l"'IY
:62.79m31d1m
WausQuliIY
: mho_6OQ
:pH_B.5
:T_26.0 ClC

IIWlELLDATA

,
: Wd.I Location,
: WdlNo.
: : ]·3
: l.oeoIioo
¡ :A¡uda
: Elnalion
¡ : 1.1·0.89mmsl
: LllitDde,
: : 19-45-09.1
¡ Len......
: : 69-49-15.3
: Conarucled

.: • Oa&e
·t·~- .~ ...
o, • 1If':.;:""':::.:.I::.n:.;";;;;:...3~o, •o, ,
:: : Drilling Dalao, ,
" ,
': • Drillin¡ Oepctl,

: : 150m
¡ BitSiu
: : 10-~·

; """'a"""": : 150m
: c.in¡Lm¡th
• : 5-112"

J. 9'2.74m
Screen Len¡th
: S-lfr

xS9.86m

GAMMARAY
(epo)

•

RESISTIVfTY
SOO.(obm...): ­
Lon.(obm·m): ••••

SPONTANEOUS
POTEN11AL

(mv)

4S.61

81.53 H---H~--I

81.57
H---U--J

132.83

144.83

....slll-l--+.::'---~

CASINO
DESIGN

(m)

•

LlTIfOLQGlCAL
DESCRlPTION

BrownCLAY

cu.y

Brown sandy cu..y

Brown Wldy CI-4.Y

Brown sandy CI-4.Y

c..
ñ»



~ :n
OQ >- LITIiOLOGICAL CASING SPONTANEOUS RESISTIVITY DRILLINGm § O GAMMARAY TEMPERA1URE

(/) txl
DEPTIJ Q DESCRlPTION DESIGN POTENTIAL Sbo.(ohm·rn): - (cps) RATE

-4
,

c: = (m)
O l:lG (m) (rnv) Lon.(ohm-rn): •••• (rninlm) IlWELLDATA

O r 5 ~ 24681012-< N O
O N .) .... \. oarse
Z .....

oUoUoUoU I 17.0 Well Location
~ 0°0°0°0°- 0°0°0°0° Well No.m 0°0°0°0°O

~ ~
0000 : J-4

m °0°0°0°0 Loc:ation
< ~' ..... - °0°0°0°0 : Negreirosm

<::s -
°0°0°0°0r- E¡' ..Ion

O ~ ~
°0°0°0°0

"tl °0°0°0°0 Dark gray medium ; 1,1 68.04mmsl
~ - °0°0°0°0(") fl,)

°0°0°0°0 GRAVEL Latitudem
~ ~z °0°0°0°0 : 19-51-37.2

-4

!t
.... - °0°0°0°0 43.57 Longitude

O I °0°0°0°0

" ~ °0°0°0°0 "'C7'
: 69-44-51.8

~ ~ .~º
°0°0°0°0 - Corutructed... °0°0°0°0 >- .••••........_..... - - ....... Dale

I~
~ °0°0°0°0

~ : 4 1993
t::l ';-00 58 °0°0°0°00000

~
Drilling DataI

~ - °ooo~~ Darle gray clayeym V °0°0°0°0

~
68 °o~o~o~o GRAVEL Drilling Deplh

- 5
: 150m

e Bit Size::c Gravely CLAy - 73.59 : 10-5/8"(") •m 80 · Logging DepthI
(/)

~
79.61 ·~:o~ · : 150m

Z I

0°=
I Casing Lenglh

-ª2.
I

Z 0- Brown e1ayey 85.61 I
: 5-1fl"°0'0'= ·O - ·°0°0 = GRAVEL ,

lt 91.62m::c ·
~

°0°0 = · Screen Lenglh•m 100 °0°0 = _2];~7 _ ·. ·· : 5-112"m
ooo~

- - • -~.' .J.::c '. . x60.09m
Z 00 • I •

°0°0°0
,·(") - °0°0°0°0 Brown clayey
I

Pumping TestI

'J: °0°0°0°0 ·¡= °0°0°0°0 GRAVEL i
I

;.. 115.72 ·m 0"'0#'100"",0"", · Slatic Water••· Leve!•• : 46.16mbgl· Spec:iflCCapecilY

~I I~ ~U~~I
:169.4m3/d1m

Bmwncl_ ~ LJ Water Quality

CONGLOMERA 138.92 : mho. 3,800
:pH-7.4

144.94 :T.30.0OC

~ :n
~ >- LITIIOLOGICAL CASD"JO RESISTIVITY DRILLINGm § Q SPONTANEOUS GAMMARAY TEMPERAlURE

C/) tr:f 9 DESCRlPTION DESIGN POTENTIAL Sbo.(ohm-m): - (cps) RAn:.
~

,
e t:l o

~ (m) (mv) Lon.(ohm-m): •••• (minlm) DATA
O - 5-< ~

24681012
O tv oarse
Z ....
~

°0°0°0°0 Well Location
°0°0°0°0 Well No.m °0°0°0°0

o " ~
°0°0°0°0 :J-4

m °0°0°0°0 Location
< - °0°0°0°0::l- : Negreirospl '§o - 000.,

O .,"0°.,°0° EJ-o- ..101\
O

~
0°0°0°0°

"tJ D3
00000°0° Dark gray medium .I,I68.04mmsl

;: !"lo
S 0°0°0°0° GRAVEL J..atil1Jdem

~ O' 0000
z °0°0°0°0 : 19-5J-37.2
-t "'1

°0° 0"0°0
f} - Longitude

O I °0°0°0°0A 0000 : 69-44-51.8
." - 0°0°0°0°

~ ~ -~Q 0°0°0°0°
Constructed

~
.,°.,°0° 0° >- .................. ~

0°0°.,°0° ~ : 4 3
t::l m ! .58 0°0°0°0°JJ

~
Drilling Data

JJ °0°0-J Dan: gray clayeym V °0°0°0°0

~
68 ° 0° 0"0"0 GRAVa Drilling Oeplh

:> : lSOm
e C1 Bil Size:c Cravely CLAy 73.59 : 10-5/8"o
m Logging Deplh
C/) 79.61
Z

: lS0r0
Casing Lenglh

Z 81'Own clayey 85.61 : 5-1/2"
O GRAVEL lt 91.62m:c
~ -~ _~?~~7 .

Screen Lenglh. : S-J/2"m .J••
:c • ll.60.09m
Z ··("')

Bl'Own clayey Pumping Test
~
;= GRAVEL l1S.72m Sratic Water

Levd
: 46.16mbgl
SpecÜICCIP"'IJ

c.. :169.4I1Ú/dIm- Bl'OWTt clayey Wasa Quality
O
> CONGLOMERA 138.92 : mho· 3.soo

: pH-7.4
144.94 :T-30.0OC



Stldic Water
Leve!
: 29.08mbgl
Spceific CapacilY

:71JJ.0m3/d1m
Waz« Qua1ity
: mho=3.900
:pH=7.4
:T-n.OOC

IwELLOATA

!Pumping Test

....y-r.,..~
• •••t •••

• •••• •••· , ..· .· .•••·.• •• •• •• •• •• •• •·.·.• •• •·.• •• •·.• •• •·.·.·.·.• •• •• •·.

I--~--+-+---

r

n-

~

~

!!

~
--.

•
I
L

~~I Il+--+.+--
... ". <'

... ~

l- ~
--~- 1-

r .1 II~·-¡'··-l~--
I -. -. . - + ¡r -11 ~--~-.-_.-

-.
-·'C7rn-rr-=' .;.¡"

-mti~~ ~_JJ_L J--~-

----- ----- --------------- - --- .
: We11 LocatiOl1

¡ We1lNo.
: :1-5
: Loc:aIion
: : Pozo Almonte
: Elevllion

: • ,030.8mmsl
L8d1Ude
: 2O-IS·IO.7
Longitude

: : 69-41·26.1
: ConstnICted

.;._.....t Dar.e
i : i : : 1 3·.....

• : : : :: DriUing Data
: : : : :1...--.....--

• : : : :: DrilIin- n....a.
• •• , • O~YUI

~ : : : :: :3OOm
.: ¡ : : ! ¡ Bit Size

: 100SI8"
I.oIging Depth
: 300m
Casing Length
: S-1I2"

x 193.3Sm
Sc:reen Len¡lh
: S-II2"

x 108.29m

~r.?

~
..--'

145281 ~ltl ¡~

1-

'f-""'---"-

?
·"·"1" -- ~m103

.
12

.__ t .1 __• _
109.13 ~

--r~1-.¡.--121.191 I t
~

"?

Browngray
sandyCLAY

Clayey fine
GRAVa

Clayey. andesite
rbyolite fine
GRAVEL

Brown gray CLAy
with grave!

CLAy wim grave!

CLAy wilh grave!

mt=1"::!~~

c..-n
>

.....

~:n >o ' I
m qq 2 O LITHOLOGICAL CASING SPONTANEOUS RESIS11VITY GAMMA RAY TEMPERA'IURE DRU...UNG
~ tp ~ 9 DESCRIP110N DESIGN POTENTIAL Sbo.(ohm-m):- (epa) RAm
e 8 o§ ~ (m) (mv) Lon.(ohm·m): •••• (m.inJm)
o.. It 24 1 t
-< ~ 20 40 20 40 60 80 27

~ ~ lr¡l1in~sü~tyClA:yJrf1J_~J_M~III~IIIID"~IIR~1[1~IQI~n
~ A ~ S8Ildy CLAy
< .:!' t"m ~ == -
r- <:s tj

~ ~ ~
~ C") ~

m ~ ~
~ :t ...
O ~ '¡4
"TI _ VI Brown gray

~ ~ ~ .5.Q ••• ..~1.9!.'.:!...... .. . r-+t-+--+-......¡.
-l ~ :r >-

~I~ '"~ ~
~< :o ~ Z ~
N m - oen :;x:: •

0<:)- -<
e SS' -- ::>
:D <: O
(') 10

rn .....
- -z v
z
O
:o
:2
m
:cz
(')
:I:
r=
m Stalic WaIer

Leod
: 29.C8mb¡1
Specific C'p'c:uy
:12O.Qm31d1m
W_QuollIy
: mho-3.900

: :pH",7.4
: :T_n.oOC,

, .
: : Well LocaJion, ., .

• :: WdlNo.
:: : :M" ,
:: : LoeMion
:: : : Pozo Almorlle, .

: : Elnabon, .
: : : 1,000.lmmsl
: : l..aDtude
¡ ¡ :20-1'·10.7
¡ . ¡ Lon¡ill;lde

• ::: : 69-41·26.1
: :: COMnICIed· ' .·'. .......-

-·tr·~-"·~ll~~~Wl2p--l' . ,, , .
: : : Drillin¡ Dala, . ., .

• : : Drillin, Depcn, ,
• : : :3OCbl

: BitSiu· ': : : 100S/I-: Loa'"'. D<p<h
: : 300m
¡: C-m¡ Len(lh
:: :s--lIr
: :: xl933!im, . .
: : : Saeen Lm¡th
• •• ' : 5-112'.:.. .... ~.¡..~
: x 108.29m,·,·,·,:,
••••,·,,··•·,··,·

DRILLlNO
RAYE
(_l IIWlELLDATA

24 rí))
1

'--

27

-- - _.-

-( I

OAMMARAY
(cpo)

•

RESIS'I1VI1Y
Sbo~oIlm...): ­
Lon.(oIlm·m): ••••

L

1

SPOl'ITANEOUS
POTENnAL

(mv)

-

145.21

SandyCLAY

CLAy with grave!

•

Clayey. Mdesile
rhyolile fme
GRAYEL

CUY with gr.vd

BfOwn ¡ray
aandyClAY

1--~--1...
Clayey fine
GRAVa

Brown ¡ny

..~1.~.'!... __ .

i

>-¡ o LmlOLOGICAL CASING
DEP'Ill ¡;¡ DESCRIPT10N DESIGN

~m) ~ (m)

,_:.......+--Si1Iy-CUY~r---l-\,s.11111111 "'1°1ndlffil111 "11 ni iD
.. :~

•S!! ••••

-

-

-

...-()

>

-



weU Location

WdJNo.
: J·S
Loc:aIion
: Pozo Almonte
Elevation
: 1.030.8nunsl
Lalitude
: 20-15·10.7
Lon¡itude
: 69-41·26.1
Conattucted
Dale
: 11/12/1993

Pumping Test

Static Warer
Leve!
: 29.08mbgl
SpecificCapaClly
:720.0m3/d1m
WIUl Qua1i1y
: mho-3,900
:pH.7,4
:T-27.0OC

WELLDATA

Drilling Data

Drillin¡ Depth
: 300m
BitSize
: 10.518"
LoaJina Depch
: 300m
Cuin¡ Leng1h
: 5-1/2"

x 193.3Sm
Saeen Lengtb
: 5-1/2"

x 108.29m
.....,.

••••·•••••1
• I. ,
••• J ........•••••••••I·

......--
~

!~~

~

't

-..t....

~li
4{~·IIH ~

I I \I~1

'i

""1
t

<

f""

'-
"

!

)

1>
I ~ I-+--

264.82

.....····-r---tt-t-t--i-·II-+:f+++-+-
246.71

;;:

""""" 186.55

-

~ 168.46

~ 174.48

~

W282.46

Clayey fine
GRAVEL

F"meGRAVFL

FineGRAVFL

Brown gray clayey
fineGRAVEL

-11"-......__-...-.._198.18t .-
-_.-•••••-. 204.61

Brown l8I1dy CLAY

I 1·_..

~

S
~g

-

-

-

-

-

-

-

:!1 ~----'I II~ >- O LITHOLOGlCAL CASING SPONTANEOUS RESISTIVITY GAMMA RAY TEMPERAlURE DRIILlNO
~ DEPTIl ~§ 8 DESCRIP110N DESIGN POTENTIAL Sbo.(obm-m): - (cps) RA~
v~ (m) ~ (m) (mv) Lon.(obm·m): .v.. (minIm)
N ISO 24681012
N - -- ___1J I I I I
N

~
m

~
§
-<
~
~
m
om 1\ ~
< .~ ('D

p:! ~ =
O ~ O'"O SI)

3: -m C") SI)

z ~ ~
-l ::s g
O c:::l.. ....
"T1 ~ Ul

~~--l N enm o g­
:D ~ ('D
:D VI ...
m - Zen oO .
e ~ N
:D ~. -

~ ~en N

Z 'V
z
O

~
m
:D
Z

~
~

c..
ñ
~

~

~

-.l
(,H

• •
WEll.DATA

Pumping Test

Swic WIJer
l.cvd
: 29.OIImbl;l
Specif"lCC.poa'Y
:720.Dm3/d1m
Wat« Qu.a1iIy
: rnho. 3,900
:pH_7A
:T_n.OOC

· ..: ¡ weU Loca1ion· ..! ¡ Wd.I No.. : :J.,
: Locadon
¡ :Pozo Almorue

Ekv....
: l,030.lmmsl

: L&d.tade
¡ :2G-IS·I0.7
¡ Lon.......
: : 69-41·26.1
: ConItnICred

:: Date..{ .... .,.
: : : n,:.:",ll",n:::2n",99='-I1• • , Ir
: ! : Drilling [Wa

.. ..
¡ : DriIIinI """"
: : 300m
: Bit Size
: : lo.~·
l. Louina Dcpch
:: : 300m
i i Caoio& ........
:: : .5-vr
: : J; 193.3Sm.,
:: Saeen Lallth
.l..~. :S-Jlr

: :JI: 108.29m·: :,,,,,,·:..,,..,..,
:,
:,,,,,,
:

.... ,. ,
••

-.*11-+--\1---

•..

/

1I---i--!--H---iJ.:!: - 01---1-+-11-+----+--+-

í

•

f------'ó----I-- - e-
30'~

~:7_~ "J-++'c+-+--l.If.....,f-ft~+-JI~

~ '68.46

fl 174."

186.55

C1ayey fine
GRAVEL

FLneGRAVEL

.. 2.'"

F'wGRAVEL

Brown ara)' cla"ey
finoGRAVEL

{
.............."... • ~ .198.58 ...l--k'-+-+--1.-If-+-tf-+-HH~

x.~, 1¡
~ -+-lH-....

Brown aandy CLAY

1-----1...

-

-

-

--

D~

''''

-

~ Ir-'-;:-"----,---r------r-----r------,------r----..,...---...,J
~ o urnOLOOICAL CASINO 5PONTANEOU5 RESISTIVITY GAMMA KAY 1EMPERAlURE DRlU.lNO
::s ~ DESCRJPTION DESIGN P01EI'I1AL 500.(_...): - (CJlS) KA'IE

~ (m) (mv) Lon.(_-m):".. (mill/lD)

2ff'I?I;

...
¡:;
»O
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Reddish CLAY

Reddish brown
sandy ORAVEL

:T-27.00C

StaticWIUr
Leve!
: 14.04m~1
SpecificC'pacily
: 22.3m3/d1m
Wau::c Quality
: mho-900
: pH = 8.1

IPumping Test

..·•··.
~-¡..·•·•··•···I•••·•····•···II·II

I•

---Ji'
~

rr
17

l----II---_+___

I1,_.
1~1 I

.,

e
L

~---

~

I

I fi_

I II ~ 11

~

i ro" 1 I

l. J I _

!f--l---+--r-',..---,w----t----ri-I~ I I I

I ~. I \ I

"IJ~l I
- l. I I I

-,...,1I I I 4 __1 -

91.66

73.57

....,~ ...

127.72

¡,;;;

¡::;f 115.75

ORAVEL

SandyCLAY

BrownCLAY

Brown ORAVEL
witb sand layen

Pinkish brown
sandy ORAVEL

Cl.t\y with clasts

Sandy ORAVEL

kig,h.tm.xºMYP.H .h=
rilty clayey ORAVEI~

~ . ~

~~-~ §Is~1f6ij~E1

-

-

-

-......=
-22

28
- '1"

37 •••••~

11.50

~
~
~

~
~
m

e "~ 'ª'~ ~m ­~ e -
O ~ 1:'" ~s:: ...m l"') ~
z ~ ~
-{ ;:¡ ~
O ~ ';-<"T1 _ 0'1

~ ~---
-( '" ti)m e ::r
::o ~ g
::o 0'1 ...m _ Z
CIJ oO .
e ~ -::o ~........

~ ~
CIJ .....

z 'V
~

~
~
(")
I
r=
m

C--O»

~

t:::l

-.....l
~

._. DATA

rumping TeS!

SwicWatcr
t.e.e1
: 14.00tmblr:1
SpecificC.poal7
: 22.3m3ld1m
Wat« QlWity
: mho. 900
:pH-S.l
:T-n.OOC

· '· ', ,· '· ' ,· .:.-.,-·

weU Loc:abCll
WdlNo.
: J-6
Looall""
: Canchonel

EIev""'"
: 991.897rnrr-.l.........

: :~26-40.9: Loo"_
: : 69-31·15.7

: """"""'"
l' : Daler...·.t If-:.'.::14II~U1~99:::'::....~ I
: Drilling Olla,,
: Drillin. D<pch
, :2OOm

Bit Size
: 10-'18"
l.oJ¡!n. D<pch
,200m

Caoin¡ Loo'":5-lIr
x 121fi.63m

...... """lb: S-lIr
x78.1m··•••, .

•

J

I--~l---+-

.-+--H I---H'--+-

~-.¡.."1-+-4-

---11--

•

--I-l~"':¡¡I·.... -

1-+-.1(+-1-1--1..-'

--

•

1-
_PinkJ,_'_'_h_lm>_"'_~11115'75sandy ORAVEL

8rownGRAVEL 127.72
with sand layen

Reddilh brown .,
....yGRAVEL, 1-----

~ 91.66

I-·~t··--I-I;··..·..-1---103.69

-

.......
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-.l
VI

~
~
~. >c

m ~ § O LmlOLOGICAL CASING SPONTANEOUS RESIS11VITY GAMMARAY TEMPERAnJRE DRlLLlNG
CJ) t:l:I DEPrE

~
DESCRIPTION DESIGN POTENTIAL Sbo.(obm-m): - (cps) RAYE WEU.DATA

~
I

P (m)
~

(m) (mv) Lon.(obm-m): •••• (minlm)
o 2~? ,1?1(-< N ISO
O N

:=1 ~
\ • • 1

WeU LocationZ w ·. ·157.87 • •
-4 = • •1

:I: - >c Gravely CLAY Wel1No.m
:J~o A ~ ~ ~

1 Locadonm 17

~
~ I

< .... <" · : Canchonel.li •m ~= ooo~~
.~

•
;;; := l · Elevadonroo 0000000 175.91 - : .O ~ ~ Brown clayey =- I : 991.8971M111."

00000000 ~- 00000 00 0 § GRAVEL ....,._- I..IIilllde~ (") ~ 181.94
~ ~~

186 o~o~o~oo

= ~= : 20-26-40.9~ 8'
~~.-

~

1 Longilllde-4 ;:s '"'l Clavev UKAv t.

O ~ ';-4 ov~~ Brown clayey 1 193.97 l
: 69-31-15.7

" ~O\ 0000000

.. ~_. \ Constructed
~ ~- 0:0:0:0

0 GRAVEL
Date1

~
(;) en - ............
~ ~

• : 14/12/1993__ 204.73 • ••m
c..... ~ · Drilling Data:IJ •I _

·01 Z - ·:IJ •
rn - o •• Drillin¡ Depth

~ ~
I•O • : 200m

e '¡S. - - I· BitSize
:IJ •

~
I

: 10·5/8"o •
m Logging Depch
CJ) N -
Z - : 200m

V c.ing Length
Z • : S-1Il"- I

O ·· x 126.63m

~
I· Screen Lenglh

~~
,

• I

m ... ...........••._-... ....__....... .....................•• ••••......•..._.... ••.•..........__.... .•••...........•••• •.(•..--:- ....J..~ : 5-112"
:IJ • • x78.1m• •z • •• •o • • Pumping Test- ·.:I: • I, .
F ' .• • ScaticWaIDm •·- I Leve!•· : 14.04mbgl~

I

Specific Clpaeity- : 22.3m3/d1mc.. Wau:z Qulity
ñ : mbo- 900» - :pH-S.l

300 :T-27.0OC

• •
waLDATA

-
-

c..-C')
l>

-

:t :n Ir-r-::::-r--.----.---r----..----r----"'T"""-,--~ '"""':",r__
m '!" §>- C L1TIlOLOGlCAL CASING SPONTANEOUS RESIS1tVITY GAMMA RAY TEMPERAnJIlE DRlLLING
(/) al D~ O DESCRlP'l10N DESIGN POn:N1lAL Sbo,(olIm-m): - ("P') RAlE
e! .s v= '" ~ ffi.. (m) (m.) Loo.(ohm·m): •••• (mmJm)

~ !'-' I~m) ~ 2 ml?l¡

~ ~ _dyCUY ~ 157.87 :1"":'--0 '+++++-I":i : ¡!i ::~oo
-O§ ~ ~ J~~ ~. /[ ji! ::...
, "O rm ~ 17S.91 ~ :: EJewalion_ ;¡" _ 00000000 < Brown clav....::. • : 991.897mrn11
i ~ S go:o:o:o:::,¡ GRAVEJ..:.I"~" 1181.94 .::ol:- - ¡ L&dtDdern .. 0000 CI f!, : .... ,. •••

~ g: ~ ~!!i!:¡:m~:¡;¡;:~ r- i i.:"~'
n _"- ':" o o 1- ~-- : :69·'1·15.71í "-- 0\ 00000°0 Brownclaye:y 19397 ... :
e ." ......... lI"tv ......... 0°0°0°0° GRAVEL . :: CCIIIItrucu.d
c::; ..L...~ '" Dale
~ ~ ~ .:: -;;~7j .. o ¡ .-r-"'I¡.;,:.:,I'Il;::'2/I:.:.;99;:.;:.'-t
JJ ~!! _ : Drilling Dl1.l

JJ - t ¡ DrUlin. Oeplb

C~ .g: ~ 1, : """"~ - B~~
:o " I : tO-c .....

rn ~ - ¡¡ ~~Depth_ • • :2OOm
Z V ¡ ¡ c.i"l1.al¡th
Z _ o" '.<In"O : :: ~

• .' :l 126.63m
~ : ::
~ .•~ . 'j._-i-l.;.i ~;:7~"

~ _ ¡ P\anping Test

~ ¡ St.lic WtiI:I
: Leve!
• : 14.04mbtl

Specificc.pomy
: 22.3m31d1m
WaJ4 Qualily

_ :mbo_9OQ
:pH_U

1L__~====300===========::::=::::::::::=::::::==::::::::=~::::::::~~::::T:.:%7:'O:"C=~_!
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.....:!! >-ffi ~ 52 Q LInlOLOGICAL CASING SPONTANEOUS RESISnvrrY GAMMARAY TEMPERAnJRE DRn..LING
en '?' DEPTH ~ ~ DESCRIPTION DESIGN POTENTIAL Sbo.{obm-m):- (cps) RA~ wm, DATA
~ S (m) ~ le (m) (mv) Lon.{ohm·m):···· ~~~1"
~ ~ O 5 920940 9609801000 20 40 6 SO 1:> 29 JO 31 r rr 1

(

~ ~ 4~: Fine SAND I 11 ~ f- I ~ I I J I I I I --, I I ~~"w-e-uLocali--'on-
U

~ _ Light browu sandy 1- _ - \ Well No.

m 1 CLAY \ :1-7

m<C ~ ~ _ 2 -:.:.~ ClayeySAND Ir- I~ ¡ ~DCCo~~
,::3 . t" 11 · --- \. . 1-~ ~ = ~ .. ~ Elt:vation

O s ~ . Light brown 1 :981.635mmsl
~ 5 S - SIlIdy CLAY ~ ~ Lllitude
m ~. ~ 35 <11 F : 20-3044.4
~ ~ ~ 4 ~o GravelyCLAY 1) i~ ir Lonlitude
O ~ 'i' ~ ~.,: 1 ':= : 69-39-56.9
"'T1 ~ -....1 Brown sandy ~ fi ~ Constructed
:E ~ ~ .~Q ••• ..~.:v......... .. ~ . _"" Dale
~ N :.:r >o 10-2O%sand ... ~ ~ _ : :17/12/1993
-,ct" ~ ?' ....
~ ~ ~ _ < 80-90% clay El 55.79 ~!" ~ ! Drilling Data

~ - ~ 64~o ~ 61.76 t,:ti ~ ! Drilling Depth
~ ~ ~ < Lightgreensandy _ 67.79 ~Jo l:1 : : : 210m
e ~. __ - :J CLAY .olIL-"'¡' : : Bit Size
:o CI 3()..4()%""'vel<."¡, < : : • 10-5/8"(") <: ...- Ir • • •
m oc¡ SO 60-70% clay = 79.S0 ~ ( ! ¡ Logging Depth
en I000.o ~o ....; IL : : : 210m
Z 'V Light browu j , ~ : ¡ Casing Length
Z 1< • : :~1n."
O - gravelyCLAY ¿ _~ ! : lt 126.75m
:o i I •~ 10% """vel , : : Saeen Lenglh
... 00"'- >r • " • 5 In."... ··~e~·_······ . --- .. .+~.". ..¡ 1 l.> _(~ :: xS3.79m

(") _ 111 Sandy CLAy _ 109.95 &- -ct · ¡ rumping Test

:::I: -o "'Ilo'.l ¡
~ Light Brown _ "! l : Static Watn

- gravely CLAy _ ~ ~ : Leve!
- ~ ~l~ :7.94mbgl

20-30% gravel ,,¡ SpecificCapacilY

- 70-80% clay _ <. ¡ "! :234.8m3/d/m
== 1 ~ '\' t Wm:r Quality
O "l~ \. :mho=2.300» - 14 BrownsandyCLAY 139.S1 <p- o.......:: It . :pH .. 7.S

150 1 GravelyCLAY ~ 144.87 f{1 ! :T-29.0OC

uc"w' DATA

SIIlic WaJI:r
""'d
: 7.94mbaJ
Specificc.paa1Y
:234.8m3/d1m
W*z Quallty
: mho-2,300
:pH-7.8
: T_29.0 OC

: : ¡ WeU Loca1ioo· .'· .': ¡: Wd1No.
• I I : l.'· .':: :: 1.ocIIIion

:: ::Cona!" .
: : EJnoalion
¡ ¡:9S1.63Smmsl
: : Ladtude
• •: :: 20-30-<44.4
:: : LonJintde
:: : : 69·39·56.9.' .
:: : Cc:mtnacled.' .
I I I Dale

• o.r-.,. 11-:::,,,7:,:11.::211.:;99,,,''-11
: Drilling Data
•¡ Drillin¡ Depth
: : 210m
: BitSiu
: : 11).~18·

i "'"'''' D<pch: :210lIl
: c.in¡ Len¡tb
: : 5·112"
: ... 126.7~m•: Scn.cn Len¡th

.+-1.~o :S·I/2·
: .8).19m
•

lPum¡ringTes,

,,., .. ,

1EMPERA1lJRE

2' JO

'-1\ I I

=---11-+--1--11---1-·

=-~I-H-\+--I-

GAMMARAY
(cpo)

'"I I

RESl5nvrrY
5OO.(_-m): ­
Lon.(_·m): .•••

5PONTANEOU5
PO'IENTIAL

(mv)

~

79.'OIf-+4-i~1+!1--+---I
~

..;

~~.79

If--.f--~H
61.76 J

.7.79 H_+,;l-+_U'c~q¡.---l---~1---'"

"t""'
......lf---l.;?ll+-Htr-H-(-+---H--
,...., If---jol"'-j-+--~..

<1).
139.'1 1f-+~4rl~
144.81

9 o 940 9150 9501 40 15

I'~~J T I

H--l----I!r'"-l--I . ~'::;:::¡---l
> ~

CASINO
DESIGN

(m)

LigtltBrown
¡navdyCLAY

2O-3Kpvel
7o-a~c1ay

ClayeySAND

GftvdyCLAY

Fine S

Ligtll bro1Wn SMdy
ClAY

Li¡ht bn:lwn
sandycu.Y

Brown sandy CLAY

GtrtdyC~Y

BlOMI sandy
••~.:y••.•••.• o

Io.~aand

80.90% clay

Ughlbrown
¡:ravdy CLAY

I~¡:ravd

··9lJ"'I,·e..,.········ .•..

S-ndyCLAY

Q U1lIOLOGlCAL
~ DESCRlP'!10NDEPTI<

(m)

•
• o ••....

-
1

l.
]S

...-n
):00

=

• •



Pmnping Test

Static W8JI:l
Level
: 7.94mb¡l
Specificca~city

:234.8m3/d1m
WaII:l Qaality
: robo"" 2,300
: pH-7.8
: T,. 29.0 OC

WELLDATA

fe ¡ : WeU Location
: : n..~__.....---
: : We.11No.
! ¡:J-7
: : I..oc.Don
: ::Conaf

.: : Elevalion
'! ¡:981.63Smmsl

: : lAIitude
! ¡:20-30-44.4
: : Longitude
¡ ¡: 69-39-S6.9
: : Conslruct.ed
: : Dale···'C·'t"T :1711211993 I

: DriUing Data.....--....,;;",.--¡ Drillin¡ Depch
: : 210m
: BitSize
! : lG-S/8"
! LoaJin¡ Depth
: :21Om
! CMin¡ Lengtb
: : s-lI'r
: x 126.7Sm
! Saeen Len¡1h

_..__ _......•~.~.+4-.~.¡ :S-If2-
: : : ! : x83.19m
• I •
• I I
• I 1
• 1 •••••••·••••

-

-

-

-
-

-
-

Z~ __•

~oo

c..
ñ
>

1--

~ ~ ~ LITHOLOGICAL CASING SPONTANEOUS RESISnvrI'Y GAMMARAY 1'EMPERAnJRE DRILLING' .1
en t¡tl g DESCRIPrION DESIGN P01'ENTIAL Sbo.(ohm-m): - (cps) RATE
~ S li] (m) (mv) Lon.(ohm-m): •• -- (l0minlm)
o.. ~ 123456

< Nr~~~~~~~~~~~~~ 11I11

O Nz ~

~
m

~ /\ ~ o Oravel CLAY 167.94< .:i'" !!. >o y u--+-~
m ~ _ ~

~ ~ 5' ~ BrownCLAY
B:: t') S
m -. ~
~ ~ ~ ~ Brown gravely
O t:l... ... O' CLAY -
"T1 ~ o.,J

~ ~ ~ -.. .
~ ~ ::r BlOwrI c1ayey

t::l I m L ~ GRAVEL
:c l' ­
:c ""-l Z
m - oC/) .....

O O- N
e SS' --
:D ~o 10

~ ~- -z v
z
O

~
m
:D
Z
o
:I:
¡=
m

~
~

• •
WEll.DATA

DRILLlNG
RATE
(10ntin1m)

InH6,
• , • •• • ,· , •• , •, · ·• , •• , ·· , •· , •: , ·· •• , •• · •• ·• :,· •• ,• •
•••
•- ,,
•

WeU Loc:aIion
WeUNo.
: 1-7.........
: Conol

"""'......
: 9S1.63'rntnll.........
: 20":)0-44.4
Lon¡itGde
: 69·19·$6.9

, """"""...• : o.re. "1":: :17/12/1993, , ,, , '
: :: Drilling Dala, , '. " ,

¡ ': Drillinl Depch
: :: 210m
: : Bit Slze, ,
:. :: to..S(8"
;; ; Loum. Dept>
:: : :21Om
:: : CaoIn¡ L<n¡1l>
¡ ¡ ! :S-lfr
:: : 11211!i.7.5m,. ,
:: : Saeen Lena:th

..•..• ..•_•..•..•_~-.:--l- ....-¡'.~ : S·lfr
: : :: 1183.79m
, . ., 11-----11. . ", • o'
: : :: Pumping Test
" ,,. ,
¡ ¡ ¡ Statk WaJI:l

: : I..evd, ,
: :: 7.94mb¡1
¡ : Specificc.P"'tJ
: : :23UmJldIm
¡ ¡ W-uz Qaalliy
: :: mbo-2,J(lO, ': : :pH-7.a
, '
: : :T_29.0OC· '

~I·I-+--+-""H·

GAMMARAY
(cps)

RESIS11VJTY
Sbo.(ohm...,): ­
Lon.(ohm·m): ••••

SPONTANEQUS
P01ENTIAL

(mv)

CASING
DESIGN

(m)

El "...,H-+--j;~~---1 ~~-1--H--:
'"'

Brown~Y

Brown ¡nvely
CLAY

urnOLOGlCAL
DESCRIP'flON

1-000__d.:.'_CLA_Y~: 111167." t
BrownClAY ! IEQI ....

jl ~ ,.
m

~I
'" '"~

,-o p (m)

< '" "0
§1 N...
jl

- l'm
o 11 ~

om ... ...;~ ~
,.

FIIi~ "~ -Ji

~ C;; S'
~ ~ ... ~-!il !t .:.. ~ CI

~ 2' ~ ,91en .._~
~ "

0°0°0°0
0°0°0°0°

c:l m ... " 2H 0°0°0°0°JO , -..... JO " Z..... m ~ p

'" '"O <2 '" ...e ~. ~

JO
~"m '"

...
'"z ~

V
Z ...
O

~ .+.ll ...
m
JJ
Z

" ...
:I:
F
m ...

1-
...

c..-(') ...
~

boo
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m' 52 Q LrmOLOGICAL CASING SPONTANEOUS RESIS11VITY GAMMARAY TEMPERAnJRE DRILLINO
~ t¡D DEPTE ~ e DESCRIPTION DESIGN P01EN11AL Sho.(obm·m): - (cps) RAlE
e S (m) § ~ (m) (mv) Lon.(obm·m): •••• (min/m) WEU. DATA
e.. It 6810126 ~ o . • • . 900 1000 20 40 60 50 100 20 22 24 26 ~8 -TT
Z \JI 6 .'. '.~ Gravelv SAND 11 11 I ~ ~ I I I~ I H'" I I ~iU"'W- ell- Loca1i--'Oll"'U
~ o o o o"'"b..: ~anOvüKAV"'l SoS ~ 'l' . • , I~w---"N"';';;';;;';'~II

- 0000 \ '" ocuo.
~ 14 'AOAOAOAO GRAVEL ~..... ri . ! : :J-8

~ ~ ~ _ Pinkish brown '1 I I 1- i\ i ¡¡ ~Pin~'~~'m .s, =. gravdyCLAY) I ----= : : : . ~
r- c::s tJ 30% grave! ~ I - \. : : Elevaaon
~ S ~ 70%clav '? ! ! :1.~16.11mmsl
s: 5 ~ "l '1 ....., "-- : : LaUtude
m
z

~. C)t "A o 0-0-0 GRAVEL - 1... ~ \: : : 2O-3S-37.7
~ §r .., .la OAOAOA

O ~ _ _-hJ-"'" I : Lon¡itade
O ~ 'i" - o:o:~ - - 1 ! :69-31~8.2
"T1 _ 00 :0:0:0:0 ClayeyGRAva. ! Cons1ructed
::E '" - so 0

0
0

0
0

0
0

0 60-80% vd /" : !: : Dale,.. <::l en ••• ••• o 00000 .~.~...... ••• ••••••• .J.....~ • 19112/1993
~ ~ i'f :0:00000 >- cUlY - ~., - - n-·----~Im c.... ~ ~7 OAOAOAO ~ 53.12 1()il'
:D • ... • • ~ 1 DriUing Data
:D 00 Z ~~ -,.rn ;: 9 o 65.13 ~~ ~ : ¡ ..
O <::l - < .( ,le: • Drilling Depth
e '¡:S. '-" - ::> _S- .-.. _ ~ • :210m

~ ~ CI Reddish brown g 75.13 ~ "\ ~ ~~~ Bit Size
m ..:: Gravely Clay ~ ~ • -!r- : : 10-SIS"
~ _ - 81.1O ~ ! Logging Depth
z V 10-20% gravel =~ . : :210m5 - 80-90% clay Casing Lengtb
:D a: 91.10 ~~..: :S-lf2'" x
~ g ~ : : 129.3Sm
m m... . _ .~V.Q ~:!!' ==' .:..:..~. Screen Lenglh
:D ~ ~ ~!!1... : : :5-112 x 84.04m

Z 1 / ~~ ""'~..... n--.--04
~ - 11" oooo~ CIa\ev GRAVEL 2 ... oC: -==i!~ - Pumpmg Test
¡= ~ 11 .4", l
m Reddish brown L-"

gravdy CLAY 118.44 C1 Stalic WaleI'
_ - 1 8()lklay, 2O%gravel ~ 123.64 e It- ~~bgl

_ :0:0~ :a: 129.63"- Specifict:.paCllY

C- oooo:o~ Pink:ish brown .<c :188 61m3/d1m

0- 0:0:0:0: clayey GRAVEL 1 135 63 ~. _ W~ Quality
0000 . ~ °mho 700..... _ 00000000 __ _ _1 • a

.-. 00000000 60-70% gravel 141.66 ~.:r~ :pH a 8.7

150 :::::::: 20-30% clay ~ 146.66 r J; > ¡ :T= 29°C

-

St.licW..a
t-d
: 37·99mbtl
Spa:ifict.'POClly
:18l.61m3/dIm
Wala" Quality
: rnho-1OO
:pH_S.7

:T-29OC

WEU.DATA

Drillinllleplh
: 210m
BltSiu
: 100S/8­
Louinllleplh
: 210m
Cuin¡ Lenam
:s-ur x

129.3Sm
Saeen Len¡th
:S-I/2 • 84.04m

: weU Location
, :! ¡ WdJNo.

.: : 1-8

" """"".: : Pintadol
:: E1evadon,

: :l,016.11mmsl
: Luitude,
¡ . : 20-35·37.7
: : Loo.......
: : : 69·31~.2
: : Conmuctal" ,

: : : :: Dme
.~.--l- :19/12/1993
· ,If-"";""';--H• •• •:: : Drilling Dala, " .: :: :

" .:: :" ,· ,· ,· ,• •, . ,, . , ,
, I , I, . , ., . , ., . , .

• , I , I. , ..., ., ., ., ,, ., .
I , , •, , . ,, , , ,
+~+~

I • I •
I l ' •

, 'If----H• •· ,¡ ¡ Pllmping Test· .: :, .
: :,
:,,,,,,,,
:
:,
:
:

:;-HI·I-t--+-Ht-

OAMMARAY
(cps)

RESISTIVlTY
Sbo~_..,):­

Lon.(_·m): ....

SPONTANEOUS
l'OlENTIAL

(mv)

53.12

65.13

7S.13

81.10H---+-+---+-1

112.4

118,"" If--"-1I-j-1--+--I
123.64

129.631f -j_-+---+-1

135.63
141.66H----j--1H-I

146.66

91.10 If---+-++-I

.lV.QIf---+-++-I<I.f-'>~-+----+-~,1--'"

.(~

CASING
OESlGN

(m)

Pinkish brown
clayey GRAVa

~7()l1, gravel
2O-~clay

Cla· GRAVa

lG-2K g:rw.vel
80-90% clay

Reddish brown
GravdyClay

GRAVa

Reddi5h brown
gn;vdycu.y
80'k1ay.2()'l,¡ravel

LmlOLOGlCAL
OESCRIP'l10N

Clayey ORAVEL

·~·~i~····

~.................... ª

-

1

~~
1

, ,.'••~"lSE

-

-
ISO

c..
ñ
Jo

• •



~

-.)
loO

~
'TJ_.

>-OQ LI'IlIOLOOICAL CASING SPONTANEOUS RESISTIVlTY GAMMARAY TEMPERAroRE DRIU.INGm § Q
(J) t:O DEPTIi o DESCRIP'I10N DESIGN POTEN11AL Sbo.(ohm..¡n): - (cps) RAm
-4 I

~ ~
Lon.(ohm-m): •••• WEI..LDATA- (m) (mv) (min!m)e p (m)

O 16,811?lro(
~ 150

2 IV ":o:o~ S lS2.66 <: ~).

,~
• • I Well LocalionVI CJayey GRAva • • I

I'''A r",o",o",o:o - -c:: • • I

~ ~ • • I

°0°0°0°0 Il lS7.73 • • I Wd1No.- I

m °000°0°0 Grayish brown fine ~
I

: 1-3
e " ~ 1169 °0°0°0°0 GRAVEL 163.71 - ir)

I~
l.oc:Uonm 0000 >- F 168.88 ..< ~.!!. - ~
: Pintados

6 C) - Pinkish brown L Jo '~ \ Elev8lkln

~ O ~
grave!y CLAY :1.016.11 mmsl

~ S 181 ¡:: I~ • Lalit:Dde
~. .,j ~ 1- ..~ ·

~ ~ O' · : 20.35·37.7
= r ~

•g Pinkish brown 186.91 J ~
I · Longitude-4

::s .., •- •
~ 'i" sandyCLAY = { ~ · : 69-31-08.2

~ 191.97 L •
_00

~
• Cons1rucled, •

~ -,,- l~
I •

.Jl~,~ ........ ... • Date
C) en ... •

~
....... -\ " •..."l ...~

~ ~ 20% sand :: 203.98 -~
: 19112/1993

m:o ..... ('D 21 Drilling DataI _

:o ~~ ... 213.39

~ ~~ Drilling Depth

e CS' - - : 210m
:o

~
BuSize

() : 10-Sj8-m
(J) to.,) - Logging Depth
z - : 210m
Z

V • Cuing Leagth- ••O • :S-l/2' lt
:o ·• 129.3Sm
~ Z~

•• • Saeen Lmgth... -_•.............•••• I • •

m .•......•...--..... ...•......... .....-.............. .................... ...... __ ........•••• -~.~.;......$-.~
:o • • :S-l/2 lt 84.04m

I •

Z ·.• •
(') - I •

Pumping TestI •

J: • •I •

r= I •
I •

m I • Stat:ic W8JelI- I

Leve!- : 37.99mbgl

- SpecificcapocilY

C- :188.61m3/d/m- WaII!:C Quality
O - : mho =700
> :pH .. S.7

~OO :T=29oC

• •

21339

203.98

186.91 r
191.97 ;-L-1--t-1H,

Drillio. Depch
: 210m
BilSiu
: 10-518'
Loggin. Depch
:21"
e-inl Lcn¡th
::5·1/2" lo

129.3Sm
Scnlm Len¡th
::!i·lfJ, J: 84.04m

Pumping Test

• •·,·,•

Wdl L.ocaJion
WdJNo.
:1-1
"",,"on
: Pintados_.....
:1.Ol6.11rnmsl
Lad....
: 20-35-37.7
Lonlitude
: 69-31-08.2

""""""'''''. """'~-'f'-:-1" : 19/10'993· . . '1I7"':';;;~"'::''~.i1·., ,· .,
: :: Drilli:ng Dala· ,· ,· ,·.· ,· ,· ,· ,••••

, .., .....
: : :•,

DRlLLINO
RATE
(m!ll/m) WEU. DATA

16N9'r

TEMPERAlUREOAMMARAY
(CJlI)

Swic WILler
'-d
: 37.99mbal
Specificc'POC1l1
:188.61m31d/m
WaIJ':t QualiIy
: mbo_700
:pH-S.1
: T ... 290C

, ,, ,, ,, ,· ,, ., .·., .··,···•,
••···:·· ,.............••••••..••_-_. __ .... __ ..... -~.~~~.~-

, .', .,, .,, .,· "· .', ..· ,·.

RE5IST1YITY
Sbo.(_...):­
Lon.(obm-m): •••.

-~ -

rF -

f~ \
I
"

~
el ~

f~ I ~

SPONTANEDUS
POTEN1lAL

(mv)

CASINO
DESION

(In)

1;1 ::: --1--++","
i3 '.3.71_
lE! 168.88 -+--'H----1

L

Pinkish brown
samyCLAY

C1ayey ORAva

UfHOLQOlCAL
DESCRlPTION

.J\Q'&'Iox .""" ....

DEPT>
(m)

'so

-

Z~ ...

-

-

-
-

-

-
iloo

J! :!!
m '!"
(fl '"... ,-c: p
Si '"!f b:
J!
m
O /1 ~m -<
~ !l:m

5 i t:l
~ ~
~ s: O'... ~ ~

l<- -~
,- 00

::;; ;JI -
:!< '"~ ".

= m ":D .... ", -..., :D 00

~'" m ~

13 '".s! '"c: ~. -:D
~O

m
(fl '"z ~

z v
O
:D

J!
m
:D
Z
O
:I:
¡=
m

-
...
¡:;
>



t=l

00
o

~ ~ ~ Q LmlOLOGlCAL CASING SPONTANEOUS RESIST1VITY GAMMA RAY TEMPER.AlURE DRIU.JNO
en tp DEPrH ~ ~ DESCRlPTION DESIGN P01EN11AL Sho.(obm-m): - (cps) RATE iwI:T T
~ S (m) ~ ~ (m) (mv) Lon.(ohm-m): o (min/m) ,--.. DATA

~ ~ O ~ 1000 20 40 60 o 50 100 150 26 27 681911
~ ~ 6 ~. Red. fine sandyCLA I ji 5.5 I I I I -' I 111 1I1 11 J1I btL 1111 I ........+Ouw- e

-U-Locati-·
OIl

-t1
~ 0- .... 1-ffi - o === t----;---~--+ill---+--·----l We1l No.

O 1\ ~ 18 : === Red. gravdy 1- ~ ( --:., ~ti
m <; sandyCLAY ~ ~ ;- 1 on:< .... ('11 - ~ ,..,c 1 OficinaV' .
PJ ~ = (l~ ~ FJevatiDnM:'lDCIA

~ ~ ~ _ 28 -~...: : 969.796mms1

~ (") ~ f =- : LalitDde
~ ~ O' I - ;.. \ ::20-45-12.6
~ ::s ... • ~ ~ I Lon¡itude
O ~ ~ - Red CUY -<...! - \ ::69-35-26.3

~ ~ ~ _~Q ••• _. __• ••••_••_ _ ••_ ¡- ; -l l- _ _L.. .I. ~Itd
-4 ~::r 55 )oc L ¡ -=~ \ : : ·~nn994
~ ":'- a 60 ~ Brown, green CLAY 58.59 ~ r ..;;i~ ¡ ¡ Drilling Data
::c 'O Z ~ ~ : :
m - o ooo~~ .. =i ~ J' : Drilling DepdI
eno :x: . 67 0000~ Brown clayey .... ~ t- : .172m

e-¡...=.;. o o~ 4( - :::;- 1 -e IS' '-" - 00°0 ::> fine GRAVEL _ -l: Bit Síze
f5 <: 77 :0:0: C1 ~ ~ ~ \ ~ : 10-5/8"
m 10 80 o 0_0 ° 1;;- nD A, V 1::. ~ ..... '- Logging DepdI
en '- 84 ,QoQo ~ c::;;! ¡¡ = -l' -l : 172m
Z 'V ........ :o:~~= Clayey GRAVEL .. J - c.ing LMglh
Z 90 r"o"o = t I --: ~ : 5-112"O -~-~95 o;ot== ¿ F" JI 87.92m
~ -=. 0f9===, Light brown ¡ ~ ¡ Saeen LMglh
ffi llm:~ -.&tJL'(.w.CLAY•••_ _ ~ _••_._ f'. - _ 1"..... .l..~. :5-lfl"
::c In&. °= - ~ fo. i t" : lt86.98m
Z ~ , .. ~ ~ 1- :
(') _ I r 1 1Pum1' ~ st
~ Lightbrown - 115.64 i :¡¡ -""-1 ¡ pmg e

~ 119 CUY 1"" .=:~ l': SIaticWar.er
- _o 121.67 ~ ~: Levd

'- 125 Gravely CLAY ~ 1<" ~ 'C:. 1397mbsl
.---- f-.... ~); 1.. ..' .

'" I ( , !:: 1: ¡ Specif'JCCaplC1IY
- Grown CLAy C:: 133.63n----~~..- l ~ ---l-~. :: :166.1m3/d1mc.. ... • , " W n.o.u..._ 13 ~ .T _.... I :: aIer'l.-S

O _ 143 Lillht l!"rUIl CLAY I :: : mho ..~

» . SandyCLAY ~ 144.87 ~ "'! ~~ 1: i :pH-8.1
150 '1L,L,L,,, ~ ., -......:~.. ~... t ~ :: :T-2S.0OC

.~ DATA

p-ump;ngTelt

Slalic Wau:r
Leod
: 13.97mNZ
SpedficC'pK'I)'
:166.1m3/d1m
w..... QuaIJ1y
: mho-5400
;pH_8.1

:T_2:5.0OC

.
! Wdl Location
o
: WeUNo.
¡ :1-9
:~

: 06einaVictcria
: EIn'.oon

: 969.796mmsJ.........
: 20-45-12.6Lcn_
: 69·35·26.3
e-uc"",.-

,
o
o
o o...: :
o •: :
o •
: :
o •
o •
o •
o •
o •--:.-"t'
o • n~lIl22i,-lIo •
o •

: : Drilling Data· ., .
: :: ! Drillin.~: ::: -......
o: l. 'o: 112m

Bit Siu
" o
: : :: 10-5/8-
¡ ¡ ¡ LouinJ Depch
: : :: 112m
: : : c.inJ Len¡th
:: : :s-lIr
:: : x.87.92m" .,
: l : :: Sc:fta11..al&lh
',',' ·1/2'~+,:,.... ~ : J-

::. x 86.98m
o •
o o
o •
o o
o o

• oo o
o o·.• •o o
o o
o o
o o
o o
o o
o o
o •
o o

• o
• o· .o o
o •· .
• o· .· .· .· .· .·.

DRlLLINO
RAm
<..-)
681~ll

-¡--

RESIS11YITY GAMMA RAY TEMPERA1UIlI!
SOO.(ollm....): - (epo)
Lon.(ollm·m): ....

(

'000

SPONTANEQUS
!'01CN1lAL

(mv)

.1 I I I

CASING
DESIGN

(m)

58.59

RedClAY

Ughtbrown
C....y

LI'IlIOLOGICAL
DESCRJP110N

U¡ht1m:lwn
.....W>.CLO.X•••••

-

~:oE

_~ t~o-==d=y~C'-'==y=j 121.67 Il,,~f--+---+-H~I ~~~~~11:-1

L~J__~ª~::~~~~db:~~~YC~:~Y~Y;;;U!b!=::=3=:;~~~~~~~;~=~ I~~~:~~~~:~~J:~J~~:~~~~~~;~1jir~~¡~~-;-J\
ISO~ la -'J ...... ~. ===

• •



t::l

00-

."
~ qQ. >- umOLOOICAL CASING SPONTANEOUS RESISTIVITY GAMMARAY TEMPERAnJRE DRD..LINGm § Q

~
ttl DEYI1J

~
DESCRIP110N DESIGN P01EN11AL Sbo.(obm-m): - (cps) RA1E

I

§ (mv) Lon.(obm-m): ---- (min/m) WEU.DATA- (m) (m)
e P 2:l618l~11
~ IV ISO
O N ~L,L,L,L: >- a

~-
~- rT:- I t jill

Z 0\
~L,L,L,L:

i
156.84 <::3:-

~,
Well Location

~ - ~L,L,"'L: White gypsum

~
162.87 ... WdlNo.

m ~L,L,L,L: CLAY -~ I-Jr I~-=
: J-9~L,L,L,Le

" ~
~L,L,L,L 168.87

--~ Loc:aIion:m 172 ~L,L,L,L: g -:7 ~
< ~!!. - - 174.90

OficinaVictoria
m

o - · EJevalion
5 •

~ ~
• : 969.796mmslo

""O - I
I LaliIDde

~ (') S I

~
I

: :20-45-12.6
~ O' o

o

::E '"'
I Longitude-4 - I

f} '¡<
o

~
o : 69·35-26.3o_ \O
o ConsInICttd

Z~
o

:E ~-
o

DlIIC--- o
o en .................• ........-.... .....--_._-..•...... •.•••••....•.•...... .._--_.............. . .•.....•.•••• --- ... ...".,.. ..--:-~

~ ~ g' o o o : 5/1/1994
o o o

m o o o

:o c..., o o o o Drilling DataI ... - · o o

~ ~
• o o

::Il o o

m o DrilJinI Depth•
~ ~ ~ : 172m
e IS' - - BitSize
::D

~
: 10-5/8-

(") Logginl Depchm N -en : 172m
Z - Calina Lengtbv
Z - o : 5-l/r
o o

lt 87.92m·
~

I o
I o Sa1len Length

~~
I o
• o : 5-1/2---- .......•........... ....---- ..... .....----_ .......... -............ --- .... ..•...•.......•..... .•...........•.....• · ".'m ., ............, ..

o o o x 86.98m::Il o • o

Z
o I o
o I o

C')
o o o

Pumping Test- • I
o

:I:
I I
I o

F
o ·I o

Statíc WafI::lm I o
o o- I o Leve!o ·o · : 13.97mbgl~
o o• o
o · SpecificCaplCllYo o- o ·• o :166.1m31c11mc.. I o
I o WIII'Z Qua1i1y- o o

O
I o
o o : mbo-S400- o o

1> • o
o • : pH=8.1o o o

~
o o o

:T.~.OoC· · •I o o
I o •

• •
WElLDATA

SCIrie WaJIZ
!.<vd
: 13.97mb¡!
SpecificC.pcn,
:166.hn3Jdhn,
WII« Quallry
: rMo_S4OQ
:pH_1.l
:T_25.0OC

•••·•·o•••••·o o •.__ __ ..-.- _-_ .. __ . __ .._- ~.~~ ~.~

o o o
o • o· .,· .,o • o
o o

• o:
•o•o,
o,
o
o
o
o
o
o
o
o
o
o
o
o••o
o

-
Z~ _..

-

-
-

-

-

-

-
~_..

, -
1_

~

~ Cl LITIlOLOGlCAL CASING SPONTANEQUS RESISTM1Y GAMMARAY TEMPERA'IURE DRlLLINO
DEPn ::l S DESCRlP'I10N DESIGN P01EN11AL Sbo.(oIlm-m), - (epo) RA11!

(m) le (m) (mv) Lon.(oIlm-m), _._. (min/m)

,~ 21~SI~12

fll!\r-!¡"t1""t1"'t1rwlt-:~-+----+."t!"I~"""I,.-...-lr---i.........rt,.""':5"';;--......-rn,hE:..... i¡ i WeIIl.ocIIion

- ~~~~~,t e Whilel)'JlSum 162.871-----.:: k I~~';,;;::*"'....j~lf--+---\j " : Wd1No.

¡:~i:~L,L -< cu.y I .. _
1

11' l", 'o :J-9_,_ L,L,L,l 168.87 1Acaóoo:
Ir, l,L,L,L ,

"1'''-'1'=9 %. f------l 174." ' Ofi<WV.........., ,. • EJev.m
: ¡ :969.796mmsl
:: I..adtDde
: ¡. :~·t2.6

: : : ¡: LonIit1ade
· , . " : 69·35·263
¡ : : ¡! ConICnIctal·. , , .
• , • " Dtu:•••••••••••••. __ .... _·-t·~_J_.-~

! 11'-"'~n~n~...::...._1
: DriIlinS Dala
o

¡ Drillinl """"
• : 172m

BilSiu
: lG-SI8'

Loub>I """": 112m
Caoln¡L<naU>
: 5-lIr

• 87.92m

"'-!.<na"':s-ur
1186.98m

~ :n
m '!"

~ '"o-
"

p
-< IV

!! ;..,

""
~
m

" 1\ :l;m
~<
~ ~5 i O

"ti ~

;:: ¡¡;
g¡ 5; S'... ~ ~

1}
~

Gl ,¡,-
~ ci' ~en

~ ".
m .,.. II

'"
:D -:D '" ~m ~

00 8 :x:
~

IV
c: ,,. ~
:D

"ó()
m
en '"Z -vz
O

~
m
:D
Z

~
¡=
m

....
c..-(")
»



~•III
8

3....
~

c;
•...

.. 8
q .:..

¡-- --

,- -1- ---t--­
-1-1-- -1- --

______~ t- ~~

r- -¡.­

1-1- -I-t- -- ¡- -- ,-­
1

~....
- ~

s.:.
--- -- -, ~

'i'

I--I==~=~ t-=~ 8
-1-+-+-+- - ..:..~, - -­
1- I-'~__--

.- _. ~ ---
~f--I-t-f-- --¡--+- -. - ~~

,
o:::..-=--=-=...:::.=,-==-r--== -...--. "'8

.:

s ---=- fj1 ~• L;J •
1:\~~-_=1-- ;'fJ ==" .==: _ ~

_0 _

_... ~p =_.:-~. --~

8.:.
!8 8 g o g o o o g .. 8.. .. o .. .. -.. ! ! :! ~ ~ • " .. .. ..

-- - ---

¡ 81---81-~~--g--~-

l: g WI ó ~

<1>
>

-<1>
I
m

-...

I...
m

~

t'
8
~
r::...

'8
~

~
.oo
u
~

1<­
t- -t-r- !
~I--HJ

:¡.
_-I--f-.-, w

-- -- -1-1- --- .--,---

- - - -t+I-Hf----t-- t--I---i
- -:

" --
-f- , --H+++H--/--t---\••

-- -- -1--- ~--
•"••__ a -

---,,-------.--

~.
----1- lO

- - -f---

•- -- .
"•- --·-+---1

••
~-- -- -- .

g ~ g g ~
~ o IÓ .)

I~TIrtrn~2: ,~~~
---:1---

"- ·'1---1-1

"•

•-- -,,-
"-- -.--

"---_.-.-
1:;

-- .--
". I!· ..- .

5
~u
be
..9
's
~
~
~

<1>
>
<1>

I-<1>

~
~

~
be
.S
Q.

§
~-B

<1>
c::

8
e...
'8
-5
u

::E
l~.o

~
...

....

f;j
..c
U
be

..9
beo-
-5
><1>
<1>

I...
<1>

~
~
C'<l

c.::
be
.S
Q.

e
::s
~

~
<1>

8
.S
'8
-5v
::E

<1>.¡¡

r=
( W ) UMOPMIUQ

Fig. B-IIT. 2.27 Graphs for Theis and Jacob Method Analysis (Well NoJ-C)

< Gráficos para los Métodos de Análisis Theis y Jacob ( Pozo N'2J-C) >
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< Gráficos Prueba de Gasto Variable ( Pozo N'lJ -4 ) >
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< Gráficos Prueba de Gasto Variable ( Pozo NflJ -5 ) >
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< Gráficos Prueba de Gasto Variable ( Pozo NfJJ-7 ) >
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< Gráficos Prueba de Gasto Variable ( Pozo N'lJ-8) >
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< Gráficos Prueba de Gasto Variable ( Pozo N~J-9) >
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Chapter Ill. GROUNDWATER EXTRACfION

e-m Pampa del Tawarn¡al

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. ThereCore, DGA and the JICA Study Team

carried out inteviews survey in the area.

Atotal number oC 156 wells are surveyed during the study covering most oC 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 fol1owing table (see, Table B-I1I, 3.1 for more detailed

information).

note: interviews survey by DGA and the Study Team in Oel. to Nov., 1993.

Groundwater produclion 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 Vsec in 1980's «4). However,

actual extraction of ESSAT is 599.78 Vsec at Canehones and 0.46 Vsee al Dolores.

Groundwater extraction is also operating al 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 Vsec. for

irrigation use in Pica and Malilla area to towns in Pampa such as Pozo Almonte.

Extraetion for mining use is 35 Vsec. Most of extraction is by a company, ACF

Minera. localed in the southern pan of Salar Bellavista; the rate is 30 Vsec. Other

mining use is at Oficina Mapocho, between Huara and Baquedano; the rate is 5 Vsee.

Groundwater for rrigation use is extremely small in Pampa; total rate is 0.35 Usec.
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3.1 Existing Groundwater Extraetion

Groundwater is used Cor potable water supply, irrigatioo, mining and industry io

Pampa del Tamarugal. Available pumping data were limited to lhat oC potable water

supply by ESSAT in phase l study. ThereCore, DGA and the JICA Study Tearn

carried out inteviews survey in the area.

Atotal oumber oC 156 wells are surveyed during the study covering most oC the wells

which are actually extracting groundwater in Pampa except Pica. Matilla and

Esmeralda area The number of weUs 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).

note: interviews survey by DGA and the Study Team in Oel. lO Nov., 1993.

Groundwater production ofESSAT inereased by 1,518,500 m3/year in 1993 compa.red

10 the production of 16.355,900 m3/year «3) in 1990. The University oC Chile

estimated groundwaler extraetion in Pampa to be 716 Vsec in 1980's «4). However,

actual extraction oC ESSAT is 599.78 Vsec at Canchones and 0.46 Vsec al Dolores.

Groundwater extraclion is also operaling al Pica/Malilla area and Sagasca area.

a1lhough the aquifers are separated from that of Pampa. Al Pica arca, water use is Cor

irrigation and domestic water supply. Groundwater is extracted 111 l/seco Cor

irrigation use in Pica and MatiJJa area 10 towns in Pampa such as Pozo Almonle.

Extraction for mining use is 35 Vsec. MOSl of extraclion is by a company. ACF

Minera. located in the southem pan of Salar Bellavista; lhe rate is 30 Vsec. Other

mining use is al Oficina Mapocho. between Huara and Baquedano; the rate is 5 Vsec.

Groundwater Cor rrigation use is extremely small in Pampa; total rate is 0.35 Vsec.
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3.2 Groundwater Level

3.2.1 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 conducled a static water level measuremenl 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-III, 3.2).

1) Depth ofWater Level (below the ground level: BGL)

The depth of water level from the ground level is shown in Fig. B-DI, 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 lhe east,

because thick deposits are accumulated as the Fan Deposits in the eastem part of

lhe Pampa. Characlerristics 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 lhe east reaching 20m BGL. The Negreiros area shows rather deeper

water level, 10m to 20 m. The water level becomes more deep to the east; the

water level in lhe end of the fan is estimated to reach 50 m. The shallowesl level

was measured at the well No. ZP-I (4.7 m) and the deepesl 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 deepesl in the Pampa except Pica area. The water level is deeper than 50 m

in lhe mosl of Huara area

The depth of water level decrease toward the Pozo Almonte from Huara; about

50 m in Huara, 40 m al Baquedano, 30 m at Bosque and 20 m in Pozo Almonte.

In the Pozo Almonte area, gradual increase of water level is recognized; lhe

water level is abOUl 30 m al the cross poinl of the roads, to Mamiña and Sascada,

about 12 km east from Pozo Almonte.
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3.2 Groundwater Level

3.2.1 SOltie Water Level

SOltie water level has beco periodically measured by DGA 00 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

lhe resullS. Ooe is a map of deptll lo water from lhe grouod level (Fig. B-III, 3.1).

Otller is a map of water level abeve MSL (Fig. B-Dl, 3.2).

1) Deptll ofWater Leve! (below tIle grouod level: BOL)

The depth of water level from the ground level is shown in Fig. B-llI, 3.1. Water

level is generally shallow in the central to westem pan of Lhe Pampa, especially in

Salar de Pintados and Salar de Bellavista, and the depth increases toward the east,

because Lhick deposits are accumulated as the Fan Deposits in the eastem pan of

the Pampa. Characlerristics of water level by area are described below;

(1) zapiga. Oclores and Negreiros area

In tIle zapiga and Dolores arca, tIle water level is less tIlan 10 BOL aod tIle deptll

inercases lO the east reaehing 20m BOL. The Negreiros area shows rather deeper

water level, 10 m to 20 m. The water level becomes more deep to the easl; the

water level in the end of the fan is estimaled lo reach SO m. The shaJlowest Jevel

was measured al the well No. ZP-l (4.7 m) and the deepest one al the well No.

106 (more tIlan 28 m).

(2) Huaca to Pozo Atmonte area

Although scarce data are available in the Huaca arca. the water table is generally

lhe deepest in the Pampa except Pica arca. The water level is deeper Lhan 50 m

in the most of Huara arca.

The depth of water level decrease loward the Pozo Atmonte from Huara; about

50 m in Huara. 40 m al Baquedano. 30 m al Bosque and 20 m in Pozo AlmoDte.

In the Pozo Almonte arca, gradual increase of water level is recognized; lhe

water level is abaul 30 ro at thc eross poinl of the roads, lo Mamii'la and Sascada.

aboutl2 km east from Pozo Almont.e.
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(3) Salar de Pintados

There is a large salt lake. Salar de Pintados, fonned in a depression in this area.

E1evation oC 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 Crom 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 l/seco 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 oC 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-ill. 3.2. Water level is high in Salar de

Zapiga (1,150 m MSL), north oC the Pampa and the lowesllevel 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 lhe distribution oC static water level, il is suggested that groundwaler f10ws

into the Pampa from eastward. then. slowly moves to southward. The gradient oC

groundwater is approximately 211000 Crom Zapiga lO the southem end oC Salar de

Bellavista.

No remarkable influence is observed by pumpng al Canchones well field oC

ESSAT is recognized. although a Iimited area may be influenced by pumping

groundwater in Canchones. There is a well in the experimental fann oC Arturo

Prat Universily located near lhe Canchones well field. approximalely 1 km wesl

from Canchones. Static water level oC the well is sometimes measured; the data

shows no influence by pumping of groundwater in Canchones well field. This

fact shows that the radius oC influence by pumping is less than 1 km in the vicinity

of the Canchones well field.
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(3) Salar de Pintados

There is a large salt lake, Sajar de Pintados. fonned in a depression in lhis area.

Elevation oC ground level is slightly lower than surrounding area. The water

level continuously becomes shallower from lhe 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 l/sec. No remarkable decrease of water table

is recognized in lhe surrounding area oC 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 shalloweSl water level of 2m was measured at tbe well No. 448 located

western side oC Salar de Bellavista which i disappeared. The area from

Panamerican to the railroad has water level within 20 m~ Cor most cases, il is less

than 15 m. The water level in this area also increases toward the Chacarilla area.

2) Water Leve) (above the mean sea leve): MSL)

Water level distribution is shown in Fig. B-m. 3.2. Water leve) is high in Salar de

Zapiga (1,150 rn MSL), north oC lhe Pampa and the lowesllevel appears in Salar

de Bellavista (909 m MSL). It shows a tendency to declin generally from north

lo south~ from Zapiga to Salar de Bellavista through Salar de Pintados. Judging

from lhe distribution of Slatic water level, il is suggested thal groundwater flows

inlo the Pampa from eastward, then, slowly moves lO southward. The gradient of

groundwater is approximately 211000 from Zapiga lO the southem end of Salar de

BellaviSla.

No remarkable influence is observed by pumpng al Canchones well field of

ESSAT is recognized, a)though a limited area may be influenced by pumping

groundwater in Canchones. There is a well in the experimental fano of Arturo

Pral Universily located near lhe Canchones well field. approximately 1 km west

from Canchones. Static water level of the well is sometirnes measured~ the data

shows no influence by pumping of groundwater in Canchones well field. This

fact shows that the radius of infIuence by pumping is less than 1 km in the vicinity

of the Canchones well field.
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There is a significant difference of water level between that oC Pampa del

Tamarugal Basin and Pica area; the difference is about 60 m. Because oC this and

the result oC geological survey, the groundwater basin is divided into two basins,

Pampa del Tamarugal and Pica basins.

Characteristics of water level by area are described as below;

(1) 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 lO the west, and

diverges its stream to north towarding Dolores and to south.

(2) 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

111,000. This change of water table gradient is caused by the structure of the

aquifer (See. Fig. B-ID, 1.5).

(3) 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 southem end of Salar de

Bellavista. Contour Unes 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 southem end of Salar de Bellavista.

The contour Unes show that groundwater flows to Pintados from not only north

but also Pica and Chacarilla area
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There is a significant difference of water level between that of Pampa del

Tarnarugal Basin and Pica area; the difference is about 60 m. Because of this and

the result of geological survey, lhe groundwater basin is divided inlo two basins,

Pampa del Tarnarugal and Pica basins.

Characterisúcs of water level by area are described as below;

(1) Zapiga, Dolores and Negreiros area

Water level ranges from 1,150 m to 1,110 m MSL, decreasing from easl LO west.

The water level at Dolores is 1,112 m MSL. There is a ridge like form of

1,120 m conlour line between Dolores and Negreiros. Judging from this, it

seems thal the groundwaler recharged in the east flow down lO the wesl, and

diverges its stream lO north lowarding Dolores and lO south.

(2) Huara to Pozo Almonle area

From Huara to northeastwars, the gradient of water table is sleep, froro 1,050 ro

lo 1,150 ro MSL; gradient of groundwater table is 911,000. In contrasl to this,

the gadient of groundwater table becomes gentle from Huara to Baquedano; the

gradient is 411,000. The water table becomes almosl flat loward the soulh from

Baquedano; gradient belween Baquedano and Salar de Bellavista is less than

111,000. This change of water table gradienl is caused by the structure of the

aquifer (See, Fig. B-ID, 1.5).

(3) Pozo Almonte and Salar de Pintados area

The water level is aboul 1,000 m MSL al Humberslone, 990 m MSL al La

Tirana, 980 m MSL al cnachones and 970 ID MSL at the southem end of Salar de

Bellavista. Contour lines of water table are generally straighl and run in parallel

lO 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 southem end of Salar de Bellavista.

The contour lines show that groundwater f10ws to Pintados from nol only north

bUl a1so 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 southwestem side of the Salar. The contour Iines show that

the groundwater flows from northeast to southeasl

(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 l. 1.1.

The number of available data is 12 in the Pica area. The highest water level

0.185.1 mMSL) is observed at the well No. 404located 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 Leve!

In the Pampa del Tamarugal area. the dynamic water leve! 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 Vs in

general. In contrary to this. yield is rather large in Pozo Almonte area; most oC well

has yie1d more than 20 Vs(max. 120 Vs). 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 100m 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 Vs as a whole. So
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(4) Oficina Victoria and Salar de BelIavista arca

The water leve! ranges from 970 to 944 m MSL in this area. The lowest level

was observed al the southweslem side of the Salar. The con tour Iines show that

!.he groundwaler Oows from northeast to southeasL

(5) Pica area

Although aquifers of the Pampa receive a certain degree of groundwater

recharge from the Pica area, aquifers of the Pica arca are independent from that

of lhe Pampa as shown in Chapter 1, 1.1.

The number of available data is 12 in the Pica area. The highest water level

(1,185.1 mMSL) is observed at lhe well No. 40410cated apan from Pica, abou'

10 km south ofthe town. Thus, this weU is an exceptional one.

Water level ranges from 1,063 'o 1,091 m MSL except well No. 404. Deplh 'o

water level is different from place to place ranging 9 to 86 m. Averaged depth is

36 rn. Water level in this area is around 100 m higher than that of Salar de

Pintados arca located to the west of Pica.

3.2.2 Dynamic Level

In lhe Pampa del Tamarugal area, the dynamic water level op most well has not

becn observed. Data on the dynarnic water level are obtained only during the

pumping test.

Although the dynamic water level changes corresponding to !he yield, draw-down

ranges from 1 10 52 m in Pampa del Tamarugal and from 8 to 55 m in Pica arca.

Magnitude oC draw-down is generaUy small in Huara area and relatively large value

appears in Pozo Almonte arca. In Huara area, yield is also small; Jess than 10 Vs in

general. In contrary to this, yie1d is rather large in Pozo AJmonte arca; most of weU

has yield more \han 20 Us(max. 120 Us). This difference may be due to the difference

of the aquifer tapping the water. DepLh of well is generally within 50 m in Huara area

and most wells are more than 100 ro deep.

Wells in Pica arca show large draw·down as mentioned aboye. No matter how large

is the draw-down, productivity is very small which is less than 10 Vs as a whole. So
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far as concerned lo 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-IIJ, 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-IIl, 2.2.

3.2.3 Historical Variation

Maps of static water level in 1993 (both BGL and MSL) are shown in Fig. B-In, 3.1

and 3.2. Furthermore, same kind of contour maps were constructed for the static

water level in 1960s (Fig. B-IIJ, 3.3 and 3.4).

Comparing two (2) maps, Fig. B-IlI, 3.1 and 3.3, major difference identified belween

the maps is a decrease of the area of 10 m contour lineo It appears at areas

surrounding the Canchones well field and the Dolores well field.

Aboul 20 wells have long terms of information on static water level. Figures B-IIl,

3.5 (1) to 3.5 (6) show the historical variation of slatic water level in the Pampa del

Tamarugal Basin.

Observation of static water level has been made since 1981. Characteristics of the

resull 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 lO 29 cmlyear).

b) No seasonal change is recognized, while small oscillation is sometimes observed.

c) No influence of the production of groundwater around the Canchones well field is

recognized so far as concem the available data.
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d) Only well No. 122 shows the inerease of statie water level sinee 1989 in eontrary

to the general tendeney. This well is located beside the Queb. de Chaearilla

which is beyond the border of the westem border oC the basin. The reason of the

increase of water table is undear.

3.3 Groundwater Quality

Sinee data of groundwater quality is very scarce, DGA and the Study Team executed

groundwater sampling and analysis in Pampa del Tamarugal. A total number oC 50

samples are taken from the existing wells and the nCA Wells in November, 1993 and

February, 1994. Results of water quality analysis are shown in Table B-Ill, 3.3.

Groundwater quality is generally characterized by high B and Mn eontents, and

relatively high TDS , As and CI contents. The aquifers are genera1ly 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 dayey beds

separate the aquifer of shallow wells and that of deep wells in Salar de Pintados and

Bellavista area. Water quality oC shallow wells show high concentration oC 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, TOS is generally high in the

Salar area.

Fig. B-III, 3.6 to 3.12 show the distribution ofTOS, CI, As, B, Mn, Fe and Cd contents

respectively. Characteristics of major ion's distribution are as follows;

1) TDS

Fig. B-I1I, 3.6 shows the distribution of TOS value. The area of TOS value less

than 250 mgll is divided into two (2) areas; the northern area near Zapiga and

Dolores, and the southem wide area with Canchones as a center. The Aroma

River reches to Pampa at the eastward from Negreiros. The area oí high TOS

value is widespread along the stream of the Aroma. TOS value is generally low

in the down streams of the Juan de Morales, Sagasca, Quisma, Chacarilla and

Ramada.

2) el

Cl content is higher than standard oC 250 mg/l in more than half of the total area

as shown in Fig. B-III, 3.7. The area of high CI content is distributed along the

Aroma, Tarapaca and Quipisca Rivers, and the Salar area.
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d) Only well No. 122 shows the increase of static water level since 1989 in contraey

to the general tendency. This well is located beside the Queb. de Chacarilla

which is beyond the border of the westem border oC the basin. TIte reason of the

increase oC water table is unclear.

3.3 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 oC 50

samples are taken from the existing wells and the nCA Wells in November. 1993 and

February. 1994. Results of water quality analysis are shown in Table B-ffi. 3.3.
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and 447 in Salar de BeUavista. Even in the deep wells. TOS is generany high in the

Salar area.

Fig. B-IU, 3.6 to 3.12 show the distribution of TOS. CI, As, B, Mn, Fe and Cd contents

respectively. Characteristics oC major ¡on's distribution are as follows;

1) TDS

Fig. B-II]. 3.6 shows the distribution oC TOS value. The area of TOS value less

than 250 mg/l is divided into two (2) areas; the northem area near Zapiga and

Dolores, and the southem wide area with Canchones as a center. lOe Aroma

Ri ver reches to Pampa at the eastward from Negreiros. The area of high TOS

value is widespread along the stream of the Aroma. TOS value is generally low

in the down streams of the Juan de Morales, Sagasca, Quisma. Chacarilla and

Ramada.

2) CI

CI content is higher than standard oC 250 mg/l in more than half oC the total area

as shown in Fig. B-m, 3.7. The area oC high el content is distributed along the

Aroma. Tarapaca and Quipisca Rivers. and tlte Salar area.
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3) As

The area of high As content (more than 0.05 mg/I) is rather narrow as shown in

Fig. B-III, 3.8. The westem half of the area from Dolores lO 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.

4) 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 CI 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.

5) Mn

Fig. B-m, 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 southem margin of Salar de Bellavista

d) Area between Cerro Gordo and south of Matilla

Distribution of those areas Seems lO have no relation with rivers.

6) 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) Westem half area from Negreiros lO Humberstone

c) Area from La calera and Pica lO Pintados and Bellavista
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7) Cd

Fig. B-III, 3.12 shows the distribution of Cd contento High content area (more

than 0.01 mgll) 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.

3.4 Identification oC Groundwater Potential Area

Groundwater potential areas are identified referring the river network (Fig. B-III, 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 lO water table (earth covering depth)

Item (1) and (2) decide the productivity of groundwater. Theyare mentioned in

2.4, Chapter 11 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 lO be considered in the Pampa. Water

quality distribution is mentioned in 3.5, chapter 111 of B-III and is shown in Fig. B­

111, 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, CI, 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-In, 3.14.

The eastem part of the Pampa is covered by the Fan Deposits. The thickness of the

deposits increase toward the easl Earth covering is generalIy 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 aH 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-III, 3.14.

Radius of influence was analyzed to determine the spacing of production wells to be

constructed. Formulas applied are mentioned in Chapter 111 of this report.

Diameter of well

Diameter of casing

Production rate

Allowable drawdown

Drilling depth

: 17-112" (444.5 mm)

: 12" (318.5 mm)

: 50 Vsec

:30m

: 200m

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

Effective porosity

Results are shown in following tableo

: 9.56 x 10-3 m3/sec/m

:0.3

R(m) lo (m3/sec) T (m3/sec/m) S t (sec) Period

1 155 0.05 9.56E-03 0.3 43200 0.5 dav

2 190 0.05 9.56E-03 0.3 64800 0.75 dav

3 219 0.05 9.56E-03 0.3 86400 1 dav

4 849 0.05 9.56E-03 0.3 lE+06 15 davs

5 1200 0.05 9.56E-03 0.3 3E+06 30 davs

6 2940 0.05 9.56E-03 0.3 2E+07 180 davs

7 4186 0.05 9.56E-03 0.3 3E+07 1 vear

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 lo be 500 m considering the safety side.

m-lO

Taking aIl these factors into consideration, the area east from la Tirana and the area
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Pumping perlod considered in the calculation oC influence radius is 0.5 day, 1 day, 15

days. 30 days, 180 days and 1 year. Aquifer constants applied are as follows;

Transmissibility

Effective porosity

Results are shown in CoUowing table.

: 9.56 x 10-3 m3/sec/m
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2 190 0.05 9.56E-03 0.3 64800 0.75 dav

3 219 0.05 9.56E~03 0.3 86400 1 day

4 849 0.05 9.56E-03 0.3 lE+06 15 davs
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Table B-III, 3.1. Ground Water Extraction (Pampa del Tamarugal)

<Extracción de Agua Suterránea (Pampa del Tamarugal»

lPamoa Area)

Water Use WellNo. WellName Extraction Rale Total
(BNA) (m3/vear) (Vsec)

Agricullure 381 CONAF 986 0.03
412 CONAF 654 0.02
363 Luis Ouispe 394 0.30 0.35

Domestic 426 Esteban Lucie 1,314 0.04
316 David Chian2 263 0.20
312 Guillenno 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 (ESSATI 14.622 0.46 660.65

Mining 984 or98S ACFMinera 157,680 5.00
Oficina Maoocho 946080 30.00 35.00

Total 21,929,173 696.00 696.00

(OLher Area: Pica. Malina. Esmeralda and Cascada)
Water Use WellNo. WellName Extraction Rate Total

caNA) (m3/vear) (l/sec)

Aniculture Pic&'Malilla 3500496 111.00 111.00
Domestic Pic¡v'Chinta2uav (ESSATI 1630,430 51.70 51.70
Mining 221 Cia Minera La Cascada 432,000 13.70

222 Cia Minera La Cascada 648000 20.55 34.25
Total 6210926 196.95 196.95
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Table B-lII, 3.1. Ground Water Extrae"on (Pampa del Tamarugal)

<Extracción de Agua Sultrránea (Pampa del Tamarugal»

A«a'
W.... Usc WeIl No. WdlName EAtraelion RaLe TOla!

mNAl lm3JveM\ l1/=\

A¡ncuJl1uo 381 CONAF 986 0.03
412 CONAF 6S4 0.02
363 Luis n.,tav- 394 0.30 0.35

Domesú< 426 Esteban Lucic 1314 0.04
316 David Oliana 263 0.20
312 GuillcnllO Arll~ 329 0.11
128 CORFO 183 0.01

-o.,;"¡,, 1892.160 60.00
Pla. Canchoncs no..ATI 18.914.508 599.78
Pta. Dolores t1=~C::A n

I~ 0.46 660.65
Minin& 904 .. 98> ACFMincn 157 5.00

orocino M~ho 946080 30.00 35.00
TOla! 21929173 696.00 696.00

Other Atea: Pie MaLiUa Esmeralda aOO Cascada)
W.... Usc WclINo. Wcll Name Eltracbon Rate TOla!

"'NA Im3l\lear\ n-.,
~ulture Pic&lMatilla 3500496 111.00 111.00
Domesú< PiC·n.in,,·,,;iESSATI 1630430 51.70 51.70
Minio, 221 Cia. Mincra La Cascada 432.000 13.70

222 Cia Minera La Cascada 648000 20.55 34.25
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Table B-III, 3.2. Variation of Groundwater Level (pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal»
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8
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tO
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4 13.06 7.07 8.31 11.37 20.0t 24.74
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8 t4.48 7.118 8.38 8.42 20.75 215.38
7 14.31 7.89 8.30 e.t2 20.78 215.32
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8 13.88 8.31 8.84 e.70 20.11 24.58
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2
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8 14.65 8.43 8.75 e.84 21.05 25.152
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lO 14.12 8.71 8.03 8.42 8.113 21.38 24.58 20.28
11 t4.10 8:U ---!.04 8.40 e.el 21.38 24.84 20.25
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2
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7
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8711
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3
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8
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7
8
e
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Table 8-111. 3.2. Variatinn ofGroundwater Level (pampa del Tamarugal)
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Table B-IlI, 3.2. Variation oC Groundwater Level (pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal» (2)
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ID 16.'0 12.05 14.35 8.ll8 -
It 16.38 12.08 14.38 8.18
12 15.38 12.05 14.35 8.21 -

ll2Il 15.38 12.05 14.31 8.el -
2 14.32
3 15.43 12.08 14.38
4 15.40 14.38
5 14.30
8 15.53 12.05 14.38
7
8 14.36
11

10 14.37
11 14.38
12 14.36

11311 14.38
2 15.40 12.13 14.37
3 12.011 14.'0
4
I
8 12.011 14.311
7 14.40 '.85
8 12.011 14.30 '.87
o 14.41 11.011

10 12.13 14.40 11.12
It
12

ill-14

Table B-Ill 3.2. Variation oC Groundwater Level (pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal» (2)

lXl" 11 21 30 '0 II 20 25 21 n 31 32 45 51
1\ " 111·1( 184·7 &73·' 10&·3 nO·l 101·11 '711-6 102-7 103-6 113·a 1011-1 10a·1( 1111·& 131-0

~
..n·.... '....... ' ....·tlNO ,..o·.... ....'.". 1.......0 'NO-IIIO .1t0·I,10 '''0·1'&0 1"0."0 t,.I·'NO 'HO·I"O I ......JO I ...-.n•

A·I A·' AN·' C'3 A·' 8·3 8-5 0·1 0·2 A-a A·2 A·3 C'l A'I
3 lUla 14.23 •.•0 20.64.. 1.111 , • .23 1.3' 20.64
a
8 11.01 1&.23 1.38 20.63
7
11 11.70 1&.28 BAO 20.57
o

10 11.0. 1•.23 1.38 20.58
11
12

1011
2
3 16.3' ".08 ".83 1.50 8111
o
11
8
7 lIt37 12.08 •.to 1.55
8 18.31 12.08 ".12 8.80 1.65 ·
O

10 1831 12.08 ".83 '.10 8.155 ·
11
12 15.37 12.05 11.110 8.55 ·

001'
2 ".88 840 8,'1
3
o
5 14." 8.38 -
a
7

• ·
11

10
ti ....1 '.7&
12

01" '6.&1 12.0& ,.... 8.72 ·
:2 n.&3 ".00 '4.80 '.7.
3 I15AI tl.OO 1&.10 1.7'

• 15.&1 t1.ll& 1&.111 ..~
5 '&.28 12.05 ,.AI '.10
8
7 n.&I 12.01 1&.35 1.13

• lIAD 12.08 ".35 '.72
o ni.37 12.08 1&.3& l."

10 n •.•o 12.05 1&.35 .."
ti 16.3' '2.08 1&.31 '.18
12 15.31 12.05 1&.35 • .21

O2JI 1ll.38 '2.0S 1&.37 1.81
2 1&.32
3 UU3 12.08 1&.38

• 15.'0 14.38
5 ".30
11 '5.U '2.05 14.31
7
I ".36
11

10 14.37
ti 1&.38

'2 ".36

ll3I' 1&.31
2 llUO 1213 ".31
:1 12.011 ....0

•
1

• 12.011 1&.30
7 ....0 '.15
8 12.0ll 14.311 1.'7
O 1&.41 1l.0ll

10 12.13 14..0 11.12
11
12

ID -14



Table B-III, 3.2. Variation of Groundwater Level (pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal» (3)

llWo &a 80 84 17 8!i 8t 58 ea 82 72 223 170 174
1\ lINo\ 204·K 132-11 222·8 230·11 107-8 133·7 234-1 23l1·K 1011·4 1211-11 280·0 252·K 283·6 286-1

~~
"'0''''0 1010·•••0 10'0·'UO 10.0·...0 ".0·...0 1010·...0 1010·...0 1010·...0 Zo.o·...o tolO·•••O ZoIO·••'O 1010·...0 1010·..10 1010·..10

C.3 C-4 0.2 0·8 C-2 0·10 0-12 0·13 0·18 0-5 C·13 C·5 A·2 A-4
8111

2
3
4
6
8
7
8
11

10
11 18.75
12 21.14

8211
2
3
4
6
8
7
8
11

10
11
12

.311
2
3
4
6
8
7
8
11

10
11
12

8511 24.03 10.22 25.118 20.40
2 24.07 10.20 26.118 20.44
3 24.08 10.26 25.118 20.40
4 24.11 10.28 26.V7 20.40
5 24.05 10.1' 25.115 20.48
8 24.10 10.11 25.88 20.48
7 24.06 10.16 25.110 20.40
8 24.011 10.20 25.93 20.45
11 24.07 10.20 25.811 20.43

10 24.03 10.18 25.111 20.38
11 24.04 10.18 25.110 20.33
12 24.00 10.13 26.112 20.411

8811 24.02 10.35 14.81 25.81
2
3 24.111 10.311 14.80 25.118 20.48
4 24.20 10.37 28.02 20.55
6
8 23.112 10.37 28.11 20.511
7
8 24.27 10.41 28.01 20.81
11

10 24.27 10.37 28.02 20.88 40.011
11
12

8711
2 24.28 10.44 28.04 20.88 311.80
3
4 24.32 10.48 28.011 20.88 311.81
6
8 24.32 10.55 28.07 20.811
7
8
11

10 24.38 10.61 28.13 20.70
11
12

8811
2

llI-15

Table B-IIl, 3.2. Variation of Groundwaler Level (pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal» (3)

•

•

• , .. , .. , ,
" no '"-204·1( 1'2·' "

., 230-' , ,., 133-7 23'-1 2U·I( 101·" 128-' 210-0 2'52·11; iu·e 2115·'

~~
...910 .......'- ""·IIM U,.·.... ""-.... '''' .... rll'-U.. fU...... ,........ ""..... lon,••,. ,.11·.... III'-UI' ""-u... ., ., ., ., ." ... C·l, ., ,., A·'

1111

,
•,
,
••
"" ".7$

" 21.U.,",,
•••,
••
"""..,,,
•••,,
•
""".., 24.01 ,,., ".M :XUO, '.07 ,,., 25." "'.U, 21.00 10.21 :rus 2lUD

• 2•.11 10.21 u.n "''', '.05 , ... n." 20."
• 2•. 10 111.11 2'.18 "'..., ..'" 10.15 25.00 20.10

• 21.M \0.20 25.13 20.45

• 21.07 10.2'0 25." "'.,
" 24.01 10.1' 25.01 ."
" 2'.001 10.1' ".'" 2'0."

" 2'.00 10.13 n .•2 20.6'w, 2•.02 10.35 , • .t, 25.11

2.... 10.31 U.1ll ".M 20.•'

• • IlUl 2un 20.55

, :n.'2 10.:17 '.1' 20.51,
• •.27 10." 2'1.0\ 20.'1,, '.27 , . , ".'" "'... 10.0\1

""1m, 2'.2' 10." ... "'lO :tll.IO,, 2'.32 10.41 2'1.0' 20." ...
• 2•.32 10.65 8.07 "'.'",
,
" 2'.:1& 10.U ." 21).10

""lO"

Uf - 15



Tablc B-IlI. 3.2. Variation of Groundwater Level (Pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal» (4)

~ 51 80 U 71 U 81 58 88 82 72 223 170 174
1\ lNo\ 204-K 132-1 222-8 230-1 107-8 133-7 234·1 235·K 101·4 121-1 280·0 252·K 283·5 285-1

DA~
101O·.no 101.·••'0 rOlO·'UO r.,o·•••O rOlo·.... 1010·...0 zaIO·.I'O 201.·...0 r •• o-...o r••o·...o 2020·"'0 2020·.tlO 2.20·1120 2020·1120

C-' C-' 0·2 0-8 C-2 0·10 0·12 0·13 0-18 0·5 e·13 e·5 1.·2 A·.
3 2'.81 10.58 28.13 20.72

• 24.38 10.58 28.13 20.54
5

• 24.33 10.58 28.12 20.53
7

• 2'.31 10.58 28.18 20.57
1

10 2'.38 10.81 28.14 10.04 20.58
11
12

81111
2
3 2.-63 20.84 20.13 11.48 18.50

•
8
8
7 2'.83 20.58 20.10 11.45 11.50

• 2'.53 20.58 20.10 19.45 18.50
1

10 2'.53 20.58 20.10 11.45 18.50
11
12

10/1
2
3 8.12 20.58 11.18 18.41
4
5 24.53 8.18 20.58 21.05 11.15 18.40
8
7
8 2'.82 8.18 20.81 21.80 11.10 18.80
1

10
11 24.81 8.98 20." 24.78 11.13 18.78
12

1111 2'.81 8.95 20.81 11.11 18.77
2 24.58 1.00 20.88 10.08 18.75
3 24.58 20.88 11.08 18.74
4 2'.80 20.88 11.07 18.78
5 24.57 1.08 20.81 11.10 18.88
8
7 2'.18 8.37 20.72 11.20 18.88
8 24.88 8.38 20.71 11.18 18.88
1 2'.88 '.37 20.72 11.21 18.811

10 24.85 8.311 20.70 11.20 18.811
11 8.40 111.20 18.81
12 8.42 20.81 11.21 18.89

1211 24.75 8.45 20.71 111.23 18.10
2 2'_73 20.80 21.00 19.08
3 24.78 20.82 21.31 11.07 17.04
4 24.75 20.83 21.00 11.07 17.02
8 2'.81 8.•1 ".55 20.81 21.35
8
7 2••78 •.•7 14.55 20.81 21.32 11.08 17.02
8 2'.75 8.48 ".57 20.77 21.32 18.'0 17.15
1

10 2'.75 ".'7 15.53 20.81 21.07 111.42 17.15
11 2'.78 8.50 15.55 20.78 21.33 38.87 18.48 17.22
12 2'.73 8.47 20.77 21.30 111.45 17.20

11311 24.81 8.52 15.58 20.80 21.38 38.72 111.50 17.40
2 2'.78 8.55 15.58 20.77 21.35 38.75 18.45 17.40
3 24.83 8.54 15.81 20.83 21.38 38.73 11.43 17.48

•
8
8 25.14 2088 18.40
7 24.88 15.85 21.311 11.35
8 24.110 15.85 21.40 11.32
1 24.81 15.71 21.41 111.28

10 24.83 1588 21.36 11.30
11
12

III - 16

Tablc B-IU. 3.2. Variation ofGroundwater Level (Pampa del TamarugaJ)

<Variación de Nivel Estático (Pampa del Tmarugal» (4)

~ .... " ........ " " ,,, '"_11: In· '22-' no-' 101-' ,,,., n.·' Ull-Il ,o... IU-' UO'O nZ·1Il 'u·, 21S-'
"".19" "" _ "'...... "'O _ "'''"HI ,...._ ..." ............. "".IN' "t••_ ".. o... ......... "" .... ........

• ·4 • _, C· 0-10 0-" ., 0-1' . C·l e·. ••• •••,
~.'1 "" "" .."• -" 10.511 21.13 ....

•• H.U 10.$1 " .. ..
•• t •.,. "... ." "•
" ..... 10.'1 " .. .... .. "
""..,
, .. .... .... .... " ..•
•• " .. " 1I.'S " ..• ,. $' ,." ." "'$ , ..
•, ... .." ..." Il.U " ..
",

."

,
" .. " 11 ., 11."

•• ... '.N .." '1.0S 11." 11.'0

••• .. " 'N .... .. " 11.10 ".10
•
"" ... 'N .... .... 11.13 , ...,

1111 .... ... to." ".11 ".n• .... ". ..... 10.0' 1'.75, ... 20.1' "... '1.74

• " ..... 11 07 11.'1

• ... ... to." '1.10 ' •.U

• ... ." 20.12 II.to " ..• ... '.11 20.71 11.11 ".tI
• ,.... '.11 20.72 1I.:f1 11.11

" ,.., '.39 ." ".20 .,...
" •.•0 ".20 1111

" .., 20.11 112' l'"~, U.1I '.15 " 10.23 11.10

'.n .. " " '9.01, ".11 .. " 21.3' 1'.07 ...
• ".11 2'013 2UlO " • "02

• '.'1 ... ".U .. ..
•• .... ... 1'.55 .... '" 11.0' 17.02

• ••• .. ...., 20.71 21.12 11"0 17.1

•
" ... 1'0 ".13 , '.. l' ., 17.1

" 2' 11 ... ..... 20.11 11," " , " .. 17.2'2, .. " '.0 ." ,... 1115 ,,-'".., t •.•• ... u.sa ,." .... "" ,,-" 17.40

"11 .U '" .." '-' .... 1'.15 17.40, ,.., .~ ".., ,... 21.,. " 1) ItU u.u
••• " .. • It 40

• ... 1115 '" It :I!o

• ." 1515 '" It 37

• , 15.11 21 ., It 2_
oc M.U , ,

"..
"

III - 16
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Table B-IIl, 3.2. Variation oC Groundwater Level (Pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal» (5)

~ 212 22. 183 115 2011·8 1117 200 203 228 210 77·8 107
1\ INA 13$·3 2117·' 277·$ 2711·1 280·& 283·7 2llll·' 2911·8 1711·3 273·2 148·$ .611·2 311·8 311·K

DA~
1010·"10 1010·"20 1020 "20 1010·"20 2010·..20 2020·"20 2020·..20 2020·"20 2020·..20 2010·..20 2020·.no 2020·.no 020·183 020·183

C·l C·2 O," 0·13 0·1' 0·27 0·30 0·33 0·11 0·7 A·l0 A·13 A·3 A·I

'1/1
2
3

•
11
6
7
8
11

10
11
12

8211
2
3

•
5
8
7

•
11

10
11
12

8311
2
3

•
11
8
7
8
8

10
11
12

8511 211.2. 8.50
2 20.2. 8.&1
3 28.18 8.&1

• 20.22 8.&0
11 20.18 8.48
8 211.111 '.311
7 20.18 8.'5
8 20.21 8.•&
8 211.18 8.•0

10 211.111 8.•0
11 20.1$ 8.'0
12 20.12 8.38

8811 31.13 8.82
2
3 31.~ 8.71

• 20.38 '.70
11
8 211.81 311llO 8.70
7

• 30.1$ '.84
8

10 1.00
11
12

8711
2 8.11
3

• '.118
11
1 30.12 '.111
7

•
8

10 31.78 8.811
11
12

8811
2 ¡j¡"''viV

.. ~~~ ~~
IlI-17 ~ ~

D.G.A. :t:
l.J r...o.p. ~j

~ t':i
~~

Table s-m, 3.2. Variation oC Groundwater Leve! (pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal» (5).. " ... .., ... 200-8 '" ". ", '"
,,, 77·8 '"- 1:115·' 217-' 217-15 211·1 210-1 2"·1 U .. , 29'-' 110·' 27:1-2 141-5 •••·2 :1'1·' "'_K

Il>'~
,.,....... '."·1110 ""ltN lon-IUO "n-u,. .......H "'IIt" """1" H .._tU' re,.-ur. ""U)II ""u,. o-In 010·'"

e·, e· D·" 0-13 0-" O·" •." 0-" •., .., ""0 "·13 ,., ,.,
'1/1

,
•,,,,,
"""'''',,
•••,

• •,
""",.,,,
•••,,
•
"",.., H.21 ...., .... '.5', 21.11 '.51

• .... ,.., :N.l' ••••• 211.l' '.'1, :tO.1I .", .." '.15, 21." ..,
" 21.11 '.10• " 2tUlJ '.10

" .. " •.U.., 3'.13 ..,,, 31.5<1 '.1\

• :N.se '.70

•, .... ,... '.70,, ." ....,
" ,..
""11/1, '.1',
• ...,, '''' ..,,,,
" 31.79 'H

""..,
rf~"" ""~1lI- 17 off \

, D.G.A. '"
,. l' ~. ... O.P. '
~ <;

_1...,



Table B-IIl, 3.2. Variation oC Groundwater Level (pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal» (6)

~ 212 224 183 185 208·8 187 200 203 228 210 77·8 107
[ \ 8HA 135·3 287·1 277·5 278·1 280·5 283·7 288·1 288·8 170·3 273·2 1411· 5 488·2 311·11 318·K

DA~
101O·etto 1010·...0 1010-"10 2010'''10 1020 '''0 1010 ..20 2otO·.tto 10l0·eno 2010-.ttO lote·.ttO loto·eno 'OIO·"SO 020·11.3 020·1183

C·l C-2 0·11 0·13 0·14 0·27 0·30 0·33 0·8 0·7 A·l0 A·13 A·3 A·I
3 32.53 8.08
4 32.82 1.87
5
8 32.38 8.80
7
I 32.S8 8.88
8

10 33.01 1.88
11
12

8llIl
2
3 24.18 70.02 45.76 49.02 38.17 10.80 10.76
4
li
8
7 24.18 45.74 48.11 39.17 1087 10.77
8 24.18 45.78 48.10 38.17 10.87 10.77
8

10 24.31 47.58 48.15 38.32 10.87 10.77
11
12 24.30 45.74 48.15 38.34

llOIl
2 10.30
3 24.30 45.74 48.15 S8.32
4
5 24.28 45.77 48.18 38.32 10.75 10.80
8
7
8 45.77 48.14 311.32 10.75 10.80
11

10
11 24.30 45.74 48.14 311.31 10.89 10.90
12

8111 24.30 45.17 40.18 10.85 8.85 10.88
2 24.35 40.14 10.117 8.84 10.84
3 24.41 40.14 10.95 8.115 10.110
4 24.48 40.18 48.58 45.88 11.04 8.84 11.01
5 24.58 40.08 48.17 45.52 11.00 11.02
8
7 24.42 40.15 48.81 45.18 11.02 12.25 10.118
8 24.40 40.14 48.84 45.58 11.00 1~.27 10.1111
11 24.41 40.14 48.811 45.51 11.00 12.23 11.00

ID 24.40 40.14 41.80 45.50 11.00 12.24 11.00
11 11.02 12.23 11.01
12 24.40 40.14 40.13 48.70 1 '-08 12.24 11.07

9211 24.45 40.13 48.88 45.54 11.011 12.23 11.12
2 8.81 11.17 12.58 11.14
3 1.87 11.14 12.28 11.18
4 24.44 40.00 48.25 45.46 8.48 11.13 12.30 11.15
5 8.14 11.21
8 8.12
7 24.42 40.00 48.67 45.46 11.13 12.28 11.13

• 8.44 11.18
11

10 24.45 40.00 48.87 45.48 8.43 11.13 11.28
11 8.21 11.12 12.22 11.17
12 8.22 11.11 12.21 11.17

8311 ••28 11.20 12.70 11.22
2 •.28 11.18 12.70 11.22
3 24.52 42.88 42.98 40.011 ' •.80 45.57 8.30 11.27 12.88 11.33
4
5
8 24.50 41.78 44.84 40.05 48.58 45.83 11.27 11.27 11.38
7 45.00 45.80 11.38

• 40.05 48.50 45.55 11.25 12.80 11.38
8 4Iio17 80.88 40.18 48.7' 45.88 11.21 12.88 11.38

10 24.50 80.80 40.80 '8.88 45.60 11.20 12.88 11.38
11
12

nI - 18

Table B-m, 3.2. VanaLion oC Groundwatcr Level (pampa del TarnarugaJ)

<Variación de Nivel Estático (Pampa del Tmarugal» (6)

- • '" ." ... 200·. '" ~, ~, ". '" ". '"-IU·' 2117-' 211.1 :n•. ! UO·5 2U·1 211'-1 2111-' 17'" 273·2 141· .. ., '1 lo. 31,·1(

10l~
M-11M "H·" H"·.... "r'·.U" .... u,. nll.n. Hit .... .1,..1." _·11t Iln·,," " ·"H ""_I'N eno-.u 01 .IU

e·' e· 0-11 0-13 O·U D·n O," 0·3) O,, O,, A·l0 A·U A·' A·', '.N

• ." ,..,
•• n.31 lUID,

,tU l."
•
" ".01 ...
"",,, 2'.• ' >O.M 45.'1 4102 )8,11 , ... \0.71

•••, 2'.11 IS.U .0. " HU7 10'7 ID 71

• 2•.1' 15.71 It.l0 '''' • "
, ."•

" 24.31 .'.se .t.15 30.32 10.17 \0.77

"" 2'.30 U.U <&'.15 .......", 10.10, 2'.3D 15.1' '11115 :Ie.U

•• 24.28 15.71 U.tI ...U 10.7$ 10.80

•,
• '5.71 41.'" .. u 10.1$ 10.tO

•
"" 21.30 '5.14 ".1. ,.." !tt.1I 10.110

"."1 U.3C '5.n 10.11 10.15 '.'5 10.80, 2'.3' •.U \0.17 ... lO....., U." ID." \0.'5 '.15 10.110

• t •.•• 10.1' U.se U ... 11.(1.1 .... .. ,
• 2••1541 <&0.01 ,'.11 15.52 11.00 1I.0Z

•, Z....Z •o.n ".tI n.l' 11.02 ".25 , ...
• 2•.•0 .0.1. .... .5.51 11.00 • ." 10."

• Z.... , • 0.'. .'.11 '$.51 11.00 12,23 U .

" Z•.•O .O.\( '1.110 U.MI 11.00 n." 11.00

" 11.IIZ 12.2:1 11.01

" 2....0 .0.1' '0.13 ".70 11 08 12.2. 11. 7.," Z' .•5 .013 .... ..w lU19 • ." 11.IZ, ... 11.17 12.5' II.\(, ... !I.u , ".,.
• •••• "'0.00 .0 :rs "'su •.U 1l.l3 1'.30 11,1'

• ..\( Il,ZI

• '.12, Z•.•2 ..~ U.,1 .S.U ll.!3 IZ.Z' 11.13

• O.U 11.1'

•.. ,.,U .0.00 ...., .5.' ' .•3 1'.13 U ...

" '.21 11.12 lZ.:n 11.17

" .." 11.11 12.21 11.11.,,, '.Z' l1.Zll 12.70 U-", .... U.,. 1Z.10 11.22, 2.5Z •.U • .N .... .... .SSJ '_30 1'.21 • .. U.33

••• ,,~ .l.J' .... .0.05 ••. o .5.13 11.21 11.21 11.•, U.OO .... 11.3'

• • 0.05 .... U.SS 11.Z5 .... 11.31

• •.11 .... .0.10 "' •.U d.U lI.21 12.11 ".31.. .... .... "'0.110 U.U .5.10 ".., 12.11 ".30
""
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Table B-UI, 3.2. Variation oC Groundwater Level (Pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal» (7)

OOA 111 140 141 134 148 117 118 121 182 113 123 124

1\ &NA 134·5 323·2 324-0 354·2 385-' 458·1 480·3 387·4 147·7 110·. 112·4 138-1 130-1 371-3

~~
IOtO·"'O tolO·"" 2010-"310 1010,'.,0 1010-"310 lorO"'20 1010·"30 1010·....0 10.0·...0 1010-1"0 020-8114 ••10·•••0 .oro·..... 1010"NO

8·11 C-Z C·3 0·\7 0-28 0·34 0-31 A-I 8·1 C-l C-2 0·1 O-ID 0·11
81/1

2
3
4
11
8
7
8
o

10
11
12

8211
2
3
4
5
8
7

•o
10
11
12

8311
2
3
4
11
8
7
8
o

ID
11
12

1511 7.7. 7.55 12.08 12.85 7.711
2 7.10 7.52 12.10 12.88 7.711
3 7.711 7.55 12.09 12.11 7.78
4 7.80 7.57 12.12 12.17 7.11
5 7.68 7.80 12.12 12.75 7.17
8 7.84 7.60 12.09 12.81 7.88
7 7.811 7.58 12.09 12.85 7.110
8 7.73 7.57 12.09 12.110 7.811
11 7.74 7.115 12.05 12.17 7.12

10 7.71 7.55 12.04 12.18 7'"
11 7.70 7.58 12.10 12.88 7.85
12 7.85 7.54 12.04 12.88 7.78

8811 1.31
2
3 1.31 7.71 12.24 13.32 7.118
4 8.35 7.75 12.23 13.35 8.00
5
8 7.75 7.78 12.08 12.11 7.15
7
1 8.07 7.78 12.14 13.31 8.04
11

10 8.27 7.77 12.20 13.10 1.01
ti
12

8711
2 8.47 7.81 12.111 13.44 '.09
3
4 7.13 13.47 '.20
11
8 7.8. 12.34 13.42 1.27
7
1
o

10 7.03 12.55 13.25 1.34
11
12

8811
2
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Table B-IlI, 3.2. Variation oC Groundwaler Level (Pampa del Tamarugal)

<Variación dt Nivd Estática (Pampa dtl Tmarugal» (7)

•

•

~ ." '" ". ,.. ... " .. '" '" '" ". "... 13"'& 323·2 324·0 35'·2 316-' 'Sl·' "'0·' 311·' ,,,., 110-' " •• 131·1 n._. 31'-'
I~~

.... ......n. "".'" ........... ......... ._.."................... 10......,........ onO·... ........,...................., O,, O·, 0-11 D·U ,. ·H A·' .., O,, C,, ,.. 0·10 0·11

'",
••,
••••
""".'n,,
••••••
"""•••,
••,
••••
"""••• 7.11 7.55 Il,ll' 12.15 '-", .... 7.52 '2.10 1'.M 1.11, 7.1' 7.55 , .. 12.11 7.71

• ." ... • ." 12.17 7.1'

• '.H .... 12.12 , ." l."

• .... .... 12.ot ". , 7."
l." '.H 12.0\1 12.15 ....

• 1.11 1,51 , ... 12.ea 1.16

• 7.1' ... lUlf¡ 12.11 7.'2

" 1.71 ." • .0< 1:1'." ...
" ..'" '.H • ." 12." 7.1$

" 7.15 .... 12.006 12." 7.71w, .",, '.31 1.11 12.24 lS.32 7."
• '.'5 7.75 U'.2:l 13.35 ....
•• 7.10 l." 12.08 I .11 ..,
•• ... ." • ." n." '.0<

•
" '.27 1.11 • ." 13.10 '.01

""1111, ... 7.'1 I .1' U.U ...,
• 7.13 • .. ."•

7." 12.3<1 13... 2 ...
•••
" 1.•3 12.n 13.25 ....
",

W,
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Table B-Ill. 3.2. Variation of Groundwater Level (Pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal» (8)

!Xl" "' 140 141 134 148 117 118 121 182 113 123 124

1\ ~ 134·11 323·2 324·0 354·2 385-8 458-1 480·3 387·4 147-7 110-8 112-4 138,1 139-8 378-3

~~
1010·..30 101.·..30 1020 ••JO 1010·..30 2010·1030 2010·.130 2G20·,.JO 2020·".0 2020·•••0 1010·1940 020·10' 202.·...0 202.·...0 2020·...0

8·S C·2 C·3 0·17 0-28 0-34 0·36 A-l B-I C-I C·2 0·1 0·10 0-11

3 7.115 12.84 8.48
4 7.118 12.84 13.41 8.48

11
8 7.113 12.87 13.42 8.48
7
8 7.1111 12.88 13.42

11
1O 12.85 8.119 12.85 13.42

11
12

"'1
2
3 7.A7 11.70 22.78 7.110
4
11
8
7 11.110 22.77 8.15
8 11.90 22.78 8.18
11

10 11.90 22.78 8.16
11
12 2.38 22.78

llOIl
2 11.110 22.77
3
4
6 11.92 22.75
8
7

• 11.110 22.77
11

1O
11 10.02 22.77
12

11111 10.00
2 10.10
3 8.20
4 10.10 8.20
6 10.31 •.23
8
7 10.88 24.44 8.25
8 10.14 24.41 8.25
11 10.23 8.24

10 10.25 B.25
11
12 10.24 •.25

ll2Il 10.24 8.30
2
3 B.31
4 •.31 10.20
6 •.35 1B.80
1
7 •.35 18.80 10.20

• B.33 1•.•0 10.711
11

10 •.36 1•.77 10.20

" •.34 32.11 111.30 10.48
12 8.30 10.44

11311 1.40 32.48 1•.78 10.27
2 •.42 32.44 lB.78 10.25
3 •.45 32.11 111.50 10.77
4
6
8 1.411 111.61 10.75
7 •.411 111.28 10.77 ••511

• •.411 31.50 111.30 10.78 •.55
11 •.411 32.18 20.7. 10.• ' •.57

lO 8.411 32.10 20.78 10.83 11.30
11
12

111 - 20

Tablc 8-IIJ, 3.2. Variation oC Groundw3ler Level (Pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugol» (8).. '" ... ... ... ... " .. , , ,,,
" '" '"-1U- 321-2 32'-0 n.· ,,~-. U'·I no-' 31'-' 147·' " •• " -, 131-1 131-' :UI·'

"n .... ""U" "no,.. " .. u .. "H .... ""'0''''' '"'n .... "" ..... ""_O - ,0-..' "n ..... "H .... "" ....
n ••• C-' C·, 0-17 0-21 D·" D·" ,., .., c-' C·, D-' 0-10 0-11,.. , .. ..., 'H n." •,.u ...

•• ,n l'. 7 1'....2 ...,
'H 12 .. 1).,

•, 121$ 'H 1:U5 '3'2

",..,, , , ". n.1I 'H,
••, ... .. n ."• ... .... ".•, ... 21.7' ".
", • n.7I..., ... un,,

." .. "•,
• ... un
•..
" .... "n

"", ,,~

10.\0,
'", 10.10 ."• 1 .31 .", 10.U 2•.•• ".

10..... l." •• " '"" 10.25 • •,
" 10.2_ ".

"" 10.2' '", .",
" ""• ". 11.10

•, • 11.0 ""• ." 11.10 10.n

•.. ••• ".11 10.2'0

" • 3211 ..~ ID."

" .OO 10.U

"" '-"0 " .. l •.n 10.27, .., .... 11.11 10.25, ... n." .... 10.11,

• ... .. , I .15, .. ..~ , .n ...
• .. '''' .. \0 ,. ."• ... UlI " 1011 .n
" .. , 20.11 Ion .oo
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Tablc B-III, 3.2. Variation of Groundwater Level (pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal» (9)

~ 137 183 122 31& 320 301 302 323 238 237
\ llNA 140-K 137'K 383-8 138-8 114-0 143-4 142-8 111·6 4811·7 470-0 47\-11 404-2 113-2 411-6

OA~
020·.11. 10to·....O 2010·....0 2010 ....0 10"-"20 OSO·"IO 10'0·••,0 20'0,••20 2030"'10 10J.·••20 2010·"20 2030·.no 030-'113 20JO·• .,0

0·16 0-20 0·111 0-11 1.·2 1.-2 B-l B·2 BN'I BN·IO BN·I\ 0·1 1.-1 1.-11
8111

2
3
4
6
8
1
8
I

10
11 54.13
12 13.20

8211
2
3
4
6
8
7
8
11

10
11
12

1311
2
3
4
6
8
7
8
11

10
11
12

8511 12.11 70.08 55.01 4.85
2 12.12 70.10 55.04 4.85
3 12.10 70.14 55.00 4.85
4 12.11 70.18 615.04 4.70
& 12.015 70.08 54.98 4.68
8 12.10 70.04 55.00 4.59
7 12.05 70.08 55.04 4.15
8 12.07 70.1\ 55.04 4.85
I 12.05 70.11 55.00 4.82

10 12.05 70.12 154.118 4.83
11 12.10 70.13 154.118 4.88
12 12.05 70.01 154.04 4.511

88/1 81.10 154.24
2
3 12.22 70.24 55.22 '.75

• '12.26 10.28 55.35 4.78
5
e 12.32 10.33 55.37 4.80
7
8 12.30 70.51 55.43 4.81
o

10 70.30 55.44 13.85 4.01
ti
12

8711
2 12.38 70.3. 55.45 13.41 4.111
3
4 12.43 10.41 55.50 4.07
15
8 12.42 70.40 55.52 '.110.,
8
11

10 1220 10.48 55.57 &.03
11
12

8811
2

DI - 21

Table B-lll, 3.2. Varialion of Groundwaler Level (pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal» (9)

•

•

.. '" '" '" '"
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1,
•
"" $4.73

" 13.20
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1,,
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•
1

•,
""""" '2.11 10.0' 55.01 '.15, n.u 70,10 55,1)( 4.15, , ." 10,1. "" ...
• 12.11 10.11 eli.C<l UD, 12.0& 70.011 ..... ...., 12.10 70.l)( U.ca .. ,
1 12.05 ., .01 .... •.15, 12.07 70.11 .... 1.15, 12. 5 70 " 55.(Ml •.12

" 1205 70.12 64." '.13
" 12.10 70.13 .... ••••
" " .. ".00 M .... ••••.." ".10 ....,, ,

." 10.2• 55.22 '.1S
• , .H 70.21 55.35 '.71
•, nu 10.33 n.31 '",
• 11.30 70.11 5M3 '.11,
" 70.30 55." 13.15 ,..,
""'711 U.,. " .. "l. 13..• 1 '.tI,
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Tablc B-Ill, 3.2. Variation of Groundwater Level (pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal» (10)

DQf\ 137 183 122 315 320 301 302 323 231 237
\ 11M 140·K 137·K 383·8 131·1 114·0 lU·4 142·8 117·5 481-7 no·o nl-1 404·2 113·2 411·5

r».~
020·8" toIO·...O .Oto·...o toIO·...O 1020·..20 toIO·"IO 1010·..10 10SO·"10 20'0·'.20 1010..... 20JO·...0 20JO".ro 030·813 1000·.no

D·UI 0·20 D·UI 0-1 A-2 A-2 B-l B-2 BN·I BN-l0 BN·" 0·1 A-I A-I
3 70.41 55.58 5.01
4 811.71 55.ll5 5.02
5
8 70.48 55.57 6.01
7
1 70.32 66.17 6.11
11

10 70.55 50.48 4.38
11
12

IAlI
2
3 12.68 71.11 66.11 21.22 28.35 20.01
4
5

•
7 12.48 5.73 7l.18 55.115 21.85 28.•2 20.01
8 12.48 71.18 56.115 21.84 2'.42 21.01
11

10 12.38 5.73 71.18 55.88 28.38 20.01 5.70
11
12 71.18 55.88 21.8' 28..15

8011
2
3 12.35 5.72 5.31
4
6 22.27 28.35 111.81
8
7
1 12.60 5.85 71.21 6830 6.58
I

ID
11 12.n 8.85 71.24 58.25 22.88 21.75 5.53
l2

8111 12.60 5.80 71.26 58.25 22.88 211.75 8.60
2 12.411 71.25 68.21 22.18 8.83
3 22.88
4 12.•8 71.25 58.20 22.81 5.55
5 12.83 71.18 58.28 22.28 20.00 6.56
8
7 12.58 70.84 55.• ' 21.78 30.80 20.85 6.a.
8 ".81 70.83 55.80 21.70 30.81 20.88 5.84
I U.80 70.11. 55.85 21.73 30.78 5.84

lO 12.80 70.08 55.83 21.70 30.78 20.88 5.83
11 12.•5 70.80 55.86 32.38 31.4. 20.30 6.8e
12 12.82 70.80 55.11 39.48 21.00 6.71

11211 12.87 70.88 55.88 23.52 21.10 5.73
2 70.80 55.95 20.36
3 70.88 58.05 20.84 5.78
4 70.84 58.00 30.80 6.78
5 70.82 58.08 2l.l0 30." 20.88 5.711
8
7 70.lID 58.05 5.78
8 12.52 70.85 55.87 22.14 30.83 18.43 5.78
11

lO 12.52 70.83 55.17 22.11 31.03 20.27 5.78
11 12.50 71.00 58.00 22.33 31.38 18.'0 6.80
12 12.60 71.00 65.18 22.50 3t.40 11.80 6.71

lI3I1 71.03 62.08 31.03 11.IB 5.83
2 71.05 52.05 31.00 18.88 6.83
3 71.07 58.05 21.30 31.00 III.SO 18.10 5.B8
4
5
8 71.011 21.37 31.43 20.22 5.111
7 71.07 58.12 20.51 6.111

• 71.07 6s.12 20.50 11.80 5.88
11 71.11 58.14 111.110

ID 71.13 58.12 11.80 5.11
11
12

llI- 22

Table B-IU, 3.2. Variation or Groundwater Level (pampa del Tamarugal)

<Variaci6n de Nivel Estático (Pampa del Tmarugal» (10)
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Table B-III, 3.2. Variation oC Groundwater Level (Pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del TI1Ulrugal» (11 )

0l:M 230 254 25. 2&7 2.5 2411 2511 253 280 283 284 235 247
1\ &HA 412-' 11'-' 141·. 144·2 151·5 120·5 1111-1 121-3 428·3 150·7 427·1 118·7 430·1 145·0

r».~
1010,'''0 OSO-1I3 1010"'" 1030'1110 toll·..,O IOI.·..SO 1010·'''' laSO·IIIO la.O·'''O 101.·• .,0 101.·.... 1010·"30 1010·.... 1010·....

A-ID C-l C-' C·4 C·8 C-7 0·1 0-2 0-5 O,, 0·7 0-. B·2 B-3
8111

2
3
4
6
8
7
8
11

lO
11 4.44 7.25 3.14 18.15 28.48 11.24 4.03 450
12 7.08 :U5 18.40 4.02

8211
2
3
4
5
8
7
8
11

10
11
12

1311
2
3
4
5
8
7
8
11

10

"12
8511 3.110 7.11 7.69 3.70 18.21 28.78 10.40 4.70 2.33

2 3.110 7.13 7.85 3.73 18.111 28.75 10.40 4.74 2.31
3 3.85 7.15 7.87 3.75 18.15 28.78 10.41 4.73 2.28
4 3.88 7.20 7.811 3.78 18.11 28.78 10.44 4.78 2.30
5 3.81 7.02 7.84 3.511 18.14 28.81 10.48 4.78 2.28
8 3.77 7.04 7.58 3.83 18.13 28.77 10.48 '.70 2.28
7 3.84 7.12 7.85 3.70 18.15 28.75 10.44 4.78 2.31
8 3.88 7.17 7.70 3.75 18.1. 28.77 10.48 4.75 2.36
11 3.85 7.12 7.88 3.70 18.17 28.75 10.'5 4.74 2.31

ID 3.88 7.13 7.70 3.70 18.15 28.75 10.'2 '.73 2.32

" 3.85 7.12 7.73 3.70 18.11 28.78 10.'1 4.73 2.31
12 3." 7.18 7.73 3.70 18.11 28.75 10.38 '.811 2.28

8811 8.37 18.28 10.30 17.57
2
3 '.01 7.51 7.110 3.84 18.25 211.04 11.85 17.83 4.112 2.61
4 3.118 7.51 7.110 3.85 211.08 10.50 17.88 4 .•7 2.55
I
8 4.04 7.50 7.112 3.110 18.27 28.08 11.04 17.87 '.118 2.56
7
8 4.011 7.37 7.114 3.115 11." 211.10 11.82 17.88 4.1111 2.58
11

lO '.05 7.37 7.115 4.00 11045 28.14 10.80 17.85 '.118 2.55
11
12

8711
2 4.09 7.311 8.00 4.08 11.31 211.18 11.311 17.85 5.04 2.57
3
4 4.14 7.'0 4.11 18.33 211.28 10.53 17.811 5.07 2.88
5
8 4.13 7.42 8.04 4.18 18.38 211.33 11.83 17.'8 5.05 2.68
7

•11
10 425 7.47 '.04 '.21 11.43 28.28 10.40 17.'11 1.17 2.73
11
12

8811
2
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Table B-IlJ. 3.2. Variation oC Groundwater Level (pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal» (11 )
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Table B-I1I, 3.2. Variation of Groundwater Level (pampa del TamaIllgal)

<Variación de Nivel Estático (Pampa del Tmarugal» (12)

C$ 230 254 258 257 285 24D 25D 253 280 283 284 235 247
1\ ll* 412-3 118-3 141·8 144·2 151-5 120·6 llD-l 121·3 428-3 150-7 427-1 1 UI-7 430·1 145-0

M~
IOSO·OUO 030-183 10)0·"30 1030·0130 2030·t,:l0 2030·.'30 2030·0130 101.·013. IOS.·...O loso·ono 1.30·'130 103.·.130 20JiO·".0 201O·0U.

A-lO C·l C-3 C·4 C-8 C-7 0-1 0-2 0-5 0-8 0-7 0-8 8-2 8-3
3 '.28 7.50 8.02 4.34 18." 2D.35 10.4D 17.D2 5.18 2.75
4 4.28 7.48 8.02 5.18 18.37 211.37 10.511 17.80 5.15 2.75
5
8 4.28 7.411 8.04 4.33 18.'3 211.35 10.48 17.811 5.17 2.73
7
8 4.32 7.88 8.05 4.58 18.35 211." 10.53 17.11' 5.40 2.83
11

10 4.20 7.50 8.011 4.38 18.38 2D.41 10.55 5.18 2.83
11
12

8D11
2
3 10.DO '.2D 7.73 4.58 18.52 211.84 0.75 5.81
4
5
11
7 10.88 4.'2 7.D8 4.511 18.55 29.71 0.75 5.85
8 10.1l8 4.•2 7.D8 4.5D 18.55 2D.71 0.75 5.85
11

10 10.e. 4.41 7.118 18.55 2D.88 0.75 5.85
11
12 7.D8 18.55 211.88 0.75

8011
2 7.88 211.88
3 10.D' '.52 6.811
4
5 4.81 8.0.
11
7
8 10.110 •.511 7.111 211.84 8.00
11

10
11 11.02 '.55 7.e. 211.81 8.00
12

11111 11.00 4.55 7.112 211.511 18.05 8.00
2 11.00 '.11 7.113 211.58 8.04
3
4 11.05 4.57 7.114 28.81 18.10 8.05
5 11.03 '.87 7.D5 211.8. 18.04 8.011
8
7 10.D7 '.117 8.05 211.87 18.07 5.80
8 10.1111 4.811 8.05 2D.70 18.0' 5.157
11 11.02 '.118 11.04 211.116 18.10 5.57

10 11.00 4.811 8.0. 211.88 10.07 5.511
11 11.02 ••73 8.08 29.71 18.13 5_57
12 11.011 4_74 8.011 211.73 18.10 5.87

8211 11.11 4.7. 8.11 2D.77 18.15 588
2 8.34 2D.75 18.011
3 11.10 '.78 8.11 211.82 18.13 6.62

• 11.08 4.78 2D.80 18.15 5.82
5 4.78 8.11 211.81 5.88
8
7 '.7. a.18 211.75 18.13 5.85

• '.78 8.13 211.80 18.10 5.84
11

10 '.78 8.11 27.78 18.18 6.85
11 4.al 8.14 18.17 5.73
12 '.81 8.11 18.15 5.72

Il3Il '.83 8.17 18.20 5.75
2 4.113 a.18 18.20 5.72
3 '.83 8.111 18.22 5.7.

•
5
11 11.10 4.811 a.22 la.24 5.711
7 4.87 8.23 18.20 5.81
a 11.10 4.all 8.23 18.21 5.82
8 4.88 8.22 18.22 6.81

10 4.88 8.22 18.22 5.83
11
12
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Table B-lII, 3.2. Variation of Groundw3lcr Level (pampa del Tamarugal)
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· Table B-Ill, 3.2. Variation of Groundwater Level (pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal» (13)

llG' 238 328 287 2811 271 275 278 280 283 287 281 288 284
\ llHA 148·11 122·1 125·8 1211·4 434·4 438·0 157·4 128·0 152·3 440·11 444·1 127·2 44ll·2 4111·1

M~
10'0·...0 040·.., I~O·"SO 10.0·"SO lo.o·.no I~O·'''. IO••·..SO I~O· ..SO I~O·..S. I~O·..SO I~O· ..SO 1"0·.". 10.0·...0 10.0·...0

8·4 A·l A·l A·3 A·4 A·8 A·7 C·l C·2 C·4 0·3 0·5 0·2 0-2

81"
2
3
4
5
8
7
8
D

ID
11 17.111 111.02 0.70
12

8211 lD.411
2
3 111.04

4 19.311
5 19.39
11
7
8
9 lD.12

10
11
12

8311
2
3 18.94
4
5
11
7
8
11

10
11
12

86/1 1.27 9.D2 15.110 1.83 17.118 111.311 0.70
2 1.25 11.90 15.112 1.81 17.1111 111.211 0.71
3 1.25 II.DO 15.113 1.83 17.IID 111.33 0.118
4 1.211 11.113 15.115 1.84 17.118 111.34 0.118
5 1.23 9.88 15.57 1.80 17.95 111.311 0.74
8 1.20 0.82 16.7\ 1.80 18.011 19.34 0.70
7 1.211 0.89 15.116 1.85 18.03 111.38 0.73
8 1.23 0.112 15.110 1.85 18.02 19.35 0.70
o 1.23 11.90 16.55 1.711 17.9D 19.311 0.72

10 1.22 Il.lIl 15.55 1.81 17.D9 lD.34 0.70

" U15 11.811 15.52 1.80 17.115 lD.34 0.118
12 1.26 11.81 15.511 1.84 18.40 10.39 0.70

86/1
2
3 1.28 9.95 15.113 1.85 18.10 19.311 0.70
4 1.41 0.95 15.113 1.84 18.10 lD.311 0.74
5
11 1.45 11.119 15.83 1.87 18.11 111.35 0.50
7
8 1.44 10.00 15.84 1.88 18.11 111.34 0.50
11

10 1.47 10.01 15.113 1.91 18.10 111.41 0.45
11
12

11711
2 1.48 10.00 15.83 1.92 18.10 111.38 0.46
3
4 l.liD 10.00 15.115 1.94 16.10 111.311 0.51
6
11 1.110 10.01 15.65 1.94 18.14 lD.40 0.4D
7
6
o

10 1,112 10.03 16.65 I.D5 18.14 19.3D 0.50
11
12

8111
2
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. Tablc B-Ill. 3.2. Variation of Grollndwatcr Lcvel (pampa del Tamarugal)

<Variación de Nivel Estálico (Pampa del Tmarugal» (13)
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Table B-III. 3.2. Variation of Groundwater Level (Pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal» (14)

DG\ 238 328 287 2611 271 275 276 280 283 287 281 286 284
1\ 11M 141·11 122-1 125·1 121·4 434·4 431·0 157·4 128-0 152-3 440·11 444-1 127·2 4411·2 411·1

DA~
'0$0·...0 O'O-t., '0<10·'''0 _o·.no .040·.no '04o·.no '040·'''0 I~O'.'JO .040·'UO .040·.,SO ,040·.no '040·"SO '040·'140 .0<10·.140

8-4 /l·1 /l-I /l·3 /l-4 A·8 .-7 C-l C-2 C-4 0-3 0-11 0-2 0-2
3 1.88 10.03 311.211 lUll 1.111 1'.14 111.40
4 1.88 10.10 311.28 15.15 18.12 111.08
6
8 1.88 10.03 311.30 15.16 1.115 18.11 111.311
7
8 1.74 10.03 311.21l 15.811 1.115 18.16 111.41
11

ID 1.88 0.54 17.1l0 15.811 1.811 18.16 111.311
11
12

811I1
2
3 811.30 10.84 10.85 15.82 7.88 1.117 18.27 11.57 10.73
4
5
8
7 81l.26 10.86 10.64 15.73 7.31 l.57 18.27 111.57 10.33
8 811.28 10.88 10.64 15.73 7.30 l.Il7 18.27 1Il.57 10.33
Il

ID 81l.2' 10.88 10.64 15.73 7.30 1.117 18.28 111.55 10.33
11
12 811.20 10.85 15.73 7.31 1.1l7 18.25 111.57

110/1
2 10.87 16.65 7.30 1.116 18.25 111.43 0.88
3 88.110 10.64 10.31
4
5 88.70 10.30
8
7
8 88.70 10.83 10.'7 15.75 7.55 2.04 18.24 1Il.51 0.77 11.08
11

ID

" 88.88 10.83 10.86 15.70 7.53 2.02 18.23 111.50 0.77 11.10
12

111/1 88.70 10.8, 15.70 7.50 18.23 11l.60 0.77 11.08
2 88.88 10.88 16.73 7.49 18.22 11l.52 0.77 11.05
3 111.75 7.'4 18.20 11l.51 0.76
4 87.55 10.88 15.77 7.44 18.111 111.57 0.78
11 87.71 10.811 16.73 8.32 18.18 111.50 0.78
8
7 87.88 10.111 15.75 7.117 18.20 111.51 0.711 t 1.112
8 87.86 10.110 10.611 15.73 7.117 18.18 111.50 0.711 11.51
11 88.87 10.113 10.611 16.80 8.03 18.22 11l.57 0.78 11.51

ID 87.85 10.1l2 11.2. 15.78 8.00 18.111 111.55 0.78 11.53

" 87.10 10.112 11.25 15.78 8.02 18.22 111.54 0.711
12 87.30 10.112 15.711 1.11 18.20 11l.56 0.711 11.50

ll2Il 87.45 10.115 11.28 15.78 8.15 18.22 111.55 0.50 11.52
2 87.20 10.111 10.71 15.78 8.44 18.21 111.54 0.82
3 10.113 10.73 16.78 8.43 18.23 11l.53 0.81 11.61
4 87.40 10.84 10.74 16.75 8.40 18.111 111.50 0.80 11.50
5 10.113 10.73 15.70 8.2' 18.21 111.53 0.83
8
7 81.75 10.83 10.70 15.70 8.24 18.111 11l.52 0.80 11.45
8 88.55 10.11 10.70 15.73 8.30 18.111 111.51 0.81
11

10 88.55 10.114 10.72 15.73 8.211 18.111 19.51 0.80 11.48
11 10.02 10.71 15.75 8.56 18.20 11l.51 0.80 11.61
12 10.110 10.71 15.73 8.55 18.20 11l.50 0.80 11.60

Il3Il 10.1l3 10.72 15.75 8.62 18.20 111.51 0.81
2 86.55 10.110 10.70 15.75 8.80 18.111 111.53 0.80
3 86.33 11.34 10.73 15.76 11.27 18.20 111.'52 0.83
4
5
1 81.711 10.1l8 10.75 15.77 8.71 18.11l 111.55
7 10.115 10.75 15.76 8.53 18.21 111.53
8 86.13 10.117 10.7. 16.78 8.50 18.22 11l.63
11 85.113 10.1l8 10.75 15.76 8.81 18.21 11l.54

10 85.110 10.1l6 10.75 15.78 8.51l 18.22 11l.54
11
12
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Table B-m. 3.2. Variation ofGroundwater Level (pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal» ( 14)
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Table B-III. 3.2. Variation of Groundwater Level (pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal» (15)

DGto 298 2118 2112 2114 21111 2110
1\ llNA 163·1 4111·4 463-0 155·1 110·4 124-1

r».~
• 01.·..'0 .......,.'000·"10 .0..·• .,0 1010·..10 ro..·...o

4·1 A·2 B·3 8·4 0·1 B·l
8111

2
3
4
11

•
7
8
11

10
11 2.31
12

.211
2
3
4
11
II
7
8
11

10
11
12

8311
2
3
4
11
8
7
8
11

10
11
12

8511 18.110 38.78 28.85 2.35
2 18.85 38.76 21.80 2.30
3 18.88 31.77 28.81 2.211
4 18.86 311.80 28.84 2.30
11 18.88 311.78 26.88 2.27
6 18.88 36.70 211.88 2.38
7 18.113 31.75 211.110 2.42
8 18.110 38.80 28.85 2.35
11 11.85 31.78 26.10 2.31

10 11.811 31.75 26.83 2.35
ti 18.85 3&.72 28.80 2.40
12 18.110 311.78 26.17 2.44

8811
2
3 11.115 36.80 21.80 2.33
4 111.00 31.80 26.811 2.34
!l
1 111.01 38.83 21.89 2.34
7
8 111.111 31.86 28.88 2.34
11

10 111.00 36.'0 26.110 2.32
11
12

87/1
2 111.10 38.85 26.811 2.33
3
4 36.34 26.811 2.38
5
6 38.84 26.110 2.311
7

•11
10 31.'7 28.111 2.311
11
12

8811
2
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Table B-IlI. 3.2. Variatioo ofGrouodwater Level (pampa del Tamarugal)

<Variación dt Nivtl Estático (Pampa dtl Tmarugal» (15)
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Table B-IlI, 3.2. Variation of Groundwater Level (pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugal» (16)

1\ 004 2DI 2DI 2D2 2D4 2DD 290
1\ ~ 153·1 451-4 4113-0 155-8 \80-4 124·8

r»~
101O·.no tolO·• .,o 201O·.no zolO·.n• 2010·'" • ZOI.·....

A·l A-2 B·3 B-4 0·1 8·1
3 38.85 28.D4 2.38
4 38.14 21.Dl UO
11
8 38.81 28.113 2.38
7
8 37.38 28.96 2.43
11

10 38.14 28.07 2.40
11
12

81111
2
3 27.21 13.28 2.3D
4
11
I
7 27.03 13.28 2.38
8 27.02 13.28 2.39
I

10 27.02 13.28 2.39
11
12 27.03 13.28

lIOIl
2 27.03 13.30 2.47
3
4
5
I
7
I 28.78 13.28 2.16
I

10
11 28.83 13.27 2.47
12

D1Il 21.88 13.21 2.45
2 28.110 13.35 2.48
3 28.18 13.32 2.48
4 27.03 13.211 2.47
5 27.01 13.32 2.32
8
7 28.11 13.33 2.88
8 28.DI 13.32 2.88
I 27.02 13.30 2.4D

10 27.04 13.3' 2.53
11 27.00 13.33 2.5'
12 27.00 13.32 2.54

1211 28.18 13.36 2,49
2 12.35 28.D7 13.35 2.50
3 12.37 28.96 13.31 2.51
4 12.37 28.14 13.31 2.47
15 12.47 27.01 13.36 2.51
8
7 12.45 28.19 13.31 2.50

• 12.43 28.14 13.33 2.50
D

10 12.32 28.D3 13.31 2.50
11 12.30 28.D2 13.33 2.51
12 12.35 28.88 13.3\ 2.411

D3/1 12.30 28.113 13.33 2.50
2 12.35 2lU5 13.33 2.52
3 12.33 2I.D4 13.30 2.51

•
5
8 12.37 21.D6 13.32 2,'11
7 12.38 28.D4 13.36 2.52
8 12.35 28.D6 13.39 2.52
I 12.38 28.14 \3.37 2.54

10 12.30 21.D4 13.35 2.54
11
12
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Table B-IU. 3.2. Variatian oC Groundwaler Level (Pampa del Tamarugal)

<Variación de Nivel Estático (Pampa del Tmarugai» (16)
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Table B-III. 3.3 Groundwater Quality (Pampa del Tamarugal) (Nov. 1993 • Feb. 1994)

<Calidad de Agua Subterránea ( Pampa del TamarugaJ) (Nov. 1993 - Feb. 1994 »
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Table B-III.3.3 Groundwater Quality ( Pampa del Tamarugal ) ( Nov. 1993 - Feb. 19(4)

<Calidadde Agua Sublerrdnea ( Pampa del TamarugaJ) (Nov. 1993 - Feb. 1994 »
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S-III Pampa del Iamaruaal

Chapter IV. GROUNDWATER DEVELOPMENT POTENTIAL

4.1 Existing Water Balance

4.1.1 Recharge to Groundwater

Recharging sources to the groundwater in the Pampa del Tamarugal Baasin are the

surface water of quebradas (smal1 rivers) and fissure water from the east (Altiplano).

Several rivers flow into Pampa and recharge the groundwater with their surfare water.

Surface flow rate of each river are estimated in the Supporting Report C (Surface

Water). Main rivers are Qdas. Aroma, Tarapacá, Quipisca, Juan de Morales, Sagasca.

Quisma. Chacaril1a and Ramada from north to east. Total flow rate of these rivers is

estimated to be 967 Usec (Ref.. Chapter III of Supporting Report C: Surfare Water).

Besides the above, it must be taken into consideration that the flSSure water flows into

the aquifers in Pampa from Altiplano. Tt is estimated to be 289 Vsec (Ref., Chapter 11

of B-IV in this report).

4.1.2 Discharge from Groundwater

Groundwater in Pampa discharges from the Basin by pumping and evaporation/

evapotranspiration through Tamarugo fores18 and Salars.

ESSAT pumped up 547 Usec of groundwater at the Canchones and Dolores well fields

in 1992. Real consumption in Pampa is assumed to be 47 Vsec. Irrigation in Pampa

also depends on groundwater. 118 real consumption is estimated to be 119 Vsec

(Chapter VI of Supporting Report C; Water Use). Real consumption of mining water

is estimated to be 17 Vsec (Chapter VD of Supporting Report C; Water Use).

Groundwater evaporates at Salar de Pintados and Bellavista. The average evaporation

rate from Salars between 1985 and 1993 is estimated to be 145 Vsec on the basis of

the static water level. Evapotranspiration from Tamarugo trees is estimated to be 904

Vsec by averaging the evapotranspiration rates from 1985 to 1993 based on the Fig.

E.2.4 «1) in the Supporting Report E: Environment. Evaporation rate from the Salars

is estimated to be 145 Vsec by using the table shown below.
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Chapter IV. GROUNDWATER DEVELOPMENT POTENTIAL

4.1 Existing Water Balance

4.1.1 Recharge to Groundwater

Recharging sources 10 the groundwater in the Pampa del Tamarugal Baasin are the

surface water of quebradas (small rivers) and fissure water from the east (Altiplano).

Severa! rivers now inlO Pampa and recharge the groundwater with their surface water.

Surface now cale of each river are estimated in the Supponing Repon C (Surface

Water). Main rivers are Qdas. Aroma. Tarapacl. Quipisca. Juan de Morales. Sagasea.

Quisma. ChacariJla and Ramada from nonh to easl. Total flow rate of these rivers is

estimated lo be 967 Usec (Ref.. Chapter III of Supporting Report C: Surface Water).

Besides the above, il musl be taken inlo consideration tltal the fissure water flows inloe the aquifees in Pampa from Altiplano. h is estimated to be 289 l/sec (Ref., Chapter 11
of B-IV in lhis repon).

4.1.2 Discharge from Groundwater

Groundwaler in Pampa discharges from the Basin by pumping and evaporationl
evapotranspinltion through Tamarugo forests and Salars.

•

ESSAT pumped up 547 Usec of groundwater al lhe Canchones and Dolores wcIl fields

in 1992. Real consumption in Pampa 1S assumed to be 47 l/sec. lrrigation in Pampa

also depends on groundwater. hs real consumplion is estimated to be 119 IIsec

(Chapter VI of Supporting Report C; Water Use). Real consumption of mining water

is estimated lo be 17 l/sec (Chapler vn of Supporting Report C; Water Use).

Groundwater evaporates al Salar de Pintados and Bellavisla. The average evaporation
rate from Salars belween 1985 and 1993 is estiroated lo be 145 Usec on lhe basis of

the Slatic water leve!. Evapotranspiration from Tamarugo trees is estimated to be 904

Usec by averaging lhe evapolranspiration rates from 1985 lO 1993 based on lhe Fig.

E.2.4 «1) in lhe Supporting Report E: Environmenl. Evaporation rate from lbe Salars

is estimated to be 145 Vsec by using the tabJe shown below.
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n-lll Pampa del Tama0!2al

S.W.L (mBGL) Evaporation Rate (rnmJday)

lm< l.oo

1-2m 0.36

2-3m 0.086

3-4m 0.02

4-5m 0.0048

5-6m 0.0011

source: <1 (Grill, Vidaly and Grain (1986»

Static water level of wells in Pampa del Tamarugal has been depressed as mentioned

in Chapter III of this reporto Their average drawdown rate between 1985 and 1993 is

estimated to be 7 cmJyear on the basis of the data measured by DGA. This drawdown

rate is equivalent to the 514 l/sec of water storage since groundwater storage between

Om and 10 m BGL is estimated as 2.316 x 109 ro3.

4.l.3 Water Balance

Pampa del Tamarugal is a hydrogeologically closed basin and no surface water flows

out from the Basin. Therefore, the water balance of the basin is expressed by the
following formula.

IiQ =(RR + RFH + RFO) - (P + D + I + M + ET +Es )

where,

IiQ

RR

RFH

P

D

1

M

ET

Es

Then,

change of groundwater storage (514l/sec)

recharge Crom the rivers (976 l/seco Supporting Repon C)

recharge from the fissure water Crom Salar del Huasco and the other
basin (X l/sec)

pumping rate by ESSAT (547 l/sec, Supponing Report C)

real consumption oC domestic water (47l/sec, Supporting Repon C)

real consumption of irrigation (119 Vsec. see Supporting Report C)

real consumption of mining (17 l/sec, see Supporting Report C)

evapotranspiration from Tamarugo (904 l/seco Supporting Report E)

evaporation from Salars (145 Vsec)

-514 =(976 + X) - (547 + 47 + 119 + 17 + 145 + 904)
X ;: 289 (Vsec)
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S.W.L (mBGL) Evaooralion Rale (mm/dav)

lm< 1.00

1-2m 0.36

2-3m 0.086

3-4m 0.02

4-5m 0.0048

5-6m 0.0011

sourre: <1 (GriU, Vidaly and Grain (1986»)

Static water level of weIls in Pampa del Tamarugal has beco depressed as mentioned

in Chapler UI of this reporto Their average drawdown rate between 1985 and 1993 is

estimated to be 7 cmlyear on the basis oC the data measured by roA. This drawdown

rate is equivalent to the 514 Usec of water storage since groundwater storage between

Om and 10 m BGL is eslimaled as 2.316 x 109 m3.

4.1.3 Waler Balance

Pampa del Tamarugal is a hydrogeolagically closed basin and no surface water flows

out from the Basin. Therefore. the water balance of the basin is expressed by the
foIlawing formula.

•

wherc.

6Q
RR
RFH

P

D

1

M

ET
Es

Theo.

change of groundwaler slorage (514 Vsec)
recharge from !he rivers (976 Vsec, Supponing Reporl C)

recharge fram the fissure water from Salar del Huasca and the ather
basin (X Vsec)

pumping rale by ESSAT (547 Vsec. Supponing Reporl C)

real consumption of domestic water (471/sec. Supponiog Report C)

real consumption ofirrigalion (1 19 Vsec, see Supponing Reporl C)

real consumption of mining (17 Vsec. see Supponing Reporl e)

evapotranspiration from Tamarugo (904 Vsec. Supporling Reporl E)

evaporatian from Salars (145 Vsec)

•

-514 = (976 + X) - (547 +47 + 119 + 17 + 145 + 904)

X = 289 (1Isec)
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This result shows that the aquifers oC Pampa del Tamarugal Basin receive an amount

of 289 IIsec oC water through fissures oC Basement Rocks from Altiplano including

Salar del Huasco Basin.

4.2 Evaluation oC Groundwater Development Potential

Groundwater storage in Pampa del Tamarugal Basin is estimated to be 26.9 x 109 m3

(Ref. Chapter 11). As mentioned in Chapter 111, the static water level in Pampa de]

Tamarugal has been lowered. It is 7 cmlyear in average for the whole Pampa area.

This is equal to a ]6.2 x 106 m3 of reduction oC storage (0.06 % oC total storage

volume).

Future total water demand in Pampa del Tamarugal Basin is estimated in Supporting

Report C. Evaporation from Salar and evapotranspiration from Tamarugo trees are

also estimated in 4.1, Chapter IV of this Report The existing and future yearly

reduction of the groundwater storage in 1992 and 2015 are estimated lO be

16.2 mimon m3/year and 63.0 million m3/year. Then, the total reduction oC the

groundwater storage during 23 years until2015 is estimated al 911 x 1()6 m3 (3.4% oC

the existing groundwater storage oC 26.9 x 109 m3).

If future demand after 2015 is same as that of 2015, il needs 676 years lO completely

consume the who]e groundwater storage in Pampa del Tamarugal.

Total water consumption of stored water in Pampa inereases up to 302.6 x 103

m3/day, if aH the water applieation in Pampa del Tamarugal is adopted. It is 2.54 x

103 m3 of eonsumption volume and is equal lo the 9.4 % of total storage oC

groundwater in Pampa. In this case, the Jife of aquifers in Pampa del Tamarugal is

estimated to be approximately 245 years.

It is, therefore, concluded that the groundwater development potential is large enough

to meet the future water demando

The future groundwater level distribution resulted by the groundwater development is

estimated in next Clause.

4.3 Construction of Simulation Model

4.3.1 Mathematieal Model

In this study, the eomputer program " UNISSF "; Unified Normal and Inverse Sub­

Surface Flow analysis program was applied to simulate groundwater and assess the

impaet of the groundwater development plan in Pampa del Tamarugal. The UNISSF

IV - 3
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was developed by the Information -Technology Promotion Agency, Japan (IPA) by

entrusting to Century Research Center Co, Ltd. (CRC).

This program is based on the finite element method widely used in numerical analysis

and quasi-three-dimensional groundwater analysis. Mathematical model of the

program is shown as excerpt from the user's manual report.

1) Dominant equation

The dominant equation relating to infiltration handled here is based on Dupuit's

hypothesis· that the head is equal on the perpendicular section of the aquifer.

Using Dupuit's hypothesis, the continuation formula relating to three-dimensional

(x, y, z ) flow is. from Vz = Ois. as follows.

ah a as at +ax {(HO +h)Vx} + iJy {(HO +h)Vy} =0 (1)

í~
z

Ha

s:
Vx, Vy, Vz:

q:

Aquifer

coefficient o/storage

apparentflow velocity in x. y, z directions

spring flow or discharge per unit time

Potting Darcy's formula of motion (equation 2) into equation (1) yields:

ah
Vx=-/(x-ax

ah
Vy=-Ky­

iJy
ah

Vz=-Kz-
ik

.......................................•..........•...•.......•.... (2)

• This bypotbesis means tbat tbe direction of infiltration flow is mainly on tbe horizontal plane, tbat is, tbe

perpendicular components of flow are very small. Tberefore, wben me perpendicular components are too large

lo be ignored as compared witb tbe horizontal components. tbe analysis based on Dupuit's hypotbesis is not

applicable.
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SéJh =~{Kx(HO+h)éJh}+i.{KY(Ho+h)éJh}+qat ax ax éJy éJy

=~(n{h):)+ ~(TY(h): )+q (3)

Where Tx, Ty : coefficients of transmissivity in x, y directions, being functions of

heard h

This is the dominant equation relating to infiltration using Dupuit's hypothesis.

From equation (3), after finite element fonnulation by using the weighted remainder

method, the solution is obtained under proper initial conditions and environmental

conditions.

2) Quasi-three-dirnensional handling

The analysis by the dominant equation shown here can be easily applied in the

multi-stratum ground, and it is called the quasi-three-dimensional infiltration flow

analysis-

That is. using the coefficient of transmissivity and coefficient of storage as the

function of level, the multi-stratum ground can be handled, and not only the

confined aquifer bUl also the unconfined aquifer and transference between the two

can be also handled, which is different from the conventional horizontal lwo­

dimensional infiltration flow analysis.

The coefficienl of transmissivity T is defined as the sum of products of coefficient of

permeability Ki and layer thickness bi of each aquifer. That is,

"
T= L K¡'b;

;-0

Meanwhile, the coefficient of storage S is. in the case of a confined aquifer, defined

as the product of the coefficient of specific storage Ss • and the aquifer thickness b

of the stratum lo be analyzed, and in the case of an unconfined aquifer. it is defmed

as the volume of water discharged from the gap in the soil of unit volume (=

effective porosity) due to lowering of the level.

The stratum section and columnar section of a typical aquifer are shown in

following figure.

• Equal (O the coefficient of volumetric compression. being expressed as Ss =0.001 pb (an-!)
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as the volume oC water discharged from the gap in the soil of unit volume (=
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The coefficient oC transmissivity. regarding as the function oC leve], can be

expressed as shown below.

all a21 a31

azz a 3Z an

a33 as a7

a... O o

as' a6 a7!

a61 O a8E

a71 a 81 a97

a8l a91

a9!

When handled similarly, the coefficient of storage is as shown aboye,

(1) Confined aquifer

When the free water surface reaches the upper end of the permeable bed, the

permeable bed is confined. In the aboye figures. h is greater than h3. In this

region, the coefficient of transmissivity T is constant, and is expressed as

follows.

Also the coefficient of storage S is constant. being the sum of the products oC

eoefficient of specific storage Ss and ]ayer thickness oC each 1ayer, and is

expressed as follows.
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The coefficienl of transmissivity, regarding as lhe funelion of level, ean be

expressed as shown below.

a 11 a Z1 a 31

3 22 a]2 a 7

a 33 3 SJ a 7

a .... o o
as 3 6 a 7!

a 6E O aSE

a 71 a SI a 97

3 S1 a 91

a g,

When handled simiJarly, the eoefficient of storage is as shown above.

(1) Confined aquifer

When the free water surface reaches lhe upper end of the penneable hed, the

permeable bed is confined. In the aboye figures, h is greater than hj. In lhis

region, the eoefficient of transmissivily T is constant, and is expressed as

follows.

Also the coefficient of storage S is constan!, being the sum of lhe produclS of

coefficienl of specific storage Ss and layer thickness of eaeh 1ayer, and is

expressed as follows.

IV - 6



a-III Pampa del Iamaru&al

(2) Unconfined aquifer

When the free water surface is lowered (h becomes less than h3 in Figs. 2 and

3) and the permeable bed becomes unconfined, the coefficient of

transmissivity T decreases as the water level drops as the function of

groundwater level, and the coefficient oC storage becomes the value oC the

effective porosity· in the area of the location of the level (stratum).

For example, when the level is h' (h2 < h' < h3), T and S' are:

S'=S3

When the free water surface is further lowered to the basement (h is less then

ha ), the coefficient of transmissivity and coefficient of storage become zero at

that point. Such phenomenon is a problem of wide-area groundwater, and is

often experienced at the boundary of the mountain and plain field.

3) Initial conditions and boundary conditions

The theoretical solution is obtained under proper initial conditions and boundary

conditions.

(1) Initial condition

h (xi, O) =h (xi)

(2) Boundary conditions

(i) Boundary with known head

h (xi, t) =hb (xi, t)

..... When the level is constant, or the periodic change of

level is known, such as the boundary Cacing the river,

lake or sea.

• The coefficient oC slOrage S oC the unconfined aquiCer is expressed as Collows.

S =Sy + Ssb-b

where Sy specific yield, synonymous with effective porosity

Ss coefficient oC specific slOrage

b layer lbickness

(Sy» Ss-b)

IV -7

Q-III Pampa del Tamamw

(2) Unconfined aquiCer

When the free water surface is lowered (h becomes less Lhan h3 in Figs. 2 and

3) and the permeable bed becomes unconfined, the coefficient of

transmissivily T decreases as the water level drops as the function oC

groundwater level, and Lhe coefficient oC storage becomes the value of the

effective porosity· in the area oC the location oC the level (stratum).

For example, when the level is h' (h2 < h' < hJ), T and S' are:

S'=SJ

When the free water surface is further lowered to the basement (h is less then

ho ), Lhe coefficienl oC transmissivily and coefficient of slorage become zero al

thal point. Such phenomenon is a problem of wide-area groundwater, and is

oCten experienced al the boundary oC the mountain and plain field.

3) InitiaJ condítions and boundary conditions

The lheoretical solution is obtained under proper initiaJ candítians and boundary

condítions.

(1) Initial candítion

h (:x;. O) =h (:X;)
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(ii) Boundary with known in-out flow

Q(X¡, t) =Qb (X¡, t)

4) Finite element method

(1) Fonnulation

Dominant equation

J...(TX(h) ah) +.E...(TY(h) ah)+ q = S(h) ah (1)
ax ax iJy iJy al

When the entire region is divided into a fmite number of elements, as fae as the

structure is continuous, equation (1) is approximately established in each

element

When the weighted remainder method is applied in fonnulation, it follows that

R= J...(TX(h) ah)+ .E...(TY(h) ah)+ q _ S(h) ah (2)
ax ax iJy iJy at

The optimal approximate solution of equation (1) is obtained by minimizing

this remainder R in all elements.

The following equation is established by the Galerkin method selecting the

shape function as the weight

I I. {N}Rds = O (3)

Where N: shape function

Solving equation (3) yields finally the following equation.

(~I[e]+[K])h},+AI = {F}'+AI + ~[C]{h}, (4)

where

[e] = II.s'{N}{N}Tds
[K] = II,,[Bt[~ ~][B]ds

[e] = I I. Q{N}ds - I '2q{N}ds

For handling of the time tenn, however. the regression difference was used.

Analysis is possible by solving equation (4) with respect to the total head h.
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Since the materials constants handled here, T, S, are the functions of water

level, it is necessary lo improve the solution by iterative calculation.

To solve the simultaneous linear equations of (4), basically, the Gaussian

elimination method is used, but in consideration of saving of memory and

increase oC calculation speed, the skyline method is employed.

The skyline method is briefly described below.

(2) Skyline method

The skyline method is a kind of band matrix, but it is different from the band

matrix in the following points.

1) Data is handled in row unit.

2) Those corresponding to the band width are variable in each row.

3) The product sum type calculation fonnula is used.

calculation fonnula ([a] . {x} =[b))

i) LV splitting

where aff
jt: the value before dividing by pivol a'U

(equivalent lo eomponent of U of LV splitting)
,

a jt the value after dividing by pivol a';;

(equivalent to eomponent of L of Lu splitting)

ü) Caleulation of right side

Forward elimination
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Regression substitution

K = in the seauence of n n-1 t ••• , 2
4~ Xk = (b'k at that point)

i =in the seguence of 1, ..., K-l
4.

XI = (final b1)

4.3.2 Parameter oC Groundwater Basin

1) Shape of Basin and CaJculation Mesh System

An area of Pampa del Tamarugal for groundwater simulation is shown as Fig. B-I1I.

4.1. The boundary of the area is sharply cut by the basement rocks of the Andes

Mountains in the east and the CoastaJ Range in the north. On the other hand, the

northern and southem boundaries don't like that but the basement rocks are located

in shallow underground around them. However. it can be assumed that both

boundaries are bordered with the basement rocks completely in terms of

groundwater simulation. The simulation area is approximately 5,500Krn2 •

Fig. B-I1I, 4.2 shows a calculation network for the groundwater simulation. The

network consists of 348 elements and 301 nodes. The interval of basic mesh is 5Km

and finer one is half oí basic mesh: 2.5Km. The fine mesh networks are mainly set

in the areas where JICA test wells are located or great fluctuation of groundwater

level caused by withdrawals, transpiration, influent streams and so forth is predicted.

2) Boundary Condition

It seems that there's no recharge of groundwater from the Coastal Range alone the

west boundary. However. the recharge from the Andes Mountains, Sajar del Huasco
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Basin in particular is expected. while the recharge from northem or southem

boundary can be neglected in the groundwater simulation modeL

3) Distribution of Aquifer

Data about horizontal and vertical distribution of aquifers was established using the

illustrated figures listed as follows based on bowling inventory including nCA test

wells. existing geological materials and so forth.

• Geological profile (Pampa del Tamarugal) Fig. B-nI. 1.5-1.6

• Isopach Map of Aquifer Q3 (Pampa del Tamarugal) Fig. B·nl. 2.51

• Top of Aquifer Q3 (Pampa del Tamarogal) Fig. B·III, 2.52

• Base of Aquifer (Pampa del Tamarugal) Fig. B-In, 2.53

The data was set up as a kind of geological input data at aH calculation nodes. Two

kind of aquifers: Q3 and Q4 in ascending order are recognized from a

hydrogeological point of view. A distribution oC Q4'S thickness was regarded as a

difference between surface level and top level of aquifer Q3. A conceptual

geological section for simulation is illustrated as Fig. B-In. 4.3. Q3 and Q4 can be

regarded as conglomeratic facies and sandy facies respectively, although each of

aquifers varies in lithofacies. They are conformable to each other without

continuous impermeable layer. Therefore, it seems that they are unconfined aquifers

as a whole.

4) Coefficient of Aquifer

In general, coefficient of aquifer is determined by the analysis of boring logs.

pumping test results and so on. However. in this case. it is difficult to classify Q3

and Q4 into many sections based on coefficient of aquifer. Because there's not

enough data unfortunately to do reasonably. In case oC this simulation, the

coefficient oC aquifer was adopted as follows.

• Permeability
Q3: K=1.0xlO-3cmlsec

Q4: K=1.0xlO-4 cmlsec

• Strativity

Q3: S=O.35

Q4: S=0.30
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ilIustrated figures listed as follows based on bowling inventory including JICA test

wells, existing geological materials and so forth.

• Geological profile (pampa del Tamarugal) Fig. B-JIl. l.5-1.6

• Isopach Map of Aquifer Q¡ (Pampa del Tamarugal) Fig. B-JIl. 2.51

• Top of Aquifer Q¡ (Pampa del Tamarugal) Fig. B-JII. 2.52

• Base of Aquifer (pampa del Tamarugal) Fig. B-ID. 2.53

TIte data was set up as a kind of geological input data at all calculation nodes. Two

kind of aquifers: Q3 and Q4 in ascending order are recognized from a

hydrogeological point of view. A distribution of Q4's thickness was regarded as a

difference between surface level and top level of aquifer Q3. A conceptual

geological section for simulation is i1Justrated as Fig. B-ID, 4.3. Q3 and Q4 can be

regarded as conglomeratic facies and sandy facies respectively, although each of

aquifers varies in lithofacies. They are conformable to each other without

continuous impermeable Jayer. Therefore, it seems that they are unconfined aquifers

as a whole.

•

4) Coefficient of Aquifer

In general, coefficient of aquifer is determined by the analysis of boring logs,

pumping test results and so on. However, in this case, it i8 difficult to classify QJ
and Q4 ioto many sections based on coefficient of aquifer. Because there's nol

enough data unfortunately to do reasonably. In case of this simulation, the

coefficient of aquifer was adopted as follow8.

• Permeability

Q,: K=1.0xJO·' cm/sec

Q.: K=1.0xJO"cm/sec

• Strativity

Q,: 5=0.35

Q.: 5=0.30
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5) Discharge oí Groundwater

Discharge of groundwater in the study area consists of transpiration froro Tamarugo

rorest and groundwater withdrawaL There is no surface discharge to the out of the

basin because aH rivers there inflltrate into the basin. Since a distribution of

Tamarugo forest is recognized within simulation area as shown in Fig. B-I1I, 4.4, the

discharged volume (1,019 Vs) was input at related nodes after dividing it equally.

The divided volume of transpiration at each nodes in 1993 is 2,257m3/day/node.

Then, groundwater withdrawal volume estimated as 696 Vs in total was distributed

at related nodes on the basis of the interview. Sorne of pumped up groundwater

volume is restored to underground again. It is assumed that 30% of agriculture water

use or 60% of domestic and mining water use is restored except for Canchones

where pumping up water is supplied to Iquique city direct1y. Discharge condition is

shown in Fig. B-I11, 4.4.

6) Recharge of Groundwater

Recharge of groundwater to the area comes from seven influent streams and

basement rocks, since precipitation in Pampa del Tamarugal is negligible. The

recharged water volume from influent streams was divided somewhat among nodes

along each stream lines. The total recharged water volume through them is estimated

at 976 Vsec on the basis of hydrological analysis.

Recharge from basement rocks may be regarded as so called "Black Box", but it is

assumed that the major source of it is fault system or fissures of Altiplano and its

value is estimated about 288 Vsec on the basis of analysis of water balance in the

study area as shown in 4.1. The groundwater recharge along the simulation

boundary including it from the basement rocks was calculated in the simulation

program automatically in order to reproduce the present groundwater level there in

stead oí inputting recharge volume in calculation nodes direct1y. In the case of this

groundwater simulation, it is better way lo construct the simulation model.

7) Initial Groundwater Level

Initial groundwater level was input according to the static water level contour map

in 1993. (see, Fig. B-I1I, 3.2 Static Water Level (1993»

4.3.3 Reproducibility of Model

On the basis oí aboye mentioned simulation conditions, the establishment of

groundwater simulation model was conducted. At that time, reproducibility of

simulation model is judged by the present static water level. In general,
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reproducibility of the model is checked by the degree of accordance between present

condition and simulated one after steady analysis of groundwater fluctuations. The

groundwater simulation model for Pampa del Tamarugal shown as fol1ow was

established by a process of trial and error. The result of simulation seems to be almost

satisfied with reproducibility of present groundwater condition.

The reason why Pampa del Tamarugal is regarded as steady stage in terros of

groundwater condition is that there's almost no fluctuation by years and even no

seasonal change. Although drawdown of groundwater level per year on average in

Pampa del Tamarugal is in approximately IOcm, this doesn't interrupt aboye

mentioned assumption.

4.4 Simulation Result of Future Groundwater Condition

Two future groundwater simulation cases were conducted using the constructed

groundwater simulation model. Case 1 is the case that water rights in the simulation

area selected by the study team from which have been applied to the government by

present would be adopted in the target year 2015. Case 2 is al1 of them would be

adopted by the target year 2015.

These cases have also two sub-cases respectively. Sub-case 1 is the case that 40% of

groundwater withdrawal volume for mining would be consumed actually. Sub-case-2

is 60 % oC it would be consumed. Furlhennore, aboye mentioned each case consists

oC 3 time-cases: 2015 as the target year, 2043 as 50 years after and 2093 as 100 years

after. The simulation condition after the target year is assumed as the same of the year.

Case 2

Simulation Cases

2015 (farget Year)
Case 1-1 -f 2043 (50 years after)

{

2093 (lOO years after)

Case 1 2015 (farget Year)

Case 1-2 -f 2043 (50 years after)
2093 (lOO years after)

2015 (farget Year)

{

Case 2-1 -E 2043 (50 years after)
2093 (lOO years after)

2015 (farget Year)
Case 2-2 -f 2043 (50 years after)

2093 (lOO years after)
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reproducibility of the model is checked by the degree of accordance between present

condition and slmulated one after sready analysis oC groundwater fluctuations. The

groundwater simulation model Cor Pampa del Tamarugal shown as follow was

established by a process oC trial and error. The result oC simulation seems to be almost

satisfied with reproducibiliry oC present groundwater condition.

The reason why Pampa del Tamarugal is regarded as steady stage in terms of

groundwater condition is that there's almost no fluctuation by years and even no

seasonal change. Although drawdown oC groundwater level per year on average in

Pampa del Tamarugal is in approximately IOcm. this doesn't interrupt aboye

mentioned assumption.

4.4 Simulation Resolt oC Future Groundwater Condition

Two Cuture groundwater simulation cases were conducted using the constr'ucted

groundwater simulation model. Case 1 is the case that water rights in the simulation

area selected by the study team from which have been applied to the government by

present would be adopted in the target year 2015. Case 2 is alI oC them would be

adopted by the target year 2015.

These cases have also two sub-cases respectively. Sub-case 1 is lhe case that 40% of

groundwater withdrawal volume for mining would be consumed actually. Sub-case-2

is 60 ~ oC it would be consumed. Furthermore. ahove mentioned each case consists

oC 3 time-cases: 2015 as the target year, 2043 as 50 years after and 2093 as 100 years

after. The simulaLion condition after the target year is assumed as the same oC the year.

Case 2

Simulatioo Cases

2015 (Targel Year)

{

Case 1-1 -f 2043 (50 years after)
2093 (100 years after)

Case 1 2015 (Target Year)

Case 1-2 -f 2043 (50 years afier)
2093 (100 years after)

2015 (Target Year)

{

Case 2-1 -E 2043 (50 years after)
2093 (lOO years after)

-f
2015 (Target Year)

Case 2-2 2043 (SO years after)
2093 (lOO years after)
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4.4.1 Input Data for Future Groundwater Simulation

1) Groundwater Discharge in Future

Groundwater discharge of each case in the target year 2015 is shown in Fig. B-Ill,

4.7 to 4.10. The recharge in these figures means that the retum LO the groundwater

again at different SileS after consumption of distributed water from groundwater

sources. As for transpiration, it is assumed that the area of Tamarugo would be

almost same as present but its transpiration would be increased approximate1y 45%

with growing up in future.

2) Recharge of Groundwater in Future

Recharge of each case from influent streams in future is shown in Fig. B-III, 4.5.

The variation of influent values aren't due to climate change but water-use change in

the up-stream area.

4.4.2 Result of Future Groundwater Simulation

Result oí total 12 cases oC future groundwater simulation is illustrated in Fig. B-III,

4.11 to 4.21. It's belter to express drawdown of groundwater between present (1993)

and fulure in order to evaluate an impact of groundwater development plan. Table B­

111, 4.1 shows a degree oí impact by each case as maximum drawdown of

groundwater.

4.4.3 Evaluation of Groundwater Sirnulation Results

1) Case l

lmpact magnitude of Case 1-1 and Case 2-2 are almost same in the target year. Their

greatest impact: 8 m drawdown is shown near the project site. However, the impact

magnitude and effected area would deteriorate in 2043 and 2093 than the target

year. Thirty meter drawdown of groundwater is predicted near the project site in

2093. Since there are about 6 shallow wells near the project site at present which

their depth is less than 13m, it is feared that they might be dried-up. On the other

side, it seems that an impact to Tamarugo forest would be slight, because the project

site is located away from the forest and groundwater leve1 in the forest areas would

not become deeper than the limit groundwater leve1 for Tamarugo's growth.
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4.4.1 Input Data for Fulure Groundwater Simulation

1) Groundwater Discharge in FUlUre

Groundwater discharge oC each case in the target year 2015 is shown in Fig. B-III,

4.7 to 4.10. The recharge in these figures means thalllle relUm lO lile groundwaler

again at differenl siles aCter consumption of distributed water from groundwater

SOUfCCS. As Cor transpiration. it is assumed that lhe area oC Tamarugo would be

almosl same as presenl but its lranspiration would be increased approximately 45%

with growing up in COlure.

2) Recharge of Groundwaler in Future

Recharge oC each case from influenl slreams in future is shown in Fig. B-III, 4.5.

The variation of influent values aren't due to climate change bUI water-use change in

the up-stream arca. e
4.4.2 Result of Future Groundwater Simulabon

Result of total 12 cases oC Culure groundwater simulaban is illustrated in Fig. B-In,

4.11 to 4.21. It's betler to express drawdown of groundwaler between present (1993)

and Cuture in order to evaluate an impacl oC groundwater developmenl plan. Table B­

111, 4.1 shows a degree of impact by each case as maximum drawdown of

groundwater.

4.4.3 Evaluation oC Groundwater Simulation Results

1) Case I

lmpact magnitude of Case 1-1 and Case 2-2 are almost same in the target year. Their

greatest impact: 8 m drawdown is shown near the project site. However, the impacl

magnitude and effected arca would deteriorate in 2043 and 2093 than the largel

year. Thiny meter drawdown of groundwaler is predicted near the projccl site in

2093. Since there are abaut 6 shallow weUs near the project site al presenl which

their depth is less than 13m, it is feared thal they mighl be dried-up. On the other

side, it seems that an impacl lO Tamarugo forest would be slighl, because the project

site is located away from the foresl and groundwater level in the foresl arcas would

nol become deeper than the limit groundwater level for Tamarugo's growth.
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2) Case 2

It is remarkab]e that an impact to the groundwater by an agricultura] development

plan (CAPPTA Project) in the northern part of the study area and mining

development plan in the south-westem part of the area is very great. It is anxious

about reduction of forest area, since they are located in Tamarugo forest and their

drawdown of groundwater is great Though effected area around the project site

would be enlarge slightly in this case than Case 1, there's no extreme change among

these cases.

Case 2-2 is the most serious case that maximum drawdown would be assumed 40m

in the northem part of the study area and 55m in the south-westem part of the area

after 100 years from present.

4.5 Change ofWater Quality in Future

Proposed new groundwater development area, La Tirana, is located near th area of

existing well field. Groundwater storage in this area is estimated to be 10.7 x 109 m3.

On the one hand. tota] exploitation of groundwater in Canchones and La Tirana well

fie]ds are estimated to be 530 x 1()6 m3. It is 5.0 % of the total storage in the well field

area. Therefore. water quality of groundwater in the both well field will not cause a

change for the worse within the Project periodo
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2) Case 2

It is remarkable thal an impaCl lO the groundw3lCr by 3n agricultural development

plan (CAPPTA Project) in the northero part oC the study afca and miniog

developrnent plan in the south-westem pan oC the arca is very great. Il is aoxious

abou! reduction oC forest area, since they are located in Tamarugo roresl and their

drawdown oC groundwater is great Though effected area around the project sire

would be colarge slightly in this case than Case 1, there's no extreme change amaog

these cases.

Case 2-2 is the most serious case that maximum drawdown would be assumed 40rn

in me northem part oC the study area and 55m in the south-western part oC lhe area

afler 100 years from present.

Change oC Water QuaJily in Fuluro

Proposed new groundwater development area, La Tirana, is located oear lh area oC

existiog weU field. Groundwater storage in this area is estimated lO be 10.7 x J09 m3.

On lhe one hand. LOlal exploilation of groundwaler in Canchones and La Tirana well

lields are estimated to he 530 x ¡()6 mJ. II is 5.0 % oC lhe total slorage in lhe well field

area. Therefore. water qualily of groundwater in lhe bolh well field will nOI cause a

change for Ihe worse wilhin lbe Projecl periodo
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Table B-III. 4.1 Maximum Drawdown of Groundwater between Present and Future

<Descenso Máximo de Agua Subterránea entre el Presente y Futuro>

(Unit: ro)

Case Area 2015 2043 2093
Target Year 50 Years After 100 Years After

Northem 2 5 10
Case 1-1 Project Site 8 20 2S

Southem 2 5 10

Northem 4 10 10
Case 1-2 Project Site 8 20 30

Southem 2 5 10

Northem 10 30 40

Case 2-1 Project Site 8 20 30
Southem 8 30 30

Northem 10 30 40
Case 2-2 Project Site 10 20 30

Southem 15 40 55
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Table B-IlI. 4.l Maximum Drawdown oC Groundwater between Present and Future

<Descenso Máximo de Agua Subterránea entre el Presente y Futuro>

(Unit: m)

Case Area 2015 2043 2093
Target Year 50 Years After 100 Years After

Northem 2 5 10

Case 1-1 Project Site 8 20 25

Southern 2 5 10

Northem 4 10 10
Case 1-2 Project Site 8 20 30

Southern 2 5 10

Northem 10 30 40
Case 2-1 Project Site 8 20 30

Southem 8 30 30

Northem 10 30 40
Case 2-2 Projecl Site 10 20 30

Southem 15 40 55
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Fig. B-m. 4.1 Groundwater Simulation Atea in Pampa del Tamarugal
<Area de Simulacion del Nivel Freatico en Pampa del Tamaruga1>
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Fig. B-m. 4.1 Groundwater SimuJation Area in Pampa del Tamarugal
<Area de Simuladon del Nivel FreaJico en Pampa del Tamarugal>
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Fig. B-III, 4.5 Modeled River Water Inflow

< Modelo de Afluencia de Agua de REo>
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Fig. B-Ill, 4.5 Modeled River Water InOow
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Mu. : Municipal Use

_ : Tamarugo Area

Ag. : Agriculture Use

In. : Industrial Use

Do. : Domestic Use

Casel-l
• Selected water rights application
- Mining real consumplion:

40% oC wilhdrawal

ct-t--t--F=F*=?2t==~-- Mining
99.4 1/scc

r+1-\--f-J't"--- Huayca
3.6 l/see ( Do.; Recharge )

=*--+-+--+-HH-+-k~~~r--- Canchones
546.7 I/see (Muo. )

~_Cappta
839.0 l/see (Ag.)
(69.9 Vsee/node)

Mining ---1-----4---.....
33.0 1/SIX 1----1,-~--+--+--I----+-__i

Mining ----i~=t='*=t=~".I_-+----I-_+-~
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Mining __--,
J17.6 I/sec
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(3.56 1/sec/node)

Humberstone
21.0 I/sec ( Mining)

La Tirana
2.1 l/sec ( Do.; Recharge )
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63.8 l/scc (Mining )
0.8 I/sec ( Recharge; Do. )
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3.3 I/sec( Mining )

Mining ---~~t-Hrt7::-r-~H
5.6 l//see

Mapocho
12.0 I/sec (Mining)

Fig. B-III. 4.7 Discharge and Recharge Condition in 2015 Case 1 - 1

<Cond;c;on de Descarga y Recarga en el Año 2015 Caso 1-1>
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63.8 Vsec (Mining )
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Fig. B-III, 4.7 Discharge and Recharge Condition in 2015 Case 1 - 1

<Condicion de Descarga y Recarga en el Año 2015 Caso 1-1>
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Do. : Domestic Use

Mu. : Municipal Use

FA :Tamarugo Area

Ag. : Agriculture Use

In. : Industrial Use

Case 1· 2
• Selected water righlS application
- Mining real consumption:

60% oC withdrawal

rt-+-~'-t--+--- Mining
~~~""*"~+-+:::: 149.1 Vsec
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~+--l-I--J-+f+---J.e::t=+=~~._-- 546.7 I/sec (Mun.)
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49.5 I/sec

Mining -----i<::~*~:f=~--+-+-+__1
16.7 I/sec

Dolores
0.6 l/sec ( Do. ) \r--- Mining
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Humberstone
31.5 I/sec ( Mining )

EfTected area
by Pica area
128.2 I/sec
(3.56 Vsec/nodc)

Fig. B.1II, 4.8 Discharge and Recharge Condition in 2015 Case 1 - 2

<Condicion de Descarga y Recarga en e/Año 2015 Caso 1-2>
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Do. : Domestic Use

Mu. : Municipal Use

FA :Tamarugo Area

Ag. : Agriculture Use

In. : Industrial Use

Case 1 - 2
- Selected water righlS application
• Mining real consumption:

60% of withdrawal

111¡t:i?::Zf==1--Mining
~ 149.1 l/sec
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Fig. 8-11I,4.8 Discharge and Recharge Condition in 2015 Case 1- 2

<Condicion de Descarga y Recarga en el Año 2015 Caso 1-2>
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Do. : Domestic Use

Mu. : Municipal Use

FA:Tamarugo Area
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In. : Industrial Use
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- Mining real consumplion:

40% of withdrawal
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Ag. 14.01/sec 99.7 Vsec
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8.6 Vsec ( Do.• Recharge )
9.6 Vsec ( Mining )

Fig. 8-111, 4.9 Discharge and Recharge Condition in 2015 Case 2 - 1

<Condicion de Descarga y Recarga en el Año 2015 Caso 2-1>

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

IV - 25

Do. : Domestic Use

Mu. : Municipal Use

_ : Tamarugo Area

Ag. : Agriculture Use

In. : lndustrial Use

Case 2·1
- AIl water rights application
- Mining real consumption:

40% oC wilhdrawaJ
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Fig. B-III, 4.9 Discharge and Recharge Condition in 2015 Case 2 - 1

<Condicion de Descarga y Recarga en el Año 2015 Caso 2-1>
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In. : Industrial Use
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- Mining real consumption:
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FigB-1II,4.1O Díscharge and Recharge Condition in 2015 Case 2 - 2

<Condicioll de Descarga y Recarga en el Año 2015 Caso 2-2>
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FigB-III,4.1O Discharge and Recharge Condition in 2015 Case 2 - 2

<Condicion de Descarga y Recarga en el Año 2015 Caso 2-2>
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< Simulación Futura del Nivel de Agua Subterránea y Vectores de Flujo> Caso 2·2
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Fig. 8-111,4.21 Simulated Groundwater Level and Flow Vector in Future Case 2 - 2

< Simulación Futura del Nivel de Agua Subterránea y Vectores de Flujo> Caso 2 - 2
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Chapter V. GROUNDWATER MONITORING PLAN

Declination of water level in Pampa del Tamarugal is 7 cmlyear in average. If groundwater

development project starts to services. the rate of declination will be accelerated in acertain

degree. Although no significant drawdown is caused by the project as mentioned in Chapter

IV of this Report, it is important to eontinue the observation of wells on both 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 Cor the observation as follows. For loeation, refer to

Fig. B-II. 2.1.

v - 1

•

•

a-III Pampa del TamarngaJ

Chapler Y. GROUNDWATER MONITORING PLAN

Declination oC waler level in Pampa del Tamarugal is 7 cm/year in average. If groundwaler

development project starts to services, the rate of declination will be acceJerated in acertain
degree. AIlhough no significant drawdown is caused by Ihe project as mentioned in Chapler

IV of lhis Repon, it is important to continuc me observation of wells on both water level and

water quaJity.

Proposed wells to be monitored are memioned below. It is important to continue

observation at me same wells and never to change monitoring wells. Items of water quaJity

analysis are same as Ihat oClhe Anlpa Yalley.

Total number of 12 wells are selected for lhe observation as folJows. For lacation. refer to
Fig. B-II, 2.1.
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Well No. Well Name
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B-III Pampa del Tamarugal

Interval oC Observation

104
173
178
132
221
129
256
263
264
265
270

277or293
316
354
363
112
114
117
402
113
415

4260r 150
430
146
434

HS
440
127
447
J-C
J-D
J-E
J-F
J-3
J-4
1-5
J-6
J-7
J-8
1-9
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PTA AP Colores 6
Salar de Zapiga
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0.1. Morales 1
PTA. Sara3A
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La Calera 3
La Calera 2
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Esmeralda 11 or 28
Bosoue Junoy 15
P. Canchones H
Sa ar Pmtados
Salar Pmtados
Pintados Pica 3
Matilla 5
Chacanlla 1
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Sa arPmtad 2
Estaclon Pinta 4 or 1
Salar Pmtados
Mosqwtos 1
ialar BelavlSta
a ar BelaVlsta
;alar BellaVlsta

Llar Bellavlsta
alar Bellavlsta

ialar Bellavlsta
Huara
Baquedano
La TIrana
Ramada
A~uada

NegrelfOs
Pozo Almonte
Canchones
Conaf
Pintados
o Icma Vlctona
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Water Level

continuously

Water Quality

once ayear

once ayear

Well No.

1

¡

Well Narne

a ar za 12:3

A Al' o ores b
llar (1 ~DI2.a

.. Larmeol
I OJo Morales 1

A. Sara 3A
reto :3

La ~aJera j
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lnterval of Observation

Waler Level Waler Quality

1 LaC~/

I-----;~t:=tl!EsEsme~lme~~~~===:::¡
~1~7~/or~:1~YI,j!:tl~~~tt~0~r~1~.=~ every 2 months

316 IIlOSOueJunov 1
])4 I /'. ones H

1---,"J6'j I ~atar Pintaaos
m;;¡--+I~Salar::"?;;::;Pinlta~:ad:¡:::'os:::""----i

I-_¡.¡Il¡;¡-4_-+;,.r.;ta os PIca 3
11 a a
401 a ¡

I--m11 j;.-_+;¿:o¡;:ta:::;,os Kadio
h"r,::15;"'..--lI..¡;;s;:al:ar:;:,; ta I 2

426 or 15U I tstaClon",¡;;;:Po"ta;""4":o"rT¡--i
¡jU I ~aJar t'mta os
146 I MOs<¡wtos
434 I Salar BelavlSta
157 I Salar Belavlsta-

I Salar BellaVlsta
Salar BeIJavlsta

I :salar BellavISla
1-_-Ti~7__j..~BellaVISla

- nruara
BaQueaano
La Tlf3J1a
Kamalla

once a year
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J-8
J-Y
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OlO AJmonte
anchOnes
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a-IV Salar del Huasco

Chapter I. TOPOGRAPHY AND GEOLOGY

1.1 Topography

The Salar del Huasco Basin occupies the parts of Altiplano, as shown in Fig. B-I, 1.1,

and is situated at the altitude between 3,800 and 4,200 m. Drainage systems of the

basin are shown in Fig. B-llI. 1.1 shows that the basin is closed and no river flows out

from the basin.

Fig. B-IV, 1.1 gives the topographic figure oC Salar del Huasco, which is interpreted

from aerial photographs taken during 1966 and 1967. The figure of Salar del Huasco

is as follows.

: 27km2

Ma...u.(.Yta1I~1JÍíK:e..-__~Uan2

Total area of salt lalee : 29km2

Depth of the salt lake was measured during phase 2 study. It revealed that salt lalee is

generally very shallow and do not exceed 20 cm of depth (see, Supporting Report E).

1.2 Geology

1.2.1 Methodology of Geological Analysis

On the details of the methodology, refer to the part of San lose River Basin (B-I, 1.1).

1) Interpretation of LANDSAT Images

As ror the Salar del Huasco Basin, one (1) scene of image. path 002-row 074 was

used for the interpretation.

2) Interpretation of Aerial Photographs

31 sheets of black and white aerial photographs taken in 1977 and 1979 were used

for the interpretation.

1.2.2. General Geological Features of Basin

1- 1
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ehapter l. TOPOGRAPHY ANO GEOLOGY

1.1 Topography

The Salar del Huasco Basin occupies the parts of Altiplano, as shown in Fig. B-I, 1.1,

and is situaled al the altilude belween 3,800 and 4,200 m. Orainage systems of the

basin are shown in Fig. B-I1I, 1.1 shows that the basin is c10sed and no river flows out

from the basin.

Fig. B-IV. 1.1 gives the topographic figure of Salar del Huasco, which is interprete<!

from aerial pholographs taken during 1966 and 1967. The figure of Salar del Huasco

is as follows.

• Area of welland

Arca uf WAl&;r suñace

Total area of salt lalce

: 27 km'
; 2km2

: 29 km'

•

Depth of the salt Jake was measured during phase 2 study.lt revealed that salt lake is

generally very shallow and do oot e,ceed 20 cm of depth (see, Supporting Report E).

1.2 Geology

1.2.1 Methodology of Geological Analysis

00 the delails of the methodology, refer to the part of San Jose River Basin (B-I, 1.1).

1) loterpretatioo of LANOSAT Images

As for the Salar del Huasco Basio, ooe (l) seene of ¡mage, path 002-row 074 was

used for the interpretation.

2) loterprelatioo of Aerial Pholographs

31 sheets of black and white aerial photographs taken in 1977 and 1979 were used
for the interpretation.

1.2.2. General Gcological Features ofBasin
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Geology in the Salar del Huasco Basin was summarized based on the interpretation of

LANDSAT images and existing reports «1 to 4); A geological map, a geological

profile and geological cross sections are shown in Fig. B-IV, 1.2, 1.3 and lA

respectively. Stratigraphic classification is shown below;

Geologic Formation Lithology Units

Age

Recent Deposits unconsolidated alluvial, eolian Qal, Qe, Qf

and fan deposits

Pastillos lapilli tuff with intercalation of Qip

Quaternary Ignimbrite claystone, siltstone and diatomite

Collacagua lake deposits consisting of gravel, Qc
Formation mud and volcanic breccia

andesite and dacite (lava flow and Qv

Volcanic Rocks lava dome)

andesitic and dacitic lavas sand TPv, TMv

pyroclastics. intensely to

Tertiary moderatelyeroded.

Huasco totally or partially welded tuff, Tsh

Ignimbrite rhyolitic and dacitic ignimbrite,

grayish and pinkish color

1) General Geology of Basin

(1) Huasco Ignimbrite (Upper Tertiary) (Tsh)

It consists of totally or panially welded rhyolitic and dacitic ignimbrite of

grayish and pinkish in color. It seems to be more than 100 m in thickness.

Member 4 of Altos de Pica Formation in Pica is correlated to this Huasco

ignimbrite «4). Joints and fissures are well developed in both Altos de Pica

Formation and Huasco Ignimbrite. It is observable on the image and aerial

photographs that this ignimbrite is intensely fractured.

(2) Volcanic Rocks (TMv, TPv, Qv)

The Volcanic Rocks are composed of andesitic and dacitic lava flow and

pyroclastics. These are derived from different stages of volcanic activities;

Late Miocene (TMv), Pliocene (TPv) and Early Pleistocene (Qv). TMv is

strongly eroded as a whole. While TPv is eroded near the cratee, the rocks form

1-2
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Geology in [he Salar del Huasca Basin was summarized based on the inlerpretation of

LANDSAT images and exisling reports «1 lO 4); A geological map. a geological
profile and geological cross sections are shown in Fig. B·IV. 1.2. 1.3 and lA

respectively. Sttatigraphic c1assification is shown below;

Gcologic Fannalian Lithology Units

A.e

Recenl Deposits unconsolidated alluvial, eolian Qal, Qe, QC

and Can deposits

Pastillos lapilli turr with intercalatian of Qip

Qua_ary I2nimbrite clavslOne. siltstone and diatomite

Collacagua lake deposits consisting of gravel, Qc
Formation mud and volcanic breccia

andesite and dacite (lava flow and Qv

Volcanic Rocks lava dome)

andesitic and dacitic lavas sand TPv, TMv

pyroclastics. intensely lo

Tertiary moderatelyeroded.

Huasco lotally or partiaUy welded luff, Tsh

Ignimbrite rhyolitic and dacitic ignimbrite.

I~rayish and pinkish color

1) General Geology oC Basin

(1) Huasco Ignimbrite (UpperTertiary) (Tsh)

It consislS of lotally or partiaIly welded rhyolitic and dacilic ignimbrite of

grayish and pinkish in color. It scems to be more than 100 m in thickness.

Member 4 of Altos de Pica Formation in Pica is correlaled to this Huasco

ignimbrite «4). Joints and fissures are well developed in both Altos de Pica
Fonnation and Huasco Ignimbrite. It is observable on the image and aerial

photographs that this ignimbrite is intensely fracwred.

(2) Voleanic Rod,s (TMv, TPv, Qv)

The Volcanic Rocks are composed of anc1esilic and dacitic lava now and

pyroclastics. These are derived from different stages of volcanic activities;

Late Miocene (TMv), Pliocene (TPv) and Early Pleistocene (Qv). TMv is

strongly eroded as a whole. While TPv is eroded near the crater. the rocks fono
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B-IV Salar del Huasoo

a volcanic eones. The volcanoes formed by Qv have been weakly eroded and

the shape of crater is still clear.

TMv is cut by fault of N-S direction at the western end of thedistribution area.

The Huasco Basin is located on the west of the fault, therefore, there is a high

possibility that TNv is underlain by the Huasco Ignimbrite. Furthermore, the

volcanic breccia (Qcl) of the Iower part of the CoIlacagua Formation could be

correlated with TMv.

(3) Collacagua Formation (Qc)

The drilling results of H-l. J-G and J-1O revealed the details of this fonnation

«1 and 2.2, Chapter 11). The formation is 100 m to 200 m in thickness and is

divided into three (3) units based on its litho)ogy; the Upper, the Middle and the

Lower. It is Iake deposits sedimented in the Huasco Basin. It seems that the

CoIlacagua Formation is correlative with Tt and TPt described by <2 judging

from the lithology and the stratigraphic relation with other fonnations.

Although <2 described the CoIlacagua Formation as Tertiary deposits, the

Study Team considered the formation as Quaternary deposits based on <3.

(i) Lower Unit (Qcl)

The lithology is volcanic breccia in the well H-l, changing to gravel, sand and

mud in weIls No. J-G and J-IO. It is more compact compared with other units.

(ii) Middle Unit (Qcm)

The lithology is gravel, sand and mud in the well No. H-l, and graveI in welI

No. J-G and J-IO.

(iii) Upper Unit (Qcu)

Gravel, sand and mud appear in the well No. H-l and are overlain by the salt

crust. It is mainly composed oC gravel in weIl No. J~G and J-IO.

The Upper Unit and the Middle Unit are composed mainly of gravel to the

north oC the Salar. In contrast to this, the sediments consist of gravel and mud

in the Salar.

[- 3
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a volcanie eones. The volcanoes formed by Qv have been weakly eroded and

!he shape of erater is still clear.

TMv is Cul by faull oC N-S direction allhe weslem end of lhedislribution area.

The Huasco Basin is locared on lhe wesl of lhe faull, therefore. there is a high

possibilily lhal TNv is underlain by the Huasco Ignimbrile. Funhermore, lhe

volcanic breccia (Qc!) oC lile lower part of lhe Collaeagua Formation could be

correlaled wilh TMv.

(3) Collaeagua Forroation (Qc)

The drilling results of H-I, 1-0 and 1-10 reveaJed !he details of !his forroation

«1 and 2.2, Chapler 11). The formation is 100 m lO 200 m in thickness and is

divided ioto three (3) units based on ilS lithology; lile Upper, the Middle and lile

Lower. It is lake deposits sedimented in the Huasco Basin. It seems that the

Collacagua Fonnation is correlaLive with Tt and TPt described by <2 judging

from the lithology and the stratigraphic relation wilh other fonnations.

Although <2 described 1he Collacagua Formation as Teniary deposits, the

Sludy Team considered the formalion as Quaternary deposits based on <3.

(i) Lower Unit (Qcl)

The lithology is volean;c breccia in the well H- 1, changing to gravel, sand and

mud in wells No. J-G and J-I0. 11 is morecompacl compared with olher units.

(ii) Middle Unil (Qcm)

The lithology is gravel, sand and mud in the well No. H-I, and gravel in wcll

No. 1.0 andl-IO.

(iii) Upper Unit (Qcu)

Gravel, sand and mud appear in the well No. H-l and are overlain by the sall

erusL [t is mainly eomposed of gravel in wcll No. 1-0 and 1-10.

The Vpper Vnit and lhe Middle Unit are composed mainly of gravel to the

north of lhe Salar. In contras1 to this. the sediments consist of gravel and mud

in the Salar.
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S-IV Salar del Huaseo

(3) Quatemary Volcanic Rocks (Qv)

It consists mainly of andesite and dacite which fonn strato volcanoes and lava

domes distributed in the eastem side of the Salar. Dacite is compact in the lava

dome.

(4) Pastillos Ignimbrite (Qip)

It is divided into two (2) units; The Upper and the Lower. The Lower Unit

consists of scarcely welded volcanic ash and mud flow deposits abundant in

lapilli and pumice. The upper Unit is composed of dacitic tuff with

intercalation oC siltstone and diatomite. The Pastillos Ignimbrite is thought to

be correlative with the Collacagua Fonnation «3). However, the Study Team

divided the Pastillos Ignimbrite from the Collacagua Fonnation, judging from

the difference of the lithology of the both; the former consists of acidic

pyroclastic rocles and the latter consists of alluvial deposits. It seems that the

fonner is underlain by the lalter.

(5) Recent Deposits (Qf. Qe, Qal)

The Recent deposits are divided into three (3) units; Fan deposits, Eolian

deposits and Alluvial deposits.

The Alluvial deposits are unconsolidated and composed mainly of gravel and

sand, deposited in the valleys. The Fan deposits appear in the fan distributed in

the northeast of the Salar and are composed of reworked fine to coarse volcanic

ash with clastics of dacite.

2) General Geological Structure of the Basin

As mentioned in the part of Pampa del Tamarugal, many fractures with NE-SW

direction are found on the welded tuff in the area from Collacagua to Altos de Pica.

On the aerial photographs. these are mostly normal faults dipping NW or SE. The

westem side of Salar del Huasco is bounded by the fault which is extended to the

north and meets the Collacagua River at the northem end.
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B-IV Salar del Huasco

1.2.3 Hydrogeology in Salar del Huasco

As mentioned in 1.1 of this Chapter. the Salar del Huasco Basin is a hydrologica11y

closed basin; only the Collacagua River flows into the basin from the north.

However. surface water oC the river completely infiltrates into the under ground

recharging the Collacagua Formation. The Collacagua Formation is the most

prospective aquifer in

the Salar del Huasco Basin. Several springs occur at the westem margin oC the salt

lake yielding fresh water. No rivers flow out from the basin. The change of water

level oC the Salt Lake is not so mucho This feature suggests that the inflow rate oC the

Collacagua River balances with the trans-evaporation rate from the surface of the Salt

Lake and the outflow through the joints and fissures oC the rocks (water balance is

mentioned in Chapler 111).

Geology of the Salar del Huasco Basin is classified into Collowing five (5) units;

Recent Deposits (Qf. Qe. Qal)

Pastillos Formation (Qip)

Quatemary Volcanic Rocks (Qv)

Collacagua Formation (Qc)

Huasco Ignimbrite (Tsh)

Among these. the Collacagua Formation is the most prospective aquifer of the basin.

Hydrogeological descriptions of each unÍt are given below;

(1) Recent Deposits (Qf. Qe. Qal)

The Recent Deposits are thin unconsolidated sediments and have low

permeability as a whole because the deposits are abundant in clay, silt and fme­

grained volcanic ash. However. the deposits consist mainly of fluvial deposits

which are poor in fine-grained materials in the area along the Collacagua River.

Therefore. this deposits are not considered to be a aquifer in the basin.

(2) Pastillos Formation (Qip)

Although the Upper Unit is weakly welded and abundant in pumice. it is

considered to be low permeable.

1-5
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B-IV Salar del Huasco

The Lower Unit is of low permeability because it consists of mud flow deposits

and intercalated with many clay and silt layers.

(3) Volcanic Rocks (TMv, TPv, Qv)

Although the rocks itself is compact, it is moderately permeable because joints

and fissures are well developed in the rocks. In case of strato volcano, high

permeable pyroclastics are intercalated with lavas. There is less possibility that

the Quaternary Volcanic Rocks form aquifers judging from the distribution.

(4) Collacagua Formation (Qc)

The formation is formed by coarse-grained alluvial deposits of highly

permeable. Therefore, it is considered that the Collacagua formation is the most

prospective aquifer in the basin. However, the lower part is less permeable

compared with the middle and upper units, because it occasionally contains

pyroclastics and is compacted as a whole.

The static water level of groundwater in this formation is 10 mBGL at the well

No. J-G and 30 mBGL at No. J-lO. The gradient of static water level betwecn

the wells is approximately 3/1000, since the distance between the wells is 7 km.

(5) Huasco Ignimbrite (Tsh)

Joints and fissures are well developed in the rocks so far as observed in the

outcrops. Therefore, it is coosidered to be permeable in a certain degree.

However, it seems to be difficult to meet groundwater properIy by drilling. To

give a instance of the water well drilling in the welded tuff, " The history of

well drilling in the Pica area shows that ooly one (1) good well has been

obtaincd in approximatcly 40 attempt"«4). This fact shows that it is difficult to

develop the groundwater in the welded tuff (including ignimbrite). However,

there is a possibility that a part of the groundwater in the basin flows out to

Pampa del Tamarugal basin through the joints, fissures and faults «5).

a·IV Salar del Huasw

The Lower Unit is oC low penneability because it consists of mud flow dcposits

and intercalated with many elay and silt layers.

(3) Voleanie Rocks (TMv, TPv, Qv)

Although the rocks itself is compact, il is moderately permeable bccause joints

and fissures are well developcd in the meles. In case of SlralO volcano, high

permeable pyroclastics are intercalated with lavas. There is less possibilily lhat

the Quatemary Volcanic Roeks foem aquifers judging from the distribut..ion.

(4) Collacagua Fannatian (Qc)

The formation is formed by coarse-grained alluvial dcposits of highly

permeable. Therefore. it is considered that the Collacagua formalion is the mosl

prospective aquifer in the basin. However, the lower pan is less permeable

compared with the middle and upper units, beeause it occasionally contains

pyroclastics and is compacted as a wholc.

The slatie water level of groundwater in this fonnation is 10 mBGL al the well

No. J-O and 30 mBOL al No. J-lO. The gradienl oC statie water level betwecn

the wells is approximately 3/10<X>. since the distance belween the wells is 7 km.

(5) Huasca Ignimbrile (Tsh)

Joints and fissurcs are well developed in lhe rocks so [ar as observcd in lhe

outcrops. Therefore. il is considered to be permeable in a cenain degree.

However. it seems lo be difficuh to meet groundwater properly by drilling. To

give a instance of the water well drilling in the welded tuff... The history of

well driUing in the Pica area shows thal only one (1) good well has been

obtained in approximately 40 altempt"«4). This fael shows lhal it is diffieuh to

develop Ihe groundwater in the welded tuff (including ignimbrite). However.

there is a possibility lbat a part oC the groundwaler in the basin flows out to

Pampa del Tamarugal basin through the joints, fissures and faults «5).
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Fig. B-IV, 1.2 Geological Map (Salar del Huasco)

< Mapa Geológico (Salar del Huasco ) >
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B-IV Salar del Huasca

Chapter 11. AQUlFER OF HUASCO BASIN

2.1 Existing Data

Although two (2) bore holes were drilled in the Salar del Huasco Basin. only one (1)

daturn is available. Purnping test was not done. The stratigraphic colurnn is cited in the

Data Book.

There are springs along the westem side of the Salar. Water quality analysis were

executed on the water frorn these springs as well as on the river water of the Collacagua

«l).

2.2 Supplernentary Geological Survey

The Collowing geological surveys were executed by the JICA Study Team. to

supplernent the existing geological data. The survey locations are shown in Fig. B-IV.

2.1.

a) Electromagnetic Survey

b) Boring Survey

(a) Drilling

Test well drilling

Observation well drilling

(b) Pumping Test

e) Water Quality Analysis

d) C-14 analysis

2.2.1 Electrornagnetic (TEM) Survey

1) Survey Area

5 survey points (lline)

1 well

1 well

2 wells

2 wells (JICA wells)

1 well (nCA well)

Transient Electro Magnetic (TEM) survey is conducted at north of Salar del Huasco

(Fig. B-IV. 2.1). One (l) TEM line was set perpendicular to the rnain axis of

Collacagua River. A total oC 5 stations were set at interval oC l000m each as shown
below.
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Chapter 11. AQUlFER OF HUASCO BASIN

2.1 Existing Dala

A1lhough two (2) bore holes were drilled in lhe Salar del Huasco Basin. only one (1)

datum is available. Pumping test was nol done. 100 stratigraphic columo is cited in lhe
Dala Book.

There are springs along the westem side of the Salar. Water quality analysis were

executed on the water rrom these springs as weJl as on lhe river water oC ¡he CoHacagua
«1).

2.2 Supplementary Geologieal Survey

The following geological surveys were executed by the JICA Study Team, 10

supplement the existing geological data. The survey !ocations are shown in Fig. S-IV,
2.1.

•

a) Electromagnetie Survey

b) Boring Survey

(a) Drilling

Test well drilling

Observa.ion well drilling

(b) Pumping Test

e) Water Quali'y Analysis

d) C-14 analysis

2.2.1 Electromagnetie (TEM) Survey

1) Survey Area

5 survey points (llioo)

I well

1 well

2 wells

2 wells (nCA wells)

I well (nCA well)

Transieot Electro Magnetic (TEM) survey is conducted al north of Salar del Huasca
(Fig. B-IV. 2.1). One (1) TEM line was set perpendicular lo the main axis of

Collacagua River. A total of 5 stations were set al interval of lOOOm each as shown
below.
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Quantity of TEM Work

SH-l

Iotal

2) Methodology of Study

5

5

l00Qm

For the details of the methodology, see B-II, section 2.3.1 of chapter ll.

3) Survey Results.

An apparent resistivity curve at the station No.2 is shown in Fig. B-IV, 2.2. A

geological profile is made by the apparent resistivity curve oC each station. A

geoelectrical profile along the Line SH-l is shown in Fig. B-IV. 2.3. Ihe

resistivity structure along the prome is c1assified as six (6) layers. Ibe geophysical

characteristics oC each layer is summarized as follows.

a) Ihe first layer shows a resistivity value, higher than 350 ohm-m. Ihis

resistivity represents a dry layer composed of sand and grave!. On the other

hand, at only station No.5, the resistivity oC the layer is relatively low (100

ohm-m) due to the wet condition beside the river.

b) Ihe second layer shows a resistivity range oC 55 to 90 ohm-m. The layer is

distributed in aH the stations except No.5. It is considered as a expected

aquifer.

e) Ihe third layer shows a resistivity value oC 190 ohm-m. Ibis layer exists only

at the station No. 2. Due to high value of the resistivity, the layer is

considered as a impermeable hed.

d) Ihe forth layer shows a resistivity range oC 11 to 12 ohm-m. The layer is

expected as a aquifer. However, its rather lower resistivity than that oC the

second layer indicates that the layer is contaminated. Ibe layer is distributed

in the stations No. 1and No.2.
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1000 ms
5

Quanlily of TEM Work

SH-l

Tolal

An apparenl resistivity curve al the station No.2 is shown in Fig. B-IV, 2.2. A

geological profile is made by the apparent resistivity curve of each station. A

geoelectricaJ profile along the Line 5H-1 is shown in Fig. B-IV, 2.3. The

resistivity slrUcture along the profLle is classified as six (6) layers. The geophysical

characteristics of each layer is summarized as foUows.

11-2

b) The second layer shows a resislivily range oí 55 lO 90 ohm-m. The layer is

distributed in all lhe s13110ns except No.5. It is considered as a expecled

aquifer.

a) The first layer shows a resistivity value, higher than 350 ohm-m. This

resistivity represents a dry layer composed of sand and gravel. On the other

hand, al only station No.5, the resistivity of the layer is relatively low (100

ohm-m) due to the wet condition beside the ríver.

d) The forth layer shows a resistivity range of 11 10 12 ohm-m. The layer is

expected as a aqu1Cer. However, ils rather lower resistivily lhan that oC lhe

second layer indicates thallhe layer is contaminaled. The layer is dislribuled

in lhe station No. 1and No.2.

c) The Lhird layer shows a resistivity value oC 190 ohm-m. This layer exists only

at lhe station No. 2. Due to high value oC the resistivity, the layer is

considered as a impenneable bed.

For lhe details of the methodology, see B-lI, secúon 2.3.1 of chapter ll.

3) 5urvey Results.

2) Methodology of 5tudy
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e) The fifth layer shows a resistivity range of 14 to 42 ohm-m. The layer is

distributed in aH the stations. However, the depth to the boundary of the sixth

layer is not c1ear. The layer is also considered as a aquifer.

o The sixth layer shows a resistivity range of 3 to 7 ohm-m. This layer is

considered as a aquifer with concentration of dissolved solids because

resistivity value is extremely low.

4) Interpretation with Boring Log

Geoelectric profiles, described in the above section, are analyzed based on the boring

log including observed lithology and geophysical togging data. Fig B-IV, 2.3 shows

analyzed resistivity profile interpreted by using inverted geoelectrical sections and

boring logs. Interpretation for each resistivity profile is summarized as follows.

Following tab]e shows summary of interpreted re]ation between lithological
formation and resistivity range.

Layer Depth Resistivity Lithology Interpretation
(m.b21) Range(ohm-m)

1 st 0- 108 55 -90 grave], Expected Aquifer

clavev to sandv 2ravel

2 nd >108 190 c1ayey sandstone Impermeable Layer
rhvolite

2.2.2 Boring Test

1) Location and Depth of Well

One (1) test wells of J-G and one (1) observation wells of J-1O are placed on the line

of the TEM survey (see, Fig. B-IV, 2.1). Location, drilling depth and casing size of

each well are summarized as follows.

Welt Location Latitude Longitude Elevation Casing Depth
No. (m.ms]) (ineh) (m.bgl)

J-G Salar del Huasco 200 06' 29.5" 68° 49' 00.4' 3,850 8-5/8" 157
J-1O Salar del Huasco 200 11' 38.0" 68° 49' 52.9' 3,825 5-112" 207

11-3
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e) The fiflh layer shows a resislivity range of 14 to 42 ohm-m. The layer is

distributed in alllhe stations. However. lhe deprh to lhe boundary of lhe sixth

layer is not clear. The layer 1S al50 considered as a aquifer.

o The sixth layer shows a rcsistivity range oC 3 to 7 ohm-m. This layer is

considered as a aquiCer with concentration oC dissolved solids because
resistivity value is extremely low.

4) Interpretation wilh Boring Log

Geoelectric protiles. described in the aboye section, are analyzed based on the boring

log including observed Jilhology and geophysieallogging data. Fig B-IV, 2.3 shows

analyred resistivily profile interpreted by using inverted geoeleetrieal sections and

boring logs. Interpretation for each resistivity profile is summarized as follows.

Following table shows surnmary oC interpreted relation between lithological
Connalion and resislivity range.

Layer Deplh Resislivity Lilhology lnterpretation
(m.bol) Ranoe(ohm-m)

1 st 0-108 55 - 90 gravel, Expected Aquifer

elavev to sandv ..avel

2 nd >108 190 clayey sandstone Impermeable Layer

mvoJite

2.2.2 Boring Test

1) Location and Deplh ofWeU

One (1) test wells of 1-0 and one (1) observation wells of 1-10 are plaeed on lhe line

of the TEM survey (sec, Fig. B-IV, 2.1). Location, drilling deplh and casing sire of

each well are surnmarized as follows.

Wen Location Latitude Longitude Elevation Casing Deplh
No. (m.msl) (ineh) (m.bgl)

1-0 Salar del Huasco 200 06' 29.5" 68° 49' 00.4' 3,850 8-5/8" 157
1-10 Salar del Huasco 200 11' 38.0· 68° 49' 52.9' 3,825 5-1/2" 207
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2) Methodology ofWell Construction

For the details of the methodology, see, B-II, Section 2.3.2 of Chapter n.

3) Result of Boring Test

The results of the boring test are shown in Table B-IV, 2.1. The well data for each

well. including lithological column, casing design, welllogging and drilling rate are

shown in Fig. B-IV, 2.4 for test well and in Fig. B-IV, 2.5 for observation well with

scale of 1:1000.

(1) Well No. J-G (see Fig.B-IV, 2.4)

i) Lithology

The well was drilled up to 157m depth. In the whole sequence, two (2)

formations, Quaternary Collacagua Formation (upper, middle and lower) and

Tertiary Huasco Ignimbrite were observed. Based on the result of geophysical

logging and lithology observed, following three (3) major layers are classified.

(J-O)

Layer Depth (m) Classification Lithology Formation Period

1 st 0- 30 Surface sand and gravel Collacagua Quaternary

Deposit

2 nd 30 - 108 Aquifer clayey to sandy Collacagua Quaternary

j!;ravel

3 rd 108 - 157 Impermeable clayey sandstone Collacagua Quaternary

Layer Rhyolite Huasco Tertiary

Ignimbrite

ii) Well Logging

Spontaneous potential (SP) indicates a range of -55.5 to -58 mv. From the

lithological point of view. a relative basement line (relative O line) which is the

boundary between permeable formation (grave1 sand) and impermeable

fonnation (mud) is estimated as - 57.5 mv. Gamma ray indicates 30 to 70 cps at

50m from surface and 60 to 100 cps at below 50m. This range is in well

coincidence with lithological observation of clean gravel at 38m from surface

Il-4
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2) Melhodology of Wen ConSlruction

For!he details of!he me!hodology, see, B-II. Section 2.3.2 of ehapler 11.

3) Result of Boring Test

The results oC the boring test are shown in Table B-IV, 2.1. The well data for each

well. including lithological colurno. casing design, welllogging and drilling rate are

shown in Fig. B-IV, 2.4 for leSt weU and in Fig. B-IV, 2.5 Cor observalion well wilh

scale ofl:1000.

(1) Wen No. J-O (see Fig.B-IV, 2.4)

i) Li!hology

The well was drilled up to 157m depth. Jn the whole sequence, tWQ (2)

Carmaticns. Qualernary Collacagua Fonnation (upper, middle and lower) and

Tertiary Huasca Ignimbrite were observed. Based on the result oC geophysical

logging and li!hology observed, fonowing !hree (3) major layers are c1assified_

(l-O)

Laver Deo'" (m) Classification Li!holo~v Formatian Period

1 sI 0- 30 Surface sand and gravel Collacagua Qualemary

DeOOSil

2 nd 30 - 108 Aquifer clayey lo sandy Collacagua Qualemary

loravel

3rd 108 - 157 Impermeable cJayey sandSlone Collacagua Qualemary

Layer Rhyolile Huasca Tertiary

hnimbrite

ii) Wen Logging

Spontaneous potential (SP) indicales a rangc of -55.5 to -58 mv. Frem lhe

lilhological poinl of view. a relaLive basement lioe (relaLive Oline) which is lhe

boundary between permeable fonnalion (gravel sand) and impermeable

fonnaLion (mud) is estimaled as - 57.5 mv. Gamma ray indicates 30 to 70 cps at

50m from surface and 60 to 100 cps al below SOmo This range is in well

coincidence with lithological observation of clcan gravel al 38m from surface

JI- 4

•

•



O-IV Salar del Huasco

and clayey gravel at below 38m. The range of resistivity is also in coincidence

with TEM's resistivity. especially 30 to 100 ohm-m at depth from 30 to 108m. A

slow increase rate of water temperature curve from surface to 110m depth (17° to

18oC ) indicates groundwater flow.

iii) Determination of Casing Design

In order to determine the position of screen pipe, the foUowing interpretation

were made by lithological and welllogging data. Decided casing design is shown

in Fig. B-IV. 2.4.

a) 1 st layer (Surface Deposit)

The layer consists of coarse sand at surface and fine gravel at lower parto 1t is

estimated as highly penneable. based on the SP and gamma ray values.

However, the layer is interpreted as dry, because of very high value of

resistivity. Blank casing pipes Were installed in this layer.

b) 2 nd layer (Aquifer)

The layer is considered to have permeability lower than 1st layer because of

clayey matrix. The range of SP and gamma ray also indicates higher value

which can be interpreted as low permeability. However, the range of

resistivity (30 - 90 ohm-m) shows approximately same value with the TEM

result (55 - 90 ohm-m). This range was c1assified as most promising aquifer

by the TEM analysis. Therefore, the layer is expected as aquifer.

The screen pipes were instaUed at the depths from 30.81 to 54.84m and 60.82

to 102.91m ofthis layer.

e) 3 rd layer (Impermeable bed)

Due to high value of gamma ray and resistivity (more than 100 ohm-m), the

layer is considered as dry or impermeable. The temperature curve also shows

stable line at upper layer. Blank casing pipes were installed in this layer.

11 - 5
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and c1ayey gravel at below 38m. The range of resistivity is also in coincidence

wilh TEM's resistivily, especially 30 lo 100 ohm-m al deplh from 30 lo 108m, A

slow increase rate of water temperature curve from suñace to 110m depth (17° to

18oC) indicatcs groundwater (Jow.

iii) DetenninaLion oC Casing Design

In order to detennine the pasition oC screen pipe. the CoUowing interpretation

were made by lilhologieal and welllogging data. Decided casing design is shown

in Fig, B-IV, 2.4.

•

•

a)

b)

1 sllayer (Surface DepoSil)

The layer consists oC coarse sand al surface and fine gravel al lower part. 11 is

estimated as highly penneable. based on the SP and gamma ray values.

However, the layer is interpreted as dry, because oC very high value oC

resistivity. Blank casing pipes were installed in this layer.

2 nd layer (Aquifer)

The layer is considered to have penneability lower than 1st layer because oC

c1ayey matrix. The range of SP and gamma ray also indicates higher value

which can be interpreted as low permeability. However, the range of

resistivity (30 - 90 ohm-m) shows approximately same value with the TEM

result (55 - 90 ohm~m). This range was classified as most promising aquifer

by the TEM analysis. Therefore. the (ayer is expected as aquifcr.

The screen pipes were installed al lhe depths from 30.81 lo 54.84m and 60.82

lo 102.91m of lhis layer.

e) 3 rd layer (Impermeable bed)

Due to high value oC gamma ray and resistivity (more than 100 ohm-m), the

layer is considered as dry or impermeable. The temperalure curve also shows

stable line al upper layer. Blank casing pipes were installed in this layer.
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(2) Well No. 1-10 (see, Fig. B-IV, 2.5)

i) Lithology

Upper, MiddJe and Jower Collacagua Formation of Quatemary were observed in

the whole sequenee. The total driJling depth is 207m. Based on the results of

geophysicaJ logging and Iithological observation, following four (4) major layers

are classified.

(1-10)

Layer Depth Classification Lithology Fonnation Period

(m)

1 st 0-49 Surfaee clayey gravel U. Collacagua Quatemary

Aquifer

2nd 49-63 Impenneable silty clay M. Collaeagua Quatemary

layer

3 rd 63 - 147 Shallow clayey gravel M. Collaeagua Quatemary

Aquifer

4th 147 - 207 Deep aquifer mudstone, L. Collacagua Quatemary

clayey gravel,

sandstone

ü) Well Logging

On the gamma ray, three (3) different ranges are observed; 30 to 70 cps from

surface to 55m depth. 50 to 100 eps at depth from 55 to 160m and 20 to 200 eps

at depth from 160 to bottom. Clay intercalation is observed at depths of 167m

and 192m by the high vaJue of gamma rayo Based on the Iithology and gamma

rayo a relative basement line of the SP is estimated as -9.2mv. In consideration of

SP and gamma ray curves, higher penneability ean be expected from surfaee to

150m. The resistivity value is high at 40m from surfaee and at middle part (90 to

140m depth). The water temperature gradually ¡nereases from surface to bottom.

¡ii) Detennination of Casing Design.

Casing design is decided as shown in Fíg. B-IV, 2.5. based on the following

interpretation for eaeh layer.
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(2) Well No. )-10 (sec, Fig. B-IV, 2.5)

i) Lithology

Upper, Middle and lower Collacagua Forroation oC Quatemary were observcd in

the whole sequence. The total drilling depth is 207m. Based on the results oC
geophysicallogging and lithological observation, following Coue (4) majar layers

are c1assificd.

(J·10l

Laycr Depth Classification Lithology Fonnation Periad
Iml

1 si 0-49 SUlface c1ayey gravel U. Collacagua Qualemary

AouiCer

2 nd 49 - 63 lmpenncable silty clay M. Collacagua Quatemary

laver

3 rd 63 - 147 Shallow clayey gravel M. Collacagua Quatemary

A(luifer

4th 147 - 207 Deep aquifee mudstone. L. Collacagua Quatemary

c1ayey gravel.

sandstone

ü) Well Logging

•

On the gamma ray, lInee (3) different ranges are observed; 30 lo 70 eps from

surface lo 55m depth. 50 lo 100 eps al depth from 55 to 160m and 20 lo 200 eps

al depth from 160 lo botlom. Clay intercalatian is observed al depths oC 167m e
and 192m by the high value oC gamma rayo Based on the lithology and gamma

rayo a relative basement Line oC the SP is estimaled as ~9.2mv. [n consideratian oC

SP and gamma ray curves, higher permeabilily can be expected from surface lo

150m. The resisLivity value is high al40m from surface and al middle pan (90 lo

140m depth). The waler temperalure gradually ¡ncreases from surfacc to bottom.

iii) DetenninaLion of Casing Design.

Casing design is decided as shown in Fig. B·IV. 2.5. based on the following

interpretation foc each layec.
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a) 1 st layer (Surface Aquífer)

The layer is considered to has the highest penneability among four (4) layers

by the SP and gamma rayo Based on the lithological observation, clayey, but

well sorted fine gravel is confinned in this layer. The layer is expected as

aquifer except upper layer which has extremely high resistivity value (more

than 500 ohm-m).

A short interval of 39.02 to 51.03m at lower layer ís selected for screen

installation.

b) 2 nd Layer (Impenneable Layer)

The layer is compared of single thin bed (14m thickness) of sandy to silty

clay. The layer is classified as impenneable layer.

c) 3 rd Layer (Shallow Aquifer)

The layer is consists of mainly clayey gravel of Middle Collacagua

Formation. Based on the resistivity range and gamma ray, the layer is

expected as promising aquifer.

The screen pipes were ínstaUed at depth from 86.53 to 146.51m of this layer.

d) 4 th Layer (Deep Aquifer)

The layer is composed of altemating sandy day and dayey gravel of Lower

Collacagua Fonnation. The aquifer is found out at the layer of clayey grave!

by the resistívíty.

Two (2) positions were selected for screen pipes at the depths from 161.81 to

167.81m and 172.83 to 184.79m.

2.2.3 Pumping Test

1) Methodology of Pumping Test

For the detaíls of the methodology, see B-II, section 2.2.3 of Chapter n.
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a) l st layer (Surface Aquifer)

The layer is eonsidered to has the highest penneability among four (4) layees

by the SP and gamma rayo Based on the lithological observation. clayey. bU{

well sorted fine gravel is confinned in this tayer. The layer is expected as

aquifer except upper layer which has extremely high resisLivity value (more
than 500 ohm-m).

A shoet interval of 39.02 to 51.03m at lower layer is seleeted for sereen

inslallation.

•
b)

e)

2 nd Layer (Impermeable Layer)

The layer is compared of single lhin bed (14m thickness) oC sandy to silty

clay. The layer is c1assified as impermeable layer.

3 rd Layer (Shallow Aquifer)

The layer is eonsislS of mainly clayey gravel of Middle Collaeagua

Formation. Based on lhe resistivity cange and gamma ray, the layer is

expected as promising aquifer.

The sereen pipes were installed at depth from 86.53 to 146.51 m of this layer.

d) 4 th Layer (Deep Aquifer)

e The layer is composed oC altemating sandy clay and clayey gravel oC Lower

Collacagua Formation. The aquifer is Cound out at the layer of clayey gravel
by the resistivily.

Two (2) posilions wcre setected for screen pipes at lhe depths Crom 161.81 lo

167.81m and 172.8310 184.79m.

2.2.3 Pumping Test

1) Methodulogy ofPumping Test

For the details of the methodology, see B-H. section 2.2.3 of Chapler H.

11 -7



D-IV SaJar del Huasco

2) Result of Pumping Test

(1) Aquifer Constants

Aquifer constants are analyzed by using the graphs shown in Fig. B-IV, 2.6 to 2.7.

The results of this ana1ysis are summarized in Table B-IV, 2.2 and 2.3. The tables

include pumping data and aquifer constants ca1culated by two (2) methods

mentioned aboye. The aquifer constants for two (2) wells are summarized as

follows;

Well No. Transmissibility Penneability

(m3/day/m) (cmlsec)

J-G 156.39 2.74 x 10-3

J-IO 191.38 2.46 x 10-3

A similar va1ue of the aquifer constants in all item is obtained at both wells. A

range of 156 to 191 m3/day/m of transmissibility indicates that the aquifer has

moderate groundwater potentia1. Considering the proportion of the each lithology,

it is presumed that a range of 2.4 xlO -3 to 2.7 x 10 -3 cm/s represents the

permeability of clayey gravel.

iii) 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 Q-s/Q Chart for to obtain the

well efficiency and area of influence are shown in Fig. B-IV, 2.8 10 2.9. The

capacities for two (2) wells are summarized as follows;

WellNo.

J-G

J-IO

Critica1 Discharge (Vs)

more than 25.00

more than 5.00

Safe Yield (Vs)

6.70

1.75

Critica1 discharge is estimated as more than 25 Vs at J-G and more than 5 Vs at J­

10. It is confirmed that the amount of critical discharge is larger than maximum

pumping rate capacity. Safe yield is estimated as 6.7 Vs at Test Well and 1.75 Vs

al Observation WeU.
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2) Resull of Pumping Tesl
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10. It is confirmed that the amount oC critical discharge is Jarger than maximum

pumping rate capacity. Safe yield is estimated as 6.7 Us at Test Well and 1.75 Us

ar Observation WeU.

Il- 8



E-IV Salar del HuiSCO

2.2.4 C-14 Analysis

One (1) sample was talcen fron the JICA Well No. J-G.

The result of the analysis is as shown below;

Well No. Tritium (111) C-14 (pmc) A'l.e (Y.BP)* Avera'l.e A'l.eu

J-G <0.8 7.8 8,690-9,800 9,245

Y.BP : years before present

* : Estimated age by Modified Pearson Model

Tritium contents is close to O, therfore, the groundwater age is older than at least 40

years. C-14 data shows an old age, 9,245 Y.BP. C-14 age is rather old.

It is suggested that velocity of the groundwater in the Salar del Huasco Basin is very

small.

11-9
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2.2.4 C-14 Analysis

One (1) sample was taken rron lhe JICA Well No. )-0.

The result of me analysis is as shown below;

Well No. Tritium (TI) C-14 (ome) A2e (Y.SP)" Avera2:c A 2:c**

)-0 <0.8 7.8 8,690-9,800 9,245

Trilium conlents is close lO O. lherfore. the groundwater age is older than at least 40
years. C-14 data shows an old age, 9,245 Y.BP. C-14 age is ralher old.•

Y.SP

"
: years before present
: Estimated age by Modified. Pearson Model

•

h is suggesled Ihat velocily of Ihe groundwaler in the Salar del Huasco Basin is very
small .
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2.3 Configuration of Aquifer

Few hydrogeological study has been executed in the Salar del Huasco Basin before this

Study. However, it is believed that the principie aquifers appear in the basin-fill alluvial

deposits and the underlying Altos de Pica formation and the basin is hydrologically in a

dynamic equilibrium «2, <3 and <4).

The basin is topographically closed by mountains and it has an ovoid shaped depression

elongated to the north and south as shown in Fig. B-III, 1.1. Thus, the figure of the

aquifers are govemed by this topographical condition. The width of the basin is about 10

km in the south of the basin and extension to the north is about 25 km judging from (he

topography.

A series of study by the Study Team revealed that the prospective aquifers appear in the

Collacagua Fonnation and the distribution of aquifers are restricted by the faults in the

east and west, by Quatemary to Tertiary Volcanic Rocks in the north and south. The

figures ofthe aquifers in the basin is shown in Fig. B-IV, 1.2. 1.3 and 1.4.

The aquifers extend from the Salar to approximately 6 km north of Peña Blanca. The

distance is about 30 km. However, the Salar area is not suitable for aquifer, because it

seems that clayey sediments increase in the Salar and groundwater quality is bad.

Therefore. the Salar area is excluded from the aquifer area. Accordingly, the prospective

aquifer area is about 126 km2; 20 km in length and 4.5 to 7 km in width. The thickness

of aquifer is 130 to 210 m. averaging 170 m.

2.4 Hydrogeological Characteristics of Aquifer

Geology of the Salar del Huasco Basin is divided into three formations; the Alluvial

Deposits, the Collacagua Formation and the Huasco Ignimbrite. The Alluvial Deposits is

of hydrogeologically no value because it is very (hin and overlies as the top of the

sediments. The Collacagua Formation is composed mainly of sand and gravel so that it

is considered as prospective aquifer in the area. JlCA Well No. J-G and existing well

No. H-l penetrated into the Huasco Ignimbrite as shown in Fig. B-IV, 1.3. The Huasco

Ignimbrite is covered by the Collacagua Fonnation which consists of (hree (3) units

(Iower, middle and upper) as mentioned in 1.2.2 oC Chap(er l. The Lower Collacagua

Fonnation is composed of mainly sand in J-G. It increases its thickness toward the well

1-10, however, it is intercalated with mud layers. Finally, it changes its lithology to

volcanic breccia in the well No. H-l. The middle and upper part oC (he Collacagua
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Fonnation is composed mainly of grave!. It is intercalated with mud, and salt crust and

lime. Therefore, the Collacagua Fonnation is penneable in the well No. J-G and J-I0.

Aquifer constants are shown in following tableo

Well No. Specific YieId Transmissibility Penneability

(l/sec/m) (m3/day/m) (cmlsec)

J-O 0.74 156 2.74 x 10-3

J-IO 1.23 191 2.46 x 10-3

Average 0.99 174 2.60 x 10-3

Both wells show moderate specific yie1d and transmissibility. Penneability is rather

small compared to that of sand and gravel beds.

In addition to this, Huasco Ignimbrite is also considered to store the groundwater

because many fractures are developed in this rocks as mentioned in 1.2.2. However. the

groundwater stored in this rocks is a type of fissure water, therefore. it is difficult to

estimate the groundwater storage of this rocks.

Groundwater level is generally shallow; 27m in the well J-O and 5m in well J-IO.

2.5 Estimation of Groundwater Storage

Oroundwater storage of Salar del Huasco Basin is shown in Table B-IV, 2.4 and Fig. B­

IV, 2.10. These present the estimated groundwater storage in the area from Salar to Peña

Blanca where DGA's observatory station is located.. Total volume of groundwater

storage is estimated as follow;

STotal Storage =465 x 106m3•

The estimation was made based on the one (1) geological profile and three (3)

geological sections dividing the area into two (2) zones as shown in following table;

Zone Geolo~ical Section Area

1 sect A-A to B-B' Salar to J-1O

2 sect B-B' to C-C' J-I0 to J-O (Peña Blanca)

Il-ll
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Fonnation is composed mainly oC grave!. It is intercalat.ed with mud, and salt crust and

lime. Therefore, the Collacagua FOllllation is pelllleable in the well No. J-G and J-IO.

Aquifee conslants are shown in following tableo

Well No. Soecific Yield Transmissibilitv Pelllleabililv
(lIscc1m) (m3/dav/m) (cmlsecl

J-G 0.74 156 2.74 x 10-3

J-IO 1.23 191 2.46 x 10-3

Avera« 0.99 174 2.60 x 10-3

Both wells show moderate spccific yicld and Iransmissibility. Penneability is rather

small compared lo thal of sand and gravel beds.

In addition lo Ihis. Huasca Ignimbrite is also considered lo stoTe the groundwater

because many fraclures are developed in this rocks as mentioned in 1.2.2. However. the

groundwater stored in Ihis rocks is a type oí fissure water. therefore, it is difficult to
estimate the groundwater storage oC this rocks.

Groundwater level is generally shallow; 27m in the well J-G and 5m in well J-IO.

E.~timation oC Groundwater Storage

Groundwater storage oC Salar del Huasca Basin is shown in Table S-IV, 2.4 and Fig. B­

IV, 2.10. These present the estimated groundwater storage in the arca froro Salar to Peña

Blanca where DGA's observatory stalion is located.. Total volume of groundwater
storage is estimated as foUow;

STo<aJ Slorage = 465 x 106m3.

The estimation was made based on the one (1) geological profile and three (3)

geological sections dividing the area into two (2) zones as shown in following table;

ZOne Geolo2ical Seclion Area
I secl A-A 10 B-B' Salar lo J-lO

2 secl B-B' lO C-C' J-lO lo J-G (Peña Blanca)
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Conditions applied in the estimation are as follows;

a) Climate condition will remain constant during the estimated periodo

b) The extent of the estimation is limited to the area from Salar to Pefia Blanca,

because no stratigraphic column of well is available toward the upper reaches from

Peña Blanca.

c) Effective porosity of aquifer is assumed to be 30 % as a whole, considering the

materials which compose the aquifer.

2.6 Groundwater Quality

Groundwater quality analysis was executed by DGA and the Study Team on the nCA

Wells and two (2) springs which occurred at the margin of the Salar. Results of the

analysis are shown in Table B-IV, 2.5.

From the table, it is interpreted that:

a) Most of ion contents are less than standard for drinking water. The parameters are

ros, Mg, Na, S04, CI, Cd, Cr, Pb, Cu and Al.

b) As content is higher than standard at the both nCA Wells and one of the spring

(H-O).

c) B content is higher than standard at the well No. J-G and spring H-3.

d) Fe contents is much higher than standard (4.30 to 18.00 mgll) at the nCA Wells.

However, these contents could be influenced by riser pipe in pumping test because

new pipes are used at the test.

Fig. B-IV, 2.11 shows the composition of major ions together with spring water, salt

lake water, and the surface water of the Collacagua River.

a) Groundwater of well J-O , spring water of H-3 and surface water of the River are

plotted in the area among carbonate alkali type, noncabonate alkali type and

carbonate hardness type. This type of water is rather normal as a water in the

volcanic zone.

b) Oroundwater oC the well J-1O is plotted in the area of non carbonate hardness type.

It means that the water of the well J-1O consists mainly of chemical compounds of

Ca/Mg and S041Cl.
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2.7 Evaluation of Groundwater Development Potential

2.7.1 Existing Water Balance

The Salar del Huasco Basin is hydrologically closed; only the Collacagua River flows

into the Salar collecting surface water from its tributaries and no surface water flows out

from the Basin. The surface water of the Collacagua River entirely infiltrates into the

underground before reaching the Salar. Water of the Salar evaporates from its surface.

Sorne portion of groundwater seems to flow out through fissures toward the Pampa.

Water in the Basin is balanced with those factors.

Surface water of the Collacagua River is calculated in Supporting Report C. It is 809

l/sec. Evaporation rate in the Salar del Huasco Basin was measured by DGA during

1981-1982 «6). The rate was 1935mmlyear by evaporation pan. Considering that the

evaporation rate by pan is generally larger than that of actual evaporation, an

approximately 75 % of evaporation rate by pan is adopted for the evaporation rate from

the water surface. However, data on the evaporation rate from the wet land are not

available. Then. the evaporation rates of Pampa del Tamarugal «6) are applied to

estimate the total volume of evaporation. Depth to water level in the wet land is very

small because the water depth of the Salar is 16 cm in maximum. The evaporation rate

from the wet land is considered to be more larger than the rate mentioned in <6.

Therefore, the size of water area is regarde to be 6 km2, although actual size oC the wet

land is 2 km2 for calibration. Taking all these factors into consideration, evaporation

from the salt lake is calculated in the following tableo

Area Evaporation Rate Total Eval oration

Water Area 6 km2 1.5 mlyear 9,000,000 m3/vear 285.39 lIsec

WetLand 25 km2 0.365 mlyear 9,125,000 m3/year 289.35 lIsec

Total Area 31 km2 mlyear 18,125,000 m3/year 574.74 Vsec

Water level of the salt lake is almost constant, thereCore. change oC the storage volume

of the Basin is considered to be zero (O).

Water balance of the Salar del Huasco Basin is given following fonnula;

~Q =RR - (RF+ ES )

n- 13
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where,

~Q : variation of groundwater volume (O IIsec)

RR : recharge from the rivers (809 IIsec, see Supporting Report A)

RF : outflow through fissures ( IIsec)

ES : evaporation from Salars (575 IIsec)

Then,

RF =RR - ES = 809 - 575 =234 (lIsec)

This result shows a possibility that 234 (lIsec) of groundwater flows out to Pampa

through the fissures recharging the groundwater in Pampa del Tamarugal.

2.7.2 Groundwater Development Potential

Aquifers in Salar del Huasco Basin are recharged by surface water of the Collacagua

River and discharge water by evaporation through salt lake, and by flowing out through

fissures to Pampa, as mentioned in 2.7.1. Groundwater storage in the Basin is estimated

to be 465 x 106 m3 in 2.5 of this Report. In consideration of groundwater development

potential, this storage groundwater is not an object of development.

It is impossible to clarify the 10cation andlor range of fissures through which

groundwater flows out to Pampa del Tamarugal Basin. Exploitable groundwater is

limited to the water which flows into the salt lake. 809 IIsec of surface water infiltrates

into aquifers. however, 234 IIsec of groundwater flows out through fissures. Therefore, a

volume of exploitable groundwater is,

809 - 234 =575 <Vsec)

Groundwater development potential is considered to be 575 Vsec. If groundwater is

developed in the Salar del Huasco Basin, it will be unavoidable that the salt lake is dried

up to balance with the decrease of recharge from groundwater.

An interpretation on radius of influence was made to decide the spacing of production

wells. Aquifer constants are given by the pumping tests mentioned in 2.2 of this

Chapter. Fonnula for detennination of the radius of influence is mentioned in Chapter

III of B-O. Conditions of production well construction are planned as follows;

Diameter of well

Diameter of casing

: 17-112" (444.5 mm)

: 12" (318.5 mm)

0-14
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where,

óQ : variation of groundwater volume (O Vsec)

RR : recharge from the rivers (809 Use<:, see Supporting Repon Al

RF : ouúlow through fissures ( Usec)

Es : evaporation from Salars (575 Usec)

Then,

RF = RR - Es = 809 - 575 = 234 <Vse<:)

This result shows a possibility lhal 234 (Usec) of groundwater Oows oul te Pampa

lhrough the fissures recharging the groundwater in Pampa del Tamarugal.

2.7.2 Groundwater Development Potential

Aquifers in Salar del Huasca Basin are recharged by suñace water of the Collacagua

River and discharge water by evaporatian through salllake, and by flowing out through

fissures to Pampa, as mentioned in 2.7.1. Groundwater slOrage in the Basin is estimated

to be 465 x l(}ó m3 in 2.5 oC this Report. In consideration of groundwater development

potentiaJ, this storage groundwater is not an object oC development.

lt is impossible to c1arify the location andlor range of fissures through which

groundwater flows out to Pampa del Tamarugal Basin. Exploitable groundwater is

limited to the water which flows into lhe salt lake. 809 Usec oC suñace water infiltrates

into aquifers. however, 234 Vsec of groundwater flows out through fissures. Therefare, a

volume of exploitable groundwater is,

809 - 234 - 575 rusec)

Groundwater development potential is considered lo be 575 Usec. IC groundwatet is

developed in the Salar del Huasco Basin, it will be unavoidable that the salt lake is dried

up lO balance with the decrease of recharge from groundwater.

An interpretation on radius of influence was made lO decide the spacing oC production

wells. AquiCer constants are given by lhe pumping tests mentioned in 2.2 oC this

Chapter. Fonnula Cor detennination oC lhe radius oC influence is mentioncd in Chapler

IU oC B-U. Condilions oC production well conslruction are planned as follows;

•

•

Diameler oC well

Diameter oC casing

: l7-ln" (444.5 mm)

: 12" (318.5 mm)
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Production rate : 40 IIsec

Allowable drawdown : 40 m

Drilling depth : 150 - 200 m

Following table gives details of radius of influence.

R(m) IQ (m3/sec) T (m3/sec/m) S 1 (sec) time

J-O 76 0.04 1.81E-03 0.3 43200 0.5 day

94 0.04 1.81E-03 0.3 64800 0.75 day

108 0.04 1.81E-03 0.3 86400 1 day

419 0.04 1.81E-03 0.3 lE+06 IOday

592 0.04 t.8tE-03 0_3 3E+06 1 month

1451 0.04 1.81E-03 0.3 2E+07 6 months

2066 0.04 1.81E-03 0.3 3E-H>7 1 year

J-IO 83 0.04 2.2tE-03 0.3 43200 0.5 day

102 0.04 2.2tE-03 0.3 64800 0.75 day

118 0.04 2.21E-03 0.3 86400 t day

456 0.04 2.21E-03 0.3 IE+06 IOday

645 0.04 2.21E-03 0.3 3E+06 1 month

1580 0.04 2.21E-03 0.3 2E-H>7 6 months

2250 0.04 2.21E-03 0.3 3E-H>7 I year

Radius of influence is 110 lO 120 m (220 lo 240 m in diameter)when pumping period is

one (1) day. It increases up lO 420 lo 460 m (840 lo 920 m in diameter) when 10 days

conlinuous pumping operation is executed. Considering lhese results, spacing of

produclion wells are decided lO be 1000 m.
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•

•

Following table gives details oC radius oC influence.

R(m) lo (m3lsec' T (rn3/seclm) S I (sec) time

J-G 76 0.04 1.81~3 0.3 43200 0.5 day

94 0.04 1.81E-03 0.3 64800 0.75 day

108 0.04 1.81E-03 0.3 86400 1 day

419 0.04 1.81E-03 0.3 IE+Q6 IOday

592 0.04 1.8 I E-03 0.3 3E+Q6 1month

1451 0.04 1.8 IE-03 0.3 2E+07 6 monlhs

2066 0.04 1.81E-03 0.3 3E+07 1 year

J-1O 83 0.04 2.21E-03 0.3 43200 0.5 day

102 0.04 2.21E-03 0.3 64800 0.75 day

118 0.04 2.21E-03 0.3 86400 1 day

456 0.04 2.21E-03 0.3 IE+Q6 10day

645 0.04 2.21E-03 0.3 3E+Q6 1 month

1580 0.04 2.21E-03 0.3 2E+07 6 monlhs

2250 0.04 2.2 I E-03 0.3 3E+07 1 year

Radius of influence is 110 to 120 m (220 to 240 m in diameter)when pumping penod is

one (1) day. It increases up lO 420 lo 460 m (840 lo 920 m in diamcler) when 10 day,

continuous pumping operarion is executcd. Considering these resulLli. spacing oC

production wells are decided tO be 1000 m.

n - 15
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Table D-IV, 2.1 Result of Boring Test of Salar del Huasco AJea
Resultado M Prueba de Sondaie en el Area MI Salar tUl H- rr ____ ~

Well Dore (llI~n' Pipe Screen Pipe Geolo2Ícal Conditions of Aquifer Geoohysical Data
No. hole Size Total Position Total Well Lo~IDn~ TEM

Depth (inches) Length Length Lithology Formation Perlod Resistivity Resistivity
(m) (m) (m) (m) (ohm-m) (ohm-m)

30.81 gravel 30-90 55 -90
J-O 157 8-518" 96.03 -54.84 66.12 clayey gravel Collacagua Quaternary

60.82 clayey gravel (Qcm) 25-90 55 -90
-102.91 sandv i!I1lvel
39.02 gravel Collacagua 70-300 -
-51.03 (Qcu)
86.53 clayey gravel Collacagua 40- 500 -

J-1O 200 5-1/2" 116.70 -146.51 89.95 1(l\Mn\ Quatemary
161.81 clayey gravel 25 -80 -
-167.81 Collacagua
172.83 sandy mudstone (Qcl) 40- 80 -
-184.79 clayey sandstone--I-...,¡

Table B-N, 2.2 Result oí Pumping Test (Salar del Huasco)
<Resultado de Prueba de Bombeo (Salar del Huosco) >

Pum1>in~ Data (by Constant Test)
WellNo. Static Pumping Dynarnic Drawdown Specific

Water Rate Water Yield
Leve! (m) (Vs) Leve! (m) (m) (Vs/m)

J-O 5.86 25.00 39.76 33.90 0.74
J-1O 26.56 5.00 30.64 4.08 1.23

• •
Tibie B-IV, 2.1 Resull oC Boring Test oC Salar del Huasco Arca

uJ ado de ha dt S nda I del S I del<Res f. Prue o 'lit en tArta aIU Huasco>
WeU Dore ~PiDe Screen PiDe Geolo2ical ( nditions of Aauifer GeoDhvsical Data
No. hole lze Total Position Total weU Lo22in TEM

Depth (inches) Length Length Lithology Formation Pmod Reslstivity Reslstivity
i'mi (m) (m) (m) (ohm-m) (ohm.m)

JO.81 grave! 30-90 55-w
)-G 157 8-518" 96.03 -54.84 66.12 clayey 2I"8vel CoUacagua Quatemary

60.82 clayey gravel (Qcm) 25-90 55 -90
-102.91 sandv 2I"8vel
39.02 gravel <.:oUacagua 70 -300 .

-51.03 (Ocu)
86.53 clayey gravel c:ou~agua 40· 500 -

).JO 2CJ1 5·1/2" 116.70 ·146.51 89.95 Qualemary
161.81 clayey gravel 25 ·80 -
-167.81 CoUacagua
17'.8J sandy mudstone (Qcl) 40 - 8u -
-184.79 c1avev sandstone--,-....

Table B-IV. 2.2 Resuh oC Pumping Test (Salar del Huasco)
<Resultado de Prueba de Bombeo (Salar del Huasca) >

Pumnin Da'a (by Constan' Test)
WeU No. Static Pumping Dynamic Drawdown Specific

Water Rale Water Yield
Level (m) (Vs) Level (m) (m) (Vs/m)

)·G 5.86 25.00 39.76 33.90 0.74
)-JO 26.56 5.00 30.64 4.08 1.23



Table B-IV. 2.3 Aquifer Constants (Salar del Hasco)
<Coeficientos de Acúiferos (Salar del Hasco»

--I­00

Well Test Method Average
No. Aqufer Constant Theis Jacob

Constant Recovery Constant RecoveI')l
J-O ransmissibilif (m3/s/m) 9.60E-04 2.65E-03 1.19E-03 2.44E-03 9.08E-04

Stora2e Coefficient 1.50E-09 2.29E-Il 7.64E-IO
Permeabilitvl (m3/s/m) 1.97E-13 5.43E-13 2.44E-13 5.00E-13 1.86E-13

J-1O Transmissibil (m3/s/m) 2.lOE-03 2.41E-03 2.03E-03 2.32E-03 1.09E-03
Stora2e Coefficient 1.17E-1O 1.41E-1O 1.29E-lO
PermeabilitvI(m3/s/m) 1.45E-07 3.53E-OS 4.l6E-13 4.l0E-08 l.02E-08

Average Transmissibil (m3/s/m) 1.53E-03 2.53E-03 1.61E-03 2.38E-03 9.98E-04
Stora2e Coefficient 8.llE-1O 8.21E-ll 4.46E-lO
Permeabilitvl (m3/s/m) 7.23E-08 1.77E-08 3.30E-13 2.05E-08 5.12E-09

Table B-IV, 2.3 Aquifer Constants (Salar del Hasco)
<Coeficientos de Acúijeros (Salar del HascoJ>

--,-00

Wen Test Melhod Average
No. Aqufer Constant Theis Jacob

Constant Recoverv Constant Recoverv
¡·G ransmissibilil (m3/s/m) 9.6l:E-04 2.65E-03 1.19E-03 2.44E-03 9.08E-04

St0la2e Coefficient 1.50E-09 2.29E-1I 7.64E-JO
Permeabililvl(m3/s/m) 1.97E-13 5.4jE-13 2.44E-13 5.00E-13 1.86E-13

¡-lO Transmissibi (m3/s/m) 2.JOE-03 2.41E-03 2.03E-03 2.32E-03 l.09E-03
StOf3lZe Coefficient 1.17E-1O 1.41E-JO 1.29E-JO
Permeabilitvl(m3/s/m) 1.45E-07 3.53E-08 4.16E-13 4.JOE-08 l.02E-08

Average Transmissibi (m3/s/m) 1.53E-03 2.53E-03 1.61E-03 2.38E-03 9.98E-04
StoTae.e Coefficient 8.lIE-JO 8.2IE-ll 4.46E-JO
Permeabililvl (m3/s/m) 7.23E-08 I.77E-08 3.30E-13 2.05E-08 5. 12E-09

• •



Table B-IV, 2.4 Estimation of Groundwater Storage
<Estimaci6n de Reservas de Agua Subterránea' >

l:::l-\O

DEPTH ZONEl ZONE2 TOTAL
(mBSWL) (SALAR-SECI'.A) (SECf. A-B) (SALAR-SECT. B)

(m3) (m3)
SUM SUM SUM

10 7,825.313 7,825,313 18.049.406 18.049.406 25.874.719 25.874.719
20 7,809,559 15,634.871 17,992.408 36.041,815 25.801.967 51.676.686
30 7,800.404 23,435,275 17,954.409 53.996.224 25.754.813 77,431,499
40 7.791.607 31,226,882 17.892.662 71.888.885 25.684.268 103.115.767
50 7.788.057 39,014.939 17,835.663 89.724,549 25.623.720 128.739,488
60 7.956.760 46,971.699 18.049.406 107.773.955 26,006.166 154.745.654
70 7.938.742 54,910.440 17.954.409 125.728,364 25.893.151 180,638.805
80 7.747.257 62.657.697 17.612,421 143.340.785 25.359,678 205.998,482
90 7.731.493 70,389.190 17,541.173 160.881.958 25.272,666 231,271.148

100 7,714.515 78.103.705 17,455,676 178,337,634 25.170.191 256,441.339
110 7,701,485 85,805,190 17,360.679 195.698,313 25.062,164 281,503.503
120 7.652.754 93,457.944 16,743,199 212.441,512 24,395.953 305.899,456
130 7.603.412 101.061,355 15,175.751 227.617.263 22.779.162 328.678.618
140 7,554.885 108,616.240 12,682,083 240,299,346 20,236,968 348.915,586
150 7,490.758 116,106.998 11,162.133 251,461,478 18.652.890 367,568.476
160 7,410.938 123,517.935 11.043,387 262,504.865 18.454.324 386,022,800
170 7,315.313 130,833,248 10.900.892 273.405.757 18,216.204 404.239.004
180 7.203.750 138,036,998 10.734.647 284.140.403 17,938.397 422.177.401
190 6.932.813 144.969.810 10,330,910 294,471,314 17,263,723 439,441.124
200 5.641,875 150,611,685 8.407.223 302.878,537 14.049.098 453,490,222
210 3.362.813 153,974,498 5.011,085 307.889.622 8.373.898 461.864.120
220 1.083.750 155,058.248 1,614,947 309.504,569 2.698,697 464,562,817
230 O 155,058.248 O 309,504,569 O 464.562,817

155.058.248 309,504.569 464.562.817

NOTE: "BSWL" means be10w the static water levelln 1993.

•

Table B-IV, 2.4

•

Estimation oC Groundwater Storage
<Estimación de Reservas de Agua Subttrrdnea >

=

. WN.•l .-'UIAL
(m BSWL) (SALAR-SECT.A) (SECf. A-B) ( SALAR-SECT. B)

( )
S S

Il 7.825,313 7, 18,049,"'" 18.049,""'1 25.874,719 25.874.71
20 7,809,559 15,634.871 17,992,408 36.041.815 25.801,967 51.676.686
30 7,800.404 23.435.275 17.954,409 53,996,224 25.754,813 77,431,499
40 7.791.607 31,226.882 17.892.662 11.888,885 25,684,268 103,115.767
50 7,788,057 39,014,939 11,835.663 89.724.549 25,623,720 128,139,488
60 7.956.760 46.971,699 18.049,406 107,773.955 26.006.166 154,745.654
70 7.938.742 54,910.440 17,954.409 125,728.364 25.893.151 180,638.805
80 7.747.257 62.657.697 l1,til2,421 143,340.785 25,359,678 205.998,482
90 7.731,493 70,389,190 11.541.173 160.881,958 25,272.666 231.271,148

100 7.714.515 78.103.705 17,455.676 178.337.634 25.170,191 256,441.339
110 7.701,485 85.805,190 17,360.679 195.698.313 25,062,164 2ll1,503,503
120 7,652,754 93.457,944 16,743,199 212,441,512 24,395,953 305.899.456
130 7,603,412 101.061,355 15,175,751 227,617,263 22,179,162 328,678,618
140 7,554,88.5 108.616,240 12,682,083 240,299,346 20,236,968 348,915,586
ISO 7,490,758 116,106,998 11,162.133 251,461,478 18.652,890 367,568,476
160 7,410.938 L23,517,935 11,043,387 262,504.865 18.454.324 386,022,800
170 7,315.313 130,833,248 10.900.892 273.405,757 18,216.204 404,239,004
180 7,203,750 L38,036,998 10.734,647 284,140,403 17.938,397 422,117.401
190 6.932.813 144.969.810 10,330.910 294.471.314 17.263.723 439.441.124
200 5.641,875 l50,6I1,685 8,407,223 302,878,537 14.049,098 453,490.222
210 3,362,813 153,974,498 5,011,085 307.889,622 8.373,898 461,864,120
220 1,083.750 155,058,248 1,614,941 309.504,569 2.698,697 464,562,817
230 O 155,058,248 O 309,S04,569 O 464,562,817

155,058, ,69 464,56 81

NOTE: ~BSWL~ means below the stalic water level in 1993.



Table B-IV. 2.5. Groundwater Quality
<Calidad de Agua Subterránea>

........
I

No

HEALlli SIGNIFlCANCE

lYPE NAME DATE lEMPo eH 'TOS 01 MIl ~ K S)4 o ceo HC03 t-Cl3 Aa F 01 Cl' PI> B F'e "'" 2l'I Q,¡ Al
I Cl mo/l moll mo/l moll mall mall mall mall mall moll moll moll moll moll moll moll moll mo/l mo/l moll

flSTANDARDI '.0".5 1000 125 200 250 250 10.00 0.050 1.50 0.005 0.050 0.050 0.30 0.10 5.000 1.000 0.20

JICAWB.1. J.G 0ec·D4 7.5 747 37.5 28.4 159.2 17.2 95.0 83.7 o 326 0.055 0.002 0.010 0.030 2.59 ".30 0.61 0."80 0.011 0.10
J-IO 0ec-D4 6.1 623 82.2 10.9 68.1 35.0 325.0 49.6 o 52 0."60 0.005 0.020 0.0"0 0.39 18.00 1."0 6.710

SPl'H> H~ 08c-1k} 16.1 8.1 388 "7.6 13.0 78.6 7.5 98.7 32.6 o 110 0.060 1.00
Jan·D4 15.0 8.0 384 047.0 9.8 81.2 7.7 95.9 32.9 O 110 0.060 1.00

Ayeraae 15.6 8.04 386 "7.3 11.4 79.9 7.6 97.3 32.8 O 110 0.06 1
H-3 NOY·93 15.5 8.3 466 41.5 6.9 76.6 6.4 88.3 40.0 O 207 0.030 1.20

0ec·1k} 20.3 7.9 463 40.6 5.8 76.0 6.7 82.7 36.4 o 205 0.030 0.90
Jan-D4 17.0 8.8 456 41.3 5.8 75.9 7.1 85.9 36.6 O 204 0.030 1.10

Averaae 17.6 8.3 458 41.1 5.8 76.2 6.7 85.6 37.7 O 205 0.03 1.07
Note: Sampled and Analyzed by OGA and lile JICA Sludy TIiI8ITl.

Sprlng walln are analyzed by lile Muro Pral Unlverslly.

Table B-IV, 2.5 Groundwater Quality
<Calidad de Agua Subterránea>

--,

HEALTH SIClNIFICNlCE
",. - Dm - ms <lo .. ,

"" o <XD .." .. F '" o .. • " '" '" '" N
e ." ." ." • , ." ." • " ." ." ." ." ." ." ." ." • , ." ." ." ."

TANOAl'lD • o·, 1000 '" '" '" '" 10.00 O.OSO F" 0.005 O.OSO o OSO 0.30 0.10 .."" 1.000 0.20

""WBL '" Do<." " '" 37.5 28.' 15".2 17.2 "5.0 .'-' • '" 0.055 0.002 0.010 0.030 2.611 ..'" 0.61 0480 0.011 ."
J-IO Do<." ., '" ." 10." S8.\ 35.0 325.0 1".8 , O.ISO 0.005 0.020 0.010 0.3" 18.00 1.10 8.710...., H~ Do<." 18.\ .., ,.. 17.11 13.0 78.8 '-' "8.7 :12.S • '" 0.060 1.00

Jan·IM , •• ••• ". 47.0 ••• 81.2 " '50 , ,
'" 0.0110 "."..... ... oo. ,,, 17.3 11.' 7"." 7. 117.3 32.8 " .00 ,

H~ HO"'-e:! 15.5 .., ." 41.5 ~.II 71.5 ••• "., 10.0 • '" 0.030 1.20
Do<." 20.3 7.' m '0.5 ••• 70. '.7 12.7 ".. • '" 0.030 0."0
Jan-1M H. U .. .. ••• 75." 7. , '5O 311.8 ,.. 0.030 '"'wm 17.8 • ... 41.1 S., 711.2 '.7 85.11 37.7 • "

, 1.07
No!•. Sfoml)IIol ..-.el AnaI'(lIld tl~ OGA W'ld ,ro. JICA SlucJy T..".

Spr"" wll'" _ anlllyzlCl by lJlI; M~ PrJII UnIY8nIIy.

• •
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Fig. B-IV, 2.1 Location ofTEM Station and Test/Observation Well in Salar del Huasco Atea
<Ubicaci6n tk las Estaciones TEM y pozos tk Prueba y Observaci6n en el area tkl Salar del Huasco >
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Fig. O-IV. 2.1 Location of TEM Station and Test/Observation Well in Salar del Huasco Afea

<Ubicación de las Estaciones TEM J pozos de Prueba J Observación en el area del Saltu del Huasco >
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Fig. B-IV,2.2 Measured Aparent Resistivity Curves and Inverted Geoelectrical Section in Salar del Huasca Atea

< Curvas de Resistividad Aparente Medjdas y Secciones Geoelietr;cas Invertidas en el Area del Salar del Huasca>
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< Perfil de Resistividad Analizado del SH-l en el ATea del Salar del Huasco >
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Fig. B-IV, 2.6 Graphs for Theis and Jacob Method Analysis (Well NoJ-G)

< Gráficos para los Métodos de Análisis Theis y Jacob ( Pozo NflJ -G ) >
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< Gráficos Prueba de Gasto Variable ( Pozo NgJ-JO ) >
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Fig. B-IV. 2.11

Collacagua River

Trilinear Diagram oí Maayor Ions

< Diagrama Trilinear de Iones Principales>

THE STUDY ON THE DEVELOPMENT OF WATER RESOURCES IN NORTHERN CHILE

11- 33

JICA

Fig. B-IV. 2.11

Collncagun River

Trilinear Diagram of Maayor Ions

< Diagrama Trilinear de Iones Principales>
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