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SECCION 1.0 - INTRODUCCION

EL PROYECTO

Minera Utah de Chile Inc., y Getty Mining (Chile) Inc., subsi-
diarias de Utah international Inc., y de Getty Oil Co., res-
pectivamente, han suscrito con el Estado de Chile un Contrato

de Inversiones Extranjeras hasta pPor un total de USS 1.500
millones (d6lares de 1979). Utah y Getty desarrollan sus activi-
dades en Chile bajo el esquema de "Joint Venture® del cual Utah
es el operador. Las inversiones se efectuan con financiamiento
hecho por partes iguales.

Las exploraciones iniciadas en 1979 permitieron descubrir un
nuevo recurso cuprifero de importancia, "Escondida”, ubicado a
180 Km. al Sur-Este de Antofagasta, a una altura de alrededor de

3200 metros, préximo al Salar de Hamburgo y a la Estacién Adolfo
Zaldivar del Ferrocarril de Antofagasta a Salta.

Dada la ubicacién del yacimiento en una zona desértica, alejada
de la costa, serd indispensable para el eventual desarrollo de
la misma y el beneficio de sus minerales, disponer de agua en
cantidad y calidad aceptable en un radio razonable del centro
de consumo, tanto para uso industrial como para agua potable
del campamento, planta y oficinas.

No habiendo aguas corrientes disponibles en las cercanias, la
ubicacioni del recurso se orienté hacia aguas subterraneas.
Minera Utah de Chile Inc.,solicité Yy obtuvo autorizacién para

explorar por agua subterranea en el Salar de Punta Negra y cuenca
anexa.

AUTORIZACION PARA EXPLORAR

La autorizacion se otorgd por Resolucién DGA Ne 38 del 28 de

Enero de 1982, por un total de 74 rectangulos de 5.000 Has.

cada uno, posteriormente reducidos a 35 rectangulos por Resolu-
cion DGA NQ 47 del 14 de Febrero de 1983. Se adjunta copia de

las Resoluciones y el plano de ubicacién de la zona de exploracién.

De acuerdo a lo establecido en punto 32 de la Resolucién DGA NQ 38
de 1982, se entregé a la DGA un informe con el resultado de la
exploracién realizada en los seis primeros meses de la vigencia
del permiso de exploracién, adjunto a carta de fecha 14 de Julio
de 1982, copia de la cual se incluye. Ese informe debe considerar—
se como preliminar pero como parte integrante del presente informe.
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RESUMEN EXPLORACION

En la campafa de exploracién preliminar, se perfor6 35 pozos "S",
cuya ubicacién, profundidad y nivel freatico se muestran en la
Tabla 1.1. Ninguno de estos pozos fue bambeado.

Algunos de los pozos "S" fueron profundizados hasta la roca basal,
pasando a construir pozos "ES". La ubicacién, profundidad, nivel
freatico y caracteristicas se muestran en la Tabla 1.2. Los pozos
"ES" cuyo gasto fue medido por medio de "air lift" se indican en
la Tabla 1.3.

Finalmente, se construys 5 pozos de prueba de tiempo prolongado,
los pozos "T", cuvas caracteristicas se resumen en la Tabla 1.4.

1.4 GEOLOGIA e HIDROLOGIA

En la seccién 2, se incluye el informe," Groundwater Exploration
Report™, que incluye antecedentes generales sobre clima e hidro-
logia de la zona y en detalle la exploracién, indicando las areas
consideradas de especial interés, los métodos empleados y estadis-
ticas de la campafa. Las dos areas principales de exploracién,
el Salar de Punta Negra que incluye el de Imilac y el Salar de
Hamburgo, se analizan en detalle en los puntos 2.2 y 2.3 respec-
tivamente. Para el Salar de Punta Negra, se incluye estudios so-
bre clima y fisiografia (2.2.1), Geologia (2.2.2), secuencias
sedimentarias y volcanicas (2.2.3), Geologia estructural {(2.2.4),
aquiferos (2.2.5), movimiento del agua subterranea (2.2.6), ca-
lidad de agua (2.2.7) Yy almacenamiento (2.2.8).

Para el Salar de Hamburgo, se analiza clima y fisiografia (2.3.1),
depdsitos aluviales (2.3.2), roca basal (2.3.3), movimiento del
agua subterranea (2.3.4) calidad del agua (2.3.5), almacenamiento
(2.3.6) y potencial de desarrollo (2.3:7)

Se concluye con el programa de prueba de los pozos de produccién
y resultados en forma resumida en el punto 3.0.

1.5. LITOLOGIA

En la seccién 3 se entregan los registros litolégicos de los pozos
productivos.

1.6 PRUEBAS DE BOMBEO

En la seccién 4 se entregan informes canpletos de las pruebas de
bombeo en los pozos T-1 a T-5 y las curvas de recuperacién de los
pozos en los que se bombed con “air lift".




En la seccién 5 se analiza la utilizacién ‘de la recarga y del

agua almacenada, junto con justificacién de la zona de proteccién

l 1.7 UTILIZACION DEL RBECURSO
l 3 que se solicida.

1.8 PLANOS

I i En la seccién 6 se incluye detalles de construccién de los
pozos y los planos que no se han incorporado en el cuerpo del

I I informe.
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SANTIAGO, 98 N 1962

Con c''= fzcha el Tirector Grel. d2 “guas h resuclio lo qu2 sigus

I VISTOS:

La solicitud de Minera UTAK de Chile Ine.
el oficio ORD. N° 17 cdel 15 de Enero de

1982 del Departamento de Derechos de Agues,

y lo dispuesto en los Arts. G4; 268 y 51gq_e3
tes del Cédigo de Aguas, aprobado por DFL. %o
162 de 1969 y er el Art. 12 Transitoric cel
Cbdigo de Aguas aprobado por DFL. N° 1122 de
1987, del Ministerio de Justicia, y lo es*e-

blecido en el Art. 58 de este ¥ltimo texto
legal,

RESUELV O:

50

D.G.A. N° /

1°,- Otérgase autorizacibén a Minera UTAH de

Chile Inc., para que explore en bienes nacionales 74
rectangulos de 5.000 h&. cada uno, ubicados en el 1lu
gar denominado Salar de Punta Negra Y cuenca anexa,
en la.Provincia de Antofagasta, II Regién, con el
fin de alumbrar aguas subterrineas que serdn desti-

nadas* al uso industrial, minero y potable del yaci-
miento de cobre. lLa Escondlda

2°.~ Los terrenos a explorar son abiertos y

sin cultivos y estén delimitados por las siguientes
coordenadas.
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a) Limites de 70 recténgulos

Norte s 24°05' latitud Sur
sSur s 24°55' latituad Surc
Este : 68°39' 1longituc oeste

Ceste : 69°00' 1longitud oeste

b) Limites de 4 recténgulos
Norte : 24°10' latitud Sur
Sur 24°20' 1latitud Sur
Este : 69°00' 1longituc oeste
Oeste 69°06' 1longitud oeste.

—

30 - E1 plazo de curacibén de estas autorizaciores
de exploracién serd de seis meses contados desde la feche de
transcripcibn de esta Resoluciln a la interesada, pero en los
rect&ngulos en que se inicien lcs trabajos dentro de dicho
término la autorizacibn serd por un plazo total de dos eaiics.
La Direccidn General de Aguas comprobard al termino de los
ceis meses antes seflalados 105 recténgulos en que exista in:
ciacibén de trabajo, -

4° - Se entenderdn iniciados los trabajos por el
hecho que la beneficiaria inicie la perforacién con el obje-
to de alumbrar agua subterrénea con el equipamiento adecua-

do para tal efecto.

5¢ ~ La concesionarie de este permiso de explore-
cién deber& proporcionar a la Direccién General de Aguas 10sS
antecedentes técnicos que obtenga en el desarrollo de la ex-

ploracibn,

—

| 6° .- Comprobada la existencia de agua subterrivea,
la concesionaria del permiso tendrd derecho preferente pare
solicitar el respectivo derecho de aprovechamiento. Este

derecho podr4 ejercitarlo dentro del plazo de la autorizacibn
y hasta seis meses después. Expirado el plazo sin que se so-
licite el derecho, el terreno quedard libre para nuevas explo

raciones.

p—

_—

7° .~ D&jase constancia que Minera UTAH de Chile Inc,,” .
ha efectuado una consignacibén de § 1.110.000.- para responder
de los perjuicios que puedan causarse.
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Santiago, 14 de Julio de 1982
MU-266/82

Sefores 3
Direccion General de Aguas
Departamento Derechos de Aguas

Ministerio de Cbras PGblicas
PRESENTE

Muy sefiores nuestros:

Por Resolucion N°38 de esa Direccidn de 28 de Enero
de 1382, se otorgd a mi representada una autorizacidon de Exploracidn de

Aguas Subterrdneas en el Salar de Punta Negra y en su cuenca anexa en la
Provincia de Antofagasta, || Regidn.

El propdsito de la autorizacidn es alumbrar aguas que
seran destinadas al uso industrial, minero y potable del yacimiento de
cobre La Escondida.

Con la presente, adjuntamos a esa Direccidn, el infor-
me hidroldgico de la zora del Salar de Punta Negra que hemos preparado y

en el que se indican los antecedentes técnicos obtenidos en el desarrollo
de la exploracidn.

Como ustedes podrdn apreciar, hasta esta fecha se han
iniciado trabajos en 35 de los 74 rectdngulos comprendidos en la concesidn.
Lo anterior, sin perjuicio de los trabajos que se ejecuten en los restantes
rectangulos de aqui hasta la expiracidon de los seis meses iniciales conta-
dos desde la fecha en que fue transcrita la Resolucidn N°38.

Queremos, adem3s, expresar por la presente que estamos
@ su disposicidn para presentar o explicar mayores antecedentes a los téc-
nicos de la Direccidn General de Aguas sobre los trabajos que se han hecho
hasta la fecha, como asimismo, para conversar con ustedes, si fuere necesa-
rio y fijar 1a fecha de viaje de un técnico de dicha Direccidon a fin de que
compruebe en el terrenc los trabajos efectuados.

Saludamos a ustedes muy atentamente,

MINE AH DE CHILE INC.
L
Paul!Corfdonneau G.
Gerente

cc. Sr. Layto Dalannais
Dir. General de Aguas

CLASIFICADOR 11 — CORREO 10 — SANTIAGO —~ TELEFONO 2835548 — TLX. SGO 412

CASILLA 648 — ANTOFAGASTA — TELEFONO 225166
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VISTOS:
x>
D-G -A.

\OFC?LA DEP‘RI{& Minera UTAH Chale INC,, pe-
3 )~u~\,JTfAh£TADA ra explorar en Biencc Nacae
e; o 24 FED mﬂﬂ nales.
/ \‘ﬂ ECLEBEE - EECErE - REEEE - o oSS Ea- oS
SAWTIAGO, §5 .
Con esta fecha ¢! Directer Gre! de " gues ho resuelle Ic quo sigue
2 Sclicitugd de Hinera UTEY Chile INC., -a Resclucibr
D.G.A. HQ 38 ac 193z; el CIzcio ORD. lix 32 dcl 26 de
Enero de 1983 del Departamento de Derechos de Aguas;

Ordena la devolucidbn de pac

te de la suma censignada pol

Y ACUAS

lo dispueste en el Articulo 120 Transitorio del Cbédi-

go de Aquas arrobado por D.F.L. N2 1.122 ce 1981 v er
Articulo 63 del Cédige aprobuacdo por D.T.L. NI1E2 ce
1969, del Ministerio de Justicla, v
C N § 2 D © 1 / r O =

[ ]
l.- Que por Resclucibn D.G.A. %2 38 ce ctozgé autcr:
zacibn a Minera UZAil Chile I%NC. para erxvicrar a~ua-
subierrancas en 74 rectanguios de 5.0C7 ils. cada unc,

en la provincia de Antofagasta

Que en el punto 3 12 Resoluc:ér

2-"' 1

quedd estipulade cue la

meses, p2ro en los rectangulos en cue se inicie
los trabejes ce exploracidn,
plazo total de 2 aios.

(o)

enles citaca,
serie

{ - - 4
cuLorlizeclor

el permisc seriz de wumn

3.~ Quc liinera U/ \x Chile INC.

ha efectuiace urne cor-
signecibn por los 74 rectingulos ascerde~tes a la st
ma de $§ 1.110.000 (un milldn cicnto dlez mil

para rcsponcer ce los perjuicics que puecan c
durante la cxploracibn.

1.- Que la concesionaria he iniciado tradaios sblo en
'gr 1 1 e e A 2 ” N = .

>0 d€ 105 /S rectarguloes, y por lo tanto cn 35 cde -
llos no se efectuaron explcracicnes, ra-£n per ) :

no se procuj)o nincln tipo de perjuicios.

S.- Que la concesioncria ha solicitaco la devoluciébn
de la suma en consignacibn correspondicnte a los 39
rectfngulos dorde no se iniciaron trabajos de ex plore
cibén, suma que asciende a $ $85.000 (quinientos cchcn

ta y cinco mil pesos).

# E § U E L v ©

NQ /

1.~ Devullvase a Minera UTAH Chile INC., la suma de
$ 5B5.000 (guinicntes ochenta v cinco nil pesos). co-
rrespondicntes a lo consignado para explorar en ’10,
39 rectangulos dorde la conce ¢sionaria no realiz8 tra-

bajos de ciploracidn, en la provincia de Antofajasta,
II Regidn. // )
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2.- FOngase 1a presente Resolucidn en conociniento de la Sociedac

c
intercsada representada por don Paul Gondonneau: de la Direccibdn
de Contobilidad y Finanzas; del Departamento de Derechos de Agquas,
del Sub-Departamcnto de Presupucsto v Contabilidad de la Direccibn
General de Aguas y de la Oficina D.G.A. Regional Antofagasta.
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TABLA 1.1 UBICACION POZ0OS "s*"
Coordenadas Profundidad Nivel Estatico Cota Nivel
Pozo Latitud Longitud Altura (m) (m.b.n.m) (1) Freatico Observaciones
SA- 5 (ES-11) 7.327.734 523.096 2.983,85 33 17.39 2966.48 ( 4.83)
SA- 6 7.329.988 526.202 2.974,43 30 2.49 2971.94 ( 5.83)
SA- 7 7.333.124 530.298 2.984, 64 30 26.96 2957.68 ( 5.83)
7.321.650 492.078 3.174,75 20.5 == - Seco
7.318.700 497.077 3.030,68 60 56.34 2974.34 ( 2.83)
7.318.582 501.240 3.066,41 30 = -- Seco
SB- 7 7.324.183 522.996 2.961,25 30 0.0 - Artesiano
SB- 8 (ES-12) 7.323.959 525 .684 2.981,95 299,31 - - Tapon de arcilla
SR 7.314.345 494,804 2.999,53 16.6 11.43 2988.10 ( 2.83)
B (5s-1)  7.316.625  496.298 3.016,11 152 28.89 2987.22 ( 2.83) Corresponde ES-1
PTec) 7.316.451 500.900 3.084,68 30 - - Seco
SC- 5 7.307.632 514.013 3.016,50 70 37.91 2978.59 (10.83)
SC~- 6 7.308.682 517.078 3.057,54 30 - - Seco
SC~ 7 7.309.232 520.619 3.126,12 30 ~— = Seco
SC- 8 7.308.496 526.015 3.251,82 30 - - Seco
SD~ 3 (ES-3) 7.299.061 514.514 3.018,17 228 39.47 2978.70 (10.83) Corresponde ES-3
SD- 4 (ES-2)  7.305.352 517.732 3.067,09 242 86.43 2980.66 ( 2.83) Corresponde Es-2
SD~- 5 7.304.793 521.036 3.144,49 30 = - Seco
SD- 6 7.305.611 526.720 3.318,89 30 — -- Seco
SE~ 1 7.291.107 504.098 2.964, 36 42 12.99 2951.37 (10.83)
SE- 2 7.293.953 507.838 2.958,11 30 1.60 2956.51 (10.83)
SE- 3 (ES-4)  7.293.635 511.959 2.983,47 226 14.75 2968.72 (10.83) Corresponde ES-4

- = metros bajo punto medida
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TABLA 1.1 UBICACION POZOS g

Coordenadas Profundidad Nivel Estatico Cota Nivel
Pozo Latitud Longitud Altura (m) (m.b.n.m)(1) Freatico Observaciones
SE- 4 7.296.465 517.319 3.099,72 30 -- - Seco
SE- 5 7.293.136 521.532 3.259,49 30 - -- Seco
SF- 2 7.281.085 508.374 2.958,95 30 6.68 2952.27 (10.83)
SF- 3 (ES-5) 7.284.245 512.794 3.026,94 494 29..97 2966.97 (10.83) Corresponde ES-5
SF- 4 7.285.545 515.519 3.103,04 30 -- -- Seco
SG- 1 7.269.502 503.134 2.965,03 30 1192 2953.11 (10.83)
SG- 2 7.275,073 507.501 2,956, 05 30 4.20 2951.85 (10.83)
SG- 3 (ES-9) 7.275.867 511.720 3.067,94 385.56 106.13 2961.81
SG- 4 7.275.988 515.607 3.225,35 30 -— - Seco
SH- 1 7.265.884 502.587 2.965,89 30 11.69 2954.20 (10.83)
SH~ 2 7.258.164 505.749 3.086,97 30 - - Seco
SI- 1 7.256.240 503.836 3.129,70 30 —= -- Seco
SI- 2 7.256.302 506.102 3.120,62 30 -- —- Seco




TABLA 1.2 UBICACION DE SONDAJES DE EXPLORACION "ES™
Coordenadas
Cota Profundidad Nivel Estatico Cota Nivel
Pozo Latitud Longitud m.s.n.m. (m) (m.b.p.m. )(1) Freatico Observaciones
ES- 1 7.316.625 496.298 3.016,11 152 28.89 2987.22 (2.83)
ES- 2 7:305.352 517.732 3.067,09 242 86.43 2980.66 (5.83)
ES- 3 7.299.061 514.514 3.018,17 228 39.47 2978.70 (10.83)
ES- 4 7.293.635 511.959 2.983,47 226 14.75 2968.72 (10.83)
ES- 5 7.284.245 512.794 3.026,94 494 59.97 2966.97 (10.83)
ES- 6 7.273.412 515.990 3.294,62 470,73 24.172 - ( 2.83) Tap6n de arcilla (inicialmen
artesiano)

ES- 7 7.291.502 520.200 3.234,56 422,15 176.35 3058.21 ( 2.83)
ES~ 8 7.279.506 217.937 3.263,58 455,68 78.83? - Tapén de arcilla
ES- 9 7.275.867 511.720 3.067,94 385,56 106.13 2961.81
ES-10 1.272,:17) 518.693 3.427,72 518,16 0.0 - Artesiano
ES-11 7.327.734  523.096  2.983,85 361,19 17.39 2966.46
ES-12 7.323.959 525.684 2.981,95 299,31 11.72 - ( 4.83)Tapén de arcilla
ES-13 7.335.967 529.620 3.003.87 288.04 43.21 2960.66 ( 5.83)
ES-14 7.326.063 523.450 2.971,42 147.22 16.14 2955.28 ( 5.83)
ES-15 - - - 29,87 -- -—
ES-15A 7.329.800 525.798 2.976.30 167.55 4.92 2971.38 ( 5.83)
ES-16 7.333.499 528.632 29871} 268,22 16.33 2970.78 ( 5.83)
ES-17 7.337.339 529.703 3.035,80 326,14 75 T1 2960.03 ( 5.83)
ES-18 7.341.602 527.146 2.973,12 374,90 30.07 2943.05 { 5.83)
ES-19 7.340.769 520.045 3:09%,12 335,28 - --
ES-20 7.335.091 526.707 2.977.,53 242,32 26.37 2951.16 ( 5.83)
ES-21 7.334.149 531,365 2.994,61 118,87 - -~
ES-21 A - 7.334.154 531.365 2:995.20 323,09 19 .57 2975.63 ( 5.83)

(1) m.b.p.m. = metros bajo punto medida




TABLA 1.2  UBICACION DE SONDAJES DE_EXPLORACION "ES*

y

Coordenadas Cota Profundidad Nivel ECstatico Cota Nivel
Pozo Latitud Longitud M.S .MM (m) (m.b.p.m.) I'reatico Observaciones
ES-21 B 7.334.144 531.375 2.994,81 408,43 19.27 2975.54 ( 5.83)
ES-22 7.325.316 529.969 3.076,78 365,76 96.34 2980.44 ( 5.83)
ES-23 7.303.904 529.745 3.377,04 149,35 s - Aterrado
ES-24 7.291.486 524,470 3.332,35 259,08 0.00 - Artesiano .
ES-25 7.306.384 527.408 3.307,83 195,07 s . Aterrado
ES-26 7.297.163 526.587 3.332,76 487,68 11.54 3321.22 (10.83)
ES-27 7.295.960 519.457 3.139, 66 7,93 - s Aterrado
ES-28 7.284.682 513.006 3.033,02 121,92 - - Aterrado
ES-28 A 7.284.680 513.012 3.033,11 313,33 65.70 2967.41 (10.83)
ES-29 7.286.975 513.724 3.044,91 313,33 = 22 Aterrado
ES-30 7.288.185 514.322 3.056,71 219,46 = - Aterrado
ES-31 7.288.276 511.501 2.991,90 280,42 28.70 2963.20 (10.83)
ES-32 7.282.056 510.957 3.001,44 286,51 m s Aterrado
ES-33 7.279.527 511.101 3.026,79 243,84 = s Aterrado
ES-34 7.282.134 513.953 3.078,03 316,99 — - Aterrado
ES-35 7.277.322 509.317 2.993, 30 262,13 - == Aterrado
ES-36 7.289.401 509. 689 2.961,22 85,34 = - Seco
ES-37 7.926.465 517.319 3.099, 72 286,51 s - Tapén de arcilla
ES-38 7.265.659 497.224 3.023,74 182,88 70.53 2953.21 (10.83)
ES-39 7.268.192 494.251 3.063,13 152,40 ? -
ES-40 7.263.088 500.565 2.993,71 219,46 39,36 2954.35 (10.83)
ES-41 7.263.864 498.725 3.601,79 152.40 16.00? - (11.83) Tapén de arcilla
ES-42 7.261.008 502.254 3.035,94 225,52 ? - (11.83) Tapén de arcilla
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TABLA 1.2 UBICACION DE SONDAJES DE EXPLORACION "ES”

Coordenadas
Cota Profundidad !ivel [statico Cota Nivel

Pozo Latitud Longitud m.s.n.m. (m) (m.b.p.m.) Freatico Observaciones
ES-43 7.260.703 500.318 3.042,31 231,65 86.02 2956.29 (10.83)
ES-44 7.248.505 502.457 3.330,08 158,50 - - (11.83) Seco
ES-45 7.258.061 500.136 3.103,71 243,84 142 .54 2961.17 (10.83)
ES-46 7.258.160 502.104 3.088,61 280.42 126.25 2962.36 (10.83)
ES-47 1:258.212 503.359 3.077,03 158,50 -- -~ (11.83) Herramienta Atrapada
ES-48 7.258.164 505.749 3.086,97 292,61 -- -- (11.83) Tapén de arcilla
ES-49 7.295.229 514.805 3.042,11 249,94 65.05 2977.06 (10.83)
ES-50 7.307.636 514.000 3.017,13 164,59 39.307? -- (11.83)
ES-51 7.304.134 511.734 2.986,47 170,69 - - Aterrado
ES-52 7.310.862 519.726 3.090,78 152,40 - - Aterrado
ES-53 7.314.733 521.395 3.073,04 201,17 67.81 3005.23 (11.83)
ES~54 7.301.921 510.205 2.984,27 54,86 7.12 297715 (10.83)
ES-54 7.302.025 511.830 2.985,26 104,21 4 —~
ES-55 7.312.606 521.592 3.101,28 158,50 108.69 2992.59 (10.83)
ES-56 7.293.806 514.235 3.041,07 146,30 67.80 2973.27 (10.83)
ES-57 7.279.100 512.288 3.058,56 262,13 46.61 3011.95 (10.83)
ES-58 7.268.334 504.879 2.996,35 164,59 54.00 2942.35 (10.83)
ES-59 7.295.783 511.027 2.975,51 128,02 11.18 2964.33 (10.83)
ES-60 7.295,228 514.842 3.040,47 140,21 65.38 2975.09 (10.83)
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TABLA 1.3 RESUMEN POZ0OS CON PRUEBA DE BOMBEQ POR AIR-LIFT
Nivel
Pozo Profundidad Distribucion Duracion Estatico Q 2§ " Conductividad
NO m £t Casing Bombeo (m) gpm 1/s TOC gpd/ft  m>/hr/m ymbo/cm Obsery
ES- 1 152 499 0- 28m 8" casing 12 hrs 28.89 47 30 16 2.700 14.0 8.000
28 - 61 m 8" screen
61 - 152 m 8" ranurado
ES- 2 242 794 0 - .70 m 8" casing 4 hrs 86.43 | - 25 1.000 5. 2.800
70 - 78 m 8" ranurado
78 =242 m 6" ranurado
ES- 3 228 748 O - 59 mag" casing 12 hrs 39.47 194 12.2 22 3.600 18.7 950
59 - 157 m 8" ranurado
157 -~ 203 m 8" screen
203 - 228 m 8" ranurado
ES- 4 226 741 0O~ 36me6" casing 12 hrs 14.75 1.35 8.5 18. 2.000 10.4 10.000
36 - 226 m 6" ranurado
ES- 5 494 1621 l - 6m8" ranurado 12 hrs 59.97 193 12.2 21 50.000 260.0 6.000 H&Mont gy
6 -~ 120 m 8" SCreen 7 hrs 135 8.5 21 10.000 52.0 4.000 J. Kiefs#
ES- 7 422 1385 0 - 860" ¢ casing 8 hrs 176.35 55 3.5 26, 2.500 13.0 3.500
860 - 880' g casing
880 - 940* g SCreen
940 -1080' 8" casing
1080 -1160' 8" screen
1160 -1200' g~ casing
ES~- § 386 1265 0 - 440' 8" casing 6.5 hrs 106.13 144 9.1 24. 5.200 27.0 30.500
440 - 500' 8" screen
500 - 620' 8" casing
620 - 680' 8" screen
680 - 760' g casing
760 - 840' g" screen
840 - 860' g* casing
e ————
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TABLLA 1.3 ~ RESUMEN PO70S COM PRUCUA DE POMBEO POR AIR-LI T
Nivel
Pozo Profundidad Distribucion Duracion Estatico ___Q__m__ T Conductividad
NO m it Casing Bombeo (m) gpen 1/s TC gpd/ft  m>/hr/m ymho/am o .
ES-10 518 1700 0 - 220* 8" casing 7 hrs. 0.0 70 4.4 35 130 0.7 1.580 Fluyer
220 - 240' 8" scree 4 gp ¢
240 - 340' 8" casing
340 - 400' 8" screen
400 - 460' 8" casing
460 - 500' 8" screen
500 - 800' 8" casing
800 - 900" 8" screen
900 - 940' . 8" blank
940 - 980' 8" screen
980 -1020' 8" blank
1020 -1060' 8" screen
1060 -1100' 8" blank
1100- 1140' 8" screen
1140 -1180' 8" blank
1180 -1200' 8" screen
1200 -1240' 8" blank
1240 -1300' 8" screen
1300 -1320' 8" blank
1320 -1340' 8" screen
1340 -1360' 8" blank
1360 -1380' 8" screen
1380 -1400' 8" blank
1400 -1440' 8" screen
"ES-11 361 1185 0 - 110" 8" blank 7 hrs 17.39 37 253 15 2.460 SA-S
110 - 180' 8" slotted
180 - 275' 6" screen
ES-13 288 945 0 - 640' 8" blank 8,5 hrs 43.21 234 14.8 19 1.200 6.2 25.000
640 - 880' 8" screen
880 - 900' 8" blank
ES-14 147 483 0 - 80' 8" blank 16.14 80 5.0 13 1.260 6.6 9.000
90 -~ 350' 6" screen
DS — |
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Nivel
Pozo Profundidad Distribucion Duracion Estdtico =9 T Conductividad
NU m It Casing Bombeo (m) apm 1/ T™™C gpd/ft  m3/Fc/m f mbho /cm Obser
ES-16 268 880 0 - 100' 8" blank 6.5 hrs 16.33 352 22 .2 17 8.530 44 .3 2.100
100 - 120' 8" screen
120 - 140' 8" blank
140 - 160' 8" screen
160 - 180' 8" blank
180 ~ 240' 8" screen
240 - 260' 8" blank
260 - 280' 8" screen
280 - 300' 8" blank
300 - 320' 8" screen
320 - 340* 8" blank
340 - 360' 8" screen
360 - 380' 8" blank
380 - 520' 8" screen
520 - 560' 8" blank
560 - 580' 8" screen
580 - 620' 8" blank
620 - 720* 8" screen
720 - 740' 8" blank
ES-17 326 1070 0 - 460' 8" blank 7 hrs 15 17 136 8.6 19 900 4.5 9.500
460 - 840' 8" screen
840 - 860' 8" blank
ES-19 335 1100 0 - 160' 8" blank 3.25 hrs 143(?) 41 2:6 17 220 . | 3.558
160 - 180' ' 8" screen
180 - 200' 8" blank
200 - 220' 8" screen
220 - 240' 8" blank
240 - 260' 8" screen
260 - 280' 8" blank
280 - 300" 8" screen
300 - 320' 8" blank
320 - 360' 8" screen
360 - 580' 8" blank
580 - 600' 8" screen
600 -~ 620' 8" blank
620 - 640' 8" screen
640 - 680' 8" blank
680 - 740*' 8" screen .
740 <~ 760" A" W) anlk
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TABLA 1.3 RESUMEN POZOS CON PRUEBA DL BOMELO POR AIR-LIFT

Nivel
Pozo Profundidad Distribucion Duracion Estdatico e T " Conductividad
NO m ft Casing Bombeo (m) gpm 1/s e gpd/ft mJ/hr/m/fmm,’cm Obserd
ES-22 366 1200 0 - 200' 8" blank 5 hrs 96.34 352 22,2 17 1.000 5.2 4.200
200 - 280' 8" screen
280 - 300' 8" blank
300 - 340' 8" screen
340 - 360' 8" blank
360 - 400' 8" screen
400 - 440' B" blank
440 - 500' 8" screen
500 - 520' 8" blank
520 - 540' 8" screen
540 - 560' 8" blank
560 - 600' 8" screen
600 - 620' 8" blank
620 - 640' 8" screen
640 - 660' 8" blank
660 - 680' 8" screen
680 - 700' 8" blank
700 - 740' 8" screen
ES-24 259 850 O - 380' 8" blank 8 hrs 0.0 10 0.6 2.5 7.6 - 1.600 Artesiand
380 - 520' 8" screen
520 - 540' 8" blank
ES-28A" 313 1028 0 - 300' 8" blank 8 hrs 65.70 401 2353 23 25.143 130.7 10.000
300 - 585' 8" screen
ES-38 183 600 0 - 240' 8" blank 7 hrs 70.53 90 5.7 1.4 14.000 2.8 21.000 a
240 - 380' 8" screen 85.000
380 - 400' 8" blank
ES-40 219 720 0 - 160" 8" blank 8 hrs 39.36 510 322 21 11.400 59.3 50.000
160 - 560' 8" screen
560 - 580' 8" blank
ES- 46 280 920 0 - 20' 10" blank 5 hrs 126.25 111 7.0 23 - - 81.000

20 - 436.8' 8" blank
436.8- 721.5' 8" screen
721.5- 800' 8" blank

S =
18—
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TABLA 1.3 RESUMEN POZOS CON PRUEBA DC BOMBICO POR AIR-LIFT

Nivel

Pozo Profundidad Distribucion Duracion Estatico Q B T ) Conduct ividad
NO m tt Casing Bombeo (m) gpm 1/s TC gpd/Te mJ/nriﬁiymho/cn Obscrvad
ES-50 165 640 0 -160' 8" blank 8 hrs 39.30 301 19.0 15 30.634 159.5 1.600

160 - 292' 8" screen

292 - 312' 8" balnk
ES-54A 104 460 0 - 200' 6" blank 8 hrs T1:12 395 24.9 5.5 27.442 142.7 1.200

200 - 400" 6" screen 1.100
ES-57 262 860 0 - 320" 8" blank 8 hrs 46 .61 29 1.8 21.5 2.444 12.7 1.500

320 - 360' 8" screen

360 - 380' 8" blank

380 - 440' 8" screen

440 - 460' 8" blank

460 - 480' 8" screen

480 - 500' 8" blank

500 - 520' 8" screen

520 - 560' 8" blank

ES-58 165 540 0 - 160" 8" blank 8 hrs 54..00 135 8.5 20.5 81.000 421.2 13.000
' 160 - 280' 8" screen
280°- 300' 8" blank
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TABLA 1.4

POZ0S DE PRODUCCION

CARACTERISTICAS FISICAS

Coordenadas, m Profundidagd Nivel featico, m
Pozo Latitud Longitud Cota m. 3 o m.b.p.m. Cota
T-1  7284.703 513023 3033,15  186,7 612 67.20 2965.95
T= 2 7307.628 514.024 3016,45 107.4 352 37,86 2978.56%
T- 3 7302.036 511.847 2985, 44 128.1 420 8.16 2977.2¢&
T- 4 7295.288 514.785 3039, 26 185.1 620 65.75 2973.52
T- 5 7258.135 502.077 3088, 28 204 .4 €70 124 .97 2963.32
CARACTERISTICAS HIDROLOGICAS
Pozo Ne Gasto Transmisividad
1/s g.p.m m3/hora m Gg.p.d./pie ggﬁgégég?ée
T- 1 36 570 104 —gajboo 0.13 o
T- 2 32 510 95.7 18.400 0.08
T- 3 32 510 117.5 22.600 4 x 1074
T- 4 30 475 114.9 22.100 0.20
T- 5 19 300 83.2 16.000 Dy
CALIDAD DE AGUA
Pozo N@ Sallnldad,mg/l Conductividad,/Umhos/tn1 Eggifég?/ gg??§g§§¥i§$?Kh
Ts ) 5000 8200/8260 1/7
T— 2 700 953/1020 1/13
T~ 3 1200 1750/1800 1/10
T- 4 1850 2350/1400 1/10
T- 5 7500 10540/11630 1/100
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SUMMARY

An extensive program of groundwater exploration and testing was carried
out over the period February, 1982 to February, 1984. This program was
centered in the Punta Negra basin, a large topographically closed de-

pression located about 25 Km (16 mi) east of the Escondida Project site.

Exploration phase activity accounted for the drilling of 53 boreholes
totaling 13,474 m(44,196 ft) of these, 22 were developed as exploration

air-lift pump test wells. Exploration phase activity was completed in
August, 1983.

The program of exploration located a productive aquifer in alluvial sedi-
ments. This aquifer was tested with 5 production design wells during the
period September, 1983 through February, 1984. This testing program accoun-
ted for a total of 1942 m (6,370 ft) of drilling in 12 boreholes.

A production scale testing program confirmed the existence of a productive
aquifer which would economically meet project water requirements. These
requirements are a minimum 30 year supply at an average rate of 404 1/s
(6400 gpm) with a peaking demand of up to two years at 681 1/s (10,800 gpm).

Based upon hydrological information gained fram exploration and testing
programs, a conceptual well fielc will bs designed. Wells would be constructed
in essentially the same design as the test wells.

Approximatley 70% of project water will come from the depletion of stored
water (water mining). Over a 30 year life, this will be a fraction of avai-

lable stored water and will result in tolerable drawdowns in the production
wells.

Water quality will be acceptable for industrial processes. The water will
contain a concentration of total dissolved solids (TDS) of no greater than
6,000 mg/1 (ppm). There will be no significant variation in water quality
over a 30 year life at the required pumping rate.
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1.0 REGIONAL WATER RESOURCES

The Escondida Project is located in the Atacama Dessert of northern
Chile. This desert extends from the Pacific Ocean inland to the
Andes Mountains along Chile's border with Argentina and Bolivia
throughout the northern third of the country. The project is
immediately west of two undrained topographic basins, Salar de
Punta Negra and Salar de Imilac, in the east-central part of the
Antofagasta Province. The project site is at an elevation of 3,000
meters (9,840 feet) and is not inhabited cdue to a lack of water.
The Salar de Atacama, which is located to the northeast of the
project, doces have a sparse population due to small surface water
inflows from the Andes.

1.1 Climate

The Atacama Desert is one of the most arid in the world. From
the coast to elevations of 2,000 meters (6,560 feet), rainfall
averages less than 1 millimeter per year with long periods of
no rairfall being quite common. GCenerally, rainfall
occurrence and magnitude is directly related to an area's
location relative to the Andes. Most of the precipitation
that does occur takes place during the summer months of
December to March as a result of moisture-laden alr masses
passing over the Andes from the jungles of Argentina. While
most of this moisture falls on the Andes, some reaches the
area immediately to the west of the mountains. Precipitation
in these high plairns (elevation: 4,000 meters, 13,120 feet or

more) car average as much as 500 millimeters (20 inches)per
year.

The project site is situated some 40 kilometers (25 miles) to
the west of the puna area and as a result receives very little
of this rainfall. Precipitation data from the nearest
meteorological station at Imilac suggests an expected annual
average of only 5 millimeters (0.2 inches) per year. Stations
located closer to the puna (e.g., the stations in Socaire and
Toconao along the eastern edge of the Salar de Atacama)
generally average ten times this amount.

Evaporation is high throughout this region, due to the lack of
ground and cloud cover and amount of wind, and easily exceeds
the available precipitation. The evaporation rate at
Chuquicamata (3,100 meters, 10,168 feet elevation) is reported
to be 1 cm/day (0.4 in). Temperatures variation can range up
to 30°C (59°F) on a daily basis. Summertime maximums at the
project site average about 40°C (104°F), while winter
temperatures values are roughly 15°C (27°F) lower. Winds can
be very strong during the winter months with gusts of 150
kilometers per hour (93 miles per hour) being not uncommon.
Generally, winds are lightest in the morning and attain
considerable force by afternoon throughout the year.
Prevailing winds are from the west.
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1.2 Hydrology

The general absence of precipitation in this region has a
large impact on its hydrology. Surface waters are scarce with
only three permanent river systems flowing within the desert:
the Rio Loa, the Rio Grande, and the Rio Vilama. The Grande
and Vilama disappear into the northern end of the Salar de
Atacama after giving up most of their flow to irrigation in
the San Pedro de Atacama area. The Rio Loa, which flows
through Calama, actually reaches the Pacific but only after
great reduction of its flow volume through various municipal
and industrial diversions. The only untapped rivers are
located in the more remote mountain areas. The two closest to
the project, the Rio Quepiaco and@ Rio 2apaleri, are
immediately northeast of the Salar de Atacama and empty into
closed basins. All of these rivers are over 100 kilometers
(62 miles) away from the project site (section 2.12).

Although groundwater is much more prevalent throughout this
region, the quantities available varies considerably from
place to place due to changes in local geology and distance
from sources of recharge. Closed basins, such as Salar de
Punta Negra, serve as the primary receptacles for groundwater
storage through out this region. The amount of water in
storage depends directly on the size of the basin and the
relative coarseness of the sediments that fill it. Since
groundwater recharge occurs primarily in the puna area,
proximity to the puna and presence of geologic formation
capable of carrying recharge waters down to the salars is of
Greatest importance. Groundwater exploration has yet to occur
on a large scale,
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2.0 GROUNDWATER EXPLORATION

2.1 Introduction

The Escondida project site is located in the Atacama desert,
a region noted for scarce precipitation and limited surficial
waters. Known water sources (section 1.0) in the region
consist almost entirely of surficial flows eminating from the
Andes mountains. As known sources of notable quantity are
nearly fully utilized at the present time, the project was
forced to turn to groundwater for its water resource.

There is very little utilization of groundwater in the region,
and the body of existing knowledge regarding groundwater
resources 1is contained in a study conducted under the
auspicies of the U.N. in the 1970's [9]. For these reasons,
the identification of a groundwater resource required an
extensive exploration program. This Program was centered on
the Punta Negra basin to the east of Escondida and was carried
out between Feb, 1982 and August, 1983,

2:1.1 Exploration program history

The need to conduct groundwater exploration was
recognized immediately following discovery at
Escondida. A preliminary field reconnaissance was
carried out on May 25-31, 1981 by consultant John W.
Harshbarger and a report issued June 18 [8]. The
report concluded that the Salar de Punta Negra basin
(Exhibit 2.1) provided the best potential for
industrial scale groundwater development in the area
and recommended that geological mapping, gravity
geophysical surveying and exploration drilling of
four wells be carried out in the Punta Negra basin.
In addition, one hole was recommended for the
Hamburgo basin for temporary water supply.

A gravity and magnetic survey was conducted in the
Punta Negra basin during the period September 3-11,
1981 by Robert E. West, geophysicist for Mining
Geophysical Surveys, 1Inc. of Tucson, Arizona. A
report was issued December 9, 1981 [13 a). The
report concluded that a deep alluvial basin exists
with bedrock depths of up to 1500 meters (5000 ft).
The report also concluded that the bedrock surface
was structurally controlled with the deepest portion
occurring several kilometers to the east of the
topographic low axis.

Preparations were completed for initial exploration
drilling upon a Water Department resolution granting
water exploration concessions on February 4, 1982.
Drilling commenced on March 4, 1982 on exploration
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well ES-1, located in the Salar de Hamburgo.
Subsequently, wells ES-2 through 5 were drilled at
the four sites recommended by Mr. Harshbarger in the
Punta Negra basin. Additionally, 30 boreholes of
approximately 30 meters each were constructed to
complete assesment requirements of the water
exploration concessions. The "pilot" drilling
program was completed May 13, 1982. A report was
issued July 29, 1982 by Eargis and Montgomery, Inc.
[7 al. This report concluded that a very large
water resource existed in the form of a groundwater
reservoir stored within thick alluvial sediments and
that sufficient permeability existed for economical
exploitation. A program of additional exploration
drilling and geological mapping was recommended.

Preliminary geological mapping of the Punta Negra
basin was completed in July, 1983 by consultant
Floreal Garcia A. This mapping indicated that
potentially permeable gravels existed in the
northern part of the basin (Salar de Imilac) and it
was decided to extend gravity survey work into this
area. Three traverses of the basin were completed
in the northern and two in the southern parts of the
basin during the period October 8-21, 1982 by Robert
E. West, geophysisist for Mining Geophysical
Surveys. A report was issued on January 3, 1983 [13
b] which included a reinterpretation of the previous
work in 1light of drilling results. The report
concluded that the structural depression previously
detected in the central Punta Negra basin extends
through the Imilac Salar to the north where it is
narrower and deeper.

Additional geological work was undertaken in August
and September by consultant Lawrence H, Lattman.
After examination of satellite imagery and
stereographic air-photo coverage, field
reconnaissance was completed during the period
September 4-12, 1982. Nine exploration well
locations were recommended [12]. These were located
at fracture trace intersections in the east-central
Punta Negra and Salar de Pajonales basins. As these
sites were outside existing exploration concession
areas, an additional concession was applied for.
Exploration drilling operations commenced November
1, 1982. During the course of the drilling program,
6 "target areas" were defined and drilled within the
basin (section 2.1.2). These were drilled as
follows: "East Llullaillaco" area November
1, 1982~January 15, 1983 (ES-6 through 10); "Imilac"
January 15-April 26, 1983 (ES-11 through 22);
"Burried Ignimbrite" April 26, 1983-May 26, 1983
(ES-23 through 27); "ES-5 area” May-~-26-July 7,1983
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(ES-28 through 37) "south Basin" area July 7-August
6, 1983 (ES-38 through 47); "ES-5" area August 6-185,
1983 (ES-48, 49); "Domeyko Sediments" August 15-29,
1983 (ES~50 through 53). In June, 1983 Dr. David
Todd visited the area and issued a summary report in
July [18 a). This report recommended a testing
program of several production design wells.

With the completion c# hole 53 at the end of August,
the exploration drilling phase was complete. From
August 30 to November 1, drilling continued with the
construction of production test wells (T-1 through
T-3) as well as additional observation and aquifer
definition wells (ES-54 through 60).

Production testing was carried out from October 8,
1983 through February 17, 1984 (section 3.1). This

program was completed in conjunction with
hydrological studies. (18 b, c, 4, e, f). -

Exploration target areas

Punta Negra basin

Within the Punta Negra Dbasin, six target areas were
explored by drilling. The "target" in each case was
one or more geological conditions.

The "East Llullaillaco" area was targeted for a)
coarsening of sediments upstream of the ES-2 through
ES-5 wells, b) sediments made permeable by
fracturing (the wells were pPlaced on fracture trace
intersections) and c) buried, fractured ignimbritic
volcanic rocks expected to have a high permeability.
This area was also expected to have a relatively
high recharge. Drilling encountered a thin artesian
aguifer with low trancaissivity.

Drilling failed to encounter coarser sediments or
sediments made permeable by fracturing. 1In fact,
sediments encountered were very low permeability.
An ignimbrite was drilled but was very thin.

The "Imilac" area was drilled to test coarse
conglomerate deposits which outcrop in the area.
Although relatively good permeability was
encountered in SOme areas, the geological
variability of the area made it impossible to define

an area large enough for commercial scale
development.

The "Buried Ignimbrite" target was drilled along the
eastern margin of the basin looking for a thick,
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fractured ignimbrite (such formations have proven

very productive in Chile). Ncone of ‘adequate
thickness was found.

The "ES-5" area was drilled to more accurately
define a section of moderate permeability sands
discovered in well ES-S. This area proved to have a
general N-S trend and to be large enough to be
commercially developed. Transmissivities are
moderate (180 to 250 m /day, 15,000 to 20,000

gpd/ft) and salinity ranges between 1700 and 6000
mg/1 TDS.

The "South Basin" was drilled in search of alluvial
sands which would have Eeen depcsited in an ancient
river bed flowing from the south of the basin (Rio
Frio). A broad area of relatively clean sands of
mcderate transmissivity was found. This area,
however, was found to receive very little recharge.
Because of this, water quality is highly depencdant
upon depth and proximity to the salar (section
2.2.7). The area appears to be commercially viable
but suffers due to distance to the Project site.

The "Domeyko Sediments" target was drilled to
investigate the existance of a different character
of alluvial sedimert derived from the mountains
bordering the basin to the west (all previous
drilling had been targeted on sediments derived from
the volcanic area to the east except the Imilac area
conglomerates of unknown derivation). This target
lay directly below salt formation and clay of the
northern extension of the salar. The target was
located and determined to be_of moderately high
transmissivity (230 to 280 m /day, 18,000-22,000

gpd/ft) and good water qualaity (700-1200 mg/l TDS).
This area appears to have the best development
potential owing to transmissivity, quality of water
and proximity to the Project site.




2533 GROUNDWATER EXPLORATION CONCESSIONS
Groundwater exploration in Chile requires an exploration
concessions. Over the life of the exploration program,
2 exploration concessions were held in the Punta Negra-
Hamburgo areas.

A resolution was passed granting groundwater exploration
concession to Minera Utah de Chile Inc. over a 370,000
hectares (1429 mi? ) area in February, 1982. This con-
cession_consisted of 74 rectangular areas of 5000 ha

( 19 mi4) each. By Chilean law, the holder of a concession
must demonstrate that exploration has begun within 6

months of the resolution. To fullfill this obligation,
drilling was performed on 35 of the rectangles and a report
was filed in June, 1982. This reduced the concession to
an overall area of 175,000 ha (676 mi ) (Resols DGA NQ 38,
1982 and N2 47, 1983).

A second resolution was passec granting Minera Utah de
Chile Inc. an exploration concession for an area of 190,000
ha ( 734 mi® ) in May, 1983. Because of changes in the
law, it was not necessary to drill as extensively to hold
this large area and a report was filed in October, 1983
retaining exploration rights, bringing the total area under
concession to 365,000 ha ( 1409 mi¢) (Resol Ne 139, 1983).

Both concessions were valid for a period of two years from
the date of resolution.

2.1.4 Groundwater exploration methods

Pre-drilling

Definition of drilling target was aided by geological
mapping and geophysical prospecting techniques.

Geological mapping was carried out on bedrock exposures
surrounding the Punta Negra Basin as well as sedimentary de-
posits exposed in the deep ravines on the east side of the
salar and conglomerate outcrops in the Imilac area

(section 2.2.3). This work was useful in estimating depth
to bedrock and depositional environment of the targeted units.
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Gravity geophysical surveys were employed 1in
conjunction with geological mapping and early
drilling results to approximate depth to bedrock. A
total of 9 cross sectional traverses were completed
with line separation of 5 to 20 Km (3-12 mi) with
stations at § Km (1640 ft) spacings. A total of 355
Km (220 mi) of traverse was completed in this
fashion [13). In addition, magnetic and
electromagnetic geophysical methods were tested for
detection of saturated fracture =zones acting as
conductors. These methods did not prove usefull

[5].

Drilling and logging

Because of the large area being investigated and the
lack of knowledge of the stratigraphy within the
basin, it was decided to emphasize geological
interpretation in the drilling program. Thus a
pattern arrangement of test wells was not employed
in favor of a more interactive process of drilling,
geological interpretation and well testing.

Drilling was carried out using a Gardner Denver 2000
rotary drill. In most cases, a 15 cm (6 inch) hole
was started using DTH (down-the-hole) air hammer
method. Upon reaching water level, in most cases
the hole became unstable (caving) and a change was
made to conventional mud-rotary techniques employing
bentonite mud.

Drill cuttings were collected at 6 meter (20 ft)
intervals and logged by a geologist. Cuttings were
also subjected to sieve analysis in selected zones.

Upon completion of a hole, well 1logging was
conducted. Well 1logs employed included 16 inch
normal resistivity/spontaneous potential; neutron
density/natural gamma; temperature and temperature
differential; and caliper profiles.

The geologist in charge utilized these logs as well
as the geological log of drill cuttings to decide if
the hole should be pump tested. About 30% of the
time, it was decided to test the well.

Test well construction was carried out by first
reaming the pilot hole to 25 cm (9 7/8 inch)
diameter. This was done using conventional
mud-rotary techniques employing an organic based
degradable drilling mud. Upon completion of reaming
operations, 20 cm (8 inch) ID casing was lowered
into the hole with desired sections screened for
testing. Screens were wire wrap type with
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1 mm (.040 inch) slot openings. With casing and
screens in place the well was naturally developed
(no gravel pack) by first chemically degrading the
mud wall cake and then air Jetting the screens.

Testing was completed by pumping the well using the
air-lift method. Drill rods were lowered to the
bottom of the well (without the bit). Air was
supplied from an 1150 cfm/250 pPsi Ingrersoll Rand
compressor (also used in drilling). Pumping was
dore for an 8 hour period during which flow was
monitored using a 90° V-notch wier and specific
conductivity was recorded. After pumping was
stopped, recovery of the well was measured using an
electrical sounder. Recovery was recorded for a

minimum of 8 hours on a logarithmic (decreasing
frequency) basis.

Post drilling

Water samples collected during testing were sent for
chemical analysis of 22 cations and anions plus pH,
TDS (total dissolved solids) and specific
conductivity. After testing, water samples were
collected from selected wells using a special
sampling tool which can be opered at a selected
cepth. This sampling allowed a salinity profile to
be determined.

Analysis of recovery measurement was done in the
field and checked by company hydrologists in the
United States. The analysis provided guideline
values of transmissivity for the well.

Monitoring of water level inside the wells has been
carried out on an occasional basis. This has been

done using electrical sourders.

Program statistics

Well locations are shown in Exhibit 2.2 A summary
of this drilling is as follows:

Exploration "ES" wells

Number of wells: 53 (ES-1 through 53)
Air lift tests : 22

Total drilling : 13,474 m (44,196 ft)
Total casing : 4,661 m (15,287 ft)
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Concession assesment "S" wells

Number of wells: 30

Air lift tests : 0
Total drilling : 712 m (2,336 ft)
Total casing : 0

Production test observation and definition "ES"

wells
Number of wells: 7 (ES-54 through 60)
Air lift tests : 4

Total drilling : 1,122 m (3,680 ft)
Total casing : 521 m (1,710 ft)

Production test "T" wells

Number of wells: S
Cumulative days

pumping : 105
Total drilling : 820 m (2,690 ft)
Total casing : 806 m (2,643 ft)

Punta Negra Basin

The Salar de Punta Negra Basir was identified at an early
stage as offering the best potential for groundwater
development in conjunction with the Escondida Project. For

this reason the majority of investigative work has gone into
this area.

2:2s1 Climate and physiography

The Salar de Punta Negra Basin (Exhibit 2.1) lies to
the east of Escondida at a minimum distance of
approximately 20 kilometers (12 miles). The basin
is a closed topographic depression with a
north-northeast trending central axis approximately
150 kilometers (93 miles) long and with an average
width of about 45 kilometers (28 miles). The
western border of the basin is formed by the
Cordillera de Domeyko which reaches a maximum
elevation of approximately 4050 meters (13,300 f¢t)
in the Sierra de Varas at the southern end of the
basin. The eastern border is formed by a series of
volcanoces and uplifted granitic rocks of the
Cordillera de Los Andes, dominated by the peak of
Volcé&n Llullaillaco, 6723 meters (22,057 ft).

The basin floor lies at an average elevation of
about 3000 meters (9,800 ft) and includes two
salars. The salars are flat dry lakebeds with
surfaces of salt and clay. The Salar de Punta Negra
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is the larger and has a surficial area of 256 sz
(100 mi”) and is ringed by small salt margpes.
Ths Salar de Imilac to the north covers 20 Km~ (8
mi’) [17). Both salars have minimum elevations of
about 2945 meters (9662 ft).

Access to the basin from the Hamburgo basin
(Escondida area) is by way of a 3314 meter (10,873
ft) pass to the southeast and by the Imilac pass
(3216 m, 10,551 ft) to the east. The Punta Negra
basin adjoins the Atacama basin to the north by way
of a 2996 meter (98295 ft) pPass at Pan de Azucar
which is the lowest point of the drainage divide.

The Punta Negra basin, as is typical of the desert
region, is extremely arid with vegetation generally
lacking and scarce precipitation. However, the
mountainous area bordering the basin on the east
does receive some precipitation which is estimated
to average 400 mm (15.7 in) per year above 4000
meters (13,120 ft) elevation (S, 9,11}]. Vegetation
exists as small plants living in drainage channels
above 3400 meters (11,150 ft) and grasses living in
salt marshes bordering the salars.

Precipitation occurs as infrequent winter snowstorms
at the high elevations and, to a greater extent as
summer rain/snow showers. The 1later, Xknown as
"Bolivian Winter" are common occurrences above 4000
meters and infrequently extend to the lower slopes.
Temperature ranges depend greatly on elevation.
Maximum summertime temperatures at the salar
elevations are near 40° C (104° F) while nightime
temperatures can reach freezing. Winter
temperatures average 15° Ilower. Windy conditions
are common in the winter months with afternoon west
winds occurring daily and occasional strong winds up
to 100 Km/hr (62 mph) occurring with winter storms.

Geological settigg

The Salar de Punta Negra basin is a structural
graben formed by extensional faulting between the
Domeyko range on the west and the Andes on the east.
The Domeyko range is of pre-Andean age consisting
mainly of folded Jurassic and Cretaceous marine
sediments, intrusive and volcanic rocks. The Andes
consist principally of Jurassic to Quaternary
volcanic rocks although older (pre-Cambrian?) bedrock
is exposed along the western margin. The graben is
filled up by Tertiary and Quaternary alluvial
sediments consisting principally of playa deposits
and fanglomerates. These sediments obsure most of
the major structural features forming the basin.
The geological map of the Punta Negra: Basin is shown
in Exhibit 2.3 and a generalized cross section A-A'
in Exhibit 2.4,
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2523 Sedimentary and volcanic sequence

Sedimentary and volcanic rocks filling the Punta

Negra basin are of principal interest as these act as
conduits and reservoirs of groundwater, Bedrock

areas act principally as barriers to groundwater

flow and as source areas for basin filling

sediments. In this respect, bedrock geoclogy has not

been investigated in detail. References treating

bedrock geology include [2], [16].

Detailed work on the stratigraphic sequence for
various parts of the basin have been carried out by
Vila [19 a, b] and by Mongard [14]. This work has
shown that lateral variation in all sedimentary and
volcanic units is the rule. 1In this sense, broad
correlation is lacking. Nonetheless, vertical
spacial relationships between units have been
defined for each area explored and relative temporal
relationships established. A description of the

major sedimentary units, from youngest to oldest,
follows. h

Evaporite deposits

Evaporite deposits are well developed on the Salar
de Punta Negra and to a lesser extent on the Salar
de Imilac surfaces. 1In the Salar de Punta Negra,
three different sub units have been differentiated
[19 b].

An assymetrically distributed outer rim sub unit
exists with a variable width of 2-3 Km (1-2 mi)
along the eastern border and 200-300 m (650-980 ft)
along the western one. This outer rim corresponds
to a very newly formed, hummocky, white, thin
(.1-.3 m, .3-1 ft) salt crust developed over thick
(3 m, 10 ft minimum) brown to dark red plastic clay
layers. The surficial crust is developed by the
precipitation of dissolved salts as groundwater
reaches the surface by capillary movement and is
evaporated. This crust is composed chiefly of
gypsum and halite mixed with subordinate ulexite and
some wind-borne clays. Toward the center of the
salar, halite proportion increases.

Perennial, shallow streams flow from salt marsh
springs at the border of the salar toward the
central nucleous. Salinity in these streams
increases toward the salar nucleous.

This outer rim is a relatively dynamic unit, with a
slow but constant vertical (and lateral?) growth of
the salt crust. Other salt deposits in Chile have
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been reported with growth rates of 5 mm (1/4 inch)
per year. The width of this active rim appears to
be directly related to the amount of evaporation,
and therefore recharge occurring in the particular
area. The fact that this rim is ten times as wide
on the east as on the west indicates a similar
proportion of recharge from east and west.

A central nucleous sub unit exists of crystalline
halite. The unit is of unknown thickness. The
surface elevation is about 1 meter (3.3 ft) above
the surrounding rim, which at the border of the
nucleous forms a shallow brine "moat". The central
nucleous occurs only in the Salar de Punta Negra.
It appears to be a "fossil"™ salt crust which is not
actively growing but may in fact be dissolving.

The third sub unit is a "dry lake" extending from
the northern part of the Punta Negra Salar for about
10 Km (6 mi) and also exists in the eastern Imilac
Salar. The dry lake consists of dried muds and
clays with abundant gypsum.

Recent alluvial deposits

Recent outwash deposits cover most of the basin
between bedrock outcrops around the border and
evaporite deposits at the basin center. These
deposits consist of unconsolidated silts, sands and
gravels deposited by occasional channel flow and
flash-flood conditions. Due to the arid conditions
there is no development of sorted sand deposits or
soil.

Lacustrine deposits

Local lacustrine deposits are present near the
southeast and northern margins of the basin. These
deposits appear to be related to structural features
along which they occur. The deposits are composed
of arenaceous sediments, strongly compacted and
cemented by a calcareous cement, with intercalated
lenses and thin layers (9.2-0.5 m) of well
crystallized yellow travertine (aragonite). The
base of this unit corresponds to a polimictic
sedimentary breccia (1-2 m thick), with angular
fragments of rhyolite and reworked calcareous
fragments, showing an incipient NNW-SSE imbrication.
In the southeast area these lacustrine sediments
overlie the Upper Tuff unit with an erosional
unconformity, showing a N-S to N60°W strike with
variable inclination (20-40°) N or E.
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The presence of extremely well crystallized acicular
aragonite crystal layers suggests a shallow litoral
lacustrine environment, with intense geothermal
springs water activity.

Andesitic-basaltic volcanic deposits

Recent (Plio-Pleistocene) volcaniec deposits are
present as effusions frcm the Tocomar volcano, to
the south of the ILlullaillaco volcano. These

deposits consist primarily of aglomerates of
andesitic composition.

Young basalt flows are present as effusions from the
crater of the Llullaillaco volcano and as fissure
flows in the Quebrada Gentilar to the north and
Cerro Punta Negra to the east of the volcano. The
later extends from 11 kilometers (7 mi) to the east
of the Punta Negra Salar to the salar edge, lying
directly upon alluvial sediments. This unit gives
the salar its name, which means "black point".

These rocks overly the Upper Tuff unit or directly
upon older alluvium.

Upper Tuff

A volcanic unit crops ou* at the very upper part of
the Barrancas Blancas cliff, where it forms a

vertical, weather-resistant cornice approximately S0
m thick.

This unit extends to the north-northwest where it
thins and eventually pinches out in the ravines east
of the salar draining the Llullaillaco volcano.

In the Barrancas Blancas area this unit corresponds
to a dark orange, very dense welded rhyolitic tuff
(ignimbrite), with an approximately 10 m thick,
black basal vitrophyric zone, probably representing
a cooling unit. The contact between both sub-~units
appears relatively sharp.

The Upper Tuff unit was deposited in this area as a
sub-aerial flow over a shallow lacustrine
environment, which would explain the presence of
such well defined basal cooling unit. The poorly
welded Upper Tuff unit in the area west of volcén
Lullaillaco represents a distal zone of the dense
welded Upper Tuff.

In the southeast this unit shows a N-S to N-20°
strike, dipping gently (5-10°) to the east. This
inclination does not corresponds to the depositional
one, and is probably the result of block tilting.
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In the area west of volcan Llullaillaco it dips
gently (5-10°) to the west.

Upper conglomerate

The best exposure of this unit crops out in the
central course of the Quebrada Las Zorras, close to
drillhole ES-24. 1In this area, the unit consists of
weak to moderately consolidated, alternating dark
brown-grayish lenticular, polimictic conglomerates
and relatively more extensive and consolidated
pale-brown tuffaceous, clay-silt rich sediment.
Conglomerate lenses (0.5-3 m thick) show subangular
to rounded clasts ranging in diameter from coarse
sand to very coarse boulders in an arenaceous
tuffaceous matrix (40% of the rock). Apparently
there is an increase of the arenaceous matrix to the
bottom of the unit. Imbrication of clasts, suggests
a N20°-40°W flow direction.

The clay-silt rich consolidated sediments, (0.2-2 m
thick) are more extensive and show thin laminations
(1-5 mm), although some intercalated horizons of
coarse rounded fragments may be present. A 0.3-0.5
m thick layer of very coarse boulders at the top of
each clay-silt layer is a common feature. These
same boulder layers sometimes appear restricted to
shallow (1-2 m) paleochannels developed over the
clay-silt layers. An examination of the sedimentary
facies along the Quebrads Las Zorras, shows clearly
the presence of a coarse grained, clast supported
conglomerate of high energy facies in the central
course of the ravine, extending approximately 1.000
m to the E and W of drillhole ES-24. To the east
and west (?) the facies change progressively to low
energy, muddy matrix supported gravel facies and
finally to laminated silt-clay facies. Only
silt-clay layers appear moderately fractured
(vertical fractures) which are interpreted as
dessication cracks.

This unit corresponds temporally with sediments
hosting aquifers throughout the basin. In the area
along the eastern slopes of the basin (ES-3 to ES~-9)
the unit is characterized by a thick sequence of
poorly sorted sands and silts, underlain by a thick
red clay unit which is tentatively correlated
(temporally) with the lower tuff unit.

In the western part of the basin, this unit probably
corresponds temporally with sandy sediments
comprising the aquifers intersected between T-2 and
San Carlos Well (in this area, a locally confining
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clay overlies the aquifer, probably corresponding to
recent alluvial and evaporitic deposits).

In the Imilac area, correlation with this unit is
more tenuous. However, a series of poorly sorted
gravels with intercalated silt-clay units was
drilled which overlies a well consolidated

conglomerate, probably corresponding to the Lower
Conglomerate.

Lower Tuff

This unit is a Pink-orange colored, partial to dense
welded tuff which is best exposed in Quebrada E1
Salado. 1In this area, at least four tuff layers can
be distinguished, which from top to bottom are:

a) Poor to partial welded brown-grayish tuff, with

increasing thickness from 20 to approximately
50 m in the middle course of the ravine.

b) Partial to dense welded light red tuff, of
lenticular character. Its maximum thickness

reactes 5 m, but in Places tuff a overlies
directly tuff c.

c) Dense welded dark red tuff. Variable thickness
between 10-15 m.

d) Fartial to dense welded pink tuff with variable
thickness between 30-50 m. The contact between
Tuff d and the Lower Conglomerate is

characterized by a 2-5 cm thick dark red
vithophyric horizon.

All those tuffs corresponds to subaerial deposited
ash flows of rhyolitic to rhyodasitic composition
with massive aspect, chaotic distribution of pumice
and tuff fragments. Only the uppermost zone of the
a2 layer shows inverse gradded bedding of subangular
to tabular andesitic-rhyolitic fragments, whereas
the lower layer shows disordered and incipiently
imbricated clasts from the lower conglomerate unit.
No crossbedding was seen in the tuff units.

Variation in thickness seems to be a result of the
lenticular character of these tuffs, but in general
there is an increase of thickness to the south and
southeast. A N40°W oriented paleochannel developed
over the Lower Conglomerates is responsible for the

maximum thickness of the Lower Tuff unit in the
Quebrada E1 Salado.




Lower Conglomerate

The best exposure of this unit crops out upstream of
Quebradas Las Zorras, El Salado and El Salto. The
Lower Conglomerate unit shows similar stratigraphic,
sedimentary and compositional characteristies to the
Upper Conglomerate except for a proportional
increase in clay-silt stone layers and for an
increase in compactation and cementation.

The Lower Conglomerate probably correlates
temporarily with well consolidated conglomerates
encountered in boreholes in the Imilac area. There
the units are differentiated from younger Upper
Conglomerate by relatively hard and slow drilling
conditions. In the Imilac area, this well
consclidated conglomerate may correlate with the
Purilactis Formation [3] which crops out north of
the Imilac area.

Structural geology

Basin structure is important to hydrogeology in that
structural features control depth to bedrock and
therefore the saturated thickness of water bearing
sediments. '

The regional structural stvle, as observed in the
basin bordering mountains, is one of compresional
tectonics (reverse and thrust faults, compressional
folding). However, the basin itself appears to have
resulted from extensional tectonics (normal and
strike-slip faulting). Direct observation of these
features is generally lacking throughout the basin
due to recent sedimentary and volcanic cover.

Indirect evidence supporting extensional mechanisms
includes gravity, drilling and surface morphological
data.

Gravity geophysical surveys along with drilling data
have been employed to define the gross features of
bedrock morphology. These data indicate that a deep
N-§ trough exists in which have accumulated the
lower density sediments [13 a,b].

Surface morphological features appear to correspond
to some of the structural features indicated by
gravity survey. Bedrock faulting appears to be
indicated also by folding of overlying sedimentary
and volcanic rocks. This is especially apparent on
the east-central part of the basin where deep
ravines have exposed folded conglomerates and
volcanic tuffs corresponding to features interpreted
as bedrock faults from the gravity work.
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This evidence indicates that two main fault systems
are present in the subsurface. A N-S system of
normal faults of large displacement appears to be
pPrimarily responsible for basin development. A
N50°W trending system is also pPresent and appears to
be primarily of right lateral strike slip
displacement. The temporal relationship between the
two systems is not completely understood but it
appears that the two systems are either
contemporaneous or the N-S system predates the N50°W
system.

Since the gravity geophysical surveys were generally
oriented E-W, the N-S system was much more clearly
defined {although survey lines were 5-20 Km apart)
than the NSO°W system.

Aguifers

Three aquifers have been identified in the Punta
Negra basin. These are, in order of importance, the
Upper Conglomerate surrounding the Punta Negra
Salar; the Upper Conglomerate surrounding the Imilac
Salar and the Upper Conglomerate artesian zone to
the east of the Punta Negra Salar at a distance of 7
to 15 Km.

The Upper Conglomerate surrounding the Imilac Salar
1s probably contemporaneous with the Upper
Conglomerate surrounding the Punta Negra Salar
(section 2.2.3). Drilling in the 1Imilac area
identified a section of saturated, interbedded
conglomerate and clay with low transmissivity. This
area 1s characterized by rapid lateral facies
variations and variable water quality. For this
reason, and because the Imilac area receives a
relatively small proportion of basin recharge,
drilling was limited to 12 boreholes including 6 air
lift tests (ES-11 through 22).

The Upper Conglomerate artesian aquifer is
stratigraphically located at the base of the Upper
Conglomerate unit, directly above the lower tuff.
This aquifer has an identified aerial exent ranging
from Quebrada de Las Zorras on the north to Cerro
Punta Negra on the south. The western limit is
defined by a topographic scarp corresponding to a
monoclinal fold axis of the upper sedimentary and
volcanic units and N-S normal faulting of the
bedrock complex. The aquifer is thin, comprised of
a zone of about 10 meters and is contained by very
low permiability, clay rich conglomerates above and
by the Lower Tuff below. This aquifer was drilled
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2.2.6

in 5 locations (ES-6, 7, 8, 10, 24) and air 1lift
tested in 3.

Transmissivities are low in this aquifer owing to
its limited thickness.

The Upper Conglomerate to the west of the topographic
scarp, and surrounding the Punta Negra Salar on the
north, east and south contains by far the greatest
development potential. Although permeability and
water quality are variable within this aquifer,
lateral variations occur in a more predictable
fashion than in the Imilac area. Transmissivities
of test wells located in this aquifer are
subtantially better than the other aquifers. For
these reasons, only this aquifer has been seriously
considered for development and subject to close
hydrological examination.

The aquifer unit occurs within the upper 200 meters
of sediments and is best identified by its lower
boundary where a rather continuous thick clay unit
begins. While the clay unit appears ubiquitous
throughout the basin, the aquifer unit above is less
predictable. The aquifer unit may consist of sands,
sands and gravels, or tuffaceous sediments. The
aquifer's lateral and vertical variability can be
attributed to its origin as alluvial fan deposits
which are related to the locations of past major
drainage-ways.

The aquifer can be separated into two aerial zones
of moderate transmissivity. These are the northern
area extending from well T-2 at the north to well
T-1 at the south and the southern area extending
from ES-58 to T-5. These two zones are separated by
a low transmissive zone around Cerro Punta Negra.

The saturated thickness of the aquifer is close to
112 meters at well T-1 decreasing to about 70 meters
at T-2 in the northwest. At the southern end of the
basin, the thickness is about 80 meters.

Groundwater movement

Groundwater level contours near Salar de Punta Negra
are shown in Exhibit 2.5. It can be seen that all
water converges toward the salar. No data are
available on the western side of the salar, but it
is reasonable to expect that groundwater inflow
there is insignificant.

The average recharge rate of this area is about 510
1/s (8100 gpm) all of which appears to be released
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2.2.7

to the atmosphere by evaporation from the salsr
surface. With a salar area of about 240 Km -,
this amounts to an evaporation rate of 0.067 m/yr.
This value is approximately 4 percent of the
estimated water surface rate of 1.50 m/yr and is
reasonable considering that most of the salar
surface is covered by crystalline halite,

The movement of groundwater into the salar area is
relatively slow. About 90 percent of recharge, some
460 1/s (7300 gpm) approaches the salar aleng a 32
Km (20 mi) eastern perimeter. With an estimated
saturated thickness of 100 m (330 ft) and a porosity

of 35 percent, the groundwater velocity equals 3.6
cm/day, or 13 m/yr.

This inflow means that the quantity of groundwater
approaching, the eastern side of the salar amounts to
1.5 x 10 1/s (0.23 gpm) per meter of salar
perimeter. Thus, if pumping wells were spaced 500 m
apart to intercept this flow, the recharge portion
of yield would only be 115 gpm per well. It is
apparent that groundwater development will require
depletion of stored groundwater resource (water
mining).

The water table 1is quite steep east of the
topographic scarp and quite flat to the west. A
steep water table normally implies a high resistance
to flow and hence a formation with a low
permeability, whereas a flat water table is the
opposite. This appears to be the result of a
lateral facies change from very poorly sorted (high
clay content) to moderately sorted alluvial
material.

The water table slope west of the topographic scarp
approximates 0.006, while to the east the value is
about 0.058 This suggests that the aquifer
permeability west of the horst is roughly ten times
greater than to the east.

Groundwater quality

Samples of groundwater have been obtained from test
holes during pump testing and by selective sampling
from various depths within the well. Results show
that salinities, expressed as total dissolved
solids, cover a wide range. Values reported in
Salar de Punta Negra range from 450 mg/l to 114,600
mg/1.

The results of an extensive sampling and analysis
demonstrates that the salinity of groundwater
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increases with distance from the salar, with depth
and from north to south.

Water quality variations with depth and proximity to
the salar result from density variations. Because
saline water is denser than fresh water, salt water
tends to wunderlie fresh water. Under static
conditions a horizontal boundary, or interface, is
formed with fresh water floating above salt water.
For dynamic conditions where fresh water 1s flowing,
the interface assumes a sloping position which is
governed by the aquifer pPermeability, the density of
salt water, and the rate of inflowing fresh water.

This condition is most apparent in the southern part
of the basin (near well T-5). Here the small amount
of recharge and the good permeability has resulted
ir a brine interface sloping gently away from the
salar at an elevation of approximately 2950 meters
to an elevation c¢f 2875 meters at well T-5,
Overlying this brine level is a wedge of relatively
fresh water (approximately 6000 mg/l TDS) with a
thickness of about 9C meters (290 ft) at well T-5
and apexing at the salar edge,

In the area betweer well T-2 and Abundancia well
this effect is not observable in the wells. 1In the
north at well T-2, excellent water quality (700 mg/1
TDS) 1is present to the bottom of the aquifer.
Since, in this area the bottom of the aquifer 1is
defined by an impermeable clay layer, there does not
exist a brine interface.

In the area to the east of the salar the brine
interface appears to be very steep. This is due to
the much larger recharge flux along this boundary
than is found in the south.

Groundwater salinity of "fresh" water varies from a
low in the north of 700 mg/l (T-2) to a high in the
south of about 6000 mg/1 (T-1 and T-5). This is
believed to be due to variable salinity recharge.
Because of the abundance of volcanic activity in the
area, the dissolved solids in the "fresh" water are
believed to derive from thermal spring activity
rather than evaporation (water quality analysis,
section 3 Table 3.1).

Groundwater storage

Estimates of the amount of gléoun%water in storagg
hgve ranged from 400 x 18 m to 22 x 10

m, [18 a), [15), (7], depending upon whether only
fresh water was considered. The minimum estimate
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represents a resource of 1150 1/s (18,200 gpm) over
a 30 year life at an extraction rate of 508, which
is considered to be an attainable extraction. This
amount alone is more than adaquate for project
requirements. It is estimated that 70V of water

requirements will be met by depletion of stored
groundwater (water mining).

Hamburgo Basin

The Escondida project site is located in the Salar de Hamburgo
basin. Because of its proximity to the project, the Hamburgo
Basin was studied for its development potential [7 a, b, c).

The Salar de Hamburgo basin occupies a geologic structural
cdepression which is partially filled by alluvial deposits. The
basin comprises a hydrogeologic sink where surface water and

groundwater flows from the surrounding mountains into the
structural depression.

The principal geologic units in the Salar de Hamburgo basin,

from youngest to oldest, are the alluvial deposits and the
bedrock complex.

2.3.1 Climatic features

Average annual precipitation and evapcration at the
valley floor for the Salar de Hamburgo basin is
similar to precipitation and evaporation at the
valley flocr for the Salar de Punta Negra basin.
The altitudes of the mountains surrounding the Salar
ce Hamburgo basin are lower than the altitudes of
the mountain surrounding the Salar de Punta Negra
basin. Average annual precipitation for the
Hamburgo basin is approximately 1 to 2 millimeters,

and average annual evaporation is about 1,500
millimeters [15].

Most of the precipitation which falls on the valley
floors occurs as rain; however, snow may occur in
the higher altitudes of the surrounding mountains.
Much of the precipitation which falls in the basins
is lost to evaporation. Most of the snow is lost
via sublimation prior to melting and does not
commonly sustain streamflow.

Small ephemeral streams occur on the slopes which
surround the Salar de Hamburgo basin. These streams
show internal drainage patterns and flow only after
infrequent intense rainstorms. A small fraction of
the precipitation provides ephemeral streamflow or
lake storage. Excellent conditions for infiltration
and percolation of surface water to the underlying
aquifers exist in alluvial deposits in stream
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2.3.2

2.3.3

channels. Such infiltration constitutes a source of
regional groundwater recharge.

Alluvial deposits

Alluvial deposits crop out chiefly in the basin
floor of the Salar de Hamburgo basin. The formation
comprises a heterogeneous, interbedded sequence,
including: fluvial deposits consisting chiefly of
gravel and sand; lake bed deposits consisting
chiefly of silt and clay; mud-flow deposits
consisting chiefly of boulders, gravel, sand, silt,
and clay; and volcanic ash deposits. Evaporite
deposits occur on the surface of the salar and may
occur as interbeds in the alluvial deposits.

Alluvial deposits in the Salar de Hamburgo basin
were peretrated by groundwater exploration well ES-1
to a depth of 142 meters (466 feet), and to shallow
depths by boreholes sB-1, SB-2, SB-3, SC-1, and
SC-3. Static water level at the ES-1 site was about
28 meters (92 ft) below land surface. At the ES-1
site, moderately permeable alluvial deposits occur
from 28 to 55 meters (92-180 ft). Poorly permeable
alluvial deposits occur from 55 to 142 meters
(180-466). Poorly permeable, derse, older andesite
bedrock occurs from 142 to 152 meters (466-499 TE)

Bedrock complex

In the Salar de Hamburgo basin, the bedrock complex
consists chiefly of undifferentiated sedimentary
rocks of Mesozoic age, older andesite lava-flow
rocks, rhyolite of Mesozoic or Paleozoic age, and
various plutonic igneous rock types.

Although the rocks classified with the bedrock
complex are known from outcrops which occur on the
margins of the salar, it is believed that these
rocks also occur below the alluvial floor of the
basin where they underlie younger deposits. The
permeability and porosity of unfractured rock in the
bedrock complex appear to be very low and, in most
of the salar basin, these rocks are expected to act
as a basal aquitard for the groundwater reservoir.
The significant or main source of groundwater in the
Salar de Hamburgo basin occurs almost entirely in
the overlying alluvial deposits.

Groundwater movement

The principal aquifer in the Salar de Hamburgo basin
is the alluvial deposits. Depth to static water
level below land surface in the Salar de Hamburgo
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basin ranges from 10 meters (33 ft) at borehole SC-1
to more than 60 meters (66 ft) at borehole SB-2.

Groundwater flow is generally to the west in the
Salar de Hamburgo basin. Groundwater discharge from
the Salar de Hamburgo basin occurs by evaporation

from the salar surface and by westward subsurface
flow.

Groundwater recharge in the Salar de Hamburgo basin

occurs principally via infiltration from infrequent
ephemeral streamflow.

An air lift pumping test was completed on well ES-1.
This well produced about 3 1/s (47 gpm) . A
calculation of transmissivity based upon recovery
data gave a value of 33.6 m /day (2200 gpd/ft)
which indicates a low transmissivity in this area.

Groundwater quality

Chemical analysis of water produced from ES-1 is
Fresented in Table 3.1. This water contains about
4700 mg/l1 TDS and is a sodium-calcium-sulfate water
type.

Groundwater storage

Itaha been estimated [7 b] that a total of 2.7 x
10 m exists in storage in the basin. At 50%
extraction, this represents a 30 year supply rate of

143 1/s (2260 gpm).

Development potential

Because of the low transmissivity encountered here,
well production would be limited to about 6 to 10
1/s (100-160 gpm). For this fact, the development
potential is limited to small production wells for

temporary purposes such as drilling and construction
activity.




l [ 3.0 RESOURCE DEVELOPMENT

l[ 3.1 Production Scale Testing

To obtain more definitive data on aquifer characteristics than

. is provided by short term air 1lift tests, a series of 1long
l term production scale tests were planned and executed. A
total of five wells were constructed to specifications
essentially identical to the design that will be used for
production wells. These were pumped at rates of between 15.7
and 36.6 1/s (250-580 GPM) for periods ranging from 7 to 30
days. All of these tests successfully proved adequate aquifer

| characteristics and water quality for commercial scale
development,
'[ C S . | Well construction and develcpment

All production tests wells were constructed in the
same fashion to essentially the same design. The

l' only important variation between the 5 wells was the
| location of well screen.

' Well drilling was performed using a Gardner Denver

ll 2000 rotary drill rig. Drilling was executed by

first drilling a 7 7/8 inch diameter pilot hole to

full depth. The pilot hole was drilled using

l{ conventional rotary technigques with a stabilizer

used above the bit to produce a straight hole.

Immediately after completion of the pilot hole,

reaming operations began. For reaming, a 4-cone

rotary hole opener of 41 cm (16 in) diameter was

used behind the 7 7/8 inch bit. The hole openers

were custom fabricated using salvaged oilfield bit
parts to reduce costs.

To stablize the hole and control circulation an
organic based drilling mud was used. To circulate
this fluid a 6x10 inch Gardner Denver pump was used.

Upon completion of the reaming operation, casing was
immediately placed in the hole. In all cases, one
length of 8 inch casing with a closed bottom end
preceeded 8 inch screen and then 10 inch casing.
Casing and screen connections were welded and
centralized in the hole with 3 weld on centralizers
every 18 meters (60 ft). Screens are 6.7 m (22 ft)

length and casing are random 6.1 m (20 ft) length,
mild steel.

After placement of casing, the holes were packed
with screened sand of between #4 and #10 mesh. The
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sand was placed with a tremie pipe and washed into
Place by circulating water in the hole.

Well development began by chemically breaking down
the organic drilling fluid to the viscosity and
weight of water and circulating the hole for about 6
hours. After this the well was air-lift pumped
while the screens were jetted with air for
approximately 12 hours until clean water was
produced.

When testing was initiated the pump was lowered into
the well (one pump and power unit were used for all
5 tests). The pump used is a 13 stage Reda pump
with a 100 H.P. submergible electric motor. The
power unit used was a Cummins 157 KW diesel
generator set. Four inch "H" casing was used for
column pipe. Water was discharged through an 8 inch
diameter pipeline of from 300 to 600 meters (1000 to
2000 ft) away from the well head depending upon test
conditions.

Production test well construction details for each
well are illustrated in exhibits 3.1 through 3.5,
The location of wells T-1 through T-5 are shown on
Exhibit I.2.

Testing Results

Production well test results are described 1in
detail by Todd [18 4, e, £, a; hBl.

Testing procedures were essentially the same for all
tests. Cata was collected for drawdown, production
rate and water quality by field crews stationed
around the clock at the well site. The following
procedures were followed. ’

Drawdown was determined by measuring water level

depth below a standard measuring point near the top

of the well casing. Measurement was made with

electric sounders in the pumped well and at least

one observation well. Data was collected on a

logarithmic time frequency (decreasing frequency with
total time) for both pumping and recovery phases of

the test.

Production rate was read from a totalizing flow

meter with the same frequency as was used for water
level measurements,

Water quality samples were collected on a daily

basis during pumping. Specific conductivity was
determined in the field for each sample. Daily
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samples were sent to a local laboratory for
determination of pH, specific conductivity and
concentrations of total dissolved solids and
chloride and sulfate anions. Additional samples
were collected on a less frequent basis for analysis
of a suite of 22 cations and anions plus TDS, PpH,
and specific conductivity. Additionally, water
samples were collected before and after each test at
various levels within the production and observation
wells to detect vertical movement of waters of
higher salinity. The salinity profile within the
well was also observed by making fluid conductivity
logs using a special logging tool lowered into the
well. A summary of water quality analysis for wells
T-1 through T-5 is presented in Table 3.1. Well
ES-1 analysis is also presented as being
representative of groundwater in the Salar de
Hamburgo basin.

2 summary of the production well testing is shown in
Table 3.2.




TABLE 3.1 WATER QUALITY ANALYSIS SUMMARY

SALAR DE HAMBURGO

SALAR DE P
T-2

UNTA NEGRA

WELL ES~1 T~1 T-3 T-4 T-5
TDS (mg/1l) 3640-4900 5480~5920 700~730 1240-1290 1700-1720 6640-8140
PH 7.0=-7.7 7.7-7.8 7.3-7.8 7.5=-7.8 7.2=7.6 7.2-7.4
Spec Cond (umhos/cm) 3650-5350 8200-8260 953-1020 1790-1800 2350-2400 10540-11630
Sulfate (mg/l SO,) 2280-2360 880-910 120-125 150-160 420 130
Bicarbonate (mg/i HCO.) 40-50 92-99 43-52 52-53 66-68 70-84
Carbonate (mg/1 CO.) 0 0 0 0 0 0
Nitrate (mg/l N03-a} 15-58 0.02-0.,05 0.75-.86 1.61-1.69 0.75-0.92 4.38-4.88
Boron (mg/l B) 4.23-6.03 40-42 .98-1.02 1.79-1.83 3.2-3.4 2.1-2.3
Chloride (mg/l1 Cl) 130-470 2120-~2180 190-200 420-430 470 3740-4460
Fluoride (mg/l F) 0.7-0.8 0.2 0.30-.45 0.7-0.8 0.4 0.4
Sodium (mg/l Na) 480-660 1020-1040 76-93 200-210 200 2050-2400
Magnesium (mg/l Mg) 79-140 120-~140 4.1-4.2 18-21 55 22-34
Calcium (mg/l Ca) 490~530 470-480 91-95 120-130 180 330-470
Potassium (mg/l K) 18-19 170 8.5-9.6 18-21 33-35 20-28
Arsenic (ug/l As) 1 1-15 39-210 160-180 37-42 1-5
Copper (mg/l Cu) 0.012-.017 0.017-.018 .002-.009 .006~.008 0.008-.013 0.013-.036
Iron (mg/l Fe) .01-.06 0.04 .01-.02 0.01-.02 0.08 0.05-0.09
Lead (mg/l Pb) .01 .01-.01 0.61 .01 0.01 0.01
Manganese (mg/l Mn) 0.04-.08 0.01-.03 0.01-.09 0.01-.07 0.02-0.23 .01-0.29
Mercury (ug/l Hg tot) .03-.34 22-.71 0.05-.39 .04-.09 0.07-0.18 0.07-1.44
‘Molybdenum (mg/l Mo) .01-.07 .01-.04 0.01 0.02-.03 0.02 0.02
Selenium (ug/l Se) 1 1 1 1 1 1
Silicon (mg/ 1) 17-24 S 3.1-6.7 14-15 23-25 11-13
Silver (ug/l Ag) 2 1 2 1 1 1
Zinc (mg/l 2Zn) 0.02-.05 0.01-.03 0.01-.02 .03-.04 0.02-0.20 0.02-.09
Number of Analysis 3 3 3 3 3 9

All analysis performed by Utah International Inc.

Minerals Laboratory.
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TABLE 3.2 PRODUCTION TESTING SUMMARY

T=1 T=2 T-3 T-4 T-5
Test Period
Step Drawdown 10/8/83 e 12/1/83 12/13/83 1/16/84
Constant Discharge 10/11/83 11/5/83 12/2/83 12/14/83 1/17/84
Transmigsivity
(m”/min) 0.174 0.160 0.194 0.192 0.139
(gpd/ft) 20,000 18,400 22,600 22,100 16,000
Specific Yield 0.13 0.08 ———— 0.02 0.10
Storage Coefficient 0.13 0.08 ax10”? 0.02 0.10
Ratio Vert/Horiz Hydraulic
Conductivity j 1/13 1/10 1/10 1/100
Avg Discharge Rate
(1/s) 35.2 35.3 24.9 24.0 16.0
(gpm) 558 246 394 380 250
_ - +
Well Efficiency 75% 70% 30% ~-70% -70%
Static Water Level
- (m) 66.30 37.91 7.79 65.75 125.95
(ft) 217.52 124.38 25.56 215.72 413.22
Avg Water Quality
TDS mg/1 6000 700 1200 1850 7500
PH 7.8 Tl 7.6 7.8 143
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LITHOLOGIC DESCRIPT]ON FOR
DRILL CUTTINGS FROM EXPLORATION WELLS
(Washed eamples)

described by D. Greene

ES-1

DESCRIPTION

White, brown, black; gravel 80%, sand 20%;

welded ash 807, evaporites ]5%,
andesite 5%.

Brown, white, black; gravel 80%, sand 20%;

evaporites 707%, welded ash 25°
andesite 5%.

ey

Brown, black, white: gravel 80%, sand 20%: evaporites 40Y%

» welded ash 201,
aﬁde'Site 402.

Brown, black, wvhite; gravel 10%, sand 10%,

silt and clay 8(C%: ande-
site 15%, welded ash 5%.

Brown; silt and clay 100%.

Brown, black, white; gravel 57, sand ]0%, siit and clay 85%; andesite 10°.
welded ash 57%.

Brown; silt and clay 100%.

Brown, white, black; gravel 5%, sand 10%, siit and clay 85%; andesite 10%,
welded ash 5%.

Brown, black; gravel and sand 5%, silt and clay 95%; andesite S5%.

Brown, white, black;: gravel 30%, silt ana clav 70%; rhyolite 25%, ande-
site 57.

Brewn, white, black; gravel 50%, silt and clay 50%: rhyolite 45%, ande-
site S5%.

Light-brown, white, black; gravel 80%, sand 10%, silt and clay 10%;
rhyolite 85%, andesite 5%.

Light-brown, white, black; gravel 80%, sand 20%; rhyolite 95%, andesite 57.
Light-brown, white, black; gravel 90%, sand 10%; rhyolite 957, andesite 5.
Light-brown, white, black; gravel 100%.

Light-brown, white, red, black; gravel 45%, sand 45%, silt and clay 10%:
rhyolite fragments 85%, andesite fragrments 57%.

Light-brown, white, red, black; gravel 25%, sand 25%, silt and

clay 5%,
rhyolite fragments 452, andesite fragments 5%.

FIGURE F-1la.
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"TCUTTINGS FROM EXPLORATION WELLS =

'S

) .
) HOLE NO: ES-1

INTERVAL
(meters) DESCRIPTION
52-54 Light-brown, vhite, red, black; gravel 60%, sand 30%, silt and clay 10%;
rhyolite fragments 85%, andesite fragments 5X.
54-56 Light-brown, white, black; gravel 20%, sand 20%, silt and clay 60%:
J

rhyolite fragments 357, andesite framents 5%.

56-64 Light-brown, white, grey, black; gravel 35%, sand 5%, silt and clay 60%;
:1_ rhyolite fragments 35%, andesite fragments 57%.

64-66 Light-brown, white, grey, black; gravel 20%, sand 20%, silt and clay 60%;
rhyolite fragments 35%, andesite fragments S5%.

66-78 Light-brown, white, grey, black; gravel 10%, sand 10%, silt and clay RO%; |
rhyolite fragments 19%, andesite fragments 1%.

78-82 Light-brown, white, grey, black; gravel 5%, sand 15%, silt and clay 30%;
rhyolite fragments 19%, andesite fragments 17%.

82-142 Light-brown, white, grey, black; gravel 10%, sand 10%, silt and clay 80%:
rhyolite fragments 19%, andesite fragments 1.

142-144 Light-brown, white, grey, black; gravel 10%, sand 10%, silt and clay 80:;
rhyolite fragments 15%, andesite fragments 5%. Much oxidation.

144~-146 L.ght-brown, grey, red; gravel 10%, sand 10%, silt and clay 807%;

rhyolite fragments 197%, andesite fragments 1%. Fragments more angular.
Much oxidartion.

146-148 Grey, light-brown, red; gravel 15%, sand 5%, silt and clay 80%. Fresh

angular fragments of grey rock 15%, rhyolite fragments 5%. Sone pyrite.

TOTAL DEPTH Driller: 148 meters
TOTAL DEPTH Logger: 152 meters

\

FIGURE F-1b.
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LITHOLOGIC DESCRIPTIONS FOR
DRILL CUTTINGS FROM EXPLORAT]ON WELLS
(Washed samples)

described by E. Peacock

ES-3

0-2
2-4
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26-28
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36-38

38-40

, 40-42
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DESCRIPTION

Gravel 10%, fine sand 20%, brown silt and clay 65%, white evaporites 5%,
Gravel 80%, fine sand 10%, brown silt and clay 10Z.

Gravel 5%, fine sand 10%, red silt and clay 852.

Gravel 10%, fine sand 10%, brown silt and clay 80%.

Gravel 20%, fine sand 10%, brown silt and clay 70%.

Gravel 5%, fine sand 10%, brown silt and clay 85%.

GCravel 5%, fine sand 10%, brown silt and clay 85%.

Cravel (trace), fine sand 10%, brown silt and clay 90%.

GCravel (trace), fine sand 20%, red silt and clay 80%.

Gravel (trace), fine sand 20%, red silt and clay 80%.

Gravel (trace), red sand (trace), fine sand 20%, red silt and clay 80%,
wvhite evaporites (trace).

Gravel (trace), medium sand (trace), fine sand 20%Z, red silt and clay 80Y.

Cravel (trace), fine sand 20%Z, tan silt and clay 80%.
Gravel (trace), fine sand 10%, tan silt and clay 90%.
Gravel (trace), medium sand (trace), fine sand 10Z, tan silt and clay 90%.
Fine sand 10%, red silt and clay $90%.

Gravel (trace), fine sand 20%, red silt and clay 80%.
Medium sand (trace), fine sand 20%, red silt and clay 80%.
Medium sand (trace), fine sand 207, red silt and clay 80%.

Medium sand (trace), fine sand 20%, red silt and clay 80%, white evapo-
rites (trace).

Medium sand (trace), fine sand 20%, red silt and clay 80%.

+ FIGURE F-3a.
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TCUTTINGS FROM EXPLORATION WELLS I
HOLE NO: _ ES-3
INTERVAL
(meters) DESCRIPTION
L2-44 Medium sand (trace), fine sand 20%, red silt and clay 80%.
L4-46 Medium sand (trace), fine sand 20%, m;dium silt and clay 807.
L6-4LB Medium sand (trace), fine sand 10, red silt and clay 90%, biotite (trace).
48-50 Gravel 20%, medium sand (trace), fine sand 10Z, tan silt and clay 90%.
50-52 Gravel 10%, coarse sand 10%, fine sand 10%, red silt and clay 70%.
52-54 Cravel (trace), fine sand 10%, red silt and clay 90%.
54-56 Cravel (trace), fine sand 20%, red silt and clay 80%, white evapor-
rites (trace).
56-58 Cravel (trace), volcanic ash (trace), finme sand 20%, tan silt and clay 8C%.
58-60 Gravel (trace), volcanic ash (trace), fine sand 20%, tan silt and clay 8C..
60-62 Gravel 10%, fine sand 10%, tan silt and clay 807%.
62-64 Gravel 10%, volcanic ash (trace), fine sand 10%, tan silt and clav 80%.
64-66 Gravel 57, volcanic ash (trace), fine sand 10%, tan silt and clay 85%.
66-68 Gravel (trace), fine sand 10%, tan silt and ¢clay 90%.
68-70 Cravel (trace), fine sand 10%, tan silt and clay 90%, white evapo-
rites (trace).
70-72 Gravel (trace), fine sand 10%, tan silt and clay 90%, white evapo-
rites (trace).
72-74 Gravel (trace), fine sand 10%, red silt and clay 90%.
74=76 Cravel (trace), fine sand 202,.red silt and clay 80%.
76-78 Gravel (trace), fine sand 10%, tan silt and clay 90Z.
78-80 Gravel (trace), fine sand 10%, tan silt and clay 90%, white evapo-
rites (trace).
80-82 Gravel (trace), fine sand 10%, red silt and clay 90%, white evapo-
rites (trace).
82-84 Gravel (trace), sand (trace), red silt and élay 100%.

. FIGURE F-3b.
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CUTTINGS FROM EXPLORATION WELLS

HOLE NO:

INTERVAL
(meters)

84-86
86-88
88-90
90-92
92-94
94-96
96-98
98-100
100-102
102-104
104-106
106-108
108-110
110-112
112-114
114-116

116-118

118-120
120-122
122-124
124-126

126-128

|
’ 128-130

silt and clay 90%, limonite (trace),

ES-3
DESCRIPTION

Gravel (trace), sand (trace), red silt and clay 100X.
Gravel 5%, fine sand 5%, red silt and élay 90%.
Gravel 5%, fine sand 5%, red silt and clay 90%.
Gravel (trace), fine sand 5%, red silt and clay 95%.
GCravel (trace), fine sand 5%, red silt and clay 95%.
Gravel 5%, fine sand 10%, red silt and clay 85%.
Gravel 5%, fine sand 10%, red silt and clay 857%.
Cravel 5%, fine sand 10%, red silt and clay 85%.
Gravel 5%, fine sand 10%, red silt and clay 85%.
Cravel (trace), fine sand 104, red silt ané clay 90%.
Gravel (trace), fine sand 10%, red silt and clay 90%.
Gravel (trace), fine sand 5%, red silt and clay 95%.
Gravel (trace), fine sand 5%, red silt and clav 95%.
Cravel (trace), fine sand 5%, red silt and clay 95%.
Gravel (trace), fine sand 5%, red silt and clav 95%.
Cravel (trace), fine sand 10%, red silt and clay 90%.
Gravel (trace), fine sand 10%, red

biotite (trace).
Cravel (trace),'fine sand 10%, red silt and clay 90%.

Gravel (trace), fine sand 10%,

red

silt and clay 90%.

Fine sand 5%, red silt and clay 952%.

Fine sand 5%, red silt and clay 95%.

Fine sand 5%, red silt and clay 95%.

Fine sand 5%, red silt and clay 95%.

FIGURE F-3c.
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)H‘OLE NO: ES-3
I r INTERVAL
| (meters) DESCRIPTION
I [ 130-132 Cravel (trace), fine sand 5%, red silt and clay 95%.
132-134 Gravel (trace), fine sand 10Z, red silt ‘and clay 90Z.
I 134~-136 CGravel (trace), fine sand 10%, red silt and clay 90%.
136-138 Cravel 52, fine sand 10%, red silt and clay 852.
l 138-140 Cravel (trace), fine sand 10Z, red silt and clay 907%.
I [ 140-142 Cravel 30%, fine sand 10%, red silt and clay 60%.
142-144 Cravel 40%, fine sand 10%, red silt and clay 507%.
I 144-146 Cravel 30%, fine sand 10%, red silt and clay 602%.
146-148 Gravel 40%, fine sand 10%, red silt and clay 50%.
I 148-150 Cravel 60%, fine sand 10%, red silt and clay 30%.
I' 150-152 Gravel 70%, fine sand 5%, red silt and clay 25%. (Gravel consists of red
to black, sub-angular to angular aphanitic andesite 90%, quartz and
chert 10%).
l 152-154 Gravel 70%, fine sand 5%, red silt and clay 25%.
154-156 Cravel 70%, fine sand 5%, red silt and clay 25%.
I 156~-158 Gravel 50%, fine sand 10%, red silt and clay 40%.
l’ 158-160 Cravel 50%, fine sand 10%, red silt and clay 40%.
160-162 Gravel 80%, fine sand (trace), red silt and clay 20%.
Ii (62-164 Medium to coarse sand 50%, red silt and clay 50%.
164-166 Medium to coarse sand 50%, red silt and clay 50%.
|1166—168 Medium to coarse sand 40%, red silt and clay 60%.
| 168-—170 Medium to coarse sand 50%, red silt and clay 50%.
l17'0—172 Medium to coarse sand 40%Z, red silt and clay 60%Z.
I 172-174 Medium to coarse sand 30%, red silt and clay 70%.
%
lll?&-l?ﬁ Medium to coarse sand 30%, red silt and clay 70x. . FIGURE F-34.
i
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HOLE NO:

INTERVAL
{meters)

ES-3

]
r
U

176-178
178-180
180-182
182-184

184-186

186-188
186-190
190-192
192-194
194-196
196-198
198-200
200-202
202-204
204-206
206-208
208-210
210-212
212-214
214-216
216-218

218-220

Med{ium

Medium to

Mediun

Medium

Medium to

to

to

to

and chert).

coarse

coarse

coarse

coarse

coarse

sand 402,

sand 302,
sand 60Z,
sand 502,

sand 507,

Medium to coarse sand 60%,

Medium

Lo coarse

Medium to coarse

Angular
Angular
Angular
Angular
Angular
Angular
Angular
Angular

Angular

Angular

andesite
andesite
andesite
andesite
andesite
andesite
andesite
andesite

andesite

andesite

Sample wmissing.

Sample missing.

Angular

Angular

andesite

andesite

sand 60%,
sand 60%,
fragments
fragments
fragments
fragments
fragments
fragments
fragments
fragments

fragments

fragments

fragments

fragments

DESCRIPTION

red silt
red silt
red silt

red silt

red silt and clay 50%.
to black angular aphanitic andesite with traces

and clay 6032.

and clay 70%.

and clay 402.

and clay 50%.

of quartz, feldspar,

red silt and clay 40%.

red silt
red silt
red
red
red
red
red
red
red

red
red

red

40%, red

30%, red

and clay
and clay
silt and

silt and

silt and
silt and
silt and
silt and
silt and

silt and

silt and

silt and

silt and

silt and

40%.
407%.
clay
clay
clay
clay
clay
clay
clay 30%.

clay 20%.

clay 307.

clay

clay 60%.

clay 70%.

X FIGURE F-3e.

(Sand consists of red
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CUTTINGS FROM EXPLORATION WELLS

JHOLE NO:

‘ INTERVAL
(meters)

220-222
222-224
224-226

226-228

ES-3

Angular andesite fragoents
Angular andesite fragments
Angular andesite fragments

Angular andesite fragments

TOTAL DEPTH Driller: 228 meters
TOTAL DEPTH logger: 226 meters

DESCRIPTION

307,
4027,
307,

20%,

red silt and clay 70%.

red silt and clay 60%.

red sandy silt and ¢l

ay 70%.

red sandy silt and clay 80%.

FIGURE F-3f.
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HOLE NO

INTERVAL
(meters)

0-2

-4
4-6
6-8
8-10

JO=12

14-16

16-18

18-20

20-22

22-24

24-26

26-28

28-30

30-32

TOET T UT IR

LITHOLOGIC DESCRIPTIONS FOR
DRILL CUTTINGS FROM EXPLORATION WELLS

ES-5

(Washed samples)
described by E. Peacock

Coarse to fine gravel 707, medium to coarse sand 20%,

evaporites (trace).

Medium to fine gravel 50%,
Coarse to fine gravel 80%,
Fine gravel 20%, medium to coarse sand 20%,

Fine gravel 30%, medium to coarse sand 25%,

Medium
clay

Medium
clay

Coarse
clay

Ccarse
clay

Coarse
clay

Coarse
clay

Medium
clay

Coarse
clay

Medium
clay

Coarse
clay

Coarse
clay

to fine gravel 30%,

10%.

to fine
10%.

to fine
5%.

to fine
5%.

to fine
5%.

to fine
5%

to fine
SZ

to fine
)

to fine
S%.

to fine
SZe

to fine
5%

gravel

gravel

gravel

gravel

gravel

gravel

gravell

gravel

gravel

gravel

DESCRIPTION

fine sand

medium to coarse sand 30%, fine sand 20%.

medium to coarse sand 15%, fine sand $%.

fine sand 50%, clay

fine sand 35%, clay

medium to coarse sand

rD
A
o2

fine sand 35%,

30%, medium to coarse sand 35%, fine sand 25%,
10%, medium to coarse sand 40%, fine sand 45%,
20%, medium to coarse sand 40%, fine sand 35%,
5%, medium to coarse sand 40%Z, fine sand 50%,

70%, medium to coarse sand 10%, fine sand 15%,

50%, medium to coarse sand 30%, fine sand 15%,

80%, medium to coarse sand 10%, fine sand 5%

50%, medium to coarse sand 20%, fine sand 257,
20%, wmedium to coarse sand 30%, fine sand 45%,
20%Z, medium to coarse sand 457,

fine sand 30%,

FIGURE F-5a.




—— CUTTINGS FROM EXPLORATION WELLS -

|

1
" HOLE No: __FBS-S
l [ INTERVAL
(meters) DESCRIPTION
l | 32-34 Medium to fine gravel 20%, medium to coarse sand 45%, fine sand 30X,
clay 5Z.
l [ 34-36 Medium to fine gravel 10%, medium to coarse sand 352, fine sand 30%,
clay 5X.
Il 36-38 Fine gravel (trace), medium to coarse sand 60%, fine sand I5%; clay 5%.
38-40 Fine gravel (trace), medium to coarse sand 60%, fine sand 35%, clay 5%.
I{ 40-42 Fine gravel (trace), medium to coarse sand 60%, fine sand 35%, clay 5%.
42-44 Fine gravel (trace), medium to coarse sand 60%, fine sand 35%, clay 5%.
l' 44-46 Fine gravel (trace), medium to coarse sand 60%, fine-sand 35%, clay 5Z%.
I 46-48 Fine gravel 5%, medium to coarse sand 55%, fine sand 30Z, clay 10%.
48-50 Fine gravel (trace), medium to coarse sand 55%, fine sand 40%, clay 5%.
l 50-52 Fine gravel (trace), medium to coarse sand 5>5%, fine sand 407%, clay 5%.
52-54 Fine gravel (trace), medium to coarse sand 55%, fine sand 407%, clay 5%.
I! 54-56 Fine gravel (trace), medium to coarse sand 50%, fine sand 457, clay 5%.
l’ 56~58 Fine gravel (trace), medium to coarse sand 50%, fine sand 457, clay 5%.
' 58-60 Fine gravel 57, medium to coarse sand 40%, fine sand 457, clay 10%.
l: 60-62 Fine gravel 15%, medium to coarse sand 30%, fine sand 457, clay 10%.
62-64 Fine gravel 15%, medium to coarse sand 30%, fine sand 45%, clay 10%.
l‘ 64-66 Fine gravel 15%, medium to coarse sand 30%, fine sand 45%, clay 10Z.
66-68 Medium to coarse gravel 15%, medium to coarse sand 30%, fine sand 457%,
l clay 10X.
68-70 Fine gravel 15%, medium to coarse sand 10%, fine sand 50%, clay 25%.
. 70-72 Fine gravel 157, medium to coarse sand 10%, fine sand 50%, clay 25%.
l 72-74 Fine gravel 15%, medium to coarse sand 10%, fine sand 50%, clay 25%.
‘ 74-76 Coarse to fine gravel 30%, medium to coarse sand 15%, fine sand 45%,
l chay 0% FIGURE F-5b.
l.
1




')HOLE NO.
»

INTERVAL
(meters)

76-178

78-80

80-82

82-84

84-86

e

86-88

88-90

90-92

92-94

ll 94-96

{

lg 96-98
{

98-100

e

100-102

' 102-104

I 104-106

l 106-108
o

' ),

COUT T INOY = WOTT CATCORRTIUN KRELLS -

ES=5

DESCRIPTION

Coarse to fine gravel 507, medium to coarse sand 20%, fine sand 25%,
clay 52.

Fine to coarse gravel 80X, medium to coarse sand 10%, fine sand 10%,
clay (trace).

Fine to medium gravel 60%, medium to coarse sand 20%, fine sand 207,
clay (trace).

Fine to medium gravel 60%, medium to coarse sand 20%, fine sand 20%,
clay (trace).

Fine to coarse gravel 80%, medium to coarse sand 102, fine sand 10%,
clay (trace).

Fine to coarse gravel 70%, medium to coarse sand 15%, fine sand 15%,
clay (trace).

Fine to coarse gravel 60%, medium to coarse sanc 155, fine sand 15%,
clay 10%.

Medium to coarse gravel 20%Z, medium to coarse sand 60%, fine sand 15%,
clay 5%.

Medium to coarse gravel 20%, medium to coarse sand 60%, fine sand 15%,
clay 5%.

Medium to coarse gravel 100%, sand (trace). (Gravel contains rhyolite,
ash, quartzite, chert, and red sandstone).

Fine to coarse gravel 20%, medium to coarse sand 30%Z, fine sand 45%,
clay 5X%.

Fine to coarse gravel 30Z, medium to coarse sand 35%, fine sand 307%,
clay SX.

Medium to coarse gravel 100%, sand (trace).

Fine to coarse gravel 30%, medium to coarse sand 20%, fine sand 45%,
clay 5.

Medium to coarse gravel 100%, sand (trace). (Gravel angular to sub-
angular. Samples are more red below 106 meters. Have more clay).

Fine to coarse gravel 30Z, medium to coarse sand 25%, fine sand 35%,
clay 10%.

F FIGURE F-5c.
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CUTTTNGS FROM EXPLORATION WELLsS

HOLE NO:

INTERVAL
(metcrs)

ES-5

108-110

110-112

112-114

114-116

116-118

118-120

120-122

122-124

124-126

126-136
136-138
138-140
140-142
142-144
144-146

146-148

148-150

150-152

Fine to coarse gravel 5%

clay 5%.

Fine to medium gravel 75%,

clay 5%.

Fine to medium gravel 15%,

clay 5%.

Fine to mediunm
clay 5%.

Fine to medium
clay 5%.

Fine to mediunm
clay SY%.

Fine to mediu—
clay 57%.

Fine to medium
clav 5%.

Fine to mediun
clay 5Z%.

gravel 75%,

gravel 50%,

gravel 507%,

gravel 357,

gravel 35%,

gravel 10%Z,

Samples missing.

DESCRIPTION

medium to coarse

medium

medium

medium

medium

medium

medium

medium

medium

to

to

to

to

to

to

to

to

coarse

coarse

coarse

coarse

coarse

ccarse

coarse

coarse

Fine to medium gravel 100%, sand (trace).

Gravel (trace), medium to coarse sand 70%, fine

Sample missing.

Cravel (trace), medium to

Gravel (trace),

medium to

Fine angular gravel chips
sandy clay 5%.

Gravel (trace),

medium to

Fine angular gravel chips
sandy clay 5%.

coarse. sand 70%, fine
coarse sand 70%, fine

25%, medium to coarse

coarse sand 40%Z, fine

25X, medium to coarse

sand

sand 102,

sand

sand

sand

sand

sand

sand

sand

sand

sand

sand

sand

sand

sand

10%,

102,
10%,
20%,
20,
205,
20%,

20%,

fine

fine

fine

fine

fine

fine

fine

fine

fine

30%,

10%,

sand
sand 107,
sand 102,
sand
sand
sand
sand

sand

sand

clay (trace).

clay (trace).
clay (trace).

fine sand 20%,

sandy clay 5%.

fine sand 20%,

FIGURE F-s54.




CUTTINGS FROM EXPLORATION WELLS

l ’

) HOLE NO: __ ES-5
I | INTERVAL
(meters) DESCRIPTION
I ] 152-154 Fine angular gravel chips 25%, medium to coarse sand 50%, fine sand 20%Z,
sandy clay 5Z.
I i 154-156 Fine angular gravel chips 152, medium to coarse sand 40%, fine sand 40%,
sandy clay 5%.
156-158 Fine angular gravel chips 15%, medium to coarse sand 40%, fine sand 407,
sandy clay 5X%.
158-160 Fine angular gravel chips 15%, medium to coarse sand 35%, fine sand 35%;
I I sandy clay 15%.
160-162 Fine angular gravel chips 15%, medium to coarse sand 35%, fine sand 35%;
I ) sandy clay 15%.
162-164 Fine angular gravel chips 15%, medium to coarse sand 25%, fine sand 35%,
I { sandy clay 25%.
164-166 Fine angular gravel chips 15%, medium to coarse sand 25%, fine sand 35%,
II sandy clay 257%.
166-168 Fine angular gravel chips 15%, wedium to coarse sand 15%, fine sand 20%,
sandy clay 507%.
II 168-170 Fine angular gravel chips 10%, medium to coarse sand 50%, fine sand 25%,
sandy clay 15%.
I’ 170-172 Fine angular gravel chips 15%, medium to coarse sand 10%, fine sand 107,
sandy ashy clay 65%.
I[ 172-174 Fine angular gravel chips 15%, medium to coarse sand 20%, fine sand 207,
sandy ashy clay 45%.
Il 174-176 Fine angular gravel chips 15%, medium to coarse sand 20%, fine sand 20%,
sandy ashy clay 457.
176-178 Fine angular gravel chips 10%, wmedium to coarse sand 30%, fine sand 20%,
sandy ashy clay 407%.
178-180 Fine angular gravel chips 10%, medium to coarse sand 15%, fine sand 15%,
Il sandy ashy clay 60%.
’ 180-182 Fine angular gravel chips 10%, medium to coarse sand 25%, fine sand 25%,
l sandy ashy clay 407.
‘ .
182-184 Fine angular gravel chips 102, medium to coarse sand 15%, fine sand 15%,

)
i’

I%

sandy ashy

clay 60%.

FIGURE F-5e.
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CUTTINGS FROM EXPLORATION WELLS

HOLE NO:

INTERVAL

(meters)

184-186

186-188

188-190

190-192

192-194

194-196

196-198

198-200

200-202

202-204

204-206

206-208

208-210

210-212

212-214

214-216

ES-5

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fire angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

gravel chips
clay 60%.

gravel chips
clay 50%.

gravel chips
clay 60%.

gravel chips
clay 75%Z.

gravel chips
clay 75%.

gravel chips
clav 65%

gravel chips
clay 75%.

gravel chips
clay 60%.

gravel chips
clay 70%.

gravel chips
clay 75%.

gravel chips
clay 55%.

gravel chips
clay 70%.

gravel chips
clay 657.

gravel chips
clay 557.

gravel chips
clay 55%.

gravel chips
clayv 55%.

DESCRIPTION

10Z, medium to coarse sand 15%, fine sand 15%,

52, medium

5Z, medium
5%, medium
5%, medium

medium

medium

10%, medium to coarse sand 20%,

to

to

to

to

to

coarse

coarse

coarse

coarse

cecarse

coarse

sand

sand

sand

sand

sand

sand

30Z, fine
152, fine
10%2, fine
10%, firne
éOZ, fine
10%, fine

L

sand

sand

sand

sand

152,

fine sand 10%,

10%, medium to coarse sand 10%, fine sand 107,

-
L

medium
medium
5%, medium
5%, medium
5%, medium
medium

5%,

medium

9%,

to

Lo

to

to

to

to

to

coarse

coarse

coarse

coarse

coarse

coarse

coarse

sand

sand

sand

sand

sand

sand

sand

102, fine

20%Z, fine

15%, fine

20%Z, fine

207, fine

20Z, fine

L]

sand

sand

sand

sand

sand

sand

10%,

20%Z, fine sand 20%

L )

FIGURE F-5f.
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Y HOLE NO:

LUILINLD rRurt CAFLUKALION WELLS

INTERVAL
(metere)

216-218

218-220

220-224

224-226

226-228

228-230

«30-232

232-234

234-236

236-238

238-240

240-242

242-244

244-246

246-248

248-250

ES-5

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandv ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

Fine angular
sandy ashy

DESCRIPTION

gravel chips, medium to

clay 55%.

gravel chips
clay 55Z.

gravel chips
clay 452.

gravel chips
clay 55%.

gravel chips
clay 557.

gravel chips
clay 45%.

gravel chips
clay 55%.

gravel chips
clay 55%.

gravel chips
clay 55X%.

gravel chips
clay 45%.

gravel chips

5Z,

5%,

5%,

9%y

medium

medium

medium

medium

medium

medium

medium

medium

medium

coarse sand 20Z, fine sand 20%,

to

to

to

to

to

to

to

to

to

coarse

coarse

coarse

coarse

coarse

coarse

coarse

coarse

Ccoarse

medium to coarse
clay 45%, volcanic ash (trace).

gravel chips 5%, medium to coarse
clay 55%, volcanic ash (trace).

gravel chips 57, medium to coarse
clay 65%, volcanic ash (trace).

gravel chips 5%, medium to coarse

clay 65%.

gravel chips 5%, medium to coarse

clay 65%.

sand

sand

sand

sand

sand

sand

sand

sand

sand

sand

sand

sand

sand

sand

20%,

30%,

20%,

20X,

30%,

20%,

20%,

20%,

30%,

30%,

20%,

15%Z,

10%,

fine

fine

fine

fine

fine

fine

fine

fine

fine

fine

fine

fine

fine

fine

sand

sand

sard

sand

sand

sand

sand

sand

sand

send

sand

sand

sand

sand

207,

20%,

20%,

20%,

20%,

gravel chips 50%, medium to coarse sand 10%, fine sand 10%,
FIGURE F-5gq.

clay 30%.




{
!
|

t'

[  CUTTINGS FROM EXPLOR

) HOLE NO:

INTERVAL

(meters)

250-252

252-254

254-256

256-296

296=333

332-334

334-336

336-338

338-342

342-344

344-346

346-348

348-356

356-378

378-380

380-382

LORATION WELLS

ES-5

Fine angular gravel chips

sandy ashy

Fine angular gravel chips 30%

clay 30%.

sandy, ashy clay 50%.

Fine angular
sandy ashy

Fine angular
sandy ashy

Fire angular
sandy ashy

Fine angular

gravel chips

clay 50%.

gravel chips

clay 607%.

gravel chips

clay 70%.

gravel 607%,

ashy clay 25%.

Fine angular

gravel 40%,

ashy clay 457%.

Fine angular gravel 407,
ashy clay 457%.

Fine angular gravel 20%,
ashy clay 60%.

DESCRIPTION

30%,

20%,

10Z,

507, medium

mediun

medium

mediur

to

, medium to

to

to

to

coarse

coarse

coarse

coarse

coarse

sand

sand

sand

sand

sand

107,

10%,

10%,

10%,

10%,

medium to coarse sand 10%, fine

mediuc to

medium to

/

mediux to

Fine angular gravel 20%, medium to
ashy clay 60%, red sand (trace).

Fine angular gravel 20%,
ashy clay 60%.

Fine angular gravel
ashy clay 60%.

20%,

Fine angular gravel 107,
ashy clay 70%.

Fine angular gravel 10%,

ashy clay 707Z.

Fine angular gravel

ashy clay 70%.

Fine angular gravel

ashy clay 60%.

medium

mediun

medium

medium

medium

medium to

to

to

to

to

cGerse

coarse

coarse

coarse

coarse

coarse

coarse

coarse

coarse

coarse

sand

sand

sand

sand

sand

sand

sand

sand

sand

sand

10%,

10Z,

10%,

10%,

10%,

10%,

fine

fine
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FIGURE F-5h.
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FLULTINGY FRUM EXPLORATION WELLS

———

3 HOLE NO: __ES-5

|  INTERVAL
' (meters) DESCRIPTION
[ 382-384 Fine angular grave) 202, medium to coarse sand 10X, fine sand 10%, sandy
ashy clay 60%. -
384-400 Fine angular gravel 102, medium to coarse sand 10%Z, fine sand 10%,
sandy ashy clay 70%.
400-402 Fine angular gravel 20%, medium to coarse sand 15%, fine sand 15%.,
sandy ashy clay 50%.
402-420 Fine angular gravel 5%, medium to coarse sand 10%, fine sand 10%,
I sandy ashy clay 75%.
420-422 Fine angular gravel 10%, angular wmedium to coarse sand 40%, fine sand 30%,
sandy ashy clay 20%.
422-424 Fine angular gravel 5%, medium to coarse sand 10%, fine sand 107
r sandy ashy clay 75%.
L24-426 Fine angular gravel 10%, angular medium to coarse sand 30%, fine sand 30%,
r sandy ashy clay 30%.
426-428 Fine angular gravel 10%, angular medium to coarse sand 30%, fine sand 305,
sandv ashy clay 30%.
| L28-436 Fine angular gravel 10%, medium to coarse sand 10%, fine sand 10%,
sandy ashy clay 70%.
II F&36—438 Fine angular gravel 5%, mediux to coarse sand 10%, fine sand 107%,
“ sandy ashy clay 75%.
II[ 438-440 Fine angular gravel 5%, mwedium to coarse sand 10%Z, fine sand 10%,
sandy ashy clay 75%.
II 140-442 Fine angular gravel 40%, medium to coarse sand 20%, fine sand 10%,
sandy ashy clay 30%. :
h42-444 Fine angular gravel 30%, redium to coarse sand 20%, fine sand 10%,
ll sandy ashy clay 40%.
444-452 Fine angular gravel 10%, medium to coarse sand 10%, fine sand 10%Z,
l sandy ashy clay 70%.
452-454 Fine angular gravel 10%, medium to coarse sand 30%, fine sand 10%,
( sandy ashy clay 50%.
L54-476 Fine angular gravel 5%, medium to coarse sand 5%, fine sand 5%,
lf‘ sandy ashy clay 85%. . FIGURE ©F-5i.




y HOLE NO:
{

INTERVAL
(meters)

Bl

476-478

478-484

484-4B6

486-488

488-490

490-492

492-494

gy

- - I I — I F—
L, o

R = -

" CUTTINGS FROM EXPLORATION WELLS

T U DN T FPage 10 of 10

J

ES-5

DESCRIPTION

Fine angular gravel 10%, medium to coarse sand 10%, fine sand 10%,
sandy ashy clay 70%.

Medium to coarse sand 5Z, fine sand 5%, sandy ashy clay 90%.
Fine angular gravel 10%, me

dium to coarse sand 10%, fine sand 10%,
sandy ashy clay 70%.

Medium to coarse sand 5%, fine sand 5%, sandy ashy clay 90%.

Fine angular gravel 5%, medium to coarse sand 5%, fine sand SZ,
sandy ashy clay 85%.

Medium to coarse sand 5%, fine sand 5%, sandy ashy clay 90%.

Medium to coarse sand 5%, fine sand 5%, sandy ashy clay 90%.

TOTAL DEPTH Driller: 49y
TOTAL DEPTH Logger: 326

meters.
meters (hole caving during logging).

F1GURE F-59.
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POZO : UN N2 31

UBIC. : AL NNE DEL SALAR
Coordenadas: 7286464N; 512001E

COTA TERRENO: 3003 s.n.m.

Profundidad
De Hasta Descripcién Litologica
0.00 7.70 Grava mediana y gruesa arencsa-limosa subredondeados
7.70 22.00 Grava mediana y fina, limosa.
22.00 32:57 Grava arenosa-limosa. Clastos redondeados angulosos
32.57 37.40 Ceniza volca&nica y lapilli, limosa.
37.40 43.50 Arena gravosa.
43.50 47.38 Grava mediana y gruesa, arencsa.
47.38 50.40 Grava mediana y fina, arencsa-limosa.
50.40 57.00 Arera gruesa, gravosa. Clastos angulosos redondeados .
57.00 82.00 Ceniza volcéanica, en parte consolidada.
82.00 112.00 Ceniza volcanica, arcillosa-limosa.
112.00 122.00 Ceniza volcanica muy fina, limosa.
122.00 134.00 Grava y arena un poco arcillosa.
134.00 198.00 Estratos de arcilla y limo.
198.00 218.00 Grava arenocsa.
218.00 262.00 Arcilla.
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INTRODUCTION

This report describes tests conducted on well T-1 on October 8 and
October 11-24, 1983. Step-drawdown and constant discharge tests were per-
formed. Field measurements of levels, pumping rates, and water quality
were made over time. The data were analyzed to evaluate well efficiency,
transmissive and storage characteristics of the aquifer, and water quality.
A1l basic data are tabulated in the appendix.

The purpose of this report is to provide information about hydro-
geologic conditions around Salar de Punta Negra so that a preliminary
design of a well field to supply water for Escondida mining operations
can be prepared.

This is the first of five planned reports describing and analyzing
pump tests around the salar.

Test Conditions

The relative locations of T-1, ES-28A, and ES-5 are shown on Figure 1.
UN-31 is not shown on the figure, but it is located 2036 meters, N 25 degrees
West of the pumping well, T-1.

The salient well construction features are shown on Figure 2. It is
clear that the wells are screened across the same aquifer unit but have
different percent penetrations. Well T-1 penetrates 60% of the aquifer
while ES-28A and ES-5 penetrate 72% and 66% of the aquifer, respectively.
The specific capacity of T-1 is reduced somewhat (perhaps by 30%) because
of its partial penetration, but the drawdown obtained in ES-23A and ES-5
are, for practical purposes, unaffected.

Water Tevel measurements were taken in ES-28A and ES-5 on a logarithmic
frequency with electric sounders. Water level measurements were taken dafly
in UN-31 for background data. The apparent accuracy of the measurements
based on the "noise" level of the ES-5 semi-log plot, is about 0.01 meter
(0.4 inch). The data sheets from the test are shown in the appendix.

= 1 =
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Flow measurements were taken every 1 or 2 hours using a totalizing
flow meter and were recorded to the nearest one thousand gallons. The
average flow rate was 558 gpm. (2.11 m3 / min.) with the maximum being
650 gpm and the minimum being 433 gpm. The low flow rates occurred when
the pump work was shut off for 10 to 15 minutes for maintenance.

The test was inadvertently terminated 18,242 minutes after pumping
started due to a power failure. The power failure was recognized im-
mediately and recovery measurements were taken in wells T-1 and ES-28A.

In summary, except for the power failure, there were few ma jor pro-
blems with the test and adequate data were collected for a reliable deter-
mination of the transmissivity of the aquifer in the vicinity of T-1. Only

a rough estimate could be made, however, of the specific yield because of
the test's early termination.

Step-Drawdown Test on Well T-1

A step-drawdown test was conducted on October 8, 1983, for the purpose
of estimating well T-1 efficiency.

The discharge rate was begun at 380 gpm for 123 minutes, stepped up to
480 gpm for 128 minutes, and finally set at 560 gpm for 124 minutes. The

resulting drawdowns were plotted versus time on a semi-log graph as shown
in Figure 3.

The incremental drawdowns were obtained at incremental times of 123
minutes. The ratios of incremental drawdown to incremental flow rate do
not increase, however, as they should, even for very efficient wells.
Either the well was very unstable during the test, becoming much more ef-
ficient, or there were significant errors in data measurements, particularly

the flow rates. In either case, it is not possible to derive a well loss
coefficient from the step-drawdown data.

It seems from the constant discharge test data on well T-1 that, indeed,
well T-1 is very efficient. The calculated transmissivities from the T-1

- -
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data are nearly the same as the transmissivity values obtained from ES-28A
data.

Assuming well T-1 to be 100% efficient, the theoretical drawdown Just
outside the gravel pack at t=30 minutes would be about 13 meters. Since
the actual drawdown was 17.4 meters, the difference in drawdown is about
34%. When the drawdown due to partial penetration is taken into account
and the seepage face is considered, the losses due to well construction
and clogging are probably quite small .

Well ES-28A Analysis

Well ES-28A provides the best data with which to determine the aquifer
properties because of its proximity to the pumping well, T-1, and its high
ratio of aquifer penetration (about 70%).

A semi-log graph of the drawdown versus time in ES-28A is shown in
Figure 4. The primary features of the graph include the typical early
time curve, the straight l1ine portion which runs for 4 to about 430 minutes,

and a rapidly flattening trend followed by an upturn in the drawdown at about
7,000 minutes.

A straight-line was fitted to the early portion of the data to estimate
the transmissivity. A value of 22,000 gpd/ft. was obtained as shown on the
graph. By extrapolating the straight line to the zero-drawdown axis, a sto-
rage coefficient value of 7x10'4 was obtained. While a transmissivity of
22,000 gpd/ft. appears reasonable, the storage coefficient appears much too
low, since avajlable field observations indicate that the aquifer is unconfined.

The sharp flattening trend followed by the upturn in drawdown at t=7,000
minutes suggests that either a recharge boundary (very high transmissivity zone)
was encountered very early or that a delayed yield condition exists, the latter
often being typical of fine-grained, highly stratified unconfined aquifers.
Since the flattening occurs at about the same time on the T-1 and ES-5 graphs
as well, it is concluded that indeed a delayed yield condition exists. This
explains the low storage coefficient obtained from the ES-28A semi~log graph,
since aquifers with delayed yield effects behave as confined aquifers in the
early portions of aquifer tests.
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The drawdown versus time data were plotted on a log-log graph, shown
in Figure 5, and analyzed according to the Neuman method. This method of
analysis involves matching the early time data to a type "A" type curve
and then matching the later time data, which includes the upturn in draw-
down, to a type "B" type curve.

As expected, the early and late match points produce the same trans-
missivity: 19,500 gpd/ft. The early time match point gives an early sto-
rage coefficient of 9x10'4. consistent with the semi-log graph determination
and the apparent confined aquifer response. The late time data, however,
are limited so that the resulting match point is much less certain. Never-
theless, a specific yield of 0.13 was obtained, which is consistent with
previous expectations for an unconfined aquifer.

An estimate of the vertical anisotropy was obtained by using the relation:
2
Kv m
Kh P2
where Kv= vertical hydraulic conducting
Kh= horizontal hydraulic conducting

m= aquifer thickness
r

radial distance from observation well to pumped well
type curve parameter from curve matching = 0.007

o
"

the resulting Kv ratio, using m= 113 meters, and r= 25.1 meters is 1:7.
Kh

The recovery semi-log graph shown in Figure 6 was used to verify previous
calculations of transmissivity. The recovery data points do not form as smooth
@ curve as the drawdown data points, but the calculated transmissivity is es-
sentially the same.

It is interesting to note that the calculated transmissivity from the re-
covery of an air-1ift test on ES-28A, June 4, 1983, was 25,000 gpd/ft, which is
very close to the results from the constant discharge test on T-1.
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Well T-1 Analysis

The drawdown and recovery data from the pumping well T-1, were plotted
on semi-log graphs and are shown on Figures 7 and 8.

The early straight-time portions of the curves give transmissivity
values essentially the same as calculated from ES-28A data. The flat por-
tions of the curves show the delayed yield effects as discussed earlier.

It is likely that an increase in slope would have been seen in the recovery
curve past t/t' = 3.6, corresponding to the increase in slope on the drawdown
curve of t= 7,000 minutes. The increase in slope at the end of the test in-
dicates that the delayed yield effect is weakening and the curve once again
becomes coincident with the Theis type curve, as in the early portion of the
test.

The similarity between the transmissivity values obtained from the T-1
data and the transmissivity values obtained from ES-28A data suggests a high
efficiency for T-1,

Well ES-5 Analysis

The drawdown versus time data for ES-5 were plotted on a semi-log graph,
as shown in Figure 9. Because of the large distance between ES-5 and T-1,
the drawdowns are very small, reaching a maximum of about 0.2 meters. There-
fore, the shape of the curve is very sensitive to measurement error. In ad-
dition, a straight-line portion does not form before the delayed yield ef-
fect takes over. Because of these uncertainties, a reliable calculation of
transmissivity cannot be made. However, the average drawdowns observed at
ES-5 are compatible with the calculated transmissivity.

Kell UN-31 Analysis

Water level measurements were taken daily throughout the test in UN-31
to serve as background. The data are tabulated in the appendix. The range
in water levels was 0.28 meters during the test. Such fluctuations would
mask any drawdown data at ES-5 and would be quite apparent at ES-28A. However,
such fluctuations were not evident on the ES-5 and ES-28A graphs.
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Salinity Analysis

Water samples from the discharge of T-1 were taken daily and measured
for specific conductance. The values are given in Table 1 and lie in the
range of 8100 to 8500 ymhos/cm.

It is apparent that little change occurred during the course of the
pump test.

Table 1. Conductivity of Water Samples

o from Well T-1
Conductivity in
Date Sampled Micromhos/cm at 25 degrees C..
October 11 8320
October 12 8200
October 13 8160
October 14 8210
October 15 8200
October 16 8260
October 17 8480
October 18 8410
October 19 8420
October 20 8452
October 21 8452
October 22 8316
October 23 8316
October 24 8160

Mean 8311

Because there was little fluctuation in conductivity readings, this
indicates that T-1 is not located in the immediate vicinity of a large
salinity concentration gradient. Because all groundwater sampled ori-
ginated within about 35 meters from the well, it is not possible to
extrapolate these results in terms long-term water quality.
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Conclusions

(1) The aquifer transmissivity within 500 meters of well T-1 is

20,000 gpd/ft.

(2) The long-term specific yield is estimated to be about 0.13; a longer
pump test (30 days) would be needed to determine this value more ac-

curately.

(3) The estimated ratio of vertical hydraulic conductivity to horizontal
conductivity, Kv/Kh, is about 1/7.

(4) Well T-1 has a high efficiency; however, a well loss coefficient was
not obtainable from the October 6 step-drawdown data.

(5) Water within about 35 meters of well T-1 appears to have a uniform
quality with a specific conductance averaging 8311 ymhos/cm.
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